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There is a growing interest in the study of transition metal
organometallic fluoro complexes.1 The unique properties of
fluorine impart an unusual reactivity to the metal-fluorine bond
which can be exploited in preparative organometallic chemistry2

or in catalysis.3 In addition, the development of transition metal
mediated C-F bond formation processes is still a virtually
unexplored field.4

The number of rhodium(I) fluoro complexes is still scarce, and
very few studies on their reactivity have been reported.5 To the
best of our knowledge, only two Rh(I) fluoro complexes without
phosphine, arsine, or stibine ligands have been prepared. The first,
temptatively formulated as [Rh(µ-F)(cyclooctene)2]2, was obtained
by reacting [Rh(µ-Cl)(cyclooctene)2]2 with AgF.5c The second was
the tetramer [Rh(µ3-F)(C2H4)(C2F4)]4, which was prepared by the
successive treatment of [Rh(µ-Cl)(C2H4)(C2F4)]2 with AgBF4 and
the fluoride donor reagent [(Me2N)3S]+[Me3SiF2]-.5f

Herein, we report the synthesis of two novel rhodium(I) fluoro
complexes containing cyclooctadiene (COD) and a preliminary
study of the reactivity of the Rh-F bond, which is shown to be
substantially different from that of the other Rh-halogen bonds.

Treatment of [Rh(µ-OH)(COD)]26 with 73% hydrofluoric acid
in THF gave compound1 as a yellow microcristalline precipitate
in 82% yield (Scheme 1). The NMR spectra of1 were of poor
quality because, in contrast to [Rh(µ-X)(COD)]2 (X ) Cl, OH),
it is only sparingly soluble in organic solvents, which impeded
determination of its structure in solution.7 We were unable to grow
single crystals of1 for X-ray structure determination, however,
we are currently attempting the preparation of more soluble fluoro

complexes containing different dienes for its structural charac-
terization.

The main product of the reaction of compound1 with 1 equiv
of triphenylphosphine in THF is2, which was isolated in 59%
yield. The crystal structure of2 was determined by X-ray dif-
fraction analysis8 and shows a distorted square-planar coordination
geometry (Figure 1). As expected from the greater trans influence
of PPh3 with respect to F-, the Rh-C(5) and Rh-C(6) distances
are longer than the Rh-C(1) and Rh-C(2) ones (Figure 1).

In the 19F NMR spectrum of2, a broad singlet was observed
at high field (δ -256.9 ppm ind8-toluene) characteristic of Rh-
(I)-bound fluorine.5j The room temperature31P{1H} NMR spec-
trum displays a broad singlet at atδ 23.0 ppm which splits into
a broad doublet atT < -20 °C with 1JRhP ) 159.3 Hz.9 The
31P-19F and103Rh-19F couplings were not resolved even at-90
°C. This suggests that, although2 is the main species present in
solution, fast Rh-F and Rh-P bond dissociations take place to
give products whose nature is still not clear. Complex2 is the
first fluoro complex of Rh(I) with only one phosphine ligand.
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Treatment of 2 with PPN+Cl- (PPN ) [Ph3P]2N) gave
quantitatively the chloro complex3.10 The reaction of2 with Me3-
SiO3SCF3 afforded Me3SiF, which was detected by1H and 19F
NMR spectroscopy, and compound4 in 87% yield. The triflate
4 can be also prepared by the reaction of3 with AgCF3SO3.

The reaction of2 with Me3SiCF3 afforded complex5, which
was isolated in 76% yield, and Me3SiF. This synthethic method
has been previously used only for the preparation of Ru and Os
trifluoromethyl complexes.11 We were interested in testing this
method on Rh(I) fluoro complexes since only one Rh(I) trifluo-
romethyl complex is known.12 The crystal structure of5 was
determined by X-ray diffraction (Figure 2).13 Two independent
molecules were found in the unit cell which show very small
differences in both bond distances and angles. In contrast to
complex2, the Rh-C distances were similar for both Rh-olefin
bonds, which suggest that CF3 and PPh3 have similar trans
influences. This is the first crystal structure determination of a
Rh(I) trifluoromethyl complex. In C6D6 solution, the31P{1H}
NMR spectrum shows a doublet of quartets with1JRhP ) 177.9
Hz and3JPF ) 21.4 Hz.

The alkynyl complex [Rh(CtCPh)(COD)(PPh3)] (6) was
obtained in 79% yield by reaction of2 with 1 equiv of phenyl

acetylene in the presence of Na2CO3, which neutralized the HF
formed in the reaction.5j It is noteworthy that [RhCl(COD)(PPh3)]
does not react appreciably with phenyl acetylene under the same
conditions. The presence of the alkynyl unit was confirmed by
the IR [ν(CtC) ) 2084 cm-1] and 13C NMR spectra, which
displayed two doublets atδ 121.5 ppm (1JRhC ) 48.6 Hz) and
120.8 ppm (2JRhC ) 12.2 Hz) for theR andâ alkynyl carbons,
respectively. An exchange process involving dissociation of the
phosphine is likely responsible for the absence of the13CR,â-31P
couplings and for the broad singlet observed in the31P{1H} NMR
spectrum at room temperature. On cooling at-10 °C, this broad
singlet was transformed into a doublet (1JRhP ) 159.8 Hz).

Recently, it has been reported that complexes of the general
composition [Rh(CtCAr)(Nbd)(PR3)] generated in situ are excel-
lent initiators for the controlled living polymerization of pheny-
lacetylenes.14 However, in contrast to6, these species are too
unstable to be isolated. Preliminary experiments show that
polymerization of phenylacetylene takes place in the presence of
catalytic amounts of2 or 6, both in the presence of Na2CO3, to
give polyphenylacetylene in a nearly quantitative yield.
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Figure 1. Molecular structure of2 with 50% probability ellipsoids and
the labeling scheme. Selected bond lengths (Å) and angles (deg): Rh-F
2.0214(12), Rh-C(1) 2.115(2), Rh-C(2) 2.097(2), Rh-C(5) 2.197(2),
Rh-C(6) 2.189(2), C(1)-C(2) 1.399(3), C(5)-C(6) 1.379(3), Rh-P
2.3229(5); F-Rh-C(5) 89.06(7), F-Rh-C(6) 87.24(7), C(1)-Rh-P
96.92(6), C(2)-Rh-P 92.86(6), F-Rh-P 89.40(4).

Figure 2. Molecular structure of5 with 50% probability ellipsoids and
the labeling scheme. Only one of the two independent molecules is
displayed. Selected bond lengths (Å) and angles (deg): Rh(1)-C(9)
2.097(2), Rh(1)-C(1) 2.215(2), Rh(1)-C(2) 2.194(2), Rh(1)-C(5) 2.208-
(2), Rh(1)-C(6) 2.206(2), Rh(1)-P(1) 2.3245(5), C(1)-C(2) 1.381(3),
C(5)-C(6) 1.379(3); C(9)-Rh(1)-C(2) 87.60(9), C(9)-Rh(1)-C(1)
91.55(8), C(9)-Rh(1)-P(1) 91.13(6), C(6)-Rh(1)-P(1) 90.01(6), C(5)-
Rh(1)-P(1) 96.71(6).
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