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ABSTRACT

The reactions of the novel alkoxides of nickel (II),
LizNi(OiPrs.3THF and NazNi(OiPris.2THF with CO2z 2ave the
first alkyl carbonato complexes of NI(II). Vig,
LizNi(02zCOiPr)s.2THF and NazNi(02COiPr)4.2THF. The
analogons reactions with (82 instead of COz gave the
corresponding isopropyl xanthato derivatives:
LizNi(S2COIPr)4.2THF and NazNi(S2COiPr)4.2THF. The last

product was also obtained by rqactio£ZNazNit0200iPr14.ETHF
with CSz.

These isolated products were character}zed on the basis
of elemental ananlyses. electronic and IR Spectra.
Octahedral sturctures are proposed for nickel (II) compexes
containing unidentate and bidentate modes of coordiantions
for the isopropyl carbonate (iPr0OCOz-) and isopropyl
xanthato (iPrOCSz-)_ groups which are expected to bhe formed
by iisnetion reactions of COz and CSz2. respectively. into the
Ni-OR bonds

Reactions of the products with dilute mineral acids
resulted in the evolution of COz and CSz, respectively,
indicating that these molecules were indeed inserted. In
addition a THF solution of the lithium based CUz product was
observed to show reversible colour changes under mild
condiiton and COz atmosphere suggesting that “insertion-
deinsertion” processes can cccur repeatedly without any
decomposition of the product

Prelimianry survey was also carried out to tudy the

R/



1. _INTRODUCT ION

The fixation of carbon dioxide by green slants usino
solar energy is the most important chemical procese observed
aon Earth. 1In photosynthesis, COs is reduced by M= into

warbohydrates with sun light as the enerqv source (eg. 1):
EQa + Hall ———————ev’ CH=0 + D= (1)

It is this photoreduction of COs that serves as the

+

enly source of food, there by energy. for the entire woerld

o+ the animal kingdom and for certain microorganisms which,
by themselves, are incapable of utilizing CO: as the source
of carbon.

The total amount of ClOz in the atmosphere and in the

@*9 tons of carbon whale

-
0

orean is estimated to represent
carbenates make up 10*® tons of carbon [11. And nowadays
the gas iz snormously dischat rged to the atomspnere as

a bv—product in several technical orocesses (4.

sretandina the fact that C0x» 1is the major source Ot

Unde

carbon in nature scientists began to study actively other
tvpes of CO. fixation or reduction processes so as to use

the oas as a one—carbon precursor 07 organic chemicals.

hie wae dated back 1826 when F. Woehler [31 prepared the

first organic compound, urea, from the inorganic substances,

€0

s andg hiHa.
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Eversince the time of the sysnthesis of urea, a lot of
other similar processes have been widely in use in
industrial and organic preparations of a wide variety of
products with COz as a Ci1 cource.

Ofcourse, the principal reaction possibilities with CO2
are [4,5]: i) the oxidation to carbonate (C0O32-): ii) the
electyrophilic attack at the oxygen atom (in protonation
alkylation and complex formation); iii) the reduction to
carbon monoxide, formic acid, oxalic acid., ete.: and iv) the
nucleophilic attack at the carbon atom (in alcoholysis,
aminolysis, carbanion attack and complex formation).

However. the problem of high thermodynamic stability of
the molecule and its kinetic inertness, still remains a
vermanent challenge To the art of the chemist to forece’
this substrate into selective reactions, particularly at
metal centers, under mild conditions.

In its reactions COz is a poor electrophile and needs
always to be activated by energy supply. The common means
are the chemical, thermal, and photochemical activations and
in some cases radic chemical methods are also used [4.5].
Using a chemical means COz can thus be converted into useful
forms of organic compounds but only by way of coupling it
with an organic substarate. To this effect the COz molecule
and /or the organic precurssors have to be primarily
setivated by forming metal complexes or orgnometallic
compounds.

In this regard two of the most important COz chemical




Aactivations are: i) Lhe formaticn 6f metal-carbor

Cloxide

coordination complexes and, ii; insertion of Cls into

metal—hetercatom ‘H,C,N.O)bond [83. Catalytic Co-

-

insertions into Groanic precursors ‘@.g9., into sodium

phenclalte in the kaolbe-Schmidt Feaction (71 and reduction by

sitbstances like hydrocen are no less important means of CO=

sttivationes. In addition to these there are still other

n

r

sCtions such as the photochemical and electrochemical
recuctions of CO- which are at present gaining much maore
interest in the filed, particularly in the recently
developed svstems involving transition metal complexes as
catalysts [3,9].

In its reaction with nucleophiles and bases, COz reacts
through addition at its carbon-oxygen double bond. These
uucleophilic additions are the most significat CO2 reactions
particularly in the sysnthesis of different carboxylic
acids. One of such reactions is the reaction with
organomagnesium, compounds (Grignard Compounds [6])

invelving the carboxylation of hydrocarbons via an insertion

of COz into B-Mg bond which may be given by eq. (2):

R~-MgX+ CO2 <——=ccae-a-a > RCOOMgX ----==-==—=- > RCOOH+MgX*+ (2)
Thus under normal conditions COz is capable of
reacting with sufficiently activated groups [5,7] ifor an
=lectrophiliec attack) to provide stable products. The
groups usually are cabonions, or potential carbanions (as

metal organylys, CH-acidic compounds); activbated aromatics

EE—————
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tphencls, amines ) ; electron-rich heterocyo]es; activaed and

electron-rich oclefins, enamines enols, endiols or O, 8-.

and N—nueleophiles,

Inspite of this, the development in this field, Particualry
in the area of investigations of reactions at transition
metal centers, which was mainly initiated by Volpin [B], is
now making a rapid progress.

Despite the fact that only a few number of studies have
been repoarted until recently, new and Suprising results
should be expected in this area. including development of
new catalvtic transformations of éuz. This applies to both
homogeneous and heterogeneonus catalytic processes which are
NoOwW emerging as a promising field of research.

A8 number of cases are found in the literative [63)]
“oncerning the reactions of CO2 both with trasitional and
non—transitionaf:EZﬁpounds leading either to the formation
of metal-carbon dioxide coordination compounds or
carboxylation products of the organometals. Besides this a
Comparative number of compounds are reported [1,83]) for
‘normal” type CO2 insertion reactions into metal-carbon
bonds leading to insertion products. In this respect
tnickel and palladium compounds are well-known
rﬁpreséntatives of transition metal compounds that are

frequently used as the most active CO2- substrate coupling

B— —




catalysts; this behaviour however is more common with main
group organometallic compounds .
A number of works have also been devoted to the

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

reported.

Nevertheless the reaction with the later is
characterized as being a reversible insertion of CO2 into
the M-OR bond to form alkyl carbonate or mixed alkoxo-alkyl
carbonato complexes of trasnsition metals such as Ti. Zr,
Nb, Fe, Cu, W and No [1@]. These alkyl carbonato complexes
have been known in their function as a new class of
reversible CO2- carriers in the carboxylation of several
organic precurssors [(11]. Similar cases are also known for
non-transition metals [5]. among which the most prominent is
magnesium metal carbonate commonly known as the Stiles-
reagent., [12].

Inspite of the fact that most nickel complexes have
e€xceptionally high catalytiec activity, as is observed for
many nickel containing catalytic systems, there is not even
a single case reported so far referring to an alkoxo complex
of nickel serving as a metal substrate for insertion of CO2
into the Ni-OR bond. This holds true also of some other Ti-
Acidic ligands with the exception of one particular work,
reported by Yamamoto [13] in which reactions occurred
between an alkyl-alkoxo complex of nickel (II) (RNi (L)OR)

and CO and CSz. This has been observed for the earlier

I e e
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types of alkoxides of nickel (IT) [14] which are supposed to
be providing only less basic centers for an electrophilie
attack by the COz molecule and by its likes.

However, later in 1985 a4 new class of alkoko complexes
of nickel (II) based on alkote metal alkoko nickleates (II)
was reported by Kalies eta)i [15]. 1In addition to their
relatively more basic nature, which is imparted by the four
alkoxe groups coordinated to the nickel center, these novel
complexes-are observed to show intramolecualr redox property
which may result in the reduction of Ni(II) to Ni(I) and
NifO). This later property of the complexs makes them
rezsctive towards phosphines or phosphites inorder to form
hydrido nickel (I) and nickel (0) lignad complexes. These
typical and important properties of the new complexes of
nickel (II) allow them to act as Precatalysts.

Therefore. as part of the investigations on the
reactivities of this new class of complexes of nickel
towards F¥l-acceptor (eletrophilic) ligands we wish to
report in this work the syntheses and charactirzation of
some adducts of these complexes by reactions with COz and
CS2 (as P-acceptor substrates).

In view of this the following objective is set: -

To investigate the reactivites of L7zNi(0iPr)s.LiBr.3THF and
NazNi(O1Pr)s.2THF towards COz and CSz. To this effect the
Steps are:

i) Svnthesize the starting complexes based on the

literature procedure [15]

h—___
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Synthesize and isolate stable Products by reactions of
the above compounds with 02 and CSz and characterize

them by elemental analyses and spectroscopic methods
(VIS and IR).



(1I) UIEBAIJ.!RE_EEHEH
1. Iransition Meta] Alkoxides
1.1 General Features Qf "34" Lranﬁlllﬁn_ﬂe_mulkgxm

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

group (-OR), as a ligand, is capable of forming strong

Bridging in similar atoms gives rise in coordination
oligomers [M(OR),,]A [16]. Where as bimetallic alkoxides are
described as coordination compounds formed by neutralization
of basic with acidic (or amphoteric) alkoxides (main group
metal alkoxides are more basic than that of transition
metals); in these compounds the alkoxo groups act as
bridging between the different metal atoms.

A survey of the rapidly growing literature on alkoxide
chemistry of the elements in the periodic table had already
been compiled in a book Metal Alkoxides [17]. 1In the book
the main focus of attention was on the main group elements
and the earlier transition metals (particularly in the
dostate), except for some work on alkoxides of 3d5-9

elements, which were investigated mainly from the points of




view of their magnetochemistry angd electronic spectra. The
recent develcpment in the area of alkoxide chemistry of many
other transition metals has also been reviewed in later
works [14].

Metal alkoxides have, at least one M-0-C grouping
which is strongiy polar because of the large
electronegativity of oxygen atom. The polarity of the M-g
bonds is further enhanced by the type of the metal. Thus,
the physical and chemical Properties of metal alkoxides are
determined by the pPolarity of their bond, and by the well-
developed tendency of the coordinatively unsaturated metal
atom to expand its coordination number by intermolecular
bonding with oxygen. Indeed, in some circumstances, steric
hinderance can preclude intermolecular bonding so that a
volatile monomeric alkoxides (or mixed alkoxide-phenoxides)
results at low coordination number. Jasunki and his
coworkers [19] have reported that all phenoxides and
alkoxidephenoxides of silicon are monomers in benzene.
Metal alkoxides are extremely susceptible to hydrolysis and
required Strictly anhydrous conditions for their handling
[12]. They react with a variety of primary, secondary and
tertiary alcohols as weli as phenols [18]. This property
has been Utilized extensively for preparing new alkoxide.
An example of transition metal alkoxide which interchanges
its alkoxy Eroups readily with primary alcohols at room

temperature is[10@]:
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Co(0iPr)z + 2ROH ====> Co(OR)2 + 24PrOH (3)
R = Me, Bu
An example of transition metal alkoxide which interchanges
its alkoxide group with secondary or tertiary alcohols is
[14]:

Cu(OR)2 + 2R10H benzene > Cu(OR1)z + 2ROH (4)

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

Alkoxides which undergo an interchange reaction with
phenol are [14, 18]:

Ti(Ot-Bu)s + 4PhOH------ > Ti(OPh)4 + 4t-BuOH (5)
Cr(OiPr)s '+ SPHOH --=+< >Cr(OPh)3s + 3iPrOH (6)

However, the most direct method of synthesis of
alkoxides involves reaction of alcohols with a binary
compound of the metal commonly the halide (chloride or
bromide) according to (eq (7))

MX2 mROH-------- >M(OR)m X2-m + MRX (7)

The other very important method is the reaction of the metal
halide with an alkali metal alkoxiode given by the equation

MXntNLiOr----- > M(OR)n + nLi¥

{Na)

Alcohol exchange reaction and trasestrificatiaain
cyclohexane are also two of the alterative sysnthetic
routes.eqs (3),(4) and eq (8) [14)]

This principle has been exploited for the purpose of

synthesis of a wide variety of higher alkoxides and

_—




11

interesting derivaives by reaction of lower alkoxides with

higher alcohols and other hydroxy ligands.

M(OR)n + nCH3COORL ==wwo__ > M(OR1)n+ nCH3COOR (8)

The alkoxide usually empoloyed is either i-PrO-or t-
BuO- as +he Separation of isopropyl- and tert-butyl acetate
is more readily achieved by azeotropic distitllation,

With many research activities on the alkox o
derivetives of “34- transition metals it has been possible
to Bynthesize guite a lot of alkoxo derivatives by reactions
of the alkoxides with hydroxy ligands such as silanols,
glyco s, B-diketones, Dbkeﬁoesters. alkanolamines, OXimes,
hydroxylamines, and Schiff bases as well as other reagents
like organics esters, silyl esters, B-ketoamines, thiols,
thic~§-dikatones, acyl halides, acid amides and acid
anhydrides [14]

The transition metal alkoxides can ales undergo various
reactions with molecules such as COz2, COsS, CSz2, and
isocynates quagitativ :1y to give insertion products

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

1.2 Alkoxides of Nickel (II) And Their Derivatives
; Earlier Types of Nickel(1I) Alkoxides

The alkoxides of nickel(II) have been studided earlier

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

alkoxides of the form Ni(OR)2; ii) nickel (II) tetraalkoxy

........llIlIIIl-----------------------
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=luminates of the form Ni[A1(OR)4])2, where R=pe. Et, i-Pr

o s s i 2 : ; e
n-Bu; and iii) the mixed alkoxides of the type Ni(OR)m,

where ¥ is any other anionic Eroup.

The alkoides of nickel (II) of types Ni(OR)z ad Ni (OR) X,

have bezn prepared by the following reaction (e. (9) (147

] ROH or
NiCl2 + 2L4OR —cweeee____ >Ni(ORjz + 2LiC1 (9)
1,4 éioxane
(where R= Me,Et, P®, Bu, + iPr,s-Bu, t-Bu)

All of thess alkoxides of nickel (II) are non-volatile,
coloured salids, which are Sparingly soluble in common
organic solvents.

In the case of the binary alkoxides, the Primary
alkoxides are light green in colour, where as the secondary
and tertiary alkoxides are blue to violet. All of these
aloxides are sensitive to moisture, in the presence of which

fe Ma lApa
they are hydrolyzed with a sharp colur changeﬂfrom bule
(violet) to green. All of the secondary and tertiary
alkoxides are unstable towards heat and tend to decompose at
around 9@2-10@oC [14].

The spectra of Primary alkoxides exhibit three well-
defined spin-allowed bands [14] at 8750+ 250 (Vi: 3T2¢),
14,810+115[V2]; 3Azg---> STlg (F)]
and 24,980+ 125 cm ! [Vs: 3A2¢---> 3Tig (P)], which are
characteristic of an octahedral environment for nickel in

these primary alkoxides. On the other hand, the spectra of

secondary and tertiary alkoxides of nickel (II) indicate a
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tetrahedral geometry With well-defineq SEin-allowed

transitions at 7580+ 1gg LVa: "3, 3d2] & 15,850470 cn-
1{vs: 3%3--=) 3T1(P))

The magnetic moment of the Primary alkoxides of
nickel (II) fall in the range 3.45+ 0.4 BM (Bohr Magneton)
and those of secondary as well as tertiary alkoxides are
found in the range 3.65+ .05 BM at rfoom temprature. These
observations are also in accord with their octahedral and
tet: ahedal configurations respectively [19,14]

S is interesting to note that nickel alkoxides undergo
insfrtion reaction with Substrates like phenyl and naphtyl

isc :yanates [2@]:

Ni(OR)z + xRINCO —=---5 (RO)2-x NifN(R1)COORIx (10)

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

All these reactions are exothermic in benzene and their
completion was indicated by the disappearance of band ath ™
225@cm- 1 (due to-N=C=0). The appearance of an intense band”
1700 cm-1 (due to C=0) in the addition products suggests
that insertion has occured at the C=N site.

Very recently, Yamamoto reported [13] that alkyl alkox~
nickel (II) complex (RNi(OR!)L) L= phosphine or phosphite,
and R,R1 = alkylgroups) can react with 2 dative ligand, CO,
and with a more elctrophilic reagent CS2 via insertions into
Ni-OR bonds. Regarding the insertion reaction of COz2 into

the Ni-OR bond nothing substantial has been reported to this

¥
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date. However, in one Particular report [19] there was an

attempt te carry out @ reaction of Qo Wwith Ni(OMe)z in

pyridine which resulted in ne Possible outcome. But the

alkoxide of Coper (I1), Cu(OMe)z, was found to give copper

(II) methyl carbonate. This Was assumed, according to the
author, to be due to the less basiity of the nickel
alkoxide for the electrophilice attack of Q2.

The binary alkoxides, Ni(OR)2 have also ben observed to
undergo reactions with alcohols, halides, B-diketones and
carboxylic acids by ligand exchange reactions.

It was established by Mehrotra et aj. [10] that Primary
alkoxides of Nickel (II) donot undergo alecohol interchange
even under forcing condition. Whereas branched alkoxides of
nickel e. g,. Ni(OR)2: R=iPp, s-Bu, t-Bu, t-Am undergo
facile interchange with pPrimary alcohol even at room
temprature.

On the other hand, extensive work [2@,21] has been
carried out since 1977 on the exchange reaction of nickel
alkoxides with alkanolamines, B-diketones and carboxylic
acids to give the corresponding derivatives. And on the
basis of IR, electron reflectance, and electron-spin
reésonance spectra as well as magnetic measurements, all of
these derivative{fﬁickel alkoxides have been shown to have
distorted octahedral structures,

In the case of the carboxylic acid derivatives the
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st a
bidentate nature of the carboxylate Moleties in them But
still the electron reflectance ang magnetic measurements

! The Novel Alkoxides of Nicke] (14):

ka1 Bty et 0 PO

The synthesis and characterization of the novel

alkoxides of nickel were discussed in the report on the
works of Kalies and his cowsrkers [15]

These new alkoxides are based, according to the
authors, on the lithium, sodium and potassium

alkoxonickelates (IT); and are shown to have different

Ccompositions and with a partially good solubility in organic
solvents.

The compounds were prepared by the reaction of nickel
(IT) salts (NiBrz.2THF; NiBrz; Ni(acac)z: or NiBr: (PPha)2)
with alkalimetal alkoxides of primary, secondary as well as
tertiary monovalent alecohols in aprotic organic sovents like
THF ang tcluene The maximum tempreture for the preparation
°f the primary and secondary alkoxides is found to be 5@C,

but 9geC for the tertiary alkoxides. Above 5@°C the

.~ N X T T
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alkalimetal primary and secondary alkoxonickelates (II) are
found to decompose €iving nickel (o) (metallic nickel),
aldelydes or diketones and the corresponding alcohol. This
is a result of P-hydrogen transfer from the primary or
cecondary alkyl group to give a Ni(H) complex and the
corresponding aldehyde or Ketone followed by reductive
eleimation of hydrogen under the influence of other
alkoxide. to give Ni(0) and the corresponding alcohol.

Magnetic moment determination using Gouy method on the
tetra alkoxonickelate (I1) of lithium sodium and potassium
show typical tetrahedral as well as octahedral coordination.
Where as the sodium isopropoxonickelate (II) is found to be
nearly diamagnetic in the gorund astate.

The ligand field spectrum of the isopropoxo complexes
n THF as well as of the solids in nujol showed tetrahedral
coordination with three spin allowed transitions.

T2 (F)~--=% 375 (V1): 371 (Fyacucc >3A2(vz2) and 3Ty (F)~-->
3Ti(p)(vs). Ligand field parameters (Dq= 46@cm 1, Bz=8QOCk- !,
B = @.77m turther indicted tetrahedral coordination for
‘he isopropoxo complex.

Regarding the chemistry of these novel alkoxides of
nickel much more investigation has been carried out for the
last five years. The most important thing about these
compounds is that they are extremely more reactive towards
moisture and are more easily hydrolyzable than the former

types of alkoxides of nickel.
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The more basic hature of these Compounds makes them
capable of reacting with electrophilic reagentas. Thus they
are expected to be Prone to the electrophliic attack by
COz and other M- acidic ligands. Their internal redox

Property has been shown to be an advantage by applying them

has a carbon atom forming two equvalent bonds With the

OXygen atoms via the Jd-and M-bonds, the planes of

overlapping Fl-oribitais of oxygen and carbon being

mutually Perpendicular.

Carbondioxide molecule has Some important functional
properties (Carbon is a Lewis acid and Oxygen a Lewis base)
that influence its co-ordination to metal centers. Arising
Irom these donor acceptor properties of COz, there are
several possibilities for complex formation with a

transition metal atom {24] as shown in Fig. 1.

q‘“hkca cku ”‘,~
M <--—-:0=C=0: C-

(1) .z'rln)tL“ net
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Since the COz molecule is the poorer electron donor and
better acceptor of electrons with respact to its
isoelectronic 052 molecule, s Priori one may expect that
less typical for CO2 would be complexes of type (I) and more
ty¥pical structures (II) and (III)( $.91)

Thus from these bonding modes of COz to the metal M one
can see that (Fig.1): In type (I) it iz shown that
2oordinaticn is through M-0 bonding by transfer of the
uxygen p electrons {lone-pair) to the metal; and in type
(I1) = and b there is a M-C bonding through electron
donation from the metal to the antibonding orbital (2TTu) of
©0z. Donation of two slectrons to the antibonding orbital
of COz in a limiting case may result in the formation of
carbene-like complexas (IIb). Where as in type (III) a,b
and ¢ it is displayed here the possibilities of bonding by

N-complex formations (IIla and IIlc) or by a formation of a
three-membered ring in the limiting case (I1Ib).

In general, coordination activates ligands and creates
favorable steric conditions for ligand interactions and
numerous catalytic processes In this regard possible
questions that may arise [18] are: does COz co-ordination
agree with real activation: what bonding modes are possible:
what reaction rontes do the different bonding modes prefer;

are thase influenced by the nature of the metal complex?
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The answers to the above qQuestions have been considered
as the basis for Lhe investigations of the different metal-
CO2 complex formation reactions whichk way be grouped into
two major classes: fixation and insertion reactions,
However, it is not always possible to distinguish between
the tuo classes, completely since many insertion reactions
proceed Via a "fixation' intermediate, Furthermore, Tusuda
and co-workers [24] in one side, Chisholm and Extine [25]
on the other side separately described many systems as
[ix1tion procasses but actually they are seen to involve
incsrtion reactions. It follows that all Brocesses in which
CO. is bound directly to the metal canter <an, therafore. be
deserit-3i as fixation reactions, and those in which COz is
tcund Via  the breakage of a metal-ligand or internal ligand

bond, as insertion reactlions.

Generally reversible COz fixations involve the
following basiec resctions [4]:
(1) Coordination: LaM + COz __ > LnM(CO2 ) (11)

(1i) Insertion: Iim M - ¥ + CO2 -w-: Lan M-OC(O)X (12)

fiii) Oxidative coupling (metal ring closure):
Ind(A-BY + Clig --~>» Lr:lh.-ﬂ- P-!"-Uf" (13)

]

Reversible CO2 Fixaticn Through Co-Ordination

" * oWy

o
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Coordination of CO2 to transition metals has long been
thought as & reversibjle initial Step in the catalytic
conversion of 0z ri]. 1y Such & case, metal basicity is an
important pre requite to M-002 coordination. Highly basie
Ir /I), Rh(I), and Ni(0) complexes [8] have been found ta
cause Q2 activation, Ip Sevaral cases. 02 geems to
require gz bifunctional system, {. e acid-base for ite
fixation and activation Thersfore, in addition to the
bazic mwetal center, the assisatance of an a2idic partner is
needed. Fop exXample, in a Co complex, [Co tSalen:HliCOzJ]
'26] (where Salen = O=-N-N-0: disnion of Substituted
salicylaldehyde ethylens diamine) . Miz Alkalig metalion) COz
is bonded through a basic (Co) and aridie (M1 Centers,

It is known that Ni(O),in general, forms stable CO2
complexes, The complex synthesized by Aresta and his co-
workers [27], [NifPUystzfuZ*CDZI].was the first structure
2ver to be reported for a metal-Coz complex.

A common reaction could account for the formation of
NitO: CO2z complexes [8)] and iz givep by (=g 14)

NiL¢ + 03 =sceeem- > NiL21iCO2) + 2L (141
for L = PEta, FBus, and FICgH, 3

For thia the suggestad machaniam is (eq 15)

NiL: ToQenes Nils + I

e
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some typical insertion reactions involving M-C, M-H and H-N
bonds and a detailed discussion on insertion reaction into

M- bonds Particularly those reaction with transition metal

alkoxides (M-OR)

[\
[#%]
—

Insertion Into M-H Bonds

Reacting with a transition metal hydride. COz may
insert at a M-H bond to give formato complexes, eq(20).
Alsc depending on polarity of the transition maetal-hydrogen
bond, a reverse and abnormal insertion may offer metal-

formic acid eq (21) [29]

BT A L S
Normal: @=C=0 + M-H =-==-> M-00BK (22)
[ . - b#
Abnormal: @=C=0 + M-H -----3 N-COOH (21)

Reversible insertions of C02 into M-H bands is
essential for homogensous-catalytic hydrogenation reaction
of COz and also plays a role in the watsr @as shift

reaction [30].

Carbon dioxide insertion inte transitional metad-
hydrogen bond has been studied for a number of axamples.
The first example was cbserved by Misono etal. [91] for the

cobalt complex (Ph3P)sCo(Nz)H  Bubbling C0z through a

R R O R N IR IR,
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solution of the complex resulted in insertion at the Co-H
bond with simultanecus N2 eleminationa to give the cobalt
formato complex (PhaP)s Co(0OOCH). and [(PhaP)3sCo(CO) ]2, the
later resulting from formate fragment transformation. The
presence of the formate group has been confirmed by the
formation of methyl formate upon reaction of the complex

with methyl iodide:

(Ph3P)3Co (N2 )H+C0z2~==-—~ >(PhaPlaCo(obech)
7/
Mel (22)
MeOOCH

Ingeneral, the formation of cobalt-formato complexes has
been suggested to involve a COz fixation step for different

ligands L [32]:

HCoL4 4002 -==--veee~ )HC?L3{002)+L
- (23)
HCOOCoLa

The species HM(CO)s- (M=Cr, Mo,W) are the most
prominent intermediates in the water-gas shift reaction
These complexes react with CO2 to produce, formate species,
[33] and therefore compete with bicarbonate complex
formation.

It was referred [8] that a rhodium-carbonyl complex is

formed via CCQ2 insertion into a Rh-H bond. The over all

reaction is
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insertion [36] to pProduce a variety of products

There are two possible path ways for this reaction

called the "normal” and the abnormal insertion [27)

(eq 26) _© R
T e M-0OCR
nqﬁ""a’ ﬁ
Q
M-R + CO2 O0-R or M-COOR
'\ﬂ'z‘omiﬁ / e

M—Q

The "normal” way follows for the organometallic
compounds giving alkyl carboxylic acid, and the reverse,
abnormal ways, with formation of metalloacid ester,

Examples of "normal" reactions with a carbanion
transfer to the COz carbon were shown for some titanium and
zlrconium compounds [36-37)

Carbondioxide inserts comparatively easily into the I-
Rhodium~carbon bond by the action of CO2 on the complexes
(PhaP)2RhR (where R=CHs, Ph) with formation of carboxylates
[38]. After esterification of such compounds by means of a
solution of BFs in methonol or CHsI, methyl acetate and
methyl benzoate form, respectively.

Reversible insertion reactions occur with copper
complexes, e.g., the complex (PhaP)2CuCHis reacts with CO2
to give the insertion product (Phs3P)2Cu00C CHs [38]). Acetic
zcid is formed in the reaction of HCl with the complex:
(ChaCOO)Cu(PPhs) + 3HC1--->2CHICOOH +CuCl+2HPPhaCl (27)

Methyl or ethyl icdides give the corresponding esters:

t

R L R S SRR
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P ' 5 H?'_ - H ’COO I3 "!
(CHs COO)Cu(PPhs )z / (28)

Y
N\_Cajs A 3CH3 COUCs Hs

The same complex can be obtained independently from
acetic acid and methyl copper derivatives:

CH3Cu(PPhs )2 + CH3COOH ------ > (CHaCOOYCu(PPHa )2 (29)

In general. the structures of various metal
cazrboxylates, like the examples above, may differ

cosiderably. For example, the following types of structures

are krown to date (81]:

lf
o~ M- 0 H-0
e =k % - "I\. i
g O~k C-R M *C-k C-F
«'/ V7 4 X o il
) .z& 0] 0 M-0

It is to be expected that the IR spectra of these types
differ substantially [49]

2.3.3 _Ipsertion Into M-N Bonds

Transition metal carbamato complexes are formed as the
result of inserticn of CO: into transition metal-nitrogen
bond. These specles are chserved to be labile towards COz2
exchange. A mechanism was suggested [41) (Fig.3) in which a
step wizse formation of carbamato complexes could be observed
and various models for COz sxchange were also suggested.

Theze inserticon reactions differ from the other types
.
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discussed so far. in that they are catalyzed by the presence

of an amine., HNRz2. Insertion can therefore follow the

normal mode:

O=0C= 0

LA Me

M8 Fig.3
\ Me

or proceed according to eq (3@)

COz + HNR2 --====——=-- sHOz CNRz

M-NRz + HO2CNRz------------> MO2CNE2 + HNRz (39@)

It should be noted that similar reactions were also
observed for the insertion of COS and CS2 [4z)

Relatively few systeme have been presented where CO2
insertion into M-N bonds occur. A number of complexes of
transition metal dimethyl amides M(NMez)n [ M= Ti, Zr, V and
n= 4 [43]; M=Nb, Ta and n= 5 [447]; Wz (NMez)s [45]; W(NMe2)s
[46] and Mz iNRz)4Rlz [M=W, F=Et, Riz=Me [44]; M=W [46],
Mo[46,47), k=Me, Ki =CH3#h1 have been reported as reacting
with COz to give carbamato complexes: M(O2CNMez )n. Wz (D2C

NMez 18: W(NM=z s (02CNHaz 13 and M2 (02CNRz)4Rlz respectively.

2. 3.4 Insertion Into M-0 Bonds
Insertion of COz into M- bonds results generally in
the formation of carbonato (CO32-) or similar type

complexss. The insertion into transition metal-alkoxide

bond (M-0Ok) therefore provides monoalkyl carponate

%_—




MIORILY + COz---oueaes v MiOzCORLs (31)

L L

The species so obtained may be coordinated as »

bidentate (1) or a monodentate «II) Ligands (Fig.4)

() ) (5]
J AN 7 \
(M ,C-0R) (M 2 Fig. 4: Hode »f
JLE i ! Coordinations In
0 0 Alty! csrbonato
Complexes.
1 I i

Similar alkyl carbonato complexes have been optained
(48] from hydride complexes of transition metals, by
reaction with COz in the presence of aloohois However., the
mechanism sugeasted for such processas 1eq 125 involves
formation of an alkoxo complex as an intermediate. This is
a result of the attack of the alcohol on the transition
metal-hydrogen 'M-H) bond, The next ste«p is than the formal
insertion of CO2 into the newly formed H-OR bond fga),

The other version of the insertion of COz inte M-0 bond
is the one observed in transition-metsl hydroxo complexes.
With thess complexes the reaction proceeds vis a Cus uptake
by the hydroxe ligand

Stability of the alkyl carbonate complex=s could be
controllied by presence of ancilary ligands such uas

phoshines or phosphites. In this wanner s number of

i e ———————
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complexes were synthesized [62]. A series of molybdenum
complexes [51] exhibit completely reversible COz insertion
reaction, the mechanism in the solid state proceeds via a
direct attack on either M or R while the mechanism in

solution was suggested to be eq (32):

0
M-OR + COz --==---=- > M-0C-OF or H—O-g-OB (32)
L}
0

tFor cases where R=H insertion preferable occurs into
the 0~H.bond.

Fachinetti atal, suggested [52] that the formation of
Ti-COs species follow a route that correspond to COz
reductive disproporticnation [53]):

200z f 28" ——=——n > CO3z- + CO (33}

In this reaction the twe electrons are supplied by
oxidation of the metal center from M(O) or M(I) to M(II) or
M{I1I) respectively.

Later on in 1985 Kato and Ito [54] showed that
moncalky]l carbonato complexes were formed by reversible
reactions of Zine (1I)-tetrazocyclo akany Complexes with
COz in the presence of bases in alcohol. The results of
structure analysis of these €Oz adducts [55] confirmed that
they are indead alkyl carbonato complexes.

3chiff-base-chelate complexes with Cu-0 bonds likewise

e R R R R s S A S
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react with reversible insertion of U0z into the Cu-0 bond
[56] similar to a phosphine complex, (HO)C (FE§)n in which
COz reacts with the Cu-OH bond [57). The later complex
being soluble in water is capable of transferring COz to
propylene oxide or cyclohexamone to form polypropylene
carbonate and the cyclohexamone-2-carboxylic acid which was
isclated as & methyl ester [57]. Similarly
alkoxolanthanoid complexes can also incorporate COz
reversibly with insertion (£3)

To conclude this sectinn we would like to include
reports on syntheses of transition metal alkyl carbonate
complexes following studies of the insertion reaction of the
corresponding alkoxides, to mention a few:

MiOBaja ., M1=Ti,Zr: ML(CEt)a, Miz=Zr . Nb,Fe[51];

Moz 1OCHzCHMes e [b1]; CuiMeiz [59); (t-BuO)Cu(CN-t-Bu) [569];
[Et4aN]J[W(COIsOR][6@]) where FE=Ph, m-CHaCsH4:
Cp*Ir(PhaF) (H) (OEt) [61].

3 __Carboxylation By Means of Metal Alkvl carbonates and

— Metal-Carbon Dioxide Complexes

As we have seen in the introduction, the activation of
the low-energy CUz can be achieved by a “metal phenclate-
COz~adduct " (metal phenv] carbonate ) [5].

It is also of a synthetic significance that main group
metal t1eg Mg.Li) alkyl carbonates (5] can be used as
efficient carboxylating agents instead of CO2 as it is. To

prepare the reagent metal alkéxidas of the monovalent

B e e
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alcohols must rsact with COz. The solution prepared from
the species in organic solvents is irectly used for
carboxylation of an organic substrate.

The very reactive but properly to be handled substance
that is frequently used as a carboxylating agent is
magnesium methyl carbonate commonly known as Stiles-reagent
[(62]

Thus by means of metal alkyl carbonates it is
rossible to carboxylate numerous substrates specially C-H
acidic carbonyl compounds, nitrocompaunds. and aslso
activated aromatic and heterocyclis compounds. A typlcal

reaction is given by eq (34}

.Y \

—5 , . ) . -
C="Mg(02C0OCHs )2 0 Hz O C=0
———————————— 3 \C/ \Hg =, \ (34)
CHz -ZCH:0H,-COz
i i * r HC-COOHR
"t\\tjz’
]
o

It has also been indicated that [1) other “metal-COz-
substrate"” complexes are active precursors that are the
result of formation of a new C-C bond between an organic
substrate and C0z with retention of both oxygen atome of COz
in the product. Alkynes. alkenes, dienes. strained cyclas,
and benzene react catalytically with CUz to afford pyrones.
lactones, esters, and acids in the presence of ruthenium,
rhodium, nickel, or palladium complexes. A lot of examples

are found in literature (1, 4. 63]

e e e e
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nature of the metal and of i1tes ligand S -

LifFanaga wOme Lhe=ne

reactions are described by eq;

) €. ™ (367 and (37
\~Cb /\o+ (;;)Eo r;S)
: €O, , /Wio

- ST

< NAA (37)

Very interesting results have also been published on

the coupling reactions betwaen alkynes l®eqQ (38) [68];
alkene [67], conjugated dienes 1858] or cumulenes (69] and

COz on Ni(0) centers.

F\ -
Cusz l-_\
NI(COD)2 ===-memeeelols (COD) Ny g (38)
Ao

No intermediate. such as Ni-COz2 ecomplexes. could be
observed in the formation of the tive-memberad oxanickela
cycles type in eq (38). With alkena, carbon-carben bonds

formating was found to be 2ometimes reversible e (39, a7
g § L

// Lo Mi- ” ‘:"‘C‘?i—-‘ L.—:P'.Q*O

(3p)
lehU(o)
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I11. EXPERIMENTAL SECTION
L. General

All manipulations were performed on a double-manifeld
Schlenk vacuum line under an atmosphere of dry Nitrogen.
Nitrogen with original purity of 89 .6% was further purified
by passing it through twe ~olumns (Length 10@cm. diameter 5
em) each containing an alkaline pyrogallol Solution (3Qg of
pyrogallol dissolved in 3000 ml of strong aquecus KOH of
specific gravity 1.54 ) (72): then through columas
containing commercial copper catalyst tactivated at 55¢C to
absorb oxygen): dry KUH (Pellets: dry P20s (pewder) and
Molecular sieve type 4A,

All solvents and reagents wera dried and purifiad
according to established procedures [T1]. Benzena. toluene,
n-hexane and n-haptene were dried over pressed sodium metal
and were distilled from it. Tetrahydrofuran was predried by
refluxing over LiAlH4 and further dried by distillation from
freshly cut sodium and benzophenone, after the =olution had
turned to viclet, Diethylether was rafluxed sver pressad
sodium and distilled from it. Tsopropans] was storad over
KCH and further dried by distillation from a frashly cut
sodium metal, Finally C8z was purified by fractional
distillation of the liguid.

Reagents like Nitacaciz and NiBrz.ZDMNE were stored

R S W TS T T e R
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(after synthesized) under nitrogen and transferred into
reaction vessels under nitrogen where nesded. Morsover, all
drying and Purifications of solvents were done under
nitrogen and deaerated before use

Carbondioxide gas used in the synthesis was dried and
purified following an established procedure (71]. According
to this procedure the #a8 was first passed through a column
of conc. H2S04 (A.R.). Possible acid contamination could
be neutralized by sodium bicarbonate packed ac a powder in a
second column in the line. A third eolumn was charged with
powdered phosphorous (V) oxide with the aim of removing any
water still carried by the gas.

NiBrz.2DUME, PPhs., and diphos used in the synthesis
were taken from previously prepared source [7%2) without
further treatment. Other reagents and chemicals needed for
the preparations were obtained from commercial sources
available in the department store and were directiy used

with out any further purification.
2 Methods Of Analysis

2.1 Freparation QOf Solutions Of The Isolated Products

37 mg of each of the isolated COz reastion product
containing nickel was decomposed by a dilute nitric acid
solution (lml of conc. HNOa (A.K) dissolved in 39 ml of

distilled water), A final solution of 10¢ ml was made by

R R R e T T T = I R
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adding distilled water. For the same amount of CS52 reaction
products the dissolution was effected with a solution of
10ml conc.HNOs IN 2@ml distilled water, and the final

solution was made to 100 ml by further dilution.

By a basic component we mean the substance that would
consume a certain eguivalent of an acid in an acidimetric
titration of the solutions of an isolated compound obtained
by reactiocn of CO2 or CS2 with compound (I) or (II).

The Possible reaction are:

iPrOC0O2~- + Ht =-=w=- > iPrOH + COz (49)
1Pr0OCSz2- + Ht --==- > APrOH + CSz2 (41)
iPr0- + Ht ~=v=- > 1PrOH (42)

For analysis of the basic component in CO2 reaction
products, 39 mg of a given sample was dissolved in 25ml of
excess of .1 M .HCl and the resulting solution was diluted

to a final volume of 12@ ml. The excess acid was then

R e e e
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determined by titrating a known volume of this solution
with @. 1M NaOH (A.R).

Determination of the base in CS2 reaction products was
impossible in this econdition.

For the purpose of defemination of LiOiPr and NaOiPr,
exactly measured 1ml of the corresponding solution inTHF was
taken from the reaction vessel at a time, and diluted to
S@nmL with distilled water. The resulting solution was then
titrated against @14 M HCl in order to determine the

eguivalent amount of the base (eq. (42)).

2.3 Determination of Nickel

Analysis for the nickel content in solutions prepared
according to 5.1 were done based on the procedure given by
Vogeli[73]. A known volume of a sample solution was taken
each time and a known volume of excess of 0.01M EDTA was
added. The mixture was buffered with hexaamine (“1g ) to
adjust the pH of the solution to 5. The excess EDTA was
finally determined by titration with standard @.01M Pb(NOs)2
solution using xylenol orange/NaCl indicator mixture

(X0: NaCL = 1:120).

2.4 Deterpination Of Bromide
The bromide content of a given sample was determined by

using a bromide selective electrode with calomel as
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reference electrode, The potential of the solution was
recorded by PW 8409 digital PH meter.

Standard solutions were prepared as 190-1,

1972, 1@-3, 124 and 18-5 M solutions of KEBr. The
concentration of Br- in a given solution was obtained
by the direct wethod as well as by the standard

additions method (Gran's plot)

2.9 Determination Of Lithium and Sodium
Tre content of Li or Na in a given sample was
d:termined by flame photometric technique using
Feckmann 652210 KLiNa Flame Fhotometer.

¢.8 Tpectroscopic Measurements

IR spectra of the compounds were recorded on a Pye
Unicam FU 9612 IR Spectrometer, Samples were handled
as mulls with nujol or as KBr pellets =and spectra were
recorded using NaCl Windows, (range 4000-200 om-1)

Yisible Spectra were recorded on Beckman Model 24

OV./Vie Spactrophotometer. (range: 75@-350mm)

B Exeparation of Starting Compounds

3.1 Anhydrous Bis (acetyLacetonato)Nickel (1I)

(Ni(acae)z)
NiClz 6HzO + ZHacac + LlHa@agQ ~=—=-==-=y (43)

Nif(scaciz, ZHzO+2NaCl+ZHac+4Hz U

R R A R VI SN N s A S S S
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For the synthesis of Ni(acac)z first the dihydrate salt
(eq (83)) was prepared sccording to litersture procedure
[74]
A solution (25ml) of NiClz.EHz0 (58.4g8) in distilled water
was added to a second solution (100ml) of acetylacetone
(50.0g) in methanol while stirring. To the resulting
mixture a solution of sodium acetate 141.02) in 100ml
distilled water was added. The final solution was heated to
boiling on a hot plate. cooled te room temperature and then
placed in a refrigidator for several hours. It was
filtered-off on a3 Buchner funnel as a graen solid: washed
with ice-cold water and dried in vacuum desiccator for a
few days. Finally the anhydrous salt (Ni(acac)z) was
obtained by azeotropic distillation of the dihydrated salt
in toluene (1:5@ by weighti. The final produot was further

dried in vaouum and chlecnéd as a dark green solid.

3.2 Lithium Isopropoxide / <
LiH + iPrOH __xeflux  QLiOiPr + Hz  (44)

Lithium isopropoxide was prepared’by the resaction of an
excess of LiH (1.5g) with 10ml of isopropanol in 102m) THF
scluticn. The mixture was refluxed for about 4h and then
filtered using G4 sintered funnel to remove the exocsss LiH.
Concentration of the olear solution was determined

aridimetrically and found to be in the range € 8- 1.2M

R R R R N N A R e S R L T AN EETES




2N8a + Z2iPrOH —xeflux 3 2NaCiPr + Hz (45)

Sodium isopropoxide was prepared by a similar procedure as
in 3.2 using sodium metal (2.5g) and isopropanol (1@ml) in
10@ ml THF solution; refluxed for 3 1/2 h and filtered to
remove the excess sodium. Concentration of the clear NaOiPr
solution was also determined acidimetrically to be in the

same range 9.9-1.2M.

3.4 Dilithium tetraisopropoxo nickelate (II)-Lithium
Bromide -3 Tetrahydrafuran.
(LizNi(OiPr)«.LiBr.3THF) (I)
NiBrz.2DME + 4LiOiPr _THF _y LizNi(OiPr)s. 3THF +LiBr+2DME /8¢

Following the procedure given by Kalies etal([1Y],
compound (I) was prepared by reaction of a THF solution
(8@ml) of excess LiOiPr 72-96 mmol with NiBrz.2DME 12.7mmel
at room temperature in a Schlenk tube under nitrogen. Blue
suspension resulted. This suspension was stirred for 1h at
room temperature . The blue suspension was then filtered-
off by a G3 sintered funnel to separate the blue solid from
the deep blue solution. The ligand field spectra of the
filtrate (blue) was recorded. The blue crystalline solid

was anlysed for its composition and its IR spectra was

recorded in Nujol.
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anzlvsis Expt] Value  Caloulated for CE4. (I
% Li z.8 2.4
% Ni 9.4 9.5
% (0iPr)- 32.8 18.8
% Br- 13.5 13.1

IR Spectrum:
Ve-u (R2CH) = 2380cm-1 mco (R2C-0) = 1140 com-!
ViE-0-C-) as = 1042 cm-? UNi-0 = 420 cm-1?
V{C-0-C)2 = 970 cm- !

v e e ) Literature £171
Vs: 18,018 €m-1? Va : 18,200 €m- 1
16, §55@ ¢m-1 16,999 €m-1

3.5 Disodium Tetraiq0propoxonlckelate {(I11)-2-

— s b S —— - — . —— S ——

Tetrahydrofuran (NazNifOiPr)4.cTHE). (1II)

THF /toluene
Ni(acac)z + 4NaOiR--oco-ccuoua- 2Naz (OiPris4. ZTHF+Z2Naacac (47)

To the THF solution (2@ml) containing excess of NaOiPFr
181-128 m mol), a solution of anhydrous Ni(acac)z (28 m
mol) in 20 ml toluene was added at room temperature., The
mixture was stirred for lh at #C. A violet solutlion and a
white precipitate of Naacac were obtained. The white

precipitate was filtered-off by a G3 sintered funnel. The



clear viclet solution was stored st

=

i0W temperature under

nitrogen in a Schienk tube. Its ligand field s

-y

eCcLra was

later recorded in an atmosphere of nitrogen

Vis, Specira Observed e ure 17
18,4560 cm -1 18.850 cm- 1
16,530 cm- 1 16.450 cm- 1
4, Feactions Of Carbon dioxide With Alkali Metal

Alkoxonickelates.

4.1 With LizBNi(OiPr)s.Libr.3THF (I)

4.1.1 Reaction In THF Solution

(I) + 4002 -===~w- » Isopropyl carbonato (48)
complex of Ni (II)
(IIT1)

Carefully dried COz was slowly bubbled through B@ml of ms
THE solution containing compound (I) filled in a three-
nicked flask., The reaction was carried out for 1h at @oC
with continuous stirring.

The bBlue solution of the starting material (1) first
changed to violet then to blue-green and finally to a

complete green. The solution was then filtered to remove

any soliid material The filtrate 1grean) was saturated uwith
CUz grs and left over night in a refrigidator expecting a
precipitate. However, nc precipitate was observed in this

condition. It was also noticed that the colour change is

reversible. i.e, heating upto 5PoC results in change of




-45-

colour from green to hlue and cocling to room temperature in
an atmosphere of COz results in a reverse change of colour

(from blue to green).

Vis,Spectra of the green solution:
Observed: Vz: 14,815 cm-1

41

3: 24,700 cm1

4.1.2 Reaction In Solid Phase

Tompound (I) (blue powder) 8.11g (12 mmol) was packed
in a 50 ml sintered funnel under nitrogen. Dry CO2 gas was
slowly generated through the blue charge from the bottom of
the funnel. The process continued for a few hours at room
temperature. During this time the blue solid gradually
became leafy-green probably indicating formation of product

SR This reaction may also be described by the sane

equation (eg. (47)),

dnalysis Cale. for LizBi(02C0iFr ¢, LABE, STHE
% 17 z.8 2.8
% Ni 8.2 8.2
% Base 54.7 57.8
% Br-: 11,8 11.2
Exverimental

¥ s ]

Molar ratio, Li: Ni: Br-: Base = Z. SR X

(apprx 3:1:1:4)

_—*
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?is.spectra of solgtion‘of (IT1) THF:

- ,1n.

Vz2: 15,528 cp-1
16,260 cm-!
Ve : 25,000 om-1
IR. Spectra of Cpd. (III) in Hudeol

V((C=0)=1612 em~ ym 1578 em 1 (m): V(C-0-C)as =1085 cm-1(s)

VIC-0-Cie = 950 om-1(s)] Vic-0)= 1290 em! (w)
ViNi-0) = 360(2% (5)

4, 2 BﬁﬁQLiQn_Qi_Cathndinzids_ﬂi&h_ﬁazﬂiiﬂif:uA.ZIHZ
THF /toluene
(IT) + 4C02-~-=-coccman. » Isopropyl (carbonato (49)
@oC complex of Ni(II)
(IV)

The violet solution of THF /toluene (121) (45 ml)
2ontaining compound (TI1) about (11,1 mnol) was filled into a
two-necked flask under nitrogen. An adaptor connecting the
COz-line was suitably fitted to the reaction flask.
Carzfully dried CO2 gas was then slowly bubbled into the
solution for nearly 2h at @°C with continuous stirring. A
light-green greasy substance was formed in the solution.
After adding an equal volume of THF, the mixture was
saturated with CO2 and was left for a few hours to allow the
reaction to be completed. The solid product was filtered-

off from the mother laquor by vacuum technique under a

condition of an over pressure of (02 above the solution.

T R R R R R T Y S R W S —
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mixture was then stirred at room temperature for 15 min. to
give a homogenecus solution The resulting solution became
dark-brown., Dry CO: gas was bubbled through thiz solution
with stirring for about 2h at room temperature. A dark-
green suspension was obtained. The suspension was then
filtered and the residue was washed twice with THF and dried
in vacuo. The product (V) was finally collected as a dark-
green solid. The filtrate (yellow-green) was used in
recording the ligand field spectra.

Vis, spectra of the fiterate:

(No Significant band was observed)

Analysis:

4.3.2 1,2-Bis (diphenvl FPhosphinojethane (diphos)

(II) + 9.5 diphos +(excess) COz ==--- >Product (VI) (51)

A THF stoluene solution (45 ml) containing compound (I1)
(6,75 mmol) was taken in a gas bubbler as in section §.3.1.
Diphos (3.375 mmol) was added to the solution and the
mixture was stirred for 15 mim to makes a homogeneous
solution The resulting soluticn became alsc dark-brown.
Dry COz gas was bubblad through the solution with stirring

for a few hours at room temperature. A greenish-brown

suspension was forming during this time The suspension was
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allowed to stand for fe w houre & gray materiaj depositing
on the walls of the reaction vessel giving a mirror like

apperance,

The final product was dried in vacuo but uncharacterized.

5 Reactions Of Carbon Disulphide With

4lkall Metal Alkoxonickelates

5.1 With Li2N4(0iPr)s. LiBr 3THF (I)

(1) & 4C3% mm=me=n- > Isopropyl Xanthato (62)
Nickel (11}
(VID)

A THF solution (40 ml ) of compound (I) (8.4 mmol)
maintained at @°C was taken in A three-necked flask. To
this sclution excess of 052 (42 ml) was added with stirring

After 1 1/2 h. a dark-vellow brown solution was
obtained The solution was vaouum concentrated to about
1/3 of the initial volume and filtered. The residue was
washed with THF and dried in vacuo using vacuum desiccator.
A dark brown salid was finally collected as a product;
analysed for its composition and the IR spactrum was
recorded in nujol. The filtrate first diluted with THF was
used in measuring the ligand fleld spectra of the compound

Yis. Svectra of the filtrate (diluted eight times)

Ve : 15,630 cm!

b+ - "y ngm _‘:.‘]. l

Analysis: Cale. for LizNi(32C01Pr)4.2THF

D ——
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% Li: 1.B5 1.84
* Ni: 7.4 7.74
% Br- 8.32 -

o 1 8 i approx. (2:1)

ro

fpeiat, Lisids

IR, Spectra of VII in nujol (Cm-1)

vC=0 = 1720 (m) : VO-0Q = 126@ (vs):

¥S-U-0O(as)= 1980is)

]

c=5= 1223 (w) (broad)

V3-C-0(s) = 54@(w) VC-3 = 720(m)

5.2 With NazNi(0iPr)ss 2THF (1I)

(II) + 408 ==a=vud Isopropblxanthato nickel (IIV (53)

A THF /toluene polution (20 ml) of compound (II) *
was taken in a three-necked flask and excess CSz (20ml) was
added at v with continuous stirring for Zh, A Yellow-
brown solution was {formed. The solution was then vacuum
concentrated to about 1/3 of the initial volume and
filtered The residue (dark-yellow brown) was washed with
THF and dried in a vacuum desiccator, The product was
collacted as yellow-bDrown solid and analysed for its
composition. IR spactra was recorded for the solid while
the ligand fileld speotra wasz measured from the filtrate
iyellow green)

Vis. _Spectra of _filtrate

R R R R O R R R R EEIEEEEES
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=
V2 : 18,600 Cm-1!
Vs : 22,100 Cm-1}

Analvsis gglc.for. NazNi (S2COR )4, 2THF
% Na: 8,13 §.82
% Ni: 8.@3 T.43

EXPT.ratio Na: Ni=1.9:1, approx = 2.1
IR, Spectra of Solid (VIIIY in nujpl

V(C=0) = 168@ (m), 158@(m), V(C=5)1205(w),1110(s)

V(C-0) =1282 (v§) V(C-8) = 82@(m)
V(5-C-A)a2 = 1052 (5) VINi-3) = 349
V(5-C-0)¢ = 930 (w)

5.3 Displacement Reaction of Carbon Dioxide

Reaction Froduct (IV) With Carbon Disulphide

(IV) + nC8z=-vv==mw== > (VIII) + nCO2z (54)

The product (VIII1) was also prepared by stirring a
THF /toluene suspension of compound (IV) with equal volume of
CS2 at room temperature for 48h. The compound (IV) was
observed to be dissolved with the addition of C52. The
resulting solution (greenish brown) gradually became yellow-
brown. It was then vacuum concentrated to about 1/4 of the
initial volume. A dispersion of solid substance appeared
in the solution which was then filtered-off as a residue
and washed with THE. Produet (VIII) was finally collected
as a golden-brown sclid after being dried In a vacuum

desiceator. It was analysed for 1ts composition,



Analvgis calc for NazNi(Sz: (OiPris 2THF
% Na: 6.13 5.82
% N5z T 7. 43

Molar ratio: Na: M1 = 2:1

IV___ RESULTS AND DISCUSSION
£. 0, Eﬂﬁultes ;If Ans i‘,r_ﬁﬂs of Q‘Iartjng I":ngr!:]nda

The starting compounds (1) and (II) were prepared
folloving the general procedure given by Kalies (17], except

-

DME in the synthesis

N

that NiBrz.ZTHF was replaced by NiBrz.
of (1), This change was made following the advice made by a
recent report [72] to modify the earlier procedure owing to
the fact that NiBrz.2DME is relatively more stable to air
and easy to prepare thati its THF analogue. On the other
hand a very recent report [75] on the same substance
indicated that the previous assignment of its structure
(ooctahedral) was wrong. The new report shows that
reinvestigation was carried out on the magnetic moment of
the substance and found to be pexp = 3.5p, This value
suggests that Ni is tetrahedral coordinated. MHoreover the
suthors [9@] claimed that the substance contains less than
two moles of DHE(ca.l.z moles), Despite these opposing views
cn the same material we employed NiBrz2. Z2DME in our
stoichiomeric reaction for the preparation of (I) (See

Chapter (III) Section 3.4).

e ——
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The necessary data in the preparations of (I) and (11)
were obtained in a fairly good agreement with those given in
the original work [15]. Ligand field spectra measurements
indicated the expected tetrahedral coordination in (I) and
strongly distorted tetrahedral one in (II).

The colours are observed to be blue for the THF
solution of (I) and violet forthe THF /toluene solution of
(II). A blue stable solid of (I) was alsc obtained at room
temprature.

Like the binary nickel(II) alkoxides [19})compounda (1)
and (II) are sensitive to moisture and rapidly hydrolyzed
with a sharp colour change from blue (violet) to bright
green.

In addition the THF 2olution of (I) was found to be
relatively more stable at room temprature under nitrogen
than the THF/toluens soluticn of (II). The later solution
rather undergoes facile decomposition reaction owing to the
result of internal redox activity of the substance (II)
which may lead to subsequent reduction of NI(II) to Ri(I)
and finally to Ni(0) species [15]. This was observed in our
solution of (II) with the formation of a dark solution and
gray deposit when the former was stored at room temprature
even under a nitrogen atmosphere for more than two days.

The IR spectra measurements and results of elemental

analyses suggested that the structures and compositions of

(1) and (II) are very similar to those reported earlier [)s]
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2, ___Reaction Products OF Carbon Dioxide:

Lithium And Sodium Isopropyl Carbonatonickelates

¢.1 Compositior And Structure
From the reactions of LizNi(OiPr)s.LIBr.3THF (I) and
NazNi(OiPr)«.2THF (II) in THF or THF/toluene at lower
temperatures (<@eC) isopropylearbonato complexes (III) and

(IV) were formed (Egs. (48) and (49))

THF
(I) + 4002 =~===ee-euos LizNi(02C0iPr)s.LiBr.2THF (48 )
<O (III)
THF /toluene
{11y + 4002 -=-=--vececceac, NuzNi{O2004Pr)s. 2THF (49)
" e (IV)

Although the reactiens eculd also give produects with a
variety of posszible stoichiometries, the produsts with
compositions (TII) and (IV) sre most probable from the
resules of the elemental analys¢e and spectroscopio data
provided in the expsrimental section. This may dbe explained
by the fact thet inseption of CO2 had actunlly ~c-ured in
all of the Ni-OiPr bopds of (1) and (II) marking the
complexes among the ones that provida more dasic centers for

an electrophilic attaek by CO2.




DR
The ligand field spectra of (III) in THF indicated an
octahedral environment for a metal in the d6 state. This

follows from ebservation of bands for the spin-allowed

transitions:

ve: 3A2f ~---—-- >» 3Tig(P) at ca. 25,000%m ! and
vz:3A2¢ ---> 3Tig (F) (two splitted bands) at ca. 15,258¢em 1
and ca. 16,260cm-1,

However the band for the transition vj : 3A2¢->3T2g did
not appear in the spectrum which was measurad only for the
range 75@-350 nm (Section § of Chapter III)

The vi band may be expected at = 8000 - 1000 Cm-1 for
octahedral nickel (II) complexes [ 10)

Elemental analysis of (IIl) suggested that LiBr is
found still coordinated in the ocuter-sphere coordination of
the metal as in the starting material (1) Thi= was
inferred from the results of Br- determination which
indicated its presence in a 1:1 stoichiometric ratioc with
nickel. The overall composition of (II1l: was found to be
ca. 2.9: 1:3,8:1.1 corresponding to ratio of Li: Ni: base:
Br- and may be approximated to 3:1 :4:1 to fit the formula
LizNiCO201iPri4 LiBr.2THF. Calculation gives only two
coordinated THF (which is three for the starting compound)

Spectroscopic (IR,Vis.) results and analyses of

ant LEO

o}
i)

composition of complex (I11) may lead us to susg

structures only owing to the possibility of unidentate

s ——



In the same panner structure C) ane [Flg
¥ be =u 3t ol s le; my t
&Yy suggested for nplex ; wk i WA
given in the experimental section as ca, 1.7:1:4.5
corresponding to the ratio ca.2:1:4 for Na: Ni base il

formula NazNiQOzCOiPr).Z2THF

iC) Unidentate Mode D) Bidentate M
(IPC= iPr0CO2- ; R = iPr-

— - - \ { - .
gstructures of Naz2Ni(Ozi

Structure (C) is based the unidentate mode of

on

coordination of iPr0OCOz- in case, while structure

implies two bidentate and two unidentate modes for the

groups in the octahedral complex of (IV).

this

A more comprehensive analysis of structure

complex requiraes additional information from

S;.ejtrﬁg‘_‘r S‘:j_::‘ measurements |( IR NMR) and X rays

crystallographic data.

’he lster method was used, for example, tc

21 4y

structure of [Ni(COz) (P(CeHi1)3}].9.75 MeFh[Z7] in
02 is co-ordianted to the metal center in a = -moae
and that ~f [Co(Pr-salen)(COz)K(THF)In (78]

(pr-salen = N,Ni-ethylenebis Salicylidenaminato)) in

carbon atom to the Col [

the

COz is ':-('\-._-.rfjianff:i via

. DTHE

(0)

which

which

centers




0
as
Q
!
Co+ —->-(C.
"
@

The IR data for wmetal-C0Oz complexes can generally be
ascribed [10) as 15600-1700 Cm ! for Vioco) as; 1200-142@0 Cm-
1 for Vocos; around 1758 Cm-! for Ve = 0 araund 1150 cm-1!
for Ve = 0 as, 175@ - 1900 cw ! for M-II (COz2); and around
82 Cm~1 for Vc-08. It is also known that gasecus CO2 as a
linear triatomic (Dooh) molecule has three fundamental modes

of Vibration [77] as depicted in Fig.2.

¢ ==0=0=0=-=> O=0=() e— () = C-=-3=¢--0
1

¥i:1285,1388Cm ! v3:667Cm- 1 ¥3:2349Cm !

Fig 2. Fundamental Modes of Vibration for CO2
Molecule
Where, vl= Symmetric Stretching Mode
ve= Asymmetric Stretching Hode

va= degenerate "C = 0" deforamtional Mode.

According to the IR investigations some volues of the

prominent band of aome selected COz derivatives (78] are

summarized in Tabel-1
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fnion IR band, Cm- 1
Coav 1665
HCOO- 1633
COs2- 1430
HCO3~ 1697

Table. of Prominent IR peaks of anionic

derivatives of COz

Thus using the complete set of infrared data (Table 2.1)
from the spectra of the twe complexes (III) and IV) we may
disc 1ss the structures of the alkyl carbonato complexes in

the fellowing way.

Ta’ le.2.1: Modes of Stretching Frequencies (cm-! for
Coaplexes (III) and (1IV)

Complex v(c=a) . vi(c-0) v(c-0-Cy wic=-0-C)| V(Ni-O) |
:::::::::;::::::::::::::'—"-‘:-"-jz:::::::::F:::::::::l:::::::::::
. l, : i
I1I(Nujoli 1612 (m) | 129@21w) | 12851is) i 45@0(s 36Ais)
! ! i {
| 1578(m) | l
1 32m : - : - . Y
I1I(Neat): 1615(5)i1279{m) . 1079(s) i 860 (m) 36@(s)
L 1575(s) | I
X ! | s W | Fns
IV(Nujol) . 1646i=s:|1298(s» 103disi | 922Tm) IBOIwT |
. 1590(s) | |
| L

IV(Neat) {1652(m) |1288ivs) | 19201vs) |9251=) | 375is)

I

| 1588 (ve)

—

i
!
|
{
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For metal acetate complexes, Holtzclaw and Collman( 7¢

and West and Riley [B8@] claimed that the order of the
carbonyl stretching frequencies is the same as the stability
order of the metal complexes, if the highest frequency bénd
near 16@9 cm 1 is selected as the Cs 0 stretching band.
Calculation shows however, that viec = o ) is the (O=C
stretching frequency. Thus the frequency order of v(C=0)
for elements (d7-10) |s:

Metal: Pd < Cu <Zn <Ni < Co

"v(C = 0) em1: 1572 1580 1592 1598 1691

This observation mayi.;;: useful for v(C=0) band
assignments for other types of metal complexes having the
CO0, groups.

For metal chelate compounds containing C0OO, IK studies
are useful for distinguishing the un-ionized, the
coordinated and the free ionized COO groups in such
compounds. The method is bazed on the simple rule that the
un-ionized and uncoordinated COU stretching band occurs at
1753-179?@ cm~1, where as the coordinated COO stretching band
is at 165@- 1590 cm- 1, the exact frequency depends on the
nature nf the metal [77] . According to Nakamoto [77] metal
- 000 aocordinations in carbonates, acetates, formate and
eimilar complexes the COO group coordinates with the metal

in one of the following ways. tas already discussed in the

litratrue section):




£l

. .0 pop
. O\b ey I/O-} ” )
H’b C-R /f' R A p 'f'C- _/(.-ﬂ
/ O o mM-G

Og-

Where M = metal atom, X = R, H. OR. NRz. etc.

For any one physical state, the same frequency order
for a series of metals is always found, regardless of the
nature of the ligand. In other words, when the
antisymmentric frequencies increase, the symmetric

frequencies decrease, and the s=eparation between the two

frequencies incresses in the following series of metals:

Nif{II) ¢« Zn(Il) <« Cu (II) ¢« Co (II) < PAd(Il) "Pt(I1I)<Cr(Ill)

In general. these results indicate that the effect of
coordination is still the major factor in determining the
frequency order in a given physical state. This order can
best be explained if it is assumed that the covalent
character of the M-0 bond increases along the series. since
an increase of covalent character leads to more
asymmetrical carboxyl group and results in an increase in
the frequency separation of the two COO stretching bands
(93]

In view of the above discussion we may assign the banda‘
very close to the 1600 cm™ 1 in the IR spectra of the two

isolated complexes (I[I) and (IV) for the coordinated COO

e o




- 6L-

stretching bands. And hence the specific values are ca

1615 em~! and ca 1588 cm~ ! for the neat samples and ca 1612
cm~ 1 and ca 1598 cm~1 for the nujol suspensions of (III) and
(IV) respectively.

Nakamoto [77] also studied the IR spectra of carbonato
1COs-) complexes of Co (II) and found that the C - O
stretching modes of the monodentate complexes (type (II)
above) are observed at 136Q@ - 1388 cm-1 and 1450-1500 com-!
while the corresponding modes of bidentate complexes (type
(III)) are at 126@-1290 and 1590-1649 om-1. For the
analogous Ni(II) complexes we expect the corresponding
frequency bands at lower values owing to the fact that Ni is
lower in the frequency order than Co for similar metal-
Liqudd coordinations.

[n particular nickel chelate complexes of amino acids
v(COOYas are observed at [81] ca. 1589 cm ! 156@ om-1
1606 cm-1 | .+ 1599 em~1 and the corrosponding a V(COO)s
are observed at 1420 cm 1, 1402 cm~1. 1418 om-! and 1430 em-

! respectively. MHonica and coworkers [82] also assigned

2]

absorption freguencies, vi(COOiIas at 1540 cm- ! and v(COO)s at
1329 cm 1 for COz groups of carbonate ligands as bands that
are always present in metal carbamate complexes. The
authors also noted that the higher frequency band (154@ cm-
1y lies in the same position as vi(U=0)as of chelated
carbocxylato derivatives [83].

Concerning the monoalkyl carbonato complexes of

R RRRERRRRRRRRRRRRBRRBRRBESS=SISI————~~~™™™™™
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transition metals such as Cu[(58), Pd [481a the absorption
frequency of v(C=0) were observed above 168¢ cm-1 upto 16790
crw- 1 for which the alkyl carbonato moiety behaves as a

unidentate ligand.

However, no litrature precedents are found for the
synthesis of alkyl carbonato complexes of nickel from which
we may draw analogy on the IR data of the prominent

frequency bands of the ROCOz- group There

fore our
assignment of the characteristic frequency bands for the
products (III) and (IV) are indirect i.e.. by analogy with
similar complex of other metals, Based on the preceding

litrature evidences the relatively strong bands of the

v{C=0) for our complexes lie in the range 1575-16562 &m!

suggesting the presence of both monodentate and bidentate

mode of coordination for the iPrOCOz- groups. This may lead

us to conclude that complexes (III) and (IV) have structures
a

(B) and (D) (Fig.Z.1 and 2.2) respectively as thelr most

probable structures,

2.2 Properties

An interesting feature of the reacticn of CO2 with
compound (I} is its reversibility that was observed under
very mild condition. When the green THF solution of product

(ITI) was heated upto 5@°C, the blue solution of compound

-

) was regenerated. On the other hand, when the blue THF

Ao

\

solution of (I) was coolad to room temprature in CO:

B —
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atmosphere the green product (111) was obtained. This
"insertion-deinsertion” of COz into the Ni-UR bonds could be

repeated several times without any decomposition product

being observed,

(I) + 4C02 -----=-- -3 (I1T)

room tamp.

Similar reactions invelving COz insertion have been
observed for alkvl carbonato complaxes of Cu[581a, W[53],
Pal48a] showing the same bahaviour .

The corresponding revarsible colour changs by reaction
of COz with compound (I} was not carried out because of the
insolubility of product (IVi in THF, toluene or mixturs of
the two. Unlike its reactions in solutien, CUz does not
resact reversibly with compounds (I) and (II) in solid
phase, since the solid products (III) and (IV) are thermally
stable upto temperatures between 39@-100~C Above this
temprature they would rather be decomposed to unidentlifiedpmduct:
than to regenerate the starting compounds 1I) and (Il
Melting of the products was not also possible for the same
reason.

Complex (II1) was observed to dissolve in solvents like
THF, alecohols (ethanol, isopropanol), diethly ether, and
organic acids: while complex (IV) was found to be inscluble
in most organic solvents. This remarkable properties of

the two complexes are attributable to the more solvent

R R R R R R O O RO OO R R O RO R RO
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polarizing ability of Li* {on than Na* ion owing to the
small size of the former compared to the later,

Both complexes are affected by the presence of water.
The addition of water to the THF solution of (I11) caused a
bright green substance to> begin to form in the solution.
Furthermore, slow layering of diethylether and n-hexane to
the concentrated solution yielded s final pale greaen
precipitate. This precipitate was insoluble in THF but
soluble in more polar solvents like acetone or
acetonitrile. This behaviour with water was also indicated
in the IR spectrum nf an exposed product (111} which
happened to show the characteristic OH band

Following thesze observations and from the litreture
evidences [14,84] we may possibly suggest that bicarbonato
complexes could be formed by reactions of (IIIY and (IV)
with water. The pH of the spsringly water soluble
products also indicated alkaline property (PH=9-1@) of the
substances.

Moreover, on the reaction with dilute mineral acids in
solid as well as in THF solution of (IIl1). CO2 gas was
evolved according to resaction (84

iPr0C02- + H* -------> iPrOH + COz % (4@)

A dilute HNOs solution of (III) was observad to give a
pale yellow precipitate when treated with AghUs solutlon
owing to the presence of bromide in the product (III)

Attempts were also made to synthesize complexas (I1I)
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and (IV) by reacticons of the corresponding alkoxides
(LiOiPr) and (NaOiPr) with COz followed by subsequent
addition of NiBrz.Z20ME in the former and Ni(acac)z in the
later. However, results of these reactions showed that the
products were completely different from those obtained in
the earlier reactions. The products were having colours
ranging from blue to blue-green and distinet from the light

green products (TII) and (V).

2.3 Influence Of Phosphines On The Formation of The

Eroducts

Preliminary survey was carried out to study the
influence of donor ligands - phosphines in this case, on
reaction of COz with compounds (I) and (II). For this
ppepose 1 mole of FPha and 0.5 mole of diphos were made to
react with 1 mole of compound (II) in THF/toluene solution
with subsequent generation of COz into the twn zolutions. A
deep green product was formed in the presence of FPha. The
ligand field spectrum measured for the mother 11quor
(filtrate) of PPh: product gave no meaningful band
assignable to any of the transitions of nickel in the dé
state. The content of the nickel was also ananlysed to be
ca.13.5 % and correspond to none of the possible triphenyl
phesphino isopropyl-carbonato nickel (IT) complex formulas.

This may lead us to conclude that a mixture of several

possible products might be formed as a result of different
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The infrared data interpretation for band assignments
in alkyl xanthato metal complexes and similar other sulphur
compounds have been investigated by several workers [83.84).
Our formulation of the lsopropylxanthato complexes as
having chelated and no-chelated ligands is supported by IR
evidence (Table 3.1,

Both complexes show the weak (-5 stretching frequency
bands in the general region 7006800 Cm- | characteristic of

C-S bonds (ca.720(m) for (VII) and ca.6Z@om- 1 for VIII).

IR Data For Complexes VII and VIII in Nujol: cm 1

F?ompiefoc=u v(-0 | vSC-0 ! VC=8 Ve-3 | VM-8 |
' V1T 172@im) ' 126@(va)| 1@5Q(a3) ! 1028 (w) [ 722(m) | . ‘
' 94@(w) ; (broad) |
; 1140 (w) |
;VI}I [ 1830 (m) lﬁ-ﬁl'.'So; 1052 (s) 1208 (w) 620 (m) I 340 (m)
i I 1580 (m) | | (as) | ibr9ad1 |
f ! 1 | 83@ 1w ’ 111@(=s) '
| (s) - {

- - — - - - -

Since the C = 8 group is less polar than the C =
group it has a considerably weaker bond. Thiz may be
evidenced from table 3.1 in which less intense bands of C=$5

appeared in the lower frequency regions, ca 102¢ cem 1 (W)
fFayr (VII) and ca. 1205 em- ! (w) for (VIII). The existence of
the xanthato (dithiocarbonato) groups in the complexas is

ascertained by appearance of bands of medium intensity in

the (=0 stretching frequency region (at ca.163@ om! and

1580 com-1. for oxample in complex (VIII)). The occurrence

bands (more than any other) in this region is

2f these
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usually attributed to the partial jouble bond character 4

the C-0 group [861. Thus we e

'.‘-!pi?!"..'“. the existence of

such bands in the xanthato complexes by ocourrence of

possible resonance forme as

-
== N
=]
—
e
—

£ '
' - = | +
o . o '
Ty Ce 0 «“R<(eonoe) u§ ~-C= 0= F
- = - —

In addition several other bands appeared in the broad

region 15880 - 60@cm-1 wmhich can be assigned to vibrations

invelving interactions btetween C =5, § - C = 8. 8 - C {
and C - O stretching frequencies [(77,85] Some of these

bands, for example. the band at 1280 cm 1 (vs) is typical of
the Vc-o of the iPr0OCSz- group of complex (VIII) Similarly

the band-at 1580 cem~! m) may be assigned as the Ve-o of the

o

same group indicating a partial double bond nature of the

C-0 bond. We may cite a litrature evidence [8@] for typical
Ve€-G absorptions of iPr(C5z2- in similar complexes of

osmium:

[OsCl(PMezPh)2 (5z2CO0Et)], ca. 1230 cm~1 (vs) and cis

~ n] a i o - R " ~ P AL
(O35 (FHe2Phiz 1Sz2CNMez2) (SzCOEt)Y], ca. 1520 ot m 1230

N

ome
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3.2 _Properties

Complexes (VIi) and (VIII) were

obtained as stal

]

olids at room t‘?m!'-'"?l"i-"tl.lre. Th‘.‘ colour of tha mpleaxes

ranges from dark-yellow brown te golden brown. Complex
(VIII) was observed to be affected by heat as a result by
which the glittering solid changed to an irreversible black
tar when heated over naked bungsen flame This may be due to
thermal decomposition of the complex

Complex (VII) was found to be soluble in polér solvents

like acstone, diethylether, izopropanocl, THF, forming
vellow-brown solutions. Hydrocarbon solvents like banzene,

toluene do not dissolve this complex. Unlike complex (IV).
the xanthato analogue (VIII) is found to be soluble in the
above mentioned polar solvents. but like (VII) it is
insoluble in the hydrocarbon solvents. However solutions of
these xanthato complexes are quite stable at rosm
temperature under nitrogen.

Both complexes were seen to be affected by water
forming a yellowish-green suspension that is insoluble in
Water and most arganic solvents Tha pH of the sliurry,
however, indicates an alkaline pH (8-8

Both products (VIIi and (VIII) were shoun also to
react with dilute mineral acids with the liberation of CS3
irecognized by its characteristic small) The reaction can
he described by eqi(85):

08 -3 JH CsSa 65)
iPrOCSz- + Ht --cec=- iPrOH + CS {

B
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1029C unlike in soluticns where reaction was seen
to be reversible at ("5@¢C) for the THF solution
of (ITII). The solids were observed to become
pale when heated above 10300,

However the corresponding isopropyl xanthato complexes
are found to be stable both in the solid state as well as in
solutions.

The work on the substances formed by reactions of Clz
with the novel alkoxo complexes of nickel (11) in the
presence of phosphine (which may allow a conclusion to be
drawn as to what effect they may influence the reactions) is
at infantile stage.

However, we may think. in general., that a way to novel
conplexes of nickel (II) is open=sd up by the reactions of
the alkalimetal alkoxonickelates with COz and C52 and it is
likely also with SO2. These new complexes of nickel
particulariv the alkylecarbonato nickelates may have the
potentiality to act as reversible COz- carriers by behaving
as precatalysts in many catalytic transformations,
utilizing COz as a C) source However. to bring these
prospective materials for actual services nf synthetic

chemists a challenging work is awaiting those interested in

the field.
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