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3 ZINC AND CADMIUM

D. DAKTERNIEKS
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INTRODUCTION

This review of the inorganic and coordination chemistry of zine and cadmium
covers material which appeared in volumes 100 and 101 of Chemical Abstracts.
This year zinc and cadmium are again treated together. As last year [1] much of
the reported chemistry is routine and has not been reported in detail.
Consequently clasgification of donor ligands is sometimes difficult for
compounds containing several different potential donor atoms and the reader may

need to refer to more than gne section.

3.1 HALIDE AND PSEUDOHALIDE COMPLEXES

20 {n = 0.1-0.3) were obtained from reaction of ZnI2 with

LiAlHa in Et20—toluene and characterised by X-ray diffraction and infrared

Compounds 21'1H2 .nEL

studies [2]. The ions Zn" and ZnH' were produced using ICR [3]. High yield
syntheses of Zanu from reaction of Zn(acac]2 and &40% HF have been described
[4]. Electron diffraction and Raman spectroscopy of ZnBrz-LiBr-dmf solutions
indicate the presence of ZnBrE [5]. The erystal structure of anhydrous ZnBr2
has been reported [6]. Ab iniido finite SCF calculations were used in a study
of NMR shielding conatants of MC12, Mcli".
mechanism is more important than the d mechanism se that the chemical shifts

M{CH)2"™ [7] and suggest that the p
4

increase with Iincreasing electron-donating ability of the ligand. Ultrasonic
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absorption measurements on Znil, in aguecus dmf and MeOH show than an

Z
octahedral to tetrahedral geometry change occurs above a water mole fraction of
G.5 in both systems [8]. The Zn reductian product of VCla.Bthf containg the

Zn261§- anion {9]. The crystal structure determination of [CdCLJ(HZO)}ﬁ- shows
a linear chain with octahedrally cocrdinated Cd from four eguatuvial chlorines,
forming the chain, and an axial chlorine and axial water melecule £10]. Both

0 and KCdCl1

KCdCl3.H contain GfCic octahedra [11]. Zinc has an approximate
L

2 3
tetrahedral envlronment in [ZUC13(thf}]- [12, 13]. Chleride ion negative
chemical icnisation mass spectra of ZnL2 {where L = B -kelo-enolates show
radical addition and ligand displacement resulting in [chl3j—, {znLC1]™ and

[ZnLClz]- [14].

3.2 COMPLEXES WITH OXYGEN DONOR LIGANDS
3.2.1 Inorgante meleculies and {ons

X-ray scattering and Raman spectra of aqueocus Cd(N03)2 solutions suggest
the presence of an anionic hydration shell and an inner-sphere complex [15].

Data are consistent with the presence of [Cd{DH )50N02]+ [15]. Zinc occupies

both tetrahedral and octahedral positions in soiid EnPﬂjF(Z.SHZO) [16]. Zinc
oxide and cadmium oxide both react with P203F4 te give quantitative ylelds of
M(POZFZ)Z (M = 2Zn, Cd} [17]; the latter undergo thermal decomposition to give
MPO3F. The X-ray structure determination of NaSCdP30]O.12H20 shows each
triphosphate is bonded to cadmium by three oxygen atems; the oclahedral
coordination is completed by coordination of three water molecules [18].

The compeound [Zn(s(Nso)2)2]<asF6)2.ZSo

[Zn(SOZJZ](RsFG)Z and 5(NSO), in ligquid S0

27 prepared by reaction of

2 ]

the Zn has an octahedral coordination by four oxygen atoms {rom different

has a polymeric structure in which

S(NSO)2 groups and by two fluorine atoms from AsF, [19]. OxidaLion of zinc in a
mixture of bis{fluorosulphuryl)peroxide and fluerosulphuric acid gives
Zn(SO3F)2 [20]. The thermal decompesition of hydrated Gd(OAc)Z has heen
described [21].

5.2.2 Carborylic wveida ond velated {igands

The crystal structure of onE(OAc)3][MO3OZ(OAc)6(OMe)3].2H20 shows a cation

which consists of two zinc atoms bridged by three acetate groups [22]. The

compound [ZnVO(OZCC H5J3(thf)a].2thf has been synthesised and its crystal

6
structure determined; the zinc alom is in a trigonal bipyramidal ;3 environment

a

[23]). Cadmium-113 shielding tensors have been derived from single crystal

studies of a series of cadmium carboxylate compounds [24]. The cadmium atom in
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[Cd(OAc)z(tu)] is six coordinated from cne bidentate and two bridging bidentate
acetate groups and two bridging sulphur atoms from two tu groups [25].
Potentiometric studies of complex feormation between Cd2+ and citrate ion
indicate species [CdcitH2]+, [Cdeitk], [Cdeit]” and [r:clcitz]"" [26]. The
crystal structure of ZnLZ(H20)2 (LH = thiazolidine-4-carboxylic acid) shows
octahedral Ogfg coordination from two thiazolidine chelates and two water
molecules [27]. The compound Zn(HL)2 (LH2 =
6-(3-carboxy-4-hydroxyphenyl)-6-oxohexanoic acid} is thought te contain HL as
a bidentate ligand with coordination via the aromatic carboxyl and phenolic
oxygen atoms [28]., The compound [anZ(HZD)Z] {(LH = {phenylthic)acetic acid)
contains zine in a distorted octahedral (g environment whereas Lhe compound
[CdLZ(HZO)]n is pelymeric with cadmium in ar octahedral Qg5 emvironment [29].
The structures of Cd(salH)zpy3 and £Cd(salH)2(H20)2]2 show seven coordinate
pentagonal bipyramidal O4#3; and Oy environments, respectively, about cadmium
[30]. Solid and solution cadmium-113 NMR data of these compounds were
correlated with the number of lone pairs directed towards the cadmium atom
[30]. The ligands in {[Zn(dicamba)z(H20)3].ZHZO]n (dicambaH =
3,6-dichloro-2-methoxybenzoic acid) are unldentate with the zlnc being in an
octahedral Og environment completed by coordination of three water molecules,
one of them acting as a bridging ligand [31]. A variety of salicylic acid
complexes with zinc and cadmium have been reported [32-35]. Mixed ligand
complexes of cadmium with some carboxylic and dicarboxylic acids and amine
bases have been described [36, 37]. Zine and cadmium complexes with a number of
substituted benzoic acids have been prepared [38-40]. Complexation equilibria
between zine and substituted glycine ligands continue to receive considerable

attention [41-44] as do mixed ligand species invelving glycine (45-47].
3.8.8 Liketone and other ligunds

The compound Zn(acac)z is an effective catalyst for the addition of
cyanogen to acacH to give 3-(cyanciminomethyl)pentane-2,4-dione [48]. EXAFS has
been used to determine the molecular species obtained in the synergistic
extraction of zinc by a benzene solution of thenoyltrifluorcacetone and
tributylphosphate [49). Apparently the zinc in the extracted species is
pentacoordinated by oxygen atoms [49}. The synergistic effect of a number of
Lewis bases on the extraction of cadmium by thenoyltrifluorcacetone into
bengzene relates directly to the strength of the Lewis base [50]., The mixed
ligand complex Zn(acac)L.nH20 {L = l-nitroso~2-naphthol} is thought to be
octahedral [531]. The crystal structure of ZnL(H20)2 (L =~ 4-oxoheptandicate)
shows the zinc to be in a grossly distorted octahedral environment formed by

two water mclecules and four carboxylate oxygen atoms from two different
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carboxylate groups [52]. In Znl 2H20 {(HL = 1,2-dihydroxy-9,10-anthracenedione)

the ligand coordinates to zinc Ey ane hydroxy and one carbonyl oxygen te form a
six membered chelate ring [53]. The crystal structure of ZnLZ(EtOH)z (L =
1,3-bis(2-hydroxyphenyl)}-1,3-propandionate)} shows a distorted opctahedral e
environment about zine formed from two bidentate ligands and two coordinatgd
ethanol molecules [54].

It was suggested that ML{OAc} complexes (M = Zn, Cd; L =
2-methyl-3-aminoguinazoline—4-one) are tetrahedral with the ligand ecoordinating
through the oxygen of the amido carbonyl and nitrogen from the amino nitrogen
[55, 56]. The complex ZnLZ(HZO)2 (where LH is (1)) has been reported [57].
Several cyclic hydroxamic acid complexes with zine have been prepared (58],
Several complexes of 3-amino-Z2-acetylbenzofuran have been prepared and
described [59, 6D0] as have complexes of 1,2-bis(phenylsulphinyl)ethane [61].
The crystal structure of CdLECNDB)Z (where L is (2)) shows a slightly distorted
pentageonal bipyramidal enviroonment about cadmium formed by two bidentate

nitrate groups and the exccyclic oxygens of these ligands [62]. The related

zine complex ZnLZ(NOB)Z is tetrahedral with monodentate nitrate groups [63].

H
0 o
L CH3~_O~_-CHa

2
(1 ') (2)

Zinc(II} triflate reacts with a number of phosphineoxide derivatives to
give adducts, some of which contain coordinated triflate [64). A number of
dimethylphosphinecxide adducts of cadmium halides have been described [65]. The
structure of Cd[(EtO)zpozjz is polymeric with the cadmium atom in a highly
distorted octahedral emvironment [66]. There are twe further, tong,
interactions to oxygen atoms. A detailed study of the equilibrlia in aguecus
medium of the system zinc(Il)-pyridoxal
5'-phosphate-2-amine-3-phosphonopropionic acid has been reporied {67]). Isomeric
equilibria in agqueocus solution have been proposed for zinmc and cadmium
complexes with adenosine-S-triphosphate [68). In contrast, the analogous
cytidine-5-triphosphate complexes appear to exist only in the phosphate
coordinated form [68]. Crystal structures of cadmium complexes with
uridine-3'-monophosphate and with 2'-deoxyuridine-5'-monophosphate show
coordination of only phosphate to the metal [69]. The structure of

ECsz(HZO)z]n (L = isonicotinate N-nxide) is polymeric with an octahedral 56
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environment about cadmium [70]. A polymeric structure has been proposed for

zine{II1)bis(2-ethylhexyllphosphate {71].

3.3 CONPLEXES WITH SULPHUR DONOR LI GANDS
Observation of 2J(113Cd—8—1110d) nuclear spin-spin coupling in
[CdQ(SPh)lO]Z- shows that the [Cd4] core remains intact on the NMR time acale

under conditions where rapid exchange of bridging and terminal thiolate groups

is known to occur [72]. The ¢rystal structures of [EQMIO{SPh)lﬁ]Q- (E = 3, 3e;
M = Zn, Cd) show molecular super tetrahedral fragments of the cubic metal
chalcogenide lattice [73]. The crystal structure of [Cle(SCHECHZOH}16]4+, as

the perchlerate salt, has appeared and salid state cadmium-113 resonances
assigned to [Cd5303], [CdSaO] and [CdSa] sites within the molecule [74]). fn dmf
solution at temperatures above -40 °Cc a single exchange average cadmium-113
resonance is seen for the deSQO] and [CdSa] sites [74]. Solution studies of
polynuclear complexes of the Zwltterionic ligand l-meLhyl-4-mercaptopiperidine
with cadmium continue with the existence of twe "core and link" series
Cd{Cd(HA)a]i2n+2}+ and (HA)Z[Cd(HA)z]i+ (HA is {3)) having been established
[75]. Dimeric structures have becen proposed for zinme and cadmium complexes
l-methyl-4,4-dimercaptopiperidine (43 [76]. A polarographic study of mixed
ligand complexes of cadmium with glutamate and thiocurea has been reported [77].
Complexes MLZCI2 {M = Zn, €d; L = pyridyl-2-thiourea) are monomeric with
coordination of L through the pyridine nitrogen and thione sulphur atoms [ 78].
The fungitoxicity of M(HL)Clz (M = Zn, Cd; LH = l-phenyl-3-thiobenzoylthiourea)

complexes has been assessed [79].

H

\ﬁ/CHS H\ /

4
(3) 43

Energies of the 2inc 3d electrons in Zn[SECNEtz]2 have been determined from
XPS spectra [80). The ligand ethyl N-phenyldithicocarbamate reportedly behaves
as a monodentate through thiecarbenyl sulphur in its zinc and cadmium complexes

[81]. The synthesis and characterisation of ML, (M = Zn, Cd; HIL =

’

2
N-{chlorophenyl}dithiocarbamic acid) have been described {82]., A number of 1:1
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Lewis base adducts of Zan {HL = bis(2-hydroxyethyl)dithiocarbamic acid) are
thought tc be five coordinate [83]. Zinc and cadmium complexes of
morpholine-4-carbodithicic acid are polymeric [84]. A zinc complex of

o
254 ligands [85].

Some tetrahedral complexes of 1,l-dicyanoethylene-2 2-dithicl have been

tetrathicoxalate contains bridging C

described [86]). Zinc and cadmium complexes of a variety of substituted
thiocacetamides have been reported (87, B8] and these are probably bonded
through nitrogen and sulphur as are complexes with ethoxythieccarbonyl hydrazide
[892]). Cadmium-113 NMR studies of (5) and (6) show intermeclecuiar ligand
exchange via a mechanism which involves a five coordinated cadmiuvm in a dimer

intermediate [90].

Ph Ph Ph Ph
s, ,S (. . 5./° .
or. / C,d \ 'pr 'pr 4 Cd \ 'pr
/N _ N
N N\ N° N
/
edn \/

11 CeM

(3) (6)

Zinc is tetrahedrally coordinated by two sulphur atoms and two nltrogen
atoms Ln its complex with 2-propyl-B-mercaptoquinclinate [91]. The ligand
benzimidazole-2-thiocarboxyarylamide is thought to coordinate to zinc by
imadazole nitrogen and sulphur atoms [92]. The ligand pyrimidine-2-thione

coordinates to zinc and cadmium solely through sulphur [93].
3.4 COMPLE XES WITH NITROGEN DONOR LIGANDS
3.4.1 Amines

The X-ray structue of 4-chloropyridineaminecadmiumtetracyanonickelate shows
a polymer in which [Ni(CN)Q]Z_ ions are coordinated to cadmium and
chloropyridine and ammonia molecules are in traons positions [94]. Zinc is In a
distorted octahedral environment in {Zn(en)3]2+ [95]. Complexes Kz[Zan] and
Kz[Csz(HZO)Z] (LH = bisfp -aminobenzenesulphonyl)ethylenediamine) have been
reported [96]. A polarographic study of mixed ligand complexes of cadmium with
N-(2-hydroxyethyl)ethylenediamine and scme amino acids has been described [971,
Some triethanolamine adducts with zinc salts contain nitrogen and oxygen bonded
ligand [98], The Cd(Il)-diethylenetriaminepentaacetic acid-tartaric acid system

has been examined by polarography [99}. An X-ray diffraction study of aquecus
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[zZn{tren)C1]” indicates a trigonal bipyramidal eavironment, simllar to that

found in the solid state, about zinec (7) [100Q1.
C
C/ \

\ e c
NCJ\ZH__N/
",’ﬂ’

N——C

\
N

LD

Cl

A potentiometric study of the formation of cadmium complexes with en and
1,2-pn shows the formation of 1:1 and 1:2 complexes but not 1:3 complexes
[101]. Stability constants for the interactions of Cd2+ with
N-{Z-hydroxy-l-naphthalidene)-4-carhomethoxyaniline have been determined
p&tentiometrically [102]. The crystal structure of [Zn(en)3]2+ shows the zinc
to be in an approximate octahedral NS environment [103]. Complexes
[Zn(dmpd3012], [Zn(dmpd)Erz] (dmpd -~ 2,2-dimethylpropane-1,3-diamine) are
isostructural with the zine tetrahedrally coordinated by two halogen and two

nitrogen atoms whereas [Cd(dmpd)ﬁr ] is octahedrally coordinated by two

nitrogen atoms, two terminal and tiu bridging bromine atoms [104], Formation
constants of mixed ligand complexes of cadmium wlth en and amine acids
determined and discussed in relation te the Sps orbitals of cadmium [105]. The
structure of [an2(NH3}2] (L = 2-sulphanilidamidopyrimidinate) shows the zinc
te be in a disterted tetrahedral Nd environment [106]. The structure of
[CdL(HZO)(N03)3] where L is (8) sh;ws a hexagonal bipyramidal O7N envirenment
about cadmium [107]. Complex formation between Cdz+ and mercaptoethylamine has

been studied potentiometrically [108].

&)



3.4.8 Seohif? bases, hydrazones and omimes
Formation constants of zinc and cadmium complexes with The tridentate
Schiff base 2-[{1H-benzimidazol-2-vlmethvlenclamino]-4-chlorophenol have been

determined [10%]. Schif{ bases derived from 2-benzoylpyridine and

donars towards xinc and

benzoylhydrazine or salicyloylhydrazine act as Vi
cadmiuvm [110). 4 large number of tridentate and tetradentate Schiff base
complexes have been synthesised and characterised [111-121}, Kinetics of metal
exchange of the complex ¢(a)y (R = CH
been studied [122].

CF,, Ph, 4-Cl-Ph, 4-Br-Ph, 4-Me-Ph) have

3 3

CHg y SN CHg
- \Zn/
N\ S/ \S / @)

R R

The crystal structure determination of £nL, {LH = pyridine-2-carbaldehyde
galicyloylhydrazone) shows L to behave as a tridentate with coordimation
through carbonyl oxygen and szomethine nitrogen atoms resulting in a distorted
octahedral environment about zinc [123]. Zine(T1) ions promote the formation of
Schiff base between 2-formylpyridine and amine acids in neutral aguecus
solution [124]. Tetrahedral complexes have been teported with the 5chiff bases
derived from benzoin and s -phenvlenediamine or ¢ —aminophenyl [(123]. A series of
complexes with chromone-3-aldehyde and acetylhydrazone have been prepared in
which the ligand acrts as a bidentate [126]. A variety of hydrazone derivatives
have been used as ligands, with ceoordination usually through azomethine
nitrogen atoms [127-131]. Hydrazones with pyridine or substituted pyridine
residues coordinate to zinc through the pyridine ring nitrogen [132].

Zinc and cadmium complexes with vanillin thicsemicarbazone have been
synthesised and characterised [133]. Benzalacetone thiosemicarbazone complexes
of zinc and cadmium contain the ligand as a bidentate with coordination through
azomethine nitrogen and thiccarbonyl sulphur [134]. The compound ZnL2 (LA =
1,2-benzoquinone dioxime) contains bidentate ligands coordinating through
nitrogen atoms [1351, 4 series of complexes of substituted hydroxamic acid are
thought toe be polymeric [136]. The crystal structure of
tris(ethylenediamine)cadmium{II}dibenzohydroxamate shows an octahcdralﬁs

environment aboul cadmium from en and anionic benzohydroxamate [1371.
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Mononuclear complexes M(LHE) (M = Zn, Cd; LHQ = benzene-l,2-bis{aminoglyoxime}
have been synthesised [138].

3.4.3 Hydrazides ond related compounds

Vibrational spectra of Zn(ox)N2H4.xH20 show only the presence of free and
weakly bound Nl-l2 groups indicating that only a part of the hydrazine molecule
is of a bridging type and that the rest is monadentate bound by weak hydrougen
bonds to oxalate [139]. The complexes [M(N2H4)2(NCS>2] (M = Zn, Cd) have a
distorted cctahedral enviromnment about the metal with the hydrazine bridging to
two metal centres {140]. Mixed ligand complexes with hydrazine and ox have been
prepared [141]. The thiocyanate in Cd(HL)z(NCS)2 (HL = phenoxyacetylhydrazine)
is N-bonded whereas the chloride in Cd(HL}ZCl2 is outer-sphere; in both cases
the ligand, LH, ie thought to be bidentate through the amino mitrogen and
carbonyl oxygen atoms {142]. Complexes ML3{5206) (M = 2n, €d; L =
cyanoacetylhydrazine) are cetahedral with bidentate L and outer-sphere [5206]2-
(143]. similar observations are reported for the complexes ML3(5206) (L =
enanthic acid hydrazide) [144], The synthesis of some zinc and cadmium
complexes with furan-2-carboxylic acid salicylidenehydrazide have been
described {145]. Some zinc complexes of 7-tyrosine hydrazide have been prepared
and screened for antifungal activity [146]. The compound ZnL, where H,L is (10)
is polymeric with tetradentate and bridging L [147]. The complex Csz (HL =
l-benzoyl-4-phenyl-3-thiocarbazide) probably centains cadmium in a tetrahedral

Ogygenvironment [148].

EtO-ICI?'— NHNH-— ﬁ- OEt

(10) S E E=0S

3.4.4 Amino acids

A nitrogen-15 NMR study of zinc cysteine complexes suggests that
deprotonation of the cysteine amine does result in ccordination to zinc [149].
Stability constants for a variety of zinc and cadmiuym complexes with
5'-biphosphates of adenosine and ¢ytidine have been determined and compared
[150]1. The thermodynamics of mixed complexes of zinc with adenosine
5'-triphosphate, (ATF}, !-histidine or histamine {(hm), have been investigated
and show the presence of ligand-ligand interactions in the complex
[Zn(ATP)(hm)JZF [151). Complex formation between zlnc and asparagine and

aspartic acid in agueous solution has been studied potentiometrically [152] as
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has complexation with cyelo-l -histidyl-l -methionine [153]. Formation constants
for mixed ligand complexes of zinc with aspartic acid and uracil or thyamine
show stronger Interactions with thyamine [154]. The stereochemistry and
tavtomeric eguilibria of zinc complexes of the condensation products betwecn
(IR)«3-hydroxymethylenebornan-2-ane and a series of 7 —amine acids have been
studied [155]. Potentiometric studies of zinc and cadmium complexes with
glycyl-Z-histidine have been reported [156]. Equilibria studics of compiex
formatlion between zinc and cadmium with a varielLy of amino acids have been

described [157-1607.

3400 Helerocycles

The 1:1 adducts between ZnL2 (L = chloroacetoanilide) and py or
substituted pyridines are thought to be square pyramidal [161]). Five
coordination is alsc proposed for py and substituted pyridine adducts of Znl
(LH2 = HZNCfS)NHZ) [162]. Mixed conrdination complexcs of zinc and cadmium
acetates with aminopyridines have been prepared [163]. Pyridine adducis of
(NCS)ZZn(NCSHgR)2 {R = pentyl, neopentyl) [164]., Threc coordination has been
proposed for py, 4-Mepy and ﬂ—LBupy adducts of CdrN(SiMca)z] [163]. The
saccharinate complexes [M(C,H NOES)Z(HZO}Q] {M = 2n, Cd?} are isostructural with

T4 )
environments [1h&6-168].

the metal in oectahedral &

The structure of Znll {f. = l-methylcytosine) shows a tetrahedral SEEHC

2l

environment about zine [169]. The zinc complexes ZnCl,L, where . is (11) , are

2
tetrakedral with terminal chloride whereas the corresponding cadmium complexes
are polymeric and octahedral with bridging halide; the ligands all act as

bidentates through the nitrogen atoms [170].

CHj
X
7/ \ 4
(11) —N N X = NH5, 5,0

A variety of studies involving adduct formation with hipy and phen have

appeared [171-176] including the crystal structure of ZnCl,bipy [177]. Solid

state and solution cadmium-113 NMR data for a series of coiplexes CdXE(bipy)z
(¥ = Cl, Br, NCS, Noj) have been reported [178]. The structure of
Cd(NOBJQ(hipy)z.HZO consists of Wwo crystallographically and chemically
different cadmium species separated by van der Waals distances. aAlthough both

cadmiums are in an approximale oct’.ah.edral;‘-."'/‘0-_j envirenment, the coordinated
4" 7

oxygen atoms are from one nitrate oxygen and s water of hydration in one case
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whilst both oxygens are from nitrates in the other case [178]. The structure of
Cd(NCS)Z(bipy)z contains the metal in an octahedral NS environment [178]. The
compound Zn(NCSe)zterpy is believed to be five coordinate with the
selenocyanate bonded through nitrogen [179].

An imidazolate bridged zinc{II)-copper(Il) complex has been synthesized and
a pelarographic study shows that the presence of zinc(II) increases the
electron accepting ability of the copper{II) [180]. Zn2+ catalyses the
decomposition of a tris{imidazol-2-yl}phine which involves oxidation of the
phosphine and replacement of an imidazole by a hydroxide [181]. The crystal
structure of [bis(4,5-diisopropylimldazol-2-yl)phosphinic acid]dichlorozine
hydrate shows a highly distorted tetrahedral HOCZB environment about zing
[181]. Zinc complexes with some bidentate ligands involving pseudo imidazaole
functional groups have been described {182]. NMR data for the formation of 1:1
adducts of 5-(1,2,5-dithiazepan-5-ylmethylene)-4-methyl-2-ethylimidazole have
been reported; the structure of the adduct with CdBr2 shows the ligand to act
as a bidentate donor through the nitrogen atoms [183]. The crystal structure of
ZnClsz (L = 3,5-dimethylpyrazole) shows a tetrahedral NECZE environment about
zinc [184]. The structure of CdClsz (L - benzotriazole} shows bridging yzclq
chlorine atoms resulting in polymer formation in which cadmium is in a
environment [185), The synthesis of a number of substituted imidazole
complexes of zinc and cadmium have been described [1856-189%].

The complex ZnC12L2 {L = 6-hydroxy-2,4-bis{isopropylamino}-1,3,5-triazine)
is thought to be tetrahedral with the ligand L acting as a monedentate donor
[190}. The ligand 3-amino-1,2,4-triazole behaves as a bridging bidentate donor
in its 1;1 adduct with CdCl2 {191], Monoquarternised diaza-heterocyclic cations

have been reacted with ZnCl, and EnBr2 [192]. The complex Csz(OH (HL =

2 2)4

theophylline (12)) is octahedral with the cadmium in a ¥_0, environment about

274
zine [193].

H
N

N
7
0”kN N

|
(:f13

0
CH3\ 1]

(12}

Creatinine forms 1:2 adducts with a series of zinec and cadmium halides in
which cyelic nitrogen donor ligands are coordinated [194]. Thermodynamic
parameters for complexation of inosine with zinc have been reported [195]. The

crystal structure of Zan(OHZ)4 (L = nicotinate) at =120 °C shows an octahedral
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NoOdenvironment about zime [196]. Transmetallation reactions involving a

substituted nicotinamide ligand proceed via a five rcordinated intermediate

[197].

3.5 COMWLEXES WITH PHOSPFHORUS, ARSENIC AND CARBON DONOR LIGANDS

The crystal structure of CdTQHg(PPr3)2 shows a planar [CdIZHg] ring with
both phosphines coordinated to mercury [198)}. Phosphorus-31 and cadmium-113 NMR
spectroscopy were used to study adduct formation ol cadmiuvm halides with
dicyelohexylphosphine [192]. Reactions of the ligand
dicyclohexylphosphine-#-phenyil{thioformamide) were investigated and suggest
this ligand usually behaves as a simple phosphorus donor [199]. The crystal
structure of {Cd(CF3COO)2PPh3]2 shows dimeric meolecules in which two cadmium
aloms are bridged by the four carboxylate ligands [200]. Some zinc and cadmium
complexes with tertiary arsines have been described [201]. KMR studies suggest
that complexes MLZ and MLX (M = Zn, Cd; L = 2-[(dimethvlamino)methyl Iphenyl),
which may be prepared from reaction of MCIZ with LiL or by direct
electrochemical oxidation, contain the ligand coordinated essentially through
carbon [202]. The synthesis and structure of a xinc-alkyl caged cobalt(III)
derivative in which the zinc-carbon bond appears extraordinarily stable, have
been reported [203]. Some new cp complexes of cadmium have been described
f204]). Reaction of cp,NbHy with Znep, gives the three compounds Zn(cpszHz)z,
cP2NbH(chp)2 and cpZNbHEchp with the crystal structure of the last having
been determined [205]. Analogous reactions between chp2 and (Me—Cp)zTaH3 lead
te isolation af the series [(Me—cp)zTaHz}ZZn, (Me—cp)zTaHZchp and
(Me~cp)2TaH(chp)2, the last of which exists as two isomers [206]. A series of

ylide-metal complexes derived from {Me have been described [207].

N)EP:CH

3 2

3.6 MACROCYCLIC COMPLEXES

Complexes of (13) and (14)containing 75zt ligand donor sets have heen
synthesised and studied as models for "blueﬁ copper proteins [208]. The ligand
(15)in ﬂ(OH)zL (M = 2n, Cd) coordinates through the twe oxine nitrogen atoms
{209]. The crystal structure of a hexamethylenetetramine complex of CdClz has
been described [210}. Carbon-13 NMR shows that {ZnLl]fNOSJZ (Ll is B =
CH,CH,NMe, in (16)) is asymmetric, [ZnL21[No3]2 (L2 is (17)) is symmetric
whereas [ZnL3][N03]2 (L3 is R = Me in (18)) exists as a 1:2 mixture of
symmetric and asymmetric species {211]. The crystal structure of
[Cd[16]aneN4(NO3)(H20)]N03.H20 shows cadmium to be in an approximately

octahedral N4Oa environment [217] whereas in [CdL(N03)2][Cd(NO3)a} (L is (18))

the cation containsg cadmium in a trigonal bipyramidal environment whilst the



(13)

N N—
~ {13
+
|
Ph
N S
L
H

n=12,3

{16)
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anion contains the metal in a dodecahedral geometry [2131].

N N
ChH o
CH3 K)\CHg

The cadmium in CdClz{IB-crown-ﬁ] is in a hexagonal bipyramidal 2 77

R
R

environment [214]. Adducts of dibenzo~l8-crown-f with CdX, (X = 1, Br, 1, CN,

2
SCN} have been prepared [215]. The crystal structure of [Zn(i—bisp]][ﬂloalz
(I-bisp is (19)) shows the zinc in an enviromment intermediate belween triganal

bipyramidal and square pyramidal [216].

“
CH4 NG CHg

CHZ00C~ N N.__ COOCH3
(1)

N N

/2 N
o L,

A five coordinated zinc complex of imincbishenzaldechyde amine has been
described [217]. A series of macrocyclic ¢omplexes of (20) have heen
synthesised [218]. The stability constant for formation of a zinc complex with
{21) has been compared with those of related macrocycies [219]. Zinc complexes
with the GV tetradentate Yigand N, N'-lLis(acetoacetanilidel-1l,3-diaminopropane
have been prepared and characterised [220] as has a zinc complex with
2,9-dimethyl-3 10-dipheny1-1,4,8,11-tetraazacyclotetradeca-1,3,8,10-tetraene
[221]. Solution sludies of a substituted phthaloevanine zimnc complex have haen
described [222],

A variety of porphyrin and substituted porphyrin complexes have been
synthesised and investigated [223-229]. Some interesting applications of the

zinc complex with TPPH2 as a diamagnetic shift reagent have been descrihed
[230].
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(21)

{20)

An NMR study of zinc complexes nf some capped porphyrins has been reported
[231]. Intramolecular coordination between the nitrogen of the cap and the
central metal ion in 4,4'-bipy capped zinc porphyrins forces the porphyrin and
4,4°-bipy groups to be perpendicular [232]. The crystal structure of
¢hloro(y-phenyl~5,10,15,20-tetraphenylphorphinato}zine(I11) shows the zinc to be

displaced out of the Ny plane and towards the chlorine [233].
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