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A surprising synthesis of 3-acetyl-6-chloro-2-methyl-4-phenylquinoline 
has been attained through convenient and efficient one-pot condensation 
of 3-chlorobenzophenone and acetylacetone. Its structure was elucidated 
by spectral data, X-ray diffraction studies and also investigated using 
density functional theory (DFT). Optimized geometry was obtained by 
performing DFT calculations at B3LYP level of theory and 6311+G (d,p) 
basis set. Frontier molecular orbital analysis has been executed at 
B3LYP/6-311+G(d,p) level of theory. The global reactivity parameters 
were explored using the energy of frontier molecular orbitals. Natural 
bond orbital analysis has been carried out at B3LYP/6-311+G(d,p) level 
of theory to discover hyper conjugative interaction and stability of the title 
molecule. Moreover, the product showed the reverse urease inhibition 
activity.  
Key Words: Quinoline derivative: Schiff base: Urease inhibition activity: 
Density functional theory: Natural Bond Orbital: Frontier Molecular Orbital 
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INTRODUCTION 
 

The diverse biological uses of Schiff bases 

engrossed us to synthesize some new Schiff bases 

(Andiappan et al., 2018; Jawoor et al., 2017). In this 

struggle, we have reported synthesis, X-ray 

structures and biological activities of various Schiff 

bases (Aslam et al., 2012). In the present study, we 

planned to synthesize a Schiff base from 3-

chlorobenzophenone and acetylacetone by the 

same previously used procedure but surprisingly a 

quinoline compound was obtained instead of the 

target product. Quinolines are nitrogen containing 

heterocyclic aromatic compounds and have diverse 

pharmacological activities such as antipyretic, 

antimalarial, analgesic, anti-inflammatory, arthritis, 

intracellular singling, antibiotic resistance and food 

preservatives etc. So herein we report the 

synthesis, characterization and urease activity of 3-

acetyl-6-chloro-2-methyl-4-phenylquinoline. Urease 

activity results showed that the product enhanced 

the activity instead of inhibition. The urease enzyme 

causes the gastric ulceration, urinary stone 

formation, pyelonephritis, and other dysfunctions 

(Moncrief et al., 1995).  Furthermore, the 

synthesized compound was subjected to density 

functional theory (DFT) calculations to explore more 

about molecular geometry, electronic properties 

such as frontier molecular orbitals (FMOs) and 

natural bond orbital (NBO) analysis.  
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MATERIALS AND METHODS 
All the chemicals and solvents were 

purchased from E. Merck. TLC was performed on 
pre-coated silica gel G-25-UV254 plates (E. Merck), 
and detection was carried out at 254 and 366 nm. 
The IR spectrum was recorded on Thermo Nicolet 
Avatar 320 FTIR spectrometer using KBr pellets. 
Melting points was recorded on a Gallenkamp 
apparatus. Elemental analysis was performed on 
Perkin Elmer 2400 Series II elemental analyzer. 
The FAB mass spectrum was recorded on JEOL 
SX102/DA-6000 mass spectrometer using glycerol 
as matrix and ions are given in m/z (%). The NMR 
(
1
H, 

13
C, 2D) spectra were recorded on a Bruker 

AMX-400 spectrometer in DMSO-d6. The chemical 
shifts (δ) are given in ppm, relative to 
tetramethylsilane as an internal standard, and the 
scalar coupling constants (J) are reported in Hertz. 
Single-crystal X-ray diffraction data was collected 
on Bruker Smart APEX II, CCD 4-K area detector 
diffractometer (Siemens 1996). Data reduction 
wase performed by using SAINT program. The 
structure was solved by direct method (Altomare et 
al., 1993), and refined by full-matrix least squares 
on F2 by using the SHELXTL-PC package 
(Sheldrick 1997). The figures were plotted with the 
aid of ORTEP program (Jhnson 1976). 
 
Procedure of the synthesis 

The mixture of 2-amino-5-chlorobenzo-
phenone (0.01 mole, 2.31 g) and pentane-2,4-dione 
(acetylacetone) (0.01 mole, 1.00 g) in ethanol (50 
mL) followed by 3-4 drops of conc. H2SO4 was 
refluxed for 7 h at 70 ˚C (see synthetic scheme at 
Fig., 1). After cooling, the reaction mixture was 
concentrated to one third of its volume by rotary 
evaporator. The concentrated mixture was kept at 
room temperature for five days and white 
transparent crystals were obtained. The crystalline 
product was collected, washed with methanol and 
dried to afford the pure product in 87% yield. Purity 
of the product was checked by TLC.  

 
Fig. 1: Synthetic scheme of 3-Acetyl-6-chloro-2-

methyl-4-phenylquinoline (3). 

Urease inhibition assay 
The urease enzyme solution was prepared 

by taking 0.125 units in each well in phosphate 
buffer (K2HPO4.3H2O, 1 mM EDTA and 0.01M 

LiCl2). Each well was filled with 80 L of 0.05 M 

potassium phosphate buffer (pH 8.2), 10 L of the 

sample (concentration range 5 - 500 M), contents 

were mixed and incubated for 15 min at 30C. 40 
Microliter of substrate solution (urea, 50 mM) was 

poured in each well to initiate reaction. Then, 70 L 
alkaline reagent (0.5 % NaOH and 0.1 % active 

NaOCl) and 40 L of phenol reagent (1 % phenol 
and 0.005 % w/v sodium nitroprusside) were 
introduced to each well. The well plate, containing 
reaction mixture, was incubated for 50 minutes and 
absorbance was recorded at 630 nm. IC50 values 
were determined by monitoring the effect of 
increasing concentrations of the product on extent 
of inhibition 
 
Computational procedure 

Gaussian 09 program package (Frisch et 
al., 2016) employing density functional theory (DFT) 
(Braga et al., 2005) was used to perform whole 
computations. The initial geometry of the title 
molecule was retrieved from the crystal structures. 
Full optimization was carried out without using 
symmetry restrictions at B3LYP level of theory and 
6-311+G(d,p) basis set. All vibrational frequencies 
calculated ascertain the structure is stable as no 
imaginary frequencies were observed. FMO and 
NBO analysis were performed using B3LYP level of 
theory with 6-311+G(d,p) basis set combination. 
The softwares Gauss View 5.0 (Frisch et al., 2000), 
Avogadro (http://avogadro.cc/wiki/Main_Page) and 
Chem Craft (http://www.chemcraftprog.com) were 
used to interpret the output files results. 
 

RESULTS AND DISCUSSION 
 

 The product, 3-acetyl-6-chloro-2-methyl-4-
phenylquinoline 3, was synthesized in good yield by 
the double condensation of 3-chlorobenzophenone 
1 and acetylacetone 2 in the presence of few drops 
of conc. sulfuric acid as catalyst. The IR spectrum 
of the product exhibited the absorption bands at 
1705 and 1606-1415 cm

-1
 for the carbonyl and the 

aromatic moieties, respectively. The spectrum did 
not show any absorption band in the range of 1630-
1610 cm

-1
, which is typical of Schiff bases 

(azomethine moiety) (Nicolae and Anghel 2003), 
indicating the product is not the expected Schiff 
base. The 

1
H NMR spectrum showed the aromatic 

methine protons signals at δ 8.05 (1H, d, J = 9.2 
Hz, H-8), 7.80 (1H, dd, J = 9.2, 2.4 Hz, H-7) and 
7.39 (1H, d, J = 2.4 Hz, H-5). The protons of the 
mono-substituted benzene ring resonated at δ 7.57-
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7.60 (3H, m, H-3ʹ, -4ʹ, -5ʹ) and 7.36 (2H, dd, J = 6.4, 
2.0 Hz, H-2ʹ, -6ʹ). The spectrum also showed two 
methyl singlets at δ 2.59 and 2.04, and their 
chemical shifts indicating their attachement with the 
aromatic ring and the carbonyl carbon, respectively. 
The absence of the methylene protons signal in the 
spectrum revealing that expected Schiff base 
product was not formed and may be methylene has 
been used in ring formation. The 

13
C NMR 

spectrum showed a signal of the carbonyl carbon at 
δ 204.4 and did not show the signal of the 
methylene carbon. If expected Schiff base product 
formed then the signals of the second carbonyl and 
the methylene carbons must be present in the 
spectrum. It can be expected that one carbonyl and 
the methylene has been utilized in the third ring 
formation. In the HMBC experiment the protons at δ 
7.36 (H-2ʹ, -6ʹ) showed 

3
J correlation with the 

quarternary carbon at δ 142.2. It is further evidence 
that the carbonyl of 3-chlorobenzophenone has 
become the part of aromatic ring. All the HMBC and 
COSY correlations are shown in the Fig., 2.  

 
Fig. 2: All HMBC ( ) and COSY ( ) 

correlations of the product 
 

EIMS showed the [M]
+
 peak at m/z 295 for 

the molecular formula C18H13ClNO. It is also 
comfirming that second H2O molecule has also 
been removed by second condesation. Elemental 
analysis also fully supported the molecular formula. 
On the basis of all spectral data, it is evident that a 
double condensation has taken place during the 
reaction. Finally, X-ray diffraction confirmed the 
product structure (Fig., 3 and 4). 

 

 
Fig. 3: The structure of the product with 
displacement ellipsoids drawn at 30%  

probability level 
 

 
 

Fig. 4: The crystal packing of the product 
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3-Acetyl-6-chloro-2-methyl-4-phenylquinoline (3) 
White crystalline solid; m.p. 154-155 ˚C; 

yeild 87 %; IR (KBr) νmax cm
-1

; 1705 (C=O), 2923 
(C-H), 1606-1415 (aromatic moiety), 700 (C-Cl);

 1
H 

and 
13

C NMR: See Table I; EI-MS (70 e/v)  m/z  

(rel. int %): 295 (45, [M]
+
), 280 (100), 252 (22), 217 

(20), 176 (17); FAB-MS (+ve): 296 [M+H]
+
 (calcd for 

C18H14ClNO, 296); Anal Calc. for C18H14ClNO: 
C 73.10; H 4.77; N 4.74. Found: C 73.15; H 5.84; N 
4.70.  

 
Table I: 

1
H (400 MHz, DMSO-d6) and 

13
C (100 MHz, DMSO-d6) NMR data of the product 

 

C No. C Type δC δH 

2 C 153.9 --- 

3 C 135.3 --- 

4 C 142.4 --- 

5 CH 124.2 7.39 (1H, d, J = 2.4 Hz) 

6 C 131.3 --- 

7 CH 130.7 7.80 (1H, dd, J = 9.2, 2.4 Hz) 

8 CH 130.8 8.05 (1H, d, J = 9.2 Hz) 

9 C 125.4 --- 

10 C 145.2 --- 

1ʹ C 133.9 --- 

2ʹ, 6ʹ CH 129.7 7.36 (2H, dd, J = 6.4, 2.0 Hz) 

3ʹ, 5ʹ CH 128.9 7.57-7.60 (2H, m) 

4ʹ CH 129.3 7.57-7.60 (1H, m) 

1ʹʹ C 204.7 --- 

2ʹʹ CH3 31.7 2.04 (3H, s) 

1ʹʹʹ CH3 23.4 2.59 (3H, s) 

 

X-Ray diffraction of the product 
Single-crystal X-Ray diffraction analysis 

was carried out to establish the structure of the 
product. The ORTEP diagram (Fig., 3) of the 
product showed that the quinoline ring (C1–C9/N1) 
is approximately planar, with a maximum devation 
of 0.017 (4) Å for atom C4 and form a dihedral 
angle of 64.40(14)° with the mean plane of the 
phenyl ring (C10–C15). All bond angles and lengths 
were found to be in normal range (Allen et al., 
1987). In crystal structure no classical hydrogen 
bonding was found and molecules are arranged in 
zig zag fashion parallel to the a-axis (Fig., 4).   
 
X-Ray crystal data of the product  

C18H14N1O1Cl1, Mr = 295.75, monoclinic, 
space group P21/n, a = 10.4798(13) Å, b = 
8.0045(10) Å, c = 17.562(2) Å, β= 90.764(3)°, V= 

1473.1(3) Å
3
 , Z=4, calc = 1.334 mg/m

3
, F(000) = 

616, µ(Mo Kα = 0.71073 Å, max/min transmission 

0.9723 / 0.9110, crystal dimensions 0.37 x 0.29 x 

0.11, 2.25◦ < < 25.5◦, 7930 reflections were 
collected, of which 2561 reflections were observed 
(Rint = 0.0411). The R values were: R1 = 0.0591, 

wR2 = 0.1591 for I  2(I), and R1 = 0.0902, wR2 = 
0.1703 for all data; max/min residual electron 
density: 0.222 / -0.183 e A˚

−3
. Crystallographic data 

of the product has been deposited in the Cambridge 
Crystallographic Data Center. The crystallographic 
information can directly be obtained free of charge 
from CCDC data center (CCDC 883325 reference 
code). 
 
Urease enhancement activity 

During the urease inhibition studies of the 
product, it was found that it enhanced the activity 
instead of inhibition. To check how much it 
enhances, thiourea was used as standard, which 
showed 96 % inhibition against urease enzyme. For 
this, first, the product was incubated with urease for 
two hours and then thiourea was added and 
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measured the percentage inhibition, which was 
62% (Table II). It shows that the product enhances 
the 34% activity of the enzyme or protects the 
enzyme from being inhibited. 

 
Table II: Urease inhibition activities by thiourea in 
the absence and presence of product. 

 

Inhibition by thiourea* in 
the absence of product 

 (%) 

Inhibition by thiourea in 
the presence of product 

(%) 

96 62 

(* Standard) 
 
Computational Studies 

Natural ond Orbital (NBO) analysis 
NBO analysis is widely deployed recently to 

examine the bonds interaction and migration of 
charge densities from Lewis-type NBOs (filled or 
donor) to non-Lewis NBOs (vacant or acceptor) 
orbitals (Tahir et al., 2017; Adeel et al., 2017). 
Moreover, it is also believed that the NBO analysis 
is helpful for the detection of hydrogen bonding 
originates from hyper conjugative interactions. NBO 
analysis of investigated molecule was performed 
utilizing NBO 3.1 program which is an embedded 
option of Gaussian 09 package at B3LYP/6–311+G 
(d,p) level of theory and results are presented in 
Table III.  

 
Table III: Second-order perturbation theory analysis of Fock matrix on NBO basis. 

 
To explore the donor-acceptor interactions, second order Fock matrix was carried out using equation 

(Snehalatha et al., 2009). 
 

2

,(2)
( )i j

i

j i

F
E q

 



 

 
In above equation, E

(2)
 represents the 

stabilization energy,  qi describes the donor-orbital 
occupancy, F(i,j) points out the off diagonal NBO 
Fock matrix elements and εi  and εj represents the 
diagonal elements. The most credible transitions 
takes place in our studied systems is π(C31-C33) 

→ π*(C9-C12) with stabilization energy value 
22.22 kJ/mol. This value is the largest one among 
all stabilization energy values presents in 
investigated molecule. On the other hand, σ(C9-
C14) → σ*(C14-C27) transition is found to have 
least  energy value 0.57 kJ/mol. This transition 
generates weak interaction between σ (donor) and 
σ*(acceptor). Other transitions like π(C17-C20) → 

π*(C19-C23), π(C29-C35) → π*(C17-C20), π(C19-
C23) → π*(C29-C35) and π(C9-C12) → π*(C21-
C25) with stabilization energies 20.95, 20.78, 19.85 
and 19.77 kJ/mol, respectively, represent the 
presence of conjugation in investigated molecule 
(Table III). In case of the resonance, the massive 
and least stabilization energy values 20.13 and 0.62 
kJ/mol are observed to be for the transition LP(O3) 
→ σ*(C14-C27) and LP(N5) → σ*(C17-C20) 
respectively. Above discussion confirmed the 
presence of extended conjugation in title molecules, 
hence, stabilization of the molecules due to intra-
molecular hyper conjugative interactions.  
 

Donor(i) Type Acceptor (j) Type E(2)
a
 E(j)

_
E(i)

b
 [a.u.] F(i; j)

c 
[a.u.] 

N4-N5 π C17-C20 π* 10.14 0.40 0.061 

C9-C12 π O3-C14 π* 18.49 0.27 0.067 

C9-C12 π C21-C25 π* 19.77 0.29 0.069 

C17-C20 π N4-N5 π* 20.09 0.23 0.064 

C17-C20 π C19-C23 π* 20.95 0.27 0.068 

C19-C23 π C17-C20 π* 17.33 0.30 0.065 

C21-C25 π C31-C33 π* 21.72 0.28 0.070 

C19-C23 π C29-C35 π* 19.85 0.30 0.069 

C29-C35 π C17-C20 π* 20.78 0.28 0.069 

C31-C33 π C9-C12 π* 22.22 0.28 0.071 

C9-C14 σ C14-C27 σ* 0.57 1.06 0.022 

N5 LP(1) C17-C20 σ* 0.62 0.97 0.022 

O3 LP(2) C14-C27 σ* 20.13 0.67 0.105 
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Frontier Molecular Orbitals (FMOs) 
HOMO and LUMO collectively form frontier 

molecular orbitals (FMOs). HOMO term is used to 
describe the highest occupied molecular orbital 
having higher energy, rich numbers of electron, 
therefore electron donating ability. Contrary, LUMO 
(lowest unoccupied molecular orbital) indicates the 
electron accepting capability due to lower energy 
and number deficiency of electrons. FMOs play a 
crucial role during molecular interactions. 
Furthermore, FMOs provide important perspective 
about the optical properties, electronic properties 
and reactivity of the molecule under investigation 
(Ebenezar et al., 2013; Sun et al., 2015). In this 
context, FMOs analysis were carried out at B3LYP 
(Becke, 3-parameter, Lee-Yang-Parr) level and 
6311+G(d,p) basis set combination. Results of 
FMOs analysis are tabulated in Table IV. Four 
important molecular orbital pairs are examined and 
their pictographic display is presented in Fig., 5. 
 

Table IV: Computed energy values for the title 
molecule in gas phase. 
 

MO(s) E (eV) ∆E (eV) 

HOMO -6.82 
3.75 

LUMO -3.07 

HOMO-1 -6.89 
4.75 

LUMO+1 -2.13 

HOMO-2 -7.22 
6.00 

LUMO+2 -1.21 

HOMO-3 -7.31 
6.25 

LUMO+3 -1.06 

E= energy, ∆E (eV) = ELUMO-EHOMO 
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Fig. 5: Frontier molecular orbitals of the title molecule. 

 

 

HOMO, LUMO are found to have energy 

values -6.82 and -3.07 eV respectively with an 

energy gap (EHOMO–ELUMO) value of 3.75 eV. 

Similarly, the calculated energy values of HOMO-1, 

LUMO+1 and EHOMO-1–ELUMO+1 is found to be -6.89, 

-2.13 eV and 4.75 eV respectively. The energy 

value of HOMO-2, LUMO+2 and EHOMO-2 –ELUMO+2 is 

observed to be -7.22, -1.21eV and 6.00 eV, 

respectively. In case of HOMO-3, LUMO+3 and 

EHOMO-3–ELUMO+3, the calculated energy has been 

found around -7.31, -1.06 eV and 6.25 eV 

respectively (see Table IV and Fig., 5). The 

energies of HOMO, LUMO and their gap play a 

significant function in the prediction of global 

reactivity descriptors (Parthasarathi et al., 2004; 

Parthasarathi et al., 2004; Mahmood et al., 2015). 

Global reactivity descriptors, such as electrophilicity 

index (ω), electron affinity (EA), electronegativity 

(X), ionization potential (IP), global softness (S), 

global hardness (η) and chemical potential (μ), are 

calculated using following equations and results are 

expressed in Table V. 
 
 

 
 

 

 

 

 

 

 

 
From Table V, it is evident that the 

ionization potential value of title molecule is doubled 

than the electron affinity value which describes the 

better donating capability of the title molecule. 

Electron affinity value is found positive which depict 

that the investigated molecule might participate in 

charge transfer reactions. Electronegativity value of 

the title molecule is observed to be 4.952. The 

electrophilicity index of the compound is found to be 

HOMO-IP E
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6.539. Global hardness value (1.875) of title 

molecule is found 7 times greater than their 

softness value (0.266). These findings suggest that 

the title molecule is a hard molecule with better 

donating capabilities. 

 

Table V: Ionization potential (IP), electron affinity (EA), electro negativity (X) chemical potential (ì) global  
hardness (ç) global softness (S) and global electrophilicity (ù). 

 

 A B C D 

I (eV) 6.827 6.89 7.22 7.319 

A(eV) 3.077 2.134 1.218 1.066 

X (eV) 4.952 4.512 4.219 4.192 

μ  (eV) -4.952 -4.512 -4.219 -4.192 

η (eV) 1.875 2.378 3.001 3.126 

S (eV) 0.266 0.210 0.166 0.159 

ω  (eV) 6.539 4.280 2.965 2.810 

 
A= HOMO & LUMO; B= HOMO-1 & LUMO+1; C= HOMO-2 & LUMO+2; D= HOMO-3 & LUMO+3 

 
 

CONCLUSION 
 

The product was obtained by the 
condensation of 3-chlorobenzophenone with 
acetylacetone with 87% yield. Its structure was 
elucidated by spectroscopic data. It showed reverse 
urease inhibition activity i.e., it enhanced the activity 
instead of inhibiting. NBO analysis showed that the 
interaction and migration of charge densities from 
filled to vacant orbitals in title molecule occurred 
and confirmed the presence of extended 
conjugation that leads to stabilization of the 
molecule. Also the findings of FMOs suggest that 
the title molecule is a hard molecule with better 
donating capabilities. 
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