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2.1 aXALT(IIT) 

2.1. I Complexes with oxygen donor Zigands 

2.1.1.1 Complexes wifh simple Z,igands 

The ccmplex [Co(acac)3] l-as been partially resolved on a 

sodiumrrmtmrillonite column, in which all the cation-exchange sites have been 

replaced by A-[Ni(phen)~]*~ [8]. A 2.5 cm column gave a 36% resolution of the 

A enantiomr for the first eluted fraction [9]. 

The reaction of [CO(CN)~]~- with 2,6-di-krt-butyl-1,4-bmzcquinone (dtbq) 

in dmf gives a cobalt(III) coqlex [Co(CN)~(dtbq)13-, containing the Idtpql- 

semiq-uinone radical, by a one-electron oxidative addition [lo]. Themethyl 

hydrogens of the B-diketonato complexes [Co(fi,) (RCKHCCW)]2+ (N4 = WH314, 

(en) 21 W-d2 or (bipy)~; R = CR3 or CF3) undergo base-catalysed deuteration in 

D20 Ill]. A mixed complex of sodium and cobalt(II1) with 

sym-dibenzo-[163-crown-5-o~ethanoate (I), with the formulation 

[(NH3)5@(L)Na][C104]3.2H20, (Z), has been described [12]. The introduction 

OCH,CO,- 

-t 

o-o 2+ 

\ 
1 

(H,N),Co-O,CCH,O 0 

o-o J 

(1; L) (2) 

of amine, thiol or carkoxylic functions into crown ethezs allows their ready 

attachmmt to the [cO(NH~)~J 3+ moiety. 

The crystal structure of the complex (+) S~~-[cO(trenl (acac-R)] [BF~Iz.~HzO 

(acac-R = 3-(l-napthyl)pentane-2,4-dionato) has been determined [13]. The 

naphthalene ring is almost perpendicular to the coordination plane of the acac 

ring. The crystal structure and absolute configuration of 

(-) SS~-[Co(tren) (acac-R)]Br? (acac-R = 3-(2,4-dinitro-I-naphthyl)pantane-2,4- 

dionato) has been established [14]. In this case, the acac ring adopts a 

scmewhat deformed boat conformation. Photcdemsition of 

[Co(acac)~(N3)(NH3)] gives Co(acac)z and aside radicals [15]. U.n(fcd) 31 



(TX = La, Pr, Nd, Smar m) induced 5gCo shifts (&) for a series of 
tris(@-diketonato)cobalt (III) corrp?lexes have been investigated L161. 

Kinetic studies have dealt with the aquation of [cO(mal)~(en)]- in 
perchloric acid to give [a(mal)(H20)2(en)]+ and subseguently ]Co(HzO)~,(en) 13+ 

[17], the reactions of Eo(en)2(acac) I’+ in basic solution where ring opening 
of the acac-ring occurs [181, and the therm1 deccmposition of cobaltic acid, 
coO(OH), ‘CD give the microcrystalline spine1 Cc304 1n.b. cobalt(III) oxide 
hydroxide occurs in nature as themineralheterogenite and is a rare exaqle 
of a simple but stable cobalt(II1) species] [19]. 

The kinetics of iodination of the rmlonato and pyruvato ligands in 

O(NH3 15 NMxbco2 )I +, [cd=h(~l)l+ and [cdt’&)5(02-3)12+ hW@ be= 

studied [201. Free rmlonic acid or its anions are not kmwn to undergo facile 
electmphilic substitution, but activation occurs on coordination to 
eobalt(III). 

Near UV flash photolysis of trans-[Co(tfacac)~l (tfacacH = CF$CCH&WH~) 
in cyclohexane generates a long-lived (t f Q 3 s) transient assigned as a 
cobalt(X) complex containing a carbon-bonded ligand [21]. 

Initial resolutions of [Co(acac)2(gly)] and [Co(acac) (gly)~] on columns of 
A-tris( l,lO-phenanthroline)nickel(II)-montmrillonite cmlmns has been 
described [221. The f3,y-bidentate and cr,B,y-tridentate complexes of 
cobalt (III) with ATP (adenosine 5'-triphosphate), which are useful kinetic and 
spectroscopic probes of enzymes catalysing phosphoryl-transfer reactions, have 
been found to deccanpose at elevated pH ard temperature to give either free ATP 
or the products of ATP hydrolysis, ADP, ard to a lesser extent, AMP [23]. The 
participation of polynuclear metal corfplexes in the cobalt(II1) prcmted 
hydrolysis of A!TP has also been studied [243. 

other studies have been concerned with hydroxide ion addition to the mixed 
ligand corrplex (1,1,1,5,5,5-hexafluoropentan~2,4-dionato)bis(l,2-diarnino- 
ethane)cobalt(III) [25], the preparation and charactecisation of zinc cobaltate 
(ZnCopO~) [261, the synthesis and properties of 
tris{l-(4-substituted phenyl)-butanel,3-dionato1cobalt(III) ccaqlexes [27] and 
studies of [Co(acac)2(NOn)(amine)] ccmplexes [28]. 

2.1.1.2 complexes vith peroxide and superoxide Zigands 

A series of new U-peroxodicobalt(II1) cmplexes have been prepared using 
the ligand di-2-pyridyl ketone {dpk = (3) 1 [29] a Themogravimetric studies 
reveal the stoicheimetric loss of 02 and Hz0 below 100 "C. 

The rotating ring-disc electrode has been used to study the reduction of 
02 to Hz02 catalysed by tr~ns-[Co(cyclam)(OH2)2]~+ [30]. with an excess of 
cobalt, the p-peroxo ccmplex trans-[lco(cyclam)(o~)}~O*]~+ is formsd at 



(3;dpk) 

potentials where the initial cobalt(III) complex is reduced. At more negative 

potentials, the IJ.-peroxo complex is reduced to El202 and [Co(cycl&n) (OHZ)Z]~~, 

which re-enters the catalytic cycle. With an excess of 02, the initial product 

of the reaction between the cobalt(II) complex and dioxygen is very rapidly 

reduced to a new complex, thought to be trms-[Co(cyclam) (OH2) (02H)1*+ 

containing end-bonded hydroperoxide. 

Reduction potentials (mrms SHE) have been determined by cyclic 

voltatmetry for eleven p--superoxo/u-peroxo-dicobalt(II1) couples based on the 

structural types (4), (5) and (6) [31J. The E" values are a function of the 

/“““\ Co/ ““1 
,o, /Co co, /“” \ /“” 

CO 0 o-o o-o 

(4) (5) (6) 

bridging and terminal ligands, and the degree of chelation. Protonation of 

p-peroxo ligands at pH < 3 is indicated by changes in E" values. 

Three apparently different reactions of 

I(en)2(NH3)Co'"1(~-022-)~1~~(~~)(en)214~ have been studied in aqueous 

solution: (a) decomposition to cobalt(I1) and 02 (pH l-l-10.2), (b) spontaneous 

conversion into [(en)2C0111(u-OH, 022-)Co111(en),]3+ (pH 8.4-9.9), and (c) 

reaction with NOn- to give trans-[(en)2(N02)Cor1*(~~*~-)Co 111(N02) (en)>]'+. 

The three reactions proceed at identical rates, being first order in the initial 

complex concentration, but independent of [H+], [NQ-I and [edta]. The common 

rate-determining step is deccmposition of the initial complex to Co(X) and Oz 

[321. 

Isomerisation of [(dim) (R-pn)Co1r1(k-022-)Co111(R-pn) (dien)14+ also 

appears to involve a labile cobalt(U) speci.es in equilibrium with the initial 
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2.2.2 CompEexes with oxygen-nitrogen donor ligands 

The reaction of [Co(glygly) (NO2) (en)] with acetaldehyde in aqueous 
solution at pH 11 gives four condensation products [34]. Reaction occurs with 
the glygly ligand to give threogly and allo-threogly; and with the NH2 groups 
of glygly and en to give U-ethylideneglygly and fl-ethylideneethylenediamine. 

The preparations of three cobalt(II1) complexes of tetraglycjne have been 
descrikd 1353. In one ccpnplex [Co(NH3)2(H-3GGGG) I- @XX = tetraglycinate) 
the peptide is coordinated as a quadridentate ligand via the t erminalNHz and 
three peptide nitrogens. In the other two coqlexes, -[C~(NHB)~(H_~.~GGGG)I and 

Ko(MI3) 3w-~CGGH)12+r the peptide is terdentate, coordinated in the former via 
the temGna1 NH2 and tm peptide nitrogens, and in the latter uia the terminal 
NH2, the adjacent peptide nitrogen and a peptide oxygen. The reactions of -the 
complexes in acid have also been studied. Ccqlexes of the 
[Co(tripeptidato)(NH~)~] and [NH4][cO(tetrapeptidato)(NH3)2] types (tripeptidato 
audtetrapeptidatodenote thetri- andtetra-anions of the cmrdimating 
peptides) havebeenpreparedandcharacterised [36]. In the 
[Co(tetrapeptidato) (NH3)2]- cm@ex, the peptide'bmds as a quadridentate ligand 
via &s terminal amino group and three deprotonated amide nitrogens. Rapid 
aquation of the coordinated NH3 ligands occurs in aqueous solution. 

The mjor metal-containing hydrolysis product of both orange and green 
cobalt(II1) bleomycin has ken shown to contain the pseudotetrapeptide A of 
bleoqcin bound to the cation [37]. The hydrolysis product has a 
[CP (USC)] chmmqhore with the primary amino group of the peptide and a water 
n&acule occupying the axial sites. 

The use of cobalt(II1) complexes in peptide synthesis has been studied. 
Fentaamineakalt(III) is a useful C-tern-km 1 protecting gxoup fox sequential 
peptide synthesis [38]. The reaction of complexes of type (7) with Boc-amino 

r 

I CBFrl3 

0 

II 
...\ A 

CH 0 

I 

--Q(NH,). 

Ri 
L 

(7; CCO(~l)l) 
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acid active esters or BX-symmetric anhydrides gives ICo(AA1) (AA2)Bocl. The 

Boc group is remxed with 95% CF&&H to give [cO(AA1)(A&)], which is further 

used for sequential peptide synthesis. The {(NH3)&oj3+ moiety is selectively 

rerroved using NaW+] or Na[HSl. 

The use of cobalt(III) as both an W-protecting and activating group has 

been developed 1391. Chelated &c-acids can be alkylated using cF3SO3Me to 

give the chelated esters (equation 1; fly, = (en)2 or trien). Rapid aminolysis 

(MeO) ,PO 
CF3S0,He ____f 

solvent 

(1) 

/NH*-- TH, 13+ 
N,Co \ /c OY\ 

bbfe 

of the cobalt(III)-chelated esters in aprotic solvents can be used for peptide 

synthesis (equation 2). The technique has baen applied to the synthesis of 

/yH* 13+ dmf 
N,Co + 

Lo/\ 

NH2CH+C02R - 

(2) 

1 3+ 

+ MeOH 

'NHCH,CO,R 

tetrapeptides and [leu5] enkephalin [40]. 

The cobalt(III) cmplex of ethylenebisi(2-hydroxyphenyl)glycime~ has been 

prepared as a potential model for the iron transport protein transferrin [41]. 

15N chemical shifts of cobalt(III) amino acid complexes have been determined at 

the natural abundance (0.4%) level 1421. Coordination to cobalt induces 

displacements of the amino acid 15N resonance by 24-42 ppm to higher field 

compared with the protonated amino acid. These changes should be useful in 

determining binding sites to cobalt(III). The rate of the a-hydrogen exchange 

reaction of qlycinato ligands in mm-[Co(gly) 3] has been found to differ for 

the three stereochemically different glycinato ligands [43]. The carboxy 
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oxygen ligand is rare effective than the amim ligand in labilising the bans 

u-hydrogen. 

The tripod-like quadridentate 1V,N-bis(2-amino&hyl)glycinate (8) can give 

the sym (9) and unsym (10) configurations on cobalt(~II). Ccmplexes inwhich 

/ 

CHpCH,NH* 

N- 

\ 

CH*CO,’ 

CH,CH$VH, 

(8) (9; sym) (10; unsym) 

gly, Gala and R-l,2-pn occupy tba vacant sites have been studied 1441. The 

ligand Iv-(c~boxymthyl)-L-histidinate ~[N-Ca~Lhis]~- = (27)) has been prePared 

NHCH2C02- 

(11; [8-Cm-L-his]=-) 

by Na[BHb] reduction of the Schiff base formed from Lrhis and glyoxylate [45]. 

Several mixed ligand canplexes with wbalt(III) of the type 

[Co@-Cm-Ghis) (AA)] (AA- = an amino acid anion) have been prepared. Although 

four geometric iscmers are Possible the only one isolated was the fat-isomer 

with the carboxylate group of the U-car~~thyl moiety trans to the imidazole 

group. A series of mixed ligand cc.x@exes of the type [Co@-CWGPyala) (AA)] 

{N-Ck-L-Pyala = (12)) have also been prepared 1461, The fat-[Cd3031 isomer in 

which the ikxrboxymetbyl group is coordinated tram to the pyridyl group is 

favoured. 

Solvent effects on the stereoselectivity between A and 

A-B2-diastereoisomers of cobalt(III) cc@exes with the general formula 

[Co(Schiff base)(GAA)] (Schiff base = [sa12en]*-, [cl-Mesal~en]~-, etc.) have 

been investigated [47]. Generally, the A-_B2-ismer was more stable than the 

A-Rz-isomer in solution. Acid catalysed aquation of [Cc~(biguanide)~(gly)l*~ 
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NHCH2C02- 

(12; [B-Cm-L-Pyala12-) 

has been studied [48]. Up to Q 50 "C, the dissociation of only one biguanide 

occurs with formation of the cl-diaqua product. 

A number of unsyrcm&ric tetradentate Scl-iff bases of the type (13) have 

NZC / \ 
\ c-o- -0 -i”> I\ / 

Me 

(13: R = H or Me) 

been prepared by a two-step condensation process, and cobalt(III) complexes 

characterised [49]. The use of unsyn-metric or substituted ligands of this type 

allows the reduction potential of the cobalt centre to be gradually modified 

[501. The effects of halogen substitution on the electron distribution within 

cobalt(II1) complexes of the type (24) have been studied by 'H and 13C iWR and 

IR spectroscopy and half-wave potential measurements [511. 

The crystal structure of (-) 435-nRS-R2(mer)-[Co(a-Me-salpen)(N-Bz-L-ala)]- 

.3H20 with a non-planar Schiff base ligand has been determined [52]. 

Cis-complexes [~o(salsen)L] (L = 1-R-rrtenthyloxy-3-benzoylacetonate) have also 

been studied [53]. A 13C NMf7 study of alkyl complexes of [Co(sa12en)] and 

[Co(sa12dien)], with the 07W2 and OZNs donor sets respectively, has been 

published [54]. 

A large variety of cobalt(III) complexes of 8-amino-3,6_diazaoctanoate 

(15) have been characterised and their detailed stereochemistry studied (55,561. 
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Me /-ii-\ Me 
N \I/ N /- -w / \ 

\ 
X 

< > 

: co 
\ 

‘I’ : X \ .- / 
ad 

0 0 

PY 
Me Me 

(14; X = E-I, Cl, Br or I) 

Four gecmtrical isomers a,f3-mm(fl), 13-fat (N) and tram are possible (26)-(79). 

(16; a) (17 ; P-mer) (18; Pfac) (19; bans) 

Cobalt (III) ccanplexes of the tripod-like ligand A'-(2-aminoethyl)irninodiacetate 
(2U),, with the auxiliary ligands gly, Irala, en, Mezen, P-1,2-pn, 
cyclohexanediatnine or meso-2,3-butanediamine, have been prepared [571. 
Complexes can be derived frcxn the sym- and unsym-isomers, (21) and (22), 
respectively. Bis(imincdiacetdtes) of cmbalt(II1) have also been studied [58], 
and the 13C NMR spectra of cobalt(II3) am@exes containing glycine or B-alanine 
in various linkage forrrs obtained L-1 * 
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cI3,co,- 

/ 
N - CH,CH,NH, 

f-N 
N- -0 I 

'Cl/ o/ ’ I 
(21; sym) (22; unsym) 

Crystal structures determined include the following: 

(+)486-S-his-CR-N-(2-amino (R)propyl)salicylaldiminato~cobalt(III) iodide 

trihydrate [60]; (+) 1+~~-S-[~R-N-(2-aminopropyl)salicylaldiminato~-~R-N- 

[(2-amino-l-rrethyl)et.hyl]salicylald iminato~]cobalt(III) perchlorate, 

[CZZH~~N~OZC~][C~O~].O.~~C~H~OH 1611 and potassium 

bis(thiocyanato-ili)(salicylaldiminato-lv,Nr,O,Of)cobaltate(III) rrmohydrate [62]. 

The stereochemistry .zid CD spectra of scme cobalt(II1) complexes with 

ethylenediamine-fl,N'-diacetic acid and fl,N'-dimsthyl-ethylenediamine-JJ,N'- 

diacetic acid have been studied in a recent thesis [63]. Other theses have 

dealt with the kinetics of the chrmium(II1) reductions of glycinato- and 

related amino acidato-ethylenediamine and mmine complexes of cobalt(II1) 

and the synthesis, characterisation and optical resolution of 

bis(aminoacidato)bis(nicotinato)cobalt(III) complexes [65]. 

[641, 

hesis Acylcobalt(III) salen has been employed as a new reagent for the synt 

of unsymmetrical ketones [66]. The synthesis of the 

8-hydroxyquinolinatocobalt(II1) complex has been described, and its radiolysis 

studied [67]. Mixed ligand complexes of ethylenediamine-N,N,/V'-triacetato- 

cobalt(II1) with en and 1,3-pn have been prepared [68]. Other studies in this 

area include the synthesis of ethylenedimine-fl,N'-di-S-cl-isovalerate and 

isomers of its cobalt(IIf) complexes [69] and a molecular mechanical study of 

the relative stability of cobalt(II1) complexes of 

2,3-diaminobutane-N,U,N',N'-tetraacetate [70]. 
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Additional synthetic work has dealt with cobalt(III) complexes of amino 
acids and peptides 1711, cobalt(II1) (and cobalt(I1)) complexes with 
heterocyclic and aliphatic amino acids [72], and the synthesis and properties 
of amino acid-imidazole ccmplexes of cobalt with dioxygen [73]. The kinetics 
and mechanism of the acid-catalysed dissociation of 
tris(l-amid~~O-aUrylure)cobalt(III) complexes have also been studied [741. 

The CD and ERR spectra of mononuclear and binuclear cobalt(III)-dioxygen 
adducts of blecqcin have been reported [75]. 

2.1.3 Complexes witih suZphur and seZenim donor ligands 

A series of cobalt(II1) ccqlexes containing symratrical disulphides 
bonded to cobalt da one sulphur atom, e.g. [cO(en)~~S(S~~cO~H)C~~~~]z~, 
have been prepared by one-equivalent oxidation of the thiolato complexes, e.g. 

[ b-4 zCo CXHzCCD) I+ [761. Crystalstruct~~~shavebeendetemined, 
establishing that oxidation of a coordinated thiolato ligand to a coordinated 
disulphide causes a lengthening of the CO-S hod. 

Non-coordinated sulphenic acids, RSOH, are elusive species known 'co play 
an important role in the reactions of oqmoqulphur compounds. The chemistry 

of cobalt(II1) cosnplexes containing S-bonded sulphenato ligands, Co-S(O)-R, 
have now been discussed in detail 1771. !lhelve newmixed sulphenato and 
s~lphinato cobalt(III) ccmplexes have been prepared by successive Hz02 oxidation 
of [Co(SM2CbNH2)31, ~C&CIWHH~~)NH~~~I and related ccmplexes [78]. The 

oxidation products ~Co~sulphenato-B,S)~(sulphinato-~,S)3_~l (n = 3, 2, 1 or 0) 
were resolved by colmn chromtography. 

Methylation of the chelated sulphenate ion in 
bis(ethan~l,2-diamine) (cystearnin esulphenate-S)cobalt(III) OCCXES at sulphur 

with con-@ete retention of chirality at the 8 centre [791. The cm&al 
structure of one of the racemic diastereoisolneric products A(R), 
A(S)-bis(ethane-1,2-diamine) (cysteaminesulphoxide&)cobalt(~II) triodide hydrate 
has been determined; the sulphoxidemiety forms a six-membered ririgwith the 

oxygenbrmdedto oobalt. 
The complex [Co(lrpen)(dien)]Cl.H20 &pen = L-panicillaminate) has been 

characterised and its crystal structure determined [80]. Tbxe iscnnersare 
possible and the aomp1e.x was shown to have the configuration (23) {i.e. tram 

(N',N)l with the N donor of Gpen tram to the see-NH of the dien ligand. Tim 

cqlexes of ~~c(NH~)-[CO(NH~)~LI+ (L = (R)-2-(carboqm&hylthio)pmpionate or 
(R)-2-(2-carboxyethylthio)propionate) have been prepared and separated into two 
iscaners by column chromtography [Sl]. Ccaqlexes of the type 

~CO~~)~(NH~CH~~~SR) 13+ (R = long alkyl or brormalkyl chains, (CH2)n3r or 
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(23) 

(CH2)n(CH3) have been partially resolved by stereoselective inclusion of the 

free side chain into a- or B-cyclodextrin (CDX). The a- and B-CDX 

preferentially include the A- and A-complexes, respectively [82]. Rotaxane 

derivatives of the type shown in (24) have been prepared by reacting 

(24; [AA]-[a-CDXI) 

rco(en)2 (NH2cH2cH2s)12+ and a,u-dibrmlkanes in the presence of a 

cycl0dextri.n 1831. As a result of the different ti hole sizes of the 

cyclodextrin, four diastereoiscmers arise (neglecting the R and S chiralities 

of the donor sulphur atoms), viz. [AA]-[wCDX], [AA]-[cl-ax], [AA]-[cl-CDX] and 

Ml- [WCDX] . 

The complex [Co(en)z (siea)13+ (siea = 2-seleninatoethylamie~, derived 

from the cobalt(II1) complex of the selenium bonded 2-selenolatoethylamine 

(sea), can be siea-lir,Se or siea-:li,O bonded. X-ray work confirms bonding uia 

the N and 0 atoms and the asymnetric selenium atom has an S-configuration [84]. 

l3amr-1 spectra of [CoL3] (HL = 2-nwxaptokhybmine) and trinuclear complexes of 

the type PI~COL3)21 '+ {PI = Co(III), Fe(III), F&(113), Cd(II) or Ni(31); II = 2 

or 31 have been obtained under resonance and off-resonance conditions [85]. 

Strong Raman bar& near 343 and 261 cm-l observed in the trinuclear complexes 

are assigned to the totally syrnnetric Cos 3 stretching and cOS3 bending 

vibrations. 
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The fir&example of thecoordinationofthethionitrogroup ina 
cobalt(II1) complex, dichlorothionitrobis(triphenylphosphito)cobalt(III), has 

been reported [86]. A band in the IR spectrum at 1540 cm-' is assigned to 
V(No) and a band at 990 cm-' to v(NS). 

The preparation and characterisation of [CoLs] {L = 
pyrrole-N-carlxdithioato = (25)) has been described [871. The average ligand 
bite angle is 76.3", and the c"pound is isostructural with its iron(III) 
analogue. The synthesis of the potentially hexadentate ligand / C J / 

N-C ,- c N 
2- 

KS - 
=c 

\ 
\ ‘s- 

(25) 

2,2',2"-{(cycloh exane-1,3,5+riyl)trithio]tris(ethanamine) {at& = (26)) has 
been described [88]. The ligand forms a hexadentate cobalt(III) ccxnplex which 
has been resolved into its catoptric forms. 

(26; atch) 

New mixed-ligand cobalt(III) dithiccarbmnato complexes of the general 
formula [Co(Et2NCS2)2L]DF~] (L = dithiooxamide) have been characterised [891. 
The dithicoxamide acts as abidentate sulphor donor. A kinetic study of 
reaction shown in equation 3 has also appeared [go]. 

[b2 (Etd’=Z) 51 @%I + L + [c0(=2-2) 2L1 [m41 + t-(=2=2) 31 

the 

(3) 

Four optical isaners of cobalt(II1) ccq+xes with a coordinated selenium 
atom [Co(en) 2Lln+ {L = 2-selenolatcethylamine, 2-selenena~ethylamine, 
2-seleninatcethylamine or 2-(methylseleno)ethylamine] have been prepared and 
characterised on the basis of d-d and CD spectra [911. Thephotochemistqof 
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sulphonamide is complexed as the anion to zinc(I1). 
Transition mtal hydroxo complexes [M(NH3)5(OH)12+ EM = cO(III), Rh(III) 

or Ir(III)] react rapidly with Co2 to give the correspmding carbonate cmplexes 
[991. The formation and decarboxylation kinetics of the camplexes 
[M(NHs) ~(CCO~)ls have now been studied as a function of pressure up to 1000 bar 
[loll. 

Other synthetic studies have dealt with the preparation and 
characterisation of the (4-hydroxyphenyl phosphato)pentaamninecobalt(III) ion 
[102] and nicotinic acid derivatives of the pen~cobalt(III) ion [103]. 

Tetrazoles with substituents at rirq position 5 (27) are conveniently 
prepared from organonitriles via nucleophilic attack of azide ion by a 

N-N 

(27) 

1,3-dipolar cycloaddition [104]. Ccordination of organonitriles to the 
{Co(NH3)5]3+ moiety is known to enhance the susceptibility of the nitrile 
carbon to nucleophilic attack by hydroxide ion [105] and cyanide ion [106]. It 
has mw been shmm [107] that azide ion reacts with [cO(NH3)5 (NECR)13+ to give 
tetraazoles, as shmn in equation 5. The formation of 5-methyltetraazole from 

N-N 

fast 

+ jN3’- - 

\I/ slow 

/““\ - 

I 

R 

)_ N 
r\ 

/ \ 
\ I 1 

N-%?N 
\I/ 
/O\ (5) I 

sodim azide and ethanenitrile requires a reaction tim of 25 h at 150 'C, 
compared with only 2 h at ambient mature for coordinated acetonitrile. 

The paramagnetic ccanplexes Ko(NH~)~(5-NOsal)lX~.nHn0 (S-NOsal = 
5 nltrososalicylato) wkh beff = 1.6-1.8 I~H have been characterized (1081. 
The Rmanarad IR spectraoftetra amninecobalt(II1) ccnqlexes have been measured 
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to differentiate between cis and trans isomers [log]. Significant differences 

!&re observed in the v(Co-NH3) rqion, where the trans isomers have two bands 

at ea. 480 and ca. 450 cm-i in the Rsman spectra and one band at ea. 510 cm-l 

in the IR spectra. The cis-isomrs display more than three bands in both the 

m and IR spectra. Spontaneous resolution of [C~(NH~)I,(RL-~~L)]XZ (X = Cl 

or Br) at 5-55 'C and [Co(NH3)4(DL-leu)][SO~] at 30-55 OC in aqueous solution 

has been observed [UO]. 

The IEI and 13C NMR spectra of the cortplex [Co@H~)5(tidHlH) 13+ have been 

studied [ill]. The pKa value of the coordinated imidazole determined from the 

pH dependence of the chemical shift is 10.0. The ccqlexes 

cis-a-[Co(~ien)(imidH)213' and c;~-f3-[Co(trien)(imidH)2]~+ have pKa values of 

9.6 and 10.1 respectively. 

A large number of kinetic studies on axmine complexes have been reported 

and these are briefly noted below. Neightouring group participation in the 

base hydrolysis of arcmatic nitriles coordinated to {C~(NH~)S}~+ has been 

studied in detail [112]. For the 2-substituent-CONH,, there is evidence for 

neighbouring group participation. The [Co(N&) 5 (OH) I'+ promoted hydrolysis of 

the activated esters 2,4-dinitrophenyl e'chanoate and 4-nitrophenyl ethanoate 

has been the subject of a detailed kinetic investigation [113]. A correlation 

is reported which allows the prediction of reaction rates between 

[Co (NH3 15 (OHI 1 ‘+ and other activated charge-neutral carbony compounds. 

The formation kinetics of the sulphur-bonded sulphito complexes 

tcowb)5(so3)1 + and trans-[Co(NH3)~(SU~)Z]P have been studied at pH > 9 as a 

function of temperature, pressure, [SO32-] and pH [114]. Substitution and 

aquation reactions of these complexes were also considered. Electron transfer 

kinetics in the reduction of carboxylato-bridged [115] and 

pyridine-carbxylato-bridged [116] dicobalt(II1) complexes with am-nine ligands 

have been studied. 

Hor~lytic cleavage of the chromi um-carbonbond inthecomplex 

[(HzO) &YC(CHB)ZOH] provides a ready source of the carbon-centred radical 

.C(C&)zOH. The reduction of several cobalt(II1) complexes such as 

[Co(NH3),13+ and [Co(ND3) ~1~' by this radical has been studied kinetically 

E1171. The specific rates of reduction of [Co(NH3)6]3+ by a series of 

nitrotizoate and nitrogen heteroaromatic anion radicals have also been 

reported [118]. 

Other electron-transfer studies have dealt with the effects of pressure on 

the reduction of [cO(NH3)5(N3)J ‘+ by iron(11) in dmso 11193, a reinvestigation 

of the chromium(II) reduction of [Co(NH3) 4(AA)12+ (AA = glycinate, DLalaninate 

or DZ-phenylalaninate) [1201, kinetics and mechanism of the reduction of 

[co m3 1 5x1 *’ (X = F, Cl, Br or I) complexes by a variety of ruthenium(I1) 
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complexes [121], intramolecularelectrontransfer frompentacyanoferrate(I1) to 
pantaamimcobalt(III) with linkage isomers of 3- and 4-cyanopyridine as 
bridging ligands [122], reductions of various substituted 
(pyridine)penta ammimcobalt(II1) conplexes by hexacyanoferrate(I1) [1231, 
reductions of [Co(NH3)~(C~O~)l+ and [Co(NH~)~(HC~O~)12' by ruthenium(I1) amnines 
[1241 and reduction kinetics of pentaamninecobalt(II1) complexes containing 
4,4'-bipyridine and related ligauds at mercury, platinum and gold electrodes 
[1251. 

Solvent dependence, netal ion catalysis and base catalysis of the nitrito 
to nitro linkage isonrarisation of [(NH3)sCo(oNo)]2+ has been investigated in 
detail [1261, using sixteen solvents. The results indicate intramolecular 
isomerisation in all solvents. Cmmants on the formation and acid-catalysed 
aquation reactions of carbmato-, Mm-&d sulphito- and 
nitritopent aarmnineoobalt(III) ions have been published [127]. The kinetics 
and mechanisn of the formation of [Co(NH3),(ONo)12+ fmm [C!o(NH3)5(OH2)13+ and 
[M&l- in acidic aqueous solution has been studied (1281. The data favour a 
mechanism in which [Co@&) S(OH)l 2f reacts with [No]+ (frm N203) in the 
rate-determining step. 

Activation volumes for the aquation of [Co(NH3),L]3+ ccqlexes (L = 
methahol, ethanol, 2-propanol, form&de, dmf, urea or &so) have heen 
determined 11291. + The average AV of ea. 2 cm3 nol-' is indicative of au Id 
rmchahism. Base hydrolysis of [CO(NHS)~L]~+ ccanplexes {L = urea, dmso or 
(MeO)~po] has also been studied I1303. The ions cleave by Co-0 bard rupture 
and ccqetition experiments also support an SNUB process. Nitrosation of the 
[CO(W)S(N~)I*+ ion in the presence of added anions (Cl-, No3- or ClOti-) has 
been investigated in detail [131]; ion association in ion-pair intermediates 
is of importance. 

Other kinetic studies have dealt with the kinetics of the acid catalysed 
dissociation of [Co(N&) 5(NH2CH2CD2H)] 3+ in HClOk solutions [132], the kinetics 
aud mechanism of ccmplex fomtion between (salicylato)pentaatiminembalt(III) 
and iron(II1) (1331 and an analogous study of [Co(NH3)5(HC20,)]2+ with iron(II1) 
D341. 

tie presence of multivalent anions such as sulphate, oxalate and mlonate 
ions accelerate the aluminiml(III)-assisted aquation of [CW(NH3)512+ to give 
the anionopmtaamninecobalt(III) ion, in addition to the aqua complex [135]. 

Additional studies have appeared on the use of the {Co(M3)5]3+ rmiety as 
a C-protecting group in peptide synthesis. the optical purity of amino-acids 
and peptides bouud to pentaarminecobalt(III) has been studied 11361 and the 
separation of (NH3)&&xmded amino-acids and peptides by reverse phase HPIC 
investigated [137]. 



54 

A number of crystal structures have been published, including 

[Co(NH3)4(F04)] 11381, fi-hyperoxobis~pentaamminecobalt(III)] hydrogensulphate 

bissulphate trihydrate [139], D-peroxo-bisipenta anminecobalt(III)} tetranitrate 

dihydrate 11401 and (-)5~~-~uc-[cO(~~)~(gly) (~o~)l[ClO~] E1411. 

A thesis dealing with the solid state photochemistry of (Co(NH3) 5(No:)]Xz 

complexes has been wlished [142] and the complex 

tetraamrnine(salicylideneiminato)cobalt(III) chloride hydrate characterised 

I143]. 

Additional kinetic studies have dealt with base hydrolysis of 

(Co(NH3) ~(OFQ~co<3I~)]+ (containing the'acyl phosphate ligand), the metal 

hydroxide promoted hydrolysis of acetyl phenyl phosphate (1441, the kinetics 

of reduction of [CO(NH~)~(OH~)] 3+ by oxalic acid 11451, the cerium(IV) oxidation 

of [Co(m3) s@CCWO17+ [146], activation VO~UTEZ for the aquation of 

(cO(NH3) SBr] 2+ and its chromium(II1) analogue [147], and the kinetics of 

anation of [Co(NH3)5(OH?)]"+ by [WCS]- in aqueous organic mixtures [148]. 

An undergraduate experiment involving cobalt(III) amunines has been 

described [149], and the kinetics and mechanism of the redox reaction of 

hexakis(hydroxylamine)cobalt(III) with cerium(rV) studied [150]. 

Camsnts on the synthesis and aquation of c-is- and trans-[Co(en)*(N02)C~]~ 

have been published [151]. The camp&x cis-[Co(en)2{NH2M2CH(~s)2}C112' 

undergoes hydrolysis in dilute HCl solution to the aminoacetaldehyde co~$ex 

(28), tiich is in equilibrium with its hydrate (29). In aqueous solution an 

intramolecular condensation occurs between the 1,2-diaminoethane ligand and the 

aldehyde group to give the imine derivative (30); crystallographic data confirm 

that condensation OCCLKS at an amino group ~:ic to Cl-, so that the tridentate 

imine ligand adopts a fnc-configuration [152]. 

The condensation of the deprotonated amine function tr~ns to halide in the 

aminoacetonitrile complex ~-~s-[C~(~~)~(NH~CH~CN) Xl” (X = Cl or Br) results in 

the rapid formation of the tridentate amidine complex 

~Co~MI*CH~CH~NC(NH2)~z~~~(~)x12+ (37) with full retention of configuration 

at the metal centre [153]. The formation of the amidine complex and 

subsequent hydrolysis of the halide ligand has been studied kinetically. The 

results obtained support previous studies on this reaction 11541. 

Complete ligand replacement in [Co(en) 3]2+ by the 

bis(2-hydroxyethyl)dithiocarbamate ion, htc-, forming [C~(htc)~] is induced by 

visible light in aqueous solution [155]. Cobalt(III) complexes with an IN6] 

donor set such as (Co(NH~) I]'+, [Co(NH3)4(1,3-pn)] 3f and [Co(dien)313+ also 

undergo similar photoreactions. Photochemistry of c-t:;-[Co(en):, (NO&]+ 
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'\NH2 
I 

(31) 

(excitation of the ligand-tc-metal charge transfer band) gives ccbalt(1I) and 
the nitrito-linkage iscarer in aqueous solution [156]. 

The linkage isorrerisation mchanim of cL~-[Co(en)2~oNo)21+ consists of 
two reactions; a fast step to give cis-[Cb(en)~QQ) (oNo)l+ follmed by a 
slawer step (k = 7.1 x 10B4 se1 at 35 "C) to produce cis-[cO(en)2(NO2)21+ 11571. 
In the trans-cwlex there is an initial slow iscmrisation to give 
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tran~-[Co(en)~(N0~) (OhQ)]+ followed by a rapid reaction to give the 

trans-dinitro corqlex. Other kinetic studies have dealt with the rates and 

steric course of the aquation of tran~-[Co(en)~Cl~]~ and tmns-[Co(en)2Br2]+ in 

0.1 M CF3SOBH [158], the pressure dependence of the inner sphere reduction of 

cis-[Co(en)2C12]' by iron(U) in dmso [159], and isomerisation and base 

hydrolysis of the cis- and trans-isomers of the 

dithiosulphatobis(1,2-diamincet_hane)cobalt(III) ion in aqueous solution [160]. 

Heats of isomerisation for 

cis-[co(en),cl21cl(s) ---+ ~rans-[Co(en)2Cl2lCl(s) 

cis-[Co(en)2Br2]Br(s) ---+ trans-[Co(en) ~Br~.lBr(s) 

are -11.4 kJ mol-r and -6.4 kJ IT&-~ respectively [161]. The free energy 

changes are estimated to be AGo = -8.0 kJ mol-l and -3.0 W rrol-' for the 

isemerisation of cis-[Co(en)zClz]Cl and cZs-[Co(en)2Br~]Br respectively. The 

crystal structure of (-)sss-cis-[Co(l,3-pn) (NCS)2].f[Sbz(+)-tart~].2H~O 

establishes the absolute configuration A, which agrees with that assigned from 

CD spectra [162]. 

The therrrodynamics of ion exchange of singly charged cobalt(II1) complexes 

(e.g. [Co(en)z(NOz) ~1~) with Na+ on Dower AG 5OW-X2 have been studied in detail 

[163]. Cation exchangers with tartrate residues as chiral exchanging groups 

have been prepared from Toyopearl gel [1641. Short columns of these 

exchangers ware successfully used for the complete resolution of ]Co(en) 3] 3+, 

[Co(l,3-pn) 31 3+and Sac-[&I(@-ala)31 by recycling chromatographic techniques. 

Sephadex and its derivatives are unsuitable for HPLC work, but Toyopearl 

HW-4O(Fine), ccn-fmercially available from the Toy0 Soda Co., may be useful in 

this respect. 

Spontaneous resolution of [Co(en)2(gly) ][CH&O~][C~OL+] at 5-50 'C, and for 

[cO(en)~(gly)] [%+I at 39-50 'C in water has been observed [165], other studies 

in this area have been reported [166], 

A series of papers have appeared dealing with the conformational analysis 

of chelate rings in cobalt(III)-diamine complexes, including 1,2-pn complexes 

[167], 2-methyl-pentane-2,4-diamine complexes [168] and a series of d&mines 

[169]. The tert-butyl-substituted diamine (S)-3,3-dhthyl-l,Z-butanediamine 

forms five-membered chelate rings with metals which are effectively limited to 

the 6-conformation in which the tt?&-butyl group is equatorial [170]. 

The mode of ion association between ~is-[cO(en)~X~]~ and halide ions in 

dmso (X = a-, NOz-, KS-, Cl- or N3-) has been studied by lH NMR and CD 

spectroscopy [1711. Association of the anions with the amine hydrqens which 

are trans to the X substituent is indicated. A number of associated studies 
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have appeared, including the solvent dependence of the CD spectra of 
ci.~-[Co(en)~X~]' complexes where stereoselective hydrogen bonding is of 
iqxxtance [172], and the determination of association constants for 
A-[Cb(en)3]3f-[S203]2- and A-[Co(R-chxn)~]3+-[Sz03]2- [Il-chxn = 
(lR,2R-1,2-cyclohexanediamine)] in water [1731. 

!&e crystal structure of lel,1e1,lel-tCo(f-2,3-butanediamine) 31C13 has 
been detemined 11741. Three of the possible four diastereoiscmzs of 
tCo(S-phtn) 313+ (fat-A, fczc-A and mm-A) have been characterised (S-phtn = 
(S)-l-phenyl-1,3-diamimpropane) D751. The complex [COG-phtn) (NH3) 413+ was 

also prepared. The reaction between cis-[Co(en)pCl~] [ClOb] and Silver 
phemylphosphate in anhydrous dmo gives the dimeric cation 
[[C~(~~)~(II-~~POC~H~)]~~" as the major product [176]. An X-ray analysis of 
the meso-diastereoismer as the triflate salt rmnohydrate confirms the 
structure (32); the tsm cobalt atms and the two bridging ligands define an 

(32) 

eight-membered ring. Effects of N-mathylation in coqlexes 
[Co(dimine ) (acac)2]Br on ion pair form&ion in nitmbenzene havs been studied 
by conductivity measuremen ts [1771. 

~xystal structures of interest include the following, 
Al\-abc,def-(1,5-diarrrino-3-azapentane,~NN)(1,3-diamlnapropane-2-ol,IJNO)- 
cobalt(II1) chloride tetrachloxozincate (C7H23ClKoN50Zn) 11781, 
[Co(en) p.(cO3)] Cl [179], A-(-) 5~g-cis(NOn)-trcms-(NHz) K-l an.ine)dinitrotri- 
mathylenediaminecobalt(III) ([Co(l,3-pn) (D-ala) (NO3)31) [1801 and the 
b-hydroxo-p-peroxo ccmplex (33) [181]. 

Further kinetic work has dealt with the kinetics of substitution of agua 
ligands in ci~-[Co(en)~(OH~)~l~+ by picolinic acid in water-ethanol mixtures 
[182], the kinetics of therm1 deamination of eis-~cO(en)*(aniline)~l~~ and 
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L NH2 NH, 

(33) 

cis-[Co(en)2(3-picoline]C1]Iz [183], kinetics of solvolysis of 

trans-[Co(en)~CIJf in water and (water + isopropanol) [184], the kinetics of 

aquation, base and mercury(II)-catalysed hydrolysis of [Co(l,Z-pn)~(am.ine)C1J2+ 

ccmplexes [185] and the isomerisation of [C~(diamine)~(NO~)~]+ complexes [186]. 

The preparation of cis-[cO(l,3-pn)2(No~)~]~~ usinq dmso as solvent has 

been described [187], as has the synthesis of mixed ligand cobalt(III) complexes 

with en and 3-amino-1-propanol [188]. New cobalt(II1) complexes containing 

1,3-pn and 1,2-pn ligmds have also been described [189]. 

Additional studies have dealt with the photolysis of mixed ligand 

ccbalt(II1) camplexes with a-amino acid, en and phen liqands [190], structures 

and thermdynamic properties of tied 1,2-diaminoethane and 1,3-diaminopropane 

cobalt(II1) complexes [191], and 'H IWR studies of 

cis-bis(1,2-diaminoethane)ccbalt(III) complexes in solution [192]. 

2. I. 4.3 Py-ridine, 2,2 ‘-bipyridine I, IO-phenanthrolinc and 

2,2 ‘-bipiperidine compZexes 

Trwns-[CoC12 (py) h]+ has neither configurational chirality nor 

confomational chirality due to a chelate ring. However, steric interaction 

between the 2,Ghydrogens of adjacent pyridine mlecules causes all four 

pyridine rings to be obliquely inclined with respect to the {CoA7t+} plane (34). 

The chiroptical properties of the complex have now been studied in detail 

m31, and the (-)$?‘o LcoCl~ (py) uI+ assiqned the conformation P. 

The crystal structures of eis-[CO(bipy)~(CO3)]IN03].5H20 and 

cis-[Co(phen)2(C03)]Br.4N~O have been determined by X-ray diffraction [194]. 

The kinetics of the cmplete decomposition of cis-(CB(py)~(CO~)~]- in HC~OL, 

solution has been studied [195]. Decomposition occurs zlia two successive 

decarboxylation steps and a final reduction step which gives cobalt(II) as the 
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P M 

(34) 

only cobalt-containing product. Other kinetic studies have dealt with 

marcury(II)-assisted aquation of cis-[CoC1(en)*(py-x)12+ @y-X = 4-amine 
pyridine, 4-dimethylaminopyridine and 4-methylpyridine) complexes (1961, 
activation volumes for the aquation of cis-Ko(bipy)2(NO~)Cll*, 
cis-[Co(bipy) ~(No~)aCl+ and cis-[Co(phen) (IQ)Brl+ [II971 and solvolysis of 
tram-[CoClp (py)~,]+ in water-isoproRano1 mixtures [198). The crystal 

structure of (-)~~~-(CO(NO~)~~(-)~s~-Zr2'-bpp~nl[d-bcsl.4H20 (2,2'-bpp = 
2,2'-bipiperidine, d-bcs = d-3-bromcamphor&ulphonate) has been determined 
[1991. The absolute configurations around the asyrtmstric carbon atoms are 
both R for (-) 589-2,2'-bipiperidine, and the two five-membered chelate rings 
are X. 

2.1.4.4 Triamine complexes 

A convenient synthesis of 1,2,3-triaminopropane, ptn (35), has been 

developed by the reduction of 1,2,3-triazidopropane [2001. The cobalt(II1) 

CH* - CH - CH2 

I I I 
NH2 NH2 NH2 

(35; ptn) 

complex [Co(ptn)2]C13 has been characterised by 13C NMR spectroscopy and X-ray 
analysis, and shown to have an s-fat configuration with a crystallographic 
centreof synm&try. 

YlW geometric isomers (red and violet) of [CcCl(di amine) (2,3-tri)l[ZnCl+l 
(diamine = en,l,2-pn or 1,3-pn; 2,3-tri = 1,6-di amino-3-azahmane (36)) have 
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(36; 2,3-tri) 

been prepared [201]. The unsymmetrical tridentate is maridionally 

cmrdinated,with the red and violet forms correslpndinq to the (R,S)-set NH 

'proton being adjacent to and remOte from the chloro-ligand respectively. 

Redox decomposition of 1,2,6-[Co(dien) (NO2)3] in acidic solution has been the 

subject of a kinetic study [202]. 

The crystal structure of mm-[Co(dpt)2] [C10~]3 has been determined [203], 

and an energy minimisation analysis of the [Co(dpt)2] 3* {dpt = 

bis(3-aminopropyl)aminel system carried out. The preparation and 

characterisation of LWP-[Co(dpt)~l[ClO~+l~ has been described [204]. The 

complex undergoes slow hydrolysis in neutral water, but hydrolysis is inhibited 

by acid. X-ray crystallography establishes that the isolated hydrolysis 

product is the racemic geometric isomer (C2 symmetry) of 

[(dpt)cO(OH) $Zo(dpt) 1 [ClOsls. The reaction of [cO(dpt)C13] with dien in 

propan-2-01 gives me~-[Co(dpt)~]~~ and the three geometric isomers of 

[cO(dien),13+ almst quantitatively [2051. However, the reaction of 

[Co(dien)C13] with dpt in propan-2-01, catalysed by water, gives the three 

isomers of [Co(dien) (apt)] ‘+ as the main prducts in the approximate ratio 

p-fac:mer:s-fat of 4~2~1. X-ray crystallography of 

mm-[Cotdien) (dpt)]2[S206] 3.H20.EtOH confirms the assigned mer geometry. 

2.1.4.5 Te’etramine comptexes 

The liqand 2-(r~thylamino)-2,2"-diamimtriethylamine &ztman = (37) ] has 

been prepared and a number of cobalt(II1) complexes characterised [206]. The 

/ 

CH2CH2NHMe 

N-CH2CH2NH2 

\ CH,CH,NH, 

(37) 
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detailed stereochemistry of the complexes are discussed and kinetic studies 
described. 

13C NMR spectra of a series of tram-ICo(3,2,3-tet)Xpln+ (X = E&-, Cl-, 

N3 , NH3, NOp- or OAc-) ccurplexes and tram-[Co(2,3,2-tet)X21n+ (X = Cl-, glyH, 
oAc-, NH3 or NO3-) conplexes have been studied [207]; the 13C chemical shift 
is fourd to be linearly dependent on the ligand field strength (estimated from 
the electronic spectsum) of the axial ligands X. A further i3C NMR study 
deals with cobalt(II1) complexes of the tetramine ligands 2,2,2-tet, 
2,2,3-tet, 2,3,2-tet and 3,2,3-tet I2081. In such coqlexes three geometrical 
isomers are possible (tram, cis-a and cis-8) and these sterecchemistries are 
readily assigned on the basis of 13C M data. 

The complex (citrate) (trien)cobalt(III) hydrate, [Co(trien) (C$-I~07)].5H20 
has been prepared as a possible model for complexation of citrate to a 
metal-containing enzyme [209]. X-ray work indicates that the citrate ion 
coordinates uia thehydroxylgroup andthe central carboxylate group. 

The sulphito complex [cO(tren)(OH2) (OS&)]+ is produced by the rapid 
reversible uptake of ED2 by the hydroxo-ague complex [Co(tren)(OH~)(oH)]2+ 
[2103. The sulphito species undergoes an internal redox process giving 
cobalt(11) and [sos]z- in the pH range 2.9-5.4. 

Kinetic studies have dealt with the aquation and base hydrolysis of 
cis-cl- and cis-82-[cO(trien)(aniline)C1]2+ [211], anation of 
ci~-B-[Co(trien)(OH2)2]~+ by oxalate 12121, and the determination of activation 
volumes for the aquation of a range of tetra-amine corqlexes [213], 

The A-82-[Co(2,3,2-tet) (AA)ln+ (2,3,2+et = 1,9-diamino-3,7-diazonane; 
AA = aspartate, asparaginate and glutamate) complexes have been prepared and 
the hydroxide ion catalysed epinerisations of these corqlexes studied 12141. 

2.1.4.6 Oximes, cobaloximes and vitamin B12 
As always there is aconsiderableliterature oncobaloxime chemistry. 

The reaction between several alkyl(pyridine)-cobaloximes [RCo(dng)2(py) I and 
CFaCO2H in CLCl3 has been studied by 'H NMR spectroscopy E215]. Addition of 
CF$&H causes reversible protomtion without loss of pyridine followed by a 
second protonation leading to pyridine loss. With an excess of C!?3CQH, the 
alkylcobaloximes lose their alkyl group as RH and give the red 
cis-bis(butane-2,3-dione dioxime)bis(trifluoroacetoxy)oobalt(II). Geon&.rical 
distortions have been investigated in the crystal structure of 
[Co(~2)(dmg)2tM3C(CH20)3P?] contai.ning a phosphite With a Very small cone 
angle [216]. 

!t'hecmqounds [RCc~(dnq)~py] arecleavedbyanhydrou~HC1inchlorinated 
solvents to give RH (R = Me, Et, CHMe2, neolxzmtylcyclohql) probably by an 



SE2 process 12171. when R = benzyl, hcmolysis of the carbon-carbon bond 

predcminates to give bibenzyl. -1 substitution and bridge formation by the 

cyan0 group in ECO(dmq)21+ ccanpkxes have been studied [218J. Polymeric 

ccmpounds{CWo(~)AN-Co(~)& were prepared with conducting properties. 

Crystals of [t(S)-l-cyanoethyl}~(~)~w] undergo racemisation in the 

crystalline state on exposure to X-rays 12191. Linkage isumer ism in 

[(cN)Co(dq)~(OHz)l has been studied; both the cyanoand isocyanocomplexes 

were prepared and shun to be isostructural [220]. The reaction of cobalt(I1) 

cobaloxir~~swithorganohalna&neshasbeen studiedand the crystal structure 

of an arsine derivative of a robalt(III) cobaloxime determined [221]. 

F'urther crystal structures determined this year include the following: 

[~(~)z(~)~P(=)3~] [222!, [a(dmg)2(M2-3) (oh)1 ami 

ICO(~I@~(CHZCM~~)(PP~~)I 12231, [Co(dmg)~(CHDle3) (P&3)1 I2241, 

[Cob-q) z0-k) (PNes)l ad [C~~tdm3)2(W){P(CsH~~) 331 [2251, a.rd 
[CO@KKJ)~ (C6H5C&) (nmpholine-N)].H20 [226]. In view of the wealth of 

crystallographic data on cobaloxim ccanplexes, the aim of further mrk in this 

area should be clearly defined, and its chemical significance carefully 

considered. 

The pKa values of (carboxym3thyl)(ligand)cobalox~s and 

(1-carbo~ethyl) (1igand)cobaloximes with sixteen different axial ligands have 

been determined in an effort to quantify the "B-effect" [227]. The 

tram-dimethyl cobalt(II1) ccsnplexes (38) and (39) rapidly transfer aethyl 

groups to zinc(II) and cadmium(II) in C&CN [228]. Methyl transfer to lead(II) 

and [(Me$)3Pb]+ in ethanenitrile is also rapid 12291. 

(38) (39) 

"F NMR chemical shifts for 3- and 4-fluorophenyl(ligand)cobaloximes with 

twenty-one different axial ligands have been determined [2301. The results 

indicate pronounced ~-electron donation frcm cobalt to the covalently-bound 
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organic ligand, which varies markedly with the nature of the cobalt oentie. 
Reaction of cobalt dimethylglyoxime dehydrate with amines gives a catalyst for 
the hydrogenation of ~hbQ. BPR studies of this system have now been 
published [231]. 

Electron transfer batwaen the clathrochelate CO(&~~)~(BP)ZEFI+ and 
ferrocme in ethanenitrile has been studied kinetically [232]. The complex 
[Co(dmho)~] (d&10 is the nonoani on of 5,5-di.mthyl-cyclohexane-1,2,3+rione 
2-oxime) has been characterised [233]; this coniplex spontaneously resolved on 
crystallisation to the j&-A iscmer. Cmplexes of cobalt(II1) with 
2-nitroso-1-naphthol and 1-nitroso-2-naphthol (mmo-oximzs of 
1,2-naphcquinone) have also been studied 12341. 

The syntheses of organocobalamines in which the cobalt atom carries 
substituents derived from esters of dimthylmlonic and mthylmlonic acid have 
been described [2351. The compounds are of interest as models for possible 
intermadiates in the coenzym BLZ dependent mathylmlonyl-CaA mtase reaction. 
The reactions of these compounds leads to the suggestion of a m&anionic 
mechanism for the methylmalonyl-&A nutase reaction. Ele&mchmical 
oxidation and re&ction of mthylcobalamin and ccenzynra B12 has been studied 
using spectrcelectmchemical techniques [236]. Protonation of the 
phosphodiester of the nucleotide loop of methylcobalamin is indicated by the 
pH dependence of tha 31P Nm spectrm [237]. 

Reactions of B12r with aliphatic free radicals have been investigated by 
pulse radiolysis [238]. The reaction of methylcobalamin (CH3-B12) with 
BuX41- (X = Clor Br) under anaerobic conditions gives aquocobdlamin with an 
oxidised corrin ring, C&X and metallic gold [239]. tllhe reaction is 
interpreted in term of one-electron oxidative demthylation of CHB-B12. 

A kinetic approach to the determination of transition metal-alkyl bond 
dissociation energies has been developed and its application to organocobalt 
campounds related to B12 coenzyms discussed t2401. Theone-electron 
electrochemical oxidation of [EWolI1 (TPPII (TPP =tetraphenylporphinato) causes 
intramolecular rearrangemntof theethylgroup to aringnitrogen togive 
[fl-EtColl(WP)]+ (40) [241]. Reduction of [N-E~~DI~(TPP)]~ with Na[BE'4] 
regenerates LWoII1 (!!FP)], but by an inte~~~~~lecular arrangement. 

Cobaloxin-es containing phosphorus-donor ligands have been reviewed [242] 
and a thesis deals with structural studies of the tram-effect in octahedral 
bis(dinethylglyoximto)c&alt(~II) complexes 12431. Cobalt(III) complexes of 
dimathylglyoxime with 3-amino- 1-propanol have been studied [244], and the 
kinetics of reduction of scma tram-bis(din&hylglyoximto)cobalt(III) ccpnplexes 
by vanadium(I1) investigated 12451. Afurtl~~pap~dealswiththecqstal 
structure and deprotonation of a cobalt(II1) complex [CO(BL)L][C~O~]~, where 
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Ph 

Ph 

(40; [ii-EtcoI*(TpP)l+I 

HL = 2-(3-aminopropyl)imino-3-butanone oxQre [246]. 

The reaction of ethene with hydroxyl radicals under reducing conditions 

produces radicals which are trapped by vitamin Blzr to give 

2-hydroxyethylcobalti [247]. The kinetics of the acid-catalysed 

decomposition of (2-hydroq-, (2-ethoxy- or (2-phenoxyethyl)cobaloximas to 

form ethene and cobaloxirre(III), provides evidence for the formation of a 

cationic intermediate (upon loss of the &leaving group) [248]. The cationic 

intermediate is believed to be a cobaloxime(III)ethene T complex. The 

kinetics of decoqosition of (cl-phenylethyl)aquocobalox~ in aqueous acidic 

methanol suggest parallel homolytic (s 72%) and B-elimination (Q 28%) pathways 

c2491. 

Themechanismof thecyanide-induced fom-ationofmethylethanoate from 

[ btx?tbxycarbnyl)mdhyllc&alamin i-m been studied in detail [250]. 

The crystal structure of bis[di(a-furyl)glyoxtito]ditriphenylphosphine- 

cobalt(II1) nitrate confirms an octahedral stereochemistry with the phosphine 

donors in the axial sites 12511. Sterically unstable alkylcobalamins are 

discussed in a recent thesis [252]. 

2.1.4.7 MucrocycZes 

The synthesis of the cage complexes [Co(sep)]"/3' (41) (sep = sepulchrate 

= 1,3,6,8,10,13,16,19-cctaazabicyclo[6.6.6]eicosane) from [C~~(en)3]~+ and 

analcgous cages from [Co(sen)13+ (42) (sen = 5-methyl-5-(4-amino-Z-azabutyl)- 

3,7-diazanonane-1,9-diamine) have now been described in detail and the crystal 

structure of [CO(sep)] [S206].HzO determined 12531. The complexes are 
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I 
Me 

(41; CCotsep)13+I (42; [Co(sen)13+) 

unusually stable, and display many novel features, thus the Co(II)-Co(III) 

electron self exchange rates are extremely fast (5.1 and 2.9 K1 s-l at 25 "C) 

and ea. lo5 times greater than for [Co(en)~]~+/~+. The [Co(sep) I*+ reduction 

of 02 to Hz02 is also very rapid arad appears to ocmr by an outer sphere 

pathway. 
Synthetic routes to the resolved unsym-isomers of [cO(datS)Cl] [Cl0412 

{dats = 4,7-bis(2- aminoethyl)-l-this-4,7-dia~acyclononane = (43) 1 and 

[Co(datn)Cl] [C10~,]2 cdatn = 1,4-bis(2-amince thyl)-1,4,7+riazacyclononane = 

(44)) have been reported [254]. The new macrocyclic ligand 

AA/-l 
H2N N N 

,~\n/-7 
H2N N N NH2 

(43; dats) 

(44; dathl 

1-this-4,7-diazacyclononane (tasn = (45)) was also synthesised and the 

cis- tCo(tasn) ?I [C10413 complex prepared. Base hydrolysis of each 

chloro-cmrplex occurs in tm consecutive steps, the initial reaction being 

chloride hydrolysis. The second reaction for the dats complex is base 

catalysed dissociation of the thioether to give cis-[Co(dats) (OH) 21’. The 
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(45; tam) 

datn complex undergoes base catalysed terminal ring opening to 

cis-[Co(datn) (OH)J+. 

The preparation of the pentadentate macrocycle [15]aneNs, 

{1,4,7,10,13-penta-azacyclopantadecane = (46)) has been described in detail 

H 

N c-3 I-IN c > HN 

N;i 
(46) 

and the cmplex [cO([151aneN5)C11 [C10412 characterised [255]. This cmplex 

can have three possible configurations as a result of the two chiral centres, 

Scheme 1. 

13C NMR rreasurements establish that the cobalt(III) ccxplex is a mixture 

of the pssible stereoiscmers. Ease hydrolysis of [Co([lS]aneN~)Clj ** is 

quite rapid with koH = 2.45 x lo4 K1 s-l, a result which can be rationalised 

in terms of the equatorial {NI+} donor set. The crystal structure of 

[Co(D6laneN~)Cll [Cl0412 C[161aneNs = 1,5,8,11,14-pentaazacyclohexadecane = 

(47)) establishes that the six-membered chelate ring lies in the "backbone" of 

the mlecule (48) [2561. The six-&red ring assumes a "chair" conformation 

while all five-membered rings are gauche. The two "flat" nitrogens have 

opposite chirality (meso). 

The complexes [Co([151aneN5)dmfl[C10413 (43) ard 

[CO( [lS)aneN~) (CCCH)) [ClOt+J2 have keen characterised [257]. Base hydrolysis 

of (43) is biphasic giving both the methanoato complex (hydrolysis of the 

0-coordinated amide) and the hydroxo-complex (50). lhehydmxo-mmplexhas 



67 

N 

/ 

“C-7 N 

f ) iI 
co 

N ,/I‘> N 

I d 
X 

meso-syn 

/ 

N 

Ii 
c ---A . “\/ 

f 1 i 
CO 

cI\, H 

N r: 
I 
X 

meso-anti 

x X 

racemate 

SCHEME 1: Possible configurations of [Co([15]aneN5)C1]2+. 

Ii 

N c3 
HN c > 

NH HN 

U 
(48) 

(41) 

also been shown to be effective in pmmtiq the hydrolysis of 4-nitrophenyl 

ethanoate [258]. 

Sargeson's group has continued its work on the encapsulation of metal ions 

using nitrogen-sulphur ligand atom cages. The synthetic strategies employed 
are sum&wised in the Scheme 2 [259]. These reactions should be applicable 
tormnyothersystems. 



(49) 
(50) 

The synthesis of the cyclic amine 1,4,7-trimethyl-1,4,7+riazacyclononane 

(Me3[9]aneN3] (53) has been reported 12601, and triply OH-bridged binuclear 

cations [(Me3[9]aneN3M(OH)3M(Me3[9]aneN3)]3+ (52) prepared with cobalt(III), 

Me 
I 

/OH\ 1 3+ 
LcoK:~oL 

(52) 

(51; =) 

chrCmium(III] amd rhodium(II1). In contrast to their analcgues containing the 

non-methylated ligand 1,4,7-tiiazacyclononane, the binuclear cations are stable 

in 2 M perchloric acid, and acid-catalysed OH-bridge cleavage is not detected. 

The preparation of the syrmatrical hexaaza macrocycles [21]aneN~ (5S), 

[18]aneN~ (54) and 1,4,7,10,13,16-tri(R,R)cyclohexano[b,h,n]hexaazacycloocta- 

decane tc[l8]ane& (55) and their cobalt(III) complexes has been studied [2613. 

Cobalt(III) coqlexes of [18]ane~s have previously been characterised (2621. 

The colnplex [Co([21]aneN~)]3f was optically resolved and evidence for two 

geometrical ismers obtained. Column chromatcgraphy of the optically active 

[~(tC[18]aW%~]3+ gave five geometric isomers and sm~ evidence for the 

existence of a sixth isomer was obtained. The two chiral isomers of 

[Co([18]aneN~)] were resolved. 
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1 3+ NH&KxiO 
> 

Li, cc031 

I 
Me 

Na,CCO,I 
CH,NO,/HCHO 

I 
Me 

([Co(NH3capten)14+) 

SCEEME 2: Capping strategies for the encapsulation of 

Zn/HCl 

> 

02 

Me 

([co(azacapten)13+I 

metal ions. 



(53; [Sl]aneN,) 5-3 ” (54; [IblaneN,) 

(55; tc[le]aneN,; the cyclohexanediamine 

residues have the RR configuration) 

The synthesis of the new macrocyclic ligand {(SG) = L] derived from 

(+I-pulegone has been described and a variety of trans-[CoLXi] [Cl01+] ~XZ = 

C12, (No212 or C10Kk)} prepared [2631. The synthesis provide5 a useful 

route to a chiTa macrocycle. 

The tetradentate Ns macrocyclic ligand obtained by tqlate reactions of 

2,6_diaminopyridine and pentane-2,4-dione gives complexes of the type (57) with 

cobalt(III), which are suggested to be five coordinate [2641. 
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N HN 

i > 
NH N 

Me 

Me 

(551 

(57) 

The complexes &s-[cO(cyclam) (en)13+ and cis-[cO([13]aneN1,)(en)]~' have 
been resolved by elution from SP-Sephadex C-25 with sodium 
tartratoantimonate(II1) [265]. Bans-bis(imidazole) and trans-bis(m acid) 
derivatives of the type (58) have been prepared with the macrocyclic diene 
ligand Me~!14ldieneN~ [2661. It has been concluded that the prosthetic groups 
of the cobalt(III)-containing proteins from DesuZphovibrio gigas and 
D. desulphuricans are oobalt(III) isobacteriochlorins [267]. 

A number of interesting kinetic studies have am. The reduction of 
several macrocyclic N4 cobalt(II1) ccnnplexes by L-ascorbic acid (H2A) has been 
studied at 25 OC (I = 0.1 M LiC104) over the pH range 1.64-3.47 t2683. 
Unsaturation in the macrocycle facilitates electron transfer. The 
[Co(cyclen)(OH)~]+ prcanoted hydrolysis of &-[CD(NH~)~H~P~O~~] is believed 



+ 1 
3+ 

O,CCH(R)NH, 

I 

NY -\N 

( I \0 
/O\ 

Nl-AN 1 
I + 
O,CCH(R)NH, 

to proceed via the intermediate (59) [269,270]. 

0 

iol II 1 

- 
3 

O--.P-O-P-O 

I \i"/ 

NHB 

( ..,,,,o~ ’ C / 0 

\ 
ij, o-%_o~o\m3 

II NH3 

0 

(59) 

Fates of the [CD(OHZ)G) 3' oxidations of [CO(NI+) (OH2)~12+ (fV4 = a tetraaza 

macrocycle) and [Cc(sepulchrate) I ‘+ have been determined [271] and electronic 

requirements of inner-sphere electron-transfer pathways in mcrocyclic 

complexes discussed [272]. 

Other studies have dealt with the photolysis of 

[Co(Mel,[14]tetraeneNI,)(OHZ)2]3f [273], 'H NMR spectiosapic and electrochemical 

investigations of the (meso-5,10,15,20-tetraarylporphtie)cobalt(III) cc@@exes 

[2741, CNEO/2 calculations on cobalt(III)-porphyrins [2751, evidence for a 
+ dissociative mechanism obtained from values of AV for substitution of 

diaqua[mcso-tetrakis(~-~thyl-4-pyridyl)porph~to]cobalt(III) with thiocyanate 

[276] and the direct measurment of electron self-exchange rates in cobalt 

porphyrins by outer-sphere [277] and inner sphere [278] pathways. 

Both sym (mew) (60) and unsym (r+~cemic) (611 isomers of CCo([18]meN~)] 3+ 
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lreso I (racemic) 

(60; sym) (61; unsym) 

{[18]aneN~ = 1,4,7,10,13,16+exaazacyclooctadecane = (54)) have been 

character&ad 12621. The meso-isomer is a minor camponent (< 1%). The 

crystal structure of the meso-i-r has now been determined [279]. TheCo-N 

distance is 1.9966(8) i and the K-Fco-N angle in the chelate ring is 83.62'. 

ThenrAeculardin-tensions are ingoodagr~ t with those obtained from 

conformational analysis. 

The ccqlexes [cO([9]aneN3)(L_val) (N&)1'+, ([9laneN3 = 

1,4,7+riazacyclononane), [Co(I%a[9]aneN~)(gly) (NH3)12+ bk[9laneN~ = 

(2R)-2-methyl-1,4,7+riazacyclononane) have been prepared and separated into 

diastereoisomsrs by column chromatography [280]. Sixothercoqlexes 

[CoL(B-ala)([91aneN3)ln' (L = CN-, IWZ- or NH3) and [CoL(gly) ([lOlaneNa)lnf 

(L = IQ , NCS- or H20; [lO]aneN3 = 1,5,9-t.riazacycl&Aacane) haVa also been 

prepared and resolved into enantiomers. 

!Che kinetics of anation of trans-[Co(OH) (ML,) (H20)12+ (N4 = [14laneN1+, 

meso-*6[14]aneN1, (tet a), rat-Me6[14]aneN1, (tet b), Eae~[14]4,11-dieneNt, or 

Mek[14]tetraeneN4) by ethanoate ions has been studied at 25 "C and I = 0.1 M 

over the pH range 3.62-5.17 [281]. Tne reaction is considered to proceed via 

a dissociative nechanisn. 

X-ray structural studies on corqlexes of the chiral cyclen ligand 

(2R,5R,8R,11R)-1,4,7,lO-tetrabenzyl-2,5,8,~l-tetraethyl-~,4,7,10-tetraaza- 

cyclododecane (62) have been published including [ml]Cl and [~~l]Cl [2821. 

The crystal structure of diaqua(tetraphenylporphi)cobalt(III) perchlorate 

has also been published 12831. An unusually short cobalt-bromine bond has 

been observed by EXAFS studies in broom-(a,B,y,6)-porphinatocobalt(II1) [284] 

and a thesis deals with resonance Raman investigations of sane cobalt (and 

copper) macrocyclic ccanplexes (and transition s&al-containing proteins) [2851. 

The synthesis of trans-dirt&hylcobalt(III) complexes of tetradentate 

rrracrocyclic ligands and their reactions with metallic electrophiles such as 
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(62) 

zinc(II) and caWum(I1) is described in a thesis [286]. Scms of this work 

has now been published and is referred to in Section 2.1.4.6 (ref. 228). 

2.1.4.8 Azide complexes 

Hexaazidocobaltates(III), ICoW' )613- have been studied and their spectral 

parameters and hazards considered (2871. Several electron-poor dipolarophiles 

(alkynes, alkenes and nitriles) react with azido cobalt chelate complexes of 

the type [Ko(chelate) (N3)] under mild conditions [2881. Coordinated 

five-membered-ring heterocycles are the initial products of these 1,3-dipolar 

cycloadditions, thus rmn-terminal alkynes give triazoles, alkenes give 

triazolines and nitriles give tetrazoles. 

2.1.4.9 CompteSeS Ai,k miscel Zaneous rlitrogf?n Zigand:: 

X-ray structural studies on the ternary co@exes 

[~(=)z(OH2)2f [C~(~'-IMP)~(OHZ)I,IC~~.~H~O (63) and 

[Co(en)2(OH2)21 [CO(S'-CZ\IP)~(OH~)~]C~~.~H~O (64) (5'-IMP = inosine 

5'-mnophosphate; 5'-@lP = guanosine 5'-monophosphate) show that they are 

isomrphous and that cobalt binds to two symmetry-related nucleotide mieties 

in the cis-position through the N(7) donor of the base [289]. This mode of 

bonding has not previously been observed in a 1:l metal-nucleotide complex. 

Cobalt(III)-nitro corqlexes are effective as oxygen transfer agents and 

their use in the epoxidation of olefins has been studied (2901. 

2.3.: CoqJlexes 

Cobalt(III) phosphine complexes [C0(CN)4_2~~(acac),~L2 1 (n-l) f 
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(63; R = Ii) 

(64; R = NH+) 

tL = P(~dz(C6H5) 3-z} and several related ccatplexes have been characterised 

[2911. For [Co(acac) 2L21f, the ligds P(a3)3 and P(a3) (C6&)2 give the 
cis- and trans-iscawrs respectively. New CcmplexeS of the Eo(c-0)(e@p)*1 
and [Co(O-O)(en) (dppe)] (O-O = acac-, ml", ox'- or CQ2-; edpp= 
(2-aminoethyl)diphenylphosph~e; dppe = 1,2-bis(diphenylphosphino)e'chane) type 
have been prepared P92.1. 

2.1.6 Cyanide complexes 

The crystal structure of K3[Co(CN)s(N3) 1.2H20 has hen detennjned [2931. 
Cyanide bridged complexes [(en)2(H20)WN.-M'(CN)s] {M,M' = Co(II1) and/or 
cS(III)} have been chara&erised and their reactions studied 12941. Linkage 
isomerism in cyanoaquabis(dimAhylglyoximto)cobalt(III) has &SO been 

investigated [295]. Hydrosen bonding involving the [CO(CN)~]~- anion has been 
studied by infrared techniques [296] and 5qCo NMR spectroscopy [297]. 

The crystal structure of the tram-ccqlex Na5[Co(CTJ)+(S03) 21.13H~O 
containing the sulphito ligand has been determined [2981 and the preparation of 
potassim pentacyanodithionatocobaltate(~~I) described 12991. The ccqlexes 

tco(m5(dmf)12- and tCotCN) sWmso)12- have been characterised [3001 and the 
preparation and characterisation of a mixed-valence cyano-bridged 
cobalt(III)-ruthenium(I1) complex described [301]. 

Kinetic investigations have dealt with the photoaquation of [cO(a)613- 
[302], a reinvestigation of the kinetics of the [CO(CN)~OH~]~--N~- reaction 
[303] and the kinetics of the reduction of cyano-cobalt(II1) pom~ins by 
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dithionite [304]. 

2.2 COE!ALT(II) 

il. 2. I bnpZexes with halide Zigands 

The crystal structure of CssCoBrs has been determine d at 4.2 K by single 

crystal neutron diffraction [305]. The Cc-Br bond length is 239.8(2) pm and 

the Br-Co-Br angles of the distorted tetrahedral environment are 107.58(g) and 

110.43(9)O. The absorption and CD spectra of the tetrahedral halide complexes 

[Co((-)-a-isosparteine)X~] have been examined in detail [306]. Absorption 

spectra indicate that cobalt(II) is tetrahedrally coordinated as [coCl~+] '- in 

molten AlCls-(N-Bupy)Cl- (0.8 to 1 mole ratio), but at a 2:l molar ratio 

octahedrally coordinated species, possibly [Co(A12C17)~j]2-m with m = 2, are 

formed [307]. 

Equilibria of cobalt(II) perchlorate with UC1 in 0.1 M LiCl&+-propanone 

have been studied, and stepwise formation constants obtained for the four 

chloro-complexes 13081. The crystal structure of benzotriazolium 

tetrachlorocobaltate(II) has been determined [309]. 

2.2.2 Complexes &th oxygm donor ligands 

2.2.2.1 Cotrrplexes with genera2 oxygen-donor ligands 

The X-ray structure of the ICoO~] unit in cobalt garnet, a new synthetic 

silicate of the composition Co+12Si3012, reveals a deformed cube with its 

central cobalt(I1) more regularly &coordinate than in the previously studied 

[co(No3) 41 .?- 13101. 

A VIOLENT EQIL%ION DURING THE PREPARATION OF CQBALT(I1) PEZHLQRATE HAS 

BIEN REPOF?IzD [3111; this was attributed to the hexa-aquo cobalt(II) 

perchlorate undergoing partial loss of water of hydration to form an unstable 

lower hydrate. The cobalt(II)-perchlorate-water system in propanone has been 

investigated [312]. NMR measurements indicate that water coordination 

dominates even in the presence of large concentrations of propanone. 

The cobalt(II)-carboxylates, [Co(OrCR),] (R = Cl~H23 and C17H33), have 

been characterised and their nonisothermal decomposition, 

@=2)&o d R2CO + cocO3 

studied by TGA [313]. 





78 

have also been determined [316]. The cobalt compounds have rraqnetic moments 

similar to those of monomeric octahedral complexes. 

A variety of equilibrium studies have also appeared, includinq a 

calorimetric investigation of the interaction of furan-Scarb0xylate with 

cobalt(I1) (3171, arid investigations of ternary complexes of cobalt(I1) 

involvinq imidazole or armmnia with uridine 5'-triphosphate or adenosine 

5'-triphosphate [318]. A series of ternary corr@exes between adenosine 

5'-triphosphoric acid (ATF), bipy and cobalt(I1) (including other metals) 

been characterised in the solid state [319]. These complexes can be 

have 

formulated [M(II)-H~ATP-bipy]2.4R20 (Mbipy ATP), and have been investigated by 

a variety of techniques. IR spectra indicate that ATP coordinates via the 

oxygen of the phosphate groups. These complexes are particularly stable 

towards hydrolysis and may provide mdels for ATP transport. (Divalent metal 

ions usually catalyse the dephosphorylation of nucleoside di- and triphosphates, 

whereas ternary complexes often display remarkable stability towards 

hydrolysis). Cortplexation between AlT and cobalt(I1) has also been studied 

by a Hungarian group [320]. Different complexation modes between cobalt(I1) 

and 5'-AMP has been demonstrated by direct l@fR observation of the 

lowterrperature corrplex [321]. 

Bis-complexes of cobalt(X) with the anions of 2,2'-dihydroxy-diphenyl 

oxide and sulphide have been studied and the crystal structure of sodium 

bis{diphenylsulphide-2,2'-diolato(2-)]cobaltate(II)-plro~~e-water determined 

[322]. The synthesis of cobalt(I1) mthoxyphenolates has also been described, 

and the crystal structure of te'crakis{b-3-m&hoxo(2,4,6-trichlorophenolato)- 

(mt..hanol)cobalt(II)~ obtained [323]. 

Okher investigations have dealt with cobalt(II) complexes of ascorbic acid 

[324], solvent exchange at cobalt(I1) in mixtures of weak and strong donors 

(MeOH, &f, hmpa) using NMR techniques [325], and spectrophotormetric studies on 

2-hydmxyphenylazoacetylacetone and its cobalt(II) complex [3261. 

Reaction of the potassium salt of l-(2-carboxymthoxyphenoxy)-2-(2- 

hydroxyphenoxy)ethane {HL = (68)) with cobalt(II) chloride gives [Co(L2K)2] 

(+JOyy-J (6*) 

I 
CH,CO,H 
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[327]. Crystallography establishes that cobalt(II) is tetrahedrally 

cmrdinatedby four carboxyloxygens, one fromeachof fouropenchain 

polyether hydroxyacid anion ligands, L-. 

2.2.2.2 Dioxygeh complexes 

The form&ion and stability of cobalt dioxygen conplexes in aqueous 

solution has been reviewed [6]. The apomyoglobin ccqlexes of cobalt(I1) 

protoporphyrin IX and cobalt(U) 3,10,17,24-tetrasulphonated phthalocyanine 

have keenpreparedand the EPRspectraof their adductswithdioqgen recorded 

and evaluated [328]. The protein provides appropriate conditions for the 

oxygenation of cobalt(I1) tetrasulphonated phthalocyanine at rocnn temperature. 

The oobalt(I1) complexes of a series of N,iV'-substituted 

bis(salicylaldiminesulphonic)acids, (691, have been prepared as water soluble 

(69; R = (I&),, (CHz),, CHaCRMe or 2-C&) 

salts [329]. The cobalt(II] ccxrplexes react readily with dioxygen at room 

temperature to give mixtures of the superoxo-type [CoL(02) (oH2)] and 

peroxo-type (.{CoL(OH2) ]2(02] 1 ccqlexes. Formation of the superoxo complexes 
is reversible at room teqerature. 

The synthesis of six ether and thioether pentadentate ligands, of which 

(70) is an example, have been described 13301. Tk cobalt(II)-thioether 

FZN nnnn 
RR X RR NH2 

(70; x = 0 or S) 

derivatives form more stable dioxygm adducts than their oxygen analogues, but 

less stable complexes than the cobalt(I1) derivatives of the analcgous amino 

nitrogen ligands. The oxygenation of cobaloxime(I1) has been shown by 

stopped-flow maa suremnts to consist of three distinct stages; (a) formation 



of )qeroxcrdicobalox~((III) in a rapid process followed by (b) its slower 

disproportionation to p-superoxo-dicobaloxime(III) and stable cobal~xime(III) 

arti (c) solvolytic decomposition of the I-peroxo complex to c~bal~xti(III) 

I3311. 

The previously reported [332] correlation between the sum of the ligand 

pK's and the equilibrium constants (KO,) for oxygenation of cobalt(I1) 

complexes has now been shown [333] to result from a combination of entropy and 

enthalpy tm. ~0th enthalpies and entropies of oxygenation of complexes 

having six-rtembered chelate rings are shown to be less negative (by 50-59 kJ 

mo1-l and 105-125 J K-l rrr~l-~, respectively) than the values for analcgous 

complexes having only five-membered &elate rings. 

The IR spectrum of base-free [Co(acacen)(02)] has ~(0~) at 1146 CJIJ-', a 

mch lower value than that of [Co(TPP)(O2)] (1278 cm-') [334]. This low 

frequency shift suggests that the negative charge on O2 increases markedly on 

going from ]Co(TPP) (02)] to [Co(acacen) (O,)]. Both axial (base) and in-plane 

ligand effects on ~(02) ware also noted and discussed. 

Cobalt(I1) CoqAaxes of salicylaldazine, 5,5'-dichlorosalicylaldazine, 

3,3'-dimethoxysalicylaldazine and salicylaldehyde hydrazone have been prepared 

and characterised [335]. The high-spin cobalt(L1) complexes form reversible 

adducts with 02 in CHC13 solution containing various bases at room temperature 

and the EPR spectra have been recorded and discussed. EPR spectra have also 

been reported for the rronomric oxygen adduct of cobalt(I1) salcen (71) [336]. 

(71; CoIIsalcen) 

The oxidation of various substituted phenols by cobalt(II) 

bisi3-(salicylideneatnino)propyl~methylamine has been studied 13371. 

Coordination of dioxygen to the cobalt(I1) complex enhances the ability of 

dioxygen to abstract hydrogen atoms and to react with phenoxy radicals. The 
oxidation of ascorbic acid by dioxygen catalysed by cobalt(I1) 

tetrasulphophthalocyanine (CoTSP) has been investigated and two reactive 
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internediates I02.C.01SP.ascorbic acid] and [02.CoTSP] detected with absorption 
baads at 570 rm and 634 m, respectively 13381. Super-oxide, Oqt, may be 
generated in a cobalt(II)-tetraphenylporphyr~-~olate-02 system [3391. 

IR spectra of (octaethylporphinato)cobalt(II) and its dioxygm adduct 
argon matrices have been studied [340], as have the resonance Rarmn and IR 
spectra of 02 adducts of fl,N'-ethylenebis(2,2-diacetylethylideneaminato)- 
cobalt(II) [3411. 

in 

The syntheses of some new ligands containing imidazole donors has been 
described [342] and the reversible oxygenation of the cobalt(II) complexes 
studied. A thesis dealing with structural effects on the chemistry of a 
series of synthetic cobalt(I1) oxygen carriers has been published [343]. 
Photochemical generation of superoxide ions from aqueous solutions of the 
superoxo corqlex [(NC) 5CcO2CoKN) 515- has been described t3441. 

The synthesis and properties of a binuclear cobalt(I1) oxygen adduct with 
2,6-bis~bis(2-pyridylmethyl]a&mmathyl]-4-mthylphenol has been discussed 
[345]. A thesis deals with the interaction of dioxygen with the axial sites 
of cobalt(I1) complexes of macrocyclic conplexes [346], and a useful review 
dealing (in part) with the interaction of 02 with mcrocyclic cobalt(I1) 
complexes has appeared [347]. 

Binding of dioxygen to cobalt(II) ccqlexes of polyamino-polyamides 
derived from 1,5-diamim- 3-azapantane and adipic acid has been investigated 
13481, and a molecular orbital study of dioxygen activation by cyano-complexes 
of cobalt(I1) published [349]. Light induced formation of a reversible 
dioxygen cqlex of a cokalt(II) tetraphenylporphyrin at a micellar interface 
has been studied [350] and mass-spectronetric deteminations of the activation 
energy of thermaldeoxygenationof ccmiplexes of cobaltwithmlecularoqg~ 
described [351]. 

2.2.3 Complexes with .suZphur-containing Zigands 

Complexes of dimsthylimidazoline-2-thione I(721 = L] have been prepared 

/-I 
-\ /- 

C 

II 
S 

(72) 
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with cobalt(11) having the stoicheiornetries MLL,XZ (X = 

(X = SCN or N&) [352]. Ligand field parroters were 

placed in the spectrochemical and nephelauxetic series 

thione-S donors. 

Cl04 or No3) and ML;?Xz 

derived and the lkgand 

of heterccyclic 

A variety of cobalt(II) complexes with 3-, 4 and 5-m&hylisot-hiazoles, 

L, have been characterised [353]: [CoL2X21 , [CoL4X2] (X = Cl or Br) and 

[Cc& 1 [Cl04 I 2. The perchlorates are 1:2 electrolytes, while the other 

complexes are non-electrolytes. 

2-&rcapt~5-mathyl-1,3,4-thiadiazole (73) and 

2,5-bis(methylmercapto)-1,3,4+hiadiazole (74) complexes of cobalt (II) have 

been prepared and character&ad [354]. The complexes CoX2.2L (L = mttz, X = 

Cl, Br or I; L = hmttz, X = Br or I) and CoC12.bmttz are pseudotetrahedral. 

(74; bmttz) 

Although the chemistry of iron-sulphide-thiolate clusters 

[FenSn(SR)#r3- (7~ = 2 or 4; R = alkyl or aryl) has been developed in 

considerable detail, attempts to prepare analogous cluster species with other 

transition metal ions have not mat with great success. The [COSS~ (SCGHS) el 
4- 

system containing an octanuclear {Cogs61 rhombic dodecahedron related to that 

of cobalt pentlandite has now been prepared by Helm and coworkers [355]. 'H 

NNR studies of the series [M4 (SPh)1,]'- {M = Fe(II), Co(II), Zn(I1) or Cd(II)I 

have revealed rapid pyramidal inversion of I.r-SPh ligands E356]. The systems 

IM~(SPh)~O12-/[M~' (SPh)lo]"- {M/M' = Fe/Co, Co/Zn or Co/Cd] undergo rapid metal 

exchange leading to mixed-metal species. 

The trithiocarbonate complex [Co(tppme) (SZCS)] (7:) Itpprme = 

l,l,l-tris(diphenylphosphinomethyl)ethane} is highly activated towards 

electrophilic reagents [357]. The uncoordinated su1phu.r is sufficiently 

nucleophilic to displace the halide ion from alkyl halides, or weakly bound 

ligands from other organometallic derivatives, to give sulphur alkylated 

cations or CSB-bridged binuclear complexes respectively. The crystal 

structure of the complex [Co(tppme) (S2CSCH3)] [BPh+].1.5 thf has been 

determined. 

The bis(maleonitriledithiolato)cobalt redox series has been studied [358] 
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(75) 

and the syntheses, structure and properties of several 
bis(0,0'-dialkyl dithiophosphato)cobalt(II) adducts with amines and phosphines 
described 13591. Cobalt(II) cmnplexes of thiourea are catalysts for the 
formation of Schiff bases, and the rmA-tanism of the reaction has been studied 
[360]. Formtion constants have been determined for complexes of cobalt (II) 
with sulphadiazene [361]. 

The syntheses of the l,l-dithiolate cobalt(II) cqlexes 
I(tiiphos)Co{S2C(H)PEt3~lDPht+], [(triphos)Co&CO)I and Ikt-iphos)cO(SKS)l 
{triphos = l,l,l-tris(diphenylphosphithyl)ethane~ by the reaction of the 
complex [(triphos)cO(S2CPSt3)] [Bph412 with nucleophiles has been described 
[362]. The X-ray structure of [(triphos)cO(S~CD)] establishes that the cobalt 
is five-coordinate via the three phosphorus atms of the triphos ligand and by 
the two sulphur atoms of tha dithiocarlxmate group in a distorted 
square-pyramidal stereochemistry. Depending upon the reaction conditions 
three different cor@exes, [(triphos)Co(S2CPEt3)] [BPhk12, 

I(triphos)Co(S2C(H)PEt3)1 IBph41~ and t~triphos~cO~~-cS~~cO~tr~phos~l~BF~12, 
can be obtained by the reaction of the Et3P.CS2 adduct with cobalt(II) in the 
presence of triphos [363]. 

Crystal structures of interest include 
bis(l,3-benzothiazole)dichlorocobalt(II) [3641, the cobalt (II) ccpnplex of 
(2-marcapto-5-ethyl-3+nenylidene)cyclohexylamine [365] and 
tetrakis(thiourea)cob~t(II) sulphate methanolate, [CI&XUWZ)~~~I LSOI+I .CH3OH 
[366]. 

Cther investigations have included magnetic and spectral studies of mixed 
ligaud complexes of bis(thioformohydroxamato)cobalt (II) with bipy and phen 
13671, cobalt(II) coqlexes with benzenecarbothioamides [368] and studies of 
the reflectance spectra and nqnetic properties of cobalt(I1) complexes of some 
thiosemicarbazones [3691. Formation constants have been obtained for binary 
and ternary corqlexes of L-cysteine and D-penicillamine with cobalt( II) [370]. 

Alkali metal or armor&m salts of difumtional dithiophosphonic acids 
react with cobalt (II) to give corrplexes of type (761, same of which are soluble 
in organic solvents [371]. The cor@exes contain tetrahedral EC%S,l 
chrormphores. Cobalt(I1) reacts with l,l, 1-tris (diphenylphosphinon&hyl~ethane 



(76; n = 4-10) 

(L) a& fISR (R = b&z or H) to give [ICo(~-SR)2CoLl*+ and [~(CL-S)2~Lln+ (n = 

0, 1 or 2) [3721. Solvent extraction of cobalt(I1) ustiq 

4-(2-thiazo~ylazo)resorcinol has been studied 13731. 

2.2.4 Complexes with oxygen-nitrogen donor liyanda 

The diperchlorate salts of the mno(Wminoketone) (7:), 

(10-&~4,4-di,m&hyl-5,8-diazadecan-2-one), and the bisI,Wmiaoketone) (78), 

Me 

Me 

(78; -PI Me 

(4,4,12,12-tetramethy1-5,8,11-triazapentadecane-2,I4-dione = ttp), have been 

prepared by reaction of [dier&l [Cl&l;! with propanone /374]. The salt 
[tppH2] [Clo,] 2 has been used to prepare the six-coordinate 

[Co(ttp) (HzO)] t~~Oslz.~.%O; X-ray data establish that this complex has the 

stereochemistry (79). 

Complexes of cobalt(11) with 2-acetyl pyridine N-oxide oxime {(so) = pxo‘i 

have been characterised [375]. The liqand behaves as an O,N-donor via the 

N-oxide oxygen and the oxime nitrogen atom. The complex Co(pxo)Cl2.CH3OH is 
antiferromagnetic and thouqht to be N-oxide-bridged. 

The complex bis[N-(2,6-diisopropylphenyl)salicylid~eaminato]cobalt(II) 

and analogous complexes with substituents at the Sposition of the salicyl 



85 

( 
*I-+-& I ‘co’ 
N’ b A 

OH2 

(79) 

ring, (82), have been prepared (3763. In non-donor solvents the omplexes are 
tetracoordinate. Inpyridine solvent, five-coordinate species are formed and 
rmnop~idine adducts have been isolated. 

0 

(80; pxo) 

(81) 

Schiff bases of salicylaldehyde and 2-hydroqbenzaldehyde with bulky 
amines (t-butylamine or 2,5-diamino-2,5-dimethylhexane) have been prepared md 
cobalt(I1) complexes characterised (3771; pseudo-tetrahedral stereochemistry 
is observed. Other synthetic studies have dealt with cobalt(II) complexes of 
B,fl'-bis(aceto-glucose)-1,2-diamincethane [378], salicylaldtie ligands 
prepared from the amino sugar 2-amino-2-deoxy-E-glumpyranose and their 
cobalt(I1) complexes [379] and cobalt(II) complexes of formyl hydrazide L3801. 

Cobalt(U)-substituted squid hemccyanin has been prepared by dialyzing the 
aphemqanin against pH 8.0 tris-HCl buffer containing 5 mM cobalt(I1) (3811. 
The spectral characteristics (visible, (33 and MCD) of the metallo-protein were 
also studied. A 'H NMR study of cobalt(X)-substituted carboxypeptidase A 
provides evidence for W water ligands on five-coordinate cobalt (3821. 

Tzle structures of 4-coordinate bis(ethanoato)bis(imidazole)cobalt(II) and 
-zinc(II) and the bis(propamato) analogues have been determined as rmdels for 
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cobalt(II)-substituted zinc matalloenzynes [383]. The metal-ligand bond 

distances are virtually identical for cobalt(I1) and zinc(II), and distortions 

from pure tetrahedral stereochemistry appear to be independent of the metal. 

The same research group have also determined the crystal structures of four 

bis(alkanecarboxylato)bis(2-alkylimidazole)cobalt(II) complexes and one 

zinc(I1) analcque [384]. Same of the complexes are six-cmrdinate with 

bidentate carboxylato liqands, but became four-coordinate on dissolution in 

ethanol. 

The oxidation of [Co11(edta)]2- with [I&O,,]- has been studied 

spectrophotcmetrically [385]. The first step in the oxidation is the rapid 

formation of [cO1**(edta)(OHz)]-, followed by ring closure to [Corll(edta)]-. 

The kinetics of the oxidation of cobalt(I1) cor@exes of hedta 

ifl-(2-hydro~ethylethylenediaminetetraacetate~ and ethylenediaminediacetate by 

pariodate have also been studied [386]. A further kinetic study in this area 

deals with the oxidation of [Co"(cdta)]'- (cdta"- = tran::-1,2-diaminocyclo- 

hexanetetraacetate) by periodate [387]. 

P&al exchanqe reactions between cobalt(II) and lead(U) cmplexes of 

nitrilotriacetic acid and copper have been investigated kinetically [388]. 

The extraction of cobalt(II) with mixtures of 

l-phenyl-3-methyl-4-benzoyl-pyrazol-5-one and trioctylamine has been studied 

[389]. Ternary complex formation between cobalt(II)-bovine carbonic anhydrase 

and various bidentate ligands such as 2-pyridine carbmylate has been 

investigated in detail [390]. 

Deprotonated and non-deprotonated cobalt(U) complexes of the bisamide 

tetradentate ligand N,N'-(dipicolyl)-1,8-napthalenediamine (HZ) have been 

(82) 

studied [391] and three different modes of cmrdination by the liqand observed. 



Studies involving peptide and protein ligands include: 
cobalt(II)-substituted horseshoe crab hemcyanins [392], spectral studies of 
cobalt(II)-(and nickel(II)-)matallothionein [393], cobalt(I1) binding to 
&lactate dehydrogenase [394], stability constants for the interaction of 
mbalt(II) with reduced glutathione, oxidised glutathione and 
glycylrrethionine [395], metal thiolate clusters in c&alt(II)-metallothionein 
[396], and the use of X-ray absorption edge spectroscopy to study cobalt(I1) 
binding sites of copper( and zinc(II)-containing proteins [397]. 

Crystal structures determined include 
tram-tetraagmbis(nicotinarni de)cobalt(II) dichloride dihydrate [398], 
Ca[C~~~bdta) (OH2)l [3991 arad di-b-chlor~bis[{bis(n&.hqethoxy)ethane]- 
cobalt(II)l hexachloroantimnateimonatev) (a ccqlex of lltriglym,,) [4003. 

Kinetic studies have included a kinetic investigation of the exchange 
reaction between cerium(I~)-edta and c&alt(II) [401], the kinetics and 
mechanism of the peroxodisulphate oxidation of 
bis(imin~iacetato)cobaltate(II) in aqueous acid [402], and the silver 
ion-catalysed oxidation of the 1:l cobalt(I1) nitrilotriacetate coqlex by 
peroxydisulphate I403J. 

Other studies have dealt with cobalt(I1) con-plexes of substituted 
4-arylazopyrazol-5-ones [404], cobalt(I1) chelates of 
bis(N-salicylidene)dicarboxylic acid dihydrazides [405], the use of a 
cobalt(I1) cmrrplex as a FMR shift reagent in an undergraduate experiment [406], 
and cobalt(I1) corqlexes of the following ligauds: 
N,N'-l,2-phenylenediimine-bis(5-nitrosalicylaldehyde) [4073, 
5(3)-methylpyrazole-3(5)-carlmxamide [408], esters of hydrazine carboxylic 
acids [409], tridentate Schiff bases derived from salicylaldehyde, substituted 
salicylaldehydes and Z-hydroqbenzylamine [410] and pyridoxine [411]. 

2.2.5 Complexes with nitrogen donor Zigands 

2.2.5.1 SirrpZe and cheZating Zigands 

me use of polydentate ligands containing pyrazole rings has become 
fashionable in recent years. The recently synthesised ligand 
tris(3,5-dimethyl-1-pyrazolyethyl)amine, (83, L), is trip&-like containing 
one apical amine nitrogen and three fairly flexible arms. The cobalt(I1) 
ccanplex [CoL][BPhr,]2 has been characterised, and the ligand synthesis described 
[412]. Further studies [4133 indicate that the cobalt(II) complex has a 
distorted tetrahedral gecmstry with the electronic spectra showing d-d 

transitions at unusually high energies. The ligand 
tris[(4,5-dimethyl-2-imidazolyl)n-&hyl]phosphine oxide (84) when bound to 
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zinc(II) or cobalt(I1) displays scma 

anhydrase [414]. Thus, the visible 

anion dependent, and in the presence 

shifts to higher values. 

properties in comtrm with carbonic 

spectrum of the cobalt(I1) complex is 

of anions the spectrophotometric pKa 

The cobalt(I1) complex of (4-bromphenyl)tri.s(l-pyrazolyl)borate, (851, 

has been prepared. Conversion of [{4-B~sH4B(p~)~},Co"] to the corresponding 

4-lithium compound provides a versatile lithium derivative which can be 

covalently bound to substrates as a paramqnetic shift reagent [415]. 

A range of N,IV,N',N'-tetrakis{2-benz{d]imidazoylmethyl]alkanediamines of 

the type (86) have been prepared, where the alkanediamine is en, 1,2-pn 

2-hydroxy-1,3-propanediamine or 1,4-butanediamine [416]. Cobalt(I1) gives 

tetrahedral ccmplexes with these liqarids. The natural conformation of the 

ligand cZs,cis-1,3,5-tris(pyridine-2-carboxaldimino)cyclohexane, (pys)tach, 

one in which the nitrogen atoms occupy the vertices of a trigonal prism (if 

the substituents of the cyclohexane ring occupy axial sites). The cation 

[Zn{(py) 3tach11 [Cl0412 has a slightly tapered trigonal prismatic structure 

is 
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GE31 
N-N 

Br 

(85) 

bzimCH2 CIi,bzim 

\ / 
I(CH,)ZJN 

/ \ 
bzimCH, CH2bzim 

(86) 

(in fact the first complex With 'innocent" ligands where this type of 
stereochemistry has been observed). The cobalt(X) complexhas nowkeen shown 

to have approximate trigonal-prismatic stereochemistrry in the solid state 
[4171. 

A new class of linear-chain ms containing the [S~??C]*- ion as a 
bridging ligm3 has been described [418]. The mbalt(II) camplw, 
Co(viz) 4SiFs (viz = &vinylimidazole), has tetragonal amrdination g-try, 
with four equatorially coordinated fl-vinylimidazole ligands and two fluorine 
atom belonging to different [SiF,]'- anions. The [SiFi~,1~- groups connect the 

[cO(viz) L+]** ions by forming strictly linear chains with a sequence 
-F-Co-F-Si-. 

!lk crystal structm of [cO(Ncs)~(4-vinylpyridine)~l establishes a 
tram-octahedral stereochemistry With four vinylpyridine ligands arranged in a 

propellor-shape and two isothiocyanato ligands [419]. 
The preparation of the new ligand 4,9-dimethyl-5,8-diazadodeca-2,ll-dione 

dihydrazone (amhy = (87)) as the dihydropchlorate salt [atnhyH2] [C10&]2, ad 
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an irrproved synthesis of the dione precurser, amket (88), has ken described 

[420]. me c&alt(~I) c~@ex [cobmhy) (Noz)] Iclo~l.l+ HzO has be= 
characterised. 

Me* Me MenMe 
NH r NAm 2 

f 

NH 
N/NH2 a,.,i I 

Me Me 

(87; e&Y) (88; amket) 

Octahedral high-spin 'T1 and low-spin 'E states of the d7 configuration 

in the complexes [Cc(terpy)2 1X2., yH20 (X = Cl, Br, I, NO3 or ClOl,) have ken 

studied [421]. The crystal structure of the high-spin d7 

[cO(terpy)21 [C104]2.0.5 B20 (ueff = 4 PB in the temperature range 4.2-300 K, 

indicating " 70% of quartet ground states) has keen determined [422]. 

Alkylmercurythiocyanates, RHgSCN, react with Cb(NCS) 2 to give compounds 

(SCN)2cO(NCSHgR)2 (R = C3H7 or CBMez), which are tetrahedral [423]. Pyridine 

and nicotinamide form adducts of the type L2(SCN)zCb(NCSHgR)2. A variety of 

diisothiocyanodihalocobaltates(II), [cO(NCS)~X~]*- (X = Cl, Br or I) have ken 

characterised with the counter cations [Ek4N]+, [Ph+As]+ or [Ph+P]+ [424]; the 

complexes have beff values of ea. 4.6 pB, 

Magnetic susceptibility measurements have been carried out on 

Cc(2-MeIm)2.2H20 (2-MeIm = 2-rnethylimidazolato) [425]. The room temperature 

magnetic mment, 3.70 PB, is well below the spin only value for high-spin 

(S = 3/2) octahedral cobalt(I1) (~.l,~f = 5.10 u,) and well above that for low 

spin octahedral complexes (S = l/2, fi,ff = 1.86 cl,). There is a thermally 

accessible spin state equilibrium from room temperature to 40 K. The EPR 

spectra of the five-coordinate complexes [CoX(&.tren)]Y {Me~tren = (89); X = 

Cl., Br or I; Y = Cl, Br, I or BPht+] and [CoX(np3)]Y {nps = (9U); X = Cl, Br 

or I; Y = PF6 or BPh4) have been recorded [426]. EPR spectra of 

diaguacobloxime and dtirpholine cobaloxixrua in different solvents indicate a 

strong solvent dependence in the case of aqua-derivative [427]. 

A spectrophotorretric study of the reaction 

[Co(drrq)2] + salenH* ----+ [Co(salen)] + 2dmgH 
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CH2CH2N?4e2 

/ 
N-CH CH,NMe 2 2 

\ 
CH2CH2NMe2 

/ 

H2CH,PPh2 

N -CH2CH2PPh2 

\ 
CH2CH2PPh2 

(89; Meetren) (90; w3) 

has Bern reported [428]. At 22 'C b-&ham1 solvent), rate = k K.o 63~~) 21 

with k = 3.8 x lo-' s-l. Cmments on the dispropxtionation of cobaloxim(I1) 

in basic rmXa have appeared [429]. Reaction (7) was originally discovered 

2~3” (dnq) 2 + OH- + CO’ (dnq) 2- + &I1 (fkd zOH (7) 

in 1966 [430] but requires 1 M NaOH for the dispropxtionation to be observed. 

In addition, cobalt(II) ethanoate rather than the perchlorate salt should be 

used for the synthesis of diaquacobaloxim(II). 

Equilibria of the type shown in equation (8) have keen studied using 

K 

[~~z(R-py)z] f ZR-py =z= [c4BT2m-PY~41 

(tetrahedral) (octahedral) 

(8) 

dibmmethane as solvent [431]. lag K values are 0.67, 0.11 aml 0.53 for 

epy, 3~py and py, respectively. Electrochmkal studies on the pentagonal 

bipyramidal ccmplex of cobalt(I1) with the heptadentate Schiff base ligand (91) 
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using CHsCN and dn~o solvents indicates stable cobalt(III) and cobalt(I) 

species [4321. 

There are little kinetic data on substitution reactions of tetrahedral 

complexes; the reactions (9) (N$ = bipy, 4,4'-Me2bipy or phen; hmpa= 

[Co 6% (hempa) z I’+ + rCu(hqa)412+ -----+ 

kzmmpa)412+ + [Cu (N-1 U-mpa) z I’+ (9) 

hexamethylphosphoric triamide) have now been studied 14333. cosnplex formation 

between cobalt(II) and the linear tetraamines 2,2,2-tet, 2,3,2-tet and 

2,4,2-tet has been investigated and enthalpy changes determined [434]. 

Formation constants of ternary cobalt(II) complexes containiny the vitamin Bg 

derivative pyridoxamine and 1,2_diaminoethane have also been measured 14351. 

Cobalt(TI) complexes of pyridine-containing coplymers have been observed 

to catalyse the cross aldol condensations of aldehydes and ketones under 

neutral conditions in dmf or dmso to give a,B-unsaturated ketones without any 

biproducts[436]. 

A variety of crystal structures have been published including 

di-~-ethanoat~(0,Or)-y-agua-bislethanoatoa-bis{e~~oato(IV,~~,iZi',,~'-tetrasfiethylethyle- 

diamine)cobalt(II)j and ~-aqua-di-~-chloroethaooat_o-(0,O')-bis~chloroet-hanoato- 

(~,~,~~',ili'-tetr~thylethylened' iamine)cobalt(II) 1 [4371, NaZ [Co(NCS)41.8HzO 

[438], an adduct of thiourea with chloroaquabis(l,lO-phenanthroline)cobalt(lI) 

chloride [439] and the nitrorrethane solvate [M~~N]~[C~(NCS)~].CH~NOZ [440]. 

Tetrahedral and octahedral cobalt(II1 are observed in the structure of 

tris(pyridine) (salicylaldehyde S-methylisot_hiosemicarbazonato)cobalt(II) 

trichloro(pyridine)cobaltate(II) [441]. 

Other studies have dealt with complexes of cobalt(II) with substituted 

benzimidazoles [442], 5(3)-methylpyrazole-3(5)-carbohydrazide I4431 and 2- and 

4-(lH-pyrazol-l-yl)pyrimidine derivatives [444]. 

The synthesis and equilibration of octahedral and tetrahedral complexes 

of cobalt(II) with bis(2-pyridyl)amine has been studied [445] and the 

solid-state behaviour of heteroligand cobalt(II) thiocyanate complexes 

investigated [446]. A rronobipyridine complex of cobalt(II) nitrate has been 

studied [447] and cobalt(II) ccq+xes of syn-phenyl-2-pyridylketoxime and 

sgn--methyl-2-pyridylketoxinr! characterised [448]. The kinetics of complexing 

of cobalt(I1) with dirrethylgloxime in aqueous solution has also been studied 

[4491. 
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2.2.5.2 Nitrogen macrocycZes 

Reaction of 2,2 '-iminobisbenzaldehyde with 
2,9-di(l-nethylhydrazine)-l,lO-phenanthroline in the presence of cobalt(I1) and 
pyridine gives the high-spin complex [CoL(py)~]~ isolated as the EPh$Bl- salt 
{L = (92)) [4501. X-ray data confirms a seven-coordinate distorted 

Me H 

(92) 
pentagonal-bipyrmnidal g-try for the metal ion which is bound equatorially 
by five nitrogens from the macrocycle and by two axial pyridines. Cond~saticm 
of 2,9-di(l-n&hylhydrazino)-l,lO-phenanthroline with 2,6-pyridinedicarbaldehyde 
in the presence of cobalt(II) gives the seven-coordinate ccarplex [CoL(HzO) Al’+, 

isolated as the [SiP,]'- salt IL = (93)). The five nitrogens of the 
macrocycle and the two axialwatern~lecules give a pentagonal bipyramidal 
stereochtistry on cobalt(II), confixmsd by X-ray analysis /451]. 

The synthesis and xeactivity of bis(porphyrinato)cobalt(II) ccmplexes 
linked by a flexible polyatamic chain has been described [452]. "Face-to-face" 
porphyrin interactions in some of these ccqoundsis indicatedbyblue- and 
red-shifted Soret and visible bands respectively. 

The interaction of solvents and unidentate ligands (Ns-, SC!N-, CXZN- and 
a-) with the cobalt(I1) CL1Iy1 nickel(I1) and copper (II)) ccmplexes of 
Wtetramathylcyclam 1tn-c = (94)) has been studied [453]. The [cobd12+ 

cmplex is penta~rdinate in all the solvents investigated. The 
ccOH2$ CoOH + H' interconversion in the IZKJ squar~pyramidal high-spin 
cobalt(I1) co@exes, (95) and (96), has been investigated by water lH NMR 

T1 -' measurenwts [454]. 
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Me 

I 

(93) 

lie 

Formation constants for cobalt(II), nickel(U) and copper(U) complexes of 

the {N,o,~ rnacrocycles (37) have been obtained using 65% ethanol as solvent 

[4551. For cobalt(II), logK = 5.68 (14~membered) and 1cxqK = 5.23 

(16~nxMaered). 

brdination and reduction of NO on cobalt tetraphenylprphyrin anchored 

to tidazole on SiOz has been investigated [456]. Absorbed NO gives a v(N0) 

band at ca. 1650 cm-i, indicating significant activation of the NO group by 

back donation to the pi* orbital of the ligand. The coordinated No is readily 

reducedby dihydroqen. Axial ligation constants for the reaction of 

{5,10,15,20-tetrakis(4-methoxyphenyl)~rphinato~cobalt~II) with pyridine, 

piperidine and IV-methylimidazole in a variety of solvents are nearly constant 

at room temperature [457]. A psitive activation volume (8.0 cm3 mol-') for 

cobalt(I1) incorporation into N-r&hyltetraphenylpxphine in dmf, obtained by 

a high-pressure stopped-flcxhl technique, is consistent with a dissociative 

interchange mechanism [458]. 13C NMR spectra for paramagnetic square-planar, 

low-spin cobalt(I1) tetraphenylporphyrin derivatives confirm the results of an 

earlier 'H NMR study tiich attributed downfield phenyl isotropic shifts to a 

dipolar mechanism [459]. The reaction of pyridine and associated ligands with 

cobalt(I1) protoporphyrin IX din-ethyl ester in alcohols has been studied 

kinetically [460]. 

Macrocyclic Schiff base ligands derived from 1,3-diaminolxnzene and 

l-phenylbutane-1,3-dione, and their complexes with cobalt(II) and other metal 

ions {nickel(II) and copper(I have been described [461]. Macropolycyclic 

ligands containing ~WJ binding subunits are able to form dinuclear cry-ptates 
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(941 (95) 

(96) 

(97; n = 2 or 3, I = 2 or 3) 



by inclusion of two metal cations into the molecular cavity [462] - Binding of 

cobalt(II) to the bis-tren ligahd (98) has been studied by potentiometric 

(98) 

techniques [463], binding of the second cation is weaker than that of the first. 

The dinuclear cobalt complex was found to combine reversibly with 02 forming 

a doubly bridged species containing both hydroxo and peroxo bridges within the 

cryptate structure. 

The synthesis of Baldwin's "capped porphyrins" by the pyrrole-tetraaldehyde 

condensation route and cobalt(X) {also zinc(I1) and iron( complexes of the 

ligand have now been described in detail [464]. A thesis deals with the 

guest-host properties of some novel cobalt(I1) {and nickel(X)} vaulted 

macrocyclic host compounds [4651. 

Other studies have dealt with the synthesis and characterisation of 

phthalocyaninatccobalt(II) adducts with pyrazine, substituted pyrazines and 

bipy [466], cobalt(II) complexes of fluoroborato-bridged 14- and 16-nembered 

macrocyclic ligands 14673, and the kinetics of complexinq of tetraohenylporphine 

with cobalt(11) ethamate in mixed organic solvents [4681. 

Reactions of the oxygen-arsenic liqands (9.9) with Co(O?CMe)2.4H20 gives 

(99; R = Et, cych or CsH,-4-F&) 

[Co(2-R2AsCsH4C02)2] with tetrahedral stereochemistry [469]. The 

five-coordinate complex [CoC1(3,3,3-N~P2 )I [BFI, 1.0.8&O (3,3,3-!j',F:z is the 

linear tetradentate diphosphine d&nine (700)] has been characterised (4703. 
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pV7 c P f=2 

,LPWrn2 

(1001 

X-ray data indicates a square-pyramidal stereochemistry with the chlorine in 
the axial site with a meso stereochemistry on the chiral phosphorus centres. 

Scms new 2,6-bis(diphenylphosp~thyl)pyridine (pnp) ccm@exes of 
cobalt(I1) have been prepared E4711. The penta-coordinated high-spin 
Co(pnp) (N03)~ and the hexa-coordinated low-spin [Co(pnp) 21 [C.l01+1~ are 
described. The ligaud 2-dinWhylaminophenyldin-&hylphosphine { (101) = L} / 3: 

me2 

\ I 
PMe, 

(1011 

forms pseudotetrahedral [Cc&X21 (X = Cl, Br, I or KS), 10+spin 
five-cmrdinate [CoL2Xl [C~OI+I (X = Cl, FJr or I) and planar rcOL21 [C10412. The 
mmplex [CoL(N0s)21 appears to be octahedral [472]. The structurally similar 
diarnine (102) gives pseudotetrahedral and octahedral cmplexes. The ligsnds 
(103) and (104) form only 2:1, L:Co ccqlexes of the types [COL~X][C~OS] and 
CoL2X2, tiich are low-spin and five-coordinate. 

(102) (103) (104) 

The ligaud 1,8-naphthalenebis(dimethylaxsine) (MS) gives the complexes 
[cb(nas)31[c0X~I (X = Clor W, P2obas)31 E10412, [Co(nas)zIlI and 
Ko(rlas) 211 [Cl041 14731. E'rcpn the temperature dependence of the nqnetic 
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susceptibility of [CoL(NCS)~] (L = Ph#C&cH2PPh2 or Ph2PCH=CHPPh2), thermal 

oxidation of the phosphine ligands is preceded by a structural transition from 

distorted square-planar to tetrahedral [474]. 

Reaction of 2-{2-(diphenylphosphino)ethyl}pyridine (L) with COXZ in MaCC0H 

gives CoL2X2, where L is bidentate [475]. The crystal structure of 

~1,l,1-tris(diphenylphosphiname~yl)ethane~(4-toluenesulphinato~cobalt(II~ 

perchlorate, [(triphos)CoL] [CIOU] (L = 4-toluenesulphonate), establishes a 

distorted square-pyramidal geormatry with the sulphonate group acting as a 

bidentate ligand via the two oxygen atoms [476]. 

The reaction of [LCoCl] [BPht,] {L = N(CHzCH2PPh2) 33 with sodium amlgm 

(50 "C, thf, 40 min) gives the novel amplex (ZciS), whose structure was 

confirmed by X-ray crystallography [477]. The dim&c Hq2" ion forms a linear 

bridge between the two cobalt atom. 

CC 
P 

R--x I I P J) / N/GO-Hg--Hg-co,N 

I 
L-P 

I 
P J 

(1051 

2.3 COB&T(I) AND COBALT(O) 

2.3.1 CobaZt(.T) 

The reactions of &(allyloxy)ethyl halides with cmbaloxin~+(I) gives 

(tetrahydro-3-furanyl)rr&hylcobaloximes via an electron transfer from 

cobaloxime(I) to the halides to give radical anions [478]. Confiqurational 

effects in the reaction of cobalt(I) Schiff base complexes with alkyl bromides 

has been studied kinetically [479]. The electrochemical behaviouc of 

[cO{P(OEt)3}2(No)2][BPh4I has been studied in ethanenitrile [480]. Thecomplex 

undergoes two subsequent reduction processes and a sinqle oxidation process. 

The electrochemistty of bis(2,2'-bipyridine)oobalt(I) and 

bis(6,6'-dimethyl-2,2'-bipyridine)cobalt(I) in acetonitrile solvent has also 

been studied [481]. Hydrodimerisation of methyl vinyl ketone is catalysed by 

cobalt(I)-bipyridine complexes [482]. 

Carbon dioxide fixation by cobalt(I) complexes [CotR-salen)Ml (R-salen = 
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substituted salen ligand; M = Li, Na, K or Cs) has been studied [4831. X-ray 
analysis of [Co(Pr-salen)K(C&)(thf)] shcms that carbon dioxide is anchored to 
the cobalt by a Co-C u bond, while the oxygens interact with the alkali cation 
inapolymeric structure. The cobalt(I) complex 
(em), [CO'(L) EP(CE-IS) 311 [B&I, has been prepared 

of the macrocyclic ligand 
by electrochemical reduction 

Me 

(106; L) 

ti Me 

ethanenitrile in the presence of P(OCH3)3 14841. X-ray 
cobalt ion is displaced out of the plane of the five 
0.36 i tcwards the phosphorus ligand. 

of [CoL&!a 21 Dhl2 in 
data establish that the 
donor nitrogen atams by 

The reaction of [Co1Hr(pMe3)3] with ethene in various solvents has been 
studied [485]. In toluene, propanone and methanol, ethene adds reversibly to 
the pramgnetic tetrahedral ds cobalt(I) complex tc give the diamagnetic 
[CoBr(C2Hb)(PMes)3] species with CzH4 and Br in equatorial positions. The 
crystal structure of [Co(MeCN) (CzH4) (P&S) 3] [BPh~].kkCN establishes a distorted 
trigonal bipyramid in which MeCN and PMe3 are axial. 

Reduction of [cO(terpy)C12] with Na[HHt,] gives [Co(terpy)(BH~,)] [486]. 
Tne cobalt has a distorted tetragonal pyramidal stereochemistry in which the 
apex and one equatorial site are occupied by bridging hydrides of the 
bis-chelate [E&I- ligand. 

2.3.2 CobaZt(O1 

The reaction between cobalt and [cN]- ions in aqueous solution, under 
specified conditions, gives a new cobalt(O) cyanogen complex [4871. The 
ligand CH3N[P(CCH3)2] reacts readily with [Colt] to give 
[{~3~[~(~3)2]2~Z~2(co)4] with a cobalt-cobalt bond at 2.698 i 14881. The 
two cobalt atoms are five-coordinate with identical donor sets, but one is 
trigonalbipyramidaland theother square pyramidal. ThedW 
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[c0~(03)~(Ph~KFi~PPh~)] reacts with Hz to give 

[(P-H) kPPh2)cOz (CC')4(PhzPCHzPPhz) 1 f4891. The pammgnetic coqlexes 

[GxL{P(OR)3}3] (L = ethylfmmrate and maleic anhydride) have been prepared as 

potential catalysts [490]. 
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