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Synthesis of platinum-mercury clusters and the molecular structure of
Pty(HgBr),(u-CO)4(PPhj)4
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New platinum-mercury clusters, Pty(HgX);(12-CO)4(PR;3)4 (X = Cl, Br, I, CF3, or
CCly; R = Ph or Et), were synthesized. The molecular and crystal structure of the
Pty(HgBr);(11-CO)((PPh;), cluster was established by X-ray structural analysis.
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Reactions of complexes of metals in normal oxida-
tion states with clusters containing, generally, metals in
low oxidation states often produce products considered
as complexes in mixed oxidation states. These com-
pounds are known for both platinum and palladium.!—3
Reactions of carbonylphosphine clusters of platinum
and palladium with organomercury compounds
were studied, and hexanuclear heterometal
M (HgX),(CO)(PPh;), clusters were isolated.45 In this
work, we describe the reactions of carbonyiphosphine
clusters of platinum with mercury(ut) halides. The mo-
lecular and crystal structure of one of the compounds
obtained was established by X-ray structural analysis.

Experimental

Syntheses were carried out under an atmosphere of argon
or nitrogen. The solvents used were purified according to
standard procedures. The starting platinum clusters were pre-
pared according to the procedures reported previously.8 Weighed
samples were mineralized in a mixture of sulfuric and hydro-
chioric acids, and the platinum and phosphorus contents of the
samples were determined spectrophotometricaily in the form
of the bromide complex’ and phosphomolybdate blue® re-
spectively.

Clusters Pt (u-HgX)1(1-CO) (PR;)4 (1—6). Solutions of
the starting Pt;(u-CO);(PPhs3)  complex and HgX; in THF
were mixed in a molar ratio of 5 : 6. The mixture was stirred
for | b, and the inert gas was replaced by carbon monoxide.
Then the rcaction mixture was stirred for 2 h. The solvent was
distilled off in vacuo. The dry residue was dissolved in ben-

* Deceascd.

zene, and the solution was applied to a short column packed
with Silica gel (Silica gei L 40/100; & = 50 mm, { = 30 mm),
The product was eluted with ethyl acetate and recrystallized
from benzene—hexane solution (hexane was added to a solu-
tion of the cluster in benzene until crystallization started). The
cluster with R = Ph and X = CCl; (4) was eluted with
benzene—diethyl ether mixture (3 : 1). When the cluster with
R = Etand X = Cl (6) was synthesized, the Pty(p-CO)s(PEts)4
complex was used as the starting compound; the molar ratio of
the reagents was 1 : [; chloroform was used as the cluent; the
product was recrystllized from chloroform-—hexane mixture
(hexane was added to a solution of the cluster in CHCl; until
crystallization started).

The data of elemental analysis, the CQO stretching frequen-
cies in the IR spectra, and the yields of the compounds are
given in Table 1.

X-ray structural study of cluster 1. Single crystals suitable
for X-ray structural analysis were grown from a solution of
Pty(HgBr)5(u-CO)4(PPhj), (1) in benzene by slow diffusion
with hexane as the precipitant. Crystais of 1 are monoclinic,
a = 2032(3) A, b = 20549(6) A, ¢ = 17934 A, B =
90.50(2)°, ¥ = 7490 A3, space group P2;/¢, Z = 4. The unit
cell parameters and intensities of 94 56 reflections were mea-
sured on an automated Nonius CAD -4 diffractometer (Mo-Ka
radiation, graphite monochromator, 3e»/58-scanning technique,
20 < 44°) at <20 °C within the total spherc of the reciprocal
space. 4489 independent observed reflections with /> 3o(/)
were used in the calculations. The structure of | was solved by
the dircet method and refined anisotropically by the block-
diagonal least-squares method to R == 0.042 and R, = 0.056
(an absorption correction was applied using the DIFABS
program?®). The atomic coordinates o f the structure of 1 and a
complete list of the bond lengths were deposited with the
Cambridge Crystallographic Data Ce ritre, University Chemical
Laboratory, Lensfield Road, Cambricige CB2 IW, England. All
catculations were carried out on & PDP 11/23+ computer
using the SDP PLUS program package.
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Table 1. Yiclds and principal characteristics of Pty(HgX),(CO)4(PR,)4 clusters

Com- R X Yield Found (%) wW(CO)/cm™!
pound (%) Calculated
C H Pt P
1 Ph Br 50 - - 322 324 —
319 5.07
2 Ph Ci 64 3785 338 32.9 5.28 1878 m, 1849 s, 1827 s, 1802 s
31766 2.56 331 5.26
3 Ph | 3 S 298 492 -
30. 4.88
4 Ph CChL 6 -  — 305 483 -
30. 4.80
5 Ph CFy° 56 3859 260 30.4 493 1870, 1843, 18205, 1795
38.61 2.52 314 4.90
6 Et crb 50 - - 43.3 711 1854 m, 1818 sh, (8105
42.5 6.75

7 CF3HgBr is the starting compound; solvate with 0.5 C¢Hg. For F, found: 4.51%; calculated: 4.52%.

b Cluster with PEt;.

Results and Discussion

The yields of the compounds (determined for Pt)
were no more than 66% (see Table 1). Successive elu-
tion of the products of reactions of triphenylphosphine
clusters of platinum with HgCl; on a column packed
with Silica gel gave a pale-yellow compound
PtCly(PPh,),, which was described previously and whose
IR spectrum does not contain C=Q stretching bands, in
addition to the major reaction product. Under the action
of an obvious excess of HgCl; on the platinum cluster,
the solution was decolorized, and PtCly(PPhj), was
isolated from this solution in a high yield.

5 PL{u-CO),(PPh,), + 6 HGX, =
3 Pt (u-HgX),(1-CO),(PPhy), + 3 PYX,(PPh,),
1-4

The molecular structure of 1 (according to the X-ray
structural data) is shown in Fig. 1. The principal geomet-
ric parameters of molecule 1 are given in Tables 2 and 3.
Heteronuclear cluster 1 forms when the known "butterfly”
cluster Pty(CO)sLy (L is tertiary phosphine) is completed
with two HgBr fragments, which replace formally isoelec-
tronically the u-CO ligand at the central Pt—Pt bond in
the Pt "butterfly”. Therefore, as in the case of the known
Pty(u-CO)sLy cluster, the Pty skeleton in molecule |
contains 38 valence electrons and consists of two central
Pt(1) and Pt(2) atoms with 18-electron shells of an inert
gas and two atoms of the "wings”, Pt(3) and Pt(4), with
|6-electron configurations. Previously, analogous clusters
of palladium* and platinum,5 Pd,(HgBr(CO)4(PEt;),
{7) and Pty (HgCF3);(CO)4(PPhy)4 (5). were studied. The
principal geometnc parameters of these molecules and the
molecules of the related carbonylphosphine clusters of Pd

O(3)

0(4) P(2)

Fig. 1. Structure of molecule 1 (Ph substituents are omitted).

Table 2. Principal interatomic distances (d) in structure |

Distance d/A Distance d/A

HatH—Pt(1) 2753 Pu)—P() 2.27H5)
Hg(1)—P1(2) 2.736(1) PU)—P(2) 2.276(6)
Hg(2)—Pt(1} 2.747(1) Pt(3)—P(3) 2.265(5)
Hg(2)—Pt(2) 2.777(N Pt(4)—P(4) 2.253(6)
Pu(1)—Pt(3) 2.75H(D) Pt(1)—C(2) 2.060(2)
Pt(1)—Pu4) 2,722 1) Pi(2)—~C(3) 2.160(1)
PU2)—P1(3) 27511 Pu(2)—C(4) 1.990(2)
Py 2)—Pu(4) 2.727(10) Pu(3)—C(1) 2.070(2)
Pi(1).. Pt(2) 3.008(1) Pt(3)—C(3) 2.060(2)
P1(3)...Pt($) I Pt(4)—~C(2) 2.03%(2)
Hg(1)...Pt(3) 3413 Pt(4)—C(4) 2.030(3)
Hg(2)...Py4) 30211 C(1H—01) 1.150(2)
Hg(1)...Hg(2) 3.617(h C(2H)—-0102) 1.210(2)
Hg(1)—Br(l) 2.523(3) C(3)—0(3) 1.130(2)
He(2)—Br(2)  2.508(3) C(4)—04) 1.260(3)
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Table 3. Bond angles (o) in structure 1

Angle o/deg  Angle w/deg

Pt(1)—Hg(1)—Pt(2) 66.48(1) Pt(1)—Py2)—P(2) 141.90(2)
Py(1)—Hg(1)—~Br(l) 144.97(8) Hg(1)—PU)—-P(2) 91.80(2)
P1(2)~Hg(1)—Br(1) 147.06(8) Hg(2)—P2)—P(2) 101.90(2)
Pt(1)—Hg(2)—Br(2) 64.99(1) Pt(3)—Pt(2)—P(2) 136.60(2)
Pt(1)—Hg(2)—Br(2) 152.83(8) Pu(4)—Pt{2)—P(2) 149.40(2)
Pt(2)—Hg(2)—Br(2) 140.44(8) Pi(1)—Pt(3)—Pt(2) 66.30(4)
Hg()—Pt(1)—P(1) 95.80(1) Pt(1)—Pt(3)—P(3) 144.40(1)
Ha(2)—Pt(1)—P(1) 98.80(2) P(2)—Pt(3)—P(3) 149.30(1)
Pt3)—Piu(1)—~P(1) 140.70(2) Pt(1)—Pt(d)—Pt(2) 67.04(3)
Py4)—PU{1)—P(l) 144.80(2) Pt(1)—Pt(4)—P(4) 152.70(2)
Pt(2)—~Pu(1)—P(1) 143.30(1) Pt(2)—Pi(4)—P(4) 139.70(2)

and Pt with a 58-electron M "butterfly” are compared in
Table 4. As in the case of the carbonylphosphine analogs,
the coordinations around the {6-electron atoms of the
"wings” in structures 1, 5, and 7 are close to planar-
trigonal: the sum of the Pt—Pt—Pt and Pt—Pt—P bond
angles at the Pt(3) and Pt(4) atoms in molecule 1 are
359.4° and 1360°, respectively; in 5, these angles are 359°
and 360°, respectively. Almost identical coordinations
(but without the bridging ligands) were observed around
the Hg(1) atom (the sums of the bond angles are 358.5°
and 357.8° in molecules 1 and 5, respectively) and Hg(2)
atom (359.3° and 357.6° in molecules 1 and 5, respec-
tively). The central Pt(1)—Pt(2) edges in structures 1 and
5 are lengthened by approximately 0.2 A compared to the
analogous edges linked by bridging CO groups in related
homonuclear carbonyiphosphine clusters.

The length of the nonbonding Pt—Pt edge in the Pty
"butterfly” correlates essentially with Tolman cone angle
9, which is a semiquantitative measure of the van der
Waals volume of the ligand L (see Ref. 10). Except for
the Pty(u-CO)s(PEt,)4 cluster with a shortened Pt...Pt
contact (3.190 and 3.263 A in two independent
molecules),!t the bulkier phosphine ligands L generally
tend to be arranged at the vertices of a regular tetrahe-
dron, which results in the fact that the "wings™ of
the butterfly are put together. The shortest contact

between the 16-electron atoms of the "wings™ (3.074 A)
was observed in the sterically more crowded
Pt4(u-CO)4(dppm);{ Ph,PCH,P(O)Ph,] cluster.!? How-
ever, the above-mentioned unusual situation observed
for the Pt (u-CO)s(PEty), cluster and the substantial
variation in the lengths of nonbonding Pt...Pt contacts
in the crystallographically independent molecules and
polymorphs of M4(u-CO)sL, clusters indicate that the
"butterfly” conformation can be substantially changed
under the effect of the crystal packing.

Interestingly, the individual metal-—metal distances
in molecule 1 and related clusters also show slight but
statistically significant nonequivalence (see Tables
2—4). Because of this nonequivalence, C,, symmetry,
which is the maximum possible for this type of clusters,
is lowered to C; in structure 1. However, the scatter-
ing of the individual P—C and C—O distances in mol-
ecule 1 analogous to that described previously!! as
asymmetry of the coordination environment in the
Pt (u-CO)s(PELy), cluster, is not statistically significant
and, apparently, is caused by the fact that the absorption
correction was not adequate (such discrepancics were
not observed in the structures of Pd analog 7 and
compound 5, which were determined more precisely).

The similar structures of clusters 1, 5, and 7 differ
most substantially in the lengths of the nonbonding
intramolecular metal—metal contacts (see Table 2). The
dihedral angle of "opening”™ of the Pty “butterfly” in
structure 1 is 97.7°, which is near the mean value
observed for the analogous angles in clusters 7 and §
(100.2° and 89.2°, respectively). The Pt(3)...Pt(4) dis-
tance in structure 1 is somewhat shorter than the corre-
sponding distance in molecule 3, whereas the
Pt(1)—Pt(2) bond is longer (see Table 4), though the
Hg...Hg distance in structure 1 is somewhat smaller
than in molecule 5. This comparison of the bond angles
and distances in clusters 1, 5, and 7 suggests that the M,
and HgM, fragments rotate rather freely around the
central pair of the atoms, Pt(1)—Pt(2), in a joint fash-
jon, which allows substantial changes in the lengths of
the equatorial and axial contacts as the ligand environ-
ment and the crystal packing change.

Table 4. Geometric parameters of Pd and Pt "butterfly” clusters and their Hg-containing analogs

Cluster L o/deg!® d/A Refer-
M(3)..M{&) M(1)—M(2) (M—M), Hg.Hg M-—-P M-—-C ¢nce
Pty(COYsLy PE1;9 132 3.190. 3.263  2.737 2.728 215 2.05 1
PMe,Ph 122 3.543 2.790 2752 228 - 21
Pty(CO){dppm),L PhyPCH,P(0)Ph, — 3.074 2.700 2.659 2.24—2.34 199217 12
Pd4(CO)siq PMe Ph, 136 3.365 2.750 2.750 232 22
PPh4? 145 3.188—3324 2767 2.750 - - 23, 24
Pdy(HeBr(CONLs  PEty 132 3.428 3.013 2694 3.251 131 2.05 4
Pty(HgBr)y(COYL, PPhy 145 3.211 3.008 2738 3617 226 2.05 ¢
Pty(HeCF;)y(COVL, PPhy 145 3.230 2.94y 2730 3.640 2126 2.06 5

2 Two independent molecules. ® Three crystal modifications. © This work.



Synthesis of platinum-mercury clusters

Riuz.Chem. Bull., Vol. 46, No. 1, January, 1997 167

Flg. 2. Structures of bipyramidal clusters with an intrapoly-
hedral mewal—metal contact: a, [Cus(u-Ph)g]™ and
[CuzAuy(p-C4Ph)g] ™ (see Refs. 13 and 17); b, (BygH 2))Auglg
and CpyNiyZng (see Refs. 16 and 18); ¢, [AuyL;]" and
CpyMojAss (see Refs. 14 and 15).

The structural characteristics of clusters 1, 5, and 7
make it possible to consider their structures not only as
M, "butterflies” completed with HgX fragments but also
as heteronuclear MyHg, octahedra distorted in a specific
fashion. Distortion of the octahedral metal skeleton of
these clusters consists in the contraction of the diagonal
of the octahedron, which leads to an axial intrapolyhedral
metal—metal contact, and in the expansion of four
equatorial edges (see dashed lines in Fig. 1). In this
case, structures 1, 5, and 7 can be assigned to the family
of distorted bipyramids with the inner edge between
axial vertices (Fig. 2). In addition to the distorted octa-
hedral clusters, the trigonal-bipyramidal pentanuclear
clusters (CusPhg and its substituted heterometal ana-
logs!Y) and the pentagonal-bipyramidal heptanuclear
{Aus(PPh;);]* and Cp,Mo,Ass clusters (see Refs. 14
and 15, respectively) belong to this family. The
(B1gH 2)Aug(PELy), cluster'® and the heteronuclear
CpgNisZn, cluster!? with the apical Ni—Ni bond
(2.57 A), short apical-equatorial Ni—Zn edges (2.40 A),
and elongated equatorial Zn—Zn contacts (2.86 A, aver.)
are structurally closely related to cluster 1.

The length of the axial inner edge in the bipyramidal
clusters, which are shown in Fig. 2, decreases as the
number of atoms in the equatorial plane increases. In
trigonal-bipyramidal clusters, the inner axial distance is
close to the lengths of the equatorial M...M contacts. 8
In the distorted octahedral and pentagonal-bipyramidal
clusters, the inner axial distances correspond to the
elongated weak bond!® and short strong metal—metal
bond, 1420 respectively. In agreement with this tendency.
the length of the inner Pt(1)—Pt(2) edge is the lower
limit of the range of the nonbonding intramolecular
metal—metal contacts (3.0—3.6 A). The scattering of
the values of these contacts in clusters 1, 5, and 7 is also
caused by the cis arrangement of Hg heteroatoms in the
metal poiyhedron, which lowers its symmetry. The latter
fact also leads to deviations of the phosphine ligands at
the central metal atoms from the axial orientation.
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