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Abstract 

The title compound dihydro-pyridine was synthesized and structure is established by FT-IR, 1H NMR, and 13C NMR spectral 

analysis. The SC-XRD analysis has been carried out for the determination of molecular structure and its disclosed that crystal 

relates to monoclinic crystal phase, P21/n1 space group and cell parameters are a= 10.2314(2), b = 7.5215(1), c = 24.5475(4), 

α = 90, β = 97.921(1)° γ = 90 with 0.34 x 0.33 x 0.30 crystal size. The crystal lattice exhibits inter-molecular H-bonding 

between N1—H1A—O1.  Further inter contacts of the crystal lattice were determined by 3-D Hirshfeld surface (HSA) as well 

as percentage of contributions have been computed through 2D finger plot depiction. Moreover, bond length, bond angle and 

torsion angles have been correlated to respective output results of B3LYP/6-311++G(d,p). The electrophilic and nucleophilic 

characters have been studied through molecular electrostatic potential (MEP) analysis. © 2020 NIODC. All rights reserved 
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1. Introduction 

Heterocyclic chemistry has gained great attention of 

researchers across the globe in recent decades. The 

heterocyclic compounds play an important function 

vital role in the field of pharmaceutical and industrial 

chemistry [2]. Among the several heterocyclic 

compounds, 1,4 dihydropyridine derivatives has 

emerged significant class of heterocycles. The 1,4 

dihydropyridine derivatives was reported by Arthur 

Hantzch in 1881[3]. These derivatives are extensively 

utilized as calcium channel antagonist [4-6]. Apart 

from the use of cardiovascular agents, these 

derivatives possess various pharmacological properties 

[7-16]. These biological aspects of this medicinally 

relevant core demand for the development of novel 

methodologies that allow diversity around this 

framework. Among the several synthetic protocols 

employed, one-pot multicomponent reactions are the 

perhaps the most successful method for synthesizing 

1,4 dihydropyridine (1,4 DHP) derivatives [17-19].  

 

Moreover, the quantum mechanical calculation 

plays a vital role for describing the structural 

elucidation, electronic and chemical behaviour of the 

molecule. Additionally the intermolecular interactions 

analysis provides a detailed intermolecular interaction 

of the crystal lattice [20,21]. The crystal structure of 

substituted 1,4 dihydropyridine derivatives were 

reported by various researchers [22]. Boulcina et al 

have reported the crystal structure of bromo 

substituted 1,4 dihydropyridine derivative. The 

synthetic methodology involves the condensation 
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reaction of aromatic aldehyde, ethyl acetoacetate and 

aqueous ammonia/urea in ethanol. However, a detailed 

study of the compound, including the Hirshfeld 

surface analysis and DFT calculations are still 

unexplored [23,24]. We herein report the molecular 

structure investigation by theoretical and experimental 

methods. The synthetic methodology involves ethyl 

acetoacetate aromatic aldehyde and ammonium acetate 

under milder reaction condition. To our delight, we 

obtained the expected title compound in 98% yield 

after crystallization.  

 

In our previous work describes the synthesis, 

crystal structure and DFT analysis of 4-(4-4-fluro-

phenyl)-2,6-dimethyl-1,4-dihydro-pyridine-3,5-

dicarboxylic acid diethyl ester [25]. The present work, 

we report the molecular structure investigation of 4-(4-

Bromo-phenyl)-2,6-dimethyl-1,4-dihydro-pyridine-

3,5-dicarboxylic acid diethyl ester. The spectral 

analysis like FT-IR ,1H NMR and 13C NMR analysis 

reveal that the nature functional frequencies, proton 

environment and carbon nature in the structure. The 

single crystal X-RD analysis proved the molecular 

arrangement as well as nature of hydrogen bonding 

present in the crystal.  The intermolecular interactions 

of the compound were determined by Hirshfeld 

surface analysis. Moreover, the geometric parameters 

are in good correlation with the crystallographic 

parameters.  

2. Experimental  

All chemicals and reagents have been obtained 

from Sigma Aldrich and were used without purging. 

The thin layer chromatography was carried out with 

the assistance of silica gel (Mesh120) with glass 

plates. The buchi apparatus has been used to check the 

melting point. The FT-IR spectrum has been detected 

on Bruker Alpha II spectrophotometer. The 1H-NMR 

and 13C-NMR spectra were detected on Bruker (400 

MHz) high-performance FT-NMR spectrometer. The 

chemical shift (δ) and coupling constants (J) were 

measured by ppm and Hz respectively. The CHN 

analysis was carried out using Elementar varioMICRO 

select analyzer.  

2.1. Synthetic procedure  

     A mixture of 4-bromo benzaldehyde (0.01M), ethyl 

acetoacetate (0.02 M) and ammonium acetate (0.015 

M) were dissolved in 30 mL ethanol + water 

(60+40%). The reaction mixture was stirred for 2 h at 

RT. The progress of the reaction was monitored by 

TLC. After completion of the reaction, the mixture 

was poured into crushed ice; solid was filtered, dried 

and recrystallized from ethanol. 

  

 

 

 

 

 

Scheme 1. Synthesis of crystalized molecule 

Yellow color solid; yield: 98%; m.p. 184-186; IR: 

3355 cm-1 (N-H), 2987 cm-1 (Ar-CH), 2958 cm-1 (R-

CH), 1693 cm-1 (C=O), 1649 cm-1  (C=C), 580 cm-1 

(C-Br); 1H NMR (400 MHz, CDCl3) δ 7.21-.24 (dd, J 

= 7.9, 5.2 Hz, 2H, Ar-H), 6.87 (qt, J = 5.5, 2.4 Hz, 2H 

Ar-H), 6.20 N-H), 4.96 (s, 1H), 4.12 – 4.06 (m, 4H, 

CH2), 2.28-2.30 (dd, J = 11.2, 6.2, 2.6 Hz, 6H, -

OCH3), 1.19-1.23 (dt, J = 7.1, 3.6 Hz, 6H, -CH3). 13C 

NMR (101 MHz, CDCl3) δ 167.74, 167.55, 162.55, 

160.13, 144.29, 143.82, 130.89, 129.45, 129.38, 

114.60, 114.39, 104.16, 103.79, 59.81, 39.32, 39.04, 

19.60, 19.31, 14.26. Anal Calc. for C19
 H22 Br NO4; C, 

55.89; H, 5.43; Br, 19.57; N, 3.43; O, 15.67. Found; C, 

55.79; H, 5.31; Br, 19.48; N, 3.32; O, 15.63. GC-MS 

(m/z): 408. 

2.2 XRD determination and computational details 

The crystallographic data of the compound were 

collected at room temperature (293 K) on a Bruker D8 

Quest ECO diffractometer using MoKα radiation 

(0.71073 Å) and the APEX-III program was used to 

monitor the data collection [26]. The cell refinement 

and data reduction was detected through Bruker 

SAINT Software package. The absorption effect data 

were corrected using the numerical method 

(SADABS) and refined using SHELXS-2014 & 

SHELXL-2014 programmers [27-29]. The monoclinic 

crystal system yielded 43084 reflections. The non-

hydrogen atoms were resolved anisotropically and 

hydrogen atoms were refined geometrically [C-H= 

0.96 A] using riding model Uiso(H) =1.5 Ueq(C). 

Uiso= 1.5 (Cmethyl). The crystal packing and 

geometrical parameters were accomplished using 

MERCURY and ORTEP [30,31]. The quantum 

chemical calculations were computed by DFT- 

Gaussian 09 version by B3LYP/6-311++G(d,p) 
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method. The Gauss view 5.0 programs was used to 

interpret the data and structural visualization of the 

compound [32,333]. The corresponded 2-D finger 

prints and Hirshfeld surface was accomplished through 

crystal explorer 3.0. [34]. 

3. Results and Discussions 

3.1. FT-IR, 1H and 13C NMR analysis  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 FT-IR spectrum of the molecule 

 Fig.1. describes the N-H peak appeared at 3355 

cm-1. The existence of a band at 2987 cm-1 is ensured 

for aromatic C-H band. A peak observed at 1693 cm-1 

is assigned to C=O band. A band appeared at 1649 cm-

1 is corresponding to C=O group. A peak observed at 

580 cm-1 is confirms the C-Br stretching [35]. The 1H 

NMR spectrum describes the aromatic protons are 

observed at δ 7.21-.6.87 ppm. A singlet observed from 

δ 4.96 ppm is attributed to -CH proton. A multiplet 

observed at δ 4.12 – 4.06 ppm The existence of a 

singlet at δ 6.20 ppm is attributed to NH proton. The 

methyl group in the pyridine ring is observed by a 

doublet of triplet observed at δ 1.23-1.19 ppm. A 

doublet of doublet peak observed at δ 2.32-2.28 ppm is 

assigned to CH3 proton. The 13C NMR spectrum 

describes the signal appeared at δ 167.73 and 

167.55ppm confirms the presence of C=O. A multiplet 

signal appeared in the region δ 144.29 -114.39 ppm is 

assigned to aromatic carbon. A peak appeared at δ 

59.81ppm is assigned to O-CH3 carbon. A signal 

observed at δ 39.32 ppm is corresponding to 

benzylidine CH carbon.  The presence of methyl 

carbon at pyridine ring is ensured by the appearance of 

a peak at δ 19.60 and 19.31. A peak appeared at δ 

14.26 ppm is attributed to methylene carbon. The 1H 

and 13C NMR data are given in Fig. 2 and Fig. 3 

[36,37]. 

 

 

Fig.2. 1H NMR spectrum of the molecule 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. 13C NMR spectrum of the molecule 

3.2. Single crystal XRD description 

The SC-XRD analysis report of the compound has 

been deposited in Cambridge Crystallographic Data 

Centre with CCDC Number: 2040812 and this data   

can be freely collected by request form the 

www.ccdc.cam.ac.uk/data_request/cif online server.  

 

The title compound (C19 H22 Br NO4) was 

recrystallized using ethanol solvent by slow 

evaporation method. The crystal lattice shows 

monoclinic crystal phase, P21/n1 space group and cell 

parameters a=10.2314(2), b=7.5215(1), c =24.5475(4), 

β=97.921(1)°, Z= 4, and V=1871.04(5) Å3, Crystal 

size is 0.34 x 0.33 x 0.30 mm and Goodness of fit on 

F2 =1.05. The refinement details and crystal structure 

information are provided in Table 1 and ORTEP 

representation is displayed in Fig. 4 .  In 1,4 dihydro 

pyridine ring was characterized by flattened boat 

conformation, N1 and C7 atoms are arranged from the 

base of the boat plane, which is confirmed by 

N1/C8/C9/C10/C11 atoms.  The presence of N—H1A 

bond is ensured by bond length = 0.84 (2). The bond 

angle for C10—N1—H1A =116 (2)° and C9—N1—
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H1A = 120 (2)°. Torsion angles are another structural 

description of the crystallized compound. The 

aromatic ring connected with 1,4 dihydropyridine ring  

which ensured by torsion angle found to be C2––C3––

C7––C11=57.8 (3)° and C2––C3––C7––C8 =-65.8 

(3)°. The torsion angles for 1,4 dihydro pyridine ring is 

found to be C12—C11—C10—N1 = 174.4 (2)o and 

C17—C8—C9—N1 = -178.7 (2)o [38,39]. The two 

ethoxy groups are ensured by the torsion angles found 

to be C7—O2—C16—C8 = 176.01 (16)o  and C13—

O3—C12—C1 = -174.76 (15)o.  The torsion angles for 

4-bromo phenyl ring is found to be Br1—C6—C5—

C4 = -180.0 (2)°. The selected bond length bond 

angles and torsion angles are tabulated in Table 2 and 

Table 3 respectively. The flattened boat structure was 

confirmed from the displacement (Å2) values found 

for N1= 0.0597 (13)Å2 and C7= 0.0504 (12)Å2 

[40,41]. The compound exhibits inter-molecular H-

bonding between N1—H1A-----O3 with the bond 

distance of 3.045(3)A°. The H-bonding interaction and 

with bond distance are displayed in Table.4 and Fig.5 

respectively. 

 

Fig. 4.  ORTEP plot of the molecule with 50% probability 

and atom labelling

 
Fig.5. N-H-O interaction of the molecule 

Table 1. Crystal data and structure refinement details. 

CCDC Number 

Chemical formula 
2040812 

C19 H22 Br NO4 

Molecular weight 408.29 g/mol 

Crystal system,  

Space group 

Monoclinic &  

P21/n1 

Temperature (K) 293 

Unit cell dimensions 

(Å) 

a =10.2314(2)  

b = 7.5215(1) 

c = 24.5475(4)  

α,β,γ (˚) α = 90 

β = 97.921(1) 

γ = 90 

V(Å3) 1871.04(5) 

Z 4 

Radiation type Mo Kα 

μ (mm-1) 0.222 

Crystal size(mm) 0.34 x 0.33 x 0.30 

Limiting indices -13<=h<=13, -10<=k<=9, 

-32<=l<=30 

Reflections collected 4632 

Independent reflections 43084 [R(int) = 0.0345] 

Structure solution 

program 

SHELXT 2014/5 

(Sheldrick, 2014) 

Diffractometer Bruker D8 QUEST ECO 

Refinement method Full-matrix least-squares 

on F2 

Absorption correction Numerical 

Tmin, Tmax 0.516,0.553 

Data / restraints / 

parameters 

4632 / 0 / 234 

Goodness-of-fit on F2 1.055 

Final R indices [I> σ (I)] 

All data 

 

 

Largest diff. peak  

and hole (eÅ-3)                     

R.M.S. deviation from 

mean  (eÅ-3) 

 

 

H-atom treatment  

 

R1 = 0.0434,  

wR2 = 0.1257 

R1 = 0.0607,  

wR2 = 0.1381 

 

0.750 and -0.702  

0.056 

 

H atoms treated by a 

mixture of independent 

and constrained  

refinement 
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     Table 2. The selected bond length (Å) and bond angle (°) 

 

Table 3. The selected torsion angle (°) 

Bond Angle (°) Bond Angle (°) 

C12—C11—C10—N1 174.4 (2) C17—C8—C9—N1 -178.7 (2) 

C7––C11––C10––N1 -6.2 (3) C7––C8––C9––N1 6.0 (3) 

C12––C11––C10––C15 -4.0 (4) C17––C8––C9––C16 -0.6 (4) 

C7––C11––C10––C15 175.3 (2) C7––C8––C9––C16 -175.8 (2) 

C10––N1––C9––C8 13.6 (4) C9––N1––C10––C11 -13.4 (4) 

C9––N1––C10––C15 165.3 (2) C10––N1––C9––C16 -164.9 (2) 

C17––C8––C7––C11 162.4 (2) C12––C11––C7––C8 -158.2 (2) 

C2––C3––C7––C11 57.8 (3) C2––C3––C7––C8 -65.8 (3) 

C7––C11––C12––O3 15.2 (4) C7––C11––C12––O3 171.9 (3) 

C10––C11––C12––O4 16.3 (4) C7––C11––C12––O3 177.2 (2) 

Br1––C6––C1––C2 -179.8 (2) Br1––C6––C5––C4 -180.0 (2) 

 

Table 4 H- Bond geometry (Å,°) (Symmetry codes: (i) x,-1+y,z) 

 

D‒H···A D‒H H···A D···A D‒H···A 

N1‒H1A···O3(i) 0.85(3) 2.21(3) 3.045(3) 165 

C7‒H7···O3 1.02(3) 2.43(3) 2.804(3) 100.6(19) 

C18‒H18A···O2 0.96 2.48 2.823(4) 101 

C19‒H19C···O4 0.97 2.31 2.679(5) 102 

 

 3.3 Hirshfeld surface analysis 

 

     The intermolecular interactions of the crystal 

packing were studied through 3-D Hirshfeld surface 

and 2-dimensionl finger print representation with aid 

of crystal explorer 3.0 [42]. Besides their graphical 

visualization, it offers more relevant insight on 

chemical interactions and estimating the relative 

contribution of inter contacts. The HS surface plotted 

against the various properties such as de, dnorm, and 

curvedness has found to be an effective graphic tool 

for studying the molecular interactions and molecular 

crystal packing nature [43]. The interaction of the 

atoms depicted through various color including 

white, blue and red. The red color denoted as higher 

electron density, high H-bonding potentiality with 

closer contacts to the HS. The blue color denoted as 

the lower electron density with longer contacts and 

white region denoted as wander Waals separation 

[44]. The curvedness determined by curvature of HS. 

The low curvedness signifies the covalent bonding 

interactions and blue outline with large curvedness 

promulgates π - π interactions [45]. The H-bonding 

contact in the crystal is indicated as dark red color. 

Whereas, the H—H, C—H and C—Br interactions 

are appeared as light red color on the HS. The 

Hirshfeld surfaces (dnorm, Curvedness, Shape index) 

and finger pot representation is shown Fig.6. From 

dnorm surface diagram revealed that the dark red color 

shows the shorter interatomic contact with strong 

hydrogen bonding (N-H) of the 1,4 dihydro pyridine 

ring.  The H—H contact appeared on middle of the 

surface with 55.5% contribution which is found to be 

higher compared to other intermolecular interactions. 

The O-H contact exhibited 15.0 % contribution to the 

Hirshfeld surface which is exhibited in the sharp 

spike. Moreover, C-H and Br-H interactions were 

found to be 12.1 % and 12.5 % respectively. The 

Br—C and N—H appeared as closer contact with 

Bond  Length(Å) Bond Length(Å) Bond   Angle (°) Bond Angle (°) 

N1—H1A 0.85 (3) O4––C12 1.342 (3) C8––C7––C11 110.82 (19) C10––C11––C7 120.9 (2) 

N1––C9 1.377 (3) O4––C13 1.449 (3) C9––N1––C10 123.6 (2) C9––C8––C7 120.9 (2) 

N1––C10 1.381 (3) O2––C17 1.207 (3) C9––N1––H1A 120 (2) C2––C3––C7 121.0 (2) 

C11––C7 1.526 (3) Br1––C6 1.901 (3) C10––N1––H1A 116 (2) C12––O4––C13 118.2 (2) 

C8––C7 1.521 (3) C3––C7 1.523 (3) C10––C11––C12 124.5 (2) C17––O1––C18 117.8 (3) 

O1––C17 1.347 (3) C9––C16 1.500 (3) C9––C8––C17 120.9 (2) O3––C12––C11 123.2 (2) 

O1––C18 1.454 (3) C10–C15 1.500 (3) C17––C8––C7 118.0 (2) C1––C6––Br1 120.0 (2) 
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2.0% and 0.3 % to the Hirshfeld surfaces. The 

remaining inters contact interaction of the molecule 

with their percentage of contribution are shown Fig. 

7. 

Fig.6. Hirshfeld Surfaces of the title compound 

 
Fig.7. 2-D finger plot representaion of title compound 

showing individual contribution of each to the total 

Hirsheld surfaces.  

3.4 Frontier Molecular Orbital energies analysis 

The quantum mechanical calculation has been 

carried out by using DFT- Gaussian 09 version by 

B3LYP/6-311++G(d,p) method. The electronic 

behavior of the molecule is based the frontier 

molecular orbital energies. However, the highest 

occupied molecular orbital (HOMO) which carries 

electron with high energy and it has tendency to 

donate electron which is regarded as electron donor 

(nucleophile character). However, the lowest 

unoccupied molecular orbital (LUMO) with least 

energy tends to accept electron density which is 

denoted as an electron acceptor (electrophilic 

character) [46]. The energy gap within HOMO-

LUMO was also used to describes the softness and 

hardness, molecular reactivity, kinetic stability, 

polarisability [47,48]. The chemical nature of the title 

compound was determined by HOMO and LUMO 

analysis. The DFT calculation is good correlation 

with experimental methods and their geometric 

comparison are given in Table S1. The calculated 

frontier molecular descriptors of crystal phase and 

DFT phase are given in Table 5. The molecular 

orbital energies were observed for the title compound 

(Crystal phase) are EHOMO= -5.82eV and ELOMO= 

-1.42. However, molecular orbital energies were 

observed for title compound (DFT phase) are 

EHOMO= -5.93Ev and ELOMO= -1.60. The DFT 

mapped surface of the compound is displayed in Fig.  

8. In energy gap are found for Egap= 4.33eV (crystal 

phase) and Egap= 4.32 eV (DFT phase). This energy 

gap of crystal phase and gas phase discloses that the 

molecule possess high chemical reactivity and low 

kinetic stability. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig.8. 3-Dimensional HOMO-LUMO surface  

 

Table 5. Molecular descriptors of Crystal phase and DFT 

phase 

Molecular 

descriptors 

Crystal 

phase 

DFT phase 

Energy (eV) 

Electron affinity 

A= [-ELOMO] 

1.420707 

 

1.601935 

 

Ionization potential 

I= [-E HOMO 

5.820518 

 

5.930997 

 

Global hardness 

Ƞ=(I+A)/2 

2.199906 

 

2.164531 

 

Electrochemical  

potential 

μ=-(I+A)/2 

-3.62061 

 

-3.76647 

 

Electrophilicity 1.126088 1.195943 
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ω=μ2/2I]   

Electronegativity 

𝜒=(I+A)/2 

3.620613 

 

3.766466 

 

HOMO energy -5.820518 

 

-5.930997 

 

LUMO energy -1.4207072 

 

-1.6019351 

 

 

3.3. Molecular Electrostatic potential analysis 

(MEP) 

The molecular electrostatic potential (MEP) 

analysis has been carried out for the determination of 

hydrogen bonding interaction with assistance of 

electron density. However, 3-D MEP surface of the 

compound was visualized by different colors, in 

which electron-rich site appears at the red color, 

(most negative) and electron deficient-site appears at 

blue color (most positive). The yellow and light blue 

color indicates slightly electron deficient site [49, 

50]. 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

        Fig 9. MEP surface of the molecule 

 

 Fig.7 describes the electronic nature of the 

molecule and oxygen atom is appeared electron rich 

site which possess negative charge with electrophilic 

character. The nucleophilic character was observed in 

blue color at N-H. The yellow and light blue color 

appears on the alkyl and benzene ring which indicate 

slightly electron deficient region which reveals the 

nucleophilic character. 

 

4. Conclusion 

In summary the crystallized compound 4-(4-

Bromo-phenyl)-2,6-dimethyl-1,4-dihydro-pyridine-

3,5-dicarboxylic acid diethyl ester has been 

developed by slow evaporation strategies utilizing 

ethanol as a solvent. Subsequently, the spectral 

methods such as  FT-IR, 1H NMR and 13C NMR 

analysis has been used to determine the structure and 

functional group present in the molecule. Further the 

molecular structure was established through SC-XRD 

analysis and compound exhibit monoclinic with 

P21/n1 space group.  The crystal and molecular 

structure is stagnated by N—H—O bonding. The 

Hirshfeld and 2D-finger plot representation reveals 

that H—H inter contacts are appeared the highest 

contribution 55.5 %. In addition the DFT analysis 

indicates that the crystallographic parameters are in 

well correlation with DFT parameters. The energy 

gap for the crystal is Egap4.33eV which indicates that 

the compound possesses high chemical reactivity. 

Furthermore, the MEP analysis revealed that alkyl 

and benzene ring are in the most positive region 

which is more favorable for the nucleophilic 

character. 
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