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ABSTRACT 

A new series of diverse 1,2,3-triazole-acridinedione/xanthenedione and 1,2-isoxazole-acridinedione/xanthenedione heterocyclic hybrids have been 
synthesized via 1,3-dipolar coupling reaction of N/O-substituted-acridinedione-alkyne or O-substituted-xanthenedione-alkyne substrates with 
various aromatic azides or oximes. In all cases, the cycloaddition is totally regioselective. The chemical structures of the synthesized compounds 
are determined using 2D NMR and are further confirmed by single-crystal X-ray diffraction analysis. Preliminary in vitro cytotoxic assays on two 
human breast cancer cell lines (MDA-MB-231, T47-D) and one prostate cancer cell line (PC3) are performed on some selected compounds. The 
most active O-1,2,3-triazole-xanthenedione hybrid displays the best cytotoxicity effects with IC50 ≤ 20 µM in breast cancer and IC50 = 10 µM in 
prostate cancer cell lines. 
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1. Introduction 

The modern trend in organic chemistry is actually the 
synthesis of combined organic molecules, especially 
heterocycles, as potentially useful structural motifs for drugs 
and pharmaceutical industry. Due to the growing need for 
potent bioactive compounds for public health, researches are 
mostly oriented towards developing newer, more effective 
and less toxic molecules showing specific and selective 
biological mode of actions and improved properties. In this 
regard, a number of new compounds have been designed 
bearing various biological activities by the combination of at 
least two or more pharmacophores in "one chemical 
structure". The use of green chemistry towards the 
elaboration of bioorganic-nanomaterial hybrids have 
recently evidenced impactful biomedical applications.1 
Incorporating five- and six-membered nitrogen and oxygen 
containing heterocycles to generate the so-called “hybrid 
molecule” has been proved to be effective in terms of 
enhanced activity, when compared to that of individual 
pharmacophores.1 

Triazoles and isoxazoles are important classes of nitrogen 
and oxygen containing five-membered heterocycles, being 
useful in drug design and known as privileged structures.2 
Triazoles are mostly applied in medicinal,3 pharmaceutical,4 
biological5 and material sciences.6 This heterocyclic motif is 
found as a fingerprint of some known drugs such as 
fluconazole7 (Figure 1). Triazoles and isoxazoles have a 
wide range of biological properties such as anticancer,8 anti-
HIV,9 antibacterial,10 antimalarial11 and anti-tubercular12 
activities. Particularly, triazoles are stable to hydrolysis, 
oxidation and relatively resistant to metabolic degradation.13 
On the other side, isoxazoles are found as the basic structure 
of remarkable drugs, for example, the antibiotic 
sulfamethoxazole14 (Figure 1).  

A variety of synthetic routes have been reported for the 
synthesis of triazoles and isoxazoles, being one of the most 
popular the [3+2] cycloaddition of alkynes with azides or 
nitrile oxides, respectively.15 In parallel, we found that the 
multicomponent reaction (MCR) approach has been widely 
used for the production of complex and highly diverse 
nitrogen and oxygen containing six-membered heterocycles 
such as acridine and xanthene. MCRs are experimentally 
performed in shorter time and in a single step allowing 
excellent yields and highly pure compounds. By using easily 
accessible starting materials, outstanding acridine templates 
containing 1,4-dihydropyridines (1,4-DHPs) and 
xanthenediones with a pyrane ring have been accessed via 
MCRs without the isolation of reaction intermediates.15 
These structures have also shown a wide range of 
pharmacological and biological activities.16 DHPs were 
firstly developed as cardiovascular agents17, but they have 
also found applications for other medicinal treatments, for 
instance, nifedipine which is employed in the treatment of 
migraine, hypertrophic cardiomyopathy and Raynaud’s 
phenomenon18 (Figure 1). Among the various subclasses of 
pyrans, 9-arylxanthenes are active oxygenated heterocycles, 
which are important drug intermediates. They are known as, 
anti-inflammatory,19 antiviral,20 antibacterial21 agents and 
thoroughly used in photodynamic therapy to destroy tumor 
cells.22 Xanthene derivatives are widely utilized in laser 
technology because of their interesting spectroscopic 
properties,23 in fluorescent materials for the visualization of 
biomolecules24 and especially as dyes like the popular 
rhodamine 6G25 (Figure 1). 

  
Figure 1. Examples of interesting structures bearing of 

triazole, isoxazole, acridine and xanthene motifs.  

In light of the biological and technological importance of 
the aforementioned nitrogen and oxygen containing five- 
and six-membered heterocycles, it is very interesting to 
develop new structures incorporating acridine and xanthene 
with 1,2,3-triazole and 1,2-isoxazole motifs in hybrid 
molecules. In this context, we describe efficient syntheses of 
a novel series of 1,4-disubstituted 1,2,3-triazoles and 3,5-
disubstituted 1,2-isoxazoles by regioselective reaction of 
arylazides and aryloximes with the N-/O-acridinedione and 
O-xanthenedione derived terminal alkynes via click 
chemistry. Preliminary anticancer screening of these hybrid 
heterocycles performed on two human breast cancer (MDA-
MB-231, T47-D) and one prostate cancer cell lines (PC3) 
shows promising effects 

2. Results and discussion  

2.1. Chemistry and spectral analysis 

We first describe the synthesis of N-1,2,3-triazole-
dioxodecahydroacridine 11a-e and N-1,2-isoxazole-
dioxodecahydroacridine 12a-e heterocyclic hybrids via Click 
reaction. The procedure begins by the preparation of 1,8-dioxo-
decahydroacridine derivatives via a one-pot three-component 
condensation of aromatic aldehydes 1a-e, 1,3-cyclohexanedione 
2 and ammonium acetate 3 in ethanol catalyzed by triethylamine 
(TEA) to give the desired intermediates 4a-e in excellent yields 
(86-96%) (Scheme 1).26 Then the N-alkylation of 1,8-
dioxodecahydroacridines 4a-e with propargyl bromide 5 in 
presence of K2CO3 as a base and DMF as solvent at room 
temperature were carried out. The reaction normally takes place 
in 3 hours to afford the corresponding N-propargyl-substituted 
1,8-dioxodecahydroacridines 6a-e obtained in moderate yields 
(34-55%, Scheme 1). In the following step, arylazides 8a,b were 
prepared by reacting aniline derivatives 7a,b with sodium nitrite 
and sodium azide in acidic medium at room temperature. The 
reaction of aldehydes 9a,b with hydroxylamine hydrochloride in 
refluxing water under basic (NaHCO3) conditions provides the 
corresponding aryloximes 10a,b (Scheme 2). 

 

Scheme 1. Synthesis of 1,8-dioxodecahydroacridines 4a-e 
and their N-propargylated derivatives 6a-e. 



 

Scheme 2. Preparation of arylazides 8a,b and aryloximes 
10a,b. 

The last step settles in a simple 1,3-dipolar cycloaddition 
reactions between N-propargyl-substituted-1,8-
dioxodecahydroacridines 6a-d with aromatic azides 8a,b, in the 
presence of CuSO4.5H2O/ascorbic acid as catalyst in a 2:1 
mixture of dichloromethane:H2O at room temperature for 12 h to 
produce 1,2,3-triazole-dioxodecahydroacridine hybrids 11a-e in 
good to excellent yield (70-86%) (Scheme 3). On the other hand, 
subjecting N-propargyl-substituted 1,8-dioxodecahydroacridines 
6a-d to [3+2] cycloaddition reaction with various aryloximes 
10a,b in the presence of chloramine-T, CuSO4 and Cu powder 
furnished the desired 1,2-isoxazole-dioxodecahydroacridine 
hybrids 12a-e (65-80%) (Scheme 3). 
The combination of 1H and 13C NMR spectroscopy allows a 
clear determination of the regioselective formation of a 
unique 1,4-disubstituted 1,2,3-triazole ring in the 1,2,3-
triazole-N-acridinedione and 1,2-isoxazole-N-acridinedione 
hybrids. The characteristic signal of the triazolic H-5” of 
compound 11a appears as a singlet at δH 8.75 ppm, while 
that of isoxazole 12a showed the singlet H-4’’ around δH 
6.89 ppm. Aliphatic signals at δH 5.18, 5.29 ppm are 
assigned to the methylene H-1’ linking the heterocyclic 
moieties (triazole or isoxazole) to the acridine bulk. 13C 
NMR of 11a displayed the triazole skeleton with C-5” at δC 
121.8 and the quaternary C-4” at δC 145.2 ppm based on its 
HMBC correlations established with H-1’ and H-5” (Figure 
2). For the isoxazole 12a, one protonated carbon C-4” (δC 
101.0 ppm) and two different quaternary carbons C-3” and 
C-5” are distinguished, being respectively attributed to δC 
162.10, 169.4 ppm and confirmed through HMBC 
correlations entertained between C-3”/H-4” and C-5”/H-
1’/H-4” (Figure 2). Other important HMBC cross-peak 
correlations have been studied, which greatly help us to establish 
the symmetrical structure of acridine, especially those observed 
between H-9’ with its neighbouring quaternary carbons C8a/9a 
(δC 115.2-116.0 ppm), C-4a/10a (δC 153.9-154.2 ppm) and the 
carbonyl C-1 (δC 195.7-195.8 ppm) of both hybrid structures 
11a and 12a (Figure 2, ESI for NMR spectra). 

 

Scheme 3. Synthesis of N-1,2,3-triazole-
dioxodecahydroacridines 11a-e and N-1,2-isoxazole-
dioxodecahydroacridines 12a-e via click reaction. 

Good quality single-crystals have only been successfully 
obtained for the isoxazole-acridine template 12a, being isolated 
from a 1:1 mixture of hexane:dichloromethane by slow 
evaporation at ca. 6 °C. The crystal structure was determined in 
the centrosymmetric triclinic Pī space group. The asymmetric 
unit is composed of a whole molecular unit of 12a plus partially-
occupied water and dichloromethane solvent molecules (Figure 
3). Remarkably, though the molecule is rich in atoms capable of 
being engaged in strong hydrogen bonds and acceptors, there is a 
lack of donating moieties (besides the disordered and partially-
occupied water molecules of crystallization). This leads to a 
general weak supramolecular network which also accounts for 
the various structural disorder features found in the crystal 
structure (ESI for additional technical details). 

Further synthetic work was focused on the elaboration of 1,4-
disubstituted 1,2,3-triazole-O-acridinedione/O-xanthenedione 
and 3,5-disubstituted 1,2-isoxazole-O-acridinedione/O-
xanthenedione hybrid compounds, and this time, we start with 
the alkylation of commercially available hydroxybenzaldehydes 
13a-d using propargyl bromide in the presence of K2CO3 to give 
the corresponding propargyloxybenzaldehydes 14a-d, bearing an 
alkynyl group required for click chemistry (Scheme 4). 
Compounds 14a-d are then subjected to click chemistry, as 
previously reported by employing arylazides 8a,b in the presence 
of CuSO4·5H2O and sodium ascorbate as the catalytic system in 
dichloromethane:H2O (2:1, v/v) at room temperature for 12 h. 
This provides 1,4-disubstituted 1,2,3-triazolealdehydes 15a-e in 
good yields (55-88%).27 
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Figure 2. Main HMBC correlation observed for N-1,2,3-triazole-
dioxodecahydroacridine 11a and N-1,2-isoxazole-
dioxodecahydro-acridine 12a. 

 

Figure 3. Schematic representation of the molecular units present 
in the crystal structure of compound 12a·0.8CH2Cl2·0.4H2O. 
Non-hydrogen atoms are represented as thermal ellipsoids drawn 
at the 50% probability level (except for those which were refined 
isotropically – see ESI for additional technical details), and 
hydrogen atoms as small spheres with arbitrary radii. 

 

Scheme 4. Synthesis of propargyloxybenzaldehydes 14a-c. 

In the same fashion as mentioned above, we prepare 1,2-
isoxazolealdehydes 16a-e by click reaction of aryloximes 10a,b 
with propargyloxyaldehydes 14a-d in the presence of 
chloramine-T, CuSO4 and Cu powder as a catalyst, being the 
desired 1,2-isoxazolealdehydes 16a-e also obtained in good 
yields (72-92%). The ending step of our synthetic strategy aims 
at the production of 1,2,3-triazole-O-acridinediones 17a-e and 
1,2-isoxazole-O-acridinediones 19a-e hybrids by a Hantzsch 
reaction. We therefore performed the one-pot three-component 
reaction between two molecules of 1,3-cyclohexanedione, the 
corresponding triazole-aldehydes 15a-e or isoxazole-aldehydes 
16a-e and ammonium acetate using triethylamine as a catalyst in 
ethanol.  

The target heterocyclic hybrids 17a-e and 19a-e were isolated in 
good to excellent yields (55-90%) (Scheme 5).26 In addition, we 
have investigated another MCR route for the synthesis of 1,2,3-
triazole-O-xanthenediones 18a-e and 1,2-isoxazole-O-
xanthenediones 20a-e hybrids by using two molecules of 1,3-
cyclohexanedione and the corresponding triazole-aldehydes 15a-
e or isoxazole-aldehydes 16a-e with triethylamine as catalyst in 
acetic acid to afford the desired compounds 18a-e and 20a-e in 
very good yields (67-91%)28 (Scheme 5). 



 
Scheme 5. Synthesis of O-1,2,3-triazole-acridinediones 17a-e, O-1,2,3-triazole-xanthenediones 18a-e, O-1,2-isoxazole-
acridinediones 19a-e and O-1,2-isoxazole-xanthenediones 20a-e. 

The examination of the NMR spectra of our novel heterocyclic 
hybrids 1,2,3-triazole-O-acridinediones/O-xanthenediones 17a-e, 
18a-e and 1,2-isoxazole-O-acridinediones/O-xanthenediones 
19a-e, 20a-e suggests that most of the pure products are obtained 
in a regioselective manner affording 1,4-disubstituted 1,2,3-
triazoles and 3,5-disubstituted isoxazoles linked to acridinediones 
or xanthenediones. From the 1H NMR and 2D-HSQC spectra of 
these compounds, we could distinguish two characteristic groups 
9-CH (δH 4.54-5.15 ppm, δC 30.4-32.0 ppm) and 1”-CH2 (δH 
5.14-5.26 ppm, δC 60.5-62.0 ppm), being considered as the 
linking bridges between the acridine or xanthene skeleton and the 
triazole or isoxazole heterocycles. The triazole and isoxazole 
protons H-5”’ and H-4”’ appear as a singlet at δH 8.89-8.90 and 
7.12-7.16 ppm, respectively. The cyclohexanone parts can be 
characterized through their aliphatic protons at δH 1.78-1.90 ppm 
for H-3/6, 2.11-2.28 ppm for H-2/7 and 2.43-2.53 ppm for H-4/5 
(case of compound 17a). 
From the 13C NMR and 2D-HSQC spectra, all the 
protonated carbon have been successfully assigned, mainly 
those of the cyclohexanone structure δC 21.3 ppm for C-3/6, 
26.8 ppm for C-4/5 and 37.2 for C-2/7 (case of compound 
17a). However, it was possible to differentiate between 
these aliphatic carbons only by interpreting the 2D-HMBC 
spectrum of compound 17a, where we find 10-NH (δH 9.37 
ppm) establishing remarkable J3

H/C HMBC correlation with 
the aliphatic carbon C-4/5. Other interesting HMBC 
connectivities have been observed for the 10-NH with the 
quaternary carbons of the cyclic acridine skeleton, where we 
could attribute C8a/9a to δC 113.1 ppm via J3

H/C correlation of 
10-NH and C-4a/10a to δC 151.5 ppm via J2

H/C with this same 
proton. It was also possible to discover a rare J4

H/C 
connection of 10-NH with the carbonyl C-1 (δC 195.2 ppm), 

which help to characterize the hybrid structures 17-20 
(Figure 4, ESI for NMR spectra). 

To support our regioselective preparation of the reported 
heterocyclic hybrids, we crystallised selected compounds to be 
investigated by single-crystal X-ray diffraction. We isolated good 
crystals of the O-isoxazole-acridine hybrid 19b from an ethanolic 
solution by slow evaporation at ca. 6 °C. The crystal structure 
was solved and refined in the centrosymmetric monoclinic P21/n 
space group, with the asymmetric unit being composed of a 
whole molecular unit of 19b and a partially-occupied water 
molecule of crystallisation (refined as 75%, Figure 5). Though 
the molecular unit is rich acceptor atoms capable of engaging in 
strong and directional hydrogen bonding interactions, there is 
only one donor group capable of such (besides the partially-
occupied water molecule of crystallization): the –NH moiety of 
the dioxodecahydroacridine. This moiety is indeed engaged in an 
unique bifurcated N–H···O interaction with the oxygen atoms of 
a neighboring molecular unit [dN···O ranging from 2.892(4) to 
3.156(3) Å; <(NHO) interaction angles in the 115(3)-178(3)º 
range], forming a C1

1(10) graph set motif.29 
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Figure 4. Main HMBC correlations of N-1,2,3-triazole-dioxo-
decahydroacridine 17a and N-1,2-isoxazole-dioxodecahydro-
acridine 19b. 

 

Figure 5. Schematic representation of the molecular unit present 
in the crystal structure of compound 19b·0.75H2O. Non-
hydrogen atoms are represented as thermal ellipsoids drawn at 
the 70% probability level (except for those associated with the 
disordered methyl group – see the ESI for additional technical 
details), and hydrogen atoms as small spheres with arbitrary 
radii.  

2.2. In vitro evaluation of cytotoxic effects 

The cytotoxicity of N-1,2,3-triazole-
dioxodecahydroacridines 11a-e, N-1,2-isoxazole-
dioxodecahydroacridines 12a, O-1,2,3-triazole-
acridinediones 17c-d, O-1,2,3-triazole-xanthenediones 18a-
e, O-1,2-isoxazole-acridinediones 19b, 19e and O-1,2-
isoxazole-xanthenediones 20a-b, 20e have been studied in 
two human breast cancer cell lines (MDA-MB-231, T47-D) 
and one prostate cancer cell line (PC3) after 72 h of 
exposure using the prestoblue method.30 Compounds have 
been selected upon their optimized solubility in DMSO, 
hence we started the biological screening by using a 10 nM 
to 100 µM concentrations curve with a dilution factor of 10 
(doxorubicin is employed as a positive control). Most of the 
selected compounds displayed less than 60% of inhibitory 
effects on the tested cancer cell lines at 100 µM (Figure 6). 
In prostate cancer cells (PC3), compounds 11c, 19e and 20a 

have no considerable effect, while 10% of inhibitory could 
be observed for compounds 11d, 17c, 17d, 18e and 20b. In 
the other side, compounds 17d, 20a, 20b and 20e are less 
active on the breast cancer (T47-D and MDA-MB-231). The 
most active compounds 11e, 12a, 18a-d exhibited total or 
near-total cytotoxicity at 100 µM concentrations, but no 
effects were observed at concentrations lower than 10 µM. 
Therefore, the 10-100 µM concentration range was 
expanded to cover values every 0.25 unit to allow 
calculation of the IC50 values as shown in Table 1.  

Figure 6. Representative graphic of in vitro cytotoxicity 
assessment of compounds 11a-d, 17c-d, 18e, 19b, 19e, 20a-b 
and 20e against breast cancer (T47-D and MDA-MB-231) and 
prostate cancer (PC3) cell lines at concentration of 100 µM. 

The results showed that in metastatic cancer cell lines 
(MDA-MB-231) compounds 12a, 18b and 18c displayed 
IC50 value ≤ 20 µM. Compounds 18b-d exhibited the 
highest cytotoxic effect against the non-metastatic cell line 
(T47-D) with IC50 value ≤ 20 µM (Table 1). The in vitro 
antiproliferative activity of N-1,2,3-triazole-
dioxodecahydroacridines 11a-e in both cell lines tested are 
weak, nevertheless their inhibitory effects are more 
pronounced in the non-metastatic cells (T47-D) than in the 
metastatic cells (MDA-MB-231 and PC3) (Figure 6). The N-
1,2-isoxazole-dioxodecahydroacridine 12a showed similar 
cytotoxic effect in T47-D cells comparing to compound 11e. 
However, compound 12a exhibited around 6-fold more 
potency in MDA-MB-231 cell than compound 11e (Table 
1). These results suggested that the introduction of 1,2-
isoxazole molecule at the acridine scaffold may lead to an 
increased cytotoxicity in metastatic cancer cells. Compounds 
12b-e should be evaluated to confirm these results, however 
due to some difficulties of solubility in DMSO, the 
experiments were not performed. 
 
The preliminary evaluation of in vitro antiproliferative activity 
of compounds 17c-d, 18a-e, 19b, 19e, 20a-b and 20e showed 
that the most active hybrids are O-1,2,3-triazole-
xanthenediones 18a-d. Among them, compound 18c without 
any substituents in the aromatic rings displayed the most 
effective cytotoxicity on the tested cancer cell lines with IC50 
values less than 20 µM in case of breast cancer (MDA-MB-231 
and T47-D) and have recorded the highest cytotoxic effect in 
PC3 cells, with IC50 value of 10 µM (Table 1). These results 
suggest that the ortho position of the 1,2,3-triazole motif at the 
xanthenedione scaffold favours the cytotoxicity in PC3 
cancer cells when comparing to compound 18a, 18b and 
18d of the same group. In case of O-1,2,3-triazole-



acridinedione 17 and O-1,2-isoxazole-acridinedione 19, no 
significant inhibitory effects were observed in the tested 
cancer cells at concentrations below 100 µM. At 100 µM 
compound 19b is clearly affecting all cancer cell lines 
compared to 17d (Figure 6), which may inform that the 
conjugation and position of the isoxazole moiety at the 
acridinedione scaffold is in favour of an increased 
cytotoxicity. 
 
Table 1. In vitro cytotoxicity assessment of compounds 11e, 12a, 
18a-d against breast cancer (T47-D and MDA-MB-231) and 
prostate cancer (PC3) cell lines. 
 
Compound T47-D 

IC 50 µM (a) 
MDA -MB-

231 
IC 50 µM (a) 

PC3 
IC 50 µM (a) 

11e 38.05±4.10 65.35±3.18 58.19±3.57 
12a 49.02±1.03 10.78±0.85 38.65±4.50 
18a 26.70±0.44 49.45±1.37 25.86±0.56 
18b 18.40±3.89 17.69±1.18 64.58±2.11 
18c 14.50±1.59 20.88±0.20 10.20±0.22 
18d 19.40±1.67 45.31±0.87 66.84±1.09 

Doxorubicin 0.13±0.003 1.51±0.97 0.73±0.14 
[a] IC50 determined by the prestoBlue method after 72h of 
incubation. Each value is the mean (IC50±SD) of two 
independent experiments performed in quadruplicate 

 
The cytotoxic activity of reported hybrid compounds sharing 
acridine/xanthene have resulted in promising antiproliferative 
activity against a panel of tested cancer cells (Table 2).31-34 The 
hybrid acridine-1,2,4-triazole compunds with different 
substitutions at the para position of the phenyl ring exhibited the 
most potent anticancer activity against four cancer cell lines 
(MCF-7, HT-29, A-549, A-375) with IC50 values ≤ 5 μΜ.32 
Acridine-thiophene hybrids shows selectivity toward HCT-116 
cells, whereas no cytotoxicity was observed for other cell lines 
tested (HeLa, MCF-7, K562, HL-60, HaCat, PBMC).33 Synthetic 
xanthene-pyrrolidine was reported to possess comparable 
behavior to Tamoxifen on ER-positive MCF-7 and ER–negative 
MDA-MB-231 cells (Table 2).34 Our data screening of cytotoxic 
effect of 1,2,3-triazole and 1,2-oxazole-
acridinediones/xanthenediones heterocyclic hybrids provide 
essential SAR information and experimental structural models 
for anticancer drug design. 
 
Table 2. Reported studies of in vitro cytotoxicity assessment of 
some hybrid compounds against a panel of cancer  cell lines. 
 

Organic hybrid 
structures 

Cancer cell lines tested 
(IC 50±SD μM) 

 

MCF‐7 (16.24± 0.54) 
A2780 (10.43±1.46) 
HeLa (22.86±1.45) 
HepG2 (15.07±1.63) 
DU145 (13.73±1.26) 
A549(9.01±0.24) 
PC3 (5.23±1.37) 
LNCAP (18.54±2.11) 
HUVEC (49.19±2.3) 

 

MCF-7 [R = Cl (1.20±0.13) 
R =3,4,5-OCH3 (0.23±0.02) 
R = CF3 (0.17±0.01)]   
HT-29 [R = Cl (1.10±0.09) 
R =3,4,5-OCH3 (0.11±0.03) 
R = CF3 (2.54±0.19)] 
A-549 [R = Cl (0.28±0.03) 
R =3,4,5-OCH3 (1.90±0.96) 
R = CF3 (1.45±0.18)] 
A-375 [R = Cl (0.39±0.02) 
R =3,4,5-OCH3 (1.23±0.11) 
R = CF3 (1.67±0.12)] 

 

HCT-116 (23.11±1.03) 

 

ER-positive MCF-7 (12.4 ± 
0.54 μM) 
ER–negative MDA-MB-231 
cells (25.4 ± 0.40 μM) 

3. Conclusion 

In summary, novel series of acridinediones and 
xanthenediones containing triazole and isoxazole moieties 
with varied aromatic substitution, all in one hybrid structure, 
have been synthesized in appreciable yields. The spectral 
NMR data and single-crystal X-ray have been well exploited 
to finely characterize the molecular structures with various 
structural patterns. Different synthetic methodologies have 
been combined from a one-pot multi-component reaction to 
1,3-dipolar cycloaddition and click chemistry in order to 
achieve a high structural complexity of novel heterocyclic 
hybrids. The preliminary anticancer screenings on human 
cancer cell lines demonstrate that the O-1,2,3-triazole-
xanthenediones hybrids show the best cytotoxic effects. 
Moreover, N,O-isoxazole moiety coupled to the 
acridinedione scaffold could lead to an increased 
cytotoxicity. Further antiproliferative studies are required to 
provide more insights about the combination of heterocyclic 
pharmacophores in a hybrid molecule and their structure-
activity-relationship in cancer therapy.  

4. Experimental section 

General remarks: Melting points were measured using 
Kofler bench method. All reactions were followed by TLC 
(E. Merck Kieselgel 60 F-254), with detection by UV light 
at 254 nm. 1H and 13C NMR spectra were recorded on a 
Bruker AC 400 MHZ FTNMR spectrometer using DMSO-
d6 as solvent. Chemical shifts (δ) were reported in parts per 
million (ppm) relative to tetramethylsilane TMS (δ = 0 ppm) 
used as an internal reference and coupling constants (J) were 
given in Hz. The following multiplicity abbreviations were 
used: s, singlet; d, doublet; t, triplet; q, quadruplet; m, 
multiplet. High-resolution mass spectra (ESI+-HRMS) were 
measured with a micrOTOF-Q 98 spectrometer. All 
chemicals and solvents were purchased from commercial 
sources and used as received. 

General procedure for the synthesis of 1,8-
dioxodecahydroacridines (4a-e, 17a-e and 19a-e). A 
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mixture of aldehyde 1a-e (or 15a-e / 16a-e) (1 mmol), 1,3-

cyclohexane-dione 2 (2 mmol, 0.224 mg), ammonium 
acetate 3 (3 mmol, 0.231 mg), triethylamine (2 mmol, 0.202 
mg) in ethanol (20 mL) was placed in a 50 mL flask and 
refluxed under continuous stirring for the appropriate time 
as monitored by thin-layer chromatography TLC. After 
completion of the reaction, the solvent was evaporated to 
give the crude product, which was purified by 
recrystallization from EtOH to provide the pure product 4a-e 
(17a-e / 19a-e) without further purification.  

General procedure for the synthesis of N-propargylated 
1,8-dioxodecahydroacridines and 
propargyloxybenzaldehydes (6a-e and 14a-e). A mixture 
of 1,8-dioxodecahydroacridine 4a-e (or 
hydroxybenzaldehyde 13a-e) derivatives (2 mmol), 
propargyl bromide 5 (2.2 mmol, 0.262 mg) and K2CO3 (4 
mmol, 0.552 mg) in N,N-dimethylformamide (15 mL) was 
stirred at room temperature for 3 hours. Water (15 mL) was 
added to the reaction mixture to be extracted with 
dichloromethane (3 x 15 mL). The organic layer was dried 
over anhydrous sodium sulphate, filtered and concentrated. 
The final residue was recrystallized from ethanol to afford 
the desired compounds 6a-e (or 14a-e). 

General synthetic procedure for the aromatic azides 
8a,b. The aniline substrate 7a,b (10 mmol) was dissolved in 
hydrochloric acid (15 mL) in a round-bottom flask and 
cooled to 0 ⁰C in an ice bath. Ice cooled sodium nitrite 
NaNO2 (12 mmol, 0.830 mg) solution was added into the 
aniline-acid solution and stirred for 10 min. NaN3 (12 mmol, 
0.780 mg) was then added under stirring for 1 hour. Finally, 
the solution was extracted with ethyl acetate (3 x 15 mL) 
and the organic layers were combined and dried over 
Na2SO4. After solvent removal under reduced pressure, the 
azidobenzene derivatives 8a,b are afforded. 

General procedure for the synthesis of 1,2,3-triazole 
derivatives via 1,3-dipolar cycloaddition (11a-e and 15a-
c). Synthetic phenyl azide derivatives 8a,b (1 mmol) and 
1,8-dioxodecahydroacridine derived alkyne 6a-e (or 
propargyloxybenzaldehydes 14a-e) (1 mmol) were taken in 
CH2Cl2 and H2O (10 mL, 1:1) system in a 50 mL round 
bottomed flask. CuSO4.5H2O (2.2 mmol, 0.548 mg) and 
sodium ascorbate (2.8 mmol, 0.554 mg) were added. The 
reaction mixture was stirred at room temperature for 12 
hours under TLC monitoring. After completion of the 
reaction, the aqueous layer was extracted with CH2Cl2 (3 × 
15 mL). The combined organic phases were dried over 
Na2SO4 and concentrated under reduced pressure. 
The obtained crude product was recrystallized from ethanol 
to afford the pure products 11a-e (or 15a-e). 

General synthetic procedure for the aldoximes (10a,b). 
To a methanolic solution of aldehyde 9a,b (10 mmol), 
hydroxyl amine hydrochloride (10 mmol, 0.695 mg) was 
added followed by sodium acetate (10 mmol, 0.770 mg). 
The mixture was stirred at room temperature. After 
completion of the reaction as monitored by TLC, water was 
added to the reaction mixture and then extracted with ethyl 
acetate (3 × 15 mL). The organic layers were combined and 
dried over Na2SO4. After solvent removal under reduced 
pressure aldoxime derivatives 10a,b are afforded  

General procedure for the synthesis of 1,2,-isoxazole 
derivatives via 1,3-dipolar cycloaddition (12a-e and 16a-
e). To the appropriate aldoximes 10a,b (1 mmol) dissolved 
in 10 mL of t-BuOH/H2O (1:1), chloramine-T trihydrate (2 

mmol, 0.455 mg) was gradually added over 3 minutes 
followed by CuSO4.5H2O (1 mmol, 0.250 mg) and copper 
powder (2 mmol, 0.128 mg). To the aforementioned 
solution, the appropriate 1,8-dioxodecahydroacridine 
derived alkyne 6a-e (or propargyloxybenzaldehydes 14a-e) 
(1 mmol) was added and the reaction mixture was stirred for 
12 hours at room temperature. Water (10 mL) was added to 
the reaction mixture and directly extracted with 
dichloromethane (3 × 15 mL). The organic layer was dried 
over anhydrous sodium sulfate, filtered, concentrated and 
then recrystallized from ethanol to give the required 
isoxazoles 12a-e (or 16a-e). 

General procedure for the synthesis of 1,8-dioxo-
octahydroxanthenes 18a-e and 20a-e. A mixture of 
aldehyde 15a-e (or 16a-e) (0.3 mmol), 1,3-
cyclohexanedione 2 (0.6 mmol, 0.067 mg) and triethylamine 
(0.6 mmol, 0.061 mg) as catalyst in 10 mL of acetic acid 
was allowed to stir at reflux for the appropriate time. After 
completion of the reaction under TLC monitoring, the 
solvent was evaporated under vacuum and the solid product 
obtained was washed with ethanol and then water. The 
products were purified by recrystallization from ethanol to 
give the desired compounds 18a-e (20a-e). 

9-(4-Methoxyphenyl)-10-[(1-phenyl-1H-1,2,3-triazol-4-
yl)methyl]-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-
dione (11a): C29H28N4O3; MW = 480.56 g/mol; 0.344 g 
(69.5%); yellow solid; mp 258-260 °C. 1H NMR (400 MHz, 
DMSO-d6) δ : 1.85-1.98 (2m, 4H, H-3/6, eq:ax), 2.21–2.28 
(m, 4H, H-2/7), 2.64-3.08 (2m, 4H, H-4/5, eq:ax), 3.57 (s, 
3H, 4””-OCH3), 5.02 (s, 1H, H-9), 5.18 (s, 2H, H-1’), 6.58 
(d, J = 8.7 Hz, 2H, H-3””/5””), 6.91 (d, J = 8.7 Hz, 2H, H-
2””/6””), 7.40-7.55 (m, 1H, H-4”’), 7.56-7.70 (m, 2H, H-
3”’/5”’), 7.83-7.99 (m, 2H, H-2”’/6”’), 8.75 (s, 1H, H-5”) 
ppm. 13C NMR (100 MHz, DMSO-d6) δ : 21.5 (C-3/6), 26.7 
(C-4/5), 30.1 (C-9), 36.4 (C-2/7), 41.1 (C-1’), 55.4 (4””-
OCH3), 113.5 (C-3””/5””), 116.0 (C-8a/9a), 120.4 (C-
2”’/6”’), 121.8 (C-5”), 128.7 (C-2””/6””), 129.4 (C-4”’), 
130.3 (C-3”’/5”’), 136.9 (C-1”’), 139.1 (C-1””), 145.2 (C-
4’’), 153.9 (C-4a/10a), 157.6 (C-4””), 195.8 (C-1/8, C=O) 
ppm. HRMS (ESI+): m/z calcd for [C29H28N4O3+H]+: 
481.2161; found: 481.2234.  

9-(4-Chlorophenyl)-10-{[3-(4-methoxyphenyl)isoxazol-5-
yl]methyl}-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-
dione (12a): C30H27ClN2O4; MW = 515.01 g/mol; 0.331 g 
(64.3%); white solid; mp 142-144°C. 1H NMR (400 MHz, 
DMSO-d6) δ : 1.84-1.98 (2m, 4H, H-3/6, eq:ax), 2.18–2.31 
(m, 4H, H-2/7), 2.57-2.96 (2m, 4H, H-4/5, eq:ax), 3.83 (s, 
3H, 4”’-OCH3), 5.10 (s, 1H, H-9), 5.29 (s, 2H, H-1’), 6.89 
(s, 1H, H-4”), 7.03–7.14 (m, 4H, H-3”’/5”’, H-2””/6””), 
7.17 (d, J = 8.5, 2H, H-3””/5””), 7.78 (d, J = 8.8, 1H, H-
2”’/6”’) ppm. 13C NMR (100 MHz, DMSO-d6) δ(ppm): 21.4 
(C-3/6), 26.3 (C-4/5), 30.6 (C-9), 36.5 (C-2/7), 42.0 (C-1’), 
55.8 (4”’-OCH3), 101.0 (C-4”), 115.1 (C-3”’/5”’), 115.2 (C-
8a/9a), 120.9 (C-1”’), 128.2 (C-3””/5””), 128.6 (C-2”’/6”’), 
129.5 (C-2””/6””), 130.9 (C-4””), 145.4 (C-1””), 154.2 (C-
4a/10a), 161.2 (C-4”’), 162.10 (C-3”), 169.4 (C-5”), 195.7 
(C-1/8, C=O) ppm. HRMS (ESI+): m/z calcd for 
[C30H27ClN2O4+H]+: 515.1659; found: 515.1732. 

9-{4-[(1-Phenyl-1H-1,2,3-triazol-4-yl)methoxy]phenyl}-
3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (17a): 
C28H26N4O3; MW = 466.54 g/mol; 0.409 g (87.6%); white 
solid; mp > 260 °C. 1H NMR (400 MHz, DMSO-d6) δ 1.78-
1.90  (2m, 4H, H-3/6, eq:ax), 2.11–2.28 (m, 4H, H-2/7), 
2.43-2.53 (m, 4H, H-4/5, eq:ax), 4.86 (s, 1H, H-9), 5.14 (s, 



2H, H-1”), 6.86 (d, J = 8.7, 2H, H-3’/5’), 7.08 (d, J = 8.7, 
2H, H-2’/6’), 7.45-7.53 (m, 1H, H-4”’), 7.55-7.64 (m, 2H, 
H-3”’/5”’), 7.86-795 (m, 2H, H-2”’/6”’), 8.89 (s, 1H, H-
5”’), 9.37 (s, 1H, 10-NH) ppm. 13C NMR (100 MHz, 
DMSO-d6) δ : 21.3 (C-3/6), 26.8 (C-4/5), 31.6 (C-9), 37.2 
(C-2/7), 61.5 (C-1”), 113.1 (C-8a/9a), 114.4 (C-3’), 120.6 
(C-2””/6””), 123.3 (C-5”’), 128.9 (C-2’), 129.2 (C-4””), 
130.3 (C-3””/5””), 137.0 (C-1””), 140.6 (C-1’), 144.6 (C-
4”’), 151.5 (C-4a/10a), 156.4 (C-4’), 195.2 (C-1/8, C=O) 
ppm. HRMS (ESI+): m/z calcd for [C28H26N4O3+H]+: 
467.2005; found: 467.2078.  

9-{4-[(1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-
yl)methoxy] phenyl}-3,4,5,6,7,9-hexahydro-1H-xanthene-
1,8(2H)-dione (18b): C29H27N3O5; MW = 497.55 g/mol; 
0.126 g (84.4%); brown solid; mp 178-182 °C. 1H NMR 
(400 MHz, DMSO-d6) δ 1.74–2.02 (2m, 4H, H-3/6, eq:ax), 
2.15–2.37 (m, 4H, H-2/7), 2.53–2.74 (m, 4H, H-4/5, eq:ax), 
3.83 (s, 3H, 4””-OCH3), 4.54 (s, 1H, H-9), 5.14 (s, 2H, H-
1”), 6.81–6.98 (m, 2H,H-3’), 7.12 (m, 4H, H-2’/3””), 7.69–
7.89 (m, 2H, H-2””), 8.79 (s, 1H, H-5”’) ppm. 13C NMR 
(100 MHz, DMSO) δ 20.4 (C-3/6), 26.9 (C-4/5), 30.4 (C-9), 
36.9 (C-2/7), 56.0 (4””-OCH3), 61.5 (C-1”), 114.6, (C-3’), 
115.3, B (C-3’”), 116.2 (C-8a, C-9a), 122.3 (C-2””), 123.2 
(C-5”’), 129.5, (C-2’), 130.5, (C-1””), 137.7 (C-1’), 144.2, 
(C-4”’), 156.9 (C-4’), 159.8 (4””-OCH3), 165.1 (C-4a, C-
10a), 196.8 (C-1/8, C=O) ppm. HRMS (ESI+): m/z calcd for 
[C29H27N3O5+H]+: 498.1951; found: 498.2023. 

9-(3-Methoxy-4-[(3-phenylisoxazol-5-
yl)methoxy]phenyl)-3,4,6,7,9,10-hexahydroacridine-
1,8(2H,5H)-dione (19b): C30H28N2O5; MW = 496.56 g/mol; 
0.388g (78.1%); white solid; mp 232-234 °C. 1H NMR (400 
MHz, DMSO-d6) δ : 1.69-1.86 (2m, 4H, H-3/6, eq:ax), 
2.15–2.28 (m, 4H, H-2/7), 2.43-2.58 (m, 4H, H-4/5, eq:ax), 
3.71 (s, 3H, 3’-OCH3), 4.89 (s, 1H, H-9), 5.19 (s, 2H, H-1”), 
6.61 (dd, J = 8.3, 1.9, 1H, H-6’), 6.85 (d, J = 1.9, 1H, H-2’), 
6.89 (d, J = 8.3, 1H, H-5’), 7.12 (s, 1H, H-4”’), 7.52 (m, 3H, 
H-4””,H-3””/5””), 7.88 (m, 2H, H-2””/6””), 9.39 (s, 1H, 10-
NH) ppm. 13C NMR (100 MHz, DMSO-d6) δ(ppm): 21.4 (C-
3/6), 26.8 (C-4/5), 31.7 (C-9), 37.2 (C-2/7), 55.9 (3’-OCH3), 
62.0 (C-1”), 102.7 (C-4”’), 112.8 (C-8a/9a), 112.9 (C-2’), 
114.7 (C-5’), 119.4 (C-6’), 127.1 (C-2””/6””), 128.8 (C-
1””), 129.6 (C-3””/5””), 130.8 (C-4””), 142.1 (C-1’), 145.4 
(C-4’), 149.0 (C-3’), 151.7 (C-4a/C-10a), 162.4 (C-3”’), 
169.4 (C-5”’), 195.4 (C-1/8, C=O) ppm. HRMS (ESI+): m/z 
calcd for [C30H28N2O5+H]+: 497.1998; found: 497.2071. 

9-{4-[(3-phenylisoxazol-5-yl)methoxy]phenyl}-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (20a): C29H25NO5; 
MW = 467.52 g/mol; 0.106g (75.5%); white solid; mp 238-
240 °C 1H NMR (400 MHz, DMSO-d6) δ: 1.74–2.01 (2m, 
4H, H-3/6, eq:ax), 2.19–2.35 (m, 4H, H-2/7), 2.57 – 2.73 (m, 
4H, H-4/5, eq:ax), 4.51–4.57 (s, 1H, H-9), 5.14–5.37 (s, 2H, 
H-1”), 6.85–6.97 (d, J = 8.2 Hz, 2H, H-3’), 7.06–7.15 (d, J = 
8.4 Hz, 2H, H-2’), 7.15–7.24 (s, 1H, H-4’”), 7.41–7.63 (q, J 
= 3.2, 2.3 Hz, 3H, H-3””/4””), 7.78–7.96 (m, 2H, H-2””) 
ppm. 13C NMR (100 MHz, DMSO) δ 20.2 (C-3/6), 26.9 (C-
4/5), 30.4 (C-9), 36.8 (C-2/7), 60.9 (C-1”), 102.6 (C-4”’), 
114.6 (C-3’), 116.1 (C-8a/9a), 127.1 (C-2””), 128.8 (C-1””), 
129.5 (C-3””), 129.6 (C-2’), 130.8 (C-4””), 138.2 (C-1’), 
156.4 (C-4’), 162.4 (C-3”’), 165.1 (C-4a/10a ), 169.2 (C-
5”’), 196.8 (C-1/8, C=O). HRMS (ESI+): m/z calcd for 
[C29H25NO5 +H]+: 468.1811; found: 468.1688. 

Biological screening 

Cell culture: MDA-MB-231 metastatic breast cancer cell 
line was grown in DMEM culture medium supplemented 
with 10% fetal bovine serum (FBS) (GibcoTM by Life 
Technology) and 1% penicillin/streptomycin solution 
(PEST; GibcoTM). T47-D non-metastatic luminal breast 
cancer and PC3 metastatic prostate cancer cell lines were 
grown in RPMI culture medium supplemented with 10% 
FBS and 1% PEST. Cell cultures were maintained at 37 ˚C 
in a 5% CO2 humidified atmosphere.  

Reagent and tested compounds: Compounds were 
dissolved in 100% DMSO to obtain a stock concentration of 
100 mM. Thereafter, serial dilutions were prepared in 
growth medium. Maximum DMSO concentration applied to 
the cells was 0.1% v/v to avoid toxic effects associated to 
higher concentrations of this solvent. 

Cell viability assay: Serial dilutions ranged from 10nM 
to 100 µM are prepared to cover a wide scale for generation 
of dose-response curves. In all experiments, the solvent 
DMSO (0.1% v/v) alone was used as negative control. Ten 
thousand cells/wells were seeded in 96-well plates and 
allowed to adhere for 24 h. Cells were then exposed to the 
test compounds diluted in culture medium for 48 hours (200 
µL), after this time 100 µL of the culture medium was 
replaced by test solution for additional 24 h. Thereafter, cell 
viability was assessed using 100 µL/well of the rezasurin-
based prestoBlueTM reagent (Life Technologies) according 
to the manufacturer´s instructions. Values considered after 3 
h of incubation were within the linear range of the reading. 
The IC50 values from at least three independent experiments 
were calculated using GraphPad Prism software (version 
6.00), using the log (inhibitor) vs. response (variable slope-
four parameters) function. 
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Highlights: 

• 1,2,3-triazole-acridinedione/xanthenedione and 1,2-isoxazole-
acridinedione/xanthenedione heterocyclic hybrids have been synthesized via 
1,3-dipolar coupling reaction  

• 1D, 2D NMR and single-crystal X-ray diffraction analysis confirmed the hybrid 
structure. 

• Anti-proliferative potential in breast and prostate cancer cell lines have been 
evidenced for the O-1,2,3-triazole-xanthenedione hybrid molecules. 
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