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KEYWORDS Abstract Several new amino-substituted acridone and xanthone derivatives have been designed
Acridone; and synthesized, using an efficient methodology from suitable acridone- or xanthone-carboxylic
Xanthone; acid intermediates. The antiproliferative activity of the target compounds has been evaluated
Antiproliferative activity; against four cancer cell lines, namely breast adenocarcinoma MCF-7, acute lymphocytic leukemia
Cell cycle arrest; CCRF-CEM, and its doxorubicin-resistant variant CEM/ADRS5000 and prostate cancer PC-3 cell
Autophagy lines. Selected derivatives have also been tested against the urinary bladder T24 and metastatic mel-

anoma WM?266-4 cancer cell lines. Two nitro substituted acridones, bearing a basic side chain as
well, were endowed with a remarkable profile against the majority of the cell lines tested, with
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ICso values in the low micromolar range. Both compounds cause accumulation at GO/G1 phase,
induce apoptosis, and act as potent autophagy inhibitors in PC-3 cells, suggesting their further eval-
uation in various pathophysiological environments, conditions, and regimens.

© 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Among the many different classes of chemotherapeutic agents
used against malignant diseases, acridone and xanthone
derivatives have been extensively studied as anticancer com-
pounds. Furthermore, both scaffolds, xanthone and its aza-
analogue acridone, have been used as lead compounds for
the synthesis of various analogues, which are endowed with
a number of interesting, albeit diverse, biological properties,
such as anti-inflammatory (Chen et al., 2002; Feng et al.,
2020), anti-viral (Tonelli et al.,, 2011; Bernal and Coy-
Barrera, 2015), anti-allergic (Chukaew et al., 2008; Shagufta
and Ahmad, 2016), anti-malarial (Kumar et al., 2009;
Tomar et al., 2010; Yu et al., 2012) and anti-parasitic
(Shagufta and Ahmad, 2016) functions. They are character-
ized by a m-conjugated planar structure, which makes them
considerably hydrophobic and allows their interaction with
different bio-molecular targets. Due to this unique planar sys-
tem, they intercalate in between base pairs in the double-
stranded DNA, thereby inhibiting DNA replication in the
rapidly growing cancer cells (Chiron and Galy, 2004;
Demeunynck, 2004; Belmont et al., 2007; Belmont and
Dorange, 2008; Kaur and Singh, 2011; Zhang et al., 2014;
Shagufta and Ahmad, 2016). It is well established that vari-
ous acridone and xanthone analogues exert their potent anti-
cancer activities, through inhibition, among others, of
topoisomerases, telomerase and cyclin-dependent kinases.
The effectiveness of bioactive acridone derivatives is affected
by their ability to exist in two tautomeric forms. The hetero-
cyclic nitrogen adopts either an acceptor or a donor confor-
mation, which has a radical effect on the binding properties
of the molecule.

The most representative examples in this field include pyra-
zoloacridines (Zalupski et al., 1998; Bu et al., 2002;
Ramaswamy et al., 2011), thiadiazinoacridines (Antonini
et al., 2003), triazoloacridones (Lemke et al., 2004, 2005), imi-
dazoloacridones (Mazerska et al., 2003; den Brok et al., 2005),
pyrazoloxanthones (Kostakis et al., 2005, 2006), and aminox-
anthones (Kostakis et al., 2005). Among them, PZA, an amino
substituted S-nitropyrazolo[3,4,5-k/Jacridine derivative
(Zalupski et al., 1998; Ramaswamy et al., 2011), imida-
zoloacridine C-1311 (Cholody et al., 1990; Wisniewska et al.,
2007), acridine carboxamide DACA (Atwell et al., 1987;
Wolf et al., 2009) and acronycine (Elomri et al., 1996;
Guilbaud et al., 2002) are of great biological interest (Fig. 1);
hence, many analogues of them have been synthesized. Follow-
ing extensive SAR studies in this class of compounds, it has
been proposed that the substitution with one or two basic side
chains, a 7-methoxyl, or an electron-deficient nitro-group, play
important role in their activity and selectivity.

As part of an extensive research program concerning the
synthesis and pharmacological evaluation of acridone and
xanthone analogues (Kostakis et al., 2002, 2005, 2006, 2008;

Giannouli et al., 2007, 2015), we have recently reported the
synthesis of several amino-substituted xanthones and acri-
dones (general formulas I-III, Fig. 1). These compounds share
common structural features with the biologically active deriva-
tives described above, bearing at least one basic side chain
together with a nitro group, or a second amino substituted side
chain. They exhibit strong cytotoxic activities against a panel
of cancer cell lines, probably due to DNA binding and
intercalation.

Prompted by these results, we, next, decided to examine
these two scaffolds further and we present herein the synthesis
and biological evaluation of two series of novel xanthone and
acridone carboxamides, with direct similarity to PZA and
other amino substituted acridones. In these derivatives, a car-
bonyl group has been inserted between the amino side chain
and the chromophore, in order to gain a better insight of the
structure—activity relationships regarding: a) the influence of
the altered flexibility and spatial arrangement of the amide side
chain, b) the effect of an additional substitution with either a
nitro group, or a second basic side chain, as well as an o,f-
unsaturated side chain, which could probably be susceptible
to nucleophilic attack from DNA bases (i.e. guanine’s N-7)
and ¢) the contribution of the closely related acridone or xan-
thone core to the biological activity.

2. Results and discussion

2.1. Chemistry

The synthesis of the amino-substituted xanthones and acri-
dones started from 4-nitro-9-ox0-9,10-dihydroacridine-1-car
boxylic acid (8) (Scheme 1), and 4-nitro-9-0x0-9 H-xanthene-
1-carboxylic acid (17) (Scheme 2). For the synthesis of acri-
done carboxylic acid 8, we have used the nitro derivative 1
which was prepared from the commercially available methyl
4-aminobenzoate following a previously described procedure
(Decodts et al., 1983; Knepper et al., 2006). Bromide 1 was
then reacted with methyl anthranilate (3), in the presence of
Pd[P(C¢H5s);]4 as catalyst and Cs,COj3 as base, to yield the
intermediate methyl ester 4. Saponification of compound 4
and ring closure of the intermediate dicarboxylic acid 5, upon
treatment with concentrated H,SO,4, provided the acridone
carboxylic acid 8 (Burdeska et al., 1972). Unfortunately, the
overall yield of this procedure was only 35%, taking also under
consideration the difficult purification of the last step (42%);
therefore, a slightly different synthetic pathway was examined.
This involves the initial preparation of methyl ester 6, by reac-
tion of bromide 1 with anthranilic acid (2). Acid 6 was then
ring closed, upon treatment with a mixture of TFAA and
TFA, and the resulting methyl ester 7 was saponified to afford
the desired acid 8 (85%) in 65% overall yield.

For the preparation of xanthone carboxylic acid 17, we
followed a slightly different approach from the methodology


http://creativecommons.org/licenses/by-nc-nd/4.0/

Synthesis of novel xanthone and acridone carboxamides 7955

C-1311 DACA Acronycine
1R2 NR1R2
o HN/\/NR R Nl_N/\/
I I
RO Sao
S X ~ X
R
Il R 1]
X=0, NH

NR'R?= NMe,, NEt,, pyrrolidine, piperidine
R= NO,, NHCOCH,NR'R?

Fig. 1  Structures of PZA, C-1311, DACA, acronycine, and compounds prepared by our group (I — I1I).
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Scheme 1  Reagents and conditions: a) c. H,SOy, abs. EtOH, reflux; b) Cs,COs3, PA[P(C¢Hjs)s]s, toluene (or toluene-DMA (3/1) for 6),
reflux; ¢) NaOH 15%, MeOH, rt; d) c. H,SO4, 90 °C; e) TFAA-TFA.
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Scheme 2 Reagents and conditions: a) c. H,SOy, abs. EtOH, reflux; b) CuCl, K,COs, Pyr, reflux; ¢) fum. HNO3;, 0 °C, rt; d) NaOH 40%,

EtOH, rt; e) PPA, 110 °C; f) NBS, dibenzoyl peroxide, CCly, UV (140 Watt); g) AgNO;, (CH3),CO-H,O, rt; h) Jones reagent, (CH;),CO,
rt.
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previously reported from our team (Hadjipavlou et al., 20006).
Thus, commercially available 2-iodobenzoic acid was first
esterified to the corresponding ethyl ester 10 (Baker et al.,
1965; Hadjipavlou et al., 2006) and then reacted with m-
cresol, in the presence of cuprous chloride and potassium car-
bonate, to provide the ether 11 (Hadjipavlou et al., 2006)
(Scheme 2). Treatment of compound 11 with fuming nitric
acid, in the presence of acetic anhydride, resulted in a mixture
of isomeric nitro compounds 12a and 12b. Structural discrim-
ination of compounds 12a and 12b was unambiguously estab-
lished by NMR spectroscopy using both direct and long-range
experiments. The nitration site resulted from the observation
that for compound 12b, two aromatic protons (namely H-4
and H-6', exhibit >J coupling with the methyl group, while in
the case of compound 12a, only H-2' exhibits *J coupling with
the methyl group. Then, ester 12b was saponified under mild
conditions, and the resulting carboxylic acid 13 was ring closed
upon treatment with PPA providing xanthone 14 (Recanatini
et al., 2001). Xanthone 14 was then brominated with NBS,
in the presence of a catalytic amount of dibenzoyl peroxide
applying UV irradiation, to give the bromomethyl analogue
15 (Recanatini et al., 2001), which upon hydrolysis in the pres-
ence of AgNOs, provided the benzyl alcohol 16. The target
carboxylic acid 17 was then obtained from xanthone 16 upon
oxidation with Jones reagent.

The nitro derivatives 18a-b and 24a-b were prepared upon
amidation of acridone acid 8 and xanthone acid 17 respec-
tively, with the appropriately substituted amines (Scheme 3).
The "H NMR spectra of compounds 18a-b display a character-
istic doublet in the range of 8.15-8.28 ppm, integrating for 1
proton, attributed to H-8. On the other hand, H-3 appears
downfield as a doublet at 8.44-8.60 ppm, while H-2 shifts
upfield at 7.04-7.14 ppm. Next, the nitro group was reduced
by hydrogenation over palladium on activated carbon, to
afford the anilines 19a-b and 25a-b, which upon treatment with
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chloracetyl chloride afforded the amides 20a-b and 26a-b.
Finally, reaction of these amides with the suitable amines
resulted in the target diamines 21a-b and 27a-b. By analogy
to compounds 18a-b, the "H NMR spectrum of 21a-b shows
a doublet at 7.82-7.90 ppm for H-8. The most characteristic
H-3 appears as a doublet at 7.30-7.36 ppm while the proton
at position 2 observed as a doublet at 6.68—6.70 ppm.

For the synthesis of the acrylamides 22a-b and 28a-b, and
the diamines 23a-b and 29a-b, we followed a similar strategy.
Therefore, anilines 19a-b and 25a-b were converted to the
corresponding acrylamides 22a-b and 28a-b respectively, by
treatment with 3-chloropropionyl chloride, in the presence of
potassium carbonate. Finally, the aforementioned acry-
lamides, underwent 1,4-Michael’s addition using suitable sec-
ondary amines to provide the target diamines 23a-b and 29a-b.

2.2. Biological activity

All acridone and xanthone analogues were evaluated for their
antiproliferative activities against four human cancer cell lines,
namely, MCF-7 (breast adenocarcinoma) (Seo et al., 2015),
CCRF-CEM and its variant CEM/ADRS5000, a doxorubicin-
resistant sub-clone (acute lymphocytic leukemia: ALL)
(Kimmig et al., 1990; Efferth et al., 2008; Kadioglu et al.,
2016) and PC-3 (prostate cancer) (Vistica et al., 1991). For
comparative reasons and in order to further evaluate the activ-
ity of the new compounds, four derivatives which emerged
from the initial screening, namely 18a, 18b, 28b and 29b, were
also examined against two additional human cancer cell lines,
the T24 (urinary bladder cancer) (Giannopoulou et al., 2019b)
and the MW266-4 (metastatic melanoma / skin cancer)
(Giannopoulou et al., 2019a), which are being typified by high
malignancy grades and strong metastatic capacities (Table 1).
Furthermore, for compounds 18a and 18b flow cytometric
analysis of DNA content was also conducted.
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Scheme 3  Reagents and conditions: a) 1. CDI, dry DMF, rt; 2. suitable diamine, 50 °C; b) 1. NBS, PPh;, dry CH,Cl,, 0 °C; 2. suitable
diamine, rt; ¢) H,, Pd/C, 50 psi, EtOH abs., rt; d) K,COs;, chloroacetyl chloride, dry CH,Cl,; e) suitable secondary amine, EtOH abs.,

60 °C; f) 3-chloropropionyl chloride, K,COj3, dry CH,Cl,, rt.
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Table 1 Accumulative results of the antiproliferative activities for all the synthesized compounds.
H 1
o O N\/\N,R
R
LI
RZ
Cmp X R R’ MCF-7 %  CCRF/ CEM/ PC3 ICY, T24 %MCVS  MW266-4 %
MCV* CEM % ADRS5000 %  (uM) MCV®
(30 M) MCV* MCV*
(10 uM) (10 pM)
18a NH CH; NO, 82.08 £ 0.83 58.92 + 342 86.63 + 3.38 1.20 = 0.06 50.80 = 1.30 52.00 = 2.14
(50 uM) (50 uM)
37.40 £ 2.37  26.50 = 0.82
(100 uM) (100 pM)
18 NH CH,CH; NO; 73.84 £ 1.40 56.67 £ 2.32 87.94 £ 1.85 2.00 £ 0.05 56.00 = 0.90 54.60 = 0.77
(50 pM) (50 uM)
40.50 £ 1.03  29.20 + 1.09
(100 uM) (100 pM)
2la NH CH; NHCOCH,N 86.42 + 1.44 84.32 + 3.48 84.27 + 291 > 40
(CH3),
21lb NH CH,CH; NHCOCH,N 86.03 £ 1.19 86.71 = 1.79 103.09 = 1.82 40.00 = 1.72
(CH2CH3),
22a NH CH; NHCOCH = CH, 85.06 = 2.04 80.40 = 2.18 92.68 + 2.86 > 40
22b NH CH,CH; NHCOCH = CH, 82.87 £ 1.17 84.56 £ 2.53 92.42 + 2.36 >40
23a NH CH; NHCOCH,CH,N  84.60 = 1.64 87.77 = 2.07 96.29 + 3.14 > 40
(CHa)>
23b NH CH,CH; NHCOCH,CH,N 8543 + 1.50 87.94 + 1.61 94.20 £+ 2.95 > 40
(CH2CH3),
24a O CH; NO, 84.56 £ 1.23 75.79 £ 2.32 88.84 + 2.31  24.20 £ 0.91
249b O CH,CH; NO, 86.41 £ 1.35 7537 £ 1.92 89.46 £ 0.78 33.30 + 1.20
272 O CH; NHCOCH,N 83.76 + 2.31 75.72 £ 3.84 86.17 £ 3.03 14.30 £ 0.41
(CHs;),
27b O CH,CH; NHCOCH,N 81.33 £ 1.16 73.54 + 2.85 8345 + 3.80 15.30 = 0.52
(CH2CH3),
28a O CH; NHCOCH = CH, 83.84 = 1.17 75.07 = 2.57 82.02 = 2.33  31.00 = 0.94
28b O CH,CH; NHCOCH = CH, N/T 61.09 £ 3.38 59.43 + 4.01 7.20 £ 0.23 60.60 £ 1.54 2.20 + 0.83
(50 uM) (50 uM)
14.40 £ 0.87 3.00 = 0.72
(100 pM) (100 puM)
292 O CH3; NHCOCH,CH,N  85.85 + 0.83 66.58 + 3.73 86.77 = 2.32  18.30 + 0.65
(CH3),
29 O CH,CH; NHCOCH,CH,N 85.10 £ 0.93 67.81 £ 1.95 85.72 + 3.00 7.40 = 0.23 82.40 + 1.95 96.20 + 0.57
(CH,CHj3), (50 uM) (50 uM)
77.90 £ 3.35 38.60 = 1.33
(100 pM) (100 pM)
5-FU (Fluorouracil) 3.10 £ 0.09

# The results represent means [+ standard error of the mean (SEM)] of three independent experiments and are expressed as % mean cell
viability (MCV). ®The results represent means [+ standard deviation (SD)] of three independent experiments and are expressed as ICs. “The
results represent means [+ standard deviation (SD)] of three independent experiments and are expressed as % mean cell viability (MCV).

2.2.1. In vitro antiproliferative activity against MCF-7 cell line
The cytotoxicity of target compounds was tested using the
Resazurin assay (O’Brien et al., 2000). The results, expressed
as cell viability at 30 uM, can be visualized in Supplementary
Figure S1. All the new compounds showed low activity and
only the nitro-acridone 18b, displayed an interesting activity
against MCF-7 cell line with 73.84% £ 1.40 cell viability. It
has been reported that certain quinone type derivatives are
also endowed with cytotoxic effects against this cell line and
this could be marginally related to the activity of the com-
pounds presented herein (Mollica et al., 2014).

2.2.2. In vitro antiproliferative activity against CCRF-CEM and
CEM/ADRS5000 cell lines

The new compounds were assayed in vitro for their antiprolif-
erative activities against CCRF-CEM and CEM/ADRS5000
cell lines using the Resazurin assay (O’Brien et al., 2000).
Results, expressed as % mean cell viability at 10 uM, are sum-
marized in Supplementary Figure S2. The majority of the new
compounds show improved cytotoxic properties against the
two ALL cell lines, compared to the MCF-7 one. The cyto-
toxic potency of xanthone analogues is slightly higher than
the one of corresponding acridones. However, it is noticeable
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that acridones 18a and 18b, bearing a nitro substitution, are
the most potent derivatives in this series and display mean cell
viabilities of 58.92% =+ 3.42 and 56.67% +2.32 respectively, in
CCRF-CEM cell line. This is consistent with the observations
concerning the MCF-7 cell line and unveils the beneficial effect
of the nitro group in terms of cytotoxicity. Notably, from a
direct comparison between the CCRF-CEM and CEM/
ADRS5000 respective responses to the administered com-
pounds, it is clearly observed that the derivatives show compa-
rable anticancer activities against both cell lines, with the
exception of the nitro acridones 18a and 18b, which are less
effective against the doxorubicin-resistant sub-clone CEM/
ADRS5000. These results strongly suggest the importance of
the acridone core and the nitro substitution, thus, providing
evidence regarding the favorable scaffold and substitution
for the maximization of cytotoxic capacity of these classes of
compounds.

It must be underlined that although the antiproliferative
activity of the di-substituted xanthones 28a-b and 29a-b is
moderate, their potency is enhanced, compared to the di-
substituted acridones 22a-b and 23a-b. Compound 28b exhibits
the highest cytotoxicity among the xanthone analogues, with
mean cell viability 61.09% =+3.38, followed by compounds
29a-b. Besides, compound 28b showed high cytotoxicity
against the doxorubicin-resistant CEM/ADRS5000 cell sub-
clone, with an inhibitory activity of approximately 40%, at
10 uM. On the contrary, the acridone analogue 22b possesses
negligible activity, whereas the most active derivative among
the acridone analogues, 18b, possesses a remarkable inhibitory
activity of approximately 44% against the parental CCRF/
CEM cells and only 13% against the resistant sub-clone. This
could suggest that the di-substituted xanthones possessing an
additional side chain could partly overcome multi-drug resis-
tance in an ALL cellular setting.

2.2.3. In vitro antiproliferative activity against PC-3 cell line

The antiproliferative activity of the new compounds was eval-
uated in vitro against the PC-3 human prostate cancer cell line.
The results of the MTT dye reduction assay, expressed as 50%
inhibitory concentrations (ICsg) in uM, are depicted in Table 1.
The majority of xanthone analogues show interesting anti-
cancer activities, with I1Csy values varying within the range of
7.20 to 33.3 uM. In general, the di-substituted compounds
27a-b, 28a-b, and 29a-b seem considerably more active when
compared with the nitro substituted analogues 24a-b. These
data indicate that the replacement of the nitro group with a
second basic side chain affords higher cytotoxicity against
prostate cancer cells.

On the contrary, we observe that the di-substituted acri-
done analogues 21a-b, 22a-b, and 23a-b, appear to be consid-
erably less active when compared with the corresponding di-
substituted xanthones 27a-b, 28a-b, and 29a-b. In consistence
with the previous results, the nitro acridones 18a and 18b
emerge as the most potent compounds, showing strong cyto-
toxicity with ICsy values of 1.20 and 2.00 pM, respectively.
The data indicate that in the case of the acridone analogues,
in contrast to the xanthone counterparts, the replacement of
the nitro group significantly reduces the activity. This could
probably be attributed to a different mechanism of action; nev-
ertheless, the existence of the two tautomeric forms, which the

acridone core can adopt, could have a radical effect on the
activity. This issue remains to be clarified.

2.2.4. In vitro antiproliferative activity against T24 human
urinary bladder cancer cell line and WM266-4 human metastatic
melanoma cancer cell line

Through employment of an MTT-based protocol, a cancer-cell
type-specific sensitivity to the four herein tested compounds is
clearly revealed (see Supplementary Figures S3 and S4). An
overall assessment typifies T24 (human) urinary bladder cancer
cells (Stravopodis et al., 2009; Giannopoulou et al., 2019b)
more refractory to each one of the four examined compounds,
as compared to the WM266-4 (human) metastatic melanoma
(skin cancer) cells (Giannopoulou et al., 2019a). Specifically,
compounds 18a and 18b seem capable to significantly kill both
T24 and WM266-4 cancer-cell types, at 50 and 100 puM com-
pound doses, with T24 and WM266-4 retaining survival-
percentage values of approximately 40% and 30%, respec-
tively, at the highest compound concentration being added.
Similarly, administration of compound 28b, with a dose of
50 or 100 uM, results in complete eradication of WM266-4 cell
populations, with the highest compound concentration
remarkably reducing T24 viability, albeit rather incompletely,
since an approximate 15% of T24 cells remains unaffected in
the presence of 100 uM of 28b. In contrast to 28b, compound
29b was effective against T24 or WM266-4 cells only in the
highest concentration tested. Interestingly, although T24 are
rather refractory to 100 uM of 29b, WM266-4 cells are pre-
sented prominently vulnerable to the cytotoxic power of 29b
compound.

Since compound 29b carries surprisingly decreased killing
activity against T24 and WM266-4 cancer cells, when com-
pared to the vinyl substituted compound 28b, it could be sug-
gested that the electrophilic character of 28b is in favor of
enhanced cytotoxicity regarding the specific cell lines.

2.2.5. Flow cytometric analysis of DNA content

Cell-cycle perturbation and arrest of exponentially growing
PC-3 cells with compounds 18a and 18b for 24, 48 and 72 h
are given in Table 2. Both compounds caused accumulation
of PC-3 cells at GO/G1 phase, reducing in parallel the percent-
age of cells at G2/M and S phase of the cycle (though the
reduction of S phase was marginally non-significant).

Table 2 PC-3 cell cycle distribution (%) after 24-, 48- and 72-
hour treatment of the compounds 18a and 18b in concentration
equal to the corresponding ICs, value.

Sample Time G0/G1 S G2/M
(Compound) (h) (%) (%) (%)
Control 24 56.4 17.1 26.5
18a 24 60.3 16.1 23.6
18b 24 61.1 18 20.9
Control 48 59 17.2 23.8
18a 48 67.9 15.3 16.8
18b 48 70 13.3 16.7
Control 72 54.1 15 30.9
18a 72 60.5 12.3 27.2
18b 72 60.6 17.3 22.1
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Fig.2  Flow cytometric analysis of DNA content. Early or late apoptosis and necrosis were estimated in PC-3 cells after 24-, 48- and 72-
h exposure to the compounds 18a and 18b, versus control cells (Ctrl), based on the AnnexinV — 7AAD staining. Representative graphs
illustrate the overall apoptosis activated upon each treatment, on an incubation-time basis.
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Fig. 3 Representative flow cytometry graphs showing AMFI
Cyto-1D after 48-hour treatment of the compounds 18a and 18b in
PC-3 cells, in concentration equal to the corresponding ICsg
values. [AMFI Cyto-ID = MFI Cyto-ID (treated) - MFI Cyto-ID
(control)].

Nevertheless, both compounds were found to significantly
induce apoptosis of PC-3 cells at 72 h, with 18b being compar-
atively the most potent. More specifically, 18b induced at 72 h
treatment the mobilization of late apoptosis at an elevated
40% ratio, as compared to control cells, whereas 18a increased
late apoptosis almost 10% at 72 h of exposure (Fig. 2).

The semi-quantification of autophagy engagement revealed
that 18a and 18b showed a similar pattern compared to control
cells, by decreasing the levels of CYTO ID fluorescence signal
(AMFI = -0.230) and (AMFI = -0.235), respectively (Fig. 3).
AMFT values for rapamycin (potent autophagy inducer) and
chloroquine (potent autophagic flux inhibitor) were calculated
as 0.800 and —0.420, respectively (Guo et al., 2011; Guo and
White, 2013). This indicates that both 18a and 18b likely act
as potent autophagy inhibitors in a PC-3 cellular environment
(Fig. 3).

Since autophagy seems to facilitate the survival of hypoxic
cells and hypoxia has been associated with resistance to anti-
cancer therapy (Tan et al., 2016), novel compounds 18a and
18b (by inhibiting autophagy) may hold strong promise in
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the prompt development of new drug cocktail-based regimens
for the successful management of human prostate cancer in the
clinic.

3. Conclusions

Two series of novel compounds possessing the acridone and
xanthone scaffold were synthesized and evaluated for their
antiproliferative activities against a panel of four tumor cell
lines. Selected derivatives have been subsequently examined
against two additional highly metastatic cancer cell lines.
Two analogues with the most interesting cytotoxic properties
have also been studied in terms of cell-cycle perturbation
and arrest of exponentially growing PC-3 cells, as well as for
their ability to affect apoptosis and autophagy. All new com-
pounds possess moderate to good antiproliferative properties,
with the most interesting results - among all inhibitors - being
extracted from their profile against the human prostate cancer
cells. Apart from the nitro substituted analogues, 18a and 18b,
no other acridone-containing derivative possesses a consider-
ably interesting profile against the tested cell lines, in contrast
to the synthesized compounds belonging to the xanthone ser-
ies. Compounds 18a and 18b, which also bear a basic side
chain, emerged as the most efficient of the acridone series, with
the best activities being demonstrated against the PC-3 (pros-
tate cancer) cells. Interestingly, both compounds were found
to act as potent autophagy inhibitors in a PC-3 cellular envi-
ronment, causing accumulation of PC-3 cells at GO/G1 phase
and significantly induce apoptosis. Regarding xanthone ana-
logues, all of them showed interesting cytotoxicity profiles,
although, in this case the nitro xanthones were not among
the noteworthy analogues. Compounds 28b and 29b, bearing
an additional side chain, appear very potent against the PC-3
cell line, with ICsq values estimated at the low micromolar
range, especially the vinyl-substituted derivative 28b, which
in parallel showed substantial cytotoxic activity against T24
and mainly WM266-4 cancer-cells. When compared to the pre-
viously reported xanthone analogues which possess a direct
amino substituent on the chromophore (Kostakis et. al.
2006), we could state that the carboxamides presented in this
work appear overall less cytotoxic. This could indicate that
in this scaffold the insertion of the carbonyl group is not ben-
eficial for the biological activity.

In terms of their clinical relevance and therapeutic poten-
tial, 18a, 18b, 28b and 29b are suggested to be further opti-
mized and investigated for prostate cancer treatment.
Although the mechanisms for the tumor-suppressing func-
tions of the herein described novel compounds are still
unclear, our results indicate that in the case of xanthone ana-
logues, the replacement of nitro group with a second side
chain significantly improves the anticancer activity. Further-
more, the nitro acridones appear considerably more potent,
when compared with the corresponding nitro xanthones,
whereas the di-substituted compounds are inactive. These
results strongly suggest the pivotal role of these “‘structural
transformations” in the mechanism of action for the herein
presented compounds. Since a number of tumors seem to
require autophagy for their survival and growth, the 18a-
and 18b- mediated suppression of autophagic flux may com-
pel prostate cancer cells (PC-3) to apoptotic death; yet, more
studies are needed to further clarify how these alterations of

the autophagic potential may serve as death signals. On the
basis of these results, the establishment of a preliminary
Structure-Activity-Relationship (SAR) is feasible, in order
to determine the structural features that possess a crucial role
in enhanced and targeted inhibition of cancer cell survival,
and growth

4. Experimental section

4.1. Chemistry

All commercially available chemicals were purchased from
Alfa Aesar. Melting points were determined on a Biichi appa-
ratus and were uncorrected. '"H NMR, '*C NMR and 2D spec-
tra were recorded on a Bruker Avance III 600, 400 and 200
spectrometer (Bruker GmbH, Germany) using dimethyl sul-
foxide (DMSO ds), methanol (CD3;OD) and chloroform
(CDCl3) as deuterated solvents and were referenced to TMS
(6 scale). The signals of 'H and '*C spectra were unambigu-
ously assigned by using 2D NMR techniques: '"H'H COSY,
HMQC, and HMBC. '"H NMR and '*C NMR of compounds
1 (Decodts et al., 1983; Knepper et al., 2006), 8 (Burdeska
et al., 1972), 11 (Hadjipavlou et al., 2006), 14 (Recanatini
et al., 2001), 15 (Recanatini et al., 2001) and 17 (Burdeska
et al., 1972) were confirmed with those reported in the litera-
ture (See Supplementary Material). Flash chromatography
was performed on Merck silica gel 60 (0.040-0.063 mm). Ana-
lytical thin layer chromatography (TLC) was carried out on
pre-coated (0.25 mm) Merck KgaA (Darmstadt, Germany) sil-
ica gel F-254 plates. HRMS were obtained on an LTQ-
Orbitrap Discovery Mass Spectrometer (Thermo Scientific,
Brehmen, Germany).

4.1.1. Methyl 3-{[2-(methoxycarbonyl)phenyl Jamino}-4-
nitrobenzoate (4)

A suspension of methyl anthranilate (617 mg, 4.08 mmol, 2), 3-
bromo-4-nitrobenzoate (1.06 g, 4.08 mmol, 1), Cs,CO3 (6.64 g,
18 mmol) and tetrakis(triphenylphosphine)palladium (0)
(235 mg, 0.20 mmol) in dry toluene (100 mL), was heated at
110 °C, under argon, for 24 h. After completion of the reac-
tion, the volatiles were removed under reduced pressure and
the residue was extracted with CH,Cl,, dried over Na,SO,,
and evaporated to dryness. Flash chromatography on silica
gel, using a mixture of cyclohexane / EtOAc 10 / 1, as the elu-
ent, afforded 1.2 g (89%) of the title compound 4. M.p. 160—
161 °C (CH,Cl, - n-Pentane); 'H NMR (600 MHz, CDCls) 6
11.16 (s, DO exch., 1H, NH), 8.28 (d, J = 1.5 Hz, 1H, H-
2), 8.21 (d, J = 8.7 Hz, 1H, H-5), 8.06 (d, J = 8.7, 1H, H-
39, 7.55-747 (m, 3H, H-6, H-5, H-6), 7.10 (td,
J = 8.2 Hz, 2.0 Hz, 1H, H-4"), 3.97 (s, 3H, CH3), 3.91 (s,
3H, CH3'); *C NMR (151 MHz, CDCl3) 6 167.5 (COOCH3),
165.4 (COOCHjy"), 141.9 (C-17), 139.4 (C-4), 138.9 (C-3), 135.5
(C-1), 133.7 (C-5"), 132.2 (C-3"), 126.9 (C-5), 122.4 (C-4"),
120.3 (C-2), 120.0 (C-6), 118.9 (C-6"), 118.8 (C-2"), 52.8
(COOCH3), 52.4 (COOCH;5'); HRMS (ESI) m/z 329.0779
(calcd for C16H13N20-(), 3290771)

4.1.2. 3-[ (2-Carboxyphenyl)amino J-4-nitrobenzoic acid (5)

To a solution of the diester 4 (1.2 g, 3.6 mmol) in methanol
(150 mL), at room temperature, was added dropwise a cold
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15% NaOH solution (10 mL) and the mixture was stirred at
room temperature for 12 h. After completion of the reaction,
the mixture was poured into water, acidified with 18% HCI
solution (pH ~ 2) and the resulting solid was filtered and dried
over P,Os to afford 1.05 g (96%) of the title compound 5,
which was used for the next step without any further purifica-
tion. M.p. > 270 °C (MeOH - Et,0); 'H NMR (600 MHz,
DMSOds) o 11.12 (s, DO exch., 1H, NH), 826 (d,
J = 7.6 Hz, 1H, H-5), 8.16 (s, 1H, H-2), 8.05 (d,
J = 7.6 Hz, 1H, H-3"), 7.61 (m, 2H, H-5', H-6"), 7.55 (d,
J = 7.6 Hz, 1H, H-6), 7.19 (t, J = 8.7 Hz, 1H, H-4"); *C
NMR (151 MHz, DMSO dg) 6 168.6 (COOH), 165.7 (COOH),
141.6 (C-17), 138.3 (C-3), 136.4 (C-1), 133.7 (C-5"), 131.9 (C-
37, 130.0 (C-4), 127.0 (C-5), 122.3 (C-4"), 120.2 (C-2), 119.8
(C-6), 119.0 (C-6"), 118.9 (C-2").

4.1.3. 2-{[5-( Methoxycarbonyl)-2-nitrophenyl Jamino}benzoic
acid (6)

A suspension of methyl 3-bromo-4-nitrobenzoate (1 g,
3.80 mmol, 1), anthranilic acid (615 mg, 4.07 mmol, 3), Cs»-
CO3 (7.2 g, 20.40 mmol) and tetrakis(triphenylphosphine)palla
dium (0) (235 mg, 0.20 mmol) in a 3 / 1 mixture of toluene / N,
N-dimethylacetamide (100 mL), was stirred under reflux, for
24 h, under argon. After completion of the reaction, the vola-
tiles were removed under reduced pressure and the residue was
poured into water, acidified with 18% HCI solution (pH ~ 2)
and extracted with CH,Cl,. The organic layer was washed with
brine, dried over Na,SOy,, and evaporated to dryness. Flash
chromatography on silica gel, using a mixture of cyclohexane
/ EtOAc 1 / 3, as the eluent, afforded 1.1 g (92%) of the title
compound 6. M.p. 230-231 °C (THF - n-Pentane); '"H NMR
(400 MHz, DMSO dg) ¢ 11.10 (s, D,O exch., 1H, NH), 8.23
(d, J = 7.6 Hz, 1H, H-5), 8.11 (d, J = 1.7 Hz, 1H, H-2),
7.99 (d, J = 7.6 Hz, 1H, H-3"), 7.58-7.49 (m, 3H, H-5", H-
6, H-6), 7.15 (t, J = 8.7 Hz, 1H, H-4"), 3.84 (s, 3H,
COOCH;); *C NMR (151 MHz, DMSO dy) § 168.6 (COOH),
164.7 (COOCH3), 141.6 (C-17), 139.2 (C-4), 138.3 (C-3), 135.0
(C-1), 133.7 (C-5"), 131.9 (C-3"), 127.1 (C-5), 122.4 (C-4"),
120.0 (C-2), 119.8 (C-6), 119.0 (C-2"), 118.9 (C-6"), 53.3
(COOCH3); HRMS (ESI) m/z 329.0623 (caled for
Cy5sH11N»O5, 329.0627).

4.1.4. Methyl 4-nitro-9-0x0-9,10-dihydroacridine-1-carboxylate
(7)

A suspension of acid 6 (3.25 g, 10.28 mmol) in a 2 / 1 mixture
of trifluoroacetic acid - trifluoroacetic anhydride (12 mL) was
stirred at room temperature for 14 h. After completion of the
reaction, the mixture was poured into crushed ice, the precip-
itate was filtered, washed with water and air dried, to afford
2.54 g (83%) of the title compound, which was used for the
next step without any further purification. M.p. > 270 °C
(THF - Et,0). '"H NMR (600 MHz, DMSO d;) 6 11.64 (s,
DO exch., 1H, NH), 8.71 (d, J = 8.2 Hz, 1H, H-3), 8.20 (d,
J = 7.4 Hz, 1H, H-8), 8.11 (d, J = 8.4 Hz, 1H, H-5), 7.84
(t, J = 7.5 Hz, 1H, H-6), 7.44 (t, J = 7.5 Hz, 1H, H-7),
7.36 (d, J = 8.4 Hz, 1H, H-2), 3.93 (s, 3H, CH;); '>*C NMR
(151 MHz, DMSO dg) 6 175.0 (C-9), 168.7 (COCH3), 140.6
(C-4a), 139.8 (C-10a), 135.9 (C-4), 135.1 (C-1), 134.8 (C-6),
131.4 (C-3), 125.7 (C-8), 123.7 (C-7), 120.6 (C-8a), 119.4 (C-
9a), 119.3 (C-2), 118.2 (C-5), 52.6 (COCH;); HRMS (ESI")
m/z 297.0517 (caled for C;sHoN,O5, 297.0522).

4.1.5. 4-Nitro-9-0x0-9,10-dihydroacridine-1-carboxylic acid (8)
Method A: A solution of acid 5 (1 g, 3.31 mmol) in c. sulfuric
acid (10 mL) was stirred at 110 °C for 2 h. After cooling, the
mixture was poured into crushed ice, the precipitate was fil-
tered, washed with water and dried (P,Os). Flash chromatog-
raphy on silica gel, using a mixture of CH,Cl, / MeOH 6 / 1,
afforded the title compound 8 (400 mg, 42%). Method B: To a
solution of ester 7 (1.5 g, 5.03 mmol) in methanol (60 mL), at
room temperature, was added dropwise a cold 40% NaOH
solution (2.5 mL) and the mixture was stirred at room temper-
ature for 12 h. After completion of the reaction, the mixture
was poured into water, acidified with 18% HCI solution
(pH ~ 2) and the resulting solid was filtered and dried over
P,Os to afford 1.35 g (85%) of the title compound 8, which
was used for the next step without any further purification.

4.1.6. Ethyl 2-(5-methyl-2-nitrophenoxy )benzoate (12b)

To a suspension of ester 11 (4.1 g, 16 mmol) in acetic anhy-
dride (9.34 mL, 99 mmol) at 0 °C was added dropwise a solu-
tion of fuming HNO; (0.68 mL, 16 mmol) in acetic anhydride
(2.36 mL, 25 mmol) and the mixture was stirred at room tem-
perature for 24 h. After completion of the reaction, the mixture
was poured into ice - water, basified with 15% NaOH solution
(pH ~ 9) and extracted with CH,Cl, (3 x 50 mL). The com-
bined organic layers were dried over anh. Na,SO,4 and evapo-
rated to dryness. The residue was purified by column
chromatography (silica gel), using a mixture of petroleum
ether /| EtOAc (100 / 0 — 30 / 1), as the eluent, to afford
1.01 g (21%) of ester 12a and 3.03 g (63%) of the ester 12b.

Physicochemical data of ethyl 2-(5-methyl-2-nitrophenoxy)
benzoate (12a): oil; 'H NMR (400 MHz, CDCl;) § 8.03 (dd,
J = 8.0 Hz, 2 Hz, 1H, H-6), 7.92 (d, J = 8.0 Hz, 1H, H-3"),
7.58 (td, J = 8.0 Hz, 2 Hz, 1H, H-4), 7.33 (td, J = 8.0 Hz,
2 Hz, 1H, H-5), 7.11 (d, J = 8.0 Hz, 1H, H-3), 6.95 (d,
J = 80 Hz, 1H, H-4"), 6.58 (s, 1H, H-6"), 422 (q,
J = 7.0 Hz, 2H, CH,CH3), 2.30 (s, 3H, CHj3) 1.16 (t,
J = 7.0 Hz, 3H, CH,CH;); '*C NMR (50 MHz, CDCls) §
164.9 (CO), 153.8 (C-2), 151.7 (C-17), 145.9 (C-5"), 137.8 (C-
27), 133.9 (C-4), 132.3 (C-6), 125.8 (C-3"),125.2 (C-5), 124.0
(C-1), 123.1 (C-4"), 122.1 (C-3), 118.5 (C-6"), 61.2 (CH,CH3),
21.6 (CH3), 13.8 (CH,CH3).

Physicochemical data of ethyl 2-(3-methyl-4-nitrophenoxy)
benzoate (12b): M.p. 6364 °C (Et,O - n-Hexane); '"H NMR
(400 MHz, CDCl3) ¢ 8.05 (d, J = 8.0 Hz, 1H, H-5"), 8.03
(d, J = 8.0 Hz, IH, H-6), 7.62 (t, J = 8.0 Hz, 1H, H-4),
7.36 (t, J = 8.0 Hz, 1H, H-5), 7.15 (d, J = 8.0 Hz, 1H, H-
3), 6.80 (s, 1H, H-2"), 6.75 (d, / = 8.0 Hz, 1H, H-6"), 4.20
(q, / = 7.0 Hz, 2H, CH,CHs), 2.56 (s, 3H, CHj3), 1.18 (t,
J = 7.0 Hz, 3H, CH,CH;); *C NMR (50 MHz, CDCl3) ¢
164.7 (CO), 162.0 (C-17), 153.4 (C-2), 143.1 (C-4"), 137.0 (C-
37, 134.1 (C-4), 132.3 (C-6), 127.4 (C-5"), 125.7 (C-5), 124.5
(C-1), 123.1 (C-3), 119.4 (C-2"), 113.9 (C-6"), 61.17 (CH,CH3),
21.5 (CH3), 14.0 (CH,CH3).

4.1.7. 2-(5-Methyl-2-nitrophenoxy ) benzoic acid (13)

To a solution of ester 12b (3.01 g, 10 mmol) in ethanol (40 mL)
was added a 20% sodium hydroxide solution (8 mL, 40 mmol)
and the mixture was stirred at room temperature for 3 h. After
completion of the reaction, the mixture was poured into water
and acidified with a 36% HCI solution (pH ~ 2). The precipi-
tate was filtered and dried over P»Os, to afford the title com-
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pound 13 (2.62 g, 96%), which was used without any further
purification for the next reaction. M.p. 144-145 °C (EtOAc);
"H NMR (400 MHz, CDCl;) 6 8.22 (dd, J = 8.0 Hz, 2 Hz,
H-6), 8.04 (d, J = 8.0 Hz, 1H, H-3"), 7.57 (td, J = 8.0 Hz,
2 Hz, H4), 726 (t, J = 8.0 Hz, 1H, H-5), 7.15 (d,
J = 8.0 Hz, 1H, H-3), 6.94 (d, J = 8.0 Hz, 1H, H-4"), 6.90
(s, 1H, H-6"), 2.43 (s, 3H, CH;); '>*C NMR (50 MHz, CDCl,)
0 168.9 (CO), 155.6 (C-2), 150.1 (C-17), 146.6 (C-5"), 138.6 (C-
27), 135.0 (C-4), 133.3 (C-6), 126.1 (C-3"), 124.8 (C-5), 124.7
(C-1), 121.4 (C-4"), 120.7 (C-3), 120.2 (C-6"), 21.6 (CH3).

4.1.8. 1-( Hydroxymethyl )-4-nitro-9 H-xanthen-9-one (16)

A suspension of bromide 15 (1.67 g, 5 mmol) and AgNO;
(3.57 g, 21 mmol) in a 2 / 1 mixture of acetone |/ water
(100 mL) was stirred in the dark, at room temperature, for
36 h. After completion of the reaction, most of the volatiles
were removed under reduced pressure and the residue was
extracted with CH,Cl, (3 x 30 mL). The combined organic
layers were dried over anh. Na,SO, and evaporated to dryness.
Flash chromatography on silica gel, using a mixture of cyclo-
hexane /| EtOAc 1 / 1 as the eluent, afforded 1.23 g (91%) of
the title compound 16. M.p. 229-230 °C (EtOH); 'H NMR
(600 MHz, DMSO dy) 6 8.50 (d, J/ = 8.0 Hz, 1H, H-3), 8.14
(dd, / = 8.0 Hz, 1 Hz, 1H, H-8), 7.89 (d, / = 8.0 Hz, 1H,
H-2), 7.88 (td, J = 8.0 Hz, 1 Hz, 1H, H-6), 7.62 (d,
J = 8.0 Hz, 1H, H-5), 7.51 (t, J = 8.0 Hz, 1H, H-7), 5.68
(t, J = 8.0 Hz, D,O exch, 1H, OH), 5.21 (d, J = 5.0 Hz,
2H, CH,OH); '*C NMR (151 MHz, DMSO dy) é 177.0 (C-
9), 154.3 (C-10a), 153.5 (C-1), 149.1 (C-4a), 137.6 (C-4),
136.3 (C-6), 130.2 (C-3), 126.4 (C-8), 125.7 (C-7), 122.1 (C-
8a), 120.2 (C-2), 119.6 (C-9a), 118.2 (C-5), 62.6 (CH,OH);
HRMS (ESI') m/z 271.0481 (calcd for C14H9NOs5, 271.0488).

4.1.9. 4-Nitro-9-oxo0-9H-xanthene-1-carboxylic acid (17)

A solution of Jones reagent (1 mmol / mL) was added drop-
wise at room temperature, to a solution of alcohol 16
(100 mg, 0.36 mmol) in acetone (8§ mL). The addition is contin-
ued until the characteristic orange - red color persists for about
5 min. After completion of the reaction, isopropanol was
added until color disappearance and the residual green salts
were filtered off. The volatiles were removed under reduced
pressure and the residue was extracted with CH,Cl,
(3 x 10 mL). The combined organic layers were dried over
anh. Na,SO, and evaporated to dryness. Flash chromatogra-
phy on silica gel, using a mixture of CH,Cl, / MeOH (9 / 2)
as the eluent, afforded 92.5 mg (88%) of the title compound
17 (Burdeska et al., 1972).

4.1.10. N-[2-( Dimethylamino )ethyl J-4-nitro-9-ox0-9,10-
dihydroacridine-1-carboxamide (18a)

To a solution of acid 8 (300 mg, 1.05 mmol) in dry DMF
(10 mL) was added 1,l'-carbonyldiimidazole (300 mg,
1.05 mmol) and the mixture was stirred under argon, at room
temperature, for 25 min. N,N-dimethylethylenodiamine
(572 pL, 5.25 mmol) was then added and the reaction mixture
was heated at 50 °C for 12 h. After completion of the reaction,
DMF was removed under reduced pressure and the residue
was extracted with CH,Cl, (3 x 20 mL). The combined
organic layers were dried over anh. Na,SO, and evaporated
to dryness. Flash chromatography on silica gel, using a mix-
ture of CH,Cl, / MeOH 10 / 1-4 / 1 as the eluent, afforded

240 mg (63%) of the title compound 18a. M.p. 224-225 °C
(CH,Cl, - n-Pentane); '"H NMR (600 MHz CDCl;) é 11.37
(s, DO exch., |H, NH), 8.60 (d, J = 8.3 Hz, 1H, H-3), 8.28
(dd, J = 8.0 Hz, 1.2 Hz, 1H, H-8), 7.68 (td, J = 8.0 Hz,
1.2 Hz, 1H, H-6), 7.38 (d, J = 8.0 Hz, 1H, H-5), 7.30 (t,
J = 8.0 Hz, 1H, H-7), 7.14 (d, J = 8.3 Hz, 1H, H-2), 6.57
(brs, D,O exch., 1H, CONH), 3.62 (q, J = 8.7 Hz, 2H,
CONHCH,), 2.67 (t, J = 8.7 Hz, 2H, CH,CH,N(CH;),),
2.27 (s, 6H, N(CHj3),); >*C NMR (151 MHz, CDCl;) 6 176.1
(C-9), 169.4 (CONH), 146.6 (C-1), 138.9 (C 10a), 136.6 (C-
4a), 134.8 (C-6), 134.2 (C-4), 131.2 (C-3), 127.3 (C-8), 124.0
(C-7), 122.1 (C-8a), 120.6 (C-9a), 119.3 (C-2), 117.7 (C-5),
57.4 (CH,N(CHs),), 45.0 (N(CHs),), 37.12(CONHCH,);
HRMS (ESIT) m/z 355.1401 (caled for CsH;oN4OJ,
355.1400).

4.1.11. N-[2-(Diethylamino )ethyl ]-4-nitro-9-ox0-9,10-
dihydroacridine-1-carboxamide (18b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 18a, using N,N-
diethylethylenodiamine. Yield: 70%. M.p. 193-194 °C (CH,-
Cl, - n-Pentane); '"H NMR (400 MHz, CDCl;) é 8.44 (d,
J = 8.2 Hz, 1H, H-3), 8.15 (d, J = 7.9 Hz, 1H, H-8), 7.64
(t, J = 7.9 Hz, 1H, H-6), 7.37 (d, J = 7.9 Hz, 1H, H-5),
7.25 (t, J = 7.9 Hz, 1H, H-7), 7.04 (d, J = 8.2 Hz, 1H, H-
2), 6.83 (brs, D,O exch., 1H, CONH), 3.61 (q, / = 8.7 Hz,
2H, CONHCH.,), 2.78 (t, J = 8.7 Hz, 2H, CH,N(CH,CH3),),
2.60 (t, J = 8.4 Hz, 4H, N(CH,CHs;),), 0.99 (t, J = 8.4 Hz,
6H, N(CH,CHj3),); '>*C NMR (151 MHz, CDCl;) & 175.7
(C-9), 169.1 (CONH), 146.5 (C-1), 138.7 (C-10a), 136.1 (C-
4a), 134.7 (C-6), 134.0 (C-4), 131.0 (C-3), 126.9 (C-8), 123.8
(C-7), 121.6 (C-8a), 120.1 (C-9a), 119.2 (C-2), 117.7 (C-5),
51.3 (CH,N(CH,CHs),), 46.6 (N(CH,CHs),), 374
(CONHCH,), 11.5 (N(CH,CHs),); HRMS (ESI") myjz
383.1714 (caled for C,0H»3NL4O4 , 383.1718).

4.1.12. 4-[ (Chloroacetyl)amino |-N-[ 2-( dimethylamino ) ethyl -
9-0x0-9,10-dihydroacridine-1-carboxamide (20a)

A suspension of 18a (240 mg, 0.67 mmol) in absolute ethanol
(50 mL) was hydrogenated in the presence of 10% Pd / C
(30 mg) under a pressure of 50 psi, at room temperature, for
7 h. The resulting mixture was filtered through a Celite pad,
and the filtrate was evaporated to dryness, to afford amine
19a. Without any further purification, the amine was dissolved
under argon in dry THF (5 mL) and to this solution were
added K,CO; (166 mg, 1.20 mmol) and chloracetyl chloride
(34 pL, 0.40 mmol), at 0 °C and the mixture was stirred at
room temperature for 8 h. After completion of the reaction,
THF was vacuum evaporated and the residue was extracted
with CH,Cl, (3 x 20 mL). The combined organic layers were
dried over anh. Na,SO4 and evaporated to dryness. Flash
chromatography on silica gel, using a mixture of CH,Cl, /
MeOH 10/ 1 to 4/ 1 as the eluent, afforded 70 mg (43%) of
the title compound 20a. M.p. > 270 °C (MeOH - Et,0); 'H
NMR (600 MHz, CD;0D) 6 8.35 (d, / = 8.4 Hz, 1H, H-8),
7.85(d, J = 8.4 Hz, 1H, H-5), 7.83-7.77 (m, 2H, H-3, H-6),
7.37 (t, J = 8.4 Hz, 1H, H-7), 7.22 (d, J = 7.9 Hz, 1H, H-
2),4.50 (s, 2H, COCH,), 3.89 (t, J = 8.7 Hz, 2H, CONHCH,),
3.56 (t, J = 8.7 Hz, 2H, CH,N(CHs),), 3.27 (s, 6H, N(CH53),);
13C NMR (151 MHz, CD;OD) 6 179.1 (C-9), 175.2
(CONHCHy), 169.7 (NHCOCH,), 142.0 (C-10a), 138.9 (C-
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1), 136.5 (C-4a), 135.8 (C-6), 132.3 (C-3), 127.6 (C-4), 127.3 (C-
8), 123.8 (C-7), 122.1 (C-8a), 121.0 (C-2), 119.0 (C-5), 118.9 (C-
9a), 60.4 (CH,N(CHj),), 44.6 (N(CHj3),), 44.0 (COCH,), 35.8
(CONHCH,); HRMS (ESI ™) n1/z 401.1375 (caled for CogHao-
CIN,O5", 401.1367).

4.1.13. 4-[ (Chloroacetyl)amino J-N-[ 2-( diethylamino ) ethyl [-9-
0x0-9,10-dihydroacridine-1-carboxamide (20b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 20a, starting from
compound 18b. Yield: 45%. M.p. 210-211 °C (MeOH - Et,0);
'"H NMR (600 MHz, CD;0D) ¢ 8.28 (dd, / = 8.1 Hz, 1.8 Hz,
1H, H-8), 7.90 (d, J = 8.1 Hz, I1H, H-5), 7.83-7.78 (m, 2H, H-
3, H-6), 7.36 (t, J = 8.1 Hz, 1H, H-7), 7.20 (d, J = 7.9 Hz, 1H,
H-2), 4.53 (s, 2H, COCH,), 391 (t, J = 8.7 Hz, 2H,
CONHCH,)), 3.60 (q, J = 7.3 Hz, 4H, N(CH,CH;),), 3.55
(t, J = 8.7 Hz, 2H, CH,N(CH,CHs),), 1.49 (t, J = 7.3 Hz,
6H, N(CH,CH;),); '*C NMR (151 MHz, CD;0D) 6 178.7
(C-9), 174.8 (CONHCH,), 169.5 (NHCOCH,), 142.0 (C-
10a), 138.5 (C-1), 136.2 (C-4a), 135.7 (C-6), 132.0 (C-3),
127.6 (C-4), 127.0 (C-8), 123.8 (C-7), 122.0 (C-8a), 121.1 (C-
2), 119.0 (C-5), 118.8 (C-9a), 54.2 (CH,N(CH,CHj;),), 48.8
(N(CH,CHs;),), 44.1 (COCH,), 35.3 (CONHCH,), 9.2 (N
(CHQCH3)2); HRMS (ESI+) Wl/Z 429.1688 (calcd for C22H26-
CIN,O5, 429.1693).

4.1.14. 4-[ 2-( Dimethylamino ) acetamido |-N-[ 2-
(dimethylamino )ethyl ]-9-0x0-9,10-dihydroacridine-1-
carboxamide (21a)

To a solution of compound 20a (70 mg, 0.17 mmol) in absolute
ethanol (25 mL) was added dimethylamine (0.32 mL,
1.80 mmol, 5.6 M in ethanol) and the mixture was refluxed
for 8 h. Upon cooling, the mixture was vacuum-evaporated,
extracted with EtOAc |/ water, the organic layer was dried
(anh. Na,SO,4) and evaporated to dryness. The residue was
purified by column chromatography (silica gel, CH,Cl, /
MeOH 10 / 1 — 4 /1) to afford the title compound (40 mg,
57%). M.p. 220222 °C (MeOH - Et,0); 'H NMR
(400 MHz, CDCl3) ¢ 7.82 (d, J = 8.0 Hz, 1H, H-8), 7.59 (d,
J = 8.0 Hz, 1H, H-5), 7.41 (t, J = 8.0 Hz, IH, H-6), 7.36
(d, J = 7.9 Hz, 1H, H-3), 6.94 (t, J = 8.0 Hz, 1H, H-7),
6.68 (d, / = 7.9 Hz, 1H, H-2), 3.67 (q, J = 8.3 Hz, 2H,
CONHCH,), 3.45 (s, 2H, NHCOCH,), 3.06 (t, / = 8.3 Hz,
2H, CONHCH,CH,), 2.68 (s, 6H, COCH,N(CH3),), 2.49 (s,
6H, CH,CH,N(CH;),); '3C NMR (151 MHz, CDCl;) &
177.02 (C-9), 172.28 (CONHCH,), 170.40 (NHCOCH,),
140.1 (C-10a), 135.0 (C-1), 133.5 (C-4a), 133.2 (C-6), 127.9
(C-4), 126.1 (C-3), 125.5 (C-8), 121.7 (C-7), 120.3 (C-8a),
119.6 (C-2), 118.0 (C-5), 117.5 (C-9a), 63.5 (NHCOCH;),
60.4 (CONHCH,CH,), 45.8 (COCH,N(CH3),), 44.7 (CH,-
CH,N(CH;),), 35.9 (CONHCH,); HRMS (ESI") myjz
410.2187 (caled for CHogNsO3", 410.2189).

4.1.15. 4-[ 2-( Diethylamino ) acetamido [-N-[ 2-( diethylamino)
ethyl]-9-0x0-9,10-dihydroacridine-1-carboxamide (21b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 21a, using diethy-
lamine. Yield: 62%. M.p. 219-221 °C (MeOH - Et,0); 'H
NMR (400 MHz, CDCl3) 6 7.90 (dd, J = 8.1, 1.4 Hz, 1H,
H-8), 7.45 (m, 2H, H-5, H-6), 7.30 (d, J = 8.1 Hz, 1H, H-3),
6.90 (td, J = 8.1 Hz, 1.4 Hz, 1H, H-7), 6.70 (d, J = 8.1 Hz,

1H, H-2), 3.60 (t, J = 7.0 Hz, 2H, CONHCH.), 3.45 (s, 1H,
NHCOCH>), 2.90 (t, J = 7.0 Hz, 2H, CONHCH,CH.), 2.80
(m, 8H, N(CH,CH;),, N(CH,CHs),), 1.06 (t, J = 7.0 Hz,
6H, CH,CH,N(CH,CH3),), 1.19 (t, J = 7.3 Hz, 6H, COCH>-
N(CH,CHj;),); '3C NMR (151 MHz, CDCl;) § 176.6 (C-9),
172.1 (CONHCH,), 171.7 (NHCOCH,), 140.2 (C-10a), 135.1
(C-1), 134.0 (C-4a) 133.1 (C-6), 126.5 (C-4), 125.9 (C-3),
125.9 (C-8), 121.7 (C-7), 120.1 (C-8a), 119.7 (C-2), 118.1 (C-
5), 118.1 (C-9a), 57.7 (NHCOCH,), 51.9 (CONHCH,CH,),
48.3 (COCH,N(CH,CHj),), 45.6 (CH,CH,N(CH,CHj),),
36.6 (CONHCH,), 12.0 (COCH,N(CH,CH3),), 10.6 (CH»-
CH,N(CH,CH,),); HRMS (ESI") m/z 466.2813 (calcd for
CaH3NsO5 , 466.2816).

4.1.16. 4-( Acryloylamino )-N-[ 2-( dimethylamino ) ethyl ]-9-0xo0-
9,10-dihydroacridine-1-carboxamide (22a)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 20a, using 3-
chloropropionyl chloride. Yield: 75%. M.p. 206207 °C
(MeOH - Et,0); 'H NMR (600 MHz, CD;0D) § 8.22 (d,
J = 8.1 Hz, 1H, H-8), 7.74-7.68 (m, 3H, H-3, H-5, H-6),
727 (t, J = 8.1 Hz, 1H, H-7), 7.10 (d, J/ = 7.9 Hz, 1H, H-
2), 6.69 (dd, J = 16.0 Hz, 10.1 Hz, 1H, CH = CH,), 6.47
(dd, J = 16.0, 1.0 Hz, IH, CH = CH,, 592 (d,
J = 10.1 Hz, 1H, CH = CH)), 3.73 (t, / = 7.1 Hz, 2H,
CONHCH,), 3.03 (t, / = 7.1 Hz, 2H, CONHCH,CH,), 2.70
(s, 6H, N(CH3),); *C NMR (151 MHz, CD;0D) § 178.7
(C-9), 174.5 (CONHCH,), 167.8 (NHCOCH = CH,), 141.9
(C-10a), 138.2 (C-1), 136.5 (C-4a), 1352 (C-6), 132.2
(CH = CH,), 131.2 (C-3), 128.4 (CH = CH,), 127.6 (C-4),
127.1 (C-8), 123.4 (C-7), 122.1 (C-8a), 121.1 (C-2), 119.2 (C-
9a), 118.9 (C-5), 59.4 (CONHCH,CH,), 45.2 (N(CH3),), 37.7
(CONHCH,); HRMS (ESI") mjz 379.1765 (caled for
C1Ha3N4O5', 379.1768).

4.1.17. 4-( Acryloylamino )-N-[ 2-( diethylamino ) ethyl ]-9-0x0-
9,10-dihydroacridine-1-carboxamide (22b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 20a, using 3-
chloropropionyl chloride. Yield: 70%. M.p. 160-162 °C
(MeOH - Et,0); 'H NMR (600 MHz, CD;0D) § 8.31 (d,
J = 8.0 Hz, 1H, H-8), 7.87-7.76 (m, 3H, H-3, H-5, H-6),
7.35 (t, J = 8.0 Hz, IH, H-7), 7.19 (d, J = 7.9 Hz, 1H, H-
2), 6.68 (dd, J = 16.0, 10.1 Hz, 1H, CH = CH,), 6.48 (dd,
J =160, 1.1 Hz, 1H, CH = CH,), 593 (d, J = 10.1 Hz,
IH, CH = CH,), 3.84 (t, / = 7.6 Hz, 2H, CONHCH,),
3.39 (m, 6H, CONHCH,CH,), 1.42 (t, J/ = 7.7 Hz, 6H, N
(CH,CHj3),); *C NMR (151 MHz, CD;OD) § 178.7 (C-9),
174.8 (CONHCH,), 167.8 (NHCOCH = CH,), 142.1 (C-
10a), 138.5 (C-1), 136.2 (C-4a), 135.5 (C-6), 132.2 (CH = CH,),
131.4 (C-3), 128.5 (CH = CH,), 128.0 (C-4), 127.1 (C-8), 123.7
(C-7), 122.1 (C-8a), 121.1(C-2), 119.1 (C-5), 119.0 (C-9a), 53.9
(CONHCH,CH,), 48.6 (N(CH,CH3),), 36.0 (CONHCH,), 9.8
(N(CH,CH,;),); HRMS (ESI") m/z 407.2078 (caled for
C»3H,7N4O5, 407.2081).

4.1.18. N-[2-( Dimethylamino )ethyl ]-4-[ 3-( dimethylamino)
propanamido [-9-0x0-9,10-dihydroacridine-1-carboxamide

(23a)

To a solution of compound 22a (60 mg, 0.16 mmol) in absolute
ethanol (25 mL) was added dimethylamine (0.30 mL,
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1.68 mmol, 5.6 M in ethanol) and the mixture was refluxed for
8 h. Upon cooling, the mixture was vacuum - evaporated,
extracted with EtOAc - water, the organic layer was dried
(anh. Na,SO,4) and evaporated to dryness. The residue was
purified by column chromatography (silica gel, CH,Cl, -
MeOH 10 / 1- 4 /1) to afford the title compound (55 mg,
81%). M.p. 183-184 °C (CH,Cl, - Et,0); 'H NMR
(400 MHz, CDCl;) 6 10.38 (s, D,O exch., 1H, NH), 7.85 (d,
J = 8.0 Hz, 1H, H-8), 7.44 (d, J = 8.0 Hz, 1H, H-5), 7.39
(t, J = 8.0 Hz, 1H, H-6), 7.29 (d, J = 7.5 Hz, 1H, H-3),
6.92 (t, J = 8.0 Hz, 1H, H-7), 6.66 (d, J = 7.5 Hz, 1H, H-
2), 3.64 (q, J = 8.0 Hz, 2H, CONHCH,), 2.90 (m, 6H,
CONHCH,CH,, NHCOCH,CH,), 2.55 (s, 6H, COCH,CH,-
N(CH;),), 2.49 (s, 6H, NHCH,CH,N(CH;),): '3C NMR
(151 MHz, CDCl3) ¢ 176.8 (C-9), 172.6 (CONHCH,), 172.1
(NHCOCH,), 139.8 (C-10a), 135.2 (C-1), 133.4 (C-4a), 133.1
(C-6), 128.2 (C-4), 126.6 (C-3), 125.7 (C-8), 121.6 (C-7),
120.4 (C-8a), 119.6 (C-2), 117.7 (C-5), 117.5 (C-9a), 65.8
(CONHCH,CH,), 57.8 (NHCOCH,CH,), 45.5 (COCH,CH,-
N(CH;),), 44.9 (NHCH,CH,N(CH3),), 36.6 (CONHCH,-
CH,), 34.7 (NHCOCH,CH,); HRMS (ESI ") m/z 424.2343
(CalCd for C23H30N503+, 4242346)

4.1.19. N-[2-( Diethylamino )ethyl J-4-[ 3-( diethylamino )
propanamido [-9-0x0-9,10-dihydroacridine-1-carboxamide

(23b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 23a, using diethy-
lamine. Yield: 85%. M.p. 188-190 °C (CH,Cl, - Et,0); 'H
NMR (600 MHz, CDCl3) ¢ 10.22 (s, D,O exch., 1H, NH),
7.84 (d, J = 8.0 Hz, 1H, H-8), 7.62 (d, J = 8.0 Hz, 1H, H-
5), 7.45 (t, J = 8.0 Hz, 1H, H-6), 7.38 (d, / = 7.9 Hz, 1H,
H-3), 6.99 (t, J = 8.0 Hz, 1H, H-7), 6.69 (d, J = 7.9 Hz,
1H, H-2), 3.59 (g, J/ = 8.2 Hz, 2H, CONHCH,), 3.10 (m,
8H, CONHCH,CH,, NHCOCH,CH,, NHCH,CH,N(CH -
CH;),), 298 (t, J = 8.2 Hz, 2H, NHCOCH,), 2.81 (t,
J = 7.8 Hz, 4H, COCH,CH,N(CH,CHj;),), 1.08 (m, 12H, N
(CH,CHj3),, N(CH,CHj),); '*C NMR (151 MHz, CDCl;) 6
176.8 (C-9), 172.4 (CONHCH,;), 172.0 (NHCOCH,), 140.0
(C-10a), 134.6 (C-1), 133.2 (C-6), 133.0 (C-4a), 127.5 (C-4),
126.6 (C-3), 125.6 (C-8), 121.7 (C-7), 120.4 (C-8a), 119.6 (C-
2), 117.9 (C-5), 117.3 (C-9a), 52.2 (CONHCH,CH,), 48.5
(NHCOCH,CH,), 46.9 (COCH,CH,N(CH,CH3),), 46.6
(NHCH,CH,N(CH,CH3),, 339 (CONHCH,), 29.7
(NHCOCH,), 11.3 (COCH,CH,N(CH,CH3),), 10.1 (NHCH,-
CH,N(CH,CH,),); HRMS (ESI") m/z 480.2969 (calcd for
C,7H3sNsO5 , 480.2973).

4.1.20. N-[2-( Dimethylamino )ethyl ]-4-nitro-9-oxo-9 H-
xanthene-1-carboxamide (24a)

A mixture of acid 17 (500 mg, 1.75 mmol), triphenylphosphine
(917 mg, 3.5 mmol) and NBS (717 mg, 4.03 mmol) in dry CH>-
Cl, (50 mL) was stirred under argon, at 0 °C. After 25 min, N,
N-dimethylethylenediamine (668 plL, 6.13 mmol) was added
and stirring was continued at room temperature for 25 more
minutes. Upon completion of the reaction, the mixture was
washed with 5% sodium bicarbonate solution and water, dried
over anh. Na,SO4 and evaporated to dryness. Flash chro-
matography on silica gel, using a mixture of CH,Cl, /| MeOH
(10 / 1-7 / 1) as the eluent, afforded 570 mg (91%) of the title
compound 24a. M.p. 116 — 118 °C (EtOAc); 'H NMR

(400 MHz, CD;OD) § 8.45 (d, J = 8.0 Hz, 1H, H-3), 8.25
(dd, J = 8.0 Hz, 1.3 Hz, 1H, H-8), 7.91 (td, J = 8.0 Hz,
1.3 Hz, 1H, H-6), 7.65 (d, J = 8.0 Hz, 1H, H-5), 7.54 (t,
J = 8.0 Hz, 1H, H-7), 7.49 (d, J = 8.0 Hz, 1H, H-2), 3.66
(t, J = 8.0 Hz, 2H, CONHCH.), 2.86 (t, J = 8.0 Hz, 2H,
CH,N(CHs),), 2.50 (s, 6H, N(CH3),); *C NMR (50 MHz,
CD;0D) 6 174.6 (C-9), 169.7 (CONH), 155.0 (C-10a), 148.4
(C-4a), 141.8 (C-1, C-4), 136.1 (C-6), 130.0 (C-3), 126.0 (C-
8), 125.3 (C-7), 122.3 (C-2), 121.3 (C-8a), 120.0 (C-9a), 117.8
(C-5), 57.5 (CH>CH,N(CHs),), 44.0 (N(CHi),), 36.9
(CONHCH,); HRMS (ESI") m/z 356.1241 (caled for
CisH sN305 , 356.1246).

4.1.21. N-[2-( Diethylamino )ethyl |-4-nitro-9-oxo0-9 H-xanthene-
I-carboxamide (24b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 24a, using N,N-
diethylethylenediamine. Yield: 94%. M.p. 175 — 177 °C
(EtOH); 'H NMR (600 MHz, CDCl3) § 8.30 (d, J = 8.4 Hz,
1H, H-3), 8.25 (dd, J = 8.4 Hz, 1.7 Hz, 1H, H-8), 7.82 (td,
J = 8.4 Hz, 1.7 Hz, 1H, H-6), 7.60 (d, J = 8.4 Hz, 1H, H-
5), 747 (td, J = 84 Hz, 1.7 Hz, 1H, H-7), 7.40 (d,
J = 8.4 Hz, 1H, H-2), 6.93 (s, D,O exch., 1H, CONH), 3.68
(t, J = 7.1 Hz, 2H, CONHCH,), 2.87 (t, J = 7.1 Hz, 2H,
CH,N(CH,CH3),), 2.67 (q, J = 7.0 Hz, 4H, N(CH,CHs),),
1.04 (t, J = 7.1 Hz, 6H, N(CH,CH;),); '*C NMR
(151 MHz, CDCl3) 6 174.5 (C-9), 168.0 (CONHCH,), 154.9
(C-10a), 148.8 (C-4a), 143.0 (C-1), 139.3 (C-4), 135.9 (C-6),
130.0 (C-3), 126.7 (C-8), 125.5 (C-7), 122.3 (C-2), 121.6 (C-
8a), 120.5 (C-9a), 118.3 (C-5), 51.3 (CH,N(CH,CH3),), 46.5
(N(CH,CH3),), 37.1 (CONHCH,), 1.1 (N(CH,CHj),);
HRMS (ESI") m/z 384.1554 (caled for CsyH»,nN;05,
384.1558).

4.1.22. 4-[ (Chloroacetyl)amino |-N-[ 2-( dimethylamino ) ethyl |-
9-0x0-9H-xanthene-1-carboxamide (26a)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 20a, starting from
24a. Yield: 25%. M.p. > 270 °C (EtOH); '"H NMR (600 MHz,
CD;0D) 6 8.55(d, J = 8.1 Hz, 1H, H-3), 8.25 (d, J = 8.0 Hz,
1H, H-8), 7.92 (t, J = 8.0 Hz, 1H, H-6), 7.76 (d, / = 8.0 Hz,
1H, H-5), 7.51 (t, J = 8.0 Hz, 1H, H-7), 7.35(d, J = 8.1 Hz,
1H, H-2), 4.47 (s, 2H, NHCOCH,) 3.85 (t, / = 7.4 Hz, 2H,
CONHCH,), 3.56 (t, J = 7.4 Hz, 2H, CH,N(CH3),), 3.20 (s,
6H, N(CHj3),); >°C NMR (151 MHz, CD;0D) § 178.4 (C-9),
173.7 (CONHCH,), 168.0 (NHCOCH,), 156.7 (C-10a), 148.7
(C-1), 137.5 (C-6), 132.1 (C-4a), 129.6 (C-4), 128.0 (C-3),
127.5 (C-8), 126.3 (C-7), 123.7 (C-2), 122.4 (C-8a), 119.4 (C-
9a), 119.3 (C-5), 60.1 (CH,N(CHs3),), 44.6 (N(CH3),), 44.0
(NHCOCH,), 36.1 (CONHCH,); HRMS (ESI") mjz
402.1215 (caled for CooH,;CIN;0;, 402.1219).

4.1.23. 4-[ (Chloroacetyl)amino J-N-[ 2-( diethylamino ) ethyl [-9-
ox0-9H-xanthene-1-carboxamide (26b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 20a, starting from
24b. Yield: 25%. M.p. 260262 °C (EtOH); 'H NMR
(600 MHz, CDCl;) 6 9.46 (s, D,O exch., 1H, NHCO), 8.52
(s, D,O exch., lH, CONHCH,;), 8.41 (d, J = 8.1 Hz, 1H, H-
3), 8.06 (d, J = 8.1 Hz, 1H, H-8), 7.66 (t, J/ = 8.1 Hz, 1H,
H-6), 7.50 (d, J = 8.1 Hz, 1H, H-5), 7.32 (t, J = 8.1 Hz,
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1H, H-7), 7.09 (d, J = 8.1 Hz, 1H, H-2), 4.40 (s, 2H,
NHCOCH.), 3.82 (q, J = 7.0 Hz, 2H, CONHCH,), 341 (t,
J = 7.1 Hz, 2H, CH,N(CH,CHs),), 3.24 (q, J = 8.1 Hz,
4H, N(CH,CHjs),), 1.34 (t, J = 8.1 Hz, 6H, N(CH,CH;),);
13C NMR (151 MHz, CDCl;) § 176.0 (C-9), 170.6
(CONHCH,), 164.8 (NHCOCH,), 154.6 (C-10a), 145.6 (C-
1), 135.4 (C-6), 131.7 (C-4a), 128.7 (C-4), 126.3 (C-8), 124.7
(C-7), 124.2 (C-3), 123.0 (C-2), 121.3 (C-8a), 118.1 (C-9a),
117.8 (C-5), 52.3 (CH,N(CH,CHj;),), 46.9 (N(CH,CHj,),),
43.4 (NHCOCH,), 35.3 (CONHCH,), 8.9 (N(CH,CH;),);
HRMS (ESI™) mjz 430.1528 (caled for CynH,sCIN;O;,
430.1533).

4.1.24. N-[2-( Dimethylamino )ethyl ]-4-[ 2-( dimethylamino)
acetamido [-9-ox0-9 H-xanthene- 1-carboxamide (27a)

This compound was synthesized by an analogous procedure
as described for the preparation of compound 21a, starting
from 26a. Yield: 84%. M.p. 149-150 °C (EtOAc); 'H NMR
(600 MHz, CDCl;) ¢ 8.75 (d, J = 8.1 Hz, 1H, H-3), 8.22
(dd, J = 8.1 Hz, 1.5 Hz, 1H, H-8), 7.74 (td, J = 8.1 Hz,
1.5 Hz, 1H, H-6), 7.46 (d, J = 8.1 Hz, 1H, H-5), 7.39 (td,
J = 8.1 Hz, 1.5 Hz, 1H, H-7), 7.29 (d, J = 8.1 Hz, 1H, H-
2), 3.75 (q, / = 7.0 Hz, 2H, CONHCH,), 3.22-3.16 (m,
4H, CH,CH,N(CH3),, NHCOCH,), 2.68 (s, 6H, CH,CH,-
N(CH;),), 2.51 (s, 6H, COCH,N(CH;),); '*C NMR
(151 MHz, CDCly) § 176.5 (C-9), 170.4 (CONHCH,),
169.3 (NHCOCH,), 154.9 (C-10a), 145.8 (C-1), 135.1 (C-
6), 131.8 (C-4a), 128.3 (C-4), 126.1 (C-8), 124.8(C-7),
123.9 (C-3), 123.4 (C-2), 122.0 (C-8a), 118.7 (C-9a), 117.6
(C-5), 63.8 (NHCOCH,;), 58.0 (CH,CH,N(CHj),), 46.3
(COCH,N(CH3)»), 44.7 (CH,CH,N(CH3),), 36.2
(CONHCH,); HRMS (ESI") mjz 411.2027 (caled for
CyoH»NLO,, 411.2029).

4.1.25. N-[2-(Diethylamino )ethyl [-4-[ 2-(diethylamino)
acetamido [-9-o0x0-9H-xanthene-1-carboxamide (27b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 27a, using diethy-
lamine. Yield: 89%. M.p. 123-125 °C (EtOAc); 'H NMR
(400 MHz, CDCl3) ¢ 8.85 (d, J = 8.1 Hz, 1H, H-3), 8.25 (d,
J = 8.1, 1.5 Hz, 1H, H-8), 7.77 (t, J = 8.1 Hz, 1.5 Hz, 1H,
H-6), 7.49 (d, J = 8.1 Hz, IH, H-5), 7.42 (t, J = 8.1 Hz,
1.5 Hz, 1H, H-7), 7.33 (d, J = 8.1 Hz, 1H, H-2), 3.82 (q,
J = 7.1 Hz, 2H, CONHCH,), 3.30 (m, 8H, CH,CH,N(CH,-
CH;),, NHCOCH,, CH,CH,N(CH-CH3),), 2.78 (q,
J = 7.0 Hz, 4H, COCH,;N(CH,CH;),), 1.29 (t, J = 7.1 Hz,
6H, CH,CH,N(CH,CH3),), 1.23 (t, J = 7.1 Hz, 6H, COCH,-
N(CH,CHj;),); *C NMR (50 MHz, CDCl;) § 176.6 (C-9),
171.9 (CONHCH;), 171.8 (NHCOCH,), 155.1 (C-10a), 146.2
(C-1), 136.0 (C-6), 130.8 (C-4a), 128.4 (C-4), 126.2 (C-8),
125.0 (C-7), 123.8 (C-3), 122.8 (C-2), 121.2 (C-8a), 118.0 (C-
9a), 117.4 (C-5), 58.2 (NHCOCH,), 52.3 (CH,CH,N(CH,-
CH;),), 48.6 (COCH,N(CH,CH;),), 47.4 (CH,CH,N(CH,-
CH;),), 35.1 (CONHCH,), 11.8 (COCH,N(CH,CH3),), 8.5
(CH,CH,N(CH,CH3),); HRMS (ESI™) m/z 467.2653 (caled
for C26H35N404+, 4672658)

4.1.26. 4-( Acryloylamino )-N-[ 2-( dimethylamino ) ethyl [-9-0xo0-
9H-xanthene-1-carboxamide (28a)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 22a, starting from

24a. Yield: 80%. M.p. 155-157 °C (EtOH); 'H NMR
(600 MHz, CD;0D) & 8.54 (d, J = 8.0 Hz, 1H, H-3), 8.18
(dd, J = 8.1 Hz, 1.3 Hz, 1H, H-8), 7.86 (td, J = 8.1 Hz,
1.3 Hz, 1H, H-6), 7.73 (d, J = 8.1 Hz, 1H, H-5), 7.46 (t,
J = 8.1 Hz, 1H, H-7), 7.28 (d, J = 8.0 Hz, 1H, H-2), 6.76
(dd, J = 16.1, 100 Hz, 1H, CH = CH,), 6.51 (dd,
J = 16.1, 1.3 Hz, I1H, CH = CH.), 5.92 (dd, J = 10.0 Hz,
13 Hz, 1H, CH = CH,), 3.67 (&, J = 7.6 Hz, 2H,
CONHCH,), 2.92 (t, J = 7.6 Hz, 2H, CH,N(CHs),), 2.56 (s,
6H, N(CH3),); '*C NMR (151 MHz, CD;0D) § 175.9 (C-9),
171.3 (CONHCH,), 165.1 (NHCOCH = CH,), 155.0 (C-
10a), 147.1 (C-4a), 135.3 (C-6), 132.1 (C-1), 130.6 (CH = CH.,),
128.3 (C-9a), 127.6 (CH = CH,), 126.3 (C-3), 125.8 (C-8),
124.5 (C-7), 122.4 (C-2), 121.2 (C-8a), 118.2 (C-4), 117.8 (C-
5), 57.6 (CH,N(CH;),), 43.9 (N(CHs),), 36.7 (CONHCH,);
HRMS (ESI') mjz 380.1605 (caled for C»HN;O4,
380.1608).

4.1.27. 4-( Acryloylamino )-N-[ 2-(diethylamino ) ethyl ]-9-0xo0-
9H-xanthene-1-carboxamide (28b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 28a, starting from
24b. Yield: 83%. M.p. 265267 °C (EtOH); 'H NMR
(400 MHz, CD;0D) 6 8.68 (d, / = 8.1 Hz, 1H, H-3), 8.26
(d, J = 8.1 Hz, IH, H-8), 7.96 (t, J = 8.1 Hz, 1H, H-6),
7.86 (d, J = 8.1 Hz, 1H, H-5), 7.55 (t, J = 8.1 Hz, 1H, H-
7, 7.39 (d, J = 8.1 Hz, 1H, H-2), 6.83 (dd, J = 16.0,
10.1 Hz, 1H, CH = CH,), 6.51 (d, J = 16.0 Hz, 1H,
CH = CH,), 593 (d, J = 10.1 Hz, 1H, CH = CH,), 3.90
(t, J = 8.1 Hz, 2H, CONHCH,), 3.65-3.51 (m, 6H, CH,N
(CH,CHs;),, N(CH,CH3),), 1.49 (t, J = 8.1 Hz, 6H, N(CH,-
CH;),); *C NMR (50 MHz, CD;0D) § 177.0 (C-9), 172.2
(CONHCH,), 1652 (NHCOCH = CH,), 1553 (C-10a),
147.3 (C-4a), 136.0 (C-6), 131.2 (C-1), 130.6 (CH = CH,),
128.8 (C-9a), 127.8 (CH = CH,), 126.7 (C-3), 125.8 (C-8),
124.9 (C-7), 122.4 (C-2), 120.9 (C-8a), 118.2 (C-5), 117.9 (C-
4), 52.8 (CH,N(CH,CH;),), 46.6 (N(CH,CHj),) 34.3
(CONHCH,), 7.9 (N(CH,CH;),); HRMS (ESI") myjz
408.1918 (caled for Cy3H,¢N304 , 408.1920).

4.1.28. N-[2-( Dimethylamino )ethyl ]-4-[ 3-( dimethylamino)
propanamido [-9-ox0-9 H-xanthene- 1-carboxamide (29a)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 23a, starting from
28a. Yield: 91%. M.p. 213-215 °C (MeOH - Et,0); 'H NMR
(600 MHz, CD3;0D) 6 8.64 (d, J = 8.1 Hz, 1H, H-3), 8.25 (d,
J = 8.1 Hz, 1H, H-8), 7.93 (t, J = 8.1 Hz, 1H, H-6), 7.84 (d,
J = 8.1 Hz, 1H, H-5), 7.51 (t, J = 8.1 Hz, 1H, H-7), 7.34 (d,
J = 8.1 Hz, 1H, H-2), 3.85 (t, / = 7.4 Hz, 2H, CONHCH,),
3.52 (t, J = 7.4 Hz, 2H, NHCH,CH,N(CH;),), 3.35 (t,
J = 7.4 Hz, 2H, NHCOCH,CH,N(CH3),), 3.14 (s, 6H,
NHCH,CH,N(CHj3),), 3.12 (t, J = 7.4 Hz, 2H, COCH,CH,-
N(CHs),), 2.84 (s, 6H, COCH,CH,N(CH;),); '*C NMR
(151 MHz, CD;0D) 6 178.4 (C-9), 173.6 (CONHCH,), 171.9
(NHCOCH;), 156.7 (C-10a), 148.3 (C-1), 137.3 (C-6), 132.5
(C-4a), 130.2 (C-4), 127.5 (C-8), 127.5 (C-3), 126.2 (C-7),
123.8 (C-2), 122.5 (C-8a), 119.4 (C-9a), 119.4 (C-5) 59.8
(NHCH,CH,N(CHj3),), 55.3 (COCH,CH,N(CHs),), 44.7
(NHCH,CH,N(CH3),), 44.4 (COCH,CH,N(CH;),), 36.4
(CONHCH,), 33.0 (NHCOCH,); HRMS (ESI") m/z
425.2183 (caled for Cp3sHaoN,O4 , 425.2185).
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4.1.29. N-[2-( Diethylamino )ethyl [-4-[ 3-(diethylamino)
propanamido [-9-oxo0-9 H-xanthene- 1-carboxamide (29b)

This compound was synthesized by an analogous procedure as
described for the preparation of compound 29a, using diethy-
lamine. Yield: 85%. M.p. 167-169 °C (MeOH - Et,0); 'H
NMR (400 MHz, CD;0D) ¢ 8.61 (d, J = 8.1 Hz, lH, H-3),
8.21 (d, J = 8.1 Hz, 1H, H-8), 7.87 (t, J = 8.1 Hz 1H, H-
6), 7.67 (d, J = 8.1 Hz, 1H, H-5), 747 (t, J = 8.1 Hz, 1H,
H-7), 7.25 (d, J = 8.1 Hz, 1H, H-2), 3.57 (t, J = 7.5 Hz,
2H, CONHCH,), 2.94 (t, J = 7.5 Hz, 2H, COCH,CH,N
(CH,CHs;),), 2.88 (t, J = 7.5 Hz, 2H, NHCH,CH,N(CH,-
CH;),), 274 (m, 10H, NHCH,CH,N(CH,CHj;),),
NHCOCH,CH,N(CH,CH3),), 1.16 (s, 6H, COCH,CH,N
(CH,CHj3),), 1.14 (s, 6H, NHCH,CH,N(CH,CH;),); "*C
NMR (50 MHz, CD3;0D) 6 175.7 (C-9), 172.6 (CONHCH,),
171.2 (NHCOCH,), 155.1 (C-10a), 146.5 (C-1), 135.3 (C-6),
131.9 (C-4a), 128.6 (C-4), 126.0 (C-8), 125.4 (C-3), 124.5 (C-
7), 122.8 (C-2), 121.4 (C-8a), 118.3 (C-9a), 117.5 (C-5) 50.7
(NHCH,CH,;N(CH,CHs;),), 47.9 (COCH,CH,N(CH,CH3),),
47.3 (NHCH,CH,N(CH,CH3;),), 46.9 (COCH,CH,N(CH,-
CH;),), 36.8 (NHCH,CH,N(CH,CH3),), 33.0 (COCH,CH,-
N(CH,CHs3),), 10.2 (COCH,CH,;N(CH,CH3;),); HRMS
(ESI") m/z 481.2809 (caled for Co7H+N,OL, 481.2813).

4.2. Biological assays and experiments

4.2.1. Cell viability Resazurin assays

For the maintenance and culturing of the MCF-7 human
breast cancer cells, which were provided by ATCC-LGC Stan-
dards GmbH (Wesel, Germany), EMEM, containing EBSS
supplemented with 2 mM Glutamine, 1% Non-Essential
Amino Acids (NEAA) and 10% Fetal Bovine Serum (FBS),
was used as growth medium. Sub-culturing routine was per-
formed via splitting of sub-confluent cultures (70-80%) 1:2
to 1:6 times, for succeeding an optimal seeding of 24 x 10*
cells / cm?, using 0.25% Trypsin (or Trypsin / EDTA), as
detachment agent. Cells were grown in constant chamber con-
ditions of 5% CO,, 37 °C and > 95% relative humidity.

The drug-sensitive CCRF-CEM and doxorubicin-resistant
CEM/ADRS5000 ALL cells were grown in RPMI medium sup-
plemented with 10% FBS, penicillin (100 U/ml) and strepto-
mycin (100 pg/ml). CCRF-CEM and CEM/ADRS5000 cells
being obtained from exponential-phase cultures were counted
and seeded into 96-well plates. The seeding density
was ~ 100 cells per well for both cell lines. Cells were, then,
exposed to tested agents at a single 30 pM concentration. After
a 72 h incubation period in a 5% CO, incubator, under > 95%
humidified environment, 20 pL of Resazurin (0.01% w/v) were
added to each well and the plates were further incubated at
37 °C for 4 h. Fluorescence was measured on an Infinite
M2000 Pro plate reader (Tecan, Crailsheim, Germany). Com-
pounds were defined as active if the mean cell viability
was <32% in one or both cell lines. Viability was evaluated
based on comparison with untreated cells. For active com-
pounds, the same procedure was repeated using 0.03, 0.1,
0.3, 1, 3, 10 and 30 uM dose against the sensitive and resistant
cell line. Dose-response curves were generated by plotting the
mean cell viability (%) against the concentration of each exam-
ined compound (uM). ICs, values were calculated from a cal-
ibration curve by linear regression using Microsoft Excel.

4.2.2. Cell viability MTT assays

PC-3 is an androgen insensitive, p53-negative and K-Ras
mutated human prostate cancer cell line, which was obtained
from ATCC-LGC Standards GmbH (Wesel, Germany). PC-
3 cells were cultured in DMEM media containing 10% FBS.
To test the inhibitory activities of compounds using a cell-
based protocol, MTT assay was performed for cell viability.
Briefly, cells (750 / well) were seeded in 96-well plates, incu-
bated overnight at 37 °C in 5% CO, and treated with the
compounds in a dose-dependent manner for 96 h. Dimethyl
sulfoxide (DMSO) was used as the vehicle control. MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide]
was added at a concentration of 5 mg/ml directly to each well
for 4 h at 37 °C. The medium was aspirated and the blue MTT
formazan precipitate was dissolved in DMSO. Absorbance
was determined in a Powerwave microplate spectrophotometer
(Biotek Instruments, Inc., Vermont, USA) at 540 nm. Viable
cell numbers were determined by tetrazolium conversion to
its formazan dye. Each experiment was performed in triplicate.

The T24 human urinary bladder cancer cell line (major
mutation signature: HRASC!?Y; p534Y126) was provided by
ATCC-LGC Standards GmbH (Wesel, Germany), while the
WM2664 human metastatic melanoma (skin cancer) cell line
(major mutation signature: BRAFY*°°P) was purchased from
ECACC-Sigma-Aldrich (Missouri, USA). Cells were cultured
and exponentially grown in complete DMEM medium supple-
mented with 10% FBS, in a 5% CO, environment and at
37 °C. For the MTT assay, cells were seeded onto 48-well
plates at approximately 80% confluency and subsequently
treated with different doses of the herein examined four com-
pounds, for 24 h. Next, cells were incubated with MTT solu-
tion for 4 h and the formazan crystals being produced were
carefully dissolved in isopropanol. Spectrophotometric absor-
bance was measured via engagement of a Dynatech MR5000
Elisa microtiter-plate reader (Dynatech Laboratories, Virginia,
USA), at 550 nm, using 630 nm as the wavelength of reference.
Each MTT assay was repeated three times, using 3 wells per
tested compound and cell line. All four compounds were dis-
solved in DMSO. Statistical significance of differences being
observed in compound-treated versus control (DMSO) cell-
survival values was determined using the unpaired, two-sided
Student’s r-test. Data are herein being reported as
mean =+ SD (standard deviation) of the mean value.
P < 0.001 was considered statistically significant.

4.2.3. DNA staining and flow cytometric analysis of apoptosis
and autophagy

Exponentially growing PC-3 human prostate cancer cells were
treated with the ICsq values of the compounds 18a and 18b or
the corresponding DMSO concentration (vehicle) for 24, 48
and 72 h. For cell cycle analysis, cell culture supernatants
and attached cells were collected, centrifuged, washed in
PBS, fixed in 50% ethanol and stained with an RNase-
containing propidium iodide solution (50 pg/ml). For cell
apoptosis assay, cells were harvested and stained with Annexin
V binding buffer, Annexin V-FITC and PI (Annexin V-FITC
Apoptosis Detection Kit, BD Systems) and were kept in the
dark at room temperature for 15 min before being analyzed.
DNA content was analyzed on a BD Accuri C6 Flow Cytome-
ter, using the BD CSampler software (BD Biosciences, USA).
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Non-apoptotic events were used to calculate the percentage of
cells distributed in each phase. A P value < 0.05 was consid-
ered to be statistically significant (Student’s ¢-test). Finally,
quantification of autophagy was conducted using Cyto-ID
Autophagy Detection Kit (Enzo Life Sciences, USA), accord-
ing to manufacturer’s instructions. AMFI Cyto-1D values were
calculated for each treatment relative to control, as values > 0
indicate autophagy activation, whereas values < 0 indicate
inhibition of autophagic flux.
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