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Abstract-1-Chlorooctafluoro-3-methylene-1-indanyl, 3-(chlorofluoromethylene)heptafluoro-1-indanyl, and
2- and 3-(dichloromethylene)heptafluoro-1-indanyl cations were generated from the corresponding dihalo-
methyleneindans in the system SbF53SO2ClF. Isomerization of these cations yields thermodynamically more
stable polyfluoromethylindenyl cations with chlorine atoms in the five-membered ring.

We previously reported [1, 2] on the generation of
perfluorinated alkylindenyl and alkylideneindanyl
cations. Unlike antiaromatic indenyl cation whose
relative stability is lower than that of its analog with
an openp system, perfluoroalkylindenyl cations are
thermodynamically more stable than isomeric per-
fluoroalkylideneindanyl systems [2]. With the goal
of elucidating the effect of chlorine and fluorine atoms
on the relative stability of haloalkylindenyl and halo-
alkylideneindanyl cations in the present work we
studied generation of chlorine-containing polyfluoro-
methylene-1-indanyl cations with an openp system
and their isomerization into polyfluorinated methyl-
indenyl cations having a closedp system.

We have found that dissolution of 3-chloronona-
fluoro-1-methyleneindan (I ) in a mixture of SbF5 with
SO2ClF at low temperature gives rise to 1-chloroocta-
fluoro-3-methylene-1-indanyl cation (II ). As the tem-
perature rises, cationII undergoes isomerization into
3-chlorooctafluoro-1-methylindenyl cation (III ). Like-
wise, from a mixture of (Z)- and (E)-1-(chlorofluoro-
methylene)octafluoroindansIV we obtained (Z)- and
(E)-3-(chlorofluoromethylene)heptafluoro-1-indanyl
cations V and VI whose thermal isomerization also
gave ion III (Scheme 1). The isomerization ofV
and VI into III involves intermediate formation of
perfluoro-1-methylindenyl cation (VII ) in which the
3-fluorine atom is replaced by chlorine through the
____________
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reaction with antimony chloride fluorides generated
during the process (Scheme 1). By special experiment
we showed that on addition of SbCl5 (~0.35 mol per
mole of the precursor) to SbF5 cationVII is converted
into ion III . On the other hand, the isomerization of
perfluoro(3-methylene-1-indanyl) cation (VIII ) to ion
VII is faster than its transformation into ionII . Per-
fluoro(1-methyleneindan) (IX ) in the system SbF53
SbCl53SO2ClF at 370oC gives rise to both ionVII
and methyleneindanyl cationVIII . As the temperature
rises to340oC, cationVIII undergoes isomerization to
ion VII without formation of ionII . The transforma-
tion of ion VII into III is complete when the solution
is kept for 1 h at room temperature (Scheme 1).

3-(Dichloromethylene)heptafluoro-1-indanyl cation
(XI ) was generated from 1-(dichloromethylene)octa-
fluoroindane X in the system SbF53SbCl53SO2ClF.
At room temperature the 1-fluorine atom inXI is
replaced by chlorine to afford 1-chloro-3-dichloro-
methylenehexafluoro-1-indanyl cation (XII ). The
latter is then converted into 2,3-dichloroheptafluoro-1-
methylindenyl cation (XIII ). In the absence of SbCl5
the isomerization ofXI into XIII proceeds at a con-
siderably lower rate. When a solution containing ion
XI , prepared from compoundX and SbF5 in SO2ClF,
was kept for 36 h at room temperature, a mixture of
ions III and XI 3XIII was formed. After 5.5 days,
the solution contained approximately equal amounts
of cations III and XIII and traces ofXII . After
4.5 months, the ratio of ionsXIII and III was about
2 :1, and after 11 months, ionIII was almost com-
pletely transformed intoXIII (Scheme 2).
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Scheme 1.

Scheme 2.

An analogous pattern was also observed with
2-(dichloromethylene)octafluoroindan (XIV ) as
precursor of cationic species. In the system SbF53

SO2ClF at low temperature compoundXIV gives rise
to 2-(dichloromethylene)heptafluoro-1-indanyl cation
(XV ). On keeping for 11 days at room temperature,
a mixture of ionXV (major component), 1-chloro-2-
dichloromethylenehexafluoro-1-indanyl cation (XVI ),
1-chlorooctafluoro-2-methylindenyl cation (XVII ),
and 1,3-dichloroheptafluoro-2-methylindenyl cation
(XVIII ) was obtained. After 11 months, the solution
contained the same ions, but cationsXVII andXVIII

were the major components (ratio~1 :4; Scheme 3).
We showed previously [3] that heating of a solution
of compoundXIV in the system SbF53SO2 for 6 h
at 110oC leads to complete isomerization of ionXV
to cation XVIII .

The reaction of 2-dichloromethylene-1,1,3,3-tetra-
chlorotetrafluoroindane (XIX ) with SbF5 in SO2
generates 2-dichloromethylene-1,1,3-trichlorotetra-
fluoro-1-indanyl cation (XX ) [4]; in SO2ClF, ions
XX and XVI are formed. Raising the temperature of
the SO2ClF solution to~20oC leads to replacement
of all chlorine atoms in position3 of ion XX by
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Scheme 3.

fluorine, yielding cationXVI . As compared toXV ,
ion XVI is relatively rapidly converted into methyl-
indenyl cationXVIII . At room temperature the trans-
formation is complete in 3 months. According to the
19F NMR spectrum, the resulting mixture contains
a small amount of 2-chloroundecafluoro-2-methyl-
indan (XXI ). The latter is formed as the major product
when compoundXIX was kept in the system SbF53

SO2ClF total of 14 months.
Thus, chlorine-containing polyfluoromethylindenyl

cations III , XIII , and XVIII which have a closed
p system are thermodynamically more stable than
isomeric methyleneindanyl ions with an openp

system; The stability series is as follows:III > II , V,
VI ; XIII > XII ; XVIII > XV .

The structure of the generated cationic species was
derived from their19F NMR spectra and was proved
by hydrolysis of the corresponding salts (with ions
III and XI 3XIII ). Treatment with water of solutions
containing cationsIII and XIII gave, respectively,
perfluoro(3-methylinden-1-one) (XXII ) and 2-chloro-
heptafluoro-3-methylinden-1-one (XXIII ). The hy-
drolysis of cationXII yields 3-(dichloromethylene)
hexafluoro-1-indanone (XXIV ). Ketone XXIV was
formed in a mixture with 3-(dichloromethylene)tetra-
fluoro-1,2-indandione (XXV ) by treatment with water

Scheme 4.
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of a SbF5 solution containing ionXI and no SO2ClF
(Scheme 4).

The 19F NMR spectra of cationsVII , VIII [2],
XV [3], XVII , XVIII , and XX [4] were consistent
with those reported previously. The spectra of methyl-
indenyl cationsIII and XIII (Table 1) are analogous
to that observed for ionVII [5], and the spectra of
methyleneindanyl cationsII , V, VI , XI , XII , andXVI
(Table 2) resemble those of ionsVIII [2] andXX [4].
In all cases, the signals from fluorine atoms attached
to the sp2-hybridized carbon atoms are displaced
downfield relative to the corresponding signals of
their neutral precursors. The chemical shifts of these
fluorine nuclei are likely to reflect qualitaitve pattern
of p-charge distribution over carbon atoms attached
thereto: Linear correlations were found previously
between thep-charges on carbon atoms and19F
chemical shifts for the other polyfluoroindenyl [2, 5]
and perfluoro(3-alkylidene-1-indanyl) cations [2].
The most downfield fluorine signals are characterized
by the greatest spin3spin coupling constants. In the
spectra of benzyl-like methyleneindanyl cations, such
signals are those from fluorine atoms located in the
resonance (charge) positions,1, 3`, 5, and7. It should
be noted thatJ values of polyfluorinated benzyl-like
[6] and arenonium ions [7] are considered to be related
to direct participation of fluorine atoms in charge
distribution and conjugation. The 4-F atom in ionsII ,
V, and VIII occupies an off-resonance position, and
the greaterJcis-3, 4 (as in neutral precursors [8]) is
likely to result from the short distance between the
interacting nuclei rather than from positive charge
distribution. It is also interesting that methylindenyl
cations III , VII , and XIII having a cyclicp system
are characterized by anomalously low coupling con-
stantsJ5, 6 (<2 Hz) for fluorine atoms locatedortho
with respect to each other; by contrast, theJ5, 6 values
(17321 Hz) of methyleneindanyl cations with an open
p system are typical ofortho-fluorine atoms in
a phenyl ring [9].

EXPERIMENTAL

The 19F NMR spectra of salt solutions in SO2ClF
or SbF5 and of solutions of neutral compounds in
CCl4 were recorded on Varian A-56/60A and Bruker
WP-200SY spectrometers operating at 56.4 and
188.3 MHz, respectively; SO2ClF (dF 262.8 ppm
relative to C6F6) and C6F6 were used as internal
references. The IR spectra were obtained on a UR-20
instrument from solutions in CCl4. The UV spectra
were measured on a Specord UV-Vis spectrometer
using heptane as solvent. The elemental compositions

were determined by high-resolution mass spectrometry
on an AEI-MS 902 instrument.

CompoundsI , IV [8], X, XIV [10], and XIX [4]
as precursors of cationic species were synthesized by
known procedures.

1-Chlorooctafluoro-3-methylene-1-indanyl cation
(II). A solution of 0.34 g of SbF5 in ~0.3 ml of
SO2ClF was placed in an NMR ampule and cooled to
370oC, and a solution of 0.13 g of compoundI (molar
ratio I3SbF5 1 :4) in ~0.3 ml of SO2ClF was added.
The mixture was stirred by shaking, and the19F NMR
spectra were recorded which contained signals of ion
II . The latter did not change in the temperature range
from 360 to 330oC. The solution was then kept for
2.5 h at33 to 5oC; its 19F NMR spectrum contained
signals from cationsII and III (ratio ~1 :1); after
16 h, only signals ofIII were present in the spectrum.

(Z)- and (E)-3-(chlorofluoromethylene)hepta-
fluoro-1-indanyl cations V and VI. A solution con-
taining ionsV and VI at a ratio of~2 :1 (according
to the 19F NMR data) was prepared by the procedure
described above from 0.14 g of compoundIV and
0.36 g of SbF5 (molar ratio 1 :4) at370 to 360oC.
The 19F NMR spectrum recorded at330oC (after
raising the temperature to~0oC for a short time) con-
tained signals of cationVII (the ratio of ionsV and
VI was ~6 :1). When the solution was kept for 0.5 h
at 031oC, ions V and VI were completely converted
into VII . After 16 h at33 to 5oC, only signals of ion
III were observed in the19F NMR spectrum.

Transformations of perfluoro(1-methyleneindan)
(IX) in the system SbF53SbCl5. a. As described
above, from 0.12 g of compoundIX , 0.33 g of SbF5,
and 0.04 g of SbCl5 (1 :4 :0.35) in SO2ClF at 370oC
a mixture of ionsVII and VIII was generated. On
raising the temperature to340oC, the solution con-
tained only ionVIII . The solution was than kept for
1.5 h at room temperature. According to the19F NMR
data, ionVIII was completely converted into ionIII .

b. To a solution of 0.11 g of SbCl5 in 1.54 g of
SbF5 at 20oC we added 0.33 g of compoundIX (ratio
IX 3SbF53SbCl5 1 :6.76 :0.35), and the mixture was
stirred and kept for 5 h at 20oC. According to the19F
NMR data, the resulting solution contained cationIII .
The solution was poured into ice water and treated
with methylene chloride, the extract was dried over
MgSO4, and the solvent was removed. We obtained
0.27 g of a product which was subjected to vacuum
sublimation at 45350oC (15320 mm) to isolate 0.21 g
of ketone XXII . The product was identical to that
described in [11].
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Table 1. 19F NMR spectra of polyfluorinated 1-methylindenyl cationsIII , VII , and XIII
ÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Cation
³ Chemical shiftsdF, ppm (relative to C6F6)
ÃÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄ

no.
³ CF3 ³ 2-F ³ 3-F ³ 4-F ³ 5-F ³ 6-F ³ 7-F

ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄ
III ³ 97.6 ³ 45.3 ³ ³ 98.3 ³ 20.4 ³ 70.8 ³ 63.6³ ³ ³ ³ ³ ³ ³
VII [2] ³ 97.3 ³ 40.2 ³ 168.3 ³ 110.5 ³ 20.7 ³ 79.5 ³ 66.2³ ³ ³ ³ ³ ³ ³
XIII ³ 97.1 ³ ³ ³ 94.5 ³ 20.0 ³ 67.1 ³ 63.8

ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄ

Cation
³ 19F319F coupling constantsJij , Hz
ÃÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄ

no.
³ 132 ³ 137 ³ 233 ³ 234 ³ 235 ³ 236 ³ 237 ³ 435 ³ 436 ³ 437 ³ 536 ³ 537 ³ 637

ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄ
III ³ 17 ³ 17 ³ ³ 5 ³ 17 ³ 12 ³ 17 ³ 20 ³ 57 ³ 17 ³ <1 ³ 11 ³ 10³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
VII [2] ³ 15 ³ 15 ³ 4 ³ 4 ³ 19 ³ 13 ³ 15 ³ 21 ³ 62 ³ 15 ³ <2 ³ 11 ³ 11³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XIII ³ ³ 21 ³ ³ ³ ³ ³ ³ 20 ³ 53 ³ 15 ³ <1 ³ 11 ³ 11

ÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄ

3-(Dichloromethylene)heptafluoro-1-indanyl
cation (XI) and 1-chloro-3-dichloromethylenehexa-
fluoro-1-indanyl cation (XII). a. To a solution of
0.33 g of SbF5 and 0.04 g of SbCl5 in SO2ClF we
added at375oC 0.13 g of compoundX (ratio X3SbF53

SbCl5 1 : 4 : 0.35), and the mixture was stirred.
According to the19F NMR data, the mixture con-
tained ionXI which did not change in the temperature
range from370 to 320oC. The mixture was kept for
100 min at 20322oC; it contained cationXII and
small amounts of ionsXI and XIII . After keeping
for a week at room temperature, only ionXIII was
present in the solution. Its19F NMR spectrum did
not change on keeping the mixture for an additional
7 days. The solution was poured into water and was
treated as described above to isolate 0.11 g of product
XXIII which was purified by vacuum sublimation
(110oC, 15 mm). Yield 0.06 g, mp 84386oC (in
a sealed capillary).

2-Chloroheptafluoroinden-1-one (XXIII). IR
spectrum,n, cm31: 1755 (CÍO), 1640 (CÍC), 1500
(fluorinated aromatic ring). UV spectrum,lmax, nm
(loge): 325 sh (3.35), 337 (3.45), 352 (3.38), 394
(3.16). Found: [M]+ 303.9562. C10ClF7O. Calculated:
M 303.9525.

b. A solution containing ionsXI and XII (~1 :3)
was prepared from 0.28 g of compoundX, following
the above procedure. The mixture was poured into
water and extracted with methylene chloride, and the
extract was dried over MgSO4 and transferred onto
a watch glass. We thus obtained 0.25 g of a mixture of
compoundsX, XXIV , andXXV at a ratio of 16 :81 :3
(according to the19F NMR data).

c. A solution containing cationXI (19F NMR data)
was obtained by mixing at room temperature 0.33 g
of compoundX and 1.45 g of SbF5 (1 :7). The mix-
ture was poured into water to obtain 0.25 g of a mix-
ture of compoundsX, XXIV , andXXV at a ratio of
1 :2 :2. It was separated by column chromatography
on silica gel (using carbon tetrachloride as eluent) to
isolate 0.03 g of initial compoundX and 0.08 g of
ketone XXIV . The subsequent elution with CH2Cl2
gave 0.09 g of diketoneXXV which was purified
by vacuum sublimation at 100oC (15320 mm),
mp 993100.2oC.

3-(Dichloromethylene)hexafluoroindan-1-one
(XXIV). IR spectrum,n, cm31: 1775 (CÍO); 1610
(CÍC); 1635, 1520, 1500 (fluorinated aromatic ring).
UV spectrum,lmax, nm (loge): 250 (4.28), 263 sh
(4.19), 273 sh (4.16), 285 sh (4.03), 332 (3.18).
Found: [M] + 319.9224. C10Cl2F6O. Calculated:
M 319.9230.

3-(Dichloromethylene)tetrafluoroindan-1,2-dione
(XXV). IR spectrum,n, cm31: 1765, 1750 (CÍO);
1575 (CÍC); 1625, 1515, 1500 (fluorinated aromatic
ring). UV spectrum,lmax, nm (loge): 273 sh (4.30),
282 (4.33), 349 (2.86). Found: [M]+ 297.9186.
C10Cl2F4O2. Calculated:M 297.9211.

d. Cation XI was generated from 0.13 g of com-
pound X and 0.33 g of SbF5 (1 :4) in SO2ClF at
340oC. The solution was then kept in a sealed ampule
at room temperature, and the19F NMR spectra were
recorded. After 36 h, the mixture contained ionsIII ,
XI , XII , and XIII at a ratio of 32 :20 :40 :8; after
5.5 days, approximately equal amounts of cationsIII
and XIII and traces of ionXII were detected; after
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Table 2. 19F NMR spectra of polyfluorinated 2- and 3-methylene-1-indanyl cationsII , V, VI , VIII , IX , XII , XV , XVI ,
and XX and polyfluorinated ketonesXXII 3XXV
ÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Cation ³ Chemical shiftsdF, ppm (relative to C6F6)
ÃÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄor ketone³

no. ³ 1-F ³ 2-F ³ cis-3-F ³ trans-3-F ³ 4-F ³ 5-F ³ 6-F ³ 7-F
ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄ

II ³ ³ 45.3 ³ 119.3 ³ 115.3 ³ 37.5 ³ 95.7 ³ 24.0 ³ 63.3³ ³ ³ ³ ³ ³ ³ ³
V ³ 149.5 ³ 37.8 ³ 139.5 ³ ³ 44.1 ³ 102.6 ³ 26.1 ³ 69.5³ ³ ³ ³ ³ ³ ³ ³
VI ³ 143.8 ³ 39.7 ³ ³ 135.3 ³ 48.3 ³ 102.6 ³ 26.1 ³ 71.1³ ³ ³ ³ ³ ³ ³ ³
VIII [2] ³ 147.2 ³ 38.4 ³ 122.2 ³ 116.5 ³ 40.4 ³ 103.0 ³ 26.0 ³ 70.4³ ³ ³ ³ ³ ³ ³ ³
XI ³ 143.0 ³ 41.1 ³ ³ ³ 54.6 ³ 102.9 ³ 26.4 ³ 71.2³ ³ ³ ³ ³ ³ ³ ³
XII ³ ³ 48.0 ³ ³ 51.9 ³ 96.2 ³ 25.1 ³ 64.9
XV ³ 150.0 ³ ³ 54.1 ³ 34.7 ³ 61.1 ³ 26.6 ³ 55.4
XVI ³ ³ ³ 55.1 ³ 30.3 ³ 55.8 ³ 24.0 ³ 49.3
XX [4] ³ ³ ³ ³ 29.9 ³ 53.6 ³ 21.4 ³ 43.8
XXII ³ ³ 35.1 ³ 98.9 (CF3) ³ 25.6 ³ 21.4 ³ 12.0 ³ 31.0
XXIII ³ ³ ³ 99.0 (CF3) ³ 27.3 ³ 20.6 ³ 11.9 ³ 29.9
XXIV ³ ³ 50.7 ³ ³ 42.9 ³ 24.8 ³ 14.5 ³ 28.0
XXV ³ ³ ³ ³ 42.4 ³ 24.9 ³ 13.6 ³ 26.9

ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄ
Cation ³ 19F319F coupling constantsJij ,

a Hz
ÃÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄor ketone³

no. ³ 132 ³ 13cis-3 ³ 134 ³ 135 ³ 136 ³ 137 ³ 435 ³ 436 ³ 437 ³ 536 ³ 537 ³ 637
ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄ

II ³ ³ ³ ³ ³ ³ ³ 23 ³ ~9 ³ ~7 ³ 19 ³ 51 ³ 15³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
V ³ 17 ³ 20 ³ ~9 ³ 35 ³ ~5 ³ 53 ³ 23 ³ 10 ³ 7 ³ 19 ³ 53 ³ 15³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
VI ³ 17 ³ ³ ³ ~35 ³ ³ ~50 ³ ~23 ³ ~10 ³ ~7 ³ ~19 ³ ~50 ³ ~15³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
VIII [2] ³ 16 ³ 20 ³ ~9 ³ 34 ³ ³ ~50 ³ 19 ³ ~10 ³ ~7 ³ 19 ³ 49 ³ 15³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XI ³ 19 ³ ³ 9 ³ 36 ³ 4 ³ 58 ³ 21 ³ 10 ³ 7 ³ 21 ³ 54 ³ 17³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XII ³ ³ ³ ³ ³ ³ ³ 22 ³ 9 ³ 8 ³ 21 ³ 52 ³ 17³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XV ³ ³ ³ ³ 15 ³ ³ 52 ³ 22 ³ 12 ³ 13 ³ 20 ³ 31 ³ 21³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XVI ³ ³ ³ ³ ³ ³ ³ 20 ³ 9 ³ 12 ³ 17 ³ 30 ³ 19³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XX [4] ³ ³ ³ ³ ³ ³ ³ 21.5³ 9 ³ 13.5 ³ 20 ³ 28.5 ³ 20.5³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XXII ³ ³ ³ ³ ³ ³ ³ 19 ³ 5 ³ 14 ³ 16 ³ 12 ³ 20.5³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XXIII ³ ³ ³ ³ ³ ³ ³ 18 ³ 5 ³ 14 ³ 15 ³ 11 ³ 20³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XXIV ³ ³ ³ ³ ³ ³ ³ 19 ³ 7 ³ 16 ³ 18 ³ 12 ³ 20.5³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
XXV ³ ³ ³ ³ ³ ³ ³ 19 ³ 7 ³ 16 ³ 18 ³ 12 ³ 21

ÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄ
a Cation II : J2,trans-3 = 7, Jcic-3,trans-3 = 64, Jcic-3,4 = 67 Hz; cationV: Jcic-3,4 = 89 Hz; cationVI : J2,trans-3 = 11 Hz; cationVIII : J2,trans-3 =

6, Jcic-3,trans-3 = 6, Jcic-3,4 = 64 Hz; cationXXII : J2,3 = 21, J2,4 = 9, J2,6 = 15.5,Jcic-3,4 = 20.5 Hz; cationXXIII : Jcis-3,4 = 22 Hz.

4.5 months, the ratio of ionsXIII and III was~2 :1;
and after 11 months, the fraction ofXIII was much
greater than that ofIII .

1,3,3-Trichloro-2-dichloromethylenetetrafluoro-
1-indanyl cation (XX) and 1-chloro-2-dichloro-
methylenehexafluoro-1-indanyl cation (XVI). A so-
lution containing cationXX (19F NMR data) was
prepared at350oC from 0.18 g of compoundXIX and
0.38 g of SbF5 (1 :4) in SO2ClF. The mixture was
kept in a sealed ampule at room temperature. After
0.5 h, the solution contained cationXVI ; after 4 days,

ions XVI and XVIII at a ratio of ~5 : 1; after
1.5 months, this ratio changed to~1 :4; and after
3 months, ionsXVI and XVIII (XVI << XVIII ) and
a small amount of chloroindanXXI were present.
After 7 months, the ratio of ionsXVIII andXXI was
1.5 :1; and after 14 months, only productXXI was
detected, whereas cationXVIII disappeared. The
mixture was poured into 5% hydrochloric acid, and
the organic layer was separated and dried over
MgSO4. We isolated 0.11 g of chloroindanXXI with
small impurities (according to the19F NMR data).
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2-Chloroundecafluoro-2-methylindan (XXI).
19F NMR spectrum,dF, ppm: 94.6 (3F, CF3), 71.9
(2F, 1-FA and 3-FA), 64.9 (2F, 1-FB and 3-FB, JAB =
260 Hz), 24.0 (2F, 4-F and 7-F), 19.3 (2F, 5-F and
6-F). Found: [M]+ 363.9467. C10ClF11. Calculated:
M 363.9512.

2-(Dichloromethylene)heptafluoro-1-indanyl
cation (XV). A solution containing ionXV was
prepared from 0.13 g of compoundXIV and 0.33 g
of SbF5 (1 :4) in SO2ClF at 350oC; its 19F NMR
spectrum was recorded at340oC, and the solution was
kept in a sealed tube at room temperature. After
11 days, the19F NMR spectrum contained signals
from ion XV (major) and XVI 3XVIII . After
11 months, the same ions were present, but cations
XVII andXVIII (molar ratio~1 :4) prevailed.
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