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Introduction
　The thiopurines such as 6-thioguanine (6TG) are 
prescribed as cancer therapeutic and 
immunosuppressive agents [1-12]. They are 
converted into the active form, thioguanine 
nucleotide, by metabolic activation in body, and then 
incorporated into cellular RNA and DNA [13]. 6TG 
as well as thiolated pyrimidine bases such as 4-
thiothymidine has an absorption band in the UVA 
region (320-400 nm), where the normal DNA/RNA 
bases do not absorb in the UVA region, instead at 260-
300 nm (UVB and UVC regions) [3-20]. 6TG 
localizing in tumor cell was reported to generate 
reactive oxygen species with low dose of UVA light, 
causing cellular apoptosis [6]. Thus, the thiopurines 
can be used as potential photosensitive agents for 
light-induced therapies due to their unique properties.
　The key characteristic in UVA irradiation of 6TG 

is to produce singlet molecular oxygen (1O2*), that 
oxidizes 6TG to unstable guanine sulfenate (GSO) and 
guanine sulfinate (GSO2). Both of the intermediates 
can be further oxidized to form guanine sulfonate 
(GSO3) as the stable photoproduct (Scheme 1) [9,10]. 
GSO3 was reported not capable of forming stable base 
pairs with any of the normal DNA bases in duplex 
oligonucleotides [7]. Crosslinking of proteins or low 
molecular weight thiol compounds to DNA involving 
an intermediate derived from oxidized 6TG has been 
proposed as a previously unrecognized hazard in 
sunlight-exposed cells of thiopurines-treated patients 
[9].
　6-Thioguanine is hardly soluble in hydrated 
organic solvents, thus it is difficult to carry out its 
spectroscopic studies. Recently, we prepared 2’ ,3’ ,5’ -
tri-O-acetyl-6-thioguanosine (ta6TGuo, see structure 
1 in Figure 1) for better solubility and easier 
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Scheme 1. Oxidation mechanism of 6TG by singlet molecular oxygen.
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handlings, and reported that ta6TGuo under UVA 
irradiation generates 1O2* with a high quantum yield 
[21]. In this article, we report our findings from 
absorption and emission spectroscopic studies of 
ta6TGuo in aerated acetonitrile. From our HPLC 
analysis, the guanosine sulfonate (taGSO3) can be 
regarded as the major photoproduct by the UVA light. 
The decay rate constant of ta6TGuo and the 
formation rate constant of the photoproduct are also 
presented, and the reaction mechanism is discussed.

Experimental
　The preparation of ta6TGuo was carried out as 
reported in a recent publication [21]. Briefly, 
guanosine was acetylated by adding acetic anhydride, 
followed by thiolation with Lawesson's reagent. The 
isolated ta6TGuo was purified with column 
chromatography and used for spectroscopic studies.
　Absorption spectra were recorded with a 
spectrophotometer (Jasco U-best V550). Emission 
and excitation spectra were measured with a 
spectrofluorometer (Jasco FP6500). A XeCl excimer 
laser (Lambda Physik COMPex 102; 308 nm) was 
used as an excitation light source. Incident laser 
fluence, estimated by a joulemeter (Gentec ED200), 
was 0.18 mJ cm-2 per shot. A Xe lamp (Hamamatsu 
L2273, 150 W) was used in the continuous UV-light 
irradiation experiment. All measurements were 
carried out at room temperature. Photoproducts were 
analyzed using a HPLC system with a UV-vis 
detector (Shimadzu, SPD-10A). Samples with the 
mobile phase consisting of a mixed solvent of 
acetonitrile/water (1/2v/v) passed through a column 
(Kanto Chemical; Mightysil, RP-18 GP 150-4.6 5μm) 
at 40°C and were quantified by the UV detection at 
340 nm. The mobile phase was delivered at a flow-
rate of 0.3 mLmin-1.

Results and Discussion
　ta6TGuo (1 in Figure 1) has an intense absorption 
peak at 346 nm (ε = 2.82 × 104 M-1cm-1 [21]). When 
the sample solution was irradiated by a XeCl excimer 
laser (308 nm) under the aerated condition, the 

intensity of the absorption band decreased gradually 
as shown in Figure 2. After irradiation of 1200 laser 
shots, the absorption band for ta6TGuo disappeared 
almost completely, and the residual absorption 
derived from a photoproduct appeared at around 320 
nm. A new emission band was observed with its 
maximum at around 410 nm when the photoproduct 
was excited at 340 nm, as shown in Figure 2 (broken 
line), while no emission band from ta6TGuo was 
observed. Thus, ta6TGuo itself was intrinsically 
non-fluorescent, revealing that ta6TGuo will have 
a high quantum yield of triplet formation as well 
as 6-thio-2’ -deoxyguanosine [22]. The excitation 
spectrum obtained by monitoring the emission was 
identical to the absorption spectrum of the 
photoproduct. The absorption and emission spectral 
features of the photoproduct and its intense 
fluorescent property are similar to those of guanine 
sulfonate (GSO3) (see Scheme 1) [3,7,9,10,12]. Thus 
the photoproduct, afforded by the UV irradiation of 
ta6TGuo, can be assigned to tri-acetylated guanosine 
sulfonate, taGuoSO3 (see structure 2 in Figure 1). In 
our previous work, the formation quantum yield of 
singlet molecular oxygen (1O2*) by ta6TGuo with 
UV irradiation was determined to be as large as 0.37 
± 0.01 in the oxygen saturated acetonitrile solution 
[21]. Hence, taGuoSO3 is also produced from 
oxidation of ta6TGuo by 1O2*.
　Figure 3 shows the HPLC charts of ta6TGuo in 
acetonitrile with and without continuous UV-
irradiation. The peak at 4.3 min. (a photoproduct) 
increased, while the peak at 12.0 min. (the starting 
material ta6TGuo) decreased along with continuous 
UV irradiations. Based upon the absorption spectral 
changes of ta6TGuo by the laser irradiation, the 
photoproduct eluting at 4.3 min. can be assigned to 
be its fully oxidized product, namely taGuoSO3. 
Irradiation time dependences of the peak area for 
ta6TGuo and taGuoSO3 are shown in the inset of 
Figure 3. Here, the peak area was estimated by fitting 
with the Gaussian function to remove the interference 

Figure 1. Structure of ta6TGuo(1) and taGuoSO3 (2).

Figure 2. Change of absorption spectra (solid lines) of 
ta6TGuo in acetonitrile byirradiation of XeCl excimer laser 
shots and an emission spectrum (broken line) of the 
photoproduct obtained with the excitation of 340 nm.
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of impurities like the shoulder at 13 min. beside the 
ta6TGuo signal. The decay rate constant of ta6TGuo 
(1) and the formation rate constant of taGuoSO3 (2) 
were determined with a single exponential equation 
to be 0.39 ±0.04 min−1 and 0.38 ± 0.05 min−1, 
respectively. Ren et al. presented the oxidation 
mechanism of 6TG to afford GSO3 (see Scheme 1) [9]. 
UVA irradiation of 6TG generates 1O2* that oxidizes 
6TG to the unstable guanine sulfenate (GSO). GSO can 
undergo further oxidation to guanine sulfinate (GSO2) 
that can be further oxidized to guanine sulfonate 
(GSO3). In aqueous solution the GSO2 peak in the 
HPLC chart was clearly seenbeside the GSO3 peak [9]. 
However, in this work only the single peak of 
taGuoSO3 was observed in acetonitrile, suggesting that 
the oxidation of taGuoSO (the sulfenate form) and 
taGuoSO2 (the sulfinate form) to taGuoSO3 would be 
quite fast in acetonitrile. In addition, the decay rate 
constant of ta6TGuo was found to be in good 
agreement with the formation rate constant of 
taGuoSO3. These results indicate that the first step in 
the reaction of ta6TGuo with 1O2* is likely to be the 
rate-determining step to yield taGuoSO3 as the final 
product.
　In conclusion, we investigated the photochemistry 
of tri-acetyl-modified 6-thioguanosine (ta6TGuo), 
which is soluble in organic solvents. ta6TGuo in the 
aerated acetonitrile solution with UVA irradiation 
generates 1O2* that oxidizes ta6TGuo to its guanosine 
sulfonate form (taGuoSO3) ultimately. The decay rate 
constant of ta6TGuo agrees well with the formation 
rate constant of taGuoSO3, suggesting that the first 
step in the reaction of ta6TGuo with 1O2* is likely to 
be the rate-determining step in formingits 
corresponding sulfonate (taGuoSO3). Thionucleosides 
such as 6-thioguanosine can be further developed as a 
potential photosensitive agent for light-induced 
therapies. The main characteristic of thioguanosine 
by UVA irradiation is to produce 1O2*. However, its 
oxidative products may also contribute to the effect 
on photo-induced therapies. Further studies of the 

oxidative products of thio-substituted guanosines are 
underway.
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