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IN?RC0l_KX'ION 

This review is a continuation of the 1981 Review of mercury published in 

this journal in 1983 111. The format and content is generally similar to that 

adopted in previous years, although a new section concerned with species 

containing a mercury-to-heteromstal bond has been introduced. The section 

dealing with the use of mrcury in organic synthesis has been retained. Ihe 

use of 1991gNFR spectroscopy is now beccming mre routine, and the section 

discussing this has been reduced to a bibliographic conpilation of reported 

spectra. As before, papers dealing with the physical and spectroscopic 

properties of mercury halides have been omitted from the scope of this review, 

as they ware thought to be of little interest to the coordination chemist. 

I should like to thank Dr. Olga Kennard, Dr. Sharon Bellard and Dr Paul 

OOlO-8545/84/$09.90 0 1984ElsevierSciencePublishersB.V. 
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Raithby for their aid in obtaining data from the Cambridge Crystallographic 

Data Centre. 

2.1 MF,RCURY(II) 

2.1.1 Halide and pseudohalide complexes 

The reaction of xenon difluoride with HgX2 (X = Cl, Br or I) leads to the 

formation of HgF2, X2 and Xe [2 I. The reaction of HgF2 with AsF5 in anhydrous 

HF has been investigated, and the product shown, by vibrational and X-ray 

pokier diffraction spectroscopy, to be HgF2.2AsF5 ( i.e.Hg(AsF6)2 ) [ 31. The 

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

Hg2c12(s) + Rr2(g) - 2HgClBr 

HgC12(s) + HgBr2(S) - 2HgClBr 

and exists in 9 and 8 forms, closely resembling those known for HgC12 [ 41. 

Hg12 is the product of the reaction of mercury(I) oxalate with molecular 

iodine [5]. The enthalpy of formation of crystalline HgBr2 at 298.15 K has been 

determined as -175.5 21.0 kJ ml -' [ 6 1. Structural studies of the ccmpounds 

Hg(BrO3)2.2H20 and K2Hg(BrD3)2(N03)2 have beem reported[ 7 I_ The use of 

nolten HgBr2 as a stabilising solvent for mercury(I) species was described in 

last years review [l] , and a further example has appeared [ 8 3. The reduction 

of HgX2 (X = Cl or Br) by zinc has been investigated, and the matrix-isolated 

products characterised as ZnX and HgX [9 1 The "N and "C NMR spectra of 

Hg(CNj2 and the ion [Hg(CN)4] *- have been reported [lo]. 

The u-ray irradiation of HgCl2 in either a sulphuric acid or alcohol glass 

at 77 K results in the generation of HgCl, which has been characterised by 

its EPR and vibrational spectra Ill]. In hydrochloric acid glasses, the 

product of such irradiation is the tetrachloromercurate(1) ion, [ HgC14] 3-. 

'Ihe equilibrium: 

HgX2 + W 
2+ - 

\ 2[HgX1+ 

has been investigated 1121. In a related study, "?Ig, "C and I5 N multinuclear 

?@lR technigues have been used in an investigation of the Hg 2+ -Hg(CN)2-D20 

system in perchlorate rich medium. Evidence was presented for the formation of 

the [Hg2(CN)2]2+ ion [13 1. The Ramn spectra of solutions of HgC12 in 

strong aqueous acid have been studied, and the changes invS interpreted in terms 

of the weakening of water(oxygen)-mercury interactions in strong acid [141. 
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Solutions of HgX2 (X = Cl, Br or I) in dmso have been investigated by X-ray 

diffraction and Ran-an spectroscopic methods [15]. 

The ethyl acetate extraction of mercury(I1) from chloride solution has been 

studied, and the extracted species shown to be of the stoichiometry H9C12.25 

[ 161. 

The formation of halomercurate(I1) anions continues to be of interest, and 

the interaction of HgC12 with aqueous chloride to form [HgC13]- and [HgC1412- 

has been further studied [17]. 

and 1gK [iI+ 12- 

At 25O C and i = 0, values for 1gK [H$lJ]- 

of 0.97* 0.14 and 1.61+ 0.13 respectively have been determined. 

A spectroscopic investigation of [Pr4NI[HgC131 has been reported, and it is 

concluded that, in the solid state, the anion forms halogen-bridged species 

with a synuretry lower thanDzh 68 1. The anion-exchange extraction constants 

Kx- for the extraction of [HgX31-(X = Cl, Br or I) from HX medium by tri- 

oc$kctadecylaium salts in toluene have been reported [19 1. The crystal 

structure of the complex [C6H13N4 1 [HgC131 ( C6H13N4 = hexamethylenetetra- 
armor-km) has been described f20 1. The anion consistes of planar trigonal 

HWS units, with longer axial Hg-Cl interactions completing a distorted 

trigonal bipyramidal configuration about the mercury, to give a chain structure 

(1). 

Cl 

I Cl 

Cl 

(1) 

The related complexes [n-Bu4N ][HgX3 I (X = Cl or I ) are prepared by the 

reaction of HgX2 with [n-Eu4N@ in acetone solution, and crystal structural 

analyses of the tm compounds have been reported [21]. In the chloro species, 

the anion forms discrete bitetrahedral [Hg2C16 f- units, and the conpound should 

thus be form.rlated [n-Bu4N 12 [Hg2C161. In contrast, [n+u4N 1 [Hg13] contains 

discrete [IIg13]- anions, and, although there is no evidence for interactions 

betwaen neighbouring Hg13 units, the anions do not possess exact three-fold 

symnetry. The mixed trihalcgencmemzurate(I1) species continue to be of interest, 
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and it is PlrOpSed that the anions in [n-Pr4N][H$12X], font& in the reaction: 

I-W2 + [n-Pr4N]X - [n-Pr N][HqCl 
4 2 

x] 

are actually dineric [Hq2C14X2]2- species [22,23]. On the basis of Ramn 

spectroscopic studies, it is proposed that these anions possess structures 

(2) or (3). 

Cl\ /Cl, ,x Cl, /Cl\ ,x 

xi’\c,~Hg\c, ,,/““\,,;“\, 
(2) (3) 

The reaction of [n-Pr4N][Hg2C14X2] with bipy leads to the fonration of complexes 

[(bipy)HgClX ](x = Rr or I) [22 1. In contrast, it is suggested that, in 

acetonitrile solution, the complex [n-Pr4N][Hq12X] contains discrete triqonal 

planar bg13 f anions, although a dimric structure is proposed for the solid 

state [24]. The conpounds KHqX2CN. H20 (X = Cl or Br) are formed in the 

reaction of HqX2 with KCN, and have been studied crystallcqraphically [25]. 

The solid consists of linear HqX2 and Hq(CNj2 groups dispersed in a K+ X- 

lattice. The ccaplexes HHqHr21. 2py and HHqBr3_xIx. 3PhNH2 ( x = 0,l or 2) 

have been prepared by the reaction of the appropriate HHqX3 etherate with 

pyridine or aniline [26 1. These complexes are thought to possess a pyramidal 

9eos=trY. 

The thermal decomposition of [Ph2112 [Hg(CN)4] has been studied by DTA and 'IG 

techniques; a phenyl group is transferred to the coordinated cyanide to produce 

an Hq - CNPh species [27 ]. The pseudohalide conplexes K2[HqX2Y2] (X = Cl, Br, 

SCN or SeCN; Y = N(CNj2 or C(CN),) have been prepared by the reaction of HqX2 

with KY in 1:l methanol-acetone. The silver(I) salts have also been character- 

ised [28 1. The CsI-Hq12 and also the mixed bromide-iodide systems have been 

investigated, and the Cs2HqBr4<s2Hq14 and CsHq2BrS-CsHq21S sections shown to be 

stable [29 I. 

Cleqq has investigated the crystal and molecular structures of the complexes 

[M(NH3J6 ]bg215 ] (M = Co or Cr) and has shown the anion to consist of a 

distorted trigonal bipyramidal h'gC2, unit. The anion has three shoti equatorial 

Hq-Cl bonds ( E 2.4 %) and tm longer axial Hq-Cl bonds (=3-O and 2.9 d), and the 

metal.is slightly out of the equatorial plane [30]. A crystal structure of the 

conplex bis[bis(N,N'-d.i-n-butyldithiccarbamaterbamateccpper(III) bis(N,N'-di-n-butyl- 

d_ithiocarbamato)copper(II) hexabrcrPdimercurate(II) has been reported; the anion 
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consists of discrete edge-fused tetrahedral dinuclear units [31]. 

The crystal structure of the compound Ag2Hg12(PD3)2.H20 has been reported: 

the mercury is in Hg12Ag4 units (4) which form sheets betwsen the anions 1321. 

(4) (5) 

The reaction of N-(2-annoniumethyl)pipsrazinium trichloride or tribrcmide 

(LH3X3; LH3 = 5) with HgX2 leads to the formation of complexes of stoichicaetry 

LH3HgX5r but a crystal structural analysis of the ccmpound has shown that it is 

more correctly described as [IX31 [119X4 IX [331. The anion has a slightly dist- 

orted tetrahedral structure. 

A number of tetrahalo and trihalcmercurate(I1) species have been examined by 

halogen nuclear quadrupole resonance spectroscopy, and the results appear to 

confirm the ccsnon cccurrence of the [Hg2X612- ion in "HgX3-" ccarpounds in the 

solid state [34]. 

The reaction of guinoline with HgI2 gives the salt [quinH][Hg215], whilst 

the related [guinH]2[Hg318] may be prepared by the reaction of [quinH12[Hg14] 

with Hg12, or by melting [guinH][Hg13] in water [35]. The complex [(3-P4~py)~H]~ 

[Hg216] has also been prepared [351. It is suggested that the [Hg21612- ion 

possesses DZh symmetry, tiereas [Hg215]- may have structures (6) or (7). The 

COI@ZX [quinH12[Hg318] is probably better described as [quinH I2 [Hg1312. Hg12, 

as it shows an absorption at 210 nm, similar to that of the yellow form of Hg12. 

I\ /’ I\ /I\ A /I\ /I 
I,H--4, 

I r 

i”\ /y, /pg, ,+g, 

I I I I 

(6) (7) 

2.1.2 Complexes with oxygen donor tigands 

!CWJ groups have studied the thermal decomposition of mercury(I1) sulphate 

[36,37]. On heating in either air or argon, sequential deccnposition according 



to the equations: 

3HgsO4 * 2HgO.HgSO4 + 2902 +02 

2HgO.HgS04- 3Hg +S02 + 202 

whereas siaple vaporisation occurs in an SO2 atmsphere [36]. A crystal 

structure of the complex [HgI(No3)] has shown the metal to be in an eight- 

coordinate 0612 environment, with infinite zig-zag I-Hg-I-Hg-I- chains [38]. 

The H$104-IIC104-H20 system has been investigated spectroscopically [39 j. 

The crystal and mlecular structure of the canpound C(HgOZECF3)4 has been 

determined; the Hg-C bond length is 2.042 A, with Hg-C-Hg of 112.36O and 

108.04O [40] The closest Hg-Hg interaction is at 3.393 d. The complex 

[HgLX2]( L = ethyl 3-phemyl-2_cyanoacrylate, PhC==C(CN)(T+Et) has bem reported, 

and it is thought that the ligand acts as a bide&ate NO donor [41]. Amnatic 

charge-transfer complexes of mrcury(I1) compounds have been known for many 

years, and have attracted considerable interest. A crystal structure of the 

compound (C6k6)Hg(02CCF3) has revealed it to be a trifluoroacetate bridged 

dimer of structure (81, in which the the hexmthylbenzene acts as a r1' ligand. 

The charge-transfer and magic angle spinning lH and '"C W spectra of the 

solid closely resemble those of the solution, and it is suggested that this 

structure persists in solution [42 1. 

(8) 
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The complex [HgL2(SCN)2 ](L = 4-cyanopyridine N-oxide) has been characterised 

and is thought to possess a tetrahedral HgS202 coordination geometry, in which , 

the N-oxide acts as a nmodentate oxygen donor [43]. The polymeric conpounds 

[K& and [ML,(phen)ln (H2L = (9)) have also been reported, and it is thought 

that the ligand coordinates as a hridging hidentate, through the N-oxide 

oxygen atom and the carboxylate group [44]. The ESR spectrum of [Hg(salen)] 

(H2salen = (10)) shows an isotropic resonance at g = 2.0023; the authors do not 

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

(9) (10) 

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

reaction and the formation of metallic mercury: 

]Hg(salen)]+ [Cr(C0)6 1 - Hg + [ICk-f~alen)~~O] 

c.f. H2salen + [Cr(CO),] - [Cr(salen)(CH)l 

[Hg(Sah)l + 

[Hg(sakn)] + 

[Hg(sakn)] + 

[Hg(sakn)] + 

bw6)61 - Hg + [MO(salen),] 

21 e Hg + [Fe(salen)][&c] 

21 - Hg + [Fe(salen)]2 

t ]Hg(salen)Co(C0)3] 

2.1.3 Complexes with sulphur and selenium donor ligands 

2.1.3.1 Thiols 

The reaction of BaS with HgS at 600° leads to the formation of BaHgS2, and both 

this ccqmund, and the red canplex Ba2HgS3 have been structurally characterised 

[46,47]. A mass-spectrqsccpic study of the dissociation of mrcury(II) sulphide 

has been reported 1481. An infra-red and Ramn spectroscopic study of the cqlex 

Hg(XF3)2 in the solid state and in CS2 solution and SF6 matrix has been 

described [491. 

The complexes [Hg(SR)2] (R = n-Flu, t-Bu or Ph) have been prepared in very gocd 
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yield from the electrochemical oxidation of mercury into an acetonitrile solution 

of T?SH or XSSR [50]. A wide range of thiolate and selenate complexes of mercury 

have been studied by multinuclear ('H, "C and lssHg ) NT4R techniques [51]. A 

number of ccnplexes of the Zwitterionic ligand l-methyl-4-rrercaptopiperidine (ll), 

including [Hg2L2X4] (X = Br or I) have been described [52] . These complexes are 

thought to have the thiolate bridged structure (12). Binuclear conplexes [mgL2] 

/+\ 
Me H 

(11) 

(13) 

hl 

0 
X \Hs/s\,,g/X 
x/ \J ‘x 

b N 

H’\Me 

(12) 

(M = Pb or Cd; H2L = (13)) are formed in the reaction of M(N03j2 with [Hg(LHJ2] 

[531. lg9Hg and 'H r$lR studies of these ccqlexes suggest that the mercury is 

bonded to the two sulphur atcms, whilst the heteroatcm is bonded to oxygen. A 

nun&r of selenato ccsnplexes , including [Hg(SeMs)2],[I HgCl(py)(SeEt)}4] and 

[IHgCl(py)+(t-&Se) 141 have been prepared and structurally characterised [54]. 

[Hg(SeMe)2] is polymeric, with selenium acting as a bridging bidentate atan , 

and each mercury being four-coordinate (14); this is in contrast to the two 

coordinate structures comrpnly found for [Hg(!SR)2] species. [I HgCl(py)(SeEt)14] 

possesses an eight-&red Hg4Se4 ring system, with each mercury being in an 

SeZCIN environment (15), whilst [IHgCl(py)~(t-SuSe)14] also possesses an Hg4Se4 

ring system, and is isomorphous with the corresponding I-methylpyridine complex, 

with tm tram -annular chloride bridges(l6). Cceplexes of mercury with 

l-phenyl-3-n-ethyl-4-phenylazopyrazole-5(4H)-thione (I7) [ 55]and 'thiolhistidine' 

(13) [56] have been reported. The interaction of a range of Nand N, N’ 

'substituted imidazoline-2(U)-thiones have been prepared and structurally charac- 

terised [57]. With 3-ethylimidazoline-2(1H)-thione (LH) the complexes 



61 

Ph 
I 

\ 
Me 

the 

(14) 

(18) 

/N 
N’ 

l-l d? \ 
s &N 

I 

(17) 

(15) 

t-Bu 
/ 

(19) 

0 

(16) 
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[WjL2X21 (X = Cl, Br or I) are formed, and [HgL2C121 has been shown to possess 

pseudo-tetrahedral environmnt 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(M)-thione forms the polyneric complex [(Hy121nl, 
. . 

a 

which has also been structurally characterised 157 1 . The complexes LHgL(No3)l, 

Hg(LH)L2, HgL2.NH3 and IIgX2.2HT_ (LH = 19; X = Cl or Br) have been reported: all 

are non-electrolytes in dmf solution [%I. The conplexes [Hg2L2C121 (LH = 20) 

have also been described [591. Corrplexes with the 1,3,4_thiadiazole (21) have 

also been reported [601. 

2.1.3.2 Thioethers 

Ginsburg has reported the 1:l ccmplexes of the thioethers (22) - (25) with 

HgC12 [611. 

(22) (23) (24) (25) 

2.1.3.3 Tkioamides and related ligands 

The ccmplexes [HgL2X21 (L = 26; X = Cl or Br) have been described, and on the 

basis of 'H and "C m studies, it is suggested that the matal is in a tetr- 

hedral S2X2 environment, with the terminal thiomide sulphur of the ligand 

coordinated to the metal [62]. Complexes with 2-thicpyrrole-1,2_dicarboximide 

and N-carbamylpyrrole-2-thiccarboxamide have also been reported [631. The 

thiosemicarbazone conplexes [HgLX21 )L = PbC3(Me)=NFWC8NH2; X = Cl, No3 or %804) 

[64 1 , and BgL, I (IIL = (2-furyl)CH=NNHcsW2) 165 I have been characterised; the 

latter ligand is thought to act as a bidentate NS donor. Canplexes with the 

thiourea (27) [66 land the thiohydrazide of salicylic acid (28) [67] have also 

been reported. 

(26) (27) (28) 
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Thiccarbattmtes continue to be of interest as ligands, and a crystal structural 

analysis of the complex $gLC12 ] ( L = Me2NCSOEt) has been reported [67]. The 

metal is in a five-coordinate trigonal bipyramidal geometry, with the tm 

chlorine ions, and one sulphur atom forming the trigonal plane, and interactions 

with tm more distant chlorine atoms ccqleting the axial coordination. A 

structural analysis of mercury(I1) dithiccarbamate, which forms a two-dimensional 

polymeric network, has also been reported [69]. The ligand exchange reactions 

between mercury(I1) dithiocarbamate and Hg 
2+ 

in dmso solution has been studied 

[70]. The novel ccmplex[HgL2] (HL = (Et0)2P(0)NHCS2H) has been described [71]. 

2.1.3.4 Phosphine sulphides 

A number of triethyl thiophosphate corrplexes, including [HgL4][C104]2 

(L = (EtO)3PS) have been characterised [72]. The complex shows bothW andP=S 

stretching frequencies in the vibrational spectrum, and evidence is presented 

for the eguilibrium; 

(EtO)3P=S - 
- 

(EtOJ2(EtS)P=0 

The treatment of (Ph2P=S)3CH with HgX2 leads to a monomeric product, [HgLX], 

in which the ligand is either behaving as a tridentate S tripod, or as a C- 

bonded moncdentate [73]. A multinuclear ( "P and '* Hg) 3NMI study of some 

phosphine sulphide complexes has been reported [74]. 

2.1.4 Complexes with amine, amide and related ligands 

The assignment of the Hg-N stretching mode in [Hg(NH3)2C12] has proven to be 

controversial in the past, but new results derived from an intensive study of 

the deuteriumand '5Nlabelledccq&xes have resulted in the assignment of the 
-1 

Raman active stretch at 407 +l.O cm 
to the alg 

mode, and the infra-red band at 

518.5 cm-l to the a2u vas Hg-N stretch [75]. The reaction of K2[Hg(SW4] with 

hexamethylenetetramine leads to the formation of [Hg4(NCS)$.] (L = hexamethylene- 

tetramine) [76]. This is the first example of a tetradentate conplex of this 

ligand, and it is proposed that the compound has structure (29) in both the solid 

state and in solution. 

Mercury complexes of D,L-2,3-diaminopropanoic-~,NWimalonic acid, 

(H02C)2C~i~~2CH(C02H)NH~(C02H)2 have been reported [77]. A number of amide 

corrplexes, including [HgLC12] (L = I%s2NcocH3) [78], [HgL2] (L = EtCONH2) [79] 

and [HgL2C12 I (L = 30) p30] have been reported, and in each case the ligand is 

thought to act as an NO donor, although in the case of (30) it is proposed that 

it is the nitrogen atom of the heteroc@ic ring rather than that of the amide 
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CH, 

(30) 

(29) 

which is coordinated to the metal. Colrplexes with ethylenebiguanide [81] and a 

nun&r of dipeptides [82] have also been characterised. 

1,4-Diazabutadienes (qd-diimines, ) may act as (J,u'- N,N'-bidentate, 

rigid a-N, fluxional o-N ++ 0-N: bridging bidentate or a -Iv, r12-C=N’ 

bidentate ligands. A range of ArN=CRCR=NAr ligands have beem investigated, and 

the corrplexes [HQX2] (L = ArN=CRCR'=NAr; X = Cl or Ew) are thought to be rmxoners 

with a chelating u,u'-N.N' ligand [83]. The N-aminorhcdanine coxtplexes 

[HgL2X21 and [HgL1 5 (C104)2] (L = 31; X = Cl or E3r) have been reported [84 I. 

Interest in triazenato conplexes continues, and an interesting reaction with 

phosphines has been reported. Treatment of [(Ar2N3j2Hg 1 (Ar = 2-fluorcphenyl) 

(31) 

with %u2PH leads to the formation of an Hg3P3 ring system (32) [85]. In the 

reaction with Cych2PH, the initially formed Hg3P3 heterocycle rearranges to the 

E'g4P4 system (33) [85 1. 

R; N3Rz 

'W3/P 

--Hg 

Hg 
\ 

I 

PR; 

I 
R;P 

\ / 
Hg N,R, 

Hg -P, 
N,R, R2 

NaR, 

t-B” ,AHg\Pt BU 

21 I- 2 
R,N ,?,, p ,k.,., 

t-Bu, 

(32) (33) 
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A nunber of mixed ligand triazenato species [(Et0)2P(O) Hg(N3Ar2)] have been 

prepared by redistribution equilibration, and the reaction with PPh3 to give 

[(Ar2N3)Hg{(0)P(OEt)2}(PPhj)] has been described [86]. 

2.1.5 Complexes with nitrogen heterocycles 

The conplexes [HgL2C12] (L = 34; Ar = Ph) and [HgJ_C12] (L = 34; Ar = 4-HoC6114) 

have been reported [199], as have complexes with a range of substituted 

imidazoles [200]. In general, l-substituted imidazoles gave mononuclear 

[HgL2X2] corrplexes , whereas unsubstituted (on nitrogen) ligands gave rise to 

polymeric prcducts. The mercury salt of 5-nitrotetrazole is proposed as an 

alternative detonator to lead aside [2Oll . 

(34) 

The "C NIW spectra of [HgC12(pyJ2] has been recorded, and the results 

interpreted in terms of the T-cloud delocalisation in the molecule [202]. 

Halogen ?QR spectra of [HgX2L2] (X = Cl or Br; L = py or PPh3) have also been 

reported [34 1. The crystal structures of [HgX2(pyj2] (X = Cl or Br) have been 

redetermined [2031. kg~l~(py)~] forms a polymeric one-dimensional array of 

trans-HgC14N2 octahedra, sharing tm opposite edges, whereas [Hg(py)2X2] 

(X = Br or I) form discrete psudotetrahedral molecules. Structures have also been 

reported for the colnplexes [Hg(py)&CKWHW)][02CCF3] [204],' [Hg(bipy)(02CCF3J2] 

[205], [Hg(CF3J2(terpy)] [206] and [tHg(02CCF3)212(tpt)][207]. The extraction 

of mercury from acidic thiccyanate medium by solutions of diphenyl-2-pyridyl- 

methane has been studied [208 j. 

Mercury(I1) complexes of cinchonine (35) [87 land a number of nucleosides have 

been reported [88 j. 

H 

(35) 
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2.1.6 Complexes with phosphorus, arsenic and antimony donor Zigands 

The crystal and molecular structure of the 6 -form of [I19c12(PBu3)2] has been 

reported [89] ; the complex is a dichloro-bridged dimer in the solid state, in 

contrast to the tetrameric structure of the orform discussed in last years review 

In solution there is some association between adjacent dimers. The crystal 

structures of [Hg(CN)2(PPh3)2] and [Hg(N03)3(PPh3)2] have been reported, and a 

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

a distorted tetrahedral structure, which may be regarded as being on the reaction 

path between a truly tetrahedral molecule and a trigonal(:[Hg(CN)2(PPh31] + PPh31 

system; [Hg(N03)2(PPh3)2] is a six-coordinate species with crystallographic C2 

spetry, and unequal Hg-0 bond lengths of 2.507 and 2.79 A. The electrochemical 

reduction of [HgX2(PR3j2 ] (X = Cl, Br or I) has been studied, and the unusual 

two-electron process: 

2e- + 

demonstrated [91]. 

and NMR parameters 

[HgX2(~3)2 1 - Hg(l) + 2PR3 + 2X- 

A correlation between the redox potential for this reduction 

( 6 SIP , 6 lp) Hg and Jp+Ig ) was demonstrated, and NMR 

techniques were also used to investigate the halide exchange reaction: 

[HgX2(F’R3)21 + [W2(~3)21 - 2tHgW~3)21 

The reaction of R2PH with triazenato complexes to produce HgnPn heterocycles has 

been mentioned earlier (2.1.4) [85]. 

A number of novel diphosphine complexes have been reported this year, including 

a species thought to be the phosphoniumfluorenylide complex (36) [92 I. A complex 

with the phosphorus analog of H4edta, (H02CCH2)2PCH2CH2P(CH2C02H)2 has .been 

reported [93 I. The reaction of trans-[Pt(C,(3)2(n'-dppm)2] (R = Ph or 4-MeC6H4) 

with HgC12 leads to the formation of (37) [94 1; analogous conpounds of the type 

[Y,Pt(dppin)HgC12] are formed frcm the reaction of [ Pt(n' -dppm)+) Cl2 with HgY2 

(Y = CN, OAc/HCPCR) [95 ]. A crystal structural analysis of the pseudotetrahedral 

cos@sx hgBr2(Ph2FCH=CHPPh2) I has been reported [go]. 

The reaction of %J~P(O)H with HgO or Hg(OAc)2 leads to the formation of the 

COqJlex ]%u,PCO) 2Hg], which has been characterised by 'I P and '*Hg IWR 

spectroscopy. The ligand is thought to be P-bonded to the metal [96]. A 

conbination of "P and '9Hg M techniques has also been used in a study of the 

complexes [HgY(PR3)n((EtO)2P=Q)] (Y = OAc, 03SCF3, Cl, Br, I, S2CNEt2, S2P(OEtj2 

or (EtO12P'Q ), and it is suggested that the diethylphosphito ligand is P-bonded 

in these compounds also [97 I. The mixed ligand conplexes [(EtO)2P(0)Hg(N3Ar2)] 
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Ph, 

,c’ 
“g, 

Cl 

(36) (37) 

have been discussed earlier (2.1.4) [86]. The reaction of Hg(D3J2 with 

(RO)2P(OKH2CONEt2 results in the formation of [OIg((R0)2P(0)CHCONEt2)(N03) 12] 

[981- The dimeric structure has been confirmd by an X-ray crystallographic 

( ) ’ ci&P(oEt) Et0 *P 
II ; ‘II 2 
0 0 

(38) 

study. The novel tripod ligand (38) has been shown to formmercury 

conplexes [99 1. Corqlexes with amino(cyclcphospazenes) [lo0 1 and 1-arylarsolanes 

[loll have also been reported. 

2.1.7 Complexes with macrocyclic ligands 

Few macrocyclic ccqlexes of mercury(II) have been reported this year, and the 

potential of such species in metal-exchange reactions has not yet been fully 

explored. A crystal structure of the complex kQLC12].~gC12 (L = [18]-ane- 

1,4,7,10+4-13,16-S2) has been reported (39) [102]. !l%e ligand is a bidentate 

S,S'-exodentate donor, and the metal is in a distorted HgSzCZz tetrahedron, 

with the chloride ions bridging to the second mercury atom. The addition of a 

range of axial ligands to [Hg(TPP)] has been studied 11031. 
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(39) 

2.1.8 Aqueous solution chemistry of mercwy(IIl 

Studies on the mercury(I1) catalysed aquation of octahedral transition metal 

complexes continue to be reported, and the involvement of binuclear chloro-bridged 

[M-Cl-Hg]x+ species is now well established. Complexes which have been studied 

include trans -[Rh(en)2C121+ [1041, ~h(NH3)5X12+ (X = Clor Br) [1051, 

hh(NH3)51 12+ [1061, [Rh(en)2Cl21+ [1071, mer -[Rh(OH2)3Cljl [lo8 1, cis- 
[Co(pn)2CLLl2' (L = py, Himid or Hbenzimid) [lo9 I, [Cr(NH3)5C112C [1051, cia- 

[Cr(NH3)4(OH2)C112+ [1051, tram -[CrLXC112+ (L = tetramine) [llOl, 

[Co(en)2Cl(imidH) 12+[1111 and [(NO)(M20)4Cr(~-NC)I~gl 3+ [1121. The heterobinuc- 

lear intermediate is best established for the rhodium(II1) systems, and detailed 

kinetic studies of the reactions: 

hh(NH3j51 12+ + Hg2+ K [Rh(NH3)5W-I)IIcj14+ 

IRhN3)5( V-I)Hg14+ 
k 

___c [Rh(NH3)5(0H2)13+ + [agIl+ 

have been reported [1061. The precise msrcury(I1) species implicated in the 

catalysis is not yet fully established, and may vary from system to system. In 

the mer- [Rh(OH2)$131 hydration, the catalytically active species are Hg 
2+ 

and [I-I9clT, with HqCl, showing very little effect [lo8 1. Probably the rcost 

important study this year has been the structural characterisation of the 

hinuclear ccaplex cis - [Rh(enj2C121 Cl.HgCl,, which is formed fran the reaction 

ofcis-~h(en)2C121[N031 with Hg(No3j2 in chloride medium. The crystal structure 

of this conplex clearly shows the role of the mercury in forming the V -chloro 

br-idge L107 I. The displacement of cyanide ion frcnn [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 ilrplicated [113]. 

2.2 MERCURY(I) 

2.2.1 Halide and pseudohalide coniplexes 

The use of trercury(II) halides as a solvent for mercury(I) cowmds continues 

to be of interest, and the mixed ligand complexes [Hg2XY] (X = halide: Y # halide) 

have been studied in molten HgBr2 [8 I. 7% e reac ion of Hg Cl with brcmine has _ t’ 
2 2 

bsen discussed in Section 2.1.1 [4]. A nu&er of mononuclear mercury(I) coqx~-~ds 

have been de?cribed, and HgX (X = Cl or Br) have been characterised as the 

prcducts of the reduction of YgX2 by metallic zinc (using matrix-isolation 

Ranan spectroscopic msthcds) [9 I. The tkdyntic properties of the IIgII n-~~lec- 

ule have been calculatcrl [1141. The formation of mercury(I) ccqounds in the 

Y-irradiation of [@Cl2 has been discussed in Section 2.1.1 [ll]. 

2.2.2 Complexes with oxygen donor ligands 

The thermal deccanpsition of mercury(I) sulphate to mercury(O) and msrcury(II) 

sulphate has been studied [36,37 1. Studies of mercury(I) carboxylates in 

solution 1115 1 and in the polycrystalline solid state L116 1 have been reported. 

The reaction of Hg2F2 with AlF3 in 5M hydrofluoric acid results in the formation 

of Hg2AlF5.21120, which has been characterised crystallographically. The structure 

consists of AlF octahedra sharing tm trans fluorides, with the quasi-linear 

[U120)HgHg(H20; 12+ cation situated between these chains ( Hg-Hg, 2.511 H; 1Ig-C; 

2.144 8) and interacting with four fluorine atcans (Hg-F, 2.827, 2.894 8) to give 

a pseudodctahedral F4Hg0 environment [117 ] 

2.2.3 Complexes with oxygen donor Zigands 

A review of mercury(I) complexes with nitrogen donor ligands has appeared [llG] 

A wide range of colrplexes with heterocyclic ligands have been characterised, 

including [Hg L X I CL = py, l,I-diazine, 1,3,5+riazine, 1,4-dioxane or 1,3- 
2n2 

dithiane; X = No 
3' 

SiF 6' OAC, 02CCC13, C104 or BF4) [119]. 

2.3 ORGANBERCuRY(II) 

2.3.1 Halide and pseudohaZide complexes 

Alkylmercury(I1) fluorides are formed in the reaction of xenon difluoride 



with ngR2 (aim-q with xenon, RF and R2) [2]. A nusber of hyclrido species RIIyIl 

(R = Me or !%) have been alectrcchmicallly characterised in nethanol solution 

[120]. Ihe resonance stabl.li.sed ca_rbanion [(Pkp)$]- gives a stable complex 

[clRcf:(m*F=s) $, which is fomed in the reaction of the lithium salt with IIgC12 

in gcod yield [121]. A range of perfluoroalkyl conpound [RHgR'] or [R,Hg] have 

been prepared by the reaction of the appropriate perfluoroalkyl Grignard reagent 

with HgX2 or [R'IIgX] [122]. A es:Ig W investigation of the equilibrium 

H4X2 + [Cc12C=Cm2Hg] -_1 2[HgX(C12C*Cl)] 

has been reported [123]. mltinuclear W studies of a number of [ArHgC1][124] 

and ArCH2C(OMs)(R)CH2H~1 complexes [125] have also been reported, and the 

observations on the latter species are consistent with an intramlecular 

m -interaction in non-donor solvents (40) [125] . The vibrational spectra of 

the acetylide species [MaHgCaCX](X = Cl or Br) have been reported [126], as have 

(73 

(40) 

PES spectra for a nunber of [RHgCl](R = alkyl or aryl) conpounds [127,128]. 

The reaction of [PhHgX](X = Cl, Br, I or CN) with PR3 is reported to lead to 

the formation of [R3P)2HgX2][129]. A nun&r of reactions of organanercury(11) 

halides have been reported, including the interaction of RHgCl with Ph2Rg [130], 

the thermal decosposition of [PhCH(02%u)CH2HgCl] [131] and the thermal 

decomposition of thienylmrcury(I1) halides [132]. The reaction of 

8-(l-bromethyl)guinoline with mercury results in the formation of the alkyl 

species (41) (I% = HgBr) in a racmic fem. This racemate may be resolved with 

(+)-D-caaphor-10nsulphonic acid, and undergoes a transnrstallation reaction with 

(Ph3P14Pd to give (41) (I%,_, = W(Ph3P)Br) [133]. 
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(41) 

2.3.2 Complexes with oxygen donor tigands 

The reaction of [PhHg(OAc)] with Cu(SeCN)2 or copper sulphate in the 

presence of KSeCN gives low yields of PhSeCN, together with Ph2Se and Ph2Se2 [134] 

The two latter products have been shown to arise from the reaction of PhSeCN with 

PhHgX (X = OAc or Cl) in the presence of copper( A crystal structure of the 

conplex [C(H~O~CCF~)~] has been reported [401, and is discussed in Section 2.1.2 

2.3.3 Complexes with sulphur donor Zigands 

Further studies of the blue-yellow photochromism of [RHgL] (HL = dithizone, 

42 ) species have been reported [135]. A spectroscopic study of the mercapto- 

amide complexes [Mehg(S(~2)nCCNHMe)l (n = 1,2 or 3) have established a weak 

interaction between the metal and the nitrogen or oxygen of the amide group [136]. 

A crystal structural analysis of the colnplex ~WJSU-I~CCNHW~ has confirmad this, 

and demonstrates a weak Hg-0 interaction to give a five-membered chelate ring 

in this case [136]. The structure of the corrplex [PhHgL] (LH = 2-( N,N - 

dimethylamino)thiophenol) has also been determined (at -12OT), and shows the 

formation of a similar five-nerrbared chelate ring, this time with an Hg-N inter- 

action (43) [1371. 

me 

SH 

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

As in previous years, the interest in the ecological and biochemical properties 

of organamarcury species has provided the impetus for the study of such 

complexes, and particular attention has been paid to the structural properties 

of methylmercury nucleoside complexes. 

Crystal structures of [(MeHg)2L][C104].H20 (LH = adenine) [138], [MeHgL].kH20 

(LH = thymine) [139], [MeHgL].JrNaFD3 (LH = thymine) [139], [(MaHg)2L][No3] .2H20 

(LH = adenine) [141] and [(MeHg)2L][No3] (LH = l-nethylcytosine) [142] have 

been reported. Associated spectroscopic studies of the methylroercury(I1) 

ccaplexes of adenine [143], 9-mathyladenine [144] and cytidine [145] have also 

been reported. 

A number of ccnnplexes of [HHgCl](R = 4-H02CC6H4) with mines have been 

described [146 1. ‘Be complexes (44) (ML, = HqCl) and (45) (M = Hg) are prepared 

by the reaction of (44) or (45) (M = MLn = Li) with HgC12, and undergo facile 

transmetallation reactions with Pd(O&J2, [Pt(dba)2] or [Pt(codJ2] to produce 

(44) (Kn = Pd(OAc)) or (45) (M = Pd or Pt) [147]. The sulphonamide ccaplexes 

(44) (45) 

[ArN(S02Ph)HgPh] (Ar = 4-02Nc6H4) [148] and [MeSO2N(Cl)HgPh][149], the latter 

prepared by the reaction of MaS02NClBr with [Ph2Hg], have been reported, as has 

the related [ArNHHgPh] (Ar = 4-02NC6H4) [148]. 

Ccanplexes of n&hyln-ercury(II) with a wide range of pyridines, imidazoles and 

pyrazoles have been investigated by NMR techniques, and correlations drawn between 

lgKH of the ligand and 'J H_Hg [150]. A crystal structure of the complex [PhHgL] 

LH = 2-phenylsulphonylimino-1,2-dihydrothiazole) has been reported [151]. There 

are yak intermolecular Hg-N and Hg-0 interactions as shown in (46). The 

conplexes [%a~gL] [NON] (L = 1-(2pyridyl)pyrazole or bis(l-pyrazolyl)methane) 

have been reported [lSZ]and structurally characterised [153]. In each case the 

matal shows interactions with the nitrate ions. !I'he reaction of basic PhHg(EJo3) 

with a series of 2-substituted benzimidazoles leads to the formation of 
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binuclear conplexes [PhHg(L)HgPh][No3], in which it is proposed that the 

deprotonated benzimidazole acts as a bridging bidentate ligand [154]. 

2.4 CDMEUJNDSWI'MMERCURY-HE!IFROMETALEoNDS 

The reaction of [Nb(cq~)~H~] with [Hg(S2CNEt2)2] in benzene gives the reddish- 

brown compound [Nb(cp)2{Hg(S2CNEt2) ),I which has been characterised crystallo- 

graphically, and shown to possess a near-planar Hg3Nb cluster frarremrk [155]. 

A nmber of reactions of mercury-manganese and mercury-rhenium ccxplexes have 

been reported, and the species [cIIH~~@I(CC)~], [(PPh3)2BrPtHgRee(CO)5], [BrHgM(CD)5] 

(M = MI or Rh), [Br2(PPh3)2pd(~(cO)5H~(~Y))5] and [HgMn(COo),] have all been 

described [156]. The ccmplexes [M(cp)2tHg(S2CNEt2)12] (M = I% or W) have been 

prepared in a number of ways, and acrystalstructure of the ccxtplex with 

mlybdenum has been reported 11571. A triang~or Hg2M" cluster is formed (47) . 

(47) 
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The phosphide complexes [HgtPPh2M(C0)512] and [(Me3Si)2MIg(PPhZ)M(C0)5] 

M = Cr, MO or W) are prepared dCCCrding to: 

[HgIN(SiM-a3)212] + [M(CO)5(PPh2H) 1 -t [(M~~S~)~NH~(PP~~)M(CO) 5l 

[(Ma3SiJ2NHg(PPh2)M(~)5] + ]M(CC)5(PPhzH) 1 

but probably only show Hg-P rather than Hg-M interactions [158]. The crystal and 

molecular structure of the complex [Irlo(cp)2(HgSEt)2] has ken reported [159]. 

The complexes [(II-RS)(II-RHgS)Fe2(CO)6] (R = Ma 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). 

(48) 

The reactions of HgX2 with a range of HCoL4 species results in the formation 

of trigonal bipyramidal conplexes [(XHg)CoL4 ] (X = Cl, Br or I; L = phosphite 

or CO) p61]. The crystal structure of the dimsrcurybridgedccqound 

[IN('J-$CH2PPh2)3CcJ-Jg12] r formed in the reaction of [N(CH2CH2PPh2)jCcC1][BPh4] 
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with sodium amalgam has been reported [162]. The reaction of HgC12 with a thf 

solution of Na[Ph(PPh3)2(CO)2] results in the formation of [Hgf (Ph3P)2Rh(CO)212] 

[163]. [PtL(CO)(CXR)Cl] reacts with [Hg(CICRR)2] to give [LPt(CO)(CECR)2] 

(L = PPh2Me), and it is proposed that an octahedral Hg-Pt bonded species is famed 

as an intermediate in this and related reactions [164]. A square-pyramidal 

complex containing an Hg-Pt bond has ken structurally characterised [165]. 

'Ihe electrochemical khaviour of the cqlexes (49), (50) and (51) have been 

investigated [166]. The reaction of [PtC12L2] (L = 2,6-dimsthylphenylisonitrile) 

with sodium amalgam in the presence of 

clusters [HgPt6L12 ] and [Pt7L12][167]. 

excess L results in the formation of the 

Me 

(49) 

OAc 

I 

"g-0 

/NM Fr A ‘I pt\o 
2 

(50) 

Me 
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The electrochemical oxidation of mercury in contact with liquid sulphur dioxide 

solutions of [Me4N][AsF6] leads to the formation of tri- and tetranuclear 

corrplexes. Similar reactions'occur with [NMe,][SbF6], and the compounds 

[Hg3AsF6] and [Hg3SbF6] have been isolated [168]. Traces of [(Me3E)2Hg] 

(E = Si or Ge) are formed in the reaction of Me3ECl with Al, Mg, Ca or Li in 

the presence of mercury, and this observation has been developed into a high- 

yield synthesis of [(Me3E)2Hg] from the reaction of Me3ECl with lithium amalgam 

[169]. The reaction of [(Ar3Gel2Hg] (Ar = C6F5) with lanthanide metals results 

in the formation of (Ar3Gej7Hg2Ln in high yield [170]. Raman studies of the 

complexes Ph3Te.HgX3 and (Ph3Te)2HgXq (X = Cl, Br or I) have revealed Te-Hg 

but not '!&e-X stretching frequencies (\I Te-Hg 105 cm-'), andtheccrrpounds are 

thus formulated [Ph3'Ds-HgX3] and [Ph3Te-HgX4-TePh3] in the solid state [171]. 

'Ihe conpounds are 1:l electrolytes , and it is proposed that they ionise: 

[Ph3Te-HgX3 I s [Ph3Te]+ + [HgX3]- 

[Ph3Te-HgX4-TePh3] s [Ph3TeHgX4]- + [Ph3'&.]+ 

2.6 MERCLRY IN ORGANIC SYN'BIESIS 

Many of the best-known applications of mercury to organic synthesis involve 

the addition of an HgYX species across a multipie bond, to produce either an 

organcmercury conpound with a C-Hg bond, or a demsrcuration product derived frcan 

this. A number of variations on this basic theme have been developed over the 

years to allow the formation of a range of C-x bonds, and to permit novel 

intramolecular reactions in suitable cases. 

The mechanism of addition of water or hydrogen chloride to acetylene or 

ethylene in the presence of mercury(I1) coapounds has been further investigated 

[172], and the mercuration of A~CH=CIK!O~M~ by Hg(Ok)2 studied 1173 I. 
A synthesis of mitosenes has been reported in which a key step is the intra- 

molecular displacement of halide from a vinyl branide by an amine in the presence 

of Hg(OAc)2, to prcduce the indole (52) [174]. Y -&etylenic alcohols are 

cyclised by HgC12 to the tetrahydrofuran derivatives (53), and this offers a 

route to prostaglandins [175 1. The reaction of [P~B$J~CCF~] with acrylic acid 

in the presence of H2[PtC16] results in the formation of low yields (15%) of 

PhCH=CHC02H [176]. RCOCH=CBC02H is converted to RcwI=(JKCCH=CB2 by Hg(OAc)2/ 

vinyl acetate in the presence of BF3 and hydroquincne; the product is readily 

deconposed by aqueous Bg(OAc)2 [177 I. 
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R” 

(52) 

(53) 

The aminonkarcuration-demercuration sequence continues to be of synthetic 

utility, and Rarluenga has prepared 4-aryltetrahydro-1,4-thiazine l,l-dioxides 

(54) from divinylsulphone and ArNR2 by this nethcd [1781. 

lH2 

i)Hg(@c) 2 

a 
ii)KEr 

iii)NaB-14 

(54) 

The transnetallation of RCH=CHH~l with Li2[Pdc141 occurs smmthly in cyclo- 

olefins to give n'-allylpalladium(I1) species (55) [1791. 

Mercury canpounds have been found to be very effective in the hydrolysis of 

1,3-oxathiolanes [180,181,1821 , and it is proposed that a 1:l caqAex is formed, 

prior to transfer of a coordinated water molecule frcm mercury to carbon. 

Nsrcury salts are also useful in the preparation of hemiacetals fran acetals 
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(55) 

since RHC(OR) (OH) is only slowly hydrolys& in the presence of Hg 
2+ , in 

contrast to the rapid hydrolysis of RHC(OR), [183]. Solutions of HgO in H[BF4] 

have been recomnended for the hydrolysis of dithioketals and orthoesters, and 

are claimed to be superior to Hc@/BF3.Et20 [184]. Mercury trifluoroacetate 

supported on polystyrene is claimed to be a superior reagent for the hydrolysis 

of thioacetals and thioketals, and has the advantages of easy mrk up,and not 

catalysing acetal or ketal formation [185]. At 190-210°, orthoformtes are 

converted to dialkyl carbonates by mercury(I1) acetate [186]. 

The mercuration of aromatic conpounds is of considerable theoretical and 

practical importance, and cross polarisation magic angle spinning "C NMR spectra 

of the solid compounds Hg(SbF6j2.2ArH (ArH = C6Me5H, 1,2,4,5<6H~4, 1,2,3,4- 

C6H2Me4 and benzene) have been reported [1871. In the case of the first two 

conpounds the spectra are consistent with static rl'-Hg-C bonding at the 

unsubstituted carbon, whereas the other tm coqxm-& gave time-averaged spectra 

indicating Cs( or Cz ) and Cc symmatry respectively. "C NMR studies of SO2 

solutions of the 1,3,5-R C H corrplexes also indicated an n' bonding node. 
363 

These results are not inconsistent with the r1* mde observed in C6Ms6 conpounds 

[42 1. The mercuration of (EtOj2PAr has been investigated [1881. 
Coupling and cross-coupling reactions are of importance in organic chemistry, 

and soms recently reported examples of mercury mediated couplings include: 

ArHgCl + CO WA, %4NI 
+ ArCOAr [1891 

Rh(CCj2C12 

Ar2Hg + Ar'X HMPA, %@I 
l ArAr' f-0 1 

[PhPd(PPh3)21 ] 
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LiCuNs2 and Li2CuMs3 are powarful reagents for cross-coupling reactions with 

organomercury(II) cmpounds, and an intensive study of such reactions has been 

reported [191]. A coupling reaction to produce the palladium complex (56) has 

also been described [192 ]. 

P&Cl2 

LiCl 

(56) 

2-Methyl or I-Mathylpyrrilium salts are mercurated to -CB2HgX derivatives on 

treatment with HgX2 [193,194]. 1-Arylpiperidines are converted to 2-piperidones 

(57) by Hg(OIlc)2/edtaB4 11951 . The reaction of 1,3-bishydrazones with Hg(Ok)2 

results in the formation of pyrazoles [196]. Other applications reported this 

year include: 

(Et3Ej2Hg + BrCH2COR - (Et3E)OCR=CB2 (E = Si or Ge) [197] 

RCB(HgXKDR' 
BP3 

+ RCHO - R2CH(OH)CHRCDR' 2 D981 

> 80% erythro 



80 

t-Bu t-Bu 
Hg @A~12 

- ‘c), 

+ 

H4edta 

! 
0 

98% 2% 

2.6 " 'Hg NMH SPEXXROSCXlHY 

This section consists of a bibliographic listing of papers reporting "'Hg m 

data, arranged accordingto theSectioninwhichtheyare discussed. 
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