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New 7-(2-aminoethyl)-7H-benzo[4,5]indolo[2,3-b]quinoxalines (13e20) were synthesized with high
yields starting from 3H-benzo[e]indole-1,2-dione. These compounds were screened for the cytotoxicity,
anti-viral activity, interferon inducing ability and DNA affinity compared with the corresponding 6-(2-
aminoethyl)-6H-indolo[2,3-b]quinoxaline derivatives (1e12). It was shown, that compounds 13e20 bind
to DNA stronger (lg La ¼ 6.23e6.87) than compounds 1e12 (lg La ¼ 5.57e5.89). Anti-viral activity is
significantly reduced with annulations of benzene ring in Indoloquinoxaline moiety 13e20.

� 2010 Elsevier Masson SAS. All rights reserved.
1. Introduction to structure similarity with investigated compounds. Dispersive
Earlier we have synthesized 6-(2-aminoethyl)-6H-indolo[2,3-b]
quinoxaline derivatives (1e12) and shown that these compounds
are low toxic potent interferon inducers and antivirals [1]. Inter-
feron inducing ability of planar polycyclic compounds may be
attributed to their DNA intercalating ability. This hypothesis, based
on the spectrum of tilorone and its analogs activities [2], was
confirmed by discovering of active interferon inducers and antivi-
rals among some acridine and fluorene derivatives [3e8].
Furthermore, interferon inducing activity was demonstrated for
different planar polycyclic compounds which intercalating ability
was demonstrated independently [9,10], or may be supposed,
regarding their planarity and presence of the positively charged
aminoalkyl group. All above is rightful for the indoloquinoxaline
derivatives 1e12. Intercalation to DNA was shown for some indo-
loquinoxaline derivatives, synthesized and investigated by J. Berg-
man et al [11,12]. For the other ones it may be speculated according
hemical Institute of NAS of
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interactions and p-stacking [13,14] as well as hydrophobic inter-
actions play the major role in stabilization of the intercalative
complex [15]. These interactions mainly, derived of the chromo-
phore structure peculiarities, particularly its size and of the side
groups positions. Regarding the above extending of indoloqui-
noxaline chromophore via annulation additive condensed benzene
ring has led to the significant increase in DNA affinity of
compounds. Importance of the size and nature of the intercalating
chromophore for antitumor activity of intercalators was investi-
gated carefully [16], but interferon inducing and anti-viral proper-
ties dependence from DNA affinity wasn’t investigated till now on
our knowledge.

That is why investigation of DNA affinity of 1e12 as well as their
benzo homologs 13e20 (Fig. 1) and biological activity of the last
ones became the aim of this work.

2. Results and discussion

2.1. Chemistry

Targeted compounds 13e20 were obtained starting from
3H-benzo[e]indole-1,2-dione (21), which synthesis was described
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Fig. 1. Structures of early synthesized indoloquinoxalines (1e12) and new benzoindoloquinoxalines (13e20).
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Scheme 1. Synthesis of 7-(2-aminoethyl)-7H-benzo[4,5]indolo[2,3-b]quinoxalines.
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earlier [17]. 7H-Benzo[4,5]indolo[2,3-b]quinoxaline (22) was
synthesized according to a described method for 6H-indolo[2,3-b]
quinoxaline [18] by condensation of 3H-benzo[e]indole-1,2-dione
(21) with 1,2-diaminobenzene under boiling in acetic acid with 80%
yield (Scheme 1). Chromatographically pure product 22 was
obtained after recrystallization from dimethylformamide. Further
alkylation of 22 by excess of dibromoethane was carried out in
dimethylformamide at room temperature in the presence of equi-
molar quantity of sodium methylate in methanol, the product 23
was purified by column chromatography. 7-(2-Aminoethyl)-7H-
benzo[4,5]indolo[2,3-b]quinoxaline derivatives (13e20) were
obtained by aminodebromination of 23 by excess secondary amines
Table 1
The lg Ka and lg C50 values of compounds 1e12 and 13e20.

Compound lg Ka lg C50 �3

1 5.93 �3.83 0.07
2 6.07 �3.97 0.07
3 6.09 �3.99 0.15
4 5.93 �3.82 0.08
5 6.01 �3.91 0.06
6 6.05 �3.95 0.06
7 6.01 �3.91 0.06
8 6.19 �4.08 0.08
9 5.98 �3.88 0.07
10 6.16 �4.06 0.15
11 5.87 �3.77 0.10
12 5.89 �3.78 0.09
13 6.94 �4.84 0.07
14 6.79 �4.69 0.12
15 6.91 �4.80 0.14
16 6.61 �4.51 0.12
17 6.83 �4.73 0.09
18 6.58 �4.48 0.10
19 6.94 �4.84 0.11
20 6.94 �4.84 0.09
in boiling benzene (compounds 14e20) or in dimethylformamide
(compound 13) at room temperature (Scheme 1) in 80e90% yields.

The purity of compounds was controlled by thin-layer chro-
matography on pre-coated silica gel F254 plates using eluents of
different composition.

The structure of the synthesized compounds was proved by
mass-spectrometry, IR spectroscopy and NMR-spectroscopy.

Molecular ions peaks (MHþ) with intensity 100% are present in
mass-spectra of compounds 13e20 with ionization method of fast
atom bombardment (FAB). Fragment ions set correspond to sug-
gested structures. Stretching vibrations of aromatic CeH bonds are
observed in IR spectrums of compounds 13e20 at 3075e3030 cm�1,
aliphatic e 2980e2750 cm�1. Double bonds vibrations of hetero-
cyclic fragments exhibit a band set at 1620e1450 cm�1. The bands at
1200e1030 cm�1 are corresponds to CH2eN vibrations.

The signals of aromatic and aliphatic protons are observed in 1H
NMR-spectra of synthesized compounds 13e20. The integral inten-
sity and multiplicity of signals correspond to assigned structures.
2.2. Biological activity

The affinity of the earlier synthesized compounds 1e12 [1] and
7-(2-aminoethyl)-7H-benzo[4,5]indolo[2,3-b]quinoxalines
(13e20) to calf thymus DNA was determined by ethidium bromide
displacement assay [19]. The obtained association constants (lg Ka)
and lg C50 values are shown in Table 1.

It was found that the lg Ka values of the pentacyclic derivatives
13e20 are approximately one order magnitude greater than those
of the corresponding tetracyclic derivatives 1e12 (P < 0.001 using
KruskaleWallis nonparametric test H ¼ 13.77 vs c2 ¼ 10.83 [20]).

Invitro cytotoxicity, interferon inducingproperties and anti-viral
activity of synthesized compounds were tested using murine
fibroblasts (L929) cells. The obtained results for synthesized



Table 2
Cytotoxicity of compounds 1e12 and 13e20.

Compound CC50, mMa e lg CC50 �3 b

1 91 4.04 0.05
2 645 3.19 0.03
3 218 3.66 0.05
4 562 3.25 0.06
5 173 3.76 0.04
6 76 4.12 0.06
7 177 3.75 0.03
8 234 3.63 0.04
9 575 3.24 0.05
10 144 3.84 0.09
11 97 4.01 0.02
12 1071 2.97 e

13 49.9 4.30 0.08
14 180 3.74 0.05
15 > 42.6 < 4.37 e

16 > 221 < 3.66 e

17 113 3.95 0.10
18 > 214 < 3.69 e

19 21.4 4.67 0.04
20 e e c e

a CC50 e concentration of tested compound, which leads to 50% cell monolayer
destruction.

b Confidence interval value (�3) was calculated using P < 0.05.
c CC50 value determination was failed because of low compound solubility.

Table 4
Interferon-inducing activity of compounds 1e12
and 13e20 at 1.1 mM.

Compound T IFNa

1 16
2 64
3 8
4 16
5 8
6 32
7 64
8 32
9 8
10 64
11 4
12 8
13 2
14 2
15 2
16 8
17 10
18 2
19 6
20 2

a T IFN e titer of the induced IFN e maximal
IFN-containing cultural medium dilution, under
which it’s ability to the cytopathic action of VSV
inhibition remains.
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compounds 13e20 as well as earlier published results [1] for
compounds 1e12 are summarized in Table 2e4.

It should be noted that benzoindoloquinoxaline derivatives are
low soluble in media therefore CC50 value determination for some
compounds was failed; meanwhile the maximal achieved concen-
trations appeared as nontoxic. Compounds 13,14,17 and 19 showed
higher cytotoxicity in comparison with corresponding indoloqui-
noxalinederivatives1,2,8and11 (Table2).Onlypiperidinederivative
16 appeared lower cytotoxicity than its analog 7. In general, differ-
ence between these two groups of compounds (1e12 and 13e20)
appearedasnonsignificant (0.05< P<0.1) accordingKruskaleWallis
test (H ¼ 3.79 vs c2 ¼ 3.84 and 2.71 correspondently).

Anti-viral activity was investigated against vesicular stomatitis
virus (VSV) under preventive (the tested compounds were added to
Table 3
Anti-viral activity of compounds 1e12 and 13e20.

Compound PEa TEb

Fmax
c C (Fmax)d Fmax C (Fmax)

1 75 3.1 100 25
2 90 6.2 100 12.5
3 90 13 75 12.5
4 75 3.1 80 25
5 50 3.1 50 12.5
6 85 3.1 100 12.5
7 90 3.1 75 6.2
8 90 6.2 77 6.2
9 90 13 50 12.5
10 90 6.2 100 50
11 85 13 100 12.5
12 85 13 30 6.2
13 21 30 45 15
14 14 113 56 7.1
15 16 3.0 48 21.3
16 20 110 55 27.5
17 20 53 50 6.7
18 30 53 51 21.4
19 17 13 80 6.7
20 10 0.2 50 5.5

a TE-protective effect in therapeutic model (see text).
b PE-protective effect in preventive model (see text).
c Fmax, %-maximal protection’s degree of cell monolayer from VSV cytopatic

action.
d C (Fmax), m-tested compound concentration (mM) at which Fmax is observed.
the cell monolayer 24 h before virus infection) and therapeutic (the
tested compounds were added immediately after virus infection)
models. The obtained results for compounds 13e20 and earlier
published results [1] for compounds 1e12 are summarized in
Table 3. It was found that the anti-viral activity is significantly
reduced with the annulation of benzene ring in indoloquinixaline’s
molecule. Degree of the anti-viral protection for compounds 13e20
as in preventive model, as well as in therapeutic model mostly does
not exceed 50%, while the concentration providing maximum
protection increases almost one order of magnitude compared with
the corresponding indoloquinoxalines 1e12. It should be noted that
anti-viral activity of the 7H-benzo[4,5]indolo [2,3-b] quinoxalines
derivatives (13e20) is higher in therapeuticmodel (Fmax¼ 45e80%)
than in preventive model (Fmax ¼ 10e30%).

The interferon-inducing activity of compounds 13e20 is also
lower compared with compounds 1e12 (Table 4). The compounds
containing piperidine (16) and 2-methylpiperidine (17) as terminal
aminogroups induced highest titers of interferon among the 7H-
benzo[4,5]indolo[2,3-b]quinoxalines derivatives. The interferon-
inducing activity of compounds 1e12 and 13e20 is significantly
lower (P < 0.005) using KruskaleWallis nonparametric test
(H ¼ 9.38 vs c2 ¼ 7.88).
3. Conclusions

In continuation of our investigation aimed to interferon inducing
and anti-viral activity of indoloquinoxaline derivatives we have
synthesized 7-(2-aminoethyl)-7H-benzo[4,5]indolo[2,3-b]quinoxa-
line derivatives (13e20) and investigated their above mentioned
properties. Furthermore, comparative investigation of DNA affinity
using ethidium bromide competition test also have been provided.
According to the conventional conception about intercalation ability
of polycyclic compounds, benzene ring annulation to the indiloqui-
noxaline structure leads to significant increase in DNA affinity of
compounds. Annelation of the “additional” benzene ring leads to the
increasing of DNA affinity and, simultaneously, to the decreasing of
anti-viral and interferon inducing activity. Contrary to the above
cytotoxicity doesn’t change significantly. It’s seemed that certain
annulated cycle number and DNA affinity level are optimum for the
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viral inhibition potency and interferon inducing ability; for indolo-
quinoxaline derivatives tetracyclic system is optimal as we think.

4. Experimental

4.1. Chemistry

Melting points are uncorrected. The 1H NMR spectra of all
compounds were recorded by a “Bruker Avance II” (400 MHz)
spectrometer in CDCl3 and DMSO-d6 solutions using TMS as an
internal standard. The mass-spectra of electron impact were
recorded using NY-1321 spectrometer with straight sample
introduction. The ionization energy of electrons was 70 eV, the
source temperature was 220 �C. The mass-spectra with the fast
atom bombardment (FAB) ionizationwere recorded using VG 70-70
EQ spectrometer. Ionization was realized using beam of argon-
atoms with energy 10 kV (the compounds were dissolved in
3-nitrobenzyl alcohol). Thin-layer chromatography was performed
on pre-coated silica gel F254 plates (Merck). The ethidium bromide
displacement assay was carried out on spectrofluorimeter Solar
CM2203.

4.1.1. 7H-Benzo[4,5]indolo[2,3-b]quinoxaline (22)
A mixture of 3H-benzo[e]indole-1,2-dione (10 g, 0.05 mol) and

o-phenylenediamine (5.4 g, 0.05 mol) in 200 ml acetic acid was
refluxed with stirring for 2 h. The reaction mixture was then cooled
to room temperature and the solid product was separated, washed
with acetic acid 3 � 5 ml and recrystallised from dimethylforma-
mide. Yield: 80% (10.8 g); m.p. > 300 C M.W. 269.31. Mass-spec-
trum (electron impact) e m/z (I, %): 269 (100) e Mþ. 1H NMR
(DMSO-d6) d: 7.53 (t, 1H, arom, J ¼ 8.0 Hz); 7.73e7.83 (m, 4H,
arom); 8.10 (d, 1H, arom, J¼ 8.0 Hz); 8.11 (d, 1H, J¼ 8.2 Hz); 8.21 (d,
1H, J¼ 8.8 Hz); 8.34 (d, 1H, J¼ 8.0 Hz); 9.39 (d, 1H, J¼ 8.4 Hz). Anal.
Calcd for C18H11N3: C 80.28; H 4.12; N 15.60. Found: C 80.41; H 4.05;
N 15.42.

4.1.2. 7-(2-Bromoethyl)-7H-benzo[4,5]indolo[2,3-b]quinoxaline
(23)

To a stirred suspension of 7H-benzo[4,5]indolo[2,3-b]quinoxa-
line (10g, 0.037mol) in200mldimethylformamidewasadded7.4ml
5M solution of sodiummethylate. The obtained solutionwas stirred
for 10 min and 1,2-dibromoetane (139 g, 0.74 mol, 64 ml) was then
added. After stirring at room temperature for 2 h the reaction
mixture was evaporated under reduced pressure, the residue was
washed with water, filtered and dried. The product was purified by
silica gel column chromatography using benzene as eluent. Yield:
75% (10.4 g);m.p.181e182 �CM.W. 376.26.Mass-spectrum(electron
impact)em/z (I, %): 377 (50), 375 (50)eMþ. 1H NMR (CDCl3) d: 3.89
(t, 2H, BrCH2CH2N, J ¼ 7.2 Hz); 4.92 (t, 2H, BrCH2CH2N, J ¼ 6.8 Hz);
7.52 (t,1H, arom, J¼ 7.6 Hz); 7.66 (d,1H, arom, J¼ 8.6 Hz); 7.72e7.82
(m, 3H, arom); 7.967 (d, 1H, arom, J ¼ 8.0 Hz); 8.07 (d, 1H, arom, J ¼
8.8 Hz); 8.15 (d, 1H, arom, J ¼ 8.0 Hz); 8.39 (d, 1H, arom, J ¼ 8.0 Hz);
9.55 (d, 1H, arom, J¼ 8.4 Hz). Anal. Calcd for C20H14BrN3: C 63.85; H
3.75; N 11.17. Found: C 63.95; H 3.93; N 11.20.

4.1.3. [2-(7H-benzo[4,5]indolo[2,3-b]quinoxalin-7-yl)ethyl]
dimethylamine (13)

A 33%water solution of dimethylamine (1.07 ml, 0.008mol) was
added to a solution of 7-(2-bromoethyl)-7H-benzo[4,5]indolo[2,3-
b]quinoxaline (1.00 g, 0.00265 mol) in 50 ml dimethylformamide.
The reaction mixture was stirred at room temperature until the
reaction is complete (TLC control, CHCl3). The reaction mixture was
then evaporated under reduced pressure. The residuewas dissolved
in 25ml benzene and extractedwith 10% acetic acid (3� 20ml). This
extractwasneutralizedwith saturated solution of sodiumcarbonate
to pH ¼ 8e9. The obtained precipitate was collected, washed with
water (3 � 5 ml) and dried. The product was purified by silica gel
column chromatography using benzene-triethylamine (20:1) as
eluent. Yield: 80% (0.72 g); m.p. 159e161 �C M.W. 340.43. Mass-
spectrum (FAB)em/z (I, %): 341 (100) [MH]þ. 1HNMR (CDCl3) d: 2.40
(s, 6H, N(CH3)2); 2.89 (t, 2H, CH2N(CH3)2, J ¼ 6.9 Hz); 4.69 (t, 2H,
CH2CH2N(CH3)2, J¼ 5.6 Hz); 7.51 (t, 1H, arom, J¼ 8.0 Hz); 7.66e7.81
(m, 4H, arom); 7.96 (d, 1H, arom, J ¼ 7.6 Hz); 8.06 (d, 1H, arom, J ¼
8.8Hz); 8.16 (dd,1H, arom, J¼8.0Hz, J¼1.6Hz); 8.40 (dd,1H, arom, J
¼ 8.0 Hz, J ¼ 1.2 Hz); 9.56 (d, 1H, arom, J ¼ 8.0 Hz). Anal. Calcd for
C22H20N4: C 77.62; H 5.92; N 16.46. Found: C 77.79; H 5.97; N 16.61.

4.1.4. [2-(7H-benzo[4,5]indolo[2,3-b]quinoxalin-7-yl)ethyl]
diethylamine (14)

Diethylamine (0.58 g, 0.008 mol) was added to a solution of
7-(2-bromoethyl)-7H-benzo[4,5]indolo[2,3-b]quinoxaline (1.00 g,
0.00265 mol) in 50 ml benzene. The reaction mixture was refluxed
with stirringuntil the reaction is complete (TLC control, CHCl3). After
cooling the precipitate was filtered and washed with benzene
3 � 5 ml. Filtrate was evaporated under reduced pressure, the
residue was dissolved in 25 ml benzene and extracted with 10%
acetic acid (3 � 20 ml). This acetous extract was neutralized with
saturated solution of sodium carbonate to pH ¼ 8e9. The obtained
precipitate was collected, washed with water (3 � 5 ml) and dried.
Theproductwas purified bysilica gel columnchromatographyusing
benzene-triethylamine (20:1) as eluent. Yield: 82% (0.80 g); m.p.
168e170 �C M.W. 368.49. Mass-spectrum (FAB) e m/z (I, %): 369
(100) [MH]þ. 1H NMR (CDCl3) d: 1.01 (t, 6H, N(CH2CH3)2, J¼ 5.6 Hz);
2.68 (q, 4H, N(CH2CH3)2, J ¼ 3.9 Hz); 2.99 (t, 2H, CH2N(C2H5)2, J ¼
6.9Hz); 4.68 (t, 2H,CH2CH2N(C2H5)2, J¼6.8Hz); 7.51 (t,1H, arom, J¼
6.8 Hz); 7.68e7.82 (m, 4H, arom); 7.98 (d,1H, arom, J¼ 8.0 Hz); 8.07
(d, 1H, arom, J ¼ 8.8 Hz); 8.16 (d, 1H, arom, J ¼ 8.0 Hz); 8.41 (d, 1H,
arom, J ¼ 8.0 Hz); 9.58 (d, 1H, arom, J ¼ 8.4 Hz). Anal. Calcd for
C24H24N4: C 78.23; H 6.57; N 15.20. Found: C 78.42; H 6.76; N 15.32.

The compounds 15e20 were obtained in a similar manner.

4.1.5. [2-(7H-benzo[4,5]indolo[2,3-b]quinoxalin-7-yl)ethyl]
dipropylamine (15)

Yield: 83% (0.87 g);m.p.101e102 �CM.W. 396.54.Mass-spectrum
(FAB)em/z (I, %): 397 (100) [MH]þ. 1H NMR (CDCl3) d: 0.80 (t, 6H, N
(CH2CH2CH3)2, J¼7.2Hz);1.42 (m,4H,N(CH2CH2CH3)2);2.53 (t, 4H,N
(CH2CH2CH3)2, J¼ 6.8 Hz); 2.99 (t, 2H, CH2N(C3H7)2, J¼ 7.2 Hz); 4.68
(t, 2H, CH2CH2N(C3H7)2, J ¼ 6.8 Hz); 7.52 (t, 1H, arom, J ¼ 7.2 Hz);
7.69e7.82 (m, 4H, arom); 7.98 (d, 1H, arom, J ¼ 8.4 Hz); 8.09 (d, 1H,
arom, J¼ 8.8Hz); 8.15 (d,1H, arom, J¼ 8.0Hz); 8.41 (dd,1H, arom, J¼
7.2 Hz, J ¼ 1.6 Hz); 9.57 (d, 1H, arom, J ¼ 8.4 Hz). Anal. Calcd for
C26H28N4: C 78.75; H 7.12; N 14.13. Found: C 78.67; H 7.31; N 14.09.

4.1.6. 7-(2-(Piperidin-1-ylethyl)-7H-benzo[4,5]indolo[2,3-b]
quinoxaline (16)

Yield: 87% (0.88 g); m.p. 161e162 �C M.W. 380.50. Mass-spec-
trum (FAB)em/z (I, %): 381 (100) [MH]þ. 1H NMR (CDCl3) d: 1.42 (m,
2H, N(CH2CH2)2CH2); 1.58 (m, 4H, N(CH2CH2)2CH2); 2.58 (m, 4H, N
(CH2CH2)2CH2); 2.88 (t, 2H, CH2N(CH2CH2)2CH2, J ¼ 6.8 Hz); 4.74 (t,
2H, CH2CH2N(CH2CH2)2CH2, J¼ 7.2 Hz); 7.51 (t,1H, arom, J¼ 8.0Hz);
7.68e7.82 (m, 4H, arom); 7.97 (d, 1H, arom, J ¼ 8.4 Hz); 8.08 (d, 1H,
arom, J¼ 8.8 Hz); 8.15 (dd,1H, arom, J¼ 8.4 Hz, J¼ 1.6 Hz); 8.40 (dd,
1H, arom, J ¼ 8.0 Hz, J ¼ 1.6 Hz); 9.57 (d, 1H, arom, J ¼ 8.4 Hz). Anal.
Calcd for C25H24N4: C 78.92; H 6.36; N 14.72. Found: C 79.02; H 6.34;
N 14.89.

4.1.7. 7-[2-(2-Methylpiperidin-1-yl)ethyl]-7H-benzo[4,5]indolo
[2,3-b]quinoxaline (17)

Yield: 84% (0.88 g); m.p. 158e159 �C M.W. 394.52. Mass-spec-
trum (FAB)em/z (I, %): 395 (100) [MH]þ. 1H NMR (CDCl3) d: 1.03 (d,
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3H, CHCH3, J ¼ 6.3 Hz); 1.15e1.34 (m, 2H, CHCH2(CH2)2CH2);
1.47e1.48 (m, 4H, CHCH2(CH2)2CH2); 2.34e2.54 (m, 2H, CH
(CH2(CH2)2CH2); 2.77e2.94 (m, 1H, CHCH3); 3.09e3.22 (m, 2H,
CH2N(CH(CH3)CH2(CH2)2)CH2); 4.62e4.81 (m, 2H, CH2CH2NCH
(CH3)CH2(CH2)2)CH2 ); 7.52 (t, 1H, arom, J ¼ 7.2 Hz); 7.68e7.82 (m,
4H, arom); 7.99 (d, 1H, arom, J ¼ 8.4 Hz); 8.09 (d, 1H, arom, J ¼
8.8 Hz); 8.16 (dd, 1H, arom, J ¼ 8.4 Hz, J ¼ 1.6 Hz); 8.41 (dd, 1H,
arom, J ¼ 8.0 Hz, J ¼ 1.6 Hz); 9.58 (d, 1H, arom, J ¼ 8.4 Hz). Anal.
Calcd for C26H26N4: C 79.16; H 6.64; N 14.20. Found: C 79.14; H 6.78;
N 14.12.

4.1.8. 7-[2-(4-Methylpiperidin-1-yl)ethyl]-7H-benzo[4,5]indolo
[2,3-b]quinoxaline (18)

Yield: 90% (0.94 g); m.p. 152e153 �C M.W. 394.52. Mass-spec-
trum (FAB)em/z (I, %): 395 (100) [MH]þ. 1H NMR (CDCl3) d: 0.90 (d,
3H, CHCH3, J¼ 6.4 Hz); 1.24e1.35 (m, 3H, N(CH2CH2

A)2CH); 1.60e1.63
(m, 2H, N(CH2CH2

B)2CH); 2.08e2.22 (m, 2H, N(CH2
ACH2)2CH);

2.82e2.96 (m, 2H, N(CH2
BCH2)2CH); 3.00e3.13 (m, 2H, CH2N

(CH2CH2)2CH); 4.65e4.82 (m, 2H, CH2CH2N(CH2CH2)2CH); 7.50 (t,
1H, arom, J¼ 6.8 Hz); 7.67e7.81 (m, 4H, arom); 7.97 (d,1H, arom, J¼
8.0 Hz); 8.06 (d,1H, arom, J¼ 8.4 Hz); 8.15 (dd,1H, arom, J¼ 8.0 Hz, J
¼ 1.6 Hz); 8.40 (dd, 1H, arom, J ¼ 8.0 Hz, J ¼ 1.6 Hz); 9.56 (d, 1H,
arom, J¼ 8.0 Hz). Anal. Calcd for C26H26N4: C 79.16; H 6.64; N 14.20.
Found: C 79.06; H 6.83; N 14.24.

4.1.9. 7-[2-(4-Methylpiperazin-1-yl)ethyl]-7H-benzo[4,5]indolo
[2,3-b]quinoxaline (19)

Yield: 86% (0.90 g); m.p.184e185 �CM.W. 395.51. Mass-spectrum
(FAB) e m/z (I, %): 396 (100) [MH]þ. 1H NMR (CDCl3) d: 2.25 (s, 3H,
NCH3); 2.32e2.48 (m, 4H, N(CH2CH2)2NCH3); 2.58e2.75 (m, 4H, N
(CH2CH2)2NCH3); 2.85e2.91 (m, 2H, CH2N(CH2CH2)2N); 4.67 (t, 2H,
CH2CH2N(CH2CH2)2N, J ¼ 6.8 Hz); 7.51 (t, 1H, arom, J ¼ 8.0 Hz);
7.61e7.81 (m, 4H, arom); 7.97 (d, 1H, arom, J ¼ 8.4 Hz); 8.06 (d, 1H,
arom, J¼8.8Hz);8.13 (dd,1H, arom, J¼8.4Hz, J¼1.6Hz);8.39 (dd,1H,
arom, J¼ 7.6 Hz, J¼ 1.6 Hz); 9.56 (d,1H, arom, J¼ 8.0 Hz). Anal. Calcd
for C25H25N5: C 75.92; H6.37;N17.71. Found:C 75.91;H6.40;N17.89.

4.1.10. 7-(2-Morpholin-4-ylethyl)-7H-benzo[4,5]indolo[2,3-b]
quinoxaline (20)

Yield: 88% (0.89 g); m.p. 199e201 �C M.W. 382.47. Mass-
spectrum (FAB) e m/z (I, %): 383 (100) [MH]þ. 1H NMR (CDCl3) d:
2.52e2.70 (m, 4H, N(CH2CH2)2O); 2.83e2.98 (m, 2H, CH2N
(CH2CH2)2O); 3.53e3.69 (m, 4H, N(CH2CH2)2O); 4.66e4.81 (m, 2H,
CH2CH2N(CH2CH2)2O); 7.53 (t, 1H, arom, J ¼ 8.0 Hz); 7.69e7.83 (m,
4H, arom); 7.99 (d, 1H, arom, J ¼ 8.0 Hz); 8.10 (d, 1H, arom, J ¼
8.8 Hz); 8.14 (d,1H, arom, J¼ 8.0 Hz); 8.42 (dd,1H, arom, J¼ 7.6 Hz,
J ¼ 1.6 Hz); 9.59 (d, 1H, arom, J ¼ 8.0 Hz). Anal. Calcd for
C24H22N4O: C 75.37; H 5.80; N 14.65. Found: C 75.39; H 5.80; N
14.84.
4.2. Biological assays

4.2.1. DNA affinity assay
The solution "A" containing calf thymusDNA (C¼ 2.12�10�5M);

ethidium bromide (C ¼ 2.54 � 10�5 M); NaCl (C ¼ 3.73 � 10�2 M);
sodium acetate (C ¼ 8.00 � 10�3 M, acetate buffer solution with
pH ¼ 5.5); EDTA (C ¼ 4.93 � 10�4 M) was 2-folds diluted with
distilled water giving solution "B". Investigated compound
(10e20mg)was dissolved in 10ml of distilledwater giving solution
"C". Solution "A" (3 ml) was added to solution "C" (3 ml) giving
solution "D". From solution "B" and solution "D" by double loga-
rithmic dilution was prepared series of solutions with constant
contents of all components but variable contents of investigated
compound. Solution contained DNA and ethidium bromide in the
same concentrations and in the same buffer was used as control.
Fluorescence spectra were registered in the 550e730 nm range
using 535 nm excitation.
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