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Abstract
In this work, we report the synthesis of a new family of organic compounds based on 8-hydroxyquinoline using a simple
and efficient method. The synthesized 8-hydroxyquinoline derivatives were characterized by analysis of 1H and 13C NMR,
FT-IR spectral data and elemental analysis (EA). Their antibacterial activity is tested against Gram-positive strains [S. aureus
(ATCC29213), V. parahaemolyticus (ATCC17802)] and Gram negative [E. coli (ATCC35218), P. aeruginosa (ATCC27853)]
by the use of the agar diffusion technique. The obtained results showed that the synthesized 8-hydroxyquinoline derivatives
have a potent antibacterial activity against the tested strains compared to Norfloxacin as a standard antibiotic. The results
also reveal the effectiveness of these compounds at low concentrations, with a MIC of 1.00 μg/ml for compound 4a. Their
antibacterial activity has also been optimized by bioinformatics studies (POM analyses). The experimental results are in
relatively good agreement with the corresponding theoretical ones.
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1 Introduction

The increase in products resulting from industrial, agricul-
tural and domestic activities is causing the creation of new
bacterial pathogens [1]. The use of antibiotics against bacte-
rial strains causes bacterial resistance to these antibiotics if
they are used in excess or inappropriately, so it is important
to seek out, and discover new organically synthesized com-
pounds thatmight bemore effective against all these bacteria.
Organic synthesis is one of the concerns of organic chemists
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Fig. 1 The proposed mechanism
for the synthesis of pyranic
compounds based on
8-hydroxyquinoline

to find molecules capable of exhibiting antibacterial activity
against Gram-negative and Gram-positive bacteria [2].

Organic synthesis is a branch of chemical synthesis that
allows the preparation of new heterocyclic compounds as
potential antibacterial, antioxidant, antifungal and antitu-
mor agents [3]. Among these heterocyclic compounds, we
can cite the 8-hydroxyquinoline derivatives compounds;
the literature reports that these latter have been used as
potential antibiotics for various diseases, namely the treat-
ment of urinary tract infections, gastric infections and the
enzymes inhibition necessary for the replication of the DNA
of bacteria, etc. [4, 5]. An example of these quinoline-
derived antibiotics is 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-
(piperazine-1-yl)-quinoline-3-carboxylic acid sold under the
name Norfloxacin (Fig. 1) [6–8].

The originality of the present work is the preparation of
a new family of heterocyclic compounds derived from 8-
hydroxyquinoline by a simple, conventional and effective
method. The characterization of these compounds by the
usual spectral methods, namely 1H and 13C NMR, IR and
elementary analyses (EA), was also the subject of this work.
The evaluation of their antibacterial activity was carried out
using the agar diffusion disk method against Gram-positive
and Gram-negative bacterial strains, and the MIC of all the
tested compounds was calculated and discussed. The results
of antibacterial activity obtained were compared with those
of Norfloxacin as a standard antibiotic. The antibacterial
properties have also been optimized by bioinformatics stud-
ies. Finally, the experimental results of antibacterial activity
were compared to those obtained from theoretical studies.

2 Materials andMethods

All the compounds were purified by recrystallization from a
suitable solvent or silica gel column chromatography. Their
structures were characterized by the analysis of spectra data,
namely 1H-NMR, 13C-NMR, FT-IR and elemental analysis
(EA). All solvents, reagents and adopted methods used in
the synthesis method of the current compounds have been
reported previously [2, 5].

The antibacterial activity of the synthesized compounds
was determined using the agar disk diffusion assay. The bac-
terial culturewas spread on the surface of theMueller–Hinton
agar plate for 24 h. A disk of sterile filter paper (6 mm) was
saturated with 10μL of solution of the quinoline compounds
under investigation in dimethyl sulfoxide (DMSO). After 1 h
of diffusion, the Petri dishes were incubated at 37 °C for
24 h, and the zones of inhibition of bacterial growth were
measured and compared to those of Norfloxacin (10μL) ref-
erence disks.

2.1 Chemical Synthesis

An equimolar mixture of para-benzaldehyde derivatives,
ethyl 2-cyanoacetate and calcium carbonate (as base)
dissolved in 30 ml of absolute ethanol was stirred at
room temperature for 6 h. An equivalent amount of 8-
hydroxyquinoline was then added, and the reaction mixture
was heated at reflux for 18 h under magnetic stirring. The
reaction monitoring was controlled by thin-layer chromatog-
raphy (TLC) using hexane–acetone mixture (4:6, v/v) as
mobile phase. After total consumption of the starting materi-
als, the reactionmixture is filteredwhile hot, and the obtained
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filtrate is allowed to cool for 30 min until the expected solid
product appears. This is then recovered by filtration and
chromatographed on a column of silica gel using a mix-
ture of acetone–hexane (85:15, v/v) as mobile phase. The
obtained product is repurified by recrystallization from abso-
lute ethanol (Fig. 1).

The synthesis of this series of compounds is done in two
steps: (i) The first step consists in the formation of ethylenic
compounds by condensation of para-substituted benzalde-
hydes with 2-alkylacetonitriles in the presence of anhydrous
calcium bicarbonate (CaCO3). (ii) The second step consists
of the intermolecular cyclization of 8-hydroxyquinoline with
the ethylenic compounds to give the pyranic compounds
based on 8-hydroxyquinoline according to the following pro-
posed reaction mechanism (Fig. 1):

2.2 DFT Details

The starting geometries of 4a–4a were optimized using DFT
method at the B3LYP/6-311 ++G(d,p) level of theory [9].
The frequency calculations are performed at the same level
of theory. The absences of imaginary frequencies confirm
that the optimized geometries are true minima. To predict
the vibrational modes, the calculated ones were scaled by
0.9679 [10]. The predicted 1H and 13C NMR chemical shifts
were obtained using the GIAO approach by calculating the
isotropic chemical shielding constants at the same level of
theory [11]. The solvent effects were taken into account
implicitly using the polarizable continuum model (PCM).
Theoretical calculations have been carried out using Gaus-
sian 16 software [11].

3 Results and Discussion

3.1 Chemical Data Value andValidation

3.1.1 Ethyl 2-Amino-4-(4-chlorophenyl)-4H-Pyrano [3, 2-h]
Quinolin-3-Carboxylate (4a)

Yellow solid, Yield 91%, Mp 156–158 °C, Mm 380.82
(g/mol), Rf 0.60 (n-hexane/dichloromethane). IR:1383.84
(C=Cgroup), 3413.99 (NH2group), 1625.06 (C=Ogroup).1H:
δppm7.56 (s, 2 H, NH2), 3.35 (s, 1 H, CHpyran),1.22 (s, 3 H,
CH3), 2.04 (s, 2 H, CH2),2.48 (Solvent proton-DMSO),1.24,
1.26, 1.37, 1.38, 1.41, 1.59, 1.61(Proton from product clean-
ing solvent (Acetone)),7.18–7.23–7.53–7.54–7.91 (m, 5 H,
ArH-quinoline), 6.80–7.16 (m, 4 H, benzene).13C: δppm
21.29 (CH3),45.54 (CHpyran), 153.32 (C-NH2), 153.99
(C=O),123.13–119.70–126.23–139.16–148.70(ArCH-
quinoline), 124.64–127.57–140.09–143.17(ArC-
quinoline),129.11–129.80(ArCH-benzene), 132.25–136.55

(ArC-benzene).EA (%):Obsd: C (66.18); H (4.48); N (7.18).
Calcd: C (66.23); H (4.50); N (7.36).

3.1.2 Ethyl 2-Amino-4-(4-Methoxyphenyl)-4H-Pyrano
[3,2-h] Quinolin-3-Carboxylate (4b)

White solid, Yield 89%, Mp 139–141 °C, Mm 376.4
(g/mol), Rf 0.64 (n-hexane/dichloromethane). IR:1383.81
(C=Cgroup), 3475.98 (NH2group), 1625.07 (C=Ogroup).1H:
δppm 2.47–2.49 (Solvent proton-DMSO), 8.11 (s, 2H,
NH2), 3.34 (s, 1H, CHpyran), 1.88 (s, 3 H, CH3), 2.48
(s, 2 H, CH2), 7.00–7.18–7.27–7.51–7.58–8.14 (m, 5H,
ArH- quinoline), 7.48–7.50–7.61 (m, 4H, benzene).13C:
δppm 15.61 (CH3), 153.75 (C–NH2), 65.37 (CH2),153.88
(C=O), 111.01–120.62–129.26–138.59–150.91 (ArCH-
quinoline), 122.18–125.90–148.41–148.56 (ArC-quinoline),
122.00–130.08 (ArCH-benzene), 132.38–133.62 (ArC-
benzene). EA (%):Obsd: C (70.30); H (5.55); N (7.81).
Calcd: C (70.20); H (5.36); N (7.44).

3.1.3 Ethyl 2-Amino-4-Phenyl-4H-Pyrano
[3,2-h]Quinolin-3-Carboxylate (4c)

Blank solid, Yield 97%, Mp 150–152 °C, Mm 346, 38
(g/mol), Rf0.58 (n-hexane/dichloromethane). IR: 1383.50
(C=Cgroup), 3413.88 (NH2group), 1625.62 (C=Ogroup).1H:
δppm2.05-2.49 (Solvent proton-DMSO),7.67 (s, 2 H, NH2),
3.35 (s, 1 H, CHpyran), 3.16 (s, 2 H, CH2) 1.37 (s, 3 H,
CH3), 7.46–7.47–7.63–7.66–8.20 (m, 5 H, ArH-quinoline),
7.22–7.25–7.36 (m, 5 H, benzene). 13C: δppm 15.61
(CH3), 65.68 (CH2), 61.27 (CHpyran) 165.23 (C–NH2),
165.40 (C=O), 119.40–127.75–120.74–131.64–156.68
(ArCH-quinoline), 122.33–129.22–149.33–153.05 (ArC-
quinoline), 133.55–139.15 (ArCH-benzene),148.21–148.51
(ArC-benzene). EA (%): Obsd: C (72.82); H (5.24); N
(8.09). Calcd: C (72.51); H (5.12); N (8.12).

3.1.4 Ethyl 2-amino-4-(4-nitrophenyl)-4H-pyrano [3, 2-h]
quinolin-3-carboxylate (4d)

Red solid, Yield73%, Mp 147–149 °C, Mm 391.38
(g/mol), Rf 0.63 (n-hexane/dichloromethane). IR:1383.12
(C=Cgroup), 3414.22 (NH2group), 1624.98 (C=Ogroup).1H:
δppm2.23-2.48 (Solvent proton-DMSO),7.47 (s, 2H, NH2),
2.94 (s, 1H, CHpyran), 3.34 (s, 2H, CH2), 1.85 (s, 3H,
CH3), 7.27–7.28–7.30–7.31–7.49 (m, 5H, ArH-quinoline),
7.23–7.24–7.26 (m, 4H, benzene).13C: δppm 15.39 (CH3),
65.37 (CH2), 61.27 (CHpyran), 148.22 (C–NH2), 152.24
(C=O), 110.97–121.88–133.14–139.06–148.10 (ArCH-
quinoline), 121.99–129.31–139.15–148.00 (ArC-quinoline),
133.78–138.77 (ArCH-benzene), 138.81–138.86 (ArC-
benzene). EA (%):Obsd: C (64.45); H (4.38); N (10.74).
Calcd: C (64.27); H (4.32); N(10.70).
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Table 1 Experimental and
predicted1H and 13C NMR
chemical shifts (ppm) of 4a–4d

4a 4b 4c 4d

Pred. Exp. Pred. Exp. Pred. Exp. Pred. Exp.

1H-NMR

–CH3 1.09 1.22 1.50 1.88 1.18 1.37 1.65 1.85

–CH2– 3.55 3.35 3.95 3.34 3.46 3.16 3.65 3.34

–NH2 7.48 7.56 7.88 8.11 7.56 7.67 7.36 7.47
13C-NMR

–CH3 21.56 21.29 21.13 15.61 23.18 15.61 15.39 15.39

CHpyr 48.53 45.54 47.29 61.24 52.77 61.27 61.27 61.27

–CNH2 151.21 153.32 148.07 153.75 162.52 165.23 148.22 148.22

C=O 158.35 153.99 155.07 153.88 170.40 165.4 152.24 152.24

Table 2 Selected experimental
and scaled vibrational modes of
4a–4d

4a 4b 4c 4d

Pred. Exp. �υ Pred. Exp. �υ Pred. Exp. �υ Pred. Exp. �υ

υNH2 3395 3413 18 3394 3475 81 3397 3413 16 3396 3414 18

υC=O 1631 1625 6 1630 1625 5 1631 1625 6 1632 1624 8

υC=C 1440 1383 57 1440 1383 57 1440 1383 57 1441 1383 58

3.2 NMR and FT-IR analysis

Table 1 contains some of experimental and predicted1H and
13C NMR chemical shifts of 4a–4d. The chemical shifts are
relatively well reproduced with variation range of 0.20–0.61
and 4.36–14.21 ppm for1H and 13C NMR chemical shifts,
respectively. For 1H NMR chemical shifts, the best repro-
duction of the experimental values is obtained of the amine
protons with a variation of 0.08 ppm for 4a, while for 13C
NMR chemical shifts, the best reproduction is obtained for
methyl group of 4a with a variation to the experimental value
of 0.27 ppm.Both experimental and predicted chemical shifts
reveal that the upfield and downfield of the selected protons
and carbons chemical shifts in 4a–4d varies with the substi-
tute groups at the aromatic ring. For instance, the substitution
of 4c by withdrawing chlorine, methoxy and nitro groups
induces an upfield of 13C NMR chemical shift of carbonyl
group by maximal deviations of 19 and 13 ppm for predicted
and experimental values, respectively.

Some of the experimental and predicted vibration modes
of 4a–4d are displayed in Table 2. It appears that the repro-
ducing of the observed stretching vibrations is related to
the nature of the vibrate functional group. The stretching
vibration of the carbonyl group,υC=O is relativelywell repro-
ducing for all compounds with variation of 8,3 and 18 cm−1

for 4a, 4b, 4c and 4d, respectively. Similarly, υC=C is rela-
tively well reproduced with minimal and maximal variation
of 7 and 40 cm−1 for 4a and 4c, respectively. For amine
group, the vibration variations are 17, 95, 16 and 18 cm−1,
respectively. From predicted values of the stanching modes

υC=O, υC=C and υNH2, it appears that the substituted groups
in 4a–4a have negligible influence with maximal differ-
ences less than 3, 2 and 1 cm−1 for υC=O, υC=C and υNH2,
respectively. However, these differences are become larger
by considering the observed values with differences of 77,
56 and 64 for υC=O, υC=C and υNH2, respectively.

3.3 Biological study

The antibacterial activity of the synthesized compounds is
investigated using the agar diffusion method (Fig. 2 and
Table 3). The obtained results show that the four compounds
have significant antibacterial effect against the tested bacte-
rial strains compared to Norfloxacin as a standard antibiotic.

The four synthesized compounds display good antibacte-
rial activity against all the tested bacterial strains compared
to Norfloxacin as a standard antibiotic, with the exception of
compound 4c, which is only active for Gram-negative bac-
terial strains. On the other hand, the four compounds more
active against Gram-positive than Gram-negative bacteria,
while the compound 4a shows higher activity compared to
the other compounds. For this study, the order of increas-
ing antibacterial activity is as follows: 4a > 4b > 4d > 4c.
This good antibacterial activity of compound 4a can be
explained by the presence of the chlorine group (Cl) carried
by the phenyl ring of the pyranic cycle. In this case, chlo-
rine is a mesomeric electron donor group (+M) enriching
the electronic density of the molecule. This is responsi-
ble for the good antibacterial activity of the molecule 4a.
From these results, we concluded that electron donor sub-
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Fig. 2 The antibacterial activity of 4a–4d against bacterial strains compared to Norfloxacin after 24 h of incubation at 37 °C

stituents are likely to affect antibacterial activity and these
are in good agreement with the literature [2, 5, 12–14]. In
addition, according to the literature, the pyran and the 8-
hydroxyquinoline derivatives have an antibacterial effect [2].

However, in our case, we managed to combine these two
functions, which allowed us to achieve a good antibacterial
effect. In addition, the antibacterial effect of these com-
pounds for Gram-positive bacterial strains is greater than
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Table 3 Inhibition zone in (mm)
of the synthesized compounds
4a–d compared with standard
antibiotic penicillin G against
Gram-positive and
Gram-negative bacterial strains

Compound Inhibition zone diameter (mm) from 10−3to 10−5 mg/mL

S. a V. p E. c P. a

10−3 10−4 10−5 10−3 10−4 10−5 10−3 10−4 10−5 10−3 10−4 10−5

4a 38 36 30 30 28 22 33 30 18 37 30 25

4b 25 22 20 32 27 15 31 28 12 35 26 20

4c 05 03 02 02 NA NA 04 NA NA 04 NA NA

4d 15 13 11 15 12 04 10 08 06 15 14 9

Norfloxacin 10 10 10 10 10 10 NA NA NA NA NA NA

S. a: S. aureus V. p: V. parahaemolyticus; E. c: E. coli; P. a: P. aeruginosa

Fig. 3 Antibacterial activity of
compounds 4a–4d against
bacterial strains compared to
Norfloxacin after 24 h of
incubation at 37 °C

Table 4 MIC of the synthesized compounds 4a–d

Compound MIC (g/mL)

S. a V. p E. c P. a

4a 0.10 1 10 10

4b 10 10 10 10

4c 10 100 100 100

4d 10 10 10 10

SD 100 10 NA 100

S. a: S. aureus (ATCC29213); V. p: V. parahaemolyticus (ATCC17802);
E. c: E. coli (ATCC35218); P. a: P. aeruginosa (ATCC27853); SD:
standard drug (Norfloxacin)

for Gram-negative strains and this can be explained by the
presence of cytoplasmicmembranes on the cellwall ofGram-
negative bacterial strains [5]. All of the compounds exhibited
greater antibacterial activity than the standard antibiotic
(Norfloxacin) except for compound 4c.

The antibacterial activity of compounds 4a–4d against
bacterial strains compared to that of Norfloxacin after 24 h
of incubation at 37 °C is presented in Fig. 3.

In order to valorize the antibacterial activity of these
compounds, we calculated the minimum inhibitory concen-

trations (MIC) of all the compounds for all the tested bacterial
strains (Table 4). The MIC values were calculated from a
stock solution of 1 mg/ml for each compound. From the
results of this study, we can notice that all the compounds
show good efficiency at low doses. In addition, their mini-
mum inhibitory concentration is lower compared to that of
Norfloxacin (standard antibiotic from the same family).

3.4 Bioinformatic study

3.4.1 POM Analyses of Compounds 4a–d

Using the Osiris program, the analysis of the theoretical tox-
icity risks for the series 4a–d showed that the toxicity is
more in all the compounds 4a–d (Fig. 1) than in standard
clinical drugs (SD: Norfloxacin from the results shown in
Table 5, we have the four structures which are non-irritant,
non-mutagenic and non-reproductive but carcinogenic and
tumorigenic (the side effects of this molecular system). The
hydrophilicity of each compound was evaluated in terms of
(cLogP value). For each compound, the hydrophilic nature
was expressed as a function of the value of cLogP. Absorp-
tion or penetration is strongly linked to hydrophilicity (cLogP
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Table 5 Osiris calculations of
toxicity risks of compounds
4a–d

Compound MW Toxicity Risks[a] Osiris calculations[b]

MUT TUM IRRI REP cLogP Sol DL DS

4a 380 +++ − +++ +++ 3.62 − 6.16 − 1.14 0.19

4b 376 +++ − +++ +++ 3.94 − 5.44 − 2.23 0.20

4c 346 +++ − +++ +++ 3.01 − 5.43 − 2.30 0.20

4d 391 +++ − +++ +++ 2.9 − 5.89 − 12.5 0.17

SD[c] 319 +++ +++ +++ +++ − 1.65 − 2.86 2.24 0.86

Highly toxic: (−), Slightly toxic: (+), non-toxic: (+++)
[a]MUT: Mutagenic, TUM: Tumorigenic, IRRIT: Irritant, RE: Reproductive effective
[b] Sol: Solubility, DL: Drug-likeness, DS: Drug-Score
[c]SD: Standard Drug (Norfloxacin)

Table 6 Molinspiration
calculations of compounds 4a–d Compd. Calculation of Molecular

Properties[a]
Calculation of Bioactivity Scores[b]

TPSA NONH NV VOL GPCRL ICM KI NRL PI EI

4a 75 2 0 324 − 0.64 − 0.76 − 0.85 − 0.29 − 0.83 − 0.47

4b 84 2 0 336 − 0.65 − 0.78 − 0.83 − 0.28 − 0.81 − 0.45

4c 75 2 0 310 − 0.66 − 0.78 − 0.86 − 0.28 − 0.82 − 0.45

4d 120 2 0 334 − 0.73 − 0.75 − 0.9 − 0.35 − 0.87 − 0.51

SD[c] 75 2 0 279 0.20 − 0.08 0.01 − 0.03 − 0.27 0.17
[a]TPSA: Total molecular polar surface area; NONH: Number of OH—N or O—NH interaction, NV: Number
of violation of five Lipinski’s rules; VOL: Volume
[b]GPCRL: GPCR ligand; ICM: Ion channel modulator; KI: Kinase inhibitor; NRL: Nuclear receptor ligand;
PI: Protease inhibitor; EI: Enzyme inhibitor
[c]SD: Standard Drug (Norfloxacin)

Table 7 Atomic charge of
compounds 4a–d Compound Atomic charge of O and N heteroatoms Pharmacophore

site
O1 O2 O3 N1 N1H N2 R (Cl,O,N)

4a − 0.31 − 0.23 − 0.23 − 0.04 0.15 − 0.26 − 0.08 (O1–HN1)

4b − 0.30 − 0.22 − 0.23 − 0.05 0.15 − 0.26 − 0.26 (O1–HN1)

4c − 0.31 − 0.23 − 0.23 − 0.04 0.15 − 0.26 0.06 (O1–HN1)

4d − 0.29 − 0.22 − 0.22 − 0.06 0.14 − 0.25 − 0.03 (O1–HN1)

value). If cLogP is greater than 5, the absorption penetration
is reduced. For this purpose, most of the cLogP4a–d com-
pounds havemet the acceptable criteria (cLogP is less than 5),
but there is another factor to be taken into account. This does
not affect the geometric conformation of the pharmacophore
since it is fixed for all the compounds 4a–d. The parame-
ters of bioactivity, distribution and absorption depend on the
geometry and the solubility of each compound [15].

Further, Table 5 shows drug-likeness of compounds 4a–d,
which are not in the comparable zone with standard drug
used. We have calculated overall drug-score (DS) for com-
pounds 4a–d and have compared it with that of the standard
drug (SD). The DS combines drug-likeness, cLogP, logS,
molecular weight and toxicity risks in one handy value that
can be used to judge the compounds’ overall potential to
qualify for a drug. The reported compounds 4a–d showed

low DS (DS � 17 to 20%) as compared with standard drugs
used SD (DS � 86%) [16].

It is obvious from the current findings that compounds
4a–d need to be evaluated in experimental toxicity test before
being targeted for clinical antimicrobial trials because many
of bacteria and fungus are commonmold pathogen of human
causing persistent diseases in immunocompromised patients.
The 4% of patients dying in modern European teaching
hospitals have persistent aspergillosis, and it is the leading
transferable disease which led to death for leukemia patients.
Aspergillus niger causes black rot of onion which causes
major losses of onion bulbs in the field and storage [17].
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b Compound

c Compound

d Compound

a Compound

Fig. 4 Total atomic charge of heteroatoms of pharmacophore sites
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Fig. 5 Microspecies distribution (%) of neutral and protonated forms of compound 4a leading to regeneration of antibacterial/antitumor pharma-
cophore sites

3.5 Identification of Antibacterial Pharmacophore
Site

The electron density distributions show that the studied
compounds (4a–d) have 4 common active centers in nucle-
ophilicity (O1-p2, N1-sp3, O2-p3, N2-sp2,) for neutral form
(A) (Fig. 4).

As application of POM theory described in the literature
[18], we extended our bioinformatics analyses on bioactive
compounds (4a–d) in goal to elucidate its mechanism of
drug/biotarget interaction (Table 6).

In the presence of folic acid secreted by bacterial strains,
the N atom for all the compounds is easily protonated (NH of
the amine group: an active center limited in electrophilicity is
shown in all forms (4a–d)). The zones containing the atoms
of nitrogen (N) and of ketonic oxygen (C=O) have a possi-
bility of forming bonds with the enzymes by giving electrons
of the heteroatoms to the metal ions. The analysis of the the-
oretical pharmacophore sites (Fig. 4 and Table 7) and the
experimental data of bioscreening confirm the coexistence
of an antibacterial (O1—HN1) and probably an anticancer
(N1H—O2) pharmacophore sites [19].

From the distribution of microspecies (%) of compound
4a (Fig. 5) indicates the existence of the main neutral forms

(compounds 4a) (at pH>6), and other protonates for com-
pounds 4b, 4c and 4d (at pH<6), leading to the reconstitution
of a combined site of antibacterial/antitumor pharmacophore.
Compound4a therefore displays more activity.

4 Conclusion

This work reports the organic synthesis, the antibacterial
study and the computational analysis of four novel pyranic
compounds derivatives of 8-hydroxyquinoline. These hetero-
cyclic compounds were synthesized by an efficient approach
from a mixture of substituted para-benzaldehyde, ethyl 2-
cyanoacetate and calcium carbonate and 8-hydroxyquinoline
in absolute ethanol as a solvent. The synthetized compounds
were obtained with very good yields and were character-
ized by the usual spectroscopic techniques (NMR, IR, EA).
The antibacterial activity study showed that these compounds
show good antibacterial activity against all the strains tested
compared to Norfloxacin as a standard antibiotic. The POM
method allowed us to derive several information on the
structure–activity relationships, the toxicity, as well as the
physicochemical properties of the synthesized compounds.
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