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ABSTRACT: Perfluoroalkynylxenonium salts, [RXe][BF4]
(R = CF3CC, (CF3)2CFCC), reacted with organyl
iodides, R′I (R′ = 3-FC6H4, C6F5, CF2CF, CF3CH2; no
reaction with R′ = CF3CF2CF2) in anhydrous HF to yield the
corresponding asymmetric polyfluorinated iodonium salts,
[RR′I][Y]. The action of the arylxenonium salt, [C6F5Xe]-
[BF4], and the cycloalkenylxenonium salt, [cyclo-1,4-C6F7Xe]-
[AsF6], on 4-FC6H4I gave [C6F5(4-FC6H4)I][BF4] and [cyclo-
1,4-C6F7(4-FC6H4)I][AsF6], respectively, besides the symmetric iodonium salt, [(4-FC6H4)2I][Y]. But the aryl-, as well as the
cycloalkenylxenonium salt, did not react with C6F5I, CF2CFI, and CF3CH2I.

■ INTRODUCTION
The preparative chemistry of organoxenon compounds was
established in 1989 with the syntheses of the first
unambiguously characterized salts [C6F5Xe][(C6F5)nBF4−n].

1,2

During the last two decades the investigations on
organylxenonium(II), organylxenonium(IV) salts, and covalent
derivatives of organoxenon(II) concentrated on methodical
synthetic aspects, on fundamental reactivities, and on excep-
tional structural and spectral features. The progress in these
fields was discussed in various reviews.3−6

Several examples in literature describe the transfer the
pentafluorophenyl group from [C6F5Xe][Y] to a heteroatom E
of an appropriate neutral nucleophile RE under formation of
the corresponding onium salt [C6F5(R)E][Y]. Thus, the
molten salt [C6F5Xe][AsF6] (mp 102 °C, dec >125 °C)7

reacted with (C6F5)2S, (C6F5)3P, and (C6F5)3As at 130−150
°C to form the corresponding sulfonium, phosphonium, and
arsonium salts, [(C6F5)n+1E][AsF6] (E = S, n = 2; P and As, n =
3) in good yields.1,8 The interaction of the viscous melt of
[C6F5Xe][AsF6] with an excess of C6F5I or C6F5Br at 140 °C
for 1 h gave [(C6F5)2I][AsF6] and [(C6F5)2Br][AsF6] in only
20% and 6% yield, respectively.9 The reaction of [C6F5Xe]-
[(C6F5)3BF] with C6F5I in acetonitrile at 20 °C was reported to
give [(C6F5)2I][(C6F5)3BF].

1 In contrast, [C6F5Xe][AsF6] was
found not to react with iodopentafluorobenzene in solution
(MeCN, 20 °C, 70 h; MeCN, 80 °C, 4 h) or in suspension
(CH2Cl2, 80 °C, 4 h).9,10 A negative result was also presented
for the reaction of [C6F5Xe][C6F5BF3] with C6F5I (MeCN,
−30 °C).2 The interaction of [C6F5Xe][AsF6] with C6H5I in
MeCN at ≈20 °C gave C6F5I (50.0%) besides C6F5C6H4I
(isomeric mixture, 30.2%), C6F5C6H5 (6.5%), and C6F5H
(6.3%), but bis(aryl)iodonium salts were not obtained.10 [2,4,6-
C6F3H2Xe][BF4] showed no reactivity in MeCN at 20 °C

toward C6F5I over a period of 20 h, while at 60 °C [2,4,6-
C6F3H2(C6F5)I][BF4] was formed besides 1,3,5-C6F3H3 and
C6F5H.

11 Formally, these processes can be described as
electrophilic polyfluorophenylations of iodoarenes, but in fact
this phenomena should be explained by the intermediate
formation of ArFXeF for reactions in the melt or in case of
reactions of arylxenonium salts with good fluoride donating
anions, like [(C6F5)3BF]

−. Arylxenonium salts with weakly
coordinating anions form adducts between the arylxenonium
cation and MeCN solvent, which can be described as [ArFXe---
NCCH3]

+.12 Both structurally related species ArFXeF and
[ArFXe---NCCH3]

+ have in common the elongation and
weakening of the C−Xe bond in comparison with [ArFXe]-
[Y].6,13,14 A “nonsolvated” (or more precisely: a weakly
coordinated) [RXe]+ cation in combination with a strongly
solvated anion exists in solutions of [RXe][Y] in highly acidic
solvents like anhydrous HF (aHF). In this sense, solutions of
[RXe][Y] in aHF characterize the reactivity of the nearly
“naked” organylxenonium cation. This aspect was demon-
strated by few reactions of organylxenonium salts with halide
anions.3,6,14 In the present work we continue our systematic
research in this field and investigate the reactivity of a
representative choice of perfluoroorganylxenonium(II) salts,
[RXe][Y], with a selected series of organyl iodides, R′I, in aHF.
The xenonium salts pentafluorophenylxenonium(II)
tetrafluoroborate, [C6F5Xe][BF4], heptafluorocyclohexa-1,4-
dien-1-ylxenonium(II) hexafluoroarsenate, [cyclo-1,4-C6F7Xe]-
[AsF6], trifluoroprop-1-yn-1-ylxenonium(II) tetrafluoroborate,
[CF3CCXe][BF4], and heptafluoro-3-methylbut-1-yn-1-
ylxenonium(II) tetrafluoroborate, [(CF3)2CFCCXe][BF4],
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are (a) representative of all actually known types of
organylxenonium(II) salts and (b) are stable in aHF at ≈20
°C over a period of days ([CF3CCXe][BF4] and
[(CF3)2CFCCXe][BF4]

15,16) or years ([C6F5Xe][BF4] and
[cyclo-1,4-C6F7Xe][AsF6]

3).

■ RESULTS
We examined the synthetic potential of alk-1-yn-1-yl-, alk-1-en-
1-yl-, and arylxenonium tetrafluoroborates in model reactions
with organyl iodides (3-fluoroiodobenzene, 4-fluoroiodoben-
zene, iodopentafluorobenzene, iodotrifluoroethene, 1-iodo-
2,2,2-trifluoroethane, and 1-iodoheptafluoropropane).
[CF3CCXe][BF4] reacted with 3-FC6H4I (perfluoroalky-

nylation) in aHF at ≈20 °C to give trifluoroprop-1-yn-1-yl(3-
fluorophenyl)iodonium tetrafluoroborate, [CF3CC(3-
FC6H4)I][BF4], in 50% isolated yield. Under the same
conditions, [CF3CC(C6F5)I][BF4] (87% yield) was obtained
from [CF3CCXe][BF4] and the perfluorinated phenyl
iodide, C6F5I, (Scheme 1).

The perfluoroalkynylation of iodotrifluoroethene, CF2CFI,
with heptafluoro-3-methylbut-1-yn-1-ylxenonium tetrafluorobo-
rate, [(CF3)2CFCCXe][BF4], proceeded slower. After 1.5 h
at ≈20 °C, the conversion of [(CF3)2CFCCXe][BF4] was
only 50%. After the mixture was stirred overnight, the
conversion of both reagents was completed. Heptafluoro-3-
methylbut-1-yn-1-yl(trifluoroethenyl)iodonium tetrafluorobo-
rate, [(CF3)2CFCC(CF2CF)I][BF4], was isolated (non-
optimized procedure) in 47% yield (Scheme 2).

The alkyl iodide 1-iodo-2,2,2-trifluoroethane, CF3CH2I,
reacted fast with [CF3CCXe][BF4] in aHF at ≈20 °C to
give trifluoroprop-1-yn-1-yl(2,2,2-trifluoroethyl)iodonium tet-
rafluoroborate, [CF3CC(CF3CH2)I][BF4], in practically
quantitative yield. In contrast, no reaction was detected
between [CF3CCXe][BF4] and the perfluorinated alkyl
iodide, C3F7I, under the same conditions (Scheme 3).

The interaction of the arylxenonium salt, [C6F5Xe][BF4],
with 4-FC6H4I in aHF at ≈20 °C yielded two principal
products, asymmetric pentafluorophenyl(4-fluorophenyl)-
iodonium tetrafluoroborate, [C6F5(4-FC6H4)I][BF4], and

symmetric bis(4-fluorophenyl)iodonium tetrafluoroborate,
[(4-FC6H4)2I][BF4], besides minor quantities of byproduct
(Scheme 4).

In contrast to perfluoroalkynylxenonium(II) salts, the
arylxenonium salt, [C6F5Xe][BF4], reacted neither with
iodopentafluorobenzene nor with 1-iodo-2,2,2-trifluoroethane
(Scheme 5).

The reaction of [cyclo-1,4-C6F7Xe][AsF6] with 4-FC6H4I
proceeded at 0 °C and was completed after 2 h. The 19F NMR
spectrum of the reaction mixture showed the formation of
asymmetr ic hepta f luorocyc lohexa -1 ,4 -d ien-1-y l(4 -
fluorophenyl)iodonium hexafluoroarsenate, [cyclo-1,4-C6F7(4-
FC6H4)I][AsF6], symmetric bis(4-fluorophenyl)iodonium
hexafluoroarsenate, [(4-FC6H4)2I][AsF6], 1-iodoheptafluorocy-
clohexa-1,4-diene, cyclo-1,4-C6F7I, 1-H-heptafluorocyclohexa-
1,4-diene, cyclo-1,4-C6F7H, and 1,4-difluorobenzene, 1,4-
C6F2H4, (Scheme 6). After removal of the volatile aryl and

cyclo-alkenyl compounds, a mixture of the salts [cyclo-1,4-
C6F7(4-FC6H4)I][AsF6] and [(4-FC6H4)2I][AsF6] was iso-
lated.
The iodonium salts [CF3CC(3-FC6H4)I][BF4], [CF3C

C(CF3CH2)I][BF4], [(CF3)2CFCC(CF2CF)I][BF4], and
[cyclo-1,4-C6F7(4-FC6H4)I][AsF6] were stable in aHF solutions
at ≈20 °C at least one day whereas a solution of
[(CF3)2CFCC(CF2CF)I][BF4] in MeCN decomposed
at ≈20 °C with a half-life period of 3 h to 1-iodoheptafluoro-3-
methylbut-1-yne, (CF3)2CFCCI, 1-H-heptafluoro-3-methyl-
but-1-yne, (CF3)2CFCCH, and iodotrifluoroethene, CF2
CFI. The potential products with a low boiling point, CF2
CFH and CF2CF2, were not detected (19F NMR).
Treatment of [(CF3)2CFCC(CF2CF)I][BF4] with an
excess of [Bu4N]Br in MeCN at 0 °C gave 1-bromohepta-
f luoro-3 -methy lbut -1-yne , (CF3)2CFCCBr , and
iodotrifluoroethene, CF2CFI (1:1) (Scheme 7).

■ DISCUSSION
The iodonium salts [CF3CC(3-FC6H4)I][BF4], [CF3C
C(CF3CH2)I][BF4], [(CF3)2CFCC(CF2CF)I][BF4], and
[cyclo-1,4-C6F7(4-FC6H4)I][AsF6] can be formed on two
principal routes. The first one is characterized by the acid−
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base interaction of the positively charged xenon atom of [RXe]+

with a lone pair of electrons of the iodine atom of R′I. The
decomposition of the unstable intermediate A can be described
as an internal redox reaction under elimination of Xe0 (Scheme
8).
The alternative route includes a one electron transfer from

the iodine atom of R′I to the xenon atom of [RXe]+. After the
fast elimination of Xe0, the radical couple B is formed. The in-
cage recombination of both radical partners leads to the
corresponding asymmetric iodonium salt (Scheme 9).
For a successful reaction via the second route each [RXe]+

oxidizer in Scheme 9 needs to have a higher electron affinity
(EA) than the ionization potential (IP) of the reducer R′I. The
IP-values of iodohalobenzenes cover the range of 8.8−8.9 eV17

(by the best of our knowledge we could not find the IP-values
of individual F−C6H4−I molecules) and are significantly lower
than those of the other organyl iodides under investigation:
CF2CFI (IP = 9.55 eV)18 < C6F5I (IP = 9.84 eV)19 <
CF3CH2I (IP = 9.99 eV)19 < C3F7I (IP = 10.61 eV)19 (from
photoelectron spectra). All three types of [RXe]+ oxidizer in
this investigation reacted with the most easily oxidizable F−
C6H4−I molecules. The fact that [C6F5Xe][BF4] and [cyclo-1,4-
C6F7Xe][AsF6] did not react with the weaker reducing
molecules, for example, CF2CFI allows to suggest the
sequence of EA values of [RXe]+ cations in aHF:
[(CF3)2CFCCXe][BF4], [CF3CCXe][BF4] > [cyclo-1,4-
C6F7Xe][AsF6], [C6F5Xe][BF4].
Furthermore, the formation of the byproduct C6F5I, C6F5H,

C6F5-(F-C6H4), and 1,4-C6F2H4 in the reaction of [C6F5Xe]-
[BF4] with 4-FC6H4I is in agreement with Scheme 9 and can be
explained by reactions of the escaping radicals [R]• and [R′I]+•

(see lower part of Scheme 9). The route of the aryl- and
alkenylxenonium salt with 4-FC6H4I to the observed symmetric
product [(4-FC6H4)2I][Y] in a remarkable yield is less certain.
It may be the product of the reaction of the oxidizing radical
cation [4-FC6H4I]

+• with the precursor molecule 4-FC6H4I.
This assumption is based on the experimental result that the
fluorooxidizer SbF5 reacted with C6F5I under formation of the
iodonium salt [(C6F5)2I][SbF6].

20 The formation of substantial
amounts of [(4-FC6H4)2I][Y] (Scheme 4 and 6) in the reaction
of [C6F5Xe][BF4] and [cyclo-1,4-C6F7Xe][AsF6] with 4-FC6H4I
should proceed on a similar route. We can exclude the
formation of [(R′)2I][Y] by symmetrization of [R(R′)I][Y] in
both cases, because the corresponding product [R2I][Y] was
absent.

■ CONCLUSIONS

Perfluoroorganylxenonium cations [RXe]+, which are weakly
solvated in aHF, enable the electrophilic organylation of

fluorinated organyl iodides R′I under formation of iodonium
cations [R(R′)I]+. The process is based on the higher electron
affinity of [RXe]+/aHF compared with the ionization potential
of R′I and likely involves a single electron transfer (SET) step.
The scope of this electrophilic organylation process allowed

to deduce the ranking of [RXe][Y] salts in aHF by their
electron affinity. Our results permit to conclude a sequence of
electron affinity of perfluoroorganylxenonium cations: [RFC
CXe]+ > [cyclo-1,4-C6F7Xe]

+, [C6F5Xe]
+. Obviously, the

electron affinity of perfluoroorganylxenonium salts is higher
than that of polyfluoroorganyliodonium salts in aHF, because
the excess of R′I at the end of the reactions was not attacked by
polyfluoroorganyliodonium salts.

■ EXPERIMENTAL SECTION
Apparatus and Materials. The NMR spectra were measured on

the Bruker spectrometer AVANCE 300 (1H at 300.13 MHz, 19F at
282.40 MHz, 13C at 75.46 MHz). The chemical shifts are referenced to
TMS (1H, 13C) and CCl3F (19F, with C6F6 as secondary reference
(−162.9 ppm)). The composition of the reaction mixtures and the
yields of products in solution were determined by 1H or 19F NMR
spectroscopy using internal integral standards. As a convention for
NMR spectra of [R(R’)I][Y] salts, the numeration of carbon and
connected fluorine or hydrogen nuclei of the R moiety (deriving from
[RXe][Y] starting materials) is presented as C-1, F-1, H-1, etc., and of
the R′ moiety (deriving from [R′I starting materials) by C1, F1, H1, etc.

Dichloromethane (Baker) was purified by sequential treatment with
conc. H2SO4, aqueous Na2CO3, and water. After drying and distillation
over P4O10, it was stored over molecular sieve 3 Å. Trichlorofluoro-
methane (Solvay Fluor and Derivate GmbH), 1,1,2-trichlorotrifluoro-
ethane (Merck), C6F5I (Aldrich), 3-FC6H4I (ABCR), 4-FC6H4I
(Fluorochem), CF3CH2I (ABCR), and C3F7I (ABCR) were used as
supplied. Organylxenonium(II) salts [CF3CCXe][BF4],
[(CF3)2CFCCXe][BF4]

16, [C6F5Xe][BF4],
21 and [cyclo-1,4-

C6F7Xe][AsF6]
22 were prepared as described. CF2CFI, which was

kindly donated by Dr. V. Cherstkov (INEOS RAN, Moscow), was
stored at 4 °C in a sealed tube in the dark. Anhydrous hydrogen
fluoride, aHF, was obtained by electrolysis (stainless steel cell, Ni-
electrodes).

All manipulations with organylxenonium salts in aHF were
performed in FEP-equipment (block copolymer of tetrafluoroethylene
and hexafluoropropylene) under an atmosphere of dry argon.
CAUTION: Adequate precaution is necessary when handling
anhydrous hydrogen fluoride (aHF).23 When aHF solutions were
stirred at ≈20 °C in a closed FEP-trap in an intensively ventilated
hood the Teflon-stopper was fixed. For subsequent operations like
taking portions or working up, the solutions were cooled to 0 or −10
°C.

Reaction of [CF3CCXe][BF4] with 3-FC6H4I in aHF. A cold
(−30 °C) solution of [CF3CCXe][BF4] (0.2 mmol) in aHF (0.5
mL) was added in one portion to stirred neat 3-FC6H4I (−20 °C, 33
mg, 0.15 mmol) in a FEP-trap. The reaction mixture was subsequently
stirred in the closed trap at ≈20 °C (bath) for 1 h. All volatiles were
evaporated in vacuum at ≈20 °C and the residue was washed with
CH2Cl2 and dried. The salt [CF3CC(3-FC6H4)I][BF4] (30 mg,
50%) was isolated as a white solid.

[CF3CC(3-FC6H4)I][BF4].
1H spectrum (aHF, 0 °C): δ(1H) = 7.62

(m, 2H, H2,6), 7.33 (d, 6 Hz, t, 8 Hz, 1H, H4), 7.21 (d, 1 Hz, d, 2 Hz, t,
8 Hz, 1H, H5) ppm. 13C{19F} spectrum (aHF, 0 °C): δ(13C) = 116.0
(C-3), 94.1 (C-2), 24.3 (C-1) ppm; the signals of the R′ group were
too weak to be measured. 13C{1H} spectrum (aHF, 0 °C): δ(13C) =
115.8 (q, 1J(C-3, F-3) = 277 Hz, C-3), 94.1 (q, 2J(C-2, F-3) = 58 Hz,

Scheme 7

Scheme 8
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C-2), 24.3 (q, 3J(C-1, F-3) = 8 Hz, C-1), 164.1 (d, 1J(C3, F3) = 259
Hz, C3), 135.1 (d, 3J(C5, F3) = 8 Hz, C5), 132.2 (d, 4J(C6, F3) = 4 Hz,
C6), 123.4 (d, 2J(C2, F3) = 28 Hz, C2), 123.2 (d, 2J(C4, F3) = 21 Hz,
C4), 110.7 (d, 3J(C1, F3) = 10 Hz, C1) ppm. 19F spectrum (aHF, 0
°C): δ(19F) = −51.7 (s, 3F, F-3), −100.8 (t, 6 Hz, d, 8 Hz, 1F, F3),
−147.8 (s, 4F, [BF4]

−) ppm.
Reaction of [CF3CCXe][BF4] with C6F5I in aHF. A cold (−30

°C) solution of [CF3CCXe][BF4] (0.32 mmol) in aHF (0.51 mL)
was added in one portion to stirred neat C6F5I (−30 °C, 80 mg, 0.27
mmol). The reaction mixture was stirred in the closed trap at ≈20 °C
(bath) for 1 h. The 19F and 13C{19F} spectra showed the resonances of
[CF3CC(C6F5)I][BF4] and traces of C6F5I, while such of [CF3C
CXe][BF4] were absent. The volatiles were evaporated in vacuum at
≈20 °C and the residue was washed with CH2Cl2 and dried in vacuum.
[CF3CC(C6F5)I][BF4] (129 mg, 87%) was obtained as a white
solid.
[CF3CC(C6F5)I][BF4].

13C{19F} spectrum (aHF, 0 °C): δ(13C) =
111.9 (C-3), 92.6 (C-2), 23.8 (C-1), 148.0 (C4), 146.6 (C2,6), 138.1
(C3,5), 82.8 (C1) ppm. 19F spectrum (aHF, 0 °C): δ(19F) = −52.0 (s,
3F, F-3), −117.3 (m, 2F, F2,6), −134.7 (tt, 4J(F4, F2) = 9 Hz, 3J(F4, F3)
= 19 Hz, 1F, F4), −152.2 (m, 2F, F3,5), −147.5 ppm (s, 4F, [BF4]

−)
(cf., ref 24).
Reaction of [(CF3)2CFCCXe][BF4] with CF2CFI in aHF. A

cold (−40 °C) solution of [(CF3)2CFCCXe][BF4] (0.50 mmol) in
aHF (0.5 mL) was added in one portion to stirred neat CF2CFI
(−40 °C, 134 mg, 0.64 mmol). After the mixture was stirred at 0 °C
for 1 h and at ≈20 °C for 1.5 h, the conversion of [(CF3)2CFC
CXe][BF4] was ≈50% (19F). Full conversion was achieved by further
stirring at ≈20 °C (bath) overnight (≤12 h). After removing of the
volatiles in vacuum at ≈20 °C, the residue was washed with cold (4
°C) pentane (2x 2 mL) and dried in vacuum at 4 °C to yield
[(CF3)2CFCC(CF2CF)I][BF4] as a colorless viscous oil (116
mg, 47%). No decomposition of [(CF3)2CFCC(CF2CF)I][BF4]
occurred in aHF at ≈20 °C over 48 h (19F).
[(CF3)2CFCC(CF2CF)I][BF4].

11B spectrum (aHF, −20 °C):
δ(11B) = −2.2 ppm (s, [BF4]

−). 13C{19F} spectrum (aHF, −20 °C):
δ(13C) = 119.3 (C-4), 90.2 (C-2), 85.6 (C-3), 30.6 (C-1), 154.8 (C2),
102.4 ppm (C1). 19F spectrum (aHF, −20 °C): δ(19F) = −74.0 (d,
3J(F-4, F-3) = 10 Hz, 6F, 2CF3), −169.2 (sept, 3J(F-3, F-4) = 10 Hz,
1F, F-3), −71.8 (dd, 2J(F2trans, F2cis) = 16 Hz, 3J(F2trans, F1) = 71 Hz,
1F, F2trans), −90.6 (dd, 2J(F2cis, F2trans) = 16 Hz, 3J(F2cis, F1) = 127 Hz,
1F, F2cis), −154.2 (dd, 3J(F1, F2trans) = 71 Hz, 3J(F1, F2cis) = 127 Hz,
1F, F1), −147.8 ppm (s, 4F, [BF4]

−).
Reaction of [CF3CCXe][BF4] with CF3CH2I in aHF. A cold

(−20 °C) solution of [CF3CCXe][BF4] (0.30 mmol) in aHF (0.5
mL) was added in one portion to stirred neat CF3CH2I (−20 °C, 77
mg, 0.36 mmol). After stirring at ≈15 °C (bath) for 1 h, the volatiles
were evaporated in vacuum at ≈20 °C. The residue was washed with
cold (5 °C) CH2Cl2 and dried in vacuum. [CF3CC(CF3CH2)I]-
[BF4] (116 mg, 99%) was obtained as a colorless oil and identified by
1H, 13C{19F}, 19F (aHF, 0 °C).24

Attempted reaction of [CF3CCXe][BF4] with C3F7I in aHF.
1-Iodoheptafluoropropane (88 mg, 0.30 mmol) was added in one
portion to a stirred cold (−78 °C) solution of [CF3CCXe][BF4]
(0.30 mmol) in aHF (0.5 mL). Following the reaction mixture was
stirred in the closed trap at ≈20 °C (bath) for 1 h. The 19F and
13C{19F} spectra showed only the presence of the starting reagents
[CF3CCXe][BF4] and C3F7I.

Reaction of [C6F5Xe][BF4] with 4-FC6H4I in aHF. 4-Fluoroio-
dobenzene (49 mg, 0.21 mmol) was added to a solution of
[C6F5Xe][BF4] (82 mg, 0.21 mmol) in aHF (0.8 mL) and
subsequently the solution was stirred at ≈20 °C for 6 h. The 19F
spectrum (aHF, 0 °C) showed the complete conversion of
[C6F5Xe][BF4] under formation of [C6F5(4-FC6H4)I][BF4] and [(4-
FC6H4)2I][BF4] besides byproduct. The reaction mixture was
extracted with CCl3F (1 mL) and dried in vacuum. After an additional
extraction with CClF2CCl2F the residue was dried again and consisted
of [C6F5(4-FC6H4)I][BF4]

25 (20% yield) and [(4-FC6H4)2I][BF4]
26

(30% yield) (1H, 19F). The combined chlorofluorocarbon extracts
contained C6F5H, C6F5I, 1,4-C6F2H4 (yields 3%, 18%, and 6%,
respectively), 4-FC6H4I (conversion >90%), and probably, three
hexafluorobiphenyls (19F signals at −114.0 (1F, F1), −139.9 (2F, F-
2,6), −153.4 (1F, F-4), −161.0 ppm (2F, F-3,5); −118.0 (1F, F1),
−140.2 (2F, F-2,6), −153.5 (1F, F-4), −161.0, F-3,5); −118.7 (1F,
F1), −140.5 (2F, F-2,6), −153.6 (1F, F-4), −161.0 (2F, F3,5) (molar
ratio 1:2:2; total yield 10−15%).

Attempted Reaction of [C6F5Xe][BF4] with C6F5I in aHF.
Iodopentafluorobenzene (59 mg, 0.20 mmol) was added to a solution
of [C6F5Xe][BF4] (79 mg, 0.20 mmol) in aHF (0.6 mL), and the
emulsion was stirred at ≈20 °C for 24 h. The quantity of both reagents
did not change (19F).

Attempted Reaction of [C6F5Xe][BF4] with CF3CH2I in aHF.
CF3CH2I (46 mg, 0.22 mmol) was added to a solution of
[C6F5Xe][BF4] (79 mg, 0.20 mmol) in aHF (1 mL), and the solution
was stirred at ≈20 °C for 19 h without change of the quantities of both
reagents (19F).

Reaction of [Cyclo-1,4-C6F7Xe][AsF6] with 4-FC6H4I in aHF. A
cold solution of [cyclo-1,4-C6F7Xe][AsF6] (94 mg, 0.18 mmol) in aHF
(0.6 mL) was added to a solution of 4-FC6H4I (51 mg, 0.23 mmol) in
aHF (0.5 mL) at 0 °C and the brown reaction mixture was stirred at 0
°C for 2 h and formed a two-phase system. The 19F spectrum of the
upper aHF phase at 0 °C showed the complete conversion of [cyclo-
1,4-C6F7Xe][AsF6] and the presence of [cyclo-1,4-C6F7(4-FC6H4)I]-
[AsF6] and [(4-FC6H4)2I][AsF6] besides byproduct. Further main-
taining of the dark mixture at ≈20 °C for 16 h did not affect on the
composition of products in the upper aHF phase (19F). After
extraction of the reaction mixture with CCl4 (1 mL), the aHF phase
was evaporated under reduced pressure and the resulting residue was
dissolved in MeCN (1 mL). The freshly prepared solution contained
[cyclo-1,4-C6F7(4-FC6H4)I][AsF6] (0.03 mmol, 17%) and [(4-
FC6H4)2I][AsF6] (0.07 mmol, 61%), besides signals of unknown
minor products. The carbon tetrachloride extract contained cyclo-1,4-
C6F7I, cyclo-1,4-C6F7H, and 1,4-C6F2H4.

[cyclo-1,4-C6F7(4-FC6H4)I][AsF6].
19F spectrum (aHF, 10 °C):

δ(19F) = −92.5 (ttd, 5J(F-6, F-3) = 4 Hz, 4J(F-6, F-2,4) = 10 Hz,
3J(F-6, F-5) = 21 Hz, 2F, F-6), −101.0 (m, 1F, F-2), −108.5 (tdt, 5J(F-
3, F-6) = 4 Hz, 4J(F-3, F-5) = 10 Hz, 3J(F-3, F-2,4) = 21 Hz, 2F, F-3),
−147.1 (tt, 4J(F-5, F-3) = 11 Hz, 3J(F-5, F-6) = 21 Hz, 1F, F-5),
−152.4 (tt, 4J(F-4, F-6) = 10 Hz, 3J(F-4, F-3) = 19 Hz, 1F, F-4), −96.3
(tt, 4J(F4, H2,6) = 4 Hz, 3J(F4, H3,5) = 8 Hz, 1F, F4), −64 ppm (br, 6F,
[AsF6]

−). 19F spectrum (MeCN): δ(19F) = −95.3 (ttd, 5J(F-6, F-3) = 4
Hz, 4J(F-6, F-2,4) = 9 Hz, 3J(F-6, F-5) = 22 Hz, 2F, F-6), −94.1 (dtt,
5J(F-2, F-5) = 3 Hz, 4J(F-2, F-6) = 10 Hz, 3J(F-2, F-3) = 24 Hz, 1F, F-
2), −110.5 (tddd, 5J(F-3, F-6) = 4 Hz, 4J(F-3, F-5) = 10 Hz, 3J(F-3, F-
2) = 24 Hz, 3J(F-3, F-4) = 20 Hz, 2F, F-3), −148.9 (m, 1F, F-5),
−155.1 (dtt, 3J(F-4, F-5) = 4 Hz, 4J(F-4, F-6) = 10 Hz, 3J(F-4, F-3) =

Scheme 9
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20 Hz, 1F, F-4), −101.6 (tt, 4J(F4, H2,6) = 5 Hz, 3J(F4, H3,5) = 8 Hz,
1F, F4), −64.4 ppm (q(1:1:1:1), 1J(F, As) = 931 Hz, 6F, [AsF6]

−).
Decomposition of [(CF3)2CFCC(CF2CF)I][BF4] in MeCN

Solution. Salt [(CF3)2CFCC(CF2CF)I][BF4] (116 mg, 0.23
mmol) was dissolved in cold (0 °C) MeCN (0.5 mL). Half of the
solution was diluted with MeCN (0.3 mL) and kept at ≈20 °C for 3 h.
The 19F spectrum showed 50% conversion of [(CF3)2CFCC(CF2
CF)I][BF4] under formation of (CF3)2CFCCI, (CF3)2CFC
CH,27 and CF2CFI (molar ratio = 63:16:21).
[(CF3)2CFCC(CF2CF)I][BF4].

19F spectrum (MeCN): δ(19F) =
−75.3 (d, 3J(F-4, F-3) = 10 Hz, 6F, 2CF3), −169.1 (sept, 3J(F-3, F-4)
= 10 Hz, 1F, F-3), −77.7 (dd, 2J(F2trans, F2cis) = 27 Hz, 3J(F2trans, F1) =
64 Hz, 1F, F2trans), −95.4 (dd, 2J(F2cis, F2trans) = 27 Hz, 3J(F2cis, F1) =
125 Hz, 1F, F2cis), −157.8 (dd, 3J(F1, F2trans) = 64 Hz, 3J(F1, F2cis) =
125 Hz, 1F, F1), −149.0 ppm (s, 4F, [BF4]

−).
(CF3)2CFCCI. 19F spectrum (MeCN): δ(19F) = −76.3 (d, 3J(F-4,

F-3) = 10 Hz, 6F, 2CF3),−164.5 ppm (sept, 3J(F-3, F-4) = 10 Hz, 1F,
F-3). 13C{19F} spectrum (CD3CN): δ(

13C) = 119.0 (C-4), 85.3 (C-3),
77.3 (C-2), 25.6 ppm (C-1).
Reaction of [(CF3)2CFCC(CF2CF)I][BF4] with [Bu4N]Br in

MeCN. A cold (0 °C) solution of [(CF3)2CFCC(CF2CF)I][BF4]
(58 mg, 0.11 mmol) in MeCN (0.5 mL) was treated for 15 min with a
large excess of [Bu4N]Br to give (CF3)2CFCCBr and CF2CFI
(1:1) (19F and 13C{19F}). (CF3)2CFCCBr. 19F spectrum (MeCN):
δ(19F) = −76.4 (d, 3J(F-4, F-3) = 10 Hz, 6F, 2CF3), −165.5 ppm
(sept, 3J(F-3, F-4) = 10 Hz, 1F, F-3). 13C{19F} spectrum (CD3CN):
δ(13C) = 119 (C-4), 85.3 (C-3), 64.3 (C-2), 61.4 ppm (C-1).
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