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Abstract: The crystal structure of m-methoxy-N′-(m-anisoyl)-N-phenylbenzohydrazide has been
determined by means of single-crystal X-ray diffraction. The title compound crystallizes in the
monoclinic space group P 21/c with unit cell parameters: a = 8.7338(1), b = 24.5602(3), c = 9.6929(1) Å,
β = 113.186(2)◦, V = 1911.23(4) Å3, Z = 4. The dihedral angles between the mean plane of the central
benzene ring and two terminal aromatic rings are 72.44(4)◦ and 89.90(4)◦, respectively. The two
methoxyphenyl rings are orthogonal with a dihedral angle of 89.74(4)◦. The crystal packing is
stabilized by a combination of N–H . . . O intermolecular hydrogen bonding and weak intermolecular
C–H . . . O interactions. The X-ray structure was compared with the optimized counterpart calculated
by the B3LYP/6-311G basis set and the results showed that the optimized geometry can reproduce
the crystal structure parameters well.
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1. Introduction

Insecticides are one of the major factors behind the increase in agricultural productivity in the
20th century. The insecticidal activity of diacylhydrazine derivatives has been extensively studied by
many researchers; in addition, diacylhydrazines are very useful synthons for the synthesis of a variety
of bioactive molecules [1–5].

The diacylhydrazine derivatives are a promising class of insect control agents that was
serendipitously discovered at Rohm and Haas Company. The diacylhydrazine insecticide family shows
efficacy against lepidopteran larvae in the field and laboratory [6]. Tebufenozide and its methoxylated
derivative methoxyfenozide present intrepid activity as agonists or mimic the insect molting hormone
20-hydroxyecdynose by inducing premature, incomplete ecdysis, resulting in the death of the
exposed insects [7–11]. Halofenozide and chromafenozide are novel members of the diacylhydrazine
insecticides belonging to the class of non-steroidal ecdysone agonists that are developed as insecticides
against Lepidoptera [12,13]. Tebufenozide and its analogues methoxyfenozide, halofenozide, and
chromafenozide have been used extensively in crops such as apple, grape, and cruciferous vegetables
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in order to obtain good yields in different countries. So, it becomes important work to characterize and
fully understand the properties of these insecticides in crops to ensure food safety.

We herein report an efficient one-pot synthesis and the crystal structure of m-methoxy
phenyl-N′-(m-anisoyl)-N-phenylbenzohydrazide using inexpensive reagents from acid chlorides in
dichloromethane as a solvent in a short time with a high yield. Also, optimized structural parameters
were investigated using ab initio density functional theory (DFT) calculations and have been compared
with the experimental X-ray structure.

2. Results and Discussion

2.1. Crystal Structure

The molecular structure of the title compound, showing the atomic numbering, as determined
in the crystalline phase is shown in Figure 1. Compound 1 is closely related to that of
1,2-dibenzoyl-1-phenylhydrazine [14] with two phenyl groups replaced by two m-anisoyl groups.
The title compound crystallizes in the monoclinic space group P 21/c, the molecule consisting of two
m-anisoyl substituents attached to the central N-phenyl hydrazine moiety. The mean plane of the
central benzene ring, defined by atoms C15–C20, forms dihedral angles of 72.44(4)◦ and 89.90(4)◦

with mean planes of the m-anisoyl rings C1–C6 and C9–C14, respectively. The two m-anisoyl groups
are orthogonal with regard to one another with a dihedral angle of 89.74(4)◦. The conformation of
the bis-hydrazide moiety as defined by the following dihedral angles, O1–C7–N1–N2 (−4.66(8)◦),
C7–N1–N2–C8 (−85.85(11)◦) and O2–C8–N2–N1 (0.10(14)◦), differs slightly with that observed in
1,2-dibenzoyl-1-phenylhydrazine for which the corresponding dihedral angles are −28.1◦, −65.4◦

and 0.68◦, respectively, except for O1–C7–N1–N2 which differ significantly with the difference of
23.44◦. This difference may arise due to the differing orientation of the N-phenyl substituent in
the two structures; for compound 1, the C16–C15–N2–N1 dihedral angle, which is −65.02(12)◦,
shows that the N–N bond is substantially out of the plane of the N-phenyl substituent, whereas for
1,2-dibenzoyl-1-phenylhydrazine, the corresponding dihedral angle is −13.2◦ and the N–N bond is
close to coplanar with the N-phenyl substituent.

Crystals 2017, 7, 19  2 of 8 

 

becomes important work to characterize and fully understand the properties of these insecticides in 
crops to ensure food safety. 

We herein report an efficient one-pot synthesis and the crystal structure of m-methoxy phenyl-
N′-(m-anisoyl)-N-phenylbenzohydrazide using inexpensive reagents from acid chlorides in 
dichloromethane as a solvent in a short time with a high yield. Also, optimized structural parameters 
were investigated using ab initio density functional theory (DFT) calculations and have been 
compared with the experimental X-ray structure. 

2. Results and Discussion 

2.1. Crystal Structure 

The molecular structure of the title compound, showing the atomic numbering, as determined 
in the crystalline phase is shown in Figure 1. Compound 1 is closely related to that of 1,2-dibenzoyl-
1-phenylhydrazine [14] with two phenyl groups replaced by two m-anisoyl groups. The title 
compound crystallizes in the monoclinic space group P 21/c, the molecule consisting of two m-anisoyl 
substituents attached to the central N-phenyl hydrazine moiety. The mean plane of the central 
benzene ring, defined by atoms C15–C20, forms dihedral angles of 72.44(4)° and 89.90(4)° with mean 
planes of the m-anisoyl rings C1–C6 and C9–C14, respectively. The two m-anisoyl groups are 
orthogonal with regard to one another with a dihedral angle of 89.74(4)°. The conformation of the 
bis-hydrazide moiety as defined by the following dihedral angles, O1–C7–N1–N2 (−4.66(8)°), C7–N1–
N2–C8 (−85.85(11)°) and O2–C8–N2–N1 (0.10(14)°), differs slightly with that observed in 1,2-
dibenzoyl-1-phenylhydrazine for which the corresponding dihedral angles are −28.1°, −65.4° and 
0.68°, respectively, except for O1–C7–N1–N2 which differ significantly with the difference of 23.44°. 
This difference may arise due to the differing orientation of the N-phenyl substituent in the two 
structures; for compound 1, the C16–C15–N2–N1 dihedral angle, which is −65.02(12)°, shows that the 
N–N bond is substantially out of the plane of the N-phenyl substituent, whereas for 1,2-dibenzoyl-1-
phenylhydrazine, the corresponding dihedral angle is −13.2° and the N–N bond is close to coplanar 
with the N-phenyl substituent. 

 
(a) (b)

Figure 1. (a) A view of the crystal structure of the title compound 1 and (b) a view of an optimized 
structure from DFT calculations. 

A view of the crystal packing in the unit cell is shown in Figure 2. The crystal packing of 
compound 1 is stabilized by several non-bonded interactions. The molecules are associated by 
intermolecular N–H…O1 (x, 0.5 − y, 0.5 + z) hydrogen bonding interactions [15,16] in addition to weak C–
H…O interactions between C21–H21A…O2. The details of the interactions are given in Table 1. 
  

Figure 1. (a) A view of the crystal structure of the title compound 1 and (b) a view of an optimized
structure from DFT calculations.

A view of the crystal packing in the unit cell is shown in Figure 2. The crystal packing of compound
1 is stabilized by several non-bonded interactions. The molecules are associated by intermolecular
N–H . . . O1 (x, 0.5 − y, 0.5 + z) hydrogen bonding interactions [15,16] in addition to weak C–H . . . O
interactions between C21–H21A . . . O2. The details of the interactions are given in Table 1.
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Figure 2. Partial crystal packing of 1 viewed along the c-axis with the N–H . . . O hydrogen bonds
shown as dashed lines.

Table 1. Selected hydrogen bond parameters of (1) (Å, ◦).

D–H . . . A D–H (Å) H . . . A (Å) D . . . A (Å) D–H . . . A (◦)

N1–H . . . O1 i 0.867 (16) 1.946 (16) 2.7089 (11) 146.1 (14)
C21–H21A . . . O2 0.960 2.692 3.604(2) 159(1)

Symmetry code(s): i x, −y + 1/2, z + 1/2.

2.2. Optimized Geometry

The optimized structure of 1 shown in Figure 1b was obtained by the density functional theory
calculations (DFT) using hybrid functional Becke’s three parameter nonlocal exchange functional with
the Lee-Yang-Parr correlation function (B3LYP) using the 6-311G basis set. The optimized structure
is closed to the molecular crystal structure. The optimized parameters, namely bond lengths, bond
angles and torsion angles, given in Table 2 are in accordance with the atomic numbering scheme given
in Figure 1a. The optimized structure yields the identical bond lengths for C–C bonds. The C–C bond
length in the benzene ring is in the range of 1.397–1.381 Å and 1.407–1.391 Å for the experimental X-ray
structure and at the B3LYP/6-311G level, respectively, which is much shorter than the characteristic
C-C single bond (1.54 Å) and longer than the C=C bond (1.34 Å) [17]. For C7–O1 and C8–O2 the
calculated C=O (carbonyl) bond lengths are 1.249 and 1.253 Å, respectively, which are larger than the
experimental value of 1.221 Å. The N1–C7, N2–C8 and N2–C15 bond lengths are calculated as 1.386,
1.398 and 1.445 Å at the B3LYP/6-311G level and the experimental values are 1.347, 1.375 and 1.437 Å,
respectively; it is noted that the N1–C7 and N2–C8 bond lengths are much shorter than the normal
C–N bond length (1.47 Å) while N2–C15 is closer to that and the N1–C7 and N2–C8 bond lengths are
closer to the C=N bond (1.33 Å), which results from the conjugation effect of these atoms [18].

The bond angles calculated are in good agreement with the experimental data with a maximum
deviation of 2.72◦ for C11–O4–C22, which is calculated as 119.64◦ and the experimental value is 116.92◦.
The largest deviation between bond lengths is 0.039 Å. These deviations are because the calculations
belong to the gaseous phase and the experimental results belong to the solid phase. In the solid
state, the crystal field along with the intermolecular interactions has linked the molecules together,
which results in the difference in bond parameters between the experimental and estimated values.
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When the optimized structure of the title compound is compared with its optimized counterpart
(see Figure 3), minor conformational discrepancies are observed between them. A logical method
for globally comparing the structures obtained with the theoretical calculation is superimposing the
molecular skeleton with that obtained from the X-ray diffraction.

Table 2. Experimental and theoretical selected geometric parameters of 1 (Å, ◦).

Bond Lengths (Å) Experimental Calculated
B3LYP/6-311G Difference

N2–C8 1.375 1.398 0.023
N2–N1 1.395 1.411 0.016
N2–C15 1.437 1.445 0.008
N1–C7 1.347 1.386 0.039
O1–C7 1.221 1.249 0.028
O2–C8 1.221 1.253 0.032
O3–C3 1.369 1.391 0.022

O3–C21 1.427 1.445 0.018
O4–C11 1.364 1.392 0.028
O4–C22 1.427 1.454 0.027
C1–C7 1.494 1.492 −0.002
C8–C9 1.499 1.489 −0.01

Angle (◦) Experimental Calculated Difference

C3–O3–C21 117.08 118.97 −1.89
C11–O4–C22 116.92 118.92 -2
C8–N2–N1 115.62 114.64 0.98
C8–N2–C15 127.8 126.42 1.38
N1–N2–C15 112.92 116.85 −3.93
C7–N1–N2 119.55 119.83 −0.28
O2–C8–N2 120.87 119.23 1.64
O2–C8–C9 120.59 121.47 −0.88
N2–C8–C9 118.46 119.3 −0.84
O3–C3–C2 124.12 124.24 −0.12
O3–C3–C4 115.69 115.43 0.26
O1–C7–N1 122.89 122.22 0.67
O1–C7–C1 122.55 122.38 0.17
N1–C7–C1 114.56 115.39 −0.83

O4–C11–C10 124.14 124.24 −0.1
O4–C11–C12 116 115.49 0.51
C20–C15–N2 120.75 119.76 0.99
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2.3. Frontier Molecular Orbitals

The most significant orbitals in molecules are the frontier molecular orbitals, called the Highest
Occupied Molecular Orbital (HOMO) and the Lowest Unoccupied Molecular Orbital (LUMO).
The HOMO represents the capability to donate an electron, and LUMO, as an electron acceptor,
represents a capability to obtain an electron [19]. Figure 4 shows the distribution and energy levels of
HOMO and LUMO orbitals computed at the B3LYP/6-311G level for the title compound.
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Figure 4. HOMO-LUMO surfaces of compound 1.

As can be seen from Figure 4, LUMO is mainly localized on the benzene ring along with carbonyl
groups and nitrogen atoms, and partially on the phenyl group. HOMO is mainly on one anisoyl group
and the phenyl ring with the nitrogen atom. The value of the energy separation between HOMO and
LUMO is 0.1769 eV. This small HOMO-LUMO energy gap could indicate that the title structure is
chemically active, because it can be excited just by small energies.

3. Experimental

3.1. Synthesis m-Methoxy-N′-(3-methoxybenzoyl)-N-phenylbenzohydrazide

To a magnetically stirred solution of phenyl hydrazine (0.3 mL, 3 mmol) a solution of m-anisoyl
chloride (0.85 mL, 6 mmol) in 10 mL dichloromethane was added dropwise. The resulting mixture was
heated under reflux for 1 h (Scheme 1). The resulting solution was allowed to cool to room temperature.
After cooling, the solution was allowed to evaporate slowly at ambient temperature. After two days
colorless rods suitable for X-ray analysis were collected, and washed with a small amount of methanol.
Yield: 96%. m.p.: 103–105 ◦C. IR (ATR): υ = 3286 (N–H), 1695, 1636 (C=O) cm−1; 1H NMR (300 MHz,
CDCl3): δ 7.61 (s, 1H, N–H), 6.73–7.18 (m, 13H, Ph–H), 3.92 (s, 3H, OCH3), 3.86 (s, 3H, OCH3);
13C NMR (75 MHz, CDCl3): δ 166.47, 162.86, 159.55, 138.91, 136.02, 131.13, 130.98, 129.46, 124.2, 121.8,
117.92, 117.48, 114.1, 113.96, 57.54, 57.32.
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3.2. Computation

Calculation of the structural parameters of the titled compound was carried out using ORCA
3.0.1 [20] program package by Gabedit [21] graphical interface using B3LYP using 6-311G basis set [22].
Geometry obtained from X-ray diffraction was used as starting point to perform all the calculations.

3.3. X-ray Crystallography

Crystallographic data is presented in Table 3. The crystal of compound 1 having dimensions of
0.59 × 0.20 × 0.06 mm was selected and the reflection data were collected on an Oxford SuperNova
CCD diffractometer using Cu-Kα (λ = 1.5418 Å) X-radiation at 130 K. The structure was solved by
direct methods and refined by full-matrix least squares using SHELX-97 [23].

Table 3. Crystallographic data of titled compound (1).

Crystal Data

Empirical Formula C22H20N2O4
Formula weight 376.40

Crystal system, space group Monoclinic, P21/c

Temperature (K) 130
a, b, c (Å) 8.7338(1), 24.5602(3), 9.6929(1)

β (◦) 113.186 (2)
V (Å3) 1911.23 (4)

Z 4
Radiation type CuKα

µ (mm−1) 0.74
Crystal size (mm) 0.59 × 0.20 × 0.06

Data collection

Diffractometer SuperNova, Dual, Cu at zero, Atlas diffractometer
Tmin, Tmax 0.809, 1.000

No. of measured, independent and observed [I > 2s(I)] reflections 9689, 4000, 3668
Rint 0.018

(sin q/l)max (Å−1) 0.632
Refinement

R[F2 > 2s(F2)], wR(F2), S 0.035, 0.094, 1.04
No. of reflections 4000
No. of parameters 259

Dñmax, Dñmin (e·Å−3) 0.24, −0.24

A CIF file containing complete information on the studied structure was deposited with CCDC,
deposition number 896971 and is freely available upon request from the Director, CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (Fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or from the
following website: www.ccdc.cam.ac.uk/data_request/cif.

4. Conclusions

In summary, we have synthesized a novel diacyl hydrazine compound 1, m-methoxy-N′-(m-
anisoyl)-N-phenylbenzohydrazide, and characterized it using the X-ray diffraction technique. The
molecule is stabilized by intermolecular N–H . . . O1 hydrogen bonding interactions in addition to
weak C–H . . . O interactions between C21–H21A . . . O2. We investigated the molecule by calculating
the optimized geometry, and frontier molecular orbital analysis was also performed. All the theoretical
results show good agreement with the corresponding experimental data.
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