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zene (1), prismane (II), and benzvalene (III). Such 
valence isomerizations have not been reported in ben
zene itself, although it has been irradiated at 2537 and 
1850 A in the gas phase, in solution, and in solid nitro
gen matrix at 4 0K.7 It was of interest to investigate 
whether a correlation between the rate of photoisomeri-
zation of substituted benzenes and their lowered sym
metry8 exists. Results on the irradiation of hexa-
fluorobenzene IV are reported here. 
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Irradiation of hexafluorobenzene vapor at 35 mm at 
25° with an unfiltered medium-pressure mercury arc 
gave a single volatile product (mp 6.0°). The initial 
quantum yield for its formation was of the order of 
0.003 but the conversion was limited to about 10% by 
the simultaneous deposition of a yellow polymer on the 
windows of the cell. Gas chromatography on tem
perature-programmed (25 ° until 20 min, 2.9 °/min there
after), 10-ft diisodecyl phthalate column served to sep
arate the product from unreacted hexafluorobenzene. 
Retention times were 6.1 and 36.5 min, respectively. 
The product thus isolated gave only a single, sharp peak 
on a KEL-F Oil No. 3 column. No decomposition was 
observed on either of these columns. The structure of 
the product was deduced from the following evidence. 
The molecular weight (mass spectrum) of 186 and the 
analysis (C, 39.04; F, 60.40; C6F6 requires C, 38.73; 
F, 61.27) showed that the product was isomeric to IV. 
In its ultraviolet spectrum (vapor) the compound showed 
end absorption («2200 950; «2100 1800) but no maxi
mum above 2000 A. This excluded a conjugated diene 
structure such as fulvene. The fluorine nmr spectrum9 

showed only two signals with an intensity ratio 2:1 at 
121.2 and 190.1 ppm. The chemical shifts of the 
fluorine atoms in V have been reported10 to lie at +103 
and +181 ppm, the bridgehead fluorine being at the 
higher value. These data suggest that the photoisomer 
of hexafluorobenzene is hexafluorobicyclo[2.2.0]hexa-
2,5-diene (VI). The F-F coupling constants are less 
than 3 cps, which is of the same order as the reported 
values10 in V. The infrared spectrum (vapor) of VI 
showed bands at 1751 (s), 1339 (vs), 1269 (w), 1235 (m), 
1074 (vs), 924 (vs), 886 (vs), 817 (w), and 671 (w) cm-1; 
the first of these confirms the presence of fluorine-
substituted - C = C - bonds,11 and the number of allowed 
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fundamentals is in agreement with a structure of reason
ably low symmetry. VI is stable as a solid at —20° 
and in CCl4 solution at room temperature. Irradiation 
at 1850 A converted it into IV and some solid polymer. 

The irradiation of hexafluorobenzene (i) in methyl-
cyclohexane solution at 2537 A, (ii) in ether solution at 
2850-3200 A, (iii) in cyclohexane solution at >3025 A 
in the presence of benzophenone as sensitizer, or (iv) in 
the gas phase at 2537 A with mercury as sensitizer 
resulted in a mixture of as yet unidentified but mostly 
higher molecular weight products. Under these condi
tions VI was notably absent from the product mixture 
as shown by gas chromatography under the same condi
tions as used in the direct vapor-phase photolysis. 
Since the products formed in (iii) and (iv) must arise 
from triplet hexafluorobenzene, these results indicate 
that in the photoisomerization of hexafluorobenzene to 
VI the triplet is not the excited state involved. 

The formation of hexafluoro(Dewar benzene) from 
IV indicates that steric effects or the reduction of the 
benzene symmetry by substituents is not a precondition 
for valence isomerization. The stabilization of small 
rings by fluorine substituents is well known.12 

Kaplan, et a/.,5 recently reported that in the photo
isomerization of xylenes in the gas phase only 1,2 
migration of the methyl groups takes place, while in 
solution both 1,2 and 1,3 shifts occur. This led them 
to conclude that it is sufficient to postulate that the 
intermediate in the gas phase is of a benzvalene struc
ture, whereas in solution either a prismane, or a set of 
easily interconvertible Dewar structures, or both, may 
serve as intermediates. If the present results on hexa
fluorobenzene can be extrapolated to a disubstituted 
benzene, such as xylene, then it is possible to narrow 
down the alternatives in the solution photolysis of the 
xylenes. The isolation of a Dewar benzene in the gas-
phase photolysis of IV is compatible with the absence 
of 1,3 shifts in the xylene system only if the condition of 
easy interconvertibility of Dewar structures, required 
for the interchange of the ring carbons, is not met. 
This, in turn, indicates that the prismane structure is the 
intermediate in the 1,3 migrations in solution. 
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Photochemical Reactions of Camphorquinone1 

Sir: 

Whereas the photochemistry of monoketones has 
received a great deal of attention, the photochemistry of 
a-diketones has been explored to a much smaller extent. 
One of the most interesting discoveries in this area was 
that of Urry, et al, who found that simple aliphatic 
a-diketones (such as 5,6-decanedione (I)) undergo facile 
photocyclization in benzene solution to form 2-hydroxy-
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cyclobutanones (such as II).2 This transformation is 
readily rationalized by assuming that the excited dike-
tone (probably as the n-?r* triplet) suffers an intramo
lecular hydrogen atom transfer via a six-membered cyclic 
transition state, followed by ring closure as shown in 
Chart I.2 This type of mechanism had been put for-
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ward earlier by Yang and Yang to account for the 
structurally analogous formation of cyclobutanols from 
simple aliphatic monoketones.3 We now wish to report 
some new photochemical reactions of camphorquinone 
(III), an a-diketone whose molecular geometry makes 
the Urry cyclization reaction improbable. 
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In a series of exploratory experiments, solutions of 
III were irradiated under a wide variety of conditions. 
In a nitrogen or argon atmosphere, no detectable trans
formations occurred in solvents such as benzene, carbon 
tetrachloride, r'butyl alcohol, methyl alcohol, or aque
ous acetone, using either a bank of Sylvania blacklites 
(F-15T8-BL, 375 m^i, 15 w) or a Hanovia high-pressure 
mercury arc through Pyrex, Corex, or Vycor niters. 
This result contrasts sharply not only with those just 
discussed for flexible a-diketones,2 but also with the 
well-known photolytic reaction of camphor (V) in solu
tion to give a-campholenic aldehyde VI and other prod
ucts.4 

CHO 

V VI 
When oxygen was admitted to irradiated solutions of 

III, however, photochemical reactions did begin to 
occur, giving a variety of products whose nature de
pended on the exact experimental conditions. Thus, in 
carbon tetrachloride or z-butyl alcohol (using a 200-w 
Hanovia lamp and Pyrex filter), III gave chiefly cam-

(2) W. H. Urry and D. J. Trecker,/. Am. Chem. Soc, 84, 118 (1962); 
W. H. Urry, D. J. Trecker, and D. A. Winey, Tetrahedron Letters, 
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phoric anhydride (IV), mp 220-222°,5 and indistinguish
able from an authentic sample by glpc and infrared 
spectral comparison. Several minor products were not 
characterized. In methyl alcohol, a mixture of acidic 
(ca. 20%) and neutral (ca. 80%) products was formed. 
The acidic fraction was shown to consist of a mixture 
of the two isomeric camphoric acid monomethyl esters, 
VII and VIII, since ethereal diazomethane converted the 
mixture into dimethyl camphorate (IX), identified by 
direct comparison (glpc and infrared) with an authentic 
sample.6 
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VII, R1 = CH3, R2 = H 
VIII, Ri = H, R2 = CH3 

IX, Ri = R2 = CH3 

The neutral fraction from the methanol reaction was 
identified as a mixture of comparable amounts of the 
acyloins enJo-3-hydroxycamphor (X) and endo-2-
hydroxyepicamphor (XI) by direct glpc and infrared 
comparisons with authentic samples prepared by the 
zinc dust reduction of III.7 Reduction to this mixture 

X XI 

of acyloins was also the chief result of irradiating III 
in isopropyl alcohol.8 

While the requirement for oxygen for the success of 
these photoreductions is of interest, the most novel find
ings from a structural point of view were made when 
III was irradiated in benzene solution; it is to this 
reaction that we gave most attention. Under blacklite 
irradiation carbon dioxide was evolved, and three prod
ucts with glpc retention times less than that of III (on a 
5% SE-30 column at 172°) were detected, along with 
several of longer retention times. The first of these, 
formed in trace amounts (ca. 6 mg from 1.0 g of III in 
180 ml of benzene), proved to be biphenyl (mp and mmp 
68.5-69.5 V identical glpc retention time and in
frared spectrum with that of authentic material). 

The second product was obtained as a crystalline 
solid, mp 161-161.5°, by preparative glpc followed by 
sublimation. Its elemental analysis was consistent with 
the molecular formula C9Hi4O2, corresponding to the 
loss of a single carbon atom from III (CI 0 HHO 2 ) . In 
the infrared spectrum a strong carbonyl band at 5.61 î 
was evident, and in tne nmr spectrum three three-proton 
singlets (T 9.08, 9.00, and 8.98) along with a downfield 
one-proton peak (T 5.68) were observed. These data 
suggested that the unknown might be camphonolactone 

(6) J. W. Briihl and R. Braunschweig, ibid., 25, 1810 (1892). 
(7) For a leading reference see H. Rupe and F. Miiller, HeIc. CMm. 

Acta, 24, 265E (1941). 
(8) The photoreduction of a-diketones to acyloins was observed by 

Urry, et al. (ref 2), to occur in aldehydic solvents. 
(9) C. D. Hodgman, R. C. Weast, and S. M. Selby, "Handbook of 

Chemistry and Physics," 41st ed., Chemical Rubber Publishing Co., 
Cleveland, Ohio, 1960, p 868. 

Journal of the American Chemical Society j 88:9 j May 5, 1966 



2073 

(XIl), and this was confirmed by comparison with an 
independently prepared sample of XlI.10,11 

xn xm 
The third product could not be obtained entirely free 

of XII and showed a depressed melting range (92.5-
105°). Elemental analysis and Rast molecular weight 
determination again indicated the molecular formula 
C9Hi4O2. A strong infrared absorption at 5.62 n and 
nmr peaks corresponding to three C-methyl groups 
(singlets at r 9.05, 8.95, and 8.72), with no downfield 
absorption in the T 6 region, suggested that this was the 
isomeric campholytolactone (XIlI). Once more, 
this was confirmed by direct glpc, infrared, and nmr 
comparison with pure XIII, mp 121.5-1220.12 

Partial loss of these lactones during work-up makes it 
difficult to estimate their yields with any accuracy. It 
does appear that they are formed in about equal 
amounts, probably in the range of 5-10% each. They 
obviously arise as a result of a complex sequence of 
steps. One possible mechanism, shown in Chart II, 
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involves addition of oxygen to III to give an interme
diate such as A,13 which can then proceed via B to the 
cyclic diacyl peroxide C, decomposition of which could 
be expected to yield XII and XlII, perhaps by decarbox
ylation of the diradical D.14 '15 

(10) W. A. Noyes, Am. Chem. J., 16, 508 (1894); W. A. Noyes and 
R. de M. Taveau, ibid., 35, 385 (1906); J. Bredt, J. Prakt. Chem., 84 
(2)786(1911). 

(11) Although the synthesis of XII according to Noyes could not 
be repeated, an independently devised synthesis gave a sample of 
camphonolactone with very close to the reported melting point (161-
162.5°, lit.10160-161 °) and with appropriate infrared and nmr spectra. 

(12) L. L. McCoy and A. Zagalo, J. Org. Chem., 25, 824 (1960). 
In our hands, the lead tetraacetate oxidation of camphoric acid gave 
campholytolactone (XIII) accompanied by about 13% of camphono
lactone (XII). 

(13) This type of intermediate has been postulated by Professor G. 
Quinkert to explain some monoketone photooxidation reactions in 
solution. See G. Quinkert and H. G. Heine, Tetrahedron Letters, 
1659 (1963); J. Meinwald and R. A. Schneider, J. Am. Chem. Soc, 
87, 5218 (1965). 

(14) For recent discussions see J. Hine, "Physical Organic Chemistry," 
2nd ed, McGraw-Hill Book Co., Inc., New York, N. Y., 1962, pp 
439-450; F. D. Greene, H. P. Stein, C. C. Chu, and F. M. Vane, J. 
Am. Chem. Soc, 86, 2080 (1964). 

(15) Several other types of mechanism might be invoked to account 
for lactone formation. Preliminary attempts to prepare the diacyl 
peroxide C independently, and to examine its thermal and photochemi
cal reactions, have given only ambiguous results so far. We hope to 
pursue this possibility, along with the possible role of singlet oxygen in 
this transformation, in future work. 

Other products formed in the reaction include a 
benzene-insoluble polymer (ca. 15%), the acyloins X 
and XI (ca. 15%), camphoric anhydride (IV; ca. 3%), 
camphoric acid (ca. 7 %), and a mixture of other acids 
(ca. 40-50 %) containing the hydroxy acids correspond
ing to the lactones XII and XlII and possibly unstable 
precursors which decompose to these acids during 
work-up. 

In summary, irradiation of camphorquinone in solu
tion leads to reaction only in the presence of oxygen; a 
variety of oxidation and reduction products are then 
formed. In benzene, a novel transformation in which 
one atom of carbon is extruded as carbon dioxide (eq 1) 
acquires some importance. 
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New Rearrangements of Hexose 
4- and 5-O-Sulfonates 

Sir: 

In this communication we wish to report the discovery 
of a ring contraction which occurs during attempted 
displacements of the 4-O-sulfonate esters Ia-c of pyran-
oside Id.1 Further, an additional 1,5 methoxyl migra
tion has been observed with mesylate Ia under condi
tions less conducive to SN2 displacements. 

Mesylate Ia, mp 128-129°, was synthesized from the 
known2 methyl 2,3-0-isopropylidine-a-D-mannopyran-
oside following a method previously successful in the 
glucose series.3 Treatment of Ia with lithium aluminum 
hydride afforded the alcohol Id, H27D 15.2° (c 1.4),4 

via O-S cleavage, which in turn could be converted to 
tosylatelb, mp59°, [a]27D -23 .9°(c 1.1). The physical 
constants of Ib and d agreed with those of their L 
enantiomers prepared from L-rhamnose,5 thus also 
establishing the structure of Ia. 

All attempted displacement reactions on sulfonates 
Ia and b and on brosylate Ic, mp 44-46°, resulted in ring 
contraction to give furanoside products. Thus, treat
ment of Ia with acetate ion in refluxing dimethylform-
amide (DMF) afforded (after saponification) a 65% 
yield of a mixture of D-tah-Ila. and L-a//o-IIIa, ratio 7:1.6 

(1) A previous report (C. L. Stevens, P. Blumbergs, and R. P. Glinski, 
149th National Meeting of the American Chemical Society, Detroit, 
Mich., April 1965, Abstracts, p 5C) indicated that displacement of 
Ia with acetate ion, while difficult, proceeded normally. Later data 
have shown that the previous structural data, while perhaps consistent 
with proposed structures, was, in fact, equivocal. Thus, the structures 
presented in the above reference are corrected herein. 

(2) R. G. AuIt, W. N. Haworth, and E. L. Hirst, J. Chem. Soc, 517 
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(3) C. L. Stevens, P. Blumbergs, D. H. Otterbach, J. L. Strominger, 
M. Matsuhashi, and D. N. Dietzler, J. Am. Chem. Soc, 86, 2937 
(1964). 

(4) The solvent for rotations was methanol. 
(5) (a) P. A. Levine and J. Compton, J. Am. Chem. Soc, 57, 2306 

(1935); (b) I. E. Muskat, ibid., 56, 2653 (1934). 
(6) Determined by vapor phase chromatography (vpc). Com

pounds Ha and Ilia usually comprised over 80 % of the crude reaction 
mixture. 
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