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It has been shown that the primary photochemical process in furan 1) and in a number of 

alkylfWmS2'3) is the cleavage of one of the carbon-oxygen bonds in the ring. The behavior 

of these furans in these instances is similar to that of a vinylether 4) . In 2-methoxyfuran 

(I) 

and 2-actitoxyfuran (II) there are ether linkages external to the ring and vinylic with re- 

spect to one of the double bonds in the ring. It was of interest to compare the photochem- 

istry of these compounds with that of furan to see which of the ether links would cleave 

readily. 

The absorption spectrum of 2-methoxyfuran (Aldrich Chemical Co.) starts at 260 nm and 

has a maximum of 213 nm (E = 4'2 x 104 liter mol -1 cm-l). D' erect irradiation of the material 

in the gas phase and in solution in ether, or cyclohexane as well as sensitization by mercury 

(3Pl)atoms gave essentially similar results but it was most convenient to study the reaction 

in the vapor phase with the mercury atom as sensitizer 5) . 

The complex photo1yzate consisted of numerous products of which the only major one, 

fo.rmed to the extent of lo-20% of the 2-methoxyfuran that was converted, was an isomer C5H602 

(mol.wt.by mass spectrametry 98). It had an intense absorption at 1800 -' cm (Y -1actone) 

and a weak absorption at 1370 cm -' (CH3) m its infrared spectrum. The nmr spectrum (CC14 
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The overall reaction thus bears some resemblance to the photo-Fries rearrangement " that has 

been observed in phenolate esters and en01 acetates. The alternative structure VII for the 

oxyfuran radical can lead to IV by the addition of a methyl. But the favorable location of 

the unpaired electron in VI in comparison to VII must account for the predominance of III 

over IV in the photolysis of 2-methoxyfuran. 

The photochemical processes in 2-acetoxyfuran seem to be quite complex. The furan ring 

appears intact in the products that were characterized so that the cleavage must occur on pri- 

marily in the side chain. By analogy to the photolysis of other acetates 10) one primary pro- 

cess msy ben 

hu + CH3CO0. - (3) 
0 

OkH3 

The abstraction of a hydrogen from the solvent by the fury1 radical would give furan. Since 

CH3CO0. is known to decarboxylate readily, it cannot be the source of acetic acid. The ab- 

straction of a hydrogen from the solvent by an excited molecule of the ester can account for 

the acetic acid. 

RH 

9 
0CCH3 

Q---l OH -Yg + CH3COOH (4) 

0 . ‘0’ ‘OCCH, . 

in the photolysis of aliphatic esters in solution 10) . 

to explain. It cannot originate in the addition of a 

the reason stated above. In any case the products of 

of minor importance in this system. A possible pathway 

I \ I \ 4 ? 
0 0CCH3 

+ CH3’ TH XOAZCH3 
3 

A similar reaction has been proposed 

The formation of IV is not easy 

methyl to the furyloxy radical V for 

radical-radical reactions seem to be 

is 
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solun; TMS as internal reference) consisted of ahsorptions at 8.7T (3H, doublet - J = 7.5) 

6.9T (IH, multiplet); 4.50T (lH, Quartet - J = 2,4).; 3.25T (lH, Quartet - J = 2,4). The 

presence of a y -la&ox, two olefinic protons and a methyl group reduced the possible struc- 

tures to III and IV. Since the car-bony1 frequency indicated that the double-bond is not in 

conjugation with the >C = 0 group 6) , structure III alone would fit all of the data. 

Among the other products, the abundant formation of ethane indicated the presence of 

free methyl radicals in the system, During photolysis in the presence of a small (5%) quan- 

tity of oxygen, nearly all of the volatile products including III in its entirety were elim- 

inated. There was a minor amount of CO that was formed in normal photolysis but there were 

several compounds which corresponded to the decarbonylated products. None of these was char- 

acterized. Other isomeric products of the formula C H 0 were also formed in traces. 
56 

Irradiation of 2-acetoxyfuran 7) was studic>d in ether (1% solun) at 253.7 nm. The solu- 

tion was degassed with a stream of pure nitrogen. The photolyzate consisted of unreacted 

2-acetoxyfuran along with two products in significant amount (10 and 15% respectively) and 

numerous others in minor amount. The first of the significant products was identified as 

acetic acid. The second was a compound of the formula C5H60 (mol.wt. by mass spectrometry: 

-' 98) with an intense absorption at 1760 cm (v -1actone with conjugation)6) and a weak ab- 

sorption at 1370 cm-'(CH3- ) in its infrared spectrum. The nmr spectrum consisted of ab- 

sorptions of 8.6T (3H, doublet - J = 6.5); 4.95T (IH-multiplet); 4.02T (lH, Quartet - J = 

2,6); (HI, Quartet - J = 1.5,6). The presence of the y -lactone, two olefinic protons, and 

a methyl group suggested structure IV in which the carbonyl group is in conjugation with the 

double bond. A comparison with the nmr spectrum of Z-butenoic acid-y-lactone 8, indicated 

that this assignment was it reasonable one. Among the minor products, a second lactone (not 

III) and furan were detected. There was also evidence for free radical attack on the solvent. 

These results suggest that in I the major point of photochemical cleavage is in the 

side chain at the first carbon-oxygen bond. 

hv 

\ 
OCH3 

+ CH3. (1) 

0. 

The oxyfuran radical V can react in its lactone form (VA. -: with a methyl radical to give III: 
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which can lead to a chain. Experiments to test this hypothesis are currently being under_ 

taken. 

Acknowledgement 

The authors thank Mr. Larry Williams and Mrs. Jane Picone for their able technical 

assistance, 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

81 

9) 

References 

R. Srinivasan, Pure and Applied Chemistry, l6, 65 (1968); J. Am. Chem. SoC., 

&, 4812 (196-o. 

H. Hiraoka and R. Srinivasan, ibid., z!. 2720 (1968). 

E. E. Van Tamelen and T. H. Whitesides, ibid., s, 3894 (1968). 

E. Murad, ibid., _, 83 1327 (1961). 

A Rayonet RPR-100 reactor was used at the light source. 

N. Jones and C. Sandorfy in ' Chemical Applications of Spectroscopy". 

Technique of Organic Chemistry Vol. IX, edited by A. Weissberger, John Wiley, 

New York 1965 p. 455. 
b 

2-Acetoxyfuran was prepared by the method of N. Clauson-Kaas and N. Elming, 

Acta. Chem. Stand., 6, 560 (1952). 

High Resolution NMR Spectra Catalog, Varian Associates 1962, Vol. 1, No. 51. 

J. C. Anderson and C. B. Reese, Proc. Chem. Sot., 217 (1960); H. Kobsa, 

J. Org. Chem. , 3, 2293 (1962); R. A. Finnegan and A. W. Hagen, 

Tet. Letters, 365 (1963). 

10) P. Ausloos, Can. J. Chem. , s, 383, (1958); J. Am. Chem. Sot., a, 

130 09.958). 


