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The metal-promoted activation of the normally inert carbon-
fluorine bond in saturated fluorocarbons usually involves
strongly reducing conditions with conversion of fluorine to a
metal fluoride salt providing much of the driving force for
reaction.1 The Achilles heel of many saturated fluorocarbons,
such as perfluorodecalin,1,2 is the tertiary C-F bond, which upon
reduction and initial loss of fluoride affords a stabilized tertiary
fluorinated carbanion, which then reacts by further elimination
of fluoride. Fluorocarbons lacking tertiary C-F bonds are much
more difficult to activate.3 â-Fluoride elimination reactions of
fluoroalkyl organometallics of lithium4 and magnesium5 to give
fluoroolefins and high lattice energy metal fluorides are (often
dangerously) facile; potentially concerted pathways for such
fluoride eliminations avoid relatively high-energy fluorocar-
bocation intermediates. In inorganic and organometallic me-
tathesis reactions, silver(I) and thallium(I) salts are often used
interchangeably as halide abstraction reagents. Here we report
an unusual reaction system in which thallium(I) reacts very
differently from silver(I), abstracting fluoride from a tertiary
C-F bond; the putative high-energy carbocation intermediate
appears to be stabilized by a 1,2-hydride migration from an
adjacent carbon atom.
We have previously reported the syntheses ofexo-fluoro-

alkylated cyclopentadiene complexes1 and their reactions with
AgBF4 which proceed, as expected, by abstraction of I- from
rhodium with migration of theendo-H to the metal to afford
the hydrido cations2.6 In contrast, when 1 equiv of TlBF4 or

TlPF6 is added to a dichloromethane solution of the perfluor-

oisopropyl complex1a, a new complex (3a) is isolated in 90%
yield, along with a precipitate.7 A single-crystal X-ray structural
determination of3a clearly establishes its structure as shown;8

an ORTEP diagram is shown in Figure 1 along with selected
bond lengths and angles. The tertiary C-F bond in the starting
complex has been replaced by H, and the originalη4-cyclopen-
tadiene has been converted to aη5-cyclopentadienyl ligand.
Although the material is analytically pure, the counterion in the
crystal on which the structural analysis was performed was 95%
BF4-, with the remaining 5% being iodide occupying the same
position in the structure as the B of BF4-. Even though the
isolated yield of3a is 90%, some decomposition during the
synthesis provides small amounts of I-. Investigation of the
precipitate formed in the reaction, using X-ray microanalysis,9

indicates that it contains mostly Tl and F, with small amounts
of I. Solution NMR spectroscopic data are fully consistent with
the structure of3a.7

The source of H in the CH(CF3)2 group of 3a has been
identified as theendo-H from the original cyclopentadiene ligand
as follows. [Rh(C5D5)(PMe3)2] was prepared from Tl(C5D5)10

according to the method of Werner;11 its reaction6 with ICF-
(CF3)2 affords1a-d5. Reaction of1a-d5 with TlBF4 affords as
the kinetic product only3b containing a CD(CF3)2 group. The
D in the (CF3)2C-D group is quite acidic, and the deuterium
exchanges with protons of adventitious H2O over a period of
hours; likewise the (CF3)2C-H group in3aundergoes complete
conversion to (CF3)2C-D when stirred with D2O over several
hours. Strong Lewis acids have been shown to be capable of
C-F activation in fluorocarbons12 and transition-metal-coordi-
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Figure 1. Molecular structure of the cation of3a. Selected bond
distances (Å) and angles (deg): Rh-I, 2.6576(9); Rh-P(1), 2.309(3);
Rh-P(2), 2.278(3); Rh-C(1), 2.267(11); Rh-C(2), 2.256(10); Rh-
C(3), 2.230(9); Rh-C(4), 2.189(11); Rh-C(5), 2.310(13); Rh-CENT,
1.889(11); C(1)-C(6), 1.553(14); P(1)-Rh-P(2), 92.65(11); P(1)-
Rh-I, 95.15(7); P(2)-Rh-I, 88.38(8).
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nated trifluoromethyl groups.10 However, while conversion of
1a to 3aoccurs cleanly on treatment with BF3, clearly indicating
that fluoride abstraction is indeed a key step, it is also clear
that traces of BF3 are not the important Lewis acid component
in the TlBF4 reaction. Thallium(I) tetrakis{3,5-bis(trifluoro-
methyl)phenyl}borate,14 containing an anion incapable of
generating a Lewis acid under these conditions, also reacts
cleanly with1a to afford the corresponding salt of cation3a,
indicating that thallium(I) is indeed the fluoride acceptor. That
the tertiary C-F center is essential is demonstrated by the
reaction of 1b with thallium(I) salts; no activation of the
secondary C-F bond occurs and only iodide abstraction with
formation of2b is observed.
We propose the mechanism shown in Scheme 1. Simple

abstraction of fluoride from the FC(CF3)2 group in1a seems
unlikely since the resultant carbocation bearing two CF3 groups
would be strongly destabilized.15 Consequently, it seems likely
that, as fluoride leaves, the evolving carbocation site is stabilized
by a concomitant 1,2-migration of theendo-H(D); that this

results in aromatization of the cyclopentadienyl ligand undoubt-
edly provides additional impetus.
While theoretical studies indicate that the tertiary C-F bonds

in perfluorocarbons are weaker than both secondary and primary
C-F bonds,16 the X-ray crystal structure of1a6 does not reveal
a tertiary C-F bond significantly longer than those in the
trifluoromethyl groups. Furthermore the reason for the remark-
able difference between the reaction of silver(I) and thallium-
(I) salts with 1a is not immediately clear. Lattice energy
considerations are often invoked to explain the driving force
for metal fluoride eliminations, but our results indicate that such
arguments should perhaps be used with caution. Although the
lattice energy of TlF (845 kJ/mol) is indeed higher than that of
TlI (709 kJ/mol), the lattice energy of AgF (967 kJ/mol) is also
higher than that of AgI (889 kJ/mol).17 Nevertheless, in
reactions with1a, silver(I) chooses I- and thallium(I) chooses
F-, perhaps implying a more fundamental difference in reaction
mechanism between Ag(I) and Tl(I) reactions than has previ-
ously been contemplated.
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