The 2,2,2-Triphenylethyl Radical’

Sir:

We wish to report the generation and efficient trap-
ping of the free 2,2,2-triphenylethyl radical. This
radical, which apparently possesses an extremely great
tendency to rearrange, has not previously been ob-
served as a kinetically free species, all attempts? at its
generation having led to products derived from the
1,1,2-triphenylethyl radical.

Our method involved the reduction of 2,2,2-triphenyl-
ethyl chloride to 1,1,1-triphenylethane by triphenyltin
hydride, a reaction whose course is proposed to be

Phg.Sn- + PhsCCHgCI — PhaanI + PhsCCH2'
Ph;CCH:- + Ph;SnH —> Ph;CCH; + Ph;Sn-, etc.
by analogy with the reduction by triphenyltin hydride
of other halides.*

Table I summarizes the results obtained at several
temperatures and two concentration ranges.

Table I. Summary of Results
Reagents, mmoles Solvent Temp, %

Ph;CCH,Cle Ph;SnH  (benzene), mi °C Ph;CCH#
0.27 1.43 0.10 68 >90
0.27 1.44 0.10 84 83
0.29 1.43 0.10 101 76
0.34 1.46 0.10 132 62
0.28 0.29 0.25 85 40
0.29 0.42 0.25 100 40
0.25 0.38 0.25 132 27

= The chloride, rather than the bromide or icdide, has been used
because of its greater accessibility [H. E. Zimmerman and F. J.
Smentowski, J. Am. Chem. Soc., 79, 5456 (1957)]. Since higher
temperatures favor rearrangement and since the bromide and iodide
require much lower temperatures for reaction than the chloride
does, use of the iodide in particular would probably eliminate the
necessity of using a large excess of triphenyltin hydride in order to
achieve complete trapping. » Based on complete consumption of
the 2,2,2-triphenylethyl chloride. The other major product was
1,1,2-triphenylethane.

The usefulness of the reaction between organic halides
and triorganotin hydrides as a means of conveniently
and cleanly? generating free radicals has become clear
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recently. The present work indicates the potential
of the reaction as a means of intercepting radicals
which are highly prone to rearrange configurationally
or structurally and, hence, of studying the rearrange-
ment process.
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A Simple Synthesis of
Fluoroxyperfluoroalkyl Compounds
Sir:

Until recently the only known example of an organic
fluoroxy compound was CF;OF.! It was formed by
fluorination of carbon monoxide, carbonyl fluoride, or
methanol over a silver fluoride catalyst at 160-180°,
Several other monofluoroxy derivatives have re-
cently been reported (e.g., C.F:OF, C;F,OF, (CF;)s-
COF, and (CF3),CFOF).2 They were prepared by the
reaction of fluorine with the corresponding partially
fluorinated alcohols under mild conditions. The
yields of these new compounds were in general quite
low (except when perfluoro-s-butyl alcohol was em-
ployed), and numerous side products were formed.
The bis(fluoroxy)perfluoropropane, FOCF,CF,CF,OF,
has also been obtained in very low yield (297) by the
fluorination of 1-hydroxy-3-trichloroacetoxypropane.?
We wish to report a general synthesis for perfluoro
organic fluoroxy derivatives in which side reactions are
generally avoided. The basic reaction is the catalyzed
addition of fluorine across the carbon-oxygen double
bond in a perfluorocarbonyl compound.

X X
N MF
C=0+F,—> CFOF
-8
Y Y

X =RtorF, Y =R¢or F, M = K, Rb, or Cs

The addition occurs in an almost quantitative manner
when carried out in a static system.* If the stoichio-
metric amount of fluorine is used, cleavage of the carbon
skeleton is all but eliminated. The following conver-
sions were accomplished: COF, -~ CF,OF, 97 %
yield; CF;C(O)F — C.F;OF, 96 7] yield; C.F;C(O)F —
C:F,OF, 97 % yield; and (CF;),C=0 — (CF,),CFOF,
98 % yield. The products were identified by comparison
of their infrared and *F nmr spectra with those in the
literature’2® and by vapor density molecular weight
determinations. The purity (or yield) of the crude
products was determined by vapor phase chromatog-
raphy using the column recommended in the literature.?

The reaction was quite rapid at —78° in the presence
of alkali metal fluorides. No apparent differences in
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the course or rate of reaction were noted when either
potassium fluoride, rubidium fluoride, or cesium
fluoride was employed as a catalyst. However, when
the reaction between either CF;C(O)F or (CF;).,C=0
and fluorine was carried out in the complete absence of
metal fluorides, no formation of the fluoroxy derivatives
was observed. In fact, no reaction was noted at —78°.
Although the role of the metal fluoride is not known
with certainty, it is likely that an ionic intermediate such
as XYCFO~ is the active species involved in the fluorina-
tion. Support for this assumption was obtained by
fluorination of the salt, CsOCF,,® under similar condi-
tions. Fluoroxytrifluoromethane was produced in
quantitative yield.

Several attempts were made to extend the catalytic
fluorination procedure to other carbonyl derivatives.
When phosgene was allowed to react with fluorine in
equimolar quantities at —78°, the following reaction
was observed. Half of the phosgene initially charged

COCl; + 2F; —— CF;0F + Cl;

was recovered unchanged. Fluorination of HCF,C-
(O)F over cesium fluoride at 0° produced an unstable
material which was contaminated with small amounts
of COF,, HCF;, and CF,. Attempted purification of
this product by vacuum line fractionation resulted in
spontaneous and often violent decomposition. The
BF nmr spectrum of the crude product in CF;Cl con-
sisted of an unresolved broad singlet at ¢ —131, an
unresolved singlet at ¢ 99.9, and a doublet at ¢ 136.4,
Jur = 56 cps. The relative area ratios of the peaks are
1:2.1:1.9. This spectrum is consistent with the
formulation of the product as HCF,CF,OF if it is
assumed that coupling between the CF and OF fluorines
is not observed.” The infrared spectrum shows no
carbonyl absorptions other than trace amounts of
carbony! fluoride and has a weak band in the fluoroxy
region?® which is not present in the starting material.
Due to the instability of the product no elemental
analyses were obtained.®
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A Nuclear Magnetic Resonance Method for Relative
Carbonium Ion Stabilization Energies
Sir:

Quantitative determination of carbonium ion stabili-
ties is a cornerstone in the construction of a compatible
structure-reactivity relationship for reactions involving
cationic intermediates. In principle, a direct measure
of relative carbonium ion stabilities is derived from the
equilibrium amounts of a stable carbonium ion in
equilibrium with its un-ionized precursor. In practice,
useful data have been obtained from carbinol-carbo-

nium ion ionization equilibrium data in strongly acidic
media® and from the reversible electrode potential re-
duction method, recently developed by Taft.? To
these pKg+ and emf methods we now add a convenient
nmr technique which promises to be of broad applica-
tion.

When equimolar amounts of a stable carbonium
ion salt (RtY~) and an appropriate carbonium ion
precursor (R(X) are combined in a suitable solvent, rapid
exchange of Y~ and X occurs (as shown in eq 1) to
yield an equilibrated mixture in which the relative
amounts of R+ and Rt are a direct measure of their
free-energy difference (AF,). For convenient analysis of

R*Y -+ ReX —=RX + R¢*Y "~ (1)

the equilibrium mixture by nmr it is necessary that the
maximum difference in concentration of R+ and Rg*
be ~19:1 (AF° = 3.5 kcal) and that at least one of the
components have a single, sharp resonance line, the
chemical shift of which is sufficiently different in the
covalent and cationic components.® The latter re-
quirement is best fulfilled by a methyl or methoxyl
substituent, though others (fluoro, dimethylamino, etc.)
should prove equally advantageous.

The stability data obtained from (1) are substantially
independent of the nonnucleophillic anion (Y~) and
we have found SbCl¢, BF~, and ClOs~ to be equally
useful.  However, the technique for quantitatively
estimating the relative amounts of R* and R,* depends
on the nature of the group X. When the covalent com-
ponent is a halide (X = Cl or Br) the expected rapid
SN1 exchange occurs between R*Y— and RX and be-
tween Ro*Y~ and R¢X, leading to time-averaged reso-
nance lines whose chemical shift is proportional to the
mole fraction of each component.* For example:
mono-p-methyltrityl and di-p-methyltrityl chlorides
in methylene chloride solution display their methyl
protons at 139.8 and 138.3 cps® while the methyl pro-
tons of their respective hexachloroantimonates appear
at 164.9 and 163.8 cps. An equimolar mixture of either
chloride with the other carbonium ion equilibrates to
give lines at 158.0 (six methyl protons) and 145.0 cps
(three methyl protons). From these data it is readily
calculated that the ratio of di-p-methyltrityl to mono-p-
methyltrityl cations is 78 # 1:22 + 1 and that, there-
fore, AF° = 1.6 + 0.1 kcal at 40°.

With carbonium ions of pKg+ > 1, the halides are
partly or completely ionized in solvents which dissolve
the carbonium salts and are no longer suitable for ex-
change (1).¢ However, this by no means limits the utility
of the nmr method since we have found that a number
of covalent carbonium ion precursors readily participate
in the required exchange process (1).  Suitable groups
(X in RX or R¢X) include methoxy, azide, acetate,
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