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ABSTRACT

Some 2H-chromen-2-one and imine derivatives have been synthesized through a one-pot
condensation of aldehydes, diethyl malonate, and amine compounds. The compounds
obtained have been characterized using FTIR, NMR, GC-MS, and elemental analysis. The
single-crystal X-ray structure of 3-[piperidine-1-carbonyl]-2H-chromen-2-one (2) has been
presented. Compound 2, recrystallized in the monoclinic space C2/c (no. 15), a=
16.654(15) A, b= 8.789(7) A, c= 18.460(18) A, B= 102.89(5)°, V= 2634(4) A3, Z=8, T=
296(2) K, p(MoKa) = 0.091 mm-, Dcalc = 1.298 g/cm3, 17626 reflections measured (4.528°
< 20 < 57.446°), 3321 unique (Rint = 0.0313, Rsigma = 0.0257) which were used in all
calculations. The final R1 was 0.0441 (I > 20(I)) and wR: was 0.1329 (all data). The
experimental bond lengths, bond angles, and other topological properties of compound 2
were compared with the DFT calculated results, the comparison showed good agreement
with each other with varying level deviations. The energy levels of HOMO and LUMO, as well
as the global chemical reactivity descriptors of representative compound 2, have been
presented. A discussion of the Hirshfeld surface analysis of compound 2 has been carried
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out to provide insight into its structural properties.
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Cite this: Eur. J. Chem. 2023, 14(2), 287-296

Journal website: www.eurjchem.com

1. Introduction

Syntheses of some ethyl coumarin-3-carboxylate and other
derivatives of coumarin have been described [1-14]. Couma-
rinyl-1,4-benzodioxanes were accessed by the reaction
between a variety of 2-[(0o-iodophenoxy)methyl]oxiranes and
some hydroxycoumarin isomers using Cul and 1,10-phenan-
throline as catalysts. The compounds showed significant free
hydroxyl radical scavenging activity [2]. Some hydroxyl-
coumarin compounds have been prepared by the reaction of
hydroquinone with ethylacetoacetate and aniline derivatives.
The compounds exhibited moderate to high antioxidant activity
[3]. Different coumarin derivatives have been synthesized using
4-bromomethylcoumarins and their sulphonyl chlorides, while
some benzofuran derivatives have been accessed through ethyl
3-(bromomethyl)-6-methoxy-1-benzofuran-2-carboxylate and
different imidazoles and their benzo analogues [4]. A variety of
coumarin hydrazides have been synthesized by the reaction of
1H-benzotriazole derivatives with nicotinic hydrazide, benzo-
hydrazide, and phenyl acetic hydrazide. The compounds
showed good antioxidant and antilipase activities [5]. The

condensation reaction between ethyl acetoacetate and resor-
cinol has been used to synthesize some coumarin derivatives.
The compounds exhibited good antioxidant, analgesic, and anti-
inflammatory activities [6]. The use of the Knoevenagel conden-
sation technique to synthesize some coumarin derivatives has
been reported, with hydrazine and thiazole being incorporated
into the compounds. The compounds have been reported to
exhibit low toxicity against human periodontal ligament
fibroblast cells (HPDLF) [7]. The synthesis of some 4-hydroxy-
coumarin derivatives was achieved by the reaction of 2-acetoxy
benzoyl chloride with ethyl acetoacetate. The compounds
exhibited good antibacterial and antifungal activities [8]. Some
coumarin compounds have been studied for their fluorescent
properties. The compounds were found to allow the imaging of
human neuroblastoma SH-SY5Y cell membranes [9]. Carbo-
nitriles and derivatives of pyrazole coumarin have been
synthesized by multistep synthesis using 3-acetyl-4-hydroxy-
coumarin as the starting material. The compounds showed
good antibacterial activity, but weak to moderate cytotoxicity
against human breast adenocarcinoma and hepatocarcinoma
cell lines [10].
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Scheme 1. Synthesis of 3-[piperidine-1-carbonyl]-2H-chromen-2-one and imine derivatives.

The synthesis of 1,2,3-triazole-linked coumarins has been
achieved via click chemistry. The compounds exhibited good
antibacterial activity which was collaborated by in silico
docking studies [11]. Some coumarin hydrazones and amide
derivatives have been synthesized through multistep synthesis.
The compounds showed good antibacterial activity against
Staphylococcus aureus, Streptococcus pneumoniae, Escherichia
coli, and Pseudomonas aeruginosa [12]. Some coumarin
derivatives with fungicidal activity have been synthesized
through cyclization and condensation reactions using resor-
cinol and substituted f-keto esters as starting materials [13].
Some thiazolyl coumarin derivatives have been synthesized by
one-pot condensation of 3-acetyl-4-hydroxycoumarin, aryl
aldehydes, thiourea, and ammonium acetate [14]. Most of the
reported methods for synthesizing coumarins involve
multistep synthesis. In this work, we set out to develop a one-
pot method of synthesizing coumarins that could be used in
accessing different coumarins derivatives for various appli-
cations.

This study reports the synthesis, characterization, and
computational studies of some chromen-2-one and imine
derivatives. A discussion on single-crystal XRD analysis of 3-
[piperidine-1-carbonyl]-2H-chromen-2-one (2) has been
presented to provide insight into the structural properties of
the compounds. The theoretical bond lengths and bond angles
of compound 2 have been compared with the experimental
data. The Hirshfeld surface analysis, HOMO-LUMO, and
chemical reactivity descriptors have also been computed and
discussed.

2. Experimental
2.1. Reagents and instrumentation

Analytical grade reagents and solvents for synthesis such as
salicylaldehyde, pyrrolidine, piperidine, and ethyl acetoacetate
were obtained from Sigma-Aldrich, USA, while ethanol, diethyl
ether, and pyridine were obtained from Merck Chemicals, South
Africa. The chemicals were used as received (ie, without
further purification). The *H NMR and 3C NMR spectra were
recorded on a Bruker Avance AV 400 MHz spectrometer
operating at 400 MHz for 'H and 100 MHz for 13C using DMSO-
ds as solvent and tetramethylsilane as the internal standard.
Chemical shifts are expressed in ppm. FTIR spectra were
recorded on a Bruker Platinum ATR Spectrophotometer Tensor
27. Elemental analyses were performed using a Vario
Elementar Microcube ELIII. Melting points were obtained using
a Stuart SMP30 while the masses were determined using an
Agilent 7890A GC system connected to a 5975C VL-MSC with
electron impact as the ionization mode and detection by a
triple-axis detector. The GC was fitted with a 30 m x 0.25 mm x
0.25 um DB-5 capillary column. Helium was used as a carrier
gas at a flow rate of 1.63 mL/min with an average velocity of
30.16 cm/s and a pressure of 63.73 kPa.

2.2. X-ray crystallographic measurements

X-ray diffraction analysis of compound 2 was performed at
200 K using a Bruker Kappa Apex II diffractometer with mono-

chromated MoKa radiation (A = 0.71073 A). APEXII [15] was
used for data collection and SAINT software [16] for cell
refinement and data reduction. The structures were solved by
direct methods using SHELXS-2013 [15] and refined using least
squares procedures using SHELXL-2013 [16] with SHELXLE
[17] as a graphical interface. All non-H atoms were refined
anisotropically. Carbon-bound H atoms were placed in calcu-
lated positions (C-H = 0.95 A for aromatic carbon atoms and C-
H = 0.99 A for methylene groups) and were included in the
refinement in the riding model approximation, with Uiso (H) set
to 1.2Ueq (C). The H atoms of the methyl groups were allowed to
rotate with a fixed angle around the C-C bond to best fit the
experimental electron density (HFIX 137 in the SHELX program
suite [16]) with Uiso (H) set to 1.5Ueq (C). Nitrogen-bound H
atoms were located on the Fourier map and freely refined. Data
were corrected for absorption effects using the numerical
method implemented in SADABS [17-20]. The molecular
graphics were performed using ORTEP-3 [21], while the
materials for publication were prepared using Mercury [22]
and PLATON [23].

2.3. Computational studies

The calculations were carried out using the Gaussian 09
program [24]. Molecular geometries of the singlet ground state
of all compounds were fully optimized in the gas phase at the
density functional theory (DFT) using the B3LYP [25], CAM-
B3LYP [26], B3PW91 [27], wB97XD [28] and M06 functionals
[29] and the 6-311G(d,p) basis set [30]. Different functionals
and basis sets were used to determine the functional that gives
the values most consistent with the experimental values or the
functionals that best describes the experimental values. The
structures were optimized and subjected to frequency calcula-
tions to ensure that the optimized molecular structures corres-
ponded to a minimum. The results were viewed in Avogadro
[31] or Gauss View 6.0 [32]. Frequency optimization of the
structures was done using the Gaussian 09 program [24].

2.4. General method for the synthesis of compounds 1-7

Different amines (aromatic and cyclic amines) (0.02 mol)
were dissolved in a minimal amount of ethanol and treated with
four drops of pyridine and placed in a round bottom flask.
Salicylaldehyde (0.02 mol, 2.44 g) and diethyl malonate (0.02
mol, 3.20 g) were dissolved in ethanol, added to the mixture,
and heated under reflux for 16 h. The reaction mixture was
allowed to stand overnight in a fumehood and the precipitate
that was collected was recrystallized in ethanol: diethyl ether
(1:1, v:v) (Scheme 1).

3-(Pyrrolidine-1-carbonyl)-2H-chromen-2-one (1): Color:
Light brown. Yield: 79%. M.p.: 124-126 °C. FT-IR (ATR, v, cm):
2969 (C-H), 2875 (C-H), 1781 (C=0) (amide), 1612 (C=C), 1569
(C=C), 1460 (C-N), 1421(C-N). 'H NMR (400 MHz, DMSO-ds, §,
ppm): 8.23 (s, 1H, Ar-H), 7.79 (d, 1H, J = 7.2 Hz, Ar-H), 7.67 (t,]
=6.8,7.6 Hz, 1H, Ar-H), 7.46 (d, ] = 8.4 Hz, 1H, Ar-H), 7.40 (t,] =
6.8, 7.6 Hz, 1H, Ar-H), 3.44 (s, 2H, CHz-N), 3.36 (s, 2H, CHz-N),
1.85 (s, 4H, -CH2CHz-). 13C NMR (ppm): 162.9 (C=0), 158.1 (C),
154.1 (C), 142.9 (CH), 133.3 (CH), 129.6 (CH), 126.0 (C), 125.3
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Scheme 2. Proposed reaction mechanism for the synthesis of chromen-2-one derivatives.

(CH), 118.7 (C), 116.7 (CH), 47.5 (CH2), 46.3 (CH2), 26.0 (CH2),
24.3 (CHz). GC-MS (m/z) found for Ci4Hi3NOs3 243.21,
calculated mass = 243.26. Anal. calcd. for C14H13NO3: C, 69.12; H,
5.39; N, 5.76; Found: C, 69.06; H, 5.35; N, 5.71%.
3-[Piperidine-1-carbonyl]-2H-chromen-2-one (2): Color:
White. Yield: 81%. M.p.: 191-192 °C. FT-IR (ATR, v, cm1): 3003
(C-H), 2980 (C-H), 1711 (C=0), 1559 (C=C), 1462 (C-N). H
NMR (400 MHz, DMSO-ds, 8, ppm): 8.16 (s, 1H, Ar-H), 7.78 (d, J
=7.6 H, 1H, Ar-H), 7.67 (t,] = 7.6, 8Hz, 1H, Ar-H), 7.46 (t, ] = 8Hz,
1H, Ar-H), 7.40 (t, ] = 7.2-7.6 Hz, 1H, Ar-H), 2.09 (s, 2H, CH2-N),
1.61 (m, 2H, CH2-N) 1.54 (m, 4H, CH2-CHz), 1.49 (m, 2H, CHz).
13C NMR (100 MHz, DMSO-ds, 8, ppm): 162.97 (C=0), 157.6 (C),
153.0 (C), 140.6 (CH), 135.2 (CH), 131.3 (CH), 126.7 (C), 120.8
(C), 119.2 (CH), 116.7 (C), 47.8 (CH2), 42.4 (CHz), 26.5 (CH2),
25.8 (CHz), 24.3 (CHz2). GC-MS (m/z) found for CisH1sNOs3 =
257.23, calculated mass = 257.28. Anal. calcd. for C1sH1sNOs: C,
70.02; H, 5.88; N, 5.44; Found: C, 70.12; H, 5.92; N, 5.48%.

N,N-Dicyclohexyl-2-oxo-2H-chromene-3-carboxamide  (3):
Color: White. Yield: 51%. M.p.: 176-178 °C. FT-IR (ATR, v, cm1):
3696 (0-H), 2995 (C-H), 2863 (C-H), 2710, 2516, 1764 (C=0),
1650 (C=0), 1605 (C=C). 1481 (C-N). H NMR (400 MHz, DMSO-
ds, 8, ppm): 8.46 (s, 1H, Ar-H). 7.56 (q, ] = 8.4 -9.2 Hz, 1H, Ar-H),
7.29 (q,J]=7.2-8.4 Hz, 2H, Ar-H), 7.19 (s, 1H, Ar-H), 4.35 (q, 2H,
CH-N), 1.62 (m, 12H, -CH2CH>-), 1.35 (m, 4H, -CH2CH2.), 1.19 (m,
4H, -CH2CHz-). 3C NMR (100 MHz, DMSO-ds, §, ppm): 148.6
(CH), 134.4 (CH), 129.6 (CH), 124.8 (CH), 116.9 (CH), 62.0
(CHz2), 14.3 (CHz2). GC-MS (m/z) found for Cz2H27NOs: 353.39,
calculated mass = 353.45. Anal. calcd. for C22H27NOs: C, 74.76; H,
7.70; N, 3.96; Found: C, 74.71; H, 7.64; N, 3.91%.

(E)-2-(((4-Chlorophenyl)imino)methyl)phenol (4): Color:
Yellow. Yield: 80%. M.p.: 99-101 °C. FT-IR (ATR, v, cm1): 2981
(C-H), 1608 (C=N), 1585 (C=C), 1565 (C=C), 1483 (C-N), 1456
(C-N). 1H NMR (400 MHz, DMSO-ds, §, ppm): 12.83 (s, 1H, OH),
8.54 (s, 1H, N=CH), 7.65 (d, ] = 6.8 Hz, 1H, Ar-H), 7.49 (d, ] = 8
Hz, 2H, Ar-H), 7.44 (d,] = 6.8 Hz, 3H, Ar-H), 6.98 (d, ] = 8 Hz, 2H,
Ar-H). 13C NMR (100 MHz, DMSO-d¢, 8, ppm): 164.4 (C=N),
160.7 (C), 148 (C), 134.0 (CH), 133.0 (CH), 131.6 (C), 129.8 (CH),
123.6 (CH), 119.8 (CH), 117.1 (CH). GC-MS (m/z) found for
C13H10CINO = 231.63, calculated mass = 231.68. Anal. calcd. for
C13H10CINO: C, 67.39; H, 4.35; N, 6.05; Found: C, 67.34; H, 4.32;
N, 6.01%.

(E)-2-(((3-Chlorophenyl)imino)methyl)phenol (5): Color:
Yellow. Yield: 78%. M.p.: 59-61 °C. FT-IR (ATR, v, cm'): 2714
(C-H), 1612 (C=N), 1561 (C=C), 1464 (C-N), 1371 (C-0), 1277
(C-0). 'H NMR (400 MHz, DMSO-ds, §, ppm): 13.12 (s, 1H, OH),

9.01 (s, 1H, N=CH), 7.70 (d, J = 7.2 Hz, 1H, Ar-H), 7.60 (m, 2H,
Ar-H), 7.46 (m, 2H, Ar-H), 7.33 (t, ] = 6.8-7.6 Hz, 1H, Ar-H), 7.01
(d, J = 8.0 Hz, 2H, Ar-H). 13C NMR (100 MHz, DMSO-ds, §, ppm):
164.9 (C=N), 161.0 (C), 145.2 (C), 134.3 (CH), 133.5 (CH), 130.4
(CH), 128.9 (CH), 128.8 (CH), 128.7 (C), 120.6 (CH), 119.8 (CH),
119.6, 117.7. GC-MS (m/z) found for Ci3H10CINO = 231.61,
calculated mass = 231.68. Anal. calcd. for C13H10CINO: C, 67.39;
H, 4.35; N, 6.05; Found: C, 67.32; H, 4.30; N, 6.00%.

(E)-2-(((2-Chlorophenyl)imino)methyl)phenol (6): Color:
Yellow. Yield: 81%. M.p.: 65-66 °C. FT-IR (ATR, v, cm'1): 3120
(N-H), 2999 (C-H), 1624 (C=N), 1599 (C=C), 1465 (C-N), 1402
(C-N). 'H NMR (400 MHz, DMSO-ds, §, ppm): 13.12 (s, 1H, OH),
9.02 (s, 1H, N=CH), 7.68 (d, ] = 7.2 Hz, 1H, Ar-H), 7.60 (m, 2H,
Ar-H), 7.46 (m, 2H, Ar-H), 7.33 (t, ]/ = 6.8, 7.6 Hz, 1H, Ar-H). 7.01
(d, J = 8 Hz, 2H, Ar-H). 13C NMR (100 MHz, DMSO-ds, 8, ppm):
165.1 (C=N), 161.0 (C), 145.2 (C), 134.3 (CH), 133.4 (CH). 130.3
(CH), 128.9 (C), 128.9 (CH), 128.7 (CH), 120.5 (CH), 119.7 (CH),
117.2 (CH). GC-MS (m/z) found for CisH1oCINO = 231.62,
calculated mass = 231.68. Anal. calcd. for C13H10CINO: C, 67.39;
H, 4.35; N, 6.05; Found: C, 67.31; H, 4.32; N, 6.00%.

N-(4-Methoxyphenyl)-2-oxo-2H-chromene-3-carboxamide
(7): Color: Green solid. Yield: 79%. M.p.: 79-80 °C. FT-IR (ATR,
v, cml): 2964 (C-H), 1743 (C=0), 1549 (C=C), 1363 (C-0). H
NMR (400 MHz, DMSO-ds, §, ppm): 13.32 (s, 1H, OH), 8.93 (s,
1H, N=CH), 7.61 (d, ] = 7.6 Hz, 1H, Ar-H), 7.41 (q, / = 8.0-8.8 Hz,
3H, Ar-H) 7.03 (d, ] = 8 Hz, 2H, Ar-H), 6.97 (d, ] = 7.28 Hz, 2H, Ar-
H), 3.79 (s, 3H, CHs). 13C NMR (100 MHz, DMSO-ds, 6, ppm):
161.7 (C=N), 160.7 (C), 159.0 (C), 141.2 (C), 133.2 (CH), 132.7
(CH), 123.1 (CH), 119.9 (C), 119.5 (CH), 117.0 (CH), 115.1 (CH),
55.9 (CHs). GC-MS (m/z) found for Ci4Hi3NO2 227.21,
calculated mass = 227.26. Anal. calcd. for C14H13NO2: C, 73.99;
H, 5.77; N, 6.16; Found: C, 73.95; H, 5.74; N, 6.12%.

3. Results and discussion
3.1. Synthesis and reaction mechanism

The products were obtained by heating equimolar amounts
of the reagents in ethanol for 16 h under reflux. Scheme 1 shows
the synthesis of chromen-2-one and imine derivatives. Scheme
2 provides a proposed reaction mechanism for the synthesis of
3-[piperidine-1-carbonyl]-2H-chromen-2-one. The reaction is
thought to proceed by the abstraction of a proton from the
hydroxyl of salicylaldehyde by pyridine in compound 2a to
form the pyridinium ion and a phenoxide that then attacks a
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carbonyl on diethyl malonate, leading to the loss of an ethoxide
which recovers a proton from the pyridinium ion to give
ethanol and pyridine. This leads to the formation of the ethyl-
(2-formylphenyl)malonate in compound 2b. A further abstract-
tion of an acidic proton from the malonate moiety yields a
carbanion that attacks the carbonyl of the salicylaldehyde
portion of the molecule as indicated in compound 2b to give an
ethyl-4-hydroxy-2-oxochroman-3-carboxylate (2c). The abst-
racttion of another acidic proton leads to the formation of a
double bond and the loss of a water molecule to give an ethyl-
2-0x0-2H-chromene-3-carboxylate in compound 2d. The
deprotonation of piperidine allows the piperidin-1-ide ion
formed to attack the carbonyl of ethyl 2-oxo-2H-chromene-3-
carboxylate in compound 2d, which forms 3-(ethoxy(hydroxy)
(piperidin-1-yl)methyl)-2H-chromen-2-one in compound Z2e.
The loss of an ethanol molecule and the formation of a carbonyl
from the hydroxyl lead to the formation of the final product in
compound 2f.

3.2. Spectroscopic characterization

The IR spectrum of compound 1 showed the presence of
characteristic absorption peaks at 2969 and 2875 cm! for the
aliphatic C-H stretch. Peaks were observed at 1781, 1612, 1569,
and 1460 cm? for the C=0, C=N, C=C, and C-N absorptions,
respectively. The 'H NMR spectrum indicated the formation of
five methylene (CHz) groups at signals § 3.44 (2H), 3.36 (2H)
and 1.85 (4H) ppm, confirming the incorporation of the
pyrrolidine moiety into the compound. The latter was
confirmed by 13C NMR and DEPT spectra which showed peaks
at 47.5 (CHz), 46.3 (CHz), 26.0 (CH2), and 24.3 (CHz) ppm. The
presence of C=0 was determined by a signal at § 162.9 ppm in
the 13C NMR spectrum.

The 'H NMR spectrum of compound 2 indicated the
formation of five sets of methylene protons at § 2.09, 1.61, 1.54
and 1.49 ppm, confirming the incorporation of the piperidine
moiety into the compound. 13C and DEPT spectra also confir-
med the incorporation of five methylene (CHz) groups at 6
47.81, 42.45, 26.51, 25.81 and 24.29 ppm. The IR spectrum of
3-[piperidine-1-carbonyl]-2H-chromen-2-one showed the
presence of characteristic absorption peaks at 3003 and 2980
cm! for the aliphatic C-H stretch, while peaks were observed at
1711, 1636, 1559 and 1464 cm! for C=0, C=N, C=C and C-N
absorptions, respectively. In the IR spectra of compound 3, the
absorption peaks were observed at 3696 cm! for the O-H
stretch and at 2995 and 2863 cm! for the aliphatic C-H stretch,
while the peaks at 1764 and 1650 cm belong to the C=0
stretching vibrations. Peaks were observed at 1605 and 1481
cm?! for the C=C and C-N stretching vibrations. The 'H NMR
spectrum confirmed the incorporation of the dicyclohexyl
amine into the compound with signals at § 1.97 (4H), 1.73 (4H),
1.25 (2H) and 1.09 (2H) ppm. This was confirmed in the 13C
NMR spectrum at § 30.3, 25.6 and 24.6 ppm. The IR spectrum of
compound 4 indicated the presence of a characteristic peak at
2981 cm! for the aliphatic C-H stretch, a peak at 1735 cm! for
the C=0 stretch, and a band at 1608 cm-! due to C=N. The C=C
stretch peaks are found at 1585 and 1565 cml. Peaks were
observed at 1483 and 1456 cm! for the C-N stretch. In the 'H
NMR spectrum, the absence of the aldehydic proton confirmed
the formation of the imine. A signal was observed at § 12.83
ppm for the hydroxyl group. Signals for aromatic protons were
observed between § 8.54 and 6.98 ppm. In the 13C NMR
spectrum, a signal was observed at § 164.4 ppm for C=N, while
signals were observed between 6 60.7 to 117.1 ppm for
aromatic carbons. In the IR spectrum of compound 5, the peak
appearing at 2714 cm is assigned to the C-H stretch, while the
absorption peaks at 1612, 1561, and 1464 cm! are for the C=N,
C=C and C-N vibrations, respectively. The 'H NMR spectrum
showed a signal for the hydroxyl group at 6 13.12 ppm, signals
for aromatic protons were observed between § 9.01 and 7.01

ppm. The IR spectrum of compound 6 showed the presence of
an absorption peak at 3120 cm-! for the O-H stretch and a peak
at 2999 cm! for the C-H stretch. Peaks were observed at 1624
and 1599 cm? for the C=N and C=C, respectively. Although
peaks were observed at 1465 and 1402 cm-! for the CN stretch.
A signal was observed at § 13.12 ppm for the hydroxyl group in
the 'H NMR spectrum. Signals for aromatic protons were
observed between 6 9.02 and 7.01 ppm. The 13C NMR spectrum
showed a signal at § 165.1 ppm for (C=N) and signals for
aromatic carbons were observed between § 161.0 and 117.2
ppm. The IR spectrum of compound 7 showed the presence of
absorption peaks at 2964, 1549, and 1363 cm'! attributed to the
stretches C-H, C=C, and C-O, respectively. A signal was
observed at 6 13.32 ppm for the hydroxyl group in the tH NMR
spectrum, while aromatic protons were observed between §
8.93 and 6.97 ppm. In 13C NMR, a signal was observed at 6 161.7
ppm for C=N, confirming the formation of imine. Aromatic
signals lie between 6 160.7 and 115.1 ppm.

3.3. Crystal structure analysis

Compound 2 was recrystallized as white crystals from
DMSO:toluene (1:1). The compound crystallizes in the space
group Cz/c with eight molecules in the unit cell characterized by
the unit cell parameters a = 16.654(15) &, b = 8.789(7) A, ¢ =
18.460(18) A, B = 102.89(5)°. The ORTEP diagram for com-
pound 2 is presented in Figure 1. The crystallographic data and
selected bond lengths and bond angles for compound 2 are
provided in Tables 1-2. Whilst Table 3 gives the hydrogen
bonding geometry of compound 2.

The bond distances 021-C11, 021-C20, and 022-C20 are
1.386(2), 1.373(2), and 1.214(2) A, respectively, are consistent
with carbonyls [33], while the bond distances of N1-C19, N1-
€32 and N1-C36 were 1.339(2), 1.465(3) and 1.457(2) A,
respectively, are consistent with the length of the C-N single
bond [34]. The bond angles of C11-021-C20, N1-C36-C35, and
C19-N1-C32 were 122.1(1), 111.1(1) and 120.6(1)°, respect-
tively.

The coumarin ring is nearly coplanar with carbonyl oxygen
displaced slightly above the plane of the ring. This coplanarity
appears to be a general phenomenon observed in other
compounds, even with more substitutions on the coumarin
rings, including natural products [35]. The dihedral angle C11-
021-C20-022 is -176.25(14)°. The amide carbonyl linking the
piperidine ring to the coumarin is, however, twisted out of the
plane of the coumarin ring with the dihedral angle C36-N1-C19-
C18 being -4.4(2)°. Also the piperidine adopts a chair
conformation with Cremer-Pople puckering parameters [36]
Q2=0.547(2) Aand 92 =167(7) A.

The eight molecules in the unit cell have been divided into
two groups related by a two-fold symmetry. Each of the four
molecules in each group can be further subdivided into two
inner molecules and two outer molecules and are held together
by non-classical C-H-+O hydrogen bonds of varying lengths
(Figure 2 and Table 3). The twist of the amide carbonyl out of
the plane of the coumarin ring enables it to form bifurcated C-
H-+O contacts involving C4-H of the coumarin rings (C17-H
according to the numbering scheme in Figure 1) of the two
molecules sitting opposite to each other in the inner part of the
network and an axial proton on the piperidine ring (C32-H) of
another molecule that is perpendicular to it on the outer part of
the network. The carbonyl of the coumarin moiety also engages
the C14-H of another molecule in a C-H-+O contact that
completes the network. This arrangement results in coumarin
rings of two outer molecules flanking the opposite sides of an
inward-pointing piperidine ring of the inner molecules in a
manner similar to open butterfly wings (Figure 2).
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Empirical formula

Formula weight (g/mol)
Temperature (K)

Crystal system

Space group

a, (&)

b, (&)

¢ (&)

Volume (A3)

Z

Pcalc (g/cm3)

i (mm-1)

F(000)

Crystal size (mm3)
Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1220 (I)]
Final R indexes [all data]
Largest diff. peak/hole (e.A3)

C15H1sNO3

257.28

296(2)

Monoclinic

C2/c

16.654(15)

8.789(7)

18.460(18)

102.89(5)

2634(4)

8

1.298

0.091

1088.0

0.382 x 0.382 x 0.214
MoKa (A=0.71073)
4.528t0 57.446
21<h<22,-11<k<11,-24<1<24
17626

3321 [Rint = 0.0313, Rsigma = 0.0257]
3321/0/172

1.047

R1=0.0441, wR2=0.1134
R1=0.0747, wR2 = 0.1329
0.23/-0.17

Table 2. Summary of theoretical and experimental bond lengths (A), and bond angles (°) for 3-[piperidine-1-carbonyl]-2H-chromen-2-one using B3LYP, CAM-
B3LYP, B3PW91, wB97XD, and M06 functionals and 6-311G(d,p) basis set.

Bond lengths (A) Experimental Theoretical

XRD B3LYP CAM-B3LYP B3PW91 wB97XD MO06 Minimum Deviation Maximum Deviation
021-C11 1.386(2) 1.362 1.359 1.356 1.357 1.353 0.024 0.033
021-C20 1.373(2) 1.396 1.380 1.389 1.377 1.383 0.04 0.023
022-C20 1.214(2) 1.202 1.197 1.201 1.198 1.196 0.001 0.006
023-C19 1.229(2) 1.225 1.220 1.223 1.219 1.217 0.006 0.012
N1-C19 1.339(2) 1.362 1.355 1.358 1.355 1.359 0.019 0.023
N1-C32 1.465(3) 1.467 1.460 1.459 1.458 1.456 0.002 0.009
N1-C36 1.457(2) 1.464 1.458 1.456 1.456 1.454 0.001 0.007
C11-C12 1.396(2) 1.404 1.394 1.403 1.396 1.397 0.001 0.008
C11-C16 1.381(3) 1.393 1.388 1.392 1.391 1.388 0.007 0.012
C12-C13 1.405(3) 1.407 1.400 1.404 1.401 1.400 0.001 0.005
C12-C17 1.430(2) 1.434 1.435 1.431 1.438 1.429 0.001 0.008
C13-C14 1.373(3) 1.384 1.378 1.382 1.380 1.378 0.005 0.011
C14-C15 1.386(3) 1.402 1.397 1.399 1.390 1.396 0.004 0.016
C15-C16 1.384(3) 1.388 1.381 1.386 1.383 1.382 0.001 0.004
C18-C19 1.505(2) 1.515 1.510 1.510 1.510 1.505 0.005 0.01
C18-C20 1.462(2) 1.466 1.466 1.462 1.467 1.461 0.001 0.005
C32-C33 1.510(3) 1.533 1.526 1.527 1.527 1.521 0.011 0.023
C33-C34 1.514(3) 1.535 1.528 1.529 1.530 1.522 0.008 0.021
Bond angles (°) Experimental Theoretical

XRD B3LYP CAM-B3LYP B3PW91 wB97XD MO06 Minimum Deviation Maximum Deviation
N1-C32-C33 111.1(2) 110.4 110.2 110.4 110.1 109.9 0.7 1.2
C11-021-C20 122.1(1) 123.5 123.5 123.5 123.3 123.7 1.2 1.7
N1-C36-C35 111.1(1) 111.0 110.8 111.0 110.9 110.9 0.1 0.3
C19-N1-C32 120.6(1) 119.0 119.0 119.0 119.3 119.1 1.3 1.6
C19-N1-C36 125.4(1) 126.0 126.1 125.9 126.1 126.2 0.5 0.8
C32-N1-C36 114.0(1) 114.5 114.4 114.6 114.5 114.2 0.2 0.6
021-C11-C12 121.2(1) 120.9 120.0 121.0 121.2 121.0 0.2 1.2
021-C11-C16 117.1(2) 117.8 117.6 117.7 117.5 117.7 0.4 0.7
C12-C13-C14 120.1(2) 120.5 120.4 120.4 120.4 120.4 0.3 0.4
023-C19-N1 123.3(1) 123.1 123.1 123.3 123.5 123.3 0.0 0.2
023-C19-C18 117.6(1) 117.9 117.9 118.1 118.4 118.4 0.3 0.8
N1-C19-C18 119.1(1) 1189 119.0 1185 118.0 1183 0.2 11
021-C20-022 116.6(1) 1171 117.5 117.2 117.6 117.5 0.5 1.0
021-C20-C18 117.1(1) 116.1 116.2 116.1 116.3 115.9 0.8 1.2
022-C20-C18 126.3(2) 1269 1263 126.7 126.0 126.7 0.3 0.6

Figure 1. ORTEP view of 3-[piperidine-1-carbonyl]-2H-chromen-2-one (2) showing 50% probability displacement ellipsoids and atom labelling.
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Table 3. Hydrogen-bond geometry for compound 2.

Donor-H::-Acceptor * D-H, A H--A, A DA, A ZD-H---A, °
C3-H3:-03 1 0.93 2.36 3.246(4) 160
C14-H14--02 i 0.93 2.55 3.428(4) 158
C21-H21A--03 0.97 2.35 2.767(3) 105

* Symmetry codes: i = -x,y, 1/2-z,ii =-1/2+x,-1/(2) y, z.

Figure 2. Crystal structure packing of the molecules in a unit cell of compound 2. Hydrogen bonding and contacts are shown as dashed lines.

3.4. Comparison of theoretical and experimental bond
parameters for compound 2

Table 2 shows the summary of the theoretical and experi-
mental bond lengths and bond angles for compound 2 using
B3LYP, CAM-B3LYP, B3PW91, wB97XD and MO06 functionals
and 6-311G(d,p) basis set [37]. The functionals were chosen
based on the computational results. The level of theory
reported in the literature gave results that were consistent with
the experimental results [38]. The bond lengths 021-C11, 021-
€20, 022-C20, and 023-C19 for compound 2 were experiment-
tally determined as 1.386(2), 1.373(2), 1.214(2) and 1.229(2)
A, respectively, while the calculated bond lengths gave devia-
tions between 0.001 and 0.033 A from the experimental values.
The lengths of the bonds of the amide bonds N1-C19, N1-C32,
and N1-C36 for compound 2 were experimentally determined
as 1.339(2), 1.465(3) and 1.457(2) A, respectively, while the
calculated values deviated by 0.001-0.023 A from the
experimental values.

The crystallographically determined bond lengths of C11-
C12, C11-C16, C12-C13, and C12-C17 were found at 1.396(2),
1.381(3), 1.405(3) and 1.430(2) A while the calculated values
gave deviations between 0.001 and 0.012 A. The bond lengths
of C13-C14, C14-C15, C15-C16, C18-C19 and C18-C20 were
experimentally determined as 1.373(3), 1.386(3), 1.384(3),
1.505(2) and 1.462(2) A with deviations between 0.001 and
0.016 A representing the lowest and largest deviations, respect-
tively, from the experimental values. The bond angles of C19-
N1-C32, C19-N1-C36, and C32-N1-C36 were experimentally
found to be 120.6(1), 125.4(1) and 114.0(1)°, whilst the
computed values gave deviations of between 0.2 and 1.6° from
the experimental values. Crystal data revealed that bond angles
N1-C32-C33, N1-C36-C35, and N1-C19-C18 which were
111.1(2), 111.1(1) and 119.1(1)°, respectively, deviated from
computed values by 0.1-1.2°. The bond angles of 021-C11-C12,
021-C11-C16, 023-C19-N1 and 023-C19-C18 were experi-
mentally determined as 121.2(1), 117.1(2), 123.3(1) and
117.6(1)° whilst the computed values gave deviations of
between 0.2 and 1.2° from the experimental values. The
different functionals gave varying levels of agreement with the
experimental results. But B3PW91 gave the computed values
closest to the experimental values. The bond angles of 021-C20-
022, 021-C20-C18, and 022-C20-C18 were experimentally
determined as 116.6(1), 117.1(1) and 126.3(2)° with devia-
tions between 0.3 and 1.2° for the calculated values.

3.5. Hirshfeld surface analysis

Hirshfeld surface analysis is a quantitative way of studying
the intermolecular interactions of molecules in a crystal
structure. It gives details of their crystal packing behavior.
Hirshfeld surface and fingerprint plots were mapped with
Crystal Explorer 3.1 software [39]. The analysis was visualized
by the normalized contact distance (dnorm), which was obtained
using a high surface resolution with a static color scale, and
computed with the equation below.

di—rivdw de—revdw

dnorm = + (€3]

rivdw revdw

In the equation, de is the distance from the Hirshfeld surface
to the closest nucleus outside the surface, di is the corres-
ponding distance to the nearest nucleus inside the surface,
while rvaw is the van der Waals radius of the atom [40]. The
surface with a red, white, and blue color scheme describes the
parameter dnorm [41]. The bright red spots denote the inter-
molecular contacts that are less than their vdW radii, while the
blue spots indicate intermolecular contacts that are longer than
their vdW radii. The white spots are the sum of their vdW radii.

Molecular Hirshfeld surfaces comprising dnorm surface,
shape index, and curvedness of compound 2 were generated
using a standard (high) surface resolution and are illustrated in
Figure 3. The dnorm surface was mapped in the range of -0.2989
to 1.4342 A, while d; was mapped in the range of 0.9416 to
2.5552 A. The parameter de was in the range of 0.9423 to 2.4959
A, the shape index ranging from -1.0000 to 1.0000 A and
curvature lying between -4.0000 to 0.4000 A.

Figure 4 shows the two-dimensional (2D) fingerprint plots
from the Hirshfeld surface analysis of title compound 2. It
illustrates the relative contribution (in percentage) of the major
intermolecular contacts associated with it. The 2D fingerprint
plots complement the Hirshfeld surface by providing quanti-
tative information on the nature and type of intermolecular
contacts [42-47]. The most important interaction is H-H, which
contributes 48.3% to the overall crystal packing. Furthermore,
the C-H (15.1%) and O-H (31.7%) fingerprint plots also provide
information about the intermolecular hydrogen bonds and the
contribution of the individual elements toward the crystal
packing. The H-H interaction (indicated by one spike) is one of
the most significant contacts. The fingerprint plot of the C-H
contacts shows characteristic 'wings' that are identified as a
result of weak C-H--m interactions.
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(d)

(b)
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(e)

Figure 3. Hirshfeld surfaces mapped for (a) dnorm surface, (b) shape index, and (c) curvature, (d) d; and (e) de of compound 2.

de

de

o]

di

TE GE 10 T2 14 15 1 T Bl

All--All (100%)

U6 U8 10U T

de

di
T2 16 18 20 T

U6 U8 10 T

H-0/0-H (31.7%)

T2 16 1.8 20 T

H-H/H-H (48.3%)

U6 U8 10T

H-C/C-H (15.1%)

T4 16 1.8 20 7

de

2.2
2 k
1.8

U6 08 10 12 14 16 18 20 T

C-C/C-C (4.2%)

Figure 4. Relative contributions to the percentage of Hirshfeld surface area for various intermolecular contacts in 3-[piperidine-1-carbonyl]-2H-chromen-2-one.

The red triangles on the shape index represented by
concave regions indicate m-stacking interactions, while the blue
triangles represented by convex regions indicate the ring atoms
of the molecule inside the surface. Curvedness indicates the
electron density of surface curves around the molecular inte-
ractions. The flat areas of the surface correspond to a low value
of curvedness, whereas a sharp curvature area corresponds to
high values of curvedness and usually tends to divide the
surface into patches, indicating contact between neighboring
molecules. A large flat region delineated by a blue outline refers
to m-m stacking interactions. In this compound, the curvedness
suggests the absence of 11 stacking interactions [48-52]. The
red spot is located over the oxygen that links the coumarin ring
and the cyclic amine, which could be attributable to hydrogen
bonding. And the m-m interaction of the terminal aromatic
protons with neighboring molecules.

3.6. Chemical reactivity
Enomo and Ewumo are the determinants of the chemical

stability of any species [53]. The Enomo is associated with the
ability to donate an electron while the ELumo is associated with

the ability to accept an electron. The energy of the HOMO
determines the ionization potential, whilst the energy of the
Evumo determines the electron affinity. The energy difference
between the Enomoand Evumo orbitals, known as the energy gap,
determines the stability or reactivity of molecules [54]. The
energy gap also determines the electrical conductivity of the
compound [55]. The lower the energy gap, the higher the
conductivity, and vice versa. The hardness of a molecule also
corresponds to the gap between the Enomo and ELumo orbitals
[56].

The energy gap (Enomo-ELumo) is an important stability index
used to characterize the chemical reactivity and kinetic stability
of the molecule [57]. A molecule with a small energy gap is more
polarized and reactive because it easily offers electrons to an
acceptor. Low energy gap values may be due to conjugation
[58]. The energies of the frontier molecular orbitals, the energy
band gap (Enomo-ELumo), electronegativity (x), chemical poten-
tial (u), global hardness (n), global softness (S) and global
electrophilicity index (®) all contribute to the reactivity of the
molecule concerned. The stability of the molecule is found to be
related to hardness [59]. Electronegativity is the power of an
atom in a molecule to attract an electron to itself.
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Table 4. HOMO-LUMO energy levels of 2 using B3LYP, CAM-B3LYP, B3PW91, wB97XD and M06 functionals and 6-311G(d,p) basis set.

Energy levels (eV) B3LYP CAM-B3LYP B3PW91 wB97XD Mo06

LUMO+4 0.03593 0.07763 0.04550 0.11454 0.03216
LUMO+3 0.01276 0.06561 0.01357 0.09121 0.02020
LUMO+2 -0.01496 0.03680 -0.01583 0.05915 -0.00839
LUMO+1 -0.02852 0.02002 -0.02989 0.04221 -0.02335
LUMO -0.08515 -0.03917 -0.08667 0.01604 -0.07958
HOMO -0.24135 -0.29762 -0.24274 -0.31610 -0.25758
HOMO-1 -0.24426 -0.29819 -0.24596 -0.31784 -0.25814
HOMO-2 -0.26130 -0.31819 -0.26355 -0.33788 -0.27552
HOMO-3 -0.27394 -0.33127 -0.27675 -0.35083 -0.28737
HOMO-4 -0.29344 -0.35853 -0.29419 -0.37633 -0.31052
HOMO-LUMO gap 0.15620 0.25845 0.15607 0.33250 0.17790

Table 5. Summary of global reactivity descriptors for 3-[piperidine-1-carbonyl]-2H-chromen-2-one (2) using B3LYP, CAM-B3LYP, B3PW91, WB97XD and M06

functionals and the 6-311G(d,p) basis set.

Global reactivity descriptor B3LYP CAM-B3LYP B3PW91 WB97XD MO06

Electronegativity (x) 0.16325 0.33679 0.164705 0.30006 0.33716

Chemical potential (p) -0.16325 -0.33679 -0.164705 -0.30006 -0.33716

Global hardness (1) 0.15620 0.25845 0.156070 0.33214 0.17800

Global softness (S) 0.07810 0.12923 0.078035 0.16607 0.08900

Global electrophilicity index (o) 0.00416 0.00733 0.002117 0.01495 0.01011
The electrophilicity index measures the reduction of energy Acknowledgements

due to the highest electron transfer between the donor and
acceptor [60]. The electrophilicity is a descriptor of reactivity
that allows a quantitative classification of the global electro-
philic nature of a molecule within a relative scale. The new
quantity of reactivity can be demonstrated to understand the
toxicity of various pollutants in terms of their reactivity and site
selectivity [61]. The HOMO-LUMO energy levels of compound 2
which were computed using B3LYP, CAM-B3LYP, B3PW91,
wB97XD and MO06 functionals, and the 6-311G(d,p) basis set is
given in Table 4 Enomo and Erumo for compound 2 gave energy
gaps between 0.1562 and 0.33520 eV for the different
functionals and basis sets. The high energy gap is consistent
with its high melting point and low solubility in most solvents
[62].

Table 5 gives a summary of global reactivity descriptors for
3-[piperidine-1-carbonyl]-2H-chromen-2-one (2) using B3LYP,
CAM-B3LYP, B3PW91, WB97XD and MO06 functionals and 6-
311G(d,p) basis set. The B3LYP functional gave the lowest
electronegativity while the M06 functional gave the highest
electronegativity, which confirms the limited scope of the
B3LYP functional to capture all electron contributions in
compound 2. The reverse is observed in the computation of the
chemical potential, which is highest for the B3LYP and lowest
for the M06 functional. The WB9XD functional gave the highest
value for global hardness while B3LLYP gave the lowest value,
and the same trend was observed in the computation of global
softness. The B3PW91 functional gave the lowest global
electrophilicity index, while the WB97XD gave the highest
electrophilicity index.

4. Conclusion

Three new 2H-chromen-2-one and four known imine
derivatives have been synthesised and characterised using
FTIR, NMR, GC-MS, and microanalysis. The single crystal X-ray
structure of 3-[piperidine-1-carbonyl]-2H-chromen-2-one (2)
showed that the compound crystallised in the monoclinic space
group Cz/c with eight molecules in the unit cell held together by
anon-classical hydrogen bonding network. The Hirsfeld surface
analysis has been presented to provide quantitative infor-
mation on the nature and type of intermolecular contacts. The
HOMO-LUMO gap of compound 2 is quite high, ranging from
0.1562 to 0.33520 eV depending on the functional used. This is
consistent with the high stability of the compound.
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