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INTRODUCTION

This review of the inorganic¢ and coordination chemistry of zinc and cadmium
covers the material which appeared in volumes 98 and 99 of Chemical Abstracts.
The format estabiished by Constable [1] has been largely retained.
Classification of donor ligands is often difficult for compounds containing
several different donor atoms and the reader may need to refer to more than one

gection.
1.1  ZINC(IT)
1.7.1 Halide and peeudohalide complexres

Electron diffraction, X-ray scattering and Raman spectra of aqueous
soclutions of ZnBr2 ahow the exiatence of octahedral hexaaquo and tetrahedral
Zn(HZO)ﬁ_nBrn (n =2,3,4) [2]. The inner sphere complexes have Zn2+-Br-= 2.4%,
Zn2+-H20 =2.2%. Stability constants for formation of Zn(Il) bromide, iodide
and thiocyanate complexes in methanol are reported [3]. Far IR studies of
solid pyridinetrihalozincate anions show C,, symmetry [4]. Organobimetallic
compounds (SCN)ZZn(NCSHgR)2 and their reactiens with Lewis bases have been
reported [5,6]. The structures of various solid zine fluoride compounds have
been described [7,8]. Participation of ¥ electrons in zine halide bonding has
been investigated [%]. The reaction of metallic zine with nenaquecus solutions
of ammenium thiocyanate [10] and extraction of Zn2+ from hydrochloric acid

solutions [11] have been reported.
1.1.2 Complezes with oxygen donor Iligands
1.1.2.1 Inorganic molecules and tong

X-ray diffraction studies of aqueous Zn(N03)2 show octahedral coordination
of Zn’* (Zn2+~0H2 = 2.178} and no evidence for coordinaticn by NOB- [12]3.
X-ray diffraction studies of aqueocus ZnSOa show noc concentration effect in the
range 0.6-3.1M [13] and again show octahedral [Zn(0H2)6]2+ [14]. aAn gb fnitio
HO study of Zn(0H2)62+ yields Zn-0 distances which agree with experimental
findings [15]. The uae of a belanced-like-charges approach gives calculated
formation constants for {ZnHC03]+ which reproduce experimental values [16].
Chlorosulphate acts as a unidentate ligand in compounds ZnLa(Soacl)2
(L = PY.CH;CN) [17].



1.3.2.2 Simple organic ligands

High resclution electron energy loss spectroscopy (HREELS) was used to
study the interaction of CO with the {1010} surface of Zn® [18]. The increase
of the CO stretching frequency upon adsorptior of €0 to Znd is mostly due to a
strengthening of the CO bond and not solely to a mechanical coupling between
osuillations.' Reaction of chl2 with Al(OiPr?3 and potassium irn isopropancl
gives ZnEAI(OTPr)Q)lz which contains twa Al(OzPr)a moieties coordineted to zlmc
by bridging 0%Pr ligands (19]. A crystal structural snalysis of ZnL2C12
{L = 1,4-dioxane) shows 2n in a distorted trigonal bipyramidal environment with
bonding to two chlorine atoms and an oxygen atom of a monodentate L in the

equatorial plane and two bidentate bridging L molecules forming an infinite

chain [20]. Varicus reactions of triethanolamine with zinc salts hsve been

described [21,22]1. X-ray structures of [H(OSSNZ)a][AsFa]2 {M = Zn.cd} show
actahedral 66 envirooments about the central M atom [231. Octahedral 06
\ 2+

coordination is also implied in complexes of Zn~ with embelin [24]. The
compound Zn(502)2€A5F6)2 has been isolated from liguid SO2 £25] and acts as a
Lewis acid with a variety of phosphine oxides, sulphides and selenides [26-281].

1.1.2.3 C(Carboxylie acids and related Iigands

An X-ray structural and neutron-diffrsction study of zinc maleate
tetrahydrate Zn(CﬁoﬁH3)2(H20)a shows octahedral coordination by two axial
monodentate maleates and four equatorial water molecules [29]. The zinc atom
in zinc citrate zn(cGHSO?)Z ig octahedrally coordinated by two equivalent
citrates via a central hydroxyl, central cerboxyl and one terminal carboxyl
oxygen atom from each citrate [30]. Electron impact mass spectra have been

‘recorded for zime acetate [31]. Glycine coordinates through the carboxylate
group in & number of lte complexes with ZmCl, [32]. The crystal structure of
bis{N-benzoylglycinato)triaquazine{II)dihydrate shows coordinstion by an oxygen
atom of the carboxyl group of each anion and by three water molecules giving a
slightly distorted trigonal bipyramidal environment about zinc [33]. The
compound ZnL2 where LH is (1) has been prepared and characterised [34].

The crystal structure of [Zn(edta}]z+ shows the metal to possess an
ottahedral 04N2 environment [35] as does the metal iom in ZnL2
{LH = o-aminobenzoic acid) [36]. The interactions of a variety of substituted
dicarboxylic acids with an+ have been described [37-431. Coordination ocecurs
through the oxygen atom in a variety of monohydroxamine complexes of zinc [44].
Thermedynamic date for zinc complexes derived from hydroxamic acids (451,
substituted carboxylic acids [46). salicylic acid £47]. acetic and levulinic
acids [48]. substituted anthranilic acid [49] and substiiuted picolinic acid



CHi"'--.N-""'CHz\
o ' 0 3
N

CH~ l ~~CH,
CO.H

£50) have beer reported., Thermodynamic parameters for the interaction between
202" and L-3,4~dihydroxyphenylalanine {(L-dopa) (511 and
Z2-amino-2(hydroxymethyl}-1,3-propandiol [52] are also reported. A
structure-reactivity relationship which predicts formation constants based

largely oa the structure of the orgenic ligand has been presented [53].
1.1.2.4 Diketone and other ligande

The electrosyhthesis of Zn(acac)z in methancl has been reported [54].
Addition of cyanogen to dipivaloyimethare to give
2,2.6.6-tetramethyl-4-(aminocyanomethylene)-3T5-heptanedione 15 catalysed by
Zn(acac)2 [55). Seclvent extraction studies of zinc with
2-thenoyltrifluorcacetone continue and it has been found that addition of
bidentate amines at low concentration ((10-5H) causes a remarkable improvement
in the digtribution ratio while higher concentrations of amine cause a lowering
of the distribution ratio [561. Formation comstants iam various mixed aqueous
solvents of the zinc(II} complex with dibenzoylmethane have been measured [57].
Adducts of Zn(acac)z with & variety of nitrogenous bases have been prepared and
characterised [58]. Various mixed-ligand complexes of zinc involving diketones
have been investigated [59-61]. The 1ligand 1,8-dihydroxyanthraquinone (HL)
gives only a mononuclear compound Znl, (2) [62). The compounds ZaL,
(LH = 2-acetyl- and 2-benzoyi-1,3-indandione} are tetrahedral with the ligands
coordinated through one acyl oxygen and one oxygen of the indandione moiety
[63). Coordination complexes MLCl, (H = Zn.Hg and LH =
3-amino-2-benzoylbenzofuran) have tetrahedral 02032 envirenments [64]. Zinc
complexes of pyridoxine have been reperted o contain the ligand as bidentate
oxygen domors [65]. Stability constants for zinc(Il) complexes with
8-formyl-7-hydroxy-4-methyl~2H-1-benzopyran-2-one [66] and
4-hydroxy-3-aldehydrobiphenyl [67] have been determined. A homobinuclear zinc
complex anLﬂla (L = N.N'-bis(entipyrylmethyl)piperazine) contains the ligand
in a bridging oxygen rele {68]. The mixed-ligand compound of zinc with
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o-hydroxypropiophenone and quinoline has been reperted L69)
21.2 (X = C1.Br and
L = triphenylphasphineoxide} ghow the zinc to be in a OgX, environment {701

The crystal structures of Znk

QOrganophosphoric acids as complexons for a variety of metal ionas. including
zinc and cadmiuvm, have been studied [7i]. Thermedynamic parameters for
formation of simple zinc{II} complexes with adenosine-5-triphosphate (HaATP)
show that the equillibrium

zal* 4 AT —= fzn(aTP)3%"

—_——

is enthalpically disfavoured but entropically stabilised [721.
1.1.3 Complewes with sulphur donor ligande
1.1.3.1 Simple orgamie ligands
Thiophenol compounds continue to be of interest and the preparations of
[H(SPh)&]z_ (M = Zr,Cd) have been described [73]. Zinc(I1} complexes with some

1.3-dithio ligands have been prepared and characterised by ESCA [74]. OColy two
studies invelving phosphine sulphides as ligands have appeared [75.76].

1.1.3.82 Thioacids, thiovamides and related compounds

The synthesis and characterisation of some alkyl substituted
monothio-f-diketonate complexes have been described [77_.78]. Complexes of

moncthiccarbamatea and their reactions with pyridine have been reported [79].



The zinc{I1) complexes of G-aminophenazone dithiocarbamate [80] and
p-ethoxyphenyl dithiocarbamate [81] have been described. A crystal and
molecular structure study of zinc{II) bis(dialliyldithiccarbamate) shows a dimer
in which each zinc is coordinated by five sulphur atoms at distances ranging
between 2.3398 and 2.8468 {82]. Zinc(TI) and cadmium(II) complexes of
piperazinebis(dithiocarbamate) contain tetradentate bridging ligands and appear
to be polymeric [B3). Bimetellic complexes HZnLq (M = Co,Cu and LH = HSZCNEtZ)
and their reactions with pyridine have been described [841.

Complexes HXZL {H = 2Zn,Cd; X = Cl,Br,NCS,OAc,NOS;
L = N,N,N'N'-tetramethylthiuram disulphide} have been reported [851. The
extraction voltametry of some zinc(II} and cadmium{IE} complexes with
alkylxsnthogenates and nitrogen-containing ligands has heen investigated [B61,

The crystsl structures of the anions [ZR(SZP{OCGH&ME}Z)SJ- and
[Zn{SzPPh2)3]- are aslmost identical [871. Both aniomns are distorted
tetrahedral about zinc with one bidentate ligand having somewhat larger Zm-S
distances than those of each of the two unidentate ligands. The polarographic
behaviour of zinc{II) with diethyldithiophosphoric acid and nitrogen-bases such
a8 pyridine was studied and in all cases the electroreduction Zn{ii} — Zr(0)
was observed [88]. Electron impact mass spectra were recorded for some
zinc{II) complexes of dlalkyldithiophosphoric acid [89]. Thermodynamic data
for zine(I1) complexes with thiodiacetic and dithloacetic aclds have been
reported [90]. The zinc{II} and cadmium{il) complexes of
Z-aminocyclopentene-l-dithiocarboxylic acid contain the ligands as a bidentate

through the CSZ group [91].

1.1.3.3 Sulphur heterocyrelea

Imidazoline-2-thione and its methyl analog give complexes ZnL2x2 and ZnLX2
(X = halide} in which coordination is through the sulphur atom of the
heterocycle [92]. The ligands N-benzothiazoyl-N'-alkylthloureas act as
bidentate donors towards zirc(II} and csdmium{I1) with coordination ocecuring
through nitrogen from thlazole and sulphur from thioures [93]. The thermal
stability of these complexes 1s Zn<Cd. Complexes ZnL2X2

(L = benzothiazolesulphonamidmorpholide; X = NO.,0Ac,Cl) with L being bidentate

through sulphur of the thiazole riag and nitrogin of the sulphonamide have been
described [94]., Formation constants for [ZnL]Y and ZoL,
(HL = N-(2,3-dimethyl-l-phenyl-5-oxo-3-pyrazoline-4-yl)-N'-benzoylthicurea)
were measured in 70% EtOH-H,0 [95) and the metal complexes are thought to be
octahedrel with coordination through benzeoyl carbeonyl oxygen and thiocarbonyl
sulphur. The stability constant for interaction of Zn2+ with

2-hydroxy-l-naphthalidenesulphamethoxazole haa been messured [96]). Complexes



Zan and Csz {HL = N-c-dibenzoylithiocacetamide) contain bidentate ligands

coordinated through thic and carbtonyl groups [973.
1.1.4 Complexes with nitrogen donor ligands
1.1.4.1 Amimes

The complex Zn(OAc)Z.ZNH3 has been obtained by passing ammonia through a
dmf solution of Zn(OAc},.2H,0 [8B]. Stability constants for the interaction of
anf with W-{2-hydroxy-5-phenylbenzylidene)aniline have been measured [95]. A
crystal structure determination of ZnLBr2

{(L =w.{l-tert-butyl-Z-gziridinyl)benzylamine shows tetrahedral NzBrz

coerdination ¢3) about zinc [100].

¢ad

The crystal structure of ZnL, (L = N-(2-pyrzolylmethylene)-tert-butylamine}
contains a tetrahedral zinc atom coordinsted to four nitrogen atoms of two
gymmetry related bidentate ligands [101]. Some chelate-supported alkyl and
aryl complexes ¢4,5) have been described [102].

N CH;

N-— Mez

M=2Zn,Cd

C4d C5)



The zine atom in [Zan(lactate)][lactate]
{L = N-isopropyl-2-methyl-l,2-propanediamine) has a distorted trigonal
blpyramidal N40 environment {103]. The synthesis and characterisation of a
series of tris-chelate compounds [Zn(LL)3]<T)2 {LL = {(R.5)}-1-aminc-2-propanol;
T = triflate) hes been described [104]. Proton NMR has been used to study dmf
s-tren)(dmf)]z+
(Hes-tren =2,2'.2'"-tris(H.R-dimethylamino Jtriethylamine} [105]. Dissociation

solvent exchange on the five coordinate compound [Zn{Me

of arylamine (p-anisidine. p-toluidene, aniline, p-chloroaniline) complexes

with ZnBrz and ZnI2 in acetonitrile was studied by following -WH, proton shifts

[106) which are limear functions of the fraction of coordinated imine.
Formation constants for the interaction of Zn2+ with
2-hydroxy=l-naphthalidene-g-fluorvaniline heve been measured [107]. Formation
constants of quaternary Zn{II) complexes comprising pyridoximlne as a first.
glycine as a second and ethylenediamine as a third ligand were determined
potentiometrically [108]. The iigand in (ZnClL)ZD

{L = N.N'-bis(p-hydroxybenzyl)ethylenediamine is coordinated through one
nitrogen atom and one hydroxy oxygen atom resulting in formation of two
six-membered chelate rirgs [109]. The adduct ZnClZ(LH23

(LH2 = N.N'-(dipicolyl}-1.B-naphthylenediemine} is tetrahedral whereas Znl is

sgquare planar with a N4 enviromment about the zlnc atom [110].

1.1.4.2 Schiff baces, hydrazones mid orimes

The Schiff base derived from salicylaldehyde and 2-hydrazincbenzoxezole
reacts with Zn2+ as a monobasic tridentate ligand with phenclic oxygen and both
azomethiny! nitrogen stoms as donors (1111, The ligand formed from
coudensaiion of 5.5'-meirylenebis{salicylaldehyde) and diasminopropane gives a
polymeric Schiff base complex with 2:12+ f1121. Schiff bases derived from
substituted salicylaldehydes and s-hydroxybenzylamine give complexes ZnL where
the ligands, L. behave as tridentate ONQ donors [113]. Schiff base complexes
of salicylaldehyde and p-mercaptobenzaldehyde with bulky smines gilve
pseudo-tetrahedral zinc compounds f114]. The ligands in ZnL, (HL = (6)) act as
OR donors giving tetrahedral coordination about the zinc atom [115]. Mixed-
tigand complexes of N-6-methylbenzothiazol-2-yl-salicylaldimine and
2-methylbenzimidazole with an+ are octahedral with coordination of the ligands
through phenolic oxygen and exocyclic nitrogen atoms [116]. The Schiff base (7)
derived from salicoylhydrazine and biecetylmonoxime gives octahedral compounds
with Zn2+ and Cd2+ [117]. Pyridoxal-5'-phosphate-g-amine acid zine(II}
complexes and their salicyleldehyde analogues show photochromic behaviour in
borate buffer at pH 9.5 [118]. Zinc{II) complexes of non-ionised and of
zwitterionic forms of Schiff beses have been dascribed [119.1201.
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Stability constants for the interaction of Zn2+ with Schiff bases of
3-formyl-4-hydroxybiphenyl have been determined [121}. Binuclear metal
complexes CulMX, (8) (M = Zn,Cd; X = C1,Br,I} have been described {1221. The
condensation product of ethanoclamine with benzil biacetyl gives tetradentate
ligand complexes with an+ and Cd2+ [123]. In ZnLClz
(L = 2-pyridylaldehyde-2-pyridylcarboxylic acid hydrazide) the chlorines and
the Z-pyridyl and imino nitrogens ate coordinated to zinec [124]. A number of
other Zan Schiff base complexes are also tetrahedral [125-129]. Schiff base
complexes ZnLClz, CdLCl2 (L = benzidine acetylacetone} sre dimeric with L
acting as a bidentate bridging ligand with coordination through the nitrogen
atoms [130].

Methyl pyruvate aroylhydrazones (9) uvadergo deprotonration with Zn(Oﬁc)z to
form neutral hexacoordinated 1:2 complexes ZnL2 with the ligands actimng as

tridentates through carbonyl oxygen atoms and the azomethine nitrogen [1311.

o o
I I
N c
R/ \u/ \c/ \OMe
[
Me Cod

R= Ph, 0-C4H,0H

The X-ray structure of
bia(2,6-diacetylpyridinebis{2-thenoylhydrazonato}{2-))dizinc{Ii} contains a
pyridine ring unusually bridging two zinc atoms {Zn-Zm = 3.554) which have

highly distorted octrhedral environments [132], The complexes Zal,, CdL,
(LH2 = (10}) are probably penta-coordinated dimers ¢11) [1331.
/—l—l—-\
SMe N S
H \M/
0
s
N \s "\L_\/S
- ;
I’..-—'—'r-...\
—==N S S ! N
N—
H S/ \N

€10 SMe — C11d
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The preparation and characterisetion of a variety of substituted hydrazone
complexes with an+ have been described [134-138] as have a number of oxime
derivatives [139-1411.

Zinc complexes of benzalacetone and dibenzalacetone-semicarbazone have
been described {1421, Complexes ZalX, and Znl,X, {L = benzil semicarbazone;
X = Cl.NCS.ClD&) are apparently alsc tetrahedral [143]. The zinc complex Zal.,
{LH = 2-hydroxy-1.4-naphthaguinone thicsemicarbazone} contains the ligands
coordinated through oxygen and imino nitrogen atoms [144]. Zinc and cadmium
complexes containing tridentate henzoin gemicarbazone and thiosemicarbazome
have been described [145]. Complexes ZnLX2
(LH2 = 4-benzemido-l-diacetylmonoxime-3-thiosemicarbazone (12); X = Cl,Br}

contain tridentate N 5 coordinated ligand and coordinated halides £146].

2
Ph—C —NH
i
0 UN—C—S—N—N==C—Me
D l(.!) H
== C=Me
HO

$tability conpatants for zine complexes with some substituted diphenylcarbazones

have been reported [147].
71.1.4.3  Amides, hydrazides and related compounds

The preparation and thermochemistry of N,N-dimethylformamide adducts
Zn.‘.\lz(ch'nf)l'2 (X = CL.Br.I} has beer described [148]. The thermal stability of
the zinc adducts is less than that of the corresponding cadmium adducts. Some
zinc lactam complexes have been reported [1493. Zinc mixed-ligand complexes
with some aubstituted acetemides and amines have distorted octahedral
configurations [150]. The stability constant for formation of (13} has been
measured potentiometrically [151}. Zinc formylhydrazide complexes ZnLn
(rn =1.2,3) contain bidentate ligands coordinated through carbonyl oxygen and
terminal nitrogen [152]. The compound Zn(HL)Cl2
(HL = 2-furanthiccarboxyhydrazide) is octehedral whilst Zan(HZO)Z appears to
be square planar {153]. The compound Zn(tmc)Clz
{tme = 1.1.5.5-tetramethylcarbohydrazide) is monomeric and tetrahedral whilst
Zn(tmc)2C12 is octahedral in the solid state but dissociates im solution [154].
Zine and cadmium complexes of 3-nitrobenzoic acid hydrazide {L}. qu(N03)2 have
been reported [1553. Salicylidene aroyl hydrazide ligands show dibasic
tridentate behaviour towards zinc and cadmiuvm [156]. The ligand
p-hydroxyphenylthiohydrazide behaves as a sulphur-nitrogen donor towards zinc
and cedmium [157].
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Hoy=—CHa

H C—HN/ \
CH/Z \ / \
N /

/

HoN

NH—CH,

Ci3) NHz

Complexes [Zn(ATPTS)xz]Cl {X = C1,Br, 250 +OAc , NO, ) are thought to have

structure €14) [158]. Coordination polymers of zine and cadmium with

e

Mea—NmCHz—T='*I' s
NH-— 1 r—enl o

€14) \ /
\X

l-{gonicotinoyl-4-allyl-3-thlosemicarbazide have been described [15%] and
contaln a tetradentate ligand. Zinc and cadmium complexes with
1-isovaleryl-4-phenyl-3-thiosemicarbazide are monomeric with ligand donation
through oxygen and nitrogen atoms [168)., The ligand !-acetylpyridium
chloride-4-phenyl-3-thiosemicerbazide acts as & nitrogen donor towards zinc and
20

(LH = 5,5'-{p-phenylenebisazo)diquinolin-8-0l) has been described [162]. The

cadmium [161]. Polymeric octahedral ZnL.2H

crystal structure of zinc(II} dithizonate shows a N232 environment about ziuc
(163}. A variety of tetrahedral zinc and cadmium complexes of vanillin azine
complexes have been reported [164]. Stability constants for zinc and cadmium
conplexes with phenylhydrazoacetoacetantiliide ligands have been determined

[1651.
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i.1.4.4 Amino acide

4 polarographic study of L-4-hydroxyproiine {LHF} complexes of zinc shows
the existence of [Zn(LHP)1T, Zn(LHP)2 and [Zn(LHP)B]_ [166]. 1In Zn{LHP)z the
ligend coordinates through the nitrogen atom of the pyrroline rinmg and amn
oxygen atom of the carboxylate group [167]. Stebility constants for 1:2
complexes of zinc and cadmium with L-lysine have been determined [168].
Mixed-ligand complexes of zinc with anions of orotic acid and amino acids have

been studied [169].

1.1.4.§ Heterocyales

Solvent extraction measurements have been used to determine formatiom
constants for mixed-ligand complexes of zimc with c¢hloride and some substituted
pyridines [170). Aminopyridine edducts with zinc and cadmium formates are
octabedral [171]. The 1:2 adduct between zinc ascorbate and pyridine has been
studied [172). Some substituted pyridine adducts of zinc halides have been
described [173]. Crystal structures for Zn(N03)2(py)2, Zn(N03)2{2—Hepy)2 and
Zn(NO3)2(quin)2 show ¢ig-coordiration of the heterocyclic bases with various
degrees of invelvement of the nitrate ligands [174). Complexes of Zn(NCS)z
with some benzoylpyridines have been described [1753). The crystal structure of
bis(l,4-dihydro-l-pyridyl)bispyridinezinc(II) shows a distorted tetrahedral N4
environment about zinc [176]. Two bipyridine adducts of

tis{3-nortricyclyl}zinc have been described (15) [177].
o |
R\ N_ = R N. .~ R

H/ \N N / I '\N/ \R

7 C18d

In [anL(bipy)Z](PFa)z (LH2 = naphthazarin) the ligand acts as a bridge
between two metal centres, each zinc iz in a Nzoz tetrahedral environment
[178]. Synthetic evidence for a monodentate intermediste in the formation of
chelated bipyridine complexes of zinc has been presented [179].

Stability constants for ternary mixed-ligand complexes of zinc with bipy,
phen and H-{thiobenzoyl }-N-phenylhydroxylamine have been determined [1801.

Stability constants for zinc complexes with Tiroa and phen have also been
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determined [181]. Various adducts of Zn(CN)2 with bipy and phen have been
synthesised and cheracterised by IR {182]. The crystal structure of
Zn(terp?)cl2 shows discrete monomeric molecules in which the zinc atoms have an
almost trigomal bipyramidal HSCZ2 environment [183]. The 1li{gand
N-methyl-N.N'-bis(2'-pyridinecarboxamide )-1.2-ethane (16) forms
non-deprotonated 1:1 complexes with zine in which the ligand acts as a
biswbidentate forming five or six-coordinate polymeric complexes inveolving

ccordination through pyridy)l nitrogen and amide oxygen atoms [184].

7 2\

N
— Me H —
/c—rf N— C\ C16)
S /N

Some heterobinuclear complexes imvolving zinc and the tetradentate tigand
N.N'-bis(antipyrylmethyl Jpiperazine have been described [185]. The compound
ZnL(NCS)2 {L = bis(methylaminoantipyryl)ethane) has alsc been characterised
[186]1. Substituted pyrimidine adducts with ZnCl, have been reported [187].

Imidazole and substituted imidazoles continue to be popular ligends with
zinc and cadmiem. The c¢rystal structure of the imidazole complex
[Zn(imidﬂ)ﬁ]CIZ.ﬁHZO shows a zinc atom octahedrally coordinated by six plenar
imidazole rings with Zn-N distances in the range 2.183-2.196% [188].
Thermodynamic parameters for the interaction of Zn2+ with l-methylimidazole
have been measured [I691. The zinc complex Znl, {LH = 4-(3'.3" . 3 -trifivoro-
2’ -oxopropylidene}-2.2,5.5-tetramethylimidazolidine+1-¢xyl) where the ligand
coordinates through the oxygen atom of the hydroxy group ard the N atom of the
imine group has been described [190). Zinc complexes with substituted
imidazole ligands and substituted phenols as anlons have been reﬁorted [1911.
The crystal structure of
bis(&.&'.5.5'-tetramethyl-Z.2'-biimidazoleBZinc(II)0_90copper(Ii)o‘lodinitrate
consiasts of discrete [Zn(He&bim)zoNO]+ cations giving an gpproximately square
prramidal N,0 environment about zinc [192]. The crystal structure of the

imidazole-bridged bimetallic center in the copper-zinc superoxide dimutase has



is

been described [193] as has the structure of the zinc complex with
cyclo{L-methionyl-L-histidyl) [194]. Stability constants for the interaction
of an+ with 2 ,4-dimethyl and 2,7-dimethylbenzimidazole have been determined
[195]. Zinc =2nd cadmium complexee with benzimidszole and 2-methylbenzimidazole
have been reported [196). Formation constants for zimc and cadmium chelates of
{(1H-benzimidazal-2-yimethylene }aminc Jphenol have been measured {1971 and the
zinc complex with S-nitrobenzimidazole reported [198]. The
2-methyl-5-nitrobenzimidazole and metronidazele adducts of ZnClz are thought to
be tetrahedral [199] as are zinc and cadmium complexes of Z-aminobenzethiazole-
[200]). Some complexes Zanx2 and Zn]..&x2 {L = 6-methyl-2-amincbenzothiazole,

¥ = I,NCS,0Ac) have been described [201]. The synthesis and structures of some
1,2,4-triazole and substituted triazole complexes with zine have been described
{202-204]1. The crystal structure of [Zn3L6(H20>6](CF3503)6

(L = 4-ethyl-1,2,4-triazole)} shows linear ligand bridged trinuclear cations
with the central zinc atom octzhedrally coordinated by six anitrogen atoms and
the termiral zincs by three nitrogen atoms and three oxygen atoms of waker
molecules [20%]. The ligand

i,4,7-trizacyclononane-N,N' ,N*'-tris{2-ethanesuliphorate) provides a N303 doner
set in its zinc complex [206]. Compiexes of ¢17) appear to involve the ligend

via deprotonated nitrogen [207].

n 0w
Me\N N
//I\ I />— Me an
o) ||| N
Me

Zinc halide complexes with 4 6-dimethylpyrimidine~2(1H)-one have been described
[208]. The complexes Zn(LH)ZClZ and ZnL2 (L = S5-aminotetrazole) are polymeric
with bridging ligands [209]. Stability constants for a number of
aminoalkyltetrazole complexes have been determined [210]. ESR studies on zinc
pyrazine complexes doped with Mn{II) show these compounds to be polymeric with
pz bridges [211]. An infra-red spectroscopic study of the pyrazole adduct of
ZnSOQ has been reported [212].

1.1.5 Complexes with phosphorus, arsenic and earbon donor 1igands

The far infra-red, Raman and phosphorus-31 NMR spectra of 1:1 and 1:2
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adducts of ziamc and cadmium halides with tricycleohexylphosphine have been
studied [213). Zinc and cadmium complexes of Z-tertiary arsinobenzoic acids
contain the ligands as oxygen-arsenic donors [214].

Gas-phase electron diffraction studies on dimethyl-. diethyl- and
dipreopylzine show C-Zn-C angles of about 114° [215). Ab initio molecular
orbital calcultions on dimethylzinc indicate that the 34 electrons of zinc are
non-bonding and that the Zn-C bonds are pure o-bonds [215]. The synthesis and
structure of zincacyclopentane, zincacyclohexane and zincacycloheptane have
been described [216]) and appear to exist exciusively ag dimers in thf solutiom.
A study of dinorboraylzinc complexes has been reported [217]. The crystal
structure of a trimetallic neopentylidyne complex shows zinc in a tetrahedral
Ggolfnvironment [218].

1.1.6 Complemes with transition metal complexes as donor ligands

The crystal structure of the [Zn(Fe(cp)(CO)2)3]_ anion is the first for a
tetrametal trigonal-planar zinc complex and shows Zn-Fe distances of 2.541%
(219). The synthesis of a series of zinc(transition-metal carboryl} alkoxides

has been reported and the crystal structure of [ZnFe(cp)(COJZOHe]h (18)
described [220].

Me Fe (cP)(CO),

?
{CO) 5{cp)Fe /.'
Nzn +

Zn
I
e

oM

|

7°\Me C18d

)] z
7~ F n\
(00)2( cp)

Me
Fe
{cp)(CO),

in the presence of Lewis bases [ZnFe(CO}ﬁ]n complexes underge mild stepwise
reduction to give the kinetically szable [Zn{Fe(CO)&}2]21 anion [2211. 2Zinc
and cadmium halides resct with [Fez(cp)z(coa)(CNHe)] to give adduets. dimer
scission, or beth [222]. Reactions of allylic and propargylic amires and
ethers with Zn{C0(C0¢}}2 have been studied [223]. The crystal structure of

{Zn(cp)}ECO(Cp)P(C6H5)3 has been determined [224] as has been the structure for
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[Zn&Niz(cp)s] has also been described [226]. The dinuclear compound
ZnPt(th)Cl3 {th = thiamine) contains a two coordinate zinc atom bonded to

platinum [227].

1.1.7  Hgeroeyelic compleres

Formation constants for zinc complexes of tetramethylcyciem [228] and
H,N',N"'-tris{2-hydroxyethyl }-1,4,7-triazacyclononane [2291 have been measured.
The synthesis of a mono-N-functionalised tetraazamacrocycle zinc complex has
been described [230). Axial ligand derivatives of the macrocyclic complex {18)
of zinc with one axial ligand (C},Br,I,py or Hezbenzimidazole) or two axial
ligands (both I} are described [231].

[”’ ‘~\]
[ Y] Rl

Ph n w Me

Me/\ /\Ph <19)

The imine carbon-13 chemical shifts of these complexes are affected most by
coordination mumber and to a lesser extent by the axial ligand. Eguilibrium
data for the interaction of Zn2+ with
N,N' N**-tris{2-(N-hydroxycarbamoyl)ethyl)~1,3,5-benzenetricarboxamide have

been determined [232]. Reversible oxidation and re-reducticn of entire thin

rh

4Tl
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m
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study of Zn{Pc-CNB) (PC—CN8 = vetacysnophthalocyanine) has establtished the
existence of s stable tetraamicn [Zn(Pc-CNa)]ﬁ- in non-aguecus solution [2341].
The physical ard chemical properties of a zinc complex cof a sapphyrim (20) show
it to be aromatic similar to porphyrins and cotrcles [235]. Stability data and

crystal structure of zine and cadmium complexes of a series of OBNS donor

Zinc complexes of some cyclic urethanes (21) appear to be coordinated only

through oxygen atoms [237].
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The synthesis and cheracterisation of some scluble bimetallones (22) have been
described {238]. Equilibrium constants for the formation of some mononuclear
and dinuclear macrocyclic complenes af zinc with (23} have been determined
[239] as have stability constants for some polyaza-crown ether complexes [2401.

The ligand (24) forms pentadentate complexes with zinc and cedmium [241].
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Carbon-13 and proton NMR spectra of some porphyriam complexes where the
quality of the spectra improves with the addition of excess pyrrroiidine have
been described [242]. Photophysical properties of some water scluble zinc
porphyrins have been studied [243). Proton NMR was used to study some capped
porphyrin derivatives [244]. The IR and mass spectra of zinc porphyrin Schiff
base complexes (35) have been reported [245]. & full pH study of incorporation
of an+ into uwroporphyrin has been made [246]. Equilibrium studies of
complexation of zinc tetraphenylporphyrin by adsorbed poly(4-vinylpyridine)
have been reported [247]. Coordination kinetics of
tetra{3,6-dimethylbenzo }porphine with Zn(OAc)2 in pyridine have been studied
spectrophotometrically [24B]1. Some imidazolato metalloporphyrins have been
synthesised and studied as cytochrome oxidase models [249]. The synthesis and
characterisetion of zimc complexes Zn(hp)(HZO), Znlhpl{HC1 ), Zn(hp){HCl)z and
Zn{hp }{HBr} (thZ = (28) ) have been reported [250].
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The decrease in rate constents of Zn2+ incorporaticn into fully and
partially benzo-15-crown-5, Mmego-substituted porphyrins in the presence of
cations has been explaired in terms of cation complexation ability of the crown
ether cavities [251]. Complexation ¢f zinc tetraphenylporphyrin by
2,6-1utidine and dmso has been studied by UV-visible spectroscopy [252]. Some
metal loprotoporphyrin films prepared by electro-oxidetion have been
tnvestigated [253]. Polyvalent porphyrins of zinc have been studied [254].
Spectroscopic studies on the teaction of superoxide ion with zinc
tetraphenylporphyrin have been reported [255]. The photochemical activation of

zinc-carbon and zinc-sulphur bonds im zinc porphyrins has been studied [256].
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CADMIUM
1.2 Cadmiwn(II)
1.2.1 Halide and peeudohalide complaxes

The preparation of some phosphorus-quaternary compounds have been
described [257] and IR bands proposed for [cac1a]2', [CdBralz- and [Cd2816]2'
species. An infra-red study of some thiosemicarbazide adductis of CdCl2 shows
the existence of a [063518]2- species [258]. The vibrational spectra of some
solid pyridinetrihalocedmiate complexes have been described {4}, Equilibrium
constants for cadmium bromide complexes have been measured [25%]. Solvent

extraction of Cd2+ from thiocyanate solutions has been studied [260].
1.2.2 Complexes with cxygen donor ligands
1.2.2.1 Imorganic molecules and fons

The crystal structure of Cd(OH)(NUS) shows a hexa-coordinmation about
cedmium by three hydroxyl and three nitrate groups [261]. A competing ligand
method has been used to study formation of momncmeric Cd2+ hydroxy complexes
[2621. Stability constants for {cd(on}3]‘ were obtained by determining the
solubility of Cd(OH}2 in LiOH. NaOH and KOH solutions [2631. The crystal
structure of CdﬁNa(U04)3 has been redetermined {264]. Chlorosulphate acts as a
unidentate oxygen donor in compounds CdL4(50301)2 (L = py,CH3CN) fa7].

iaze Simple orgamic ligands

The crystal structure of the 1,2-ethanedicl complex
[CdClzfczﬂa(OH)ZJB.C2ﬁ4(0H)2 shows a chlorine-bridged endless chein with
cadmium_in a 02054 environment [265]. The bimetallic isopropoxide
cd[al(o‘?:)3]4 has been described [19]. A polarographic study of complexes
between monc-, dl- and tri-ethanolamines hes been reported [21] as has = study
of mixed-ligand complexes of Cd2+ with some carboxylic acids and
ethylenediamine [266]. Formation constants for Cd2+ with some menocarboxylic
acids have been reported [267]. The structure of
dichloro{L-proline}cadmium{II) hydrate is a one dimensiconal polymer bridged by
chlorine atoms and & carboxyl group [268]. In the structure of NHﬁ[Cd(HCOO)3]
each cedmium atom is in a distorted octahedral environment with all the
formates being bidentate and bridging to other cadmium atoms [269].

antimicrobial activiity of mixed-ligand complexes with HO-8-guin and
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various salicylic acids have been studied (2701. A polarographic study of
mixed-ligand complexes with mercaptobenzoate and oxalate shows the presemce of
tetraionlc species [271]. Trimethylamine adducts of some cadmium
monocarboxylates have been described [272]. The crystal structure &dLl,. 78,0

4 2
{L = p—hydroxybenzoate) ghows a dimeric complex with cadmium atoms in a 0. 0

environment [273]. Stability constants for the interaction of Cdz+ with o2
py-2,6-(CDZH)2 have been measured [41]. Formation constants for cadmium
complexes with hydroxamic acids [45], salicylic acids [47] and an anthrsuilic
acid [49] are reported. The electrosynthesis of Cd(acac)2 has been reported
{54, 274). The crystal structure of Cd(acac}zﬁphen} shows a distorted
octahedrai O N, environment about cadmium [274]. The anionic ligand
[(cp)Co{P(O}(OHe)Z}B]- acts as a phosphineoxide donor towards ca?* [275). The
complex CdIsz {1 = isobutyric acid amide) ls tetrahedral with the ligand
acting as & simple oxygen donor [276].

1.2.3 Complexes with sulphur donor ligands

1%

The structure of the [CdQ(SPh)lo anion conasigts of an adamantane-like
Cd_,‘(ll-S)6 cage composed of a distorted Cdﬁ tetrahedron and a highly and
trregulariy diastorted 36 octahedron [277]. The crystal structure of
bis{carbethoxymethanethiclato)cedmium(II) consists of infinite linear chains
along which cadmium atoms are in alternatiang tetrehedral 54 and dodecahedral
5,0, environments [278]. Cadmium halide adducts with imidazoline-2-thione and
its l-methyl analogue ¢ontain the ligand as simple sulphur domcrs [92].
Potentiometric and polarographic studies of cadmium complexes with
2-mercaptopropionic acid [279] and dithiopropionic acid [280] have been
deseribed. A variety of cadmium dithiocarbamate complexes have been described
[81, 84, 281] as have cadmium complexes with phosphinesulphides [75. 76]. The
structure of the complex Cd(tmtu)z(N03)2 consists of an approximately
tetrahedral 5202 environment about the cadmium atom [282] whereas in the
structure of CdLﬁ(NOB)2 (L = N.N'-dimethylthiourea) the cadmium possesses a
very distorted tetrahedral 54 environment [283]. Thexmodynamlc parameters for
mixed complexes with tu and nitrite or thicsulphate ions have been reported
[284]. Some disubstituted thiourea complexes of cadmium have been described
{285]. Polarographic studies of mixed-ligand thiclactate and glutamate
complexes have been reported [2B6, 287} as has been a polarogaphic study on

mixed-ligand complexes of thiocacetamide, thiocyanate and nicotinamide [288].
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1.2,4 Complexes with nitregen donor ligands

1.2.4,1  Amines

Both the compounds Cd(NHS)hIZ'IZ and Cd(NH3)a(I.Iz)2 contain four coplanar
aitrogen atoms and two axial lodide loms with form & quasi-octahedral
environment about cadmium [289]. The cadmiem atoms in CdIzgg-toluidine)z are
in a2 distorted tetrahedral Ngrg environment [290]1. The compound
[Cd(NH3)2Ni(CN)ﬁ] has an infinite layer structure with each cadmium
coocordinated by four cyano nitrogen and two amine nitrogen atems [291].
Stability comstants of protonated, non-, and partially chelated complexes with
en have been measured [292]. Mixed-ligand complexes of Cdz+ with er and
diaminopropane have been investigated [293]. The crystal structure of the

hydrated adduct of C€dI, with hmta shows two differently coordinated cadmium

atoms £294], one is inzan gctahedral N202I2 environment and fhe cther has a
digtorted tetrahedral NIs environment. The structure of the hydrated adduct of
Cd(N03)2 with hmta comprises chains in which cadmium atoms have an 020’2N2
environment and are linked by bridging hmta groups [295].

1.2.4.2 Sehiff basee, hydrazones and related donors

The cadmium analogues of many of the zinc Schiff base complexes reported
in the section on zinc have been reported and in particular references [116,
117, 119, 120, 122, 123, 126.128, 130, 133, 136] describe complexes of bath
metals. The cedmium complex with the Schiff base derived from benzoln and
diaminopropane is thought to be tetrahedral [296]1. Complexes Cde2

(L = N.H'-bis{acetoacetanilide); X = C1,Br,I.NO .SCN.ClOa) have been described

3
£297]. Cadmium complexes with the condensation product of biacetylmonoxime and
N,N-dimethylglycine hydrazide hydrochloride are thought to be coordinated

through a ¥ ligand donor set [298]. The cadmium complexes of some

202
salicylaldoximates have been investigated [299]. Many hydrazone and
thiocarbazone complexes have already bean described in the section on zimec
[137. 138, 142-146). Cadmium complexes with acetone and furfural
selencgsemicarbazones have been described with the ligands being either
monadentate through selemivm or bidentate through selenium and the hydrazime
nitrogen [300, 301]. Stability constants for cadmium complexes with
p-nitrobenzaldehyde thiosemicarbazone have been determined (302]. Some
complexes with subetituted salicylhydrazines appear to be oxygen-bonded [303].

~The structure of dichlorciodo{methylisothiocarbonohydrazidium}cadmium{(Ii}
coneists of polymeric chaine of edge-shared octahedra with the cadmium atom 1in

a HCZ4I environment [304]. The crystal structure of potassium cadmium azide
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chd(N3)4 shows cadmium octahedrally surrounded by six azide groups £305]. a

somewhat similar structure is found in T180d3(N } [30e].

3°14

1.2.4.3 Heterccycles

Many cadmiuvm complexes with heterocycles closely resemble the
corresponding zinc complexes [171, 173, 175, 180, 182, 186, 187, 196-198,
200-203, 207-2101. Solubilities of Ca(OAc)2 in pyridine-hexane and in
dmf -benzene solutions were determined as a function of solvent comporition ard
a2 number of mixed-soclvate complexes identified [307). The coordination and
extraction properties of N-(pyrid-2-yl)thiobenzamide have been studied [308].
Mixed-ligand anionic complexes of CdC12 with a variety of substituted pyridines
have been characterised [309] ae have mixed-ligand complexes with oxime and
pyridines [310]. The ligand bis{2-{picolincylamino)ethyl)sulphide acts as &
tetradentate without invelvement of sulphur [311]. The complexing ability of
bipy towards Cd2+ has been studied polarographically irn aqueous-ethanol
mixtures [312].

The compound CdC12L2 {L = 5-amino-1,2,3 4~thiatrazole) has been prepared
and characterised [313]. The structure of Csz(NCS)Z (L = triazole) shows
cadmium octahedrally coordinated by two triazole ligands and four bridging NCS
groups giving a N452 environment [314]. Some 1:1 adducts between CdCl2 and
CdBr2 with 2-(2'-pyridyi)imidazoline have been deseribed [315]. The crystal
structure of Cd(NCS)ZLZ(HZO)Z (L = dimethyltriazolopyrimidine) shows cadmium in
a distorted octahedral N2N2r02 environment [316]. Thermal studies of some
cadmium xanthine complexes have been reported [317] and the physical properties
of a CdC12 adduct with adenine described [318]. The complex CdL2
(LB = 2-thicbarbituric acld) contains the ligand coordinated through nitrogen
and not sulphur {319].

1.2.5 Compleres with phosphorus and arsenic domor ligands

The structure of CdIzP(CZH5}3 is dimeric with iodide bridges giving
cadmium a tetrahedral PIS environment whereas the structure of CdClzP(c-Caﬁll)3
is tetrameric with two cadmium atoms each having PCL4 and PCZs environments
[320). vibrational and phosphorus-31 spectra of 1:1 adducts of cadmium halides
with tricyclohexylphosphine are described [213]. The hetercbimetallic complex
{27 has beén synthesised and characterised by phosphorus-31 NMR spectroscopy

[321]. Various cadmium halide complexes with arylarsolanes have been reported
{3z2].
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1.2.6 Macrocyclic complexes

Some macrocyclic complexes containing cadmium heve already been veferred
to in the corresponding sectiom on zinc [228, 236, 241, 248, 255]. The

preparation and electrochemistry of the cadmiuvm complex with {28} have been
described [323].

C282

The crystal structure of the 1:1 compound of Cd12 with {28) shows cadmium

in a distorted sguare pyramidal NSI environment [324}. Incorporation of

Mn(II) inta tappH2 {30) is catalytically assisted by Cd2+ at concentrations as

low as lO-?mcl.dm-3 {325].

1.2.7 Cadmium-113 NMR spectroszopy

The 113Cd MR shifts for a number of Cdsz

(L = 2,6~diacetylpyridine(bis{imine}); X = Cl NC5.1.0Ac) complexes have been

measured and show 2 dependence on the coordination number of the cadmium [3261.
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The solid state
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113
Cd NMR spectrum of [CdLa](N03)2 (1, = §,N'-dimethylthiourea)

has been meeasured [283} as has been the spectrum for ECdLZ(NO3)2]

{L =1,1,3,3-tetramethyl-2-thiourea)} [282]. The single crystal cadmium-11] NMR

spectrum of Cd(NOB)z.ﬁHZO shows that shielding tensors do not exhibir axial

113

symmetry [327). Carbon-13 and Cd NMR spectra have been re-recorded for s

number of cadmium amino acid complexes and imply formation of five-membered

chelate rings invoiving cadmium [328].

REFERENCES

1 E.C. Constable, Coord. Chem. Rev., 45 (1982} 329,

2 E. Kalman, I. Serke, G. Palirpkas, G. Johansson, G. Kabiach, M, Maeda and
H. Ontaki, Z. Naturforsch. A, 38 (1983} 225,

3 H. Doe, A. Bhibagaki and T. Kitagawa, Imorg. Chem., 22 (1983) 1839,

4 8.P. Periepes, T.F. Zafirgpoulos, M.E. Kanellali,K J.K. EKouinis and
A.G. Galinos, Chem. Chron., 13 (1982) 37; Chem. Abstr., 98 (1983} 62391,

5 P.P. 8ingh and V.P. Singh, Cam. J. Chem., 60 (1982) 2351,

€ P.P. Singh and M.P. Reddy, J. Coord. Chem., 12 (1883} 81,

7 T. Fleischer and R, Hoppe, Z. Aorg. Allg. Chem., 493 (1982) 59.

8 T. Fleischer and R. Hoppe, Z. Anorg. Allg. Chem., 428 (1982) B3.

&  G.P. Polovina and L.¥. Shevchenko, Izv. Akad. Nauk S55F, Neorg. Mater,
19 (1983) 1020; Chem. Absir., 99 (1883) T7065.

1t V.A, Pavienko, V.Y. Skopenko and V.N. Kokozei, Biol. Nauki, 7 (1983) 45;
Chem. Abstr., 99 (1683} 151003,

i1 T. Satoc, T. Nekenpuras and M. Kuwnhara, Solvent Extr. Ion Ecch., 3 (1983)453

12 B.P. Dagnal), D.N. Hague and D.C.A. Towl, J. Chem. Scc., Faraday Trans.,
2, 78 (19B3) 2161.

13 G. Licheri, G. Paschima, G. Piccaluga and G. Pinna, 2. Naturforesch. 4,
37 (1982) 1iz05.

14 T. Radnal, G. Palinkas and R. Caminiti, 2. Naturforsch. A, 37 (1882) 1247.

15 M. Sano and H. Yamatera, Stud. Phye. Theor. Chem., 27 (1883) 109.

16 §.L. Philiips and L.F. Sllvester, Inorg. Chem., 23 (1983) 3848.

17 Z.A. Biddigi, M. Aslam and M. Shekir, Bull. Soe. Chim. Fr., T-8 (1982) 243

18 K.L. p'Amico, F.R. McFeely and E.I. Solomon, J. Am, Chem, Soe.,
105 (1283) 6380.

19 M. Aggrawal, C.K. Sharma and R.C. Mehrotra, Synth. React. Imorg. Met-Org.

Chem,, 13 (1983) 571.



24Q

21
22
23

24
25

28
27

28

ac

31
32
33

35

36

37
a8

a9

40
41

42
43

44

45
46

47
48
49
50
51
=F]
53
54

35

27

A. Boardman, R.W.H. Small and I.J. Worrall, deta Crystallogr., Sect, €,
39 (1983) 1005.

¥iss Rrishra and M. Singh, Indign J. Chem., Sect. A, 21 (1982) 595,
€C.S. Wurthy and G.N. Rac, Thermochim. Acta, 68 (1983} 75.

H.¥. Roesky, M. Thomas, J.W., Bats and H, Fuess, J. Chem. Soc.,

Dalton Trans., (1983) 1891.

K.K.R. Abdul, J. Chacko and P.N.K. Nambisan, Polyhaedrom, 2 (1983) 293.
R. Hoppenheit and W. Isenberg, Z. MNaturforsch., B: Arnorg. Chem.,

Org. Chem., 37 (1982) 11i6.

P.A.%. Dean end G.K. Carson, (an. J. (hem., 61 (1883) 1A00.

H.¥. Roesky, H. Djarrah, M. Thomas, B. Krebs and . Henkel,

Z. Naturforech., B: Anorg. Chem., Org. Chem., 38 (1983) 169.

E.¥. Roesky, M. Thomas, M. Noitemeyer and G.M. Bheldrick, Angew. Chem.,
94 (1982} TBO.

A.S. Antsyshkina, L.M. Diksreva, M.A. Porai-Koshits, L.E. Fykin,

Y. Ya Dudarev and M.G. Guseinov, XKoord. Khim., B {1982) 1258.

R. Swanson, W.H. Iisley and A.G. Stanislowski, J. Trorg. HBiochem.,

18 {1983) 1B?.

G.L. Marshall, Org. Mases Spectrom., 18 (1883} 168.

L.P. Balkunova and M.K. Kydynov, Zh. Obgheh. Khim., 53 (1983) 910,

H. Grewe, M.R. Udupa and B. Krebs, Irnorg. Chim. deta, 63 (1982) 118,
£.H. Teo and M.J. O'Connor, Inorg. Chim. dcta, 70 (1983) 107,

X. Solans, M. Font-Altaba, J. Oliva and J. Ferrera, Acta Coystallogr.,
Sact, : 39 (1983) 435.

5.M. Boudreau, R.A. Boudreau and H.M. Haendler, J. Solid State Chem.,
49 (¢1983) 379.

L.I. Tikhonova, Zh. Neorg. Khim., 27 (1982) 1713.

L.I. Myachira, VY.A. Logvinerko and S.A. Grankina, 7zv. 5ib. Ofo. Akad.
Nauk S55SF, Ser. Khim. Nauk., 2 (1983) 75; Chem. Abstr., 98 (1983} 208083.
J. Podlahova and J. Podlaha, Collect. Czech. Chem. Commun.,

47 (1983) 1078.

C.¥. Ng, A.E. Martell and R.J. Motekaitis, Tnorg. Chem., 22 (1983} 721.
A.0. Pradhan, T.S.P. Madbu and R.C. Sharma, J. Tnst. Chem. (INDIA),

55 {1983} 11i3.-

P.C. Padhy and R.N. Patel, J. Indian Chem. Soe., 5% (1882) 1182,

¥. Pal, M.P. Sawhney and K.N. Eharma, Indian J. Chem., Sect. 4,

22 (1983} 177.

P.A. Brown, W.K. Glass end 5.J.C. McGardle, Inorg. Chim. Acta,

BO (1983) 13.

P.K. Bhansali apd B.I. Nemade, J. Electrochem. Soe. India, 33 (1883) 135.
P. Ramesh, B.V.R. Kumar and M.G.R. Reddy, J. Imdian Chem. Soe.,

60 (19B3) 231.

K.S. Bal, Polyhedron, 2 (1983} 513.

P.¥W. Linder, R.CG. Torrirgton and U.A. Seemann, Talamia, 30 (1983) 295.
C.P. Pokhariyal, J. Indian Chem. Sce., &0 (1983) 401,

M.8. Reddy and M.G.R., Reddy, Indian J. Chem., Sect. A, 21 (1982) B853.
T. Kiss and A. Gergely, Inorg. Chim. Acta, 78 (1983) 247.

L. Bologni, A. Sabatini and A. Vacea, Imorg. Chim. Acta, 69 (1883) 71.
W.R. Harris, J. Coord. Chem., 13 (1983} 17.

N.M. Arakelyan, A.B. Eremyan, S.E. Isabekyan and E.G. Darbinyan,

Arm. XKhim. Zh., 36 {1983} 617; Chem. Abstr., 99 (19B3) 202353,

B. Corain, M. Basato, E. Morl and G. Valle, Tnorg. Chim. Acta,

76 (1983) L277.

Y. Kikuta, H. Watarai and N. Suzuki, Folyhedrom, 1 (1982) 387.

A.K, Chaudhury and N. Kelb, J. Indimm Chem. Soc., 60 (1983) 21.

P.C. Padhy and R.N. Patel, J. Imdien Chem. Soc., 59 (1982) 992,

P.C. Padhy and R.N. Patel, J. Inegt. Chem. (India}, 55 (1883) 4.

B.C. Aggarwal, R. Bala and R.L. Prasad, Indian J. Chem., Szet. A,

22 (1883) 568.

A. Samantavray, P.K. Pandm and B.K. Mohapatra, J. Indian Chem. Soc.,

80 (1983) 293,



28

52
63
64
85
&6
67
68
a9

70

Tl
72

73

74
75

76
77

T8
79
80
B1
82
83
84
85
86
87
88
89
1]
21
0z
a3
a4

95

96
a7

A.C. Tsipils, E.G. Bakalbassis, V.P. Papageorgiou and
M.N. Bakola-Christianopoulou, (on. J. Chem., 60 (1982) 2477.
T.L. Usova, 0.A. Osipov, L.E. Minkina and V.G. Zaletor, Xoord. Khim.,
9 (1983) B79,
N.V. Huggi, M.B. Haili asnd A.C. Hiremath, J. Indian Chem. Soc.,
39 (1982) 1017.
A.A. Shabilalov, A.N. Yunuskhodzhaev and M.A. Azizov, Uszb. Khim. Zh.,
3 (1983) 71; Chem. Abstr., 99 (i8983) 63278.
K.J. Charyulu and K.L. Omprakash, J. Indian Chem. Soc., 60 (1983} 236.
M.S. Mayadeo and D.N. Patel, J. Indian Chem. Soc., 60 (1983) 238.
0. Costisor, A. Maurer and §. Policie, Timigoara. Ser. Chim.,
26 (1981) B7; Chem. Abstr., 99 (1983) 32123.
R.N. Roy, S.B. Mishra and B.K. Mohapatra, J. fudiarn Chem. Soc.,
59 (1982) 1094.
C.A. Kosky, J.P. Gayda, J.F. Gibson, S.F. Jones and D.J. Williams,
Inorg. Chem,., 21 {1983) 3173.
D.M. Puri and N. Palta, Indian J. Chem., Seet. A, 21 (1982) 624.
G. Arena, R. Cali, V., Cucinotta, S. Musumeci, E. Rizzarelli ard
8. Sammartane, . Chem. Soc., Dalton Trens., (1983) 1271.
D. Coucouvanis, C.N, Murphy, F. Bimhon, P. Stremple and ¥. Drapganjac,
Inorg. Synth., 21 (1882) 23,
E. Uhlemann, E. Ludwig, W. Huebner and R. Szargan, Z. Chem., 23 (1983) 32,
M.A. Barukhanov, I.A. Popova, L.V. Kovalenko and Yu Ya Kharitonov,
Koord. Khim., 8 (1982) 1433.
T.5. Lobana, T.R. Gupta and $.8. Sandhu, Folyhedrom, 1 {1982) 7B1.
M. Das and D.T. Haworth, Symth. React. Inorg. Met.-Org. Chem.,
13 (1883) 449.
D.T. Haworth and M. Das, . Inoryg. Nucl. Chem., 43 (1981) 3015,
R.D. Bereman, D.M. Baird and J. Bordner, Folyhedron, 2 (1983} 25.
H.B. Eingh, 5. Msheghwari and 5. Srivastava,
Synth. React. Inorg. Met.-Org. Chem., 12 (1982) 859.
N.EK. Kaughik, G.R. Chhatwal and A.K. Sharma, Thermochim. Acta,
58 (19823 331.
E. Hello, V. Vrabel, V. Kettmann and J. Gara}, Collect. Czech. Chem.
Commun., 48 (1983) 1272; Chem. Abstr., 99 (1983) 31164.
8.v¥. Larionov, L.A. Kosareva, V.N. Ikorskii and E.M. Uskav,
Zh, Neorg. Khim., 27 (1982) 1730,
R.C. Aggarwal, B, Singh and M.K. Singh, Indimn J. Chem., Sect. 4,
22 {1983) 533.
A.K. Brivastava, R.E. Agarwasl, Y. Kapur and P.C. Jain, J. Idien Chanm,
Soc., 60 (1983) 496.
G.K. Budnikov, N.A. Ulakhovich and I.V. Postonova,
J. Electroanal. Chem. Mterfacial Electrochem., 154 {1983) 171.
J.A. McCleverty, R.E.Z. Kowalksi, N.A. Bailegy, R. Mulvaney and
D.A. O'Cleirigh, J. Chem. Sve., Dalton Prans., (1983) 627,
N.A. Ulakhovich, I.V. Postnova and G.K. Budnikov, Zh., Obsheh. Khim.,
53 (1983) 736; Cham. Abgtr., 98 (1983) 224036.
¥W. Szczepaniak and A.S. Plaziak, Pol. J. Chem., 55 (1981) 2288;
Chem. Abeir., 99 (1983) 30329,
E.N. Dubey, R.K. Baweja and¢ D.M. Puri, J. Indiam Chen. Soc.,
59 (1982) 1133,
S. Burman and D.N. Sathyanareyana, J. Coord, Chem., 13 {1983) 51.
R. Shunmugam and D.N. Sathyanarayama, . (oord. Chem., 12 (1983) 151.
K. Greschonig, Polyhedron, 1 (1982) 557.
8.K. Srivastava, A. Gupta and A. Yerman, Chim. Aecta Ture., 11 (1983) 99;
Chem, Abstr., 99 (1983) 98179,
M.M. Shoukry, A.K. Gheoreim, E.M. Shoukry and M.H. Elnagdi,
Symth. React. Inorg. Met.-Org. Chem., 12 (1882) 8i5.
M.5. Mayadeo and 5. Bhattacharjee, J. Indian Chem. Soc., 59 (1982) 896.
E. Ludwig. E. Uhlemanm and R. Szargan, 2. Chem., 22 (1982) 301.



98

99
100

101
102
103

104
105

108
07

108
109

110

111

113
114

115
116

117
118

119
120
121
1223
133
124

125

126
127
128
ize
130
131

1332

29

A.I. Prisyazhbyuk and Q.I. Dzhambek, Ukr. Khim. Zh., 49 (1983) 687.
Chem. Abstr., 99 (1983) 98203.

M.3. Mayadeo and D.N. Patel, J. Electrochem. Soc. India, 32 (1983) 126.
R. Bartnik, 8. Lesniak, A. Laurent, R. Faure and H. Loiseleur,

feta Crystallogr., Sect. O, 38 (1983) 1034.

J.A. Kanters, A.L. Spek, R. Postma, G.C. van Stein and G. van Hoten,
Acta Crystallogr., Sect. C, 30 (1983) 999,

J.L. Atwood, D.E. Barry, S.R. Stobart and M.J. Zaworotko, Inorg. Chem.,
22 (1983) 3480.

M. Anlgrean, U. Turpeinen and R. Hamalainen, Actg Chem. Secand., Ser. 4,
36 (1982) B4i.

G. Nieuwpoort and J. Reedijk, Imorg. Chim. Acia, 71 (1983) 125.

§.F. Lincoln, A.M. Hounslow and J.B. Coates, Imorg. Chim. Acta,

77 (1983) 7.

5.M. Chackalackal and C. Currasn, ndian J. Chem., Sect. A,

21 (1982) B&T.

M.S. Mayadeo, A.M. Chavbal and 8.H. Hussain, J. Indian Chem. Soc.,

59 (1982) 949.

H.M. Marafie, M.S5. El-Ezaby and A.S. Shawali, Polyhedrom, 2 {1983) 775.
E.K. D'Yachenko, V.E. Ivanov, K.N. Lyubomirova and N.A. Ostapkevich,
Zh. Obsheh. Xhim., 52 (1982) 2668; Chem. Abstr., 98 (1983} B2797.

T.F. Zafiropoulos, 5.P. Perlepes and A.G. Galimos, Chem. Ser.,

20 (1982) 337; Chem. Abatr., 98 (1983) 171852.

VY. Atre, G.V. Reddy, L.N. Sharada and M.C. Ganorkar,

Indian J. Chem., Sect. A, 21 (1982) 934,

M.N. Patel and S.H. Patil, Synth. Heact. Imorg. Met.-Org. Chem.,

i3 {1983) 133.

A. Syamal and B.K. Gupta, Acta Clenc. Indica. (Ser.) Chem., 8 (1982) 107.
H.H. Epgeseth, D.R. McMillin and E.L. Ulriech, Trorg. Chim. Acta,

67 ¢1983) 145.

A.A. Medzhidov and Y.T. Kasumov, Zh. Obshch. Khim., 53 (1983) 411.

M.R. Chaurasia, P. Shokla and N.K, Stagh, Def. Sei. J., 32 (18982) 333;
Chem. Abstr., 98 (1983) 100164,

M.M. Mostafa, M.A. Khattab and X.N. Ibrahim, Polyhedrom, 2 {(1983) 583.
Y. Kurauchi, K. Ohga, A. Yokoyama and S. Morita,

Buil. Chem. Soc. Jpn., 56 (1983) 35T,

.A. Tajmir-Rishi, Spectrochim. Acta, Part A, 38 (1i982) 1043.

.A. Tajmpir-Riahl, Polyhedrow, 2 (1983) 723,

.5. Mayadec and D.N. Patel, Indian J. Chem., Sect. A, 22 (1983) 542.
Nakamura, H. Okawa and §. Kida, Inorg. Chim. Acta, 62 (1982) 201.
.0. Erinosc and B.N. Ghose, Bull. Scc. Chim. Belg., 92 (1983} 9.
Salinas, P.J. Gimenez, J.M.G. Bocanegra apd J.I. Marcos,

n. uim,, Ser. B, 7B (1982) 29%.

I.Ya. Kvitko, L.V. Alam, N.I. Rtischchev, A.V. El’tsov, L.N. Kurkovskaya
and N.B. Chebotareva, Zh. Obghch. Khim., 52 (1982) 2300;

Chaem. Abstr., 98 (1983) 45851,

B.B. Mahapatra, S.M. Mahapatra, 5.K. Pujari and A. Chiranjeevi,

J. Indian Chem. Soe., 59 (19B82) 98B.

R.S. Srivastava, Def. Sci. J., 32 (1e82) 219; Chem. Abstr.,

B8 (1983} 100165,

N. Bicak and 0. Bekaroglu, Bogazici Umiv. Derg., (Serti) Muhendisiik,
8-9 (1981) 15; Chem. Abstr., 99 (1983) 15417,

K.C. Satpathy, R. Mishra and B.B. Jal, Indian J. Chem., Sect. A,

22 (1983) 340.

M.A. Pujar and B.B. Hadimani, Acta Chim. Acad. Sci. Hung., 111 {1p83)329;
Chem. Abstr., 98 (1983) 190578.

A. Mangia, P.L. Messori, €. Pelizzi and G. Predieri, fnorg. Chim. dcta,
68 (1983) 137.

C. Lorenzini, C. Pelizzi, G. Pelizzi and &. Predieri, J. Chem. Soc.,
Dalton TFrans., {(1983) 2155.

LM mERET



30

133 A. El1-Toukhy, M. El-Essawi, M. Tawfik, L. El-Sayed and M.F. Iskander,
Trgngition Met. Chem. (Weinheim, Ger.), 8 (1983) 118.
134 K.K. Narang and R.M. Dubey, Tndianm J. Chem., Sect. 4, 21 (1982) B3C.
135 D. Demertzl and D, Nicholls, Inorg. Chim. dota, 73 {1983) 37T.
1% R.C. Mishra, B.E. Mohapatra and D. Panda, J. Imdian Chem. Soe.,
60 (1983) 1l.
137 P.A.E. Sanchez and G.M.J. Gonzalez, Polyhedron, 1 (1882) 831.
138 MW.A. Ehattsb asnd A.M. Hilmy, Proe. Pak. Aead. Seci., 19 (1982) 69;
Chem. Abatr., 99 (1983) 114818.
139 E. Uhlig and G. Schroeder, 2. Chem., 23 (1983) €8.
140 G. Irez and 0. Bekaroglu, Synth. FReact. Inorg. Met.-Org. Chem.,
13 (1983) 781,
141 R.C. Aggarwal, R.A. Rai and T.R. Raa, Tndian J. Chem., Sect. 4,
22 (1983) 255.
142 R.C. Mishra, B.X. Mohapatra and D. Panda, J. Indian Chem. Soc.,
60 (1983) BO.
143 R.C. Mishra, B.K. Mohapatra and D. Panda, J. Indian Chem. Soc.,
59 (1982) B36.
144 V.J. Babar and V.M. Shinde, dion J. Chem., Sect. A, 22 {1883) 447,
145 B.B. Mahapatra and S.E. Pujeri, Indiem J. Chem., Sect. 4, 22 (1983) 525.
146 M.M. Mostafa, A.A. El-Asmy and G.M. Ibrahim, Franeition Met. Chem.
{Weinheim, Ger.), B (1983) 54.
147 E.58. Jayadevappa, K.S. Math and A.M.H. Siddalingaiah,
J. Indian Chem. Soc., 60 (1983} 333,
148 0.A. Oliveira, A.P. Chagas and C. Airoldl, Inorg. Cham., 22 (1983) 136,
149 5.5. Kukalenko, Yu.T. Struchkov, 5.I. Shestalova, A.G. Tsybulewskii,
A.S5. Batsanov and E.B. Nazarova, Koord. Khim., 9 (1983) 3512;
Chem. Abstr., 98 (19813) 228B75.
150 V.V. Skopenko and R.D. Lampeka, Ukr. Khim. Zh., 48 (1982) 790;
Chem. Abatr., 98 (1983) 45749.
151 MW.C. Lim, Ausé. J. Chem., 36 {(1983) 19,
152 P.K. Biswas, M.E. Dasgupte, S. Mitra and N.R. Chaudhuri,
J. Coord. Chem., 1l {1982) 225,
153 N,K. Bingh, §. Agrawal and R.C. Aggarwal, Indian J. Chem., Sect. A,
21 (1882) 973.
154 L.K. Peterson, R.S. Dhami and K.I. The, Inorg. Chim., dcta,
70 (1983) 58.
155 L.I. Vagil'Eva, V.L. Varand, 3.¥. Lericrov and L.A. Sheludyakova,
Tz, 5ib. 0td. Akad. Nawk. 585K, Ser, Khim., Nauk, 3 {1983} 54;
Chem. Abstr., 99 (1983) 6£3254.
156 R.L, Dutta and M. Hossain, ndian J. Chem., Seet. A, 21 {1982) 885.
157 K. Pas, U.S. Prasad, A.K. Dubey, B.N. EKeghari and L.K. Mishra,
J. Indian Chem. Soe., 60 (1983) 497.
158 A.A. El-Asmy and M.M. Mostafa, J. Coord. Chem., 12 (1983) 291.
156 D. Khanna, ¥. Hanerjie, B.V. Agarwala and A.K. Dey, mdign J. Chem.,
Sect. A, 231 (1982) 621.
160 M.M. Mostafa and A.A. El-Asmy, J. Coord. Chem., 12 (1983) 197.
161 A.A. El-aAsmy and M.M. Mostafa, Polyhedron, 3 (1883) 581,
162 Vv, Banerjie and A.K. Dey, J. Indiam Chem. Sec., 59 {1982) 991.
163 J.M. Harrowfield, C. Pakawatchai and A.H. White, Aust. J. Chem.,
36 (1983) 825,
164 R.C. Mishra, B.K. Mchapatra and D. Pandn, J. maet. Chem. (Idia),
55 (1983) 7; Chem. Abstr., 98 (18B82) 226897
i65 G.A. El-Enany, A_M. Zahara and A.A. Taha, Egypt. J. Chem.,
25 (1983} 567; Chem. Abstr., 99 (1883) 147124.
i6 J.C. Khatri, A. Varshney and M. Singh, J. Indian Chem. Soe.,
60 (1983) 30.
167 Y. Inomata, T. Takeuchi and T. Moriwaki, Inorg. Chim. Acta,
68 (1663) 187,
188 U. Sharma, Thermochim. Acta, 68 (1983) 369.



169

170

171

172

173

iTq
175
176
177
178
i7e
180

181
if2

183

184
185

186

187

188

189
10

191

182

193
194
195

198
197

198
199

200
201

i1

N.N. Viasova and N.K. Davidenko, Zh. Neorg. Xhim., 27 (1982) 2823;
Chem. Abstr., 98 (1983) 8547.

K. Sawada, T. Sakaguchi and T, Suzuki, J. Chem. Scc., Dalton Prans.,
{1983) 447.

G.V. Tsintsadze, T.K. Dzhasghilaeshvili, Ts.P. Mgaloblishvili and

M.Y. Lochoshvlili, T7av. Akad. Nauk Gruz. 33K, Ser., Xhim., 8 (1882) 317;
Cham. Abstr., 98 (1981) 1905698.

J.S. Sidadiqui and S.G. Srivastava, Indian J. Chem., Sect. A,

23 (18B83) 353.

G.¥. Tsintsedze, T.K. Dzhashiashvili. L.I. Skhirtladze,

Tz. P. Mgaloblighvili, I. Sh. Nikolzlshvili and T.P. Chelidze,
Soobshah. Akad. Nauk Gruz, SSR, 108 (1982) 549; Chem, Abstr.,

98 {1983) 209067.

M.A. Hitchman, R. Thomas, B.W. Skelton and A.H. white, J. Chem. Soc.,
Daitem Trams., (1983) 2273,

R. Singh, 1.5. Ahuja and C.L. Yadava, J. Xol. Struct., 98 (1983) 175,
A.L. Spek, Cryst. Struet. Commer., 11 (1982) 1621.

V., Dimitrov and K.H. Thiele, Z. dnorg. Allg. Chem., 494 (1982} 138,
C.A. Tsipis, M.P. Sigalas, ¥.P. Papageorgiou and M. N. Bakola-
Christianopoulou, Cam. ., Chem., 61 (1983) 1500,

S, Dholakia, R.D, Gillard and F.L. Widper, Fnorg. Chim. Acta,

65 (1982) 121%.

R.S. Thakur, S.P. Methur and B.K. Sharma, Becl.; J. R. Nsth. Chem. Soz.,
101 (¢1983) 359; Chem. Abgtr., 97 (1982) 203878B.

M. Otto, F. Ehrentreich and G. Werner, Z, Chemn., 22 (1682) 392,

R.C. Srivastava, W.U, Maiik and P.P. Bhargava, Acia Ciene. Imdica, (Ser.)
Chem., 8 (1982) 104; Chem. Abasir., 98 (19B3) 118515,

M. Vlasse, T. Rojo and D, Beltran-Porter, Acta Crystallogr., Sect. C.,
38 (1983) 560.

M. Mulgi, F.S. Stephens and R.S. Vagg, Inorg. Chim. dcta, 62 (19BZ) 215.
0. Costisor, A. Maurer and A. Tomescu, Timigsoara, Ser. Chim.,

26 (1981) 93; Chem. Abstr., 99 {1083) 15418.

I. Haviik, T. Simonescu and I. Ravlik, Rev. Fown. Chim,, 28 {1983) 375,
Chem., Abgtr., 99 (1883) 1149861,

A.C. Hiremath, N.V. Huggi and M.B. Ralli, ndian J. Chem., fect. 4,

22 (1983) BO7.

T.P.J. Garrett, J.M. Guss and H. Freeman, Acta Crystaliogr., Seet. C,
39 (1983) 1027,

R. Aruga, Transition Met, Chem. (Weinheim), 8(1983) 56.

¥.I. Ovcharenko, S5.¥. Lariorov, V.K. Mokhosoeva and L.8. Volodarskii,
Zh. Neorg. Khim., 28 (19583} 151.

R.C. Van Landschoot, J.A.M. Yan Hest and J. Reedijk, Tmorg. Chim. dcta,
72 (1983) 89,

E.E. Bernarducci, P.K., Bharadwaj, R.A. Lalancette, K.K. Krogh-Jesperen,
J.A. Potenza snd H.J. Schagar, Imorg., Chem., 22 (1583) 3811.

K.G. Strothkamp and 5.J. Lippard, deec. Chem. Res., 15 (1i982) 3i8.

Y. Eojima, N. ishio, T. Yamashita and K. Hirctsu, Chem. Lett.,

o (1983) 1365.

A.K. Muithy end P. Lingaish, /. Indian Chem. Soec., 60 (19833 341.

S.P. Ghosh and L.K. Mishra, J. Indian Chem. Sce., 60 (1983) 212,

E.L. Omprakash, A.V.C. Pal and M.L.N., Reddy, Indian J. Chem., Sect. 4,
22 (1983) 546.

L.K. Mishra, J. Indign Chem. Soc., 59 (19B2) 795.

¥. Callaghan, D.M.L. Goodgame and R.P. Tooze, Imorg. Chim. deta,

78 (1983} 1.

A. Giusti mnd G. Peyronel, Spectrochim. Acta, Part A, 3B (1982) 975.

M.R. Chaurasia, P. Shukla and N.X, Singh, Def. Sei. J., 32 (1983) 75;
Chem. Abgtr., 98 {1983) 45784.



32

202

203

204

2905
208

207

208

209

210

211
212

213
214
215
216

217

218
219

220

221

222

223

224

225

226

227

az2s

220

230
231

232

233
234

L.G. Lavrenova, S.V. Larionov, Z.A. Grankina and V.N. Ikorskii,

Zh. Neorg. Khim., 28 (1983) 442,

5. Randhawa, B.S. Pannu and 5.L. Chopra, J. Indian (hem. foc.,

60 {1983) 112,

5.C. Bahel, B.L. Dubby, N. Nath, A, Tripathi and J.K. Brivastava,

J. Indian Chem. Soec., 59 (1983) 1127.

A.L. Spek and G. Yos, Acta Cryatallogr., Sect. C, 39 (1883) 990.

K. Wieghardt, U. Bossek, M. Guttmann and J. Weiss, Z. Naturforsch., B;
Ancrg. Chem., Ovg. Chem., 3B {1983) 81.

E. Colacio-Rodriguez, J.D. Lopez-Gonzalez and J.M. Salas-Pereprin,
Can. . Chem,, 61 {1BB3) 2508,

R. Battistuzzi and G. Peyronel, Polyhedron, 2 (1983) 471.

L.G. Lavrenova, 5.¥. Larionoy, $.A. Grankina and V.N. Ikorskii,

Tzwn. 8ib. Otd. Akad. Bawk 55SF, Ser. Khim. Hauk, 1 (1983) 81;

Chem. Abstr., 98 (1983) 154256.

M.i. Ermakova, I.A. Shikbova, N.H. Ignatenko and N.I. Latosgh,

Zh. Obscheh. Kkim., 53 (1983) 1364; Chem. Absir., 99 (1983) 77724.
R.B. Birdy and M. Goodgame, J. Chem. Soc., Dalton Frans., (1983) 1469.
M.S. Barvinock and L.G. Lukina, Zh. Neorg. Khim., 28 (1983) 1993;
Chem. Abstr., 99 (1083) 148722,

R.G. Goel, W.P, Henry and N.K. Jha, fnong. Chem., 21 (1982} 2551.
§.8. Parmar and H. Raur, Polyhadron, 1 (1982) 667.

A. Almenningen, T.U. HelgeKker, A. Haaland and 5. Samdal,

ota Chem. Scand., Ser. 4, 36 (1982) 159.

.J.M. Preijee, J.W.F.L. Beetz, 0.5, Akkerman and F. Bickelhaupt,
Organomet. Chem., 224 (1982) 217.

.H. 'Thiele, V. Dimitrov, J. Thielemenn, W. Brueser and A. Zschunke,
Arorg. Allg. Chem., 483 (1981) 145.

W:"E‘Qﬂfq'f.lh

.B. Petersen, J.M. Hagosta, G.E. Whitwell I and J.M. Burlitch,
Inorg. Chem., 22 (1883) 3407,

J.M. Burlitech, S.E. Hayes and G.E. Whitwell II, Organometaliics,

1 (1982) 1074.

B.A. Sosinsky, R.G. Shorg, B.J. Fiizgerald, N. Norem and C. ('BHourke,
Inorg. Chem., 232 (1983) 3124.

A.R. Manning, R. Kumar, S. Willis and F.8. Stephens, Inorg. Chim. Acta,
61 {1582) 141.

P.H.M. Budzelaar, H.J. Alberts-Jansen, J. Boersma

and G.J.M. Yan der Kerk, Splyhedron, 1 (1982) 563.

.H.M. Budzelaar, J. Boersma, G.J.M. van der Kerk, A.L. Spek and
.J.M. Duisenberg, Imorg. Them., 21 (1982) 3777.

.H.M. Budzelaar, H.J. Alberts-Jansen, K. Mollema, J. Boersma,

.J.M. van der Kerk, A.L. Spek and A.J.M, Duiserberg,

Ovganomet. Chem., 243 (1983) 137.

P.H.M. Budzelaar, J. Boersma and G.J.M. van der Kerk, Angeuw. Chem.,
95 (1983) 335.

A. Adeyemo, A. Shamim, A, Turner and K. Akinade, Inorg. Chim. Acta,
TB (1983) 191,

B.8. Nakani, J.J.B. Welsh and R.D. Hancock, Iorg. Chem.,

22 (1983) 2p56.

B.A. Sayer, J.P. Michael and R.D. Hancock, Tnorg. Chem.,

77 {1983) £3.

M. Hediger and T.A. Kaden, Helv. Chim. Acta, 66 (1983) 861,

8.C, Jackels, J. Ciavola, R.C. Carter, P.L. Cheek and¢ T.P. Pascarelli,
Thorg. Chem., 22 (1983) 3958.

I. Yoshida, I. Murase, R.J. Motekaitis and A.E. Martell, Coun. J. Cham. ,
61 (1983} 2740.

J.M. Greer and L.R. Faulkmer, J. Awn. Chen. Scc., 105 (1883} 2850.

A. Giraudeau, A, Louvati, M. Gross, J.J. Andre, J. Simen, C.H. Su and
K.M. Xadish, J. 4m. Chem. Soc., 105 (i6R83) 2917,

@

.W. Gal and H. van der Heijden, . Chem. foe., Chem. Commun. (1983) 420.



235

236

237

238

239

240
241

242
243

234
245
2448
247
248
249
250
251
252

253
252

255
256

257

258

259
260

261

262

263

264

265

268

267

268

33

V.J. Bauer, D.L.J, Clive, D. Dolphin, J.B. Paine IiI, F.L. Harris,
M.M. King, J. Loder, B.C. Wang and R.B. Woodward, . Am. Chaem, Soc.,
i05 (1983} 6429,

K.R. Adam, K.P. Dancey, BE.A, Harrison, A.J. Lecng, L.F. Lindeoy,

M. McPartiin and P.A. Tasker, J. Chem. Soc., Chem. Comm., (1983) 1351i.
T.E. Lipatova, L.F. Kosyanchuk and T.S5. Xnramova, Teor. Eksp. Khim.,
19 (1983) 323; Chem. Abstr., 689 (1983) 132680.

R.S. Drago, M.J. Desmond, B.B. Cordem and K.A. Miller, J. Am. Chem, Soc.,
105 (1983) 2287.

R.J. Motekaitis, A.E. Martell, J. Lecomte and J. Lehn, Inorg. Chem.,
22 {1983) 609,

E. Luobach, A. Cygan and J.F. Biernat, Tnerg. Chim. Acta, 88 (1883) 201.
S.K. Sengupta, S8.K. Sahnl and R.N. Kapoor, J. Cword. Chem.,

12 ¢1983) 113. :

K.M. Smith, R.J. Abraham and H. Pearson, Tetrahedron, 38 (1982) 2441.
A. Harriman, G. Porter and P. Walters, J. Chem. Soc., Faraday Trame. I,
76 (189833% 1335.

N.J. Clayden, G.R. Moore, R.J.P. Williams, J.E. Baldwin and M.J. Crossley,
J. Chem. Soc., Ferkin Tremg., 2, 12 (1982} 1693.

J. Quin, X. Wu and S. Huang, Muhar Daxve Xuebao, Ziran Keruekban,

3 (1982) 112; Chem. Abstr., 98 (1981) B2742.

A, Shamim and P. Hambright, fnorg. Chem., 22 (1983) 654.

D.S. Beker and R.G. Rayes, Imorg. Cham., 22 {(1983) 3050,

8.¥. Kharitonov, B.D. Berezin, T.I. Potapova and R.A. Petrova,

Zh. Fiz. Xhim., 57 (1983) 1680; Chem. Abstr., 99 (1983) 201157.

S.E. Dessens, C.L. Merrill, R.J. Saxton, R.L. Ilariae Jr., J.¥. Lindsey
and L.J. Wilson, J. Am. Chem. Soec., 104 (1982) 4357.

P. Attanasio, I. Collamati and E. Cervome, Inorg. Chem., 23 (1883} 3281.
¥. Thanabal and V. Erishnan, Folyhedron, 2 (1983) 505.

P. Krausz and C. Giamnotti, J. Chim. Phys.-Chim. Biol., 80 (19683) 299;
Chem. Abstr., 95 (1983) 147025,

K.A. Macor and T.G. Spire, J. 4m. Chem. Soe., 105 (1983) 5601.

T.G. Trayler, K.B. Nolan end R. Hildretk, J. 4n. Chean. Soet.

105 {1983) 6149,

T.0zawa and A. Hanaki, Incrg. Chim. Acta, 80 (1383) 33.

M. Nukui, S. Incye and Y. Ohkatsu, Bull. Chem. Soc. Jpn.,

56 {1983) 2055,

G. Moggi, J.C.J. Bart, F. Cariati and R. Psaro, Inorg. Chim, Acta,

60 (1982) 135,

B. Murzubraimov and A. Toktomamatov, koord, Khim., 9 (1983) 926

Chem. Abstr., 99 (1983) 186109,

R.W. Ramette, Anal. Chem., 55 (1883) 1233,

R. Mural, 8. Iwahori and T. Sekine, Bunseki Kagaku, 31 (1982) E413;
Chem. Abstr., 98 (1983) 96558.

R. Rodriguez, M, Ana Maria Louer, J.P. Auffredic and DI. Louer,

Acta Crystallogr., Sect. (, 39 (1983) 418,

i.B. Mizetskaya, N.D. Oleinik and L.F. Prokopchuk, Zh. Neorg. Khim.,
28 (1983) 1695; Chem. Abstr., 99 (1983) 94552,

B.E. Ezhov and A.A. Kamnev, Koord. Khim., © (1883} 1207; Chem. Abstr.,
98 (1983) 182434.

8.C. Abrahams, P. Marsh and J. Ravez, Actg Crystallegr., Sect. C,

39 {1983) 6890.

¥.A. Schroeder, J.W. Bats, H. Fuess and E.-JF, Zehnder,

2, Anorg. Allg. Chem., 499 (1983) 181.

J.K. Garg, P.S. Verms and D.8. Jain, J. Electrochemn. Soc. India,

32 (1983} 145.

H. Matsui, Nagoya Kogye Gijutsu Shikenso Hokoku, 32 (1983) 144;

Chem Abstr., 99 (1983) 182449,

Y. Yukawa, Y. Inomata and T. Tekeuchi, Bull. Chem. Soc. Jpm.,

56 (1883) 2126.



4

269

270

271
272

273

274

375
276
277
278
279
280

281

282

283

284
285

286
287
288
288
2p0
2591

282
283

284
23

297
298

299
oo

301

302
303

304

A.3. Antsyghkina, M.A. Porai-Foshits, ¥.N. Ostrikova and G.G. Sadikov,
Koord. Khim., © ¢1983) 855; Chem. Abstr., 99 (1983) 46346.

Y. Anjaneyulu, R.P. Rao, R.Y. Swamy, A. Eknath and K.N. Rao,

J. Imdion Chem. Soc., 59 (1982) 1024,

E.C. Gupta and K.EK. Sharma, dnalyst (London), 107 (1982} 1512.

R.I. Eharitonova, G.V. Kharitonov and S.A. Logacheva, Koord. Khim.,

9 (1983) 319; Chem, Absir., 98 {1983) 190628,

G.N., Nadzhafov, AN, Shnulin, Eh.S., Mamedov and VY.I. Bhil‘nikov,
Koord. Khim., B (1982) 1276; Chem. Abstr., 97 (1982) 227906.

L. Bustos, J.A. Green, J.L. Hencher, M.A. Khan and D, Tuck,
Can. J. Cham., 61 (1983) 2141.

¥. Klaeui, H. Otto, W. Eberspach and E. Buchholsz, Chem. Ber.,
115 (1982) 1922.

A.Yu. Tgivadze, I.5. Ivanovz end 0.A. So
28 (1883} 1477; Chem. Abstr., 88 (1983)
K.5. Hager and R.H. Holm, Imorg. Chem., 22 (1983) 3171,

I.G. Dance, M.L. Scudder and R. Secomb, Inorg., Chem., 22 (1883) 1794,
H. Matsui and H. Ohtaki, Polyhedron, 2 (1983) 631.

R.S. Saxena and A. Gupta, Chem. Scr., 22 (1983) 66; Chem. Abgir.,

99 ¢(1983) 28828.

H.B. Singh, 8, Maheshwari and H. Tomer, Thermochim. Acta, 64 (1983) 47T,
E.A.H. Griffith, N.G. Charles, P.F. Rodesiler and E.L. Amma,

deta Crystalleogr., Seet. £, 39 (1883 331.

P.F. Rodesiler, N.G. Charles, E.A.H. Griffith and E.L. Amma,

Aeta Crystallogr., Sect. C, 3% (1983) 1350,

A. Bellomo, D. DeMarco and A. DeRobertis, Polyhedron, 2 (1983) 735.
B.G. Saha, R.P. Bhatnasger and $.K. Banerji, J. Imdien Chem. Soc.,

59 (18982) 927, '

R.5. Saxena, A. Gupta, E.C. Gupta and T. Kaur, Acta Chim. Hung.,

113 (1983} 139: Chem. Abstr., 99 (1983) 112857,

R.5. Saxena, A. Gupta and K.C. Gupta, J. Electrochem. Soc. India,

32 (ipB3) 167.

¥.G. Dongre, Inorg. Chim. Acta, 73 (1983) 281,

K.F. Tebbe and M. Plewa, Z. Anorg. Allg. Chem., 488 (1882) 111,

K.N. Akatova, T.N. Tarkhova and N.¥. Belov, Xristaliografiya,

27 (1982) 1187; Chem, Abgtr., 08 (1883) 63621,

J. Cernak, M. Dunaj-Jurca, J. Chomic, J. Bkorsepe and C. Kappenstein,
Proe, Comf. Coord. Chem., (1983) 67.

M. Wilgocki and J. Bjerrum, Acta Chem. Scand., Ser. A, 37 (1883) 307.
M.M. Islam, R.S5. Singh and B.G. Bhat, mdian J. Chem., Sect. 4,

22 (1983) 175.

T.C.¥. Mak, Z. Kristallogr., 159 (1882) 247.

B. viossat, P. Khodadad and N. Rodier, Actg (Crysiéellogr., Sect. B,

3B (1983} 3075.

BE.B. Mahapatre, D. Panda snd S.K. Pujari, Transition Met. Chem.
(Weinheim, Ger.}, 8 (1883) 119.

B.B. Mahapatraz and 5.K. Pujari, Transition Met., Chem. (Weinheim, Ger.),
8 (1983} 202,

M.M, Mostafa, M.A. Khattab and K.M. Ibrahim, Pransition Met. Chem.
{(Weinhaim, Cer.}, 8 (1983} 212.

P. Lumme and P. Knuuttila, . Tharm. dnal., 25. (1982) 139.

D. Negoiu and iI. Ghelase, Rev. Rown. Chim., 2B (1883) 225;

Chem, Abstr., 99 (1983) 132689

I. Ghelase and D. Negolu, Rev. Acwn, Chim., 28 (1983} 463;

Chem, Abstr., 99 (1983) 114962.

5.8. Sawhney and R.M. Bati, Thermochim. Acta, 68 (1983) 351.

3.R., Tewari, S.K. Bajpai, 5.K. Misra, G.N. Shukla and V.N. Misra,

J. Indiam Chem. Soc., 59 (1982) 801.

F. Bigoll, M. Lanfranchi, E. Leporati and M.A. Pellinghelli,

Aeta Crystallogr., Sect. C, 39 (1983) 1333.

kina, Zh. Neorg. Rhim.,

lov
fonno
Quao0



305

age
aotT

J08
309

310
311

312

313

314

315
318

317

318
319

320
321
322

323
324

325
326
327

328

a6

¥. Clegg, H. Krischner, A.I. Saracoglu and G.M. Sheldrick,

Z. Kristallogr., 181 (1982) 307.

R. ¥Krischmer, C. Kratky and H.E. Maler, Z. Kristallogr., 161 (1982) 225,
0.A. Golubchikov, E.M. Kuvshinova and B.D. Berezin, Zh. Fiz. Khim.,
57 (1983} 1413; Chem. Abstr., 99 (1983} 59609,

F. Uhlemann, ¥W. Petzold, P. Muehl and K. Gloe, 2. Chem., 23 (1883} 304.
B.B. Mahapatra, ©. Panda, 5.K. Pujaeri and A. Chiranjeevi,

J. Indian Chem. Soe., 59 {1983) 1023,

B.B. Mahapatra and S.K. Puajari, J. Indfan Chem. Sce., 59 (1982) 1133,
D. Toscali and 0. Bekaroglu, Synth. React. Imorg. Met.-Org. Chem.,

12 (1882) B9g9.

E.A. Magmbetkaziev, S.I. Zhdanov, A.M. Shaitsybaeve and M.U. Abilova,
FPia.-Xhim., Iesled. Sloglmykh Sist., (1981) 48; Cham. 4bstr.,

98 (1983) 222824,

T.G. Leonova, L.G. Lavrenova and 5.V, Larionov,

Tzv. Sib. Otd. Akad. Nauk 558R, Ser. Khim. Hauk, 1 (1983) 86;

Chem, Abstr., 98 (1983) 154257.

J.G. Haasspoot, G.C.M. DeKeyzer and G.C. Berachoor, Acta Crystallogr.,
Seect. O, 38 (1983) 1207.

.P. Gogh and L.E. Mighra, J. Indign Chem. Soc., 60 (1883) 439,
Diller, A.T.H. Lenstra, J.G. Haasnoot and J. Reedijk, Polyhedron,
(i583) i95.

.M. Salas=-Peregrin, E. Colacio=-Rodrigyez, J.D. Lopez-Gonzalez and
¥Yalenzuela-Calahorro, Thermmochim. Acta, 63 (19BR3) 145.

.G. Bhattacharyya and I. Bhaduri, J. Indian Chem. Soc., 59 (1982) 919,
.85. Siddiqi, P. Khan, 5. Khan and S$.A.A. Zaldi,

Synth. React. Inorg. Met.-Org. Chem., 12 (1982) 681.

W.A. Bell, T.D. Pee, M. Goldsteir and I.W. Rowell, frorg. Chim. dcta,
65 (1982) 87.

W.5. McDonald, P.G. Pringle ard B.L. Shew, J. Chem. Soc., Chem. Commm.,
(1982) 861,

5.8. Sandhu, M. Arshad and 5.8. Parmar, Indian J. Chem., Sect. 4,

21 (1982) 53.

E.C. Constable, J. Lewis and M, Schroeder, Polyhedron, 1 (1982) 311.
C.¥W.G. Ansell, M. McPartlin, P.A. Tasker and A, Thambythurai,
Polyhedron, 3 ¢1583) B3.

M. Tabata and M. Tanaka, J. Chem. 5Soc., Dalton Trmia., (1983) 1955,
E.C. Alyea, Imocrg. Chim. Acta, 76 (1983) 239.

R.5. Honkonen, F.D. Doty and P.D. Ellis, J. Am. Chem. Soe.,

105 (1983) 4163,

S.M. ¥ang and R.K. Gilpin, Anal. Chem., 55 (1983) 453.

E- e I I



