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Heterocycles Related to Nucleotides. VIL.) Reactions of Dimethyluracil
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While radical reactions of heterocyclic compounds have been studied for some time,®
relatively little is known about the reactions of radical species with heteroaromatics compared
with those of numerous ionic reactants in the chemistry of aromatics. In order to make a
brief survey and a general estimate of the reactivities of heteroaromatics toward radical
reagents, we have selected benzoyl peroxide 1 as a typical reagent in the course of our synthetic
studies in the heterocyclic series.:%® For example, systems containing electron-rich five-
membered heteroaromatics such as pyrroles*»% and indoles®® reacted with 1 under mild
conditions to give their benzoyloxy derivatives in good yields.

Homolytic reactions in the nucleic acid chemistry seemed particularly interesting to us,
but are as yet nearly unknown. Although examples of chemical carcinogeneses caused by
homolytic reagents have appeared” and the interesting relevant C-methylation has recently
been reported by Kawazoe, ¢f al.,® homolytic chemical modification of these biopolymers are
rarely found in a flood of literature in this field. In this paper we describe exploratory ex-
periments on the reactions of benzoyl peroxide 1 with dimethyluracil 2a and dimethylthymine
2b as a preliminary study on the homolytic reactions of nucleotides.

1,3-Dimethyluracil 2a was reacted with equimolar amount of 1 in refluxing acetonitrile
for 12 hr. After preparative thin-layer chromatography (TLC) 1,3-dimethyl-5-phenyluracil 8
(mp 144—145° (lit.,” mp 147—148°); m/e 216 (M*)); 8% (The corrected yield was 209, based
on unrecovered 2a) was isolated in addition to the recovered 2a (63%). 1,3-Dimethylthymine
2b was similarly reacted, for 24 hr in this case, to give 5-benzoyloxymethyl-1,3-dimethyluracil
4 (mp 143—144°, 259, (the corrected yield as above, 53%)). This structure was established
by spectral data and elemental analysis. The nuclear magnetic resonance (NMR) spectrum
showed singlet peaks at ¢ 3.36, 3.41 and 5.34, in an intensity ratio of 8:3:2, which are
attributed to the two N-methyl groups and the newly formed methylene group, respectively.
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Thermolysis of 1 is known to yield two
benzoyloxy radical 5, some of which, by loss
of carbon dioxide, yield phenyl radicals 6
which participate in the arylation of aromatic
substrates, usually by way of o-complex 8 with
radical character, to give phenyl products 10.
Alternatively, benzoyloxy radicals 5 also react
with aromatic substrates to give esters 9 by
way of a related ¢-complex 7, which loses a
hydrogen atom in the presence of appropriate
hydrogen acceptors to form benzoyloxy pro-
ducts 9 (Chart 2).19%11%) Jp homolytic sub-
stitution of aromatics with 1, usually phenyla-

tion to 10 is a major reaction accompanied by benzoyloxylation to form 9 as a side reaction.
Benzoyloxylation increases with the reactivity of the aromatic substrates toward homolytic

attack.100

Such dual behaviors of 1, phenylation and benzoyloxylation, were now typically

demonstrated in these results with 2a and 2b (Chart 1).
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Reactions at the 5,6-double bond of the pyrimidine nucleotides have drawn considerable
attention since, for example, template-activity, photolesions and photodimerization, ability
to be incorporated into t-ribonucleic acid (tRNA) and deoxyribonucleic acid (DNA), and
therefore potential cytotoxic activity, are intimately associated with the 5,6-unsaturation and
substitution.??!® Homolytic reactivities of the 5,6-positions have been argued particularly
in relation to radio- and photochemistry of the pyrimidine nucleotides.!® Free valence
value, a simple parameter which is assumed to be pertinent to homolytic reactivity,10¢:15
is highest at the 5-carbon of the uracil molecule: 5-, 0.526; 6-, 0.434.1® The above result
that 3 is a sole product from 2a is in agreement with this theoretical prediction. By contrast,
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homolytic reactivity of the methyl group of thymine derivatives has been little recognized.
The conversion of 2b into 4 on reaction with 1 is remarkable since only very few examples are
known of the benzoyloxylation of the methyl group attached to a benzene ring.?” Such a
functionalization at the methyl of thymine derivatives by means of 1 is even synthetically
important in view of that 5-hydroxymethylpyrimidines are of interest because of their
biological activity!® as well as chemical behavior.2?

Thus homolytic reactions of nucleotides will be interesting both in chemical modification
and synthetic aspects in the nucleic acid chemistry.

Experimental??)

1,3-Dimethyl-5-phenyluracil 3 A solution of 420 mg (3 mmole) of 2a®® and 726 mg (3 mmole) of 1
in 6 ml of CH,CN was refluxed for 12 hr. The solvent was removed in vacuo, and the remaining mixture
was extracted with 20 ml of EtOAc. The extract was washed with aq. NaHCOg to remove benzoic acid
formed, and then with brine, dried (Na,SO,) and evaporated in vacuo. The residue, after preparative TLC
(ether), gave 2a (265 mg 63%) and 3 (52 mg, 8% (20%)). 3 was recrystallized from EtOAc-hexane to give
colorless needles, mp 144—145° (lit.,» 147—148°. Mass Spectrum mfe: 216 (M*). NMR (CDCl), é: 3.38
(s, 1-CH;, 3-CHy), 7.10—7.60 (m, 6H).

5-Benzoyloxymethyl-1,3-dimethyluracil 4 A solution of 310 mg (2 mmole) of 2b%*® and 484 mg (2
mmole) of 1 in 6 ml of CH;CN was refluxed for 24 hr. The solvent was evaporated ¢n vacuo, and the residue
was extracted with 20 ml of EtOAc. The extract was washed with aq. NaHCO; to remove benzoic acid
formed and then with brine and dried (Na,SO,). After the solvent was removed in vacuo, the resultant
residue was subjected to preparative TLC (EtOAc) to give 2b (155 mg, 50%) and 4 (121 mg, 25% (539%)).
4 was obtained as colorless prisms from EtOAc-hexane, mp 143—144°. Anal. Caled. for C,H,,0O,N,: C,
61.31; H, 5.15; N, 10.21. Found: C, 61.23; H, 5.17; N, 10.13. UV A7 nm (log &): 228 (4.24), 268 (4.06).
Mass Spectrum m/e: 169 (base), 105, 96. NMR (CDCly), 6: 3.36 (s, CH,), 3.41 (s, CH,), 5.24 (s, CH,), 7.20—
7.60 (m, 4H), 7.90—8.15 (m, 2H).
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