Cdenbioa T i o« < "
Tetrahedron Letters Vol. 22, pp 65 - 68 0040-4039/81/0101~0065p02.00/0

ol
© Pergamon Press Ltd. 1981, Printed in Great Britain

THERMAL STABILITY OF PERFLUOROALKANESULFONIC ACIDS AND THETR AMHYDRIDES.
NEW AND EASY APPROACH TO R_SO,OR . ESTERS.

M. Oudrhiri Hassani, A. Germainf D. Brunel and A. Commeyras.

Laboratoire de Chimie Organique, Université des Sciences et Techniques du
Languedoc - 34060 — Montpellier Cédex. France.

SIMMARY : Perfluoroalkanesulfonic anhydrides (RF502)20 when mixed with acids decompose into
perfluoroalkanesulfonic esters RFSOZORE" thereby providing a new facile synthesis of these
esters from perfluoroalkanesulfonic acids and phosphorus pentoxide.

An interest in the use of perfluoroalkanesulfonic acids RFSO3H in reaction condi-

tions of varying severity has led us to undertake a study of their stabilities under various
conditions. This paper reports the effect of heat on the acids CF3SOBH, CZFSSOSH and C4F9803H
and their corresponding anhydrides.

In sealed tubes under vacuum these acids or anhydrides in the pure state are stable
for a few hours up to a temperature of at least 180°C. However, under the same conditions solu-
tions of the anhydrides in their corresponding acids yield quantitatively CF,_SO,OCF,, C F_SO, OC,F

37727773 Y27 5772772 s
and C4F93020C4F9 esters, and release SO, according to the following reaction

2

RSO, H
(RpS0,),0 -——j;———b R.SO,0R, + S0,

These perfluorinated esters are separated fromthe reaction mixture by water was-

hing and distillation (CF3SOZOCF b.p = 21°C(1’2), C,F.S0,0C F. b.p = 65°C (3), Cc,F,S0,0C,F
b.p = 141°C (3)).

3 2°5772772°5 4797727749

They are identified by means of their 19F NMR(1’2’3), IR (1,2 and mass spectra 3)
and by elemental analyses.

Sulfur dioxide, trapped during the reaction is characterized by means of its U.V.SA)
IR ) and mass spectra (——%—-= SOZ+ and SO+).

The observed reaction times for RF = CF3 and C2F5 under various conditions, are

given in table I. Even at room temperature, anhydrides in contact with their corresponding acids

slowly decompose and the more dilute the solution, the faster the reaction. The progress of the

reaction was followed by means of 19F NMR spectroscopy . These results explain the previously

observed instability of trifluoromethanesulfonic anhydride which has never been studied in detailgb)
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(RFSO )50 time

2) 2 .
RF W 0°(C) (hours)
C,F, 0.1 180 5
C)Fs 0.1 25 3,6  10°
C,Fs 0.5 180 15
cF, 0.1 180 1

TAHE I : Time for the camplete decamposition of anhydrides in various canditions.

From these results we have developed a straight forward synthetic method for

symmetrical perfluoroalkanesulfonic esters from the acids and phosphoric pentoxide.

3 =
6RFSO3H + P205 BRFSOZORF + _802 + 21-131’04 (RF CF3, C2F5, CAFQ)

In order to obtain the esters rather than the anhydrides, it is necessary to keep

the latter in contact with the acids. Thus, a smaller amount of P205 (RFSO3H/P205 = 6) and a

slower distillation than for the synthesis of the anhydride (6,7) are required. This method is

(1,2,8)

easier than those already known . The pure ester is obtained in 70Z yield and the unreac-

ted acid can be recovered by distillation.

(9

Similarly sulfur trioxide dehydrates the acids into anhydrides . Thus, the esters

RFSOZORF can be obtained from the acids RFSOBH and the oleums.

2R SO, H + 80, —B— R _SO,0R. + S0, + H,S0,
From such a reaction we can explain the formation of trifluoromethyl trifluoromethane
sulfonate by the reaction of trifluoromethanesulfonic acid with fluorosulfuric acid,(z) because
it is known that this acid always contains sulfur trioxide.(lo)
On mixing an anhydride with a non corresponding acid, i.e. (CF3802)20—CZF5803H or
(CZF5802)20—0F3SO3H, a preequilibrium between acids and anhydrides was noted, even at room tem-
perature.

1 ———a T
(RFSOZ)ZO + 2R FSO3H jrme—— ZRFSO3H + (R FSOZ)ZO
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When such a solution is heated, it produces a mixture of esters : CF38020CF3,
CZFSSOZOCZFS and C2F580200F3.
Their relative proportions depend on initial conditions but it is noteworthy that

CF,S0,0C.F. was never obtained (cf. table II).

377277275
(RFSOZ)ZO .
—-—'———-9( C)/t(H) CF3S)20(IF‘3 Cstﬂ)zCX:zFS CZFSSOZOCF3
R'_SO.H
F~3
Ry = CE‘3 0.11 80/15 25 - 75
| R -
R F— CZFS 5.00 150/30 83 17
RF = C,F 0.08 60/4 100 - -
2°5
0.40 80/6 67 - 33
R'F= CE‘3 5.00 180/48 - 82 18
TABLE II : Relative camposition of esters formed by thermal decamposition
of perfluorosulfonic anhydride in non related acids.
The new compound trifluoromethyl pentafluoroethanesulfonate is identified in the
mixture by weans of its 19F N.M.R. spectrum. (external reference : CFC13) ¢1 = 55, 3ppm
= = ' = = il
(t, OCF3, JFF 5,4 Hz), ¢2 80,9 ppn (t, 9F3—CF2, J FF 0,9 Hz) and ¢3 110,6 ppm  (qq,
= ' =
CE,=CFy, Jpp = 5,4 Bz, J'. = 0,9 Hz).

Alkaline hydrolysis of the esters leads to sulfonic and carboxylic acids (3)(car—
. . (1)
bonic acid from CF3SOZOCF3 ).
2H20
'L e————>
RFSOZOCF R RFSO

H + R'_CO,H ( = R'_CF,)
Al . pCOH  (Rp = RIGCF,

3

It follows from the reactions studied above that to be stable the anhydrides must
be free from acids. The mechanism of the thermal decomposition of the anhydrides will be discus

sed in a full paper.
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