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Self-dimerization of 7Al has long been recognized for under-

going the excited-state double proton transfer (ESDPT) resulting

in a large Stokes shifted emissith™ Such a simple ESDPT
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process provides one possible mechanism for the mutation duefigure 1. Structures of 7Al, 4ABI, 6IBP, and their methylated

to a “misprint” of a specific DNA base palP:" Further focus on

derivatives.

the ESDPT reaction relevant to the molecular nature of mutation Scheme 1

requires the study of the proton-transfer reaction in 7Al analogues
of biological importance, among which, purines possessing a

similar structural moiety are particularly crucial.
Purine has been found to exist predominantly as an N(9)H

tautomeric form in the gas phase as well as isolated inert mafrices,

while there exists an equilibrium mixture of N(7)H and N(9)H
tautomers in protic solverits(see Figure 1). However, the
tautomeric reaction regarding the proton migration to the N(3)

position has not yet been reported. Our approach is to systemati-

cally investigate the ESDPT reaction on a molecular basis in
which a nitrogen atom is first added to the five-membered ring
of 7Al, forming 4-azabenzimidazole (4ABIl). Subsequently,
6-isobutylpurine (61BP,Figure 1) was synthesized to study the
comparative proton-transfer tautomerigm.

Significant concentration-dependent absorption speetese

observed for both 4ABI and 61BP (see Figure 2). For the case of

4ABI, the 287 nm peak characterized for the mondmgeadually
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disappears upon increasing the concentration, accompanied by ded shift of the overall spectrum and an appearance of a shoulder
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at 292 nm. In comparison, N(9)-methyl-4-azabenzimidazole
(9MABI),8 which is treated as a non-proton transfer model, shows
concentration-independent absorption profiles (see Table 1). The
results unambiguously conclude the occurrence of self-aggregation
for 4ABI. A straight-line plot forC/Aggo vs (1/A)Y2 9 (see insert

of Figure 2A) supports a dominant dimeric formation. Similar
behavior was also observed for 6I1BP (see insert of Figure 2B).
Accordingly, the association constait, was calculated to be
~3.0x 10° and 4.2x 10°* M~ for 4ABI and 61BP, respectively,

in CCl, (305 K).

At sufficiently low concentrations so that only 4ABI monomer
exists, a normal Stokes-shifted emission was observed with a peak
maximized at 308 nm. Dual fluorescence was observed upon
increasing the concentration, consisting of a 308 nm emission
(the R band,7s ~ 0.32 ns) followed by a large Stokes-shifted
emission maximum at 380 nm (the Band,z; = 2.04 ns). The
excitation maximum £292 nm) monitored at the,fband was
red-shifted by~5 nm with respect to that monitored at the F
band. The results in combination with the system-response rise
time (<3 x 1071°s) for both components lead us to conclude
the two emitting bands originate from two distinct ground-state

(8) 9MABI was synthesized by treating 4ABI with NaH and &£hh a
ratio of 1:2:2 in dry THF at CC. 'H NMR(D,O, 400 MHz)5 3.87(s, 3H);
7.31(m, 1H); 8.03(d) = 8.0 Hz, 1H); 8.23(s, 1H), 8.29(d,= 4.0 Hz, 1H).

(9) Equation 1
c_1 1 \v2(1\v2
A et (24() (A) @)

has been derived for the monomelimer associatiof¢'whereC denotes
the prepared concentratiofjs the absorbance of the dimer at a selective
wavelengthg is the molar extinction coefficient of the dimer, akdis

the association constant.
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Table 1. Thermodynamic and Photophysical Properties of 7Al, 4ABI, 6IBP, and Their Methylated Derivatives in Cyclohexane &nd CCI

absorption (nm) emission (nm) o 71 (NS) Ka(M™1)
7Al (287, 293" 320 0.22 1.68,1.7Z
7Al dimer (292, 309)¢ 480 0.016 2.823.¢¢ 2.2 x10°f

5.2 x 10?P9
7MAI (390, 458") (463495,510) 0.0066 1.54, 1.67
0.0073

4ABI (281, 287; 306 0.038 0.44

(282, 287 308 0.012 0.32
4ABI dimer (285, 29 380 0.05 1.19

(285, 292 380 0.06 2.04 3.0x 10°P
4MABI (292, 329,36 (372" 400) 0.031 1.80

(292,330,368) (372" 400y 0.052 2.60
9MABI (284, 290% 305 0.014 0.48

(284, 292 308 0.02¢ 0.50
6IBP 263, 268 - - -
6IBP dimer (267, 27%)P — — = 4.2 x 10°°
3MIBP (266, 275, 287) (290", 310) 0.018 0.63

(268, 312, 299)° (290", 315)* 0.025 0.70

ash: shoulderfln CCl,. ‘Reference 1eReference 1dObtained from the fluorescence excitation spectriiReference 1gReference 1b.

1.0 - 0016 mum, lifetime, etc.) between 4MABI and the Band supports
A % the occurrence of ESDPT in the 4ABI dimer. On the contrary,
M. cm, 002 althoughK, for the 61BP dimer determined from the absorption
L spectroscopy is the greatest among the three 7Al analogues, no
emission is detectable throughout 28800 nm. For comparison,
the N(3) methylated tautomeric form of 61BP, N(3)-methyl-6-
isobutylpurine (3MIBP) exhibits an emission maximum at 325
nm with a spectral onset at290 nm (see Figure 2B).

The photophysical properties shown in Table 1 reveal an
interesting correlation between the energy gap and the corre-
sponding number of nitrogen atoms in the methylated tautomers
of 7Al, 4ABI, and 6IBP, in which a significant blue shift of the
00— o e T first peak on the order of N(7)-methyl-7azaindole (7MAI, 21 834
280 300 320 340 360 380 400 420 440 cm?) < 4MABI(27 200 cn) < 3MIBP (30 770 cm’) was

observed. Thus, adding electron-rich nitrogen atoms in either a
0.036 52 five- or six-membered ring of 7Al alters the tautomeric form
B ca,, oo toward an increase of the — 7* energy gap. Conversely, the
9 differences in 6-0 onsets among normal dimers are relatively
oo . much smaller, being only 1460 and 3570 drhigher in energy
ooosl & than that of the 7Al dimer for 4ABI and 6IBP dimeric forms,

4 respectivelyt® Using a 6-31G(d,p) basis set with the inclusion of
solvation free energy (the PM3-SM4 method) for each spéties,
the formation free energy of 7Al, 4ABI, and 6IBP tautomer
d dimeric forms are calculated to be 22.3, 15.6, and 16.8 kcal/mol,
respectively, relative to their corresponding normal dimers. It is
rather difficult to assign the,S'S; (0—0) transition of the tautomer
dimer due to either spectral overlap (in 4ABI) or the lack of the
bt r . . tautomer emission (in 61BP). Simply, we took the absorption onset

320 360 400 of their corresponding methylated tautomers shown in Table 1.
Accordingly, ESDPT is calculated to be9.0 and—4.7 kcal/
Wavelength (nm) mol exergonically for 7Al and 4ABI dimers, respectively. In
Figure 2. A. The absorption (normalized at 276 nm) and emission spectra contrast, a large endergonic value of 11.4 kcal/mol was obtained
of (fex = 280 nm) 4ABI atl. 1.5x 1075, 2. 1.3x 1074 3. 2.5x 10°*, for the 6IBP dimer, indicating that the ESDPT reaction is
4.5.0x 1074, 5. 1.2 x 1073M in CCl,4 (305 K). Insert: Plot ofC/Aso0 thermally unfavorable.
values versus (Bsog)2 and a best least-squares fitting curve using eq In conclusion, the energy gap betweep@d S, states of the
1.2 To avoid spectral complexity only four curves were depicted in (5 ;(omeric form plays an important role to determine the
absorption spectra. B. The absorption spectra (normalized at 263 _nm) Ofmolecular-based tuning ESDPT. Therefore, it is of great impor-
6IBP at (a) 1.2 10°%, (b) 1.0 10% and (c) 3.0x 10°* M. Insert tance to probe the proton-transfer tautomerism as a function of
Plot of C/Ags values versus (Bbss)'? and a best least-squares fitting h |ati ited- h d ics f ine derivai
curve. (d) The absorption and emission spectsa= 270 nm) of 3MIBP. the re ative excite st.ate t ermodynamics for purine daerivatives
of which the electronic properties, depending on the functional
species in which thefband originates from the non-hydrogen- group as well as substituted position, are altered.
bonded monomer. Consequently, thebnd can be ascribed to
the N(4)H tautomer emission resulting from ESDPT. To further
verify this viewpoint N(4)-methyl-4azabenzaimidazole (4MABI)
was synthesizet, which exhibits absorption onset and fluores- JA9917619
cence maximum at 368 and 400 ngi §& 0.053,7 = 2.60 ns in (11) 3MIBP was synthesized according to ref42H NMR(CDCl;, 200

CCly), respectively. The spectral resemblance (i.e., peak maxi- MHz) 6 1.03 (d, 6H,J = 6.8 Hz); 2.36-2.56 (m, 1H); 3.15 (d, 2HJ) = 7.0
Hz); 8.19 (s, 1H); 8.91 (s, 1H).
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