Coordination Chemistry Reviews, 98 (1920) 123-250 123
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

2. COBALT

Catherine E. Housecroft

CONTENTS
INTRODUCT ION 123
2.1 COBALT(IV) 124
2.2 COBALT ({III} 125
2.2.1% Complexes with pseudohalide ligands 125
2.2.2 Complexes with oxygen donor ligands 126
2.2.3 Complexes with oxygen-nitrogen donor ligands 134
2.2.4 Complexes with oxygen-sulphur donor ligands 142
2.2.5 Complexes with oxygen-sulphur-nitrogen
donor ligands 142
2.2.6 Complexes with sulphur donor ligands 143
2.2.7 Complexes with nitrogen donor ligands 144
2.2.8 Complexes with nitrogen—sulphur donor ligands 166
2,2.9 Complexes with nitrogen-phosphorus donor ligands 168
2.2.10 Complexes with phosphorus donor ligands 168
2.3 COBALT {IT} 168
2.3.1 Complexes with halide and pseudohalide ligands 168
2.3.2 Complexes with oxygen donor ligands 171
2.3.3 Complexes with oxygen—nitrogen donor ligands 131
2.3.4 Complexes with oxygen-sulphur denor ligands 195
2.3.5 Complexes with oxygen-sulphur-nitrogen donor
ligands t95
2.3.6 Complexes with sulphur doncr ligands 196
2.3.1 Complexes with sulphur-phosphorus donor ligands 198
2.3.8 Complexes with nitregen denor ligands 199
2.3.9 Complexes with nitrogen-sulphur donor ligands 2t8
2.3.10 Complexes with phosphorus donor ligands 2290
2.4 COBALT(II)/{II1) COMPLEXES WITH DIOXYGEN AND RELATED
COMPOUNDS 221
2.9 COBALT(I) 225
2.6 THEORETICAL INVESTIGATIONS 226
2.7 %o n.m.r. SPECTROSCOPY 229
EEFERENCES 230
INTRODUCTION

This survey of cobalt coordination chemistry follows,
approximately, the format of the previous article {11, and covers
the literature for 1%984. It is based on a data search of Volunes
100 and 101 of Chemical abstracts, although Journal of the American
Chemical Society, Inorganic Chemistry, and Journal of the Chemical
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Society (Dalton Transactions, and Chemical Communications) have
been searched independently for the period from January to the end
of December 1984. Due to unforeseen clrcumstances, a review
covering the 1885 literature has already appeared [2]!

The present review does not cover multinuclear c¢obalt
cluster compounds, ccobaltaboranes nor cobaltacarboranes, nor does
it attempt to exzplore organometallic compounds involving cobalt,

Some pertinent review articles to which the reader may wish
to refer deal with substitutien reactions in inert metal complexes
of coordinaticon number 26 (122 references) [3], the preparations of
Co(III} complexes by chemical modification methods (21 references)
[4], and the use of h.p.l.c. for the analysis of c¢obalt({II}) and
cobalt (III) complexes, using ion pair reversed phase silica or
alumina columns [5]. Other reviews, specific to individual sections

below, will be referred to in context.
2.1 COBALT(IV)

The resgults of a study of the cobalt{II) catalysed
reduction of [Ru(bipy)3]3+ in agqueous soclution comply with the
folleowing rate equation.

p = k[Ru(III)}2[Co(IT)]/(Ru(Il}] [H")2

The involvement of a Co{IV) intermediate during oxygen formation is

implied [6].
Cl Cl
0 0
NH HN
cl OH HO Cl
Cl C1

(1)
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Multianienic chelates have been used to stablise cobalt in
a high oxidation state; for the ligand, HyL, (1}, reaction with
{Co (0pCMe) 5] in thi/EtOH, followed by treatment with excess NaOH
and 4—tbuty1 pyridine, py', leads to the feormation of the complex
Na[CoL(py')z] in 95% yield. Oxidation of this complex gives the
neutral [CoL{py'})sl]l, and the electrochemistry of this latter redoz

reaction has been discussed [7].
2.2 COBALT{IIT)
2.2.1 Complexes with pseudohalide lIigands

Menonuclear cebalt (IIT) cyano complexXes have been réeviewed
{111 references} [8].

The preparation and characterisation of the complex
Ti[Co {CN)g] have been reported; magnetic and spectral results are
complimented by X-ray diffraction powder pattern data which reveal
a f.c.c. crystalline form for the complex which contains a 3D
lattice of octahedral CoCg and TiNg units. Differences between the
Ti3% and Na* salts are described [9].

The pentacyanccobalt complex anion reacts with melecular
hydreogen te give [CO(CN)5H13"; the kinetics of this reaction have
been studied [10]. Related to this, the catalytic activity of
[Co(CN)5]3' has been the focus of attention, and has been found to
inhikited in the presence of either dmf or dmso [11]. This trianion
may be formed by the reduction of sodium or potassium cyanccobalt
complexes 1in y-irradiated agqueous solution [127.

The complex anion, [Co[CN)sx]n‘, fe.g. X = Cl, n = 3),
reacts in a carbon monoxide saturated CHyCl, sclution to form
[CO(CN)5(CO}]2" which shows a characteristic infra red Voo Mmode at
2108 cm~ 1 il13]. The sclid state reaction of [M(CN}4]2' (M = Ni, Pd,
Pt) with [Co(NH3)g(H20) 137 gives [(CN)3M-NC—Co(NH3)g]y[M(CN)4];
differences in kinetic parameters for M = Pt wversus Pd or Ni have
been discussed [14].

The cyano ligand in the complex trans-[Co(en), {(503) (CN))
has been isctopically exchanged for 14CN", and the activation

parameters for the process have been reported; AHY = -18,3 kcal
mol~ ! and As¥ = -23.9 cal K1 mo17l. Mechanistic discussions
illustrate the labilising effect of the 5032' group [15]. For the

related complex anion, trans—[Co(HzO}(SD3}(CN)4]3_, the kinetics of
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competitive substitutions by the ligands NHj, CH3NH3, or CN™ have
been described; substitutions are found to Dbe generally
dissociative, but Iy pathways also play a réle [16].

2.2.2 Complexes with oxygen donor ligands

2.2.2.1 Carbonate, phosphate, sulphate, chromate, and related
ligands

In this section are collected together those ligands which
one would consider as inorganic acid derivatives.

The acld catalysed aquaticn of some cobalt (III) carbonato
species has been reported; rapid scan spectrophotometry was used
to follow the decarboxylation of the complexes [Co[NH3)5(OC02)]+,
cis-[Co{edda) {CO3) ]~ and [Co{nta){CO3)]2', and to monitor the
spectral properties of intermediate species in solution [17]. In a
related piece of work by the same authors, volumes of activation
for ring opening in the aforementiconed anionic complexes have been
determined; values of AV¥ for the spontanecus process are found to
be =10 cm® mol™1 more negative than for the acid catalysed ring
opening, whereas for the cationic complexes, both spontaneous and
catalysed activation wveclumes are the same. These results are
discussed in mechanistic terms [18].

The reaction between [C02(504)3} and Hy0s in agueous
selution, and in the presence of competing reagents to accept the
intermediate radicals, has been studied; factors influencing the
mechanism are discussed [18].

Stability constants for the outer sphere sulphite
complexes, {[Co{NH3)3(N02}3](8203}n}2n', have been determined in
water/acetone solution [20]. Each of the icns 82052_, HS03 and
8032' reacts in buffered {pH 4-7) solution with
cis-[Co(en) (Hy0)5]3% to give an O-bonded sulphito complex. The
kinetics of S0, uptake by the same complex have been studied, and
results indicate the degree to which reverse S50, elimination is
impertant [21]. The reaction between [Co(NH4)gCl])Cls and trifluoro-
sulphonic acid leads to the complex [Co(NH3)g{0S0,CF3)] [CF3503]);
with elimination of HCl; the preparation of the related
cis—[Co(en); (0SO,CF3) 5) [CF3803] is also reported [22].

The complex [Co(NH3}5(PO4}] has been prepared and used to
model ML, (nucleotide) complexes. Structural characterisation of



127

[Co(NH3) 5(PO4) ] shows a slightly distorted octahedral cobalt(III)
centre with Co-0 = 1.945{1)&, and Co-N ranging from 1.952¢(2) to
1,971(2)4; 3lp n.m.r. spectroscopic studies indicate that the
phosphate ligand remains coordinated in sclution, and emphasise the
significant shift difference between monodentate P043' (ocbserved
here) and bidentate phosphate ligands [23]. The kinetics of the
base hydrolysis of the dinuclear complex {(en),Co(U-RPC3)oColen)s],
(R = Ph, 4-NO»-CgHa), has been followed by using 51P n.m.r.
spectroscopy: hydrolysis of the bridging phosphate group is shown
to be intramolecular [24]1. Chelation of the phosphate ligand, HyL,
HrO03PCH,PO3H,, to a cobalt{III) c¢entre has been structurally
exemplified in the complex [Co(NH3)4L]Cl; pertinent distances are
Co-0 = 1.342(4) and 1.94%(HA, CoNegyarorial= 1-925(4) and
1.926(4)A4, Co-N,yu321= 1-956(4} and 1.957¢4) 4, Interest 1in this
complex stems from its application as a model compound for certaln
enzyme inhibitions [25]. Hydrolysis of the compounds By and
Y- [Co(NH3) 4 (HP309) ] has been studied by using 3lp n.m.r. and
UV-visible spectroscopy; rate constants of 3 =x 107 and 6.5 x 107
5”1 have been determined respectively. Isomerisatiaon for the
complex involves the following equilibrium, for which K = 0.07
(40°C, pH = 6.5} [26]:

o o O Q O O
| ] | l | l
HQ—P—w Qw—pPe=—(=—P—=(l] ———# HO0—P—(O—P—0O0—F—0QH
| y | | |
0 0 G O 0 ]
H‘Co/' \\\\\ ///”
(NH3) Co
(NH;} 4
B,y—isomer o y-isomer

The same authors have reported n.m.r. spectroscopic and X-ray
diffraction data for B- and ¥-[Co(NH3) 5 (P301gHy) 1, and have
proposed mechanisms for phosphate hydrelysis in the anion,
B-[Co (NH3) 5(P30,9) 1%~ [27). Competition between the chelation and
hydrolysis of polyphosphate ligands has alsoc been investigated, and
the pH dependence of the system examined. The two competing
pathways are shown in Scheme 1. The substituent, ¥, plays a wvital

rdle in determining whether the chelation or hydrolysis pathway is
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favoured; if X 1is electron withdrawing, the polyphosphate loses
some of 1its nucleophilic characteristics, and hydrolysis
predominates [28],

The chromate ligand in the complex cation,
[HCO{NH3}5(Cr04)]2+, has been the subject of an i8g exchange {(from
H2180} study; exchange as a function of pH and complex

concentration has been investigated, and a mechanism proposed [29].

Q O
I i
Col /A |
—— "‘--‘_OH 0 O/ \
| X
&—ﬁ—o/
i i ¢
S chelation
i B
OH ) ? \
o—p—0""
0 hydrolysis
O
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~ | _—~0—P—0—=P—0
/CO\ H (ID E) ‘\\
[ X
O——P—‘O/
1l
Q
Scheme 1
Cleavage of the P,0-,%" ion from [Co(en}5 (P50+5) 17 by

[Co(1,3—pn)2{OH}(H201}2+ has been observed, and monitored by using
31p n.m.r. spectroscopy [Z29a].

2,2.2.2 Carboxylate ligands

The kinetics and mechanism of the iocdine oxidation of
coordinated formate ion in the complex {CO{HCOZ)(NH3)5][C104]2 have
been described; the reaction is first order with respect toc each of
the substrate and oxidant (30]}. The kinetics of the reduction by
[Fe(CN) ¢) 14~ ion of [Co(NH3)g(COnR)1%%, (R = various), have been
studied in the presence of Hzedtaz' and ascorbic acid; the former
sequesters free cobalt (II) as it forms, and the latter rapidly
reduces the product Fe<*t to Fe?*, thus rendering the net
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concentration of iron{II} ion constant. An inverse relationship
between rate constant for electron transfer, and the pKy; of the
ligating RCOsH has been evidenced [31]. A compariscn of the
reductions by Cr{II) or by Eu(II) ions of cobalt{III} complexes
involving N-substituted iscnicotinic acid ligands supports
differences in mechanism for the two reducing agents; the
transmission of spin density from activated ring to cobalt{(III}
centre occurs by a through-bond mechanisn for Cr{Il)} systems and by
a through-space mechanism for Eu{II) species [32].

The reduction by vanadium(V) ions of [Co(NH3)gL]?t, where
HL is an o-hydroxyacid, takes place either by a one electron, or a
two electron reaction pathway; the reaction rate is proportional to
the concentration of the intermediate [V(V)-Co(III)} complex, which
may be observed spectrophotometrically [33].

The kinetiecs o©f the reaction between the complex cation,
[CO(NH3}5(H2L)]2+, {H3L = N{(CH,COQH) 3}, and Ti{III) ions in agueocus
sclution have been investigated using rapid scan spectroscopy;
electron transfer via a stepwise mechanism is proposed, and the
binuclear intermediate, having one aof the structures (2) or (3),

is evidenced {34].

o
T QO
{H3N}sCo—0;CCHN Ti {B3N) sCo— 0, CCH,N Ti (QOH}
COy,=- COH
(2) (3)
+

(4}
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The complex cation A-[Co(en),L)¥, where H,L is maleic acid,
undergoes parallel base catalysed reactions in agueous solution to
give either the essentially stereospecific product, (4), or else
the cis- and trans—[Co{en};(CH)L] complexes; the fac-isomer (4) 1is
found to the thermodynamically favoured over the mer-isomer to the
extent of being formed in >96% yield [33].

The complex Li[Co{dipie)s}.2H50 has been prepared by the
oxidation of [Co[dipic}z]z”; the complex is proposed as a simple,
6-coordinate complex, but exhibits an extremely unusual redox
chemistry [36].

Two papers from the same research group describe complexes
of the type [Co(NH3}gL], anchored to either an Au, Cu, or Hg
surface; L is either a thioalkylcarboxylate ligand, [37], or a
thiophenecarboxylate ligand, (38]. For the thiocalkylcarboxylate
ligands, the cocrdinating carhboxylate moiety is separated from the
thio-group, (i.e. from the site of adsorption to the surface), by
carbon chains of differing length and hulk; results appertaining
to intramolecular electron transfer via electron tunnelling are
presented [37]. Complexes containing the thiophenecarboxylate
ligands are the subject of one electron electroreductions, and the
kinetics of these processes are reported; the energetics of the
organic bridged electron transfers at the Au, Cu, or Hg surfaces
vary significantly with the extent to which the redox centre is
alectronically coupled to the electrode [38]7.

2.2.2.3 Oxalate ligands

As with other small 1ligands which occur in numerocus
complexes, there are always classification problems. Although
oxalatce containing compounds are discussed in other sections in
this review, the chemistry of those complexes chosen to appear in
this section centres about the oxalate ion itself.

A series of cobalt (III) complexes exhibiting mixed ligands,
but in which the oxalate ligand is the common 1ink, has been
prepared; the aniens [Co{ox}3ﬂxLXJ3_ where L = CO32_ or CH2<C02)22"
and x = 1 or 2, and [Co{C03)x{0x)Y(en)3_K_y]n_ where x,y = 1,2,
have been characterised (39].

The hydrolysis in aqueous solution, (pH < 4.5), of the
complex [{Co{ox)olo (U-OH)52] has been studied; the kinetics of the



reaction adhere to the simple rate law:

dln[{Co(ox) p}, (H-OH)5] = k dt

obs
and a mechanism involving a bridged dinuclear intermediate, which
undergoes inner sphere coordinate substitution, 1s proposed [407.
Related to this is a discussion of the kinetics and mechanism of
the redox reaction between [Co{ox]2(OH)(H2O)]2- and iodide ion; the
reaction has been observed over a temperature range from 20° to
35.5°C, and again shows first order kinetics with respect to the
starting complex [417,

The photochemistry of penta- and tetra-amminocobalt (ITII)
oxalato complexes in aqueous soluticn has been investigated as a
function of the wavelength of lrradiation, as well as of pH [42].

A wvariety of hydrophilic ligands, including oxalate ion,
has been used in a study of the solubilities of cobalt (ITI) salts
in methanol-water mixtures; observed trends in the transfer
potentials, (HoO0 inteo MeOH), are discussed in terms of electro-
statics and the hydrophilicity and hydrophobicity, (exemplified by
the ligand en), of the ligands [43,44).

The reaction of cobalt (IIl) oxalate with L-ascorbic acid,
HpL, in the presence of a Cu(II) catalyst has been investigated as
a function of copper ion concentration; results confirm the
following rate equation [45]:

p = X[HLT]{Co(IIT)][Culll)].

2,2.2.4 p-Diketonate ligands

Diffusion coefficients for the binary acac complex,
(Cotacac) 3], in H50, ROH (R = Me, Bt, Pr, Bu), MeC(OJR (R = Me,
Et), CgHgR (R = H, Me), MeCN, thf and CCl, have been measured at
infinite dilution; the Stokes-Einstein coefficient is found to be
larger in water than in organic solvents, and is also temperature
dependent ([46]. Thermodynamic parameters for the formation of
outer sphere complexes of sulphate 1lon with {Co(acac)il,
[Co(en){acac)2]+, and [Co(en)g{acac)]2+ have been determined (47].

The reduction of [Co(acac)s] by HL, (5), under conditions
of micellar accelerated photoirradiation (A > 310 nm} has been
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shown to produce Co(II) lons in greater than 50% yield [48].

CHpPh

(5)

Room temperature conductance measurements for the complexes
(CoLs {en})Cl0,4 in which L is acac, 3-bromoc-acac, or 3-nitreo=-acac,
have illustrated a trend in the degree ¢f ionic character in the
order acac >» 3-bromo-aca¢ » 3-nitro—~acac, and a counter trend in
ionic mobility of the chelate cations along the same series;
hydrogen bonding bhetween the diamine ligand N-H protons and the
Cl0o,4” ions plays an important réle in determining these observed
trends [49}. The cation [Co(acac)p{en)]’ has also been the focus
of reduction studies; a comparison between rates of inner and outer
sphere pathways for the Cr(II} reduction of [Co(acac)zien)]+ in the
presence of chloride ion, and a determination of activaticn
parameters have been reported [50]. In an accompanying paper,
solvent effects, over the temperature range 25° to 45°C, and
mechanistic details for the Cr({II) reduction of [Co{acac)j] have
been discussed [51].

A detailed kinetic study using stopped flow and temperature

jump techniques has looked at the reaction:

_1 2+ O __I+
CF4
Wit CF g

O )D
/ _
(en);Ce + CH ——»  (en),Co
\ - A //
(o} o]
CF; CFs

For the forward hydrolysis process and the back acidolysis

reaction, rate constants of =3 x 107% and 1 x 108 M1 51

respectively have been determined [52].
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2.2.2.5 Amino acids and related ligands

The complexes A-Cy-cis(N)-, A-C;-cis(N}-, A-C,~cis(N)-, and
A—Cz—cisrN}—K[CoLZ(COB)], (HL. = proH), have been prepared,
separated by ion exc¢hange chromatography, and characterised from CD
and electronic spectral data: &-Cl—cis{N)—K[CoLZ(C03}1 is the
compound which is formed in highest yield, and it i1s argued that
the C,-cis-structure possesses a greater inherent stability than
the Cy,~cis- configuration [53].

The metal centres Co(III) and Ru{IIIl) have been coupled via
amino acid residues of differing chain lengths in the complex shown
in (6). Reduction of the complex to a Co{ITI)---Ru({IIl) species is
followed by slow, intramoclecular electron transfer; the rate of
electron transfer as a function of peptide bridge chain length is
presented in Table 1 [54].

Table 1: Rate constants for intramelecular Co{iII}---Ru{II)

electron transfer in the reduced form cf (6)

n kq/871
0 1.2 x 1072
1 1.04 x 1074
2 0.64 x 1075
3 5.6 % 1072
4 1.4 x 1074
[~ — o - 3+

"O/CQ(III} (NH;3) s

[ (504} {NH1)4Ru{III)-N ~C(O)1—N

(J

(6)
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2.2.2.6 Phenols

This rather sparsely exemplified section begins with a

report of the prepartion of the complex [CoL{H,0)Cl1], {HyL
2,5- (HO) CgH3C (R) =N (CHy) gN=C (R} ~CgH3 (OH) 3-2,5, R = Me, Et, Ph);
the complexes are characterised as being octahedral on the grounds
of their physicochemical and spectral properties [55].

The reduction of the complex formed between cobalt (III)
icns and HL, (7), has been studied spectrophotometrically (A = 569
nm) under pseudo-first order conditions; mechanistic proposals are

rut forward [58].

// N=N OH

—N
OH
{1
2.2.3 Complexes with oxygen—-nitrogen donor ligands
2.2.3.12 Ethylenediaminetetraacetic acid and related ligands

Complexes containing edta and related ligands always figure
significantly in coordination chemistry, and this year has,
naturally, been no exception. Aan account of the optical activity
of ceobalt(III), chromium(III} and rhodium(III) complexes possessing
edtaq_, eddaz_, pdda2~ (propylenenediaminediacetic acid), and some
related quinquedentate ligands has been presented; absorption and
CD spectral data are tabulated (195 references} {[57].

Apparent molar volumes for K[Co(edta)] and analogous
Cr(III) and lanthanide(ITII} complexes have been determined and
compared; the larger molar volumes noted for cobalt (III) and
chromium(III) with respect to the lanthanide metal complexes are
attributed to stronger hydration and greater water ordering in the
case of Ln3+ ions [58]. An investigation of the reduction of some
cocbalt (III) complexes including [Col(edtal ] by [Vipic) 3], (pic =
py-2-CO,H), indicates second order kinetics (25°C and 0.5M lonic
strength); results are discussed in terms of Marcus theory [59].
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The crystal structure of the spontanecusly resolved complex
A(R,R)-A(G,R}-[Co(edtaﬂ)(HZO)].3H2O has been determined;
uncocrdinated carboxylic residues are found t¢e be involved in
intermolecular hydreogen bonding. There are two independent
molecules, and pertinent bond lengths for this complex are listed
in Table 2 [60].

The complex anion [Co(edta)Cl]z‘ has been prepared;
interest lies in the ability of the dangling carboxylate group of
the edta ligand to couple to amino groups, specifically to that in
p-amincbenzamidine. The coupling renders the complex an effective

inhibitor of trypsin activity (61].

Table 2: Bond Lengths in A (R, R}~A(G, R}~ (Co(edtaH) (H,0}].3H,0 /A

Molecule A Molecule B

Co-N 1.9371(6) 1.9251(06)
1,986¢(6) 1.978(5)

Co-Cuqta 1.913(&) 1.908(6)
1.896(9) 1.865({5)

1.881(5) 1.879(6)

Co-Ouater 1.827(5) 1.928(5)

The preparation c¢f the complex anicns [Co(SCN)(edta)]z_ and
[Co(SCN}L']™, (H3L' = N-hydroxyethylethylenediaminetriacetic acidy,
has been reported; the complexes exhibit linkage isomerism with
respect to the thiocyanate ligand, and the relative stabilities of
the N- and S$-bonded isomers in solution are discussed [621. The
stepwise reaction of CoC03 with racemic, R- and 5~1,2~Hgpdta,
followed by the addition of HpOp and MOH (M = K, Rb, Cs) leads to
the formation ¢of M[CcL]:; the optically active isomers of (CoL]”™
have been characterised by ORD and CD spectroscopy [631.

Structural characterisations of [Co{edda) {en)]|Cl0, and
[Co{edda') {en) ]JCl0, ({(Hpedda' = N,N-ethylenediaminediacetic acid)
show that the nitrogen donors lie in the eguatorial plane of the
cctahedral ligand set in each complex [64]1. The asymmetrical
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Hsedda' ligand appears again 1in the complexes cis-
K[Co(edda') (CO3} ] .Hp0, cis- and trans-K[Co{edda')L] (H;L = Hpmal or
Hyox), and cis- and trans-[{Co(edda’) {1,3-pn)]Cl; syntheses of the
Hsedda' ligand and its complexes are described, and use is made of
ion exchange chromatography to separate the cis- and trans-isomers
[65]. Related te Hpedda is the c¢yclcohexane- derived ligand,
Hpchxnda, (8); structural characterisation of S-cis-{Co(N,N'-Me,-
R, R-chxda) (en} ] [Cl04] shows the N-donors of both ligands lying in
the equatorial plane, Co-Ny, = 1.335(8}, 1.973(11)A and Co-N
1.972(7), 1.990(86)A [66].

chxda ~

0O
CH
whMe
N
1 Y OH
Me
G
(8

Photolysis of the complex anion [Col] , in which HyL is the
edta related ligand {(HO5CCHoCH ) pNCHoCHoN (CHoCH,;CO0HY o, leads to
carboxylation of the ligand if irradiation is in the LMCT region
(lmax = 264 nm); mechanistic details are implied [67]. Variations
on the edta theme continue with the complex [CoL]lt which is the

first example of a structurally characterised complex, (9},

O +
o
N°
.I';‘l

(9)
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containing the ligand mdddaz“; again we see the N-donors lying in

the equatorial plane c¢f the octahedral ligand set. Metal-ligand
bend lengths are Co-Nio jpin. = 1.944(4), 1.934(4)A, CoN3o ,nine =
1.968(4), 2.008(4)A, Co-0O = 1.895(3), 1.884(3)A. A detailed 13¢
n.m.r. spectroscopic study is also presented for this complex [68].

The final wvariant 1in this section 1is the pentadentate
ligand, HpL, (10). The preparation of H,L and its complexation to
Co{III} have been investigated; particular attention is paid tec the
steregselectivity of this novel ligand [69].

(10)

2.2.3.2 Imine ligands

Models for vitamin B,, have included complex (11). X-ray
characterisation of (11) shows the Co(III) icn in a disteorted
cctahedral environment; bond parameters within the inner
coordination sphere are equivalent for R = Et and CH,CN, within
experimental error, and the Schiff base ligand is planar to within
+0.02 A and *0.054 for R = Et and CH,CN respectively [70].

(11) R = Et or CHyCN
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A ~Py-isomer & A -B,-isomer

(12)

The kinetics and mechanism of the iscomerism between the
A -B,~ and A;-B,-diastereomers of [Co(IIT}L], (12), has been a
subject of investigation; the isomerism is catalysed by HY, and
exhibits a significant solwvent dependency, the rate being increased
in the presence c¢f a strongly H-bonding soplvent [71]., The
oxidation of [ColL}, H5L, (13}, by iodine gives the cobalt (IiII)
complen [ColI); spectroscopic characterisation of {CoLI] suggests
a monomeric, non-eslectreolyic complex, and L2~ is proposed to be
tetradentate, coordinating via the N- and deprotonated Q-atoms
[(72] . The complexes {CoL(NH3),]1X,.nH»O0 and [CoLy (NH3) 51X.nH,0 (HL
= (14), X = Cl, NO3, Cl0,, picrate) have been prepared by the
reaction of hydrated CoCl,, 25% agqueous NH;, 30% H,0,, and
salicylaldehyde; three isomers o¢f the latter complex have been
separated by chromatography, and analysis of their 13¢ and ln
n.m.r. spectral data has led to assignments of configuration (73].

OH HO
CH=NH

C(R')=N(CH; )} N=C(R")

QH

{13) R = Me; C1l and R' = Me; Et (14}
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2.2.3.3 Heterocyclic ligands

Three octahedral isomers of the complex cation [CoLz(en}]+
(L = (15)) are possible; 13¢ and 8 n.m.r. spectroscopic data
have illustrated that the two N-donors are trans, and the two
O-doneor atoms are c¢is to each other. The complex ion [CoLz(en)]z+

A

N N

N© TMe OH
oH

Q

has been reported in the same work [74].

(15) {16)

The binuclear complex ions [(H3N]5RuII—L—C0III{dien)]3+ and
[(NC]5FeII—L—CoIIIL']2_, (L' includes dien, ({(NH3),, dpt), possess a
bridging ligand derived from H,L, (16); the ligand exhibits an
0-N-0 tridentate coordination mode. Rate constants for intra-
molecular electron transfer between metal centres in these
complexes have been reported [75].

Table 3: Comparison of ionisations in some heteroccyclic
ligand complexes

Complex ion PK4, pKy,
cis—[Co(en), (Hy0) (ImidH} ] 3+ 5.85 10.5
cis-[Co(en), (Hy0) (N-MeImid)]3* 5.95 -
¢is-[Co(en) (Hy0) (4-MeImid) 13+ 5.95 10.8
[Co (en) (Hy0) (HisH) 12+ 6.20 10.8

A series of cobalt(III) complexes inveolving imidazole and
histidine 1ligands has been prepared, and pK, values for the
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complexes have been determined; results are summarised in Table 3,
with pK,, referring te icnisation from H50, and pK,, referring to
heterocyclic N-H ionisation. Structural characterisation of
[Co(hisH) ten)Cl1Cl 4illustrates hisH behaving as a tridentate
ligand, with Co-M = 1.946(3), 1.938(3), and 1.921(2)A [76].

2.2.3.4 Amino acid ligands

The preparation of the cobalt{(III} complexes [Co{NH;),L,]1C]
in which HL is an amino acid, glyH, S-alaH, or S-valH has been
reported; disproporticonation ¢f these complexes, versus further
ligand substitution to give [CoLyl, is discussed [77]. Oxidation
of an o-amino acidato complex te give a 2-imino-carboxylate
compound has been discussed; it is the first example of this type

of preparative route [78].

2.2.3.5 Miscellaneous ligands

Several other N-C donor ligands remain. The simplest is
the nitrite anion. Linkage isomerism for NO,  has been exemplified
by using 15 n.m.r. spectroscopy to observe the species formed in
agqueous solutions of [CO(N02)6]3_, with the complex anions
[Co (NO3) 4 (ONO) 2137, [Co(NO,) 4 (ONO) (Hp0) 127 and [Co (NOy) 4 (Hp0) 17 all
being detected; the effects of adding excess nitrite ion, and of
changing the pH have keen discussed [73].

Ceomplexation by the sulphinate ligand HoNCH,CH,S50,  leads
to the formation of A-[Co{HyNCH,CH;80,) {en),][Cl0,4],. Separation
of the two dlastereomers has been achieved, and their
characterisation by UV-visible, n.m.r., and CD spectroscopy has
allowed absolute configurational assignments {80]. The analogous
selenate ligand chelates to the co3*t ion via an N-O mode;
structural characterisation of the red complex dication
[—}500—[CD(H2NCH2CHZSe02}(en}2]2+, is complimented by electronic
and CD spectral studies, Pertinent distances for the latter complex
salenato = 1'988(5)’ codoselenato = 1'922(4)’ CD_Nen
in the range 1.950(5) to 1.972(5)A), [81].

The preparation, and spectroscopic and X-ray powder

cation are: Co—N

diffraction characterisaticen of the complexes [CoL,(H5;0}5] and
[Colz), in which HL is PhC{O)NHC (S)NHC(O}NHFPh, have been described;
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the complexes have been tested for their anti-fungal activity, and
interest in the complexes obviously lies with this potential
application [82],

Cobalt (ITIT} complexes with ligands containing azo-groups
have included [CoL3l, in which HL is (17); facile ligand
redistribution occurs for ligands, L, in which the substituents R
and X are varied. In view of the stereochemically rigid, low spin
nature of this c¢obalt(III}) complex, the novelty of this
redistribution should be noted [B3]. & second azo-complexthat has
received attention is [C0L2]+, (HL = ({18)). The interaction of
this complex cation with the PS5 chain, (19), has been described;
once bound to the PSS™ moiety, & racemic mixture of [C0L2]+ appears
as a sterecoregqular aggregate due to inter-cation interactions [84].

X NH-N=N{R} OH

(17) R = Et, Ph; X = OMe, Me, H, Cl, CO,Et, NO,

oH CHy~CHy——1T—

S04~

{18) (19}
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2.2.4 Complexes with oxygen-sulphur donor ligands

Since there are so few entries in this section, no
subsections have been designed.

The ability of adenosine 5'-0-{l-thiodiphosphate) to act as
an 3-0 chelate as well as an 0-0 chelate to cobalt(III}, has been
demonstrated; 31p n,m.r. spectroscopy has been used to probe the
coordination medes of this ligand, one sxample of which is shown
in {20) [85].

NH
3 o

\ o
HaNiy, ,.no—o‘-pq"o

Hsﬂ'—-io\‘s——vp”’
AN

NH; O-Adencsine

(20)

Two related pieces of work have investigated complexes of
the type [Co(tren)L]+, where HLL has the general formula
RSCHMeCU,H [86,87]., For R = Me, the ion (—}589—[Co(tren)L]2+ has
been crystallecgraphically characterised; pertinent bond lengths
are Co—$ = 2.239(1) and Co~0 = 1.902(3) A [86]. The same cation
has been prepared, along with {+)589—[C0{tren)(SCHM&C02]+, and
(+)ggq— [Co{tren) (05SCHMeCO,) 17 racemisation of the latter species
in aquecus solution has been investigated as a function of pH,

icnic strength, and temperature [B87].
2.2.5 Complexes with oxygen-sulphur-nitrogen donor ligands

The cobalt({IIIl} complex cation A-trans(Q)-mer (N}-R({(5)-
{Co(1-aehc) (gly) 11 (Haehe = H,NCH(CO,H)CH,CH,SCH,CHyNH,) has been
crystallographically c¢haracterised; the observed octahedral
cobalt (III} centre 1is consistent with electronic spectral data,
and bond lengths for the inner coordination sphere are Co-OglY =
1.897, Co—Ngly = 1.954, Co~0,ane 1.891, Co-N,ene 1.964 and
1.856, Co-8,,p, = 2.247 A [B8]. A related piece of work reports
the absolute configurational assignment and crystallaographic
characterisation of (+}560—cis.cis.cis—[Co(DL—epb)]+, in which
Hsepb is the ligand HpNCH(CO,H)CMe,SCH,CH,SCMe,CH(COLH) NHy; the
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cobalt to sulphur distances of 2.189 and 2.221A are noticably
shorter than corresponding bond lengths in related thioether
complexes [89]. The same authors have looked at complexes
containing the cations [COL2]+ and [CoL'1" in which L™ is a
terdentate ligand, {(EL = R5CH;CH(NHp)CCoH; R = Et, Bz) and L'7 is
R (CHQ)nR‘; R' = MeSCH2CH(C02H)NH, or
SCHoCH(NH5)CO,H; n = 2,3); chromatographic separation of, and

sexidentate, (HL"

spectroscopic characterisation of, iscmers of these complexes are
presented [S0].

The reaction of furfural or benzil with
S-benzyldithiocarbazate has led to new Schiff bases; cobalt(III)
complexes of the two new ligands have been prepared and
characterised, and for the benzil derivative, (HL = (21)), 0-N-8
ligation is proposed [91].

— | N
N J‘k/\ Y o \

Ph NH S Ph / .

Ph
SMe

{21) (22) R = H; Me

The synthesis and complexation of the new ligand, H,L,
{22), have been described; spectroscopic details for the cobalt
{III) species [CoL{H30)5]¥%, (X = Cl, Cl04) are given, and
assignments foOr Ve, gr VYeoogs @nd Voo o i.r. modes are made. For
Co(Il), a comparison is made between the electronic spectra of the
complexes [Col.] and [Coisalen}] [92}].

A further complex which inveolves an S5-0-N donor set in

conjunction with N-donors is described later in this review [178].
2.2.6 Complexes with sulphur donor ligands
2,2.6.1 Dithiocarboxylate ligands

Cobalt (II11) complexes invelving S~donor ligands are most
commonly exemplified by dithiocarboxylate specles. A report of the
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preparation and physicochemical characterisation of [CoLsi, (HL =
DP-EtO-CgH4NHCS,H) also contains a discussicn of the thermal
behaviour of this complex; ﬂHdemmm. has been determined [93].
Related to this is [CoL3] in which HL is {CgH11) oNCS,H [94], or
P-HO-CH4-CS,H [95]; syntheses, and characterisation by spectral,
and magnetic moment data, have been described. Structural
characterisation of, again, (CcL3z], this time with HL being a
heterocyclic dithiccarboxylate ligand, shows the Co(III) ion to be
in a distorted octahedral environment, with (1<C)~Salw_,“u3,e = 2.26A
[961] .

The reaction ef Co{ClOy)s with Rsdte (R = Me, Et, Bz; Ry =
MePh, pyrrolidine, Me-piperazine) leads to [Co{Rpdtc)3]; further
reaction, ({(for R, = Et, or MePh), with Cu(BFg} o in acetone leads
to the dinuclear complex, ([Cojz(Rpdt¢) 5] [BF,], the formation of
which appears to be driven by the high affinity of Cu(II) fer the
dtec ligand [97].

2.2.6.2 Cther S—-donor ligands

Cne interesting complex, [CpCo(CS3)(CNtBu)], is worthy of a
mention in this secticon. This and related complexes may be
prepared either frem the reaction of CpCoLIs (L = PR3 or
organcisocyanide) with NajCSs, or by heating CS; with CpCoL{CO) or
CpCo (CQ} 5. SBtructural characterisation of [CpCo(CS3){CNtBu)] shows
that the CS32' ligand is bidentate, with Co-5 = 2.235(3) and
2.252(3)A [98].

2.2,7 Complexes with nitrogen donor ligands
2.2.7.1 Ammine complexes

Complexes containing coordinated NH3 are numerous. Often,
the chemistry described for the complex as a whole involves a
ligand other than ammonia, and hence, as usual, categorisation is
difficult. The criteria used here for inclusion of a complex in
this ammine section are either that NH3 is the predeminant ligand,
or that the chemistry described centres upon NHj.

The structure of the dinuclear complex cation
[Co, (MeCO,) (NHy) (NH3) g (OH} 13, (23), has been reported; the
bridging sites are disordered, with fractional occupancies for the
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OH™ and NH,~ ligands. For coordinated ammine, bond lengths are

Co-N,uia1 1.964(8) and 1.950(8)A, and Co-Ngg, = 1.985(6) and
1.972(6)A [99]. An X-ray investigation of [Co(NH3}4Cl{H0)I1Clo,
prepared via the acid hydrolysis of [Co{NHg},4(HP,05)] or

[Co(NH3} 4 (P04} 1, shows hydrogen bonding between the ligated water
H atoms and the C1° counterions with H-—--Cl of 3.087(6) and
3.123(6}&; the average Co-N bond length is 1.914(6}A [100].

?e 3+
C
HiN WH
3 ? ’ , 3
F-—"'CD . 1+ NH,/OH , | _-#NHg
OH/NH2
HyN WH,
(23)

Preparation and substitution chemistry of the cations cis-
[Co (NH3) 4 (dmf) ) 3* and cis-{Co(NH3)4(03SCF3),]% have been
described [101]. A Raman spectroscopic study of [Co{NH3)gX3] for
X = Cl, Br and I, {40 € T <€ 310K), has assigned stretching
vibrations, thereby resolving previcusly anomalous data {[102].
Isomers of [Co(NH3),4(NO,)o]1% have been the subject of
polarographic investigations; wvariations in reduction waves as a
function of pH have been reported [103}. Ion-pairing effects for
{Co(NH3)13%, and for the related [Co(en)3]3*, have been studied by
13¢ n.m.r. spectroscepy:; mechanisms for relaxations have been
discussed [104). The sonolysis of [Co(NH3}5(N3)]C12 leads to the
formation of the radicals N3®, H® and HO®, illustrated by spin
trapping experiments; it is proposed that reaction is initiated
by fission of H,0, formation of NH4+, and combination of HO® and
N3~ to form N3® [105].

Several thermal studies involving ammine complexes have
been reported., The thermal decomposition of crystalline
[CotNH3)6]Cl3 over the temperature range 170-220°C has been
studied by using electron microscopy; the morphology of the
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products depends upcon the conditions of the thermal reaction
[106]. The same thermal decomposition has application in thermal
imaging {107]. Details of the use of mass spectrometry to follow
the thermal decomposition of {CO(NH3JG]C13 have been described;
the composition of the gasecus products depends upon reaction
conditions, but NHz and Cl,; are the major products [108]. The
thermal stabilities of the complexes [Co(NH3)g_pXn]l for X = C1,
Br, I, NO3 and €104 in the solid state have been compared [109].

Photoaquaticn of [Co(NH3)SBr]2+ (A = 254 nm) proceeds with
a 25+10% quantum yield; a comparison is made with the efficiency
of photoredox reactions [110].

A measure of the trans-effect of coordinated sulphite on
preoton exchange in cobalt(III} ammines has been discussed; the
rate of exchange 1is decreased in the presence of the
trans-sulphite ion [1111].

An investigation of the ammeniation of [Co(NHg3}gX]1([ClOuls,
(X = N3 or Cl), and of the isomerisation of [Co(NH3)g(NOs} ) [ClO4]5
in liquid ammonia, 1illustrates a conjugate base mechanism
operating over a pressure range 10-4000Q bar; activation and
thermodynamic parameters are determined [112). The extent to which
ion-pairing is important in the predissociation step of the base
hydrolysis of {Co(NHg)gX]™ in the presence of competing ligands,
¥®~, ¢(various X and ¥), has been described; results illustrate
that there is no relationship between the rate law and the
distribution of products [113]. The kinetlcs and mechanisms of
the reactions of cis- [CO{NH3)4(H20]2]3+ with NO;~, N3, and sal?”
have been compared [114]. A study of the kinetics of the agquation
of [Co(NH3)gBr](Cl0,]ls in 10% ethanol and in the presence of
various dicarboxylate ligands has illustrated the following
empirical correlation between the ion-pair rate constant, the ion
hydrolysis rate constant, and the dicarboxylic acid dissociation
constant [115]:

/ x

k = 0.502¢(K,)9-28

ion pair ion hydrolysis

Measurements of the volumes of activation for the base
nydrolysis of [Co(NH3)gx){37R)*+ (x0= = §~, c17, Br~, I, NO3~,
3042', Me,;50), accompany an estimation of the partial molar volume
of the 5-coordinate complex ion [Co(NH3}4(NH2)]2+; the authors

find that the partial molar volume is independent of XU’ thus
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supporting the validity of the 3,1CB mechanism [116]. The anation
of cis~[Co{NH3)4(H20)2]3+ with NCS™ at 40~-60°C is stepwise through
to cis-[Co{NH3]4(NCS)2]+; an I4 mechanism is proposed [117].

The complez [Co (NH3) 5 (Hp0) ] [ClO4]3 catalyses the hydrolysis
of the heterocycle (24); the rates of OH  vs. complex catalysed
hydrolyses are compared, with the latter being more efficient
[118].

Aguation of [CO{NH3)5(0x}]+ is catalysed by iron(III} ions,
and adheres tc a first order rate law; the formation of the

intermediate species [(NH3)5C0—OCOCOZ—Fe}4+ shows significant
N§ /N
N
o]
(24)
solvent dependence [119]. The reduction of {Co(NH3)gX}2*, (X = F

or HCO5), by Cul(l) in dmso/Hp0 sclvent media is shown to proceed
via an inner sphere mechanism; the chosen solvent system is
advantageous because, in it, Cu(I) is relatively stable with
respect teo disproportionatien [120]. The rate of electron self
exchange for the couple [Co(l\IH3}6]3+’/2+ has been measured by
observing the rate of exchange of ammonia between [CO(NH3]6}3+ and
NH3 (aq) , catalysed by cobalt{II} ions; the rate is found to be
independent of pH, and the following rate law is confirmed [121]:

P = Xk, [Co(NH3) g3} [Co(NHg) ¢2H1.

Studies of the electrochemical reduction of some halide-bridge
containing cobalt(III) complexes at platinum- or gold-aqueous
interfaces, have shown that the metal surface 1is able to
significantly influence the energetics of the reaction [122). The
preducts and kinetics of the reaction between [(H3N}5C0—NCCH2x]3+,
(X = I, €1y, and [Cr(H20)6]2+ have been compared with those ¢f the
reaction of the uncomplexed nitrile with hydrated Cr(II}) ions; the
cobalt (III) complex gives »95% of the dinuclear species
[{H3N)5C0—NCCH2—Cr[H20)515+, whereas the free nitrile produces
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only 25% of [Cr(H0) 5 (CHCN) 124 [123].

The base hydrolysis in ethanol/water or acetone/water of
[CO(NH3)5(OSOZ)]+ follows beoth alkali dependent and independent
pathways; the overall rate constant is given by:

Kops = kg + kOH[OH"]
where k,, kg4, and the corresponding activation parameters are
found to depend markedly on solvent polarity [124]. Intramolecular
hydrolysis occurs in [(H3N)4(HO)Co(u-NHz)CD(NH3)4MeCN]4+ to give a
chelated acetamide [1Z24a].

2.2.7.2 Amino 1ligands

As usual, there 1s a significant array of cobalt(III}
complexes containing coordinated amines. The preparation of cis-
and trans-[Co(NH3),(RNH,)C1]1%%, (R = Me, Et, Pr, Bu), has been
described, along with UV-visible spectroscopic studies;
increasing alkyl chain length for the amine ligand produces an
increase in the ligand field strength [125]. Values of AVF for
the aquation of [Co(MeNH,)sC1]2¥ and tzans—[Co(MeNH,) (NH3)4C1]27
{(-2.3 and -4.6 em® mol”l respectively) have been compared with Av¥
for the analogous reaction for [Co{NH3}5Cl]2+ {(-5.9 em3 mol_lj;
variations in mechanism are discussed [126].

The complex cations [{H3N)5C0L}3+} in which 1 1is
HoN(CHp) ,OH (n = 2,3), HoN(CHp),NHEt, 3-HO(CHp),-py (n = 1,3), or
4-MeOC(O)CH,-py, have been prepared, and their acylation to
isonicotinate derivatives studied; spectral properties of the
final complexes are reported, as are several reduction reacticns
[127]. The oxidation of {=)-dcopa, (dopa = 3,4-{HO),-
CgB3~CHpCH(NH»}COH), by the optically active complex
[Co(NH3) {en) ;CL]Bry is reported to involve an intermediate with a
large (-)rotation; this species is proposed as the 5-coordinate
complex, trans—[Co(en}s{dopa)] [128].

Several related studies appertain to the tris-en complex,
[Co(en)3]3+. Solubility products and free energies of scolution in
ethanolic media for [Co{en)3][Fe(CN)g)] have been determined as a
function of the concentration of chleoride and bromide ion present;
stability constants for the outer sphere complexes [Co(en)3](212+
and [Co(en)3]Br2+ have also been calculated [12%]., Complimentary
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studies involving [Co{en}3]3+:2[RC02]h puter sphere complexes
illustrate a stability dependence upon R (CliC > H > Me > Et)
[130). Some outer sphere complexes of [Co(en)3]3+ with mono-
gaccharides (131], and with 82032' ions [132], have similarly been
investigated, The electreonic spectrum of agqueocus [Co(en)3]Cl3 has
been analysed in detail [133]. The preparation and
characterizsation by X-ray powder pattern and spectroscopic data of
{Colen)3]14([Mo051.513.7H,0, [Colen)3l,y[{Mo0,L}5015.13H,0, and
[Colen) 3] [MoOg (OH} (HL) 5]1.3H50 in which HaL = tartaric acid, have
baen reported {134].

Assignment of absolute configurations has bheen achieved for
a range of cobalt{III} cationic complexes of the general formula
[Co{diamine)zxx]n+ by invesztigating the interaction with the
chiral shift reagent, [Cr[ox)3]3_; the diamines and ligands X and

Y used in this study are summarised in Table 4 [135]. A detailed

Table 4: Combinations of ligands in [Co(diamine),XY]"" [135]

X Y Diamine

CN cH, <1, Br, H;0, NO, en

Cl NH3, MeNH,, NCS, H,0 en

NCS H,0 en

NG, Hs0 en

CN CH 1,3-pn

cl NH3 1,3-pn

cl MeNH, 1,3-pn
XY Diamine
gly 1,3-pn

13¢ a.m.r. spectroscopic investigation of several cobalt (III)
complexes, again of the general type [Co(diamine}2XY]n+ but here
for the diamine = en, and for XY = (CN),, {(NO3);, phen, or ox, has
made successful use of !°N labelled diamine to assign all 13¢
n.m.r. spectral resonances; comparisons with simulated spectra are
made [136],

2 study of the kinetics of the agquation of
cis—[Co{en}Z{NH3)Br]2+ in agquecus and non-aqueous solvents in the
presence of suppoerting electrolytes provides the basis for a
discussion of the effects of co-solvents on the solvation spheres
of reactants and of activated complexes [137]. Veolumes of
activation for the aquation of trans-[Co(en),(NO3)X]* (X = Br, Cl)

have been determined to be 0.3%0.2 (283K} and 0.7%£0.6 (303K} cms
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mel™l [138].

The reaction of [({en);Co{f-CH),Co(en),]1%" with carbonate
ion has been followed as a function of pH, temperature, and
carbonate concentraticon; hydroxide bridge cleavage leads to
[Co(en),; (CO3} ] as the ultimate product [139].

Details of the electronic spectra of the complexes cis- and
trans-[Co(en)»Cl,)*, trans-{Co{en),(N0,),1%, cis-[Ca(en),(NCS)C1]?
and the related ammine complex, [CO{NH3}5C1]2+, illustrate that a
355 nm excitation results in the population of a ligand—metal
charge transfer state [140]. Irradiation of [Co(en}2IN3J2]+,
trans- and cis—[Co(en);(NO,) (H;0)12%, and other related species
has been observed with A = 254, 313, and 365 nm; the effects of
viscosity, concentration, and pH on the photochemical reduction of
these complexes have been presented [141].

Use has been made of h.p.l.c. to explore the kinetics of
substitution in trans-[Co{en); (§5;03)5] ; nucleophilic substitution
takes place via a simple dissociative mechanism, and a square
pyramidal intermediate, [Co(en)2(5203)]+, is postulated (142).
The complex cations, c¢is- and trans—[Co(en)z{NCS)Cl]+, are
oxidised by cerium(IV} ions and by peroxosulphate ions; the
kinetics of these reactions have been studied and the effects of
the supporting electrolytes have been shown to be significant
[1437. The alkaline hydrolysis of cis—[Co(en)z(NH3)L]+, {HoL =
5-NO»-salHp), in the presence of CH3(CH;}1gNMe3Br, or in a
specific phase transfer catalytic medium, has been shown to be
more efficient than hydrolysis of the said complex in an aqueous
phase [144].

NH HN K )
s s
\_\—-NH HN _/ H H

NH HN
{(25) (26}
The aquation of [Cof{en) (dien)X]X,, (X = Cl, Br), catalysed by

either Ag(I) or T1{(I} ions, has been followed by spectrophotometric

techniques, over a range cof temperatures and at constant pH and
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ionic strength; activation parameters have been determined, and
mechanistic details discussed [145,14867. The oxidation of
{Co(sep)1?*, (sep = (25)), by cis-[Co(en),LCl]%*, (L =

cyclohexylaniline, aniline, or p-nitroaniline), has been explored;
MLCT interactions are important, with electron transfer reactions
becoming more adiabatic as the acceptor orbitals of the amine
ligand, L, beccome lower in energy [147].

Four diastereomers of the complex [Co(acac)L] [ClOy4]l, {HL =
(26)), co-crystallise; high resolution n.m.r. spectroscopy shows
that all the diasterecomers exist in solution as well, and gives no
evidence for the redistribution of their coordination spheres in
either neutral or acidic solutions [148]. The synthesis of the
complex unsym—fac—cis—[CoCl(dien)L]2+, (L = HyN(CHjp) 4NH5), has
been reported; 13¢ n.m.z. spectroscopy aids the elucidation of
configuration of the ligand. Further, the aguation of this complex
proceeds with a rate constant of 6.27 x 1072 s 1 at 298K [149].

The preparation and characterisation of various rxotaxane
complexes have been described; the complexes have the general
formula [2]-[[(en),ClCo(U-L)CoCl{en),]Xy]1-[CDX], in which CDX =
O—-or B—cyclodextrin, and L = 1,10-, 1,12-, or 1,14-diamincalkanes,
Technigues applied for characterisation of the latter species are
Cp, electronic, and 13¢ n.m.r. spectroscopy [1507].

Structural characterisation o¢f the cobalt{III) conmplex
cation, s—fac—[CoLL']3+, {27), supports the results of molecular

mechanical calculaticons, ({(Table 3) [151j.

Table 5. Comparison of bond distances for complex (27) from the
results of X-ray crystallography vs. molecular mechanics;
L = HyN(CHy) pNH{CHg) pNHp; L' = HpN({CHy) 3NH(CHy) 3NHy [151)

Ligand Bond X-ray /A Mclecular
mechanics /A

L Co-N (NH,) 2.028(8) 1,978
1.954(8) 1.984

Co—N (NH}) 1.997(8) 1,984

L' Co—N{NH,} 2.020(H 1.9886
1.958(7M 1,968

Co-N {NH) 2.010{8) 1.984




apl

H;;NH, ..|INH2

HzN- \NHZ

U,

{27}

The complex cations [Co{dpt}2]3+ and [Co(dpt]{NH3]3]3+ have
been prepared and spectroscopically characterised; resclution of
trans-A-NH- and trans—S—NH~mer—[Co(dpt}2]3+ has been achieved by

use of column chromatography [15Z].

3+

Me
s

(28)

The agquation of a—cis—[Co(NH3)(0x){trien)]+ has been
studied; rate constants for the spontaneous aquation are compared
with those for acid catalysed aquation, and it is reported that
the trien ligand sterically hinders the aquation rate [153].
Several cobalt{III) complex cations, including &- and [B-
cis-[Co(HyQ),{trien)}3T, and [Co(H;0),(tme),]3*, have been
prepared, and tested for their ability to catalyse the hydrolysis
of phosphorus esters [154]. The <¢obalt(III) complex,
[CoL(en)}[Cl0,], (28), contains a branched cyclic tetramine
ligand, L; structural analysis gives bond distances of Co-Nj =
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1.997(3), 1.985(3), 1.879(3), and 2.000(3)A, and Co—Nen = 1.9686(3)
and 1.996(3)A [155]. The reaction of the tetramine containing
complex, trans-[CoLCl;JiCl (L = HsN(CH5}NH(CHy) 3NH(CHp) oNH, or
HoN (CHo) 3NH (CHp) sNH(CHy) gNHp) with sodium cyanide gives products,
the steregchemistry of which, {trans- or uns-cis-}, depends upoen

the reaction conditions; discussions cf reaction pathways are

complimented by molecular mechanics calculations [156]. The
green, paramagnetic compounds, [CoLL'1Cl.NO3.nH,0, (L =
HoN(CHp) ¢ NH(CHp) NH(CHp) zNHp, x = 2,3,3, with y = 3,2,3,
respectively; HsL = 5-0pN-salHjy), along with their orange,
cobalt (I1}) analogues, have been prepared and 1solated;

characterisation includes details of 1H and 3¢ n.m.r.
spectroscopic properties [157,158].

The complex cations [C0L3}3+ with L being en or sen, {29},
react with HCHO and CH3MO, to give compounds containing cage
ligands which are formally derivatives of sar, (30); structural
characterisation of one product, [Co{dinitrOHsar)]2+, (R = NO, in
{30)), shows that the Co(III}) ion 1is $6-coordinate, with Co-N
distances lying in the range 1.946(7) to 2.016(7)A [159].

Vel BN\
R-Cx, / \HN ~C-R
S HN—

(29) (30)

The base hydrolysis of a—ﬂ—s-[Co{tetren){salH)]2+ has been
studied by using rapid scan spectrophotometry; initially, with
lmax = 480 nm), the formation of [CO{tetren)(sal)]+ is observed
[160].

2.2.7.3 Oxime ligands

A variety of complexes invelving the dimethylglyoxime
ligand has, as expected, been investigated. Cobalt{(II) perchlorate
reacts with dmgH, in acetone, in air, to give the oxidised
product, cis-[Co{dmgHy} (dmgH) ] [C104]; all three ligands are
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shown, by X-ray analysis, to be bidentate [161]. The structure of
the complex [Co(Hdmg),Cl(NHMes)] has been elucidated; the two
dioxime ligands reside in slightly different positions with
respect to the cobalt (III} ion, and thus, there is some debate as

to whether the c¢omplex cation should be feormulated as

[Co(Hdmg)2Cl(NHMezj]+ ar [Co{szmg)(dngCl(NHMez)]+ [162], The
reaction of [LCo(dmgH),], (L = PRy or P(OR)3), with Ph3AsCl gives
[Co (Hdmg} »,C1lL] and [Co(Hdmg),Cl (PhoAsSOH)]; the latter has been

structurally characterised, and pertinent bond lengths to the
octahedral cobalt centre are: Co-Nyg,.ytav.y = 1.89(1), Co-Cl =
2.252{2), and Co-As = 2,322(1)A [163]. A report of the preparation
and spectroscopic characterisation of trans-[Co(Hdmg)oX(L}], (X =
Ccl, Br, I, NCO, NCS, NCSe, NO,; L = RoNC(=NH)NR,, R = H or Me), is
accompanied by a discussion of thermal decomposition of these
complexes; a dependence of the thermal stability upon the ligand
X is noted, and comparisons between thermal and solution
stabilities of the complexes are made [164,165].

The octahedral complex, [CoL{dmgH),Cl], (L = py, PPhy, pip,
SMes}, and its diphenyldicxime analogue, (for L = py), 1s found to
reduce pyridinium salts via the reaction shown in scheme 2. The
reaction proceeds with a high regioselectivity, and it is proposed
that a dihydropyridyl cobalt complex functions as the active
intermediate [166]. The complex trans—[Co(dmgH}2{l—Me—imid)L], {L
= adamantyl), 1s a Bj;, model compound exhibiting a novel
Co-tertiary carbon bond of 2.154 (5)A [166a].

CONH; CONH;
— | |
Nt [COL{L") ,C1] N
| x- [
R R
R = Pr, X = Br; R = CH3CHpPh, CHyPh, Ph, X =Cl
Scheme 2

The thermolysis of [Ce(HL);pyz]1I, {(where H;L is the dmgH,
related ligand MeC (=NQH)C(=NOH)R )}, wvia loss of a py ligand occurs
endothermically in the solid state. Heats of reaction have been
determined, and the kinetics of decomposition have been studied as
a function of the substituent R; the Co-py bond is weakened if the
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group, R, 1is either electron donating or bulky [167]. Complexes
of the type [Co{dmgHy) (503)L)[NH,], (L = varicus O- or N-donorsj,
have been prepared by using lead or mercury salts of mixed
gulphito acids ¢f cobalt (II1); the results of thermal analysis of
the products have been described [168].

(31)

Cuter and inner sphere electron transfers between [CcoL]™,
(L = (31)), and ferrocene have been the subject of an
investigation; the reaction shows a first order dependence on
each reactant, and an analysis of the results in terms of Marcus
theory is provided [169].

The catalytic activity of a range of cobalt (111} complexes
containing the ligands, L~ where HpL = HON=C(R')C(R)=NOH, (R = Me,
2-furyl; R' = H, Me, Et, Ac, CO,EL, 2-furyl), has been explored,
with respect to the reduction of vat dyes by Rongalite C; all the
complexes are found te enhance reduction, with dmgH, being
particularly active [170].

The syntheses, characterisation, and complexation with
Co(III) of several azo—oximes have been reported; the free ligand,
R-C{=NNHR'} (NQ}, has R = 2-furyl cor 2-thienyl, and R' = Ph or
o-tolyl, and a contribution frem the resonance form
R-C (=NN"R’) (N=0"H) is evidenced from the observed i.r. vy, mode at
1008-1080 em™1 (1717,

O N-CH

{32}
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Siz complexes of type [{m- or p-F-CgHg)CoL 1™, where H,L =
dioxime or a Schiff base, have been studied within the confines of
1% n.om.r. spectroscopy [172]. The red complex {CoLsy], HL = (32),
has been prepared and physicochemically characterised; ligand
field parameters have been determined from the electronic
spectrum, and a value for LFSE of 265 kJ mol™ 1l is reported [173].

A complex [Co(py)Lsl in which L is an o~hydroxylamino—oxime
ligand has been reported [174]. The binary species {Colgy],
containing a ligand related to the latter, exhibits an e.s.r.
spectrum which is dependent upon solution pH; this cbservation is
attributed to non- dissociative ligand rearrangement [175].

The ligand, HyL, (33), complexes with cobalt (ITI) to give
trans-[CeoCl, (HL) 1 which has been structurally characterised,
(Co-N; . o = 1.917(4), Co-N_,;.. 1.887(4), Co-Cliav.) =
2.23%(1)A); a comparison of this complex with the analogous
rhodium species illustrates the effect that the size of the
central metal ion may have on intramolecular hydrogen bonding
[176] . An interesting crystallographic investigation shows that,
upon axposure to X~rays at 293K, a crystal of
R-{Co (py} (dmgH) 5 {CHMeC (O) OMe) } .nMeOH changes its cell dimensions
without losing crystallinitys 1loss ¢of MeOH, which results in a
conformational change of the -COpMe moiety, 1s evidenced ([177],
The complex [CoL3]Cl3.3.5H»0, (L = MeC{CHpN=NCH,CH,NH,}3), is
chiral, and racemises upon being heated in the sclid state;
structural and kinetic details have been described [178].

NH HN

L

{33)

2.2.7.4 Hydazine, and hydrazide ligands

The preparation and physicochemical characterisation ¢f the
octahedral complex [CO(NyHu);(S804)]).nHyC have been reported [179].
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Mixed ligand complexes of type [CoLXY].2H,0 (in which HL is
malenic acid dihydrazide, and X"7 and Y™™ are combinations of the
ligands €17, Br~, NO3~ and NCS7), have been prepared and
spectroscopically characterised; the effect that the dihydrazide
ligand exhibits upon the ¢oordinating ability of the metal centre
with respect to ligands X%~ and ¥?~ is investigated [180].

The ligand HL, (34), has been prepared in situ and then
reacted with a source of cobalt(II); a cobalt{III) complex,
{CoLXp], results, and has been spectroscopically characterised,
The coordination mode of L™ is dependent upon the substituent, R,
in HL; for R = Z-pyridyl, coordination of L~ is through the py and
azomethine—N atoms, whilst for R = 4-pyridyl, cocordinaticon of the
ligand is via the azomethine-N atom and the amido-C atom [181].

T Me Me ?
o N M N o
\/ "\.N N/ ‘\.f
R R
(34) R = 2-pyridyl or 4-pyridyl
2,2,7.5 Amino acid ligands

Those amino acid complexes which are not readily classified

elsewhere in this review are noted in this section.

{35)
As far as categorisation by ligand types, the complex
[CO{L—his)(L—met)]+ is probably worthy of several entries in this



158

review! Three geometrical isomers of this complex have been
isolated, namely the trans—-(N;5), trans~(N;0}, and trans- (N;N)
isomers, in which N; denotes the imidizole nitrogen atom of the
his” ligand. One isomer of [Co(n-his) (I-met)]¥ is shown in (35)
(1821.

For the amino acids, HL = (§)-serH, (5)-~thrH, (S)-valH and
(§})-glutamic acid, the complex [CoL{en);1Cls has been reported;
the compound [CoL(bipy),]Cl, has been prepared for HL = (§)-serH
only, [CeL{phen),JjCly; has been synthesised for HL = (S)-serH and
{8)-valH, and A—[CoL(en)2]12 has been isclated for HL = (8)-serH.
Details of the CD spectroscopic properties of these complexes are
described, as well as conformaticnal characteristies of the amino
acid chelates [183].

A variety of cobalt{III) complexes with o-amino acidato
ligands have been the subject of an analysis which develops a
relationship between the chelate ring torsion angles, and the
pseudorotational coordinates; it is concluded that the pseudo-
rotational parameters are useful for probing and categorising

ligand conformation [184].
2.2.7.8 Heterocyclic ligands

This section begins with pyridine-based ligands, works
through bipyridine, and phenanthroline ligands, and culminates in
a variety of more exotic heterocycles.

The extent to which solvent structure influences the
solveolysis of trans—[Co{py)4C12]+ has been investigated; the
thermodynamics of sclvolysis ig discussed [185]., A related study
lcoks at the solvolysis, and kinetics thereof, of trans-
[Co{4—Me—py)4C12]+ in butancl-water mixtures; again, the
thermodynamics of the process are detailed [186].

N NH N
\(\NH -
Me

(36)

Some chemistry of the ligand picpn, (38), has been
discussed. Of the 40, theoretically possible, isomers of the
complex [Co[R—picpn]L]2+, {HL, = R~ or S-alaH), five have been
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cbserved as products from a synthesis which begins with
A—u—[Co(picpn)C12]+; high resolution 18 n.m.r. spectroscopy is
used to distinguish between the isomers [187]. The reaction of
A-a-[Co(picpn)Clylt with NO,~ ion is reported to produce
A—a—[Co(piCpn}(N02]21+, which undergoes sterecspecific inversicn
to one of four possible A-P-isomers; treatment with HCl results in
A-B-{Co(picpn)Cly)* [188]. The cation A—t—[Co(R-picpn}Cl,;1* reacts
with Nas(ox) in a reaction which is accompanied by a total
inversicn of the absolute configuration with respect to the
cobalt (IT1) centre [189]. The complex [ColCls] [Cl04]).0.5H50, (L =
(37)), has been isolated as the A-P-diastereomer from the
oxidation of cobalt(IT) ions in HC1 in the presence of the ligand,
L; the new complex reacts with a range of ligands, retaining its

configuration as it does so [1530].

-
N CH,NH

NHCH,

(37)

The rotational motion of the complexes [Co{bipy)3]3+ and
[Co(phen)3]3+ in D»0, as well as that of the analogous Ru{II)
complexes, has been studied by using 13¢ n.m.r. spectroscopy;
relaxation time measurements indicate an isctropic motion for the
ions. The rotational correlation times, T, at infinite dilution,
show a linear dependence upon 1M/T, where 1 1s the viscosity of the
solvent, and T is the absolute temperature [(191].

Stability constants for outer sphere complexes of Hzedtaz‘
with [Co(bipy]3]3+, [Co(phen)3]3+, [Co[en}z(phen)]3+r [Co(en)3]3+,
and [Co(en)z{bipy}]3+ have been measured; K., ,, decreases as en
is replaced by the heterocyclic ligand [192].

Assignments of the absolute configurations of the complexes
[CoL3L'11,.nH50 in which L is bipy or phen, and L' is an amino
acidate ligand, have been made; syntheses and optical resolution

of the complexes have been described, aleong with their CD
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spectroscopic properties [193].

Quenching o¢of the triplet excited state of some
phthalocyanine complexes by the complex cations [Co(bipy)3]3+,
[Co(phen)3]3+, and [Co(terpy)2]3+ has been investigated; a
discussion of the kinetics of relevant electron transfer processes
is presented [194].

The oxidation of [CoL;][Cl0,4]5 by hydregen peroxide to a
cobalt (ITT}) complex 1s successful feor 1 = bipyrimidine, but fails
for L = bipy or phen; a comparison of the electrochemistry of
these complexes illustrates that the Co{(II)/Co{III) couple has a
potential which 1is significantly more positive for the
bipyrimidine complex than for complexes with L = bipy or phen
{1985]. Details of the oxidation of a modified form of parsley
plastocyanin, PCu{I}Cr{III}, by [Co(phen)3]3+ have been presented,
and the rate of reaction has been compared te that using
[Co(dipic)o] ™ as the oxidising agent [196].

Diastereomers of the complex cation [Co{S$S- or R-
1,2-pn) (phen),13% have been prepared and spectroscopically
characterised; high sterecselectivity is noted, and the A-isomer
of [Co(s—l,E-pn}{phen)2]3+ is observed in preference to the
A-isomer [197}. ©Preparation and isclation of diastereomers of
[CoLyl [tart)ly, (L = Phy-phen}, leads into a study of the
application of this complex to sterecspecific cleavage of DNA;
incubation of p-ColEl DNA with A-[C0L3]3+ produces cleavage of the
DNA double helix, while repetition of the experiment using the
A-diastereomer prcoduces no such result [198]).

Kinetic and mechanistic data for the ac¢id-, base-, or
Hg(IIl)-catalysed hydrolysis of CiS-[Co(en)z(imidH)X]2+, (X7 = N3~
or NCST), illustrate that the coordinated imid~ ligand labilises
the Co-X bond =1000 times more than dees the protonated imidH
[129]. The complex cations [Co(en)zL(H20}13+, for L = imidH,
bzimidH, and imidMe, hydrolyse 4-0,N-CgH,-0COMe in the range pH
5.4 to B8.9; comparisons of the behaviours of the complexes as a
function of the heterocyclic ligand, L, and of sclution pH, are
discussed ([200]. Proton n.m.r. spectroscopic results for several
cobalt (III) coordinated imidazoles have been reported; the study
is complimented by determinations of pK, wvalues for the
coordinated heterocycles [201].

Two isomers of the complex trans- (NO;)-[Co(NO5) 5L5] [CLO4],
(L = (38)), have been isclated by fractional crystallisation, and
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thelr structures assigned; starting from the nitro-derivatives,
chlorg-complexes have alsc been prepared, and conceomitant changes
in stereochemistry have been discussed [202).

%
N—N
H;NCH, N /( N
At /N
H‘\.‘ NC th'
H
(38) (39)
NH NH
HzN/\/ \H"
Me
NH

(40)

Attention is drawn to the explosive properties of the
complex [Co{NH3)}gL][ClG,]3, (L = (39)); the kinetics of the
decomposition of this compound have been studied [203].

Reaction of trans-[CoCls{py)y4]Cl with the ligands en, L,
((40}), and L', (MeC(CHpNHCH,CHoNH5)q}, leads to the formation of
the complexes [CoL‘]Cl3 and [Coten)L]Cl3; the latter has been
structurally characterised as the Cl0,  salt, and details of the
absorption spectra are also presented [204]. & photochemical
investigation of the cobalt{(III} complex, CpCol, (41), 1llustrates
an interesting loss of dinitregen, and rearrangement which
involves aryl C-H bond fission, and Caryl_N bond formation [205].

Cp
|

fco\

F N/ YN F
O
N—N

(41)
2.2.7.7 Macrocyclic ligands

For the ligand cyclam, studles of proton exchange and the
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pase catalysed hydreolysis of its complexes trans-[CoClg (RSSR-L)]
and cis-[CoCly (RRRR({5555)-L}] have been presented; the ratic of
rate constants for solvolysis:reprotonation for the former complex
is 0.79%0.15, whereas for the latter complex, proton exchange is
faster than base hydrolysis [206]. The preparaticn and
characterisation of the cobalt (III) complex cation [C0L2]3+, (L =
{42}}, have been reported, along with a discussion of outer sphere
electron transfer reactions involving this, as well as related

N-donor heterocyclic and macrocyclic 1ligand Co(III) complexes

(42)

[207). The complex (Co(NH3)sL13%, (L = (43)), and its analogue
which contains the R-2-Me-derivative of L, have been investigated;
the spectral properties of these complexes are compared with those
of [COL2]3+ and [CO{NH3)6]3+ [208]. The green complex, trans-
[CoLCl,][C1l0415, (L = (44}), 1is susceptible to axial ligand
substitution; for the cis-complex, the coordinated ligand, L, is
able to undergeo a change in cenfiguration [209].

Structural characterisation of [Co(CO3){Mez—cyclen)][ClO4]
and solution n.m.r. spectroscopic studies have been described:;
the cobalt(III} centre 1is octahedrally disposed, with the
carbonate ion lying in the equatorial plane: Co-0 = 1.910(8%),
1.909(5)3, Co-N = 1.915(6), 1.925{(6), 2.007(5), 2.007(5 & [210].
Two papers by the same authors describe the complex cations
[C0C12L1+ in which L is the C-meso~ or C-rac-tetradentate cyclic
ligand, (45) or (46) respectively; details of the configuration
of the coordinated ligand, and the results of agquation studies,
are presented [211,212]. A hexamethyl-derivative of (45), L, forms
trans-[CoClyL"] via an oxidation route; during the reaction, one
Me group of L is converted to a -CHpOH residue [Z212a] The
preparaticn of the ligand, L, (47), and cf scme of its complexes,
(e.g. [COLC1]){Cl0O4)p, [COLI(CO3}1(CL041, ([CoL(05CCHY1([CL041), have
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been described, along with some chemistry of the complexes [213].
A polyammonium macrocyclic ligand has been successfully employed
in the control of photosubstitution reactions at Co(Ill) centres;
the macrocycle encapsulates [CO(CN}S]B‘, thereby hindering
reaction [213al.

((CHQ } n \ m
N N (NH HNj
K j NH HN
N
n=1,2 n=1,2

(43) {44)

Y Y
HN NH:] (%N NH:]
HN NH }muﬂ
k/kME "Me
{45) {46}
(‘NH’»
NH HN—\
(CHs}n (CHz)n n=1,2
NH HN

(47}
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Cobalt (III} complexes containing porphyrin ligands are, of
course, numerous in the literature. The thioclate reduction of
[Co(TPP}]t gives [Co(TPP)1~, X-ray structural characterisation of
which illustrates significant back donation of charge from the
metal ion te the porphyrin f-system, (Co-N., = 1.942(3)A) (214], In
ethanol, [Co{(TPP)Cl] loses the axial chloride ligand, and accepts
two axial EtOH molecules; studies of the optical and e.s.r.
spectra of the one electron reduced form of [Co{(TPP}Cl] are
presented [215]. Related work discusses three paramagnetic species
which are observed in single crystals of [Co(TPP)Cl]; the radical
cation [Co(TPP)]2+' is identified as one of the species present
[216]. Changes in the MCD spectrum which accompany the photo-
oxidation of [Co{TPP)1T to [Co(TPP}]2+'have been described, and a
reaction mechanism is proposed [217].

The syntheses and structures of two bis{mercapto)-
cobalt {ITI) complexes which may act as mcodel systems for the active
site of cytochrome P-450 have been reported; in
[Co(SCgHF4) 5 (TPP} 17, the Co-N distances are 1.978(4) and 1.976 ()4,
and Co-S = 2.346(3) and 2.330(4)A, whilst in [Co(SCgH,Cl3), (TPR)1T,
the porphyrin is distorted, with shortened Co-N distances, (average
1.973(4)A) {218]). Application to the chemistry of cytochrome P-450
is again noted in a report of octaerhylporphyrin, (OEPH3),
complexes of cobalt(III) [219]. The photclysis of [(Co{QEP) (CM}],
{and scme related Co{lI)} compounds), has been investigated ([220].

The catalytic properties of +the complex <c¢ations
[Co{MTPP)]+, (MTPPH, = tetra(p-methyl)porphyrin ), and [Co (PTPP) )T,
(PTPPHy = tetra(p-tolyl)porphyrin), in oxidation reactions have
been investigated [221,222]. Factors influencing the c¢atalytic
activity of related complexes have been discussed {223].

At pH 4.0, the rate of substitution of axial py and NC§~
ligands attached to the porphyrin complex cation [Co{M'TPP) ™,
(M'TPPH, = tetra (p—-methylammoniumphenyl)porphyrin), or [CO(STPP}1+,
(STPPB; = tetra(p-sulphonatophenyl)porphyrin}, has been found to be
proporticnal to the base strength of the parent free porphyrin
[2247]. The reaction of [Co(prP)]+, {(TpyPH,; = meso-tetra (4-
pyridyl}porphyrin), with a variety of amines, L, in 48% HBr gives
complexes of type [Co{TpyP)Br(L)] in yields varying from 40 to 82%
[225]. The kinetics of the complexation of cobalt(III) acetate with
tetraphenyltetrabenzoporphine have been investigated; the phenyl
substituents on the peorphyrin moiety do not enhance the complexing
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ability of the ligand with respect to Co{III), although the reverse
is true when the metal icn is either Zn(II} or CdA(II) [228].
Substitution of MeCH in [Co(PF) (MeQ) {MeOH)] by py, 4-Me-py, or
4-CN-py follows a disscociative pathway [226a].

Sepulchrate complexes, (sep = {25)), of cobalt{III) have
been reviewed, with an emphasis on the [Co(sep)]3+/2+ redox couple
1227). The reduction of [Co(chloro—sar)]3+, {sar = (30)), by zinc
metal leads to insertion of the Zn atom into the C-Cl bond; 1H and
13¢ n.m.r. spectroscopic and electrochemlical data are recorded for
the product, (48), and a structural analysis reveals distances for
Co-N bonds ranging from 1.971({4) to 1.988(4)A, The Zn-C bond,
(2.049(4)A), in complex (48) is stablised by the electron
withdrawing effect of the CoNg unit 1228]. A new pentacyclic,

metal ion cage system has been prepared; the cage complexes are

HN /NH ci
H HN— Co - NH Zn{l cl
HN><_)< NH cl

(48)

NH4 5+ NO2

@ )
N N

<. @ﬁiji)
L

N

NH;
(49) (50)
configuraticnally and conformationally rigid. Complex {49), is

prrepared via a dinitro-derivative, but reaction conditions must be
carefully controlled to prevent the formation of (50) as the final
product; spectroscopic and electrochemical properties of the



166

complexes are reported [229]. A discussion of the kinetics of
quenching the excited state of some polypyridine ruthenium{Izi}
complexes by [Co{sep]3}3+ has been presented; parallel reaction
pathways are evidenced [230].

2.2.8 Complexes with nitrogen—sulphur donor ligands
2.2.8.1 Aminothiols and related 1ligands

The preparatien and spectroscopic characterisation of the
complexes [CoLs], (HL = HpN{CH5)»SH, MepN{CHy),SH, Me,N(CHy) 3SH},
and [C03L6}X3, {HL = HEN{CH2)3SH; X = C}l or Br), are reported
[231]. An analysis of the CD spectra of [Co{en}2L12+,
[Co(tren)L]%Y, and [Co{L'),L]%¥, (HL = H,NCH,CH(Me)XH with X = S
or Se; L'= (R,R)-l,Z—(HzN)ECGHlo)], accompanies preparative details
[232]. The aminothiol ligand HoN(CH5)oCH(S7) (CHp) oNH, complexes
with cobalt(III) ions to give a binuclear complex; the structure

shown in (51) is proposed on the basis of spectroscopic data [233].
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HS N
Me
(52)

Several complex cations of the general formula [CoLL']? in
which HpL is the tetradentate S5-N-N-5 denor ligand, (52), and L’ is
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a diamine, f{en, 1,2-pn, or 1,2=(HpN) 2CgHy1p}» have been synthesised
and characterised; ©both aminothiol ligands give the cis-a- and
cis—ﬁ—isomers of [CoLL']t [234]. The preparation of a2 series of
[2]-[[(en),Co{HyN(CHp) 25 (CHy) S (CHyp) pNH31Co (en) 51CLlgl- [&— or f-
CDX]-rotaxanes has been reported to proceed with partial
sterecselectivity; details of the spectroscopic properties of the
complexes are presented [235]).

Cobalt (III) complexes containing some SN-ligands, (e.g.
{53)), related to sep, (25), and sar, (30}, have been prepared;
the cavities of the mixed donor ligands are larger than those of
their all N-donor counterparts, Some electrochemistry of the

complexes is described [236].
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{53)
2.2.8.2 Thicamides and related ligands

The octahedral complex, [Ca(HL)31Ci3, in which HL =
HoNNHC (3} OEt, has been prepared and characterised spectroscopically
and magnetically; the complex exhibits effective antifungal
activity [237). The dithiocarboxylate derived ligand, HL, (54),
and its 3-quinoyl analogue, form the complexzes [CoLs]{NC3] and
[CoLo15[CoXyl, (X = Cl, Br, I, NCS, NCSe); spectroscopic and
magnetic characterisation evidence a tridentate N-N-S-coordination
mode for L° [238). Another N-N-S-donor is L2~ where HoL is the
thiosemicarbazeone, (55); the reaction with Co(III) ions illustrates
a pH dependence for the active denticity of the ligand [239].

Me
5 NH N
ﬁ; \N)\ﬁ- \OH
NH Me

NH
N NH SMe
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2.2.9 Complexes with nitrogen—-phosphorus donor ligands

The only entry for this section is [CoL,L']Bri3.2H-C, in
which L is HoNCH5CH,PMe, and L is Me,PCH,CHoPMes.  The complex has
been prepared, but of the three pogsible isomers, only one has been

confirmed structurally; the cobalt atom is wctahedrally sited,
with each N-donor trans to P-donor. Pertinent bond lengths are
Co-Py = 2.294(3), 2.245¢4)4, Co-N; = 2.047(10), 2.058(10)A, and
Co—Pp, = 2.273(4), 2.295(3)A [240].

2.2.10 Complexes with phosphorus donor ligands

Firstly, a cross reference [240] to the complex
[Co (MepPCHyCHpPMey) (HpNCHCHPMe ) pL1Bry.2Ho0, described above,
should be made.

The photophysical and photochemical properties of two
cobalt (III) complexes containing the pheosphite ligands,
(MeO) 5F (CH4) 9P (OMe) 5, (L), and P{OCH;)3CMe, (L'), have been

described; values for A of 20 nm and 700 nm were recorded

max

respectively for the complexes [CoLj][Cl0O4]3 and [CoL'gl {C1lO415
[2417] .,

2.3 COBALT(IT)
2.3.1 Complexes with halide and pseudohalide ligands

Comments on the structure of the [Coc14]2‘ ion in different
envirenments have been made. In the cyclohexylammonium salt, the
[C0C14]2_ ion exhibits slight distorticn from tetrahedral symmetry
due to the cation-anion association which leads to chains following
the directions o¢f the crystallographic b- and c-azes [242]. The
anions present in the blue 2-, 3-, or 4d4-acetylpyridinium complexes,
[LH}»[CoCly), show little distortion from tetrahedral symmetry
[243].

Cobalt (II) chloride sglutions containing Cl_:Co2+ igns in a
ratio 4:1, 6:1, or 7:1 have been investigated; a comparison of the
complexes evidenced by X-ray analysis has been presented [244]).
Formation constants for the complexes [CoClnjz‘n (n = 1-4} have
been determined from distribution coefficient data for solutions

containing aqueous CDClz, MgCl, or CaCl;, and HoTBP [245]. The
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extraction of cobalt(II} chloride from HCl solutions by using
Hyamine-1622 has been studied [246].

The preparaticn and characterisation of diaminium salts of
cobalt (ITy chlorides have been described; for n = 3, §5-10,
[H3N (CH5) [ NH3] [CoCl,]l is the formula proposed, but for n = 2, the
coemplex product is formulated as lenHp],[CoClg]l [247). When
dissolved in benzene, the complex [(n-CgHq{7)3NH]1>[CoCly), gives
rise to species [(n-CgHq7)3NH-*-Cl* - HN{n-CgHy;)3]" [248].

Studies of the anions [CoX,]2” for X being €17, Br~, or I~
have led to determinations of crystal field parameters [243]. X-ray
diffraction studies of concentrated agueous solutions of cobalt (II)
bromide show the presence of ([CoBr(H,C)g)Br, exhibiting an
octahedral geometry as expected [250].

An unusual coordination environment has been evidenced
around the cobalt (I1) ion in [PEN],{Co(CN)4]1; the complex is
formed by the reaction of Co(CN); with 4 equivalents of [PPNICL in
dmf, and, when spectreoscopic and magnetic data failed to confirm
the anticipated tetrahedral geometry, X-ray crystallographic data
were ceollected. The structure shown in (56) was elucidated. The
axial Co-0 distances of 2.64 and 5.8%% are indicative of cne
bonding and one non-bonding interaction respectively, while the
Co~CN distances of 1.869(15)A through te 1.875(14)A are unusually
short [251]. Studies of the magnetic susceptibility of the complex
{Co(CN)2].L , (L = dmf, dmso, dma), over the temperature range 78

Me\N,Me

=

(56)
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to 320K have been reported [252]. Mechanistic details of the
reaction of aqueous [CO(CN)5]3— with molecular hydrogen have been
discussed, emphasising the effects of varying the ionic strength of
the reaction medium [253].

The preparation, and spectral and magnetic characterisation
of the complexes [HCo(NCS)3_Xy,) 0L, (X = halide; m= 0, 1, 2; L
= BEt,0, py, PhNHp; n = 1.5 2, 3, 3.5), illustrates pseudo-
tetrahedral complex anions [254]. Structural characterisation of
the substituted [18-crown-6€] salt of [CO(NCS)4]2_ confirms a
tetrahedral anion, with the crown ether cations hydrogen bonded to
splvate acetone malecules [255]. A report of the preparation and
spectroscepic characterisation of [RyN][Co(SCN)4L], (R = Me, Et; L
= 4-Me-py, 4-Et-py, 4-HO-py), and [Ry4N],[Co(SCN)4L'], (R = Me, Bt;
L' = bipy, phen}), proposes tetrahedral and pentagonal complexes
respactively [2586]. By using UV-spectrophotometric data, stability
constants for the complex ilon, [Co(SCN)nlz_“ have heen tabulated
in dmso/acetone/water solvent systems [257].

The reaction of [Co(NH3)5X]n+ with NaNCS, for XB7 bheing
various simple ligands, gives, initially, a mixture of $- and
N-bonded isomers which finally equilibrate; an accurate
determination of the 8:N capture ratic of 2.0f£0.1 has been made,
and the results compared with previocusly published data [258].

As part of a study of several first row transition metal
perchleorates, the apparent molar volume and molar conductivity in
amf, (25°C), &f Co{Cl04)s has been measured [259]. Twenty four,
pseudo-tetrahedral complexes of general formula [ColsXs], (X = Cl,
Br, 1, NCS; L = PPhy, OFPhjy, S5FFhs}, have been synthesised and
spectroscopically characterised; analyses of the electronic
spectra, including discussions of Racah parameters, are presented
[260] . The effect of the leaving group upon the steric course of
the base hydrolysis of the complex cations c¢is~ and trans-
[Co(en) pX}™*, (X = Br™, C17, 0SMep, MeyNCHO, N3~, HCO»7), has been
investigated; a short lived intermediate in which X or X~ is held
close to, but strictly disscciated from, the cobalt{Il) centre is
postulated {261].

Finally, the cobalt hydride species, [HCo (H3BCN) (PPh3) 3],
{57}, is a complex of special interest, and rather difficult to
categorise within the confines of this review. The complex has been
synthesised and structurally elucidated: the metal atom coordinates
a hydride 1ligand in the axial site, (Co-H = 1.42&: Co-N =
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1.904(8)4), and the equatorial phosphine ligands are observed to
bend towards to hydride position, (Co-FP = 2.291(3), 2.245(3),
2.234(3)h) [(262).

. \\PP}.’I3
coy' '

‘ e,

N
]

c
1

BH,

Ph,P

(57

Finally, the synthesis, and magnetic and e.s.r. properties
of the complex [{tBu2N0)2CoBr2] have been presented; on aging, a
marked variation in Horg. is ogbserved, due to the formation of a

paramagnetic species [2637.
2.3.2 Complexes with oxygen donor ligands
2.3.2.1 Selenite, phosphate, and related ligands

The thread running through this section is that of ligands
derived from inorganic acids. The preparation, and physicochemical
characterisation of some polymeric selenito cobalt{II) complexes
have been reported; purple [5C05e03.C0o(0H)5].15H,0, magenta
jCoSe03.Co(OH) ]1.17H,0, and pink [5Co5e03.Co{0H)5].19H50 are all
species in which the cobalt atom is high spin, and is in a distorted
octahedral environment. Low magnetic mements are observed, and these
are attributed to antiferromagnetic coupling [264]. The thermelysis
of the complex [Co(S50g)].6Hy0 leads to partial degradation, with
simultanecus less of water and sulphur dioxide resulting in stable
cobalt (II) sulphates [265].

The proton affinity of cebalt{II) oxide has been determined
to be 21935 kcal molhl; values for the CoY-0OH bond dissociation
energy were measured as 7116 keal mo1™1 by a proten transfer method,
and 71#3 keal mol~! from photodissociation studies [266]. The
thermal conductivity of the complex [Co(Hp0)g) [NO3]l5.nH20 has been
shown to depend linearly upon n, but only for values of n 2 5; a
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nenlinear relationship is followed for 0 € n £ 5 [207]).

Infra red, 31P n.m.r., and electronic spectroscopy have been
used to investigate the association in CCl,, benzene, or hexane
solutions of the complex [CoLs], in which HL = H{Z-Et-CgHq3) 5P0y
[268]. The complex [PL{S;CNRs) (PhPO)5H}, (R = Et; CHMe,), reacts
with [Co(acac)s] to give a product, which, on the basis of
spectroscopic evidence, is proposed to have the structure shown in
(58 [269].

Complexation of the polyphosphate ligand L3', (HaL = (59)),
with cobalt ({II) ions has been studied potentiometrically over the
temperature range 298-318K; the thermodynamics of complex formation

are discussed [270), and should be compared with the results of a
relat¢ 1 study [271]. Complex fermaticn of Co{(II) with adenosine-
and histamine-5'-phosphates has also been described [272]. A

structural investigation of the coordination of ATP to cobalt (IT)

P—0 3
S S“'Pt/ \ ‘.\‘O"EE)E?, /\
\5’ \ /CO\ ’Pt\
O—
P—0 E;’h-z s/

R,NC CNR,

Ph,
{58)
0 NH;
R =
O 5 HN oy
HO—P—0—P—0—P—0—CH, R | l
0 )\
OH OH  OH |<:I:P.! o 1i1 o 1i1
OH OH
(59

ions illustrates that attachment by the «—, p-, and ¥phosphate

2+

moieties blocks any potential interaction between the Co centre

and the adenosine base [273].



173

2.3.2.2 Carboxylate ligands

An investigaticn, including detailed selubility data, of
the formate complex, [Co(HCOp),1.2H¢, has lead to the
identification of a new species, Kg[Cop(HCO5)7).2H50 [274, 275].

Low temperature infra red and Raman spectroscopic results
for hydrated cobalt(II) acetate has confirmed the presence of one
type of carbozxylate ligand, and two modes of coordination for the
water molecules [276]}. The same authors have 1illustrated the
temperature dependence of the infra red and Raman vibrational modes
in [Co(OAc)2.4X20], (X = Hor D), Two discontinuities, attributed
to dynamic processes involving the water molecules, arise at 27045
and 140+5 K, and a further discontinuity at 213%5 K is explained by
considering the dynamics of the methyl group of the carboxylate
ligand [277). Infra red spectroscopic data for [Co(0Ac),.Z2HZ0])
support the existence of both strong and weak hydrogen bonding
[278]. UV-visible absorption spectra for agueous [Co(OAc),]/[KOAc]
have been Iinterpreted in terms of the presence of various complexes
and cluster structures in soclution [279}.

The solubility of cobalt(II) acetate in hexane-, benzene-,
or cyclohexane-acetic acid mized solwvent systems has Dbeen
investigated spectrophotometrically; association constants have
been determined [28(].

The structure of [Co, (ClyCHCO,) 4 (MegNCHRCHaNMes) (W-Hp0) |
has been elucidated; each Co{II) icn is in a distorted octahedral
site, with two o¢f the four dichloroacetate ligands bridging the
metal centres, and one Cl,CHCO,” ligand terminally attached to each
metal atom. The bridged Co----Co separation is 3.675(1}A [281]. A
dimeric complex 13 also proposed as the product of the reaction of
2-ethylhexancic acid with [Ca(QRc),] [282].

The thermal decompositien of hydrated cobalt({II)
propancates has been described; details of the decomposition
pathway, (the final product of which 1is the metal oxide), are
presented [283]., The reaction of cobalt{II}) nitrate with
CH3CH(EtL) (CHp) 3C0pNa in aquecus solution has been shown to be pH
dependent [284].

The electronic structure of trans-[Co{ ()HL}5{H50) ] .2H50,
in which HoL = HOpCCHoCH{OH)CO,H, has been discussed in detail, and
the results are in agreement with the D,, symmetry observed in the
previously reported X-ray structure of the compound ({2857,
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Stability constants for several cobalt(Il) citrate complexes have
been determined by 8 n.m.r. techniques [286]. The reaction of
(Co(NH3) 12" with tartrate ion to give [Co(tart)] has been followed
spectroscopically; coordination of the tart?” ligand 1s proposed to
be via the carboxyl-0 and the -0OH moieties [(287]. The preparation
and characterisation of +the high spin dinuclear complex,
[CopL{H30) g) ], (HyL = HO,CCH;CH(COoH) SCH{COH)CHHCOZH), has been
reported; it is suggested that the ligand L4~ coordinates via the
CO,” groups, and that water molecules, or bridging hydroxide ions,
complete the octahedral coordination sphere about each metal ion
[288].

Anhydrous cobalt (I1) chloride reacts with R,NH, (R = Et:
iPr}, and carbon dioxide to give the multicentred complexes
[Co, (0oCNR2) 241, the reactivity of which has been discussed. For R
= Et, the hexanuclear purple complex has been structurally
characterised, and shows an interesting variety o¢f carbamate
coordination modes. The complex exhibits three distinct cobalt atom
environments, related to the seccnd set of three metal centres by a
2-fold rotation axis; coordination about four of the cobalt ions
is essentially trigonal bipyramidal, while two of the ions are
octahedrally sited. The average Co----Co distance is 3.178(5)A
[289].

The complex [Co(salH};).4H»0 has been prepared in basic
solution, and fully characterised [290,291]. Thermal analysis of
trans-[Co({sall)).4H0 illustrates initial dehydration occurring
between 70-140°C, followed by deccomposition at 300°C to [Cof(sal)],
and above 313°C, to Co304 [291,292]. Stability constants for
various [Co(salH);] related complexes have been determined, as well
as dissocilation constants for the protenated ligands [293]. A
report of the preparation and characterisation of [Co(HL),], (HpL =
(60)), proposes that the ligand is bidentate [224].

Complexation studies of HyuL, (6l1), with cobalt{II) ions,
have shown that both acidic and neutral complexes may form;
stability constants have peen determined for these species, and for
complexes of other transition metal ions with H4L [295]. The
syntheses and physicochemical characterisation ¢f the dinuclear
complexes [Co{0pC-CgHy-R)L]ly, (R = H, 4-Me, 2-Cl, 4-NOp; L =
quin-N-oxide), have been described; unusually low magnetic moments,
and anomalies in the electronlc spectra suggest the presence of a

H-CO; supported Co--~Co interaction [2%6].
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The dicarbozylic acid, 4-HO,C-CgH,-0OCH,COoH, (HpL), has the
potential to be either a mono- or bidentate oxygen doncor. This
flexibility has been the focus of attention in a study c¢f the
complexation of HpL with cobalt(II) and nickel(II) ions; the
product of each reaction is trans-[M(HL}, (Hy0) 41, (M = Co or Ni)j,
and the structure of the nickel complex has been confirmed by X-ray
analysis [297]. In the same vein, the competition between carboxyl
and N-coxide functional groups in HL, (62), is of interest; the
structural elucidation of trans—[CoL, (H20) 41 shows the cobalt
centre to be in a flattened octahedral site, and attached to the
carboxylate portion of the ligand. The N-oxide functions are
involved in intermolecular hydrogen bonding; inner sphere bond
carboxyl — 2-102(1)A and Co-O,¢e, = 2.072(1) and
2.113(2)A [298). The complex cis-[CoL,(Hp0)4], HL = (63), exists

distances are Co-0

as a polymeric material with an overall stoichiometry of
[CoLs (H0) 31 the compound is disostructural and isomorphous with
{2nl, (Hp0) 3], the structure of which has been crystallo-
graphically determined [299]. The ligand HL, {(64), and its salt,
K[HL,], have been prepared, and structurally characterised; KI{HL,]
may be converted to [Co(KLjy),] by refluxing with cobalt(II} acetate
in ethanol. The structures of [Co{KL;)s] and the analogous
complex, [Co(Rbl,)s,], are discussed [300].

HO,C~-CH;~0

COH
CS Qw Qe

{62) (63) (64)



176

2.3.2.3 Oxalate ligands

The thermal decomposition of cobalt (II) oxalate has been
studied by two independent groups. The first work illustrates
decomposition of [Co{ox)] to cobalt metal, CoQ, and CoCO3; it is
noted that reduction of the product system by CO0p |is
thermodynamically favourable [301]. The seccnd paper on the subject
investigates the catalytic activity of the thermally deccmposed
[Co{ox)] system, and compares the results with those obtained for
the analegous nickel (II) system [302],

The kinetics of the Ce(IV) oxidation of the coordinated
oxalate ligand in the complex [Co{ox) (NH3)gl have been studied;
first order kinetics are obeyed, and a dependence upon [H*] is
observed., The reaction is catalysed by Ag(I) and by Cu{lI) ians
[303). In a related piece of work, the same authors report rate and
activation parameters for thes latter oxidation process [304].

2.3.2.4 f}-Diketonate and related ligands

The reaction of [Co(acac)s,] with PhySnCl, in pyridine is
reported to lead to ligand exchange, and a series of cobalt{II} and
tin(IV) mixed ligand complexes; techniques used to monitor the
reaction include 1%sn n.m.r. spectroscopy [305]. Related work
involving the complexes [Co{acac)yipy)sl and [Colacac)s{py)yCl], (x
= 1,3}, has alsc been presented [3068]. The electrochemical
reduction of [Co(acac)3] to [Co(acac)y] has been studied in detail,
the interest being in the catalytic activity of species present in
the system; the growth and decay of transient species is described
[307]. The triflucro- and hexaflucro-acac ligands, H{acac'), react
with an equimolar amount of CoClp or Co(NO3)s and a two molar
eguivalent of hydrazine to give the complexes [Coflacac’)].2NpHy;
the products are thermally stable [308]., Solvent extraction studies
have been carried ocut using the 1ligand L7, {HL =
C5H5C(O)CH20(O)CF3}; the efficiency of extraction of Co{II! and
Ni(II) iens in aqueous NaCl with HL in CCl,; has been measured as a
function of the concentratieon of tetrabutylammonium ion present.
In the absence of the organic caticn, [CoL,] is isolated, whereas,
with BuyN* present, the [ColLj3]-[BuyN] lon pair forms [309].

The preparation, X-ray structural characterisation,

electrochemical behaviour, and UV-visible spectrum of the complex
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[{U03) 5CoLp (PY} 4], (65), containing a tetradentate ligand, 17, have
been reported; each U---Co non-bonded contact is 3.5176(31)4, and
within the cobalt's ilnner coordination sphere, distances are Co-0 =
2.040(9), 2.046(8) A, and Co-N = 2.234{10)A [310]). Complexation
studies of another polychelating ligand, {(66), have been described
[311].

Ligation to cobalt{lIl} of the cyclopentanone derived
ligand, (67), gives the complex ([CoL;{H,0)5]), the UV-visible
spectrum of which has been analysed; the abscorption at 500 nm has
been assigned to the spin allowed 4Tlg(F) —+4Tlg{P) transiticn

[312]. Thermochemical studies invoeolving the complexes
[Co(HpL),].2ROH and [Co{HpL),] .PrOH.H,0, (H3L = (68): R = H, Me,
Et, Bu), have been reported; the Co-0,;.,401 Pbond dissociation

energy is independent of the substituent R, suggesting that there

are few steric effects [313].
O PY
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2.3.2.5 Amide, and amino acid ligands

Complex formation hetween cobalt (I1) ions and
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CH3C (0) CH,C (O)NHPh has been followed potentiometrically; stepwise
chelation occurs, to form initially [Col], and then [Col,] [314],
The structure of the clathrate ccordination compound,
[CoBrs]1.10{urea), has been investigated both by X-ray and neutron
diffraction methods; the cobalt ion is ¢octahedrally sited, and is
attached to sgix separate urea molecules via Ceo—-0 interactions
[315]. The preparation and characterisation by spectroscopic and
magnetic moment measurements of the tetrahedral, high spin
compounds {CoLpXpl, (X = Cl, Br, I; L = (69)}, have been reported;
each complex 1s a non-electrolyte in MeNO,, but is partially
dissociated in MeCN [316].

H R
(CHy)n 0 N - + 0 N
! 27N QET/' NH, \1550
N N
M \ﬂ/ Me HN e NH
N
o
0

G
n=2,3

(69) (70}

Murexide, HpL, (70}, forms two complexes with cobalt(II)
iong, pH 2 5, viz. [Col] and [CotHL)1™T: equilibria data obtained
for the cobalt{ll) complexes have Dbeen compared with results
appertaining to the analogous nickel (II) species [317].

Intramoclecular electron transfer from cobalt to ruthenium
centres via either an amino acid ¢r a dipeptide chain has been
studied; the kinetics and temperature dependency of the transfer
have been described [318). The interaction of cobalt (II) ions with
glycine and adenosine nuclecotides has been studied by using
potentiometric titration methods; the formation and decomposition
of the complexes have been investigated as a function of pH [319].
Stability constants for Coz+—glyH complexes have been determined,
at 35°C and ionic strength 0.1M, by electrophoresis methods [320].
Related work for complexes of N(CHpCO,H)3 and serH has alsoc been
described [321]. Mono- and bils-cobalt(I1) complexes of conalbumin
have been prepared in the presence of bicarbonate ion: by using Tq
measurements, proton environments have been assigned in the lyg
n.m.r, spectra of the his and tyr residues ([(322].

Determinations of thermodynamic parameters for the
formation of complexes between HO,CCH,CH,CH (NHp) COoH and cobalt {II}
ions in aquecus dioxane over the temperature range 30' to 50°C have
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been reported [323].
2,3.2.6 Phenolate ligands

The stoichiometry of complexes formed between cobalt (II)
ions and 3,4-(HO)5-CgHy has been explored; stability constants have
been determined [324]. The complexation of 1,3,5—{HO]3—C6H3 with

C02+(aq) has been followed spectrophotometrically as a function of

PH and of metal ion and ligand concentrations [325]. Pyrolysis of
O OH o] OH
CH;S8R OH
OH S0, Na’
G NH., ¢
R = Et,
CH,Ph,
D 6H4?
X = Me,H,Cl
(71) (72) {713)
the complex [CoL;].nHz0, (L = (71)), (for which X-ray data is

reported), proceeds by loss of water, followed by decomposition;
first order kinetics are obeyed for the degradation [326].

Formation of complexes of the type [ColL,l, in which L =
4-nitrocatechol, has been monitcred as a functicn of pH by using
potentiometric methods [327]. Structural characterisation of the
complex {Co({3-OMe}I (MeOH)],, (HL = 2,4-dinitrophencl), shows the
presence of a cubane-like central core, consisting of 4 Co atoms
and 4 H3—-CMe units, (Co-Ogpe = 2.042, 2.094, 2.100A); each L~ ligand
is bidentate, with Co-Op = 2.001 and 2.133A [328]. An associative
mechanism has been propoesed for the substitution of the ligand
{72}, with cobalt (II) ions in solution [329%). A series of nineteen
non-conducting complexes involving anthragquinone ligands, (e.g.
{73)), has been prepared and characterised physicochemically [330].

Complexes of the general formula [CoL,X5], in which L is a
4-substituted-2, 6-dichlorophenolate, have been the subject of a
35¢1 n.9.r. spectreoscopic study; an inverse correlation between the
difference in frequency of the co¢rdinated and nen-coordinated o-Cl
and the Co-Cl bond length has been illustrated [331].

The reaction of l-nitroso-2-naphthol, HL, with [Co(acac) ;]



180

in refluxing aqueous KOH leads to the complex [Colacac)L].nH,0,
which, o©on heating teo 130-150°C, loses water; treatment of
[Co(acac)Ll]).nHy0 with py produces [Co(acac)L{pyla). Spectroscople
characterisatien of the latter complexes suggests octahedral
coordination in all cases [332]. The preparation, and
characterisation by spectroscopic and magnetic moment measurements
cf [Col,(H,G) 53, (HL = (74}, suggests a low-spin, octahedral
complex, containing L7 as an 0-0 doncr [333]. Thermodynamic
parameters relating to the formation of 1:;1 and 1:2 complexes of
Co(II) ions with HL, (75), have been determined; the results of a
solid state infra red study of the complex [CoLCl] imply chelation
via the phenolic 0~ and aldehydic O-atoms of the ligand {3341,
Finally, potentiometric methods have been used to determine
stability constants for the 1:1 and 1:2 complexes of Co{(II) ions
with HL, (76), in 70% (by wvolume) ethancl over a temperature range
of 25-45°C; comparison of these data with thermodynamic parameters
measured for related complexes containing cther transition metal

lons has also been discussed [335].

B
C=N-NH,

Q GO .o

(74) (75) R = H;o-,m-,p-OMe (76)
a-,m—, p-NO»

2.3.2.7 N-oxide ligands

The preparation and characterisation of the dinuclear
complexes [Coj (05CR) 4La], (R = CHpCl, CHCl,, CClg; L = quinoline-
N-oxide) have been reported, along with the magnetic properties of
the compounds [336].

2,2.2.8 Macrocyclic ligands

Ligand exchange involving [18]-crown-6 ether complexes of
cobalt (I1) has been reported; the kinetics of the stereochemical
rearrangement of the uncoordinated part of the macrocycle in the
complex [Co([l&]crown-S)(CH30H]3]2+ are described [337].
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2.3.3 Complexes with cxygen-nitrogen donor ligands
2.3.3.1 Ethylenediaminetetraacetic acid and related ligands

The kinetics of metal exchange reactions between
[Co(edta)]z_ and Cu(II) ions have been studied; the stabkility of
intermediates has been investigated as a function of the
concentration of the edta?~ ligand [3238]. Related work has been
carried out by stopped flow techniques with the dependence of the
reaction upon pH being the focus of attention; at a high pH, an
associative pathway with a second order rate constant of 37 £ 1 dm?
“l is proposed [3329).
A mizxed Co{(II)-Ni(II) complex of edtal, has been found, by

mol™l g

use of large angle X-ray scattering, to contain infinite chains of
cctahedrally coordinated metal ions; the units present are
[Co(Hp0) (12 and [Ni(edta)}?” (340). Similarly, characterisation
of the dinuclear complexz (Cojy{edta}].f6H,0 shows the presence of
regular chains of [CO{H20]6]2+ and [Co(edta)l?” ions [341]. The
preference for hydrated versus edtad™ coordinatien spheres of
various metal(II} ions including ceokalt(II) has also been
considered [342].

The kinetics of oxidation of aqueous [Co(edta)]z' by 52082_
igns has been studied using spectrophotometric methods, and an
overall second order rate equation demonstrated; the dependence of
the reaction rate upon pH, 1ionic strength, and reagent
concentration has been investigated (343]. The kinetics of the
reversible redox system of [Ru(NH3)5<pz)]3+ with [Co(edta)]?” has
been investigated; mechanistic details reveal that the intermediate
complex ion, [(H3N}5Ru(11)—pz—C0(III}(edta)]+ dissociates via
electron transfer, with a rate constant of 16.9 s1 at 25°C (344].

The synthesis of the ligand HylL, {77}, and its complexation
with cobalt (II) ilons have been described; formation constants for
the complexes ([Co(HyL)], I[Co(HL)]™, and [CoL]?”, have been
determined to be 8.46, 9.29, and 1¢6.87 respectively, and have been
compared with the corresponding eguilibrium constants for edtaHy
complexes {345]).

Radiolysis, (y-irradiated), of the complex [CoL], (HpoL =
HO;CCH,NHCH,CO2H) has been explored; in addition, reaction of the
complex with hydroxide ion shows attack bkoth at the metal and

ligand, with the ligand degrading to glyoxylic acid [346]1.
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N */{——————\\* *
HOZCCHZ_liI NI"_CH;]COQH
HOCH, CH, CH, CH,CH
* * * = coordination site
OH HO
N —HN
Me Me
(77
The pink complex [CoLy(H,0),), (HL = (78)), has been

prepared and characterised; the analogous Zn({II) complex has been
structurally elucidated. [CoLz{H;015] reacts with Hy;8 to liberate
glyH [347]. The ligand {RC(0)CH;C{0)CHMeNHCH;}5, (R = tBu, Ph), is
capable of presenting either an 04 or an N0, donor set to a
Co(I1l) centre depending upon the presence or absence of a
secondary ligand, e.qg. py [347a]

g

{78}

_-CH,COzH

2.3.3.2 Imine ligands

The preparation and spectroscopic characterisation of the
complexes [Colsl, (HL = (79)), have been reported [348,349].

CH N

R CH=NCH,CH;COH
HO

R

(79 R = H; OH (80) R = H; COpMe

Potentiometric studies have been used to monitor the complexation
of Cof{Il} ions with HL or Hy1, ((80), R = H or COZMe respectively)
disscciation constants for ligands, and formation constants for the
complexes have been determined (350, 3511,
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H CO,H
N
OH
{BL)
Complexation of HL, (81}, with cobalt(II) ions 1in

coordinating solvents has been investigated by using n.m.r. and
e.s.r. spectroscepy; the data has been interpreted to provide an
insight into the mechanism for the spin delocalisation onto the
ligand [352]. The dinuclear complexes [CoyL,]}.4H,0 in which HaL =
PhCH (OHYC(FPh)=N-CgzH,~-2-0H) or (B2), have been synthesised and
phiysicechemically characterised; each metal centre is octahedrally
coordinated [353]. Related work haz been carried out using the
ligand PhCH(OH)C(Ph)=NCR,CH(OH}R, (R = H; Me) [354].

+
Me C (Me) =NHCH, CO, H
Ph Fh
PhCH (GH) CH {OH)Ph
(82) (83)

By using potentiometric titration methods, the interaction
of Coz+{aq) ions with H,ZNC (=NH)N{Me)CH,CO4H over the temperature
range 20° to 40°C has been observed; stability constants for the
1:1 and 1:2 complexes have been determined [355]). The preparation
of HpoL, (83), (predominantly existing in its keto-enamine form),
and its brown cobalt (IL) complex have been reported; the electronic
spectrum of the complex, and a magnetic moment of 4.5 BM together
imply a high spin tetrahedral metal centre [356]. The complexes
[CoLCly(Ho0) p] and [CoL(QAc)p), in which L 1is the ligand
PhN=C (SCH,Ph)N(Ph)C (0O} NHPh, have been synthesised and
characterised; interest in these complexes lies in their potential
antifungal activity [357).

The imine BL, (84), forms the complexes [CoLX], (X = Ci,
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Br, NO3j) [358], and [Col, (H50)5] [359]. For the latter octahedral
complex, crystal field parameters have been determined [359].

R

AN

N

1

[}

H"O
{84) R = H; Me

Complexation with cobalt (II}) ions with a wvariety of Schiff
base ligands derived from five substituted salicylaldehydes and
2-HpN-CgH,CH,0H has been investigated. Each ligand is proposed to
be an 0-N-0 decnor, and the complexes are dimeric non-electrolytes
(3607.

An electrochemical investigation of the complex [Co({salen)]
in MeCN and dmf sclutions has been presented; the effect of the
supporting electrolyte concentration on the electrode kinetics is
discussed [361]. The photolysis of [Co(IIT) {salen)R], (R = Me, Et,
Pr, Bu), in 99%% glycerin soluticn, leading to Co-R fissicon and
reduction to [Co{salen}] has been discussed (362]. The one electron
oxidation of [Co(salen)] cccurs upon treatment of the complex with
aryldiazonium salts; other related redox reactions have alsc been
studied [363]. The presence of a phenolic residue on salenH,; gives
the quinquidentate ligands (sal-Hpen)H, and (sal-mpen)H,, (85);
preparation of these Schiff bases, and their complexation reactions
with transition metal ions, including C02+, have been described
[(364]. The dinuclear complex [Co,Ls], (HyL = saloph, {(86)), has
been synthesised and characterised; a pseudotetrahedral environment
for sach metal atom, with no significant Co---Co interaction, is
proposed [365]. The magnetic properties of the 5-coordinate
complexes [Co(salen)L] and [Co{saloph)L], {in which HL = imidH,
bzimidH, or derivatives thereonf), have been reported in detail;
the magnetic moment ¢of [Co{saloph) (2-Me-imid] is relatively
independent of temperature over the range 50-296K, but below SOK,
Mere falls significantly. The latter observation is interpreted in
terms cof zero-field splitting. The X-ray structural elucidation
of [Co{saloph) (2-Me-imid] shows that the cobalt atom is 0.452(1}A
out of the plane of the Schiff base ligand; pertinent bond lengths
are Co=0 1.973(3), 1.977{(3)&, Co-N 2.032¢(4),

saloph saloph
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2.127(YA, Co-Nj,ig = 2.073(4)A [366]. The degree of interaction of
solvent molecules with [Co{saleph}], to give a 5-coordinate

species, has been investigated by using ¥ n.m.r. spectroscopy

[367].

QH HO CH HO
=N N N N
D WA " .
Me® !
=X CR
Me
{85) R = H, M= (BE)

o N\ Co’ =
Y Y
7/ N\
\ ¢ Q
X X
b4 b Z
Me H, ©l, succinimide, FhO Me
Ph H, €1, succinimido Me
Me acetyl H
(87)

The preparation and characterisation by TGA of the complex
[CeL), (HyL = PhC(O)CHoC (Me) =N (CHj) ;N=C (Me) CH,C (Q)Fh), have been
reported [368]. A series of complexes, (87), has been studied with
respect to the ability of each complex to coordinate axial py or
molecular oxygen; the determination of redox potentials is
reported, and a relationship between these values and the Hammett
o-constants of the substituents X, Y and Z has been developed
[(369]. High and low spin complexes of type (CoLL'[], (88},
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containing the Schiff base HpL, have been studied, with the aim of
probing ways of inducing spin crossover; for R = -CHaCHy- , L' =
PY, and n = 2, spin crossover is observed [370].

COzH L HO:C

(88) R = -CHpCHy-, —gH2CH2C§2d
Py, P-picoline, 4-“Bu-py
n=1,2

=
||

The condensation of HOC(CF3),CH,COMe with the diamines
HoN{ {CHp) 50} (CHp) sMH,, (n = 1,2), in the presence of Co(II) ions
results in the template syntheses of the corresponding cobalt {II)
iminc complexes, For n = 2, the product has been structurally
characterised; the metal ion resides in a distorted octahedral
site, with the N-atoms of the N,0, donor set being trans to one
another. Bond distances within the inner coordination sphere are
Co-N = 2.141(4), 2.132{4)&, and Co-0 = 2.317(4), 2.339¢4),
1.952(4), 1.933(4)A, with the ethereal O-atoms participating in the
longer Co-0 interactions [371].

The deprotonated form of the Schiff base, H,L, (89},
possesses the ability to chelate wia an 0-N donor set to each of
two adjacent cobalt atoms; the complex [CoaLl, {H0} 4] has been
characterised, and exhibits an abnormally low magnetic moment

[372}.
OH HO
(89
2.3.3.3 Amido, amino acid, and related ligands

Related to the formation of the dinuclear complex described
above i1s work by the same authors invalving the tetradentate ligand
PhNHC {0) CH=C (Me) NH (CH» ) 9NHC {(Me) =CHC (C) NHPh; the complexes [CoplaXyl]
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in which X = Cl1l, Br, NO3, or ClQ4, have been prepared and
spectroscopically characterised [373]. The reaction of cobalt{II)
hydroxide with HL, (90), is reported to give the octahedral complex
[Cols, (Hz0) 5] [374]. The compounds [ColX,j and [Colp] [ClO4]l,, (L =
(91); X = Cl, Br, NO3, 0.5504), have been synthesised and
physicochemically characterised; I c¢oordinates via the morphilino—N
and the (thio)amido-(S)0 atoms, and the geometry of the former
complex appears to be dependent upon the nature of X& [375].
Reaction of cobalt{II} ions with L, (92), proceeds endothermically,
and the stepwise formation constants of the product complexes at
30°C have been determined [37¢].

CHO
COsH ©
C{O) NHPh [ j OMe
o OH
—-NEMe /NH NH»
: ey

N
!
C
]
Y
R O
HoN
{90 R = H; Me (81) ¥ = 0;8 {92) {93)
N02

For a series of amido-anthranilic acids, HL, complexes
[CoLy (Hy0)5] have been prepared and characterised; L~ is
consistently bidentate in its mode of chelation, but may either act
as an O-N or 0~0 donor, depending upon the substituents present
{377). The mixed ligand, octahedral! complex [ColLL'] in which L =
anthranilic acid and L' = 1l-nitrose-2-naphthol, has alsoc been
reported [378]. Further studies involving anthranilic acid relate
to complexes formulated as [CoLs]l.nHsC and [Co{OH)L].3H,C;
spectroscopic and structural investigations have been complimented
by thermal analyses [373].

The compound {CoLy], (HL = (93)), has been isclated, and it
is proposed from physicochemical evidence that the complex is
octahedral; ligand field parameters have been reperted [380].

Cobalt (II) carboxypeptidase A has been structurally
elucidated using X-ray diffraction methods; Co-N bond lengths are
2.13 and 2.06A for the his-69 and his-1%6 residues respectively,
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and Co-0 distances are 2.26 and 2.24A for the glu-72 residue, and
2.00A for the Co~OHp contact. The Co(Il), Ni{(II) and Zn(ID)
carboxypeptidase A structures are compared [381l]j. The mixed ligand
complex [ColL{i-lysH.HC1)].nH,0, (L = L-glutamic acid), has been
prepared and characterised by spectroscepic and magnetic moment
measurements; results suggest that the complex is octahedral, and

that each ligand acts as an O-N donor [382].
2.3.3.4 Oxime ligands

Although the ligands reviewed in this section may be
categorised as oximes, their classificaticon as N-0 donors arises,
on the whole, from the combined presence of the oxime moiety plus
another functional group. Thermal decomposition studies, (by infra
red spectroscopy and DTGA), of Z-HO-CgH,-C(OYNHOH, (HL), and of its
complex [CoLp] .2H»0 have shown that Doth compounds form
intermediate N-hydroxylactams; kinetic and mechanistic details of
the decomposition reactions have bheen discussed [383].
Conducticmetric, potentiometric, and spectrophotometric methods
have been applied to an investigation of the reaction of HL, (94),
with C02+{aq) to give the complex [CoLz) [384].

Y98 oo o

(94} (95) X = O0; N-OH (96) (97

Complex formation between cobalt (I} ions and HL, {(95), in
70% (by wvel.) aqueous methanol at 35°C has been described;
stability constants have been determined, and some differences
between the modes of c¢oordination of HL to Co(II), Cu(lIl), and
Ni(II) ions have been established [3835].

The high yileld syntheses of the pink and yellow complexes,
{CO(HL}2(H20}2], and [CO(HL)E] regpectively, in which the ligands
are the c¢yclic hydroxamic acids HL, (96}, and HL', (97), have been
reported, Based upon analytical, magnetic susceptibilty, and
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spectroscopic data, the authors have preposed polymeric structures
for the compounds; in the case of HL', one suggestion is that the
hydroxamic acid may ligate via the amino-N atom to one cobalt (IT)
centre, and chelate via the carbeonyl-0 and oxime-0 atoms to an
adjacent metal ion, thus facilitating the construction of chains of
Co (NpOg)-units [386].

Condensation of 1,2-diaminobenzene with anti-chloroglyoxime
at -5°C is reported to lead to HyL, (98); reaction of the new
ligand with co?t ions preduces the binuclear species
[Cop (HpL)Cly (Hp0) 5] which has been spectroscopically characterised
[387]. (For related work, the reader is referred to the section of
3-0 denors [421]). The preparation and infra red spectroscopic
characterisation of the complexes [Co{HL){H5Q0}21, (HpL = {(98}),
have been described; HIL- behaves as a tridentate, weak field
ligand for the chloro-derivative, but as a bidentate, strong field
ligand for the methyl- and methoxy-derivatives, This difference is
attributed to increased electron density localised on the donor
atoms when the substituent, R, 1s Me or OMe as compared to Cl
[388]1. A report of the preparation, and characterisation by
spectroscopic and magnetic susceptibilty measurements of the
complexes [CoL].nHp0, {H2L = Z2-X- C6H4vc(0)NHN=C(Me)C(Me}=NOH; X =
Cl, Me), has appeared; it is suggested that values Of Mgep = 2.13
and 2.28 BM for X = Cl and Me respectively, are consistent with

square planar species [389].

CH=N-0OH HO-N NH-NH;
NH-C=N-0H
NH-C=N-CH
CH=N-OH R
{98} {99) R = p-Cl; p-Me; p-0Me
2.3.3.5 Hydrazide, hydrazine, and hydrazone ligands

Cobalt (II} complexes of HpNNHCO,H, (HL), and five methyl-
and phenyl-derivatives therecf, have been prepared by bubbling
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carbon dioxide through a solution of CoCl, and the respective
hydrazine; characterisation of [CoLp{HoO) (NoHy)1, [CoLy(Hp0)], and
[CoLs] indicates octahedral coordination, with RR’3NNR"CO;H acting
as an N~0 donor [390]. Spectroscopic characterisation of the newly
synthesised complex [CoL;y{S304)1.0nH30, (L = NCCH,C{Q)NHNH5; n =
1,2), suggests that the metal ion 1s in an octahedral environment,
and that the 52062_ ion is an outer sphere ligand [3%1). The same
authors have alsc reported the reactions of Co¥X,; with
PhOCH,C (O) NHNH5, (HL), to form the complexes [Co{HL)3X5]).nH,0, (X =
Cl, NO3, or 0.5504), and [Co{HL)oXp], (X = NCS)} [392].

The dinuclear complexes (M{Co (HL) 2} ]1X5.nH50, (M = Co, Ni;
HoL = (100); X = C1l, Br, I, ClOogq: n = 0,2,4,5), have been
described; the central {Co(HL),} unit coordinates to the second
metal atom wvia two cis-phenclic-0 atoms; infra red spectroscopic
results for the isclated [Co(HL);] complex, and compared to the
dinuclear product, are consistent with the increased coordination
number of the phenolic-0 atoms [393].

o OH
T Qe QI
1
IN OH v g on\rNH

H N'NHJ\Ph ©

(10Q) {101) (102)

The formaticn of [C0L3]2+, (L = 2Z-H,oNNHC({(O)-py), from
hydrated Co®' ions has been monitored as a function of pH;
mechanistic details have been proposed [394]1. The preparation and

characterisation by spectroscopic, conductance, and magnetic

susceptibility data of the complex ([Co(HL]JCl,], (HL = (101)), has
been described; it is suggested that the ligand acts as a
tridentate, N-N-O donor [395)]. A similar donor set is offered by

2~H0-C6H4~CH=NNHC(O)NH2, (HL); the high spin, octahedral complex
[CoLy] .nH0 has been synthesised and characterised magnetically and
spectroscopically [396]. Complexation of the ligand HpL, (102},
with cobalt(II} ions has been investigated; species of type
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[Co(HL)Cl].HZO, [Co(HL]z], and [COL{H20}2] have been formulated on
the basis of spectroscopic results [327].

(103)

An interesting 7-coordinate, high spin cobalt(II) complex,
{103), has been reported; results of e.p.r. spectroscopy and of
low temperature single crystal susceptibilty measurements have been
analysed [398]. Steric effects of the heterocyclic part of the
ligand L, (104), have been studied; in complexes [CoLXz], (X = Cl,
Br, NO3, NCS), the metal ion resides either in a five- or
six-membered donor set depending upon the nature of the
heterocyclic group, R. There is some evidence to support the

invelvement of the N-oxide moiety in Co--Co bridging [399].

CH=NNHR

\N—>O R = 2-py or 2Z-quin

(104)

The hydrazone MeC(=NNH,}-CgH3-2,4-(0H),, (HL), has been
shown to function as an Q-N-N donor to cobalt{(II) ions, but this
mode of chelation appears tc be metal dependent; the complex
{CopL, (H30)2]C1ls has been prepared and physicochemically
characterised [400). A similar mode of chelation has been reported
for the ligand EtOZCCNHN=CH-C6H4—2—OH [401]. The complexes [C0L1X2
and [COL(0104)] [0104]2, {L = RC{O)NHN=CHCH=NNHC{Q})R; R =
isoquinolyl), have been synthesised and characterised by magnetic
moment and spectroscopic measurements; the cobalt atom is proposed
to be tetrahedrally coordinated [402].
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The dark green complex [CoLCl,}, (L = (105)), has been
prepared and characterised; values for H_ . of 4.52 and 4.31 BM for
R = Ph and Me respectively, are consistent with tetrahedral
coordination. The octahedral complexes [CoLaCla]l (Pape = 4.95 and
5.12BM for R = Ph and Me respectively} have also been reported
[403].

)
CHy LNH _R
I-:] ‘r * = coordination site
0
*
0
{105)
2.3.32.6 Heterocyclic ligands
Several heterceyclic ligands containing active, (with

regpect to coordination), functional groups have been reviewed
above, and the interested reader sheould refer tc previous sections.

Complexation of Z2-HOCH,CHo-py to give [ColgylXsy, (X = Cl,
Br, I, SCN} has been reported [404]. The kinetics and mechanism of
the reaction of HL, (8-HO,CCHoNH-quinoline), with Co{(II} ions have
been studied by wusing stopped flow techniques; mono- and
bis-ligand complexes are formed via pathways which invelve either
HL or L~ [405]. A series of complexes involving 6-substituted
derivatives of 2-MeC(O)CHo-py, (HL), has been prepared; [CoLyXsl],
(X = Cl, Br, NO3) reacts with NaCH to give the purple complex
[CoLyl, with KSCN at 0°C to give the vieclet complex [ColL,(NCS),],
and with KSCN at room temperature to give the yellow-green complex
[CoLg] [Co{NC5)41. Pyrolysis cof ([CoLzXs] at 115°C produces a
red-brown complex of formula [CoL,] [406]. A related investigation
utilising the ligand 2-RC{Q)CH,-py, (R = p-nitrophenyl; p-tolyl),
has alsoc been presented [407].

The antibacterlal activity of HL, (106), has heen shown
to increase upon complexation of the ligand to cobalt{(II) ions;
preparations of both HL and ([ColLp;] have Dbeen reported [408]}.
Biclogical significance has alsc been expressed in connection with
the complex [CoLsI»).CH3C(0)CH3.2Hp0, (107); characterisation of
this complex by X-ray diffraction methods illustrates a distorted
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cctahedral site for the metal ion, with Co-N = 2.0387(5), 2.097(5)4,
Co-0 = 2.302(4), 2.345(6}A, and Co-I = 2.775(1), 2.785(1)A. The
cbserved departure from symmetry is attributed to strain within the
chelated rings, and to the bulk of the iodide ligands [409].

Me
| || HIN
H
N
0

PhHC
Meér“ Co N
Megf" | e B
PhHC N
o =
HN
(106) {107)

0 HN
R
HH; { &
f/ﬁf__(’ N~ c *N
; N

,J\\ HOCH, CHpN* [
R N N~ TR \__4!
H HN
{(l108) R # R'; (109) R = Me; Ph {110}
R,R'= Me,
C{D)NEt,

The complexes [C0L2X2].nH20, {L = {108); X = Cl, Br, I,
SCN, 0.5804, BF4, NO3, Cl04), have been described; the electronic
spectral data suggest the presence of both tetrahedral and
octahedral halo-complexes. However, when X~ # halide, only
octahedral specles are observed [410]. The synthesis and
physicochemical characterisation of the complex [CoL(CAc),], (L =
(109)), has been described; the ligand appears tc be bidentate
[411]. The tetradentate ligand, L, (110), forms the complex
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[COL(NCS}) 5] which has been structurally elucidated; the thiocyanate
ligands are mutually ¢is, and pertinent bond lengths are Co-Qp =
2.262(4)A, Co-Ny = 2.089(8), 2.089(5), 2.302(6)A, and Co-Ny.g =
2.040(8), 2.086(6)A [412]. The preparation and spectroscopic
characterisation of [Co(uracil}z(ﬂzohzl have been repecorted; a shift
in the infra red v., absorption c¢f uracil has been interpreted in
terms of intramolecular hydrogen bonding between the 4-ketonic
group and axially coordinated HoO molecule [413].

Complex formation between cobalt{IIl} ions, glyH, and
xanthosine, HsL, (111), has been monitored by using potentiometric
titration; stability constant data for this, and for complexes
containing other transition metal ions, have been determined [414].
The preparation of, characterisatiocn by spectroscopic and magnetic
susceptibilty measurements of, and determination of ligand field
parameters for the octahedral complex [CoLCl,]l, (L = (112)), have
been described [415].

T

(111) {112)

Several complexes containing the ligand Z2-amino-py-N-oxide
have been reported; on standing in air for several days, the blue
cempound [Co (HL)Br,] .EtOH turns mauve, and the preduct complex has
been spectroscopicaly characterised as [Co(HL)Brs] .HsO. A related
complex, [Co(HL)4Cl3].H50, has alsc been formulated con the basis of
spectroscopic data [416].

Since there are few papers reporting purely N=-0 donating
macrocyclic ligands forming Co{II) complexes, a separate section
for the complexes [CozL{YR)Xg3l, (L = (113); ¥ = 0,8; R = H, alkyl,
aryl; X~ = N3~, NC537), has not been allocated in this review. This
new ligand has been prepared via a condensaticon route, and
chelation of L to cobalt{II} ieons results in the formation of
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either tetrahedral or trigonal bipyramidal complexes depending upon
the nature of the bridging group, YR™. Structural characterisation
of {CopL(OEt) (NCS) 3] and [CopL(OMe) {N3}3] show Co--—-Co non-bonded
separations of 3.119 and 3.1954 respectively [417].

(113)

2.3.4 Complexes with oxygen-sulphur donor ligands

The chelating behavigur of the ligands PhC(0)CH;C(S)NHPh
and PhC(Q)CH3C(S)NRp, (R = 1Bu, "CgHy ), has been explored; the
preparation of 1:3 cobalt(II):L complexes, and stability constants
fer their formation in dioxane-water solvent systems have been
reported [418]. The synthesls, and characterisation by magnetic
susceptibity, spectroscopic, and conductance measurements of the
compound [COL2{H20)2], { L is the 5-0 chelate PhC (Q)}NHNHC ($)NHPh 7},
have heen described [419]. The related ligands PhC (C)NHC (S)NH (Ar)
have also been utilised [420].

The condensaticn of (CHoSH), and anti-chloroglyoxime leads
to the ligand, HyL, CH({=NOH)C {=NQH)SCH,CH,SC (=NCH}CH (=NOH} which is
related structurally to ligand (98); the cligomeric cobalt{II)
complex [Co{(HpL)Cl (Hy0}], has been prepared, and spectroscopically
characterised [421].

2.3.5 Complexes with oxygen-sulphur-nitrogen donor ligands

I* has been reported that the complex [CoL{H,0}], (HpL =
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MeC (O) CHpC{(Me) =NNRC(S)OEt), contains L2~ functioning as a
tridentate ligand via the carbonyl-Q, the imino-N, and the S-atoms:
based on spectroscopic evidence, a tetrahedral geometry 1s proposed
[422]. The preparation, and physicochemical characterisation ¢of the
octahedral complex [Colpl, (HL = 4—R—C6H4C(C02H1=NNHC[Y}NH2; Y = §,
¢; R = H, Me), has been described; the ligand appears to be
tridentate, with an O-N-Y bonding mode. Ligand field stablisation

energies have been calculated [423].

2.3.6 Complexes with sulphur donor ligands
2.3.6.1 Thiolate ligands

The reaction of cobalt(II) chloride with K[(8CygH13]
(HSCygH13 = 2,3,5,6-Mey-CgH(SH)), in the presence of “PryNBr in
acetonitrile leads to the formation, (in 70% yield), of the complex
[CO(SC10H13)3(MeCN)][nPrqﬂ]; structural characterisation of the
latter shows a distorted, tetrahedrally sited metal ion, with Co-5
= 2.270(1), 2.296(1), 2.267(1)A, and Co-N = 2.036(4)A [424].

A proton n.m.r, spectroscopic investigation of cobalt({II)-
substituted liver alcohol hydrogenase has been presented [425].
Several complexes of the general type 6-coordinate [CoLpXsl, (X7 =
(EtS}zPO2_ or NO3_; L = imidH, bipy, Py, 9quin) or 5-coordinate
{COL{ (Et5} 5P0O2}>] have been prepared; comparisons of the infra red
spectra illustrate that both Veog-g and Ve, y shift to lower energy on
going from the corresponding 5- to 6-coordinate complex, and V., g
and V., o shift to higher energy upon an increase in the oxidation
state of the cobalt ion in the é~¢coordinate complex [426],

The dark green complexes, [Co(HpL)sX5], (X = Cl, Br, I,
SCN, MeCOjp, EtCOp, ClO4, NO3z, 0.5804) in which HpL is a dimercapto-
piperidine derivative have been prepared and characterised
spectroscopically; a bridged structure has been proposed, and
conductivity as a function of X has been studied {427]. For the
dithielate 1ligand, HyL = 2-HSCH»-CgH,CH,SH, complexation with
cobalt (II} ions gives the dinuclear dianion [C02L3]2_, the
structure of which, (114), has been determined; the non-bonded
Co--Co distance is 2,786(1)A, and Co-S distances lie in the range
2.261(2) to 2,310(2)A [428B]. Further dinuclear species are found
in the complex ions [Coz(SR)G]Z' in which RSH = EtSH or 2RSH =
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2-HSCH»-CgHyCHo,8H; structural characterisation of the nBu4+ and
Et,N* salts for the ethyl thiclate derivative show that the cobalt
centres are tetrahedrally disposed, each with two terminal, and two
bridging thiclate ligands. Two forms of the complex, viz anti- and
syn—[Coz(SEt)Glz_, exhibit non-bonded Co---~-Co separations of
3.045(2) and 3.020(3)A respectively (429].

(114)

Reaction entropies for redox reactions of the complexes
[Co(Rpdtc)3], (R = alkyl or benzyl), have been determined in
aceteone, acetonitrile, and dmso, and values compared with those of
related systems contailning other transiticen metal ions [430]. The
reaction of Et;NCSpH, HL, with cobalt (I1) bovine carbonic anhydrase
has keen shown to be pH dependent; at pH 10, ne Co(II) extraction
is achieved, but at pH values below 7, HL preferentially complexes
the metal ion [431]. The complexation of Co(II) ions by RHNCS,H,
HL, (R = o-, m—-, or p—CleH4) has been describked; spectroscopic and
thermal analysis studies are reperted (432].

The thiccarboxylate, PhMHCS»™, is reported to behave as a
monodentate ligand; complexes with Co{II) ions have bheen prepared
and spectroscopically characterised [433). Potentiometric and
conductiometric titrations have been used to meniter the complex
formation between HS,CCH,CS5,H and cobalt (I1) lons; stability
constants for the 1:1 and 1:2 complexes have been measured [434],

2.3.6.2 Thicnate ligands

The thermal decomposition, (in several gaseous media), of
the complexes [ColsX31, (L = {115); X = Cl, Br, I}, has been
investigated by using thermogravimetric techniques; wvalues for
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aHfusion and AHdecomp. have been determined, and mechanisms for the
decomposition pathways have been proposed [435].
The wvacuum sublimation of several cobalt({(II} complexes

containing thic-B-diketonates has been described [436]

N

N

Me

s

{115)

2.3.6.3 Macrocyclic ligands

The hexathic-18-crown-€ macrocycle, L, binds to Co{Il) to
give octahedral [CoL) 2% which exhibits meso-geometric specificity;
magnatic susceptibility and e.s.r. spectroscopic data show there to
be a close similarlty between [CoL]?T and [CuL]<* [436a].

2.3.7 Complexes with sulphur-phogphorus doncr ligands

The reaction of [Co(Hy0)g] [BF4]ly with PySes or P48y in the
presence of the tripod-like ligand (PhpCHsy) 3CMe, {(tppme}, gives the
complex (Co{tppme) (P5X)]|BF,.CglHg, (X = S or Se). Structural
characterisation of each product shows an octahedrally disposed
cobalt ion; the PyX ring is disordered, and the mean distance
between the cobalt atom and an atom in the P,8 ring is 2.270(9)A.
For X = Se, the difference in size between the Se and P atoms
introduces asymmetry into the CoP,Se unit, such that the Co-P/Se
distances lie in the range 2.272{&)-2.403(4)A [437].

The macrocyclie ligand, L, for which one, (3), of the five
diastereomers is (116}, reacts with Co(II} or Ni(II) ions teo give
1:1 complexes; electronic spectral data for the complezxes both in
scluticon and in the selid state have been presented. For [Col],
the electronic transitions are independent of state; a
S5-coordinate, low-spin cobalt(II) complex is proposed, and this is
supported by structural data obtained for the corresponding
(Ni (6-Lg_g)] complex [438].
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2.3.8 Complexes with nitrogen donor ligands
2.3.8.1 Ammine complexes

The complexes [Co(NH3)}gl[BFy]lp and [Co(NH3) gl [FEgl, have
been structurally characterised; unusually long Co-N average
distances of 2.183(2) and 2.187(10})A are observed for the
tetrafluoroborate and hexaflucrcphosphate salts respectively [439].
an investigation of solid state phase transitions cccurring over
the tenperature range 4.2-80K in crystalline samples of
(Co(NH3¢g)X3, (X = Br, I}, has been carried out by using e.p.r.
spectroscopy [440].

Twe accompanying papers have addressed outer sphere
association complexes. In the first report, outer sphere
complexation of [Co(bipy)3]2* with NH3, MeNHp, or EtNHp, has been
studied spectrophotometrically, and stability constant data has
been recorded; reasons for the cbhserved lower stability of the
ammine complex with respect to the amine complexes have bheen
discussed [441]. In the second study, under ambient conditions,
outer sphere complexes form when [Co(NHj3)3(NO5}3] is dissolved in
0.1-0.5M solutions of NaF with NaX ,(X = Cl, Br, I}, present;
stability constants, K, have been determined for the complexes, and
a linear relationship between K, (interestingly, not legK), and the
radius of X~ has been illustrated [442].

2.3.8.2 Amino ligands

Some outer sphere complexes containing MeNH, and EtNH;
ligands were mentioned in the previous secticon [(441]. The
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preparation, and characterisation by spectroscopic, magneto-, and
X-ray powder diffraction techniques, of [HCoX3].3PhNH; and
[HCoXZZJ.BPhNHz, (X = Br, I; 2 = Cl, Br, I}, have been reported;
it is proposed that each complex contains a pseudo-tetrahedral
(CoX3 (PhNHp) 17 or [CoXZ, (PhNHy} ]~ core, with outer sphere [NH---N}*
interactions being present {443]. Potentiometric technigues have
been used to moniter complexation between cobalt{Il) ions and
glucosamine; the cobalt(II} compound is found to be less stable
than the corresponding Fe(III), Cu({II), and Ni{II)-glucosamine
complexes [444].

Compounds of the general formula (CoLp (Hy0) 51X, {L = en,
1,2-pn, or HN (CH,CHoNH,) 5 X = tetrafluoro- or hexafluoro-metal
dianions), have been prepared, and characterised via spectroscopic
methods and magnetic measurements; bonding within the complexes is
discussed in terms of crystal field theory, and the orbital overlap
within the Co-L bond is compared with, and found to be lessz than,
the metal-ligand overlap in the ceorresponding manganese (II) complex
[445]. The exchange between free and ccordinated dmf in the
complex cation [CoL(dmf)]2+, (L = Meg-tren), has been shown to
proceed via an assoclative pathway, with k = 51.4 ¢+ 4.2 s~ 1 at
ambient temperature [446]. Reaction of {o—HZNC6H4CH=NCH2}2, HsL,
with hydrated cobalt {II) salts in thf-EtOH leads to the complexes
[CopL(thf}X]X.nHy0, (X = Br, I, NO3; n = 0,1); the results of
physicochemical characterisation suggest that the ligand 1is
tetradentate, and adopts a bridging mode, thereby linking the two
cobalt (I1) centres [447]. In constrast to previous postulates,
the complex [Cop{N({SiMeg)s}y4) has been shown to be dinuclear in
nature; X-ray structural characterisation illustrates an unusual
trigonal planar arrangement of N-donor atoms about each cobalt (I1)
atom. The Co----Co separation in [Cos{N(SiMes},},] is 2.583(1)A4,
and Co-N distances are 1.922(5) and 1.310(5)A for the terminal
ligands, and 2.062(4)A for the bridging amino groups [448].

2.3.8.3 Oxime ligands

The kinetics and mechanism of the reactien of aqueous
cobalt (II) ions with MeC(Q)NHOH and its conjugate base have been
studied; reactions follow dissociative pathways, with Kops = (3.59 %
0.08) x 10% and (4.69 = 0.17) x 10% M 1s~1 for the neutral and



201

anionic ligand reactions respectively [449].

As one would expect, several reported complexes involve the
dmgH, ligand. The reaction of [Co{dmgH)j,(H;0)5] with nitrosobenzene
is reported to lead to, among other products, ocobaloximes;
characterisation of the species 1s not, however, conclusive [450].
The dispropertionation of [Co{dmgH)5;]! in alkaline sclution has been
monitored wvia changes 1in the electronic spectra; competitive
covalent hydration is proposed [451]. In pursuilt of models for
coenzyme-B) 5, the complex [Col{dmgH),Et], { L = 4-C{=NH)OMe-py ),
has been prepared and structurally characterised; the two oxime
chelates lie in the equatorial plane of an cctahedral set of
ligands, with Co-N distances ranging from 1.879(4) to 1.887(4)A
[452].

Reaction of diaminoglyoxime, H,L, with Co(II) ions is
reported to lead to the complex [CoLp 5]Clp; characterisation isby
spectroscopic and magnetic susceptibility measurements [453].

Solvent extraction of cobalt {I]} ions by the high molecular
weight hydroxyoxime, HL, (117), in kerosine has been investigated
as a function of pH; extraction is irreversible [454]. Partitioning
of Co(Il} ions between agueous and chloroform media by
Z-propionyl-l-naphthol oxime has been a subject for study:
extraction is gquantitative and the extraction coefficient maximises
at pH 8 [455]. The relative basicities of the ligands (118), Ly
and Ly,, have been measured, and formation constants for the
complexes [Co(Ly)3) and [Co{Ly,)p] determined [456]. The synthesis
and physicochemical characterisaticn of complexes of type [CoL;Qs),
in which L = (119), and ¢ = Hp0 or py, have been described; the
rasulting high~-spin, octahedral c¢omplexes imply that L is a
relatively weak field ligand [457].

NGH

AN

CyHyg CH=CHC

BO
CH=NOH R N CMe=NQOH

CH

(117} (118} R = H,Me {119} X = H,Me,Cl
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Preparation and spectroscopic characterisation of the
complex [Colp]l, (HL = 1,2~CgH, (=NOH},}, illustrates the bidentate
nature of the ligand [4581].

The reaction of 2-HpNCH»-CpHy—CCHACHLOCH,CHAO0-C gl g—2-CRoNH,
with HON=C{Cl)C(Cl)=NCH produces a new ligand, HyL; this synthesis,
and the complexation of HyL with cobalt(II} ions to give [Co{H3L) 5]
have been detailed [4597.,

2.3.8.4 Rydrazine, hydrazide, and hydrazone ligands

The preparations of complexes of type {Co(NjyHyl nXa].mH,0,
in which X =F, €1, Br, 0.5504, n = 2.5, 2, 1.5 and m = 2, 1, 0.5,
0, have been reported; so0lid state thermal decomposition studies
have also been presented for the new compounds [460]. Another
hydrazine complex 1s [Coflox) (NpHy)1.xH;0: an infra red and Raman
spectroscopic study over the range 400-4000 cem™} has indicated that
the hydrazine ligand is bound solely in a bridging mode [46l1]. The
complex [Co(NyHy), (NCS),], containing a bridging hydrazine ligand,
has been prepared, and characterised by analytical, spectroscopic,
and magnetic measurements; the investigation is complimented by
thermal decomposition studies [462]. The relative stabilities of
members of a series of cobalt(Il) complexes containing N-H, and
oxalate ligands have been compared; the stability decreases as the
number of hydrazine ligands increases [463].

Reaction of Me (CH,} cC{O}NHNH,, L, with cobalt (IT) ions in
the presence of 82062' ions leads to a 1:3 metal:hydrazide complex,
with the 52062_ ion being associated as an outer sphere lilgand
{4e64])., Feor HL = 4—H0—C6H4—CH2CH{NH2}C(O}NHNH2, complexes of
formulae [Co{(HL)5{OH)o], [Co(HL),Cly] and [Col (OH)].nH,0 have been
prepared and characterised spectroscopically and by measuring
magnetic susceptibilities; all compounds are non-electrolytes
[(465].

The synthesls and characterisation of [Co(HL)5Clo] and
[CoLs, (H30} 2], (HL = {120)), have been repeorted; ligand field
parameters have also been determined [466]. The hydrazone L, (121),
behaves as a bidentate ligand in the complexes [C0L2C12].2H20 and
[CoL, (Hp0)C11Cl; the metal ion is in a distorted octahedral
envircenment [467].
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Hydrazone ligand containing complexes include the
octahedral [C0L2x2], {L = {122) or (123) for R = Me; X = Cl, NCS),
and the tetrahedral {ColXsl, (L = {122), (123); X = Cl, HNCs);
attempts to prepare the corresponding 1:3 complexes have not been
successful [468]. Use has been made of the ligand HL, (124), as an
extracting agent for c¢cbalt(II}), nickel(II) and copper(Il) ilons;
the extraction of Co2t is pH dependent, and the efficiency of
extraction is less than that of the other metal ions [469].
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(122) (123) R = Me;0QH {124)

The reaction of cobalt(IT1) chleride, in agqueous ethanolic
media, with HL, (125), in alkaline sclution, gives a 1:2 complex;
octahedral ceordination is proposed, with the ligand acting in a
tridentate, all WN-donor, manner [470].
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2.3.8.5 Imine ligands

Schiff bases, formed from the condensation of o-hydroxy-
acetophencnes with en or pn form, 1:1 complexes with cobalt (II)
ions; physicochemical characterisation of the products suggests
square planar geometries [47]1]. The preparation and structure of
the distorted tetrahedral complex [CoCl,L], (L = YBuN=CHCH=N"Bu),

have been reported; pertinent distances are Co-N = 2.068(5),
2.065(4}A, and Co-Cl = 2.200(27), 2.228(27)A. Related complexes,
(CoX,L], (L = RN=CHCH=NR; R = Bz, c-CgHyy, Pr; X = Cl, Br) and

[C0X2L2], (L = PhN=CHCH=NPh; X = Cl, Br} have also been prepared
{472].

The new ligand H,L, (126}, has been synthesised, and its
complexation with cobalt(II) ions produces a dinuclear species,

{CosL,].4H,0, characterised via spectroscopic and conductivity

data, and magnetic susceptibilty measurements; it is suggested
that the Schiff base is tetradentate, with each 1.2 bridging the
two metal cnetres ([473]. A series of Schiff bases, HyL, derived

from 3-formylsalicylic acid has been prepared; reaction of HpL with
[Co(OAc)z] is reported teo produce dinuclear complexes, [C02L2].nH20
with n = 2-4 [474].

2,3.8.6 Amido, and amino acid ligands

The preparation and physical characterisation of the
complexes [CoLyXs], (L = HpNC(O)NHC({O)NH,;: X = cl, Br, 1), have
been described [475]. Thermal decomposition of several compounds of
general type [CoLyXz] in which L is tmu, dmeu (1,3-dimethyl-
Z2-imidazolidone}, or dmpu (1,3-dimethyl-hexahydro-2-pyrimidinone)
has been shown to be dependent both upon I and X; the relative
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ease of decomposition decreases as L = tmu > dmeu > dmpu and X = Cl
> Br > I, and the observed trends are in line with the relative
coordinating abilities of the ligands [476].

OC (0) CH, NH,

C (O)NH,
0

(127

The synthesis of [CoL,Cls], (L = (127)}, has been
reported; spectroscopic characterisation of the complex indicates
an octahedral inner coordination sphere, and 1ligand field
parameters have been determined {477].

Characterisation of the complex [CoClsy(glyH)5(Hp0)51 by
potentiometric and spectroscopic methods illustrates an N-bonded
glyH residue; transitions in the electronic¢ spectrum of the complex
have been assigned, and the CFSE calculated [478]. Two accompanying
papers are concerned with the thermodynamics of the formation of
pheH complexes of cobalt (II) ions, Protonation constants for the
ligand, and formation constants for the species [Cof{phe)l® and
(Co(phe) 5], have been determined [479], and values of AH®, AG", and

As" for the same processes have been measured [480].
2.3.8.7 Heterocyclic ligands

As expected, this section is a large one. The review begins
with complexes containing py, bipy, terpy, or phen, progresses
through five membered heterocycles, and is completed by a survey of
more unusual ligands.

Quter sphere coordination by py has been studied by using
M n.m.r. spectroscopy in the equilibrium system [481]:

[Co(CD40D) 414" + Py &  (Co(CD40D) g———py]2Y

The reaction of cobalt (II}) iodide with py is reported to lead to an
equilibrium mixture of the tetrahedral complex, [Colspys]l, and the
cctahedral, [Colzpyali increased temperature favours the former,
and increased pressure favours the latter complex ([48lal. The

complexation between cobalt{II) chloride and methyl- or dimethyl-
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substituted py in acetone solution has been investigated via
conductivity and spectrephotometric technigques; relative
stabilitites of the complexes have been assessed ([482]. The
compounds [Co{4-Me-py)4X]X, (X = Cl, T}, have been prepared and
characterised spectroscopically and by magnetic susceptibility
measurements; 1in each case, a distorted tetrahedral arrangement of
the donor atoms is proposed [483]. The ligand 4-Et-py has been used
to extract Co(II) icns in an oxzygenated sclvent system [484].

A series of 25 complexes, formed from the reactions of
cobalt(II} ions with 2-, 3-, or 4-NC-py, hag been characterised,
and the thermal decomposition of the compounds described [485].
Characterisation of the newly synthesised complexes, [CoXpL] in
which L = py or RC({Q)-derivatives of py, (B = Me, Et), has
illustrated a structural dependence upcon L and X; the complexes
range from being tetrahedral or octahedral through to polymeric in
nature, and the variation is attributed to the ¢-donating vs.
n-accepting capabilities of the ligands [486]). The preparation and
spectroscopic characteriation of [Co(QAc),Lsl, (L = 2-, 3-, or 4-R-
py with R = OH, NHy;; 3-, or 4-X-py with X = Cl, Br), have been
reported; ligand field parameters have been determined for these
pseudc—octahedral complexes {487}, Similar complexes with aminc-py
ligands have also been prepared, and characterised by infrared
spectroscopy [488]. The complexes [Co(HL)3][ClO4]l, and [Co(HL)Cl,],
(HL, = 2-PhHNC(S$}NHCH,-py), have been prepared and spectroscopically
characterised as being octahedral and tetrahedral respectively;
the ligand, by virtue of an infra red abseorption, V._g, at 754 cm™%,
is shown to persist largely as the thioketo-tautomer [488a]. For
several 2-substituted py ligands, complexes of the type [ColsX;],
(X = N3, NCS), have been prepared; the nature of the heterocyclic
substititent, (wviz. CHO, COMe, COpMe, COpEt) influences the
geometrical isomerism exhibited by the thicyanato complex (488},

(128) R = Me; OH (129}
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Several cobalt{II) complexes containing pyridinal imino-
ligands have been investigated. Interestingly, the quality of
crystals of [CoLsl) [ClOslp, (L = (128) with R = Me), (e.g. result of
mechanical grinding), has a significant influence upon their
spin-transition properties [4%0]., Studies aimed at developing
paramagnetic shift reagents have utilised cobalt(Il) complexes
containing ligands derived from (128) with R = OH (491]. The
octadentate ligand, L, {129}, complexes with Co(II) lons to produce
a dinuclear species, [CosL]lCly: correspending nickel{(II} and
copper {11} complexes have also been prepared and spectroscoplcally
characterised [492].

Reaction of CoXy{ag), (X = Cl, Br, I, NO3), with L, (130},
is reported to give [CoX;Lsl or [CoXsLl depending on X or L [493].
The structure of the red, octahedral complez, [Cols(Hp0)z]1, in
which L is a ligand related to (130), has been determined [493a].

The complexes [CoL,Xpl}, (X = (EtS)P0p  or N03 ; L = py, bipy,
quin, imidH), and [COL{{EtS)»PUs}l,] have been synthesised and
investigated by infra red spectroscopy [426]. The 2- or B-EtoNCHoH-

quin ligands, L, form the tetrahedral complex cations [C0L2]2+;
structures contrast with those of the corresponding Ni(II) and
Cu({II) complexes [494]. The sclvent extraction of Co(IT) and NL({II)
ions inte chleroform by using HL, (131}, has been studied as a
function of pH; the complex ions [C02L3(HL)]+, [C02L3(HL}3]+, and
the neutral [Coj;Ll,] have been identified [4953]. Stability constants
for cobalt{II)/8-HO-quin complexes , forming in aquegus-dmso
sclutions, have been determined as a function of dmso concentration
[496]. A related study illustrates that [CoLp}, (L = 8~HC-quin}, 1is
present in <3% proportions in solutions of [CoL] [497].
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{132) (133

The quin based ligand, (132), L, reacts with cobalt {(II}
salts to give [CoLXpl, (X = halide, SCN, NO3); spectroscopic
characterisation suggests a distorted octahedral complex with L
acting as a tetradentate ligand [4%8]. The dimethyl-derivative of
quaterpyridine, (133), forms 1:1 and 1:2 complexes with C02+ ions;
the methyl groups on the backside of the ligand provide an inherent
twist at the central C-C bond which renders L a “bis-bipy" donor
set, and facilitates the formation of the dinuclear complex [499].

The preparation of the multidentate, open chain ligands,
(134}, L, and (135), L', and their complexation with cobalt {II}
ions has been described; structural characterisation of
[COL{HZO)]Z+ and [CoL'(H20}2]2+ shows a 7-coordinate, pentagonal
bipyramidal geometry in each case [500].

N
|
Z A
N N |
{134) X = 0;S:NH;NTs (135) Z = Q;5;NH;NTs
C(COoMe) »;
CHCOpMe

Reaction entropies for some complex ion C0L63+/C0L62+ redox
couples, (L = NHs, en, bipy, phen}, have been measured; wvalues of
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AS* for the Colbipy)g?¥/Colbipy) e’ and Cotphen) g ¥/Co(phen)¢2*
couples are 45 and 37 cal deg"1 mol”1 respectively [5017. An
infrared spectroscopic study of [Co(bipyl;)[(SbClgl has assigned
ahsorptions to the Veo-n mode [502]; an accompanying paper describes
a similar investigation for the analegous phen complex [503). The
complexes (Colz] (HyPOy4l,.H3P0, and [CoLs] (HpPOyls, (L = bipy or
phen), have been synthesised and characterised spectroscopically;
octahedral and pseudo-tetrahedral species are propeosed for the two
complex types [504]1. The [Co(bipy)3]2+ and [Co{phen}3]2+ cations
alse figure in the complexes [C0L3][ML‘2], (M = Zn, Cd, Hg; HpL =
HSC (0) CMe=CMeC (Q) SH} )} [505].

Zeolite Y encapsulated cobalt{1I) ions react with bipy or
terpy, (L and L' respectively), to give the complexes [C0L2]2+ and
[CoLL']2+, as well as the oxidised product [CoLL‘(02_112+; e.p.r,
spectroscopic studies have been reported, and the suitability of
the zeolite ¥ conmplex containing system as a means of absorbing
aerial 0O, has been assessed [50¢]. The reaction of terpy with
[Co(5eCW),] in ethanol leads to the formation of the 5S-coordinate
complex, [Co(terpy} {SeCN}»], in which the terpy is, as expected,
tridentate, and each SeCN” ion is N-bonded te the metal atom (5071,
The kinetics of reduction of ClC, by [Co(terpy}212+ obey the rate

law:
p = kiCol(terpy),2*1[CLO,]

with k = (2.1 x 0.4) x 107 M 1s™! at 25°C [508].

The structure of the complex [Co(phen)3](ClO,71,.Ho,0 has
been determined, and a distorted octahedral array of donor atoms
has been confirmed; the average Co-N distance is 2.127(14)JA (509].
Reaction of cobalt(ll) ions with phen in the presence of either
Eriochrome Azurol S or tetrabromophenolsulphophthalein, L, has led
to 1:1:3 and 1:2:1, ({(Co:L:phen), complexes respectively ({510].
Formation constants relating to some protonated cobalt(II)
complexes containing the phen ligand have bheen determined by use of
potentiometric titration methods [511]. An investigation of the
mechanism by which Co?t ions are transferred from an agueous phase
to a dichloroethane solution of phen has shown that the first step
is the diffusion of the ligand into the agueous layer; the second,
and rate determining stage, viz. the formation of a 1:1 Co(II):iphen
complex, is fcllowed by phase transfer of the complex [512].
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Reduction potentials, measured with respect to SS5CE, for

the [COL3]2+/[CDL3]3+, (L = (136)), redox couples have been
determined as 0.404v (R = H), -0.089V (R = Me), and —-0.024Vv (R =
CH(CH,0H) 2); detailed discussions of outer sphere electron

transfers hetween Ru(IIIl) or Cu{IIIl} and Co(Il) are presented
i513]. For a wvariety of pesticides, L, complexes of the type
[CoL(phen)]+ or [CoL(bipy)]+ have been prepared as well as [CoLjy)
and [CoLl™t; relationships between the complex stability constants
and the Hammett ¢-values for each pesticide have been exemplified,
and the significance of the observed structure/stability/activity
correlation has been discussed ([314]. By using an Sn0, glass
12+

electrode coated in A~[Ru(phen)3 -mentmoriilonite, racemic

[Co(phen)3]2+ may be converted to A-[Co{phenj3]2+, although

specificity is not as high as had been anticipated [514a]. Related

work with A~[Ni(phen)3]2+—montmorillonite has alsoc been reported
[514b].
H
|
N
R R I
N N
N N N
(136) R = H:Me;CH(CH,OH) , (137)

The phen-derived ligand, HL, (137}, has been prepared.
Reaction of HL with Co(II} ig¢ns leads to the cationic complex,
[Co(HL)2]2+; attempts to prepare the neutral species {Col,l are
reported to fail on account of accompanying oxidation to Co(III)
[515).

The octahedral complex [CoL,L'].2H,0, (HL = pyrrolidine;
L'= en, 1,2-pn), has been synthesised and characterised by
physicochemical methods; the complex exhibits antifungal activity
{5161, Reaction of each of several cobalt{II) salts with two
equivalents of L, (13B), in aquecus solution, is reported to give
{CoLpXp (HO)pl, (X = Cl, Br, I, NCS; n = 0; or ¥ = HCOj, HOCH,COj,
NCCH,COp ; n = 2); tetrahedral complexes are characteristically
blue or green, and octahedral complexeées are pink [517]1.

A spectrophotometric study in pelar, non-agueous solvents
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of the pink, octahedral complex [Co(3,5-Mep-pzlH) 4 (SCN)3] has
illustrated a solvent dependent equilibrium between this and the

O Me 0 N—-OH
9 ,[_( ot
Me bil, R” “n° R

N N
A
NH

Ph
{138, {139) {140y R = Ph; R' = Me
R = H; R!' = Me
R = Hf R'" = Ph
R = Ph; R' = Ph

blue, tetrahedral complex, [Co(3,5-Me,-pzlH);(SCN),] [518]. The

preparation and characterisation of [CoL,yClsl), (L = 3- or
5-HyN-pz1lH) has been reported; molecular weight determinations
suggest that the complex is polymeric [519]. The ligand, L, (139),
forms a complex of type [ColsX,], (X = Cl, Br, I, NO3, NCS), the

structure of which, (tetrahedral or octahedral), depends upon the
nature of X [520]. The mixed heterocyclic ligand complexes,
[CoLy{3-Me-py}s]l, in which L is (140), have been prepared, and
characterised by spectroscopic and magnetic susceptibility
measurements and thermal analyses [521]. Complexes containing
coupled pyrazole ligands have been prepared; these compounds are of
empirical formula [CoLX,].nH,0, (L = (141); X = Cl, NO3; n = 1,
0.5, 0), and structural characterisation for the chlorc-complex
confirms a dinuclear species supported by bridging heterocyclic
ligands [522].

A detailed kinetic study of the reaction between cobalt (II)
ions and histamine has been presented; the complex equilibria,
established in solution, are found to be pH dependent (523].
Related amino-heterocyclic ligands are L, (142), and L', (143).
Results of a variable temperature solution 14 n.m.r. spectroscopic
study of the complex [ColL,sBry] have been interpreted in terms of
reorientation of the ligand [524]. Reaction of [Co(NCS8),].6H,0
with L' in EtOH gives trans~[ColL',(NCS),]1; X-ray structural
characterisation ¢of this complex confirms the trans-configuration,
and average bond lengths are Co-Ny, = 2.1824, and Co-Ny.g = 2.113A
[525].
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R R WH;
IS =N A r"\
¢ {CHz)n 1 / N )
HN N Me 0’ N%
R R NH
{141) R =Mer n=20,1 (142) (143)

MesHC CHMe
NH BN

Me, HC CHMe

(144}

An interesting phosphine ligand, L, {144), has been used
in studies aimed at producing biomimetic catalysts for the
hydrolysis of p-nitrophenyl picolinate; the high seolubility of the
cobalt {II) complex of L has allowed kinetic studies t¢ be carried
out over a large pH range [526]. The coordinating ability of the
borchydride anion, H2BR2', {R = imid), has been investigated; the
complex [Co(Hp,BRy),] has been prepared, and characterised as being
octahedral on the basis of spectroscopic data and magnetic moment
measurements [527)}. Complexation studies of cobalt(II}) ions with
bzimidH, and some l-alkyl-derivatives thereof, in dmsc, have shown
that alkyl substitution has little effect upon the basicity of the

complex or upon its stability [528]. Cobalt{Il) complexes of other
substituted bzimidH ligands have been reported [(529,530). Reactions
with a nitroger-based ligand, L, not unlike (144), have been

reported; the complex [CoLCl,].nH,0 has been prepared and
spectroscopically characterised, and a trigonal bipyramidal inner
cocordination sphere has been proposed (531].

The preparation and physicochemical characterisation of
[ColXo], (L = (345); X = Cl, Br, I, NCS), have been described; in
each case, the cobalt centre 1is proposed to be distorted
tetrahedral in nature, and coordination appears to be always
through the N-donor, rather than the S-donor, sites [532]. The
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molecular structure of trans—[Co(bzt)Q(Ncslz{dmsz], {bzt =
benzo-1, 3-thiazele), has been determined; the complex is octahedral
with pertinent bond lenghts being Co-Ny, = 2.185(2}A, Co-Nygeg
2.082 (2} A, Co—Ohmg = 2.118{2)A [533].

SR

N MEOC(O]HC CHC(O]OMe
T k[‘> U)
R'
{145} (146)
The complex cation, [CoL}4*, (L = (146)), has been

prepared and characterised, and its potential to bind dioxygen is
cof interest; an X-ray study of the analogous zinc(II) complex shows

a severely distorted trigonal bipyramidal geometry with the

N,x3217C0N,.:,1 angle being only 151.17 [534]. Another multidentate
N—J{ ‘NHN
CH; CH2
(CHz)z—N
CH? CH2
N-...,N’ ‘N’N
e
(147}
ligand is shown in (147), L; complexes [CoL]X,, (X = BF,; ClO4},

have been synthesised, and their electronic spectra and calculated
ligand field parameters are consistent with the presence of an
octahedral Ng-chromophore [535].

The preparation and spectroscopic characterisaticon of the
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complex [CoLX;], (L = {148); X = Cl, Br), has been described; it
is proposed that 1 coordinates via two N-donor atoms, one from each
ring [536]. Two cobalt(II) complexes contalning the 3-aminotrizzole
ligand have been reported [537]. The reaction of cobalt{II) bromide
or chloride with L, (148), leads to [CopLpXy(H0)5]Xp.4Hp0; the
ligand coordinates via one triazole nitrogen atom, and a py residue
to each metal centre, and, thus, each L bridges the dicobalt unit
[538]. The synthesis, and reaction with methanolic [Co(NC5) o1, of
LHYC1™, (L = (1%0)), have been reported; the heterocyclic ligand
is not incorporated as an inner sphere ligand, and the complexes
characterised are formulated either as [LH][CoCl(NCS),(MeOH)] or
[LH]) 5 [CoCls (NCS) 5] -3MeOH, depending upon the ligand substituent, R
[539].

Me
H N NH, C(OICR

. ]
n—{ R’ N—N
= N

] N R" * N—N Ph G MNH
N * -
H "“{
R * = coordination site
{148) R =C6Hl3; (149 {150} R=Me,Et,Pr
R*=H, Et;
R"=0Et,

NH-CgHy~p-Bu

Derivatives of pyrimidine, {pym}, have been assessed in
terms of their ability to extract cobalt(II} ions from solution
(540]. The complex ([Co{pym},(NCSe),] has been prepared and
characterised by infra red spectroscopy [541}. Physicochemical
characterisation of [CoL,Cl,], (L = 2,4—(H2NC3H6)2—6-H0—pym},
suggests that L bkehaves as a monodentate ligand, and that the
complex 13 tetrahedral [542].

Fifteen cobalt (II) complexes of type [CoXY(HL),{H,0),], ({(HL
= (151); X and Y = various;}), have been prepared and characterised
by spectroscopic, conductivity, and magnetic susceptibility data:;
tetrahedral, square pyramidal, and octahedral structures are
proposed [543]). The novel compound [CoHg(dmtp)3(SCN}4(H50)]1,, (dmpt
= (152})), provides an example of thiccyanate bridged Co and Hg
atoms; the heterocyclic ligands are all bound to the cobalt(II) ion
{544). Structural data is available for [CoLj(MeOH) 4] in which L =
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{153); the heterocyclic ligands are trans to one ancther, and
pertinent bond lengths are Co-N = 2.158(3)A, Co-0 = 2.077(5),
2.121 (34 [545].

Me Me Nf\N
N N’A%> I
Me N”L‘o Me N N N
H H
(151) {152) (153}
. OMe
HzN N OMe
Y * ligation site
N
CMe
NH,
(154)

The X-ray structural characterisation of the tetrahedral,
Meeg, = 4.67 BM), complex [CoL,Cl,], (L = {154})), has illustated a
monodentate bonding mode for the ligand; inner coordination sphere
bond distances are Co-N = 2,030{4)& and Co-Cl = 2.231(2)& [546].

The coordinating ablility of monoguaternised N;R—pz+ ligands
has been investigated, and the ligands are shown to be poor
g-donors, but good T-acceptors; the complexes [C0X3(N—R—pz+]], (X =
Cl, Br) have been characterised for R = Me, but [N-R-pz],(CoX,]
forms when more bulky substituents are present [5347].

Two cobalt (II) complexes containing valium-related ligands,
L, have been prepared, and spectroscopically characterised; both
[Cal; (C104)5).nH,0 and [Col, (504)]1.HX0  appear to exhibit acute
distortion away from octahedral coordination, towards square
planarity [548]. The complex, (155), shows a novel arrangement of
ligands, with primary coordination distances being Co-N =
2.207(5)4, Co-Opirrate = 2-111(6), 2.060(6), 2.100(6YA, Co——-0
= 2.44(1)A, Co-0

nitrate

water = 2.073(7)A; individual molecules are linked
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together via 0-H---0, N-H---0, and C-H---0 interactions [54%]. The
structural characterisation and an analysis of the spectral
properties of the trigonal bipyramidal complex, (156), (H atoms
omitted for clarity), have been described; the system is a model
for cobalt substituted carboenic anhydrase, and it is interesting
that the Co-0 distance is somewhat short, viz. 2.024(7)& [550].
Two novel trinuclear cobalt{lII} complexes containing bridging
alkyl-substituted triazole ligands have been prepared; the
structure of an analogous Wi(IT} complex has been determined [551].

Me
O OHa r'd OH
SN—0, Me Me
hY N A
Oty - Ny, ‘, - N
Co—— Q-NO; O—
o Me N - \

02N/ Me Nk ' N
\/ Me

(155} {156)
2,3.8.8 Macrocyclic ligands

The kinetics of electron transfer during the oxidation of
[Co(sep}]2+, (sep = (25)), by iodine have been investigated; the
involvement of I3~, which rapidly dissociates to I and I, within
the time scale of the rate determining step, is proposed [552].
Coordinaticn to Co{lIl) icns of a 24-membered macrocyclic ligand, L,
(157), (H atoms onitted for clarity), has resulted in the formation
of the octahedral complexes [{Co,L}X4].nH,0, (X = Br, I, NOj, SCN);
some electrochemistry of the complexes has been described [553].
The presence ¢f a dangling amino-substituent, R, o¢n an otherwise
tetradentate macrocycle, (related to (45)), increases the
coordinating ability of the ligand to pentadentate, but only if the
aminc-group is not sterically hindered [554]. The potentially
macrocyclic ligand, HL, (158), apparently prefers to utilise its

oxime-N atoms as donor sites in the complex [Co{HL),]; a square
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planar geometry is proposed on the basis of infra red and g n.m.r.
spectroscepic results [555].

N
N 0
,N
N NH HN
Nay ,N\H\ H
N HO-N N-OH
{157) (158)

Improved syntheses to metal, 1ncluding cobalt(II},
complexes containing gquadridentate, macrocyclic ligands have been
described; individual ligands are too numerous to list here, but
are related to (42) or {129) [556, 557].

Cobalt(II) complexes inveoking porphyrin or phthalocyanine

ligands are detailed below. Any non-standard abbreviations used

have previcusly been defined in Section 2.2.7.7. The catalytic
properties of [Co(TPP)] and [Co{Pc)], with respect to quadricyclane
isomerisation, have been studied [558]. During the course of

electrochemical investigations, species of the type {Co(TPP) (NO)L]*
have been observed; formaticn constants, log K, for the complexes
are 3.1%0.1, 3.3%0.1, and 5.3%0.2 for L = dmf, dnso, and py
respectively [559]. An interesting bridged, heterometallic complex
has been characterised and exhibits a nickel{II) Schiff base
complex coordinated via an ilmidazole residue to the axial site of
(Co(TPP) ]} ([560]). Stopped flow techniques have been used to monitor
the complex formation between Co (11} ions and N-methylated-TPPHj5;
the reaction is second order, depending on each reagent, and a
value of Av¥ = 8.0 % 0.3 ¢m3 mol™! has been determined (561l}. In
experiments designed to provide models for coenzyme By,;, e.p.r,
spectra o©of complexes with spin-labelled py <coordinated to
[Co(TFPP}], (TFPPHp = tetra{p-trifluocromethyl)porphyrin), have been
analysed [562]. Alkoxy-derivatives of TPPH; have been the subjects
for both preparative, [563), and catalytic, [564], investigations.
A4 rather exotic ligand sporting a c¢rown ether-substituted-
tri{p-chlorcjporphyrin has been prepared; reaction with cobalt (II)
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icons results in the formation of a 1:1 complex [565].

A new, and direct route to peripherally substituted, (R =
tru, Meo, NO,), phthalocyanine complexes of cobalt(II) has been
developed; some spectroscopic properties, and the thermal stability

of the complexes, have been presented [566]. Polysulphophthalo-
cyanine ligands, HpPc' and H3Pc", give the complexes [Co(Pc')] and
(Co(HPc™)], the oligomerisation of which has been described [567].

Gel filtration of some polymeric [CoPc] complexes has allowed
separation of two fractions; the first is of low molecular weight
and is flucrescent, while the second contains dimeric and polymeric
material [568]. The catalytic reduction of CO,; to CO at a {CoPc]-
modified carbon electrode surface has been reported [569].
Mechanistic detalls for the autcoxidation of thiols using
polyvinylamine supported [CoPc*], (Pc*Hp, = tetra(NaOzS)phthalo-
cyanine), have been discussed [570].

2.3.9 Complexes with nitrogen-sulphur donor ligands
2.3.9.1 Aminothicl and related ligands

The oxidation of [Co(en),(2-py-thiol}] by HpU» in acidic
solution is reported to give [Co(en]2L12+, where HL = 2-py-
sulphenic acid [571]. Complexation of the ligand, HsL, (159), has
been explored by two independent groups. Firstly, the crystal
structure of the complex (CoL], (R = Me}, has been determined; the
cobalt (II) ion is in a sguare planar environment, with inner sphere
distances of Co-§ = 2.155(1), 2.142¢2}A, and Co-N = 1.905(4),
1.910(4yA [3572]. The second paper looks at the electrochemistry of

the complex [CoL] in methanol sclution, and 1in the presence of

[BugN] [C10,4] [5731. Related chemistry has involved the preparation
and <characterisation of the c¢ovalent complexes, [Col] and
[CotHL)X42), in which HoL possesses the same donor set as (159}, (X

= Cl, Br) [574].

(159) R = Me; CF3; Ph; p-MeO-CgH,; p~Br-CgHy
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2.3.9.2 Thicamides and related ligands

The solvent dependence of complex formation between Co{II)

ions and HNC(5)NH,, (tu), has been studied; agquation of the

product [Co{tul4]2+ ion 1s accompanied by tetrahedral to octahedral
configurational conversion [575). The preparation and physico-
chemical characterisation of the complex {CoLj,(H50},], (HL =

FhC {(S)NHC (S)NHPh), has been reported, alcng with an assessment of
the fungi-toxicity of HL and of the complex (576]. Related work by
the same authors deals with complexation between Co({II} ions and
PhC (8CH,Ph} =NC(S)NHPh; again, antifungal activity is a key issue
[B77]).

1

N NH (Ar) N

N [ Me 3
(160 (161

The reaction of CoCly with f-naphthylamine in ethanol with Cs,
present leads to the complex [CoLgy ] in which HL is

B-naphthylaminedithicocarbamic acid; the complex is reported to be

square planar [578]. The preparation and spectral characterisation
of [Col(pytulsClsl, (pytu = pyridyl-2-thiourea) has been described;
the ligand coordinates via the py-N and thione-S atoms [579). The

reaction of cobalt({II}) ions, in methancl solution, with aryl
substituted ligands, (160), HL, leads tc complexes ¢f type [CoL]
[580]. Cobalt (II) complexes involving thiosemicarbazone ligands
have also been investigated [581, 5BZ].

2.3.8.3 Miscellaneous ligands
The heterocycliec ligand, L, (161}, forms the complexes
[COLX2], Colp Xy, and [C0L4X2], (X = I, NCS, OQAc), for which

preparative and spectroscopic details have been described [583].
Macrocyclic S-N-donor ligands, (162}, L, and (163), 1.°,
have been synthesised, and their protonation constants determined.
An investigation of the complex formation of these ligands with
cobalt (II) ions has been complimented by a study of the kinetics,
(using stopped flow techniques), of the uptake of dioxygen by the
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complex products. The ion [CoL'}2+ is high spin, and coordinates
07 rapidly to give a brown, meonobridged peroxg-species. On the
othar hand, a green, p—peroxo-species formed between dioxygen and

[COL]2+ appears to exhibit some {—superoxc— character [384).

™\ (‘S’Q

Co "

NH HN
{162) {163)
2.3.10 Complexes with phosphorus ligands

Two papers from the same authors have described kinetic
results for the reaction of [CpCelX)it, (X = Cl, Br, I; L =
bidentate ligands, e.g. dppe, dppp, dppb, en, bpy}, with the
phosphites, P {(OMe)3 or P(OEt)s; lg and 31p n.m.r. spectroscopic
data have been used to confirm mechanistic details. It has been
concluded that steric control is important in the pre-equililibrium
step, and that the rate determining step 1s electronically
controlled [585,586].

An interesting reaction is one between [Co(BFy)5;].6H,0 and
white phospherus in the presence of dppm; the product has been
structurally characterised, (1€4), and exhibits an open, Py-chain,
with P-P distances of 2.173(3), 2.197(3), and 2.171(3)A [587].

////P ‘ +
/P\th“'. y AP

Ph,P 0
\P/CO\P/\
Ph2P~HH“J/,”PPh2

{164)
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2.4 Cobalt (IT}/(1I1I) Complexes with Dilioxygen and Related
Compounds

Complexes in this section are organised according to
ligands: ammines, amines, macroacyclic N-donors, N-O-donors, Schiff
bases, heterocyclic ligands, culminating with TPPH, and PcHy.

Structural and spectroscopic studies of the pH-peroxo-
complex [(H3N)g5Co),{03)1 [(NO3)2Cl3].2Hp0 have confirmed previously
presented results, and illustrate that the dioxygen is a good
f-acceptor as well as a good K-donor (588]. Aqueous ammoniacal
solutions of c¢obalt(II) ions in the presence of SCN- ions and
dioxygen have been monitored via infra red, electreonic, and n.m.r.
spectroscopic techniques; [{Co(NH3)4(NCS)}202][NCS]2.4H20 has been
identified [589].

The interaction of some cobalt(III) amine, (L = NHy, NDg,
en, sep, phen, chxn}), complexes with the superoxide ion has been
ocbserved; the kinetics of the subsequent outer sphere electron
transfer reacticns obey the rate eguation:

p = k[0,71[Co(II1)]

and the results have been discussed in terms of Marcus theory
[590]1. The formation of the dioxygen complex ion [{ten)LCo}202]4+
requires a conformaticnal change in the ligand L, (H,NCH,) 3CH;
spectral characterisation of this, and related complexes has been
reported [591].

The structure of [(en}(dien)CoO2Co(dien){en)]5+ has been
determined and a planar Co-0-0-Co unit confirmed; Co-N distances
range from 1.935({16) to 1.977(1B)A, Co~0 = 1.897(12}A, and 0-0 =
1.336(17)A. The authors have correlated structural and electronic
properties of some complexes related to the latter ion [592]. A
comparison with [(CN}(tren}C002Co(tren}(CN112+ is instructive;
structural parameters include Co-C = 1.898(6)A and 0-0 = 1.4%4(11)A
[593]1. Thermochemical studies relating te the uptake of dioxygen
by the complex [CoL], (L = tetren), have been reported [594]. The
cobalt {II1}) ceomplexes, [LCa(05)Ceol] and [LCo(Op) (CH)CoL], in which L
is one of several tri- and pentadentate N-benzyltriamine ligands,
have been shown to be suitable models for the design of high
pelymer, oOXygen-carrying systems [58%5]. An investigation of the
kinetics of the reversible uptake of O, by a histamine containing
cobalt (11) complex has given an equilibrium constant of (1.22 £
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0.15) x 10° for the process [596]. For the complex, [CoL], (L =
HpN (CHp) qNH (CHg ) 3yNH(CHp) 3NHy), the redox rearrangement of the
dioxygen adduct has been the subject of study; at 15°C, the rate
constant for intramolecular cobalt (II}) to cobalt{III) oxidation is
(4.0 * 0.2y % 107% 571 [597]. The kinetics and mechanism of
autoxidation pathways of Co(II) complexes with pyridyl-containing
pentamines have been detailed, and compared and contrasted with
other related cobalt dioxygen complexes [587a]l.

The cobalt (II) cyclam complex, forms the =species
[Coy (cyclam) 50,1%% and [Cojp(cyclam) 20, (OH) 12%; heats of reaction
relating to the formation of these complex ions have been
determined as (-86.1 £ 2.5) and (-132.1 % 2.2}kJ mol™! respectively
[598]. S8Several discussions covering various aspects of dicxygen
uptake by cecbalt complexes invelving the c¢yclic ligands {(45) and
(46), or related ligands, have appeared [599-601].

Pulse radiolysis technigues have been applied to the
observation ¢f superoxide complexes of [Co(edta}]2~ and [Ceol(edta)]”
[602}. A heterocyclic amine oxide has been gainfully empioyed as a
spin trapping agent for a cebalt({II) dioxygen complex [603].

Ligands, HL, defined in {165), form the dinuclear cacbalt
complexes [CopL(0AC) ] [Cl04), [CopL(QAc)(ClCyly, [CopL{CH) ] [ClOgls
and [CopL(plz)][ClO4ln; for L = bpmp or bpmep, reversible uptake
of dioxygen is observed, and eguilibrium constants for this process
have been determined [(604].

Me

bpmp: X = Y = CH,py
bpep: X =Y = (CH;),py
bpmep: X = CH,py; Y = (CH;),py

Ne % N bbimp: X = ¥ = _f.

Ny oy Ny _<
HN

(165)

Cobalt (II) complexes of 2-HO-CgH,~CH=N(CHp) N=CH-CgH;~2-0H
and related ligands appear not to bind 0, [605]. Dioxygen adducts
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of some [Co{salen)] derivatives have been the subject ¢f rescnance
Raman spectroscopic investigations; the modes vg_, and v, . have
been assigned at 1146-1143 and %30~-51%5 e~ 1 respectively [606]. The
dimeric nature of the complex [{Co(salen)l,{Cs7)1] in aquecus
sclution has been established; reaction of this complex with CNT
and NSC™ proceeds via initial dissociative exchange of the axially
coordinated water molecules, followed by rapid loss of digxygen
(607]1. The diczxygen carryving properties of several other cobalt (II)
Schiff base complexes have been discussed [608,609].

A cobalt~substituted cytochrome ¢ peptide, which acts as an
artificial dioxygen carrier, has been prepared; e.s.r. sSpectroscopy
has been used to probe the nature of the bound 0, [&0%a]. The
complex [Co{phen)L{H,0)}], (HpL = glycyl-pL-ala), binds diocxygen to
form a dinuclear species; the coordinated 05 molecule oxidises
the peptide upen thermolysis of the dioxygen containing complex
[610]. The same authors have looked at the kinetics of oxygen
uptake by [Co(phen)L{H,0)1%, (L = amino acid) [611], and have
measured stability constants for complexes of the type
(L {phen}Co (K-05) (K-0OH) Co(phen) L] {612]. Some related work reports
kinetic and mechanistic details of the decomposition in acidic
solution of the complex ion, [{Phen}2(H20)Co(u—02)Co(H20){phen)2]4+
[613]. The reacticn of cobalt{II} chloride with HL, (HL = (l166), in
ethanol at pH 6-7, produces [ColL;{EtOH],] which reversibly binds
dioxygen at pH 8; the complex [CoL,{EtOH)]. (05} .EtOH may be
isolated over the range pH 9-10 [614].

CH,CH (NH; ) CO, H

NH

{168)

Two related papers report the formation of silica surface
bound cebalt (IT) pyridine complexes with either PcHp or Schiff base
ligands; the dioxygen binding properties of these complexes have
been assesgsed [615,616]. An investigation of the oxidation of

carbon monoxide by Op over transition metal phthalocyanines shows
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that the reactivity of [CoPe] is lower than that of [NiPc], but
exceeds that of [CuPc] [617]. The pathway of the oxygenation of the
tBu-derivatised [CoPc] in dmf solution is pH dependent; in neutral
solution, a dioxygen adduct is formed reversibkbly, whereas, in
alkaline soclution, oxidation of the complex occurs [618].

Porphyrin complexes complete this review of ccbalt{II) and
cobalt (IIT) dioxygen species. A resonance Raman spectroscopic study

of dioxygen adducts of [Co(TPP)] and derivatives thereof has
illustrated the dependence of v, , upon the nature of the axial
ligands present 1in the complexes [619]. Reverslble binding of
dioxygen 1s reported for the complex [Co{TEP) (PVP)], {(PVP = poly-4-
vinyl-py), at -78°'C; the mechanism of the reaction is discussed
(620). HMechanistic details of the reducticn of 0, by [Co{(TPP)] at
a graphite electrode surface have been presented [621]. By virtue

of its bridgehead wunit, the diporphyrin, TPPH,-TPPH,, (167),
possesses only limited flexibilty. Thus, the two metal centres of
the dinuclear cobalt(II} complex, [Coy(TPP-TPP)], are beautifully
set up to bind dioxygen; the electroreduction of 0O, is catalysed by
[Cos (TEP-TPP} ], and the efficiency of the catalyst ig effected by
the degree of flexibility inherent in the TPPH,-TPPH» ligand [622].

{167
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The syntheses o¢f some cyclophane porphyrins, and the
spectroscoplc characterisation of their Zn(II} complexes have been
described; the corresponding cobalt {II} complexes are reported to
bind 0Oz, and the efficiency of this reaction is, significantly,
dependent upon the length of the bridging group,
~{CH5CH,C (Q) NH~ {CHo} ,~NHC (0} CH;CHz }~ {(n = 6-10, 12, 14) in the
porphyrin ligands [623]. Cyclic and differential pulse voltammetry,
rotating disc electrode, and spectroelectrochemical techniques have
been applied to a study of the complexes ([Col], (HpL =
tetra(4-N,N', N"-trimethylanilinium) TPPH,;}, and their dioxygen
carrying properties [624].

2.5 COBALT (T)

Heterccycllic ligands predominate in the reported chemistry
cf the cobalt{I) ion. In acidic media, the cobalt(I) complex,
[Co{bipy}3]+, is in equilibrium with the cobalt{(III} hydride
specles, [Co(bipy}g(H20]H]2+; from kinetic data, a free radical
mechanism is implied, and the formation of {[(bipy)H]"in the rate
determining step is proposed [625].

Results of a wvariable temperature, sclution H n.m.r.
spectroscopic study of the metallaborane [Co(terpy) (W-H) 5BH,]
provide an activation energy for terminal/bridge proton exchange of
11.1 + 0.1 kcal mol~l; for a bidentate BH4 ligand, this figure
represents the highest barrier so far for such a process [626].
Chemical shift values in the 31P n.m.,r. spectra of base-on
cobalamins show a far greater wvariation than do theose of the
base-off complexes; attempts to rationalise these observations have
been presented [627].

In thf selution, [LCoH], (L = (Ph2CH2CH2]3N), does not
react with CO,. However, in the presence of sodium tetraphenyl-
borate, the reaction proceeds to give the complexes [LCo{CO)][BPhy]
and [L'Co] {BPhgl,, where L' is (Fh,PCH,CHy) oN (CHoCHoP (=0)Phy). A
possible mechanism for the reaction is shown in Scheme 3 [628].
Another cobalt{T} hydride is [HCoLy] in which L this time 1is
diethylphenylphosphonite; laser flash photolysis of this compound
in cyclohexane yields a transient, coordinatively unsaturated

speclies [628a].
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2.6 THEORETICAL INVESTIGATIONS

The degree to which magnetic and spectral properties of a
complex are influenced by distorting, (e.g. metal ion displacement
or angular changes to the ligands), an initially regular ligand
array has been investigated [628].

Two references to molecular mechanics calculations have
already been made {151,15&]. For the complexes (168) and (169),
structural parameters obtained from meolecular mechanical
calculations have been compared with those from X-~ray analyses;
comparitive bond distances are given in Table €& [630]. Strain
energy minimisation calculations have also been applied to some
cctahedral polyamine conmplexes such as mer-[CoCl{N—N](dien)]2+,
(N-N = en, 1,3-pn, or (NH3), } and to the corresponding
5-coordinate residue, e.g. mer-[Co(N—N}(dien)]3+; the difference in
energy between the 5- and 6-coordinate complexes provides useful
information applicable to the kinetics of substitution reactions
[631]. A simple ligand fleld model has been used to calculate
orbital and state correlation diagrams for 5-coordinate
intermediates in the substitution reactions of c¢is- and
trans-[Co(en)2Ax1“+;
N3~, and the nucleophile, A, is CN, NO, , NH3, Br , Cl°, N3, HyO,

the leaving group, X, is €17, Br~, Me,SO or
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or OH . Thecretical results tie in well with those cobtained
experimentally [632].

NO,
§(4)H
bQ%\\ Ny(1 H:‘/"N<6)H
65
W ' ‘e
b Fl
N{3)
{168) {169)

Table 6. Comparison of calculated and experimental bond lengths in
the complexes (168) and (169} [631].

Complex (168}

Bond Distance from Distance from
X-ray /A Molecular mechanics /A

Co-N (1} 1.963(3) 1.974

Co-N (2} 2.009 (4} 1.984

Complex (169)

Bond Distance from Distance from
X-ray /A Molecular mechanics /A
Co-N (1} 1.996(6) 1.995
Co~N(4) 1.999(5) 1.995
Co-N(#6) 2.001(5} 1.9985
Co~-N{2) 1.950(6) 1.989
Co-N (3} 1.975(5) 1.989
Co=-N(5) 1.%61(3) 1.989
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By using X-ray diffraction data along with the results of
MO calculations, (STO-3G basis set), a correlation between the
axial and in-plane bond lengths in sixteen tetragonal, 6-coordinate
complexes of type trans-[CoX;N4] has been developed; the out-of-
plane bond distance decreases as the in-plane distance increases
[633]. The conformations of some 6-membered cobalt(ITI) amino
acidatc chelate rings have been investigated by means o¢f the
program RING; the output of the program includes torsion angles and
puckering parameters [634). Total energies are also available from
the results of extended Hickel calculations, Just such a study has
been carried out on the complexes [(triphos)Co{nz—CS2)] and
[LCo{nZ—SCNPh)].l.33BuOH, {L = (PhZPCH2CH2}3N}; the results are
complimented by structural elucidation via traditional X-ray
diffraction techniques [635]. The electronic structures and total
energies of the complexes [Co({dmgH),].nHo3, (n = 0,1), have been
determined within the constraints of a semi-empirical
Mulliken-Welfsberg~-Helmholtz approximation; attempts to rationalise
the reactivity patterns o0f the complexes in terms of the
theoretical results are made [&36].

A model Ny-ring has been used to represent a porphyrin
ligand in a theoretical investigation of scme cobalt(III) dioxygen
complexes; using an appreach which includes configuration
interaction, the best description of the dioxygen moiety is found
te be that of a superoxide ligand. The 0, ion donates electrons
into an empty orbital concentrated on the cobalt (ITI} centre [637].

Calculaticns wusing the CNDO/2 apprcach have included
studies of [Co(phen)L(H20}3]2+, (L = py, 4-HyN-py) [638], complexes
of type [CoLn{HQO)G_n]2+, (L = py, 4-HpN-py) [63%], and cobalt
complexes with tetraazamacrocyclic ligands [640]. Also within the
CNDO/2 method, heats of coordination have been determined for a
variety of Co(II}), Ni(II), Fe(II}, Cu{(ll) and Zn(II) complexes
containing F~, H,C0”, HpQ, NH3, MeCN, and CC ligands [641].

OH HO R* OH HO
R N-N~§j R‘C&fN—N
R R* R" R’
R = H,Cl,Me,NOy; R' = H,Cl,Me,OMe,NOy; R" = Me,OMe; R* = H,Me
(170) (171)
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Finally, the results of extended Hiickel and MNDO/3
calculations relating to cobalt complexes with the azo ligands
(170 or (171) support Uv-visible spectroscopic data recorded for
the compounds; chelation wia the azo-N adjoining the least

substituted phenyl ring is proposed [642].

2.7 *%co n.m.r. SPECTROSCOPY

Several papers either focus attention on, or at least make
use of, °°Co n.m.r. spectroscopy. The potential of the technique is
noted in an investigation of the exchange between solvent and
ammine protons, for [CotNH3}6]3+ dissolved in dmso in the presence
of D;0 and NEtg [643] . Related work has loocked at nineteen
isotopic species lying between the limits of [C(:\{I\TH3]6]3Jr and
[Co(ND3)6]3+, as well as thirteen species derived from [Co{en)3]3+;
large *°Co n.m.r. spectral chemical shift ranges provide a useful
means o¢f analysing the isotopic composition of these complexes
i6d44].

The products of the reactions of [Co(dien)Cly) and L, (L =
NH5, en, dien, urea, NCO™, NCS™, 52032_), have been established by
using *°Co n.m.r. spectroscopy, thus illustrating the potential of
this experimental technique [645]. The reaction of the complex ion
[{Co(en}{dien)}202]4+ with iron(lII} ions has been monitored by
stopped flow methods and by **Co n.m.r. spectrescopy: the reaction
shows two separate initial reduction steps with seccond order rate
constants of 1.07 and 3.04 M1 7! respectively [646]. A detailed
n.m.r. spectroscopic study of the oxygenation of bis(L-histidinato}-
cobalt (II}) has shown a significant pH dependence of the reacticon
sequence [647].

Nitrosyl containing complexes have been the focus of
attention in one *Co n.m.r. spectroscopic survey; chemical shifts,
which are sensitive to solvent, range from 89390 (dmso) for the *°Co
nucleus in {CoL, (NO)), (L = 2-HO-CgHy-C(Me)=NOH) to 84020 for
[Co(Me) (HpO) (dmgH) o] [648]. The complexes [Co{acac)p{PhacPhSac)]
and cis-Cj-[Co(acac) (PhacPhSac) ;] have been synthesised. Their °Co
n.m.r. spectroscopic signatures illustrate a linear correlation
between 3 °?Co and the composition of the chromophore, viz. CoQOg,
Co0gS, Co04S,, or Co03S53 [649]. 5%Cco n.m.r. spectroscopy has alsoc

gainfully been employed to monitor spin crossover phenomena [650].
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