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All5.TRACT 

The r eactions o f the novel al koxldes of nickel (11) J 

Li2NifOiPr4 .3THF a nd Na 2t1i (OiPr ) 4 . 2THF wi h C02 ,gave h'! 

fjrst alkyl carbonate complexe~ of NIt!Il, Vi, . 

Li2Ni(O,COiPr) 4 .2THF and Na2N1 ,O,C01Pr ) <. 2THF . The 

.'In!:l logolJ.S reac tions with CS;: instead of C02 gave he 

~orresponding isopropyl xanthato derivatives: 

Li2Ni(S2COIPr) 4 .2THF and Na,N1(S2C01Pr) , .2THF . The la. t 

product was a Iso obta in'!d b\' r "!act i onOf"Na2 Ni t 02CO i Pr ) 4 . 2THF 
• 

wi th (;52. 

These isolated produc t s wp r e cha racte rized o n the basis 
• 

of elemental ananIYs.es. ~le('tronic I:lnd IR Spect.ra. 

Octa hedral stur ctures are proposed f o r nickel (II) compexes 

containing un identate and bidentate mod~s of coo rdiantions 

for "the isopro pyl c arbo nato (iPr OCO;:- I and isopropyl 

xanthato l. iPrOCSz-L groups uhich a r e exp~cted t o be f ormed 

by jQ' ~~t 1o n r eactions o f C02 and CS2. resp~ctiv~l y , into the 

Ni-OR bonds 

Reactions of the products with dilute mineral acids 

res ulted in the evolution of C02 and CS2. r~s pectively, 

indicat ing that these molecul~s w~["e inde~d inl$prted. In 

addi tion 1:'1 THF s o lil t ion o f thp Ii thium based CV2 product \.las 

l")bs~ rved to s ho lol reve r5ibl~ (""l"ur changes und~r mild 

condi ito n and C02 atml)Spherd suggesting tha insertion-

deinso:!rtion" process~s can occur r~per.l:tedly \.lithotlt any 

deco mpos ition of the product 

Prelimianry survey was also c~rried ~ut to tudy he 
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1 . I NTRODUCTION 

The fi>:ation of carbon dio>ade by gr-ee>n olants us1nQ 

!:;olar energy is the most important chemi.cal proces~ obser .... ed 

on Earth . In photosvnthes~s. CO~ 1~ reduced bv H~O 1n~o 

Carbohydrates wl.th sun lioht as t he energy source \eo. 1,: 

hv 
CO~ + H~O ------------ CH~O + O~ (1) 

• 
It is thl.s oMotoreductlon of CO~ that serVES as the 

only source of food ~ there by e.,ergy. tor the entl.r-e world 

0": tile animai kl.ngdom ... no for certain micrOOr9anl.SmS WhlCh. 

Dy themsE::~lves, are incapable oT I.1tlliz l.n g CO~ as t ne source 

of cal-bon. 

f 
The tot~l amo unt of CO2 ).n the atmosphere and in the 

ocean is estimated to repr esent 10 1~ tons of Cdr-bon wn1.1e 

carbcnates make ue 10 1 0 tons of c"rbon (lJ. And nowaoa'ls. 

the gas i=: enormousl v dl.sch",! rged to tne atofTlspne-re as 

a by-pr-oduct ~n several tp.cl1nical o rocesses [::J" 

Understandin9 the fBCt LhBt CO2 ~s the major .ourCR 01 

car-bon l.n natLl rE scientl.sts beg an to stud .. - act i ... ei v other 

tv DES of COz fi>:ation Ot" red Llctiol' processes so .as to use 

thE! gas as a QJ1e-carbon PI"E'cur-sor- 0": organlc chemic..:lis . 

'l"nlS was dated back 1828 when F . Woehler [ 3) w"epared the 

ilt-st or-ganlc compound. ure", ~ f~'om the inor"QaniC sLlbs tance!> , 

CO~ .:;tnO j'-lH:,<. 
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Eversince the time of the sysnthesis of urea. a lot of 

other simi lar processes have been widely in use tn 

industr ial and organic preparations of a wide var iety of 

products with C02 as a Cl cource. 

Of course , the princ ipal r e acti on possibilltie~ with C02 

::i re [4.5J : i) the oxidation to ca r bonate (C032-): ii) he 

eiectyrophilic attack a t the oxygen atom (in protonat l on 

alkylation and complex formation): iii ) the reduction t o 

ca rbon monoxide. f0rmic acid. oxalic acid, etc.; and tv) the 

nucleophi lic attack at the car bon atom lin alcoho lysis , 

~minoly~ is . cdrbanion atta ck and comple x f o rmation). 

However. t he pr o blem of high t he rmodynamic stabi l ity of 

the molecu le a nd its kinetic ine rtness. still r emai ns 8 

permanent <::hallenge to th"!! art of t he c h~mi st to 'fo r ce' 

this substrate into se lec tive rea~tions, pa r t i cularl y at 

metal center.s, unde r mild c<)ndi tion~. 

In itz reactions C02 is a poo r electr <)phile and needs 

"lways t.o be activated by e ne r gy supply. The common ~an5 

are the ·'Jh~mica.l. t herm!:l.l . and photor:- hemical aCT.ivations and 

in some C.lls e s rad io c hemica 1 methods are a 150 used (4 . 5]. 

Using a c hemical means C0 2 can thus be converted In'to useful 

forms o f o r ganic compounds but only by way of coupling it 

with an o rgan ic substa r ate. T~ this effect the CU2 molecule 

.lJnd lo r the o rganic precurssors have t o be primarily 

acti vate d by f o rming metal c(\mp lexes t:' r o rgnome ta 11 i c 

co mpounde. 

In th i s r ega r d two .... f the most Important C02 c he mical 
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activations are : 3,) the> for.naticn of metal-carbon ChOXLd .. 

coordln~tion complexes and, ~il insertl.on of CO~ lnto 

rnetal-heteroatom (H,C,I~ .O)bond fa]. CatalYtic CC:;: 

inser tions 1nto o rg anl.c preCLtrSors la . g .. into SODium 

pnt:.'nolai...8 in thQ /<·01 be-Sc hm i d t reac tion (7] and reductl.on by 

SHbst i:lnc:es lil~e h y drocen ar-e no less l.mpor-tant: means of CO~ 

activabon=_ In addition to t hese there are still other 

t E.:cctions such as the pho tochemj Ca] <:Ind electrochemi c al 

reductions of CO2 IIJhich a re a t present gainirlQ much more 

in terest i n the filed , particularly in the recently 

deve loped systems i nvo lving t ransition metal comple xes as 

catalYS~5 [3,9]. 

In i ts reaction with nucleophi l135 and bases , C02 reacts 

th r ough a dd ition at its ca rbon- o xygen double bond. These 

nucleophilic additi ons are the most eignificat C02 r eactions 

particularl y in the sysntheeis of d i fferent c arboxylic 

acids . One of such reactions is the r eaction with 

o r gano magnesium , compounds (Gr ignard Compounds [6] ) 

invo lving the c ar boxylation of hydroca r bons via an i nsertion 

of G02 into R- l'Jg bond Iolhich may b<:l given by eq . l2): 

H> 
H- HgX+ CO, - - -- ---- --- -) RCOOMgX ---- - ------) RCOOH+MgX' (2 ) 

Thus under nor mal cond iti ons C02 is capable of 

r e il c ting wi th suffici ently activated groups (5.7] i f o r an 

f~lectrophil ic at.tack ) t.o provide stable products. The 

gr o.."I ups usually are .:aboni ons. o r po tential carban i ons (a s 

m'=! t .al o r gany] ys, CH-acidi c compounds ) ; activba t ed ar omatics 
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Iphenols, amines }; ~l~~ tron- r jch heterocY~les: activaed ~nd 
elp.ct.r on-rjcn olefi ns. enamlnes , enols, endiols o r 0-. 5-, 

I:tfld N- n ucl eoPhl1ee . 

Regarding th~ reacti o ns ~ith me tal o rga nyls the 

~yercoming of th~ ki no:!tic r~stri ctions at metal cente rs is 

st ill a yo ung field Qf compl~x and o r ganometallic c he mistry . 

Inspite of this . the d~yelopme nt in this fie ld . pa rtic ualry 

i n t he area of investigations of r eacti ons at transition 

metal centers. ~hic h ~as mai n ly initiated by Volpin [6). i s 

now ma king ~ rapid progress . 

Despite thp. f act that o nly a few num~r o f studies have 

ooen repo rted until re<::ently. nel-l a nd supr isi ng r~sults 
.c;hould be I9xpected i n t.his an~a. includ i ng deve l o pment of 

new catal.vtJc transfo rmatio ns of C(n 
This applies t o both 

homo getleo l.J s a nd hB t~roge n~ous catalytic processes whi c h a r e 

now e merging as a p r o mis ing fi eld o f r esea r ch. 

Ii n u mbe r ('of ~as'3S al'~ fr) und in thB literative (63 ) 

~I) n'~~rning tho:! rea~tions of C02 both wi h t r as ltional a nd 
/f)t HI 

non- transitional~compounds leading either to the f o r matio n 

OJf roet-o l -(.::a l' oon dioxide ~oo rdinBtion compounds o r 

ra r boxylati o n products o f the o r gano metais . Besides this a 

co mpa r ati ve number o f compounds are r eported [ 1.133] f o r 

"normal" t3-'pe COz insertio n react i ons into metal-carbon 

bond~ l~ading to inse r tion prod uc t s . In this r espec 

nirkel and pa ll adium CO f;)pounds a re we ll-kno~n 

r~prclsentatives o f transiti o n metal compounds t hat are 

ft'equently llsed as th~ most "ctlve CO'?- substr ate <::oupli ng 
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catalysts; this behaviour ho wever is mo r e Common ~ith main 

group o r ganometalli c compounds. 

A number of wor ks have als o been devoted t o the 

reactions of C02 with metal-hydrides and metal amines. But 

with metal alkoxo comp] exes only ve r y f e w cases a r e 

r e por ted . 

Neve r theless the r eaction with the la ter 1s 

cha r acterized as being a r e ve r sible insertion of C02 into 

the M-OR bond t o form alkyl ca r bonato Or mixerl al ko xo-alkyl 

car bona to complexes o f t rasnsition metals suc h as fi. Zr, 

Nb, Fe, Cu, Wand No [1 0] . These alkyl c a r bonato complexes 

have been known in their func~i on as a new c lass o f 

r e versible C02- carr ie r s in th~ ca r boxylation of seve ral 

orga nic preCUrss or s [11 ], Similar case s are 031so kno wn f or 

non-transition metal~ [5]. among wh ic h the most promi nent is 

magnes l um meta 1 car bonate c('I romon l y known as the Stlles­

r eo.gent . [12], 

Inspite of the fact that most nic ke l complexes ha ve 

exceptionally high catalytic ac tivity. as is obse rved f o r 

many n ic k~l conta in ing ca~alytic systems. there i s no t e ve n 

& s ingle c ase repor ted 50 far r efe rring t o an alko xo co mplex 

of n joke l serving as a metal s ubstrate f or insertio n of C02 

into the Ni-OR bond. Th is h('l lds r ue also of s ome o ther H ­

ac idic ligands ~ith the e xception of one partic ular ~o rk , 

r eported by Yamamot o ( 13] in whi c h r~a '.:" tions occurred 

between an a lkyl- a lko xo complex of nickel {II} ~ RNi~L}OR) 

and CO and CSz. Th i.s has been obse r ved f or the ea rlier 
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t}!P~6 of alko xidr::s of nic kel (I II [14) which ar supposed 

be providing only l ess basic centers f or an electrophilic 

attack by the C02 molecule and by its likes. 

Ho wever, later in 1985 a new class of alkoko co mplexes 

of nickBl ( II) bas-=d o n alko;l t il metal RlkoAO nic kleates (IJ) 

~as repo rted by Kalles eta ,1 [15]. 
In addition t o their 

relatively mo r e basic nature, which is imparted by the fou r 

alkoxo g.roups coordinated to the nickel center, these novel 

o 

compl<:l'xes are I)bserved t o show intramolec ualr redo x pro pe rty 

which fIlay result in the reduction of Ni I 11) to Ni (Ij and 

Ni (0). This later property of the comp!exs makes them 

r eact i ve towards phosphines o r phosphi tes ino rder to form 

bydrido nickel (1 ) and nickel (0) lignad comp lexes . These 

t;tpica l and important properties of the n~t.l t;:omplexes of 

nict.el ! II) allow them to act. as p r "!catalyst.s. 

The r efo re. as pa r t of the investigatio ns o n the 

react ivities of this n~w class of complexes of nickel 

towards Pi -acceptor lelct r ophilic1 ligands we wish to 

r~ port in this wo rk the syntheses and c haracti r zatio n o f 

some adducts of these compl~xes by reactions '.o1i th COz and 

CSt:: (as ""-acceptor substrates I. 

In \"iew of t .his the f o llowing o bjective is set: ) 

To i nvestigate the reactivites of L r~NiIOiPrl ~ .LiBr .3 THF and 

NazNi(OiPr) ~. ~ THF t owa rds GOz and CS~ . To this eff ect the 

~t~ps ar'3: 

iJ SyntheSize the sta r ting co mpl~xes bas~d o n t he 

liter a ture procedur e (15] 
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il) Synthesize and iso late s~able products by reactlon~ of 

the abo 'Je compounds \l ith C02 and CSz and characterize 

them by elemental analyses and spectr oscopic methods 
, VIS and lR). 
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(I I ) LITERATURE REYIE~ 

1. Transiti o n Metal AlkQxides 

1. 1 Ge neral Featyres Of "3d" Trans i tion Metal AlkQxides 

As reported in some earlier works [ 14 ], the alkoxo 

g r oup (-OR), as a ligand, is capable of f or ming st r ong 

covalent bonds with a lmos t all element s and tends to act as 

a bridging group between similar as well as different meta} 

atoms. 

Bridging in simila r atoms gives rise i n coordination 

ol igomers [M(OR) h ] .... [16] . Where as bimetallic al ko xides are 

desc ribed as coordination compounds f ormed by neutralization 

of basic with a c idic (or amphoteric) alkoxides (ma i n group 

metal alko xides are more basic than that of transition 

meta l s) ; in these compounds the alkoxo groups act as 

bridging between the different metal atoms. 

A su rvey of the r apidly gr owi ng literature on alkoxide 

chemis try of the elements i n the periodic table had al r eady 

been compiled in a book Metal Alkoxjdes [17 ]. In the book 

the main f ocus of atte ntion was on the main g r oup elements 

and the earlier transition metals (particularly in the 

dOstate), except for some work on alkoxides of 3dS-9 

elements, which we r e i nvest igated mainly from the points of 
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view of thei r magnetochernistry and electronic spectra. The 

recent development in the area of alkoxide chemistry of many 

other transition metals has also been reviewed in later 

works [14]. 

Metal alkoxides have, a t least one M-O-C gr oupi ng 

which is str ongly polar because of the large 

electronegativity of oxygen atom . The polarity of the M-O 

bonds is further enhanced by the type of the metal. Thus, 

the phY~ ical and chemical properties of metal al koxides are 

determined by the polarity of their bond, and by the well­

developed tendency of the coordinatively unsaturated metal 

atom to expand it,s c oordination number by inte r molecula r 

bonding with o xygen. 
Indeed , in some circumstances, steric 

hinderance can preclude intermolecular bonding so that a 

volatile monomeric alkoxides (or mixed alkoxide.phenoxides ) 

results at low coor dination number. Jasunki and his 

coworke rs [19] have repor ted that all phenoxides and 

alkoxid~phenoxid es of silicon are monomers in benzene. 

Metal alkoxides are extremely susceptible to hydr o lysis and 

r equired strictly anhydrous conditions for their handling 

[10]. They react with a variety of primary, secondary and 

ter tiary alcohols as well as phenols [18]. This property 

has been utilized extensively f or preparing new alkoxi e. 

An example of transition metal alkoxide which interchanges 

its alkoxy groups r eadily with primary alcohols at room 

temperature i s[ 10]: 
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Co(OlPr), + 2ROH ----. Co(OR), + 2iPrOH (3) 

R=l1e . 8u 

An example of tran~it ion metal alkoxi de which inte r c hanges 

its alkoxide group with secondary or tertiary alco hols is 

[14J' 

Cu(OR), + 2R1 0H benzene ) Cu (O R1 )2 + 2ROH (4) 

(~ = Me, Et o r Bu and Rl = i-Pr, s-Bu, t-Bu or t- Am ) 

Alkoxides which undergo an interc hange r eaction with 

pheno l are [14 I 18]: 

Tl(Ot-Bu) . + 4PhOH---- -_. Ti (OPh) . + 4t-BuOH (5) 

Cr(Oi Pr ) 3 + 3PhOH - -- - - .Cr (OPh ) ' + 3iPrOH (6 ) 

However , the mos t di rect method of synthesis of 

a lkoxides involves reaction of alco hol s wi t h a bina ry 

compound of the metal commonly the halide (chloride or 

br >mide ) accor ding to (eq (7» 

MX, mROH------ -- . M(OR) m X, - m + MRX (7 ) 

The other very important method is the reaction of the meta l 

halide with an alkali metal alkoxiode gi ven by the equation 

MXn/ NLlOr --- --. M(OR) n + nLi ~ 

(Na) 

Alcohol exchange r eaction and t rasestrificationin 

cyclohexane are also two of the alterative sysnthe i c 

routes.eqs (3), (4) and eq (8) [14) 

This principl e has been e xplo ited f or the purpos e of 

synthesis of a wide va riety of higher a lkoxides and 
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interesting derivaives by reaction of lower alkoxide~ wi th 

higher alcohols and other hydroxy ligands. 

M(OR)n + nCH3COORl -------) M(O R1 ) n+ nCH3COOR (8) 

The al koxide usually ernpo loyed is either i-PrO-o r t­

BuO- as ~he separation of isopropy!_ and ter t-butyl acetate 

is mo r e readily achieved by 8zeotropic distitllation. 

With many research activities on the alkox 0 

deriv?ti ves of '3d' transition metals it has been possible 

to !yn~hesize quite a lot of alkoxo de rivatives by reactions 

o f the alkoxides with hydro xy ligands such as 511an015, 

glyco .s. 3-di ketones I f)- ketoesters. alli:anolamines. o ximes I 

hydroxylamines, and Schiff bases as well as other reagents 

like or ganics esters, silyl esters, ~-ketoamines, thiols, 

t hic- r.-dikatones , acyl halides, acid amides and acid 

anhydr ides [ 14] 

The t r ansition metal alkoxides can alQs unde rgo various 

reactions with molecules such as C02 , COS, CS2, and 

isocynates qua;titativ Jly to give inse r tion products 

[10,14 ,18] in which the metal center is electrophilic. 

1.2 Alkoxides of Ni ckellII) And Thp,ir Derivatives 

1. 2.1 Ea r ljer Ty pes of NickellIIl Alkoxides 

The alkoxides of nickel(II) have been studided earlier 

[14] by class i fying them into three types: i) the binary 

alkoxides of the form Ni (OR) 2; ii) nickel (II) tetraalkoxy 
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aluminates of the f orm Ni(AliOR) 'J>, 

where R=Me, Et, i-Pr , 
n-Bu ; and iii ) the mixed al ko~ ~des of 

•• the type Ni (OR) _, 
where X is a ny other a nio nic group . 

The alkoides of nickel (!l ) o f types Ni(OR)2 ad Ni (OR) X, 

have bas n prepared by the f o llo wing r eaction (f. (9 ) (14) : 

ROH or 
Nee l, + 2L i OR - -- - - >Ni (OR» + 2LiCl 

1,4 dio~a~;- (9) 

lwhere R= He,Et, Pr Bu , , iPr,s-Bu , t-Bu) 

Al l of thes e alkoxides of nicke l ( II ) are non-vola lIe, 

co10 ured s o lids. whic h are sparingly soluble in common 

o rgcnic sol vents. 

In the case of the binary al ko xides. the primary 

alY~xides a re light green in c ol our, where as the secondary 

a nu te r tiary alkoxides a re blue t o viol e t . All of these 

aloxides are sensitive to mOisture, i n the presence of whic h 

Jc ~ " .• I~/~ ,· they are hydrolyzed with a sha rp colur change from bule 

" (violet ) to green. All of the secondary and tertia ry 

al koxides are unstable towards hea t and tend t o deco mpose at 

aro und 90-100<>C (10J. 

The spectra of primary alkoxides exhibit three well -

def i ned spin-allowed ba nds (14J at 8750~ 250 (Vi' 3T>, ) , 

1 4,8 10~115( V>]; 3A,. - __ > 3T l t (F)J 

and 2 4,980~ 125 cm- 1 [ V3: 3A2{- - - > 3T ~ ( (P) ) . ~hic h ar e 

c haracterist i c of an octa hedr al envi r onment for nickel i n 

these pr imary a lkoxides. On the othe r hand, the spec r a of 

secondary and tertiary al koxides of nickel ( II ) indicate a 
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tetrahedr al geometry with well-defl. ned 
SI=-in-allowed 

trans i tions at 7580~ 100 [V2: 3Tl--__ > 3 ~2] & 15.850t70 cm­
I [V3 : 3::1- - - > 3Tl (P)] 

Tho magnet i c mo ment of the primary alkoxides of 

nickel( II) fall in the ra nge 3 .45t 0.04 BM (Bchr Magneton) 

a nd th?s e of secondary as well as tert iary alkoxides are 

f ound in the range 3.65~ O,05 BM at :oom teropra ture . These 

observations a r e also in accord with their octahedral and 

tet=ahedal configurations respective l y [10,14] 

It is interesting to note that nic kel al koxides undergo 

ins( rt ion r eaction with substrates like phenyl and naphtyl 

isc ~yanates [ 20]: 

Ni(OR), + xR1NCO ---- ) (RO) 2-, Ni[N(Rl)COORj , (10) 

R=Me and i - Pr; Rl= Ph and Naph; X=1,2 

All these reactions are e xothermic in benzene and thei r 

completion was indicated by the disappearance of band at ~ 

2250cm-l (due t o-N=C=O). The appearance of an intense band-

1700 cm- 1 (due to C=O) in the addition products suggests 

that insertion has occured at t he C=N site. 

Very recently , Yamamoto reported [13] that alkyl alkoY~ 

nickel ( I !) complex (RNi(ORl)L ) L= phosphine or phosphite, 

and R,R l = alkylgroups) can r eact with & dative ligand , CO, 

and with a more elc trophilic reagent CS2 via inse rtions in t o 

Ni - OR bonds. Regardi ng the insertion react i on of C02 i nto 

the Ni-OR bond nothing substantial has been repor ted t o this 
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da"te . 
However. j n o ne particular r eport [19] there ~a~ an 

attempt to carry out a reaction of C02 \.l i t h Ni(QHe)2 in 

pyridine which resulted in no POssible t 
ou come. But t he 

s ame reaction in DMF/Py mixture wi th the corresponding 

alkoxide of Coper (II), CU(OHe)2, was found to give copper 

(II) methyl carbonate. This was assumed. according t o the 

author , to be due to the less basiity of the nic kel 

alkoxiJe for the electrophilic attack of C02. 

The binary alkoxides. Ni (OR) z have also ben o bserved t o 

under~o reactions with alcohols, halides, B- diketones and 

c arboxylic acids by ligand exchange reactions. 

It was established by Hehrotra et a1. [ 10 ] that primary 

alkoxides of Nickel ( II) donot undergo alcohol interc hange 

even under f orcing condition. Whereas br anched alkoxides of 

nir.kel e.g,. 
Ni(OR ) 2: R=iPr, 5-Bu , t- Bu, t-Am undergo 

f ac ile inter change with primary alcohol even at room 

ternprature. 

On the other hand , extensive work [20,21] has been 

carried out since 1977 on the exchange reaction of nickel 

al koxides with alkanolamines , B-diketones and carboxylic 

acids to give the corresponding derivatives. And on the 

basis of lR , electr on reflectance, and electr on-spin 

resonance spectra as well 8S magnetic measurements, all of 

~hes e derivative5~nickel alkoxides have been shown t o have 
" 

distorted octahedral structures. 

In the case of the c arboxylic acid derivatives the 
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monocarboxYla~es are tetrameric while the dicarboxylate 

derivatives are trirneric in refluxing benzene . The IR 

~pectra of the later der ivatives appear t o suggest a 

bidentate nature of the carboxYlate mOieties in them. But 

still the electron reflec tance and magnetic mea!'iur ements 

indica~e the same octahedral envi r onment for nickel i n all 

these derivatives and are non volatile color ed solids, 

soluble in benzene but insoluble in alcohols [10] 

1. 2.2 
The Noyel Al ko x jdes o f Nickel ( 11 ); 

Alkali Metal Alkoxonickelates {I l l 

The synthesis and characterization of the nove l 

alkoxides of nickel were discussed in the r eport on the 

works of Ka l i es and his coworkers [15] 

These ne~ alkoxides ar e based, accor ding to the 

authors, on the lithium, Sodium and potassium 

alkoxonicke lates (II); and are shown to have diffe rent 

compositions and with a partially good solubility in organic 

so lvents. 

The compounds were prepared by the reaction of nickel 

( II) salts (NiBrz.2THFj NiBrzj Ni(acac)2; or NiBr:! (PPh3)2) 

with alkalimeta l alkoxides of primary, secondary as well as 

tertia ry monovalent alcohols in apr otic organic sovents like 

THF and toluene The ma ximum te~preture for the preparation 
f h d alkox1·des '·S f ound t o be 500C, o t e primary and s ec on ary 

but 900 c f o r the te r tiary alkoxides. Above 500C the 
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alkal me al pri~ry and aeeOndsry a1 x ric el t •• (II) are 

found 0 dp.cODlf.>t'), ,vine r.t k I to) (IrIIQItal!ic nick. 1>, 

aldelyde~ Or dik~ on a and h~ corr pondinc alcohol Thl. 

1.5 a rpsu} of 
hydro, n ranafer rr~~ the prl .. ry or 

eecondary alkyl sroup &1 ve NI(K ) complex and th 

corresponding aldehyde or I{ one lollowltd by reduct 1v 

eleim3tion of hydrogen under the influence of 0 h r 

alkoxid& 0 aive Hl (0) and he corr .5POndinc Alcohol 

Hagne lc momen d~Ler.in Ion uein, Gouy hod on he 

tetra alkoxonickela e ttl of 11 hlum sodium and po saa1um 

show typical te rahedral as ~.ll as ortah-dral coord In. ion. 

Where as the sodium isopropoxonlck~l. e CII) is found be 

np.ariy diamagnetic in h~ ,orund a e. 

Th~ lisand field spectrum of th~ i opropoxo co_pI xea 

_n THF 85 well 88 of he olida In nujol hO\led etrahodral 

coordination with three spin allo\l~d ranaltions. 

ITl(F) ____ > 3Tz(Vt). 3T 1 IF)·- - ,",>I A:(vz) nd JTl(F)- __ ) 

'T, (p) (v.) Li.and il. l d pe r me ora IOq: 4 .·1. 8=8 

13 : 0.77m fUrther indicted e rehedral eoordinat1c-n lor 

'he lsopropoxo complex 

• 

R~sardinl h~ ch~mle ry of he •• nov~l alkoxlde of 

nickel milch IIOre lnves l,aUt'n has be n carried OU l r h 

last five years Th--- .as i.poru" hu •• abou h •• 
compounds is ho th~y are ex reaely IOOr. r.at iv. (l vard s 

roois".ure and or IIIOr. easily hydr?ly:able hAn , .... (or.,r 

YPf'>S of alkoxldes of nick.1. 
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The mor e ba~ic nature of hese compounds makes h~_ 
capable of reacting With electr ophillc res,en s . Thu. th y 

are expected to be prone to t he electrophilic at ack by 

C02 and other Fl - acidic ligands. Thei r internal redox 

property has been shown t o be an advantage by applYing hem 

in preperative work as precatalysts 

2.1 Complex Fo rmati o n of CQ% with Tron3
i
tfon Hetal 

Co Pmoy od.:t 

2.1 General 

As a linear ria rotc molecule of the AB2 ype, C02 

has a ca rbon a om forming two equvalent bonds With he 

oxygen atoms via t hp .:1 -and If-bonds, the planes of 

overlapping 1 -oribitais of o xygen and ca rbon beiDa 

mutually pe r pendicular . 

Ca rbondioxide molecule has Some important lunc ional 

properties (Carbon is a Lewis acid and Oxygen a LeWis base) 

that influence its Co-ord ination to metal center~. Ar iain, 

from these dono r acceptor pr oper le~ of C02, there ar~ 
several possibili les f o r compl ex forma ion ~ith a 

tranSition metal a om [2 4] as shown in Fig 1 

0.. . . CJ - 0 _ 
, •. ;,r " ... C 

H <----;;;c=o: ~ l ~.) t. ~ .. 
M OJ ,, ) o=c=o 

J. 
M 

(II la ) 

f"ltr · t .. 

o=c=o 
i 
H 

II I1e) 
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ciince the C02 moleeul~ Is he poorer ele~tron d¢nor and 

b~ttE"r accepto r of electr('~ns wl h r esp .... ,: to 1 s 

i.<~oelectrcnic CS2 molecule. 6 p r iori one may ex~ct hat. 

less ypical fo r r02 would be ~omplcxe~ of LYP~ (I) and more 

typical structur es (II) and (TIl) ( ~ ' " 1) 

ThllS from the'3~ bonding !D01i'!- 0' ceo .. "", :he met.al l1 onl!l: 

cRn see that Fig. 1): In type (11 it 1~ ahuyn hat 

::-C'( rd ~nation i~ through !"I-u bondlnS' b~ tr"'n~ter of thE' 

I»'yse I P electr()ns flon"!:-p"'irJ to th~ ~ al, and in y~ 

111) a and b there is a t1 r h.:inrlJng hroll&t. el~ctrc'n 

ricnEl.ti·)n from the meta l to t.h,.. ant1bondlng orbit"l (2fT'J) of 

~;Oz. Donat i on of two '!l~ctrons to the an ibon<ilng rb1tal 

Garbene-like complp.x~s (IIb. Wh~r...,.tIs 1n "YP""J: crIl, l'I.b 

~nd c it is displayed her e the POsslbil1t1~~ of bond1n by 

Tl -c'?mplex formations (Ifla and IIle) or by a formation of a 

three-mem~red ring in The limitln£ C"'S~ IllIbl 

In general Qo~rd!nativn activ~ p ligand, ~nd ~r~ale 

favo rable st.eric cc.nditlrJll5 for Itll'and in ra ... tions and 

numerou"~, catalyt.l pro .sse, In this r·~gard po')SII bI,. 

questions t.hAt may I.'I.r Is .. (19 'Jrl!: tiO.8 C 12 co-orrHna ion 

a~ree with real 3ctivatt n what t~njlnr mod~s ~r~ po:3tble 

~h:tt reaction r?Tl""i",,!S d .... th~ d1ffer~nt }:t.l)nrJlnli ~d"s prefer. 

~)'t1 th"'!'5e ir.fluen~·~rj "b\. thf.o n8tur"" f ' he fl'etlll eoatpl'!x" 
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85 thJ'! basis for t.ht! in '/est1@'" 10ns cf tt.e dJ!fer~nt Dt')t.~ 
C02 complex formation reactions whlcll may be grou~ d l.nto 

two majol' classes: fixation and inSE:.TtiorJ reBction.5. 

Howev~r, it is not al ways possible to dlst1nlui~h be wp~n 

th t~o classes, completely ~ince many insftrtion r~ac~lons 

proc~ed Yia a 'flxa ion' Int.~r~dlete. Furthermore. Tusuda 

and "':0- W'orker~ [24] in one 5 lrl".:. Chis ho!m and Ext. ine [r:~] 

on the ot.h~r side separ atl"l}, oescr1 bed many systems lila 

fix Ition proc~sses bu ~h:t-.uall\l th~y ar~ !':tI!pn t.o l.nv:)l'1'" 

in' 9' rtion reactions It follow& that all procesaes 1n which 

ro is bound di rectly to th~ metal ~~nteT ~n therefore ~ 

d~scrl t - j as J.h.atlon react ions. and those in whl<:h 4)2 1s 

h lJnd Y..l.L the brea kage Qf a lI'i":taI-ligand or iotf':rnal ligand 

'Ixlr,d, as insertion r eactions. 

Genera lly reV~l'S i ble CO. f 1 X8 tlons invol v t.he 

ff)llo wlng bas i c reactions [ 4). 

11 , 'Qordination, Ln ~J -+ r.O, , Lr'lHfC(): ( 1 -
(1~) Insert.ion. I., H - l: , CO. -- c, H-('C r )X I 12 

( iii I 

cn , 13 ) 

:;,2 
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Coor dinatIon of 'X)2 to tt"an~l lc-n ... t.al~ haa l('l r. b-oo.,n 

though as a rFv".!r o ltle In1 hll ~ ep 1n h .. cate y 1e 

C'onver~ Ion of C02 r 1 J 
In ~uch '"' Clle'~. ~tal t:>-(Ielcity is an 

important prp reqlut~ to H-C(}:. Cf'I"lrdlnbtl
n

n 
HI hly b •• lc 

II' IT}, Rhfll, and N1(u) complexes [81 hl'lve ~en f ound n 

~al l~'3 C02 lie i v at.lon 
In s'!"v"J ra] caSe!' . C02 eeems t 

requirF:l fI btfunC'tional 8YSt~m. 1, a"'ld-ba~~ lOT j_ !! 

f i xa"t,ion and actJ tOll t inn 

· or example', 1n '" Co complex rco (SaJen)HI/CU'JJ 

SElliC'ylal eohyd~ f"t,hyjenl"' iilllmine.l MI: Alkali metal1on) CU2 

is b0nrl'9d hrnu'rh 8 basic (Co I and ll ... ldj .... (/1tl C.,nter!\ 

It. is kn(\~n that Nl( OI .1n llen~ rM] I fnrre ~table C02 

C'Grnplexes. Th~ complex synthesized by A r~sta and his co­

worker~ [27]. lNl(f't'YSIZ(',2-COzI).wl'ls the first stru("tu Tf'Il 

~V'3r t.o be r '3por ted for B mAtl'il-C02 C'l"'>mp lf!x 

A common r eaction ('ould AC'Cl"\lIn t f('Jr the fl.") r ll'l!l .ion of 

N " "IL, ','(1, - .'" J., 1L4 ? ~"2 --. _____ ) ~ , ~ 

(-------

for L = f-E'o, fBln ~nd f C8M" 13 

NiL" t o.qnf'.., NH $ ... f 
(-- ---
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NiL3 +COz 
~lL. , • . --

" .' 
In Some isolation experlmenL8 1 was den nstrat~d th8? 

two types of njckeJ- (\12 .... c'mpl ... x.s coulfl t,,,. d~t'!: t~d (n] ellS 

shown iT! FIg· ~ a~ ~I/J ·end on bni Ii, r, 2 ~11e On 

('oord ina tions. 

Ni<------fO~C~Otn and N. 

(as r; I-end-c.n) 

Coor dination 

(as I'}'" !'lde On) 

Coord ina t ior: 

Fig .2: Hodes of C.,n r dination Of Nt-C02 co plexes 

sid~-on CO ... ccc·rdinatic.." lest.llbl1 hf!'d by X-ray ~nalYsls) bnd 

T<eact·s at slightly hi&'h~r t.emperatures with spll tins Of 

GO~ lnterl:lE'dlate I=-rodllct~ --,f th rea~;lon In which th~ 

bjnuclear t:"ropl,:"x [~;r3P\~ Ni C't 1tll(Pf'73I:] [~8 1~ ala 

':olT.t:lex-iixed CUt is no . h upver 

transferr ed to organic '!ubstrJllct,.s Thi _a$ IIIIl!fQ C' nfirm oj 

fc- h 
t.o b'5' tTl)'" in a nurnh~r f :.. Hi. 
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2 3 Carbon Dioxide InSErtion React ion, 

Carbon dioxide ie reactive enough to undergo ins~rtion 
irlto a series of m"",tal ligllnd bonds 

Thf<1 mos' Common 
insertion react,ion i.'! (ound in t h~ pr·.par"lt.lon of organic 

~cids ~the Grignard reagent [01 

fn this react jon the metal-carbon bond (Hg-RI 15 broken and 

(,,:nz is inserted (eq (161). 

H' RMgX + CO, -----> RC02NGX- 'RCU,H 116) 

(X~ halide. and R::: alky sroup) 

G~nerally, two possible insertion react ons can OCcur 

depending on t.he nature of the rr~tal-l igand bond 1. 

de!"('ribed in eqs (17) and (18) (8]. 

o 
II 

--------------->H-O-C-L M-L + o=C=O 

P. 
, 16 ) 

Q IJ-L + O=C=O -------- --- - >H-C-OL or W'" ' C-L 117) 
\ 0 " 

'"' ::: - H. 
;­

-C ­
'-

• -0-

In m.::tny systems insertion is preced~d by a fh:atlon 
~tep, eq (19): 

o=c=o • .. 
M ~R~ + O:::C=u ------) H-NR~ " n " 

N O-t:-NR' t 19 J 

The following pr~sentation provIdes a brief l~~k a 
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~ me typical In~erti n re~rttona lnv lying M 
1\ H ani 1\ N 

honds and 8 detailed d18cusslon on l~ertion rea~tlon tnto 

11-\) bonds particularly tho .. " r~"c 10rl wi'th t..ran.,ltlon mo!tal 

"llkoxld~s \N-OR) 

2.3. 1 Inserti·:>o Into H-H p.pnd5 

Reacting with a tr3.nsiti',fl n¥:'t.al hyrjrid~ en: may 

insert at a M-H 

bond, a rev~rse and 13boormal in!5e,rt.c.n mOly ff r rooe a1 

for1Jic acid eq 211 [251] 

". A· 1: ' .l. 
Normal: 0=C~O + H-H __ 

t . ,,: . b '~" 
Abnormal: 0=C ,,: ('J + 11· H -

H-O lK"J.I .:0, 

N-CCJOH 121 

essential for hClro-~S'en,,¢u~-c1\t"lyti"" hydrr .. 'i"!!neti n rtJ,",ctlor. 

01 C02 and also plays a role 1~ tt.~ loIat.,r "as shHt 

r"'3ction [30], 

Carbor. dioxide Imsprt 1 ,n HI transit 1 n'lll rr to. . -

The first ,=,xample wa. oMPr' ri b) Muon tal. [ 1J i r he 

<"obalt complex (Ph'l ", ) (1'1H21M :: thro ,,,h a _ .. _--------------
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SQIU~lOn ot the c~mpl~x re5~1 ed 1n 1nsertlon a th~ Co-H 

bond with simultan~oua N2 el~minaLl~na 0 slve th cobal 

for ma to complex (Ph,P)a Co(OOCH), and [(Ph,P)lCo(CO)]" h~ 

later resulting from formate fragment transformation The 

presence of the formate sroup has been confirmed by the 

formation of methyl formate upon r~action of the compl~x 

with methyl iodide: 

(Ph'P),Co(N, )H<C02------> (Ph,P .Co (O c k ) 

H~[ (22) 
He H 

Ingen~ral. the formation of cobalt-formata complexes hes 

been suggested to involve a C02 fixe ion step for dlff~rent 

ligands L [32 J ' 

HCoL. <CO, ---------->HCoL. (CO,)<L 

The species HM(CO)s 

, , 
v 

HCOOr.oL3 
(23 ) 

H=Cr, Mo.W) are he most 

prominent intermediates in the water-gas shift r,-aetlon. 

Thes~ complexes react wlth C02 to produ~e formate species, 

[33) and 't.herefore O:OlllP", e with biearOOna e complex 

for mation. 

It was referred [8] tha ~ rhodlum~carbonyl coap~~x 1s 

formed via ee2 insertlon in 0 a Rh-H 'bond. Th- over all 

reaction is 



" ) J C'" P" JUt.) 
h Cl , If J 2"PPlu ;l41 Ph 11 ... 11 I Pf'ha , 

"HP~, I' 

e n be !Graul~ted a~ 

5 
RhCL" ----- ..., FhC'l,L2 I;;, - .. -----

( - ---
L H20 
Hrhll)OCH ,C 'JL: 13) • + HCvuH -4 HRh\vH,rlL2 

HCO(H -

• RhCl, ~ ,cn 

L= I'Ph, ~~HMPA= hexa~thrlpho~phoroaMirl~ 

In ano h"'r .... u·)rk (341 it ",,·,5 r",port"d trot!; no format'" 

product ,in!'J~r-cion c-f S(~- W!\S df"'tecte·-1 durin, the rea tion 
• 

of F.h\H1L' IL=Pli-Pr13, PPhlt-BU)2, P~.H l \ "irhCO, 

in~Lead a bicarl~nate pr~du~t w~s L~018 ed vi: . 

r-rI3. This shows that t,h.,.re !lr~ d1tf"'lrent poe-sible ron ... ~ 

The f rmatlo0 01 n 

tndentat.p. carbonato complex \;1\5 al'51' r"'port.,d l.3!)) in t"he 

re<sct.ion ("If rF!urH,(PH.: I'hlslPh ,,1 h C02 1,0 HuH or EtOH 

The f .... llowing mech""OlSIII ""a~ 51ll,'!II5tp.d bas ... d on HHP and If< 

:lata. 
o 

Fiu-H + !-Ol" __ - - Rtl liP"'" __ !..Jl% . ( r I " 
\ J 

k .~I 

... 3-2...l 0::aertiQ.D...J.nto M-C Bo~ 

Ir, a numt r of ca!"~ 'I'll! ln$l!Irtl-,n r""" .... '"'ns intO H·" 

1 .. :t1tt 1 n ('It \i J% folIo" d hi" 
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inser ion (36] to PI·oduct.! a vari,: ty of prod'Jc !Ii 

There are tVa possible path ~aY5 or th1S r~action 

called the "normal and the abnnrmal insertion (27] 

(eq 26) 
II - C (~ , c,..... or 

II 
M-OOCR 

C 

M-R + CO2 n-R or H-COOR 
' ~O"''''''''''f I 

" M- ~ 
The ~ 

'normal" way follows for th~ organo~tailic 

(26 ) 

compound~ giving alkyl carboxylic acid. and the reverse, 

a bnorrna:" ways, with forro13tion of metalloacid ester. 

Examples of 'no rmal ' ~eactions wi h a carbanion 

transfer to the C02 carbon were shown for some ti an~um and 

zirconium compounds [36-37J 

Carbondioxid~ inserts comparatively easily into the 1-

Rhodium-carbon bond by the action of COa on the 'Complexes 

(PlnP ):!RhR (where R=CH3, Ph) .... ith formation of carboxylates 

[38]. After esterif ication of:" such compounds by means of a 

solution of BF3 in methonol or CH3I, methyl aceta e and 

methyl benzoate form. res pectively. 

Reversible inse r tion reactions occur w1 h copper 

complexes , e . g., the complex (Ph3 P) zCuCH3 reacts wi h C02 

to give the inser ion product (Ph3Pl2CUOOC CHa [39]. Acetic 

acid is formed in the reaction of Hel ~ith the complex' 

(Ch,COO)Cu(PPh,) + 3HCl--->2CH,COOH +CuCl+2HPPh.Cl (27) 

Methyl or ethyl iodides give the corresponding esters: 



n 
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,- J,," _ _ 
;-- _CH{OOO', 

ICH,COO)Cu(PPh.)" 
\ 

The ".a~ 'omplf"1x r"'1\n ~ cbtain-,j lndl!'p"'nt.ient.ly frC1rD 

aCl"tic acid and methyl copper d~rlvat:lve!'; 

CH,'~u(PPh,), • CH.COOH ---- > (CH,C()('ICu(PfH. \, (29) 

In g~neral. the ~truC~IJr.~ of variou .. ~tl!l 

('erboxylate~, 11k~ the eX,l)mpl~!5 l!.t;'Iove. m8>' r:llffer 

cosido<;rably. For exampl", ·h~ tollol.{ing tyr,es ~f 8 ructures 

arp kYo",n to d"" ... • [ 81 J 
- 'j . JJ 

(I ,; H Ii II M 0 
, \ 

j~ ' c-!< " H ',C-n : ~- [, 
, " 1/ " 

r; . '.0; ~ c, e; H-CI 

It is to be expp-cted tha '" tho; IF s~,...tra of thes"" tY~!5 

diffe r substantia ll y [40J 

Transition m~t~l carham~to compl~xe, are ior~; as hp. 

re~ult of inseorti"n of ... (1 .. lntn trAns1.tion IDI'3 lll-nitro.en 

~xchan-1e A mech8ni~m .... 8~ !llqge.!f~r.i '411 IF1I.3) in which 1J 

et,ep Wl~e f("ormation of rartAIl' to compl'!x!!', could ~ ?b$~rvprl 
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discussed so far tn ~hat they ~r~ ataly~~d by th, pre en~~ 

of an amint>. HNR2. In~ert1~n can therefore foll' w the 

normal mode: 

o - C , 0 , A H. , , . 
M N" F1S.3 

He 
or proceed according 'to .q (31'1, 

C{12 + HNRz ---------- >HozCNR, 

H-NR, + HCI,CN~2- --------) HO,CNR: + HN~2 (30) 

It sr.<Juld bE' n ted t.ha ~1m118r "'eaction~ were also 

observed for the insertion of COS and CSz [42] 

RelativelY roew syetems have ~en presented wh~re C(J2 

insertion into M· N t,{.nds occur . A number c-f cl)mplexes of 

transition met.al dime hyl amides M(NNezln [ 11= Ti. Zr. V and 

n' 4 [43]: M,Nb Ta ond n' 5 (44]; W,INMe2)' (45]; WINHe,)' 

(46) and M,iNR,).~l, [H=W, I.E,. Rl=Me [44]: H=W [46] 

Mo[46.471. R=He. Rl =CH~ph' have been reported as reacting 

with C02 to Siv~ arhhmAtl) ct:;,mplexes. Mrr:zCNMe2ln Wz (('tzC 

NH~; 6: W t~M"': 3 ::C'NH~: 13 find Hz f02CNftz) iFi:l: r~sFec't1velY 

• 1 -0 H 

rho:: format ion f <:"a roon"lt ..... 1\'0,,-, or !51Il1U"r type 

complex~s. The In~ r ir.n into trl'!.n!i 10n ~tal-alkodde 

bond 111-01< I Lherefore pro'Jld~e rQCIn<·alkyl caroona~~ 



I , 

I 

i II 
II 
IL 

j. ;~. 

• 

'I III 

7 

-2.9, . ' --
Co. _ao _ .. __ 

The speci S 50 obt&inpd may bp c rrdlna ~d a~ e 

bidentllte r Il C'r II m()nl"1<1t!nt""tp tTl \ Llg"nds IF 1Q' 4 J 

{J ,,~ 
, , 

1 
( ~' ,C-r,R, lH " ~h:. 4. Hl'\de ,f 

'I (' rdlnltion!" 
0 0 Ai:I yl (',r"'onat 

J II 
'rnpl~x.e5 . 

[481 f r om nydrido complexe eo of tr"lfl!lltlon m"!tal~. by 

In 

formation of sn 3Ike·;: c· mplex as 'In lntt'rm~dl~t . This te 

~ result of t.he a tack of th~ lI)'''C''h.:'ll ,"'In t;.he tr!'lnslriOTi 

metal-hydrogen 1M-HI Mod. Th"" next ~ -p 1" th~n th"" foroal 

insertion of CU2 int(. tho n~"'l;' rnrrn"'d H- Iff rol'ld r lj 74 J 

lot H· f bond 

t. Y the h:;dr',x,-, b_8and 

5t.llhUi y ')f the I'\U:yl ""rt- ni'\t C 'Mp!ex..-, c('Iuld be 

controlled by pres'!'n....... f I\n,.llll\r·' l1f1'r.Jnd· ~I.I"h ~" 

phoshlne'3 or ph(:'~f'hi1I>"J tn hi"! ll'I.,nn ... r ts nlJfI'lMr Ot 
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complexp~ wer~ synthesized [~J, A 5pri~· f m¢lybd~num 

complexe'S [5 1] exhlbi t comp ... ,. ely rev""'rsl ble CP2 lnser 10n 

reaction. the mechanism if! the aol1d stat~ proc~ed~ via a 

direc~ attack on ~ith~r M or R ~hile th~ mect~nl&m In 

solution was 5ugg~sted to bP ~q (32). 

n 
D 

M-oa + co, -------. H-uC-Oa or H-v-C OF 132) 
II 

• Fen ca3~S where R=H lneertlon preferable C'lccurs into 

the O-H nd, 

Fachinetti ~tal. ~uS~~3ted [~2) that Lhe f rma ion ~f 

Ti-C03 ~pe~les fC'llow a r l"'lut.F! tha correspond to C02 

redllctlve disproportionati ..... n [!J3): 

2COz + 2e- -- --- ) C03t"- ., CO l33 ~ 

fn this reaction t.h~ wo ~le.~ rons I~H'e 8upt)11~d by 

oxid~tion of the metal ~enter from HIO I or HIT to HI fl, nr 

Mi.IIIl respectiw>ly 

Later on in 1985 KAte- and Ito [54] ~hC>1Jed ha 

monoall:rl c roon8te-o cr,mp]I})C~s wt":r ., fl"lrmed by r~v"r~ibljl> 

reActiro$ ~f Zlor II tjl>traz ~y~10 a~n~ ComFlf xes ~1 h 

e(l: 1n 'to~ prese':'l.ce cf ha!3~O:: 1n a1 ohol Thi!' results (It 

stru~tur~ analYP;l5 of th"'~~ 1"'(12 adriuc s [55] confirmed that 

they ar~ lnfjp.~d All-yl cnr~'Tla-to ~omplexes. 

SetHff basf!!-ch~la f.! .;'ompl'3xes w1th CIJ-() bonds l1kewis~ 
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r"'aCt. \11th r~vjOor.slbl~ inseT' .. l:In of In·o he Cu-t bond 

[56] simllar to a phosphine compll!'x. IHo)(' (f'fi ~ ,n in IoIhi ch 

GOz reacts loll h the Cu OH bond (57 J. Th ... httpr r.: ttJplex 

bping ~oluble 1n water 1s capahle of ran~terrin~ CO: 0 

propylen~ oxide or cyclohexa n~ to f o rm polypropylene 

carbonate and the cycloh"'x~~~ne ~ ~nrboxyllc Bcie which was 

ls(tlat.ed as ~ fDPthyl ~~Ter (57) 5imilarly 

alkoxo13nthan?ld eomple:<"'s ~"n also incorp)rat", co • 
revers 1 bly \Ii th ins~r ion l r d) 

T:> C'ont:lude this $ectt'"'n \I~ wOllld 1 ike to in("'lude 

reports on synth~Cj~s r1 t.ran.iti"n lllf':tal alkyl ~arbonat.o 

complexes following ~ t ud 1-:5 f thp i nsprt ion relict t. on o f the 

cvrrespondlng sl1':.('Ix1 ie·. t rn~ntion a f",loI. 

NIOBuI 4 , 111=T1.Zr. HldjEt14 Hl;;Zr.tlb.F.[~lJ. 

H0210CHzCHesl6 [01]; l.U t)Ht:I: (59). It-BUUICut(,N to-Bul [59). 

[Et.N)[W'CO"',a)[60J where RoPh ... 'H,C. H.: 

Cp'JrfPh,P)(H)lOEt. [olJ 

3 Ca rbo xylation By Mea n, of Metal Alky l car bonates and 

Metal -Carbon Dioxide Complexes 

As ue have seen in he lntr 'du"'11r.n. he ec i vl\tion of 

th~ low-'!fll!rgy CV2 can be a"'hle'll!r.1 l'y a metal phenl)l" e· 

C(n adduct \loot~l ph,..n:vl r.~rbon" ~ J r~]. 

It is also ~f ~ 8ynLh~ i ... ~1gnlfir.~n~~ th~t ~ln « r oup 

m~t81 leg Mg.Lil ~lkTl cer n~t~~ [5J ean ~ used as 

~fficient carbc;':;llsting ag~nt5 instead of G('2 as 1. 15. To 

prepare the reagpnt ~t81 alkoxldes of h~ monovalent 
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1l1cohols must. r~act \lith CUt Th~ sOlution pr~p~r~d fr m 

th~ .species in organic ~Olvp.n s 1~ dlre~ Iy u~ed f~r 

~arboxylat1on ~f an organic substrate. 

The ver:! r~activf? bu prl')p~rly t1J ~ h~ndlf"d sube:t.ance 

that 1s frequently used 83 8 carboxylating agent is 

magnesium methyl ca rbons e commonly knoyo 8S S iles-reagent 

(62) 

Thus ~y ~~ns of me a1 alkyl c8rbon~tps i is 

p')ssitle 'to carbc.:xylate numerous sut:-~ ·rates epp.cially .-H 

3cidie ca r bonyl compnvnrts, 01 trt"'lt't"·mpqund!'. and i'ls" 

reaction ie· ~iven hy eq (j41 

\ 
C' ::: ° Hg I fJ2 COCH3 '2 
I --- ---------> 
CH2 -zrH3(JH -CO.: 

/ 

' c ....... 0 " Hg 

¥. t 
( u 

""0""-
" o 

A typlca 

\ 
c=o 

\ (3 4 ) 

It has als ~ he~n inrticat~d that (1) other ~ &l-COz-

substrate compl~xes are a~tjvp Jrecurs:rs hat ar~ he 

l,"Plsul t of form.ati"n "f !Ii O"ll ~-C 

::ul:>s rate nnd COz '-11th r"'t'!tlti'ln ')t Mtb X?~ n ~ (lOS t)f co: 

1n the prnljul"t. Alkynes ~ lko;!n-s. dl"n"s r r loe1 C'yo:l .. " 

<jod benz'!n~ rea~t c3tB,lytl,.',.ly 'lJtth ell: t'l 'lz!l'\rj ryr ..... n.,s 

lar:ton-es, ~ster!: and al"id in Ih~ rrtl'~e"'"'e ct ru"henlum, 

rhodj 1m, nick-al. r p~lladi1Jrn c rn Ip~~s 

hre fr;'llnd in litoer"\t.IH·~ 1 4 6~1 

4 lr n! examples 
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and th1~ Qust l~ad 

~tom in the gtven c:ompl~x Thl! fcrlWltl n f a T.ew 4 _ • bcni 

',.Jith an organic '3ubstrate ~S' .. C=f.i~ thpn 8talyz~d hy ftl~ 

t1etal-COz- compl~)(. Hvdrdlysh of thoe lntermeHlJ ~ fnf:Iit.Al 

COz-s'lbetrate Corupl~x r~ ul -: 1n h~ d-t'l"'hment of thll! IY)o'!lal 

center from the car xj-'hi ~r:l pr!,),-ju ... t "t C:"l I!'q -'" 

0-::: G -:= Q 

r-~ .. \ 
'(. -;::::::;. '{ 

_0 
C"- {' .,. 
I \ 

(~..... Y 
e' 

_ H..;::;..° ---ll c. - y _ C - 0 ;; H (} 5 ) 
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£ome Use fu l Application, Of Nickpl-Ca r boD DiQxide 

Comple xes: 

Reversible lOOtalaring t:'ioeul'e reactions loIit.h C02 and 

unsaturat~d substrat~ have been obser'Jed , by authors such 

85. Inoue etal (t54,"'Sland Walter et:al [80] Tnese resct-ions 

occur at Nickel In '. ccmplex~s, and t.fith 8 high eff~ctlve 

el~ctron density. mainly ~h~n azo~thine~ arp used as 

Sl4bstr at19s [7 1]. 

Opt,ical spectroscopy is an esp"!'cially suitable 

indicator of C02 conversion for reversiulp. met-slaring 

closure reactions Carbond ioxide transfer react· ions "11 th 

the formation of new m-otllla· yelle compound~ can al~o be 

carried out where ni~kel h~ter~cy~l~~ wi h ~-c8rboxy18te 

g true ture are uSf'd (62). 

Nick~l 1111 curopl.x~s are al·o kn~~n a~ h~ ~~t a~ lve 

c"l.rbondioxide insfIIO:rtit'n int ... lb·l1 .... ITI!":t .... l ~ompl,.x,.5 hilS 

been observp.j to iiv~ ,a-v",ral types f:'f product~ SIli"h J'IIS 

csrboxyllJto !~p"""l"'~ Clr 1ect.,rle~ r 1 tSJ o~pendln, on th-



• 

nature- of the 1'8l an-j c·f 1 1 land - th""·e 
reacttnns are dest:'rJbed by 1';; ( lC n" ~7 

( N.) ~(). 
) Qo+ ):0 t ' 6) 

-("9- co) }'\, ., 
-< "'''Vv\ ( 37) 

Ve ry inter'!zt.,.ng res'llts he'lP.' l180 [I';"'" publ1411:h d 1')11 

the Coupling rP.l8ctions b~t\l""l:l!!n ltlkYflP.lS eq I~a, (SBJ; 

alkene [67] . conjugated dit:nes fbi)] "r 'umul~nes [13 ] and 

N1 (COD), __ _ CtJ2 
------

No in termediate. surh as Ni-Cu; ~~Mpl~xe~. cvuld be 

cyc1es ty pe 1n eq t 36 I. Wi th lllkep.>J. (:'8 rbon-caroon ~nd3 

forroating was fou nd to bP SOmetimes rever"lible >-j 'l l39! [07J 

t " Ni- /I CO2 , Lr.r" ':)~o 
II '<: 0 

L" /Iii( 0) 

( !9) -_. 
CO< -
" \ ~{J 

C. 
~i< II L / 

0 
7 
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III EXPERIMENTAL SECTION 

1. Genersl 

All m~nipolattt:lne '"''!Ire Pl'rfClrrn.,d t)n a .j""111f!l'-ml:ttll!nld 

Schl~nlt vacuum 11n~ under an at[J)o)t.ph"!' r "" ,..,f dry Jill-rogen. 

~itrogen with ('I r iginal pllrl y ~f ~9 15\ was fllrth .... r p'.I[. tfl~d 

r y paS~51ng it thr'·ugr. tw.' c lumn- I L~r.~"h JOI3 IQ <111'1 t~r 5 

~m) each containinq an alkl\11~e pyr £811 4 ~~lu 10n l30a of 

pyrogallol dlss(:\!v"rt jn 3~W rnL 10: ~t['''n. :lq!~ U5 KvH nf 

[7"'J thf':n' hrough ... IlJDI(\5 

cont.c>lnlng coromerciHl C')PPfo l: ell! !\l ... ~ 

Molecular sl~ve type lA, 

accordi ng to estltbllsh~1j pr'''''''edu r~s [711, ~nz~ne. t.olul')ne. 

and .. ere di."5tl11I!d frem 11 

r""fluxing over LiAIH.; bnti illrlh-:r d r v·-J ty 1l!" tllat!l"'In tr 'm 

turned to violet 

sodium and ,list1.ilel'i fr ... m it r~ PI -pan,l \,ill' .. t f'lr'!j OV~r 

KOH and further drl~d • i" ,ji!5ttllft r l""n froO'l a tr"shly "'\,Jt 

~odium met1!l1. Fln,,)ly :",:- I.t .. ~ pIJriti.-,j tv !rat<fl"'na 

dist t l13tlcn of +h- llq'ltl 

Reagents lib~ tit I &~~"= I: IIInd tHBT: i. DHE wer stC'red 
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(a:t't.er 5i'n heslzed) under n1 rOft'jIIOn I!Ind traMferred into 

re~ct~on vessels under nitrog~n ~hrre n~~de1 
Hor Over. all 

drYing and purificat..lons of solvent.s WP,i"1) Ijon~ undt,ol" 

nitrogen and r.leae.ta tp.d L~for-: W\#;: 

Carbondiox1de gas used in ~he syn h~sis was dried and 

pl1rified f ollowing an P!5tabli.~hed proc~dure nl]. According 

to this procedUre the H~~ wa~ flr~t P~5~~d through a column 

of cone. H<:SO~ (A . H. I. Possib1e arid contamination c(luld 

he neutralized by sodium bicarbonate packed ~~ ft powder in 8 

second rolurnn in th~ linA, A th!rd rolumn W~$ ~ha rged 'oil h 

powdered phosphorous (t; oxile with the alm of rE"rooving any 

w~ter ~till carrip.d by the .as. 

N i Br2 . 2u1'iE. PPh3. and rjipho5 used in the s~.'n't hests 

wer~ taken from previously pr~P8r~d source (1~] wi~hou 

furth~r treatment. Othe r reat-nts and chemical~ need~d for 

the preparations ~ere obtained from com~rcial sour~es 

Rvailable in the depar ment store and were direc ly used 

with out any fUrthpr purification 

MethQds Of Analysis 

2 1 Prepar8~ Qf SolYtian, Of The I'Q18~ed Product, 

30 rog of ~'1<:h cof thot hol1l.ted C02 r~)" 10n pr )duct 

cOI.lt.ainin~ lHcRel Wf!l!> decompos..,d by l' dllut,. n1 ric ",""id 

.~('\llJtion c 1ml f"If t::. nco HN(,13 IA };\ die .,lved 1n.3 ml of 

rti~tillel'j water). A tinal solltti(\n of 100 ml was made by 
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adding distilled water. For the same amoun ot C:2 reaction 

products the dissolution was effected wi h a solution of 

10ml conc . HNOa 1M 20ml distilled water, and the fln&l 

solution was made to 100 ml by further dilution. 

2.2 Dete r mination Of Basic Components In The Isolated 

CQmpounds And Determination Of ISQpr opoxidc In 

LieiEr And NaDlPr Solutions 

By a basic component we mean the SUbstance the would 

consume a certain equivalent of an acid in an acldimeLric 

titration of the solution~ of 8n isolated compound obtained 

by r eaction of C02 or CSz with compound (I) or (I l ). 

The Possible reaction are: 

iPrOC02- T H' -----) iPrOH T C02 (40 ) 

lPrOCS2- + H. -----) lPrOH + eSa (41) 

iPrO- + H+ -----) IF'rOH (42 ) 

For analysis of tll~ basic compon"!nt in C02 re&ct.1on 

products. 30 mg of a g ven sa~ple was dissolv~d 1n 25ml of 

excess of 0. 1 M Hel and the resul inr solution ~a3 diluted 

to 8 final volume of 100 ml. The excess acid was then 
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determined by titrating a kro~n volu~ ef ~hl~ 801u ion 

wi th 0. 1M NoOH (A. R) 

Determination of the base in CSa rese Ion produc s W8~ 

impossible In this condition. 

For the purpose of defemination of LI01Pr and Na01Pr, 

exec ly measured 1ml of the corresponding solution inTHF was 

taken f:om the reaction vessel at a time, and dilu~ed to 

50~L with distilled water. The r~sulting solution was hen 

titra~ed against 0 , A H Hel tn order to determine the 

equiv<:.lent amount of the base ("q (42». 

2 3 Determination of Nickel 

An~lysis for the nickel content in solu ions prepared 

according to 5.1 \.lere done based on the procedure given by 

Vosel[73]. A known volume of a sample solution waS taken 

each time and a known volume of xcess of 0 01M EDTA was 

added. The mixture IoIas bufferpd loll h h'!xaaroine ( ls: ) to 

adjust the pH of the 501ut1.(,n to 5 The excess EDTA 101815 

finally determined by titration with 5 I\ndprd 0 01M Pt-(t{O')2 

solution using xylenol Clr.efllf'l'!NaCl in,j1ca or IT.ix UTe 

(XO'NaCL = 1'100). 

2.4 Determinatign Of Bromide 

The broroidp. cont~nt ~f 3 liven ~arople was deterreined by 

using a bromide sele~tive electrode with calomel as 
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refereTil:'e p.l~ctrodp. Th~ P"'t~n"'ial ot he solu 1 n WI) 

recorded ~y PW 9409 digl a1 PH ~t~r 

Standard eolutlons Y~re pr-par~d e~ l~' 1, 

10-2. 1121- 3 , 10-4 and 10-5 H solutions Clf KEr Ttl-

concentratjon of Br- in a ~1ven eolu l~n ua~ ob ain~d 

by t'le di r ect roethotj as well 8S by the etandard 

addltioO!, m~th··d (r,rao e plt"t 

2.5 ~T,ermi na tlon Of Lithium and Sod i um 

Tre content 'I f Ll or H" in A gt':~n 5Ampl~ \las 

d termlned by flame ph"t~roet r1~ ~echn iqup 

F~ck.rol:\nn 652210 KLtNa li"lartlf'" fhotoro~ter 

2.6 l pec trn =copi c Me ,~u rcmeDts 

using 

Ie spectr a of the compound~ were r~cord~~ ~n a yy~ 

llnicBm PO 9512 IR 5p~ctrQ~1,.er. SflDlP es w-=:re handled 

R.5 mulls with nujol )r os KBr p~ile s "nrt -5~:: ra w~re 

r eco r ded using HaCl Wlrtdnw~. (rangf'! 4000-200 em-!) 

~i sible Spec~a were r~~ord-d ~n Seckman M~d~l ~4 

!JV. Vis 5p-)r"'t.rr.:·ph, t(\~ter . J'lma"'. 'f!,O v~Jero 

3. El:e.Pa r a t ion of S ':.8 r t ing cQmstCund! 

3 1 Anhydr ous Bi! (a~etyLace onfttolNlckpl (II, 

(Nl(acac)z ) 

NICh 6H;:O t- 2,"c~t,! t- ~tI-'Ja'" ---- 1431 



II 

II 
I: 
I j 
Ii 
I 

II 
II 
II. 

2 

-41 · 

For the !'5ynthesl of ra (!I/'''tu: 2 first t.h", dibyt:ra e a.alt 

r't4J 

A soluti on (25mJ) ot NiClz.6H;0 1~9 4!) in distilled water 

waJ'> added to a second solut!"n Ite Iftl, ot a"'etylbcetnne 

150.0g) in methanol whi l~ st1rrin, T th~ resultlng 

mix ure (\ 5011l:'10n ("If <;'l'Idium al"'et.a I! 141 0IJl in 100ml 

Thl!' final ~(\l'lt 10n Wtl~ h"'ated to 

boiling on a hot plat.p. cf'lt;>leti t< rot:'m tl)l'lI~ra tJr" ~nd t.hen 

place.:J in a r"!frigidat(\c ior s"'vl::rsl hnur!. 1 was 

filt~r""tj-off on ~ 8lJchn'!1' flJflnel as I) Ilr('len s ltd W'I hAd 

Wl th i':"e-~t)ld water and drt'!':! in V!:i'''l.lum desiccator rt"lr a 

:c.w day~. rir'lal.t~ th~ annj'drous fish (NiI8ca' 11.' Wl'\~ 

t..,btalned by azeClt.roplr distillation of tl.,. rjihydr!'t.e 1 ~81t 

JYl toillen'';; 11.50 by weightl Th(- final pr('ljll~t wae: further 

dried j n V,J':!UU/Il and C'.-.1 ·• .. it::1 liS ::t dark 8r~en sOlid. 

3.2 kLthi~m Iso propox1de ( 

L1H + lPrOH -I:.e.t1.."",---+~Ll01Pr + Hz (44 ) 

Lithium isopropox1de W~~ ~re~r~d b7 the rAacti~n of an 

. L1H 11.£2.1 ~ith 10ml ~f l~ prop~n~l in 10?ml THF ~x('eg'3 or 

SC·lutlcn. ThO'! mixt..nr'" \oJl!I~ reoilux"'d for Atout 4h and th"n 

fjlt..ered u~lng (;4 !int~red funn""l to r""mO"Je h~ "XC-'S L1H 

l·t'lIl-.:''''ntr~tJon of t tJO:> "'1~1I1' ~I'\lut..i('\n Wi'\~ d·termlned 

·1 ('1(H rn~tr l c;:jlly ~nfj f(\untj 1,.,. h,. jn t.h'!'! r!lni~ e 9· 1.ZH 
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3,3 Sodium Ieopropoxlde 

2Na + 2iPr OH r eflyx ~ 2Na01Pr + Hz (45 ) 

Sodium lsopropoxlde was prepared by a Similar procedure as 

in i · 2 using sodium metal (2.51) and isopropanol (10ml) 1n 

100 mi THF solution; r efluxed for 3 1/2 h and filtered to 

r emove the excess sodium. Concentration of he clear NaO!?r 

solution was also determined acldimetrically 0 be 1n the 

same r ange 0 . 9- 1.2M. 

3.4 Dil i t h i um tetrAi$ODropoXQ oickelate (II)-Ll hlum 

B!Omlde -3 Te r8h~drafuran. 

(Li,Ni(OiPr H.LiBr.3THF) (I) 

NiBr2.2D ME + 4LiOiPr _ T H~_~ Li2Ni(OiPr) • . 3THF +LiBr +2DME 146 

Fo llowing t he procedure gi ven by Kalles etal[ l t ), 

compound (1) was prepared by r eac 10n of a THF solution 

(80ml) of exces. LiOiPr 72-96 mmol with N1Br 2.2DHE 12.7m 1 

at r oom tempe r a t ur e in a Schlenk tube under nitrogen. Blue 

suspension resul t ed. This suspension ~as stirred for Ih a 

room temperature. The blue suspension was then filtered­

off by a G3 sin e r ed funnel to separate the blue SOlId f r om 

the deep blue solution. The ligand field spec~ra of the 

filtrate (blue) ~bS recorded. The blue crystalline solid 

was anlysed for its composition and its 18 spec~ra ~a5 

recorded in Nujo 1. 



7 

% (OiPr)­

% Br-

IR Spectrum: 
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Exptl yalUI! 

2.8 

9.4 

32 8 

13.5 

Calculatej for Ctd t !) 

3 4 

9 5 

38.6 

13 1 

V~ - H (R,(;Jj) = 238~m-l uco(R,C-O) = 1140 c m-l 

,,~<:-o-C-) as = 1~40 cm-1 

V(C-O-C \a ~ 97~ em-I 

VNi-O = 4.20 c m-l 

V js ~ ~p~ctra (Obz~ryedl Lit"!rst'lrp [17) 

V" 18 . ~18 em- I 

16. 950 Cm- I 

v, , 18 . 2Vl0 m I 

16.300 f m-1 

3 5 Disodium Tetraisopropoxonickela e ( Il ,~2-

T~trahydrofuran (Ha, Hi (CliPr ) . 2THF). ( I I 1 

Ni ( acaC)2 
1'HF t.oluene 

~ 4NaOl~-------------)Naz ,OiPr14 2THF?2Naacac 141. 
b\)C 

To the THF solu l~n (g0ml) containing exress of NaOifr 

18 1-108 m mol ) . a sl') iution o f anhydrouc ~I i(aca,=): 128 m 

mo l i in 90 "til t olltene 1I83 added a room t.t'!'mperBtur~. The 

mixtllr~ ~as .'3tir red for lh a ~)C. A violP.' s(' ... utl n and a 

whit.e precipitate of Naacac wer~ ob ~lnod. The whi e 

precipltat~ wa, filtered-of f by a G3 sintered funnel. The 



clear violet s01u+ion w~s -;tor"d .ott .i.i)W temr-.,ra Jr~ Iln1~r 

nitrogen 1n a 5chienk ub~ I ligand field 3~ct.ra ~as 

later recorded 1n an atmosphAre of nitrogen 

Yir. . Spectra Obsp,ry ... d Ll V-rotqn: 

18,450 em - I 18.850 m- I 

16,530 em· 1 16.450 em· J 

4. EeactioDs Of Carbon dlQxide With Alkali H-:.I.al 

Alk~~nicktla es. 

4. I With LI2~1IOiPr , Ll~r ~THF III 

4. 1. 1 Bea~ti2n In THE S~lu~iQD 

[ 17 1 

t 1) ... 4Cf):;: ---- ._-, Isopropyl t:",rbon"to ,48i 
cnmplex of N1 dI) 

(II I) 

CarefullY dri-;d CO;: W"'lt: ~lowly bubblF>r; through 80ml of ", :--

Tl{F 50lut.ion contaln.1l1g ('(mpound \ 11 filled 1n 8 thr~e-

nl ckeJ ilask. The r~ac~ion was carrled out for lh at 00C 

wjth continuous 5 irrin~ 

Th~ blue ~"'luti('ln of he 5t~rtlng m'lt~ri81 III first 

changed to viole then to blue-graen and finally t.o :\ 

~omplete green The soJutinn W~3 then filtered tn r8mov~ 

an:' s('Il id mat-wrisl 

C(;:: gas arid l~tt O';~r nllJh 1n IJ, r~frla:l ·!'l·or px~ct1nl' 8; 

pr~cip1t8t~. However, no pr~cipitate WR~ ob8erved in this 

.... ortdition. It wee also not.i'eo:l that th'" ('olour chenR~ ios 

reversible i e, hp!ating upto 500C r""lultf< 1.n ("henge 01 
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co!olJr from gr<!!en t r·lu ... ~n.j Cool1ns TO r')OfD ~mperat\.lr" 1n 

an atmosphere of C02 resul~s in ~ rev~rs~ chan.~ n c~lour 

(from blue to gr"!en I. 

4 1 2 

Vis.Sp~~tra nf th~ grepn ~olutlon: 

Obse rved: V2: 14,815 r:m-1 

V3: ~4, 700 em- 1 

c ompound \ It lblu9 pt)wderl 6 l1g t 10 mmolJ was packed 

in a 50 ml sintered funnel under nitrogen Dry CO;! gas was 

slowly g~nerated through the blue charge frem th~ ~tt~m of 

the funnel. The process ~ontinued for a few hQurs at room 

temperature During t.h ."3 'time tho; blue solid M'radually 

became leafy-green prob~bly indicating formation of prnducL 

This reaction may also be described by the same 

equation (eg. (47) l. 

> l! 2.8 

~ tH 8.2 

• Bas€': 54 

; Br- : 11 

Experimental 

i 

8 

C~tl('. f'\r Li2tli..i!lz C01Pr ' 4. Lib!. 2THF 

2 9 

8.2 

~.-. 6 

11. ~ 

Molar rat12... Li' Ni· Br , 5 •• e : 2.~' 1,1.1 J 8 

'apprx 3,1. t:41 
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Vis. spectra of solu~ion of tIll) In THF. ,-,-,--,--- - -
Va: 15,526 em- 1 

16.260 em' 1 

V3 , 25.000 em' 1 

IR.Spectra of Cpd. flIll 10 Nu101 

- ---

VI(C=O)=1612 em- 1"'1,1578 em I 'm); VIC-v-C)" =1085 em'I(., 

V,C-O-C 8 = 950 cm-t(~») V(r-o)~ 1290 rm-l lw, 

VINi - O) = 360t tn" ' f SI 

4. L, RpC!ctioD of Ca r bondioxid,.. wi tb Na2 th WiPr 14. ZTHF 

THF/ tolut'"ne 
(11) + 4COz-------- _____ '_Iso prf"lpyl (carbonat.1) (49) 

00C complex of Ni \IIJ 
In') 

Th~ violet solution of THF/toluene (1~1) 45 rol) 

,':'ontaining compound (111 about (11.1 mool) was filled into 8 

two-necked f lask under 01 rogen An adaptor connecting the 

ceJ2-1ine was suitably fitt.ed to the reo!\(' t: ion flllsk. 

Car~flllly dried C02 gas wa.s then slolJly bubbleti into the 

.301utlon for naarly 2h at 0-JG \.11th continuClus stirring. A 

] ight.-gre-:!n grea!'l ,r sub~tanc~ was formed in the solution. 

After adding -'\n equlIl volume of THF. the mixture w",,, 

5nturatod with C02 ~nd was left for a fe w hours 0 allow th~ 

r~ac~i on to be comple~ed. The 5011J prod~ct was fl1tered-

cff frND the mother 18qu'. r 1;'1)0' '/ACUllrn technique under a 

',::C'ndi tiC'tn of an OVI!T pr esSlIre of CI'J2 above the scdu ion. 
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~lnn1Jy ):1' du,,:-" Ihl w,,~ ("olle':ted as A 11 ht~irel'n 

solin ~fter it W~~ ~ompl~t~ly iried 10 v~ruQ. 

6rulu~is c, ] c . f Q r N ~ ti.i.1..QI; Ul.u::.r::.J.c4 ' ;;: TH E 

> Nil , • 4 . 

" Nj: ~ 4 

• Ba!' .... 60 2 b2 4 

ExpE:r1mental 

l . 4. 5 

,appro". 2: 1: " 

:';j~ Spertr:t W1:I'5 t:liificlllt "\1n('.-· th~ llY.)t.her liquor was 

""".lorh!~.s >tnd the :'\o11d produt:1'~ was insoluble in THF. 

t .L1J~ne ()r mixture r.f the two 

IR sp~('tra .,t 4Jolirj in Uuj"llcm-l) 

'l.C=OI 1646~sl. 1590 (1'1.,. yIC-O,' =12gete) 

4 3 Qualitat.ive Re8.ctla:n_s Of Carbon Dioxide Wlt,h 

tl", lQU'.t:.l. • . 2THLln. The Pt<!~.Iln.cc£.f_QQ.t.f _l:JilQlUllW:",·c.. 

4 3 l Trlphenyl fho~pbine (PPh3 

) rr~<tu('t IV) 

A rHf. to.Jl1en.:o ~ Jllt.iC"n 4~ Ml r-ont.atning compound (Ill 
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mix"ture lolas then s t i r red at r,oc>m telU~ra tur'" ft)r 1 ~ JIll n 0 

give a homos~n'" us solutl""1n The re~ul lna !!Io!utlor, t~ca~ 

dark- brown. Dry CO:: gas \.II'!IS bubbled through this ,olu icm 

wi th stirring for about 2h ~t room tempera ure. A dery--

green sU5penslon was obtained, The smspension was th-n 

fl1ter"3:d and he resldl.le was washed twice with THF and dried 

in vaC'ur'I. The produ ..... t lV, was finally collected as a dark­

grpcn ~olld. The filtrate (y~llow-green WhS us~a in 

re'~ording the 11g!lnlj f1~ld 5p ... C"tra 

Vis ~~~~r8 of th~ flt~rat~: 

(tlo tiignlflcant band was ob~ervea 

An~ly.sl.s; 

% N1 = 13 5~ 

4 ;,.~ l J2=Bis(dipheQxL Phpspbino)ethone (diphos) 

(II) + 0.5 d1pho. +(excess) C02 ----->Pr oduct (VIl (51) 

A THF/t"lueflP ~""lution (45 ml' cI)ntl\1nlng compounj (It) 

t 13 75 wrnol, uas .aken in a gl'8 bubb1"r a~ 1n sect 1""n a 3 1 

Diphos (3 375 mmnl1 w~s ~d1ed· h~ solu~ion ,nd th~ 

mixture was stirred for 15 mio ( mak~ ~ hrmo.en~ou! 

Dry rV2 gae wa~ hutbl""1 thr.;.ugh th~ 5010'1:100 \lith st1rrlna 

f(>r "I. f~w he-un: at l.'oom t.""mp"·ratl1re A Ir~~nish-rro\ln 
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8l1owed to ~ and !or fe iJ h IJr~ {I ilrl\Y rr..e ' er1101 df'r<"l!ll lng 

(·n the walls of the reacti.,n ve"!I~l givlns 1\ !Dirror like 

apperance. 

The final product was dried in vacuo but uncharac erizerl. 

5 Reac'Cions Of Carbon Disulphide With 

Alkali Metal AlkQxonlckelate~ 

5.1 With [.12N1(OiPtl •. LiBr. 3THi' (IJ 

(I) + 4CS, --------) Isopr opyl Xan hato (52) 
Nick_l (! I 
(V II' 

A THF solutit)n 140 ml ) of t:nmpounti r (B.4 mol, 

maintajned at 00C loIl\,s taken in PI hree-necr.ed tlask. To 

this 50h.ltjon excess of CS2 (41i' rl!!, was added w ... th !'tlrrina 

After 1 1 :! h. a darl~ Y~llow brown st)lution W8~ 

obta ined ThB 5':'I1u i on was va<':"uum ('on('~ntrate.j to abc-ut 

1/3 of the initial volu~ and filt.ered. The re.e:ldu"", was 

washed with THF and dried 1n vacuo using vacuum de~lccator. 

A da rk bro wn solid was finally c('tllectoed a:: a produ(' 

analysed for its composltl('1n and the IF .,pectrulD was 

fscorded in nuj ol. The filtrate flr.e:t. dllu ed "11 h THF ",a., 

used jn measuring the ligand tleld spectr~ Clf the c('tropound 

Vis . 5pectr-ll- of th~ tlltrat~ , ilut-et:! e1gt.t times, 

V" l~, 631(1 em- 1 

u., ,." ')~ro •• 1 

Analysis: 



Ie L! , 

~ Iii , 

" Br-

- 5~ -

j~ 

I. &, 
1. 84 

7 .04 1.74 
, 13.32 

~.?: Li:tli= 2 3 .1, approx (2: 1) 

~R. Spectra of VII 1n nujol (Cm-1 I 

'i(;=O ::; ] 720 \ mI. vr'-u::; 12612' f 'IS) • 

YS-\.~-O(aSJ= 1080,s } 

VS-C-(Jls, ::; 940fW) 

Vc=S== le213\w) (broad) 

ve· S = 120(m) 

, :: ~LtlUw tlUJl1.ftl. . 2THF (J Il. 

f II, + 4t.:~;.; ---- - IsoproP9 1xanthftt.? nickel (TI) (531 

A THF', olu~n~ ,;oluth"ln (20 ml) of compound (rrl . 
• 

t.las t.dken in Ct three-ne.:koeri flaek .'lnd excess C ... z f20mU was 

ndd~d at 0 .. '(' with c(,ntinllOU5 stirring for !;h A Yellow 

hrown s~lutlon w~ s formed. The solu l~n was then vacuum 

cC'nc-en ,r'tt.pd t\.· .;toout l'J of h- Initial volume ~nd 

iil tered Tna reslrjue Ida rk yell..:.w trown ) "'as wa5h~d with 

THF and ririE'!d in ~ .... ~cuun tiesl "'-:'tt "lr. h~ product WlIS 

:,,,lloct:ed a~ y-;:JJow-tr ~:n tI('l i1 "nd ,IIlmllY51'!"-i t ..... r 1 5 

r:ompt;"lsit.ion. Iff JIIpec r ... Wd~ rec ... ·rried f"'r th~ SOll while 

t.he Ugbnd field sp,.,l"'tra W~' I&~f1~ured frcom th~ !ilt.rat~ 

I yellcHl gre~n , 

:il~ .. _S.~ctra ~l._fll tr:l~ 
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V, 16,600 em-I 

V3 22,100 Cm-1 

. ,. 

Analysis calc. for . NazNl(SzCCJRI4.2THF , 

% No' . 13 5.B2 

% Ni' B.03 7.43 

EXPT . ratio Na: Ni: 1. 9: 1. appr (lx :. 2 . 1 

IR.Spectra of Solid (VIII) in nujol 

V(C=O) = 1660 (m), 1560(ml, VIC=S)1205(Wl,1l1'l(.1 

VIC-Oj =1260 (vS l 

V(S-C-A)" = 1052 (S) 

V (S-C-O)' = 930(0 1 

V(C-S) = 6~0,,") 

VINi-SJ = 340 

5.3 Displacement Reaction of Carbon Dioxidp 

Reaction Product !lY> With Car bon D1sulph l de 

(IV) + nCS:------ ----> tVIIII + nC02 (~4) 

The prod uct ('VIII) WaB also prepared by stirri ng a 

THF/~oluene suspension of compound (IV) with equal volume of 

CSz at r O(l m temperature for 48h. The compound (lV) wee 

obs~r'led t.o bl3 dissol ved with the addieion of CS2 The 

resulting solution (ir~~nish brownt gradually he~ame yellow~ 

brown It was then vacuum ~on~en fated ~o about 1/4 of the 

in1 tial volume. A t1ispersion of solid ~ubet.ance appeAred 

in th'! ~,,,:"lutl(,n which W"l!l then fil .~ r<ed-off as a res1du~ 

and washed with THF. Produ("t (liUn ""5 finally collected 

as a golden- brown et.lid af er being dried 1 n a vacuuI\ 

desiccato r . It wa! an'l}ysed for it.~ composit.ion . 
, 
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<:"1 .... , for HIS£U=~ {Q!PrI4.4THF 

% Na. 6. 13 5 82 

% Ni o 7.7 7.43 

Molar ratio: Na: Nt = 2: 1 

I Y RESULTS AND DISJ:l1.5.5 . .IllN 

4. 1. Result.s of Analyses of St.arting Comoo'lDds 

The starting cOIllpt""lJods (I, 3nd III) wer~ pr"!p.ared 

follol'ing the general pror;oedurp.: given hy Kal!.-!; f 11] I exccp 

that ~iBr2.2THF was rep18~ed by NiBri.2DHE in th~ syn besl~ 

of (1). This chsngp was made following the ~dvi~~ made by a 

r~cEnt report (7~J to modlfy the ~~rller proce1ure owing 0 

the fact that NiBrz 20ME i~ relatlve1 7 morp. st13ble to ai.r 

and easy to prep~re thR n its TH~ analogue. On the o~her 

hand a very recpn rep<:'lrt (751 on h'" sa~ '!'Ilbstance 

indicat~d t.hat thp previ.olls A..5!gnTl\f'!nt of its etru,.ture 

(octahedral! was wr ong The new report .shows the. 

reinvestigation was carrt~d out 'n the m~~ne ic mo~nt of 

the sub~tance and fOIJnd to be p exp = 3. !I~c. This vlJ!ue 

suggests that Ni i~ et r"h~dral ~onrdin8tej . Horeover he 

author~ [90] ~lai~d h~t th~ suostance ~or. 81ns l~ss th8n 

two moles of DHE {cA.l 2 mol~') , Dp.~J:;ite h~5e "'Ipposing views 

... n the g,llme material w~ empl -red NiBrz.i.DME in cur 

stoicniomeric reaction f?r the preparation of ,I) ,See 

Chap er (III) 5. tl on I 4\. 
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The neces~ary data 1n h- prepare 10ns ~i (I) and (11) 

were ob~alned in a fairly good agreement with tho~e aiyen in 

~he original work [15]. Ligand flpld spec~ra measurements 

indicated the expected etrahedral coordination in (I) and 

strongly distorted tetrahedral one tn (II). 

The colours are obse rved to be blue for th~ THF 

solution of (I) and violet fOt the THF Itol!~enE:: solutl"n of 

(II) . A blue stable solid of (1, WbS 815(1 obtaln~d at room 

temprature. 

Like the bi~ary nickel(II) alkoxides [10] compounds (I) 
I 

and ( II ) are sensitive to moisture and rapidly hy rolyzed 

with ~ sharp colour change from blue (viole) to briaht 

green. 

In addition the THF eol'.1tlon of (1) w"s found to be 

relatively more stable at room temprature under nitrogen 

than the THF /toluene solution of tIL). The later solution 

rath~r IlndergfJes facile decomposition reaction owing 0 he 

result of internal redox activity of the substance (II) 

which may lead to subsequent reduction of Nl\II) 0 Nl(!) 

and finally to ~i(Ol species [15) This wa~ observ~d 1n our 

solution of (II ) ~lth the forma~lon of a dark solu ion an~ 

gray deposit when the former was s~ored at room tempra~ure 

e";en under a nitrogen atmosphere for more than two dllYS 

The IR spectra ~easurementa and results of el~~n a1 

analy~e5 suggested that the s ructures and compositions of 

(II and (II) ~ re very 5iml1ar 0 hose reported earlieri lsl 
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Lithium And Sodium I:5opr opyl Ca r booovQoickelates 

2 . 1 CompQsltio[ And Structure 

From the reactions of LilNl{OlPr1 4.LIBr.3THF ell ~nd 

Na2Ni (O iPr }4.2 THF (I I ) in THF or THF/ oluene ~t lower 

t emperatures «00C) isopropylcarbona 0 complexes (111\ and 

(IV) w~re formed (Eqs. (48l and (49)) 

THF 
(1) + 4C(!;; ---- - ------) Ll;;Ni\OzC01Pr'4.L1Br.GTHF (48, 

<.OoC (I II , 

THF l tol ue ne 
ill , + 4CO, -- ----- --- -- - - -> Nti2Ni (O, CO i Pl') ' 2THF 1( 9 ) 

<0toC (IV, 

Altho ugh the react.io ns c o uld. al s o @'i '"e produot~ ~ith a 

va r i~ty of poss ibl e gtoichlo~trie5. he produ~ s wi th 

c omp('si t, i o ns (JU ) Qud (IV ) I'3 r" mozs t p robabl-. from t.he 

r e s u l t s of t he e l eme ntal ana! :"5a.s end spect roseopl 0 d. ta 

p r v vided 1n ~he e xperimen~3 1 eeotl~n Thi s ma r be xpllii ned 

by t he fac t ... t.hb t ins e r t.1.,n of CO: M d a c t.ua l ly c ': l1 r ed i n 

a ll o f t he Nj- iPr bonds of i l , !& d I II ) tGa rlHn t. he 

c o tnp } exe>5 El rnong t he I) nes t.hat pr ovlda ... .,r e ba8 i cent t'):1 fo r 

an e lectro~hi11 e stt .ek by C02. 
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Th~ ligand fip.ld spectra of (1111 in THF lndl~a dan 

octahedr~l environment for a ~ a1 1n ~he q6 ~ta~e Thl& 

follo ws f r om obse r vation ~f bands for h~ spln-allow~d 

transitions: 

vs; SAn -------) 3Tq' (P) at ca. 25,000t:m- I and 

vz: SA2 t ---, aTll IFJ ltwl) !5plitted bands) at. ca.15.258crn-1 

and ca. 16.260cm-1, 

~owever the b~nd for he ransitlon ~ } : 3A21->3Tl, did 

not a'lpea r in the spect.rum which Wb!5 measur<9'd only f,., r t.he 

r a nge 750-350 nm (S~ctll)n i ·f Chapter ITII 

The VI band may be expected at 6000 - 1000 em-1 for 

oct,ahedral nickel (II, complex~s [l0] 

I!:lemental analysis of f III) SUB!~s'ted ha LiBr is 

fOl.m still coordlnatoerj 1n the (lU ,,::,r-~phere co""rdinatlon of 

t he metal 85 in the starting material (I, Th1<o; was 

inferred from the r~5ult5 or 8r- determin~tion ~hlCh 

indicated its pre5~nCp. 1.n II 1: 1 s t)1chlom-tric r8 10 \.lith 

nickel. The ove r all c('Impoclt.lo:'ln of dIll was rrJlmt! 0 ~ 

Co 2.9: 1; 3. 8; 1. 1 corre!JP<"ntjin( t.o ratio ot L1.. Hi' base; 

Br- and may boo! ~ppr'xim~ etj to 3 . 1 : 4: 1 t(\ tlt ttl r..,rlltula 

Li2 N 1C()~OiPl'l " L1Br.2THF. C~lculJ)ti..,n ,11,1"5 only t,,-::o 

coordinaterl THF (which is thr,." f~r tht. -start 1nl com untj, 

Sp~ctrosc(\pj( dR,\'lS ) r"'!":111ts l'In1 ~n"'h' e-: of 

composition of c..,mpl~x \ It CI rn.,y l"ad us to !1.,ul","3S IoI'D 

.'struct.ur es only ololing 'J h~ po~51bilJtv of IInidentat~ 
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In tr~p. S8.Tn'-' manner 8tructur~s C 8tlo::! ID (Fia 2 2] 

mbY b~ 5ugge3ted for complex fIV, who~p ~cmpcei~l n w~, 

gi ven ~n the experiml'llntal section 85 ca. 1 7.1.4 !) 

corresponding to the ratio ca. 2: l· 4 r"r Na N1~ base in 1,.he 

P-, 
(..,0 

; , 
~ J 

~l- HI-lPc 
/1 
't , U 

formula Na'Ni~O'COiPrl.2THF 

THF 

i CPI ...... [PC 
Ni ....... 

CFT--- I -- [PC 

l'h . 
" Na' 

THF '. ' 
I"" I' 

Un identate M"d" D) Bldentate 

( IPC= iPrOCO,- , N = lPr-) 

Fig,2.2.: The possible structures of N82Ni,02CUiPr)4.lTHE' 

Structure (C) is based 00 the unidentate mode of 

coordination of i PrOC02 - in all case, while s tr ct.llrp. (0) 

implies t wo bidentate and wo Imldentate modes r " r the 

groups in the octahedral c..,mpl~x of fIV). 

A more ~omprehensive an8.1y~is of struc ur~ of this 

type of complex l:~qlJir"!s additional informatiC'>n from 

spectroscopic measurempo ~ (IA NHRl and X-rays 

crysLallographic data. 

The later method w'\~ used. f('or example. to elucld8t~ 

structure of ["IICD,) [Pfr.HI"')) 0 75 M.Ph[~7) In .hlch 

C02 is co-o r di .... nted ttJ h~ In4'!t..al center in PI 'j'" mode 

bnd that ·-f [Co(Pr-SalenlfCO,'K(THF,)n (76) 

Ipr -361en = tl,Nl-pthylenebi! ~l\11cylidenamin8 oJ) 1n which 

COo:: i~ co-o r dlante j via thf'l carbon ett:'m to 1,.h~ 0 j r, cente r s 
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The lR da a for rnetal-C02 complexes can I!ent!'rally De 

asr:ribed [10] as 1500-1700 CIII- 1 for V(oco) as; 1200-1400 em" 

1 for Vocos; around 17~'0 Cm- 1 for Ve ::: 0 araund 1150 cm- 1 

for Ve ;: 0 85. 1750 - 1900 cm- 1 for H- I I (CU2) . and around 

820 Cm- 1 for lie -oS, rt is also knololn that. gaseous C02 as a 

linear tria'toroic (Dooh molecule has thre", fllndamen a1 modes 

of Vibration [77] as depicted 1n Fig.2 

, , 

" t < --o=c=()--) O=C=Q t- 0::: C-->:::<--O 

• v. , 1285. 1388Cm- I v ~ , 667Cm- 1 "1 ' 2349Cm- I 

Fig 2. Fundamen"tal Modes of Vibr ation for CO2 

Molecul~ 

Whet'e, ..,1= Symmt'tric Stre ching Mod" 

v- -.- Asymmetric Stretching Mode 

V3Z dee:enerat"" "C : O· deforamt1?nal H'>de. 

According to th~ tR inv~5tlgations some volues of the 

prominent band ('If 50~ selected Cll2 derive ives [78J are 

e,\lmmarized in 'I'abel ~ t 
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Anion 

HCOO-

COs 2-

Heo, 

IB band. e m- I 

1 6~ 

1633 

1430 

IS97 

Tabl e. of Pr ominent IR p~aks of anioniC 

der ivatlve~ of C02 

Thus lIs i ng t he t:omp lete sa o f i nfrared d!lt8 CTable 2 l } 

f yom ~he spectr a of he two Gomplexp.~ l II! 1 and TV! w~ may 

disc 155 the strllctUl.'es o f the alkyl carbonat.o compl exes in 

the follo~ing way. 

Te Ie. 2 . t: Hodes o f St. r etching Frequenc i es l em'l fo r 
Conp l exes ( III ) a nd l l V) 
----- -- -- ~ - --- ------ --- - - - -- --------- - - - - - - - ---- - ------. - - - -I ('omplex : v (c=o) , V (C -o ) Vf C-O-CI ' VfC - O-C) VINi-UI 

1
===== ====·==== ==== ====== === ==========f======== =· == == ====== 

I 

, I, I 
IJI(N u joll 16 12( mI I1290 p.q 1055 i sl i &50tsl , 36 0 (s} 

!! I ! 
_ __ ~, ~1~5~8 ( mil 

III,Noat ' : 16 15\5) \ 1270C m) , 1070 .. ) 

1575",s ) 1 
"r-V-C-NU- jO- l )--'-, - 1-cS'"46,'s , 11:967 .. 10301. f 

1~90C s \ 

IV !N eat ) !165 2 ( m\ 

lb8 ,Cvs ) 
----.-:' 

11260 { V3' \ 

I I 
! 

I , i 960 , m, 3 0 {5 I 

I 
w r -

, 
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For metal ace ate complexe15, Hultz-clau lind Collman(?~ 

a nd Wes t anti Ri l ey [80] ~181med he the order of he 

ca r bonyl str etching frequencies 1s the same as ~he stability 

order of the met a l compl exes . if the high~st frequenc y b. nd 

near 1600 cm- 1 is select ed a3 the C~ 0 str~tching band. 

Ca lcul ation s }.ous howe ve r , that v ic:: 0 J is t he r.-=C 

s~retchlng f r eque ncy. Thus the f r~quency nrder of V\C:O) 

f o r elements (d7 - 10 ' is: 

Me tal: Pd -: en (Zn (N 1 < 1;0 

v (C = 0) e m- 1, 1570 1560 1592 1596 160 1 
.. I ) ,} 

This observation m8y~be useful for VIC=O) band 

a~ s ignments fo r other tYP~5 of metal complexes havjng he 

COO.gr oll ps . 

Fo r metal c he l a te compounds containine: COO. lR s t ud ies 

a r e us ef ul fo r distlnguishlne: t he lln-ioniz~d . the 

coordinated and t.he f ree ionized COO groups tn silch 

compounds. The me t hod is ba~ed on th~ simple r ule ha the 

un- i on i zed and unroordinated COO stretching band occur s at 

1750- 1700 em- I . whe r e as the coordinated COO - tr-tching band 

is at 1650- 1590 em-I, th~ exact frequency depends on t he 

n~ture ~f th~ meta! [77] A~ct) rdlnr 0 Uakamot.J"l [77] metal 

_ COO .~oordinations in r.8 r bon~t~s 8t:e ates fo r l'GD e and 

similar comple xes th~ COO group ~oordin8 ~5 ~1 h h~ me~81 

in one of t h"" tollo tol ing ~8YS, lAS ai r ee y discussed 1n he 

litratr ue section): 
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b' I~ / 0 0 
,.,. - 0 

0 
~b' \ \ (VI ' " -'!- ( -J( 

f'f (. - '1l. ~-ll II 
\ " I 

/ 0 1"'1- 0 

°b' 

Where ~J = metal at.om. X:;:; fl. H. OR. NFa etc 

For any one phY51C~ st~te. tne S8mP. trequency oTd~r 

for a serIes of metal~ is alway~ found, Tt:1gardless of h" 

nature of the ligand. In ot.h"'r \.lord". wh n the 

antlsyroroentric freqUenCle~ in~rease. he symmPtric 

frequencies decr~a5~, and th~ ·~par tion ~tw~~n h~ two 

frequencies increases in the following serIes of ~ als. 

Ni([I" Zn(!1, < Cu \(1) < ro If!), P~'lll P (JII<Cr<lII, 

In gener al. ~he5e rp5ul t 5 l~dir~te that th~ eft"ct ot 

coor dination 1s still the mAjor factor in determining he 

fr~ql.l ncy order in a given phy~ teal !5 1.1 e Th is 'Order can 

b~st be explained if it 1~ assumed he h~ CO'/8 len 

char ac er of t.he H-fl txnrj 1n':r ases Along h'" stflries 5inc~ 

an increase of covalent. characwr l~ad~ to !DOre 

asy mmetrical car boxyl group and reslllt& in 110 tn~re8S~ 0 

the f r equency sep3 r ation of the ~W· Cl~ sLr tchin. ~anda 

[93J 
• 

In view of the ~bove di~cus51Qn "~ ~y asslln the banda 

Vel')' cl05~ t ... , th 1600 -:m- 1 tn he IF ~~~ r of th toNO 

isola+ed compla~es liIll aod fIVI f~r the ~~r~lna ~d CU0 
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str~tching bands And hence he ~pecifi~ Yalu~s are ca 

1615 em- I and ca 1586 cm-l for the neat samples and ~a 1612 

cm-l and C8 1590 cro- l f o r the nujol suspenalon~ of (III) and 

<IV) r es pectively , 

Nak~moto [77] also studied the IR spectr a o f ca rbona to 

~,C03-) complexes of Co (Ill and found ha the C 0 

stretching modes of the roonodenta e complexes (type flI) 

above) are observed ~ 1360 - 1380 c m-1 8nd 1450-1500 em-I 

yhile the ~o rrespondi ng modes of bidentate complexes (type 

(III)) are at 1260-J290 and J590- J640 em-' For the 

-'3.na 10g0115 Ni i II 1 ::omplexes lol l>! expect. th~ corr esponding 

frequency bands at lO\ler values o~ing 0 th~ fact he Ni ia 

l O\.i'e r in t he' frequency o r der than Co f o r siroiler metal-

li ~l.Hl d coordinatir'l ns , 

In par icular ni ckel ch~late complexes of amino acids 

v(CVOlafl are obse rved a t [81] C8 1:>89 cm-1 1560 cm-1 

1.606 c m- 1 ~ ,1 590 cm- I and the cor r os nding a V(COO). 

are <.>bse r ved at 1420 cm- t , 1.402 cm- 1, 1418 t:'m- 1 and 1430 em· 

1 respec tiv~ly, Mt:.nica 'lnd cO\lod~er~ [82J also o!'!5signed 

absorption frequencips, VICOO}U at 1 40 "'m~ 1 and v(COO). at. 

1320 c m- 1 f or GOz gl'I)I.lPS of ... aroonat~ 11£",n;s ,q! bends h"'t 

~rp. al ways present in metal carb8mate c~mplpx ~ The 

authors also not.ed thJJt. the h'i,h r frequency hand ,1540 CIU-

1 j lies in the same posi tion Aa viG=Ul •• of ch"lat-:d 

carbo xyla'to derivativ~5 (83]. 

Concerni ng t. he rnc noalkyl r:-a roonat(' complexes of 
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transition metals such as Cu[~8], Pd [48]& th~ absorption 

fr equency of v (C=O) ~ere obs~rved above l 00 cm41 u~ 0 167~ 

cm- 1 f or which the alkyl carbona 0 moiety behaves a~ a 

un identate ligand . 

Howev~r, no litrature pr~cedents are found lor he 

synthesis of al kyl carbonato complexes of nickel frnm which 

we may draw analogy on tr.~ IF data of the prominen 

frequency bands of +he FOGOz- gr, up Therefore our 

assignmen of the characteris~ic fr~quency bands for the 

product.s (III) and I I'll are indirect i.~ .. by analogy with 

simil~r ~omplex of other ~tal~. Based on the pr~cedlng 

litrature evidences he relatively strong bands of th~ 

v(C=O) f or our complexes lie in th~ rangp 1575-1652 l ~ 

.':j l.lggest ing thp presenlJe of both moncdent~t.9 and bidentate 

mode . .,f coord ina l lon for the iPrOC02 groups. This may lead 

us to conclude that c0m{,l1 exes (II I' and (IV) have !; true ures 

(B I and ~D) t Fig. 2. 1 and 2 2 J respel':'ti VII! 1y as the ir IDOS 

pl'oba hle structures. 

2. 2 E.t:o=i.e.o. 

An interes tng f ea ur~ of the rear ion nf ~02 wi"h 

compounn tIl i$ its rever~1bility h~t was observed un~~r 

yery mild cond1 ien. When the green THF solution nC product 

IlIl) uas heat~d upto 500('. th" blue solut.i.on "i compo1lnd 

II} was regener ated. On th~ othe r hand. wh~n the blu~ THF 

.solution of (1' was cooled to r f)om cmprature in CO .. 
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atmosphe r e he green pr odu .... t I J! I I WlIIS ::;,t. ~1 n~-i ThIS 

"lnsert1on d~1n!5~rtlC'n (f CO: into th"! Ni-OR bond could be 

repest.ed s")veral t, imes Wl h"ut any l,ie~vmp<)si 10n pr~dljct 

belong obse r ved. 

500C 
(1) + 4COz --- ---- -> I II I I 

(----------
r oom t.03O'lp. 

Si mi l a r r'!actions involving Co: tnq~r 11)n h8Vf'O been 

obze r vpd fo r alkyl ca r bon~to C'l)mploexes of "l1r~&J •• Wr5:.:i) , 

PlI [ 48a ] s ho wi ng th~ same hehaviC'u r . 

The co rresponding ro:!vArsitlp colour ~hBni by r~8cti')n 

o f CO.: wit h compound (lIi was n", carrled 011 be<,au~1! of the 

inso lubilit). of product (IVI in THF. t.olu"!n'! or mixtur'!! oi 

the t..wo. Un l i ke its re8~t1.nn~ in sCllution. C 2 dnes not 

re~ct r eve r sibly with ~ompounds I Jl "nd I III in solid 

phase, since the solid prl)ducts I III I bnd I IV) 4r~ t.he r mally 

st~ble upte te mpera ures between 90-100'C Abf'lve this 

t han to reg~nerate the startlng compounas ,I, &n 1111, 

Melting of t he p r oducts ~as no also pos~lbl~ for the S8mP. 

r eascon. 

n dissolve in 801vp nt5 like 

THF, alcohols I~t hanol. isopr<Jpan"l , d1prhly eth .. r ~nd 

organic acids; ..,hil"! c~TDpl~x ,IVI .ns {(lund 0 ~ In.!olut,je 

i n most o r ganic solvents Thi, r~mdrka~l~ properties ~t 

t he t wo complexes a r e attributabl"'J (\ he mor~ ,olvent 
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P<"larlzinlJ ability of Lt' ion rhllD. Na· 1 nov n& t .... 

~HQall ~i~e of th"! t r r c')mpa,r"d to t 1. <ec 

Both complexes are affected by th~ pres~n~~ of water 

The addition of wator to th~ THF 5011.1 10n Qt (1111 cauaed a 

bright green "'Jbstancl> t~ begin t? forlD 1n th ... 5(1l11 len 

Furth"3ru'Iore. slow la;y~rlnt of die hylet.her and n-hpxane to 

the con(''!r, r at"'d ~oluti"n 7ielded ~ final ~lts Ir'J.en 

precipi"ate. This pr~cipitate was lMoluble 1n THF but. 

soluble 1n tlior~ polar solvpn ~ like eel! or.' or 

acet.onitrile . This ~h'wl()ur \.lith W8f"~r \l !' alst) in leI! eli 

in th~ IR spectrum nf an e~pos~d pr duct II!I whleh 

happened tt:l 5how the char:tr;tprlstl~ "H ben."! 

Following "'h~s~ ob~r:rvJlti )O~ ,o.u.d ~r m he 11 r'! ure 

evidenc"J$ [14.64] W~ m'\y pt)5siblr SU'Iqo!.t. ~ha b1.cl!orbonato 

complexes could be formed by ~~a~~l~ns of ,1111 ~nd llVI 

with water. The pH of the .PBr.inaly \.It'! o'!r .snlubl., 

products also indicat-d 8.lk'lline propert.v I PH=~-101 of th 

~llb5 ances. 

Hor'3ov~ r, n the r-"!<lC ion \.lith -J1.1u e mln~ral ,,"1-1& in 

solid as well 85 1n THF soluticn of ,1TIJ cn: ,ns ~~5 

evolved according 0 r~a tl~n 1611 

lPrOCOz - "t" H' 1 Pr IH 1" (('I: .. 4 I 

A dilute HHe,!! solution of IIIlI \las ob".rved t ,lvo- ~ 

pale yellow pr~clpitat~ wh~n ~r~tlt"i \11th A ,I ., .solution 

Qwing to t.h p pre'fonc~ ('of br,'ml:11! in he produc It 1 

Attempts were also mada 0 ~ynthe5jze c~mpl X~5 lIII, 
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and (IV) by reac ion~ of th~ correnpondlna alx~xid a 

lLiOiPr} and (NeOiPr) wit.h C02 fo l.,,,ed by auba~qu nt. 

addition of NiBrz.20HE 1n the for~r and H1(aca~J2 in tho 

lat.er. HO'oiever. re~ults 01 these t'l!ac ions aho"~..-j that the 

products were completely differen f r om thoa obtained 1n 

the earlier r eactions. The produc ~ were having colours 

ranging from blue to blu~'8re~n and dietinc from h~ 11gh 

green products jIll) and IIV). 

2.3 Inf luence Of PhP-spbines QU-Ih~ormatlQn Of The 

Pro d uc ts 

Pr e l iminary sur vey w.ct!'; carried out t¢ s udy the 

influence of donor liean s - pho5phin~.!S in hh t:'a~e, on 

TPaction of C02 with compounds 1]1 and (III For hi!'l 

p~~pose 1 mole of PPh3 and 0 5 mole of diphQS were msde to 

r eact with 1 mole of compound (II) in THFI oluene solu ion 

with subsequent generation of COz n 0 t.he ioU, 501u\.10n5 A 

deep green produc was formed in the pre5enc~ of PPh3 The 

ligand field spectrum measured for the mother li 4uor 

(filtrate, of PPh, product ~8VP. no "~8nin8ful band 

&5signllble "to any c .. f the tr,nsiti.,ns of niCKel in he d' 

stat~. The con"ent of hp nlc~·l we" also an nlyned t be 

ca. 13.5 ), and corr~!,,:pond t:- none '':If the possit>l'J tr1ph",nyl 

phnsphino 1~opropyl-c8rbona ~ ni~Rel tlrl compl~x for~1.4 

This may lead us to conclude hs a mix ure ot sev re) 

possible pro~uc1,.s might ~ for~d 85 ,r'J5ul ~f dltt&r'Jn 
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possible reac 10n TOU es. [o·urth .. r at 4!1D'Pts iro h 

l.nvestigation of the prod u"" t ~ of lh r" 8'"'llot. C u nct 

made at this stage. 

The cor responding reartto n of eva wit h C~= und ( II ) 1n 

the p r esence of dlphos led t o tb~ f~rmation of j~comPOll 10n 

products including a eposit o i gr&yish ma~rl 1 probably 

Nt (0) c·n t..he \JaIls of th~ reaction vessel No ,.tt mpt ... ere 

also made to characte riz~ the deeom ·sition projucts . 
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:;. Reaction Productn of CA r bon 0hylphid,. . 

Lithiym And So dium r,opraRylxDnthsLQ nlkela 

.3. l Co moosi t loc And St.ructure 

The analogous relic ions 'f compound, (1) and (Ill lIith 

CSz ~ere also possible lpading tC' thts forma 10n of isopropyl 

xanthatQ complexes IVII) and (VIII, accQrding to the 

eq1Jati('lns. 

( I) + 4CS, - -.--- -- , Li,N I(S,CuIPr, . 2THF (52' 

(I I ) + 4CS, -------, Na' I(S,eDiPr). 2THF (53, 

The ligand field s pAr.:tra of the product!5 (VII) aor! 

(V III , have also 1Ia1u""s for ~n octahedr al envlronrnt at. h" 

nickel center. This is due 0 the appe3ran~e ~f b nd_ for 

the s pin-allowed transitions f~r .VrIl at 15.6J~ em 1 [V1 

(P)l : and for complex (VIrIJ the c~rTPspnndin~ b nds ar~ 

o bse r ved at 16.000 e m· j (vz; 'A2g-----) 31igl(.)) lind At 

22.100 e m" (V" 'A2g----> 'Tig 'Pll 

for the t.T(\ositl(1n [3A~g ----) JTcg] did not pr· .... r in both 

spect)'a of cVII"I an \vTJI, in thp Tllnje 750 
, .' nil f r 

s ame rells on a e 1n 2. 1 

Ele m ntal :tnaly6~:": of VII I lndi ...... t ... d th at IDte:' r.~io 

rdlnat~d Br 1& 

1. 1 ) . This lea ls U~ t.o "'~sufl'\() tha br mid" Va! p r sen tn 

Thtls thll!l CC fOp'S 1t ten 

2TH" . - i' ....... 1'1111) baaed "n rh' Li:NUS2COih"l4 r: may I~.J 8.~S .n '.I .... 

ratio of Ni:Li. ,....,.1·:: 3 Ithpf')}"eric'll !l111P. 1 ... 1 
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Similarly th~ formula NaaNlfSzCOlfrj4 2THF y 

to (VIII) o~5ed on the ratio of Ni:Na ca.!. 1.~ The r t1cal 

va l ue 1 :2), 

Regarding th ,truc ure~ of ,VII, and ,VIII, 

spectroscopic \ lIis. IF} measur~~n s ,nd el~mental anal;t!'es 

da~a allow us 0 5ugg~st slm11ar stru~ urea as 10 s~~tlon 

2. 1 ThP.'se a r e alsl) bas!!/l on t.h'!l ~!I,umptiorss of poest Ie 

un identate and bldent8te modps (of ';oo rdin ... 1nn ~f h,. 

isoproyl xant hato liPrOC~z l sroups 1n the S~~ fashion 

like those of th" i~oproP>'lcar~na 0 llPrOCO~-' tD("I1"ty 

The suggested stru..:' ures are giY':!n ior I If, !Hld ,VI llI in 

Fig. 3. 1 as (AJ and (BJ r"'s~cti\."""ly (('Ir h unlden a ,.. and 

bldentate modes for ~&ch ~ompLe~ 

fA) {'nidf3nt.tlt.e mode 

M:: Li jn ,VJIlI and H= Na 1n tVIII, 
IF-X :. i~(\prnpY.lx~nthato .TOUP, H = 1fr 

Fig.3. ! P03siJ:!le 5t.ructllree fJf VII) and VIII. tor non 
chelated and chelat.ed mndea in each c mpl-x 
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The Infra reo data lnt, rpr~t·., len fer baQd as.el.n nt.c 

in alkyl xanthato m~tal cOr'l1pl~xe" and sl,,111r V ttl r au "hl,or 

compounds have been lnves~lgftt~d by sev.ral w'rker~ [83 6.} 

Our formulation of the lsopropylx~nth~~o complexe- as 

hav .ing chelated and no-che lated ligands b, lllipport<e-d ty Iff 

e vidence (Table 3. }I , 

Both complexes ft how the wp~k C-$ stre hin. fr~Qu~nry 

b~nrjs i n the SF!npral r egl",n 7013 600 '''m- 1 ,..lia r l'll'" pris 1: of 

Table 3. I 

IR Data For Compl~x~5 VII ~nd VIII 1n Huj?l. r~ 1 

IComPle ... l VC::U vC-U : "13C-IJ I .---------.--------------.---- - r 

'

I VlI 1720(m 1260',,) 1",~eC3 
94(ltl:.ll 1 

IVI11 16301m) 128 ,VSJi 10!\~(sl I 
I lo80Im \, I Co., 

I 93111(wl I 
\0\ 

VC=5 

10~Ofwl 
i br olld) 
1 140lloO" 
1205( wl 
I broad t 
1110(sl 

C-$ I VH-S I 
---_.- ... - ----I 
72""1>'\ -

0:'0(nl} 134 unJ 

I 

--------- - ------. -------
Since th ... C = 8 'fr f'llJ. ~ 1~ l ... .!HI P<'lar th"" th~ C ':. 0 

g r c.up 1 t has a C'.-.neiderabh- weaker r-onj. Thh rMY ~ 

t'3viljenced f r om table 3 1 in \lh ich l"!ss int~n e'" b~nds of ,.. =So 

=lppeared j n the lO\l'!r frequen"'y r egions. o::a J02e I"m- 1 

(VI I) and eEl 1205 em ! 1101) for n·,. exl.t"nc~ of 

t.h'9 xanthat o I di thi ~ca rt~n~ t·n I g r ou ps in the cClmplex·· is 

~scert3inerl by 8ppear1n~~ vf ~nds of m"'dium i~tentity in 

. ._y real"n (:'\t :~ 1630 ('ID~ 1 and the (;=0 !'nret,...hlng t .r'!qu'!.,· :l 

J j 1 
'
VIll i) Th~('I<:currencf'l 1580 ('ro- 1. f t:l r ')X .1 mp ~ n e(\JT)p ex • 

1n this r~Bl on ts 
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l1sually a trlbuted to t.h"! partial double bond CM"aeter of 

the C-O group [85). Thus we may xplaln he ",xis en("~ Qf 

such bands In the xanthato complexes by occurrence ot 

possible re~onance for~s aa 

• 
lS ~ 15 r-

. ~ 

h • -. 5 - - C - . 0 R <-----) -S _. C -= c, - ~ 
• • = 

In addition sev~rl\l othe r bands appearpd In the broad 

r~gion 1~ &0 - 600cm- 1 which ran be ~s5iined vibrations 

invol ving in e r actlons between C ::: 5, 5 - C ::: 5 S - C 0 

and C - 0 st,r etchlng frequencies (i1,8~J. $('IftI(" of these 

hands, f o r example he band at 1280 em- I I \."s) I! typical of 

the Vc -o o f the IPr OCSz- group of complex (YIIIl . Similarly 

t.h~ band'at 1580 em-lIm) may be e.s~ugn~d as he Vc-o of tho,.. 

sarna group indica ing 8 partial double rond nat.ure of the 

C-(/ bond, We may ci ~ 8 l1traturp eviden"e [8&1 f.r YPlcal 

vc' -O abs('Irptlons o f lPrOG5:- in similar c('\rnplexe~ ! 

os mium: 

l~)&ClCPMezPh)~ (s~r.nE "1, C8. L~M3 CD',l ( " 05) 'lnd cia-

[~h& (PHe2Ph,,~ IS2CtlHp 2' ISa:";u8t)] . ca, 15: rm· 1 (TIl) 1230 

cm- 1 (5) 
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3 2 Pror.e r t1e:s 

Complexes (VII) and (VI III ~rre obtain~d ~ .tabl~ 

solids at room temp~rl'tur~. Th~ cO!IJIJr of ttl"" C mpl~x...,s 

ranges fro m dark-Y-311ow brown to Bolden brown. CompJr,x 

4 VIII, was obser ',ed to b~ 1.\ffect~tl by he'll 815 '" r~ 
' Of 

which the glittering solid changed to ~n irreverslblp black 

tar when heated over nak~d btJn~en flame This may be du'" I) 

ther mal cf":composltion of 'the C"omplex 

... COMplex (VII) W8S found to ~ ~olublp in ~l.r solvents 

like acetone, diethyleth~r. l£lJprop~nol. THF. formin. 

y<=!llm.,-brown solutions. Hy·irocl'\rMn solvents lik~ ~m:;ene, 

tolu~ne do not d.is501ve this complex. Unlike complex' IV). 

the xanthato analogue \VIIIJ is f::tund to ~ soluble 1n t.h,: 

I3.bove men:'ioned polar 501vent~. bu like ('Ill) it is 

insoluble in the hydrocarMn sl)l-:en s. H'jw-y.rr solu ion~ of 

these xanthato compl~xes are ql1ite stabl. at r oom 

tempe r ature under nitrogen 

Bot.h complexes w r e soGen tc;. bet affec.~ by W8tf!r 

forming a yellowish-gre~n susPf!n~i""'n th8 15 insoluble 1.n 

~&ter and most ..... rganic s~lven s Th· pH of he slurry 

however, indicates an ~lk8line pH 'S~GI 

Bot.h products (VII and (VIlll w~re !;hown al~o to 

r"'JaC't. with dilutp mlnoGral a~itj!'l with tel .erat C'n 0 ...... hit 1 fl'" 

Th- react 1 '0 ~an 

h~ described by eq,6~,: 

I b!l ) 
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3 3. Alteratiye Rout.~:_ EDr Synth"": !.LQL 

Complexes (YIIl And (VIII) 

More 1 nteres tingly it Y'I'\!\ pose i bl e for u, ('I react. 

comp lex (IV) wi tn CSz at room tempera ure wi.th h­

displaceruent. of C02 and the forMa ion of thfOo eorrt:-,pcndlng 

xanthatn compll'!x de1'ivative lVlll (Jur forlMtion ('f the 

xanthato c.Jmplex by this reaction was conflrMd by el~ ntal 

aT1aly~ es that 5ugge~ted 1\ similar retio c'# th~ relat1vf' 

num\:'ler of atoms 85 in sect.i('ln 3. J (If this Chapte-r .~nd 010 

was f .mnd t·o be ,!-'\. 1: 2 for til Nft. The values calculateri 

for t he formula Na2 tli t SzCulPr 14. 2THF 7 4 ,. Nl. ~. 8" Na ar'" 

'u:ry c}('Ise to the exP'"'rlment.8Il vAlues 7.71. til an1 13.1 \; He 

The ligand fie d sper:tra of the product ob"alned by th , 

t'~a.:::ti(ln indicat.es tr flsltion D,II,nd-'5 ""t 16 900 f'ffI·l [Vii SAilt 

_~ 3Tlg If) and ~1.600 I"'ro- I lV3: 3 A"g ----) 3T1& If' ) 

These values are very close tC' t.hose obtain~d for the nOf"fI)ltl 

GSz insertiC"n pr oduct I VIlT,. A simll~r dhplacement 

reacti0n was reported by Monl':" [ ar. ~] for the proepara 10n of 

a di thocarbomot,o cC'roplpx <of R' 1\ by re'tct Ion of CSt w 1'. 

t.hoe cor responding c~rbame't ~OIrJP ... '!x 



... 

-7 

Fr om t he l'esul t8 ('obtained J ("sn be T"'1G8rr~~d t.ha 

seve r lil points hay'! a r Isen frr"lm "hlS ~,·,rk, 

~, A3 kal1 metal ls~propoxonlckp18 ~s may r~8C 

l'ever~lbly Hnlier mil", condltl"\n~ 10/1 h (' ,; 0 a1vf" 

t.b~ fi r st Ax::r.mpipe of the alkyl CaTMTlA:O 

("omplex~5 (f nicKel '11); and .similar rf;:R(' <"n!' 

or- ~l""·o pt:ssHl'" Ioltth i:, 0 f rm h­

("·~.rr~sPCIndiTII! "H~yl x~nT.hato cC>lllpl"x~'" 

1i I There .:l r e ~virjenC'.5 that Cu: and CS .. reaction 

pr("\du.:'r,s \J i t h t t . .,. n':'v'! 1 ... l\~nj«('I ('r mplex~8 aT" 

supposed t , r~ ~("tahedral nickel (Irl I"omp!ex~s 

,:'ontl i ning trJl1n dent,/H.':' 8S ;J~il as bl "'n at. .. modp.s 

o f coord ination for t,ht' IF r OCO. and IPrOCS:-

g r o up! 

i1 i I Al l pc"dll~t.~ oi the r e'lctions wi h ·"0: and .S: ~re 

stdbl e i n t he s~li sat e undp. r n 1 tro,~n 8 r~om 

H~~ev~r . ~olu ions 1n or.ante 

~c.l""'nts I"l.th"!rs. alt"'tl h..,ls) of thll'lAIIr cc,l'Ipounds a r 

ge ne r .... l ly uns"o:lbll! und~r t.h~ co;aM C(lnditlon it. 

hllC'. be.,.n v~!5er .... '3'" i. r ex~~plll!'. "hI) s()l~tt n I')f 

.... ('I"pll!x I 11 I, in THr i'~\."~ an in oluble 

pre,-.ipit '!.tro. n rr .... ll'Jnllj .... d !I snrHnr I10r c-v~r. The 

s(".ll.d i C',.,pr"pyl .::arbon!lte i'3 r i ... , 1 VI'S r 

relAtiv '31y unaff'!ll"'t"d by tt!ltoperatur. up 0 -;0-
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1013<>(' 'ml ikE' in 501u ions 1oIh~r~ r 

to be reversible at {-:, CI for he THr s lutl c 

of (III l. The solids " ere obflerved 

pale when heated above 10ao 

beco~ 

However the corresp<')nding isopropyl xanthe 0 c:olDpl~xes 

are f ound to be sta Ie both in the &Qlid state aa w~Ll as 10 

solutions. 

The ,",ork on the Sllbstancl'!!5 forfD"!d by rea~ 1 os of Cu; 

wi th th~ novel al koxo t:omplex~s 0 nickel 11 I I 1 n h~ 

presence of phosphine Iwhi~h may allo~ a con~luelon to be 

drawn 8'3 to I-lhat effect they may lnfluenc~ th~ rfOartlons) 1:'1 

at infantile stage. 

Hot.uwer. Qe m:=ty think. in g~ner81. that. ~ w~y t~ n ...... ~l 

(':onplexes of nickel III) is open'" UP by th~ rf":oL"tl .. ns of 

t.he alkaliroetal alk0xonickelates wit.h eCI: and CS2 "n<:i i is 

1 ike ly also \.lith S02. These new t:'<,mplexes (\1 niC"'kel 

:p"l.rticulariy the alkylcarbcn~ nickelat~s may hav~ th~ 

potentiality to act a5 r~versible C02' carriers bl ~havln • 

.:;is precatalysts :i n man~· cat,alyt.ie ransiormat l"n~. 

utilizi ng C02 as a C) !.Ol1rt:~e Houever, to hrlng th~se 

prospective materials for actu"l S'3rVl.Ce3 "t 8}r'n hetlc 

".h'";lmists a challen~ing wnrk i~ 8"'8itiol h')se intprested in 

the field . 
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