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ABSTRACT: The compounds Re2(CO)8(μ-AuPPh3)2, 1, a dimer of Re(CO)4-
(μ-AuPPh3), and ax,ax-Re2(CO)8(PPh3)2 were obtained from UV−vis radiation-
induced decarbonylation of the compound Re(CO)5[Au(PPh3)]. Compound 1
contains two rhenium atoms bridged by two AuPPh3 groups. The complex has 32
valence electrons and is formally unsaturated by the amount of two electrons. The
Re−Re bond distance in 1 is unusually short (Re−Re = 2.9070(3) Å), as found by a
single-crystal structural analysis. The nature of the metal−metal bonding in 1 was
investigated by DFT computational analyses, which have provided evidence not only
for σ-bonding but also significant complementary π-bonding directly between the
two rhenium atoms. The electronic structure of Re2(CO)8(μ-H)2, 2, was similarly
analyzed and is compared with that of 1. Compound 1 is intensely colored due to
low-energy, metal-based electronic transitions between the HOMO and HOMO-2
and the LUMO. Compound 1 reacts with I2 to yield Re2(CO)8(μ-AuPPh3)(μ-I), 3,
and the known compound Re2(CO)8(μ-I)2, 4, by substitution of the bridging AuPPh3 groups with bridging iodide ligands.
Compound 3 is electronically saturated, 34 valence electrons, and contains a formal Re−Re single bond: Re−Re = 3.2067(5) Å.
Compound 3 was also in a high yield (83%) from the reaction of Re2(CO)8(μ-H)(μ-CHCHC4H9) with Au(PPh3)I. The Re−
Re bonding in compounds 3, 4, and Re2(CO)10 was also analyzed computationally, and this bonding was compared with their
bonding in 1 and 2.

■ INTRODUCTION

The similarities between the hydrogen atom and the Au(PPh3)
group are well-known.1 The two species are effectively isolobal and
both contain only one valence electron. H and the Au(PPh3) group
are well-known to bridge metal−metal bonds effectively in poly-
nuclear metal complexes.2,3 There are a number of hydride-bridged
metal carbonyl cluster complexes, such as Re2(CO)8(μ-H)2, A,

4

Os3(CO)10(μ-H)2,
5 B,5 Re4(CO)12(μ-H)4,

6 C, and higher nuclearity
cluster complexes, such as Pt2Re3(CO)9(P-t-Bu3)3(μ-H)6,

7 and
[Ru3(CO)8(μ3-CMe)(μ-H)2(μ3-H)]2,

8 that have attracted interest
because they are formally electronically unsaturated. Unsaturated
metal cluster complexes are of interest because they exhibit higher
reactivity than their electronically saturated counterparts.7−10

A few unsaturated triosmium carbonyl cluster complexes con-
taining the bridging Au(PR3) group(s) have also been prepared
(e.g., Os3(CO)10(μ-AuPEt3)2,

11 Os3(CO)10(μ-AuPPh3)(μ-H),
12

and Os3(CO)10(μ-AuPPh3)(μ-Ph)
13) that are related to Os3(CO)10-

(μ-H)2.
We have now prepared and characterized the new dirhenium

complex Re2(CO)8(μ-AuPPh3)2, 1, that contains two bridging

Au(PPh3) groups. The two rhenium atoms contain a total of 32
valence electrons, leaving the metal atoms formally unsaturated
by the amount of two electrons. In accord with this, the Re−Re
distance in 1 is unusually short. The metal−metal bonding in 1
was investigated by DFT computational analyses, which have
provided evidence for strong bonding directly between the two
rhenium atoms. For comparisons, the electronic structure of
Re2(CO)8(μ-H)2, 2, was also investigated. Reactions of 1 with
I2 were investigated and were found to provide the new elec-
tronically saturated compound Re2(CO)8(μ-AuPPh3)(μ-I), 3,
and the previously reported complex Re2(CO)8(μ-I)2, 4.

14 Com-
pound 3 was prepared independently in a high yield from the re-
action of Re2(CO)8(μ-H)(μ-CHCHC4H9) with Au(PPh3)I. The
Re−Re bonding in 3 and 4 was also investigated by computational
methods. Details of these studies are provided in this report.

■ EXPERIMENTAL SECTION
General Data. 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 360 FT-IR spectrophotometer.
Room-temperature 1H NMR and 31P{1H} NMR were recorded on
a Bruker Avance/DRX 400 NMR spectrometer operating at 400.3
and 162.0 MHz, respectively. Positive/negative ion mass spectra were
recorded on a Micromass Q-TOF instrument by using electrospray
(ES) ionization or electron impact (EI) ionization. UV−vis spectra
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were recorded on a (Agilent/Varian Cary 50) UV−vis spectrometer in
methylene chloride solvent at a concentration of 0.46 × 10−4 M.
Re(CO)5(AuPPh3),

15 Re2(CO)8(μ-H)(μ-CHCHC4H9),
16 and

Au(PPh3)I
17 were prepared by the previously reported procedures.

Product separations were performed by TLC in air on Analtech
0.25 mm silica gel 60 Å F254 glass plates.
Synthesis of Re2(CO)8(μ-AuPPh3)2, 1. A 45.0 mg (0.0572 mmol)

portion of Re(CO)5Au(PPh3) was dissolved in 25 mL of benzene and
irradiated for 30 min, and the solution turned to brown. The solvent
was removed in vacuo. The residue was separated by TLC by using a
4:1 hexane/methylene chloride (v/v) solvent mixture to yield in order
of elution: (1) a colorless band of Re2(CO)10, 0.7 mg (4% yield), (2) a
colorless band identified as Re2(CO)8(PPh3)2,

16 6.7 mg (21% yield),
and (3) a red band of Re2(CO)8(μ-AuPPh3)2, 1, 7.6 mg (18% yield).
Spectral data for 1: IR νCO (cm−1 in methylene chloride): 2065(w),
2028(s), 1976(vs), 1942(m), 1917(s). 1H NMR (CD2Cl2, in ppm):
δ = 7.20−7.36 (m, 30H, Ph). 31P NMR (CD2Cl2, in ppm): δ = 76.17
(s). Mass Spec. EI/MS m/z: 1514, M+, 1486, M+ − CO. The isotope
distribution pattern is consistent with the presence of two gold atoms
and two rhenium atoms. The UV−vis absorption spectrum in CH2Cl2
solvent: λ max = 327 nm, ε = 6692 cm−1 M−1, λ max = 420 nm, ε = 2820
cm−1 M−1, and λ max = 493 nm, ε = 5836 cm−1 M−1.
Synthesis of Re2(CO)8(μ-AuPPh3)(μ-I), 3. A 3.2 mg (0.0126

mmol) portion of I2 was added to 19.0 mg (0.0125 mmol) of 1 in
10 mL of benzene. The solution was stirred at room temperature for
15 min. During this time, the solution turned from orange to yellow.
The solvent was removed in vacuo, and the products were separated
by TLC by using a 4:1 (v/v) hexane/methylene chloride solvent mix-
ture to yield in order of elution: (1) a yellow band of 1.9 mg of
Re2(CO)8(μ-AuPPh3)(μ-I), 3, (13% yield), and (2) a colorless band of
Au(PPh3)I, 4.9 mg (33% yield). Spectral data for 3: IR νCO (cm−1 in
methylene chloride): 2094(w), 2064(m), 2005(s), 1972(m), 1935(m).
31P NMR (CD2Cl2, in ppm): δ = 76.79 (s). Mass Spec. EI/MS m/z:
1182, M+, 1154, M+ − CO. The isotope distribution pattern is con-
sistent with the presence of one gold atom and two rhenium atoms.
Alternative Synthesis of 3. A 45.0 mg (0.0661 mmol) portion of

Re2(CO)8(μ-H)(μ-CHCHC4H9) was added to 38.8 mg (0.0661
mmol) of Au(PPh3)I in 20 mL of hexane. The solution was refluxed
for 30 min. After cooling, the solvent was removed in vacuo and the
product was isolated by TLC by using hexane solvent to give a yellow
band of 3, 65.0 mg (83% yield).
Synthesis of Re2(CO)8(μ-I)2, 4, from the reaction of 1 with I2.

A 6.6 mg (0.026 mmol) portion of I2 was added to a solution of
20.0 mg (0.0125 mmol) of 1 in 10 mL of benzene. The solution was
stirred at room temperature for 15 min. During this time, the solution
turned from orange to colorless. The solvent was removed in vacuo, and
the residual was separated by TLC by using a 4:1 (v/v) hexane/
methylene chloride solvent mixture to give two products in order of
elution: (1) a colorless band containing 3.6 mg of Re2(CO)8(μ-I)2,

14 4
(32% yield), and (2) a colorless band of Au(PPh3)I, 4.0 mg (26% yield).
Spectral data for 4: IR νCO (cm−1 in methylene chloride): 2107(m),
2030(s), 1997(m), 1960(m). Mass Spec. EI/MS m/z: 850, M+.
Reaction of 3 with I2. A 3.2 mg (0.0126 mmol) portion of I2 was

added to 30.0 mg (0.0125 mmol) of 3 that was dissolved in 10 mL of
benzene. The solution was then stirred for 15 min at room tem-
perature. During this time, the color of the solution turned from
yellow to colorless. The solvent was removed in vacuo. The products
were isolated by TLC by using a 4:1 hexane/methylene chloride (v/v)
solvent mixture to give two products in order of elution: (1) a
colorless band that contained 5.0 mg of 4 (23% yield) and (2) a
colorless band of Au(PPh3)I, 9.8 mg (66% yield).
Crystallographic Analyses. Red crystals of 1 suitable for X-ray

diffraction analyses were obtained from a methylene chloride/hexane
solution by slow evaporation of a solvent at 25 °C. Yellow crystals of 3
suitable for X-ray diffraction analyses were obtained from a benzene/
octane solution by slow evaporation of a solvent at 15 °C. X-ray
intensity data were measured by using a Bruker SMART APEX CCD-
based diffractometer by using Mo Kα radiation (λ = 0.71073 Å). The
raw data frames were integrated with the SAINT+ program by using
a narrow-frame integration algorithm.18 Corrections for Lorentz and

polarization effects were also applied using SAINT+. An empirical
absorption correction based on the multiple measurement of equivalent
reflections was applied using the program SADABS. All structures were
solved by a combination of direct methods and difference Fourier syn-
theses, and were refined by full-matrix least-squares on F2 by using the
SHELXTL software package.19 Crystal data, data collection parameters, and
results of the analyses are available in the Supporting Information.

Computational Details. Density functional theory (DFT) cal-
culations were performed with the Amsterdam Density Functional (ADF)
suite of programs20 by using the PBEsol functional21 with the valence
quadruple-ζ + 4 polarization function, relativistically optimized (QZ4P)
basis sets for rhenium and gold, the valence triple-ζ + 2 polarization
function (TZ2P) basis set for iodide, and double-ζ function (DZ) basis sets
for the phosphorus, carbon, oxygen, and hydrogen atoms with nonfrozen
cores. The molecular orbitals for 1−4 and Re2(CO)10 and their energies
were determined by geometry-optimized calculations, with scalar relativistic
corrections, that were initiated by using the atom positional parameters as
determined from the crystal structure analyses. Electron densities at the
bond critical points and Mayer bond orders were calculated by using the
Bader quantum theory of atoms in molecules (QTAIM) model.22,23

Natural bond orbital (NBO) analyses were performed using the GENNBO
6.0 package embedded in ADF 2013.24 Time-dependent DFT (TDDFT)
calculations were performed for models in the gas phase by using the
PBEsol functional with the same basis sets.

Figure 1. ORTEP diagram of the molecular structure of Re2(CO)8(μ-
AuPPh3)2, 1, showing 40% thermal ellipsoid probability. The hydrogen
atoms are omitted for clarity. Selected interatomic bond distances (Å)
and angles (deg) are as follows: Re1−Au1 = 2.7914(2), Re1−Au1* =
2.7977(2), Re1−Re1* = 2.9070(3), Au1−P1 = 2.3308(11); Au1−
Re1−Au1* = 117.320(6), Re1−Au1−Re1* = 62.681(6), P1−Au1−
Re1 = 145.57(3), P1−Au1−Re1 = 147.68(3).
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■ RESULTS AND DISCUSSION

Photolytic decarbonylation of the compound Re(CO)5[Au-
(PPh3)] led to formation of the new complex dirhenium com-
plex Re2(CO)8(μ-AuPPh3)2, 1, in 18% yield. A coproduct in
this reaction was the dirhenium complex ax,ax-Re2(CO)8-
(PPh3)2

15 (21% yield). Both compounds were characterized
crystallographically. See the Supporting Information for details
on the structural analysis of Re2(CO)8(PPh3)2. An ORTEP
diagram of the molecular structure of 1 is shown in Figure 1. In
the solid state, the complex sits on a crystallographic center of
symmetry. The molecule contains two Re(CO)4 groups linked
by two bridging AuPPh3 groups. The two independent Re−Au
bond distances, Re1−Au1 = 2.7914(2) Å and Re1−Au1* =
2.7977(2) Å, are similar to those found in the compounds
Re2(CO)8[μ-Au(PPh3)](μ-C2Ph),

25 2.744(1) and 2.844(2) Å,
and Re2(CO)8[μ-Au(PPh3)](μ-C4Fc)

26 (Fc = ferrocenyl),
2.7369(3) and 2.8268(3) Å. The Re−Re distance in 1 is
2.9070(3) Å, which is significantly shorter than the Re−Re single
bond distance found in Re2(CO)10: Re−Re = 3.041(1) Å.27 The
dirhenium center in 1 contains only 32 valence electrons and is
thus formally unsaturated. Compound 1 is structurally similar to
Re2(CO)8(μ-H)2, 2, which has two bridging hydrido ligands in
the locations of the bridging Au(PPh3) groups of 1. Compound
2 is also formally unsaturated and has a similarly short Re−Re
distance, 2.876(1) Å.4 Compound 2 also contains only 32
valence electrons and has been variously described as having no

direct bonding between the two Re atoms,28 A, a Re−Re single
bond, D, or a Re−Re double bond, E.4b

Jeiowska-Trzebiatowska et al. analyzed the electronic structure
of 2 by using Fenske−Hall (FH) and extended Hückel (EH)
methods.28 King reported MPW1PW91 and BP86 geometry-
optimized DFT calculations for 2.29 To investigate the nature of
the Re−Re bonding in 1, we have performed geometry-optimized
PBEsol DFT molecular orbital calculations. For the purposes of
comparison, we have also performed similar DFT calculations
upon 2; see below.
Selected DFT MOs that show the bonding interactions between

the Re and Au atoms in 1 are shown in Figure 2. There is evidence
for direct Re−Re bonding in the HOMO, the HOMO-5, and the
HOMO-25. The HOMO-5 is a totally symmetric A1g orbital that is
dominated by a 4-center bonding interaction that lies principally in
the plane of the Re2Au2 core of the molecule. The HOMO-2 is
dominated by a delocalized 4-center interaction about the Re2Au2
core of the molecule with a node along the Re−Re vector. The
HOMO-7 provides evidence for a significant d−d π-bonding
interaction that lies perpendicular to the Re2Au2 plane of the
molecule. The low-lying HOMO-25 shows evidence of direct
σ-bonding interaction between the two Re atoms.

Figure 2. Selected molecular orbital diagrams of the LUMO+1, LUMO, HOMO, HOMO-1, HOMO-2, HOMO-5, HOMO-7, and HOMO-25
(isovalue = 0.04) with calculated energies showing the nature of the bonding in the Re2Au2 core of the structure of 1.
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Figure 3 shows the QTAIM analyzed bond paths about
the Re2Au2 core and lists the electron densities at selected
bond critical points (BCPs) that were obtained from the
DFT-optimized structure of 1. Interestingly, there is a significant
electron density of 0.051 e/bohr3 at the Re−Re BCP. It is
almost as large as the electron density at the Re−Au BCPs,
0.055 and 0.056 e/bohr3. This supports the idea of a significant
direct Re−Re bonding interaction in 1. Within the framework
of the isolobal analogy, Re2(CO)10 probably provides the best
example of a Re−Re σ-type single bond.30,31 For comparison,
we have similarly calculated the QTAIM electron density at
the Re−Re BCP of Re2(CO)10 by using our PBEsol DFT-
optimized analysis. The HOMO of Re2(CO)10 is consistent
with the presence of a strong Re−Re σ-bond; however, the mo-
lecular orbital calculations also show that there are two orbitals,
HOMO-3 and HOMO-4, that exhibit some supplementary Re−Re
π-type bonding interactions; see the Supporting Information.
The QTAIM electron density for Re2(CO)10 at the Re−Re
BCP obtained by this calculation was 0.038 e/bohr3. A
comparison with that of 1 would lead one to the conclusion
that the Re−Re bonding interaction in 1 is significantly
greater than that in Re2(CO)10. Indeed, the π-interaction

represented in the HOMO-7 of 1 supports the idea of a
partial multiple bonding character directly between the two
rhenium atoms. To pursue the Re−Re bonding analysis
further, we have also performed NBO analyses of 1. These
calculations provided Mayer indices, natural atomic orbitals
(NAOs), natural localized molecular orbitals (NLMOs),
and a natural population analysis (NPA). These results are
presented in Table 1 together with the corresponding results
for Re2(CO)10 and for compounds 2, 3 and 4; see below. The
Mayer, NAO, NLMO/NPA, and Wiberg indices for 1 are
0.777, 0.192, 0.624, and 0.224, respectively. The corresponding
Re−Re values for Re2(CO)10, 0.264, 0.0324, 0.284, and 0.0922,
are all considerably smaller than those of 1. If we assume that
the Re−Re bond order in Re2(CO)10 is formally 1.0, then it is
reasonably concluded that the Re−Re bond order in 1 is
greater than 1.0 by all of these measures.
Compound 1 is intensely red in color. Accordingly, a UV−vis

spectrum of 1 was obtained. This spectrum is shown in Figure 4a.
It exhibits three absorptions in the visible region of the
spectrum, λ max = 327 nm, ε = 6692 cm−1 M−1, λmax = 420 nm,

Figure 3. Selected electron densities at bond critical points shown in
red calculated by the QTAIM method by using the DFT-optimized
structure of 1.

Table 1. NBO Analyses of the Re−Re Bond Orders Calculated for 1−4 and for Re2(CO)10

compound Mayer bond ordera NAO bond orderb NLMO/NPA bond ordersb Wiberg bond indexc

1 0.777 0.192 0.624 0.224
2 0.522 0.134 0.480 0.180
3 0.457 0.0888 0.319 0.118
4 0.124 −8.8 × 10−3 1.32 × 10−2 6.4 × 10−3

Re2(CO)10 0.264 0.0324 0.284 0.0922

aSee ref 34. bNAO = natural atomic orbital, NLMO = natural localized molecular orbitals, NPA = natural population analysis. cSee ref 35.

Figure 4. (a) UV−vis absorption spectrum of 1 in CH2Cl2 solvent. (b)
TDDFT calculated UV−vis absorption spectrum of 1.
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ε = 2820 cm−1 M−1, and λmax = 493 nm, ε = 5836 cm−1 M−1,
that correlate to electronic transitions between the orbitals
in the Re2Au2 core of the molecule. A time-dependent DFT
(TDDFT) analysis of the electronic transitions has provided the
spectrum shown in Figure 4b. The major visible transition at
493 nm (calculated at 525 nm) is attributed to two closely
spaced allowed transitions: (1) from the HOMO (74%) and
the HOMO-2 (22%) to LUMO ( f = 0.074) and (2) from the
HOMO-2 (75%) and the HOMO (22%) to LUMO ( f = 0.032).
The observed shoulder at 420 nm, calculated to be at 476 nm, is
attributed to the HOMO-4 (98%, f = 0.0043) to LUMO. The
absorption at 327 nm, calculated to be at 372 nm, is attributed
to the HOMO-2 (94%, f = 0.155) to LUMO+1 transition; see
Figure 2 for the MOs.
To compare the influence of the Au(PPh3) group with H, we

have also performed a geometry-optimized DFT analysis of 2.
Selected MOs that focus on the bonding in the Re2H2 core of
the molecule are shown in Figure 5. The HOMO-3 and HOMO-7
show evidence for direct Re−Re interactions, although they
also include substantial overlaps with the two hydrogen atoms.
The HOMO-28 is a low-lying symmetric orbital with a signif-
icant component delocalized about the Re2H2 core, but this
orbital also contains significant contributions from the σ-bonding
from the four in-plane CO ligands that are largely responsible
for its low energy. The HOMO-5 shows that there is significant
out-of-plane Re−Re π-bonding as also found in the HOMO-7
in 1. The HOMO-6 and HOMO-23 show bonding that is pre-
dominantly between hydride ligands and the metal atoms.
Figure 6 shows the QTAIM analyzed bond paths about the
Re2H2 core and includes selected electron densities at the BCPs
obtained from the optimized structure of 2. Most interestingly,
the electron density along the Re−Re vector (calculated at the
ring point of the Re2H2 core) is even larger, 0.058 e/bohr

3, than
that in 1. The Mayer, NAO, NLMO/NPA, and Wiberg indices
for the Re−Re interaction in 2 are similar to those for 1 (see
Table 1) and lead to the conclusion that the Re−Re bonding
in 2 is also partially multiple in character and very similar to
that in 1. Note: this result differs from the FH and EH analyses
performed some years ago, where it was concluded that there is
practically no direct M−M bond.28

To investigate the reactivity of 1, vis-a-̀vis, its electronic un-
saturation, the reaction of 1 with I2 was performed. When

compound 1 was allowed to react with I2, the new compound
Re2(CO)8(μ-AuPPh3)(μ-I), 3, was obtained in 13% yield.
Compound 3 was obtained independently in a much better
yield (83%) from the reaction of Re2(CO)8(μ-H)(μ-CH
CHC4H9) with Au(PPh3)I. Compound 3 was found to react
with I2 to yield Re2(CO)8(μ-I)2, 4, in 23% yield. Compound 4
can be obtained directly from 1 in 32% yield by using an
excess of I2.
Compound 3 was characterized by a single-crystal X-ray

diffraction analysis, and an ORTEP diagram of the molecular
structure is shown in Figure 7. The two rhenium atoms are held
together by one bridging AuPPh3 group and one bridging
iodide ligand. The Re−Re bond distance in 3 at 3.1890(12) Å
is approximately 0.3 Å longer than that in 1 and 2 and approx-
imately 0.15 Å longer than that in Re2(CO)10. Because the
iodide ligand serves formally as a three-electron donor, the two
rhenium atoms in 3 contain a total of 34 valence electrons, and
a formal Re−Re single bond is anticipated. This is consistent
with the increased length of the Re−Re distance relative to that
of 1 and 2. The Re−Au distances are similar to those found
in 1: Re2−Au1 = 2.7871(9) Å and Re1−Au1 = 2.7935(9) Å.
The Re−Re and Re−Au distances in 3 are similar to those
observed in the following compounds: Re2(CO)8(μ-AuPPh3)-
(μ-PPh2),

32 Re−Re = 3.225(2) Å, Re−Au = 2.810(2) and

Figure 5. Molecular orbital diagrams of the HOMO-3, HOMO-5, HOMO-6, HOMO-23, and HOMO-28 (isovalue = 0.04) with calculated energies
showing the bonding in the Re2H2 core of the structure of 2.

Figure 6. Selected electron densities at bond critical points shown in
red and the Re2H2 ring point (in green) calculated by the QTAIM
method by using the DFT-optimized structure of 2.
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2.764(2) Å, and Re2(CO)8(μ-AuPPh3)(μ-S-2-naphthyl),
33 Re−

Re = 3.1356(7) Å, Re−Au = 22.7853(8) and 2.8110(7) Å.33

The Re−I distances are Re1−I1 = 2.7566(14) Å and
Re2−I1 = 2.7845(14) Å, but both are significantly shorter than
the distances found in the diiodide complex 4, 2.827(2), 2.826(2),
2.813(2), and 2.814 (2) Å, which contains no formal Re−Re bond.14
NBO analyses of 3 and 4 were also performed; see Table 1.

Assuming that the iodide ligand is a three-electron donor and
all bonds are of a 2 center−2 electron type, the Re−Re bond
order in 3 should be 1. The NBO bond orders for 3 are slightly
larger than those for Re2(CO)10 but smaller than those for 1
and 2. The QTAIM electron density at the Re−Re BCP in 3 at
0.0357 e/bohr3 is only slightly larger than that in Re2(CO)10.
Perhaps, the notion of the iodide ligand as a three-electron
donor having two 2 center−2 electron σ-bonds to the Re atoms
is too simple. Indeed, the HOMO-14, HOMO-15, and
HOMO-16 obtained for 3 in our DFT calculations show
both delocalized σ- and π-bonding interactions between the
iodide ligand and the two rhenium atoms; see Figure 8. The
effect of this bonding on the formal Re−Re bond order is
difficult to evaluate, but the 3-center σ-bonding of the Re2I
group shown in the HOMO-16 could lead to a slight increase
in the electron density at the Re−Re BCP as observed.
Formally, there is no need for the formation of a Re−Re

bond in compound 4. With two bridging iodide ligands serving
as three-electron donors, both Re atoms have 18 electron
configurations. The observed Re−Re distance in 4 is long at
4.218(2) Å14 and is consistent with the absence of a Re−Re
bond. Consistent with this, the Mayer, NAO, NLMO/NPA,
and Wiberg indices that were obtained after a geometry-
optimized PBEsol MO refinement of the structure of 4 were all
close to zero as expected.

■ SUMMARY AND CONCLUSIONS
The doubly-Au(PPh3) bridged unsaturated complex 1 has been
prepared by the photodecarbonylation of Re(CO)5[Au(PPh3)].
It is assumed that 1 was subsequently formed by the
dimerization of two unobserved 16-electron “Re(CO)4[Au-
(PPh3)]” groups. Concurrently, the dirhenium complex ax,ax-
Re2(CO)8(PPh3)2 was formed. This could have been formed by
the loss of Au from the incipient “Re(CO)4[Au(PPh3)]”,
followed by the dimerization of two Re(CO)4(PPh3) radicals.
Compound 1 is analogous to the unsaturated, doubly hydride
bridged complex 2. Both compounds possess short Re−Re bond
distances. Computational analyses suggest the existence of partial
multiple Re−Re bonds in both 1 and 2. It can be concluded that
Au(PPh3) and H have similar effects on the Re−Re bonding in
these two compounds. Compound 1 reacts with I2 to yield the
compounds 3 and 4. This reaction appears to follow the sequence
of two steps shown in eq 1. Indeed, we have confirmed
independently that 3 does reacts with I2 to yield 4.

The sequential replacement of the bridging one-electron
Au(PPh3) groups with three electron-donating bridging iodide

Figure 8. Molecular orbital diagrams of the HOMO-1, HOMO-14,
HOMO-15, and HOMO-16 (isovalue = 0.04) with calculated energies
showing the bonding in the Re2AuI core of the molecule of 3.

Figure 7. ORTEP diagram of the molecular structure of Re2(CO)8(μ-
AuPPh3)(μ-I), 3, showing 30% thermal ellipsoid probability. The hydrogen
atoms are omitted for clarity. Selected interatomic bond distances (Å)
and angles (deg) are as follows: Re1−Re2 = 3.1890(12), Re2−Au1 =
2.7871(9), Re1−Au1 = 2.7935(9), Re1−I1 = 2.7566(14), Re2−I1 =
2.7845(14), Au1−P1 = 2.322(4); I1−Re1−Au1 = 110.31(4), Au1−Re2−
I1 = 109.68(4), Re2−Au1−Re1 = 69.70(3), Re1−I1−Re2 = 70.27(3),
Re1−Au1−P1 = 146.92(11), Re2−Au1−P1 = 143.27(11).
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ligands reduces the direct Re−Re bonding present in 1 until it
is virtually eliminated in compound 4.
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