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An Efficient Method for the Preparation of Pentafluoro-
iodoethane from Chloropentafluoroethane’
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An efficient method was developed for the synthesis of pentafluoroiodoethane from chloropentafluoroethane.
Sulfinatodechlorination of CF;CF,Cl was carefully investigated. Subsequent iodination can be conducted in one pot
without further purification, giving the corresponding CF;CF,l in practically acceptable yield.
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Introduction

The introduction of perfluoroalkyl groups into or-
ganic compounds often brings about dramatic changes
in their properties such as excellent low surface energy,
small reflective value, high thermal stability, high elec-
tronegativity, etc. Thus, perfluoroalkyl iodides (Ryl)
are valuable intermediates for the synthesis of the cor-
responding perfluoroalkyl carboxylic acids or acohals,
which can be used as oil-proofing, water-proofing,
soil-release agents or as hydraulic fluids.®® For example,
perfluoroalky! iodides with a chain length more than 6
carbon atoms are particularly suitable for the production
of materials for the finishing of textiles.® To obtain Rl
having such a chain length, telomerization is usually
employed for chain length elongation by the addition of
tetrafluoroethylene (CF,=CF,) as a taxogen while us-
ing short chain Ryl as a telogen. Pentafluoroiodoethane
(CF3CF,l) is a well known, valuable telogen which can
be reacted with CF,=CF, to form long chain Ryl.
Therefore, considerable effort has been devoted to de-
veloping methods for the preparation of CF;CF,l. Banks
et al.’? first described the preparation of pentafluoroio-
doethane from the reaction of tetraiodoethylene with
iodine pentafluoride. Many methods have been reported
since then."*> However, most of the processes suffer
from the disadvantages of requiring the use of iodine
pentafluoride which is very toxic, highly expensive and
difficult to handle.

Chloropentafluoroethane (CF;CF,Cl), the counter-
part of CF3CF,l, was easily obtained from the fluorina-
tion of 1,2-dichloro-tetrafluoroethane or 1-chloro-2-
iodo-tetrafluoroethane.™® Its low price and ready avail-
ability once made it a widely used refrigerant, yet its

production and use is seriously regulated because of its
ozone depletion potential. However, it is still a side
product in the preparation of substitutes for ozone de-
pleting substances (ODS) such as R-134a (CF;CHJF).
To convert chloropentafluoroethane to the environ-
mental benign chemicals will be a good solution.
Chemical transformations from CF;CF,Cl to CF;CFl
might be expected due to their high structural similari-
ties.

Different from fluoroakyl iodides or bromides, the
C—CI bond in fluoroalkyl chlorides is very strong and
aways remains intact under most reaction condi-
tions.!"*® Recently, Chen and co-workers'® found that
the inert C—Cl bond could be activated under the
modified sulfinatodehal ogenation conditions. Perfluoro-
alkyl chlorides were found to be converted to the corre-
sponding iodides by this method.?% In view of the
importance of pentafluoroiodoethane in fluorochemical
industry and the necessity of removing CF;CF,Cl, we
investigated the conversion from CF;CF,Cl to CF;CF,l
and found that the modified sulfinatodehalogenation
reaction can also be used in the synthesis of telogen
(CFCF,l) for Ryl from the byproduct (CF;CF.Cl).
Herein we report the results.

Experimental

N&;S,0, (0.28 mol, 90%, 55 g), NaHCO; (0.29 mol,
24 g) and DM SO (200 mL) were added into a 500 mL
autoclave equipped with mechanical stirrer. Then the
reaction mixture was cooled to —78 C. At this tem-
perature, CFCF,Cl (0.39 mol, 60 g) was transferred
into the autoclave. After being warmed to room tem-
perature, the autoclave was heated to 80 C and kept at
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Pentafluoroiodoethane

this temperature for 5 h. Then the reaction mixture was
filtered and a DM SO (250 mL) solution of I, (0.65 mol,
166 g) was added to the filtrate at room temperature
with vigorous stirring. After 5 h reaction, the
pentafluoroi odoethane was separated from the reaction
mixture by vaporization and collected in a cold trap at
—196 ‘C. The desired CF;CF,l could be obtained in
25% yield based on N&S,04. *°F NMR (DM SO-ds, 282
MHz) §: —83.8(t, 3F), —73.4(m, 2F).

Results and discussion

The traditional sulfinatodehalogenation reaction
discovered by Huang can be effectively applied to the
reaction of fluoroalkyl halides with alkenes, dienes, al-
kynes or aromatics.}’ But this reaction is limited to
fluoroalky! iodides or bromides and not applicable for
fluoroalkyl chlorides.*™® Chen®? found that solvent
played a pivotal role in this reaction. Using dimethyl
sulfoxide (DM SO) as a solvent instead of CH3CN/H,0
(in Na;S,04/NaHCOg), fluoroakyl chlorides, even non-
fluorinated chlorides such as chloroform can either be
converted to the corresponding sulfinate salts or alkylate
akenes and alkynes.

Treatment of chloropentafluoroethane under this
modified sulfinatodehal ogenation condition in autoclave
resulted in the formation of the corresponding sulfina-
todechlorinated product 1 (Table 1). The signals at ¢
—77.7 (3F, CF3) and —131.2 (2F, CF;SO;Na) in the
F NMR spectrum confirmed the formation of 1.
CR3CF,Cl was used in large excess over NaS,0, for
the convenience of operation. Therefore, the yield of 1
was determined by °F NMR based on N&,S,0,, using
hexafluorobenzene as an internal standard.

As indicated in Table 1, the formation of 1 was
strongly influenced by the reaction conditions including
the temperature, the concentration of N&S,0, and the
base. Heating is necessary for efficient cleavage of the
C—CI bond in R¢Cl. While at room temperature no re-
action happened (Entry 1), high temperature had a dele-
terious effect on the formation of the corresponding
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sulfinate. Almost no desired pentafluoroethanesulfinate
1 could be obtained after heating the reaction mixture at
100 C for 5 h (Entry 2). The optimum reaction tem-
perature range should be 80 to 90 C (Entries 3—6). It
is presumed that pentafluoroethanesulfinate might be
decomposed readily in DM SO at temperature above 100
‘C. Furthermore, the sulfinatodechlorination of CF3C-
F,Cl could be promoted by decreasing the concentration
of radical initiator (Na,S;04) in DMSO. Thus dlightly
higher yield of 1 can be achieved when less NaS,0,
was used (Entries 3, 4). In addition, the yield could also
be improved with the prolonging of reaction time (En-
tries 5, 6). However, longer reaction time might lead to
the decomposition of 1 and only trace amount of 1 was
determined after 12 h (Entry 7). It is noteworthy that
base played an important role in the reaction. In the ab-
sence of NaHCOs; no pentafluoroethanesulfinate 1
could be obtained under otherwise the same reaction
conditions (Entry 8).

Under the optimized reaction condition, penta-
fluoroethanesulfinate 1 could be produced in practically
acceptable yield. However, attempts to isolate 1 from
the reaction mixture failed, which might result from the
instability of 1 in DMSO at high temperature. Never-
theless, it is not necessary to use pure sulfinate salt for
the next iodination. The sulfinatodechlorination reaction
mixture of CF;CF,Cl can be directly used for the next
reaction.

The iodination of pentafluoroethanesulfinate 1 was
performed at room temperature (Scheme 1). According
to the literature, the pentafluoroethanesulfonyl iodide 2
was supposed to be the intermediate which would be
extremely unstable and could decompose even at low
temperature to give the corresponding iodides after
evolution of SO,.”° This is indeed the case for the iodi-
nation of pentafluoroethanesulfinate 1. Addition of the
DMSO solution of |, to the above sulfinatodechlorin-
tion reaction mixture did give pentafluoroiodoethane 3.
Oxidants were not necessary to be added to facilitate the
reaction. lodine itself could act as the oxidant to gener-
ate pentafluoroethyl radical in this reaction system.

Tablel Sulfinatodechlorination of CF;CF,Cl

NayS,04/NaHCO3
CF5CF.,Cl CF3CF,S0,Na
DMSO, A 1
Entry Na,S;,0, : DMSO¥(gemL %) CFsCF,Cl : N&S,0, : NaHCOy Temperature/'C Timelh  Yied7%

1 1:100 065:1:1 r.t. 17 0

2 1:4 16:1:1 100 5 Trace
3 1:5 086:1:1 80 5 26
4 1:13 086:1:1 80 5 30

5 1:4 14:1:1 85 6 30

6 1:2 15:1:1 85 3 05
7 1:4 14:1:1 85 12 Trace
8 1:4 23:1:0 85 6 0

2 The mass-volume rate of Na,S,0, to DMSO; "the molar ratio of CF3CF,Cl, Na,S,0, and NaHCO;; ¢ Determined by °F NMR based on

NaS,0;.
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Without extra oxidants, the reaction proceeded equally
well and the desired pentafluoroiodoethane could be
obtained in high yield.

Scheme 1
2 -80;
CF3CF,SO,Na — CF3CF,S0,l| — CF3CFal
1 2 3
Conclusion

In summary, sulfinatodechlorination of CF;CF.Cl
and subsequent iodination in one pot provide a practical
and efficient method for the synthesis of CF;CF,l, an
important telogen for perfluoroalkyl iodides. Because of
the easy recovery of CF;CF,Cl from the reaction mix-
ture, the relatively low yield of pentafluoroethanesulfi-
nate in the first step does not mean the low efficiency of
the reaction. On the contrary, the mild reaction condi-
tion and ready availability of CF;CF.Cl justify the
practicability and effectiveness of this methodology.
This approach might not only be used to transform
CF5CF,.Cl, but aso convert other chlorofluorocarbons
(CFCs), which seriously destroy the ozone layer, to the
environmental benign chemicals. Further studies on the
cleavage of C—Cl bond in other CFCs using this
method are currently underway in our laboratory.

References

1 Welch, J. T. Tetrahedron 1987, 43, 3123.

2 (3a) Fujita, T.; Iwasa, J.; Hansch, C. J. Am. Chem. Soc. 1964,

86, 5175.

(b) Hansch, C.; Muir, R. M.; Fujita, T.; Maoney, P. P,

Geiger, F.; Streich, M. J. Am. Chem. Soc. 1963, 85, 2817.

Smart, B. E. J. Fluorine Chem. 2001, 109, 3.

Schlosser, M. Angew. Chem., Int. Ed. 1998, 37, 1496.

5 Smart, B. E. Characteristics of C-F Systems in Organ-
ofluorine Chemistry: Principles and Commercial Applica-

AW

© 00 N O

11

12

13

14

15

16

17

18

19
20

21
22

23
24

25

ZHANG et al.

tions, Eds.: Banks, R. E.; Smart, B. E.; Tatlow, J. C., Ple-
num Press, New York, 1994, p. 57.

Brace, N. O. J. Fluorine Chem. 2001, 108, 147.

Brace, N. O. J. Fluorine Chem. 1999, 93, 1.

Yang, Z. Y. J. Fluorine Chem. 2000, 102, 239.

Améduri, B.; Boutevin, B. J. Fluorine Chem. 1999, 100, 97.
Banks, A. A.; Emeléus, H. J.; Haszeldine, R. N.; Kerrigan,
V. J. Chem. Soc. 1948, 2188.

Petrov, V. A.; Krespan, C. G. J. Org. Chem. 1996, 61, 26,
9605.

Petrov, V. A.; Krespan, C. G. US 5481028, 1996 [Chem.
Abstr. 1996, 124, 231837].

() Haszeldine, R. N.; Leedham, K. J. Chem. Soc. 1953,
1548,

(b) Haszeldine, R. N. J. Chem. Soc. 1953, 2075.
Hauptschein, M.; Braid, M. J. Am. Chem. Soc. 1961, 83,
2383.

Chambers, R. D.; Musgrave, W. K. R.; Savory, J. J. Chem.
Soc. 1961, 3779.

Kijowski, J.; Webb, G.; Winfield, J. M. J. Fluorine Chem.
1985, 27, 213.

(@) Huang, W. Y; Lu, L. In Sulfinatodehal ogenation Reac-
tion, Ed.: Huang, W. Y., Shanghai Science and Technology
Press, Shanghai, 1996, p. 203 (Chapter 8).

(b) Huang, W. Y.; Wu, F. H. lsr. J. Chem. 1999, 39, 167
Adams, J. J;; Lau, A.; Arulsamy, N.; Roddick, D. M. Inorg.
Chem. 2007, 46, 11328.

Long, Z.-Y.; Chen, Q.-Y. J. Org. Chem. 1999, 64, 4775.
Cao, H.-P.; Xiao, J-C.; Chen, Q.-Y. J. Fluorine Chem.
2006, 127, 1079.

Cao, H.-P.; Chen, Q.-Y. J. Fluorine Chem. 2007, 128, 1187.
Chen, Q.-Y.; Cao, H.-P. CN 10031063, 2005 [Chem. Abstr.
2006, 145, 124173].

Long, Z.-Y.; Chen, Q.-Y. Tetrahedron Lett. 1998, 39, 8487.
Huang, X.-T.; Long, Z.-Y.; Chen, Q.-Y. J. Fluorine Chem.
2001, 111, 107.

Huang, W.-Y .; Hu, L.-Q. J. Fluorine Chem. 1989, 44, 25.

(E0811142 LI, L. T)

© 2009 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


