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SUMMARY 

Polyfluorocyclohexenes with hydrogen, bromine, and methoxy 

substituents yielded the corresponding 1,2-epoxides when treated with 

aqueous sodium hypochlorite containing some acetonitrile. 

4,5-Dibromooctafluoro-l,Z-epoxycyclohexane was debrominated with zinc 

dust to give a mixture of octafluoro- and 4H-heptafluoro-l,Z-epoxycyclohex- 

4-ene. Decafluoro- and 4,5-dibromo-octafluoro-l,Z-epoxycyclohexane gave 

with potassium fluoride in acetonitrile the corresponding potassium 

perhalogenocyclohexyloxides; heating these gave the analogous 

cyclohexanones, and treatment with methyl iodide the methyl ethers. 

The unsaturated 1,2-epoxides also gave methyl ethers on treatment with 

KF, followed by methylation. 

INTRODUCTION 

1,2-Epoxides are important and interesting synthetic intermediates 

in fluorocarbon chemistry [l], as they are in organic chemistry generally. 

Their ring-opening reactions [l] are utilized commercially to make [z] 

polymeric fluorocarbon polyethers. Higher fluorocarbon epoxides have 

been best made hitherto using alkaline hydrogen peroxide [3], an approach 

used [3,4] to make decafluoro-1,2-epoxycyclohexane (1) and thence 

decafluorocyclohexanone (9) via epoxy-ring-opening by attack with, and 

then loss of, fluoride ion [3,4]. We now describe a more convenient 

preparation of fluorocyclohexane-1,2-epoxides, together with some reactions 

of some of them. 
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RESULTS AND DISCUSSION 

We have found that the epoxidation of fluorocycloalkenes proceeds 

very conveniently using the method introduced by Kolenko, Filyakova, 

Zapevalov, and Lur’e [5], involving treatment with aqueous sodium 

hypochlorite in the presence of a polar co-solvent. For our epoxidations, 

acetonitrile was the preferred co-solvent. The fluorocyclohexenes used 

were made by a new modification of our heterogeneous dehydrofluorination 

process [6]. Table 1 records the details of the new fluorocyclohexane- 

1,2-epoxides made, Table 2 their special ir peaks, Table 3 their 19 
F nmr 

peaks, and Table 4 the ‘H nmr peaks where applicable. All have nmr bands 

due to fluorine at the epoxidated carbon centres in the region 159-171 

p.p.m. The epoxidation reaction did not work with l-methyl- and 

1-methoxy-nonafluorocyclohex-1-ene, both of which were recovered 

unchanged. 

Decafluoro-1,2-epoxycyclohexane (1) was treated with potassium 

fluoride in acetonitrile and, after evaporation, potassium 

undecafluorocyclohexyl oxide (8) was left as a solid residue. This was 

quite stable if kept dry, but on being heated to around 200’ decomposed 

to decafluorocyclohexanone (9). This process is more convenient than 

our earlier reaction using KF/sulpholane [4], particularly for small 

scale work. 

The alkoxide (8) reacted smoothly with methyl iodide in acetonitrile 

at 40’ to give methyl undecafluorocyclohexyl ether (lo), known previously 

via fluorination of products of addition - elimination of sodium 

methoxide to decafluorocyclohexene [7]. 

Octafluorocyclohexa-1,3- and -1,4-diene [R] did not give epoxides 

on reaction with sodium hypochlorite/acetonitrile; complete oxidation 

to carboxylic acids occurred. However, the 4,5-dibromo-octafluoro- 

1,2-epoxycyclohexane (5), made from the dibromo-adduct of the 1,4-diene 

[al, reacted with zinc dust in n-propanol to give a mixture of the 

desired 1,2-epoxyoctafluorocyclohex-4-ene (ll), together with (ratio 7:4) 

1,2-epoxy-4H-heptafluorocyclohex-4-ene (121, presumably formed by solvent 

attack on an organometallic intermediate; 11 and 12wereseparable by glc. 

Pyrolysis of the dibromo-epoxide (5) at 380’ left the oxygen ring intact, 

and gave the epoxy-ene (ll), but only in poor conversion. 

Each unsaturated 1,2-epoxide (11 and 12) was treated with KF in 

acetonitrile, and then with dimethylsulphate, to give methyl polyfluoro- 

cyclohexenyl ethers (14 and 15 respectively). The former (14) is the 

last remaining isomer of the methyl nonafluorocyclohexenyl ether series, 

the other two being known [7]. 
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The dibromo-epoxide (5) with KF in acetonitrile gave a potassium 

alkoxide (16), which on heating gave 3,4-dibromooctafluorocyclohexanone 

(17), and with methyl iodide afforded 3,4-dibromo-l-methoxy-nonafluoro- 

cyclohexane (18). 

1,2-Epoxyoctafluorocyclohexene (11) gave 4,5-dichloro-octafluoro- 

1,2-epoxycyclohexane (13) with chlorine under uv irradiation, the nmr 

spectrum indicating a 7:4 mixture of cis- and trans- chlorine addition 

products. Ring opening by KF, followed by heating the adduct gave 

3,4-dichlorooctafluorocyclohexanone (19). 

Thus, much useful synthetic chemistry is possible with polyfluoro- 

cyclohexane -1,2- epoxides, and further results will be reported later 

involving different nucleophiles for ring opening, and different epoxides. 

EXPERIMENTAL 

Spectroscopy Infrared spectra were recorded on a Perkin Elmer 257 

instrument in the region 4000 - 625 cm -’ as liquid films (see Table 2). 

19 
F nmr spectra were recorded on a Perkin Elmer RB12 nmr spectrometer 

(lH, 60 MHz; 19F, 56.4 MHz). The results quoted in Table 3 for 
19 

F, are 

negative values measured from CC1 F 
3 

used as internal reference. 

Except where stated in Table 3 measurements were done on 20% solutions 

in CDC13. 
1 

H nmr spectra were recorded from tetramethylsilane as 

internal standard. 

General Method of Preparation of Epoxides from Polyfluorocyclohexanes 

The cyclohexene (59) was added during 15 min. to a vigorously - stirred 

mixture of acetonitrile (5 cm3) and aqueous sodium hypochlorite solution 

(30 cm3; M. and B. Laboratory Chemical, approx 12X available chlorine). 

The reaction mixture was warmed to 50’ and stirred for lh, water (50 cm31 

was then added, and the lower layer separated off, washed with aqueous 

sodium metabisulphite, then water, dried (MgS04), and distilled. 

Larger scale reactions were run with reactants in proportion, and for 

the same time. Results are recorded in Table 1. All compounds are new 

except decafluoro-1,2-epoxycyclohexane (1) [3,4,5]. 

Potassium Undecafluorocyclohexyloxide Decafluoro-1,2-epoxycyclohexane 

(1) (10.09) and dry potassium fluoride (2.Og) in dry acetonitrile 

(30 cm3) were stirred at 55’ for 3h. Evaporation in vacua yielded the 

white solid alkoxide (8) (10.19) already reported [13]. 

Alkoxide (8) (3.09) was heated at 200°/10 mm for 15 min, the product 

(2.49) collected in a trap cooled to - 193’ being decafluorocyclohexanone 

(9) [7,3,4] identified by i.r. 
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Alkoxide (8) (3.09) and methyl iodide (1.59) in dry acetonitrile 

(20 cm3) were stirred at 40’ for 5h, a white precipitate being formed. 

Water (100 cm3) was added, the lower layer was separated and distilled 

to give methyl undecafluorocyclohexyl ether (10) [7] (1.4g), 

b.p. 100'. 

Debromination of 4,5-Dibromo-octafluoro-1,2-epoxycyclohexane (5) 

(a) Uainq zinc dust. This epoxide (5) (309) was added slowly to a 

stirred suspension of zinc dust (209; activated by washing with 

dilute HCl, thenwater, and drying)in n-propanol(50 cm3)at 60 - 70°, the 

apparatus being swept with a nitroqen stream (2 1 h-l). After about ?i; 

of the epoxide had been added with no apparent effect, the reaction 

became vigorous and the rest was then added slowly. The volatile 

products were distilled out, washed with water, dried (P205) and 

separated by preparative glc (tube 4.8m x 35 mm packed with dinonyl 

phthalate/Chromosorb I3 1:5, katharometer detector, 85’, N2 20 1 h-l) 

to give (i) 1,2-epoxyoctafluorocyclohex-4-ene (11) nc (7.19) b.p. 

57O (Found: C, 30.0. C6F80 requires C, 30.0%); and (ii) 1,2-epoxy- 

4H-heptafluorocyclohex-4-ene (12) nc (4.29) b.p. 613’ (Found: 

C, 32.6; H, 0.5; F, 59.6. C6HF70 requires C, 32.4; H, 0.5; 

F, 59.9X). 

(b) On pyrolysis. Epoxide (5) (3.09) was passed during 30 min. in a 

stream of nitrogen (1 1 h-l) through a vertical column (500 mm x 30 mm 

made of Pyrex glass and packed with 25 mm lengths of small-bore Pyrex 

tubing) at 380’. The product (1.69) was trapped at - 1930, washed with 

sodium metabiaulphite solution and water.Separation by glc as above 

(N2,10 1 h-l) gave product (11) (22%), and starting material (5) (78%). 

4,5-Dichloro-octafluoro-1,2-epoxycyclohexane (13) The epoxy-ene (11) 

(5.09) and chlorine (2.09) were sealed in a 300 mm Cariua tube which was 

irradiated with ultraviolet light for 15 h. The product was washed with 

sodium metabisulphite solution, then water and distilled off P205 to 

give the epoxydichloride (13) nc (4.59) b.p. 118’ (Found: C, 23.2; 

Cl, 22.8; F, 48.8. C6C12F80 requires C, 23.2; Cl, 22.8; F, 48.9%). 

4-Methoxynonafluorocyclohex-1-ene (14) Expoxy-ene (11) (l.lg) was 

stirred with dry potassium fluoride (0.49) in dry acetonitrile (5 cm3) 

at 50’ for 2h. Dimethyl aulphate (1.59) was then added and the mixture 

stirred at 50’ for 2h further. Water (10 cm3) was added, the organic 

layer washed with dilute KOH solution, then water, and distilled from 

P205 to give 4-methoxynonafluorocyclohex-1-ene (14) nc (0.49) 

(Found: C, 30.4; H, 0.6. C7H3F90 requires C, 30.7; H, 1.1%). 
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Methoxyoctafluorocyclohexene (15) The 4H-epoxy-ene (12) (1.09) and 

dry potassium fluoride (0.49) in dry acetonitrile (5 cm3) were stirred 

at 50’ for 4h. Dimethyl sulphate (1.59) was added and stirring continued 

at 50’ for 2h. Water was added, the fluorocarbon layer washed with 

dilute aqueous KOH, then water,dried and distilled in vacua. The mixture 

was separated by glc (Pye 104, tube 9.lm x 7mm packed with dinonyl 

phthalate/Celite 1:2, 75’, N2 31 h-1) to give starting material (12) 

(0.29) and lH-4-or -5-methoxyoctafluorocyclohex-1-ene (15) nc (0.49) 

b.p. 121’ (Found: C, 32.7; H, 1.6. C7H4F80 requires C, 32.8; H, 1.6%). 

Reactions of Potassium 3,4-Dibromononafluorocyclohexyloxide (16) 

Dibromo-epoxide (5) (5.09) was stirred with dry potassium fluoride (1.09) 

in dry acetonitrile (30 cm3) for 3h at 80’. Evaporation of the solvent 

at 17’/5mm left a solid alkoxide (16) (5.59). 

A portion (3.09) of (16) was heated at 200°/10mm and the volatile 

product trapped at - 193’. Distillation from P205 afforded 

3,4-dibromo-octafluorocyclohexanone (17) nc (1.89) b.p. 187’ 

(Found: C, 18.2; Br, 39.9; F, 38.5. C6Br2F80 requires C, 18.0; 

Br, 40.0; F, 38.0%). 

Cyclohexyloxide (16) (4.09) and methyl iodide (3.09) in dry 

1,2_dimethoxyethane (10 cm3) were stirred at 15’ for 4h. Water (30 cm3) 

was added, the organic layer was washed with water, dried (MgS04), and 

distilled in vacua to give 3,4-dibromo-1-methoxynonafluorocyclohexane 

(18) nc (2.49) b.p. 182’ (Found: C, 19.5; H, 0.5. C7H3Br2F90 requires 

c, 19.4; H, 0.7%). 

3,4-Dichloro-octafluorocyclohexanone (19) Treatment of the dichloro 

epoxide (13) (3.09) in the same way as the dibromo-analogue (above) 

gave the potassium alkoxide which on heating afforded 

3,4-dichloro-octafluorocyclohexanone (19) nc (2.59) b.p. 150 - 152’ 

(Found: C, 22.6; Cl, 22.5; F, 48.7. C6C12F80 requires C, 23.2; 

Cl, 22.8; F, 48.9%). 

Reactions of Octafluorocyclohexadienes with Aqueous Sodium Hypochlorite 

When octafluorocyclohexa-1,3-diene (5.09) was treated according to the 

standard procedure there was no fluorocarbon layer. The solution was 

acidified, extracted with ether and S-benzyl thiouronium chloride added 

to the extract in the normal way to give the known [8] salt of 

tetrafluorosuccinic acid (2.09). The octafluoro-1,4-diene (3.09) 

similarly gave the salt [R] of difluoromalonic acid (1.49). 
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TABLE 4 

Proton n.m.r. Spectra 

Compound Chemical Relative Coupling 
No. 

Assignment 
Shift Intensity 

2 5.1 cd, 3~49 3H 

3 4.8 dq, Jd=45, Jq=9 4H 

4 4.83 dm, J=53 3H/4H 

7 3.80 CS -0CH3 

12 5.85 11 peaks, 5~7 4H 

14 3.60 CS -OCH3 

15 3.57 3 
5.65 1 :Is, 

-OCH3 
1H 

18 3.8 CS -OCH3 
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