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Fluorine substituents significantly affect both the structure 
and the reactivity of cyclopropanes.' Hexafluorocyclopropane 
(1) is much less stable thermally than its hydrocarbon counter
part,2 and its strain energy is about twice that of cyclopropane.lb3 

At 170-190 0C, 1 extrudes difluorocarbene (E8 = 38.6 kcal/ 
mol),2b which can be trapped by alkenes to give difluorocyclo-
propane derivatives.23-4 The :CF2 extrusion process is considered 
to be concerted, and in general there is no direct evidence for 
biradical intermediates from homolytic cleavage of carbon-
carbon bonds in cyclopropanes.5 We report here that highly 
fluorinated cyclopropanes thermally undergo ring-opening reac
tions with halogens, which may involve the trapping of 
trimethylene biradical intermediates, to give 1,3-dihalofluoro-
propanes in good yields. 
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When I11 was heated with halogens at 155 0C in a shaker 
tube, the corresponding 1,3-dihalohexafluoropropanes were 

C-C3F6 + X 2 -

(D 
X(CF2J3X 

= Cl, Br, I, 50-80% 

obtained in 50-80% isolated yields.13 The ring-opening 
reaction also can be carried out with interhalogens such as I—X 
(X = Br, Cl). With I-Br and 1 at 240 0C, a 4.6:1:1.3 mixture 
of I(CF2)3Br:Br(CF2)3Br:I(CF2)3I was isolated in 70% yield. 
Similarly, the major product with ICl was Cl(CFa)3I, along with 
Cl(CFz)3Cl and I(CF2)3I (83% total yield). 

C-C3F6 + X - I -

(D 

240 0C 
• X(CF2)3I + X(CF2)3X + 1(CF2)Jl 

X = Cl, 83% 1.7:1:1.5 
X = Br, 70% 4.6:1:1.3 

Substituted cyclopropanes readily undergo the ring-opening 
reactions. With pentafluorocyclopropanes bearing chlorine, 
bromine, and perfluoroalkoxy substituents, the ring-opening 
occurred under milder conditions. With bromine, for example, 
the reactions started at 120—130 0C and were complete within 
3 h. Perfluoromethylcyclopropane, however, required higher 
temperatures (230 0C) for reaction, which may reflect kinetic 
stabilization of strained rings by the trifluoromethyl substituent,14 

and the products indicate a competition between ring-opening 
and extrusion of difluorocarbene. 

A . C F 3
+ B r * 

230 °C 
BrCF2CF2CFBrCF3 + BrCF2CFBrCF3 

2.3:1 

The regiochemistry of the ring-opening reactions depends on 
the substituents. Chlorine- and perfluoroalkoxy-substituted 
pentafluorocyclopropanes gave only XCF2CF2CFXY (X = Br 
and I, Y = Cl and RpO) in 50-86% yields with Br2 and I2 at 
150-160 0C, which indicates that the ring-opening occurred 
exclusively at the substituted carbons. 

With bromopentafluorocyclopropane and Br2, a 16:1 mixture 
of BrCF2CF2CFBwBrCF2CFBrCF2Br resulted, whereas pen-
tafluorocyclopropane reacted unselectively with I2 to give a 2:1 
mixture of ICF 2CF 2CFHLICF 2CFHCF 2I . 

+ Br2 TZZ.—*" BrCF2CF2CFBr2 + BrCF2CFBrCF2Br 
56% 

16.7:1 

• ICF2CF2CFHI + ICF2CFHCF2I 

2:1 

Perfluoroalkoxycyclopropanes reacted with I2 at 240 0C to 
form ICF2CF2COF and RFI in quantitative yields via decom
position of the primary product RFOCFICF2CF2I. This reaction 
pathway is supported by the observation that authentic RF-
OCFICF2CF2I cleanly decomposed to ICF2CF2COF and RFI 
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when heated at 240 0C. This chemistry was used to synthesize 
other more complex, functionalized iodides, as illustrated below. 

CF2=CFOCF2C(CF3)FOCF2CF2CO2Me HFP0 » 
190 °C 
83% 

/FX^OCF2C(CF3)FOCF2CF2CO2Me 

I2,(i)150 °C/3 h,(ii) 240 °C/8 h / 

/ 7 2 % 

l2/150°C/5h 
ICF2CF2COF + ICF2C(CF3)FOCF2CF2CO2Me 86% 

ICF2CF2CFIOCF2C(CF3)FOCF2CF2CO2Me 

In conclusion, we have discovered an unprecedented ring-
opening reaction of highly fluorinated cyclopropanes with 
halogens at elevated temperatures. These reactions provide the 
first useful synthesis of 1,3-dihalofluoropropane intermediates, 
which are important building blocks for making various 
fluorinated materials but heretofore have been difficult and 
costly to make.15 Although the mechanism of this reaction is 
unclear, a working hypothesis is that the primary step involves 
the homolytic cleavage of a strained carbon—carbon bond to 
afford a 1,3-diradical intermediate which is trapped by rapid 
reaction with halogen.1618-20 Mechanistic studies and further 
applications of this novel chemistry will be reported in the 
future. 
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Supplementary Material Available: Experimental details and 
characterization of all products (7 pages). This material is contained 
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