J. Am. Chem. Soc. 1995, 117, 10119—10120

10119

Communications to the Editor

New Reaction of Saturated Fluorocarbons: Partial
Reduction by NH3 with Hg Photosensitization

Juan Burdeniuc, William Chupka, and Robert H. Crabtree*

Department of Chemistry, Yale University
225 Prospect Street, New Haven, Connecticut 06511

Received June 26, 1995

Saturated fluorocarbons are among the most inert chemical
compounds and reactions involving them are extremely rare.'?
Their exceptional stability gives them important industrial
applications® and makes the discovery of new conversion
reactions a challenge for synthetic chemists. The chemistry of
fluorocarbons has recently received increased attention, in part
owing to the growing concern over the impact of chlorofluo-
rocarbons (CFCs) on the upper atmosphere.* Reactions with
strong reducing agents such as alkali or alkaline earth metals
are very difficult to control and lead to complete defluorination;
indeed, such reactions are used in quantitative analysis of
perfluoroalkanes.®® MacNicol and Robertson® have reported
an electron transfer reaction in which sodium benzenethiolate
slowly reacts with perfluorocarbons having tertiary carbon
centers, leading to complete defluorination and aromatization
to give Co(SPh)s. Recently, d- and f-block metal species, such
as (MeCsH4);U(Bu),® CpFe(CO),™, and Cp,Co,” have been
shown to be capable of defluorinating perfluoralkanes, in one
case’ to give free perfluoroarene. Catalytic CF reduction in
the more reactive perfluoroarenes has also been reported
recently,’® and stoichiometric CF activation in perfluoroarenes
and -alkenes is much more common’ than that in perfluoro-
alkanes.

Functionalized perfluoroalkyl derivatives are of intense
technological interest,® and therefore, ways to make them from
the readily available perfluoroalkanes would be valuable.
Stopping at the partial reduction stage is difficult because the
partially reduced species tend to be more reactive than the
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starting materials. In a significant advance, Pez and co-workers®
have shown how a judicious choice of radical anion as reductant
allows cyclic saturated perfluorocarbons to be selectively
converted into perfluoroarenes. We now report a controllable
functionalization of perfluoroalkanes to give perfluoroalkyl
derivatives via a new reaction.

We have previously reported a method for the partial
oxidation of alkanes using vapor phase Hg photosensitization.'®
Under our conditions, this reaction shows essentially complete
selectivity for volatile materials: when an alkane is function-
alized and so becomes much less volatile, it condenses and is
protected from further conversion. It did not seem obvious how
this system, which relies on radical abstraction, could be adapted
for reaction with perfluoroalkanes, which are inert to-attack by
radicals, but we nevertheless looked at a number of variants.
We were very pleased to find that Hg photosensitization of a
variety of perfluoroalkanes in the presence of NHj does, indeed,
lead to partial reduction to give a single major product.

Purified''* (CF3),CFCF,CF,CF; (1, 3 g, 8.9 mmol) was
irradiated at 40 °C in a quartz tube for 19 h with 254 nm light
from a low-pressure Hg lamp (Rayonet RMR-600, 32 W), with
a drop of Hg (0.1 g) and with a flow of NH; gas (2 mL/min)
(eq 1).'° The experimental details are the same as those
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described for non-fluorocarbon applications of these NHj
reactions.'™ The major products were NH4F and compound 2,
formed in good chemical (95%) and quantum yield (0.02) and
isolated by chromatography on silica with CH,CI,/THF (95:5
v/v) as eluent.''’® Being involatile under the reaction conditions,
2 is protected from overreduction. Compound 2 was identified
by comparison with literature data [mp 201202 °C, lit.''* mp
201-203 °C; UV (EtOH) A 287 nm (¢ = 12 500), lit.,''c 4 287
nm (¢ = 13750)]. In addition, 2 has a mass of 211 Da by
GC—MS and shows a fragmentation pattern consistent with the
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proposed structure, notably the presence of strong peaks at m/e
= 185 and 142, corresponding to loss of CN and CF;,
respectively. The C,Fs group resonated in the'”F NMR
spectrum at —80.7 and —115.3 ppm. The IR spectrum showed
the CN groups (¥(CN) = 2207 cm™') and the NH; group (v-
(NH,) = 3312, 3181 cm™).

We find that a plausible intermediate in the process, the alkene
3, reacts with NH; (1 atm, room temperature) to give the same
dinitrile 2, probably via a known!'? series of nucleophilic addition
reactions of NH3, followed by loss of HF and readdition of NH3.

Other perfluoroalkanes having tertiary CF bonds react
similarly, as shown in eqs 2—4. For the products of eqs 2 and
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4, the compounds were identified by comparison with literature
data.''d¢ The product from eq 3 is a new compound, identified
from its characteristic spectroscopic and mass spectral data.''f

We were puzzled as to how initial attack could take place on
the perfluoroalkanes, since they are usually inert to radical
attack, and Hg photosensitization is known'3 to proceed by
radical formation. In particular, Hg photosensitization of NH;
is believed to give H atoms and NH; radicals. Since the HF
bond strength is higher, but the N—F bond strength is lower
than the C—F bond strength, only H atoms could possibly
abstract F from perfluoroalkanes. We therefore looked at the
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Hg-photosensitized reaction of perfluorodecalin (4) in the
presence of H,, where H atoms are known to be the exclusive
radicals formed. This gave no significant HF formation,
confirming that H atoms are not the reactive species. Excited
state Hg (Hg*) itself can be excluded, since it failed to attack
4 in the absence of NH;. Finally, a control reaction-in which
Hg was omitted gave no reaction.

Many prior perfluorocarbon reactions®’2~% are thought to
proceed via initial electron transfer. The rate of reaction for 4
— 5 proved to depend on [P(NH3)]? in the range 0.1—1 atm,
and there was no H/D isotope effect (ku/kp = 1.0 £ 0.1). A
possible mechanism, therefore, is electron transfer from an
exciplex'* such as [Hg*(NH3),], but other pathways cannot be
excluded. Such an exciplex should be a significant electron
donor; indeed, the calculated vertical IP (3.72 eV)'*? is very
low and comparable to that of Cs (3.89 eV).!®

Once initial electron transfer has taken place, the sequence
of eq 5 becomes possible, based on proposed' electron transfer
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chemistry of perfluoroalkyl polymers. Loss of HF is no doubt
assisted by the NH; medium. Once 3 is formed, conversion to
2 can occur via dark reactions (eq 1).

The reaction is also effective for the surface modification of
poly(tetrafluoroethylene) (PTFE). We exposed a strip of PTFE
to ammonia in a quartz tube containing a drop of mercury,
irradiated (254 nm) for 72 h, and measured the water contact
angle in the product. The starting strip had a contact angle with
water of 108°, indicating a very hydrophobic surface, but after
treatment, the polymer had a contact angle of 50°, indicating
that the surface had become much less hydrophobic. IR study
of the modified PTFE film showed a weak band in the range
1630—1700 cm™! that we assign to ¥(C=NH), suggesting that
imine groups are present on the modified surface. This implies
that secondary CF bonds, such as those present in PTFE, do
react slowly under our conditions.
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