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The present survey covers the bulk of the 1980 literature together with 

references to the 1979 literature received too late to be included in the 

previous review. A useful book "Cobalt in Biology and Biochemistry" [l] has 

appeared and should St-late interest in the bioinorganic chemistry of this 

element. A 4th edition of Underwood' s book "TraceElements in Human and Animal 

Nutrition" 3 which includes a section on cobalt, has also been published [2]. 

Other books or review articles of interest include, "Sane New Developments 

in the Chanistry of Metallophthalocyanines" [3], "Stereochemistry of Optically 

Active Transition Metal Canpounds" 143, several chapters of which concentrate 

on the synthesis and optical activity of various cobalt(II1) canplexes, and 

"Metal Ion Activation of Dioxygen" 153. Volume 27 of Wrogress in Inorganic 

Chemistry" includes a review of dithiolium salts and dithiodiketone complexes 

of the transition metals [6]. The catalytic activity of polymer-metal complexes, 

including a variety of polymer-cobalt(II1) canplexes, has been reviewed [7] and 
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a very useful data canpilation and discussion of =Co NMR spectroscopy has 

appeared [S]. A new book, "Coordination Chemistry of Macrocyclic Caqounds" 191, 

provides a wealth of information for those with interests in this important area 

of coordination chemistry. A Russian text on "Substitution Reactions in Cobalt 

Coordination Ccmpounds" has also been published [lo]. A Japanese review deals 

with the synthesis of cobalt canplexes [II] and a further review discusses 

trimethylphosphine complexes of nickel, cobalt and iron as model canpounds for 

homogeneous catalysis [12]. Phosphorus donor compleses of cobalt(II1) [13], the 

photochemistry of transition metal canplexes [14], and cobalt(I1) cmplexes 

capable of reversibly bindin, m dioxygen [15] have also been reviewed. 

4.1 CCBALT(IV) 

The chenistry of labile organocobalt(IV) canplexes, [EoL]+ (where L& = 

tetradentate or bis-bidentate equatorial l&and of the salen or (c&$)2 type) 

generated by one-electron oxidation of the corresponding orgauo-cobalt(II1) 

canplexes. has been investigated [16]. In most cases pyridine reacts rapidly 

with the canplexes to displace the organic ligand R and possible mechanisns 

have been discussed. 

4.2 CCRALT(II1) 

A great deal of chemistry has been published dealing with this cl_assical, 

kinetically inert, metal centre. The wrk reported can be subdivided into 

three broad areas, (a) synthesis, (b) stereochemistry (including X-ray 

crystallography) and (c) kinetics, reactivity and mechanism. Other areas of 

growing interest are electrochemistry and "Co NMR spectroscopy [8]. The sub- 

division which follows is what arbitrary since almost all cobalt(II1) 

canplexes are mixed ligand cunplexes of one type or another, and the use of a 

single type of ligand classification thus has its limitations. For example, it 

is convenient to think in terms of bis-1,Zdiaminoethane ccuqlexes, amnines, 

etc, and this classification has therefore been adopted in the review, even 

though the chemistry described may relate to other ligands present in the complex. 

4.2.1 CompZexes with oxygen donor Zigands 

Partial resolution of [Co(acac)3] by salting-in chrcmatcgraphy on SP-Sephadex 

in the A-[Ni(phen)3]2+ formhas been achieved. The A-isomer of [Co(acac)3] is 

enriched in an aqueous solution of A-[Ni(phen)3]2+, indicating that, in aqueous 

solution, a A-A ion pair is more stable than a A-A ion pair [17]. 

Tris(pentane_2,Pdionato[!%""C])cobalt(III) undergoes ligand exchange in 
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acacH at S-190 'C without decomposition [18]. An intermediate involving a 

unidentate acac ion and an acacH molecule was concluded to be formed in the rate 

determining step. The spectroscopic and magnetic properties of the trivalent 

metal mlexes [hl(dik)x] {hl(III) = Al,Cr,Pln,Fe or Co) of 1-(2-thienyl)-butane- 

1,3-dione and 4,4,4-trifluoro-1-(2-thienyl)-butane-1,3-dione have been examined 

[I91 - 
F&action (1) represents a new method for obtaining cobalt(III)-+semiquinone 

N 

:-- 

(““I o/co\o . 
oxidant I (1) 

complexes [201. 

The preparation and X-ray structure determination of [f(-)w-3-(6-methyl-2,4- 

dinitrophenyl)pentane-2,4dionato}{tris(2-aminoethyl)amine}cobalt(III)] dibranide 

dihydrate have been described [21]. The six-membered acac ring adopts a flattened 

boat form, to which the aranatic ring is almst perpendicular. 

The structure of [Co~1r113V110~~H~ 13-. a heteropcly Dericdate, has been 

determined [22] and used to indicate the existence of a sizeable and potentially 

important new category of heteropoly complexes, composed of Ivl'O~ octahedra 

sharing oxygen atans with numerous lo\\er charged transition metal atoms. Rare 

earth trioxocobaltates(II1). lnCo0~. with Ln = Fr,Nd,Tb,Dy or Yb, exhibit loin- 

spin to high-spin transitions of the cobalt characterised by a maxiawn in the 

Ai' against temperature plots, where Ax is the cobalt contribution to the 

magnetic susceptibility [23]. 

Tris(oxalato)cobalt(III) is known as a typical them-o- and photoreactive 

canpound. Substitution of oxalate by a-diinrines reduces the thermally induced 

reciox decanposition. EKT calculations have been accomplished for diimine 

substituted cobalt(II1) canpleses with different aliphatic and aromatic diimine 

ligands [24], and should be helpful for planned syntheses of photocatalytically 

interesting systems. The structural, spectral, and magnetic properties of 

(3,5-di-t-butylcatecholato)(3,~di-t-butylseniquinone)(2,2'-bipyridine)cobalt(III). 

a canplex containing mixed-valence organic ligands, have been studied [25]. The 

syntheses and characterisation of sane sodium salts of the trans-[Co(B- 

diketone)2(NOa)2]- type have been described 1261, and the spectroscopic and 
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catalytic properties of di-u-methox+u-ethoatocobalt(II1) complexes have been 

reported [273_ 

Mixed ligand canplexes involving acac en and flexidentate isonitros+$- 

diketones and isonitrosomonoketones of cobalt(II1) have been studied 1281, and 

ligand exchange betwen '?-acacH and [b1(acac)3] (?.l= Co(II1) or Cr(II1)) in 

propan-l-ol investigated [29]. Optically active mixed ligand complexes of 

cobalt(II1) (and cobalt(I1)) with acac and aromatic amino-acids have been 

prepared and their ORD and CD spectra measured 1301. 

r.2.1.1 _“ero_--ide and super-oxide ligands 

Catalytic rate constants have been reported 
. 

[O,]- by iron(.III) and cobalt(II1) derivatives 

pyridyl)porphine [31]. These studies may have 

for the disproportionation of 

of tetrakis(4-N-methyl- 

relevance to the function of the 

metalloproteins (super-oxide dismutases) which catalyse the disproportionation 

of the superoxide radical anion [O,]'. 

Oxygenation of aqueous solutions of bis(l,2_diaminoethane)cobalt(II) gives 

a mixture of diastereoisomeric canplexes of the u-peroxwu-hydroxo-bisE(1,2- 

diaminoethane)cobalt(III)) cation. A meso-diastereoisaner has been isolated 

and its structure confirmed by X-ray analysis [32]. In acidic solution the 

meso-diastereoisr (1) decaaposes four times faster than the rat-diasterew 

isomer <2), and in basic solution (1) iscmerises to (2). 

NN = 1,2_diaminoethane 

(1) (2) 

The singly-bridged complex, [(tren)(NH~)Co(u-o,)Co(MI,)(tren)14+, reacts with 

excess tren by replacanent of NH1 in a &s-position to the pemxo group to give 

[(tren)Co(~~2)(~-tren)Co(tren)][C101.]2.ZH10 1331, in which the additional tren 

forms a macrocyclic bridging ring. In acidic solution, the cxxnplex decunposes 

to Co(I1) and 02 end, in basic solution, the bridging tren is replaced by a 

hydroxo bridge. Cadmium(I) has been observed to reduce the n-amido-u-superoxo- 

bisi(en)2cobalt(III)1 cation by an inner-sphere electron transfer process [34]. 

The canplex [ColI1 (pan>21c (pad3 = 1-(2-pyridylaza)-2-naphthol) reacts with 
superoxide [OZ]- to give [c~"(pan),] in dmso solution [35]. A procedure for 

the standardisation of [0,11 in dmso is also described in this paper. The 
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reaction betvfeen [O,]' and the superoxo complexes (3) and (4) has been studied 

[ 

(en) Co'"-"\,o(en) 

2 \N/ 2 

H2 I 
4+ 

(3) 

(NCLco~o-o~co(cN)_ 
3 3 

(4) 

I 
5- 

by pulse radiolysis 1361. Electronic spectral studies of the u-peroxo complexes 

[CoL(u-0,)CoL]4+ and [CoICl]" (L = tetren, epyden, pydien, pydpt, indien or 

imdpt), shoiv that chelate ring size has a noticeable influence on the ligand 

field strength [37]. The frequencies of the oxygen --L cobalt charge transfer 

bands are linearly related to the redox potentials of the complexes and to log 

K 
02’ 

Although the basicity of the ligand is the major factor in determining 

the magnitude of K 
02’ 

the ligand field may exert a sizeable perturbation. 

Electrochemical studies of a series of peroxo-bridged binuclear cobalt ccmpleses 

[38] have established that the cobalt(III)/cobalt(II) potential sbom a linear 

correlation lvith log K 
02 

for the cobalt(I1) canplexes. Photosensitisation of 

superoxo-bridged dinuclear cobalt(II1) cations by the excited state of tris- 

[Ru(bipy)3]2+ has been investigated [39]. 

The preparation of u-peroxebis pentacyanocobaltate(II1) has been described 

1401 and the selective formation of perow-P-quinolatocobalt(III) ccmplexes has 

been observed in the oxygenation of 4alQl-2,6di-tert-butyl phenols lvith 

cobalt(II)-Schiff base cunplexes [al]. The preparation and structure of 

[(papd)Co(02)Co(papd)][S206][N03]2.4H20 (papd = pentaazapentadecane) has been 

described [42], as has the preparation of tetrakis(l,2diaminopropane)-u- 

peroxo-u-amid* and u-peroxo-u-thiocyanatodicobalt(II1) canplexes [43]. Siebert 

[44] has also described sane u-hydroperoxo- and u-peroxocarbonato canplexes of 

cobalt(II1) Mth cyanide ligands. 

4.2.2 CompZexes with ohzcgen-nimogen donop ligcrnds 

The preparations of cobalt(II1) ccmplexes of a series of tripeptides have been 

reported 1451, in Ivhich the peptides are coordinated as quadridentate chelates 

via the tenninal NH2, tm peptide N- and terminal C02- groups. The 'H and "C 

NMR spectra for the free peptides in the anionic, mvitterionic, and cationic 

forms, and for the cobalt(II1) complexes, have been determined. 

The new Cor*1N803 complex, [Co(plasp)(LPhe)].3H20, has been synthesised by 
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oxidation of Co(I1) to Co(II1) in the presence of G-(2-pyridylm?thyl)-L-aspartic 

acid (plasp& = (5)) and Lphe [46]. X-ray analysis has established that, of the 

(5) 

four possible geamstrical iscansrs, the only isaner isolated was a yac-isomer in 

\\hich the B-COZ- and the pyridiue groups of plasp aremtually trans. Mixed- 

ligand cmbalt(II1) complexes [Co&-pyala)A] (Ithere A = L-his, L- or D-asp, or 

&la; Lpyala = L,-H~NCH(CH$ZsH4N)COz) have been prepared and structures assigned 

to the isolated isaner s on the basis of their visible and CD spectra 1471. 

The tie-dinitrobis(sarcosinato)cobaltate(III) ion, cis-[Co(NO2)2(sar)2]-, 

has been prepared and its stereochemistry studied [48]. The quadridentate 

ligand (23,2'S)-1,2'-(ethane-l,2-diyl)bis(pyrrolidine-2-carbo~lic acid) dihydro- 

chloride (prenR2.2RCl) has been derived from S-pro [49]. The cobalt(II1) 

canplexes Na[Co(pren)(C03)].3H20, [Co(pren)(H,0)2][C104].2H20 ad 

[Co(pren)(H20)C1]1.5H20, appear to exist as the cis-c isomers on the basis of 

their "C NMR and visible spectra. 

A nun&r of cobalt(II1) complexes of ethylnitrosolate, CR-C(NO)=NO]-, have 

been prepared [50] and the stereochemistry of A-~s-(2S,23p)-l,l'-tri1~thylene- 

dipyrrolidine-2,2'-di-carbo~latocobalt(II1) cunplexes with Pi-alkyl substituted 

amino or cyclic imino acids studied [51]. Cobalt(II1) canplexes of M,N',P'- 

triethanoate type ligands, with Hz0 or NO2 - in the sixth coordination site, 

have been investigated by "C NMEl spectroscopy [52]. Pressure effects on the 

base hydrolysis rates of o-, &[Co(edda)(NH~)2]+ and a-[Co(edda)(N02)2]- give 

Ae = 16.6, 22.3 and 11.9 cm3 mol-', respectively [53]. The electrochemistry of 

a series of perfluoroalkyl (5) and alkyl (%) cobalt(II1) complexes of the type 

[CoR(sa12en)] shows the reduction steps [54]: 

[Co1"R(sa12en)] &[Co11R(sa12en)]-~ [Co1R(sa12en)] 
2- 

The ICo~(sa12en)] species are n-ore stable than the Rg cunplexes; [CoR(sal,en)] 

decanposes very rapidly to [Co(sa12en)]-. 

X-ray studies of t\\elve cobalt(II1) canplexes have shown that the Co-NO2 bond 

is shorter by an average of 0.05 A, when tram to carboxylato oxygen than when 

wms to a nitrogen ligand 1553. The use of cobalt-nitro complexes as oxygen 

transfer agents has been studied. Oxygen transfer fran the nitro ligand to an 
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organic substrate is accaqanied by the formation of the corresponding metal 

nitrosyl and a novel model of catalytic olefin oxidation by diohygen obtained. 

In the presence of nucleophiles, the cobalt-nitro canplexes play a similar r81e 

to copper(I1) in the classical Wacker process [56]. 

Other investigations have dealt with the preparation of the optically active 

mer-isaners of bis(methylMinodiethanoate)cobaltate(III) and (methyliminodi-thanoato 

ethanoato)cobaltate(III) and (methyliminodiethanoato)(dien)cobalt(III) [57], the 

photolysis of [Co(edda)(en>]+ 1583, the preparation of solid complexes of the 

new carqlesone,rac-ethylenediamine-N,8'-disuccinic acid with cobalt( III) 1591, 

kinetic studies of the quation of cis-a-[CoCl(edda)(H20)] in mixed solvents 

[60], the pKa value and volume change for neutralisation of [~4ecida)(NH~cH~cH~OH)]+ 

[61], kinetics and mechanisn of the reduction of [Co(edta)]- by hydrazine and 

hydroxylamine in acid solution [62], and stereochemical studies of cobalt(II1) 

canplexes of edta and its related ligands [63]. 

The crystal structure of ~rcms-amine-[Co(his)2][C10,]2.W,0 has been published 

1641. A number of other studies concerned with aminsacid derivatives have 

appeared, including the structure and absolute configuration of truzs-(0)-r;',::"- 

ethylenebis(S-methyl-L.-cysteinato)cobalt(III) [65], the deuteration of CI- 

hydrogen atcns in cobalt(II1) canplexes of a-amino carbo\;ylares 1661, the 

photolysis of cobalt(II1) wlexes of ethylenediaminetetrapropanoate containing 

a six-membered chelate ring [67] and the preparation of methioninatobis(bi- 

guanide)cobalt(III) [a]. 

The tridentate X50 Schiff base, 1-salicyl-4-benzyl-amidothiosemicarbazone 

(sbtsH), forms octahedral canplexes of canposition [Co(sbts),]+ and the bidentate 

US Schiff base, l-&enyl-4-benzylamidothiosticarbazone (pbts), forms 

[Co(pbts)(H&%]3+ [69]. Cobalt(II1) canpleses [Co(RHXCS2)J] (where R = Ph, 

~-MEC~HI,, 4-OhleQ.H$, 4-ClCsHr, 4-BrGH,, 41&H+ or 2,4Ue2C6H3) have been 

prepared by reaction of the requisite mnium dithiocarmte salts with 

[CO(H~O)~]~+ 1701. Cobalt(II1) canplexes of substituted dithiobenzoates (6; 

(6) 

R = H,Me,OMe.?Je2N. or Et2N) have been studied electrochmically; tw reduction 
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steps occur at a Pt electrode in CH2C12 solvent 1711. 

Cobalt(II1) canplexes of the new difluoro monothiw&diketones, RC(S)CR2C(O)CHP2 

(R = 2-thienyl, phenyl or Ptolyl), have been prepared and their mass spectra and 

dipole mQnents measured [72]. Protonation of the coordinated thiolato sulphur 

atan of the complex [Co(en)2(SCH2M2NfJ2)]2f has been observed in 4-8MH[C10U]: 

the coordinated sulphur retains considerable Lewis basicity, and therefore 

nucleophilicity [73]. Protonation of the coordinated sulphur atom in 

[Co(en)2iS(312CWC02H)NR211 2+ in 70% RClOr has been previously observed [74]. The 

kinetics of the reaction of H202 with the thiolato canplexes, 

[Co(en)2(SCH2CH2NH2)12+, [Co(en)2(SCJ12C02)lC, IWen)2W(~2)2CO211+, or 

[Co(en)2{6CH(CR2)CO21]+ in aqueous media have been studied; all of the cobalt(II1) 

complexes undergo two-equivalent oxidation to isolable S-bonded sulphenic acid 

canplexes [753. The thermal racemisation in solution of some optically active 

tris(?;rsubstituted carbanrdithioato)cobalt(III) complexes has been investigated 

polarimetrically, for a variety of solvents (dmf,J~,CC14,C~HsCl,~Cl~,hIeCgH5, 

or Etch) and activation parameters for the metal-centred (A-A) inversion 

obtained 1761. 

Xo mixed donor system of the type [Co"' S,E2] appears to have been previously 

characteriseci. Hcnvever, the bis(diethyldithiocarbamato)(1,2-bis(diphenyl- 

phosphino)ethane)cobalt(III) cation (7) bas now been synthesised and characterised 

X- 

(7; x = Cl or BPh4) 

as its chloride and tetraphenylborate salts [77]. The pressure-dependence of 

the racemisation of [Co(pydtc)2] (pydtc = pyrrolidinecarbodithioate) suggests a 

&ist mecbanisn involving a low spin high spin pre-equilibrium [78]. The tris- 

canplex of cobalt(II1) with ti,iI’ -diethyldithiophospbate has been studied by 

UVPES 1791. Ligand exchange reactions of some diethyldithiocarbanato complexes 

of cobalt(II1) in dioxane and dmf has been studied using isotope labelling 

techniques [BO]. and sane new tris(dithioethanoato) canplexes of cobalt(II1) 

prepared 1811. The oxidative synthesis, optical resolution and characterisation 

of mixed sulphenato and sulphinato cobalt(II1) canplexes has been described [B], 

and the reactions and stereochemistry of thiolato- and sulphenatocobalt(II1) 

ccmplexes have been discussed in a recent thesis f83]. 
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4.2.4 ConpZexes with nitrogen donor Zigands 

4.2.4.1 Anniines 

The interesting mixed-mtal canplex [CC~(NH~)~(NCS))~H~][C~O~]~.H~O has been 

prepared 1841: the Hg(I1) ion plays an important r61e in the catalysed aquation 

of transition metal complexes of the type [ML,X]2' (Ithere M= Co,Rh,Cr or Ru; 

X = halide or pseudo-halide) and the reaction is generally accepted to involve 

the bridged intermediate [L,M-X-Hg]4+. 

Dissolved sulphur dioxide reacts almost instantaneously with aqueous 

tww>,(@m2+ to give the oxygen-bonded sulphito canplezi [co(NH~)~(o%~)]+, 

which rapidly loses 902 when acidified. However, at higher pH values, a 

relatively slow intramolecular redox decomposition can be observed which produces 

[Co(H~0)~1~+ and [s0,12- . in a 2:l ratio and kinetic studies of these reactions 

have been carried out 1851. The kinetics of anation of [Co(~NH3),(OH,>]3c by 

succinic acid or succinate (nono- or dianion) have been studied in detail [86]. 

The pX, values of [c~(NH~)~cNH~(cH~)~N~}]~+ (n = 2-8 or 10) have been determined 

at 25 OC and I = 0.1 M (NaCl) [87]. _ Intrmlecular hydrogen-bonding leads to 

significant effects in the UV region of the spectrum. 

The nitrito ions [?J(NH~)s(~O)]~+ {M= Co(III), *(III) or Ir(III)j rearrange 

to their nitro isomars [hI(NH3)S(N02>]2' in basic solution with kobS = ks + 

kon[=-1. 1=31- For the cobalt complex, the pressure dependence of ko, (AV' = 

+27 cm3 m31-r) suggests a conjugate base pre-equilibrium for the base-catalysed 

pathway. This paper also includes a discussion on cis- and trans-[~o(en)~(~YO)~l+ 

and ~Co(en>~(cTrOIWO~)lf. The rate of linkage isanerisation of [Co(NH3)5(@JO)]2+ 

to the nitro-isaner in poly(viny1 alcohol) has also been. studied [89]. 

There is growing interest in the effect of cobalt(II1) ccmplexes on the rate 

of hydrolysis of phosphate esters and polyphosphates. The rate of hydrolysis of 

bidentate triphosphate in [Co(NH3)4HnP3010]t+ (derived from (8) > proceeds at 

0 0 0 

I I 
HO-P-O-P /'\P-OH 

I 

I I I 
0 

O\/O 
Co(NH314 

(8) 

tw+thirds the rate of the free ligand [90] and further studies of this reaction 

have appeared [91]. The interaction of four nucleotides with [Co(NH3>~(CEI~)]3+ 

has been studied [92] and, in each case, there is no measurable perturbation of 
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been established [107]. Formation of the carbaniato ligand in aqueous solution 

on a cobalt(II1) centre has been observed and the crystal structure of 

[Co(020JHz)(NH~)s][N03]2 determined C1081. 

The residual paramagnetisn of cobalt in nitroamdnecobalt(II1) cunplexes has 

been studied [log], and the visible and MI9 spectra of azidoamninecobalt(III) 

complexes investigated 11101. A thesis dealing with studies of substitution 

reactions of [C~(XH,>~(dmso)]~+ has been published [ill] and the effects of ion- 

pairing on the solvolytic aquation of [co(~NH,),cl]~+ . in the presence of osalate 

anion studied 11121. 

C. 2.4.2 Diumines 

The aramtic thiolato complex, [Co(en)2(SCsH,NH2>]2C, has been synthesised 

by reduction of the disulphide [2-C~H4(NH2)S-]2 with a 1,2-diaminoethane- 

cobalt(I1) mixture in HZO-thf solution [113]. The canplex undergoes the same 

oxidation, alkylation and adduct formation reactions as [Co(en)z(SCHzCHzNHz)]2+- 

The thiooxalate cunplex, [Co(en)z{SC(0)COO}]z[SzOs].2H20 has been prepared, 

both by oxidation of [Co(en)2(SCHzC02)]+ and by reaction of aonothiooxalate 

with trans-[Co(en)$Zlz]+. The crystal structure of this ccmplex has also been 

determined; the sulphur-induced trans influence is sIlaller for the thiooxalate 

cunplex than for [Co(en)z(SCH&02)]+ (0.005(S) VS. O-043(5) A) 11141. 

Oxidation of cis-[Co(en)2(S203)2]- with aqueous iodine gives free sulphate 

and trans--ICo(en)z(OHz)(S303)]+ containing the very reactive ligand disulphane 

nrmosulphonate [115]. The ability of sulphinic acids, FEOzH, to coordinate to 

main group and to transition metal ions is wsll established [116,117]. All 

reported cobalt(II1) canplexes containing sulphito, sulphinato or sulphenato 

ligands display only Co-S bonding, although the transient in the reaction of 

[c~(NH~)~(w)] with SO2 is assigned as [c~(NH~)~(cso~)]~+ [85]. Adamson and 

coworkers have now.reported r118] the photochemical preparation of the C- 

sulphinato complex [Co(en)r(CXS(0)M2CH2NH2)lrC10~]~. The new complex XYWS- 

(Co(en),(OH,>(S,O,)]‘ has been prepared by stoicheianstric oxidation of XYZE.S- 

ICo<en)2&03>21- with [I,]- [119]; the ZXYZPZS effect of the S-bonded thiosulphate 

ligand has been studied by anation of the complex with [SCN]- or [N&l-. The 

crystal structure of Na[Co(en)2(S03)*].3H20, which has smns-stereochemistry, 

has been determined [120]. The cobalt-sulphur bond length is 2.267 A, the 

longest Co-S distance so far reported in a cobalt(III)-sulphite cunplex. The 

crystal structure of the aonothiooxalate complex, [Co(en)z{SC(O>CO}]C1.H~O, has 

also been reported 11213. This canplex was obtained as the only tractable 

product fran the reaction of an excess of ethanoic anbydride in cbns~ with 
+ [Co(en)2W&C02)1 - A similar preparation of this complex ion has been 

re_oorted by Deutsch and coworkers [114]. 

The N,O mode of bonding of thiazolidine-4-carboxylate (9) and the crystal 
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structure of its 

lography [122]. 

/” 
H\Jo,O O 
N<I\N H 

N 5 L S 

(9) (10) 

cobalt(II1) complex (10) have been determined by X-ray crystal- 

Ring closure reactions of the type (11) + (12) can be used to 

(en12Co 

SH 

(11) 

RCHO 
base 

(12) 

synthesise chiral thiazolidines, !\hich are intermediates for the synthesis of 

penicillins. 

The crystal structure of trcms-[Co(en)2(1~3)(SO))][ClOI,] has been determined 

[123], although the Co-S bond is "normdl" at 2.227(2) 1, the Co-N bond is 

remarkably long, due pr esunmbly to a structural zruzs-influence. The crystal 

structure of [Co(en)(LL>,][Co(C)~].~~O {IL = 2-(aminanethyl)pyridine) has 

been published [124]. A variety of stereochemical studies have been published 

dealing with 1,2_diaminoethane ccuqlexes. These include, the measurement of 

the CD qectra of ~rms-[Co(LL)~Cl~]~, trm2s-[Co(LL)2Br2]+, [CO(IL)(NR,),]~+, 

and [CO(LL)((N),]- (mtiere LL = l-phenyl-1.2~diaminoethane) [125], the induced 

CD spectra of racemic-cis-bis(l,2-diaminoethane)cobalt(III) complexes in 

aqueous (R,R)-tartrate and (R,R)-tartratoantinate(II1) solutions and their 

optical resolution by ion exchange chranatography [126], the crystal structure 

of (-)89-[Co(en)2(ox)][H-d-tart].2H20 [In] and NMR studies of the stereo- 

selective association between [Co(en)t(acac)]2+ and donate [128]. CD spectra 

have been determined for diastereoisaners of tris(trwzs-1,2-diaminocyclo- 

pentane)cobalt(III), [Co(cptn)3]. The (lelB), (lelzob) and (lelobz) isuwrs 

[129a] of [Co(rac-cptn),]3+ were obtained by reaction of t~ns-[Co(py)~Cl;!]~ with 

rczc-cptn [129b] _ 'ho papers have appeared dealing with CD spectra and 
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stereochemistry of tetrauuclear cobalt(II1) complexes of the hex01 type, 

including the [Co((OR),(%(en)2),]6' . ion [130] and simiiar cmnplexes involving 

meso-2,3_diminobutane, (R)-l,Zpn and (R.R)-1,Zdiaminocyclohexane [131]. 

Stereochemical studies on diastereo-2,3-diaminobutahe isomers of the tris(2,3- 

diaminobutaue)cobalt(III) cation have also appeared [132]. 

The results of a variety of investigations have been published dealing with 

the glycinato ligand in en-ccbalt(II1) complexes. These include IH and 13C 

NMR chmicaI shifts in complexes of the type [Co(en)z(ox)y(gly)2]n+ 11331, the 

kinetics of deuteration of a-hydrogen atam in a variety of cobalt(II1) 

canplexes containing a-amino cartmcylates [134], oxygen exchange and glycinato 

ring opening in [Co(en)z(gly)] [135] and the crystal structures of tuo 

diastereoisuneric salts, (+)-t rrms(0)-[Co(gly)2en][H-d-tart] .3H20 and (-)-trans(0)- 

[Co(gly)2en][H-c-tart].H20 [136]. 

The crystal structure and kinetic investigations of the Hg(I1) promoted 

equation of (-),-A(S)-cis-(Co(en)z~NH2(=H,~(~)~~}Cl][ZnCl.], where l-amino- 

propane-2-01 is IJ-bonded have been reported [137]. Base hydrolysis of 

[Co(en)2(ox>]+ has been shown to occur in two stages, the first being dechelation 

and the second loss of oxalate [138]. The preparation, acid-catalysed aquation 

and base hydrolysis of trmzs-[Co(en)rC1(OCOz)]+, containing monodentate 

carbonate [139], and studies of the rate of decarbo~lation of cis-[CO(~~)Z(COS)Z] 

11403 have been described. There has been an interesting investigation of the 

kinetics of canplexing of cis-[Co(en)t(H20)2]3+ with [KO,.]'- in the pH range 

8.0-9.0 [141]. Base hydrolysis of (+)m-cis-[Co(en)2X(gly)]+ has been studied 

in detail and ion pairing effects considered [142]. The preparation of (+)sa~- 

[Co(en)2(NH~)(~Ie2SO)l[C10412CNO~l and (+>sas-[Co(en),(NH~)(tmp)l[C10~,]3 has been 

described, in conjunction with kinetic and stereochemical studies of base 

hydrolysis [143]. The kinetics of anation of cis-[Co(en)2(NH~>(OH2)13+ by 

oxalate [144] and the kinetics of substitution of a chloride ligand in ~rcms- 

[Co(en)zClz]+ by organic bases (piperidine, EtzNR2, cycloheuylamine, butylamine 

or benzylamine) in methanol and dmf have been reported [145]. Other kinetic 

investigations include a polarcgraphic study of the kinetics of the aquation of 

bxw3)512+ and tram-[CoX2L,]+ complexes IX = Cl or Br; L4 = (NH,),, (en),, 

(1,3-pn)2 or (1,2-diaminocyclohexaue)2) [146], a determination of AV' for the 

isawrisation of trmzs-[Co(en)2(02CMe)(OH2)12+ in aqueous acid, where AV* = 

i-6.5 cm3 n-01-l . m 0.05 M H[ClO+] consistent with a dissociative aqua ligand 

release in an Id mechanism [147], and the kinetics of aquation and base 

hydrolysis of cis-[Co(en)z(imidH)(0&CsH4-2-OH]2+ 11481. The labilising effect 

of coordinated imidazolate anion is lo3 times that of imidazole in base hydrolysis_ 

Complex fomation between [~o~+(m~)~Ja+ complexes (Lo = (en)2, (1.3-pn)2 

or trieh) and pyrophosphate and its influence on the hydrolysis of pyrophosphate 

to orthophosphate have been studied by 31P NMR spectroscopy over the pH range 
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o-12 r1491. The reactive species, with regard to hydrolysis, appears to be a 

3:l L colI1 -pyrophosphate canplex. Rate enhancements of -lo5 for pyrophosphate 

hydrolysis were observed in sane of these reactions (see also Section 4.2.4-l). 

A spectroscopic study of the bis(1,2_diaminoethane)diphosphatocobaltate(III) 

anion has been published [150], &ere diphosphate acts as a bidectate ligand. 

The kinetics of oxidation of cis-[Co(en)2(NCS)(N02)]+ by pemxodisulphate 

hat-e been studied [151]. The preparation of a series of trans-[Co(en)zC1(02CR)]+ 

(R = H, Et or Qleg) complexes have been described and the kinetics of their 

base hydrolysis studied [XX?]. These wrkers have also described the preparation 

of isoneric pairs of [Co(en)lCl(amino acid)ln+ complexes containing the trcrr.s- 

cartixylato bonded and the &s-amino bonded amino acids 11531. The kinetics of 

anation of cLs-[Co(en)z(KI-13)(OH~)]3+ by salicylate has been studied [154] and 

the kinetics of the iron(I1) reduction of cis-[Co(en)2C12]+ in dmso investigated 

over a temperature range [155]. The crystal structures of [Co(en)J]I3.HzO [156] 

atld [(+)co(en)~][(-)cr(en)~][~~]~ [157] have been detetined, and structural 

relationships for tris(l,2-diaminoethane)-metal(III) complexes considered 11581. 

A thesis describing the kinetics and meohanisn of the formation and decunposition 

of cis and zrans-[Co(en)z(?JH3)(OCOO)]+ canplexes has been published [159). 

c. 2. c. 3 2,2'-Sipyridine and I,lG-phenashroline compi!exes 

The preparation and characterisation of sane new cobalt(II1) ccmplexes of 

bipy and phen have been described [160] and the crystal structure of 

[Co(pilen)z(C0,)]C1.3H20 has been determined [161]. Uixed complexes of cobalt(II1) 

with glycine and bipy or phen have been prepared [162]. A study of the outer- 

sphere complexes of [Co(bipy)z]3c with [SO,]'- has been published [163], and the 

absolute configuration of (-)m-[Co(bipy)B]3+ determined 11641. The preparation, 

themchemistry and photochemical behaviour of [Co(bipy)z(ox)]+ has been studied 

[165] and the crystal structure of [Co(phen)2(COS)]Br.4H20 determined [166]. 

Nucleophilic addition of c-hydroxyalkyl radicals to polypyriciine ccmplexes of 

cobalt(II1) in aqueous solution has been studied [167]. 

1.2.a.r ?r'riatines 

The preparation of the interesting canplexes, [Co(n2-Htame)(n3-tame)X]n+ {X = 

Cl-, Br-, CH-, HzO, [so,]~- or 8CN-; tame = l,l,l-tris(aminanethyl)ethane) have 

been described [168] and the crystal structure of [Co(n'-Htame)(n3-tame)Cl]C1~.2H,O, 

(131, determined. Base hydrolysis of the chloro-complex gives the hydroxo complex 

in a clean reaction, without any formation of a hexamine species. A variety of 

other canplexes with pendant amino functions are known, including 

[CoC1(n2-en)2(n1-Hen)]C13_H10 [169,170] and [CoCl(r12-en)2(rl'-Hpn)]C19 [171]. The 

1,2-diamincethane canplex also undergoes base hydrolysis without any formation of 

a hexamine species [170]. Base hydrolysis of optically active 
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(13) 

me-r-chloro(dien)(l,3-diaminopropan-2-o1-.i',Z' )cobalt(III) (14) occxrs with full 

2+ 

(14) 

racetnisation and with retention of the mer-configuration of the dien ligand. 

The optically active hydroxo ccznplex, prepared independently with retention of 

configuration, racemises -lo4 times nore slowly. This unique result can be 

rationalised in tenrs of classical x-stabilisation in the conjugate base [172]. 

$ variety of unsyrrrfac-cis-[Cd31(dien)L212+ CL = NH3. Mdm. EtMI2. m%, 

BuNHz, pentylamine, hexylamine, benzylamine, py, 4-propylpyridine, 3-ethyl-4- 

methyl-pyridine or 3,5-dimethylpyridine) canplexes have been prepared and the 

kinetics of aquation, mercury(I1) assisted aquation and base hydrolysis studied 

[1731- 

The crystal structure of (+),-mer-[Co(dien)2]Br,.l.fSH20 has been determined 

[174] and the synthesis of cyclohexanetriamineobalt(II1) cwnplexes described 

11751. 
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4.2.4.5 Teetramines 

Solid cis-a-[Co(trien)C12]C1, on 

the 6-isomer and this rearrangement 

trigonal twist mechanism 

pyridyl)-3,&iiazaoctane 

11761. The optically active ligands (2S,7S)-2,7-di(% 

(15) and (2R,8R)-2,S-di(2-pyridyl)-3,7-diazanonane (16) 

heating to 160 OC, is slowly converted to 

has been interpreted as evidence for a 

I I 
C-NHCH2CH2NH-C 

I I 
CH3 CH3 

(15) 

H H 

- 

@-- 

I I 
- 

\ N/ i-NH(CH2)3NH-_T 

-0 
\N / 

CH3 dH3 

(16) 

have been prepared [177]. The [CoLC12] cuuplexes of these ligands-have been 

synthesised; (15) gives one cis-a and tmo &s-B isomers, while (16) gives only 

one cis-&isaner. 

The preparation and structural assignments of N-methyl-(S)- and -(R)-alaninato- 

cobalt(II1) complexes with chiral derivatives of 2,3,2-tet and trien have been 

described [178] and epimerisation of the cunplexes at pH 10 studied. The crystal 

structure of [Co(picditn)Cl][Cd31,].0_5H,O (picditn = l,ll-bis(%pyridyl)- 

2,6,10-triazundecane) (175 has been determined [179]. The pentadentate ligand 

(17) 

has the a,8 configuration, with the chloride ligand tram to an angular secondary 

nitrogen and the cbiral MI groups at N(2) and N(10) are R and S, respectively. 

Also the crystal structure of (+)sa4-B~-[Co(R-61a)-(S,S-pyht)][C10~]~.2Q0 (pyht = 
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l,i'-bisf2(S)-pyrrolidyl}-2,6-diszaheptane) has been determined [l&l]. Utsuno and 

comrkers [lSl] have isolated the entire set of the three possible isaners of 

t~ns-[Co(trien)(NHB)2]3+. When solutions of &s-a and cis-9-[Co(trien)(C03)]+ 

and cis-a and cis-B-[Co(trien)(NOz)21+ are heated in 3 M d-tartaric acid for t\m 

hours, intense CD spectra develop in the visible region [182]. The hydroxide 

ion catalysed epimerisation of chelated amino-acidates in complexes A-82- 

[Co(N,)(S or R-a.la)12+ (N, = tetramine ligand) is an example of a "first-order 

asymnetric transformation" of a-amino acids pranoted by chiral cobalt(II1) 

complexes [183]. A series of new cobalt(II1) complexes [Co(trien)(LL)]Xz (LL = 

tropolone, acetoacetauilide, ethylacetoacetate, biguanide, 2-guanidinobenz- 

imidamle, pn, picolylamine, bipy, 3_aminopyridine, picolinic acid or quinaldinic 

acid; X = Cl or Br) have been prepared and characrerised r-1841. 

The acid catalysed decarboxylation of A-(+)G-81-[{(23,9S)-2,9-diaminc+4,7- 

diazadecane}@-aminanethylmalonate}cobalt(III)][C1OL].H20 and A-_(->4n-~z- 

[Co(trien)(R-aminanethylmalonate)][CIOL] each lead to unequal mounts of R- and 

S-a&mine products [185]. The excess of S-ala over R-ala is effected by steric 

considerations. The acid catalysed decarboxylation of cis-a- and &s-B-[cOL(COz)]+ 

(L = 3,6-dimethyl-l,S-diamino-3,6-diazaoctane) follows a rate expression kabs = 

k, + kl[H+] [186]. Activation parameters and solvent deuterium isotope effects 

are consistent with an A-l type of mechanism with a rapid pre-equilibrium 

protonation of the substrate and formation of a five-coordinate intermediate. 

The rates of hydrolysis of eleven dipeptides by cis-B-[Co(trien)(CH)(OHz)] 2+ have 

been studied by amino-acid release [187]. The cmplexes [Co(eee)(CH)(OH2)13+ 

(eee = 1,9-diamino-3.6dithiaoctane) and the (qua>(hydroxo){l,6-bis(Zpyridyl)- 

2,5-diazahexane)cobalt(III) cation did not hydrolyse glygly at 65 OC and pH 8 

to any significant extent. The effect of the inert tetradentate liga.nd on the 

ability of hydroxoaquacunplexes of cobalt(II1) to hydrolyse peptides requires 

detailed examination. The kinetics of the base hydrolysis of sane 

s-[Co(tren)(NHS)Xln+ ions (n = 2, X = NOa, JleSOa, Cl or N,; n = 1, X = Me$?O) 

have been studied [188] (n.b. the stereochemical designation for the 

[Co(tren)(NH3)Xln+ . 1on.s arises from the position of X relative to the tren 

ligand; either tram to a primary nitrogen donor (p) or tram to the tertiary 

nitrogen (t); IUPAC nanenclature designates the tm positions as b and f 

respectively) and the results interpreted in terms of important contributions from 

pre-form& ion pairs. A confoxmational study of an isawer of 

[Co(trien)Cl(py)][ClO~]Cl has been carried out [189]. The preparations of 

cis-c-[Co(trien)C1(imidazole)]2+ and cis-9-[Co(trien)Cl(idazole)]2f have been 

described and the kinetics of equation, Hg(II)-catalysed aquation and base 

hydrolysis have been studied; deprotonation of imidazole occurs in basic 

solution [190]. 
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4.2.4.6 Oxrhes, CobaZoximes and Vitamin B 
12 

A number of studies have appeared concerning cmplexes containing the trans- 

bis(dimethylglyoximato)cobalt(III) unit and a recent paper has discussed the 

linkage ismeric ratios for thiocyahate (Co-SCN/Co-KS) as a function of mans 

influence and solvent polarity [191]. A series of atnplexes of the type 

[Co(dmg)2(BusP)-(5R-tetrazolate)] (where R = CF3, CH3, C6H5, C~HSCHZ, (CHj)zN, 

PIGHr. or 3-I&H,.) have been prepared and characterised and the ambidentate 

BR-tetrazolate anion (18) is coordinated to cobalt via N(2), showing that regio- 

R 

(18) 

regiospecific coordination is stericzilly induced [192]. The syntheses of 

several new mono- or dinuclear cobaloxima selenocyanate or thiocyanate 

canplexes, containing phosphines, arsines or stibines, has been described [193]. 

Pyridinium ylidc complexes of methylcobaloxime have been prepared by treatment 

of an ylide with [MeCo(dng)~(SMe~)] and the crystal structure of one such 

canplex. [~~(~)2(CsRsN~~h)].CsHs, has been determined [194].- 'Ihe crystal 

structure of trcnzs-[Co(chg)a(NHs)z]Br, in which the Co-NRa bond length is 

1.960(2) 8, shows no evidence of a &s-influence when cunpared with the 

structure of [Co(NH~)a]Cl~ [195]. Other related crystal structures include 

srans-[Co(dng)$Z1(Bu3P)] 11961, trans-[Co(dng)2Cl(dimethylphosphate)] 11961 and 

the fl-iminopyridine canplex tzwzs-[CBBCo(dag)~(HNNC~H~)] [IZ]. 

The base catalysed decunpos ition of [EtCo(dmg)2(C&)] at 50 'C gives a mixture 

of ethane and ethene, and-no photolabile organocobalt canplex is formed [198]. 

An IH NMR study of alkyl transfer reactions between cobalt and tin centres, in 

the system [&Co(dag)a(B&a)]-~eBnCl~, has been published [199]. Bis+l.i.methy- 

glyoxirnato>cobalt(II) reacts with dibydxogen at roan tsnperature, its reactivity 

being enchanced by added pyridine; it has now been observed [200] that 

C~~(dmz)~(~~)(py)l is autocatalytically reduced by dihycimgen in the presence of 

added cobaloxime(I1). The 31P NMR spectra of a large number of cobaloximes 

[Co(ctrsp)~(L)X] (where L is a phosphorus donor ligand) have been determined [201]. 

Polarographic studies of the neutral cobaloxime canplexes [Co(d~@~(L)x] (v,here 

L = PY, MI,, or aniline; X = I, Br, Cl, N3, SCN or N02), in aqueous solution 

identified tw waves corresponding to the redox processes Co(III) + Co(I1) and 

co(I1) * Co(I). In all cases the first wwe was found to be irreversible [202]. 
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The rate of isotopic [N02]- exchange of r;mns-dinitmbis(2-amincL%methyl-3- 

butanoneoxirnato)cobalt(III) with free [Non]- in aqueous solution, is first order 

in the cunplex and independent of [NO,]- concentration over a range of pH ]203]. 

Iron(II1) undergoes a reversible association with [b!eCo(dmg)~(OH~)] or 

[w~>z(oH2)21+, in each case it replaces the hydrogen-bonded proton in one 

GH--0 group of the parent cobaloxime [204]. The kinetics of the iron(I1) 

reduction of trms-[co(c?II&~(N~)(~~)I and trans-[~o(dmg)2(N3)(NH3)1 show an 

inverse dependence on [H'], suggesting an inner-sphere mchanisn involving 

protonated and deprotonated complexes [205]. 

The interaction of c~s-[P~(NH~)~(cH~)~]~+ with adenosylcobalamin and alkyl- 

cobalamins has been studied by "C &IlR spectroscopy. With these cobalamins, 

cis-mmH,L(aL>,12+ form adducts in which N(3) of the 5.6-dimethylbenz- 

imidazole moiety is coordinated to platinum(II), rather than to cobalt(II1) of 

the corrin [206]. 

Vitamin Bi2= reacts 

stoicheicmetry [207]: 

28 
12r 

with certain organic halides (RX) according to the 

+ Rx + Hz0 (or b&CR> + B12a + R-Bi2 + X- 

(where B 12a = [(H,O)B,,l + or [(bKWB121+) 

TWJ papers have appeared dealing with the electrochemistry of vitamin B12 [208, 

2091_ The cobalt ccmplexes of 1,19-dimethyl-AD-didehydxucorrin (BDHC) and its 

tetradehydxospanalogue (TDHC), both having additional double bonds at peripheral 

positions and an additional angular methyl group carpared with the parent 

correnoid, have been investigated from the viewpoint of Bi2 chemistry [210]. 

Evidence has been presented for a radical-like process in a model reaction for 

methylnolonyl-CoA mutase, a B12 dependent molecular rearrangement [211]. Wzdel 

studies of diol dehydratase, an adenosylcobalamin-dependent rearrangement, have 

appeared [212] and cobalamin ligation and interaction with sodium dodecyl sulphate 

and bovine serum albumin have been studied by 31P and "C NNR spectroscopy [213]. 

The deprotonation constants of sane trans-acidopyridinebis(cbng)cobalt(III) 

cunplexes have been determined [214]. Bridged canplexes involving 

[(MeCo(sdL2en>)C(NC)(Ne)Co(~)z}] have been prepared and characterised as 

[AsPh,] and [NEt,] salts 12151. bbnodimethylglyosiminato-bis(l,l& 

phenanthroline)cobalt(III) thiocyanate dihydrate has been prepared and its 

crystal structure determined 12161. The preparation of sane mixed dimethylglyosime 

canplexes containing the sulphito ligand have also been described [217] and the 

X-ray structure of trans-[Co(e) ( 2 vinyl)(py)] has been determined [218]. 
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4.2.d.7 f4acrocycZes 

Isaners of the bis(l,4,7-triazacyclodecane)cobalt(III) ion have been prepared 

and characterised by 1Q.z N?m spectroscopy 12191. This paper also discussed the 

occurrence of higher cyclic and non-cyclic mines in the Richman-Atkins synthesis 

of macrocyclic amines [220]. A cobalt(II1) cunplev of (2R,5R,8R,llR)-tetraethyl- 

1,4,7,10-tetra-azacyclododecane (19; tecycler) has been prepared 12211 fran the 

NH 

9 

N A Et 

Et 

optically active ligand, and character&xi as [CoBr(HzO)(tecyclen)]Brn, which 

presumably has a &s-configuration. A convenient preparation of the macro- 

cyclic diamide (20: LH~) has been described [2221. the mbalt(III! cmplex 

(19) 

0 On 
cNH ,,> -NH HN 

U 

(22) (23) 



trans-[CoL(NHp)2]C1 has been characterised, and IH NMll spectroscopic measurements 

have established the N-mesa stereochemistry (al) at the chiral nitrogen centres. 
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Canplexes of the nacrocyclic ligand (22; tim) were originally prepared [223] 

via a tenplate synthesis, in which 1,3-pn.HCl and biacetyl were allowed to react 

together, follcwed by addition of the metal(I1) ethanoate. Cobalt(II1) cunplexes 

of tim have been prepared by the corresponding procedure [224,225]. Eggleston and 

Jackels [226] have studied the macrocyclic canplexes derived fran 1,3-pn, l- 

phenylpropane-1,2-dione and a metal(I1) ethanoate (M = Fe, Co, or Ni). This 

synthesis is regiospecific, giving only oanplexes of trans-&Phtim (23) and X-ray 

data for [Co(MePhtim)Clz][PF6] are also consistent with a centrosynmetric 

trans-isaner. 

The synthesis of trans-[CoBrl(L)] (24) (~Wre L = l-hydroxy-2,2,3,7,7,8,8,12, 

12,13,13,17,17,18,l~hexadecamethyl-lO,20-diaza-oct~y~o~~hine) has been 

(24) (25) 

described. The dicyano cunplex, trans-[Co(M)*L], has also been prepared and 

the annulene canplex (25) obtained by elimination of the hydroxyl group of 

(24) [227]. The reduction of metal(II1) corrole cunplexes {M = Co(III) or 

Fe(III)} to the a&zl.(II) species (26) can be carried out with hydroxide ion 

(26) 
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and an olefin [228]. The base-induced reduction of aqueous 

[Co(ble~[l4]1,11-diene?i4)C1:!]+ (27), in the absence of air, gives the cobalt(I1) 

(28) 

(27) 

canplev of the dimer (28) which may be osidised by air to the corresponding 

cobalt(II1) cc.npleu [229]. 

A variety of kinetic studies have been accanplished with macrocyclic 

ccbalt(II1) canplexes. The acid catalysed decarboxylation of cis-[Co(cyclen)(C03)]+ 

has been studied in detail [230]. This reaction is subject to a deuterium solvent 

isotope effect kno/~20 = 2.1, consistent with a mechanism involving rapid pre- 

equilibrium protonation of the canplex, followed by a slow rate-determining 

ring opening of the carbonato ring. Evidence has been presented 12311 in 

support of a concerted E2 mschanisn for the base hydrolysis of cis-[CoClz(cyclen)]+, 

in which cleavage of the N-H and Co-Cl bonds occurs synchronously to give a five 

coordinate intermediate without the intervention of a six-coordinate conjugate 

base. The possible occurrence of the E2 nechanisn for a variety of other 

diacid*cobalt(III) canplexes of tetra-aza macrocycles has been considered [232]. 

The activation volumes for aquation of [CoL(Na)X] (L = C-mesa-5,12-dimethyl- 

1,4,8,11-tetraazacyclotetradeca-4,ll-diene (29); X = Cl or Br) have been determined 

U -=CH, 

(29) 
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[233]; AV* = +8.3 cm3 ml-l (X = Cl) and Ati = +5.3 cm3 ml-l (X = Br). The 

observed positive AV' values are consistent with a dissociative mechanism and 

differ mrkedly from reported negative AV* values for equation of [Co(Nii3)5X]2+ 

ions. 

A series of dimsric mstalloporphyrin molecules have heen prepared, in which 

the two porphyrin rings are constrained to lie parallel to one another by tl\o 

amide bridges of varying length $%hich link the rings together. Such porphyrins 

have been applied to the surface of graphite electrodes and tested for catalytic 

activity towards the electro-reduction of dioxygen to sater. CMy the dicobalt 

canplex gave a catalysed reduction to water, other metal Porphyrins gave mainly 

H202 [234]. 

Chiral cobalt(II1) canplexee of hexa-aza macrocycles have been described in a 

recent thesis [235]. The crystal structure of (-)sas-[Co(hH3)(gly)(1,4,7- 

triazacyclononane)]120_84H~0 has been determined [236]. The preparation of 

perchlorate salts of cobalt(II1) porphyrins have been described and their 

reactions with vinyl ethers investigated [237]. 

The preparation and properties of mer-trimethyltris(dimethylphenpl- 

phosphine)cobalt(III) have been described [238]. This can~leu is conveniently 

synthesised by the reaction of [CoMen(acac)(hIe,PhP),] with a slight excess of 

MeLi in EtzO. The canplex [CoPhz(acac)(PEtj)2] has also heen prepared [239]. 

The reaction of CHpSH or HIS with the binuclear dihydroxwbridged complex 

[(triPhos)Co(u-CH)2Co(triphos)] and, in some cases, a suitable redos agent 

gives the dinuclear sulphur-bridged canplexes [(triphos)Co(u-SCB3)2Co(triphos)]2~ 

and [(triphos)Co(u-S)zCo(triphos)]0'1+'2+. The structures of these ccmpouncis 

have been determined by X-ray analysis 1240). Substitution, alkyl transfer and 

thermal-decanpo sition reactions of [(~s-cp)cO(PPh~)(cH,)2] have been studied in 

detail [241]. An X-ray photoelectron spectral study of cobalt nitrosyl 

complexes of diars identified a linear relationship betwen wNo and the N 1s 

binding energy [242]. 

The preparation and resolution of the fat-tris(2+minoethyldimethyl- 

phosphine)cobalt(III) canplex has been described and the absolute configuration 

of the (+)583-isaner determined by X-ray analysis [243]. 

4.2.6 Bioinorganic aspects 

A comparative kinetic study of the electron-transfer reactivities of the 

oxidants [Co(phen),13' and [co(ox)~]~- with a series of metalloproteins (Cur- 

stellacyanin, horse heart ferrocytochmne c, Cu'-plastocyanin, ferrocytochrane 
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c-551, Cu'-azurin and reduced HPIP) has been made [244]. The reactivity ratio 

krCo(phen),]3+/k[Co(ox),]3- provides a quantitative amsure of the accessibility 

of the metalloprotein active centre to outer sphere contact with r&ox reagents. 

An isokinetic relationship has been observed in the oxidation of Cu'-stellacyanin 

by a variety of cobalt(II1) complexes [245]. While AH* and A8* showmarked 
variations, the rcxm temperature rate constants (3.6-34.5 f4-l s-l) are relatively 

constant, as expected fran Marcus theory for outer sphere electron transfer. 

Selective intemolecular transfer of the nitrosyl group from cobalt nitrosyls 

to haemoglobin or myoglobin has been studied [246]. The interactions of the 

ccw~lex ions [cO(~3)5(~2)13+, srans-[Co(en)2C12]+ and [Co(tren)(CH2)2]3* with 

the potential ligands adenine, cytosine, adenosine, cytidine and Zdeoxyadenosine 

have been investigated spectroscopically [247] and sane evidence-for complex 

formation was obtained. 

Cobalt(II1) has been used recently to probe the active sites of enzymes. Thus 

cobalt(III)-bovine carbonic anhydrase B and cobalt(III)-bovine pancreatic 

carboxypeptidase A have been prepared and shown to be diamagnetic, suggesting 

that the cobalt(II1) ion is octahedrally coordinated. The visible spectra cf 

cobalt(II1) carbonic anhydrase and its [N3]- and [X0]- substituted derivatives 

have been determined [248]. The energy of the lowest energy - band can be 

predicted using Jgrgensen's rule o f average environment and so can be of value 

in identifying the ligands bound to cobalt(II1) in the active site of same 

enzyms. 

G-Z-7 MisceZ Zaneous r;opics 

'%o has received considerable attention fran the early days of NMR spectros- 

copy and is now a useful method of investigating diamagnetic cobalt(II1) 

ccmplexes. -Co is 100% abundant and is among the top six nuclear species for 

ease of detection. The nucleus has a nuclear spin I = 7/2 and a quadrupole 

mxnent of 0.4 x 1O-28 cm2. A quadrupole nrment of this intermediate wtude 

makes 5gCo linewidths sensitive to electric field gradients at cobalt and hence 

to the symnetry about the cobalt atan. Departures fran strict octahedral 

symnetry cause line broadening which can also be useful for detecting subtle 

variations in structure. Cobalt-59 NMR spectroscopy has beeu the subject of 

an excellent review [8]. Juranic and comrkers [249] have investigated the 

5gCo chemical shift in the NMR spectra of 30 cobalt(II1) cmnplexes and the 

results have been discussed in terms of ligand field theory_ A linear relation- 

ship between =Co resonant frequencies and the longest wavelength d-d transition 

in octahedraI cobalt(II1) is expected and nephelauxetic effects in the inter- 

pretation of "Co resonant frequencies in cobalt(II1) complexes have been 

studied [250-j. 
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The cobalt(II1) complexes [(nS-C~H~)Co(L)(ArN~Ar)]+ (where L = PEtX, PPh3, 

P(onie)X, or P(OPh)s and ArNSAr = a diary1 triazenido anion) can be reduced 

electrochemically to the corresponding neutral cobalt(I1) species [251] and the 

syntheses and properties of the above cobalt(II1) complexes have also been 

described [252]. 

4.3 coBALT(I1) 

r. 3. I CompZexes with oxygen or srcZphur donor Zigmds 

1.3.1.1 Owgen Zig&s 

Interesting hetero-metal tetranuclear canplexes of type (30) have been prepared 

(30) 

for hi = Co(I1) or Ni(I1) [253]. A strong antiferranagnetic spin-exchange 

interaction is operative between the copPer(I1) and the cobalt(I1) or nickel(I1) 

centres. Cobalt(I1) propanoate or butanoate react with L (L = pyridine il-oxide. 

3-methylpyridine &oxide or quinoline U-oxide) in methanol, to give the 

corresponding solid [GD(O~CR)~L]~ cunplexes which exhibit low magnetic moments 

at roan temperature [254]. A large number of canplexes of pyridine ligands with 

different cobalt(I1) aryl carbodxylates have been prepared and shown to have the 

~~~~s-[C~(O~CC~H,R)~L~] structure [255]. Kinetic studies of the reaction of 

cobalt(I1) with malonate, malate, or glycolate by the pressure shock technique 

have been reported [256], as have temperature-jump studies of the reaction of 

cobalt(I1) with salicylic acid [257]. Bis(brarrrnalonato)cobaltate(II) has been 

prepared by branination (Brt or N-branosu ccinimide) of the corresponding 

malonato canplex suspended in an organic solvent [258]. Branination OCCLWS at 

roan temperature without metal-rnalonate bond cleavage. 

The crystal structure of diaquabis(phenoxyethanoato)ma.ngariese(II) has been 

determined [259], and the complex v.as found to be isanorphous and isostructural 

with the cobalt(I1) derivative. The synthesis and properties of 

[co{ccH(cM+),~,] have been described [260] and the methyl metbylphenylphosphinate, 

MePh(WO)PO, canplex [CoL4(oC103)][C104] has been characterised 12611. The 

cobalt(I1) ccmplex of 2'-hydroxy-3'-brano-4-methoxy-5'-xnethylchalkone oxime has 

been synthesised, and its magnetic susceptibility shown to follow the Curie-Weiss 
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law, with the observed temperature dependence taken as indicative of an octa- 

hedral stereochemistry [262]. Cobalt(I1) canplexes CoLz.nB (where L = 2-hydroxy- 

5-X-crotonopheuone; X = H, CK-J, or Cl; B = Hz0 or pyridine; )? = O,l, or 2) have 

been reported 12631. Heterocyclic base adducts of cobalt(I1) chelates of 
acetoacetauilide [264] and isotropic 'H NbR shifts of adducts of bis(B_ to- 

ketoesterato)cobalt(II) complexes have been investigated 12651. The crystal 

structures of hexa(J-methylurea)cobalt(II) sulphate and thiosulphate [266] and 

of mercury(I1) tetrakis(thiocyanato)bis(dimethylfomamide)cobaltate(II) [267] 

have been published. The thermodynamics of the synergic extraction of cobalt(I1) 

by thenoyltrifluoropropanone and tertiary amine ligands [268] and formation 

constants for the cobalt(II)-Shydroxy-1-naphthaldehyde system in dioxan+\mter 

12691 have been reported. Tetrahedral and octahedral cobalt(I1) occurs in 

hexaaquacobalt tetrachlorocobaltate-18-crown-6-propanone 12701. 

A large number of studies have appeared dealing with cobalt(I1) cunplexes of 

@-diketones including: adducts of uni- and bidentate imidazoles and norpholines 

with Co(acac), 12711; reactions of a variety of chelating ligands with 

Co(acac)l [272]; an hTbIR study of outer-sphere coordination of CHCl3 and C&C12 

by [Co(acac)z(py)z] [273]; thiourea and picoline derivatives of Co(acac)l [274]; 

a themchemical study of adducts of Co(acac)z with Lewis bases [275]; cobalt(I1) 

complexes of arylhydrazopentane-2,4-dione 12761; configurations of bis l-(4- 

substituted phenyl)-1,3-butanedionato cobalt(I1) caaplexes [277]; studies of the 

cobalt(I1) canplex of 4,6-dihydroxycoumaran-3-one [278]. Investigations of 

carboxylato canplexes of cobalt(I1) include: the determination of the crystal 

structure of bis(4_aminobenzoato)tetraaquacobalt(II) [279]; adducts of 

cobalt(U) baloethanoates with pyridine, quinoline, or isoquinoline [280]; 

mixed ligand canplexes of bis(ethylmalonato)cobalt(II) with picoline or 

quinoline 12813; adducts of cobalt(II)-chloroethanoates with quinoline &oxide 

[282]; mixed dmso-ethanoic acid solvates of cobalt(II)-ethanoate [283]. Other 

studies have dealt with hydrates and tertiary amine complexes of cobalt(I1) 

trifluoranethanesulphonates [284] and investigations of octahedral=tetrahedral 

equilibria in aqueous solutions of cobalt(I1) at high temperatures 12853. 

Complexes of D-glucose with cobalt(I1) in aqueous solution have been studied by 

1NblR techniques 12861. The crystal structure of [Co(H20)6][8nF3]2 has been 

determined [287]. 

6.3.1.2 Dioxygen complesos 

There has been considerable interest in the interaction of dioxygen with 

various cobalt(I1) complexes. Oxygenation is usually viewed as a reversible 

internal redox reaction, in which cobalt(I1) is formally oxidieed to cobalt(II1) 

and the O2 formally reduced to peroxide, [O,] 2- , (in 2:l canplexes) or super- 

oxide, rd, ion (in 1:1 cunplexes)_ The u-peroxo-canplexes are generally mre 
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stable and preferred, unless inhibited sterically or if low temperatures or non- 

aqueous solvents are employed. A second (u-hydroxo-) bridge is rapidly formed 

in aqueous solution whenever a site cis to the dioxygen bridge is readily 

available. 

The reactions of dioxygen with sane cobalt(I1) complexes of rnacrocyclic 

tetra-amine ligands have been studied: all these ligands wzre saturated, 12-, 

13- or14rwmbe red ring systenr; and the ring size was found to strongly 

influence the stability of the oxygenated products. The 12- and 13+nenbered 

rings stabilised the [(CoL)2(02)(CH)]3c canplex, whilst the 14-manbered rings 

(cyclam (31) and isocyclam) formed [(COL)~(O~)]~+. As cunpared with linear 

(31; cyclam) 

tetramine systems, the macrocycles increase the [coL]~' stability, lower the 

02 affinity of the cunplexes, and decrease (by ca. 102) the overall rate of 

02 uptake 12881. Cobalt(I1) qlexes of the tw 16-msnbered macrocycles, (32) 

and (331, are oxygenated at pH--5 to form the corresponding u-peroxo-bridged 

cNH “.> NH HN 

U 
(32) (33) 

complex IwoL)zo214+. Canprisons with cyclam, (31), suggest that the fifth il or 

0 donor atom appreciably pronotes the rates and equilibrium of O2 uptake. This 

effect is particularly marked with the /; donor. The reaction of 

~coccYclanl)(chI2) 212+ or ICo([151am%)(C&)212+ with O2 gives the corresponding 

u-peroxo ccmplex [{(H20)Co([n]aneNI,))2~2] (n = 14 or 15). This reaction occurs 

in two stages and the initial stage involves the generation of a very reactive 

1:l adduct. The [14]aneX1, {i.e. cyclam, (31)) canplex is low spin whereas the 

[15]aneN, cunplex high spin, but these different spin states do not appear to 

have a marked effect on the reactivity [290]. 
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Bleanycin is an antitmmur antibiotic \%hich is currently employed clinically 

for the treatmznt of variols lymphams and carcinanas. Bleanycin is a glyco- 

peptide and ferns stable con@exes with many divalent (Cu(II), Zn(I1). cO(II), 

and Rg(II)} and trivalent {Ga(III) and In(II1)) ions. The structure of the 

antibiotic is shown in (34). Anaerobically, Co(I1) forms a stable complex with 

OCN”2 NH2 

L&NH2 

OS 
+R 

(34) 

bleanycin, but addition of 02 leads to formation of a dioxygen adduct which is 

unstable and decccrposes to give a Co(III)-bleanycin canplex [261]. Spectral 

data suggest that cobalt-bleomycin has similar binding sites to that of 

copper(bleanycin, that is the N(1) of the imidazole group, the N(1) of the 

4aminopyrimidine group, the amino group of the a-aminocarboqamide, and the 0 

atom of the sugar carbcc~yl group. Sugiura [292], on the basis of EPR studies 

has suggested that Co(II)-bleanycin is a low spin square pyramidal cobalt(I1) 

canplex, with the (dX,)2(dY,)2(dXY)2(dzz)2, configuration. These results also 

suggest a new type of ligand environment for the monaneric bleanycin~hzClt(II)- 

dioxygen adduct (35) and the depyruvamide -bleanycin cuqlexeswith an axial 

base (B) (36). 

The decanposition of cobalt-dioxygen axnplexes of three aipeptides has bean 

studied and selective oxidation of the N-terminal amino acid residue occurs in 
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sugar -0 (35) 0 

sugar -0 0 

(36) 

the presence of 02 12931. Ligands with trm mltidentate moieties separated by 

a rigid bridging group, such as 1,3- or 1,44imethylenebenzene, are of consider- 

able interest for the fomtion of binuclear complexes capable of the biscoord- 

ination of suitable bridging ligands. Therefore, the reaction of (37) with 

H2NCH2CH2 

>-CH2+CH2-N<cH2cH2NH2 

H2NCH2CH2 CH2CH2NH2 

(37) 

(38) 
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cobalt(I1) and 1,2--diaminoethane in the presence of 02 gives the interesting 

peroxobridged complex (38) 12941. !lartelland cowrkers 12951 have found that 

the primary factors governing the stability of the cobalt(II)-dioxygen bond 

those that increase u-donation by the ligands to the cobalt, with a-bonding 

effects having little or no influence. There is a good linear relationship 

between log Xo, and ZpX of the ligand donor groups. The crystal structures 

ii,‘. ** '~'-ethpleneb~s(3-~-butylsalic~~lideniminato)cobdLt(II) and its monaneric 

dioxygen adduct with pyridine as the axial base have been determined [296]. 

are 

of 

Resonance Raman spectra have been measured for the dimeric oxygen adduct 

[fXo(sallen)j202] (where 3 = py, pyN0, or dmf): the O2 and Co0 stretching 

vibrations of these canpounds are in the ranges 910-668 and 542-535 cm-', 

respectively [297]. Themndynamic measurgnents for the binding of 02 to native 

myoglobins and their cobalt analogues have been discussed 12981 and resonance 

Reman lvork has dealt with the dioxygen adducts of the cobalt(I1) complex of the 

Schiff base (39) [299]. Llolecular-orbital studies of dioxygen activation by 

cobalt(I1) complexes [300] and of the coordination of ciioxygen in monaneric 

cobalt(I1) complexes [301] have been published. 

Interest continues in Schiff base complexes of the salzen type with cobalt(II) 

as oxygen carriers. The preparation of 3-fluoro-2-hydroxybenzaldehyde and its 

condensation product with l,Zdiaminoethane, to give a substituted salzen ligamd 

ishich was then canplexed with cobalt(II), have been described [302]. Other 

studies have dealt with the effect of remote substituents on dioxygen carriers 

of the Co(acaczen) type [303], the equilibrium and kinetic parameters for 

oxygenation of Co(sal2en) [304], and a study of the degradation of a cobalt(II)- 

fluorosdl;en complex during oxygenation and deoxygenation cycles [305]. 

Oxygenation of [Co(phen)2]2+ [3061 and [Co(phen)(gly)]+ 13071 have been reported. 

Also, studies of the reversible addition of dioxygen to mixed ligand cunplexes 

of cobalt(II) with nucleotides and histidine [308], and an FPR study of the 

association of 02 with tetraphenylporphyrincobalt(I1) 13091 have been published. 

A recently published thesis has discussed some cobalt-dioxygen cumplexes 
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[310] and the cobalt(I1) canplex of I1,IP-bis(2-thiofoxmyl-2-phenylvinyl)tri- 

me;hylenediamine has been found to act as an 0~ carrier 13111. The interesting 

xork on cobalt(I1) ca@exes of "dry cave" macrocycles. which act as extremelv 

efficient O2 carriers, is discussed in Section 4.3.3.2. 

G.3.1.3 Su Zphurcimsaining Zigands 

Cobalt(I1) and nickel(I1) form ca@exes [biLL2X2] (X= Cl,Br, or I; L = 2- 

methylthioethanol), [LIzL'~x~] (L' = 2+nethylth%ethanethiol), and [M_,"X,] (L" = 

di-(2+nethylthioethyl)disulphide), and their probable structures have been 

proposed on the basis of spectral and magnetic data [312]. The tetradentate 

"tripod" ligand tris(2-benzothiazolylmethyl)amine (40; ntbt) has been found to 

(40; ntbt) 

form trigonal bipyramidal cations [Co(ntbt)X]+ (X = Cl or.Br) in the cunplexes 

[Co(ntbt)X][aPh4].2M3CN.JcHzO, [Co(ntbt)X][CoX3(~,~:)].CH,~, and 

[Co(ntbt)Br]z[CoBrl,].~~On.l.5 EtOR whereas pseudo~ctahedral structures exist 

in the solid state in all of the other systars investigated [313]. The crystal 

structure of dichlorobis(2,2'-thiodiethanol)cobalt(II) has been determined. 

The cobalt is six-ccordinate with the tlro chlorine atoms occupying the t~zw- 

apical positions, and each thiodiethanol molecule is bonded to the cobalt 

through a sulphur EF(Co-8) = 2.508 A] and an o?rygen atan EF(Co-0) = 2.066 A> 

13141. 

The influence of cobalt(I1) chloride on the proton chemical shifts of 

imidazolidine-2-thione (41) and its U-a-one- and N,II'-dialkyl-substituted 

RN NR' 

\/ 
S 

(41) 
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derivatives have been studied in CD&D and C13Z13 mixtures and changes of the 

chmical shifts (and in the IR spectra) are indicative of S-coordination to the 

metal 13151. IR and F&man spectra of bis(imidotetraphenyldithiodiphosphino- 

N.!I’)cobalt(II) (42) have been obtained [316]. Treatment of CoX2 (X = Cl,Br,I, 

(42) 

or [BF,,]) with (41; R = R' = Me or Et) gives the canplexes [cOL2X2] (X = Cl,Br 

or I) and CCQL~IC~F~I~ C3171. Their NMR and IR spectra show all of then to be 

S-bonded to the meml atan. Electronic spectral and magnetic measureme nts are 

consistent with a tetrahedral stereochastry about cobalt 13151. The cobalt(II) 

complex of 2-aminc+5(2-hydroxyphenyl)-l,3,4-thiadiazole (43; R = OH) has been 

Q ’ ‘2&” - 2 
1 

R 

(43) (44) 

prepared and shown to be six-coordinate [318]. Mixedpyridinecuuplfzxesof 

(43; R = Ii) with cobalt(I1) sulphate have also been characterised [319], as 

have a number of cobalt(I1) canplexes of 2,4-di.mercaptc+s-triazol*[4,3-b]- 

1,3,4-thiadiazole 13201 (one tautaner of this latter ligand is shown in (44)). 

*H NMR spectroscopic studies of cobalt(I1) canplexes of benzothiazole and 

substituted benzothiazoles indicate large isotropic shifts 13211, and all the 

canplexesarelabileandpartiallyd issociated in ethanenitrile solution. 

Canplexes of cobalt(I1) with substituted Zamino and 2-acetylamino thiazoles, 

with the stoicheianetry CoL2C12, have been characterised [322]. Cunplexes of 

4,6-dimethylpyrimidine-sthione with cobalt(II), with the stoicheianetry 

CoLzXz (X = Cl or Br), each exist in i saxxzric forms: blue, containing tetrahedral 
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[C&2] units involving N/S chelation; and green in which the metal is in a 

distorted octahedral environment 13231. Isomerism of this type was not found 

for the cmbalt(II) halide canplexes of 4,8-dimthylpyrimidine-Z-one or l- 

methylpyrimidine-a-one. The crystal structure of CoL, 5C12 (L = methyl 2- 

methyldithiocarbazate) has been determined 13243. The'cunpound consists of 

octahedral [CoLKl,] units, in which the two L molecules act as chelating ligands, 

and free disordered L wlecules. 

A range of metal thiosulphate cunplexes of the type [MLn(S205)]"+ (M = Ni(II), 

cO(I1) or WIII); L = a nitrogen donor ligand) have been prepared [325]. 

Bis{(propythio)ethanokobalt(II) hexsmer has been found by X-ray analysis to 

have a structure in which the six cobalt(f1) atan form a ring in a boat confor- 

rnation which is bridged by the ligands [326]. Sulphur base ligation to 

cobalt(I1) porphyrins has been investigated 13271, and the cobalt(II)-thianalate 

cunplex studied in solution [328]. Thennograviroetric investigation5 of the 

decaqosition of cobalt(I1) and other metal(I1) dithiocarbamates has been 

studied f329]. The crystal structure of dichlorobis(pyridinium-Z-thiolate)cobalt(II) 

has been published f3301. Other investigations involving sulphur containing 

ligands and cohalt(I1) include: the synthesis and characterisation of polymeric 

complexes of terephthaldehyde bis(4qhenylthiosemioarbaone 13311; the prepar- 

ation of canplexes with &aminovinylthiones [332]; mixed ligand thiocyanato 

canplexes 13333; canplexes with thiophene-2-carboxylic acid hydraside [334]; 

and thiossnicarbazide cwplexes 13351. 

4.3.2 ConipZexes with oxygen-nitrogen donor Zigands 

Cobalt(II) con~lexes of tetrametbylethylenediaminetetraacetate 13361 and 

ethylenediaminetetraacetamide 13371 have been prepared and characterised. Other 

cobalt(II) canplexes prepared involve the ligands 2-carbethoxypyridine(ethy1 

picolinate) [338], and 3, or Ppyridinecarboxylic acid N-oxide (3391. Unsynmetrical 

ligands, derived from salicylaldehyde and 1,3+iiarninopropane with either pyridine- 

2-carbaldehyde ~45) or pyrrole-2-carbaldehyde (461, have been used to prepare 
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- 
(46) 

cmbalt(I1) ccmplexes 13401. Dicobalt(I1) canplexes of three binucleating Schiff 

base ligands have been prepared, and shown to be readily oxidised to their 

dicobalt(II1) analogue 13411. Cobalt(I1) umpleses of sane heterocyclic Schiff 

bases, derived from hyciroxy aranatic aldehydes (salicylaldehyde, Phydros* 

benzalclehycie, or vanillin) and 2+minopyridine, have also been character&A 13421. 

Cobalt(II)-manganese(II)-cobalt(I1) trinuclear complexes have been synthesised 

by the reaction of N,iP-disalicylidenealkanediaminatocobalt(II) and a mnga.nese(II) 

halide in a 2:l mole ratio. Antiferranagnetic spin exchange interaction operates 

betwaen the low spin cmbalt(I1) and the high spin manganese(I1) ions [343]. 

Cobalt(I1) (and cobalt(II1)) complexes of Schiff bases derived from hydrazinf+S- 

methyldithiocarboxylate and thiosrmicarbazide have been studied [344], as have 

cobalt(I1) complexes of the potentially dianionic tridentate Whiff bases, 

ii-(O-hydraxyphenyl)-5.6benzosalicylideneimine and its isaner N-(O-hydroxy-5,6 

benzophenyl)-salicylaldimine 13451. EPR studies of axial ligation to cobalt(I1) 

con@exes of some oxo-, thio- or Seleno-Schiff bases have been published [346]. 

The interactions between the t3-quinolinol group of the chelating ion- 

exchange resin Spheron oxine 1000 and cobalt(I1) (and a variety of other divalent 

metal ions) have been studied by ERR and electronic spectroscopy 13471. 

Metal induced enolisation of I$-acetylpyrasole in the presence of divalent 

cations, including cobalt(II), has been observed [34S] and the enolic ccmplexes 

isolated. Cobalt(I1) qlexes of anti-2-furan carboxaldoxime have been 

prepared 13491. XYR studies of the configuration and ligand rearrangement in 

canpleses of coba.lt(II) with diethylenetriaminepentaethanoic and triethylene- 

tetraminehexaethanoic acid have appeared 13501, and cobalt(I1) complexes of 

methylene bis(l.l-dicyano-2.2'~ditwthylethyl)acrylate have been studied [351]. 

The results of kinetic investigations of the forward and reverse reactions 

0f ]R~(NH~)~L]~+ + rc0(edta)12-=b(m, ),L]~+ + [Co(edta)]- (L = py or 4,4'- 

bipy) [352], and the reaction of H202 with Z(2-hydroxyethyl)ethylenediaminetri- 

acetatocobaltate(I1) 13531 have been published. 

Diethanolamine cuaplexes of cobalt(I1) and other divalent metal ions have 

been characterised 13541 and the crystal structure of triethanolamine cobalt(X) 
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branide has been detexmined [355]. The results of a number of investigations 

connected with &ethanoic acid type ligands have been published, including, the 

crystal structure of disodium bis(iminodiethanoato)cobaltate(II) heptahydrate 

[356] and the preparation of cobalt(I1) canplexes of hexamethylenediaminetetra- 

ethanoate [357], tetramethylpyrrolidin-l-o~~l-3-amino-fl,il-diethanoic acid [358], 

If]-(carbmmylmethyl)iminodiethanoic acid and Z-(2-carbceoylethyl)iminodiethanoic 

acid [359], and DLA(2,3-dihydroxypropyl)-N-carboxymethylaminoethanoic acid 

[360]. Cobalt(i1) canplexes of amides reported this year, include those of 

dicyanadiamide [361], malonamide 13621, benzamide [363], the rrpnoamides of 

maleic and phthalic acids 13641 and hydrazodicarbonamide 13651. Cobalt(I1) 

can@exes of glutaric and adipic dihydrazides have been prepared [366], as have 

those of isonicotinic acid hycirazide [367]. 

Other investigations of the chemistrg- of cobalt(I1) include; the preparation 

of canplexes of 3-pyridinealdehyde [368], studies of the thermodynamics of the 

interaction of cobalt(I1) with Z-phenyl-2-furohydroxamic acid and its analogues 

[369], the isolation of canplexes of 5-methylpyrazole-3-carboxylic acid 13701 

and 3(2'-furoyl)-2-cyanoethyl crotonate [371], thermodynamic measurements of 

the interaction of cobalt(I1) with 2-(&a-furfuralideneimino)benzene sulphonic 

acid [372], and an XAlR study of the complexing of cobalt(I1) itith substituted 

Znaphthoquinonediazide [373]. 

Schiff base complexes of cobalt(I1) aliiays attract considerable attention 

and developments in this area include: the investigation of canplev formation 

with Schiff bases derived from sulphamethoxypyridazine [374]; canplexes of 5 

phenylazosalicylideneaniline [375]: the isolation of canplexes with iI,::“- 

hexamethylene bis(2,5dihydroxyacetophenone_propiophenone- or benzophenone) 

13761; binuclear cobalt(I1) canplexes with i!-(3-carbosalicylidene)amines [377]; 

EPR studies of asial ligation of la+spin cobalt(II)-Schiff base ccxnplexes 

[378]; preparation of canplexes with the Schiff base derived from 2-hydroxy-5- 

methylacetophenone and 4-toluidine [379]; the interaction of cobalt(I1) Schiff 

base complexes with aranatic nitro canpounds [380]; determination of the 

fooaation constant for the interaction of cobalt(I1) with salicylidene-2- 

iminopyridine 13811; investigation of the complex with the heterocyclic Schiff 

base hydroxybenzylidene-2-amino-4-phenylthiazcle [352]; studies of the reaction 

of cobalt(I1) with semicarbazones of salicylaldehyde, cinnamaldehyde and 

diphenyl ketone [383]; the formation of adducts of oxygen-, sulphur-, selenium-, 

tellurium-, nitrogen- or phosphorus-bases with a planar low-spin cobalt(I1) 

complex of phenylenebissalicylideneiminate [384]. 

4.3.2.1 Amino-acid, peptide and protein ligands 

Potentianetric studies of complex fomtion between cobalt(I1) and di- and 

tetrapeptides containing tyrosine and glycine residues have been published 13851 
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and selective oxidation of the N-texminal amino acid residue of cobalt(II)- 

dipeptides in the presence of 02 has been noted [293]. The cobalt(II1) cunplex 

of the cycloserine derivative, N,,1V&tereftal-bis(cycloserine) ("Terizidone") 

(47) has been prepared and characterised [386] as have a variety of cobalt(I1) 

(47) 

cunplexes of N-acetyl-DL-leucine 13871. Binding of cobalt(I1) to glycyl-G 

tyrosine has been studied by potentiaaetric techniques and amide proton 

ionisation at high pH was observed [388]. Serum albumin is known to bind 

several divalent metal ions at the amino terminus of the protein and tm peptide 

analogues of the amino terminus of hums al~n,.G~~ala-Ghis-N-methyl 

amide and gly-gly-I&is-&methyl amide, have been prepared and their interaction 

with cobalt(I1) (and zinc(II>> studied potentianatrically. Although cobalt(I1) 

is a valuable tool for the study of zinc(I1) interaction with apoenzymes, it 

is considerably less useful as a zinc(I1) mxiel with snail peptide mlecules 

[389]. 

IH NMR spectra of cobalt(II) cuuplexes with potentially tridentate amino 

acids (Lser, L-thr, L-4hydroxy-pro, DLarg, L-citrulline, IL-lys, L-& 

asparagine, and DL-orn) have been determined in an attanpt to define the metal 

binding sites [390]. Parameters affecting the stability of nitrosyl cobalt 

canplexes, obtained by reacting NO with cobalt(II)-amino acids, have been 

investigated 13911 and the-influence of amino-acid side chains on the effective- 

ness of NO binding has also been studied 13921. Ternary canplex formation 

between cobalt(II)-pyridoxaxnin e andsane amino-acidshasbeeninvestigated 

potentianetrically 13931, and the kinetics of CO binding to cobalt hybrid 

haerrpglobins have been studied [394]. 

In an attempt to model the site characteristics of a metalloprotein the 

synthesis and characterisation of Yr1(N2S)(SR) cunplexes (Y = Co or Cu) have 

been studied, as synthetic approximations of the active site in poplar 

plastocyanin. The (N2.5) ligand involved was hydrobis(3,5_dimethyl-1-pyrazclyl)- 

(S-4-toluenethiolato)borate (48) [395]. The canplex cation [CoEtris(3,5- 

dimethyl-l-p~lylhyl)amine)HzO]2+, containing the tripod ligand (49) has 

been prepared as a model for metalloenzymes containing bipositive zinc(II) 
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chramphores with a water molecule in the coordination sphere [396]. 

The electronic spectrum of cobalt(I1) bovine and human carbonic anhydrase B 

has been recorded as a function of pH and the results discussed in tems of the 

acid-base equilibria of the cobalt(I1) enzyme [397]. The interaction of 

cobalt(II) bovine carbonic auhydrase B and the hydrate of trichlomacetaldehyde 

has been investigated as a function of pH by Fourier transform NMR spectroscopy 

13981. Spectroscopic studies on cobalt(I1) metallothionein provide evidence 

for pseudo-tetrahedral metal coordination 13991, and evidence for the binding of 

cobalt at the cmpper(I1) binding site of copper-free superoxide dismtase has 

been obtained [400]. The coordination geaaetry about the mtal in the ternary 

cuaplex of cobalt(I1) bovine carbonic anhydrase and 2-pyridinecarhoxylate has 

been discussed [401] aad the interaction of bovine cobalt(I1) carbonic anhydrase 

with pyridine-2,6-dicarbo.xylate, and other chelating ligands, have been studied 

[402]. The bindirig of cobalt(I1) and other metal ions to plasma proteins has 

heen investigated [403]. 

The nature of the interactions of cobalt(I1) with a number of amino acids in 

aqueous solution have been investigated. These include Co(II)-imidamle 

canplexation [404], the formation of Co(II)-histidine-phenylacetohydroxamic acid 

ternary cunplexes 14053, Co(II)-A-benzenesulphonyl-Lcysteine interactions 14061, 

the fomation of Co(II)-Glysine canplexes, studied by NMFf spectroscopy [407], 

Co(II)-sarcosine dithiocarbamate interactions [408], interactions of Co(I1) with 
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oxidised glutathione 14091, and the foxmation of Co(II)-histidine canplexes [410]. 

A thesis dealing in part with Co(aminoacidate);! canplexes, has been published 

1113, and potentianetric and spectrophotawtric investigations of the interaction 

of cobalt(II), or other divalent metal ions, with G&phenylalanine carried out 

[412]. Mixed ligand complexes of cobalt(I1) with histidine and heterocyclic 

bases have also been prepared [413]. 

4.3.3 Compleres uisiz G?OLCD VB donor ~iga?IdS 

4.3.3.1 ?htrogen ligands 

Adenine 3(l)-oxide (50) complexes of cobalt(II), nickel(I1). and COPper 

have been prepared [414]. The cobalt(I1) complex CoL~(C10~)~.2AleoH has, fm 

IR data, been ascribed one ionic and one mncdentate [ClO,]- group. A series 

of bl(purH)z[C10~]2.3H20 (PI= Bln,Fe,Co,Ni,Cu, or Zn) cunplexes with the neutral 

purine (51; purx), presumably protonated at N(7), have been synthesised by the 

reaction of the l&and and a metal salt in ethanol/triethyl orthoformate 

solution [415]. The syntheses of l,l-dipyrazoylcycloalkane (52) canpkxes of 

V 0 

(52; n = 1.2 or 3) 

mbalt(I1) have been described [416], and [EtsP]+ - and.nitrx+substituted 

pyridine and 2,2'-bipyridine canplexes of cobalt(U) have been prepared and 

their pK values and redox potentials determined.[417]. 

The cqlex [(~'-C5H5)CO(PPh3)(RNsR)], containing a triazenido ligand, has a 
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spin state of 1 [418]. The new tripod ligand, tris(3,5dimzthyl-l-pyrazolyl- 

methyl)amine (49). has been prepared and the cobalt(I1) complexes [CoLX][BBhb] 

(X = Cl,Br,I, or NCS) and CoL(N03)t have been characterised. These cobalt 

complexes appear to have a coordination geometry intermediate between trigonal- 

bipyramidal and tetrahedral [419]. A cobalt(I1) cmplex of 4-methylpyrazole 

has been shown to contain the bidentate pyrazolate ion 14201 aad a variety of 

3- or Ppicolylamine ccxnplexes of cobalt(I1) have been prepared and their 

physical properties studied [421]. 

The complex [Co(tpt)z]2' (tpt = 2,4,6-tri-(2-pyridyl)-1,3,5triazine (53) is 

(53) (54) 

reported to react with hydroxide ion in aqueous solution to form a "pseudo-base" 

species, prior to dissociation of a ligand mlecule, and the kinetics of 

"pseudobase" formation have been monitored [422]. The ccmplev [Co(tpt)(OR)3]- 

is also reported to be attacked by [OH]- to form a "pseudobase" species, prior 

to hydrolysis to the carboximate complex (54) [423]. A determination of the - 

crystal structure of [Co(terpy)(NCO) ] has established that cobalt(I1) is five 

coordinate in this ccmplex, [424]. The electrochemical behaviour of a variety 

of cobalt(I1) complexes of phenyl substituted terpyridines has been investigated 

in sane detail [425] and ferromagnetic interactions in a cobalt(II) complex of 

1-(2-pyridylazo)-2-phenanthrol have been studied [426]. A variety of EPR 

investigations have been carried out on cobalt(I1) conplexes, including 

[Co(EtNHC'HnCB~NHEt)~X~] (X = Cl,Br,NCS, or NO,) and [C~(A~NK(~~I~~I~N)~(~O~)~] 

[427], dichlorc+tetrakis(pyridine)- and dichlorotetrakis(p~azole)cobal.t(II) 

[428], and a series of low spin cobalt(I1) canplexes with imine ligands [429]. 

Cobalt(I1) salts catalyse the autoxidation of 1,2-diaminobenzene in slightly 

basic solution. Deeply coloured metal cunplexes are formed during this reaction, 

suggesting the formation of intermediate radical or semiquinonediimide species. 

Cne of these canplexes, bis(1,2-benzoquinonediimide)(1,2-benzosexniquinonedi- 

imido)cobalt(II), has been isolated and its crystal structure determined [430]. 
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The crystal structure of [Co(&methylimidazole)~(tcf)~] (tcf = 2,4,6-trichloro- 

phenolate) has been detemained and the complex contains five-coordinate high 

spin cobalt(II) 14311. The kinetics of redox reactions between CCO((~J)SI~- and 

dicyano(porphyrinato)iron(III) cunplexes 14321 or 1,Pnapthoquiuone [433] have 

been studied. Other investigations include: the reaction of cobalt fluoride 

with hydrazine (4341; the determination of the activation volume for solvent 

exchange with [Co(CH3CN)~]2+ (AV* = ffi.7 cm3 nol-') [435]; the effect of chloro- 

form on the relative stabilities of [CoClp(py)~] and [cd312(py)+] cunplexes in 

solution 14361; a potentionetric study of Co(II)-aside canplexes [437]; the 

characterisation of new pentacoordinate mononit- cobalt cunplexes 14381. 

A number of potentianetric investigations have been published dealing with 

canplex formation betwzen cobalt(I1) and aliphatic or araratic diamines in 

solution; the ligands include N-methyl-1.3-diaminopropane [439], 1,3-diaminopropane 

14401 and 1,2diaminobenzene [441]. Sams 1,2-diaminoethane and diaminobenzene 

derivative of cobalt(I1) cyanates and asides have been characterised [442] and 

the induced optical rotation in cobalt(I1) complexes of l,l,l-tris(amino- 

methyl)ethane and cis,cis-1,3,5-triaminocyclohexane have been studied 14433. 

The syntheses of sane interesting tridentate ligands containing pyridine and 

imidazole have been described [444] and their zinc(I1) and cobalt(II) canplexes 

have been studied as models of the metal centre of carbonic anhydrase [511]. 

A variety of cobalt(I1) canplexes involving pyridine or substituted 

pyridines as ligands have been studied. These include the identification of 

cobalt(U) canplexes involving alkylpy-ridines [445], the formation of polynuclear 

canplexes betwen cobalt(I1) and 2-aminanathylpyridine (4461, linkage isanerism 

in [CO(PY)~(NCS)ZI, [CO(~M~PY)~(S(N)ZI and [c~(~py),(sc~)~I 14471, the deter- 

mination of the crystal structures of trans-[~o(py)~(NCS)2] [448], trans- 

[Co(py)1,(NCS)~].2CHI~ [449] and aquachlorobis(N-(2_pyridylmethylene)ailine~- 

cobalt(I1) nitrate monohydrate [450]. 

Three papers have appeared dealing with canplexes between 1,2,4_triazole and 

cobalt(II1); 3-amino-1,2,4_triazole and 4-amino-1,2,4-triazole have been used as 

ligands [451], and the crystal structures of a triazole bridged cobalt(II) 

canplex 14521 and of a bis(isothiocyanato)-bis-u-(l,2,4-triazole-N2,Nq)-cobalt(II) 

canplex have been determined [453]. Anionic triha_larPnoquinoline or isoquinoline 

ccbalt(II) canplexes have been prepared 14543 and canplexes of cobalt(I1) with 

piperazine have been studied [455]. The crystal structure of bis(3.5-dinethyl-l- 

phenylpyrazole)bis(isothiocyanato)cobalt(II) has been determined 14561, the 

cobalt(I1) canplex of 3,4,5-trimethyl-1-nitrcguanylpyrazole has been synthesised 

[4571, and an NMR study of the solution structure of cobalt(I1) canplexes of 

alkylpyrazoles has been published 14583. Other reports include the thermal 

behaviour of [Co(ox)(bipy)z] [459], the magnetic and spectral properties of 

cobalt(I1) canplexes of a substituted 4-arylazo-2-pyrazoiine-5-one 14601, and 



the synthesis of the cobalt(II1) complex of syn-thiophene-2-aldoxime [461]. 

4.3.3.2 Nitrogen nuzcrocycles 

A considerable volume of vmrk has been published this year on cobalt(I1) 
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canplexes of nitrogen macrocycles and the interaction of 02 with sune of these 

ccmplexes is considered in Section 4.3.1.2. 

Busch and coworkers have synthesised mcrocyclic cobalt(I1) canplexes of 

type (55) [462]. The bridge group R' provides a "dry cave" near the metal atan, 

(CHzl, (CH2), 

‘N N’ 
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which is intended to shelter small ligands frcm interaction with other cobalt 

centres or with solvent. X-ray data have established that the cobalt(I1) is 

four-coordinate and square planar. The cobalt(I1) canplex can be oxidised in 

the presence of snall ligands X- (e.g. NCS-, N3-, or Nm-) to give the corres- 

ponding [Co llr~l]+ canplexes. For (56; R = Me. R’ = KRz)s), reversible UV-VIS 

spectral changes wzre observed for oxygenation of aqueous solutions containing 

+methylimidazole [ 4631. The data indicate a simple equilibrium between the 

five-coordinate cobalt(I1) caaplex and the 1:l dioxygen adduct. The PSO value 

is 0.63+0.04 Torr at 20 OC, indicating that it is the most thermodynamically 

stable 1:l cobalt-02 adduct yet reported. The appropriate PsO values for cobalt 

myoglobin and iron myoglobin are 33 Torr and 0.5 Torr, respectively, at 20 OC. 

EPR and electronic spectral studies of cobalt(I1) complexes \fith Jager's 

I'l,-macrocyclic ligands (56) have been described. The introduction of electron 

withdrawing groups (R = CCCH3 or CO&HS) decreases the x-electron delocalisation 

[464]. The preparations of a wide range of cobalt(I1). nickel(II), or copper(I1) 

complexes of macrocyclic lignnds derived fran diamino dialdehydes and various 

substituted 1,2_diaminoarenes have been described [465]. The resulting macro- 

cyclic canplexes (57) contain an extensive chrcsophore of the Wurster type, 

x X 

tiH0 

NH 

CCH2), + 

NH 

CHO 

f-hf” R' 

W'J R2 

M(02Cf!e) 2 

c 

which is the reduced form of a possible two-step redox system. The structure 

of the &polymorphic form of phthalocyaninatocobalt(I1) has been determined by 

single-crystal neutron diffraction methods [466]. The reactions of cobalt(I1) 

sulphophthalocyanine dimers with a variety of free radicals have been studied 

by optical pulse-radiolysis methods 146'71. 

Cunplexes of the type M(Nz~~)X~ (where M= Co,Zn, or Cd; iV202 = macrocycle; 
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X = Cl,&,1 or NCS) bave been synthesised fran a. range of 14- to 17-n-m&red 

macrocycles incorporating N&-donor sets [468]. These cobalt(7.1) complexes 

exhibit either tetrahedral or octahedral geunetries. The crystal structure of 

[CoL][C10~.j~.H~0 (where L is the 3 emembered macrocyclic &and (58) with an 

(58) 

NsOD donor set) has established that the metal has a distorted octahedral 

environmmt canprised of the six nitrogen donors, the four o_xygm atoms being 

t2nm27mated 14691. The low spin coba.ltfII) cmplex exhibits J&n-Teller 

distortion as a result of the (tz9j6(eg)1 conf'iguration. Ccmpkxes of the 

macrocyclic triamine, 2,4,4,9-tetrmethyl-1,5,4-triazacyclododeca-l-ene <59), 

N HN 

(69) 

with cob&lt(II), nick@l(XX), or copper have been prepwed by reaction of 

propanone with canplexes oftheseions wkth 4-mzthyl-4azaheptane-1.7-diamine 

E4701. 

The canplexon~like macrocycle (60; La+) foms a series of metal cmplexes 

with c&alt(If), nickel<II), copper and zinclI1) of the types fh%?i23, tm,12', 

and t%& 14713. Rate and equilkbrium measurements for the methyl bridged electron 
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transfer reactions of several [Co(rj,)(~,)~H,]2+/[Co(N,)(~*)~]2+ (?lk = a tetra- 

aza macrocyclic ligand) couples, the Cc~~~~~~o~~~~~l/Ic~~~~~l couple, 
and for the methylcobalamin/cob(II)alamin couple have been reported [472]. 

An interesting example of a metal induced ring contraction in n macrocyclic 

ligand has been published [473]. Ring contraction of the macrocycle (61) to 

the macrocycle (62) appears to be a consequence of a mismatch in metal ion 

(61) (62) 

size and cavity size of a non-flexible macrocyclic ligand. The X-ray crystal 

structure of the cobalt(I1) cmples of <62), [coL(oH,)(~oR)]~+. has established 

that cobalt(I1) has a pentagonal bipyramidal environment, with five nitrogens in 

the equatorial plane and the water and methanol ligands in axial sites. 

Cobalt(I1) complexes of the macrocycles Mel,i14]1,3,8,10-tetraeneN, (tim) and 

~Me~[14]1,3-dieneN4 (dim) have been prepared. These canplexes are fomally five- 

coordinate in the solid state but exhibit a tendency towards six-coordination 

in the present of potential axial ligands. this paper [474] provides a useful 
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discussion of the stereochemistry of cobalt(I1) ccmpleses of mcrocycles. 

The only known cobaloxime of Co(I1) which contains neither coordinated amine 

nor phosphine is [Co(c@H)~(H~0)2]- The nerv cobaloxtis [Co(dmgH)(d&I~)(OAc)] 

and [Co(dmg~)(dag~~)]~[~O~] have been described and their use as hydrogenation 

catalysts has been discussed [475]. The reaction of dihydrogen with [Co(clagH)~] 

or its 1:l pyridine adduct gives 3-aminobutan-2-one osime, via hydrogenation 

of the coordinated [Hclrng]- group, 14761. Treatmmt of several alkyl(pyridine)- 

cobalosimes with an excess of trifluoroethanoic acid in chloroform gives the 

cIysta.lline cis-cobaloxin~(III) canples <63) [477]. In an atmosphere of air or 

(63) 

dioxygen. [Co(d&l)2(Ph3P)2] and [~o(dngH),(py)] catalyse the oxidation of 

1,4_dihydroqbenzene (to 1,2_benzoquinone), triphenylphosphine (to Ph+O), 

and hydrazobenzene (to azobenzene) 14781. The reactions are quantitative at 

20-25 OC. 

El% spectra of square planar cobalt(I1) ccmpleses of a variety of ?1,.-macr1~ 

cyclic ligands 14791 and cobalt(I1) tetraphenylporphyrin have been reported [480]. 

The reversible ox>rgenation of canpleves of cobalt(I1) with macrocyclic tetraaza 

ligands has been studied [481] and the synthesis of the cobalt(I1) complex of 

1,10,11,2O-tetrahydrw1,2,5,8,9,12-hezraazacyclotetradecine derivative has been 

described [482]. Other studies of cobalt(I1) Porphyrin ccmplexes include: the 

reactivity of the pyrrolic nitrogen ataas of cobalt(I1) porphyrin with diazo- 

alkanes [463]; the kinetics of incorporation of cobalt(I1) into tetraphenyl- 

porphine in dmf solution [484]; a spectrophotometric study.of complex formation 

between hydroperoxide and cobalt(II)-tetraphenylporphyrin [485]. The synthesis 

of Polystyrene-bound cobalt(II)-4,4',4",4"'-tetracarboxyphthalocyanine has been 

described and its catalase-like activity has been assessed [486]. The cobalt(I1) 

canplex of dioxadiazacyclopentadecadiene 14873 and the synthesis of a cobalt(I1) 

complex of a tridentate macrocyclic ligand derived from picolinic hydrazide and 

pentam+2,4-dione [488] have been described_ 
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r.3.3.3 Pizosp;?oms and arsenic donor Eigands 

The crystal structures of bis(tribenzvlphosnhine oxide) dichlorocobalt(I1) 

[489] and diaquabis(amincmethylphosphonate)cobaltate(II) monohydrate 14901 have 

been determined. Evidence for cobalt(I1) catalysiqand for the formation of an 

intermediate dioxygen adduct in the autooxidation of cobalt(I1) chloride canplexes 

of ethyl phosphinite, phosphonite and phosphite esters have been obtained [491]. 

Ion association between tribrano(triphenylphosphine)cobaltate(II) 2nd substituted 

pyridinium cations in nitrobenzene has been investigated by 'H NMEl spectroscopy 

[4921. 

A number of cobalt(I1) cunplexes of the substituted tritertiary arsine, 2- 

chloroethylbis(ZS-dinnathylarsinopropyl)arsine (trias), have been prepared 14981. 

Both [Co(trias)Br12[CoBrk] and [Co(trias)Br][C104] appear to contain pseudc+ 

tetrahedral cations, but [Co(tria.s)2][C104]t has been assigned a pentacoordinate 

structure containing a tridentate and a bidentate ligand. 

Canplexes of cobalt(I1) cyanide with phosphine monoxides have been described 

[494-J. The reaction of halotetrakis(phosphite)cobalt(II) with nitric oxide give 

new pentaccordinate mononitrosyl cobalt cunplexes [495]_ The molecular structure 

of brcmocarbonyl~1,1,l-tris(diphenylphosphinanethyl)ethane}cobdLt(II) as the 

[PPh,]+ salt has been discussed 14961. 

4.3-C KisceZLLzmous tropics 

Hexakis(thionitrosylfluoride)cobalt(II), [c~(NsF)~][A~F~]~ has been.the subject 

of a recent X-ray analysis [497]. Direct reduction and ligand substitution 

reactions in [Co(ArNC>~]2+ complexes have been studied [498] and the stability 

constants of cobalt(II)-azide canplexes in aqueous solution have been 

determined [499]. 

4.4 CCBALT(1) AND COBALT(O) 

AC.1 CobaZs(Il 

Kinetic studies of the reactions of acrylonitrile, methyl mercaptide and 

cyanide ion with the phosphine-cobalt(I) complex of bis(difluoroboryl)dimethyl- 

glyoxirnato cobaltate( [Co(dr1@3F~)~(PBu~)]- have been carried out 15001. The 

reaction occurs in a stepwise fashion, with dissociation of phosphine preceding 

entry of the other l&and. The reaction of electrogenerated [Co'(salpen)] with 

MeJZ3r or Me$Xl gives [Col'(salzenj] and organic products [501]. All the 

available evidence is consistent with the formation of an unstable organ~tallic 

intemediate, which decanpos es into [Co(salnen)], B-metbylpropene and dibydrogen, 

the tw latter products arising fran the butyl radical. 
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The preparation of tris(phenylisocyanide)bis(triphenylarsine)cobalt(I) 

perchlorate has been described 15021 and this cmpound may be used to prepare a 

number of disubstituted pentakis(phenylisocyanide)cobalt(I) canplexes 15031. 

Triphenylphosphine and tris(4-chlorophenyl)phosphine replace arylisocyanide, in 

[Co(c%R>s]X (X = [ClO,] or [BF*]) at 25 OC to give [Co(CNR)3(PRj)~1X and/or 

[Co(cNR)+(PR$)]X, depending upon the nature of the isocyanide, the phosphine and 

the reaction conditions [504]. The redox behaviour of mixed-ligand five 

coordinate cobalt(I) canplexes of isocyanides and phosphines has been studied 

c5051. 

13C and 'H NMR spectroscopic evidence has been obtained for the formation 

olefin Ti-canplexes of [Co(CN)4]3- with the ligands diethyl maleate, diethyl 

fumarate, disc&urn maleate, and disodium fmrarate [506]. Diethyl rndleate is 

isanerised to diethyl fumarate probably via a a-canplex (64) of a carbanion. 

of 

Et02C 

\ / 

C02Et 

/c--c\ H 
I 

H 

COAX- 

(64) 

The preparation of the stereochemically non-rigid complex, tetrakis(isocyanide)- 

(tetracyanoethene)cobalt(I) has been described [507], and.the solution 

structure of some pentakis(arylisocyanide)cobalt(I) canplexes investigated bl 

NMR and IR qiectrcxcopy [508]. The synthesis and X-ray analysis of a porphyrin- 

type cobalt(I) cunplex has also been studied [509]. 

6.6.2 Cobalt(O) 

EPR studies of the tetrahedrally coordinated cobalt(O) canplex bis(benzil- 

bis-iJ-phenylimine)cobalt(O) have been published 15101. 
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