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Abstract

The reaction of the monometallated compound {Rh,(O,CCH,),
{(C4H ,)PPh,}HO,CCH;),] (1) with CF;CO,H at room tempera-
ture yields [Rhy(O,CCF;)5{(C¢H 4)PPh, HO,CCF;),] (3) as the
only isolable product. Compound 3 has been characterized by X-ray
methods. 3 crystallizes in the space group P2, /n. It contains three
trifluoroacetate groups bridging a Rh‘;+ unit with a Rh—-Rh bond
distance of 2.438(1) A; the fourth bridging ligand is a triphenylphos-
phine metallated at one of the ortho positions. Two molecules of
trifluoroacetic acid occupy the axial coordination positions. In addi-
tion to the substitution of acetate groups, reversible electrophilic
Rh-C bond activation is observed.

It is known that [Rh,(O,CCH),] and PPh; react to
give mono- and di-metallated compounds [Rh,(O,C-
CH,),{(C¢H ,)PPh, HO,CCH3),] (1) and [Rh(O,C-
CH ,),{(C(H ,)PPh,},(HO,CCH),] (2) [1]. Although it
has been recently reported that 2 reacts with thiocar-
boxylic acids under reflux causing electrophilic cleav-
age of the Rh—C bond [2], we wanted to explore the
utility of these complexes for the preparation of other
metallated compounds by reaction with carboxylic acids
under milder conditions.
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We report in this paper the reaction of 1 with
CF;CO,H at room temperature. This reaction yields
[Rh,(O,CCF;),{(C4H,)PPh,}(HO,CCF,),] as a final
product, and involves not only stepwise substitution of
acetate groups but also reversible Rh—~C bond activa-
tion.

When compound 1 is dissolved in a mixture of
CDCl,/CF;CO,H ([CF;CO,H]/[Rh,] = 8) three con-
secutive processes of progressively decreasing rate are
detected by 'H NMR spectroscopy. (i) The signal due
to the trans acetate disappears (t <1 min); (ii) the
signal due to the two cis acetates decreases to half its
intensity (¢ <5 min); (iii) this signal completely disap-
pears (¢t <3 h). These data are consistent with the
stepwise substitution shown in Scheme 1. The spec-
trum of a freshly prepared solution (¢t <1 min) of 1in a
mixture of CDCl,/CF;CO,H ([CF,CO,H]/[Rh,] = 8)
is consistent with the existence of the partially substi-
tuted compound [Rh,(O,CCH ), (O,CCF,),,,,A(Cs-
H,)P(C(H,),}(HO,CCF;),] (1-Fy)*, as the main prod-
uct (step i). This compound has been isolated and
characterized by elemental analysis and 'H and 3'P
NMR spectroscopy.

When 1 is maintained in the CDCl,/CF,CO,H
mixture at room temperature during several hours the
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Scheme 1. Stepwise reaction for the exchange of 1 with trifluo-
roacetic acid.
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totaily substituied compound [RhO,CCF;),{(C¢H,)
P(CGHS)Z}(HO CCF3)2] (3)** is progressively formed
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studied by 'H NMR spectroscopy (k > 1073 s~ 1), but
step iii is slow enough and is presently under investiga-
tion. In contrast to this behaviour, the doubly-metal-
lated compound 2 rapidly exchanges both bridging
acetate groups with trifluoroacetic acid.

A view of the molecular structure of 3 is shown in
Fig. 1. The two rhodium atoms are bridged by three
trifluoroacetate groups and one triphenylphosphine
metallated in one phenyl ring. Two oxygen atoms of
two trifluoroacetic acid molecules occupying the axial
positions compiete the slightly distorted octahedral co-
ordination around the metals (angles in the range
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A. The Rh-Rh-O axial angles are 172.0(0)° and
168.8(2). The Rh-O distances involving the axial tri-
fluoroacetic acids are long and significantly different,
2.418(7) and 2.306(6) A. This must be attributed to the
presence of the unsymmetrical metallated phosphine.
Two monometallated dirhodium(II) acetic acid
adducts have been characterized [1b,3]. In one case [3]

scopic data. [Rh ( CCHJ)ZCU(O (' )‘mm{(CuH*)P-
- J'P('"H} NMR: 8 P=16.11 ppm,
1J(Rh P)=143.7 Hz, 2J(Rh P)=4:1 Hz. 1H NMR (in ppm):
1.25 (6H, CH3, s), 6.3 (1H, aromatic, ¢}, 6.5-7.9 (i4H, aromatics,
m). Anal. Found: C, 36.68; H, 2.69. Rh,PC,30,,F;H,, calc.: C,
36.28; H, 2.37%. Crystal data. [Rh,(O,CCF,){(C4H)P(Cq

H),(HO,CCF,),], 3. CogH 1 ,F;s0,PRh,, M = 1032.17, mono-
clinic, space group P2,/n, a=12. 369(2) b=21.711(6), ¢ =
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cm~3; F(000) = 2008, u(Mo Ka)=10.747 cm™ !, A = 0.71073 A.
An Enraf-Nonius CAD4 single crystal diffractometer was used.
Unit cell dimensions determined from the angular settings of 25
reflections with 6 in the range 15-20°. Space group P2, /n was
determined from systematic absences. 6743 reflections were col-
lected in the hkl range (—14, 0, 0) to (14, 25, 15) with 6 limits
0°< 8 <25 and 3570 independent reflections with 7> 3a([I)
were used in the analysis. w26 scan technique and a variable
scan rate with a maximum scan time of 60 s per reflection.
Structure was solved by Patterson interpretation, using the pro-
gram sHELxX86 and expanded with DIRDIF. Isotropic least-square
refinement was performed using a locally modified version of

sHELx76 program. The final conventional agreement factors were
progr 1€ 1inas COr 1NChna: agr 1E0L 1alicls we

R=0.0437 and R, =0.0439 for the 3570 observed reflections
and 506 variables. Geometrical calculations made with PARsT.
Calculations made on a VAX 4000 at the “Departamento de
Quimica Fisica” of the University of Valencia. Full lists of atomic
coordinates, bond lengths and angles, and anisotropic tempera-
ture factors are available from the Cambridge Crystallographic
Data Centre.

Spectroscopic data. [Rh{(0O,CCF;)5{(C¢H JP(CH 5),KXHO,CC-
F;),), 3. 3'P{'H} NMR: & P =14.37 ppm, J(Rh-P)=139.2 Hz,
2J(Rh-P)=3.9 Hz. '"H NMR (in ppm); 6.4 (1H, aromatic, c),
6.7-8.1 (14H, aromatics, m). Anal. Found: C, 32.62; H, 1.98.
C,5H 4,F15s0,0PRh, calc.: C, 32.49; H, 1.55%.
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Fig. 1. A view of the complex [Rhy(0,CCF3),{(CcH IP(CH ),)-
(HOZCCF3)°2] 3 with the atomic numbering scheme. Selected bond
distances (A) and angles (°): Rh1-Rh2 2.438(1), Rh1-P1 2.217(2),
Rh2-C26 1.971(8), Rh1-01 2.042(6), Rh1-04 2.052(5), Rh1-05.
2.177%6), Rh1i-09 2.418(7), Rh2-02 2.03%6), Rh2-03 2.061(6),
Rh2-06 2.240(6), Rh2-07 2.306(6), O9-Rh1-Rh2 172.0(2), O7-

Rh2-Rhi 168.8(2), 03-Rh2-02 174.6(2), 04-Rh1-01 172.42),
C26-Rh2-06 179.2(3), O5-Rh1-P1 179.1(2). H101 and H201 were
piaced at ideal geometricai position and refined riding on their
oxygen atoms.

a similar difference is found for the two axial Rh-O
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the monometallated compounds described earlier [1b,3]
the interaction is with two oxygen atoms of the same
bridging acetate, the one opposite to the metallated
phosphine. In the present case each molecule of triflu-
oroacetic acid interacts with a different carboxylate
group. In view of the different axial Rh-O bond
lengths, only one of these interactions, O(8)-
H(101) - - - O(6) is strong. The equatorial Rh- -O bond
distances are in the range 2.039(6)-2.240(6) A those
trans to carbon or phosphorus bemg longer than the
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Rh-P bonds. The torsion angles about the rhodium-
rhodium bond are in the range 7.91 to 12.59°, indicat-

ing a conformation closer to ecllpsed than to altemate.

If the isotopically labelled compound [Rh (O,C-
CH;)4{(C¢DP(C(D;),(HO,CCH,),], 1d,,, is dis-
solved in a CDCl,/CF,CO,H mixture, a very slow
increase of two aromatic signals at 8, = 6.89 ppm,
*J(P-H) = 10.2 Hz, and 8,; = 7.49 ppm, *J(P-H) = 11.1
Hz were also observed. These signals, already present
with very low intensity in the starting compound l-dl4,
are due to the partial D-H exchange at the ortho-posi-
tions of the phenyl rings. We had previously detected a
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similar D-H exchange in the reaction of 1-d,, with
acetic acid; in that case the exchange was slower and
was only detected under refluxing conditions in pure
acetic acid [4]. A reversible Rh—C bond cleavage fol-
lowed by a rapid orthometallation must be invoked to
explain these results. The intermediate compound re-
sulting from the Rh—C bond cleavage must be of very
short life under the experimental conditions and it is
not detected by 3'P NMR spectroscopy.
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