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Synthesis of Perfluoro-oxydiacetic Acid

By N. REevEs, W. J. FEasT,* and W. K. R. MUSGRAVE
(The Chemistry Department, The Univeysity, South Road, Durham)

Summary A convenient synthesis of the suggested polymer
intermediate perfluoro-oxydiacetic acid is described.

THE synthesis of polymers containing perfluoroether
linkages has received considerable attention in recent
years.1,?  Perfluoro-oxydialkanoic acids, O[(CF,),CO,H],,
may be used as the starting materials in some approaches
to the synthesis of such polymers. In particular a recent
publication cites the use of perfluoro-oxydiacetic acid as an
intermediate in exploratory polymer synthesis® These
workers made perfluoro-oxydiacetic acid by oxidizing
3,4-dichloro-2,2,5,5-tetrafluoro-2,5-dihydrofuran, obtained
from the reaction of sulphur tetrafluoride with dichloro-
maleic anhydride4 The alternative published syntheses

start from perfluoro-N-fluoromorpholine, which was pre-
pared in 89, yield by electrochemical fluorination of
morpholine. We have recently used a synthesis of per-
fluoro-oxydiacetic acid which is more convenient than those
reported.

The synthesis consists essentially of exchange fluorination
of perchloro-2,5-dihydrofuran and subsequent oxidation of
the products 3,4-dichloro-2,2,5,5-tetrafluoro-2,5-dihydro-
furan and perfluoro-2,5-dihydrofuran.t Perchloro-2,5-di-
hydrofuran may be prepared by chlorination of furan,® or
from hexachlorobuta-1,3-diene via ethoxylation, chlorina-
tion, and FeClj-catalysed cyclization.? The exchange
fluorination can be accomplished by several reagents.®
With anhydrous hydrogen fluoride (nickel-lined autoclave,

t Elemental analyses, n.m.r., i.r., and mass spectra of new compounds were consistent with the assigned structures.
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90°, 15 hr.) 3,4-dichloro-2,2,5,5-tetrafluoro-2,5-dihydrofuran
(23%,) was obtained. With potassium fluoride in N-
methyl-2-pyrrolidone at 195°, perfluoro-2,5-dihydrofuran
(49%) and 2,2,4-trichloro-3,5,5-trifluoro-2,5-dihydrofuran
(5%) were obtained. Fluorination with antimony tri-
fluoride-antimony pentachloride (molar ratios SbF; : SbCl, :
C,Cl,0, 4:1:2) gave 3,4-dichloro-2,2,5,5-tetraftuoro-2,5-
dihydrofuran (77%); the yield was lower in the absence of
antimony pentachloride and 2,3,4-trichloro-2,5,5-trifluoro-,
cis- and trans-2,3,4,5-tetrachloro-2,5-difluoro-, and 2,3,4,5,5-
pentachloro-2-fluoro-2,5-dihydrofurans were also obtained.
A common product of the work-up of these fluorination
reactions was 4-hydroxy-2,3-dichloro-4,4-diftuorobut-2-enoic
acid y-lactone. Ozxidation of 3,4-dichloro-2,2,5,5-tetra-
fluoro-2,5-dihydrofuran with potassium permanganate in
acetone® gave perfluoro-oxydiacetic acid (82%,); the same
product was obtained from the oxidation of perfluoro-2,5-
dihydrofuran (b.p. < 0°) in a rocking autoclave (25°, 41 hr.)
with aqueous alkaline permanganate, albeit in lower yield

(66%).

CuemicAL COMMUNICATIONS, 1970
We have found the following route the most convenient:
CCl,=CCI-CCl=CCl, 1, CCl;=CCI-CCl=CCIOC,H; —2—+

(CCl—CCl=CCl-CCIO = CCl=CCl-cCl—cClo) 2

ct cl Ccl cl

>\——-/<.._. . i—/(—— 5
Cla Clz —e R F2 — O(CF3COxH)2

0 0

}. NaOEtin EtOH; 2. Cl,; 3. FeCl,; 4. SbF4-SbCl,; 5. KMnO,
in acetone.

Using this route, perfluoro-oxydiacetic acid has regularly
been prepared in yields greater than 609, from perchloro-
2,5-dihydrofuran. The previous authors report the syn-
thesis of hexachloro-2,5-dihydrofuran from hexachlorobuta-
1,3-diene in yields of 629, but we have obtained only 48%,.
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