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4-Amino-3-(p-chlorophenyl)-5- 

(p-methoxybenzyl)-4H-1,2,4-triazole: 
X-ray and DFT-calculated Structures①  
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a (Department of Physics, Faculty of Arts and Sciences,  

Ondokuz Mayıs University, Samsun, Turkey) 
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ABSTRACT  The title compound, 4-amino-3-(p-chlorophenyl)-5-(p-methoxybenzyl)-4H-1,2,4- 
triazole I , C16H15ClN4O), has been determined using X-ray diffraction techniques and the molecular 
structure has also been optimized at the B3LYP/6-31 G(d, p) level using density functional theory 
(DFT). The triazole ring exhibits dihedral angles of 41.61(15)º and 80.73(11)º with the phenyl rings. 
The molecules are linked principally by N–H···N hydrogen bonds involving the amino NH2 group 
and a triazole N atom, forming C(5) chains which are further linked to give a two-dimensional 
network of molecules. The N–H···N hydrogen bonding is supported by C–H···N hydrogen bond and 
C–H···π interaction. Intermolecular N–H···N and C–H···N hydrogen bonds produce R2

2(9), R4
4(10) 

and R4
4(20) rings. 

Keywords: crystal structure, chlorophenyl, triazole, hydrogen bonds  
 

1  INTRODUCTION 
 

1,2,4-Triazole and its derivatives have been used 
as starting materials for the synthesis of many 
heterocycles[1]. The triazole ring, having strong σ- 
donor and weak π-acceptor properties, potentially 
has two different coordination modes through three 
nitrogen donor atoms coordinating to the metal 
ions[2~5]. Recent interest in substituted 1,2,4-triazoles 
has arisen in part from their transition metal com- 
plexes with intriguing structures and specific mag- 
netic properties[6, 7]. Many metal complexes con- 
taining substituted 1,2,4-triazole have potential 
applications in molecule-based memory devices, 

displays and optical switches due to their spin 
crossover properties[8, 9]. Apart from their chemical 
significance, 1,2,4-triazole derivatives have been 
found to be associated with diverse pharmacological 
properties, such as anti-inflammatory, antifungal and 
antiviral[10~12]. Some of them are also known to exhi- 
bit analgesic, anticonvulsant, tranquilizing, anti- 
depressant, anxiolytic[13~16] or even antitumour acti- 
vities[17] and are applied in therapy (e.g. Alprazolam, 
Estazolam, Triazolam and Adinazolam)[18]. In spite 
of the chemical and medicinal importance of this 
class of compounds, relatively fewer crystal struc- 
tures of 1,2,4-triazole derivatives have been re- 
ported[19]. In this paper, we wish to report the  
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synthesis and crystal structure of the triazole com- 
pound, 4-amino-3-(p-chlorophenyl)-5-(p-methoxy- 
benzyl)-4H-1,2,4-triazole, as well as the theoretical 
studies on it by using the DFT/B3LYP/6-31G(d, p) 
method. 

 
2  EXPERIMENTAL 
 
2. 1  Synthesis 

For the preparation of the compound, acyl hydra- 
zone (5 mmol) was added to the solution of hydra- 
zine hydrat (10 mmol) in 1-propanol (50 mL) and 
the mixture was refluxed for 24 h. On cooling a 
percipitate was formed, and this product was filtered 
off and dried. The dry product was washed with 
benzene (20 mL). The insoluble part in benzene was 
recrystallized from 1-propanol to afford the pure 
compound. Recrystallization from ethyl acetate gave 
a white product (80% yield). Single crystals of the 
compound were obtained from ethyl acetate at room 
temperature by slow evaporation (m.p. 492～493 K). 
IR (Kbr, cm-1): 3200 (NH2), 3076 (Ar-CH), 2912 
(CH), 1645 (C=N), 1450, 1380, 897. Anal. Calcd. 
for C16H15ClN4O: C, 61.05; H, 4.80; N, 17.80%. 
Found: C, 60.95; H, 4.50; N, 17, 10%. 
2. 2  Crystal structure determination   

A colorless single crystal of the title compound, 
C16H15ClN4O, was mounted on a glass fiber for data 
collection performed on a STOE IPDS II diffracto- 
meter with a graphite-monochromated MoKα radia- 
tion at 296 K. The structure was solved by direct 
methods using SHELXS-97[20] and refined by full- 
matrix least-squares techniques on F2 using 
SHELXL-97[20] from within the WINGX[21] suite of 
software. All non-hydrogen atoms were refined with 
anisotropic parameters. H atoms bonded to C atoms 
were included in their expected positions and 
allowed to ride, with C–H distances restrained to 
0.93 and 0.97 Å. Amino H atoms were located in 
difference maps and refined freely. The refinement 
of the disordered O(1) and C(16) atoms were made 
anisotropically using PART and EADP restrictions. 
This disorder was modeled as two different 
orientations as A and B groups (hereafter A = O(1a), 
C(16a) and B = O(1b), C(16b)), seen in Fig. 1, with 
occupancy factors of 0.676(13) and 0.324(13), 
respectively. Molecular diagrams were created using 
ORTEP-III[22]. Geometric calculations were 
performed with PLATON[23]. The crystallographic 
data and other pertinent information are summarized 
in Table 1. 

 
Table 1.  Crystal Data and Refinement Parameters for Compound I  

Empirical formula C16H15ClN4O 

Formula weight (g/mol)                     314.77 
Crystal size (mm)                0.48 × 0.30 × 0.02 
Crystal system                     Monoclinic 
Space group                        P21/c 
a (Å)                       14.9217(9) 
b (Å)                       10.4885(11) 
c (Å)                           10.3178(7) 
β (°) 102.795(5) 
V (Å3)                        1574.7(2) 
Z                                  4 
Calculated density (g/cm3)              1.328 
λ(MoKα) (Å) 0.71073 
μ(MoKα) (mm–1)                            0.250 
F(000)                             656 
θ range for data collection (°)                 2.0 to 28.0 
θmin, θmax (°) 2.39, 27.00 
h, k and l ranges                        –19≤h≤19, –9≤k≤13 –13≤l≤13 
Reflections measured               9248 
Independent reflections            3399 
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To be continued 

Observed reflection (I > 2σ(I))               1380 
Rint                                             0.1072 
Final R* indices (I > 2σ(I))                          R = 0.0664, wR = 0.0831 
w = 1/[σ2(Fo

2) + (aP)2], where P = (Fo
2 + 2Fc

2)/3 a = 0.0148 
Goodness-of-fit                    1.014 
(Δ/σ)max 0.001 
Max./min. Δρ (e/Å3)              0.206 and –0.209 

* R = ∑(||Fo| – |Fc||)/∑|Fo|, wR = {∑w[(Fo
2 – Fc

2)2]/∑w[(Fo
2)2]}1/2 

 
2. 3  Computational procedure  

The geometry optimization of the molecule lea- 
ding to energy minima was achieved using the 
B3LYP hybrid exchange-correlation functional with 
the 6-31G(d, p) basis set[24, 25]. The calculations star- 
ted from the crystallographically achieved geome- 
tries of the molecule. All calculations in this work 
were carried out using the GAUSSIAN03W pac- 
kage[26]. The optimized molecular geometry, total 
molecular energy and dipole moment calculations 
were obtained from the computational process.  

 
3  RESULTS AND DISCUSSION 
 

Compound I consists of a 1,2,4-triazole ring with 
chlorophenyl, amino and methoxybenzyl substi- 
tuents at the 3-, 4- and 5-positions, respectively (Fig. 1). 

Least-squares mean plane calculations for the 
triazole (N(1)/N(2)/C(8)/N(3)/C(7)) and phenyl 
rings (C(1)～C(6) and C(10)～C(15)) planes show 
that these are approximately planar, with respective 
maximum deviations of 0.0065(19) Å for C(8), 
0.0154(27) Å for C(4) and 0.0021(26) Å for C(14). 
The triazole ring exhibits dihedral angles of 
41.61(15)° and 80.73(11)° with the phenyl rings. 
The N(3)–N(4) bond length (Table 2) is similar to 
that in 4-amino-3,5-bis(4-pyridyl)-1,2,4-triazole 
(1.411(4) Å)[27], and the N(1)–N(2) bond is close to 
that in 3,6-bis(2-chlorophenyl)-1,4-dihydro-1,2,4,5- 
tetrazine (1.395(3) Å)[28]. The C(7)–N(1) and C(8)– 
N(2) distances are in good agreement with those 
found for the structures containing the 1,2,4-triazole 
ring[29, 30]. 

 
Fig. 1.  A view of the molecule of I, showing the atom-numbering scheme. 

Displacement ellipsoids are drawn at the 30% probability 

 
Table 2.  Selected Bond Lengths (Å) and Bond Angles (°) for Compound I  

Bond (Å) X-ray DFT/B3LYP 

C(4)–Cl(1)  1.743(3) 1.756 
N(3)–N(4)  1.406(3) 1.403  
N(1)–N(2) 1.402(3) 1.379 

C(7)–N(1)  1.306(4) 1.318 

C(8)–N(2) 
C(8)–N(3) 
C(7)–N(3) 

1.309(4) 
1.361(3) 
1.377(4) 

1.314 
1.373 
1.385 
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Angle (°) X-ray DFT/B3LYP 

C(3)–C(4)–Cl(1)  118.8(3) 119.5  
C(6)–C(1)–C(7 ) 
C(8)–C(9)–C(10) 
N(3)–C(8)–C(9)–C(10) 

117.4(3) 
111.7(3) 
78.1(4) 

117.8  
113.1 
72.3 

 
Molecules of I are linked into sheets by the com- 

bination of C–H···N and N–H···N hydrogen bonds 
(Table 4). Amino atom N(4) in the molecule at (x, y, 
z) acts as a hydrogen-bond donor, via atom H(4B), to 
atom N(1) in the molecule at (1–x, 1/2+y, 1/2–z), 
forming a C(5)[31] chain running parallel to the [010] 
direction. Similarly, atom C(2) in the molecule at (x, 
y, z) works as a hydrogen-bond donor, via atom H(2), 
to atom N(2) in the molecule at (1–x, 1/2+y, 1/2–z), 
generating a C(6) chain parallel to the [010] direc- 
tion. The combination of the C(5) and C(6) chains 

generates a chain of edge-fused R2
2(9) rings running 

parallel to the [010] direction (Fig. 2). Amino atom 
N(4) in the molecule at (x, y, z) serves as a 
hydrogen-bond donor, via atom H(4A), to atom N(2) 
in the molecule at (x, 1/2–y, 1/2+z), forming a C(5) 
chain running parallel to the [001] direction. The 
combination of C(5) chains produced by intermo- 
lecular N–H···N hydrogen bonds generates a chain 
of edge-fused R4

4(10) and R4
4(20) rings parallel to 

the bc plane (Fig. 3). 

 
Fig. 2.  Crystal structure of I, showing the formation of a R2

2(9) ring.  
For the sake of clarity, H and disordered atoms not involved in the motif shown 

have been omitted (Symmetry code as in Table 4) 

 
Fig. 3.  Part of the crystal structure of I, showing the formation 
of a chain of edge-fused R4

4(10) and R4
4(20) rings. For clarity, H,  

C, O and Cl atoms not involved in the motif shown have been omitted 
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In the structure of I, there also exists a strong C– 
H···π interaction. Atom C(9) in the molecule at (x, y, 
z) acts as a hydrogen-bond donor to the C(10)~C(15) 
benzene ring in the molecule at (x, 1/2–y, –1/2+z), 
thus forming a chain running parallel to the [001] 

direction. Details of this interaction are given in 
Table 4. The combination of C–H···π interactions 
and N–H···N hydrogen bonds defines an R2

2(11) 
ring pattern (Fig. 4).  

 
Fig. 4.  Crystal structure of I, showing the formation of a chain along [001]  

generated by the C-H···π interactions. For clarity H and disordered atoms not  
involved in the motif shown have been omitted (Symmetry codes as in Table 4) 

 
As seen from Table 2, the optimized bond lengths 

are slightly different from the experimental values. 
The biggest difference of the bond lengths between 
the experimental and predicted values is found at the 
N(1)–N(2) bond, with the different value being 
0.023 Å for the B3LYP method. For the bond angles, 
the biggest difference is observed for C(8)–C(9)– 
C(10) and the different value is 1.4º. Similarly, the 
biggest difference occurs at the N(3)–C(8)–C(9)– 
C(10) torsion angle, with the different value to be 
5.8º. According to the above comparisons, it can be 
deduced that, for the title compound, the biggest 
differences of the bond lengths, bond angles and 
torsion angles are mainly found in the groups 

involved in the hydrogen bonds, which can be easily 
understood via taking into account the intermo- 
lecular hydrogen bond interactions present in the 
crystal.   

In the DFT/B3LYP calculations, the total energy 
of the optimized geometry and the dipole moment 
are obtained as –5.986 × 10-15 J and 6.1096 D for I. 
Mulliken charges were calculated by determining the 
electron population of each atom as defined by the 
basis sets. According to the calculated results for 
Mulliken atomic charge analysis, atoms O(1), N(3) 
and N(4), as expected, have larger negative charges 
relative to other atoms (Table 3). 

 
Table 3.  Mulliken Atomic Charges for Compound I  

C(1) 0.095624 C(12) –0.135112 
C(2)    –0.122813 C(13)  0.346729 
C(3)     –0.077255 C(14)    –0.113732 
C(4)   –0.091439 C(15)    –0.122084 
C(5)    –0.078576 C(16)    –0.077868 
C(6) –0.092153 N(1)    –0.367596 
C(7)   0.433613 N(2)    –0.357679 
C(8)  0.515555 N(3)    –0.444103 
C(9)   –0.289689 N(4)     –0.439412 
C(10)   0.104888 O(1)    –0.516875 
C(11)    –0.146494 Cl(1)   –0.013729 
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Table 4.  Hydrogen Bonds and C–H···π Interaction for Compound I (Å and °)  
D–H···A d(D–H) d(H···A) d(D···A) <(DHA) 

N(4)–H(4B)···N(1)#1 0.94(4) 2.10(4) 3.036(4) 176(3) 
N(4)–H(4A)···N(2)#2 0.95(4) 2.10(4) 3.032(4) 168(4) 
C(2)–H(2)···N(2)#1 0.93 2.58 3.411(5) 150 
C(9)–H(9B)···Cg(3)#3 0.97 2.93 3.845(3) 158 

Cg(3) is the centroid of the C(10)~C(15) ring. Symmetry codes: #1: 1–x, y+1/2, –z+1/2; #2: x, –y+1/2, z+1/2; #3: x, –y+1/2, z–1/2 

 
Fig. 5 shows the distributions and energy levels of 

the HOMO-1, HOMO, LUMO and LUMO +1 
orbitals computed at the DFT/B3LYP/6-31G(d,p) 
level for the title compound. Both the highest occu- 
pied molecular orbitals (HOMOs) and the lowest 
unoccupied molecular orbitals (LUMOs) are mainly 

localized on the rings, indicating that the HOMO- 
LUMO are mostly the π-antibonding type orbitals. 
The value of the energy separation between HOMO 
and LUMO is 4.713 eV, and this large energy gap 
indicates the title structure to be quite stable. 

 
Fig. 5.  Molecular orbital surfaces and energy levels given in parentheses for the 

HOMO -1, HOMO, LUMO, and LUMO +1 of I computed at the DFT/B3LYP/6-31G(d,p) level 
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