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The chemistry of transition metal fluoro complexes1,2 is an
exciting field which still remains insufficiently explored.
Among the intriguing features of organo-transition-metal fluo-
rides are their peculiar reactivity,1,2 relevance to metal-mediated
C-F bond activation,3 and potential use in catalysis.2 Orga-
nopalladium complexes containing a fluoro ligand are of special
interest for catalysis1-5 because Pd-F intermediates likely play
a key role in a number of important processes including the
cleavage3,4 and formation5 of C-F bonds. No reports have
appeared in the literature describing the isolation and reliable
characterization of molecular palladium fluorides.6 Consider-
ations of the generalized perturbation theory of the donor-
acceptor interaction7 do not favor the existence of a stable
covalent Pd-F bond. Furthermore, the exceedingly facile
fluoride-induced intramolecular reduction, [Pd(II)-P(III)/
Pd(0)-P(V)],9 seems to be the critical impediment in the
synthesis of catalytically important tertiary phosphine Pd
fluorides. Because of this redox process, complexes of the type
[(R3P)2PdF2] cannot be synthesized, whereas their numerous
chloro, bromo, and iodo counterparts are stable and well-studied.
In this paper, we report the synthesis and isolation of the first
organopalladium tertiary phosphine fluorides, their unexpected
reactivity, and the first X-ray structural characterization of a
molecular fluoro palladium complex.

After a mixture of [(Ph3P)2Pd(Ph)I] and AgF was sonicated
in benzene for 1-6 h (N2, 20 °C), a new complex, [(Ph3P)2-
Pd(Ph)F] (1), was isolated from the solution in over 90%
yield.10a These reaction conditions are critical for the synthesis;
simply stirring the reagents in benzene resulted in poor
conversions and selectivities (31P NMR). Attempts to prepare
1 in polar solvents which dissolve AgF, e.g., methanol, acetone,
and acetonitrile, were unsuccessful. Complex1 can also be
synthesized (80-97% isolated yield) by the reaction between
[(Ph3P)2Pd2(Ph)2(µ-OH)2]11 and Et3N‚3HF12 in the presence of
PPh3 (2.5 equiv) in benzene. Theσ-methyl derivative, [(Ph3P)2-
Pd(Me)F] (2), was prepared similarly (Scheme 1).10b If pure,
complexes1 and2 can be stored in air for weeks, without any
sign of decomposition. Both1 and 2 are soluble in organic
solvents of low polarity, e.g., benzene, chloroform, and dichlo-
romethane, but insoluble in polar solvents, such as acetonitrile
or methanol.
The structure of1 was determined by single-crystal X-ray

diffraction (Figure 1).13 As no structural studies of molecular
fluoro palladium complexes have been reported,6,14 the Pd-F
bond length might be compared with the Pd-Cl bond distance
(2.395(3) Å) in a similar complex, [(Ph3P)2Pd(Cl)R], where R
) o-C6H4N(NO)Me.15 This Pd-Cl bond distance and the
difference between the covalent radii of Cl and F (0.99-0.64
) 0.35 Å)16 suggest that the Pd-F covalent bond length should
be around 2.045 Å, close to the experimental value of 2.085(3)
Å obtained in this work. This value is also in the range of
Pd-F distances (1.89-2.18 Å) determined for solid state Pd
fluorides.6a All other structural parameters of the square-planar
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complex1 have expected values;17 the Pd, F, and two P atoms
deviate from the mean least-squares plane by no more than 0.046
Å.
The1H, 19F, and31P NMR spectra18 of 1 and2 in rigorously

dry solvents, e.g., C6H6, CHCl3, and CH2Cl2,18 indicate that all
ligands on the Pd atom are inert. For both fluoro complexes,
the31P NMR resonances appeared as doublets at 19.5 and 24.5
ppm with JPF ) 13.3 and 12.5 Hz, respectively, while triplets
with the same coupling constants were found in the19F NMR
spectra of1 (δ ) -274 ppm) and2 (δ ) -268 ppm). These
data point to covalent character of the Pd-F bond in media of
low polarity. Remarkably, in solvents containing small amounts
of dissolved water, e.g., CH2Cl2, ambient temperature31P and
19F NMR spectra of1 and2 displayed broadened singlets with
chemical shifts virtually indistinguishable from those of the
corresponding multiplets (see above) and∆ν1/2 ) 10-20 (31P)
and 50-100 (19F) Hz. Cooling these samples to+5 °C resulted
in the transformation of the broadened31P NMR singlet peaks
into well-resolved doublets identical with those observed for
anhydrous solutions of1 and2 at 20°C.18 Clearly, fluoro ligand
exchange takes place in “wet” solutions of1 and2, its rate at
coalescence (ca.+10 °C) in CH2Cl2 being comparable with the
values of the observed P-F coupling constants. No other
resonances were found in the low-temperature31P NMR spectra,
suggesting that equilibria between the fluoro complexes and
products of the Pd-F bond ionization are shifted almost entirely
toward the covalent Pd fluorides. Other observations supported
this conclusion.
Theσ-phenyl proton resonances of118aare more than 1 ppm

upfield from those of the recently reported cationic complex,
[(Ph3P)2Pd(Ph)]+ BF4-,19 both spectra being obtained for CDCl3

solutions. Upon addition of Et2O‚BF3 (1.5 equiv) to1 in CDCl3,
the originally colorless solution immediately turned red, exhibit-
ing 1H and31P NMR patterns similar to those described for the
orange-pink [(Ph3P)2Pd(Ph)]+ BF4-19 and a resonance at-151
ppm in the19F NMR spectrum (BF4-). Complex1 is unreactive
toward styrene in the absence of a base, whereas [(Ph3P)2Pd-
(Ph)]+ smoothly phenylates styrene under similar conditions.19

Both fluoro complexes can be quantitatively recrystallized from
solvents containing water to yield well-shaped, transparent
crystals which do not change upon drying. Redissolving these
crystals in anhydrous dichloromethane furnished samples ex-
hibiting the P-F coupling18 in their 31P and19F NMR spectra
at 20°C. It is noteworthy that crystals of1 for the X-ray study
were grown in air from benzene/pentane which had not been
dried.
The existence, stability, and reactivity of complexes1 and2

are surprising. In terms of both steric and electronic (orbital
electronegativity) factors,7b the closest analogue of F- is
hydroxide anion. A few isolable organoplatinum complexes,
[(R3P)2Pt(X)R′], where X) OH20 and F,21 have been reported.
However, their hydroxo palladium congeners, [(Ph3P)2Pd(OH)-
R′] (R′ ) Me, Ph), cannot be isolated as they are thermo-
dynamically and kinetically unstable, decomposing to free
phosphine and the corresponding OH-bridged dimer.22 Unex-
pectedly, complexes1 and2 are stable, exhibiting no sign of
decomposition in the solid state or dimerization in solution.23

The reactivity of1 and2 toward CO also differs from that of
their well-known analogues containing halogens other than F.
Complexes of the type [(Ph3P)2Pd(R)X] (X ) Cl, Br, and I)
readily react with CO to give stable products of CO insertion,
[(Ph3P)2Pd(COR)X], which do not undergo reductive elimination
of RCOX.24 This reaction is a key step for various Pd-catalyzed
carbonylation processes.25 In contrast, the carbonylation of1
in benzene (1 atm, 20°C) resulted in the formation of PhCOF,26

along with Pd(0) carbonyl phosphine complexes.27 Details of
this study will be reported separately.
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Figure 1. Molecular structure of complex1. Selected bond distances
(Å) and angles (deg): Pd(1)-F(1) 2.085(3), Pd(1)-C(1) 1.998(5),
Pd(1)-P(1) 2.315(1), Pd(1)-P(2) 2.318(1), F(1)-Pd(1)-C(1)
179.0(2), C(1)-Pd(1)-P(1) 91.1(1), C(1)-Pd(1)-P(2) 92.5(1), F(1)-
Pd(1)-P(1) 89.90(9), F(1)-Pd(1)-P(2) 86.57(9), P(1)-Pd(1)-P(2)
174.24(5).
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