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Abstract

Per¯uoro-1-phenylindan (1) was obtained from per¯uoroindan and penta¯uorobenzene in the presence of SbF5. Compound 1 heated with

antimony penta¯uoride at 1708C and then treated with water gave a mixture of per¯uorinated 9-methyl¯uorene (5), 9-hydroxy-9-

methyl¯uorene (6), 9-methyl-1,2,3,4,5,6,7,8-octahydroanthracene (7), 1,9-dimethyl-5,6,7,8-tetrahydro-b-naphthindan (8). When heated

with SbF5 in the presence of HF and then treated with water, compound 1 is transformed to a mixture of products 5, 6, per¯uoro-

1,2,3,4,5,6,7,8-octahydroanthracene (9), per¯uoro-10-methyl-9(10H)anthracenone (10) and 10-H-per¯uoro-10-methyl-9(10H)anthracenone

(11). # 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

We have previously reported the reactions of alicyclic ring

cleavage, contraction and expansion of poly¯uorinated ben-

zocycloalkenes (benzocyclobutene, indan, tetralin) by anti-

mony penta¯uoride [1±7]. It has been shown that availability

of a per¯uoroalkyl group in a substrate has an appreciable

effect on the behaviour of the benzocycloalkene.

The reactions of poly¯uorobenzocycloalkenes containing

poly¯uoroaryl groups as substituents with antimony penta-

¯uoride have not previously been investigated.

In order to establish the systematic tendencies of catio-

noid skeletal transformations of poly¯uorobenzocycloalk-

enes we have synthesised per¯uoro-1-phenylindan (1) and

studied its behaviour under the action of SbF5.

2. Results and discussion

Compound (1) was obtained by electrophilic alkylation of

penta¯uorobenzene (PFB) by per¯uoroindan (2) in the

presence of SbF5 by the method used for the alkylation

of poly¯uorobenzenes by poly¯uorobenzyl cations [8].

Treatment of the reaction mixture with anhydrous HF, then

with water leads to the formation of product 1 along with a

small amount of 1-hydroxy-per¯uoro-1-phenylindan (3).

The latter was obtained as the only product by treatment

of the reaction mixture with water (Scheme 1).

The reason for these reactions is that in an SbF5 medium,

compound 1 exists as a salt of the per¯uoro-1-phenyl-1-

indanyl cation (4). Thus, when PFB is added to the solution

of compound 2 in excess of SbF5 cation 4 is generated. The

latter was also generated from phenylindan 1 in an SbF5

medium or in the system SbF5±SO2FCl.

It has been shown that when heated with SbF5, compound

1 undergoes skeletal transformations. In this case not

only the alicyclic, but also the aromatic fragment was

involved in the reaction. Thus, compound 1 heated

with antimony penta¯uoride at 1708C and then treated

with water gives a mixture of per¯uorinated 9-methyl¯uor-

ene (5), 9-hydroxy-9-methyl¯uorene (6), 9-methyl-1,2,

3,4,5,6,7,8-octahydroanthracene (7), 1,9-dimethyl-5,6,7,8-

tetrahydro-b-naphthindan (8) together with small amounts

of per¯uoro-1,2,3,4,5,6,7,8-octahydroanthracene (9) and

per¯uoro-10-methyl-9(10H)anthracenone (10) (Scheme 2).

When the reaction mixture was treated with anhydrous HF

then with water, compounds 5±9 were obtained. In this case

the amount of compound 5 increased, whereas the amount of

hydroxy-derivative 6 decreased.

Heating at 1708C a solution of compound 1 and HF in

antimony penta¯uoride, obtained in the reaction of indan 2
with PFB in SbF5, and subsequent treatment of the reaction

mixture with H2O, leads to the formation of compounds 5, 6,
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9, 10 and 10-H-per¯uoro-10-methyl-9(10H)anthracenone

(11) (Scheme 2).

Some possible routes of formation of products 5±11 from

compound 1 are represented in the Scheme 3 (for mechan-

isms of skeletal transformations of other poly¯uoroindans

see [2,3,5]). Compound 1 exists in an SbF5 medium as a salt

of cation 4, which possibly undergoes cleavage of the ®ve-

membered ring to give the benzyl type cation 12. Intramo-

lecular attack of the ortho-position of the penta¯uorophenyl

ring by the benzyl carbon atom in cation 12 seems to give

compound 13 after ¯uoride ion addition (route 1). Electro-

philic addition of HF at positions 2 (or 4), 9 of compound 13
(route 1a) and subsequent elimination of HF leads to per-

¯uoro-9-methyl-9,10-dihydroanthracene (14) (cf. 1,4-addi-

tion in electrophilic reactions of 2-chloroper¯uoro-1,3-

butadiene [9]; addition of HF to poly¯uorobenzocyclobu-

tenes in the system HF±SbF5 [10]; dehydro¯uorination of

poly¯uoroalkanes under the action of SbF5 [11,12]). At the

same time addition of HF at the positions 9, 2 of compound

13 (route 1b) seems to lead to product 15, which then

undergoes de¯uorination or (and) disproportionation to give

dihydroanthracene 16 (cf. formation of per¯uoro-2,3-

dimethylindene from per¯uoro-1,2-dimethylindan [3,5]

and disproportionation of poly¯uorocyclohexadienes in an

SbF5 medium [13,14]).

It may be suggested, that hydrolysis of cations 17 and 18
which are generated from dihydroanthracenes 14 and 16
under the action of SbF5 leads to the formation of ketones 10

and 11. Per¯uoroanthracene (19) seems to be formed as a

result of CF3
� elimination from cation 17. Further ¯uorina-

tion of compound 19 under the action of SbF5 gives product

9.

In the absence of HF, isomerisation of compound 13 to 14
apparently proceeds more slower than its ¯uorination. It may

be assumed that ¯uorination of compound 13 occurs by

addition of SbF4±F to the positions 2, 9 (or 9, 2) with

subsequent elimination of SbF3 (route 1c) to give product

20 (cf. ¯uorination of ¯uoroole®ns and addition of SbF5 to

¯uoroole®ns [15]). Further ¯uorination of compound 20 or

(and) its isomer 21 by SbF5 leads to product 7. Fluorination

of octa¯uoronaphthalene and its derivatives by SbF5 leading

to the formation of poly¯uorotetralins is known [16]. Com-

pound 7 undergoes contraction of an alicyclic ring to form

product 8. Similar isomerisation of per¯uoro-5-ethyltetralin

to per¯uoro-1-methyl-7-ethylindan under the action of SbF5

was found by us earlier [6,7].

According to route 2 cation 12 possibly adds the ¯uoride

ion and then undergoes ¯uorination to form compound 22. It

may be suggested that in ion 23, generated from compound

22, there occurs intramolecular substitution of the `̀ aro-

matic'' CF3-group as a result of aromatic ring attack by a

positively charged ortho-carbon of the penta¯uorophenyl

group (resonance structure 23a) with subsequent elimination

of CF3
� from cation 24 leading to the product 25. The latter

then isomerises to compound 5. An analogous mechanism

of cationoid cyclisation of diaryl-2,2,2-tri¯uoroethanols to

Scheme 1.

Scheme 2.
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9-tri¯uoromethyl-derivatives of ¯uorene is discussed in

[17]. Compound 5 exists in an SbF5 medium as a salt of

the per¯uoro-9-methyl¯uorenyl cation (26), that was con-

®rmed by a separate experiment. Hydrolysis of a salt of

cation 26 leads to hydroxyderivative 6, and treatment by HF

gives methyl¯uorene 5.

It cannot be excluded that not only cation 23, but also

cation 27 was generated from compound 22 under the action

of SbF5. Intramolecular cyclisation of cation 27, as well as

cyclisation of ion 12 (route 1±1c), should ®nally lead to

products 7 and 8.

The structures of the compounds were established by

elemental analysis and spectral characteristics.

Patterns observed in the 19F NMR spectra of compounds 5
and 6 are in agreement with those for per¯uorinated ¯uorene

and 9-phenyl¯uorene [18]. In the spectrum of compound 8
chemical shifts and ®ne structure of the signals, which

belong to the ¯uorine atoms of indan fragment of molecule

are in agreement with those for per¯uoro-1,7-dimethylindan

[3]. The spectrum of compound 9 is in agreement with that

reported in literature [19]. Assignment of signals in the

spectra of cations 4 and 26 has been made in a similar

Scheme 3.
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way as for poly¯uorobenzyl cations [20] and poly¯uoro-

¯uorenyl cations [18].

3. Experimental details

19F NMR spectra were recorded on a Bruker WP-200 SY

instrument (188.3 MHz) for CHCl3 solutions of reaction

mixtures and of individual compounds (810 mol%). Che-

mical shifts are given in d ppm down®eld from C6F6 as an

internal standard.

The elemental composition of compounds was deter-

mined by means of high-resolution mass spectrometry on

a Finnigan Mat 8200 instrument.

Contents (yields) of products in reaction mixtures were

established by GLC methods and 19F NMR spectroscopic

data.

3.1. Perfluoro-1-phenylindan (1)

Penta¯uorobenzene (1.9 g) was added over 5 min to a

stirred mixture containing 3.38 g of per¯uoroindan 2, 7.37 g

SbF5 (1:1:3) and 3.5 ml of C6F6 at 208C. The mixture was

stirred for 3.5 h at 228C, then treated with 12 ml of anhy-

drous HF and poured onto ice. The organic layer was

separated and dried over MgSO4 to give after distillation

of C6F6, 4.03 g of the product, containing 78% (yield 61%)

of compound 1 and 15% (12%) of compound 3. Compound 1
of 3.3 g was isolated on a silica-gel column (CCl4 as eluent).

Compound 1: Analysis: Found: C, 40.47; F, 59.41%.

C15F14 requires: C, 40.36; F, 59.64%. 19F NMR d: 62.8

(1FA, F3); 51.0 (1FB, F3, JAB � 260 Hz); 43.8 (1FA, F2); 33.6

(1FB, F2, JAB � 240 Hz); 24.0 (4F, F4, F7, F20, F60); 19.3 (1F,

F1); 18.7 (1F, F6); 18.2 (1F, F5); 14.3 (1F, F40); 2.5 (2F, F30,

F50) ppm.

3.2. 1-Hydroxyperfluoro-1-phenylindan (3)

Penta¯uorobenzene (2.72 g) was added at 208C to a

stirred solution, containing 4.36 g of indan 2, 9.58 g of

SbF5 (1.1:1:3) and 8 ml of C6F6. The mixture was stirred

for 3 h at 258C and then treated with water. The organic layer

was separated and dried over MgSO4 to give after distillation

of C6F6, 5.95 g of indan 3 (yield 91%).

Compound 3: mp 43±448C (from hexane). Analysis:

Found: C, 40.55; H, 0.15; F, 55.52%. C15HF13O requires:

C, 40.56; H, 0.23; F, 55.61; O, 3.6%. 19F NMR d: 64.8 (1FA,

F3); 50.4 (1FB, F3, JAB � 260 Hz); 45.0 (1FA, F2); 32.5 (1FB,

F2, JAB � 235 Hz); 23.0 (1F, F7); 22.7 (2F, F20, F60); 22.0

(1F, F4); 17.3 (1F, F6); 14.6 (1F, F5); 12.5 (1F, F40); 2.2 (2F,

F30, F50) ppm.

3.3. Perfluoro-1-phenyl-1-indanyl cation (4)

1. Pentafluorobenzene (0.15 g) was added at room tem-

perature to the solution of 0.24 g of indan 2 in 1.05 g of

SbF5 (1.1:1:6) placed in an ampoule for recording NMR

spectra and the mixture was stirred by shaking.

According to the 19F NMR spectrum recorded after

3 h a solution of a salt of cation 4 was obtained.

2. Indan 1 (0.24 g) was dissolved in 1.16 g of SbF5 (1:10),

and the spectrum was recorded. The solution was diluted

with 0.4 g of SO2ClF, and the spectrum was recorded

again. The 19F NMR spectra of the solutions of indan 1
in SbF5 and in the system SbF5±SO2ClF also contained

the signals of cation 4 and did not contain the signals of

the precursor 1.

Cation 4: 19F NMR d (in SO2ClF): 81.1 (1F, F5); 69.7 (2F,

F40, F7); 59.0 (2F) and 56.0 (4F, F20, F60 , F2, F3); 37.4 (1F,

F4); 29.8 (1F, F6); 14.0 (2F, F30, F50) ppm (J57 � 47;

J45 � J56 � 20 Hz).

3.4. Interaction of perfluoro-1-phenylindan (1) with SbF5

1. Indan 1 (1.55 g) and 5.28 g of SbF5 (1:7) was heated at

1708C in a 10 ml nickel bomb for 15 h. The mixture was

treated with 6 ml of anhydrous HF, then poured on to

ice, extracted with CH2Cl2 and dried over MgSO4. The

solvent was distilled off to give 1.28 g of the product,

containing 42% (yield 39.1%) of 5, 10% (9.3%) of 6,

6% (3.9%) of 7, 22% (14.5%) of 8, 4% (2.9%) of 9.

Pure compound 5 and a mixture containing (GC-MS)

18% of 7 and 80% of 8 were isolated on a silica-gel

column (hexane as eluent). The individual compound 7
was isolated from the mixture obtained by us in another

reaction that will be published in the future.

Perfluoro-9-methylfluorene (5): mp 47±498C (from

ethanol). Analysis: Found: C, 42.16; F, 57.69%. C14F12

requires: C, 42.45; F, 57.55%. 19F NMR d: 86.3 (3F,

CF3); 30.3 (2F, F4, F5); 27.0 (2F, F1, F8); 16.1 (2F, F3,

F6); 11.9 (2F, F2, F7); ÿ17.0 (1F, F9) ppm (JCF3ÿF1 � 21;

JCF3ÿF9 � 11 Hz).

Perfluoro-9-methyl-1,2,3,4,5,6,7,8-octahydroanthra-

cene (7): mp 67±688C. MS: Found: M� 559.96409.

C15F20 requires: M 559.96804. 19F NMR d: 109.4 (3F,

CF3); 67.1 (1F, F10); 56.9 (8F, F1, F4, F5, F8); 28.4 (4F,

F2 and F7 or F3 and F6); 25.9 (4F, F3 and F6 or F2 and F7)

ppm (JCF3ÿF1 � 30; J4;10 � 25 Hz).

Perfluoro-1,9-dimethyl-5,6,7,8-tetrahydro-b-

naphthindan (8): MS: Found: M� 559.96796. C15F20

requires: M 559.96804. 19F NMR d: 108.3 (3F, CF9
3);

89.2 (3F, CF1
3); 61.5 (1F, F4); 60.0 (1FA, F8); �56.2

(1FB, F8, JAB � 300 Hz); �58.6 (1FA, F5); �56.2 (1FB,

F5, JAB � 300 Hz); 56.4 (1FA, F3); 50.0 (1FB, F3,

JAB � 275 Hz); 41.6 (1FA, F2); 30.5 (1FB, F2,

JAB � 250 Hz); 29.1 (1FA, F6 or F7); 26.8 (1FB, F6 or

F7, JAB � 280 Hz); 27.8 (1FA, F7or F6); 25.6 (1FB, F7or

F6, JAB � 275 Hz); ÿ10.9 (1F, F1) ppm (JCF9
3ÿF1 � 52;

JCF9
3ÿF8 � 31; JCF3ÿCF3

� 13 Hz).

2. Indan 1 (1.53 g) and 5.2 g of SbF5 (1:7) was heated at

1708C in a 10 ml nickel bomb for 15 h. The reaction
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mixture was poured on to ice, extracted with CHCl3 and

dried over MgSO4. The solvent was distilled off to give

1.32 g of the product, containing 20% (yield 19.4%) of

5, 39% (38.1%) of 6, 5% (3.4%) of 7, 18% (12.4%) of 8,

3% (2.3%) of 9 and compound 10 (<1%).

3. Pentafluorobenzene (0.65 g) was added at room tem-

perature to the solution of 1.15 g of indan 2 in 6.7 g of

SbF5 (1:1:8) in a nickel bomb. The mixture was held at

room temperature for 50 h, then heated at 1708C for

15 h and treated as in (2) to give 1.41 g of the product,

containing 13% (yield 12%) of 5, 32% (29.7%) of 6, 2%

(1.4%) of 9, 14% (12%) of 10 and 15% (13.5%) of 11.

4. In a similar manner, from 1.05 g of indan 2, 0.59 g of

pentafluorobenzene and 5.36 g of SbF5 (1:1:7) was

obtained 1.3 g of the product, containing 6% (yield

5.6%) of 5, 44% (41.2%) of 6, 5% (3.6%) of 9, 15%

(13.1%) of 10 and 11% (10%) of 11. Individual

compounds 5, 6, 9, 10 and compound 11 contaminated

with about 15% of 10 were isolated by preparative GLC

from the pooled products obtained in several analogous

experiments.

9-Hydroxyper¯uoro-9-methyl¯uorene (6): mp 105.5±

1078C (from hexane). MS: Found: M� 393.98538.

C14HF11O requires: M 393.98516. 19F NMR d: 84.9 (3F,

CF3); 29.3 (2F, F4, F5); 23.1 (2F, F1, F8); 13.6 (2F, F3, F6);

10.9 (2F, F2, F7) ppm (JCF3ÿF1 � 19 Hz).

Per¯uoro-1,2,3,4,5,6,7,8-octahydroanthracene (9) (cf.

[17]): mp (in a sealed capillary) 128.5±129.58C (from

hexane). MS: Found: M� 509.96884. C14F18 requires: M

509.97124. 19F NMR d: 54.4 (8F, F1, F4, F5, F8); 51.9 (2F, F9,

F10); 27.2 (8F, F2, F3, F6, F7) ppm.

Per¯uoro-10-methyl-9(10H)anthracenone (10): mp (in a

sealed capillary) 166.5±1688C (from hexane). MS: Found:

M� 423.97648. C15F12O requires: M 423.97574. 19F NMR

d: 82.3 (3F, CF3); 28.4 (2F, F4, F5); 25.2 (2F, F1, F8); 19.5

(2F, F3, F6); 15.2 (2F, F2, F7); ÿ11.4 (1F, F10) ppm (J4;10 �
57:5; J12 � J23 � J34 � J56 � J67 � J78 � 20; JCF3ÿF4 �
12:5; J13 � J68 � 11:5; JCF3ÿF10 � 10; J24 � J57 � 8:5 Hz).

10-H-per¯uoro-10-methyl-9(10H)anthracenone (11): MS:

Found: M� 405.98494. C15HF11O requires: M 405.98516.
1H NMR d: 5.4 ppm (quartet, JHÿCF3

� 7 Hz). 19F NMR d:

90.9 (3F, CF3); 25.1 (2F, F1, F8); 22.2 (2F, F4, F5); 16.5 (2F,

F3, F6); 11.9 (2F, F2, F7) ppm (J12 � J23 � J34 � J56 �
J67 � J78 � 20; J14 � J58 � 14; J13 � J68 � 10; JCF3ÿF4 �
9; JCF3ÿH � 7; J24 � J57 � 5 Hz).

3.5. Perfluoro-9-methylfluorenyl cation (26)

Fluorene 5 (0.2 g) was dissolved in 0.97 g SbF5 (1:8.9)

and the spectrum was recorded. The solution was diluted

with 0.24 g of SO2ClF, and the spectrum was recorded

again. The 19F NMR spectra of the solutions of fluorene

5 in SbF5 and in the system SbF5±SO2ClF contained the

signals of cation 26 and did not contain the signals of the

precursor 5.

Cation 26: 19F NMR d (in SO2ClF): 99.0 (3F, CF3); 89.1

(2F, F1, F8); 70.2(2F, F3, F6); 54.1 (2F, F4, F5); 19.5 (2F, F2,

F7) ppm (JCF3ÿF1 � 43 Hz).

Acknowledgements

We gratefully acknowledge the Russian Foundation for

Basic Researches (project N 99-03-32876a) for ®nancial

support.

References

[1] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, G.G. Yakobson, J.

Fluorine Chem. 28 (1985) 115.

[2] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, G.G. Yakobson, Bull.

Soc. Chim. Fr. (1986) 980.

[3] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, Izv. Akad. Nauk

SSSR, Ser. Khim. (1990) 645.

[4] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, G.G. Yakobson, Izv.

Akad. Nauk SSSR, Ser. Khim. (1990) 1114.

[5] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, Izv. Akad. Nauk, Ser.

Khim. (1992) 1419.

[6] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, J. Fluorine Chem. 77

(1996) 101.

[7] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, Zh. Org. Khim. 33

(1997) 755.

[8] Yu.V. Pozdnyakovich, V.D. Shteingarts, J. Fluorine Chem. 4 (1974) 297.

[9] S.D. Chepic, G.G. Belen'kii, V.A. Petrov, L.S. German, J. Fluorine

Chem. 65 (1993) 223.

[10] V.M. Karpov, T.V. Mezhenkova, V.E. Platonov, L.N. Shchegoleva,

Izv. Akad. Nauk SSSR, Ser. Khim. (1991) 2618.

[11] R.D. Chambers, M. Salisbury, G. Apsey, T.F. Holmes, S. Modena, J.

Chem. Soc., Chem. Commun. (1988) 679.

[12] R.D. Chambers, M. Salisbury, G. Apsey, G. Moggi, J. Chem. Soc.,

Chem. Commun. (1988) 680.

[13] V.D. Shteingarts, Yu.V. Pozdnyakovich, G.G. Yakobson, Zh. Org.

Khim. 7 (1971) 2002.

[14] Yu.V. Pozdnyakovich, T.V. Chuikova, V.D. Shteingarts, Zh. Org.

Khim. 11 (1975) 1689.

[15] G.G. Belen'kii, Yu.L. Kopaevich, L.S. German, I.L. Knunyants, Izv.

Akad. Nauk SSSR, Ser. Khim. (1972) 983.

[16] Yu.V. Pozdnyakovich, V.D. Shteingarts, Zh. Org. Khim. 14 (1978)

2237.

[17] S. Cohen, J. Am. Chem. Soc. 79 (1957) 1499.

[18] Yu.V. Pozdnyakovich, V.D. Shteingarts, Zh. Org. Khim. 14 (1978)

603.

[19] J. Burdon, J.R. Knights, I.W. Parsons, J.C. Tatlow, Tetrahedron 30

(1974) 3499.

[20] Yu.V. Pozdnyakovich, V.D. Shteingarts, J. Fluorine Chem. 4 (1974)

283.

V.M. Karpov et al. / Journal of Fluorine Chemistry 107 (2001) 53±57 57


