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Abstract

Reaction of 4-pyridinecarboxaldehyde with 3-hydroxy-4-methoxybenzohydrazide, 4-bromobenzohydrazide and
4-dimethylaminobenzohydrazide, respectively in methanol afforded three new benzohydrazones. They are 3-hy-

droxy-4-methoxy-N’-(pyridin-4-ylmethylene)benzohydrazide

(1),  4-bromo-N-(pyridin-4-ylmethylene)benzohy-

drazide (2), and 4-(dimethylamino)-N"-(pyridin-4-ylmethylene)benzohydrazide (3). The compounds have been char-
acterized by elemental analysis, 'H and 1*C NMR and IR spectroscopy; as well as single crystal X-ray diffraction. The
antibacterial activities of the compounds against E. coli, P. aeruginosa, B. subtilis, and S. aureus were investigated and gave

interesting results.

Keywords: Benzohydrazones; 4-pyridinecarboxaldehyde; synthesis; crystal structure; antibacterial activity.

1. Introduction

Hydrazones are a class of compounds containing
-C(O)-NH-N=CH- groups, which can be facile synthe-
sized from the condensation reactions of aldehydes with
hydrazides. The compounds have wide application in bio-
logical fields like antibacterial,! antifungal,? antitumor,?
anti-inflammatory,* and cytotoxic.> It was reported that
the compounds containing halide groups on the aromatic
rings usually show improved biological activities especial-
ly the antibacterial and antifungal activities.® Rai and
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Scheme 1. The benzohydrazones

co-workers reported a series of fluoro, chloro, bromo, and
iodo-substituted compounds, and found that they have
significant antimicrobial activities.” In addition, nicotino-
hydrazide has remarkable antituberculotic activity. As a
continuation of work on the exploration of novel antibac-
terial drugs, in the present paper, three new benzohydra-
zones, 3-hydroxy-4-methoxy-N’-(pyridin-4-ylmethylene)
benzohydrazide (1), 4-bromo-N’-(pyridin-4-ylmethylene)
benzohydrazide (2), and 4-(dimethylamino)-N-(pyri-
din-4-ylmethylene)benzohydrazide (3) were prepared and
evaluated for their antibacterial activities.
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2. Experimental
2. 1. Materials and Measurements

Commercially available 4-pyridinecarboxaldehyde,
3-hydroxy-4-methoxybenzohydrazide, 4-bromobenzohy-
drazide and 4-dimethylaminobenzohydrazide were pur-
chased from Sigma-Aldrich and used without further pu-
rification. Other solvents and reagents were made in China
and used as received. C, H and N elemental analyses were
performed with a Perkin-Elmer elemental analyzer. Infra-
red spectra were recorded on a Nicolet AVATAR 360 spec-
trometer as KBr pellets in the 4000-400 cm™' region. 'H
NMR spectra were recorded on a Bruker 500 MHz instru-
ment. Single crystal X-ray diffraction was carried out on a
Bruker D8 VENTURE PHOTON diffractometer equipped
with MoK, radiation.

2. 2. Synthesis of the Compounds

The three compounds were synthesized according to
the same method as described. 4-Pyridinecarboxaldehyde
(1.0 mmol, 11 mg) dissolved in methanol (20 mL) was
added to the methanolic solution (20 mL) of 3-hy-
droxy-4-methoxybenzohydrazide (1.0 mmol, 18 mg),
4-bromobenzohydrazide or 4-dimethylaminobenzohy-
drazide aroylhydrazine, and were stirred at room temper-
ature for 30 min to give clear solution. X-ray quality single
crystals were formed by slow evaporation of the solution
in air for a few days.

2. 2. 1. 3-Hydroxy-4-methoxy-N’-(pyridin-4-
ylmethylene)benzohydrazide (1)

Colorless crystals. Yield: 76%. Anal. calcd. for
C,oH3,NOg: C, 58.78; H, 5.44; N, 14.18; found C, 58.63;
H, 5.55; N, 14.06%. Characteristic IR data (cm™'): 3484
(w), 3409 (w), 3205 (w), 1657 (s), 1604 (s), 1560 (m), 1510
(s), 1445 (w), 1361 (w), 1289 (s), 1221 (m), 1141 (m), 1069
(m), 1018 (w), 947 (w), 853 (m), 752 (w), 532 (m). 'H
NMR (500 MHz, d,-DMSO): 8: 11.87 (s, 1H, NH), 9.76 (s,
1H, OH), 8.65 (s, 2H, PyH), 8.43 (s, 1H, CH=N), 7.65 (s,
2H, PyH), 7.50 (s, 1H, ArH), 7.47 (d, 1H, ArH), 6.90 (d,
1H, ArH), 3.85 (s, 3H, CH;). '*C NMR (126 MHz, d;-DM-
SO): &: 16291, 150.38, 150.19, 147.29, 144.36, 141.64,
123.72, 121.56, 120.85, 114.96, 111.79, 55.73.

2. 2. 2. 4-Bromo-N’-(pyridin-4-ylmethylene)
benzohydrazide (2)

Colorless crystals. Yield: 82%. 1-173 °C. Anal. calcd.
for C;5HsN,O,: C, 62.92; H, 6.34; N, 19.57; found C,
63.11; H, 6.26; N, 19.43%. Characteristic IR data (cm™):
3188 (w), 1645 (s), 1602 (s), 1517 (s), 1353 (w), 1281 (s),
1196 (m), 1128 (m), 1065 (w), 938 (w), 820 (w), 756 (w),
672 (w), 506 (w). 'TH NMR (500 MHz, ds-DMSO): 6: 11.93
(s, 1H, NH), 8.65 (s, 2H, PyH), 8.45 (s, 1H, CH=N), 7.72

(s, 2H, PyH), 7.81 (d, 2H, ArH), 7.72 (d, 2H, ArH). 13C
NMR (126 MHz, de.-DMSO): §: 162.83, 150.17, 146.85,
144.22,132.33,131.53, 128.76, 125.83, 120.12.

2. 2. 3. 4-(Dimethylamino)-N’-(pyridin-4-
ylmethylene)benzohydrazide (3)

Colorless crystals. Yield: 73%. Anal. calcd. for
C5H,(BrN;O: C, 51.34; H, 3.31; N, 13.82; found C, 51.19;
H, 3.22; N, 13.75%. Characteristic IR data (cm™!): 3396
(w), 3243 (w), 1650 (s), 1603 (s), 1590 (w), 1539 (s), 1466
(m), 1436 (w), 1342 (w), 1280 (m), 1141 (m), 1073 (w),
1062 (w), 1011 (w), 957 (w), 915 (m), 851 (w), 780 (w), 745
(w), 658 (w), 618 (W), 526 (w). 'H NMR (500 MHz,
d-DMSO): 8: 12.16 (s, 1H, NH), 8.65 (s, 2H, PyH), 8.45 (s,
1H, CH=N), 7.88 (d, 2H, PyH), 7.76 (d, 2H, ArH), 7.67 (d,
2H, ArH), 3.13 (s, 6H, CHj3). 3*C NMR (126 MHz, ds-DM-
SO): 6: 162.43, 153.73, 150.23, 145.65, 141.33, 132.08,
131.52, 129.76, 120.95, 42.7.

2. 3. Single Crystal X-ray Crystallography

Diffraction intensities for the compounds were collect-
ed at 298(2) K using a Bruker D8 VENTURE PHOTON dif-
fractometer with MoK, radiation (A = 0.71073 A). The col-
lected data were reduced using the SAINT program,® and
multi-scan absorption corrections were performed using the
SADABS program.’ The structures were solved by direct
method, and refined against F? by full-matrix least-squares
method using the SHELXTL.!? All of the non-hydrogen at-
oms were refined anisotropically. The water and amino hy-
drogen atoms were located from difference Fourier maps
and refined isotropically, with O-H, H--H and N-H distanc-
es restrained to 0.85(1), 1.37(2) and 0.90(1) A, respectively.
All other hydrogen atoms were placed in idealized positions
and constrained to ride on their parent atoms. The crystallo-
graphic data for the complexes are summarized in Table 1.

3. Results and Discussion
3. 1. Chemistry

The benzohydrazones were prepared by the conden-
sation reaction of equimolar quantities of 4-pyridinecar-
boxaldehyde with 3-hydroxy-4-methoxybenzohydrazide,
4-bromobenzohydrazide and 4-dimethylaminobenzohy-
drazide, respectively, in methanol. The compounds have
been characterized by elemental analysis, IR, 'H and '*C
NMR spectra. Structures of the compounds were further
confirmed by single crystal X-ray diffraction.

The three compounds were crystallized as well-
shaped single crystals. They are soluble in MeOH, EtOH,
MeCN, CHCIl;, DMF and DMSO. The characteristic in-
tense bands in the range 1645-1657 cm™! are generated by
the v(C=0) vibrations, whereas the bands in the range
1602-1604 cm™! are assigned to the v(C=N) vibrations.!!
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Table 1. Crystallographic data and refinement parameters for the compounds

1.0.5MeOH.0.5H,0  2-H,0 3
Chemical formula CyoH3,NOg Cy5sH13N,O, Cy3H;¢BrN;O
Mr 592.60 286.33 304.15
Crystal color, habit Colorless, block Colorless, block  Colorless, block
Crystal system Monoclinic Orthorhombic ~ Orthorhombic
Space group P2,/n P2,2,2, Pbca
Unit cell parameters
a () 12.2635(15) 7.2634(5) 10.183(2)
b(A) 12.3785(15) 11.7864(9) 7.949(1)
¢ (A) 19.569(2) 17.1102(12) 30.863(2)
B(°) 97.977(1)
V (A3 2942.0(6) 1464.8(2) 2498.3(5)
Z 4 4 8
Dy (g cm3) 1.338 1.298 1.617
u (mm™) 0.099 0.089 3281
F(000) 1248 608 1216
Collected data 17255 10810 13785
Number of unique data 5469 3625 2330
Number of observed data [I > 20(I)] 4119 2839 1759
Number of parameters 406 201 167
Number of restraints 5 4 1

Ry, wR, [I> 20(I)]
R,, wR, (all data)
Goodness of fit on F?

0.0415, 0.1028
0.0586, 0.1165
1.013

0.0423, 0.0902
0.0611, 0.1015
1.035

0.0355, 0.0758
0.0563, 0.0840
1.019

In the spectrum of 1, there are broad absorptions centered
at 3484 and 3409 cm™!, which can be attributed to the hy-
drogen-bonded phenol and hydroxyl groups. The sharp
and weak bands in the range 3188-3243 cm™! are assigned
to the ¥(N-H) vibrations. The C, H, N analyses were in
accordance with the chemical formulae proposed by the
single crystal X-ray crystallography.

3. 2. Crystal Structure Description

The molecular structures of compounds 1-3 are
shown in Figures 1-3, respectively. Selected bond lengths
are listed in Table 2. The asymmetric unit of compound 1
contains two benzohydrazone molecules, one methanol
molecule and one water molecule. The asymmetric unit of
compound 2 contains one benzohydrazone molecule and
one water molecule. There is only one benzohydrazone
molecule in compound 3. The benzohydrazone molecules
of the compounds adopt E configuration with respect to
the methylidene units. The distances (1.270-1.273 A) of
the methylidene bonds in the compounds are comparable
to each other, which confirm them as typical double bonds.
The shorter distances of the C-N bonds and the longer dis-
tances of the C=0 bonds for the ~-C(O)-NH- units than
usual, suggest the presence of conjugation effects in the
molecules. All the bond lengths in the three compounds
are within normal values.!? The dihedral angles between
the benzene ring and the pyridine ring in the benzohydra-
zone molecules are 17.3(2) and 22.8(2)° for 1, 44.8(2)° for
2, and 19.1(3)° for 3.

In the crystal structure of compound 1, the benzo-
hydrazone molecules are linked by water molecules
through O-H---O hydrogen bonds to form a dimer. The
dimers are further linked through O-H--N hydrogen
bonds to form chains. The methanol molecules are linked
to the benzohydrazone molecules through O-H:-N and
O-H---O hydrogen bonds (Table 3, Figure 4). In the crys-
tal structure of compound 2, the benzohydrazone mole-
cules are linked by water molecules through O-H---O,
O-H--N, N-H--O and C-H---O hydrogen bonds to form
a three-dimensional network (Figure 5). In the crystal
structure of compound 3, the benzohydrazone molecules
are linked through N-H--O hydrogen bonds to form
chains (Figure 6).

Table 2. Selected bond distances (A) for the compounds

1-0.5MeOH-0.5H,0

N1-C6 1.273(2) N1-N2 1.3683(17)
N2-C7 1.358(2) N4-C20 1.270(2)
N4-N5 1.3727(17) N5-C21 1.356(2)
01-C7 1.2236(19) 04-C21 1.2242(19)
2.H,0
N1-C6 1.270(3) NI1-N2 1.379(2)
N2-C7 1.366(3) 01-C7 1.226(3)
3
N1-C7 1.359(3) N1-N2 1.376(3)
N2-C8 1.272(3) 01-C7 1.229(3)
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Table 3. Hydrogen bond distances (A) and bond angles (°) for the
compounds

D-H--A d(D-H), d(H--A), d(D--A), Angle
A A A (D-H--A)?°
1-0.5MeOH-0.5H,0
O2-H2B--N6'  0.82 1.96 2.727(2)  156(3)
O5-H5B--N3i  0.82 1.91 2.687(2) 157(3)
08-H8---O4iil 0.82 2.27 2.985(2) 146(3)
08-H8--N4iil 0.82 2.38 3.079(2) 144(3)
N2-H2--07 0.90(1)  1.95(1) 2.846(2) 171(2)
N5-H5--08 0.90(1)  1.96(1) 2.839(2) 167(2)
07-H7A--O1¥  0.85(1)  2.01(1) 2.823(2) 158(2)
O7-H7A-N1V  0.85(1) 2.66(2) 3.282(2) 131(2)
07-H7B--05 0.85(1)  1.98(1) 2.826(2) 170(2)
C28-H28A--03" 0.96 2.58(2)  3.371(3) 140(3)
2-H,0
N2-H2--02% 0.90(1)  1.98(2) 2.844(2) 159(3)
02-H2A--N3'i  0.85(1)  2.02(1) 2.848(3) 164(3)
02-H2B--01 0.85(1)  2.05(2) 2.854(2) 159(3)
02-H2B--N1 0.85(1)  2.53(2) 3.146(3) 131(2)
C6-H6--02v 0.93 2.59(2)  3.226(3) 126(3)
C9-H9--02% 0.93 2.52(2)  3.427(3) 166(3)
3
N1-H1--O1¥ii  0.90(1) 1.98(1) 2.877(3) 174(4)

Symmetry codes: i) 2 - x, - y, 1 - z;ii) — x, - y, — z; iii) Y2 - x, Y2 + ¥,
Vi—ziv)3/2-x,%+y, % -z (V) =312+ x, -y, - Y2+ z;vi) 1 - x,
ity Ya—zvii) Yo+ x, Y-y, 1 -z viil) b-x, %2 +y, 2.

Figure 1. ORTEP plot of the crystal structure of 1. Displacement ellip-
soids of non-hydrogen atoms are drawn at the 30% probability level.
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Figure 2. ORTEP plot of the crystal structure of 2. Displacement ellip-
soids of non-hydrogen atoms are drawn at the 30% probability level.
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Figure 3. ORTEP plot of the crystal structure of 3. Displacement
ellipsoids of non-hydrogen atoms are drawn at the 30% probability
level.
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Figure 4. Molecular packing diagram of 1. Viewed along the b axis.
Hydrogen atoms not related to hydrogen bonding are omitted. Hy-
drogen bonds are shown as dashed lines.
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Figure 5. Molecular packing diagram of 2. Viewed along the a axis.
Hydrogen atoms not related to hydrogen bonding are omitted. Hy-
drogen bonds are shown as dashed lines.
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Figure 6. Molecular packing diagram of 3. Viewed along the a axis.
Hydrogen atoms not related to hydrogen bonding are omitted. Hy-
drogen bonds are shown as dashed lines.
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3. 3. Antibacterial Activity

The antibacterial assay was performed according to
the literature method.!® Penicillin G was used as a stand-
ard drug. DMSO was used as solvent and the solutions
were further diluted by distilled water. The DMSO at the
tested concentration has no activity on the bacteria. The
zone of inhibition for the 5000 pg mL! test solutions on
the four bacteria Escherichia coli, Pseudomonas aerugino-
sa, Salmonella typhi and Staphylococcus aureus is given in
Table 4. The MIC values are given in Table 5. The results
indicated that the compounds have from weak to strong
activities against the four bacteria. Compound 1 has medi-
um activity on E. coli and P. aeruginosa, and weak activity
on B. subtilis and S. aureus. Compound 2 has strong activ-
ity on E. coli and P. aeruginosa, and medium activity on B.
subtilis and S. aureus. Compound 3 has medium activity
on E. coli and P. aeruginosa, strong activity on B. subtilis,
and weak activity on S. aureus. Among the compounds,
compound 2 has the most activity on E. coli and P. aerugi-
nosa with MIC values of 3.13 ug mL™!, which is even com-
parable to Penicillin G. The four compounds have better
activities against E. coli, B. subtilis and S. aureus than the
pyrroles bearing thiazole moiety.!* Compounds 2 and 3
have stronger activity against E. coli, weak activity against
B. subtilis, and similar activity against S. aureus when com-
pared with the fluoro-substituted aroylhydrazones.!®

After careful comparison we noticed that the Br sub-
stituent group in compound 2 might contribute to the ac-
tivity on E. coli and P, aeruginosa, and the NMe, group in
compound 3 may contribute to the activity on B. subtilis.

Table 4 Antibacterial screening results

Compound Zone of inhibition (mm)

E. coli P. aeruginosa B. subtilis S. aureus
1 17+19 1417 53+14 72+16
2 25+28 2325 18 +£2.6 15+1.7
3 21+23 1820 22+25 11+14
Penicillin G 30+28 26+3.1 30+£3.2 24£29

Table 5 Antibacterial activities as MIC values (ug mL™")

Compound E. coli P. aeruginosa B. subtilis S. aureus
1 12.5 12.5 25 25
2 3.13 3.13 6.25 6.25
3 6.25 6.25 3.13 12.5
Penicillin G 3.13 6.25 1.56 6.25

4. Conclusions

In summary, three new benzohydrazone compounds
were prepared and structurally characterized. The antibac-
terial activities against the bacteria E. coli, P. aeruginosa,

B. subtilis, and S. aureus were evaluated. Among the com-
pounds,  4-bromo-N’-(pyridin-4-ylmethylene)benzohy-
drazide has strong activity on E. coli and P. aeruginosa,
and 4-(dimethylamino)-N -(pyridin-4-ylmethylene)ben-
zohydrazide has strong activity on B. subtilis, with MIC
values of 3.13 ug mL—"". The compounds could be useful
as templates for future development through modification
to explore more effective antibacterial agents.

Supplementary Material

CCDC-2246870 (1), 2246872 (2), and 2246873 (3)
contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge at http://
www.ccde.cam.ac.uk/const/retrieving.html or from the
Cambridge Crystallographic Data Centre (CCDC), 12 Un-
ion Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk.
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Povzetek

Reakcija 4-piridinkarboksaldehida s 3-hidroksi-4-metoksibenzohidrazidom, 4-bromobenzohidrazidom in 4-dimetila-
minobenzohidrazidom v metanolu je dala tri nove benzohidrazone. To so 3-hidroksi-4-metoksi-N’-(piridin-4-ilmetilen)
benzohidrazid (1), 4-bromo-N’-(piridin-4-ilmetilen)benzohidrazid (2) in 4-(dimetilamino)-N’-(piridin-4-ilmetilen)
benzohidrazid (3). Spojine smo okarakterizirali z elementno analizo, 'H in '3C NMR in IR spektroskopijo ter monokris-
talno rentgensko difrakcijo. Preucevali smo antibakterijske aktivnosti spojin proti E. coli, P. aeruginosa, B. subtilis in S.
aureus ter dobili zanimive rezultate.
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