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A new procedure for the synthesis of aminoanthracene DNA probe 1 was developed. The
model studies on the influence of protective groups on the reaction course towards forma-
tion of aminoanthracene 3a were performed. The results of these studies were utilized in
the synthesis of anthracene crown ether 10a. Binding studies of this compound show low
affinity (K = 2.3x10™' M™") of this probe to CT-DNA. Smaller binding constant of this
compound as compared to compound 3a is presumably caused by complexation of so-
dium cation from the buffer. The model studies towards incorporation of uracyl group
into aminoanthracene 10a by formation of amide bonds were performed. The reaction
proceeds only in the presence of p-nitrophenyl leaving group.
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During our studies towards synthesis of anew type of DNA intercalating agent we
turned our attention on anthracene derivatives [1,2]. It has been pointed out that
anthracene-shaped compounds intercalate without supporting positive charges with
AG, =26-27 kJ/mol [3]. The presence of supporting aminoalkyl substituents in the
intercalating agents structure enhanced this intercalation by 5 kJ increment for each
ion pairing. This was proved by anthracene functionalization. 9-Aminomethylan-
thracene (1) binds to natural and synthetic DNA with high affinity [4]. Increased elec-
trostatic interaction, due to four positive N' groups present in compound 2 (described
by Czarnik and Van Aman), also enhanced its intercalation to DNA [5]. This com-
pound was prepared in reaction of 10-bis-chloromethyl-anthracene with 1,3-di-
aminopropane. The same approach to the synthesis of similar DNA probes was
investigated also by Wunz [6]. Previously we have found that aminoanthracene
intercalator 3a binds to CT-DNA with high affinity [7]. The binding constant of this
compound to CT-DNA, K=4.0 x 10* M ™', was higher than that for aminoanthracene
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(1), K=1.0 x 10* M, already known from [4]. Since all experiments with DNA are
performed in the NaCl buffer, incorporation of crown ether rings into the structure of
probe 3 may enhance its water solubility and interactions with DNA.

This paper deals with the synthesis of a new type of anthracene probes, possess-
ing crown ethers and uracyl groups and the studies of their interaction with CT-DNA.

RESULTS AND DISCUSSION

We intended to obtain aminoanthracene 1, according to already known procedures,
however, none of them was successful [4,8]. Therefore, the synthesis of 9-amino-
methyl-anthracene 1 was based on the functionalization of alcohol 4. This compound re-
acted with phosphorus tribromide in toluene to afford 9-bromomethyl-anthracene (5) in
77% yield. Reaction of bromide 5 with hexamethylenetetramine in chloroform did not
lead to amine 1, according to [9,10 ], but instead, 9-methyl-anthracene was obtained in
over 90% yield. Reaction of bromide 5 with sodium azide in DMSO at 50°C afforded
90% of 9-azidomethyl-anthracene (6). This reaction proceeds smoothly below 60°C. At
higher temperature, formation of a side product was observed. Reduction of the azido
gfoup can be performed with LiAlH4 in THF at 30°C or NaBH; in toluene-methanol
mixture at 10°C. In both cases, the yield of pure amine 6 was almost the same (88%), but
reduction with NaBH, was more convenient. Treatment of free amine 1 in toluene with
gaseous HCl precipitated the hydrochloride. Purification of this compound by crystalli-
zation failed, since formation of respective cyclodimers was noted above 40°C. This
cyclodimer was characterized previously [8]. Therefore, for DNA binding experiments
amine 1 was purified by precipitation from water— methanol solution.

iPreviously we have published the synthetic procedure for the preparation of com-
pound 3 [7], based on modification of the literature procedure [10].
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The synthesis based on unprotected aminoacetal 7a was found to be hardly reproduc-
ible. Therefore, we decided to protect amino groups in order to improve the yield of reac-
tion and simplify the purification of the products desired. In the first experiment, the
acetyl group was used. Desired amide 7b was obtained upon mixing of amine 7a with
ethyl acetate in 95% yield [11]. This compound was used for the next reaction, but only
traces of 3b were obtained and attempted purification failed, due to insolubility of the
product. Application of trifluoroacetyl group [12] was more successful. Reaction of
acetal 7¢ (prepared from trifluoroethyl acetate and amine 7a according to [13] in 95%
yield) and veratrole gave bisamide 3¢ in 45% yield. Deprotection of amine functions can
be performed upon treatment with NH,OH solution, according to [14]. Unfortunately,
low solubility of amide 3¢ forced us to modify the reaction conditions. We have found
that the desired compound can be obtained in dioxane containing 5% NH4OH at 10°C.
At higher temperature, decomposition of 3a was observed and, finally, the expected
product was obtained in 33% yield after crystallization. For DNA binding studies, hydro-
chloride of bisamine 3a was obtained by treatment of amine solution with HCI. Protec-
tion of the amino group in compound 3a with benzoyl [15] and tosyl [16] groups in
compounds 7d and 7e, respectively, did not allow to prepare the desired compounds of
structure 3e. These studies on the influence of protective groups on the yield of reaction
between N-protected aminoacetals 7 and veratrole were used for the synthesis of
bisanthracene crown ethers 10a.

Reaction of benzo-15-crown-5 (9) with amine 7a in the presence of sulphuric acid
led to anthracene crown 10a in 19% yield. Application of amide 7b allowed to prepare
desired compound 10b in 35 % yield. Unfortunately, poor solubility of this compound
limited its reactivity, what was observed upon deprotection of amido functions. Reaction
with ammonium hydroxide proceeded slowly and the desired compound 10a was ob-



1726 R. Ostaszewski, E. Wilczynska and M. Wolszczak

(1), K=1.0x 10* M, already known from [4]. Since all experiments with DNA are
performed in the NaCl buffer, incorporation of crown ether rings into the structure of
probe 3 may enhance its water solubility and interactions with DNA.

This paper deals with the synthesis of a new type of anthracene probes, possess-
ing crown ethers and uracyl groups and the studies of their interaction with CT-DNA.

Chart 1
i X j“\,/\ H 0
gt
HFN‘JFH N\H ﬁiﬂ 1 /\J_i,N\H
/
it 9 W 8 <5 o W
H H
i * +
e e N~B, 2
| | N
H H ACI i H
1 3 H
RESULTS AND DISCUSSION

We intended to obtain aminoanthracene 1, according to already known procedures,
however, none of them was successful [4,8]. Therefore, the synthesis of 9-amino-
methyl-anthracene 1 was based on the functionalization of alcohol 4. This compound re-
acted with phosphorus tribromide in toluene to afford 9-bromomethyl-anthracene (5) in
77% yield. Reaction of bromide § with hexamethylenetetramine in chloroform did not
lead to amine 1, according to [9,10 ], but instead, 9-methyl-anthracene was obtained in
over 90% yield. Reaction of bromide 5 with sodium azide in DMSO at 50°C afforded
90% of 9-azidomethyl-anthracene (6). This reaction proceeds smoothly below 60°C. At
higher temperature, formation of a side product was observed. Reduction of the azido
group can be performed with LiAlH, in THF at 30°C or NaBH; in toluene-methanol
mixture at 10°C. Inboth cases, the yield of pure amine 6 was almost the same (88%), but
reduction with NaBH, was more convenient. Treatment of free amine 1 in toluene with
gaseous HCl precipitated the hydrochloride. Purification of this compound by crystalli-
zation failed, since formation of respective cyclodimers was noted above 40°C. This
cyclodimer was characterized previously [8]. Therefore, for DNA binding experiments
amine 1 was purified by precipitation from water— methanol solution.

3 Previously we have published the synthetic procedure for the preparation of com-
pound 3 [7], based on modification of the literature procedure [10].
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The synthesis based on unprotected aminoacetal 7a was found to be hardly reproduc-
ible. Therefore, we decided to protect amino groups in order to improve the yield of reac-
tion and simplify the purification of the products desired. In the first experiment, the
acetyl group was used. Desired amide 7b was obtained upon mixing of amine 7a with
ethyl acetate in 95% yield [11]. This compound was used for the next reaction, but only
traces of 3b were obtained and attempted purification failed, due to insolubility of the
product. Application of trifluoroacetyl group [12] was more successful. Reaction of
acetal 7¢ (prepared from trifluoroethyl acetate and amine 7a according to [13] in 95%
yield) and veratrole gave bisamide 3¢ in 45% yield. Deprotection of amine functions can
be performed upon treatment with NH,OH solution, according to [14]. Unfortunately,
low solubility of amide 3¢ forced us to modify the reaction conditions. We have found
that the desired compound can be obtained in dioxane containing 5% NH4OH at 10°C.
At higher temperature, decomposition of 3a was observed and, finally, the expected
product was obtained in 33% yield after crystallization. For DNA binding studies, hydro-
chloride of bisamine 3a was obtained by treatment of amine solution with HCI. Protec-
tion of the amino group in compound 3a with benzoyl [15] and tosyl [16] groups in
compounds 7d and 7e, respectively, did not allow to prepare the desired compounds of
structure 3e. These studies on the influence of protective groups on the yield of reaction
between N-protected aminoacetals 7 and veratrole were used for the synthesis of
bisanthracene crown ethers 10a.

Reaction of benzo-15-crown-5 (9) with amine 7a in the presence of sulphuric acid
led to anthracene crown 10a in 19% yield. Application of amide 7b allowed to prepare
desired compound 10b in 35 % yield. Unfortunately, poor solubility of this compound
limited its reactivity, what was observed upon deprotection of amido functions. Reaction
with ammonium hydroxide proceeded slowly and the desired compound 10a was ob-
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tained in 25% yield after recrystallization from toluene. The hydrochloride of amine 10a,
required for DNA binding studies, was obtained in the usual way.

The interaction of anthracene amines to DNA can be enhanced by uracyl groups in
the ligand structure, capable to interact with DNA by formation of hydrogen bonds to
DNA bases. As a target structure, easily accessible uracyl derivative 11a was selected.
This compound was prepared, according to procedure in 65% yield [17]. Its reactivity to-
wards formation of amide bond to compound 3a was studied. Direct coupling procedure,
using DCC or DCC-HOBT, failed [ 18] and none of the desired compounds was obtained.
In the next step, the respective acyl chloride 11b was prepared [19]. Unfortunately, this
compound did not react with amine 3a and amide 12 was not formed. In the next step,
p-nitrophenyl ester 11¢, derived from acid 11a, was prepared [20]. Its reaction with
anthracene amine 3a proceeded in 91% yield and compound 12 was obtained in DMF at
50°C. The target amide obtained is poorly soluble in protic and aprotic solvents and
therefore its interaction with CT-DNA cannot be studied. Similar problems with the sol-
ubility of the target compounds were already mentioned [21].

DNA binding studies. For the DNA binding experiments only compounds of good
solubilities in water can be used. Our previous experiments were performed on probes 1
and 3a. Since incorporation of the uracyl group into structure 12 decreased its solubility
in water, binding studies of compound 10a to CT-DNA were performed, according to
previously used methods [7], using absorption and fluorescence spectroscopy. In the ab-
sorption spectra of the target compounds, increasing the amount of CT-DNA caused
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Figure 1. The changes in UV (upper) and fluorescence spectra of compound 3a (54.3 pM of mmol dm™)
upon addition of CT DNA (in aqueous 50 mM NaCl, at pH = 7.0).
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only a small decrease in the peak intensities (hypochromicity), small broadening and a
red shiftin UV spectra (Figure 1). Fluorescence studies proved, that upon addition of the
CT-DNA to the solution of 10a quenching of fluorescence by DNA bases was observed.
Analysis of the fluorescence data, according to Stern-Volmer equation [4], allowed to es-
timate the binding constant at K =2.3 x 10' M™', which is smaller than the value obtained

for probe 3a (K=4.0 x 10* M™'). Weak binding of our probe to CT-DNA is caused by the
crown ether rings in the probe structure. Complexation of two sodium cations from
buffer weakens the electrostatic interaction [3]. Synthesis of a new type of fluorescence
probes, based on a simple molecule of veratrole type, allowed the monitoring of its inter-
action with CT-DNA by the spectroscopic method. We found, thattwo amino groups en-
hance the intercalation with DNA, according to the general probe behaviour.
Modification of the probe 3a by incorporation of two crown ether rings in compound 10a
diminished its interaction with CT-DNA. Therefore, the presence of crown ethers ring in
DNA probes is highly untidy. Incorporation of uracyl group in probe structure, via amide
bonds, resulted in a strong decrease of the solubility of these compounds. Although, the
presence of such a group in the probe structure can strongly influence its interaction
with DNA [22,23], further synthetic methodologies are required in order to develop suit-
able procedures for anthracene probe uracyl coupling reactions, based on formation on
C-N bonds.

EXPERIMENTAL

General. Melting points were determined using a Kofler hot-stage apparatus and are uncorrected. 'H
NMR spectra were recorded using a Varian 200 Gemini spectrometer in CDCl; or CDCl3/CeDs with TMS
as an internal standard. Liquid SIMS spectra were determined on an AMD 604 spectrometer (Cs', 10
keV). The steady-state fluorescence and excitation spectra were recorded with a Perkin-Elmer LS-50B
Spectrofluorimeter. Cary SE (Varian) or Hewlett-Packard 8452 spectrophotometers were used for the ab-
sorption measurements. All measurements were performed at room temperature, and the samples were
deaerated by careful bubbling with nitrogen for 20 min. Sodium salt of Calf Thymus DNA was obtained
from Merck, Darmstadt, and used according to published procedure [24]. Phosphate buffer (pH =7) was
purchased from POCh, Gliwice.

9-Bromomethyl-anthracene 5: The suspension of 9-hydroxymethylanthracene (4) (1.5 g, 7.2
mmol) in toluene (40 ml) cooled to 0°C in ice-bath, phosphorus tribromide (0.8 ml, 8.5 mmol) was added
and the reaction mixture was left for 1 hour; during this time it became homogeneous. Then, saturated so-
dium carbonate solution (10 ml) was added, the phases were separated, the organic phase was washed
with water (5 ml), brine (5 ml) and dried (MgS0.). Evaporation of the solvent followed by crystallization
of the residue from toluene gave 9-bromomethyl-anthracene (1.5 g, 77% yield). M.p. 135.2-138.0°C (to-
luene) (lit. [12] 140-142°C). '"H NMR (CDCls) &: 5.53 (2H, 5, -CH,Br), 7.45-7.68 (4H, t, m, ArH), 8.03
(2H, d, = 8.4, ArH), 8.30 (2H, d, T = 8.7, ArH), 8.47 (1H, s, ArH). 3C NMR (CDCl;) &: 27.6, 125.9,
127.3, 129.7, 129.8. Anal. Calcd. for CysHyBr: C, 66.44; H, 4.09. Found: C, 66.02; H, 4.50.

9-Azidomethyl-anthracene 6: 9-Bromomethyl-anthracene (5) (1.1 g, 4.0 mmol) was dissolved in
DMSO (25 ml) and sodium azide was added (0.27 g, 4.1 mmol) in one portion. The temperature of reac-
tion mixture was raised to 50°C and stirring was continued at this temperature for 4 h. Then, reaction mix-
ture was cooled to room temperature and water (40 ml) was added, followed by ethyl acetate (20 ml). The
phases were separated and the aqueous one was extracted by ethyl acetate (2 x 20 ml). The organic phases
were combined, washed with brine (15 ml) and dried (MgS0y). The solvent was evaporated and the crude
product was purified by crystallization from toluene (1.35 g, 90% yield). M.p. 82.3-83.1 °C. '"H NMR
(CDCly) 3: 5.26 (2H, 5, -CH;N3), 7.42-7.62 (4H, t, m, ArH), 8.00 (2H, brd, J=8.2, ArH), 8.25 (2H, brd,
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J=9.0, ArH), 8.45 (1H, s, ArH). "C NMR (CDCl;) &: 46.2, 123.4, 125.1, 126.7, 128.9, 129.2, 130.6,
131.3. Anal. Calcd. for CysH,Ni: C, 77.23; H, 7.75, N, 18.01. Found: C, 77.04; H, 4.58: N, 17.98.

9-Aminomethyl-anthracene 1: 9-Azidomethyl-anthracene (6) (1.2 g, 3.2 mmol) was dissolved in
ethanol ( 40 ml) and sodium borohydride was added in two portions ( 0.12 g, 3.2 mmol) keeping the tem-
perature of reaction mixture below 5°C. After 20 minutes, the cooling bath was removed and the reaction
mixture was left for 1 hour. The excess of reducing reagent was decomposed by addition of hydrochloric
acid, the solvent was evaporated, the residue was dissolved in water (40 ml) and the aqueous phase was
extracted with toluene (2 x 10 ml). Water phase was adjusted to pH 10 by addition of 5% NaOH and the
product was extracted with toluene (2 x 20 ml). The organic phases were combined, washed with brine (15
ml), dried (MgS0,), and the crude product was crystallized from toluene: m.p. 98.5-101.0°C (lit. [25]
98-100°C). Hydrochloride of 1 was precipitated from the chloroform solution of the amine by treatment
with gaseous HCL. '"H NMR (DMSO0-d,) 5: 5.05 (2H, d, ] = 5.2, -CH;NH;), 7.48-7.69 (4H, m, ArH), 8.18
(2H,d, J = 8.1, ArH), 8.45 (2H, d, ] = 8.5, ArH), 8.76 (1H, s, ArH).

Synthesis of 2,3,6,7-tetramethoxy anthracene probes. General synthetic procedure: To the in-
tensively stirred, cooled to 5°C (ice bath) solution of 84% sulphuric acid (10 ml), a solution of the respec-
tive N-protected aldehyde 3 (10 mmol), veratrole (0.28 g, 2 mmol) or benzo-15-crown-15 (0.536 g, 2
mmol) in chloroform (5 ml) was added slowly, while keeping the temperature below 10°C. The reaction
mixture became dark red and was stirred at this temperature for 1 h, then the cooling bath was removed
and stirring was continued until TLC indicated complete conversion of the benzo-15-crown-5 (usually 1
h). Water (50 ml) was added followed by ammonium hydroxide to reach pH 11. Aqueous phase was ex-
tracted with chloroform (3x 30 ml) and the organic phases were combined and dried (MgS0O,). In most
cases, pure products were purified by column chromatography on silica gel using chloroform-methanol
solvent mixture (95/5, v/v).

9,10-Di(3-aminopropyl)-2,3,6,7-tetramethoxy-anthracene 3a: Crude amine was purified by
recrystallization from toluene. Hydrochloride 3 was precipitated from the chloroform solution after treat-
ment of the amine with gaseous HCl. Overall yield 55%. 'H NMR (DMSO-ds) 6: 1.99 (4H, bris,
-CH,CH;N), 3.10 (4H, t, ] = 6.8 Hz, -CH,CH,N), 3.46-3.58 (4H, m, ArCH,-), 4.02 (18H, br s, -OCH; +
NH,), 7.41 (4H, s, ArH). "C NMR (CDCl;) 3: 25.3, 28.2, 56.1, 96.0, 102.9, 125.5, 128.4, 149.6. Anal.
Caled. for Cp4H3404C1,+H,0: C, 57.26; H, 7.21; N, 5.56. Found: C, 57.02; H 7.50; N, 5.34.

9,10-Di(3-(trifluoracetylamino)propyl)-2,3,6,7-tetramethoxy-anthracene 3c: Crude amide pre-
cipitated upon dilution of reaction mixture with methanol was filtered off and crystallized from chloro-
form. Yield45%. "HNMR (DMSO-dg) 8: 1.96 (4H, m, -CH,CH;N), 3.45-3.55 (8H, m, -CH,CH,CH,N),
4.01 (12H, s, -OCH;), 7.41 (4H, s, ArH), 9.66 (s, 2H, NH). "*C NMR (CDCl;) 8: 25.6, 29.8, 55.5, 96.0,
102.5,125.1, 128.2, 149.1, 173.4. IR (KBr): 3308m (NH), 1704vs (C=0), 1567m, 1500s, 1436m, 1248s,
12045, 1179s, 1034m, 827w, 525w. LSIMS (NBA) m/z 604 ([M+H]", 100%), 460 (25%). HR-LSIMS m/z
604.2039 (604.2009 calcd. for C;sH3004N,Fg, [M]"). Anal. Caled. for Cy5H3pO4N,Fs+CHCl;: C, 48.19:
H, 4.33; N, 3.33. Found: C, 48.26; H, 4.49; N, 3.88.

Deprotection of the amino groups in compound 3c. To the suspension of bisamide 3¢ (0.30 g, 0.41
mmol) indioxane (100 ml), cooled to 10°C, ammonium hydroxide (I ml, 25% in water) was added, the re-
action mixture was stirred at this temperature for 8 h and concentrated. Crude product was purified by
recrystallization from toluene. The hydrochloride obtained from this bisamine in overall 33% yield was
identical with 3a prepared previously.

9,10-Di(3-aminopropyl)-2,3-6,7-di(15-crown-5)-anthracene 10a: Crude amine was purified by
recrystallization from toluene. Hydrochloride 3 was precipitated from the chloroform solution after treat-
ment of the amine with gaseous HCl. Overall yield 55%. 'H NMR (DMSO-ds) 8: 1.99 (4H, br s,
-CH,CH;N), 3.10 (4H, t, ] = 6.8 Hz, -CH,CH;N), 3.46-3.58 (4H, m, ArCH,-), 4.02 (18H, br s, -OCH; +
NH;), 7.41 (4H, s, ArH). "C NMR (CDCly) 8: 25.3, 28.2, 56.1, 96.0, 102.9, 125.5, 128.4, 149.6. Anal.
Caled. for C24H340,4Cl+H,0: C, 57.26; H, 7.21; N, 5.56. Found: C, 57.02; H 7.50; N, 5.34.

9,10-Di(3-(trifluoroacetylamino)propyl)-2,3-6,7-di(15-crown-5)-anthracene 10b: Crude amide
precipitated upon dilution of reaction mixture with methanol was filtered off and crystallized from chlo-
roform. Yield 35%. 'H NMR (DMSO-de) 5: 1.89 (4H, br s, -CH,CH;N), 3.30-3.49 (8H, m,
-CH,;CH,CH;N), 3.67 (16H, br s, -OCH,CH,-), 3.88 (8H, br s, ArOCH,CH,0-), 4.24 (8H, br s,
ArOCH,CH,0-), 7.36 (4H, s, ArH), 9.61 (2H, s, NH). IR (KBr): 3301m (NH), 1706vs (C=0), 1569m,
1499vs, 1451m, 1250s, 1185vs, 11585, 1088m, 1034m, 984m, 632w, 889w, 723w, LSIMS (NBA) m/z 887
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([M+Na]", 100%), 864 (IM]", 18%). Anal. Calcd. for C.cHsq012N-Fs+CHCl3 C,50.39; H, 5.22; N, 2.85.
Found: C, 50.39; H 5.38; N, 2.77.

Deprotection of amino groups in compound 10b. To the suspension of bisamide 3¢ (0.25g,0.25
mmol) in dioxane (100 ml), cooled to 10°C, ammonium hydroxide (1ml, 25% in water) was added and re-
action mixture was stirred at this temperature for 8 h. Then, the solvents were evaporated and the crude
product was purified by recrystallization from toluene. The hydrochloride obtained from this bisamine in
overall 25% yield was identical with 10a prepared previously.

Synthesis of uracyl - anthracene probe 12. Toa stirred solution of amine 3a (0.24 g, 0.5 mmol) in
DMF (10 ml), asolution ofuracyl derivative 11¢ (0.32 g, 1.1 mmol) in DMF (5 ml) was added atroom tem-
perature and precipitation of product was observed within 5 minutes. The reaction mixture was heated at
50°C for 0.5 hour, cooled to room temperature, and then methanol was added ( 25 ml). The precipitated
product was filtered off, washed with methanol and dried under vacuum. Yield 91%. 'H NMR
(DMSO-dg) 8: 1.90 (4H, brs, -CH,CH;N), 2.56 (4H, brs, COCH,N), 3.20-3.41 (8H, m, -CH,CH,C H;N),
3.46 (12H, brs, -OCH3), 5.56 (2H, br d,J=7.9, NCH=CH-), 6.60 (2H, s, CONH), 7.43 (4H, s, ArH), 7.55
(2H, br d, J = 7.9, NCH=CH-), 11.31 (2H, s, NuncH); IR (KBr): 3418m (N-H), 3303m (N-H
intermolecular), 16845 vs (C=0), 1567m, 1500m, 1455m, 13525, 1249s, 11065, 942w, 805w, 553w
LSIMS (NBA) m/z 717 ([M+H]", 1.5%), 605 ([M-uracyl]", 11%), 111 (100%); Anal. Caled. for
CssHaoO10Ns: C, 60.36; H, 5.63; N, 11.73. Found: C, 60.79; H 5.38; N, 11.27.

Acknowledgment

This work was supported by the Polish State Committee for Scientific Research (Grant No. 3 TO9A 050
011). We thank Prof. J. Jurczak for his kind interest and constant support.

REFERENCES

1.Chaw C.S. and Bogdan F.M., Chem. Rev.,, 97, 1489 (1997).

2. Kool E.T., Chem. Rev., 97, 1473 (1997).

3. Schneider H.-J. and Sartorius J., in Ph ysical Supramolecular Chemistry, An Incremental Empirical Ap-
proach to Non-Covalent Interactions in and with DNA; Echegoyen L. and Kaifer A.E.; Eds.; Kluver
Acad. Publ., 1996; 11.

4. Kumar C.V. and Asuncion E.H., J. Am. Chem, Soc., 115, 8547 (1993).

5.Van Arman S. and Czamik A., J. Am. Chem. Soc., 112, 5376 (1990).

6. Wunz T.P,, Dorr R.T., Alberts D.S., Tunget C.L. and Einspahr 1., J. Med. Chem., 30, 1313 (1987).

7 Ostaszewski R., Wilczynska, E. and Wolszczak M., Bioorg. Med. Chem. Lett., 8, 2995 (1988).

8. Calas R., Lalande R., Faugere J.P. and Moulines F., Bull. Soc. Chim. Fr., 119 (1965).

9. Kumar C.V. and Tolosa L.M., J. Phys. Chem., 97, 13914 (1993).

10. Muller A., Raltschewa M. and Papp M., Chem. Ber., 6, 692 (1942).

11.Keglevic D., Stojanac N. and Desaty D., Croat. Chem. Acta, 33, 83 (1961).

12. Curphey T.J., J. Org. Chem., 44, 2805 (1979).

13. Brown R.T., Carter N.E., Lumbard K.W. and Scheinmann F., Tetrahedron Lett., 36 8661 (1995).

14.Imazawa M. and Swodenk W., J. Org. Chem., 44, 2039 (1979).

15. Desaty D. and Keglevic D., Croat. Chem. Acta, 37, 25 (1965).

16. Blechert S., Knier R., Schroers H. and Wirth T., Synthesis, 592 (1995).

17. Jacobsen J.R., Cochran A.G., Stephans 1.C.,King D.S. and Schultz, P G.,J. Am. Chem. Soc., 117, 5453
(1995).

18. Fujii M., Yoshida K., Hidaka J. and Ohtsu T., J. Chem. Soc., Chem. Commun., 717 (1998).

19. Capraro H.G., Lang M. and Schneider P., Heterocycles, 28, 643 (1 989).

20. Pischell H., Holy A. and Wager G., Collect . Czech. Chem. Commun., 44, 1634 (1979).

21. Kotera M., Lehn J.-M. and Vigneron J.-P., Tetrahedron, 51, 1953 (1995).

22. Nielsen P.E., Egholm M., Berg R_H. and Buchardt O., Science, 254, 1497 (1992).

23. Egholm M,, Buchardt O., Nielsen P.E. and Berg R.H., J Am. Chem. Soc., 114, 1895 (1992).

24. Siddigi M.A. and Bothe E., Radiation Res., 112, 449 (1987).

25. Weizman H., Ardon O., Mester B., Libman J., Dwir 0.,Hadar Y., Chen Y. and Shanzer A., J. Am. Chem.
Soc., 188, 12368 (1996).



