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Reaction of fluorosulfonyloxypentafluoroacetone
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2�Fluorosulfonyloxytetrafluoropropionyl fluoride (3) is the product of isomerization of
fluorosulfonyloxypentafluoroacetone (1). In the presence of CsF at low temperatures com�
pound 3 forms 2�fluorosulfonyloxyperfluoropropoxy anion, and at ∼25 °С CsF catalyzes the
decomposition of compounds 1 and 3 with the formation of trifluoropyruvoyl fluoride isolated
as cyclodimer.
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It has been shown previously1 that hexafluoropropylene
oxide (HFPO) reacts with sulfuric anhydride to form a
mixture of fluorosulfonyloxypentafluoroacetone (1) and
perfluoropropylene sulfate (2) with predomination of com�
pound 1. It was found that ketone 1 decomposed under
the action of CsF in MeCN to give trifluoropyruvoyl fluo�
ride,* representing a synthone with a high synthetic
potential.2,3 The compound was characterized as an
adduct of trifluoropyruvic acid anilide with aniline and
isolated in low yield.

According to Ref. 4, ketone 1 decomposes in the pres�
ence of both CsF and less nucleophilic NaF to form oli�
gomerization products of undetermined structure. At the
same time, under the action of NaI in an aprotic medium
compound 1 isomerizes to 2�fluorosulfonyloxytetrafluoro�
propionyl fluoride (3) in 68% yield.

One of the fundamental tasks of the chemistry of
fluoroaliphatic compounds is the development of new
methods for their functionalization. Since the FSO3CF
fragment is a latent form of the carbonyl group, we
studied a possibility of generation and use in synthesis
of 2�fluorosulfonyloxyhexafluoropropoxy anion, whose
formation could be expected upon the reaction of acyl
fluoride 3 with an alkaline metal fluoride.

We found that using such a lowly active source of
fluoride ion as KHF2 in PhNO2 results in the quantitative
isomerization of ketone 1, which was obtained by a modi�
fied procedure4 (see Experimental), to a mixture of acyl
fluoride 3 and sulfate 2 in the ratio 3 : 2 = 7 : 1. This ratio
remains unchanged in time and, most likely, corresponds

* Probably, a cyclodimer of trifluoropyruvoyl fluoride was
obtained, which, however, was not isolated and characterized.

to an equilibrium mixture of isomers 3 and 2. The hy�
drolysis of the obtained mixture affords (Scheme 1)
2�fluorosulfonyloxytetrafluoropropionic acid (4) (under
these conditions, only acyl fluoride 3 is hydrolyzed).

Scheme 1

i. [KHF2]/PhNO2; ii. [H2O]/pentane.

As it turned out, in the presence of CsF in diglyme
a mixture of compounds 3 and 2 interacts with HFPO at
–30—–35 °С (Scheme 2**) to form a mixture of fluoro�
sulfonyloxyacyl fluoride (6), cyclic dimer of trifluoro�
pyruvoyl fluoride (7), and cycloadduct of trifluoropyruvoyl

** Both acyl fluoride 3 and sulfate 2, which undergoes opening
by CsF in diglyme to form 3, are involved in the formation of
anion 5.
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fluoride and HFPO (8) (6 : 7 : 8 = 7 : 2 : 1) (oxalactones
7 and 8 and the methods of their synthesis from trifluoro�
pyruvoyl fluoride were described5). The yield of com�
pound 6 was 33%. Although lactones 7 and 8 are formed
in rather small amounts, their formation indicates that
the decomposition of compounds 2 and 3 to trifluoro�
pyruvoyl fluoride cannot completely be prevented even at
such low temperatures.

Scheme 2

When heating a mixture of compounds 2 and 3 or,
which is more convenient, their precursor ketone 1,
HFPO, CsF, and diglyme to ∼25 °С, the single reaction
product is oxalactone 8 formed in a yield higher than
80%. Similarly, oxalactone 7 is formed in high yield from
1 under the action of CsF.

Thus, although ketone 1 and its isomers 2 and 3 easily
decompose under the action of F–, we succeeded to per�
form the sequence of transformations of 1, generating
anion 5 and to synthesize a compound containing the
2�fluorosulfonyloxyfluoropropoxy group.

Experimental

19F NMR spectra were recorded on a Bruker 200SY instru�
ment (188.3 MHz) in ССl4 solutions using CF3COOH as an
external standard.

Fluorosulfonyloxypentafluoroacetone (1). A mixture of HSO3F
(100 mL), Сr2O3 (10 g), and HFPO (60 g, 0.36 mol) was
shaken in a 200�mL steel autoclave for 8 h at ∼25 °С, then the
autoclave was cooled to ∼0 °С, freshly distilled SO3 (29 g, 0.36 mol)

was added to the reaction mixture, the autoclave was shaken for
8—10 min more, and the liquid part of the reaction mixture was
decanted from the precipitate. The fraction with b.p. 50—100 °С
was isolated by distillation, the distillate was washed with
12—15 mL of concentrated H2SO4, and the organic layer was
separated and distilled above concentrated H2SO4. Ketone 1
was obtained in a yield of 84.5 g (95%), b.p. 56—58 °С (b.p. and
the 19F NMR spectrum are identical to the literature data1,4).
The HSO3F and Cr2O3 remained after the treatment of the reac�
tion mixture can multiply be used for the synthesis of ketone 1.

2�Fluorosulfonyloxytetrafluoropropionyl fluoride (3) and
perfluoropropylene sulfate (2). Ketone 1 (13.8 g, 56 mmol) was
added dropwise to a suspension of KHF2 (1 g) in anhydrous
PhNO2 (25 mL). After the end of the exothermic reaction, the
mixture was stirred for 15 min at 45 °С and heated to 50—60 °С
(100 Torr), and volatile products were distilled off and collected
in a cooled receiver (–78 °С). The distillation of the distillate
gave 13.3 g (95%) of a mixture of acyl fluoride 3 and perfluoro�
propylene sulfate 2 (3 : 2 = 88 : 12) (according to the 19F NMR
data) (cf. Refs 1 and 4).

2�Fluorosulfonyloxytetrafluoropropionic acid (4). Water
(17 mL, 95 mmol) was gradually added with stirring to a solution
of the obtained mixture of 3 and 2 (15 g, 60 mmol) in pentane
(20 mL). The reaction mixture was washed with dilute aqueous
solutions of CaCl2, the aqueous layer was extracted with ether,
the extract was evaporated, and the residue was distilled above
concentrated H2SO4. 2�Fluorosulfonyloxytetrafluoropropionic
acid semihydrate 4, b.p. 55—59 °С (10 Torr), was obtained in a
yield of 12.8 g (4% based on compound 3 taken in the reaction).
Found (%): С, 13.93; Н, 0.77; F, 37.45. C3H2F5O2,5S. Calcu�
lated (%): С, 14.23; Н, 0.79; F, 37.55. 19F NMR: –127.0 (FSO3);
7.0 (CF3); 54.5 (CF).

Reaction of a mixture of compounds 3 and 2 with hexafluoro�
propylene oxide in the presence of CsF. A mixture of compounds
3 : 2 (88 : 12) (18.5 g, 75 mmol) was added at –30 to –32 °С to a
suspension of CsF (1.13 g) in anhydrous tetraglyme (6 mL) and
diglyme (3 mL). The mixture was stirred for 30 min, and then
HFPO (13.3 g, 80 mmol) was gradually introduced within 2 h.
The mixture was stirred for 30 min, cooled to –40 °С, and
poured into ice�cold water. The organic layer was separated
(according to the 19F NMR data, the layer contains a mixture
of compounds 6 : 7 : 8 = 7 : 2 : 1), rapidly shaken with a
small amount of P2O5, and decanted into a distillation device.
2�(2�Fluorosulfonyloxyhexafluoropropoxy)tetrafluoropropionyl
fluoride (6) was isolated by rectification in a yield of 8 g (33%),
b.p. 48—50 °С (63 Torr). Found (%): С, 18.08; F, 56.11.
C6F12O5S. Calculated (%): С, 17.48; F, 55.34. 19F NMR, δ:
–126.5 (1 F(7)); –102.0 (1 F(6)); AB quartet with centers at
0.5 and 8.5 (1 F(3) + 1 F(4)), Jab = 254 Hz; 3.2 (3 F(1)); 6.5
(3 F(8)); 54.7 (1 F(5)); 65.2 (1 F(2)).

6

Perfluoro�5�fluorocarbonyl�3,5�dimethyl�1,3�dioxolan�2�one
(7). Ketone 1 (25.7 g, 0.104 mol) was added at –35 °С to a
suspension of CsF (0.3 g) in diglyme (1.5 mL). The reaction
mixture was slowly warmed to –15—–10 °С, stirred for 30 min,

CsF/Diglyme

COF
CF3
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then stirred for 3 h at ∼20 °С, and distilled in vacuo, collecting
the fraction that boils out below 60 °С (40 Torr) to a cooled
receiver (–78 °С). The distillation of the distillate gave oxa�
lactone 7 in a yield of 12.6 g (84%), b.p. 71—73 °С (b.p. and the
19F NMR spectrum are identical to those described in the
literature5).

Perfluoro�3,6�dimethyl�1,4�dioxan�2�one (8). Anhydrous
diglyme (3 mL) and CsF (0.8 g) were placed in a steel autoclave
(100 mL) and cooled under Ar atmosphere to –30 °С, and
ketone 1 (37.9 g, 154 mmol) was added. Then HFPO (25.6 g,
154 mmol) was condensed into the evacuated autoclave cooled
to –196 °С, and the autoclave was shaken for 8 h at ∼25 °С and
cooled to 0 °С. Gaseous SO2F2 was bleed, and the reaction
mixture was transferred to a distillation device. The products
volatile below 45—50 °С (35—40 Torr) were distilled off to a
receiver (–78 °С). Dissolved SO2F2 was distilled off from the
distillate on a column equipped with the complete condensation
packing, and the distillation of the residue gave oxalactone 8
(39.2 g, 84%), b.p. 70—72 °С (b.p. and the 19F NMR spectrum
are identical to those described in the literature5).

This work was financially supported by the DuPont
company.

References

1. I. L. Knunyants, V. V. Shokina, E. I. Mysov, Izv. Akad. Nauk
SSSR, Ser. Khim., 1973, 2725 [Bull. Acad. Sci., Div. Chem.
Sci. (Engl. Transl.), 1973, 22, 2659].

2. A. S. Golubev, A. F. Kolomiets, A. V. Fokin, Usp. Khim.,
1992, 61, 1422 and literature cited therein [Russ. Chem. Rev.
(Engl. Transl.), 1992].

3. N. Sewald, K. Burger, V. P. Kukhar, V. A. Soloshonok, in
Fluorine Containing Amino Acids. Synthesis and Properties,
Wiley, Chichester, 1995, 139 and literature cited therein.

4. I. P. Kolenko, T. I. Filyakova, A. Ya. Zapevalov, E. P.
Mochalina, L. S. German, V. R. Polishchuk, Izv. Akad. Nauk
SSSR, Ser. Khim., 1979, 667 [Bull. Acad. Sci., Div. Chem. Sci.
(Engl. Transl.), 1979, 28, 622].

5. V. S. Yuminov, S. V. Kartsov, V. L. Maksimov, A. V. Fokin,
Izv. Akad. Nauk SSSR, Ser. Khim., 1988, 392 [Bull. Acad.
Sci., Div. Chem. Sci. (Engl. Transl.), 1988, 37, 311].

Received January 15, 2009;
in revised form March 23, 2009



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


