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Modified nucleobases serve as biomarkers for exposure to
chemical carcinogens that form DNA addutfBhey also serve as
therapeuticd bioprobes for drug desighand sensors to detect light
or metal ion® Furthermore, fluorescent nucleobases, such as
2-aminopurine, have been used to monitor mismatch dynamics,
to probe proteir-DNA interactions’ and to study electron-transfer
processes within duplex DNA.
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HO—Q_«NJL)L/): Ho i:> 2N I NJ\H Figure 1. UV—vis pH titration of adducB with pH ranging between 7
HO. N™ “NH, HO. (bold line) and up to 11 (indicated by the arrow)= 0.1 M NaCl, 25°C.
{OJ ° phenolate. That the dA addu& is a stronger acid tha? is
OH OH consistent with the one-electron oxidation potenti&® for purine
TR IRZA nucleosides (1.42 VINHE for A vs 1.29 V/NHE for G in neutral

. ) i watet4) that establish dG as the most electron-rich DNA base.

Our Interest in mod|f|eq nucle_obases stems from research on cicyjation of Hammett substituent constantsZ@nd3 provides
DNA adductlc_m by phenolic carcinogens. Thes_e tox_lns form C8'_ a means to gauge the magnitude of the electron-withdrawing ability
deoxyguanosine (C_S'dG) nucle93|de adducts via rad|cgl |ntgrmed|-of dG and dA and draw comparison to other para substituents (Table
ates? A represgntatlve member is the para C-adc_luthlle th's 1). Since consistency with literature values is critical, the calcula-
adduct_ls a blomarker for phenol_ exposirand its t_nologlcal _ tions were performed using the equatidfup= 9.92 — 2.23(0)
properties may aid our understanding of phenol-mediated carcino- yarived by Biggs and Robinson for substituted phefiosat
genesis, it soon became apparent thebuld serve a dual purpose incorporates the phenol referendé,ms 9.92 and uses@value
and act as a bioprobe for sensing the electronic properties of the ¢ 5 >3 This equation has been used to calculate numerous

attached purine base. Indeed, para-substituted phenols have bee\'?alueéﬁ and afforded @~ of 0.55 for dA and 0.46 for N1-Me-dG
utilized historically to determine substituent{ constantd! These (Table 1). ' '

adducts also act as fluorophofésnd phenolic groups attached to While the normal nucleosides are weakly fluorescent, the
BODIPY dyes have shown a protonation/deprotonation on/off phenolic adductd—3 act as fluorophores and show emission at
fluorescence switching mechanism that can be used in aqueous_s3q4 nm with quantum yields¥{so,) ranging from 0.25 to 0.56
splgtlon to sense pF-.F..The unexpected finding that and 3 act. at pH 7. Interestingly, their fluorescence intensity quenched upon
similarly as pH-sensitive fluorophores prompted the synthesis of _qition of base (pH 11, Figure S2, Supporting Information). For
the dA analogud as the first nucleobase analogue with fluorescent 4411 at pH 11, the dianion showeid, at 408 nm with~50%
pH-sensing properties in the p_hysmlogmal pH region. . fluorescent intensity compared to that of the neutral adduct at pH
Adducts1 and3 were synthesized from 4-hydroxyphenylboronic 5| contrast, adduct? and3 that form the phenolate at pH 11
acid and the appropriate 8-Br-nucleoside using a palladium- and contain neutral purine bases wer88% quenched. These
catalyzed Suzuki cross-coupling reaction (see Supporting Informa- o 1 suggested the possible utility of phenolic dA adducts as
tion for details). The spectrophotometric procedure was utilized to fluorescent pH indicators. However, to be of practical value for
measure phenoliciy values. However, a phenoli&pvalue could this purpose, the probe should have a ground-stéite~p7. This
not be determined for adduttby titration due to overlap with N1 prompted the synthesis of the dA analogligsee Supporting
deprotonation (N1 K, of dG is 9.259). For the N1-Me-dG adduct Information for details) that has a calculated,p~ 7.2 (dA,0~ =

2, a phenolic K, of 8.90 was determined from basic pH titrations 0.55, Cl,0ommo = 0.68"7). Using the spectrophotometric procedure,
that showed clean isosbestic points and a shift from 279 to 292 nm phenolic . of 7.29 was determined fot. Figure 2 shows the
a . .

with increased intensity for formation of the phenolate (Figure S1, pH dependence on the emission spectrund tiat now displays
Supporting Information). For the dA adduBta phenolic Ka of —  ,5re5cent pH-sensing activity in the physiological pH range. The
8.70 was determined from the titration shown in Figure 1, in which optical properties of adducts—4 are summarized in Table S1
the phenolatehabsorbs la’;”a" 308 nm with increased intensity For other phenolic-substituted fluorophores that exhibit proto-
compared to the neutral adduct withax at 282 nm. _ nation/deprotonation on/off switchirig, photoinduced electron
The phenolic K, values of2 and3 show that purine nucleosides . ter (PET) from the phenolate to the excited-state fluorophore
are electron-withdrawing and stabilize the negative charge of the acceptor has been propos&cHowever, for the phenolic purine
t University of Guelph. adducts, a similar mechanism is difficult to envision because purines
*Wake Forest University Health Sciences. are poor electron acceptors with very negative reduction potentials
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Table 1. Hammett o~ Values for dA, N1-Me-dG, and Other Scheme 1
Electron-Withdrawing para Substituents? NH, -
S]
para substituent o para substituent o N)IF;B_@:O
dA 0.55 N1-Me-dG 0.46 kN N PET
2-pyridyl 0.55 N=NCgHs 0.45 dR \ NH,
CONH, 0.61 GFs 0.43 NN
N(CFs)2 0.53 SG=0(CHs) 0.46 ) i J N>:®=o
v N \
dR
aliteratureo~ values are taken from ref 16.
%0 NHz NH,
A pH=6.0 N N@
i- =N pH=69 N'< | \>_®_°@ - N‘:ji"):@ﬂ
f 0o I.'I_-'f . N N N N
8 174 pH=7.1 drR drR
E T II_:'I
.Ill F - ! B . . . .
g ? | g0 help establish a basis for phenol-mediated carcinogenesis. Work
S I PN e to establish their pH-dependent redox properties and transient
ol = 2N . . . . . .
S absorption spectra in aqueous media is underway, as is their
wavelength {nm) conversion into phosphoramidites suitable for solid-phase DNA
Figure 2. Emission spectra of (4 uM) in water as a function of pH. synthesis.
Spectra were recorded with excitation at the absorbance maxih@80— . .
308 nm) at the different pH values. Acknowledgment. Support for this research was provided by
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Supporting Information Available: Experimental procedures,
NMR spectra ofl—4, Table S1, and Figures SB3 described in the
- text. This material is available free of charge via the Internet at http:/
15 ’ ’ pubs.acs.org.
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Figure 3. Cyclic voltammograms of 0.2 M (solid line) and3 (dotted
line) in anhydrous DMF containing 0.1 M tetrabutylammonium hexafluo-
rophosphate (TBAF) using a glassy carbon (diameter 2 mm) working (1) Josephy, P. D.; Mannervik, Bvolecular Toxicology 2nd ed.; Oxford

electrode;y = 0.2 V/s. Potentials are versus SCE. University Press, Inc.: New York, 2006; pp 482.
(2) (a) Galmarini, C. M.; Mackey, J. R.; Dumontet, Gancet Oncol2002
3, 415-424. (b) Sigmond, J.; Peters, GNlcleosides Nucleotides Nucleic
Acids 2005 24, 1997-2022.
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