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E.s.r. studies reveal that the CF2C1CFCI radical ordinarily produced in y-irradiated CF2CICFCI2 solid solutions can 
rearrange to  CF3CCl2 in the presence of  amines with low ionization potentials, suggesting that this unexpected 
radical isomerization proceeds through chlorofluoroalkyl carbanionic species formed reversibly by  electron transfer. 

The rearrangement of perhalogenated alkyl radicals by a 
1,2-fluorine shift appears to  be unprecedented. Here, we 
demonstrate that this shift can occur in the presence of strong 
reducing agents. 

It is now well established that y-irradiation of a dilute 
solution of a substrate in a Freon matrix at 77 K results in the 
formation of the substrate radical cation152 via the sequence of 
reactions (1)-(4), (RCI represents the Freon and S denotes 
the substrate). The dissociative electron-capture reaction (2)3 
produces chlorofluoroalkyl radicals which usually give rise to 
broad e.s.r. features in the solid state. However, the spectra of 
these radicals can often be characterized at elevated temperat- 
ures, as exemplified by the observation of CF3CC12 in 
CF3CC13 above 145 K.4 

RCI- RCl+' + e- (1) 
(2) 
( 3 )  
(4) 

e- + RCl+ RCl-' + R' + C1- 
RCl+' + RCl+ RCl + RCl+' 

RCl+' + S +  RCl + S+* 

Using CF2C1CFCl2 as a matrix to study localized forms of 
C...C ring-opened oxirane radical cations, a well-defined 
doublet e.s.r. spectrum with a 69 G splitting was observed 
above 125 K.5 Although no additional hyperfine structure was 
resolved, the 69 G doublet splitting is characteristic of an 
a-fluorine substituevt, and accordingly the radical can be 
assigned to CF2C1CFCl formed from the dissociation of 
CF2C1CFCl2-', as in reaction (2). We have also observed this 
broad doublet at 125 K in the e.s.r. spectra of other 
y-irradiated CF2C1CFCl2 solutions, including samples pre- 
pared from pure (>%O/O) material. 

In the course of studying radicals derived from tetrahydro- 
furan (THF), we were therefore very swprised to detect the 
unusually well-resolved features of CF3CC124 in CF2CICFC12 
solutions at 125 K. Since this radical cannot be produced 
directly from the dissociation of CF2CICFCI2-', some type of 
rearrangement must clearly be involved in its formation. The 
experiments were carried out by exposure of 1 mol.% of the 
substrate (THF) in CF2C1CFCI2 to y-rays for a dose of 0.3 
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Figure 1. First-derivative e.s.r. spectra of radicals present in a y-irradiated solution of tetrahydrqfuran (THF) in CF2ClCFC1, at 115 
and 125 K. The simulated spectra (a), (b), and (c) are those of the THF-3-yl, THF-2-yl, and CF3CC12 radicals, respectively, and were 
computed using the parameters in Table 1, the linewidths being 3.5 G (Lorentzian) for (a) and (b), and 3.2 G (Gaussian) for (c) (G = T). 

Mrad at 77 K. After irradiation, the THF radical cation6 was 
present initially at 80 K, and it underwent ion-molecule 
reactions to produce two neutral radicals at 100 K. As shown 
in Figure 1,  the dominant radical is the tetrahydrofuran-2-yl 
radical (Table 1 and simulation b), while the minor radical is 
the tetrahydrofuran-3-yl radical (Table 1 and simulation a). 
On annealing to apove 125 K,  the major radical decayed while 
signals from CF3CC12 grew in as illustrated by the spectrum at 
135 K and simulation c, the e.s.r. parameters being the same 
as those previously reported (Table 1). 

Similar experiments were carried out with trimethylamine 
as the substrate. The Me3N+' cation formed initially at low 
temperatures (Figure 2a and Table 1) decayed on annealing to 
115 K but in this case, the neutral CH2NMe2 radical could not 
be detqcted. At 120 K, the broad doublet belonging to the 
CF2C1CFC1 radical was clearly observed as shown in Figure 
2b. Comparison of this spectrum with that in Figure 1 at 115 K 
strongly suggests that this doublet also accounts for the 
underlying broad humps in tbe latter, thereby confirming the 
initial presence of the CF2ClCFCl radical in the THF sample. 
On warming the samQle containing Me3N above 125 K, the 
features from CF2ClqFCl disappeared gradually while the 
sharp lines from CF3CC12 grew at the same time, as seen in 
Figure 2. 

From these experiments it appears that CF2dFCl can 
rearrange to.CF3CCl2 under certain conditions. The possibil- 
ity that CF3CC12 may arise from impurities in the solvent can 

easily be ruled out by the fact that y-irradiated neat 
CF2C1CFC12 (both gold label and HPLC grade from Aldrich) 
does not give any signals from CF3CC12 between 115 and 140 
K. Although the addition of 2 mol.% of CF3CC13 into 
CF2C1CFC12 followed by y-irradiation does give CF3CC12, the 
spectrum appeared at 115 K, 10 K lower than that meqtioned 
in the previous cases. Also, the spectrum of CF3CC12 in 
CF2C1CFCl2 has only been observed in relatively few cases, 
most noticeably when dimethylamino compouFds were 
present. Also, it should be emphasized that CF2C1CFCl does 
not rearrange spontaneously under fhese conditions, as 
demonstrated by the fact that CF2C1CFCl persisp in neat 
CFC12CFzCl up to 145 K without changing to CF3CC12. 

Clearly, the mechanism cannot involve a sequence of 
unimolecular 1,2-shifts of fluorine and chlorine. On the 
contrary, the rearrangement seems to be promoted by certain 
substrates, or conceivably by the radicals derived from them. 
The results for trimethylamine are particularly significant in 
this regard since they indicate that solute-derived radicals play 
no role in the process. Also, the low ionization potential of 
Me3N (8.44 eV)7 suggests that it acts as an electron donor. 
Therefore, we propose the mechanism in equations (5)-(7). 

Me3N + CF2CldFCl 2 Me3N+. + CF2C1cFC1 ( 5 )  
CF2ClCFCl 2 CF2CFC12 T, CF3CC12 

CF3CC12 + Me3N+' 2 CF36C12 + Me3N 
(6) 
(7) 
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Figure 2. First-derivative e .s.r. spectra of radicals present on annealing a y-irradiated solution of trimethylamine in . CF2CICFC12 
between 90 and 140 K. Spectra (a) and (b) are attributable mainly to !he trimethylamine radical cation and the CF2CICFFI radical, 
respectively, while spectra (c) and (d) show the growth of the CF3CCl, radical accompanied by the decay of CF2C1CFCI. The 
stick (diagram above spectrum (a) refers only to the ten M14N) = 0 components of Me3”’. The diagram below spectrum (b) shows the 
two broad components [MI(lYF) = 4*/2] of CF2C16FCI. 

Table 1. E.s.r. parameters for radicals generated in Freon matrices. 

R a d i c a 1 
cation or 
radical Solvent T /K Hyperfine couplings /G giso Reference 

2.0029 This work 6CH2CH2CH&H* CFC12CF2Cl 115 a(H6,) = 29.6, a(Hp2) = 25.8, a(H,) = 13.3 
H2O-THF 281 ~(2Hp) = 28.57, u(H,) = 12.29, a(2Hy1) = 0.82, a(2HY2) = 1.64 - d 

H20-THF room temp. a(2Hp) = 28.3, a(H,) = 12.3, a(2Hy1) = 0.8, a(2Hy2) = 1.6 2.0032 b 

2.0025 This work CH20CHZCH2CH. CFC12CF2Cl 115 44Hp) = 35.4, u(H,) = 21.5 
H2O-THF 281 44Hp) = 35.5, u(H,) = 21.2 - a 

H,O-THF room temp. a(4Hp) = 35.0, a(H,) = 21.2 2.0027 h 

Me3N+’ CFC12CF2C1 90 Ai,,(9H) = 28.6 
CFC13 
CFCI3 

77 
77 

Aiso(9H) = 28.2, Ail (14N) = 47, A, (14N) = 0 _+ 4 
Ai,,(9H) = 28.6, All (“N) = 47, A, (I4N) = S 4 

2.0038 This work 

2.0040 d 

- C 

CF3kCI2 CFC12CF2Cle 125 a(235C1) = 4.2, a(319F) = 18.5 2.0078 This work 
CF3CCI3 145 a(235C1) = 4.2, a(319F) = 18.5, a( 13C,) = 67.3 2.0077 4 

CF2C1kC12 CF2CICC13 163 ~(235C1,) = 4.6, ~(35Clg) = 4.6, ~(2Fp) = 9.8 2.0081 This workf 
CFCI2CFCl2g 155 ~(235C1,) = 4.6, ~(35Clp) = 4.6, ~(2Fj3) = 9.8, a(’3C,) = 60.3 2.0080 This work 

a B .  C. Gilbert and M. Trenwith, J. Chem. Soc., Perkin Trans. 2, 1975, 1083. h A. L. J. Beckwith and P. K. Tindal, Aust. J .  Chem., 1971, 
24, 2099. c G. W. Eastland, D. N. R. Rao, and M. C. R. Symons, J .  Chem. SOC., Perkin Trans. 2 ,  1984, 1521. d V. N.  Belevskii, 0. In 
Khvan, S.  I .  Belopushkin, and V. I .  Fel’dman, Dokl. Akad. Nauk S S S R ,  1985, 281, 869. e CF3CCI2 is only formed from 
CF2CICFCI, in the presence of certain solutes (see text). f These parameters have been .revised from those tentatively reported by X.-Z. Qin 
and F. Williams, Tetrahedron, 1986, 42, 6301. g An intense signal from CF2ClCC12 was produced from a 1 mol.% solution of 
tetramethylguanidine in CFCI2CFCIZ. 
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The rearrangement of the CF2CicFCI carbanion to the 
thermodynamically more stable CF3CCI2 anion can be under- 
stood by the equilibria (8) and (9).X 

C F , C l c F C l Z  CF2 = CFCl + C1- f cF2CFC12 
cF2CFC12 T-, CF2 = CC12 + F- 2 CF3CC12 

(8) 
(9) 

This general mechanism has obvious similarities to that for 
electron-transfer quenching of excited states by tertiary 
amines.9 In each case a strong electron acceptor+ is involved 
and the energy of the anionic species is lowered before back 
electron transfer. 

Finally, in the course of similar studies in the CFC12CFC12 
matrix using various dimethylamino compounds as substrates, 
we hav? observed exceptionally strong e.s.r. signals from the 
CF2C1CCl2 radical whereas the initial radjcal expected by 
reaction (2) in this matrix should be CFCl2CFC1. In fact, the 
signals we;e sufficiently intense to detect the 13C satellite lines 
of CF2ClCC12 (Table 1) in natural abundance. It appears, 
therefore, that chlorofluoroalkyl radical rearrangements in 
the presence of amines are of rather general occurrence under 
the conditions of these Freon matrix experiments. 

This research was supported by the Division of Chemical 

t Recently, stable perfluoroalkyl radicalslo have been found to be 
excellent electron acceptors in the formation of charge-transfer 
complexes with azoalkanes. 1 1  

Sciences, Office of Basic Energy Sciences, U.S. Department 
of Energy. 

Received, 19th May  1987; Corn. 678 

References 
1 T. Shida, E. Haselbach, and T. Bally, Acc. Chem. Res., 1984, 17, 

2 M. C. R.  Syrnons, Chem. SOC. Rev., 1984, 12, 393. 
3 A. Hasegawa, M. Shiotani, and F. Williams, Faraday Discuss. 

4 B. W. Walther and F. Williams, J .  Chem. Phys., 1983, 79, 3168. 
5 X. - Z .  Qin, L. D. Snow, and F. Williams. J .  Phys. Chem., 1985, 

89, 3602. 
6 H.  Kubodera, T. Shida, and K. Shimokoshi, J .  Phys. Chem., 1981, 

85, 2583. 
7 K. Kirnura, S.  Katsurnata, Y. Achiba, T. Yamazaki, and S.  Iwata, 

'Handbook of He1 Photoelectron Spectra of Fundamental Organic 
Molecules,' Japan Scientific Societies Press, Tokyo, 1981, p. 121. 

8 W. T. Miller, Jr.,  J. H. Fried, and H. Goldwhite, J .  Am.  Chem. 
SOC., 1960, 82, 3091; W. T. Miller, Jr., E.  W. Fager, and P. H. 
Griswald, ibid., 1950, 72, 705. 

9 See, e.g.: N .  Mataga, T. Okada, Y .  Kanda, and H. Shioyarna, 
Tetrahedron. 1986,42,6143; F. D. Lewis, Acc. Chem. Res., 1979. 
12, 152. 

10 K. V. Scherer, Jr.,  T. Ono, K. Yamanouchi, R. Fernandez, P. 
Henderson, and H .  Goldwhite, J. Am. Chem. SOC., 1985, 107, 
718. 

11 S. C. Blackstock and J.  K. Kochi, J .  Am. Chem. Soc., 1987, 109, 
2484. 

180. 

Chem. SOC., 1977. 63, 157. 


