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Summary

The reactions of mercuric derivatives HgX, (X =Cl, CN or SCN) with the
substituted Group VI carbonyl derivatives (NN)(Ph,P)M(CO); (NN = 2.2'-
bipyridine (bipy), 1,10-phenanthroline (phen); M = Mo, W) give three types of
tricarbonyl compounds (NN)(Ph,PYCO), M- nHgX, (M = Mo, NN = bipy, phen,
X=CN, n=15; M=W, NN =bipy, X=Cl, SCN, n=1; M =W, NN = phen,
X =Cl, n=15); (NN)(Ph,P)(CO);MHgX - nHgX, (M= Mo, NN = bipy, phen,
X = Cl, n=0.5) and [(NN)CO);M],Hg(SCN), (M = Mo, NN = bipy, phen; M =
W, NN = phen), depending on the mercuric derivative employed. Only in the case of
the reaction of the tungsten carbonyl complexes with mercuric cyanide does decom-
position occur. Conductivity, IR, UV-VIS and magnetic data are given and possible
formulations suggested. All the new complexes may be regarded as donor-acceptor
compounds, the transition metal acting as the donor base and the mercury derivative
as the acceptor. The reactions involve either partial halogen displacement from the
mercuric salts to yield HgX complexes or retention of both halogens to give adducts,
with or without elimination of the phosphine ligand.

Introduction

It is well knewn that many transition metal complexes have nucleophilic proper-
ties and can act as bases in acid-base interactions.

There have been previous reports of complexes containing metal-mercury bonds
formed by reactions of Lewis acids, HgX,, with a number of substituted Group VI
carbonyl derivatives [1-4]. The tetracarbonyl complexes, (NN)M(CO), (M = Mo,
W; NN = bipy, phen) have been most investigated, and they react to give complexes
of the type (NN)(CO),; M(HgX)(X) by elimination of a CO group and a change in
the oxidation state of the central metal. The crystal structure of [(bipy)(CO);-
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Mo(HgCIX(CD)] [5] shows the presence of a Mo-Hg bond in this compound.

The reactions of Mo,W-tricarbonyl derivatives have been studied and two types
of complexes with M-Hg bonds, Hg[C;H;(CO);M], (A) and (arene)(CO),M -
nHgX, (B), have been reported. These compounds were formed by reaction of
mercuric cyanide or mercuric halide with the corresponding anionic [#-
C,;H,M(CO);]™ or neutral (arene)M(CO); derivatives {2,3]. The crystal structure of
Hg[(7-C;H)(CO);Mo], [6] has been determinated and reveals the presence of the
linear Mo—Hg~Mo bonds.

The complexes of the type B can be formulated as 1:1 or 1:2 adducts, having
one or two mercury atoms coordinated to the transition metal. An ionic formulation
cannot be excluded for these compounds.

The complexes of the type B show a notable increase in the stretching frequency
»(CO) with respect to that of the starting carbonyl compounds, and can be regarded
as metal basic-metal acceptor compounds. The formation of the type A complexes
can be also regarded as a metal-base acceptor complex reaction, as indicated by the
increase of »(CO) in the salt with respect to the carbonyl anion. Which type of
complex is formed probably depends on the nucleophilic character of the starting
complex.

In this paper we describe the reactions of HgCl, with tricarbonyl complexes of
the type (NN)(Ph;P)M(CO), prepared from (NN)M(CO), compounds by replace-
ment of a CO group by a phosphine ligand. This substitution increases the metal
basicity. We have also studied the corresponding reactions with mercury pseudo-
halides, Hg(CN), and Hg(SCN),.

Results and discussion

We made three series of compounds, of the types (NN)Ph,;P)Y(CO);M - nHgX,
(M = Mo, NN = bipy, phen, X=CN, n=1.5; M =W, NN = bipy, X = Cl, SCN,
n=1; M= W, NN = phen, X =Cl, n= 1.5) (I); (NN)(Ph,PYCO);MHgX - nHgX,
(M = Mo, NN = bipy, phen, X=Cl, n=0.5) (II) and [(NN)}CO),;M],Hg(SCN),
(M = Mo, NN = bipy, phen, M = W, NN = phen) (III) by acid-base reactions. The
new complexes and some of their physical properties are listed in Table 1. They are
microcrystalline solids, unstable in air and light, insoluble in polar organic solvents,
and non-electrolytes in DMFA solution. In suspension in acetone the compounds
produce a deposit of metallic mercury.

On exposure to light the tungsten derivatives undergo a rapid photochemical
reaction but they are quite stable in the dark. They have been characterized by
elemental analysis, IR and UV-VIS spectroscopy.

In most cases the molar ratio of mercuric halide to transition metal base is one or
greater. The presence of lattice HgX, may be responsible for the stability of the
compounds [7-10], owing to extensive Hg-X --- Hg interactions. The general
pattern observed for the reaction products with mercuric halides and pseudohalides
involves retention of both halides to produce simple adducts of HgX,, (compounds
of the type I). Only the reactions of the (NN)(Ph;P)Mo(CO), compounds with
HgCl, give complexes of HgX ™, via partial halide displacement (type IT).

The reaction with Hg(SCN), occurs with elimination of the phosphine ligand of
the (NN)(Ph,P)M(CO), complexes (M = Mo, NN = bipy; M = Mo, W, NN = phen).
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In these cases the complexes obtained (type III) contain two (NN)M(CO), units per
mol of Hg(SCN),. However the reaction with [(bipy)(Ph,P)YW(CO),] yields an 1:1
complex without elimination of any of the ligands, as in the reactions mentioned
above which give compounds of type I.

All these new complexes are diamagnetic.

The mass spectra of some of these compounds generally show very few metastable
ions, and none of these involves a M—Hg bond. Usually the HgCl,*, HgCl*, Hg*
and their doubly-charged counterparts were identified as stable species in the case of
the chloro-derivatives. However in the compound (bipy)(Ph,P)}CO),W - HgCl,,
unstable HgCl,* and HgCl" ion peaks not were detected. The presence of triphenyl-
phosphine ligand was revealed for this complex. The molecular ion could be not
observed, probably because of mercury—mercury interactions. The unstable MHg™*
ion was not detected for some compounds. Although the metal-mercury bond is
chemically strong, it is thermally unstable, and mercury is immediately deposited on
heating.

The IR spectra in the solid state of these new complexes and the parent
compounds are reported in Table 2. The pattern of bands observed in the carbonyl
streching region is different for complexes I-VII, in which the molar ratio mercury/
metal base is 1 or 1.5, from that for complexes VIII-X, in which the molar ratio
metal base/mercury is 2.

Complexes I-VII show a three band spectrum (s,s,s) centered at ca. 60—80 cm™
above the »(CO) frequencies of the tricarbonyl starting compounds, whereas in the
complexes VIII-X the »(CO) bands are strongly split and shifted towards the higher
frequencies (80-50 cm™') with respect to those of the parent compounds. These
shifts are consistent with an increase in the formal oxidation state of the transition
metal. The compounds I-VII show the NN ligand bands, and exhibit the typical
triphenyl-phosphine bands in the 1600500 cm ™' region [11]. However no trace of
the phosphine ligand could be detected in the 2: 1 complexes VIII-X.

The cyano and thiocyanate derivatives (I,ILVII-X) exhibit »(CN) bands in the
2100 cm ™! region which are shifted with respect to those of Hg(CN), and Hg(SCN),
[12,13]. The low frequency (2090 cm™') of the »(CN) band in the cyano complexes
[(NN)(Ph;P)(CO);MoHg(CN), - 0.5Hg(CN), (NN = bipy,phen) is indicative of an
increase in the ionic nature of CN group possibly due to a pseudo-bridged character
of the CN™ ligands, each of which interacts with at least two mercury atoms [14].
Two bands at ca. 2100, 2050 cm ™! in the thiocyanato derivatives may indicate the
presence of inter- or intra-molecular interactions via the SCN group. As expected the
complexes show bands in the 400-200 cm™' region corresponding to »(Hg-X)
stretching vibrations.

For X = Cl in complexes III-VI, bands were observed at about 280 cm~!. The
positions are not significantly different from those obtained by Coates and Ridley
[15] for »(HgCl) in (bipy BPh,)HgCl,), suggesting either an increase in the
coordination number of mercury or/and weak Hg-X bonds involving a mercury
atom bonded to a transition metal. In keeping with the frequency shifts expected for
a donation of electron density from metal (Mo, W) to Hg, the formation of all these
complexes is accompanied by an increase in »(CO) and a decrease in the average
v(Hg-X) frequency. On the basis of infrared spectra it is possible that the adducts
obtained, like the complexes formed by nucleophilic displacement reactions, may be
regarded as metal basic-metal acceptor complexes.

(Continued on p. 299)
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Conductivity measurements (Table 1) correspond to non-ionic compounds in
DMFA solutions. Only the tungsten complexes [(NN)(Ph,P)CO),W - nHgX,] (X =
Cl, SCN) (V-VII) undergo dissociation in solution. A change in colour from yellow
to violet is observed, and the IR and UV-VIS spectra of the solution show the
presence of the starting compound.

The presence of a large excess of mercuric chloride or mercuric thiocyanate
increase the conductivities of the tungsten complexes [(NN)(Ph,P)(CO),W - nHgX,]
(NN = bipy, phen; X = Cl, SCN), which approach those expected for a uni-univa-
lent electrolyte (Table 1). The dissociation of the complex to give the starting
carbonyl compound and mercuric halide or pseudohalide would reduce the conduc-
tivity.

In the light of the discussion above, the existence in solution of the following
equilibria can be postulated:

NN(Ph,)(CO);WHgX, = NN(Ph,P)W(CO), + HgX,
1 HgX,
[NN(Ph,P)(CO),WHgX] " [HgX;]~

The tricarbonyl derivatives I-1IV, which are not dissociated in solution, can be
formulated as seven-coordinate complexes with a coordination geometry analogous
to that of (NN} CO);M(HgX)(X) complexes [2].

The splitting of the bands in the carbonyl stretching region of the 2: 1 complexes
VIII-X is also observed in the M"'[M(CO),7-C;H,], (M!! = Zn, Cd, Hg; M = Cr,
Mo, W) compounds [16]. Fischer and Noack interpreted these spectra in terms of a
single isomer with a “skew” configuration of the M(CO),C,H, groups about a linear
M-Hg-M system [3]. The IR spectra of our compounds are quite similar in the
carbonyl stretching region, and so the presence of analogous systems is suggested.

‘The reactions we have studied can be classified as “oxidative addition reactions”,
the formal oxidation state of the metal being increased as HgX or HgX, units are
added.

The UV-VIS of the new tricarbonyl complexes were recorded in DMFA solution
from 267 to 650 nm, and the absortion maxima (A ,,,) and intensities (log £) are
listed in Table 3. The nature of the absortion bands has been assigned by comparing
the spectra with one another and with those of the corresponding hexacarbonyls [17],
diamine-tetracarbonyl [18] and arenetricarbonyl complexes [19]. The absortion spec-
tra within each series of compounds are similar, the small differences depending on
the ligand.

Experimental

All reactions were carried out under nitrogen using standard Schlenk tube
techniques and freshly distilled, dried, and degassed solvents.

Reagents. The complexes (NN)(Ph, P)YM(CO), (M = Mo, W; NN = bipy, phen)
were prepared as described in the literature [20,21].

Commercially available mercuric salts were used without purification.

Analyses. CH,N analyses were carried out by the Elemental Micro-Analyses
Ltd. Laboratories, Amberley, Beaworthy (Devon) England.

Physical measurements. Infrared spectra in the 4000-200 cm™! region were
recorded on a Perkin—Elmer 325 spectrophotometer, with KBr disks or Nujol mulls.
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Conductance measurements were performed in DMFA at room temperature with
a Philips conductivity bridge, Model No CM 4144 and a PR9512 /00 cell.

Electronic spectra in DMFA solution were scanned in the 650-267 nm region
with a Kontron Uvikon 820 spectrophotometer.

Mass spectra were recorded on a Varian MAT 711 apparatus operating at 100 V.

Preparation of the complexes

The (NN)(Ph,P)(CO);M - nHgX, (M = Mo, NN = bipy, phen, X = CN, n = 1.5;
M =W, NN = bipy, X=Cl, SCN, n=1; M=W, NN =phen, X=Cl, n=1.5) (I)
and (NN)(Ph,PXCO),;MHgX - nHgX, (M = Mo, NN = bipy, phen, X = Cl, n = 0.5)
(II) compounds were prepared by the addition of HgX, (X=Cl, CN, SCN) in
acetone to a suspension of (NN)(Ph,P)M(CO), in that solvent.

The [(NN)(CO),M], Hg(SCN), (M = Mo, NN = bipy, phen; M = W, NN = phen)
(I1T) compounds were prepared similarly by the addition of suspensions of Hg(SCN),
in acetone to the tricarbonyl complex in the dark.

As typical example, 0.08 g (0.29 mmol) of HgCl, dissolved in ca. 10 ml of acetone
was added to a 10 ml suspension of 0.20 g (0.29 mmol) of bipy(Ph,P)W(CO), in
acetone. The solution immediately changed colour and a red precipitate was formed.
The suspension was stirred for 30 min, and the solid was filtered off on a glass filter
and washed 4-5 times with 510 ml portions of acetone and ether.
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