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ABSTRACT

Iron(II) and manganese(Il) complexes of N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide
(LH) have been synthesized and characterized by elemental analysis, IR, and 'H NMR
spectroscopy. The crystal structure of the ligand has been determined by single crystal X-
ray diffraction and electronic spectroscopic techniques. Crystal data for LH, Ci13H12N4O:
Orthorhombic, space group Pbcn (no. 60), a = 18.0824(3) A, b= 7.86555(14) A, c = 16.1614(3) A,
V=2298.60(7) A3, Z= 8, T= 103 K, p(Mo Ka) = 0.093 mm, Dcalc = 1.388 g/cm3, 36729
reflections measured (5.042° < 20 < 54.966°), 2633 unique (Rint = 0.0224, Rsigma = 0.0124)
which were used in all calculations. The final R1 was 0.0383 (F?>20(F?)) and wRz was 0.0988
(all data). The ligand was found to chelate to the metal ions through the azomethine nitrogen
and amide oxygen atoms in a bidentate manner. The anti-tubercular activity of the ligand,
itsiron (II) and manganese (II) complexes were studied against Mycobacterium tuberculosis
(ATTC 27294). The results revealed higher activity of the iron (II) complex with MIC value
of 8.00+0.83 uM and a moderate activity of the manganese (I1I) complex having MIC value of
14.20+1.40 puM, compared to the reference drugs having MIC values of 9.41+0.92,
10.74+1.02, 25.34+2.6 uM and parent ligand with MIC value of 17.60+1.80 puM.
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1. Introduction

Nicotinic acid hydrazide, which was first introduced in
tuberculosis therapy in the 1950 [1], is regarded as one of the
most commonly used and efficient drugs in the treatment of
human tuberculosis [2]. Over one-third of the global population
is said to be infected by tuberculosis leading to an approximate
death rate of two to three million people annually [3]. There
have been reports of increased incidence of multidrug resis-
tance and extensively drug resistant strains of mycobacterium
tuberculosis which compromises the recurrent -effective
treatment, prompting the need for the search of novel anti-
tuberculosis agents [4-6]. The modification of existing drugs
and the development of novel active compounds by synthetic
medicinal chemists have been contributing to the strategies
adopted to improve tuberculosis therapy [7-9]. In this regards,
nicotinic acid hydrazide is one of the most researched anti-
tubercular agents as evident in several reports of a range of its
analogues, with anti-tubercular potentials and a number of

promising candidates [10,11-15]. Inspired by these considera-
tions, and in continuation with our studies on hydrazone Schiff
bases derived from similar acid hydrazides [15,16-18], we
herein report on the synthesis and characterization of iron (II)
and manganese (II) complexes of a Schiff base for anti-
tubercular activities.

2. Experimental
2.1. Materials and physical measurements

Elemental analysis was performed on a Thermo Flash EA-
1112 Series CHNS-O Elemental Analyzer. The IR spectra were
obtained from KBr pellets in the range 4000-400 cm-1, using a
Perkin-Elmer Spectrum 100 FT-IR spectrometer. UV-Vis
spectra were recorded at room temperature on a Cintra 5GBC
spectrophotometer in ethanol. tH NMR spectra were recorded
on a Varian Unity plus 400 MHz instrument.
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Scheme 1. Synthesis of N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide.

2.2. Single crystal X-ray diffraction analysis and structure
determination

A colorless block crystal of C13H12N40 having approximated
dimensions of 0.120x0.110x0.100 mm was mounted on a glass
fiber. All measurements were made at 203 K on a Rigaku R-AXIS
RAPID diffractometer using multi-layer mirror monochro-
mated MoKa radiation (A = 0.071069 nm). The structure was
solved by direct methods [19] and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotro-
pically. Hydrogen atoms were refined using the riding model.
The final cycle of full-matrix least-squares refinement [20] on
F2was based on 2633 observed reflections and converged (The
largest parameter shift was 0.00 times its e.s.d.) with an un
weighted and weighted agreement factor. All calculations were
performed using the crystal structure crystallographic software
package [21] except for refinement, which was performed using
SHELXL Version 2018/3 [19].

2.3. Anti-tuberculosis evaluation

The antimicrobial activities of the new hydrazone ligand
(LH), its iron (II), and manganese (II) complexes against M.
tuberculosis (ATTC 27294) were evaluated by the method
reported by Maria and Lourenco [22]. The reference drugs used
to evaluate the potency of the synthesized compounds were
ciprofloxain (MIC = 9.41+0.92 uM), pyrazinamide (MIC =
25.34+2.6 uM) and streptomycin (MIC = 10.74+1.02 uM).

2.4. Synthesis of N'-(1-(pyridin-2-yl)ethylidene)nicotine
hydrazide

2-Acetylpyridine (1.620 g 0.01 mmol) was added to
nicotinic acid hydrazide (1.837 g, 0.01 mmol) in 25 mL of
ethanolic solution with three drops of glacial acetic acid added
as catalyst. The resulting mixture was refluxed for five hours at
a temperature of 80 °C with continuous stirring. The product
was left to cool overnight, removed by vacuum filtration; the
precipitate was washed several times with water, ethanol, and
diethyl ether and dried in a desiccator. Yellow crystals suitable
for single crystal X-ray diffraction studies were obtained from
the ethanolic filtrate after 30 days (Scheme 1).

N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide: Color:
Yellow. Yield: 80%. M.p.: 205-207 °C. FT-IR (KBr, v, cm): 3600
(OH), 3200 (N-H), 1700 (C=0), 1583 (C=N), 900-781 (C-H, Ar).
1H-NMR (400 MHz, DMSO-ds, §, ppm): 1.62 (s, 3H, CH3), 7.28 (m,
1H, Ar-H), 7.43 (m, 1H, Ar-H),7.66 (sbr, 1H, Ar-H), 7.83 (sbr, 1H,
Ar-H), 8.23 (d,/ = 10.4 Hz, 1H, Ar-H), 8.57 (d, / = 6.0 Hz, 1H, Ar-
H), 8.76 (sbr, 1H, Ar-H), 8.99 (sbr, 1H, Ar-H), 9.19 (sbr, 1H, N-
H). MS (EIL, m/z (%)): 240.10 (M*, 100). HRMS (EI, m/z) calcd.
for C13H12N40, 240.10; Found: 241.10. UV/Vis (CHCls, Amax, nm,
(e)): 230 (3.42), 280 (3.62), 330 (4.62), 308 (4.48), 391 (5.32).
Anal. calcd. for C13H12N40: C, 64.99; H, 5.03; N, 23.32. Found: C,
64.97; H, 4.96; N, 23.37%.

2.5. Synthesis of manganese (1I) complex

Manganese (II) chloride tetrahydrate (0.199 g, 1.0 mmol)
was added to N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide

(0.480 g, 2.0 mmol) in a 25 mL ethanolic solution. The resulting
mixture was refluxed for 5 hours at a temperature of 90 °C with
continuous stirring using a magnetic stirrer. The pale-yellow
solution obtained was allowed to cool overnight, the precipitate
removed by filtration; washed with ethanol and stored in a
desiccator. Manganese (II) complex: Color: Yellowish. Yield:
85%. FT-IR (KBr, v, cm'1): 3600 (OH), 2990 (N-H), 1620 (C=0),
1470 (C=N), 600-750 (C-H), 580 (Mn-0), 470 (Mn-N). 1H NMR
(400 MHz, DMSO-ds, 6, ppm): 2.08 (s, 6H, CHs), 6.86 (m, 3H, Ar-
H), 6.99 (s, ] = 8 Hz, 2H, Ar-H), 7.12 (d, J = 8 Hz, 2H, Ar-H), 7.53
(t,J =8 Hz, 2H, Ar-H), 7.61 (sbr, 3H, Ar-H), 7.90 (d, ] = 8 Hz, 1H,
Ar-H), 8.25 (s, 1H, Ar-H), 10.81 (d, 2H, Ar-H), 11.97 (s, 2H, N-H).
Anal. calcd. for C26H24Cl2MnNgO2: C, 51.50; H, 3.99; N, 18.48.
Found: C, 51.97; H, 3.90; N, 18.37%.

2.6. Synthesis of iron (II) complex

Iron (II) chloride tetrahydrate (0.198 g, 1.0 mmol) was
added to N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide
(0.480 g, 2.0 mmol) in a 25 mL ethanolic solution. The resulting
mixture was refluxed for 5 hours at a temperature of 80 °C with
continuous stirring using a magnetic stirrer. The reddish-
brown solution obtained was allowed to cool overnight; the
precipitate was removed by filtration, washed with ethanol and
stored in a desiccator. Iron (11) complex: Color: Brownish. Yield:
85%. FT-IR (KBr, v, cm): 3600 (OH), 2980 (N-H), 1650 (C=0),
1525 (C=N), 750-800 (C-H), 530 (Fe-0), 460 (Fe-N). 1H NMR
(400 MHz, DMSO-ds, 8, ppm): 2.08 (s, 6H, CH3), 6.97 (m, 3H, Ar-
H), 6.99 (s, ] = 8 Hz, 2H, Ar-H), 7.13 (d, J = 8 Hz, 2H, Ar-H), 7.40
(t,J =8 Hz, 2H, Ar-H), 7.44 (sbr, 3H, Ar-H), 7.60 (d, ] = 8 Hz, 1H,
Ar-H), 8.29 (s, 1H, Ar-H), 8.31 (d, 2H, Ar-H), 11.38 (s, 2H, N-H).
Anal. calcd. for C26H24Cl2FeNgO2: C, 51.42; H, 3.98; N, 18.45.
Found: C, 51.60; H, 3.98; N, 18.30%.

3. Results and discussion
3.1. Synthesis

The elemental analysis for C, H, and N revealed that the
calculated and experimental data for the Schiff base ligand LH
are in agreement, thus confirming the proposed molecular
formula C13H12N4O for the ligand. The agreement between the
calculated and experimental elemental analyses values for the
metal complexes revealed a 1:2 (metal-ligand) stoichiometry,
thus confirming their suggested formulae. These results further
confirm the high purity of the prepared compounds.

The infrared spectra of the ligand LH and its metal (II)
complexes were recorded within the 4000-400 cm region. The
IR-spectrum of the hydrazone ligand exhibited a medium band
at 3600 cm! and a broad band at 3200 cm! attributed to v(OH)
of the coordinated water molecule and v(NH) stretching
vibrations, respectively. The strong bands at 1700 and 1583 cm-
Lin the spectrum of the ligand, corresponds to the presence of
v(C=0) [23] and v(C=N) vibration modes [16]. Bands appearing
at 995, 939, 800, and 781 cmin the spectrum of LH are the
usual modes of C-H of the aromatic ring vibrations and these
revealed small shifts in the metal (II) complexes compared to
the free ligand, which is the expected electronic structure
changes that occur with coordination of the ligand to metal (II)
ions.
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Table 1. Crystal data and structure refinement of N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide.

Empirical formula

Formula weight
Temperature (K)

Crystal system

Space group

a, (8)

b, (A)

¢ (&)

Volume (43)

Z

Pcalc(g/Cm3)

u (mm-1)

F(000)

Crystal size (mm3)
Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1220 (I)]
Final R indexes [all data]
Largest diff. peak/hole (e.A3)

C13H12N40

240.26

103

Orthorhombic

Pbcn

18.0824(3)

7.86555(14)

16.1614(3)

2298.60(7)

8

1.388

0.093

1008

0.12x0.11x 0.1

Mo Ka (A= 0.71075)
5.042 to 54.966
-23<h<23,-10<k<10,-20<1<20
36729

2633 [Rint = 0.0224, Rsigma = 0.0124]
2633/0/164

1.049

R1=0.0383, wR2 = 0.0974
R1=0.0402, wR2 = 0.0988
0.44/-0.27

Figure 1. Molecular structure of LH with atom numbering scheme.

In the spectrum of the manganese (II) complex, the v(C=0)
and v(C=N) vibration bands experience negative shifts to 1620
cm and 1470 cm'!, respectively, compared to the ligand. This
indicates the coordination the carbonyl oxygen and the
azomethine nitrogen atoms to the manganese (II) ion. In the low
frequency region, the bands in the region 580 and 470 cm! are
probably due to v(Mn-0) and v(Mn-N) vibrations, respectively.
In the spectrum of the iron (II) complex, the v(C=0) and v(C=N)
vibration bands have also experienced a negative shift to the
frequencies of 1650 and 1525 cm, respectively, indicating
coordination of the carbonyl oxygen and the azomethine
nitrogen atoms to the iron (II) ion. In the low frequency region,
the bands in the regions 460 and 530 cm! are probably due to
the v(Fe-O) and v(Fe-N) vibrations, respectively [24-26]. In
both complexes, the broad bands at 3600 and 2980 cm-! are
attributed to v(OH) of the coordinated water molecule and
v(NH) of the amide.

The structural features of the ligand and its metal (II)
complexes in this investigation are supported by the 1H NMR
spectra obtained in DMSO-ds solution. In the 'H NMR spectrum
of the ligand, the multiplets at § 7.28-8.99 ppm are attributed to
the pyridyl rings protons. The amide proton is attributed to the
signals at § 9.19 ppm in the ligand. The methyl protons in this
ligand are visible at § 1.62 ppm. In the manganese complex, the
pyridyl ring protons are attributed to the signals at § 6.86-10.81
ppm, with the amide proton attributed to the signal at § 11.97
ppm. The methyl proton in this complex is attributed to the
signal at § 2.08 ppm. The iron complex also exhibited signals at
between § 6.97-8.31 ppm attributed to the pyridyl ring protons,
while the amide proton further exhibited signal at § 11.38 ppm.
The methyl proton signal in this complex is visible at § 2.08
ppm. All the changes in the signals of the pyridyl ring, amide and

methyl protons in the metal (II) complexes, suggests the
involvement of the azomethine nitrogen and carbonyl oxygen
atoms in coordination [16,27]. In the UV spectrum of LH, two
relatively intense peaks were observed at 230 and 280 nm,
attributed to the n-mt* of the aromatic rings and the others peaks
attributed to the azomethine group transitions are observed at
308-315 nm [28].

3.2. Crystal structure analysis

The molecular structure of N'-(1-(pyridin-2-yl)ethylidene)
nicotinohydrazide is shown in Figure 1 along with the atomic
numbering scheme. The crystal structure refinement data for
LH is shown in Table 1. The bond lengths, bond angles, and
torsion angles of LH are listed in Table 2. The Schiff base LH
crystallizes in the orthorhombic system in the space group
Pcbn. In LH, the bond distance C(6)-N(2) is equal to 1.2781(2)
A indicating its double bond nature. The bond lengths N(1)-
C(1), N(1)-C(5), N(4)-C(10), and N(4)-C(11) are equal to
1.3427(14), 1.3472(13), 1.3408(13), and 1.3388(14), respect-
tively. These data are indicated that this molecule has the
endocyclic double bonds. The bond distance C(11)-0(18) is
equal to 1.2282(2) A, corresponding to the double bond length
reported in similar Schiff bases [29,30]. Hydrogen bond
interactions are listed in Table 3. The packing of the molecules
when viewed along the a-axis is shown in Figure 2.

3.3. Anti-tuberculosis activity
The evaluation of the antitubercular activities of the ligand,

its iron (II) and manganese (II) complexes against Mycobac-
terium tuberculosis was carried out using streptomycin, Ciprof-
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Table 2. The bond lengths, bond angles, and torsion angles of N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide.

Atom Atom Length (A) Atom Atom Length (A)
01 c8 1.2282(13) c3 C4 1.3846(15)
N1 C1 1.3427(14) C4 C5 1.3946(14)
N1 C5 1.3472(13) c5 Cé 1.4908(14)
N2 N3 1.3783(12) Cé6 c7 1.5002(14)
N2 cé6 1.2871(13) C8 c9 1.4966(14)
N3 c8 1.3608(13) Cc9 C10 1.3922(14)
N4 C10 1.3408(13) Cc9 C13 1.3919(14)
N4 C11 1.3388(14) C11 C12 1.3910(15)
C1 C2 1.3878(16) C12 C13 1.3879(15)
C2 C3 1.3915(15)

Atom Atom Atom Angle (°) Atom Atom Atom Angle (9)
C1 N1 c5 117.47(9) N2 Cé c7 127.93(10)
Cé N2 N3 118.60(9) c5 Cé c7 118.09(9)
c8 N3 N2 116.90(8) 01 c8 N3 124.04(9)
C11 N4 C10 116.78(9) 01 c8 Cc9 121.81(9)
N1 C1 c2 123.43(10) N3 c8 Cc9 114.14(9)
C1 C2 c3 118.60(10) C10 c9 C8 122.07(9)
C4 C3 c2 118.74(10) C13 c9 C8 119.17(9)
C3 C4 c5 118.98(9) C13 c9 C10 118.75(9)
N1 C5 C4 122.76(9) N4 C10 Cc9 123.53(9)
N1 C5 Cé6 115.75(9) N4 C11 C12 123.93(10)
C4 C5 Cé6 121.49(9) C13 C12 C11 118.57(10)
N2 Cé C5 113.93(9) C12 C13 Cc9 118.30(10)
A B C D Angle (9) A B C D Angle (9)
01 c8 Cc9 C10 126.73(11) c2 C3 C4 C5 0.34(15)
01 c8 Cc9 C13 -54.36(14) c3 C4 c5 N1 1.10(15)
N1 C1 c2 C3 -0.04(17) c3 C4 c5 Cé -178.88(9)
N1 C5 Cé6 N2 -147.36(9) C4 C5 Cé6 N2 32.62(13)
N1 C5 Cé6 c7 30.35(13) C4 C5 Cé6 c7 -149.68(10)
N2 N3 C8 01 3.17(15) c5 N1 C1 C2 1.41(16)
N2 N3 C8 c9 -175.91(8) Cé6 N2 N3 c8 178.93(9)
N3 N2 Cé6 C5 177.57(8) C8 c9 C10 N4 177.63(9)
N3 N2 Cé6 c7 0.13(16) C8 c9 C13 C12 -175.56(9)
N3 c8 c9 C10 -54.17(13) C10 N4 C11 C12 3.12(16)
N3 c8 Cc9 C13 124.75(10) C10 c9 C13 C12 3.39(15)
N4 C11 C12 C13 -1.02(17) C11 N4 C10 c9 -1.93(15)
C1 N1 c5 C4 -1.94(15) C11 C12 C13 c9 -2.32(16)
C1 N1 c5 Cé 178.04(9) C13 c9 C10 N4 -1.29(16)
C1 C2 C3 C4 -0.84(16)

Table 3. Geometry of hydrogen bond interactions for N'-(1-(pyridin-2-yl)ethylidene)nicotinohydrazide.

Donor-H---Acceptor D-H (A) H--A (A) D--A (A) £ D-H-A (°) Symmetry
N(3)-H(3)--0(1) 0.88 2.22 3.0887(12) 169 1/2-x,1/2+y,z
N(3)-H(3)-"N(2) 0.88 2.58 3.1080(12) 119' 1/2-x,1/2+y,z
C(7)-H(7A)-*N(3) 0.98 2.51 2.8691(14) 101 -

C(7)-H(7A)---0(1) 0.98 2.32 3.1900(14) 148’ 1/2-x,1/2+y,z

Figure 2. Packing of molecules viewed along the a-axis.

loxacin, and pyrazinamide as reference drugs. The iron (II)
complex with MIC 8.00+0.83 pM exhibited the highest anti-
tuberculosis activity compared to the manganese (II) complex
with MIC value of 14.2+1.40 pM and all standards as shown in
Table 4. The ligand with MIC value 17.6+1.80 uM exhibited the
least activity compared to its metal complexes. This may be
attributed to the reduced polarity of the central metals (II) ions

which partially share their positive charges with the donor
groups as well as the possible m-electron delocalization within
the entire chelating ring system formed during coordination.
This enhances the lipophilic character of the central metal
atoms/ions, thereby increasing their hydrophobic character
and favoring their ability to permeate the lipid layers of the cell
membrane as explained by the Tweedy’s chelation theory [31].
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Table 4. Anti-tubercular activity of ligand and its metal (II) complexes *.

Test sample

Sample concentration in pM (MIC)+SD

Ligand (LH)
Fe(LH):Cl2
Mn(LH)2Cl»
Ciprofloxacin
Streptomycin
Pyrazinamide

17.60+1.80
8.00+0.83
14.20£1.40
9.41+0.92
10.74+1.02
25.34+2.60

* Values expressed are mean*SD of three parallel measurements.

Overall, the results showed higher activity of the metal (II)
complexes against M. tuberculosis as compared to the standard
drug pyrazinamide, and a moderate activity as compared to
streptomycin and ciprofloxacin drugs.

4. Conclusion

We have synthesized iron (II) and manganese (II) comp-
lexes of nicotinic acid hydrazide derived Schiff base compound.
The prepared compounds were characterized using FT-IR, 1H
NMR spectroscopy, XRD, and UV-vis spectroscopic techniques
and investigated for anti-tuberculosis activities. The prepared
ligand chelates to the metal center in a bidentate manner
through the azomethine nitrogen and the amide oxygen atoms
to form an octahedral geometry of the metal (II) complexes. The
iron (II) complex exhibited a higher activity while the
manganese (II) complex showed a moderate activity against
Mycobacterium tuberculosis compared to the reference drugs
and parent ligand.
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