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A new coumarin derivative, (E)-3-(3-(4-(dimethylamino) phenyl) acrylo-yl)-4-hydroxy-2H-chromen-2-one (3), was synthesized
by the condensation of 3-acetyl-4-hydroxycoumarin (1) with 4-N,N-dimethylaminobenzaldehyde (2) in the presence of piperidine
in ethanol. ,e structure of the synthesized compound was characterized using spectroscopic data (IR and 1H NMR) and
elemental analysis. ,e antimicrobial properties and acetylcholinesterase inhibition activity (AChEI) of coumarin 3 were in-
vestigated, with the highest observed AChEI activity providing 48.25% inhibition.,e electronic absorption and emission spectra
revealed that 3 exists as two, main keto-enol tautomers. ,e ratios of these tautomers in both protic and aprotic solvents with
different polarities and dielectric constants were calculated. ,e fluorescence of coumarin 3 was enhanced upon increasing the
medium viscosity, which was due to the resultant molecular rigidity.,is criterion was further investigated using DNA, whereby 3
showed enhanced fluorescence upon its uptake in DNA grooves and was therefore tested as a novel DNA fluorescent stain.

1. Introduction

Coumarins are an important class of benzopyrones present
in various natural products and numerous pharmaceutically
valuable compounds [1]. With their privileged scaffold,
coumarins exhibit a broad spectrum of biological activity;
namely, they act as anticoagulants, antibiotics, and anti-
oxidants, as well as anti-inflammatory, anti-HIV, and an-
ticancer agents. ,ey also exhibit thermal photosensitizing,
vasodilator, and estrogenic activities [2, 3]. Coumarins are
commonly used in the treatment of prostate cancer, renal

cell carcinoma, and leukemia and can counteract the side
effects of radiotherapy. Both natural and synthetic coumarin
derivatives have gained considerable attention because of
their photochemotherapy and therapeutic applications for
cancer treatment [4].

Novobiocin and clorobiocin are coumarin-derived an-
tibiotics that are used as competitive inhibitors of the
bacterial adenosine-5-triphosphate (ATP)-binding gyrase B
subunit where the inhibition they provide blocks the neg-
ative supercoiling of relaxed DNA [5–7]. Another example is
wedelolactone, a natural, coumarin-containing product that
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is used as an antidote for venomous snakebites [8, 9] and as
an anticancer agent for breast and prostate carcinomas [10].

Recent research suggests that the connection of a
chalcone moiety with the coumarin ring is quite promising
for the synthesis of derivatives with enhanced tissue plas-
minogen activator (TPA) cross-sections [11–13]. During our
continuing interest in the synthesis of coumarin derivatives,
including 4-hydroxyl coumarin, that demonstrate antibac-
terial and antioxidant activities [14, 15], we have extended
our research to include the synthesis and biological evalu-
ation of new coumarin-chalcone compounds as antibacterial
agents and acetylcholinesterase (AChE) inhibitors
(AChEIs). Furthermore, since there are few reports de-
scribing the synthesis of compounds containing both cou-
marin and chalcone units [16], this study is greatly
important. Coumarin-chalcone derivatives containing a
urea moiety are also of interest as they exhibit strong activity
against the H4IIE cancer cell line [17].

Chalcones are an important class of aromatic ketones that
occur in nature. ,ey consist of an electron donor and an
electron acceptor connected by a π-conjugated spacer. Chal-
cones can be used in various medical applications due to their
antimalarial, anti-infective, anticancer, anti-inflammatory,
antifungal, antioxidant, and antituberculosis properties [18]. A
unique criterion of chalcones that is associated with their
inherent molecular flexibility is their unique, microenviron-
ment-dependent optical properties [19, 20]. For instance, the
fluorescence efficiency of these compounds increases sub-
stantially in viscous media. Furthermore, nonradiation deac-
tivation via internal conversion is a common phenomenon that
occurs in flexible molecules, which leads to such molecules
exhibiting weak fluorescence in fluid media [21].

Several coumarin-chalcone hybrid compounds have
been synthesized and characterized for their pharmaco-
logical properties [22]; their potential to serve as biological
[23, 24], antimicrobial [25, 26], anticancer [27], anti-
trypanosomal, and antioxidant compounds [28]; and their
ability to inhibit AChE and butyrylcholinesterase [29]. New
coumarin-chalcone hybrids with trypanocidal properties
have also been synthesized and characterized [22, 30].

In the present paper, we report the synthesis, character-
isation, and bioactivity of a new (E)-3-(3-(4-(dimethylamino)
phenyl) acrylo-yl)-4-hydroxy-2H-chromen-2-one (3). ,e
design of our novel coumarin benefits from the bioactivities of
both the coumarin and chalcone moieties and simultaneously
exploits the ability of the chalcone moiety to serve as a built-in
probe for microenvironment probing. ,ese chalcone prop-
erties also allowed us to assess the nature of the interaction
between our developed coumarin and DNA molecules. ,e
application of this coumarin as a new, potential DNA fluo-
rescent stain is also described herein.

2. Experimental

2.1. Synthesis and Characterisation of 3-Acetyl-4-Hydroxy-
2H-Chromen-2-One. 3-Acetyl-4-hydroxy-2H-chromen-2-
one was prepared by adding 3-acetyl-4-hydroxycoumarin
(1) to a solution of 4-hydroxy-2H-chromen-2-one (3 g,
1.86mmol) in acetic acid (16mL) and phosphorus

oxychloride (POCl3; 5.6mL). ,e mixture was heated under
reflux for 30min. After cooling, the precipitate was collected
and recrystallized from ethanol to yield 3-acetyl-4-hydroxy-
2H-chromen-2-one as white needles. Yield 2.7 g (90%); m.p.
135 °C. IR spectrum, m cm−1: 3185 (OH); 1705 (CO); 1700
(O–CO lactone). 1H NMR spectrum (CDCl3), δ ppm: 2.72
(3H, s, CH3); 7.98 (1H, s, H-5); 7.95 (1H, dd, 3 J7.8� 8.35, 4
J6.8�1.2, H-8); 7.1–7.4 (2H, m, H-6, H-7); 17.69 (1H, s,
OH). 13C NMR spectrum (CDCl3), δ ppm: 29.9 (CH3); 178.5
(CO); 159.8 (C-4); 154.6 (C-2); 101.26 (C-3); 115.0–136.0
(aromatic C). Mass spectrum,m/z (I, %): 204 [M] (100); 189
(74); 161 (43). Elemental analysis (%) for C11H8O4: calcd. C,
64.71; H, 3.95; O, 31.34. found C, 64.8; H, 4.1; N, 31.4.

2.2. Synthesis and Characterisation of (E)-3-(3-(4-(Dimethy-
lamino) Phenyl) Acrylo-Yl)-4-Hydroxy-2H-Chromen-2-One
(3). A solution of 1 (1 g, 5mmol) in ethyl alcohol (10mL)
and the selected aromatic aldehyde 4-N,N-dimethylami-
nobenzaldehyde (2; 5mmol) in the presence of piperidine
(1mL) was refluxed for 10–12 h. ,e solution was cooled,
and water was added to precipitate the desired chalcone
compound (3).

2.2.1. 1-(4-Hydroxy-2-Oxo-2H-Chromen-3-Yl)-3-(4-Dime-
thylaminophenyl)-2-Propen-1-One. Mol. for: C20H17NO4,
M.wt. 335.35, yield 71%, and m.p. 130–132 °C; IR (KBr,
cm−1): 3675 (OH), 2987 (–CH aliphatic stretching), 1726
(C�O), 1698 (C�O), and 1541 (C�C); 1H NMR (400MHz
CDCl3, δ, ppm): 3.06 (6H, s, Ha,b), 6.68 (2H, d, H2′,3′),
7.28–7.38 (2H, m, H6,10), 7.62–7.65 (3H, m, H5′,6′,8′), and
8.06–8.25 (3H, m, H5,7,9′); 13C NMR (CDCl3, 100MHz,
ppm): 40.2 (Ca,b), 100.0 (C3), 111.9 (C6′,8′), 115.8 (C9), 116.9
(C10), 117.4 (C7), 122.7 (C6), 124.1(C4′), 125.8 (C5),
132.3(C9′,5′), 135.4 (C2′), 149.6 (C3′), 153.0 (C7′), 154.6 (C8),
160.7 (C2), 182.4 (C4), and 190.6 (C1′). Elemental analysis
(%) for C20H17NO4: calcd. C, 71.63; H, 5.11; N, 4.18, found C,
71.7; H, 5.2; N, 4.2.

2.3. Electronic Absorption and Emission Spectra. ,e elec-
tronic absorption spectra were recorded on a Cary-400 UV-
visible spectrophotometer connected to a Cary data acqui-
sition system using 1-cm matched silica cells. Emission and
excitation spectra were recorded using a Jasco FP-8200
spectrofluorometer with an excitation bandwidth of 5 nm,
an emission band width of 5 nm, and a Xe lamp light source.
Chemicals were purchased from Sigma–Aldrich and used
without further purification. All the solvents used in this
study were of the highest purity (Merck).

2.4. :eoretical Calculations. Molecular orbital calculations
were performed using Gaussian 09 suites [31] and pictured
by the Gauss View [32] program. A density functional theory
(DFT) employing Becke’s three-parameter Lee–Young–Parr
functional (B3LYP) and the 6-31G(d) basis set was used to
optimize the geometry of the molecular structures of the
tautomers of coumarin 3 to a minimum. ,e dipole mo-
ments of the tautomers of 3 were also calculated. Electronic
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UV-Vis spectra of 3 in different organic solvents were
simulated using time-dependent DFT (TD-DFT) [33] with
the 6-31G(d) basis set.

2.5. Gel Electrophoresis. Gel electrophoresis was performed
using a DNA-protein gel electrophoresis unit (model: Bio-
Rad Power Pac 300; serial no.: 282BR15744; USA product)
with a maximum power of 195 VA, a frequency of
−50–60Hz, and an AC voltage of −100–120V. Gel docu-
mentation was performed using an illumination system
(model: UV Star Biometra 312) with a 312 nm excitation
wavelength.

In a typical run, a Tris/borate/EDTA buffer (denoted
TBE buffer, where Tris� (tri-hydroxymethyl) amino-
methane and EDTA�X) buffer was prepared in two stages,
which are as follows:

(i) A TB solution was first prepared by dissolving 10.8 g
of Tris together with 5.5 g of boric acid in 900mL of
distilled water using a magnetic stirrer at room
temperature.

(ii) A 4mL portion of a 0.5M EDTA–Na2 (pH 8.0)
solution was added, and the volume was adjusted to
1 L. ,e resulting buffer was stored at room
temperature.

Additionally, an agarose solution containing the fluo-
rescent staining dye was prepared in two steps, which are as
follows:

(i) Agarose (1.5 g) was weighed and dissolved in 100mL
of the TBE buffer solution by heating on a magnetic
stirrer until a clear agarose solution was obtained.

(ii) A fluorescent stain (20 μL; Midori Green Advance
DNA Stain) was added as a gel stain.

3. Results and Discussion

3.1. Characterisation. ,e reaction between 4-hydrox-
ycoumarin and POCl3 in glacial acetic acid under reflux for
24 h afforded 1 in excellent yield (90%) (Scheme 1) [34].

,e IR spectrum of compound 1 revealed a strong band
at 3185 cm−1, confirming the presence of an OH group and a
band at 1700 cm−1, which is characteristic of the coumarin
C�O moiety. ,e 1 H NMR data of 1 revealed a signal at
2.72 ppm attributed to the methyl protons, and the aromatic
protons resonated between 7.1 and 7.98 ppm. ,e hydroxyl
proton (OH) resonated at 17.69 ppm.

,e synthesis of coumarin-chalcone 3 was achieved in
one step using a new protocol that involved mixing 1 with 2
under reflux in the presence of piperidine in ethanol
(Scheme 2).,e synthesized product was obtained as a solid,
and its purity was checked by thin-layer chromatography
(eluent: hexane/ethyl acetate, 1/1, v/v).

Conventional chalcone syntheses typically require very
long reaction times, ranging from 24 to 36 h at room
temperature [35]. Our protocol incorporates small changes
in the reaction conditions, namely, the use of chloroform as
the solvent and the incorporation of a mild organic base

(e.g., piperidine), which reduces the reaction time to 1–1.5 h.
Moreover, the isolation of novel coumarin 3 was facilitated,
whose structure was identified using spectroscopic data and
elemental analysis.

,e IR spectrum of 3 showed bands corresponding to
OH, (ketone) C�O, and C�C stretching vibrations at
3675 cm−1, 1726 cm−1, and 1541 cm−1, respectively
(Figure 1). ,e 1H NMR spectrum of 3 in CDCl3 (Figure 2)
showed a singlet at 3.06 ppm for six protons attributed to the
methyl groups, a signal at 19.05 ppm for the OH proton, and
multiplets between 7.28 and 8.25 ppm corresponding to the
other 10 protons.

,e 13C NMR spectrum of 3 in CDCl3 (Figure 3) showed
a signal at 40.2 ppm corresponding to Ca,b, whereas that of
C3 appeared at 100 ppm, that of C2 was noted at 160.7 ppm,
and that of C4 appeared at 182.4 ppm. One downfield signal
at 190.6 ppm was attributed to the C�O moiety, and the
aromatic carbons showed up between 122.7 and 154.6 ppm.
Coumarin 3 can exist in several tautomeric forms, but the
most stable are A and B, which are stabilized by intra-
molecular hydrogen bonding (Scheme 3).

3.2. Biological Activities

3.2.1. Antibacterial Activity. Coumarin derivatives 1 and 3
were screened for their antibacterial effects, as reported in
our previous work [36]. ,e antibacterial activities of
compounds 1 and 3 against human pathogenic Gram-
positive and Gram-negative bacteria were estimated by
measuring the zone of inhibition using the disc diffusion
method. ,e synthesized coumarins (1 and 3) showed ac-
tivity against all bacteria present in three different con-
centrations: 0.1, 0.3, and 0.5mg/mL (Table 1).

,e minimal inhibitory concentrations (MICs) of cou-
marin derivatives 1 and 3 were determined against Listeria
monocytogenes (ATCC 19117), Salmonella typhimurium
(ATCC 14028), and Micrococcus luteus. ,e activity of
ampicillin toward these same microorganism indicators was
also tested to compare the activities of the newly synthesized
coumarin derivatives with that of a commonly used stan-
dard. ,e results are shown in Table 2.

Coumarin 3 showed better activity (MIC� 0.314mg/mL)
than that of ampicillin against Micrococcus luteus, but its ac-
tivity toward Salmonella typhimurium was much lower
(MIC� 0.040mg/mL). ,e nature of the N,N- dimethylamino
group and the presence of hydrogen bonds greatly influence
the activity of the compounds with Gram-negative bacteria
[37]. ,e most active compound among the three that were
tested was coumarin 3, which had the highest activity against
the Gram-negative bacterium Salmonella typhimurium
(ATCC14028). Notably, this activity of 3 is greater than that
typically exhibited by the commonly used ampicillin. All three
substances exhibited weak effects against the Gram-positive
bacteria Listeria monocytogenes (ATCC 19117).

3.2.2. Acetylcholinesterase Inhibition. AChE is the hydro-
lysis product of the neurotransmitter acetylcholine, which
terminates impulse transmission at cholinergic synapses of
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the central and peripheral nervous systems. Degenerative
nervous diseases, such as Alzheimer’s disease, have been
associated with a deficiency of acetylcholine. AChEIs have
been used for the symptomatic treatment of Alzheimer’s
disorders [38]. ,e AChE enzyme test was performed as
reported previously [39–41], where coumarin 3 showed
significant AChEI activity (Table 3).

3.3. Absorption and Emission Spectra. ,e electronic ab-
sorption and emission spectra of coumarin 3 (1× 10−5M)
were measured at room temperature as a function of medium
acidity and polarity. ,e UV-visible absorption spectra of
coumarin 3 were collected in 10% ethanolic-universal buffer
solutions of different pH values. In acidic media (pH� 2, 4,
and 6), a well-developed, broad band was noted at approx-
imately 500 nm, but in basic media (pH� 8 and 10), an ab-
sorption band developed at a shorter wavelength of about
400 nm (Figure 4). ,e short-wavelength band at approxi-
mately 400 nm is assigned to the keto tautomer, whereas the

long-wavelength band at approximately 500 nm is assigned to
the enol tautomer, which is characterized by extended con-
jugation. Assuming that the keto form exists exclusively in
basic media at a pH of 10, as shown in Figure 4, the molar
absorptivity of the keto tautomer was calculated to be
3.3×104 L/mol cm. On the other hand, assuming that the enol
form exists exclusively in an acidic medium at a pH of 4, as
shown in Figure 4, themolar absorptivity of the enol tautomer
was calculated to be 2.25×104 L/mol cm. ,ese molar ab-
sorptivity values were applied to calculate the approximate
ratios of both tautomers in organic solvents of different
polarities (vide infra).

,e emission spectra of both tautomers were recorded
separately by adjusting both the medium acidity and exci-
tation wavelengths. In a basic medium where the keto form
is expected to dominate, fluorescence excitation at 400 nm
gave a well-resolved, symmetrical fluorescence band around
500 nm, as shown in Figure 5.

,e excitation spectrum obtained after the emission
maximum at 550 nm gave an excitation maximum at

OH O

O

H
Reflux

piperidine
EtOH

N
N

1 2 (a) (b)

+

OO

O
H

O

OO N

O
H

O

OO

Scheme 2: Synthesis of (E)-3-(3-(4-(dimethylamino) phenyl) acrylo-yl)-4-hydroxy-2H-chromen-2-one (3), which exists as two keto-enol
tautomers (A and B).
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Figure 1: Synthesis of 3-acetyl-4-hydroxycoumarine.
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Figure 1: FTIR spectrum of coumarin 3.
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400 nm, which coincides with the absorption spectrum of
the keto form (Figure 4).

In an acidic medium where the enol form is expected to
dominate, fluorescence excitation at 500 nm gave a struc-
tured fluorescence emission in the range of 570 to 800 nm, as
shown in Figure 6. ,e excitation spectrum obtained after

the emission maximum at 650 nm gives an excitation
spectrum with a strong maximum at 424 nm and a weaker
band at 550 nm. Both bands coincide with the absorption
bands of the enol form.

A comparison of the fluorescence spectra of both tau-
tomers of 3 shows that the keto tautomer, which prevails in
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basic media, is characterized by a well-resolved, intense
fluorescence peak, whereas the enol form that prevails in
acidic media is characterized by structured, low-intensity
fluorescence peaks. ,is is explained in terms of the amino
nitrogen in the chalcone moiety of each tautomer, which
causes a dual fluorescence quenching action. Specifically, the
first quenching effect is due to the charge-transfer donor-
acceptor effect within the chalcone-coumarin system being
reduced. ,e other quenching effect is a result of the amino-
nitrogen moiety being electron-withdrawing (due to its
ability to be protonated) rather than electron-donating. It is
well known that electron-donating groups enhance fluo-
rescence, while electron-withdrawing groups quench
fluorescence.

Figure 7 shows the change in fluorescence intensity
(λex � 500 nm, λem � 550 nm) as a function of pH. In acidic
media, low fluorescence intensities were observed, and the

fluorescence intensities increased as the medium basicity
increased. From the plot of pH versus log [(Amax −A)/
(A−Amin)] (Figure 8), the conversion of the keto form to the
enol form is most pronounced in a 10% aqueous ethanolic-
universal buffer solution with a pH of 6.

3.4. :eoretical Calculations. ,e optimized structures to-
gether with the charge distribution for each atom in the
optimized structure are illustrated for the two tautomers of
coumarin 3 using the B3LYB/6-31G level of theory and the
DFT method (Figure 9). ,e directions and relative mag-
nitudes of the dipole moment for each tautomer were de-
termined using the B3LYB/6-31G(d) level of theory. ,e
lengths along the dipole-moment directions gave the relative
magnitudes of the dipole moments for both tautomers.

H
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Scheme 3: Tautomeric forms of compound 3.

Table 1: Results of in vitro tests of the antimicrobial activities of coumarin derivatives 1 and 3.

Bacteria Micrococcus luteus
(LB 14110)

Listeria
monocytogenes
(ATCC 19117)

Staphylococcus
aureus (ATCC

6538)
E. coli

Salmonella
typhimurium
(ATCC 1402)

Conc. (mg/ml) 0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5
Derivative 1 15 13 12 11 14 17 14 13 10 11 12 13 14 15 16
Derivative 3 15 13 12 11 14 17 14 13 10 11 12 13 14 15 16

Table 2: Minimal bacterial inhibitory concentrations (MICs) of 1,
3, and ampicillin measured in mg/mL.

Microorganism indicator Compounds MIC
(mg/mL)

Listeria monocytogenes (ATCC 19117)
1 1.235
3 0.615

Ampicillin 0.039

Salmonella typhimurium (ATCC 14028)
1 1.26
3 0.040

Ampicillin 0.6235

Micrococcus luteus
1 0.323
3 0.314

Ampicillin 0.0134

Table 3: Acetylcholinesterase (AChE) inhibitor (AChEI) activities
of the synthetic products.

Synthetic
products

AChEI activities of the synthetical products
(%)

1 35.2
3 48.25
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Figure 4: Absorption spectra of coumarin 3 (1× 10−5 M) in
aqueous ethanolic solutions of different pH values.
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Selected bond lengths (Å), dihedral angles (°), and bond
angles (°) for the gas-phase tautomers of coumarin 3 together
with the calculated dipole moments of the tautomers are
given in Table 4.

3.5. Solvent Effect Study. ,e emission and absorption
spectra of coumarin 3 were measured in aqueous and or-
ganic solvents of different polarities (∆f), as given by the
following relation equation (1) [42]:

Δf �
(ε − 1)

(2ε + 1)
−

n
2

− 1 

4n
2

+ 2 
, (1)

where ε is the dielectric constant and n is the refractive
index of the solvent. Solvents of higher polarity are ex-
pected to enhance the formation of tautomers with higher
dipole moments. ,e keto tautomer possesses a higher
dipole moment value (6.19) than that of the enol form

(3.85). ,is explains the increased amount of the keto
form in polar solvents. Table 5 shows the keto/enol ratios
when coumarin 3 is dissolved in organic solvents with
different polarities and ε values. It shows graphical rep-
resentations of the increase in the keto/enol ratios as the
solvent polarity increases. ,is was observed in both
protic and aprotic solvents.

Solvent hydrogen bond donating parameter α [43] is
another important factor that enhances the formation of the
enol tautomer at the expense of the keto form. A linear
correlation exists between the hydrogen bond donating
parameter α of water (1.17), butanol (0.79), isopropanol
(0.76), and acetonitrile (0.19). ,e enol form (%) in these
solvents were 21.7, 16.5, 16.5, and 9.3% respectively
(Figures 10 and 11).
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(1× 10−5 M) dissolved in a 10% ethanolic-universal buffer solution
(λex � 500 nm, λem � 650 nm).
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marin 3 in a 10% aqueous ethanolic-universal buffer solution,
which is most pronounced at a pH of 6. Absorbance at 402 nm was
monitored.
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Figure 9: Optimized structures of the keto (A) and enol (B) tautomers of coumarin 3 and their charge distributions.,e arrows indicate the
direction of the dipole moment for each tautomer that was determined using the B3LYB/6-31G(d) level of theory. ,e lengths along the
dipole-moment directions give the relative magnitudes of dipole moments for both tautomers.

Table 4: Selected bond lengths (Å), dihedral angles (°), and bond angles (°) for the gas-phase tautomers of coumarin 3, as calculated with the
B3LYP/6-31G(d) level of theory.

Parameters A Form B Form
Bond length (Å)
O30–H34 1.028 1.461
O29–H34 1.493 1.041
O30–C31 1.319 1.266
C31–C10 1.428 1.477
C10–C32 1.448 1.404
C32–O29 1.261 1.313
C11–O28 1.214 1.211
C11–O27 1.395 1.402
C23–N26 1.375 1.377
C12–C14 1.362 1.358
Bond Angle (°)
O30–H34–O29 153.41 152.86
C31–C10–C32 118.08 117.76
C11–O27–C3 123.35 123.40
O28–C11–C27 114.75 114.76
C12–C14–C16 126.96 127.39
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Table 5: ,e ketol/enol ratios when coumarin 3 was dissolved in solvents with different polarities and dielectric constants (ε).

Solvent Dielectric constant (D) Δf Enol form (%) Keto form (%)
n-hexane 1.9 0.13 83.0 17.0
n-heptane 1.9 0.12 90.6 9.4
cyclohexane 2.0 0.15 91.0 9.0
dioxane 2.2 0.12 93.8 6.2
CCl4 2.2 0.12 92.8 7.2
benzene 2.3 0.12 90.4 9.6
CHCl3 4.8 0.25 87.3 12.7
CH2Cl2 9.1 0.32 70.0 30.0
BuOH 17.8 0.36 83.5 16.5
IsoPrOH 18.3 0.37 83.5 16.5
EtOH 24.6 0.38 60.9 39.1
EG 31.7 0.30 38.9 61.1
MeOH 32.6 0.39 61.0 39.0
ACN 35.9 0.39 90.7 9.3
DMF 38.3 0.38 46.1 53.9
Acetone 39.3 0.28 72.6 27.4
Glycerol 42.5 0.32 64.3 35.7
DMSO 46.5 0.37 9.7 90.3
H2O 78.4 0.36 78.3 21.7

Table 4: Continued.

Parameters A Form B Form
C39–N26–O35 119.60 121.24
Dihedral angle (°)
C39–N26–C23–C19 179.99 179.97
C21–C23–N26–O35 179.98 179.97
H34–O30–C31–C12 179.99 179.99
O29–C30–C10–C11 179.99 179.99
C32–C10–C11–O28 179.97 180.00
C5–C4–C3–O27 179.99 179.99
Dipole moment (D) 6.19 3.85
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Figure 10: Changes in the keto/enol ratios of coumarin 3 as a function of solvent polarity for aprotic (a) and protic (b) solvents.
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3.6. Effect of Molecular Oxygen on Fluorescence Efficiency.
Coumarin 3 fluorescence was found to be reversible upon
quenching by molecular oxygen (Figure 12). Molecular

oxygen is a paramagnetic species, and its presence in the
medium increases the rate of intersystem crossing (isc) at
the expense of molecular fluorescence. Figure 12 shows

Figure 11: Color display of coumarin 3 emission under a 365 nm UV-torch in solvents of different polarities: (I) THF, (II) CCl4, (III)
CH2Cl2, (IV) C4H9Cl, (V) CHCl3, (VI) EG, (VII) 1,4-dioxane, (VIII) CH3CN, (IX) DMF, (X) acetone, (XI) CH3OH, and (XII) C2H5OH.
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Figure 12: Emission spectra (λex � 500 nm) of coumarin 3 (3×10−6 M) in ethanol (a), flushed with O2 for 10min (b), and flushed with N2 for
10min (c).
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Figure 13: Absorption spectra of coumarin 3 (1× 10−5 M) in 10% ethanolic aqueous solutions with increasing cetyl trimethyl ammonium
bromide (CTAB) concentrations.
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that the original fluorescence was nearly recovered upon
the deoxygenation of the ethanolic medium via nitrogen
flushing. ,is reversible fluorescence quenching by mo-
lecular oxygen could allow coumarin 3 to be used to

determine the accessibility of oxygen to regions of
macromolecules surrounding intrinsic or bound fluo-
rophores, and to probe structural fluctuations in mac-
romolecules [44].
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Figure 14: Fluorescence spectra (λex � 500 nm) of coumarin 3 (1× 10−5 M) in 10% ethanolic aqueous solutions (a) and its fluorescence
intensity (b) with increasing sodium dodecyl sulfate (SDS) concentrations.
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Figure 15: Absorption spectra (a) and fluorescence spectra (λex � 500 nm) (b) of coumarin 3 (1× 10−5 M) in ethanol/glycerol mixtures with
different glycerol concentrations.
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Figure 16: Emission spectra (λex � 500 nm) of coumarin 3 (1× 10−5 M) in the presence of different concentrations of DNA in a 0.1M Tris-
HCl buffer.,eDNA concentrations used to obtain the different fluorescence intensities at 575 nm are 0.400 (dark blue), 0.550 (black), 0.700
(red), 0.900 (green), and 1.100 μg/mL (light blue).
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Figure 17: Emission spectra of coumarin 3 (1× 10−5 M) in the presence of different concentrations of DNA in a 0.1M Tris-HCl buffer.

Figure 18: Gel electrophoresis of DNA fragments using coumarin 3 as a fluorescent stain dye.
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3.7. Effect of Microenvironment on Fluorescence Efficiency

3.7.1. Effect of Surfactants. Coumarin 3 undergoes solu-
bilization in the presence of both anionic (sodium
dodecyl sulfate; SDS) and cationic (cetyl trimethyl am-
monium bromide; CTAB) surfactants. Figure 13 shows
the change in the absorption spectra of coumarin
3 (1 × 10−5M) as a function of the CTAB con-
centration. As the CTAB concentration increases, the
keto tautomer concentration increases at the expense of
the enol form, whereby a nonsharp isosbestic point is
obtained at approximately 425 nm. ,e appearance of an
isosbestic point is an indication of keto and enol tau-
tomers being the two main species in which coumarin 3
exists.

,e solubilization of coumarin 3 in anionic SDS in 10%
ethanolic aqueous solutions occurs with the keto-form ab-
sorbance at 400 nm increasing as the SDS surfactant con-
centration increases. ,e keto form fluorescence at 550 nm
(λex � 500 nm) also increased as the SDS surfactant con-
centration increased, as shown in Figure 14(a). ,e fluo-
rescence intensity-SDS concentration plot (Figure 14(b))
shows a break at an SDS concentration of 6.25×10−3M,
which is close to the SDS critical micelle concentration
(CMC) of 8.5×10−3M. Earlier reports have indicated that
the CMC of aqueous SDS decreases with the addition of 10%
ethanol [45].

3.7.2. Effect of Medium Viscosity. Figure 15 shows both the
absorption and emission spectra of coumarin 3 in ethanol/
glycerol mixtures with different glycerol concentrations. ,e
fluorescence efficiency is enhanced upon increasing the
medium viscosity owing to the imposedmolecular rigidity in
the viscous medium. ,is is attributed to the suppression of
nonradiation photophysical pathways in the form of internal
conversion (ic) and vibrational cascade (vc) [21].

3.7.3. Coumarin 3-DNA Interactions. In the pH range of 5 to
9, common nucleic acid duplexes are quite stable. Below pH
5 and above pH 9, standard duplexes are destabilized be-
cause of the titration of the polar groups on the bases. Polar
groups are involved in the hydrogen bonding between DNA
base pairs, and ionization adds a net charge to the polar
bonds [46]. A solution of DNA was prepared in a 0.1M Tris
HCl buffer.,e buffer was prepared in distilled water, and its
pH was adjusted to 7 by the addition of NaOH (0.1M). ,e
fluorescence intensity of coumarin 3 at 575 nm increased
with increasing DNA concentration, as shown in Figures 16
and 17.

Emission spectra of coumarin 3 (1× 10−5M) in the
presence of different concentrations of DNA in a 0.1M Tris-
HCl buffer were collected, and it was observed that the
fluorescence intensity was lower at higher DNA concen-
trations (about 1.20 μg/mL). ,is is presumably due to the
consumption of HCl via its binding to the DNA bases and
the concomitant formation of the keto form of 3. A solution
of 3 in a 0.1M Tris HCl buffer was tested as a DNA

fluorescent stain using gel electrophoresis (see Figures 18
and 19 and Table 6).

4. Conclusion

A new and easy-to-prepare coumarin derivative, (E)-3-(3-
(4-(dimethylamino)phenyl)acrylo-yl)-4-hydroxy-2H-chro-
men-2-one (3), was synthesized.When compared to another
coumarin derivative (1) and ampicillin (a commonly used
standard), coumarin 3 exhibited the highest activity against
the Gram-negative bacterium Salmonella typhimurium
(ATCC14028). Coumarin 3 also showed the highest AChEI
activity (48.25% inhibition) among the three compounds.
,is newly designed molecule (3) benefits from the bioac-
tivity of both its coumarin and chalcone moieties and si-
multaneously exploits the ability of its chalconemoiety to act
as a built-in probe for assessing microenvironments and
interactions with DNA molecules.

Spectral studies together with quantum mechanical
calculations revealed that coumarin 3 predominantly exists
as keto and enol tautomers, with the keto form having a
higher dipole moment than that of the enol form. ,e keto/
enol ratios of coumarin 3 in both protic and aprotic solvents
with different polarities and ε values were calculated, where
keto-tautomer formation was found to be enhanced upon
increasing the polarity of the protic and aprotic solvents in
basic and micellar media. Enhanced fluorescence of cou-
marin 3 in glycerol/ethanol mixtures was observed upon
increasing the medium viscosity. ,is was ascribed to
molecular rigidity, which typically occurs when high vis-
cosities are employed.,is criterion was further investigated
in DNA solutions, whereby coumarin 3 showed enhanced

Coumarin 3

Figure 19: Analysis sheet of the gel electrophoresis technique of
DNA fragments using coumarin 3 as a fluorescent stain dye.

Table 6: Analysis data of the gel electrophoresis technique of DNA
fragments using coumarin 3.

Lane Band Area Volume Size Sample ID
5 13 2025 421694 124 PCR sample
5 14 1943 3653737 70 PCR sample
7 15 2187 1407334 151 S∗2 (ladder-stained sample)
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fluorescence upon its uptake in DNA grooves and was
therefore tested as a novel DNA fluorescent stain. Finally, gel
electrophoresis was carried out, whereby enhanced fluo-
rescence was observed in the DNA regions. We suggest
molecular docking against DNA gyrase inhibitory activity.
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