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An efficient method was developed for the synthesis of pentafluoroiodoethane from chloropentafluoroethane. 
Sulfinatodechlorination of CF3CF2Cl was carefully investigated. Subsequent iodination can be conducted in one pot 
without further purification, giving the corresponding CF3CF2I 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.1-5 Thus, perfluoroalkyl iodides (RfI) 
are valuable intermediates for the synthesis of the cor-
responding perfluoroalkyl carboxylic acids or alcohols, 
which can be used as oil-proofing, water-proofing, 
soil-release agents or as hydraulic fluids.6-9 For example, 
perfluoroalkyl iodides with a chain length more than 6 
carbon atoms are particularly suitable for the production 
of materials for the finishing of textiles.9 To obtain RfI 
having such a chain length, telomerization is usually 
employed for chain length elongation by the addition of 
tetrafluoroethylene (CF2＝CF2) as a taxogen while us-
ing short chain RfI as a telogen. Pentafluoroiodoethane 
(CF3CF2I) is a well known, valuable telogen which can 
be reacted with CF2＝CF2 to form long chain RfI. 
Therefore, considerable effort has been devoted to de-
veloping methods for the preparation of CF3CF2I. Banks 
et al.10 first described the preparation of pentafluoroio-
doethane from the reaction of tetraiodoethylene with 
iodine pentafluoride. Many methods have been reported 
since then.11-15 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 (CF3CF2Cl), the counter-
part of CF3CF2I, was easily obtained from the fluorina-
tion of 1,2-dichloro-tetrafluoroethane or 1-chloro-2- 
iodo-tetrafluoroethane.16 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 (CF3CH2F). 
To convert chloropentafluoroethane to the environ-
mental benign chemicals will be a good solution. 
Chemical transformations from CF3CF2Cl to CF3CF2I 
might be expected due to their high structural similari-
ties. 

Different from fluoroalkyl iodides or bromides, the 
C—Cl bond in fluoroalkyl chlorides is very strong and 
always remains intact under most reaction condi-
tions.17,18 Recently, Chen and co-workers19 found that 
the inert C—Cl bond could be activated under the 
modified sulfinatodehalogenation conditions. Perfluoro-
alkyl chlorides were found to be converted to the corre-
sponding iodides by this method.20-22 In view of the 
importance of pentafluoroiodoethane in fluorochemical 
industry and the necessity of removing CF3CF2Cl, we 
investigated the conversion from CF3CF2Cl to CF3CF2I 
and found that the modified sulfinatodehalogenation 
reaction can also be used in the synthesis of telogen 
(CF3CF2I) for RfI from the byproduct (CF3CF2Cl). 
Herein we report the results. 

Experimental 

Na2S2O4 (0.28 mol, 90%, 55 g), NaHCO3 (0.29 mol, 
24 g) and DMSO (200 mL) were added into a 500 mL 
autoclave equipped with mechanical stirrer. Then the 
reaction mixture was cooled to －78 ℃. At this tem-
perature, CF3CF2Cl (0.39 mol, 60 g) was transferred 
into the autoclave. After being warmed to room tem-
perature, the autoclave was heated to 80 ℃ and kept at 
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this temperature for 5 h. Then the reaction mixture was 
filtered and a DMSO (250 mL) solution of I2 (0.65 mol, 
166 g) was added to the filtrate at room temperature 
with vigorous stirring. After 5 h reaction, the 
pentafluoroiodoethane was separated from the reaction 
mixture by vaporization and collected in a cold trap at 
－196 ℃. The desired CF3CF2I could be obtained in 
25% yield based on Na2S2O4. 

19F NMR (DMSO-d6, 282 
MHz) δ: －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.17 But this reaction is limited to 
fluoroalkyl iodides or bromides and not applicable for 
fluoroalkyl chlorides.17,18 Chen23,24 found that solvent 
played a pivotal role in this reaction. Using dimethyl 
sulfoxide (DMSO) as a solvent instead of CH3CN/H2O 
(in Na2S2O4/NaHCO3), fluoroalkyl chlorides, even non-
fluorinated chlorides such as chloroform can either be 
converted to the corresponding sulfinate salts or alkylate 
alkenes and alkynes.  

Treatment of chloropentafluoroethane under this 
modified sulfinatodehalogenation condition in autoclave 
resulted in the formation of the corresponding sulfina-
todechlorinated product 1 (Table 1). The signals at δ  
－77.7 (3F, CF3) and －131.2 (2F, CF2SO2Na) in the 
19F NMR spectrum confirmed the formation of 1. 
CF3CF2Cl was used in large excess over Na2S2O4 for 
the convenience of operation. Therefore, the yield of 1 
was determined by 19F NMR based on Na2S2O4, 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 Na2S2O4 and the 
base. Heating is necessary for efficient cleavage of the 
C—Cl bond in RfCl. While at room temperature no re-
action happened (Entry 1), high temperature had a dele-
terious effect on the formation of the corresponding  

sulfinate. Almost no desired pentafluoroethanesulfinate 
1 could be obtained after heating the reaction mixture at 
100 ℃ for 5 h (Entry 2). The optimum reaction tem-
perature range should be 80 to 90 ℃ (Entries 3—6). It 
is presumed that pentafluoroethanesulfinate might be 
decomposed readily in DMSO at temperature above 100 
℃. Furthermore, the sulfinatodechlorination of CF3C- 
F2Cl could be promoted by decreasing the concentration 
of radical initiator (Na2S2O4) in DMSO. Thus slightly 
higher yield of 1 can be achieved when less Na2S2O4 
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 NaHCO3, 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 CF3CF2Cl 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 SO2.

25 This is indeed the case for the iodi-
nation of pentafluoroethanesulfinate 1. Addition of the 
DMSO solution of I2 to the above sulfinatodechlorin- 
tion reaction mixture did give pentafluoroiodoethane 3. 
Oxidants were not necessary to be added to facilitate the 
reaction. Iodine itself could act as the oxidant to gener-
ate pentafluoroethyl radical in this reaction system. 

Table 1  Sulfinatodechlorination of CF3CF2Cl 

 

Entry Na2S2O4∶DMSOa/(g•mL－1) CF3CF2Cl∶Na2S2O4∶NaHCO3
b Temperature/℃ Time/h Yieldc/% 

1 1∶100 0.65∶1∶1 r.t. 17 0 

2 1∶4 1.6∶1∶1 100 5 Trace 

3 1∶5 0.86∶1∶1 80 5 26 

4 1∶13 0.86∶1∶1 80 5 30 

5 1∶4 1.4∶1∶1 85 6 30 

6 1∶2 1.5∶1∶1 85 3 0.5 

7 1∶4 1.4∶1∶1 85 12 Trace 

8 1∶4 2.3∶1∶0 85 6 0 
a The mass-volume rate of Na2S2O4 to DMSO; b the molar ratio of CF3CF2Cl, Na2S2O4 and NaHCO3; 

c Determined by 19F NMR based on 
Na2S2O4. 
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Without extra oxidants, the reaction proceeded equally 
well and the desired pentafluoroiodoethane could be 
obtained in high yield. 

Scheme 1 

 

Conclusion 

In summary, sulfinatodechlorination of CF3CF2Cl 
and subsequent iodination in one pot provide a practical 
and efficient method for the synthesis of CF3CF2I, an 
important telogen for perfluoroalkyl iodides. Because of 
the easy recovery of CF3CF2Cl 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 CF3CF2Cl justify the 
practicability and effectiveness of this methodology. 
This approach might not only be used to transform 
CF3CF2Cl, but also 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. 
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