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Rate constants for the reactions of hydrated electrons with substrates. The
pseudo first-order rate constant, k,, for the reaction of e,,” with a variety of
substituted guanine derivatives were determined by measuring the rate of the optical
density decrease of e,, at 720 nm (¢ = 1.9x10* M'em™) at pH ~7." From the slope of
k.. Vs. nucleoside concentration, the bimolecular rate constants (k) were determined.
Figures S1 and S2 show the case of unsubstituted guanosine (1a) and 2’-
deoxyguanosine (1b), respectively, whereas Figures S3 and S4 show the experiments

with 8-chloroguanosine (8) and 8-iodoguanosine (9), respectively.

45 0.10
< 005
0.00
20, 6 2 4
‘_w ’ t/us
o
1,54
0.0 . " '
0.0 0.4 0.8 1.2
[1a]/ mM

Figure S1. Plot of k,, vs [1a] for the decay of e,;” at 720 nm from the pulse radiolysis
of Ar-purged solutions containing 0.25 M -BuOH at pH ~7: Inset: Decay of e,,” in

the presence of 0.5 mM 1a; optical path = 2.0 cm, dose = 10.0 Gy. The solid line

represents the first-order kinetic fit to the data.



4591 o010
< 005
0.00
3.04 0 2 4
‘_tIJ t/us
o
A 1.54
0.0 . T T
0.0 0.4 0.8 1.2
[1b] / mM

Figure S2. Plot of k,, vs [1b] for the decay of e,,” at 720 nm from the pulse radiolysis

of Ar-purged solutions containing 0.25 M -BuOH at pH ~7: Inset: Decay of e,,” in
the presence of 0.5 mM 1b; optical path = 2.0 cm, dose = 11.0 Gy. The solid line

represents the first-order kinetic fit to the data.
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Figure S3. Plot of k,, vs [8] for the decay of e,,” at 720 nm from the pulse radiolysis

of Ar-purged solutions containing 0.25 M -BuOH at pH ~7: Inset: Decay of e,,” in

the presence of 0.4 mM 8; optical path = 2.0 cm, dose = 6.9 Gy. The solid line

represents the first-order kinetic fit to the data.
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Figure S$4. Plot of k,, vs [9] for the decay of e,,” at 720 nm from the pulse radiolysis
of Ar-purged solutions containing 0.25 M -BuOH at pH ~7: Inset: Decay of e,,” in
the presence of 0.5 mM 9; optical path = 2.0 cm, dose = 7.5 Gy. The solid line

represents the first-order kinetic fit to the data.

8-Bromo-2’-deoxyguanosine (13). Ar-purged aqueous solutions of 8-bromo-
2’-deoxyguanosine (1 mM) and -BuOH (0.25 M) at pH ~7 were prepared. The
spectral changes obtained from the pulse irradiation of a solution containing 13 are
shown in Figure S5. The optical absorption spectrum taken 2 us after the pulse (solid
circles) originated from the reaction of 13 with e,, . The disappearance of this species
gave rise to a new transient species whose spectrum was taken 40 us after the pulse
(open triangles). By monitoring the reaction at 600 nm and analyzing the trace (Inset
of Figure S5) using the treatment for consecutive reactions, a first-order rate constant
of 1x10° s™ was obtained for the faster process relevant to the present study.The last
transient is very similar to that obtained after the oxidation of 1b by SO, at pH ~7,

i.e., radical 3 (Scheme 1).
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Figure S5. Absorption spectra obtained from the pulse radiolysis of Ar-purged
solutions containing 1 mM 13 and 0.25 M #-BuOH at pH ~7, taken 2 (®) and 40 us
(A) after the pulse; optical path = 2.0 cm, dose per pulse = 26.2 Gy. Inset: Time
dependence of absorption at 600 nm. The initial fast decay is due to the disappearance
of e,, . The solid line represents the fit to the data obtained using the treatment for

consecutive reactions (see text).

The reaction of e,;~ with 13 was also studied at pH 13. The optical absorption
spectrum, taken 5 us after the pulse, is shown in Figure S6 (open circles). Now, the
spectrum resembled in shape and e-values that of radical 4. In order to closely
compare the two spectra, we also examined the reactions of Br,” with 1b.? The optical
absorption spectra obtained at pH 13 after the completion of the reaction between 1b
and Br,™ (15 us after the pulse) are also shown in Figure S6 (solid triangles). As can
be seen, the two spectra are identical.” The bimolecular rate constant for the reaction

of e,.” with 13 is found to be (4.5+0.1)x10° M s™" at pH 13 (Inset of Figure S6).
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Figure S6. Absorption spectra obtained from the pulse radiolysis of solutions at pH
13 of: (O) 1 mM 13 and 0.25 M -BuOH, Ar-purged, taken 5 us after the pulse; (A) 1
mM 1b and 0.1 M KBr, N,O-saturated, taken 15 us after the pulse. Inset: Plot of &,

vs [13] for the decay of e,,” at 720 nm from the pulse radiolysis of Ar-purged

solutions containing 0.25 M ~-BuOH and 0.1 M NaOH; dose per pulse = 7.7 Gy.

Continuous Radiolysis and Product Analysis. Figure S7 shows four
examples of 8-bromoguanine derivatives carried out in a similar manner as those
described for 6 .* Deareated aqueous solutions containing 13, 15, 16 or 17 (ca. 1.5
mM) and ~-BuOH (0.25 M) at pH ~7 were irradiated under stationary-state conditions
with a dose rate of ca. 15 Gy/min followed by HPLC analysis. The solution at pH ~7
(i.e., natural without additives) before and after the irradiation dose of 2 kGy gave pH
7.6 and 5.7, respectively. The debrominated compounds (1b, 20, 21 or 22,
respectively) were the only detectable products and mass balances were close to
100%. Analysis of the data in terms of radiation chemical yield (G),’ gives
G(-13)=0.34, G(1b)=0.31, G(-15)=0.36, G(20)=0.31, G(-16)=G(21)=0.33, and

G(-17)=0.34, G(22)=0.30 umol J".
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Figure S7. Radiation chemical yields (G) as a function of irradiation dose for the

consumption of 13, 15, 16 or 17 and the formation of 1b, 20, 21 or 22, respectively,

obtained from the continuous radiolysis of vacuum degassed solutions containing ca.

1.5 mM substrate and 0.25 M +-BuOH at pH ~7. The lines are the linear fit to the data.

Computational details. Hybrid meta DFT calculations with the B1B95

(Becke88°-Becke95’ 1-parameter model for thermochemistry) functional® were

carried out using the Gaussian 03 system of programs.’ Note that the percentage of

HF exchange is 28% whereas in reference 9 is incorrectly coded as 25%.



DFT Calculations

Table S1. Relative B1B95/6-31+G** energy AE and TD-B3LYP/6-
311G**//B1B95/6-31+G** optical transitions for the 8-bromo-9-methylguanine

radical anion (26) protonated at different atoms

Protonated atom  AE/kJ mol” A/nm f

N7 0.0 306 0.015
362 0.107
423 0.037
C2 30.1 299 0.145
323 0.017
416 0.037
C4 49.8 304 0.44
329 0.068
355 0.027
381 0.040
G5 67.0 311 0.069
343 0.011
442 0.016
501 0.035
N3 84.5 291 0.017
304 0.029
315 0.084
354 0.013
O 107.1 277 0.074
340 0.040
452 0.028
Cs8* —42.0 - -

“The radical tends to lose Br forming in the gas phase a m-complex (see Figure 7).



Table S2. TD-B3LYP/6-311G**//B1B95/6-31+G** optical transitions for the various

tautomeric forms of one-electron oxidized 9-methylguanine.

radical AMnm  f

27 283 0.066
348 0.058
466 0.014

28 284 0.050
347 0.044
421 0.011
606 0.052

29 280 0.015
360 0.068
423 0.014
1151 0.023

30 302 0.078
308 0.019
411 0.038
484 0.045
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