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REACTION OF 1,3-DIMETHYLURACIL, 1,3-DIMETHYLTHYMINE, AND 

CAFFEINE WITH CARBON RADICALS 
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Reaction of 1,3-dimethyluracil, 1,3-dimethylthymine, and caffeine 

with carbon radicals formed on treatment of carboxylic acids, silver 

nitrate, and ammonium peroxodisulfate was investigated.

 Increasing interest is being shown in reaction of nucleic acids with radical 

species. The reaction of nucleic acid bases with hydroxyl radical has been parti-

cularly studied as a model for the damage of nucleic acids by radiation.') How-

ever, little attention has been paid to reaction with carbon radicals except for 

some reports concerning methylation2'3) and photoreaction4) of purines, although 

some chemical carcinogens produce carbon radicals. 2) On the other hand, it is 

known that carbon radicals are formed upon treatment of carboxylic acids with 

silver nitrate and ammonium peroxodisulfate.5) Also, previous reports show that 

hydroxyl radical reacts with pyrimidine bases to give addition product of the 

double bond at their 5-and 6-positions. These observations led us to examine 

treatment of 1,3-dimethyluracil (la), 1,3-dimethylthymine (lb), and caffeine (2a) 

with carboxylic acids, silver nitrate, and ammonium peroxodisulfate in water. 

Reaction of la with carboxylic acids such as pivalic acid and pyruvic acid, 

silver nitrate, and ammonium peroxodisulfate resulted in 39 and 41% of conversion 

of la, respectively, but only a small amount of 8-tert-butyl-l,3-dimethyluracil 

(lc)6) was isolated from the reaction product with pivalic acid. Under similar 

conditions, almost no reaction occurred in the case of lb. On the other hand, the 

treatment of 2a with pivalic acid, pyruvic acid, 2-ketobutyric acid, 2-ketovaleric 

acid, and benzoylformic acid gave the corresponding 8-substituted caffeines (2c,d, 

e,f,g) in good yields based on 2a consumed. These results are summarized in Table1. 

Table 1 shows that lb hardly reacted with carbon radicals under conditions 

described, while it is known that thymine itself is more reactive with hydroxyl 

radical than other nucleic acid bases. 7) Furthermore, it is interesting that the 

reaction of caffeine with carbon radicals gave 8-substituted caffeines in good 

yields on the basis of caffeine consumed. Although some physiological and biologi-

cal activities of caffeine were reported, that is, dose-related inhibition of 

chemical carcinogenesis in mouse skin,8) inhibition of induction of endogenus 

C-type virus,9) and inhibition of insect feeding, 10) our results suggest that 

caffeine may be a radical scavenger in nature.
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Table 1. Reaction of 1,3-dimethyluracil, 1,3-dimethyl-

thymine, and caffeine with carbon radicals a)

a) A mixture of substrate (2mmol), RCOOH (2mmol), 

(NH4)2S208 (2mmol), AgNO3 (2mmol) and H20 (150ml) 
was refluxed under N2 for 17 h. 

b) Yield based on substrates consumed.
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