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Two series of new compounds, Pt3Fe3(CO)15[M(PBut
3)] (M ) Pt, 12; M ) Pd, 14) and

Pt3Fe2(CO)12[M(PBut
3)]2 (M ) Pt, 13; M ) Pd, 15), were synthesized from the reactions of

Pt(PBut
3)2 and Pd(PBut

3)2 with Pt3Fe3(CO)15, 9. All new compounds were characterized
crystallographically. Compounds 12 and 14 are structurally similar and contain a M(PBut

3)
group bridging a triangular Pt2Fe group of the starting complex 9. These compounds can be
viewed as adducts of 9 because there was no loss of carbonyl ligands during the course of
the addition reaction. Compounds 13 and 15 are also structurally similar and contain two
mutually bonded M(PBut

3) groups. These metal atoms are part of a Pt2M2 tetrahedron that
also contains an edge-bridging platinum atom and two Fe(CO)4 groups that bridge the Pt-
Pt bonds to this edge-bridging platinum. These compounds can be formed from 12 and 14
by replacement of one Fe(CO)3 group with a M(PBut

3) group. The M-M bond is stabilized
by a bridging carbonyl ligand. The reaction of Pt(PBut

3)2 with Pt2Ru4(CO)18, 11, afforded
the complex Pt2Ru4(CO)17[Pt(PBut

3)], 16. Compound 16 contains an M(PBut
3) group that

has formed a quadruple bridge across a Ru2Pt2 butterfly of the parent cluster 11.

Introduction

Bimetallic catalysts containing platinum are widely
used in the petroleum industry.1 Recently, bimetallic
cluster complexes have been shown to be good precur-
sors for bimetallic nanoparticles that serve as highly
active and selective heterogeneous catalysts for hydro-
genation reactions.2 Improved activity and selectivity,
observed in some cases, has been attributed to synergy
between the different elements.3

Methods for synthesizing bi- and multimetallic cluster
complexes have improved significantly in recent years.4

Recently, we have shown that metal cluster complexes
readily react with the compounds M(PBut

3)2, M ) Pt or
Pd, by adding M(PBut

3) groups across metal-metal
bonds.5-7 For example, the ruthenium carbonyl cluster
complexes Ru3(CO)12 and Ru6(CO)17(µ6-C) react with Pd-
(PBut

3)2 to yield the adducts Ru3(CO)12[Pd(PBut
3)]3, 1,

and Ru6(CO)17(µ6-C)[Pd(PBut
3)]2, 2, respectively.5 The

reaction of Ru5(CO)15(µ5-C) with Pd(PBut
3)2 and Pt-

(PBut
3)2 yields the adducts Ru5(CO)15(µ6-C)[Pd(PBut

3)],
3 (M ) Pd or Pt), which exist as isomers with open and
closed metal clusters, 3a and 3b, and the complex Ru5-
(CO)15(µ6-C)[Pd(PBut

3)]2, 4.6 The M(PBut
3) group can

also add across a hetero metal-metal bond in the mixed
metal cluster PtRu5(CO)16(µ6-C) to afford the adducts
PtRu5(CO)16(µ6-C)[M(PBut

3)]n, 5 and 6, where M ) Pt
and n ) 1 or n ) 2, respectively, and 7 and 8, where
M ) Pd and n ) 1 or n ) 2, respectively.7 In a previous
report we described the synthesis and structure of the
mixed metal “raft” cluster Fe3Pt3(CO)15, 9, as well as
the compound Pt5Fe2(CO)12(COD)2, 10 (COD ) 1,5-
cyclooctadiene), from the reaction of Pt(COD)2 with Fe-
(CO)5, Scheme 1.8 We have also prepared the mixed
metal cluster complex Ru4Pt2(CO)18, 11, from the reac-
tion of Pt(COD)2 with Ru(CO)5.9 This complex has
recently been used to prepare γ-Al2O3-supported clus-
ters.10
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In this report, the results of our investigation of the
reactions of Pt(PBut

3)2 and Pd(PBut
3)2 with 9 and 11

are described. Two series of structurally similar new
compounds Pt3Fe3(CO)15[M(PBut

3)] (M ) Pt, 12; M )
Pd, 14) and Pt3Fe2(CO)12[M(PBut

3)]2 (M ) Pt, 13; M )
Pd, 15) as well as the new compound Pt2Ru4(CO)17-
[Pt(PBut

3)], 16, have been isolated and structurally
characterized.

Experimental Section

General Data. All reactions were performed under a
nitrogen atmosphere. Reagent grade solvents were dried by
the standard procedures and were freshly distilled prior to use.
Infrared spectra were recorded on a Thermo-Nicolet Avatar
FTIR spectrophotometer. 1H NMR and 31P NMR were recorded
on a Varian Inova 400 spectrometer operating at 399 and 162
MHz, respectively. 31P NMR spectra were externally referenced
against 85% ortho-H3PO4. Elemental analyses were performed
by Desert Analytics (Tucson, AZ). Product separations were

performed by TLC in air on Analtech 0.25 and 0.5 mm silica
gel 60 Å F254 glass plates. Bis(tri-tert-butylphosphine)platinum-
(0), Pt(PBut

3)2, and bis(tri-tert-butylphosphine)palladium(0),
Pd(PBut

3)2, were obtained from Strem and were used without
further purification. Pt3Fe3(CO)15, 9, and Pt5Fe2(CO)12(COD)2,
10,8 as well as Pt2Ru4(CO)18, 11,9 were prepared by previously
reported procedures.

Reaction of 9 with Pt(PBut
3)2. Pt(PBut

3)2 (15.3 mg, 0.026
mmol) was added to a solution of 9 (20.0 mg, 0.017 mmol) in
20 mL of CH2Cl2. The reaction mixture was then stirred at
room temperature for 30 min. The solvent was then removed
in vacuo. The product was separated by TLC using a 2:1
hexane/methylene chloride solvent mixture to yield in order
of elution 8.8 mg (33%) of Pt3Fe3(CO)15[Pt(PBut

3)], 12, and 8.5
mg (27%) of Pt3Fe2(CO)12[Pt(PBut

3)]2, 13. Spectral data for
12: IR νCO (cm-1 in hexane): 2085 (w), 2054 (m), 2047 (vs),
2026 (m), 2009 (w), 1997 (sh), 1786 (w). 1H NMR (CD2Cl2 in
ppm): δ 1.47 (d, 27H, CH3, 3JP-H ) 14.3 Hz). 31P{1H} NMR
(CD2Cl2 in ppm): δ 104.73 (s, 1P, 1JPt-P ) 6243 Hz, 2JPt-P )
209 Hz). Spectral data for 13: IR νCO (cm-1 in hexane): 2064
(s), 2026 (vs), 2009 (m), 1970 (w), 1957 (sh), 1776 (w). 1H NMR
(CD2Cl2 in ppm): δ 1.46 (d, 54H, CH3, 3JP-H ) 13.4 Hz). 31P-
{1H} NMR (CD2Cl2 in ppm): δ 108.03 (s, 2P, 1JPt-P ) 5004
Hz, 2JPt-P ) 281 Hz). Anal. Calcd: 23.65 C, 2.98 H. Found:
23.34 C, 3.20 H.

Improved Yield of 13. Pt(PBut
3)2 (21.0 mg, 0.035 mmol)

was added to a solution of 9 (13.6 mg, 0.012 mmol) in 20 mL
of CH2Cl2. The reaction mixture was then stirred at room
temperature for 30 min, after which the solvent was removed
in vacuo. The product was separated by TLC using a 2:1
hexane/methylene chloride solvent mixture to yield 9.5 mg
(51%) of Pt3Fe2(CO)12[Pt(PBut

3)]2, 13.
Conversion of 10 to 13. PBut

3 (6.3 mg, 0.031 mmol) was
added to a solution of 10 (25.5 mg, 0.016 mmol) in 20 mL of
CH2Cl2. The reaction mixture was then stirred at room
temperature for 30 min, after which the solvent was removed
in vacuo. The product was separated by TLC using a 2:1
hexane/methylene chloride solvent mixture to yield 20.3 mg
(90%) of 13.

(9) Adams, R. D.; Chen, G.; Wu, W. J. Cluster Sci. 1993, 4, 119.
(10) Alexeev, O. S.; Graham, G. W.; Shelef, M.; Adams, R. D.; Gates,

B. C. J. Phys. Chem. B 2002, 106, 4697.

Chart 1

Scheme 1
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Conversion of 12 to 13. Pt(PBut
3)2 (3.0 mg, 0.005 mmol)

was added to a solution of 12 (8.0 mg, 0.005 mmol) in 20 mL
of CH2Cl2. The reaction mixture was then stirred at room
temperature for 30 min, after which the solvent was removed
in vacuo. The product was separated by TLC using a 2:1
hexane/methylene chloride solvent mixture to yield 4.0 mg
(44%) of 11 along with 2.2 mg of unreacted starting material,
12.

Reaction of 9 with Pd(PBut
3)2. Pd(PBut

3)2 (27 mg, 0.053
mmol) was added to a solution of 9 (20.5 mg, 0.018 mmol) in
20 mL of CH2Cl2. The reaction mixture was then stirred at
room temperature for 30 min, after which the solvent was
removed in vacuo. The product was separated by TLC using a
2:1 hexane/methylene chloride solvent mixture to yield in order
of elution 11.8 mg (54%) of Pt3Fe3(CO)15[Pd(PBut

3)], 14, and
8.0 mg (28%) of Pt3Fe2(CO)12[Pd(PBut

3)]2, 15. Spectral data for
14: IR νCO (cm-1 in hexane): 2086 (w), 2070 (m), 2026 (vs),
2000 (m), 1989 (w), 1970 (m), 1961 (sh), 1798 (w). 1H NMR
(CD2Cl2 in ppm): δ 1.44 (d, 27H, CH3, 3JP-H ) 11.5 Hz). 31P-
{1H} NMR (CD2Cl2 in ppm): δ 79.64 (s, 1P, 2JPt-P ) 140 Hz).
Spectral data for 15: IR νCO (cm-1 in hexane): 2065 (s), 2026
(vs), 2008 (m), 1971 (w), 1962 (sh), 1823 (w). 1H NMR (CD2Cl2

in ppm): δ 1.42 (d, 54H, CH3, 3JP-H ) 12.6 Hz). 31P{1H} NMR
(CD2Cl2 in ppm): δ 97.64 (s, 2P, 2JPt-P ) 132 Hz). Anal.
Calcd: 26.19 C, 3.30 H. Found: 26.28 C, 3.28 H.

Reaction of 11 with Pt(PBut
3)2. Pt(PBut

3)2 (7.4 mg, 0.012
mmol) was added to a solution of 11 (14.0 mg, 0.012 mmol) in
20 mL of CH2Cl2. The reaction mixture was then stirred at
room temperature for 30 min, after which the solvent was
removed in vacuo. The products were separated by TLC using
a 3:1 hexane/methylene chloride solvent mixture to yield 13.5
mg (75%) of Pt2Ru4(CO)17[Pt(PBut

3)], 16. Spectral data for 16:
IR νCO (cm-1 in hexane): 2101 (m), 2063 (vs), 2056 (m), 2039
(s), 2033 (m), 2025 (m), 2003 (m), 1990 (m), 1825 (w). 1H NMR
(CD2Cl2 in ppm): δ 1.45 (d, 27H, CH3, 3JP-H ) 13.3 Hz). 31P-
{1H} NMR (CD2Cl2 in ppm): δ 113.82 (s, 1P, 1JPt-P ) 5277
Hz, 2JPt-P ) 355 Hz, 2JPt-P ) 163 Hz). Anal. Calcd: 20.87 C,
1.62 H. Found: 20.63 C, 1.82 H.

Crystallographic Analyses. Dark brown crystals of 12,
13, and 14; dark green crystals of 15; and dark red crystals of
16 suitable for diffraction analysis were grown by slow
evaporation of solvent from solutions of the pure compound
in hexane/methylene chloride solvent mixtures at 5 °C. Each
data crystal was glued onto the end of a thin glass fiber. X-ray
intensity data were measured using a Bruker SMART APEX
CCD-based diffractometer using Mo KR radiation (λ ) 0.71073
Å). The raw data frames were integrated with the SAINT+
program using a narrow-frame integration algorithm.11 Cor-
rections for the Lorentz and polarization effects were also
applied by using the program SAINT. An empirical absorption
correction based on the multiple measurement of equivalent
reflections was applied by using the program SADABS. All
structures were solved by a combination of direct methods and
difference Fourier syntheses and refined by full-matrix least
squares on F2, by using the SHELXTL software package.12 All
non-hydrogen atoms were refined with anisotropic displace-
ment parameters. Hydrogen atoms were placed in geometri-
cally idealized positions and refined as standard riding atoms.
Crystal data, data collection parameters, and results of the
analyses for compounds 12 and 13 are given in Table 1 and
for compounds 14, 15, and 16 are given in Table 2.

Compounds 12 and 14 are isomorphous and isostructural
and crystallized in the monoclinic crystal system. The two
possible space groups P21 and P21/m were identified on the
basis of the systematic absences in the intensity data. The
latter space group was chosen and confirmed by the successful

solution and refinement of the structures. In compound 12,
atom C(40) and, in compound 14, atom C(50) were both refined
with an isotropic displacement parameter because they gave
a negative thermal parameter when refined anisotropically.
Compound 13 also crystallized in the monoclinic crystal
system, and the space group P21/c was identified uniquely on
the basis of the systematic absences in the intensity data.

Compounds 15 and 16 both crystallized in the triclinic
crystal system. For both compounds the space group P1h was
assumed and confirmed by the successful solution and refine-
ment of the structure. For the structures of 12-15 one
molecule of CH2Cl2 from the crystallization solvent was found
cocrystallized with the complex. The CH2Cl2 molecules were
located and refined successfuly with isotropic displacement
parameters.

Results

The reaction of 9 with Pt(PBut
3)2 at room temperature

afforded two new complexes, Pt3Fe3(CO)15[Pt(PBut
3)],

12, in 33% yield and Pt3Fe2(CO)12[Pt(PBut
3)]2, 13 in 27%

yield, eq 1. The yield of compound 13 was increased to

51% when the amount of Pt(PBut
3)2 was increased to 3

times the amount of 9 in the reaction mixture. This
reaction was followed by 31P NMR, which showed the
formation of Pt3(CO)3(PBut

3)3
13 as a major side product

and of Fe(CO)4(PBut
3)14 as a minor product. Compounds

(11) SAINT+, version 6.02a; Bruker Analytical X-ray Systems,
Inc.: Madison, WI, 1998.

(12) Sheldrick, G. M. SHELXTL, version 5.1; Bruker Analytical
X-ray Systems, Inc.: Madison, WI, 1997.

Table 1. Crystallographic Data for Compounds 12
and 13

12 13

empirical formula Pt4Fe3PO15C27H27‚
CH2Cl2

Pt5Fe2P2O12C36H54‚
CH2Cl2

fw 1655.29 1912.81
cryst syst monoclinic monoclinic
lattice params

a (Å) 10.1914(13) 13.9156(8)
b (Å) 17.009(2) 18.2636(11)
c (Å) 12.7509(16) 21.2496(13)
R (deg) 90 90
â (deg) 108.839(2) 101.737(1)
γ (deg) 90 90
V (Å3) 2091.9(5) 5287.6(5)

space group P21/m P21/c
Z-value 2 4
Fcalc (g cm-3) 2.628 2.403
µ(Mo KR) (mm-1) 14.558 13.92
temperature (K) 296 296
2θmax (deg) 56.92 50.06
no. of observations 4373 7959
no. of params 276 544
goodness of fit 1.046 1.040
max. shift in cycle 0.001 0.001
residuals: R1; wR2
(I > 2σ(I))a

0.0552; 0.1421 0.0551; 0.1330

abs corr SADABS SADABS
max./min. 1.000/0.266 1.000/0.296
largest peak in final
diff map (e Å-3)

5.953 2.784

a R ) ∑hkl(||Fobs| - |Fcalc||)/∑hkl|Fobs|; Rw ) [∑hklw(|Fobs| - |Fcalc|)2/
∑hklwF2

obs]1/2; w ) 1/σ2(Fobs); GOF ) [∑hklw(|Fobs| - |Fcalc|)2/
(ndata - nvari)]1/2.

Pt and Pd Tri-tert-butyl Phosphine Groups Organometallics, Vol. 23, No. 3, 2004 591
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12 and 13 were characterized by IR, 1H and 31P NMR,
and single-crystal X-ray diffraction analyses. ORTEP
diagrams of the molecular structures of 12 and 13 are
shown in Figures 1 and 2, respectively. Selected in-
tramolecular distances and angles for compounds 12
and 13 are listed in Tables 3 and 4, respectively.
Compound 12 contains a crystallographically imposed
plane of symmetry that passes through the metal atoms
Pt(1), M(1), and Fe(2) and the bridging carbonyl ligand.
The methyl groups on the phosphine ligand are disor-
dered between two positions. Only one of the disordered
orientations is shown in Figure 1. Compound 12 can be
viewed as a simple adduct of 9 because no carbonyl
ligands were eliminated from 9 during the course of the
reaction. The structure of 12 contains a Pt(PBut

3) group

bridging one of the three Pt2Fe triangular groups of the
starting compound 9. The presence of the Pt(PBut

3)
group causes significant increases in the metal-metal
bond lengths in the Fe(2)-Pt(2)-Pt(2)* triangle to
which the Pt(PBut

3) group is added relative to that in
12: 2.580(2) and 2.587 Å for Pt-Fe and Pt-Pt, respec-
tively, in 9 versus 2.742(2) and 2.7830(6) Å in 12. The
iron atoms are displaced out of the plane of the central
Pt3 triangle on the same side by 0.43 Å for Fe(1) and
Fe(1)* and 0.70 Å for Fe(2).

The structure of 13 is similar to that of the known
compound 10 and consists of a tetrahedron of four
platinum atoms and a fifth Pt(1) that bridges an edge
of this Pt4 cluster. There are also two Fe(CO)4 groups
that bridge the edges between Pt(1) and the tetrahe-
dron. The bond between Pt(4) and Pt(5) is bridged by a
carbonyl ligand, and both platinum atoms contain one

(13) Goel, R. G.; Ogini, W. O.; Srivastava, R. C. J. Organomet. Chem.
1981, 214, 405.

(14) Schumann, H.; Opitz, J. J. Organomet. Chem. 1979, 166, 233.

Table 2. Crystallographic Data for Compounds 14, 15, and 16
14 15 16

empirical formula Pt3PdFe3PO15C27H27‚CH2Cl2 Pt3Pd2Fe2P2O12C36H54‚CH2Cl2 Pt3Ru4PO17C29H27
fw 1566.60 1735.43 1668.03
cryst syst monoclinic triclinic triclinic
lattice params

a (Å) 10.0725(6) 13.0758(11) 10.4091(5)
b (Å) 16.8032(10) 13.1261(11) 11.4151(5)
c (Å) 12.7612(8) 17.1019(14) 19.0923(9)
R (deg) 90 103.478(2) 97.7180(10)
â (deg) 108.8950(10) 98.332(2) 96.1070(10)
γ (deg) 90 99.854(2) 111.6970(10)
V (Å3) 2043.4(2) 2759.5(4) 2058.53(17)

space group P21/m P1h P1h
Z-value 2 2 2
Fcalc (g cm-3) 2.546 2.089 2.691
µ(Mo KR) (mm-1) 11.923 8.924 11.685
temperature (K) 150 296 293
2θmax (deg) 50.06 56.64 52.04
no. of observations 3445 10946 7255
no. of params 279 544 496
goodness of fit 1.271 1.012 1.019
max. shift in cycle 0.001 0.001 0.000
Residuals: R1; wR2 (I > 2σ(I))a 0.0413: 0.0975 0.0384: 0.1019 0.0229; 0.0498
abs corr SADABS SADABS SADABS
max./min. 1.000/0.598 1.000/0.451 1.000/0.726
largest peak in final diff map (e Å-3) 2.297 2.839 1.433
a R ) ∑hkl(||Fobs| - |Fcalc||)/∑hkl|Fobs|; Rw ) [∑hklw(|Fobs| - |Fcalc|)2/∑hklwF2

obs]1/2; w ) 1/σ2(Fobs); GOF ) [∑hklw(|Fobs| - |Fcalc|)2/(ndata -
nvari)]1/2.

Figure 1. ORTEP diagram of the molecular structure of
Pt3Fe3(CO)15[M(PBut

3)] (M1 ) Pt(4), 12; M1 ) Pd(1), 14)
showing 40% thermal ellipsoid probabilities. Methyl groups
have been omitted for clarity.

Figure 2. ORTEP diagram of the molecular structure of
Pt3Fe2(CO)12[M(PBut

3)]2 (M1 ) Pt(4) and M2 ) Pt(5), 13;
M1 ) Pd(1) and M2 ) Pd(2), 15) showing 40% thermal
ellipsoid probabilities. Methyl groups have been omitted
for clarity.

592 Organometallics, Vol. 23, No. 3, 2004 Adams et al.
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PBut
3 ligand. The Pt-Pt bonds of the tetrahedron,

especially the Pt(4)-Pt(5) bond, are significantly shor-
ter in 13 (Pt(4)-Pt(5) ) 2.7545 Å) than in 10 (Pt(4)-
Pt(5) ) 2.958 Å).8 According to the methodology devel-
oped by Mingos,15 the number of valence electrons in
thePt5Fe2 cluster of this geometry should be 98; however
the total valence electron count of 13 is only 94. Thus,

13 is four electrons deficient. This deficiency could lead
to some partial multiple bonding character between the
metal atoms and could explain the relative shortness
of the Pt-Pt bonds in 13. Compound 12 can be con-
verted to 13 in 44% yield by reaction with an excess of
Pt(PBut

3)2 (eq 1), but an even more convenient route to
13 is by a simple substitution of the COD groups on 10
by PBut

3, which gives 13 (90% yield).
The reaction of 9 with Pd(PBut

3)2 yields the mono-
palladium and dipalladium complexes Pt3Fe3(CO)15-
[Pd(PBut

3)], 14, and Pt3Fe3(CO)12[Pd(PBut
3)]2, 15, in

54% and 28% yields, respectively. Both products were
characterized by IR, 1H and 31P NMR, and single-crystal
X-ray diffraction analyses. ORTEP diagrams of the
molecular structures of 14 and 15, M ) Pd, are also
represented in Figures 1 and 2, respectively. Selected
intramolecular distances and angles for compounds 14
and 15 are listed in Tables 3 and 4, respectively.
Compounds 14 and 15 are isostructural to the platinum
homologues 12 and 13. Bond distances and angles for
14 and 15 are very similar to those of 12 and 13,
respectively.

The reaction of 11 with Pt(PBut
3)2 at room tempera-

ture afforded the new complex Pt2Ru4(CO)17[Pt(PBut
3)],

(15) Mingos, D. M. P.; Evans, D. G. J. Organomet. Chem. 1983, 251,
C13.

Table 3. Selected Intramolecular Distances and
Angles for Compounds 12 and 14a

compound 12 compound 14

atoms distance (Å) atoms distance (Å)

Pt(1)-Fe(1) 2.5939(15) Pt(1)-Fe(1) 2.5898(14)
Pt(1)-Pt(2) 2.6056(7) Pt(1)-Pt(2) 2.6053(6)
Pt(2)-Fe(1) 2.5679(16) Pt(2)-Fe(1) 2.5719(14)
Pt(2)-Fe(2) 2.624(2) Pt(2)-Fe(2) 2.6248(18)
Pt(2)-Pt(2)* 2.6240(8) Pt(2)-Pt(2)* 2.6175(7)
Pt(2)-Pt(3) 2.7830(6) Pt(2)-Pd(1) 2.7861(10)
Pt(3)-Fe(2) 2.742(2) Pd(1)-Fe(2) 2.743(2)
Pt(3)-P(1) 2.293(4) Pd(1)-P(1) 2.357(4)
C-O (av) 1.127 C-O (av) 1.132

atoms angle (deg) atoms angle (deg)

Pt(1)-Pt(2)-Fe(2) 117.39(3) Pt(1)-Pt(2)-Fe(2) 117.73(3)
Pt(1)-Pt(2)-Pt(3) 102.888(19) Pt(1)-Pt(2)-Pd(1) 102.63(2)
Pt(2)-Pt(3)-Pt(2)* 56.255(19) Pt(2)-Pd(1)-Pt(2)* 56.04(3)
Pt(2)-Fe(1)-Pt(1) 60.63(3) Pt(2)-Fe(1)-Pt(1) 60.63(3)
Pt(2)-Fe(2)-Pt(3) 62.43(5) Pt(2)-Fe(2)-Pd(1) 62.49(5)
Fe(1)-Pt(1)-Pt(2) 59.19(4) Fe(1)-Pt(1)-Pt(2) 59.35(3)
Fe(1)-Pt(2)-Pt(1) 60.18(4) Fe(1)-Pt(2)-Pt(1) 60.03(3)
Fe(1)-Pt(2)-Fe(2) 154.70(6) Fe(1)-Pt(2)-Fe(2) 155.62(5)
Fe(1)-Pt(2)-Pt(3) 143.58(4) Fe(1)-Pt(2)-Pd(1) 142.72(4)
Fe(2)-Pt(2)-Pt(3) 60.86(4) Fe(2)-Pt(2)-Pd(1) 60.84(5)
Fe(2)-Pt(3)-Pt(2) 56.71(4) Fe(2)-Pd(1)-Pt(2) 56.67(4)
P(1)-Pt(3)-Fe(2) 159.65(14) P(1)-Pd(1)-Fe(2) 158.73(13)
P(1)-Pt(3)-Pt(2) 139.00(9) P(1)-Pd(1)-Pt(2) 139.70(8)
Pt-C-O (av) 177.1 Pt-C-O (av) 177.3
Fe-C-O (av) 176.1 Fe-C-O (av) 176.1

a Estimated SDs in the least significant figure are given in
parentheses.

Table 4. Selected Intramolecular Distances and
Angles for Compounds 13 and 15a

compound 13 compound 15

atoms distance (Å) atoms distance (Å)

Pt(1)-Fe(1) 2.5919(17) Pt(1)-Fe(2) 2.5954(11)
Pt(1)-Fe(2) 2.5957(17) Pt(1)-Fe(1) 2.5978(9)
Pt(1)-Pt(2) 2.6777(7) Pt(1)-Pt(2) 2.6582(3)
Pt(1)-Pt(3) 2.6827(6) Pt(1)-Pt(3) 2.6502(4)
Pt(2)-Fe(1) 2.5379(17) Pt(2)-Fe(1) 2.5263(9)
Pt(2)-Pt(3) 2.6917(6) Pt(2)-Pt(3) 2.6757(4)
Pt(2)-Pt(4) 2.7638(6) Pt(2)-Pd(1) 2.7409(6)
Pt(2)-Pt(5) 2.7469(6) Pt(2)-Pd(2) 2.7319(5)
Pt(3)-Fe(2) 2.5488(18) Pt(3)-Fe(2) 2.5362(10)
Pt(3)-Pt(4) 2.7619(6) Pt(3)-Pd(1) 2.7404(5)
Pt(3)-Pt(5) 2.7605(6) Pt(3)-Pd(2) 2.7521(5)
Pt(4)-Pt(5) 2.7545(6) Pd(1)-Pd(2) 2.7778(7)
Pt(4)-P(1) 2.300(3) Pd(1)-P(1) 2.3536(18)
Pt(5)-P(2) 2.294(3) Pd(2)-P(2) 2.3502(17)
C-O (av) 1.138 C-O (av) 1.129

atoms angle (deg) atoms angle (deg)

Pt(1)-Pt(2)-Pt(5) 111.88(2) Pt(1)-Pt(2)-Pd(2) 113.222(15)
Pt(1)-Pt(3)-Pt(5) 111.302(19) Pt(1)-Pt(3)-Pd(1) 110.171(15)
Pt(4)-Pt(3)-Pt(5) 59.840(15) Pd(1)-Pt(3)-Pd(2) 60.763(15)
Fe(2)-Pt(3)-Pt(4) 149.26(5) Fe(2)-Pt(3)-Pd(1) 148.64(3)
Fe(2)-Pt(3)-Pt(5) 150.08(5) Fe(2)-Pt(3)-Pd(2) 149.90(3)
P(1)-Pt(4)-Pt(3) 142.01(8) P(1)-Pd(1)-Pt(2) 142.41(5)
P(1)-Pt(4)-Pt(5) 152.07(8) P(1)-Pd(1)-Pt(3) 141.98(5)
Pt-C-O (av) 178.1 Pt-C-O (av) 178.9
Fe-C-O (av) 176.8 Fe-C-O (av) 176.5

a Estimated SDs in the least significant figure are given in
parentheses.

Figure 3. ORTEP diagram showing the molecular struc-
ture of Pt2Ru4(CO)17[Pt(PBut

3)], 16, showing 40% thermal
ellipsoid probabilities. Methyl groups have been omitted
for clarity.

Table 5. Selected Intramolecular Distances and
Angles for Compound 16a

atoms distance (Å) atoms angle (deg)

Pt(1)-Pt(2) 2.6753(3) Pt(1)-Pt(2)-Ru(3) 64.034(9)
Pt(1)-Pt(3) 2.8737(3) Pt(1)-Pt(2)-Pt(3) 63.163(7)
Pt(1)-Ru(1) 2.6228(4) Pt(2)-Ru(3)-Pt(1) 56.026(8)
Pt(1)-Ru(2) 2.8234(4) Pt(2)-Ru(4)-Ru(3) 60.523(11)
Pt(1)-Ru(3) 2.9004(4) Pt(3)-Pt(1)-Ru(3) 118.148(10)
Pt(2)-Pt(3) 2.8077(3) Ru(1)-Pt(1)-Pt(2) 113.667(11)
Pt(2)-Ru(2) 2.9959(4) Ru(1)-Pt(3)-Pt(1) 55.846(9)
Pt(2)-Ru(3) 2.7921(4) Ru(1)-Pt(3)-Pt(2) 106.711(11)
Pt(2)-Ru(4) 2.6888(4) Ru(4)-Ru(3)-Pt(1) 107.552(15)
Pt(3)-Ru(1) 2.7195(4) Ru(4)-Pt(2)-Ru(2) 164.085(13)
Pt(3)-Ru(2) 2.7977(4) P(1)-Pt(3)-Ru(2) 162.97(3)
Ru(1)-Ru(2) 2.7709(5) P(1)-Pt(3)-Pt(2) 128.58(3)
Ru(3)-Ru(4) 2.8452(5) Pt-C-O (av) 177.3
C-O (av) 1.136 Ru-C-O (av) 175.8

a Estimated SDs in the least significant figure are given in
parentheses.
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16, in 75% yield. The product was characterized by IR,
1H and 31P NMR, and single-crystal X-ray diffraction
analyses. An ORTEP diagram of the molecular structure
of 16 is shown in Figure 3. Selected intramolecular bond
distances and bond angles are listed in Table 5. The
structure of 16 was derived from that of 11 by the
addition of a Pt(PBut

3) group across the butterfly
arrangement of the four metal atoms Ru(1), Ru(2), Pt(1),
and Pt(2); see Figure 3 and eq 2. There is a bridging

carbonyl ligand across the Ru(2)-Pt(3) bond. The bond
distances of 16 are very similar to the parent compound
11. Unlike the M(PBut

3) addition reactions to 9, this
reaction involved the loss of one CO ligand from the
parent complex 11. Compound 11 also reacts with
Pd(PBut

3)2; however this product was not sufficiently
stable to be isolated and characterized.
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