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The photolysis of cu-pyrones in the solution phase has received considerable attention. 

In this communication, we would like to present some observations regarding the solid state 

photolysis of o-pyrones in contrast to their solution photolysis. In addition, we would like 

to report an unusual rearrangement of one of the photo-products. 

The photolysis of a saturated benzene solution of 4,6-dimethyl-o-pyrone yields syn 

and anti dimers resulting from 4 + 4 cycle-addition and another dimer from 2 + 2 addition. 

These dimers, when heated to their respective melting points, decarboxylate to yield 1,3, 

5,7 tetramethylcyclooctatetraene.' 

The photolysis of a dilute ether solution of 4,5-diphenyl-cr-pyrone yields 1,2,4,7 

tetraphenylcyclooctatetraene via a proposed S-lactone intermediate which undergoes 

spontaneous decarboxylation.' 

We have photolyzed 4,6-diphenyl-o-pyrone (I) in the solid state and as a dilute (4.0 mt$) 

benzene solution.4 

Scheme I 

(1) 

(2) 
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As shown in scheme I, the sole product arising from photolysis (0.5 hour) of 

I in the solid state is the 4 + 4 anti dimer II in 100% yield based on recovered 

starting material.sps 

The structure for II was assigned on &he basis of the following evidence.7 

Heating II to its melting point (168' dec) produces, in 100% yield, I, identified 

by mass spectral, infrared, and melting point comparisons to authentic I. The 

expected decarboxylation to the cyclooctatetraene does not occur in this molecule. 

The infrared spectrum (methylene chloride) of II shows a carbonyl stretch at 1745 

cm-l~s versus 1737 cm-l for I. One would expect the carbonyl of the syn isomer to 

come at a higher value due to dipole-dipole interaction. The ultraviolet spectrum 

CHCla shows A at 264 MI. I has AcHc13 at 265 nm and XcHc13 
max , max at 346 nm, hence the 

carbonyl is no longer conjugated. The poor solubility of II precluded an inter- 

pretable NMR; further, due to the high lability of II, its mass spectrum was 
10 

essentially identical to that of I, even with low resolution techniques. 

Treatment of II with trifluoroacetic acid for ten hours at room temperature 

yielded (50%) a white solid identified as 1,3,5,7 tetraphenylcyclooctatetraene 

carboxylic acid, V, mp=238' C. The structure of V is based on the following spectral 

data. The infrared spectrum (KBr) showed the carbonyl stretch at 1770 cm-' with 

weak bands at 1705 cm-i and 870 cm-l corresponding to the carbon-carbon double bond 

stretching frequency of the cyclooctatetraene ring.l' Ultraviolet absorption shows 

LEtOH at 255 nm and hEton 
max 

at 280 nm versus 273 om for cinnamic acid. High resolution 

mass spectrometry shows the Pi' ion at m/e 452.1785.is The mass spectrum from m/e 

408 on down is nearly identical to that for authentic 1,3,5,7 tetraphenylcycloocta- 

tetraene. 

Thus, these data, coupled with elemental analysis require a dimer with the 

structure II. 

Scheme (I) also shows the products isolated by column chromatography following 

dilute solution photolysis (1 hr.) of I. Compound IV is formed in 50-60% yield, III 

in 15-20% with lo-15% tar and lo-15% of I remaining. Increasing the concentration 
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tenfold (40.3 n+l) gives rise to about 4% II at the 

decarboxylation occurs at either concentration. 

The structures of III and IV are based on the 

with elemental analyses. 

expense of III (a-LO%). No 

following spectral data, coupled 

Dimer III (mp 124' dec) shows a sharp carbonyl absorption in the infrared (CHCls) 

at 1690 cm-l with additional bands present for carbon-carbon double bond stretch and 

carbon-oxygen single bond stretch. EtOH Ultraviolet absorption shows h.,, at 246 nm with 

an intense shoulder at A 
EtOH 

273 run. Thus, the vinyl ether structure is no longer 

present; but a highly conjugated carbonyl remains. The NMR spectrum of III consists 

of a broad aromatic singlet (4H) at 7.876, a complex aromatic multiplet centered at 

7.336 (16H). a singlet at 6.306 (2H). From the vinyl protons of I, 6.326(1H) and 6.806 

(lH), one can assign the 6.306 absorption to the cy, B unsaturated carbonyl fragment 

and the 4.766 value to the methine protons. Again, due to lability, dimer III gives a 

mass spectrum essentially of the monomer 
+ 

(P at m/e 220), but with additional new 

peaks, the most important coming at m/e 178 (diphenylacetylene). 

Isomer IV (mp 120' dec) shows in the infrared (CHCls) a poorly resolved doublet 

carbonyl absorption at 1740 cm-l and 1700 cm-l. Ultraviolet absorption occurs at 

hEtOH 259 run with a tail out to h EtoH 380 run. ma* The mass spectrum of IV is also essen- 

tially that of the monomer. However, low voltage, high sensitivity techniques allow 

peaks out to about m/e 475 to be detected. The most important of several new peaks is 

at m/e 178 again. These data, with elemental analysis, require structure IV. 

To the authors' knowledge, this represents the first case of 4 + 4 photodimer- 

ization i.n the solid state. We are determining to what extent this process may be 

general in the solid state photochemistry of cy-pyrones. 

These observations represent another example of a striking difference between the 

photochemistry of a compound in solution and in the solid state. The usefulness of 

photochemistry in the solid state is pointed out here in that generally a single 

photoproduct is obtained. Also, it need not be a photoproduct observed in the solution 

photolysis. The effects of crystal structure on the photochemistry of cr-pyrones are 
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being investigated and will be reported on in the near future. The generality of the 

unique acid catalyzed rearrangement of the 4 + 4 photo-dimer is also being investigated. 
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