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1 

?he present survey covers the bulk of the 1981 literature, together with 

references to the 1980 literature received too late to be included in the 

previous review. Books and review articles relevant to the area are sumarised 

below. Atw~volunr? treatiseprwidingacomplete and canprehensive reviewof 

the mjor chenkcal, biccbemical and medical aspects of vitamin B12 has been 

published [ll. A review dealing with "Recent Develwts in the Studies of 

Molecular oxygen Adducts of cobalt(I1) &~~Ju&z and Related Systems" has also 

appeared Dl. A recent edition of Inorganic Syntheses [3] includes an account 

of the preparation of c&a&(111) conq~lexas of a variety of tetra-azamacrccyclic 

ligands. Activation volumes for the reactions of transition metal ccqlexes in 

solution including cobalt(II1) caq&xes have bsen reviewad [41 and mechanistic 

aspects of bioinorganic reactions in solution discussed [51. TheCDspectra 

of lo~symmtry cobalt(II1) ccq&axes have also been reviewed [6] as has tba 

charge-transfer photochemistry of cabalt(II1) qlexes [7]. SoPneadditional 

reviews are also listed intbeappropriate sectionsbelow. 

OOlO-8645/84/$21.90 O1984ElsevierSciencePublishereB.V. 



1.1 COBALT(II1) 

The s&division which follows is scmawhat arbitrary as almost all cobalt(II1) 

ccnpkxesaremA& ligaud cm@axes ofonetype another and theuse of a 

single type of ligand classification thus has its limitations. Chemists working 

intheareatendtothinkintermof amnines, bis-1,2-diaminc&hane coqlexes, 

tetraamine complexes, etc., and this classification has been adopted in the 

review, even though the chemistry described rray relate to other ligands present 

inthe ccqlex. 

The wxk reported can be divided into three broad areas, (a) synthesis, (b) 

stereochemistry Cincluding X-ray crystallcgraphy), and (c) kinetics, reactivity 

andmachanisn. Kinetic xork is not reported in great detail as this area is 

now covered in a new publication [8]. 

1 . I. . 3 Complexes with oxygen donor ligands 

1.1.1.1 Carbonates and $-diketonates 

Five carbonato-co@exes [Co(CC+) (ox) kn)l-, cis-tCoKD3) (ax) @y)2J-, 

cis-cis-tcO~cOs~~NH3~~~~~~1~, cis-[cOKD~)kn)@y)~1+ and cis-b(O3) (NH3)~(bipy)l+ 

havebeenpreparedandresolved [9]. Absolute configurations 

on the basis of CD spectra. 

have been assigned 

Bis(pentane-2,4-dionato)cobalt(III) ccmplexes containing a variety 

2-aminoalkylphosphines or dpqehave been prepared and resolved into optical 

isonersby Sp-~phadexcolmmchrcmatography; i3C NMR spectra oftheccmplexes 

ware also reported [lo]. Titration calorimetry has been used tostudythe 

reaction of the lanthanide shift reagent [Eu(fod) 31 with tris(8-diketonat.o)- 

cobalt(II1) complexes of pentane-2,4-dione, bensoylaoetxme, and dibenzoyln&haue 

in benzene [ll]. The formal reduction potential of the couple [Co(mal) 313- + 

e- = [Co(mal)3]4- is 0.741 V at I = 1.0 M (KCl). The value of logi for 

[Co(mal) 31+ is calculated to be 23, and log1083 = 29 for [Co(C03)313- 1121. 

The photodeccqmsition of cis-[Co(acac) (N3) (NH3)1+ occurs with the formation 

of [Co(acac)2] and azide radicals [133. Thecrystalstructu3zeof 

cis-[Co(3-hydxoxyimim- 2,4-pentanedionato)~(pyridine)21 [Cl01+1 has been determined 

1141. Machanisms for the electrochemical reduction of cobalt pentane-2,I-dionate 

corqlexes have been discussed [151, and the electrochemical generation and uses 

of cobalt(II1) ethanoate have been described [16]. Otherpapersinthisarea 

have dealt with spactral studies on mixed ligand complexes of Na[Co(acac)2(N03)21 

with imidazole ligands [17], metal ion catalysis of the reduction of 

[Co(C204)2(OH2)21- by icdide ion in aqueous acid [181, and lanthanoid-induced 

5gCo NMR shifts in [Co(acac) 31 with [In(fodj31 and [In(*)31 [19]. 



!The synthesis and characterisation of cobalt(II1) ccanplexes of the 

heterocyclic B-diketone, l-phenyl-3-methyl-4-trifluorcethanoyl-5-pyrazolone, 

including proton NMR and IR studies, have been described [20]. Kinetic studies 

of the oxidation of mathanoic acid by [Co(H20)613+ [21], and polyelectrolyte 

catalysis in the aquation of [Co(CzO~)~13- inbinaqmixturesof~terwithdmf 

or dmso [22], have been published. 

The crystal structure of [Co(acac)~].2kelenourea), C17H2&cS,0&ezr has been 

reported [23], and cobalt(II1) conplexes of the ambidehtate ligand 

isonitrosobenzoylacetone have been described [24]. The preparation, 

characterisation, and thermal stability of [NH41 [Co(C201,)3].3HzO have been 

discussed 1251. The reactions of sulphur and nitrogen donor ligands with 

D(acac) 2 (Nod 21-, to give mixed ligand amplexes, have been investigated [26]. 

1.1.1.2 Peroxide and superoxide Zigands 

The rate of exchange of "0 in the complex (I), where trim is the 

tetradentate ligand,hasbeen foundtobe the samaasboththerateof 

deccaqmsition by acids to cobalt(X) and O2 and the rate of formation of 

[(tren)Cc~(~-Op,p-oH)Co(tren)]~ frctn (I) in neutral or basic solution [27]. 

The results indicate that a cobalt(I1) conplex is a marsoh intermadiate. 

f‘ NH2 
N \I/ 

_8_ 

/ co\ 
NH2 

I 
NH2 

NH2Me 

(1) 

4+ 

The crystal stnd=u-e of [(=)2cO(NH2) (02)cOh)21 bIO313.15/8(~3).H20 

has been detemIined. !l%eAgatanisbmndtoeachofthetm~gem 

atans, with an w-0 bond length of 2.27(l) i. !fhe formation constantofAg+ 

and [(en] 2Co(NH2) (02)Co(en) 21 3+ in aqueous solution was found to be less than 

0.5 1281. 



Considerable success has been achieved in interpreting the charge transfer 

electronic spectra of superoxccobalt(III) complexes, but there is little 

information on the location of the WT* transition of terminally coordinated 

superoxide. A discussion on this topic has now appeared [29]. Fkasonance 

Pamn studies on the potassium ~-~oxobisCpentacyanocobaltate(III)} ion, in 

KS [(CN) sC~(OZ)COKN) 51.H20, and the ~-superoxobisCpentacyanocobaltate(III)} ion, 

in Ks[KN) sCO(OZ)CO(CN 51 .H20, have appeared [301. Additional resonance Paman 

investigations have been carried out with peroxocobalt(II1) complexes of 

1,2-diamincethane and b-histidine [31], and peroxodicobalt(III)oxima cmq$exes 

WI. 

The supemxo-cobalt (III) complexes Kokalpr) (02) 1, NEt413[cOKN)5 (02) 1 

and [ (Ph3P)2N+l [Co(CN) 5(02)] react with m&hides of type (2) to give 

2,6-di-tert-butyl-1,4+enzcquinone and the cyclohexadienonespircoxiranes (3) as 

Me3cqMe3 ‘:ii’ 

R 

(2) 

the major products, the latter resulting fmn the nucleophilic attack by the 

superoxo-species on the exo double bond of (2) [331. 

1.1.2 Complexes with oxygen-nitrogen donor ligands 

The deuteriation equilibrium 

Kokn)2(glyO) 12+ + D+=!=tcOkd 2(glyCD)13+ 

in strongly acidic solution has beem investigated by 'H tMR spactroscopy; 

shlilar pKsD+ values (ea. -1.2) are observed in D2S04 and DC1 solutions 1341. 

The downfield i3C NMR shifts of the cr-carbons in N-alkylglycines chelated to 

cobalt(II1) are larger than those in C-alkylglycines [35]. Severalccmplexes 

of non-functionalised amino-acids, Ko(en)n(glyO) 12+ and [Co(tren)WQ 12+ (AA = 

glycinate, alaninate or leucinate), have keen esterified, either by alkylation 

with dimathylsulphate or methyl toluene-4-sulphonate or by acid-catalysed 

esterification in nrathanol [36]. Cunplexes of the general types 
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Eobl)21(s)-m12+ and Kden)Iwm21+, where Al3 repkesents asparagine or 

glutamine, have beenpreparedandtheirelectronic spectxa,circulardichroism 

amd 'H NMR spectra determined [37]. 

The complexes [Co(CN]2(gly)2]- and [Cc(cN]2(B-ala)]-, which have cis,cis,cis 

gecnetrywithrespecttothedonoratbns C, Na+dO, havebeenpreparedbyanew 

n&had, and resolved intoenanticmers [38]. The CD spectraof the resolved 

compkxeshavebeendetermined [38]. The 'HNMRspsctraof carboxylate-bonded 

amino-acid con@exes, [C~(NI&)~~CCCCH(R)NHJ~]~+, have keen studied [39]. In 

penta ~e(Lhistidine)cobalt(III), the long range coupling between the 

imidazole CI, hydrogen and only one of the B-hydrcgens was observed, suggesting 

restricted rotation abutthec -C bond. 
BY 

The crystal structure and absolute configuration of one of the iscmsrs of 

(+)K[Co(Lvalinato]2(C&)] has been detemined and &mm to be 

A(+)-cis(N)-cis(U)-K[Co(Lr~linato)266(~3)].2H20 [40]. In the presence of air, 

the reaction of [Co(e-Mesal2en)l with L-aaR (tiere a-Masal2en represents the 

dianion of N,N'-etbylenebis(a-methylsalicylideneamine) and L-aaH denotes 

L-proline; hydroxy-l-proline, or aZZo-hydroxy-L~mline] prcceeds rapidly to 

give A-cis-B2-[Co(a-Iksal2en] (L-aa]] sterecselectively, folloxed by the slow 

isomerisation of the A-cis-&-isomer to the A-cis-Sp-isomr in a yield of ccl. 

100% tier equilibrium conditions [41]. Ebrther studies of this type of 

reaction, using N-benzyl-L-alanine, N-methyl-L-alanine or N-benzyl-N-ethyl-L- 

alanine, have been reported [42] and the stereospecificity of the 

(1S,2S]-N,N'-l,2-cyclohexylenebis(salicylideneaminato)ccbalt(III) complex 

towards N-hsnzyl-Lalaninecbserved. 

Peptide ccrrplexes of the type [Co(dipeptidato)2]- (tie dipeptidato demtes 

the dianions of glycylglycine, glycyl-S-alanine, glycyl-I,-alanine, 

glycyl-lleucine, @alanylglycine, B-alanyl-Iralanine, balanylglycine, 

L-alanyl-S-alanine, L-leucylglycine or Lqx-olylglycine) and the ccqkx 

[Co(gly-gly](Lprc-gly)]- have been prepared by oxidation of the c&alt(II] 

axq~lexeswithleaddioxide [43]. These complexes have been seprated into tm 

diastereoi~rsorenantianrersbycolurm~~a~andthe absolute 

configurationsoftheopticalisornersdeterminedonthebasisoftheir~ 

spectra. 

Chromtographictechniguss,usingSP-Sephadex ionexchangers,haveken 

applied successfully over the last decade to resolvle optical isaners and to 

separategemetricalisanersofn&al ccmplexes. The preparation of Sqhadex 

derivatives derived fran L-alanine, L-valine,L-asparticacidandI&hreonine 

has been described [44]. Their application to the resolution of scma 

cobalt(II1) canplexes (e.g. mer[Cc(gly)3]) has keen studied; partial 

resolution was achieved. 



The synthesis and spectral characterisation of fuc- and 

m~r-[N-carboxymethyl)-L-~-(2-pyridyl)-a-alaninato](~threoninato)cobalt(III), 

i.e. [Co(N-CkL-Pyala) (D-'&r)] (where (4) = N-Cm-LPyala) and the nolecular 

NH 

(4; N-Cm-L-Pyala) 

structure of the meriscsrar have been reported [451. A series of nCxed-ligand 

cobalt(II1) caq~lexes of the type [Co(plasp) @A) 1 (here plasp = 

N-(2-pyridylmethyl)-L-aspartate (5) and AA- is a bidentate amino-acidate ligand) 

(5;plasp) 

havebeenprepared. For glycinate, a-aminoisobutyrate, L-dlaninate, L+hreoniMte, 

I,-prolinate,& andI,-asparaginate, EandLqhenylalaCnateandD-,Irand 

EGvalinate , only the ~%c-~Co~~~ N&j iscsrar, in which the 8-C&- group of 

[plasp12- is coordinated tmrns to the pyridyl group of plasp'-, was isolated 1461. 

A series of ternary cobalt(II1) caqlexes of [eddal'- and bidentate azo 

ligands have been prepared and characterised as ncdels for cobalt(II1) azo 

protein derivatives [471. Aqzsaetric induction on the decarboxylation of 

a-amino-IX-alkylmalonic acids chelated to chiral cobalt(II1) ccpnplexes of 

2,3,2-tet and trien has been studied 1481. The iH NMR spectrum (400 MHz) of 

c&alt(~~I)blecanycin (a glyco-peptide antibiotic) has been studied in detail [491. 

Crystal structures of cobalt(II1) N,O ccnqlexes reported this year include: 
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(+)5k6-~i~-cr-sodim carbonato[(2S,2'S)-1,1'-ethylenedi-2-pyrrolid~carboxylato- 

(2-)]cobaltate(III) trihydrate, i.e. Na[Co(pren) (a&)].3H20 (Where H2pren = (6)) 

C02H ‘ 
C02H 

6) 

[50], lithium[(R,S)-N,N'-ethylenediamifiedisuccinato]oobdltate(III) trihydrate, 

i.e. Li[Co(C~~HlzNz0~)].3H20 [51], and tris(picolinato)cobalt(III) nanohydrate 

[521. 

Cobalt(II1) complexes containing tripodlike quadridentate ligands, such as 

tris(2-amimethyl)amine or nitrilotriacetate, and a chiral. bidentate (L-amino 

carboxylateor (R)-propylem&amim) havebeenpreparedandseparated intotheir 

respective gecmtrical isomrs (531. The oxygenaticm of 2,6-d.i-t-butylphenols 

with fi ve-ccordinate cobalt(I1) Schiff-base complexes in apmtic solvents, such 

as C&C&, thf, or dmf, results in regioselective formation of 

peroxyquinolatoa%alt(III) conplexes [541. Representativesof anovelclass 

of o-organocobalt(III) ccxtplexes, (7), which contain k&h a tridentate and a 

bidentate ligand have been characterized and X-ray data obtak-& [55]. 

Me 

- 

ij 

/ \ 

I- 

+ 

X- 

(7; R = Me, Et or Bu; 
X = Br or [ClOrl) 

l%e kinetics of the reduction cobalt(III)-edta ccqlexes with chranium(I1) 

have keen studied by stoppea-flow techniques (561. Electmdekineticsofthe 

redox couples of cobalt(III)/ocbalt(II) carqAexes with ethylemdkmjm-iv-acetate 

(e&a), iminodiacetate or diethylenetre have bsen jnvestigated [57]. The 

potentials correqmnding to the redox processes [ColILlo* K!PILl+, for cobalt 

amplexes withtekradentate Schiff bases (salzen or acac2en) and 



[ColllL(R)lo- -[cOmL(R)l+ for their organomtallic derivatives have been 

determined in different donor solvents [58]. 

A new synthesis of (R)- and (S)-2-deuterioamino acids, including (R)- and 

(S)-2-deuterio-glycine has been described using stereochemically inert 

cobalt(II1) ccmplexes [59]. Arecentthesishas dealtwith stereoselective 

coordination of optically active amino-acids and their derivatives to 

cobalt(II1) [601. Photochemical decarboxylation of [Co(phen)2(gly)]*+ has teen 

studied [61], as has U-E reductidh of cobalt(III)-bovine carbonic anhydrase with 

L-ascorbic acid [62]. A further investigation has dealt with the kinetics and 

mchanism of hydrazine oxidation by the [Co2(L-his)~O2] ccxrplex [631. 

The synthesis and photolysis of dicyano(ethylenediamine-N,N'-diacetato)- 

cobaltate(II1) and. dicyanobis(glycinato)oobdltate(III) cor~lexes has been 

described [64]. The complexes hydroxyaquaglycinatobiguanidecobalt(III) and 

cis-8-dichlorcglycinatobiguanidecobalt(II1) have also been characterised [651. 

Related synthetic work has dealt with the preparation and reactions of uns-fuc 

isomers of the bis(N-alkyliminodiacet)cobaltate(III) ions [663; the 

preparation and characterisation of cobalt(II1) complexes of glycine methyl 

ester [67], and a variety of amine derivatives of [Co(salen)l+ [68]. Other 

studies have dealt with the stereochemistry of cobalt(II1) corq~lexes with 

N-substituted ethylenediamine- N,N'-diacetic acids and 1 (R) ,2 (R) -1,2-cyclohexane- 

diamine [69]. 

Ccaqlexes of cobalt(II1) with cr-furil dioxima(IH) of the general type 

[CoXL2Y] (X = Cl, Br, or NCS; Y=NH3,py,orthiourea) andofthetype 

[CoL2Y2]X (Y = thiourea, or PPhe; X = Cl, Br, or tQ) have been characterised 

[701. 

1.1.3 Complexes containing suZpkur donor Zigands 

Cobalt(II1) am&axes containing the mltidentate ligands 

3,6-dimthyl-3,6-diaz aoctam-1,8-dithiol ~HSCH~~H~N((=H~)~~CH~N((=H~)(~H~CH~SH = 

Hneddt) and 1,3_diamino-2-pmpanethiol ~NH2C&_CH(SH)CH2NH2 = Hdgt) have been 

characterised [71]. The gematrical ismers of [Co(eddt) (en)]+ and KoMqt) 21+ 

havebeen separated'bycol~c~~~aphyandtheirgecsnetricalconfigurations 

(8) and (9) assigned on the basis of 13C NMR and W spectra. Thesulphur-t 

nitmgen charge transfer band of the tras (S)-iscmar appears at a lmer energy 

than that of the cis-isomar. 

SOme sulfenic acids which are S-coordiuated to cobalt(II1) are more stable 

than their correqmnding free acids, andthecrystalstructureandabsolute 

configuration of one such example, the d-tartaric acid salt, 

d-CsHsO~.(+)~~O-[Co~S(0)CH2CH2~~~3].H20, has 1y3w been obtained [721. Dipole 



fs 

trans ( S ) 

//-5 

cis (S) 

(8; two geometrical  isomers of  [Co(eddt)(en) ~ )  

5 

Nzl\ 
5 

Crans ( S ) c i s  ( S ) 

(9; two geometr ical  isomers of  [Co(dqt)2 ]+) 

moments have been determined for cobalt(III) ccmplexes of the fluorinated 

monothio-~-diketones RC(SH)=CHCOCF3 (R = 5'-methyl-2'-thienyl, 

5 ' -chloro- 2 ' -thienyl, 4 ' -isopropylphenyl, 4 ' -%er t-butylphenyl or 

3'-fluoro-4'-methoxyphenyl) [73]. The 13C and 19F 5~4R spectra of 

perfluoroethylmcr~thio-B-diketonate complexes, of the type M[RC(S)CHC(O)C2Fs] n 

{M = Co(III), Ni(II) or Pd(II)} have been determined [74]. These z 3 C ~ data 

support a fac-octahedral gecmetry for the cobalt complex (n = 3). 13C and 19F 

5~4R spectra have also been recorded for the cobalt(III) cc~ple~s of 

1, l-dif luoro- 4-mercapto-4 - ( 2 ' -thienyl ) but-3-en-2-one, 

i, i, l-trifluoro-4-mercapto-4- (2 '-thienyl) but-3-en-2-one, and 

i, i, l-trifluoro-4-mercapto-4- (2 '-naphthyl) but-3-en-2-one, with the structures 

shown in (I0) [75] ; the data support a fac ged~etry for the various ccmplexes. 

The synthesis of cobalt(III) complexes containing cysteine and penicillamine, 

as analogues for the active metal sites of cysteine and cysteamine dioxyg~mses 

has been described in a recent thesis [76]. The work also discussed the 

oxidation of the cc~plexes. Gecraetrical isomerism in cobalt (III) complexes 



10 

R 

Yy 
R' 

‘I 
LH..’ 00 

(10; R = 2'-thienyl; R' = CHFz; 
R = 2'-thienyl; R' = CFs; 
R = 2'-naphthyl; R' = CF3) 

with nniltidentate thiolato ligands has also been discussed [77]. Otherstudies 

have dealt with cobdt(III) ccanplexes with potassium N-butylxanthate [78] and 

cobalt(II1) cmplexes with triazolinethiones [79]. Thecrystalstructures of 

trithiosemicarbazid.ecobalt(III) chlorides have been determined [80]. 

1.1.4 CornpZexes with nitrogen donor Zigands 

1.1.4.1 Amnrines 

Facile synthetic routes to ccblt(II1) amine cmplexes of the labile 

unidentate trifluorcmethanesulphonate anion, [CE'F~SO~]-, e.g. [Co(NH3)5(OSO~CF3]]2+, 

cis-[Co(en)~(OSO~(3F3]2]+ and ~%e-[Co(dien)(OSO~CF3)~] have been developed [81]. 

These coqlexes can be used to prepare a large variety of derivatives, for 

exanple in the penizmmbembal_t(III) system, the syntheses of [Co (NH3) sLln+ 

(L = @k, m3, (=3OH, ~3~2Ob a3a, 0P(0cH3)3, ti, dmso, Urea, -2, 

D-I3CO21-, or [CWHCO~I-) in high yield are reported. 

The syntheses of [(NH3)Ko(C602R) 1 [Clot,]2 (R = CH3, CF3, or 4-NO&Hs] have 

been described, and the kinetics of acid and base hydrolysis studied [82]. l%e 

extrem? lability of the complex is seen in the aquation (G20) and base hydrolysis 

(koH) rate data. Thus, for R = C!?J, GPO = 2.7 x lo-* s-l and koH = lo6 M+s-l 

at 25 'C and I = 1.0 M. 

Fluorosulphonic acid is the strongest sinple acid knuwn [83]. The labile 

ccmplex KoN-l3)~(03SF)] [Cl0412 has been synthesised [84] and its rate of 

aquation studied (Gzo = 2.2 x lo-' s-l in O.OlM HclO4 at 25 "C). ~ccmp~ 

solvolyses with Co-0 cleavage to give [Co(NH3)5(solvent)]3+ and, concurrently, 

with S-F cleavage to give Ko(NH3)~F12+ and SO3 rather than [Co(NH3)5(os03)]+ 

and F-. Five new cqlexes, L(NH3) @~(dicarboxylate)Co(NH3) s]X4, (dicarbxylate 

=oxalate, succinate, palate, fumzateorrraleate; X = [Cl041 or Cl) have been 

prepared and charaderisedby their chraMtographic behavior andelectronic and 

NMR spectra [85]. 
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In a recent paper [861, it was concluded that an intense absorption in the 

W region observed for [Co(NHs) s(NHK&C&NH~)I 3+ was a charge-transfer band, 

duetointramolecularhydrogenbondingbetweenthefreeaminogroup2uadanNH 

proton on the cobalt(III) centre. A number of other pentaaminecobalt(II1) 

ccmplexes containing a variety of substituted 1,2-diaminoethanes have now been 

prepared and their pKa values determined (871. The spectral characteristics 

are discussed in terms of the hydroqen bonding mentioned above. 

The dinuclear w-carbonato oza@ex [(NH3)gcO(JI-oH)~(~L-co~)cO(NH~)~][sO~1.5H~0 

has been prepared and its structure determined by X-ray crystalloqraphy [881. 

?&e carbonate liqand causes soars perturbation in the octahedralenvimnmsnt 

about the cobalt(II1) ions. The two complexes [Co(NH3)~L]C12.H20 and 

[Co(NH3)2(L)~lC1.H~0, where L is the anion of 8-hydroxyquimline, have been 

prepared and characterised [89]. The deep green Famaqnetic 

tetraamnine5-tetraamnin e-5-nitrosalicylato-cobalt ccanplex, oriqinally 

considered as a cobalt(IV) compound, has been investigated by X-ray photoelectron 

and other spectroscopic techniques 1901. The EpR,NYR, IRandphotoelectron 

spectral data suqqestthatthe electrondeficiencyis notcentredoncobalt 

but is delccalised over the cobalt atom and the organic liqand. 

The coaplex [Co(NH3)~1 [HqCl~l has been prepared and its crystal structure 

determined. The average Co-N bond distance is 1.960(6) i [91]. ‘II-e 35C1 IQR 

spectrumwas also reported inthis paper. The interaction of 

pyridine-2-carboxylato-Renmt(III) and pyridine-3-carboxylatopentaamine- 

cobalt with Co(II), Ni(II), cU(II), and Zn(I1) 

K 
i.e. [@I+,) 5CoL]2+ + M2+ - [(NH3)5coIM)l 

4+ 

has been studiedand the formation constants Kdetemunedat30 OCand I = 0.3 M 

1921. Thed studies on the coanpounds [Co@&) 5(H20)1 [M(CN)61 {where M = Co(III), 

Fe(II1) or Cr(II1) 1 have been carried out; only in the case of M = Co(III), was 

dehydration separated from the loss of HCN [93]. 

The 'Hand i3C NMR spectra of [Cc~(NH~)~(imidH)]~+ and the 'HNMR spectra 

of cis-a-[cO(tren)(imidH)~13+ and cis-fi-[cO(tren)(imidH)~l~+ have been studied 

[941. The pKc values, determined frcmthe depemknm of the chemicalshifton 

pH, are 10.0, 9.6 and 10.1, respectively, for the ionisation equilibrium (1). 

[L5a(j,,,i&)]3+ e [LsCo(imid)12+ + H+ (1) 

A mm&r of interesting papers have appeared dealing With the reactions of 

various liqands coordinated to the ICo(NH3)51+ moiety. The 

(4-nitro#enylphosphato)pentaamninecobalt(III) ion (12) undergoes base hydrolysis 

to generate I-nitmphenolate ion, 4-nitrophenylphosphate ion and 
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1 

+ 
/7P\o+NO~ 

0 

(11) 

hydroxo(phosphoramido)tetr~~t(III) [951. ‘Ihe ester hydrolysis is 

accelerated at least lo* fold, relative to uncoordinated 4-nitrophenylphosphate. 

Ease hydrolysis of coordinated acetyl phosphate in [(NH~)5Co(OFO&DCH~)l+ 

‘%H = 0.53 M-is-i, 25 OC and I = 1.0 M) has been shown to proceed with exclusive 

carbon-oxygen bond fission [961. The hydrolysis of acetylphosphate mnoanion 

was also shown to be significantly catalysed by the kinetically inert 

hydroxccanplex [(NHJ)@(OH)]~+ (km = 2.9 x lo-' M'isB1, 25 "C), which operates 

via a nucleophilic pathway involving attack at carbonyl carbon. The 

EomH3) 5mH2cH2caz-b) 1 3+ ionundergces an intranolecularbase-catalysed 

cyclisation reaction to prcduce a coordinated carbinolamine, which undergoes 

a slower base-catalysed dehydration to give a chelated imine [97]. !I’he 

synthesis, characterisation, and kinetics of formation of various reaction 

products have been described. The base hydrolysis of coordinated acrylonitrile 

in [(NH3)5Co(NECCH=CH2)]3+ to the acrylamide ccmplex in carbonate buffer follows 

the rate law kobs = kOHLOH- + kc [c032-l [981 . Hydrolysis by [c0312- has been 

shownby i*O studies to involve direct nucleophilic attack at the nitrile group 

by m312-, with subsequent elimination of CO2. 

%e reaction of [Co(NHJ)!+(CH2)21 3+withoxalatehasbeen foundtooccur in 

a single stage [991. The kinetics of this process were interpreted in terms 

of anionpairingrcechanism,withanion-pairingequilibrimconstantof 0.52 

for H2C204 and 5.3 from IHC2041 . ‘Ihe effect of nitrate ion on the kinetics 

has also been studied [loo] and the anation of [Co(NH3)t+(OH2)21 3+ by oxalate 

has been investigated in the pH range 3.0-4.0 [loll. The kinetics of the 

anation of [cO(N-I3) 5 @Hz) 1 3+ by H2FOs-/H3E0, have been studied over a teqerature 

range [1021. The results indicate a rate law of the type kobs = k[H#L+-1 with 

no (or only a small) contribution frcnn H3P04. 

.Solvemt-interchaugereactionrateshave.beendeterminedfor 

[CO(NH~)S(NCCH~)][C~O~]~ in MeCN/HzO and in &CN/dmo solvent mixtures [1031. 

A kinetic study of the alminim(III)-assisted aguation of [Co(NH3)sF12+ has been 

carried out, the rate equation is of the form kobs = kp1[A13+], with 

%l = 1.6 x 10m3 K's_' at 25 OC and I = 2.0 M 11041. 
The acceleration of the 



13 

msrcury(I1) induced aquation of [Co(NH3)gX12+ 1X = Cl or Br] by the 

nnxqolysaccharides chondroitin sulphate A and C has been investigated, as a 

function of the concentrations of the polyion and marcury(II), of pH snd of 

the ionic strength [105]. Activation volumss have been determined for the 

acid-independent and acid-dependen t aquation pathhays of KoW-13]~&O~)l+ DO61, 

and for the aguation of alcoholpen~t(III) ions, [Co(NH3)~KEJR)13+ 

{where R = H, CH3, CH&& or C!H(CH3)2} 11071. 

The *H-'H exchange rates on the fully Wdeuteriated derivatives of 

[Co (NH3 1 6 1 [Cl04 I 3, [co (NH3 )5Cll [Cl0 4 2, Ko(~3)5Fl[C~0412, axd I 

trans- [c0(Rs-2,3,2-tet)C121[Clos] have been determined using liquid annonia as 

solvent [108]. 

Irradiation of [(NC)~CO(~XN)CO(IW~)~], in the wave-length range 254-365 nm, 

leads to phooxquation of the pantacyanocobaltate(III) centre giving 

KoOJ]s@H*]lZ- and D(NH3)5(cN)12+ as products, with large guantum yields 

(0.2-0.3 no1 einstein-i) [log]. Oxidation of [Co(NH3)5(Ng)12+ with hydroxyl 

radicals (k = 1.1 x 10' M-'s-') gives a surprisingly stable coordinated radical, 

presumed to be Ko(NH3) 5mwI-b)12+, which decaysbyafirst-order intramolecular 

redox process (k = 60flO s-i at 25 "C) to giva Co(II), N2 and N20 as products 

[110]. The reduction of several cobalt(II1) amnine cosplexes by various 

hydroxyalkyl radicals produces cobalt(II] [ill]. The thermalbehaviourof a 

nunber of penWarm&+nitrosylcobalt(III) ccqlexes has been studied [112]; in 

the siqle nitrosyl [Co (NH3)5(No) ]Cl 2, the NO- group reduces the cobalt(II1) ion 

anddisscciatesa.sNO. 

The reaction of (imidazolato)pentaamninecabalt(III) with [Fe11(CN)5(OH2)13- 

proceeds in tm stages, with the first stage leading to the imidazolate-bridged 

precursor complex (12) and the second stage involving intramolecular electron 

-&NH& 
l- 

(12) 

transfer from Fe(I1) to Co(II1) in (12) 11131. The alteration of 

intrartolecularelectron-transfer rates bybridginggroups in carplexes of the 

type [(02NPh-X-C02)Q111 (NH3)51 [Cl0~]2 EX = CH2(2, 3 or 41, CH=CH(2, 3 or 41, 

C&C&CH2(4), ccNHcH2(4) or CDlHCH&BlHC&(4)] has also been investigated [1141. 

The kinetics of the outer-sphere reductions of a series of binuclear 

n-(carlxxylato)-di-U-hydroxo-bis(triamaine )cobalt(III) cations (~boxylate = 
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msthancate, ethanoate, or nono-, di- or trifluorcethanoate) by various 

reductants, [Cr(OH:!)6]*+, IV(OH2) ~.l’+, D?u@TH~)~~*+, tTi(dipic) *I- and 

[Fe(dipic) 2]2-, (dipic = pyridine-2,6-dicarboxylate) have been determined at 

25 “C [115]. An increasing oxidising ability of the Co(II1) centres with 

increasing electron-withdrawing capability of the substituents is noted. 

Bromide ion has been shown to be a poor bridging ligand for Co(III]-Ti(III) 

electron transfers, whilst hydroxide ion and especially fluoride ion are 

efficient bridging ligands [116]. Thus [Co@?H3]sBrl *+ reacts with 

[Ti(HzO) 5 (OH]l*+ with k = 0.18 M-is-i while [Co(NH3]5F] *+ reacts with 

[Ti&O] 61 3+ with k = 1 x lo3 M-is-' at 25 'C. Electron transfer reactions 

between the cr-peroxo-complexes [(HBN)sCO(~L-~~)CO(NH~)~]~', 

[(R3N)sCo(~1-02] (b-~2)~(~3)413+ Or [(L)2~(I1-02) (D-~2)c0(L)213+ (L = a, bipy, 

or phen] and [Ru(bipy)313+, to give the corresponding suparoxo-con@ex and 

[Ru(bipy) 3 I'+ have keen studied using flash-photolysis techniques [117]. 

The synthesis of [~~t~cU~imid~cO~~3~~1~C10~]~ has been reported and its 

crystal structure determined [1183. The Co+(imidazolate) bond distance is 

1.933(S) ;. The pKa values for tha mononuclear components [(NH~)gZo(imidH)] 3+ 

at-d [ (Fardt)cU(OH2) I *+ , generated from the bridged ccmplex in solution, are in 

g=dagreem= t with those previously reported. 

The kinetics of the chromium(I1) reduction of complexes of the type 

[Co(NH3) s(NCCHZR]I~+ (R = H, CH2CN, COzCH 3, CCNH2, or C&H) have been studied 

in detail [119]. The kinetics of reduction of [C~(NH~)S(C~O~)]+ by 

oxalato-complexes of titanium(II1) have also been investigated 11201. 

The complex 2-(5-cyanotetrazolato)pentaamninecobalt(III) perchlorate is a 

useful inorganic explosive [121]. Double ligand-exchange reactions between 

[CD(NH~)~F]*+ and dicarboxylato complexes of aluminium(III) have been studied 

[1223. The preparation and. optical resolution of a novel 

triasmineglycinatonitrocobalt(II1) canplex has been described [123], as has the 

synthesis and characterisation of (~n~thylcarhonato)pentaaminecobalt(III) 

.perchlorate [124]. 

Crystal structures have been published for the novel phosphate ccqlexes 

[GzI(NH~)~(H~P~O~~)], containing the cl, 8, y-tridentate ligand [125], and the 

~1, y-bidentate tetraamine (dihydrogentriphosphato)cobalt(III) nrlnohydrate [1261. 

The molecular structure of [Co(NH3)4{(f)-pentane_2,4_diamine 11 dithionate has 

also been discussed [127]. The structures of pantaamninepyrophosphatocobalt(111) 

monohydrate, containingnonodentatepyrophosphate and 

tetraamninepyrophosphatccobalt(III) dihydrate, L~@'H~)~WP~O~]I.~HZO, 

containing bidentate pyrophosphate, have also been determined [128]. 

Kinetic studies have dealt with the aguation of [Co(NH3) s(dmso)13+ in 

aqueous cetyltrimsthyla ium brcmide solutions [129], the oxidation and 
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reduction of [Co(NH3]~] 3+ in alkaline media [130] arad the linkage iscmxisation 

of Kdm)5(m)12+ in polyvinylalcohol [1311. Other kinetic investigations 

have included studies on cis-tram iscmers of [Co(NB~)&l~]Cl [132], NMR and 

magnetic susceptibility studies of nitroaminembalt(111) complexes [133], the 

interaction of [Co(NB3)~]Cl~ with nitric oxide [134], and a reinvestigation of 

the structure of ~-h~o~bis(~~lt)tris(hydrogensulphate)manosulphate 

at room temperature and 17 K [135]. 

1.1.4.2 Diamines 

The reacticm of (2- amincethanethiolato)bis(l,2-diamimethane)cobalt(III) 

(13) with a,u-dibmrcalkanes Br(G+),Br (n = l-8 or 10) gives a series of novel 

mobridged dinuclear cobalt(II1) complexes (14) [136]. !Ihreeisomsrsare 

(‘ N 

N\LS 
N/co\N I I 
L N 

(13) (14 ; meso) 

possible (meso, M and AA). In the case of 72 = 2, tsm gecmtrical isomers 

mes0 and me were isolated and identified. 

Conplexes of the type [Co(en)(pn)(AA)]"+ Were AAis a bidmtate ligand, 

butnotpnoren) havehithertobeenunknown. However, the preparation of 

complexes of this type have now been described [137]. Cobalt(II1) ccqlexes 

of a rum&z of new sexidentate lig&s based on diamine systems, (15) and (161, 

have been prepared [138]. AllOfthecarplexeS~resolved,excepttheRR-tptn 

ccqlex which formd the A-iscmzr exclusively. ThenKmocyano-ccqlexesoften 

andttn, inwhich the ligands are quirquidentate,Werealsoprepamd. Absorption 

and d-d spectra of these complexes and the known [Co(ten)]3+caqlw have been 

med. cobalt(III) annplexes of the tram(O)-[Co(en)z (CXZOR)21n+ type (o(3oR 

denotesanamim acid or aliphatic carlxxylic acid) have hem prepared [139]. 

Alinearcorrelationwasobservedbe~ the lEgccqxmentof the first&d 

band and the 13C chemical shifts of the carboxyl- and a-carbons. The +rhMR 

qect.ra(amine region) of the cis-[Co(en)zX*ln+ complexes (X2 = (CN)2, (No2)2, 

acac, ml, or ox) have been determined using ds-dmo and D20 as solvent [140]. 

6’ 
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H2 NCH2CH2 \ /CH*CH* NH2 
‘N-(CH2),,- N- 

/ \ 
H2 NCH2 CH2 / ‘CH2 CH2 NH2 

(15; n = 2, ten; fi = 3, ttn; R = 4, ttmd) 

H2 NCH2 CH2 
\ / 

CH2CH 2 NH2 

- CHMeCH2CHMe--N- 

H2 NCH2CH2 
\ 

CH2CH2 NH2 

(16; R,R- and R,S-tptn) 

One of theNHhydrogensundergoeslarge,counterionaependentshifts in ds-dmso 

and is assigned to the tram hydrogen which is approxinetely parallel to the Cz 

axis. In the nitrc ccspcund, this hydrcgen is the first to be deuterated in 

D20. 

The aminosulphonic acid ccq&axes cis-[cO(en)2{NH~(QI~),sO~~C1]C1 (n = 1 or 2) 

have been prepared and their hydrolysis in basic solution investigated [141]. 

The ccsrplex ion [Cc(mstn) 313+ (metn = 2-methyl-1,3-diaminopropane] has been 

synthesisedandthe fat andmer iscsers separatedbycclunmchrcsatcgraphy and 

identified by 13C and lH NMR spec'crosccpy [142]. The preparation of 

Iv-aryln&hylglyciis(1,2-di aminoethane)cobalt(III) ccmplexes has been 

described [143], for aryl = phenyl, 2-methyl-phenyl or naphthyl. The 

diastereotcpic glycinate sethylene protons in the 2-rssthylphenylandnaphthyl 

derivatives proceeds non-stereoselectively in borax buffer (pD 9.7], in contrast 

tc the okeenmtions for the phenyl derivative. 

The Pfeiffer effect [144] refers to a shift in a chiral equilibrium bet- 

the twz~ enanticmers of a labile netal complex in solution upon the addition of 

an optically active ccqcund, (often called a chiral envirorunant substance]. 

lbe Pfeiffer effect of [Cr(C204) a] 3- has ken examin& using the optically 

stable netal c~lexes of the type cis-[Co (diamine 12 cx; (Y) 1 n+ (diamine = enor tn; 

X,Y = anionic -tati ligands) [145]. It was found that& chiral 

equilibrium of Kr(C204) 31 3- is always displaced in favwr of its A enanticpner 

in the presence of A enanticxwrs of those corqlexes added as an environmental 

substance. 

Sterecselective ion pair formation betwen tCo(en] 313+ and [Co (C204]2(g1y]12- 

has been investigated [146]. The A-b (C204] n(gly] 1 ‘- ion, like L-tartrate ion 
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and [~b~(,+tart)~]*-, unambiguously discriminates A- from A-(Co(en) 313+ in 

solution. Solubility isotherms of systems containing optically active 

Ko(en) 313+ have been studied in detail (1471. The crystal structure and 

absolute configuration [A(666)-Co(en)3][(+)~~~-(R,R~-tartlC1~5H~O has been 

determined (1481, in an effort to document the mechanism(s) of chiral resolution 

by sirqle resolving agents, such as tartrate and its derivatives. A variety of 

othercqstalstructuresdealingwitbdiaminederivativeshavebeendetermined. 

These include: cis-[Co(en):!(imidazole)CllC12 [1491, [(+)Cc~kn)3Jt(-)Crkn)31 ECNl6 

(1501, ci~-[Co(en)2(NCS)~]Cl.H20 containing the isccyanati ligand (1511, and 

D~((f)-ptn}(NH3)~1 [S206]1.5V2H20 (where ptn = 3,4_diaminapentane) [1521. In 

this latter complex, the six-membered diamine &elate ringhas a sk~koat 

conformation in which the two methyl groups are in equatorial orientations. A 

strainenergy minimisation calculation reveals an energy difference of 8.3 kJ n~11-~ 

between the preferred skew-boat conformation and the chair conformation. 

During attempts to prepare tram-[Co(er1)2ClzlCl from CoC12.6HzO, 

1,2-diaminoethane and Hz02 by the rnethcd of Krishnamrthy (1533, the ccwple~ 

bans-[Cob) 2C1212[CcC141 was isolated [1541. The compound is paramgnetic, 

'eff = 3.71 (JR (somewhat less than expected for tetrahedral cobalt(II)), and the 

crystal structurehasbeendetermined. 

'Ihe ccanplex A-cis(0,0),truns(0,U)-[(en)~CO(tart3-~Co(tart1-~(en~~lNa(~O,,l 3.5H20 

has been prepped by the reaction of L-tartaric acid with Ko(en)2(cO~)lBr (1551. 

X-ray analysis has confimed that the coqlex contains a dimeric cation, in cjnich 

tm abaltatoms are bridgedvia a tridentate tartrate anion. The configuration 

about one cobalt is A-cis and about the other trans(0,0). 

The cmplexes [Co(en)2(quin-8-O)]C1;!.2H20 and [Co(en) (c@n-8-0)~1C1.2H20 

(quin-8+ = the mnoanion of 8-h~line) have been isolated and 

characterised (1561. YYlXree gecmetrical isomrs of the latter cmplex are 

possible and its 'H NMR spectrum indicates that the oxygen atans of the tm oxine 

ligands lie cis to each other. 

New cobalt(II1) ccmplexes of the type trans-[CoC12(L)21+, [C~(NHB)I+LI 3+, 

c~s-[CO(NHJ)~(L)~]~+, and [Gaulle+ (where L denotes a seven -men&red chelate 
. . dmmme ligand, (R)-2-ethyl-1,4-diaminobutaae or meso- arid 

(R or S)-2,5-j-diaminahexane) have been prepared (1571. Thedichloroccarplexes 

decon-qqse slowly in the solid state, and rapidly in mkhanol. Theamnineand 

1,2-diaminoethanecaq~lexes are stable inacidicwater,butdeccqosegradually 

at neutral PH. 

The preparation and characterisation of [&(m)2(&03)]+, contain- chelated 

O,S-thiosulphate, have been described [158]. Early reports of the preparation 

of this corqlex appear to have been in error [159]. The isomzsof 

[co(NH3)2 (1,3-pn)213+ have been separatedbyrecyclingchranatography and their. 
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chiroptical properties studied (1601. The magnitude of the CD intensity of a 

bisdiamine ccqlex is roughly one-third of that of the corresponding trisdiamine 

complex. The preparation and resolution of [Co(en).{NH2CH2CH2P(CH3)21s-n13+ 

and its related cor@exes have been described, and the absolute configuration 

of (+)5s9-fac-rco~NH~cH~cH~P(cH~)~~~l 3+ determined by X-ray crystallographic 

analysis [161]. Ismers of tris[(R)-l-phenyl-1,2-diaminc&hane]cobalt(III) and 

tris[(S)-3,3-dimethyl-1,2-d iaminobutane]cobalt(III) have been studied in detail 

[162]. 

Formation of [Co(en)2(g1yO)]2+, from rmnodentate 

tran~-[Co(en)~(H~O/OH)(glyO/H)]~~~~~~~, species has been studied kinetically 

[163]. "@tracer studies have shawn that cyclisation of 

cis-[cO(en)~(OH2)(g1yOH)]3~ and cis-[Co(en)z(OHn) (glyO)]'+ to give 

(Co(en)2(g1yo)12+, containing chelated glycinate, cccur intramlecularlywithout 

displaceman t of the coordinated water molecule [164]. Detailed kinetic studies 

of these reactions, which can be considered as intramolecular lactonisation at a 

matal centre, have been described. The complex tram-[Co(en)2(dmso)Cl] (Cl04 12 

has keen prepared and its rate of isomerisation to the cis-iscmr measured using 

dmso as solvent [165]. The solvent exchange rate has also been determined by 

lHNMRspectroscopy. The trans-[Co(en)2(dmso)C1]2+ ion aquates rapidly at 25 'C 

in O.lM HClOb, with k = 8.7 10-4 s-i [1663. 

Mixed-metal binuclz ccsplexes are formed between [Co(en)2(OH)2]+ and 

divalent metal ions with log 82 = 5.9 (Mn), 7.5 (Co), 8.8 (Ni), 13.1 (Cu) and 

7.9 (Zn) at 25 OC and I = 3.0 M (Na[CIO1,]) (1671. The kinetics of base hydrolysis 

of cis-[Co(en)~(bzM-I)C112+ (bzmH = benzimidazole) has been studied, the pKa of 

the coordinated benzimidazole is 8.9 at 25 'C [168]. Kinetic studies of the 

aguation and base hydrolysis of cis-[Co(en)~(btzB)Cl]*+ and 

cis-[Co(en)~(btzMe)C1]2+ (btzH = benzotriazole; btzMe = N-methylbenzotriazole) 

have also been reported [169]. Second order rate constants, k , for the 

Hg(I1) assisted aquation of An-cis-[Co(en)~(imidazole)Cl]*+ hav?been Imaasured 

over the range of ionic strength 0.1-3.0 M at 25 OC 11701. Pressureandmedium 

effects on the kinetics of anation of cis-[Co(en)2(OHp)213+ by oxalic acid in 

acidic solution have been studied [171]. The aguation of cis-[Co(en)2(NH~)Br]2+ 

inmixturesofwaterandorganic solvents (EtOH, CYlMe~OH,Q4a30HorMeCn) has 

been studied in detail [172]. The base hydrolysis of cis-[Co(en)* (etaH)Xl 

(X = Cl or Br; etaH = 2-aminoethanol) results in the formation of 

[Co(en)2(eta) I’+ bxz. 35%) and [Co(en)2(etaH)(OH)]2+ (ea. 65%), the product ratio 

being independent of pH (1731. 

The conplexes [Co(m) (dapo)X]'+ (banp = 2,6-bis(m.incmathyl)pyridine; 

dapo = 1,3-diamino- 2-propanol; X = Cl, Br, or N3) have beea prepared to test 

whether, in base hydrolysis, a trigonal bipyramid or a square pyramid is the 
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preferred internradiate, following loss of the leaving qroup 11741. The 

cc@exes were resolved using dibenzoyltartaric acid (optical purity > 97%). 

Base hydrolysis (X = Cl, km = 2.9 x lo3 K1sml; X = Br, km = 1.6 x lo4 fl'ls-' 

at 25 "C and I = 1.0 M) occurs with full retention of configuration on cobalt. 

In the classical SNl Cbmechanism, the accelerated loss of theleavinqqroup 

franthedeprotonated reactantis interpreted intennsof a-orbitalo=lapof 

the type 2p(deprotonated nitrogen) -t 3dx2_y2(Co(III)). The present results 

suggest that n-stabilisation is not significant in the intermsdiate after loss 

of the leaving qroup, possibly due to the inability of pyridine a-orbitals to 

give significant bor&nq. 

The photochemical formation of [C1(en)2Co-N~C-Fe(CN)s12-, fmn [Co(en)31'+ 

and [FeKN)614-, has been exploited [175]. The reaction of the benzohydmxamate 

anion, [PhCONHOl-, with A-ci~-[Co(en)~Cl~]+ gives (+)se9-[Co(en)2(PhMNHO)12' in 

aqueous solution but (-)~~~-[Co(en)~(PhCONED)12+ in aqueous pastes D761. The 

solubility of A- and ~c-[CO(en)~(ox)l~[C20~1 have been detemined in water at 

5-60 "C. Theoxalateisnotspontaneouslyresolvableandformsthe racemic 

cceygmd A-Ko@n) 2(0x) ].A-[Co(en) 2(0x) 1 K204 1 .nHnO D771. Solubility isotherms 

of system cmtaininq the optically active [Co(en)313+ ion have been determined 

[1781. 

Stereoselectivityhas beenobserved in the outer-sphere redcx reaction 

between A,A-[(en,2C0111(~-~2,02-)C0111(en)214+ and [Mo~O&?,S-pdta)12- (pdtd%, = 

propylenediaminetetraacetic acid) 11791. The cccurrence of stereoselectivity 

inoutex-sphere redox reactions has beendiscussedpreviouslybutdefinitive 

experimentaldatahasbeenlackinq. 

Polamqraphic studies of liqand dissociation from dib mt(II1) ccmgexes 

of the type trcna-[m(W)L&]+ ((N)L) = (d2, (prd2, (tn)2, or WH3)4) have been 

published [180]. Related kinetic studies of interest include: the kinetics 

and mechanism of substitution of chloride ion in cis-[Co(en)2C12]Cl by 

4-hydroxybenzoic acid [181], the machanism of substitution of amines into 

halccobalt(III)-1,2-di aminoethane ccsplexes 11821; deuteriumsolventisotope 

effects in the pressure and temperature dependentiscmarisatiorireactions of 

aquabis(1,2_diamime thane)cobalt(III) ccmplexes [1831; the kinetics and 

mechanism of substitution of chloride ion in trms-[Co(en)2C12]Cl by 

I-hydmz@xmoic acid [184]; Hamnettrelationships in the reactiohs of 

cis-[Co(en)2C1(OHp)]2+ with substituted bensoic acids [185], and the effect of 

tenperature and dielectric constants on these relationships [1861; the kinetics 

of solvolysis of cis-[Co(en)&l(N3)1+ in water and water-isopropanol [1871; 

activation paranbaters for the aquation of trans-[Co(l,3-pn)2C121+ [1881; and 

isotopic exchanqe of 36C1- in cis-[Co(en)pCl(CN)]+ in methanol and ethyleheqlycol 

solvents [189]. 



Crystal structures of cobalt(II1) diamine ccqlexesreportedthisyear 

include the following: cis-[Co(en)*(COs)]I.2H20 [190]; ~is-[Co(en)*(NCS)21Cl.H20 

D911: and. cis-mer-bis~N-(2,2-diacetylvinyl)-1,2-phenylenedi~e~~~lt(III) 

iodide hydrate [192]. Crystallographic data on polymzphs of me-[Coten) 3]F3 

have been published [193], as has a preliminary study on the conformational 

analysis of ion pairs containing [Co(en)3] 3+ [194]. 

Synthetic studies of these ccm@exes have dealt with the synthesis and 

properties of isomers of [Co(en)2(NH$ZH$ZH20H)2]3+ [195]; cobalt(II1) complexes 

with 1,2-diamince thane and 3-amino-1-propanol [196]; stereoselective effects in 

aminoacidato(l,2-diaminoethane)oxalatccobalt(III) coqlexes [1971; mixed ligand 

ccnplexes of cobalt(II1) containing diaminopropane and bidentate N,N and 0,O 

donors [1981; synthesis and configuration of a [Co(l,3-pn)~(NO2)~1+ ccanplex [1991; 

and the preparation and IR spectra of s-hydroxymethylthiosulphates of 

trans-[Co(en) 2C121+ and trans-[Co(dng)2(amine )2]+ complexes [200]. 

Infrared, 'H and 13C NMR spectra have been obtained for 

cis-[Co(en)2(imidazole)C1]C12 [201] and "Co NMR spectra reported for 

[Co(en)2(amine)C112+ ccmplexes [2021. The application of Ramn spectroscopy 

to differentiate bat- the cis- and tram-ismers of [CTo(en)2(L)21n+ type 

conplexes has been described [203]. 

Cuter sphere complexes of [Co(phen)2(en)13+ with halide, BCSI- and [ClO41- 

in aqueous solution have been studied [2041, as have outer sphere ccmplexes of 

diacidobis(1,2-d iamincetbane)cobalt(III) [205]. The crystalstructureof 

trans-dichlorobis{ (+)-(S,S)-truns-1,2-di aminccyclopentanelcobalt(III) chloride 

hydrochloride dihydrate, bans-[CoClp{ (+)-cptn~2]Cl.HC1.2H20 has been determined 

[2061. The synthesis and characterisation of mixed ligand conplexes of diamines 

and mnohydroxamic acids with cobalt(II1) has also been studied [207]. 

1.1.4.3 2,2'-Bipyridine and Z, ZO-phenanthroline complexes 

Twenty-eight cobalt(III) ccmplexes of the types [Co(L)313+ and [Co(L)zXXln+ 

(where L = bipy or phen and XX = 2CN, 2NO2, en, 2NH3, gly, 2H20, CA, COs, 

2SCN, 2N3, 202CMe, 2Clor 2Br) have been prepared and their 13C NMR spectra 

have been recorded [2081. 

The kinetics of racmisation of (+)589-[CO(bi~)2(paox)l[N0,1 (paox is the 

dianion of 2-ketopropanoic acid oxinra) has been studied at pH 7, between 70 and 

98 “C [2091. Ihe kinetics of reactions of [Co(phen) 313+, [Co(bipy) 313+, and 

[cO(en) (phen)213+ with ascorbic acid have been studied [2101. The effect of 

solvent conposition (for aqueous mixtures of itethanol, ethanol, propan-l-01 and 

propan-2-01), on the rate constants and activation parameters for the outer-sphere 

electron transfer between [Co(phen) 313+ and ferrocene, has been investigated [2113. 

The dependence of the kineticparamterson the solventccqositioncanmtbe 
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rational&ad in terms of tbs macroscopic parameters of the solvents. Limiting 

kinetics are observed for the [CoC4,7-(SOsCsHs]nphen)313- oxidation of HIPIPped 

to HIPIP& consistent with association prior to electron transfer 12121 (HIPIP = 

high potential iron-sulphur protein). 

Pate constants, activation parameters and equilibrium constants have been 

reported for the outer sphere electron transfer between [Co(terpy)~]*+ and 

Ko(bipy] 313+, as measured for reactions in five protic and ten apmtic solvents 

[213]. Ccanparisons of experimental activation parameters for the 

[Co(terpy) 21 '+-[Co(bipy]313+ redox reaction with those obtained frcm the IQEW 

Theory have been made [214]. The crystal. structure and absolute configuration 

of (-)sa9-[Q(bi~)3][Fe(CN)6].8H20 has been de&mined [215]. 

Intemediates obtained in the photolysis of cobalt(II1) complexes with 

aminopolycarboqlic acids and bipy or phen have been studied [216], and the 

therro@mdcs of the fomtion of outer sphere cmplexes of [Co(~hen)~]~+ with 

[SOI,]~- have been investigated [217]. 

1.1.4.4 Triamines 

The ~eneous intrant3lecular isomerisation reactions of all the ismers of 

[Co(dien]2] [Cl041 3 and [CoWen) (mdien)l [ClO~l3 (mad&n = 4-methyl-1,4,7- 

triazabeptaue] have been studied at 90 "C aud various pressures [218]. The 

sam equilibriumismer distributionwas obtained, regtidless of the starting 

iscmrorofthepressureconditions. Theseresultshavebeen interpretedon 

the basis of a ccnnmn nrachanism for all ismerisations involving Co-N bond 

rupture, folloWeaby rearraugenkantof the resultautfivemrdinate intermediate. 

Aqueous solutions of sym-fac-[Co(medien)~]3+ in the presence ofcharcoaland 

oxygen give unsymfac-[Co(~)][C10~]3.H20 (17) (aman = 2,3-bis-2-amimethyl- 

(methyl) amincethylimino-1-methylpiperazine) [219]. The structwe of theproduct 

c NH2 

Me 

/-\ 1 

3+ 

(17; unsym fat-[Co(aman)13+) J 
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has been confirmd by X-ray crystallographic studies. The complex is inert in 

acid but hydrolyses in base in tm clean sequential stages through the amidine 

imide amplex (28) to the diimide complex (19) [220]. 

lGH , . 
(18) 

I 3 

3+ 

_Y tiH2 

(19) 

+ 

!rhe crystal stnlcture of (-)mer-~N-2-aminoethyl-(1,3-diaminopropane)]- 

(1,4,7-tiiazaheptane)cobalt(III) iodide mnohydrate has been published [221]. 

There are seven potential geometric isomers of [CcCl(Metnd) (dien)] [ZnCls] 

M?tnd=N-methyltri.aEthylenedhylenediamine) sixofwhichhave been isolated. The 

crystal structure of one of these isomers A-(s)-a,cb,edf-[CoCl(~etmd) (dim)] [ZnCL,] 

has been published [222]. Also, the crystal structure of 

(dien) (L-penicillaminato)cobalt(III) chloride has been described [2231. Mixed 

ligand coqlexes of cobalt with dim and leucine have been studied [224] and the 

crystal structure of s-fuc-[C!o(dien) (NH3) (NOz)z]Cl determined [225]. X-ray 

crystallography has established the structure of mer-[Cotdien) (NOz)s] [226]. 

In this latter ccqlex, the cobalt ion has a slightly distorted octahedral 

geometry and the Co-N& bonds range frcan 1.916(3) to 1.997(3) i. 

1.1.4.5 Tetraamines 

The kinetics of solvolysis of [Co(tren)C12]C1.0.5H20 has been studied in 

dmso, dmf and nmf [227]; these reactions occur by a dissociative mechanism. 

A number of ccqlexes [CcCl(solvent) (tren)] [CIOs]z (solvent = dmso, dmf or 

N-methylmethanaaude) have beenisolatedand characterised. The chloride anation 

of [Cccl(t.ren) @lILso)]2+ was suggested tooccurbyan (S~)~Pmechanian. The 

anation of [Co(tren) (OH)z]+ by carbonate ion has been investigated in the pH 

range 10.5-13 over a range of temperature [228] and the results discussed with 

reference to earlier studies on CC;! uptake, thebase catalysedringopeningof 

[co~trenKw+, and base hydrolysis of [Co(tren) (OH) (oo32)]. 
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Evidence has been presented']2291 that the mercury(II] and M3+ ihduced 

aguations of t-[Co(tren] (NH3)C112+ and t-Ko(tren) (NH31 (N3) 1”’ follow different 

paths anddonot involve acamvn intermediate of the type [cO(tren) (NH3)l 3+. 

Thek 
Hs 

rate constants for the mrcury(I1) catalysed aquations of 

p-[Co(tren] wH3)C112++ and t-[Co(tren) (NHB)C~]~+~ are 5.6 M-'s-l and 9.7 M-'s-l 

at 25 OC, 

The crystal structure of [~(tren)(~)Cl][ZnC1~]0.5H20 has been determined 

[230]. The pyridine ligand is bound via its nitrogen atom trans to the tertiary 

nitrogen of the tren ligand. The rate of the rapid uptake of SO2 by 

KZoWen] (OHA 21 3+ has been studied by stopped-flow techniques [231] and 

ccmparisons made with similar previous studies involving CQ, S.02, LS0312-, 

~Ilseo31-, ~HMoo41- and Dmlt1-. 

The synthesis unsym-cis-[Co(3,2,3-tet) (CN)2JC1, by the addition of hot aqueous 

solutions of NaCN to an aqueous solution of trans-[Co(3,2,3-tet)Clz]Cl, has been 

described [232]. The ster~stry of this canplexhas beenestablishedby 

'H and 13C NMR and vibrational spectroscopy. Scnne 

trans-(RR,SS)-[QC1(3,2,3-tet)(~)][ZnCls] complexes (amine = NH3, MeNH2, or 

imidazole) have been prepared and characterised [233]; base hydrolysis and 

mercury(I1) catalysed aquation rates have been studied. The preparation and 

characterisation of isomers of the (4R,6R)-4,6-dinethyl~3,7-diaza-l,9-diaminononane 

(5R,7R-Me2-2,3,2+et) and of the (6R,8R)-6,8-dimethyl-2,5,9,12-tetraazatiidecane- 
+ 

(1,5R,7R,ll-Me~-2,3,2-t& ccmplmes, of the type tram-[COC12(tetraamine)] , 

have been described [234]. 

Severaldipeptide complexes of the type 

D (t=-l] (NHPcmcamam’ CD2CH3)l [~-G-I~C~HL,SO~J have been obtained by coupling the 

chelated ester canplex [Co(tren) (NHzCRRC&CH3)13+ with a free amino-acid ester 

12351. The half life Of proton exchange in the ccanplex [Q(en)z (NH2CH2c02cH3)13+ 

is ea. 20 s. 

The preparation of CCS-f32-KcCl(trifm) (benzimidazole)12+ (20) has been 

described and the kinetics of aquation, Hg(I1) catalysed aguation, and base 

hydrolysis studied [236]. Oxalato ( amnine) (trien)cobalt(III) and 

salicylato(anmim ) (trien)cobalt(III] perchlorates have been synthesised and 

tentatively assigned a cis-a configuration [237]. Theccmplexesarefonzulated 

cis-cr-[Q('crien] (NH31 (C201,H)l KlO~]z and cis-c-[Co(trieh) (NH31 (O~CCGHI,) (OH)1 [ClO~lz 

and the base hydrolysis kinetics of these complexes were also discussed. 

The paramgnetic 8i- and t3z-iscaners of 5-nitrosalicylato(trien)cobalt(III) 

have been characterised [238]. The electmnhole is considered tobe delocalised 

t 
The letters t and p denote the isomers with the tertiary and primary amine 

centre, respectively, trans to the electronegative group X. 
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1 

‘2 

(20; L = benzimidazole) 

over the chelage ring containing the cobalt atcm and the 5-nitrosalicylate 

ligand. 

A dimethyliminium species, formd frcm dmf and FCC13, adds at the Ethylene 

carbon of the bidentate glycinato complex p-[Co(tren) (gly)] [Cl0412 to give the 

p-[Co(tren){3-(dimethylamino)-2- aminoacqlylchloride}]"+ ion (2391. The 

crystal structure of the [ZnCl~] 2- salt of this cation has been established by 

X-ray diffraction studies. 

Interligand steric effects in tetrWlt(II1) amino acid complexes 

have been studied by CD techniques [240], and a thesis dealing with .scm? 

c&alt(III) complexes of tren has been published E2411. Another thesis has 

dealt with crystallographic studies of cobalt(II1) ccenplexes of tren [2421. 

Cobalt(II1) ccmplexes with asymetric tetr aamine ligands have been prepared and 

characterised [243]. The isolation of all five gmtrical and conformational 

isomrs of [C!o(t~ien)(NCS)~]+ has been described (2441 and the Bl- and 

~~-(8-quinolinolato)(1,4,7,10-tetraazadecane)cobalt(III) ions have been isolated 

and characterised [245]. The rates of acid hydrolysis of some diacido 

cobalt(II1) tetraamine complexes, containing asymmtric tetraamine ligands, 

have also been studied [246]. 

1.1.4.6 Pentaamines 

The preparation of the cr$-S-[Co(tetren) (~~CC~H&H)~[C~OI+~~ has been 

described and the kinetics of base hydrolysis studied [2471. Thecrystal 

structure of an isomer of [Co(picdien)Cl] [ZnCll,l tpicd.ien = (21) 1 has been 

2 -WAN,/N-_CH 2 

(21) 
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determined [2481. Inthis latterccnplex, thepentadentate picdien ligandis 

present in the cr,+zonfiguxation, with the Cl ligand tram to an %ngular" 

secondarynitrogen. This cmq&x is extremely sensitive to base hydrolysis. 

Recent investigatims have shown that 0-bonded sulphito ccmplexes are famed 

on the stopped-flow time scale, by reaction of acidic aqueous sulphite with 

aquapentaamin~balt(III) aq&xes [2491. The kinetics of SO2 uptake by 

crB-S-[Co(tetren) (OH)12+ has been studied [250]; the product is the O-bonded 

sulphito coqlex. The acid-catalysed deccqosition of the O-bonded mmplex, 

and its intramlecular isomrisation to the S-bonded canplex, have been studied 

kinetically; also, the base hydrolysis of the S-bonded ccpnplex has been 

investigated. 

1.1.4.7 Oximes, Cobaloximes, and Vitamin B12 

'Ihecoenzym of thecobaltcorreno id.s,whicharepresentintheismrzrase 

andrtinucleotide reductaseenzym3s,possesstheligand S'-deoxy-5'-adenosyl 

(22), attached to aAal_t via the primary carbon atm. Drperimzntalevidence 

a-i 

0 

OH 

shays that the Co-C bond mderqoes reversible & probably lxnmlytic fission 

during the enzymic reaction. IthasbeensuggestedthattheCoCbondofthe 

coenzymemightbelabilised~asstericmi~~be~thebindingofthe 

adenosinebythecobaltatanandtheprotein. The effects of steric distortion 

ofthecobalt-carbonbondonthepKvaluesandspedraoforganocobalaminshave 

now been studied [251]. TheequilibriabeWthe "baseon" andunprotonated 

"base off" forms of a series of 0 qanocobalam&mhasalsobeen investigatedand 

values of A!? and AS determined [2521. Neopenty1cobalanlin in neutral solution 

at 25 "C is stable under Nz but is deanposed by 02 and by imidamle to give 

cob(III)alamin, and by hydmgm-atan donors, such as thiols and iscprqanol, 



to give cob(II)alamin and neopentane. Ithasbeen suggested that 

neopentylcobalamin provides a model for the labilisation of the Co-C bond in 

the vitamin B12 ccenzymas and possible mechanism for the isoa'erase reactions 

have been discussed. [2531. 

The crystal structures of the ccanplexes truns-[Co(dng)2(neopentyl) (py)] and 

trans-[Co(~)2{(MesSi)gC}(~~)l have keen reported [2541. Of particular note, 
h 

the Co-CY sngle (Y = C or Si) is 130.3O in the carbon derivative and 127.7" in 

the (trimthylsilyl)s&hyl cmpound, the latter value being similar to that of 

125" observed in the coenzyms. It appears thatsteric effects are important 

indestabilising ihe Co-Cbond in suchcoqmunds, but an additional factor 
h 

controlling Cc-C bond lability is a distortion of the Co-C-C bond angle from the 

normal tetrahedral angle. The longest Co-C bond in a vitamin B12 n&e1 is 

reported to be found in trans-[Co(dq)2(CTIW2) (Ph3P)l, where Co-C is 2.22(2) i 

[2551, even longer thsn the bond length of 2.085 i found for 

tram- Ko(dmg) 2 t-2) (py) 1 D561. 
Direct observation of Co-C bond cleavage in 

tram-[Co(dnq)2{ (R)-l-cyanoethyl~{(S)-(-)-a-methylbenzylaminey~~l~} ] has ken reported 

during exposure to X-rays [2571. The reaction is so slow that three-dimensional 

intensity data can be obtained at the initial, intermediate, and final stages of 

the reaction. SPRspectraof thecrystalindicate that the Co-Cbondis 

cleaved homlytically by X-radiation. 

The preparation of trams-[Co(d.nq)2 (nitrmsthyl) (py)] has been described and 

its crystal structure determined [2581. Preparations and structural 

characterisation of the complexes [Co(dmg)2(L)(X)] (where L = 3- or 9-alkylatea 

adenine; X = alkyl or P(O) (CEH3)21 have been reported 12591. Details of the 

preparation of further alkylcobalt ccmplexes as models for coenzyme B12 have been 

published 12601. 

A series of coqlexes of the type [C~(~I@~(E~JP) (5-R-tetrazolate) 1 {where 

R = m3, (3H3, GH5r ‘&HsW2, (CT&) ZN, 4-F'CsH5, or 3-EGH4; 5-R-tetrazolate = (2311 

R 

A 5 

qN N1 

\o/ 
N-N 

3 2 

(23) 
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have been treatedwith avarietyof alkylatingagents. CmqrisonofRMRspectra 

with those of known Ccmpounds established that, in each case, regioqecific 

alkylation of the ccordinated tetrazolate produced exclusively 1,5_disubstituted 

tetrazoles [261]. The pKavalues for the carboxylgroupionisation in fifteen 

qlexes of the type [(b(dmg)~ (2-carboxyethyl)L] (where L = S-methyl sulphides, 

primary amines, substituted pyridines, or thiolate anions) have been determined 

[2621. The observed pKa values only vary from 4.71 to 5.11, although the 

proton basicity of the axial ligands varies by about 16 orders of magnitude. 

Activation parameters for the axial water substitution reactions of the 

complexes [WJoWmg)n@Hz) 1 (R = CM31 and ECo~@O) (DOH)pn1(ofI~) I+ (R = CH3, or 

CzH5) (24) have been relmrted [2631. Cmparison of the activation parameters, 

with those for the corresponding aguacobalamin, suggests that the lability of 

Me 

t 

(24; [RC~(~)KJOWP~(O&) I+) 

thebiolcgical canplexismainlydue toentropyeffects. Au electmchemical 

aqarison of both alkylaud nonalkylcobaloxime, and cOCC2(D0) WH)pn1 B12 

model canplexes, with five coenzyme Bi2 carplexes has been made [264]. !Il-e 

results have established that the Co{C2(DO) (DOH)pn) n&e1 is a closer 

electrocbamical mimic of B12 than is the cobaloxine model. Aneglected feature 

of the cobaloxime node1 is the formal :2 charge on its 

bis(dimethylglyoximto)tetradentate ligand. Thecm-rinincoenzymeBIZand 

the Co{C~(DO) OlOH)~~ B12 mxlel have equatorial ligands with formal -1 charges. 

The~cparametersforthebondingofasixthligandtoan~roffive 

ccordinate alkylcobalt(II1) coqlexes have been measured [265]. substantial 

differences in the enthalpies of axial bond formation are caused by changes in 

both the tmns and cis ligands. 
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The reactionb&weenn&hylcobaL3minandmtal cm-pounds plays a major role 

in biological transms thylation and may also be involved in the geochmical 

cycling of metals [2661. Methyl ccmpomds of mercury, arsenic, selenium and 

tinoccur innature. It has keen found that the rate ofmethylexchange 

be~~~ylcobalaminand~talsubstratesisverydependenton thenature 

of the ligandson themetal. The effect of halide ions on such reactions has 

KW been studied in detail [267]. 

The kinetics of axial ligation by ammnia of a series of 

tra72s-org~t(III) complexes, having a near macrocyclic equatorial 

&elate ring, have been measured for aqueous solutions as a function of the 

hydroxide ion concentration [2681. In the case of [RcoI(Do) (DX)pn11 complexes, 

evidence for the conjugate base mechanism, involvingdeprotonationof the 

equatorial system, was obtained not only for base hydrolysis but also in the 

substitution of the axial water ligand. 

Sterically hindered semndaqalkylc&alamins,carryinghydrogeninthe 

6-position, decanpose spontaneously in neutral aqueous media by a f+elimination 

process 12691. The cleavage of the Co-C bond in these compc~unds is believed 

to be caused by "qward" distortions of the corrin ligand, in response to the 

attadt of the axial base, 5,6-dimethylbenzimidamidazole, as well as by thermal 

motions of the corrin ring system. 

The proton transfer reactions of [Colll(dmg)~X~l"+ ions with OH- have been 

studied indioxane- water media by temperature jcrmp techniques L2701. The 

kinetics of tha iron(X) reduction of trans-[Co(m)2 (py)Xl CcnpleXeS (X = Cl, 

EW, or I) have been investigated [2711. These latter reactions show an 

inverse dependence on [H+l, suggesting au inner sphererrechauisn involving 

protonated and unprotonated species of the complex. The iron and 

vanadium(II) reductions of tram-[Co(dng)2(N3)~1 and tram-[Co(dmg)z(NCS)zl 

have also been studied [2721. 

Petention of stereospecific 31P chemical shift and coupling phenaaena in 

heterocyclic diphosphine ligands on ccqlexation with [Co(dmg)~(cH3) I has been 

observed [2731. 

A nmber of tris chelates derived frm dihydrogenviolurate (the mOnOaniOn 

of lH,3H,5H-pyrimidine-2,4,5,6-tetraon~5-0~i) or 1,3-dhSthylViOlu.rate (the 

nrmoanion of 1,3-di-methylpyrimidine-2,4,5,6-tetraons-5-oxinE havebeen 

Synthesised (2741. !rhe caqlexes [ML31n-, with Co(II1) (n = 01, Fe(I1) or 

Ru(I1) (n = l), have the Same J@ac stereochemistry. !Che effect of axial ligands 

on the kinetics of the base catalyzed cleavage of ethylcobaloxime has ken 

studied 12751. 

Papers describing the synthesis of dimethylglyoxilt(III) CcmpleXeS 

with 4-picoline i+oxide and 4-cyanopyridine 1igand.s [2761, 



29 

transaci~bis(di~lglyoximato) (~~l~i~]~t(III] m@exes 

[277], trans-bis(dimethylglyoximato)di(~)cabalt(III] canplexes (mire = 

anisidine, pyridine, or urea) [278], cobalt(II1) cxmplemas with 

~thylisoprcpylglyoxim 12791, and oligomsric ccbaltUI1) complexes with 

dcdscane-2,3,lO,11-tetraom-3,1O-dioxime [2801 have been published. 

An X-ray structural analysis of 2-~~yl~yl~~~, a native 

B12 analog, has been published [281]. Other related crystal structures 

reported this year include those of trans-diamninebis(dim?thylglyoximato)- 

cobalt(III) nitrati and thiocyanate [282], and potassium 

trans-iodrmitrabis(dimethylglyoximato)cobdltate(IIL) 12831. 

A thesis describing details of ligand exchange reactions of cabdtoxifie 

ccmplexes has been published 12841. Other kinetic imrestigations described 

this year have dealt with: the replacement of the nitro-gmup in 

[~(~)~(~~)(~)I ccmplexes by pm'mnic O4s0~t aTd dipolar aprotic (dmf) 

solvents 12851; the hydrolysis of tram-thLosulphato-containing dioxim 

canplexes of cobalt(II1) [286]; and the aquation kinetics of WoWgf~(NDsf (X)1- 

(X = halide) canplexes [287]. 

'H MIR spectra of cobalt(II1) aanplexes of dimthylglyoxjmz and 

d~~yl~i~ have been published 12881. A~~~~~~~ti~of 

the 13c m spectrum of dicyanocobyrinic acid heptamthyl ester and a partial 

assigmznt of its 'H NMR qmztrum has been made f2891. Also, coordination 

caqmunds of cobalt(III) with dioxim and sulphanilamide ligands have been 

reviewsd 12901. 

The crystal structure of ~PU~S-[~(~)~~(~~~]I has been detezminsd 12311. 

Rem&ably stable cobaloxims of ccqmsition ~(R]~C=C=CCHQDM~~)~@~)I have 

been characterised [292] and 'Hand 59-m spectraof cobaloxim ocmplexes 

have been investiga+~ [293]. 

1.1.4.8 MacrocycZes 

The [ (R)-2-mthyl-1,4,7+riazmyclonmane] [l,$,l-tris( amincmathylfethane]- 

cobalt(II1) ion and some nmc-[(R)-2+?ethy~-l,4,7-triazacyclononane]mba~t(III) 

ccarrplexeshclvebeenpreparedand~a~isedandcI)spectradetermined 12941. 

The 2-methyl-1,4,7-triazacyclononam ligand is shown in (25). 

Anew(triazacyclononan e) &ri.benm[b,f ,j] [1,5,9ltriazacycl cdDScam)cobalt(III) 

~l~hasbeenpreparedandresolved,andtheQi>spectrahavebeen~~ 

[2951. Thenitmgen-amtainingmacrocycle 

~~[~,~,p11,4,8,11,15,18-~~~10~~~ (26) has been synthesised 

by a seriesofreactions involvingthe alkylationofdoublydepr0tonatedaranatic 

amine ca@exes of cobalt(III) [296]. The freemcrocyclewas reaWe?zedf?.-om 

its cobalt(II1) complex and characterised. 



(25) 

(26) 

The stereochemistry of the (1,4,7,11,14,17-he~aazacyclceic0sane)c&alt(IIIl 

ion has been studied [2971. For this ccqlex, three gecmstric ims are 

possible, two of which can have NH diastereoisomeric forms, giving a total of 

six gem&rically distinct species. 13C M spectroscopic studies indicate 

thattheisolatedcmplexis one diastereoisomronly, with C2 symetry,and 

its structure has ken assigned as the A-mer, cis-RR/A-VET, cis-SS racemate. 

Preparation of 1,4,7-triazacycl rXkcane.3HBr (tacd.3HBr),by the 

Richrran-Atkins syntksis for cyclic polyamines, has given the tram and 

cis-iscmers of [Co(tacd)2]3+, in the equilibrim ratio 96:4 [2981. Twoother 

complexeswere alsoobtained in these studies,andthesehave keencharacterised 

(I?, 'H m and d-d spectra) as single iscxners mer,cis-[C~(hace)]~+ and 

cis-(Co(dtah)l 3+ (hate = 1,4,7,11,14,17-hexaazacycloeicosane; dtah = 

1,16-diaminc-3,7,10,13+etraaz Be). These hexamim ligands are 

coprcducts with tacd in the F&&man-Atkins synthesis. 
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The crystal structure of [Co(lV-rue-M%(14ldiene N4) (Ok) (CHS)l(CIOJn has 

been rep-ted (2991. The cobalt(II1) cmplex of tetiadehydrccorrin (271, with 

Me Me 

Me 

(27) 

Me 

pKa's of 6.15 and 11.50 for the successive ionisation of axial aqua ligands, 

undergoes auto-reduction to the cobalt(I1) complex in aqueous carbnate 

solutions (3001. Kinetic analysis has indkated that the reaction sequence is, 

one-electron transfer frunthe axialhydroxo ligand to themetal, subsequent 

knmlytic cleavage of the Co-OH bond and, finally, scavenging of the resulting 

hydmxyl radical by [cO3]'-. 

The thermally stable dimethylcobalt(II1) rmcmcycles, truns-MeD(dpnH) (28) 

and tram-[MezCo(tim)][ClO+] (29), are strongly labilised upon chemical and 

Me 

Me 
Me 

U 

Me 

U 

(28) (29) 
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electnxhemical oxidation, leading to the selective scission of only one methyl 

ligand [3011. The fometion of highly labile dimethylcobalt(IV) cations, as 

reactive intermediates in these reactions, is evident froin the irreversibility 

of the cyclic voltannetric wave, even at -78 'T. 

Structure-reactivity relations, and reorganisational barriers for outer-sphere 

electron-transfer reactions of lca+spin cobalt(III)-cobalt(I1) couples of 

structurally hcmiologous macrocyclic complexes of the type trans-[Co(N,,) (OH2)2]3+r2+ 

have been studied [302]. !I@ I{ C-32.0)~([141aneNs) 12021 4+ ~-peroxo ccanplex 

decoqxses slowly in acidic aqueous solution [3031; the process has been 

proposed to involve rate-limitinghosolytic dissociationof the n-peroxo ccrnplex, 

with the reactive intermediate species being [Co([141aneNI,) (OH2)2]2' and 

['Co([l41a=&) @Hz) (02) 12+. The effect of anions (e.g. Cl-) on the decomposition 

was also considered. 

The TV geometrical iscmers of IIT-rac-t~ans-[CoCl~Me~[141diene)(NO~)]~ have 

been isolated, in which the chloride ligand lies syn or anti to the tm chiral 

N-H groups 13041. The syn-isomer aquates slowly, whilst the anti-isoner aquates 

rapidly. These results have been rationalised in terms of the macrocycle folding 

tcrwards or against the leaving group in the transition state of the reaction. 

On this basis, it is possible to rationalise the aquation rates of a variety of 

nacrocyclic complexes of cobalt(II1). 

The photcdealkylation of dimethylcobalt(II1) macrocycles has been studied 

13051 and the crystal structure of the complex cis-(SSSR)-~brcuco(dibronrqua(2-))- 

(2R,5R,8R,llR) (2,5,8,11-tetraethyl-1,4,7,lO+atraazacycl ododecane)]cobalt(III) 

has been determined 13061. 

The rates of substitution of cobalt(I1) into [2r1L]~+ ccsplexes, where L = 

5,7,7,12,14,14-hexame~yl-l,4,8,ll-~tr~~~clote~~~-4,ll-diene, in nitrate 

Lydia, has been studied spectrophotceetrically. Absorptionchangeswere recorded 

at 28,700 HIT-', corresponding to theabsorptionmaxinaunof thebinuclearcwnplex 

DLo(02)coL14+, formed by interaction of [CoL]'+ with dissolved O2 [307]. 

1.1.4.9 Porphyrins 

!che first accurate directmaasurerents ofelectronexchange rates of 

oobalt(III)-cobalt(II) tetraphenylporphyrins indicate rate constants of 9.69 K's_' 

{outer-sphere for bis(pyridine)ccaq&xes] and 2.71 x lo4 K's_' (chloride bridged 

inner-spbsre) in CDC13 [3081. A kinetic and equilibrium study of the reaction 

of pycidine with (meso-tetrakis(4-sul~~~yl)porphyrinato]diaquacobaltate(III), 

[Co(TPPS)(H~0)213-, between pR2 and 13 at I = 1.0 M (Na[C1041), has keen published 

[3091. Afurtherkinetic studyhasdealtwiththe reactionof 

meso-tetrakis(4-N-methylpyridyl)porphinediaquacobalt(III), [Co(N4) (H20)215+ with 

Ko((N)613-, EeKN)613-, [Mo(cN)813-, and [wK!N)813- 13101: the formation 
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constants for [Co(Nb] (H20] (anion]12+ are 446, 1320, 3100 and 1380 M-i, 

respectively. 

The EPR spectra of the paramagnetic species generated electrochm_ically 

fran a, 3, y, s-tetraphenylporphinatocobalt(II), [CollO?PP)], have been observed 

at low temperature in chlorinated or non-chlorinated solvents [311]. manthe 

EPR parameters obtained, three different paramagnetic species [Colll(TPP) 12+(Xs)2, 

[CP om12+(Y-)2, and [co 
III - _ 

(Tpp) 1 2+(X ) (Y ) have been identified. 

Photoreduction of [&I1 (TPPS]]3- by methanol and 2-propsnol in deaerated 

solutions has been observed. The resulting aAalt_(II]-porphyrin can be 

reoxidised by 02 or air, thus providing a catalytic system for the oxidation of 

alcohols [312]. The synthesis of a-styrylcobalt(II1) porphyrins has also been 

described [313]. 

1.1.4.10 Other Nitrogen Ligands 

A va_riety of txis(pyridine]cobalt(III] canplexes have been prepared and 

their spectroscopic properties studied [314]. The synthesis of 

tri-~-~~bisCtris(pyridine)cobalt(III) ] perchlorate has also been described 

[315]. Other synthetic work has dealt with the preparation of octahedral 

N,N'-bis(2-bipyridyls&hyl)-1,2 (R) -diminopropaue caqlexes of cobalt(III] [316] 

and conplexes of cobalt(II1) with 2-hydrazinobenzimidazole [317]. 

W spectra and C-2 hydrcgen exchange for cobalt(III] complexes of imidazoles 

[318] and the polarography of a cobalt(II1) canplex of poly(4-vinylpyridine) 

[319] have been discussed. 

Crystalstructuresofinterestreportedthisyeartilude: 

(-)ss9-cis-8-(2R,8R)-2,8-di(2-pyridyl)-3,7-diazanonane(oxalato)cobdlt(III) 

perchlorate [320]; (-)sss-tris(biguanide)cobalt(III) chloride L+tartrate 

pentahydrati [321], and (+] ~~~-ab-oxalato-cd,ef-bis~(-)-l(S)-(2-pyridyl]ethylamine~~ 

cobalt(111) perchlorate [322]. 

The diamagnetic cobalt(II] ccqlexes [{C~(CI,H~N+]PL]~] (L = Hz0 or dime), 

diners of bis(diethylimino succinonitrile]cobalt(II) have been synthesised and 

converted to the planar cobalt(I) ccqlex [Co(ChH2Nb] 21- and the square-pyramidal 

cobalt(III] ccqlexes, DoMe) (C~H~N~]ZI (30) and KoKNN) KAHA]21; the 

structure of the latter mqomd has been determined by X-ray analysis [323]. 

(30) 
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Intramolecular electron transfer in ruthenium(II)-cobalt(III) binuclear 

ccanplexes, containingpyrazine, 4,4'-bipyridine and selected pyridinecarboxylate 

anions as bridging ligands, has been studied [324]. 

1.1.5 CompZexes with phosphorus donor Zigands 

The canplexes [Co(NO~) (acacjpL] ha- been prepared for L = PBu3, PBuzPh, 

P%lepPh or PMPhz. Moreover, [Co(NOp) ~(acac) (PMa,Ph),] has been obtained by 

the reaction of phosphines with Na[Co(No2)(acac)2] [325]. A cis(NO~,P) 

configuration has been assigned to [Co(N02) (acac)2L] and a trans(P,P) 

configuration to [cO(No:!)2(acac) (pMezPh)2]. 

The temperature dependent *T2e1 A1 spineguilibriumin the six-coordinate 

[COLZ] [PFs] conplex (L = CCsH&o[P(O) (CC~HS)~]~~-] has been studied in solution 

by 31P M spectroscopy 13261. The preparation of anovelcoqlexof the 

[CoIIIP613+ type, tris~l,2-bis(dimethylphosphino)ethane]cobalt(III) perchlorate, 

has been described [327]. 

1.1.6 Cyanide complexes 

A variety of papers dealing with cobalt(II1) cyancccmp lexeshave awed. 

The substitution of [Co(CNS(OH)]3- by [N3]- in aqueous solution has been shown 

to occur aia [Co(CN)~(OH~)]2- in equilibrium with the hydroxo-wlex [328]. 

The photc-aquation of [Co(CN)6] 3- has been studied as a function of pressure 

up to 1500 bar and evidence for an la type of photo-aguation presented [329]. 

A new discussion of the structural and physical changes which occur in 

dehydration of CoQ[Co(CN)6]2.12H20 has been published [330]. Ab initio 

calculations have been carried out on the electronic structure of [Co(CN]613- 

[331], ard the charge transfer photochemistry of [Co(CN)~(OH)13- has been 

investigated [332]. The electronic absorption spectraof pentacyanocomplexes 

of cobelt(III) have been studied [333], and the preparations of new 

~-oxalatobis{psntacyanocobaentacyanocobaltate(III) 1 salts have been described 13341. 

1.1.7 Miscellaneous Topics 

The use of preparative high-pressure liguid chrcmatcgraphy to separate 

cobalt(111) ccmplexes has been discussed [335], as has the resolution of scam 

cobalt(III) complexes by adsorption on a colloidal clay [3361. 

The potential of 5gCoNMR spectroscopy with a chemicalshiftrange of over 

14000 p.p.m., is beginning to be realised. Thus the 5gCo chemical shift of 

Ko00613- provides a sensitive mathod for studying electron acceptance and 



hydmgenbonddonationbyprotic solvents and there is alinearrelationship 

bet~thechemicalshiftandtheGutmanuacceptornumbsrof the solvent 

enplqed [337,338]. A "Co NMR study of the magnetic shielding of the cobalt 

nucleus in a variety of cobalt(II1) ccqlexes has also been published 13391. 

Lewis acids dramatically enhance the oxidative po+aar of cobalt nitro 

ccq+xes [340]. Thus, in the presence of RF3.Rt20 or Li[PFs], cobalt nitro 

ccarplexesoxidiseprimryalcohols toaldehydes,and secondary alcohols to 

ktOTX?S. However, no reaction is observed in the absence of Lewis acids. A 

process (i) M-NO2 + S + SO + M-NJ, (ii) 2M-E1D + O2 + 2M-I?&, for the catalytic 

oxidation of organic substrates (S) by dioxygen is possible. Oxidationofcertain 

cobalt nitrosylccmplexesby02 to cobaltnitmccmplexes hasbeen reported 

previously 13411. The reaction of [Co(Nop)~] 3- with L-histidine has been 

studied [342]. 

1.2 CORALT(I1) 

1.2.1 Halide Complexes 

Mixed pentahalccoba1tates(11) [3431 and the thermDdyMmics of formation of 

cobalt(II]-fluoride amplexes in aqueous solution have been studied [344]. 

Mixed halocobaltates(I1) of the type A[CoLXX'] (A = NEt4, NPrs, PPht,, AsPhl,; 

L = PhBP; X,X' = Cl, Rr, or I) ccmtaining two different Rinds of halogen atans 

have been isolated aud characterised [345]. Inner-sphere coordinationof 

chloroforminthetetrahedralhigh-spinccnpl~s [CoX2(PPh3)2] (X=Cl,Rr,or 

I) and [NRI,]K~I~(PP~~)] has been detected by 'H and 13C NMR spectroscopy [346]. 

Sorbtion of cobalt(11) halide species on an ion exchange membraue has been 

studied by spectral measuremants in the UV visible and far IR regions [347]. 

A microcalorimetric and spectmpbkcanetric investigation of the cobalt(II)-brcmide 

system in ethanol has been published 13481. Temperature-jump studies on the 

ligti substitution reactions 

Koc1417- + BcN1- *d Kcc13(scN)12- + cl- 

BC13ECN12- + [SW-~ rccc12cscN)212- + cl- 

in reversed micellar systems have been published [3491. 

1.2.2 Complexes with oxygen OP sulphur donor tigands 

1.2.2.1 Oxygen ligands 

l,l'-Dibenzoylacetylfemocene conplexes of cobaltU1) have been prepared 

and characterised [350]. l’b configurations (31) and (32) are possible for 
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___ 

(31) 

such complexes and their structures have been discussed on the basis of UV/vis 

andICmb%ar spectra andmgnetic measurermants. 

The reaction of Co(acac)2.2H20 with PhsAsO in ethanol gives mainly 

Co(acac)2.2Ph&0, with a small amount of [{Co(acac)~l~Ph&sOl. The latter 

cmplex is binuclear with three Co-C+Co bridges [3511; one bridging oxygen 

arises fran the arsine oxideligand, and the other two cone fromthe 

pentanedionato ligands. Several new cmplexes of cobalt(I1) aryl carboxylates, 

Co(02CCsH4R)2 (R = 2-I%?, 2- or 3-Cl; 2- or 3-NO2; or 3-&O), have been prepared 

by heating an ethanolic solution of the cobalt(I1) aryl carboxylate under reflux 

with guinoline or isoguinoline [3521. Magnetic and spectral studies suggest 

that the quinoline derivativesmy have the copper ethanoate mnohyckate 

type dimaric carboxylate bridged structures, formlated as [coz(02cC6~~~)t+(L)21r 

in which cobalt(I1) is square pyramidal. Theisoguinoline derivatives are 

rmncmsric bis(amine) ccmplexes, with a trans configuration involving bidentate 

carlmxylate ligands. 

The omplex Cop(L)(py)g (where L is the dianion l,l,l-trifluoro-2,4,6- 

heptanetrionate) has been characterised and shown to exhibit antiferrmagnetic 

exchange [3531. The question of the occurrence of cobalt(II)-ether bonds has 

been discussed in two letters [354,3551. Anetherateof CoBr2 hasbeenkncwn 

for many years [3561 and the solids [Cc&(diox)l, [CoRr~(diox)l, and 

[CoBr2(diox)2] (diox = 1,4-dioxan) have keen shown, on the basis of magnetic 

data, to contain octahedral cobalt(I1) with dioxan oxygen as a ligand [3571. 

The single-crystal EPR spectra of the base adducts of cobalt(I1) 

perkane-2,4-dionate with 6-methylguinoline, pyridine, or water have been recorded 

[358]. A further EPR study has dealt with pentakis(picoline N-oxide)mbalt(II) 

perchlorate, which is high spin with a trigonal-bipyramidal structure 13591. 

~SkdS of co(H20)6(N&)2.5hmta.4H20 have been the subject of a recent 

X-ray study [3601. The low temperature (2-70 K) magnetic properties of 
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polycrystalline bis(2,2,6,6-tetran&hylheptane-3,5-dionato)cobalt~II) have been 

studied 13611. 

Dimsthylsulphoxide aqlexes of cobalt(I1) and various other transition 

metal ions have been characterised as their perchlorate salts [3621. The 
ccqlexes are liable to incorprate additionaldmso andperchloric acidbeyond 

the ccqosition M(dmso)c (C101,) 
n 

; tnnso is cmiparable to urea in its spectrochemical 

audnephelauxetic strength. Variable Nature and pressure I70 tWR studies 

on the water exchauge on [Co(H20)6][ClO1,]2 in water give the following 

pararleters: k29a = 3.18 x lo6 s-l, AH+ = 46.9 kJ ml-'. As* = +37 JK-1 ml-l, 

aud AY* = +6.1 cm3 sol-i [363]. There is a gradual mechanistic changeover frcnn 

Ia to Id for water exchange frm manganese(I1) to nickel(I1). Theformation 

constant for the 1:l amplex between cobalt(I1) and ethanoate ions, Ko(O2(Me) I+, 

has beendeterminedover the temperature range 25-75 OC, bothby spactrophotcnretry 

and by potentiomtric titration [364]; at I = 1.0 M, a near zero enthalpy of 

formation was observed. A comparative study of solvent extraction of cobalt(I1) 

with banzoyl- and thiobenzoyltrifluomacetones has been made [3651. 

Solution studies of related cobalt(I1) ccmplexes reported this year have 

included the determina tion of formation constants with cobalt(I1) with the 

following ligands; 2,2'-bipyridine-1-hydroxy-2-naphthoic acid and 

2-hydroxy-l-naphthoic acid [366]; 3,5-dichloro-2-hydroxyacetophenone 13671, 

glutarate [368]; 2-hydroxy-3-isopropyl-6-n&hylbenzaldehyde 13691; diglycollic 

acid [3701; phloroacetophmone [371]; cyanoethanoate [3721; 

5-hydroxy-2-methyl-1,4-naphtkqinone [373] aud 2-oxopropanoa te [3741. Synthetic 

studies have dealt with tk preparation of cobalt(II) arylates and their mixed 

conplexes with diethylamine [375]; the preparation aud characterisaticm of 

cobalt chloride phosphate [Co~(FO~)Cl] [376]; the synthesis and physical 

properties of alcoholatocobalt(I~) chlorides [3771; mixed ligaud cmplexes of 

cobalt(I1) tiifluoro- and hexafluoropentane-2,I-dionates with N-donor heterccycles 

W81: cobalt(X) caqlexes of cis,cis-1,3,5+rihydroxycyclohexane 13791, and 

cobalt(I1) canplexes of 2-furancarbxaldehyde [380]. 

Seven-coordinate cobalt(I1) has been observed in dinitratcmbalt(II)-[121- 

crown-4 and diasuacabalt(II)dinitrate-[lS]-crawn-5 [381]. Also,thestmcture 

of dinitratobis(phosphoric acid)tris(dimsthylamide)cobalt(II) has been de&mined 

[3821. 

A thesis has dealt with complexes of cobalt(X) chloride with tertiary 

phosphorus esters [383] and a further thesis has dealt with the single crystal 

electronic absorption spectrumof potassim12-tungs tcmbaltate(II) [384]. 

NR investigations have included a study of the cmplexing of cobalt(X) by 

several organic acids [385], an NMR relaxation study of mlecular motion and 

microstruchue of the hydration shell of cobalt(I1) [386], and a 'H IWR 



investigation of the canposition of the first coordination sphere of cobalt(II) 

in mixed solvents [387]. 

The reactions of cobalt(X) oonplexes of dibenzoylm&anewithnitrogen 

heterocycles have been studied [3881 and the use of dibenzoylmsthanate as a 

reagent for the solvent extraction of cobalt(I1) has been investigated [3891. 

The antimicrobial activity of cobalt(I1) ccqlexes of 3,S-dinitrosalicylic 

acid has been studied [390] and kinetic studies on the formation of cobalt(I1) 

carboxylates by the shock wave mthod have been reported 13911. 

The caplexes [Cb(O2CFt) 3 1 EbC1612 have been prepared (with n&hanoic, ethanoic, 

pmpamic and chloxcethanoic acids) by reacting aliphatic acids with 

Ko(=z) 61[~161* [3921. 

1.2.2.2 Dioxygen complexes 

tilecular oxygeu adducts of cobalt(I1) complexes have been reviewed [393]. 

The 3zesonance F&man .qxctrmof [CJo(sa1en)~*(02)1 has been delxrmimd in the 

crystalline state [394]. Theo2 stretching andsym&ricandautisynmstriccoO 

stretching vibrations occur at 1011, 533 and ea. 370 an-l, respectively. 

Vibrational studies of (tetraphenyllxxph@mto)cobalt(II) and its adducts with 

Op,CDsndNo ingasmatriceshave alsobeen reported [395]. 

The them1 stability of dioxygen adducts Co(bzac2en) (B) (02) {where B is a 

series of pyridine or alkylamine derivatives and bzac2en = 

NJ'-ethylenebis(benzoylacetone iminato)dianion> have been investigated [3961. 

The maplex Ko(en)312+ can be synthesised in the supsrcages of faujasite-type 

zeolites by adsorption of gaseous 1,2+Lamimethane [3971. m hatins, 

Ko(en)912+ deccqoses to CCo(en)212+ and tCo(en)12+. Themm andtris 

ccprplexes amnotcapableofbinding0 2, whereas the bis complex form the 1:l 

suFeJoxo-=sPlex [co(en)2@2)12+ and the 2:l monobridged peroxo-ccqAex 

[{co(en) 212(02)1 4+ with 02. 

Steric confomtional effects on the reversible oxygenation reaction in 

pyridine solutions of cobalt(I1) wlexes with Schiff bases derived frcm 

salicylaldehyde and 1,2-disubstituted 1,2-di aminoethanes have been studied. [3981. 

The %nnelidesV representanewtypeof suz-factantccntainingapolarheadable 

tobind selectivelytoamstalionandahydrophobic tail to iqxu-ta@Cphilic 

character to the ligand and allow the formation of ordered aggregates [3991. 

The interactionof withthecobalt(I1) complexesof suchsystemshasnowbeen 

studied [400]. The direct determinationof the rate constant fran the reaction 

of dioxygen with a ccbalt(I1) amine coqlex has been reported 14011. Reaction 

of 02 with scm mixed ligand caq&sxes of ccbalt(I1) containing diethylenetriamine 

as one ligmd has been studied [4021. The fixation of O2 by soms cobalt(I1) 

ccqlexes of Schiff bases in the solid state [403] and the oxygenation kinetics 
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of cobalt(I1) coqlexes containing tripodal polyamine ligands [404] have also 

been investigated. 

A thesis dealing with cobalt(I1) and iron complexes of capped porphyrins 

which act as nudels for biological oxygen carriers has appeared [4053, and 

resonance Ramsn investigations of the dioxygen carrier [Co&&en)] and its 

p-peroxo-oanplexes [l(L) (sal~en)Co~~(O~)l (where L = dmso, py, dmf, py0 or NO) 

reported [4061. A further review of synthetic oxygen carriers has appeared 

[4071 and a thesis dealing with the effects of u-basicity, donor type and &elate 

ring size on the scs of dioxygen binding to cobalt(I1) mmplexes has 

been published [408]. 

1.2.2.3 Sdphur-containing Zigands 

Cobalt(II) and nickel(I1) canplexes of the sulphur containing ligands 

1-methoxy-2-methylthicethane and 2-mthoxyethane thiolhave been characterised 

[4091. The complex [Co~Ag(SCN-SeCN))21 has been prepared and the products 

obtained with a variety of Lewis bases (thf, dioxan, aniline, dmso or M) 

studied [4101. Coordination polymers of cobalt(I1) land nickel(II), copper 

and palladim(I1)) with 2,6-dimerca~4- amino-1,3,5-triazine have been studied 

and spectral arCi magnetic data reported [411]. The synthesis and structural 

characterisation of the pammagnetic octahedral cobalt-sulphurcluster 

[Co6 (B-S) 8 @Et31 61 [PBhsl has been described [4121. Eachcobalt atanislccated 

atthevertices of anocWx&xm with the sulphur ligands triply bridging all 

the octahedral faces. 

Cobalt(I1) (and cobalt(II1)~ canplexes of thiosalicylohydrazide 

(33: R1=R2=R3=H) and a variety of its derivatives have been prepared and 

(33) 

characterised [4131, as have cobalt(I1) am@exes of the Wand 

1,4-diphenylthiosemicarbazide [4143, which can exist as thioketo (34) and 

thioenol (35) tautomers. 

The ccqlex co(N0)2&N) can be obtained by treating the primary product of 

the reaction of [Co~(03)el and SI,N~ with gaseous nitrogen oxide [4153. An 

X-ray crystallographic study indicates that* cobaltatanis ina 



Ph-NH-;-NH-NH--h ,L_ Ph-NH-C=N-NH-Ph 

S !!A 

pseudo-tetrahedral environment and is part of an almost plauar {COSBIV] 

mstallccycle. Ccanplexes of imidazoline-(1,3H)-2-tbione {which can exist as 

the tautomers (36) and (37)] with cobalt(I1) have ken prepared [416]. 

SH S 

- HN 
A 

NH 

\--I 

The properties and crystal structure of diaquabis(rmsthylthioethatmato)cobalt(II), 

[Co(C3H5S02)2(H20)2], and the anhydride obtained on heating to 140-150 'C have 

been investigated [417]; each mathylthioethanoate ligand is bidentate via a 

sulphur atom and a carbonyl oxygen atm. The infrared and visible spectra of 

the anhydride resemble that of the bis(propylthioethamato)cobalt(II) hexamr. 

Cobalt(II) coqlexes of syn-thiophene-2-aldoxoxime (38) (4181 and 

NOH 

N-(5-phenyl-1,3,4-thiadiazol-2-yl)dithiocarbamic acid [419] have been 

chaxacterised). The latter ccm@ex has been tested for fungicidal activity, 

but activity was only observed with the mngauese(III), iron(II1) and copper 

colIplexes. The canplexes CoLzX2 (X = Cl, Br, or I) have been prepared by 

reacting cobalt(I1) halides with N-methyl-P-ethyl-, NJ'-dimthyl- or 

NJ'-diethyl-imidazolidi-2-selone (39) [420]. The ligahds (39) with c0(BF1+)2 

gave the CoL4(BF4)2 conplexes only with the disubstituted ligands. 
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Crystalstructureshave been reported for the dithioplmsphatoccmplexes 

[NR4][M(SzPPhz)3] (M = Zn or Co; R = Et or Me) [4211. E&ctmchemicaland 

spectroscopic studies of the oobalt(I1) cmplexes of the sulphonephthalein 

derivative, xylenon orange, have been published i4221. Spectral and magnetic 

studies on cobalt(II) complexes of 2,5-d.imercapto-1,3,4+hiadiazole and 

5-marcapto-3-phenyl-1,3,4-thiadiazoline-2-thione have been reported L4231. The 

cobalt(I1) ccmplexes are tetrahedral. An additional investigation has dealt 

with the extraction of cobalt(I1) from aqueous solution using 

S-terdodecylthioglycolic (40) acid [4241. 

R 
I 

R-i -S-CH2C02H 
I 
R 

(40; R = C11H25) 

ckptalstructwes of cobalt(II) amplexeswith S-donor ligands reported this 

year include those of bis(2-aminothiazole)dichlorocobalt(II) 14251 aud 

ethanoatobis(prcpanohe S-~thylsemicarbazone)cobalt(II) iodide [4261. 

Further investigations involving sulphur containing ligands include the 

following: ccqlexes of cobalt with 3-mathyl- and 3-ethyl derivatives of 

4-amino-5- mrcapto-1,2,4+riazole [427]; cobalt(I1) ccqlexes of 

nrathylenebisthicethaxmic acid and their interaction with pyridine L4281; 

c&alt(II) canplexes of the pseuaohalide 1,2,3,4-thiatriazol-5-thiolate 14291; 

cobak(I1) ccanplexes of dithioxamide [430,4311; spectral and mgnetic studies 

on cobalt(I1) canplexes of 2,5-d.imrcapto-1,3,4+hiadiazole and 

5-1nercapto-3-phenyl-1,3,4-thiadiazoline-2-thione [4321; ca@exes of cobalt(I1) 

chloride with macrocyclic thioureas [433]; cobalt(I1) canplexes of 

Iv-phenyl-iV'-banzothiazol-2-yl thiocarbamide [4341 aud substituted 

amimbenzothiazoles 14351; base adducts of N,N'-di(thiocarbamyl)hydrazinatocobalt(II: 
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[436] and cobalt(I1) complexes of hydrazodithioamide (HZ-Z) [4371. 

Cobalt(II) conplexes of m-benzoyl-N'-(4-phenylthiazol-2-yl)thiocarbamide 

have been investigated as potential fungicides [4381 and the synthesis and 

properties of cobalt(II) ccqlexes with o,B-unsaturated thioaldehydes and 

l-alkylthiacyclobutenium salts have been reported in a recent thesis (4391. The 

structure of the cobalt(II) complex of ethylenediaminebis(dithiocarbamate), which 

is au active fungicide, has been investigated [4401. 

Solution studies of mixed ligaud conplexes of cobalt(I1) with bidentate 

mrcapto acid amides have been published [441] and mixed ligand complexes of 

cobalt(I1) with 6-mrcaptopurine and thioguanine investigated (4421. cobalt(I1) 

caqlexes of biacetyl thiosemicarbazone and biacetyl 4-phenylthiosemicarbazone 

ha= been characterised [4431. Cobalt(I1) ccq~lexes of thio-Schiff bases 

derived fromrsethyldithiocarbazate aud the carbonylcmpounds, 

2-hydroxy-l-naphtbaldehyde and 2-hydroq-5-bromacetophenone have also been 

characterised [444]. 

spectral, magnetic and thermal studies have been published for cobalt(II1 

oor@axes of 4-S-benzyl-l-(4-chlorophenyl)-5-phenyl-2,4-isodithiobiuret (4451. 

Cobalt(I1) complexes of the following ligauds have also been studied: 

2-phenyl amino-5-carboxymethylthio-1,3,4-thiadiazole (4461; 1,4- 1,5- and 

1,6-bisthiosemicarbazones [4471; and dithioplmsphate and dithioplmsphinate (4481. 

Cobalt(I1) complexes of N-amino-rhodamim (411, of the type CoL2X2, have been 

S 

LA 
0 y s 

bHz 

(41) 

prepared (4491. The ligaud is bonded via the amine nitrogen atom and the 

thiocarbonylsulphuratan,andtSEccanplexeshaveadistortedoctahedral 

StereochemiStry. Redox properties of cobalt(I1) ccmplexes with the extemkd 

IT-system N,N'~~l~is(rcPnothioacetyla~~~~) (42) have been studied 

in MeSY by cyclic voltanmatry and controlled potential coulcmstry [4501. The 
electmckmical synthesis of (42) has also been described [4511. 

1.2.3 CotnpZexes with oxygen-nitrogen donor Zigands 

Over thirty-five transition matal conplexes of cobalt(U) {and nickel(I1) 
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(42) 

and copper(I1)) with pentadentati Schiff base ligands derived from various 

@diketones (Hacac, Hffacac,Hbenzac and 4-XHbenzac) andtriamines 

(dipropylenetriamine and. its N-methyl and N-phenylderivatives) have been 

isolated and characterised [452]. The cobalt(I1) caq&xes are all high spin 

five coordinate species with average beff valuesof 4.3 ~,whichbinddixoygen 

reversibly in solution. 

The properties and structure of the five-coordinate a%alt(II) coqlex of 

~,N'-bis[(4-chloro-2-hy~~~l)pheny~~ylenel-4axaheptane-l,7-diamine 

have been described [4533. Themetalenvi rcmmntisdistortedtrigonal 

bipyramida1,wit.h thetwoCo-Nbonds axial and the three Co-Obonds equatorial. 

ccmplexes of the bimxleating ligand (43 = LH2) can be formed fmmthe condensation 

(43; LQ) 

of txo r&es of 2,6-difoxmyl-4-msthyl@~nol with two rrples of 1,3-e, 

in the presence of divalent transition n&al ions 14541. Variable temperature 

(4.2-286 IQ magnetic susceptibility data for the binuclear high-spin 

six-coordinate u.Co2@y)41[BF412 axqG?x have llow been repxted K4551. 
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Pyrazine, when ccordinated to transition metals, is an excellent bridging 

ligand, allowing electron coupling between the metal centres via orbital overlap 

with the ligaud a*-orbitals. The synthesis and the structural and magnetic 

characterisation of three cobalt(I1) coqlexes of 2-pyrazinecarboxylic acid and 

2,3-pyrazinedicarboxylic acid have new been described 14561. In each case the 

cobalt is in adistortedcctahedral environment, coordinatedtotwo nitrogen 

atms and ~WJ carboxylate oxygen atcans from different ligands and two water 

mlecules. 

CobaltUI) complexes of l-(2-pyridylazo)-2-naphthol (B-pan) (441, 

2-(2-pyridylazo)-1-naphthol (c-pan) (45) and lo-(2-pyridylazo)-9-phenanthrol 

(paphen) (46) have been isolated and characterised [4571. The cobak(I1) 

complexes are oxidized to the cobalt(II1) ccmplexes in dmo in ti presence of 

copFerm). 

p -PAN U-PAN 

(44) (45) 

PAPhen 

(46) 

2-~~l~idineN_oxidecanplexeshavebeenpreparedwithCoX2 

(X = CIOs, BFs, IQ, or Cl) [4581 and this ligaud appears to function rarely as 

abidentatedonor. A variety of cobalt(I1) ccqlexes of 2- or 

4-pyridinecarboxyaldehyde have also been characterised [4591. 

Ligands suchas 8_quinolinolate,dithiocarbamate,andethylbenzoylcyanoethanoate 
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are versatile uninegative bidentate chelating ligands possessing anti-fungal 

and/or antibacterial properties. The biological activity of these ligauds is 

enhanced by chelation with metal ions. HetermheLates containing two such 

different ligands often give rise to more powerful antifungal/antibacterial 

action. The syntheses of the mixed ligand (8-guinolinolato) (pmpane-2,4-dionato) 

ccanplexes of o&alt(II), and a variety of other first transition series metal 

ions, have recently been described [460). 

Cobalt(I1) and zinc(I1) induced amide deprotonation in 

bisC(N-2-ethanamido)imimdiethanoato~ complexes has recently been observed [461]. 

This is the first example of amide deprotonation induced by zinc(I1). Previously 

copper( nickel(I1) and cobalt(I1) were believed to be the only first-row 

transition metal ions capable of inducing amide deprotonation. P.5eLldotetrahedra.l 

cobelt(I1) {and nickel(I1) and copper(I1)) caaplexes of 

N1-(2-chlorophenyl)-2-(2',4'-dihydroxyphenyl)-2-benzyla~thine of the type 

shown in (47) have been prepared and their fungicidal and herbicidal activity 

accessed [462]. 

F&action of cobalt(I1) salts with l-[(substituted-phenyl)azol-21naphthol and 

l-[(substituted phenyUnino)methyll-2lnaphthol ligands in ethanol gives [CoL21, 

cis-[Co(HL)2XZl, and fat-[CoL31 [4631. Tautomerisminthecanplexeswxealso 

studied. Schiff base ligands derived fran the B-diketone (48) have been prepared 

and cobalt(I1) ccmplexes characterised [464]. 

The crystal and molecular structure of [Lco~{&P(~)~}~l (where I& is the 

binucleating ligand (43) formd by condensation of the moles of 1,3-diaminopmpaue 

with tm moles of 2-hydroq-5-methylisophthalaldehyde) has been detemined by 

X-ray diffraction [4651. Eachcobalt atcmis in ano&ahedralenviroment, 

with an LV'202) eguatorial plane, and tm sulphur atoms of bridgiug dithiophosphate 

ligauds in the axial positions. c!obaUz(II) and copper cmplexes of scma 

a-(2-hydxqphenyl)ethylidene acyl and aroyl hydrazcnes of the type shown in (49) 

have been clmracterised [466]. 
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Me 0 

(49; R = Me, Ph or 2-HO-C~HI,) 

Cobalt(I1) amplexes with J;iger-type ligands can reversibly bind. dioxygen 

at room temperature. A variety of nitrosyl cobalt and nitrosyl iron canplexes 

of the general type showh in (50) have been prepared and their vibrational and 

EPRspectra examined, in terms of the electron-withdrawing effect of the 

ethanoyl group [4671. 

d(O) CH3 

(50; R = (c&)2, (a2)3 Or 2-c6&) 

Acid dissociation constants of epimaric threonines (thr, atto-thr) and 

isoleucines (ileu, allo-ileu) and the formation constants of theircaT@lsxes 

with cobalt(U) and copper have been determined [468]. The natural epimrs 

form more stable cm&axes than the a220 forms. Themass spectraand 

fragmentation patterns of a number of cobalt(I1) and nickel(II) carplexes of 

2-hydroxy-1-naphthalaoxims, 2-hydroxy-1-naphthylideneaniline, and. 

2-hydroxy-1-naphthylidene-1,2-dkminoethane have been studied 14691. 

!Che EPR spectra of aobalt(II)- and copper(II)-doped 

bis{N,N-bis(2-diethylamim)ethyl){ (2_hydraxyethyl)amino_0)dinickel(II) 

diperchlorate, [Ni2(bdhe)2][C104]2, have shcwn the presence of nickel(II)-cobalt(II) 

and nickel(IIl-copper pairs [470]. Weakmagneticexchange interactions 

between paramagneticmetalions andcoordinatedortho-semiguinones in 



[M(9,10-phenanthrenesmiguinone)~(pyridine)~] and tetranuclear 

[M4 b* semiquinone) s] cmplexes (where M = nickel (II) or oobalt(I1) ] have 

been studied [4711. 

Formtion constants have been obtained for cobalt(I1) canpl~s of 

ethylenedi aminei+acetate (edm), diethylenetriamine (d&n), and iminodiethatmalm 

(i&a) at 25 'C and I = 1.0 M (Na[ClO+]) [472]. The structures of a variety of 

cobalt(I1) ccqlexes of diaminetetraacetic acids have been studied by 'H hplR 

spectroscopy (4731. The kinetics of oxidation of ethylenediaminetetraacetalm 

and N-(2-hydroxyethyl)ethylenedi amine-N,N',N'-triacetato cmplexes of cobalt(II), 

by Hz02 in acidic solution, have been studied in detail over the terrperatun? 

range 30-60 'C (4741. Formation constants for cobalt(I1) ccmplexes with the 

ligands 4-oximino- 3-methyl-1-phenyl-2-pyrazolin-5-one, 

4-oximino-3-methyl-2-pyrazolin-5-one have been determined at 20 and 30 'C in 50% 

(V/V aqueous-ethanol) [475]. F0rmationconstantshavealsobeenreportedfor 

cobalt(II) complexes of inosine and 7-n~thylinosine [476], for oxonic acid [477], 

and for a number of cryptands 14781. Solventextractionandoxidationof 

cobalt(II) omplexes of 8-hydroxyguinoline and 7-(1-vinyldecyl)-8-hydmxyqimline 

have also been studied [479]. 

Other studies have dealt with cobalt(I1) cmplexes of phenyl urea [480] and 

WV-tert-butylurea (4811; five coordinate cobalt(I1) cmplexes with acetamidopyridine 

and diacetamiaidine (4821; mbalt(I1) amplexes of salicylaldehyde 

semicarbazone [483], the biologically active 5-pyrazolone [484], and 

pyridine-4-aldehyde [485]; cobalt(I1) complexes of acylhydrazones of 

acetoacetate [486], and of azodicarbonamide (4871. 

Crystal structures have been determined for diaqua{2,6diacetylpyridinebis- 

(salicyloylhydrazcme)]cobalt(II) nitrate hydrate L4881; a ccqlex of mbalt(I1) 

thiocyanate with pmpauoic acid,hydrazid.e 14891, and cobalt(I1) isothiocyauate 

co#plexes with carboxylic acid hydrazides [490]. 

Formation constants for cobalt(I1) ca@exes with the fOlkwing ligands have 

been de&mined: the 1:l conplex with murexide in rmathauol-water solvent [491]; 

3-bram-2-hydroq+5-n&hylacetophenone, including its oxims and hydrazone (4921; 

brambanwic acid hydrazides [493]; sodium 2-(4-amino- 3-(1,2,4+riazoylaw)]- 

naphthol-4-sul@onate 14941; 3-(c&enzoyla~thylbenzyli~)propanoate [495]; 

4-~(2-hydroxyphenyl)hydrazono]-A7-benzylsulpbonyl)-3-methyl-2_~razolin-5-oue (4961; 

2-hydroxy-5-methyl-4-substituted-azobenzenes (4971; 2-amino-nicotinic acid [498]; 

4-IN-(2-&droxyFhenyl)]toluene sulphonamide (4991; 2-(IY-c-pyrrolideneimim)ethaue 

sulphonate [500]; diamimacetyl urea [501]; N-(5-~~l-salicyli~)~~l~ 

(5021: 2-hydroxy-1-naphthalidine-4-acetylaminoaniline 15031; diethyl 

2-carboxy@enylhydrazonoma lonate [504], and 

2,2',4'-trihydzoxy-5-chloxo(l-azo-l')-benzene-3-sulphonic acid [505]. 
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Investigations involving Schiff base ligands include the following: 

preparation and structural studies of N,N'-ethylenebis~benzoylacetonimato)cobalt(II~ 

MI61 ; mmplexes of cobalt(I1) with N,N'-ethylenebis(2-hydroxy-5-nethylpropio- 

phenoneimine) [5073; a single crystal EPR and cobalt ENWR study of [Co(acaczen)] 

[5081; cobalt (II) complexes of N,N'-bis(banzamido)acetylacetoneimine 15091; 

cobalt(II) complexes of Schiff bases derived frcm aminophemls and aromatic 

hydroxyaldehydes [510]; cobalt(I1) coqlexes of Schiff bases derived frcnn 

salicylaldehyde and the amino-acids valine, methionine and a-aminobutyric acid 

[5111 ; cobalt(I1) complexes of the Schiff base derived from isatin and 

2-am.inophenol [5121, [513]; pyridine and picoline derivatives of [Co&&en)] 

[5141; cobalt(U) omplexes of N,N-2-phenylenediiminebis(2-minobenzaldehyde) 

L5151; cobalt(I1) complexes of polymeric quadridentate Schiff based on 

salicylaldehyde [5161 and cobalt(I1) complexes of bis(azomthines) of 

4-nitrophenyl-malondialdehydes [5171. 

The kinetics of the persulphate oxidation of 

N-(2-hydroxyethyl)ethylenediaminetriacetatocobaltate(II) [5181 and 

diaqua(nitrilotriethanoato)cobaltate(II) [5191 has been studied. and mechanisms 

Propo~. The reaction of No with bis(B-guinolinolato)nitrosylcobalt has also 

been investigated [5201. 

A number of cobalt(I1) complexes have been synthesised as potential fungicides. 

The ligand systems used were nitmsopyrazolinone [5211; furfurylidene- and 

5-nitrofurylidenebenzoylhydrazides [522] and 2-pyrazolin-5-one derivatives 15231. 

Cobalt(I1) ccmplexes of the following ligsnds have also been characterised: 

2,3-dioxobutyranilide 2-ox& hydrazone and B-resorcylaldazine [5241; 

(3,7-dinethyl-2-benzofuryl)glycine and (3-methyl-2-benzofuryl)alsnine 15251; 

picolideneamino-2-naphthol [5261; 4-benzoyl-3-methyl-1-phenyl-2-pyrazoline-5-one 

L5271; 4,4'-diaminodiphenyl oxide [528] a-benzoylmathylbeuzyliden imino)behzene- 

sulphonic acid and 2-(a-benzoyln~thylbenzylidenimino )ethanesulphonic acid [529]; 

2-quinoxalinecarboxa1nide 15301 and nicotinic acid [531,5321. 

Polynuclear metal coqlexes of cobalt(I1) with 

bis(3-hydroxy imino-2-butylidene)-3-phenylened iamine have been characterised [533], 

ad the structural and magnetic properties of dichlorobis(urea)cobalt(II) 

dihydrate have been investigated [534]. 

Mixed ligand camplexes of cobalt(I1) with 

l-nitroguanyl-5-mathylpyrazole-3-carboxylic acid and hetemcyclic amines have 

been studied [535] and nitrogen base adducts of sate msthyl substituted 

N-phenylbenzohydmxamtes of cobalt(X) have been prepared [5361. 

An electronic absorption spectral study of the interaction of maleamide with 

copper(I1) and cobalt(I1) has been published [537] and the electronic spectra 

and nqnetic susceptibilities of tetrahedral complexes of cobalt(I1) with 
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l-~thyl-2-carbethoxy-l-glyoxalanyl-~2]-~brchnophenyl]hydrazcoles have been 

studied [538]. 

1.2.3.1 Amino acid, peptide and protein tigands 

The successful preparation of cobalt(I1) substituted hem0cyani.n has been 

reported 15391. A thesis dealing with synthesis, spectral studies and structure 

of node1 systems for cobalt(I1) substituted zinc matalloproteases has been 

published 15401. A 13C NMR and an RPR study of the structure of different forms 

of tba cobalt-bleomycin A2 cmplex has been carried out [541], and the interaction 

of cobalt(I1) with fibrinogen investigated [542]. !rheternaryoomp1exbe- 

cobalt(I1) bovine carbonic anhydxase and various bidentate ligands (including 

pyridine-2-carboxylate, guinoline-2-carboxylate and pyridyl-2-ethanoate) has 

also been studied 15431. 

Formation constants have been determined for cobalt(I1) complexes of the 

following ligauds: cycZo(L-histidyl-L-histidyl) [544]; FMmmoylglycyl-L-leucine 

[5451: D-cycloserine [546]; S-ethyl-L-cysteine [547]; Mxmoyl-glycylglycine 

[548], and S-carboqmethyl- and S-carboxyethyl-Lcysteine [549]. 

Cobalt(I1) complexes of S-trityl-Ircysteine have been prepared [550], and 

cobalt(I1) ccxnplexes of cystine studied [5513. Cobalt(I1) complexes with 

DL-nethionine and DGleucine have been investigated by iH NMR spectroscopy [552]. 

The kinetics of formation of the n-onocanplex of 0-phospho-Dkserine with 

cobalt(I1) has been studied [553]. The stereospecific co-micelle pramted 

hydrolysis of N-acyl-phemylalanine 4-nitmphenyl esters, in the presence and 

absence of cobalt(II), has been investigated as a potential enzyme model system 

t5543. Other investigations have dealt with mixed ligand ccqlexes of cobalt(I1) 

with gly, ala, B-ala or phe, as a primary ligand, and 2-phenylacetohydroxamic 

acid or these amino-acids as secondary ligands [555], and cobalt(I1) complexes of 

aspartic and glutamic acid hydrasides [556]. 

1.2.4 CornpZexes with VB donor tigands 

1.2.4.1 Nitrogen tigands 

9~ ccqlexes [CoL(H20]] [ClO~]~ and [CoL(Ng )I [Cl041 {where L = 

tris(3,5-dimethyl-1-pyrazolyl)skathyl amine, (51)) have been Prepared and 

characterised [557]. ~heaguaum@~hastmacidicgmups inthepHrange 

5.5-9.5, which have been attributed to the bound water (pKa = 9) and the apical 

nitrogen (pK, = 7.4). The icoiv,(m2)l cl-mmphoe in this ccmpls is a useful 

spectroscopic mdel for the cobalt(II] derivative of carbonic anhydrase. X-ray 

spectrosoopic work indicates a distorted trigonalpyramidal structure for the 

cca@ex [558]. Structural andligand fieldpammtershavebeenobtainedfor 
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the ccarplexes [Coll(LN+)X,] {X = Cl, or Br; LN+ = 

N-ethyl-1,4-diazabicyclo[2:2.2]cctonium = (sz)] [559]. Thecrystalstructure 

Et 

(52) 

and properties of bis(2-n&hoxypyridiue)cobalt(II) chloride have been described 

[560] and the cobalt shorn to be tetrahedrally ccordimted. The reaction of 

2-amimpyridima with pentane-2,4-dione in the presence of cobalt(II), or a 

variety of other divalent transition metal ions, gives complexes of the type 

[ML2X2] which have the struct~ (53) [561]. Anew improved synthesisofthe 

ligand 6,6'-dinethyl-2,2'-bipyridine (6,6'-&&b&y) has been published, and the 

preparations of amplexes of the type M(6,6'-Me2bipy)Cl;! IM = Co(II), WUI), 

pt(II), Cu(I1) or Zn(II)] have been described [5621. 

Electrochemical and netathetical preparations of CyanotrihydroboratO (B&~-) 

ccmplexes of cobalt have been described [563], for example Ko03B3CN)2(CB3cN)2@y)2], 

IcO(BH3CN2@y) 41 and [Co (~3CN2(H20)2@y)21. The structure of 

cis-[Co(bipy)2(NCS)2] has been determined by X-ray crystallography [5641. A 

variety of cobalt(I1) complexes of 4,4'-bipyridine N,B'-dioxide (L) have been 

characterised, includingcOLC12, ClLBr2, -'L(m3)2, and (-.40'=)2 [5651. 

Disproportionation and reduction of (tetradehydrocorrinato)cobalt ccanplexes 

in basic aqueous solutions have been investigated [566]. This pap presents 
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(53) 

evidence for the first example of dispxqortionati~ of a a%alt(II) canplex of 

an Nb-IMcrocycle, in conjunction with further reduction of the resulting 

cobalt(II1) qlex. Electrocatalytic reductionof carkondioxideusing 

cobalt(I1) Iand nickel(II)] ccqlexes of tetraazamacrocycles as catalysts has 

been reported [567]. The half cell reaction for the tm electron reduction of 

CO2 to Co is slxwn in equation (2): 

COn + 2e- + 2H+ * Co + H20 (2) 

Dtiectelectxoreductionshave req&xdpotentialsmorenegative than&z. -2~~s SCE 

l'hepaperdescribes indiredelectrochemicdlredudionofC02,~~invDlves the 

initialreductionof then&alcuqlexes andtheir subsequentreactionwitho32. 

The visible-light-induced fomtion of dihydrogen frcnn water has been a 

subjectofmuch cwxent interest [568]. Irradiation of solutions containing 

[Ru(bipy) 3 I*+, ascorbate, cobalt(II), and bipy (or substituted bipy) or phen 

derivatives produces H2 with a quantum yield of up to 0.13 mol einstejn-l [569]. 

Cobalt(II) {and nickel(I1) and copper( salts react with 2,6_diaminowridine 

andpzntane-2,4_dione togive ~lexescon~iningthe16-rtlembered N6tetiadentate 

macrocyclic ligand (54). Complexes fornulatedasMLX2 (WhereX =Cl, Br,I@& 

0rNcS) havebeencharacterisedandassigned adistorted~alstereochemistry 

[5701. 

AdetailedEPRstudyof lo~spincobalt(II) p~x@&'rins,with the f0nnd.d 

[CoL(base) (O,)], has shown that the spti-Bzuniltonianparax&ers are not sensitive 

to changes in L (meso-substituted porphyrin) or the axial nitxqenou s base [571]. 

The EPR spedrum of dichloro(tetrakispyrazole)cobalt(II), [Co(pzlH)&l~], ckped 

into a paramagnetic nickel(I1) analogue, has been studied [5721. 
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Me Me 

Me 

(54) 

Ccmplexes derived from glyoxal bis(dimthylhydrazone) (55 = L) have been 

MeN n 2 -N N- NMe2 

(55) 

prepared and characterised with cobalt(I1) and a variety of other divalent ions 

15731. New adducts of phthalccyauinatccobalt(I1) with piperidine, 

1-methylimidazole, 3,4-di-nrathylpyridine, 3,5-dimathylpyridi, and a variety 

of other substituted pyridines, have been synthesised [5741. Strong a-dorm 

bases form bis adducts, while weak u-donor bases give mono adducts. All of the 

bis adducts are low spin species. Polarised neutron diffraction data for 

B-phaloqaninatocobalt(II) has been obtained 15751. 

The electronic and vibrational spectra of the cobalt(I1) complexes Of 

methyl-substituted pyridines have been studied in detail [5761, as has the 

isotopic exchange of CL- and @cobalt phthalccyanine with carrier free 57C!cC1~ 

[5771. High pressure 13cFTNMRspectrosccpyhas been used to study 

ethanenitrile exchange with P.ZoKTH+ZN) 61 [ClO~l2 [5781. Thesolventexchange 

rate is 2.56 x lo5 s-i at 25 “C, with AH* = 48.8 kJ rml-i, AS* = +22 JK1 ml-' 

and AV* = +7.7 cm3 ml-i. 

The kinetics of reactions of mesu+stra(4-pyridyl)porph.ine with mbalt(I1) 

ethanoate and cobalt(II) nitrate in acetic acid solvent have been studied [5791. 

!?omation constants for "sitting atop" cm&axes have been determined 

kinetically and possible mechanisms for metal ion incorporation considered. 

The kinetics of the disproportionation of the mnoterpyridinecobalt(II) ccqlex, 
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2[Co(trW)(H20)312+_*[Co(trpy)212+ + [~(H20)~1~+ 

has been investigated as a function of added acid and n&al ions at 25 OC [580]. 

F'ormtion constants for cobalt(I1) corqlexes of bipy and 2,2':6',2"-terpyridk 

in the solvent hexamethylphosphoric triamide have ken reported [581]. The 

formation of mixed ligand complexes of cobalt(I1) with chloride and substituted 

pyridines in 1,2-dichlomethane has also been studied 15821. Enthalpy and 

entropy values have keen determined by direct calorimtry for the association of 

cobalt(I1) with pyrazole in aqueous solution [583]. 

Other studies have dealt with single crystal polarised electronic spectra and 

paramgnetic susceptibilities for the ccqlex [CoL(H20j21 [BF212 {where L is the 

mxocycle (56)) and all the nitrogens act as donors [584], and the absorption 

(56) 

and CD spectra of tetrahedral dichloro(-)-spartein cobalt(II) 15851 (where 

(-)spartein is the 6R, 11s epimr of (5711. 

H 



Other investigations have dealt with the follawing: cobalt(I1) ccprplexes 

of the s-triazine malamine [586]; magnetic and spectral studies of 2-substituted 

benzimidazole complexes of cobalt(I1) [587]; cobalt(II) ccaqlexes of 2-, 3- and 

I-nitrobenzoyl hydrazides [588]; the structure of aniline cmplexes of cobalt(I1) 

[589], and cobalt(I1) cmplexes of 4,4'-d_iamimdiphmylmsthane [59O]. 

A thermodynamic investigation of ethanenitrile and propanen itrile interactions 

with C&r;! has been published [591] and the interaction of tidazole (and its 

derivatives) and pyrazole derivatives with Co& in n-butanol investigated [5921. 

Five coordinalx~ canplexes of cobalt(I1) with dien derivatives have been reported 

15931, and the 1 uminescence of cobalt(I1) canplexes of benzimidazole studied [5941. 

Binuclear ccmplexes of a number of transition metal(I1) thiccyanates with 

4-ethyl-1,2,4-triazole have been characterised [595], and ternary ccmplexes of 

cobalt(II) with bipy and adenosine 5 '-triphosphoric acid have been prepared (5961. 

Activation volums have been obtained for the ligand substitution reactions 

of coblt(I1) with pyridine-2-azo-4-d.imethylauiline in various solvents 15971. 

A thesis dealing with iH NMR isotropic shifts of cobalt(I1) methyl-substituted 

pyridine ccanplexes has appeared [598], and some of this work has llow been 

published 15991. 13C NMR spactroscopic investigations of cobalt(I1) ccmpleXeS 

with alkylpyrazoles have been carried out [600] and the ccsplexing of cobalt(II) 

nitrate with imidazole derivatives, prizmy aliphatic amines and piperidine in 

dmf investigated [601]. 

The crystal structures of dichloro(R(+)N,N,N',iV'-tetrarnethyl-l,2-di~zopaae) 

cobalt(II1) [602] and of a dithiophosphate-bridged binuclear ccsplex of a 

polyaza-macrocyclic ligand [603] have been published. Isophthalic dihydrazide 

cceplexes of cobalt(11) have been characterised 16041 as have cortplexes of 

cobalt(I1) with ditetrazolylpolyethylen imines [605] aud picoline [606]. 

'H NMR spectroscopy has been used to investigate mixed cczplexes of cobalt(I1) 

in water-pyridine and water-ethanenitrile solution [607] and. dilatcmetric 

technigueshavebeen~loyedto study ion-~iringcanstantsandvolumechanges 

molved in ion pairing of [Co(en)312+, with Br-, I-, No,-, [C101+1~-, tsO~l*-, 

citrate or oxalate 16081. Spectroscopic evidence for the out-of-plane 

displacersant of cobalt in phthalocyaninatocobalt(II) and in its adducts with 

bases such as py, lmtylamine, n&_hylimidazole, and imidazole, has been obtained 

[609]. 

Mived cobalt(II)-bipy-purine con@exes have been studied in solution [6101, 

and ERR investigations of sane adducts of cobalt(I1) with chlozophyll-a have been 

published in a recent thesis (6111. !l%fxmdynamic studies on the formation of 

cobalt(II)admine nucleotide coqlexes have appeared [6121 and the thermal 

decmposition of [Co(py)z(SCN)z] has been studied [6131. 

Tk IR spectra of imidazole complexes of cobalt(I1) nitrate and perchlorate 



55 

have been studied in detail [614], anl the electronic spectra of octahedral 

canplexes of cobalt(I1) with 2-(2-pyridyl)imidamle and 2-(2-pyridyl)benzimidazole 

have been investigated [6151. Axial coordination of pyridine to 

~dibmzo[b,il(l,4,8,ll)tetraaz~clo~~a~~~)~lt(II) has been studied 

and the catalytic potential of the canplexassessed [6161. Phenylenediamine 

derivatives of cobalt(X) pentane-2,4-dionate have been investigated [617] and 

the interaction of CHC13 with cobalt(I1) conplexes of pyrazole studied by 'H W 

spectroscopy [6181. 

lk masking of c&alt(II) and copper(U) with tram-[14]dienN4 (58) has been 

Me hMe 
N 

(“” I N HN 

(58) 

described [6191. Pmxdures are given for the ccrrplexamkric detemination of 

magnesim(I1) anl eumpium(I1) with edta, in the presence of an excess Of 

copper(I1) and cobalt(II), after masking with the macmcycle. Averysiqle 

preparation of the macrocycle (58) has been described previously 16201. 

C&alt(II) coqkxes with dioxims, substituted by EFz- or BEX2- groups for 

the bridging hydmgens, have been prepared [621]. The BF2-substituted cobalt(I1) 

conplexesare stable inairatmcunteqeraturelmthinthe solidstateand in 

dmf solution; a result attributed to the electron withdrawing effect of the 

BFz- group. Asymetric hydrogenation, catalysed by 

bis(din&hylglyoximato)cobalt(II)-chiral cocatalyst systems, has been studied 

in detail [622,623). C&aloxime~II)-catalysed oxidation of isocyanides to 

isocyanates and n.it.msobenz.ene has also,- investigated [6241. 

The acid dissociation constants of 1,2-cyclo~one dioxim, and 

1,2-cyclooctamdimedkxime, and the formatian constants with c&alt(II) have 

been detemined in 75% diomne-25% water (v/v) 16251. The kinetics of the 

reaction of cobaloxims(I1) with hydroxide ions have been studied 1626). Other 

studies inx.olvi.ng oxime ligands have included: cobalt(I1) ca@exes of 

2-hydmxy-l-naphthaldoxjms 16271; the synthesis andcharacterisationof 



polymeric cm@xes of cobalt(I1) with chloro-substituted 2-hydroxyacetophenone 

oximas [628]; cobalt(II) complexes with para-quinohe dioxims [629]; synthesis 

and characterisation of cobalt(I1) ccqlexes with 2-furancarbaldehyde oxime [6301; 

spectral and magnetic studies of cobalt(I1) complexes with 2-hydroxy-l-naphthaloxime 

[63lli the stability of cobalt(I1) coqlexes of 1,2-cycloheptanedione dioxime and 

1,2-cyclmctanedione dioxims in aqueous solution [632] and cobalt(I1) ccanplexes of 

2'-hydroxy-3'-bron-o-4-m&hoxy-5'-n&hylchalcone oxims [633]. 

1.2.4.2 Phosphorus Zigands 

The crystal structure of the pentaccordinate [CcCl&+k.s~)~] has been 

determined [634]; this paper also describes the preparation of the four- and 

five-coordinate canplexes [Co(PNe~)~X21, [Co(PMe3)3X21, and [Co(PMe3)bX]+ 

(X = halide). EPR and X-ray data are in agreemen t, indicating a distorted 

cis-equatorial trigonal,bipyramidal structure for the five-coordinate ccanplexes, 

the halide atom always being in an equatorial position. 

High-spin tetrshedral [CoLX;!] coniplexes (X = Cl, Br, I, or KS; L = 

PhHP(CH~),NRR'),mntainingan amimalkylphosphine, have been charac'cerised [635]; 

tetrahedral [CoL2X2] ccqkxes 7nRre also obtained depending on the donor ability 

of the nitrogen in L. 

Cobalt(I1) coqlexes with l,l-bis(diphenylphosphinm&hyl)-1-(diphenylphosphino- 

ethyljetham (atriphos) and l,l,l-tris(diethylphosphi)e~ (etriphos) 

have been prepared and the crystal structure of the trinuclear [Co~(atriphos)2C16] 

corqlex determined [636]. This latter structure consists of a non-linear 

trinuclear systemof four-coordinate cobaltatms, eachlinkedtotm chlorine 

atcms and to two phospimrus atms in a slightly distorted tetrahedral 

aTrangem?nt. Cycle-triphosphorus coqlexes of the type 

[ICo{l.t-(~3-P~))FeLl [PP6]2.(3H$% {L = &C(CH2PPh2)3} have been characterized 

and their crystalstruCt~e determined 16371. 

A general route for the preparation of [Co(No) (diphos)2lX:! complexes (where 

diphos is a chelating diphosphine) has been developed [638]. Variable 

teqerature NMR studies have established the fluxional nature of the 

five-coordinate cations: low temperature spectra are consistent with a linearly 

coordinated nitrosyl in the equatorial position. The synthesis and characterisation 

of som new five-coordinate nononitmsyl cobalt complexes [COLI,(NO)I [BPh~l2 

(L = P(C#z)s, P(OEt)s, or pPh(oEt)2) have been described [6391. The reactivity 

of these ccqmumkwith v-acceptor ligands, suchasNO,COphosphite orisccyanide, 

has been discussed and a new method of obtaining the cations [CoXL3(No)]+ given. 

RPRspectrahavebeen recorded for frozen solutions of sixdifferentlow-spin 

cobalt(11) ccqlexes, with different phosphines or phosphites coordinated in the 

axial positions of [Co(rmsalen)], [Co(salphen)l and tCokacsa~)~l (mosalen = 
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1,/V-ethylene bis[(2-~~~)salicylideneiminate], salphen = 

2-phenylmebis(salicylideneiminate) and sacsac = pentane-2,4_dithione) 16401. 

lb3 preparation and electronic structural investigations of scma low-spin 

cobalt(I1) ccqlexes of the ligand cis-1,2_bis(diphenyl~sphino)ethane have 

been reported [6411. !Che tripod ligand tris (2-dicyclohmylphosphinoethyl)amine 

kynp~l forms cobalt(I1) ccmplexes of the general formula [CoX(cynpa)]Y (X = Cl, 

Br, I, or K'S; Y = BPhs and X = Y, Cl, Br, I, or NCS) [642]. TIlecobalt 

ccer@'exes [CoX(cynp~)][E!Ph~] are high-spin, five-coordinate, with a distorted 

trigonal bipyramidal gecmatry, both in the solid state and solution. 

Ccanplexesofpentaphenyl~thylenetriphosphine trioxidewithcobalt(I1) 

halides have been characterised [643]. Pentacoordinate [Co(S,S) (P,P) (No)] type 

ccn@zes have been prepared (where (HzS,S) = NC(SH)C=C(SH) (CN) and 

(P,P = dppe or 2PPh311 [644]. 

1.2.4.3 Arsenic Zigands 

Ccaq+xes of cobalt(II) with ortho-~l~~is(di~ylars~) @pa) and 

ortho-phenylenebis(di-4-tolylarsine) (pdta) have been prepared [645]. ‘Ibe 

stoicheicenetryoftheseccanplexesismarkedly~tonthereacti0n 

temperature employed in the synthesis; at 0 "C [M(pdpa]~X2] ccm@xes are 

forned but, at higher temperatures, [M@dpa)Xp] ccmplexes are produced. 

1.3 COBALT(I) 

The crystal structure of trans-hy~iao-carbonyltris(triphenyl~~)cobalt(I) 

has been determined [646]. Distances and angles appear normal and resemble those 

of the iscekctronic ccqkxes [PhH(CC) (PPh3]3] and [CoH(Nz) (PPh,),]. TheCb-H 

bond length is 1.50(S) i. Aldol condensations, catalysed by [(Ph3P) 3CoG-13)l 

have keen studied [647]. ThechemistxyandcrystalstnlctlJreof 

tris(tr~thyl~sphite)(r13-cyclooctenyl)cobalt(I) has also been investigated 

[6481; this coqmund is a catalyst precursor for arene hydrogenation. The 

coqlexes EoX@Ph3 131 (X = halide) catalyses the hydmdimerisation of methyl 

acrylate to dimethyl adipate in methanol 16491. 
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