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13. MERCURY

E.C. CONSTAELE
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INTRODUCT ICON

The format adopted for thie review iz described in the introducticn to the
reviews for zine and cadmium in this volume.

13,1 MERCURY{I)
12.1.1 Halide compleras

An ub initic astudy of the molecules [Hg.F»] and [Hg;Cl;] has damnsirated
that, alibough Lhe polar Hg-X bonxd favours a head-to-tmeil orientation in the
dimer, the npderately strong Hg-Ag bond dictates a linear structure; [Hg»Cl:]
was calculated to be ca. 0.6 eV mare stable than equimolar amounts of Hg and
HgCls [1]. The electrochemical reduction of [Hg:X:] (X = Cl or Br) has been
investigatod, and the enhanced rates ohserved in the presence of V(III)
interpreted in temms of the reaction scheme (1) [2].

Meutren and Ramen [3] and *C1 N@QR [4] spectroscopic atudies of [Hg:Cli] have
been reported, and the chemistry of [Hg:F.] has been reviewed [&].

0010-8845/82/0000—0000/$05.25 © 1982 Eleevier Scientific Publishing Company



368

V(III) + e  —= V(II}
1)
V(II) + Hg(I) —= V(III} + Hg(0)

13.1.2 Other complexes

The mercury(I) salt, {Hg,][Cl0,]:, has been described for the first time, and
its thermal decomposition shown to give the ajr-stable basic compound
[Hg.11C10,]..HgO {6). The camplex [Hg:(amg).1{C10.,). has been prepared and is
thought to have a polymeric structure in the solid state [7].

1t is claimed that pulse-radiolysis of agueous solutions of [Hgl-]2+ {L =
[14)ane-1,4,8,11-N,) preduces the monohuclear mercury(I1) complex, [HeL]", which

reacts rapidly with solvent or starting materials 8],
13.2 MERCURY(I1)
13.2,1 Halida complexes

The energy levels in HgCl, and HgBr; have been calculated, and the results
discussed in relation to the development of HgX: lasers [9]. The *C1 NGt
spectrum of HgCl: has been reported and a Cl-Hg-Cl bond angle of 177.2°
calculated (eof. 177.8° fram the crystal structure) [10,111. The thermodynamics
of the formation of [ngn](z-nh (X=Cl or Br; n = 1 or 2) species has been
discussed [12]. A number of compounds of formula M[HgsX;; ] (M = T1, K, Rb, Cs
or MH,; X = Cl or Br) have been prepared and a crystal structure of TlHgsC,,
has been reported; the compounds are double salts of the type MX.SHgX. [13].
An intensive study of the electronic spectra of the mixed halides HgClI, HgBri,
and HgBrCl has been made {14] and the spectra of equimolar mixtures of HgX.
and Hg¥, or HpX; and Y camared with those calculated for the above species
[15]. The mixed fluorchalides HgFX (X = Cl, Br or I) have been reported for
the first time and their structures established by vibraticonal spectroscopy
[18].

The coordination chemistry of mercury{Il} halides [17] and of HgF, [5] has
been reviewed. The halogen in neutral and anionic Hg{li} halide complexes is
readily displaced by nucleophiles and the stepwise reactions of {(N]™ with
HeBr, (18}, or [HgBr.1?™ [19], have been investigated, Similsrly, the exchsnge
of C1” or Br for I in 2 number of icdomercury{Ii} complexes has been studied
[201.

Raman spectra have been reported for [NH,][HgCl.) [21] and a number of
[HgX,}™ (X = C1 or Br) salts [22]). Tt was shown that the latter campounds
gave different configurational isomers, with varying numbers of coordinated
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solvent molecules (dma, dea, hmpe or dmf), in coordimating solvents. The mixed
haloacids H{HgC1;:].2Et,0, H{HgBr;C1].2Et,0, and H[HgI.Cl}.ZEt:0 react with PhNH,
to produce camplexes which have been formulated as [PhNH, ][ (PnNH: HgCL:]),
[Pod@ ; }{ (PhNH, HgBr,C1] and [PhNH,...H...H,NPn][HgI.Cl], respectively [23].
Raman studies of PCi;—HgCl: melts indicate the presence of the saltis
{rc1,1(HgC1,] and {PC1,].[HgCl.) [24]. The complex ions {HgCl:]™ and [BgC1.]®
may be extracted (the former the more readily) fram agueous HCl by solutions of
Aliquat 336 (tricaprylmethylammonium chloride) in (HC1; [25,38]. The ion
[HeX.1*" is present in [H,L][HgC1,). 24,0 {L = (1)} {26] and in ag,[Hgl.]; the

0
/IJ\NH
I
Me* N"L NHINH,,

(1)

latter is formed in a solid-state reaction at the surface of crystals of Agl
and Hgl, which are in contact [27]. *Cl Zeeman NGR studies of the complexes
Co[HgC1,].4H.0 and ColHgCl,].4D:0 have been made [28]. A mumber of alkyl-
ammonium tetrachloramercurate(ii) salts, [Cnﬂzni-lNHS] a[HgCl 4} (n = 816} have
been described, the campounds being of interest Ior the phase transitions they
show in the solid state (which are due to the organic part of the crystal
‘melting’, whilst the inorganic portion remins virtually unchanged) [29].

The crystal structures of T1,[Hgl¢] [30] and [Tl Hg,Cls1 [31] have been
reported; the former compound contains compressed octahedral {HgI.} units, The
ions [(PhC=C) HgI]™ and [(PhCaC),HgI,1® have been proposed as intermediates
in the protodemercuraticn of [{PhCs=C).Hg] in aquecus dmf by [NBu,]I; it was
claimed that they were formed in a pre-kinetic step. These results obviously
deserve reexaminaticn since they are at variance with the accepted mechanism
for this, and similar, reactions {32].

13.2.2 Pseudohalide compleres

The thetnml decamposition of the salt [Ph,I],[Hg(QN},}, which contains the
tetrahedral tetracyanomercurate(Il) enion, has been investigated and the products
shown to include PhI, Ph(N, and (CN)» [33]. Of the various tricyanametallate(II)
ions which may be present in aquecus solution, only [Hg({N):] has been isolated
in the solid state (as its Cs salt)., A study of the IR and Haman spectra of
CsfHg(CN}; ] has been mmrde and the [Hg((N),]™ unit shown to occupy a site of C,
symmetry in the solid [34}. The effect of high pressures upon the Raman spectrum
of [Hg{C¥)-} has been determined and the results interpreted in terms of
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structural distortion within the crystal [35].

A mumber of salts of the empirical formuls [MHg((N):X].»H:0 (M = Ra, K, Rb
or Cs; X = [N00]1, INCS] or [N3l) have been formed by the reaction of MX with
Bg((i),. The campounds were formulated as double salts, and crystal structures
were reported for NaHg(N).(RCO).2H,0, KHg{CN}.(NCO) and CsHg{N).(NCO} [36].

13.2.3 Compleres with oxygen dowor iLigande

13.2.3.1 Complexes with inorganie oxoanions

A neutron and X-ray structural study of [Hg{80,)}{H.0)] has shown the crystal
to consist of discrete formula units, conmnected by hydrogen bonds. The mercury
is in an irregular octahedral environment, interacting with the oxygen atoms
of four distant [80,] tetrabedra [37]. The thermal decamposition of
HgzlC10.]..3H,0 leads to a basic salt, which has been characterised erystal-
lographically {6].

Mercury(I11) dialkylphesphites [{(R0).PO},Hg] react with the metal(0}
campounds [M{PPh;);] (M = Pd or Pt) to give [{{RD),PO};M(PPh;),]. If the
reaction with [Pt{PPh;);] is conducted at -22 "C, the intermediate complex
[{(RO),POIHEPL(FPh, ), {0P(CR),}] may be isolated [39].

13.2,3.2 Complexes with carboxylates and related ligands

This section includes camplexes with amino acids, even though, in many cases,
it is probahle that the ligands act as nitrogen rather than oxygen donors.

A number of carboxylic acid camplexes, [Hgz(0.CR):] (R = CnH2n+1:‘ n = 2=-9),
have been characterised and their vibrational spectra studied [40). The
phenoxyethanoate complexes [Hgl;] (HL = ATOCH.CO,H) have been prepared and
shown te involve octshedral co-ordination at the metal, with bridging carboxylate
groups [41].

Interest in 2-aminoethanoate based ligands continues and mercury(Il)
canplexes of (HO.CCH, ),NCH,CHOHCH.OH [42], (HO.OCH,),NCH,00.H [431],
{H0,0CH, ) sNCH,CH,OH [44] and DL~ (HO,OCH; } ;NCH,CH{CQ;H N{(H,C0,H}; [45] have
been described. A 'H NMR study of the mercury({II}/{(HD:.CCH, ) ,NCH,CH,NH(H, },
system has indicated that a tetrahedral complex is formed, in which the ligand
acts 25 an 4, donor; the changes in configuration which cccur upon protonation
of the 1:1 camplex were discussed {46]. The natural abundance !*N NMA spectrum
of [HglC1]®™ {L = (2)} has been reported [47].

N(CH,,CO,H),
N(CH,CO,H),

{2)
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13.2.3.3 Complexss with amides and related ligands

These ligands may act as either nitrogen, oxygen or bidentate doners and, in
many cases, it is no_t clear which mode of coordination is adopted.

The acid hydrazide complexes [Hgl,Cl.] {L = (3) or (4)} have been prepared

H)
O0H}

{4; R

R

by the reaction of HgCl, with the appropriate ligand., Both ligands appear to
act as neutral monodentate donors, coordinating through the termminal amino
group [48].

Other complexes which have been investigated include {RglCl,].H,O (L =
PhCH=CHOOMENH,; ) [49], [Hg(tm)X,] (X = C1 or Br) [50] and [He(dma)C1.] [51].

13.2.3.4 Compleres with ethers

The reaction of [Hg(tfa),] with 1,4-dicxan produces [HepL({tfa)]{tfa] [52]. A
number of mercury{Il) halide—polyether camplexes have been investigated by #1,
“Br or ¥1 NQR spectroscopy and shown to give [Hg:X;] dimers in soluticn, with
non—equivalent Hg-X bonds [53].

13.2.4 Complezes with sulphur or selenium donor ligands
A spectroscopic study (IR, Raman and 'H NMR) has been made of the complexes

[HgL,1 and [HglX] (HL = 8-mercaptoquinoline; X = Cl, Br, I or Me) [54]. The
reaction of Hg(0.CMe): with ¢5) resulted, not in the expected coordination

. 4 N
Q-0 e
< N\ 7
SH
{5) [{:})

campounds, but in the formation of complexes of the ring—opened campound (6):
after treatment with HC1, [HgIC1] {HL = (6)} was isoleted {55]. The complex
was thought to be tetrahedral, with the structure chown as (7). A crystal
structure of an Kg(II) complex of the thiosteroid, (8), has been reported [56].

A number of cysteine complexes of Hg(II), including [Hg{cys)Cll, [Hg.(cys):],
[Hg(cys)z] and [Heg.{cys),Cl], have been cheracterised by IR and ESCA measurements.
The 1:2 complex is thought to have an 5,5,0,0 cocrdination sphere and the 2:2
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\ 0

L] \ "’

/SCHchNH2C02H HN % Hg—S $ =0
LY
Heg !jg -5
\ 0 )
SCH,CHNH_CO Hgl
2 2t02 0 M,
(9 (10)

and 3:2 camplexes to have structures (9) and (10) respectively is7].
The structure of [Hg(EtQCS:):] has been reported and the solid shown to
consist of Mica-like two—dimensional sheets, with mutual bridging of Hg{II)

and xanthate ¢11) [58].

Ot
e
I EtD
NN
SN Hg\s>\S
)
(11)

A nunber of alkanedithicbis{2-aminopropane) camplexes of Hg(II) have been
deseribed, the ligends giving 1:1 chelates of comparable stability to the edta
camplexes [59}. The reaction of HgCl, with sodium ¥ N-diethyldithiocarbamate,
Na[S,(NEt,], produces [Hg(S;(MNEt.),], and [Hg:(S,NEt,),Cl,]. The trimetallic
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conpound has been shown to consist of polymeric chains, with three different
types of distorted tetrzhedral mercury sites, as shown in ¢12) [60].

NEt, NEt,

1 s&
SN s s. S S.
H H H Hg
s 5 N7 s 5
Y ct Y

(12)

Stability constants have been reported for the mercury(Il) complexes of a
number of sulphur-contazining ligands, (including Dl—penicillamine, N-acetyl-DLi~
penicillamine, 2,3-dimercaptopropanesulphonic acid and 2, 3-dimercaptopropan—1-o01}
[61). The formation of Hg(Il) camplexes with a range of mescionic 2-mercapto-
1,3,4-thiadiazoles and S-mercaptotetrazoles [62], 9-methyl-6-mercaptopurine (631,
MeMHCSCENHMs [64], 2-amino-5-methyl-1,3,4-thiadiazole [65], and ethylenethicurea
fé6] has been investigated,

Complexes of other sulphur-containing Iigands, which may or may not be 5-
bonded to the metal, described this year include: [HglX,] (L = MeEtC=NNHCSNH,;

X =C1, I or SN} [67], [Hg:L].3.0 (H,L = HO,OCH,CH(CO.H)SCH{CO,H}CH,CO,H}

{68}, [HeiX,] (L = PhMHNHCSMHMHPh; X = C1, Br, I, [80.] or [5W]) {64},
[Hg(HL).X,] and [Hgl,] (HL = 4,6-dimethylpyrimidine-2(1#)-thiche; X = Ci, Br

or I} [70,71], [Hgl,C1,] (L = 2~thiouracil) [72], [Hg(HL};]X; (HL = 4,6-dimethyl—
pyrimidine~-2(1if)-thione; X = [Cl0,], [BF.] or [tfal) [71], [HelL(tfa)]{tfal (L =
Me,S or dmso) [73}, [Hel.X.} (L = 2-amino-6-methyl- or 2-amino—6-chloro—
benzothiazole; X = [0,0Me], [SON] or Br) [74] and [HgLl (HL = H,NCSHHCSH) {75].

The camplexes [Fe(NCE)}.Hg{(EMN),] (E = 8 or Se), in which the mercury is,
presumably, in an £, coordination sphere, react with various o~donor ligands to
give [L,Fe(NCE) Hg(EN),] (L = dmso, py, py-3-CONH; or PPh;) [76]. Anionic
analcgues of these cogpounds are formed in the reaction of Ph{S(N}., M{8N},

(M = Ni or Co) and Hg(S(N)};, to give Pbl{SCN),M{NCS)Hg(5N)},]; these compounds
react with Lewis bases at either Pb or M [77].

13.2.5 Complexes with nitrogen donor liganwds
13.2.5.1 Complexes with mmines and aliphatic ligands

The nature of the species present in Millon's base continues to be of interest
and two studies of the vibrational spectra of the complex amino species, formed
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fram the reaction of NH; with HgC, have been reporteg [?’8,79]‘ The reaction of
[Hg(tfa);] with Et;N produces [Hg(ifa)(Et,N)][tfa} [80].

The species [{(ILH)Hg;X;] (HL = ¥-benzylpiperazine; X = Cl or Br) and
[({LH)Hg,Br;] have been isolated from the reaction of [LH.]  with HgX.. A crystal
structure of [{LH)ngCls] has been reported and the crystal shown to consist
of distorted {HgCl,#} tetrahedra, forming chains with chleorine bridpes. The
vibrational spectra of the campounds are in accord with this formulation [81].
Camplexes of Hg(II)} with (13} have been described, in which the ligand acts as

~NPh
OH

(13}

a bidentate ¥,0 donor [82]. .

The alecholysis of Ph;P=NSile,;, in the presence of mercury(If) halides, results
in the formation of the complexes [{HglX,},] (X = Cl or Br) or [Bg.I.L;] (L =
Ph;P=NH)}. Structures were proposed for these novel camplexes [83]. The unusual
platinum-containing ligands, [¢(dppe)Pt(MeOCNR).] (R = Me or cych), act es
bidentate ¥,¥ donors and form the complexes [HgLCl:] (R = Me or cych) and
[(HgC1)L} (R = Me) [84].

13.2.5.2 Compleres with nitrogen heterocyeclic ligands

Pyridine complexes of Hg(II) continue to be of interest, and a number of three—
coordinate camplexes [HglX,] (1. = 2-benzylpyridine; X = [(N]: L = 4-benzyl-
pyridine; ¥ = {SN]), which are thought to possess trigonal planar symmetry
in the solid state, have been described [85). Benzoylpyridines also favour
the formation of three-cocordinate complexes and species such as [HglX,] (L =
2,3 or 4-benzoylpyridine; X = CL, Br, [C¥] or [SON]) have been prepared [86].
The tetrahedral complexes [HgL:X,] (L = 4-benzylpyridine; X = {(N}: L = 3-
benzylpyridine; X = [(N}: L = 4-benzoylpyridine; X = Cl) are also known [85,86].
Potentiometric titrations of solutions containing Heg(II) and 1H; (IH, = 2,6-
pyridinedimethancl) indicate the formation of [Hg(IH.},]%*, [Hg(LH}]*, and
[HgL], and the complex [HgL].3H,O has been isolated [87]. The complex
[HglBr,] (L = 2,4-dimethylpyridine) contains five-coordinate mercury atans,
with bramine bridges forming infinite chains; [HgI.Clz] is thought to have a
similar structure [88]. A “N NQR study of the complex [Hg(py)Cl.] has been
reported [89]. A number of pyridinecarboxylic acid camplexes [HgBr,L:] or
[HeBr,L;] have been prepared, in which the ligand appears to act as an ¥ donaor
[s0].
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A murber of other, apparently three-coordinste, complexes [HglX.] (L =
benzof £ iquinoline; X = {(N] or [SCN]) have been described [91], and the thio-
cyenate ligands in [Hgl{S(N),] have been shown to be S bonded, in contrast to
those in [ZnL,(¥CS),] [92]. The tetrahedral camplex [Hg(amg)Cl,] bas been
described [93]. The camplexes [HplX»] (L = bis(2-pyridyl)ketone; X = C1, Br or
I} have been prepared and [HglCi») shown to be dimeric in solution; [HglCl:]
is, thus, of interest as providing the first exsmple of a bridging bis{2-
pyridyl)ketone ligand [984]. A crystal structure has been reported for [HglCl,]
{L = nicotine} and the nicotine ligand shown to coordinate to two adjacent
mercury atoms, to give polymeric chains. The mercury is in 2 highly distorted
tetrahedral {¥,(I,} coordination sphere [95].

Crystal structures have been reported for {Hg{phen};]{CF,80;]:, in which the
cation is distorted from octahedral symmetry towards a trigonal prism [96], and
[Hg(bipy),]iNO;],.2H;0, in which the diimine nitrogen atams form a flattened
tetrahedron about the mercury atam [97]. A number of camplexes of Hg{II) with
4,4'-bipy and its 1,1'-dioxide have been reported [98]. A number of nucleoside |
complexes of Hg(1I) have been isoleted, and investigeted by *C NMR and Raman
spectroscopy [99].

13.2.6 Complexes with phosphine or arsine iligands

The complex [Hg(PR;}M0;);] (R = 2,4,6-trimethylphenyl) has been prepared
by the reaction of [Hg{NO:):] with PR;. The erystal structure reveals that the
bulky ligand forces the mercury to adopt a three-coordinate structure, with
nearly coplanar bonds from the metal to the phosphorus and two oxygen atoms.
¥Weaker bonds to three more distant nitrate groups camplete the coordination
sphere, The campound is of interest as 1t exhibits the largest ®Hg- #
© coupling constant yet observed {&6( ¥P) -1.81 p.p.m. (w.r.t. H;F0,);

T gy 3;1,) 10 278 Hz)} [100). In contrast, the reaction of [Hg(tfa),] with
PPh, produces the camplex [HMg(PPhs }(tfa)iltfal [10i].

The dimeric conplexes [Hg,X,(PBus),] (X = Br, I or Cl) have been investigated
by "Hg and P NMR techniques. In the camplexes with X = I or Br, it was shown
that two species were present in solution (chiorinated solvent) and the
structures (14) and (15) were proposed for these species [102]. Structure (15)

PR-,‘\ /\/x
x/\/

(14}
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Ry

NN N AN
N NN \pRB

{15}

with a pentacoordinate mercury atam, is not entirely satisfactory, and it may
be relevant to these chservations that a cawpound which was thought to be
{Hg(PMe,E£ };C12] has been shown to be a mixture of this and
{HgC1(PMesEt) : JEHgCL s (PMe,Et)]. A orystal structure of the latter campound
has been reported [103]. The camplexes [HglX:] and THgl.X,] (L = PPh;y or
P(eych)s; X = C1, Br or I) have been investigated; their vibrational spectra
are compatible with the former campound being a centro-symmetric dimer and the
latter possessing pseudo-tetrahedral symmetry [104].

The bidentate ligand {¥,#-dimethylaminocethyl jdiphenylphosphine forms the
complex [Hg(LL')C1;}, in which the mercury atom is in a slightly distarted
tetrahedral {HgP¥Cl,} coordination sphere (16) [105].

c
Et,p—Hg—Cl
\
NEt,

(16)

The reaction of Hg with Me:PCl gives the diphosphine complex {(LL)HgClz}n
(iL = Me FPMe; ), which is polymeric with a high chemical stability. The
crystal structure of the compound revesls the structure to consist of infinite
chains with bridging diphosphine units (Z.e. -Hg-P-P-Hg-P-P-Hg- ete.). On
heating, the camplex gives very pure Me.PCl, whilst the reaction with [OH}™
gives Me:PH [106]

A number of 1:1 complexes of HpCl, with l-naphthylarsines have been
described [107].

13.2.7 Complezes with macrocyclic ligande

The netural atundsnce N NMR spectrum of [HgLl{C10,l; {L = {14}ane-1,4,8,11-,)
has been reported [108]. The template reactions of 6,6'-bishydrazinc-2,2'~
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bipyridines or 2,8-bishydrazino-1,10-phenanthrolines with 2,6-diacetyl- or di-
formyl pyridine in the presence of Hg(II} results in the formation of macrocycles

of type (17) and (i18). These macrocycles were isolated as mercury camplexes of
the form {Hgl],[HgC1,] [109,110,111].

SN\ Y/
N N
RN NR
\N N
R ‘ N'-\ R R N > R
o l -
{17; R,R* = H or Me) {18; R,R" = H or He;

13.2.8 Mizcellansouz complexas

The reaction of a number of organoplatinum{IIl} species with Hg(II) salts
has been investigated, and the product of the reaction of {18) with Heg(0.CMe):

shown to be the novel bimetallic camplex, (20}. A crystal structure of the

N!**Ie2
Me, Me
N, N 73 Mepl
Pt ' — —
Pt
0
(19 DAc
(20)

product has confirmed this formulation [112]. Ancther exan;ple of a species
containing an Hg-Pt bond is given in Section 13.2.3.1.
The reaction of HgTe with excess Hg(II) in H,50, gives a camplex caticn -

[Hg.Tel®*, which may be converted to [HgsTeClgy] on treatment with HC1 [113].

13.2.8 Alkylmercury(II} complexes

13.2.9.1 Halide and pseudohalide complexes
The reacticn of HgCl, with LiR (R = 2,4,6-tri-tert-butylphenyl) produces
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(RHgC1], which is converted to [R,Hg] by the action of Cu in pyridine {[114]. An
extensive study of the vibrational spectra of [RHg(CY¥:}] (X =Cl, Bror I; Y =
H, F or C1) systems has been reported and it has been shown that the group Y
exerts an inductive effect upon the mercury atam, through the g-framework of
the molecule [115]. The compounds [XHgR] (R = C:Hs or C,Ds; X =Cl, Bror I)
have been similarly investigated and the results compared with those for
{MeHgX] f1i6]. The vibrational spectra of [RHg((N)] (R = (H; or CD;)} in the solid
state and in solution have been investigated. In benzene, a new Raman active
band appears, which has been interpreted in terms of the formation of a charge-
transfer camplex [117]). An inconclusive “C and ‘H NMR study of partially
oriented [MeHgX] (X = C1, Br or 1} molecules on Merck Phase IV has been reported
[118].

The reaction of LiD with [RHgCl] (R = Ph or Bz) has been investigated, and
mmerous products isclsted {119].

i13.2.9.2 J{Complexes with caygen donmor ligands

The reaction of [ArHg{CMe)] with H,0, produces the peroxides [ArHg(O, JHgAr],
although with excess H:;0; some [Arflg(CH)] is formed; the chemistry of these
novel peroxy campounds has been discussed [120]. A “C and ‘H KMR spectral
study of [MeBg}[NO;] in the nematic and lyotropic phases has been made and,
altbough the structure appears similar in each, differences in J{ ™*Hg-H) were
detected [121].

13.2.9.3 Compleres with sulphur donor ligande

{RHg]™ has a high affinity for thioclate ligands and seversl complexes of
this type have been reported. The formation of a number of complexes of
[MeHg]" and the dithiolate ligands ¢21), ¢22) and (23) has been investigated

L7 IO Ay

21) {22} (23)

and the structure of [Hg:Me L] {L = ¢21)} reported. The ligand bridges the
[MeHg] units and one of the S-Hg-C bonds is greatly distorted from the linear
geanetry commonly cobserved in [MeHg) camplexes [122].

The camplex [ArHgL] (Ar = 2-hydroxy-5-nitrophenyl; HL = 2-mercaptopyridine)
has been formed from the reaction of [ArHgCl) with 2-mercaptopyridine [123].
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13.2.9.4 Complexes with nitrogen domor ligands

The camplex [MeHgl.}[NO:j (L = 2-benzylpyridine) has been reported and shown
to involve a linear N-Hg-C bond. There is a weak interaction the methylmercury
group and the phenyl ‘ring, similar to those observed in [MeHg] complexes of
tyrosine and 3,3'-Me,bipy [124]. The crystal structure of the complex
[MeHgL] [M0;1 (L = 6-amino-8-methyl-9F—purine) has alsc been reported [125].

The camplexes [MeHgL]ING,] (L = 4,47 ,4"-Et,terpy or bis{2-pyridyl)methane} have
been described. In the sclid state, the terpy is tridentate and the bis(2-
pyridyl)methane bidentate, but NMR studies have shown that both ligands are
bidentate in solution [128].

A range of camlexes of the type [PhHgl], containing nitrogen donor ligands,
have been showm to react with 502, in =n insertion reaction, to give the
corresponding phenylsulphinate complex, [PhSO.HeL] [1271.

The phosphorescence spectra of benzimidazole and tryptophan complexes of
[McHg] have been reported and a detailed analysis described [128]. Novel
conplexes have been isolated from the reaction of amines or pyridines with
[(ArE)igPh] (Ar = 4-nitrophenyl; E = 8 or Q) [129]. The reaction of Li[MciiBMe,]
with [MeHgC1] results in the formation of [HgMe(McNBMe:)], whilst HgCl: reacts
to give [Hg(MeNBMe.);]. Both these campaunds are thermally stable and show no
tendency to polymerise [130].

13.2.8.5 Migeellaneous

Although camplexes of [R.Hg] are uncommon, several examples have been reported
this year. The reaction of [R;Hg} (R = 2-thienyl or 2-furyl) with a number of
bidentate donors was investigated and, although no complexes were isolated with
bipy, dppe, Ph,P or MeSCH,CH,SMe, the 2-furyl campound gave complexes with
2,9-Me:phen and 2,4,7,9-Me,phen whereas the 2-thienyl campound anly gave
camplexes with the former reagent {131]. A crystal structure of [R,HgL] (R =
1,1,2-trichlorovinyl; L = 3,4,7,8-Me,phen) has been reported. The C-iig-C bond
is non-linear, with an angle of 165° [132]. The tetrahedral complex [R,HgL]
(R = 3—chloropropynyl; L = phen) has been reported and a crystal structure
described [133]. '

The rate of exchange of mercury hetween Hg 2and [MeHg]? in aqueous solution
has been studied, using Hg as a tracer [134],

13.2.10 Aqueous chemistry of mercury(IT}

It has long been known that the aquation of transition metal complexes [MLsX 2+
{M = Co, Rh, Cr or fn; X = halogen or pseuwdohalogen; L = amine) is accelerated
by Hg(II) ions and a spectes such as [LsM-X-Hg]®* has been proposed as the
intermediate. Further examples of this phencmenon have been provided by the
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aquation of wnaym—fac—cis[Co{dien)L,C1}2* (L = smine) [135], {Co(NH,)sC1]2+,

trans-[Colen),Clz 17 and [ReClg]z_, in the presence of agueous Hg(TI1) ions [136].
It was demonstrated that a significant difference existed between [REC15]21 and
the other camplexes [136], The effect of [MeSD;]” and [PhS0;] upon the Hg(II)-
catalysed aquation of a number of Co(II1) camplexes has been reported {137}, The

aquation of the two isomeric complexes ¢24) and (25) has been studied and the

N™ T\

imidH - [:lo/ N imidH ~(o ~N >
~— —~
al - I N N \L_)N
(24) {25)

rate shown to be compatible with an I, mechanism [138].

Evidence for the existence of the postulated LiM-X-Hg intermediates comes
from the isolation of the camplex [{Co(NH,)s{NCS)}.Hgl{CiO.]s from the reaction
of [Co(NH,)s(NCS)1[C10,}, with Hg{cl0,], in HC1O, [139]. The Hg(I1l)-catalysed
aguation of [Cr{CN)(H,0);(NO)] has been studied electrochemically and
[(NO)(H20)3Cr(N(HgCN)ZCr(H20)3(N0)]4+ proposed as an intermediate [140].

The nature of the icnic species present in aquecus soluticns conteining Hg2+
continues to be of interest, and the ion [Hg(CH}]" has been shown to be
involved in the hydrolysis of Hg{II} compounds in agueous perchlorate media
f141]. This ion is also present, together with aquated ng"', [Hg(GHD), ],
fag(r00:))", [Re(C0:)(0H)]™ and [Hg(CO:)»]?" in agueous solutions containing
Hg®* and [00,}%" [142].

13.2.11 Merecury compounds in tnorganic syntheeis

Mercury({II) compounds are widely used in organic synthesis and many examples
of such applicaticns have been reported this vear. The majority of these are
routine, and will not be described in detail unless they provide examples of
ncvel applicaticns, routes to hitherto inaccessible compounds, or insight into
the mechanism of the reaction.

The rezction of alkenes with a solution of HgQ in H{BF.] in the presence of
aminee leads directly to the formation of 1,2-diamines, without the need to
isclate and demetallate the organgrercury intermediate. The reacticn appears
to offer considerable promisc as z new synthetic route to these campounds [143].

A number of other examples of the acetoxymercuriation of alkenes ‘with Hg(0.CMe):
have been reported [144].



The mercuriation of arenes contimies to be of interest and the reaction has
been extended to ferrocinium and ethylferrocinium trichloroethancates, which
react with Heg(0,CMe); in a reaction which is first order in ferrccinium salt
and in Hg(0:(¥e), [145}]. The mercuriation of aromatics with Hg(tfa), or
{He(tfa)(0,(Me)] appears to proceed via a rapidly formed camplex and the
mechanism of this reaction has been investigated in considerable detail [146].
The formation of Hg(Il}-arene compounds in ligquid S0, has been examined 1147].

The mercuriation of PhCH=NNHPh with Hg(0,(Me), in MeCO:E occurs exclusively
at the orthe position of the #-bonded phenyl group, »fa an interaction with the
imino group [148]. Synthetic applications of the mercuriation reactions
include the use of [RMgX] (X = halide)} as a carbonium ion precursor in
Friedel-Crafts reactions. Thus, anisole reacts with mﬂbﬂizllgBI' in the

as1

presence of a Lewis acid catalyst to give a mixture of ortho and para ROCHMe(H;-—

derivatives [142].
A new route to the-preparation of arylpiperidines has been developed, based
on the NalHH,] reduction of the orgznomercury({Il} campounds, (26), formed by

XHg F HgX
aAr

{26}

the reaction of 1,6-heptadienes with anilines in the presence of Hg(C:CMe).
[150]. 1In 2 related reaction, 1,4-diaryl-érans-2,5-bis(bromomercurio—
methyl )piperazines are formed by treatment of allylarylamines with mercury(II}
halides [151].

The use of an oxymercuriaticn-demercuriation sequence enabled 2,68-dimethyl-
18-crown-6 (27) to be prepared fran diellyl ether and tetrasthylene glycol, by

07y
0 0]
0 0
Ll_o/
(27>
reaction with Hg(0.(Me), followed by NWal{BH,] [152]. Cyclopropy! epaxides are

ring-opened by Hg(0:(Me): to produce alkylmercury{II} ethanoates (28), and a
mechanism has been proposed for this reaction [153}. 1In contrast, the reaction



382

MeQ
R QH
OMe
AcQOHy R

{28}

of cyclopropanes with methanolic Hg(0.(Me): results in the formation of 3—
methoxypropylmercury{II) compounds, which may be demercuriated with Na[BH,] or
Na[BH{OMe}3:}. The reductive-demetallation is thought to involve alkyl radicals
and support comes for this fram the isolation of S5-methoxypentane derivatives
on treatment with camplex hydrides in the presence of an alkene [154], Similariy,
in AcCH the product is a 3-acetoxymercury(IIl) campound, which may be demetallated
in high yield by Na[BH,] [155]. The reaction of bis{trifluorcmethyl)ketenes
or bis(trifluorcmethyl)ketimines with Hg(0Q-(R): gives adducts which may be
deccomposed to give mixed irifluoroethancyl anhydrides [156].

The conversion of diazoalkenes to acetals miy be achieved by the use of
[RHgX] (X = halide), Thus, R'R'QN, reacts to produce RHgCCIR'R', which may be
thermolytically demetallated to give R'R"C(OR"'); [157]. Although MeNNH,
reacts with HgQl to give 1,1,4,4-tetramethyltetrazene, MeNN=NNMe;, MeNHVH
gives no McWHN=NHNMe under the same conditions [158]. The authors of this
paper stress that this reaction, and presumbly some similar ones, is potentially
very hazardcus, since 5-10% of Me:Hg is formed. Organametallic tribramcmethyl
canpounds act as dibromocarbene precursors, and PhHg(CBr, is no exception,
reacting with carbonyl compounds to produce spircoxiranes and PhHgBr [15¢].

The alkylchramium camplex, [RCr([15Jane-1,4,8-12-N, )} (H,0)]%%, is dealkylated
by aqueous solutions of HgZ' or [MeHgl® [160].

1%,2.12 %z WMR spectroscopic studies

The increasing availability of multinuclear NMR machines, the relatively
high patural abundance of ®Hg with a nuclear spin I = % (15.84%) and a
receptivity similar to that of natural abundance C, all favour the use of
Hg NMR in the investigation of mercury campounds. ™Hg is chservable at 17.9
Miz on a 100 Miz machine, and is therefore within the range of most modern
muitinmuclear machines. The quadrupolar mucleus, Mg (I = 3/2} is less readily
observed (13.22% abundance, receptivity similar to C, 6.60 Miz) and offers
no advantage over the more simply studied *Hg nucleus.

The campounds {HgX,] (X = C1, Br, I or (N) and [XHg(N] have been investigated
and the position of the ™Hg resonance found to be very sensitive to the
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temperature, the concentration, and the solvent; it was shown that more polar
soclvents cansed decreased shielding of the mercury nucleus [161]., The mixed
cyanocomplexes [XHgN] (X = C1, Br, I, Qic, SN, SPh, SEt, Ph or CF;80;) have
been shown to behave in a similar manner [162]. The chemical shift §({™Hg), of
Hg((N), in a wide range of solvents has been investigated [182].

The "Hg NMR spectra of a mumber of [MeHgL][NO;] (L = substituted pyridine)
complexes have been reported, and the authors point out that, although &6¢ *®Hg)
is of little help in structure analysis, the coupling constant, J{™®Hg-H), may
be of more use [163].

The use of "Hz NMR, ir determining the structure of a number of phosphine
camplexes in solutian [102,164] has been discussed earlier.

REFERENCES

1 D.A. Kleler and W.R. Wadt, J. Am. Chem. Soc., 102 (1980) 6809,
2 K. Tzkahaghi and K. Matsuda, Denki Xagaku Oyobi Xogyu Butsuri Kagakwu, 47
{1979) 564.

3 J.P. Benelt, G, Hauret and Y. Luspin, Ferroelectrics, 25 (1980) 1.

4 A.A. Kaplyanskii, S.N, Popov and C. Barta, Magn. Reaon. Relat. Phenom,,
Proe. Congr. Ampere 20th, (1978,1979) 383,

5 D.T. Meshri, Kirk—Othmer Encycl. Chem. Techwol,, Ird Ed., 10 (1980) 763.

6 A, Moraru, I. Juleen and F. Pirvu, Timiscarag, Ser. Chim., 33 (1978) 80.

7 A, Furubashi and H. Yokota, Bull. Chem. Soe. Jpn., 52 (1879) 3753,

8 J.K. Weddell, A.L. Alfred and D, Meyerstein, J. Inorg. Mucl. Chem., 43

{1980) 219.

a4 W.R. Wadt, J. Chem. Phys., 72 (1980) 2468,

i V.H., Subramanian and P.T. Narasimhan, J. Mol. Struct., 58 (1980} 193,

11 8. Sengupta and D. Glezendanner, J. Magn, Reson., 38 {(1880) 553,

12 V.P. Vasil'ev, E.V¥, Kozlovskii and A.A. Mokeev, Zh. Neorg. Khim,, 25
(1980) 1765.

13 K, Brodersen, K.P. Jensen and G. Thiele, Z. Naturforech., Teil B: Anorg.
Chem. , Org. Chem,, 35 (1980) 253,

14 T.R, Griffiths and R.A. Anderson, J. (Chem. Soc. Dalton Trans,, (1980)
209,

13 T.R. Griffiths acd R.A. Anderson, J. Chem, Soe., Dalton Trans., (1980)
205.

14 A. Givan ard A. Loewenschuss, J, Chem. Phys., 72 (1980) 3809,

17 P.A.¥. Dean, Prog. Inorg. Chem., 34 (1878) 109,

18 V.I. Helevantsev and B.I. Peghchevitskii, Tzv. Sib. O0td. Akad. Naulk S55R,
Sar. Khim, Nauk, ¢1979) 1,

19 V.I. Belevantsev and B.I. Peshchevitakil, Zh. WNeorg. Khim., 25 (1880) 668,

20 V.I. Belevantsev and I.¥, Mironov, fzv, 5ib. Otd. Akad. Nauk SSSR, Ser.
Khim. Nauk, (1979) 77.

31 H. Poulet and J.P. Mathieu, J. Phys. (Orsay, Fr.), 40 (1979) 1079,

22 %Z. Kantarci, N.N. Rebman and D.N. Waters, Proc. Int. Conf. Raman Spectroac.,
fth, 2 (1978) 280.

23 - A.G. Galinos and P.S. Perlepes, Bull. Soe. Chim. Fr., (1879) 48,

24 A.F. Demiray and W. Brockner, Z. Naturforsch., Teil 4, 35 (1980) 103.

25 R.¥. Cattrall and H. Daud, J. Tnorg. Nuel. Chem., 41 (1878) 1037,

26 H. Bakaguchi, H., Anzai and K. Furuhata, Fukusokan Kagaku Torowkai Koen
Yoshiehu, 12th, (1979) 308.

27 1.Eh, Akopyan and B.V. Novikov, Fiz. Tverd. Tale {Lentngrad), 23 (1880)

580, .
28 V. Ramakrishna and G. Satyanandam, Proc., Indian decad. Sei., (Ser.): Chem.
Set., B9 (1980) 4B.



384

29
30

31

32

a3

34
35
s
37
38
39

40

41
a2
43
44
45
48
47

48
49

50
51
52
53
54
55
56
57
58
59
60
61
62
63
85

66
67

-1

69

70

71

¥. Busico and ¥. 3alerno, Gazz. Chim. Itel., 109 (i979) 581,

H.J. Berthold, D, Hasas, K. Tamme and K. Brodersen, Z. Anorg. Allg. Chem.,
456 (1979} 29,

K. Brodersen, K.P. Jensen and G. Thiele, Z. Waturforgch., Teil DB: Anorg.
Chem. , (rg. Chem., 35 (1980) 258,

0.Ys. Okhlobystin, N.T. Berberova and V.B. Panov, Dokl. Akad, Nawk S55R,
248 (1979} BB85.

K. Gyoryova and B. Mohai, #b. felostatrej KHomf. Term. Anal., dfh, (1979
235.

B.M. Chadwick, D.A. Long and 5.U. Qureshi, J. Mol. Struct., B3 (1980) 167.
P.T.T. Wong, J. Chem. Phye., 72 (1880) 6721,

G. Thiele and P. Hifrich, Z. anorg. Allg., Chem., 461 (1880) 109,

C. Staalhandske, dcta Crystallogr., Seet. F, 36 (1980) 23.

J.M. Singh and S.N. Tandon, J. Inorg. Nuci. Chem., 41 (1979) 897,

v.I. Sokolov, A.A, Musaev and G.Z. Suleimanov, fzv., Akad. Nawk SSSR, Ser.
Khim., (1980) 1177.

V.V. Panevchik and I.A. Shingel, Tezisy Dokl.-FResp. Konf. Molodykh Uch.-—
Khim., ind, 2 (1977) 40.

C. Matarajan and R, Rengasamy, Indiagn J. Chem., Sect. 4, 18 {1979) 356.
J. Majer, E. Riecanska and Z. Pikulikova, Chem. 7Zvestt, 34 (1980) 93.
V.I, Korner and V.A. Valyaeva, Koord. Khim., 6 (1980) 996,

V.I. Koroner and V. A. Valyaeva, Xoord. Khim. 6 {(1980) 48.

Yu.M. Kozlov and V.A. Babich, %A, Obach. Khim., 50 (1980} 1116.

L. Latos-Grazynski, Fol. . Chem., 53 (1978) 218%.

E.H. Curzeon, N. Herrom and P. Moore, J. Chem. Soe., Dalfon Trans., (1980)
721,

I.J. Sallomi and A.M. Al-Daher, .. [norg. HNusl, Chem., 41 (1979) 1608.
M.M. Mostafa, S.M. Hassan and A.A. El-asmy, J. Twndian Chewm. Soo., 57
{1980y 127,

C. Airoldi, A.P, Chagas and F.P. Assunecao, . Chaem. Sca., Dalton Trans.
(1980) 1823.

J. de A. Simoni, C. Airoldi and A.P. Chagas, J. Chem Soc., Halton Frans. ,
{1980) 156,

V.i. Boev and A.V. Dombrovekii, Zh. Obahch. ¥Khim., 49 (1979) 2505.

G. Wulfsberg and A. Weiss, Ber. Bunsenges. Phys. Chem., 84 (1980} 474.

1. Zuika, Yu.A. Bankovskii and Yu.G. Borodkin, Hoord. Khim., 5 (1979) 1765,
F. Capitan, F. Salines and L.F. Capitan-Vallwey, Bull. Soc. Chim. Fr.,
{1879) 185.

A. Terzis, J.B. Faught and G. Ponskoulelis, frorg, Chem., 19 (1880} 1080.
P. Llopiz and J.C. Matre, Aull. Soe. Chim. Fr., (1979} 457.

C. Chieh and K.J. Moynihan, écta Crystallogr., Sect. 3, 36 (1980) 1367.
V. Novak, M. Svicekova, E. Dvorakova and J. Mejer, Chem, Zvasti, 34 (1980)
73,

L. Book and C. Chieh, #Acta Crystalilogr., Sect, E, 38 (1980) 300.

J.S. Casas and M.M. Jones, J. Inorg. Nucl. Chem., 42 (1980) 99.

A.M. Kiwan, A.Y. Rassim and H.M, Maarafi, Cim. Spec. Vol., (1979) 21,
H.B. Behrens and D.M.L. Goodgame, Inorg. Chim. Acta, 46 (1880) 45.

H.O0. Desseyn, A.J. Aarts and E. Egmans, Spectrochim. Acta, Part A, 35
(31979) 1203,

A.C. Fabretti and G.C. Franchini, Spectrochim, Acta, Part A, 35 (1879}
1009,

B. Singh and D.K. Sharma, J. Indian Chem. 5Soc., 56 (1879) 764.

B.B. Mahaptra, A. Panda and M.C. Misra, J. Inst. Chem. (Indza}, 52 (1980)
121.

5.K. Tiwari and D.P.S. Rathore, ¥atl. Adeqd. Set. Leté. {Indial, 2 (197%)
293,

B_.B. Mahaptra, A. Panda and 8.S. Dash, J. Indign Chem. Soc., 57 (1980)
341,

D.M.L., Goodgame, I. Jeeves and G.A, Leach, Imorg. Chim. Acta, 38 (1980)
247,

R. Battistuzzi and G. Peyrorel, Spectrochim, Acta, Fart 4, 38 (1980) 113.



ass

72 D.M.L. Goodgems and G.A. Leach, Inorg, Chim, Acta, 37 (1879) LB5DS,
73 VY.I. Boev and A.V. Dombrovekii, Zk. Obohch. Khim., 49 (1978) 2509,
74 R.P, Migpra, B.B. Mohapatra and 3. Guru, J. Indiagn Chem. Scc., 56 (1979) 832.

75 G. Gattow end B, Sturm, Z, Anorg. Allg. Cham., 463 (188D) 187.
76 P.P. Singh und §.K. Srivastavae, Indian J. Chem., Sect. 4, 18 (19789) 448,
77 P.P. Bingh and W. Bingh, J. Coord. Chem., 9 (1978) 197.
78 R. Weber, Recl., Trav. Chim. Pays-Bas., 88 (1880) 237.
79 R. Weber, Z. Anorg. Allg. Chem., 466 (1980} 237,
80 V.I. Boev and A.V. Dombrovskii, Zh, Obsheh. Khim., 49 (1979} 2505.
81 A, Albinatl, S.v. Meille and ¥. Cariati, Thorg. Chim. Acta, 38 (1980) 221,
82 A.M. Skallaby, M.M. Mostafa and M.M. Bekheit, ndian J. Chem., Sect, A,
17 {1978) 516.
83 E.¥W, Abel and B.A. Mucklejohn, Inorg. Chim. Acta, 37 (1879) 107.
84 G. Bandifelli end A.L. Bandini, Synth. React. Inorg. Met.-Org. Chem., 9
{1879) 539,
85 1.S. Ahuja and R. Bingh, Imdian J. Chem., Fart. A, 19 (1880) 174.
86 I.8, Ahuja, R. Singh and R. Sriramulu, Spectrochim. deta, Part A, 36
{1980) 383,
87 J.L. Colin and J, Pinart, Bull. Soec. Chim. Fr., (1979) T.
88 N.A. Belli, M. Goldstein and T. Jones, Acta Crystallogr., Seet. B, 36
(1980) T10.
88 G.V. Rubenacker and T.L. Brown, fnorg. Chem., 18 (1980) 392,
90 M.K, Alyavirya and R.8, Ryspaeva, Uzb. Khim. Zh., (1979) 57.
91 ¥.8. Ahuja and R. Bingh, Inorg. Chim. Acta, 44 (1880) L179.
92 R. Biegh and I.8. Ahuja, Transition Met. Chem., (Weinheim, Ger.}, 5 (19800
208,
98 A. Furubhashi and H. Yokota, Bull, Chem. Soe., Jom., 52 (1979) 3753.
94 J.D, Ortego, 8, Upslawanna and 5. Amanollehi, J. Inorg, NMucl. Chem., 4l
{1579) 593.
85 M.R. Udupa end B, Krehs, fnorg. Chim. Acta, 40 (1980) 161,
96 G.B. Deacon, C,L. Raston and D. Tunaley, Aust. J. Chem., 32 (1879) 2195,
87 D, Grdenic, B. Kamenar and A. Hergold-Brundic, Croat. Chem. Acota, 52
{197T8) 339,
58 1.8, Ahuja, R, Sriramulu and R. Siagh, Indfaqn J. Chem,., Sect. A, 18 {1979
188,
99 L.G. Marzilla, B. de Captro, J.P. Caradonna, R.C. Stewart and C.P. Van
Vuuren, J. Am. Chem. Soc., 102 (1880) 916.
100 E.C. Alyea, 3.A. Dias and G. Ferguaon, Inorg. Chim. Acta, 37 (1979) 45.
101 V.I. Boev and A.V. Dombrovekii, Zk. Obeoheh. Xhim., 49 (1979) 2305.
102 P.L. Goggian, R.J. Goodfellow and D.M. McEwan, Inorg. Chim. Adcta, 44 (1830)
L1111,
103 N.A. Bell, M. Goldstein and T. Jones, Acta (rystailogr., Sect. B, 36
{1980) 7TO0B.
104 T. Allmpan, R.G. Goel and P. Pilon, Spectrochim. Acta, Part A, 35 (1878)
B33,
108 P.K. Sen Gupta, L.W. Houk and D. Van der Helm, Incrg. Chim. Acta, 44 (1980)
L235. .
i08 F. Eeel and B.W. Heyer, Z. dAnorg. Ailg. Chem., 456 (1978) 217.
107 R.D. Gigauri and B.D. Chernok'alskii, Soobahch. Akad. Nauk Grus. SSR, 95
{1879) A28.
108 E.H. Curzon, N. Herron and P. Moore, J. Chem. Spe., Dalton Trans., {(1980)
ari,
109 J. Lewis and T.D. O'Doncghus, J, Chem. Soc., Dalton Trans., {(1980) 741,
119  J. Lewis end T.D. O'Donoghue, J. Chem. Soe., Dalton Trans., (1980) 738.
i1} J. Lewis, T.D. 0'Donoghue, Z.P. Hague and P.A. Tasker, J. Chem. Soc., .
Dalton Trans., (1980} 1i664.
112 . F.M.J. Van der Ploeg, G. Vaun Koten, K, Vrieze, A.L. Spek and A.J.M.
Duisenberg, J. Chem. Soe., Chem. Commun., (1980) 469.
113 G. Aravamuden and P.N. Venkatasubrammnian, 2, Anorg. Allg. Chem., 457
{1578y 238.
114 J.C, Huffmann, W.A. Hugent and J.E. Kochi, Inorg. Chem., 19 (1980) 2749,



A86

1i5
116
117
1i8
119

120

121

122

i23
124
125
136

127

128
129
130
131
i3z
133

134
135
136

137
138
139

140

141
142
143
1424
1495
146

147
148

149
150
151

157
158

Y. Hase, 4An. Acad. Bras. Cienc., 51 (1979) 623.

J. Mink and P.L. Goggin, J. Organomer. Chem., 185 (1980) 128.

Y. Imai and K. Aida, J. Inorg. Nucl. Chem,, 41 (1878) 963.

K. Raiganen, J. Kuonanoja and J. Jokisaari, Mol. Phys., 38 (1979) 1307,
L.I. Lyadkova-Kacheva and A.A, Lavrent'ev, Khim. Elamentoorg. Soedin.,
(1978) 23,

S.D. Lyshenko, 0.S5. Morozov znd Yu.A. Aleksandrov, Dokl. Akad. ¥auk SSSR,
248 (1979) BB3.

J. Jokisaarl, K. Raisanen, J. Kuonanoja and P. Pyykko, Mol. Phys., 39
(1980} 715, _

K.W¥. Alcock, P,A, Lampe and P. Moore, J. Chem. Soc., Palton Trans., (18980)
07
Baines and K. Brocklehurst, Biocham. J., 179 {(1879) 701,

Carty and N. Chaichit, Acta Crystallogr., Sect. B, 36 (1880) TE&8.
Olivier and A.L. Beauchamp, Inorg, Chem., 19 {(1880) 1064,

A.J. Carty, G. Hayhurst, N. Chalchit and B.M. Gatehouse, J. {hem. Soc.,
Chem. Commor., (1980G) 316.

8.K. Pandit, 5. Gopinathan and C. Gopinaethan, . Lege-Common Mzt., 65
(1579) 225,

.R. Anderson and A.H., Meki, J, Am, Cham. Soc., 102 (1980) 163,

.L. Belcboradov, Deposited Doc., (1978) VINITI 1805-78,247.

Fussstetter and H. Noeth, Chem. Ber., 113 (1880} 791.

.A. Bell and R.M. King, <. Organomet. Chem., 179 (1979 133,

.A. Bell and I.¥W. Nowell, dcta Crystallogr., Sect. B, 36 (1980} 447.
Gutierrez-Puebla, A. Vegaa and S. Garcia-Blanco, {ryst. Struct. Commun
Commuri., & (19739) 861,

C.H. Gast and H.A. Das, J. Radiocanal. Chem., 57 (1980) 401,

F.C. Ha and D.A, House, Imorg. Chim. Acia, 38 (1980} 167,

M.J. Blandamer, J. Burgess and R.I. Haines, J. Chem. Sos., Dalton ¥rans.,
(1980} 607.

M. Tida and H. Yematera, Chem. Lett., (1980) 593,

A.C. Dash, M.S. Dash and 8.K. Mohapatra, J. Chem. Res., Synop., (1979) 354,
A. Pfeil, T.P. Dasgupta, D.A. Palmer and H. Kelm, Imorg. Chim. Acta,

44 {1880) L23.

M. Rievaj, D. Bustin, J. Mocak and J, Labuda, Proc. {onf. Coord. Chem.,
7th, €197B) 203.

Ciavatta, D. Ferri and M. Grimaldi, Ann. Chim. (Rome), 65 (197%3) 463.
Bilinski, M. Merkovic mnd M, Gessner, Inorg. Chem., 19 (18B0) 3440.

. Bariuenga and L. Alomso-Clres, Synthesis, (19789) 962,

.A. Lermontov, Deposited Doe., (1878) VINITT 1805-74,43,

Floris and G. Illuminati, CGe2z. Chim. Ital., 1090 (1979) 335.

.¥W. Fung and M. Ehorramdel-Vahed, J. Chem. Soc., Perkin Trans. 2, (1980)
67T.

.C. Damuwde end P.A.W. Dean, J. Orgamomet. Chem., 181 (187%) 1,

R.N. Butler and A.M. O'Donohue, J. Chem. Soc., Perkin Trans. £, (1879)
1387.

A.M, Nastrsl and J. Barluenga, Afinidad, 36 (1979) 401,

J. Barluenga and C. Najera, Synthesta, (1979) B96.

J. Barluenga, C. Najera and I.M. Yus, J. Heterocyel. Chem., 16 (1979)
1017.

A.J. Bloodworth, D.J. Laphem and R.A. Bawvva, J. Chem. Soe., Chem. Commmun.,
(1980} 825,

J.A. Donelly, J.M. Fox and J.G. Hoey, J. Chem. Soe., Perkin Trans. 1,
(1979} 262%.

B. Giese and W. Zwick, Chem. Ber., 112 (1979) 3766.

Yu.8. Shabarov, 5.G. Bandaev and Z.A. Hobilewv, Zh, Org. Khim., 16 (1880}
886,

I.L. Knunyanta, E.M. Rokhlin and A.Yu. Volkonskii, Izv. Akad. Nauk S55R,
Ser. Khim., (1979) 1831.

J. Barluengs and P.J. Campos, Synthests, (1979} 893.

H.H. Sisler, M.A. Mathur and B8.R. Jair, J. Org. Chem., 45 (1980) 1329,

807.
5.B.
A.J.
M.J.

mEETaR

fll - I B B



159
180
161
162
i3
164

387

J. Igbel and W, Rehman, Chem, Ind. (London), (1980) 198.
G.J. Samuels and J.H. Espenson, Inorg. Chem., 19 (1980) 2331,
P. Peringer, Inorg. Chim, Aeta, 39 (1880) 67,

P. Peringer, Inorg. Wuel. Chem. Lett., 16 (1980) 205.

A.J. Carty, V. Organomet. Chem., 179 (1979) 447.

R. Colton and D. Dekternieks, dust. J. Chem., 33 (1980) BS55.



