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Abstract—Electron absorption and fluorescence spectra of a series of 2-phenylbenzazoles in water and
alcohol have been analyzed. The results obtained suggest that the indole fragment can be regarded as an
optimal constituent for newly synthesized potential DNA-binding fluorophores.

Artificia low-molecular-weight compounds capable
of being specifically bound to definite nucleotide
sequences in a genome currently receive extending
applications. Such compounds can be used directly as
radioprotectors and antitumor, antibacterial and anti-
viral preparations [1, 2]. When a DNA-binding com-
pound, apart from high specificity, possesses pro-
perties facilitating its registration (e.g., when its
fluorescence parameters sharply change upon binding
with a polynucleotide), the field of its application
considerably extends. In particular, such compounds
can be used as DNA-tropic probes for fast estimation
of biological contamination of water. In addition,
highly sensitive and specific methods for express
diagnostics of hereditary, malignant, and infectional
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diseases and radiation damages can be developed on
this basis [3, 4].

It should be noted that the majority of DNA-
sensitive fluorophores contain one or more hetero-
cyclic fragments which both endow them with fluor-
escent properties and ensure specificity of their
interaction with polynucleotides. For instance, DNA-
binding compounds should necessarily contain frag-
ments consisting of one or two fused aromatic rings,
one of which should be five-membered and include
a least one heteroatom [5]. A molecule of potential
intercalator should contain one or several fused
aromatic systems consisting of three or more rings,
one of them should necessarily contain a hetero-
aom [6].
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Fig. 1. Electron absorption spectra of compounds |-V in (1) water and (2) 2-propanol; concentration 4.0x10° M.

In view of the above stated, for development of
theoretical principles for creation of new potential
DNA-sensitive fluorophores it was of interest to per-
form a quantitative study of the effect of heteroatom
in benzazoles on their spectral properties. It is known
[7-9] that benzazole ring system is a key structural
fragment of many DNA-binding ligands synthesized
in recent time.

We chose five compounds. 5-amino-2-(4-amino-
phenyl)benzothiazole (1), 5-amino-2-(4-aminophenyl)-
benzoxazole (1), 5(6)-amino-2-(4-aminophenyl)benz-
imidazole (111), 5(6)-amidino-2-(4-aminophenyl)benz-
imiazole (1V), and 6-amidino-2-(4-amidinophenyl)-
indole (V).

The electron absorption and fluorescence emission
spectra of compounds |-V in water and 2-propanol
(as was shown in [8-10], 2-propanol simulates micro-
environment of a dye molecule interacting with DNA)
are given in table and Figs. 1 and 2. It is seen that
the spectra become more structuralized as the weight
of the heteroatom in the benzazole ring rises. In this
respect, the fluorescence emission spectra of com-
pounds I-II1 are more sensitive than their electron
absorption spectra. Thus, only compound | shows two
absorption maxima at above 300 nm, whereas two
fluorescence emission maxima are observed for both
compound | and Il. The intensity ratio of the short-
wave maximum to the long-wave maximum (Ig,/1,,)
is higher for compound I. Also, the Ig,/I,, ratio for
compounds | and |1 increases in going from water to

2-propanol. Probably, these compounds form hydro-
gen bonds with acohol molecules more readily than
with water. According to the data of Ivanov et al. [7],
the long-wave maximum in the fluorescence emission
spectra of | and |1 arises from an H-complex formed
by two molecules of the dye, whereas the short-wave
maximum corresponds to a single molecule.

The fluorescence quantum yields (both in water
and in 2-propanol, see table) increase in the series of
compounds I-I11, in paralel with increasing struc-
turaization of the absorption and fluorescence spectra.
Hence, the fluorescence properties enhance in the
series benzothiazole-benzoxazole-benzimidazole. A
possible reason is the “internal heavy atom effect”
[7, 11]. The fluorescence quantum yield of compound
IV in water was much lower than that for compound
[11. Probably, the amidino group in 1V, being a
stronger electron acceptor than the amino group in 111,
inhibits fluorescence properties.

In 2-propanol, possessing a low dielectric permit-
tivity (as well as upon interaction with DNA), the
electron systems of the terminal groups and aromatic
core of the dye partialy fal out of conjugation; as
a result, its fluorescence properties are restored.
Though the fluorescence quantum yields in water and
acohol (¢, and ¢ ., respectively) for compound I11
are higher than those for IV, the ¢4J/¢,4 ratio for
compound 1V is much greater.

On the other hand, both absolute (¢, and ¢,.)
and relative (pyJ/¢,) fluorescence quantum yields
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Fig. 2. Fluorescence emission spectra of compounds I-V in (1) water and (2) 2-propanol; concentration 4.0x 10° M.

for compound V possessing two termina amidino
groups are higher than those for compound 1V.
Obvioudly, m-excessive indole ring in V ensures more
intense and stable fluorescence, as compared with
n-amphoteric benzimidazole ring in 1V [12].

We can conclude that fluorescence properties en-
hance in the series. benzothiazole-benzoxazole-benz-
imidazole-indole. A similar pattern was observed for
the activity of these heterocycles in binding with

DNA [7]. Thus, benzimidazole or indole fragment
may be regarded as an optimal structural unit for
potential DNA-binding fluorophore.

EXPERIMENTAL

The synthesis of compounds |11 was reported
previously [13]. Compound V (commercia fluoro-
phore DAPI) was purchased from Serva (Germany).

Spectral properties of 2-phenylbenzazoles in water and 2-propanol

Parameter? | I 1] Y V || Parameter®| | I e | v %
A8 nm 315 - - - - 0N wwa | 030 | 0.16 - - -
350 | 340 | 330 | 330 | 340 |(lgy/\\)ac | 067 | 040 | - - -

23K nm 315 - - - - oSy 0.015 | 0.021 | 0.45 | 0.014 | 0.026
355 | 345 | 335 | 340 | 350 [l 0051|013 | - | - -

Mgy NM 430 | 400 | 450 | 450 | 450 [[o3 0.032 | 0.045 | 0.98 | 021 | 0.50
520 | 510 - - — o 0.046 | 010 | - - -

ex10%, Imol~tem™ | 2270 | 123 | 342 | 17.3 | 230 [od/ed¥, | 212 | 214 | 218|215 |[251
ux10 Imoltem™t| 58° | 361° | 2401 | 23 | 40 |oW/el™, |09 |08 | - - -

28 and xgg are wavelengths of the absorption maxima in water and alcohol, respectively (for compounds |-V, these values
coincided with the fluorescence excitation maxima); A4, is the fluorescence emission maximum; ¢ is the molar absorption coef-
ficient in water at A%%; u is the molar fluorescence coefficient in water at A, (for conditions, see Experimental); (Igy/!,u)wa @d
(Isu/l\)ac are the intensity ratios of the short- and long-wave fluorescence emission maxima in water and 2-propanol, respectively;
Qe and (p'vf,"at are fluorescence quantum yields in water at the short-wave and long-wave emission maxima, respectively; and @3
and (p'avl"c are fluorescence quantum vyields in 2-propanol at the short-wave and long-wave emission maxima, respectively.

® At hy 350 nm; at Ay 315 nm, & 22 (in water).

¢ At the long-wave emission maxima of compounds | and II.
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Compound IV was synthesized by the procedure
described in [14]. All measurements were made with
a constant concentration of dyes, ¢ = 4.0 x107° M,
a 20-25°C. The electron absorption spectra were
recorded on a Beckman Model 35 spectrophotometer
(Austria). The fluorescence emission spectra were
recorded on a Hitachi Model 850 spectrofluorimeter
(Japan). The dlits of excitation and emission mono-
chromators were set at 3 nm, scan rate 120 nm/min,
response time 2 s, normal magnification on the photo-
electron multiplier. The fluorescence emission spectra
were recorded at excitation maxima which coincided
with the absorption maxima; the molar fluorescence
coefficients were determined as p = I/c, where | is
the fluorescence intensity recorded under the above
conditions in a standard 1-cm? cell. The fluorescence
guantum yields were determined with the use of a
solution of quinine sulfate in 1 M sulfuric acid
(p 0.55) as reference [15]. Since the absorption and
fluorescence emission spectra of compounds |-V did
not overlap, the relative quantum yields were calcu-
lated from the absorption and fluorescence maxima by
the following equation: @fj; = I, A 1,72 A [9],
where 1, 1; and A,, A; are, respectively, the fluor-
escence intensities and optical densities of solutions
of a compound in states 2 and 1. The fluorescence
spectra were corrected with the use of a quantum
counter on the basis of a standard alcoholic solution of
Rodamin B (as described in the Manual for Hitachi-
850 spectrofluorimeter).

REFERENCES

1. Denison, L., Haigh, A., D' Cunha, G., and Martin, R.F.,
Int. J. Radiat. Biol., 1992, vol. 61, pp. 69-81.

2. Wilson, FW., Tanious, A.T., Barton, H.J., Jones, P.L.,
Fox, K., Wydra, R.L., and Strekowski, L., Biochem-
istry, 1990, vol. 29, no. 36, pp. 8452-8461.

3.

10.

11.

12.

13.

14.

15.

1759

Morgan, A.R., Evans, D.H., Lee, J.S., and Pulley-
blank, D.E., Nucl. Acids Res., 1979, val. 7, no. 3,
pp. 571-595.

Ivanov, S.D., Kovan'ko, E.G., Remizova, 1.V., and
Stefanenko, F.A., Radiobiologicheskie podkhody k
diagnostike luchevykh porazhenii (Radiobiological
Approaches to Diagnostics of Radiation Damages),
Leningrad: Lenigr. Gos. Inst. Usov. Vrach., 1987,
pp. 69-75.

Sibirtsev, V.S, Cand. &ci. (Chem.) Dissertation,
St. Petersburg: S.-Peterb. Gos. Tekhnal. Inst., 1995.

Miller, K.J. and Newlin, D.D., Biopolymers, 1982,
vol. 21, no. 3, pp. 633-652.

Ivanov, S.D., Kvitko, I.Ya.,, Rtishchev, N.I., Fomi-
na, E.I., and Nagorskaya, L.P., Bioorg. Khim., 1989,
vol. 15, no. 5, pp. 648-655.

Sibirtsev, V.S., Garabadzhiu, A.V., and Ivanov, S.D.,
Bioorg. Khim., 1994, vol. 20, no. 6, pp. 650-668.

Sibirtsev, V.S., Garabadzhiu, A.V., and Ivanov, S.D.,
Bioorg. Khim., 1995, vol. 21, no. 9, pp. 731-736.

Jin, R. and Breslauer, K.J.,, Proc. Natl. Acad. <ci.
USA, 1988, vol. 85, no. 23, pp. 8939-8942.

McGlynn, S.P., Azumi, T., and Kinoshita, M.,
Molecular Spectroscopy of the Triplet State, Engle-
wood Cliffs, N.J.: Prentice-Hall, 1972.

Pozharskii, A.F., Teoreticheskie osnovy khimii
geterotsiklov (Theoretical Foundations of the Chem-
istry of Heterocycles), Moscow: Khimiya, 1985.

Preston, 1., De Winter, W., and Hofferbert, W.I.,
J. Heterocycl. Chem., 1969, vol. 6, no. 1, pp. 119-
121.

Sklyarova, 1.V., Kuznetsov, V.A., Sokolova, N.Yu.,
Garabadzhiu, A.V., Ginzburg, A.V., Dobry-
nin, YaV., Nikolaeva, T.G.,, and Fin'ko, V.E.,
Khim.-Farm. Zh., 1988, vol. 22, no. 6, pp. 697-695.
Parker, C.A., Photoluminescence of Solutions.
Amsterdam: Elsevier, 1968.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 33 No. 12 1997



