Supplementary Information

for

Comparison of the acid-base properties of purine derivatives in
aqueous solution.

Determination of intrinsic proton affinities of various basic sites

Gunnar Kampf,%? Larisa E. Kapinos,” Rolf Griesser,” Bernhard Lippert™®

and Helmut SigelD’

4 Institute of Inorganic Chemistry, University of Basel, Spitalstrasse 51,
CH-4056 Basel, Switzerland. E-mail: Helmut.Sigel@unibas.ch
b Department of Chemistry, University of Dortmund, Otto-Hahn-Strasse 6,

D-44227 Dortmund, Germany. E-mail: Lippert@pop.uni-dortmund.de



1.60

1.40

—_ —_
o N
o ()

Absorption
o
90)

0.60
0.40
0.20
1 Hy -5.96
coo_ -~ 000 e
200 220 240 260 280 300
Wavelength/nm

Fig. S1 UV absorption spectra of 9-methyladenine (0.034 mM) measured in 2 cm quartz cells

in aqueous solution in dependence on the activity of H'; i.e., the Hy/pH values (see also Fig. 2

and Sections 2.3 and 2.5) were varied from H,-5.96,-5.07, -3.78,-2.47,-1.52,-1.08, —0.86,

—0.63,-0.36,-0.10, 0.05, 0.25, 0.46 to 0.79 and pH 1.20, 1.54 to 1.88 (25 °C; I=0.1 M,
NaClO,, except in those solutions where [HCIO,4] > 0.1 M). Not all spectral traces of the data

points which appear in Fig. 2 are shown.
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Fig. S2 UV absorption spectra of 1,9-dimethyladenine (0.022 mM) measured in 2 cm quartz
cells in aqueous solution in dependence on the activity of H'; i.e., the Hy/pH values were varied
between H,—5.96 to 0.79 and pH 1.22 to 1.95 (see legend of Fig. S3); 25 °C; I=0.1 M,
NaClO,, except in those solutions where [HCIO,4] > 0.1 M. Not all spectral traces of the data

points which appear in Fig. S3 are shown.
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Fig. S3 Evaluation of the dependence of the UV absorption of 1,9-dimethyladenine
(1,9DiMeA ") at 212, 218, 220, 223 and 260 nm on the activity of H" in aqueous solution (see
Fig. S2) by plotting the absorption versus Hy/pH. The evaluation of this experiment led to the
weighted mean pKlﬁz(l,gDiMe A)=—2.78 £0.41 (30) and to the following individual acidity
constants at the mentioned wavelengths: 212 nm, ng(LgDiMe Ay =—0.77+0.11); 218 nm,
—(0.79 £ 0.04); 220 nm, —(0.82 £ 0.04); 223 nm, —(0.87 + 0.03); 260 nm, —(0.84 + 0.23) (10),
which give the weighted mean ng(LgDiMe A) = —(0.83 +0.07) (30) for this experiment. The
solid curves shown are the computer-calculated best fits at the mentioned wavelengths through
the experimental data points obtained at /; —6.41 ([HCIO4] = 10.83 M), -5.96 (10.23 M), —-5.52
(9.63 M), —5.07 (9.03 M), -3.78 (7.22 M), -3.78 (7.22 M), —3.78 (7.22 M), —2.85 (6.02 M),
—2.47 (5.42 M), -2.13 (4.81 M), —-1.52 (3.61 M), —1.18 (2.89 M), —1.08 (2.65 M), —0.86 (2.17
M), -0.63 (1.69 M), —0.36 (1.20 M), —0.10 (0.84 M), 0.05 (0.60 M), 0.25 (0.36 M), 0.46 (0.24
M), 0.79 (0.12 M), and pH 1.22, 1.64 and 1.95 (from left to right; see Section 2.5) by using the
mentioned average pK, values (25 °C; /= 0.1 M, NaNOs;, except in those solutions where

[HCIO,] > 0.1 M).
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Fig. S4 UV absorption spectra of 1-methyladenosine (0.036 mM) measured in 2 cm quartz
cells in aqueous solution in dependence on the activity of H'; i.e., the Hy/pH values were varied
between H, —5.90 to 0.59 and pH 1.12 (see legend of Fig. S5); 25 °C; /= 0.1 M, NaClO,, except
in those solutions where [HCIO,4] > 0.1 M. Not all spectral traces of the data points which

appear in Fig. S5 are shown.
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Fig. S5 Evaluation of the dependence of the UV absorption of 1-methyladenosine (1-MeAdo ™)
at 212, 218, 220, 223 and 260 nm on the activity of H' in aqueous solution (see Fig. S4) by
plotting the absorption versus H,/pH. The evaluation of this experiment led to the weighted
mean pKEz(lMe Adoy = —3.81 +0.28 (30) and to the following individual acidity constants at the
mentioned wavelengths: 212 nm, ng(lMeAdo) =—(1.32+0.12); 218 nm, —(1.53 = 0.06); 220
nm, —(1.53 + 0.06); 223 nm, —(1.52 £+ 0.06); 260 nm, —(1.30 + 0.16) (10), which give the
weighted mean ng(lMe Adoy = —(1.50 + 0.14) (30) for this experiment. The solid curves shown
are the computer-calculated best fits at the mentioned wavelengths through the experimental
data points obtained at H, —5.90 ([HCIO,4] = 10.15 M), -5.46 (9.55 M), —4.59 (8.36 M), —3.99
(7.52 M), -3.28 (6.57 M), -2.82 (5.97 M), —2.44 (5.37 M), -2.11 (4.78 M), —1.81 (4.18 M),
—1.51 (3.58 M), —1.28 (3.11 M), —1.07 (2.63 M), —0.85 (2.15 M), —0.62 (1.67 M), —0.35 (1.19
M), —-0.10 (0.84 M), 0.05 (0.60 M), 0.25 (0.36 M), 0.59 (0.18 M), and pH 1.12 (from left to
right; see Section 2.5) by using the mentioned average pK, values (25 °C; /= 0.1 M, NaClO,,
except in those solutions where [HCIO,4] > 0.1 M).
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Fig. S6 UV absorption spectra of 7,9-dimethyladenine (0.037 mM) measured in 2 cm quartz
cells in aqueous solution in dependence on the activity of H'; i.e., Hy/pH values were varied
between H, —6.08 to 0.79 and pH 0.98 to 2.59 (see legend of Fig. S7); 25 °C; I=0.1 M,
NaClQy,, except in those solutions where [HCIO4] > 0.1 M. Not all spectral traces of the data

points which appear in Fig. S7 are shown.
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Fig. S7 Evaluation of the dependence of the UV absorption of 7,9-dimethyladenine
(7,9DiMeA ") at 212, 215, 218, 251 and 278 nm on the activity of H in aqueous solution (see
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Fig. S6) by plotting the absorption versus Hy/pH. The evaluation of this experiment led to the
weighted mean pKlﬁz(wDiMe A)=—2.50 £ 0.25 (30) and to the following individual acidity
constants at the mentioned wavelengths: 212 nm, pKI}-II(7,9DiMe A) = 0.46 +0.06; 215 nm, 0.54 +
0.06; 218 nm, 0.63 £ 0.08; 251 nm, 0.48 + 0.04; 278 nm, 0.47 = 0.04 (10), which give the
weighted mean pK§(7,9DiMe A) = 0.49 +0.08 (30) for this experiment. The solid curves shown
are the computer-calculated best fits at the mentioned wavelengths through the experimental
data points obtained at H, —6.08 ([HCIO4] = 10.39 M), —-5.50 (9.61 M), —-5.00 (8.93 M), —4.51
(8.25 M), —3.98 (7.50 M), -3.77 (7.21 M), -3.49 (6.85 M), —2.99 (6.20 M), —2.51 (5.49 M),
—2.27 (5.08 M), —2.01 (4.58 M), —1.50 (3.57 M), —1.42 (3.39 M), —1.01 (2.50 M), —0.86 (2.18
M), -0.36 (1.21 M), —0.15 (0.91 M), 0.01 (0.67 M), 0.13 (0.48 M), 0.28 (0.34 M), 0.40 (0.27
M), 0.51 (0.22 M), 0.61 (0.17 M), 0.79 (0.12 M), and pH 0.98, 1.17, 1.32, 1.48, 1.89, 2.20, 2.51
and 2.59 (from left to right; see Section 2.5) by using the mentioned average pK, values (25 °C;
I=0.1 M, NaClO,, except in those solutions where [HCIO,4] > 0.1 M).
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Fig. S8 Evaluation of the dependence of the UV absorption of N6',N6',N9-trimethyladenine
(TriMeA) at 260, 262, 271, 275 and 278 nm on the activity of H' in aqueous solution by
plotting the absorption versus H/pH (same experimental data as used in ref. 29). The evaluation
of this experiment (one out of three) by keeping PKE3(TriMe A) = 2.7 constant (estimate; see
Table 1) led to the following acidity constants at the mentioned wavelengths: 260 nm,
ngz(TriMeA) =—(0.59 £ 0.06); 262 nm, —(0.64 = 0.05); 264 nm, —(0.70 = 0.05) (not shown);
271 nm, —(0.76 £ 0.05); 275 nm, —(0.73 £ 0.06); 278 nm, —(0.69 = 0.08) (10), which give the
weighted mean Png(TriMe A) = ~(0.69 £ 0.08) (30) for this experiment. The solid curves shown
are the computer-calculated best fits at the mentioned wavelengths through the experimental
data points obtained at H —5.79 ([HC1O4] = 10.00 M), —4.29 (7.94 M), -3.07 (6.31 M), —2.24
(5.01 M), -1.71 (3.98 M), —1.30 (3.16 M), —1.01 (2.51 M), —=0.57 (1.58 M), —0.22 (1.00 M),
0.12 (0.50 M), 0.44 (0.25 M), 0.91 (0.10 M), and pH 1.55 (from left to right) by using the given
average pK, values (25 °C; I = 0.1 M, NaClOy, except in those solutions where [HCIO4] > 0.1
M).
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Fig. S9 Micro acidity constant scheme for 9-ethylguanine (9EtG), where "HIN7-N1[H
represents H(9EtG)" (Table 1, entry 2). The micro acidity constants (k) and their interrelation
with the measured macro acidity constants (K) are defined as described in the legend for Fig. 4.
Use of the value measured for 7,9DiMeG", pKI;I,9DiMeG =7.22+0.01 (Table 1, entry 3), for the
microconstant pktin, N} g permits calculation of the other microconstants in the scheme (see the

third paragraph in Section 3.4).
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Fig. S10 Micro acidity constant scheme for guanosine (Guo), where "H-N7-N1-H represents
H(Guo)" (Table 1, entry 4). The micro acidity constants (k) and their interrelation with the
measured macro acidity constants (K) are defined as described in the legend for Fig. 4. Use of
the value measured for 7MeGuo®, pKih j.guo = 7.01 £ 0.01 (Table 1, entry 5), for the
microconstant pktin, N} g permits calculation of the other microconstants in the scheme (see the

fourth paragraph in Section 3.4).
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Fig. S11 Micro acidity constant scheme for 9-methylhypoxanthine (9MeHx), where "H-N7-
N1-H represents HOMeHx)" (Table 1, entry 6). The micro acidity constants (k) and their inter-
relation with the measured macro acidity constants (K) are defined as described in the legend for
Fig. 4. Use of the value measured for 7,9DiMeHx, pKI;’gDiMeHX =6.46 +0.01 (Table 1, entry 7),
for the microconstant pAtiR 7N} & permits calculation of the other microconstants in the scheme

(see the fourth paragraph in Section 3.4). The error limit of the value given for ka}IJD'NI\;l_Nl was

deliberately enlarged from +0.01 to +0.02, since the latter appears to us as more realistic.
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Fig. S12 Micro acidity constant scheme for inosine (Ino), where "H-N7-N1-H represents
H(Ino)" (Table 1, entry 8). The micro acidity constants (k) and their interrelation with the
measured macro acidity constants (K) are defined as described in the legend for Figure 4. Use of
the value measured for 7MeIno™, pKiyemo = 6-20 £ 0.01 (Table 1, entry 9), for the microcon-

stant, pklﬂ'&?}f\}lﬁ permits calculation of the other microconstants in the scheme (see text in

Section 3.4).



