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Singlet oxygen reacts with oxazoles la-f exclusively under (4+2)- -- 
cycloaddition to yield the corresponding endoperoxides (secondary ozo- 
nides) 2a-f which were isolated and characterized at low temperatures. -- 

In 1966, Wasserman and Floyd 
1 

showed that 2,4,5_triphenyloxazole 

when irradiated in methanol in the presence of oxygen and methylene blue 

MB/hv 

O2 /MeOH 
N(-;-Ph)3 

0 

yields tribenzamide 

as a sensitizer. 

In spite of the fact that since then a great many of oxazoles have been studied as 
2 

substrates of singlet oxygen (10,) reactions , there is only circumstantial evidence for 

the intermediate formation of oxazole endoperoxides (I) 3 . Possible pathways other than 

(4+2)-cycloadditions include (2+2)-cycloadditions to give 1,2-dioxetanes (II) and the for- 

mation of zwitterions (III) and perepoxides (IV); the latter are believed to be the precur- 

sors of 3H-1,2,4-dioxazoles (V)4. 

None of these primary products with singlet oxygen should be stable at room tempera- 

ture since only triamides were isolated from the reaction mixtures 2,5 . 

We now wish to present evidence for the exclusive (4+2)-cycloaddition to various ox- 

azoles la-f which carry hydrogen, -- methyl and/or phenyl groups as substituents. Oxazoles 

la-e, to the best of our knowledge not yet used as singlet oxygen acceptors, were chosen for -- 

this study because each of them contains an olefinic proton that should enable us to deter- 

mine unequivocally the product structures by 
13 6 

C NMR spectra analysis . 

Oxazoles la-f consumed each one mole of oxygen when irradiated in the presence of a -- 

typical singlet oxygen photosensitizer such as tetraphenylporphin (TPP) in DCC13/CFC13 (1:3) 

1003 
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Table 1. 
13 

C and 'H NMR Shifts of Oxazoles la-f and Oxazole Endoperoxides 2a-f -- -- 

in CDC13/CFC13 (1:3) at -50°C 

13C NMR (6, ppm) 'H NMR (6, ppm) a 

Compd. R* R4 R5 c-2 c-4 c-5 R2 R4 R5 

la - H 

2a 

lb - 

2b 
CH3 

Ic 

c 
CH3 

Id - 

2d 
CH3 

le - Ph 

2e 

If - 

Lf 
CH3 

CH3 

H 

CH3 

H 

H 

Ph 

CH3 148.7 (d) 

110.2 (d) 

CH3 160.1 (s) 

120.1 (s) 

H 161.1 (s) 

120.4 (s) 

Ph 160.9 (s) 

121.2 (s) 

Ph 161.0 (s) 

121.3 (s) 

Ph 160.1 (s) 

120.8 (s) 

130.1 (s) 

176.3 (s) 

122.7 (d) 

165.5 (d) 

136.3 (s) 

174.1 (s) 

121.4 (d) 

164.3 (d) 

123.4 (d) 

164.6 (d) 

135.1 (s) 

173.6 (s) 

143.4 (s) 7.63 

107.9 (s) 6.91 

148.2 (s) 2.33 

108.2 (s) 2.10 

134.0 (d) 2.22 

100.6 (d) 2.05 

151.1 (s) 2.48 

109.3 (s) 2.16 

151.1 (s) 

111.1 (s) 

145.3 (s) 2.47 

110.3 (s) 2.21 

2.01 2.16 

2.31 1.97 

6.51 2.22 

7.85 1.92 

2.06 7.14 

2.31 6.16 

b) 

8.21 

b) 

8.33 

a) all the 'H NMR signals are singlets; b) chemical shift of the olefinic proton in the 

range where the protons of the phenyl groups (not shown in the Table) absorb. 

or rose bengal (RB) in acetonitrile (MeCN) at temperatures below -50°C 
7 1 . H and 13C NMR 

spectra of the TPP/CDC13/CFC13 solutions were taken at -5OOC immediately after the oxygen 

uptake ceased. These spectra are identical with those of the isolated colorless products 

2a-f, obtained from RB/MeCN solutions after solvent removal at -40° to -5OOC/lO 
-3 

Torr, -- 

dilution of the residue with CDC13/CFC13 precooled to -50°C and flash filtration through 

silica gel at -40°C. No other 
1 
H and 

13 
C NMR signals than those reported in Table 1 were 

observed. 

Since the peroxidic products start to rearrange and/or to fragment in solution be- 

tween -1OOC and room temperature 
8 

whereas the neat products tend to explode, elemental ana- 

lyses and molecular weights could not be determined. 

0 R* 

- 

R4 
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In the 
13 

C NMR spectrum, the doublet at 148.7 ppm due to C-2 of e is shifted upfield 

to 110.2 ppm in the product which is only compatible with structure I (3) since structures 

II - V would require a doublet in the 150 ppm range as in the starting oxazole. The singlets 

of the methyl substituted C-atoms 4 and 5 of la are shifted by about 40 ppm downfield and - 

35 ppm upfield to 176.3 and 107.9 ppm, respectively, as expected for &. These shifts are 

incompatible with structures II and IV, for which upfield shifts for both singlets, i.e. of 

C-4 as well as of C-5, to the 110 ppm range would be expected. The carbonyl C-atom of struc- 

ture V should exhibit a singlet in the 200 ppm range. 

The doublets of C-4 of oxazoles l&, JcJ and le are shifted from about 122 ppm to about - 

165 ppm in the corresponding products. These 43 ppm downfield shifts clearly indicate the 

formation of the ozonide structure I (2&, g and &, respectively). In contrast to these re- 

sults, upfield shifts of the doublets should occur if one of the structures II through V 

would apply. 

The doublet of C-5 of oxazole & is shifted upfield by 33 ppm in accord with struc- 

tures I, II and IV. However, the singlet of the methyl substituted C-4 

field by 38 ppm as is the singlet of the methyl substituted C-4 of &, 

only structure I (C) can be the structure of the peroxidic product. 

Thus, transition from oxazoles la-e to oxazole endoperoxides -- 

shifts of 39 (23) ppm for both the C-2 and the C-5 atoms and downfield 

for C-4, independentofwhether these C-atoms are substituted by H, CH3 

we apply the observed regularity of 
13 

C NMR chemical shift changes to 

of lc is shifted down- - 

indicating again that 

2a-e exhibit upfield -- 

shifts of 42 (?4) ppm 

or a phenyl group. If 

the product obtained 

from oxazole lf, the singlets at 120.8, 173.6 and 110.3 ppm are easily attributed to C-2, 

C-4 and C-5, respectively, of the oxazole endoperoxide 2f. It may be noted that we have 

also applied these empirical shift changes to a series of tri-substituted methyl and/or phe- 

nyl oxazoles8" and found that the products obtained after reaction with singlet oxygen are 

in accord with endoperoxide structure I. 

The 'H NMR signals of the olefinic and methyl protons appear as singlets where they 

are expected to occur in endoperoxides 2a-f. Thus, -- in comparison with the starting oxazoles, 

the olefinic protons are shifted upfield by 0.7 to 1 ppm, the protons of the methyl group by 

0.2 to 0.3 ppm, if attached to C-2 and C-5; if attached to C-4, downfield shifts of similar 

amounts occur. 

Kinetic results 
9. 

indicate that oxazoles easily react with 
1 
O2 with rates comparable 

to those of the correspondingly substituted furans, i.e. in the range of 2 .107 (la) to 

o.2*107 M-l s-l (5), almost independent of the solvent used. 

Finally, it seems to be interesting to report here our observation that 3-methyl- 

isoxazole (z), 1,2,5_oxadiazoles 4a and *, - and 1,3,4-oxadiazoles g and s are apparently 

inert towards singlet oxygen since these compounds were recovered unaltered after irradiation 

in the presence df O2 and TPP inCHC13 or RB in MeCN for three to five hours at 13"C, during 

which no oxygen consumption occurred. 
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R R 

X / \ 
N 
NO/N 

3 2: R=CH3 

b: R=Ph 

- 

RJL R 
0 

5 a: R=CH3 

11: R=Ph 
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