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Abstract—1-Chlorooctafluoro-3nethylene-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 $bEO,CIF. 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 ofreaction with antimony chloride fluorides generated
perfluorinated alkylindenyl and alkylideneindanyl during the process (Scheme 1). By special experiment
cations. Unlike antiaromatic indenyl cation whosewe showed that on addition of SkG0.35 mol per
relative stability is lower than that of its analog with mole of the precursor) to ShEationVIl is converted
an openrn system, perfluoroalkylindenyl cations areinto ion Ill . On the other hand, the isomerization of
thermodynamically more stable than isomeric perperfluoro(3-methylene-1-indanyl) catioWI(l ) to ion
fluoroalkylideneindanyl systems [2]. With the goal VIl is faster than its transformation into idh. Per-
of elucidating the effect of chlorine and fluorine atomsfluoro(1-methyleneindan)IX) in the system Shf
on the relative stability of haloalkylindenyl and halo- SPCE-SO,CIF at -70°C gives rise to both iorvIi
alkylideneindanyl cations in the present work weand methyleneindanyl catiovlll . As the temperature
studied generation of chlorine-containing polyfluoro-fises to-40°C, cationVIll undergoes isomerization to
methylene-1-indanyl cations with an opensystem ion VIl without formation of ionll. The transforma-
and their isomerization into polyfluorinated methyl- tion of ion VIl into Il is complete when the solution
indenyl cations having a closed system. is kept for 1 h at room temperature (Scheme 1).

We have found that dissolution of 3-chloronona- 3-(Dich|oromethylene)heptaﬂ_uoro-l—indanyl cation
fluoro-1-methyleneindani{ in a mixture of SbEwith ~ (XI) was generated from 1-(dichloromethylene)octa-
SO,CIF at low temperature gives rise to 1-chiorooctafluoroindane X ‘in the system Shi=SbCL-SOCIF.
fluoro-3-methylene-1-indanyl cationl . As the tem- At room temperature the 1-fluorine atom X is
perature rises, catioh undergoes isomerization into '€Placed by chlorine to afford 1-chloro-3-dichloro-

) Py . : 2. methylenehexafluoro-1-indanyl catiorXI{). The
aigglolf%%tzﬂ;?;?u%eng)?&h){"'Qr? g rg)l-i?(tcl:%?(;%flblgreo- latter is then converted into 2,3-dichloroheptafluoro-1-
metﬁylene)octaﬂuoroindanB/ we obtained 2)- and methylindenyl cation XIII ). In the absence of Sbgl

. the isomerization ofXl into XIll proceeds at a con-
(E)-3-(chloroflusromethylene)heptafluoro-1-indany| siderably lower rate. When a solution containing ion
cationsV and VI whose thermal isomerization also

gave ionlll (Scheme 1). The isomerization of Xl, prepared from compound! and Sbig in SO,CIF,

; ol . . ¢ . ; was kept for 36 h at room temperature, a mixture of
and VI into Il involves intermediate formation of ;oo |11 and XI-XIlII was formed. After 5.5 days,

perfluoro-1-methylindenyl cationVl ) in which the  ne solution contained approximately equal amounts

4.5 months, the ratio of ionXlll andlll was about
This study was financially supported by the Russian Founda2:1, and after 11 months, ioll was almost com-
tion for Basic Research (project no. 99-03-32876). pletely transformed intoXlll (Scheme 2).
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An analogous pattern was also observed witlwere the major components (ratid :4; Scheme 3).

2-(dichloromethylene)octafluoroindanXkV ) as

We showed previously [3] that heating of a solution

precursor of cationic species. In the system sSbF of compoundXIV in the system ShSO, for 6 h
SO,CIF at low temperature compour¥lV gives rise at 110C leads to complete isomerization of itV
to 2-(dichloromethylene)heptafluoro-1-indanyl cationto cation XVIII .

(XV). On keeping for 11 days at room temperature, The reaction of 2-dichloromethylene-1,1,3,3-tetra-
a mixture of ionXV (major component), 1-chloro-2- chlorotetrafluoroindane XIX) with Sbk, in SO,
dichloromethylenehexafluoro-1-indanyl catioXMl), generates 2-dichloromethylene-1,1,3-trichlorotetra-
1-chlorooctafluoro-2-methylindenyl cationX¥Il ),  fluoro-1-indanyl cation XX) [4]; in SO,CIF, ions
and 1,3-dichloroheptafluoro-2-methylindenyl cationXX and XVI are formed. Raising the temperature of
(XVIII ) was obtained. After 11 months, the solutionthe SQCIF solution to~20°C leads to replacement
contained the same ions, but catioXigll and XVIII of all chlorine atoms in positior8 of ion XX by
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Scheme 3.
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fluorine, yielding cationXVI. As compared toXV, system; The stability series is as followd: > 1, V,
ion XVI is relatively rapidly converted into methyl- VI; Xl > Xl ; XVIII > XV.

indenyl cationXVIIl . At room temperature the trans-  The structure of the generated cationic species was
formation is complete in 3 months. According to thederived from theirlgF NMR spectra and was proved
F NMR spectrum, the resulting mixture containspy hydrolysis of the corresponding salts (with ions
a small amount of 2-chloundecafluoro-2-methyl- ||| and XI-XIII ). Treatment with water of solutions
indan XXI). The latter is formed as the major productcontaining cationslll and XIIl gave, respectively,
when compoundXIX was kept in the system SbF  perfluoro(3-methylinden-1-one)XKIl ) and 2-chloro-
SOCIF total of 14 months. heptafluoro-3-methylinden-1-oneXXIll ). The hy-
Thus, chlorine-containing polyfluoromethylindenyl drolysis of cationXIl vyields 3-(dichloromethylene)
cations Il , Xl , and XVIlII which have a closed hexafluoro-1-indanone XX1V ). Ketone XXIV was
n system are thermodynamically more stable thaformed in a mixture with 3-(dichloromethylene)tetra-
isomeric methyleneindanyl ions with an open fluoro-1,2-indandioneXXV) by treatment with water

Scheme 4.
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of a SbF solution containing iorXl and no SQCIF  were determined by high-resolution mass spectrometry
(Scheme 4). on an AEI-MS 902 instrument.

The °F NMR spectra of cation&/Il, VIII [2], Compoundsl, IV [8], X, XIV [10], and XIX [4]
XV [3], XVII, XVIIl , and XX [4] were consistent as precursors of cationic species were synthesized by
with those reported previously. The spectra of methylknown procedures.
indenyl cationslll and XIll -(Table 1) are analogous  1.chlorooctafluoro-3-methylene-1-indanyl cation
to that observed for io®VIl [5], and the spectra of (). A solution of 0.34 g of SbEin ~0.3 ml of
methyleneindany! cations, V, VI, XI, XII, andXVl g4 c|F was placed in an NMR ampule and cooled to
(Table 2) resemble those of ioMsIl [2] and XX [4].  _7¢ec, and a solution of 0.13 g of compounhdmolar
In all cases, the signals from fluorine atoms attachel i |-SbR, 1:4) in ~0.3 ml of SQCIF was added.

to the sp-hybridized carbon atoms are displacedThe mixture was stirred by shaking, and 1€ NMR

downfield relative to the corresponding signals ofgheqira \were recorded which contained signals of ion

their neutral precursors. The chemical shifts of thes - :
fluorine nuclei are likely to reflect qualitaitve pattern? (.)n:h_e6:)at;[§r_gglogot_rzgaggﬁtlir;r‘ﬁh\?vézrr:ﬁ;aferetr?onrge
of m-charge distribution over carbon atoms attache 5 h at-3 to 5°C"it s 19 NMR spectrum contgine d

thereto: Linear correlations were found prewous:lySignals from cationdl and Il (ratio ~1:1); after
between ther-charges on carbon atoms ardF 16 h. onlv sianals offl in th

chemical shifts for the other polyfluoroindenyl [2, 5] , only signals ofll -were present in the spectrum.
and perfluoro(3-alkylidene-1-indanyl) cations [2]. ~(£)- and (E)-3-(chlorofluoromethylene)hepta-
The most downfield fluorine signals are characterizedluoro-1-indanyl cations V and VI. A solution con-

by the greatest spispin coupling constants. In the taining ionsV and Vi at a ratio of~2:1 (according
spectra of benzyl-like methyleneindanyl cations, sucho the “F NMR data) was prepared by the procedure
signals are those from fluorine atoms located in thélescribed above from 0.14 g of compouhd and
resonance (charge) positioris,3’, 5, and7. It should 0.36 g of Sbg (molar ratio 1:4) at-70 to -60°C.

be noted thatl values of polyfluorinated benzyl-like The °F NMR spectrum recorded at30°C (after

[6] and arenonium ions [7] are considered to be relateghising the temperature te0°C for a short time) con-
to direct participation of fluorine atoms in chargetained signals of catioiIl (the ratio of ionsV and
distribution and conjugation. The 4-F atom in idhs V| was~6:1). When the solution was kept for 0.5 h
V, andVIIl occupies an off-resonance position, ancat 0-1°C, ionsV and VI were completely converted

the greaterJys; 4 (as in neutral precursors [8]) is into VII . After 16 h at-3 to 5°C, only signals of ion
likely to result from the short distance between thq|| were observed in thé’F NMR spectrum.

in_ter_actipg nuqlei rath_er than' from positive_charge Transformations of perfluoro(1-methyleneindan)
distribution. It is also interesting that methylmdenyl(lx) in the system SbR-SbCl. a. As described

cationslIl, VII', and XIll having a cyclict system
are characterized by anomalously low coupling con?bove’ from 0.12 g of compourteX, 0.33 g of Sb;

stantsJ; ¢ (<2 Hz) for fluorine atoms locatedrtho :nr?]igigfego?fi OSan(\glll(Il ad;mdo\?lﬁ) 'cvaSSQCéE e?;;ggo %n
with respect to each other; by contrast, the, values g '

3 : . . raising the temperature ted40°C, the solution con-
551755;[:”? g‘;én?;?i/gr;eg]fgﬁﬂﬁf?jgﬁgz V\gigrﬁg ?ﬁentained only ionVIll . The solution was than kept for
a phenyl ring [9] 1.5 h at room temperature. According to e NMR

data, ionVIll was completely converted into idH .

EXPERIMENTAL b. To a solution of 0.11 g of Sbglin 1.54 g of
SbF; at 20°C we added 0.33 g of compoun¥ (ratio
The F NMR spectra of salt solutions in SOIF  IX-SbR-SbCE 1:6.76:0.35), and the mixture was
or SbR, and of solutions of neutral compounds instirred and kept for 5 h at 2@. According to the’F
CCl, were recorded on Varian A-56/60A and BrukerNMR data, the resulting solution contained catltin
WP-200SY spectrometers operating at 56.4 andhe solution was poured into ice water and treated
188.3 MHz, respectively; S@IF (B 262.8 ppm with methylene chloride, the extract was dried over
relative to GFs) and GF; were used as internal MgSQ,, and the solvent was removed. We obtained
references. The IR spectra were obtained on a UR-2027 g of a product which was subjected to vacuum
instrument from solutions in CGl The UV spectra sublimation at 4550°C (15-20 mm) to isolate 0.21 ¢
were measured on a Specord UV-Vis spectrometesf ketone XXIlI . The product was identical to that
using heptane as solvent. The elemental compositiorskescribed in [11].
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Table 1. % NMR spectra of polyfluorinated 1-methylindenyl catiofis, VII, and XllI

Cation Chemical shiftsdg, ppm (relative to @Fg)

no- CF, 2-F 3-F 4-F 5-F 6-F 7-F

i 97.6 45.3 98.3 204 70.8 63.6
VIl [2] 97.3 40.2 168.3 110.5 20.7 79.5 66.2
Xl 97.1 94.5 20.0 67.1 63.8

19 19 ;

Cation F—F coupling constants);, Hz

no- 12 | 17 |23|24| 25| 26 | 27 | 45 | 46 | 47 | 56 | 57 | 67
i 17 17 5 17 12 17 20 57 17 <1l 11 10
VIl [2] 15 15 4 4 19 13 15 21 62 15 <2 11 11
XIll 21 20 53 15 <1l 11 11
3-(Dichloromethylene)heptafluoro-1-indanyl c. A solution containing catioX! (*°F NMR data)

cation (XI) and 1-chloro-3-dichloromethylenehexa- was obtained by mixing at room temperature 0.33 g
fluoro-1-indanyl cation (XII). a. To a solution of of compoundX and 1.45 g of Sbf(1:7). The mix-
0.33 g of SbE and 0.04 g of SbGlin SO,CIF we ture was poured into water to obtain 0.25 g of a mix-
added at-75°C 0.13 g of compouni (ratio X-SbR~  ture of compounds, XXIV, and XXV at a ratio of
SbCL 1:4:0.35), and the mixture was stirred.1:2:2. It was separated by column chromatography
According to the'®>F NMR data, the mixture con- on silica gel (using carbon tetrachloride as eluent) to
tained ionX! which did not change in the temperatureisolate 0.03 g of initial compoun& and 0.08 g of
range from-70 to —-20°C. The mixture was kept for ketone XXIV . The subsequent elution with GEl,
100 min at 2022°C; it contained cationXll and gave 0.09 g of diketoneXXV which was purified
small amounts of ionsXI and XIII . After keeping by vacuum sublimation at 16€ (15-20 mm),
for a week at room temperature, only iofill was Mp 99-100.2C.

present in the solution. 1t$°F NMR spectrum did 3-(Dichloromethylene)hexafluoroindan-1-one
not change on keeping the mixture for an additiona(XXIV). IR spectrum,v, cnt 1775 (G=0); 1610

7 days. The solution was poured into water and wafC=C); 1635, 1520, 1500 (fluorinated aromatic ring).
treated as described above to isolate 0.11 g of produttv spectrum,i,,,, hm (loge): 250 (4.28), 263 sh
XXl which was purified by vacuum sublimation (4.19), 273 sh (4.16), 285 sh (4.03), 332 (3.18).
(110°C, 15 mm). Yield 0.06 g, mp 886°C (in Found: M]* 319.9224. G, Cl,FO. Calculated:

a sealed capillary). M 319.9230.

2-Chloroheptafluoroinden-1-one (XXIII). IR 3-(Dichloromethylene)tetrafluoroindan-1,2-dione
spectrum,v, cmit: 1755 (G=0), 1640 (G=C), 1500 (XXV). IR spectrum,v, cni: 1765, 1750 (GO);
(fluorinated aromatic ring). UV spectruni,,,,, nm 1575 (G=C); 1625, 1515, 1500 (fluorinated aromatic
(loge): 325 sh (3.35), 337 (3.45), 352 (3.38), 394ring). UV spectrum,.,,, hm (loge): 273 sh (4.30),
(3.16). Found: M]* 303.9562. G,CIF,O. Calculated: 282 (4.33), 349 (2.86). Found:M]* 297.9186.

M 303.9525. C,Cl,F,O,. Calculated:M 297.9211.

b. A solution containing ionXI and Xl (~1:3) d. Cation Xl was generated from 0.13 g of com-
was prepared from 0.28 g of compoukd following  pound X and 0.33 g of SbE (1:4) in SOCIF at
the above procedure. The mixture was poured inte40°C. The solution was then kept in a sealed ampule
water and extracted with methylene chloride, and that room temperature, and tHéF NMR spectra were
extract was dried over MgSQand transferred onto recorded. After 36 h, the mixture contained idiis,

a watch glass. We thus obtained 0.25 g of a mixture oI, Xl , and XIll at a ratio of 32:20:40:8; after
compoundsX, XXIV , andXXV at a ratio of 16:81:3 5.5 days, approximately equal amounts of catiths
(according to the!®F NMR data). and Xl and traces of ionXll were detected; after
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Table 2. % NMR spectra of polyfluorinated 2- and 3-methylene-1-indanyl cation¥, VI, VIII , IX, XII, XV, XVI,
and XX and polyfluorinated ketoneXXIl -XXV

Cation Chemical shiftsdg, ppm (relative to @Fg)

or ketone
no. 1-F 2-F cis-3-F trans-3-F 4-F 5-F 6-F 7-F
Il 45.3 119.3 115.3 37.5 95.7 24.0 63.3
\% 1495 37.8 139.5 44.1 102.6 26.1 69.5
VI 143.8 39.7 135.3 48.3 102.6 26.1 71.1
VIl [2] 147.2 38.4 122.2 116.5 40.4 103.0 26.0 70.4
Xl 143.0 41.1 54.6 102.9 26.4 71.2
Xl 48.0 51.9 96.2 25.1 64.9
XV 150.0 54.1 34.7 61.1 26.6 55.4
XVI 55.1 30.3 55.8 24.0 49.3
XX [4] 29.9 53.6 21.4 43.8
XXl 35.1 98.9 (CR) 25.6 21.4 12.0 31.0
XXM 99.0 (CR) 27.3 20.6 11.9 29.9
XXIV 50.7 42.9 24.8 145 28.0
XXV 42.4 24.9 13.6 26.9
Cation 1919 coupling constants;,® Hz

or ketone
no. 1-2 | 1cis3| 14 1-5 1-6 1-7 45 4-6 4-7 5-6 5-7 6-7
Il 23 ~9 ~7 19 51 15
Y, 17 20 ~9 35 ~5 53 23 10 7 19 53 15
VI 17 ~35 ~50 ~23 ~10 ~7 ~19 ~50 ~15
VIl 2] 16 20 ~9 34 ~50 19 ~10 ~7 19 49 15
Xl 19 9 36 4 58 21 10 7 21 54 17
Xl 22 9 8 21 52 17
XV 15 52 22 12 13 20 31 21
XVI 20 9 12 17 30 19
XX [4] 215 9 13.5 20 28.5 20.5
XX 19 5 14 16 12 20.5
XX 18 5 14 15 11 20
XXIV 19 7 16 18 12 20.5
XXV 19 7 16 18 12 21

@ Cationll : J; yanss = 7. Jeicaranss = 64, Jeies 4 = 67 Hz; cationV: J.5 4 = 89 Hz; cationVI: Jy ane3 = 11 Hz; cationVIll 1 3, ane3 =
6, Jeic3 ransa = 6, Jsica 4 = 64 Hz; cationXXIl : J, 3=21,3,,=9,J,4=15.5,] = 20.5 Hz; cationXXIll : Jye3 4= 22 Hz.

cic-3,4

4.5 months, the ratio of ionXlll andlll was~2:1; ions XVI and XVIII at a ratio of ~5:1; after
and after 11 months, the fraction &Il was much 1.5 months, this ratio changed tel:4; and after
greater than that ofll . 3 months, ionsXVI and XVIII (XVI << XVIII ) and

1,3,3-Trichloro-2-dichloromethylenetetrafluoro- @ small amount of chloroindaXXl were present.
1-indanyl cation (XX) and 1-chloro-2-dichloro- After 7 months, the ratio of ionXVIIl andXXI was
methylenehexafluoro-1-indanyl cation (XVI). A so- 1.5:1; and after 14 months, only produsXl was
lution containing cationXX (*F NMR data) was detected, whereas catioXVIll disappeared. The
prepared at50°C from 0.18 g of compounXIX and mixture was poured into 5% hydrochloric acid, and
0.38 g of SbE (1:4) in SOCIF. The mixture was the organic layer was separated and dried over
kept in a sealed ampule at room temperature. AfteMgS0O,. We isolated 0.11 g of chloroindaxX| with
0.5 h, the solution contained catiotV ; after 4 days, small impurities (according to theF NMR data).
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2-Chloroundecafluoro-2-methylindan (XXI).

1 NMR spectrum,8., ppm: 94.6 (3F, Cp, 71.9
(2F, 1-F, and 3-F), 64.9 (2F, 1-k and 3-F, J\g =

260 Hz), 24.0 (2F, 4-F and 7-F), 19.3 (2F, 5-F and 5

6-F). Found: M]* 363.9467. GCIF,,. Calculated:
M 363.9512.

2-(Dichloromethylene)heptafluoro-1-indanyl

cation (XV). A solution containing ionXV was
prepared from 0.13 g of compoundV and 0.33 g
of SbR, (1:4) in SOCIF at -50°C; its 'F NMR
spectrum was recorded a40°C, and the solution was

kept in a sealed tube at room temperature. After

11 days, the!®F NMR spectrum contained signals
from ion XV (major) and XVI-XVIII . After

11 months, the same ions were present, but cations
XVII andXVIl (molar ratio~1:4) prevailed.
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