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INTRODUCTION

This survey covers the literature for 1985, and is based on a data
search of Volumes 102 and 103 of Chemical abstracts, although Journal of

0010-8545/88/%$45.86 © 1988 Elsevier Science Publishers B.V.
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the American Chemical Society, Incrqganic Chemistry, and Journal of the
Chemical Society (Dalton Transactions, and Chemical Communications)
have been covered separately from January to the end of December 1985,
The general format <of this review is compatable with that of previous
years.

The review doeg not cover maltinuclear cobalt cluster compounds,
cobaltaboranes nor cobaltacarboranes

I should like to thank Dr. Edwin C. Constable for suggesting that I
write this review, thus providing me with a somewhat unorthodox
introduction to cobalt coordination chemistry.

3.1 CCBALT(IV)

The complex [Co(S,CNRR')31Cl0, has been formed by the oxidation
with Fe (IIT) of [Co{S,CNRR"}3]:; a cautiocnary note on the explosive nature
of the complex is given [l]. Electrochemistry and spectral properties are
reported.

A detailed mechanism is discussed far the oxidation of HyO by
C02+/[Ru(dipy)3]3+’ during the induction period, Co(III) is oxidised to
Co{IVv) [2].

3.2 COOBALT(III)
3.2,1 Complexes with halice ligands

CoBry catalyses the oxidation of toluene in acetic acid [3]. A
complex invelving Co3*t-Br~ with PhCH,OH is proposed.

[Co(CN) )3~ has been the subject of comparative neutron and X-ray
diffraction studies [4): bond distances of Co—-C = 1.894(3)A and C-N =
1.178(3)A agree between the two methods.

The preparation of dinuclear Co{III)-M(ILI) (M = Ni, Pd, PL)
complexes with a bridging CN~ ligand between the hetero-metals is pH
dependent.. Spectral and analytical characterisation of the complexes
[ (H3N) 4 {OH5) COCNM(CN) 31, [M(CN) 41 and [ (enr), (OHp) COCNM(CN) 3], [M{CN) 4]
are described [5].
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222 Complexes with oxygen donor 1ligands

3.2.2.1 Simple oxygen donor ligands

The kinetics of the solvation of [(H3N)5CO(H20)]3+ by Me,S0 or
{CHy) 4SO have been the subject of attention [6]. The reaction of
[(H3H)4C0(CN)(0H)]+ with 50, gives an O-bound 0S0; moiety which
exhibits linkage isomeriam as a function of pH. Kinetics and mechanism of
the formation of the complex and its hydrolysis are discussed (7]. The
selvolysis of [(H3N)500(05020F3)]2+ occurs smoothly to give
[{H3N)5C0(S)]3+ (S = solvent molecule); the kinetics of the process have
been studied and activation parameters determined [8].

An investigation of the kinetics at 25°C of the hydrolysis of
[Co(NH3]5[Cr04)]+, replacing Cr042_ by H,Q, over a range of pH's shows
that the equilibrium constant for the process minimises at pH 6 (9].

Substitution of the C032_ ligand for OH™ in [Co(en); (CO3) )Y is
reported toc involve intermediates with unidentate carbonate and
ethylenediamine ligands [10].

The catalytic effect of NO3~ ion on the substitution reaction of
Co(Ill1l) complexes has been investigated by looking at solvent exchange
data for the system:

cis—[Colen), (Hy170)13% + 28,0 < cis-[Coen) 5 (B,001°7 + 20,170 .

176 n.m.r. data, collected over a range of temperatures and in various
solvents, compares the effects of having the W03 ion present [117.

The réle of H302- as a bridging ligand has been investigated. The
ligand bridges between two cobalt centres in the complex
trans—{Co(en)z(H302)](C104)2; there are infinite chains of
-——Co-H305-Co—-— units with an O----- O separation of 2.441(2}A. On the
other hand, the cis-complex is dimeric with two H-H40,; units per cation
[231].
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J.2.2.2 Carboxyvlato, oxalato, acetylacetonato and
related ligands.

The coordination chemistry of carboxylato and P-diketonato
ligands is discussed in this review in several sections, since it occurs in
many cases in parallel with the chemistry of other donor ligand types.
Those examples in which the latter ligands are predominant, or on which
the descriptive chemigtry centres, are collected here. A study of the
structural influence of the carboxylate ligand, L, on the electrochemistry
of Co{Il1I) complexes of type [Co(NH3}5L]2+ has been described [12]. The
complexation of Co(III}) with CH5CO0” ions in agueous acetic acid at
varying acid concentrations and pH has shown that the distribution of
products [Co(Hy0) g)3%, [Co(H,0)g(0Aac) 12, [Co(H,0) 4(0H) (OAc)I™,
[CU(H20)4(0A0)2]+, and [Co(Hz0) 3 (OH) (QAC) 7] igs a function of pH [13]. The
kinetics of the complexation of the dicarboxylato ligand (1) with
cis—[Co(HZO)z(NH3]4]3+ has been investigated [14]. (1) is alsc one member
of a series of ligands studied for its reaction with [Co{en)3]3+- other

ligands repeorted are salicylic acid, benzoic acid, and (2) and (3) [15].

COsH SO;H

: :002H OH
COxH SOzH

NH,

1) (2) {3

The reduction of Co({III) acetate complexes appears in three papers,
each in a different context. In acetate buffer solutions, c¢obalt(IIT)
acetate complexes associate to produce binuclear and trinuclear Co(IIL)
acetate compounds [1€]), whilst irradiation of [Co(en) (CH3CO;) ;] produces
Ca(IT) [17]. A detailed mechanistic study of the oxidation of bromide ion
by Co({III}) acetate in acetic acid and in the presence of pyridine proposes

that the reacticn involves a cobalt(III) dimer and that bromide anion
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radicals are present as intermediates [18].

As usual, there is a significant literature devoted to oxalato
ligand chemistry. The kinetics of the base hydrolysis of ICO(ox](l,2—pn)2]+
and [Co(ox)(l,B—pn)2]+ have been discussed [19]. Related te this, is a study
of the hydrolysis and O~exchange in [Co(ox)(OH)(en)2]+ in which acidic
cyclisation of the cis isomer is found to be more facile than that of the
trans isomer [20]. The mechanism of the reduction of [CoL2(en)]_ by Fe{II)
depends on L; when L = ox, the rate is independent of H+, but for L =
HOyCCHoCO,H, the rate depends on H* and an inner sphere mechanism is
proposed which invelves a protonated monodentate-malonate ligand [21].

The reduction of [Co(ox)3]13” to [Co(ox)31?” by ruthenium(II)
species cbeys the rate equation:

P = K [CO(ITT) ] [RUCID ]

The acid dependence of the reaction in the range [HY] = 0.01-0.1 mol dm™3
is discussed, and activation parameters are reported ([22). A related
investigation looks at the intramolecular redox decompostion of
[Co(ox)3]3- to Co(Il), free ligand and CO,; the rate is accelerated when the
acidified reaction mixture is 1rradiated in the presence of [Ru(bipy)3]2+
[23].

A crystallographiec study of Kg[Co{ox);l hydrates shows the
spontanecus crystallisation of two sets of racemic crystals and an
optically active complex, Conditions for resolution are discussed [24].

The electrochemistry of [Co{acac)3] is described [25], and an
investigation [26] of the catalytic properties of the same complex
indicates that [Co(acac)4] acts as an initiator rather than as a genuine
catalyst during the photochemical oxidation of ethylbenzene and related
compounds, A study [27] of a series of complexes of the
hexafluorcacetylacetonato ligand with Co{III) illustrates an interesting
reaction with base which is common to all the complexes: e.g.:
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Complexes of the type [Co(p-BrCgHyCOCHCOMe)  (MeCOCHCOMe) 3_,1 have
been prepared; separation of diastereomers for n = 2 and 3 has been
achieved by using t.l.c. methods. For these complexes, an investigation of
their electrochemistry has led to a correlation between electron transfer
kinetics and the steroechemistry of a given isomer [266].

The Co>% ion is involved in a metal ion promoted hydration of a
coordinated alkene [28}. The reaction concerns a methyl maleate or ethyl
fumarate ligand, L, in either case bound in a mcnodentate fashion through
the carboxylate jion cis to an Hz0 molecule in [Co{en)2(H20)L]2+.
Abstraction of HY from the water molecule is followed by rapid
intramalecular cyclisation.

3.2.2.3 Amino acids with oxygen donor

The kinetics and mechanism of the base hydrolysis of the complex
[Co(NH3)5L]2+ (HL = HpN(CHp) ,COoH, n = 1,2) at various concentrations ot
hydroxide ion has been described; it is shown that Co—-0; bond cleavage is
more difficult in the case of n=2 [29].

The unusual unidentate coordination of an amino acid through the
carboxylate group has been exemplified in +the  complex
[CQ(NH3}(HOOCCH(NH2)CH(OH)CH3)]3+: an X-ray structural determination
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gives Co-0 = 1.91(1)A. The new complex is of interest in terms of
application to peptide synthesis [30].

3.2.2.4 Miscellaneous

A comparative study of the solubilisation by crown ethers of
K[Co({edta)].2H,;0 has illustrated that the solubility of the complex
increases along the series neat CH3CN, 18-crown-6 in CH3CN to
15-crown=-5 in CH3CN. After comparisons with the solubilities in other
ethers, it is suggested that the interaction of the [Kt-ether] complex with
acetonitrile solvent is important [31].

Complexes with the sugars D-ribose, L-sorbose and D-glucosamine
are formed by the reactions of cis-[Co{NH3)4(H20]2]3+ with the respective
monosaccharide [32].

The coctahedral complex [CoL3], HL = (4} has been synthesised and
structurally characterised; there is an orientational disorder between cis
and trans-isomers brought about by disordered carbon and nitrogen atoms
[331.

The base hydrolyses of free and coordinated phosphates and
pyrophosphate have been compared [34]. There is no detectable
enhancement of the rate of hydrolysis in going from free to coordinated
on?'q_; however for some substituted phosphates, a rate enhancement 1s
observed upon coordination.

(4)

Chloride ion is displaced by RC{O})NHO ™ fram cis—[Colen) 2Cl2]+, but
the product distribution depends on R {R = Me, BEt, Ph} [35].
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3.2.3 Complexes with oxygen—-nitrogen denor ligands
3.2.3.1 Amino acids

The displacement of carbonate from [Co(C03)3]3_ by L (L = glycine
or alanine) gives two geometric isomers of [Co(CO3)L,] 7, the isomer
formation being dependent upon L [36]. Related to these complexes is
trans (CN}~[Co(CN) 5 (L~alanine},]”, the spectral characteristics of whickt
have been reported [37}. The photolysis of the complex fCoLyL'Cl])Cl, (L =
HaNCH,COoH and L' = HoNCH,CO,CHg) has been investigated (38].

A series of complexes of Z—alanine with the Co(III) ion has allowed
a study of the effect which the overall charge on the complex has on the
racemisation of the chelating ligand. The rate is found to be proportional
to the charge, n, (n = -2,-1,0,+1,+2); the larger the positive charge, the
faster the racemisation [39].

The Co®t  ion promotes the base catalysed elimination reactions
of o-acetyl- and o-sulphonyl-serine. The kinetics and mechanism of the
reactions are discussed [40].

The preparation and complexation to Co(II)}) of the amino acidato
iigand L (HL = (5) ) is reported. The ligand is tetradentate; isomer
formation is discussed, as well as the steric effects which are introduced
when R = Me [41].

R
HQN/\/ N~ N)\r((}l
O

R=H; Me

(5)

3.2.3.2 Acid anhydrides

The complexes [Co(HL)3]Xs (X = Cl, 0.580,, or NOq3) and (Colg] have
been prepared from the reactions of CoX,; and [Co(NH3)gC1liCl, with HL,
respectively; (HL = (6) ). Spectral and magnetic moment data evidence that
both HL and L bkehave as bidentate ligands, chelating through the
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carbonyl-oxygen and the amino—-nitrogen atoms [42].
H
1
N
~
NH,
Q
(6)

3.2.3.3 Aminopolycarboxylic acids and related ligands

The mechanism of the light induced ligand substitution reaction of
[CoCl(NH3)5]2+ with edta in the presence of [Ru(bipy)3]2+ is presented as

follows:
hv
[Co(edta)] - [Ru (bpy) 317 e [Ru (bpy) 127" [CoCL (NK 5) 512*
substitionally
inert
[Coteata)] 2- [Ru (bpy) 3137 {CoCL (NH 4} 1*
substitutional ly
labile
edta

The scheme works well at pH 4.75 [43].

A crystalleographic study of the complex [CoL]” (HpL = (7))
investigates sources of strain in edta conplexes. Strain due to the fusion
of S5-membered chelate rings is common to all edta complexes, but in the
given example, there is additional repulsion between the axial methyl
groups and methylene hydrogen atoms. The N-C ogme; Pond lengthens to
relieve the latter, and angular distortions are alsc noted; Co-N =
1.916(10), 1.913(10)A, Co-0 = 1.878-1.909A [44]. The racemic ligand HyL,
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CH,—N N—GC
2N / e
HO,C CH, 0{12 COxH
/
HOLC CO:H
N
H,C— CH
V; \Z
H— N N— CH,
\ / \
CH2 C{'Z COZH
CO,H COH
(8)
H H
Hy= < H
\ V4
(CH5)n {CH)n
2/ \ 2
HOLC CO-H

(9) n=2; (10) n=3; (11) n=1
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{7),has also been studied in its reaction with Co(OAc) 3.4H50. The two
independent enantiomeric pairs of product complexes have been isplated
{45). The pentadentate ligand, H3L, (8), has been the subject of several
papers. The preparation and characterisation of complexes [CoL(NH4)} and
[CoL{HL') 1Cl are reported (L'=1,3-pn); it is proposed that each complex
exhibits only one iscmer {46].

The selective ligation of HaL, (9), leads to the formation of only
the A-cis-isomer of the complex [CoLCl,]™ [47]. Geometric preference for
the tetradentate ligand is again observed in the complexes [CoLClsl ™,
[COLC1 (Hy0)}, [COL{(CO3)1” and [CoL(Hy0) 1" (HpL = (10) ) [48]. For the
related complex, [CoL{CO3z)] (L = (11) }, an unprecedented inversion from
the A-fB-tec Ao~-form is observed; equilibration of diastereomers for the
complex [Co(en)g(ox)]+ is also discussed [49]. Reasons for the
conformation (12) of the prolinate ligand in [Co(em)L]Y, (HoL = (13) ) have
been suggested [50].

A detailed study of the complex [CoL), where HL is
H,N (CH;) oNHCO;H, has lead to the resolution of five chiral isomers and
isclation of all six geometric isomers; spectroscopic and crystallographic
data are reported [51].

g N N/ \

N

o HOL,C COuH

(12) (13)
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3.2.3.4 Imines

The structure of the binuclear complex [Coz{OH)(L4H5)]2+ (HoL =
dimethylglyoxime) has been determined; the two Co({III) ions are bridged by
the hydroxyl ligand and by the N-O chelate of one L [52].

Several papers report complexes of salg,enH, or related ligands
with Co(III}). The kinetic stability of the Co—-R (R = alkyl) bond in the
complex [RCo(salsen) (py)] has been investigated {53]. In the octahedral
complexes [00(3a12en)x2}]“+/‘, the salzén ligand cccupies the equatcorial
plane when X, camprises two monodentate ligands (X = py, CN , NHz3, N3_,
H,0), but a change in conformatien is enforced when (X5) = CO32*; the
catalytic activity of the complexes is described [54]. The preparation and
characterisation by ¥ n.m.xr. of [Coi{salzsen) {NH;R) ) PF¢ complexes (R = Et,
Pr, iPr, Bu, amyl) is accompanied by a structural report for the complex
when R = Bu [55].

The introduction of nitrogen donors intc the carbon chain in
salqsenH,; gives a hexadentate ligand, HoL (14); 1y and 13¢ n.m.r. have
been used to elucidate the ligand conformation in each of three related
complexes [56].

CH=N(CH,),NH{CH,), NH(CH,),N=HC

CH HO

(14)
Complex (1) =2 y=3; =2
Complex{II} x=3; y=2; z=3
Complex (111} x=3; y=3; z=3

A square pyramidal environment for the co3* ion is exemplified in
the complex [Co(sal-Hpen)] and in the product of the reaction of a
Co(III)~(salsen) complex with PhO~ derivatives; (sal-Hpen = (15) ) [57].
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C%j’“
T

Mell

Me

{15)

3.2.3.4 Migcellaneous

Macrocylic ligands are covered largely in the section on nitrogen
donors, but one study has focussed on the effects of substituting either an
oxygen or a sulphur atom for a nitrogen atom in the macrocycles
1l,4,7-triazacycloncnane {tacn} to give l-oxa-4,7-diazacyclononane {(taon}
and l1-thia—4,7-diazacyclononane (tasn) respectively. The cobalt {(III)
complexes [Co{tacn) (taon} ]Cl3 .4.5H;0, [Co(mtcn) (taon)]Cly.4.5H,0,
[Co{tacn) (tasn) ]Cly.3H0, [Co{mten) (tasn)]Cly.4.5H,0 and
[Co(tasn}3]Cl3.4.5H30 (mtcn = 2-methyl-l,4,7-triazacyclononane} have
been compared, and their electronic spectra show that the ligand field
strengths of the O- and S~donors increase when they are incorporated into
the macrocycles [58].

The preparation, spectral and magnetic characteristics, and
stability in acidic media of the complex [CoL3z], HL = (16), have been
descrikbed; ligation occuxs through the phenoxy—-oxygen and
nitroso—-nitrogen atoms {59]. Related to this complexation type is that
shown by the ligand HL (17), again in the homcleptic complex [C0L3]; the
nitroso-N and acetyl-0 are the chelation sites [60].
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‘0 X C{OYCH,C(O)CH4
CH
NO NO

(16} {(17)

R W '\N R,R' = H,Me

)\'" CH(OH)Me

(18)

A kinetic investigation of C-C and C-H bond fission in the
threonine fragment of the ligand, H,L (18), complexed to Co(III) has shown
that C(&t)-H cleavage is 3-times faster than C () -C(B) cleavage when R=H
and R'=H or Me, but l00-times slower when R=Me, Steric effects are
proposed as the cause of this difference [61].

racemic:
R'=Me
Rﬂ -H

or

i ol
R'=H
R"=Me

(19)
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An interesting complex, (19), of a pentadentate ligand has been
structurally characterised. The two distinct crystalline forms depend on
the identities of R' and R"; in one, the pyridine ring is twisted about the
C-N,,, bond by 17.2(2)Y, while in the other, the twist angle is 19.7(1)¢
[62].

3.2.4 Complexes with oxygen-sulphur donor ligands

This secticon is warranted by a sole publication; a series of
complexes incorporating the ligand 32032_ has been prepared. Crystal
structures of twe of the complexes, [Co(en);({55;03)]1Cl0, and
cis—[Co(en); (S303) (HO3) ], evidence bidentate (5-0) and monodentate (S)
ligation respectively. The thiosulphate ligands in [Co{en); (S,03) (NO3) ]
and a third complex, [Coten)2(8203)2}“, are readily oxidised by iodine
leaving photoreactive Co(III} compounds [63]).

3.2.5 Complexes with oxygen—-sulphur—-nitrogen donor 1igands

A series of studies has involved ligands related to cysteine.
Isomers of the complex ion [CoL{glyilt (HL = (20) ) have been characterised
by using electronic absorption, CD and 13¢ n.m.r. spectroscopy. The ligand
L chelates wvia the carboxyl—-C, the two amino-N and the S-atoms [64].
Again, spectral characterisation is reported for the related species,
[CoL(em) 1%, where H,L = (21}; the effects of chelate ring-size on the CD
spectra are noted [65]. The sexidentate ligand, L, (HpL =(22) )} is shown by
X-ray analysis (for n=2) to have an N,;S,0,-bonding mode to the co3* ion
[66].

3.2.6 Complexes with sulphur donor ligands
3.2.6.1 S=bound thiocyanate
A kinetic study of the substitution of water by thiccyanate ion is

found to proceed, in part, by a previously unrecognised complex involving
S—-bound thiocyanate. This complex then rearranges to the N-bound NCS™
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NH, NH,

R=MeorEt; n=10r2

@) @)

(22)

form, the rate constant for this process is known to be 8.2 x 107 =1, 1n
the present work, the ratic of the rate constants for the formation of S-
to M-bound ligand in the early stages of the reaction is found £o be (.36

673

3.2.6.2 Thiolates, and thiocarboxylic acids

The ability of a coordinated thiol to bridge two metals is
beautifully exemplified in the formation (via the oxidation of Colj) of the
trinuclear complex {Co(CoL3>2]3+, L = HoNCH5CH,S™ . A structural
determination of the complex, (23), gives average distances of CO_g 4,515
= 2.626(11)A, COpermina1—S = 2-238(7}A and COpgpminar™™ = 1.996(8)A. The
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separation is 2.857(1L)A [68].

Cocentral Tt -Cot,ex:minal

(23)

An unusual sgquare planar cobalt (XIT) complex,
[Cots-z,é,S—iPrC3H2)4]_, has been prepared using the lithium salt of the
ligand. Structural characterisation gives Co-5 distances in the range
2.204-2.211(3)A; the adoption of a square planar arrangement is put down
to a high electron densgity on coobalt, and thus a high ligand field splitting,
rather than any steric reasons (69].

Several complexes with dithiocarboxylate (dtc) ligands have been
reported, all of them dinuclear with respect to cobalt. The reactidns H

[Co(Rpdte) 3] + BF3.0BEt3y —» [Coy (Rpdtc)glBF,”

[Co(Rydtc) 3] + NOXFg — [Cop{Rpdtc)g] *XFg~ (X = P or Sb)

R = Et, iPr, CgHy1», benzyl or R, = morpholino

give complexes which slowly decompose back to starting material [70].
The compound [CoLz], (L = pyrrolidinedithiocarboxylate ion) reacts with
copper (I} bromide to give an interesting Cu—-Cu bromide bridged complex
{24) in which sulphur atoms bridge between copper{I} and cobalt (III)

centres [71].
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N = Y o S

S -
L}
SL\\\M”,ﬂS _ (Iﬂ)
{(24)
3.2.6.3 Thicamides
Stability caonstants for some mono- and di-
acetvacetarylthigcamides have been determined [72]., Some complexes of

thiourea have been prepared and spectroscopically characterised; infra
red data indicates S-bound thiourea [73).

3.2.6.4 Miscellansous

The extraction of Co>t ions form aquecus solution by using the
thiazole {(25) has been described [74].

Me
N
\
ﬁ”‘»«*}m

HN, N” ™ NH

{25)
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The reaction of CoCly with ([Et4NH] [SPh] in acetonitrile in the
presence of [EtyN],[MoS,] produces >70% of the tetraethyl- ammonium salt
of a tetrahedral Co{(III} complex containing the thiomolybdate ion.
Characterisation is via spectral, magnetic moment and electrochemical
data [75).

3.2.7 Complexes with selenium donor lIigands

There is only one true example in this section, that of the Co(III)
complex [Co(1,2—0634(5e)2)2]_; e.s.r. studies on the compound are
reported, and the structure of an analogous Ni(II}) complex has been
determined [756].

The thermal decompcsition of the complexes [Co{py) g4 (NCX}3] for X
= O, 5, 5= has shown that initial decomposition is by loss of pyridine. For
X = Se, the intermediate [Co(NCSe),;] is oxidised at high temperatures to
[Cop (SeOq) 3] and, finally , to Cog0, [77]1.

3.2.8 Complexes with nitrogen donor ligands

3.2.8.1 Azides

In this section are collected the few examples in which N3~ is the
ligand of interest. The complex [Co(N3) 3{en) ], has been used to prepare
[Co{Ng3) 4(en})]1”; a series of related mono—ethylenediamine complexes have
also been reported (78}]. In the base catalysed ammoniation of
trans- (CoXY (en) 5]1Cl0, (X = N3~ or NC57 7 ¥ = Cl, Br), the halide is displaced;
a conjugate base mechanism is proposed and activation parameters are
calculated [79]. A discussion of the kinetics of the solvolysis of cis-
[Co(NB)(en)zcl]+ in water/butanol mixtures has appeared [B0].

3.2.8.1 Ammonia

Three crystallographic studies on Co(III)-NH; complexes are
accompanied this year by a neutron diffraction investigation. The latter
confirms the results of a low temperature X-ray study and shows that the
cation in [Co(NHj3) g (H20) I [Cr(CN) gl is highly disordered, with the water
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ligand having a fractional occupancy in each of the six octahedral sites;
while the normal N-H,, = 1.01(1)}A, one the hydrogen atoms of one of the
NHz3 ligands is invelved in an C=N*'*H interaction with N---H = 1,933(5)A
[81]. The results of an X—ray determination of [Co(NH3) g] [Fe (0yCCHC0,) 3]
list Co-N bond distances in the range 1.957(2)-1.970(2)A [82]. In addition,
the structures of [Co(NH3) 5 (H20} ] [I03] 5 and [CO(NHB)GJEFE(C204)3]
have been reported [B3,847.

The structures and chemistry of some ccobalt-cobalt bridged
compounds containing NHy has been the focus of attention. The structure
of the ion [COZ(NHa)B(u—Nﬂz){u—CHOz)]4+ shows an average distance of
Co-N(NH4) = 1.963(17)A, and for the bridges, Co-N = 1.958(2)A and Co-0O =
1.912(2YA [85] . Five novel complexes of formula
[ (NH3) 4Co{M-NH5) (R-CH)CoL4}™* with L = Hy0, CN™, NO, , 0.5[(TO,CINH], or
N3_ have been prepared from [ (NHL) 4Co (H-NHy) (ML-OH}Co(CO3),1]):
UV-visible and infra red spectra are recorded [86]. A detailed kinetic
study of the spontaneous cleavage of [ (NHy) gCo (R-OH) Co(NH3) g ] in the
presence of NO3 /Cl0,  or NCS™/Cl0,  anions illustrates competition
between stepwise and concerted substitution [B7].

The kinetics ¢f the agquation of cokalt (II1) ammine complexes has
been studied by several groups of workers [88,89,90,91].

The 15y labelled complexes traHSM[Co{NH3)4(15NH3)X]3+, where
X is a weakly coordinating ligand, have bsen prepared and used in a study
of the stereochemistry of the base catalysed sclvolysis of penta—ammine
Co{III) complexes in aprotic solvents [922]. The same authors have loocked
at the kinetics of the ammoniation, acid dissociation and H—-exchange
processes 1n [CD(NI—I3)5Cl]2+ and the trans—- and cis-iscmers of
[Co(NH3)4012]+; the acidity of the coordinated ammonia in these and
related complexes is independent of (i) the formal charge on the complex
and (ii) the nature and position of other ligands [93]. Base catalysed
ammoniaticon reactions of [Co(en)2XY]n+ complexes have been studied
[79,94].

A kinetic investigation of the oxidation of [Co(NH3)5(NCSJ]2+ by
52082_ cr IC, has been reported [25]; scolvent effects are discussed.

The results of a study of the reaction between ammonia and
trans—[Co(N3) {en}),i(dmsco) ] [ClO,4]), indicated that a S—coordinate
intermediate {(which involwves an N-dconor ®R-bonding to the Co3+} is formed
[96] .
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{26)

The ionophore (26) interacts with the hexammine cobalt (III)
cation without any disruption of the Co-N bonds; the second sphere
coordination complex is characterised spectroscopically [97].

A series of novel bimetallic complexes involving Co, Rh, or Ir with
Cr has been prepared by the reaction [98]: .

[M(H,0) (NH3) 51 [Cr(CN) g1  +  [M{H,O) (NH3) 5] [Cx (NO) (CN) g]
d
[ (NH3) gM {CN) Cr (CN) g] M = ®h, Ir
+

[ (NH4) gM(CN) Cr (ND) (CN) 4] M = Co, Rh, Ir

Two thermal decomposition studies of hexa-ammine complexes
have been carried out. A mass spectral study investigates the
decompositon of [Co{NH3) glC1ly [99]. The decomposition of
[CotNH3)6][HC02]2.4HC02NH4 over a range of temperatures gives cobalt {II}
and ammonium formates, ammonia and nitrogen [10Q].

An interpretation of spectral measurements of [Co(NH3)6]3+ has
keen presented in the form of a detailed investigative experiment aimed at
an undergraduate audience [101]. Raman polarisation measurements have
been used to differentiate Dbetween the geometrical isomers of
[Co(NH3)} 5 {en) (NO5) ]t and of [CG(NH3)2(en)(CN)2]+ (102]. Finally, the
complexation of [CotNH3)5C1]2+ benzogquinone has been studied [103].
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3.2.8.2 Amines

The effects on reducticn potentials of changing the reaction
conditons during the electrochemical reduction of some complexes of type
[Co(RNH2)5<H20)]3+ {R = H, alkyl) has been described [104]. An
investigation of the kinetics of the hydrolysis of the methylamine and
butylamine complexes, [Co(RNH»3) (en) 2}{]2+, compares the effects of
changing X from I to Br te Cl [105]. And in general terms, a c¢ritical
examination of the requirement of the E2 process for the formation of a
S5—-coordinate intermediate during the base hydrolysis of substituted
Co(11I) amine complexes has been presented [106].

The coverage of diamine—-Co(III) chemistry began in a previous
section with the mixed azide—ethylene diamine complexes {78,80]. As
usual, the number of complexes in the literature which involve diamine
ligands is a large one. A survey of ethylenediamine (en) complexes will
proceed to substituted derivatives thereof, to longer chain diamines, and
then to polyamines.

An iscthermal saturation method has been used to study the
solubility in isoprepancl of [Co(en);Cl,]1Cld, [107].

Electrochemical methods have been used to measure the stability
constants for the faormation of the outer sphere complexes
[CQ(en)3](so4)2‘ and [Co(en)3](804)+ [108] . For the redox couple

[Coten}3]3+f2+:

the change in redox potential as 3M NaClOo, is replaced by
3M NaNCS sclution has been recorded; a comparison of the behaviour of
this, and related complexes, has been made [109].

The association between the complex cation cis—[Co(en)z(CN}2]+
and hydrated silver(I) ions has been studied in detail; a shift fram 2120 te
2180 cm~ ! for Voy Was observed as a result of the cation—-cation
association [110].

Resolution of some Co{(IIl)-diamine optical isomers has been
achieved by using ion exchange chromatography with chiral eluants [111],
and by the use of amine acids [112].

A range of kinetic studies has been published. Activation volumes
for the trans-~cis—isomerism of the caticonic complex [Co(en)2Cl(H20)]2+
suggest a tetragonal-pyramidal transition state, with a water molecule
outzsigde the coordination sphere [113). The kinetics of the solvolysis of
cis-[Co (en) 5 (NCS) ¢1]t have been reported to depend significantly on the
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solvent structure [114]. Related to this, the effects of various solvents on
the substitution of chloride for thiocyanate ion in cis— [Co(en}2012]+ has
been presented [115]. A rhombic twist mechanism has been proposed for
the racemisation of [Co{en)zcl2]+; thermal racemisation is reported to
occur withoutr any cig—trans interconversion [116]. A detailed discussion
is presented concerning proton exchange rates for trans—[Co(en]2XY]n+ in
liquid ammonia (X,Y = dmso, NCS™, N3~, C17, Br~, NH3, NOp,~, CN~, 50327 )
[117}. Finally, the intradimer and interdimer exchange coupling in
[Cofen) 3] [CuyClglCl,.2H0 has been investigated by using magnetic and
e.p.r, techniques [(118],.

The complex [Co(en),Cly]Cl has been the subject of photolysis (AZ
310 nm) and the spin trapping of the radicals so produced [119].

Variations on the ethylenediamine ligand are, as usual, prolific.
Complexes of the substituted diamine, Hy;NCH,CHpNHFh (L), have been
prepared; epimerisation of [Co(acac)L2]2+ occurs in water and alcohols to
give an equilibrium mixture of isomers [120]. The same authors have also
looked at the equilibrium distribution of isomers of [Co(acac)2L1+, (L =
HyNCH,CH4NHPh; PhHNCH2CH2NHPh; H;NCH,CH,NHMe ; MeHNCH2CH2NHMe:

1,2-CgHy (NHp) 23 [121]. Stereoselectivity in reactions of Co(III)
complexes containing d- and I-HoNCH({Ph)CH;NH,; has been investigated
[122]. Comparative studies of the complexes [Co(en) (1,3-pn)L] Xy

(L—various bidentate diamines and X=halide) are reported [123], as well as
of the complexes [CoLz]Xy (L=en:; 1,3pn; 1l,2-pn; bipy; phen) [124]. The
agquation of the complexes cis-[Co(L), (H50) (Se03) ]t (L=en; 1,2-pn; Me,en;
Mesen) has been discussed [125]. The kinetics of the acid catalysed
hydrolysis of cis— or trans—[Co(OAc)z{1,2—pn)2]+ obey the equation:

p = o) + o]

where (is the aquation rate coenstant for the protonated species and Q is
the pre-—-equilibrium constant for protonation [126)]. &An X~ray structural
determination of the complex [CoL,;C1) (L = (27} ) has shown a
5-coordinate Co(III} ien, with the metal atom displaced 0.154 above the
Plane of the four nitrogen donor atoms [127].
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NH
L
(27)
= NH,
<
N” "~ CHyNH, NH,
(28} (29)

The preparaticons and apectroscopic properties of some Co(III)
complexes of type [Co(cyclen)L]3+ {L = en; 1,2-pn; 1,3-pn;
HyNCH,CH{Me) CHpNH,; (28); (29); or HL = O-alanine) have been reported;
ligands field parameters are at lower energies than those of the
corresponding tetramine complexes, probably because of the small
bite—-size of the cyclen chelate [128]. Sewveral other discussions have
appeared concerning complexes of Co(ILI) with (29) or derivatives of this
ligand [12%, 130, 131, 132].

Triamine-~ligands are exemplified as follows. Spectroscopic
characterisation aleng with ligand field parameters for cis- and
trans—[CoL,]Cly.nH50 and [CoL(NH3)5]1Cl4g (L = HN5CH,C (Me) NH,CHoNH,) is
discussed [133]. The kinetics o©f the H922+ assisted agquation of the
complex ions [Co(en) (dien)}x]2¥ (X = ¢1,Br) and [Co(en) (dpt)Cl12t have been
studied [134]. The preparation and resclution of iscomers of
[Co(dien)(aepn)]3+ {(aepn = 1,5,8-triazaoctane) are described; there are five
geometrical isomers possible, and two are completely resolved and their
configurations assigned wvia spectroscopic methods [135]. A structural
characterisation of [CoCILL*]* (L = H;NCH,CMe,NH,; L' =
HoNCHy CMe o N=CHCMegNH,) shows that the tridentate ligand lies in the
equatorial plane of the octahedral array; the kinetics of chloride loss are
also reported [136]. An accompanying paper reports complexes of the
bidentate ligand L [137].

The ligand trien, and derivatives thereof, features in several
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publications. In a kinetic and mechanistic study of the CNS~ anation of
[Co(trien)(H20}2}3+, rate constants and activation parameters have been
measured as a functicn of pH [138). The synthesis and resolution of
isomers cof the related complex [Co(trien}(NH3)2]3+ iz also reported [139].
For the methyl-substituted trien, H4N {CH3) oNH (CH; ) o CHMeNH (CHy ) 5NHS,
two stereoisomers of [Co(ox)L}* are preferentially formed; strain energy
minimization calculations are presented [140]. Related pieces of work
report the sterecchemistry and relative stabilities of isomers of
trans-{CoLCly)*, L = H,NCHRCHR'NH(CH,) ,NHCHR'CHRNH, (R=H, Me, Me,CH,

HN N7 TN NH

-~ I S Ty ™
=N N N N \—T
H H H

{31

PhCH5; R'=H, Me) [141] and L = (30) [142]. The ability of the tripodal tren
ligand <to prevent geometrical isomerism during substitution reactions of
octher coordinating ligands has been discussed for a series of
[Co(tren)XY]™t camplexes [143].

The oxidative rearrangement of the linear pentadentate ligand (31)
has been cbserved when the ligand is coordinated to the Co(ITI) jion [1441].

Complexes of the noncyclic polyvamines (32) and (33) with Co3t
ion have been deacribed [145,146]; resolutions of diastereomers are
reported for the former, and an X-ray analysis and thermal racemisation
for the latter. In the complex [CoL] (ClO,) 3.H0 where L =
{(H2N(CH2}2}2NCHMeCH2CHMeN{(CHZ)ZNH2}2, an equatorial preference for
the methyl substituents is cbserved [147].
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L n=2
BN NH L' n=3
i NH N (CH
(CHo)n / (CHz)n
CHa2}n
HoN {OHe) NH;
NH,
(32 L; (33) 1L
3.2.8.3 Heterocyclic ligands

The simplest heterocyclic ligand is, obviously, pyridine. Several
examples have already been mentioned [128, 131, 144]. The influence of
solvent structure on the kinetics of the solvolysis of trans—{Co(py)4C12]+
in H50 or dmsoc has been discussed [148); the work includes a
determination of some thermodynamic functions for the process. For the
reduction of wvarious Co(III) complexes by pyridyl radicals, the rate
constants are consistent with Marcus theory [149]. Complexes of
substituted pyridines are studied in a ¢omparative sense in two papers
[150, 151].

Pyridine-derived ligands, not surprisingly, make up a large
contribution to this section on heterocyclic N-donors. The preparation of
the mixed metal complex [{Nc)sco(pz)M(NH3)5}n+ (M = Ru(II), Ru(III) or
Rh(Iil), and Co is either Co(II) or Co(III) ) is reported along with redox
chemistry [152}.

Some cobalt{III} complexes with the bipy and phen ligands and
which are related to compounds mentioned in the previous section, have
been prepared: [CoLglX3 (X = Cl, Br, NO3, I, ClC4} [124]; [Co(ox})pL]™ [111].
An investigation of the kinetics of the aquation of cis—[Co(bipy}2Cl(CN)]+
and the corresponding phen complex have shown that a trans-—labilising
effect by either bipy or phen is ngt observed; a comparison with
[Co(en)zcl(CN)]+ is made [153]. The reduction of [Cotbipy)ztacac)]2+ by
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Cr(II} was found to be too rapid to be monitored by the stopped flow
method [154]. <Carbon—-carbon bond formation takes place when the metal
ion in cds—[Co(R)zibipy)2]+ (R = Me; Et) is reduced in acetonitrile to Co(II}
[155]. An interesting example of a hydrophobic interaction between anions
and metal complexes is observed when CH,503  and PhSO3” are present in
the ng+ 12%
The photocatalytic reduction of some Co{III) complexes by dimethyl-phen

assisted aguation of cis—{CoLyCl{H;0) L = bipy or phen) [156].
and tetramethyl-bipy complexes of Cu{l) have been investigated [157]1. One
Co(III}) bound ligand {34) in the complex [Co(HL}3]3+ undergoes

Ry o H
H !
P a N
N N N N
) 1 H
H H

(34) {35)

deprotonation and rearrangement. The S5-coordinate complex so- formed
either decomposes or racemises rapidly; the kinetics have been followed
by changes in optical actiwvity [158].

The ocuter sphere electron transfer between [Co(terpy)s and

12+
[Co(bipy)3]3+ has been studied under pseudo-first order conditions;
activation volumes have been determined [159].

The reaction of racemic 2,2'-bipiperidine, L = (35), with
[CO{NO,) g) 13~ is reported to give a single DL-pair for the product
trans—-[CoLy (NO3) 51% complex [160].

An unusual complex involving a derivative of azetidine has been
prepared [161]1. The structure of the product complex, {(36), has been

elucidated crystallographically; the complex is susceptible to base
hydrolysis.
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A large number of imidazole and related complexes were reported
in 1985. Sixteen complexes of the type [Co{acac)j(Nj) (imidH)] {where
imidH may be a substituted imidazole as well as imidazole itself) have
been spectroscopically characterised; a facile trans-cis interconversion
takes place in CHCl3 sclution and was observed while g n.m.x. spectra
were being recorded [162]. This is in contrast to the stable trans-—
[Co(acac); (NO5) {imidH)]. The results of a detailed 14 n.m.r. study of nine
imidazole complexes list T, measurements and N.QO.E, observations; the
importance of this piece of work is in its potential application to the
unambiguous assignments of proton resconances in metalloproteins [163].,
A related piece of research looks at displacement of water £from
[Co(en)2(803){H20)]+ by a series of imidazole ligands; the reaction is
monitored by 1y n.m.r. and the products are found to vary with the pH of
the reaction medium {164].

Complexes containing the mixed ligands imidH, morpholine, azide,
and dimethylglyoxime have been prepared and characterised by
spectroscopic and other physical methods [165].

The base hydrolysis of Cis—[Co{en)2C1L12+, where L =
N-methylimidazole, is second order and is found to have a rate constant
which is similar to that when L = imidH; a comparative study of the
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complexes containing L = N-methylimidazole or benzimidazole,

shows that
hydrolysis is retarded in the latter case [166].

The conplex [CO(NH3)5L33+' where L is the tetrazolato ligand (37},
has been developed with explosive applications in mind [167).

7\
/N
NC N

H

(37 (* = coordination site)

When azide ion reacts with (Co(NH3)g(NCR}]3%, the heterocyclic
ring complex which forms,

undergoes the unusual linkage isomerism shown
in the scheme:

R

N—N N
(o )

ZZ0O-D

~
Nf’

+ Na' —_— —_—
Linjcace
isomarism

The first step in the reaction is second order overall;

two mechanisms are
consistent with the observed data.

Either there is a concerted 1,3-dipolar
cycloaddition across the C=N bond, or there is initial attack on the nitrile
which then leads to cyclisation [168].
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3.2.8.4 Amino acids and peptides

The structure of a complex of the tetradentate ligand, L = (38),
with the Co3*t ion has been elucidated via low temperature (105K} X-ray
crystallography. The complex, (Cell [BuyN], is sguare planar, and the
average Co-N bond length is quite short at 1.837(3)A [169].

o o
NH, HpN * = ligetion site
NH
m HN
/
Pth-—- CHPh O
(38)

glygly = HpNCH,C (O)NHCH,COzH; L = HyO, CN~, NCS; n = 0,1 ), and
an X-ray crystallographic study for the complex ion where L = NCS™ have
been published [170].

The rate of intramclecular electron transfer across polyprolines
of the type (39) has been studied as a function of the chain length, n,
[171].

3.2.8.5 Oximes

The reaction of [Co{CNS),] with dmgH; and L' in ethanel in the
presence of air, leads toe the formation of the Co(IIIl) complexes
trans—[Co (dmgH) ;L' (SCN}] where L’ is an N-donor heterocyeclic ligand,
{imidazole, benzimidazole or morpholine) . Characterisation of the products
has been via spectroscopic methods [172]. Some closely related complexes
have already been mentioned [165]. An accompanying piece of work by the
same authors addresses the analogous selenocyanto complexes;
coordination through the selenium atom for the SeCN ligand is proposed
[173]. A related Co(III}) complex is trans—{Co(LH)z(py)2}+ in which HpL is an
alkylated derivative of dmgHy; 1y and 13¢ n.m.r. investigations
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CJ
®_ 150 +—N " Cothio)s

(M) = SO,(NHz)Ru or (NHy);0s

(39)

of the complexes show perturbation in 51H(a1kyl) which are attributed to
ring current shielding by the axial pyridine ligands. 13¢ n.m.r. relaxation
times have also been determined [174]. The thermal decomposition of
[Co{dmgH) 3L5)X and [CoX(dmgH},;L] (L = aniline or a derivative thereof; X =
Cl, Bx, I, S5SCN, HO3, ClQu) proceéda via a different pathway for each
complex. The temperature at which [Co{dmgH)s;L,]1X converts to
{CoX (dmgH) 21L] by the replacement of the axial ligand, L, by an outer sphere
anion X, depends upon the basicity of L [175].

Complexes of the general formula [L'CoLR]X (HL = (40): L' = H,0,
Py; X = Cl04, PFg; R = 1Pr, neo-CgHyq, CHyCO,CH3, CH,CF4, CHyBr,
CHpSiMey) have been prepared, and the structures of two of the complexes
elucidated. The kinetics of complex dissociation by loss of the L' when L'
is py, have also been discussed [176].

Complexes of Co(IILl) with (41), Me,C(NHOH)C(R)=NOH (R = Ph; Me),
are pentacoordinate. Their electrochemical behaviour has been studied
(177). The spectroscepic and magnetic properties of {CeL,]X (HL =
HON=C (Me) C (Me) =N {CH,)} ;NHR; R = Me, Et, Ph; X = Cl, Br, I, NOgz,
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Me, _2zN N, - Me
veT N N e
HO OH
(40)

CN
Otz
CHe

(42)

Ci10,4) are consistent with diamagnetic, 6f-cocrdinate complexes in which

L~ is terdentate [178].

The cobaloxime complex (42) ha
crystallographically: axial Co-C = 2.005(5)A and Co—N
3.2.8.6 Imines and amidines

A study of the synthesis of [CoLCl] {(ClOy4)

studied
2.094 (4)A (179].

s been

(L = (43} ) has been

complemented by an investigation of the kinetics of complex hydrolysis.
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Hydrolysis is wvery rapid via a conjugate base mechanism: the
cis-orientation of the secondary amino group with respect to the leaving
group ensures a single site for deprotonation [180].

2N CH=N(CHy)3 -NH-(CHp )3 NaCH~_ N RRN, A
Cy ey T
S - 4 h
s NH,
(43) (44)

The amidine (44) (R',R = Et, Bu or MRy = morpholino; R™ = Ph) reacts with
cobalt (IIT) icon to give the canplex [Colz]: spectroscopic characterisation
indicates ligation by the MR, group {181]. An ¥X-ray structural

(45)
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determination, carried out at 117K, of the complex (45) gives distances of

Co—0Q = 1,918(6) and 1.933(5)A, and Co-N bonds range from 1,913(6) to
1,942 (6)A [182].

3.2.8.6 Macrocyclic ligands

A series of complexes of type [CoLL']3+, in which L = ¢yclen and L°
is a diamine, has already been menticned [128]. A closely related complex
involving a tri~ rather than a di-—-amine ligand has also been reported;
[COLL']C13.O.75H2O (in which L = H;NCH,C (Me) (NH;) CH;NH,; and L' =
1,4, 7-triazacyclononane) has been spectroscopically characterised [133].

The cyclic ligand 1,4,7-triazacycleononane figures in a Co(III}
complex which also contains a tripolyphosphate residue ([(183]. The
complex undergoes an interesting reaction with [L'ZCD(OH)(H2O)]2+ iomn;
intramolecular hydrolysis of the polyphosphate leads to cleavage of a
P-0-P bridge as shown schematically below:

2+
o |
A
~P—0

9,
LCo~ o p=0 +  [L'Co(OH)(H,O)P*
o\
ZP— 0O
CY’ \ Ki
0 Kz
o)
v 0
) "0
w 0 LCo~o—p=0
LC?“H(}-'P\. _"__E__——“" (fﬁ Q‘L_‘éz4
O 1¥0 cleavage O—cCoL',
) o)
o)
o=P "y
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For the complex [Cc(cyclen)012]+, an examination of the exchange
processes of amine-attached protons with deuterons frem D,0 in
deuterated buffer scolutions, has shown that the NH groups trans to the CL
atoms are specifially involved; no exchange involving mutually trans-NH
groups occurs [184].

The effects of ring size on the stereochemistry of a complex
involving a tetradentate macreocycle have been investigated; the complex
[CoXY¥L]Z ( HyL = (46); X = ¥ = 2 =C1 (green complex); X = Br, Y =Cl (green
camplexy), 2 =Br; X=Y =Cl, Z=ClO, (red complex); X=Y=2 =Br

[m N-Ij
HN NH
{46}

(47) (48}

(clive-green complex) ) exhibits the ligands X and Y trans to one another,
whereas the analogous complexes [CoXYL]Z in which L = cyclen give only
the cis-isomers [185]. Expanding the carbon c¢hain of the macrocycle
gives ligands HoL, (47}, and HuL', (48) . These coordinated tetradentate
chelates have been characterised in the Co(III) complexes, {ColX;]CLlO,
and [CoL'Clz]HO3, (X = NCS, NCO, N3, Cl, MOp, Br and CN). XPS has been used
to probe the core electronic structure of these complexes; the binding
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energies of the 1ls electron of nitrogen and the 2p3,p electron of the
Br- > N02_ =Cl™ = N3_ =

n

ccbalt atom decrease as a function of X~ (CN™
NCO™ > NC37), and the positive charge on the metal atom is greater for the
L than for the L' complexes [186].

A crystallographic study o©f a complex with Co3+ of the
pentadentate ligand HyuL, (49), has shown that the metal ion is
six-coordinate in [CoLCl] [ClQ4], with distances of Co-N ranging from
1.812(16)A to 2.001¢12)A, and Co—Cl = 2.173(5)A; a discussion concerning
the factors governing the conformation of the macrocyclic ligand is
reinforced by force field calculations, and a general method for
calculating the "hole-size" in a macrocyclic ligand is proposed [187]. The

{49)
. —,
1 ”“\: | N
S N \- N
o ) T N
N N N N
< N7 Xy NT
N N
- -

(50) (51)
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complexation reactions of two related macrocyclic ligands have been
studied. The ligands are (50) and (51), and examples of their conplex
behaviour are found in [CoLXy) (X = SCN, NOo) and {CoL{Ha0) 4] {Cl0O4) 47
analyses and spectroscopic characteristion are given accompanied by a
discussion of the redox chemistry of the complexes, and an appreciation of
how the macrocycle—ring cavity size influences electrode potential [188].

Complexes of Co({III) with the sepulchrate (sep) ligand, have been
the subject of some attention. TIon pair formation with oxalate ion [1B9]
and iodide ion [190) has been studied. A photochemical study of the
[Co(sep)]3+/1- ion pair in a deoxygenated scolution shows that Co({II) and I3~
form, with a guantum yield of 3.4 x 1073, The same authors have
reported, in general terms, the importance of ion pairing to the promotion
of photosensitised reactions inveolving [Co(sep)]3+ [191].

The stereospecific template synthesis of a macrotetracylcic
hexacryptate has been reported. The starting material for the preparation
is (52), and an X-ray structural determination of the product complex has
established its identity, (53), as well as the ligand conformation [192]. A
closely related template reaction is one in which the synthesis of a
macrobicyclic hexamine Co(III} complex is formed, (54 [193].
Measurements of pK_, wvalues for several macrotricyclic hexamine
complexes of type (55) have been made [134].

A survey nf eighteen Co{(III) complexes which function as electron
transfer agents in the quenching of excited state [Ru(bipy)3]2+ complexes,
has concluded that the complex [CoL]3+ containing the macrocyclic ligand
{56} is very effectiwve, The applications of these complexes to the
photoreduction of water is discussed [195].

OzN

(52) (53)
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{56)
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The cyclocondensation of diamino-pB-isoindigo in the presence of
[Co(OAc) 5] in ethyleneglycol leads to the formation of a Co(III) complex
containing two metal centres bridged by peroxide group. The spectral
characteristics o©of the complex are reported, along with its
semiconducting properties [196].

Porphyrin chemistry has been as widely studied as ever. For HyP =
tetra{(4d-N-methylpyridyl)porphine, several complexes of formula
[CoP(H20)L}+, which exhibit axially coordinated derivatives, L, of pyridine,
have been synthesised; stability constants vary in the order L = (58) >
{59) > (60) > (61) [151].

0 o - o)
< oMe [ | NH, 7 = o
™" ™ S Me In
N N N N

{(57) (58) (59) ({60)

Reactions of [Co(CN)6]3_ with the cationic macrocyclic receptors,
(6l), are reported to produce complexes, the photeo— chemical behaviour of
which has been compared; the effects of substituting CN- for H5;C has also
been the subject of study [157].

For the protoporphyrin-IX-dimethyl ester, P, complex of Co(III),
[CoPCl], the reaction with methancl and subsequent proton loss to vield
[CoP (MeO} (MeQH)] has been discussed; the kinetics of substitution
reactions of the latter complex, (i.e. MeOH followed by MeO™ being replaced
by various ligands, L), illustrate a dissociative mechanism being prevalent
[198].

Electron spin resonance results for the octahedral, radical
complexes, [Co(TPP)X;] (TPP = tetraphenyl porphyrin), have been reported.
The effects of varying the axial ligands as well as the solvent medium are
discussed; it is found that the axial ligands preferentially coordinate in
the order BF,~ ~ ClO4~ ~ PFg  ~ NO3~ < RCN < halide < EtOH < CF3CO0™ ~
AcO™ ~ SCN™ ~ CN™ [199].
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The complexes [CoXs(Pc)]™ and [CoX, (Pc)lz_ { X =Cl, Br for Col(III)
and OH, F, Cl, Br for Co(II}; Hy{Pc) = (62) )} have been the subject of a
detailed spectroscopic investigation; UvV-visible, infra-red, and Raman
spectra have been recorded. The compound [CoX; (HPc)] (X = €1, Br) has also
been prepared [200]. The dissociation of axially coordinated water
molecules from the Co{Il) and Co(ITII} complexes involwving the porphyrin, L,
( where H;L = 4- methylpyridylporphyrin ) illustrate that only a single
dissocliation occurs for the Co(II) complex {201]. &An investigation of the
rhotoreduction of complexes between Co{(III} and TPP in Z-methyl-
tetrahydrofuran has been reported [202]. Related to this is the reduct ion
by [Fe(Hpzedta)] of porphyrin complexes of Co(III); the rate law obeyed was
found t¢ depend upon the charge type of the porphyrin [203].

3.2.9 Complexes with nitrogen—-sulphur or nitrogen—-selenium
donor 1ligands

3.2.9.1 Aminothiols and related ligands

The compound [CoLsz]l, ( L = HSCH,CH,;NH, } reacts with co3t ion to
give an unusual trinuclear complex which is supported by Co-5—Co bridges;
the presence of a dodecadentate "[M(S-N)gl" ligand, (63), is proposed
[204]. The same complex has been independently prepared and its
structure, (23), determined [68].

.Co
Nr"‘\s—'”_; N,
‘/s NN
N

(63)
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Closely related to this work is a report of the formation of the
complex [Coz{S(CHyz)3NH»}g]Cly; the structure of this compound has beer
determined and is described as consisting of three octahedra sharing
opposite faces. The inter-cobalt distance is 2.974(L)A [205]. Again,
bridging thiolate units figure in the binuclear complex (64); here the
bridged Co—---Co separation is 2.955(2}A, and Co-S and Co-N bonda lie in
the ranges 2.229-2.257A and 1.996~2.013A respectively [206]. The Co-N
bonds are considered to be lengthened by the trans influence of the

ligating sulphur atoms.

C
\
c
, \C/

AN
N N
N/ ts/ \N

I I C=CH,
c | c N = NH,
\C/C\c/

(64)

In the presence of chiral additives, the kinetic resolution of
AA—[Co (SCH,CHoNH,) (en) 2] (ClO,) » has been achieved; resolution of the
AA—forms of three related complexes containing C2042“ or NO,~ chelates

in place of the amincothioclate are also reported [207].
The kinetics of the base hydrolysis of the complex

[ (en) ,Co{S (SCR3) CHyCH4NH,113% ( R — Me; Et; CHMe,; CMey )} illustrate
competitive 5-5 and Co=-S5 cleavage:
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When R = CMeq, the steric bulk of the substituent allows an 5y lce
mechanism to compete with the Sy2 pathway which prodominates for the
smaller R groups. The relative rates of hydrolysis are 1.7 x 108 for Me,
5.6 x 10° for Bt, 2 x 10% for CHMe,, and 9 for CMeg [208]. A study of the
complexation of [Co(en)3]3+ by thicether and selencether ligands to give
[(en)2Co(RXCH2CH2NH2)]3+ (X = 5; Se), has shown that the nature of the
reaction depends on the X-bound substituent, R; most reactions follow a
simple Co-X bond cleavage, but if R possesses an acidic methylene group, a
mixture of products is obtained [209].

32.2.9.2 Thicamides and reliated ligands

The reaction of Co(IIT) acetate with HL, (65), followed by HX (X =
CL:; Br; NOj; 0.580,) leads to the formation of a camplex, [Co{HL) 4]1X5; the
bidentate nature of HL has been established by crystallographically [210]}.
The thiosemicarbazide, HL, (66), is reported to react with co3t ions in a
weakly alkaline selution to giwve [CogL}l: on the grounds of infra red data,
the authors propoese the existence of an imideo-thiol tauvtomeric
equilibriun {211].
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CHy _NH_ _ NHR
45 NH_ _ NH, / N N ¢
CHy—C, HoN™ " I Me ~N S
NHNH, S N
H
(65} (66) (67)

Two new pyrazole-based ligands, ( HL = (67), with R = H or Ph),
have been synthesised, and the chemistry of their coordination to Co{IIIl)
has been reported; the results of spectroscopic characterisation suggest
that chelation is wia the pyrazolyl ring nitrogen atom, and the azomethine
nitrogen and sulphur atoms (212,213}. The complex [CoL,]C10,, where HL
is the thiosemicarbazone (68), has been prepared and characterised; the
sites of coordination are proposed as being 8, imino-N, and pyridyl-N
[214]. . Spectroscople characteristion of some complexes of Co{III)
invelving the thiosemicarbazone ({69) suggests that the ligand is
bidentate, chelating only wvia the thione and imino groups [215].

e
D\
8 ~Me ~H
N C S

G
Me n "
NS N‘pH
¥
C ~C
s? N s7 T NH,
(68) {69)
3.2.9.3 Aminoselencls and related ligands

Several complexes involving N-5e chelates have been reported this
vear. The oxidation of {Coltren)Cl;] with (HN,CH3;CH,Se- SeCH,CHyNH5)
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leads to the formation of p~ and t-isomers (in a ratic 3 : 1) of the complex
icon, [Co(SeCHZCH2NH2)(tren)]2+; a structural determination of Rh{ITII)
analogue of the p—isomer has been carried out [216]. In a related paper,
the same authors report the formation and racemisation of
{Co (RSeCH,CH,NH,) (tren) 13+ (R = Me; Et; PhCHy); +3C NMR studies have
been used to compare the inversion rates of the p— and t-isomers [217]).
{(The nomenclature p-— and &- refers to "“ecis—tertiary N-5Se" and

"trans-tertiary N—Se" respectively). A determination of AH for

activation
inversion at selenium in [Co{MeSeCHzcﬂzﬂﬂz)(acac)2}+ has produced a
value of 113 kJ mol™! which represents the highest reported value for
such a process; the application of HPLC to separate the diastereomers is
of distinct interest [218].

The complexes [Co{en); (RSeCH;CHoNH,) ] (R = CHoPh; CHpCHg: CHg)
have been prepared and spectroscopically characterised; for R = Et, a
structural determination shows a regular octahedral array of donaor atoms
about the cobalt atom ( £'s = 9046° ), and a Co-Se distance of 2.386(3)A
[219].

3.2.9.4 Miscellanecus

It has been proposed that the complex [Co{dmgH)s;(SeCN)L] (L =
various imidazoles) exhibits a trans-geometry, with the SeCN ligand
coordinating through the selenium atom [173].

A kinetic study of the reaction of the complexes (70) and (71)
with Cr (II) illustrates rapid reduction; activation parameters have been
determined [220].

O O
I Ox /2
rS--.. CHy s CHL
(en)>Co !  H (en)2Co, E;.u H
H.N— S H,N— &
COCH COCH

(70} {71)
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3.2.10 Complexes with phosphorus donor ligands

The preparation of [CDL2C12]CI (L = 1,2-CgF, (PMe3) 5) appears as
part of a series of syntheses of Co(III), Ni{II), Ni(III}, PdA(II}, Pd(IV) and
Fe(III} complexes of the ligand L; a comparison of the electrochemical
properties of some of these complexes with the corresponding
1,2-CgH4 (PMesy) » compeunds illustrates the electron withdrawing effects
of the fluorine substituent [221].

The room temperature reaction of [Co(NO),Cl], with the ligand
{72) leads to the formaticn of the complex (73); assignment of v, at
1822 and 1755 cm~! in the product illustrates that hydrogen transfer has
accompanied complex formation. An X-ray structural determination for
(73) confirms a tetrahedral coordination sphere with the ligand in an open
conformation; Co---——Ng, =~ 3.682A and P~—--Ny, = 2.978A. The ability of
the complex to carry CO, is also discussed [222].,

Phr, O\/w oN,,  LClI
~.P—N Co
|4-"3 ()qf" ‘FV—(DHH_,//\
(72) (73)

Cobalt (I11) complexes of the quadridentate ligand, PNNP,
R2P(CH2)ZNH(CHZ)ZNH(Cﬂz}anz {R = Me or Ph}l have been prepared and
their structures deduced from spectroscopic data; the compounds
[Co (PNNP)X5], where X is Cl™ or CNS~, exhibit three geometric iscmers, but
for chelating X2 {viz. acac or 0032'), the complex is restricted to one
structure [492].

3.3 COBALT(II)
3.3.1 Complexes with halide ligands

A few simple halide complexes of Co(II) have been described this
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year. The optical absorption spectrum of [Me3NH][CoC13].2H20 has been
assigned; it illustrates the presence of the [Coll,(H,0),] moiety [223].
The extraction of Co2% ion from HCLl solutions by either RN or R3R'NCL (R
= octyl; R' = Me) has been studied; of the complexes (R4NH),CoCl, and
{R4qR'N) 5CoCl, so—formed, the latter exhibits a more ionic Co-Cl bond
[224].

An electron diffraction study of cobalt (II}) bromide (rg{Co—Br) -
2.241(5)A ) has lead to the detection of a small precentage of the dimer,
{74}, in which g (Co-BY) perminal™ 2.241(5)A and :é(Co—Br)brhkm; 2.429(14)A
[225].

’,Br\
Br-CoN\ »
Br

Co—Br

{(74)

An electrochemical investigation of the [Co(CN)5}3'/ [Co(CN35]4'
couple has shown it to be a completely reversible reaction in Me,50, with
E° = -1.272 Vv at 25+1°C [226].

3.3.2 Complexes with oxygen donor iigands

3.3.2.1 Simple oxygen donor ligands

A crystallographic atructuraLﬁTdetermination of
[Ca(Ho0) g) [ (CgHgO7) 3B), has shown that the Co{II) ion is in a distorted
octahedral environment [227].

Cobalt (I1}) perchlorate has been the subject of EXAFS, infra red and
Raman spectroscopic studies [228)]. Vibrational and electronic¢ spectra of
the =2ame compound indicate respectively that the perchlorate ion is
tridentate, and that the Co?t ion is octahedrally coordinated; preparation
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of anhydrcus [Co(ClOy)5] and related complexes is described [229],

The complex [KL]3[Coc(SCN),), where L is 18-crown-6, has been
prepared and its structure determined; the coordinating ability of L with
the Co(II} ion exceeds that of SCN- [230].

32.3.2.2 Alcohols and phencls

bDeterminations of the equilibrium constants for the solvolysis of
[Co(H20)6]2+ by MeCN, 1-PrOH, 2-PrOH and (CH,OH), indicate that the
relative donor capacities of the solvents are MeCN > 2-PrOH > 1-PrCH >
{CH,OH) 5 [232].

Proton n.m.r. shifts and gpin-lattice relaxation times have been
used to probe the preferred orientation of the pyridine ligand bound in the
outer sphere of the complex {Co(CD3OD36]2+, (75} [233]1. Pulsed n.m.r.
studies, carried out in methanol, have been used to examine the
coordination mode of triethyleneglycol with co?t ion [234]. 14 n.m.r. has
also been utilised to study the complexation of pelyethylene glycols with
[Co(ClC4) 0] stable adducts containing the core [Co(II)O4), where O =
glycolic QH, are formed [235].

Several complexes ceontaining ligands which are derived from
phenol have been reported. Hexachlorophene, HL, (76), reacts with cot to
form the 1:1 and 1:2 complexes; stability constants have been measured
[23€). The mixed ligand complex [CoLp;L',]l, where L = (77) and L' =
cquinoline, has been synthesised and spectroscopically characterised [(237].
The formation constant for the complexation of a vanillin-derived ligand,
(78), with Co?% ion has been determined [238}. '

CH OH
ReQON
Cl clI
Cl Cl

(76)
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3.3.2.3 Carbosxylato, oxalato, acetvlacetonato and related ligands

The thermal decomposition of hydrated cobalt (II) oxalate has been
studied [239].

Formation of Co({IlI) by the reaction of vzone with cobalt (II)
acetate has been discussed {(240]. The mixed acetate complexes,
{Co{OAc) (D2CR)] (R = CjgH3y, Cjy9H3g, C1H43) have been prepared and
characterised by spectral and magnetic methods; trimeric and tetrameric
structures with bridging RCO;” ligands are postulated [241]). Another
mixed ligand complex which has been characterised is
[Cop (Me3CCOs) 4 (4-MeCgH N} 5] . An X-ray structural determination of the
compound has shown that each cobalt atom is coordinated to an y=-picoline
ligand, and to one oxygen atom of each carboxylate group; the latter act as
bridges between the two Co centres [242].

Stability constants for the complex formed between Co{II) and
mandelic acid {CgHgCH (CH) COoH) have been measured over the temperature
range 283 to 303K; thermodynamic parameters were determined by using
pH-potentiometric methods [243]. AH£? for the complex formed between
co?t and L, HoL = HN(CHsCO,H)» )}, has been reported [244].

The relative chelating abilities to Co¢t of some iscphthalic acid
derived ligands have been discussed; the parent acids in gquestion are
shown in (79} to (Bl) [245].
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R COxH R’ NH, HzN R

OH
R = Me; 'Pr; Bu R' = 3° alkyl R" = H: 'Pr
(79) (80) {81)

The characterisation of new complexes of salicylic acid, and the
chemistry of these and of previously known complexes, have, of course,
been reported numercusly. During the thermal decomposition of the
complex {Col,].3H,;0, (HL = salicylic acid), intermediate compounds have
been identified [246]. In a related piece of work, pyrolysis of [CoL,] is
reported to give Col and Cog30,: these products have been characterised by
infra red spectroscopy and by X-ray structural analysis, and are in
contrast to the prcductsf(viz. NiL and Wi0) of the analagous nickel (II)
reaction [247]. Thermal decomposition studies have also been carried out
for several complexes of formula {CoL,].2H,0 in which HL is a derivative
of salicylic acid: 4-aminosalicylic aclid [248], S5-amino salicylic acid
[243), and 5-sulphonatosalicylic acid [250].

Complexes of hydroxysalicylic acid have been prepared as humic
models. [CoL, {H0) 4] (HL = 5-hydroxysalicylic acid) has been
spectrogscopically and analytically characterised; an X-ray structural
determination of the analogous Zn{lII) complex shows that both carboxylate
ligands are axially coordinated [251]. The related complex with HL =
4-hydroxysalicylic acid has also been spectroscopically characterised, and
is reported to exhibit axially bound Lm ligands [252]. Related to this work
is a report of the structural determination of the octahedral complex
[CoL, (Hu0) 41, HL = (82); the structure of HL has also been elucidated.
Again, the carboxylate ligands are monodentate, and are axially
coordinated [253]. The preparation and characterisation of the conplex
[{Co{HsL) 5 (HoO) 51 (HaL = (B3) ) has also been described [254].
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O~ CH,CO,H C

CO,H

{(82) (83)

Thermal decomposition of hydrated cobalt (II) tartrate has been
reported to proceed wvia the initial loss of water at 401K [255]. Mixed
ascorbate and tartrate complexes of Co?* nave been described [256] .
Electrophoresis experiments which lead to the formation of the complex
ion [CeL]” and related Ni(Il}), 2n{II) and Cu{Il) complexes, ({ H3L =
H02CCH2C{OH)(C02H)CH2C02H }, have been carried out [257).

The reaction of Co2% jons with HL, (84), in an alkaline medium, is
reported to lead to the complex [Coky;}, which, with excess ligand and
alkali, forms [Co(OH),] via an intermediate ion, [CoLy(OH),]12~ [258].

The complexation of N-tosylamino acids, HL, with Co(II) ions has
been studied; for HL = (85), a structural determination of [CoLy (FHyO0) 4]
illustrates slight tetragonal distortion in the octahedral coordination
sphere, with L7 coordinating through the carboxylate group only ( Co-0,, =
2.100( A, and CO-Oapar= 2.077(5) and 2.082¢(4)A ) [259].

CO.H O Q 514‘“\\/’JQ§()
)
AL
A\ H
N
H CH,

(84) (85)
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The reaction of cobalt (II) acetate with [NH4)[L], (HL = (86) ), in 1:2
molar amounts, forms the complex [CoLs (HpQ)ol: this is yet ancther
example of a bis-carboxylate species in which the two L7 ligands
coordinate in a monodentate fashiorn and are trans to one another in the
conmplex. The paper alsc includes a structural investigation of the free
acid {260]1.

An unusual trimeric array of metal ions has been observed in the
complex [Co3zCL(CF3C0,) 3(S0,) (CH30CH,CH,0CHR) 3] . An X-ray
determination of the latter reveals that the sulphate moiety behaves
rather like a tripod ligand; there is a distorted octahedral arrangemenht of
donor atoms around each cobalt centre, and Co———-Co = 3.786(1}A [261).

The preparation and spectroscopic characterisation of the complex
[CoL{H,0) 5] has been described in which HoL = (87); the measured
magnetic moment of the complex is 4,75 BM,and an octahedral
environment is inferred from electronic spectra. However, a structural
determination for the related manganese{II} complex shows significant
distortion, and this compound is, in fact, polymeric [2621.
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Complexes of the carboxylic acid derived ligand,
CgHgC (Q)SSC(0)CCzHg, have been prepared and characterised; a
T-maembered chelate ring is proposed [263].

Reports of complexes invelving the acac or related ligands
cooxdinated te Co{(II) are various. The catalytic properties of [Co(acac);)
are illustrated by its use in the isomerisation of CHR0C({O}H in the
presence of Mel (264]. For the P-diketonate, (CHz) 3CC (O) CHLC (O C{CH3) 3,
complexation with Co(II) has been investigated thermochemically;
AHDf[CoLZJ is determined to be -1227.117.6 kJ mol~1 [265]. Complexation
of isonitroso- acetylacetone or benzoylacetone with co?t ion is reported
to give compounds of formula [CoL,]‘?™™* (n = 1-3) [267]. The versatility
of the ligand 1,7, ( HL =(88) }, to bind either in a mono- or bidentate fashion
has been illustrated by some equilibrium studies, in dmso, of the complex
[Cels]; the scheme shown below summarises the mechanism by which
[Col;] is converted to {C0L3]_:

[Co(bi-1) 3} e [Co(bi-L) (mono-1L)] = [Colbi-1}] * [L7)

[Colbi-L) ;) + (L) ~ — [Col(bli-L) 517

bi-L = bidentate; momo-TL = monodentate ligand

The same paper alsc describes the electrochemical reduction of the [Coly)
complex [268].

Oy ,O
' r
S\N,Me
/
T D e
R O O R OoH O N~

(88) R = H; (89) R=OH (90)



164

OH O
CH,Ph
HO O
(91}
Some new P-diketonate coordination chemistry involves HaL, (8%); the
formation of and further complexation of [Co(HyL),].5.5° (S and 5' =
sclvent molecules) has been described [269]. In a report of the

preparation and spectral characterisation of the complex {ColLs].4H,0, for
which HL = (90), it is proposed that coordination is wvia the enolate and
carbonyl O-atoms [270]. Again, only spectroscopic methods have been used
to characterise the newly prepared [B-diketonate complex, [ColL,].2H50, (HL
= (91) }; the carbonyl and o-phenolate O-atoms are proposed to be the
sites of ligaticn [271].

A series of two papers ([272,273] has discussed the complexation
of Co(II} ions with triones. Formation constants for complexes involving
the ligands heptane-2,4,6-trione, l1-phenyl-1,3,5-trione,
1, S-diphenylpentane—-1,3,5-trione, and 2,2'-dihydroxybenzophenone have
been measured [272]1. For the reaction of co?t with heptane—-2,4, 6—trione
in methanocl:water at room temperature, the formation of both 1:1 and 2:2
complexes is observed; conversion from monomer to dimer proceeds by a
2-step mechanism which is outlined in the scheme below ([(273]:

k, =24.6 1 !
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3.32.2.4 Amides with oxygen donor

Several Co(II}) complexes with amide ligands have been the subiject
of investigations this year. With HC{(O)NHMe as the ligand, L, the reaction
of cobalt (IT) chloride with L leads to the formation of the complex ions
[CoCl4127, [CoCl3Ll™, [CoClLgl* and [CoLgl?*: characterisation by
UvV-visible absorption spectra has been described (274]. The preparation
and spectral characterisation of the complex [CoL,Cl, (HoO),1.2H50, in
which L = MeC (O)NMe,, has also been reported [275]. Related to this is a
discussion of the solwvating effecta of dmf with co?* ions has been
presented [276]. WwWhen the amido ligand, L, (92) complexes with Co{IT}
ions, one of two complexes is reported to form depending on whether the
counter ion is chloride or nitrate(V):; the stability constants relating to
the formation of these complexes have been determined [277].

O

H A

N NH,

(92)
3.3.2.5 N-Oxide 1igands

The complexation of one N-oxide ligand, (B7), is summarised
above. Several other related species have appeared in the 1985 literature.
The simplest ligand, L, in this category is pyridine N-oxide; the complexes
[CoLg] [MX4), (M = Co or Zn; X = Cl or Br) have been prepared and their
magnetic properties investigated [278]. Nineteen mixed ligand complexes
of general formula [CoLs;L'] or [ColsL"s;] in which HL is a halocarboxylic
acid, L" is dimethylurea, tetramethylurea, hmpa or thf, and L' is pyridine
N-oxide, picoline N-oxide, or 2,2°'-bipyridine N,N'-dioxide have been made
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and characterised [279].

The ligand (93) chelates to Co(II) ion through two oxygen donor
atoms; complexes [ColoXs] (X = Cl, Br, NCS) and [CoLzX,] (X = I, Clo,, NOg3)
have been prepared and their physical properties investigated [280].
Finally, the N,N'-dioxide, biqu0O, = (94), chelates to Co2t to give an
octahedrally sited metal ion in the complexes [Co(biquls) 31Xy, (X = ClOyg,
CF3803, NO3) [2B1].

O
- -t
N+ r'u)j\ OEt N+ TN
O- M O- O-
{93} (94)
3.3.2.¢6 Macrocyclic ligands

A variety of complexes of Co(Il) with crown ethers has been
investigated. Cne study has compared the coordinating ability of
l18-crown-6 with that of the SCN~ ligand [230]. When cobalt{II)
perchlerate reacts with 15-crown-5, (L), the hydrophobic nature of the
ether ligand is reported to be the driving force for the formation of an
inner gphere complex, [CoL,] [C1lO4),7 spectroscopic data suggests that the
cationic complex [CoL(ClOQ)]+ is also formed [282]. 2y NMR studies
invelving l12-¢crown-4 have illustrated that in CD4NO, /MeQH solutions,
there is fast exchange between the free ether and coordinated ligand in the
complex ion, [Co(12—crown—4)2{MEOH)n]2+; the kinetics of the process are
presented [283]. The extraction of Co¢t ions from aquecus ClO,4~ solution
by a range of crown ethers has been explored; extraction constants are
reported, and formation constants for the cobalt(II) crown ether
complexes have been determined. The trend in these measured parameters
iz related to the basicity of, rather than the "hole—-size™ of, the crown
ether (284].
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{95)

The first example of a transition metal complex involwving the
macrocyclic ligand, H3L, {95), has been exemplified by [CojL,.thfl.SPhMe;
although the yield is wvery low, {(5%), it is reproducible. An X-ray
structural determination has shown that two of the Co(II) centres are
p—coordinate, and one is 5-coordinate; in addition, of the five toluene
melecules of crystallisation, two are involved in host-quest interactions
[285].

3.3.2.7 Mizcellanecus

Reports of some miscellaneous ligands which are oxygen donors,
and which coordinate to Co(II) ions, are summarised below. Firstly, there
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have bheen several studies concerning phosphorus containing ligands. The
structure of the complex [Co{O;PFj3)5].2MeCN has been elucidated; a
polymeric material, the complex exhibits UL-0O,PF, units around an
octahedral Co(II) centre [2B6]. Related to this work is the preparation of
[Co(O4PF2) 5] .HPO5F4 ¢ again, this compound is pelymeric, and contains
bridging O,FF3 groups [287]. The reaction of H,L, (96), with [Co(0aAc),] in
dmso produces the complex fCoL]l .nH,0. Infra red spectral data indicate
that the complex is polymeric, and that, for one ligand, coordination is via
the aldehydic CO moiety and the phenolic O atom, while for second ligand
attaches via the P(OH), groups [288].

Compounds with sulphonamide ligands include the previously
discussed complex of ligand (85), [259]. In addition to this, for HL =
C6H5503NH2, the preparation and characterisation of the complex [CoLs,]
has been descrilbked; stability constants have been measured (289].

The thermodynamics of the formation of a complex between Co(IT)
ions and the ligand L™, { HL = (97) ), has been reported [290].

When the pyrrolidinone ligand, {98), complexes with cobalt (II),
twe distinct compounds are reported to form; both the tetrahedral
[CoLgl[ClO,4], and the octahedral complex [CoLg] [ClO4]1, have been
characterised, and their magnetic moments measured [291].

Finally, polymeric complexes of Co(II) have been proposed as the
2+ jons with the ligand L, (99); the
complexes [CoL (MeQOH) (NCS) ] and [CoLg (NCS) 5] .MeOH have been
characteriged by various physical methods [292].

products cf the reaction of Co

O H
o o)
HO CHa~. - P 1 o
O =
OH Me N
Me N OH Ph

(96) {97)
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MeO.C,_ o
® g
N
bo
" © Ph =
R
(98) (99)

Polymeric complexes of Co{II) with the ligand L, {100) (R =
-{CHy)~ or o-phenylene), have been reported; each ligand is terdentate,
and spectral and magnetic properties of the complexs Co,L.2H,0 indicate
an octahedral envircnment for the metal ion [293]. Phosphates have also

been used in the preferential extraction of Co(II} ions from a Ni(II)/Co{II}
[294].

(100)
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2.3.3 Complexes with oxygen—nitrogen donor ligands
3.3.3.1 Amines, amides and amino acids

The amine HyL, (101), is reported to react with [Co(acac)3]_ to
give the complex [Co(H,L)) which is stable up to 300°C; infra red data
indicates that coordination of the ligand is via an N;O, mede, around a
sguare planar metal ion [295]. The mixed ligand complex
(Co(glygly) (NOs) (en') ] .Ho0, in which en' is a derivative of en, and glygly is
H,NCH,C (QYNHCH,COpH, has been prepared and structurally characterised;
the glygly ligand is terdentate and resides in the equatorial plane of an
octahedral coordination sphere [296].

H
or
H
oH O N N
|
{101}

A series of related complexes of general formula [Colsl .nH,O (HL =
CgzHyuR (NHCH,CO,H)Y; R = H, o-Me, m—Me, p-Me, p-Cl, m~NO;, p-NOj) has
been prepared and spectroscopically characterised [297]. For the ligand

I-histidine, a proton n.m.r. study of its complexation with Co2+

ions has
illustrated a stepwise mechanism; the sites of chelation are the CO;7,
O~NH,, and N'-residues [228].

The stability constants of a series of related Co(II)-amino acid
complexes have been measured and compared [299]. Continuing the
physical chemistry, there has been a report of the thermal properties of

several Co(Il) glycinates and imincacetates [300].
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3.3.3.2 Aminopolycarboxylic acids and related ligands

Only a few complexes involving Co{II} and amino— polycarboxylic
acid ligands have been reported. The first example is really a simple
monocarkboxylate ligand, but its relationship to edta means that inclusion
in this section is reasonable., The deprotonated form of the acid
HoNCH4CHANECHACO2H, HL, complexes with Co{II) ions to give [CoL({(H,;0)]}
or [Col,;]:; L™ is terdentate, and in the former camplex, a tetrahedral metal
is suggested, while in the latter, an octahedral environment is implied.
Fermation constants are also reported [301]. The formation constant of
the edta-related complex [CoLl, HyL = {102}, has alsoc been determined
[302].

N(CHoCOOH),
N(CH,COOH),

{102}

A gtudy of the kinetics of the oxidation of [Co(edta)]z" by I04” in
ethanol/water mixtures leads to the proposal of an inner sphere
mechanism as outlined below [3031:

[Cotedra)] #° + T ,° = [(ecta)Co T - 010 ;)3 —= [(edta)co T - o010 ;%"

[Co™ (edta)] - + 1 VI

0.510 , + 05T0 4
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Finally, the structure of an unusual complex, {(103), has been
elucidated by X-ray analysis; the ligand was prepared in situ by the
reaction of H,NCH(CO3 )5 with the coordinated tetramine, L,
HoN(CHo) (NH(CH,) ;NH{CH;)} NHs in the complex [CoLCls,] [3041].

N

(103)
3.3.3.3 Imines

An X-ray structural determination of the complex [Colj;]l, HL =
{104), shows a tetrahedrally sited metal ion with the imine cocrdinating
through N and © atoms. The measured bond lengths of Co-N = 2.035(B) and
2.003(8)A, and Co~0 = 1.879(7) and 1.873(8)A, in this complex illustrate a
greater than normal difference between Co-N and Co-0 distances; the
authors attribute this discrepency to the bulky nature of the N-substituent
[305] .

(104)
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As in the case of Co{IIl), reports involving complexes of Co(II)
with the ligand salzenz" are nuUmMerous. A spectrophotometric study of
the equilibrium system formed between [Co(saljen)] and [Co(salgzphen)] on
adding NaBPh, has illustrated the formation of chelate adducts with
cation and anion pairs; analogous Ni(IT) chemistry has also been described
[306). An interesting complex, [Co(saljen){MBu(OMe)SnCl,}C1l], (105), has
been isoclated and structurally characterised; the Co{II} is oxidatively

activated in the presence of "BuSnClg [307].

Me

Cin - e
\Sn

Bu/\"of .. v N

O:CO\N——/

O N N 0O = salen

Ci

(105)

The application of Marcus theory to the one electron oxidation and
reduction of [Co{salzen)) in a variety of organic sclvents has been
discussed [308]. Another study has looked at the reduction of organic
halides with [Co(salsen)] in thf/hmpt solution at room temperature [309].

N . N

oH HO

R R

(108) R =Me;C1 (1i07) R = COOH
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Cobalt (I1) complexes with the subsatituted salgsendH; and salgenH,
ligands, (106) and ({(107) respectively, have been prepared and
spectroscopically characterised [310,311]. An investigation of the
magnetic properties of [Co(HL) {(Hy0),]l, Hylo = (107), has illustrated a high
to low spin transition in the solid state (311}.

The complexation of the ligand, HoL, (108}, with Co(II) and with
Mn{II} has been described; the manganese complex has been structurally
characterised, and is found to exhibit an unusual 7-coordinate metal ion at
the centre of a pentagonal bipyramid array of donor atoms. The products
are recognised as having potential for template reactions [312].

COH  HO.C

{108)
Mo
N SOzH
OH
CH

{109)
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Several related Schiff base complexes of types [CoL, {(H;0)l5] (n =
1,2) and [COL(H3Q0)X,;]1 have been prepared and characterised by
spectroscopic technigues [313-316]. For the high spin complexes,
[CoL (H0) 51, in which HyL = RC{O)CE=N-p-CgH,COH (R = 2—thienyl),
ligand field parameters have been determined [316]. Further ligand field
effects have been described for some square planar complexes of Co(II)
[317). For the Schiff base complex [CoLs], HL = 1-OH-2-N=CHC{Q)R-CgHy,
R = [(-naphthyl, a stability constant determination accompanies a report of
the preparation and characterisation ([318]. Coordination to Cco?t stablises
the enol- iminium zwitter ionic form of the Schiff base, HgL, (109) [(319}.

The dinuclear complexes [Co;L]}BF, and [CoLFelBF4, 13" = {110),
have been made and the latter, structurally characterised; important
distances involving cobalt are Co~C = 2,20{1), 2.15(1) and 2.17(1)A, and
Co-N = 2,15(1), 2.19(1) and 2.09(1)A [320}.

-
N—T— (CH>).»

(110}

The inner sphere oxidation of [Co(edta) 12~ by imine and oxime
complexes of Cu({Il) shows rapid electron transfer, but long lived
intermediates which convert only slowly teo products; a first order
dependence on each reactant is cbserved [321].
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3.3.3.4 Hydrazides and hydrazones

The complex cis—[CoL,(NCS),), where L = HoNNHC (O) NHNH,, has
been prepared and structurally characterised; ligand field parameters
have been determined (322). For HyL bheing N-benzoylglycine hydrazide, a
series of complexes have been iscolated from the reaction of H,L with co?t
ions; [Co(HpL}pClsl, [Co(HaL)p].mHxO (n =1 or 2), and [CoLl.3H0 have been
characterised by magnetic and spectroscopic measurements, and are high
spin, octahedral complexes. The denticity of the ligand changes from two
in H,L and HL™, to three in L2- [323]. Two related papers report the
formation of complexes [Co(H,L),Cls) and [ColL].3Hp,0 in which H,L, (111},
has either R = Me ([324) or o-(HO)CgHg [325]); as with N-benzoylglycine
hydrazide, the denticity of (111l) differs from that of its conjugate base.
The same authors have reported coordination of the ligand
P-HO-CgH CH,CH (NH, ) C (O} NHN=C {Me) CgHy~OH-c to Co{(II), and again
complexes of the type [Co{H;L)5Cls) and [CoL].nH,O are formed [326].

C(O)NHCH, GIO)NHN=C { R = 0-C4H,OH; Me
R

(111)

The complexes [CoL,Xyl!, (L = (112); X = Cl, Br, I, NGy, BF,, ClOy,
SCN; n = 0,2,4,) have been reported; characterisation by physicochemical
methods suggest that the compounds are octahedral, except for the
halo—derivatives which are either octahedral or tetrahedral {327].
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Me
o HoN? 7
N OH
\':’/"\(YMG
H N— NH Mo 8r
(112) {113

The syntheses of both HL, (113}, and the complex [CoL,) have been
described; characterisation by spectroscopic methods and magnetic
measurements.suggest that the ligand coordinates via the phenoxy group
and the imino nitrogen atom [328]. The product of complexation of the
ligand HyL, (114}, with CoCly; depends upon the mode of preparation; the
conmpounds  [CoL(Hy0) 31, [Co{HL)Cl], and [Col,1 are all orange, and the first
two are reported to be octahedral [329].

H H
1
N
Q( ‘m’le
O
[z &)

(114}

{115)
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Me. . Me
N N O oH
SC|NHN=CH
N
2
R
(R = H, Me, CI, OMe)
(116) (117)

The preparation and spectral characterisation of the complex
(115) have been described; a measured magnetic moment of 1.9BM is
indicative of octahedral coordination and hence, the presence of
coordinated water molecues in the axial sites is implied [330]. For the
complex [CoL,;]1Cly in which L = (116}, an octahedral coordinaticon sphere is
implied from spectroscopic and magnetic moment data [331].

The bactericidal activity of the complex [CoLl] (HoL = (I17) ) has
been inwvestigated; within the complex, the phenoxy—0 and imino-N donor
atoms are reported to form a square planar array [332]. Antibacterial
actiwvity is also reported for the complexes [Co(HL)SO4].2H,0,
[Co (HL) (NCS),] and [CoL,].2H30 in which HL is the iscnicotinic acid-derived
ligand (118) {333].

O

H N\'N

H N

(118) {119)
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Finally, the preparation of, and reaction with Co(II) of, the ligand HL,
{11%9), have been described; again, only spectroscopic and magnetic
moment data are available for the new complex [CoLj;]Cl1 [334].

3.3.3.5 Heterocyclic ligands

There have been several reporta of Co(II) complexes with
8-hydroxyqgquincline, HL, or derivatives therecf. The effects of different
electron releasing or withdrawing substituents in the 4-position of
8-hydroxyquinoline have been investigated for the complex CoL, [335}. For
HL = 4-methyl-8-hydroxyquinoline, reaction of the complex [CoL,] with NO
in CH4Cl, or dmf at room temperature, leads to the formation of
[CoLs (MO} ]; [CoL,] and [CoLy (NO)] both react with NO in a solution of 10%
pyridine in dmf at 283-288K tc produce [CoL, (NO) (py)]l, or at higher
temperatures to give [CoLy(NC;) {py)]l. Further reaction of [CoL, (NO) (py)]
with NQ gives [CoLj(NO3) (pY)].py-H20. In each case, infra red spectroscopy
was used te monitor the coordination of the NO based ligand [336]. The
complexation of 7-dicyclohexylaminomethyl-8-hydroxyquineline with
Co(II) ions has been described; stability constants for the new complex,
and other related first row transition metal complexes, have been
determined [3371. An interesting dimeric structure has been proposed
from spectroscopic data and X-ray diffraction powder patterns for the
complexes [CoLs).nHsO (n=0,1) where HL = B-hydroxyquinoline or its
2-methyl derivative; it is suggested that two cobalt atams are bridged by
the phenoxy—-0 atoms of two ligands, while each ligand chelates separately
to one metal ion [338].

R
N
N >
R’ w q
CH>CH R
R #R = Me H=H R = n=Pr
R=Ra= 002H R = CH(OH)(Ph) A= 2-CGH5-OH

{120) (121) (122)
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The mixed ligand complexes [ColL,L's)]l.nHoCQ and [ColLyL™].nHoO (HL = (120);
L' = Hy0, NH3, py, Me-py; L" = phen, py; n = 0,2) have been prepared and
spectroscopically and magnetically characterised; all structures are
proposed as being pseudo- octahedral, with L7 c¢oordinating as a bkidentate
ligand through the carboxylate O- and the tertiary N-atoms [33%]. The
complexes [Colg].nHpO0 and [CoLyL's).nls in whieh HL = (121) or related
ligand; L' = py, P-picoeline; n = 0, 0.5, or 1, have been reported;
characterisation is via spectroscopic and magnetic moment observations,
and it is concluded that the complexes may be tetrahedral or octahedral
depending upon the nature of the ligands [340]. Related to this work, is a
discussion of the complexes [Co(HL}; gX5]1, [Co(HL)5Y¥Y,], and [Co{HL,)L]ClO,
(HoL = (122); X =Cl, Br; Y = I, NO4y, SCN):; an X-ray diffraction study of the
Ni{(II) analogue of [Co(HL,;)L}Cl0O, evidences a strongly hydrogen—-bonded
dimeric structure in which each Ni(II) is octahedrally sited, and the
ligands function as N-O chelates [341].

The reaction of 1-{hydroxymethyl)-3,5-dimethylpyrazole (HL) with
Co(II} halides, X, (in ethanol, followed by treatment with ethanolic KCH,
produces a novel tetrameric cluster, {CDR(L)(EtOH)}4; the analogous
nickel (II} cluster has been crystallographically characterised, and exhibits
a cubic NiyjC4 core with “edge bridging™ chelates [342].

The cyclic ligand, L™, (HL = (123) }, coordinates to Co{Il} ions to
produce the compound [CoL;].2H,0; preparation and spectroscopic
characterisation have been reported [343]. The pyridine derived ligand HL,
(l24), and its conjugate base both have the same ligation properties;
coordination is proposed to be via an N-N-O tridentate mode in the
camplex cation [CoL{HL)]* [344].

Ph

l"'

* =coordination site

{123) (124)
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3.3.3.¢ Miscellaneocus ligands

The first example of coordination via the O atom of an N=5=C group
in a deprotonated N—sulphinylphenylhydrazine ligand has been reported;
the complex [Co(PhNNSO5) (py)s)] has been structurally characterised, and
possesses an octahedral coordination sphere with trans-—py ligands, and
N-O chelating PhNNSQO, groups which are trans with respect to one another
[3451.

The complex [CoLs] in which HL = (125) has been synthesised; it
is paramagnetic and a tetrahedral geocmetry is proposed [346]. Stability
constants have been determined for a series of complexes of Co{IIL)
containing substituted azocresol ligands [347].

NMe,

(125)

The identification of isobacteriochlorins in sulphite reductases is
Justification for a detailed investigation of their coordination chemistry;
the oxidation of Co(II) nitrosyl complexes of porphyrins, chlorins and
iscobacteriochlorins yields stable, recyclable, Co{II} nitrosyl E—cation
radicals [348].

Nitrogen—oxygen macrocyclic chemistry is represented this year
by a report of the complexes [CoLl in which L = {(126) or (127}; the
macrotricycle (126) envelopes the metal ion, forming a "cylindrical™ cage.
A compariscn of stabilities of the two complexes is presented [349].
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{(126) {(127)

3.3.4 Complexes with oxygen—sulphur donor ligands

Complexes with 0-S chelates to cobalt(I1) are sparse. For HpL =
(CF3) ,C (CH) CH;SCH,C (OH) (CF3) 2, the complexes [CoL(tmed)], [CoLipy)azl,
and [CoL{bipy},] have heen synthesised. [CoL(py} 2] has been structurally
characterised as trigonal bipyramidal complex; one py is axially bound,
and the other lies in the eguatorial plane, while the L2~ ligand is
tridentate, with the S—atom axially sited. Pertinent bond parameters are:
Co-0 = 1.911(4); Co—8 = 2.553(2): Co—N, 5.7 = 2-102(5); Co-Nequat .
2.,087(4)A [350].

The complex ion, [COLZ(H20)2]2+, has biological significance and
the fungal toxicity of both this and the free ligand, (128), have been
studied [351].

Me

CH3C(O) ~N Y \n/
Me“'\_ S

* ail
Me ligation aite

(128
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3.3.5 Complexes with sulphur donor ligands

3.3.5.1 Thiolates and thiocarboxylic acids

The synthesis and structural characterisation of the complex ion
[CoL2}2_, in which HaL = HS{CHy),3H, have been described;
tetrahedral with an average Co-5 distance of 2.284(6)A.

the ion is
The oxidised
product, [CoL,]”, has alsc been fully characterised, and is a planar, spin
triplet Co(III) species; the average Co-S bond length is 2.167(5)A (352].
The known thiolato complex [Co4(SPh}10]2_, has been found to
react with 3H™ ion,
[CogSg (SPhY g 47
[CoBSG(SPh)Bls_, again possessing a cubic core.

in acetone, to produce the near cubic cluster ion
reduction of this species in acetonitrile gives
The significance of these
new materials in relation to synthetic pentlandite is discussed [353].

The ability of 2-thiclatogquineline to extract Co{ll) ions from
solution has been studied as a function of pH, and of C02+ ion and ligand
formation constants for the complexes so formed are
(12%9),

ions to form the green complexes [Col¥X,].0.5H,0 (X = Cl, Br) and

concentration;
reported [354].
Co{1I)
CoLaXy (X = NQ3, ClQ,) which are prone to decomposition in polar solvents.

The zwitter—ionic ligand, ligates wvia the S-atom to

S' — 'R R _2n+
S S
::c;o.' _ CoT \.Co
rlq+ ," “I ," “.' ".‘
H S $ ’
_ R R Jn
(129) (130)

Both complexes are polymeric; the former complex contains tetrahedrally

sited CO atoms,

and structure

(130)

is proposed on the basis of
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spectroscopic data; CoL3X4, on the other hand, exhibhitsa octahedral
cobalt (I1) [355]).

A potentiometric investigation of the complexation of Co{II) ions
with CH4CH(SH)COsH or HSCH3;CO5H in aqueous medium, indicates the
formation of 1:1 and 1:2 (M:L) complexes; stability constants have been
obtained [356]. A closely related article by the same authors has also
appeared [357]. Related to this is the complexation of HSCHp CH (NH,) COgH
with cobalt(II) ions; under oxygen free conditions, 1:1 and 2:3 complexes

are formed [358]. Thermodynamic parameters and a stability constant
have been determined for the complex formed between C02+ and
CH5 (C(C)SH}, [359].
3.3.5.2 Thicamides

The preparation of the complexes [CoLyXs] and [CoLzY¥p]l (L =

MeyNC (S) -55-C({S)NMey; X = Cl, Br, NO5, NCS; ¥ = I, Cl0O,), and their
characterisation by spectroscopic metheds and by magnetic moment and
conductivity measurements, have been reported [(360]. Two closely linked
rapers deal with the complexation of BzNHNHC (35) NHNH, with cobalt (II)
ions; preparation and specroscopic characterisation of fCon (HpO) 51 [361)
is accompanied by the determination of thermodynamic parameters [362].

The conjugate base of the thicamide HyL, (131), ligates to Co(II)
ions to produce the paramagnetic complex, [Co(HT)]Cl.2H.0O; in acidic
solution, infra red spectroscopic data indicate that HL™ is tetradentate.
The thermal decomposition of the complex is also discussed [363].

3.3.5.3 Miscellaneous

The synthesis and spectrascopic characterisation of the high spin
complexes [Co(HL);X;] and [CoL,;] where HL is a thiosemicarbazone, { with
various X}, has been described [364]. A distorted tetrahedral structure is
proposed on the basis of infra red and Raman spectral data for the
complex, CoLy,Cls, (L = (132} [365].
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{131) (132)

Finally, an unusual trimethylarsine sulphide conmplex of cobalt(II),
[Co(Me3AsS)4][C104]2 has been prepared; depending upon the choice of
solvent, ethancel or acetone, one of twoe conformational isomers {(one green
and the other blue ), is isolated. X-ray diffraction studies show that the
[Co(Me3A88)4]2+ cations are stacked in a columnal arrangement, with
S-Co—5 angles and S$S—-Co-5-As torsion angles differing for the two isomers
[366].

3.3.6 Complexes with sulphur-phosphorus donor ligands

Two papers have appeared concerning the chelation of the
sulphur—phospheorus containing macrocycle, (133), to Co(II) ions [367,368].
The complications of optical isomerism are well addressed, and the chiral
conformation of the g—diasterecisomer of the complex [Co(E-L}][BF4]l, has
been confirmed by an X-ray diffraction study. The é-diasterecisomer
exhibits a distorted octahedral array of donor atoms about the central
metal ion with Co-8 = 2.62(2), 2.56(2)A and Co-P = 2.35(2), 2.24(2),
2.31(1y, 2.21(1YA; the shorter Co-P bonds are the axial ones. The
Y-diastereoisomer of the same complex has alsco been structurally
elucidated; the macrocycle (133) is oriented with the four P-donors in a
plane, while the S—atoms of the ligand avre not coordinated (368].
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(133)

Although they are perhaps better thought of as clusters rather

than as coordination complexes, the compounds
[ (triphos)M(E,S)M’ (triphos)]¥, (E=P, As; M= M"' = Co, or M= Co, M' = Rh, ¥ =
BFsp; M =M' = Rh, Y = BPh,; ) are included here because of their novelty.

X-ray analysis shows the E,S unit to be 'q3 coordinated to each metal atom
[369] .

3.3.7 Complexes with nitrogen donor ligands
3.3.7.1 Thioccyanate complexes

A spectrophotometric study of the equilibrium {(in methanol}
between tetrahedral and octahedral forms of the complex
[Co (Hp0) g (NCS) 21277 (n = 1-3) has been described; thermodynamic
parameters for successive complexation steps were also determined [370).
In a related piece of work, complexation of Co(Il) iong with thiocyanate
ion is reported to lead to the formation of [Co{(SCN),12™" where n = 1,2,4
but not 3; log P values wer determined (371]. A neutron diffraction study
aof the complex K2[CG(NCS}4],H20.CH3N02, carried out at 120K, evidences
chains of tetrahedral [Co(NCS)4]2_ units which are interconnected by
OH-—-$ hydrogen bonds; pertinent distances are Co-N = 1.964(2), H-——S =
3.377¢(2%A [3721. The alkaline hydrolysis of [Co(NCS)s] has been the
subject of study; the reaction leads first to [Co(NCS)s].[Co{(OH)»), and then
to cobalt (IT) hydroxide [373].
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The structure of the mixed metal complex
{CoHg (SCHN) 4 (Ho0) 5] .MeC{O)NMe, has been elucidated; the cobalt(II) ion is
octahedrally coordinated, with the thiocvanate ligands in the ecuatorial
Plane. The same ligands bridge between Co and Hg centres, thus forming
2-dimensional networks parallel to the {001) plane [374].

3.3.7.2 Amines

The dinuclear complex [Co(NPhs)pz]l, has been prepared by the
reaction of LiNPh, with CoCl, in hexane/thf sclution at low temperature.
Structural characterisation of the complex shows each cobalt (II) centre to
be 3-coordinate with two terminal and one bridging NR, group; the Co-Co
separation in the complex is 2.566(3)A [378].,

The reaction of Co(QRc) » with (NC) (H,N) C=C (NH;) (CN) in dmf in the
presence of O, leads to the formation of the dinuclear cobalt (II) complex
(134), which, on treatment with a suitable reducing agent, produces a
cobalt (I) monomer. In the cobalt{lI) dimer, the Co—-Co distance is short
(2.633(3)A); each cobalt atom lies 0.19A below the plane of the four
nitrogen atoms and displaced towards the other metal atom, In the
cobalt (I} complex, the average Co-N distance is 1.831(2)4 [377).

N CN
X et
A - -;‘:Er.a
NCTTN SN cN
(134)

A number of cobalt({II) octahedral complexes of type
[CoLy_, {(amine)p] (n = 0,1) have been prepared by the reaction of
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[CoLsl . 3HOQ (HL = o-HgN-CgHyCOoH) with different amines; the base
strength of the amines influences the mode of coordination of I. [378}].
Reaction of the ligand HoN{CHy) 4 CH(NH,;) CO,H.HC1 with Co{II} ions forms
complexes which have been characterised by conductivity and magnetic
measurements; stability constants have also been determined [379].,

Kinetic studies involving the trigonal bipyramidal complex ion,
[Co(hmtren)L]2+ ( hmtren = (Me,NCH,CH,) aN; L = HC(O)NEt, ) have been
reported; rate and activation parameters for exchange of L have been
determined, and it was found that the lability of [Co(hmtren]L]2+ is
substantially less than that of the octahedral [CoL6]2+ ion [380]. Aan I,
mechanism is supported for substitution by NCS™, N3~ or Br~ of dmf in
[Co(hmtren)(dmf)]2+ [381]. Related work invelves use of the optically
active tripodal ligand, L', (Me,NCH,CHMe ) N(MeoNCHL,CHS ) o4 the
preparation and structural elucidation of the trigonal bipyramidal complex
[CoL' (cS) 1V is reported [382].

Coordination to cobalt{(II) of the chelating diamine RR "N {CH5) ,NRR"
({ R =Me; R' = pyryl; n = 3,4 } has been investigated, and the complex
{CoL (SCN) »] .nH3C has been characterised [383].

A derivative of ligand (29), cyclo—CgHyp (NH{CH;COsH) 3} 5 (HyuL),
forms complexes with Co(II) ionsy; at pH 2.5 to §.5, a solution containing
Cco?t ions and HuL was subjected to radiolysis and the cobalt was oxidised
to Co{III}). Under these conditions, the Co(II}- and Co{III)-complexes with
HyL decomposed by a radical reaction [384). The complexation of cobalt (ITI)
with the ligand CH3 (CHy ) gN{CH5;COzH) 5 (HoL) has been reported [385]. The
related tertiary amine, (ntaHy), forms the complex [Coz{Co(nta)z}].nﬂzo
which has been isclated by i1on exchange and characterised
spectroscopically and by X-ray analysis [386].

3.3.7.3 Heterocyclic ligands

As one would anticipate, there are numerous reports of cobalt {(II)
complexes involwving ligands derived from pyridine. The complexes
[CoXIL'], [COoXLL';({Hy0)]1, [CoXIL's] and {CoXL{Hz0)3]} ( HL = acetoacetanilide;
L' = py, ¥picoline, quinoline; X = Br, Cl, NOg4, Cl0O4) have been prepared and
characterised spectroscopically and magnetically [387]. A variety of
mixed pyridine-based ligand complexes of Co{(II) have been synthesised and
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relevant ligand field parameters determined; all complexes are proposed
as being octahedral, except for those which contain morpholine as one of
the ligands. The latter complexes are tetrahedral. [388].

N, N=-disubstituted Z-(aminomethyl)pyridines have been found to
complex with cobalt(II) ions to give the blue, dinuclear complex ions,
[C02L4(OH)]3+, in which the Co(IT) centres are held together by a hydroxide
bridge, and two amino-N bridges; kinetic and spectral data on these
complexes is presented [389]. Complexes of nicotinamide, have been
reported; in [Co(nic)y (Hp0) 4]1{0OAc]5.2H50, each nic ligand is coordinated
via the heterocyclic N-atom [39Q)], and in {Cc{C(CN}3}5(nic),}, nic shows
the same mode of coordination, but the complex is polymeric, with the
{C(CN) 3} moiety acting as a tridentate bridge {391].

Within a single c¢rystalline sample of the complex
Bl—[Co{ipicpn)(S—ala)]Cloq, {(picpn = (135) ), four diastereomers have been
identified; pertinent bond lengths (averages) are Co-0 = 1.89%(1), Co~NPy =
1.23(1), and Co-N, ipa = 1.94(3}A [39%92]. Two related compounds,
[CoL,4 (NCS) 5] and [CoL, (Ho0) 5 (RCS) 51 (L = (136)), have been structurally
elucidated; both complexes are octahedral, with like ligands trans to one
another; in the former, Co-Ny.s = 2.058(7), Co-N,, = 2.215(6) and
2.217(6)A, while in the latter complex, Co-Nysg = 2.080(5), and Co-Nj, =
2.195(4)A [393].

o
CHaNHCH(Me)CH,NHCH,
)

{(135) {136)

The thermal behaviour of the complexes [Col,;1, in which L =
R{(CH,) NHSOPh (n = 0,1,2) or RSO,NHPh and R = 2-py, has been
investigated; the mechanism of decompogition is ligand dependent, and is
either by direct loss of L, or by elimination accompanied by hydrolytic
cleavage of L [394]. 19N n.m.r. spectroscopy has been used to monitor py
ligand exchange in bis(py)bis (B-diketonato)cobalt (II) complexes;
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Stabkility constants and

activation parameters have been determined [395].
thermodynamic parameters have been reported for complexes of ligand

(137) with co?t ions [396].

R’ R
N=N
N
A = 2-hydroxy-5-methyl; 2,4-dihydroxy
P~
o~ \(‘) CH R' = H; 2'-carboxyazobenzene
(137) (138)

Ligaticn of the azo-compounds (138) to Co(II) has been described

[387]. The related py based ligands, (138)-(141), give red 1:2 { Co(II):L )
which are oxidised to green Co(IIl) compounds by Cu(II} in

complexes,
dmso; the ligand dependence of the electrode potential for this redex

couple has been assessed [388).

Foololl
S

N
(5

(140)

{(141)

(139}



13

X mpo: Xm0y R=4-methyl-2-cquinolyl
mg'bo: X=0; R=4=-methyl—-8—~quinolyl
‘ />—- R mpbi: X=NH; R=4-methyl-Z-pyridyl
rmpbt: ¥=S; R=4~methyl -2-pyridyl
N opbo: Xm0} R=4-mathyl-2-pyridyl
(142)

Cobalt (II)} complexes of the type [ColyCl,;].2H;0 have been
described for L = (142); the compounds are pseudo-tetrahedral, except in
the case of L = mpbo where an octahedral coordination is evidenced [399].

Complexes of bipy and phen are well exemplified asz usual. The
preparations of the [CoL(SCN)4]2' anion (L = bipy, phen) [400]1 and of the

rixed ligand complex [CoLgL'] (L = bipy; L* = phen} [401]1 have been
described. The electrochemistry of [Colbipy)3]1[ClO4], and
[Co(bipy) 5Cl,] .nH,0 has been investigated as a function of pH [402]. The

reaction of the related compound [Co({bipy)3]1Cl, with SnCl,; in HCl1l leads to
[Cof{pbipy}315nCla, the spectroscopic, conductance, and magnetic properties
of which have been reported [403]. A digscussion of trends in the
stabilities of cobalt(II) complexes with aryl substituted phen ligands
[404}] compliments a separate paper, which describes the extraction of
Co{II} into 1,2-dichlorcethane using phenyl substituted phen [405]. The
complexation of agqueocus Co?* ions with bipy and phen has been studied as
a functicon of ligand concentration, and in terms of competition with other
metal ions; an i1y mechanism is proposed for Co(II) but this mechanism is
found not to appertain to all the metal ions studied [406].

The complexes [CoLyaL'] {C1G,) 5, trans—-(0)-[CoL',L1C1l0,, and
trans—~ (N} -[CoL',L1C10,4, ( L = phen; L' = picolinic acid) have been isolated
and spectroscopically characterised; some photochemistry of the new
compounds is also reported [(4071. The ligand (1l43) reacts with cobalt {II}
chloride to give the complex ion [cQL3]3+, isolated as the PFg  salt; some
electrochemistry of the complex has been investigated [408).
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N N=—

N N= —— N N

(143) {(144)

The oxidative, reductive and energy transfer pathways which are
involved in the guenching of (polypyridine)ruthenium(II) complexes by
Co(II) ions have been described; the oxidative route leads to a new HpO
rhotoreducticon sequence or reactions [409). In related work, use of Ca(II)
tetramacrocyclic complexes as electron transfer agents in the sequence:

[Ru(bipy) 312 + [CoT(macrocycle)] + electron donor ———> products

in which the ruthenium complex is the photosensitiser, has been examined
[410].

The tetradentate heterccycle, bpym, (l44), is able to act as a
bridging ligand between two Co(Il}) centres:; the dinuclear complex
[LyCo (bpym) CoLgz] ( HL = F3CC(O)CH,RC{O)CF3 ) has been structurally
characterised, and bpym chelates to each metal atom, the Co———Co
separation being 5.750(4)A [411]. The compound [Colbpym) 3] {ClO,} 5 has
been prepared and its electronic spectral properties examined; the
complex is paramagnetic, and is a potential precursor for polymeric
compounds [412] .

H.
N R=Bu R=C,5Ph R=H R=H
\ R'=H R'~CHCH {NB}COH R'=CH ,S{CH,),NHC {NCN)NHMe R'=CHCHNEH,
R" R"=H R"=H R"=Me R"=H
N
|
R

(145) (146) (147) (148)
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Extraction of cobalt{II}) ions from solutions containing sulphate
and nitrate ions, by using the ligand (145), has been described [413]. For L
= (146), coordination to Co(II) ion giwves 1:1 and 1:2 complexes [414].
Related species of type [ColLs]X,.nHsO where L = {(147), have alsc heen
prepared, and characterised by physical methods [415]. The solubility of
dinitrogen in aquecus media, in the presence of [C0L2]2+ for HL = (148) or
hisH, has been described in terms of the equilibrium:

{C0L2]2+ + N, & [COLZ(NZ)]2+

Equilibrium constants for the systems with the different ligands have
been determined at 298K; Kequ_(llﬁ} > Kequ_(hisH) [416]. The preparation
of complexes of type [CoLgyX5]1, where L is l-methyl-3,4-diphenylpyrazole,
have been reported; spectroscopic, conductance, and magnetic moment
data suggest that when X = halide, the complexes are tetrahedral, but when
X = nitrate, octahedral coordination occurs [417].

Formation constants for cobalt(II) mixed ligand complexes
containing HoNCH,CO,H and (149) have been determined, and compared
with values for analogous complexes with other metcal ions [41B]. A
related piece of work gives formation constants for similar complex&as in
which the ligands are shown in (150) [41%9]. A report of the preparation
and characterisation of complexes [CoL,Cls] (L = (151) ), also includes a
discussion of their thermally induced polymerisation; the polymer
structure and heat of polymerisation depends upon the substituents, R
[420].

N

5— R R=H R=H R=vinyl
N

b

R'=H R=2-HO-CcH, R'mH; Me;EC:Pr;
2-HO—-53-Br—CgHa Bu; Cghyqs o—tolyl:
R 2-HO-3-MeO-CgHjy Ptolyl
CH (CH) M

(149) (150) {151
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m Me * coordinaticn site
NN
N
Me

{152)

The complexes [ColCls].nl>0, containing the ligand, L, (152), are
blue and purple respectively; spectroscopic characterisation, supported by
structural data, evidences 5-coordinate cobalt (IT) with the heterocycle
chelating between axial and equatorial sites [4217.

An extended pyrazole arvay iz found in ligand, ap3d, (153). The
complex [Co(ap3d) (HgQ)]1[C1l0,4]15.H20 has been prepared and fully
characterised; the ligand is pentadentate, with Co-N distances lying in
the range 2.100 to 2.255& [422]. Complexes involving the related tripodal
ligand, {154, have been reported, and one,
[Coz (ap3d) pF] [BFy] 3. (ELOH)  (Hp0),,, is especially interesting because the
cocbalt centres are held together in pairs by H-bonded solvent molecules;
the Co atoms are separated by 6.254(2)A [423]. The same authors have alsc
prepared and studied the complexation of the bispyrazolyl ligand, bdmpab,
(155) which has the ability to be either bi- or tridentate. A structural
elucidation of [Co(bdmpab)Cl,] shows a distorted tetrahedral complex with
a bidentate bdmpab ligand; two Co—-N distances are 2.038(2) and 2.044(2)A
respectively, while the third, at 3.854(2)A, is regarded as a non-bonding
contact [424].

The reaction of anti-dichloroglyoxime with N,N'-diphenyl-
methylenediamine gives the ligand HpL, (156); complexation of HoL with
cokalt (II}) ions is reported to give the square pyramidal complex
[Co{HL) 5 {H0) } [425].
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Cobalt (II) chloride reacts with HL, (157), to give a tetrahedral 1:1
adduct; the product is reported to be a linear polymer with a —{CoLH) -
backbone, and two terminal Cl ligands per metal atom [426]. Complexes of
the related quinazocline ligand, (158), have also been studied; e.s.r.
measurements on the Co{II} complex are discussed in terms of geometry
and electronic configuration [427].

O O
Ho N* ~ NHz
N N
o ¥
HaN N b{* N;\n R=Me; FPh
H

*coordination gite

(157 (158)
/@"\ ove IS
MB N rl’l N &’;**
N

*ligation for temninal unidentate
Me wiiigation for bridging bidentate

{159) (160)
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(161) (162)

The complexes ([CoL3](Cl0g)lz, [CoL{S04)1.xH50 and [CoLClj]
containing the heterocyclic ligand, L, (159) have been prepared and studied
spectroscopically; octahedral cobalt{II}) is evidenced in the first two
complexes, and tetrahedral cobalt in the latter [428]. Reaction of CoCl,
with the purine derivative, HL, (160}, leads to the formation of the
complex [Co(L} (EL)C1l].H;0; spectroscopic characterisation suggests a
S5-coordinate metal atom, and a linear polymeric complex with HL
molecules acting as bridges between adjacent metal centres [429].
Related to this is the characterisation of the complex ion [Co(L)(HL)2]+ in
wnich HL is (16l1); infra red spectral data indicate that the ligand is
coordinated via ring N—atoms and not through the C=0 moieties [430). The
final complex with a member of this same series of ligands is ([CoLgy].3H0
in which HL is (162}; the synthesis of the ligand has also been reported
[431].

There are several papers which discuss the preparation of
complexes with thiazole ligands. The complex [Col,l, where L is
4-salicylideneamino-1,2,4-triazole, phosphoresces, and has fluorescence
bands at 25,500 and 19,000 cm_l; some photochemistry of this complex
has been investigated [43Z2]1. A structural study of the compound
{Co3Lg (NCS} 4] (NCS]5.9H,0 illustrates a bridging r&le for the ligand
4-butyl-1,2,4-triazole; adjacent pairs of octahedrally coordinated Co(II)
centres are linked by three 1,2-bidentate thiazole ligands ([433]. The
same authors have reported the p;eparation and structure of another
trimeriq system, (Coz(HL) g(NCS) 4F5]1.2H,0 in which the ligand, HL, is
3,5=diethyl=-1,2,4-thiazole; here, the nonbeonded Co———Co separation is
3.3726(3)A and the Co-Nypia.zole distances lie in the range 2.09 to 2.214
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[434]1. A related piece aof work introduces a new class of 2-dimensional
thiazole; the ligand btr, (163), forms the complex [CO(NCS)s(btr),].HpC
which has been structurally characteriged. The complex consists of layers
of 6 coordinate cobalt{II) atoms, with an intra-layer Co———Co separation
of 9.207(2)A and an inter-layer separation of 8.584(1)A [435].

N=\ /”'ﬂhrj

e

1 —
N/ \e==N
(163)

Reaction of Co(II) ions with tetrazole forms a pelymeric complex
[CoL; gCl3).0.5H30 containing octahedrally sited metal centres;
characterisation is by spectroscopic and magnetic moment measurements
[436] .

Complexes containing the nitrogen-sulphur heterocycles shown in
{164) and (165) have been prepared and spectroscopically characterised.
Complexes of (164) are either pseudo-tetrahedral with a CoN,X, core, or
pseudo-octahedral with a CoNgX,; or CoN303 core; CNDQ/2 calculations
have been carried out on the free ligands and indicate that coordination wvia
nitrogen in favourabkle [437). For the ligand, L, (185), the complex
[COL,]1 [C104)3 has been spectroscopically investigated; it is a low spin,
diamagnetic octahedral complex, in which L is tridentate, bonding through
the azo-N, the thiazolyl-N, and the aminoe-N atoems [438].

(164) (165}
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3.3.7.4 Amides, amino acids, and peptides

In this section, investigations of the ligation of the title species,
as well as of thicamides, are considered; hydrazide and hydrazone
derivatives are also inclurled.

The reaction of aquecus Co(II) ions with H2NC(O)NHNH2.HC1 gives
either neutral or catiocnic complexes, the infra red spectra of which have
been reported [439]. The preparation of, spectral characterisation of,
and determination of stability constants for complexes of type
{LsCo (CNS) 5 (NCSAg) 5] in which the ligand L is (HpN)oC=X, (X=0 or 8},
H,C=CHCH,NHC (O)NH;, CH3C(O)NH,, CgHgC(D}NH;, XCgHgC(O}NHCH3 (X = H,
Br, C(O}CH3), or imidazoline-2-thione}, have been described: bridged
structures are proposed on the kbasis of spectroscopic data [440].

The complexes [ColX,] and [Coly], where L is the ligand {166) and
X = Cl, Br, or NCS5, have beeﬁ described; their spectroscopic properties
suggest that the cobalt atom is tetrahedrally coordinated in  [CoLXp], but
is high spin octahedral in [Colsl}, with L exhibiting a bidentate mode in the

former complex and a tridentate mode in the latter complex (441]. The
H
| (166) R = O
O N\ /R N CHz
N
I
H

@67) R =H; CH ,C(0)

related nicotinic acid derivatives, HL and H,L°', (167}, form the
complexes [CoCly (HL)q gl.1.5EtOH and [CaCl, (H;L') 5] .NELOH respectively;
characterisation by infra red, 1H nmr, diffuse reflectance, and e.s.r.
spectroscopy has been described. The ligands and their complexes are of
interest with respect to their tuberculostatic activity (442].

The reaction of [Co(acac),;] with pyridine carboxylic acid
hydrazides, L, in methanol is reported to lead to [Co{acac)yL]l; spectral
data for the latter complexes are consistent with their possessing
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octahedral structures [443]. The compounds [CoLy] and [CoLpL';], where L
is CH3C{(O)C(NNH3)CH3 and L' is CgHgNHNH;, have been prepared from
[Co(acac) 5] [444).

The ability of some cobalt {(II)-copolymer complexes to decompose
H,C» have been assessged; the copolymers are produced from
HO,CCH,C (COpH) =CH, and HoN (CH,CHoNH) (H, (n=1-4) [445],

Finally, an amide ligand, HyL, which is related to (3B), reacts with
cokalt (X1} ions in dmso to give [CoL]z_.4mest; characterisation by
spectroscopic methods and by X-ray powder patterns is reported to be
consistent with a square planar environment for the ceobalt atom [446].

3.2.7.5 Oximes

The oxime dmgH, provides one of the ligands in the complex
[Co (dmgH) 5 (HL) (H5L) ) in which HyL is HoNC (S)NHN (CH,COo5H) 5; the metal
atom has a distorted octahedral coordination sphere comprising 4 N atoms
from the two dmgH~ ligands and two $ atoms, cne from each of the HL™ and
HoL units [447]. The structure of the complex [Co(CH3zCO5)Ls] (L =
CH3C {CHq) (NHo) C(NOH)CH5;CHy ) has been determined, and shows that the
ligand L iz bidentate via the amine- and oxime-N atoms [448B].

A model system which is designed to measure directly the rate of
intramolecular electron transfer between osmium{III) and c<cobalt (II) metal
centres incorporates a dioxime ligand bridging the two metal ions has been
described; the ligand is HONCgH,oNCH [449].

3.3.7.6 Imines and related ligands

The complexes [CpCoIL] shown in (168) inveolve the bidentate
ligand L., derived from 2Z-acetyl pyrrole; the stereochemistry of the
complexes, as determined by X-ray analysis, is intimately dependent upon
the substituent R, which in this case is either H or Me [430].

The preparation and spectroscopic characterisation of the
complexes [ColXs;)] (X = Cl, Br, I; L = HoNN=C(CH3)C{(CHyz)=NNH,) have been
desribed; polymeric structures are proposed for these species with each
Co({II) atom coordinated to two trans-X ions, two imino-N atoms from the
same L, and two amino-N atoms from differsnt L ligands [451].
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(168)

Cobalt (II) complexes of the hydrazone HyNN=C(Fh)C{Ph)=NNH,, (L},
have been prepared, and it has been cobserved that the reaction conditions
necessary reflect the decreased basicity of the methine N atoms which
results from the presence of the phenyl substituents in the ligand; the
complexes [CoXyle] (X = Cl, Br, I, NCS, NO3) are high spin octahedral, and
solubility data implies that they are probably polymeric [452}. The mixed
metal complexes {CoHg(SCN)4zL] where L is the chelate PhC(O)NHNH, or
HoNNHC (C) (CHg) fC{(C)NHNH, {(n = 0,1) have been rrepared in dilute ethanolic
solution, and characterised by spectroscopic and magnetic measurements;
interest in the complexez iz in terms of their biclogical activity [453].

The compound 4-RCgH N=CHCH=C (CcH4R"'~4)NHCgHR-4 (where

=H, Me, Me(G, EtO, Br, with R'= H, or R = H, Br, with R'= Br} has been
synthesised, and its complexation with cobalt (IT} ions studied; the ligand
is bidentate (N-N' coordination) and forms a 1:2 high spin, tetrahedral
complex [454). The ligation to Co(II) of several Schiff bases, formed from
the reaction of acetylacetone and aromatic diamines, has been the subject

of investigation; sguare pyramidal complexes of formula [CoaClsL,1Cl, are
reported {455].

3.3.7.7 Macrocyclic ligands

The formation of the complex ion [{Co(NCS)]n}L}n+ {L = {(169) ) has
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been studied; the ligand is able to adapt its konding mode from tetra- to
hexa-dentate, and the metal coordination alters accordingly [456]. The
reaction of cobalt (IT) nitrate with the ligand HyL, (48), in the presence of
excess SCN- ion, leads to the formation of the complex [Co(SCN) 4HLLI]
which has been spectroscopically characterised [457].

Phy PCHo~_ /7 \ . CH,PPh,

N N N HN \
N NH N==
' [
CH,PPh,
(169} (170)

It has been reported that a template cyclocondensation reaction
proceeds when 2, 6-diacetyvlpyridine reacts with hydrazine in the presence
of [Co(SCN},1; the product is characterised by physico-chemical methods
as [CoL{SCN);].5H30, where L is the product of the cocondensation (458].
Similarly, the complex trans-[CoL(H,0)3]1[NC3],, which exhibits an
ancmolous magnetic moment of 3.13BM, has been prepared [45%). For the
same ligand, the complex [CoL{H50)3]) {Cl0,4) has been independently
described [460].

The coordination of pyridine bases to the complex [Col], where HpL
iz (170), has been studied; equilibrium constants for ten such
complex-base equilibria hawve been measured, and steric effects coperating
between the ligand, L2_, and the 2- or B-substitutents of the pyridine base
are found to result in weaker coordination for these hindered pyridine
bases. An interesting correlation between lgK; and the 13¢ nmr chemical
shift for the 4-position pyridine ring carbon is also presented in this work
[461].
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R = (CH ,),NH{(CH) ; for L * coordination site
R = (CH ;) ;NMe (CH) 5 for 17
(171) {(172)

The ligand shown in {(171) is particularly flexible, and is able to
accommodate either 1 or 2 metal atoms; preparation of the complexes
[CoLm}2%, [CozL'(MeCN)2]4+ (5~coordinate from magnetic moment data),
[CoyL" (NCS) 4] (proposed as octahedral), and [C02L"(NCS)]3+ {dimeric with
-NCS- bridgesz linking one Co{(II) centre within one macrocycle to the next)
was achieved via a template synthetic methodology [462].

Related to the ligand shown earlier in (49), is the compounds
(172) . The former acts as a novel tridentate ligand, {coordinating wvia the
pyridine-N and amidoe—N atoms), and gives a brown complex with Co(II) ions
which, on the basis of physico-chemical data, is proposed as being
[COL(H;0) 2] ; the geometry is proposed as trigonal bipyramidal [463].

An emphasias is placed on kinetics for any study involving
complexes between Co(IT) and the sepulchrate ligand. Firstly, the kinetics
of electron transfer between [Fe{H20)5]3+ and {Co(sep)]12* has been
presented [464]. Secondly, Marcus theory has been applied to an
investigation of a series of [Co(II) (sep)]/Co(III) cuter sphere redox couples
[4653]).

As onhe would anticipate, a wvariety of chemistry involving



204

cobalt {1} —porphyrin complexes has been described. In a series of two
papers, the réle of electrode—-bound cobalt (1I) porphyrins in catalysing the
formation of hydrogen from water has been investigated [46€]. ‘The

{173}

electrochemical behaviour of binary, cofacial dicobalt, (initially both
cobalt (IT} ), porphyrins in benzonitrile has been studied [467). Some
interesting chemistry involving the porphyrin ligand {(nic) H,TPP, (173},
describes how this ligand is able to bind two metal ions in close proximity
to one another; one ion is coordinated to the nicotinamide residue, while
the second is sited normalily within the TPP ring. For the mixed metal
conplex [RuCl, {{ni¢) 4TPP}Co], the presence of the ruthenium ion, and its
oxidation state, influences the alectrochemistry and épectral properties
of the Co(II) ion [468].

The kinetics of Co(IIY—-tetrazaporphin complex formation has been
the subject of study: a bimoclecular mechanism is proposed and activation
parameters are determined [469]. <Continuing the theme of kinetics
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investigations, the coordination of TPP with cobalt(II) acetate in various
solvent media has been described [470].

A detailed 1H n.m.r. spectroscopic study of the complexes
[CO{OEPR5}], ( Ho{OEPR2} = (174) ) has been presented; each complex is
low spin square planar, and each is isolated as the stereoisomer in which
the groups R are syn—axial [471]. Variable temperature 4 n.m.x. spectra of
square planar tetraarylporphyrin complexes of cobalt (IT) are reported to
provide evidence for a low lying spin 4n2 state, approximately 400 cm~1
above the ground 231 state [472]. Other proton n.m.r, studies have locked

at N-methyl substituted TPF complexes of ccbalt (I1) ion {473].

R =M, Et, LPr, *Bu

(174)

The final category of macrocyclic ligands to be considered herae is
that of phthalocyanine, PcHp, derived compounds. The oxidation of [Co(Pe)]
leads to a beautiful, metal-stacked conpound, structurally elucidated, and
having the potential for ™metal-spine” conductivity [474]. Linking of twe
Co(Pc) residues occurs via a substitiuvent bridge in the binuclear systems
[CopL] where L iz Pc— (OCH,C(CHg) (R)CH30) -Fc; the product conmplexes are
known as "clamshell metallophthalocyanines™, and are extremely soluble in
organic solvents [475,476]). The dimerisation of cobkalt(II)
tetrasulphonated phthalocyanine is reported to occur in water and agqueous
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alcocholic solutions; physical constants for this process have been
determined, and a finite and positive AC,® of 0.1 kcal mol™! K1 was found
ar 298-300K. This latter observation mitigates against hydrophobic
bonding as being a major driving force for the dimerisation process, and it
is concluded that a significant contribution to the entropy arises from the
release of water molecules upon dimerisation [477].

The oxidatien of Z-mercaptoethancl is catalysed by polymer bound
[Co{Pc)]; the reaction rate has been examined as a function of the polymer
structure [478]. The same authors have investigated the autcooxidation of
thiols using the complex [Co{Fc) (NaS03),4] attached to polyvinylamine as
the catalyst (479].

(175)

Ligand (175}, related to HpPc by the replacement of two
isoindoline units by pyridine rings, coordinates to the Co(II) ion to give a
complex in which the 4-N atoms are strongly inequivalent; the loss of
symmetry (i.e. that present in [Co(Pc)]) causes significant perturbation teo
the e.p.r. spectrum. Some extended Hiickel resulta provide information on
the ground state orbital structure [4B0].
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3.3.8 Complexes with nitrogen—-sulphur donor ligands
3.3.8.1 Aminothicols and thiocethers

In alkaline solution, a stable complex is formed between Co(II)
icons and the enclic form the thicsemicarbazones, HL, BRR'C=N-N=C(SH)NH,.
Complexes [ColLs] for R = Me and R' = Opr, or R = R' = Et have been
spectroscopically characterised and are found to be octahedral; it is
proposed that each metal centre coordinates to two N-S chelating ligands,
and inter—[Col,] Co—-—-35 interactions complete the octahedral coordination
sphere [481],

The ligand bpto, (176), is tetradentate; its complex with Co{II},
viz. [Co(bpto)(Hzo)z] has been structurally characterised. The water
molecules are ¢ig to one ancther, and pertinent bond distances are Co-S =
2.467(1), 2.487(1)A and Co-N = 2.146(3), 2.149(3)A (4a82].

S N
N S”\\\r’
(1786)
3.3.8.2 Thicamides and related ligands

The preparation and physico-chemical characterisation of the
complex [Col, (Hp0)3]1Cl,; where L = 4-MeO-CcH4CH=NNHC (S)NH, has been
reported. The anti-fugal activity of this compound has been tested and
compared with that of related complexes containing different metal ions;
toxicity depends upon the radius of the metal ion [(483). The effects on the
anti~fungal activity of introducing a hydroxyl substituent onto the benzene
ring of the same ligand, L, have alsc been explored [484]). Further interest

in the fungicidal properties of Co(II)—thicamide complexes has been shown
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in an investigation of the complex [CoLp{H;0}3], where HL is the ligand
4-Me-CgH NHC {S)NHBz [485]. Biological applications continue with the
antitumor activity of the complexes [ColLs].2H,0 (HL = (177) ) and
[CO(HL")Cl,]1 (HL®™ = (17B) ) [486, 487]. Both cowplexes are water insoluble,
and spectroscoepic data imply a 6—-cocordinate structure for the former,
red-brown complex, with L chelating through the azomethine-N and -$ and
through the isoquinoline-N atoms [486); the latter, brown complex appears
to be trigonal bipyramidal [487].

R R’ R R
N N
H N H N
N S N SH
}4’ \1ﬁ’ }*/ Qﬂ,r
NH, NH,
(177) R=R'=H; (178) R=NH,, R'=Me

Stabkility constant data has been presented for the complex
[ColCls) in which L. = RHNPR'NR'C(S)NHR' (R = o—tolyl; R' = Ph or o—-tolyl);
infra red spectral results imply that L coordinates through the
phosphazene-N and thiccarbonyl-S atoms [488].

Anhydrous cobalt (TI) chloride or bromide reacts with HL, (179), in
dry acetone to give the blue complex [Co{HL)3X,] which, it is proposed,
contains tetrahedral Co(HL2)2+ units with N-§ chelates. On standing, the
compound first gains H;0, and then is subject to oxidation to Co{(IIl} but
this latter process is dependent upon the counter ion; two complexes have
been isclated, the pink compound [Co(HL)3X2].2H,O, and the green
fac-cctahedral complex [CoLz] [489]. The mixed ligand complexes
[Colgly) Lys] .HoO and [Colgly)o{ly) 5] .2H50 (where IL,; is the ligand (180), X =
O, exhibiting a monodentate N-coordination mode, and Lgy is (180), X = 5,
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and a chelating S-N mode); spectroscopic and magnetic moment data imply
that the former complex is square planar, and that the latter complex is
octahedral [490]. The grey-violet, tetrahedrally coordinated complex
[Co(mp} (OAc) {(H20)] ( mp = (181l)) has been prepared and characterised;
interest in this species lies in its ability to act against the leukenine
L-615 tumer system [491].

Me O s
H H Y
USRS
Me N s x)\N N N
i 1 H
H H
X=0o0or 5 * lirgtion adite
(179) {180) (181)
3.3.8 Complexes with nitrogen—phosphoruvs donor ligands

Only one piece of work is available to represent this section. The
macrocyclic ligand, (182), chelates to the cobalt(II) ion in a hexadentate
fashion. & structural study of the Phqﬁ_ salt of the complex dication
evidences trans-N atoms, with rather long Co-N bonds (2.629(12)A); Co-P
distances are 2.284(7) and 2.245%(7)A. The complex shows a large red
shift, and this reflects a weak ligand field which may be attributed to the
elongation of the octahedral ligand sphere aleong the N-Co-N axis; <this
distortion is also reflected in a magnetic moment of 2.26BM which is more

in keeping with a square planar than with an octahedral Co(II)] complex
[(4931.
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e

[PhP PPh
PhP PPh

NN

E=MNpPr; O; 5

(182)

3.3.10 Complexes with phosphorus donor ligands

The chelation to cobalt{II) ions of several ligands of the type

PhoP (CHy ) ,PPhs, has been reported. A reinvestigation of the kinetics of
the reaction:

ky
[CpCo(dppelX] * + P(R) , ==  [CpCao{dppe) (F (OR) 31177

+ X

E = Me: Et

X=qCl; Br; T

[CpCa (dppe) {P (2} (OR) ;311 7% + RX

has illustrated that the rate of reaction is influenced by the
nuclecphilicity of X~ to a greater extent than had previcusly been thought;
activation parameters for the reaction are given [424]. The following
scheme:
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summarises a detailed study of the self-reactivity of the complex ions
[CpCo(P——P)I]+, where P—P is PhyP (CHy) FFhy (n = 1-4) . The work provides
an interesting survey of the factors which influence the modes of bonding
of these bis-phosphine ligands; bridging and "dangling" ligands are
observed, and conditions under which oxidation of a phosphine to a
phosphoryl terminus occurs are reported. The relative stabilties of the
complexes is discussed [495]).

The reaction of cobalt (II) ions with borohydride in the presence of
PhoP (CHz) nPPh, (n =2-6) or cis- or trans-PhyPCH=CHPPh,, (L), leads to
the complex {CoHL,]. In the case of n = 4 and 5, an unusual dinuclear Co{(I)
complex, [Co(BHy)Ljp, was isolated and structurally characterised; the two
metal centres are held 2.869({1)3& apart by two bridging bis—-phosphine
ligands, and two bridging borohydride units [496]. The ability of phosphino
ligands to produce dinuclear complexes is also exemplified by the
formation of some cobalt (II) complexes involving the ligand eHTP,
(EL 2PCH2CH2) 2PCH2? (CH2CH2PEt2) 2. Two equivalents of CoC 12 react witt
eHTP to give [CooCl, (eHTP)), and an EXAFS study on the material suggests
an open structure with no direct Co=Co bond. ©On standing, this complex
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loses Cl7 to give a dication; the complex [Cop (CO) 4 (@HTF) ] [CoCl,] was also
described, and X-ray analysis supported an open structure [497].

3.4 COBALT(IT})/(III)}) COMPLEXES WITH DIOXYGEN AND RELATED
dIMONE

In this section, cobalt(II} and cobalt(III) complexes which
incorporate coordinated dioxygen, peroxides, superoxides, or related
ligands, are covered. Since the ligand types (i.e. other than O5) in these
conplexes are so varied, no subsections have been allotted. However, the
general sequence is from simple N— and O- donor ligand, to Schiffs bases,
porphyrins and, finally, phthalocyanines. A review, with 220 references,
which surveys the formation, stability, and properties of bridging-peroxo
and pridging-superoxc complexes of cobalt has been presented [49B].

Flash photolysis of the complex cis—[Co(l,B—pHJQ(N02)2]+ in the
presence of dioxygen, produces a dinuclear cobalt (III) complex with a
bridging superoxo moiety [49%].

The results of a mechanistic study of the acid catalysed
decomposition of [ (en),CoTTI(-0,) (M-OH)ColIT(en),] suggest that reactior
proceeds via attack by HY at the bridging hydroxyl group {500]. In an
accompanying paper, the same authars expleore the photoinitiated
decomposition of [(en),Cotll(U-0p) (U-0H)Co™ T (en) ] ta [(Coll(en) 5 (Hy0) 512
and Oz, and the thermally driven back reaction; continucus irradiation
leads to an irreversible decompostion to [(CDIII(en)z(H20)2]3+ [501].

The reaction of the complex ion [Co(bipy)(H20)4]2+ with
CH3CH(NH2)C(D)NHCH2C02H, (Ho L}, in the presence of 053, gives
[{Coikipy)L}, (O3)]; spectroscopic and pH potentiometric studies on the
product have been described [502]. The mechaniam of oxygenation of a
related complex has alsc been investigated [503]. Using a series of amino
acids, HsL, the oxygenation of complexes of type [Co(bipy}(HL)(H20)2]+ has
been investigated; the authors find that increasing the chain length, and
decreasing the degree of chain branching of the secondary amino acid
lowers the stability of the product complex [{Co(bipy)L}ls(C2)] [504]. In the
same series of papers, the formation of [{Co(bipy)L'}z(OH}(02}]+ and
[{Co(bipyiL'(HZD)}z(OH}]+ (.’ = alanine, norvaline, norleucine or
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—amincobutyric acid), have been described; equilibrium constants are
reported [505}.

The sequence of events which occurs when dioxygen is bubbled
through a seolution containing [Co(ClOy)o].6H,0 and HoNC(S)NHNH,, has
been explcored mechanistically. Initially, free ligand oxidation is observed,
and following this, Co(II) binds Op; oxidation of Co(II} to Co(III) occurs
only in aqueocus medium [506]1. For HL = L-HSCHuaCH({NH,)CO,H, reaction
with aquecus cchalt(II) ions in the presence of O, leads to the formation
of the complex [L,ColIl(0,)Co?fL,]1; the stability constant for this
compound has bee determined [507].

Cobalt (IT) and cobalt (IT1) complexes with edta take up dioxygen in
solution at pH 9; the transient species so formed have been investigated
[508].

The reaction of the $-polyketonate ligand Hidbaa
(1,7-diphenyl-1, 3,5, 7~heptanetetraone} with cobalt (II) ions in py, and the
product complex's subsequent oxidation with O, exemplifies some unusual
chemistry. The initial complex is characterised as [Cos (Hdbaa)o (py)al; on
dissclution in py in air, a product, (183), which exhibits a diagnostic,
sharp carbonyl infra red absorption at 1635 cm"l, is formed, and its
structural elucidation shows that the 4-carbon of each [-polyketonate
ligand has been oxidised [509].

N \ 7
PY™ Ca,
7Py py.:,co"py
O 0 0
! |
Ph Ph
o

{183)
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The oxidation of 2,6—di—tbutylphenol by O, is catalysed by several
amine complexes of Co(II); a kinetic and mechanistic account of the
reaction has been presented {[510].

A comparative study of Co(III} and Rh(III) complexes as dioxygen
carriers has been described [511], ard comparisons between cobalt and
ruthenium complexes have also been made [512]. In the latter piece of
work, the kinetics of the exchange of free and coordinated RCOOH ({ where
R represents wvarious alkyl and aryl substituents} in the complexes
[ {AcO) gCo3 (O2) {HOAC) 4] were reported, and it was found that the rate of
exchange depended on the structure of the carboxylic acid [512].

An unusual trinuclear complex, [(py)aCo3z{0) (CAc)5(CH)]™,
containing a YW3-0 atom has heen prepared and structurally characterised;
the complex is the first example of an isclated oxo-centred Co(III} cluster,
and may have significance as a catalytic precursor for aromatic
hydrocarbon auvto-oxidation. A related complex, i(py)3CO3(O)(QAc}6]+, was
also prepared [513).

R = H; Me B
N
N N N

o v
cH

N H N

R' e, R'
ti84) {186)
R!
H R = R = H

N=

R' = H; R* = Et

R'* = (Me; R" = 1

(185)
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A variety of Schiff base complexes form O, adducts. The
pentadentate ligand (1B4), forms a complex with cobalt (II)} which takes up
dioxygen; the oxXygenated complex has been studied by e.p.r. and it has been
observed that the stability of the complex is strongly solvent dependent
[5147. The ability of the complex formed from the reaction of cobalt (II)
ions with the ligand 2—H0—C6H4NHC(CH3)=CHC(O)CC6H5 to absorb Op is
greatly influenced by the presence of N-donors; in particular, it has been
noted that amines inhibit dioxygen binding [515]. Dioxygen adducts of
[Co{sal-H-pen})] and of the related complex formed with the O-methyl
derivative of sal-H-pen, (15), have been the subject of a resonance Raman
spectroscopic study [516]1. Complexes of type [Colsl, prepared from the
Schiff bases HL, (185), have been spectroscopically and magnetically
characterised; they are high spin, octahedral, and a mer—geometry is
propaesed for each complex, Their reaction with O; has been described
i517]. The complexation with Co(IT) of ligands related to (185) has been
described in an independent paper; the relative abilities of these
complexes to take up Op have been discussed [518). A study which covers
a range of cobalt (II}-Schiff base complexes and their dioxygen adducts,
assesses how the electronic and steric factors of the ligands influence the
catalystic activity of the Co-0U; species; the catalytic behaviour appears
to follow trends in the bhasicity of the bound oxygen molecule [51%]. Other
Schiff base complexes have been investigated with respect to their ability
to bind 05 [520].

The synthesis, reactivity, and catalytic properties of some
cobalt (III} alkylperoxy complexes hawve been described; one complex,
[LCo {O5R) (R'CO2) ] where L = (186), has been structurally elucidated and
exhibits the three N-donor atoms of L defining one face of the octahedral
donor set [521].

The position of the -NHCOMe substituent in the Co-0; model
compounds represented schematically by structures (187) and (188) has
been shown to have a significant effect upon the freedom of the bound O
molecule. In {188), hydrogen-honding between the -NHCOMe group and the
bound dioxygen is sterically allowed, and as a result, no motiocnal
averaging of the e.p.r. spectrum is observed; however, in (187), spectral
data evidence rotation of the Q; unit about the Co—0 bond, a phenomenon
which is possible when hydrogen bonding is sterically prohibited [522].
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{188)

(197)

B = axial base

n = 3-8

(CHZ)n

(189}
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The formation of oxygen adducts with complexes of the type shown
by (18%) have been prepared and studied by 13¢ n.m.r. spectroscopy; the
latter technique has been developed as a method of quantifying the steric
contraint of the polymethylene bridge [523],

The preparation and structure of the alkylperoxycobaloxime,
[ (Hdmg) 5Co{0-C-C (Me) CH=CHCQ,EL }]1 has been described; the synthesis
involves dioxygen inserticn into a Co-C bond. Pertinent bond lengths in the
product cobaloxime are Co-O = 1.923(4)A, 0-0 = 1.415(T) A, and Co-N_,ipn.=
1.896(3)A [524]. '

It has been noted that the adsorption ©f cobalt porphyrins on
electrode surfaces causes significant perturbation of their electrode
potentials, and influences their ability to catalyse the reduction of O, to
HoOo [525]).

When dissolved in oxygen saturated 2-methyl-thf, [Co{TPF)] forms
an Op—adduct; the photoinduced dissociation of the O, molecule is facile
[526]. In dmso, the tetra—-p-tclylporphyrin complex of Co{II), [Co(TPTP)],
shows a red shift in the visible gpectrum as it reacts with the 0,  ion to
form [Co(TPTP) (O3)) :; this complex releases HO,~ to give [Co(TPTP)]Y',
which, is able to oxidise 05  to Oy, thereby completing a catalytic cycle
to [Co(TPTP)] ([527]. When the complex [ColIl(TMPyP)] (TMPyP =
tetra-p—methylpyridylporphyrin ) undergoes a one electron reduction in
sclution, the product Co(II) complex is able to catalyse the reduction of 0O,
to H,0, [528B]. The same cobalt (II) complex has independently been shown
to catalyse the reduction of Oy by [Ru(NH3}6]2+ [528]. In aqueous solution,
[Co(TMPYP} (H30)5]11,4.4H320 has been prepared and spectroscopically
characterised; the oxygen carrying capabkility of the complex have been
discuased [530]. The complex ion [Co(TMPyP}(H20)2}4+ has also been used
in the electrochemical reduction of Oz; a mechanism for the process is
proposed [531]. The porphyrin ligand, HpL, (190), forms a 1:1 complex
with cobalt (IT) jion; this species reacts with dioxygen, and its affinity for
the diatomic molecule is enhanced by the presence of the protic
substituent which is able to participate in intra—molecular hydrogen-—
bonding to Op [532]. Five- and six-coordinate complexes of Co({II) with
thiolate substituted porphyrins have been characterised; the oxygen
binding ability of these species are discussed [533].
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R = CH ;'Bu

R'= CH ,0H;
(@ ;) ,C{O)NH,

el 2;
2-HO-C gHg

(190)

Resonance Raman spectroscopic studies have been described for
some dioxygen adducts of porphyrin cobalt(II) complexes [534). The
effects of thioclato and some nitrogen-based ligands, L, on V,_, in
complexes of type [Co{TPP}L(Dp)] have also been examined [535].

For H;L being phthalocyanine, the complex [Col) interacts with the
nitrogen atom of a pyridine, which is itself bound to a surface of modified
inorganic silica fibres; dioxygen reversibly coordinates to the now
anchored cobalt centre; and e.s.r. and electronic reflectance spectra have
been used to investigate the bonding modes at the surface [536]. The
quantitative electrochemical reduction of Gy to H;O04 is catalysed by the
complex [Co(TCPz)], where TCPc is 4,4',4"',4'''—tetracarboxyphthalocyanine;
mechanistic details are discussed for this reaction [537].

3.5 COBALT (I)

The ccomplex [Co{N(CH;CH;PFPh;}3Br] has bkbeen prepared and
structurally characterised; the tripod-like ligand is interesting, because
by 'breathing' out, it is able to take the N—atom ocut of the coordination
sphere. In this case, the complex is tetrahedral, and Co——-N iz 3.34(1)A,
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i.e., non-bonding. A gualitative MO discussion reveals that it is symmetry
forbidden to bring in the N—atom to form a trigomal bipyramidal complex
[538].

The metallophosphorane, {191), is prepared from the reaction of
(CgHgO02) 2PCLl with [Co{CO)3(PPh3]l” in thf at -789C: spectroscopic and
structural characterisations of the complex have been presented, and the

Co_Pphoaphorane distance as longer than the Co—PphosphinB bond length [539)1.

o, fo
=5 p Co PPhg
o* s
Y x \OO
{191)

A study, using pulse radiolysis, of some cobalt{I) pelypyridine
complexes has provided information abeout the kinetics and
thermodynamics of their substitution reactions in aquecus solution; the
ligands reported are bipy based [540). The same authors have discussed
more generally the photogeneration of, and the reactivity of, Co(I}
complexes [541], and have described in detail, the reduction of CO; by
(Col (bipy) 31 [542].

A gseries of two papers has described reduction reactiocons involving
vitamin By, and vitamin Bjp.; the first, looks at the reduction of the
Co(Ill}) complexes [Co(NH3}5X]n+ where X = 1, Br, I, NCS, pyrazine, or N3
i543], and the second piece of work deals with the reductions ¢f the
oxyhalogens BrQ3~, 104 and Cl057, [544].

The kinetics of the dealkylation by [PrClgi™ in acid mediwvm of
methylcobalamin, (Me-By5}, bhave been investigated; the reaction is first
order in Me-B;5, and there is a hyperbolic dependence of the rate on
[PtClg]™ . The mechanistic implications of these results are discussed
[545). An accompanying paper described a monomer—-dimer equilibrium for:

2 Me—Bl2 - (He—Blz)z
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wWhether or not the solution is buffered, is found to have no effect on the
equilibriun constant for the above process [546]. An X-ray investigation
of methylcobalamin has shown that the structure is similar to that of
cyanocobalamin; the fold angle of the corrin ring is 15.89, and important
bond lengths are Co-Cpaepy; = 1-99(2), Co-Ny,p = 2.19(2), Co-Neg, =
1.88(2), 1.8%7(2), 1.93(2) and 1.89(2)A [547]. The S5-coordinate
organo—cchbalt complex, {Co(saloph}R}, in which Hspsaloph =
disalicylidene—o-phenylenediamine, has been used as a model for vitamin
Bys; a structural study has been used to probe reasons for the thermal
stability of such species [548].

R = Br; CH

{192}

During the electrochemical or chemical reduction of the complex
{(192), intramolecular transfer of electrons between metal and macrocycle
has been evidenced; the product cobalt{l) complex has been
spectroscopically and structurally characterised, and the metal atom is
found to be approximately coplanar with the four N-atoms ([549].
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3.6 COBALT (Q)

The compounds lncluded in this section have been chosen with the
coordination chemist in mind. Since neither organometallic compounds nor
cluster species are reported in this review, it necessarily follows that the
vast majority of cobalt (0} compounds have been omitted.

The first example of a fully characterised, paramagnetic cobalt (0)
dimeric complex has appeared in this year's literature. The compound,
[(Col} s (KL-N3) ], where L is MeC{CH,FPhs}3, has an N, moiety bonded
between two Col fragments, each L being Mg with respect to the metal;
Co=N = 1.76{(1), Co—P = 2.160(6)-2.168(6), N-N = 1.18(2)A [550].

The reaction of hydrated CoCl; with PhyPH, NaOMe and CO in
methanol yields the complex [ (PhzHP) (CO)3Co (U-PPhy) 2C0(CO) 5 (PHPhj) ]
which, on heating, loses 2 moles of CO; X-ray analysis of the former
complex shows a puckered square Co,Py unit (internal dihedral angle =
153.3%) [551). Finally, e.s.r. data has been presented for the radical anion
[Cop (CO)p{H-L) 3]~ where L is the bidentate ligand, F,PN{Me)PF, {552].

3.7 THEQRETICAL INVESTIGATIONS

Papers discussing cobalt coordination chemistry from a
theoretical standpoint are gathered briefly into this section.

Molecular mechanics force field modelling of the complexes
[Co (HH3) 6127 and [Co(dien)]12*/3% includes in its discussion a comparison
of the relative energies of the possible conformers of [Co(dien}2]2+/3+
and their dependence on the metal's oxidation state {[553}.

CNDQO/2 calculations have been performed on the ligand (164)
[437], on the complexes [Co(TPP}¥2] to investigate the relative effects of
a wide variety of axial ligands, X 1199), and on tetraza-macrocyclic
complexes such as [Co{l4-hexaen-N4}] [554].

MNDO calculations hawve been used to construct energy profiles for
ring cleosure reactions which involve vitamin By, as a cofactor ([555]. PNDO
calculations have been applied tc the octahedral complexes [Co(NH3)5L]n+
and [Co(CN)gL]PY (L = H,0, NH3, CN~, OH”, NO,~, C17)} and the results
related to electronic spectra [556].
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The PRDDO methed of calculation has been used on the model
complexes [Co(NH3)4(C0)2]3+ and [CD(NH3)2(CO)4]3+ in order to show that,
for cokalt{(II1), back bonding does not stablise the cig-isomers of these
complexes in the same way as it does when the metal is Cr(0) or Mni{Il);
cis—-trans—isomerism is alsc discussed [557]. PRDDO calculations have
2lso been applied to a model coenzyme B, system; the effects on Co-C
overlap population of angular distortion and steric crowding within the
molecule have been examined with a view to understanding those factors
which result in initialisation of homelytic bond activation in relevant
enzymic processes [558].

Finally, extended Hiickel MO calculations performed on complexes
of glvoxime ligands have compared Co(II} complexes with those of Fe{(I1I},
Ni(II), and Cu(II) [559]).

3.8 9o NMR STUDIES

**Co n.m.T. spectroscopy features in several works. A correlation
between ®%°Co n.m.r. shifts and ligand field parameters for octahedral
Co(IIT) complexes has been discussed [560].

Ligand substitution reactions ¢f the cobalt{III} complexes,
cis—-[CoLaCly)Cl, (where L = bipy or phen, and using incoming ligands NOj; ™,
5032_, NCS™ and thiocurea) have been investigated, using °°Co n.m.r.
spectroscopy to establish the mode of ligand coordination 1561]. 59¢o
n.m.r. spectroscopy has been applied to the complexes [Coj (RR'dtc)sg],
described earlier in this review {70]. The same authors have discussed in
detail the 5°Co n.m.r. spectra of 37 dithiocarbamate containing cobalt (III)
derivatives; the shift range is from & 5990 for {Co{nButBu(dtc)}3] to &
7200 for [Co{pyrr(dtc)lz]l, and peak widths vary significantly as a function
of the symmetry about the Co atom, (Wy,p is from 400 to 2800 Hz) [562].



223

REFERENCES
1. J.~-P. Barbier, B.M. O0nde and R. P. Hugel, J. Chem. Soc.,
Dalton Trans, (1985) 5587.
2. A_P. Moravskii, A.P. Khannanov and A.V. Khramov, Khim. Fiz.
3 (1984) 1584.
3. N.A. Batygina, T.V. Bukharkina and N.G. Diqurov, Neftekhimiya
24 (1%84) 679.
4, B.M. Chadwick, D.W. Jones, H.J. Wilde and J. Yerkess, J
Crystall. Spectros. Res. 1% (1585) 133.
5. A. Escuer and J. Ribas Inorg. Chim. Acta 104 (1985) 143.
6. W.L. Reynolds, L. Reichley~Yinger and Y.Yuan, Inorg. Chem. 24
{198%) 4273,
7. J. Kraft and R. van Eldik, Inorg. Chem. 24 (1985) 3391.
8, G.A. Lawrence, Tnorg. Chem. 24 (1985) 323.
a, A. Okumura, N. Takeuchi and N. Okazaki, Inorg. Chim. Acta
102 (1985) 127.
10. H. Fushimi, K.-I. Okamote, J. Hidaka and H, Einaga, Inoreg.
Chim. Acta 98 (1585) 47. i
11. 5. Aygen, H.Hanssum and R. van Eldik, Inorg. Chem., 24 (1985)
2853.
12. T.T.-T. Li and M.J. Weaver, Inorg. Chem. 24 (1985) 1882.
13. A.L. Buyanov, V.I. Frolov and V.I. Kurlyankina, £2h. Gbshch,
Rhim. 55 (1985} 522.
14. P. Bhattacharya and P. Banerjee, J. Chem. Res., Synop. (1985}
130.
15. A.K. Pyartman and S.D, Manolov, Koord. Khim. 10 (1584) 1680,
16. A.L, Buyanov, V.I. Frolov and V.I. KEurlyankina, 2Zh. Gbhshch.
Khim, 55 (1985) 1822.
17. V.E. Stel'mashok, S.A. Mechkovskii and A.L. Poznyak, Zh.
Necorg. Khim. 30 (1985) 391,
18, J. Schlosserova, M. Hronec and V. Vesley, J. Chem. Soc.,
Faraday Trans. I Bl {1985) 2095,
19. A.C. Dash, R.K. Nanda, N. Ray and K.C. Rout, Indian J. Cham.,
Sect. A 23 (1984) 507.
20. G.M, Miskelly and D. A. Buckingham, Comments Inorg. Chem. 4
(19485) 163.
21. R. Viswanathan and V.R. Vijayaraghavan, Indian J. Chenm.,
Sect_. Ser. A 23A (1934) 1001.
22, J.} . Ehighackhuo, J. Ojo arxd ©. Olubuayide, J. Chem. Soc.,
Dalton Trans. (1985) 1665,
23, M. Kimara, T. Yamashita and S. Mishida, Inorg. Chim. Acta
B9 (1984} 193.
24. H.Ckazaki, Y. Kushi and H. Yoneda, J. am. Chem. Soc. 107
{1985) 4183. d
25. J.H. Tocher and J.P. Fackler, ITnorg. Chim. Acta 102 (1985}
211.
26, N. Zilkova, G.B. Shulpin arxi P. Lederer, Collect. Czedch.
Chem. Commun. 49 (1984) 23746.
27. 3. Aygen, Y. Kitamura, K. Kuroda, R. Kume, H. Kelm and R. van
Eldik, Inorg. Chem. 24 (1985) 423.
28. L.R. Gahan, J.M. Harrowfield, A.J. Berlt, IL.F. Lindoy, P.O.
Whimp and A.M. Sargeson, J. Am. Chem. Soc. 107 (1985) 6231,
29, P.C. Tripathy, P. Mohanty and R.K. Nanda, Transition
Met.Chem. {(Weinheim, Ger.) 10 (198%) 338.
30, 5. Bagger, I. Kristjénsson, I. Setofte and A. Thorlacius,



224

31.
32,
33.

34,

36,
37.
38.

39,
40,

41,
42,
43,
44.
45.
46.
a7.
48.
49,
50.
51.
52.
53.
54.

55.

56.
57.
58.

59.

Acta Chem. Scand., Ser.A 39a (1985} 125.

T. Tauvra, Inorg. Chim. Acta 98 (1985) L15.

5. Bunel and C. Ibarra, Polyhedron 4 (1985) 1537,

R.C. Scarrow, P.E. Riley, K. Abu-Dari, D.l. white and K.N.
Raymond, Inorg. Chem. 24 (1983) 954.

I.I. Creaser, R.V. Dubs amd A.M. Sargeson, Aust. J. Chem. 37
{1984) 19599, '

B. Hajek and B. Frantisek, Sh. Vys. Sk. Chem.—Technol.
Praze., Anorg. Chem. Technol. 29B (1984) 137.

M.J., Malinar, P.N. Redivojsa, K. Markovic, D. Belic and D.B.
Celap, Croat. Chem. Acta 57 {(198B4) 443,

¥. Kanamori, Y. Nunomura, M. Takashima, K. Nagata, K. Kawai
and J. Hidaka, Bull. Chem, Sog¢. Jpn. 58 (1985) 92.

J.H. Kim, K.H. Lee and §.C. Shim, Bull. Korean Chem. Soc, 5
(1984) 262.

G.5. Reddy and G.G. Smith, Inorg. Chim, Acta 96 (1985) 1939.
E.K. Chong, J.M. Harrowfield, W.G. Jackson, A.M. Sargeson and
J. Springborg, J. Am, Chem. Soc. 107 (1985) 2015.

C. Fukuhara, H. Uehara, K. Katsura, R. Tsuchiya and E. Kyuno,
Inorg. Chim. Acta 102 {(1985) 41.

R.I. Machkhoshvili, D.P. Metreveli, G.Sh. Mitaishwili and
R.N.Shchelokov, Zh. Necrg. Khim. 30 (19B5) 676,

M. Kimara, M. Yamashita and S. Nishida, Inorg. Chem. 24
{1%85) 1527.

M.E. Kalina, V. Kettmann and F. Pavelcik, Acta Cryst., Ser
41 (1985) 319.

M.E. Kalina, V. Kettmann, F. Pavelcik and J. Majer, Collect.
Czech. Chem. Commun,., 50 (1985) 171.

D.J. Lee, B.G. Kim and M.K, Dch, Taehan Hwahakhoe Chi. 29
(1985) 516.

M.J. Jun, Y.B. Park, C.¥Y. Han and S.R. Chni, Taehan

Hwahakhoe Chi. 2% {(198%) 247.

M.J. Jun, Y.B. Park, C.Y. Han and S.R. Choi, Bull. EKorean

Chem. Soc. 6 (1985) 135,

M.A. Cox, R.H. Griffiths, P.A. Williams and R.S. Vagg, Incryg.
Chim. Acta 103 (1985) 155,

F. Pavelcik, J. Majer and M. Strasdk, Inorg. Chim. Acta 107
(1985) 159.

T. Ama, H. Rawaguchi, T. Yasui, K. Matsumoto and 5. Ooi,
Bull. Chem. Soc. Jonn. 58 (1985) 2561.

Yu.A. Simonov, V.E. Zavodnik, A.I. Shkurpelo and O.A. Bologa,
Zh. Strukt. Khim. 26 {1985) 99,

K. Mivokawa, T. Kawarada and I .Masuda, Thermochim. Acta 83
(1985) 235.

Y. Aimoto, W. Kanda, S. Megure, Y. Miyahara, H., Ckawa and S.
Kido, Bull, Chem. Soc. Jpn. 58 (19%85) 646,

S. Maeda, M. Nakamuro, M. Miruriva, T. Shinmyozu, H. Okawa
and 5, Kido, Mem. Fac. 5ci., Kyushu Univ., Ser. ¢ 15 (1985}
63,

Y. Yamamoto and S. Tsukuda, Bull. Chem. Soc. Jpn. 5B (1985)
1509%.

H. Okawa, W. Kanda, 5. Kida and K. Nakamoto, Incrg, Chim.
Acta 104 (1985) 77.

M. Nonoyama and T. Ishida, Transition Met.Chem. (Weinheim,
Ger_) 9 (1985) 367.

Q. Rong, K. Shi and 2. Zhou, Huaxue Shiji 7 {1585) 136.
B.J. Desai and V.M. Shinde, J.Yndian Chem. Soc. 61 (1984)



€.
62.
63.
64.
65.
66.

67.

689.
70.
71.
72.
13.
74.

15.

76.
77.
78.
79.
80.
Bl1.

82,
a3.

84.
85.
86,
87.

B8.
B89,

695.

Yu.N. Belcockon, A.S. Sagiyan, V.M. Belikov and M.B.
Saporovskaya, Bicorg., Khim. 11 (1985) 162.

H. Stoeckli-Evans, L, Brehm, P, Pousaz, X. Bernauer and H.-B.
Biirgi, Helv. Chim. Acta 68 { 1585) 185.

A.R. Mardock, T. Tyree, W. Otterbein, L. Kirney, M. Carreras,
J.N. Cooper and R.C. Elder, Inorg. Chesn. 24 (1985} 3674.
M. Suzuki, ©. Arisato, K. Ckamto, H. Einaga and J. Hidaka,
Bull. Chem. Soc. Jpn. 57 (1984) 2751.

K. Ckamoto, M. Suzuki, H. Einaga, and J. Hidaka, Bull. Chem.
Soc. Jpn. 58 (1985) 1807,

M., Kanesaka, K. Okamotc, M. HNomoto and J. Hidaka, Bull. Chenm.
Soc. Jon. 57 (1984) 3111.

W.G. Jackson, S.S. Juniason and B.C. McGregor, Inorg. Chem.
24 {19A5) 1788.

M.J. Heeg, E.L., Blinn and E. Deutsch, Inorg. Chem. 24

{1985 111B.

R. Fiker, S.A. Koch and M.M. Millar, Inorg. Chem. 24 (198%5)
3311.

A.M. Bond, R. Coltan, Y. Ho, J.E. Moir, D.R. Man and R.

Stott, Inorg. Chem. 24 (1985) 4402.

L.M. Engelharcdt, P.C. Healy, R.I. Papasregic and A.H. White,
Inorg. Chem. 24 (1985) 382.

A.A. Fabhmi, M.M. Naoum, M.A. Tadros and A.S. Shawali, Indian
J. Chem., Ser. A 23A (1984) B24.

R.K. Upadhvay, A.K. Bajpai and K. Rathmore, Transition

Met .Chem, (Weinheim, Ger.) 10 (1985) 24.

B. Gallo, R.M. Alonso, M. Aguilar and M.F. Garcai, Quim.
Anal. (Barcelona) 4 (1985) 185.

W.—-H. Pan, D.C. Johnstan, S.T. M¥enna, R.R. Chianelli, T.R.
Halbert, L.L. Hutchings and E.I. Stiefel, Inorg. Chim. Acta
97 (1985) L17.

M.T. Jones, S. Jansen, D.J. Sandman, B.M. Foxman and G.J.
Ashwell, Mol. Cryst. Lig. Cryst. 125 (1985) 429.

J. Zsakoe, C. Varhelyi, B. Csegedi and E. Kekedy, Thermochim.
Acta 83 (1985) 181,

H. Siebert and R. Macht, Z. Anorg. Allg. Chem, 523 (1985)
161.

5. Balt, H.J. Gamelkoorn and S. Oosterink, Inorg. Chem. 24
(1985} 2384,

A.E. Eid and C.F. Wells, Transiticn Met.Chem. (Weinheim,
Ger.) 10 (1985) 223,

B.N. Figgs, P.C.W. Leung and A.J. Schultz, Acta Cryst., Ser.

C €41 {198B5) 633.

W. Clegg, Acta Cryst., Ser. € C41 (1985} 1lleé64.

V.Eh. Kravtsov, N.I. Sorckina and V.N. Biyushkin,
Kristallografiys 29 (1984) 1076.

S. Brar, S. Sandm and A.S5. Brar, Indian J. Chem., Sect. A
23A (1l9B4) BS2.

W. Clegg and A.G. Sykes, Acta Cryst., Ser. C C40 (159B84)
1820.

G.G. Sadler and T.P. Dasgupta, Inorg. Chim. Acta 103 (1985)
57.

F.P. Retzinger amd W. Marty, ITnorg. Chem. 24 (1985) 1617.
Y. Kitamura Irnory. Chem. 24 (1585) 2.

K.P. Dubey and M.I.. Bhat, Proc., Natl. Acad. Sci. India,

Sect. A 54 (1984) 154,

226



226

0.

391.
9z.

83.

94,
95.

96.

97,
o8.

93.
100.

101.
102,

103.
104,

105.
106.

107.
108.

109.
110.

111.
112,
113.
114,

115.
116.

117.
118.
119.
12C.

121.

M.F. Amira, N.H. El-Harmamy, N.H. Esmail and M.M. Elsemongy,
J.Chem. Soc. Pak. 7 (1985) 1B5.

J.J. Chun and B.H. Lee, Tachan Hwahakhoe Chi 29 (1985} 472.
5. Balt and H.J. Gamelkoorn, J. Chem. Soc., Dalton Trans.
(1985) 659.

S. Balt and H.J. Gamelkoorn, J. Amer. Chem. Scoc. 107 (1985}
3596.

S, Balt and H.J. Gamelkoorn, Inorg. Chem. 24 (1985) 3347.
V. Holka, J. Benko, ©. Grancicova and ©. Vollavovd,
Transition Met.Chem. (Weinheim, Ger.) 10 (1985) 84.

5. Balt and H.J. Gamelkoorn, J. Chem. Soc., Dalton Trans.
(1985) 149%; (correction ibid p.2223).

J. Shaw and G.W, Everett, Incrg. Chem. 24 (1885) 1917.

J. Ribas, A. Escuer and M. Monfort, Inorg. Chem. 24 (1985)
1874.

E.V. Boldyreva and N.EZ. Lyakhowv, Mater. Sci. Monogr., Ser. B
28B (1985) 649.

G.A. Lazerkce, M.A. Shiske, L.N. Neokladnova, A.G. Nalivaiko
and I.A. Rat'kovskii, Zh. Neorg. Khim. 29 (1584) 3076.

D.R. Brown and R.R. Pavlis, J. Chem. Bd. 62 {1585} B807.

K. Kanamori, I. Bansho, K. Kawal, K. Akamatsu amd Y. Shimura,
Bull. Chem. Soc., Jpn. 58 {1285) 9435

Yu. B. Yakovlev and N.G. Gerleman, Z2Zh. Neorg. Khim. 30
(1984) 2283,

C.A, Koval and M.E. Ketterer, J. Electrvanal. Chem. Inter—
facial Electrochem. 175 (1984) 263.

L.G. Reiter, Koord. Khim. 10 (1984} 1683,

P. Comba and A.M. Sargeson , J. Chem. Soc., Chem., Commun.
(1585) 51.

K.N. Markova, E.M. Strel'tsova and G.&. Krestov, Koord. Khim,
11 (1985) 241.

Yu.B. Sclov'ev, A. Pyartman and N.K. Blagovestov, Z. Neorg.
Khim 29 (1984} 2848B.

A.K. Pyartman, Z. Neorg. Khim 30 (1985) 1468.
U.Sakaguchi, K.Tomiocka and H.Yoneda, Inorg. Chim. Acta 23
{1985) 23,

K. Miyoshi, M. Natsubori, N. Dohmoto, S. Izumoto and H,
Yoneda, Bull. Chem. Soc. Jon. 58 (1985) 1529,

K. Yamanari, M. Igaki and Y. Shimara, Bull, Chem. Soc. Jpn.
57 (1984) 3007.

Y. Kitamura, S. Nariyuki and K. Yoshitani, ZInorg. Chem. 24
(1885) 3021.

A.E, Eid and C.F., Wells, J. Chem. Soc., Faraday Trans. I 81
{1985y 1401.

V. Holba and M. Talapka, Chem. Zvest 38 (1984) 577.

D. Banerjea and J.C. Bailar, Transition Met.Chem. (Weinheim,
Ger.) 10 (1985) 331.

5. Balt, H.J. Gamelkoorn and K.R. Lammers, Transition Met.
Chem. (Weinheim, Ger.) 10 (1985) 164.

5.K. Hoffmann, D.J. Hodgson and H.E. Hatfield, Incorg. Chem.
24 (195853) 11%5.

D. Rehorek, C.M, DuBose and E.G, Janzen, Z. Chem. 24 (1985)
188.

Y. Cuyang, M. Kojima and F. Fujita, Bull. Chem. Soc. Jpn.

58 (1985} 2705.

Y. OQuyang, M., Kojima and F, Fujita, Bwll. Chem. Soc. Jpn.

57 (1984) 3574.



122.
123.
124.
125.

126.
127.

128.
129.

130.
131.

132,

133.
134.
135.
136.
137.
134.
139.
140.
141 .
142,

143,

144,
145,

146.
147,
148.

149.
150C.

151.

152.
153.

227

L.M. Hryvhorczuk and J.C. Bailar, Inorg. Chemn. 24 (19485)
3367.

A. Syamel and P.K. Mandal, J. Nepal Chem. Soc. 2 (1382)
31.

R. Tsuchiya, &. Uehara, M. Suzuki and J. Nozawa, Thermochim.
Acta 8B (1985) 289, .

B. Chakravarty and B. Nandi, Transition Met. Chem.
(Weinheim, Ger.} 10 (1985) 171.

5.1I. Amer and J.A. Mclean, Inorg. Chim. Acta 101 (1985) 1.
g,-M, Peng, C.~T, Chen, B.-3, Liaw, C.-I. Chen and Y. Wang,
Inorg. Chim. Acta 101 (1985) L31.

M. Nonoyama and T. Kurimcto, Polyvhedron 4 (1985) 471.
R. Saito and ¥. Kidani, Bull. Chem. Socco. Jpn. 57 (19884)
3430.

M. Noiji, H. Toida and Y. Kidani, Bull. Chem. Soc. Jon. 58
{1285} 1279.

T.J. Goodwin, M.W. Mulgi, P.A. Williams and R.S. Vagg, Inory,
Cchim, Acta 98 (1985) 141,

M. Sato, Y. ¥Yokoo, M. Yashiro, 5. Yana, S. Yoshikawa, K.
Fobayashi and T. Sakurai, Bull. Chem. Soc. Jpn. 5B (139853}
1392. :

M. Nonoyama, Svnth. React. Inorg. Met.—Org. Chem. 14 (1984)
1075.

K.P. Dubey and M.L. Bhat, Bull. Soc. Chim. Fr. (15984} 281.
M. Ishii, Bull. Chem. Soc. Jon. 57 (1984) 3088.

V. McKee, M. Harnett and D.A. House, Inorg. Chim. Acta 102
(1985) 83.

M. Harnett, D.A. House and W. T. Robinson, JInorg. Chim. Acta
10z (198%) 87.

5.K. Saha and F. Banerjee, Transition Met., Chem. (Weinheim,
Ger.) 10 {1985) 252.

5. Utsuno, S. Yoshikawa and ¥. Tahata, JInorg. Chem. 24
(1985) 2725.

M. Yashiro. S. Yano, M. Ajiocka and S. Yoshikawa, Inorg. Chem.
24 (1985) 3607.

M. Saburi, ¥. Ishii, S. Gbata, M. Yamaguchi and S.

Yoshikawa, Inorg. Chem. 24 (1985) 527.

M., Saburi, S. Chata, M. Yamaguchi and S. Yoshikawa, Bull.
Chem. Soc. Jpn. 58 (1985) 763.

N.J. Curtis and G.A. Lawrence, J. Chem. Soc., Dalton Transg.
(1385) 1923.

C.J. Raleigh and A.E. Martell Inerng. Chem. 24 {(1985) 142.
I. Bermal, J.D., Korp and I.I Creaser, Aust. J. Chem, 37
(1384) 2365,

U. Sakaguchi, K. Tamioka, T. Kashihara and H. Yoneda, Inorg.
Chem, 24 (1985) 463,

T. Ishii, 8. Chba, M. Ito ard 5. Fukushi, Bull. Chem. Soc.

Jopn. 58 (1985) B26.

C.N. Elgy and C.F. Wells, .J. Chem. Soc., Faraday Trans. T Bl
(1985) 2145.

K. Tsukahara and R.G. Wilkins, Inorg. Chem, 24 (1985) 3399,
A.V. Kiselev, V.V. Pal'chevskil and V.I. Shcherbakova, Zh.
Prikl. Rhim, (Leningrad) BS {1985) 74,

A.B. Valotti, T.V. Ermakova, L.G. Kolesnik and V.v.

Pal '‘chevskii, Vestn. Ieningr, Univ., Fiz. Khim. (1985) 56&.
A. Yeh and A. Haim, .J. &m. Chem. Soc. 107 (1985) 369.

G. Schiavon and F. Marchetti, Polyehdron 4 (1985) 1143,



228

154.
155.

156.
157.

158.
159.
160.
lel.
162.
163,

164 .
165.

166.
167.

168,
169.
170.
171.

172.
173.

174.
175.

176.
177.
178,
179.

180,
181.

182 .
183.

184.

185,
186.

P. Acott, G. Ali and N.A. Tewis, Inorg. Chim. Acta 395
{1985) 169.

5. Pukuzuni, K. Ishikawa and 7. Tanaka, J. Chem. Scc.,
Dalton Trans. {1985) B99.

M. Tida and H. Yamatera, Folyvhedron 4 (1985) 623.

S. Sakaki, G. Kogo, F. Sato and K. Chkubo, J. Chem. Soc.,
Dalton Trans. {1985) 1959.

Y.J. Wong, J.D. Peterson and J.F. Geldard, Inorg. Chem. 24
(1985) 3353.

P. Braun and R. van Eldik, J. Chem. Soc., Chem. Commun.
(1985%) 1349.

M. Sate, ¥. Sato, 5. Yano and S. Yoshikawa, J. Chem. Soc.,
Dalton Trans. (1985) 895.

R.J. Geue, M.G, McCarthy, A.M. Sargescn, P. Jorgensen, R.G.
Hazell and F.K. Larsen, Inorg. Chem. 24 (1985) 2559.

J.K. Das and XK.C. Dash, 2. Naturforsch, Ser. B: Anoryg, Chem.,
Crg. Chem. 40B (19850} 470.

C.B., Storm, A.H. Turmer and N.S. Rowan, Inorg. Chem. 24
(1985) 1269.

H.F. Rexroat and N.S. Rowan, FPolyhedron 4 (1985) 1357.
J.K. Das and K.C. Dash, Indian J. Chem., Sect. A 242 (1985}
387.

M.C. Gomez-Vaamonde Tnorg. Chim. Acta 101 (1985) 67.
M.L. Lieberman, Ind. Eng. Chem., Prod. Res. Dev. 24 {19285}
436.

J.H. Hall, R.L. de la Vega and W.L. Purcell, Inorg. Chim.
Acta 102 (19%85) 157.

M. Langk#®r, E. Larsen and 5. Larsen, Acta Chem.Scand., Ser. A
A39 (1985) 187.

L.R. Solujic, R. Herak, B. Prelesnik and M.B., Celap, Inorg.
Chem. 24 {1885} 32.

5.8. Isied, A. Vassilian, R.H. Magnuscn and H.A. Schwarz,
J. Am. Chem. Soc. 107 (198B%) 7432.

J.K. Das and K.C. Dash, Polyhedron 4 (1985} 1109.

J.K. Das and K.C. Dash, Synth. React. Inorg. Met.—-Crg. Chem.
15 {1385) 239.

S. Kinoshita and I. Masuda, Polyhedron 4 (1985) 1245.

Y. Shibutani, ¥. Kawaminami, C. Matsumoto and K. Shinra,
Nippon Kagaku Kaishi (1985) 1379.

W.0. Parker, N. Bresciani~Pahor, E, Zangrando, L. Randaccio
and L.G. Marzilli, ITnorg. Chem. 24 (1985) 3908,

G.A. Vagina, T.V. Troepol'skaya and Yu. P. Kitaev, Izv.
Akad. Nauk, S.S5.5.R., Ser. Khim. (1985) 588.

H. Tanaka, H. Kuma and $. Yamada, Synth. React. Inorg.
Met . -OQrg. Chem. 15 (1985) §99.

A, Uchida, ¥. Chashi and ¥. Sasada, Acta Cryst., Ser. C C41
(1985} 25,

G. Lawrence, Polyhedron 4 (1985) 599.

J. Hartung, G. Weber, L. Beyer and R. Szargan, Z. Anorg.
Allg. Chem. 523 (1983) 153.

R, Norrestram, Acta Cryst., Ser. C €41 (13B5) 873.

G.P. Haight, T.W. Hambley, P. Herxiry, G,A. Lawrence and A.M.
Sargeson, J. Chem. Soc., Chem. Commun. (1985) 488,
M.E. Sosa and M.L. Tocbe, J. Chem. Soc., Palton Trans. (1985)
495.

R.W. Hay and M.A. Ali, Inorg, Chim, Acta 103 (1985%) 23.
¥a.D. Lampeka, A.N. Boiko and L.P. Kazanskii, Teor. Eksp.



187.
188,
189,
180,

191.

192,
193.
194.

135,

196.
197.

198.

199.
200.
201,
202.
203.
204.
205.
206,

207.
208.

209.
210,

211.

212.
213.

214,

229

Khim., 21 (19%85) 49%97.

M.G.S. Drew, 5. Hollis and P.C. Yates, J. Chem. Soc., Daltan
Trang. (1985) 1829.

B.K. Mohapatra and B. Sahoo, Indian J. Chem., Sect. A 24A
{1985) 653.

F. Pina, Q.G. Malazzani, M, Venturi, M. Ciano and ¥V, Balzani,
Inorg. Chem. 24 {(1985) B48.

F. Pina, M. Ciano, L. Moggl and V. Balzani, Imorg. Chem. 24
{1985) 844.

F. Pina, M. Ciano, Q.G. Mulazzani, M. Venturi, V. Balzani

and L., Moggi, Sci, Pap. Inst. Phys. Chem. Res. (Jpn.) 78
(1984) 166,

R.J. Geue, M.G, McCarthy, A.M, Sargeson, B.W. Skelton and
A.H, White, ZInorg. Chem. 24 (1385) 1607.

J.M, Harrowfield, G.A. Lawrence and A.M, Sargeson, J. Cham.
Educ. 62 (13%85) 804,

U. Sakaguchi, S. Tamaki, K. Tomicka and H. Yoneda, Inorg.
Chem. 24 (1985) 1624.

I.I. Creaser, L.R., Gahan, R.J. Geue, A, Laumikonis, P.A. Lay,
J.D, Lydon, M.G. McCarthy,A.W,.-H. Mau, A.M, Sargeson and
W.H.F. Sasse, Inorg. Chem, 24 (13985) 2671.

R,.P. Smirnov, V.V. Andreyvanov and Yu. G. Vorob'ev, Tzv,
Vyssh. Uchebn. Zaved., Khim. EKhim. Teknol. 27 (1984) 1239,
M.F. Manfrin, L. Moggi, V. Castelvetro, V. Balzani, M.W,
Hosseini and J.M. Iehn, J. Am. Chem. Soc. 107 (1985) 6888,
. Pavlovic, S. Asperger, Z. Dokuzovic, B. Jurisic, X.

Ahmeti, M. Sertic and I. Murati, J. Chem. Soc., Dalton
Trans. (1985} 1095.

K. Ichimori, H. Chya-Nishiguchi, N. Hirota and K. Yamamoto,
Bull. Chem. Soc. Jpn. 5B (1985) 623.

H. Homberg anxd W. Kalz, 2. Naturforsch, Ser.B, Anorg. Chem.,
Org. Chem. 39B (1584) 1490.

T.V. Ermakova and V.V. Pal'chevskii, Vestn. Leningr. Univ.,
Fiz. RKhim., (1985} 50.

T. Imamura, T. Jin, T. Suzuki and M, Fuijimoto, Chem. Lett.
(1985) 847,

R. Langley, P. Hambright and R.F.X. Williams, ITriorg. Chem.
24 (1985) 3716.

G.R. Brubaker, M.G. Henk and D.W. Johnson, Inorg. Chim. Acta
100 (1985} 201.

J.5uades, XK. Solans, M. Font-Altaba and M. aguilo, Inorg.
Chim. Acta 99 {1985) 1.

M. Mikuriya, 5. Kida, S. Ueno, and I, Murase, Bull. Chem.

Soc. Jon. 58 (1985) 1857

K. Yamanari and Y. Shimura, Imorg. Chem. 24 (1985) 4600.
A. Ichimaura, D.L. NHosco and E. Deutsch, ITnorg. Chem. 24 (1985}
1674.

L. Roecker and E. Deutsch, Inorg. Chem. 24 (19285) 1lb.

Z.A. Savel'eva and S5.V. larionov, Zh. Neorg. Khim. 30

1985) 1752.

Yu.¥Ya. Kharitonov, B. Murzubraimov and A. Toktomamatov,
Koord, Khim, 11 {1985} 712.

B. Saha and N. Mukherjee, Polyhedron 3 (1984) 1135,

B. Saha and N. Mukherijee, Synth., React. ITnorg. Met.-Org.
Chem. 14 (1984) 1151,

D.X. West, G. Ertem, R.M. Makeever, J.P. Scovill arxi D.L.
Klayman, Transition Met.Chem. (Weinheim, Ger.) 10 (1985) 41.



230

215.
216.
217.
218.
21%.
220.
221.
222,
223,
224,

225.

226,
227.

228.
229.
230.
231.
232,
233.
234.
235.

236.
237.

238.
239.
240.
241.

242.

243,
244,

245,

K. Mukkanti, K.B. Pandeya and S.P. Singh, Synth. React.
Inorg. Met —Org. Chem. 15 (1985} 613.

K. Wakaljima, M. Kojima, J. Fujita, T. Ishii, S. Chba, M. Tto
and Y. Saito, ITnorg. Chim. Acta 99 (1985) 143.

K. Nakajima, K. Tozaki, M. Kojima and J. Fujita, Bull. Chem.
Soc. Jpn. 58 (1985) 1130,

K. Nakajima, M. Kojima, M. Fujita and J. Fuijita. J.
Chromatogr. 301 (1984) 241.

T. Konno, K. Okamcto and J. Hidaka, Bull. Chem. Soc. Jpn.
57 (19843 3104.

N.A. Lewis and A.M. Ray, Inorg. Chem. 24 (1985) 340Q.
S.J. Higgins and W. levason, Incrg. Chem. 24 (1985) 1105.
M. Aresta, D. Ballivet-Tkatchenko, M.C. Bonnet, R. Faure and
H. Loiseleur, J. Am. Chem. Soc. 107 (1985) 23%4.

T.R, Griffiths, S$.V.J. Lakshman and A.V. Rajulu, J.
Crystallogr. Spectrosc. Rez. 14 (1984) 559.

T. Sato and T. Nakamura, J. Chem. Technol. Biotechnol., Chem,
Technol., Ser. A 34A (1984) 375.

M. Hargittai, O.V. Dorofeeva and J. Tremnel, Inorg. Chem. 24
{(1985) 245,

M. Maki and T. Kato, Chem. Lett. (15984) 1949,

I. Zviedre, V.S. Fundamenski and G.P. Kolesnikova, Koord.
Khim. 10 {198B4) 1408.

J.-L. Pascal, J. Potier, D.J, Jones, J. Roziére and A.
Michalowicz, Tnorg. Chem. 24 (1985) 23B.

J.-L. Pascal, J, Potier and C.S, Zhang, J. Chem. Soxo., Dalton
Trans, (1985) 297,

Y. Fan, Z. Zhan, X. Wang, J. Zhang and J. Han, Kexue Tongbao
(Foreign Iang. Ed.) 30 (15B5) 910.

M, Ardon and A. Bino, ITnorg. Chem. 24 {1985) 1343.

I. Haque and K.G. Sarma, Curr. Science 54 (19853) 339,
J.R. Vriesenga and G.H. Fairchild, Inorg. Chim. Acta 98
(1885 195.

A.V. Artenov and B.F. Vainshtein, 2h. Pri'kl. Khim. 57
(1984) 2599,

G.N. Arkhipovich and a.N. Shupik, Izh, Fiz, Khim, 58 (1985%)
1725,

1. Bir and B.S. Pannu, J. Indian Chem. Soc. 61 (1984) 548.
P.K. Panda and B.K. Mohapatra, J. Indian Chem. Soc. 61
(1984) 3865.

P.B. Chakrawarti and P. Khanna, J, Indian Chem, Soc. 62
(1985) 20.

E.A. Gusev, 5.V. Dalidovich, V.A. Shandakov and A.A. Vecher,
Thermochim, Acta B9 (1985) 391.

M.L. Perepletchinov, V.HN. Tarunina, B.I. Tarunin and Ya, A,
Aleksandrowv, Zh. Obshch. Khim. 55 (1985) 487.

0.P. Singh, B.P. Baranwel and S.C. Tripathi, Indian J. Chem.,
Ser. A 248 (1985) 118.

T.8h. Gifeisman, &.A. Dvorkin, G.A. Timko, Yu.A. Simonov,
N.V. Gerbeleu and G.A. Popovich, Tzv, Akad. Nauk. Molid.
S.8.R., Sor. Fiz.-Tekh. Mat. Nauk. (1985) 22.

L. Jiang and L. Sun, Gaocdeng Xuexiao Huaxue Xusbao 5 (1984)
879.

V.P. Vasil'ev and L.M. Ramenskaya, 2Zh., Neorg. Khim. 29
{1984) 3079.

I.V. Sckolova, V.D. Nemirowvskii, L.N. Veselova, I.D.
Ievchenkova and I.A. Romadan, fatv. P.S5.R. Zinat. Akad.



246.
247.

248.
249,

250.
251.
252.
253.
254,
255.
2586.
257.
258,
25%.
260,

26l.
262.

263.
264,

265.
266.
267.
268.
269.
270,

271.
272.

273.
274.
275.

276.

231

Vestis, Kim. Ser. (1984) 672.

J.Garcia-Oricain and A.F. Camps, J. Therm, Anal, 29 {1984)
793.

Yu. Ya. Kharitonov and Z.K. Tuiebaklova, Zh. Neorg. Khim.
30 (1%85) 970.

P.V. Khadikar and §.M. Ali, Thermochim. Acta 82 (1984) 253.
P.V. Khadikar, S.M. Ali, M.A, Farooqui and B.D. Heda,
Thermochim. Acta 91 (1984) 159.

P.V. Khadikar and S.M. Ali, J. Therm. Aanal. 30 (19%85)

305.

G. Micera, L.5. Erre, P. Piu, F. Cariati, G. Ciani and A.
Sironi, Inorg. Chim. Acta 107 {(1985) 223,

G, Micera, L.S5. Erre, F, Cariati, G. Ciani and A,

Sironi, Inorg. Chim. Acta 108 {1985) L1,

C.H.L. Kennard, E.J. O'Reilly, G. Smith and T.C.W. Mak,

Aust. J. Chem. 38 (1285) 13B1.

M.N. Patel and M.R. Chaudari, J. ¥ndian Chem. Soc. 61 (1984)
565.

K.P. Pribvlov, R.I. valiullina and R.A. Gorodnicheva Zh.
Neorg. Khim. 30 (1985) 2698.

J. Maslowska and A. Owczarek. Acta Univ. Lodz., Folia Cchim.
4 (1985) 95.

H.G. Mukherjee and S.K. Datta, J. Indian Chem. Soc. 61
{1984) 859,

R, Andrecoli, G.B. Gavioli, L. Benedetti and G. Grandi,
Electrochim. Acta 30 (1985) 995,

L.P. Battaglia, A.B. Corradi, L. Menadue, M. Saladini, M.

Scla and G.B. Gavioli, Inorg. Chim. Acta 107 (1985) 73.
C.H.L. Kennard, S.W. Stewart, E.J. C'Reilly, G. Smith and
A.H. White Polyhedron 4 (1985) 697.

P.J. Estienne Acta Cryst., Ser. ¢ 41C (1985) 338.

L.C. Nathan, C.A. Daoyle, A.M. Mooring, D.C. Zapien, $.K.
Larsen and C.G. Pierpont, Inorg. Chem. 24 (1885) 2763.
J.K. Puri and J.M. Miller, Inorg. Chim. Acta 97 (1985) 179.
M. Roeper, E.Q. Elvecll amxi M. Luetgendorf, Erdoel Kohle,
Erdgas, Petrochem. 38 (1985) 38.

E. Giera and W. Kakolowicz, Thermochim. Acta 90 (1985) 71.
J. Saar, D.E. Smith and M. Cais, JACS 107 (1985) 6807.
V.5, Cherkashima, A.V. Fedorova, A.M. Robov, V.A. Fedorova
and E.Yu. Belyaev, 2Zh, Neory. Fhim. 30 (1985) 2454.

5. Kudo, A. Iwase and N. Tanaka, Inorg. Chem. 24 (1985)
2389.

F. Teixidor, A. Lldbet, L. Escriche and J. Casabo,

Polyhedron 3 (1984) 1017.

0.0, Harrison, R. Thomas, A.E. Underhill, J.¥. Fletcher, P.S.
Gomm and F. Hallaway, PFPolyhedron 4 (1985} €81.

M.L. Dhar and V.K. Gupta, J. Prakt. Chem. 326 {(1984) 1003.
M.J. Hynes and J. Walsh, J. Chem. Soc., Dalton Trans. (1985)
1543,

M.J. Hynes and J. Walsh, J. Chem. Soc., Dalton Trans. {1985)
2565.

M. Pilarczyk and 1. Klinszporn, Bull., Pol. Acad. Sci., Chem,
33 (1985) 67.

S$.A. Kazybaez and B. Abdyvbhakirova, 2Zh. Neorg. Khim. 30
{1985} 2304.

L.I. Kozharova, G.L. Shik and T.N. Shakhtakhtinskii, Zh.

Fiz. Khim. 59 (1985) 1929,



232

277,
278.
279,
230,
281.
282.
283,
284,
285.
286,
287,

288,
289,

290.
291,
292,
293.
294,
295.
296.
257 .
298.
299,
300.
301.
30z2.
3043,
304.
305.
306,
307.

308.

H, Mutluay and E. Ozcan, Chim, Acta. Turgc. 12 (1984) 42,
G. Mennuga, L.J. De Jongh, W.J. Huiskamp, E. Sinn, A.
Lambrecht, R. Burriel and R.L. Carlin, .J. Magn. Magn. Mater.
44 (13%84) 77.

5.L. Chadha and P.R. Sharma, Indian J, Chem., Sect. A 2437
(1985) 323.

M. Srivastava, A.K. Srivastava and R.K. BAgarwal, Pol. J.
Chaem. %8 (1584) 383,

A. Seminara, A. Musumeci and R.P. Bonomo, Inarg. Chim., Acta
90 (1984) 9.

F.L. Dickert, W. Gumbrecht, S.W. Hellmann and M.F. Waidhas,
Ber. Bunsgsen—-Ges. FPhys. Chem. 89 (1985) 875.

F.L. Dickert and W. Gumbrecht, Iz. Phys.Chem. 141 (1984)
169.

H.F. Aly, M.M.E. Dessouky, $.M. Khalifa, J.D. Navratil and

F.A Shehata, Solvent Extr, Ion Exch, 3 (1985) 867.

M.M, Olmstead, G. Sigel, H, Hope, X. ¥u amd P.P Power, JACS
107 (1985) 8087.

M.J. Beagley, M.F.A. Dove, R.C. Hikbert, M. Logon, M. Nunn

and D.B. Sowerby, J. Chem. Soc., Dalton Trans. {(1985) 2433.
M.F.A. Dove, R.C., Hikbert, and N, Logon, J, Chem, Soc.,

Dalton Trans., (1985) 707.

E.G. Rukhadze and E.V. Bondareva, Koord. Khim. 11 (1985) 317.
S.V. Patel, J.N. Vasavada, N.¥Y. Magar and G.B. Joshi, J.
Indian Chem. Soc. 61 {1985) 481,

M.J. Rao, B. Sethuram and T.W. Rao, Indian J. Chem., Sect. A
24A (1985) 327.

B.A. Wilson and S.K. Madam Polyvhedron 4 (1985) 1747.

R. Mueller and R. Ackermann 5. Chem. 24 (1984} 336.

B.V. Rao, M. Palta, S5.N. Dubey and D.M, Puri, Transition Met,
Chem. (Weinheim, Ger.) 10 (1983} 60,

L. Reichley-Yinger and P.R. Danesi, Solvent Extr, Ion Exch,

3 (1985%) 49.

F. Teixidor, L. Escriche, A. Llcket and J. Casabd,

Polyhedron 4 {1985) 97.

B.V. Prelesnik and R.,M. Herak, Croabt. Chem. Acta 57 {(1984)
577.

L. Bai and R. Chen, Fenzi Kexue Yu Huaxue Yanjui 4 (1984)
487,

V.P. Tikhonov and N.A. Kostromina, Teor. Eksp. Khim, 20
(1984) 737.

Ya.D, Fridman and M.G. Levina, Keoord. Khim. 11 (1585) 61.
R, Curini, Thermochim. Acta 80 (198B4) 91.

E. Leporati, J. Chem. Soc., Dalton Trans. (1985) 1605.

H. Nakasuka, M. Kunimatsu, K.Matsumura and M. Tanaka Inorg.
Chem. 24 {(1985) 10.

A.A. Abdel-Khalek and M.M. Elsemongy, Inorg. Chim. Acta 100
(1985} 219.

M. Yashiro, A, Shimada, T. Usui, $. Yano, K. Kobayashi, T.
Sakxurai and 5. Yoshikawa, J. Am. Chem. Soc. 107 (1883) 4351.
E.D. McKenzie, S.J. Selvey and I.W. Nowell, Inorg. Chim. Acta
101 (1985) 85.

A. Giacomelli, T. Rotunnc and L, Senatore, Inorg. Chem. 24
(1985) 1303.

D. Cunningham, T. Higgins, B. Kneafsey, P. Mchrdle and J.
Simmie, J. Chem. Soc., Chem. Commun. {1985) 231.

aA. Kapturkiewicz and B. Behr, J. Electroanal. Chem.



309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323,
324,
325.
326.
327.

328.
329,

330.
331.

332.
333.

334.

335.
336.

337.

338.

233

Interfacial Electrochem. 179 {1984) 187.

J.-M. Duprilot, F. Bedicui, J. Dewynck, J.-C. Folest, C.
Bied-Charreton, J. Organaometal. Chem. 286 (1985} 77.
L.D. Dave and A.E. Konola, J. Indian Chem. Soc. 62 (1983)
178.

J. Zarembowitch, R. Claude and ©. Kahn., Inorg. Chem. 24
(1985) 1576.

C. Peluzzi, G. Peluzzi, G. Predieri and F. Vitali, J. Chem.
Soc,, DPalton Trang, (1985) 2387,

M.E. Mahmoud, S.A. Ibrahim and N.M. Ismail, Monatsh. Chem.
116 (1985) 1&7.

G.P. Pokhariyal, V.K. Agrawal, R.P. Mahash and P. Singh, J.
Indian Chem. Soc., 61 (1984) 744,

M. Singh, Synth. React. Inorg. Met.—Org. Chem. P15 (1985}
235.

U. Aggarwal and G. Saxena, J. Indian Cham. Soc. €1 (1985)
698 .

A. Ceulemans, M. Dendooven and L.G. Vanquickenbourne, Inorg,
Chem, 24 (1985) 1159.

P. Singh, V. Rani, G.C. Gupta and V. Singh, J. Indian Chem.
Soc. 61 (1984) 625.

J.M. Bellerby, J.H. Morris anxd W.E. Smith, Inorg. Chim. Acta
96 (1985) 203,

M.D. Timken, W.A. Marritt, D.N. Hendrickson, R.A. Gagné and
E. Sinn, Inorg. Chem, 24 (1985} 420D2.

N.X¥. Al-Shatti, M.A. Hussein and Y. Sulfab, Inorg. Chim. Acta
a9 {(1985) 129.

M.G. Ivanov, I.1I. Kalinichenko and A.M. Savitskii, FKoord.
Khim. 11 (1985) 45.

T.R. Rao, M, Sahay and R.C. Aggarwal, Synth. Reat. Inorqg.

Met .~Org. Chem. 15 (1985) 209.

T.R. Rao, M. Sahay and R.C. Aggarwal, Indian J. Chem,, Sect.
A 24A (1985) 79.

T.R. Rac, M. Sahay and R.C. Aggarwal, Synth. Reat. Inoryg.
Met.—-Org. Chem. 15 (1985) 175.

T.R. Rao, M., Sahay and R.C. Aggarwal, Indian J. Chem., Sect.
A 248 (1985} 649.

N. Saha and S. Sinha, Indian J. Chem., Sect. A 24A (1985)
203.

K. Lal and $.R. Malhotra, Rev. Roum. Chim, 30 (1985} 395.
B. Singh. R.N. Singh and R.C. Aggarwal. Polyhedron 4 (19285)
401 .

B.B. Mahapatra and D. Panda, Transition Met. Chem. (Weinheim,
Ger.) S (1984) 476.

R.C. Khule, Y. Kumar, Y. K. Bhoon and R.P. Singh,
Spectrochimica Acta, Sect. A 40a (1984) 475.

S5.A. Patil and V.H. Kulkarni, Acta Chim. Hoeng. 118 (1985) 3.
N.K. Singh, N. Agrawal and R.C. Aggarwal, Indian .J. Chem.,
Sect. A 23A (1984) 1011,

Y.K. Bhoon, FProc. Matl. Acad. Sci., India, Sect. A

54 (1985) 226.

F. Vigtle and A. Siebert, Chem. Ber. 118 (1985) 1556.

E. Miki, M, Tanaka, K. Saiteo, T. Maejima, K. Mizumachi and T.
Ishimori, Buil. Chem. Soc. Jopnr. 5B (1985) 1642,

K.K. Chaturvedi and M, Goval, J. Indian Chem. So¢. 61 (1584)
583,

H. Mariai, Y. Masuda and E. Sekido, Bull. Chem. Soc. Jpn.



234

339.
340.
341.
342.
343.

344.
345.

346.
347.

348.
349.
350.
351.
352.
353.
354.

335.
356.

357.

358.
359.
3e0.
3el.
362.

363.
364.
365.
366.
367.
368.
36%.

370.

57 (1984) 3077.

N. Saha and A.K. Adak, J. Indian Chem. Soc. 62 {1985%) 96.
S.K. Gupta and L.K. Mishra, J. Nepal Chem. Soc. 1 {(1981) 57.
M. Goodgame, S.D. Holt, B. Piggott and D.J. Williams, Inorg.
Chim. Acta 107 (1985) 439.

F. Paap, E. Bouwman, W.L. Driessen, R.A.G. de Graaf and J.
Reedijk, J. Chem. Soc., Dalton Trans. {1983) 737,

O.V. Koval'chukova, B.E. Zaitsev, A.K. Molodkin and R.X.
Gridasova, Z2Zh. Neorg. Khim. 30 (1985) 1769,

R.K. Boggess and C.E. Helt:zel, Inorg. Chem. 24 (1985) 2947,
W.K. Glass, S5.K.A.G, Hassan, L, Hiltunen and L. Ninistro,
Inorg. Chim. Acta 96 (1985) L4l.

C.B. Mahto, Acta Cienc. Indica [Ser.] Chem. 10 (1984) 58.
M.S. Masoud, H.M. Elnahas atxi E.A. Khalil, Indian J. Chem.,
Sect. A 24 (1985) 347.

E. Fujita, C.K. Chang and J. Fajer, J. Am. Chem. Soc.

107 (1985) 7665.

F. Araud-Neu, M. Sanchez, R. ¥ahya and M.-J, Schwing-Weill,
Halv., Chim. Acta 68 (1985) 456.

R.T. Boeré, W.M. Brown, D.W. Stephan and C.J. Willis, Inorg.
Chem. 24 (19853) 593.

K.N. Thimmaiah, G.T. Chandrapra and W.D. Lloyd, Inorg. Chim,
Acta 107 (1985) 281.

J.R. Dorfman, Ch.P. Raco and R.H. Holm, Inorg. Chem. 24 {1985)
453,

G. Christou, K.3S. Hagen, J.XK. Bazhkin and R.H. Holm, Inoryg,
Chem., 24 {(1985) 1010. ’

A.T. Rane and D.R. Nepali, J. Radioanal. Nucl. Chem. 90
{1585) 39.

W. Gaete and J. Ros, Polvhedron 4 (1985) 485,

J. Maslowska and J. Szmich, Acta Uriv. Lodz., Folia Chim.
3 (1984) 35.

J. Maslowska and J. Szmich, Pol. J. Chem. 58 (1584) &75.
A, Kufelnicki and S. Petri, Pol. J. Cham. 57 (1983) 1129,
R.S, Saxena and R.D. Parikh, J. Chem. Soc. Pak. € (1984)
207.

A.K. Srivastava, P.C. Jain, V. Kapur and R.EK. Agarwal,
Synth. React. Inorg. Met.—Org. Chem. 15 (1985) 757,

$. Bhardwaj, M.N. Ansari, W.U. Malik, M.C. Jain and R.D.
Kaushik, Acta Cienc. Indica, (Ser.}] Chem. 10 (19%84) 113.
S. Bhardwaj, M.N. Ansari, W.U0. Malik and M.C, Jain, Indian
J. Chem., Sect. A 24A {1984) 535.

K.H. Reddy and D.V. Reddy, Indian J. Chem., Sect. A 24A
(1985) 154.

S. Chandra and K.K. Sharma, Synth. React. ITnorg. Met.-Org.
Chem, 14 (1584) 565.

0.S. Zakharova, D.D. Dobreva, L.A. Ignatova, V.V. Kravchenko
and K.I. Petrov, FKoord. Khim. 10 (1984) 1182.

P.C. Tellinghnuisen, W.T. Robinsen and C€.J. Wilkins, J.

Chem. Soc., Dalton Trans. (1985) 1289,

M. Ciampolini, N. Nardi, P.L. Oricli, 5. Mangani and F.
Zanobini, J. Chem. Soc., Dalten Trans. (1985) 1179.

M. Ciampolini, N, Nardi, P.L. Oricli, S. Mangani and F.
Zancpbini, J. Chem. Soc., Dalton Trans. (1985) 1425.

M. Di Vaiva, F. Mani, 5. Moneti, M. Peruzzini, L. Sacconi and
P. Stoppioni, Ircorg, Chem. 24 (13985} 2230.

H.B. Silber and M.A. Murguia, Inorg. Chem. 24 (1985) 3794.



371.
372.

373.
374.

375.
376.

377.
378.
379.
380,
3B1.
382,
383.
384.
385.
386.
387,

388.
389.

390.
391.
382.
393.
394.

395.
396.

397.
398.

399.

400.

235

G. Casella and L. Ciavatta, Annr. Chim. (Rame} 75 (1985) 337.
J.S., Wood and R.K. McMullan, Acta Cryst., Ser. © 40C (1984}
1803%.

A.G, laverat, M.A.P. Vida, A.R. Garcia and ¢.G. Martinez, An.
Quim., Ser., B 79 (1983) 149.

H. ¥inoshita, M. Shimci, A. Quchi and 5., Sato, Bull. Chem.
Scc. Jpri. 5B (1985) 2782. :

5. Balt and H.J. Gamelkoorn, Inorg. Chim. Acta 98 (1985) 157.
H. Hope, M.M. Olmstead, B.D. Murray and P.P Power, J. Am,
Chem. Soc. 107 (1985) 712.

5.-M. Peng, D.-S. Liaw, Y. Wang and A. Simon, Angew. Chem.,
Int. Ed. 24 {1985) 210.

P.R. Shukla, 0.P. Pandey and G. MNarain, J. Indian Chem. Soc.

6 (1585}, 175.

U. Sharma and K.D. Jain, Irdian J. Phys. Nat. Sci., Sect. A

5 (1985) &0.

S.F. Lincoln, A.M, Hounslow, B.G. Doddridge, J.H. Coates,
A.E. Merbach and D. Zbinden, Inorg. Chim. Acta 100 (1985) 207,
5.F. Lincoln, B.G. Doddridge, and J.H. Coates, J. Chem.

Soc., Dalton Trans. (1985) 413.

3. Utsuno, H. Mivamae, S. Horikoshi and 1. Endo, ITrorg. Chem.
24 (1585) 1348.

I. Havlik, 7T. Simonescu and I. Hvlik,, Rev. Roum. Chim.

30 (1985) 55.

M.B. Hafez and A.G. Abdel-Reheim, Istopenpraxis 21 (1985}
213.

C.Chen, L. Guan, ¥. ILi and 5. Mo, Zhonguan Kuangye Xueyuan
Xuebac [1984) 5H1.

B. Frank, J. Wysocka-Lisek and G. Scoltysiak, Biul. Lubel.
Tow. Nauk., Mat.-Fiz.—-Chem. 23 {1983; Pub. 1984) 37.

B.B. Mahapatra and D. Panda, J. Indian Chem. Soc. 61 (1984)
S68.

C.L. Sharma and V. Mishra, Acta Chim. Hung. 117 (1984) 247.
DéH. Huchital and E. Debesis, Inorg. Chim. Acta 98 (1985)
T,

M.I. Matsaberidze, A.S. Batsanov, R.G. Gerr, Yu.T. Struchkov
and G.V. Tsintsadze, Koord. Khim. 11 (1985} 411.

A.M, Mamulashvili, Ts.L. Makhatadze and M.G. Tsintsadze, Izv.
akad. Nauk, Gruz. SSR., Ser. Khim. 10 (1984) 226,

M.W. Malgui, P.A, Williams, F.S., Stephens and R.S. Vagg,
Inorg. Chim. Acta 88 (1984) 183,

M.G5.B. Drew, N.I, Gray, M.F. Cabral and J.0. Cabral, Acta
Cryst., Ser. C 41C (1985) 1434.

M. Doering, W. Ludwig and E. Uhlig, Z. Anorg. Allg. Chem,

525 (1985) 179.

5. Ito and Y. Yano, Bull. Chem. Soc. Jpn. 57 (1584) 2824.
M.F, El-Shahat, E. El-Sawi, M.Z. Mostafa and M. Monshi, J.
Chem. Soc. Pak. b6 (1984) 113.

M.S. Masocud, M.A.S5. Goher and A.M, Heiba, Rev. Inorg., Chem,
5 (1%83) 407.

K. Mochizu and M, Fujimoto, Bull, Chem. Scc. Jpn. 58 (1985)
1520.

M. Massacesi, R. Pinna, G, Dewvwoto, E. Barni, P. Savarino and
g.s. Erre, Transition Met., Chem. (Weirnheim, Ger.) 9 {1984)
51.

W.U. Malik, P,P. Bhargava and M.M. Siddiqui, Proc. Natl.
Acad. Sci., Tndia 54 (1984) 217.



236

401 .
402.
403.

404 .
405.

406,
407 .

408.
409,

410.

411 .
412 .

413.
414,
415.
416.
417.
418.
419,
420.
421.
422,
423.
424.
425.
426.
427.
428.
429,
430 .
431.

432,

B. Das arxl P.C. Roy, J. Indian Chem. Soc. 61 {1984) 697.
A.T. Fal'kengef, T.A. Tripol'skaya, V.A. Bogdanovskaya, M.P.
Tarasevich, V.5, Pervov and Yu. A. Buslaev, Dokl. Akad.
Nauk. SSSR 281 (1985) 405.

M. Brezeanu, M, Andruh, L. Patron and V.7, Popa, Rev., Roum,
chim. 30 {1985) 229.

R. Chen. Z. Ma and {. Zhang, Huazue Xuebao 42 (1584) 1044.
T. Bonjo, &. Okazaki, K. Terada and T, Kiba, Talanta 32
{1985%) 771,

R. Mohr and R. van Eldik, Inorg. Chem. 24 (1985) 3396.
Vv.I. Pavlcovski and A.L. Poznyak, Z. Anorg. Allg. Chem. 523
(1985%) 191.

C.A., Goss and H.D. abruna, Incrg. Chem. 24 {1985) 4243,
C.V. Krighnan, B.,S, Brunschwig, C. Creutz and N. Sutin, J.
Aam,. Chem. Soc. 107 {1985} 2005.

A.H.A., Tinnemans, T.P .M. Koster, D.H M. W. Thewissen, A.
Mackor, Recl.: J. R. Neth. Chem. Soc. 103 (1984) 288.

G. Brewer and E. Sinn, Inorg. Chem. 24 (1985) 4580.
R.R. Ruminski and J.D. Petergen, Inorg. Chim. Acta, 97
(1985) 129.

E. Bezak and R. Czopek, Pol. J. Chem. 58 (1584) 6E1.
M.M. Nandi, J. Indian Chem.Soc. €2 (1985) 328.

A, Sancho, L. Scto and J. Borrds, Transition Met. Chem.
(Weinheim, Ger.) 10 (198B5) 214,

V.P. Vasil'ev and I.P. Gus'kov, 2Zh. Neorg. Khim. 30 (1585)
2010.

S.P. Perlepes, D. Nicholls and M.R. Harrison, Inorg. Chim.
Acta 102 (198%) 61.

K.G. Reddy, K.L. Omprakash, A.V.C. Pal and M.L.N. Reddy,
Natl. Acad. Sci. Letters (India) 7 (1984} 309.

A.K. Mexrthy and P. Lingaiah, Indian J. Chem., Ser. A 23A
(1984) 969.

V.V. Kalmykov, D.I. Moliseev and V.A. Ivanov, Zh. Qbshch.
Khim. 55 {(1985%) 1178.

A.T. Baker, N.J. Ferguson and H.A. Goodwin, Aust. J. Chem.
37 (19B4) 2421,

E. Bouwman, W.L. Driessen and J. Reedijk, Inorg. Chem. 24
(1985) 4730.

G.J. van Driel, W.L. Driegsen and J. Reedijk, Inorg. Chem,
24 (1985) 2919,

H.L. Blonk, W.L. Driessen and J. Reedijk, J. Chem. Soc.,
Dalton Trans. (1985} 1689,

V. Bhsen and ©. Bekarogliu, Synth. React. Incorg. Met,—-Org.
Chem. 15 (198%5) 61.

C.M. Mikulski, L. Matucci, L. Weiss and N.M. Karayannnis,
Inocrg. Chim. Acta 107 (1985) B1.

K.L. Reddy, &. Srihari and P. Lingaiah, JJ. Indian Chem. Soc.
61 (1985) 801.

M.C. Molla, J. Garcia and J. Borras, Synth. React. Inorg.
Met .~Org. Chem. 15 (1985) 553.

C.M. Mikulski, 5. Coooo, N. de Franco, T, Moore and N.M.
Karayannis, Inorg. Chim. Acta 106 (1985) 89,

C.M, Mikulski, M. Kurlan and N.M. Karayannis, Inorg. Chim.
Acta 106 (1885} L25.

J.M. S, Peregrin, E.C. Rodrigruez, M.M, Carretero and J. de D.
L. Gonzalez, An, Quim., Ser, B 80 (1%984) 167.

P.V. Gilyanovskii, M.I. Knyazhangkii, A.S. Burlow, V.A.



433.

434.
435.
436.
437.

438.
439.
440.
441 .
44Z.
443 .
444.

445.
446.

447,

448.

449,
450.

451.
452.
453,
454.
455.

456.

457.
458 .

459,

Kogan, Yu.V. Revinskii and v.S. Orekhowskii, Koord. Khim. 11
(1985) 889.

L.R. Groeneveld, R.A. le FPébre, R.A.G. de Graaf, J.G.
Haasnoot, G, Vos and J. Reedisk, Inorg. Chim. Acta 102
(1985) 69.

F.J. Rietmeijer, G.A. van Albada, R.A.G. de Graaf, J.G.
Haasnoot, and J. Reediik, Inorg. Chem. 24 (1985) 3597.
W. Vreugdenhil, 5. Gorter, J.G. Haasnoot, and J. Reediijk,
Polyhedron 4 (1985) 1769.

5.V. larionov, L.G. lavrencova, V.N. Ikorskii and Z.A,
Grankina, 2h. Neorg. Khim. 30 (1985) 964.

A. Benedetti, P.G. de Benedetti, A.C, Fabretti, G. Franchini
and C. Gatti, Transition Met.Chem. (Weinheim, Ger.) 9
(1984) 457.

B, Galle, C. Santiago and A.R. Armaiz, Bull. Soc. Chim. Belg.
93 (1984) 1041.

B. Murzubraimov and A. Toktomamatov, Koord. Khim. 10 {1984)

1531.

S.B. Sharma, T.N. {Ojha, S.A, Khan and M.K. Singh, J. Indian
Chem. Soc. 61 (1984 476.

N.K. Singh, N. Agarwal and R.C. Aggarwal, Indian J, Chem.,
Sect. A 24A (198B5) 617.

N.M. Krymova, V.E. Ivanov and N.A. Ostapkevich, Khim.-—Farmm.
Zh. 19 (1985) 430.

R.C. Aggarwal and D.5.S. Narayana, Indian J, Chem., Sect. A
23A (1984) 862.

R.C. Aggarwal ari D.5.S5. Narayana, Indian J, Chem., Sect., A
23A (1984} 1044.

J.M.G. Cowie, Makramol. Chem., Suppl. B (1984) 37.

J.-P. Barbier, A.E. Biyyadh, €. Kappenstein, N. Mabiala amd
R.P. Hugel, Inorg. Chem. 24 (198%) 3615.

I.F. Burshtein, N.V. Gerbeleu, 0.A. Bologa, B.T. Ibragimow
and T.I. Malinovskii, Dokl. Akad. Nauk. SSSR 2B2 (1985}
1136.

Yu.A. Simonov, A.I. Shkurpelo, A.I. Stetsenko, L.P. Sharova
and T.I. Malinovskii, Koord. Khim. 11 (1985) B33.

J.K. Genc and J.H. Dawson, Inorg. Chem. 24 {1985) 1733.
I. Bermal, G.M. Reisner, H. Bouner and G. Riepl, J.
Organometal. Chem. 284 (1985) 115. )
H.C. Rai, R.S. Thakur and R.U. Sharma, J. Indian Chem. Soc.
71 (1985) B627.

S.P. Perlepes, D, Nicholls and M.R. Harrison, Inorg. Chim.
Acta 102 (1985) 137.

K.K. Narag and M. Singh, Synth. React. Inory. Met_ ~Oryg. Chem.
15 (1985 821.

A.V. Kulichenko, V.P. Kurbatov, E.S. Kukharicheva and O.A,
Osipov, Zh. Obshch. Khim. 55 (1985) 688.

R.C. Aggarwal and D.5.5. Naravana, Indian J. Chem., Sect. A
23A (1984) 920,

M.A, Konstantinovskaya, E.I. Sinyavskaya, K.B. Yatsimirskii,
B.K. Shcherbakov, ¥u.M. Polikarpov, T.Ya.Medved and M.I.
Kabachnik, Z2Zh. Neorg. Rhim. 30 (1985) 2571.

A. Yu. Nazarenko, S5.G. Pinaeva and L.B. Krivonos, Ukr. RKhim,
Zh, 51 (1985) 6.

G. Wang, D. Liao, Z. Zhang and Z. Jiang, Huaxue Xuebao 43
{1585} 433.

D, Liao, J. Sun, Z. Jiang and G. Wang, Gaodeng Xuexiao



238

460.
461.

462 .
463.
464 .
465.
466,

467,

4E8.
469.
470,
471.
472.

473.
474 .

475.

476.

477,
478.
179,
480;
481.
482 .
483.
484,
485.
486.

487.

Huaxue Xuebao 6 (1985) 771.

W. Radecka-~Paryzek, Inorg. Chim. Acta 93 (1985) L43.

K. Sakata, M. Hashimoto and H. Yoshino, Inorg. Chim. acta 9%
{13985} 231.

M.F. Cabral, B. Marphy and J. Nelson, Inorg. Chim. Acta 90
{1985} 1¢69.

V.B, Rana, S5.P. Ratxa, D.P. Sirngh and M,P. Tectia, Transition
Met . Chem. (Weinheim, Ger.) 10 (198%) 13i5.

N. Rudgewick-Brown and R.D. Cannon, Inorg. Chem. 24 (1985)
2463.

T. Ramasami and J,F, Endicott, J. Am. Chem. Soc. 107 {1985)
389%.

R.M. Kellett and T.G. Spiroe, Inorg. Chem. 24 (1885) 2373;
2378.

Y. LeMest, M. L'Her, J. Courtot—Coupez, J.P. lman, E.R. Evitt
and C.$. Bencosme, J. Electroanal. Chem. Interfacial
Electrocheam, 184 (1985) 331.

C.M. Elliott, J.K. Arnette and R.R. Krebs, J. Am., Chem. Soc.
107 (1985) 4904.

B.D. Berezin, 0.G. Khelevina and P.A. Stuzhin, 2h. Fi=z.

Khim. 59% (1985) 218B1.

L.V. Kiogpova, 0.A. Golubchikov, I.M. Kazakova and B.D.
Berezin, Zh, Fiz. Khim. 5B (1984) 2489,

A. Botulinski, J.W. Buchler, B. Tonn and M. Wicholas, Inoreg.
Chem. 24 (1985) 3239%.

L.B. Dugad, V.R. Marathe and S. Mitra, Chem. Phys. Iett. 120
{1985) 239.

L. Latos—-Grazynski, Inorg. Chem. 24 {(1985) 1104.

J. Martinsen, J.L. Stanton, R.L. Greens, J. Tanaka, B.M.
Hoffmann and J.A. Ibers, J. Am, Chem. Soc., 107 (1985) 6915.
C.Z. Leznoff, S.M. Marcuccio, S. Greenberg, A.B.P. Lever and
K.B. Tomer, Can. J. Chem, 63 (1985) 623.

C.C. Leznoff, S.M. Marcuccio, 5. Greenberg, P.C. Minor, P.
Seymour, A.B.P. lLever and K.B., Tomer, Inorg. Chim. Acta B39
(1984} 1L35.

Y.-C. Yang, J.R. Ward and R.P., Seiders, Inorg. Chem., 24
(1983) 1765.

W.M, Brouwer, P. Piet and A.L., German, J. Mol. Catai. 31
(1985) 169.

W.M. Brouwer, P, Piet and A.L. German, J. Mol. Catal. 29
(1985) 335; 347.

D, Attanasio, I. Collamati and C. Daul, Inorg. Chem. 24
(1985) Z746.

S. Chandra and R. Singh, Spectrochim. Acta , Ser. A 41Aa
(1985) 1109.

V.A. Castinieriras, W. Hiller, J. Strdhle, M.V. Paredes and
J. Sordo, Acta Cryst., Ser. C 41C (1%83) 41.

K.N. Thimmaiah, W.D. Lloyd and G.T. Chandrappa, Inorg. Chim.
Acta 106 (1985) B81.

K.N. Thimmaiah, G.7T. Chandrappa, W.D. Lloyd and €. Parkdnyi,
Transition Met.Chem., (Weinheim, Ger.) 10 (1985) 229,

B. Singh, B.P. Yadava and R.C. Aggarwal, Indian J. Chem.,
Sect. A 24a (1985) 127.

M. Mohan, P. Sharma and N,K, Jha, Inorg. Chim. Acta 106
(1985) 117.

M. Mchan, P. Sharma and N.K, Jha, Inorg. Chim. Acta 106
{1985) 157.



488,
489.
490.
491,
492,
493.

434 .
495.

496,
457 .
498.
489 .
500.
501.
502.
503.
504.
505.
506.

507.
508.

5089.
510.

511.
512.

513.
514.
515.
516.
517.
518.

519.

239

A.E. Arifien, Pak. J. Sci. Ind. Res. 27 {1984) 127.

R. Battistuzzi, Polyhedron 4 (1985) 933.

M. Gupta and M.N. Srivastava, Folyhedron 4 (1985) 475.

Y. Wei-Da, L. Mei—Qing and P. 8hi—Qi, Inorg. Chim. Acta 106
{1985} 65.

M. Atch, K. Kashiwabara and J. Fuiita, Bull, Chem. Soc, Jpn.
58 (1985) 2793,

C. Mealli, M. Sabat, F. Zanabini, M. Ciampclini and N. Nardi,
J. Chem. Soc., Dalton Trans. (1985) 479.

3.J. Landecn and T.B. Brill, Inorg. Chem. 24 (1985) 2B63.
¢.~-B. Bao, 8.J. Landon, T.B. Brill, A.1. Rheingold and T.M.
Haller, Inorg. Chem. 24 (1985) 900,

D.G. Helah, A,N. Hughes, S, Maciaszek, V.R. Magnuson amd K.O.
Parker, TInorg. Cham. 24 (1985) 3956.

F.R. Asgkham, G.G. Stanley and E.C. Marques, J. Am. Chem,
Soc. 107 {1985 7423.

S. Fallab and P.R. Mitchell, Adv. Inorg. Bioinorg. Mech. 3
(1884) 311.

R. Ramamurthy and P, Nakarajan, J. Chem. Soc., Chem., Commun.
(1985) 1554.

M. Fbihara, Y. Sasaki and K. Saitec, Inorg. Chem. 24 (1985)
3831.

M. Kikkawa, Y, Sasaki, 5. Kawata, Y. Hatakeyama, F.B. Ueno
and K. Baito, Inorg. Chem, 24 (1985) 4095,

I.D. Ozherel'ev, D.M, Palade and V.V. Shapovalov, 2Zh. Neorg,
Khim. 30 (1985) 815.

I.D. Ozherel'ev, D.M. Palade and V.V. Shapovalov, Zh. Neory.
RKhim. 30 (1985) 1453.

I.D. Ozherel'ev, D.M, Palade and V.V. Shapovalov, Zh. Neory.
Khim. 30 (1985) 1227.

I.D. Czherel'ev, D.M, Palade and V.V. Shapovalov, Zh. Neorg.
Khim. 30 (1985) 384.

U.B. Ceipidor, R. Bucci, V. Carunchio and A.M. Girelli,
Inorg. Chim. Acta 98 (1985) 55.

A. Kufelnicki and 8. Petri, Pol J. Chem. 58 (1984) 361.

A, Lecheheb, M. Takakubo, J. Faure and J. Belloni, Radiat.
Phys. Chem. 23 {(1884) 703.

R.L. Lintvedt, G. Ranger and C. Cecrarelli, Inorg. Chem.

24 (1985) 456.

S.A. Bedell and A.F. Martell, J. Am. Chem. Soc. 107 (19835)
7909,

M. Zehnder, c¢Chimia 38 (1%84) 243.

H. Kropf, &.M. Trzeciak and J. Zioclkowski, Oxid. Commun. &
(1984) 339,

C.E. Sumner, Jr., and G.R. Steinmetz, J. Am. Chem. Soc. 107
(1985) 6125.

A. Colligiani, C. Pinzino, G, Valentini, R. Cini, P. Zanello
and A. Cinguantini, Inory. Chim. Acta 103 (1985) 105.

K. Miller and E.G. Jaeger, Wiss, Z.-Friedrich—Schiller—Univ,
Jena: Naturwiss, Reihe 33 (1584) 197.

K. Bajder, H. Oshio, K. Nakamoto, W. Kanda, H. Okawa and S.
Kida, JInorg. Chim. Acta 103 {1985) 63.

T. Beringhelli, A. Gervasini, F. Morazzoni and A. Giacomelli,
Gazz. Chim. Ttal, 115 (1985) 181.

B. Jezowska-Trzebiatowska, P. Chwielewsi and A, Vogt, Inorg.
Chim. Acta 83 (1984) 129,

B.B. Corden, R.S. Drago and R.P. Perito, J. Am. Chem. Soc.



240

520.
521.

522.
523,

524.
525.
526.
527.
528.
529.
530.
531.
332.
533.
534.

535.
536.

- 537.
538.
53%9.
540.

541.
542 .

543.
544.
545.
546,
547.

548.

549.

107 (1985) 2903.

A. Nishinaga, T. Kondo and T. Matswura, Chem. Lett. (1985)
805,

L. Saussine, E. Brazi, A. Robine, H. Mimoun, J. Fischer and
R. Weiss, J. Am. Chem. Soc. 107 (1985) 3534.

F.A. Walker and J. Bowen, J. am. Chem. Soc. 107 {(1985) 7632.
K.A, Goldshby, T.J. Meade, M, Kojima and D.H, Busch, Inorg,
Chem. 24 {1985) 2588,

N.W. Alcock, B.T. Golding and $. Mwesigye-Kibende, J. Chem.
Soc., Dalton Trans. (1985) 1957.

C.-L. Ni and F.C. Anson, ITnorg. Chem. 24 (1985) 4754.

M. Hoshino, Chem. Phys. Lett. 120 (1985) 50.

T. Czawa and A. Hanaki, . Chem. Soc., Dalton Trans. (1985)
1513.

R.J.H. Chan, ¥.0. Su and T. Kuwana, Inorg. Chem. 24 (1985)
3777

F.C. Anson, C.~L. Ni and J.-M. Saveant, J. Am. Chem. Soc. 107
(1585} 3442,

X. Cac, 2. ¥Xiu, M., Wang, Z. Liu ard L, Yu, Gaodeng Xuexiao
Huaxue Xuebao 6 (1985) 13.

B, wang, Z. Shi, Y. Zhang, X. Chao and M. Wang, Yingyong
Huaxne 1 {(1984) 65.

H. Imai, A. Nakatsubo, 5. Nakagawa, ¥. Uemori adn E. Kyuno,
Synith. React. Inorg. Met.—-Org. Chem. 15 ({19B5) 265.

H. Sakurai, M. Khono, M. Sakamoto, K. Okada, K. Tajima and K,
Ishizu, Inorg. Chim. Acta 93 (1984) 123,

J.R. Kincaid, L.M. Proniewicz, K. Bajdor, A. Bruha and K.
Nakamoteo, J. Am. Chem, Soc. 107 (19885) &775.

K. Nakamcto and H. Ogshio, J. Am. Chem. Scoc. 107 (19B85) 6518.
A. Andreev, K. Tashkova and L. Lyubchev, Dokl. Bolg. Akad.
Nauk. 37 (1984) 14B3.

N. Kobayashi and Y. Nishiyama, J. Phys. Chem. B9 (1985)
1167.

C.A. Ghilardi, C. Mealli, S. Midollini and A, Orlandini,

Inorg. Chem. 24 (1985) 164.

M. Latman, S.A. Morse, A.H. Cowley, J.G. Lasch and MN.C.
Norman, Inorg., Chem. 24 (1985) 1364,

H.A. Schwarz, C. Creutz and N. Sutin, Inorg. Chem. 24
(1985) 433,

C. Creutz and N. Sutin, Coord. Chem. Rewv. 64 (1985) 321.
F.R. Keene, C. Creutz and N. Sutin, Coord. Chem., Rev. 64
(1985) 247.

P.N. Balasubramanian and E.5. Gould, Inorg. Chem. 24 (1985)
1791.

P.N, Balasubramanian, E.5., Gould and J.W. Reed, Inorg. Chem.
249 (1985} 1794,

Y.-T. Fanchiang, J. Chem. Soc., Daltan Trans. (1983) 1375.
J.J. Pignatello and Y.—T. Fanchiang, J. Chem. Soc., Dalton
Trans. {1985) 1381.

M. Ressi, J.P. Glusker, L. Randaccio, M.F. Summers, P.J.
Toscano and L.G. Marzilli, J. Am. Chem. Soc, 107 (19B5)
1729.

L.G. Marzilli, M.F. Summers, N. Bresciani-Pahor, E.
Zangrando, J.-P. Charland, and L. Randaccioc, J. Am, Chem,
Soc. 107 (138%) €880.

L. Walder, G. Rytz, U. Voegeli, R.Scheffold and P. Engel,
Helv. Chim. Acta 67 (1984) 1801.



241

550. F. Cecooni, C.A. Ghilardi, S. Midollini, S. Moneti, A.
Crlandini and M. Bacci, J. Chem. Soc., Chem. Commun. (1985)
731.

551. G.L. Geoffroy, W.C. Mercer, K.R. Whittle, L. Markd and S.
Vastag, Inorg. Chem, 24 {1985) 3771.

552. F. Babonneau, M. Henry, R.B. King and N.El Murr, Inorg.
Chem. 24 (1985) 194¢.

553. A.M. Bond, T.W. Hambley and M.R. Snow, Inorg. Chem. 24 (1385)

1920.
554. TI.P Beletskii and K.B. Yatsimirskii, Teor. Eksp. Khim. 20
(1984) 513,

555. I1.I. Merkelbach, H.G.M. Becht and H.M. Buck, J. Am. Chem.
Soc. 107 (1985) 4037.

556. N.V. Ivanova, O.V. Sizova and V.I. Baranovskii, 2zZh. Strukt.
Khim. 25 (1984) 17.

557. D.S. Marynick, 8. Askari and D.F. Hickerson, Inorg. Chem. 24
{(1985) 868,

558. D.W. Christianson and W.N. Lipscomb, J. am. Chem. Soc. 107
(1985) 26B2.

559. I.I. Kalinichenko, N.M. Titov and L.A. Baikova, Zh. Neory.
Khim. 29 (1984) 2416.

560. R. Bramley, M. Brorson, A.M, Sargesan and C.E. Schiffer, J.
Am. Chem. Soc. 107 (1985) 27B1l.

561. V.P, Tarasov, T.Sh. Kapanadze, &.V. Tsintsadze, I.B.
Baranovskii adn Yu.A., Buslaev, Koord. Khim 11 (1985) 655.

562. A.M. Bond, R. Cottan, J.E. Moir and D.R. Page, Inarg. Chem.
24 (1885) 1298.



