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An interaction of homophthalonitrile with salicylaldehydes proceeds as a novel domino reaction and results in
the formation of nineteen 12H-chromeno[2,3-c]isoquinoline-5-amine derivatives. Four new bonds and two cy-
cles are forged in a single synthetic operation, employing cheap and eco-friendly ammonium formate, acting
both as a catalyst and a reducing agent. The in vitro cytotoxicity tests revealed antiproliferative activities against

five human tumor cell lines, including the cisplatin-resistant ovarian carcinoma one (A2780cp8), with inhibitory
potency data (ICs) in the low micromolar range in most cases. Molecular docking calculations and fluorescence
quenching studies revealed possible binding properties with DNA of the active compounds.

1. Introduction

Domino reactions represent a useful methodology for an effective
creation of molecular complexity, especially in the synthesis of poly-
cyclic molecules [1,2]. Fused heterocyclic systems, comprising chro-
mene and pyridine rings are found in versatile compounds with pro-
nounced biological activity. For example, chromenotacrines (e.g., CT6;
Fig. 1) may have potential as agents for Alzheimer’s disease [3]. Pra-
noprofen and amlexanox are marketed anti-inflammatory drugs [4,5].
Amlexanox has also shown several pharmacological properties, such as
strong anti-tumor effects [6], inhibition of IkB kinase ¢ (IKKe), TANK
binding kinase 1 (TBK1) [7-9] and high-mobility group box 1 (HMGB1)
release [10]. Tetracyclic compounds in which the chromene unit is
fused with imidazo[1,2-a]pyridine proved to be cytotoxic against
human colorectal cancer HCT116 cells, inducing cell cycle arrest at G1/
GO phase and apoptosis without significant effects in normal cells [11].

The high impact of spatial planarity of chromenopyridines on
bioactivity prompted us to develop a domino route toward the scaffold.

The construction of chromenopyridines usually relies on domino or
multicomponent reactions of salicylaldehydes 1 and excess amounts of
malononitrile (or malononitrile dimer) [12-17]. We have recently
shown that homophthalonitrile 2 works as a vinylogous malononitrile,
annulating an isoquinoline ring. The initial formation of the reactive
intermediate A is followed by the 1,6-addition of a nucleophile to form
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the final chromeno[2,3-clisoquinoline-5-amine 3 with nitromethyl-
[18], o-cyanophenyl-, or indol-3-yl substituents [19] at C(12) (Scheme
1). Following our interest in the domino reactions of cyanomethyl
[20-23] or 1,5-dinitrile derivatives [24], herein we report a reductive
domino sequence of homophthalonitrile and salicylaldehyde towards
annulated isoquinolines. The antiproliferative activities of re-
presentative compounds were evaluated in vitro against five human
tumor cell lines. As suggested in literature for isoquinoline-containing
polycyclic compounds with anticancer activity [25-27], the propensity
of the tested compounds to DNA binding was also examined through
docking calculations and fluorescence spectroscopy studies.

2. Results and discussion
2.1. Synthesis of 12H-chromeno[2,3-c]isoquinoline-5-amines

Initially, the title product was isolated from the sequential two-step
reaction of salicylaldehyde, homophthalonitrile, and 4-tert-butylphenol
as a nucleophile. It turned out that the phenol acted as a reducing agent,
but not a nucleophile (Table 1, Entry 1). Taking into account the im-
portance of the chromenopyridines with a methylene moiety in the
pyran ring for the search of biologically active compounds, we got in-
terested in the discovered transformation. The reaction optimization
study involved screening of different reducing agents, promoters,
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Scheme 1. Sequential three component reactions of salicylaldehyde, homo-
phthalonitrile, and nucleophiles.

reagents ratio, and reaction time (Table 1). Firstly, the reactions were
performed in a two-step fashion. Homophthalonitrile and salicylalde-
hyde were irradiated in a microwave reactor for 10 min at 150 °C in the
presence of ammonium acetate (2 equiv) to generate the intermediate
A. Then, a base and a reducing agent were added to a reaction vessel
and heated again at 150 °C for 10 min. The use of hydroquinone
(Table 1, Entry 2), formic acid (Table 1, Entry 3), or Hantzsch ester
(Table 1, Entry 4) as a reducing agent on a second step led to the iso-
lation of the target product 4a in 53, 65, or 43% yields, respectively.
The combination of Hantzsch ester with acidic conditions resulted in a
higher 66% yield of 4a (Table 1, Entry 5). To improve the synthetic
protocol and avoid two-step procedure, we tried to add formic acid on
the first step. We were pleased to isolate the target compound 4a in
39% yield in this case (Table 1, Entry 6). Further, ammonium formate
was found to be the reagent of choice due to its possibility to act as both
an acid-base catalyst and a reducing agent. Screening the reagents ratio
revealed that homophthalonitrile should be taken in 30% excess to
produce 4a in 65% yield in a one-step protocol (Table 1, Entries 7-9).
The addition of water to a reaction mixture improved the yield of 4a to
75% (Table 1, Entry 10).

The reaction scope was evaluated on different salicylaldehydes. The
reductive domino reaction of homophthalonitrile was effective with
salicylaldehyde, 5-fluoro and 5-methoxysalicylaldehydes, producing
compounds 1a, b, d with good 75-86% yields (Scheme 2). The use of 5-
bromo or 5-nitrosalicylaldehydes gave products 1lc, e with moderate
48-51% yields. 3-Substituted salicylaldehydes gave ethoxy- and me-
thyl-derivatives 4f and 4g with 73% and 68% yields, respectively.
Disubstituted aldehydes were also compatible, and products 4h, i were
isolated in 60% and 47% yields, respectively. To evaluate the influence
of the substitution in homophthalonitrile moiety on the reaction course,
4-nitrohomophthalonitrile was used. Corresponding compounds 4j-n
were synthesized with slightly lesser, but still good 57-67% yields. The
reaction of 4-aminohomophthalonitrile led to the formation of complex
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mixtures. In its turn, protected 4-acetylaminohomophthalonitrile suc-
cessfully produced compounds 40-s in 65-84% yields.

We presume the reaction to proceed through the pathway proposed
in Scheme 3. Firstly, the Knoevenagel condensation of homo-
phthalonitrile and salicylaldehyde yields the intermediate B, which
undergoes consecutively two nucleophilic cyclizations. Ammonium
formate acts as a hydrogen donor, transforming the imine intermediate
A into the final amino compound 4.

2.2. Evaluation of the antiproliferative activity

The growth inhibitory effects caused by the chromeno[2,3-c] iso-
quinoline-5-amine derivatives 4a-i were evaluated toward a panel of
human tumor cell lines with different sensitivity to cisplatin (CDDP),
used as positive control in the antiproliferative sulforhodamine-B (SRB)
test [28]. In addition, two previously reported analogs 3a and 3b,
bearing 1H-pyrrolo[2,3-b]pyridin-3-yl and 1H-indol-3-yl moieties, re-
spectively, at C12 of the chromenoisoquinoline scaffold, were also
tested for a first evaluation of structure-activity relationships (SARs).
The panel of human tumor cells consists of a breast cancer line (MCF-7),
a colon (HCT116) and ovarian carcinoma cell lines (SK-OV-3, A2780
and A2780cp8). Ovarian tumor cells are characterized by intrinsic re-
sistance (SK-OV-3) and acquired resistance (A2780cp8) to CDDP [29].
The in vitro inhibitory potencies of the test compounds toward tumor
cell growth, expressed as the half-maximal inhibitory concentrations
(ICs08), are reported in Table 2.

As shown in the squared correlation matrix (Table 3), the MCF-7
ICso values were not linearly correlated (¥ < 0.50) with those de-
termined toward the other tested cell lines (Table 4).

In contrast, ICsos determined with colon (HCT116) and ovarian (SK-
OV-3, A2780) tumor cell lines resulted well correlated (* > 0.83),
suggesting that the antiproliferative effects of the chromeno[2,3-c]iso-
quinoline derivatives toward these three cell lines should be rather si-
milarly affected by the physicochemical properties. Regarding the
ovarian carcinoma cells, the ICsos determined with A2780 were highly
correlated (2 = 0.95) with those from the cell line intrinsically re-
sistant to cisplatin (SK-OV-3) and to a lesser extent (r* = 0.80) with
ICsos from the cancer cells with cisplatin acquired resistance
(A2780cp8).

As for the human breast cancer cell (MCF-7) growth, compound 4a
and its 10-F analog 4b, both equipotent with CDDP, displayed the
highest antiproliferative activity. As SAR trend, it appears that the
higher the bulkiness/polarizability of the substituents R' and R® the
lower the inhibition potency. Some other compounds showed ICs,
about or lower than 10 uM (4d, 4f, 4g and 4h). Regarding the 12-
substituted compounds, the indol-3-yl moiety in 3b (and not the
azaindolyl one in 3a) is tolerated (ICso equals 11.3 pM, a value close to
14.5 pM that is the ICso of the parent 4g).

Among the most potent inhibitors of cell growth of HCT116, SK-OV-
3 and A2780 cell lines, the 10-methoxy (4d) and 8-ethoxy (4f) analogs
attained ICsps in the low micromolar range. Interestingly, in the ovarian
cell line A2780, 4d and 4f proved to potently inhibit cell growth with
ICs( values of 5.32 and 4.04 uM, respectively.

A good antiproliferative activity was retained towards the cisplatin
resistant A2780cp8 cells; the resistance factors were 1.8 and 2.4 for 4d
and 4f, respectively. The 8-ethoxy compound 4f showed anti-
proliferative activity not only toward the A2780cp8 line
(ICs0 = 9.40 uM) characterized by acquired resistance but also toward
the SK-OV-3 line (IC5o = 12.5 uM) with intrinsic resistance. Most of the
test compounds proved to be able of overcoming the acquired resistance
to cisplatin of the ovarian carcinoma A2780cp8 line, which was pre-
viously characterized for having higher glutathione content and re-
duced drug accumulation compared to the parent cell lines [30].

The chromeno[2,3-clisoquinoline derivatives investigated herein
have the typical features of the most common DNA intercalating ligands
[31], i.e. a planar polyaromatic moiety bearing a positively charged
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Table 1

Reaction optimization.

@ + CN onditions O
OH
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1 2
Entry  Ratio 2:1 Solvent Conditions Yield, %
Step 1 Step 2
1 1:2 i-PrOH NH,4OAc (2 equiv), MW, 150 °C, 10 min Et3N (1 equiv), 4-tert-butylphenol (2 equiv) MW, 150 °C, 10 min 47
2 1:2 i-PrOH NH,4OAc (2 equiv), MW, 150 °C, 10 min EtzN (1 equiv), hydroquinone (2 equiv), MW, 150 °C, 10 min 53
3 1:2 i-PrOH NH,4OAc (2 equiv), MW, 150 °C, 10 min EtzN (1 equiv), Formic acid (2 equiv), MW, 150 °C, 10 min 65
4 1:1.5 i-PrOH NH,4OAc (2 equiv), MW, 150 °C, 10 min Et3N (1 equiv), Hantzsch ester (2 equiv), MW, 150 °C, 20 min 43
5 1:1.5 i-PrOH NH,4OAc (2 equiv), MW, 150 °C, 10 min Trifluoroacetic acid (2 equiv), Hantzsch ester (2 equiv), MW, 150 °C, 20 min 66
6 1:1.5 i-PrOH NH40Ac (2 equiv), Formic acid (5 equiv), MW, 150 °C, 20 min 39
7 1:1.2 i-PrOH HCOONH;, (5 equiv), MW, 150 °C, 20 min 45
8 1.5:1 i-PrOH HCOONH;, (5 equiv), MW, 150 °C, 20 min 54
9 1.3:1 i-PrOH HCOONHy, (5 equiv), MW, 150 °C, 20 min 65
10 1.3:1 i-PrOH-H,0 (4:1)  HCOONH, (5 equiv), MW, 150 °C, 20 min 75
CN R2 CN r 1
HCOONH,
cN . ] CHO
N CHO (5 equiv) R\ N N . CN  Base AN
_—
R * MW, 150°C (e
ZoH 20 min _ ~ 1 OH 2 o g N
(6] N NH, L l i
P - b
R 4a-n ‘ O
~N - — N

R'=H, 4a, 75%
R ‘ R'=F, 4b, 86%
O | N R' = Br, 4c, 48%
— R' = OMe, 4d, 76%
o} N NH,

R'=NO,, 4e, 51%
R R'=H, R®= OEt, 4f, 73%
| ~N R'=H, R®=Me, 4g, 68%
o — R'=NO,, R® = OMe, 4h, 60%

R, R®=Cl, 4i,47%

RS
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Scheme 2. Scope of the reductive domino reaction.

amino group. With a pK, of ~7.6 [28], slightly more than 50% of the 1-
aminoisoquinoline group should be protonated at the physiological pH
of 7.4. The almost planar tetracyclic system may achieve st-;t interac-
tions with two adjacent flanking base pairs (usually CG), whereas the
positively charged ammonium group may entropically contribute to
stabilize the complex between DNA and the intercalating ligand (i.e. by
displacing cations that typically stabilize the DNA structure).

NS

Scheme 3. Proposed reaction pathway.

Table 2

Effects of chromeno[2,3-clisoquinoline-5-amines and cisplatin (CDDP), taken as
positive control, on the cell viability of human cancer cell lines, expressed as the
concentration for half-maximal inhibition of cell proliferation (ICs¢)” at 72 h
compound exposure.

Cmpd ICso (uM) RF®

MCF-7 HCT116 SK-OV-3 A2780 A2780cp8

4a 1.05 16.6 23.5 11.2 15.1 1.3
4b 1.80 15.7 28.1 9.41 16.4 1.7
4c 23.6 18.5 20.6 10.6 18.7 1.8
4d 7.10 7.90 17.5 5.32 9.71 1.8
4e 24.5 72.0 > 100 78.3 > 100 -

4f 14.5 10.3 12.5 4.04 9.40 2.4
4g 9.50 13.0 27.1 10.0 16.5 1.7
4h 11.7 13.3 53.5 16.5 56.2 3.4
4i 54.2 58.1 > 100 52.5 > 100 -

3a 75.0 74.3 57.3 24.8 81.5 3.3
3b 11.3 13.7 21.8 9.60 14.6 1.5
CDDP 1.50 2.31 3.90 1.55 10.4 6.7

@ Average values of three independent determinations (> 100: < 50% in-
hibition at 100 pM concentration). Tumor cell lines: MCF-7, human breast
carcinoma cell; HCT116, colon cancer dell line; SK-OV-3, human ovarian car-
cinoma with intrinsic resistance to cisplatin; A2780, human ovarian carcinoma
cell; A2780cp8, human ovarian carcinoma with acquired resistance to cisplatin.
bResistance factor: IC50A2780cp8/1C50A2780.
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Table 3
Squared correlation matrix (r%) of the antiproliferative activities as expressed by
-log ICso values against the tested human cancer cell lines.

MCEF-7 HCT116 SK-OV-3 A2780 A2780cp8
MCEF-7 1
HCT116 0.494 1
SKOV-3 0.392 0.831 1
A2780 0.383 0.877 0.947 1
A2780 cp8 0.445 0.700 0.774 0.802 1

Table 4
Docking score and Glide energy of DNA complexed with compounds 4a, 4d, 4f
and 4i.

Cmpd Docking score (kcal/mol) Glide energy (kcal/mol)
4a -7.81 —40.84
4d —8.64 —47.02
4f —-8.15 —44.70
4i —8.09 —42.65

2.3. Assessment of propensity targeting DNA

To examine whether the tested compounds may bind DNA through
intercalation, molecular docking calculations, combined with pre-
liminary experimental fluorescence spectroscopic studies, were per-
formed with some representative active compounds.

In-silico methods, including molecular docking calculations, might
provide us with good explanatory and predictive results [32]. In this
study, a molecular docking analysis was carried out to detect a plausible
binding interactions and to calculate the energetics of the complexes
between DNA (PDB ID: 1BNA) and compounds 4a, 4d, 4f and 4i, using
the Standard Precision (SP) method of Glide from Schrodinger v. 2018-
2 [33].

Fig. 2 shows the best ranked docking poses of the examined ligands.
All the tetracyclic planar chromeno[2,3-clisoquinoline systems interact
between the adjacent DNA base pairs, thereby indicating that the tested
compounds may achieve the binding mode into the DNA major groove.
Docking scores and Glide energies in Table 3 show that 4d and 4f,

¥

Fig. 2. The highest-scored Glide docking poses of compounds 4a (pink), 4d
(blue), 4f (red) and 4i (green) into the major groove of the DNA double-strand
fragment (PDB ID: 1BNA); (a) surface representation and (b) cartoon re-
presentation of the DNA complex with the intercalating ligands. (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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Fig. 3. The emission spectra (a and b) and Stern-Volmer plots at three tem-
peratures (c and d) of ctDNA-EtBr complex upon addition of compounds 4d and
4f, respectively, from 0 to 20 pM (2 uM increasing addition).

compared with 4a and 4i, may achieve slightly stronger interactions
with DNA counterparts, which is in accordance with their anti-pro-
liferative activity, evaluated in all the tested cell lines and in particular
in the ovarian lines SK-OV-3, A2780 and A2780cp8. Interestingly,
looking at the ligands’ plot of the best binding poses into the DNA
complexes (Fig. S1 in Supporting Information), besides the m-x inter-
actions, only with for 4d and 4f the 5-NH, group may form additional
stabilizing H-bond contacts with thymine (DT8) and cytosine (DC9),
respectively, in the flanking DNA base pairs.

The potential of 4d and 4f in binding into DNA were further in-
vestigated through fluorescence quenching studies of the interaction of
the test compounds with calf thymus DNA (ctDNA) complexed with
ethidium bromide (EtBr). DNA has low fluorescence intensity. EtBr dye,
which binds specifically between the adjacent DNA base pairs, was used
to enhance the intensity of DNA complex system. In principle, com-
pounds which compete with EtBr in intercalating DNA affect the DNA-
EtBr fluorescence intensity maximum [34].

As shown in Fig. 3, the emission spectrum of ctDNA-EtBr complex
changed in the presence of varying amounts of compounds 4d and 4f
(Fig. 3, a and b). As the concentration of the added test compound
increases, the emission spectral maximum of the ctDNA-EtBr complex
decreases. This indicates that in ctDNA-EtBr environment, without any
further shift, there is an intercalation possibility for both compounds 4d
and 4f, due its competitiveness in ctDNA-EtBr complex system.

n addition, the quenching mechanism and binding constants were
determined, using Stern-Volmer and double logarithmic plots (Fig. 3 c-
d; Fig. S5 a-b); the calculated values are reported in Table ST1 (Supp.
Info.). Quenching mechanism can be classified as static mode and dy-
namic mode and the average scatter collision limit, defined as
kq = 2.0 x 10'°L mol ™' s If the k, value is above the average ki,
then it refers to the static quenching mode and the calculated values of
kq for compounds 4d and 4f shows that quenching can be a static mode.
The binding constant (K;,) and binding site (n) calculations showed
good linearity in the ctDNA-EtBr system, which indicates that there is
possibility of noncovalent intercalation between both compounds 4d
and 4f in the ctDNA-EtBr complex system. In addition, the thermal
parameters of enthalpy (AH®), entropy (AS°) and binding free energy
(AG®) were also calculated for 4d and 4f with ctDNA-EtBr complex
system at three different temperatures (293 K, 297 K, 300 K) using von’t
Hoff plots (Fig. S5c-d and Table ST2 in Supp. Info.). According to Ross,
Subramanian et al. [35], both enthalpy (AH’) and entropy (AS®) showed
positive values, suggesting that binding of 4d and 4f into the ctDNA-
EtBr system might be hydrophobic in nature.



X. Yue, et al.

2.4. Experimental

Solvents were distilled and dried according to standard procedures.
'H and '*C NMR spectra were acquired on 400 or 600 MHz spectro-
meters and referenced to the residual signals of the solvent (for 1H and
13C). The solvents used for NMR were DMSO-ds. Chemical shifts are
reported in parts per million (§/ppm). Coupling constants are reported
in Hertz (J/Hz). The peak patterns are indicated as follows: s, singlet; d,
doublet; t, triplet; q, quadruplet; m, multiplet; dd, doublet of doublets
and br s, broad singlet. Infrared spectra were measured on a FT/IR
instrument. The wavelengths are reported in reciprocal centimeters
(Amax/cm ™~ 1). HRMS spectra were recorded on Bruker MicrOTOF-Q II.
MW-assisted reactions were carried out in a Monowave 300 MW reactor
from Anton Paar GmbH; the reaction temperature was monitored by an
IR sensor. Standard 10 mL G10 reaction vials, sealed with silicone
septa, were used for the MW irradiation experiments. The reaction
progress was monitored by TLC and the spots were visualized under UV
light (254 or 365 nm). Column chromatography was performed using
silica gel (230-400 mesh), mixtures of hexane with ethyl acetate used
as a mobile phase. Melting points were determined on a SMP-10 ap-
paratus.

2.5. Synthesis of 12,12-dihydrochromenoisoquinoline-5-amines 4a-4q
(general procedure)

A solution of homophthalonitrile (185 mg, 1.3 mmol) and salicy-
laldehyde (122 mg, 1 mmol) in i-PrOH-H,O (3.2 mL-0.8 mL) was
treated with HCOONH, (315 mg, 5 mmol). The reaction mixture was
placed into a microwave reactor and heated at 150 °C for 20 min. When
the reaction was finished, the solvent was evaporated at reduced
pressure. The residual solid was chromatographed over silica gel,
eluting with 20%-50% ethyl acetate in hexane solution.

2.5.1. 12,12-Dihydrochromeno[2,3-c]isoquinolin-5-amine (4a)

Pale yellow solid, yield 186 mg (75%); m.p. 143-145 °C; H NMR
(DMSO-dg, 600 MHz): 4.14 (2H, s), 7.02 (2H, s), 7.05-7.13 (2H,m),
7.24 (1H, t,J = 7.1 Hz), 7.35 (1H, d, J = 7.6 Hz), 7.36-7.41 (1H, m),
7.69 (2H, d,J = 3.5 Hz), 8.23 (1H, d, J = 8.1 Hz); 13C NMR (DMSO-de,
150 MHz): ¢ ppm = 24.4, 91.4, 116.0, 116.8, 120.5, 122.3, 123.7,
123.7, 125.1, 128.2, 130.0, 131.1, 138.0, 151.5, 152.8, 157.0. HRMS
(TOF ES+): m/z caled for C;gH;3N.O [(M+H)"] 249.1022; found
249.1029; IR (KBr): 3306 (NH,).

2.5.2. 12,12-Dihydro-10-fluorochromeno[2,3-c]isoquinolin-5-amine (4b)

Pale yellow solid, yield 230 mg (86%), m.p. 140-142 °C; 'H NMR
(DMSO-dg, 600 MHz): 4.14 (2H, s), 7.04 (2H, s) 7.06-7.13 (2H, m),
7.19 (1H, t, J = 8.4 Hz), 7.39 (1H, t, J = 7.3 Hz), 7.62-7.67 (1H, m),
7.69 (1H, t,J = 7.3 Hz), 8.22 (1H, d, J = 8.4 Hz); *C NMR (DMSO-dp,
150 MHz): ¢ ppm = 24.6, 90.4, 114.86, 115.0, 115.9, 118.3, 122.2,
123.8, 125.1, 131.2, 137.8, 147.8, 152.7, 157.0, 157.5, 159.0. HRMS
(TOF ES+): m/z caled for CigH1oFN,O [(M+H)*] 267.0928; found
267.0935; IR (KBr): 3283 (NH,).

2.5.3. 12,12-Dihydro-10-bromochromeno[2,3-c]isoquinolin-5-amine (4c)

Yellow solid, yield 158 mg (48%), m.p. 137-138 °C; H NMR
(DMSO-dg, 600 MHz): 4.14 (2H, s), 7.03 (1H, s),7.05 (2H, s), 7.40 (2H,
d, J = 8.1 Hz), 7.54 (1H, s), 7.65-7.69 (2H, m), 8.22 (1H, d,
J = 8.1 Hz); 13C NMR (DMSO-dg, 150 MHz): 8c ppm = 24.2, 90.8,
115.0, 116.1, 119.1, 122.3, 123.4, 123.9, 125.1, 130.9, 131.2, 132.3,
137.8, 150.9,152.4, 157.0; HRMS (TOF ES*): m/z caled for
C16H12BrN,O [(M+H)*] 327.0128; found 329.0136; IR (KBr): 3310
(NHy).
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2.5.4. 12,12-Dihydro-10-methoxychromeno[2,3-c]isoquinolin-5-amine
(4d)

Yellow solid, yield 212 mg (76%), m.p. 139 °C; H NMR (DMSO-dg,
600 MHz): 3.75 (3H, s), 4.12 (2H, s), 6.82 (1H, dd, J = 8.8, 2.6 Hz),
6.91 (1H, d, J = 2.5 Hz), 6.95-7.04 (3H, m), 7.38 (1H, t, J = 8.1 Hz),
7.62-7.73 (2H, m), 8.21 (1H, d, J = 8.6 Hz);'3C NMR (DMSO-ds,
150 MHz): §c ppm = 24.8, 55.9, 90.8, 114.0, 114.1, 115.9, 117.6,
121.2,122.16, 123.6, 125.1, 131,1, 138.0, 145.4, 153.0, 155.5, 156.9;
HRMS (TOF ES*): m/z caled for Cy7H;5N,0, [(M+H)*] 279.1128;
found 279.1133; IR (KBr): 3300 (NH,).

2.5.5. 12,12-Dihydro-10-nitrochromeno[2,3-cJisoquinolin-5-amine(4e)

Orange solid, yield 150 mg (51%), m.p. 162-163 °C; '"H NMR
(DMSO-ds, 600 MHz): 4.28 (2H, s), 7.14 (2H, s), 7.29 (1H, d,
J = 9.1 Hz),7.44 (1H, t,J = 7.6 Hz), 7.67-7.71 (1H, m), 7.74 (1H, t,
J = 7.6 Hz), 814 (14, dd, J = 9.1 Hz, 2.5 Hz), 8.25 (1H, d,
J = 8.1 Hz), 8.30 (1H, d, J = 2.5 Hz); '3C NMR (DMSO-ds, 150 MHz):
Sc ppm = 24.2,90.8, 116.4, 118.0, 122.2, 122.4, 124.2, 124.4, 125.2,
126.0, 131.4, 137.6, 143.2, 151.9, 156.7, 157.2; HRMS (TOF ES +): m/
z caled for Ci6H1oN303 [(M+H)"] 294.0873; found 294.0878; IR
(KBr): 3297 (NH,).

2.5.6. 12,12-Dihydro-8-ethoxychromeno[2,3-c]isoquinolin-5-amine (4f)

Pale yellow solid, yield 214 mg (73%), m.p.151-152 °C; 'H NMR
(DMSO-dg, 600 MHz): 1.39 (3H, t, J = 7.1 Hz), 4.07 (2H, d,
J = 6.9 Hz), 4.12 (2H, s), 6.86-6.92 (2H, m), 6.99 (1H, t, J = 7.8 Hz),
7.02 (2H, s), 7.33-7.44 (1H, m), 7.68 (2H, d, J = 4.0 Hz), 8.21 (1H, d,
J = 8.1 Hz);'3C NMR (DMSO-ds, 150 MHz): 8¢ ppm = 15.3, 24.5, 64.4,
91.2, 111.9, 116.0, 121.2, 122.3, 123.4, 123.4, 123.7, 125.1, 131.1,
137.9, 141.1, 147.4, 152.7, 156.9;HRMS (TOF ES+): m/z calcd for
CigH17N50, [(M+H)*] 293.1284; found 293.1293; IR (KBr): 3300
(NHy).

2.5.7. 12,12-Dihydro-8-methylchromeno[2,3-c]isoquinolin-5-amine (4g)

Yellow solid, yield 179 mg (68%), m.p.144 °C; '"H NMR (DMSO-ds,
600 MHz): 2.30 (3H, s), 4.13 (2H, s), 6.98 (1H, t, J = 7.6 Hz),
7.03-7.13 (3H, m), 7.16 (1H, d, J = 7.6 Hz), 7.39 (1H, dd, J = 8.1 Hz,
4.0 Hz), 7.69 (2H, d, J = 3.5 Hz), 7.69 (1H, d, J = 8.1 Hz); *C NMR
(DMSO-de, 150 MHz): 8¢ ppm = 16.3, 24.5, 91.4, 116.0, 120.0,
122.3,123.2, 123.7, 125.1, 125.4, 127.5, 129.3, 131.1, 138.0, 149.7,
152.8, 157.0; HRMS (TOF ES*): m/z caled for C,,H;5sN,O [(M+H)*]
263.1179; found 263.1185; IR (KBr): 3283 (NH,).

2.5.8. 12,12-Dihydro-8-methoxy-10-nitrochromeno[2,3-c]isoquinolin-5-
amine (4h)

Brown solid, yield 194 mg (60%), m.p. 167 °C; *H NMR (DMSO-dj,
600 MHz): 3.97 (3H, s),4.25 (2H, s), 7.10 (2H, s), 7.43 (1H, t,
J = 7.6 Hz), 7.67-7.74 (3H, m), 7.91 (1H, s), 8.23 (1H, d, J = 8.6 Hz);
13C NMR (DMSO-dg, 150 MHz): ¢ ppm = 24.4, 56.9, 90.7, 105.8,
116.4, 117.6, 121.9, 122.4, 124.3, 125.1, 131.3, 137.6, 142.8,
146.5,148.4, 151.9, 157.1; HRMS (TOF ES*): m/z caled for
Ci7H14N30,4 [((M+H)' 1 324.0979; found 324.0986; IR (KBr): 3287
(NHy).

2.5.9. 12,12-Dihydro-8,10-dichlorochromeno[2,3-c]isoquinolin-5-amine
(4D

Pale yellow solid, yield 149 mg (47%), m.p. 146 °C; 'H NMR
(DMSO-dg, 600 MHz): 4.19 (2H, s), 7.17 (2H, s), 7.41-7.44 (2H, m),
7.54 (1H, d, J = 2.0 Hz), 7.65 (1H, d, J = 8.3 Hz), 7.71 (1H, d,
J = 7.5 Hz), 8.23 (1H, d, J = 8.3 Hz); '3C NMR (DMSO-ds, 150 MHz):
Sc ppm = 24.6, 90.8, 116.4, 121.9, 122.4, 124.2, 124.5, 125.2, 127.0,
128.0, 128.4, 131.3, 137.6, 146.5, 152.1, 157.2; HRMS (TOF ES*): m/z
caled for C16H11CloN,O [(M+H)™ ] 318.0321; found, 318.0325; IR
(KBr): 3279 (NH,).
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2.5.10. 12,12-Dihydro-3-nitrochromeno[2,3-c]isoquinolin-5-amine (4j)

Oange solid, yield 196 mg (67%); m.p. 245-246 °C; 'H NMR
(DMSO-dg, 600 MHz): 4.17 (2H, s), 7.09-7.15 (2H, m), 7.27 (1H, t,
J = 7.1 Hz), 7.36 (1H, d, J = 7.1 Hz), 7.67 (2H, s), 7.83 (1H, dd,
J = 9.1, 2.0 Hz), 8.38 (1H, dd, J = 9.1, 2.0 Hz), 9.29 (1H, s); *C NMR
(DMSO-ds, 150 MHz): ¢ ppm = 24.3,92.6,114.4,116.9, 120.3, 122.6,
123.8, 124.4, 124.5, 128.4, 130.0, 141.7, 143.0, 151.0, 156.4, 158.8.
HRMS (TOF ES™): m/z caled for C16H;2N303 [(M+H)"] 294.0873;
found 294.0869; IR (KBr): 1572(NO,),3183 (NHy).

2.5.11. 12,12-Dihydro-8-methoxy-3-nitrochromeno[2,3-c]isoquinolin-5-
amine (4k)

Brown solid, yield 197 mg (61%), m.p. 235 °C; 'H NMR (DMSO-dg,
600 MHz): 3.83 (3H, s), 4.07 (2H, s), 6.86 (1H, d, J = 7.6 Hz), 6.9 (1H,
d, J = 8.1 Hz), 7.02 (1H, t, J = 8.1 Hz), 7.60 (2H, s), 7.73 (1H, d,
J = 9.1Hz), 8.31(1H, d, J = 7.1 Hz), 9.23(1H, d, J = 2.5 Hz); '*C NMR
(DMSO-dg, 150 MHz): ¢ ppm = 24.3, 56.3, 92.4, 111.1, 114.4, 120.8,
121.1, 122.5, 123.6, 123.9, 124.3, 140.4, 141.6, 142.9, 148.2, 156.3,
158.7; HRMS (TOF ES*): m/z caled for C;;H;4N30, [(M+H)*]
324.0979; found 324.0985; IR (KBr): 1569 (NO,), 3166 (NH,).

2.5.12. 12,12-Dihydro-10-methoxy-3-nitrochromeno[2,3-c]isoquinolin-5-
amine (41

Orange solid, yield 204 mg (63%), m.p.137-138 °C; 'H NMR
(DMSO-dg, 600 MHz): 3.76 (3H, s), 4.13 (2H, s), 6.83-6.85 (1H, m),
6.90 (1H, d, J = 2.7 Hz), 7.04 (1H, d, J = 9.1 Hz), 7.62 (2H, s), 7.77
(1H, d, J = 9.1 Hz), 8.36-8.38 (1H, m), 9.27 (1H,d, J = 2.4 Hz); '°C
NMR (DMSO-ds, 150 MHz): §c ppm = 24.9, 56.0, 92.1, 114.0, 114.2,
114.3, 117.8, 121.0, 122.7, 123.6, 124.5, 141.7, 142.9, 144.8, 155.9,
156.7, 158.7; HRMS (TOF ES*): m/z caled for C;7H14N504 [(M+H)*]
324.0979; found 324.0979; found 325; IR (KBr): 1573 (NO,), 3164
(NH3).

2.5.13. 12,12-Dihydro-10-methyl-3-nitrochromeno[2,3-c]isoquinolin-5-
amine (4m)

Orange solid, yield 175 mg (57%), m.p. 224 °C; 'H NMR (CDCI3,
600 MHz): 2.28 (3H, s), 4.09 (2H, s), 6.95 (2H,m), 7.04 (1H, d,
J = 8.6 Hz),7.14 (1H, s), 7.36-7.39 (1H, m), 7.68 (2H, m), 8.21 (1H, d,
J = 8.1 Hz); *C NMR (CDCls, 150 MHz): §c ppm = 20.8, 24.4, 91.3,
116.0, 116.6, 120.1, 122.2, 123.6, 125.1, 128.7, 130.1, 131.1, 132.6,
138.0, 149.4, 152.9, 156.9; HRMS (TOF ES*): m/z caled for
C17H14N305 [(M+H)*] 308.1030; found 308.1022; IR (KBr): 1573
(NO,), 3164 (NH,).

2.5.14. 12,12-Dihydro-10-chloro-3-nitrochromeno[2,3-c]isoquinolin-5-
amine (4n)

Pale brown solid, yield 197 mg (60%), m.p. 240-241 °C; H NMR
(DMSO-dg, 600 MHz): 5.51 (2H, s), 7.24 (1H, t, J = 7.1 Hz), 7.34-7.41
(3H, m), 7.47 (1H, t,J = 7.6 Hz), 7.54 (1H, s), 8.74 (1H, d, J = 8.1 Hz),
7.81 (1H, d, J = 8.6 Hz); °C NMR (DMSO-ds, 150 MHz): &8¢
ppm = 35.5, 84.3, 85.0, 109.2, 111.7, 113.8, 115.1, 121. 9, 122.2,
122.9, 126.3, 126.7, 129.3, 129.6, 132.0,137.6; HRMS (TOF ES™*): m/z
caled for Ci6H77:CIN3O5 [(M+H)"] 328.0483; found 328.0484; IR
(KBr): 1573 (NO,), 3164 (NH,).

2.5.15. 3-Acetylamino-12,12-dihydrochromeno[2,3-c]isoquinolin-5-amine
(40)

Yellow solid, yield 276 mg (84%); m.p. 144-145 °C; 'H NMR
(DMSO-ds, 600 MHz): 2.09 (3H, s), 4.14 (2H, s), 6.77 (2H, s), 7.07 (2H,
m), 7.24 (1H, t, J = 7.6 Hz), 7.34 (1H, d, J = 7.6 Hz), 7.66 (1H, d
J = 8.6 Hz), 7.68 (1H, d, J = 8.6 Hz), 8.31 (1H, s), 10.40 (1H, s); **C
NMR (DMSO-dg, 150 MHz): §C ppm = 24.3, 24.4, 91.6, 114.7, 116.3,
116.8, 120.5, 122.7, 123.7, 125.3, 128.1, 130.0, 134.3, 135.4, 151.6,
151.9, 156.4, 168.9. HRMS (TOF ES™): m/z calcd for C;5H;6N305 [(M
+H) "] 306.1237; found 306.1238; IR (KBr): 1593 (C=0), 3175 (NH),
3330 (NHy).
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2.5.16. 3-Acetylamino-12,12-dihydro-10-bromochromeno[2,3-c]isoqui-
nolin-5-amine (4p)

Yellow solid, yield 236 mg (80%), m.p. 170-172 °C; 'H NMR
(DMSO-dg, 600 MHz): 2.09 (3H, s), 4.14 (2H, s), 6.79 (2H, s), 7.09 (1H,
d,J = 8.6 Hz), 7.28 (1H, dd, J = 8.5, 2.5 Hz), 7.40 (1H, s), 7.61 (1H, d,
J = 9.1Hz),7.83 (1H, d, J = 9.1 Hz), 8.33(1H, s), 10.24 (1H, s); °C
NMR (DMSO-dg, 150 MHz): §c ppm = 24.3, 26.0, 62.6, 91.0, 114.8,
118.6, 122.7, 122.8, 125.5, 127.1, 128.0, 129.4, 134.2, 135.4, 150.5,
151.7, 156.5, 166.0; HRMS (TOF ES™): m/z caled for C;gH;5BrN30,
[(M+H)*] 384.0342; found 384.0346; IR (KBr): 1626 (C=0), 3175
(NH), 3330 (NH,).

2.5.17. 3-Acetylamino-12,12-dihydro-10-methoxychromeno[2,3-c]
isoquinolin-5-amine (4q)

Yellow solid, yield 217 mg (84%), m.p. 152-154 °C; 1H NMR
(DMSO-dg, 600 MHz): 2.09 (3H, s), 3.75 (3H, s), 4.11 (2H, s), 6.73 (2H,
s), 6.81 (1H, dd, J = 8.1 Hz, 3.0 Hz), 6.89 (1H, d, J = 3.0 Hz), 7.00
(1H,d ,J = 8.6 Hz), 7.62 (1H, d, J = 8.6 Hz), 7.84 (1H, d, J = 8.1 Hz),
8.33 (1H, s), 10.40 (1H, s); *C NMR (DMSO-ds, 150 MHz): 8¢
ppm = 24.3, 24.8, 55.9, 91.0, 114.0, 114.1, 116.2, 117.6, 121.1, 122.6,
125.4, 133.4, 135.2, 145.5, 152.1, 155.5, 156.4, 166.1,168.8; HRMS
(TOF ES*): m/z caled for Ci9H1gN3Os [(M+H)*] 336.1343; found
336.1341; IR (KBr): 1625 (C=0), 3171 (NH), 3299 (NH.).

2.5.18. 3-Acetylamino-12,12-dihydro-8-methoxychromeno[2,3-c]
isoquinolin-5-amine (4r)

Yellow solid, yield 212 mg (82%), m.p.165-166 °C; 1H NMR
(DMSO-ds, 600 MHz): 2.09 (3H, s), 3.83 (3H, s), 4.12 (2H, s), 6.73 (2H,
s), 6.90 (2H, m), 7.00 (1H, t,J = 7.6 Hz), 7.65 (1H, d, J = 9.1 Hz), 7.80
(1H, d, J = 8.6 Hz), 8.31 (1H, s), 10.20 (1H, s); *C NMR (DMSO-de,
150 MHz): §c ppm = 24.3, 24.5,56.3,91.5,111.0,114.7, 116.3,121.1,
121.3, 122.8, 123.3, 125.4, 134.4, 135.2, 141.1, 148.2, 151.9, 156.3,
168.8; HRMS (TOF ES*): m/z caled for C;oH;gN3O5[(M+H)"]
336.1343; found 336.1336; IR (KBr): 1631 (C=0), 3175 (NH), 3278
(NHy).

2.5.19. 3-Acetylamino-12,12-dihydro-9-methoxylchromeno[2,3-c]
isoquinolin-5-amine (4s)

Yellow solid, yield 168 mg (65%), m.p.136 °C; 'H NMR (DMSO-d,
600 MHz): 2.09 (3H, s), 3.40 (3H, s), 4.15 (2H, s), 6.78 (2H, s), 7.04
(1H, d, J = 8.6 Hz), 7.40 (1H, dd, J = 8.1, 2.0 Hz), 7.53 (1H, d,
J = 2.0Hz), 7.62 (1H, d, J = 9.1 Hz), 7.78 (1H, d, J = 8.1 Hz), 8.28
(1H, s), 10.11 (1H, s); **C NMR (DMSO-de, 150 MHz): §c ppm = 24.2,
26.0, 62.6, 91.1, 114.8, 114.9, 116.4, 119.1, 122.8, 123.3, 125.6,
130.9, 132.3, 134.3, 135.3, 151.0, 151.6, 156.5, 168.8; HRMS (TOF
ES™): m/z caled for C;oH;sN303 [(M+H)"] 336.1343; found
336.1342; IR (KBr): 1698 (C=0), 3112 (NH), 3329 (NH,).

2.6. Cell lines

Human cell lines representative of breast (MCF7), colon (HCT-116),
and ovarian (SK-OV-3) cancer were obtained from the National Cancer
Institute, Biological Testing Branch (Frederick, MD, USA). The cells
were maintained in the logarithmic phase and incubated at 37 °C under
a 5% CO, humidified air in RPMI 1640 medium supplemented with
10% fetal calf serum, 2 mM glutamine, penicillin and streptomycin
(100 U/mL and 0.1 mg/mL, respectively). Instead, A2780/A2780cp8,
human ovarian cancer cell lines (parent line from untreated patients/
and derived cisplatin-resistant subline, respectively) were supplied by
European Collection of Authenticated Cell Cultures (ECACC, Porton
Down Salisbury UK). These cells were maintained in the logarithmic
phase at 37 °C under a 5% CO, atmosphere and cultured in RPMI 1640
medium supplemented with 10% fetal calf serum, 2 mM glutamine,
10 mg/mL gentamycin and 10 mg/mL insulin. All culture media and
reagents were purchased from Euroclone (Sigma-Aldrich, Italy).
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2.7. In vitro growth inhibition assay

The growth inhibitory effect of compounds was compared to cis-
platin (CDPP) by using the sulforhodamine-B (SRB) assay [28]. Briefly,
cells were seeded in a 96-well microtiter plates in 100 pL at plating
densities ranging from 2,000 to 12,000 cells/well depending upon the
doubling time of individual cell lines. After seeding, microtiter plates
were incubated at 37 °C, 5% CO,, 95% air, and 100% relative humidity
for 24 h prior to addition of the compounds. After 24 h, samples of each
cell line were fixed in situ with cold trichloroacetic acid (TCA) to
measure the cell population at the time of compound addition. The test
compounds were freshly dissolved in dimethyl sulfoxide (DMSO, 10
2M) and stepwise diluted to the final maximum test concentration
(100 uM) with complete medium, so that the maximum DMSO/well
ratio was 0.25% (v/v). Following the addition of the compound to
triplicate wells, the plates were further incubated for 72 h. Cells were
fixed in situ by the gentle addition of 50 pL of cold 50% (w/v) TCA (final
concentration, 10%) and incubated for 1 h at 4 °C. The supernatant was
discarded, and the plates were washed four times with tap water and
air-dried. Sulforhodamine-B (SRB) solution (100 uL) at 0.4% (w/v) in
1% acetic acid was added to each well, and plates were incubated for
30 min at room temperature. After staining, unbound dye was removed
by washing five times with 1% acetic acid and the plates were air-dried.
Bound stain was then solubilized with 10 mM trizma® base and the
absorbance was read on an automatic plate reader at 570 nm. All the
compounds were initially tested at 100 uM concentration. For com-
pounds showing more than 50% inhibition of cell viability were at
100 uM, dose-response curves were studied. Five solutions for each
compound were prepared (five-fold serial dilution of the 100 uM so-
lution) and tested in all the cancer cell lines. The compound con-
centration able to inhibit cell growth by 50% (ICso) was then calculated
by nonlinear regression of the semi-logarithmic dose-response plots,
using Prisma GraphPad software (vers. 5.01).

2.8. Molecular docking calculation

The chemical structures of compounds 4a, 4d, 4f and 4i were drawn
using ChemDraw pro 12 and further minimized to local energy minima
using hybrid based steepest decent till 5000 iterative steps using LBFGS
algorithm [36] with default tautomeric and ionized state using EPIK
[371.

DNA (PDB ID: 1BNA) was prepared using respective tools of
Schrodinger suite of software [29]. The minimization is carried until
RMSD cut-off of 0.30 A for the heavy atoms. Altogether the protonation
state and hydrogen bond of the structure are fixed with re-oriented with
clash penalty score.

Grid based ligand docking with energetics (GLIDE) [33] was used to
find favorable interactions between ligand and the target DNA with
flexible conformations of the ligand. Glide scoring function is given by
equation below:

GScore = 0.05 X vdW + 0.15 X Coul + Lipo + Hbond + Reward + RorB
+ Site + hydrophobicity

Glide scoring with XP descriptor with Induced Fit docking (IFD)
rewards hydrophobic interactions in-between ligand and the receptors.
IFD also reduces false positive of true ligand binder whereby IFD in-
duces side chain flexibility in the receptors [38].

2.9. Fluorescence spectroscopic studies

Calf thymus DNA (ctDNA) was purchased from Sigma Aldrich che-
micals & Co. and used without further purification. Ethidium bromide
(EtBr, 95% purity) was obtained from Sigma Aldrich. Each test com-
pound (4d or 4f) was initially dissolved in EtOAc and diluted with
double distilled water. The emission spectroscopy analysis was
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performed using HITACHI F7100 fluorescence spectrophotometer for
the ctDNA-EtBr and ctDNA-EtBr with the test compound at 293 K.
Initially the excitation wavelength has been set for 530 nm and the
emission maximum was observed around 591 nm for free ctDNA
(10 uM)-EtBr (2 uM) between 550 nm and 800 nm wavelength range.
The band pass slit width was set at 5 nm for both excitation and
emission. The ctDNA-EtBr concentration was kept constant and com-
pound 4d (0 to 18 uM) and 4f (0 to 20 uM) were added at 2 pM in-
tervals. Further, the ctDNA-EtBr with compound 4d or 4f complex was
studied at three different temperatures (293 K, 297 K and 300 K) using
TECAN INFINITE M1000 PRO micro plate reader using the above de-
scribed procedure. Also, the inner filter effects are reduced for ctDNA-
EtBr and test compound complex using Eq. (1):

Foorr = Fobs- eAl+A)/2 (@)

where F.,, and F,s represent the fluorescence intensities after and
before correction of ctDNA-EtBr with 4d and 4f complex at the emission
wavelength and Al and A2 are the total absorbance of all components
at the Aex and Ay, respectively. The quenching mechanism is de-
termined using Stern-Volmer equation (2)

Fo/ F=1 + k5 [PI] = 1 + Ky [PI] @)

where K, and K, are quenching constant and rate constant, respec-
tively, whereas Fy and F are the emission intensity in the absence and
presence of the test compound, respectively, in ctDNA-EtBr; 7, is the life
time of ctDNA-EtBr. The double logarithmic calculation was performed
using Eq. (3), to calculate the binding constant and binding stability of
compounds 4d and 4f in ctDNA-EtBr system:

Log[(Fo—F)/F| = LogK, + nlog [compound] 3)

where K, is the binding constant and n is the various binding sites in
ctDNA-EtBr binding site.

According to Ross, Subramanian et al. [31], the thermodynamic
parameters enthalpy (AH"), entropy (AS°) and binding free energy (AG®)
were calculated for compound 4d and 4f in ctDNA-EtBr complex system
using van’t Hoff Egs. (4) and (5).

Log Kn — —_OH AS’
6 R0 = T3 303RT T 2.303R )
AG® = AH® — T AS° = —RT In K, 5)

where R is the gas constant.
3. Conclusions

A novel preparative protocol has been developed which allows the
synthesis of chromeno[2,3-c]isoquinoline-5-amine analogs to be
achieved in a single step reaction with moderate-to-good yields. The
preparation relies on an effective domino reaction, consecutively in-
volving a Knoevenagel condensation, two nucleophilic cyclizations and
a reduction step. The synthesized polycyclic derivatives showed anti-
proliferative activities against some human tumor cells, namely breast
(MCEF-7), colon (HCT116) and ovarian carcinoma (A2780) cell lines,
including cisplatin-resistant ovarian cancer cells (SK-OV-3 and
A2780cp8), with ICss in the low micromolar range (< 10 uM). While
further target validation and mechanistic studies are expected to sup-
port the structure-based drug design of new more potent analogs, the
SAR study highlights the favorable effects of small alkoxy groups
(methoxy, ethoxy) in C8 and C10 of the chromeno[2,3-c]isoquinoline
scaffold, leading to compounds 4d and 4f which should be noteworthy
for the future optimization studies. Molecular docking calculation re-
sults, experimentally confirmed by fluorescence quenching studies,
suggest the binding of DNA with the typical features of the most
common intercalating ligands as a possible mechanism underlying the
antiproliferative activity of the chromeno[2,3-c]isoquinoline-5-amines
investigated herein.
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