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ABSTRACT

Heterocyclic nucleus plays a fundamental role in the medicinal chemistry and serves as a key template
for the development of various therapeutic agents including broad spectrum antibacterial drugs. In an
effort to develop new antibacterial agents, a bicyclic twelve-membered heterocyclic nucleus derived from
coumarin was prepared by an uncomplicated method. The rate of ring closure for this nucleus, which
was given the name coumacine, in addition to two of its derivatives was monitored spectroscopically
and this rate followed zero order kinetics. The chemical structures of the synthesized products were estab-
lished by detecting their physicochemical properties and analyzing their IR, "H NMR and '>C NMR spectra.
The in vitro antibacterial activity of coumacines was evaluated via agar dilution method against different
standard aerobic and anaerobic bacterial strains using ciprofloxacin and metronidazole as positive controls,
respectively; the results indicated that coumacine I has an excellent broad spectrum antibacterial activity
against the tested bacterial strains with percentage of growth inhibition approximating to those of positive
controls.
© 2018 The Author. Production and hosting 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

There is a growing interest in the development of new antibac-
terial agents as a consequence to the gradual growth of bacterial
resistance toward a variety of agents; besides, with the alarming
rise of multi-drug resistance bacterial species (York, 2017); nowa-
days, physicians are forced to prescribe the second or even third
option of antibiotic to fight these resistant bacteria (Perron et al.,
2012).

With their origin firmly established in organic and medicinal
chemistry, heterocyclic compounds introduce themselves as an
essential sort of organic chemicals; they are defined by IUPAC as
“cyclic compounds having, as ring members, atoms of at least
two different elements” (IUPAC, 2017). In accordance with het-
eroatom(s) present in the ring system, heterocycles can be grouped
as oxygen, nitrogen or sulfur-based orderliness; within each group,
they are also organized according to the size of ring structure that
is determined by the total number of atoms (St. Jean, and Fotsch,

E-mail address: Dr.yassermustafa@uomosul.edu.iq
Peer review under responsibility of King Saud University.

ELSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.jsps.2018.03.010

2012). The type of heteroatom and the ring size along with the sub-
stituent groups on the lead structure are the principal determi-
nants of heterocycle’s physicochemical properties (Martins et al.,
2015). Although there is a massive number of pharmacologically
active heterocyclic compounds acting as antitumor (Chen et al,,
2014; Sadhasivam et al., 2015; Abdel-Aziem 2017), anti-fungal
(Cao et al., 2014; Chitra et al., 2017; Zhao et al., 2017), anti-viral
(Zhang et al., 2014; Da Costa et al., 2017; Asif, 2017), anti-
inflammatory (Khan et al., 2012; Malik, 2016; Gomha et al. 2017)
and anticonvulsant (Zayed, 2014; Shakya et al., 2016; Saravanan
et al., 2017), an increasing number of heterocycles have shown a
potent antibacterial effect (Azab et al., 2013; Hafez et al., 2015;
Chand et al., 2017).

Among the different biologically active oxygenated heterocyclic
compounds, coumarin (Fig. 1) and its derivatives have become a
fascinating subject of research due to their broad distribution in
nature and their well-defined synthetic reactions (Al-Majedy
et al.,, 2017; Detsi et al., 2017; El-Naggar et al., 2017). Also, they
serve as important precursors for advanced design and synthesis
of more pharmacologically active compounds (Tasior et al., 2015;
Han et al.,, 2015; Valadbeigi and Ghodsi, 2017).

The aim of this work is the synthesis of heterocyclic compounds
containing a novel chemical nucleus herein called coumacine
that has not been synthesized before with the testing of their
spectrum of antibacterial activity through achieving the following
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Fig. 1. Chemical structure of coumarin.

objectives: synthesis of these compounds from coumarins, detect-
ing the kinetics of their ring closure, and testing there in vitro
antibacterial activity against different standard aerobic and anaer-
obic bacterial strains using ciprofloxacin and metronidazole as pos-
itive controls, respectively.

2. Materials and methods

The chemicals and solvents used in this work were purchased
from documented international sources and utilized without fur-
ther purification. The microbiological cultures and anaerobe indi-
cator test were supplied from Sigma-Aldrich. The melting points
of the synthesized products were determined on an electrochemi-
cal CIA 9300 melting point apparatus using an open capillary
method and they were uncorrected. The purity of compounds
and the follow up of reactions were checked by ascending TLC on
precoated silica gel plates (GF,s4 type 60, Merck); the spots on
chromatograms were eluted by CHCl3: acetone (4:1) as a mobile
phase.

Bruker-Alpha ATR was used to scan IR spectra while the instru-
ment used to identify UV spectra of the synthesized products and
to follow up the kinetic study was Varian UV/Visible spectropho-
tometer. Among other UV absorption bands, the wavelength of
maximum absorption (Amax) Was utilized in this work. Proton-
nuclear magnetic resonance (*H NMR) and carbon-nuclear mag-
netic resonance (3C NMR) spectra of the synthesized products
were scanned on Bruker Avance 300 and 400 MHz. the chemical
shifts (8) of these spectra were expressed in part per million
(ppm) downfield to tetramethylsilane as an internal standard. In
'H NMR, spin-spin coupling was identified by the following terms:
singlet (s), doublet (d), triplet (t) and multiplet (m).

2.1. Synthesis

2.1.1. Synthesis of 4,6-Dimethylcoumarine (2)

A solution of p-cresol (1.05 ml, 10 mmol) and ethyl acetoacetate
(1.4 ml, 11 mmol) was added dropwise over 30 min with a con-
stant stirring to concentrated H,SO,4 (25 ml) placed in an ice bath.
The reaction mixture was stirred for 1 h in the ice bath, kept at
room temperature overnight, heated to 50 °C and then directly
poured into a mixture of crushed ice and H,O with vigorous stir-
ring. The precipitate was collected by filtration and washed with
H,0. The crude product was purified by dissolving it in 50 ml of
10% NaOH solution and the filtrate was then acidified with 1.026
N HCL. The titled product was gathered after 30 min, washed with
H,0 and recrystallized from benzene. This compound was synthe-
sized via a modified method to that reported by (Ahluwalia et al.,
2005).

4,6-Dimethylcoumarine (2) off white powder (1.36g, 78.12%
yield), m.p 154-157 °C, Amax (EtOH) 279 nm, R 0.526, IR (v,
cm™1): 3035 (=C—H str.), 2950 and 2883 (C—H str., alkyl), 1700
(C=0 str., ester), 1666 (C=C str.), 1270 (C—O str., ester); '"H NMR

(CDCl3, 300 MHz) & ppm: 7.8 (s, 1H, Ar H), 7.5 (d, 1H, Ar H), 7.3
(d, 1H, Ar H), 6.4 (s, 1H, =CH), 2.35 (s, 3H, Ar—CHs), 1.9 (s, 3H,

=C—CHj;); '3C NMR (CDCls, 75.47 MHz) & ppm: 160 (C=0), 154
(CH3—C=C), 143 (Ar C—0), 136 (Ar C—CH3), 131, 129.9, 129.7 (Ar
C), 124 (Ar C—C—0), 111 (=CH), 26 (=C—CH3), 20 (Ar—CH3).

2.1.2. Synthesis of 6-Methyl-4-phenylcoumarin (3)

Through a solution of p-cresol (1.05 ml, 10 mmol) and ethyl
benzoylacetate (1.9 ml, 11 mmol) in 30 ml absolute EtOH placed
in a two-necked round-bottomed flask wrapped with aluminum
foil, dry HCl gas was passed for 3 h under anhydrous conditions.
The reaction mixture was kept for 48 h at room temperature and
then in refrigerator for 24 h to complete the precipitation. The
titled product was filtered, washed with cold EtOH and recrystal-
lized from a mixture of CHs;OH: ether (1:3). This compound was
synthesized via a modified method to that reported by (Ibrahim
et al., 2014).

6-Methyl-4-phenylcoumarin (3) white crystals (1.58 g, 66.79%
yield), m.p 132-134°C, Amax (EtOH) 316 nm, Rf 0.704, IR (v,
cm™1): 3063 (=C—H str.), 2838(C—H str., alkyl), 1700 (C=0 str.,
ester), 1641 (C=C str.), 1310 (C—O str., ester); '"H NMR (CDCls,
300 MHz) & ppm: 7.7 (s, 1H, Ar H), 7.57 (dd, 2H, Ar H), 7.42 (m,
3H, Ar’ H), 6.6 (s, 1H, =CH), 2.1 (s, 3H, Ar—CH3); '3C NMR (CDCls,
75.47 MHz) & ppm: 160 (C=0), 156 (Ar'—C=), 143 (Ar C—0), 139
(Ar’ C—C=CH), 138 (Ar C—CHj;), 130.8, 130.1, 129.7, 124 (Ar C),
130.2, 129.9, 127 (Ar’ C), 107 (=CH), 20 (Ar—CH3).

2.1.3. General procedure for the reduction of coumarins

A solution of pure LiAlH,4 (0.76 g, 20 mmol) in 20 ml dry ether
was added dropwise to a solution of coumarin derivative (10
mmol) in dry ether placed in an ice bath. After stirring for 15
min at 0°C, 3 M HCI (8 ml) was gradually added and the pH of
the reaction mixture was adjusted to 5 with HCl (1.032 N). The
ether layer was dried over anhydrous Na,SQO,, filtered and evapo-
rated. The crude product was dissolved in aqueous EtOH, filtered
and evaporated (Dehaen et al., 2011).

Z-2-(3-hydroxypropenyl)phenol (1a) white crystals from EtOH
(0.60 g, 40.23% yield), m.p 148-151 °C, Amax (EtOH) 286 nm, R¢
0.337, IR (v, cm™'): 3301 (phenolic OH, str.), 3276 (alcoholic OH,
str.), 3057 (=C—H str.), 2894(C—H str., alkyl), 1640 (C=C str.); 'H
NMR (CD;0D, 300 MHz) 5 ppm: 10 (s, 1H, Ar—OH), 7.05 (d, 1H,
ArH), 6.6-6.7 (dd, 2H, Ar H), 6.4 (d, 1H, Ar H), 6.3 (d, 1H, Ar—CH=),
5.75 (m, 1H, =CH—CH,), 4.25 (d, 2H, CH,—O0H), 3.5 (s, 1H, CH,-
—OH); '>C NMR (CD50D, 100 MHz) 5 ppm: 157 (Ar C—OH), 130,
128, 123, 121, 117 (Ar C), 129 (Ar—CH=), 127 (=C—CH,), 62
(CH,—OH).

Z-2-(3-Hydroxy-1-methyl-propenyl)-4-methylphenol (2a) white
crystals from EtOH (0.70 g, 39.19% yield), m.p 178-180 °C, Amax
(EtOH) 289 nm, Rf 0.358, IR (v, cm™'): 3312 (phenolic OH, str.),
3257 (alcoholic OH, str.), 3077 (=C—H str.), 2890 (C—H str., alkyl),
1644 (C=C str.); 'H NMR (CDs0D, 300 MHz) & ppm: 9.9 (s, 1H,
Ar—OH), 6.8 (s, 1H, Ar H), 6.5 (d, 1H, Ar H), 6.2 (d, 1H, Ar H), 6.0
(t, 1H, =CH), 4.2 (d, 2H, —CH), 3.5 (s, 1H, CH,—OH), 2.5 (s, 3H,
Ar—CHs), 2 (s, 3H, =C—CH3); '>C NMR (CDs0D, 75.47 MHz) &
ppm: 155 (Ar C—OH), 137 (CH5—C=C), 133 (Ar C—CHj5), 130, 129,
124, 117 (Ar C), 121 (=CH), 62 (CH,—OH), 26 (=C—CH3), 20
(Ar—CHj).

Z-2-(3-Hydroxy-1-phenyl-propenyl)-4-methylphenol (3a) off-
white powder from EtOH (0.79 g, 32.89% yield), m.p 140-143 °C,
Amax (EtOH) 336 nm, R; 0.567, IR (v, cm~!): 3308 (phenolic OH,
str.), 3259 (alcoholic OH, str.), 3063 (=C—H str.), 2928, 2883
(C—H str., alkyl), 1642 (C=C str.); '"H NMR (CD50D, 300 MHz) &
ppm: 9.6 (s, 1H, Ar—OH), 7.3-7.4 (m, 3H, Ar" H), 6.8 (s, 1H, Ar H),
6.5-6.6 (dd, 2H, Ar H), 6.1 (t, 1H, =CH), 4.2 (d, 2H, CH,—OH),
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4 (s, 1H, CH,—OH), 2.1 (s, 3H, Ar—CH5); '*C NMR (CD;0D, 100
MHz) & ppm: 155 (Ar C—OH), 145 (Ar'—C=), 142 (Ar’ C—C=CH),
133 (Ar C—CHs), 130, 129.3, 124, 117 (Ar C), 129.7, 128, 127 (Ar’
C), 116 (=CH), 62 (CH,—OH), 20 (Ar—CH3).

2.1.4. General procedure for the preparation of disodium salt of diol
derivative

A mixture of diol derivative (10 mmol) in 19 ml NaOH (1.029 N)
was heated at 60 °C in a water bath with constant stirring for 1 h.
The reaction mixture was filtered and the filtrate was evaporated
under reduced pressure. The residue was re-dissolved in an ade-
quate amount of DMF, filtered and the filtrate was concentrated
to dryness under reduced pressure to afford a disodium salt of diol
derivative. This procedure can be considered as a modified one to
that reported by (Sethuraman et al., 2014).

2.1.5. General procedure for the synthesis of coumacines

To a conical flask enveloped with aluminum foil and lodged in
an ice bath, a suspension of disodium salt of diol derivative (10
mmol) in 45 ml dry ethyl acetate was added. As the suspension
temperature falls to 0 °C, a solution of methylene iodide (0.4 ml,
5 mmol) in dry ethyl acetate (4.6 ml) was added in portions over
15 min. The reaction mixture was stirred for 6 h at 80 °C and sub-
sequently the solvent was evaporated under reduced pressure. H,O
(20 ml) was added to the residue and the aqueous layer was
extracted with CHCl3 (3 x 20 ml). The combined organic layer
was dried over CaCl, and evaporated to afford the target product.
This procedure can be considered as a modified one to that
reported by (Razali and Ahmad, 2017).

4H-Benzo[d][1,3]dioxocine (coumacine) white powder from a
mixture of ether: CHCl3 (1:2), (0.90g, 55.46% yield), m.p 128-
130 °C, Amax (EtOH) 268 nm, R; 0.577, IR (v, cm™'): 3065 (=C—H
str.), 2900, 2866 (C—H str., alkyl), 1648 (C=C str.), 1258 (asymmet-
rical str. aryl alkyl ether), 1152 (asymmetrical str. aliphatic ether),
1050 (symmetrical str. aryl alkyl ether); 'H NMR (CDCls, 300 MHz)
& ppm: 7.0-7.2 (m, 4H, Ar H), 6.8 (d, 1H, Ar—CH=), 6.1 (m, 1H,
=CH—CH,), 5.7 (s, 2H, 0—CH,—0), 3.8 (d, 2H, =CH—CH.,); '3C
NMR (CDCl;, 100 MHz) & ppm: 158 (Ar C—0—), 128, 127.3, 120.6,
120.4, 111 (Ar C), 127.5 (Ar—CH=), 125 (=C—CH,), 99 (0—CH,—0),
63 (=CH—CH,—0).

6,8-Dimethyl-4H-benzo[d][1,3]dioxocine (coumacine I) white
powder from a mixture of ether: CHCl; (1:1.5), (1.18 g, 62.17%
yield), m.p 176-178 °C, Amax (EtOH) 279 nm, R 0.589, IR (v,
cm™!): 3078 (=C—H str.), 2933, 2888 (C—H str., alkyl), 1650
(C=C str.), 1255 (asymmetrical str. aryl alkyl ether), 1157 (asym-
metrical str. aliphatic ether), 1067 (symmetrical str. aryl alkyl
ether); 'H NMR (CDCls, 300 MHz) & ppm: 7.0 (s, 1H, Ar H), 6.7-
6.8 (dd, 2H, Ar H), 6.1 (t, 1H, =CH—CH,), 5.8 (s, 2H, O—CH,—0),
3.9 (d, 2H, =CH—CH,), 2.5 (s, 3H, Ar—CH3), 2.0 (s, 3H, =C—CH3);
13C NMR (CDCl3, 100 MHz) & ppm: 159 (Ar C—0), 140 (CH;—C=C),
130 (Ar C—CHs), 129.5, 129.0, 122, 114 (Ar C), 119 (=CH—CH,), 95
(0O—CH,—0), 66 (=CH—CH,—0), 25 (=C—CH3), 20 (Ar—CH3).

8-Methyl-6-phenyl-4H-benzo[d][1,3]dioxocine (coumacine II)
white powder from a mixture of ether: CHCl; (1:2), (1.99¢g,
79.04% yield), m.p 156-159 °C, Amax (EtOH) 288 nm, Rf 0.788, IR
(v, cm™1): 3066 (=C—H str.), 2931, 2837 (C—H str., alkyl), 1652
(C=C str.), 1254 (asymmetrical str. aryl alkyl ether), 1144 (asym-
metrical str. aliphatic ether), 1045 (symmetrical str. aryl alkyl
ether); 'H NMR (CDCls, 300 MHz) & ppm: 7.1-7.3 (m, 3H, Ar’ H),
7 (s, 1H, Ar H), 6.7-6.9 (dd, 2H, Ar H), 6.2 (t, 1H, =CH—CH,), 5.7
(s, 2H, 0—CH,—0), 3.9 (d, 2H, =CH—CH,), 2.2 (s, 3H, Ar—CH3);
13C NMR (CDCl;, 100 MHz) & ppm: 159 (Ar C—0—), 140

(Ar—C=CH), 136 (Ar’ C—C=CH), 130 (Ar C—CHs), 129.5, 127.9,
117, 109 (Ar C), 129.0, 127.3, 127.1 (Ar’ C), 112 (=CH—CH,), 98
(0—CH,—0), 60 (=CH—CH,—0), 23 (Ar—CHs).

2.2. Kinetic study

The rate of ring closure in the formation of coumacine and its
two derivatives was followed up spectrophotometrically and mon-
itored for the increase in the product concentration with time by
applying Beer-Lambert law (Abood et al., 2015). At selected time
intervals, a drop was taken from a reaction mixture; diluted to 2
ml with EtOH and subsequently estimated at defined A,.x to deter-
mine the concentration of the formed product.

2.3. Activity against aerobic bacteria

The standard aerobic bacterial strains involved in the antibacte-
rial study using ciprofloxacin as a positive control were: Escherichia
coli ATCC 25922, Haemophilus influenzae ATCC 49247, Klebsiella
pneumonia ATCC 700603 and Pseudomonas aeruginosa ATCC
27853. The susceptibility of these bacteria was verified via agar
dilution technique using cation-adjusted Mueller-Hinton agar
(NCCLS, 2015a). Coumacine or one of its derivatives (1 mg) was
dissolved in DMSO (1 ml) and then diluted with sterile distilled
H,0 to achieve the following concentrations: 2.5, 5, 10, 25, 50,
100 and 200 pg/ml.

The inoculum of 10° CFU/spot was employed on the agar plates
utilizing multiple inoculator (Steers replicator). The inoculated
agar plates and that free from the tested compound were incu-
bated at 37 °C for 24 h under aerobic conditions. Afterwards, the
minimal inhibitory concentration (MIC) and the percentage of bac-
terial growth inhibition comparing with negative control of each
tested compound were pointed.

2.4. Activity against anaerobic bacteria

The investigation of anti-anaerobic activity of coumacine and its
two derivatives using metronidazole as a positive control was con-
ducted against the following standard bacterial strains: Clostridium
perfringens ATCC 13124, Bacteroides fragilis ATCC 25285, Prevotella
melaninogenica ATCC 25845 and Fusobacterium necrophorum ATCC
25286. This activity was tested via a plate dilution technique using
Brucella agar supported with 5% sheep blood (NCCLS, 2015b). Cou-
macine or one of its derivatives (1 mg) was dissolved in DMSO
(1 ml) and then diluted with sterile distilled H,O to achieve the fol-
lowing concentrations: 2.5, 5, 10, 25, 50, 100 and 200 pg/ml. The
inoculum of 10° CFU/spot was employed on the agar plates utiliz-
ing multiple inoculator.

The inoculated agar plates and that free from the tested com-
pound were incubated in an anaerobic jar for 48 h at 37 °C under
anaerobic environment which consists of aerophobic atmosphere
(10% CO,, 10% Hy and 80% N,), palladium catalyst and anaerobe
indicator test. Subsequently, MIC and the percentage of bacterial
growth inhibition comparing with negative control of each tested
compound were measured.

3. Results and discussion

Since the gap between antibacterial agents and their efficacy
against different pathogenic bacteria has been continuously
expanded due to prevalent and haphazard use (Sampaio et al,,
2014), the discovery of new compounds with proven antimicrobial
activity becomes an urgent need especially those with unusual
heterocyclic structure.
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3 3a 3b Coumacine II | Phenyl | CHj,
Scheme 1. General synthetic pathway of coumacines.
Table 2
31 Synthesis The kinetic data used in the application of Beer-Lambert law.
Absorbance Product name Time (min.) A (M x 10°)
The novelty of this work comes from the synthesis of a bicyclic 0.0025 Coumacine 30 6.0067
twelve-membered heterocyclic nucleus derived from coumarin by 0.0030 Coumacine 1 7.4664
a convenient method as displayed in Scheme 1; the aforemen- 0.0038 Coumacine II 10.0105
tioned nucleus, herein called coumacine, has not been synthesized 0.0055 Coumacine 60 13.2148
before. 0.0066 Coumacine I 16.4261
Coumarins (2) and (3) were prepared via Pechmann condensa- 0.0088 Coumacine II 23.1823
tion though modified methods to those reported by (Ahluwalia 0.0077 Coumacine 90 18.5007
et al,, 2005) and (Ibrahim et al., 2014), respectively. LiAlH4, a pow- 0.0102 Coumacine | 253858
. . . 0.0136 Coumacine II 35.8272
erful and non-selective reducing agent, was utilized to reduce cou- )
marins 1, 2 and 3 into corresponding open ring diols 1a, 2a and 3a 0.0092 Coumacine 120 22.1048
. . ) . 0.0130 Coumacine | 32.3544
respectively under restricted reaction conditions of solvent, dura- 0.0181 Coumacine II 47.6818
tion and temperatpre (Dehaen et al., 2011). S 00122 Coumacine 150 29,3128
The resulting diols were transformed to their disodium salts by 0.0165 Coumacine 1 41.0652
NaOH to enhance the nucleophilicity of alcoholic and phenolic 0.0213 Coumacine Il 56.1117
hydroxyl groups that is required to efficiently attack methylene 0.0146 Coumacine 180 35.0793
iodide under anhydrous condition affording coumacine and its 0.0197 Coumacine I 49.0294
two derivatives in acceptable percentage yields. 0.0260 Coumacine II 68.4932
0.0167 Coumacine 210 40.1249
. . 0.0236 Coumacine I 58.7357
3.2. Kinetic study 0.0315 Coumacine II 82.9821
. . . . 0.0197 Coumacine 240 47.3330
Based on the parameters obtalr}ed from trlple; trials as showp in 00253 Coumacine I 62.9667
Table 1, the rate of ring closure in the formation of synthesized 0.0349 Coumacine II 91.9389
coumacines was found tg follow zero Qrder kinetics. 0.0216 Coumacine 270 51.8981
The kinetic data used in the application of Beer-Lambert law are 0.0299 Coumacine 1 74.4151
listed in Table 2 and they indicated that coumacine II was formed 0.0400 Coumacine Il 105.3741
0.0242 Coumacine 300 58.1451
0.0328 Coumacine | 81.6327
Table 1 0.0430 Coumacine I 113.2771
Parameters obtained from the kinetic study. .
0.0267 Coumacine 330 64.1519
Product name Amax € Kobs(M s~ 1) ti2 0.0363 Coumacine I 90.3435
(nm, EtOH) (M~'em™) (s) 0.0481 Coumacine II 126.7123
Coumacine 268 416.2 0.19x 1076 184.21 0.0291 Coumacine 360 69.9183
Coumacine I 279 401.8 0.28 x 1076 175.00 0.0394 Coumacine I 98.0587
Coumacine Il 288 379.6 0.41 x 10°° 166.46 0.0522 Coumacine Il 137.5132
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Table 3

The MIC (pg/ml) and percentage of bacterial growth inhibition for the synthesized products and positive controls.

Aerobic bacteria Ciprofloxacin Coumacine Coumacine I Coumacine II

MIC % MIC % MIC % MIC %
Escherichia coli 0.80 87 100 54.3 5 80.5 50 52.2
Haemophilus influenzae 0.65 82 N - 25 56.9 N -
Klebsiella pneumonia 0.5 88 50 48.5 5 79.3 200 49.4
Pseudomonas aeruginosa 0.76 92 200 35.9 5 77.9 N -
Anaerobic bacteria Metronidazole Coumacine Coumacine I Coumacine II

MIC % MIC % MIC % MIC %
Clostridium perfringens 0.78 85 N - 10 65.3 N -
Bacteroides fragilis 35 94 25 39.9 5 82.7 100 37.8
Prevotella melaninogenica 0.65 92 N - 5 82.3 5 331
Fusobacterium necrophorum 1.6 90 50 33.8 5 78.8 50 36.7

N = no antibacterial activity at 200 pg/ml.

in a rate faster than coumacine I, which is formed faster than cou-
macine. This is possibly due to the bulkiness of electron-donating
group substituted on position 4 of the starting materials. It is pro-
posed that as the repulsion between this group and the aromatic
constituent of compounds 1b, 2b and 3b increases, the rate of ring
closure to form coumacines will increase (Liao et al., 2000).

3.3. Antibacterial activity

Novel coumacines were screened for their antibacterial activity
against four standard aerobic bacterial strains (Escherichia coli
ATCC 25922, Haemophilus influenzae ATCC 49247, Klebsiella pneu-
monia ATCC 700603 and Pseudomonas aeruginosa ATCC 27853)
and against four standard anaerobic bacterial strains (Clostridium
perfringens ATCC 13124, Bacteroides fragilis ATCC 25285, Prevotella
melaninogenica ATCC 25845 and Fusobacterium necrophorum ATCC
25286) via agar dilution method using a solution of ciprofloxacin
or of metronidazole as a positive control, respectively.

The results of this preliminary screening study as shown in
Table 3 indicated that coumacine I has an excellent antibacterial
activity against the tested aerobic and anaerobic bacteria with
percentages of growth inhibition approximating to those of cipro-
floxacin and metronidazole; so, this novel compound can be con-
sidered as an encouraging broad spectrum antibacterial agent.
Although coumacine and coumacine Il have a narrow spectrum
and less potent antibacterial activity compared with coumacine I,
they can be also regarded as heartening candidates for further
microbiological screening tests.

4. Conclusion

Novel oxygenated heterocyclic nucleus termed coumacine in
addition to two of its derivatives were prepared with good yields
via a facile synthetic pathway, and their chemical structures were
characterized by detecting their physicochemical properties and
analyzing their IR, '"H NMR and 3C NMR spectra. The rate of their
ring closure was studied via UV/Vis spectroscopy and followed
zero order kinetics. The synthesized products were screened for
their antibacterial activity against different aerobic and anaerobic
standard bacterial strains. Although the three final products
showed encouraging antibacterial activity, coumacine I has a
broader and more potent activity compared with the other two
using agar dilution method.

References

Abdel-Aziem, A., 2017. Utility of 2-acetyl benzofuran for the synthesis of new
heterocycles as potential anticancer agents. J. Heterocycl. Chem. 54, 2985-2995.

Abood, A., Al-Fahad, A., Scott, A., Hosny, A., Hashem, A.M., Fattah, A.M,, et al., 2015.
Kinetic characterization of the FAD dependent monooxygenase TropB and
investigation of its biotransformation potential. RSC Adv. 5, 49987-49995.

Ahluwalia, V.K,, Pooja, B., Ramesh, Ch., Renu, A., 2005. Intermediates for Organic
Synthesis. LK. International Pvt. Ltd..

Al-Majedy, K.Y., Kadhum, H.A., Al-Amiery, A.A., Mohamad, B.A., 2017. Coumarins:
the antimicrobial agents. Syst. Rev. Pharm. 8, 62-70.

Asif, M., 2017. A mini review: biological significances of nitrogen hetero atom
containing heterocyclic compounds. Int. J. Bioorg. Chem. 2, 146-152.

Azab, M.E., Youssef, M.M., El-Bordany, E.A., 2013. Synthesis and antibacterial
evaluation of novel heterocyclic compounds containing a sulfonamido moiety.
Molecules 18, 832-844.

Cao, X,, Sun, Z,, Cao, Y., Wang, R,, Cai, T., Chu, W., et al., 2014. Design, synthesis, and
structure-activity relationship studies of novel fused heterocycles-linked
triazoles with good activity and water solubility. J. Med. Chem. 57, 3687-3706.

Chand, M., Gupta, A., Jain, C.S., 2017. Antimicrobial activities of quinazolinone and
their derivatives: a review. Heterocycl. Lett. 7, 201-214.

Chen, Y., Yu, K, Tan, N.Y., Liu, W.,, Qiu, RH., Luo, N.L, 2014. Synthesis,
characterization and anti-proliferative activity of heterocyclic hypervalent
organoantimony compounds. Eur. J. Med. Chem. 79, 391-398.

Chitra, G., Franklin, D.S., Sudarsan, S., Sakthivel, M., Guhanathan, S., 2017. Indole-3-
acetic acid/diol based pH-sensitive biological macromolecule for antibacterial,
antifungal and antioxidant applications. Int. ]. Biol. Macromol. 95, 363-375.

Clinical Laboratory Standards Institute/NCCLS, 2015a. Methods of dilution
antimicrobial susceptibility tests for bacteria that grow aerobically. Approved
Standard. 10th ed. CLSI Document M07-A10.

Clinical Laboratory Standards Institute/NCCLS, 2015b. Methods for antimicrobial
susceptibility testing of anaerobic bacteria. Approved Standard. 8th ed. CLSI
Document M11-A8.

Da Costa, L., Scheers, E., Coluccia, A., Rosetti, A., Roche, M., Neyts, |., Terme, T., Cirilli,
R., Mirabelli, C., Silvestri, R., Vanelle, P., 2017. Heterocyclic pharmacochemistry
of new rhinovirus antiviral agents: a combined computational and
experimental study. Eur. . Med. Chem. 140, 528-541.

Dehaen, W., Mashentseva, A.A., Seitembetov, T.S., 2011. Allobetulin and its
derivatives: synthesis and biological activity. Molecules 16, 2443-2466.

Detsi, A., Kontogiorgis, C., Hadjipavlou-Litina, D., 2017. Coumarin derivatives: an
updated patent review (2015-2016). Expert Opin. Ther. Patents 27, 1201-1226.

El-Naggar, M.A., Hemdan, M.M., Atta-Allah, R.S., 2017. An efficient one-pot
synthesis of new coumarin derivatives as potent anticancer agents under
microwave irradiation. ]. Heterocycl. Chem. 54, 3519-3526.

Gold Book of IUPAC, Heterocyclic compounds, 2017. Available online:
<http://goldbook.iupac.org/html/H/H02798.htmI> Accessed on 15 December
2017.

Gombha, M.S., Muhammad, A.Z., Gaber, M.H., Amin, M.M., 2017. Synthesis of some
novel heterocycles bearing thiadiazoles as potent anti-inflammatory and
analgesic agents. ]. Heterocycl. Chem. 54, 2708-2716.

Hafez, N.H., Al-Shammari, G.A., Al-Gazzar, B.A., 2015. Facile heterocyclic synthesis
and  antimicrobial  activity = of  polysubstituted and condensed
pyrazolopyranopyrimidine and pyrazolopyranotriazine derivatives. Acta
Pharm. 65, 399-412.

Han, L., Huang, B., Xiong, Z., Yan, C., 2015. One-pot synthesis of potential antioxidant
agents, 3-carboxylate coumarin derivatives. J. Med. Plants Res. 9, 435-444.
Ibrahim, D.M., Jumala, J., Harun, FW., 2014. Synthesis and characterization 6-
hydroxy-4-metheyl-5-phenyl azo coumarins with divalent transition metal

ions. IOSR J. Appl. Chem. 7, 27-32.

Khan, A.M., El-Khatib, R., Rainsford, K.D., Whitehouse, M.W., 2012. Synthesis and
anti-inflammatory properties of some aromatic and heterocyclic aromatic
curcuminoids. Bioorg. Chem. 40, 30-38.

Liao, Y., Hendraata, S., Bae, S.Y., Wang, B., 2000. The effect of phenyl substituents on
the release rates of esterase sensitive coumarin-based prodrugs. Chem. Pharm.
Bull. 48, 1138-1147. https://doi.org/10.1248/cpb.48.1138.

Malik, R., 2016. Synthesis and anti-Inflammatory activity of sulpha/substituted 1,2-
diazoles. Int. J. Pharm. Sci. Invent. 5, 47-49.


http://refhub.elsevier.com/S1319-0164(18)30073-2/h0005
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0005
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0010
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0010
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0010
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0015
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0015
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0020
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0020
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0025
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0025
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0030
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0030
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0030
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0035
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0035
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0035
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0040
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0040
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0045
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0045
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0045
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0050
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0050
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0050
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0065
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0065
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0065
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0065
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0070
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0070
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0075
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0075
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0080
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0080
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0080
http://goldbook.iupac.org/html/H/H02798.html
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0090
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0090
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0090
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0095
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0095
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0095
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0095
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0100
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0100
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0105
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0105
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0105
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0110
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0110
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0110
https://doi.org/10.1248/cpb.48.1138
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0120
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0120

Y.F. Mustafa/Saudi Pharmaceutical Journal 26 (2018) 870-875 875

Martins, P., Jesus, J., Santos, S., Raposo, L.R., Roma-Rodrigues, C., Baptista, P.V.,
Fernandes, A.R., 2015. Heterocyclic anticancer compounds: recent advances and
the paradigm shift towards the use of nanomedicine’s tool box. Molecules 20,
16852-16891.

Perron, G.G., Kryazhimskiy, S., Rice, D.P., Buckling, A., 2012. Multidrug therapy and
evolution of antibiotic resistance: when order matters. Appl. Environ. Microbiol.
78, 6137-6142.

Razali, S.N., Ahmad, F., 2017. Synthesis of derivatives of flavonoids. Proc. Chem. 2,
95-101.

Sadhasivam, G., Kulanthai, K., Natarajan, A., 2015. Synthesis and anti-cancer
studies of 2,6-disubstituted benzothiazole derivatives. Orient ]J. Chem. 31,
819-826.

Sampaio, G.M,, Teixeira, A.M., Coutinho, H.D., Sena Junior, D.M., Freire, P.T., Bento, R.
R, Silva, L.E., 2014. Synthesis and antibacterial activity of a new derivative of
the meldrun acid: 2,2-dimethyl-5-(4H-1,2,4-triazole-4-yl aminomethylene)-
1,3-dioxane-4,6-dione (CoH;oN404). EXCLI J. 13, 1022-1028.

Saravanan, G., Alagarsamy, V., Kumar, D.P., Panneerselvam, Th, Prakash, C.R., 2017.
[satin - a potent anticonvulsant agent. Eur. J. Biomed. Pharm. Sci. 4, 277-282.

Sethuraman, K., Prabunathana, P., Alagar, M., 2014. Thermo-mechanical and surface
properties of POSS reinforced structurally different diamine cured epoxy
nanocomposites. RSC Adv. 4, 45433-45441.

Shakya, K.A., Kamal, M., Balaramnavar, M.V., Bardaweel, K.S., Naik, R.R., Saxena, K.A.,
Siddiqui, H.H., 2016. Design, synthesis and evaluation of benzofuran-acetamide
scaffold as potential anticonvulsant agent. Acta Pharm. 66, 353-372.

Jean, St., Fotsch, D.J., 2012. Mitigating heterocycle metabolism in drug discovery. ].
Med. Chem. 55, 6002-6020.

Tasior, M., Kim, D., Singha, S., Krzeszewski, M., Ahn, H.K., Gryko, T.D., 2015. 7-
Expanded coumarins: synthesis, optical properties and applications. J. Mater.
Chem. 3, 1421-1446.

Valadbeigi, E., Ghodsi, S., 2017. Synthesis and characterization of some new
thiazolidinedione derivatives containing a coumarin moiety for their
antibacterial and antifungal activities. Med. Chem. 7, 178-185.

York, A., 2017. Bacterial evolution: historical influences on antibiotic resistance.
Nat. Rev. Microbiol. 15, 576-577.

Zayed, F.M., 2014. New fluorinated quinazolinone derivatives as anticonvulsant
agents. J. Taibah University Med. Sci. 9, 104-109.

Zhang, D.J., Sun, W.F,, Zhong, Z.J., Gao, R.M,, Yi, H., Li, Y.H., 2014. Synthesis and
broad-spectrum antiviral activity of some novel benzo-heterocyclic amine
compounds. Molecules 19, 925-939.

Zhao, Sh., Zhang, X., Wei, B., Su, X., Zhao, L., Wu, M., 2017. Design, synthesis and
evaluation of aromatic heterocyclic derivatives as potent antifungal agents. Eur.
J. Med. Chem. 137, 96-107.


http://refhub.elsevier.com/S1319-0164(18)30073-2/h0125
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0125
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0125
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0125
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0130
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0130
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0130
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0135
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0135
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0140
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0140
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0140
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0145
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0150
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0150
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0155
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0155
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0155
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0160
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0160
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0160
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0165
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0165
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0170
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0170
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0170
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0175
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0175
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0175
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0180
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0180
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0185
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0185
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0190
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0190
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0190
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0195
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0195
http://refhub.elsevier.com/S1319-0164(18)30073-2/h0195

	Synthesis, characterization and antibacterial activity of novel heterocycle, coumacine, and two of its derivatives
	1 Introduction
	2 Materials and methods
	2.1 Synthesis
	2.1.1 Synthesis of 4,6-Dimethylcoumarine (2)
	2.1.2 Synthesis of 6-Methyl-4-phenylcoumarin (3)
	2.1.3 General procedure for the reduction of coumarins
	2.1.4 General procedure for the preparation of disodium salt of diol derivative
	2.1.5 General procedure for the synthesis of coumacines

	2.2 Kinetic study
	2.3 Activity against aerobic bacteria
	2.4 Activity against anaerobic bacteria

	3 Results and discussion
	3.1 Synthesis
	3.2 Kinetic study
	3.3 Antibacterial activity

	4 Conclusion
	References


