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Treatment of [(η4-pp3)PtH]OTf (pp3 = tris[2-(diphenylphos-
phanyl)ethyl]phosphane) with PhHgCl gave [(η4-pp3)-
PtHgCl]OTf (1a) in good yield. The reaction of 1a with the
carbonylmetallates [Mn(CO)5]− or [Co(CO)4]− and TlOTf pro-
duced the linear trinuclear clusters [(η4-pp3)-
PtHgMn(CO)5]OTf (2) or [(η4-pp3)PtHgCo(CO)4]OTf (3), re-
spectively. The reaction of 1a with PR3 and TlOTf gave [(η4-
pp3)PtHg(PR3)](OTf)2 (4: R = nBu; 5: R = Ph), with
Ph2P(CH2)nPPh2 (n = 1, 2) or dppmSe [dppmSe = bis(diphen-
ylphosphanyl)methane monoselenide] adducts in which the
diphosphane/diphosphane monoselenide adopts a mono-

Introduction

Clusters containing an unsupported mercury2platinum
bond tend to extrude elemental mercury.[1] The noticeable
stability of the Pt2Hg bond in [(η4-pp3)PtHgPh]OTf[2] and
the closely related compound [(η4-np3)PtHgMe](BPh4)[3]

(np3 5 tris[2-(diphenylphosphanyl)ethyl]amine) has been
attributed to the shield of the six phenyl groups of the pp3
or np3 ligand. This stimulated an investigation of the chem-
istry of the [(η4-pp3)PtHg] fragment. We report here on a
comfortable and high-yielding access to [(η4-pp3)-
PtHgCl]OTf (1a), which is an appropriate compound for
substitution reactions with carbonylmetallates, mono- and
bidentate phosphanes, or phosphane selenides at the mer-
cury site.

2. Results and Discussion

2.1. Syntheses and Reactions

We observed that [(η4-pp3)PtHgPh]OTf slowly degrades
in chloroform solution to give [(η4-pp3)PtHgCl]OTf (1a),
attributable to the presence of trace amounts of HCl in
CHCl3, which cleave the mercury2carbon bond and leads
to the substitution of the phenyl group by chloride. This
was exploited in a comfortable high-yield synthesis of 1a by
treatment of [(η4-pp3)PtH]OTf with PhHgCl according to
Scheme 1: The reaction is thought to proceed by interme-
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dentate, bridging or chelating bonding mode depending on
the ligand and the stoichiometry. The mercury-bound phos-
phane complexes extrude elemental Hg within hours or days.
The new compounds were characterised by multinuclear
NMR spectroscopy and, in part, by single-crystal X-ray dif-
fraction. The NMR investigations yielded unprecedented
parameters, e.g. very large 31P coordination chemical shift
for a monodentate phosphane or 2J(Hg−Pt−P) couplings that
were two to three times larger than Hg−P one-bond coup-
lings within the same complex.

diate formation of [(η4-pp3)PtHgPh]1, which is in turn aci-
dolysed by HCl formed in stoichiometric amounts.

Scheme 1. Proposed synthetic pathway for 1a

In the presence of excess chloride, 1a slowly degrades by
extrusion of elemental mercury to [(η4-pp3)PtCl]Cl.[4] Com-
pound 1a is air-stable in solution and in the solid state,
readily soluble in CH2Cl2, slightly soluble in MeOH, and
was isolated as a yellow microcrystalline powder from
CH2Cl2/toluene. Compound 1a was characterised by 31P,
195Pt and 199Hg NMR spectroscopy. Yellow crystals of [(η4-
pp3)PtHgCl](PF6)·CH2Cl2 (1b·CH2Cl2), which were suit-
able for single-crystal X-ray diffraction, were obtained by
slow diffusion of a methanolic solution of NH4PF6 into a
CH2Cl2 solution of 1a. The reaction of 1a with the car-
bonylmetallates [Mn(CO)5]2 or [Co(CO)4]2 in THF and
subsequent treatment with TlOTf gave the linear heterotrin-
uclear clusters [(η4-pp3)PtHgMn(CO)5]OTf (2) and [(η4-
pp3)PtHgCo(CO)4]OTf (3) (Scheme 2). Both were charac-
terised by multinuclear NMR and elemental analysis, 2 in
addition by single-crystal X-ray diffraction. There are only
three reports on complexes with a Pt2Hg2Mn or
Pt2Hg2Co bond sequence in the literature,[5] the com-
pounds were characterised by spectroscopic methods, no
single crystal structure determinations had been performed.
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Scheme 2. Synthesis of 2 and 3

Treatment of 1a with the monodentate phosphanes
PnBu3 and PPh3 in the presence of TlOTf led quantitatively
(according to 31P NMR) to the complexes [(η4-
pp3)PtHg(PR3)](OTf)2 (4: R 5 nBu; 5: R 5 Ph) as depicted
in Scheme 3.

Scheme 3. (i) TlOTf/PR3; (ii) TlOTf/0.5 dppe; (iii) TlOTf/dppm;
(iv) TlOTf/dppe (8) or TlOTf/dppmSe (9)

Since the complexes decompose very rapidly in the pres-
ence of halides, TlOTf was used as a chloride scavenger. In
the absence of phosphanes, TlOTf is not able to abstract
the chloride ligand from 1a. This was, however, accomp-
lished by AgOTf, but the presumptive product [(η4-
pp3)PtHg](OTf)2 immediately extruded elemental mercury.
The phosphane complexes 4 and 5 decomposed within 1 d
2 in the presence of chloride or excess phosphane within
hours 2 into elemental mercury and [(η4-pp3)-
Pt(PR3)](OTf)2, which were identified according to their 31P
NMR spectroscopic data.[6,7] Hence, 4 and 5 as well as the
other phosphane derivatives described below could not be
isolated in the solid state. The use of P(OMe)3 or P(H)Ph2

instead of PR3 according to Scheme 3 immediately
produced elemental mercury and the mononuclear
platinum complexes [(η4-pp3)Pt{P(H)Ph2}](OTf)2 or [(η4-
pp3)Pt{P(OMe)3}](OTf)2, respectively, identified by their
31P NMR spectroscopic data.[8,9]

The products of the reaction of 1a with 0.5 equiv. of
Ph2P(CH2)nPPh2 in the presence of TlOTf depends on n:
Whereas dppe (n 5 2) gives the phosphane-bridged tetra-
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nuclear complex [(η4-pp3)PtHg(µ-dppe)HgPt(η4-pp3)]-
(OTf)4 (6) shown in Scheme 3, dppm (n 5 1) reacts, pre-
sumably because of steric reasons, with only 0.5 equiv. of
1a to give the complex [(η4-pp3)PtHg(η1-dppm)](OTf)2 (7)
containing monodentate dppm. Complex 7 shows a flux-
ional behaviour in solution, monitored by variable-temper-
ature 31P NMR spectroscopy (see below), which can be in-
terpreted as an intramolecular end-over-end exchange be-
tween the mercury-bound and the free-dppm phosphorus
atom. Compound 7 can be synthetised quantitatively (ac-
cording to 31P NMR spectroscopy) by treating 1a with
dppm in a molar ratio of 1:1 (Scheme 3).

The potential for mercury to increase its coordination
number in the fragment [(η4-pp3)PtHg] can be seen from
the reaction of 1a with dppe or dppmSe in a molar ratio of
1:1. As indicated in Scheme 3, we propose a chelate bond-
ing mode of dppe and dppmSe (according to 31P NMR
spectroscopic results) in the complexes [(η4-pp3)PtHg(η2-
dppe)](OTf)2 (8) and [(η4-pp3)PtHg(η2-dppmSe)](OTf)2 (9),
resulting in a tricoordinate mercury centrer that is part of
a five-membered ring system.

2.2. NMR Spectroscopy

The NMR parameters of compounds 129 are collected
in Tables 1 and 2. In the Tables and the subsequent discus-
sion, the axial phosphorus atom of the platinum-bound pp3
ligand is designated as Pa, while Pe denotes the equatorial
pp3 phosphorus atoms. P3 denotes the mercury-bound
phosphorus atom(s), and all other phosphorus atoms are
designated as P4.

Table 1. NMR parameters of the compounds 1a, 2 and 3 in CH2Cl2

1a 2 3

δ(Pa) 142.5 162.9 146.6
J(PaPe) 2 5 not resolved
J(PtPa) 2100 1977 2032
J(HgPa) 3538 2006 2692
δ(Pe) 36.4 38.9 39.9
J(PtPe) 2635 2889 2773
J(HgPe) 412 251 299
δ(Pt) 25577 25188 25292
J(HgPt) 11010 6200 8035
δ(Hg) 910 2017 1370

The one-bond Hg2Pt coupling of the linear bond se-
quence Pt2Hg2X is thought to give an estimate of the
trans influence of the group X, as has been extensively ex-
ploited for linear P2Pt2X or P2Hg2X arrangements.[10]

According to Table 1 this reveals a greater trans influence
of the Mn(CO)5 fragment compared with Co(CO)4, the
smallest trans influence in the present series is exerted by
the chloride ligand. One-bond Hg2Pt couplings reported
in the literature range between 37610 and 2783 Hz.[2,3,11]

The size of 1J(PtPa) and 2J(HgPa) couplings of 1a23 show
a similar dependence on the ligand attached to the mercury
centre. The diagonal Pa2Pt2Hg geometry effects very large
two-bond Hg2Pa couplings. This is also true for com-
pounds 429 (see below), and has been previously noted for
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Table 2. NMR parameters of the compounds 429 in CH2Cl2/MeOH (4:1)

4 5 6 7 8 9[a]

(T 5 0 °C) (T5 240 °C) (T 5 260 °C) (T 5 230 °C) (T 5 240 °C) (T 5 20 °C)

δ(Pa) 150.5 149.3 148.1 154.0 146.5 148.2
J(PaPe) not resolved not resolved not resolved not resolved not resolved not resolved
J(PaP3) 191 193 196 93 100 165
J(PtPa) 1961 2020 2017 2010 1997 2063
J(HgPa) 2726 2869 3171 2900 3362 3539
δ(Pe) 36.9 41.2 38.7 41.0 36.2 36.0
J(PeP3) 10 9 9 not resolved not resolved 6
J(PtPe) 2672 2627 2650 2656 2678 2669
J(HgPe) 307 343 352 294 373 364
δ(P3) 87.5 87.3 84.8 33.1 36.0 55.9
J(PtP3) 577 605 604 292 279 494
J(HgP3) 902 1290 1484 554 1265 1248
J(P3P39)/(P3P4) 2 2 64 2 2 43
δ(P4) 2 2 2 2 2 34.0

[a] 9: δ(Se) 5 2203, J(HgSe) 5 842, J(SeP4) 5 672; δ(Pt) 5 25526, δ(Hg) 5 1598.

[(η4-pp3)PtHgPh]OTf.[2] Even larger 2J(HgP) coupling con-
stants have been observed in Hg2Ir clusters
(387923822 Hz).[12]

The tetranuclear complex 6 displays an [AM3P]2 spin sys-
tem, the 199Hg and 195Pt satellites show an AA9M3M93PP9X
pattern. This reflects the dppe-bridged structure of 6. The
values of 1J(HgP3) are 14842902 Hz, revealing a strong
trans influence of the [(η4-pp3)Pt] moiety. There are only
few reports on compounds exhibiting a M2Hg2P bond
sequence (M 5 transition metal),[11c,13] and the 1J(HgP)
couplings in these clusters are comparatively small as well
(24832170 Hz).

Compounds 7 and 8 exhibit an AM3P2 spin system
flanked by 199Hg and 195Pt satellites at temperatures given
in Table 2. The bonding modes of the bidentate phosphanes
dppm and dppe in these complexes are monodentate and
chelating, respectively.

The dppm ligand in 7 is involved in an end-over-end ex-
change that is fast on the NMR time scale at 230 °C. End-
over-end fluxionality is also present in other
mercury2dppm complexes.[14] The slow exchange limit is
not reached at 2100 °C, the lowest temperature attained.
However, significant broadening of the P3 signal in compar-
ison with the other 31P resonances of 7 is observed at this
temperature. All couplings involving P3 as well as its chem-
ical shift given in Table 2 may be considered as mean values
of the parameters for the mercury-bound and the free-
dppm phosphorus atom. The fluxionality at 230 °C is re-
sponsible for the relatively small values of these parameters
compared with compounds 426. The preference of the
monodentate bonding mode of dppm in 7 over a chelate
structure is attributed to considerable strain in four-mem-
bered Hg2dppm rings.

The structure of 8 is based on the value of the one-bond
Hg2P3 coupling of 1265 Hz, which is comparable to the
couplings observed for compounds 426. No significant
broadening of the P3 signal in comparison with the other
31P resonances could be observed down to 2100 °C. The
relatively small values of δ(P3), 2J(PtP3), and 3J(PaP3) are
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attributed to a nonlinear Pt2Hg2P3 geometry as a con-
sequence of the increased coordination number at the Hg
atom. This is in keeping with the data of 9.

Compound 9 involving the potentially bidentate ligand
dppmSe shows an AM3PX spin system in the 31P{1H}
NMR spectrum flanked by 199Hg, 195Pt, and 77Se satellites.
The value for Hg2P3 coupling approximately coincides
with that found for 8, revealing an Hg2P3 bond. The coor-
dination of the selenium atom to the mercury centre is in-
ferred by an Hg2Se coupling of 842 Hz compared with a
range for 1J(HgSe) couplings of 9602750 Hz.[15] The re-
duced value of 1J(SeP4) with respect to the free ligand is
also indicative for the coordination of Se.[15] Due to the
value of 2J(PtP3) (494 Hz) ranging between that found in 6,
with an essentially linear Pt2Hg2P geometry, and 8, with
a symmetrically bent Pt2Hg2P arrangement, we suppose
an asymmetric coordination geometry around the Hg atom
in 9, where P3 is shifted towards the Pt2Hg vector and
Se is consequently shifted away. The magnitude of 3J(PaP3)
(165 Hz) is in agreement with this presumption. A related
angular dependence for two-bond P2Hg2P coupling con-
stants has been pointed out by Dakternieks.[16] The asym-
metric bonding of P3 and Se in 9 is thought to be caused
by steric demands.

The most exciting feature of compounds 426, 8, and 9 is
that the Hg2Pa coupling constants over two bonds are
larger by a factor of two to three than the corresponding
1J(HgP3) couplings within the same molecule (compound 7
has not been considered in this context, because Hg2P one-
bond couplings are not accessible due to chemical ex-
change). This observation implies that care should be taken
for the assignment of connectivities in mercury-containing
clusters on the basis of the magnitudes of Hg2P coupling
constants.

Complexes 426, for which an essentially linear
Pt2Hg2P3 arrangement is anticipated, are characterised by
very large 31P shifts of the mercury-coordinated phos-
phorus atom. The corresponding coordination shifts (∆δ)
amount up to 1120 ppm in compound 4. Slightly lower
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values were found for the mercury-bound phosphanes in
the compounds [L9HgMo(CO)2L(η5-C5H5)](BF4) (L9 5
PPh3, PCy3; L 5 CO, diverse phosphane ligands),[13a] where
the mercury atom is dicoordinated by Mo and P.

2.3. Crystallography

Yellow crystals of [(η4-pp3)PtHgCl](PF6)·CH2Cl2
(1b·CH2Cl2) were grown by slow diffusion of a methanolic
solution of NH4PF6 into a CH2Cl2 solution of [(η4-
pp3)PtHgCl]OTf. The molecular structure of the complex
cation of 1b is shown in Figure 1, selected bond lengths and
angles are collected in Table 3.

Figure 1. Molecular structure of the complex cation of 1b·CH2Cl2

Table 3. Selected bond lengths [pm] and angles [°] in 1b·CH2Cl2

237.7(2) Cl(1)2Hg(1)2Pt(1) 174.63(7)Hg(1)2Cl(1)
Hg(1)2Pt(1) 255.11(9) P(4)2Pt(1)2Hg(1) 172.96(6)
Pt(1)2P(4) 224.3(2) P(3)2Pt(1)2Hg(1) 89.11(6)
Pt(1)2P(3) 230.9(2) P(1)2Pt(1)2Hg(1) 90.80(6)
Pt(1)2P(1) 233.4(2) P(2)2Pt(1)2Hg(1) 100.98(6)
Pt(1)2P(2) 235.1(2)

The platinum atom of the complex cation of 1b exhibits
a quasi-trigonal-bipyramidal coordination sphere with the
central pp3 phosphorus atom and the mercury centre in
axial positions and the three terminal pp3 phosphorus li-
gands in equatorial positions. The mercury atom is dicoord-
inated by Pt and Cl in an approximately linear manner. The
Pt2Hg distance is very similar to that found in [(η4-
np3)PtHgMe](BPh4) (253.1 pm),[3] the Hg2Cl bond length
is slightly increased compared to that in HgCl2 (225 pm).[17]

The Pt2Hg2Cl angle amounts to 174.63(7)° in keeping
with the absence of any Hg···Cl interactions with chloride
ions of other cations. This is most likely the result of the
steric shielding of the phenyl groups of the pp3 ligand and/
or the poor acceptor qualities of the mercury centre.

Yellow crystals of [(η4-pp3)PtHgMn(CO)5]OTf·1.5
CH2Cl2 (2·1.5 CH2Cl2) were obtained at 219 °C from a
solution of 2 in MeOH/CH2Cl2 (1:1) saturated at room tem-
perature. The crystals contain two crystallographically inde-
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pendent [(η4-pp3)PtHgMn(CO)5]OTf entities per asymmet-
ric unit both possessing very similar geometries. The mo-
lecular structure of one of the crystallographically inde-
pendent complex cations of 2 is shown in Figure 2, selected
bond lengths and angles are collected in Table 4.

Figure 2. Molecular structure of one of the crystallographically in-
dependent complex cations in 2·1.5 CH2Cl2; for clarity only the
ipso-carbon atoms of the phenyl groups attached to the pp3 phos-
phorus atoms are shown

Table 4. Selected bond lengths [pm] and angles [°] in 2·1.5CH2Cl2

260.5(2) P(3)2Pt(1)2Hg(1) 95.0(2)Hg(1)2Pt(1)
Hg(1)2Mn(1) 264.7(5) P(1)2Pt(1)2Hg(1) 93.1(2)
Hg(2)2Pt(2) 259.0(2) P(8)2Pt(2)2Hg(2) 175.1(2)
Hg(2)2Mn(2) 261.8(4) P(6)2Pt(2)2Hg(2) 93.5(2)
Pt(1)2P(4) 223.6(7) P(5)2Pt(2)2Hg(2) 89.1(2)
Pt(1)2P(2) 231.5(7) P(7)2Pt(2)2Hg(2) 97.3(2)
Pt(1)2P(3) 233.3(7) C(4)2Mn(1)2Hg(1) 84(2)
Pt(1)2P(1) 233.5(7) C(1)2Mn(1)2Hg(1) 84.4(13)
Pt(2)2P(8) 224.4(7) C(5)2Mn(1)2Hg(1) 176.4(11)
Pt(2)2P(6) 229.7(7) C(2)2Mn(1)2Hg(1) 83.7(13)
Pt(2)2P(5) 230.5(7) C(3)2Mn(1)2Hg(1) 84(2)
Pt(2)2P(7) 232.5(6) C(7)2Mn(2)2Hg(2) 79.5(10)
Pt(1)2Hg(1)2Mn(1) 178.96(14) C(8)2Mn(2)2Hg(2) 84.4(11)
Pt(2)2Hg(2)2Mn(2) 176.12(12) C(9)2Mn(2)2Hg(2) 82.7(9)
P(4)2Pt(1)2Hg(1) 177.7(2) C(10)2Mn(2)2Hg(2) 178.2(11)
P(2)2Pt(1)2Hg(1) 91.7(2) C(6)2Mn(2)2Hg(2) 84.4(11)

The platinum atom of the complex cation of 2 exhibits
a quasi-trigonal-bipyramidal coordination sphere, with the
central pp3 phosphorus atom and Hg in axial positions and
the three terminal pp3 phosphorus ligands in equatorial po-
sitions. The mercury atom is dicoordinated by Pt and Mn
in an approximately linear manner, Mn showing a slightly
distorted octahedral environment. The Pt2Hg distances are
slightly longer than in 1b, the Hg2Mn bond lengths are
increased in comparison with the compounds [{η2-(2-
ClC6H4)2N3}HgMn(CO)5] (255.7 pm)[18] and
[Hg{Mn(CO)5}2] (260.8, 261.0 pm).[19]

Experimental Section

Elemental analyses were performed by the Institut für Physikali-
sche Chemie, Universität Wien. 2 31P{1H} NMR spectra were re-
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corded at variable temperatures (if not otherwise stated at 20 °C)
with a Bruker DPX 300 spectrometer, and were referenced against
external 85% H3PO4. 199Hg{1H}, 195Pt{1H}, and 77Se{1H} NMR
spectra were recorded at 20 °C with the same instrument and refer-
enced against external 2 mmol HgO in 1 mL of 60% HClO4, 1 mol/
l Na2PtCl6 and neat SeMe2, respectively. Compound [(η4-
pp3)PtCl]Cl[4] and solutions of Na[Mn(CO)5] and Na[Co(CO)4] in
THF[20] were prepared according to literature procedures, all other
compounds were purchased from commercial suppliers and used
without further purification. If not stated otherwise, all reactions
were carried out under an inert gas in absolute solvents purified by
standard procedures.

[(η4-pp3)PtHgCl]OTf (1a): A suspension of [(η4-pp3)PtCl]Cl
(936.7 mg, 1 mmol) in CH2Cl2/MeOH 4:1 (25 mL) was treated with
NaBH4 (113.4 mg, 3 mmol), which was added under vigorous stir-
ring in small portions over a period of 10 min. The resulting pale
yellow solution was stirred for 1 h. The organic phase was washed
four times with water (10 mL). This represents a slightly modified
synthesis of [(η4-pp3)PtH]Cl to that reported by Brüggeller.[21] [(η4-
pp3)PtH]Cl was then treated with a solution of TlOTf (353.4 mg,
1 mmol) in MeOH (2 mL), and [(η4-pp3)PtH]OTf formed by anion
metathesis and precipitation of TlCl. The precipitate was separated
by centrifugation, the pale yellow solution was concentrated to dry-
ness in vacuo. The residue was redissolved in 20 mL of CH2Cl2,
then treated with PhHgCl (313.2 mg, 1 mmol) and stirred for 24 h.
After filtration, the clear yellow solution was concentrated to a
volume of ca. 2 mL, then [(η4-pp3)PtHgCl]OTf (1a) was precipit-
ated by addition of toluene (20 mL). The product was separated
by centrifugation and dried in vacuo. Yield: 1.08 g (89%).

Table 5. Crystal data and structure refinement for 1b·CH2Cl2 and 2·1.5CH2Cl2.

1b·CH2Cl2 2·1.5CH2Cl2

Empirical formula C42H42ClF6HgP5Pt·CH2Cl2 C48H42F3HgMnO8P4PtS·1.5CH2Cl2
Molecular mass 1331.66 1537.76
Crystal system monoclinic monoclinic
Space group P21/n (no.14) P21/c (no.14)
Unit cell dimensions a 5 1928.8(3) pm a 5 1943.7(4) pm

b 5 1406.8(2) pm, β 5 119.00(2)° b 5 3220.1(6) pm, β 5 94.44(2)°
c 5 1950.5(4) pm c 5 1741.1(4) pm

Volume 4.6290(14) nm3 10.865(4) nm3

Z 4 8
Temperature 213(2) K 218(2) K
Density (calculated) 1.911 Mg/m3 1.880 Mg/m3

Absorption coefficient 6.733 mm21 5.982 mm21

F(000) 2560 5944
Color, Habit yellow prism yellow prism
Crystal size 0.65 3 0.35 3 0.35 mm 0.5 3 0.3 3 0.25 mm
θ range for data collection 2.53223.00° 2.07219.50°
Index ranges 0 , h , 19, 0 , k , 15, 220 , l , 19 218 , h , 18, 230 , k , 0, 0 , l , 14
Reflections collected 6076 8512
Independent reflections 5860 (Rint 5 0.0341) 8465 (Rint 5 0.0645)
Reflections with I . 2σ(I) 4815 5162
Max./min. transmission 1.000/0.710 0.876/0.575
Data/restraints/parameters 5598/0/532 7260/0/793
Goodness-of-fit on F2 1.064 1.038
Final R indices [I . 2σ(I)] R1 5 0.0344, wR2 5 0.0757 R1 5 0.0613, wR2 5 0.1176
R indices (all data) R1 5 0.0507, wR2 5 0.0822 R1 5 0.1372, wR2 5 0.2731
Largest diff. peak/hole 764/21057 e·nm23 1004/866 e·nm23

Scan speed variable; 7.0235.0°/min in ω variable; 7.0235.0°/min in ω
Scan range (ω) 0.8° 0.75°
Weighting scheme calcd. w 5 1/[σ2(Fo

2) 1 (0.0417·P)2 1 7.0681·P], calcd. w 5 1/[σ2(Fo
2) 1 (0.0437·P)2 1 175.1567·P],

where P 5 (Fo
2 1 2·Fc

2)/3 where P 5 (Fo
2 1 2·Fc

2)/3
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[(η4-pp3)PtHgCl](PF6)·CH2Cl2 (1b): Yellow crystals were grown by
slow diffusion of a methanolic solution of NH4PF6 into a CH2Cl2
solution of [(η4-pp3)PtHgCl]OTf. 2 C43H42ClF6HgP5Pt·CH2Cl2
(1258.8): calcd. C 39.33, H 3.30; found C 39.05, H 3.25.

[(η4-pp3)PtHgMn(CO)5]OTf (2): A solution of Na[Mn(CO)5]
(0.05 mmol) in THF (0.25 mL) was added to 1a (62.5 mg,
0.05 mmol) and stirred for 5 min. After evaporation of the solvent,
the residue was redissolved in CH2Cl2 (0.5 mL) and treated with a
solution of TlOTf (17.7 mg, 0.05 mmol) in MeOH (0.2 mL). The
resulting precipitate of TlCl was removed by centrifugation and the
clear orange solution was concentrated until precipitation of [(η4-
pp3)PtHgMn(CO)5]OTf (2) began. A small amount of CH2Cl2 was
added to redissolve the precipitate and the solution left for crys-
tallisation at 219° C for 2 d. Yield: 30 mg (43%). 2

C48H42F3HgMnO8P4PtS (1410.4): calcd. C 40.88, H 3.00; found C
40.47, H 2.87.

[(η4-pp3)PtHgCo(CO)4]OTf (3): A solution of Na[Co(CO)4]
(0.05 mmol) in THF (0.25 mL) was added to 1a (62.5 mg,
0.05 mmol) and stirred for 5 min. After evaporation of the solvent,
the residue was redissolved in CH2Cl2 (0.5 mL) and treated with a
solution of TlOTf (17.7 mg, 0.05 mmol) in MeOH (0.2 mL). The
resulting precipitate of TlCl was removed by centrifugation and the
clear yellow solution washed two times with 1 mL of water. The
solvent was then evaporated, the residue dissolved in CH2Cl2 (0.2
mL) and the product precipitated by addition of petroleum ether
(60270 °C) (2 mL). The yellow precipitate was collected by centri-
fugation and dried in vacuo. Yield: 52 mg (76%). 2

C47H42CoF3HgO7P4PtS (1386.4): calcd. C 40.72, H 3.05; found C
40.78, H 2.95.
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[(η4-pp3)PtHgL](OTf)2 (4: L 5 PnBu3; 5: L 5 PPh3; 7: L 5 dppm;
8: L 5 dppe; 9: L 5 dppmSe): TlOTf (17.7 mg, 0.05 mmol) was
dissolved in MeOH (0.1 mL) and 1a (62.5 mg, 0.05 mmol) added
with stirring to give a yellow suspension. The ligand (0.05 mmol)
and CH2Cl2 (0.4 mL) were added and the suspension stirred for 5
min. After this, the precipitate of TlCl was separated from the yel-
low solution by centrifugation. All compounds rapidly decompose
by extrusion of elemental mercury and could not be obtained ana-
lytically pure in the solid state.

[(η4-pp3)PtHg(µ-dppe)HgPt(η4-pp3)](OTf)4 (6): TlOTf (17.7 mg,
0.05 mmol) was dissolved in MeOH (0.1 mL) and 1a (62.5 mg,
0.05 mmol) added with stirring to give a yellow suspension. The
ligand (0.05 mmol) and CH2Cl2 (0.4 mL) were added and the sus-
pension stirred for 5 min. After this, the precipitate of TlCl was
separated from the yellow solution by centrifugation. Compound
6 rapidly decomposed by extrusion of elemental mercury and could
not be obtained analytically pure in the solid state.

X-ray Structure Determinations: Crystals of 1b·CH2Cl2 and
2·1.5CH2Cl2 were examined by similar procedures. Crystals were
mounted on a glass fibre, X-ray data were collected with a Siemens
P4 diffractometer using Mo-Kα radiation (λ 5 71.073 pm, mono-
chromator: highly oriented graphite crystal, ω scan). Unit cell para-
meters were determined from 30241 randomly selected reflections
in the range θ 5 5.3212.5°, obtained by P4 automatic routine.
Every 97 reflections 3 standard reflections were measured. Data
were corrected for Lorentz polarisation and absorption effects (ψ
scans). The structures were solved by direct methods and sub-
sequent difference Fourier techniques (SHELXS-86).[22] Refine-
ment on F2 was carried out by full-matrix least-squares techniques
(SHELXL-93).[23] All non-hydrogen atoms in the structure of 1b as
well as all non-hydrogen and non-carbon atoms in the structure of
2 were refined anisotropically, the carbon atoms in structure of 2
were refined isotropically. All hydrogen atoms were placed at calcu-
lated ideal positions (riding model). Crystal data and details of
structure determinations and refinements are collected in Table 5.
Crystallographic data (excluding structure factors) for the structure
of 1b·CH2Cl2 and 2·1.5CH2Cl2 have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publication
numbers CCDC-157011 and -157010. Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB21EZ, UK [Fax: (internat.) 1 44-1223/336-033;
E-mail: deposit@ccdc.cam.ac.uk].
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