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INTRODUCTION

This review is a continuation of the 1981 Review of mercury published in
this journal in 1983 [1]. The format and content is generally similar to that
adopted in previous years, although a new section concerned with species
containing a mercury-to-heterometal bond has been introduced. The section
dealing with the use of mercury in organic synthesis has been retained. The
use of '°°Hg NMR spectroscopy is now béccming more routine, and the section
discussing this has been reduced to a bibliographic compilation of reported
spectra. As before, papers dealing with the physical and spectroscopic
properties of mercury halides have been omitted from the scope of this review,
as they were thought to be of little interest to the coordination chemist.

I should like to thank Dr. Olga Kennard, Dr. Sharon Bellard and Dr Paul
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Raithby for their aid in obtaining data from the Cambridge Crystallographic

Data Centre.
2.1 MERCURY(II)
2.1.1 Halide and pseudohalide complexes

The reaction of xenon difluoride with HgX2 (X=Cl, Br or I) leads to the
formation of HgF.,, X, and Xe' [2]. The reaction of HgF, with AsF. in anhydrous
HF has been investigated, and the product shown, by vibrational and X-ray
powder diffraction spectroscopy, to be HgF2.2AsF5 (i.e. Hg(AsF6)2 y 3], The

mixed-halide compound HgClBr is prepared according to the equations:

Hg,Cl,(s) + Bryl(g)
HgClz(s) + HgBrz(s)

2HgC1Br
2HgC1Br

and exists in o and 8 forms, closely resembling those known for HgC12 [4].
HgI2 is the product of the reaction of mercury(I) oxalate with molecular
iodine [5]. The enthalpy of formation of crystalline HgBr. at 298.15 K has been

2
determined as -175.5%1.0 kJ mo].—l [ 6} sStructural studies of the compounds
Hg(Bro,) ,.2H,0 and K_Hg(Bro,),(NO,)

372 2
molten HgBr, as a stabilising solvent for mercury(I) species was described in

have been reported [ 7 ] The use of

last years review [1) , and a further example has appeared [ 8 . The reduction
of HoX,, (X = Cl or Br) by zinc has been investigated, and the matrix-isolated
products characterised as znX and HgX [9 1 The '°N and '°C NMR spectra of
Hg(CN)2 and the ion [Hg(CN)4] 2- have been reported [10].

The Y ~ray irradiation of HgCl2 in either a sulphuric acid or alcohol glass
at 77 K results in the generation of HgCl, which has been characterised by
its EPR and vibrational spectra [11]. 1In hydrochloric acid glasses, the
product of such irradiation is the tetrachloromercurate(I) ion, [ HgCl 4] 3=,
The equilibrium:

; 2+ +
HgX, + Hg = 2[Hgx]

has been investigated [12]. In a related study, '°Hg, '°*C and'® N multinuclear
NMR techniques have been used in an investigation of the I-Igz+—Hg(CN) 2 D0

system in perchlorate rich medium. Evidence was presented for the formation of
the [HgZ(CN)2]2+ ion [13]. The Raman spectra of solutions of HgC12 in

strong agueous acid have been studied, and the changes inv g interpreted in terms

of the weakening of water(oxygen)-mercury interactions in strong acid [14].
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Solutions of HgX2 (X =Cl, Br or I) in dmso have been investigated by X-ray
diffraction and Raman spectroscopic methods [15].

The ethyl acetate extraction of mercury(II) from chloride solution has been
studied, and the extracted species shown to be of the stoichiometry HgClz.ZS
[16].

The formation of halomercurate(II) anions continues to be of interest, and
the interaction of HgC12 with aqueous chloride to form [H9C13] " and [HgCl 4 ]2_
has been further studied [17]. At 25° C and i = 0, values for 1gK [HgCl3]-
and 1gk [HgCl4 ]2_ of 0.97% 0.14 and 1.61* 0.13 respectively have been determined.
A spectroscopic investigation of [Pr 4N][HgCl3] has been reported, and it is
concluded that, in the solid state, the anion forms halogen-bridged species

with a symmetry lower than DZh fl8]. The anion-exchange extraction constants
KX;I for the extraction of [HgX3 J(X=Cl, Br or I) from HX medium by tri-

octyloctadecylammonium salts in toluene have been reported [19]. The crystal
structure of the complex [C6H13N4][H9C13] ( C6H13N4 = hexamethylenetetra-
ammonium) has been described [20]. The anion consistes of planar trigonal

HgCl 3 units, with longer axial Hg—Cl interactions completing a distorted
trigonal bipyramidal configuration about the mercury, to give a chain structure

(1).

Cl

Cl
(1)

The related complexes [n-Bu 4N ][HgX3 ](X=2Cl or I ) are prepared by the
reaction of HgX, with [n~Bu N X in acetone solution, and crystal structural
analyses of the two compounds have been reported [21 ]. In the chloro species,
the anion forms discrete bitetrahedral [Hg2Cl 6 ]2_ units, and the compound should
thus be formulated [n-Bu nl ]2 [HgZClG] . In contrast, [n—Bu4N ] [HgI3] contains
discrete [HgI3]_ anions, and, although there is no evidence for interactions
between neighbouring Hgl 3 units, the anions do not possess exact three-fold
symmetry. The mixed trihalogenomercurate(II) species continue to be of interest,
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and it is proposed that the anions in [n-Pr 4N][H9C12X ], formed in the reaction:
HoCl, + [n-Pr 4N]x ———— [n-Pr 4N] [HgClZX]

are actually dimeric [Hg,Cl 4X2]2_ species [22,23]. On the basis of Raman

spectroscopic studies, it is proposed that these anions possess structures
(2) or (3).

\/\/ \/\/
AN

(2) (3)

The reaction of [n-Pr 4N][Hg2Cl 4X2] with bipy leads to the formation of complexes
[ (bipy)HgC1X I(x = Br or I) [22). 1In contrast, it is suggested that, in
acetonitrile solution, the complex [n—Pr4N][HgIZX] contains discrete trigonal
planar E-IgI.J, ] anions, although a dimeric structure is proposed for the solid
state [24]. The compounds KHgXZCN. H20 (X = Cl or Br) are formed in the
reaction of HgX, with KCN, and have been studied crystallographically [ 25 ].
The solid consists of linear HgX2 and I-Ic_;(CN)2 groups dispersed in a k' x
lattice. The complexes HHgBr,T. 2py and HI-Ic_;Br3 xIx‘ 3PhNH ( x=0,1o0r 2)
have been prepared by the reaction of the appropriate HHgX3 etherate with
pyridine or aniline [26 ). These complexes are thought to possess a pyramidal
geometry.

The thermal decomposition of [Ph2I] 5 [Hg(CN) 4] has been studied by DTA and TG
techniques; a phenyl group is transferred to the coordinated cyanide to produce
an Hg - CNPh species [27 ]. The pseudchalide complexes K2[HgX2Y2] (x=cC1, Br,
SCN or SeCN; Y = N(CN)2 or C(CN)3) have been prepared by the reaction of HgX2
with KY in 1:1 methanol-acetone. The silver(I) salts have also been character-
ised 28] The CsI-HgI, and also the mixed bromide-iodide systems have been
investigated, and the CszHgBr 4—C52HgI 4 and CngzBrs-CngZI5 sections shown to be
stable [29 ].

Clegg has investigated the crystal and molecular structures of the complexes
[M(NHB)G ]E{gClS] (M = Co or Cr) and has shown the anion to consist of a
distorted trigonal bipyramidal HgCl 5 unit. The anion has three short equatorial
Hg-C1 bonds (=2.4 &) and two longer axial Hg-Cl bonds (*3.0 and 2.9 &), and the
metal. is slightly out of the equatorial plane [30]. A crystal structure of the
complex bis[bis(N,N'-di-n-butyldithiocarbamate)copper(III) [bis(N,N'-di-n-butyl-
dithiocarbamato) copper (II) hexabromodimercurate(II) has been reported; the anion
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consists of discrete edge-fused tetrahedral dinuclear units [31].

The crystal structure of the compound Agzl{glz(I\D3)2.H20 has been reported;
the mercury is in HgI,Ag, units (4) which form sheets between the anions [321.

Ag\ /;\ ﬁHZCHzﬁH4
- I—Hg - Ag [
/ Ag N~
Ag H,
(4) (5)

The reaction of N-(2-ammoniumethyl)piperazinium trichloride or tribromide
(LHzX4; LHy = 5) with HgX,
LH3HgX5, but a crystal structural analysis of the compound has shown that it is
][HgX4]X [33]. The anion has a slightly dist~

leads to the formation of complexes of stoichiometry

more correctly described as [1H
orted tetrahedral structure.
A number of tetrahalo and trihalomercurate(II) species have been examined by

3

halogen nuclear quadrupole resonance spectroscopy, and the results appear to

confirm the common occurrence of the [Hg2X6]2_ ion in "HgX3 compounds in the
solid state [34].

The reaction of quinoline with HgI2 gives the salt [quinH] [HgZIS]' whilst
the related [quinH]z[Hg318] may be prepared by the reaction of [quinH]z[HgI ]
with HgI,, or by melting [quinH][HgI3] in water [35]. The complex [(3- —Mepy) ]2
[Hg,I] has also been prepared [35]. It is suggested that the [ng 6]2— ion
possesses Dzh symmetry, whereas [ngls]_ may have structures (6) or (7). The
complex [quinH ]2 [Hg318] is probably better described as [quinH]2[Hg13]2. HgL,,

as it shows an absorption at 210 nm, similar to that of the yellow form of Hgl,.

Hg__I_H/ \ /\ /\ /\ /
7 \, /\/\/\/\

(6) (7

2.1.2 Complexes with oxygen donor ligands

Two groups have studied the thermal decomposition of mercury(II) sulphate
{36,37 ]. On heating in either air or argon, sequential decomposition according
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to the equations:

3HgSO, 2HQO.HgS0, + 250, + 0
2 Hg0.HgSO, —  3Hg + SO, + 20,

2

whereas simple vaporisation occurs in an 802 atmosphere {36]. A crystal
structure of the complex [HgI(NO3)] has shown the metal to be in an eight-
coordinate 0612 environment, with infinite zig-zag I-Hg-I-Hg-I- chains [ 38].
The f1c3C104—IIClO4-H20 system has been investigated spectroscopically [39 ]

The crystal and molecular structure of the compound C(HgOCOCF3) 4 has been
determined; the Hg—C bond length is 2.042 &, with Hg-C-Hg of 112.36° and
108.04° [40] The closest Hg-Hg interaction is at 3.393 R. The complex
[HgLXz]( L = ethyl 3-phenyl-2-cyanoacrylate, PhC=C(CN)C02Et) has been reported,
and it is thought that the ligand acts as a bidentate NO donor [4l]. Aromatic
charge-transfer complexes of mercury(II) compounds have been known for many
years, and have attracted considerable intérest. A crystal structure of the
compound (C6MeG)Hg(02CCF3) has revealed it to be a trifluorcacetate bridged
dimer of structure (8), in which the the hexamethylbenzene acts as a n? ligand.
The charge-transfer and magic angle spinning %{ and '*C NMR spectra of the
solid closely resemble those of the solution, and it is suggested that this

structure persists in solution [42 ].

Hg
0= \\00>\
0 CF
= (=
3 OQH /0 3
g

(8)
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The complex [Hng(SCN)2 ](L = 4-cyancpyridine N -oxide) has been characterised
and is thought to possess a tetrahedral HgSZOZ coordination geometry, in which ,
the ¥-oxide acts as a monodentate oxygen donor {43]. The polymeric compounds
[MI'_A]n and [ML{phen) ]n (HZL = (9)) have also been reported, and it is thought
that the ligand coordinates as a bridging bidentate, through the N-oxide
oxygen atom and the carboxylate group [44]. The ESR spectrum of [Hg(salen)]
(stalen = (10)) shows an isotropic resonance at g = 2.0023; the authors do not

fully assign this resonance, but it might be due to a mercury(I) species [45].

o-
COOH,, | OHHO
N N
“\NF ¢ CH, N /
—N
(9) (10)

Treatment of [Hg(salen)] with a metal carbonyl results in a transmetallation

reaction and the formation of metallic mercury:

[Hg(salen) ]+ [Cr(cO) ] —  Hg + [{Ct(salen)} 0]
c.f. Hysalen + [Cr(co) ] _ [Cr(salen)(0H)]

[Hg(salen)] + [Mo(CO)G] _ Hg + [M:)O(salen)z]

[Hg(salen)] + [{Fe(cp)(CO)z} 2] AcOH, Hg + [Fe(salen)][0Ac]
+

by
[Hg{salen) ] [ {Fe(cp) (CO) ,} 2] g + [Fe(salen) 1,

[Hg(salen)] + [Co,(CO)g | —  [Hg(salen)Co(c0),]
2.1.3 Complexes with sulphur and selenium donor ligands

2.1.3.1 Thiols

The reaction of BaS with HgS at 600° leads to the formation of BaH982 , and hoth
this compound, and the red complex Ba,HgS, have been structurally characterised
[46,47]. A mass-spectroscopic study of the dissociation of mercury(II) sulphide
has been reported [48]. An infra-red and Raman spectroscopic study of the complex
Hg(SCF3)2 in the solid state and in CS2 solution and SFG matrix has been
described [49].

The complexes [Hg(SR)Z] (R = n-Bu, t-Bu or Ph) have been prepared in very good
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yield from the electrochemical oxidation of mercury into an acetonitrile solution
of RGH or RSSR [50). A wide range of thiolate and selenate complexes of mercury
have been studied by multinuclear ('H, !'°C and ®°Hg ) NMR techniques [51]. A
number of complexes of the Zwitterionic ligand l-methyl-4-mercaptopiperidine (11),
including [H92L2X4] (X = Br or I) have been described [52] . These complexes are
thought to have the thiolate bridged structure (12). Binuclear conplexes [M—IgLZ]

SE - Q

/4\

Me X s

\
(11) y % /

/

COOH
/N
SH H N Me
(13) (12)

(M= Pb or Cd; H)L = (13)) are formed in the reaction of M(NO3)2 with [Hg(LH)z]
[53]. !°°Hg and 'H NMR studies of these complexes suggest that the mercury is
bonded to the two sulphur atoms, whilst the heteroatom is bonded to oxygen. A
number of selenato complexes, including [Hg(SeMe)Z],[{ HgCl(py)(SeEt)}4] and
[{HgCl(py)%(t-BuSe) } 4] have been prepared and structurally characterised [54].
[Hg(SeMe)z] is polymeric, with selenium acting as a bridging bidentaté atom ,
and each mercury being four-coordinate (14); this is in contrast to the two
coordinate structures commonly found for [Hg(SR)Z] species. [{ HgCl(py) (SeEt)} 4]
possesses an eight-membered Hg,Se, ring system, with each mercury being in an
SeZCZlV environment (15), whilst [{HgCl(py)%(t-BuSe)} 4] also possesses an Hg,Se,
ring system, and is isomorphous with the corresponding 4-methylpyridine complex,
with two trans —annular chloride bridges(16). Complexes of mercury with
1-phenyl-3-methyl-4-phenylazopyrazole-5(4H)~thione (E7.) [ 55]and 'thiolhistidine'
(18) [56] have been reported. The interaction of a range of Nand N, N’
‘substituted imidazoline-2(1H)-thiones have been prepared and structurally charac-
terised [57]. With 3-ethylimidazoline-2(1H)-thione (LH) the complexes



Me
\\ Me
Me __Se
< se\_\Hg/ \
Se\\ / \
/ H g /Hg TTTSe
/ s/
e /’/19\ M ,/ Se/ Me
/ Tse e
// \ A
Me Me
(14)
TN Et
NN =
— o
T N\ / ;'9 NQ\ /)
’9
I
Hy
TN He / N-——
\J ~ S\ - \\
AN
(15)
t-Bu ¢t-Bu
\ /

(16)

(21)

61
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[HgL2X2] (X=Cl, Br or I) are formed, and [HgL2C12] has been shown to possess a
pseudo-tetrahedral environment about the mercury, which is coordinated to the
two chloride ions and the sulphur of the thione, with a weak hydrogen bonding
interaction between the chloride and the NH of the imidazoline. In contrast,
1,3-diethylimidazoline-2(1#)-thione forms the polymeric complex [{'HgI.Clz}n] ;
which has also been structurally characterised [57] . The complexes [HgL(I\D3)],
Hg(LH)LZ, HgL2.NI-13 and HgXZ.ZHL (LH = 19; X = Cl1 or Br) have been reported; all
are non-electrolytes in dmf solution [58]. The complexes [ngLzClzl (LH = 20)
have also been described [59 ]. Conmplexes with the 1,3,4-thiadiazole (21) have
also been reported [60].

2.1.3.2 Thioethers

Ginsburg has reported the 1:1 complexes of the thiocethers (22) - (25) with
HgCl,, [611].
P 3 S
- r/ v
(22) (23) (24) (25)

2.1.3.3 Thioamides and related ligands

The complexes [HgL2X2] (L = 26; X = Cl or Br) have been described, and on the
basis of 'H and ''C MMR studies, it is suggested that the metal is in a tetr-
hedral S2X2 environment, with the terminal thioamide sulphur of the ligand
coordinated to the metal [62]. Complexes with 2-thiopyrrole-1,2-dicarboximide
and N-carbamoylpyrrole-2-thiocarboxamide have also been reported [63]. The
thiosemicarbazone complexes [Hng2] )L = PhC(Me)=NNHCSNH,; X = C1, NO or %S0,)
[64 ), and B—Ing J(m = (2-furyl)CH=NM-ICSN!-12) [65 ] have been characterised; the
latter ligand is thought to act as a bidentate NS donor. Complexes with the

thiourea (27) [66 ] and the thichydrazide of salicylic acid (28) [67] have also
been reported.

</_N s Br S._ _NHNH,
\ /U\ S
S)\ﬂ Me \©\ /U\ OH
N e

(26) (27) (28)
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Thiocarbamates continue to be of interest as ligands, and a crystal structural
analysis of the complex [HgLClz] (L= MeZI\CSOEt) has been reported [67]. The
metal is in a five—coordinate trigonal bipyramidal geometry, with the two
chlorine ions, and one sulphur atom forming the trigonal plane, and interactions
with two more distant chlorine atoms completing the axial coordination. A
structural analysis of mercury(II) dithiocarbamate, which forms a two-dimensional
polymeric network, has also been reported [69 ]. The ligand exchange reactions
between mercury(II) dithiocarbamate and ng+ in dmso solution has been studied

[70]. The novel complex [Hng] (HL = (EtO) ,P(O)NHCS,H) has been described [71].

2.1.3.4 Phosphine sulphides ‘

A number of triethyl thiophosphate complexes, including [HgL 4 ][c1lo 4 ]2
L = (EtO)3PS) have been characterised [72]. The complex shows both P=0 and P=S
stretching frequencies in the vibrational spectrum, and evidence is presented

for the equilibrium;

— —
(EtO)3P"S = (EtO)z(EtS)P=O
The treatment of (Ph2P=S) 3CH with HgX, leads to a monomeric product, [HgLX],
in which the ligand is either behaving as a tridentate § 3 tripod, or as a C-
bonded monodentate {73]. A multinuclear ( P and *® Hg) NMR study of some
phosphine sulphide complexes has been reported [74].

2.1.4 Complexes with amine, amide and related ligands

The assignment of the Hg-N stretching mode in [Hg'(NH3)2C12] has proven to be
controversial in the past, but new results derived from an intensive study of
the deuterium and '*N labelled complexes have resulted in the assignment of the
Raman active stretch at 407 £1.0 cm_l to the alg mode, and the infra-red band at
518.5 cm_l to the Ay, Vug HIN stretch [75]. The reaction of Kz[Hg(SCN) 4‘] with
hexamethylenetetramine leads to the formation of [Hg4(NCS)8L] (L = hexamethylene-
tetramine) [76]. This is the first example of a tetradentate complex of this
ligand, and it is proposed that the compound has structure (29) in both the solid
state and in solution.

Mercury complexes of D,L-2,3-diaminopropanoic-y, ¥ '-dimalonic acid,
(H02C)2CHI\1HCH2CH(C02H)I\I(-ICH(C02H)2 have been reported [77]. A number of amide
complexes, including [HgDClz] (L = Me,NCOCH,) [78], [Hng] (L = EtCONd,) [79]
and [[—IgL2Cl2 J(L = 30) [B0] have been reported, and in each case the ligand is
thought to act as an N0 donor, although in the case of (30) it is proposed that

it is the nitrogen atom of the heterocyclic ring rather than that of the amide
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I-[N/ngz o
H H N )J\
{ ) D—n" “cH,
Hu\\/ o
Hg)(2 (30)
(29)

which is coordinated to the metal. Complexes with ethylenebiguanide [81] and a
munber of dipeptides [82] have also been characterised.
1,4-Diazabutadienes (a, o —diimines, ) may act as o,0'- N,V’'-bidentate,
rigid o-~¥, fluxional o -¥ <+ o -V bridging bidentate or o - ¥, n*-C=N"'
bidentate ligands. A range of ArN=CRCR=NAr ligands have been investigated, and
the complexes [HgLX,] (L = ArN=CRCR'=NAr; X = Cl or Br) are thought to be monomers
with a chelating o,0'-N,NV' ligand [83]. The N-aminorhodanine complexes
[HgLZX2] and [Hng-5(01o4)2] (L = 31; X = Cl or Br) have been reported [84 ].
Interest in triazenato complexes continues, and an interesting reaction with

phosphines has been reported. Treatment of [(Ar2N3)2Hg] (Ar = 2-fluorophenyl)

o, NH;
C
S/&s
(31)

with tBuZPH leads to the formation of an Hg3P3 ring system (32) [85]. 1In the
reaction with CychZPH, the initially formed Hg3P3 heterocycle rearranges to the
Hg,P, system (33) [85].

N3R, R, ﬁs R,

| Hg P————Hg
RN, ~
/ \Pt-Buz Tg \lPR;
R}P. Hg N;R,
HgN,R, z
/ \Hg 1
P N,R, R;
t-Bu2
(32) (33)

t-BuzP

R,N ;Hg
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A number of mixed ligand triazenato species [(EtO)ZP(O) Hg(N3Ar2) ] have been
prepared by redistribution equilibration, and the reaction with PPh3 to give
[(Ar2N3)Hg{(0)P(OEt)2}(PPh3)] has been described [86].

2.1.5 Complexes with nitrogen heterocycles

The complexes [HgLZClZ] (L = 34; Ar = Ph) and [HgLClZ] (L = 34; Ar = 4—HOC6H4)
have been reported [199 ], as have conplexes with a range of substituted
imidazoles {200]. In general, l-substituted imidazoles gave mononuclear
[HgL2X2] complexes, whereas unsubstituted (on nitrogen) ligands gave rise to
polymeric products. The mercury salt of 5-nitrotetrazole is proposed as an

alternative detonator to lead azide [201 .

/ll“r

(34)

The ¥C NMR spectra of [HgClz(py)z] has been recorded, and the results
interpreted in terms of the s-cloud delocalisation in the molecule [202].
Halogen NQR spectra of [HgX2L2] (X=Clor Br; L = py or PPh3) have also been
reported [34]. The crystal structures of [Hng(py)zl (X = C1 or Br) have been
redetermined [203 ). [HgClz(py)z] forms a polymeric one-dimensional array of
trans—HgCl 41V2 octahedra, sharing two opposite edges, whereas [Hg(py)zxz]
(X = Br or I) form discrete psudotetrahedral molecules. Structures have also been
reported for the complexes [Hg(py) (MeCHOHCHNka)][OZCCF3] [204], [Hg(biPY)(OZCCF3) 2]
[205], [Hg(CF,),(terpy)] [206] and [{Hg(02C12F3)2}2(tpt)][207]. The extraction -
of mercury from acidic thiocyanate medium by solutions of diphenyl-2-pyridyl-
methane has been studied [208 ].

Mercury(II) complexes of cinchonine (35) [87 ] and a number of nucleosides have
been reported [88 ].




66

2.1.6 Complexes with phosphorus, arsenic and antimony donor ligands

The crystal and molecular structure of the 8 -form of [I{gClZ(Pm3)2] has been
reported [89] ; the complex is a dichloro-bridged dimer in the solid state, in
contrast to the tetrameric structure of the o-form discussed in last years review
In solution there is some association between adjacent dimers. The crystal
structures of [Hg(CN)Z(PPh3)2] and [Hg(I\D3)3(PPh3)2]

correlation with P chemical shifts made [90]. The cyanide complex possesses

have been reported, and a

a distorted tetrahedral structure, which may be regarded as being on the reaction
path between a truly tetrahedral molecule and a trigonal{[Hg(CN) 2'( PPh3 N+ PPh3}

system; [Hg(I\D3)2(PPh is a six-coordinate species with crystallographic 6’2

S,

symmetry, and unequal Hg-O bond lengths of 2.507 and 2.79 R. The electrochemical
reduction of [ngz(PR3)2] (X =Cl, Br or I) has been studied, and the unusual

two-electron process:

——  Hg(l) +  2PR, + 2X

27+ [HgX,(PR) 3

2 ]
demonstrated [91]. A correlation between the redox potential for this reduction

and NMR parameters ( § P, §'®* Hg and . ) was demonstrated, and NMR

P-Hg
techniques were also used to investigate the halide exchange reaction:

[HgXZ(PR + [HgYZ(PR3)2] —— 2[HgXY(PR.)

3)2] 3 2]

The reaction of R2PH with triazenato complexes to produce HgnPn heterocycles has
been mentioned earlier (2.1.4) [85].

A number of novel diphosphine complexes have been reported this year, including
a species thought to be the phosphoniumfluorenylide complex (36) [92]. A complex
with the phosphorus analog of H,edta, (HO,CCH,) PCH,CH,P(CH,CO.H). has been
reported [93). The reaction of trans-—[Pt(C!CR H(n' —dppm ] (R = Ph or 4-MeC.H,)
with HgCl, leads to the formation of (37) P4 J; analogous conpounds of the type
[¥,Pt( dppm)HgClz] are formed from the reaction of [ Pt? -dppm)£ Cl, with HgY,

(Y = CN, OAc/HC2CR) [95]. A crystal structural analysis of the pseudotetrahedral
complex [HgBr, (Ph,PCH=CHPPh,) | has been reported [90].

The reaction of tBJ P(O)H with HgO or Hg(OAc) leads to the formation of the
conmplex (*Ru P(O) Hg], which has been characterlsed by ® P and '¥ Hg MR
spectroscopy. The ligand is thought to be P-bonded to the metal locl. a
combination of *'P and “*Hg NMR techniques has also been used in a study of the
complexes [HgY(PR;) ((Et0),P=0)] (Y = OAc, 0,SCF,, Cl, Br, I, S,CNEt,, S,P(OEt),
or (Et0)2P==O ), and it is suggested that the diethylphosphito ligand is P -bonded
in these compounds also b7] The mixed ligand complexes [(EtO)ZP(O)Hg(N3Ar2)]
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2
P cl Cl P /\

g Hg e
PhP— o g pi’ Hg—
/c/Phl | ¢
| RC Z 'zp\/PPh2
(36) (37)

have been discussed earlier (2.1.4) [86]. The reaction of Hg(NO3)2 with

(RO)213'(O)CHZCOI\1E1:2 results in the formation of [ﬂ{g((RO)zP(O)CHCOI\EtZ)(I\D3) }2]

[98]. The dimeric structure has been confirmed by an X-ray crystallographic

g

Co
(to)p  PlOEY, P(oEt),
(Y
o (0]
(38)
study. The novel tripod ligand (38) has been shown to form mercury(II)

complexes [99 ]. Complexes with amino(cyclophospazenes) [100] and l-arylarsolanes
[101] have also been reported.

2.1.7 Complexes with macrocyclic ligands

Few macrocyclic complexes of mercury(II) have been reported this year, and the
potential of such species in metal-exchange reactions has not yet been fully
explored. A crystal structure of the complex [!-IgI_.Cl2 ].HgCl2 (L = [18)-ane-
1,4,7,10-04—13,16—82) has been reported (39) [102]. The ligand is a bidentate
$,8'-exodentate donor, and the metal is in a distorted HgSZCZZ tetrahedron,
with the chloride ions bridging to the second mercury atom. The addition of a
range of axial ligands to [Hg{TPP)] has been studied [103).
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(39)

2.1.8 Aqueous solution chemistry of mercury(II)

Studies on the mercury(II) catalysed aquation of octahedral transition metal
complexes continue to be reported, and the involvement of binuclear chloro-bridged
[M-C1-Hg ]X+ species is now well established. Complexes which have been studied
include trans -[Rh(en).C1, 1" [104], [Rh(NH,) XI** (x = c1 or Br) [105],

[Rh(N4) T ?* 106, [Rh(en)2C12]+ [107], mer -[Rh(oH,)c1,1 [108], cis-
[cotpn) 1L ¥ (1 = py, Mimid or Hpenzimid) [109], lcr(may) c11* [105), eis-
[Cr(NH3)4(OHz)Cl]2+ (1051, trans ~[crixc1]?t (L = tetramine) [110],

[coten) ,C1 (imidH) P (1111 and [(30) (}120)4Cr(u—NC)Hg] 3* [112]. The hetercbinuc-
lear intermediate is best established for the rhodium(III) systems, and detailed

kinetic studies of the reactions:

Rawy) 1P+ mg®t K [Rh<m3)5(u-1)ng]4+
[Rh(NH3)5(u—I)Hg]4+ _k . [Rh(NH3)5(OH2)]3+ + lEgrl®

have been reported [106]. The precise mercury(II) species implicated in the
catalysis is not yet fully established, and may vary from system to system. In
the mer- [Rh(OHz) 3Cl3] hydration, the catalytically active species are ng+

and [HoCl ]+ , with H9C12 showing very little effect [108 1. Probably the most
important study this year has been the structural characterisation of the
binuclear complex cis — [Rh(en)2C12] Cl.HECl,, which is formed from the reaction

of ¢is~ [Rh(en)ZClz][NO3] with Hg(I\D3)2 in chloride medium. The crystal structure
of this conmplex clearly shows the role of the mercury in forming the M -chloro
bridge [107). The displacement of cyanide ion from [Fe(CN)6 ]4_ by 4-nitroso-
diphenylamine has been shown to be mercury catalysed, and it is proposed that a
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seven coordinate transition state is implicated {113].
2.2 MERCURY(I)

2.2.1 Halide and pseudohalide complexes

The use of mercury(II) halides as a solvent for mercury(I) compounds continues
to be of interest, and the mixed ligand complexes [HgZXY] (X = halide; Y # halide)
have been studied in molten HqBr2 [8]. The reaction of HgZCl2 with bromine has
been discussed in Section 2.1.1 [4]. A number of mononuclear mercury(I) compounds
have been described, and HgX (X = Cl or Br) have heen characterised as the
products of the reduction of HgX2 by metallic zinc (using matrix-isolation
Raman spectroscopic methods) [91. The thermodynamic properties of the Igd molec-
ule have been calculated [114]. The formation of mercury(I) compounds in the

Y-irradiation of HgC12 has been discussed in Section 2.1.1 [11).

2.2.2 Complexes with oxygen donor ligands

The thermal decomposition of mercury(I) sulphate to mercury(0) and mercury(II)
sulphate has been studied [36,37]. Studies of mercury(I) carboxylates in
solution [115] and in the polycrystalline solid state [116 ] have been reported.
The reaction of I{g2F2 with AlF3 in SM hydrofluoric acid results in the formation
of I-InglFS.ZHZO, which has been characterised crystallographically. The structure
consists of AlF6 octahedra sharing two trans fluorides, with the quasi-linear

[(I]ZO)HgHg(HZO) ]2+ cation situated between these chains ( Hg-Hg, 2.511 A; Hg-0O;
2.144 &) and interacting with four fluorine atoms (Hg-F, 2.827, 2.894 &) to give
a pseudo-octahedral F 490  environment 117]

2.8.3 Complexes with oxygen donor ligands

A review of mercury(I) complexes with nitrogen donor ligands has appeared [118]
A wide range of complexes with heterocyclic ligands have been characterised,
including [ngLnxz] (L = py, 1,4-diazine, 1,3,5-triazine, 1,4-dioxane or 1,3-

dithiane; X = Nf)3, 81F6, OAc, 02CCC13, ClO4 or BF4) 119].

2.3 ORGANOMERCURY(II)

2.8.1 Halide and pseudohalide. complexes

Alkylmercury(IL) fluorides are formed in the reaction of xenon difluoride
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with gk, (along with xenon, RF and RZ) [2]. A number of hydrido species Rilgl
(R = Me or %t) have been electrochemically characterised in methanol solution
[120]. The resonance stabilised carbanion [(Me2P=S)3C | gives a stable complex
[CngC(MezP=S) 3], vhich is formed in the reaction of the lithium salt with HgC12
in good yield {121]. A range of perfluoroalkyl compound [RHgR'] or [R2Hg] have
been prepared by the reaction of the appropriate perfluoroalkyl Grignard reagent
with HgX,, or [R'HgX] [122]. A ™™g NMR investigation of the equilibrium

HgX, + [(Cl,C=CC1),Hg] = 2 [HgX(CLC=CC1)
has been reported [123]. Multinuclear NMR studies of a number of [ArHgCl] [124 ]
and ArCHZC(ONE)(R)CHZHgCl complexes [125] have also been reported, and the
observations on the latter species are consistent with an intramolecular

n —interaction in non-donor solvents (40) [125] . The vibrational spectra of
the acetylide species [MeHgCECX](X = Cl or Br) have been reported [126], as have

OCH,

R
Hg

x~ \

(40)

PES spectra for a number of [RHgC1 }{R = alkyl or aryl) compounds {127,128]}.

The reaction of [PhHgX](X = Cl, Br, I or CN) with PR, is reported to lead to
the formation of [R3P)2HgX2][129] . A number of reactions of organomercury(II)
halides have been reported, including the interaction of RHgCl with Ph2Hg [130],
the thermal decomposition of [PhCH(0,"Bu)CH,HgCl] [131] and the thermal
decomposition of thienylmercury(II) halides [132]. The reaction of
8-(l-bromoethyl)quinoline with mercury results in the formation of the alkyl
species (41) (MLn = HgBr) in a racemic form. This racemate may be resolved with
(+)~-D—camphor-10-sulphonic acid, and undergoes a transmetallation reaction with

(Ph3P)4Pd to give (41) (M"n = Pd(Ph3P)Br) [133].
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~
P
N
Me ML,

(41)
2.3.2 Complexes with oxygen donor ligands

The reaction of [PhHg(OAc) ]| with Cu(SeCN)2 or copper(II) sulphate in the
presence of KSeCN gives low yields of PhSeCN, together with thse and thse2 [134]
The two latter products have been shown to arise from the reaction of PhSeCN with
PhHgX (X = OAc or Cl) in the presence of copper(II). A crystal structure of the
complex [C(HgOZCCF3)4] has been reported [40], and is discussed in Section 2.1.2

2.3.3 Complexes with sulphur donor ligands

Further studies of the blue-yellow photochromism of [RHgL ] (HL = dithizone,
42 ) species have been reported [135]. A spectroscopic study of the mercapto-
amide complexes [MeHg(S(CHZ)nCOM{lVE) ] (n = 1,2 or 3) have established a weak
interaction between the metal and the nitrogen or oxygen of the amide group [136] .
A crystal structural analysis of the complex [MeHgSCHchNHNb] has confirmed this,
and demonstrates a weak Hg-O interaction to give a five-membered chelate ring
in this case [136]. The structure of the complex [PhHgL] (LH = 2-( ¥,N -
dimethylamino) thiophenol) has also been determined (at -120°C), and shows the
formation of a similar five-membered chelate ring, this time with an Hg-N inter-
action (43) [137].

(42) (43)
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2.3.4 Complexes with nitrogen donor ligands

As in previous years, the interest in the ecological and biochemical properties
of organomercury species has provided the impetus for the study of such
complexes, and particular attention has been paid to the structural properties
of methylmercury(II) nucleoside complexes.

Crystal structures of [(MeHg)zL][ClO4].H20 (LH = adenine) (138], [MeHgL].liHZO
(LH = thymine) [139], [MeHgL].4NaNO, (LH = thymine) (139}, [(MeHg)zL][NO3] -2H,0
(LH = adenine) (141} and [(MeHg)zL][NO3] (LH = l-methylcytosine) ([142] have
been reported. Associated spectroscopic studies of the methylmercury(II)
complexes of adenine [143], 9-methyladenine [144] and cytidine [145] have also
been reported.

A number of complexes of [RHgCL (R = 4-!-102CC6H4) with amines have been
described [146]. The complexes (44) (MI_.n = HgCl) and (45) (M = Hg) are prepared
by the reaction of (44) or (45) (M= MLn = 1Li) with HgClZ, and undergo facile
transmetallation reactions with PA{OAc),, [Pt(dba)z] or [Pt(cod)z] to produce
(44) (MLn = Pd(OAc)) or (45) (M= Pd or Pt) [147]). The sulphonamide complexes

NMe,
MLy | M <—NMe,
NMe,
NMGz
(44) (45)

[ArN(SOzPh)HgPh] (Ar = 4—021\126}-14) [148] and [MeSOZN(Cl)HgPh][l49], the latter
prepared by the reaction of MeSOZNClBr with [PhZHg], have been reported, as has
the related [ArNHHgPh] (Ar = 4—02NC6H4) [148].

Complexes of methylmercury(II) with a wide range of pyridines, imidazoles and
pyrazoles have been investigated by NMR techniques, and correlations drawn between
ngH of the ligand and ZJH-Hg [150]. A crystal structure of the complex [PhHgL ]

LH = 2-phenylsulphonylimino~1,2-dihydrothiazole) has been reported [151]. There
are weak intermolecular Hg-N and Hg-O interactions as shown in (46). The
complexes [MeHgL][l\D3] (L = 1-(2-pyridyl)pyrazole or bis(l-pyrazolyl)methane)
have been reported [152land structurally characterised [153]. In each case the
metal shows interactions with the nitrate ions. The reaction of basic PhHg(I\D3)

with a series of 2-substituted benzimidazoles leads to the formation of
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(46)

binuclear complexes [PhHg(L)HgPh ] [I\D3 ], in which it is proposed that the
deprotonated benzimidazole acts as a bridging bidentate ligand [154].

2,4 COMPOUNDS WITH MERCURY-HETEROMETAL BONDS

The reaction of [Nb(cp)2H3] with [Hg(SZCNEtz)Z] in benzene gives the reddish-
brown compound [Nb(cp) , Hg(S,CNEt,) },] which has been characterised crystallo-
graphically, and shown to possess a near-planar Hg3Nb cluster framework [155].

A nurber of reactions of mercury-manganese and mercury-rhenium complexes have
been reported, and the species [CuHgMn(CO).], [(PPh,),BrPtHgRe(CO)y], [BrHGM(CO)]
(M = Mn or Rh), [BrZ(PPh3)2Pd(M1(OO)SHgDm(CO)S] and [HgMn(CO)S]‘have all been
described [156]. The complexes [M(cp)z{Hg(SZCNEtz) }2] (M = Mo or W) have been
prepared in a number of ways, and a crystal structure of the complex with
molybdenum has been reported [157]). A irianglo~ nglvb cluster is formed (47).

EXC
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The phosphide complexes [Hg{PPh,M(CO).},] and [(Me3si)2M~Ig(PPh2)M(OO)5]
M = Cr, Mo or W) are prepared according to:

[Hg{N(siMe3)2}2] + [M(CO)S(PPhZH)]_. [(Me3Si)2NHg(PPh2)M(CO)5]

[(Me,5i) NHig(PPh,IM(CO) )+ [M(CO) 5(PPh,H) ]

|

[Hg (PPh,M(C0) ¢ 1, ]

pbut probably only show Hg-P rather than Hg-M interactions [158]. The crystal and
molecular structure of the complex [Mo(cp),(HgSEt),] has been reported [159].

The complexes [(u—RS)(u—RHgS)FeZ(CO)G] (R = Me or Et) have been described,
but as indicated in the formulation above do not contain any direct Hg-M bonds
[160]. The structure is as shown in (48).

co

oc\ 0
\ /-
W

(48)

The reactions of HgX2 with a range of HCoL 4 species results in the formation
of trigonal bipyramidal complexes [(XHg)CoL 4] (X =Cl1, Br or I; L = phosphite
or CO) [161 . The crystal structure of the dimercury bridged compound

[{N(CH2CH2PP1'12)3C0Hg}2] , formed in the reaction of [N(CIiZCI-IzPPh2)3CoCl][BPh4]
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with sodium amalgam has been reported [162]. The reaction of HgC].2 with a thf
solution of Na [Rh(PPh3)2(CO)2] results in the formation of [ Hgl (Ph3P)2Rh(CO)2) 2]
[163]. [PtL(CO){(CECR)C1l] reacts with [Hg(CECR)Z] to give [LPt(CO) (C=.CR)2]

(L = PPhZMe) , and it is proposed that an octahedral Hg-Pt bonded species is formed
as an intermediate in this and related reactions [164]. A square-pyramidal
complex containing an Hg-Pt bond has been structurally characterised [165].

The electrochemical behaviour of the complexes (49), (50) and (51) have been
investigated [166]. The reaction of [PtClsz] (L = 2,6-dimethylphenylisonitrile)
with sodium amalgam in the presence of excess L results in the formation of the
clusters [HgPtGle] and [Pt7L12][167].

(‘)Ac

Me HQ/TO
MeN —< NM

\Pt/ O /

~_ o Pt\ Me
Hg / J (o}
N
NMe, OAc Me, Br
(49) (50)
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The electrochemical oxidation of mercury in contact with liquid sulphur dioxide
solutions of [Me 4N] [AsF6] leads to the formation of tri- and tetranuclear

complexes. Similar reactions occur with [NMe4][SbF and the compounds

1
[Hg3AsF6] and [Hg3SbF6] have been isolated [168]. '?‘races of [(D’E3E)2Hg]

(E = Si or Ge) are formed in the reaction of Me3ECl with Al, Mg, Ca or Li in
the presence of mercury, and this cbservation has been developed into a high-
yield synthesis of [(Me3E)2Hg] from the reaction of Me JECL with lithium amalgam
[169]. The reaction of [(ArBGe)zHg] (ar = CGFS) with lanthanide metals results
in the formation of (Ar3Ge)7Hgan in high yield [170]. Raman studies of the

3 and (Ph3'17e)2HgX4 (X=1C, Br or—{) have revealed Te-Hg
but not Te-X stretching frequencies (v Te-Hg 105 cm 7), and the compounds are

thus formulated [Ph3'IE-HgX3] and [Ph TE—HgX4—T‘ePh3] in the solid state [171].

complexes Ph3'1\e .HgX

3
The compounds are 1l:1 electrolytes, and it is proposed that they ionise:

M B

[Ph,Te-HgX Ph.Te + [ng3]

3 3] — [3

- - — - +
[Ph Te-HgX,-TePh, ] === [Ph;TehgX,]  + ([Ph,Te]

2.6 MERCURY IN ORGANIC SYNTHESIS

Many of the best-known applications of mercury to organic synthesis involve
the addition of an HgYX species across a multipie bond, to produce either an
organomercury compound with a C-Hg bond, or a demercuration product derived from
this. A number of variations on this basic theme have been developed over the
years to allow the formation of a range of C—x bonds, and to permit novel
intramolecular reactions in suitable cases.

The mechanism of addition of water or hydrogen chloride to acetylene or
ethylene in the presence of mercury(II) compounds has been further investigated
[172], and the mercuration of ArCH=CHCO,Me by H';](O}\c)2 studied [173].

A synthesis of mitosenes has been reported in which a key step is the intra-
molecular displacement of halide from a vinyl bromide by an amine in the presence
of Hq(OAc)z, to produce the indole (52) [174]. v ~Acetylenic alcohols are
cyclised by HgCl2 to the tetrahydrofuran derivatives (53), and this offers a
route to prostaglandins [175]. The reaction of [PhH<p2CCF3] with acrylic acid
in the presence of H2 [PtC16] results in the formation of low yields (15%) of
PhCH=CHC02H [176]. RCOCH=CHC(32H is converted to RCOCH=CHC@IH=C}12 by Hg(OAc)z/
vinyl acetate}in the presence of BF3 and hydroquinone; the product is readily
decomposed by aqueous Hg(ozlc)2 (1771,
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OR
OR
Br
| Hg(OAc) ,, thf N OAc
NH, SR NaHCO N
R, Ry, H R

(52)
H
OH .0
HgCl,, NEt,
(53)

The aminomercuration—demercuration sequence continues to be of synthetic
utility, and Barluenga has prepared 4-aryltetrahydro-l,4-thiazine 1,l1-dioxides
(54) from divinylsulphone and ArNH, by this method [1781].

2

o)
S 2
W W 1)Hg(0Ac) -
| 11 )KBr
N
N
N R

iii)NaH—I4
2

(54)

The transmetallation of RCH=CHHgCl with Li2 {pac1 4] occurs smoothly in cyclo-
olefins to give n°-allylpalladium(II) species (55) [179]. ‘
Mercury compounds have been found to be very effective in the hydrolysis of
1, 3-oxathiolanes [180,181,182] , and it is proposed that a 1:1 complex is formed,
prior to transfer of a coordinated water molecule from mercury to carbon.
Mercury salts are also useful in the preparation of hemiacetals from acetals
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(55)

since RHC(OR) (OH) is only slowly hydrolysed in the presence of Hg2+, in
contrast to the rapid hydrolysis of RI-IC(OR)2 [183]. Solutions of HgO in H[BF4]
have been recommended for the hydrolysis of dithiocketals and orthoesters, and
are claimed to be superior to HgO/BF3.Et20 [184]. Mercury trifluorcacetate
supported on polystyrene is claimed to be a superior reagent for the hydrolysis
of thioacetals and thicketals, and has the advantages of easy work up, and not
catalysing acetal or ketal formation [185]. At 190-210°, orthoformates are
converted to dialkyl carbonates by mercury(II) acetate [186].

The mercuration of aromatic compounds is of considerable theoretical and
practical importance, and cross polarisation magic angle spinning “C NMR spectra
of the solid compounds Hg(SbF6)2.2ArH (ArH = C6!Vk=:5 , 1,2,4,5—C6H21Vb4,' 1,2,3,4-
C6H2Me4 and benzene) have been reported {187]. 1In the case of the first two
compounds the spectra are consistent with static n'-Hg-C bonding at the

-unsubstituted carbon, whereas the other two compounds gave time-averaged spectra
indicating C.( or C, ) and C, symmetry respectively. "C NMR studies of SO
solutions of the 1,3,5-R.C H, complexes also indicated an n' bonding mode.

3763

These results are not inconsistent with the n’? mode observed in C6Me6 compounds

[42]. The mercuration of (EtO) ,PAr has been investigated [188].

2

Coupling and cross-coupling reactions are of importance in organic chemistry,

and some recently reported examples of mercury mediated couplings include:

n
ArHCl + OO IMPA, BugNI ArCOAr [189]
Rh(C0).C1
)
n,
ArHg + Ar'X HMPA, BuyNI Arar! [190]

[PhPA(PPh,) T ]
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LiCuMe., and Li.CuMe, are powerful reagents for cross-coupling reactions with

2 2 3
organomercury(II) compounds, and an intensive study of such reactions has been
reported [191]. A coupling reaction to produce the palladium complex (56) has

also been described [192].

;b * CIHQ/Q\/\COZMe

CO,Me

(56)

2-Methyl or 4-Methylpyrrilium salts are mercurated to ~CH jHgX derivatives on
treatment with HgX, [193,194]. 1-Arylpiperidines are converted to 2-piperidones
(57) by Hg(OAc:)z/edtaH4 [195] . The reaction of 1,3-bishydrazones with Hg(OAc) ,
results in the formation of pyrazoles [196]. Other applications reported this
year include:

COR —— (Et;E)OCR=CH, (E = Si or Ge) [197]

(Et3E)2Hg + BrCH,) 5
BF3
RCH(HgX)COR' + R,CHO =——— R.,CH(OH)CHRCOR' [198]

> 80% erythro
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2.6 '°°Hg NMR SPECTROSCOPY

This section consists of a bibliographic listing of papers reporting ®°Hg NMR
data, arranged according to the Section in which they are discussed.

2.1.1 [13]

2.1.3.1 [51], [53]

2.1.3.4 [74]

2.1.4 (86]

2.1.6 for1, loel, [97]

2.3.1 {123], [124], [1251, [127]
2.4 {1581, [159]

REFERENCES

p—

E.C. Constable, Coord. Chem. Rev., 52 (1983) 53
K.P. Butin, Y.M. Kiselev and T.V. Magdesieva, Izv. Akad. Nauk SSSR, Senr.
Khim. , (1982) 716
3 B. Frlec, D. Gantar and J.H. Holloway, J. Fluorine Chem., 19 (1982) 485
4 S. Mehdi and S.M. Ansari, J. Solid State Chem., 40 (1981) 485
5 B.L. Dubey and I.N. Das, Indian J. Chem., Sect. A, 21A (1982) 118
6 V.P. Vasil'ev, E.V. Kozlovskii and A.A. Mokeev, Zh. Neorg. Khim., 27
(1982) 632
7 K. Aurivillius and C. Staalhandske, Acta Chem. Seand., Sect.A, A35 (1981) 537
8 K. Brodersen and J. Hoffmann, Z. Anorg. Allg. Chem., 482 (198l) 226
9 A. Givan and A. Loewenschuss, J. Mol. Struct., 78 (1982) 299
0
1

[V}

M. Sano, Y. Yoshikawa and H. Yamamoto, Inorg. Chem., 21 (1982) 2521

. A.I. Aleksandrov and B.G. Ershov, Izv. Akad. Nauk SSSR, Ser. Khim.,
(1982) 1187

12 V.I. Belevantsev and I.V. Mironov, Zh. Neorg. Khim., 27 (1982) 1393

13 R.L. Bain, J. Inorg, Nucl. Chem., 43 (1981) 2481

14 D.N. Waters and 2. Kantarci, J. Raman.Spectrosc., 12 (1982) 109

15 s. ahrland, E. Hansson, A. Iverfeldt and I. Persson, Acta Chem. Scand.,

Ser. A, A35 (1981) 275



16

17

18
19

20

21

22
23
24
25

26

27
28

29

30
31
32
33
34

35

36
37
38

39

40

41

42
43
44
45
46
47
48

49
50
52
53

54

55
56

81

U. Muralikrishna, V.M. Rao and M.V.S. Suryanarayana, Fresenius' Z. 4dnal.
Chem., 310 (1982) 429

V.P. Vasil'ev, E.V. Kozlovskii and A.A. Mokeev, Zh, Neorg. Khim., 27
(1982) 1466

J.G. Contreras and G. Sequel, Spectrose. Lett., 14 (1981) 553

V.S. Schmidt, K.A. Rybakov and V.N. Rubisov, Zh, Neorg. Khim., 27 (1982)
454

J. Pickardt and T. Schendler, 7., Naturforsch., B: Anorg. Chem., Org.
Chem., 37B (1982) 930

P.L. Goggin, P. King, D.M. McEwan, G.E. Taylor, P. Woodward and M.
Sandstrom, J, Chem. Soc., Dalton Trans., (1982) 875

J.G. Contreras and G.V. Seguel, Inorg. Cnim Acta, 61 (1982) 99

J.G. Contreras and G.V. Seguel, Bull. Soe. Chil. Quim., 27 (1982) 60
J.V. Contreras and G.V. Seguel, Spectrochim. Acta, Part A,37A (1981) 1011
K. Brodersen, H.M. Frohring and G. Thiele, Z. Anorg. Allg. Chem., 483
(1981) 86

T.F. Zafiropoulos, S.P. Perlepes and J.K. Kouinis, Aecta Chim. Acad. Sect.
Hung., 109 (1982) 93

K. Gyoryova and B. Mohai, Acta Chim. Acad. Sei. Hung., 107 (1981) 67
V.V. Skopenko, 0.G. Movchan and V.M. Samoilenko, Zh. Neorg. Khim., 27
(1982) 135

A.M. Podorozhnyi, V.V. Safonov and B.G. Korshunov, Zh. Neorg. Khim., 27
(1982) 1842

W. Clegg, J. Chem. Soc., Dalton Trans., (1982) 593

A.L. Spek, Cryst. Struct. Commun., 11 (1982) 613

K. Persson and B. Holmberg, Acta Crystallogr., Sect. B, B38 (1982) 904
L. Menabue and G.C. Pellacani, Imorg. Chim. Acta, 58 (1982) 227

M. Hiura, J. Sei. Hiroshima Univ., Ser. A: Phys. Chem., 45 (1982) 383;
Chem. Abstr., 97 (1982) 65276

S.P.Perlepes and T.F. Zafiropoulos, Z. Naturforsch., B: Anorg. Chem., Org.
Chem., 37B (1982) 646

T. Nakamura, F. Noguchi and Y. Ueda, WNippon Kinzoku Gak., 45 (1981) 1130
S.A. Tariq and J.O. Hill, J. Therm. Anal., 21 (1981) 277

K. Persson and B. Holmberg, Acta Crystallogr., Sect. B, B38 (1982)

200

L.A. Myund, L.S. Lilich and L.V. Chernykh, Vestn. Leningr. Univ., Fiz.,
Khim., (1982) 111

D. Grdenic, B. Kamenar and B. Korpar-Colig, C(ryst. Struct. Commun., 11
(1982) 565

B.B. Mahapatra, S$.M. Mahapatra, S.K. Pujari and A. Chiranjeevi, J. Inst.
Chem. (India), 53 (1981) 281

W. Lau, J.C. Hoffman and J.K. Kochi, J. 4m. Chem. Soc., 104 (1982) 5515
I.S. Ahuja, C.L. Yadava and R. Singh, J. Mol. Struct., 81 (1982) 235
R.L. Dutta and R. Sharman, J, Indian Chem. Soc., 58 (1981) 807

R. Lancashire and T.D. Smith, J. Chem. Soe., Dalton.Trans., (1982) 693
H.D. Rad and R. Hoppe, Z. Anorg. Allg. Chem., 483 (1981) 7

H.D. Rad and R. Hoppe, Z. Anorg. Allg. Chem., 483 (1981) 18

R.A. Isakova, V.A. Spitsyn and M.M. Spivak, Izv. Vyssh. Uchebn. Zaved.,
Tsvetn. Metall., (1982) 31; Chem. Abstr., 96 (1982) 192371

A.H. Jubert, P.J. Aymonino and E.L. Varetti, Can. J. Spectrosc., 26 (1981)
207

F.F. Said and D.G. Tuck, Inorg. Chim. Acta, 59 (1982) 1

.K. Carson and P.A.W. Dean, Inorg. Chim. Acta, 66 (1982) 157

.C. Bayon, I. Casab and W. Gaete, Polyhedron, 1 (1982) 157

.M. ALsaadi, Aeta Chem. Scand., Ser. A, A36 (1982) 137

.P. Arnold, A.J. Canty, B.W. Skelton and A.H. White, J. Chem. Soc.,
Dalton Trans., (1982) 607

G. Hinsche, E. Uhlemann and D. Zeigan, Z. Chem., 21 (198l1) 414

S. Takeshima and H. Sakurai, Inorg. Chim. Acta, 66 (1982) 119

P wae



82

57
58
59
60
61
62
63
64
65

66

67
68

69.

70
71

72
73
74
75
76
77
78

79
80

81

82
83

84
85

86
87

88
89
90
91

92
93

M. Cannas, F.A. Devillanova, G. Morongiu and G. Verani, J. Inorg. Nucl.
Chem., 43 (1981) 2383

A.C. Fabretti and G.C. Franchini, Spectrochim. Acta, Part A, 37a (1981)
587

S.D. Khattri, P. Shikla and M.R. Chaurasia, J. S¢i. Res. Banaras Hindu
Univ., 30 (1981) 193 Chem. Abstr., 96 (1982) 114902

A.C. Fabretti and G.C. Franchini, Spectrochim. Acta, Part A, 38a (1982)
175

I. Sataty, M. Kapon, M. Kaftory and D. Ginsberg, Heterocycles, 17 (1982)
159

S. Burman and D.N. Sathyanarayana, J. Inorg. Nucl. Chem., 43 (1981) 1940
R. Saheb, U.C. Agarwala and S.K. Dikshit, Indian J. Chem., 20 (1981) 1196
K. Lal, Bangladesh J. Sei. Ind. Res., 15 (1980) 77 )

K.K. Aravindakshan and C.G.R. Nair, Indian J. Chem., Sect. 4, 20A (1981)
684

M.R. Chaurasia, S.K. Saxena and S.D. Khattri, J. Indian Chem. Soc., 58
(1981) 1099

B.N. Keshari and L.K. Mishra, Indian J. Chem., Sect. A, 20A (1981) 883
G. Faraghia, R. Graziani and L. Sindellari, Inorg. Chim. Acta, 58 (1982)
167

C. Chieh and S.K. Cheung, Can. J. Chem., 59 (1981) 2746

J. Sachinidis and M.W. Grant, Aust. J. Chem., 34 (1981) 2195

G.S. sodhi and N.K. Kaushik, Indian J. Chem., Sect. A, 20A (1981)

922

C.M. Mikulski, S. Chauhan, P. Rabin and N.M. Karayannis, /. Inorg. Nucl.
Chem., 43 (1981) 2017

$.0. Grim, P.H. Smith, L.C. Satek, I.J. Colquhoun and W. McFarlane,
Polyhedron, 1 (1982) 137 )

A.M. Bond, R. Colton and D. Dakternieks, Aust. J. Chem., 34 (1981) 1393
C. Tellez and G. biaz, J. Mol. Struct., 77 (1981) 213

I.s. ahuja, C.L. Yadava and R. Singh, J. Mol. Struct., 81 (1982) 289
Y.M. Kozlov, V.A. Babich and A.I. Kapustnikov, Zh, Neorg. Khim., 27
(1982) 147

A. Berdiev, B.I. Imanakunov and P.T. Yun, Jzv. Akad. Nauk. Kirg. SSR,
(1981) 43 ; Chem. Abstr., 96 (1982) 169555

T.A. Azizov, O.F. Khodzhaev and M.Z. Zuparov, Koord. Khim. B8 (1982) 916
M.R. Chaurasia, P. Shukla and N.K. Singh, Chem. Petro—Chem. J., 12 (1981)
3 5 Chem. Abstr., 96 (1982) 45286

J. Martinez Calatayud and F. Bosch Reig, An. Quim., Ser. B, 78 (1982)

83

M.J.A. Rainer and B. Rode, Inorg. Chim. Acta, 58 (1982) 59

P.L. Sandrini, A. Mantovani and B. Crociani, Inorg. Chim. Acta, 51 (1982)
71

A.C. Fabretti, G.C. Franchini and G. Peyronel, J. Inorg. Nucl. Chem., 43
(1981) 2559

J. Eichbichler and P. Peringer, J. Chem. Soc., Chem. Commun., (1982)
193

J. Eichbichler and P. Peringer, Inorg. Chim. Acta, 54 (1981) L213

S.S. Gupta, K.K. Gupta and R. Kaushal, Vijnana Parishad Anusandhan Patrika,
24 (1982) 99

L.G. Marzilli, B. de Castro and C. Solorzano, J. Am. Chem. Soe., 104
(1982) 461

N.A. Bell, M. Goldstein, T. Jones, L.A. March and I.W. Nowell, Inorg.
Chim. Acta, 61 (1982) 83

H.B. Buergi, E. Fischer, R.W. Kunz, M. Parvez and P.S. Pregosin, Inorg.
Chem., 21 (1982) 1246

A.M. Bond, R. Colton, D. Dakternieks and K.W. Hanck, Inorg. Chem.,

21 (1982) 117

N. Holy, U. Deschler and H. Schmidbaur, Chem. Ber., 115 (1982) 1379

J. Podlahova and J. Podhala, Coll. Czech. Chem. Commun., 47 (1982) 1078



94
95

96
97
98
99

100
101

102
103
104

105

106
107

108
109
110
111
112
113
114

115
116
117

118
119

120
121
122
123
124
125

126
127

128
129
130
131

132
133

83

W.S. McDonald, P.G. Pringle and B.L. Shaw, J. Chem. Soc., Chem. Commun. ,
(1982) 861

D.M. McEwan, P.S. Pringle and B.S. Shaw, J. Chem. Soc., Chem. Commun.,
(1982) 1240

P. Peringer and J. Eichbichler, J. Inorg. Nucl. Chem., 43 (1981) 2033
J. Eichbichler and P. Peringer, Inorg. Nucl. Chem. Lett., 17 (1981) 305
S.M. Bowen, E.N. Duesler and R.T. Paine, Inorg. Chim. Acta, 59 (1982) 53
G. Anderegg and W. Klaeui, Z. Naturforsch., B: Anorg. Chem., Org. Chem.,
36B (1981) 949

V. Chandrasekhar, $.S. Krishnamurthy and M. Woods, ACS Symp. Ser., 171
(1981) 481

S.S. Sandhu, M. Arshad and S.S. Parmar, Indian J. Chem., Sect. A, 2l1A
(1982) 53

N.K. Dalley and S.B. Larson, Acta Crystallogr., Sect. B, B37 (1981) 2225
K.M., Kadish and L.R. Shiue, Inorg. Chem., 21 (1982) 3623

A.D. Adeniran, G.J. Baker, G.J. Bennett, M.J. Blandamer, J. Burgess,
N.K. Dhamni and P.P. Duce, Transition Met. Chem. (Weinheim, Ger.), 7
(1982) 183

A.V. Belyaev, S.P. Khranenko and A.B. Venediktov, Koord. Khim., 7 (1981)
1392

W. Weber, D.A. Palmer and H. Kelm, Inorg. Chim. Acta, 54 (1981) L177
N.V. Podberezskaya, A.V. Belyaev and V.V. Bakakin, Zh. Strukt. Khim.,
22 (1981) 32

W. Weber, D.A. Palmer and H. Kelm, Inorg. Chem., 21 (1982) 1689

A.C. Dash and M.S. Dash, Indian J. Chem., Sect. A, 21A (1982) 224

D. Yang and D.A. House, Inorg. Chem., 21 (1982) 2999

D.A. House, Inorg. Chim. Acta, 51 (1981) 273

J. Labuda, D.I. Bustin and J. Mocak, Chem. Zvesti, 35 (1981) 459

M. Phull and P.C. Nigam, Talanta, 28 (1981) 591

A.A. Zaitsev and S.N. Demin, Izv. Vyssh. Uchebn. Zaved., Fiz., 25 (1982)
6 ; Chem. Abstr., 96 (1982) 169727

A.I. Khokhlova and L.P. Shishin, Fiz.-Khimiya Geterogen. Protessov,
Krasnoyarsk, (1980) 39 ; Chem. Abstr., 95 (1981) 176691

V.E. Volkov, L.L. Zhidkov and I.S. Kolomnikov, Zh. Neorg. Khim., 27 (1982)
363

J.L. Fourquet, F. Plet and R. de Pape, Acta Crystallogr., Sect. B, B37
(1981) 2136

K. Brodersen, Comments Inorg. Chem., 1 (1981) 207 .

K. Brodersen, J. Hoffmann and R. Erdmann, ' Z. Anorg. Allg. Chem., 482
(1981) 217

M. Devaud, J. Organomet. Chem., 220 (1981) C27

H.H. Karsch, Chem. Ber., 115 (1982) 818

J.P. Zissis, P. Moreau and A. Commeyras, J. Fluorine Chem., 19 (1981) 71
P. Peringer and P-P. Winkler, Inorg. Chim. Acta, 52 (1981) 257

P.R. Wells and D.W. Hawker, Org. Magn. Reson., 17 (1981) 26

W. Kitching, G.M. Drew and V. Alberts, Organometallies (Washington, D.C.),
1 (1982) 331

Y. Imai and K. Aida, J. Inorg. Nucl. Chem., 43 (1981) 2037

V.N. Baidin, Y.V. Chizov and M.M. Timoshenko, Zh. Strukt. Khim., 22 (1981)
164

V.N. Baidin, M.M. Timoshenko, Y.V. Chizov, R.B. Materikova and Yu. A
Ustynyuk, Izv. Akad. Nauk SSSR, Ser. Khim., (1982) 471

F. Delgado Laita and M. Cano Esquivel, An. Quim., Ser. B, 77 (1981)

319

A. uabet and K. Abdeddaim, J. High Resolut. Chromatogr. Chromatogr.
Commun., 4 (1981) 525

V.I. Buzulukov and V.P. Maslennikov, Zh. Obshch. Khim., 52 (1982) 854
C.A. Obafemi, J. Organomet. Chem., 219 (198l1) 1

V.I. Sokolov, V.V. Bashilov and A.A. Musaev, J. Organomet. Chem., 225
(1982) 57



84

134

135

136
137

138
139
140
141

142
143

144
145
146
147
148

149

150
151

152
153
154
155
156
157
158
159
160
16l
162
163
164
165
166
167
168
169

170

S. Uemura, A. Toshimitsu and Y. Kozawa, Bull. Inst, Chem. Res., Kyoto
Univ., 59 (198l) 354; Chem. Abstr., 97 (1982) 55945

A.T. Hutton and H.M.N.H. Irving, J. Chem. Soc., Dalton Trans., (1982)
2299

C. Perchard, M.H. Baron and C. de Loze, J. Mol. Struct., 81 (1982) 11
L.G. Kuz'mina, Y.T. Struchkov and E.M. Rokhlina, Zh. Strukt. Khim., 22
(1981) 94

A.L. Beauchamp, J. Cryst. Mol. Struct., 10 (1980) 149

F. Guay and A.L. Beauchamp, Inorg. Chim. Acta, 66 (1982) 57

L. Prizant, M.J. Olivier and R. Rivest, Acta (rystallogr., Sect. B, B38
(1982) 88

L. Prizant, M.J. Olivier, R. Rivest and A.L. Beauchamp, Can. J. Chem. ,
59 (1981) 1311

L. Prizant, R. Rivest and A.L. Beauchamp, Can. J. Chem., 59 (1981) 2290
R. Savoie and J.J. Jutier, Spectrochim. Acta, Part A, 38A (1982)

561

R. Savoie, D. Poirier, L. Prizant and A.L. Beauchamp, J. Raman Spectrosc.,
11 (1981) 481 '

B. McConnell, J. Am. Chem. Soc., 104 (1982) 1723

C.R. Bennett, J. Inorg. Nuel. Chem., 43 (1981) 2555

A.F.M.J. Van der Ploeg, G. Van Koten and K. Vrieze, J. Organomet. Chem. ,
222 (1981) 155 '

L.M. Epshtein, E.S. Shubina and A.V. Lebedev, Izv. Akad. Nauk SSSR, Ser.
Khim. , (1982) 96

S. Mohr, J. Jander and H.P. Latscha, Z. Naturforsch, B: Anorg. Chem., Org.
Chem., 36B (1981) 901

A.J. Canty and C.V. Lee, Inorg. Chim. Acta, 54 (1981) L205

L.G. Kuz'mina, Y.T. Struchkov and D.N. Kravtsov, Zh. Strukt. Khim., 23
(1982) 102

A.J. Canty and C.V. Lee, Organometallics, 1 (1982) 1063

A.J. Canty and C.V. Lee, Acta Crystallogr., Sect.B, B38 (1982) 743

R.L. Dutta and S.K. Satapathi, J. Inorg. Nucl. Chem., 43 (1981) 1533

R. Kergoat, M.M. Kubicki, J.E. Guerchais, N.C. Norman and A.G. Orpen,

J. Chem. Soec., Dalton Trans., (1982) 607

v.I. Sokolov, A.A. Musaev and V.V. Bashilov, Izv. Akad. Nauk SSSR, Ser.
Khim., (1981) 2409 .

M.M. Kubicki, R. Kergoat, J.E. Guerchais, R. Mercier and J. Douglade,

J. Cryst. Mol. Struct., 11 (1981) 43

P. Peringer and J. Eichbichler, J. Chem. Soc., Dalton Trans., (1982)

607

M.M, Kubicki, R. Kergoat, J.E. Guerchais, I. Bkouche-Waksman, C. Bois and
P. L'Haridon, J. Organomet. Chem., 219 (1981) 329

C. Chieh, D. Seyferth and L-C. Song, Organometallics (Washington, D.C.),
1 (1982) 473

L.B. ANderson, H.L: Condor, R.A. Kuclaroski, C. Kriley, X.J. Holibaugh
and J. Winland, Inorg. Chem., 21 (1982) 2095

C.A. Ghilardi, S. Midollini and S. Simonetta, J., Chem. Soc., Chem.
Commun., (1981) 865

T.V. Lycyak, I.S. Kolomnokov and Y.Y. Kharitonov, Koord. Khim., 8 (1982)
183

R.J. Cross and J. Gemmill, J. Chem. Soe., Chem. Commun., (1982) 1343
A.F.M.J. Van der Ploeg and G. Van Koten, Organometallics, 1 (1982) 1066
A.F.M.J. Van der Ploeg and G. Van Koten, TInorg. Chim. Acta, 58 (1982) 53
Y. Yamamoto, H. Yamazaki and T. Sakurai, J, Am. Chem. Soc., 104 (1982) 2329
G.E. Whitwell III, D.C. Miller and J.M. Burlitch, Inorg. Chem., 21 (1982)
1692

L. Roesch, G. Altnau and E. Hahn, Z. Naturforsch, B: Anorg. Chem., Org.
Chem., 36B (1981l) 1234

IL,.N. Bochkarev, M.N. Bochkarev, G.S. Kalinina and G.A. Razuvaev, Jzv,
Akad. Nauk SSSR, Ser. Khim., (1981) 2589



85

171 B.L. Khandelwal, S.K. Jain and F.J. Berry, Inorg. Chim. Adcta, 59 (1982}
193

172 S.M. Brailovskii, O.N. Temkin and V.S5. Shestakova, KXinet. Katal., 22
(1981) 1446 ; Chem, Abstr., 96 (1982) 58588

173 V.R. Artashov and L.N. Povelikina, Zh. Org. Khim., 17 (1981) 2384

174 8. Danishefsky and J. Regan, Tetrahedron Lett., 22 (1981) 3919

175 M. Riediker and J. Schwartz, J. Am. Chem. Soc., 104 (1982) 5843

176 G.V. Nizova and G.B. Shul'pin, 7zv. 4dkad. Kauk SSSK, Ser. Khim., (1981)

2653
177 2.I. Komorova, §.V. Zhuravlev and L.V. Sal'nikova, &Zh. Org. Khim., 17
{1981) 1le0l

178 J. Barluenga, C. Jiminez, C. Najera and M. Yus, Synthesis, (1982) 417

179 R.C. Larock, K. Takagi and S.5. Hershberger, Tetrahedrcon Lett., 22 (1981)
5231

180 S. Tanimoto, 5. Jo and T. Sugimcto, Bull. Chem. Coc. Jpn., 54 (198l) 3237

181 D. Penn and D.P.N. Satchell, J. Chem. Soc. Chem. Commn., (1982) 105

182 D. Penn and D.P.N. Satchell, J. Chem. So¢. Perkin Trans., 2, (1982) 813

183 D. Penn and D.P.N, Satchell, J. Chem. Soc. Chem. Commun., (1982) 54

184 I. Degani, R. Fochi and V. Regondi, Synthegis, (1981( 51

185 V., Janout and S.L. Regen, . OUrg. Chem., 47 (1982) 2212

186 S.M. Kalashnikov and L.L. Kostyukevich, Zh. Priki. Khim. (leningrad),
55 (1982) 48B4

187 L.C. Damude, P.A.W. Dean, M.D. Sefcik and J. Schaefer, J. Organomet. Chem.,
226 (1982) 105

188 E. El-Sawi, H.A. Hassan and M. El-Deek, J. Indian Chem. Soe¢.,58 (1981) 831

18¢ N.A. Bumagin, I.0. Kalinovskii and I.P. Reletskaya, Izv. Akad. Nauk SS55E,
Ser. Khim., 1 (1982) 221

19¢ N.A, Bumagin, I.0. Kalinovskii and I.P. Beletskaya, [zv. Akad. Nauk SSSR,
Ser, Khim., (1981) 2413

191 R.C. Larock and D.R. Leach, Organometallzes, 1 (1982) 74

192 R.C. Larock, D.R. Leach and §.M. Bjorge, Tetrahedron Lett., 23 (1982) 715

192 V. Boev and A.V. Dombrovskii, Khim. Geterotstkl. Scedin., (1981) 881

194 V. Boev and A.V. Dombrovskii, Khim. Geterotstkl. Scedin., (1981) 887

195 T. Fujii, T. Hiraga and M. Ohba, Chem. Pharm. Bull., 29 (198l) 2691

196 R.N. Butler and J.P. James, J. Chem. Soc., Perkin Trans.,i, (1982) 553

197 D.V. Gendin, O.A. Kruglaya and N.S. Vyazarkin, 2Zh. Obsheh, Khim., 51
(1981) 1514

198 Y. Yamamoto and K. Maruyama, . Am. Chem. Soc., 104 (1982) 2323

199 M.R. Mahmoud, R.A. Abdel-Hamide and A4.A. Abdel Wahab, Bull. Soc. Chim.
Belg., 91 (1982) 11

200 A. Cingolani, A. Lorenzotti, D. Lecnesi and F. Bonati, Gaszs. Chim. Ital.,
111 {1981) 243

201 M.E. Brown and G.M. Swallowe, Thermochim Acta, 49 (1981) 333

202 X. Han, D. Ji, G. Cheng and %, Fang, Kexue Tbngbao, 26 (1981) 1297;
Chem. Abstr., 96 (1982) 134612

203 A.J. canty, C.L. Raston, B.W. Skelton and A.H, White, J. Chem. Soeo.,
Paiton Trans,, (1982) 15

204 J. Halfpenny and R.W.H. Small, Acta Grystallogr., Sect. B, B37 (1981) 2223

205 J. Halfpenny, Acta Crystallogr., Sect. B, B38 (1982) 2049

206 B. Kamenar, B. Korpar-Colig and A. Hergold-Brundic, deta Crystallogr.,
Sect. B, B38 (1982) 1593

207 J. Halfpenny and R.W.H. sSmall, Acta Crystallogr., Sect. B, B38 (1982Z) 939

208 S.M. Hasany and Z., Umar, Radiochem. Radioanal. Lett., 49 (1981) 181



