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Abstract - Sensitized photooxidstion of 2,5-dimethylfuran was carried 

out in acetone end dichloromethane. Two crystalline dimeric peroxidea 

were isolated after purified on silica gel. The elucidstion of the 

structures of two dimeric peroxides was based on their spectral and 

chemical date and X-ray analysis. 

Recently, Gollnick and ~riesbeok' described the photoaxidation of 2,5-dimethyl- 

furan 9 in various solvents with tetraphenylporphio (TPP) and rose bengal as 

sensitizer at 13'~. It yielded ozonide 2. However ozanide 2 dimerized slowly to 

peroxide 3_ Imp 143°~(decomp.)l in CCl. and CFCla . In our laboratory, so far w e  

2 
have completed the studies of photooxygenation of ,&, @ , k 3 ,  and lf4. It is 

interesting to compare the photooxygenation of fursn derivatives and their product 

distribution ae well as to study the sensitized photooxygenation of 2 , 5 -  

dimethylfuran &. From photooxy,genation of 9, we obtained ozonide 2 in CFC13 at 

1 -78'~. The nmr data of this compound match the ones given previously . It can 

.I then be reduced with dinethyl sulfide at the ssme temperature to give cis- 

diacetylethylene. At roam temperature in CFC13, however we obtained another ,i 
.I product , the nmr data of which were the same as which could be reduced with 

triphenyl phosphine to give trans-diacetylethylene but not with dimethyl sulfide. 

Two dimeric products were obtained from the sensitized photooxidation of 2,5- 

dimethylfuran la. A solution of 2,5-dimethylfuran (6.4g) and methylene blue 

(100mg) in acetone (110ml) was irradiated with a 500 W incandescent lamp for 2 

days at 10-1.5'~ by cooling with water while oxygen gas was slowly bubbling through 

the eolution. The reaction mixture was then coated on silica gel (15g) end the 

components were separated by chromatography on silica gel : compound 5_ (3.8X), 4_ 

(<I%), 6 (36.2%) and 2 ((I%), were isolated accordingly. Similarly, 

photooridation of la (6.5g) in dichloromethane solution yielded (3.1%), 4 ((1%). 

8(33.1%) and ((1%) after irradiation for 2 days. The first product 5 was found 



to be a mixture of 5 and isomer of 5 .  ~. 

The compounds 4, 6 (mp 74-76Oc) and I (mp133-135'~) are, identified5 as 'cis- 

diecetylethylene, trans-diacetylethylene, and 2-hydroxy-5-hydroperoxy-2,5- 

dimethyldihydrofursn, respectively, The mixturb of 5_ and isomer of 5 cannot be 

separated by chromatography. Fortunately, the amount of compound 5 is slightly 

more then iaomec of 5 when isolated from acetone solution, andtthe opposite is 

true in dichloromethane solution. Thus 5 (mp' 1 5 7 - 1 5 8 ~ ~ )  and.isqmer of 5 ( mp 

123-125'~) were separated and further purified by recrystallizations from methanol 

three times. The morecule formula of both compounds, ClzH~sOe, was determined from 

their elemental analysis and similar mass spectral data ( m / e  256(O.ZX), 139(2X), 

113(25X), 112(30X), 97(100%), 69(9%)  and 43(35%)). They also give the similar 

pattern of ir spectsum ( ,  3100,2990,1625,1280,1100,965 and 885cm-l), but they 

1 
give slightly different nmr spectra: compound 5 [ H nmr (CDCl*) 1.53 and 1.66 

(each 6H,s), and 5.85 and 6.09 (each ,2H,d, J=SHz): 13c nmr (CDC13) 21.6, 21.8, 

1 
115.5, 114.3, 131.1 and 135.01 and Isomer of 5 [ H nmr (CDC13) '1.47 a n d ,  1.70 

(each 6Hls), and 5.96, and 6.03 (each 2H,s, ) I . . 

Bath o~mpounds are inert to NaBHa and PPha reduction, but can be reduced by 

catalytic hydrogenolysis with 10% Pd-C in methanol to give 2,5-hexsnediobe [ m a x  

1110 ,sm-', nmr (CDCIS) 2,19(6H,a) and 2,71(4H,~)]. Each compound also gave 

positlve acidic K I  test and yielded the reductlan product 6. Based on the above 

results, compound 5 and isomer of 5 are stereoisomeric and are considered to have 

resulted from decohpasition of 3 by SiOz, but the evict structure may be 

different from a symmetric akeleton like 3, based on the physical data. Compound 3 

and 5 expressed different chemical properties. The former one can be reduced wlth 

PhaP, but the latter one shows stable with PhzP even with NaBH.. In high 
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A T O M l  ATOM2 LENGTH ATOMl ATOM2 LENGTH 

01 C5 1 . 4 0 ( 1 )  
0 3  C8 1 . 4 0 ( 1 )  
05  0 6  1 . 4 7 6 ( 9 )  
C1 C 2  1 . 5 5 ( 1 )  
ca c 5  1 . 5 5 ( 1 )  
Cti C9 1 . 4 5 ( 1 )  
C l l  C l Z  1 . 5 1 ( 1 )  

Pig 1 

LENGTH 

ATOM1 ATOM2 ATOM3 ANGLE ATOM1 ATOM2 ATOM3 ANGLE 



concentration, compound 3 decomposes spontaneously. and 5 is stable in high 

concentration with different sovents. In order to verify the structure of the 

dimers, compound 5 was submitted to X-ray crystellographic enelysia. 

Compound 5 crystallized in manaclinic space group P Z , / c .  Cell parametere : 

a=8.294(2), b=10.591(4), c=14.987(6)R, j3=100.69(3)~. Intensity data were 

collected with MoXo (h=0.7107R) radiation up to 2 of 50'. A total of 2270 date 

were obtained, among which 1011 reflections were observed 0 3 6 )  and were used in 

the subsequent analyses. The final agreement index is R(F)=O.IO. The sample 

decayed 22% in the beam throughout the experiment. The molecular structure is 

illustrated in Fig 1. Bond lengths and angles are listed in the table. All the 

carbon-carbon, carbon-oxygen and oxygen-oxygen bonds are as expected. The 

relative conformation of the two monomer parts are slightly different: firstly, 

the planarity of one furan ring A (in Fig 1) is better than the other ring 0 .  

The dihedral angle between the two planes ie 77.s0. Secondly, the torsion angles 

around C9-C10 ere different from those around C4-C3; for example, C7-C8-C9-ClO and 

C12-Cll-C10-C9 ere 17' and 18' smaller than C6-C5-C4-C3 and C1-CZ-C3-C4 

reepectively. That meana that the methyl groups of ring 0 are bent more away 

from the ring plane than those of ring A. This results can further support the 

observed nmr data. i.e. the methyl proton of ring A gives a slightly different 

chemical ahift than those of ring B. The ethylene protons somehow represent the 

coupling between two neighboring protons. Strictly speaking, there is no 

symmetry required far the molecule in solids, so there is a minor difference, even 

between the two ethylene protons. However the difference between ring A and B is 

far more than the two neighboring protons. Therefore more complex nmr spectra 

namely two doublets are expected. It is believed that the isomer of 5 has e 

similar structure but with different configuration ( probably trans-ieomer of 5 ) .  

As for 3, it nay represent more symmetric dimer, i.e. same configuration of ring A 

and 0 .  The dihedral angle between two ring planes may vary and the torsion angles 

around the C-C double bond could differ. Therefore 3 gives slightly different nmr 

spectra. The exact comparieon has to rely on the cryatal structures of the two. 
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