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Summary: Irradiation of thymidine or thymine in the presence of tert-
butylamine at 0 °C provided ring-opened photoadduct 3 which on heating
at 70 °C gave I1-tert-butylthymine (i) quantitatively. Synthetic application

of this photoexchange reaction with amines has been described.

Considerable interest has been displayed in the development of base-specific reactions with
nucleic acid components as a means of modifying or sequencing DNA.2 In a previous paper we have
reported that primary alkylamines, including lysine, react photochemically with thymine in DNA
to produce N(1)-substituted thymines.3 This type of photoreaction can induce a specific
cleavage of thymines from DNA chains without acid hydro]ysis.3 This paper discloses our results
on the isolation and characterization of the intermediates and some synthetic applications of
this novel type of photoreaction.

As we reported earlier, irradiation of thymidine (lg) in the presence of tert-butylamine
with 254-nm light in aqueous solvent at ambient temperature (+35 °C) gave 1-tert-butylthymine
{E) in 43% isolated y1'e1d.3 However, when a solution (pH 11.5) of lg (10 mM) and tert-butylamine
(0.1 M) in distilled water was irradiated at lower temperature (0 ~ 5 °C),4 ring-opened
photoadduct §95 was obtained 1n 70% isolated yield. Brief heating of 23 in water at 70 °C
immediately produced g/in quantitative yie]d.6 Alternatively, acidification of the agueous
solution of 39 to pH 1 gave E,(95%)- These observations clearly demonstrate that 3a is the
precursor of g: A similar type of photoproduct 395 (50%) has been obtained when thymine (19, 10
mM) and tert-butylamine (0.1 M) was irradiated in water (pH 11.6) at 0 °C under the specified

cond1t1‘ons.7 Upon warming at 70 °C %? was quantitatively converted into‘i.

Direct irradiation of dinucleotide analog 48 (1.7 mM) in the presence of n-butylamine (15
2
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This type of photoreactions
with primary amines proceeded
only in aqueous solvents at
alkaline pH (> pH 8), suggesting that the photoexcited species of a partially ionized form of
l_(lg, pKa 9.8) 1is involved in the photoaddition reaction.3 These experimental results may most
reasonably be explained by the mechanism shown in Scheme 1. Nucleophilic attack of the amino
group on C2 of the photoexcited lg followed by ring opening would furnish 2, although we

1s a well

previously proposed a nucleophilic attack on C 6

6" Nucleophilic attack on C
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documented process in ground- and excited states of pyrimidine bases,]0 whereas there is
only few precedent for the nucleophilic attack on 02.11
This remarkable photoexchange reaction may be employed for the synthesis of a variety of

N(1)-substituted thymines. For example, irradiation4 of lg (5 mM) and 1,3-diaminopropane (15
12

mM) in water (pH 11.6) gave §§ (56%), whereas irradiation of lg (5 mM) with amino lactam 2‘ (15
mM) in water (pH 10) gave 10° (49%).
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