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The chemical inertness of saturated perfluorocarbons (PFCs)

arises in large part from the strength of the aliphatieRbond,
the strongest single bond formed by carBdrhe stoichiometric
and catalytic activation of these normally inert-€ bonds has
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been the subject of considerable interest among transition metalexogenous protic acidé;%° or protons from intramolecular

chemistg™ In contrast to aromatic fluorocarbons for which a
variety of functionalization reactions have been repoftedthe
aliphatic C-F bonds in saturated PFCs have no strong binding
site for interaction with a metal center. It is not surprising that
reports of their activation reactions with transition-metal centers
almost invariably involve the metal acting as a reductant or a
catalytic electron shuttl&:1° Other strongly reducing conditions

using ammonia, alkali metals, metal oxalate salts, and elemental

carbon have been report€d* Nonreducing conditions involving

abstraction of fluorine by lanthanide and actinide complexes have

also been reported1®In all of these reactions, the thermodynamic
driving force is usually provided by formation of strong metal
fluorine bonds or high lattice energy metal fluorides.

While organometallics bearing aliphatic fluoroalkyl groups have
been known since the early days of organotransition-metal
chemistry}’-2! the saturated fluoroalkyl chains in these complexes
are usually inert. However, the-fluorines in such compounds
are unusually reactive in the presence of strong Lewis &&id%,
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watef3as fluoride acceptors; subsequent hydrolysis ot
to a ketone or CO occurs, with strong HF and CO bonds providing
thermodynamic compensation for breaking the strong CF bonds.
Here we report the first examples of hydrogenolysis ofaHeF,
groups in some iridium fluoroalkyls usindihydrogen under
ambient conditions

The cationic (aqua)(fluoroalkyl)iridium complexdsand 233
can be prepared from the corresponding iodides as previously
described for rhodium analogu#&sTreating methylene chloride
solutions of1 or 2 with dihydrogen results in clean and rapid
formation of the known iridium trihydrid&, whose'H, 1°F, and
31P NMR data are consistent with those previously repétt&d
and that of an independently prepared sample. The fate of the
fluoroalkyl ligand was an approximately 1:1 mixture of two
hydrofluorocarbon (HFC) compounds, identified a€RH, and
RrCH; (Re = CR;, CRCFR,) by °F NMR spectroscop$t No trace
of the monohydrogenated specieszCRHH or CRCF,CFH were
observed. Similarly treatment of the corresponding perfluoroiso-
propyl complex43? with H, affords only3 and CRCH,CF; with
no observable trace of GEFHCF; (Scheme 1). These observa-
tions represent, to our knowledge, the first examples of the
hydrogenolysis of aliphatic CF bonds in the coordination sphere
of a transition metal. Furthermore, the reaction is selective for
H,, with no observable hydrolysis of the fluoroalkyl group, even
in the presence of the water originally present in the coordination
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which indicate that perfluoroalkyimetal bonds are indeed
stronger than those of hydrocarbon analogues or partially
fluorinated alkyls?* Furthermore, thermal reductive elimination
from CRCH,(H)Pt complexes has been shown to be fa@ilayt,
in contrast to the photochemical reductive elimination ogiCF
from a CR(H)Pt complexX* corresponding thermal elimination
from the same complex has not been obsefvedle cannot
exclude a mechanism involving—F elimination as a prelude to
elimination of HF directly from the metal; equilibria between
trifluoromethyl and difluoromethylene(fluoride) complexes have
been reported recentfy.

The hydrogenolysis manifold shown in Scheme 2 can be
entered by generating the putative intermediiteanother way.
Complex2 reacts with 1,8-bis(dimethylamino)naphthalene (Proton

sphere. The HFC products themselves are of unusual interest:SPONGeY in a beautifully clean and quantitative reaction with

CRCFH, (HFC-134a) is the replacement refrigerant for,CE

loss of HO, and generation of the fluoroalkyl(hydride) complex

(CFC-12)¥"%8and similar HFCs are used as inhalation anesthet- 10°" along with the known organic produt.° This represents

ics39

Our working mechanistic hypothesis is shown in Scheme 2.

Dihydrogen is known to displace & from a variety of metal
centers* analogous reaction here would aff&dwhich may be
in equilibrium with its dihydride tautome6. The dihydrogen
complex is likely to have the more acidicH¢ and can play a
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role analogous to that of intramolecular water in the previously an unusual, but not unprecedentéihstance of Proton Sponge

reported hydrolysis reactiori$3? Protonation of amx-CF with
loss of HF afford the alkylidene(hydrid@) such fluoroalkylidene
complexes are known to undergo facile migration of H t&-€,4°
and coordination of more Haffords8, which either reductively
eliminates RCFH, at this stage or undergoes a secan€F
activation with loss of HF to giv®. Subsequent H migration,,H
coordination, and elimination fro®affords R-CHs; incorporation
of the third molecule of klconverts the cationic iridium center
to the observed trihydrid® We hypothesize that no elimination
of ReECFH occurs from intermediat®, because the M-GRg

acting not as a base, but as a formal hydride donor. In agreement
with our hypothesis10 shows no sign of reductive elimination
of ReCFH at temperatures up to 15TC, at which point it
decomposes to afford a library of volatile organics sufficiently
diverse that we have not attempted to penetrate it. Comdex
does not react with Halone, but protonation using triflic acid
rapidly affords the triflate salt @ and the same mixture of HFCs
CRCF,.CFH, and CRCF,CHjs, presumably via initial formation
of 5.

In summary, introduction of dihydrogen cis to a perfluoroalkyl

bond is too strong; however once partial replacement of F by H ligand in these cationic iridium complexes results in hydrogenoly-

has occurred, elimination fro®or 9 is considerably more facile.
Support comes from experimerffabnd theoretical>? studies
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sis and elimination of perfluoroalkyl ligands as useful HFCs. This
new reactivity of perfluoroalkyl ligands may be general, and
preliminary experiments indicate that similar chemistry can be
achieved with analogous cobalt compleXgshis chemistry
potentially opens the way to mild synthesis of environmentally
friendly hydrofluorocarbons. Further mechanistic studies are in
progress.
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