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Scheme I 

With the data at hand one cannot tell for certain whether 
1 rearranges in competition with or subsequent to twisting. The 
nature of the rearrangement is compatible with the latter. 
Theory indicates that twisted olefin excited singlet states are 
highly polarizable and that under appropriate circumstances 
such as asymmetric substitution substantial net polarization 
can occur.2 It has been suggested that orthogonal zwitterionic 
states are involved in certain diene and triene photochemical 
reactions and also play a major role in the photochemistry of 
vision.2b'c'22'23 In the present reaction, the fact that alkyl mi
gration to C-2 of 1 occurs strongly suggests that this carbon 
has become electron deficient on excitation and that ionic 
resonance structure 5b is a major contributor to the reactive 
excited state.24 Thus our observations point toward the inter-
mediacy of a twisted, polar excited state in the rearrangement 
of 1. It has previously been suggested that twisted singlet states 
mediate the photochemical olefin —>- carbene transformations 
of certain /3-substituted 1,1-diphenylethylenes.26 
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Perfluorocyclopentadienone 

Sir: 

We report here the synthesis and some chemistry of the title 
compound. Unlike cyclopentadienone itself, which has been 
observed only at low temperatures in matrix isolation,1 the 
perfluoro derivative can be conveniently manipulated at room 
temperature as an orange vapor.2'4 

Sublimation in vacuo through a Vycor tube heated to 585 
0 C transforms tetrafluorocyclobutenedicarboxylic anhydride5 

(2) into dienone 1 in a remarkably clean fragmentation process. 

\ 
F O 

5850C * 
-CO, F^~N 

F O 

2 1 
Trapped at — 196 0 C, the dienone can be preserved neat or in 
solution at low temperatures or sublimed on warming into a 
gas storage bulb to be kept for many hours at low pressure. At 
room temperature it dimerizes very rapidly in the liquid 
phase. 

The mass spectrum of 1 shows a parent peak at m/e 152 and 
a very prominent peak at m/e 124 (M + — 28), probably the 
tetrafluorocyclobutadiene radical cation. Its IR spectrum has 
been measured in the vapor phase at room temperature, but 
resolution is much better in an argon matrix at 12 K. The 
double-bond stretching region is reproduced in Figure 1. Since 
fluorinated double bonds have stretching frequencies in the 
ketone region, all three bands probably represent strongly 
coupled vibrations.6 Comprising multiplets of equal area at 
136.86 and 173.41 ppm,7 the 19F NMR spectrum (CH2Cl2, 
- 9 0 0C) is of the AA'XX' type, with intraset \J | values of 11.2 
and 27.4 Hz and interset J values of ±11.8 and =F17.9 H Z 
(Figure 2). The electronic spectrum of the vapor at room 
temperature reveals an intense maximum at 198.5 and a broad, 
weak maximum at 390 nm [cf. 3-rm-butylcyclopentadienone, 
Xisooctane 2 0 Q n m ( k ) g ( 4 ? 1 ) a n d 3 g 0 (>] .9)].8 

Dimerization of tetrafluorocyclopentadienone yields a single 
isomer whether the reaction occurs in the vapor phase, neat 
liquid or solvents ranging widely in polarity. Remarkably, this 
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Figure 1. Double-bond stretching region of the IR spectrum of 1 (Ar 
matrix, 12 K). 

Figure 2. High-field half of the 19F NMR spectrum of 1 (CH2Cl2, - 9 0 
0C). 

dimer appears to have the exo configuration 39, as explained 
below: IR (vapor) 1901 (w) and 1858 (bridge CO10), 1773, 

O 

F ™K P F 

"SF K 
F ' 

all. These comparisons argue strongly for the exo configuration 
for the dimer and its hydrate. Treatment of the latter with 
trifluoroacetic anhydride brings about slow reversion to the 
former. 

Photolysis of perfluorocyclopentadienone at 2537 A in the 
vapor phase smoothly yields perfluorocyclooctatetraene (5), 

F F 
2537 A 

O 
1 

probably via perfluorocyclobutadiene.513'14 The reaction is 
strongly inhibited by inert gas. In an argon matrix at 12 K the 
dienone is stable to irradiation with the full high pressure 
mercury arc. 

Further transformations of perfluorocyclopentadienone, 
especially its cycloadditions, are under investigation in our 
laboratory. 
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1739,1706 cm"1; UV (vapor) Xmax 207, Xsh 220 nm; MS 276 
(M+ - CO); 19F NMR (CD3CN) 119.0 (F5), 129.5 (F4), 
141.8 and 142.2 (F8 and F9), 184.0 and 184.7 (F2 and F6), 
216.2 ppm (Fi and F7). 

The bridging carbonyl of 3 hydrates with extraordinary ease 
to form 4:'1 1 2 IR (KBr) 3400 (br), 1775, 1758, 1707 cm-'; 
19FNMR(CD3CN) 118.2(F5), 139.6 (F4), 149.0 and 149.7 
(F8 and F9), 186.3 and 187.8 (F2 and F6), 218.0 ppm (F, and 
F7). While the chemical shifts of the fluorines at C-2 and C-6 
in 3 are affected only modestly by the hydration reaction, that 
of the C-4 fluorine is displaced 10.1 ppm, the largest shift of 

A Fixed-Geometry Study of the 
SH2 Reaction on the Peroxide Bond 

Sir: 

Although the stereochemical preferences of radical substi
tution reactions have been of theoretical interest for over 40 
years,' -1 little experimental evidence relating to this question 
has been reported. Observations38 suggest that back-side 
approach by a radical on the rupturing bond is preferred for 
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