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HTRODUCT I

This review covers, essentially, the material in volumes 92 and 93 of
Chamical Abstracts, although coverape through 1880 in J. Chem. Scoc., Dalton
Trans., J, Chem, Soc., Chem, Coran., J. Am. Chem. Soc. and Inorg. Chem. has
been attempted. Zine and cadmium have been considered together since many of
the references deal with compounds of hoth elements, and two separate reviews
would have involved considerable redundancy of information. As last year, much
of the reported chemistry is routine and has not been reported in detail. In
general, it is not explicitly stated if a similar complex of the other element
has also been reported, and the reader is advised to check the relevant section,
although, of course, the reference number may be of help. Papers describing
the biochemistry of zine and cadmium have not been included in this review.
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ZINC
12.1 ZIN(ID)
18.1.1 Halide complezes

The mixed fluorchalides, ZnFX (X = Cl or Br) have been prepared and their
vibrational spectra studied [1]. The thermal conductivity of aguecus Znl, {2]
and the solubility of ZnCl, in dmf [3] have been investigated. A review
discussing ZnF., its hydrates, and scme fluorozincates, has appeared [4].

The mixed halide camplexes, H[ZnCiX;}.ZEt.0 (X = C1,Br, or I) react with
PhNH, to give camplexes formulated as [PANH,...H.. . H,NPh)fZnX,C1(Pr#@#,}] [5].

The Raman and “Rb BMR spectra of Rb,[ZnCl.] [6,7] and Rb,[ZnBr.] {8,9,10]
have been reported. High-resclution sclid-state '*C NMR spectra of
{Me N1 72001, ] [11] and *C1 NQR spectra of K;[2nC1.} [12] have also been
reported. The complexes L.{ZnX,] (X = Ci,Br, or I} have been prepared [13].

The macrocyclic complex [NiL]2+ (L = 2,9-Me,-3,10-Ph,-[14]-1,3,8,10-tetracne-
1,4,8,11-N.) has been precipitated as its tetrachlorozincate salt, in an
investigation of the mechanism of the temblate reaction leading to its formation
{14], and the extraction of Zn{II} fram aguecus HC1 by tributyl phosphate {15]
or long-chain amines [16] has been studied.

12.1.2 Pseudohalide complezes

The tetraalkylphosphonium salts, [R,P1[2n(CK),], have been described, and
provide same of the few exsmples of campounds containing the [M{CN}:}~ ion [17].

The extraction of Zn{II) fram agqueous media containing thiocyanate, by
Aliquat 33, has been studied [18].

12,1.3 Complexrea with oczygen donor ligands

18.1.3.1 Aqueous chemistry and complexes with inorganic ozoanions

There have been many studies of mixed oxides containing zine or cadmium
reported this year. These were not considered to be representetive of coordination
compounds with oxygen donor ligends and were, therefore, specifically excluded
from this review. This review is limited to a consideration of species present
in solution, and to distinct chemical species in the solid state.

A new method for the study of ion-pairs in solution, using high-field
conductiametric techniques, has been applied to metbanclic selutions of ZnS0,
{19]. Glassy solutions of ZnX, (X = halide) in water have been studied by Raman
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spectroscopy and the results indicate the presence of the tetrahedral ions,
(znx,  (10) 1*™[20,21]. A comparison of 4H_  for solutions of Zn[NOs].
and its hydrate in mixed water-dmso solvents hes been made and a value for
AHt[Zn(NOS)z] obtained [22]. The binary system ZnCl,-H.O [23] and the ternary
systems [NH,]IC10,]-2n{C10,],-H,0 [24] ard ZnCl,-Zn0-H;0 [25] have been
investigated. In the latter system, an equilibrium exists between Zn0O,
ZnC1,.4Zn{(H),; .H,0, B-Zn{(H)C1, and a—ZnCl,. The thermal decampositions of
ZnS0, . 7H,0 [26] and [Zns(0H)oCl,(H,)] [27] have been studied. A new zincate
species, Na.{Zn0,], has been characterised in the solid phase of Na(H-ZnO [28].

The extraction of Zn(II} from aqueous solution continues to attract
attention and the use of 1,3-diketones [29], 1,3-diketones and trioctyphosphine
oxide [30], and tributyl phosphate [31,32] as extractants have been studied.
The treatment of aqueous solutions containing Zn{II) or Pb{II} with crown
ethers, results in the preferential complexation of Pb{IIl}, to give & complex
which is readily transported across the CHC1;-H;O interface, and the method
sppears to have potential for the separation of these two metals [33]. Poly-
ethers have also been used for the extraction of zinc fram agqueocus media
containing thiocyanate, and the distribution of the metal between the two phases
has been shown to depend upon the solvent and any other cations which may be
present {34].

Several complexes of Zn({II) with phosphate anions have been described. The
compound KZn H[PO,1,.2.5H,0 dehydrates readily at roam tamperature, to give the
anhydrous campound, from which the novel materials KZn,[PO,],, KZn[PO.], and
K:[qu} 1_xZn[PO 4] have been preparsd [35]. Difluorophosphoric acid, HOP(O)F:,
reacts with ZnCl; to give the camplex [Zn(PQ:F,),).2HOP(0O)F;, in which the ligands
coordinate to the metal through their terminal oxygen atoms [36]., A number of
Zn( 11 }-pyrophosphate complexes have been prepared [37] and the campounds
{MH, ] 2n; P30y 12.9H,0, Zns(Py0w 12.16H,0, and [NM,}Zn,{P;0, 1.7H.0 [38] have
been isolated. The crystal structure of the last compound has been reported
[39]. The formation of camplexes with polymerised triallyl phosphate has been
described [40] and the thermal decomposition of [Zn(H.PO,).].2H.0 [41] and
[Z0,P,0,]. 55,0 [42] has been analysed.

The properties of the complexes 2Zn[CrO,] and 2Zn[Cr0,].3.52n{CH),.R.0 have
been investigated; their reduction by CO (formed in situ fram the decomposition
of zinc cxalate) leads to the fonmation of species containing catalytically
active Cr(V) and Cr{III) centres {43,44]. The preparations of Zn{C0;], fram the
reaction of zinc oxalate with CO; [45), and K:Zn,{M00.};, fram the resction of
K:M0z0; and ZnO [46], have been described.

12.1.35.2 Complexes with carbozylic actide and related ligandn
The majority of cartaxylic acids studied possess, in addition to oxygen, other



332

atoms which may act as donors, and it is not always evident which manner of
coordination the ligand adopts. The policy adopted in this review, and also in
that for mercury, is to include all complexes of carboxylic acids, except those
in which the ligand contains a heterocyclic ring or a sulphur atom, in this
section. Thus, amino acids and H,edta derivatives will be treated here, despite
the fact that there is strong evidence that, in many cases, such species act as
¥, as well as 0, donor ligands,

A detemination of the crystal structure of Zn{0.CMe): has shown the metal '
to be in {Zn0,} tetrahedra, which are connected by bridging ethanoate groups
[47]. The pyrolysis of Zn{0,CMe),. H,0 gives, initially, the anhydrous compound,
which, on further heating, melts and then decomposes to give Zn0, (Me(0),0, and
¥MeoCO 48], The solubility of Zn{0.CMe); in mixed alcohol-hexane solvent
systems has been studied and the results used to propose a model for the
solvation shell of the metal ion in such solvent systems [49]. The reaction of
Zn{0,CMe), with [U0;1[0:CMel, in MeCO:H gives the double salt,

Zn[ (U0; }:(Q20Me) 5 ]. BH.O [50], whilst the crystallisation in the presence of
Mn(O,CMe); at 60° gives Zn{0,(Me),.Mn(0.Cie),. ZH,0 [5t].

Zinc camplexes of RODH (R = C;Hs-CoHp ) (53], ArOCH,CO.H (54], 1,2,4
benzenetricarboxylic acid [55], and orotic acid [56] have been described. The
thermochemical behaviour of the complexes [Zn{0.CR);] (R = Et,Pr,Bu, or pentyl)
57}, [Zn(ox)(H:0).] (58], (2n(ox);].ZH,0 [59], and {Zn(salH),].ZH,0 (salH, =
salieylic acid) [60,61] have been investigated: the thermal deconposition of
the salicylic acid complex produces [Zn{sal)], PoG, CC,, and H,sal [61]. It
has been proposed that the higher zinc carboxylates exhibit an enanticmeric
polymorphism on the basis of the X-ray diffraction characteristics of the
materials at elevated temperatures [62].

Amino-acid camplexes of zinc bhave aiso attracted scme attention and campounds
containing H,NCH,CH,CO,H [63], Dl-serine (64}, w-arylgiycines [65], and phenyl-
alanine [66] as ligands have been reported. The condensation of anthranilic
acid with aldehydes produces Schiff bases and a mmber of zinc complexes of
these iminecarboxylic acids have been described [67,68]. The Schiff base from
the condensation of alanine with 2-hydroxyacetophenone forms a camplex, [ZnL},
the bromination of which has been studied; bramination with #-bromosuccinimide
or 1,4-dioxan-Br, occurs on the phenyl ring [69].

The -N{CH:CO;H}, functionality is encountered in many ligands {e.g. Hyedta),
and complexes of zinc with (H,NOOCH,)N{CH.00,H}, and (H,NCOCH,CH, JN{CH,CO.H),
[70], (HO,CCH(OH)CH, N(CH,CO,H), [71}, DL-(HO,OCH, ),NCH,CH(CO,H)N(CH,C0,H), [72],
(HNECOCH , YN(CH,CO,H)Y, [73], and (2-HOCH,CH,)N{CH.CO,H), [74] have been
reported. The stability of ternary camplexes containing Zn{II}, N{CHC0.H),,
and either 1-hydroxy-2-naphthoic or 2-hydroxy-l-naphthoic acid has been
investigated [75]. The preparation of zinc complex of the lipand (1) has also
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Me0Q,C OH
Me0.C CO,Me
NaO ONa
(1)

been described [76].

12,1,3.3 Complezes with amides and related ligands

The five-coordinate malonamide complexes [ZnlCl,(H.0)], [2nL(50.)], and
[ZnL.(NO;)]1[¥O;} (L = H,NOOCH(XNH,) have been prepared [77,78] and the complexes
{Zn(tm).X:] (X = C1,Br, or I), in which the ligand is coordinated through
oxygen {79], have been reported. Other camplexes which have been described
include: [ZnL:X;] (L = acrylamide; X = C1 o SN) [80], [ZnL.(NO;},] (L =
PhONH, ) [81], [2nLe¢liBF,J, (L = caprolactam) [82], [ZnL}{t0:), (L =
HMNHOOCCHENH: ) {83] and [Zn{dma)Cl.] [84]. Also, zinc caplexes with the
following amide ligands have been reported: HNOOGNHOONH, [85], PhCH=CHORHNH:
[86], PhCH,OONHCGH [87), N-methylformamide [881, and urea [89,90]. An analysis
of the vibrational spectra of the oxamide complexes, K:{ZnL;]} {L = (COtH:;), or
(00D, },} has been presented [91].

12.1.3.4 Complexen with ketones and aethers
Corplexes of zinc with ArCQOCH,COMe [92] S-chloro-2-hydroxy-4-methylaceto—
phenone [52] and ¢2) (93] have been prepared, as have several campounds in which

4] 0 0 0
2)
0 0
OH OH
07 ~Me 0
HO

{3 (4
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zine is bonded to pyran derivatives, including [ZnL.(X}.] (L = 2,6 dimethyl-4
pyrone; X = S or Se) (84] and [ZnLl:] {HL = ¢3) or ¢4)} [95].

The ccmpound ZnAlCl;.Ect,0 has been investigated and assigned the structure
[C1,Zn{p—C1)AICL,{CEt;)] on the basis of its vibraticnal spectrum [96]. The
preparation of {ZnL¢i[InCl,] (L = 1,4-dioxan) has been described [97].

12.1.4 Complemes with sulphur or selenium donor ligands

12,1.4.1 Compleses with thiols, thiones and thicethers

The novel species obtained from the reaction of zinc{II) salts with thiophenol
have been further investigated and ccmplexes of formula [Zn, (SPh),(RDH)] have been
isclated fram the interaction of 2nlC0;] and PhSH in ROH [98]. A crystallographic
study of these species has shown that they should be formulated catena-{(p—SPh){{u-
8Ph);Zn.(ROH}(8Ph)} and that they form one—dimensicnal polymeric crystals with
one intercluster bridging PhS unit {98]. A crystal structure of the complex
[Me,N]{ClZn,(u-SPh) ), (ZnSPh),], formed fram Zn(NO;);, PhSH, Pr,N and {Me,N]C1,
has also been reported [99].

The reaction of zinc ethanocate with 1,4,8,11-tetrathisundecane gives the

trimetallic complex, (5), which transmetallates on treatment with [Ni(H20)5]2+

CS‘“‘ o)
Zn
s’ i ““s\_}s
{5}

to give the corresponding trinickel(Ii) complex [100]. HS-‘(C!*la)nlNl‘r'{3 and
EtSO(CHa)nNﬁz have been used for the extraction of zinc from aguecus solutions
of ZnCls or ZnSO, {101].

A isrge number of camplexes with heterocyclic mercapto campounds have been
described and the ligands studied include: 3-(diphenylaminomethyl )-5-(2-
hydroxyphenyl }-2-mercaptc-1,3, 4-oxadiazole {102], 2-thicuracil [103], 2-mercapto-
4,6-dimethylpyrimidine [104], i-amino-2-mercapto-5-trifluorcmethyl-1,3,4-
triazole [105], l-benzylidineamino—3-ethyl-5-mercapto-1,2,4-triazole [106], 1-
methyl-2-mercaptoimidazole [107], and 3-aminc-2-mercaptoquinazol-4—one [108].
In many cases it is not clear how the ligand is coordinated but, for
[ZnL,}[40;]..H:0 (L = 1-methyl-2-mercaptoimidezole) [107], [2nL.] {HL = (63}
[108), [2n(HL).X,] and [2Znl.].IH (HL = 2-mercapto-4,6-dimethylpyrimidine; X =
C1,Br, or I} [104], it has been demonstrated that the metal is present in
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2
N/)\

{8)

SH

{Zn5,}, {ZnN,S,}, and {ZoN,X,} polyhedra respectively.

A number of camplexes of the type [R.N][ZnL:] (R.N = Et.N, or Me ;NCH,CH,(H;
H:L = 7-nitroquinoxaline-2,3-dithiol, 6,7-dinitrogquinoxalipe-2,3-dithiel, or
6,7-benzoquinoxaline-2,3-dithiol} have been described [102]. [Zal.] (ML = 1,2~
dicyanoethene-1,2-dithiol)} reacts with Mel to give free 1,2—dicyam—1,2—
bis¢methylthio)ethene [110].

Thicethers have attracted same attention as ligands and the bimetallic complex
{Zn,L] {H,L = HO»CTH,CH(CO,HYSCH(00,H)H,00,H} [111], and complexes with
(HO,OCH,) .5 [112], Me,8 and MeSSMe [113] and [Hi:)zc(cziz)ns]2 (n=1or 2) [114]
have heen described.

Complexes of zinc with amino acids such as cysteine [115,118)] and D-
penicillamine [116] have been reported, and polynuclear species identified.

12.1.4.2 Complemes with thicacids, thicwwides and related compounde

The mjority of the work on this type of ligand has concentrated on thicamides
and their derivatives, although a few camplexes of thiocacids have been reported.

Zinc(I1) complexes of thicmalic acid {112,1171, ArCS.H [118], Etocs.H [119],
(1) [120], and HMS.QNHCSNH; [121] have been described. On heating {Zni]

HO CS,Me
N(CS,H), Ph-;f=j;'N "
N(CS,H), NN
HO
(8

&b

{H;L = ¢T)} in eir, Zn0 is formed [120]. The pyrazolone derivatives, (8), give
intensely coloured complexes with zinc(II) ions and heve been advocated as
reagents for the colourimetric determination of the metal [122].

The ligand exchange of [Zn{tmtu},}?* with excess tmtu in D;C1, hes been
studied by ‘H NMR spectroscopy and the reaction shown to first order in the
complex [123]. 7Zinc complexes with the thicamides, R,C=NNHCSNH, [124],
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HzNCENIHCSH: [125] [{H:O=CHCILNHCSNH!:] [126], HoNCSNHNH: [127], the vinylogous
thicamide PROSCH=CHNR; [128], and with thiocarbamates {128], ethylenothicurca
[130], and dithiocarhazates [131] have heen reported. A 'H NMR investigation of
the configuraticn of Zn(1l) R R,CNNHCS:;Me and R.R.C=NMIKZNH: complexes in
solution has been made and the configuration shown to depend upon the nature of
the two B groups; with B; = Ar and R, = H, only one conformer, with the aldehydic
hydrigen syn to the N-N bond, was preRent, but & mixture of syn and anid
conformers was present with the compounds derived fram ketonew [132]. A study
of the vibrational spectrum of a polymeric zinc—dithiocxamide complex haz also
been made [144,145]).

12,1.4.3 Complazae wilk sulpinur hoterocycles

The interest in minc{II) camplexes of sulphur-containing heterccycles
continues and camplexes with Z-amino-S-methyl-1,3,4-thiadiazole [133], 2-amino-
5-phenyl-1,3, 4-tbiadiazole [134] and “2-amino-5-(2-hydroxyphenyl}-1,3,4-thiadiuzole
[135] have been reported, The five-coordinate species [Zn(benzacH) L] (L =
menzothiazole) [196] and omplexes of the novel ligand (9) have also boon

S
N=( " yoF
4 N-
YN N

HS

{9}

descrlbed [137]. Zinec ethancate b-ehaves sirdlarly to mercury(I1[} ethanoate on
reaction with 2-(2-pyridyl )benzothiazznle and gives complexes of 2 ring—opened
ligand [138]. A mzber of conplexes of zine with benzothiezole and other sulphur—
containing ligands have been described and the crystal structure of

[NBu, 1 (2008 208Ke; 35 b {(u-0>(Me) |, which contains a square-pyramidal {Zn5,¢} unit,
has heen reported [139].

18, 7.4.9 Complaxzas with gulphomic arids and relatad ligande
Zinc complexes of the ligands <103 and (11) [140,141] and & number of

7\ / N\
N N™
H N H Nj
HO.S
HO,S 3

(10} (113
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sulphonsmides [142,143,146] have slso been described.
12.1.5 Complexes with nitrogen demor ligands

12.1.5.1 Compleres with amines and related ligands

The majority of complexes with this type of ligand are with diamines, Schiff
bases, ar amino acids (See 12.1.3.2) but a few compounds with monodentate
nitrogen donor ligands have been reported.

A geries of violet, air-stable, heteropolymiclear complexes,
[Ninan(N2H4)3(n+m)}{S{)4](mm) {(n=1, m=1-4; m =1, v = 1-4) have been
isolated from the ZnS0,-NiSO,-N.H, system {147]. The, presumably tetrahedral,
compounds, [ZnL; X, {L = (HOH,(H;),NH; X = C1,Br, [ND.], [NCS] or [C10.]} have been
rrepared [148] and stability canstants for the formaticn of the zinc camplexes
of RNHCH.CH,0H reported [149].

A number of zinc{I1} azobenzene complexes have been prepared [150]. The
complex [Znl.}I, {L = Me,CHN=CMeCH=C(QH)R} has been investigated by 'H NMR and
IR spectroscopy and 2 trans tetrahedral coordination about the metal proposed
f151]. Alcoholysis of Ph;P=NSiMe; in the presence of ZnX. (X = halide), results
in the fomation of Ph;P=NH camplexes, which are thought to have the halide—
bridged structure ¢12) {152].

X, X _N=PPh,
“In n
Ph3P=N/ \x / \X
(12)

Camplexes of zinc with 1,2-dismines continue to be of interest, and the
ZnCl,-en system has been reinvestigated [153]). X-ray diffraction and Ramn
spectroscopy have been applied to the study of zinc-en canplexes in aguecus
solution; [Zn(en);}** and [Znen);1** have the expected tetrahedral and octa—
hedral gecmetries, respectively [154]. The ternary camplexes formed between Zn{II)
and the ligands en, 1,2-pn, gly, Me N{(H;).NH., and MeNH((H, ) NHMe have been
investigated [155,156].

Aquecus solutions containing Zn{II) and H,L (H,L = {{{McCHOHCH, },NCH>~},])
have been investigated potenticmetrically and shown to contain the camwlexes
[M{Hg.l..)]z*', [M¢H,L]T, and EM(H.L)] [157]. A erystal structure of the compound
[ {HZn(MeNCH,CH,NMe, )}, ] has been reported [158]).

The formation of 1,2-pn and 1,3-pn camplexes of zinc has been studied, and the
simple 1:1 and 1:2 complexes, ‘as well as a 1:1:1 ternary species, have been
detected in solution. It was shown that 1,2-pn, which gives a five-membered
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chelate ring, is a better ligand for Zn(II) than 1,3-pn {159}. The polarographic
reduction of a manber of Zn{II}-1,3-pn cosplexes in a range of solvents has also
been investigated [160]. The reaction of (13) with 1,3-pn in the presence of

X (13; X = 0)
{14; X = N{CH;}3:MH3)
0
Zn2* ions results in the formation of [ZnL.]23* {L = ¢14)}, rather than the

expected macrocycle [161].

The bidentate ligands [ ¢Ph,P}(ArNC)Pt(MeOCNAT),} act as ¥; donors and the
heteropolynuclear species [ZnBrsl) has been reported {162]. Zinc complexes with
the potentially tridentate ligands, [(MeMH);CR] (R = H,Me, or Et), have been
described [163], as have the complex ions [zaL)%* (L = tach, 1,5,9-triazancnane,
or {HNCH.):(Me) [164]. 1In the latter cases it has been shown that the
rigidity of the ligand plays an important réle in coordination, and this is
reflected in the thermodynamics of camplex formstion. The tripod-like ligand,
(Et ;NCH,CH, ) ,N(CH,CH,OH), has been shown to give dimeric, five-coordinate
camlexes as in the cation, ¢15), of the compound (Zn,L.][C10.]. [165].

HO

{16) (17
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RS
HO N
l R
3
R
2
R‘l
Rl Rz Ha Ra. Rs Rs
{18} benzo H H H H
{20} benzo H Me H RO
(21} benzo H H e H
(22) H H Ph Me H H
(23) H H H H B H
(24) Cl H Me H H H
(25) Me H Me H H Ko

The interest in the complexes of substituted salicylideneimines contimues,
and the Schiff base fram 2-aminomethylfuran and salicyleldehyde forms a zinc(II)
complex which bas been shown, by 'H NMR end IR spectroscopy, to contain the
ligand in the form (i16), rather than as a 2-furylimine (i7) [186]. The camplex
(Zn,L,] {H,L = (18)} has been described and considered to have the structure
19y {167]. Reports of camwplexes with the ligands (20) [168], (21) [1e9], (22>
[170], 23y [171], ¢24) [172], and ¢25) [173] have also appeared.

A variable temperature ‘H NMR study of the camplexes |Znl.] {HL = (28) or
(273} in solution has indicated that they are dynamic, interconverting between
the 4 and A enantiomers [174].

19
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OH
(26; R = He}
~NR
{27; R = CHMe;)
Me

12.1.5.2 Complewes with pyridine and quinoline ligands

The zinc{II)-pyridine system has been further investigeted polarographically
[175] and camplexes with a number of substituted pyridines have been prepared
in an atiempt to determine the importance of back-donation in the M-N bonding
of such systems [176]. The reaction of Zn{ox) with pyridine bas been studied
and the complex [Zn{ox)(py):] characterised [177]. Thermal decamposition of
[{CF3):2Zn{py);] leads to CF;H instead of the expected perfluorocyclopropane
[178]. The MN NGR spectra of the complexes [Zn{py).(NGi).l, [Zn{py):(NO0s).],
and {Zn{py).X;] (X = C1,Br,I,&3, or NO;) have been reported [179]. The
halogenation of a number of zinc(Ii)-pyridine complexes has been investigated
and the bramination of {ZnX;L.] (L = d-methylquinoline or 2,&6-dimethylpyridine;
X = C? or Br) shown to give only [IH].[MX.Y.] (X = C1 or Br; Y = Br) [236]. in
n¢ case was any ring-brominated procduct obtained. An investigation of the
ZnX;-2-Mepy (X = CI or Br) system in CzHq, C:HsC1l or Et0;CMe has been made and
the results interpreted in terms of the formation of the corresponding
(2n(2-tepy):X;] complex [180]. A zinc camlex with 2-(2-pyridyl)ethanol has
2150 been described {1817,

Canplexes with pyridine aldehydes and ketones are of interest and the ligand
bis{2-pyridylketone has been the subject of several investigations. The type
of ¢oordination adopted with this campound appears to depend upan the counter
ion, since [ZnL{N;),] is Four coordinate whilst [ZnL,(NCE),] (E = § or Q) are
six coordinate with the ketone acting as an #: donor in each case [182]. Of
the complexes {ZnlX,] (X = C1,Br, or i}, only the iodide ionises in dmf,
apparently indicating the halide ions are strongly coordinated {183}, 3
Pyridinealdehyde is alsc of interest as a ligand ang camplexes with the parent
campound (1841 and its thiosemicarbohydrazone [185] have been reported. The
condensation of 2-pyridinealdehyde with tach, and 2-pyridinealdehyde or 2-
acetylpyridine with 1,1,1-tris{aminamethyl )ethane, results in the formation of
tridentate ligands (L) which fonn the corresponding [ZnL]2+ conplexes. These
camplexes have been shown to be chiral, undergoing rapid racemisation in
solution [18B]. '

The reaction of Zn{C,Me),.nH,0 with ¢28) in Bz(H results in the formation
of moncmeric five-coordinate complexes [187]. Surprisingly, the template
reection of ArCNHNH, with 2,6-diacetylpyridine in the presence of Zn{II) icns
does not appear to have been investigated. The formation of zinc complexes with
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2-HO,Cpy (1881, 2,6-(HO;C).py (188,189], 2,6-(H0.CCH,).py (190], 3-H NCOpy [101],
and 2,3-{H0;C);py [189] has been described. The vibrational spectra of [2Znl.L’':]
{LH = 2-pyridinecarboxylic acid ¥-xide; L' = H:0 or D:0) indicate coordination
through the N-oxide oxygen and the carboxylate group [192]. In contrast, the
camplexes with 3-pyridinecarboxylic acid ¥—oxide and pyridine—4-carboxylic acid
¥—oxide are polymeric rultinuclear species [193]. Crystal structures of
[2nL,(MCS).] (L = 3-pyridine¥,¥-diethylcarboxamide } [194] and [ZnL,(H,0)2(HOD:):]
(L, = 3-pyridinecarboxamide} [185] have been reported.
2-Hydroxyarylhydrazinopyridine {2-HOarNENipy (Ar = 2-hydroxy-i-naphthyl or
2, 4-dihydroxyphenyl)} complexes of zinc have been investigated, and the metal- |
ligand vibrations reported [196). The mass spectrum of the Zn{II) camplex (Ar =
10-hydroxy-9-anthryl) is of interest is that it contains an ion corresponding
to Zn* {197]. Zinc(II} complexes of the Schiff bases fram 2-amino-
pyridines and salicylaldehydes have been prepared and are reported to involve a
tetrahedral gecmetry about the metal [237].

Crystal structures have been reported for the complexes [Zn{dien}L] 2+ {L =
bis{Z2-pyridyl)amine}, in which the five coordinate zinc atam adopts a trigonal
bipyramidal configuration [198], and [Zn(3-0:8py).(H,0),], in which the two
3-pyridinesulphonic acid ligands adopt the axial positions of an octahedrsl
{ZnoN,} unit [199]. The reaction of ZnEt, with LiAlH, in ether results in the
formation of 2 modergstely stable form of ZnH;, which reacts with pyridine to
give complexes containing coordinated 1,4-dihydropyridines. The complexes
fL,ZnL31 (HL = 1,d4-dihydropyridine; L} = (py), or tmen) have been characterised
and used for the reduction of carbonyl compounds [200,201].

Work on complexes of the classic diimine ligands contimtes and 'H NMR studies
of solutions of [Zn{bipy)]>* and [Zn(phen)}®* have been reported. These
conplexes show little tendency, unlike the free ligands, to stack in solution
[202]. The electrolysis of alkyl or eryl halides in Me(N-benzene at a zinc
electrade in the presence of bipy results in the formation complexes of the type
[RZnX(bipy}] (R = Me,(F,,Et,(H,=CH(H,; ,Ph,C¢F;, or Bz; X = halide). This provides
a route to arylzine cawplexes, since aryl halides do not normally react
with metallic zinc, Oxidation of [RZnX] in the presence of RX and [RiN]X had
resulted in the formation of [RiN][RZnX:] and these are the first examples of
campounds cantaining the [RZn¥.]" anion [203]. The system [Zn(phen); ] 2*-AMp
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has been studied, and shown to possess strongly Pfeiffer-active optical activity
[204].

The luminescence spectrum of [Zn(bipy)3]2+ and 77 K has been reported [205],
and is of particular interest since it has been recently claimed that anomalies
in the fluorescence and vibrational spectra of agueous solutions of bipy are due
toc the leaching of zn®* ions from the glassware to give a highly fluorescent
zinc-bipy complex [206]. The ancmalies had previcusly been interpreted [207] as
evidence for the formation of a covalent hydrate of the diimine; such species
must now be regarded as hypothetical in the abscnce of any further evidence for their
existence.

Quinoline complexes have not been so widely studied as those with pyridine
ligands, but a few compounds have been described. The reaction of [ZnL.(¥,0)]
(HL. = 1-chloro-2,4-pentanedione) with quinoline gives the five cocordinate species
{Znl.{quin)] 1238]. Similar reactions occur with isoquinoline, quinaldine and
4-methylpyridine. The camplexes [Zn{amq)X.] (X = C1,Br, or I} and
[Zn{amg).1{C10,}; are tetrahedral, in contrast to some other zinc(II}-ama
complexes which have been described [208]. A C NMR investigation of the
ligands B-HO-quin and 4-Me—8-HO-quin, and the camplex §Znl,] (HL = 4-Me-8-H0-quin)
in dmso-d; has demonstrated the complex to have a weakly jonic Zn-0 interaction,
with most of the negative charge localised on the oxygen {209].

Polymeric coamplexes, [ZnL(Hzo)zln with bis{8-hydroxy-5-quinolinyl)-4,4'-
hisazobipheny) (1LH:) have been prepared, and the ligand shown to coordinate
through the quinoline nitrogen and the axygen atom [210]. The reaction of INiL)
{H;L = ¢29)} with ammonium persulphate, pyruvic acid and AgNO, gives (30), which

(29; R
{30; R

H)
0;CMe)

acts as an V0, donor to a mumber of transition metals. The complexes [ZnL]
{H;L = (28} or (303} have been prepared, and their electronic spectra reported
[211].

The camplex [ZnL.(NCS),] {L = benzoquincline) has been prepared and the NCS
ligands shown to be ¥ bonded, in contrast to those in the corresponding Hg{Ii)
or CA(¥1} camplexes [212]. The complexes [Znl.Q.] (HL = PHH; Q = quin, or
isoquinoline) have also been reported and shown to involve octahedral coordination
at the zine(II) atom, with a bidentate carboxylate group [234].

12.1.6.3 Complexes with other heterccyclic ligands
Although no complexes of pyrrole itself have been reported this year {(but see
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next section for macrocyclic ligands containing this group), the pyrrolidine
complex BnLl.MeCOH {L = (31)} has been described [213]. Treatment of Zn{acac},]

>[_Sza(cnzc 0,H),

)
oH

(31

with a mixture of imidarzole and tetramethylimidazole results in the formation of
[Zn(imid).] and a determination of the crystal structure of this compound has
revealed that it consists of tetrahedral {Zn#,} units, connected by bridging
imidazole groups [214]. NMR studies have been made on a number of zinc complexes
of elaborate imidazole derivatives [215}.

Reactions of the bidentate ligmnd, bis{3,5-dimethyl-l-pyrazolyl)methane (32),

0
T
7 N7 RN PhCO

Me” TN

(32} {33)

have been investigated, and the complexes [ZnlX:;} (X = €1 or Br) and [Znl;]X:

(X = O3 or ClOy) have been prepared [216]., The extraction of zinc from aqueous
solution by 4-benzoyl-3-methyl-1-phenyl-3{4H}-pyrazolone (33) or (Bud),;P
digsolved in bénzene hes been studied [217].

Zinc complexes with imidazole [218], 1,2-dimethylimidazcle {210], ¢33y [220],
1,2,4-triazole {221], S-cyanotetrazole [222], benzimidazole {223], 4-amino-
1,2,4-triazole [224], and 2-amino-5-phenyl-1,3,4-oxadiazole {233] have alsc been
reported. A crystal structure of [ZnL,(8N),] (L = 1,2,4-triazole) has revealed
it to consist of {Zn¥;]} octzhedra linked by a 2,4-bridging triazole group [235].
The five coordinate benzotriazole complexes [ZnL,;X,] (X = N; or NCO) and the
octahedral species [ZnL.(NCS);] have been described [182]. The octahedral
camplex {Zn(HL)»(H;0);IC1,.2H,;0 (HL = 2-hydrazino-8-methyl-4(3H)-pyrimidone)
has also been described; one of the chloride ions is hydrogen banded to the ring
NH and the zinc atom is coordinated to 2 ring nitrogen and the terminal NH:
group [225].

The interaction of micleosides and micleotides with zinc(iI) ions is of
obvious biological significance and much work has been done to elucidate the
nature of the interaction. Coplexes formed between ATP and an+ are of
particular importance, since the presence of this metal ion accelerates the
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hydrolysis of the polyphosphate, thus the complexes provide models for ATP
transport and biological phosphate transfer. A crystal structure of
[Zn(H,ATP){bipy)}]..4H,0 hes been reported, in which the zine ions are in {Z2n2,¥,}
octahedra, with two bridging —P0- units [226]. The adenine camplex
[ZnL][C20,]1.EtOR. H,O (HL = adenine} has been prepared, by the reaction of
Zn[Cl0,]; with adenine in ethanclic triethyl orthoformate, and the method is
claimed to be advantageous over those involvihg aqueous conditions [227,228].
Zinc(II} nmicleoside complexes have been investigated by C NMR [229] and, in
aguecus NaCl, by *Cl NQR spectroscopy [230]. Zinc complexes with 2-hydrazino-
3-methylquinoxaline {231], and 9-methylhypoxanthine [232] have also been
described.

12.1.5.4 Complewes with macrocyclic ligands
The majority of camplexes, invelving zinc co-ordinated to a macrocyclic
ligand, reported this year are based on the porphyrin or phthalocyanine ring
systam, and such complexes are being intensitively investigated as photocatalysts
for the photoreduction of water and/or organic compounds. The results of
(NDO/2 calculations for [Zn{Pc)] have been reported, and ccmpared with the FPP
and EHMD calculations for the same species [239]. The electrochemical oxidation
of zinc tetra-4-teri-butylphthalocyanine (34) in nitrcbenzene or 1,2-dichlorobenzene

R
N
R : n -
N_ZH_N fa— {34; R = CMe;)
l ' —_ (35; R = 50,H)
Ne N~ N

bas been reported [240}. In cationic mycelles, the anionic phthalocyanine,
Na,[ZnL] {H,L = ¢35)}, in the presence of cysteine, has been shown to sensitise
the photoreduction of the 1,1’'-dimethyl-4,4-bipyridinium dication {methyl
viclogen, Paragquat) although, in the presence of a surfactant, [2Zn{Pc)}] was more
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effective [241]. Zinc napthalocyanine has been prepared in low yield (18%) by
the template reaction of Zn{0,(Me),, urea, and 2,3-naphthalenedicartoxylic acid
[242]. Most of the work investigating the ability of porphyrins to act as

photosensitisers utilises the readily available mego-tetraphenylporphyrin (36),

R
(38; R = Ph)
(37; R = 4-HO38CeH.)
R R (38; R = d-({l-methylpyridinium}
{39; R = 4-Me;NC H,)
R

although various anionic and cationic derivatives are now being investigated.
Many workers have used the 1,1'-dimethyl-4,4'-bipyridinium dication as an
electron acceptor and the photoreduction of this species in the presence of
[ZnL] {H.L = ¢38) or (37)} has been investigated [243]. Varicus chemical
mixtures have been utilised for the photoreduction of water and these include,
[ZnL]* {HeL = (37)}/Pt/H,0 [2a4], [2oL]®* ([H13%" = (36)}/Pt/H.0 [244), and
[znL] (H,L = (36)}/edta/[MV]2* 4,0 [245]. The reversible photoaxidation of
{ZnL] {H,L = (35)) has been shown to provide a photocatalytic method for the
reduction of quincnes {246,247]. Sn0, semiconducting electrodes are photo—

sensitised by zine porphyrin camplexes but the zinc species is consumed in a
campeting dimerisation reaction [248]. Related investigations have involved
studies of the electronic, fluorescence, and phospiorescence spectra [249] and
the polarised abscrption and linear dichroism spectra [250]} of zinc porphyTins.
The radical cations of zinc{Il} porphyrins emy be prepared fram the parent
camplest [2nL], by reaction with Fe(III} {251}, or by oxidation of a triplet
state with Bu(III} [252]; it photodisproportionates to {ZniL] and [ZnL]2* {251].

The formation of porphyrin camplexes by the reaction of H,L {(35) or ¢a3s)}
with Zn®* has been investigated. In the case of ¢35), an activated camplex
[H,14...2n(H,0)6]%" was implicated as an intermediate [253)], whilst the reaction
of (39) with Zn®* wes first order in each reactant, and faster than the
corresponding reaction of (36) [254]. The formation of a zinc 'nitrotetra-
benzoporphyrin' has also been reported [255]., The formation of cobalt(II)
porphyrins by metal exchange of [ZnL] with CoCl, in Field Desorption mass
spectropetry has been reported [256]. A number of NMR studies of zinc porphyrin
camplexes have been made [257,258]).

Several reactions of zinc porphyrins have been reported and are of interest
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as methods for modifying the ligand. Thus, the reduction of [ZnL] {H,L = ¢35)}
with MeCHN.CO:Me, followed by demetallation, has resulted in the formation of
the hamoporphyrin (403 and the F-alkylated species (4i) [259]. Vilsmieir

CO,Me Ph
Ph
Ph
P Ph g
Ph Ph
40) (41)
Bt CHO ¢
Et Bt
Ef Et
Et 3
(42} €43}

(14)

formylation of zinc octaethylporphyrin gives (42) [260}. A crystal structure
of a dinuclear zine complex of the porphin precursor, 1,2,3,7 812,13,17,18,19-
decamethyibiladiene-a,c (43} has been described [261] and the octaethyliscbacterio—
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chlorin camplex (44) has been studied as a model for sircheme enzymes [262].
The synthesis of zinc tefra-2,3-naphthoporphine by a tewplate reacticn has been
described [263]. ' _

A zinc complex of [38)Jane-1,4,7,10,13,16-N; has been reported, [264] and the
metal exchange of CQu(II} for Zn({II) in a range of cyclic polyamine complexes,
fznL)?* @ = (12}ane-1,4,7,10-N., [13]lane-i,4,7,10-N,, [14]ane-1,4,8,11-N, or
[15]}ane-1,4,8,11-N,) in agquecus solutions buffered by ethanoate has been
investigated [265]. The metal exchange reaction was thought to involve a ligand
dissociation:

[ZnL1%* + MeCO,H  —e  [20(0,CMe}}* + HLY

as alreadv proposed for the metal exchange reactions of porphyrins in dmf. The
formation of the complex ions [ZnL(Hzo)x]2+ and [2nL(GH)]* {L = 5,7,7,12,14,14-
Me,—[14]-4,13-diene-1,4,8,11-N, (45)} has been described [266].

=1 R R
0 —(CH) 0
HN/_I NH m
47— R NI R
_ | ! L

{45) {46)

A nmber of mixed donor macrocycles of the type (46) have been prepared
(n=2 m=2; n=3, m=2,3 or 4) and their zinc camlexes have been character—
ised. A determination of the crystal structure of the complex [Znll,] (L =
B,lz—uez—sl,6:14,15—B202-[14]-5,14—diene—8_.12—Nz(1,4—02) has indicated that only
the nitrogen atams are coordinated to the metal [267]. Lewis ez al. have
described a number of zine camplexes of macrocycles incorporating 2,2'-
bipyridine or 1,10-phenanthroline subunits (see Mercury, Section 13.2.7) {268,
269,270} '

12.1.6 Complexes with phosphorus or argenic domor ligands
2
The reactions of [Zn{dmso)e] * with a range of tertiary amines, phosphines,

or arsines have been investigated; complexes with Bu.N and Bu,P were character-
ised, and were found to be more stable in water than the dmso camplex {231].
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12.2  ZINZ(I)

Very few camplexes of zinc(I) are known but the pulse radiolysis of agueous
solutions of {Zn([14}ane-1,4,8,11-N,)1%" has been shown to produce [ZnL]* {271},

CADMIUM

12,3 CADMIUM(TI}
12,3.1 Halide compleces

A study of the vibrational spectra of CdF, and CA¥FX (X = C1 or Br) has been
made, the mixed-halo species being prepared by mixing equimolar amounts of CdF:
and Cd¥, in the vapour phase. The fluorchalides have been characterised as
molecular species for the first time [1]. The sclubility of CdCl, or CdBr; in
dmf [3], and of CdBr; in water [272] have been determined and the thermal
conductivity of agueous solutions of CdCl; and CdBr, has been measured f2}. a
determination of the crystal structure of Cs[CdBr;] has been reported and the
metal shown to exist in trigonally distorted {CdBr.} octahedra [273]. The Raman
spectra of ‘Bb{CdX;] (X = CI or Br) [274] and [Pr.N].[CdX;¥Y] (X =Bror 1; Y=
Ci,Br, or I} have heen reported and the latter anions, like [GdClgx]Q“, shown
to have a pseudoteirahedral geometry [275].

A number of 1 -cetyl-3-methylpyridinium (&%) selts, A;[CdX.] and Afcax;]

(X = C1,Br, or I) have been characterised [13], as have the tetrachlorocadmate(II)
campounds, [LH];{CdC1,] (L = 4-NH;CeH.S0,NH; or 4-NH,CH,SO:NHOOMe} [276]. The
extraction of Li,{CdI,] from water by methyl Zso-butyl ketone (L) has been
investigated, and the organic layer shown to contain Cdi;.4L and Li,[odi, ] 100
" 27l 115%-4 has been used as a tracer to follow the extraction of cadmium
from agueous HC1 solutions by tributyl phosphate [278].
The campounds MCdsCl, MCACL,, M,CACl,, M;Cd,Cl, (M = Cs,Rb), CsCdCls, RbCdCle
and Rb,Cd;Cl,y have been reported as components of MC1-CiCl: melts [279].

12.3.2 Pgeudvhalide compleree

A crystal structure determination of CA(NCS); has been reported and the metal
shown to be in an ¥,5, enviromment [2B0). The complex A; [cd(8a9), 1 {A = l-cetyl-
3-methylpyridinium) has been prepared [13] and the related species,
[RyN1.{Cd{8®),], are extracted fran aquecus solutions containing ca®* and [sai™
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by solutions of quaternary ammonium salts in organic solvents [281].

The thermal decanposition of [Ph2I],[Cd(CN),] has been investigated [282].
The interaction of [RyP]' with aguecus Cd%* and [ON]™ results in the formation
of the complexes [RPI[OA(N),], examples of solid camplexes containing the rare
fM(CNy,]” anion [17].

12.3.3 Complexes with oxygen donor ligands

12,3.3.1 Complexes with thorganie oxpmions

For the reasons given at the beginning of Section 12.1.3.1, this review will
not attempt to cover the mixed oxides of cadmium which have been reported.

Phases formed in the ternary systems Eu{C1C.]1.—Cd{C10,].-H,0 [283] and
CdS0,~H,0-H,80, [284] have been studied. The thermal decamposition of
CdsS0y . ZHC] has been investigated and the campound shown to lose 93% of the KC1
between 343 and 523 K {285]. A Raman spectroscopic study of the complex
[MH,]2[Cd5¢80,);] has been reported [286]. The reaction of [Cd(ox}] with CO,
at elevated temperatures has been shown to produce (i[CC,] [45].

Only a few phosphate complexes of cadmium{II) have been reported this year,
including the ternary species [Od(edta)(PZO;)la_ which was detected potentio—
metrically in mixtures of Cd2¥, H,edta, and [P;0,1% {2871, and [Cds(PsOus )].16H,0.
The latter species is farmed in the reaction of Cd[C10,1. with ethanoclic
HePsDyy and it dehydrates readily to give Ca[PO,] [360]. The extraction of
cadmium fram aguecus soluticn of cadmium{II) salicylate by trilxtyl phosphate
in cyclohexane has been studied [32].

The methanesulphonic acid camplex, {CA(MeSO;).], has been prepared by the
reaction of CdCl, with MeSO,H [288] and a crystal structure of Cd{(0;SCH»S0,).3H:0
has shown the metal to be seven coordinate, in a distorted pentagonal bipyramidel
enviromment [289], The reaction of Cd{Q:CMe)s with [CH] in the presence of
other anions (¥, [8,05]%" or [H0.]7) has been investigated and the products
showm to inelude [CA(CH}X] (X = F or HOO:]) or [Cd.((H)e(5:0:3], as well as
Cd(CH). [290].

12.3.3.2 C(omplexes with carboxylic acids and related ligands

The policy adopted for this section has been to include all the cadmium(II}
complexes of carboxylic acids, except those involving ligands which contain
either a sulphur atan or a nitrogen heterocyclice ring.

On pyrolysis, Cd{0,CMe)..ZH,0 behaves similarly to the corresponding zinec
compound giving, ultimately, CdO, Me:00, and {MeCO),0 [48]. A number of ternary
complexes containing ethanoate have been reported and the systam investigated
include CA(0.Cie);-Ho0-C1~ {291] and Cd(0.(Me},-H,O-EtC0,” [202]. The solubility
of Cd(0,CMe): in mixed alcohol-hexane solvents has been investigated and a model
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for the solvatiop shell of the metal in such systems has been proposed {49}, A
complex, BaCd(HCO,),.ZH,0, has been characterised in the Cd{HQ,):-Ba(HCO;)-H,0
system [293].

Other carponylic acids, the interactions of which have been studied with
cadmium(Il}, include 1,2,4-benzenetricarboxylic acid [55]), 2,3-dihydroxypropanoic
acid [294], citric acid [295], trihydroxyglutaric acid [295], salicylic acid
{205), humic acid [298}, 2-furancarboxylic acid [207], gluconic acid [268]), and
4-hydroxybenzoic acid [299]. A crystal structure of a camplex with the latter
ligand, [C4(H;0)s;L]L.H,0, has been reported [299]. The formation of ternary
conplexes of cadmium(II) with thiosulphate and itaconate, adipate, or phthalate
have been reported and several camplexes were isolated [3186].

Amino acid complexes of cadmium have not been as widely investigated as those
of zinc but compounds with L-giutamic acid [300] and phenylalanine [66] have been
described. Mixed-ligand complexes with glycinate and bicinate [301) and citrie
acid and L-histidine [302], have been reported. Detemninations of the crystal
structures of [Cd(gly):X,] (X = C1 or Br) have shown the two compounds to be
isomorphous and to involve an octahedral enviremment about the metal; the amino
group is hydrogen bonded to a carbonyl group and a halide ion [303]. A number
of aminc acid and peptide complexes of cadmium{II} have been investipated by
BNQR spectroscony [315].

Iminodiethanoate camplexes coantinue to be of interest and the ligands
investigated inciude: (HNOOCH,)N(CH;CO0:H); and (H,NOOCH,CH,)N(CH,CO,H), [76],
(HO , CCH(CH)CH; N¢CH.CO-H}, {711, H.edta [304], DL—(HO,OCH,),NCH,CH{CO.H)N(CH,C0,H},
[72], (MeD,OCH, ) NCH,CH,N(CH.COMe), [305], and {(HO.CCH, ),NCH,CH,NHCH,CH,NH-
CH,(H,},NH [308)]. The kinetics of the reaction of [PbL] {H,L = (HO,CCH,},NCH,—
CHOCH ,CH, QCH, CHN(CH,CO,H) - with ca®" have been investigated and the product
shown to be [CdHL]™ [307]. The natural abundance “N NMR spectrum of [CdL]z_
{H,L = (47)} has been reported and satellite peaks due to coupling of K to

N(CH,CO,H),
N(CHZCOZH)2
“n
the "Cd and PCd nuclei detected [308].
12.3.3.3 Complezes with amides and related ligands
The malonamide (L) complex [CdCl,L.].MeCH has been prepared in which the

coordination about the metal is octahedral, with the rmionamide dcting as a
bidentate ¥; donor and the chlorine atcms mutually ofs [309]. This compound
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differs from the related, but five-coordinate, zinc complexes which have also been
reported [77,78]. The camplexes [CAd(tm)X;] (X = C1,Br or I} have been reported
and, like the zinc cocmplexes, the ligand shown to be coordinated through oxygen
[79].

Camplexes involving cadmium{II) have also been reported for the ligands:
PhCH=CHOONHNH, [86], H NCONBCCNH, {85], PhCHLCONHCH [87]. 4-MeC HN{GH)CDAr
[310], and acrylamide [801. The thermal decamposition of [CAL:X:] (X = Cl or Me(D;;
L = MeNHCHO) [88] and [Cd(dm)Cl,} [84] has been investigated. The camplexes
[CA¢MeS0;);L] (L = dmf or tmu) have been prepared by the reaction of [Cd(MeS0:):]
with dmf or tmu, respectively [288].

12.3.3.¢ Complezes with ketones and ethers
Very few camplexes containing ketone ligands have been reported this vear but
a determination of the crystal structure of [NH,]{CdL;] {HL = ¢48)} has shown

0 CF3

0 0

(48}

the ligand to be bidentate, with the pecmetry of the anion distorted towards a
trigonal prism {311}. Complexes with ArCOCH,COMe (AT = 4-MeC:H, or 4-FCgH,} [92]
and 5-chloro-2-hydroxy~4-methyl-acetophenone [312] have also been described.

The *Cl, *Br and Y1 NGR spectra of a mumber of CdX,-polyether complexes
have been reported and the details indicate that the campounds are dimeric in
solution, with symmetrical halogen bridges between the metal atcms [313]. The
complex {{CF;),Cd(glyme)] has been prepared, by the metathesis reaction of
(CF3)»Hg with [CdMe;] in glyme, and has been shown to be a useful intermediate
for the preparation of other triflucromethyl compounds (e¢.g. R.Ge, R.8n and
RsP) [314].

12,3.4 Complewes with sulphur or seleniuwm donor ligands

12.3.4.1 Complexes with thiols, thionea and thicethers

A mmber of [Cd{SR),] complexes with alkanethiols have been prepared [317].
The ligand (48), formed fram the reaction of CS; with alkali metals in duf, gives
an anionic cadmium complex, [BuuN].[Cdl.] {H,L = (4}, .

The reaction of (50) with metal salts results in dealkylation and the
formation of the trimetallic species, (51). Thus the reaction of (50) with
Cd(0:Me): resulis in the formation of (51; M; = M; = Cd; X = 2Br). A
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heteropolynuclear species, (5i; M, = Ni; #; = €d; X = [cdBr,]) results fram the
reaction of (51; W = M; = Ni; X = 2Br) with Cd{0,(Me), [318].

Ligands containing heterocyclic and mercapto groups contimue to be of
interest and cadmium{II} camplexes with l-amino-Z2-mercapto-5-triflucrcmethyl-
1,3,4triazole [105], 1-benzyl-2-ethyl-5-mercapto-1,3,4-triazole {107], 3-amino-
2 mercaptogquinazcl-4one [108)], 2-thicuracil [103], and 4,6-dimethyl-2(1H)-
pyrimidinethicne 104,319] have been reported. With the latter ligand (HL),
the camlexes {CA(HL);Xp} (X = Ci,Br,I or tfa), [Cd(HL);}[C10,],.2H,0, and
[CdL;] have been prepared; the [CA(HL}»X,] compounds are polymeric, with a
halogen-bridged structure, and differ fram the corresponding zinc{iI) and
mercury({II) complexes, which are tetrahedral monamers [104]. The camplexes
[CdL:Ci,] with the mercapto and selenide ligands (L) (52)-¢58) have been

Y X
{52) 3 NH

(ka)’ (53) s s
N (54 Se NH

H (55) Se 0

(56 Se 3

reported [320].

Cadmium{II1} camplexes with a mumber of dimercaptodicarbaxylic acids [321] and
thicethers have been described; the ligands employed include: HO,OCH,SSCH,CO,H
and HO,OCH,(H,SSCH,GH,C0-H [114], Me,S and MeSSMe [113]1, ¢57) [322] and

HD,OCHCHCO:H)SCH(CO:H)C(H00,H [111]. The camplex {CdLCi:] {L = (57} has been
shown to involve a square planar geametry at the metal [322].
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12,3.4.2 Complexes with thiocacids, thiamides and related ligands

Camplexes of cadmium{II) with (7) [120] and HS,CQURENH; [121] have been
reported. The reactions of [Cd(acac);} with the anions of Et.NCS:H,
B*mrpholinedithiccarbo)wlic‘acid, or Z2~piperidinedithiocarbaxylic acid (HL)
have been investigated and, in each case, the product was shown to be the
corresponding {Cd(acac)L] camplex [323]. A mumber of ternary camplexes,
[cdL:Q) ¢(Q = bipy or phen; HL = EtOCS:H) have been prepared, including ccmpounds
labelled with 1%%cd [119). The reaction of {Cdi,] (HL = diethyldithiccarbamic
acid) with a mmber of other ligands has been studied and the camplexes
fcdl.Q) (Q = 3-Mepy, quin or morpholine) have been cheracterised [324].

The preparation of cadmium(II) complexes with thicurea [325,326,327], ethyl-
enethiourea [130], thiosemicarbazide {[127), PHNHNHCSNHNHPh [328], dithicoxamide
(329}, and [{CH,=CHCH,NHCSNH-},] {126] have been reported. The thicurea
ligands in [CA{Q.(Me),(tu),] and [Cd(tu)n][C104] (n = 4 or 6) are bonded
through their sulphur atom; the former complex has a tetrahedral 5.0, arrange—
ment, with a more distant interaction with two cother oxygen atams giving the
metal atam a bicapped tetrahedral geametry [327], whilst in the latter two
camplexes the perchlorate counter ion is hydrogen bonded to the amino groups
of the ligand [325].

The formation of cadmium(Ii) conplexes of the ligands R,R,C=NNHCS:Me and
R R,C-NNHCSNH, have been studied by 'H NMR and the behaviour found shown
t¢ be similar to that of the corresponding zinc camplexes {see Section 12.1.4.2)
{132]. The complexes [CALX;] (X = C1,Br cr KCS) and [CdL;][C10,]: (L =
EtMeC=NNHCSNH: have also been investigated and have been showm to involve
tetrahedral cadmium{II} [330].

12.3.4.3 Complexes with sulphur heterocycles

The complexes {CA(HL),} and [CAL(H:0).] {H,L = {9} have been described and
are thought to have a tetrahedral geametry at the metal, with the ligands HL
or L acting as N5 donors {137]. Other related camplexes which have been
described include: {CdL.{py),}{SO,] (L = 2-amino-5-phenyl-l,3,4-thiadiazole)
{134] [CdL:Br:] (L = 4-amino-2,1,3-benzothiadiazole) {331}, and complexes of
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CA(I1) with #,1,3-benzothiadiszole and 4-hydroxy-2,1,3-benzolhisdiazole (3327,

i2.3.4.4  fompleses with eulphonic aoids

A numher of sulpbonic acid complexes of cadmium(II) have besen mentioned in
Section 12,.3.3.1 and complexcs with the ligands (10) wamd {11) have also been
described {140,141], The cooplexes [CdL,C1.] (L = 4-HNCH,50.NHit; B = H or
0,CMe) are formkd in the resction of I with CACl, in MelH-He (0, and react with
1K1 to give [1H].fcact,] [148],

i8.3.5 Compleres with nilrogem devor ligands

13.3.5.1 (omplaxes with gmines and refated ligands

A Raman study of the compounds [CA(NH:)e]X: (X = CL,Br, or I) has been reportoed
[233) and the complexes [Cd{DhNH:)X;] (X = Cl or Br), and their deuteratesd
derivalives, have been reinvestigated and shown Lo be octabedral [334]. This
latter study clarificd some of the confusion presenl in the earlier literature
concerning these compounds, Another aniline complex, 304C1:.4L, has been studied
and it has been shown that there are two types of octahedral envirenment in which
the cadmium alams are found, one cemprising o {CdCls) unit and the other z
{CdC1 N, unit [335].

Cadmiun({II} coamplexes of the ethanolamine derivalives MeNHCH,(H,OH and
ETNHCH,CH;OH [149] have been reparted. Complexcs of diamines have been widely
investigated, and several workers have studied the Cd(ID)-en system [336-341].
An X-ray apectroscopic study of aqueous solutions of cadmium—en comploxes has
shown ihal, like their zine(II) counterparts, Lhe ions [Gd(en);]2* and [Cd(en),
redpectively involve a tetrahedral and an octahedral geometry at the metal atom

>,
[336]. Miuch of the interest in the en complexes has centred upon the ability

of {L:c‘l(-:-n)}z+ szlts to form clalhrate campounds. The compounds {Cd(cn) HPA(CD,
and {Cd(MH:); HPA((N}.} earh accept two guest molecules of phenol, benzene, or
thiophen [336,339] and the thermal dscamposition of Lhese species, and of the
related camplex {Cd{en) HNL({CN), }.CsH; has been studied 338 338]. The compound
iCd{en)CA(IN), }. 2CHs 15 of interesl, since the en ligand has shown to be
bridging, although on heating Lo 100 “C it loses benzenc to form {Cd(en)}{CA(QN}, ]
[340].

The interaction of Ca%% with MeNH(CH,),NH, [342], dien, H:N(CH,) N(CH,) NH,,
or HoN(CHs }aNH(CH;)3;NH, [343] has been investigated and, in each case, a 1:1
camplex was lormed; {Cd(dien)C1;] cxists au polymeric chains of octahedral units
comnected by halide bridges, whereas Lhe complexes with the othor ligands contain
dimeric species [343]. The kinctics of the ligand exchange reaction bwehwesn
[Cu(edta)]?” and [Cd(trien)}®* have been investigated [344].

imine complexes of cadmium(1T) have not been as widely investigated as those
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of zinc(I1)}, but complexes of the former with the ligands ¢23) [171], ¢24) [172],
¢25) [173] and (¢58) [345], have been reported. The diimines (58) and (60}, formed

Me

OH Ph
th’_\<
N N«
) Cr O
¢{58) NH2 HZN

{60}

Ph._N

by the condensation of benzll with en or 1,2-diaminobenzene respectively, have
been shown to form the tetrahedral camplexes [CdL] [346].

The alcoholysis of Ph;P=NSiMe; in the presence of €dX; (X = C1,Br or I}
results in the formation of the camlexes [Cd»Cl.L.}, [Cd:Br.L;}, and
fCd;I,Ly]. 20HC1; (L = Ph,P=NH), respectively; the structure of {Cd,Cl.L;] was
thought to be similar to that of the corresponding zinc complex, whilst
[Cd;Br,L;] and [Cd,i,L.] were thought to have the structures ¢61) and (62),

2 P
L
;Cd‘—i_ N A
” e N \
4 \/NH ---l-—I
L— 1
cd
- N
Br \Br /Cd\

. L
(81) (82)

respectively [152]. The formticn of the camplexes [CdX,L} (X =Bror I; L =
[{Ph,P)(ArNCOPE(MeQC=NAr) . 1) and [CAL,L] (L = [{(dppe)Pt(MeOCNR).]) has been
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desoribed and the ligand is considered to act as a bidentate ¥, domor [162].

12,3.5.8 Complowes with pyriding and quinoiine ligande

The cadmium( I1)-pyridine system bas been turther studied [347,348], and the
YN MR spectra of the camplexes [0d.(Dy); (NO;). ], [td(py).C1;], and
[Catpyy: (HO4):) [349] have boen reportod. The interaction of cadmium{II} with
3-Mepy, 4~-Mepy, 4-Elpy, 3,4=Me;py, and 3-Fied-Mepy have been studied and the
risle of back donation in the formation of the Cd-N bond has been diuscussed [176];
an octazhedral complex [CdLb]?'+ was formed with all the ligands except 3-Ei-d-pepy,
The chlorination of ethanolic solutions of [CdL:X;] or [CALX,] (L = py, quin,
lsoquinoling, 3,0-Mepy or Mepy; X = C1l or Br) has been studied and, like the
corresponding zine compoundl, the only products identified were the halocadmate
salte, [1A];[cdx,c1,] and [TH}{cax.c1] [350].

Cadmiumi{II) camplexes with 2-{2-pyridyllethanol [181], 4-pyridinescarboxylic
acid #-oxide [351], 3-pyridinecarboxylic acid {352] and J-pyridinealdehyde [184]
have also boen described. The compounds [Cdl:I-] and [CdLX.} (X = Cl or Br;

L = bis{Z~-pyridyl }ketone) are all monomeric non—electrolytes in which the ligand
acts as an 7 donor {183]. Complexes of (2B; Ar = Ph ar 2-thienyl) have been
reported but, as in the case of the corresponding zine complexes, no tamplate
reactions have been described [187],

Cadmium camplexes of the azo compounds, bis{&-hydroxy-5-guinolinyl)-4,4'-
bisazobiphenyl [210] and 2-ArNIDNHpy (Ar = 10-hydroxy-9-anthryl) [197] have beeh
reported. ‘The complexes (Cd(amg)X.] (X = C1,Br, or I) and [Cd(amq);]{C10.];
[208] have boen described, as has [Cd(amy):(S).] [212]). In the latter campound
the thiocyanate is S coordinated, in contraest to the corresponding zine complox
in which it if ¥ bhonded to the metal.

The polarographic behaviour of Cd{Il)-bipy camplexes in agqueous dmf in the
presence of [ClO,)” has boen investlgated [353].

TALE.8.E Compleczes with other helerocyelic ligands

The pyrrolidine complex, CAL.HO,CMe {L = (313}, hes been reported {213] and
a2 nunber of cadmiun(1T1) complexss with imidazoles have beep prepared [218,354].
The cryatal structure of [Cd(glyely)(imid)Cl] has been reported [315] and shown
lo involve dimeric units with a distorted octahedral geometry about each metal
atam; thls conmplex has also been studicd in a C NMR investigation of a range
of nucleoside and peptide camploxes of cadmium(II) [355].

The extraction of cadmiom(II} from aquecus solution by benzens solutions of
tributyl phosphete and the ligand (33) has been studied [217). Cadmium{II)
camploxes with 1,2,4-triazole [2211, (3a2y {216], benzimidazole [223], 4-amino-
1,2,4-triaznle [224], g-methylhypoxanthine [232], and 2-amino-5-phenyl-1,3,4—
oxadiazole [233] have been reported.
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12.3.5.4 Complexes with macrocyclic ligands

The study of cadmium complexes of macrocyclic ligands is not as popular as that
of the corresponding zinc canmplexes, but the increasing realisation that cadmium
macrocycles undergo facile metal exchange promises to remedy this situation in
the near future. The crystal structure of {CA{TPP){dicxan);] and its '"“Cd NMR
characteristics have been reported {358]. The metal exchange reactions of
[CA{TPP)] with CoCl, or LiCl in Field Descrption mass spectroscopy resemble those
of the corresponding zinc complex [256].

Cadmium complexes of the macrocycles (46; n = 8, m = 2,3 or 4y, [267], [18]ane-
1,4,7,10,13,16-N¢ [264], and [14]ane-1,4,8,11-N, [308] have been reported. The
15N NMR spectrum of [Cd([18)ane-1,4,7,10,13,16-Ns)][N0:], has been described
and shows satellite peaks due to coupling to ®'Cd and Cd nuclei; the spectrum
shows sets rescnances due to two conformations of the cation, one corresponding
to a planar and one to a trigonsl bipyramidal structure [308].

12.3.8 Complemes with phosphorus or arsentic domor ligands

The five coordinate complex {CdClz(PhMEZP) }?1 has been reported, and shown to
have the structure (63) [356]. The reactions of [Cd(dmso)s}2* with RsN, RsP,

P
I

. Cd
cg—— Ct g \u_ — (d
AN cl - \ Ct ~
(63)

and R;As parallel those of [Zn(deo)s]2+. and 2 number of complexes with these
ligands have been prepared [357].

12.4 CADMIUM(I}

Cadgmium{I} is a very unstable species but more examples of it are known than
of 2inc{I). In general, ca* has been produced by pulse radiolysis of solutions
of cadmium{I11} complexes [358,271] and the complex [CAL)* (L = [14]ane-1,4,8,11-
N.} has been prepared by this means [271]. It is thought that the initisl step
in the pulse radiolysis is the decamposition of water to hydrated electrons and
{aH]", and that it is the former species which reduces the CA{IT) to CA(I).

134 NMR relaxation data indicate that the addition of cadmiwm metal to CdI,
resuits in the formation of Gd22+ and Od"', with the monameric species having a
half life of about 10 ps [359].
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