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ABSTRACT

One step condensation of nicotinic acid hydrazide and 4-cyanobenzaldehyde
formed a bidentate acylhydrazone ligand (HL®). The acylhydrazone was
characterized by ESI massspectrometer, CHN analyzer, | R spectrometer, *H-NMR,
BC-NMR and 2D NMR (COSY and HSQC). Thereafter, Mn(ll), Mo(V), Fe(ll),
Cu(l) and Zn(Il) complexes of the acylhydrazone ligand were synthesized and
characterized based on conductivity measurements, melting point determination,
CHN analysis, AAS, magnetic measurement, UV/Visible study, IR spectroscopy,
ESR and TGA/DTA studies. The information obtained corroborated results from
powder X-ray analysisto arrive at the model structures for the complexes. In vitro
antimycobacterial properties of the compounds were evaluated against
Mycobacterium tuberculosis H37Rv by using micro-diluted method. The result
obtained revealed that HL®, Mn(l1), Mo(V), Cu(l1) and Zn(l1) complexes exhibited
promising antitubercular activity. Zn(ll) complex had the highest MIC value
of 0.62 pg ML™, while Fe(ll) complex exhibited the lowest MIC value of
1.15 pg ML~ However, the result of cytotoxicity study indicated that
acylhydrazone and Zn(l1) complex with IC, of 2.17 and 1.72 uM, respectively
were not toxic compared toisoniazid. Mn(l1) complex was however found to bethe
most toxic.
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INTRODUCTION as models for biological important species (Rakesh et al.,
2009). Thus, enormous interest has been shown in the field of

Hydrazones and their derivatives are considered  bioinorganic chemistry toward metal complexes of the

as versatile class of compounds in organic chemistry with
interesting biological properties, such as anti-inflammatory
(Thomas et al.,, 2011), analgesic, anticonvulsant,
antituberculous (Da Costa et al., 2012; Gemma et al.,
2009), antitumor (Torje et al., 2012), anti-HIV (Rollas and
Kucukguzel, 2007) and antimicrobial  activities
(Banerjee et al., 2009; Mangalam et al., 2009). It has been
recognized that metal complexes of the hydrazones may serve
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hydrazones. Hydrazones are important candidates for drug
design and are potentia ligands for metal complexes
(Rakesh et al., 2009; Guptaand Sutar, 2008). Hydrazones are
widely used in organic synthesis, especially in the preparation
of heterocyclic compounds due to their ability to react with
electrophilic and nucleophilic reagents (Brehme et al., 2007).
The introduction of functional groups into hydrazones
molecules through derivatization expands their unique
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physical and chemical properties. Several reviews on
hydrazones have shown that most of them areflexibleinterms
of their coordinating ability (Tripathi et al., 2011;
Kurigkose et al., 2007; Ray et al., 2008). They have a
minimum of two coordinating groups, the amine and the
carbonyl moieties. According to reports, the stereochemistry
of the hydrazones is determined by the steric effects of the
various substituents in the hydrazones moieties (Pavan et al .,
2010; Al-Shaalan, 2011). The coordinating sites can be
increased by substituting R groupswith substituentswith more
coordinating sites and through this, severa hydrazones
with better coordination ability have been synthesized
(Sankar et al., 2010).

Tuberculosis (Tubercle bacillus) is one of the world's
leading causes of mortality (Da Costa et al., 2012;
Aboul-Fadl et al., 2010). It isthe only disease which does not
require any vector for transmission from one person to
another or across the physical boundary of countries. It is
experienced by both devel oping and devel oped countriesalike
(Moreno et al., 2010). The designation of tuberculosis as a
global public health pandemic by the World Heath
Organization in the mid 1990s underscores the severe
challenges facing the antimicrobial research community.
The rise in the population of people affected by drug
resistant TB (multidrug resistantMDRTB, extensive-drug
resistant/ XDR-TB) and latent TB is alarming. Though many
countries do not have sufficient facilities to diagnose
XDR-TB, yet in 2010 about 58 countries reported critical
XDR-TB cases. Moreover, despite the alarming rate of the
disease, there are limited drugs used for the treatment of
XDR-TB which may also cause serious side effects. The
occurrence of somethreemillion new casesof tubercul osis per
year worldwide and the emergence of new strains of
Mycobacteriumtuberculosis characterized by drug resistance
or increased virulence have supported the pressing need for the
evolution of newer and more potent drugs. A number of
approaches such as target based drug design, combinatorial
synthesis, high-throughput screening, etc. have been explored
but chemical modification of aknown anti-TB drug hasproven
a successful approach in the development of anti-TB agent
(Ramon-Garcia et al., 2013). It declared that TB as a global
emergency but since that then, no new drug has been
developed for the treatment of the disease (WHO., 2010).
Moreover, dueto the global emergence of multidrug-resistant
tuberculosis (MDR-TB) and extensively drug resistant
tuberculosis(XDR-TB) thereisan urgent need to devel op new
anti mycobacterials (Aboul-Fadl et al., 2011). Thus, itishigh
time a highly effective drug was discovered for the complete
eradication of TB. Itisin thisregard that the present research
work inthefield of metal drugsisgeared toward the synthesis
and characterization of Schiff base hydrazone and some of its
transition metal complexes as prospective antitubercular
agents.
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MATERIALSAND METHODS

Chemistry: All reagents and solvents used are of analytical
grade and they were used without further purification. The
metal saltsused for synthesis[Mn(CH,COO),, Zn(CH,COO),,
MoCl,, FeCl,, CuSO,] were commercialy obtained from
Sigma. Mycobacterial tuberculosis H37Rv were purchased
from the American Type Culture Collection.

Melting points (°C) were recorded by using Gallenkamp
melting point apparatus. Sharpness of the melting point
revealed the purity of the compounds (Furniss et al., 1989).
Elemental analyseswerecarried out by using Vario EL CHNS
analyser at Sophisticated Analytical Instruments Facility,
Central Drug Research Institute, Lucknow, India. TheESI-MS
spectrum for the hydrazone was collected from Agilent
6520 Q-TOF mass spectrometer. The percentage of metal in
the synthesized metal complexes was determined by using
Varian spectrometer AAS-110 at Chemistry Department,
Covenant University, Nigeria. Themolar conductivitiesof the
metal complexes at ambient temperature in DMF solution
(10°M) were measured using systronics -304 conductivity
meter. The electronic data of the hydrazone and the metal
complexeswere obtainedin methanol/DM SO by using Perkin
Elmer SpectroUV-visible Double Beam UVD spectrometer
between 200 and 700 nm. The infrared spectra for the
hydrazone and metal complexes were recorded on
Perkin-Elmer RX-1 Fourier transform infrared spectrometer
using KBr pellets in the range of 4000-400 cm=. The
'H NMR, ®C NMR and 2D NMR (COSY and HSQC) spectra
of thehydrazonewererecorded on Bruker AMX 300 FT-NMR
spectrometer with DMSO-d6 at Sophisticated Analytical
Instruments Feacility, Centra Drug Research Institute,
Lucknow, India. The magnetic susceptibility data of
paramagnetic metal complexes were measured at room
temperature using vibrating susceptibility magnometer
(PAR 155) with magnetic field of -10 to +10 kOe at
Instrumentation center, Indian Ingtitute of Technology,
Roorkee, India. The TGA/DTA analyses of the metal
complexes were carried out by heating at the rate of
10°C min~* under inert atmosphere using thermogravimetric
analyser, TGA Q500 V20.8 Build 34 model at Indian Institute
of Science and Technology, Hyderabad, India. The EPR
spectra of the metal complexesat 77 K were recorded on a
Varian E-112 spectrometer using TCNE as the standard,
with 100 KHz modulation frequency, modulation amplitude
2G and 9.1 GHz microwave frequency at Sophisticated
Analytical Instruments Facility, Indian Institute of
Technology, Bombay, India. The X-ray powder diffraction
pattern for Ni(ll) complex was recorded on aBruker AXSD8
Advance diffractometer operating in the 6:60 mode, equipped
with a secondary beam graphite monochromator.

Synthesis of (E)-N’-(4-cyanobenzylidene)
nicotinohydrazide): The modified version of thesynthesisby
Jamadar et al. (2012) was employed. The solution of nicotinic
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Fig. 1: Reaction path for HL® and its metal complexes

acid hydrazide (10 mmole, 305 mg) in 20 mL of absolute
ethanol was mixed with ethanolic  solutions of
4-cyanobenzaldehydes (10 mmole, 327 mg) in 20 mL of
absolute ethanol in around bottom flask. Two drops of glacia
acetic acid was added to the mixture and it was refluxed for
5 h (Fig. 1). The reaction was monitored by TLC. The
precipitate obtained was filtered, washed with cold ethanol
and recrystallized in a mixture of methanol and chloroform
(1:1, v/v). The white crystal obtained was washed twice with
another 15 mL of ethanol. The new compound was dried in
vacuum and the purity confirmed by TL C (10% ethanol: 90%
chloroform). Yield 1.56 g (62.4%); M .pt. 232-234°C; R,=0.84
(CHCI,/CH,OH, 4:1, a RT); Ana.: C, 67.17; H, 4.03; N,
22.39. Found: C, 67.41; H, 3.93; N, 22.15. MS (ESI+): inm/z,
Calcd. for C,H,(N,O [M]*: 250.09, Found: 251.2; *H NMR
(300.1 MHz, DMSO-d6) & 12.24 (s, 1H, NH), 9.07
(s, 1H, CH), 8.77 (dd, 1H, J 4.2, H2), 8.48 (s, 1H, HCN),
8.27(d, 1H, J7.68, H5), 7.91 (s, 4H, H6), 7.57 (m, 1H, J4.89,
7.68, H10), ppm. *C NMR (75 MHz, DMSO-d6) § 161.94,
152.43, 148.62, 146.41, 138.55, 135.50, 132.72, 128.90,
127.71, 123.59, 118.5,112.07; IR (KBr) v/cm™™: 3417, 3250
-3159, 1688, 1652, 1591, 1355, 1190, 2225.
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Synthesis of Mn(HL?%),(CH,COO),: To asolution of HL®
(20 mmole, 312 mg) in ethanol, Mn(CH,COO), (10 mmole,
245 mg) dissolved in ethanol was added, followed by addition
of two drops of triethylamine, while stirring at room
temperature. The resulting solution was further stirred under
reflux for 6 h to obtain a pale yellow product. The precipitate
obtained was filtered, washed with ethanol and dried over
P,O,, in vacuo.

Yield: 145 mg (69.05%). Elemental Anal. Found (Calcd.)
(%): Mn, 8.34 (8.16); C, 56.85 (57.06); H, 4.27 (3.89);
N, 17.08 (16.64). m = 5.75 BM.

Synthesis of [Mo(HL%),(Cl)],: Solution of HL® was prepared
by dissolving 20 mmole (312 mg) of the compound in 15 mL
of ethanol in a double neck round bottom flask. The 10 mmole
(171 mg) of MoCl; was weighed into an eppendorf in afumes
cupboard and transferred directly into the ethanolic sol ution of
the HL®. The eppendorf was rinsed into the solution with 5 mL
of absolute ethanol. The mixture was refluxed at 80°C for 5h
under nitrogen gas. The precipitate formed was filtered,
washed with cold ethanol and dried over P,0O,, in vacuo.
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Yield: 0.114 g (54.54%). Elemental Anal. Found (Calcd.)
(%): Mo, 14.02 (14.33); C, 50.23 (50.24); H, 3.45 (3.31); N,
16.58 (16.72), m = not determined.

Synthesis of [Fe(HL®),Cl,]: Solution of HL® (20 mmole,
312 mg, in 15 mL of methanol) prepared by heating over water
bath was gradually added to equivalent of 10 mmole of FeCl,
dissolved in 15 mL of methanol in around bottom flask. The
mixturewasstirred for 30 min at ambient temperatureand then
refluxed at 80°C for 6 h. The black precipitate formed was
filtered, washed with cold methanol, followed by ether and
dried over P,O,, in vacuo.

Yield: 0.117 g (59.39%). Elemental Anal. found (Calcd.)
(%): Fe, 9.04(8.87); C,52.52 (53.44); H, 3.61 (3.52); N, 18.09
(17.81). m=5.2 BM.

Synthesis of [Cu(HL®),]: Ethanolic solution of HL®
(20 mmole, 312 mg) ina round bottom flask waswarmed to
50°C on a water bath for 40 min before adding 15 mL of
ethanolic solution of (10 mmole) CuSO,. The mixture was
refluxed at 80°C for 4 h. The green precipitate formed after
coolingthesolutioninice, it wasfiltered, washed with ethanol
and ether and then dried over P,O,,in vacuo.

Yield: 0.124 g (68.12%). Elemental Anal. found (Calcd.)
(%): Cu, 10.56 (10.92); C, 60.11 (59.84); H, 4.23 (4.50); N,
19.00 (19.25), m=1.84 BM.

Synthesis of [Zn(HL®%),(CH,COOQ),l: A 229 mg of
Zn(CH,COO0), was dissolved in 20 mL of mixture of ethanol
and distilled water (1:1). The solution obtained was gradually
added to ethanolic solution of HL® (10 mmole in 20 mL of
ethanol) inaround bottom flask after which two dropsof TEA
was added. The solution was refluxed at 80°C for 4 h. The
yellow precipitate formed was filtered, washed with ethanol
and ether accordingly. The resulting compound was dried in
vacuum.

Yield: 0.125 g (58.41%). Elemental Anal. found (Calcd.)
(%): Zn, 9.66 (9.53); C, 55.55 (56.02); H, 4.18 (4.11); N,
16.62 (16.33), m= 0 BM.

Minimal inhibitory Concentration (M1C): The synthesized
hydrazone and metal complexes were evaluated in vitro for
anti mycobacterial activity. The compounds were screened
against M. tuberculosis H37Rv in triplicate using broth
dilution method as described by Luber et al. (2003). The
M. tuberculosis inhibitory activity of the compounds was
determined through the Resazurin Microtiter Assay (REMA).
Stock solutions of the test compounds were prepared in
dimethyl sulfoxide (DMSO) and diluted in supplemented
Middlebrook 7H9 broth (OADC enrichment-BBL/Becton
Dickinson, Sparks, MD, USA), to obtain fina drug
concentration ranged from 0.15-250 mg mL . The isoniazid
was used as a standard drug. Mycobacterium tuberculosis
H37Rv ATCC 35822 wasgrownfor 7-10 daysin Middlebrook
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7H9 broth supplemented with OADC, plus 0.05% Tween 80
to avoid clumps. Suspensions were prepared and their
turbidities matched to the optical density of the M cFarland no.
1 standard. After a further dilution of 1:25 in Middlebrook
7H9 broth supplemented with OADC, 100 mL of the culture
wastransferred to each well of the platestogether with the test
compounds. Each test was set up in triplicate. Microplates
were incubated for 5 days at 37°C, after which 25 mL of a
freshly prepared 1:1 mixture of Alamar Blue reagent and 10%
Tween 80 was added to the plate and incubated for 24 h. A
blue color in thewell indicated no bacterial growth and apink
color indicated growth. TheMinimal Inhibition Concentration
(MIC) was defined as the lowest drug concentration, which
prevented a color change from blue to pink. As a standard
test, the MIC of isoniazid was determined on each
microplate. The acceptable range of isoniazid MIC isfrom
0.015-0.05 mg mL~* (Pavan et al., 2010).

Cytotoxicity study: Cytotoxicity of HL® and some of its
synthesized metal complexes were determined with the
Vero cel line ATCC CCL-81 using an MTS assay
(Protopopovaet al., 2005).

RESULTSAND DISCUSSION

Progress has been made by Ogunniran et al. (2015) to
synthesize (E)-N’-(4-cyanobenzylidene) nicotinohydrazide)
(HL®) and coordinateit to selected transition metals as shown
in Fig. 1. The molecular mass of HL® was ascertained by the
use of Agilent 6520 Q-TOF mass spectrophotometer. The
mass spectrum obtained in Fig. 2, showed the molecular ion
peak at (ESI) m/z 251.2 which corresponded to M+1 peak. The
value obtained is in agreement with the calculated molecular
mass of the compound within the precision limit of +0.02.

'H NMR: The 'HNMR spectrum (Fig. 3) of the compound in
DMSO-d6 shows three singlet signals downfield of TMS at
12.24, 9.07 and 8.48 ppm. The signals were assigned to H1,
H2 and H4 protons, respectively. However, a singlet signal
which integrated to four hydrogen atoms appeared downfield
of TMS at 7.91 ppm. The signal was attributed to the 4H6
protons in the benzonitrile ring (Adhikary et al., 2014;
Ogunniran et al., 2015). A doublet signal at 8.77 ppm
correspondsto H3 proton in the pyridyl ring. The downfield &
valueisasresult of de-shielding effect from adjacent N1 atom.
A doublet of triplet pesk at 8.28 ppm was attributed to H5
proton while the multiplet signal at 7.59 ppm was assigned to
H10 proton in the pyridyl ring. The chemica shifts and
multiplicity patterns arein agreement with the structure of the
compound.

COSY NMR: Themultiplicity and the proton assignmentsfor

HL® were confirmed by COSY experiment. The COSY
spectrum (Fig. 4) displayed no correlation in the benzonitrile
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Fig. 5: ®*C NMR spectrum of HL® in DMSO-d6 at 75 MHz

region because the four protons are in the same chemical
environment and thus, resonated asasinglesignal at 7.91 ppm.
However, off diagonal correlation was observed in the pyridyl
ring region. Themultiplet peak at 7.59 ppm correl ated with the
peaksat 8.28 and 8.77 ppm. Thus, H10 was split into multipl et
while H3 and H5 were split to doublet and doublet of triplet,
respectively. Meanwhile, aweak coupling effect between H5
and H3 proton was observed in the spectrum. This accounted
for doublet of triplet in H5 and broad singlet in H2. Therefore,
based on the observations from COSY spectrum, the *H-H
correlation schematic diagram for the hydrazone is shown in
Fig. 3.

BCNMR: The *C NMR spectrum for HL®(Fig. 5) confirmed
the presence of fourteen carbon atomsin different environment
in the molecule ranging from 161.94 C1-112.07 ppm, C14.
Thesignal at 161.94 ppm was assigned to carbonyl carbon C1
based on the fact that it is the most de-shielded carbon in the
molecule. Thesignalsat 152.43 and 148.62 ppm corresponded
to C2and C3 carbonsinthe pyridyl ring, respectively. Thetwo
carbon atoms are adjacent to N1 atom and thus appeared
downfield due to de-shielding effect from N1 atom
(Ogunniran et al., 2015; Ali et al., 2012). The other pyridyl
carbon atoms, C6, C8 and C12 were assigned to the signals at
135,50, 12890 and 123.59 ppm, respectively. The
azomethine carbon C(4) was assigned to the signal at
146.41 ppm. The signal resonated at lower field due to
conjugative effect from N3 = N2-C1 core of the molecule
(Farag et al., 2010). In the benzonitrile ring, C7 and C10
integrated to two carbon atoms each due to equivalent
chemical environment. Hence, the signals at 132.72 and
127.71 ppm were assigned to the two carbon atoms,
respectively. The signals at 138.55 and 118.57 ppm were
assigned to quartenary carbons C5 and C14, respectively,
while the signal at 112.07 ppm was assigned to the cyanide
carbon C13.

HSQC: The 'H-*C NMR correlation experiment was used to
ascertain the *C NMR assignments. The H-C HSQC
spectrum (Fig. 6) displayed seven H-C correl ation as expected
for HL®. The absence of correlation contour for carbon C1, C5,
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C9, C13 and C14 confirmed these carbon atoms as
non-protonated carbons. In the pyridyl ring, C2, C3, C6 and
C12 showed contour correlation with hydrogen atom as
assigned in both *H and *C NMR. The four carbon atomsin
the benzonitrile ring, 2C7; 132.72 and 2C10; 127.71 ppm
correlated to a signal at 7.91 ppm that integrated as four
protonsintheH NMR. Therefore, based on HSQC spectrum,
the *H-3C correlation schematic diagram for the hydrazoneis
shown in Fig. 6.

Analytical data of HL®and its metal complexes: The metal
complexes of HL® are of different colour, Mn(I1) complex;
yellow, Mo (V) complex; green, Fe(Il) complex; brown; Cu(ll)
complex; green and Zn(ll) complex; yellow. The melting
points of the complexes range from 287-304°C. All the
complexes precipitated as amorphous powder. The solubility
test confirmed that they were dightly soluble in methanol,
chloroform, DMF and acetonitrile. However, they were
soluble in DM SO and pyridine. The results of the elemental
analysis are as reported in Table 1. The results show the
percentage of metal content (AAS) along with the percentage
of carbon, hydrogen and nitrogen present in the complexes.
Thesearein agreement with the cal cul ated valuesfor the metal
complexes. Thus, the results aided in deducing the formulae
for the complexes. The magnetic susceptibility data recorded
at ambient temperature for Mu(ll), Fe(ll) and Cu(ll)
complexes compete favorably with the calculated values.
Expectedly, Zn(l1) complex wasfound to be diamagnetic. The
conductivity data obtained in DMSO confirmed the
complexes as non-electrolytic nature.

Infrared spectra: The selected infrared spectra of the metal
complexes were interpreted by comparing with the spectral
assignments for the ligand (HLS) (Table 2).

The multiple bands observed in the spectrum of the
ligand, due to hydrogen bonding between the NH and CO
group, within 3084-3417 cm™ region attributed to v(NH)
vibrational mode was observed as a single broad peak in the
spectraof Mn(11), Fe(I1), Cu(ll) and Zn(11) metal complexes at
lower wavelength. This is due to effect of coordination of
central metal to adjacent v(C-O) group and thereby eliminates
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Fig. 6: 'H-**C HSQC spectrum with schematic diagram of HL®

Table 1: Analytical data of HL®and its metal complexes

in DMSO-d6at 75 MHz

Found (Calc.) %
M

Complex Colour M.pt.(°C) M C H N Scm?Pmol ™ pg,uB
[Mn(HL®),(CH,CO0),] (1) Yellow 302-304 8.34 (8.16) 56.85(57.06) 4.27(3.89) 17.48(16.64) 39 5.75 (5.92)
[Mo(HL®),Cl,] (2) Deep brown  299-301 14.02 (14.33) 50.23(50.24) 3.45(3.31) 16.58(16.74) 47 -
[Fe(HL),CL] (3) Brown 301-302 9.04 (8.87) 5252 (53.44) 3.61(352) 18.09(17.81) 42 5.2 (4.90)
[Cu(HL®),] (4) Green 287-289 10.56 (10.92) 60.11(59.84) 4.23(4.50) 19.09(19.25) 28 1.72(1.73)
[Zn(HL),(CH,CO0),] (5) Light yellow 300-302 9.66 (9.53) 55.55(56.02) 4.18(4.11) 16.62(16.33) 32 -
L5=C,H,N,O
Table 2: Infra-red data of HL®and its metal complexes

v(NH) v(C=0) v(C=N) 3( N-N) 3(C-0) 3(C-N) v(M-O) v(M-N)
Ligands/Complex (cm™)
HL® 3417b 1688m 1652m 1591s 1355s 1190vw - -

3250 m,b

3159w

3084w
[Mn(HLS),(CH,CO0),] (1) 3397sb 1597vw 1561w 1516w 1363m 1190m 513-555wW 487w
[Mo(H,L3),Cl,] (2) 3413sb 1630vw 1600w 1528w 1392vs 1174m 501w 553m

3215vw

3164vw

3077w,b
[Fe(HL®),Cl,] (3) 3413s,b 1669m 1596w 1409m 1355m 1153m 554w 496w
[Cu(HLY),] (4) 3388s,b 1618m 1517m 1454w 1380m 1143vw 515w 457m
[Zn(HL®),(CH,CO0),] (5) 3410 mb 1602m 1518s 1472s 1368 m 1157m 527w 432w
UV/Vis studies

existing hydrogen bond between the NH and CO in the
molecule. Thisis further supported by tremendous reduction
inthewavel ength of the v(N-N) bending vibration, whichfalls
within the region of v(NH) bending mode in the complexes.
However, Mo(V) complexesdisplayed multiplebandsat lower
wavelength coupled with reduction in their intensities as
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evidence of complexationinthemolecule. Thisisexpected for
higher oxidation state metals (Davidson, 2010).

The medium band at 1688 cm~* assigned to v(C=0)
vibrational stretching in the hydrazone has undergone
hypsochromic shift in the spectra of the metal complexes.
The effect was attributed to coordination of the CO group to
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central metal ionsinthe complexes. Theeffect of coordination
through the CO group was evident by the v(C-O) deformation
group which experienced a significant change in wavelength
of vibration as compared to that of hydrazone. The v(C-O)
deformation appeared at higher wavelength in the spectral of
al the complexes except in Fe(ll) complex where lower
wavelength shift was observed.

A medium band at 1652 cm™ attributed to azomethine,
v(C = N) vibrational group in the spectrum of hydrazone has
shifted to lower wavelength (16 cm™) in the metal complexes
dueto coordination by using alone pair of electron on nitrogen
atom and thereby reduced the intensity of vibrations. The
observation was supported by negative shift observed in the
bending vibration v(C-N) group in the spectra of the metal
complexes as compared to hydrazone.

However, new bands, which were absent in the spectrum
HL®, appeared at 513-591 and 432-553 cm in the metal
complexes and were attributed to v(M—N) and v(M—O)
vibrations, respectively. The appearance of v(M—N) and
v(M—O0) vibrations supports the involvement of nitrogen and
oxygen atomsin complexation. Theobservation wasattributed
to effect of coordination on the group (Mobinikhaledi et al.,
2010).

UV/Vis studies: The electronic transition data for the ligand
(HL®) and its metal complexes in methanol are as reported in
Table 3. The Mn(l1) ion is of d® configuration with a term
symbol, ®S. As there was no sextet spin multiplicity, the d-d
transitions were Laporte forbidden in this complex. However,
the spectrum showed some forbidden transitions which
involved the pairing of some electron spins and therefore the
bands appeared very weak. The bands were observed at
ca. 21142 and 18083 cm™ and they were assigned to “T,(G)

Table 3: Electronic data of HL® and its metal complexes

< %A and “T,, - °A,, respectively using the Orgel diagram.
Thebandsat ca. 49504 and 46729 cm™* were assigned to n—n*
of C =N and n~n* of C=C, respectively, while the bands at
ca. 32573 cm* could be asaresult of n-n* transition for both
C = N and C = O chromophoric groups because of the
broadness and the high intensity of the bands.
Notwithstanding, they were thought to have undergone a
hypsochromic shift, due to the effect of complexation
(Chandraand Ruchi, 2013). Themagnetic moment of 5.75BM
recorded for the complex strongly supported octahedral
geometry for the complex.

Mo(V) spectrum showed intra-ligand transitions, with
lower wave numbers shift at ca. 49504 and 47619 cm~* which
were attributed to n-n* of C=N and C = C, respectively. The
band at ca. 32573 cm™* was assigned to transitions due to
n-n* of C=N and C=0 groups. Since, Mo (V) isof high spin
d® configuration, no d-d transition is expected. However, the
spectrum showed aweak band at ca. 15432 cm™, which was
attributed to the forbidden transitionsin the complex and was
assigned to °T,(G) - 'A, transition whichisthe characteristic
of octahedral geometry (Kozakov et al., 2011).

Fe(Il) ionisof d° configuration with aterm symbol, °D in
an octahedral geometry, therefore only one absorption is
expected around 15000 cm~2. The spectrum of the complex
shows two significant absorption bands in visible region at
ca. 20576 and 16077 cm~. The first band was assigned to
Metal-Ligand Charge Transfer (ML CT) whilethe second band
was assigned to °Ey(D)- °T,, transition. The spectrum also
showsintra-ligand bands at ca. 49504, 45045 and 32573 cm™.
Also, the magnetic moment of 5.2 BM obtained for the
complex supported the assigned octahedra geometry.
Deviation fromthe cal culated spin only magnetic moment was
attributed to orbital contribution (Adhikary et al., 2014).

Compounds Transition (cm™) Ground term symbol Transition

HL® 49019 - n-n* (C=N)ar
45454 n-n* (C=C)
32362 n-n* (C=N,C=0)

[Mn(HLS)(CH,C00),] (1) 49504 s n-7* (C = N)
46729 n-1* (C=C)
32573 n-n* (C=C)
21142 n-m* (C=N, C=0)*T,(G)- °A,
18083 *Tyy = Ay

[Mo( HL®),Cl,] (2) 49504 °D n-m* (C=N)
47619(sh) n-n* (C=C)
32573 n-n* (C=N,C=0)
15432 Ty(G) < Ay

[Fe(HL®),Cl,] (3) 49504 °D n-m* (C=N)
45045 n-n* (C=C)
32573 n-n*(C=N, C=0)
20576 MLCT
16077 *Ey(D)- °T,,

Cu(HL3),] (4) 44643 s n-n* (C=C)
38314 n-n* (C=N,C=0)

[Zn(HL?3),(CH,CO0),] (5) 45454 s n-n* (C=C)
34602 n-n* (C=N,C=0)
33554 MLCT
29325 MLCT
13981 MLCT
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Table 4: p-Xray diffraction data for [Fe(HL®),Cl,]

Peaks 20° d,.(A) Intensity count Intensity (%) Ud? (Ud?)/z hkl
1 8.076 10.9384 212 100.0 0.00836 1 010
2 9.393 9.40761 118 55.6 0.0113 1 100
3 13.865 6.38205 99.2 46.9 0.02455 2 110
4 15.877 5.57733 105 49.8 0.03115 3 111
5 16.8 5.27297 121 57.1 0.03597 3 111
6 19.79 4.48265 85 40.2 0.04977 5 210
7 23.098 3.84749 115 54.5 0.06755 6 211
8 25.738 3.45851 122 57.8 0.0836 7 202
9 32.067 2.78889 83.1 39.3 0.1285 1 300
10 48.277 1.88364 62.5 295 0.2818 2 310
11 67.299 1.39015 50.8 24.0 0.5175 4 320
12 83.737 1.15414 44.6 21.1 0.7507 6 321

The spectrum of Cu(l1) complex did not show any bandin
the visible region. The two bands observed at ca. 44643 and
38314 cm~*wereconsideredto beintra-ligand transitions. The
band at 49019 cm~* in the spectrum of the ligand could not be
found in the complex probably due to distortion effects. The
magnetic susceptibility for the complex was found to be
1.72 BM. The value iswithin the range of 1.7-2.2 BM which
is usualy observed for Cu(ll) complexes regardless of
geometry. Thus, the complex wasproposed to be of tetrahedral
geometry.

InZn(1l) complex, no d-d transition isexpected dueto the
fact that Zn(l1) ion has a d' configuration. However, the
spectrum of the complex shows some bands at ca. 33554,
29325 and 13981 cm~* which were assigned to metal-ligand
chargetransfers. Thebandsat ca. 45454 and 34602 cm ™ were
assigned to n-n* (C = C) and n-n* (C = N, C = O),
respectively but the n-n* (C=N) could not be found in the
spectrum dueto the complexation of theligand to Zn(l1) which
might have shifted the frequency of the expected band lower
than 10000 cm™t. The structure was proposed to be of
octahedral geometry.

TGA/DTA analysis: The TGA/DTA analysiswas carried out
for Mo(V) complex in inert atmosphere and recorded at the
rate of 10°C min~* from ambient temperature up to 700°C is
shownin Fig. 7. The curve showsthat the complex was stable
to heat up to 180°C. However, the compound decomposed in
one step within the temperature range of 200-425°C. The
decomposition correlated with 73% (Cald. 74%) weight loss
in the complex. The residue, which is assumed to be metallic
chloride was found experimentally to be 26% of the complex.
The thermogram reveal ed absence of coordinated water in the
complex.

ESR studies: The ESR spectra study was done for Cu(l1) and
Mo(V) complexes. They were recorded in DMSO at liquid
nitrogen temperature as shown in Fig. 8. The EPR spectrum
of the Cu(Il) complex gave three g values with g,,, = 2.1369,
gL = 2.1760 and g = 1.7532. The spectrum did show three
weak hyperfinesplitting at 240- 255 mT dueto high relaxation
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time. However, since g. > g, asquare planar geometry was
proposed for the complex (Tachibanaet al., 1987). The weak
hyperfine splitting observed in the spectrum at 300 mT raised
the possibility of distorted tetrahedral geometry.

The X-band EPR spectrum of Mo(V) complex is
characterized by only one single line with unresolved parallel
and perpendicular components. The EPR parameter were
foundtobeg. =1.9454, g =2.0518 and g,, = 1.9454. Theg,,
value supports the fact that the complex is a monomeric
complex. However, sinceg. > g, an octahedral geometry was
proposed for the complex (Huang and Jun, 1969).

p-XRD study: The crystal lattice parameters for Fe(ll)
complex was measured by using a Bruker AXS D8 Advance
diffractometer employing Cu-Ka radiation in the range 5° to
120°, 26 vaue. The powder X-ray diffraction pattern of the
complex with respect to mgjor peaks of relative intensity
greater than 10% (Fig. 9) was indexed (Lipson and Taylor,
1949; Furnisset al., 1989; Jamadar et al., 2012). Theindexing
method yields the Miller indices (hkl) (Table 4), the unit cell
parameters and the unit cell volume. The unit cell for Fe(Il)
complex yielded values of lattice constants: o = 18.357 A,
b=21540 A and ¢ = 14.976 A and a unit cell volume
V = 5921.656 AS. The parameters corresponded with
orthorhombic lattice system in which the conditions such asa
# B #canda ==y =90° were satisfied.

On the basis of analytical data and spectroscopic data
obtained, the proposed structures of Mn(Il), Zn(ll), Mo(V),
Fe(I1) and Cu(ll) the complexes are shown in Fig. 10.

Antimycobacterial study: Thein vitro anti-M. tuberculosis
properties of the synthesized hydrazone (HL5) and the
metal complexes were evaluated against M. tuberculosis
H37Rv ATCC 35822 and the results for the Minimum
Inhibitory Concentrations (MICs) are reported in Table5.
The compounds displayed MIC of 062 pg mL™*
(ZnL®%), 0.76 pg mL™* (MoL®), 0.76 ug mL~* (CuL®),
0.77 ug mL~* (MnL%), 1.15 ug mL~* (FeL.®) and 087 pg mL*
(HL®) which were comparable to or better than the
MIC of some “Second-line” drugs such as streptomycin
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Fig. 8(a-b): EPR spectrum (a) [Cu(HL®),] and (b) [Mo(HL?),Cl,],

(MIC =1.00 ug mL ™), ciprofloxacin (MIC = 2.00 ug mL %),
p-aminosalicylic acid (MIC = 0520 pg mL™Y),
ethionamide (MIC = 0.63-1.25 ug mL ™), cycloserine (MIC =
12.5-50 pg mL™Y), gentamicin (MIC = 2.0-4.0 ug mL™Y),
ethambutol (MIC = 0.94-1.88 ug mL %), kanamycin (MIC =
1.25-5.0 pg mL™), tobramycin (MIC = 4.0-8.0 ug mL™Y),
clarithromycin (MIC = 8.0-16 ug mL~%) and thiacetazone
(MIC = 0.125-2.0 pg mL~%) (Collins and Franzblau, 1997).
The data (Table 5) were reproducible with minimal variation
for 4 separate experiments but varied significantly from
previously published MIC values and this could be
attributed to the differences in protocols for MIC
determination. The compounds demonstrated significant
activity against M. tuberculosis. The test of significance also
revealed that the MIC values for the complexes, except Fel ®
complex were significantly different from the isoniazid

respectively inDMSO at 77 K

Table5: Minimal inhibition concentration and ICy, values of the metal
complexes of HL®

Compound code MIC (ug mL™%) 1Cq (UM)
MnLS(1) 0.77+0.027 0.91
MoL®(2) 0.76+0.031 1.02
Fel5(3) 1.15+0.027 0.93
CuL5(4) 0.76+0.033 1.13
ZnL5(5) 0.62+0.102 172
HL® 0.87+£0.34 217

INH (Control) = 0.91+0.133 (ug mL™)

value (0.91 pg mL™Y). These results revealed that HL®,
ZnL®, MnL® MoL® and CuL® are potential anti-tubercular
agents. The compounds were then assessed for cytotoxicity
using an in vitro assay with monkey kidney Vero cells
(Table5). Thein vitro cytotoxicity results for the ligand and
the metal complexes assayed with monkey kidney vero cells
are presented in Table 5 and Fig. 11. The result obtained
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Fig. 10(a-c): Comparing of MIC (ug mL ) values of the metal complexes with the ligand and isoniazid drug, (a) Du = Mn for
[Mn (HL®), (CH,) CO0),], Zn for (HL5), (CH,CO0),], (b) [Cu (HL®),] and (c) Du = Mn for [Mn (HL%), (CL,)] Fe
for [Fe (HL®), (Cl),]
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indicates that HL® recorded the least toxicity while MnL® was
found to be the most toxic compound. The ligand displayed
moderate toxicity compared to the isoniazid.

CONCLUSION

In conclusion, a novel (E)-N’-(4-cyanobenzylidene)
nicotinohydrazide) was successfully synthesized from
nicotinic hydrazide by simple condensation reaction. The
hydrazonewasfully characterized by oneand two dimensional
NMR techniques and X-ray crystallographic study. Effortsto
grow single crystals of the metal complexes did not yield
positive result. Hence, the structures of the metal complexes
were elucidated based on analytical data, ESR, magnetic
measurement, DTA/TGA and powder X-ray analysis. The
anti-tubercular potential of thecompoundsareestablished. The
hydrazone and four of the metal complexes showed improved
anti-tubercular potency than some of the standard drugs.
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