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Summary: The reaction of [Ru2(O2CCF3)2(µ-O2CCF3)2-
(COD)2(µ-H2O)] with 1,1′-diphenyl-3,3′,4,4′-tetramethyl-
2,2′-biphosphole (1) provides trans-meso-[Ru(trifluoro-
acetate)2(1,1′-diphenyl-3,3′,4,4′-tetramethyl-2,2′-
biphosphole)2] complex 3, which spontaneously isomerizes
in solution into cis-(()-[Ru(trifluoroacetate)2(1,1′-diphe-
nyl-3,3′,4,4′-tetramethyl-2,2′-biphosphole)2] complex 4.
These new bis-biphosphole-ruthenium complexes have
been characterized by X-ray diffraction.

The structural characterization of 1,1′-diphenyl-
3,3′,4,4′-tetramethyl-2,2′-biphosphole1 (1) (BIPHOS) led
to a renewed interest in the coordination chemistry of
this C2-symmetric bidentate ligand, first described by
Mathey.2 Recently, we have synthesized and fully
characterized new nickel, palladium, and platinum
complexes [MX2(BIPHOS)].3 With Pd(II) and Rh(I), we
obtained the first bis-biphosphole complexes,3 proving
that BIPHOS is a rather good ligand for transition
metals. A similar palladium complex was later described
by Matsuda and co-workers.4 We report here the syn-
thesis, spectroscopic characterization and X-ray struc-
tural analysis of new ruthenium(II) bis-biphosphole
complexes.

[Ru2(O2CCF3)2(µ-O2CCF3)2(COD)2(µ-H2O)]5 (2) is a
good precursor for the preparation of diphosphine di-
carboxylato ruthenium complexes [Ru(O2CCF3)2(P-P)].6
Surprisingly, the reaction of biphosphole 1, prepared
according to the previously described method,7 with
complex 2 in dichloromethane at 30 °C gives in moder-
ate yield a bis-biphosphole-ruthenium complex 3
(Scheme 1), as indicated by elemental analysis and mass
spectroscopy. Crystals of complex 3, suitable for X-ray
analysis, were obtained by slow evaporation from a
dichloromethane solution.

The CAMERON8 plot given in Figure 1 shows a near-

octahedral geometry for ruthenium and mutually trans-
ligated monodentate trifluoroacetate groups. X-ray struc-
tural analysis confirms the formation of [Ru(O2CCF3)2-
(BIPHOS)2] as complex 3. This complex contains the SRR
and RSS absolute configurations of the biphosphole 1
(Figure 2), and it is then the meso diastereomer as
already observed in the [Pd(BIPHOS)2](BF4)2 complex.3
Surprisingly this compound 3 crystallized in the polar
enantiomorphous P21 space group. This non-centrosym-
metry might be induced by the packing arrangement
of the complex with the occurrence of four solvent
molecules. Indeed, it is worth noting that crystals of the
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Figure 1. Molecular view of complex 3. The ellipsoids are
drawn at 30% probability. Phenyl carbons are omitted for
clarity.

Scheme 1
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same meso form having only two CH2Cl2 solvent mol-
ecules, compound 3′, belong to the centrosymmetric
space group P21/c. Although unexpected, the monoden-
tate coordination mode of the trifluoroacetate groups is
not unprecedented, and there are many examples of a
such bonding mode for the trifluoroacetate.9 The four
Ru-P bond distances lie in the range 2.32-2.42 Å found
for related ruthenium(II) bisphosphine trans-disubsti-
tuted complexes10 (cf. Table 1).

This meso-Ru complex 3 is stereochemically less
stable in dichloromethane solution than the meso-

palladium complex [Pd(BIPHOS)2](BF4)2.3 Transforma-
tion of complex 3 was observed in solution, leading to
the formation of a new complex 4 (Scheme 1). By
following the course of this conversion by 31P NMR
spectroscopy, we observed the disappearance of the
singlet at δ ) 54.5 corresponding to four equivalent
phosphorus nuclei in complex 3 concomitant with the
appearance of an ABCD system corresponding to four
nonequivalent phosphorus nuclei in complex 4. Elemen-
tal analysis, mass spectroscopy, and 1H NMR spectros-
copy confirmed the formation of a bis-biphosphole-
ruthenium complex 4. The molecular structure deter-
mined by X-ray analysis and represented in Figure 3
shows a chiral near-octahedral geometry for ruthenium.
As in 3, this complex 4 contains the pair of enantiomers
of biphosphole 1 with SRR and RSS absolute configura-
tions but with two cis monodentate trifluoroacetate
groups leading to a chiral arrangement around the
metal atom. The two Ru-P bond lengths corresponding
to the P atoms trans to each other, 2.358(4) and 2.394-
(4) Å, are similar to those observed for 3, whereas for
the two P atoms trans to the trifluoroacetate the Ru-P
distances are much shorter, 2.275(3) and 2.296(4) Å, as
also observed in related complexes11 (cf. Table 2). This
large difference could be the consequence of a strong
trans influence of the trifluoroacetate ligands. We
assume that the formation of the kinetic product 3 is
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Figure 2. Configuration of the 2,2′-biphosphole ligand in
complex 3. The projection is along the axis of the C-C bond
linking the phosphole rings. Superscript refers to axial
chirality generated by the biphosphole framework; sub-
script refers to phosphorus central chirality.

Table 1. Selected Bond Lengths (Å) and Bond
Angles (deg) with esd’s in Parentheses for

Compounds 3 and 3′
molecule 3 molecule 3′

Ru(1)-P(1) 2.359(1) Ru(1)-P(1) 2.358(4)
Ru(1)-P(2) 2.388(1) Ru(1)-P(2) 2.392(4)
Ru(1)-P(5) 2.379(1) Ru(1)-P(5) 2.372(4)
Ru(1)-P(4) 2.396(1) Ru(1)-P(4) 2.375(3)
Ru(1)-O(1) 2.125(3) Ru(1)-O(1) 2.106(9)
Ru(1)-O(3) 2.129(3) Ru(1)-O(3) 2.112(8)

P(1)-Ru(1)-P(2) 83.75(5) P(1)-Ru(1)-P(2) 83.4(1)
P(1)-Ru(1)-P(5) 179.17(6) P(1)-Ru(1)-P(5) 178.7(1)
P(2)-Ru(1)-P(5) 97.06(5) P(2)-Ru(1)-P(5) 97.3(1)
P(1)-Ru(1)-P(4) 95.38(5) P(1)-Ru(1)-P(4) 95.8(1)
P(2)-Ru(1)-P(4) 178.89(6) P(2)-Ru(1)-P(4) 179.1(1)
P(5)-Ru(1)-P(4) 83.80(5) P(5)-Ru(1)-P(4) 83.5(1)
P(1)-Ru(1)-O(1) 83.3(1) P(1)-Ru(1)-O(1) 84.8(3)
P(2)-Ru(1)-O(1) 81.8(1) P(2)-Ru(1)-O(1) 82.5(3)
P(5)-Ru(1)-O(1) 96.7(1) P(5)-Ru(1)-O(1) 96.3(3)
P(4)-Ru(1)-O(1) 97.5(1) P(4)-Ru(1)-O(1) 96.9(3)
P(1)-Ru(1)-O(3) 96.4(1) P(1)-Ru(1)-O(3) 95.7(3)
P(2)-Ru(1)-O(3) 97.5(1) P(2)-Ru(1)-O(3) 98.2(2)
P(5)-Ru(1)-O(3) 83.7(1) P(5)-Ru(1)-O(3) 83.1(3)
P(4)-Ru(1)-O(3) 83.3(1) P(4)-Ru(1)-O(3) 82.5(2)
O(1)-Ru(1)-O(3) 179.2(2) O(1)-Ru(1)-O(3) 179.2(3)

Figure 3. Molecular view of complex 4. The ellipsoids are
drawn at 30% probability.

Table 2. Selected Bond Lengths (Å) and Bond
Angles (deg) with esd’s in Parentheses for

Compounds 4
Ru(1)-P(1) 2.358(4) Ru(1)-P(2) 2.296(4)
Ru(1)-P(4) 2.275(3) Ru(1)-P(5) 2.394(4)
Ru(1)-O(1) 2.173(9) Ru(1)-O(3) 2.130(9)

P(4)-Ru(1)-P(2) 94.2(1) O(3)-Ru(1)-O(1) 82.8(3)
P(4)-Ru(1)-P(1) 88.6(1) O(3)-Ru(1)-P(4) 95.9(2)
P(2)-Ru(1)-P(1) 84.3(1) O(1)-Ru(1)-P(4) 178.6(3)
O(3)-Ru(1)-P(5) 82.8(2) O(3)-Ru(1)-P(2) 169.9(2)
O(1)-Ru(1)-P(5) 95.0(3) O(1)-Ru(1)-P(2) 87.1(2)
P(4)-Ru(1)-P(5) 84.2(1) O(3)-Ru(1)-P(1) 95.6(2)
P(2)-Ru(1)-P(5) 98.6(1) O(1)-Ru(1)-P(1) 92.1(3)
P(1)-Ru(1)-P(5) 172.4(1)
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probably controlled by steric factors. Indeed, the mo-
lecular structures reveal that steric constraints between
the two enantiomers of 1 seem to be lower in the trans-
meso-3 than in the cis-(()-4. On the other hand, we
assume that the isomerization of the trans-meso-3 into
the thermodynamic product cis-(()-4 is triggered by the
trans influence of the monodentate trifluoroacetate
ligands. We may consider that this trans influence
facilitates a decoordination-recoordination process of
one of the trifluoroacetate ligands eventually assisted
by the formation of an intermediate with a trihapto
coordination of the other.

Experimental Section

General Procedures. All reactions were conducted under
an inert atmosphere of dry argon by using Schlenk glassware
and vacuum line techniques. Solvents were freshly distilled
from standard drying agents.

1H, 13C{1H, 31P}, and 31P{1H} NMR spectra were recorded
on the Bruker WMX 400 instrument operating at 400, 162,
and 100 MHz, respectively. Chemical shifts are reported in
parts per million (ppm) relative to Me4Si (1H and13C) or 85%
H3PO4 (31P).

Elemental analyses were performed by the “Service d’Analyse
du Laboratoire de Chimie de Coordination” at Toulouse,
France.

Mass spectra were obtained on a Mermag R10-10 instru-
ment.

Synthesis of [Ru(O2CCF3)2(BIPHOS)2], 3. To a solution
of 31 mg of [Ru2(O2CCF3)2(µ-O2CCF3)2(COD)2(µ-H2O) ] (0.033
mmol) in 2 mL of dichloromethane was added a solution of 52
mg of biphosphole 1 (0.13 mmol, 4 equiv) in 1 mL of dichlo-
romethane. The yellow mixture was stirred for 3 h at 30 °C.
After removal of the solvent the resulting orange solid was
washed two times with 1 mL of diethyl ether at 0 °C and then
dried in vacuo. Orange blocks of 3 were isolated after crystal-
lization in a CH2Cl2 solution. Yield: 30 mg (40%). Mp: 197 °C
(decomp). Anal. Calcd for C52H48P4O4F6Ru: C, 58.05; H, 4.49.
Found: C, 57.86; H, 4.28. MS (FAB, MNBA matrix), m/z: 1077
(M+, 27); 963 ([M - O2CCF3]+, 100); 849 ([M - 2(O2CCF3)]+,
56). 1H NMR (CD2Cl2 ): δ 1.99 (s, 12H, Me21,121,321,421),
2.08 (d, 12H, 4JHH 1.0 Hz, Me31,131,321,421), 6.79 (m, 4H,
dCH-P), 6.91-7.15 (m, 20H, Ph). 31P{1H} NMR (CD2Cl2 ): δ
54.5. 13C{1H} NMR (CD2Cl2 ): δ 161.11 (q, 2JCF 38.2 Hz,
O2CCF3), 151.74 (s, C3,13,43,53), 142.43 (t, JCP 6.9 Hz, C2,-

12,52,42), 138.89 (t, JCP 19.0 Hz, C1,11,41,51), 128.12 (t, JCP

20.8 Hz, C4,14,44,54), 112.29 (q, JCF 293.4 Hz, O2CCF3), 17.37
(t, JCP 2.5 Hz, C31,131,431,531), 15.02 (t, JCP 1.7 Hz, C21,-
121,421,521).

Synthesis of [Ru(O2CCF3)2(BIPHOS)2], 4. Complex 4 was
quantitatively obtained by slow evolution of 3 in a dichlorome-
tane solution within 8 days at room temperature. 4 crystallizes
from an ethyl acetate solution by slow diffusion with pentane
as yellow plates. Mp: 203 °C (decomp). Anal. Calcd for
C52H48P4O4F6Ru: C, 58.05; H, 4.49. Found: C, 58.35; H, 4.54.
MS (FAB, MNBA matrix), m/z: 963 ([M - O2CCF3]+, 100); 849
([M - 2(O2CCF3)]+, 44). 1H NMR (CD2Cl2 ): δ 1.38 (s, 3H),
1.91 (s, 3H), 2.11 (s, 3H), 2.32 (s, 3H) [Me21,121,321,421], 1.66
(s, br, 3H), 1.70 (d,4JHH 1.8 Hz, 3H), 1.90 (s, br, 3H), 2.16 (d,
4JHH 2.7 Hz, 3H) [Me31,131,321,421], 5.61 (d, 2JHP 28.9 Hz,
1H), 6.17 (d, 2JHP 28.8 Hz, 1H), 6.71 (d, 2JHP 27.3 Hz, 1H), 7.03
(d, 2JHP 21.1 Hz, 1H) [dCH-P], 6.23-8.05 (m, 20H, Ph). 31P-
{1H} NMR (CD2Cl2 ): δ 63.35 (m, PA, PB), 54.11 (m, PC), 44.78
(m, PD). 13C{1H} NMR (CD2Cl2 ): δ 153.23 (d, JCP 8.7 Hz),
152.00 (m), 150.39 (m), 149.32 (m) [C3,13,43,53], 146.94 (t, JCP

12.7 Hz), 142.47 (t, JCP 13.0 Hz), 137.54 (s, br), 136.72 (d, JCP

13.7 Hz) [C2,12,52,42], 145,12 (m), 140.13 (m), 139.69 (m),
137.16 (m) [C1,11,41,51], 133.92 (d, JCP 39.5 Hz), 132.05 (m),
127.04 (d, JCP 38.0 Hz), 121.25 (d, JCP 46.0 Hz) [C4,14,44,54],
18.44 (d, JCP 5.0 Hz), 17.53 (d, JCP 10.8 Hz), 17.1 (d, JCP 10.2
Hz), 16.96 (d, JCP 9.7 Hz) [C31,131,431,531], 15.37 (d, JCP 6.9
Hz), 15.21 (d, JCP 7.1 Hz), 14.60 (d, JCP 7.9 Hz), 14.40 (d, JCP

9.6 Hz) [C21,121,421,521].
X-ray Structure Determination. For 3 and 4, the data

were collected on a Stoe IPDS (Imaging Plate Diffraction
System) equipped with an Oxford Cryosystems cooler device,
whereas for 3′ an Enraf-Nonius CAD4F was used. The final
unit cell parameters were obtained by the least-squares
refinement of 5000 reflections for 3 and 4 and based on 25
well-centered reflections for 3′. Only statistical fluctuations
were observed in the intensity monitors over the course of the
data collection for 3 and 4, but a decrease of 44% was observed
in the case of 3′.

The three structures were solved by direct methods (SIR92)12

and refined by least-squares procedures. H atoms were
introduced in calculation in idealized positions (d(CH) ) 0.96
Å) and were treated as riding models with isotropic thermal
parameters 20% higher than those of the carbon to which they

(12) Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.;
Burla, M. C.; Polidori, G.; Camalli, M. SIR92-a program for automatic
solution of crystal structures by direct methods. J Appl. Crystallogr.
1994, 27, 435.

Table 3. Crystal Data
3 3′ 4

formula C52H48F6O4P4Ru, C52H48F6O4P4Ru, C52H48F6O4P4Ru,
(CH2Cl2)4 (CH2Cl2)2 C5H12, CH3CO2C2

fw 1415.6 1245.8 1155.98
cryst size, mm 0.58 × 0.45 × 0.30 0.8 × 0.3 × 0.3 0.38 × 0.08 × 0.05
cryst system monoclinic monoclinic orthorhombic
space gp P21 P21/c Pcab
a, Å 11.120(2) 22.416(5) 20.652(2)
b, Å 23.012(3) 11.144(2) 21.906(3)
c, Å 12.145(2) 22.628(2) 24.229(3)
â, deg 96.38(2) 104.58(2)
V, Å3 3088.6(8) 5493(8) 10961(2)
Z 2 4 8
Dcalcd, g cm-3 1.522 1.501 1.401
µ(Mo KR), cm-1 7.650 6.511 4.70
no. of rflns collected 17 973 3937 33 608
no. of unique rflns (Rint) 9373(0.055) 3789(0.026) 5777(0.212)
refinement method full-matrix on F full-matrix on F full-matrix on F2

no. of data/restraints/params 8095/0/714 2343/0/389 5777/0/644
R (I > 2σ(I))a 0.0476 0.0676 0.0847
Rw

a 0.0555 0.0796
wR2 (all data)a 0.1749
goodness of fit 1.070 1.170 1.068

a R ) ∑(||Fo| - |Fc||)/∑(|Fo|), Rw ) {∑[w(|Fo| - |Fc|)]2/∑[w(Fo)2}1/2, wR2 ) {∑[w(Fo
2 - Fc

2)2]/∑[w(Fo)2]}1/2.
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are attached. Details of data collections and refinements are
given in Table 3. In crystal 4, there is apparently a disordered
mixture of pentane and ethyl acetate solvents statistically
distributed around inversion centers; however no correct
models could be defined and all the residual electron densities
were considered as C atoms. The calculations were carried out
with the CRYSTALS package13 or the SHELXL97 program14

running on a PC. The drawing of the molecule was realized
with the help of CAMERON.8

Selected bond lengths and bond angles are given in Tables
1 and 2.
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Supporting Information Available: The fractional atomic
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