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2. MERCURY

E.C. CONSTADLE
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THTRODUCTION

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 previcus years, although a new section concernsd with species
containing a mercury-to-heterometal bond has been introduwed. The sectian
dealing with the use of mercury in organic synthesis has been retained. The
use of '*’Hg NMR spectroscopy is now bécaning nore routine, and the section
discussing this has been reduced to a bibliographic compilation of reported
spectra. As befare, papers dealing with the physical and spectroscopic
properties of mercury halides have been amitted fram the scope of this review,
as they were thought to be of little interest to the coordination chemist.

I should like to thank Dr. Dlga Kennard, Dr. Sharcn Bellard and Dr Paul
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Raithby for their aid in obtaining data from the Cambridge Crystallographic
Data Centre.

2.1 MERCURY (1T}
2.1.1 FHalide and peeudohalide complexes

The reaction of xenon diflucride with ng2 {X = Cl, Br or I} leads to the
formation of I-Ing, Xz and ¥ 12). The reaction of [—lgF2 with AsF in anhydrous
HF has been investigated, and the product shown, by vibrational and X-ray
powder diffraction spectroscopy, to be HgF2.2A5F5 { .e. HglAsF,), ) [3). The
mixed-halide campound HgC1Br is prepared according to the equations:

Hg.,Cl, (s} + Br,{g)
chlz(s) + HgBrziS)

ZHgC1Br
HgC1Rr

and exists in o and 8 forms, closely resembling those known for HCl, 14].
H912
iodine [5]. The enthalpy of formation of crystalline HgBr, at 298.15 K has been
determined as -175.521.0 kJ l'l'Dl-l {61 Structural studies of the compounds
Hg(Br03)2.2H20 and K Hg(BrO;),(NO;}, have been reported [ 7 ]} The use of

molten HgBr, as a stabilising solvent for mercury(l) species was described in

is the product of the reaction of mercury{I) oxalate with molecular

last years review [1] , and a further example has appeared [ 8 . The reduction
of ngz {X = C1 or Br) by zinc has been investigated, and the matrix-isclated
products characterised as znX and HgX [9 1 fThe '*N and 'C ¥R spectra of
HION), and the ion {Hg(M) ) ° have been reported (10}.

The Yy -ray irradiation of Hg(:l2 in either a sulphuric acid or alcohol glass
at 77 K results in the generation of HgCl, which has been characterised by
its EFR and vibrational spectra [11]. In hydrochloric acid glasses, the
product of such irradiation is the tetrachloromercurate{I) ion, [ HgC1 4] 3‘.
The equilibrium:

2+ —n +
HgX, + Hg = 2[ugx]

has been investigated {12]. 1In a related study, ‘"Hg, '’C and *® N miitinuclear
NMR techniques have been used in an investigation of the ng+—Hg(CN)2—D20

system in perchlorate rich medium, Evidence was presented for the formation of
the {HgZ{CN}2]2+ ien {13). ‘The Raman spectra of solutions of HoCl, in

strong aqueous acid have been studied, and the changes in v interpreted in terms
of the weakening of water({oxygen)-mercury interactions in strong acid [14].
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Solutions of HgX, {X = Cl, Br or I} in dmso have been investigated by X-ray
diffraction and Raman spectroscopic methods [15].

The ethyl acetake extraction of mercury(II} from chloride solution has been
studied, and the extracted species shown to be of the stoichicmetry HgClZ.ZS
[16].

The formation of halomercurate(II} anions continues to be of interest, and
the interaction of HgCl2 with aguecus chloride to form [H9C13] T and [HgCL a ]2_
has been further studied [171. At 25° C and i = 0, values for 1gK [HgCls]-
and 1gK {ng4 P~ of 0.97 0.14 and 1.61% 0.13 respectively have been determined.
A spectroscopic investigation of [pr 41I*l][[«lc;,lCl 3] has been reported, and it is
cancluded that, in the solid state, the anion forms halogen-bridged species
with a symetry lower than D,, [8]. The anion—exchange extraction constants
Kx;lng for the extraction of {nga ]7{X = €1, Br or 1} from HX medium by tri-
cctyloctadecylammonium salts in toluene have been reported [19]. The crystal
structure of the complex [C6H13N4 ][HgC13] { C6H13N4 = hexamethylenetetra-
ammonium) has been described 20]. The anion consistes of planar trigonal

HgCl, units, with longer axial Hg-Cl interactions completing a distarted

3
trigonal bipyramidal confiquraticon about the mercury, to give a chain structure

{1).

Cl
(1}

The related complexes [n—Bqu ][ng}'(3 J(X=Clor 1} are prepared by the
reaction of HgX, with [h~Ba AN K in acetone sclution, and crystal structural
analyses of the two compounds have been reported [21]. In the chloro species,
the anion forms discrete bitetrahedral [Hg,C1, F units, and the compound should
thus be formulated [n—Bqu ]2 [Hg2C16] . In contrask, [n—Bu4N][HgI3] contains
discrete [11913] ~ anions, and, although there is no evidence for interactions

between neighbouring #gI, units, the anions do not possess exact three-fold

3
symoetry. The mixed trihalogencmercurate{II} species continue to be of interest,
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and it is proposed that the anions in [n—PrQN][HgClzx ], formed in the reaction:
HCl, + [n—Pqu]x E— [n—Pqu][chlzx]

are actually dimeric [H 2C14X2] species [22,23]. On the basis of Raman
spectroscopic studies, it is proposed that these anions possess structures

{2) or (3}.

. Hg/ / \ /
X/ \Cl/ \c| Ci \ X

{2) (3

The reaction of [n-Pr4N][Hg2C14x2] with bipy leads to the formation of complexes
[{bipyiHeClx 1(x = Br or 1) [22], 1In contrast, it is suggested that, in
acetonitrile solution, the complex [n-Pr 4N ]EHgsz | contains discrete trigonal
planar [!-1913 I anions, although a dimeric structure is proposed for the solid
state {24]. The compounds Kng2CN. l-[20 {X =Cl or Br) are formed in the
reaction of HyX,, with KCN, and have been studied crystallographically [ 25 ].
The solid consists of linear HgX, and [-I(;,I(CH!\I)2 groups dispersed in a k' x
lattice. The camplexes HHgBr,T. 2py and HHgBr3 xIx' 3P‘hl‘ﬂ:[-l2 { x=10,1 or 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 deconposition of [Ph21]2 [I-Ig(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 Kz[ ng21.r2] (X =1, Br,
SCN or SeCN; Y = N(CN), or C(CN),) have been prepared by the reaction of HgX,
with K¥ in l:1 methanol-acetone. The silver(1} salts have alsoc been character-
ised [28) The CsI-HgL, and alsc the mixed bromide-iodide systems have been
investigated, and the Cs,HgBr,~Cs
stable [29 ].

Clegg has investigated the crystal and molecular structures of the complexes
[M(rH,) . JHgCL; ] (M = Co or Cr) and has shown the anicn to consist of a
distorted trigonal bipyramidal #HgCl 5 unit. The anion has three short eguatorial
Hg-C1 bonds (= 2.4 8) and two longer axial Hg-Cl bonds (=3.0 and 2.9 &), and the
metal . is slightly cut of the eguatorial plane [30). A crystal structure of the
complex bis[bis{N,N'-di-n-butyldithiccarbamate)copper{ 111} [bis(N,N* ~di-n-butyl-
dithiccarbamato}oopper {I1) hexabromodimercurate{II} has been reported; the anion

HaT and CngzarS-CngZI sections shown to be

2 5
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consists of discrete edge-fused tetrahedral dinuclear units [31].

The crystal structure of the compound AgZHgIZ(bD3)2.H20 has been reported;
the mercury is in HgI,Ag, units (4) which form sheets between the anicns [32].

Ag I CH,CH,NH,
\ /E N
=N 5\% E j
/ Ag N7+
Ag H,

(43 {5)

The reacticn of N-{2-ammoniumethylipiperazinium trichleride or tribromide
(LH3X3; LH
LH HgX,,
more correctly described as [L.H3][ngx4]x {33]. The anicn has a slightly dist-
orted tetrahedral structure.

3= 5) with HgX, leads to the formation of complexes of steichicmetry

ut a crystal structural analysis of the compound has shown that it is

A number of tetrahalo and trihalomercurate{Il) species have been examined by
halogen muclear quadrupole resocnance spectroscopy, and the results appear to
confirm the common cccurrence of the [ngxe]2 ion in "ng " campounds in the
solid state [34].

The reaction of quinoline with Hq12 gives the salt [guinH] [HgZIS], whilst
the related [quinH],[Hg I,] may be prepared by the reaction of [quinH] [HgI ]
with HgI,, or by melting [quini](Hgl,] in water [35]. The complex ({3 Mapy)ZH]

[Hg,Ic] has also been prepared [35). it is suggested that the [ngl )2~
possesses U, symmetry, whereas [Hg215]F may have structures {6} or {7}). The

2

camplex [qUi"H]z[HgaIBI is probably better described as [quinH]Z[HgIB]z. HgI,,

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

Hg*[_H/ N\, /\ /\ /\ e
/ \, /\/\/\/\

{6} (M
2.1.2 Compleres with oxygen donor ligands

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

3HgSO4 2HgO.HgS0, + 250, + O,
2 HgD.HqE'Dq"—’ 3Hg + 80, + 202

whereas simple vaporisation occurs in an 50, atmosphere {36]. A crystal

structure of the complex [HgI(ND3)] has smfm the metal to be in an eight—
coordinate 0,1, environment, with infinite zig-zag I-Hg-I-Hg-I- chains [ 38].
The iic)ClOﬁ—IK:lO‘i-Hzo system has been investigated spectroscopically [39 ]

The crystal and molecular structure of the compound C(HgO(ICF3) 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 A, The camplex
[Hngz}( L = ethyl 3-phenyl-2-cyanoacrylate, PhC=C{CN)CO,Et) has been reporteq,
and it is thought that the ligand acts as a bidentate #0 donor [41]. Arcmatic
charge-transfer complexes of mercury(If) cocmpounds have been known for many
years, and have attracted considerable intérest. A crystal structure of the
compound {Csbbs)Hg(Ozcha) 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 ]'H and '*'C NMR spectra of the
solid closely resemble those of the solution, and it is suggested that this

structure persists in solution [42 ),

CFaf# \f] CFy

CF O-S-H /0

(8}
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The complex [HgLZ(SCN)z JiL = d4-cyanopyridine ¥ -axide) has been characterised
and is thought to possess a tetrahedral H95202
the ¥—oxide acts as a monodentate oxygen donor [43]. The polymeric compounds
[r-[.]n and [ML{phen) ]n {(H L = (9)) have also been reported, and it is thought
that the ligand ccordinates as a bridging bidentate, through the ¥-oxide

coordinaticn gecmetry, in which ,

oxygen atom and the carboxylate group [44). The ESR spectrnum of [Hg(salen)]
(stalen = {10}} shows an isctropic rescnance at g = 2.0023; the authors do not
fully assign this resonance, but it might be due to a mercury(i} species [45].

0
COOH I OHHO
N
N
N == ~~CH, N /
N—
(93 (10)

Treatment of [Hg{salen)] with a metal carbonyl results in a transmetallation
reaction and the formaticn of metallic mercury:

[Hg{salen} ]+ [c:c{oo)6 ] Hg + [{Cr(salen)}zo}
e f. stalen + [Cr(CO)G] —_— {Crisalen){CH) ]

[Hg{salen}] + [l"b(CO)G] _— Hg + [I\'b()(sale.n):z]

iHg(salen)] + [{Fe(cp)(co}2} Hg + [Felsalen)][oAc)

] L
2
1 BY
{Hg{salen}] + [ tFelep) (CO) 3 2] Hg + [Fe(salen) I

(Hg(salen)] + [Co,icO)g | —  [Hgisalen)Co(c0),]
2.2.3 Complexes with sulphwr and selenium donor ligande

2.1.3.1 Thicis

The reaction of BaS with HgS at 600° leads to the formation of BaHgSz, and both
this camound, and the red complex Ba,HgS, have been structurally characterised
[46,47). A mass—spectroscopic study of the dissociaticon of mercury({I7} sulphide
has been reported [46]. An infra-red and Raman spectroscopic study of the camplex
Hg{mF3)2 in the solid state and in C52 solution and E;F‘6 matrix has been
described [49].

The complexes [Hg(SR),] (R = n-Bu, t-Bu or Ph) have been prepared in very good
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yield fram the electrochemical oxidation of mercury into an acetonitrile solution
of 25H or RSSR [50]. A wide range of thiolate and selenate complexes of mercury
have been studied by multinuclear (*H, '°C and ®°Hg ) MNMR techniques [51]. A
number of complexes of the Zwitterionic ligand l-methyl-4-mercaptopiperidine (11},
including [ngszd] {X = Br or 1) have been described (52] . These complexes are
thought to have the thiclate bridged structure {12). Binuclear complexes [l“HgL2]

| [55
(rlk/' N

J ~

Me

e Q
\ Hg / \ Hg
(11)
COOH Ejj
SH H \me
(13) (12)

(M= Pb or Cd; H,L = (13)} are formed in the reaction of M(m3)2 with [Hg(LH)2]
I53]. !*'Hy and ‘H NMR studies of these camplexes suggest that the mercury is
bonded to the two sulphur atoms, whilst the hetercatom is bonded to oxygen. A
mmber of selenato conmplexes, including [Hg(SeMe)zl,[{ HgCl{py)(SeEt)}4] and
[{HgCl(py)%{t—BuSe) } 4] have been prepared and structurally characterised [54].
[Hg({ SeHa)zl is polymeric, with selenium acting as a bridging bidentatée atom ,
and each mercury being four-ccordinate {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,5e, ring system, with each mercury being in an
SeZCIN environment {15}, whilst [{}lgCl(py)!s(t-BJSe)}4] also possesses an Hg4%4
ring system, and is isomcrphous with the corresponding 4-methylpyridine complex,
with two trans -annular chloride bridges{16}. Camplexes of mercury with
1-phenyl-3-methyl-4-phenylazopyrazole-5(4F) -thione {E7) [ 55 and 'thiolhistidine*
{1B) [56] have been reported. The interacticn of a range of ¥and ¥, ¥’
‘substituted imidazoline-2{1H}-thicnes have been prepared and structurally charar-
terised [57). With 3-ethylimidazoline-2{1H)-thicne {LH) the complexes
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['-!g[.zxz} (X =Cl1l, Br or 1} 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(1H) ~thiane forms the polymeric complex [nglc12}n] .
which has also been structurally characterised 571 . The complexes [HgL(hD3)],
Hg(LH)Lz, HgL2.M-13 and ngz.ZHL (LH = 19; X = Ct or Br} have been reported; all
are non-electrolytes in dmf solution [581. The complexes [H92L2C12] {IH = 20)
have also been described [59]. Complexes with the 1,3,4-thiadiazole {21) have
also been reported [601].

2.1.3.2 Thicethers

Ginsburg has reported the 1:1 cawplexes of the thicethers (22) - {25) with
HgCL,, ie11].

< o o G

{22} {23} £24) {25)

2.1.3.3 Thicamides and related ligands

The camplexes [HgL2X2] (L = 26; X = Cl1 or Br} have been described, and on the
basis of 'H and 'C MR studies, it is suggested that the metal is in a tetr-
hedral S, environment, with the terminal thioamide sulphur of the ligand
coordinated to the metal [62). Complexes with 2-thicpyrrole-1,2-dicarboximide
and ¥-carbamoylpyrrole-2-thiocarboxamide have also been reported [63]. The
thiosemicarbazane complexes (HGLX,] JL = PRC(Me)=NRHCSNH,: X = C1, MO, or %S0,)
(641, and HoL, ] (m = {2-furyl) CH=NIHCSMH, ) [65 ] have been characterised; the
latter ligand is thought to act as a bidentate ¥ donor. Campleres with the
thicurea (27} (66 ] and the thichydrazide of salicylic acid (28} [67] have also
been reported.

/ N [ 8¢ S NHNH,
C»‘\H/U\Me \@Niuph OH
H H

(26) {27} {28)
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Thiocarbamates continue to be of interest as ligands, and a crystal structural
analysis of the complex [HgLCl, ] ( T = Me,NCSOEL} has been reparted [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) dithiccarbamate, which focrms a two—dimensional
polymeric network, has also been reported [69]. The ligand exchange reactions
between mercury{II} dithiocarbamate and ng+ in dmso soluticon has been studied
[70]. The novel camplex [Hng] {HL = (EtO)ZP(O)M-icszﬂ) has been described [71].

2.1.3.4 Phosphine sulphides _

A nunber of triethyl thiophosphate complexes, including [HgL 4 1[C10 . ]2
L = (EtO)BPS) have been characterised [72]. The complex shows both P=0 and P=5
stretching frequencies in the vibrational spectrum, and evidence is presented
for the equilibrium;

= —
(EtD) ,P=S = {EtO) ,(ELS)P=0
The treatment of (thP“——-S):;G“l with HgX,, leads to a monomeric preduct, [HaLX],
in which the ligand is either behaving as a tridentate § 3 tripod, or as a C-
bonded menodentate [73]. A multimaclear { ¥ P and *® Hg) NMR study of scme
phosphine sulphide complexes has been reported [74].

2.1.4 Complexes with amine, amide and related ligands

The assignment of the Hg-N sktretching mode in [HQ(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 resuited in the assignment of the
Raman active stretch at 407 1.0 cm © to the a), mde, and the infra-red band at
518.5 am * to the a V,g HgW stretch f75]. The reaction of Kz[Hg{SCli)4] with

hexanethylenetetramfﬁe 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 soluticn.

Mercury complexes of D,L-2, 3-diamincpropancic-a ¥ -dimalonic acid,
(HGZC)zcmq}U-IzGi(OOZH)MCI‘](CO;!H)z have been reported [77]. A number of amide
camplexes, including [HgLClz] (L = Me,NOOCH.) [781. [Hg1.2] {L = EtCOMA,) [79]
and [HgL2C12 J(L = 30} [B0) have been reported, and in each case the ligand is
thought to act as an ¥ donor, although in the case of {(30) it is proposed that
it is the nitrogen atom of the heterccyclic ring rather than that of the amide
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{29)

which is coordinated to the metal. Complexes with ethylenebignanide [81] and a
muber of dipeptides [B2 ] have alsc been characterised.
1,4-Diazabutadienes {a, o ~diimines, } may act as o,0'- ¥,¥'-bidentate,
rigid o-#, fluxional o - ¥ «+ ¢ - &' bridging bidentate or ¢ - ¥, 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,s'-¥,¥#" ligand [B83]. The N-aminorhodanine camplexes
{HL X, ] and IHng.S(C104}2] (I = 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 [{(Ar,N.) Hgl (Ar = 2-fluorophenyl)

o, NH;
C
=S
(31)

wi.th B|.12PH leads to the formation of an Hg,P, ring system {32) [85]. In the
reaction with C‘ycthH, the initially formed Hg3P3 heterocycle rearranges to the
lig,P, system {33) [851.

/ :!Rz . /%{; r':;gRZ
N
¢-Bu P \ P¢-Bu, a|]-|‘;'; \rn;
‘ RP Hg N;R,

R,N,Hg HgN,R, z yd

T~ / \Hu P

P N,R, R,
t-Bu,

{32} £33}
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2 number of mixed ligand triazenato species f{EtO} 2P'{O} Hg(NBArE}] have been
prepared by redistribution equilibration, and the reacticn with PPh, to give
[(Ar2N3}Hg{(O)P(OEtlz}(PPh3)] has been described (86].

2.1.5 (Complexes with nitrogen heterocycles

The caomplexes [HgL,Cl,]) (L = 34; Ar = Ph) and [HgI.Clz] (L = 34; Ar = 4-HOC H,)
have been reported [199], as have complexes with a range of substituted
imidazoles [200]. In general, l-substituted imidazoles gave mononuclear
[Hngle complexes, whereas unsubstituted {on nitrogen) ligands gave rise to
polymeric products. The mercury salt of S-nitrotetrazole is proposed as an
alternative detonator to lead azide (201 .

/lh ¥

(34}

The ¥*C NMR spectra of [chlz(py)z] has been recorded, and the results
interpreted in terms of the n—cloud delocalisation in the molecule [202]).
Halogen NJR spectra of [ngsz] (X=Clor Br; L = py or PPhB) have also been
reported [34 |. The crystal structures of [ngz(pylzl {X = C1 or Br) have been
redetermined [203 ). [HgClz(py)zl forms a polymeric one-dimensional array of
trans-HgClL N, octahedra, sharing two cpposite edges, whereas [Hg(py)zxz]
{X = Br or I} form discrete psudotetrahedral molecules. Structures have also been
reported for the complexes [Hg{py) {MeCHOHCHMe) ][02(1‘CF3] [204], [Hg(bipy}(C.'zCCF3)2]
[205], [Hg(CF3)2(terpy)] [206] and [{Hg(Osz3}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) camplexes of cinchonine {35) [87 ) and a number of nuclecsides have
been reported [B8 ).

N\ / H
-

H

HO

(35)
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2.1.8 Complexes with phosphorus, arsenic and antimony doror ligands

Tre crystal and molecular structure of the 8 -form of [HgClZ(PBu3)21 has been
reported (B9 ] ; the complex is a dichloro-bridged dimer in the solid state, in
contrast to the tetrameric structure of the oform discussed in last years review
In solution there is some association between adijacent dimers. The crystal

structures of [Hg(CN),(PFPh and [Hg(m3)3(PPh3)2] have been reported, and a

¥y ]
correlation with P chemizai shifts made [90]. The cyanide conplex possesses

a distorted tetrahedral structure, which may be regarded as being on the reaction
path between a truly tetrahedral molecule and a trigonall[Hg{CN) 2{1313113 1+ PPhB}
system; [Hg(N:)3) 2(E>Ph3)2} is a six—coordinate species with crystallographic C‘2
symmetry, and unequal Hg-O bond lengths of 2.507 and 2.7% E. The electrochemical
reduction of [HgXQ(PR3)2] {X =Cl, Br or I} has been studied, and the unusual

two—electron process:

e+ HgX,(PR,),] ——  Hg(l} + 2PR, + 2X
demonstrated [31]. A correlation between the redox potential for this reducticn

and NMR parameters ( & ¥P, §'*®* Hg and J 1 was demonstrated, and MR

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

[HEX,(PR,),] + [HGY,(FR;),] —— 2(HGXY(FR,) ]

The reaction of RZPH with triazenato complexes to produce HgnPn hetercacycles has
been menticned earlier (2.1.4% (85 1.

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 Héedta, (HOZCG-lz)zPCHZCI-IzP(C}iz(DZH}Z has been
reported [93). The reaction of trans.*—[Pt(C:CR}z{n'—dmn)z] (R = Ph or 4-MeC.H,}
with iigCl, leads to the formation of (37) 94 |; analegous compounds of the type
[Y_Pt(dppmiHgCl,] are formed from the reaction of [ Pt’ ﬂdppl'n)ﬂ Cl, with HgY,

(Y = CN, ORc/BCACR)} (95 ). A crystal structural analysis of the pseudotetrahedral
complex [HgRr, (Ph,FCH=CHPPh,) ] has been reporved [90].

The reaction of B‘uzP(O)H with HgO or Hg(OPc)2 leads to the formation of the
complex ["Bu,P(0) Hgl, which has been characterised by * P and ' Hg NYR
spectroscopy. The ligand is thought to be P-bonded to the metal [96], A
combination of "'P and “*Hg MMR techniques has also been used in a study of the
conplexes (HgY(FRy) (B0} P=0)] (Y = OAc, O,SCFy, C1, Br, I, S,CNEt,, S P(OBt),
or { Et0)2P=O }, and it is suggested that the diethylphosphito ligand is P -bonded
in these compounds also B7 ) The mixed ligand camplexes [(Eto)zP{O)Hg(NBArz)]
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have been discussed earlier {2.1.4) [86]. The reaction of Hg(m3)2 with
(RO} ,P{O)CIH,CONEL, Tesults in the formatian of [(Hg((RO),P(O)CHCONEL,) (NO5} 1, ]
{98]. The dimeric structure has been confirmed by an X-ray crystallegraphic

(Et0), III’(OEt)z P{oEt),
[ S
o o
{38}
study. The novel tripod ligand (38) has been shown to Form mercury(II)

complexes [99 1. Complexes with aminc({cyclophospazenes) (100 and 1-arylarsolanes
[101] have also been reported.

2.1.7 Complexes with macrocyclic ligands

Few macrocyclic complexes of wercury(II) have been reported this year, and the
potential of such species in metal-exchange reactions has not yet been fully
explored. B crystal structure of the complex [Hg‘[.(:lzl.Ht;Cl2 (L = [18]-ane-
1,4,7,10-0,-13,16-5,) has been reported (39) [102]. <The ligand is a bidentate

5,58 —exodentate donor, and the metal is in a distorted -’2'932012 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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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 bimuclear chioro-bridged
[M-C1-Hg ]x+ species is now well established. Complexes which have been studied
include trans - (Rh(en) €1, 1" (1041, [Rh(Na) xI** (x = c1 or Br) [105),

[Rn(M ) T ' hosl, [Rh(en) €1, " [107), mer -[Rhiot,) 1,1 [108],  ets-
lcoten) €10 ¥ (1 = py, Himid or Hoenzimid) 1109, [cr(t,)C1 i#* l105], eis-
[Cr(bl-l3)4(0Hz}Cl]2+ [105), trans -[cruc1)® (L = tetramine) [110],

[coten) C10imian ¥ (111 ) ana [(%0) (1,00 Crix-Eg] * [112].  The heterohinuc-
lear intermediate is best established for the rhodium{II1) systems, and detailed

kinetic studies of the reacticns:

IRhENH3}SI]2+ + owgtt o F [Rh(bl-l3}5(l-'—l)l-ig]4+
4+ k 3+ a1t
[Rh(21,) { w-T)Hg ] - . {Rh(M{3)5(OHz)] + gl

have been reported [106]. The precise mercury(Il} species implicated in the
catalysis is not yet fully established, and may vary from system to system, In
the mer— [Rh(OHZ) 3(.‘13] hydration, the catalytically active species are Hg2+

and Bigcl T, with HoCL, showing very little effect (108). Probably the most
important study this year has been the structural characterisation of the
binuclear complex cis - [Rhien) Cl,] C1.HgCl,, which is formed fram the reaction
of cis-fhlen) €1, 1(M0,]  with Hg(ND,}, in chloride medium. The crystal structure
of this complex clearly shows the role of the mercury in forming the ¥ -chlorc
bridge [107). The displacement of cyanide ion from [Fe(cN) 614‘ 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 corplexes

The use of mercury(IT} 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 HgRr , i8]. The reaction of ng(:l2 with bramine has
been discussed in Section 2.1.1 [4]). A number of monomiclear mercury{I} campcunds
have been described, and HgX (X = Cl or Br} have heen characterised as the
products of the reduction of ngz by metallic zinc (using matrix-isolation
Raman spectroscopic methods) (9], The thermodynamic properties of the ligli molec—
ule have been calculated {1141, The formation of mercury(I) campounds in the

v-irradiation of HgCl, has been discussed in Section 2.1.1 11

2.2.2 Complexres with ozygen 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) carbaxylates in
solution [115]) and in the polycrystalline solid state [116] have been reported.
The reaction of L with A1F3 in 5M hydrofluoric acid results in the formation
of I-quAlFS.ZHZO, which has been characterised crystallegraphically. The structure
consists of PLlFs octahedra sharing two trans fluorides, with the quasi-linear

[(HZO)Hing{H2O) ]2+ cation situated hetween these chains { Hg-ilg, 2.511 A g
2.144 &) and interacting with four fluorine atams (Hg-F, 2.827, 2.894 R) to give
a psendo-octahedral F 4#90  enviromment [117]

2,2.3 Complemes with oxygen doror 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 [ngLnxzj {L = py, 1,4-diazine, 1,3,5triazine, 1,4-dicxane or 1,3-
dithiane; X = m3, SiFG, Oic, 020:1213, Clc, or BE‘q) [119].

4
2.3 ORGANOMERCIRY(II)

2.3.1  Kalide and pssudohalidel ecomplexes

Alkylmercury(T1) fluorides are formed in the reaction of xenon difluoride
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with i!g’-?z {along with xenon, RF and }22) [2]. A number of hydrido species Riyfl
(R = Me or Tt} hava been electrochanically characterisexd in methancl solution
(120). The resonance stabjlised carbanion [(Me,P=5).C |” gives a stable complex
[CliIgC(N'e?P=S)3], vhich is formed in the reaction of the lithium salt with HCl,
in good yield [121]. A range of perfluorcalkyl compound [RHgR® ] or {Rzﬁg] have
been prepared by the reaction of the appropriate perfluorcalkyl Grignard reagent

with HgX, or [R'HgX] 122]. & ®Hg MMR investigation of the eguilibrium

2

HgX, + [{Cl,C=CCl) Hg] -..;.4'-_ 2{HgX(C1 C=CC1 )

has been reported [123]. Multinuclear NMR studies of a number of [ArHgCL] [124])
angd AJ:GIZC(OE-E)(R)CHZHg(.‘l complexes [125] have also been reported, and the
chservations on the latter species are consistent with an intramolecular

« -interaction in non-donor solvents (40} [125] . The vibraticnal spectra of
the acetylide species [MeHgCiCX](X = Cl or Br) havwe been reported [126], as have

OCH,

R
Hg

x~ \

(40}

PES spectra for a munber of [RHgCL){R = alkyl or aryl) compounds (127,128].

The reaction of [PhHgX ]{X = Cl, Br, I or CN) with PR3 is reported to lead to
the formaticn of ER3P) Zngz][l?)] . A number of reactions of organamercury(IT)
halides have been reported, including the interaction of RHgCl with Pn_Hg [130 ],
the thermal decomposition of [Pl"ﬂi(ozt&l)CHzchl} {131] and the thermal
decomposition of thienylmercury{II) halides [132]. The reaction of
8-(1-bromoethyl jgquincline with mercury results in the formation of the alkyl
species (41) (!~Ln = HgRr) in a racemic form. This racemate may be resolved with
{+)-D—camphor-10-sulphonic acid, and undergoes a transmetallation reactian with

(Ph P} Pd to give (41) (M = BI(Ph,P)Ar) [133).



71

™~
o
N
Me ML,

(41)
2,3.2 Complezes with oxygen donor ligands

The reaction of [PhHgi(OAc) | with Cu(SeCN}z or copper(II) sulphate in the
presence of KSeCN gives low yields of PhSeCN, together with Ph2Se and PhZSE2 (1321]
The two latter products have been shown to arise from the reaction of PhSeCH with
PhHgX (X = OAc or Cl) in the presence of copper{IT}. A crystal structure of the
complex [C(HgO20CF3}4] has been reported [40), and is discussed in Section 2.1.2

2.3.3 Complexes with sulpha donor ligands

Further studies of the blue-vellow photochramism of [RHgL ] {HL = dithizone,
42 )} species have been reported [135]. A spectroscopic study of the mercapto-
amide complexes [Ma.‘[—lg(S(CHz}nmm) 1 {n=1,2 or 3) have established a weak
interaction between the metal and the nitrogen or cxygen af the amide group [136].
A crystal structural analysis of the complex [PEHgSC:[-lZCOM-Rt] has confirmed this,
and demonstrates a weak Hg-O lnteraction to give a five-membered chelate ring
in this case [126]. The structure of the complex [PhHgL] (LH = 2-{ ¥, ¥ -
dimethylamino}thiophenol} has alsc been determined {(at -120°C), and shows the
Formaticn of a similar five-membered chelate ring, this time with an Hg-N inter-
action (43) [137].

TR
,r/ };E‘\ % Z;:

R __N.___=N _R \f A“:r

R N\,

(42} {43}
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£.3.4 Compleres with nitrogen donor ligands

hs 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 parkicular attention has been paid to the structural properties
of methylmercury{Il} nucleoside complexes.

Crystal structures of [(Maﬂg)zL][Cloq}.Hzo {IH = adenine} (1381, [begL].lgHQO
{LH = thymine) [139], [|~1|aHg:L].lsNaND3 {LH = thymine) [139], [(beg)zL][m3] -2H,0
(LH = adenine) [141] and [{MeHg),L)[N0,] (LH = L-methylcytosine} [142] have
been reported. Associated spectroscopic studies of the methylmercury(II)
complexes of adenine [l43], 9-methyladenine [144) and cytidine [145] have also
been reported.

A nurher of complexes of {RHgClH{R = 4-I-D2CCGH4) with amines have been
describgd [146]. The camplexes (44) (MLn = HgCl} and (45) (M = Hg) are prepared
by the reaction of (44) or (45) (M= PLn = Li} with HgClz, and undergo facile
transmetallation reactions with PA(OAc),, [Pt{dba}z] or [Pt(cod)2] to produce
{44) {MLn = P3{0Ac}} or (45} (M = Pd or Pt} {147]. The sulphonamide complexes

NMe,
l'b;L,.l M «—NMe,
NMe,
NMEz
{44} (45)

[ArN(SOPh)HGPR) (Ar = 4-ONC.H,) {148) and [MeSON(C1)HgPh][149], the latter
prepared by the reaction of MeSONC1Br with [PhZHg], have been reported, as has
the related [ArMiEHgFPh] (Ar = 4-O_NC H,) [148].

Camplexes of methylmercury{II} with a wide range of pyridines, imidazoles and
pyrazoles have been investigated by MMR techniques, and correlations drawn between
lqKH of the ligand and ZJH—Hg [1s0]. B crystal structure of the complex [PhHgL |

1H = 2-phenylsulphonylimino-1, 2—-dihydrothiazole) has been reported [151]. There
are weak intermolecular Hg-N and Hg-O interactions as shoem in £46). The
complexes [MeHgl | [NO3] {L = 1-{2-pyridylipyrazole or bis{l-pyrazolyl)methane)
have been rveported [152 land structurally characterised [153]. In each case the
metal shows interactions with the nitrate ions., The reaction of basic PhHg(hD3)

with a series of 2-substituted benzimidazoles leads to the formation of
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{46}

binuclear complexes [PhHg(L}HgPh][m3], in which it is proposed that the
deprotonated benzimidazole acts as a bridging bidentate ligand [154],

2.4 COMPOUMNDS WITH MERCURY-HETEROMETAL BONDS

The reaction of [N‘b(cp)ZH3} with [Hg(52CNEt2)2] in benzene gives the reddish-
brown campound [hb(cp)Z[Hg{Sz(:NEtz) }3] which has been characterised crystallo-
graphically, and shown to possess a near-planar Hg3Nb cluster framework [155].

A nuwber of reactions of mercury-manganese and mercury-rhenium camplexes have
been reported, and the species [Cqubh((ZDJE]; [(PPh3)2BrPtHgRE(CO)S]; [BrigM{CO} (]
{M = Mn ar Rh), {Br2(PPh3)2Pd(m(cm5Hgm(oo35} and {Hg;m{mJS} have all been
described [156]. The complexes [H{cp}ziﬂg(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 trianglo— Hg Mo cluster is formed (47).

a7
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The phosphide complexes [Hg{PPh,M(CO) ), ] and [{Me,Si) NHg(PPh,)M(CO) ]
M = Cr, Mo or W) are prepared according to:
[Hg{N{SiMe,),},] + [M(CO},(PPh H} | — [(r-'b3Si)2M~Ig(PPh2}M(C0) ]
+  [M(CO) (FPhH) |

[{Me,S1) Nig{PPh,)M(CO) . ]

[Hg (PPh,M(CD) 5t ]
The crystal and

but probably cnly show Hg-P rather than Hg-M interactions [158)
molecular structure of the complex [M:){Cp)zmgSEt) ) has been reported {159]
The complexes [(u—RS}(u—RHgS)Fezico)s] (R = Mo 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}
Cco
/
H

!
!

o |
N
/\

\
R CO

RHo

(48)

[(mg)ca..‘j] {X=Cl, Br or I;

of trigonal bipyramidal complexes
or CO) [161 L.
[{N(CH2 ZPPhZ) CoHgi.] , formed in the reaction of [N{CH.CH

The reackions of ng2 with a range of RCal, a species results in the formation
= ; L = phosphite

The crystal structure of the dimercury bridged compound
A 2PPh2)3CcCl][BPh4]
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with sodium amalgam has been reported [162]. The reaction of HgCl,, with a thf
solution of Na[Rh(PPhB)z(CD)z] results in the formation of [ Hgl {Ph,P) ,Rh{CD) ) 2]
[163]. [PL{CO}{CERICL] reacts with [Hg(CECR)2] to give [LPt{CO) (cacn)z]

(L = Pthl“E), and it is proposed that an octahedral Hg-Pt bonded species is formead
as an intermediate in this and related reactions [164]. A sguare-pyramidal
complex containing an Hg-Pt bond has been structurally characterised [1653].

The electrochemical behaviour of the complexes (49}, (50) and (51} have been
investigated [166]. The reaction of [P“I:ClzL2] (L = 2,6-dimethylphenylisonitrile])
with sodium amalgam in the presence of excess L results in the formation of the
clusters [HgPtGle] and [Pt7L12][167].

OAc

Me Hg,:‘\"—-o
MezN ——< NM

‘\Pt/ 0 /

~_. 0 Pt\\ Me
Hg / 0
\ N l
N Mez OAC Mez Br
(49} {50}
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The electrochemical oxidation of mercury in contact with liquid suiphur dicxide
solutions of [Me 4N][A5F6] leads to the formation of tri- and tetranuclear
complexes. Similar reactions occur with [Mie4][SbF6] , and the compounds
[HgBASFG] and [Hg,SbF. ] have been isolated [168]. 'Traces of [(P’EBE)ZHg]

{E = 51 or Ge} are formed in the reaction of Me3Ele with Al, Mg, Ca or Li in

the presence of mercury, and this abservation has been developed into a high-
yield synthesis of [{HeBE)ZHg] from the reaction of Me EC1 with lithium amalgam
[169]. The reaction of [(Ar3Ge}2Hg1 (Ar = CGFS) with lanthanide metals results
in the formation of (Ar,Ge) Hg,Ln in high yield [170]. Raman studies of the
complexes PhB'Ib_.ng3 and (Ph3'1\='_)2Hg}{4 {X=2Cl, Br or_i) have revealed Te-Hg
but not Te-X stretching frequencies (v Te-Hg 105 cm 1, and the compounds are
thus formalated [PhB'I'e-HgKB] and [Ph3'IE-!-IgK4—TePh3] in the solid state [171].
The compounds are 1:1 electrolytes, and it is proposed that they ionise:

- — + -
[Ph3'1'e ng3] _ [Ph3Te] + [ng3]

- —_— - +
[Ph3Te ng4—1\ePh3] - [Ph3‘I‘eHgX4] + [PhBTe]

2.6 MERCIRY IN ORGANIC SYNTHESIS

Many of the best-known applications of mercury to organic synthesis involve
the addition of an HgQYX species across a multipie bond, to produce either an
organomercury campeund with a C-Hg bend, or a demercuration product derived from
this. A number of variations on this basic theme have been developed over the
years to allow the formatian of a range of C-% bonds, and to permit novel
intranolecular 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 Hg(OAc}, studied [173].

A synthesis of mitosenes has been reported in which a key step is the intra-
molecular displacement of halide fram a vinyl bramide by an amine in the presence
of Hg(OAc},, to produce the indole (52) {174]. v ~Pcetylenic alcohols are
cyclised by chl2 to the tetrahydrofuran derivatives (53}, and this offers a
route to prostaglandins [175]. The reaction of [PhHg:)z(I:FB] with acrylic acid
in the presence of H, [PtC161 results in the formation of low yields {15%) of
PhCH=CHOO_H [1761. ROOCH=CHCD M is converted to ROXH-CHCOCH=CH, by Hg(OAc) ,/
vinyl acetate in the presence of BF, and hydrogquinone; the product is readily

k|
decomposed by aqueous Hg(ORC) , 1771,
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| Hg(OAc),, thi N OAc
NH, ™R Nak(0 N
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R
{52}
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OH o
Oy e
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The aminomercuration—demercuration sequence continues to be of synthetic
utility, and Bariuenga has prepared 4-aryltetrahydro-l,4-thiazine 1,l1-dioxides

{54} from divinylsulphone and ArdH, by this method f1781.

2

0O

S 2
r \’ i)Hglie) , N
I | 1i)KBr o

N R

j.ii)Na.El*I‘1
2

R
(54}

The transmetallation of RCH=CHHGCL with Li, [PaCi 4] occurs smoothly in cyclo-
olefina to give n’-allylpaliadium{II} species (55) [179].

Mercury caompounds have keen fcund to be very effective in the hydrolysis of
1, 3—oxathiol anes {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 carbom.
Mercury salts are also useful in the preparation of hefacetals fram acetals
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{55}

since RHC(OR}{OH) is only siowly hydrolysed in the presence of ng+, in
contrast to the rapid hyhrolysis of RHC(OR)2 [183]. Solutions of HgO in H[BF4]
have been recommended for the hydrolysis of dithioketals and orthoesters, and
are claimed to be superior to Hgo/ BFB.Etzo [184]. Mercury trifluorcacetate
supported on polystyrene is claimed to be a superior reagent for the hydrolysis
of thicacetals 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 [1B6].

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(SbFG)z.ZArH {ArH = CGMES ' 1,2,4,5-(261-121&34,_ 1,2,3,4-
C6H2ME4 and benzene) have been reported [187]. In the case of the first two
compounds the spectra are cansistent with static n'-Hg-C bonding at the
unsubstituted carbon, whereas the other two compounds gave time-averaged spectra
indicating € .{ or €, ) and €, symmetry respectively. " MMR studies of SO
solutions of the 1,3,5-R.CH, camplexes also indicated an n' bonding mode.
These results are not inconsistent with the n? mode cbserved in Ccte, compounds
[421. The mercuration of {EtD)zi’Ar has been investigated [188].

2

Caupling and cross-coupling reactions are of importance in organic chemistry,
and some recently reported examples of mercury mediated couplings include:

n
ArigCl + O iMPA, BusNT . Arcoar [189]
RR(CD).C1,
T
Ar g + AT'X PR, BUNE L Arart {190]

(PhPA(FPh,) 1 ]
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LiCuMe2 and Li 2CuMe3 are powerful reagents for cross-coupling reacticons with

organomercury{I1) compounds, and an intensive study of such reacticns has been
reported {191]. A coupling reaction to produce the palladium camplex (56) has
also been described [192].

;b * cmg/@\/\cozm

PC1 2
LiCl

Pd

CO,Me

AW

™
\Q/

£586)

2-Methyl or 4-Methylpyrrilium salts are mercurated to —(H HoX derivatives on
treatment with HgX,, 1193,194]. 1-Arylpiperidines are converted to 2-piperidones
(57) by Hg(OAc) j/edtaH, [195] . The reaction of 1,3-bishydrazanes with Hg{ORc),
results in the formaticn of pyrazoles [196]. Cther applications reported this
year include:

(Et3E)2Hg + EIrCHzCDR — (EtBE}(XIRﬂ*lz {E = Si or Ge) [197]

BF
RCH(HgXICOR®  + ch:m-3——- R, CH{OH ) CHROOR” {198)

> BO0% erythro
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2.6 ?*Hg MMR SPECTROSCOFY

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]
2.1.31a (511, [s31]
2.1.3.4 [72]

2.1.4 (86}

2.1.6 [e11, l96), [97]

2.3.1 (23], (241, [125], [x27}
2.4 [158), [1s59)
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