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INTRCOUCTION

This review is a continuation of the 1980 Review of mercury published in this
journal in 1982 {11. The format and contemt is similar to that adopted in the 1980
review, and alsoc to that in the zinc and cadmium reviews in this series. An attempt
to review the more important developments in the use of mercury in organic synthesis
has been made. A large rimber of papars dealing with the physical and spectroscopic
properties of mercury halides and related species have been ignored in this review
as they were thought to be of little interest to the coordination chemist.

I should like to thank Dr. Olga Kemnard and Dr. Sharcn Bellard for their aid in
cbtaining structural data from the Cambridge Crystallographic Data Centre.
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2.1  MERCURY{II)
2.1.1 Halide and pseudohalide complexes

The single crystal structure of HgCl, has been redetermined, and the authors make
comment on the problem of attack at the surface of the hygroscopic crystal by water.,
Aowever, recrystallisation from toluene gave satisfactory crystals, from which an
«Cl-Hg—Cl angle of 178.9° and an Bg-Cl distance of 2.291 R were determined (2]. The
sclubility of HgCl, in perchloric acid has been investigated, and a value for
aﬂgomicrystalline HgCl,) of -54.7720.13 kcal rnol_1 calculated [3]. The formation
of the mixed complexes HgXY continues to be of interest, and spectroscopic studies of
HgX, and HgXY {X,¥ = halide or pseudohalide} have been reported [4,5]. Russian
workers have demonstrated that the solvation term, éG;olv for the process:

HgXz + HgY? _— 2HgXY

is near zero.[4). A series of HgXY species (X = CN; Y = SCN, Br, OH etc.) have been
characterised in aquecus scluticn, and the thermcdynamic parameters for their
formation determined [6]. Although HgClBr is formed on dissolution of Hg[C1O,}, in
aquecus sclutions containing sodium bromide and chloride (ﬁG;orm = =39.15:0,22 kecal
mol ™, MRS = -44.1320.17 keal mol ™}, 28° = 46.3t0.9 e.u.) {7], there is no hard
evidence for the formation of a stable solid HgICl species in the HQI,-RgCl  system
at rocom temperature [8]. The Formation of the mixed complexes HgXY (X = halide:

¥ = SCN) in dmsc has been investigated [9].

The pseudchalide camplexes [HgXjL,] (X = N(CN),, C(CN),, ONC{CN),, SCN; L = MeCN,
dmf, dma, dmso) have been described, and it is proposed that the solvent molecules are
coordinated to the metal through oxygen, to give a psevdo-tetrahedral geometry about
the mercury [10-12]. The stability of these cumplexes is CI>Br>I>SCN>N(CN) ,>ONC(CH)
> C{CN) ; and MeCN>dma>dmf>dmso , the pon-linear pseudchalide ions giving the least
stable complexes. A combination of Raman spectroscopic and diffraction techniques have
been applied to the study of solutions of HG(SCW), in dmso, and it is thought that a
psewdo—octahedral structure, with four coordinated dmsc molecules, is adopted, to give
an 5,0, environment about the metal f13]).

A mumber of workers have investigated the equilibrium:

— = - 2_.
HgX, + 2X === [HgX;] + X == [HgX,]
and, as expected, the precise constitution of sclutions containing HgX, and X depends

on the concentration and nature of X, and the solvent. Studies of the Hgl 2—-1_ system
in the presence of organic cations have shown that the predominant anionic species is
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{HgIBJ_ (14], and, indeed, the solid salt [Pr N][HgE,] has been isolated [15].
Raman and far infra-red spectroscopic studies, and a single crystal structural
analysis, have demonstrated the anion bo cansist of dimeric [HgIsl_ units, with each
mercury atam tetrahedrally coordinated to four iedine atams, in such a way that the
two tetrahedra are edge sharing (1) [15]. The interactiom of Hglz with Lil in the

\

A

solid state has also been investigated. A number of l-alkylpyridinium salts with
[ng3]_ (X = C1, Br or I) have been investigated [16], and the reaction of Hgi, with
[Ar HGREL]T shown to result in the formation of [Ar,HgREL][Hg¥3|(17]. Among the
species formed in the reactiom of [SCN]_ with ng+ in dmsc is the pseudoterrahedral
anion {Hg{SCN},{dmso}]  [13]. A crystal structural analysis of Cs[HgBr,] has been
reported, and the anion shown to consist of tetrahedrally coordinated mercury atoms,
with the tetrahedra sharing wvertices [18]. & crystal structural analysis of
[prmzm31[ngc13] has also been reported, and has revealed the anion to possess two
short (2.3 A} and two long {2.9 A) Hg-C1 honds, and to adopt a linear structure {19].
(ne of the percury atoms has a fifth contact with a chlorine atom at 3.27 A, and the
cation is located between the ngcls chains. The reaction of L-tryptophan with HoCl
produces the camplex [L,B]{HOCL,1{LH =2), in which the anicn has been dewonstrated
crystallographically to be a polymeric chain with HgCl, units [20].

NH} NH;*

y/
o
O
Tz’ ™\

(2}
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The mixed anicn [Hg(CN};Cl] is formally present in the campcounds [MEg{CN),CL }.H,0
{M = Na or K}, but a crystal structural analysis has demonstrated the existance of
isolated Hg(CN}, units in an MC1 lattice [21]. The cationic species [[-sz=€131th2]+
(L+) ig known ko act as a source of bis{dimethylamino}carbene, but on reaction with
HgCl, the only isclated species were the complexes L[HgC13], L[chl3].Hg\(:l2 and
L,lHact 4l(22].

The tetrahedral anions [HgX,] (X = halide or pseudchalide} continue to be of
interest, and Raman studies of K,[Hg(CN}] in the solid state (23] and in aqueocus
solukion [24] have been reported. The sclid state study suggests that the canpound
may exhibit a tetragonal distortion of the [Hg{CN) 4]2_ ion at room temperature, which
gives rise to a distortion from cubic symmetry. A crystal structure analysis of
L,/HgBr, (L = D,L-homocysteine thiolactonium}, formed in the reaction of HgBr , with
D,L-homocysteine, has been reported, and the anion shown to adopt a polymeric chain
[20]. A crystal structure of {Hg{SCN} 4Co(dmf)2], which is formed from the reaction
of [Hg{SCN) £o] with dmf, has been reported [25]. The campound is polymeric, with
four 5-bonded thiocyanates coordinated tetrahedrally abcut the mercury atom (Hg-S
2.525 ;s) , and with the ccobalt atom coordinated to one thiccyanate group of each of
four HgiSCN) 4 units and two dmf molecules, to give an octahedral cis—C‘oogJ\'4 unit.
In dmso the [Hg(SCNJIq]Z_ ion appears to be tetrahedral [13]. A number of compounds
of stoichiametry [MHQ(ECN} L | and [MHg{SCN),(SeCN),L ] (E = S or Se; M = Co or Ni;
L = amide or thicamide; x = 2 ar 4) have been reported, and structures have been
proposed on the basis of spectroscopic studies [26].

Cther camplexes containing [ng4]2_ ions reported this year include the [Fe(Cp);_J+
salt, from the reaction of ferrocene with excess HgCl, [27] and a series of
l-alkylpyridinium salts L,lHgX,] (X =¢C1, Br, I, or SCN) [16]. The effect of
y-irradiation on solutions of HGCL , in hydrochloric acid has been investigated [28].

2 detailed investigation of '®’Hg chemical shifts in a large range of [ng4]2_,
[Bgx ¥1°~ ana [ngzyz]z_ species has been reported, and is discussed in further detail
in section 2.5 [29].

Compounds formulated as PhiMig{SeCN).] (M = Co or Ni} have been reported, and a
number of their reactions with Lewis bases described {30]. Mass spectroscopy has
been used to identify a species {HgAIClg) formed in the reaction of HgCl, with AlCI,
[31). The systems Cs,[HgBr,)—Cs,IRgl,] and Cs[Hg,Br,}-Cs[Hg,I. | have been
investigated thermochemically [32], and highly conducting solids of stoichicmetry
Ly 5lHgyIg] (L = tetrathiotetracene) or Ly[Hg,I.] (L = tetraselenotetracene) fram
the reaction of a benzonitrile solution of the appropriate ligand with HgI, [33].

The compounds are probably of the cation-radical type.

2.1.2 Complezes with ozygen donor ligands

The crystal structure of mercury(II} sulphate has been redetermined, and the metal
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shown te be in a very distorted Hg0, tetrahedron (< O-fig-O from 84.4° to 143.4°) [34].
A nuvber of sulphoxide complexes have been investigated, and the oxidation of
E(BuZS)Zchlz] by hydrogen peroxide has been shown to result in the formation of
[(Emst}HgClz] [35]. A crystal structure analysis has shown that the metal is in a
tetragonal pyramidal £7 ¢ environment, with the sulphexide bondi
the oxygen atom. Although mercury({Ii} trifluoromethylsulphonate salts are of same
- considerable interest, they are inconvenient to handle, and the solid salts
{Hg(drnsolsl[FSCEDB]z has been shown to possess attractive properties as a stable
alternative. The ligands are coordinated viaz oxygen (v Hg-O 405 c:m_l}, and a ‘*%Hg
n.m.r. study of a series of derivatives has been reported. The campound is very
reactive, and interacts with Phflg and mercury to give [PhHg(dmso)zllF3C503] ar
[Hg(F3C933)] respectively [36]. The electrochemistry of mercury(II) compounds in dmso
solution, in which ions [Hg(dnso)x]n+ are presumably formed, has been investigated
[37]. The metal is considerably less 'noble' in dmso than in water, as is demonstrated
by the electrcde potentials {(E°, wW, Ag/AgCl = 0):

dmso A0
Hg/Hg -301 -51
Fg/tg,”* -342 -4
Hg, 2t/ ug®t -261 106

A 1:1 complex with the tetrapod ligand ecis,ete,eis -1,2,3,4-cyclopentanetetra-
carboxylic acid has been described [28).

The complex [HgL,] (HL = 3) has bean described, and the ligand is thought to act as
a tetradentate N,¥/0—donor (4} [39].

Ph

Ao

"
R R _N‘ng/q
Ph =
i ] 0”1

oH 0 YNH

Ph

R

(3) (4}

4-Amincbenzophenone has been shown to form mercury(IT) camplexes in which it is
coardinated to the metal through oxygen rather than nitrogenl 40]. The extraction of
mercury from aquecus solution by salicylaldoxime in OC1 4 has been studied [41].
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The crystal structure of (HgLEL ,] {L = 1,15-bis{2-bramophenyl)-2,5,8,11,14-penta-
oxapentadecane) has been reported: the metal is seven coordinate, and bonds to the
five oxygyen atoms and the two ionic bromide ions {5i. There is no evidence for any
interaction between the metal and the bramo substituents on the aromatic rings [42].

/1
R

{5)

A 1:1 camplex of benzo[clcinnoline ¥,¥'-dioxide with Hq:lz has been reported, and
it is suggested that the compound is dimeric [43].

The complexes [Hg{Ph,E0),1[C10,], (E = P or As) have been described [44), as have
{Hg(Et;P0} ,C1,] and [Hg(Et,FO)C1,] (45]. The use of tri-n-octylphosphine oxide in
benzene soluticn for the extraction of mercury(iI} from aguecus chloride medium has
been investigated [46].

2.1.3 Complerea with sulphur and selenium donor ligands

2.1.3.1 Thiols

Two groups have reported studies of the vibrational spectra of [RSHgX] speries
(R = Me, Et, Pr, Bu; X =0Cl, Br or 1) [47,48]. Canty has investigated the [MeSHgX]
(X = Cl or Br} system, and has proposed a polymeric structure in which the mercury is
in a pseudo—octahedral environment (6}, and advises caution in assigning structures
on the basis of apparently simple vibraticnal spectra [48] . A study of the infra-red

and Raman spectra of a series of [RSHgX] species has Semonstrated the formation of a
range of monomeric, dimeric and polymeric structures in the solid state, but has
established the campounds to be monomeric in pyridine solution [47]. In pyridine
solution the equilibrium:

ZRSHGX =  Hg{SR) + Hgx
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'S l X : "5 I -
-~ "‘\Hg/ “"--...Hg/-""" \l_!gh
~x= 4 ST T

b
~y /S\H /x""--‘..,.H -
(6)

is established. The compounds [{MeNBCOCH S) Hgj, [(MeCOMHCH CH S) Hg) and
[MeNHOOCH (CH SHYC1 | have been described, and show the expected Sy 8, and SC1
coordination respectively [49]. Bwvidence from the vibrational spectrum of

[ (MeNHCOCH 5} Hg] suggests that a hydrogen bonded ten-membered ring is formed, and
that there is a weak Hg-O interaction (7). The ligand 2-methyl-Z2-{2'-pyridyl)thiazol-

idine could exist as (8jor the ring—opened Schiff base tautomer (9). A 400 Miz 'H and

o
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|
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(=]

\ T
4

=
)

(N

'*C n.m.r. study has demonstrated that the favoured tautomer is (9),although opening
of the thiazolidine ring occurs readily upon coordination to a metal. Thus, although
the mexcury({I1) bis camplex is correctly described as [Hg(a)2]2+, the 1:1 complex
exists primarily as the thiolate(10)[50 |
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Although azaheterocycles bearing directly-bonded sulphur containing substituents
are frequently described in the inorganic literature as mercapto derivatives, there is
considerable evidence that a thione or thicamide structure is more realistic, and
this nomenclature will be adcpted in this review. It must be stressed that although
a free ligand may favour cne tautomeric form over others, the coordinated ligand
nead not necessarily show the same tautomeric behaviour (vide supra).

The complex [HgLCl{Hzo)] {HL = l-phenyltetrazoline-5-thione} has been shown to
be polymeric, with the ligand acting as a bridging bidentate $,¥—dcnor [51]. In
contrast, 3-methylrhodanine (11) acts as an § donor in the complexes [HgBL?.ClG] and
[HgLBrZ] {52]. A number of camplexes of mercury(Il)} with 3-alkyl-4-(2'-pyridyl)-
1,2,4{44}-tetrazole-5-thione have been described [53]. The complexes {HgClzL] and

(11}
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[HgCl,L,] (HL = quinoline-B-thiol) were prepared as part of an investigation into the
nature of the heteropolynuclear camplex [chlszcu].zﬂzo [54].

2.1.3.2 Thioethers

The compound | {EtSMe YHgCL 2] has been investigated by infra-red and Raman spectrosc-
opy, and the structure confirmed by a single crystal structural determination [55],
Crystal structures have also been reported for the complexes [HgLEr 2] and
[HgL{SCN} ;] (L = HO,CCH,5CH,CH,SCH,CO,H} [56]. 1In the first compound, the mercury is
in a tetrahedral SEBI"‘2 environment, but the thiocyanate camwplex is polymeric, with the
metal adopting an octahedral confiquration, and the ligand acting as a bridging
tetradentate 5,0, donor i56]. A potentiametric investigation of the formation of the
mercury(Il) complexes of this same ligand indicates a value for 1g K; of 18.99, and a
value of 19.05 for the cleosely related ligand mzcxzﬂzsmzmzsmzmzsmzmga [57].
Although the zinc and cadmium complexes of HOLCH £HSCHLH (O H are polymeric, the
mercury({Il) 1:1 complex is monomeric, with the ligand arting as an 50, donor [5B].

It is well known that tetrathiafulvene forms metal complexes of the radical cation,
radical or charge-transfer types, and the cocrdinatian chemistry of its tetrahydro
derivative {(12) has now been investigated. A crystal structural determination of the
complex [L{HgCl,) ;] has been reported, and the metal shown to be in a distorted
octahedral environment, with the ligand acting as a tetradentate 5,8, donor (133159].
In the coamplexes [Hngzl {L = bis{2-pyridyl)disulphide; X = CN or SCN) the ligand is
thought to be coordinated through sulptar [60].

(]

|

S S “gi’ﬂ:‘j cl

S S Cl Y \H ------ -
g \J -~

G

(127 (13

2.1.3.3 Thicamide and related ligands
The only simple thicamide complexes to have been described are [Hngxz] (X =C1 or
SCN; L = H,NCSCSNH, }, and it is propesed that the ligand is bonded to the metal
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through both the sulphur and nitrogen atoms [61]. There has been some interest in
camplexes of thiocarbamic acid derivatives, although the mode of coordination which
is adopted is not always evident. The complexes [HgL2] {HL =¥ ~ethyl-N [ m-tolyl}-
dithiocarbamic acid [62], [HgL,X,] and {HgLX,] (L = g-ethyl ¥-methylthiocarbamate;

X =1, Br or 1} {63], [HgL,] (HL = PhOONHNHCSNHNH,) [64], [BGLCL,] (L = 14) [65] and
[HngL‘Zl (L = 15, L' = 2-methylbenzimidazole) [66].

ZNNHCSNHNH,, s
N
| EI\*”’K”P“
y | S H H
N

{13} {15)

2.1.3.4  Phosphine sulphides and phoaphine selenides

The coordination chemistry of phesphine sulphides and phosphine selenides has been
investigated intensively in the last few years, and a mumber of studies of mercury(II)
camwplexes have been reported. Preparative details for the complexes [HgLX,] {L =
p-tolylphosphine selenide; X = Cl, Br or I}, H3(NO;},.2Ph,PS and Hg(ND;),.4Ph,PSe
have bemn reported and the structures of the products discussed [67]. A series of
complexes [A9(R4PE),X;] {E = Se or §; X = Cl, Br or I} and [Hg,I,(R,PSe},] have been
described and their **P n.m.r. spectra reported. An atktenmpt was made to correlate the
coupling constant ‘J“PJ,SE with the structures of the complexes [68]. A number of
tritolylphosphine sulphide complexes of mercury(II) have been described [69]. Two
intensive and elegant n.m.r. studies of tributylphosphine selenide complexes have been
made, utilising *'P, '**Hg and "’Se n.m.r. techniques [70,71].

Thiophosphorylthioureas react with HgO in acetone to give complexes of the bype
{18) , in which the ligand is bonded to the metal viz the thicamide, and not the
phosphine sulphide sulphur atoms [72].

o
/

£16]
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If the reaction is comducted in benzene or toluene the complex decamposes to give
(EtO)ZPSN=C=NPh or (EtO)zPSWS respectively. Decomposition of the pure complex
results in the formation of (EtQ} 2PSN‘—‘C(MIPh)2 [72].

Tetraallyidiphosphine disulphide !Gizﬂm‘lz}zPSPS(ﬂ-lzCHﬂZ)'z , L, reacts with
HqCl, to give [HgLCIZ] , which has been imvestigated by infra-red and Raman spectrosc—
opic methods [73]. There is little evidence for the participation of the allyl groups
in bonding to the metal.

2.1.3.56 Sulphur and selenium hetarccycles

Interest in the ccoordination chemistry of sulphur and selenium heterocycles appears
to have lapsed, and the only complexes to have been described are the benzoselenazole
derivatives [HgLX,] (L =17 ; X =C1, Br or I) and [HgL, X,] (L =17; X =Cl0,, KO}

[74].
'§—Me
Se

(17}

2.1.4 Complexes with amine, amide and related ligands

Few complexes of mercury{II} with simple monodentate amines have been reported this
year, although the extraction of Hg°' from aquecus iodide medium by Aliquat 336/CHC1,
has been investigated [75]. A potentiometric study of the Hgl,-NH,OH system in 50%
ethanclic acetons has been reported, (8, = 8.6 x 10'%, &, = 7.6 x 10", 5, = 7.3 x
10, 8, = 6 x 10%%) [76).

Mercury{Il) complexes of 1,3-pn [77], en, hexamethylenediamine and hexamethylene-
imine [ 78] have been reported. The complexes [HgL]2+, [Hg‘l’..Clz] and [Hgf.cl]+ {L =
diamines] have been shown to be catalytically active in the hydrochlorination of
alkynes [78]). In the polymeric complexes [{Hg‘sz }n] {L = hexamethylenetetramine; X =
Ci, Br or CN} the ligand is bidentate, and the mercury is in a tetrahedral enviromment
[791.

The complex [HgLCl ] (L = tetramethyl ethylenediaminetetraacetate) has been
described, and is a non—electrolyte in methanolic solution [80]. ©On the basis of this
observation it was proposed that the metal is in a tetrahedral f-’2€12 environment. The
complexes [HgLX ] (L = MeCON&OMe; X = Cl or Br} are formed in the reaction of the
ligand, diacetamide, with HgX, , and the thermochemistry of this process has been
investigated [B1). Oxamic acid, H NCOCD H, may act as a bidentate N0 or 0, denor, and
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the first complexes of this ligand have been described. The mercury complex K 2[Hc_;;L 2]
{18 , = HN0000,H} behaves as a 2:1 electrolyte in water, and a four coordinate K0
or 04 enviromment about the metal is proposed [82].

T iazenato camplexes have been of scame interest, and a series of campounds [Hng]
{L = ArN;Ar) have been prepared and investigated by multinuclear n.m.r. techniques
i83,84]. The reaction of bis(l,3-di{Z-chlorophenyl)-l~triazenato— N7, ,¥dmercury{Ii)
with [Hg M {COL} 2] in benzene leads to the formation of [Hg[-{b'ln((IJ)S}] , which has
been shown by a crystal structural determination to have the structure(lajB5]. A
nunber of mixed ligand complexes [HGL(RE) ] {(H. = ArN-MNHAr; R = Et or Ph; E = S or Se)

have been investigated by '*°Hg and ’’Se n.m.r. techniques, and evidence has been

pc€o

N
S S )\N "\’\ l AN
\N/

I} o |

G

(18 (19}
presented for the establishment of the solution equilibrium [86] :
2(AQLL'] == [HgL ] + [HGL')

The complex [HgL,] (HL = 3-{2-chlorophenyl}-l-methyltriazene-1-oxide) has also been
described, and it is proposed that the complex is pseudooctahedral, with the 2-chlero
substituent coordinated to the metal (19)87]. The related complexes [RgL | (HL =
2,2*,4,4-terrachloro or 2,2°,5,5'-tetrachloroc diphenyl-l-triazene) have been
Qescribed [88 1.

2.1.5 Complexres with nitrogen heterocyciles

Mach of the interest in mercury(II} complexes of nitrogen heterocycles has centred
upon naturally ocourringligands {amino acids, peptides, nucleotides etc.}, or upon
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campounds showing specific biological activity, and the majority of complexes which
have been reported this year are of this type. The reaction of L-tryptophan with
HgCl, and DL-homocysteine with HgBr, has been discussed earlier {20] {section 2.1.1).
The 1,1'—dipyrazolylcycloalkane complexes [HgIC1, ) (20} have been reported [89].

= 7
N—N cl
\H/
(CHn g
N__N/ Na
>
{20}

A number of 1:1 complexes of HgX, (X = Cl or MO,) with bis{5-tetrazolyljalkanes {21}
{from the reaction of azide ion with dicyanamides}, and the stability of these
species has been related to the number of nitrogen donor atoms [90]. The quinoxaline
complexes [{HGLX,},] and [HgLEr,l (L = 22; X = C1, CN or SCN} have been reparted
{91]. ‘he reaction of chloroquine (23} with mercury{II) salts has been shown to give

M N
N~
N~« H ~

N
H :

{21} (22}

1:1 and 1:2 camplexes [HgIC1,] and [L{HgCl,},] [92). Vitamin B, (thiamine,24 } forms
complexes with mercury{II}, and an n.m.r. investigation ('H, '*C) has indicated that
the metal is coordinated to N-3 of the pyrimidine ring [93,94]

Crystal structures of the complexes [HgL,Cl,] (L = 8-azaadenine} (25) and
[Hg(Hzoqu] {L = B-azahypoxanthinato) (26} have been described, and it is seen that
the change fram the amino to the hydresy _substituent results in very different

coordination behavicur [95]. In the crystal,; the bases also show a stacking inter-—
action.
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[23)
CH
M
HN
PN MNP
{24)
H
Ct N’N N

(28]
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The complexes HgM(NCS) .. (L = rmorpholine or piperidine; M = Ki or Co} have been
described, and a mmber of different structural types have been characterised,
including {Hg[.G][H(h[‘S}4] and the polymeric species [L2H(N3)Hg(SCN)2] {96].

The extraction of mercury{IlI} from aguecus icdide media by 4-(5-nonyl)pyridine {97]
or other organic bases [98] has also been investigated. Polymeric carplexes of Hg(Il)

with polyimides of type 27 have been reported [99].

0 0
HN

(2
2.1.8 Complezes with phosphorus and arsenic donor ligands

There has been some confusion about the simple phosphine complexes of mercury(II)
in recent years [1] , but the situation is now being clarified. Bell has reported the
crystal structure of the tetrahedral complex [HgCl,{PEt,},]. and has made extensive
19%g n.m.r. studies of a series of [HgX,{PR;),] species [100]. Colton has also made
intensive multinuclear n.m.r. studies of mercury{Ii} phosphine complexes, and has
demonstrated the power of !°%Hg n.m.r. spectroscopy in the interpretation of solution
equilibria [71,10%,102]. Until recently there has been little unambiguous evidence
for the formaticn of centrosymmetric halogen bridged L-Hg-X,-Hg-L species, but Bell has
now reported crystal structures of three 1:1 adducts of HgCl, and phosphines adopting
this structure [103]. The l:1 adducts with 1,2, 5-triphenyiphosphole and triphenyl-
phosphine are dimeric { 28 and 2%}, but the tributylphosphine adduct is a tetramer,30 .
Bell also mentions the formation of 3:2 adducts in the preparation of these compounds.

The hetercpolynuclear species [{py) M(NCSe) HG{SCN) (PPh,),] and also
[(bipy}zﬂ(NJSe)Hg(E'CN) 2(Pl?h3)2] {M = Co or Ni} have been reported [104].

The reaction of R3P or R3A'5 with Hg(C104)2 has been shown to result in the formaticn
of 3-coordinate [HgL,(0C10,)][C10,] or 4-coordinate [HgL.{0ClO,}][C10,] complexes, in
which one perchlorate ion is coordinated to the metal jl105]. The compound [Hg(Ph3A5)3]
[€C10,], was also prepared [105]. The complexes (BgX,{Ph,PE) ,] and [{(Ph,PEJHgX,},]

{X = halide; E = Sb or as} have also been reported, and structures analogous to their
phosphine analogques proposed on the basis of their vibrational spectra [106].

The reaction of ¢g-butyl phenylphosphonite, Phin-BuiP{H}O, with either HgO or
mercury{II} acetate results in the formation of [{Phin-BuC)PFO},Hgl, and multinuclear
n.m.r. studies on this and related complexes have besn reported [107]. Tetraphenyl
imidodiphosphate reacts with HgO to give the unexpected 2:2 adduct (31}, which has
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O‘:::}:) h\lH 5
O

0 Hg \IP(OPh) ,

F'{g ([J \ﬁ/N\. HgPh

HN ——P=¢ 0

-
(31} (32)

been characterised crystallographically [108]. The expected product {32) is abtained
on reaction with [PhHgCH }[108].

A number of trimetaphosphimate complexes [Hg,(CH) ,(H,L} ].mp, Na[Hg,(HL) [.4H L and
Na; glHg(HAL){GH) gl .2.5 HP (BL = HyP P MR} have been described [109].

2.1.7 Complezes with macrocyelie ligands

The current trend in macrocyclic chemistry is to investigate ligands containing
polyaza or other ‘hard’ donor sets, and, accordingly, few macrocyclic complexes of
mercury{II} have been reported this year. The use of the macrocyclic polythiaethers
[14]ane-1,4,8,11-5, (33) and [18lane-1,4,7,10,13,16-5¢ (34) in the extraction of Hg(II)
and silver{I} has been investigated [110]. Although 24 acts as an endodentate ligand

N (0N
<:S S:> k_,s 5\)
— /

(33} {34}

and forms the macrocyclic complex [HgL]X, (L = 34; HX = 2.4,6-trinitrophencl) (which
acts as a 2:1 electrolyte at all concentrations), the smaller ligand, 33, forms the
exodentate complex [HgLX]X (L = 33; HX = 2,4,6-trinitrophenol) which behaves as a

1:1 electrolyte. Another example of a macrocyclic ligand coordinating in an unusual
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exodentate manner is found in the complex [HgLIzl L = 8,9:18,19—8202—[19]—8,10,16,18—
tetrae_ne—ll,l&—Nz—l,d,?—o 3}r, which a crystal structural analysis has shown to consist
of HgT , units coordinated to one nitrogen atom of each of two ligands. A contributory
factor to this unexpected bonding mode may be the stacking interaction observed

between the benzo groups of the ligands (350 [111].
0
[
0 0
e v
N\

SN N
N

(33)

The template condensation of 2,6-diacetyl or 2, 6-diformylpyridine with 4,7,10-
trioxa-1,13-diazatridecane or 4,7-dicxa-1,10-diazadecane in the presence of [Hg{SCNI} 2]
leads to macrocyclic camplexes with ligands of type 36 or 37 {112]). The preparation

2
s,
N N
N N N N
Q g \_/
{36) 137}
of the same complexes by transmetallation reactions of the apprapriate calcium

complexes suggests that the ligand acts as an endodentate domor, although, of course,

the oxygen atcms need not be coordinated to the metal.
Gilsonite bitumen is remarkable in containing high concentracions (~100 p.p.m.} of
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nickel petroporphyrins, and Quirke and Maxwell have recently isolated the major C,,
atioporphyrin as its mercury{II} complex {113]. By a comparison of the 'H n.m.r.
spectrum of this campound with an authentic sample, it was demonstrated to be a
complex of @ticporphyrin-III (38}, an observation which lends same support to the
theory that the Gilsonite porphyrins originate from the defunctionalisation of
chicrophyll-a.

Et Me

Me Et K\NHZ
H

(N\ uo/ Benzim
“~

HN/
Cl

NH,

Me Et
(38) (39)

Finally, the interaction of mercury{II) salts in aqueous solution with the cryptand
ligands, Kryptofix 222, 221 and 211 has been investigated [114).

2.1.8  Aqueous solution chemistry of mercwry(II}

The mercury catalysed agquation of octahedral transition metal chloro complexes
continues to be of interest, and evidence contimues to accumulate for the involvement
of a binuclear chloro-bridged [M—Cl-Hg]x+ species. Very strong evidence for this
mechanism comes fram the observation that the treatment of cia-[M(en)2C12]+ (M= Rh or
Co} with mercury{II} chloride results in the rapid and complate formation of a stable
long-lived binuclear species of the type [ {en),CIRh(;—Cl}Hg] 3t [115]. The mercury(Ii)
catalysed aquation of m:.s-32-[ot:r::‘.:l{l:he.nzj.m)(itrt=.'n)]2+ {39) has been shown to be acid
independent, and to proceed with retention of the stereochemistry [116].

In the presence of 2,2'-bipyridine, HQCl, reacts with K4[EE(CN)6] to produce either
KZEFeKCN)4(bipy)] or {Fe(bipy)3]2+. deperding whether the HgCl, or hexacyanoferrate
is in excess. On the basis of kinetic and cther measurements, it was suggested that
these reactions involved 1:1 and 1:2 hetercpolynuclear intermediates respectively, and
that these were formed prior to the cyanide abstraction step [117,118].
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2.2 MERCIRY (1)
2.2.1 Halide complexes

Mercury(I) compounds have received little attention this year, but seweral studies
of the halides have been made. The solubility of Hg2C12 in water has been studied,
2, (tg ,(OH) 7, Hg(OH) , HeCl.,
[BgtcH) ]+ and [HoCl ]+ [119]. In contrast, the predominant species formed in aguecus
chloride solutions are [HgCl 3]' and [HgCl 4]2'. The thermodynamic parameters for the
solution of [HgCl,] were reported, and it was noted that same earlier value may be
in error. It has been shown that molten mercury(II) bromide is a good stabilising

and the sclution species shown to include [Hg 2]

solvent for mercury(I) compounds (~240° C), although mixed ligand species may be
formed in solution [120]. Thus, mixtures of Hg A, Hg BrA, Hg Br , HoBr, , HoBrA and
HgA, are formed on the dissolution of Hg2A2 in HgBr, . A Raman study of the compound
!*Ig‘,_u‘;‘ll‘21=_1.r0_8 has revealed the mixed crystal to consist of H92C12' !*Ingr2 and Hg2C1Br
[121]. Electrochemical methods have been used in the investigation of the:

2+ 2+
Hg + Hg # Hg 2

equilibrium for a range of halide and pseudohalide salts [122].
2.2.2 C(Compleres with oxygen donor ligande

The reaction of [ngl[Clo4]2with Ph PG and Ph AsO has been shown to give the
complexes {Hg,{Ph,P0)_][Cl0,], and [ng(PhBAs(J)B]{Cloqlz, and a study of the vibratio-
nal spectra of these comxunds is now reported [44].

2.2.3 Complexes with nitrogen donor ligands

The reaction of [PhP=C=NH_,_]Br {LHBr) with Hg,(NO,}, in aquecus solution results in
the formation of Hg2(m3)2([.I{Br)2 [123].

A number of complexes of mercury(I} with substituted pyridines, [ngLn][ClO‘ijihave
been described, and their vibrational spectra investigated (v Hg-Hg 110-160 cm = in
Raman spectrum) [124]. The reaction of cyanamides ArSO NHCN and ArCONHCN with
Hg,{N23}, has been investigated, and a number of mercury(I) complexes isolated [125].
2.3 ORGANDXMERCIRY(IT)

2.3.1 Halide and psewdohalide complezes

The preparation of mesitylmercury(II) chiloride from bis{mesityl)zinc{II} and HaCl,
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has been reported [126]. The crystal structure of [{{Me,SCH4IHQI ;] has been
determined, and the compound shown to exist as a diiodo bridged dimer {(40) in the
solid state {127]). 1In the solid, the Hg-C c¢-bond is localised, as showm, although
this structure may not be maintained in solution. A camparison of the above structure
with that of [{{PhPC.H,)HgT 2}2] reveals significant differences in the conformations
adopted by the cyclepentadienyl rings.

L Y
- = l\ \! f’.——
-4 /
N

(40}

It is now established that the trichlorovinyl group confers considerable stability
to organamercury(II} camplexes, and the complexes of [HgL,] and [LHgHal}l (L =
trichlorovinyl} with a series of o,a’-diimine derivatives have been described [128,129]
The vibrational spectra of a series of [LHgX] (L = 2-chlorovinyl} species have been
investigated [130]). A crystal stru.c:.ural analysis of [CIHGCH,HgCl) has been reported
(< Hg—C-Hg 111.6°, C-Hg 2.04, 2.12 A) [131]. A series of [m4_n(chl)n] compounds
have been investigated by 'H and '’C n.m.r. techniques, and the deshielding of ‘H,

''C and '®*Hg nuclei shown to decrease with an increase in the value of n. The
constants *J (c-py @4 ZJ(Hg—H) were interpreted in terms of the carbon 2s contribution
to the C-X bonds, although it is evident that !J{Hg-Ci canmot be interpreted solely
in terms of such Fermi interacticns [132].

2.3.2 Complexes with oxygen donor ligands

A series of alkylmercury sulphates, [(RHg}2(504}] have been prepared by the
reactian of [RHgHal] with Agz(804) [133]). Raman and infra-red spectroscopic studies
have demonstrated the phenoxy compounds [RHgCPh] (R = Me or Fh} are monomeric both in
solution and in the solid state. These compounds, tims, differ from [PhHgOR]

(R = Me or Et) which are dimeric in the solid state [134]. Complexes of [PhHg]® with
a series of hydroxamic acid derivatives have also been described [135].

The formation of [l\‘EHg]+ complexes with a range of naturally cocurring carboxylic
acids (L-serine, L-—cysteine, L-methicnine, L~ asparaginine, pyruvic acid and levulinic
acid) has been investigated, and the mode of binding of the cation to these ligands
discussed [136].
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2.8.5  (Complexes with sulphur donor ligands

The rearrangement of 2-methyl-2-{2'-pyridyl)thiazolidine on treatment with
transition metal ions has been discussed earlier, and [HgMeX] species have been shown
to initiate a similar rearrangement [50].

The blue-yellow photochromism of [HgL,] (HL = dithizone) in organic solvents has
been attributed to the phototautomerism:

H ‘*rf’Ph
N\ /S' =N hv N\H ,’S {“‘I/N\\
}lg e g‘\ PP-Ph
PR ST N e T
S | S I|3
Ph h

and organomercury dithizone derivatives have been shown to exhibit the same behaviour
{137]. Mo such photochramic behavicur is shown in the solid state, and anly the
yellow form may be obtained as a solid. A crystal structural analysis has demonstrated
the yellow form to have the structure (41).

L A0

£41)

The phenylmercury({II} complexes of 8-mercaptoquinoline and 2{1#)-pyridinethione
have been investigated, and there is same evidence from their electronic spectra for
the intramolerular cocrdination of the mercury atom to the heterccyclic nitrogen
atom [ 138]

2.3.4 Complexres with nitrogen donor ligands

The interaction of organomercury species with biologically important bases such as
miclectides and aminc-acids is of considerable ecological and biochemical interest,



75

and a nunber of studies of [bb_l-!g]* complexes of nuclectides have been reported.
Crystal structural analyses of both the nitrate and the perchlorate salts of
u-(adeninato-¥ ¥, ¥ ) tris{methylmercury(I1)) have been described [139,140]. In both
compounds the methylmercury groups are bonded to the ring nitrogen atoms, rather than
o the amino group (42). In contrast, the tris(methylmercury(II)) complexes of

NH, HgMe 0 ke
MeHg~y N
9% I
EN N X ‘\N N R = rikosyl
!
!!Igl"‘le HgMe R
(42) (43)

guanasine and inosine have been shown to have the structure shown in (43) [1417.
Complexes of this type might be implicated in the mutagenic activity of these alkyl-
mercury derivatives.

The complexes [MeHgL)(M0,) (L = Ph,CH(2-py), PhCH{2-py),, (2-py),CHH or
{2—py) ,(N-Me-2-Tm}{HOH have been described f142]. A '°F n.m.r. study of the complexes
|ATHigL] (HL =44) [143] has also been reported.

HNS0,Ph
N
Ar—NT" g T N—Ar
F
(44) {45)

The triazenato ligand {45) may act as a monodentate, bidentate or bwidging ligand,
and a range of phenylmercury{II) completes, [PRHgL] (L = Ar,N;} have been investigated
by multinuclear n.m.r. techniques [83]. It was suggested that the nature of the aryl
groups affected the mode of ccordination of the ligands, and a large range of substit-

uted triazines were investigated.

2.4 MERCIRY IN (RGANIC SYNTHESIS

h review of the uses of mercury(II} acetate in organic synthesis has appeared this
yoar, and this should prove to be an invaluable socurce book for any. workers with an
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interest in this field [144].

The best known reaction of mercury(II) acetate is with alkemes to give 2-acetoxy-
l-mercurio species, and the mechanism of this reaction continues to be of interest.
The addition of HgiOAC) , to {46) occurs at the endocyclic double bond in weakly polar
solvents {MeOH, thf-H,0) the exccyclic double bond is the more reactive [145]). The

U — ;c‘;’éi

(46} 147} (48] {49}

reaction rate was shown to be solvent dependent, and this was thought to indicate a
change in the reaction mechanism. The reaction of {47) with mercury({II} acetate in
acetic acid containing KBr gives a mixture of the cis-ende (48} and cis-exo (49)
adducts [146}. In contrast, the addition of Hg(OHC)2 to 50 proceeds in a ¢pans
manner, contrary to earlier suggestions, and a crystal structure of the adduct {51}

has been reported [147].

/0 0
02 Me /
C0,Me
Hy
[a}
{50) {51}

In the presence of other nuclecphiles the products are not necessarily 2-acetoxy
derivatives, and the reaction of [Hg{dmsc} ][ F,C50,], with ethene in methanol results
in the formation of [Hg{CH,CH,OMe)(F;CS0;)] [36]. Barluenga and his co-workers have
investigated the reaction of olefins with Hg{OAc) in the presence of a wide range of
nitrogen containing muclecphiles, and has demonstrated amincmercuration-
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demercuration to be a useful one-pot method for the amination of double bonds [148-
151] :

i} RCOMH,, Hg{ND .}

3’2 n
Ry Ra CH.CL, R CO:N K‘I.Q
o 1 3
R, R, ii}) ROH R, H
i) PhNH, HgO, HBF,
PhHN R,
i) ROH R1HR3
R, OR

The reaction has been extended to acetylenes in the presence of catalytic amounts
of mercury{Ii) acetate, and the products shown to include imines, enamines, ¥,¥'—
disubstituted acetamidines and acetamides, and 1,2,3,4-tetrahydroquinoxalines [148].
Barluenga has alsc demenstrated the formation of cinnamoyl ethers in the reaction
sequence[152] :

HgO, HBF,, RCH H OR
P% _— o
n

Brown has also noted rearranéamts in the oxymercuraticn-demercuration of olefins
[153]. Giese has demonstrated that useful modifications of olefin reactivity may
occur in the presence of mercury(II) acetate, and has reported reactions with 1,3-
dienes and cyclopropanes [154,155]

Y i} Bg{OAC) ,, MeOH H
R\/Y\/k
L — = Z
R~ /kz t1) NaBH, OMe
1) Bg(OAC),
VY A = M0 N
11} NaEM

4
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The reaction of (Et3E) 2Hg {E = 51 or Ge} with a-bromketones leads to the format-
ion of vinyl ethers, possibly via an electrocyclic mechanism [156]:

Bt E
Q‘\H.;,E:a3 OEEt;

PMI‘ - Ph/l\\‘ + (Et ,5)HgBe

Similar reactions are observed with a,sc-dibromoketones [157] and «,o’- dibromoketones
i157]:

0 OEEt,
Br (Et,E) By . N
Br Br
0 OEET,
‘)H (Et F) JHy
- e
8r Br 8r

In contrast, trimethylsilyloxycycldpropanes react with !-Ig(O.%::)z—PtciCl2 to give
u,8-unsaturated ketones in a one-pat synthesis [158]. If the reaction is conducted
in the presence of carbon monoxide and an aloohol, y-ketoesters are obtained [158]:

0 0
Me Me P,
0O, ROH

0

0
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The mercuriation of aromatic campounds continues to be of interest, and Hg{F,CS0.),
has been shown to be a superior reagent for such reactions [159]. There is renewed
evidence for the intermediacy of a 1:1 iron-bound mercury intermediate (52) in the

mercuriation of ferrocene [160].

(52}

The reaction of aldehyde phenylhydrazomes with mercury{II} acetate was known to
result in mercuriation of the ring, and it has now been shown that ketone phenyl-
hydrazones undergo rearrangement to give w-acetoxy phenylhydrazenes and 1,2-bis{-
phenylhydrazones) [161]. In contrast, {53) reacts with mercury{II) acetate toc give

fused 1,2,4-triazoles {55) wig an intermediate {54), which has been characterised for
the first time [162].

| AN
H :h‘nll 7 N H MP
=N N—. == N
—_— 5 —</___\> —
A I Ny W= N
— — \OAc
{53) {54} {55}

The intermediacy of radical species in crgancmercury mediated synthesis is well
established, and a Hunsdiecker type mechanism is now proposed for the formation of
iodomethane in the reaction of aretic acid with icdine and mercury{II} acetate [163].
The iodo—demercuration of heterocyclic Felcp)(CC) 2 camplexes has been investigated
[162]. Radical mechanisms are also proposed for the reactions:

{(I'EBS;'L)ZN }2Hg P o . NCCPhRCPHRCN j165]
thf, 130°
Ph CHOD Me

{(Me, $1),N },Hg Z_ 2 MeO, CCPhy, CPh, 00, Me [165]

thf
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Mg 2 o+ oo e 4 Hg,® ¢ moD + HT [166)
0 0 A
NMe
M M ioners v e M
o~ 1OAC " 0 - 0 2
0 Lz [167)
HgOAc ~ 0 - /T:e
MeN NMe N
\H’ 0 Me 0
0
| >, Hg(ON{CF) ) l 3
~ N o -~ ~N(CF.)
N~ FCL,CCF,C N" 70 372 [168]

The role of mercury({II) acetate in the axidation of alcohols by NBS has been
investigated, and it has been shown that the mercury i) complexes with the bromide
ii) lowers the acid concentration and iii) assists the decamposition of the transient

ester [169].

The complex PhilglCl. is a cammonly utilised dichlerocarbene precursor, but an
intermediate in the reaction with Z-tert-butyl-5-methyipyrrole has been shown by a

crystal structural analysis to be the species (56) [170].

{56}
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A number of mercury(II) catalysed rearrangements have been investigated, including
the following [173-173]:

HO
H
ii) NaPH,
oCcoR
H
NN Hg(ORC) L ol | H902CR
> N.,_N’)‘ RCO,H \N

Hg(tfa),, CH,Cl, RHNZ ™0

o
xI
o =
m(
\
¥
o
4

CO,CHLCI, C0,CH,Cl;

2.5 '?*Hg N.M.R. SPECTROSCOPY

The application of *®’Hg n.m.r. techniques to the investigation of mercury({II}
coordination campounds contihues, and a number of reports of such studies have
appeared this year.

Colton has investigated the Hg{Ii}-halide system, and reports the '*°Hg n.m.r.
parameters for a large mumber of tetrahalomercurate(Il} species, including the mixed
halide ions [29]. Peringer has reported '*°Hg n.m.r. data for a number of camplexes,
including [Hg,(F,CS0,} ], [PhHg(dmso),]{F,CS0,], [Hg{dmso) ](F.Cs0,] and
[ (MeOCH,CH, ) Hg(F ,CSO,} 1[36]. A range of triazenato complexes have also been studied
by Peringer [83,84,86].

Phosphine [70,71,100-102) and phosphine sulphide and selenide (70,71] complexes
have been widely studied, and one report of phosphonite camplexes has been made [107].

The dialkylmercury(I1) species [Hg(CH,0CEt},] and [Hg(CH,CO CH,COMe) ] have been
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investigated by multinuclear n.m.r. techniques, and it is proposed that Hg-O

interactions are important im solution [174]. Studies of [thez][l75]and also
RCOCHR'HgBr [163,176] have been reported.

REFERENCES

11

12

13

15
16
17

18
19
20
21

22
23
24
25
26

27
28
29
k1]
31
iz
33
34
3%

6
37
38

E.C. Constable, Coord. Chem, Reu., 45 (1982) 157

V. Subramanian and K. Seff, dcta Crystalleogr., Sect. B, 36 (1980} 2132

V.P, Vagil'ev, E.V. Kozlovskii and A.A. Mokeev, Zh. Neorg. Khim., 26 (1981}
12113

V.I. Belevantsev and V.I. Malkova, Keord. Khim., © (1980) 1000

V.I. Belevantsev and A.V. Shuraev, Izv., Sib. Otd. Akad. Nauk S8S5R, Sep. Khim.
Nauk, (1981} 16;Chem. Abstr., 95 (1981} 157635

v.I. Belevantsev and B.I., Peshchevitskii, Izv. Sib. Otd. Akad. Nawk SSSR,

Ser. Khim. Nauk, (1980) 3 ; Chem. Abstr., 94 (1981) 91305

V.P. Vasil'ev, E.V. Kozlovskii and A.A. Mokeev, Zh. Meorg. Khim., 25 (1980
2368

¥.I., Belevantsev and A.V. Shuvaev, Zh. Neorg, Khim., 26 (1981) 787

5. Ahrland, I. Persson and R. Portanova, Acta Chem, Scand., Ser. A, 35 (1981) 49
V.M. Samoilenko, O.G. Movchan ard V.V. Skopenko, Ukr. Khim. 2Zh., 46 {1980}

1286 ; Chem. Abstr., 94 (1981) 53782

V.V. Skopenkc, O.G. Movchan and V.V. Samoilenko, Bigl. Nawki, (1981} S1; Chem.
Abstr., 95 {19B1) 50389

V.V, Skopenko, V.M. Samoilenke and O.G. Movchan, Biol. Nauki, (1981) 55; Chem.
Abgtr., 25 (19B1) 125306

I. Persson, A. Iverfeldt and S. Ahrland, Acta Chem. Scand., Ser. 4,35 (19811 295
S.P. Perlepes, T.F, Zafiropoulos and J.K. Kounis, Z, Naturforsch., Teil B:
Anorg. Chem., Org. Chem., 35 (1980) 1244

J.G. Contreras, G.V. Sequel and W. Hoenle, J. Mol. Struct., 68 {(1980) 1

D. Vacarescu, Rev. Aowm. Chim,, 25 (1980} 371

R.D. Gigauzri and L.I. Goderdzishvili, Socobshch. Akad. WNauk Gruz. 5SR, 99 (1980)
605 ; (Chem. Abstr., 94 (1981} 40649 .

P.M. Pedorov and V.I. Pakhomov, Koord. Khim., 7 (1981} 284

J.W. Bats, H. Fuess and &. Daoud, Adcta Crystallogr., Sect. B, 16 (1980} 2150

L. Bock, A.J. Carty and C. Chieh, Can. J. Chem., 59 {1981) 138

G. Thiele, K. Brodersen and H. Frohring, Z. MNaturforsch., Teil B: dnorg. Chem.,
Org. Chem., 36 (1981} 180

Altman and K. Welcman, J. Inorg. Mucl. Chem., 42 (1980) 1518

P.T.T. Wong, Solid State Compun., 36 (1980} 1BS

P.T.T. Wong, Chem. Phys. Lett., 77 (1981) 291

M.R. Udupa and B. Krebs, Inorg. Chim. Acta, 42 (1980} 37

P.P. Singh, A.X. Gupta and O.P. Agarwal, Imdian J. Chem., Sect. 4, 19 (1980}

5

v

'

58

. Machulda, J. Votinsky and J. Kalousova, Z. Chem., 20 {19807 270
A.I. Aleksandrov, B.G. Brshov and V.I. Spiteyn, Dokl. Adkad. Nauk SSSR, (1980) 4
R. Colton and D. Dakternieks, Ausi. J. Chem., 33 (1980} 2405
P.f. Singh, K. Singh and R.C. Verma, J. Fess—Common Met., 70 (19807 143
H. Schaefer and U. Floerke, 2. Anorg. Allg. Cham., 479 (1981) 81
v.v, safonov, A.M. Podorozhnyi and V.M. Pchelin, Zh. Neorg. Khim., 26 {1981) 826
A.V. Zvarykina, N.D. Kushch and A.G. Khomenko, fzv. Akad. Nauk SSSR, (1980} 2184
K.hurivillius and €. Staalhandske, 2. Kristaillogr., 153 {(19B0} 121
P. Biscarini, L. Fusina, G. Mivellini and G. Pelizzi, J. Chem. Soc., Dalton
Trans., {1981} 1024
P. Peringer, J. Inorg, Mucl. Chem., 42 (1980} 1501
5. Ahrland and I. Persson, dcta (hem. Scand., Ser. A, 34 {1980} B4S
G.A.R. Raoc and K. Srinivasulu, J. Tndian Chem. Soec., S8 (19813 129



19

40

41
42
43
44
45
46
a7
48
49

50

51
52
53

54
55
56
57
58

59
60
£1
b2
63
&4
65
66

67
&8
69
70
71
72

73
74
75
76
I7

a3

5.K. Dua, D.K. Rastogi and S.K. Sahni, J. Inorg. Nuel. Chem., 42 (1980} 1711

itr% Vezzosi, A.F. Zanoli and G. Peyronel, Spectrochim. Acta, Fart 4, 36 (1930)
3

H.F. Aly, S.M. Khalifa and R.M. Mahfooz, J. Radicanal. Chem., 63 {1981} 295

G. Weber, Acta Crystallegr., Sect. B, 36 (1980) 2779

N.F. Albanese and H.M. Haendler, Inorg. Chim. Acta, 54 (1981) L3%

K-H. Tan and M.J. Taylor, [norg. Nuecl. Chem. Lett., 16 {1980} 137

J.C. De Queiroz and C. Airoldi, J. Imorg. MNucl. Chem., 43 (1981} 1207

T. 5ato and T. Nakamura, Hydrometaliurgy, & (1980} 3

FP. Biscarini and L. Fusna, Spectrochim. Acta, Part A, 36 (19B0} 593

A.J. Canty, Spectrochim. Acta, Part. 4, 37 (1981) 281

G. Zuppiroli, €. Perchard, M.H. Baron and C. De Loze, J. Mol. Struct., 72 (1981)

131

T.J. Kemp, P.A. Lampe, P. Moore and G.R. Quick, J, Chem. Soe., Dalion. Trans.,

{1981y 2137

B. Singh, U.S.P. Sharma and D.K. Sharma, J. Indian Chem. Soe., 57 {1980) 1066

F.G. Moers and A. Soesman, J. Inorg. Nuecl. Chem., 43 {1981} 299

T. Bany and M. Santus, Ann. Univ. Mariae Curiz-Sklodowska, Sect. AA: Chem.,

{1980} 257; Chem. Abstr., 94 {1981} 113578

v.I. Suprunovich and §.T. Vashchenko, Zk. Neorg. Khim., 25 (1980} 2202

M. Sakakibara, Y. Yonemura and 2. Tanaka, J. Mol. Struct., 69 {1980) 53

L.M. Shkol'nikova and M.A. Porai-Koshits, Koord., Khim., 6 (1980) 1281

A. Napoli, Talanta, 27 {1980} 825

§.K. Tiwari, D.P.S. Rathore and R. Prakash, Adeta Ciene. Indiea, (Ser.) Chem.,
& (1980) 169 ; Chem. Adbstr., 94 {(1981) 113646

M.D. Glick, W.H. Ilsley and A.R. Siedle, Inorg. Chem., 20 (1981} 3819

M. Cano, L. Ballester and A. Santos, J. Inorg. Nucl. Chem., 43 (1981} 200
B.B. Mahapatra, A. Panda and N.C. mishra, J. Indian Chem. Soc., 5B (1981) 75
S. Kumar and N.X. Kaushik, J. Therm., A4nal., 21 {1981} 3

G. Faraglia, L. Sindellari and B. Zarli, Tnorg. Chim. Acta,53 (1981) L245
M.N. Ansari, M.C. Jain and W.U. Malik, J. Indian Chem. Soc., 57 {1980) 1023
5. Barbu and C.G. Macarovici, Rev. Rowm. Chim., 25 {1980} 339

M.R. Chaurasia, 5.K. Saxena and $.D. Khattri, Indian J. Chem., Ssct. A, 20
{1981 741

T.S5. Lobana, 5.5. Sandhue and T.R. Gupta, J. Indiagn Chem. Soc., 58 (1981} BO

S.0. Grim, E.D. Walton and L.C. Satek, Cfan. . Chem., 58 {1980} 1476

R.K. Singh, §.K. Singh and E.B. Singh, Indian J. Chem., Sect. A, 19 {1981) 1212
I.J. Colquhoun and W. McFarlane, J. Chem. Soc., Daltem Trans., (1981) 658

R. Colton and D. Dakternieks, Aust. J. Chem., 33 (1980) 1463

A.F. Grapov, V.N. Zontova and N.N. Mel'nikov, Doki. Adkad. Nauk SSSR, 251 (1980)
8B2

.J. Blake, G.P. McQuillan and I.A. Oxton, Spectrochim. Acta, Part 4,36 (1880} 501
Giusti and G. Peyronel, Z. Anorg. Allg. Chem., 478 (1981} 233

paud and R.W. Cattrall, J. Ixorg. Nuel. Chem., 43 (1981 779

.M. Ivashkovich and I.V. Petzetskaya, Zh. Neorg. Khim., 25 (1980) 2641

.K.S. Ahmed, M.A. Salam amd J.A. Khan, J, Bangladesh Aead. Sgi., 3 (1979) 15;
hem. Abstr., 93 (1980) 138704

.N. Balyatinskaya and Y.F. Milyaev, Xeord. Khim., € (1980} 724

.S. Ahuja, R. Singh and C.L. Yadava, (urr. Set., 50 (19813 317

.W. Hay, K.B. Nolan and M. Shuaib, Transition Met. Chem. (Weinheim},5 {1580} 230
Airoldi and A.P. Chagas, J. Inorg. Mucl. Chem., 43 (1981} 89

.P. Perlepes, T.F. Zafiropoulos and J.K. Kouinis, Tnorg. Nuel. Chem. Lett., 16
{1980} 47%

P. Peringer, Inorg. Chim. Acta, 42 (1980) 129

F. Peringer, Inorg. Muel., Chem. Lett., 16 (1980) 461

P.E. Jaitner, P. Peringer and G. Huttner, Transition Met. Chem. (Neinheim}, &
{1981} 86&

P. Peringer, Monatsh. Chem., 111 (1980} 1245

R.L. Dutta and R. Sharma, J. Inong. Nucl. Chem., 43 (1981} 1082

V.h. Zaitseva, B.E. Zaitsev and Y.M. Bvtushenko, Zk. Neorg. Khim., 26 (198B1)
13ia

SGrm I

noEAe



B4

89
30
21
92

93
94
95
96
97
a8

99

100
101
igz
103

104.

105

106
107
108

109
110
111
112
113
114
i1s
116
117
ile
119
120
121

122

123

1z4
125
126
127

iz28
129
130

13z
133

1349
13s
136
137

L.K. Peterson and H.E.W. Rhodes, Inorg. Chim. dcta, 45 {1980) 95

M.I. Ermakova, I.A. Shikova and N.I. Latosh, 2h, Obshch. Khim., 51 (1981} 174
R. Singh, ., Indian Chem, Soc., 57 (1980} 850

K. Gupta, §.8. Gupta and R. Kaushal, Vijamana Parishad Anusandhan Patrika, 22
(1979} 291; Chem. Abstr., 93 (1980) 196831 gnd 94 (1981} 113641

J. Gary and A. adeyemo, Inorg. Chim. dcta, 55 {1981) 93

A.0. Adeyemo, Inorg. Chim. Acta, 55 {1981} 177

B.J. Graves and D.J. Hodgson, Imorg. Chemw., 20 {(1981) 2223

P.P. Singh, 5.A. Khan and R. Wadhwani, Indian J. Chem., Seect. A, 20 {1981) 139
M. Ejaz and M.A.85.U.2. Qureshi, fep. Sei. Technol., 16 (1981) 291

G, Szasz, M. Jozan and F. Gaizer, Magy. Xem. Foly., Be (1980} 363; Chem.
Abatr., 93 (1980} 1923004

B8.A. Zhubanov, E.M. Imashev and I.h. Arkhipova, Izv. Akad. Nauk. Xaz. 55R, Ser.
Khim,, {1981) S6; Chem. Abstr., 95 (1981) 143256

N.A. Bell, T.D. Dee and P.L. Goggin, J. Chem. Res., Synop., (1981) 2

R. Colton and D, Dakternieks, Aust, J. Chem., 33 (1980 1677

R. Colton and D. Dakternieks, Aust. J, Chem., 34 (1981) 323

N.A. Bell, M. Goldstein and T. Jones, Imorg., Chim. Acta, 43 (1980} B7

P.P. Singh, A.K. Gupta and A.K. Srivastava, J. Coord. Chim., 10 {1880} 199
S.B. MNaikar, N.M.N. Gowda and G.K.N. Reddy, Indian J. Chem., Sact. 4, 20 {1981}
436

J.P. Van Linthoudt and L. Verdonck, J. Mol. Struct., 74 (1981) 3255

J. Eichbichler and P. Peringer, Inorg. Chim, Acta, 43 (1980) 121

H. Richter, E. Fluck and W. Schwarz, Z. Naturforsch., B: Anorg. Chem., Org.
Chem., 35 {1980) 578

I.A. Rozamov, L.Y. Medvedeva and E.N. Beresnev, 2Zh. Neorg. Khim., 26 (1981; 668
D. Sevdic, L. Fekete and H. Meider, J. Inorg, WNucl. Chem., 42 (1980} 885

L.P. Battaglia, A.B. Corradi and A. Mangia, frorg., Chim. dcta, 42 (1980} 191
D.E. Fenton and R. Leonaldi, Imorg. Chim, dcta, 55 {19813 L5i

-M.E. Quirke and J.R. Maxwell, TFetrahedron, 36 {1980) 3453

. Morel-Desrosiers and J.P. Morel, J. dAm. Chem, Sec., 103 (1981) 4743

-L. Armstrong, M.J. Blandamer and J. Burgess, J. Inorg. Nucl. Chem.,43 {1981} 17
-C. Dash, M.5. Dash and S.K. Mohapatra, J. Inorg. Nucl. Chem., 43 (1981} 1293
Raman, Indian J. Chem,, Sect. 4, 19 (1980) 907

Raman, J. Inorg. Nucl. Chem., 43 {1981) 1855

Marcus, J. Phys. Chem. Ref. Data, 9 (1981) 1307

Brodersen and J. Hoffmann, Z. Anorg. Allg. Chem., 469 (1980) 32

Barta, M.F. Limonov and Y.F. Markov, Fiz. Tverd. Tela (Leningrad), 22 {1980}
3429; (hem. Abstr., 93 (1980) 247779

V.M. Samoilenko and V.M. Gilyazova, Ukr. Khim. Zh., 46 (1980} 1129; Chem,
Abstr,, 94 (1981) 212237

1.8. Matveev, Kkim. From-5t., Ser.: Reakt. Osocbo Chiet. Veshchestva, (1960) 47;
Chem. Abstr., 94 {1981 166812

K-H. Tan and M.J. Taylor, Aust., J. Chem., 33 (1980} 1753

K. Brodersen and R. Doelling, 2., Anorg. Allg. Chem., 475 (1981) 67

W. Seidel and I,Buerger, Z. Anorg. Allg. Chem., 473 (1981) 166

N.C. Baenziger, R.M. Flynn and N.L. Holy, Acta Crystallogr., Seect. B, 36 (1980}
1642

H.A., Bell, I.W. Nowell and P.A. Reynolds, J. Organomet. Chem., 193 (1980} 147
N.A. Bell, I.W. Howell and D.J. Starkey, Inorg. Chim. dcta, 48 {1981) 139

A.N. Nesmeyanov, V.T. Aleksanyan and L.A. Leites, Fzv. Akad, Nauk 5SSR, (1980)
2297

K.F. Jensen and D.K. Breitinger, Z. Naturforsch., B: Anorg. Chem., Org. Chem.,
36 (19B1) 188

D.K. Breitinger, K. Geibel and W. Kress, J. Organomet. Chem., 191 {1980} 7

J. Asaks, Latv. Psr, Zimat. Akad. Vestiz, Kim. Ser., (1980) 589; Chem. Abstr.,
94 (1981) 121658

A.J. Canty and J.W. Devereux, Spectrochim Acta, Part A, 36 (1980} 495

f.L. Dutta and S.K. Satapathi, Indian J. Chem., Sect. 4, 20 (198L) 136

M. Jawzid and F. Ingman, Talanta, 289 (1981) 137

A.T. Mutton and H.M.N. Irving, dcta Crystallogr., Sect. B, 36 (1980} 2064

OMennprozg



138
139
140
131
142

143
144

146

147
148
149

150
151
152
153
154
155
156
157
158
159
160
16l
i62
163

164
165

166
167
168
169
170

171
172

173
17a

175

176

85

.M. Epshtein, E.S. Shubina and E.M. Rokhlina, Isb. Akad. Mauk SS5R, (1980) 2411
Hubert and A.L. Beauchamp, dcta Crystallogr., Sect. B, 36 (1980 2613

Hubert and A.L. Beauchamp, Can. J. Chem., 58 (1980) 1439

Buncel, A.R. Norris, W.J. Racz and S.E. Taylor, Inorg. Chem., 20 (1981} 98
.J. Canty, K. Chaichit, B.M. Gatehouse and E.E. George, Inorg. Chem., 20
(19B1) 4293

A.N. Nesmeyanov, D.N. Kravtsov and S.1. Pombrik, Izv. Akad. #auk SS5SR,(1980) 121§
J.5. Pizey (Ed.)}, Synthetic Reagents, Vol. 4: Mercuric acetate; periodic acid
and periodates; sulfuryl chloride, Ellis Horwood Ltd., Chichester, U.K., (1981}
S.A. Lermontov, N.A. Belikova and T.G. Skornyakova, Zh, Org. Khim., 16 {1980;
2322

¥.R. Kartashov, L.N. Povelikina and V.A. Barkhash, Dokl. Akad. Nauk 555R, 252
{198Q; 883

N.5. Zefirov, A.S. Kez'min and V.W. Kirin, Tetrahedron Lett., 21 (1980) 1667

J. Barluenga, F. Aznar and R. Liz, J. Chem. Soc., Perkin Trans. 1, (1980) 2732
J. Barluenga, C. Jimenez, C. MWajera and M. Yus, J. Chem. Soec., Chem. Commun.,
{1a81) &70

J. Bariuenga, C. Jimenez, C. Najera and M. Yus, Synthesis, {1981} 201

Barluenga and L. Alonso-Cires, Synthesis, (1981) 176

Parluenga and L. Alecnso-Cires, Synthesis, (1981) 2239

.C. Brown and P.J. Geoghegan jr., J. Org. Chem., 46 (1981} 3810

Giese, K. Heuck and U. Luening, Tetrahedron Leti., 22 (1981) 2155

Giese and W. Zwick, Tetrahedron Lett., 21 (19B0) 3569

.¥. Gendin, O.A, Eruglaya and N.S. Vyazankin, fap. Aked. WNauk SSSR, (1981} €90
.¥. Gendin, O.A. Kruglaya and N.S. Vyazankin, 2h. Obsheh. Khim., 50 (1980} 1659
Rya, K. Matsumoto and M. Ando, Tetrahedron Left., 21 (19B0) 4283

.B. Deacon and M.F. O'Donoghue, J. Orgaromet. Chem., 194 {1980} C60

.W. Fung and R.M.G. Roberts, Tetrahedron, 36 (1980) 3289

.M. Butler and G.J. Morzris, J, Chem. Soo., Perkin Trans. 1, (1980) 2218

.M. Butler and 5.M. Jchnston, J. Chem. Soec., Chem. Commun., (1981} 376

F. Ferrero and G. Gozzelino, Chim. Ind. (Milan), 62 {(1980) 580; Chem. Abstr.,
94 {19Bl} 64739

N.E. Kolohova and L.Q. Goncharenko, Tzv. dkad. Nauk S55F, (1981} 667

D.A. Kruglaya, L.I. Belousova and I.D. Kalikhman, Zh. Obghch. Xhim,, 51 {1981)
716 .

J.H. Espenson and A. Bakac, J. Am. Chem. Soc., 103 (1981} 2728

I. Arai, R. Hanna and G.D. Davies jr., J. An. Chem. Soc., 103 (1981) 7684

R.E. Banka, C.M. Iirvin and A.E. Tipping, J. Fluorine Chem., 17 (1981} 99

G. Gopalaxrishnan, B.R. Pai and N. Venkatasubramanian , Indian J. Chem,, Sect.
B, 1% {1980) 2%3

A. Gambacorta, E. Nicoletti, 5. Cerrini and W. Fedeli, Tetrahsdron, 36 {1980}
1367

T. Katsushima, R. Yamaguchi and S. Iemura, Bull. Chem. Soc. Jpn., 53 (1980} 3318
G. Jones, D.R. Sliskovic and B. Foster, J., Chem. Soc., Perkin Trans. I, {1981}
78

T.E. Gunda and C. Eneback, Acta Chem. Scand., Sect. B, 34 (1980} 299

Y.A. Strelenko, Y.K. Grishin and M.A. Kazankova, J. Organomet. Chem,, 192 (1980)
297

Y.A. Strelenko, O.K. Sckolikova and Y.K. Grishin, poki. Akad. Nauk S55R, 252
{1980} 924

R. Meyer, L. Gorrichon-Guigon and P. Maroni, J. Organomet. Chem., 188 (1980} 11

pm oo

DM ODRToOPpDDIOLg



