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The substitution of the µ-acetato ligands in cis-Re2(µ-O2CCH3)2-
Cl2(µ-dppm)2 (1, dppm ) Ph2PCH2PPh2) and trans-Re2(µ-O2-
CCH3)2Cl2(µ-dppE)2 (2, dppE ) Ph2PC(dCH2)PPh2) by [4-Ph2-
PC6H4CO2]- occurs with retention of stereochemistry to give cis-
Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppm)2 (3) and trans-Re2(µ-O2CC6H4-
4-PPh2)2Cl2(µ-dppE)2 (6), respectively. The uncoordinated phosphine
groups in complexes 3 and 6 have been used to form mixed-
metal assemblies with Au(I) and Pd(II), including the Re2Pd2

complex cis-Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppm)2(Pd2Cl4) (5), in
which the planar [(P)ClPd(µ-Cl)2PdCl(P)] unit has the unusual cis
structure. The crystal structures of 3 and 5 have been determined.

We have shown that the triply bonded complexcis-Re2(µ-
O2CCH3)2Cl2(µ-dppm)2 (1, PP) Ph2PCH2PPh2 (dppm))1,2

reacts with bridging dicarboxylic acids such as terephthalic
acid and trans-1,4-cyclohexanedicarboxylic acid to form
supramolecular triangles [cis-Re2Cl2(µ-dppm)2(µ-O2CRCO2)]3,
where R) C6H4 or C6H10, and with 1,1′-ferrocene dicar-
boxylic acid to give the trimetallic complexcis-Re2Cl2(µ-
dppm)2[(µ-O2CC5H4)2Fe].3 In addition, the acetate ligands

of 1 can be displaced by isonicotinic acid to givecis-Re2(µ-

O2CC5H4N)2Cl2(µ-dppm)2 that can be used to obtain a new
type of molecular square composed of alternating triply
bonded dirhenium(II) and mononuclear platinum(II) units at
the corners.4 We now address two questions. (1) What are
the stereochemical and structural consequences of using an
unsymmetrical linker ligand such as [4-Ph2PC6H4CO2]-, in
which the non-carboxylate donor group (in this case a
phosphine) is not part of a delocalized ring system, as is the
case with the N atom of the isonicotinate bridging ligand?
(2) Will the displacement of the acetate groups in trans
isomers of type2 proceed with the retention of this trans
structure? To this end we have examined the reactions of
cis-Re2(µ-O2CCH3)2Cl2(µ-dppm)2 (1)1,2 andtrans-Re2(µ-O2-
CCH3)2Cl2(µ-dppE)2 (2, PP) Ph2PC(dCH2)PPh2 (dppE))5

with 4-Ph2PC6H4CO2H, a reagent that serves as a prototype
for other substituted benzoic acids of the type 4-XC6H4CO2H.

The reaction of1 with 4-(diphenylphosphino)benzoic acid6

in refluxing ethanol affords red crystallinecis-Re2(µ-O2-
CC6H4-4-PPh2)2Cl2(µ-dppm)2 (3) in almost quantitative
yield.7 The31P{1H} NMR spectrum of3 (recorded in CDCl3)
shows singlets atδ ) -4.6 andδ ) -10.0 that are assigned
to the uncoordinated P atoms of the cis pair of [4-Ph2PC6H4-
CO2]- ligands and to theµ-dppm ligands, respectively; the
corresponding resonances for free 4-Ph2PC6H4CO2H and1
in CDCl3 are atδ ) -4.1 andδ ) -8.9, respectively.
Confirmation of the structure of3 was established by X-ray
crystallography (see Figure 1).8 The distance Re(1)-Re(2)
is 2.304(2) Å and is very similar to the RetRe distance in
1 (2.3151(7) Å).1
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The potential of using3 as a precursor to mixed-metal
assemblies is shown by its reactions with AuCl(tht)9 to afford
red cis-Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppm)2(AuCl)2 (4)10

and with Pd(COD)Cl211 to give the Re2Pd2 complex cis-
Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppm)2(Pd2Cl4) (5).12 The
complexation of the free phosphine groups in3 by Au(I)
was confirmed by31P{1H} NMR spectroscopy which showed
that a CDCl3 solution of4 had a pair of singlets atδ ) +33.5
andδ ) -9.9, the most downfield resonance being assigned
to the coordinated PPh2 groups. The identity of5, which
was insoluble in polar and nonpolar organic solvents, was
established by X-ray crystallography (see Figure 2).13 The
Re-Re distance of 2.3295(6) Å is lengthened slightly (by
up to 0.025 Å) relative to the Re-Re distances in11 and3
(Figure 1) but is still typical of a RetRe bond. The

coordination of the P atoms of3 to a [Pd2(µ-Cl)2Cl2] unit
creates a Re2Pd2 assembly in5 that is quite distinct from
the Re2Pt2 supramolecular square that has been obtained with
the use of the isonicotinate complexcis-Re2(µ-O2CC6H4N)2-
Cl2(µ-dppm)2.4 The formation of5 is of additional note
because it involves3 behaving as a chelating phosphine to
form a planar dipalladium(II) species of the type (R3P)ClPd(µ-
Cl)2PdCl(PR3) in which the phosphines are cis to one another.
To our knowledge only the trans isomers of Pd2(µ-Cl)2Cl2-
(PR3)4 (where PR3 represents a wide range of phosphine
ligands14 as well as phosphites15) have previously been
structurally characterized. The insertion of the [ClPd(µ-
Cl)2PdCl] unit between the pair of cis Ph2P groups in3 leads
to a large increase in this nonbonding P‚‚‚P distance from
4.975 Å in 3 to 6.757 Å in 5. However, the O-Re-O
“corner” angles in5 (i.e., O(31)-Re-O(32)) 75.2(2)°) are
actually smaller than in3 (O(1)-Re(1)-O(3) ) 80.04(11)°
and O(2)-Re(1)-O(4) ) 78.43(11)°), reflecting the flex-
ibility of the [4-Ph2PC6H4CO2]- linker ligands.
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Figure 1. ORTEP representation of the structure of the dirhenium molecule
cis-Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppm)2 as present in the crystals of3‚
2EtOH. Thermal ellipsoids are drawn at the 50% probability level except
for the carbon atoms, which are circles of arbitrary radius. Selected bond
distances (Å) and bond angles (deg) are as follows: Re(1)-Re(2) 2.3040(2),
Re(1)-O(1) 2.144(3), Re(1)-O(3) 2.150(3), Re(1)-Cl(1) 2.5562(11),
Re(2)-O(2) 2.129(3), Re(2)-O(4) 2.141(3), Re(2)-Cl(2) 2.5347(11);
O(1)-Re(1)-O(3) 80.04(11), P(5)-Re(1)-P(7) 94.06(4), Re(2)-Re(1)-
Cl(1) 167.05(3), O(2)-Re(2)-O(4) 78.43(11), P(6)-Re(2)-P(8) 93.10(4),
Re(1)-Re(2)-Cl(2) 167.37(3).

Figure 2. ORTEP representation of the structure of the Re2Pd2 complex
cis-Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppm)2(Pd2Cl4) (5). This molecule con-
tains a crystallographic 2-fold rotational axis that contains atoms Cl(12)
and Cl(13) and bisects the Re-Re bond. Thermal ellipsoids are drawn at
the 50% probability level except for the phenyl group atoms of the dppm
ligands and diphenylphosphino groups, which are circles of arbitrary radius.
Selected bond distances (Å) and bond angles (deg) are as follows: Re-
Re(a) 2.3295(6), Re-O(31) 2.134(5), Re-O(32) 2.167(5), Re-Cl(1)
2.517(2), Pd-P(3) 2.212(2), Pd-Cl(11) 2.268(2), Pd-Cl(12) 2.365(3), Pd-
Cl(13) 2.332(2); O(31)-Re-O(32) 75.2(2), P(1)-Re-P(2) 93.23(7),
Re(a)-Re-Cl(1) 166.54(6), P(3)-Pd-Cl(11) 86.65(9), Cl(13)-Pd-Cl(12)
86.88(9), Pd-Cl(12)-Pd(a) 92.29(14), Pd-Cl(13)-Pd(a) 93.94(12).
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Although the complextrans-Re2(µ-O2CCH3)2Cl2(µ-dppm)2
isomerizes cleanly to the more thermodynamically stable cis
isomer1,1,2 the related trans isomer of Re2(µ-O2CCH3)2Cl2-
(µ-dppE)2 (2)5 is stable thermally and undergoes carboxylate
exchange with 4-Ph2PC6H4CO2H to afford trans-Re2(µ-O2-
CC6H4-4-PPh2)2Cl2(µ-dppE)2 (6).16 Complex 6 has CV
electrochemical properties that are similar to those of the
parent complex2 (for 6 E1/2(ox) ) +1.05 V andE1/2(ox) )
-0.23 V vs Ag/AgCl in 0.1 Mn-Bu4NPF6-CH2Cl2) but
quite different from those for cis isomers of this type.1,2 The
31P{1H} NMR spectrum of6 (recorded in CDCl3) shows
singlets at δ ) +29.9 (dppE ligands) andδ ) -3.7
(uncoordinated PPh2 groups). The reaction of6 with AuCl-
(tht), using a procedure similar to that for the analogous
reaction of AuCl(tht) with 3,10 gives the mixed-metal
complextrans-Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppE)2(AuCl)2

(7), which has a CV similar to that of6 and a31P{1H} NMR
spectrum (recorded in CDCl3) with singlets atδ ) +34.2
(2P, coordinated PPh2 groups) andδ ) +33.9 (4P, dppE
ligands), confirming that both PPh2 groups are coordinated
to Au(I).

The trans structure of6 is supported by the isolation of
trans-Re2(µ-O2CC10H6N)2Cl2(µ-dppE)2 (8) from the reaction
of 2 with quinoline-4-carboxylic acid with use of the same
procedure as that used to prepare6 from 2.16 The CV
properties of6 and8 are very similar, and the single-crystal
X-ray structure determination of8 has confirmed its structure.
Full details of this structure, along with the results of studies
aimed at linking trans complexes like8 into mixed-metal
polymeric chains, will be reported in due course.
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(16) Synthesis oftrans-Re2(µ-O2CC6H4-4-PPh2)2Cl2(µ-dppE)2 (6): A
procedure similar to that described for the preparation of37 was used
to react2 with 4-Ph2PC6H4CO2H. Brown microcrystals of6 were
obtained upon recrystallization of the crude product from CH2Cl2/
Et2O; yield 55%. Anal. Calcd for C91H74Cl4O4P6Re2 (i.e.,6‚CH2Cl2):
C, 56.58; H, 3.86. Found: C, 56.72; H, 3.87.
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