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Single crystal X-ray structure analyses of 3-Hydroxyl-1,7,7-
trimethyl-3-[5-(4-methyl phenyl)-1,3,4-oxadiazol-2-yl]bicycle 
[2.2.1] heptan-2-one was performed. In addition, the 
computational investigations such as optimization energy, 
infrared spectra, the frontier orbitals of HOMO, LUMO, HOMO-1, 
and LUMO+1 analysis, molecular electrostatic potential plots, heat 
capacity, entropy, and charge distribution were performed on the 
products at DFT/B3LYP methods. The comparison between the 
experimental and theoretical results demonstrated that these two 
results are in good agreement. 
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Introduction 

Multicomponent reactions (MCRs) can be 

regarded as an effective and robust means in 

today’s synthetic organic chemistry; this is 

owing to the good qualities like atom economy 

and good reaction design, as well as the 

possibility of constructing target compounds 

by introducing a number of components in one 

single chemical incident [1]. Also, products 

purification resulted from MCR is usually not 

complicated as the whole organic reagents are 

applied and can be inserted into the targeted 

compound [2-4]. MCRs, resulting in notable 

heterocyclic scaffolds, are especially suitable 

for constructing varied “druglike” molecules 

chemical libraries. Isocyanide-based MCRs are 

particularly significant in such an area [5,6]. Of 

MCRs to date, the ones based on isocyanides 

are the most effective reactions. Isocyanide-

based multicomponent reactions (IMCRs) 

have been of much recent research interest 
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due to their interesting synthetic potential, 

implementation ease, and the possibility of 

molecular variety in the combinatorial 

chemistry field [7,8].  

Camphor and its derivatives are considered 

as one of the most widely used enantiopure 

building blocks, agents shift reagents in the 

NMR spectroscopy, and ligands in a wide 

range of asymmetric reagents as well as 

catalysts [9-11]. Camphorquinone, 6- 

oxocamphor, also known as 2,3-bornanedione 

is a photo initiator applied in curing dental 

composites [12]. (1R)-(–)-Campherchinon 

(Figure 1) is one of the camphor derivatives, 

which can be used as a chiral starting material 

for the preparation of diverse and different 

chiral organic compound [13,14]. Likewise, 

various camphor derivatives have been used 

in asymmetric hydrogenation reactions 

[15,16]. Moreover, some of the camphor 

derivatives demonstrate fascinating biological 

and pharmaceutical activities. By the way, 

camphorsulphonylbenzimidazoles contain an 

anti-bacterial [17], and anti-spasmodic effect 

has been applied in the pharmaceutical field 

[18].

 
FIGURE 1 Molecular structure of (1R)-(–)-Campherchinon 

Over past years, the substantial research 

has been carried out on various types of 

oxadiazoles. Especially, organic compounds 

including 1,3,4-oxadiazole base have been 

demonstrated to have a vast array of 

pharmacological and therapeutic activities. A 

group of 1,3,4-oxadiazoles have revealed 

myorelaxant, painkiller, hypotensive, and 

antiemetic activities [19-21]. A suitable 

procedure has been previously reported for 

the synthesis of 1,3,4-oxadiazoles [22,23].  

Theoretical chemistry is a part of chemistry 

with the simulation of molecules and atoms 

which can help researchers to find better 

chemical structures. It assists the 

experimental chemists to predict molecular 

structure [24], identify the correlation 

between the chemical structures and 

molecular properties [25],  to find the 

chemical approaches for synthesis of organic 

and inorganic compounds [26], drug design 

[27], etc. Hartree-Fock calculation 

(abbreviated as HF) is a common kind of ab 

initio method. In HF methods, the central field 

approximation is the early approximation. By 

definition, the coulombic electron-electron 

excretion is inverted by integrating the 

repulsion period. A strong method leading to 

the quantum chemistry for the prediction of 

the electron structure of molecules is Density 

functional theory (DFT). The DFT methods are 

being more and more useful. The results 

deduced by DFT methods are comparable to 

the results presented by ab initio methods. 

The most popular of DFT model is B3LYP [5]. 

Due to our interest in the synthesis of 

heterocycle compounds [28,29],  single crystal 

X-ray structure [30-32]  and computational 

chemistry as DFT studies [33-39], in the 

current study, we reported a theoretical 

investigation, and compared it with the 

experimental analysis such as FT-IR spectra, 

the frontier orbitals of HOMO, LUMO, HOMO-

1, and LUMO+1 analysis, heat capacity, 

entropy, charge distribution and molecular 

electrostatic plots in association with the 

compound mentioned earlier. 

Experimental 

The 3-hydroxyl-1,7,7-trimethyl-3-[5–(4-

methylphenyl)–1,3,4-oxadiazol–2–



P a g e  | 761 Single crystal X-ray structure analysis and DFT … 
 

 
yl]bicyclo[2.2.1]heptan-2-one (1A) was 

obtained using the procedure described in a 

previous study [40]. The molecular structure 

of 1A was displayed in Figure 2. Colorless 

single crystals were grown by gradual 

vaporization of its petroleum ether/methanol 

(1:1) solution. The colorless single crystals 

were filtered, washed with a cold mixture of 

petroleum ether/methanol (1:1) and dried at 

room temperature.

 
FUGURE 2 Molecular structure of 1A 

Single crystal X-ray diffraction of 1A 

We measured the crystallographic 

measurement on an Xcalibur R κ-geometry 

automated four-circle diffractometer 

accompanied by a CCD camera Ruby and 

graphite-monochromatized MoKα radiation (λ 

= 0.71073 Å). The data collection was 

conducted at 80(2) K using the Oxford-

Cryosystems cooler. Data were corrected for 

Lorentz and polarization impacts. Xcalibur R 

software, CrysAlisPro was applied to gather 

the data, refine cell, reduce, and analyze the 

data [41]. Using direct methods with the 

SHELXS97 program, we solved the structure 

[42], refined it by a full-matrix least-squares 

technique with SHELXL2013 [42], and 

considered anisotropic thermal parameters 

for non-H atoms. The whole H atoms were 

detected in various Fourier maps and refined 

isotropically. As for the final refinement 

stages, the C-bonded H atoms experienced 

repositioning in their computed positions and 

were refined applying a riding model, with C–

H = 0.95–1.00 Å, and Uiso(H) = 1.2Ueq(C) for 

CH and CH2, as well as 1.5Ueq(C) for CH3. 

Hydroxyl H atom was refined without 

restriction. DIAMOND program was utilized to 

make figures [43]. Details of the conditions for 

the data collection and structures refinements 

are given in the crystallographic information 

file (CIF) deposited with The Cambridge 

Crystallographic Data Centre 

(www.ccdc.cam.ac.uk/; deposition number 

CCDC-2089303) and provided as ancillary 

data. 

Crystal data 

C19H22N2O3, Mr = 326.38, colorless block, 

crystal size 0.44 × 0.43 × 0.41 mm, trigonal, 

space group P32, a = 11.050(3), c = 12.319(3) 

Å, V = 1302.7(8) Å3,T = 80(2) K, Z = 3, μ = 0.09 

mm−1 (for Mo Kα, λ = 0.71073 Å), the empirical 

absorption correction (multi-can), Tmin = 

0.990, Tmax = 1.000, 10018 reflections 

measured, 5223 unique (Rint = 0.020), 5025 

observed (I > 2σ(I)), (sin θ/λ)max = 0.746 Å−1, 

225 parameters, 1 restraint, R = 0.035 

(observed refl.), wR = 0.091 (all refl.), GOOF = 

S = 1.03, (Δρmax) = 0.35, and (Δρmin) = −0.25 e 

Å−3. Absolute configuration was known. 

Computational details  

The theoretical study was calculated using the 

Gaussian 09W software package [44]. The DFT 

method get the Becke3 exchange functional 

completed with Lee, Yang, Parr (LYP) 

correlation functional [45,46]. The geometry 

optimizations were achieved by HF and 

DFT/B3LYP methods as well as 6-31G, 6-

311G* basis sets, respectively, to take the 

closest structure. The wavenumbers were 

calculated at B3LYP/6-311G*. It was indicated 

by specializing part of Gauss View 6.0 software 

which reveals the FT-IR spectrum of the 

vibration models [47]. The molecular 

http://www.ccdc.cam.ac.uk/
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geometries were fully optimized and shown at 

B3LYP/6-311G*. 

Results and discussion 

To develop powerful methods for providing 

heterocyclic compounds included in our 

ongoing program, the synthesis of 1,3,4-

oxadiazoles by a three-component 

condensation of (N-

isocyanimino)triphenylphosphorane, 4-

methylbenzoic acid, and (1R)-(-)-

campherchinon was tested.  The FT-IR, 1H 

NMR, and 13C NMR spectroscopy was used to 

confirm  the product’s structure [40]. 

The molecular structure of 1A was 

optimized using B3LYP/6-311G* (Figure 3). 

The energy of optimization, frontier orbitals of 

HOMO, LUMO, HOMO-1, LUMO+1, and energy 

gap were obtained within B3LYP/6-311G* as 

displayed in Table 1.

 
FIGURE 3 The molecular structure of 1A optimized using B3LYP/6-311G (d,p)

The FT-IR spectrum of the molecule 1A was 

obtained by B3LYP/6-311G* method and 

basis set. The FT-IR diagrams of compound 1A 

were designed by animation option of Gauss 

view 6.0 software, as illustrated in Figure 4. 

The comparison between the experimental 

[40] and theoretical FT-IR spectra results 

demonstrate that these two results are in good 

agreement.

 
FIGURE 4 The computational FT-IR spectrum for 1A calculated by B3LYP/6-311G*

Frontier high occupied molecular orbital 

(HOMO) and low unoccupied molecular 

orbital (LUMO) of 1A plotted in 3D by 

B3LYP/6-311G* method and basis sets are 

displayed in Figure 5. Optimization energy, 

heat capacity, entropy, HOMO, LUMO, HOMO-

1, LUMO+1, and the energy gap for compound 

1A are depicted in Table 1. With a vector in 

three dimensions, the dipole moment can be 

revealed by molecular charge distribution. 

Thus, it can be suitable as an  explanator to 

determine the movement of electric charges 

throughout the molecules [48]. The 

nucleophilicity and electrophilicity properties, 

dipole moments, and the molecules 

interactions with each other can be predicted 
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by charge distribution in the molecules. The 

molecular electrostatic potential (MEP), 

electron density surface plots (ESP), and the 

molecular charge distributions on the surface 

of the compound 1A calculated at B3LYP/6-

311G* method and basis set are depicted in 

Figure 5.  According to Figure 6, the oxadiazole 

ring, carbonyl, and hydroxyl groups are 

negative (-) regions (red area), and methyl 

group and phenyl ring are positive (+) regions 

(green area). The Mullikan charge distribution 

plots of compound 1A calculated by B3LYP/ 6-

311G* are shown in Figure 7, confirming the 

obtained results by MEP and ESP contour 

plots.

 
FIGURE 5 The 3D plot of frontier HOMO and LUMO orbitals of 1A using B3LYP/6-311G* method 

and basis sets 

TABLE 1 Some molecular orbital properties and optimization energy for 1A calculated by 

B3LYP/6-311G* 

E 

(Thermal) 

KCal/Mol 

CV 

Cal/Mol-

Kelvin 

S 

Cal/Mol-

Kelvin 

HOMO 
HOMO-

1 
LUMO LUMO+1 GAP 

GAP 

+1,-1 

251.725 84.677 152.322 
-

0.24237 

-

0.25376 

-

0.05715 
-0.03579 

-

0.18522 

-

0.21797 

 

 
FIGURE 6 ESP, Contour total density, and MEP of the compound 1A shown as charge distributions 

on the surface, calculated at B3LYP/6-311G* method and basis set 
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FIGURE 7 The Mullikan charge distribution plots of compound 1A calculated by B3LYP/ 6-311G* 

X-ray crystal structure 

The molecular structure of 1A was 

determined with the use of X-ray 

crystallography (Figure 8). The compound 

crystallizes in the chiral trigonal P32 space 

group. As indicated in Table 2, (4-

methylphenyl)–1,3,4-oxadiazole fragment of 

the molecule is almost planar, with the p-tolyl 

being only slightly twisted relative to the 

oxadiazole ring (C14—C13—C12—O1 torsion 

angle of 18.8(2)). To this planar part, bicyclic 

camphor moiety is linked via the chiral atom 

C3 (absolute configuration S). The C3-bound 

OH group is an acceptor of weak 

intramolecular C–H···O contact (Figure 8), and 

a donor of intermolecular N–H···O hydrogen 

bond (Table 3). As a result of the latter 

interactions between molecules resulting 

from the action of threefold screw axis 32, 

helical chains (running down the c-axis) are 

shaped in the crystal of 1A (Figure 9).

 
FIGURE 8 X-Ray structure of 1A, indicating the atom-numbering scheme and the intramolecular 

C–H·· O hydrogen bond (light orange dashed line). Displacement ellipsoids are drawn at the 50 % 

probability level 

 
FIGURE 9 Helical chain (side and top view), running down the c-axis, built up from molecules of 

1A joined via intermolecular N–H···O hydrogen bonds (blue dashed lines). Symmetry code (i) 

−x+y, −x, z+1/3 
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TABLE 2 Selected geometric parameters (Å, º) for 1A 

O1—C11 1.3622(17) 

O1—C12 1.3643(17) 

N1—N2 1.4149(18) 

N1—C11 1.2882(19) 

N2—C12 1.2990(19) 

C11—O1—C12 102.75(11) 

C11—N1—N2 105.81(12) 

C12—N2—N1 106.27(12) 

O3—C3—C11—O1 −51.18(16) 

C2—C3—C11—O1 −173.48(12) 

C4—C3—C11—O1 74.24(16) 

C14—C13—C12—O1 18.8(2) 

 

TABLE 3 Geometry of hydrogen bonds (Å, º) in 1A 

D—H···A D—H H···A D···A D—H···A 

O3—H3···N2i 0.89(3) 2.02(3) 2.8701(18) 159(3) 

C6—H6B···O2ii 0.99 2.21 3.192(2) 172 

C8—H8B···O3 0.98 2.32 2.950(2) 121 

Symmetry codes: (i) −x+y, −x, z+1/3; (ii) −y+1, x−y+1, z−1/3 

Conclusion 

In this study, DFT calculation analysis and 

comparison between theoretical and 

experimental for 1A were obtained. The 

frontier orbitals of HOMO and LUMO, 

thermodynamic properties, charge 

distribution, spectroscopic FT-IR, ESP, and 

MEP studies were carried out using B3LYP 

methods and 6-311G(d,p) basis set. According 

to the ESP and MEP plots illustrated that 

oxadiazole ring and carbonyl/hydroxyl group 

are negative (-) region (red area) and methyl 

group and phenyl ring are positive (+) region 

(green area). Based on the results, the 

molecular geometry parameter represents a 

good agreement with the experimental 

results. 
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Chem., 2021, 60, 15010-15023. [Crossref], 

[Google Scholar], [Publisher]  

[30] A. Ramazani, H. Ahankar, K. Ślepokura, T. 

Lis, P.A. Asiabi, M. Sheikhi, F. Gouranlou, H. 

Yahyaei, J. Chem. Crystallogr., 2020, 50, 99-

113. [Crossref], [Google Scholar], [Publisher]  

[31] A. Ramazani, A. Farshadi, A. Mahyari, K. 

Ślepokura, T. Lis, M. Rouhani, J. Chem. 

Crystallogr., 2011, 41, 1376-1385. [Crossref], 

[Google Scholar], [Publisher]  

[32] A. Ramazani, H. Ahankar, K. Ślepokura, T. 

Lis, S. Joo, J. Struct. Chem., 2019, 60, 662-670. 

[Crossref], [Google Scholar], [Publisher]  

[33] A. Ramazani, M. Sheikhi, H. Ahankar, M. 

Rouhani, S.W. Joo, K. Ślepokura, T. Lis, J. Chem. 

Crystallogr., 2017, 47, 198-207. [Crossref], 

[Google Scholar], [Publisher] 

[34] F. Tirgir, M.R. Sabzalian, G. Moghadam, 

Des. Monomers Polym., 2015, 18, 401-412. 

[Crossref], [Google Scholar], [Publisher] 

https://doi.org/10.1007/s11030-006-9034-4
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthesis+of+functionalized+5-imino-2%2C5-dihydro-furans+through+the+reaction+of+isocyanides+with+activated+acetylenes+in+the+presence+of+ethyl+bromopyruvate&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthesis+of+functionalized+5-imino-2%2C5-dihydro-furans+through+the+reaction+of+isocyanides+with+activated+acetylenes+in+the+presence+of+ethyl+bromopyruvate&btnG=
https://link.springer.com/article/10.1007/s11030-006-9034-4
https://doi.org/10.1039/NP9850200253
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Camphor%3A+a+chiral+starting+material+in+natural+product+synthesis&btnG=
https://pubs.rsc.org/en/content/articlelanding/1985/NP/np9850200253
https://doi.org/10.1016/S0040-4020(01)86780-6
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Camphor+derivatives+as+chiral+auxiliaries+in+asymmetric+synthesis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040402001867806?via%3Dihub
https://doi.org/10.1351/pac199062071241
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Camphor+as+a+natural+source+of+chirality+in+asymmetric+synthesis&btnG=
https://www.degruyter.com/document/doi/10.1351/pac199062071241/html
https://doi.org/10.1016/S0032-3861(03)00568-8
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Camphorquinone%E2%80%93amines+photoinitating+systems+for+the+initiation+of+free+radical+polymerization&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0032386103005688?via%3Dihub
https://doi.org/10.1021/ja00279a083
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Catalytic+asymmetric+induction.+Highly+enantioselective+addition+of+dialkylzincs+to+aldehydes&btnG=
https://pubs.acs.org/doi/abs/10.1021/ja00279a083
https://doi.org/10.1021/ja981740z
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Quantitative+Analysis+of+the+Chiral+Amplification+in+the+Amino+Alcohol-Promoted+Asymmetric+Alkylation+of+Aldehydes+with+Dialkylzincs&btnG=
https://pubs.acs.org/doi/10.1021/ja981740z
https://doi.org/10.1002/anie.200351936
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=New+P%2CN+Ligands+for+Asymmetric+Ir-Catalyzed+Reactions&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/anie.200351936
https://doi.org/10.1021/jo030383u
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=t-BuOK-Mediated+Hydrophosphination+of+Functionalized+Alkenes%3A%E2%80%89+A+Novel+Synthesis+of+Chiral+P%2CN-+and+P%2CP-Ligands&btnG=
https://pubs.acs.org/doi/10.1021/jo030383u
https://doi.org/10.3906/che-7-95068
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthesis+of+Optically+Active+Camphorsulphonylbenzimidazoles&btnG=
https://journals.tubitak.gov.tr/chem/abstract.htm?id=464
https://doi.org/10.1016/j.tet.2004.11.006
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Enantiospecific+access+to+10-N-substituted+camphors&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Enantiospecific+access+to+10-N-substituted+camphors&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040402004018708?via%3Dihub
https://doi.org/10.1016/S0223-5234(00)00154-9
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthesis+and+antibacterial+studies+of+a+new+series+of+1%2C2-bis%281%2C3%2C4-oxadiazol-2-yl%29ethanes+and+1%2C2-bis%284-amino-1%2C2%2C4-triazol-3-yl%29ethanes&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523400001549?via%3Dihub
https://doi.org/10.1016/j.tet.2005.03.062
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=The+rapid+preparation+of+2-aminosulfonamide-1%2C3%2C4-oxadiazoles+using+polymer-supported+reagents+and+microwave+heating&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040402005005016?via%3Dihub
https://doi.org/10.2174/138527209788167196
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthetic+Applications+of+Intramolecular+Aza-Wittig+Reaction+for+the+Preparation+of+Heterocyclic+Compounds&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthetic+Applications+of+Intramolecular+Aza-Wittig+Reaction+for+the+Preparation+of+Heterocyclic+Compounds&btnG=
http://www.eurekaselect.com/article/14060
https://doi.org/10.1080/10426507.2015.1136625
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthesis+of+1%2C3%2C4-oxadiazoles+from+the+reaction+of+N-isocyaniminotriphenylphosphorane+%28NICITPP%29+with+cyclohexanone%2C+a+primary+amine+and+an+aromatic+carboxylic+acid+via+intramolecular+aza-Wittig+reaction+of+in+situ+generated+iminophosphoranes&btnG=
https://www.tandfonline.com/doi/full/10.1080/10426507.2015.1136625
https://doi.org/10.1080/10426507.2014.903488
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=The+Reaction+of+N-Isocyaniminotriphenylphosphorane+with+Cyclopentanone+and+A+Primary+Amine+in+the+Presence+of+An+E-Cinnamic+Acid+Derivative&btnG=
https://www.tandfonline.com/doi/full/10.1080/10426507.2014.903488
https://doi.org/10.1016/j.molstruc.2020.128315
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Spectroscopic+and+DFT+study+on+molecular+structure+of+1-%28o-tolyl%29thiourea+molecule&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022286020306402?via%3Dihub
https://doi.org/10.1016/j.jphotochem.2018.04.039
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Combinatorial+experimental+and+DFT+theoretical+evaluation+of+a+nano+novel+thio-dicarboxaldehyde+based+Schiff+base+supported+on+a+thin+polymer+film+as+a+chemosensor+for+Pb2%2B+detection&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1010603018303496?via%3Dihub
https://doi.org/10.1016/j.molliq.2020.113427
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Comparative+adsorption+of+diclofenac+sodium+and+losartan+potassium+in+organophilic+clay-packed+fixed-bed%3A+X-ray+photoelectron+spectroscopy+characterization%2C+experimental+tests+and+theoretical+study+on+DFT-based+chemical+descriptors&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732220316792?via%3Dihub
https://doi.org/10.1016/j.jmgm.2017.08.003
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=B24N24+fullerene+as+a+carrier+for+5-fluorouracil+anti-cancer+drug+delivery%3A+DFT+studies&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1093326317304060?via%3Dihub
https://doi.org/10.1039/C6GC00157B
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthesis+of+pyrrolidinone+derivatives+from+aniline%2C+an+aldehyde+and+diethyl+acetylenedicarboxylate+in+an+ethanolic+citric+acid+solution+under+ultrasound+irradiation&btnG=
https://pubs.rsc.org/en/content/articlelanding/2016/GC/C6GC00157B
https://doi.org/10.1021/acs.inorgchem.1c02470
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Magnetic+Nanoparticles+Functionalized+with+Copper+Hydroxyproline+Complexes+as+an+Efficient%2C+Recoverable%2C+and+Recyclable+Nanocatalyst%3A+Synthesis+and+Its+Catalytic+Application+in+a+Tandem+Knoevenagel%E2%80%93Michael+Cyclocondensation+Reaction&btnG=
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c02470
https://doi.org/10.1007/s10870-019-00778-5
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Synthesis%2C+Single+Crystal+X-ray+Structure+Analysis+and+Computational+Electronic+Structure+Investigations+of+2-amino-7%2C7-dimethyl-4-%284-%28methylthio%29phenyl%29-5-oxo-5%2C6%2C7%2C8-tetrahydro-4H-chromene-3-carbonitrile&btnG=
https://link.springer.com/article/10.1007/s10870-019-00778-5
https://doi.org/10.1007/s10870-011-0107-6
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Syntheses+and+Crystal+Structures+of+Three+Electron+Poor+N-Vinyltheophylline+Derivatives&btnG=
https://link.springer.com/article/10.1007/s10870-011-0107-6
https://doi.org/10.1134/S0022476619040188
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Single+Crystal+X-Ray+Structural+Analysis+of+Two+Polymorphs+of+Ethyl+2-%282-Chlorophenyl%29-4-Hydroxy-5-Oxo-1-Phenyl-2%2C5-Dihydro-1H-Pyrrole-3-Carboxylate&btnG=
https://link.springer.com/article/10.1134/S0022476619040188
https://doi.org/10.1007/s10870-017-0697-8
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Crystal+Structure%2C+Spectroscopic+and+DFT+Studies+on+E+and+Z+Isomers+of+Ethyl+2-%282%2C3-dioxo-2%2C3-dihydro-1H-indol-1-yl%29-3-phenyl-2-propenoate&btnG=
https://link.springer.com/article/10.1007/s10870-017-0697-8
https://doi.org/10.1080/15685551.2015.1012619
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Fabrication+and+DFT+structure+calculations+of+novel+biodegredable+diphenolic+monomer+containing+D-4-hydroxyphenylglycine+moiety+as+biologically+active+substituent%3A+compression+with+toxic+industrial+bisphenol-A&btnG=
https://www.tandfonline.com/doi/full/10.1080/15685551.2015.1012619


P a g e  | 767 Single crystal X-ray structure analysis and DFT … 
 

 
[35] H. Ahankar, A. Ramazani, H. Saeidian, K. 

Ślepokura, T. Lis, J. Struct. Chem., 2021, 62, 47-

57. [Crossref], [Google Scholar], [Publisher]  

[36] A. Ramazani, M. Sheikhi, Y. Hanifehpour, 

P. Asiabi, S. Joo, J. Struct. Chem., 2018, 59, 529-

540. [Crossref], [Google Scholar], [Publisher] 

[37] Z. Hosseinzadeh, M. Khavani, A. 

Ramazani, H. Ahankar, V. Kinzhybalo, Eurasian 

Chem. Commun., 2021, 3, 35-44. [Crossref], 

[Google Scholar], [Publisher]  

[38] M.N. Sarker, A. Kumer, M.J. Islam, S. Paul, 

Asian J. Nanosci. Mate, 2019, 2, 439-447. 

[Crossref], [Google Scholar], [Publisher]  

[39] F. Houshmand, H. Neckoudaria, M. 

Baghdadi, Asian J. Nanosci. Mater, 2018, 2, 49-

65. [Crossref], [Google Scholar], [Publisher]  

[40] A. Ramazani, F.Z. Nasrabadi, B. Abdian, M. 

Rouhani, Bull. Korean Chem. Soc., 2012, 33, 

453-458. [Crossref], [Google Scholar], 

[Publisher]  

[41] Crys Alis Pro in Xcalibur software, Agilent 

Technologies, Yarnton, UK. Oxfordshire, 

England, 2012. [Publisher] 

[42] G.M. Sheldrick, Acta Cryst., Sect. A: Found. 

Crystallogr., 2008, 64, 112-122. [Crossref], 

[Publisher]  

[43] K. Brandenburg, DIAMOND Version 3.0. 

Crystal Impact GbR: Bonn, Germany, 2005. 

[Google Scholar] 

[44] M. Frisch, G. Trucks, H. Schlegel, G. 

Scuseria, M. Robb, J. Cheeseman, G. Scalmani, 

V. Barone, B. Mennucci, G. Petersson, H. H. 

Nakatsuji, X. Li, M. Caricato, A. Marenich, 

Wallingford, CT, 2009, 32, 5648-5652.  

[45] A.D. Becke, Phys. Rev. A, 1988, 38, 3098. 

[Crossref], [Google Scholar], [Publisher] 

[46] C. Lee, W. Yang, R.G. Parr, Phys. Revi. B, 

1988, 37, 785. [Crossref], [Google Scholar], 

[Publisher] 

[47] A. Frisch, H.P. Hratchian, R. Dennington II, 

T. Keith, J. Millam, B. Nielsen, A. Holder, J. 

Hiscocks, Gaussian, Inc GaussView, John 

Millam with A., version 5.0., June, 2009.  

[48] G. Moghadam, F. Tirgir, A.H. Reshak, M. 

Khorshidi, Mater. Chem. Phys., 2019, 236, 

121780. [Crossref], [Google Scholar], 

[Publisher] 

 

 

How to cite this article: Ghasem 

Moghadam, Ali Ramazani*, Fatemeh Zeinali 

Nasrabadi*, Hamideh Ahankar, Katarzyna 

Ślepokura, Tadeusz Lis, Ali Kazami 

Babaheydari.  Single crystal X-ray structure 

analysis and DFT studies of 3-hydroxyl-

1,7,7-trimethyl-3-[5-(4-methylphenyl)-

1,3,4-oxadiazol-2-yl]bicycle [2.2.1]heptan-

2-one. Eurasian Chemical Communications, 

2022, 4(8), 759-767. Link:  

http://www.echemcom.com/article_14798

3.html 

Copyright © 2022 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

https://doi.org/10.1134/S0022476621010066
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=SYNTHESIS%2C+CRYSTAL+STRUCTURE%2C+AND+DFT+STUDIES+OF+ETHYL+4-HYDROXY-2-%284-METHOXYPHENYL%29-5-OXO-+1-PHENYL-2%2C5-DIHYDRO-1H-PYRROLE-3-CARBOXYLATE&btnG=
https://link.springer.com/article/10.1134/S0022476621010066
https://doi.org/10.1134/S0022476618030058
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Molecular+Structure%2C+Electronic+Properties%2C+Homo%E2%80%93Lumo%2C+MEP+and+NBO+Analysis+of+%28N-Isocyanimino%29+Triphenylphosphorane+%28Ph3PNNC%29%3A+DFT+Calculations&btnG=
https://link.springer.com/article/10.1134/S0022476618030058
https://doi.org/10.22034/ECC.2020.250966.1079
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Single+crystal+X-Ray+structure+and+DFT-D3+studies+on+2-amino-4-%282%2C4-dichlorophenyl%29-6-phenylnicotinonitrile&btnG=
http://www.echemcom.com/article_120553.html
https://doi.org/10.26655/AJNANOMAT.2019.4.8
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=A+computational+study+of+thermophysical%2C+HOMO%2C+LUMO%2C+vibrational+spectrum+and+UV-visible+spectrum+of+cannabicyclol+%28CBL%29%2C+and+cannabigerol+%28CBG%29+using+DFT&btnG=
http://www.ajnanomat.com/article_91528.html
https://doi.org/10.26655/AJNANOMAT.2019.1.4
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Host-guest+interaction+in+chitosan%E2%80%93+MX+%283-chloro-4-%28dichloromethyl%29-5-hydroxy-2%285H%29-furanone%29+complexes+in+water+solution%3A+Density+Functional+Study&btnG=
http://www.ajnanomat.com/article_75234.html
https://doi.org/10.5012/bkcs.2012.33.2.453
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=One-pot%2C+Three-component+Synthesis+of+Fully+Substituted+1%2C3%2C4-Oxadiazole+Derivatives+from+%28N-Isocyanoimino%29triphenylphosphorane%2C+Aromatic+Carboxylic+acids+and+%281R%29-%28-%29-Campherchinon&btnG=
http://koreascience.or.kr/article/JAKO201208636393304.page
https://www.agilent.com/cs/library/usermanuals/Public/CrysAlis_Pro_User_Manual.pdf
http://dx.doi.org/10.1107/S0108767307043930
http://scripts.iucr.org/cgi-bin/paper?S0108767307043930
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.+Brandenburg%2C+DIAMOND+Version+3.0.+Crystal+Impact+GbR%3A+Bonn%2C+Germany%2C+2005.+&btnG=
https://doi.org/10.1103/PhysRevA.38.3098
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Density-functional+exchange-energy+approximation+with+correct+asymptotic+behavior&btnG=
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.38.3098
https://doi.org/10.1103/PhysRevB.37.785
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&scioq=One-pot+synthesis+of+1%2C4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst&q=Development+of+the+Colle-Salvetti+correlation-energy+formula+into+a+functional+of+the+electron+density&btnG=
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.37.785
https://doi.org/10.1016/j.matchemphys.2019.121780
https://scholar.google.com/scholar?q=Specific+features+of+3,+6-bis+(4-hydroxy+phenyl)-piperazine-2,+5-dione+(BHPPD)+diphenolic+monomer+and+compered+with+toxic+industrial+bisphenol-A+(BPA):+DFT+calculation&hl=de&as_sdt=0,5&scioq=One-pot+synthesis+of+1,4-dihydropyridine+derivatives+using+nano-cerium+oxide+as+an+efficient+catalyst
https://www.sciencedirect.com/science/article/abs/pii/S025405841930570X?via%3Dihub
http://www.echemcom.com/article_147983.html
http://www.echemcom.com/article_147983.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

