
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

4 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 1

/2
1/

20
26

 1
1:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Synthesis and ph
Department of Chemistry, School of Adv

632014, Tamil Nadu, India. E-mail: ssarves

† Electronic supplementary informa
https://doi.org/10.1039/d4ra04335a

Cite this: RSC Adv., 2024, 14, 30385

Received 13th June 2024
Accepted 11th September 2024

DOI: 10.1039/d4ra04335a

rsc.li/rsc-advances

© 2024 The Author(s). Published by
otophysical properties of novel
bis-quinolin-3-yl-chalcones†

Indhu Chandrasekaran and S. Sarveswari *

A novel series of unsymmetrical bis-quinolin-3-yl chalcones has been synthesized under visible light using

a Claisen–Schmidt condensation reaction between the 2-(morpholine-piperidine-pyrrolidine-

thiomorpholine) substituted quinoline-3-carbaldehyde and 1-(2-methyl-4-phenylquinolin-3-yl) ethan-1-

one derivatives, conducted at room temperature in the presence of NaOH/EtOH. The structures of the

synthesized compounds have been confirmed by NMR spectroscopy and high-resolution mass

spectroscopy. The synthesized compounds exhibit lmax values ranging from 215 nm to 290 nm in non-

polar to polar solvents, demonstrating positive solvatochromism. Compounds containing nitro group

substituent exhibit a significant blue shift owing to their strong electron-withdrawing ability, which also

contributes to fluorescence quenching. Geometrical optimization and the calculation of HOMO, LUMO,

and energy gap are calculated by using the DFT/B3LYP/6-31G(d) method.
1. Introduction

Chalcones are a,b-unsaturated ketones that are naturally
distributed in a diverse range of plants, fruits, and vegetables.
They serve as important precursors in avonoid and iso-
avonoid synthesis,1,2 contributing signicantly to the yellow
pigmentation observed in various plant organs.3 Structurally,
chalcones consist of two aromatic rings interconnected by
a ketoethylenic chain.4 The two aromatic rings in the chalcones
oen constitute a donor–acceptor–donor (D–A–D) core and
generally undergo intramolecular charge transfer (ICT).5 The
alteration in its photophysical activity can be achieved by
modulating the electron donors or acceptors within the core
structure. Beyond their extensive biological applications,6–9 they
also act as photoinitiators,10 photosensitizers,11 sensors,12,13

uorescent dyes,14 uorescent probes,15 optoelectronic
devices,16 and nonlinear optical materials.17,18 They also serve as
a precursor for various heterocyclic compounds through ring
closure reactions.19,20

A plethora of synthetic methods have been reported for
chalcone synthesis because of their simplicity of structure, ease
of construction, and promising biological activities.21 Several
pathways such as Claisen–Schmidt condensation, Carbon-
ylative Heck's coupling reaction, Suzuki–Miyaura's coupling
reaction, and Sonogashira's isomerization coupling22 have been
employed for the process. But the Claisen–Schmidt condensa-
tion is carried out in basic or acidic media under homogeneous
anced Sciences, VIT University, Vellore

wari@vit.ac.in

tion (ESI) available. See DOI:

the Royal Society of Chemistry
conditions23 remains a conventional method. Though it bears
several drawbacks such as slow reaction rate, the formation of
by-products, and incomplete reaction yet regardless of this it is
themost common and simple procedure with enhanced yield as
compared to other common methods.24 Traditional Claisen–
Schmidt reaction has been performed by using aqueous NaOH
or KOH or ethanolic NaOEt at 50 °C over a time of few to several
hours.25 It has certain inherent limitations, such as prolonged
reaction times, reported lower yield, and a requirement of high
temperatures, for example, the Tiwari V.26 (Scheme 1), Desai N.
C.,27 and Peerzade N.28 reported the chalcone synthesis in good
yield but the reaction duration was about 24 hours. In contrast,
Kachadourian R., and Cho C. (Scheme 1), were able to shorten
the reaction29,30 duration by elevating the temperature (up to 80
°C), underscoring the role of temperature in accelerating chal-
cone synthesis and potentially facilitating faster reaction. There
are numerous reports utilising microwave irradiation,31–34

sonication,35–37 and conventional reux methods for this
purpose. Although, ultrasonication38 and microwave
Scheme 1 Different approaches for the synthesis of chalcone deriv-
atives of quinoline.
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irradiation39 (Scheme 1) have also positively impacted the
reaction duration and the total yield, it requires a comparatively
complex setup.

Thus, our curiosity led us to investigate visible light irradi-
ation in the Claisen–Schmidt condensation as an alternative
energy source to enhance yields at room temperature with
a simpler setup. Visible light irradiation introduces an innova-
tive aspect to the traditional Claisen–Schmidt condensation,
providing a mild and sustainable energy source that facilitates
the reaction through photochemical pathways. As visible light
represents a renewable, clean, and abundant energy source,40

this approach harnesses enough energy to perform the reaction
without the disadvantages of thermal activation, such as high
temperatures or harsh reaction conditions.41 Recent advances
in visible-light-driven organic reactions have attracted extensive
attention from the synthetic community.42 It also offers
numerous applications, such as mild reaction conditions,43

minimal side reactions,44 simple experimental setups,45 and
increased product yields. Under visible light irradiation, elec-
trons can be excited from the ground state to higher-energy
orbitals when the incident light energy matches the electronic
transition energies in molecules. Electron transitions can occur
from the highest occupied molecular orbital (HOMO) to the
lowest unoccupied molecular orbital (LUMO). The photoexcited
electrons then return to the ground state through electron-
vibration coupling, generating heat within the molecules.46,47

Accordingly, we endeavoured to synthesize a novel series of
unsymmetrical bis-quinolin-3-yl chalcones (Fig. 1) under visible
light. This synthesis involved the incorporation of two crucial
groups of quinoline derivatives in terms of application, such as
yield 2-(morpholine-piperidine-pyrrolidine-thiomorpholine)
substituted quinoline-3-carbaldehyde (3–6) and derivatives of
quinoline (12–16). Notably, while quinolinyl chalcones are
frequently reported in the literature, reports on bis-quinolin-3-yl
chalcones are scarce, with only a few instances documented.48,49

The utilisation of visible light has been positively reected in
both the reaction kinetics and product yield during the present
synthesis of bis-quinolin-3-yl chalcones. Thus, a novel series of
chalcones were synthesized with improved yield, and shorter
reaction duration, without the use of any harsh conditions or
Fig. 1 The general structure of the synthesized unsymmetrical bis-
quinolin-3-yl chalcones.

30386 | RSC Adv., 2024, 14, 30385–30395
reagents. The synthesised compounds were conrmed using
spectral techniques, and photophysical investigations were
conducted to assess the inuence of solvents and substituents.
Density Functional Theory (DFT) calculations were also carried
out for geometry optimisation and the determination of frontier
molecular orbitals. Various global parameters, including
Highest Occupied Molecular Orbital (HOMO), Lowest Unoccu-
pied Molecular Orbital (LUMO), energy gap, ionisation poten-
tial, hardness, soness, electronegativity, and electrophilicity
index were also calculated to elucidate the electronic properties
of the synthesised chalcones.

2. Results and discussion
2.1 Chemistry

The precursor necessary for the synthesis, 2-chloro quinoline-3-
carbaldehyde (2), was synthesised via Vilsmeier–Haack
reaction50–53 of acetanilide. Subsequently, it underwent nucleo-
philic substitution with some secondary amines (R-morpholine,
piperidine, pyrrolidine, or thiomorpholine) to yield 2-
(morpholine-piperidine-pyrrolidine-thiomorpholine)
substituted quinoline-3-carbaldehyde (3–6).54,55 The synthesis of
another precursor involved Friedlander cyclization to obtain
derivatives of quinoline (12–16) from the corresponding
substituted 2-aminobenzophenones (7–11) (where X–Cl, H or
NO2 and Y– Cl, H, and F) and acetylacetone in an acidic medium
(HCl)56–58 as depicted in Scheme 2.

Unsymmetrical bis-quinolin-3-yl chalcones (17–36), were
synthesized through Claisen–Schimdt condensation of the
aforementioned 2-(morpholine-piperidine-pyrrolidine-
thiomorpholine) substituted quinoline-3-carbaldehyde (3–6),
and derivatives of quinoline (12–16) with ethanol as solvent.
Initially, optimisation of the reaction was performed using the
model reaction of 1-(6-chloro-2-methyl-4-phenylquinolin-3-yl)
ethan-1-one (12), and 2-morpholinoquinoline-3-carbaldehyde
(3) under various conditions (refer to Table 1), including
different bases such as NaOH, KOH, K2CO3, and pyridine, under
an air atmosphere at room temperature. The progress of the
reaction was monitored using Thin Layer Chromatography
(TLC), demonstrating the formation of the reaction of the
desired product (17), with a better yield of 65% in NaOH. The
screening of different bases revealed the initially used NaOH
was the best.

Conversely, the model reaction was conducted under the
absence of light and in visible light irradiation to investigate the
impact of various sources of visible light on the Claisen–
Schmidt condensation. Initially, without any base, no product
formation was observed even aer 24 hours. Following this, we
reintroduced the optimized base, NaOH, into the reaction.
Firstly, to optimize the role of the light in this reaction, the
reaction was carried out using NaOH as the catalyst in the
absence of light, the yield of the desired product was lower,
similar to that of entry 1 of Table 1, achieving only 63% at the
end of 8 hours. On the other hand, when themodel reaction was
subjected to various visible light irradiation with the same
condition, the one with blue LED irradiation, showed the
formation of the desired product with a yield of 92% at the end
© 2024 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/D4RA04335A


Scheme 2 (a) Substrate scope of 2-(morpholine-piperidine-pyrrolidine-thiomorpholine) substituted quinoline-3-carbaldehyde (3–6). Reaction
conditions: (2) (1 mmol), secondary amine (2 mmol), K2CO3 (2 mmol). DMF (10 mL), 6 80 °C, 3 h (b) substrate scope of derivatives of quinoline
(12–16). Reaction conditions: (7–11) (1 mmol), acetylacetone (4 mmol), EtOH (10 mL), and conc. HCl, 70 °C, 6 h.

Table 1 Optimisation of the reaction conditionsa

Entry Base Light source Time Yieldb (%)

1 NaOH — 16 65
2 KOH — 20 55
3 K2CO3 — 18 62
4 Pyridine — 17 60
5 — Dark 24 —
6 — Green LED 24 —
7 — Blue LED 24 —
8 — Red LED 24 —
9 NaOH Dark 8 63
10 NaOH Green LED 8 78
11 NaOH Blue LED 8 92
12 NaOH Red LED 8 70

a Unless otherwise reported, reaction was performed with 3 (1 mmol),
12 (1 mmol), ethanol (10 mL), room temperature. b isolated yields.
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of 6 hours. This observation reveals that use of a blue LED
notably improved the yield to 92%. This signicant improve-
ment suggests that visible light enhances yield and reduces the
reaction duration by providing the necessary energy for the
reaction, overcoming the thermal limitations of conventional
heating. The role of light here is analogous to that of any
thermal source, enhancing the reaction kinetics by effectively
exciting the molecules.

To further validate the practicality of this methodology,
a scale-up reaction was performed on a 10 mmol scale. This
© 2024 The Author(s). Published by the Royal Society of Chemistry
larger-scale reaction proceeded smoothly under optimized
conditions, highlighting the synthetic advantages of this
protocol. While we have aimed to achieve shorter reaction
durations similar to those obtained with ultrasonication and
microwave irradiation, we successfully achieved a comparatively
shorter reaction duration than with conventional methods.
These ndings underscore the potential of visible light as an
efficient alternative energy source for driving chemical reac-
tions, offering a green and effective approach to enhancing
reaction yields and reducing times.

With the established optimal reaction conditions, a range of
unsymmetrical bis-quinolin-3-yl chalcones (17–36) (Scheme 3)
was synthesised, yielding high to excellent yields exceeding
85%. This protocol avoids the necessity for elevated tempera-
tures, metal catalysts, ultrasound, or microwave irradiation. All
the compounds involved ltration of the reaction mixture, fol-
lowed by pouring into cold water. Subsequently, crude products
were puried via column chromatography. Based on the ob-
tained results and existing literature precedents, even though
its specic reaction mechanism is not yet apparent, a plausible
mechanism may involve promotion of reaction in the presence
of visible light by exciting the electrons in the reactants. This
excitation can lower the activation energy of the reaction steps,
particularly the enolate formation and the nucleophilic attack.
Visible light photons are absorbed by the reactants, causing the
excitation of p-electrons to higher energy states. The excited
state of the carbonyl compounds (both aldehyde and ketone)
can have altered electronic distributions, increasing their
reactivity towards nucleophilic attack and base catalysis. Then,
the base (OH−) can more readily deprotonate the excited
ketone, forming the enolate more efficiently. This enol form is
highly reactive and readily undergoes subsequent reactions.
The enol form of acetophenone reacts with 2-(morpholine-
piperidine-pyrrolidine-thiomorpholine) substituted quinoline-
RSC Adv., 2024, 14, 30385–30395 | 30387
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Scheme 3 Substrate scope of bis-quinolin-3-yl chalcones (17–36). Reaction conditions: compounds (3–6) (1 mmol, 1 eq.) and compounds (12–
16) (1 mmol, 1 eq.), EtOH (10 mL), NaOH, room temperature, 6 h, under visible light (7 W Blue LED) radiation. Isolated yields.
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3-carbaldehyde via an aldol condensation reaction. The enol
attacks the carbonyl carbon of the aldehyde, forming an
unstable intermediate. The intermediate formed undergoes
dehydration, leading to the formation of a carbon–carbon
double bond between the a and b carbons, resulting in the
formation of the chalcone. Overall, the visible light provides the
energy needed to initiate the photoenolization of acetophe-
none, which then undergoes subsequent reactions to form the
chalcone product. This mechanism allows for the synthesis of
chalcones under milder conditions compared to traditional
thermal methods.
30388 | RSC Adv., 2024, 14, 30385–30395
2.2 Photophysical study

2.2.1 Absorption and emission spectroscopic study. The
absorption and emission spectra of the synthesized compounds
(17–36) were initially recorded in acetonitrile, a highly polar
aprotic organic solvent (where the photolysis is reduced due to
lack of water), and the corresponding photophysical data are
summarised in Table 2. As illustrated in Fig. 2, the absorption
spectra of all compounds exhibit an intense sharp band (lmax)
around the region of 262 to 277 nm and a secondary, less
intense broader band around the region of 310–330 nm. The
© 2024 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/D4RA04335A


T
ab

le
2

G
lo
b
al

re
ac

ti
vi
ty

p
ar
am

e
te
rs

o
f
al
lt
h
e
sy
n
th
e
si
se
d
co

m
p
o
u
n
d
s

C
om

po
un

ds
E
H
O
M
O
(e
V
)

E
L
U
M
O
(e
V
)

Io
n
is
at
io
n
po

te
n
ti
al
,

I
=

−E
H
O
M
O
(e
V
)

E
le
ct
ro
n
affi

n
it
y,

A
=

−E
L
U
M
O
(e
V
)

H
ar
dn

es
s

h
=

(I
−

E)
/2

(e
V
)

So

n
es
s,

s
=

1/
2h

(e
V
)

E
le
ct
ro

n
eg
at
iv
it
y,

c
=

(I
+
E)
/2

(e
V
)

E
le
ct
ro
ph

il
ic
it
y

in
de

x,
u
=

m
2
/2
h
(e
V
)

E
n
er
gy

ba
n
d
ga

p,
D
E
=

jE H
O
M
O
−

E L
U
M
O
j(
eV

)

17
−5

.3
93

3
−2

.3
21

1
5.
39

32
2.
32

11
1.
53

60
0.
32

55
3.
85

72
4.
84

28
3.
07

18
−5

.3
79

6
−2

.3
21

1
5.
37

96
2.
32

11
1.
52

92
0.
32

69
3.
85

04
4.
84

72
3.
05

85
19

−5
.4
72

2
−2

.5
25

2
5.
47

22
2.
52

52
1.
47

34
0.
33

93
3.
99

87
5.
42

57
2.
94

69
20

−5
.4
96

7
−2

.3
56

5
5.
49

67
2.
35

65
1.
57

00
0.
31

84
3.
92

66
4.
90

99
3.
14

01
21

−5
.5
72

8
−2

.3
67

3
5.
57

28
2.
36

73
1.
60

27
0.
31

19
3.
97

01
4.
91

71
3.
20

55
22

−5
.4
17

7
−2

.1
90

5
5.
41

77
2.
19

05
1.
61

36
0.
30

98
3.
80

41
4.
48

41
3.
22

72
23

−5
.3
66

0
−2

.1
17

0
5.
36

60
2.
11

70
1.
62

45
0.
30

77
3.
74

15
4.
30

87
3.
24

90
24

−5
.4
99

4
−2

.2
58

5
5.
49

94
2.
25

85
1.
62

04
0.
30

85
3.
87

89
4.
64

27
3.
24

08
25

−5
.4
96

7
−2

.3
56

5
5.
49

67
2.
35

65
1.
57

00
0.
31

84
3.
92

66
4.
90

99
3.
14

01
26

−5
.5
83

7
−3

.4
12

3
5.
58

37
3.
41

23
1.
08

57
0.
46

05
4.
49

80
9.
31

73
2.
17

14
27

−5
.5
23

9
−2

.3
45

6
5.
52

39
2.
34

56
1.
58

91
0.
31

46
3.
93

47
4.
87

12
3.
17

82
28

−5
.4
47

7
−2

.2
20

4
5.
44

77
2.
22

04
1.
61

36
0.
30

98
3.
83

40
4.
55

49
3.
22

72
29

−5
.5
62

0
−2

.4
08

2
5.
56

20
2.
40

82
1.
57

69
0.
31

70
3.
98

51
5.
03

55
3.
15

38
30

−5
.4
42

2
−2

.3
86

4
5.
44

22
2.
38

64
1.
52

79
0.
32

72
3.
91

43
5.
01

40
3.
05

58
31

−5
.6
13

7
−3

.4
12

3
5.
61

37
3.
41

23
1.
10

07
0.
45

42
4.
51

30
9.
25

19
2.
20

14
32

−5
.6
05

5
−2

.3
94

6
5.
60

55
2.
39

46
1.
60

54
0.
31

14
4.
00

00
4.
98

31
3.
21

09
33

−5
.4
74

9
−2

.4
08

2
5.
47

49
2.
40

82
1.
53

33
0.
32

60
3.
94

15
5.
06

59
3.
06

67
34

−5
.6
87

1
−2

.4
68

0
5.
68

71
2.
46

80
1.
60

95
0.
31

06
4.
07

76
5.
16

51
3.
21

91
35

−5
.6
70

8
−2

.4
43

5
5.
67

08
2.
44

35
1.
61

36
0.
30

98
4.
05

72
5.
10

06
3.
22

72
36

−5
.7
49

7
− 3

.4
39

5
5.
74

97
3.
43

95
1.
15

51
0.
43

28
4.
59

46
9.
13

78
2.
31

02

Fig. 2 The absorption spectroscopy of all the synthesized
compounds.

© 2024 The Author(s). Published by the Royal Society of Chemistry

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

4 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 1

/2
1/

20
26

 1
1:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
primary peak at around 260 nm is attributed to the p–p*

transition within the molecule, likely arising from the presence
of multiple aromatic rings and extended conjugation. The
secondary band suggests n–p* transitions due to the intra-
molecular charge transfer (ICT), supported by the large stokes
shi values up to 2.1× 104 cm−1. The absorption maxima of the
compounds follow the order of 33 > 32 > 18 > 17 > 23, indicating
compound 33 possesses the highest absorption maxima at
277 nm. This increased bathochromic shi is attributed to
thiomorpholine substitution at the 2nd position of ring A. It is
because thiomorpholine is the most electron-rich due to the
sulfur atom's electron-rich nature, making it the strongest
electron donor among the listed secondary amine substituents.
Additionally, the absence of an electron-withdrawing group at
the 60 position of ring B in compound 33 prevents a possible
hypsochromic shi as observed in compound 32, which
contains a chlorine atom, an electron-withdrawing group at
position 60 of ring B.

The photophysical properties such as stokes shi, molar
extinction coefficient, and quantum yield are calculated and
presented in Table 2. Quantum yield for compounds with nitro
groups is notably low due to uorescence quenching. Whereas
compounds like 12, 23, 28, and 33 exhibit good quantum yields.
Most compounds display stokes shis exceeding 1.5 ×

104 cm−1, indicating vibrational relaxation or thermal energy
loss before emission. The uorescence properties of all the
synthesized compounds were measured based on the absorp-
tion maxima obtained on UV-visible spectroscopy. The broad-
ened emission peaks suggest strong intermolecular interactions
and delocalization of p-electrons among the neighbouring
molecules in the solid state 53.59 All the compounds exhibit
unique uorescence in the visible region, consistent with varied
quantum yields ranging from 0.1 to 0.7 in acetonitrile. The
obtained emission spectra (Fig. 3) are observed in the range of
527 to 568 nm, with compounds containing nitro groups
emitting at shorter wavelengths compared to those without
RSC Adv., 2024, 14, 30385–30395 | 30389
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Fig. 3 The emission spectroscopy of all the synthesized compounds.

Fig. 5 The substituent effect of compounds 17–21.
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substitution. Also, the introduction of the uorine atom has
a negative effect on the quantum yield as well as the emission
intensity, indicating that both nitro groups and halide ions
present in the compounds act as quenchers.60 Also, uores-
cence intensities are inuenced by substituents and their
electron-withdrawing ability. However, bis-quinolin-3yl chal-
cone derivatives 18, 23, and 33 exhibit comparatively high
uorescence intensity.

2.2.2 Solvatochromism. The absorption wavelength of all
the synthesized compounds is measured in solvents of varying
polarity such as petroleum ether, toluene, diethyl ether,
dichloromethane, ethyl acetate, methanol, ethanol, acetonitrile,
dimethylformamide, dimethyl sulfoxide. The solvent effect on
the absorption spectra of these compounds is depicted in Fig. 4
and the ESI le.† Notably, compound 23 exhibits an absorption
wavelength of 215 nm to 290 nm with varying solvent polarities.
Analysis of the graph shows a redshi of the p–p* band of the
compound as solvent polarity increases, indicating positive
Fig. 4 The solvatochromism of the compound 23.

30390 | RSC Adv., 2024, 14, 30385–30395
solvatochromism. This positive solvatochromism pattern
results from the strong interaction of polar solvents with the
molecule, stabilising its excited state of the compound and
reducing the energy required for excitation. Consequently, the
energy difference between the ground state and the excited state
decreases, resulting in a red shi in the absorption spectrum.61

2.2.3 Substituents effect. The absorbance and emission
spectra of all compounds are signicantly inuenced by the
substituents, as demonstrated in Fig. 5 and 6. Thus It is
important to investigate the effect of electron-donating and
electron-withdrawing groups within these compounds. Initially,
the effect of the nitro and halide ions substituted at the 60

position of ring B was examined through the absorption spectra
analysis of compounds 17–21 in acetonitrile, as illustrated in
Fig. 5. Analysis of the spectra reveals notable shis in the lmax

values of compounds 17–21, with observed values of 271 nm for
17, 277 nm for 18, 264 nm for 19, 262 nm for 20, and 261 nm for
21, indicating a trend of decreasing absorption maxima as
follows: 18 > 17 > 19 > 20 > 21. Compound 18, lacking
Fig. 6 The substituent effect of the secondary amine substituents.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 The frontier molecular orbitals of compound 23 and 26.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

4 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 1

/2
1/

20
26

 1
1:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
substitution, exhibits the highest absorption wavelength due to
minimal alteration in its electronic structure by hydrogen
atoms, thus resulting in relatively high-energy transitions.
Compound 17, featuring chlorine atoms known for their
electron-withdrawing effect, experiences a slight blueshi in the
absorption spectrum. Compound 19, with multiple chlorine
atoms intensifying the electron-withdrawing effect, demon-
strates a more signicant blueshi. Compound 20, featuring
uorine known for its strong electronegativity, further enhances
the electron-withdrawing effect, resulting in a pronounced
redshi in the absorption spectrum. Nitro groups, highly
electron-withdrawing, induce a substantial blueshi in the
absorption spectrum, thereby exhibiting the lowest lmax among
the compounds. This observation underscores that compounds
bearing nitro groups possess lower wavelengths and higher
energy levels, rendering them less stable.

Proceeding to investigate the impact of the insertion of
secondary amines morpholine, pyrrolidine, piperidine, and
thiomorpholine, the absorption maxima of compounds 18, 23,
28, and 33 in acetonitrile solvent as illustrated in Fig. 6. These
compounds, lacking substituents at the 60 position of ring B, are
selected to explore the inuence of secondary amine substitu-
tion on resultant chalcones. From the graph, an evident shi in
the lmax value was observed. The recorded values of lmax are
277 nm, 265 nm, 270 nm, and 278 nm for compounds 18, 23, 28,
and 33, respectively. This shi can be attributed to the presence
of lone pairs in the sulfur and oxygen atoms of thiomorpholine
and morpholine, resulting in comparatively higher wave-
lengths. Pyrrolidine, a ve-membered nitrogen-containing
heterocycle, and piperidine, being a basic amine group,
displays the shortest wavelength absorption due to its weaker
electron-donating effects.

2.3 Computational study

2.3.1 Frontier molecular orbitals. Density functional theory
(DFT) computations were performed with B3LYP/631-G(d)
method for all the synthesised compounds. The optimised
ground state geometries of compounds 23 and 26, along with
frontier molecular orbital (FMO) proles of the HOMO and
LUMO are displayed in Fig. 7 and 8. The optimised geometries
reveal non-planar conformations of the compounds. The
HOMO and LUMO electronic states are the distribution of the
electron cloud within the molecular structure upon excitation.
In the case of compound 23, the HOMOs are predominantly
Fig. 7 The optimised geometries of compounds 23 and 26.

© 2024 The Author(s). Published by the Royal Society of Chemistry
localised over the ring A along with the piperidine ring, with
a partial extension over the a,b-unsaturated ketone bond. Upon
excitation, electron density from the piperidine ring undergoes
delocalisation, shiing entirely towards the a,b-unsaturated
ketone bond. The negligible contribution of ring B indicates the
minimal role in the charge transfer mechanism. Similar local-
isation patterns of HOMOs over ring A, are observed across
compounds 17–36.

However, the LUMOs exhibit unique localisation patterns for
all the compounds. In most compounds, the LUMO is located
all over the molecule except for the substitution at the 2nd
position of ring A as observed in compounds 17–20. However, in
compound 26, the electron density was transferred from the
ring A to the ring B upon excitation. This shows the signicant
interaction between the two quinoline rings. This behaviour is
attributed to the presence of a highly electron-withdrawing
nitro group substituent in the respective compound, leading
to increased intramolecular charge transfer, increased charge
separation, and reduced HOMO–LUMO energy band gap
compared to the other compounds. The LUMOs of other
compounds with nitro group substituents i.e., 21, 31, and 36
also exhibit the same localisation pattern and lower energy
band gap values. This observation strengthens our
interpretation.

2.3.2 Global reactivity parameters. To elucidate the elec-
tronic nature of the synthesized molecules, key chemical reac-
tivity metrics, including ionisation potential, electron affinity,
electronegativity, global hardness, global soness, electrophi-
licity index, and energy gap were calculated via DFT studies as
summarised in Table 2. From the result obtained, compound 23
exhibits the highest energy band gap among all molecules,
likely attributed to the absence of a substituent group; thereby
reducing conjugation. Consequently, compound 23 displays the
highest kinetic stability and correspondingly, the lowest reac-
tivity. Conversely, compound 26 demonstrated the lowest
RSC Adv., 2024, 14, 30385–30395 | 30391

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/D4RA04335A


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

4 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 1

/2
1/

20
26

 1
1:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
energy gap, indicating the highest reactivity and diminished
stability compared to other compounds. Most of the other
parameters show a similar trend consistent with the energy gap
trend.

The electron affinity, soness, electronegativity, and elec-
trophilicity index of compound 23 exhibited the lowest values,
suggesting it is less prone to undergo charge transfer, affirming
its greater stability. Furthermore, compound 26 conrms its
greater capacity for energy release, demonstrated by elevated
soness, electronegativity, and electrophilicity index value.
Compound 36, featuring a nitro substituent, displayed the
highest electron affinity, underscoring the inuence of electron-
withdrawing groups on stability and being more prone to elec-
tron transfer. This observation aligns with the broader trend
wherein compounds lacking electron-withdrawing substituents
on ring B show enhanced stability. In summary, the DFT
calculations provide reasonable insights into the electronic
structure of the compounds, supporting the impact of struc-
tural variations on stability and reactivity.

3. Experimental
3.1 General information

All the reagents and chemicals utilised were purchased from
Sigma-Aldrich and employed without further purication.
Melting points were determined by employing the open capil-
lary method. Residual moisture in organic extracts was removed
using anhydrous Na2SO4. Thin Layer Chromatography (TLC)
was conducted on silica gel 60F254 aluminium sheets. Visuali-
zation of spots on TLC plates was achieved through UV light
irradiation, iodine exposure, or the application of staining
solutions such as KMnO4 and ninhydrin. Crude products
underwent purication via column chromatography using
mesh sizes ranging from 230 to 400. Commercial Blue LEDs
rated at 7 W from Crompton were purchased and utilized as
such. NMR spectra, including 1H, 13C, and DEPT-135, were
recorded on a Bruker 400 MHz spectrometer using CDCl3 as the
solvent. Chemical shis (d) are reported in parts per million
(ppm), coupling constants (J) are expressed in Hertz, and TMS
serves as the internal standard. Mass-to-charge ratio (m/z)
values were determined viaHigh-Resolution Mass Spectrometry
(HRMS) utilizing an Electrospray Ionization (ESI) source.

A 100 mL round-bottomed ask was charged with 2-chloro
quinoline-3-carbaldehyde (2) (1 mmol, 1 eq.) and dissolved in
10 mL of Dimethyl Formamide (DMF). Subsequently, appro-
priate secondary amine heterocycles (morpholine, thio-
morpholine, piperidine, and pyrrolidine) (2 mmol, 2 eq.) were
added dropwise to the reaction mixture, followed by the addi-
tion of Potassium Carbonate, K2CO3 (2 mmol, 2 eq.). The
reaction mixture was then reuxed for 3 hours at 80 °C, with the
progression of the reaction monitored by Thin Layer Chroma-
tography (TLC). Upon completion of the reaction, the organic
phase was extracted using ethyl acetate. The organic extract was
washed with a brine solution and subsequently ltered through
anhydrous Na2SO4 to remove any residual moisture. The solvent
was then removed under reduced pressure using a rotary
evaporator. The resulting crude product was puried via
30392 | RSC Adv., 2024, 14, 30385–30395
column chromatography on silica gel, eluting with a solvent
mixture of ethyl acetate/hexane (EtOH/Hexane) (8 : 2) to afford
the pure compound (3–6).

3.2 Standard protocol for the synthesis of compounds (12–
16)

In a 100 mL round-bottom ask, appropriate 2-amino benzo-
phenone derivatives (7–11) (1 mmol, 1 eq.) were dissolved in
10 mL of ethanol. Acetylacetone (4 mmol, 4 eq.) was subse-
quently added dropwise to the reaction mixture. A few drops of
concentrated hydrochloric acid (conc. HCl) were introduced at
0 °C. Then the reaction temperature was raised to 70 °C and
reuxed for six hours. Progress of the reaction was monitored
using Thin Layer Chromatography (TLC). Upon cooling, the
reaction mixture was poured into cold water to precipitate
yellow to off-white solids, which were then ltered under
suction, dried, and subjected to recrystallization from ethanol
to afford pure compounds (12–16).

3.3 Standard protocol for the synthesis of bis-quinolin-3-yl
chalcones (17–36)

A mixture of respective compounds (3–6) (1 mmol, 1 eq.) and
compounds (12–16) (1 mmol, 1 eq.), dissolved in ethanol (10
mL), was prepared in a reaction vessel equipped with
a magnetic stir bar. Then the two pellets of sodium hydroxide
(NaOH) were added and subsequently, the reaction mixture was
stirred for six to eight hours at room temperature under irra-
diation with a 7 W Blue LED light source, kept at 2.0 cm away
from the reaction vessel. The progress of the reaction was
monitored using Thin Layer Chromatography (TLC) throughout
the reaction duration. Upon completion of the reaction,
observation of a bright yellow single spot on the TLC plate
conrmed the full conversion of starting materials. The reac-
tion mixture was then poured into cooled water, resulting in the
precipitation of a yellow to orange-colored precipitate. Aer
ltration, the precipitate was washed with cold water and dried.
Aer being ltered out, the residue was washed with cold water
and dried. Then the desired bis-quinolin-3-yl chalcones (17–36)
were obtained by column chromatography with the solvent
mixture of EtOAc/Hexane 8 : 2 and recrystallized using
dichloromethane and methanol.

3.4 Photophysical characterisation

Using a spectrophotometer (SHIMADZU, model UV-1800) and
a uorometer (HITACHI, model F-7000), the absorption and
emission spectra of the synthesized compounds were recorded
using quartz cells with a 1 cm path length at room temperature.
All the synthesized bis-quinolin-3-yl chalcones were dissolved in
spectroscopic grade solvents of varying polarity, including
petroleum ether, toluene, diethyl ether, dichloromethane, ethyl
acetate, methanol, ethanol, acetonitrile, dimethylformamide,
and dimethyl sulfoxide at a concentration of 2 × 10−5 mol L−1.
All the solutions were readily prepared at the time of the
experiment, and it is seen that no aggregation formation occurs
at the mentioned concentration. The resulting absorption
spectra were utilised to investigate the solvatochromic effects
© 2024 The Author(s). Published by the Royal Society of Chemistry
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on the compounds. By using the comparison method, the
emission quantum yield (F) of the compounds in acetonitrile
was calculated using the following eqn (1),62–64

4S ¼ 4R � ðAS �AbsR � nS
2Þ

ðAR �AbsS � nR2Þ (1)

where, 4S = quantum yield of the sample, 4R = quantum yield
of the reference, AS = integrated area under uorescence curve
of the sample, AR = integrated area under the uorescence
curve of the reference, AbsS = absorbance of the sample in the
respective solution at an excitation wavelength, AbsR = absor-
bance of the reference in the respective solution at the excita-
tion wavelength, nS = refractive index of sample, nR = refractive
index of reference. It is noted that methylene blue is used as
a standard (4R = 0.52 in chloroform).65,66
3.5 Computational methods

The computational calculations of the series of novel bis-
quinolin-3-yl chalcones were performed using the Gaussian
16W package and the Gauss view 6.1 program with density
functional theory, DFT. Becke's hybrid exchange functional
called “B3”, combined with the LYP correlation functional, is
the most widely applied of the many possible choices of
exchange and correlation functionals. This is called the B3LYP
method.67 Thus, the geometry of all the synthesized compounds
was optimized with the use of the B3LYP functionals and the 6-
31G(d) basis set.68 The basis set 631-G(d) is relatively good for
energy determinations, and a heavy atom polarization term, d,
was included to improve the energy output for large atoms.69

Furthermore, the frontier molecular orbital features, the high-
est occupied molecular orbital (HOMO), and the lowest unoc-
cupied molecular orbital (LUMO) were computed at the same
energy level. Furthermore, the ionization potential (I), electron
affinity (A),70 electronegativity (c), chemical hardness (h),
chemical soness (s), electrophilicity index (u), nucleophilicity
(3), electron-accepting capacity (u+), electron-donating power
(u−) are also calculated following Koopmans theorem.
4. Conclusion

A new series of bis-quinolin-3-yl chalcones were synthesized
successfully by a novel, simple, and straightforward strategy of
Claisen–Schmidt condensation under visible light irradiation.
The present protocol provides fringe benets over the tradi-
tional method without the use of any additional thermal energy.
Moreover, this research sheds light on the relationship between
molecular structure and optical properties of the synthesised
chalcones. Through a comprehensive investigation encom-
passing solvatochromism studies, UV-visible absorption spec-
troscopy, and uorescence analysis, we have elucidated key
factors inuencing the absorption and emission behaviour of
these compounds. Our ndings highlight the signicance of
solvent polarity, substituent effects, and molecular conforma-
tion on the observed spectral shis and intensity changes.
Particularly, compounds 18, 23, 28, and 33 have good stability
as well as good uorescence intensity whereas compounds such
© 2024 The Author(s). Published by the Royal Society of Chemistry
as 21, 26, 31, and 36 have less stability owing to the presence of
an electron withdrawing group. Overall, this study contributes
to the fundamental understanding of all compounds, with
potential implications for developing novel photonic materials
and applications.
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