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ABSTRACT: The dinuclear rhenium(II) complex Re,Br,(PMe;), was

prepared from the reduction of [Re,Brg]*~ with (n-Bu,N)BH, in the

presence of PMe; in propanol. The complex was characterized by Re,Br (PMe;),
single-crystal X-ray diffraction (SCXRD) and UV—visible spectroscopy. .

It crystallizes in the monoclinic C2/c¢ space group and is isostructural
with its molybdenum and technetium analogues. The Re—Re distance
(2.2521(3) A) is slightly longer than the one in Re,Cl,(PMe;),
(2.247(1) A). The molecular and electronic structure of Re,X,(PMe,),
(X = Cl, Br) were studied by multiconfigurational quantum chemical
methods. The computed ground-state geometry is in excellent be
agreement with the experimental structure determined by SCXRD.
The calculated total bond order (2.75) is consistent with the presence
of an electron-rich triple bond and is similar to the one found for
Re,Cl,(PMe,),. The electronic absorption spectrum of Re,Br,(PMe,), was recorded in benzene and shows a series of low-
intensity bands in the range 10 000—26 000 cm™". The absorption bands were assigned based on calculations of the excitation
energies with the multireference wave functions followed by second-order perturbation theory using the CASSCF/CASPT2
method. Calculations predict that the lowest energy band corresponds to the 6* — ¢* transition, while the next higher energy
bands were attributed to the 6* — #*, 6 —» ¢*, and 6 — #* transitions.
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1. INTRODUCTION X P

The study of dinuclear Re(II) complexes with the stoichiom- P\\\ / X

etry Re,X,(PR;), (X = Cl, Br, I; PRy = tertiary alkyl/aryl " Re==Re_

phosphine) contributed to the development of metal—metal / / \\

bond chemistry.! Historically, the first halogeno-phosphine P X b X

Re(II) complexes reported were Re,Cl,(PR;), (R; = Et;, i-Pr;,

Et,Ph, EtPh,, Meth).2 These complexes were obtained from Figure 1. Structural arrangement of Re,X,(PR;), complexes with D,

the reaction of the [Re,Clg]*” anion with the corresponding symmetry.
trialkyl-phosphine in alcoholic media and were characterized by
X-ray diffraction, electrochemical, and spectroscopic meth-
ods.””” In Re,X,(PR;),, the Re,** unit exhibits an “electron- '
rich” triple bond (Figure 1) with a ¢*z*6*5** ground-state The Re,X,(PMe;), (X = Cl, Br, I) dinuclear complexes are

electronic configuration.® Cyclic voltammetry experiments have fundamental compopnds. Requ4(P %?32)4 and Re214.(PMe3)4
demonstrated that the Re,*" unit undergoes two reversible one- have been extensively studied;”” " the chemistry of
electron oxidations to Re,** (6*7*625*!) and Re,*" (a22*82).”~° Re,Br,(PMe,), less so. The latter compound was first reported
Those redox properties were used in synthetic chemistry, and in 1985 and was characterized by elemental analysis and cyclic
[Re,X,(PR;),]PF; (X = Cl Br; R = Me, Et) were obtained voltammetry;” its crystallographic structure and electronic
from the chemical oxidations of Re,X,(PRs), with NOPFé.s’m spectrum have not been reported, and no electronic structure
Using this method, the [Re,X,(PMe,),]PF (X = Cl, Br) salts calculations have been performed. Interestingly, its Tc
were recently prepared and the electronic structure of the
[Re,X,(PMe,),]* cations was studied by magnetic circular Received: April 30, 2016
dichroism spectroscopy and theoretical calculations."" Published: July 7, 2016
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Figure 2. Ball-and-stick representation of Re,Br,(PMe,),. Color of atoms: C in gray, Re in teal, Br in orange, and P in pink. Hydrogen atoms are

omitted for clarity.

homologue, Tc,Br,(PMe;),, is well-studied from an exper-
imental and theoretical point-of-view."

A combined experimental and theoretical study of
Re,Br,(PMe,), will provide valuable information relevant to
group VII metal—metal bond chemistry; it will inform on the
effect of ligand and metal on the electronic structure of the
metal—metal bond in M,X,(PMe;), (M = T¢, Re; X = Cl, Br)
complexes. In this context, we revisited the chemistry of
Re,Br,(PMe,), and herein report its crystallographic structure.
The electronic structures of Re,X,(PMe;), (X = Cl, Br) were
studied by multiconfigurational quantum chemical methods
and compared to the corresponding Tc homologues. The
electronic spectrum of Re,Br,(PMe;), was recorded in
solution, and electronic transitions were assigned based on
calculations of the excitation energies with multireference wave
functions followed by second-order perturbation theory using
the CASSCF/CASPT2 method.

2. EXPERIMENTAL SECTION

Preparation. Reagent-grade solvents, trimethylphosphine (PMe,,
97%) and (n-BuyN),Re,Cl; were purchased from Sigma-Aldrich and
used as received. The (n-Bu,N),Re,Br; salt was prepared by treating
(n-BuyN),Re,Cl; in warm, concentrated HBr/MeOH and recrystal-
lized as reported in the literature.'*

Re,Br,(PMes),. Using modified procedures reported by Root, et al.
and Brant, et al,>* the compound (n-Bu,N),Re,Bry (1.00 g, 0.650
mmol) was suspended in 10 mL of i-PrOH under an argon
atmosphere in a 25 mL Schlenk flask charged with a Teflon stir bar
and warmed until it was completely dissolved. Trimethylphosphine
(460 puL, 5.16 mmol) was added to the suspension via a syringe, and a
dark green color was observed. The resulting mixture was then reacted
by gently warming. After S min, (n-Bu,N)BH, (1.90 g 7.38 mmol)
was added as the solid under ambient conditions, reacted for 10 min,
and then quickly cooled to 0 °C. After 1 h, a green precipitate
(Re,Br,(PMe;),, 650.0 mg, yield 61%) was recovered by centrifuga-
tion and washed with 3 mL of i-PrOH (X2) and 1 mL of hexane (X1).
Emerald-green crystals of Re,Br,(PMe,), were grown in a week at —25
°C from a toluene/hexane solution (1:2). The crystals were also
analyzed in the solid state by single-crystal X-ray diffraction (SCXRD)
and in solution by UV—visible spectroscopy (vide infra). IR (Figure
S1; ATR, v (em™)): 2963 (m), 2909 (m), 2874 (m), 2133 (w), 2002
(w), 1612 (w), 1420 (s), 1377 (m), 1292 (s), 1273 (s), 1157 (w),
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1064 (vw), 937 (vs), 907 (m), 848 (s), 702 (vw), 729 (s), 667 (s), 594
(w).
Single-Crystal X-ray Diffraction. SCXRD data were collected on
a Bruker Apex II system equipped with an Oxford nitrogen cryostream
operating at 100 K. Crystals were mounted under Paratone on a glass
fiber. Data processing was performed using the Apex II suite of
programs, and an absorption correction was performed with SADABS.
Structure determination (direct methods) and refinement were carried
out using SHELX97."®

Spectroscopy. UV—visible spectra were recorded at room
temperature in quartz cells (1 cm) on a Cary 6000i double-beam
spectrometer. Benzene was used as the reference.

Theoretical Calculations. Quantum chemical calculations were
performed using density functional theory (DFT) and multiconfigura-
tional Complete Active Space SCF (CASSCF) method,'® followed by
multistate second-order perturbation theory (MS-CASPT2)."” Full
geometry optimization of the Re,X,(PMe;), (X = Cl, Br) dimers was
performed at the DFT level employing the hybrid PBEO exchange—
correlation functional'® with triple-¢ valence plus polarization (def2-
TZVP) basis sets on all atoms. A quasi-relativistic pseudopotential was
used for the Re atom with 60 core electrons. The TURBOMOLE 6.0
program package was employed.]g The CASSCF/CASPT2 calcu-
lations were performed with the MOLCAS 7.8 package®® at the DFT-
optimized geometries. Relativistic all-electron ANO-RCC basis sets of
triple-¢ quality (VTZP) were used for Re, Cl, Br, and P, whereas
ANO-RCC basis sets of double-{ quality (VDZP) were used for C and
H.”' The TZVP basis corresponds to the following contractions:
8s7pSd3f2glh for Re, Ss4p2d1f for Cl and P, and 6s5p3d1f for Br. The
contraction for C and H was 3s2pld and 2slp, respectively. Scalar
relativistic effects were included using the Douglas—Kroll-Hess
Hamiltonian.”*

In the CASSCEF calculations, the complete active space contains 14
electrons in 12 active orbitals (14/12). This space comprises one 5do,
two Sdr, and one Sd6 Re—Re bonding orbitals and the corresponding
antibonding orbitals and two Re—L & bonding and the corresponding
antibonding orbitals. In the subsequent MS-CASPT2 calculations,
orbitals up to and including the 4d for Re, 2p for Cl and P, 3p for Br,
and 1s for C were kept frozen. Oscillator strengths were calculated
between the perturbed CASSCF states (with MS-CASPT2 energies),
employing the so-called dipole moment approximation in the velocity
representation, as implemented in the development version of Molcas
8.1.7*7>° The computational costs arising from the two-electron
integrals were drastically reduced by employing the Cholesky
decomposition (CD) technique’®™>® combined with the local
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Table 1. Selected Bond Lengths (A) and Angles (deg) for Re,Br,(PMe;),

Re(1)—Re(2) 2.2521(3)
Re(1)—Br(1) 2.5025(5)
Re(1)-P(1) 2.4181(11)
Re(2)—Br(2) 2.5051(5)
Re(2)-P(2) 2.4210(11)
P(1)-C(1) 1.826(5)
Re(2)—Re(1)—Br(1) 113.936(13)
Re(2)—Re(1)-P(1) 101.13(3)
Br(1)—Re(1)—P(1) 85.30(3)
Br(1)“—Re(1)—P(1) 85.72(3)
P(1)—Re(1)-P(1)* 157.75(6)
Re(1)—Re(2)—Br(2) 114.035(14)
Br(2)“—Re(2)—Br(2) 131.93(3)

P(1)-C(2) 1.816(5)
P(1)-C(3) 1.815(5)
P(2)-C(4) 1.830(5)
P(2)—C(5) 1.815(6)
P(2)-C(6) 1.823(5)
Re(1)—Re(2)—P(2)" 100.98(3)
Br(2)—Re(2)—P(2)" 85.43(3)
Re(1)—Re(2)—P(2) 100.98(3)
Br(2)—Re(2)-P(2) 85.67(3)
P(2)“—Re(2)—P(2) 158.05(6)
Re(1)—Re(2)—P(2)" 100.98(3)

“Symmetry transformations used to generate equivalent atoms: —x, y, —z + 1/2.

Table 2. Average Bond Lengths and Angles for Re,X,(PMe;), (X = Cl, Br, I)* and Re,Br,(P-n-Pr;),”""

distances (A)

angles (deg)

system M-M M-X
Re,Cl,(PMe;), 2.247(1) 2.380(2)
(2.251) (2.386)
Re,Br,(PMe;), 2.2521(3) 2.504(1)
(2.250) (2.535)
Re,Br,(P-n-Pr;), 2.253(4) 2.579(5)
Re,I,(PMe;), 2.2541(8) 2.7108(5)
Tc,Cl(PMe;), (ref 13a) 2.1318(2) 2.3858(4)
(2.118) (2.383)
Tc,Br,(PMe,), (ref 13a) 2.1316(5) 2.520(1)
(2.117) (2.532)

M-P M-M-X M-M-P
2.417(2) 113.05(6) 102.18(2)
(2.419)
2.420(2) 113.99(5) 101.06(1)
(2.430)
2.465(9) 105.4(1) 103.3(1)
2.427(2) 114.32(5) 102.48(5)
2.4356(4) 113.28(1) 102.04(1)
(2.425)
2.441(1) 114.35(1) 102.33(2)
(2.437)

“The corresponding values for Tc,X,(PMe;), (X = Cl, Br) from Ref 13a are given for comparison. Distances computed at the DFT/PBE0/def2-

TZVP level are given in parentheses.

exchange (LK) screening.”” The molecular orbital plots were
generated using the Luscus software.>

3. RESULTS AND DISCUSSION

Molecular Structure. The Re,Br,(PMe;), complex crys-
tallizes in the monoclinic space group C2/c and is isostructural
to M,X,(PMe;), (M = Tc, Mo, W; X = Cl, Br) and to
Re,Cl,(PMe;),."***"** It exhibits D,; symmetry and consists of
two eclipsed ReBr,(PMe,), units linked by a strong Re—Re
bond (Figure 2, Table 1). The short Re—Re separation,
2.2521(3) A, is consistent with the presence of an electron-rich
Re—Re triple bond. The Re—Re distance in Re,Br,(PMe,), is
slightly larger (~0.005 A) than in Re,Cl,(PMe,),, but shorter
(~0.002 A) than in Re,I,(PMe;), (Table 2). Steric effects
induced by the halogen ligands are presumably the cause of
these differences. The Re—Re separation is similar to the one
found in Re,Br,(P-n-Pr;), (ie, 2.253(4) A)'* and indicates
that the nature of the phosphine has a minor effect on the
metal—-metal separation. The Re—Re separation in
Re,Br,(PMe,), is 0.12 A larger than the one in Tc,Br,(PMe;),.
Usually, the metal-metal separations in Re dinuclear
complexes are ~0.1 A larger than those found in the Tc
analogues. Finally, the metal-metal separation in
Re,Br,(PMe;), is ~0.03 A larger than in (n-Bu,N),Re,Brg;>
this difference is due to the absence of a 6 bond in
Re,Br,(PMe,), (vide infra).

The average Re—Br (ie, 2.504(1) A) and Re-P (ie,
2.420(2) A) distances in Re,Br,(PMe,), are respectively ~0.08
and 0.05 A shorter than in Re,Br,(P-n-Pr;),; these differences
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are presumably due to steric effects induced by the bulkier
phosphine ligand. The Re—P distance in Re,Br,(PMe;), is
similar to the one found in Re,Cl,(PMe,), (ie., 2.417(2) A)."
The Re—Br and Re—P distances are both slightly shorter by
~0.02 A than the Tc—Br and Tc—P distances in
Tc,Br,(PMe,), (Table 2). Similarly, the M—M—Br and M—
M~P angles are larger in the Tc complex."> Those phenomena
may be due to steric effects induced by the shorter metal—metal
separation in the Tc complex. There is also the possibility that
metal—ligand #-bonding is greater in the rhenium complex than
in its technetium analogue.

Geometry optimizations of Re,X,(PMe;), (X = Cl, Br),
performed at the PBEOQ/def2-TZVP level of theory, indicate
that the calculated Re—Re, Re—X (X = Cl, Br), and Re—P bond
distances are in excellent agreement with the experimental
values (Table 2). Calculations confirm the experimental
observation that the Re—Re bond distance is virtually the
same in both Re,X,(PMe;), (X = Cl, Br) complexes and longer
than the metal—metal bonds in Tc,X,(PMe;), and [Re,X;]*"
dimers by ~0.13 and 0.03 A, respectively.”*** The Re—Cl
distance is 2.386 A, whereas Re—Br is significantly longer (i.e.,
2.535 A). The Re—P distances are 2.419 and 2.430 A in
Re,Cl,(PMe,), and Re,Br,(PMe,),, respectively.

Electronic Structure. The CASSCF/CASPT?2 calculations
were performed in order to investigate the nature of the Re—Re
bond in Re,X,(PMe;), (X = Cl, Br), and the results are
compared with the data published previously for the
Te,X,(PMe;), analogues.”” The CASSCF wave function is
analyzed in terms of its natural orbitals and their occupation
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numbers. The 12 molecular orbitals forming the active space
for Re,X,(PMe;), (X = Cl, Br) along with their occupation
numbers are presented in Figure 3. The dominant electronic

> - >

ReRes(1.92)  ReRem(1.92)  ReRen(1.92)  ReRed(1.99)

o

ReLo(1.99)

ReLo(1.99) ReLo*(0.01) ReLo*(0.01)

Figure 3. Active orbitals for Re,X,(PMe;), (X = Cl, Br) and their
occupation numbers in the ground state.

configuration in the 'A,, ground states of Re,Cl,(PMe;), and
Re,Br,(PMe,), has a weight of 88%. The two bonding Re—L
orbitals are mainly located on L (L = Cl, Br, and P), while the
corresponding antibonding orbitals have a large contribution
from the Re 5d,_,* orbital. The Re—Re bonding is quantified in
terms of effective bond order (EBO), defined as (b — 77a)/ (b
+ nja), where #b is the occupation number for the bonding
natural orbital and na is the occupation number for the
antibonding natural orbital. The results from the EBO analysis
are summarized in Table 3.

Table 3. Effective Bond Order, Total Bond Order, and M—M
Distances (DFT/PBE0/def2-TZVP Level) for M,X,(PMe;),
(M = Re, T¢; X = Cl, Br)'*®

effective bond order

compound M-M (A) o b4 ) total bond order
Re,Cl,(PMe,), 2251 092 184 001 277
Re,Br,(PMe,), 2250 092 184 001 277
Te,Cly(PMe;,), 2118 090 181 001 272
Te,Bry(PMe;), 2117 090 181 001 272

The EBO analyses performed for M,X,(PMe;), (M = Re,
Tc; X = Cl, Br) indicate that the nature of the metal or halogen
ligand has only a minor effect on the metal—metal bonding. As
evident from Table 3, the o and 7 orbitals have similar
occupancy, and in turn, the o and 7 bonds have approximately
the same strength. In Re,X,(PMe,),, the ¢ and 7 EBO values
are 0.92 and 1.84, respectively, which are slightly larger than
those in Tc,X,(PMe;), (i.e, 0.90 and 1.81, respectively). In all
the complexes, the occupancy of § and 6* orbitals is nearly
identical, which gives no contribution to the 6 bonds. The total
bond orders for the Re,X,(PMe;), complexes (2.77) are thus
only slightly larger than those for the Tc,X,(PMe,), analogues
(2.72).
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The bonding in Re,X,(PMe;), can also be compared to the
one in [Re,X;]*~ (Table 4).* While the 6 components in

Table 4. Effective Bond Order, Total Bond Order, and M—M
Distance (CASPT2/ANO-RCC-VTZP Level) for the
[M,X,]>” (M = Re, T¢; X = Cl, Br)**

effective bond order

compound ~M-M (A) o p ) total bond order
[Re,Cl > 2.230 092 176 057 325
[Re,Br,]> 2210 092 178 062 3.32
[Te,Cli > 2.170 088 168 047 3.03
[Tc,Brg]> 2173 088 169 050 3.07

Re,X,(PMe,), and [Re,X;]*" are identical (ie, 0.92), the «
component is stronger in Re,X,(PMe;), than in [Re,Xg]*"
(1.84 vs 1.76, respectively), accounting for a ~4% increase in
the strength of the # bonds. A similar observation has been
reported for their technetium analogues, where shortening of
the Tc—Tc distance in Tc,X,(PMe;), as compared to
[Tc,Xs]*~ was associated with significantly stronger 7 bonds
(~7%)."°* However, the main difference between
Re,X,(PMe,), and [Re,X;]*” systems is the existence of a
weak & bond (0.57 for X = Cl and 0.62 for X = Br) in
[Re,X;]*", resulting in a significantly larger total bond order
(ie, 325 for [Re,Clg]*™ and 3.32 for [Re,Brg]*”) than in
Re,X,(PMe;), (ie., 2.77). Hence, moderate strengthening of
the 7 bonds and absence of 6 bonding might be the origin of
the longer Re—Re separation in Re,X,(PMe,), relative to
[Re X"

Electronic Spectroscopy. In order to better understand
the electronic structure of Re,Br,(PMe,), UV—visible spec-
troscopy measurements and CASSCF/CASPT2 calculations
were performed. Crystals of Re,Br,(PMe,), were dissolved in
benzene, and the electronic absorption spectrum was recorded.
The UV—visible spectrum of Re,Br,(PMe,), (Figure 4) shows

100 1

25

0 L) L) L) L) T L) Ll L) L) 1
16 18 20 22 24 26 28 30
Wavenumber /10 * (cm")

Figure 4. Absorption spectrum of Re,Br,(PMe;), in benzene.

a series of four low-intensity bands in the region 10000—
26000 cm™'. As expected, the transitions in the electronic
absorption spectrum of Re,Br,(PMe;), (Table S) are of the
same nature as those previously reported for Tc,Br,(PMe;),,
ie, 0* —» o* > 6* - 7% > 6 —» o* > § » 7w*. The lowest
energy absorption band appears as a shoulder at 13000 cm™
and could correspond to the dipole forbidden 6% — o*
transition computed at 13 107 cm™" or to a very weak 5* —
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Table 5. Experimental Band Maxima (cm™'), Absorption
Coefficients ¢ (M™' cm™"), Assignment, CASPT?2 Excitation
Energies (cm™), and Intensities (Using the VTZP Basis Set)
for Re,Br,(PMe;),

excitation

experimental e assignment energy intensity
13 000 18 &% = o* 13107 DE“
&% > ReLo* 13818 <1.0 x 1078
16 000 88 5% - 1* 17 104 0.02
20 620 37 6 — o* 19 040 <1.0x 1078
24 240 66 6 - n* 24281 0.001

“DF = dipole-forbidden transition.

ReLo* transition (13 818 cm™), in which the antibonding Re—
L orbitals have a dominant contribution from the Re Sd,_
orbital. The strongest absorption (¢ = 88 M™' cm™) is
observed at 16000 cm™" and is assigned to the dipole-allowed
0% — m* transition. Its excitation energy is computed at 17 104
cm™. The next band is attributed to the § — ¢* transition, and
its calculated position (19040 cm™') matches well with the
experimental value (20 620 cm™"). The experimental positions
of the 6* — ¢* and 6 — o™ transitions permit an estimation of
the separation between the § and 5* orbitals (i.e., 0.95 eV). A
similar calculation for Tc,Br,(PMe;), indicates that the
separation between the § and §* orbitals is 0.65 eV."® Finally,
the band at 24240 cm™ is assigned to the § — #* transition,
which is allowed for molecules with D,; symmetry. The
positions of the 6 — 7* and 6* — #* transitions also permit an
estimation of the separation between the § and §* orbitals (i.e.,
1.03 eV). In a similar way, the estimated energy between the &
and &* orbitals for Tc,Br,(PMe;), is 0.68 eV. These results
indicate a stabilization of the J orbital and a destabilization of
the &* orbital in Re,Br,(PMe,), relative to Tc,Br,(PMe,),.

4. CONCLUSION

The Re,Br,(PMe;), complex was synthesized from the
reduction of [Re,Brg]*~ with (n-Bu,N)BH, in the presence of
PMe; in 2-propanol. The molecular and electronic structure
and the electronic spectrum of Re,Br,(PMe,), were studied by
experimental and theoretical methods. Re,Br,(PMe;), crystal-
lizes in the monoclinic C2/c space group and is isostructural
with its Mo and Tc analogues. The Re—Re distance in
Re,Br,(PMe,), is slightly larger than in Re,Cl,(PMe,), but
shorter than in Re,I,(PMe;),. The Re—Re separation is similar
to the one found in Re,Br,(P-n-Pry) and indicates that the
nature of the phosphine ligand weakly influences the metal—
metal bond.

The calculated molecular structures of Re,X,(PMe;), (X =
Cl, Br) are in excellent agreement with the structures
determined experimentally. Effective bond order analyses of
the o, 7, and 6 components in M,X,(PMe,), (M = Tc, Re; X =
Cl, Br) indicate that the nature of the metal or halogen ligand
has a minor effect on the metal-metal bonding. In all
complexes, the o and 7z orbitals have the same occupancy,
and in turn, the ¢ and 7 bonds have approximately the same
strength, while the occupancy of 6 and 6* orbitals is nearly
identical, giving no contribution to the 6 bond. In
Re,X,(PMe;),, the 0 and 7 components are slightly stronger
than those in Tc,X,(PMe;),, resulting in a slightly larger total
bond order value. This is likely a reflection of the greater radial
extension and overlap of the 7-bonds in the rhenium(II) dimer.
The bonding in Re,X,(PMe,), was also compared to the ones
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in the [Re,X;3]*". While the ¢ components are identical, the 7
component is stronger in Re,X,(PMe;), than in [Re,Xg]*",
accounting for a ~4% increase in the strength of the 7 bonds.
However, the [Re,X3]>” complexes have a strong & bond,
giving rise to significantly larger total bond orders as compared
to the ones in Re,X,(PMe;), The electronic spectrum of
Re,Br,(PMe;), was recorded in benzene and shows a series of
four low-intensity bands in the range 10000—26 000 cm™’.
Assignment of the bands was performed at the CASSCF/
CASPT?2 level of theory, with an excellent agreement between
the computed excitation energies and the experimental band
positions. Calculations predict that the lowest energy band
corresponds to the 0* — ¢* transition, while the energetically
consecutive bands are attributed to 6* — #*, 6 — 0%, and 6 —
7* transitions.

Notably, the complex Re,F,(PMe;), is still unknown,
although it should be accessible using a route similar to the
one reported for Mo,F,(PMe;),** Current work in our
laboratory is focused on the preparation of Re,F,(PMe;),,
and the results will be reported in due course.
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