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INTRODUCTION 

This review covers the coordination chemistry of cobalt for the year 1990. The most recent 

reviews of the coordination chemistry of cobalt in this series were for the years 1984 and 1985 [l]. 

One of the intentions of this series is to produce more rapid reviews than previously and no doubt 

the missing years will be covered later. The general format for the review is broadly that of previous 

ones in this series. This is strictly an account of uwrdination chemistry and consequently there is 

the problem of deciding what is coordination chemistry and in practice drawing the line with 
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organometallic chemistry is often difficult. This review does not seek to cover organometaliic 

chemistry and the well known definition of coordination chemistry being that which interests 

coordination chemists is broadly used here. A further limitation of the review is that in general it 

does not include cluster chemistry. Though again such chemistry may be included if it is thought 

mhXant 

Interest in cobalt chemistry as measured by the number of publications in a given year 

continues to be exmundWily high. Many new compounds of cobalt were made and the structures 

of hundreds of coordination compounds were determined in 1990. A feature of modern 

coordination chemistry is the increasing number, complexity and variety of new ligands which 

become available and this very much adds to the richness of the cobalt chemistry reviewed here. 

5.1 COBALT(M) 

As expected, the vast bulk of the references are to work carried out on ~b~t~~ and 

cobah with about equal emphasis on each. Also for both oxidation states, much of the reseamh 

was on complexes which involved nitrogen donor ligands in some form or another. 

The C-N stretch has frequently been used as a sensor for hgand outer cation interactions in 

cobalticyanides [2]. 

The crystal stmcture of the complex Cs[Me@&Co(CN)(i with its mixed cation has been 

determined. There was found to be a cubic network of Co-CN-Cs units and them was hindered 

rotation of the CH3 groups which were orientated towards the cesium ions [3]. 

5.1.2 Complexes wish oxygen donor &ur& 

The kinetics of the redox reaction between cobalt(III) ions and selenium(IV) in aqueous 

perchloric acid suggest a mechanism in which there is an initial reaction involving a complex 

between the oxidant and substrate and [CoOH]+ and HzSe@ are then reacting species [41. Overall 

second order kinetics for the oxidation of oxalate when both bound and unbound to cobalt(m) by 

bromate ion has been reported [S]. 

A somewhat negative result from the point of view of coot chemistry is that in the 

oxidation of malonic acid in the presence of a cobalt(IiI) malonato compiex and malonic acid by 

potassium bromate, using cadmium acetate as a bromide ion scavenger, both bound and unbound 

malonic acid react at the same rate [6]. The mechanism proposed suggests that an ester is formed 

between the bromate and the enol form of malonic acid. The presence of small amounts of 

~~~l~~ato~~~ has been found to have a profound effect on the thermal degradation 
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of polymethy~late [7j. The effects arise from complex formation with the unsamratedchaln 

endsandattackt.kmiacetylacemnateradkalsonthepolymer. 

5.1.3 Complexes with oxygen-nitrogen donor liganh 

An unusual imidomalonato-bridged cobalt(II1) complex is produced when 

[CoCl&ren)lCl.H20, ammonium a-aminomalonate and charcoal in methanol are reacted with 

triethylamine [81. The complex which is formed is p-[Co&-imidomalonato)(tren)#+ in which 

the cobalt atoms are linked via the imido group nitrogen and two carboxylates. The structure is 

shown in (1). 

(1) 

Two heteronuclear dinuclear complexes consisting of copper@) and cobalt(III) centres 

united by an imidaxolate bridge have been studied by X-ray crystal structure determination [9]. 

They are 2.2~,2~-pentaammine-l-aqua-l,2-(~-imidazola~~~~-l-(iminodiacetato-)-O,O’JV)- 

cobalt(EI)co petchlorate ttihydrate (2) and 2 2 2 2 2 3 3 3 3-decaammine-1.2: 1,3-di-(p- *.,,1*,, 

imidazol~~~?_l-(~~~~O,O’~~~~ petchloratetetnlhydrate. 

(2) 
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Careful design of the groups attached to macrocyclic ligands can be used to control the 

nature of the products of &ons involving complexation by that ligand. Thus, the ligand (3) has a 

pendant group which allows the formation of the dimer [( CoL(H20))2]4+ (4) [lo]. The reactions 

which are involved in the formation of the dimer are shown in (5); the pink dimer has a structure 

involving a network of water molecules and some penAlorate oxygen atoms. 

(3) 

\ 
COOH 

I 
4+ 

.2 

CN COOH 

water 0ve.r appmx. 20 min. 

(5) 
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The ability of a ligand to wrap itself amund a transition metal ion (which is so familiar to us 

with EDTA) is of course now known to be a very common phenomenon. The so-called facultative 

ligands [ 1 l] are ligands which wrap around the metal ion but have an external surface which has 

essentially organic properties. Such a species is the complex 7.7’~(ethylene-diiiodiethylene- 

dinitrilo)bis(7-methyl-o-creso late-OJV~,7V”JV’“,O’)cobalt(III) hexafluom-phosphate which forms a 

1: 1 compound with acetone. The crystal structure shows the expected slightly distorted octahedral 

arrangement amund the Co with all six donor atoms involved, OiWVNO (6). 

New mixed-ligand complexes involving the ligand ethylenebiguanide (7) and DL- and L- 

methionine have been prepared [ 121 

Methionine has also featured in a series of complexes which have been prepared involving 

dipeptides such as [Co(dipeptido)(diamine)]+ and related species [ 131. The peptides involved were 

L-methionyl-glycinatc glycyl-L-methioninate, L-methionyl-+udnate and L-alanyl-L-methioninate. 
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NMR spectroscopic and circular dichroism (cd) data are given and the cobalt(III) atom is 

coordinated by the NH2 nitrogens, the COO- oxygen and the CH3S sulphur. The kinetics and 

mechanisms of the hydrolysis of the (a-Bs)-~y~~o-o)(teaacthylenepentamine) ion at 

pH 6.9 to 8.2 show a high rate of spontaneous aquation of the glycinato species and great inertness 

of the N-pmtona& form, suggesting an intramolecular conjugate base mechanism [ 141. 

The structure of the complex silver(I)[A-cis(NO3),trans(NH3)-dinitrobis(S- 

valinato)cobaltate(III)] has been investigated in order to examine the effect of ligand conformation 

on the optical activity of the complex in solution [15]. The structure of the cobalt-containing anion 

is shown in (8). 

The proton NMR spectrum confii that the solid state structure of the cobalt(III) anion is 

retained in solution. The authors conclude that in structures such as this, early branching of the side 

chain influences the axial positioning of a CH3 group and that this explains much of the optical 

activity behaviour of this complex 

The crystal strut of the complex carbonatobis(hiitamine)cobalt(IlI) chloride shows that 

both the histamine and the carbonate act as bidentate ligands with the histamine imidazole rings 
coordinated in the truwpositions [ 161. A wide ranging study has been carried out of trax.t(OS)-(B 

alaninato)bis(glycinato)cobalt(III), (9) [17]. The structure was found to consist of enantiomeric 

pairs of complex molecules and water molecules. A new synthetic method is given, and the effect of 

magnetic anisotropy of the cobalt(III) on the NMR spectrum of the methylene protons is 

considered. In (9), coordination sphere around the cobalt atom is distorted octahedml and exhibits 

a twist-boat conformation of the chelate-ring and a puckered conformation in the five-membered 

ring. 

The crystal and molecular structure of the complex (a-glycinato)(ethylenediamine-NJV’- 

diacetato)cobalt(III) dihydrate has been detennkd and simply consists of the neutral complex and 

water molecules [ 181. Complexes of the amino acids, S-methylcysteine, methionine, aspartic acid 
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and glutamic acid have been pmpared by reaction of dicNoro(N,N’-dimethylenediamine-N,N’di-c+ 

propionate)cobalt(III) [19] with the appropriate amino acid. The complex sym-fac-(1.5,9- 

triazonane)-(R,S)-a~~~t~, sym-fat-[Co(dpt)(S’)-asp]+ [20] consists of complex ions, 

ClO4- and Hz0 held by hydrogen bonds. One of the two dpt fused chelate rings has a distorted 

chair formation which explains the optical activity behaviour of the complex. The complex cis- 
[Co(eddb)L]. where Hzeddb is ethylene&mine-N,N’-di-a-butyric acid and HL is L-alanine has 

been prepared and character&d [21]. The X-ray crystal structure has been determined for 

Na[Co(eddda)].OSNaClO4 (where eddda is cthylcnedia~~~-N~~-3-~~ona~) 

and it is found to be a rrans (05) isomer with the two five-membered glycine chelate rings in the 

trans position [22]. 
0 

0 

(9) 

The formation of transition metal complexes by carrying out reactions between the ligand 

attached to the metal and reagents in solution has been a feature of coordination chemistry for some 

years and has yielded many novel and interesting structures. The &aminomalonate ion has been 

reacted with [Co(en)$Zlg]+ in the presence of Et3N to produce cc-diamine and carbinolamine 

complexes. The structure of one of these, the complex [Co(N-(2-aminoethyl)-a,a- 
. . 

dtarmnomalanabo)(en)lCl.O5HgO has been detennined (10) ad the malonato-ligand HgL is shown 

in (11). [23]. 

HO OH 
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Octahedral cobalt(III) complexes of the bidemate l&and, o-vanillin oxime (12) have been 

synthesised and chamcmrised [24]. 

A new ligand. L, which contains amid0 groups which are situated next to C=C doyble bonds 

has been synthesised [25] (13). The cobalt(III) complex [CoLpy2]ClO4 is, unlike’me cobalt(n) 

complex, a mononuclear species. 

0 0 

(13) 

Perhaps one of the commonest reasons for studying reactions and structures of transition 

metal complexes is that they are. or may be, models for some biochemical process or other. The 

complex [(S)-2,5-di(salicylideneamino)-l-pcntanoato(3-)](p~dine)cob~t(III) and related 

complexes are possible models for reactions catalysed by enzymes for which pyrldoxal phosphate is 

the cofactor [26]. The complex is shown to have distorted octahedral symmetry with the above 

ligand coordi~ted smmospecifically at the nitrogens and the oxygens from the phenol and carboxyl 

groups. The expected distorted octahedral structure has been determined for the [A,A-racemic-(l- 

phenylenediamine-N,iV,iV’iV’-tetraacetato)cobaltate(III) ion [U]. An azido bridge is observed 

between barium and cobalt in the complex barium (EDTA)cobaltate(III).SI-I~O [28]. 

Occasionally transition metal complexes may themselves behave as ligands towards other 

metal ions. One such case is where square planar paramagnetic cobalt(III) complexes of acyclic 

polyanionic chelating ligands act as chelating ligands for other metals such as alkali or rare earth 

metal ions [29] (14). 

A number of cobalt(III) complexes of the dihydrogenviolurate ion, H3vi = (15). have been 

prepared and the crystal structure of K[Co(H&(nta)]2H20 has been detetmined DO]. 
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0 Me 

?+ 

0 

< 

N\Co/“\M 
Me IW N' '0' 

Me x ‘W Me 
0 Me 

(15) 

(14) 

M=secondmetal 

0 

(16) 

I- 
1,2,3- and 1,2,6-CoL33H20, where I-IL is ethanolamine, are prepared by reaction in 

triethanolamine and KOH in iso-ROH with ethanolamine with and without boiig respectively 

1311. 

A number of chiral square planar c&alt(III) complexes based on ligands (-)2,4-bis[(R)-2- 

hydroxy-2-methylbutyramidoJ-2,4-dimethyQentan-3-one Q [32]. The structure of Q shown in 

(16) was confirmed by single crystal X-ray diffraction. Since square planar complexes similar to 

these had been shown to lx5 active in the catalysis of the epoxidation of styxenes [33], these workers 

investigated the epoxidation of a number of styrenes in acetonitrile at -2 to O’C. It was found that 

the yields were on the whole good, but that the asymmetric inductions were not very good and there 

was no obvious relationship between enantiometic induction and changing the phenyl group 

substituent on tbe styrenes. 

(17) 
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Most of what has been described above has been the preparation charaeterisation and 

stmchtre dete&nation of complex ions. However, in many ways cobalt is the archetypal element 

for the study of mechanisms of reaction using the tools of reaction kinetics and photuchemistty. 

~~h~~ of the square planar ~~) complex [34] (17) is only obsmcd when radiation 

of wavelengths at the ligand to metal charge transfer bands is used and the pmducts of the reaction 

are (18). 

(W 

It has been pointed out that vitamin B6 model compotmds involving cobalt@I) have the 

~~thatdw:raetalioncanbeusedtoholdthcbondanglesintheligandinspecificallynquind 

positions which allow the study of steric effects in carbon-hydrogen bond-breaking reactions [35]. 

A &es of twelve &alt(IK) complexes, ~~~~y~~~~ with substituents in 

various positions, have been pmpated and the kinetics of the carbon-hydrogen bond breaking 

reactbns of the gem-methylenic protons of gIycine were found to be first order in [OH-I with 

differing rates for the two protons indicating a reversal of steteuselectivity. The stereoselective 

isomerisation and racemisation of (N-mthy~~~)(et~m~~~ 

iu basic solution has been studied [36]. The kinetics of electron transfer between reduced spinach 

@Fe-2S]-ferredoxin and the complexes shown in @a) and (l!h) were found to be steteosektive 

1371. 

c- 

I 
+ 

0 

1 
+ 

(19a) (19bI 
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In basic solution, the redox behaviour of the Co(cyclam) complex involving the 

Co(III)Ko(II) couple is complicated by cis-r~uns isomerism and acid-base equilibria shown in 

scheme (20) [38]. 

(20) L = cyclam 

5.1.4 Complexes with nitrogen-sulphur donor ligands 

The synthesis of 1,3-~is(benzo-l5--5)-2-~~0~,5-~~y~x~no~~~~ and 

its complexes with cobalt(III) and cobalt(H) have been described [39]. For the ligand (21). 

complexes of the form Co(LRR)(NH3)2NCsnH20 are formed [40]. 

\ 
N- --( 

S-R 

(21) 

5.1.5 Complexes with oqgen-sulphur-nitrogen donor ligunuk 

The kinetics of the thermal decomposition of polymer complexes of N,N’- 

Wlithiccarboxyl)pipaazine with cobalt@) have been investigated under Whermal condition and 

interpreted using the Coates-Redfem, the F meman-Csrrol and the HorowitzMetger equations [41]. 

5.1.6 Complexes with sulphur, selenium and tellwiwn &nor rigat& 

Complexes of the type, [CoMeSeC!IQC!H$eMe]2X~B~, (X = Cl, ,Br, I) and [Co(o- 

QHdTeMeh}X21fBIQ] have been prepamd by the reaction of the ligand, the anhydrous cobalt0 

halide and sodium borohydride in nitrometbane [42]. Wo, nSe-{ tH) and i25Te-( tH) NMR 

spectrawereusedtochauWai%thecomplexes. 
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The complex bis(thioacetato_s)[tris(2_aminoethyl)ami pen.Snnte 1431 has a 

cobalt atom which is octahekally surrounded by four nitrogen atoms from N(CH3CH$IH2)3 

ligands and the two sulphur atoms of the thioacetates, which are monodentate through sulphur (22). 

(22) 

The preparation of a number of complexes containing monodentate thioether ligands has 

been described [44]. Reactions involve the use of CH3SCH3 as shown in Fqn (i). 

5.1.7 Complexes with nitrogen donor ligands 

The whole history of cobalt chemistry has been dominated from the early days by the study 

of complexes with nitrogen donor ligands. Much of the kinetic and mechanistic data on reactions 

involving cobalt(III) complexes have been obtained from reactions of ammine and amine complexes 

and in more recent years structural information on macrocyclic ligands with many nitrogen donors 

has featured in a huge number of studies. It is not surprising therefore that 1990 saw the expected 

very large cmp of publications in this area 

The complex methylmalonato-2,2’,2”-triaminotriethylaminecobalt(III) chloride has been 

synthesised and the X-ray crystal structure detetmined [45]. The structures have been obtained for 

both the deprotonated and the protonated complexes. In the latter, the methylmalonate has a single 

negative charge and is bidentate. 

There is much interest in the preparation, structure and spectroscopy of vitamin Bt2 model 

compounds and in the various manifestations of vitamin B12. Cobaloximes are often cited as 

models for vitamin B12. The X-ray crystal structure of the complex trunr-(dichlorocyanomethyl)- 
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&r(dimethylglyoxime)(triphenylphosphhre) cobalt(III) has been determined [46], showing an axial 

Co-C bond distance of 2.089A and a CoP bond disumce of 2.371A. 

The structures of bi&niline)6is(hexamethylgiyoximato)cobalt(IE) chloride and MWline)- 

Wnethyloctylglyoximato)cobalt(Bl) chloride have been determined [471. As expected the cobalt is 

ocukdmhy coordinated. The complex rranrdiiodobir(ethanuIialdioximato(-l> 

has also been shown to have a distorted (4+2) octahedral structure [48]. Electrochemical and 5% 

NMB spectroscopic studies of a series of cobaloxime-type compounds which contain 0---BF3---0 

or (CH2)3 instead of the more usual O---H---O have been carried out [49]. Plots of El/LO for the 

fit Co(IE)/Co(II) electron transfer against the 5%o spectral chemical shifts showed that the two 

parameters had a similar sensitivity to the change in electroaffinity of the central metal atom 

produced by various organic groups bonded to cobalt in the axial position. Similar experiments 

involving Coo/Co(I) electron transfer did not show the same sensitivity to variation of the organic 

group. Exposure of crystals of dimethylglyoxime complexes to X-rays induces solid state 

racemisation of chiral cyanomethyl groups such as in the toposelective reactivity of the complex 

[(S)-1-cyanoethyl]-bi.r(dimethylglyoximato)(pyridine)cobalt(III) [50]. The authors used organic 

packing-energy calculations to examine reaction paths and differences in activation energies to give 

results compatible with experimental data. 

Aorhv 
W 

(23) 

The process (2 3) in which the vitamin B12 model compound, 

C&5CH~Co(III)[C@O)(DOH)pn] (I) is converted into the isomeric compound (II) in a thermally 

(and not photochemically) reversible process has been facilitated by the development of a high yield 

reliable synthesis of (II) [51]. The structure of (II) was determined to be that shown above using X- 

ray crystallography. The compound is formally five-coordinate since the C!(phenyl)-Co bond 

distance is much too great for there to be a formal bond between the two. The complex 

mWHWM~(CF3hl ha been prepared from NabycO(Hdmghl ad (CF3hCFk where PY = 
pyridine and Hdmg- is the monoanion of dimethylglyoxime [52]. The complex was character&d 

using 1% NMR spectroscopy. 
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The reaction of 2,3-butanedion~ooxime with l&diaminobenmne produces the ligand, 

3,8-dimethy1-5,6-benxo-4,7-diaxadeca-3;7e dioxime [531. This ligand forms 

cobalt(nI) complexes of the type [CoLxgl and these then react with imidazole to form (24). 

(24) 

Raman spectroscopy would often be the technique of choice in examining metal to ligand 

bonds if it were not for the fact that it is frequently severely limited by the colour of the compound, 

any fluorescence which may be induced or if the compound is photochemically sensitive. Many of 

these difficulties are overcome by the use of near infrared Fourier transform Raman spectroscopy. 

This technique has been used to determine the frequency of the Raman active Co-C stretch in the 

notoriously photolabile methyl cobalamin to be 5Oocm-1 and 47Ocm-1 for methyl deuterated (CDs-) 

cobalamin [54]. &enzyme B12 (adenosyl cobalamin) is, like its methyl counterpart, very 

photolabile and has been studied using nanosecond transient absorption spectroscopy; the 

nanosecond quantum yield was found to be 0.23 for the ‘base on’ variety and 0.045 for the more 

stable ‘base off species [55]. l5N NMR spectroscopy has provided valuable information about 

cyanocobahunin and other monocyano and dicyano cobalt-containing corrins which have been 

enriched with 15N and 1% in the axial cyanide [56]. Alterations of the cobalt coordination sphere 

have the opposite effect on the 13C and the lsN spectral chemical shifts. From this it is inferred that 
there is a resonance structure Co+=C=N- indicating that dx-px metal to ligand back bonding is 

impartant. 
The *5N NMR spectra of the axial nucleodde and amide side chains of cyano&alamm and 

dicyanocobamides have been examined in some detail [57]. The comparisons allow conclusions to 

be drawn about the effects of the removal of the benrMdazole nucleotide on the chemical shifts of 

the various side chain amides, with a larger than expected effect on the downward projecting amides 

than on those projecting upwards. Rlectmchemical and %o NMR spectroscopic studies have been 

carried out to investigate the electronic and steric influences of axial and equatorial ligands in 

cobaloxime complexes. 
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(25) 

The ligand 1,5,9-triamino-5-methyl-3,7diaxanonane (25) forms quinquedentate complexes 

with cobalt(m) [58]. The complexes consist of both monomers, [C!oLJQ+ (X=Cl-, NCS-. NO2-) 

and dimers, [(CoL)2wn+ (n = 4 or 5) and both have been prepared and the structures of one of 

each determined. The rate of base hydrolysis of the chloro complex was determined and was found 

to be slow. Measurement of the Raman spectrum showed that the frequency of the vibration of the 

peroxo oxygen was at 40 cm-l. 

The variation in the oxidation state of the complex meso-tetrakis( I-methylpyridinium-4 

yl)porphinato)cobalt(III) (26) has been studied in solution in DMF, DMSO and pyridine [59]. 

Me 

Me 

(26) 

The oxidation of cobalt(Il) to cobah@) was found to occur in the range +0.29V to -O.OlV. 

The complex undergoes four electmreductions involving a total of six electrons giving a final 
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product of [(TMpyP)Co]*-. Thus, from -0.49V to -0.61V the species [(TMpyP)Co(I)]*+ is 

produced and then an electron is added to the x-system to give [(TMpyP)Co(I)]*+. Further 

reactions involving the four-electron reduction of the four N-methylpyridiniumyl substituents on the 

TMpyP of [(TMpyP)Co]*+ are observed in the Eln range -0.89V to -1.lV. The pyridine is 

bonded in the axial position and the bonding has been investigated electrochemically and using ESR 

spectt=coPY. 
As part of a study of catalysts for the phosphate diester backbone of DNA, Chin, Drouin 

and Michel [601 determined the structure of the complex ion [Co(tren)(N&)2]+ (tren = rris(2- 

aminomethyl)amine). From this study it appears that the N-Co-N bond angle is crucial in 

determining the reactivity of these complexes in hydrolysing phosphate diesters. 

(27) 

Tranr-bis(diethylenetGmine)cobalt(III) perchlorate dihydrate has all six nitrogen atoms in 

octahedral coordination amund the cobalt [61]. -The reaction of NJV’-dibenzyl-o-phenylenediamine 

(27) with cobalt(I1) acetate in pyridine resulted in the formation of the complex pyridine-bis(o- 

benzosemiquinonediimine)cobalt(III) 1621. The deep red-purple product was found to contain five- 

coordinated cobalt arranged in a squilre pyramid of nitmgen atoms with pyridine occupying the axial 

position. 

The presence of a metal ion in a complex often has a profound effect on the reactivity of the 

ligands attached to the metal. It has been pointed out [63] that there have been many studies of the 

reactions of nucleophiles with coordinated ligands, but less interest in the reactions of electrophiles, 

possibly because they were expected to react less readily. Thus, these workers have investigated 

the reactions of SOC12 with appropriate coordinated amino acid ligands. It was found that the 

treatment of a-amino acid complexes of bis(ethylenediamine)obalt(III) with SOQ dissolved in 

dimethylformamide resulted in the formation of the corresponding a-imino acidato species. The 

steps which occur in this reaction are proposed to be those shown in scheme (28) where R=CH3, 

CHz(cdHq)OH, CH(CH3)2, CI+CH2COOH, CH$H$CH3, CH$H~CHZCH$W~ as well as 

the complexes (29) and (30). 
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2+ 

(29) 
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The redox potentials for some cobalt(II1) complexes of the ligand 3,6,10,13,16.19- 

hexaaxabicyclo[6.6.6]icosane (31) with a variety of substituents have been determined [64]. A 

Hammett type of treatment was used, which allowed the authors to obtain polar substituent 

constants, the ‘H, 1% and %o NMR spectra are cotrelated with the redox potential data. Because 

changes in the redox potentials do not produce changes in the ligand field spectra of the complexes, 

it is concluded that the the effects of the nature of the substituent were not transmitted as a result of 

through-bond induction or through-space orbital overlap, but may be due to Coulombic interaction 

or via the a-framework of the stmctum. 

m 
NH 

r1 1 
HNm NH 

UJ 

r 
N 

\ 
OH 

(32) 

. = Me The CMe group of the tamox ligand is eclipsed by the cobalt atom. 

(33) 
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A novel ligand tamox (32) (tamox = CH3C( CH$lHC(C!H3)2C(CH3)=NOH)3) has been 

made from the reaction of l,l,l-tris(aminomethyl)ethane and 2chloro-2-methyl-3-ninosobutane 

[65]. A deep yellow cobalt(III) complex is formed and the X-ray structum of the chloride has been 

determine& the cation is shown in structum (33). It will be seen from the structure that there are 

two different bonding nitrogen atoms, vix amide and oxime. The ligand is hexadentate. but the 

cobalt to nitrogen bond lengths for the two types of nitrogen atom are ditferent; Co-Nmim = INA 
and CoNOxi,,,e = 1.92A. 

The complex (hemiporphyraxato)bi~(l-methylimidaxole)cobalt(III) triiodide also contains a 

hexacoordinated ligand and is preps& by the reaction of the complex [Co(hp)(H20)$, where hp = 

hemiporphyraxate, with 1-medtylimidaxole in the presence of molecular iodine [66]. The cobalt 

atom was found to be at the centre of a very nearly planar tetraaxa ligand. A series of binuclear 
cobalt(III) complexes derived from the species [(tren)Co(p-NH2)(p-OH)Co(tren)]4+ (tren = 

rris(2-aminoethyl)amine) by replacement of OH by another ligand have been prepared [67]. The 

structure of the hydroxo-containing ion was determined. Aqueous solutions of cobalt(II1) 

complexes of the ligands diethylenetriamine, triethylenetetramine, tetraethylenepentamine and 

cyclam. 1,4,8,11-tenaaxacyclotetmdecane have been studied using 5%~ NMR spectroscopy [68]. 

A series of cobalt(III) complexes of the four coordinate ligands (34) [69] have been 

prepared. When R is small it is believed that these complexes are monomeric. When R is 

bn(PimH~ or pa(PhnI-Ih it is thought that the complex is dimeric. 

r‘ ro 
N' 

’ I 
N 
H 

R = ophenylene, ethylene, propylene, 
butylene, pentamethylene 

(34) 

For [Co(dien)(N@)gNH#Jl the mer-configuration predominated. For cyclam tram- 

configurations predominate and for tetraen, all four possible isomers were present. The synthesis 

and structure of the complex meT-(diethylenetriamne)(4-hydroxybutyrato)phenanth~line- 

cobalt(III) has been determined [70]. The complex [Co(trien)Clz]Cl reacts with 

HSCHgCH$OOH (Ha) and with sodium hydraxopyruvate (NaL’) to produce, [Co(trien)L]Cl 

and [Co(nien)L~Cl respectively pl]. The coordination around the cobalt atom in [Co(trien)L]Cl is 

of the form N4OS. while that in [Co(ttien)L’]C!l is NsO. The reaction of rrans-[CoLgCldCl where L 

= etllyledlediamme, 1,3_propane diamine cr 1pbutanediamin~ dias&mokmem are formed p21. In 

addition to 5-, 6, and 7-m rings, tltese dImnines form monodentate species. 

The cobalt(III) complexes, [Co(H&)]X~ where H& is the &r(Schiff base) derived from the 

condensation of ethylenediamine with diacetyl monoxime (35) and X = Cl, Br, I, SCN. SeCN react 

with imidaxole or I-vinylimidazole to give [CoL(B)] where B = base [73]. 
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(35) 

The same complex has been shown to react with BF3.Etfl to form a macrocyclic dimer with 

au O-BFz-0 bridge [74]. The CD spectra of bis(SS-l,3-diphenyl-l,3-pmpanediamine)cobalt(III) 

[75] in a number of different organic solvents show irregular changes at 540nm which are 

attributable to dissociated and associated species. Multinuclear NMR spectra have been used in a 

study of the crystal field strength of the nitro ligand and estimations have been made of the 59Co 

NMR spectral chemical shifts of nitro complexes [76]. 

(36) 

Ever since the discovery that d-tartaric acid and its salts have the ability of discriminating 

between cations having different chirality, the mechanism by which this occurs has been of great 

interest. d-Tartrate is particularly effective in dkriminating the cations lel3-[Co@xn)#+ and lels- 

[Co(pn)#+. where chxn = tranr-Qcyclohexanediarnine and pn = 1,2-propanediamine. In order to 

throw light on this, the single crystal X-ray crystal structures of the diastereomeric pair A-le13- 

[Co(SS&xn)~]Cl(d-tart).2H20 and A-lels-[Co(RP-(chxn)]Cl(d-uut).2HzO were determined [77]. 

The structure of A-le13-[Co(S,S-chxn)#+ is shown in (36). Both structures have the d-tartrate 
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anion with four of its oxygen atoms directed towards the cation and three of them are hydrogen 

bonded to the three amino protons parallel to the C3 axis of the complex. The authors draw 

attention to the fact that the second complex has an unpmedented conformer in which steric 

repulsion by the bulky chxn groups forces the distal carboxylate group to be rotated. Also included 

are ab initio calculations on d-tartrate which show that the rotated carboxyl group confers 

considerable destabilisation producing the large solubility difference between the two isomers. A 

number of ligand systems which exibit chirality have been studied in cobalt@) complexes in order 

to investigate the selectivity which they show towards additional coordination of racemic substrates 

[77,78]. The equilibrium behaviour for the distribution of ions [Co(L3@+ and K!D(L~)~~)(X)I~ 

when L3 and L2 were varied, were compared with theoretical data calculated from strain-energy 

minimisation. The ligand systems corresponding to L3 are shown in (37a-0. The ligands 

corresponding to L2 were ethane-1.2-diaminoethane, propane-l ,2diamine and X = NH3, Hz0 and 

OH-. The distribution of the various species in the mixtures was determined using HPLC. a 

technique which is increasingly being used in transition metal coordination chemistry, but has yet to 

he exploited to,the full. Systems with L = 1,2,4-trab were poorly discriminating. The authors 

predict from theory that Me substitution on the ligand 1,2,4-trab would lead to enhanced 

enantioselectivity at optimum site for substitution. 

HzNyNH2 H2N 

NH2 

Wa) 

NH2 HzN”f”“’ 

f=2 I=2 

Wb) (37c) 

Wd) (374 (370 

A charge density refinement performed on X-ray diffraction data for 

[CO(NH~)~(H~O)][C~(CN)~] [79] shows charge flows from CN to Cr, o-bonding. from NH3 and 

Hz0 to Co, Q- and back z-bonding and electron transfer from Cr(CN)6 to Co(NI-i3)5(H20) 

through 17 CN----H hydrogen bonds. A theoretical study based on the empirical reduction 

parameter introduced by Shimura [80] which allows the prediction of the first ligand field 

absorption band components has been used in a theoretics study of cobalt(lII> and chmmium(III) 

mixed ligand complexes [8 11. Transition energies in good agreeient with experimental data have 

been obtained using an NDDO method for calculating con&uration interaction in [Co(NH3)5L]“+, 

where L = Cl-, OH-, Hfl, CN-, NH3 [82]. 
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Although Raman spectroscopy is not a very widely used technique, we saw above that 

valuable results can be obtained using it. One Raman technique with great potential is surface 

enhanced Raman spectroscopy; this has been used to probe the surface-induced substitution 

reactions of te~~is(N-methylpyridinio)porphyrinatoc) in which silver@) porphyrinato 

complexes am formed on a metallic silver surface [83]. The authors conclude that the reaction is not 

phonon assisted, but depends on sol activity and time. 

The reduction reactions of the cyano- cobalt(m) complexes of TMpyP and retrukis(4- 

sulphonato)porphyrin (TPPS) have been studied using radiolytic and electrochemical techniques 

[84]. The reactions occur in a stepwise manner forming in turn the cobalt(R) and cobalt(I) species 

and fmally the phlorin. The complex [(~C!o(RI)TMpyP]- undergoes one-electron reduction of 

the porphyrin macrocycle to give the Co(III) rt-radical anion, which then disproportionates to give 

the two-electron ring reduced cobalt(III) phlorin. 

There is enormous interest on the behaviour of metal ions in a variety of geological 

situations because of the potential for migration of such ions in soils and rocks. The treatment of 

hectorite which had been exchanged with cobalt and which was ueated by ligands such as 2,2’- 

bipyridyl, 1,2-diaminoethane aud ammonia resulted in the formation of complexes of cobalt(III) 

[85]. Significant quantities of exchanged cobalt are displaced by groundwater ligands such as 

pentanoic and butanoic acids. 

A study of the photochemistry and ligaud to metal charge transfer spectroscopy of a series 

of complexes [Co(RNH~)~~2+, where R= methyl, ethyl or n-propyl. [86] shows that the solvent is 

less important than in the corresponding ammine complexes because of the hydrophobic nature of 

the alkyl groups on the coordinated nitrogen and the consequent interaction with the solvent. 

The effect of the addition of a number of cobalt(II1) amine complexes on the maximum 

absorbance of the complex ~e@hen)2(CN)~ has been studied in solution in dimethylformamide 

and niuomethane [87]. The o-acceptor strength of the cobalt0 complexes was found to decrease 

with increasing numbers of alkyl substituents: 

[WNH3)613+ > Eo(en)313+ > [Co(sep)]3+ 

where sep = 1,3,6,8,10,13,16,19octaa&icyclo[6.6.6]icosane. 

More than forty years after the study of the kinetics of the reactions of amine cobah 

complexes began to provide the data that hecame the basis for inorganic reaction mechanisms. there 

are still many papers published on a variety of substitution reactions of such complexes. The 

aquation of the complexes titans-[C!oLCld+ and [CoL(NwCl+ for a range of tetnlauuaacrocycles, 

L, have been studied and a very wide variation in rates is found [88]. In a limited number of cases 

the rate variation may be attributed to the conformational strain energy. However, it is found that 

for large ringed macrocycles such as the 1,4.8.11-tetraaxacyclohexadecane and 1,4,8,11- 

tetraaxaheptadecane aquation occurs much mom slowly than expected because of their curtailed 

ability to fold across a fold axis. There is also evidence that lower aquation rates may be influenced 

by the N----N bite distance. High rates of aquation in Idmember macrocycles are found ifgem- 

dialkyl groups are present. 
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The rate law [89] for the hydrolysis in acid solution of both cis-&carbonato(3,7- 

diaxanonanel,9diamine)cobalt(III) and cis-@carbonato(4,7-dkadecane- 1 ,lOdiamine)cobalt(III) is 

given in Eqn (ii). The deuterium isotope effect suggests that the mechanism involves a rapid 

protonation equilibrium which is followed by slow opening of the carbonate ring. 

-d(ht[complex]) / dt = ko + kIlI-I+] Eqn (ii) 

~-~d~~-carbonato-bis-bis(ethylenedia) ion has been pmpared from lk 

amido-p~arbonato-bi(~is(ethylenediamine)cobalt(III)) perchlorate and characterised [90]. The 

kinetics of the aquation of the compound were studied in acid solution and also the base hydrolysis 

was studied. The former were independent of II-I+] and the latta was inteipreted in terms of a rapid 

pm-equilibrium. The kinetics of the formation of the carbonato complex from the p-hydroxo 

species indicate initial bridge cleavage 

Iron0 catalyses the aquation of nuns-b~(Hmalonato)bis(trimethylarninc)co ion in 

aqueous solution [91]. The rate law for the iron catalysed aquation is given in Eqn (iii). 

Pate = ko~++hI~M[Fe(m)l/[H+l EqIl (iii) 

1+&bf[FeUWB+l 

The rate of aquation of cis-[Co(en)&Cl]2+, where L = alkylamines, imidaxole. or N- 

methylimidazole, is decmased by sodium dodecyl sulphate because of binding to the mice&u 

surface [92] and is very much affected by how hydrophobic the ligand L is. However, the addition 

of Triton X-100 to the reaction had very little effect on the trite for most of the complexes. Similarly, 

base hydrolysis reactions are slowed by anionic micelles of sodium dodecyl sulphate. In a similar 

study, the base hydrolysis of cis-(imidazole)(salicyIato)~~(ethylenediamine)c&alt(III) and (a-s)_ 

(sulphito)(tetraethylenepentamine)cobalt(III) was found to be moderately catalysed by 

cetyltrimethylammonium bmmide [93]. The rate was decreased in the presence of sodium dodecyl 

sulphate and only slightly affected by Triton. Again the hytiphobic nature of the complex was 

believed to be a factor. The role of the hydrophobic@ of cobalt-corrin complexes in the catalytic 

oxidation of quinols has been studied, with the possibility of using these complexes as active 

oxygen radical generators targetted at DNA [94]. 

An Id mechanism has been mooted for the anation reaction involving [Co(NH3)(H~O)]3+ 

and the H3PO2/H2PO2~ system (38) [95]. 

II 
UWJI-&),(H2P~)12+ + %O+/H,O 

11 
1 VWW),W20)13+J42PW 
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[Co(NH3)5OP(OR)3]3+ + OH- w [Co(NH3)5OH]*+ + PO(OR)3 Eqn (iv) 

[Co(NH3)~OP(Oz)(OR)1+ + OH- + [Co(NH3)5OHl*+ + PO3(OR)*- Eqn (v) 

An ion pair dissociative mechanism is proposed for the anation reaction of diaqua(3.d 

diazaoctane- 1 ,Sdiamine)cobalt(III) with the amino acids, glycine, DL-alanine, L-pmline, DL-valise 

and L-serine [961. Rate data have been obtained for the reactions shown in Eqns (iv) and (v) [97]. 

For [Co(NH3)50P(OR)313+ where R = Me, ~OH = 78.3 M-t s-l, and where R = Et, &I = 44.5 M-t 

s-l, for [Co(NH3)5OP(@)(OR)]+ where R = Et, ko~ = 5.0x10-5 M-1 s-t. The hydrolysis always 

occurred at the cobalt(m) centre and not at the phosphorus(V) atom. Phosphate complexes of 

cobalt(II1) were also the subject of a very thorough study of tru ns - 

[Co(en)~(OH2)(OP03H)IC104.1/2H~0 and its equilibrium and kinetic properties in aqueous 

solution 1981. The interest in this arose from the presence of an unknown complex detected in a 

59Co NMR spectroscopic study of alkaline aqueous solutions of [Co(en)2(w&)]. This newly 

characterised complex was found to have an electronic spectmm in which them were peak maxima at 

570 nm (E = 48 mol-1 dm3 cm-l) and 359 nm (69 mol-1 dm3 cm-t). A single crystal X-ray structure 

determination showed that, as anticipated, this is indeed the rrans-complex and contains a 

monodentate phosphato ligand. The pKa values for the phosphato protons were determined to be 

pKa1 = 3.17 and pKa2 = 9.27 and for the aquo ligand, pKaaq = 6.6. The neutral complex, 

[(dpt)Co(a,~,~HATP)], where dpt = NH(CH2CH2CH~NH~2, has been prepared and character&d 

WI and the kinetics of formation from [dptCo(OH)(H20)21*+ and HATP3- have been studied. 

The mechanism is believed to involve the initial rapid formation of the monodentate complex 

[dptCo(H20)2(y_ATP)l- followed by rate determining ring closure. It is found that 

[dptCo(I-I20)213+ at pH 4.9 is particularly effective in the hydrolysis of ATP. 

H 

(3% Wb) 

The rates of base hydrolysis of cobalt@) amine complexes usually show a fllst order 

dependence of the observed rate constant on hydroxide ion concentration. A departure from this 
behaviour has been found in the base hydrolysis of @r&o, azido and isothiocyanato-[ 1,9&(2,2’- 

bipyridyl)-2,5,8-triazanonanel @i&en) and [1,1l-bis(2,2’-bipyridyl)-2,6,lO-triazaundecane]- 
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~~~ cations [ lOO$ The complexes syn- and ~-~~[~~~n)~z+ am shown as (39a) 

and (39b), respecdvely. It is found that the base hydrolysis of the complex for X- = NCS- and 

N%- shows saturation ram bchaviour with inckasing hybxidc ion concctnration, while for X- = 

N3- there is strict first onier behaviour. ‘lkere am three non-equivalent acidic protons on the ligand 

and thesefore the rate constant is very much a composite quantity involving the equilibrium constants 

of the &me protuns and the rate constant. When there am i diffemnt possible acid-base equilibria 

and the equilibrium constant Ki and the dissociation constant is k$, then &tn is given by IIqn (vi). 

& = (K2’[OH_I / (l+ Kt[OH-1) E;qn W) 

The reactions of a series of cob~tt~) complexes, ~~~-[CO(~-~)~C~~JC~, cis-trams- 
[C!o(en~(H@~B~ and [cO(CN)~@~)]~, where N-N is 2,2’-bipyridyl, l,lO-phenanthroline or 

e~ylen~~e (en) with N@-, SC@- and thiourea have been investigated using 5oCo NMR 

spectroscopy [ 1011. The products of the reactions exhibited extensive linkage isomerism involving 

O,iV-, O,S- and N,S-isomers in the case of the complexes of ethylenedismine, but no such behaviour 

in the bip~yl or Farce complexes. An example of such isomerism is the ma&on of cir- 

! 3+ 

1 

The reaction of suiphur dioxide in aqueous solution with cis-diaquo- 

~~(~~yl~n~~~ob~t~ and cis-diasuobis(trimetyl~~ne)~~lt(m) result in the 

formation of cis-[Co@L)(OSO&l- [ltn]. This complex is then shown to react through two 

kinetically identifiable steps consisting of the intramolecular reduction of cobalt(m) to cobalt@) and 

the isomerisation to 0- and S-bonded sulphito complexes. 

It may be that now that so much work has been carried out on aquation and related reactions 

of transition metal complexes that there is nowhere else to go but into other solvents and a number 

of papers were published in 1990 on this thcxuc. The solvolysis of the complex cis-chloro( l- 

aminop~p~-2-ol)~i~(ethylen~~e)-cob~t~I) in ethanol with methanol, propan-2-01 and 

Wanol as cosolvents produced the species, cis-[Co(en)2(NH$BIzCHOHCH3)]3+ which is 

chelated through nitrogen and oxygen 11031. The rate of the rcaction was reduced with incteasing 

mole fraction of the added alcohols, though the effect became less marked with incxeasing 

hydrophobic nature of the alcohol. The question of the interaction of the solvent and the 

hydrophobic nahtre of the surface of complexes has been addr;essed in a study of the solvolysis of a 

series of complexes [C43-Rpy)4Clzl+ in water-rich water/methanol mixtutzs [ 1041 where R = Me 

or Et. These complexes present a largely hydrophobic surface to the solvent mixture. Rate 

measurements allowed the decagon of enthalpies and entropies of activation, while a free 
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energycyclewasused~relatethefreeenergyofactivationinwatertothefreee~inthesolvent 

mixtum using the free energies of transfer of the individual ionic species from water to the solvent 

mixtum. Changes in the solvent mixture stab&e the cation in the transition state rather than in the 

initial state. The application ofpmton NMK spectral line broadening techniques to aquation kinetics 

of cobalt(III) complexes [ 1051 in mixtures of jI+nethylacemmide and water have shown that rates of 

aquation of cis-[Co(en)$&l+ depend on the fraction of the water molecules in the solvate shell 

around the complex as 1 or 2 water molecules participate in the transition state. 

The aquation of cis-diacetato&~(ethylenediamine)cobalt(III) ion has also been studied in 

mixed solvents contaming NaCl, NaBr and NaUO4 as supporting electrolytes [lO6& Another study 

in mixed solvents was on the solvolysis of nuns-dichloroteaa-(~0u~lpyridine)cob~t~ ions in 

water/tbutyl alcohol mixtures [107]. There has also been a related study of 

chloropentacyanocobaltate(III) ion in water methanol mixtures [ 1081. When the solvent is varied 

from water to the various methanol water mixtures the study suggests that in the transition state in 

going from [Co(CN)+ to [Co(CN)#-.-Cl-, the ’ ion [Co(CN)s]” is stabilised by the changing 

solvent structure over the species, [Co(CN)5C1]3-. The kinetics of the base hydrolysis of cis- 

chlom(benxim&zole)bis(ethylenediamme)cobalt(III) have been investigated in methanol-water and 

ethyleneglycol-water mixtures at isoelectric conditions [lO91. The rate constant for the conjugate 

base of benximidaxole species was vittually unaffected by the composition of the solvent. 

The effect of solvent on the kinetics of the solvolysis of cis- 

chloro(cyclohexane)bis(ethylenediamine)cobah(LII) ion in mixtures of water and acetone (in the 

range 0 to SO wt% acetone) have been investigated [ 1101. Plots of log bs against reciprocal of the 

bulk dielectric constant were nonlinear, while plots of the same function against the mole fraction of 

acetone were linear with the same gradient at each temperature (-3.14). The authors conclude that 

this is in keeping with solvent structure effects and lack of preferential solvation of the substrate. 

(41) 

The complex chloro(l,2-bis(o-iminobenzylideneamino)ethane)co (41) is unusual in 

that it is a paramagnetic cobalt(lIf) complex. The equilibrium between this and the pyridine adduct 

when the reaction is carried out in pyridine has been reported 11111 and the effect of variation of 

pressure and temperature on the position of the equilibrium in Eqn (vii) where L is shown in (41) 

hasbeenstudied[1121. Tbisallowedthede~onofavslueof-21.8cm~mol-tforAVanda 

value of 5 1.8 kJ mol-l for AH. Also, the equilibrium constant, K = 0.96 M-t and AG = 0.099 k.l 

mol-1 and AS =-O.lB kJ mol-1 K-t. 
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[COLQI +py * WCUPY)l Eqn (vii) 

The effect of increasing the pressure over the range 0.1 to 207 MPa on the self exchange 

reaction of [Co(en)3]2+ and [Co(ett)3]3+ in aqueous solution at 65C is that there is an increase in 

rate [1133. The interpretation of the data suggests that the reaction occurs largely via a 

homogeneous path with a small contribution from a heterogeneous path. The volume of activation, 

AV is -20 cm3 mol-1 at 0.1 MI% and at -13 cm3 mol-1 at 200 MPa. A non-adiabatic version of the 

Siranks-Hush-Marcus theory is used to interpret the data. 

‘Ihe effect of variation of magnetic field on the tate of the outer sphere electron transfer reaction 

between [Co@IH3)&+ and [Ru(NH3),#+ has been investigated over magnetic fields, H, of between 

Oand9T[114]. Theeffectofthemagneticfi~dontheratemaybesummarisadby Eqn(viii)whem 

kg-~) and k(u) am the rate constants at magnetic fields of H and 0 T respectively. A conclusion from 

these data is that the transition state is pamnqnetic, probably from coupling of the magnetic dipoles 

of cobalt and ruthenium. 

km / ko) = 1 - 0.295H + 0.157H3 - 0.28@ + 0.001H4 + . . . . , Eqn (viii) 

The line between organometallic and coordination chemistry is perhaps at its most 

indistinct in the chemistry of coordination compounds involving vitamin B12 and its model 

compounds when they form carbon to cobalt bonds in the axial position. The reactions of such 

complexes, &(dimethylglyoximato)(halo)cobalt(III), and others in the series [Co(NH3)5X12+, 

where X = halo, aquo, thiocyanato and axido. with l C2H5 radical have been investigated using laser 

flash photolysis with ABTS- as a kinetic probe (42) [115]. In general, the products were QH5X 

and QHsCNS, confiing an inner sphere mechanism. In addition there were relatively small 

amounts of C$-L+ produced and the authors intetpret this as indicating a contribution from outer 

sphere oxidation of the QH5 radical. Laser flash photolysis has also been used to study bis(N-8- 

(5.7-dichloroquinolyl)picolinamide)cobalt(III) chloride in solution [116]. The results indicated the 

presence of a long-lived transient species which lasted for about 2.5 s. 

(42) 

Reaction of the hydroxyl radical with a number of complexes including t&-(2,2,- 

bipyridy1)cobaWI.I) have been smdied in a nitrous oxide saturated medium 11171. The rate constant 

for the cobalt(m) complex was 2.7x1@ M-ts-1 and a major featum of the process is addition of 

hydroxide followed by the reaction shown in Eqn (ix). 
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[co(~I)(bpy)2(bpy(oH))13+ + Hz0 + [Co(nI)(bp~)2(OH)(Hzo)1~+ Eqn 0x1 

The complex ion [Co(N4)(H20)#+, where N4 = Mee[14]4.11-diene-N-4, has two 

substitutionally labile axial positions and the rate and equilibrium behaviour of the reaction of this 

complex with polymer-bound imidaxolc ligands, such as AGnylimidazole-Co-vinylpyrmlidone, in 

aqueous solution at pH 6.5 have been studied [ 1181. Unlike corresponding nonpolymer systems, 

the reaction of the polymer-bound ligands proceeds by an intramolecular process and does not 

follow second order kinetics. 

YIrmdiation of hex aamminecobalt(III) chloride has been found to reduce the length of the 

induction period before the onset of decomposition [ 1191. It also increases the rate of thermal 

decomposition, largely because of a reduction in the activation energy from 46.82 kJ mol-1 to 20.22 

kI mol-I upon r_irradiation. 

Weit and Kutal [120] have drawn attention to the fact that much of our current 

understanding of the reactivities of ligand to metal charge transfer (LMCT) excited states comes 

from earlier studies of the rather narrow group of compounds of the [Co(NH3)5X]2+ type. These 

workers have therefore investigated the LMCT photochemical behaviour of complexes of the type 

[Co(NMeH2)5X]2+. Photolysis of [Co(NMeH2)5Br]2+ at 254 nm gave 5 mol NMeH2 for each 

mol of cobalt, and flash photolysis gave BP showing a reaction from the Br+Co charge transfer 

(CI) excited state. The process was independent of the amount of oxygen present in the solution. 

For [Co(NMeH2)e]3+ and [C!o(NMeH2)5C1]3+ on the other hand, the quantum yield and the 

NMeHflo ratio depended on how much oxygen was present in the solution. This is interpreted as 

being due to the production of the radical l +NMeH2 from the N+Co CT excited state. A further 

observation is that the replacement of NH3 by NMeH2 diminishes the involvement of the solvent in 

the photochemical process. 

5.1.8 Complexes with nitrogen-sulphw donor liganak 

The compound cobalt tis(axa-15cmw@dithiocarbamate, (ligand = (43)), was prepared in 

aqueous solution by reaction of two equivalents of sodium(aza-15-crown-5)dithiocarbamate with 

cobalt(II) sulphate under an atmosphere of nitrogen [ 1211; the product is a dark green powder. The 

structum involves trigonally distorted octahedral coordination around the cobalt with planar S2CN. 

The effect of variation of the substituent on the ligand field strength at the sulphur atoms of 

dithiocarbamate ligands has been studied using the complexes [Co(S2CN(CH2)4)3]. 

[Co(S$NEt2)3], [Co(S2CNP&)3] and [Co(S2CN(CH2Ph)h)2)3], for which X-ray crystal structures 

have been determined or redetermined [ 1221. The results show that the substituents have an effect 

on the ligand field strength through intraligand S----H-C interactions, which in turn depend upon the 

bulkiness of the substituents. The same group has also investigated the crystal structure and the 

effect of phenyl ligands on cobalt(III) dithiocarbamate complexes [123]. The 59Co spectral 

chemical shifts reflect the increase in the ligand field strengths of the ligands in the order Me2 < 

MePh e Ph;?. 
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(43) (44) 

The ligand pyridine-2(M)-thione @IL) (44) forms a wide range of complexes with a 

number of metal ions in which it may be monodentate through either the sulphur or the nitrogen 

atom or may be bidentate [124]. The reaction of [ZQO~] with [Co(H2O)&l2 in methanol in an 

ultrasonic bath results in the formation of [CoL3] as intensely dark green crystals. The X-ray 

crystal structure confkms the expected meridional arranement of the ligands around the cobalt atom, 

(45). 

(45) 

Two ligands, HL, which act as tridentate N---N---S ligands are 4-phenylpyridine-2- 

carboxaldehyde thiosemicarbazone and pyridine-2-carboxaldehyde thiosemicsrbazone (46). These 

both form complexes [Co(L)$CJ.nHfl, where X = Cl or Cl04 [125]. 

S 

K 
R=HorPh 

N 
‘N mz 

H 

(46) 
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We saw earlier how the presence of a pendant arm on a macrocyclic ligand could modify the 

pmperties of the ligand, so that it became an even mom versatile moiety. In a most interesting study 

of the cobalt(II1) complex of 5,5-bis(4-amino-2-tabutyl)-3.7-dithianonane-1,9-diamine (47) 

Gahan and coworkers [ 1261 carried out the series of reactions shown in scheme (48) in which the 

encapsulation reaction is carried out with nitromethane and formaldehyde and then the NO;! is 

reduced to the amine. Finally the cobalt is removed from the ligand thus produced. The structure of 

the species encapsulated via nitromethane has been confirmed by X-ray crystallography. 

1 
4+ 

(47) 

5.1.9 Complexes with nitrogen-phusphorus donor liganab 

Cobalt(II1) complexes of the ligands 3,7-diphenyl-3,7-diphosphanone-1,9diamine, 

NH2CH2CHpP(CtjH5)CH2CH2CH2P(C6H~)CH2CH2NH2 (232NPPN) and 

NH2CH2CH2P(C!&)CH2CHfl(C&)CH$ZH2NH2 (222NPPN) have been prepared and 

characterised using 1H and I3C NMR spectroscopy [ 1271. The complexes were cis-a-[CoQ(ruc- 

(p)-232NPPN)]n+, L = pentan2,4dione or oxalate or ethylenediamine, ci+[Co(L)(ruc- or meso- 

(P)232NPPN)]a+, where L = acac or oxalate and cis-a+[Co(acac)(ruc-(P)-222NPP~]2+ and cis-p 

[Co(acac)(mesro-(P)-222NPN)]2+. 

Five-coordinate cobalt(II1) complexes are formed by the oxidation of 

[CoIPh2P(~2)nPPh2)X2], where n = 4 or 5 and X = Cl or Br in CH2Cl2 [ 1281. They are dark 

blue/black (X = Cl) or green/black (X = Br) crystals of formula [Co(Ph2p(CH&PPh2]X31. 

Measurements of the magnetic moments indicate that they each have two unpaired electrons. The 

authors suggest that the structum has C, rather than &?h symmetry. 

5.1 JO Complexes with phosphorus-sdphur donor ligands 

Twelve complexes of cobalt(II1) containing the dithiocarbamato ligand (dtc) 

(( CH3)2( NCS )2) and a variety of phosphorus containing ligands of the type 

(CH3)2P(CH2)nP(CH3)2, (W5hWCHAP(CaH5h and PR3, R= Cd-b or C&5 have been 

reported [ 128Al. The single crystal X-ray structure of the complex 
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[Co(dtc){ (CH~)~PCHZP(CH~)~)~](BF& has been dctermincd. In this the cobalt atom is 

s-u&d octahcdrally by four phosphorus and two sulphur atoms. 

Br’ Br 

XI- 

H2NmS 

X 

SNNH2 

Br H2NMS 
NH2 

Br SN 

(48) 
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A number of complexes of the type [Co(NO)(P-P)2](BF.& where P-P is an alkyl or 

phenyl-substituted ditertiary phosphine, have been pmpared and characterised [ 1293. In solution in 

the presence of halide or pseudohalide ions (X) it was found that the complexes containmg the lineer 

Co-NO system dispropohonate to produce the din&rosy1 moiety [Co(NO)2(P-P)]+ and trans- 

KoX2WJ)21+ (Eqn (4. 

2[Co(NO(P-P)#+ + 2x---+ [Co(NO)(P-P)]+ + rmt.s-[CoXz(P-P)2]+ + P-P 

Eqn W 

5.2 CO&UT(II) 

52.1. Complexes with halide uttdpseudohulide donor ligunds 

A s~~photo~~c study of cobalt(B) thiocyanate systems has shown that both the 

monothiocyanato and dithiocyanato species exhibit a tetrahedral configuration and involve 

thiocyanate bonded to the cobalt through one nitrogen atom 11301. The study of the equilibrium 

between the tetrahedral complex [Co(CNS)4]2- and the octahedral moiety [Co(CNS)&I2O)2]2- 

under the conditions of the experiment, 28% of the cobalt was present as [Co(CNS)@-. A 

thermodynamic and structural study [ 13 I] of a series of isothiocyanato complexes of cobalt(B) in 

N,N’-dimethylformamide indicates the formation of a series of mononuclear complexes, 

[Co(NCS)]+, [Co(NC!S)zl, [Co(NCS)3]- and [Co(NCS)&-. An octahedral to tetrahedral geomeny 

change is demonstrated by the reaction shown in Eqn (xi). 

[Co(NCS)2(DMF)4] + NCS- --+ [Co(NCS)@MF)]- 

ocmrcdral Tetrahedrat Eqn (xi) 

The cobalt(II) complex [~~4-E~y)4(N3)], where 4-Etpy is 4-e~ylp~~ne, obeys the 

Curie-Weiss law over the temperature range 5 to 3CUlK with 8 = 3.59K [ 1321. 

Using calorimetry and spectrophotomctry in dimethyl sulphoxide, it has been found that the 

geometry of the solvated complex [CoCl]+ is octahedral, while those of the complexes [CoC!l$. 

[CoCl31- and [CoC412- are tetrahedral [ 1331. A related study has also been carried out, this time in 

dimethylformamide for the cobalt@)/hromide system [ 1341. Similar species to those in the chloride 

study are indicated in the bromide study and again there is a change in geometry from [CoBr]+ 

(octahedral) to [CoBql, [CoBr$ and [CoBr& (team). 

Two coordinated tetrafluoroborate ions are found in the complex rrans-tetakis(3-tert-butyl- 

5-methylpyrazole)bi(tetmfluoroborato)cobalt(II); the cation is shown in (49) [135]. The two 

[BF4]- ions are both axially coordinated and the coordination causes lengthening of the B-F bond 

of the fluorine attached to the metal compated with the other three noncootrlinated fluorines. 
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l =Me 

(49) 

522. Complexes with oxygen donor ligandr 

There has been a study of mixed ligand complexes of bis(methylacetoacetato)cobalt(II) and 

bis(ethylacetylacetato)cobalt(II) with 8-hydroxyquinolinesulphonamides and pyraxole [ 1361. 

The oxidation of an olefin by atmospheric oxygen to the corresponding alcohol is a useful 

and important organic reaction. It is catalysed by transition metal complexes, in particular bb( 1.3- 

diketonato)cobalt(III) complexes [ 1371. The solvent in particular had a very important effect on the 

yield, so that Co(acac)z catalysed the oxidation of Cphenyl-1-butene in both 2-propanol and 

cyclopentanol. while there was no reaction when the same reaction was carried out in tbutyl alcohol. 

Furthermore azeotropic distillation to remove water greatly improved yields when the complexes 

bi&ifluoroacetyacetonato)cobalt(II) or b&(2-ethoxycarbonyl-3_oxobutanalato)cobaIt(Il) were used 

as catalysts. In related work, Isayama [138] showed that the use of catalytic quantities of bis( 1,3- 

diketonato)cobalt(II) complexes gave an efficient method for the direct peroxidation of olefmic 

compounds with molecular oxygen and triethylsilane. Thus, the reaction of 4-phenyl-1-butene with 

dioxygen and Et3SiH at room temperature gave 1-phenyl-3-triethylsilylbutane. Similar results were 

obtained with styrene and ethylacrylate, which were readily peroxygenated giving l-phenyl-l- 

triethylsilyldioxyethane and ethyl-2-triethylsilyldioxypropionate respectively in the presence of 

tBuOOH as initiator. 

Infrared and proton NMR spectroscopy have been used to show that the structure of the 

cobalt(E) complex of the ligand 1-malonyl-bis(4_phenylthiosemicarbaxide, (SO). is that shown in 

(51) [139]. 

The preparation, chamcterisation and thermal decomposition of the complexes [CobnH20], 

where HL = 2-X-4ClC&I~OCH~C!OOH, X = Cl or Me, 2-Me-4-CIC!&OCHMeCOOHH. n = 6 
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and HL = 2-X4~~3~~~3~H, n = 1 are described [140]. The ligands ate believed to be 

bidentate and after dehydration at lW&l3OT, the complexes am stable up to 230 to 25SC. 

The fit chemical wave reported in a nonaqueous solvent has been discovered [141]. This 

was in the form of a propagating reaction front which was investigated in the closed system 

consisting of dissolved oxygen-[Co(Ach]- benxaldehyde in glacial acetic acid. The measurements 

showed that the veiocity of the front was increased by increasing the ~on~n~dons of both the 

dissol%d oxygen and the benxaldehyde, but was deereased by increasing the concentration of the 

[WAcktl. 

Both the cobalt@) and cobalt(m) complexes of ~~~~~~~1 have been shown to be 

complexed through one of the hydroxy and one of the nitroso groups with the others r&rain&g 

unbonded 11421. 

The X-ray structure determination of the red-violet complex [CoC!l~(pyo)(H2O)]n, where 

pyo = pyridine-N-oxide, has shown that the stntctum involves a polymeric chain in which the cobalt 

atoms are bridged by pyo and one chlorine atom. The coordination around the cobalt atom is 

essentially octahedral with the second chlorine atom and a water molecule occupying the other 

positions as indicated in structure (52) [ 1431. 

0 of pyridine-N-oxide 

-0 
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y-Rays generate dislocations in the crystal lattice of cobalt@) malonate [ 1441. One of the 

effects of this is that the peak temperatures of dehydration and melting as measured by thermal 

methodsaredecmSed and the extent of the lowering is increased with increasing radiation dose. 

The kinetics of the reaction were found to be co&rolled by a phase boundary mechanism. 

The thermal -don of tetrahydrated cobalt(R) methanesulphonate in argon occuued 

in two stages which are regulated by random nucleation [145]. The kinetics of the reaction were 

studied under both isothermal conditions and under conditions of linearly rising temperature and 

showed that the decomposition of the anhydrous salt was first order and that the rate determining 

step involved a nucleation process. 

The synthesis and chamcterisation of a number of groups of cobalt(E) complexes have been 

described. Complexes [CoL2nB] of the ligands 2-formylcyclohexsnone and 2acetylcyclohexanone 

(L) with Hz0 or py (B) as the other ligand have been described [146]. Complexes of the ligand 

(53) have been prepared and character&d [147]. Preparation of complexes of the ligands l-(2- 

hydroxyphenyl)-3-(1-naphthenyl)-2-propen-l-one (54) and l-(1-hydroxy-2-naphthenyl)-3-(1- 

naphthenyl)-2-propen-l-one (5s) with cobalt(II) have also been described [ 1481. 

(53) 

(54) (5% 

The nitrite ion may form complexes through the nitrogen atom or the oxygen atom. A 

potentiomeuic study of the nitrite complexes of cobalt(R) has been carried out [ 1491. 

Hydrometalhrrgical methods am becoming increasin gly attractive low energy processes for 

metal extraction. JX(2-ethylhexyl)phosphoric acid (HDEHp, HL) has been widely studied as a 

potential extraction agent [lSO]. The distribution of cobalt(R) between an aqueous solution and a 

solution of HDEHP in kerosene has been found to reach an equilibrium, the position of which is 

affected by the extractant concentration, pH and the concentration of the cobalt@) ions. The 

cobalt(R) in the nonaqueous phase was found to be present in the form of the complexes 

Icor/lUWzl and IcoLzWhl. 
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52.3. Complexes with oxygen nitrogen donor ligands 

An elegant method of measuring rates of dissociation of labile complexes such as 

tri.r(glycinato)cobalt(II) is first to carry out a very rapid reduction of the inert cobalt(m) complex by 

pulse radiolysis, Eqn (xii), and the rate of this reaction is estimated to be about 2.5~1010 M-t s-1 

[151]. It was then possible to study the rate of loss of each of the glycinate ions over a range of pH 

values, since the rate constants are sufficiently different from each other. The rate law for these 

reactions is shown in Eqn (xiii). 

PX8ly)31 + eaq + UWh931- Eqn W 

/cob = k. + kR[H+] Eqn (xiii) 

‘Ihe values of the rate constant, kc for the complexes with one, two and three glycinates were, 

respectively, 49,350 and 4200 s-1 and the corresponding values of b were. found to be 2.1~104, 

8.1~105 and 2.7x107 M-1s1 respectively. The reactions believed to take place are shown in scheme 

(56). 

The first stage is: 

KwJzlY)31- + [wglYhl+ &- 

[Wgly)31- + H+ * [Wglyhl + glyH 

gly- + H+ # glyH 

glyH + H+ + glyI-@+ 

The second stage is then: 

[Wglyhl * KwglY)l+ + gly- 

KWizlyhl + H+ + Kdgly)l+ + glyH 

And the third stage is: 

[co(gly)]+ + Cc?+ + gly 

[Co(gly)]+ + H+ # Cd+ + glyH 

(56) 

The dipeptides I&-Phe-Leu. Leu-Phe. Phe-Met and Met-Phe all contain weakly or non- 

coordinating side chains and the reactions of these dipeptides with cobalt(n) (as well as copper(R) 

and nickel(R)) have been studied [152] using ESR specn~~py. electronic spectra, calorimetric and 

potentiometric measurements. The stabilities of the complexes varied and a number of different 

factors affected them depending on the chemical nature of the complex. Thus, increased stability 

was produced by hydrophobic interactions involving the noncoordinating side chains and also in 

species with a C-terminal Phe residue. The latter is interpreted as being due to the interaction 
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between the metal ion and the sromatic ring and was not observed with N-terminal Phe residues. 

For cobalt@) the major complex which is present in the pH range 7 to 8.5 was [CoL] in each case. 

The formation constants for the various complexes are shown in Table 1. 

Table 1 Formation constants for cobah(Itia’e complexes at 298K and ionic 

strength 0.2 mol h-3 (KlVO3) 

Complex Formation Constant 

I&-Phe-Leu L&Phe-Met t&Leu-Phe I&-Met-Phe 

Mu 2.37 2.43 2.10 1.91 

Wbl 3.28 3.82 3.93 3.57 

A comparison has been made of the potentiomenically determined stability constants for 

complexes [C!o(II)AL], where A = aminocarboxylic acid and HL = benxohydroxamic acid, with 

those of the complexes [Co(II)L] and [Co(II)Ld [153]. The stability constants were compared by 

using the relationship given in Eqn (xiv). The complexes studied were those with A = iminodiacetic 

acid,Kmethyliminodiacenc acid, anmm&&&&ic acid, nitrilodiacetic acid nitriloacetic acid 22- 

bipyridine and o-phenanthroline. A similar study has been carried out on related systems with 

salicylaldoxime instead of benmhydroxamic acid as the secondary ligand [ 1541. 

A log&,, = log@*- - 1ogKMhin. Eqn (xiv) 

Equilibrium studies have also been carried out on complexes formed by cobalt(I1) and L- 

cystine-dihydroxamate 11551. Complex formation constants and protonation constants were 

determine It is concluded that the ligand is complexed to the cobalt atom via the nitrogen atom of 

the a-amino group and the deprotonated -NHO- group. The cobalt(n) complex which is formed 

with nitriloacetic acid, glycine and a-alanine has also been shown using NMR, infrared and 

electronic spectra and magnetochemistry to exhibit coordination of the amino acids through the a- 

amino nitrogen atom and the carboxylate group [ 1561. Preparation, characterisation measurement of 

stability constants, and magnetochemistry of cobalt(n) complexes of the ligand pyrrole-Z 

acetylideneamino) acid, (SI), have been described [ 1571. 

A series of novel binuclear cobalt(U) complexes containing the core, [C!m(p-X)(p- 

carboxylatoxylato)12, where X = OH, Cl, Br and n = 1 to 3 have been pnpared 11581. The crystal 

structures of the complexes [C~(II)(p-02CCH2C1)2(p-CI)L2]PFe, and [Co(II)Co(III)(p- 

MeC02)~(p-0H)L~[Cl041~.0.5H20. where L = NJV’JV”-trimethyl-1,4,7-triaxacyclononane were 

determined and are shown in (58) and (59). The cobalt(U) atoms in the core is capped by the 

tridentate macmcycle. The Co(II)Co(IlI) species is produced by air-oxidation and a dicobalt(III) 

complex was also prepared. Complexes give cyclic voltammograms in which reversible and quasi- 
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reversible one-electron transfer occur between the species containing Co(II)Co(II). CofJI)Co(III) 

and Co(III)Co(III). It is clear from the electronic spectra that in the mixed valence complexes the 

valencies are localised. 

N 

(57) 
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Cobalt(II) forms the complex [Co(3&dcp)(H20)41, where dpc is pyridine-3,4dicarboxylic 

acid containing octahedrally coonhnated cobalt and which decomposes on heating in two stages, 

first losing water and then the ligand to form the metal oxide [ 1591. Complexes of hydmxides of 

2.4-dichlorophenoxyacetic acid, 2-methyl-4-chlorophenoxyacetic acid and r-(2.4- 

dichlomphenoxy)butyric acid have been prepared [ 1601. 

Proton NMR spectmscopic studies have been used to investigate the effects of substituents 

at the axomethine carbon atom on the electronic structure in the Schiff base complex N,hr’- 

bis(ethylene)(salicylideneimina to)cobalt(II) [161]. Proton parsmagnetic shifts of the H and CH3 

bonded to the axomethine carbon are interpreted as showing spin delocalisation through o- 

interaction caused by the contact contribution DO the paramagnetic shift A whole range of stability 

constants of cobalt@) complexes with Schiff bases derived from sulphapuraxole. sulphapenaxole, 

sulphadiaxene, sulphadimethoxine and sulphamethoxpyridiaxine with 5-nitrososalicylaldehyde in 

mixtures of dioxime and water [ 162.1631 has been pmpamd. 

A series of new Schiff bases, H& (derived from reaction of benroin with o-toluidine), L’ 

(derived from reaction of benxil with o-tohtidine). and L” (derived from reaction of benxil with 

diaminoethane) which form tetradentate complexes with cobalt(n) ions have been prepared and 

character&d [Ml. The complexes are of the form [CoL(H20)2]2, [CoL’(H2O)&C!l4 and 

[CoL”(H20)2jC12. Physical measurements point to the expected octahedral geometry around the 

cobalt(n) atom. 

(60) 

An intemsting series oftmnplexes containing both cobalt(H) and a lanthanoid(LII) have been 

pmpared [ 1651. The complexes involved the ligand N,N’-ethylenebi.r(3-caiboxysalicylideneimine) 

(Hqcsalen) (60) and were [CoLa(csalen)(CH30H)(NOg)], [CoNd(csalen)(HzO)z(NO3)] and 

[CoGd(csalen)(H~)()]. In these complexes, the cobalt atom is to be found in an N2@ site, 

while the lanthanoid atom is at an 04 site of the binucleating ligand. In solution in 

dimethylfomuumde or dimethyl sulphoxide, there is a planar arrangement around the cobalt atom at 

room mmpemmm and this changes to a square pyramidal structure at liquid nitrogen kmpemmm, 

when one of the solvent molecules occupies the axial position. With some of the ligands, the 

addition of pyridine produced a five coordinate arrangement around the cobalt atom at room 

temper&me and this changed to six coordinate when the solution was cooled to liquid nitrogen 
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(62) 

~~t~~ornp~exes of the ligands (61) and (62) have been prepared and cheesy 

[1661. The ligands are dibasic and are tetradentate, and the geometry around the cobalt atom is 

octahedral. Violet-pink cobalt(E) complexes of the ligand l-hy~x~~n~l,2-~phenyl(~- 

i~~~p~dyl)e~e (63), of the form [~~~~~~O)Z]X~, where X = Cl or Br and the red 

complex [CoL$ have been s~~e~~ and chat [ 167f. The ~chl~~o~t~~ compIex of 

pteridine (64) is believed to be tetrahedral [168]. On thermal analysis, the complex 

[Co(~N~O)Cl~]l.SH~O loses the water in one step and this is followed by the exothermic loss 

of the ligand at 134’C to form Co304 as the Enal product. 

(63) (64) 

The X-ray crystal stmcmre of the complex guanidinium diethyleneniaminepentaacetatoW 

cobaltate dihydrate [LH][Co(H2Lg)].2H20 (where L = guanidine and H&’ = 

f (H~C~~NCH2CHzfzNCH2~~ has shown that the complex has a trig%?& prismatic 

distorted octahedral structure [169]. X-ray structure determinations have been performed on the 



147 

complexes diaguobis(ison~y~e)~~t~ [170] and zri@enzoylhydraxine)cobalt(II)~ 

chloride [171]. The former is found to be orthorhomblc, while the latter is tetragonal. 

The ligand 4-(2’-oxobutylidene-2,2,5,Wetramethyl-3-imidaxolin-l-oxyl forms a complex 

with cobalt(II) ions in which the llgand is bidentate, coordinating through the 0x0 group and the 

imidaxole nitrogen atom [ 1721. The structure is believed to consist of a distorted tetrahedral 

arrangement around the cobalt atom, in contrast to the square planar arrangement in the 

corresponding nickel complex. The cobalt(H) and copper complexes show ferromagnetic 

exchange intemction. 

Treatment of a,~unsaturated carboxamides with nitric oxide produces the corresponding 2- 

nitrosocarboxamides regioselectively, (65). in the presence of catalytic amounts of the complex 

(66) ie. N~-bis(2ethoxycarbonyl_3_oxobutylidene~~ylen~a~~~ [173]. 

(65) 

(645) 

Complexes of the type [Co(HL)~.nH~O, where H& = pyruvylglycine oxime, pyruvyl-L- 

alanine oxime have been found to be polymeric with the ligands being bidentate and coordinating 

through the oxime nitrogen atoms and the amide oxygen atoms [174]. The ligand acetone p- 

bromobenxoylhydmxone forms complexes [C!oL~~.nHzO, where X = Cl, Br, I, N@, OSSO4, in 

which the ligand is coordinated through the hydrawne nitrogen atom and the carbonyl oxygen atom 

11751. 

The ligand 3-( 1-hydroxy-2-naphthyl)-5-(4X-phenyl)pyraxoline, I-IL = (67). where X = I-I, 

Me or MeO, forms complexes with cobah ions coordinating through the phenolic oxygen atom 

and the pymxoline tertiary nitrogen atom [ 1761. 
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The formation constants of cobalt@) complexes with thiodiacetic acid and various 

secondary ligands, imidazole, ethylenediamine, histidine, aspartic acid, phenylalanine, tryptophan, 

tyrosine, oxalic acid and s@hosalicylic acid have been detexmined using potentiometry [IT?]. 

52.5 Complexs with suiphur donor @ma% 

A series of complexes members of which have the general formula M&o&, in which M = 

K or Na and X = S or Se has been prepared by reaction of the appropriate carbonate of metal M 

with c&alt in a smzam of hydrogen charged with sulphur or selenium as appropriate [178], Single 

crystal X-ray structure determination showed that the compounds crystallise in isotypic atomic 

arrangements in which there are isolated (Co&] tetrahedm A further series of ternary cobalt 

chalcogenides, MzCoXz, where M = Na, K, Rb, Cs and X = S, Se have been made by a &nil= 

reaction to that above 11793. 

43 -cd2 + 
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Although cyclopentadienyl complexes would normally feature in a work dealing with 

organometallic chemistry, the complex ($-cyclopentadienyl)( 1,3-dithiole-2-thione-4.5 

dothiolato)cobalt(lQ [Co(Cp)(dmit)] and the corresponding pentamethylcyclopentadienyl complex, 

[Co(Cp*)(dmit)], are of interest to coo&nation chemists because of the presence of the dmit which 

has been involved in supemonductive behaviour as a ligand in some or-c complexes [ 1801 

[181]. The complex is formed by the reaction shown in scheme (68). The cyclic voltammogram 

for both of these complexes revealed that they underwent one reversible reduction process at the 

cobalt atom and two reversible oxidation processes at the dmit ligand. Electrolytic oxidation of the 

pentamethylcyclopentadienyl complex resulted in the formation of a yellow solid on the working 

electrode whiih turned out to be QSs, (69). 
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(71) 

The reaction of cobalt(I1) chloride with KfSzP(OMe2)l produced the complex 

[Me4N][CoCl(S2P(OMe)2)2] which contains a distorted uigonal bipyramidal five coordinate 

arrangement around the cobalt [182]. The structure of the cobalt(I1) complex [Cof&P@- 

C~Me)2}2~MF)21.~~ [183] contains the two sulph~-con~ning Iigands bonded to the 

cobalt atom through sulphur atoms in a bidemate fashion in the equatorial positions with the DMF 

molecules occupying the two remaining axial positions. Cobalt(D) unithiol complexes have been 

prepared and studied by spectrophotometry, indicating the presence of 1 :I, 1:2 and 2:3 

cobalt@[):unithiol complexes [ 1841. 

A deep red complex ([Co(HL)&H20) is formed when cobah ions react with captopril 

(1-[2(~-3-~~apt~2-methyl-l-oxo~pyl]-L-p~l~e) and it is a potential drug for treating high 

blood pressure 11851. The complex is believed to consist of a structure involving S-Co-S bonds 

with the carboxylic acid group being uncoordinated. 

A new cobalt(K) complex involving 2mercaptophenolate (mps) has been shown to have a 

dimeric structure consisting of (Et@)$Zo(mp)(Hmp)]2; the X-ray structure of the corresponding 

nickel(H) complex has been determined and coufirms the dimeric array (70) [ 1861. Iu solution in 

dimethylsulphoxide the compound dissociates to form the monomer and this is very air sensitive, 

being readily oxidised to [Co(mp)2]-. The structure of the anion (2-mercaptophenolato_OS)-(2- 

mercaptophenol-o,s)cobah(l-), (70, has also been determined 11861. 

52.6 Comphes with nitrogen donor iigimis 

Complexes of ligands having nitrogen donor atoms continue to attract the attention of many 

researchers in cobalt(H) chemistry. An important category of such complexes, as in the case of 

co~t~1) chemistry, is that of macrocyclic ligands and there is much interest in this area. The 

mechanisms of the reduction of cobah complexes have been widely studied over the years, but 

there has been less work done on kinetics and mechanisms of the oxidation of cobalt(E) complexes. 

A kinetic study has been car&d out on the oxidation of cobalt(H) macrccyclic complexes involving 

the macrocyclic Iigands, [ 14JaneN4, C-meso-Meg[l4]aneNq, [14]tetraeneN4. [ lS]aneNq and 

1,4,8,11 -~~~ylcycl~ 11871. The oxidising agent used was ~~(~p~dyl)m~e~~(~ ion. 

The results of the kinetic measurements carried out using laser flash photolysis gave second order 

rate constants in the range 6.0x1@ to 7.8x107 M-t s-1 for the above cobalt@) complexes. The rate 
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constants were found to agme with those pmdkted by the Marcus theory. The complex of 1,4,8.11- 

tetramethylcyclam was also oxidised by [Ru@hen)3]3+ and [Ru(4.7-Mezphen)3]3+. giving rate 

constants of 1.0x106 M-1 s-1 and 3.2~104 M-t s-t respectively. The authors also found that the 

cobalt(B) complexes quench emission of the excited state complex *[Cr(bpy)3]3+ by electron 

transfer. 

(72) 

In order to avoid the preparative problems which arise because of the inertness of the 

template metal ions used in the preparation of macrocyclic ligands such as sepulchrate, a method has 

been designed to prepare a new mononucleating cage ligand (72) using labile group 2 ions as 

templates [ 1881. The preparation consists of the condensation of fris(2-ethylamino)amine with 

glyoxal in the presence of a group 2 ion such as C!az+. The main features of the structure of the 

cobalt(B) complex, [CoL](ClO4)2 have been determined using a preliminary X-ray structure 

determination. The cobalt atom is shown to be bonded to all six imino nitrogen atoms. The 

cobalt(B) ion is kinetically inert once it is inside the structure, so that attempts to react it with CN- 

failed to produce any reaction. There is evidence that the cobalt(I) oxidation state may be stabilised 

by complexation with this l&and. 

The single crystal EPR spectrum of the low spin macrocyclic cobalt(I1) complex 

[Co(C@2ON8)]C12 which has been diluted by the analogous Ni(II) complex was found to be 

anisotropic with gx = 2.217, g, = 2.681 and gx = 1.966 and Ax = 44, Ay = 105 and AZ =115G 

[ 1891. Attention is drawn to the fact that the observed orientational selectivity was very reminiscent 

of the stereochemical selection rules for carbccyclic reactions. 

A theoretical treatment has been carried out to attempt to calculate energies. intensities and 

circular dichroism of d-d transitions in cobalt(I1) complexes for the ligand 

MeflCH2CH(Me)N(CHzCH3NMe& (S-tan) [190]. This ligand is a tripodal triamine and in 

complex ions [Co@-tan)q+. where X- = NC8; Cl-, Br or I- it adopts a chiral conformation. The 

authors argue that the circular dichmism is produced because of slight bent bonding between the 

amines and the cobalt(B) ion. 

The effects of a number of anions on the ultiaviolet-visible absorption spectra of the 

complex [Co(tacn)$lO4, tacn = (73). have been used to study the second-sphere charge-transfer 

absorption bands of ion pairs [ 1911. The Cannon model [ 1921 is used to interpret the relationship 

of &ax and the second sphere charge transfer bands and the corresponding tedox potentials. 
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(73) 

Anadditionto~ernthersmallnumberofslkyicomplexesofcobalt(II)has~nmadeinthe 

preparation and crystal structure determina tion of the complexes [(TMEL))CoR& where TMED = 

MezNCH&!H2NMq and R = CHzSiMe3 or CH$IMe~ 11931. These complexes have a tetrahedral 

arrangement of donor atoms around the cobalt atom. An interesting feature of the complex 

[tTMED)Li]zK!oQ&SiMe~~] is that the CH$Wfeg form a bridge between the lithium atom and 

the cobalt atom. In the complex [(TMED)2Li][CoCl(~(SiMe3k)2] there is a trigonal planar 

arrangement of donor atoms around the cobalt atom. 

(74) 

The crystal structure of the complex (tris(3-tert-butylp~z)hydrobantto)cobal. {$- 

~~3-~~pz)3]~, (74). confbms the r$coordination mode of the ~~(p~yl)hy~~~ 

ligand 11941. The complex was prepared by metathesis with Tl(HR(3-‘Bupz)g]. An interesting 

feature of these complexes is the facile abstraction of chloride ion by AgBF4. the product being the 

neutral fluoro complex, JZqn (xv). The authors ascribe this behaviour to the potent Lewis acidity of 

the presumad three cooniinate intermediate in the reaction, (3-HB(3-tBupz)]3CoJ+. 

~~3-~(3~~upz)3]c~l - &BF,/CH$i~+ (~~-HB(~-~Bu~z~~]COF Wn W) 
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7’rir(ethylenediamine) complexes of cobalt(R) with [Bt$It&, [B12Ht#-, [BgHgCHl- 

and[BltHtl~pscoun~erionsvebeen~andcharacterised[195]. 

The crystal structure of the complex bis[damino2-( IIf)-pyrimidinone]dichlorocobalt(II) 

has been determined Cl%]. The cytosine molecules are attached to the cobalt atom via the nitrogen 

atoms of the pyrimidine rings. The two coordinated chlorine atoms complete the distorted 

tetrahedral arrangement around the cobalt atom. The two chlorine atoms also complete a 

pseudotetrahedral arrangmt which is found atound the cobalt atom in a number of complexes of 

2-anIinoOXyacids (75) in which R = H, CH3, C3H7, CH3cH(cH$CHz, C&CH2 [ 1971. 

(75) 

Equilibria of the formation of cobalt(R) complexes of DL-2-amino-~-hydroxy-nbutanamide 

have been studied and it is concluded that the cobalt(R) dinuclear species [Cc&] is formed at pH 

6.5 in addition to the complexes [CoL], [CoLA and [Co(OH)L] [198]. 

The paramagnetic relaxation rate and the shift of the CH2 ligand protons for the complexes 

formed between cobalt(R) and ethylenediamine and malonate provide information about the 

formation rate constants [199]. The products of the reaction were shown to be [Co(Hen)]2+. 

[Cell+ ad [Co(maQ314+. 

The magnetic properties of cobalt(R) dioxime complexes have been investigated in relation 

to their stacked structures and the possible design of ferromagnetic organic compounds [200]. The 

compound studied was 2,3-diamino 1 &diaxabuta- 1.3~diene- 1.4~diol-bis(2.3~diamin&-hydroxy- 

1,4-diaxabuta-13-dien-l-olato)cobalt(II) ([CoL@L)], dark purple crystals) and the ligand is (76). 

The structure was found to consist of chains made up of planar CoL2 units stacked along the b axis. 

These stacked chains then fcrm sheets in the bc plane. The variation in magnetic moment over the 

temperature range 2 to 100 K shows a rise in xmT below 50 K and the authors point out that this 

represents a change to a phase with dominant ferroma gnetic interactions. This is confiied by the 

application of the isotropic S = l/2 Heixenberg model based on the high temperature Pade 

expansion, which gives very good agteement with the experimental data. 

HON 

(76) 
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An electron spin resonance study of a frozen solution of the complex 

bis(dimethylglyoxime)cobalt(II) at both X- and Q-band frequencies, together with fourteen 

phosphines and phosphites has been carried out 12011. From the Q-band results a rhombic 

symmetry for all the adducts is unambiguously assigned. When the bases have identical 

substituents, 1:l adducts are produced and when there are mixed substituents, 1:2 adducts are 

produced. It is suggested that the formation of phosphine and phosphite adducts. unlike the 

corresponding nitrogen donor adducts, cause the cobalt atom in the plane of the dimethylglyoxime 

nitrogen atoms to be pulled out of the equatorial plane and that this inhibits the formation of six 

coordinate species. 

The complex iV,iV’-ethylenebis(isonitrosoacetylacetoneimine)cobalt(II) has been found to 

exist in two forms in which the chelate rings am five and six membered [202]. 

Although there is potential for bonding tluough oxygen and/or nitrogen atoms, the structum 

of tranr-dichlorotetra(2-furaldehyde oxime)cobalt(lI) was found to have the cobalt atom bonded to 

four nitrogen atoms with the two chlorine atoms in axial positions [203]. Similar coordination is 

found in the cobalt(n) complex of 2-hydraxino-4-hydroxy-6-methylpyrimidine with four squam 

planar nitrogen atoms and water molecules occupying the remaining positions [204]. 

Me 

(77) (78) 

Theobromine (77) is commonly found in tea, coffee, and cocoa and its complexing 

properties are of some interest because of the metal ions, particularly aluminium, which am found in 

these beverages [205]. With cobalt(H) ions, theobromine forms complexes of the form CoL$2 (X 

= Cl, Br) by refluxing the cobalt(H) halide with the ligand in a triethyl orthoformate-ethyl acetate 

mixture. It is believed that the complexes are distorted tetrahedral for X = Cl and Br, and fwe 

coordinate for X = I. A tetrahedral structure is also found for cobalt(H) complexes of the ligand 

(78), 6,7-dimethyl-2,3-di(2-pyridyl)quinoxaline [206]. The dark green complex [CoLC12] 

decomposes without the formation of any intermediates to the metal oxide 

When 2J’dipyridylglyoxal is condensed with either one or two mol of 2-pyridylhydrazone 

the compounds 2,2’-pyridil-mono(2-pyridylhydraxone) or 2,2’-pyridil-bi.r(2-pyridylhydraxone) are 

produced [207]. These compounds were studied as potential solvent extraction agents from 

aqueous perchlorate media into methyl iso-butylketone. The extraction properties were very good in 

the pH range 4 to 6, where the efficiency of extraction was 80 to 99%. As well as compatisons with 

1,2-diketonemono-2-azaarylhydrazone and 1,2diketon&is-2-axaarylhydraxone, information is 
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pmided on txpilibriium data such as stoichiometries, pH effect, ligand concentration and metal ion 

anon on ~~buti~ coefficients. 

(79) 

The synthesis of the ligand 2.2’-6’~-“-6”,2”‘-~~quinquepyr Q derivitives (79) has 

been described [2og]. Cobah complexes of these ligands have been prepared by the reaction of 

CoClz6H~O with the ligand in absolute ethanol at 7OT for 2h. The structure of the dichloro- 

cobalt(II) complex of the ~,~-~j~yl~) derivative of L is shown in (So). The five pyridine 

rings are arranged in an almost flat helix around the cobalt atom. 

(80) 

Some new pyraxole-derWd ligands have been prepared [24X4]. These are 3,5-&is(2- 

p~dyl~~~le, @IL) 2-(6-~~yl)p~dyl-2-p~dyl-3,5-p~~ie @IL’) and 3,9-b&-2-(6- 

~~yl~yl-3~-~~ @IL”). Tbe complexes which have been made using these ligands were 

[COL(NO~)].XHZO, [CoL(NCS)).H20, [CoL’(N03)].H20, [C&L”(NO3(OH)].H20 and 

[(&$T!l2(OH)]. It will be seen that some of these are binuclear complexes and these were found 

to contain di-)r-pyraxole bridges in the nitrate and thiocyanate complexes with I-IL and HL’ and 
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mixed p-hydroxo, p-pyraxole bridged structures in the chloride complexes which are formed with 

HL’andHL”. 

A range of cobalt(n) complexes of the ligand acetophenone-5(3)-methylpyraxole-3(S)- 

carbohydraxone has been prepared with a variety of counteranions [210]. The infrared spectra 

indicate that the ligands are tridentate, bonding to the cobalt atom through an NON set of donor 

atoms. 
N 

0 

I P 0 

\ 
I 

The complex [Co(L)2X21, where L = phenanthridine, (81) are tetrahedral and thermal 

analysis shows that they undergo thermal decomposition accordmg to Eqn (xvi) [211]. 

The porphyrins and related compounds are of course very important ligands in biological 

systems and have a vital role in processes involving the storage and transport of dioxygen in living 

systems. The conformational behaviour of the particular porphyrin system may have a profound 

effect on the uptake of dioxygen. A series of porphyrinatocobab(II) complexes, the so-called 

“jellyfish” complexes, have structures in which the uptake of dioxygen varies with the fence 

structures [212]. The NMR spectra of a series of complexes (82) have been studied [213]. These 

proton NMR spectra show that when the cobalt atom is inserted into the porphyrin structure, there 

are distortions produced in the cavity structures in contrast to the behaviour of the corresponding 

zinc@) structums. which showed no cormsponding distortions. 

R = Ph or 2-NHC(O~Bu-C& or 2-NHC(O)‘Bu-C&4 
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Cyclic voltammehy and ESR spectroscopy have been used in onkr to show the presence of 

in&mediates in the reduction of cobalt(Il) ~henyl~h~ [214]. The reactions were carried 

outinthe~~ofalkylbiwnfdeand~gthereductioncobalt~l~h~w~f~tobe 

formed wjth the cobalt(I) potphyrin as an h~termedkte. It was found that the cobalt aloha 

was reduced via Co-C bond cleavage at potentials more cathodic than the original porphyrin 

complex. Teaaalkyltin compounds, R&n, where R = Me, Et, aBu, iPr and cobalt(IIl) complexes 

such as cj~-~2~y~~O4, where R = Me? Et, PhCH2, ~~-[Me2~~], where DpnH = 

ll-hydroxy-2,3,9,10-tetramethyl-l,4,8,1l-teaaazaundeca-1,3,8,l~-tetra-l-olate, (831, and 

[R~H~2py], where R = Me, Et, PhCf52, (DH) = b~(d~e~ylglyoxi~to~ and py = pyridine 

have been used to carry out xeductive alkylation of cob&@@ porphyrin [215]. Thus in chloroform 

[Co(TPP)CI], where HzTPP = tetraphenylporphyrin, is easily reduced by these species to yield 

alkylcobalt(IIl) porphyrins. The reduction and the use of cis-fR$?o(bpyht+ as an alkylating agent 

are shown in scheme (l&Q. The kinetics of the reductive alkylation reactions were also measu& 

R&n + Co(TPP)Cl 4 RCoTPP f IQSnCl 

cis-[R$o(bpy~+ + CoTPP+ z (c~-[R2C~y~12+.Co~P~ 

.l. & 

RC~P)~~Y~~+ R-R + [Co(bpyj2]2+ + CoTPP 

The prodwts of ox&ion by one and tw=i~ electrons of the ante ~~y~~~ have 

been characteked by a variety of techniques but particularly optical absorption and magnetic 

circular dichroism spectroscopy [2lq. It was found that oxidation of either the ring or the 

cobalt@) ocetllc& Z&us, the oxidation of [C!o(OEP)] produces the species [~(O~)]X in 

which the metal ion is oxidised or [Co@)(OF)~- in which the porphyrin ring is oxidis& to the 

mdicalcation. Thecridcat~detamining~ofthesenamionsoocatsis~tounagion,X-. 

When X- is Cl-, Br or SbC&-, it is the metal ion which is oxidlsed, while if X- is ClOq-, then the 

porphyrin ring is oxidi&. Two electron oxidati~ results in the species in which both the meal ion 

and the porphy6n ring are oxid&& i-e [~~~)I~-~. The spectra of these two electron 

oxidised species are very much affected by the nature of the oountez ion. The authors can-i& out 
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deconvolution analysis of the spectral bands in order to obtain an understanding of the energies of 

the bands that contribute to the spectral envelope. 

Metallation reactions of free porphyrins are often car&d out in nonaqueous solvents such as 

acetonitrile or dimethylformami de. It has been observed that the reactions of cobalt(R) acetate with 

the porphyrin (TF5PP)H2, where TF5PP is the dianion of meso-terrukis(pentafluorophenyl)- 

porphyrin, yields different products when the reaction is carried out in dimethylformamide or 

acetonihile [2171. In the latter, the product is that anticipated viz [(TF$P)Co]. When the reaction 

is carried out in dimethylformami de, however, it is found that the cobalt(R) complex of the anion of 

meso-fe~akis(o,o,m,m-tetrafluoro-p-(dim [T@-MczN)p9P)Co] is 

formed. Roth of these were chamcterlsed by the use of lH and 1% NMR spkctroscopy, W-visible 

spectrophotometry and mass spectrometry. Reactions car&d out in acetic acid result only in 

porpholactone or porphodilactone products. The authors draw attention to the fact that the species 

formed in dimethylformami de are the first examples of tetraphenylporphyrins in which all the 

phenyl rings am substituted with both electron withdrawing and electron donating substituents. The 

single crystal X-ray crystal structurs of both the cobalt(R) complexes, [(TFsPP)Co] and [(‘I@- 

Mez)F@P)Co], were determined and are given in (85) and (86). As expected the coordination 

around the cobalt is square planar and the rings are essentially flat. Each porphyrin ring in the 

crystal is separated by two benzene rings of crystallisation. 

F F 

F F 

F F 

The shapes of the bands in the ultraviolet-visible spectra of cobalt(II)phthalocyanine 

complexes, (87) ( R=H, Cl$I21), have been used to compare them with the co-g iron@) 

complexes with a view to producing the same four-electron reduction of dioxygen to hydrogen 

peroxide by the cobalt@) complex as that produced by the iron complexes [2181. In fact the 

absorption spectra of these phthalocyanines did have some unusual characteristics, such as strong 

hypochmmism in the Q band region, produced by the strong pemnbadon by the eight amide gmups 

and, indeed, they also reacted with oxygen in a four-electron reduction over the entire pH range to 

produce hydrogen peroxide. 
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(87) 

The crystal structure of the complex dichloro(phthalocyaninato)cobalt(III) has been 

determined [219]. As expected the metal ion was in an octahedral environment with the chloride 

ligands in the axial positions. Electrical conductivity studies were carried out on single crystals and 

the behaviour was consistent with the obsexved structme. The solid behaved as a semiconductor. 

Using reaction kinetics and inferring a mechanism from them, the effects of ionenes on the 

structure and catalytic activity of cobah phthalocyauine on the autooxidation of thiols has been 

investigated [220]. The mechaniim which is suggested is shown in scheme (Ss). 

Co@) + RSH z Co@)---RSH # Co(I)---RSH 

Co(II) + RS- + H+ # Co@)---RS- + H+ # Co(I)---R!+ + H+ 

RS*---Co(I) + @ + RS*---Co(I)---@ N RS*---Co(III)---O$- + 2H20 # R!+Co(III) + Hz@ + 

2OH- 

R!+---Co@I) + RS- # RS(S-)R---Co(m) 

RS(S-)R---C!o(III) -_) RSSR + Co@) 
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The crystal strucm of vitamin BQ as the cyano-complex has been known for many years 

12211 and is known to be six-coot&ate with the cyan0 group in the axial position above the corrin 

ring. More recently the structure of the ~~s~~g.~~t~ complex (often called vitamin 

B12r) has been demnnined [222] to be five coo&tam with no ligand in the axial position. Vitamin 

Blz is invoived in a number of enzymic reactions and it is believed that the ~b~t(~ moiety is an 

intermediate in such mections. It is of interest, therefore to know what the structum of the cobalt(n) 

complex is in solution. The ~ has been determined in solution using EXAPS [223]. The 

cobalt(B) species was produced by two processes, the reduction of cyanocobalamin and the 

photolysis of ~~~~1~~~. As expected, the structures determined by EXAPS for these two 

compounds wem very similar, with the ~t-~~ distance in the corrin ring being l.g~.~ A 
and the cobalt-nitrogen distance for the dimethylbenximidaxole being 1.99M.03 A. Like the 

complex in the solid state, the structure in solution was found to be five-~na~. The results 

reported by these authors suggest that the cobalt-nitrogen bond to the dimethylbenzimidaxole 

becomes much stronger after the cobalt to carbon bond is severed in the production of the cobah 

product, while the cobalt to nitrogen bonds to the co& ring remain largely unaltered The BXAPS 

technique was also used to determine the structure of the adenosylcobalamin. Another EXMJS 

study set out to determine the structures of co~t~,B~) B12 derivatives and the cobalt(I) species. 

This showed that the Is-3d transition was very small and this is interpreted as indicating that the 

suucture consisted of a distorted square planar ~ge~nt 12241. 

The first stage of the kinetics of tbe thermal decomPosition of I-benzyl-2- 

phenyl~~s~le complexes of cobalt, [Co(BPBI)2X2] where X = Cl, Br, I, NCS showed 

Coates-Red&m behaviour [225]. Decompositiou occurred very quickly after melting and occur& 

in two stages, with the oxide being the final product. 

The pammagnetic NMR seeps shifts of cobalt complexes with ~1P~~ of the 

type [CoXzPz2] [226J were studied and when X is a halogen then the structure involved a 

p~udo~~~~ geometry and when X = NO3 the geometry was distorted octakdral and with 

adducts of ~l~le ligands with cobalt ~~~~~a~. 

[CoCl2(~-pic~2l(s~ -3 rC~i2(~-pic)]~) c a-pie(g) 

ECoClz(a-pic)l(s) =+ [CoCl2](5) + (cx-pit)(g) 

Eqn (xvii) 

Bqn (xviii) 

The dynamic and isothermal thermal decomposition of the solid blue complex, 

~~~{~p~~~e~~ [227f shows that tbe reaction occurs in two clearly aisle 

stages, Eqns (xvii) and (xviii). The first of these nactions obeys the wntracting area model, 
l-( 1-a)o.s = kt and this gives Es = 116 kJ mol-1 and In2 = 29.82. The kinetics of the second 

~~W~~~l~~~~~~~V~~~ 

An X-ray crystal structure determination of human serum transfenin has been carried out at 

medium msolution 1228) and in the light of this the cobah derivative of human serum transferrin 

(Tf) has been investigated using proton NMR and electronic spectroscopy [229]. It is found that 

the cobalt(B) ion binds to the protein at the same binding sites as the iron(m) ion and the ratio of 

~b~t:p~te~ of 2: I. The work finds alit differences in the absorption and CD spectra of 

lCoo$KJ and those of [Coo@Tf)], where OTf = ape ovotransferrin. This is explained in terms 
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of the coordination geometry and chirality. It is shown that proton NMR spectral data of the 

cobalt(E) derivitives provide selective detection of the isotropically shifted signals from protons in 

the residues which are coordinated to the metal and that this can be used as a very sensitive 

confaTUuionaltigaplint. 

The stability constants of avatiety of complexes of cobalt(B) with nit&acetic acid (NTA) 

and iminoacetic acid (MDA) as primary ligands and 2-aminophenol as a secondary ligand have 

been detemGied pctentioum~uically in 505% dioxane and compamd with the complexes of copper(E), 

nickel(E) and zinc(E) 12301. With NTA as the prhnary @and, the order of stabiity as measured by 

thistechniqueiscU~cO~Zn~Ni,whilewithIMDAastheprimaryligandtheorderiscU~Zn~ 

Co > Ni. When the concentration of 2-aminophenol was increased in the presence of 

[Co(II)(IMDA)]-aminophenol systems, the products were [COLA] and [CoLA2]. Stability 

constants have also been determined for cobalt(E) complexes of D-mannosamine (89). this time 

using DC polarography [231]. Both the [CoL] and the [CoLd structures were found to have been 

formed in which the amino nitrogen atom is believed to be the major binding site. 

(89) 

The enzyme eqthmqe superoxide dismutase may be represented as Ct&n2SOD. It is 

possible to pmpare the two attificial derivatives of this enzyme, E2CcqSOD and Cu2Zn2SOD. and 

these allow the interpretation of the tH NMR spectrum of the protons in the enzyme in a cobalt 

domain to be investigated 12321. The structure of the enzyme around the cobalt is illustrated in 

(90). The proton NMR spectral signals are interpreted in the light of this and the spectra of bovine 

E$ZCQSOD and Cuo+$3OD are given and interpreted. Spectra are also given for human SOD 

expressed in Escherichiu Coli (HECSOD) and pmpared as E2Co#ECSOD and Cu$o$-IECSOD 

andthedeutemtedcounterpiuts 

The dimeric metalloenzyme, bovine copper-zinc superoxide dismutase contains both 

copper(E) and zinc(E) ions in each of its subunits [233] and the effects of varying the pH 

conditions and the concentration of phosphate ions in aqueous solution has been investigated using 

electronic spectroscopy, isotropically shiited proton NMR spectroscopy and NMR relaxation. For 

the enzyme, &&SOD the elecmmic spectra and the isotropically shifted proton NMR spectra of 

the solutions in phosphate and acetate at pH 7 were found to be rather different. When the pH of 

the acetate solution was raised to 10, them was no significant change in the spectmm, but them were 

major changes in the spectrum in phosphate when the pH was changed in this way. The final 

spectrum in phosphate at pH 10 was very similar to that in acetate at pH 10. Similar experhnents 

were carried out on CgZnzSOD (with cobalt in the copper site) and also on ti(I)$o#OD and 

Ag(IhmSOD (in which cobalt was in the zinc site). In addition, for the species E2&$3OD, pH 



162 

affects the migration of the cobalt from the zinc site to the empty copper site, so that there were 

subunits in which the cobalt occupied both the zinc and the copper sites. A general conclusion 

reached is that the phospha~ binding aflinity for cobalt in the copper site is affected by the pH and 

that conformationsl changes at the active site arise from the phosphate binding. In the parent 

e~the_andane~~sHltclosetogethaandareseparatedbyabridging~~ring 

of histidine, (91). The results fmm this work show that the formation of this imidazolate bridge in 

derivatives of the type C!q$M$OD is dependent on the pH of the solution. The bridge is present at 

high pH but is absent at lower pH in phosphate solutions. 

His-118 

Asp-81’ 
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52.7 Compbs with phosphotws donor iigatufb 

Much of the chemistry of cobalt@) complexes with phosphorus donor ligands could be 

designated as organometallic chemistry. The following are felt appropriate by the author to be 

included amongst the coo&nation chemistq of cobah( 

The first structural characttrisation of a transition metal complex containing a transition 

metal BH2 complex has been carried out [234]. The complex which has been prepared containing 

this arrangement is [(C0)2(~1dppm)Co(CL_dppm)BH~, in which dppm is Ph$CH2PPh2. The 

structure of this complex is shown in (92). 

(92) 

An extensive chemistry of the reactions of the complex [C!oH(P(OEthPhk] with a wide 

variety ofreagent~ has been revealed [235]. Some rcBctiolls which have been observed ate shown in 

schemes (93)-(95). 

K=bl - PxNohw+ L = P(OEt)2Ph 

(93) 
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[Co(RN,)L‘#’ 4 R&t 

t- 
[CoH2u+ L [co(co)L&J+ 

(95) 

It is found that the complex [CpCo(CO)I2] will react with the species Li2[(NO)2Fe(p- 

PPhz)(p-NO)Fe(NO)(PPhz)l in tetrahydrofuran at a temperature between -78 and +25’C! [236]. 

The product is (N0)2Fe(C(-PPh2)(q2-(Co,P)-CI-Co(Cp)(CO)(PPh2)Fe(NO)2 and the crystal 

structure was determined and showed that there was an unsymmetric triangular arrangement of the 

metal ions. The two PPh2 groups bridged the Fe(l), Fe(2) and Co, Fe(Z) pairs of atoms. When the 

system Co(acac)2-PRg-R&I, where PR3 = PBu3 and RM = BuLl or PhMgBr was used to catalyse 

the hydrogenation of benxene, it was found that the introduction of carbon monoxide in to the 

system severely curtailed the catalytic activiq [237J 

The compound [C!o(HCONH~~~(C&)PO& and its cadmium and nickel countaparts 

have been synthesised and characksed [238]. The structure was found to consist of polymeric 

chains in which the phosphmate ligands formed double bridges between the metal ions. The two 

dimethylformamkk ligands were found to be attached to the metal ions through the oxygen as donor 

atom. Magnetic studies showed that the cobalt compound was antiferromagnetic with a maximum in 

the temperature against magnetic susceptibility curve at 6.3K. The authors were unable to find an 

acceptable theoretical fit to the data over the whole temperature range between 2 and 80K despite 

using a variety of thecuetical models. A masonable fit helow 30K was however obtained using both 

the Ising snd Heisenberg models with effective spins of S = l/2. 
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Much intemst has developed in recent years in transition metal complex systems which are 

capable of absorbing and losing oxygen reversibly. A major driving force for this has, of course 

been the search for model compounds which will help to enhance our ~d~t~g of the 

behaviour of those oxygen @amport proteins haemoglobin and myoglobin, which operate by the 

reversible taking up aud releasing dioxygen molecules. The ~~~0~ of the complexes of a 

number of transition metal compkxes (those of irOn being the most obvious) in relation to reverible 

uptake of dioxygeu has been widely studied and the coordination chemistry of cobalt has been a 

p~c~ly fertk area of ~v~tig~ iu this aspect. The year 1990 saw a fairly large number of 

papers published on this topic and fhcre wexe some quite interesdng developments 

A mm&r of new dioxygen catriers have been developed, including some compounds 

derived from ~~~~1~~0~~ by replacing the hydrogen bonded protons linking the two 

dimethylglyoxime ligands in the molecule by BFz+ [239], (%) and (97). These turn out to be 

particlarly effective dioxygen carriers, forming 1:l complexes of the Pauling type. A good test of 

&oxygen carriera is that they am able to repeat the oxyg~tion~x~ad~ m over and 

over again, This is true for [C~~l~B~~~ aud [C!o@s-C!~~lyoxBF~) complexes which 

have been cycled through the oxygenationdeoxygenat@~ process many times without becoming 

themselves oxidised. The fSlowing are the equilibkm constants f@r the formation of the oxygen 

adduct for [Co(lkk&lyoxBELh] and [C~(&~~&WCBF~)] over the @mpemhW range -2o’c to 

VC, al= inchlded an? the.thermodynamic pammemsderivedfmmthesedata,Table2. 
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Table 2 Equilibrium comants (273111) and themodynamic pammeters for 02 a&.&t 
formation in ~~0~~ 

Pyridine 

N-methyl- 
imidazole 

O.OQ36 -61.0 -272 

0.052 -63.1 -287 

(98) 

S&E bases have &rnished many examples of reversible dioxygen uptake. The interaction 

of cobalt(II) complexes of the ligand (98) has been studied [240]. In the presence of air, the solid 

may be kept in a desiccator for days without any interaction with dioxygen and dissolved in 

nonpolar solvents such as chloroform little or no reaction occurs, but it was found that in the 

pmsence of pyridine even at-WC reaction occurs and the products of the interaction with dioxygen 

are monomeric superoxo and dimeric peroxo adducts. When the complex is dissolved in pyridine 

in the presence of air, a brown-purple sol&on is pmduced, which becomes more purple wheo air is 

acmally bubbled ~~ the solution. When nitrogen is bubbled through the solution a brown 

colouis~~and~p~~l~canben~~by~~~~aitthrough the solutionagain. 

~~~~~~~~y~~ 

The complex pen~yano(q’-dioxygen)cobaltate(IDI) is readily prepared [241] and the 

stmcmre has been de&rmined [242]. The mechanisms of reactions in aqueous solution have been 

examined 12431. The complex, [C!o(CFQ@@-, reacts in aqueous sohttion to form the compkx 

[Co(CIQOE@- as well as the mplex [CMJNWOWS; the stoicbiometry of the tVaction being 

shown in Eqns (xix) and (xx). 
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WN)DQ&!o(CN)s~ + H+ + K~sW~H~WCN)515- Eqn (xix) 

2[Co(CN)50~]3- + H20 + [Co(CN)s(OH)13- + [Co(CN)5(00H#- + 02 Eqn (xx) 

The kinetics of the reaction infer a mechanism which involves the formation of the five 

coordinate species [Co(CN)5]3-, which reacts with the initial complex to form 

[(CN)5COO2CO(CN)+. This is then hydtolysed to form the products of the reaction. The 

sequence of reactions is shown in scheme (99). The hydroperoxo complex is also produced by the 

reduction of [Co(CN)50#- with a variety of mducing agents. 

twcN)5w+ * mvm513- + Q2 

Kd~)5w- + tww513- + K~5)scoo2co(~)516 

[(CN)5Co(OOH)Co(CN)5]5- + Hz0 + [C4CN)500H13- + [CoKW50H13- + I-I+ 

(99) 

Complexes of macrocyclic ligands with cobalt in many ways form obvious targets for the 

preparation of complexes which are capable of reversible dioxygen uptake. Such a complex is the 

species 1,4,7,13,16,19-hexaaza-10,22-dioxacyc1otetracosane @Mien) (100) dicobalt dioxygen 

complex which reacts with catechol and tiron (1,2-dihydroxy-3.5disulphobenzene disodium salt) 

which bridge the two cobalt atoms [244]. The resulting species are protonated and deprotonated to 

form the mono- and di- protonated complexes and also the mono- and di- hydroxo- complexes. 

The two bridging ligands, viz p-peroxo and p-catechol or tAron are respectively oxidising and 

reducing and in the structure of this molecule, the authors point out that the two are in close 

proximity, so that easy oxidation of the substrates is expected The structum which is proposed for 

the catecholate species is drawn in (101). Unlike catechol, the dianion of hydroquinone appears to 

be unable to bridge the two cobalt atoms and therefore it reacts in a monodentate fashion through 

one of its phenolic oxygen atoms to replace the dioxygen bridge in the (p-peroxo)(p- 

hydroxo)dicobalt bisdien dioxygen complex giving the inert binuclear cobalt(III) bisdien complex. 

H 
\NAoAN/H 

/- --Y 
H-N N-H 
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H- 

(101) 

The two binuclear complexes [Co2(tpdp)(~H3COO)].O.5H20 and 

[CozCUndp)(CH3Coo)](QOqh.H20, where Htpdp and Htmdp, (102) and (103). react with 

dioxygen in ~c~~~~~e and acetonitrile to produce the g-peroxo complexes [24!5]. It is 

suggested that the steric effect of the ~nucl~ting ligands is ant in determhtmg the oxygen 

afIInities of these complexes. 

The mononuclear cobalt(III) complexes of Mee[14]aneN4 (L), [(x)LCo]+, where X- = Cl- 

or SCN- react reversibly with dioxygen to produce [(X)LCoQ2]+ and the kinetics and 

~~~~cs of the system have been studied in some detail [246]. When solutions containhrg 

ILCo]2*, 02 and X-are subjected to laser flash photolysis they are partially bleached and then they 

return to the original abmrbamz For the kinetics of the forward maction and with X- = Cl-, k = 

1.89x106 M-1 s-1 and for x- = SCN-, K = 7.29x106 M-1 s-t. These values resemble those of the 

diaquo commplex [LC!o(HzO~]2+, where k = 5.00x106 M-1 s-1. The structure of the complex 

lWo(ClO4)] is also reported. 
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The oxygenation of the cobalt@) complex of [ 14]aneIQ in aqueous solution saturated with 

dioxygen produces an equilibrium, Eqn (xxi), between the c~-peroxo species and the mononuclear 

superoxo complex [247j. The mononuclear species was found to be stable at room temperature. 

Cobalt(II) mixed ligand complexes with dipeptide and imidaxole axe dioxygen carriers and 

have been synthesised and characterised [248]. Reversible uptake of dioxygen results in the 

formation of a din&c compkx with a p-pemxo bridge, while ineversible dioxygen uptake pmduces 

a complex with a p-supemxo bridge. 

(104) 

Cyclic voltammetry on the dioxygen complex of salen. (104). shows that the release of 

oxygen may be achieved eleclrochemically [249]. The equilibrium involved is shown in F&n (xxi). 

Flash photolysis and steady state photolysis of a variety of amine cobalt(II1) complexes of 

the type [Co(am)(IW&]+, where am = (en)2 or tien. in acetonitrile in the presence of dioxygen 

showed the formation of a number of species [250]. During flash photolysis, the species formed 

sequentially were found to be mononuclear superoxo, dinuclear superoxo and dinuclear peroxo. 

Under steady state photolysis, the 6nal result was found to consist of dinuclear peroxo complexes. 

A related system was studied electrochemicaIly using a Nafion coated solid state three eleztrode cell 

[251]. The system studied was Co@)-lW3_02 at a glassy carbon electrode in a solid state Nafion 

coated cell and the reduction pote.ntial was found to be about 800 mV more positive than obtained 

for a glassy carbon-Nafion film electmde with the above system in watez. The explanation offered 

for this is that they are due to two difkent electrode mactions, viz. xeduction & [(NEI3)5Co-a- 

CO(NH~)~]~+ in the absence of a contacting liquid electrolyte and free oxygen in the cobalt(H) 

smmoniacal solution. 
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CoL+* + CoL@ Eqn (xxiii) 

The thermodynamics and kinetics of the reaction between dioxygen and cobalt(R) derivatives 

of amino acids have been studied [252]. The kinetics of the reaction given in Rqn (xxiii) yielded 

enthalpies and entropies of activation. A similar study has been carried out on oxygenated cobalt(R) 

phenanthmline amino acid complexes in the pH range 9-10. this time yiekling stability constants and 

from these thermodynamic equilibrium data [253]. The thermodynamic parameters (AH, AS and 

AG) tended to increase as the alkyl chain length and complexity of the coordinated amino acids 

increased 

Much of the work on the fixation of dioxygen has been carried out using complexes of 

ligands involving porphyrin or related ring systems. Dioxygen which has been complexed in the 

cobalt porphyrin (q&afetrocene) complex (105) [254]. 

Ar Ar 

(105) 

Irradiation of this with visible radiation was found to cause the dioxygen to be dissociated 

and the authors claim this to be the first example of photodissociation of dioxygen from a six 

coordinate (q t-02)(qt-amine) complex of cobalt(R) porphyrin in solution. The kinetics of the 

decay process show fast order behaviour, with the rate constant being decreased by substitution of 

electron donating groups in the para position of the phenyl rings. The mechanism is thought to 

involve the homolytic scission of the Co-O bond to give CoPorphyrin(qt-axaferrocene) and triplet 

oxygen. 

Reversible uptake of dioxygen only occurred at temperatures below -WC with the both- 

faces-hindered and highly symmetric complexes, 5,10,15,20-tetra(2’,6’-dipivaloyloxyphenyl)- 
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porphyrinatocobalt(Il) (106) which have no amide groups but have ester groups in the fence groups 

[255]. 

%_ % Y= 0 

0 - 
Ar= a \ / 

0 

4= 0 

2‘ 
3 

(106) 

The copper atoms in the haemocyanine from the horseshoe crab (limulus polyphem~~) may 

substituted with cobalt atoms and the cobalt atoms am then believed to be bonded to three imidaxole 

nitrogens [25a]. The complex hydroxo CoHcy takes up dioxygen and in doing so two very strong 

absorption bands at 32Onm and 45Onm are produced and these are assigned to the 02% + Co(m) 

charge transfer process. The kinetics of the oxygen uptake were found to be pH dependent in the 

pH range 7.5 to 10. This is explained by a rapid pre-equilibrium in which OH- reacts to form 

(0H)CoHcy and then the reaction with this species has a rate constant of 1400 M-l s-l. 

The rotation of the dioxygen molecule in cobalt-porphyrin-dioxygen complexes studied by 

EPR spectroscopy has been extended to four hybrid haemoglobins [257]. The haemoglobins 

studied were [a(Co)j3(Fe)lz, [a(Fe)jI(Co)lz. [a(Co)j3(Zn)l2 and [a(Zn)jl(Co)l2 and it was 

concluded fmm the data that them was more restricted rotation of dioxygen in the T-state jkhain 

pockets than in the pockets of any other forms. Lacunar cyclidene complexes of cobalt(R) and 

nickel@) have been synthesised as a new model for the T form of haemoglobin consisting of a 

pentadentate ligand bonded to cobalt@) ion with the binding of the axial ligand being sterically 

inhibited 12581. The complexes contain a pyrldyl group covalently attached to the macrocycle. The 

crystal structure has been determined for a nickel0 isomer. The consequences of steric effects on 

the control of dioxygen affinity have been evaluated. 

A form of limulus polythemus cobalt(R)-substituted haemocyanin has been prepared and 

characterised 12591. It was found that seven cobalt atoms were bound by the apoprotein and the 

cobalt atoms were distributed such that there were two situated in active sites and bound to three 

imidaxole nitrogen atoms and an exchangable ligand. with the other five in peripheral positions. 

From the data the active site in the CoHcy is proposed as (107). 
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(107) 

An equilibrium constant of 109.34 M-1 was obtained for the cobalt in the active sites and 

104.13 M-1 for the cobalt atoms in the peripheral sites. The kinetics of the oxygenation of the 

c&alt(II) centrt substituted haemocyanin showed that the naction was first order in hydroxide ion 

concentration. 

Resonance Raman spectroscopy is an obvious technique to use in the study of dioxygen 

bonded to transition mtal complexes. The spectra of dioxygen in cobalt-substituted haem-proteins 

and model compounds are complicated and contain secondary bands and unexpected featums for 

v(o_o) [260]. The interpretation presented by these authors is that vibrational resonance coupling 

occurs with the internal modes of the other axial ligand and are found to agree with those calculated 

using the Fermi resonance coupling scheme. 

The complex [bis(salicylaldehyde)-o-phenylenediimato]cobalt(III), [Co(saloph)] and the 

related complexes, [Co(saloph)@y)] and [Co(saloph)@y)~, dissolved in dichloromethane were 

excited using a nitrogen laser, so that transient difference spectra could be obtained [261]. 

Photoinduced solvation at the phenolic oxygen atoms was thus observed. 

Bilayers of electmpolymerised cobalt and manganese renakis(o-aminophenyl)porphyrins 

have been used in the electrocatalytic reduction of dioxygen [262]. They are mote efficient catalysts 

than cobalt porphyrin films in basic solution. 

5.4 COBALT(I) 

The complexes CpCo(cod), CpCo(CO)p and CpCo(CO)(PPh~) (i.e. q%yclopentadienyl- 

cobalt(I) complexes) have been found to react with 1,4&hiins to form ($-cyclopentadieny1)(1,2- 

disubstituted l,2-ethylenedithiolato)cobslt(IlI) complexes (108) [263]. 

Y s xx x X 

wdw2 or -xWPP~) + I I 
toluene_ Q(& 

x s Y x 
s Y 

X=Y=cN 
x=Ph Y=H 
X=cgI4clY=H 
X=PhY=NQ 
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(109) 

The preparation of (~~-bicycl~3.2.0]hepta-1,3-dienyl)-(~~~yclo-octa-1,5-diene)cobalt(I) 

has been described [264]. This is the first example of a cob&(I) complex exhibiting this ligand. 

The complex was prepared by the nztion of ClCo[p(oiR)3]3 with bicyclo[3.2.Olhepta-13dienyl 

at -2WC to 2SC for 16h and then with cycl+octa- 1 ,5diene in tetmhydrofuran at 1OOT for 4h; the 

reaction is sd ed in scheme (109). The compound consists of brick red, slightly air-sensitive 

crystals. The crystal structum of the complex was detemG& and a notable feam of the stmctu~ 

(llO), is the somewhat distorted cootdination-mode of the bicyclic ligand. 

(110) 

The traction between thionyl chloride and cobalt thiocyanine has implications for Li/SOCl2 

batteries, since it has been found that when the carbon cathode has been doped with cobalt 

phthalocyanine the cell is greatly impmved. These batteries wete studied because they consist of a 

very high energy density system [265] and the system has been investigated using a number of 

techniques inchlding cyclic voltammeq, diEerential-pulse voltamaWry and electronic spectroscopy. 

The cell reaction is believed to be that shown in Eqn (xxiv). In practice, however the process is 

complex and involves a variety of inmmedbues; the cells themselves are prone to the possibility of 

explosion. 

2SOC12 + 4Li + S + SO2 + 4LiCl Eqn (xxiv) 
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In fact thionyl chloride has been found to react with the complexes [Co(I)TnPc(Z)]- and 

[Co(II)TnPc(2-)], (where TnPc is tetraneopentoxyphthalocyanine), to yield two-electron oxidised 

species and also a monoadduct with Co(Il)TnPc(2-). A catalytic mechanism involving two electrons 

is proposed for the reduction of thionyl chloride in a Li/SOCl2/(CoTnPc.C) battery; the reaction 

scheme is shown in (111) where ‘So’ is an initial reduction product of SOCl. 

[Co(I)TnPc(2-)]- + SOCl2 + 

2Li+[f.$Co(III)TnPc(2-)]- + 

Overall, this then amounts to: 
2Li + SOCl2 + 

[Cl$Zo(III)TnPc(2-)]- + ‘SO 

[Co(I)TnPc(2-)]- + 2LiCl 

‘So’ + 2LiCl 

(111) 

The ligand eHTP, (Et~H2C!H&PC!H~(CH~CH~Et~~ has been specificahy designed 

to provide both bridging and chelation to two metal cenues [266]. Indeed the authors have found 

that in every case tried, the addition of two equivalents of a rnononuclesr metal halide complex to the 

ligand has produced a bimetallic species in high yield. The 300 MHx and 500 MHz proton NMR 

spectra of the species [Co2(CO)4(eHTP)]2+ were found to contain a number of solvent and 

temperature dependent shifts from the central methylene bridge and the chelate ring proton 

resonances. It is proposed that the shift changes for P-C&-P proton resonances are caused by 

differing amounts of carbonyl shielding which are produced by the various rotational conformers in 

solution. Also, it is proposed that the shifts in the chelate ring resonances are produced by the 

equilibrium between trigonal bipyramidal and square planar geometries around the cobalt atoms. 

The species, Co2(CO)2(eHTP) containing Co-Co bonding is produced by reduction of the above 

complex by naphthalenide ion. 

The complex ion [(TMpyP)Co(II#+, where TMPyP = meso-retrakis( l-methylpyridinium- 

4-enyl)porphyrin. may be electrcchemically reduced in dimethylfomramide containing 0.1 M 

tetrabutylammonium perchlorate at El/z = -0.49V to form the product, [(TMpyP)Co(I#+. which 

was found to be stable under nitrogen, but which readily reacts with dissolved dioxygen to pmduce 

[(TMpyPCo(II)(~)]~ [267]. The cobalt porphyrin was a very efficient catalyst for the reduction 

of dioxygen or the electtocatalytic epoxidation of alkenes as witnessed by the fact that electrolytic 

techniques showed that for the reduction of [TMpyPCo(II)]4+ in dimethylformarnide containing 

benxoic anhydride under dioxygen gave turnover of 15 during 15 min. 

The carbon dioxide binding constants for a series of complexes of cobalt(I) with a number 

of tenaazamacrocyclic ligands in solution in dimethyl sulphoxide have been determined and they 

showed a strong correlation wtth the cobalt(X) /cobalt(I) redox potential [268]. The macrocycles 

covered by this study were (112) to (120). 
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However, for the complex [Co(9(Me+[14]-4,1 ldiene)]+, the meso and d,l-stereoismers had 

identical redox potentials, but the biding constants for carbon dioxide varied by a factor of 100, 

this is explained by invoking a large stesic effect on the carbon dioxide binding. The other factor for 

which there was a slight comlation with binding constant was dielectric constant of the solvent for 

the complex d,l-[Co@&-[141-4,l l-diem)]+. The pmence of diEerent cations affkted the binding 

constant for carbon dioxide for d,l-[C!o(Me+p[14]-4,1 l-diene]+ in temhydrofuran, so that Coz was 

found to be more strongly held in solutions containing Li+ than those in which tetrabutylammonim 

ion was present, 
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Cobalt(I) compiexes, dodecylaminocarbonyl- and dodecyloxycarbonyl-cobalticinium 

chloride having a long-chain alkyl group attached have been pqared. It is found that they have 

abnormally low critical micelle concentration values [269]. 
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