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A B S T R A C T   

This work describes the first synthesis of diethyl 6,6a,7,11b-tetrahydro-5H-indeno[2,1-c]quinolinylphosphonates 
5, diethyl 7H-indeno[2,1-c]quinolinylphosphonates 6 and diethyl 7-oxo-7H-indeno[2,1-c]quinolinylphospho-
nates 7, which were prepared in good to high overall yields. The synthetic route involves a multicomponent 
reaction of 2-phosphonateaniline, aldehydes and indene as olefin and allows the selective generation of three 
stereogenic centres in a short, efficient and reliable manner. The selective dehydrogenation of 1,2,3,4-tetrahy-
droindenoquinolines leads to the formation of corresponding indenoquinolines, and subsequent oxidation of 
methylene group of the indenoquinolines allows the access to indenoquinolinones.   

Introduction 

For the design of new small molecules that inhibit the uncontrolled 
proliferation of cancer cells, human topoisomerase (TopI) has become 
an important target1. This ubiquitous enzyme reduces superhelical 
stress, as well as other topological consequences generated in the sep-
aration of DNA strands in metabolic processes such as replication, 
transcription and recombination. 2–4 In cancer cells, compared to non- 
cancerous cells, higher TopI activity is observed, leading to a higher 
rate of replication. In this regard, inhibitors of this enzyme have been 
and are being developed for application in cancer treatment. Among the 
TopI inhibitors are the so-called poisons, which act on the catalytic cycle 
of TopI by stabilizing the transient covalent phosphotyrosine bond 
(Tyr723) that forms between the enzyme and the DNA and thus inhib-
iting the moment of religation, creating a stable DNA-enzyme-drug 
complex, which causes cell death by apoptosis. Other types of TopI in-
hibitors, such as suppressors, prevent the formation of the enzyme-DNA 
complex by inhibiting DNA binding to the enzyme and/or breaking one 
of the two DNA strands. 5 The most representative TopI poisons are 
camptothecin (CPT, Fig. 1) and its derivatives (CPTs), which have been 
widely used as anticancer drugs for the past 20 years, but with certain 

limitations. 6 

The structural analysis of camptothecin (Fig. 1) shows several fused 
heterocycles, one of them containing a lactone function. Furthermore, 
according to the proposed mechanism of TopI inhibition, the presence of 
flat or quasi flat fused heterocycles seems to be relevant in the efficacy of 
the inhibitory activity. 7 Nitrogenated compounds such as quinolines 
show, in fact, an interesting biological activity with this target. 8–9 

Among the diverse strategies for the preparation of quinoline de-
rivatives, the Povarov reaction, 10–11 both in stepwise and multicom-
ponent version, presents a great versatility. 

Previously, our group designed the synthesis of heterocyclic com-
pounds hybridized with phosphorus groups (phosphine, phosphine 
oxide and phosphine sulfide). 12–13 Moreover, some derivatives with 
phosphonate groups have been reported to have interesting biological 
activity as antituberculous14 or antileishamniasic 15 agents. In this work, 
the importance of the phosphonate group when preparing TopI in-
hibitors has also been considered, since these substituents may affect the 
reactivity of heterocycles and regulate important biological func-
tions[16,17]. The development of new strategies for the preparation of 
aminophosphonates18 or azaheterocycles19 with phosphonate groups 
involves the incorporation of organophosphorus functionalities into 
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simple synthons. 
With these considerations in mind, this work consists of finding a 

synergy between all these concepts and preparing fused heterocyclic 
derivatives between quinolines and indenes or indenones, in addition to 
incorporating a phosphonate group that could modulate the biological 
activity. Nowadays, it is observed that the structural conjunction in 
molecular hybrids can give rise to potent biologically active molecules. 
20 Comparison of CPT and phosphorated indenoquinoline structures I, II 
and III (Fig. 1) shows that they would be totally superimposable with the 
phosphonate group occupying the place of the lactone. This fact moti-
vated us to prepare and study the biological activity of these new 
phosphorus heterocyclic compounds, which represents an interesting 
challenge in organic chemistry, due to the potential interest of these 
molecules not only in synthetic but also in medicinal chemistry. 

Results and discussion 

Chemistry. The hetero-Diels–Alder reactions between indene 4 and 
2-(diethylphosphonate)aldimines 3, prepared in situ by reaction of 
diethyl (2-aminophenyl)phosphonate 1 and aldehydes 2 in the presence 
of 1 equivalent of BF3⋅Et2O gave in a regio- and stereospecific way the 
tetracyclic endo-6,6a,7,11b-tetrahydro-5H-indeno[2,1-c]quinolin-4- 
ylphosphonates 5 with good yields (Scheme 1, Chart 1). 

Alternatively, a three-component synthetic protocol was carried out 
by reacting diethyl (2-aminophenyl)phosphonate 1a, aromatic alde-
hydes 2 and indene 4 in the presence of 1 equivalent of BF3⋅Et2O in 
refluxing chloroform to obtain also the corresponding endo-6,6a,7,11b- 
tetrahydro-5H-indeno[2,1-c]quinolin-2-ylphosphonates 5a-j with good 
yields, in a regio- and diastereoselective fashion (Scheme 1, Chart 1). In 
some cases, these tetrahydroindenoquinolines 5 were isolated along 
with different amounts of corresponding dehydrogenated derivatives 6 
(Scheme 1, Chart 3). 

The structure of endo-6,6a,7,11b-tetrahydro-5H-indeno[2,1-c]qui-
nolin-4-yl)phosphonates 5 was assigned on the basis of the 1D and 2D 
spectroscopy. Thus, the 1H NMR spectrum of compound 5a (R = C6H5) 
showed one singlet at δH = 4.71 ppm corresponding to a proton at 11b 
position, one doublet at δH = 4.45 ppm with coupling constant of 3JHH =

6.6 Hz corresponding to the proton at 6 position, one multiplet at 
3.01–3.11 ppm corresponding to the protons at 6a position and to one of 
the methylenic protons of CH2 group, and another double doublet at δH 
= 2.25 ppm with coupling constants of 2JHH = 12.6 Hz and 3JHH = 7.5 Hz 
corresponding to the other proton of the methylenic group. Moreover, in 
the 13C NMR spectrum of compound 5a the most characteristic signals 
corresponding to carbons at positions 11b, 6a and 6 appear at δC = 46.0, 
47.6 y 56.2 ppm respectively and also that one corresponding to CH2 
group at δC = 31.1 ppm. In the 31P NMR spectrum one signal is observed 
at δP = 22.6 ppm. In addition, the presence of a hydrogen bridge 
bonding between the hydrogen atom of the amino group and the oxygen 
atom of phosphonate group has been confirmed by IR spectroscopy (see 
Fig. S1 in the Experimental Section) where a signal corresponding to a 
frequency associated with an amino group at 3409 cm− 1 does not 
change with sample dilution (0.5 M, 0.25 M, 0.12 M in CHCl3). For-
mation of derivatives 5 can be explained through a regio- and stereo-
selective [4 + 2]-cycloaddition reaction between aldimines 3, obtained 
from aldehydes 2 and amine 1, and olefin 4, affording the corresponding 

cycloadduct followed by a prototropic tautomerization to yield hetero-
cycles 5 (Scheme 1). 

The scope of the reaction was then expanded to the preparation of 
quinolinyl derivatives 5 with ethyl phosphonate group at 2-position of 
the quinolinyl ring by employing diethyl (4-aminophenyl)phosphonate 
1b. The corresponding derivatives 5k-o (Chart 2) were obtained by a 
multicomponent reaction between aniline 1b, aldehydes 2 and indene 4 
in the presence of 1 equivalent of BF3⋅Et2O (Scheme 1, Route B). 

Afterwards, the dehydrogenation of diethyl 6,6a,7,11b-tetrahydro- 
5H-indeno[2,1-c]quinolinylphosphonates 5 was studied. First attempts 
by treatment with 2 equivalents of DDQ in toluene under microwave 
irradiation for 1 h produced the corresponding diethyl 7H-indeno[2,1-c] 
quinolinylphosphonates 6 in low yields (Scheme 1, Chart 3). The for-
mation of dehydrogenated compounds 6 was determined by 1H NMR 
spectroscopy where upfield signals corresponding to the protons of 
tetrahydroindenoquinoline ring of starting compounds 5 disappeared 
and only aromatic signals for derivatives 6 were observed. 

Finally, in order of increasing the diversity of these polycyclic het-
erocycles, methylene carbonylation of 7H-indenoquinolines 6 was sub-
jected to investigation using mild oxidation conditions such as selenium 
oxide in dioxane at reflux or manganese(III) acetate under microwave 
irradiation generating the corresponding diethyl 7-oxo-7H-indeno[2,1- 
c]quinolinylphosphonates 7 in good yields (Chart 4). 

In summary, by this methodology a wide range of 7H-indenoquino-
lines 5 and 6 and indenoquinolin-7-ones 7 with electron-donating and 
electron-withdrawing substituents has been obtained. In this sense, 
hybrid tetracyclic compounds with different substituents, among them 
fluorinated or phosphorated ones, are prepared which may be inter-
esting substrates from a biological point of view. As far as we know, this 
strategy represents the first example for the preparation of tetrahy-
droindenoquinolines 5, indenoquinolines 6 and 7-oxoindenoquinolines 
7 containing a phosphonate group. The biological behavior of all these 
new compounds as Topoisomerase I inhibitors and as antiproliferative 
agents was studied. 

Inhibition of Topoisomerase I. We first investigated if the new 
synthesized derivatives, namely diethyl 6,6a,7,11b-tetrahydro-5H- 
indeno[2,1-c]quinolinylphosphonates 5, diethyl 7H-indeno[2,1-c]qui-
nolinylphosphonates 6 and diethyl 7-oxo-7H-indeno[2,1-c]quinolinyl-
phosphonates 7, could act as inhibitors of human topoisomerase type IB 
(TopI). The modulation in the activity of this enzyme was evaluated 
through the assessment of conventional supercoiled DNA relaxation 
assay, by quantifying the transformation of supercoiled DNA substrate 
into the relaxed form in the presence of these compounds. For this 
purpose, a conventional supercoiled plasmid relaxation assay was used. 
In these experiments compound samples were mixed with enzyme fol-
lowed by addition of supercoiled plasmid DNA substrate, continued 
incubation for increasing time periods (15 s, 1 min and 3 min) and 
subsequent addition of SDS to stop the enzymatic reaction. The DNA 
relaxation products were then resolved by electrophoresis in 1% agarose 
gel and visualized by gel red staining. Camptothecin was used as a 
positive control (Fig. 2). 

After performing the enzymatic experiment in the presence of the 
corresponding compounds, the bands representing relaxed DNA and 
those representing supercoiled DNA were quantified for each of the 
enzymatic reactions. In this sense, in the presence of DMSO (Fig. 2, lanes 

Fig. 1. Structures of camptothecin and novel synthesized antiproliferative tetrahydroindenoquinolinylphosphonates I, indenoquinolinylphosphonates II and 7- 
oxoindenoquinolinylphosphonates III. 
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1–3) TopI relaxes supercoiled DNA. On the other hand, camptothecin 
(CPT), which is used as a positive control, inhibited the relaxation, as 
indicated by the increased intensity of the band corresponding to the 
supercoiled DNA (Fig. 2, lanes 4–5), and a decrease of camptothecin 
activity was observed after 3 min of incubation as indicated in Fig. 2 

(lane 6). Fig. 2 also illustrates the TopI inhibitory activity of the new 
derivatives 5e, 5h and 7f. For example, all three compounds show in-
hibition of TopI after 15 s of reaction of the mixture TopI, DNA and 
corresponding compound (lanes 7, 10 and 13). In addition, compounds 
7f and 5e maintain their inhibition after 1 min of enzymatic reaction 

Scheme 1. Syntheses of tetrahydroindenoquinolinylphosphonates 5, indenoquinolinylphosphonates 6 and 7-oxoindenoquinolinylphosphonates 7.  

Chart 1. Structures of diethyl endo-6,6a,7,11b-tetrahydro-5H-indeno[2,1-c]quinolin-2-ylphosphonates 5a-j. aIsolated yield obtained by Route A. bIsolated yield 
obtained by Route B. 

Chart 2. Structures of diethyl 6,6a,7,11b-tetrahydroindenoquinolin-2-ylphosphonate 5k-o. aIsolated yield obtained by Route A. bIsolated yield obtained by Route B.  
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(lanes 11 and 14), while compound 5h presented no inhibition after 1 
min reaction (lane 8). As with the natural inhibitor, camptothecin, the 
inhibition of all compounds 5 stopped after 3 min of enzymatic reaction 
(lanes 9, 12 and 15). Likewise, the inhibition of all new derivatives was 
tested in the presence of the purified enzyme and expressed in semi-
quantitative fashion relative to the TopI inhibitory activity of campto-
thecin (Table 1). In these relaxation experiments, for tetrahy 
droindenoquinolinylphosphonates 5, indenoquinolinylphosphonates 6 
and 7-oxo- indenoquinolinylphosphonates 7, in a similar way than 
camptothecin, the highest potency was observed at the beginning of the 
enzymatic reaction (15 s, 1 min) but this inhibitory activity decreased 
after 3 min in all cases. According to the data on Table 1 several results 
should be highlighted for the new synthesized compounds 5, 6 and 7 

compared with the natural inhibitor camptothecin. At short times of the 
enzymatic reaction, similar inhibition of TopI activity to CPT is observed 
for some tetrahydroindenoquinolinylphosphonates 5, such as de-
rivatives 5a (R = C6H5, Table 1, entry 2), 5e (R = 2,4-F2-C6H3, Table 1, 
entry 6), 5f (R = 4-NO2-C6H4, Table 1, entry 7) and 5i (R = 3-MeO-C6H4, 
Table 1, entry 10). In more aromatized derivatives, inden-
oquinolinylphosphonates 6, similar behavior is also observed, as for 
example in compounds 6a (R = C6H5, Table 1, entry 17), 6d (R = 4-F- 
C6H4, Table 1, entry 18) and 6i (R = 3-MeO-C6H4, Table 1, entry 20). 
Regarding the diethyl 7-oxo-7H-indeno[2,1-c]quinolinylphosphonates 
7, some of them also presented similar inhibition of TopI enzymatic 
activity to CPT, such as derivative 7b (R = 2-naphthyl, Table 1, entry 
25), derivative 7c (R = 1-naphthyl, Table 1 , entry 26) and derivative 7f 

Chart 3. Structures of indenoquinolinylphosphonates 6. aIsolated yield obtained by Povarov reaction of anilines 1, aldehydes 2 and indene 4 and subsequent 
aromatization. bIsolated yield obtained by the dehydrogenation of compounds 5 with DDQ. 

Chart 4. Structures of 7-oxoindenoquinolinylphosphonates 7. aIsolated yield obtained by oxidation with SeO2. bIsolated yield obtained by oxidation with Mn(OAc)3.  
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(R = 4-NO2-C6H4, Table 1, entry 29). 
In Vitro Cytotoxicity. The cytotoxic effects of the newly synthesized 

diethyl tetrahydro-5H-indeno[2,1-c]quinolinylphosphonates 5, diethyl 
7H-indeno[2,1-c]quinolinylphosphonates 6 and diethyl 7-oxo-7H- 
indeno[2,1-c]quinolinphosphonates 7 were evaluated. The assay was 
performed using a carcinomic human alveolar basal epithelial cell line 
(A549), human ovarian carcinoma cell line (SKOV3) and human em-
bryonic kidney cell line (HEK293). In order to analyze the selective 
cytotoxicity facing exclusively cancerous cell lines, cytotoxicity against 
non-cancerous cell lines (MRC-5, lung fibroblast cells) was also evalu-
ated. Cell counting kit (CCK-8) assay was employed to assess growth 
inhibition and, cell proliferation inhibitory activities of compounds that 
are listed in Table 2 as IC50 values. The tested compounds displayed a 
broad spectrum of antiproliferative activity against the cancer cell lines 
tested in culture. 

From the obtained results in the cytotoxicity assays, several char-
acteristics of the newly synthesized compounds can be highlighted. The 
first point to emphasize could be the different biological response shown 
against the three cancerous cell lines. It is noteworthy that all the 
compounds are more cytotoxic against A549 cell line than against the 
other two cell lines (SKOV3 and HEK293). Moreover, in this A549 cell 
line, it is surprising how cytotoxicity varies depending on the position of 
the phosphonate group, substitution at position 4 (4-PO(OEt)2) or sub-
stitution at position 2 (2-PO(OEt)2). In general, higher cytotoxicity is 
observed in compounds 5, 6 and 7 with the phosphonate group in po-
sition 4, and lower cytotoxicity is observed in derivatives with the 
phosphonate group in position 2. For example, compound 5c (R = 1- 
naphthyl and 4-(PO(OEt)2) showed an IC50 value in the nanomolar 
range (IC50 = 0.99 ± 0.16 μM, Table 2, entry 4) while compound 5k (R 
= 1-naphthyl and 2-(PO(OEt)2) exhibited an IC50 > 50 μM (Table 2, 
entry 12). Similarly occurs with the fluorinated derivatives, when 
compound 5e (R = 2,4-F2-C6H3 and 4-(PO(OEt)2) showed a value of 
IC50 = 1.87 ± 0.38 μM (Table 2, entry 6), while the value of derivative 
5m (R = 2,4-F2-C6H3 and 2-(PO(OEt)2) is 22.20 ± 0.95 μM (Table 2, 
entry 14). Respect to the more aromatized derivatives 6, this behavior 
can also be observed since the IC50 values for those compounds with a 
phosphonate group at position 4 are between 0.73 and 4.28 μM, while 
those substituted at position 2 present IC50values between 17.97 
and>50 μM. Likewise, the same response is observed for derivatives 7 
with carbonyl group and phosphonate in position 4, which present 
better cytotoxicity values (IC50 values lower than 3 μM) than derivatives 
7 with phosphonate in position 2. For example, derivative 7a (R =
C6H5), the most cytotoxic one among all tested compounds in this paper, 
showed an IC50 = 190 nM; derivatives 7b, 7d and 7j with IC50 = 1.05, 
1.72 and 1.51 μM respectively. In short, we can say that for tested 
compounds 5, 6 and 7 the IC50 values for 4-phosphonates are less than 8 
μM, except some punctual deviations, whereas for 2-phosphonates they 

Fig. 2. Inhibition of Top1 activity along the time (15′′, 1′ and 3′) by compounds 
5h, 7f, 5e and camptothecin at 100 μM: lanes 1–3, DNA + Top1 + DMSO; lanes 
4–6, DNA + Top1 + camptothecin; lanes 7–9, DNA + Top1 + 5h; lanes 10–12, 
DNA + Top1 + 7f; lanes 13–15, DNA + Top1 + 5e; lane 16, control DNA. 
Reaction samples were preincubated during 15 min at 37 ◦C before adding the 
supercoiled DNA substrate and, separated by electrophoresis on a 1% agarose 
gel, and then stained with gel red, and photographed under UV light as 
described in the Top1 mediated DNA relaxation assay. 

Table 1 
TopI Inhibitory Activity of tetrahydroindenoquinolinylphosphonates 5, inden-
oquinolinylphosphonates 6 and 7-oxoindenoquinolinylphosphonates 7.  

Entry Compound PO 
(OEt)2 

R % 
Inhibitiona       

15s 1 
min 

3 
min 

1 camptothecin   80 76 3 
2 5a 4-(PO 

(OEt)2) 
C6H5 48 38 1 

3 5b 4-(PO 
(OEt)2) 

2- 
naphthyl 

63 26 2 

4 5c 4-(PO 
(OEt)2) 

1- 
naphthyl 

35 34 3 

5 5d 4-(PO 
(OEt)2) 

4-F-C6H4 67 13 1 

6 5e 4-(PO 
(OEt)2) 

2,4-F2- 
C6H3 

67 60 3 

7 5f 4-(PO 
(OEt)2) 

4-NO2- 
C6H4 

52 43 4 

8 5g 4-(PO 
(OEt)2) 

2-HO- 
C6H4 

58 33 3 

9 5h 4-(PO 
(OEt)2) 

2-MeO- 
C6H4 

62 23 5 

10 5i 4-(PO 
(OEt)2) 

3-MeO- 
C6H4 

61 58 5 

11 5j 4-(PO 
(OEt)2) 

4-MeO- 
C6H4 

6 5 2 

12 5k 2-(PO 
(OEt)2) 

1- 
naphthyl 

14 7 1 

13 5l 2-(PO 
(OEt)2) 

4-CF3- 
C6H4 

18 10 1 

14 5m 2-(PO 
(OEt)2) 

2,4-F2- 
C6H3 

19 4 0 

15 5n 2-(PO 
(OEt)2) 

2-MeO- 
C6H4 

12 6 1 

16 5o 2-(PO 
(OEt)2) 

3-MeO- 
C6H4 

1 1 1 

17 6a 4-(PO 
(OEt)2) 

C6H5 67 65 4 

18 6d 4-(PO 
(OEt)2) 

4-F-C6H4 68 66 6 

19 6h 4-(PO 
(OEt)2) 

2-MeO- 
C6H4 

39 16 1 

20 6i 4-(PO 
(OEt)2) 

3-MeO- 
C6H4 

80 57 9 

21 6k 2-(PO 
(OEt)2) 

1- 
naphthyl 

19 6 1 

22 6m 2-(PO 
(OEt)2) 

2,4-F2- 
C6H3 

25 5 1 

23 6p 2-(PO 
(OEt)2) 

4-MeO- 
C6H4 

8 8 1 

24 7a 4-(PO 
(OEt)2) 

C6H5 36 11 1 

25 7b 4-(PO 
(OEt)2) 

2- 
naphthyl 

61 42 3 

26 7c 4-(PO 
(OEt)2) 

1- 
naphthyl 

66 51 5 

27 7d 4-(PO 
(OEt)2) 

4-F-C6H4 46 24 0 

28 7e 4-(PO 
(OEt)2) 

2,4-F2- 
C6H3 

80 1 1 

29 7f 4-(PO 
(OEt)2) 

4-NO2- 
C6H4 

81 70 2 

30 7i 4-(PO 
(OEt)2) 

3-MeO- 
C6H4 

34 30 3 

31 7j 4-(PO 
(OEt)2) 

4-MeO- 
C6H4 

18 13 2 

32 7k 2-(PO 
(OEt)2) 

1- 
naphthyl 

18 6 1 

33 7l 2-(PO 
(OEt)2) 

4-CF3- 
C6H4 

10 10 1 

34 7m 2-(PO 
(OEt)2) 

2,4-F2- 
C6H3 

19 6 1 

35 7n 2-(PO 
(OEt)2) 

2-MeO- 
C6H4 

15 8 2 

36 7o 2-(PO 
(OEt)2) 

3-MeO- 
C6H4 

1 1 1  
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are higher than 15 μM. 
An analogous behavior with respect to the SKOV3 cell line cannot be 

systematized. If we analyze the cytotoxicity data obtained for SKOV3 
cell line, there is no clear pattern of response. Whether the phosphonate 
group is in position 4 or in position 2, varied cytotoxicity is observed. 
The derivative 7a (R = C6H5) could be selected as the most cytotoxic one 
in this SKOV3 cell line, with IC50 = 2.88 ± 0.52 μM (Table 2, entry 24). 
And respect the HEK293 cell line, most of the tested compounds pre-
sented high IC50 values, higher than 50 μM, except for compounds 5e (R 
= 2,4-F2-C6H3), 5g (R = 2-HO-C6H4), 5l (R = 3-CF3-C6H4) and 6i (R = 3- 
MeO-C6H4) whose IC50 values range from 11 to 13 μM (Table 2, entries 
6, 8, 13 and 20, respectively). 

Finally, another very interesting information from these new de-
rivatives 5, 6 and 7 is their response against the non-cancerous cell line, 
MRC5. In general, high IC50 values are observed, most of them > 30 μM, 
with the exception of compound 5a (R = C6H5) with an IC50 of 16.65 ±
3.77 nM. These results support the higher cytotoxicity against cancer 
cells than against non-cancerous cells. 

Conclusions 

To conclude, in the present work a new family of compounds, 
indenoquinolinylphosphonates 5 and 6, may be easily prepared by a 
stepwise Povarov protocol or a multicomponent approach. Due to the 
presence of a methylene group in their structure, carbonyl derivatives 
can also be prepared by mild oxidation conditions. 

These molecules, featuring several fused heterocycles in their 
structure, were designed in order to test their biological activity. Some 

of the compounds were found to exhibit TopI inhibition, similar to the 
natural inhibitor camptothecin. These results indicate that the hybrid 
indenoquinolinylphosphonates 5, 6 and 7-oxoindenoquinolinylphosph-
onates 7 may be further developed to act as a class of the potential in-
hibitors of the TopI activity. 

Regarding the cytotoxicity of these new compounds, the preliminary 
studies suggest that some of the compounds possess interesting anti-
proliferative activity against the growth of human tumour cell lines, 
while they show little cytotoxicity against non-cancerous cells. The 
performed experiments indicate that some compounds show good 
cytotoxicity (in the micromolar range) while no correlation with TopI 
inhibition is maintained, that it may be due to another mechanism in 
which other biological target is involved. In these sense, taking into 
account the potential value of these molecules, further evaluation is 
deserved. 
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Table 2 
Antiproliferative activity of 5,6,6a,11b-tetrahydro-7H-indenoquinolines 5, 7H-indenoquinolines 6 and indenoquinolin-7-ones 7.  

Entry Comp. PO(OEt)2 R Cytotoxicity IC50 (μM)a 

lungA549 ovarianSKOV3 kidneyHEK293 MRC-5 

1 camptothecin (1.0 ± 0.06)⋅10-3 (5.5 ± 0.01)⋅10-3 (5.6 ± 2.04)⋅10-3 0.8 ± 0.09921 

2 5a 4-(PO(OEt)2) C6H5 4.64 ± 0.20 17.68 ± 1.02 >50 16.65 ± 3.77 
3 5b 4-(PO(OEt)2) 2-naphthyl 3.76 ± 0.24 >50 >50 >50 
4 5c 4-(PO(OEt)2) 1-naphthyl 0.99 ± 0.16 27.09 ± 3.55 27.85 ± 5.45 >50 
5 5d 4-(PO(OEt)2) 4-F-C6H4 4.47 ± 0.30 40.97 ± 4.93 >50 >50 
6 5e 4-(PO(OEt)2) 2,4-F2-C6H3 1.87 ± 0.38 >50 13.34 ± 3.36 >50 
7 5f 4-(PO(OEt)2) 4-NO2-C6H4 7.28 ± 0.62 >50 >50 >50 
8 5g 4-(PO(OEt)2) 2-HO-C6H4 10.20 ± 1.93 24.08 ± 3.32 13.51 ± 2.56 >50 
9 5h 4-(PO(OEt)2) 2-MeO-C6H4 2.80 ± 1.68 15.43 ± 2.50 >50 >50 
10 5i 4-(PO(OEt)2) 3-MeO-C6H4 8.71 ± 0.50 20.95 ± 1.88 >50 >50 
11 5j 4-(PO(OEt)2) 4-MeO-C6H4 2.10 ± 0.30 12.62 ± 0.73 >50 >50 
12 5k 2-(PO(OEt)2) 1-naphthyl >50 16.93 ± 4.59 >50 >50 
13 5l 2-(PO(OEt)2) 4-CF3-C6H4 2.91 ± 1.08 45.53 ± 7.01 12.51 ± 1.82 >50 
14 5m 2-(PO(OEt)2) 2,4-F2-C6H3 22.20 ± 0.95 18.78 ± 6.77 >50 >50 
15 5n 2-(PO(OEt)2) 2-MeO-C6H4 >50 NT 35.30 ± 2.40 >50 
16 5o 2-(PO(OEt)2) 3-MeO-C6H4 2.07 ± 0.28 >50 28.60 ± 0.50 >50 
17 6a 4-(PO(OEt)2) C6H5 4.28 ± 1.08 >50 >50 >50 
18 6d 4-(PO(OEt)2) 4-F-C6H4 2.43 ± 0.49 17.76 ± 6.61 >50 >50 
19 6h 4-(PO(OEt)2) 2-MeO-C6H4 4.66 ± 0.26 14.12 ± 0.59 >50 >50 
20 6i 4-(PO(OEt)2) 3-MeO-C6H4 0.73 ± 0.09 9.79 ± 0.83 11.80 ± 0.97 >50 
21 6k 2-(PO(OEt)2) 1-naphthyl 17.97 ± 0.52 25.20 ± 10.60 >50 >50 
22 6m 2-(PO(OEt)2) 2,4-F2-C6H3 27.10 ± 3.96 18.80 ± 5.46 >50 >50 
23 6p 2-(PO(OEt)2) 4-MeO-C6H4 >50 >50 >50 >50 
24 7a 4-(PO(OEt)2) C6H5 0.19 ± 0.07 2.88 ± 0.52 >50 47.02 ± 5.83 
25 7b 4-(PO(OEt)2) 2-naphthyl 1.05 ± 0.20 >50 >50 31.89 ± 3.60 
26 7c 4-(PO(OEt)2) 1-naphthyl 5.57 ± 1.39 >50 30.51 ± 8.61 >50 
27 7d 4-(PO(OEt)2) 4-F-C6H4 1.72 ± 0.39 >50 >50 >50 
28 7e 4-(PO(OEt)2) 2,4-F2-C6H3 21.20 ± 3.47 19.61 ± 1.09 >50 >50 
29 7f 4-(PO(OEt)2) 4-NO2-C6H4 6.59 ± 0.90 >50 >50 >50 
30 7i 4-(PO(OEt)2) 3-MeO-C6H4 2.58 ± 0.25 26.82 ± 3.36 39.46 ± 5.98 39.68 ± 7.37 
31 7j 4-(PO(OEt)2) 4-MeO-C6H4 1.51 ± 0.19 >50 >50 >50 
32 7k 2-(PO(OEt)2) 1-naphthyl 17.20 ± 2.24 23.30 ± 3.30 >50 >50 
33 7l 2-(PO(OEt)2) 4-CF3-C6H4 >50 >50 >50 >50 
34 7m 2-(PO(OEt)2) 2,4-F2-C6H3 > 50 > 50 >50 >50 
35 7n 2-(PO(OEt)2) 2-MeO-C6H4 29.20 ± 5.78 NT >50 >50 
36 7o 2-(PO(OEt)2) 3-MeO-C6H4 4.41 ± 1.74 >50 >50 >50  

a The cytotoxicity IC50 values listed are the concentrations corresponding to 50% growth inhibition. Cytotoxicity values of NT indicate compounds that were not 
tested. 
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