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SUMMARY 

2,3,4,5,6-Pentafluorobenzyl methyl sulphoxide (6) and 

l,l-bis(pentafluorophenyl)methyl sulphoxide (9) were synthesised from 

hexafluorobenzene and sodium metl~ylsulpl~inylmetl~ide. Flash vapour phase 

thermolysis of (6) at 410°C gave 2,2’,3,3’,4,4’,5,5’,6,6’-decafluorodibenzyl 

(11) whereas static vapour phase thermolysis at 140-190°C gave (ll), 

2,3,4,5,6-pentafluorobenzyl alcohol (12) and 2,2’,3,3’,4,4’,5,5’,6,6’- 

decafluorodibenzyl disulphide (13). Decaf luorobenzophenone (14) and 

bis(pentafluoropl~enyl)n~etl~anol (15) are thermolysis products of compound (9) 

at 115-122’C, accompanied by 4-methanoyl-nonafluorobenzophenone (16) formed by 

the thermolysis of (19), the unisolated material derived from (9) by 

nucleophilic substitution of one para-fluorine by CH3SOCH2-. Central to the 

formation of (12), (13), (14), (15) and (16) are sulphenate esters formed by 

‘1,2’-rearrangements, while homolysis of the C-SO(CH,) bond in (6) and 

dimerisation of the benzyl radical gives (11). 

INTRODUCTION 

We described in a recent paper [l] the reactions of polyfluoro-a,renols 

and -heteroarenols with the complex (1) formed with dimetl~ylsulpl~oxide (DMSO) 
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and trifluoroacetic anhydride, folloried by reaction with triethylamine: 

de-aromatised materials (4) were the main products resulting from the 

deprotonation of the oxysulphonium salt (2) followed by a 2,3-sigmatropic 

rearrangement of the resulting ylide (3) but in one case a small amount of an 

ether (5) was formed by the reaction of the starting material with MeS=CH2, 

Scheme 1. 

+ 
(CH3),S0C0CF3 

ArFOH ArFO~(Cl13)2 CF3C02- 

CH3;=CH2 + CF3C02H 

I 
ArFOH 
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(5) 

Et3N 
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0 ‘3’CH2 

CH2SCH3 - 

Scheme 1 

Isomeric with the ylide functionality in (3) is the methylsulphinylmethyl 

group CH3SOCH2, so we argued that 2,3,4,5,6-pentafluorobenzyl methyl 

sulphoxide (6) was a potential candidate for an analogous 2,3-sigmatropic 

rearrangement reaction, Scheme 2. Although this sulphoxide-sulphenate 
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F 

(6) 

Scheme 2 

rearrangement has not been demonstrated with aromatic systems providing the 

unsaturated fragment of the C3 unit, allylic sulphoxides (7) readily undergo a 

thermal rearrangement to the thermodynamically less stable sulphenate ester 

(8) which may be trapped by a thiophile (trimethyl phosphite) to give an 

allylic alcohol [a], Scheme 3. 

‘6”5 

4o” _ - [; !-‘6”5 (;H33$‘, CR2=CH-CH2-OH 

’ CH2’ 

(7) (8) 

Scheme 3 

In this paper we report: the preparation of compound (6) and its 

thermolysis reactions; the synthesis of l,l-bis(pentafluorophenyl)methyl 

methyl sulphoxide (9) and the identification of products from its thermal 

decomposition. 

(C&)#“~C”3 
0 

(9) 
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RESULTS AND DISCUSSION 

Hexafluorobenzene in tetrahydrofuran at -74’C was treated with sodium 

metl~ylsulpl~inylmetl~ide (1 equivalent) in dimethyl sulphoxide [3] and the 

mixture was quenched with water at this temperature to give 2,3,4,5,6- 

pentafluorobenzyl methyl sulphoxide (6) (37%)) Scheme 4. 

C6F6 + CH3SCH2Na+ --+ 

ii 

C6F5CH2:CH3 + Na+F‘ 

0 

(6) 

Scheme 4 

When hexafluorobenzene was reacted 

methylsulphinylmethide in DMSO at 15’C, 

and on work-up the product consisted of 

l,l-bis(pentafluorophenyl)methyl methyl 

which was most readily deduced from its 

singlets in the aliphatic region in the 

with one equivalent of sodium 

the temperature rapidly rose to 20°C 

unreacted C6F6 and 

sulphoxide (9) (31%), the structure of 

1 
H nmr spectrum: there were two 

ratio of 1:3. In this reaction, 

compound (6) formed initially must be deprotonated by the sodium 

methylsulpl~inylmetl~ide to give the more stable carbanion (10) which reacted 

with more hexafluorobenzene at the higher reaction temperature, Scheme 5. 

:. C6F6 C6F5CH2SC113 + CH3SW12 - C6F5CHSC113 - 

0 0 

(C6F5)2CH;CH3 + F- 

0 0 

(6) (10) (9) 

+ CH3SCH3 

ii 

Scheme 5 
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The reaction of o-sulphoxide stabilised carbanions with unsaturated 

fluorocarbons for the preparation of new carbon-carbon bonds has not been 

reported previously; it supplements the recently reported use of closely 

related o-phenylsulphonyl carbanions in synthetic reactions with 

perfluorinated aromatic compounds [4]. 

The thermolysis reactions of 2,3,4,5,6-pentafluorobenzyl methyl 

sulphoxide (6) were investigated under two sets of reaction conditions: flash 

vapour phase thermolysis and static vapour phase thermolysis. When compound 

(6) was distilled in vacua through a quartz tube packed with silica at 410’ 

only one product was formed, the known 2,2’ ,3,3’ ,4,4’ ,5,5’ ,6,6’- 

decafluorodibenzyl (11) (87%) [5] , Scheme 6. Under static vapour phase 

C6F5CH2SCl13 410° 
silica, 0.05 mm 

4 C6F5CH2CH2C6F5 

0 (II) 

(6) 

Scheme 6 

thermolysis conditions, in which the sulphoxide (6) was heated in vacua at 

140-190’ for 18 11, a complex mixture containing at least eight components was 

formed, but only three have been separated and identified: 2,2’,3,3’,4,4’,- 

5,5’,6,6’-decafluorodibenzyl (11) (27X), 2,3,4,5,6-pentafluorobenzyl alcohol 

(12) (22%) [5,6] and 2,2’,3,3’,4,4’,5,5’,6,6’-decafluorodibenzyl disulphide 

(13) (7%), Scheme 7. The structure of (13) was readily deduced by 

C6F5CH2;Cl13 
140-190° 

in vapour phase 
b C6F5C112CH2C6F5 + C6F5CI120H 

0 18 11 

(6) 

(11) (12) 

+ C6F5CH2SSCH2C6F5 

(13) 

Scheme 7 
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mass spectroscopy; and by lH and 19 F nmr spectroscopy which showed only one 

type of proton and three types of fluorine respectively. 

The formation of (11) from (6) in Scheme 6 and of all the products in 

Scheme 7 can be rationalised as follows. Homolytic cleavage of the C-SO(CH3) 

bond in (6) and dimerisation of the 2,3,4,5,6-pentafluorobenzyl radical gives 

(11)) while a ‘1,2’-rearrangement of the 2,3,4,5,6-pentafluorobenzyl group or 

of the methyl group onto oxygen followed by homolytic cleavage of the O-S 

bonds (sulphenate esters) gives the alcohol (12) (after a hydrogen atom 

abstraction) and the disulphide (13) (after a dimerisation reaction) 

respectively, Scheme 8. The intermediacy of sulphenate esters formed by 

J.7,: 3 

-CH2-;- //’ 

0 ,,,‘I 

/ 

C6F5CHZ;CH3 

(6) ’ 

I 

‘1,2’-shift ,_ ‘1,2’-shift of 
of C6F5CH2 _ --_\CH3 

‘4 

C6F5CH2%CH3 
,:,q 

C6F5CH2S-0CH3 

C6F5CH2 

I 
x2 

C6F5CH2CH2C6F5 

(11) 

I 

C6F5CH20. 

1 

H 
abstraction 

C6F5CH20H 

(12) 

I 

C6F5CH2S 

I 
x2 

C6F5CH2SSCH2C6F5 

(13) 

Scheme 8 

‘1,2’-rearrangements have been proposed previously in the thermolysis 

reactions of sulphoxides [7]. 

A thermolysis reaction of l,l-bis(pentafluorophenyl)methyl methyl 

sulphoxide (9) was observed accidentally during the work-up following its 

presumed formation in a large scale reaction of hexafluorobenzene and sodium 
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methylsulphinyl methide at -13’C to -2O’C. The crude reaction product was 

heated in vacua at 115-122’C over 6 h and the volatile material was separated 

into four components: 2,3,4,5,6-pentafluorobenzyl methyl sulphoxide (6) 

(12%) ; decaf luorobenzophenone (14) (1.5%) [6] ; bis(pentaf 1uorophenyl)methanol 

(15) (1.5%) [6]; and 4-methanoyl-nonafluorobenzophenone (16) (0.5%). The 

structure of (16) was deduced principally from its mass spectrum [correct mass 

of the parent ion, M+, 372, and base peak at 195 (C,F,CO)] ; from its ‘H nmr 

spectrum (one singlet, 6H at 10.35 due to -CHO), and from its 
19 

F nmr spectrum 

(nine fluorine atoms, present as five signals, one signal being due to one 

fluorine, each of the other four being due to two fluorines; the presence of a 

para disubstituted tetrafluorobenzene ring only can accommodate these data). 

It has been proposed that the formation of aldehydes in the thermolysis 

reactions of sulphoxides proceed via an initial ‘1,2’-rearrangement to a 

sulphenate ester followed by a D-elimination reaction [8]. Of particular 

interest is the transformation of compound (17) into benzaldehyde (87%), 

Scheme 9. No pentafluorobenzaldehyde was isolated in the thermolysis 

H “,SCH3 

C6H5CH2SCH3 ------+ C6H5&0 _i C6H5CH0 + CH3SH 

0 

(17) 

Scheme 9 

reactions of (6), but the presence of decafluorobenzophenone (14) [presumably 

from l,l-bis(pentaf 1uorophenyl)methyl methyl sulphoxide (9)] in the reaction 

described above can be rationalised on the basis of this mechanism, which 

invokes the formation of the intermediate sulphenate ester (18), Scheme 10. 
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‘gF5, ‘gF5 \ ! ‘gF5 \ 
CHSCH3 - C~i 0 “SCH3 - c=o 

1’ / I 
+ CH3SH 

‘gF5 ’ ‘gF5 ‘gF5 

(9) (18) (14) 

Scheme 10 

The formation of bis(pentafluorophenyl)methanol (15), however, can be 

accounted for by the competing homolysis of the II-SCH3 bond in (18) and 

hydrogen abstraction, Scheme 11. It is conceivable that oxidation of the 

alcohol (15) 

‘gF5 
’ CH&?CH 

‘gF5 \ ‘gF5 \ 

3 - 
CHO. 

H 4 CHOH 
/ 

‘gF5 
C6F5 ” 

abstract ion 

‘gF5 
/ 

(18) (15) 

Scheme 11 

in the prevailing ‘dialkyl sulphoxide’ environment in the reaction mixture 

could provide an alternative route to the ketone (14). 

The formation of the small amount of 4-methanoyl-nonafluorobenzophenone 

(16) in the large scale reaction of hexafluorobenzene with sodium 

methylsulphinylmethide can be explained on the basis of the intermediacy of 

compound (19) formed by nucleophilic substitution of one para fluorine in 

l,l-bis(pentafluorophenyl)methyl methyl sulphoxide (9) by CH3SOCH2-, followed 

by two ‘1,2’-rearrangements and two p-elimination reactions, Scheme 12. 
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0 II 
,: 

C6F5-CHSCH3 C6F&SCH3 

‘gF5 CH3SOCH2- 
‘CHSCH, ___i 

‘gF5 ’ 
-F- 

(9) 
kH,SCH, H-C-o-SCH, 

0 II 

(19) 

(16) 

Scheme 12 

In conclusion, the thermolysis reactions of 2,3,4,5,6-pentafluorobenzyl 

methyl sulphoxide (6) reported in this paper have established that while there 

is no evidence for a 2,3-sigmatropic rearrangement reaction, ‘1,2’ 

rearrangements of the sulphoxide to sulphenate esters play a significant role 

in accounting for the reaction products. The same ’ 1,2 ’ -rearrangement is 

central to the thermolysis reaction of l,l-bis(pentafluoropl~enyl)metl~yl methyl 

sulphoxide (9) and in accounting for the formation of (16). 

EXPERIMENTAL 

lH (60 MHz) and lg F nmr (56.4 MHz) spectra were obtained with a Varian 

EM36OL spectrometer or ‘II (250 Mffz) and “F (23.5 MHz) spectra with a Hruker 

AC250. Chemial shifts are downfield from internal TMS (6,,), or upfield from 

internal CFC13 (SF) . Mass spectroscopy data were obtained with a VG 7070E 

instrument. Molecular ions Mf are quoted for electron ionisation. 
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Reaction of Hexafluorobenzene wit.1~ Sodium Methvlsuluhinvlmethide 

(a) Sodium methylsulphinylmetl~ide in DIlSO (25 ml, 1.73 Ll, 43.2 mmol) was 

added to hexaf luorobenzene (8.136 g, 43.7 mmol) in dry tetrahydrofuran 

(THF) (100 ml) at -74’C. The mixture was ma,intaiued at this temperature 

for 90 min, water was added at this low temperature aud the solution 

warmed to room temperature. The solution was extracted with ether, the 

extracts dried (MgS04) aud the solvent evaporated. The crude residue was 

shown by lgF umr spectroscopy to contain oue main product and uureacted 

C6F6 ) which was removed by evaporation in vacua at 0.05 mmHg to give 

2,3.4,5,6-uentaf luoroheuzvl methvl snluhoxide (6) (3.928 g, 37%) nc mp 

96.97’C (from diethyl ether) (Found: C, 39.65; H, 2.15; W+, 244, 

C$15F50S requires C, 39.35; fl, 2.06%; hl, 244); GF(CDC13) 140.5 (dm, 2-F, 

6-F), 153.4 (t, 4-F) and 161.9 ppm (tm, 3-F, 5-F); GH(CDC13) 2.6 (s, CH,) 

aud 4.1 (s, CH,). 

(b) Sodium metl~ylsulpl~iuylmetl~ide in dimethyl sulphoxide (DMSO) (5.5 ml, 

2.8 M; 15.4 mmol) was added dropwise to a stirred solution of 

hexaf luorobenzene (2.877 g, 15.5 IIIIIIO~) in DMSO (20 ml) at 15’C whereupon 

the temperature rose rapidly to 20°C. After 50 min. at room temperature 

the mixture was worked up as in (a) to give the crude product, again 

shown to coutain uureacted C6F6 by lgF umr. Evaporation of the mixture 

as in (a) gave 1.l-l~is(~~~ntafluoronl~envl)n~etl~vl methvl suluhoxide (91 

(0.982 g, 31% 

0.6; M+, 347. 

SF(CDC13) 137 

152.0 (two tm 

nc mp 116-116.5’C (from methanol) (Found: C, 41.30; fI, 

C14H4F100S requires C, 40.99: H, 0.98%; I-CH3S0, 347); 

1, 135.7 (tr;o III, uuassigued 2-F, 6-F, 2’-F, 6’-F), 151.3, 

4-F, 4’-F) aud 160.2, 161.4 ppm (two m, unassigned 3-F, 

5-F, 3’.F, 5’-F); S,,(CDCl,) 2.6s (s, CH3) aud 5.42 (s, CH). 

(c) Ilexafluorobenzeue (SO. 1 g, 0.431 mol) was added over 35 min to a 

suspension of sodium metl~ylsulphiuylmethide [from Nail (11.9 g, 0.496 mol) 
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and DMSO (95 ml) and then diluted with dry THF (200 ml)] initially at 

-200, the temperature rising to -13’C. After a further 15 min., the 

mixture was poured onto dilute H2S04 (4 M) pre-cooled to -5’C and worked 

up as in (a) . The crude oily product (74.6 g) was distilled in vacua at 

0.05 mmHg with an external temperature of II5-122’C over 6 h to give a 

sticky green solid (38.6 g) which was dissolved in diethyl ether and 

allowed to crystallise at -18’C. Compound (6) (12.61 g, 12%) was 

separated by filtration, the filtrate evaporated and the residue was 

partially resolved into three enriched fractions by chromatography on 

silica using CHC13 as eluant: fraction I (4.53 g) was further separated 

by chromatography on silica using Ccl4 as eluant to give decafluorobenzo- 

phenone (14) (1.20 g, 1.5%) identical with an authentic sample; fraction 

2 (6.17 g) was further separated on a silica column using Ccl4 as eluant 

to give 4-methanovl-nonafluorobenzonhenone (161 (0.46 g, 0.5%) g mp 

128-I29’C [from light petroleum (bp 60-800)] (Found: C, 44.9; H, 0%; M+, 

372. C14HFg02 requires C, 45.18; H, 0.27%; M, 372); S,(CDCl,) 141.0 (m), 

141.6 (m), 143.6 (m), 144.5(m) and 159.5 ppm (m) in the ratio 2:2:2:1:2 

respectively; GH(CDC13) IO.35 (NO); and fraction 3 (6.13 g) was washed 

with water to remove DMSO and recrystallised from light petroleum (bp 

40-60°C) to give bis(pentafluorophenyl)methanol (15) (I.26 g, 1.5%) mp 

76-78’C (lit [6] mp 79-800), identical with the material obtained from 

the treatment of decafluorobenzophenone with BH3-THF. 

Thermolvses of 2,3,4.5,6-Pentafluorobenzvl methvl sulphoxide (6) 

(a) Flash Vapour Phase Reaction 

The sulphoxide (6) (0.508 g) was distilled through a quartz tube [60 cmx 

1.5 cm diameter] packed with silica fibre 20 cm x I.5 cm diameter, at 410°C, 

into a trap cooled with liquid air connected to a high vacuum (0.05 mmHg). 
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The product was 2,2’,3,3’,4,4’,5,5’,6,6’-decafluorodibenzyl (11) (0.328 g, 

87%) mp 104-104.5°C [from light petroleum (bp 40-60°C)] (lit [5] mp 107-108’C) 

(Found: C, 46.35; H, 0.80; hl+, 362. C14H4F10 requires C, 46.43; H. 1.11%; M, 

362); GF(CDC13) 145.3, 157.0 and 163.2 ppm in the ratio 2:1:2; GH(CDC13) 3.0 

(s, CH2). 

(b) Static Vanour Phase Reaction 

The sulphoxide (6) (1.438 g) was sealed in vacua in a 10 1. flask and 

placed in an oven initially at 190°C and then after 7 h, the temperature was 

reduced to 140’. After a total heating period of 18 h, the contents of the 

flask were washed out with ether and the solvent evaporated. Thin layer 

chromatography of the residue on silica using light petroleum (bp 40-60’) 

showed the presence of at least eight components. Volatile material (0.61 g) 

was removed from the mixture in vacua at room temperature/O.05 tnmHg and 

separated by the chromatography on silica (15 x 5 cm diameter) using light 

petroleum (bp 40.60°C) followed by CH2C12 as eluants to give two components: 

(1) 2,3,4,5,6-pentafluorobenzyl alcohol (12) (0.261 g, 22%) identified by 

comparison with an authentic sample; and (ii) the decafluorodibenzyl compound 

(11) (0.150 g, 14%). 

The residue from the evaporation of the volatile materials was separated 

by chromatography on silica using light petroleum (bp 40-60°C) as eluant to 

give two components: (1) further 2,2’,3,3’,4,4’,5,5’,6,6’-decafluorodibenzyl 

(11) (0.135 g, 13%); and (ii) 2.2’.3,3’,4.4’.5,5’,6.6’-decafluorodibenzvl 

disulnhide (13) (0.094 g, 7%) K mp 145.5-146’C [from light petroleum 

(bp 40-60°C)] (Found: C, 39.71; II, 1.10; hlf 426. C14H4F10S2 requires C, 

39.44; H, 0.09%; hl, 426); sF(CDC1,) 142.9, 154.6 and 162.0 ppm in the ratio 

2:1:2 respectively; SH(CDC13) 3.92 (s, CH). 
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