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1. COBALT
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INTRODUCTION

The present survey covers the bulk of the 1981 literature, together with
references to the 1980 literature received too late to be included in the
previcus review. Bocks and review articles relevant to the area are sumarised
below. A two volume treatise providing a complete and comprehensive review of
the major chemical, bicchemical and medical aspects of vitamin By; has been
published [1]. A review dealing with "Recent Developments in the Studies of
Molecular Gxygen Adducts of Oobalt(II} Compounds and Related Systems" has also
appeared {2]. A recent editicn of Imcrganic Syntheses [3] includes an account
of the preparation of cobalt(TII) complexes of a variety of tetra-azamacrocyclic
ligands. »Activation volumes for the reacticns of transition metal ocomplexes in
solution including cobalt{III} complexes have been reviewed [4] and mechanistic
aspects of bioinorganic reacticms in solution discussed [51. The (D spectra
of low-symmetry cobalt{III} complexes have alsc been reviewed [6) as has the
charge—transfer photochemistry of cobalt{III} complexes [7]. Some addicional
reviews are also listed in the appropriate secticns below,

0010-8645/84/321.90 © 1984 Elsevier Science Publishers B.V,



1.1 CORALT{IIX)

The subdivision which follows is samewhat arbitrary as almost all cchalt(IIT)
cumplexes are mixed ligand camplexas of one type ancther and the use of a
single type of ligand classification thus hag its limitations. Chemists working
in the area tend to think in terms of ammines, bis-1,2-diamincethane complexes,
tetraamine complexes, etc., and this classification has been adopted in the
review, even tlmgh the chemistry described may relate to cther ligands present
in the complex.

The wrk reported can be divided into three broad areas, (a) synthesis, {b}
stereochemistry (including X-ray crystallography}, and {c} kinetics, reactivitcy
and mechanism. Kinetic work is not reported in great detail as this area is
now covered in a new publication [81.

1.1.1  Complexmes with oxygen donor ligands

1,1.1.1 Cavbonates and B-diketonates

Five carbonato-camplexes [Co{QDs) (ox) (tn}]™, cis—[Coi00:) {ox) (py)a]l
ecig—eia—1Co{00D;) (NH;) » (py) 2]+, eie-[ColdDs) {en} (Py}zr and eie-[Co{0D;) (Nﬂalszipy)]+
have been prepared and resolved [9]. Absolute configurations have heen assigned
on the basis of D spectra.

Bis{pentane—2,4—dianato) cobalt{III} complexes containing a variety
2-amincalkylphosphines or dppe have been prepared and resocived into optical
isomers by SP-Sephadex colwm chramatography; *°C MMR spectra of the complexes
were also reported [10]. Titration calorimetry has been used to study the
reaction of the lanthanide shift reagent [Eu{fod};] with tris{f-diketcnato)-
cobalt {III} complexes of pentane-2,4—dione, henzoylacetone, and dibenzoylmethane
in benzeme [11], The formal reduction potential of the couple [Coimallaj®” +
e” = [Cofmal);1*” is 0.741 V at T = 1,0 ¥ (KC1). The value of log,oB:; for
[Cotmal} ;1% is calculated to be 23, and log;eBs = 29 for [Cof00,) 1% f12].

The photodecomposition of eis—[Cofacac) (N3} (NH:) 1* ocaqurs with the formation
of {Colacac):] and azide radicals [13]. The crystal structure of
ets—[Co (3-hydroxyiminc-2 , 4-pentanedionato} » {pyridine} 2} [C104] has been determined
[14). Mechanisus for the electrochemical reduction of cohalt pentane~2,4=-dicnate
complexes have been discussed [15], and the electrochemical generaticn and uses
of cobalt({Iil)} ethanoate have been described [16]1. Other papers in this area
have dealt with spectral studies on mixed ligand camplexes of MalCo{acach; (NOs) 2]
with imidazole ligands [17], metal iom catalysis of the reduction of
[Co{C204) 2 (OH2} 2] by iodide ion in aguecus acid [18], and lanthamoid-induced
$9Co MR shifts in [Cofacac)s] with [Ln(fod);) and (In{dmm) ] {19]1.



The synthesis and characterisation of ochalt{III} complexes of the
heterocyclic 8-diketone, l-phenyl-3-methyl-4-triflucroethancyl-5-pyrazolone,
including proton NMR and IR studies, have been described [20]. Kinetic studies
of the oxidation of methanoic acid by [Co{H.0}e¢) " [21], and polyelectrolyte
catalysis in the agquation of [CoiC:04):}°~ in binary mixtures of water with dmf
or dmso [22], have been published.

The crystal structure of [Colacac)i].2({selenourea), CisHz9Cll,0sSe;, has been
reported (23], and cobalt(III}) complexes of the ambidentate ligand
isonitroschenzoylacetcne have been described {24]. The preparation,
characterisation, and thermal stability of [8H,]IC0{C204)3).3H20 have been
discussed (25]. 'The reactions of sulphur and nitrogen donor ligands with
[Cotacac) ; (NOz) 2], &0 give mixed ligand complexes, have been investigated [26).

1.1.1,2 Perozide end superaxide Iligands

The rate of exchange of %0 in the complex {1}, where trien is the
tetradentate ligand, has been found to be the same as both the rate of
decomposition by acids to cobalt{IT} and O; and the rate of formation of
[ {tren)Co{p-0, ,u-0B}Coltren} ] ¥ from (1) in neutral or basic solution [27].
The results indicate that a cobaltiIi} complex is a cammon intermediate.

[ HPR

{t)

The crystal structure of [ien).Co(NH;) {0:}Colen) ] [M03] 2.15/8 (AgND;} L H20
has been determined. The Ag atam is bound to each of the two peroxo—oiygen
atoms, with an a3-0 bond length of 2.27(1} ; The formation oonstant of Ag+
and {(en) 2CoNH,) (02)Colen) 21%* in agquecus solution was found to be less than
d.5 §28].



Considerable success has been achieved in interpreting the charge transfer
electronic spectra of superoxoochalt(IIT} camplexes, but there is little
information an the location of the w+n* transition of terminally coordinated
superoxide. A discussicn on this topic has now appeared [29).  Resonance
Raman studies on the potassium p-peroxcbis{pentacyanoccbaltate{III)} iom, in
Ko [ (M) sC0{023Co (M) 5] .H,0, and the p-superoxobis{pentacyanoccbaltate (III}} ion,
in Ks[ (W) sCo{02)Co (N} 5] .H,0, have appeared [30]. Additicnal rescnance Raman
investigaticns have been carried cut with percxoc:balt(IIi} complexes of
1,2-diamincethane and I~histidine [31], and peroxcdicobalt{ITT}oxime conplexes
32).

The superowxc—cobalt (III) cavplexes [Co(salpr) {C;)], [NEt.):[CoiQ)siCy)]
and [(PhsP),N’ ] {00{CN) 50231 react with methides of type (2} to give
2,6—di-tert-butyl-1,4-benzoquinone and the cyclohexadienonmespircaxiranes {3) as

0 0
Me,C :: CMe, MeC CMe,
CRR' 0 .

R’ R

(2) (3}

the major products, the latter resulting from the muclecphilic attack by the
supercaxo-species on the exe double bond of (2) [33].

1,1.2 Complexes with oxygen-nitrogen donor ligands

The deuteriation equilibrium
[Cofen) , {gly0} 12 + D™ == [Cofen) » (glyoD)13*

in strongly acidic sclution has been investigated by 'H NMR spectroscopy:
similar pKBD+ values {ea. -1.2) are cbhsarved in D,50, and DC1 soluticns [34].
The downfield *3C BMR shifts of the a-carbons in ¥-alkylglycines chelated to
cobalk{III} are larger than those in C-alkylglycines [35]. Several camplexes
of non-fimctionalised amino-acids, [Colen):iglyo}]12* and [Co{tren) {an)i%* (aa =
glycinate, alaninate or leucinate}, have been esterified, elther by alkylation
with dimethylsviphate or methyl toluene-4-sulphcnate or by acid-catalysed
esterification in methancl [36]. Camplexes of the general types



footen) o { (5)-3B}12* and [Colen) { (S)-BB},]", where AB represents asparagine or
glutamine, have been prepared and their electronic spectra, circular dichroism
and H MMR spectra determined [37].

The complexes [Co(CW)z{gly};]  and [CoiCN).(B-ala)] , which have cis,cis,cis
geometry with respect to the doncr atoms ¢, ¥ and @, have been prepared by a new
method, and resolved into enanticmers {38]., The (D spectra of the resolved
corplexes have besn determined [38]. The 'H MMR spectra of carboxylate-bonded
aminc~acid complexes, [Co(NH;)s{OCCCH{RINH;}1%*, have been studied (39]. 1In
pentaammine {I~histidine)cobalt {TIT), the long range coupling between the
imidazole C, hydrogen and only cne of the B-hydrogens was cbserved, suggesting
restricted rotation akout the CB_C]’ bond.

The crystal structure and absolute configuration of one of the isomers of
{(+)K[Co{I~valinato) ; {003}] has been determined and shown to be
A+)—cis (¥ —eis{0)-K[Co({L~valinato) 88 {003 ] .2H20 [40]. In the presence of air,
the reacticn of [Co{aMesal.en)] with Z-aaH {where a—-Mesal:en represents the
dianion of ¥,¥'-ethylenebis(a-methylsalicylidenesamine} and L-aaH denotes
I-proline, hydroxy-I-proline, or allo-hydraxy-I-proline} proceeds rapidly to
give A-cis-B:-[Colu—Mesalzen) {L-aa}] sterecselectively, followed by the slow
iscmerisation of the A-e¢is-Br-isomer to the A-cie-B;-isomer in a yield of eg.
100% under equilibrium conditions [41]1. Further studies of this type of
reaction, using ¥-benzyl-l-alanine, M-metihyl-Z-alanine or ¥-bhenzyl-¥-methyl-I-
alanine, have been reported [42] and the stereospecificity of the
(18, 28)~¥, ¥* -1, 2-cyclohexylenehis {salicylidensaminato) cobalt (TII) complex
towards ¥-benzyl-L-alanine cbserved.

Peptide complexes of the type [Co{dipeptidato);]  (vhere dipeptidato denotes
the dianions of glycylglycine, glycyl-f-alanine, glycyl-I-alanine,
glycyl-IL-leucine, B-alanylglycine, f-alanyl-L-alanine, L-alanylglycine,
L-alanyl-f-alanine, L-leucylglycine cr L-prolylglycine) and the complex
[Coigly—gly) {Irpro—gly} ]~ have been prepared by oxidation of the ccbalt (1T}
camplexes with lead dicxide [43]. These complexes have been separated inte two
diasterecisomers or enantiomers by colum chromatography and the absolute
configurations of the optical isamers determined on the basls of their CD
spectra. '

Chramatographic techniques, using SP-Sephadex ion exchangers, have been
applied successfully cver the last decade to resolve optical isamers and to
separate gecmetrical isamers of metal complexes. The preparation of Sephadex
derivatives derived from I-alanime, I~valine, I-aspartic acid and L-threonine
has been described [44]1. Their application to the resolution of same
cobalt (IIT} cowplexes (e.g. mer— [Coigly)il} has been studied; partial
resolution was achieved,



The synthesis and spectral characterisation of fae- and
mer— [N—carboxymethyl) -L-B- (2—pyridyl) -o-alaninatc] {D-threoninato) cobalt {113},
i.e. [Cot¥-CmL~Pyala) {D-Thr)] (where {4} = ¥-CrL-Pyala} and the molecular

N
=
0
NH
o-
0

{4; N-Cm-L-Pyala)

structure of the mer—isomer have been reported [45). A series of mixed-ligand
cobalt{ITI} complexes of the type [Co{plasp}(AA}] {where plasp =
#-{2-pyridylmethyl)-l-aspartate {5) and BA~ is a bidentate amino-acidate ligand)

o CO,H
| H
=~ N
N
CO,H

{Siplasp)

have been prepared. For glycinate, g-amincisdbutyrate, I-alaninate, L-threoninate,
I-prolinate, D~ and I-asparaginate, D- and I-phenylalaninate and D-, L~ and
Dl-valinate, only the fae~{Col 1¥30;} iscmer, in which the R~C0,~ group of
[plaspi?” is coordinated trums to the pyridyl group of plasp®™, was isolated [46].
A series of termary occhalt{ITI} complexes of [eddal®’” amd bidentate azo
ligands have been prepared and characterised as models for ccbalt{III}) azo
protein derivatives {47]. BAsymmetric induction on the decarboxylation of
o—aminc—a~alkylmalonic acids chelated to chiral cobalt(ITI) complexes of
2,3,2-tet and trien has been studied [48]. The H NMR spectrum (400 MHz} of
cobalt (III}bleamycin {a glyco—peptide antibiotic) has been studied in detail [49].
Crystal structures of cobalt(III) ¥,0 complexes reported this year include:



{+) sy g-cis—a-sodium carbonatof (25,2°S) -1, 1'—ethylenedi-2-pyrrol idinecarboxyl ato-
{2-}joobaltate {III) trihydrate, 7,e. Na{Co{pren) {(0:}]1.3H,;C {where H;pren = {6}}

Oonond )

CO,H . COpH
{6}

[50], lithium{(R,S)~N,¥"-ethylenediaminedisuccinato)ccbaltate (IIT) trihydrate,
i.e. Li[Co(CyoHaN208)1.3H,0 [51], and tris (plcolinato)cobalt (IIT) monohydrate
{52].

Cobalt (III}) camplexes containing tripodlike quadridentate ligands, such as
tris{2~amincethyljamine or nitrilotriacetate, and a chiral bidentate {L-amino
carboxylate or (R)-—propylenediamine) have heen prepared and separated into their
regpective geametrical isomers [53]. The oxygenation of 2,6-di-¢-butylphenols
with flve—coordinate cobalt(II} Schiff-base complexes in aprotic solvents, such
as CH,Cl,, thf, or dmf, results in regicselectiwe formation of
peroxyquinclatoocbalt (I1T) camplexes [54]. Representatives of a novel class
of g—organocobalt(IIT) camplexes, (7), which contain both a tridentate and a
bidentate ligand have been characterised and X-ray data cbtained [55].

B Me / R\ -‘ *
— N l NHZ
\c v

0/ | \NHZ
| HyN _

Me, Et or Bu;
Br or [C10., D)

(7; R

The kinetics of the reduction cobalt{ITI}-edta canplexes with chramium({II}
have been studtied by stopped-flow techniques [S56). Electrode kinetics of the
redox couples of cobalt(ITI)/ccbaltiIl) complexes with ethylened]amine-§—acetate
{edma), iminodiacetate or diethylenetriamine have been imvestigated [57]. ‘The
potentials corresponding to the redox processes {OoUI.]o‘;—“[(buILf, for cobalt
complexes with tetradentate Schiff bases (sal:en or acac,en) and



ot L {m 1° = [co™VL(RI 1Y for their organcmetallic derivatives have been
determined in different donor solvents [58].

A new synthesis of (Ri- and (S)}-2-deutericamino acids, including (R}- and
{S}~2-deuteric—glycine has been described uwsing stereochemically inert
cobalt {ITI) complexes [59]., A recent thesis has dealt with sterecselective
ooardination of optically active aminc-acids and their derivatives to
cobalt{IiI) [60]. Photochemical decarbaxylation of [Cofphen)z{gly)i?® has been
studied [61], as has the reductich of cobalt{Til)~bovine carbonic anhydrase with
L-ascorbic acid [62]). A further investigation has dealt with the kinetics and
mechanism of hydrazine oxidation by the [Co,{I~his).0»] complex {63].

The synthesis and photolysis of dicyanc{ethylenediamine-#,#'-diacetato)-
cobaltate (ITT} and dicyancbis{glycinato)eocbaltate (III) complexes has been
described [64]. The complexes hydraxyaquaglycinatobiquanidecobalt{III} and
eis-f=dichloroglycinatobiguanidecchalt (III) have also heen characterised [65].
Related synthetic work has dealt with the preparaticn and reactions of uns—fuae
isamers of the bis{¥#-alkylimincdiacetato)ccbaltate (ITT) ions [66]1; the
preparation and characterisation of ccbalt({T1T} cumplexes of glycine methyl
ester [67], amd a variety of amine derivatives of [Co(salen)f [681. Other
studies have dealt with the sterecchemistry of cobalt{II1) camplexes with
¥~substituted ethylenediamine-¥,#'-diacetic acids and 1{F},21{R}-1,2~cyclchexane-
diamine [69]1.

Complexes of cobalt {(IIT) with a-furil dioxime{IH) of the general type
[CoXT,Y] (X = C1, Br, or NCS;: Y = WH;, py, or thiourea} and of the type
[Colp¥21X (Y = thicurea, or PPhs; X = Cl, Br, or NO;) have been characterised
[70}.

1,1,3 Complexes containing eulphur donor ligands

Cobalt (ITI) camplexes containing the miltidentate ligands
3,6-dimethyl-3,6~diazaoctane-1,8-dithiol {HSCH,CH,N{CH;) CH,CH,N {CH3 ) CH,CH,SH =
Hzeddt} and 1,3-diamino-2-~propanethiol {NH:CH,CH(SH)CHsNH: = Hdgt} have been
characterised [71]. 'The geametrical isomers of [Coleddt) {em) 1" and [CD{d]t]z]+
have been separated by column chromatography and their gecmetrical configurations
{8} and {9} assigned on the basis of *°C MR and UV spectra. The sulphur -+
nitrogen charge transfer hand of the trars{5)-ilsomer appears at a lower energy
than that of the cis-iscmer.

Some sulfenic acids which are S5—coordinated to cobalt(III} are mae stable
than their correspcmding free acids, and the crystal structure and absolute
canfiguration of ane such example, the d-tartaric acid salt,

d-CuBsOg . (+) G = [CO{S (0} CH2CHoNHS 5] .H20, has now been obtained {72].  Dipole
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morehts have been determined for oohalt(III) oamplexes of the flucrinated
monothio=g=diketones RC{SH)=CHCOCFa {R = 57-methyl-2°-thienyl,
5*~chlaro-2'-thienyl, 4'-iscpropylphenyl, 4'-—tart-tatylphenyl or
3*-fluoro-4 ' -methoxyphenyl) [73].  The 13C and *°F MR spectra of
per flucroethy Imonothio-f-diketanate oamplexes, of the type HIH](S}CH:(O}C:FS]R
{M = Co{ITT}, NL{TI) ar PA(II)} have been determined [74]. These '’C NMR data
support a fac—octahedral geometry for the cchalt complex (# = 3}, *°C and '°F
MMR spectra have alse been recorded for the cobalt (IT1) ocamplexes of
1, 1-di fluoro-d-mercapto=d- {2 ~thienyl) but—3—en-2-one,
1,1,1-trifluoro-4-mercapto—4- (2 '—thienyl ) ut-3=-en-2-one, and
1,1, 1-trifluoro-4-mercapto-4— (2 '-naphthyl}but—-3-en—-2—one, with the structures
shown int {107 [75]; the data support a fao geometry for the various complexes.
The synthesis of cobalt(ITT) camplexes containing cysteine and pendcillamine,
as analogques far the active metal sites of cysteine and cysteamine diexygenases
has een descriked in a recent thesis [76]. The work also discussed the
oxidation of the complexes. Geametrical isomeriam in cobalt(IIT) camplexas
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{10; R = 2°-thienyi; R' = CHF:;
R = 2'-thieryl; R' = CF;;
R = 2'-naphthyl; R* = CF3)

with multidentate thiclato ligands has alse been discussed (77]. Other studies
have dealt with cobalt (ITT) camplexes with potassium #-butylxanthate [78] and
cobalt {II1} complexes with triazolinethiones [79]1. The crystal structures of
trithiosemicarbazideccbalt (ITI) chlorides have been determined [80].

1.1.4 Complezes with nitrogen domor ligands

1.1.4.1 Ammines

Facile synthetic routes to cobalt{III} amine caomplexes of the labile
unidentate triflucramethanesulphanate anicn, {CF3S03] , e.g. [CO(NHa) s {0S0,CF3)1%7,
cis-[Colen) ; {050,CF1) 2)" and fee-iCo{dlen) {0S0,CF1) 3] have been developed (81].
These camplexes can be used to prepare a large varlety of derivatives, for
exafmple in the pentaamminecobalt{III} system, the syntheses of [CO{NH;3) s11""

{L = (H,, MHs3, CH3;0H, CHyCHOH, CH,CN, OP{OCH:} s, dmf, <so, urea, NCNH;,
[CHs00,17, or [C1;CHX,1 } in high yield are veported.

The syntheses of [{NH:) sCo{0S0:R}1[C104]2 (R = CHy, CFi;, or 4-NO;CgHy} have
been described, and the kinetics of acid and base hydrolysis studied [82]. The
extreme lability of the complex is seen in the aguaticn {kﬂzol and base hydrolysis
{k ) Tate data. Thus, for R = CFs, M0 = 207 % 1072 s~ and kogg = 10° M is?
at 25 °C and I = 1.0 #,

Fluerosulphonic acid is the strongest simple acid known [83). The labile
complex [CoiNH3) 5 (035F1 1 {C10,12 has been synthesised [84]1 and its rate of
aquation studied (kg o = 2.2 x 107° s ! in 0.01 ¥ HC1O, at 25 °C). The complex
solwolyses with Co0 cleavage to give [Co(NH;)s{solvent}]** and, comcurrently,
with S-F cleavage to give [Co(NH;)sF]’* and SO, rather than [Co(MHi)s(0S05}1°
and F . Five new complexes, [{NH,)sCo{dicarboxylate)Co(NHs}s)X,, {dicarboxtylate
= oxalate, succinate, pimelate, fumarate or maleate; X = [C1lO4] or C1) have been
prepared and characterised by their chramatographic behaviar and electronic and

MMR spectra [85].
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In a recent paper [B&], it was concluded that an intense absorption in the
W region observed for [Co{NHa)s(NH;CH:CH:NH,)]13% was a charge-transfer band,
due to intramolecular hydrogen bonding between the free amine group and an NH
proton on the ccbalkb{III} centre. A mumber of cther pentaammineccbalt{III}
camplexes containing a variety of substituted 1,2-diamincethanes have now been
prepared and their p!(a values determined [B71. The spectral characteristics
are discussed in terms of the hydrogen bonding mentioned above.

The dinuclear p—carbonato complex [ {NHs) 3Co (p—CH) 2 {(R~C03)Co {NH3} 3] [S0,] . 5H20
has been prepared and its sktructure determined by X-ray crystallography [881.
The carbonate ligand causes some perturbation in the octahedral environment
about the ochalt{iII} ions. The two camlexes [Co(NH;)sL]Cl:.H,Q and
[Co{NH3) » L) 2 1CL.H0, where L is the anion of 8-hydroxygquinoline, have been
prepared and characterised [89]. The deep green paramagnetic
tetraammine—5—tetraammine-5-nitrosalicylato—cobalt camplex, originally
considered as a cotalt{IV) compound, has been investigated by X-ray photoelectron
and other spectroscopic techniques [90]. The EPR, NMR, IR and photoelectron
spectral data suggest that the electron deficiency is not centred on cobalt
but is delocalised over the cobalt atcen and the organic ligand.

The complex [Oo{NH:}s] [HgCls] has been prepared and its crystal structure
dctermined. The average Co-N bond distance is 1.960(6) A [911. The °5C1 NOR
spectrnim was alsoc reported in this paper. The interaction of
pyridine—2—carbaxylatc-pentaamminecobal £ {131} and pyridine-3—carbecylatopentaammine—
ocbalt with Co{IX), Ni(II), Cu{II}, and Zn{iT)

i.e. [(MH3)sCOL)?* + M+ -.‘—L'— [{NH;) sCoLay ] 47
has been studied and the formation constants X determined at 30 *Cand I = 0.3 ¥
[921. ‘Thermal! studies on the compounds [CoiNH3) 5 (H 0] IM{Cl¢] {where M = Co{III},
Fe{Ill} or Cr{III}} have been carried out; only in the case of M = Co(III}, was
dehydration separated from the loss of HX [93].

The *H and *’C MMR spectra of [CofMH;}s(imidH}1?* and the 'H NMR spectra
of cis—o—Co(tren) (imidd} .13 and cie—B=[Coltren) {imidH),]3* have been studied
[94]1. The pKa values, determined from the dependence of the chemical shift on
i, are 10.0, 9.6 and 10.1, respectively, for the ianisation eguilibrium {1).

{LsCofimidh) )3t = [LsCo{imid)]?* + H' n

A number of interesting papers have appeared dealing with the reactions of
various ligands coordinated to the {Co{NH;)s}® moiety. The
{4-nitrophenylphosphato) pentaarminecchalt (ITT) icn (17) undergoes base hydrolysis
to generate 4-nitrophenolate iom, 4-nitrophenylphosphate ion and



12
0 +
I

0——P

{H3N)gCo d 0/ o —@— NO,

{n)

hydroxo (phosphoramido) tetraaminecchbalt (III} [95). The ester hydrolysis is
accelerated at least 10% fold, relative to unccordinated 4-nitrophenylphosphate.

Bage hydrolysis of coordinated acetyl phosphate in | (NHs) sCo{OPOSCOCH,) 1"
gy = 0-53 Mis™', 25 °C and I = 1.0 M) has been shown to proceed with exclusive
carbon-cxygen bond fission [961, The hydrolysis of acetylphosphate menoanion
was also shown to be significantly catalysed by the kinetically inert
hydroxocanplex [ {NH;) sCo{GH) 127 ko = 2.9 % 1072 ¥ g™, 25 °C), which operates
via a nwleophilic pathway involving attack at carbonyl carbon. The
{CO{NH3 } 5 (NH2CH2COCH3) 1 °* ion undergoes an intramolecular base-catalysed
cyclisation reaction to produce a coordinated carbinclamine, which undergoes
a slower base-catbalysed dehydration to give a chelated imine [97]. The
synthesis, characterisation, and kinetics of formation of varicus reaction
products have been described. The base hydroclysis of coordinated acrylonitrile
in [ {¥H,) sCo (N=CCH=CH») 1** to the acrylamide complex in carbonate buffer follows
the rate law &k, = Kogg[OH ) + kc[m32-1 [98]. Hydrolysis by [003;]2” has been
shown by %0 studies to Involve direct muclecphilic attack at the nitrile group
by {00;127, with subsequent elimination of COz.

The reacticn of [Co{NHj},(OHz),1%" with oxalate has been found to ocour in
a single stage [997. The kinetics of this procees were interpreted in terms
of an ion pairing mechanism, with an ion-pairing equilibrium cemstant of 0.52
for HC204 and 5.3 from {HC:O] . The effect of nitrate icn an the kinetics
has also been studied [100] and the anation of [Co{NH:){OH:).)*" by oxalate
has been investigated in the pH range 3,0-4,0 [101]. The kinetics of the
anation of [CoNH;) 5{OHz)) %" by H:PO, /HsPO, have been studied over a temperature
range (102]. The results indicate a rate law of the type k. = E[H,PO, ] with
no {or only a small) contribution fram HiPOs.

Solvent-interchange reaction rates have been determined for
[Co(NH,) s (NCCH;}1[C104] 3 in MeCN/H:0 and in MeCN/dmsc sclvent mixtures [103].
A kinetic study of the aluminium{III)-assisted aquation of [Co{tWH:)sF1?* has been
carried out, the rate equation is of the form k 4 . = M[Al“] . with

Kpp = 1.6 % 1072 i~ at 25 °Cand I = 2.0 & [104]. The acceleration of the
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mercury(II) induced aquation of [Co(NH:)X]%* X = Cl ar Br} by the
muopolysaccharides chondroitin sulphate A and C has been investigated, as a
function of the concentraticns of the polyion and mercury(II), of pH and of
the ionic strength [105]. Activation volumes have been determined for the
acid-independent and acid-dependent aquation pathways of [CoH:)s{S0.}]1* (1061,
and for the aquation of alcoholpentaanmineccbalt{III} ions, [Co{NHs}s(CHR}}*
{where R = H, CH;, CH.(H; or CH{CH;) .} [107].

The 2H-'H exchange rates on the fully ¥-deuteriated derivatives of
[Co{NH3) 6] [C1O4T 3, [CofNH3)sCL) [C10y),, [ColMH;)sF] [ClOy]:, and
trarns- [Co{RS-2,3,2-tet)Cl;] [C104] have been determined using liquid ammonia as
solvent [108].

Irradiation of [(NC)sCo{p—HN)Co(MH:)s], in the waw—length range 254-365 nm,
leads to prnotoaquation of the pentacyanocobaltate (ITI) centre giving
[Co ¢ 5 {0,332 and [Co(NH;3} s (M) 12* as products, with large quantim vields
{0.2-0.3 mol einstein™!)} (109]. Oxidation of (Co(MH;)s{M;)12* with hydroxyl
radicals {k = 1.1 x 10° ¥ 's !} gives a surprisingly stable coordinated radical,
presumed to be [Co{lH;) s (ROH-}]2*, which decays by a first-order intramslecular
redox process fk = 60210 57t at 25 °C) to give Co(IT), N; and N;0 as products
[110). The reduction of several ccohalt{Iil} ammine complexes by various
hydroxyalkyl radicals produces cobalt(II}) [111]. The thermal behavicur of a
nmber of pentaamminenitrosyloobalt (IIT) complexes has been studied [112]; in
the simple nitrosyl [Co{NH;)s(ND}ICl,, the N0 group reduces the ccbalt(IIT} ian
and dissociates as NO.

The reaction of {imidazolato}pentaammineccbalt{IIT) with [Fe’l{QN) s (CH,)1%"
proceeds in two stages, with the first stage leading to the imidazolate-bridged
precursor camplex {12} and the secomd stage involving intramolecular electron
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transfer from Fe{II}) to Co{III) in {712} {113]). The alteration of

intramolecular electron-transfer rates by bridging groups in canplexes of the

type [(02NPh-X-00;)Co T (NHg) 51 [C1041 2 {X = CH2{2, 3 or 4), CH=CH{2, 3 or 4},

CH,CHCHz {4) , OONHCH; (4) or OOMNECHO®HCH:(4)} has also been investigated [114].
The kinetics of the outer-sphere reductions of a series of binuclear

j— {carboxylato) =di-u-hydroxo-bis {triammine) cobalt {ITI} cations {carboxylate =
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methanoate, ethancate, or moro-, di- or trifiluorcethancate) by various
reductants, (CrioH2)el?%, [VIOH:}e)1?*, [RaiWH;)el2Y, [Ti(dipic).i and
[Fe(dipic).]2~, (dipic = pyridine~2,6-dicarboxylate) have been determined at
25 °C [115]. BAn increasing oxidising ability of the Co{IlI) centres with
increasing electron-withdrawing capability of the substituents is noted.
Bramide ion has been shown to be a poor bridging ligand for Co{IXII}-Ti(III}
electron transfers, whilst hydroxide icn amxd especially fluoride ion are
efficient bridging ligands [116]. Thus [Co{NH;) sBr]2?* reacts with
[Ti{H:0)5(CH) 32% with k = 0.18 ¥ Y5~} while [Co(NH;)sF)?* reacts with
[Ti{H:0361 %" with k& = 1 x 10° # 357! at 25 °C,  Electron transfer reactions
between the u-peroxo-complexes [ (HsN) sCo{u-0z) Co{NH3) 517,

[ {H3sN} 400 {u—02) {u-NHz)Co(NH31 1 13F or [{L}:Coiu—0z} (w-MH}Co (L) 217 (L = en, bipy,
or phen} and [Ru{bipy):}®*, to give the corresponding supercxo-complex and
[Ru{bipy} 31 2* have been studied using flash-photolysis techniques [117].

The synthesis of [{pmdt)Cu{imid)Co{NH3}s] [Cl04], has been reported and its
crystal structure determined [118§. The Co-¥{imidazolate} bond distance is
1.9331(5) ; The p}(a values for the mononuclear components { (NH3) sCo (imiaH) )3
and §(pmdt)Cu (OH2) 12, generated fram the bridged camplex in solution, are in
gocd agreement with those previocusly reported.

The kinetics of the chromium{II) reduction of complexes of the type
[Co{MH3) s (NCCHRR) } 31 (R = H, CHaCH, OD,(H3, QONH,, or 00;H) hawe been studied
in @etail (119]. The kinetics of reduction of {(}Q(N'.Fl;}u{CgOn]]+ by
aalato~complexes of titaniumi{IIT) have also been investigated [120].

The complex 2-{53-cyanotetrazclate)pentaamminecobalt {TII) perchlorate is a
useful inorganic explosive {121]. Double ligand-eschande reacticns between
[Co{NH3) sF12* and dicarbosylato complexes of aluminium(IIT} have been studied
[l122}. The preparation and optical resolution of a novel
triammineglycinatonitroccbalt {IIT) coamplex has been described [123], as has the
synthesis and characterisation of (moncmethylcarbonate}pentaaminecobalt {I11)

- perchlorate [1243.

Crystal structures have been published for the novel phosphate complexes
{Co{NH:};{(H2P30;,)], containing the a, 8, y-tridentate ligand [125], and the
a, y-bidentate tetraamine (dihydrogentripnosphato}cobalt{IIT} monohydrate [126],
The molecular structure of [CoNHa}{ {#}-pentane-2,4-diemine}] dithionate has
alsc been discussed [127). The structures of pentaamminepyrophosphatocohalt (III)
monchydrate, containing monodentate pyrophosphate and
tetraanminepyrophosphatoccbalt (III) dihydrate, [Co(NHs}. {HP,07)].2H,0,
containing bidentate pyrophosphate, have alsc been determined ([128].

Kinetic studies have dealt with the aguation of [Co(NH;) s (dmso)1®" in
aquecus cetyltrimethylammonium bromide sclutions [129]), the oxidation and
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reduction of [CoiNH3}e]1®* in alkaline media (130} and the linkage isamerisaticn

of {Co(NH;)s{ONO}1?* in polyvinylalcohol {131]. Other kinetic investigations
have included studies on cis-trans isomers of [Co{MH;) .Cl:]Cl {132], NMR and
magnetic susceptibllity studies of nitrcamminecobalt(III) complexes [133], the
interaction of [Co{lH3)¢]1Cl; with nitric oxide [134], and a reinvestigation of

the structure of p-hyperoxobis ipentaamminecobalt) tris(hydrogensulphate)monosulphate
at room tepperature and 17 K [135].

1.1.4.2 Diagmines

The reaction of (2-aminoethanethiolato)bis(l,2—diamincethane)cobalt (ITI)
{13} with ¢,w—dibramoalkanes Br(Giz)nEr fn = 1-8 or 10) gives a series of novel
monchridged dinuclear cobalt{IIT) complexes (74) [136]., ‘Three isoers are

o n e Y [

N\CI/S Br(CHj,), Br N\l/s S\'/N
0\ ] —_— Co\ j E /CO\
N N N/I N N [ N
LN i LN N
(13) {14 - meso)

possible {meso, AR and AAd. In the case of #» = 2, two geametrical isomers
meso and rac were isolated and identified.

Complexes of the type [Colen) {pm) (AA)]1"" (where BA 1s a bidentate ligand,
but not pn or en) have hitherto keen unknown. Howewver, the preparation of
camplexes of this type have now been described [137]. Cobalt{III} complexes
of a number of new sexidentate ligands based on diamine systems, {15} and (16},
have been prepared [138]. All of the complexes were resolved, except the RR-tptn
complex which formed the A-isamer exclusively., The monocyano-complexes of ten
and ttn, in which the ligands are quinquidentate, were also prepared. Absorpticn
and d-d spectra of these complexes and the known [Co(ten)]®* complex have been
compared.  Cobalt (III) complexes of the trane(0}-{Cofen) . {(0COR) 21"’ type {OOOR
denctes an amino acid ar aliphatic carboxylic acid) have been prepared [139].
A linear correlaticon was observed between the 1Eg component of the first d-d
band and the 13C chemical shifts of the carboxyl- and g-carbans. ‘The *H BMR
spectra {amine region) of the cte—[Cofen) 2X2)" " complexes (X, = (M2, (NO2):z,
acac, mal, or ox} have been determined using d¢—dmsa and D.C as solvent [140].
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One of the NH hydrogens undergees large, countericn—dependent shifts in de—dmso
and 1s assigned to the trgre hydrogen which ls approsimately parallel to the C;
axis., In the nitro compound, this hydrogen is the first to be deuterated in
D,0.

The amincsulphcnic acid camplexes eis— [Colen) ; {NH, {CH2) 504 1141 in =1 or 2}
have been prepared and their hydrelysis in basic solution investigated [1411.
The coamplex ion [Colmetn) ;1" (metn = 2-methyl-1,3-diaminopropane) has been
synthesised and the fae and mer isomers separated by colum chromatograply and
identified by *3C and 'H MMR spectroscopy [142]. The preparation of
R-arylrethylglycinatobis (1, 2-diaminoethane) cobalt {II1) complexes has been
described {143], for aryl = phenyl, 2-methyl-phenyl or naphthyl. The
diastereotopic glycinate methylene protons in the 2-methylphenyl and maphthyl
derivatives proceeds nom-sterecselectively in borax buffer {pD 9.7), in contrast
to the observetions for the phenyl derivative.

The Pfeiffer effect [144]1 refers to a shift in a chiral equilibrium between
the two enanticmers of a labile metal complex in solution upon the addition of
an optically active campound, {often called a chiral envircment substance).
The Pfeiffer effect of {CriC;04):1°" has been examined, using the optically
stable metal conplexes of the type cois— [Coidiamine) . {Xi (Y) 1" (diamine = en or tn;
X, Y = anionic monodentate ligands) [145). It was found that the chiral
equilibrium of [Cr{C:04) ;1% is always displaced in favour of its A enantiamer
in the presence of A enanticmers of those complexes added as an environmental
substance.

Stereoselective ion pair formaticn between [Colen)]®" and [CofCz04)2iglyy 12~
has been imvestigated [1461. The A-[Co{C.04)2{gly)]%™ ion, like L-tartrate icn
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and [Shs (L~tart),i%”, unambiguously discriminates A- fram A-{Co{en};]** in
solution. Solubility isotherms of systems containing optically active

[Cofen) 3] ** have been studied in detail [147]. The crystal structure and
absolute configuration [A{838)-Coien) ) [{+)spe—{R,R)~tart]Cl.5H:0 has been
determined [148), in an effort to document the mechanismis) of chiral resolution
by simple resolving agents, such as tartrate and its derivatives. A variety of
other crystal structures dealing with diamine derivatives have been determined.
These include: eZe-[Coienj,(imidazole}CliCl, [149], [{(+}Co{en)a]{{-iCr{en)3][5His
{1501, eis-[Colen}: (NCS),]1C1l+H,O containing the isocyanate ligand [151], and

foo{ (£)—ptn} (NH;) 43 [S206]1, 5 2H,0 {where ptn = 3,4—diaminopentane} [152]1. 1In
this latter camplex, the six-membered diamine chelate ring has a skew-boat
conformation in which the two methyl groups are in equatorial orientations, A
strain energy minimisation calculation reveals an energy difference of 8.3 kJ mol™?
between the preferred skew-boat conformation and the chair conformation.

[uring attemobs to prepare trans—[Coien),Cl;]Cl from CoCl:.6H.C,
1,2-diaminoethane and H;O» by the method of Krishnamurthy [153), the complex
trana—[Colen) :Cl,12 [CoCl,] was isolated [154]. The compound is paramagnetic,
Bope = 3-71 uy {somewhat less than expected for tetrahedral cobalt(II)}, and the
crystal structure has besn determined.

The camplex A-eiel0,0},trans (0,0)-[{en)Co{tart® }Coitart! ™)} {en) ;INa[ClO,) 3 .5H20
has been prepared by the reaction of I-tartaric acid with [Colen),{C0z)1Br [155].
X¥-ray analysis has confirmed that the complex contains a dimeric cation, in which
two cobalt atoms are bridged viz a tridentate tartrate anion. The configuration
about one cobalt is A-eo{s and about the other ¢rans{0,0}.

The camplexes [Co{en), (quin~8-0} 1Cl..2H,0 and [Co{en) (quin-8-0)2iCl.2H.0
{quin-8-0 = the moncanion of 8-hydroxygquinoline} have been isolated and
characterised [156]. Three geametrical isomers of the latter complex are
possible and its H MR spectrum indicates that the oxygen atoms of the two oxine
ligands lie eis to each other.

New cobalt (ITI) complexes of the type trans-[CoCly (L))", [Co(MH;) L)Y,
ete~[Co(NH3) 2 (L) 2]1%1, and [Co{en).L]** (where I Genotes a seven-membered chelate
Alamine ligand, (R)-Z-methyl-1,4-dilamincbutanc cr meso- amnd
{R or 5)-2,5-diaminchexane) have been prepared (157). The dichlorc complexes
decompose Slowly in the selid state, and rapidly in methanol. The ammine and
1,2—diaminpethane canplexes are stable in acidic water, but decompose gradvally
at neutral pH.

The preparation and characterisation of [Colen),{§.0:})", containing chelated
¢,5-thiosulphate, hawe been described [158]. Early reports of the preparation
of this complex appear tc have been in ervor [159]. ‘The iscmers of
[Co {NH3) 5 {1,3-pn) 21 ** have been separated by recycling chromatography and their
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chiroptical properties studied [1601. The magnitude of the CD intensity of a
bisdiamine complex is roughly one-third of that of the corresponding trisdiamine
complex. ‘The preparation and resolution of !Cc)[F.-n)ﬂ{l*lI-lz(}IzCi-llzP(Ct'-lls}:f}a—n]3+
and its related conplexes have been described, and the absolube canfiguration
of (+) ssa—fac- [ColtHCH,CHP {CH3) 2 }21°* determined by X-ray crystallographic
analysis [161]. Isamers of tris{{R)-l-phenyl-1,2-diaminoethansijcobalt{Iil} and
tris[(5Y-3,3-dimethyl-1,2-diamincbutanelcobalt {(TIT) have been studied in detail
621, '

Formation of [Cofen); {gly0)}?*, from monodentate
trans— [Coten) , (H,0/0H) {gly0/H} ) 3*/2*/* | species has been studied kinetically
[163]. '*O-tracer studies have shown that cyclisation of
cis—([Cofen ; (OB,) {gLlyOH) 1% and cie- [Cofen); {OH:) {gly0}12* to give
{Colen) ; {gly0)1 [**, containing chelated glycinate, occur intramolecularly without
displacement of the coordinated water molecule [164]. Detailed kinetic studies
of these reacticns, which can be considered as intramolecular lactonisation at a
metal centre, have been described. The conplex trans-{Colen)z {@msoYCll ICl0y]1
has been prepared and its rate of isomerisation to the efs-iscmer measured using
dnso as solvent [165]. The solvenmt exchange rate has alsc been determined by
'y MMR spectroscopy. 'The trans-[Colen);{dmso}Cl]?’ ion aguates rapidly at 25 °C
in 0,1 ¥ HC104, with k. = 8.7 107" s71 [166].

Mixed-metal bimuclear complexes are formed between (Cofen),(CH), 1" and
divaient metal ions with log g, = 5.9 {Mn), 7.5 (Co), 8.8 (Wi}, 13.1 {Cu) and
7.9 {Zn) at 25 °Cand I = 3.0 ¥ (Na[ClO,]) [167]. The kinetics of base hydrolysis
of ciz-[Colen); {bamH)C1]}2* {(bzmi = benzimidazole} has been studied, the PK, of
the coordinated benzimidazole is 8.9 at 25 °C [168]. Kinetic studies of the
aquation and base hydrolysis of cis-{Colen}(btzH)C11%" and
eis-[Cotents {btzMe)Cl]?* (btzH = benzotriazole; btzMe = ¥-methylbenzotriazole)
have also been reported [169]. Secord order rate constants, kﬂg, for the
Kg{iII) assisted aquation of Af-cis-[Colen},(imidazole}Cl]?* have been measured
over the rarge of ionic strength 0.1-3.0 & at 25 °C {170]. Pressure and medium
effects on the kinetics of anation of eis-[Colen),{0H;).]1*" by oxalic acid in
acidic soluticn have been studied [171]. The aquation of cis-[Colen). (NH,}Rr]2"
in mixtures of water and crganic solvents {(EtQH, (HMe.CH, (Me,OH or Me(n) has
been studied in detail [172}. The base hydrolysis of eiz—[Cofen) (etaH}X]

{X = Cl or Br; etaH = 2-aminoethanol} results in the formation of
[Cofen)s leta} 12 {ca. 35%) and [Colen).{etad) (OH))%* (ca. 65%), the product ratio
being independent of pH [173].

The camplexes [Co(bamp) (dapo}X]1%* (bamp = 2,6-bis (aminomethyl) pyridine;
dapo = 1,3-diamino-2-propancl; X = Cl, Br, or N3} have been prepared to test
whether, in base hydrolysis, a trigonal bipyramid or a square pyramid is the
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preferred intermediate, following loss of the leaving growp [174]. The
camplexes were resolved using dibenzoyltartaric acid {optical purity > 97%) .
Base hydrolysis (X = Cl, kg, = 2.9 x 10° M 's™}; X = Br, kg, = 1.6 x 10* M's7!
at 25 °Cand T = 1.0 M occurs with full retention of configuration cn cobalt,

In the classical 5"1 CB mechani=sm, the accelerated loss of the leaving group
fram the deprotonated reactant 1s interpreted in terms of n-orhital cwerlap of
the type 2pi{deprotonated nitrogen) -+ 3dxz_y2 {Co{ITI)}. The present results
suggest that r-stabilisation is not significant in the intermediate after loss
of the leaving group, possibly due to the inability of pyridine n-orbitals to
give significant banding.

The photochemical formation of [Cl{en) ,Co-N=C-Fe{)s]?~, from [Cofen);]’*
and [Fe{(N)}:1*", has been exploited [175]. The reaction of the benzohydroxamate
anion, [PhOONHO]™, with A=cis-[Cofen),Cl,1" gives (+)sss~ICo{en}; (PhONHO)]2Y in
agquecus solution but (-} sge-[Colen) ; (PROMHO) 12 in aquecus pastes [176]. The
solubility of A- and rac-[Co{en):{ox}].(C204] have been determined in water at
5-60 °C. The oxalate is not spantaneously resolvable and forms the racemic
compound A-[Cofen) z fox) §.A—[Cofen? 2 (oX) ] {C204] .rHO [177]. Sclubility isotherms
of systems cantaining the optically active [Cofen)s}®" ion have been determined
[1781.

Sterecselectivity has been observed in the cuter-sphere redox reaction
between 4,A-[ {en) 200 1L (u-NH; ,0,7)Co T en) ;)** and [MOYO, (R, S-pdta) 12" (pdtaHy =
propylenediaminetetraacetic acid) {179]. The ccowrrence of sterecselectivity
in outer-sphere redox reactions has been discussed previously but definitive
experimental data has been lacking.

Polarographic studies of ligand dissociation from dibromoccbalt(ITl} ocomplexes
of the type trans-[Co(#)4Brz]’ {(M« = {en)2, (pn)2, (tn)z, or {MHs}y) have been
published {180]. Related kinetic studies of interest include: the kinetics
and mechanism of substitution of chloride ion in ¢fs-[Colen) 2C1,1C1 by
4-hydroxybenzolc acid [181], the mechaniam of substitution of amines into
halccaobalt {ITI} -1, 2-diamincethane camplexes {182); deuterium solvent i1sctope
effects in the pressure and temperature dependent isamerisation reacticms of
aquabis{l,2—-diamincethanelcabalt {111} complexes [183]; the kinetics amd
mechanism of substitution of chloride icn in trans-{Cofen),Cl:]1C1 by
d-hydroxybenzoic acid [184]; Bammett relatiomships in the reactions of
ets-[Colen} ;C1{0H,) ]1** with substituted benzoic acids [185], and the effect of
temperature and dielectric constants on these relationships [186]; the kinetics
of solvolysis of cis—([Colen) 2C1{N3) 17 in water and water-isopropanol [187] ;
activation parameters for the aquation of trans=~[Co{l,3-pn) 2C12]+ [188]; and
isotopic exchange of *5Cl” in cis-[Co{en) 2CL{CN) 1" in methanol and ethyleneglycol
solvents [189].



Crystal structures of cobalt(ITI) diamine complexes reported this year
include the following: eis—[Cofen};iQ03}]T.2H;0 [190]; cis—iColen); (NCS);1C1.H;0
[191); and cis-mer-bis{#-{2,2-diacetylvinyl)-1,2-phenylenediamine oobalt {IIT)
iodide hydrate [192]. Crystallographic data an polymorphs of rae-[Colen) ;1F;
have been published [193], as has a preliminary study on the conformational
analysis of icn pairs containing [Cofen)]®* [194].

Synthetic studies of these complexes have dealt with the synthesis and
properties of isamers of [Co{en); (NHaCH,CH,OH) ;13" [195]; cobalt{IIT) complexes
with 1,2-diaminoethane and 3-aminc-l-propancl [196); stereoselective effects in
aminoacidato{l,2-diaminoethane}oxalatocobalt (IIT} camplexes [197]; mixed ligand
camplexes of cobalt{III} containing diaminopropane and bidentate ¥,¥ and 2,0
donors [1981; synthesis and configuration of a [Cofl,3-pn}; (NC) 21+ complex [199];
and the preparation and IR spectra of s-hydroxymethylthiosulphates of
trans- [Cofen) 2(312]+ and trans- [Co{dn'g)ﬂal‘n.‘i.tn}ﬂ+ complexes [200] .

Infrared, 'H and '*C MMR spectra have been obtained for
eis-{Coien), (imidazole}C1)Cl, [201] and **Co NMR spectra reported for
[Cofen) ; famirej C1l12* complexes [202]. The application of Raman spectroscopy
to differentiate between the c¢is- and trans-isomers of [Colen);(L)]"" type
complexes has been described [203).

Outer sphere camplexes of [Cofphen),{en}]®* with halide, [NCS]™ and [C10,]~
in aquecus soclution have been studied [204), as have outer sphere camplexes of
diacidobis{l,2-diamincethane)cobalt {TT1} {205]. The crystal strucbure of
trans—dichlorobis{ {+}- (8,8 -trans-1, 2—-diaminocyclopentane Joobalt {111} chloride
hydrochloride dihydrate, trans-{CoCla{{+)—cptn}:1CL.HC1.2H,0 has been determined
[206]. The synthesis and characterisation of mixed ligand camplexes of diamines
and monchydroxamic acids with cobalt{IIi) has also been studied [207].

1.1.4.3 2,2'-Bipyridine and I,l0-phenanthroline complezes

Twenty-eight cobalt (III} complexes of the types [Co(L};1?* amd [CoiL) 2177
{whore L = bipy or phen and XY = 208, 2ND:z, en, 2WH:, gly, 2H:0, C:04, 03,
25CH, 2N;, 20.(Me, 2C1 or 2Br) have been prepared and their !3C NMR spectra
have been recorded [208].

The kinetics of racemisation of {+)sgs—{Coibipy).{paox)] [NO;1 (paox is the
dianion of 2-ketopropancic acid cxime} has been studied at pH 7, between 70 and
98 °C [209]. The kinetics of reactions of [Colphen).]1®**, [Coibipy);]1®*, and
[Co(en) (phen) ;] ¥* with ascorbic acid have been studied {210). The effect of
sclvent composition (for aguecus mixtures of methancl, ethancl, propan-l1-ol and
propan—2-cl), cn the rate constants and activation parameters for the cuter-sphere
electran transfer between [Co(phen}gj” and ferrocene, has been investigated [211].
The dependence of the kinetic parameters on the solvent camposition cannot be
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rationalised in terms of the macroscopic parameters of the solvents, Limiting
kinetics are chserved for the [Co{4,7-(S0sCeHy)2phen)s)®” oxidation of HIPIP, .
to HIPIP - consistent with association prior to electron transfer [212] {HIPTP =
high potential ivon-sulphur proteinj.

Rate constants, activaticn parameters and equilibrium constants have been
reported for the outer sphere electron transfer between [Co(terpy),]?* and
[Cotbipyia]l®*, as measured for reactions in five protic and ten aprotic solvents
{2131, Comparisons of experimental activation parameters for the
[Co{terpy) 2] ¥~ [Cobipy) :} ** redox reaction with those cbtained fram the Marcus
Theory have been made [214]. The crystal structure and absolute confiquration
of {-}sas—[Colbipy)s] [Fe(CN) ] .8H20 has been determined [215].

Intermediates cbtained in the photolysis of cobalt{III} complexes with
aminopolycarboxylic acids and bipy or phen have been studied [216], and the
thermodymamics of the formation of outer sphere camplextes of [Co(phen) ] 3+ with
[S0,1%~ have been investigated [217].

1.1,4.4 Triamines

The homogeneous intramlecular isomerisation reactions of all the isomers of
[Co(dien) ;] [C1Cy] s and [Co(dien) (medien}] [Cl0y]; (medien = 4-methyl-1,4,7-
triazaheptans) have been studied at 90 °C and various pressures [218]. ‘The
same equilibrium isomer distribution was cbtained, regardless of the starting
isomer or of the presswre conditions. These results bave been interpreted on
the basis of a camon mechanism for all isomerisations involving Co-N bond
rupture, followed by rearrangement of the resultant five—coordinate intermediate.
Mqueous sclutions of sym—fac-{Co(medien}:]** in the presence of charcoal and
oxygen give unsymfac—[Co{aman}] (C10,13 .H;0 {27} {aman = 2,3-bis-Z~amincethyl-
{methyl) amincethylimino-l-methylpiperazinel [2191. The structure of the product

NH, 3+
e \c/
o N/ \N

|
K,NH2

(17; uneym, fac—[Co(aman) ]3"
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has been confirmed by Y-ray crystallographic studies. ‘The complex is inert in
acid but hydrolyses in base in two clean sequential stages through the amidine
imide complex (78) to the diimide complex {75y [2207.

NH 3+ NHZ +

2 .
/_ _/\N Ze Me —N/__I__/\N\ o~
\\to ‘f[: \\Co i]::

/ \N/ o I;IH3 Me-—-N/ \N/ o

{18} (19

The crystal structure of {~}-mer~{¥-2-amincethyl- (1, 3-diamincpropans) }-
{1,4,7-triazaheptane) cobalt {IZI} iodide monahydrate has been published [2210.
There are seven potential geometric isomers of [CoCl(Metmd) {dien)] [BnCly]

(Metmd = Fmethyltrimethylenediamine) six of which have been isclated. The
crystal structure of cne of these isomers A-is)-a,cb,edf-[00Cl (Metmd} (dien} ] [2nCl,)
has been published [222]. Also, the crystal structure of

{dien} {I-penicillaminato) cobalt (IIT} chloride has been described [223]. Mixed
ligand complexes of ccbalt with dien and leucine have beem studied [224] and the
crystal structure of s—face-[Co{dien) (NHa} (NOz}:i1Cl determined [225]). X-ray
crystallography has established the structure of mer—[Coidien} (NO,);] [226].

In this latter complex, the cobalt ion has a slightly distorted octahedral
geometry and the Co-NO: bonds range from 1,916(3) to 1.997(3} :\

1,1.4,5 Tetraomines

The kinetics of solwolysis of [Co(tren}Cl;]Cl.0.5H,C has been stidied in
dmse, dmf and nmf [227]); these reactions occur by a dissociative wmechanism,
A mmber of complexes [CoCl{solvent) (tren)1[ClOy}, (solvent = dwso, dmf or
¥-methylmethanamidel) have been isclated amd characterised, The chloride anation
of [CoCl{tren)} {(dmsol 12* was suggested to ocour by an {51}, mechanism. The
anation of [Cof{tren) (OH).1" 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 (D; uptake, the base catalysed ring cpening of
[Cb(trelﬂ)COs]+, and base hydrolysis of [Co{tren) {OH) (OQD:2)].
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Evidence has been presented [229] that the mercury{(II}) and N0’ induced
aquations of &-[Co(tren} (NH;}C1]%* and t-[Coftren) (NH;) N2)12*" follow different
paths and do not involve a common intermediate of the type [Cof{tren) (NH;)13*.

The k rate constants for the mercury {(IT} catalysed amations of
p—[CD{tren) @1 c1) 2t ang - (Cottren) a8 c2) 2t are 5.6 M5~ and 9.7 #ls™?
at 25 °C.

The crystal structure of [Coftren) {py)Cl) [2nCL,]10.5H:0 has been determined
[230]. ‘The pyridine ligand is bound viq its nitrogen atam frane to the tertiary
nitrogen of the tren ligand. The rate of the rapid uptake of 50: by
[Coftren) (0H,) 2] %" has been studied by stopped-flow techniques [231] and
canparisons made with similar previcus studies involving 00, S0, [S0;127,
[HSeO31™, [EM0Oy1™ and [HWO.] .

The synthesis unsym—co{s~[Co(3,2,3-tet) {N) :1C1l, by the addition of hot aguecus
solutions of NaCKN to an aqueous solution of trans-[Co{3,2,3~tet)Cl,]Cl, has been
described [232]. The sterecchemistry of this complex has been established by
H and !°C MMR and vibrational spectroscopy.  Some
trans—{RR,SS)-[QoC1 (3,2, 3-tet) (amine} ) [2nC1,] camplexes (amine = NH;, WMeNH:, or
imidazole) have been prepared and characterised [233]1; base hydrolysis and
mercury {IT} catalysed aguaticn rates have been studied. The preparation and
characterisation of isamers of the (4R,6R)-4,6-dimethyl-3,7-diaza-1,%—diaminononane
(5R, 7R-Ma,-2,3,2-tet) and of the (6R,8R)-6,8-dimethyl-2,5,9,12-tetraazatridecane-
{1,5R, 7R, 11-Me,~2, 3,2-tet) camplexes, of the type trans-[CoCl, {tetraamine)l”,
have been described [234].

Several dipeptide complexes of the type
[Co{tren} (NH, CHROONHCER ' QD2 CH3 ) 1 14-CH;3C¢H,50:] have been obtained by coupling the
chelated ester complex {Cof{tren) {NHCHROO,CH3} ] %" with a free amino-acid ester
[235]. ‘The half life of proton exchange in the complex [Co{en), (NH,CH.CO»CH,) 13
is oz, 20 s.

The preparation of eis-B8:—[(CoCl{trien) (benzimidazole})?* (20) has been
described and the kinetics of aquation, Hg{II) catalysed aguation, and base
hydrolysis studied [236]. Oxalato (ammine} {trien)cobalt {TI1} and
salicylato{ammine) (trien}cobalt (III} perchlorates have heen synthesised and
tentatively assigned a cis—a configuration [237]. The camplexes are formilated
cis—u- [Coltrien) (NHa) {C20uH} 1 [C104]) 2 and eic—u- [Coitrien) (NHa} {020C06H, )} (CHY 1 [C104] 2
and the base hydrolysis kinetics of these complexes were also discussed,

The paramagnetic 8;- and f;-iscomers of S5-nitrosalicylato{trien)cobalt {ITI})
have been characterised [238]. The electron hole is aonsidered to be delocalised

T The letters ¢ and p denote the isomers with the tertiary and primary amine

centre, respectively, trans to the electronegative group X.
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/NHZ 2+

(20; L = benzinidazolie)

over the chelage ring containing the cobalt atom and the 5-nitrosalicylate
ligand.

A dimethyliminium species, formed from dmf and PCCl;, adds at the methylene
carbon of the bidentate glycinato camplex p-[Cof{tren) {gly}]iClOy]: to give the
- [Co{tren) {3- (dimethylamino) -2-amincacrylylchloride}]** ion [239). The
orystal structure of the [2nCl,]2” salt of this cation has been established by
¥-ray diffraction studies.

Interligand steric effects in tetraamineccbalt{IIl} amino acid complexes
have heen studied by (D technicues [240], and a thesis dealing with sce
cobalt (IIT) conplexes of tren has been published [241]. Another thesis has
dealt with crystallographic studies of cobalt{ITI} camplexes of tren [242].
Cobalt (IIT) complexes with asymmetric tetrasmine ligands have been prepared and
characterised [243]. The isclation of all five geametrical and canformational
isamers of [Co{trien} (HB)z]+ has been described [244] and the 8- and
Bz- (8—quinolinolato) {1,4,7,10-tetraazadecane}cobalt (ITI) ions have been isolated
and characterised [245). The rates of acid hydrolysis of some diacido
cobalt{III} tetraamine complexes, containing asymmetric tetraamine ligands,
have also been studied [246].

1.1.4.6 Pentaamines

The preparation of the af-S-[Co{tetren) {0,CCHCE) ] [C104]: has been
described and the kinetics of base hydrolysis studied [247], The crystal
structure of an iscmer of [ColpicdieniCl][2nCl,] {picdien = {21}} has been

o N
| /NN |
Xy CH,—NH  NH  HN—CH, N

{213
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determined {248]. In this latter complex, the pentadentate picdien ligand is
present in the a,B-configuration, with the Cl ligand ¢rans to an "angular™
seccndary nitrogen., This complex is extremely sensitive to base hydrolysis.

Recent irmestigations have shown that 0-bonded sulphito complexes are formed
cn the stopped-ficow time scale, by reaction of acidic aqueous sulphite with
aquapentaamminecobalt (III)} ccmplexes [249]. The kinetics of SO, uptake by
af-5- [Cof{tetren) {OH)1?* has been studied [250]; the product is the ¢-bonded
sulphito complex, The acid-catalysed deconposition of the 0-bonded complex,
and its intramolecular isamerisation to the S-bonded complex, have been studied
kinetically; also, the base Iydrolysis of the S-bonded camplex has been
investigated.

1.1.4.7 Oximes, Cobaloximes, and Vitamin Bi»

The coenzyme of the cobalt corveroids, which are present in the isamerase
ard riborucleotide redictase enzymes, possess the ligand 5'-deoxy-S5'-adenosyl
{22), attached to cobalt vie the primary carbom atom.  Experimental evidence

o

0
OH

shows that the Oo—C hand undergoes reversible and probably hamolytic flssion
during the enzymic reaction. It has been suggested that the Co~C bongd of the
coenzyme might be lahilised by a steric mismatch between the binding of the
adenosine by the cobalt atom and the protein. The effects of steric distortion
of the cobalt—carbon bond an the pK valves and gpectra of organocobalaming have
now been studied [251]. The ecpeilibria between the "base on" and unprotonated
"base off” forms of a series of organocobalamins has also been investigated and
values of A¥ and AS determined {252]. Neopentyloobalamin in neutral solution
at 25 °C is stable under N; kut is decomposed by Cp and by imidazole to give
cob{IIT}alamin, and by hydrogen-atom donors, such as thiols and isopropanol,
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to give cob{IT}alamin and neopentane., It has been suggested that
necpentylocbatamin provides a model for the labilisation of the Co—C bond in
the vitamin B;,; coenzymes and pogsible mechanisms for the iscmerase reactions
have been discussed [253].

The crystal structures of the camplexes trans-[Coldmg), (neopentyl) (py)) and
trane—[Cotdmg) o { (Mea51) 5C} (py} ] have been reported [254]. Of particular note,
the Go—a-Y angle {Y = C or Si) is 130,3° in the carbon derivative and 127.7° in
the (trirethylsilylimethyl compourxd, the latter value being similar to that of
125° gbserved in the coenzyme. It appears that steric effects are important
in destabilising the Co—C bond in such compounds, but an additional factor
cantrolling Co-C bond lability is a distortion of the Co-C—C bond angle fram the
normal tetrahbedral angle. ‘The longest Co—C bond in a vitamin By, model is
reported to be found in trars—[Co(dmg), (CHMe.) (PhiP) ], where Co—C is 2.22(2) A
[255], even longer than the band length of 2.085 A found for
trans~{Co{dmg) » (CGHMe,) (pyi] [256].

Direct cbhservation of CoC hand cleavage in
trane-{Co{dmg} 2 { {R}-1-cyancethyl}{ {S) - {-}—a-tmethylbenzylamine}] has been reported
durirg exposure to ¥-rays [257]. The reaction is sc slow that three—dimensional
intensity data can be abtained at the initial, intermediate, and final stages of
the reaction. EPR spectra of the crystal indicate that the Co~C bond is
cleaved homplytically by X-radiaticn.

The preparation of trans-{Co{dmg}.{nitromethyl) ipy}] has been descrilked and
its crystal structure determined [258). Preparations and structural
characterisation of the complexes [Cof{dmg);{L)(X)] {where L. = 3- or 9-alkylated
adenine; X = alkyl or P{0) {OCHs;) .} have been reported [259]1. Details of the
preparation of further altkyleobalt camplexes as models for coenzyme By, have been
published [2601.

A series of complexes of the type [Coldrg)(BusP}{5-R-tetrazolate)] {where
R = (F3, CHs, CeBs, CeHsCHy, (CHi)oN, 4-FCsHs, or 3-FCgH,; S-R-tetrazolate = (23)}

A
4 N\NQN/“ |



27

have been treated with a variety of alkylating agents. Comparison of NMR spectra
with those of known campowds established that, in each case, regiospecific
alkylation of the coordinated tetrazolate produced exclusively 1,5-disubstituted
tetrazoles [261]. The 2.9 values for the carboxyl group ionisation in fifteen
complexes of the type [Cof(dmg), (2—carboxyethyl)}L] {where L = S-methyl sulphides,
primary amines, substituted pyridines, or thiolate anions} have been determined
[262].  The cbserved pK, 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 reacticns of the
complexes [RCo{dmg}: {(E.}] (R = CH:} and [RCo{ (DO} {mﬂ}pn}(ﬁiz}]* R = CH;, or
CzHs) (24} have been reported [263]. Comparison of the activation parameters,
with those for the corresponding agquaccbalamin, suggests that the lability of
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the biclegical complex is mainly due to entropy effects. An electrochemical
compariscn of hoth alkyl and nonalkyl cobaloxime, and Co{C; (DO) (DOH}pn?} By»
mxdel complexes, with five coenzyme B;; complexes has besn made [264]. The
results have established that the CoiC, (DO} {XHipn} model is a closer
electrochemical mimic of By, than is the oobaloxime model., A neglected feature
of the cobaloxime model is the formal -2 charge on its

bis{dimethylglyoximato) tetradentate ligand. The corrin in coenzyme B;, and
the Co{C: (DO} {DOHIpn} B:: model have equatorial ligands with formal -1 charges.
Thermodyramic parameters for the bonding of a sixth ligand to a nurber of Eive
coordinate alkylcobalt{III} camplexes have been measured {265]. Substantial
differemces in the enthalpies of axial hond formation are caused by changes in
koth the ¢trans and ¢ig ligands.
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The reaction between methyloobalamin and metal conpounds plays a major role
in biological transmethylation and may alsc be involved in the geochemical
cycling of metals [266]. Methyl compounds of mercvury, arsenic, selenium and
tin cocur in nature. It has been found that the rate of methyl exchange
between methyloobalamin and metal substrates is very dependent cn the nature
of the ligands on the metal. The effect of halide ions on such reacticns has
now been studied in detail [2677.

The kinetics of axial ligation by ammonia of a series of
trans-organcaquacobalt {I1T} camwplexes, having a near macrocyclic equatorial
chelate ring, have been measured for aqueous solutions as a function of the
hydroxide icn concentration [268]. In the case of [Reo{(DO) (DOH)pnl]l complexes,
evidence for the conjugate base mechanism, involving deprotonation of the
equatorial system, was cbtalned not only for base hydrolysis but also in the
substitution of the axial water ligand.

Stericaliy hindered secondary alkylcobalamins, carrying hydrogen in the
f~position, decompose spontanecusly in neutral aqueous media by a f-elimination
process [269]. The cleavage of the Co=C bond in these compounds is believed
to be caused by "wpward" distortions of the corrin ligand, in response to the
attachment of the axial base, 5,6-dimethylbenzimidazole, as well as by thermal
motions of the corrin ring system.

The proton transfer reactions of [Cotll{dmg):X;1"" ions with OH have been
studied in dicxane-water media by temperature jump techniques [270]. The
kinetics of the iron{II} reducticon of trans-[Co(dmg).{py}X] camplexes (X = C1,
Br, or 1} have been investigated [271]. These latter reactions show an
Inverse dependence on [H+] , suggesting an inner sphere mechanism involving
protonated and unprotonated species of the complex. The iron{II) and
vanadium(IT} reductions of trame-[Co{dma):{N3}.] and trans-[Co{dmg)z (NCS):]
have also been studied [272].

Retention of stereospecific ?!P chemical shift and coupling phencmena in
heterocyclic diphosphine ligands on camplexation with [Coidmg); (CH:)1 has been
observed [273].

A mmber of tris chelates derived from dihydrogenviolurate {the moncamion
of 1H,3H,S5H-pyrimidine-2,4,5,6-tetraone-5-oxire) or 1,3—dimethylviolurate (the
monoanion of 1,3-di-methylpyrimidine-2,4,5,6—tetracne-S-oxime have been
synthesised [274]. The camplexes [ML:]" , with Co{III} {n = 0}, Fe{II} or
Ruf{II} (r = 1}, have the same fac stereochemistry. The effect of axial ligands
on the kinetics of the base catalysed cleavage of ethylecbaloxime has been
studied {275]).

Papers describing the synthesis of dimethylglyoximatocobalt(III) camplexes
with 4-picoline N-oxide and d-cyanopyridine ligands [276],



trans~acido-bis (diphenylglyoximato) (diphenvlguanidine)oobalt (I1T) camplexes
{2771, trans-bis{dimethylglyoximato)ds (amine)cobalt {IIT} complexes (amine =
anisidine, pyridine, or urea} [278], cobalt{III} complexes with
methyliscpropylglyoxime [279], and oligameric cobalt({III) complexes with
dodecane~2,3,10, 11-tetracne-3,10-dioxime [280) have been published.

An X-ray structural analysis of 2-methyladeninyl-cyano—ccbamide, a native
By analog, has been published {281]. Other related crystal structures
reported this year include those of trans-diamminebis {dimethylglyoximato) -
ccbalt{ITIT) nitrate and thiocyanate {282], and potassium
trang-icdonitrobis (dimethylglyorimato)cobaltate (ITI) [283].

A thesis describing details of ligand exchange reacticns of cobaloxime
complexes has been published [284]. Other kinetic investigations described
this year have dealt with: the replacement of the nitro-group in
{Co {dmg} » (N0;) {amine) ] camplexes by protonic {MeOH} and dipolar aprotic {(dmf)
solvents [285]; the hydrolysis of trang—thicsulphato-containing dioxime
complexes of cobalt {IIT) [2861; and the aquation kinetics of [Co{dmg)a (NO2} (X}}~
{X = halide} camplexes [287].

' R spectra of cobalt(III} complexes of dimethylglycxime and
diphenylguanidine have been published [288]. 2 complete interpretation of
the '3C MMR spectrum of dicyanoccbyrinic acid heptamethyl ester and a partial
assigmment of its 14 NMR spectrnum has been made [289]. Also, coordination
campounds of cobalt{ITI) with dioxime and sulphanilamide ligands have been
reviesmed [290].

The crystal structure of trans-[Co(dmg):Br (PPhi}] has been determined [291].
Remarkably stable cobaloximes of camposition [ iR} ,C=C=0CHCo (dmg)» {py}] have
been characterised [292] and 'H and *°Co MMR spectra of cobaloxime complexes
have been investigated [293].

1.1.4.8 HMacrooycles

The {R}-2-methyl-1,4,7-triazacycloncnane] (1,1,1-tris {aminamethyl}ethane]-
ccbalt {111} ion and scme mono- [ (Ri~2-methyl-1,4, 7-triazacyclononane] cobal 6 {TTT)
complexes have been prepared and characterised and (D spectra determined [294].
The 2-methyl-1,4,7-triazacycloncnane ligand is shown in (25).

A new (triazacyclononane) {tribenzo(s, f ,.J1 (1,5,9] triazacyclododecans) cobalt (ITI)
complex has been prepared and resolved, and the CD spectra have heen reported
[295). Tha nitrogen—containing macrocycle
tribenzo[b,t,p]1,4,8,11,15,18-hexaazacyclcheneicosane (26) has been synthesised
by a series of reacticns involving the alkylation of doubly Gaprotonated aromatic
amine caplexes of cabalt{IIT} {296]. The free macrocycle was recovered fram
its ookbalt(ITI) complex and characterised,
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The stereochemistry of the {1,4,7,11,14,17-hexaazacycloeiccosane)cobalt {III)
ion has been studied {2971. For this complex, three geometric iscmers are
possible, two of which can have NH diasterecisameric foxrms, giving a total of
six getmetrically distinct species. °C MMR spectroscopic studies indicate
that the isclated camplex is one diastereoiscmer only, with C; symmetry, and
its structure has been assigned as the A-mer, cig-RR/4-mer, cis-55 racemabte.

Preparation of 1,4,7-triazacyclodecane.3HBr (tacd.3HBr}, by the
Richman-Atkins synthesis for cyclic polyamines, has given the trans and
eis—iscmers of [Co(tacd),]1¥, in the equilibrium tatio 96:4 [298]. Two other
complexes were alse obtained in these studies, and these have been characterised
(**c, 'H WMR and d-d spectra) as single isamers mer,cis- [Cothace)1®* and
eig-[Coldtah) )3* (hace = 1,4,7,11,14,17-hexaazacycloeicosane; dtah =
1,16-diamino-3,7,10,13-tetraazahexadecane). These hexamine ligands are
coproducts with tacd in the Richmen-Atkins synthesis.
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The crystal structure of [Coi¥-rac-Me[l4]ldiene N,} (OH:) ((H;}][C104]; has
been reported [299]. The cobalt(III} complex of tetradehydrocorrin (27}, with

Me Me
Me Et
Me
Me
Me et
Me Me
(27}

pKa's of 6.15 and 11.50 for the successive imnmisation of axial aqua ligands,
urdergoes auto-reduction to the cobalt(IT} complex in aguecus carbonate
soluticns [J00). Kinetic analysis has indicated that the reaction sequence is,
one—electron transfer from the axial hydroxo ligand to the metal, subsequent
henolytic cleavage of the Co—OH bond and, finally, scavenging of the resulting
hydroxyl radical by [0021%.

The thermally stable dimethylcobalt (ITI) macrocycles, trans-Me;Cof(drmH) (28)
and trans-iMe;Coltim)][Cl0,] (29}, are strongly labilised upcm chemical and
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electrochemical oxidation, leading to the selective scission of only one methyi
ligand [301]. ‘The formation of highly labile dimethylcoobalt(IV) catioms, as
reactive intermediates in these reactions, is evident fram the irreversibility
of the cyclic voltammetric wave, even at -78 °C.

Structure-reactivity relations, and reorganisatiomal barriers for outer-sphere
electron-transfer reactions of low-spin cabalt(IIT}—cobalt{TT) couples of
structurally homologous macrocyclic camplexes of the type trans—[Co(N,) {OH,) )% %27,
have been studied {302]. The [{{H.0}Co{[l4]aneN,}}.0:]*" u-peroxo camplex
decomposes slowly in acidic agquecus solution [303}; the process has been
proposed €0 involve rate-limiting homolytic dissoclation of the p-peroxo complex,
with the reactive intermediate species being [Co([14}aneN,} (OHp) .1%% and
[Co{(14)aneN,} {OH,) (0:}]12*., The effect of anions {e.g. C17) on the decomposition
was also considered.

The two geometrical isamers of F-rac-trans-[CoCl(Meg [14]diene) (N0,}]T have
heen isclated, in which the chloride ligemd lies syn Or aati to the two chiral
N-H groups [304]. The syn-iscmer aquates slowly, whilst the enti-iscmer aquates
rapidly. These results have been rationalised in terms of the macrocycle folding
towards or against the leaving group in the transition state of the reaction.

On this basis, it is possible to rationalise the aguation rates of a variety of
macrocyclic complexes of cobalb{III).

The photodealkylation of dimethyloobalt (I17) macrocycles has been studied
[305] and the crystal structure of the camplex eie- (SSSR}-{brams{dibromoacqua (2-))-
(2R,5R,8R,11R} {2,5,8,11-tetracthyl-1,4,7,10~tetraazacyclododecane) joohalt (111}
has been determined [306].

The rates of substitution of cobalt{II} into [2nL]2®* camplexes, where L =
5,7,7,12,14,14-hexamethyl-1, 4,8, 11-tetraazacyclotetradeca-4,11-diene, in nitrate
media, has been studied spectrophotometrically. Absorpticn changes were recorded
at 28,700 cm™!, corresponding to the absorption maximem of the bimuclear complex
[LCO {0, )CaL] “*, formed by interaction of [CoL]?* with dissolved 0. 1307].

1.1.4.9  Porphyrins

The first accurate direct measurements of electron exchange rates of
cchalt(ITI}—ccbalt{II} tetraphenylporphyring indicate rate constants of 9.69 ¥ is™?
{outer-sphere for bis{pyridine)complexes} and 2.71 x 10" ¥ 257! {chlcride hridged
inner-sphere} in (MCl,; [308]. A kinetic and equilibrium study of the reactiem
of pyridine with {meso-tetrakis {4-sulphonatophenyl)porphyrinato }diaquacobaltate (I11),
[Co{TPPS) {H20) 1%, between pH2 and 13 at 7 = 1,0 ¥ (MalClO,1}, has been published
[309]. A further kinetic study has dealt with the reaction of
mzgo-tetrakis (4-#-methylpyridyl porphinediaquacchalt (ITT}, [CoiNy) (H20}2] %" with
[Co(M) 1%, [Fel@e]®, Mo(a¥) )13, and [WICW)e]°®" [310]: the formation
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constants for {Co(M.) {H:0) fanion)]?*t are 446, 1320, 3100 and 1380 ¥ 1,
respectively.

The EPR spectra of the paramagnetic species generated electrochemically
from o, 8, v, $-tetraphenylporphinatocobalt(IT), [Co' (TPP}], have been cbserved
at low temperature in chlorinated or non—chlorinated solvents [311]. Fram the
EPR parameters obtained, three different paramagnetic species [(bIII('I'PP)]“(x_}z,
(o™ IPR) 124 (¥ 7Y, and (o™ T TER) 127 (X} (¥7) have been identified.

Photoreduction of [Co™ T{TPPS}1®~ by methanol and 2-propanol in deaerated
solutions has been observed. The resulting cobalt (II)-porphyrin can be
recxidised by 0. ar air, thus providing a catalytic system for the oxidation of
alechols {312]. The synthesis of a-styrylecobalt{III} porphyrins has also been
described [313].

1.1.4.10 Other Nitrogen Ligands

A variety of tris{pyridinejccbalt{III} complexes have been prepared and
their spectroscopic properties studied [314]. The synthesis of
tri-p-hydroxo-bis{tris {pyridine}cobalt {IIT) } perchlorate has alsc heen described
[315]. Other synthetic work has Gealt with the preparation of octahedral
N,¥'-bis (2-bipyridyimethyl}-1,2 (R} —diaminopropane complexes of cobalt(TIT) [316]
and complexes of cobalt({TIT} with 2-hydrazinobenzimidazole [317].

NMR spectra amd C-2 hydrogen exchange for cobalt(IIT) camplexes of imidazoles
318] and the polarcgraphy of a cobalt{III} camplex of poly(4—vinylpyridine}

[319] have been discussed,

Crystal structures of interest reported this year include:

{-) sgo—cta—f~ (2R, 8R}-2,8-di {2-pyridyl) -3, 7-diazanonane {oxalato) cobalt (TIT}
perchlorate (3201; (-}spy-tris(biguanide)eobalt{IIT) chloride D-tartrate
pentahydrate {321], and (+) sge—ab-oxalato—ed,ef-bis{ (-)-1(S)- (2-pyridyl)ethylamine}
cohalt {III} perchlorate [322].

The diamagnetic cobalt{II} camplexes [{Co{CyH:Mui:L}2] {L = H20 or dmso},
dimers of bis{diethyliminosuccinonitrile)cchalt{IT} have been synthesised and
converted to the planar cobalk (I} complex [CoiCqHN4)z]” and the square—pyramidal
cbalb{IIl) camplexes, [Co{Me) {(C.HNy):1 (30) and ICo{N) (C,H:N4):2]1; the
structure of the latter compound has been determined by X-ray analysis [323].

NC
N,
' Co
ﬁN/ \N’
NC H H CN

{30)
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Intramblecular electron transfer in ruthenium(IT)-cobalt{ITT} binuclear
complexes, containing pyrazine, 4,4'-bipyridine and selected pyridinecarboxylate
anions as bridging ligands, has been studied [324].

1.1.8 Complewes with phosphorus donor ligands

The camplexes [Co{M0.} {acac),L] have been prepared for L = PBuy, PBu;Ph,
PMe;Fh or PMePh:. Moreover, [CoiNO,};{acac) (PMe;Ph);] has been cbtained by
the reaction of phosphines with NalCo({NQ;) facach,]) [325]. A eig{NOz,F)
configuration has been assigned to [Co{MO;) {acac) ;L] and a tranc{P,F}
confiquration to [Co(NOs},{acac) {PMe,Phj,].

The temperature dependent *Tp&>'A; spin equilibrium in the mix-coordinate
iCal,} [FFs) complex (L = {CsHsCo[P(0} {OC:Hs) 213} ) has been studied in solution
by *!P MMR spectroscopy [326]. The preparation of a novel complex of the
o™ P} ** type, tris{l,2-bis (dimethylphosphino)ethans}ocbalt (III} perchlorate,
has been descriked (327]).

1,1.6 Cyanide complezes

A variety of papers dealing with cobalt (III) cyanocomplexes have appeared.
The substitution of [Co{}s{ON) 1% by [N:;] in aqueous solution has been shown
to occur via [CoiC¥)s{0Hz) 12 in equilibrium with the hydromo-camplex [328].
The photo-aquation of [Coi{CN} ] % has been stuliled as a function of pressure
up to 1500 bar and evidence for an Iy type of photo—acuation presented [329].

A new discussion of the structural and physical changes which occur in
dehydration of Co;[00(N)s]2.12H,0 has been published [330]. Ab initdo
calculations have been carried out on the electronic structure of [CoiCN)el®”
[331), and the charge transfer photochemistry of [Co{(N}s{OH}]?  has been
investigated (332]. The electronic absorption specira of pentacyano oomplexes
of cobalt{III} have been studied (3331, ard the preparations of new
p-oxalatobis{pentacyanocobaltate {III)} salts have been described [334].

1.1.7 Miscellaneous Topice

The use of preparative high-pressure liquid chromatography to separate
oobalt {TIi) complexes has been discussed [335], as has the resolution of some
cobalt {III) complexes by adsorption on a colleidal clay [336].

The potential of ®%Co NMR spectroscopy with a chemical shift range of over
14000 p.p.m., is begiming to be realised. Thus the °Co chemical shift of
[Co{M) ;1% provides a sensitive method for studying electron acceptance and
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hydrogen hond donation by protic solvents and there is a linear relationship
between the chemical shift and the Gutmann acceptor mmber of the solvemt
employed [337,338]. A 5°Co MMR study of the magnetic shielding of the cobalt
nueleus in a variety of cobalt{III} complexes has also been published [339].
Lewis acids dramatically enhance the coxidative power of oobalt nitro
camplexes [340]1, Thus, in the presence of BF3-Et,0 or LifPFs], cobalt nitro
camplexes axidise primary alechols to aldehydes, and secondary alcchols to
ketones, However, mo reaction is cheserved in the absence of Lewls acids.
process {i) M-ND; + S+ SO + M-NO, {ii) 2M-N0 + Q; + 2M-N0;, for the catalyti

iy 1Ll ZPIIN iz i [E=0 40
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oxidation of organic substrates {S} by dicxXygen is possible. Owidation of certain
cobalt nitrosyl camplexes by 0 to ccbalt nitro complexes has been reported
mrevicusly {341]. The reaction of [Co{iND;}s1% with L-histidine has been

studied [342].

1.2  QOBALT{II}
1.2,1 Helida Complexes

Mixed pentahaloccbaltates{II} [3431 and the thermodynamics of formation of
cobalt{II}~-fluoride complexes in agqeeous solution have been studied [3441.
Mixed halocobaltates{II} of the type AJCOLXX'] (A = MEt,, WPr,, PPh,, AsPhy;

L = PhyP; X,X' = Cl, Br, or 1} containing two different kinds of halogen atoms
have been isolated and characterised [345]. Inner-sphere coordination of
chloroform in the tetrahedral high-spin complexes [CoX,{PPh,).] (X = 1, Br, or

T) and [NR,][CoI,{PPh3}] has been detected by 'H and 1%C MMR spectroscopy [346].
Sorbtion of cobalt(II) halide species on an lon exchange membrane has been
studied by spectral measurements in the W visible and far IR reglons [347}.

I microcalorimetric and spectrophotametric investigation of the ocbalt{I1)-bromide
system in etharol has been published [348]. Temperature—jump studies on the
ligand substitncion reactions

[CoCL, 1%~ + [SCN]T — 3 [CoCly{sC)12™ « €1

[CoCls (SO 12~ + [SCH]™ — [CoCl, (SO 2127 + C1°
in reversed micellar systems have been published (3491,
1.2.2 Complezes with cxygen or sulphur demor Uigands
1.2.2.1 Oxygen ligands

1,1'-Dibenzoylacetylferrocene complexes of cobalt (II) have been prepared
and characterised [350]. Two confiqurations (31) and {32) are possible far
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such complexes and their structures have been discussed on the basis of UV/vis
and Mpssbauver spectra and magnetic measurements.

The reaction of Cofacac),.ZH:0 with Ph;&s0 in ethanol gives mainly
Co{acac) 2. 2PhaAs0, with a small amount of ([{Cof{acac):}:PhiAs0]. The latter
cplex is binuclear with three Co0—o hridges [351]; one bridging oxygen
arises from the arsine oxide ligand, and the other two come from the
pentanedionato ligands,  Several new complexes of cobalt{II) aryl carboxylates,
Cof0:CeHyR}: (R = 2-Me, 2- or 3-C1; 2- or 3-NOp; or 3-M=0), have been prepared
by heating an ethanolic sclution of the cobalt(II} aryl carboxylate under reflux
with cquinoline or isoguincline [352]. Magnede and spectral studies suggest
that the cquinoline derivatives may have the copper{II} ethancate monchydrate
type dimeric carboxylate bridged structures, formuilated as [Co; (0»CCsHWR}y L) 2],
in which cobalt(II) is sguare pyramidal. The isoquinoline derivatives are
monomeric bis(amine} camplexes, with a trans configuration involving bidentate
carboxylate ligands.

The complex Co:{L} (py)s i{where L is the dianion 1,1,1-triflucro-2,4,6-
heptanetrionate) has been characterised and shown to exhibit antiferromagnetic
exchange [353). The question of the ocourrence of ccbalt({Ii}—ether bonds has
been discussed in two letters (354,355]. An etherate of CoBr, has been known
for many years [3561 and the solids [OoCl, (diox)], [CoBr,{diax)], and
{CoBr; {dict) ;] fdiox = 1,4—dioxan) have heen shown, on the basis of magnetic
data, to contain octahedral ccbalt{II) with dioxan oxygen as a ligand [357].

The single—crystal EPR spectra of the base adducts of cobalt{II}
pentane-2,4—dionate with f-methylquinoline, pyridine, or water have been recorded
[358i. A further EPR study has dealt with pentakis(picoline ¥-oxide)cobalt (1T}
perchlorate, which is high spin with a trigonal-bipyramidal structure [359].

Crystals of Co{H,0) ¢ (N3} . 5hmta. 4H,O have been the subject of a recent
X-ray sbudy [360]. The low temperature {2-70 X} magnetic properties of
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polycrystalline bis(2,2,6,6-tetramethylheptane—3,5~dionato}cobalt (II) have been
studied [361].

Dimethylsulphoxide craplexes of cabalt{II) and various other transiticn
metal ions have been characterised as their perchlorate salts [362j. The
camplexes are liable to incorporate additicnal dmso and perchloric acid beyond
the campositicn M{dmso)stclos.)n: dmso is camparable bo urea in its spectrochemical
and nephelauxetic strength. Variable temperature and pressure 70 MR studies
on the water excharnge an [Co(H:0)¢]1 [C10,1: in water give the following
parameters: Kzee = 3.18 x 10° 572, A4* = 26.9 kI mol17t.  AST = +37 K} mol7?,
and AV¥ = +6.1 em® mol™? [363]. There is a gradual mechanistic changeover from
I, toI, for water exchange from manganese (ITI) to nickel{II}. The formaticn
constant for the 1:1 camplex between ccbalt{II) and ethancate ions, [Co{0.cme)] ™,
has been determined cwer the temperature range 25-75 °C, both by spectrophotometry
and by potentiometric titratiaon [364]; at I = 1.0 M, & near zero enthalpy of
formation was chserved. A oomparative study of solvent extraction of cobalt({II}
with benzoyl- and thickenzoyltrifluorcacetones has been made [365].

Solution studies of related cobalt{IT} camplexes reported this year have
included the determination of formation constants with cobalt(II) with the
following ligands; 2,2'-bipyridine-1-hydroxy-2-naphthoic acid and
2-hydraxy-l-naphthoic acid [366}; 3,5—dichloro-2-hydroxyacetophenone [367],
glutarate [368); 2-hydroxy-3-iscpropyl-6-methylbenzaldelnyde [369]: diglycollic
acid ([370); phlorcacetophenone [371); cyanoethancate [372]1;
S-hydroxy-2-methyl-1,4-naphthoquincne [373] and 2-owopropancate [374].  Synthetic
studies have dealt with the preparation of ccbalt (IT) arylates and their mixed
coplexes with diethylamine [375]; the preparation amd characterisation of
cocbalt chloride phosphate [Ooz (PO,ICL) [376]; the synthesis and physical
properties of alccholatoccbalt (IX} chlorides [377]; mixed ligand cawplexes of
cobalt {IT) trifluworo- and hexafluoropentane-2,d—dicnates with ¥—domor heterveycles
i378]; cobalt{IT} camplexes of eis,cis-1,3,5-trihydroxycyclohexane [3791, and
cobalt{IT} complexes of 2-furancarboxaldehyde [380],

Sever-coordinate ocbalt{II) has been observed in dinitratocobale{II}—-[i12]-
croesn-4 and diaquacobalt {II)dinitrate-[15]-crown-5 {381]. Alsc, the structure
of dinitratobis{phosphoric acidltris(dimethylamide}cobalt{II} has been determined
[agz].

A thesis has dealt with ocomplexes of cobaltiiI} chloride with tertiary
phosphorus esters [383) and a further thesis has dealt with the single crystal
electronic absorption spectrum of potassium 12-tungstocobaltate (IT} [384].

NMR irmvestigations have included a study of the complexing of cobalt{II} by
several organic acids [385], an MR relaxaticn study of molecular motion and
microstructure of the hydration shell of cobalt(II} [386], and a 'H MR
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investigation of the oompositicn of the first coordination sphere of ccbalt{IT}
in mixed solvents [387].

The reactions of cubalt (IT) complexes of dibenzoylmethane with nitrogen
heterocycles have been studied [388] amd the use of dibenzoylmethanate as a
reagent for the solvemt extracticn of cobalt{II} has been investigated [389].

The antimicrobial activity of cobalt({II} camplexes of 3,5-dinitrosalicylic
acid has been sihadied [390] and kinetic studies on the formation of cobalt({II)
carboxylates by the shock wave method have been reported [3%1].

The camplexes {Co{0;CR)3][ShCl¢]): have been prepared (with methanoic, ethanoic,
propancic and chlorvetharoic acids) by reacting aliphatic acids with
[Co{MeNO2} ] [SBC1e12 [3921.

1.2.2.2 Diomygen complexes

Molecular oxyuen adducts of cobalt{II} complexes have heen reviewed [393].
The rescnance Raman spectnum of {{Co{salen)};{0:)i has been determined in the
crystalline state [394]. The 0; stretching and symmetric and antisymmetric Coo
stretching vibrations occur at 1011, 533 and cae. 370 anw !, respectively.
Vibhraticmal studies of {tetraphenylporphyrinato)ccohalt (II) and its adducts with
0, 00 and NO in gas matrices have also been reported [3595].

The thermal stability of dicoxygen adducts Colbzacen) (B} (0;) {where B is a
series of pyridine or alkylamine derivatives and bzac;en =
¥,¥'-ethylencbis {benzoylacetoneiminatojdianion} have been investigated [396],
The complex [Co{en) ;12" can be synthesised in the supercages of faujasite—type
zeolites by adsorption of gaseous 1,2-diamincethane [397]. Upon heating,
iCoien) 312 decomposes to {Colen),}?* and {Colen) }?*. The momo and tris
camnplexes are not capable of binding O,, whereas the bis complex forms the 1:1
superoxc~camplex [Cofen); {0,112 and the 2:1 monobridged peroxm-camplex
[{Colen) 232 (02} 1*" with O,.

Steric conformational effects an the reversible wrygenaticn reaction in
pyridine solutions of ccbalt(IT} complexes with Schiff bases derived from
salicylaldehyde and 1,2-disubstituted 1,2-diaminoethanes have been studied [398].
The "annelides" represent a new type of surfactant comtaining a polar head able
to bind selectively to a metal ion and a hydrophobic tail to impart amphiphilic
character to the ligand and allow the formation of ordered aggregates [399].

The interaction of 0, with the cobalt(II} complexes of such systems has mow been
studi=sd [400]). The direct determination of the rate constant from the reaction
of dioxygen with a cobalt(II} amine camplex has been reported [4013. Reaction

of O; with scme mixed ligand canplexes of cobalt{IT} containing diethylenetriamine
as one ligand has been studied [402]. ‘The fixatiom of O, by same cabalt({II)
camplexes of Schiff bases in the solid state [403] and the oxygenation kinetics
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of cobalt (IT) complexes containing tripodal polyamine ligands [404] have also
been investigated.

A thesis dealing with ccbalt{II} and iron{Il} complexes of capped porpiyrins
which act as models for biological oxygen carriers has appeared {405], and
resonance Raman investigations of the diosygen carrier [Co{sal:en)] amd its
u—peroxo-complexes [{{L) {sal,en)Co}; {0,}] (where L = dmso, py, dmf, pyO or NO)
reported [406). A further review of synthetic oxygen carriers has appeared
[407] and a thesis dealing with the effects of o-basicity, danor type and chelate
ring size on the therwodynamics of dicxygen binding to cobalt{II} camplexes has
been published [408].

1.2.2.3 Sulphur-containing ligands

CobaltiIT} and nickel (IT} camplexes of the sulphur containing ligands
1-methoxy-2-methylthioethane and 2-methoxyethans thiol have been characterised
[409]. The complex [Co{Ag(SCt-SeC}}.] has been prepared and the products
cbtained with a variety of Lewis hases (thf, dioxan, aniline, dmso or dmf}
studied [410]. Coordination polymers of copatt{II} {amd nickel{IT), copper(II)
and palladium{II}} with 2,6-dimercapto—4-aminc-1,3,5-triazine have been studied
and spectral and magnetic data reported [411]. ‘The synthesis and structural
characterisation of the paramagnetic octahedral cobalt-sulphur cluster
[Coe (p=-S} s (PEL;) 4] [PBhy] has been described [412]. Each ccbalt atam is located
at the vertices of an octahedron with the sulphur ligands triply bridging all
the octahedral faces.

Cobalt{IT} {and cobalt{III}} complexes of thiosallcylohydrazide
{(33; Ryi=Ry=R;=H) and a variety of its derivatives have been prepared and

OH

(33)

characterised (413], as have ocbalt(II} complexes of the ligand
1,4~-diphenylthiosemicarbazide [414], which can exist as thicketo (34} and
thicenol (35} tautocmers.

The complex Co (MO}, {S:N)} can be obtained by treating the primary product of
the reaction of [Co: {00)s) and S.N, with gaseous nitrogen oxide {415). An
X-ray crystallographic stody indicates that the cobalt atom is in a
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Ph— MNH—C — NH— NH— Ph = Ph—NH—C{:N——NH—Ph
';, L

(34} (35)

pseudo-tetrahedral enviromment and is part of an almost planar {Cosa#}
metallocycle., Complexes of imidazoline-{1,3H)-2-thiome {which can exist as
the tautamers {35} and (37)} with ccbalt(II) have been prepared [416].

SH S

NZ\NH — HN)kth
=/ T\

{36) (37)

The properties and crystal structure of diaquabis{methylthiocethancato)cobalt{II},
{Co{CsHs80,) » (H;0};], and the anhydride cbtained on heating to 140-150 °C have
been investigated [417]: each methylthicethanoate ligand is bidentate via a
suiphur atom and a carbonyl aygen atom. The infrared and visible spectra of
the anhydride resemble that of the bis(propylthicethanoato}coobalt(II) hexamer,
Cobalt{il} camplexes of syn—thiophene-2-aldoxime {38} [418] and

(38)

N-{5-phenyl-1, 3,d-thiadiazol-2-ylidithiocarbamic acid (419] have been
characterised}. The latter camplex has been tested for fungicidal activity,
but activity was only observed with the manganese(ITI), ireni{III) and copper{II)
caplexes. The camplexes CaleX: (X = Cl, Br, or I} have been prepared by
reacting cobalt {IT} halides with ¥-methyl-¥'-ethyl-, ¥,¥'-dimethyl~ or

N ¥ —-diethyl-imidazolidine-2-selcne (39) [420]. The ligands (39) with Co{EF.):
gave the CoL, (BEF,}, complexes only with the disubstituted ligands,
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Crystal structures have been reported for the dithiophosphato camplexes
[NRy] [M({S:PPh2}3] {M = Zn or Co; R = Et or Me} [421). Electrochemical and
spectroscopic studies of the cobalt (IT) complexes of the sulphonephthalein
derivative, xylenon orange, have been published [422). Spectral and magnetic
studies on ccbalt (IT) complexes of 2,5~dimercapto-1,3,4-thladlazole and
S-mercapto-3-phenyl-1, 3, 4-thiadiazoline—-2-thione have been reported [423]. The
copalt {11} complexes are tetrahedral, Mn additional imestigation has dealt
with the extracticn of cobalt(II} from aquecus solution using
S—terdodecylthioglyoolic {40} acid [424].

R

I

R—— C — S — CH,CO0;H
|
R

{(40; B = Cy Hys)

Crystal structures of cobalt{II) complexes with S—donor ligands reported this
year include those of bis(2-aminothiazole)dichlorocobalt(II} (425} and
ethanoatobis (propanone S-methylsemicarbazone)cchalt {11} icdide [426).

Further investigations involving sulphur containing ligands include the
following: complexes of cobalt{IT} with 3-methyl- and 3-ethyl derivatives of
4—-amino-5-mercapto-1,2,4-trinzole [427]; cobalt{II}) camplexes of
methylenebisthicethanoic acid and their interaction with pyridine [428];
cobalt{II} complexes of the psel.ﬂd‘talide 1,2,3,4-thiatriazol-5-thiclate (429];
cobalt{IT} complexes of dithicxamide {430,431]; spectral and magnetic studies
an cobalt (II) camplexes of 2,5-dimercapto-l,3,4-thiadiazole and
S=mercapto-3-phenyl-1, 3, 4~thiadiazoline-2-thione [432]; cowplexes of cobalt (IT)
chloride with macrocyclic thicureas [433]; cobalt{II} camplexes of
F-phenyl-¥'-benzothiazeol-2-yl thiocarbamide [434] and substituted
amincbenzothiazoles [435); base adducts of #,¥'—di (thiocarbamyl}hydrazinatocobalt (TT.



42

[436] and cabalti{Ii) complexes of hydrazodithicamide (H,NCSNHNHCSNH.) [437].

Cobalt{II) complexes of ¥-benzoyl-#'-{4-phenylthiazol-2-yl}thiocarbamide
have been investigated as potential fungicides [438] and the synthesis and
properties of cobalk (II) complexes with a,R-unsaturated thicaldehydes and
l-alkylthiacyclctutenium salts have been reported in a recent thesis [439]. The
structure of the cobalt{Il) complex of ethylensdiaminebis(dithiocarbamate), which
is an active fungicide, has been investigated [440].

Solution studies of mixed ligand complexes of ccbalt (IT) with bidentate
mercapto acid amides have been published [441] and mixed ligand complexes of
cobalt{II} with 6-mercaptopurine and thioguanine investigated {442). Cobalt{Il}
camplexes of biacetyl thiosemicarbazone and biacetyl 4-phenylthiosemicarbazone
have been characterised [443]. Cabalt{IT} complexes of thic-5chiff bases
derived Eram methyl dithiocarbazate and the carbonyl compounds,
2-hydroxy~1-naphtrhaldehyde and 2-hydroxy-5-bramcacetophenone have also been
characterised [444).

Spectral, magnetic and thermal studies have beem published for cobalt (IT)
complexes af 4-5-benzyl-1-{4-chlorophenyl}-5-phenyl-2,4-isodithiobiuret [445].
Cobalt{IT} complexes of the following ligands have also been studied:
2-phenylamino—5-carboxymethylthic-1, 3,4-thiadiazcle [446]; 1,4~ 1,5- and
1,6-bisthiosemicarbazones [447]; and dithiophosphate and dithiophosphinate [448].

Cobalt{II} complexes of N-amino—rhodamine (41}, of the tvpe CoL»X,, have been

NH,

{41)

prepared [449). ‘The ligand is bonded via the amine nitrogen atcm and the
thiocarbonyl sulphur atcm, and the oomplexes have a distorted octahedral
stereochemistry. Redox properties of cobalt(II) camplexes with the extended
n~system ¥,8'—ethylenebis {nonothicacetylacetoniminate) (42) have been studled
in MeCN by cyclic woltammetry and controlled potential coulometry [450]. The
electrochemical synthesis of (42) has also been descrikbed [451].

1.2.3 Compleres with oxygen-nitrogen donor ligande

Over thirty-five transition metal complexes of cobalt(IT) {and nickel{IT}
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and copper (IT) } with pentadentate Schiff base ligands derived from various
f~diketones (Hacac, Hrfacac, Hbenzac and 4-XHbenzac) and triamines
(dipropylenetriamine and 1ts F-methyl and ¥-phenyl derivatives) have been
isolated and characterised [452]. The cobalt(Il} camplexes are all high spin
five coordinate species with average Poff values of 4.3 Y which bind dixoygen
reversibly in solution.

The properties and structure of the flve-coordinate cobalt(II} canplex of
¥, 8 -bis [ {5—chloro-2-hydrogypheanyl j phenvimetivlene | —4—oxaheptane-1, 7-dlamine
have been described [453]. The metal envirtmment is distorted trigonal
bipyramidal, with the two Co-N bonds axial and the three Co—0O bonds equatorial.
Camplexes of the binucleating ligand (43 = 1H;} can be formed fram the condensation

N
Q_U_Q

{43; LHj3)

af two moles of 2,6-diformy]l-4-methylphenol with two moles of 1,3-~diaminopropane,
in the presence of divalent trangition metal lons {434]. Variable temperature
{4.2-286 K) magnetic susceptibility data for the bimx-lear high-spin
six-coordinate [LCo:{py)s) [BF:]: complex have now been reported [455).
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Pyrazine, when coordinated to transiticn metals, is an excellent bridging
ligand, allowing electron coupling between the metal centres wia orbital overlap
with the ligand n*—orbitals. The synthesis and the structural and magnetic
characterisation of three cobalt{II} complexes of Z-pyrazinecarboxylic acid and
2,3-myrazinedicarboorylic acid have now been described [456). In each case the
ccbalt is in a distorted cctahedral environment, coordinated to two nitrogen
atoms and two carboxylate oxygen atoms from different ligands and two water
molecules.,

Cobalt{IT} complexes of 1-{2-pyridylazo)-2-naphthol (B-pan) (44},
2-{2-pyridylazo}-1-naphthol (e-pan) (45) and 10={2-pyridylazo)-9-phenanthrol
ipaghen) (46) have been isclated amd characterised [457]. The cobalt{Il)
complexes are oxidised to the cobalt{ITI) camplexes in dmso in the presence of
copzer {I1).
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2-Methylaminopyridine F-oxide complexes have been prepared with CoXa
{X = C10y, BFy, N0, or Cl} [458]1 and this ligand appears to function rarely as
a bidentate donor. A varlety of ccbalt(II) complexes of 2- or
d-pyridinecarboxyaldehyde have also been characterised [459].

Ligands such as 8—quinolinolate, dithiocarbamate, and ethylbenzoylcyancethancate
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are versatile uninegative bidentate chelating ligands possessing anti-fungal
and/or antibacterial properties. The biological activity of these ligands is
enhanced by chelation with metal ions. Heterochelates containing two such
different ligands often give rise to mare poserful antifungal/antibacterial
action. The syntheses of the mixed ligand {8—~quinclinolato) (propane-2,4-dionato)
complexes of cobalb{II), and a variety of other first transition series metal
ions, have recently been described 1460].

Cobalt{IT} and zinc{II) induced amide deprotomation in
bis{ {(¥-2-ethanamido) iminodiethancato} complexes has recently been cbserved {4617,
This is the first example of amide deprotomation induced by zinc{II). Previcusly
copper {IT}, nickel {II} and cobalt{II} were believed to be the only first-row
transition metal ions capable of inducing amide deprotonation. FPseudotetrahedral
cobalb(IT) {and nickel{II} and copper{il)} camplexes of
R=(2-chlorophenyl)-2-{2',4 " —dihydroxyphenyl} -2-benzylazomethine of the type
shown in (47) have been prepared and their fungicidal and herbicidal actiwvity
accessed [462].

Rl
N~ M2 R
@— a,—¢ o Q
0
ct 0

(47} (48)

Reaction of cchalt{II} salts with 1-[ {substituted-pheryl)azo]-2]naphthol and
1-[{substituted phenylimino)methyll=-2]naphthol ligands in ethanol gives [(ol:],
ois—[Cof{HL) ;X,], and fae—[CoLi:] (463]. Tautcmerism in the camplexes were also
studied, Schiff base ligands derived from the f-diketone (48) have been prepared
and cobalt(TT} complexes characterised {[464].

The crystal and molecular structure of [L0oz{SP(0Et):}.] {where IH» is the
binucleating ligand (43) formed by condensation of the moles of 1,3-diamincpropane
with two moles of 2-hydroety-5-methylisophthalaldelnyde) has been determined by
X-ray diffraction (465]. [Each cobalt atom 1s in an octahedral envircriment,
with an {¥20:} equatorial plane, and two sulpur atams of bridging dithiophosphate
ligands in the axial positions. Cobale{II) and copper(II} complexes of some
a-{2~hydroxyphenyl ethylidene acyl and aroyl hydrazones of the type shown in {48)
have been characterised [466].
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Cobalt {11} camplexes with Jager-type ligands can reversibly bind dioxygen
at room temperature. A variety of nitvosyl ccbalt and nityosyl lren complexes
of the general type shown in (50) have been prepared and thelr vibrational and
EPR spectra examined, in terms of the electron-withdrawing effect of the
ethanoyl group [467],

()] CHy

{50; R = (CHz)z, (CHz)a or 2-CgHy}

Acid dissociation constants of epimeric threcomines {thr, aiile-thr} and
isoleucines (ileu, allc-ileu) and the formation constants of their camplexes
with cobalk (IT} and copper(TI) have been determined [468]. The natural epimers
form more stable oomplexes than the qllo forms. The mass spectra and
fragmentation patterns of a number of ccbalt(iT) and nickel{IT} conplexes of
2-hydrosy-1-naphthaldoxime, 2-hydroxy-i-naphthylidensaniline, and
2-hydroxy—1-naphthylidene-1, 2—diamincethane have been studied {469].

The EPR spectra of cobalt{IT)- and copper{II}—doped
bis{¥,¥-bls{2-diethylamino}ethyl}{ (2-hydroxyethyl) amino—0}dinickel {I1)
diperchlorate, [Ni,{bdhej.][Cl0,]2, have shown the presence of nickel {IT)-cobalt{II}
and nickel {IT}-copper (IT) paire [470]., Weak magnetic exchange interactions
between paramagnetic metal ions and coordinated ortho-semiquincmes in



47

(M9, l0—phenanthrenesemiquinone) ; (pyridine) ;] and tetranuclear
M, {ortho-semiquinone) ;1 complexes {where M = nickel(II} or cobalt(iI}} have
been studied [4711.

Formaticn constants have been chtained for cobalt (IT} camplexes of
ethylenediamine—N-acetate {edma)}, diethylenetriamine {dien), and iminodiethanoatc
{im3a) at 25 °Cand 7 = 1.0 ¥ (NaCl0y)) [472]. The structures of a variety of
cobalt (II) complexes of diaminetetraacetic acids have been studied by H MMR
spectroscopy [473]1. The kinetics of oxidation of ethylenediaminetetraacetato
angd #-{Z2-hydroxyetiyl)ethylenediamine—§¥, & ,H'—tfiacetato complexes of cobalt{II),
by H;O» in acidic solution, have been studied in detail over the temperature
rarnge 30-60 °C [474]. Formaticn constants for cobaltiIil) complexes with the
ligands 4-cximino-3-methyl-1-ghenyl-2-pyrazolin-S-one,
4-oximinc-3-methyl-2-pyrazolin-5—cne have been determined at 20 and 30 °C in 50%
{v/v aquecus-ethancl) [475). Formation constants have also been reported for
cobalt (I} complexes of inosine and 7-methylinosine [476), for ocxomic acid [477],
and for a number of cryptands {478)]. Solvent extracticn anxd oxidation of
cobalt {11} camplexes of 8-hydroxyquinoline and 7-{l-vinyldecyl)-8-hydroemyquinoline
have alsoc been studied [479].

Other studies have dealt with cobalt(TI) camplexes of phenyl urea [480} and
N-tert-butylurea [481]); five coordinate cobalt{IT} camplexes with acetamidopyridine
and diacetamidopyridine [482]; cobalt{II} camplexes of salicylaldehyde
semicarbazeme [483], the biclogically active S-pyrazolone [484}1, and
pyridine-4-aldehyde [485]; ocobaltill) complexes of acylhwdrazomes of
acetpacetate [486] and of azodicarbonamide [487].

Crystal structures have been determined for diaquaf?2,6-diacetylpyridinebis—
{salicylovlhydrazone) joobalt (II) nitrate hvdrate [4881; a complex of oobalt{II}
thiocyanate with propanoic acid hydrazide [489), and cobalt(II) isothiccyanate
aoplexes with carboxylic acid hydrazides [490].

Formaticn constants for cobalt{II} camplexes with the following ligands have
been determined: the 1:1 complex with mrexide in methanol-water solvent [491]:;
3-bramo—2-hydraxy-S-methylacetophenone, including its oxime and hydrazone [492];
bromobenzoic acid hydrazides [493); sodium 2-{4-amino—3-(1,2,4~triazoylazo) }-
naphthol-4-sulphcnate [494]; 3- (a-benzoylmethylbenzylideneamino) propancate [495];
4-{ (2-hydroxyphenyl ) hydrazono I-#-benzylsulphonyl) —3-methyl-2—payrazolin-S-one [496];
2-hydroxy-5~methyl-4-substituted-azobenzenes [4971; 2-amino-nicotinic acid [498);
4-{# (2-hydroxyphenyl} }toluene sulphonamide [499]; 2-{F-u-pyrrolideneimino)ethane
sulphonate [500): Jdiaminoacetyl urea [501]; & (5-methyl-salicylidene)benzylamine
[502}1; 2-hydroxy-1-naphthalidine-4-acetylamincaniline [503]; diethyl
2-carboxyphenylhy@razoncmalonate [504], and
2,2' ,4"~trihydroxy=5S—chloro (1-azo-1' )-benzene-3-sulphcnic acid [S05]).
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Investigations involving Schiff base ligands include the Following:
preparation amd structural studies of ¥, N'—ethylenebis{benzoylacetonimato)cobalt (I1}
[906); complexes of cobalt{II} with ¥,¥'-ethylenshis (2-hydroxy-5-methylpropio-
phenoneimine) [507]; a single crystal EPR and cobalt ENDOR study of [Colacaczeni)
i508}; oobalt{Il) complespes of N,¥#'-bis(benzamido)acetylacetoneimine [509];
cobalt {I1} complexes of Schiff bases derived from amincphencls and aromatic
hydroxyaldehydes [S10); cobalt{Il} complexes of Schiff bases derived from
salicylaldehyde and the amino-acids valine, methionine and a-aminohutyric acid
[531]; cobalt(II) complewes of the Schiff base derived fram isatin and
Z-aminophenol (5121, [513]); pyridine and picoline derivatives of [Co{sal,en}]
[514];: cobalt{Il} caomplexes of ¥,N-2-phenylenediiminebis(2-amincbenzaldehyde}
[515]1; oobalt{Il} complexes of polymeric quadridentate Schiff based on
zsalicylaldehyde [516] and cobalt{Ii} complexes of bis{azomethines) of
4-nitrophenyl-malondialdshydes [517].

The kinetics of the persulphate oxidation of
¥#- (2-hydroxyethyl ) ethylenediaminetriacetatocobal tate (I} [518] and
diaqua (nitrilotriethancato}ochaltate {11} [519] has been studied and mechanisms
proposed. The reaction of ND with bis{8—quinolinclato)nitrosylechalt has also
been investigated [520].

A number of cobalt{II}) complexes have been synthesised as potential fungicides.
The ligand systeins used were nitrosopyrazolimone [S21); furfurylidene~ and
S-nitrofurylidenebenzoylhydrazides [522] and 2-pyrazolin-5-one derivatives [523].

Cobalt{IIl) complexes of the following ligands have also been characterised:

2, 3-dioxchbutyranilide 2-oxime hydrazene and f-rescrcylaldazine [524];
(3,7-dimethyl-2-benzofuryl}glycine and {3-methyl-2-benzofuryl)alanine [525];
picolideneamino—2-naphthol [526]; 4-benzoyl-3-methyl-1-phenyi-2-pyrazoline-5-one
[527}1; 4,4’-diaminodiphenyl oxide {528] o-benzoylmethylbenzylidenimino}henzens-
sulphonic acid and 2-{¢-benzoylmethylbenzylideniminolethanesulphonic acid [529];
2—quinoxalinecarboxamide [530]) and nicotinic acid [531,5321.

Polynuclear metal complexes of cobalt{II) with
bis (3-hydroxyimino-2-butylidene)-3-phenylenediamine have been characterised [333],
and the structural and magnetic properties of dichiorobis{ureajcobalt{II}
dihydrate have been investigated [534].

Mixed ligand complexes of cobalt (II} with
1-nitroguanyl-S-methylpyrazole-3i—carboxylic acid and heterocyclic amines have
been studied [535] and nitrogen base adducts of same methyl substituted
N-phenylbenzohydroxamates of cobalt{II) have been prepared [536].

An electronic absorption spectral study of the interacticn of maleamide with
copper {II) and cobalt(II) has been published [537] and the electronic spectra
and magnetic susceptibilities of tetrahedral complemes of cobalt{IT} with
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1-methyl-2-carbethoxy-1-glycxalanyl- (2} -~ {bromophenyl jhydrazones have been
studied [538].

1.2.3.1 Amino agoid, peptide and protein ligande

The successful preparation of cobalt{Il) substituted hemocyanin has been
reported [539]. A thesls dealing with synthesis, spectral studies and structure
of model systems for cobalt{Ii} substituted zinc metalloproteases has been
published [540). A 3C MMR and an EPR study of the structure of different forms
of the cobalt-bledmycin A, Complex has been caxried out {541}, and the interaction
of ccbalt(TT) with fibrinogen investigated [542]). The ternary complex between
cobalt {IT) bovine carbonic anhydrase and various bidentate ligands {including
pyridine—2-carboxylate, quinoline-2-carboxylate and pyridyl-2-ethancate} has
also been studied [543].

Formation constants have been determined for oobalt{II} complexes of the
Eollowing ligands: cyele{L-histidyl-L-histidyl) [544); Mbenzoylglycyl-L-leucine
[545]; D-cycloserine [546]; S-ethyl-L-cysteine [547]1; #-benzoyl—glycylglycine
(548], and S-carboxymethyl- and S-carboxyethyl-L-cysteine {549].

Cobalt{II) complexes of S-trityl-L-cysteine have been prepared [350], and
cobalt{I1} camplexes of cystine studied {551]. Cobalt({IY} complexes with
Dl—methionine and DL-leucine have been imvestigated by 'H MMR spectroscopy [552].

The kinetics of formation of the monocomplex of (—-phospho-Dl-serine with
cobalt (II) has been studied [553]. The sterecspecific co-micelle promoted
hydrolysis of ¥-acyl-phenylalanine 4-nitrophenyl esters, in the presence and
absence of cobalt{Ii}, has been investigated as a potentlal enzyme model system
i554), Other immestigations have dealt with mixed ligand complexes of cchalt {IT)
with gly, ala, B-ala or phe, as a primary ligand, and 2-pnenylacetcohydroxamic
acid ar these amino-acids as secondary ligands [555]), and cobhaltiII) camplexes of
aspartic amd glutamic acid hvdrazides [556].

1.2.4 Complexes with VB donor ligands

1.2.4.1 Witrogen ligands

The camplexes [COL(H.0}] [Cl0Oy], and [CoL{N;)}[ClLO,] {where L =
tris(3,5dimethyl-1-pyrazolylimethyl amine, {§1}} have been prepared and
characterised (557]. The agua complex has two acidic groups in the pH range
5.5-9.5, which have been attributed to the boud water {pI(a = 9) and the apical
niktrogen {pKa = 7.4). The {Co¥.(0H:)} chromophore in this complex is a useful
spectroscopic model for the cokalt(II} derlvative of carbonlc anhydrase,  X-ray
spectroscopic work indicates a distorted trigomal pyramidal structure for the
camplex [558)., Structural and ligand field parameters haye been cbtalned for
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the camplexes [('bII(LH+)x3] {X = C1, or Br; LN+ =
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ard propertles of bis{2-methcoypyridine)cobalt (II) chloride have been described
[560] and the cobalt shown to be tetrahedrally coordinated. The reaction of
2-gnincpyridine with pentane—2,4-dicme in the presence of cobalt{IIl}, or a
variety of other divalent transition metal ions, gives complexes of the type
[ML;X2] which have the structure (53} [561]. A new improved synthesis of the
ligand 6,6'-dimethyl-2,2¢-bipyridine (6,6'~Me.bipy) has heen published, and the
preparaticns of camplexes of the type M{6,6'-Me bipy}Cl, {M = Co(II}, PA(II),
Pt{II), CufII} or Zn(II}} have been described [562].

Electrochemical and metathetical preparations of cyanotrihydroborato (BHCN )
complexes of cobalt have been described [563], for example [Co{BH(N) z (CHa(N) 2 {py)2d .,
[Co(BH,CN) 2 {py)w] and [Co{BH.(N},{H:O0)a2{pyi:]l. The structure of
eis=[Co(bipy) 2 (NCS} 2] has been determined by X-ray crystallography [S641. A
variety of ccbalt(II) caomplexes of 4,4'-bipyridine ¥,¥'—dioxide (L} have been
characterised, including CoICl,, ClLBrz, CoL{NO:):, and CoL{NCS), [565]).

Disproporticnation and reduction of {(tebtradehydrocorrinato)cobalt complexes
in basic aqueous solutions have been investigated [S66]. This paper presents
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evidence for the first example of disproporticnation of a cobalt{Ilj complex of
an N,-macrocycle, in conjuncticm with further reduction of the resulting
cobalt(III} complex. Electrocatalytic reduction of carbon dioxdide using
cobalt{IT}) {and nickel{II}} complexes of tetraazamacrocycles as catalysts has
been reported i5671. The half cell reaction for the two electron reduction of
0z to QO is shown in equation (2):

00, + 2e + 2H + QD + H0 {2)

Direct electroreducticns have required potentials more negative tham eg, -2v vs SCE
The paper describes indirect electrochemical reduction of O0p, which involves the
initial reduction of the metal complexes and their subsequient yeaction with @,

The wvisible-light—induced formation of dihydrogen from water has been a
subject of much cwrrent interest [568]. Irradiation of soluticns containing
[Ruibipy}s]2*, ascorbate, cabalt(II}, and bipy (or substituted bipy} or phen
derivatives produces H; with a quantum yield of up to 0.13 mol einstein™! [569].

Cobalt{II) {and nickel{II) and copper{Il}} salts react with 2,6-diaminopyridine
and pentane-2,4—-dione to give complexes contalning the lé-membered Ny tetradentate
macrocyclic ligand {54}. Complexes formilated as MIX; {where X = C1, Br, ND:
or NCS) have been characterised and assigned a distorted octahediral stereochemistry
i570}.

A detailed EPR study of low-spin cobalt(II} porphyrins, with the formila
[CoLibase)} {031, has shown thar the spin-Hamiltonian parameters are not sensitive
to changes in L. (meso—mubstituted porphyrin) or the axial nitrogencus base [571).
The EPR spectrum of dichlorc{tetrakispyrazole)cobalt{II}, [Co{pzlH}.Cl.], doped
into a paramagnetic nickel (II) analogue, has been studied (5721.
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Complexes derived from glyoxal bis(dimethylhydrazone) (55 = L} have been

7 N\

Ml‘:‘zN'——N N—NMez
(55}

prepared and characterised with cobalti{I¥} and a variety of other divalent ions
[573]. MNew adducts of phthalocyaninatocchalt(IT) with piperidine,
l-methylimidazole, 3,4-di-methylpyridine, 3,5-dimethylpyridine, and a variety
of other substituted pyridines, have been gynthesised [574]. Strang o-donor
bases form bis adducts, while weak o-donor bases give mone adducts. All of the
bis adducts are low spin species, Polarised neutron diffraction data for
B-phalocyaninatocobalt {TI} has been obtained [575%.

The electronic and vibrational spectra of the cobaltiIl) camplexes of
methyl-substituted pyridines have been studied in detail [576], as has the
isotopic exchange of a- and f-ccbalt phthalocyanine with carrier free 7CoCl,
§5771.  High pressure '’C FT NMR spectroscopy has been used to study
ethanenitrile exchange with [Co{CH,ON)s] ICI0s12 (5781, The solvent exchange
rate is 2.56 x 10° &% at 25 °C, with A¥¥ = 48.8 kJ mol™, As¥ = +22 JK™! mol™?
and AVF = +7.7 em® mol”t,

The kinetics of reactions of meso-tetra{d-pyridyl)porphine with cchalt{II}
ethanoate and cobalt{II} nitrate in acetic acid solvent have been studied [579].
Formation constants for "sitting atop" complexes have been determined
kinetically and possible mechanisms for metal ion incorporation considered.

The kinetlcs of the disproportionation of the monoterpyridinecobalt{IT) complex,
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2[Coftrpy) {H;0}:]1%* — [Coltrpy) 2127 + [Co{H,0}¢) %t

has been investigated as a function of added acid and metal ions at 25 °C [580].

Formation constamts for ochalti{il} complexes of bipy and 2,2':6°,2"-terpyridine
in the solvent hexamethylphosphoric triamide have been reported [581]. The
formation of mixed ligand complexes of cobalt({II} with chloride and substituted
pyridines in 1,2-dichloroethane has also been studied §5821. Enthalpy and
entropy values have been determined by direct calorimetry for the association of
cobalt (IT) with pyrazcle in aguecus solution [583].

Other studies have dealt with single crystal polarised electronic spectra and
paramagnetic susceptibilities for the complex [CoL{H,0).] [BF.]; {where L is the
macrocycle (56)} and all the nitrogens act as donors [584], and the absoypticn

7 N_¢/ N\
N

(56}

and (D spectra of tetrahedral dichloroi-)-spartein cchalt(II} {5851 {where
{-}spartein is the 6R, 11S epimer of {57)}.

(57)



54

Other investigations have dealt with the following: cobalt{IT) camwplexes
of the s~triazine melamine [586]; magnetic and spectral studies of 2-substituted
benzimidazole complexes of cobalt{II) [587); cobalt(II} camplexes of 2-, 3- and
4-nitrobenzoyl hydrazides [588]; the structure of aniline complexes of cobalt{IT)
[589], and cobalt{II} complexes of 4,4'-diaminodiphenylmethane [5590].

A thermodynamic imvestigation of ethanenitrile and propanenitrile imteractions
with OoBr; has been published [591] and the interaction of imidazole {(and its
derivatives) and pyrazole derivatives with CoCl; in n-butancl inwvestigated [592}.
Five coordinate camplexes of cobait{II} with dien derivatives have been reported
[5931, and the luminescence of ccbalt(IT) camplexes of benzimidazole studied [5941.
Binuclear complexes of a number of transition metal {II) thiocyanates with
4-ethyl-1,2,4-triazole have been characterised [595), and termary complexes of
cobalt {II} with bipy and adennsine 5'-triphosphoric acid have been prepared [596].

Activation volumes have been obtained for the ligand substitution reacticms
of cobalt(II} with pyridine—2-azo-4~dimethylaniline in variocus solvents [597].

A thesis dealing with 1H MMR isotropic shifts of cobalt(IT} methyl-substituted
pyridine complexes has appeared [598], and same of this work has now been
published [599]. !°C WMR spectroscopic investigations of cobaltiIl} camplexes
with alkylpyrazoles have been carried out [600] and the complexing of cobale(IT}
nitrate with imidazole derivatives, primary aliphatic amines and piperidine in
amf irvestigated [6011].

The crystal structures of dichloro{R{+}¥ ¥ ¥ N'-tetramethyl-1,2-diaminopropane)
cohalt (TTI} [602] and of a dithiophosphate-bridged binuclear complex of a
polyaza-macrocyclic ligand (6031 have besm published. Iscphthalic dihydrazide
complexes of cobalt{Ii) have been characterised [604] as have complexes of
cobalt {II) with ditetrazolylpolyethylenimines [605] and picoline [606]. _

1§ MR spectroscopy has been used to investigate mixed complexes of cobalt (II)
in water-pyridine and water-ethanenitrile solution [607] and dilat<metric
techniques have beem employed to study ion-pairing constants and volume changes
mvolved in lon pairing of {Cofen);i?%, with Br , I , N0y, [C104]1%", [S041%7,
citrate or oxalate [608]. Spectroscopic evidence for the cut-of-plane
displacement of cobalt in phthalocyaninatocobalt(II) and in its adducts with
bases such as py, butylamine, methylimidazole, and imidazole, has been cbtained
[609].

Mixed cobalt(TI)-bipy-purine complexes have been studied in soluticn [610],
and EFR imvestigations of some adducts of oobalt(II} with chlorophyll-a have been
published in a recent thesis [611). Thermxiynamic studies an the formation of
cobalt {II)adenine maclectide coimplexes have appeared {612] and the thermal
decomposition of [Co{py): SCN):] has been studied [613].

The IR spectra of imidazole complexes of cobalt(II) nitrate and perchlorate
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have been studied in detall [614], and the electronic spectra of octahedral
camplexes of cobalt (I} with 2-{2-pyridyl}imidazole and 2-{2-pyridyljbenzimidazole
have been investigated [615]. Axial coordination of pyridine to
{dibenzoib,i] {1,4,8,11} tetraazacyclotetradecinato}oobalt {II} has been studied
and the catalytic potential of the complex assessed [616]. FPhenylenediamine
derivatives of cobalt {11} pentane—2,4=-dicnate have been investigated [617] and
the interaction of CHCl; with cobalt(IT) camplexes of pyrazole studied by H NMR
spectrosoopy [618].

The masking of cobalt(II) and copper(II} with irans-[l4]dien¥, (5§} has been
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described [619]. Procedures are given for the camplexcometric determinatiaon of
magnesium({II} and eurcpium{II} with edta, in the presence of an excess of
copper {II} and cobalt{II), after masking with the macrocycle. A very sinmple
preparation of the macrocycle (58) has been described previously [620].

Cobalt {(IT) complexes with dicximes, substituted by BF:- or BEt;—- groups for
the bridging hydrogens, have been prepared [621]. The BFp-substituted cobalt(II}
conplexes are stable in air at room terperature both in the scolid state and in
anf sclution; a result attributed to the electron withdrawing effect of the
EFz- group. Asymmetric hydrogenation, catalysed by
big {dimethylglyoximato)cobalt (IT) —~chiral cocatalyst systems, has been studied
in detail [622,623]. Cobaloxime {IT)-catalysed oxidation of isocyanides to
isocyanates and nitrosobenzenc has also been investigated [624].

The acid dissociation constants of 1,2—cyclcheptanedions dioxime, and
1,2—cyclococtanedione dicxime, and the formation constants with cobalt{IT} have
been determined in 75% dioxane-25% water (v/v} [625]. The kimetics of the
reaction of cobaloxime(II) with hydroxide ions have been studied [626]. Other
studies involving oxime ligands have included: ocbalt({IT} complexes of
2-hydroxy-1-naphthaldoxime i627]; the synthesis and characterisation of



polyneric complexes of cobalt{IT) with chlaro-substituted 2-hydraxyacetophenone
oximes [628); cobalt{II} complexes with para—quinone dioxime [629); synthesis

and characterisaticn of aobalt{II}! camplexes with 2-furancarbaldehyde oxime [630];
spectral and magnetic studles of cobalt(IT} carplexes with 2-hydroxy-1-naphthalcxime
[6311; the stability of cobalt(I1) complexes of 1,2-cycloheptanedione dioxime and
1,2-cyclooctanedione dicxime in aguecus solution [632] and ocbalt {(IT) complexes of
2'-hydroxy-3'-bromo—4-methoxy-5'-methylchalcone oxime [633].

1.2.4.2 Phosphorus ligands

The crystal structure of the pentacoordinate [CoCl:{PMea):l has been
determined [634]; this paper also describes the preparation of the four- and
five-coordinate camplexes [Co(PMes) Xz}, [Co(PMes)sXz), and [Co(PMes) X1
{X = halide}. EPR and X-ray data are in agreement, indicating a distorted
eis-equatorial trigonal bipyramidal structure for the five—coordinate complexas,
the halide atom always being in an eguatorial pesition.

High-spin tetrahedral {[ColX,] complexes (X = Cl1, Br, I, or NC5; L =
PhtiP {(H) MRR'), containing an aminoalkylphosphine, have been characterised [635);
tetrahedral [CoL:X:] complexes were also obtained depending on the donor ability
of the nitrogen in L,

Cobalt{I1) camplexes with 1,1-bis{diphenylphosphinamethyl}-1- {diphenylphosphino—
ethyl)ethane (atriphos) and 1,1,1~tris{dlethylphosphincmethyljethane {etriphos)
have been prepared and the crystal structure of the trimuclear (Coj {atriphos)Clel
complex determined {636], This latter structure consists of a non-linear
trimuclear system of four-coordinate ocbalt ataoms, each linked to two chlorine
atoms and to two phosphorus atams in a slightly distorted tetrahedral
arrangement., Cyclo-triphosphorus camplexes of the type
[LOo{p-{n°-P3) }Fel) [FFs)2.CH,CLl, {L = MeC(CH,FPh;)s} have been characterised
and their crystal sbructure determined [637].

A general route for the preparation of [Co{NO) {diphos).1X; complexes (where
diphes is a chelating diphosphine} has been developed [638]. Variable
temperature MMR studies have established the fluxicnal nature of the
five—coardinate cations; low temperature spectra are consistent with a linearly
coordinated nitrosyl in the equatorial positicn. The synthesis and characterisation
of some new five—coordinate mononitrosyl oobalt complexes [CoLs {(HO) 1 [BPhaiz
{L = P{OMe) 3, P{OEL};, or PPhi{CEL):} have been described [639]. The reactivity
of these compounds with T-acceptor ligands, such as NO, OO phogphlte or isccyanide,
has been discussed and a new method of dbtaining the cations [CoXLs (¥0))* given,

EPR spectra have been recorded for frozen solutions of six different low-spin
cobalt{II) camplexes, with different phosphines or phosphites ccordinated in the
axial positions of {Coi{mosalen)i, [Co{salphen}] and [Op(sacsac),] {mosalen =
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N ¥'-ethylene bis[{Z-methoxy)salicylideneiminate], salphen =
Z-phenylenebis{salicylidengiminate) and sacsac = pentane-2,4-dithione} [640].
The preparation and electronic structural investigations of some low-spin
cobalt{II) complexes of the ligand cis-1,2-his{diphenylphosphino}ethane have
been reported [641). The tripod ligand tris{2~dicyclohexylphosphincethyl)amine
{cynps) forms cobalt{II) complexes of the general formula [CoX{cynpz)lY {X = Cl,
Br, I, ox NCS; Y = BPh, and X = ¥, Cl, Br, I, or NC5) [642]. 'The ccbalt
complexes [(CoX{cynpa)] {BPhy] are high-spin, flwe-coordinate, with a distorted
trigonal bipyramidai geometry, both in the solid state and solution.

Complexes of pentaphenyldimethylenetriphosphine tricxide with copalt{II)
halides have been characterised [643]. Pentacoordinate [(Co(S,S) (PP} {(ND)] type
complexes have been prepared {where (H»5,8) = NC(SH)C=C{SH) {(N} and
{P,P = dppe ar 2PFPh;)} [644].

1,2,4.3 Arsenie ligands

Camplexas of cobalt{IT} with ortho—phenylenebis(Qiphenylarsine) (pdpa) and
ortho—phenylenshis (di-4-tolylarsine) {(pdta) have been prepared [645). The
stoicheiometry of these complexes is markedly dependent an the reaction
temperatire employed in the synthesis; at ¢ °C M{pdpa):X:) complexes are
formed but, at higher temperatures, [(M{pdpa)X;i canplexes are produced.

1.3 COBALTI)

The crystal structure of trans-hydrido~carbonyltris {(triphenylphosphine)cabalt (T}
has been determined [646]. Distances and angles appear normal and resemble those
of the isoelectronic camplexes [FhH{CO) (PPh;)a] and ICAH(N;) {PPh3)s]. The Co-H
bond length is 1.50(5) A. Aldol condensaticns, catalysed by [(PhsP)sCo{Cis}]
have been studied [6471. The chemistry and crystal structure of
tris (trimethylphosphite) (n —cyclooctenyl}oobalk{I) has also been investigated
[648]; this compound is a catalyst precursor for arene hydrogenation. The
camplexes [CoX{PPhi);] {X = halide} catalyses the hydrodimerisation of methyl
acrylate to dimethyl adipate in methanol 649].
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