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INTRODUCTION

Hydrazone compounds are readily synthesized by reaction
of aldehydes with hydrazides1-3. These compounds have been
demonstrated to possess effective biological activities, such
as antibacterial and antitubercular activities4-6. Hydrazone
compounds derived from salicylhydrazide have been widely
investigated. However, no hydrazone compounds derived from
3-methylsalicylhydrazide have been reported so far. As an
extension of work on structures and antimicrobial activities
of such compounds, in this paper, two new structural similar
compounds, N'-[4-(dimethylamino)benzylidene]-2-hydroxy-
3-methylbenzohydrazide monohydrate (1) and N'-(4-nitro-
benzylidene)-2-hydroxy-3-methylbenzohydrazide monohydrate
(2) (Scheme-I), have been synthesized and characterized. The
antimicrobial activities of the compounds against Bacillus

subtilis, Escherichia coli, Staphyloccocus aureus and Bacillus

magaterium have been studied.

EXPERIMENTAL

3-Methylsalicylhydrazide, 4-dimethylaminobenzaldehyde
and 4-nitrobenzaldehyde were analytical pure grade from
Aldrich Chemical Co., Milwaukee, Wisconsin and used with-
out further purification. Other reagents were also analytical
pure grade and obtained from Beijing Reagent Factory, used
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Scheme-I: Hydrazone compounds

without further purification. IR spectra were recorded on a
Nicolet IR-470 spectrometer with KBr pellets in the range
4000-400 cm-1. C, H, N analyses were carried out using a Perkin-
Elmer model 240 analyzer. 1H NMR spectra were recorded
on Bruker AVANCE 500 MHz spectrometer with tetramethyl-
silane as the internal reference.

Synthesis of compound 1: 3-Methylsalicylhydrazide (0.1
mmol, 15.2 mg) and 4-dimethylaminobenzaldehyde (0.1
mmol, 14.9 mg) were dissolved in a sufficient volume of
methanol and the mixture was refluxed for 2 h. The mixture
was then allowed to cool, poured into a beaker and kept aside
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for evaporation. The resulting crude sample was recrystallized
twice from methanol. Colorless block crystals of compound 1
were then obtained. Yield: 21.3 mg (79.2 %). Analysis calcd.
(%) for C15H15N3O2: C 66.9, H 5.6, N 15.6. Found: C 66.7, H
5.6, N 15.7. IR data (KBr, νmax, cm-1): 3450 (b, w), 3337 (s,
w), 2937 (m), 2925 (w), 2853 (w), 2361 (m), 2340 (w), 1723
(m), 1640 (s), 1263 (s), 1153 (m), 751 (m). 1H NMR data
(DMSO-d6, ppm): δ = 12.40 (s, 1H), 11.95 (s, 1H), 8.53 (s, 1H),
7.63 (d, 1H), 7.54 (d, 2H), 7.30 (d, 1H ), 6.91 (t, 2H), 6.82
(d, 2H), 3.03 (s, 6H), 2.13 (s, 3H).

Synthesis of compound 2: 3-Methylsalicylhydrazide (0.1
mmol, 15.2 mg) and 4-nitrobenzaldehyde (0.1 mmol, 15.1 mg)
were dissolved in a sufficient volume of methanol and the
mixture was refluxed for 2 h. The mixture was then allowed
to cool, poured into a beaker and kept aside for evaporation.
The resulting crude sample was recrystallized twice from
methanol. Colorless block crystals of compound 2 were then
obtained. Yield: 26.5 mg (88.6 %). Analysis: calcd. (%) for
C15H13N3O4: C 60.2, H 4.4, N 14.0. Found (%): C 59.9, H 4.5,
N 14.2. IR data (KBr, νmax, cm-1): 3422 (b, w), 3345 (s, w),
2938 (m), 2925 (w), 2854 (w), 2360 (m), 2341 (w), 1725 (m),
1638 (s), 1341 (s), 1282 (s), 1167 (m), 749 (m). 1H NMR data
(DMSO-d6, ppm): δ = 12.47 (s, 1H), 12.34 (s, 1H), 8.35 (d,
2H), 8.53 (s, 1H), 8.07 (d, 2H), 7.66 (d, 1H), 7.32 (d, 1H),
6.93 (t, 1H), 2.13 (s, 3H).

X-ray crystallography: X-ray single crystal structure
determination was carried out at 298 (2) K on a Bruker Smart
1000 CCD area diffractometer equipped with a graphite-mono-
chromatic MoKα radiation (λ = 0.71073 Å) for data collection.
Unit cell dimensions were obtained with least-squares refine-
ments7,8 and the structure were solved by direct methods with
SHELXTL-97 package9. The final refinements were performed
by full-matrix least-squares methods with anisotropic thermal
parameters for non-hydrogen atoms on F2. The water and amino
H atoms in both compounds were located in difference Fourier
maps and refined isotropically, with Uiso(H) values fixed at
0.08 Å2 and with N-H distance restrained to 0.90(1) Å, O-H
distances restrained to 0.85(1) Å and H···H distance restrained
to 1.37(2) Å. Other H atoms were placed in the calculated
positions and constrained to ride on their parent atoms. Multi-
scan absorption correction was applied by using the SADABS
program10. Crystallographic data for the compounds are
summarized in Table-1. Selected bond lengths and bond angles
are listed in Table-2. Hydrogen bonding interactions are listed
in Table-3.

RESULTS AND DISCUSSION

Both compounds were crystallized as colorless block-
shaped crystals, soluble in common polar organic solvents,
such as methanol, ethanol, acetonitrile and DMF, insoluble in
water.

Crystal structure description: The molecular structures
of compounds 1 and 2 are shown in Figs. 1 and 2, respectively.
Each compound consists of a hydrazone molecule and a water
molecule of crystallization. The hydrazone molecules are
approximately coplanar, with mean deviations from corres-
ponding planes of 0.154(2) Å for compound 1 and 0.119(2) Å
for compound 2. Both hydrazone molecules have E configu-

rations with respect to the C=N double bonds and C-N single
bonds. The dihedral angles between the corresponding
substituted benzene rings are 1.6(3)° for compound 1 and

TABLE-1 
CRYSTAL DATA FOR THE COMPOUNDS STUDIED 

Compound 1 2 

Gross formula C17H21N3O3 C15H15N3O5 
M 315.37 317.30 
Crystal system Monoclinic Monoclinic 
Space group P21/c P21/c 
T, K 298(2) 298(2) 
a, Å 6.779(2) 14.978(3) 
b, Å 19.143(3) 8.017(2) 
c, Å 13.095(3) 12.796(2) 
β, deg 100.387(3) 105.425(2) 
V, Å3 1671.5(5) 1502.1(4) 
Z 4 4 
Dc, g cm–3 1.253 1.403 
Crystal dimensions, mm3 0.12 × 0.10 × 0.10 0.20 × 0.20 × 0.18 
µ, mm–1 0.087 0.107 

Radiation λ, Å 0.71073 0.71073 
Tmin/Tmax 0.990/0.991 0.979/0.981 
Reflections measured 8349 8417 
Total no. of unique data 2942 3250 
No. of observed data, I > 2σ(I) 966 2245 
No. of variables 221 220 
No. of restraints 4 4 
Rint 0.1097 0.0662 
R1, wR2 [I ≥ 2σ (I)]a 0.0511, 0.0898 0.0471, 0.1304 
R1, wR2 (all data)a 0.1611, 0.1127 0.0652, 0.1423 
a R1 = Σ||Fo| – |Fc||/ Σ|Fo|, wR2 = [Σw(Fo

2 – Fc

2)2/Σw(Fo

2)2]1/2 

 
TABLE-2 

SELECTED BOND LENGTHS (Å) AND 
ANGLES (°) FOR THE COMPOUNDS 

1 2 
Bond lengths (Å) 

O1–C2 1.365(3) O1–C2 1.356(2) 
O2–C7 1.246(3) O2–C7 1.244(2) 
N1–C7 1.346(3) N1–C7 1.345(2) 
N1–N2 1.389(3) N1–N2 1.378(2) 
N2–C8 1.285(3) N2–C8 1.270(2) 
N3–C12 1.385(4) N3–C12 1.470(2) 
N3–C17 1.444(4) O4–N3 1.213(2) 
N3–C16 1.444(4) O5–N3 1.223(2) 
C3–C15 1.509(4) C3–C15 1.501(2) 
C8–C9 1.457(4) C8–C9 1.463(2) 

Bond angles (°) 
C7–N1–N2 118.4(2) C7–N1–N2 118.4(2) 
C8–N2–N1 114.6(3) C8–N2–N1 115.7(2) 
C12–N3–C17 121.3(3) O4–N3–O5 123.6(2) 
C12–N3–C16 120.7(3) O4–N3–C12 118.3(2) 
C17–N3–C16 117.8(3) O5–N3–C12 118.2(2) 
O1–C2–C3 117.0(3) O1–C2–C3 116.8(2) 
O1–C2–C1 120.4(3) O1–C2–C1 121.9(2) 
C4–C3–C15 122.2(3) C4–C3–C15 122.0(2) 
C2–C3–C15 120.3(3) C2–C3–C15 120.0(2) 
O2–C7–N1 120.7(3) O2–C7–N1 121.0(2) 
O2–C7–C1 121.1(3) O2–C7–C1 121.3(2) 
N1–C7–C1 118.1(3) N1–C7–C1 117.8(2) 
N2–C8–C9 122.3(3) N2–C8–C9 120.5(2) 
C13–C12–N3 121.1(3) C13–C12–N3 119.1(2) 
N3–C12–C11 121.1(4) C11–C12–N3 118.5(2) 
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TABLE-3 
HYDROGEN-BOND GEOMETRY OF THE COMPOUNDS 

D–H···A d(D–H) (Å) d(H···A) (Å) d(D···A) (Å) ∠(D–H···A) (°) 

1 

O3–H3B···O1i 0.85(2) 2.116(10) 2.960(3) 179(3) 
O3–H3A···N2 0.86(2) 2.57(2) 3.239(3) 135(2) 
O3–H3A···O2 0.86(2) 2.094(16) 2.887(3) 153(3) 
N1–H1A···O3ii 0.90(2) 2.131(13) 3.002(3) 162(3) 
O1–H1···O2 0.82 1.75 2.493(3) 149 

2 

O1–H1···O2 0.82 1.80 2.529(2) 168(2) 
N1–H1A···O3iii 0.90(2) 2.053(10) 2.939(2) 168(2) 
O3–H3A···O2 0.86(2) 2.069(11) 2.884(2) 158(2) 
O3–H3A···N2 0.86(2) 2.666(15) 3.333(2) 135(2) 
O3–H3B···O1iv 0.87(2) 2.080(10) 2.933(2) 166(2) 
Symmetry codes: (i) – x, y, z; (ii) x, 3/2 – y, – z; (iii) x, 3/2 – y, 1 – z; (iv) – 
x, –1/2 + y, 1/2 – z 

 
6.8(3)° for compound 2. All the bond lengths in the compounds
are within normal ranges11 and comparable to each other. The
C8=N2 bond lengths of 1.285(3) Å in compound 1 and
1.270(2) Å in compound 2 confirm them as double bonds.
The C7-N1 bond lengths of 1.346(3) Å in both compound 1
and compound 2 are relatively short, suggesting delocalization
in the acetohydrazide systems.

In the crystal structures of the compounds, water mole-
cules are linked to the hydrazone molecules through intra-
molecular O-H···O and O-H···N hydrogen bonds. Adjacent
molecules are further linked through intermolecular O-H···O
and N-H···O hydrogen bonds, forming layers parallel to the
ac plane (Fig. 3 for compound 1 and Fig. 4 for compound 2).

Antimicrobial activity: Qualitative determination of anti-
microbial activities of the compounds was done using the disk
diffusion method12,13. The results are summarized in Table-4.
It can be seen that compound 1 has moderate activities against
Bacillus subtilis, Escherichia coli and  Staphyloccocus aureus,
but no activity against Bacillus magaterium. Compound 2 has
moderate activities against Escherichia coli and Staphyloccocus

Fig. 1. Molecular structure of compound 1 with 30 % probability thermal
ellipsoids. Intramolecular hydrogen bonds are shown as dashed lines

 

Fig. 2. Molecular structure of compound 2 with 30 % probability thermal
ellipsoids. Intramolecular hydrogen bonds are shown as dashed lines

 

Fig. 3. Molecular packing of compound 1, viewed along the a axis.
Hydrogen bonds are shown as dashed lines

 

Fig. 4. Molecular packing of compound 2, viewed along the b axis.
Hydrogen bonds are shown as dashed lines

TABLE-4 
ANTIMICROBIAL ACTIVITIES OF COMPOUNDS 

Percentage of Inhibition 
Compound 

B. subtilis E. coli S. aureus B. magaterium 

1 24 12 26 0 
2 0 14 16 100 

Tetracycline 57 62 33 95 

 
aureus and no activity against Bacillus subtilis. It is notable
that compound 2 has 100 % inhibition on Bacillus magaterium,
which is even stronger than tetracycline. Considering the
merely difference of the two compounds is the substituent
groups of the aromatic rings, the existence of the nitro group
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may be regarded as preferred functional groups for the search
of antimicrobial agents for Bacillus magaterium.
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