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Two novel mixed metal rhodium–platinum clusters have been synthesized by the reaction of [Rh4(CO)12] with
[Pt(PPh3)3]. The structure of [Rh2Pt3(µ-CO)5(CO)4(PPh3)3] 1 has been established by a single crystal X-ray diffraction
study. The tetranuclear cluster [Rh2Pt2(µ-CO)3(CO)4(PPh3)3] 2 has been characterised by FAB mass spectrometry
and shown by various multinuclear NMR techniques (13C, 31P, {31P–31P} COSY and {13C–103Rh} and {31P–103Rh}
heteronuclear multiple quantum coherence, HMQC) to adopt a butterfly type structure. The carbonyl migration
pathways in 2 have been established by a combination of EXSY and 1-D variable temperature measurements;
independent localised exchange about the hinge rhodium atoms and interchange of bridging and semi-bridging
carbonyls on the Pt–Rh bonds occur.

The synthesis and chemistry of mixed metal clusters have
attracted considerable attention in recent years. Unambiguous
characterisation of such compounds has relied on crystal
structure determinations both to discover the geometry of the
metal core and also the ligand environment. Spectroscopic
techniques such as IR and NMR have played a secondary role
in characterisation, IR in distinguishing CO ligand types
(terminal, semi-bridge, bridge) and NMR in determining the
number of ligand sites and their occupancies, particularly for
COs and for clusters containing phosphines. NMR Spectro-
scopy, via variable temperature measurements, has also allowed
pathways for ligand (H and/or CO) and metal rearrangements
to be elucidated. However, except for homo- and hetero-
metallic rhodium containing clusters,1 characterisation of the
metal core by NMR spectroscopy has generally not been
possible due to the low sensitivity and/or lack of a suitable spin
of the metal nuclides.

We have previously reported the use of 1-D double reson-
ance techniques to obtain and assign the metal core resonances
in a series of phosphine-substituted hexanuclear rhodium
carbonyl clusters using 31P or 13C as the detector nucleus.2,3

More recently we have described the benefits and difficulties of
using heteronuclear multiple quantum coherence (HMQC)
NMR spectroscopy in the inverse mode to detect the metal
nuclei in compounds of this type.4 We have also reported the
advantages of using NMR exchange spectroscopy (EXSY) to
establish the exact pathway of the carbonyl fluxional process in
these compounds and have shown that it varies with, and
depends crucially on, the nature of the heteroligand.5 In this

† Supplementary data available: calculated and experimental mass
spectra. For direct electronic access see http://www.rsc.org/suppdata/
dt/1999/1609/, otherwise available from BLDSC (No. SUP 57527, 4 pp.)
or the RSC Library. See Instructions for Authors, 1999, Issue 1
(http://www.rsc.org/dalton).

paper we report the synthesis and structural characterisation of
two new Rh–Pt clusters; [Rh2Pt3(µ-CO)5(CO)4(PPh3)3] 1 and
[Rh2Pt2(µ-CO)3(CO)4(PPh3)3] 2. Cluster 1 has been structurally
characterised by X-ray diffraction and 2 has been characterised
by various multinuclear NMR techniques (13C, 31P, {31P–31P}
COSY and {13C–103Rh} and {31P–103Rh} HMQC). Determin-
ation of the carbonyl migration pathways in 2 by a combination
of EXSY and 1-D variable temperature measurements was
crucial in the structural characterisation of 2.

The preparation and behaviour of Rh–Pt compounds are of
especial interest due to the well known catalytic properties
of the individual metals in various organic reactions. Various
Rh–Pt clusters, including anionic carbonyls 6–10 and neutral
compounds 11–13 have been prepared and studied during the last
fifteen years.

Results and discussion
The reaction between [Rh4(CO)12] and [Pt(PPh3)3] affords two
new mixed metal Rh–Pt carbonyl–phosphine clusters, eqn. (1).

[Rh4(CO)12] 1 [Pt(PPh3)3] →
[Rh2Pt3(CO)9(PPh3)3] 1 [Rh2Pt2(CO)7(PPh3)3] (1)

1 2

The IR data for clusters 1 and 2 are given in Table 1.

Structural characterisation of [Rh2Pt3(CO)9(PPh3)3] 1

The molecular structure of cluster 1, determined by X-ray dif-
fraction, is shown in Fig. 1 and selected bond lengths and angles
are given in Table 2. The five metal atoms of the Rh2Pt3-cluster
core form a trigonal bipyramid (TBPY) with one platinum and
two rhodium atoms in the equatorial plane of the polyhedron.
The 72 electron cluster is electron precise according to Wade’s

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
99

. D
ow

nl
oa

de
d 

on
 1

1/
06

/2
01

4 
12

:3
6:

55
. 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/A809118H
http://pubs.rsc.org/en/journals/journal/DT
http://pubs.rsc.org/en/journals/journal/DT?issueid=DT999010


1610 J. Chem. Soc., Dalton Trans., 1999,  1609–1614

rules.14 This type of electron precise TBPY cluster has been
found previously, e.g. [Os5(CO)16] and its derivatives,15,16 [Fe2Ir3-
(CO)14]

2,17 [Ir2Ru3(CO)14]
22,18 [ReIr4(CO)12(PPh3)2]

2,18 [Rh4Pt-

Fig. 1 Molecular structure of [Rh2Pt3(µ-CO)5(CO)4(PPh3)3] 1.

Table 1 IR Spectroscopic data for the complexes

Complex IR/cm21

1 [Rh2Pt3(µ-CO)5(CO)4(PPh3)3]
a

2 [Rh2Pt2(µ-CO)3(CO)4(PPh3)3]
b

2026s
1822s
2042m
1830 (sh)

1994s
1764m
2022s
1807s

1894w
1734w
1990m
1724w

1842s

1873w

a Recorded in CH2Cl2. 
b Recorded in CHCl3.

Table 2 Selected bond lengths (Å) and angles (8) for cluster 1

Pt(1)–C(1)
Pt(1)–C(3)
Pt(1)–P(1)
Pt(1)–Rh(5)
Pt(1)–Rh(4)
Pt(1)–Pt(3)
Pt(2)–C(2)
Pt(2)–C(4)
Pt(2)–P(2)
Pt(2)–Rh(4)
Pt(2)–Rh(5)
Pt(2)–Pt(3)
Pt(3)–C(5)

Rh(5)–Pt(1)–Rh(4)
Rh(5)–Pt(1))–Pt(3)
Rh(4)–Pt(1)–Pt(3)
Rh(4)–Pt(2)–Rh(5)
Rh(4)–Pt(2)–Pt(3)
Rh(5)–Pt(2)–Pt(3)
Rh(4)–Pt(3)–Rh(5)
Rh(4)–Pt(3)–Pt(2)
Rh(5)–Pt(3)–Pt(2)
Rh(4)–Pt(3)–Pt(1)
Rh(5)–Pt(3)–Pt(1)
Pt(2)–Pt(3)–Pt(1)
Pt(3)–Rh(4)–Rh(5)
Pt(3)–Rh(4)–Pt(2)
Rh(5)–Rh(4)–Pt(2)
Rh(5)–Pt(1)–P(1)
Rh(5)–Pt(2)–P(2)
Rh(4)–Pt(1)–P(1)
Rh(4)–Pt(2)–P(2)
C(1)–Pt(1)–C(3)
C(2)–Pt(2)–C(4)

1.89(2)
2.03(1)
2.283(4)
2.858(1)
2.945(2)
3.011(1)
1.87(2)
2.07(2)
2.264(4)
2.773(1)
2.924(1)
2.992(1)
2.07(2)

55.35(4)
54.61(3)
53.52(3)
56.42(3)
55.30(3)
54.20(3)
60.18(4)
58.19(4)
61.62(3)
61.99(4)
59.80(3)

110.39(3)
60.16(4)
66.50(5)
64.63(4)

133.4(1)
167.8(1)
160.1(1)
133.0(1)
170.7(1)
168.3(1)

Pt(3)–C(6)
Pt(3)–P(3)
Pt(3)–Rh(4)
Pt(3)–Rh(5)
Rh(4)–C(7)
Rh(4)–C(4)
Rh(4)–C(9)
Rh(4)–C(5)
Rh(4)–Rh(5)
Rh(5)–C(8)
Rh(5)–C(3)
Rh(5)–C(6)
Rh(5)–C(9)

Pt(3)–Rh(4)–Pt(1)
Rh(5)–Rh(4)–Pt(1)
Pt(2)–Rh(4)–Pt(1)
Pt(3)–Rh(5)–Rh(4)
Pt(3)–Rh(5)–Pt(1)
Rh(4)–Rh(5)–Pt((1)
Pt(3)–Rh(5)–Pt(2)
Rh(4)–Rh(5)–Pt(2)
Pt(1)–Rh(5)–Pt(2)
Rh(5)–C(3)–Pt(1)
Rh(4)–C(4)–Pt(2)
Pt(3)–C(5)–Rh(4)
Pt(3)–C(6)–Rh(5)
Rh(5)–C(9)–Rh(4)
P(3)–Pt(3)–Pt(1)
P(3)–Pt(3)–Pt(2)
P(1)–Pt(1)–Pt(3)
P(2)–Pt(2)–Pt(3)

2.07(2)
2.257(4)
2.682(2)
2.696(1)
1.89(2)
2.00(1)
2.12(2)
2.19(2)
2.696(2)
1.86(2)
2.00(1)
2.10(1)
2.12(2)

64.50(4)
60.68(4)

119.06(4)
59.67(4)
65.60(3)
63.98(4)
64.19(4)
58.95(4)

116.97(4)
90.5(6)
85.9(6)
78.2(6)
80.4(5)
78.9(5)

127.9(1)
121.5(1)
145.7(1)
135.9(1)

(CO)12]
22,7 and [Ir4Pt(CO)12]

22,20 but is relatively unusual com-
pared to the “electron-excess” 76 electron, trigonal bipyramidal
clusters such as [Rh4Pt(CO)14]

22,7 [Rh5(CO)15]
2,21 etc.22–31

The structure of the {Rh2Pt3(µ-CO)5} fragment of cluster 1
is very similar to the corresponding parts of [Rh5(µ-CO)5-
(CO)10]

2 21 and [Rh5(µ-CO)6(CO)8I]
22.24 Metal–metal bond dis-

tances in the cluster core of 1 depend strongly on the nature
of the interacting metal atoms and, as in the pentarhodium
analogues, on whether this interaction is equatorial–equatorial
(eq–eq) or equatorial–axial (eq–ax). Each edge of the equat-
orial plane in the trigonal bipyramid is spanned by a bridging
carbonyl and the Rh–Rh distance [2.696(2) Å] is close to the
average analogous distances found in [Rh5(µ-CO)5(CO)10]

2

(2.734 Å) and [Rh5(µ-CO)6(CO)8I]
22 (2.715 Å). Interestingly the

two equatorial Rh–Pt distances in 1 are slightly shorter, Pt(3)–
Rh(4) 2.682(2) and Pt(3)–Rh(5) 2.696(1) Å, than the analogous
Rh–Rh bond distance, despite the presence of the larger Pt
atom. The eq–ax metal–metal distances in 1 are considerably
longer than the eq–eq distances; the CO-bridged eq–ax Rh–Pt
distances are Pt(1)–Rh(5) 2.858(1) and Pt(2)–Rh(4) 2.773(1) Å
with the non-bridged edges being significantly longer, Pt(1)–
Rh(4) 2.945(2) and Pt(2)–Rh(5) 2.924(1) Å. This difference in
eq–eq and eq–ax bond lengths is typical for TBPY polyhedra
and was found for both the Rh5 clusters mentioned above.21,24

The Pt–Pt distances, Pt(1)–Pt(3) 3.011(1) and Pt(2)–Pt(3)
2.992(1) Å, are the longest in the metal core of 1 as might
reasonably be expected.

The carbonyl arrangement in cluster 1 consists of four
terminal and five bridging CO ligands. Of the four terminal
carbonyls, one is associated with each of the equatorial
rhodium atoms and one with each of the apical platinum
atoms. Bond lengths for the terminal M–C–O fragments are
given in Table 2 and are typical for this type of cluster.

It is worthwhile to compare briefly the structure of cluster 1
with other known trigonal bypyramidal clusters which have
been discussed recently.19 The co-ordination geometry of the
ligands around both apical Pt is T-shaped and, in both cases,
the PPh3 is almost trans to the non-CO-bridged Pt–Rh edge
rather than the Pt–Pt edge (see Table 2). This can be compared
with the structure of [Rh5(CO)14(PPh3)]

2 30 which contains an
approximately square pyramidal {Rh(CO)2(PPh3)(µ-CO)2}
group with PPh3 trans to the only non-bridged Rhap–Rheq edge
rather than a CO-bridged edge. This follows the preference for
PR3 to occupy sites trans to non-bridged metal–metal vectors
in di-, tri-, tetra-, penta- and hexa-nuclear clusters noted
previously.32

Structural characterisation of [Rh2Pt2(CO)7(PPh3)3] 2

Suitable crystals of cluster 2 for an X-ray diffraction crystal
structure determination could not be obtained; the structure
proposed below has been elucidated on the basis of FAB-mass
spectrometric and multinuclear NMR spectroscopic data and
by comparison with the structurally characterised, analogous
iridium and cobalt compounds [Pt2Ir2(CO)7(PPh3)3]

33 3,
[Pt2Co2(CO)8(PPh3)2]

34 4, and [Pt2Co2(CO)8(COD)] 35 5, the
structures of which are shown schematically below, and with
[Pt2Os2H2(CO)8{P(C6H11)3}2]

36 6.
The FAB mass spectrum of cluster 2 shows a molecular ion

at m/z = 1578. Several fragmentation ions are also seen; the
main series (from m/z = 1578 to 1382) corresponds to the
sequential loss of seven CO ligands. The isotopic distribution
pattern expected for the ion [Rh2Pt2(PPh3)3]

1 has been calcu-
lated and matches well with the observed isotopic pattern of
the fragment ion at m/z = 1382 (see SUP 57527). These data
confirm the presence of two Pt atoms in the metal core
of 2 and indicate that the probable molecular formula is
[Rh2Pt2(CO)7(PPh3)3].

The clusters 2–6 are electron deficient (according to the usual
electron counting rules) by two electrons per platinum atom,
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having only 58 cluster core electrons, and adopt semi-closed
tetrahedral/butterfly cores; it is reasonable to suppose that
[Pt2Rh2(CO)7(PPh3)3] will adopt a similar structure. The Pt–Pt
distances in 3, 4, 5 and 6 are fairly long (2.976, 2.987, 2.9546
and 3.206 Å respectively) indicative of at most weak Pt–Pt
bonding.

The {31P–103Rh} and {13C–103Rh} heteronuclear multiple
quantum coherence NMR spectra of cluster 2 have been
obtained and show correlations at δRh = 2227, Rh(1), and
2206, Rh(2), respectively indicating the presence of two dif-
ferent rhodium sites in the molecule; Rh(1) is thus attached to
triphenylphosphine whereas Rh(2) is attached to a terminal
carbonyl ligand. The reasons for the lack of a correlation in the
µ-CO region of the {13C–103Rh} HMQC NMR spectrum of
2 are complex and will be discussed fully elsewhere.4 Briefly,
coupling of the bridging carbonyl to two rhodium spins results
in the HMQC spectrum being distorted by transitions in which
both rhodium spins ‘flip’. This results both in sensitivity dis-
tortions (in extreme cases the single quantum cross peak
intensity is zero!) and/or in the appearance of additional
cross-peaks displaced from the rhodium chemical shift. These
effects are not refocussed by the HMQC pulse sequence. In the
present case the situation is further complicated by the extreme
fluxionality of the cluster. The line widths in the 1-D spectrum
are of the order of the rhodium–carbon couplings; the 13C
multiplets are barely resolved. As a result, there is fast decay
of the magnetisation during the HMQC pulse sequence.

The limiting low temperature 31P NMR spectrum of cluster
2, Fig. 2(b), consists of three multiplets of 1 :1 :1 relative in-
tensity in agreement with the cluster composition found in
the FAB mass spectrum. Two of these signals, centred at δ 39.5
and 20.5, display one bond Pt–P coupling, 1JPtP = 4775 and
3480 Hz respectively, and can be assigned to phosphorus
ligands P(1) and P(2) respectively, bound to Pt(1) and Pt(2)
respectively. The resonance of P(1) also shows a long range
platinum–phosphorus coupling, JPt(2)P = 300 Hz. An additional
coupling on the resonance of P(2) has been shown by 31P–31P
COSY to be due to a long range three bond phosphorus–
phosphorus coupling, 3JPP = 127 Hz, to the third phosphorus
nucleus, P(3). Atom P(3) gives a second order multiplet centred
at δ 27.5 due to a one bond interaction with rhodium, 1JRhP

ca. 125 Hz, a two bond interaction with Pt(2), 2JPtP ca. 127 Hz,
and the three bond coupling with P(2) mentioned above. It is
assigned to the phosphorus atom bound to Rh(1). The limiting
low temperature 31P NMR spectrum of 2 has been simulated
based on this assignment and is shown in Fig. 2(a).

We have previously discussed the influence of stereo-
chemistry on the magnitude of two and three bond couplings in
phosphine substituted derivatives of the octahedral [Rh6(CO)16]
cluster.2 Extrapolation of these results to cluster 2 allows the
elucidation of the essential co-ordination environment of the
phosphorus ligands. The presence of a three bond P–P coupling
in the low temperature 31P NMR spectrum fixes the relative

positions of P(2) and P(3) in a trans-trans conformation across
the Pt(2)–Rh(1) bond whilst the absence of this coupling
between P(1) and P(2) requires that these phosphorus nuclei
are either cis-cis or cis-trans. Similarly, two bond Pt(2)–P(3)
coupling points to a trans disposition of these atoms about the
intervening rhodium nucleus. The 31P NMR spectrum of 2 is
thus entirely consistent with the structure of 2 being analogous
to those of 3–5 (M1 = M2 = Rh; L = L1 = L2 = PPh3, L3 = CO)
with the disposition of the phosphine ligands being unam-
biguously determined by the various couplings observed.

The low temperature 13C NMR spectrum of cluster 2 shows
six resonances in the carbonyl region of relative intensities
1 :2 :1 :1 :1 :1, Fig. 3(a). The resonance at δ 252.2, C(7)O,
shows one bond coupling to both rhodium, 1JRhC 25 Hz, and
platinum, 1JPtC 835 Hz, and can be assigned to a carbonyl
ligand bridging a rhodium–platinum bond. The resonance(s)
of intensity two, centred around δ 244, results from accidental
overlap of the resonances of two carbonyl ligands, C(5)O
and C(6)O, which bridge Pt–Rh (δC 244.5, 1JPtC = 1003 and
1JRhC = 23 Hz) and Rh(1)–Rh(2) (δC 244.4, 1JRhC = 23 Hz) edges
respectively. This assignment accounts for the intensities of
the platinum satellites (1/8) and the poorly resolved triplet
structure of the central line of C(6)O. Although chemical shift
and coupling data do not allow unambiguous assignment of
C(7)O and C(5)O, EXSY data (see below) allow the assignment
shown to be made.

The highest field resonance, δC 186.9, is readily assigned to
C(1)O, a terminal carbonyl ligand on platinum, on the basis of
a one bond Pt–C coupling constant of 1652 Hz. Similarly,
the resonance centred at δ 191.7 can be assigned to C(2)O,
a terminal carbonyl on rhodium, 1JRhC 65 Hz. The HMQC
{13C–103Rh} NMR spectrum, Fig. 4, confirms that this carbonyl
group is bound to Rh(2). The remaining two resonances, δC

201.4, C(3)O, and 196.6, C(4)O, are poorly resolved multiplets;
the resolved couplings are 55 and 71 Hz respectively and fall

Fig. 2 Variable temperature 31P NMR spectra of cluster 2: (a) simu-
lated spectrum, 158 K, (b) experimental spectrum, 158 K, (c) 205 K,
(d) 250 K, (e) 298 K.
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in the range typical of one bond Rh–C couplings although
no 103Rh–13C correlations were seen in the HMQC spectra for
these resonances due to the extreme fluxionality of the cluster.
The smaller couplings are only poorly resolved due to the
extreme fluxionality of the cluster and might be due to weak
interactions with either platinum or phosphorus or both. The
EXSY data (see below) allow these resonances to be assigned to
the carbonyl ligands on Rh(1) and Rh(2) respectively, possibly
with a semi-bridging interaction with Pt(2).

Fluxional processes in cluster 2

The proposed structure of cluster 2 is asymmetric. Phosphorus-
31 and 13C NMR spectroscopy showed that 2 is stereo-
chemically non-rigid above 158 K, the two enantiomers [see
Scheme 1(a) and (c)] interconverting rapidly. The limiting low
temperature 31P and 13C NMR spectra are shown in Figs. 2(b)
and 3(a) respectively.

The variable temperature 31P NMR spectra show that, at
room temperature, the separate resonances of the phosphorus
ligands on platinum collapse to a multiplet centred at δ 32.3
with 1JPtP = 4170 Hz, JPt(remote)P = 170 Hz and 3JPP = 60 Hz,
i.e. essentially the averages of the respective values obtained
from the low temperature spectrum. The fact that the platinum–

Fig. 3 Variable temperature 13C NMR spectra of cluster 2: (a) 180, (b)
190, (c) 220, (d) 240, (e) 260, (f) 280, (g) 300 K.

Fig. 4 13C-{103Rh} HMQC NMR spectrum of cluster 2.

phosphorus couplings result in doublet, rather than triplet,
patterns implies that the phosphorus ligands are not exchanged
between the platinum centres but that P(1) and P(2) are equiv-
alenced by a pseudo exchange process, i.e. each phosphorus
ligand remains bound to “its own” platinum centre rather than
being exchanged between the two platinum atoms.

The resonance of the phosphorus ligand bound to rhodium
appears as a complex multiplet since the fluxional process
means that P(3) can be viewed as occupying alternately a
position trans to P(1) then trans to P(2) thus introducing
another coupling partner, P(1), for P(3). Unfortunately, the
quality of the data obtained has not allowed simulation of
the spectrum. We estimate 1JRh(1)P(3) = 126, 2JPtP(3) = 28 and 10
and 3JPP = 58 Hz.

The carbonyl exchange processes are revealed by the 13C
EXSY NMR spectrum of cluster 2 at 180 K, Fig. 5. Cross-
peaks corresponding to exchange between C(3) and C(6) can be
assigned to a localised oscillation about Rh(1) involving P(3),
C(6) and C(3) and provides a pathway for the interchange
of structures in which a CO ligand bridging the hinge of the
butterfly occupies a position underneath the Pt(2) wingtip
or under the Pt(1) wingtip and to move P(3) from a position

Scheme 1 The fluxional processes in cluster 2; d = Pt, s = Rh.

Fig. 5 The 13C 2-D EXSY spectrum of cluster 2 in CD2Cl2 at 180 K,
50 ms mixing time. The area containing non-diagonal elements of the
spectrum only is shown for the sake of simplicity.
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trans to Pt(2) to trans to Pt(1). The cross-peaks joining C(7)
with C(1) and C(5) with C(4) are assigned to rearrangement
of the bridging/semi-bridging CO framework from the Pt(1)-
Rh(1)Rh(2) face to the Pt(2)Rh(1)Rh(2) face of the metal
framework. This fluxional process reasonably requires C(4)O
and C(5)O to be associated with the same rhodium, confirming
the assignment of the 13CO NMR spectrum given above. No
cross-peaks are seen linking the two sets of localised exchanges,
both localised processes, however, together are required in order
to equivalence the butterfly wingtips.

At longer mixing times a further localised exchange about the
rhodium hinge occurs: a cross-peak relating C(2)O and C(6)O
is seen and at higher temperatures the 13C NMR spectrum
consists of only two resonances centred at δ 219 and 210 with
relative intensity 4 :3 respectively. The chemical shifts of these
resonances correspond reasonably well with the weighted
average positions of C(1), C(4), C(5) and C(7) (δ 221) and C(2),
C(3) and C(6) (δ 212) allowing for the significant difference in
temperatures, 180 and 300 K, and the associated temperature
effect on the chemical shifts. The relative rates of the rotations
about Rh(1) and Rh(2) are believed to reflect the influence of
the phosphine ligand on Rh(1).5

Experimental
Reagents and solvents

The compounds [Rh4(CO)12]
37 and Pt(PPh3)3

38 were syn-
thesized according to literature procedures. All solvents were
dried over appropriate reagents and distilled prior to use.
Reactions were carried out under dry argon. Products were
separated in air by column chromatography on silica (5–40
mesh). The 31P and 13C NMR spectra were recorded on Bruker
AM-500, AMX400 and AMX200 spectrometers; [Cr(acac)3]
was added as a relaxation agent in the case of 13C spectra.
HMQC Experiments were run on a Bruker AMX200 instru-
ment equipped with a three channel interface using an “in
house” built probe. The IR spectra were recorded on a Specord
M80 spectrometer.

Reaction of [Rh4(CO)12] with [Pt(PPh3)3]

Depending on the solvent used to carry out the reaction,
different compositions of reaction products were obtained.
Chloroform was used to optimise the yields of 1, whereas tetra-
hydrofuran gives the highest yields of 2.

[Rh2Pt3(ì-CO)5(CO)4(PPh3)3] 1. A solution of [Rh4(CO)12]
(55 mg, 0.073 mmol) in chloroform (3 cm3) was added to solid
[Pt(PPh3)3] (180.3 mg, 0.184 mmol) with stirring. Complete dis-
solution of the platinum complex required a few (<5) minutes.
The reaction mixture was then diluted with heptane (1 cm3),
concentrated by rotary evaporation and transferred to a silica
column (5–40 mesh, 2.5 × 8 cm). Chromatographic separation
with hexane–chloroform mixtures gave the following bands in
order of elution: hexane–chloroform 1 :1.5, wide red band of
2 (43 mg), pink band containing trace amounts of unknown
compound; hexane–chloroform 1 :3, red band of 1 (12.3 mg),
yellow band containing [Rh(CO)2(PPh3)Cl] (26.7 mg). Single
crystals of 1 were grown from heptane–chloroform solution at
263 K (Found: C, 39.3; H, 3.6. C64H46Cl3O9P3Pt3Rh2 requires
C, 39.4; H, 2.4%).

[Rh2Pt2(ì-CO)3(CO)4(PPh3)3] 2. A solution of [Rh4(CO)12]
(70.1 mg, 0.094 mmol) in tetrahydrofuran (5 cm3) was added to
solid [Pt(PPh3)3] (226.3 mg, 0.231 mmol). Complete dissolution
of the platinum complex required a few (<5) minutes.
The solvent was then removed by rotary evaporation. The
residue was dissolved in CH2Cl2 (2 cm3), diluted with hexane
(1.5 cm3) and transferred to a silica column (5–40 mesh, 2.5 ×
7 cm). Chromatographic separation with hexane–chloroform

mixtures gave the following bands in order of elution: hexane–
chloroform 1 :1.5, wide red band containing 2 (149 mg);
hexane–chloroform 1 :3, narrow black band containing un-
identified compound (10.6 mg) and trace amounts of 1 (Found:
C, 45.3; H, 3.6. C61H45O7P3Pt2Rh2 requires C, 46.4; H, 2.9%).

Crystal structure determination of complex 1?CHCl3

Crystal data and data collection parameters. C64H46Cl3O9P3-
Pt3Rh2, M = 1949.36, monoclinic, space group C2/c (no. 15),
a = 34.120(12), b = 24.245(7), c = 24.169(8) Å, β = 134.21(2)8,
V = 14331(8) Å3 (by least-squares refinement of 24 carefully
centred reflections in the 22 < 2θ < 248 range), T = 143 K,
graphite monochromated Mo-Kα radiation, λ = 0.71073 Å,
Z = 8, Dc = 1.807 mg m23, F(000) = 7376, yellow prism with
dimensions 0.4 × 0.3 × 0.2 mm, µ(Mo-Kα) = 6.515 mm21.
Absorption correction applied by the DIFABS method,39

transmission factors 0.844–1.242; Siemens P3/PC diffrac-
tometer with LT-2 low-temperature attachment, θ–2θ scans,
data collection range 4 < 2θ < 508, ±h, 1k, 1l, two standard
reflections monitored every 98 showed no significant variation
in intensity; 11927 independent reflections measured and used
in the calculations.

Structure solution and refinement. The structure was solved
by direct methods and subsequent Fourier-difference maps,
and refined anisotropically by full-matrix least squares on
F 2. The chloroform molecule of crystallisation was identified
in the Fourier-difference series and refined in the anisotropic
approximation. All H atoms were placed in geometrically
calculated positions and included in the refinement using the
riding model approximation with the Uiso(H) = 1.2Ueq(C).
The final wR(F 2) was 0.1684 (on F 2 for 11877 reflections),
with conventional R1 = 0.0621 [on F for 7441 reflections with
I > 2σ(I)], for 757 parameters, goodness of fit = 0.96. All calcu-
lations were performed on an IBM PC using the SHELXTL
PLUS 5 programs.40

CCDC reference number 186/1400.
See http://www.rsc.org/suppdata/dt/1999/1609/ for crystallo-

graphic files in .cif format.
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