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Abstract

A series of three new hydrazone compounds derived from the condensation reactions of 4-dimethylaminobenzohy-
drazide with 4-dimethylaminobenzaldehyde, 2-chloro-5-nitrobenzaldehyde and 3-methoxybenzaldehyde, respectively,
were prepared. The compounds were characterized by elemental analysis, infrared and UV-vis spectra, HRMS, 'H NMR
and *C NMR spectra, and single crystal X-ray diffraction. Crystals of the compounds are stabilized by hydrogen bonds.
The compounds were assayed for antibacterial (Bacillus subtilis, Escherichia coli, Pseudomonas fluorescence and Staphylo-
coccus aureus) and antifungal (Aspergillus niger and Candida albicans) activities by MTT method. The results indicated

that compound 2 is an effective antibacterial material.
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1. Introduction

Hydrazone compounds have been reported to possess
interesting biological activities. Some of the compounds are
found to be useful for the treatment of inflammatory diseases
and tumors,! and some of the compounds have antibacterial,
antifungal, antiviral, and many other activities.? The empha-
sis on structural studies of hydrazone compounds is a conse-
quence of our interests in compounds having potential bio-
logical activity. In addition, hydrazone compounds have also
been used as preferred ligands in construction of versatile
structures of complexes with various metal salts like manga-
nese, copper, vanadium and zinc.* The complexes displayed
interesting biological and catalytic activities. It was reported
that the compounds bearing one or more halo-substituents
on the aromatic ring have improved biological activities, es-

pecially for the antibacterial and antifungal activities.* How-
ever, the structure-activity relationship was not clear until
now. As an extension of our work on the structures and anti-
bacterial activities of such compounds, in the present paper,
three new hydrazone compounds, N’-(4-dimethylamino-
benzylidene)-4-dimethylaminobenzohydrazide (1), N-(2-
chloro-5-nitrobenzylidene)-4-dimethylaminobenzohydra-
zide (2), and N-(3-methoxybenzylidene)-4-dimethylamino-
benzohydrazide (3) (Scheme 1), are reported.

2. Experimental

2. 1. Materials and Methods

4-Dimethylaminobenzohydrazide, 4-dimethylami-
nobenzaldehyde, 2-chloro-5-nitrobenzaldehyde and
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Scheme 1. The hydrazone compounds.
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3-methoxybenzaldehyde with AR grade were purchased
from Fluka and used as received. All other chemicals
with AR grade were obtained commercially and used
without purification. Elemental analyses were carried
out on a Perkin-Elmer model 240 analyzer. HRMS data
was obtained with ESI (electrospray ionization) mode.
'H NMR spectra were measured with a Bruker AVANCE
300 MHz spectrometer. '*C NMR spectra were measured
with an Oxford NMR spectrometer. FT-IR spectra were
recorded on a Nicolet 55XC spectrometer. UV-vis spec-
tra were recorded on a Lambda 900 spectrophotometer
in methanol.

2. 2. Synthesis of N’-(4-
Dimethylaminobenzylidene)-4-
dimethylaminobenzohydrazide (1)

4-Dimethylaminobenzohydrazide (1.0 mmol, 0.18
g) was added with stirring to 4-dimethylaminobenzalde-
hyde (1.0 mmol, 0.15 g) in methanol. The mixture was
heated under reflux for 1 h, and cooled to room tempera-
ture. After filtration and slow evaporation at room tem-
perature for a few days, colorless needle-shaped single
crystals were formed. The crystals were collected by filtra-
tion, washed three times with methanol. Yield, 0.21 g (69
%). Anal. Calcd. (%) for C;gH,,N,O: C, 69.65; H, 7.14; N,
18.05. Found (%): C, 69.53; H, 7.27; N, 17.97. HRMS (ESI):
m/z caled for C;gHy3N,O [M + H]* 311.1866; found:
311.1869. Characteristic IR data (KBr, cm™!): 1608 (s)
(veen). UV-vis data in methanol [, (nm), £ (L mol~!
cm™1)]: 230, 9360; 361, 25900. 'H NMR (300 MHz, DM-
SO-ds, ppm): § 11.23 (s, 1H), 8.28 (s, 1H), 7.80 (d, 2H),
7.50 (d, 2H), 6.75 (dd, J; = 9.0 Hz, J, = 7 Hz, 2H), 2.9 (s,
6H), 2.97 (s, 6H). 1*C NMR (75 MHz, DMSO-d;, ppm): &
164.5,152.3,151.3, 147.1, 128.9, 128.1, 122.1, 120.0, 111.8,
110.8, 40.4, 40.1, 39.8, 39.7, 39.3, 39.0.

2. 3. Synthesis of N’-(2-Chloro-
5-nitrobenzylidene)-4-
dimethylaminobenzohydrazide (2)
and N’-(3-Methoxybenzylidene)-4-
dimethylaminobenzohydrazide (3)

Compounds 2 and 3 were synthesized by the same
method as that described for 1, with 4-dimethylamino-
benzaldehyde replaced by 2-chloro-5-nitrobenzaldehyde
(1.0 mmol, 0.19 g) for 2 and 3-methoxybenzaldehyde (1.0
mmol, 0.14 g) for 3. The filtrates for the two compounds
were left still at room temperature to enable slow evapo-
ration of the solvent to yield yellow block (for 2) and col-
orless needle (for 3) single crystals. For 2: Yield, 0.26 g
(76 %). Anal. Calcd. (%) for C;4H;5CIN,O5: C, 55.42; H,
4.36; N, 16.16. Found (%): C, 55.53; H, 4.28; N, 16.02.
HRMS (ESI): m/z calcd for C;¢H;5;CIN,O; [M] 347.0905;
found: 347.0901. Characteristic IR data (KBr, cm™!): 1610

(s) (Vcen). UV-vis data in methanol [A,,, (nm), & (L mol~!
cm™1)]: 280, 10500; 350, 12450. '"H NMR (300 MHz, DM-
SO-dg, ppm): § 12.00 (s, 1H), 8.85 (s, 1H), 8.71 (d, 1H),
8.22 (dd, J, = 8.9 Hz, J, = 2.9 Hz, 1H), 7.84 (dd, J, = 8.9
Hz, J, = 3.7 Hz, 3H), 6.78 (d, 2H), 3.01 (s, 6H). 13C NMR
(75 MHz, DMSO-dg, ppm): § 163.7, 153.2, 145.8, 141.2,
138.3,133.7,131.6, 129.0, 127.9, 123.7, 121.5, 112.3, 40.7,
40.6. For 3: Yield, 0.237 g (80 %). Anal. Calcd. (%) for
C,,H,oN;0,: C, 68.67; H, 6.44; N, 14.13. Found (%):
C, 68.54; H, 6.57; N, 14.24. HRMS (ESI): m/z calcd for
C,,HoN;0, [M + H]* 298.1207; found: 298.1213. Char-
acteristic IR data (KBr, cm™): 1616 (s) (vc_n). UV-vis
data in methanol [A,,,, (nm), & (L mol~! cm™1)]: 275, 5389;
338,11300. 'H NMR (300 MHz, DMSO-dg, ppm): § 11.63
(s, 1H), 8.39 (s, 1H), 7.82 (d, 2H), 7.37 (t, 1H), 7.24 (m,
2H), 7.00 (d, 1H), 6.75 (d, 2H), 3.81 (s, 3H), 3.00 (s, 6H).
13C NMR (75 MHz, DMSO-dg, ppm): & 162.6, 159.1,
152.5, 147.3, 137.6, 131.4, 128.7, 123.6, 120.0, 114.9,
112.2, 110.8, 54.5, 40.6, 40.5.

2. 4. X-Ray Crystallography

Single-crystal X-ray diffraction measurements for
the compounds were carried out on a CrysAlis CCD dif-
fractometer equipped with a graphite crystal monochro-
mator for data collection at 298(2) K. The determinations
of unit cell parameters and data collections were per-
formed with Mo Ka radiation (A = 0.71073 A) and unit cell
dimensions were obtained with least-squares refinements.
Structures of the compounds were solved by direct meth-
ods using SHELXTL.> Non-hydrogen atoms were located
in successive difference Fourier syntheses. The final refine-
ment was performed by full-matrix least-squares methods
with anisotropic thermal parameters for non-hydrogen
atoms on F2. The hydrogen atoms were treated by a mix-
ture of independent and constrained refinement. The ami-
no H atoms in the compounds were located from differ-
ence Fourier maps and refined isotropically, with N-H
distances restrained to 0.90(1) A. The remaining hydrogen
atoms were located at their calculated positions. The ob-
served/unique ratio for compound 1 is low, which is due to
the weak diffraction of the crystal determined. Crystallo-
graphic data and experimental details for structural analy-
ses are summarized in Table 1.

2. 5. Antimicrobial Test

The antibacterial activity of the compounds was test-
ed against B. subtilis, E. coli, P. fluorescence and S. aureus
using MH medium (Mueller-Hinton medium: casein hy-
drolysate 17.5 g, soluble starch 1.5 g, beef extract 1000
mL), the antifungal activity of the compounds was tested
against A. niger and C. albicans using RPMI-1640 medium
(RPMI-1640 (GIBCO BRL) 10 g, NaHCOj; 2.0 g, 0.165
mol/L morpholinepropanesulfonic acid (MOPS) (Sigma)
34.5 g, triple distilled water 900 mL, buffered to pH 7.0
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Table 1. Crystallographic data and refinement parameters for the compounds

Compound 1 2 3
Empirical formula C,sH,,N,O C16H5CIN,O3 C,7HoN;0,
Molecular weight 310.4 346.8 297.4
Crystal color, habit Colorless, needle Yellow, block Colorless, needle
Crystal system Orthorhombic Monoclinic Orthorhombic
Space group Pbca Pc Pbca
Unit cell dimensions

a(h) 11.194(2) 9.608(2) 13.259(2)
b(A) 8.029(1) 14.631(2) 8.389(1)
c(A) 37.164(2) 14.092(2) 29.226(2)
B 90 124.370(2) 90
V(A% 3340.1(8) 1635.1(5) 3239.0(7)

zZ 8 4 8

Dy (g cm™) 1.235 1.409 1.220
Absorption coefficient (p, mm™™) 0.079 0.256 0.082
Reflections collected/unique 21612/2904 11559/5689 28475/2863
Data/restraints/parameters 2904/1/215 5689/4/443 2863/1/206
Observed reflections [I > 20(I)] 1084 3421 1239

Ry, wR, [1=20(1)]
R}, wR; (all data)

Goodness of fit (GOF) on F? 1.007
Largest differences in peak/hole (e/ A3)

0.0698, 0.1021
0.2534, 0.1460

0.169 and -0.148

0.0883, 0.2226 0.0861, 0.1752
0.1349, 0.2752 0.2126,0.2324
1.022 1.029
1.315 and -0.275 0.553 and -0.172

with 1 mol/L NaOH (25 °C), metered volume to 1000 mL,
filtered sterilization, conservation at 4 °C). The MICs of
the test compounds were determined by a colorimetric
method using the dye MTT.® A stock solution of the syn-
thesized compound (50 pg/mL) in DMSO was prepared
and graded quantities of the test compounds were incor-
porated in specified quantity of sterilized liquid medium
(MH medium for antibacterial activity and RPMI-1640
medium for antifungal activity). A specified quantity of
the medium containing the compound was poured into
microtitration plates. Suspension of the microorganism
was prepared to contain approximately 10° cfu/mL and ap-
plied to microtitration plates with serially diluted com-
pounds in DMSO to be tested and incubated at 37 °C for
24 h and 48 h for bacterial and fungi, respectively. After the
MICs were visually determined on each of the microtitra-
tion plates, 50 uL of PBS (phosphate buffered saline 0.01
mol/L, pH 7.4, Na,HPO,-12H,0 2.9 g, KH,PO, 0.2 g,
NaCl 8.0 g, KCI1 0.2 g, distilled water 1000 mL) containing
2 mg of MTT/mL was added to each well. Incubation was
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continued at room temperature for 4-5 h. The content of
each well was removed, and 100 pL of isopropanol con-
taining 5% 1 mol/L HCl was added to extract the dye. Af-
ter 12 h of incubation at room temperature, the optical
density (OD) was measured with a microplate reader at
550 nm.

3. Results and Discussion
3. 1. Chemistry

The synthesis of the compounds was carried out as
outlined in Scheme 2. Single crystals of the compounds
were obtained by slow evaporation of the methanolic solu-
tions of the compounds.

3. 2. Structure Description of the Compounds

The solid state structures of compounds 1, 2 and 3
determined by X-ray diffraction are shown in Figures 1, 2

Rs X, -

S— N

Rs R

Scheme 2. The synthesis of the compounds. 1: R; = R; = H, R, = NMey; 2: R; = CL, R, = H, R; = NOy; 3: R; =R, = H, R; = OMe.

He and Xue: Synthesis, Structures, and Antibacterial Activities ...



570

Acta Chim. Slov. 2021, 68, 567-574

and 3, respectively. The hydrazone molecules in the com-
pounds adopt E configuration with respect to the C=N
double bonds. The distances between C9 and N1 [1.296(4)
A]in1,C7and N2 [1.269(8) A] and C26 and N7 [1.256(8)
A]in 2, and C8 and N1 [1.276(5) A] in 3, confirm them as
typical double bonds. The distances between C10 and N2
[1.361(4) A] in 1, C8 and N3 [1.356(8) A] and C25 and N6
[1.351(8) A] in 2, and C9 and N2 [1.351(5) A] in 3, are
intermediate between single and double bonds, due to the
conjugation effects of the molecules. The order of the dis-
tances of the C=N bonds is 1 > 3 > 2, which is caused by
the electron-donating or electron-withdrawing effects of
the substituent groups. The remaining bond lengths in the
three compounds are comparable to each other, and also

similar to those in the literature.” In the molecules of the
three compounds, the dihedral angles between the two
benzene rings are 10.9(5)° for 1, 5.7(4)° and 2.5(4)° for 2,
and 25.3(5)° for 3.

In the crystal structure of 1, molecules are linked
through intermolecular N-H:-O and C-H--O hydro-
gen bonds (Table 2), to form 1D chains along the b axis
(Figure 4). In the crystal structure of 2, molecules
are linked through intermolecular N-H--O hydrogen
bonds (Table 2), to form 1D chains along the a axis (Figure
5). In the crystal structure of 3, molecules are linked
through intermolecular N-H:---O and C-H---O hydrogen
bonds (Table 2), to form 1D chains along the b axis (Figu-
re 6).

Figure 3. The molecular structure of 3. The ellipsoids are shown with 30% probability.
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Figure 6. The packing diagram of 3. Hydrogen bonding interactions are shown as dashed lines.
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Table 2. Distances (A) and angles (°) involving hydrogen bonding of the compounds

D-H--A d(D-H) d(H--A) d(D---A) Angle(D-H--A)
1

N2-H2--01! 0.90(1) 2.17(1) 3.061(4) 177(3)

C9-H9--01! 0.93 2.55(1) 3.360(5) 146(3)

C12-H12--O1! 0.93 2.55(1) 3.431(5) 158(3)
2

N3-H3--06ii 0.90(1) 2.11(3) 2.985(7) 165(8)

N6-H6--03 0.90(1) 2.07(3) 2.937(7) 162(8)
3

N2-H2..O1i 0.90(1) 2.01(3) 2.891(6) 166(7)

C4-H4.-O1V 0.93 2.52(3) 3.303(7) 143(6)

C8-H$--O1i 0.93 2.49(3) 3.298(7) 145(6)

C15-H15--O1iii 0.93 2.45(3) 3.226(7) 141(6)

Symmetry codes: (i) 3/2 - x, -1/2 + y, z; (ii) -1 + x, ¥, z; (iii) 3/2 - x, -1/2 + y, z; (iv) 1/2 + x, y,

12 -z

3. 3. Infrared and UV-vis Spectra

The sharp and medium stretching vibrations in the
range 3200-3270 cm™! in the spectra of the compounds
indicate the presence of amino groups, vy_y.* Com-
pounds 1, 2 and 3 exhibit strong stretching vibration fre-
quencies of imino bonds formed by condensation of al-
dehyde and hydrazide at 1608, 1610 and 1616 cm™!, re-
spectively.” The Ar-O stretching vibration frequencies of
hydroxyl groups substituted on the benzene rings are
observed in the range 1250-1270 cm™! for the three com-
pounds.

The compounds have two sets of bands in the UV
region. The first centered at 230 nm for 1, 280 nm for 2,
and 275 nm for 3, may be assigned to the m->m* transi-
tions. The second set centered at 360 nm for 1, 350 nm
for 2, and 340 nm for 3, may be assigned to the n>m*
transitions.

3. 4. Antimicrobial Activities

The MICs (minimum inhibitory concentrations) of
the compounds against four bacteria strains are presented

Table 3. MIC values of the compounds (ug/mL)

in Table 3. The activities of reference compounds kanamy-
cin and penicillin were included. Compound 1 was found
to be inactive against B. subtilis and P. fluorescence, and has
strong activity against E. coli, and medium activity against
S. aureus. Compound 2 was found to be active against all
the bacteria, especially E. coli and S. aureus. Compound 3
was found to be inactive against B. subtilis, E. coli and P
fluorescence, and has weak activity against S. aureus. It is
obvious that compound 2 showed stronger activities
against the bacteria than compounds 1 and 3, which might
be due to the presence of chloro and nitro substituent
groups. It is notable that compound 2 has stronger activity
against E. coli than the reference drug kanamycin. Chloro
substituent is known as an important group for antibacte-
rial activities.!? The results in this work are in accordance
with those reported in the literature that the electron-with-
drawing groups such as chloro and nitro can enhance the
biological properties.*

The antifungal activity of the compounds was stud-
ied with two fungal strains by MTT method. The results
are summarized in Table 3. Ketoconazole was used as the
reference. The results indicate that the compounds have no
activity against A. niger and C. albicans.

Bacillus Escherichia Pseudomonas Staphylococcus Aspergillus Candida
Compound a2 . . .
subtilis coli fluorescence aureus niger albicans
1 > 50 6.25 > 50 12.5 > 50 > 50
2 25 1.56 25 3.12 > 50 > 50
3 > 50 > 50 > 50 25 > 50 > 50
Ketoconazole > 50 > 50 > 50 > 50 7.8 3.9
Kanamycin 0.39 3.9 3.9 1 > 50 > 50
Penicillin 0.78 > 50 > 50 2 > 50 > 50

He and Xue: Synthesis, Structures,
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4. Conclusion

Three new hydrazone compounds were synthesized
and structurally characterized. Crystals of the compounds
are stabilized by hydrogen bonds. The biological assay in-
dicated that the presence of electron-withdrawing groups
such as chloro and nitro can improve the antibacterial ac-
tivities of the studied compounds. Among the three com-
pounds, the one bearing chloro and nitro substituent dis-
layed the strongest activities against E. coli and S. aureus,
therefore deserving further study to explore new antibac-
terial materials.

5. Supplementary Material

CCDC - 1035481 for 1, 1035482 for 2, and 1035483
for 3 contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge at
http://www.ccdc.cam.ac.uk/const/retrieving.html or from
the Cambridge Crystallographic Data Centre (CCDC), 12
Union Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk.
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Povzetek

S pomocjo kondenzacije med 4-dimetilaminobenzohidrazidom kot prvim reaktantom in 4-dimetilaminobenzalde-
hidom, 2-kloro-5-nitrobenzaldehidom oz. 3-metoksibenzaldehidom kot drugim smo pripravili serijo treh novih hidra-
zonskih spojin. Spojine smo karakterizirali s pomoc¢jo elementne analize, infrardece in UV-vis spektroskopije, HRMS,
'H NMR in *C NMR spektrov ter z rentgensko difrakcijsko analizo monokristalov. V kristalni strukturi so prisotne
vodikove vezi. Spojinam smo s pomoc¢jo MTT metode dolo¢ili antibakterijsko delovanje (Bacillus subtilis, Escherichia
coli, Pseudomonas fluorescence in Staphylococcus aureus) ter u¢inkovanje proti glivam (Aspergillus niger in Candida albi-
cans). Rezultati kazejo, da je spojina 2 obetavno antibakterijsko sredstvo.
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