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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, 
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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), 
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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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Figure T. Atom numbering scheme and solid-state conformation of 2a. 
Some distances follow: Hg-C(9), 2.12 (3); Hg-Br, 2.440 (4), Hg»0(3'), 
3.15 (3); Hg-Br", 3.544 (4); Hg-Br'", 3.629 (4) A. Some angles follow: 
0(3')»Hg-Br", 90.1 (4); 0(30-Hg-Br"', 136.4 (4); Br"-Hg»Br'", 133.3 
(D0. 

substitution on second-row elements such as sulfur and phos
phorus as well as at cyclopropane carbon. Carbon radical 
substitution on the peroxide bond9 occurs readily, and recently 
we have suggested10 that studies of suitably substituted cyclic 
peroxides may provide pertinent information regarding the 
stereochemical preference of the SH2 reaction. In particular, 
the geometric disposition of the attacking radical and the 
peroxide bond may be constrained in appropriate compounds 
thereby providing "test cases" for the substitution reaction. 
We report here a study of intramolecular carbon radical sub
stitution on the peroxide bond in 2c and 3c where the geometry 
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of the isomeric radicals is fixed by the rigid trans-decalm frame 
of the cyclic peroxide. 

The /3-mercuri bromo peroxides 2a and 3a were formed as 
a 3:1 mixture by peroxymercuration11 of the unsaturated hy
droperoxide I12 which was prepared from trans-2-v'my[cy-
clohexanemethanol13 by standard procedures.14 Separation 
of the equatorial isomer 2a from the axial isomer 3a was ef
fected by high performance liquid chromatography,15 and its 
identity was established unequivocally by a single-crystal X-ray 
analysis. Monoclinic crystals of 2a belong to space group 
P2^/c(C5

2h), with a = 11.79(1),^ = 11.44 (1), c = 8.31 (1) 

Scheme I 
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A; (8 = 95.36 (10)°; U = 1116 A3; dcakd = 2.808 g cm"3; Z = 
4. The crystal structure was solved by the heavy-atom method. 
Full-matrix least-squares refinement of nonhydrogen atom 
positional and thermal parameters has resulted in an R16 value 
of 0.13 over 1469 statistically significant reflections.17 The 
chair forms18 of both six-membered rings and the equatorial 
nature of the C(I) substituent are apparent from the view of 
the solid-state conformation of 2a shown in Figure 1. The 
mercury atom coordination is distorted trigonal-bipyramidal 
with its covalently bonded carbon and bromine atoms oc
cupying axial sites while two weakly coordinated bromine 
atoms and an oxygen atom from adjacent molecules define the 
basal plane.19 Interestingly, in the latter association the mer
cury atom is axially oriented with regard to the 2,3-dioxa-
decalin system.20 

The /3-bromo peroxides 2b and 3b were prepared from the 
mercuri bromides by reaction with molecular bromide.21 

Further, all of the peroxide derivatives were prepared enriched 
at C(4) with 24.1% 13C so that 13C NMR analysis was sim
plified and made more sensitive. The bromo peroxides 2b and 
3b were reacted with 0.114 M tributyltin hydride10 and the 
products were analyzed by 13C NMR. 2b, the equatorial iso
mer, reacted to form peroxide 2d (86%) and the radical sub
stitution product (SHI), 4 (14%).22 Based on Scheme I, we 
calculated10 ksHu the rate of carbon radical attack on the 
peroxide bond for 2c, to be 1.2 X 104s_1. This rate is analogous 
to rates of intramolecular carbon radical attack on the peroxide 
bond found earlier.10 The axial isomer, 3b, reacted with 0.114 
M tributyltin hydride to form the peroxide 3d.23 In contrast 
to the equatorial isomer, no epoxy alcohol product, 4, could 
be detected by 13C NMR analysis in the hydride reaction of 
the axial compound. Although the peroxides 2d and 3d were 
unstable to gas chromatography, 4 could be analyzed by this 
technique. Analysis of the reactions (0.114 M) of 3b with tri
butyltin hydride showed trace amounts (<10 - 4 M, lower than 
our 13C detection limit) of 4 to be present. 2c and 3c thus follow 
dramatically different reaction pathways. The equatorial 
isomer 2c leads to significant amounts of the Sni product, 4, 
but the axial isomer 3c leads primarily to 3d with only traces 
of the SHI product observed. In fact, from these data, we cal
culate that &sHi f°r the equatorial isomer is, at a minimum, 
two-three orders of magnitude greater than ksw for the axial 

isomer 24 
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/3-Mercuri bromo peroxides 2a and 3a were independently 
subjected to demercuration with basic NaBH4,25 a reaction 
also known to involve alkyl radical intermediates.26 2a, the 
equatorial isomer, leads to a 50:50 mixture of peroxide 2d and 
epoxy alcohol 4, the Sni product. In contrast, the axial isomer 
3a leads cleanly to peroxide 3d with no epoxy alcohol, 4, being 
observed. The presumed radical intermediates 2c and 3c thus 
show the same reaction pathway preferences in these reactions 
as were observed in the tin hydride reaction of the /3-bromo-
peroxides 2b and 3b. 

Inspection of molecular models, as well as the X-ray crystal 
data, for equatorial 2a suggest that a coiinear radical-peroxide 
bond arrangement is easily achieved for this radical isomer, 
2c. In fact, the -CH 2 -C-O-O torsion angle for the equatorial 
isomer is 176 (2)°, not significantly different from the ideal 
value of 180°. Thus, the geometry of this isomer is fixed in an 
array that favors back-side radical substitution on the peroxide 
bond. The axial radical 3c is constrained to attack the peroxide 
bond by a side-on pathway. The crucial -CH 2 -C-O-O torsion 
angle for this isomer is 60°, a geometry which apparently does 
not offer the possibility of substitution. 

We conclude that carbon radical substitution on the per
oxide bond does, indeed, follow a coiinear approach pathway. 
The S H 2 and S \2 pathways for reaction on first-row elements 
are thus apparently similar, with back-side displacement being 
the rule. 
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Hydration Behavior of Chlorophyll a: 
A Field Desorption Mass Spectral Study 

Sir: 

In vivo and in vitro studies of chlorophylls have indicated 
that chlorophyll-chlorophyll1-2 and chlorophyll-water3-4 in
teractions are central to an understanding of chlorophyll 
function in photosynthesis.5'5 This study examines in more 
detail the nature of chlorophyll-chlorophyll and chloro
phyll-water interactions by use of field desorption mass 
spectrometry.7 

The literature contains conflicting reports concerning the 
possibility of obtaining anhydrous chlorophyll a l a in vitro and 
the stoichiometry of in vitro chlorophyll hydrates. One group 
has reported a structure and spectrum for anhydrous chloro
phyll a dimers,8a a photoelectron spectrum for anhydrous 
chlorophyll a,8b and has subsequently stated "We have been 
unable to observe anhydrous chlorophyll." 8c The data pre
sented below indicate that (1) it is possible to obtain anhydrous 
chlorophyll a under mild conditions; (2) it is possible for 
chlorophyll a to exist with only tetracoordinate magnesium; 
and (3) field desorption data appear to favor a 1:1 stoichiom
etry for hydrated chlorophyll a. 

Chlorophyll a (la) and pheophytin a (lb) were prepared by 
standard procedures;9 anhydrous chlorophyll a was obtained 
by dissolution in carbon tetrachloride followed by evaporation 

CH2=CH 

CHp - CH-3 

Io) - chlorophyll a; X = Mg 

Ib) - pheophytin a; X = H 1 H 
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