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Abstract

2-Hydroxy-5-methylacetophenone salicyloyl hydrazone and its Cr (111), Mn(ll1), Fe(lll) and VO(IV) metal complexes
were synthesized. Elemental analyses, molar conductance, magnetic moments, electronic, *H NMR, mass, IR, ESR
spectra and thermal studies (TGA & DTA) were applied for characterization. The complexes are coloured solids, air
stable, non-hygroscopic and soluble in DMF and DMSO only. IR spectral studies reveal that ligand act as tribasic
tetradentate (ONOO) (enol form) donor towards Cr(111), Mn(l11) and Fe(lll) and dibasic tridentate (ONO) (keto form)
donor towards VO(IV) complex. The molar conductivity data of the complex show them to be non-electrolyte. Magnetic
susceptibility measurements favour octahedral coordination for Cr (111) and Fe(l11) and square pyramidal coordination for
Mn(l1l) and VO(IV). The complexes were treated for TGA and DTA studies. Thermo-kinetic parameters such as
activation energy (Ea), order of reaction (n), entropy change (AS), free energy change (AF) and apparent entropy change
(S*) have been calculated on the basis of TG curve by using the Freeman-Carroll and Sharp-Wentworth methods. ESR
spectra of vanadyl complex are recorded and discussed. In addition, the antimicrobial activities of the ligand and its metal
complexes were also examined by well diffusion method.
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hydrazide and attempt to check their antimicrobial
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activity.

Hydrazones are extensively used as analytical
reagents for the determination of various metal ions by

using various analytical techniques as they can form EXPERIMENTAL

stable complexes with most of the transition metal ions
[1, 2]. Many researchers have synthesized these
compounds as target structures and evaluated their
antituberculosis and antitumour activities. Hydrazones
and their metal complexes are biologically active
compounds. A number of hydrazone derivatives have
interesting bioactivity towards anti-bacterial, anti-
fungal, anti-convulsant, anti-inflammatory, anti-
malarial, analgesic, anti-platelets, anti-tuberculosis and
anti-cancer activities [3-5].

In view of the importance of hydrazones and
their metal complexes, we report herein the synthesis,
spectral characterization and thermal analysis of Cr
(1), Mn(l1), Fe(l11), and VO(IV) complexes of Schiff
base ligand derived from the condensation of 2-
hydroxy-5-methyl  acetophenone and salicyloyl

Reagents and materials

All the chemicals used were of analytical
reagent grade and solvents were dried and distilled
before use according to standard procedure. Metal salts
were purchased from Merck, Sigma-Aldrich, S.D. Fine
and were used as received. Mn (OAc)s. 2H,O was
prepared by the oxidation of Mn (OAc),.4H,0O using
Christen’s method [6]. The precursor salicyloyl
hydrazide (C¢H, (OH) CONHNHS,) was prepared by the
reported procedure [7] by refluxing methyl salicylate
with hydrazine hydrate in 1:1 molar ratio containing 10
mL ethanol for 2 hours. The pure product was
characterized by M.P. (150°C).

Physical measurements

C, H, N content of the ligand were determined
by Perkin Elmer CHN 2400 elemental analyzer. The
metal contents were estimated by standard methods [8].
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The infrared spectra of the ligand and its complexes
were recorded in the range 4000-400 cm™ with a Bruker
IF566V KBr and polyethylene medium for manganese
complex. *H-NMR spectrum of the ligand was recorded
in DMSO-dg solution on a Bruker 400 FT-NMR
spectrophotometer. Thermal analyses were carried out
in the temperature range 40-800°C by heating in air at a
rate of 10°C per minute on a Perkin Elmer
thermobalance. The magnetic susceptibility values were
recorded at room temperature by Gouy method using
Hg[Co(NCS),] as a calibrant and calculations were
made using computed values of Pascal’s constant. The
molar conductance of the complexes was determined in
DMSO using solution of about 10°M concentration.
The electronic spectra of the ligand and complexes
were recorded on a  Shimadzu  UV/Vis
spectrophotometer in the region 200-1100 nm. ESR
spectra of vanadyl complex at room temperature and
liquid nitrogen temperature were carried by using JES-
FA 200 ESR spectrometer.

Synthesis of salicyloyl hydrazone ligand (LH,) -

A hot ethanolic solution of salicyloyl
hydrazide (1.52 g, 0.01mol) was added to an ethanolic
solution of 2-hydroxy-5-methylacetophenone (2.84 g,
0.01 mol). The reaction mixture was refluxed in a
water-bath for 4-6 hours. The yellow coloured product
was filtered off and recrystallized by ethanol. The
purity of the compounds was checked by thin layer
chromatography (TLC). It was characterized by
elemental analysis, IR, UV, *HNMR and mass spectra.
Yield 85%, M. P. 210°C.

'"H-NMR- §12.86 (2H, S, Phenolic OH),
811.53 (1H, S, imino NH), 67.99 - 86.99 (7H, M,
Aromatic proton), 2.3 (3H, S, methyl, Ar-CHj3), 82.55
(3H, S, methyl, N=CCHs;) [9]. The schematic
representation of synthesis of LH; is shown in reaction
scheme 1.

o CH, CH,
NH,* CH; i CH
NT 2 O Reflux Cﬁ‘\ N 3
H —_——
H
OH HO oy HO

Salicyloyl hydrazide 2-hydroxy-5-

methylacetophenone

}
Cﬁwijgcm

Scheme-1: Synthesis of LH; ligand

Synthesis of Cr (I11), Mn(l1l), Fe(lll) and VO(IV)
complexes-

Equimolar quantities (0.02M) of
corresponding metal salt and the ligand were dissolved
separately in ethanol and refluxed for about 6-8 h in
water-bath. The solid products obtained on cooling
were filtered off, washed several times by diethyl ether
and dried at room temperature over CaCl,.

RESULTS AND DISCUSSION

All the complexes are coloured, non-
hygroscopic solid and stable in air. They are insoluble
in water and common organic solvents but soluble in
coordinating solvents like DMF and DMSO. The
analytical data (Tablel) of the complexes indicates 1:1
(metal: ligand) stoichiometry. The molar conductance
values of 10 M solution of complexes lie in the range
14.8-245 ohm™*cm?mol® indicating their non-
electrolytic nature.

Table-1: Elemental analysis, colour and formula weight of the compound.

Found (Calc.) %
Compound Formula wt. | Colour C m N M
C16H16N,04 284.31 Yellow 67.50 (67.59) 5.71(5.78) 9.99 (9.85) | -
[Cr(L)(H,0)], 702.59 Maroon 14.80 (14.95) 54.70 (54.45) 4.30 (4.13) | 8.54(8.66)
[Mn(L)], 672.45 Maroon 16.34 (16.68) 57.16 (57.14) 3.90 (4.04) | 8.33(8.47)
[Fe(L)(H,0)], 710.29 Black 15.72 (15.83) | 54.11(54.25) | 4.26 (4.22) | 7.89 (7.77)
Vo). 698.47 Black 14,59 (14.67) | 55.03 (55.14) | 4.04 (4.13) | 8.02 (8.21)
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Infrared spectra

IR group frequencies of diagnostic importance
of ligand and its metal complexes are collected in Table
2.

The IR spectrum of free ligand exhibits
medium broad band in the region 3269 cm™ due to
intramolecular hydrogen bonded OH. This band is
absent in the spectra of all the complexes indicating the
deprotonation and coordination of the ligand with metal
ion through oxygen atom [10-11]. The upward shift of
v(C-0) (phenolic) band at 1287 cm™ of the ligand by 6-
21 cmand the appearance of a new band at 515-578
cm™ in the spectra of all complexes further supports the
involvement of phenolic oxygen in coordination with
the metal ions [12]. Also, the increase in shift of the C-
O (phenolic) frequency in Cr (111), Mn(lI1I), Fe(Ill) and
VO(IV) attributed to phenolic oxygen bridge formation
[13]. The absorption peak for v(C=N) at 1615 cm™and
v(N-N) at 975 cm™ in the spectrum of ligand is shifted
to a lower frequency by 14-29 cm™[10] and higher
frequency by 5-20 cm™[14] respectively in the spectra
of all the complexes indicating the involvement of
azomethine nitrogen in coordination. This is in good
agreement with the band observed in the far IR region

462-480 cm™ due to the v(M-N) stretch. The other
bands at 3013 and 1650cm™ in the spectrum of free
ligand, assigned due to u(N-H) and v(C=0)
respectively, disappeared in the spectra of Cr(lll),
Mn(ll1) and Fe(lll) complexes indicating the
destruction of carbonyl moiety and subsequent
coordination of enolic oxygen via deprotonation to the
metal ion [11]. It is further supported by a new band
appearing in the region 1225-1256 cm™ due to v(C-O)
(enolic) mode [11]. Thus, in Cr (1I1), Mn (I1l) and
Fe(lll) complexes the ligand functions in a tribasic
tetradentate way bonding through O, O, N and O donor
atoms. The positions of v(N-H) and v(C=0) bands in
the spectrum of VO(IV) complex are almost at the same
position as that in the spectrum of ligand suggest the
non-involvement of amide oxygen in coordination with
metal and the keto form of the coordinated ligand. This
indicated the ligand functions as dibasic tridentate ONO
donor in this complex. The additional band at 995 cm™
in the is assigned to v(V=0) mode [11]. The spectra of
Cr(111) and Fe(lll) complexes display four bands in the
region 3393-3433v(0O-H), 1613 §(H,0), 813-833
pr(H20), 750-756p,(H,0) suggesting the presence of
coordinated water molecules in each of them.

Table-2: IR frequencies of ligand and its metal complexes (cm™)

Compound v(OH) v(C-0) | v(C= v(N-N) | o(NH) | v(C=0) | v(C-0O) M-O | M-N | H,0O
(Hydrogen | phenolic | N) enolic
bonded)
LH, 3269 1287 1615 975 3013 1650 - - - -
[Cr(L)Y(H0)], | - 1304 1601 995 - - 1256 578 462 3393, 1613,
813, 750
Mn(L)], - 1305 1597 980 - - 1225 578 465 -
[Fe(L)(HO), | - 1308 1600 | 986 - - 1239 560 | 488 | 3433, 1613,
833, 756
[VO(L)], - 1303 1586 - 2958 1650 - 515 480 -

Mass Spectra

The mass spectrum of the ligand displays
molecular ion peak [M]" at m/z 284.67; the other
important peaks are appeared at 272.48, 237.28, 219.32,
187.18 and 137.32 correspond to fragment ion
[C1sH14N,0,]", [C1sH1NOT", [C14H12N,OT",
[C10H12N,04]" and [C;H;NO,]". These observed m/z
peaks were due to the loss of the fragments of different
molecular weights from ligand as proposed in Scheme

2. The mass spectra of Cr(lll), Mn(ll1), Fe(lll) and
VO(IV) complexes with  molecular  formula,
[Cr(L)(H.0)], (F.W.,702.59), [Mn(L)]x(F.W.,672.45),
[Fe(L)(H,0)]»(F.W.,710.29), [VO(L)], (F.W., 698.47)
as representative showed the highest mass peak with
m/e at 701.6, 673.2, 710 and 695.2 respectively which
agree well with the formula weights of these
complexes.

© 2021 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 9



Deshmukh SD & Mandlik PR., Saudi J Med Pharm Sci, Jan, 2021; 7(1): 7-14

i i i
NH—N NH. NH.
|~ O d Yo d N
—_—
OH OH )\/©
HO HO HO

m/z = 192.21 (f = 187.48)

m/z = 284.31 (f = 284.67)

|

(0]

©fJ\NH2
OH

miz = 137.14 (f = 137.32)

miz= 270.28 (f= 272.39)

|
ar O

m/z = 238.28 (f= 237.28)

l

m/z = 224.26 (= 219.32)

Scheme-2: Mass fragmentation pattern of ligand LH;

Electronic spectra and magnetic moment

The electronic spectrum of [Cr(L)(H,0)]»
complex shows bands at 615, 481 and 290 nm
corresponding to the transitions ‘Ag(F) — “Ty(F),
“Psy(F) — *“Tig(F) and *Agy(F) — “Ty4(P) respectively
[11] which are characteristic of six coordinate
octahedral geometry. The value of various ligand field
parameters is found to be Dq = 1626 cm™, B = 432 cm’
!B =0.470 and % covalency = 53. The Racah inter-
electron repulsion parameter B observed for Cr (111)
complex is less than that of the free ion. The
nephelauxetic parameter § = B/B’ is less than one in
this complex. All these observations suggest that the
metal-ligand bond in the complex is covalent in nature
[15]. [Mn(L)], complex shows bands at 735, 593, 495
and 369 nm. The band at 369 nm is due to charge
transfer and the remaining three correspond to
°B,—°B, °B;—°A; °B;—’E transitions, respectively,

with a magnetic moment of 4.73 B.M. suggesting
square pyramidal geometry around Mn(Ill) ion [13].
Fe(lll) complex give rise to three absorption bands in
octahedral field at 786, 544 and 447 nm corresponding
to 6Alg(s) - 4Tlg(G): 6Alg(s) - 4T29(G) and 6Alg(s) -
“Ey “Ay4(G) transitions. The subnormal magnetic
moment 4.95 B.M. is as expected for dimer structure
due to strong metal-metal interaction [16]. The
electronic spectrum of [VO(L)], shows bands at 721,
605, 431 and 343 nm may assign to °B,—°E, °B,—’B;,
’B,—2?A; and LMCT, respectively, which are well
characteristics for square pyramidal geometry. The
magnetic moment value (1.43 B.M.) measured is lower
than the reported, this may support the presence of
vanadyl complex in a binuclear with strong interaction
between two vanadium ions [17]. The magnetic
moments and electronic spectral bands of the
complexes are present in Table 3.

Table-3: Electronic spectral data of the complexes

Complex Absorption Band assignment et Anm Geometry

region (nm) B.M. | @'cm’mol*

[Cr(L)(H0)]2 615 *Agg(F) — *Tp(F) Octahedral
481 TAsy(F) = *T1(F) 351 245
290 *Agg(F) — “T14(P)

[Mn(L)], 735 °B,—°B, Square
593 5B, A, 473 14.8 pyramidal
495 °B,—°E
369 LMCT

[Fe(L)(H,0)], 786 A.(S) — *T1,(Q) Octahedral
544 A14(S) = *T(G) 4.95 18.3
447 °A.(S) — 4Eg, *A4(G)

[VO(L)], 721 ’B,—E Square
605 ’B,?B, 1.43 22.6 pyramidal
431 2B, A,
343 LMCT
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Thermal analysis

Thermal behaviour and decomposition pattern
of the metal complexes was studied by
thermogravimetric analysis (TGA) and differential
thermal analysis (DTA) curves. Thermogravimetric
studies of the ligand, Mn (I11) and VO (IV) complexes
showed that the complex decomposes in two stages
whereas the Cr (IllI) and Fe (llI) complexes
decomposed in three stages. In the present
investigation, no weight loss is observed in Mn (111) and
VO (1V) complexes upon heating till ~300°C, and thus
ruling out the presence of lattice as well as coordinated
water molecules. The corresponding peaks in their
DTAs is observed at 355°C, 515°C and 680°C
(exothermic) for Mn(I11) complex and at 315°C, 430°C
and 515°C (exothermic) for VO(IV) complex
corresponds to partial and complete removal of ligand
moiety in two steps. In Cr (I11) and Fe(lll) complexes,
no weight loss is observed upto 160°C corresponds to
the absence of lattice water molecules. The further
weight loss in the range 160-250°C in Cr(IIl) and 180-
260°C in Fe(I11) complex are attributable to removal of
two coordinated water molecules (% weight loss

obs./calcd.: Cr(Ill): 5.24/5.13); Fe(Ill): 5.11/5.07)
respectively. The thermograms of Cr(lIl) and Fe(lll)
show exothermic peak at 190°C and 205°C which
supports to the removal of two coordinated water
molecules respectively. Further, the Cr(lI1) and Fe(lll)
complexes show rapid weight loss in the range 251-
320°C and 261-450°C in support of DTA peak at 270°C
and 295°C (exothermic) indicative of decomposition of
free part of the coordinated ligand. A gradual weight
loss above 330°C and 460°C was accompanied by
degradation of coordinated part of ligand in Cr(I1l) and
Fe(111) complex showing DTA peak at 380°C, 485°C
(exothermic) and 498°C, 510°C, 600°C (exothermic).
Finally, horizontal curves are observed corresponding
to the final pyrolysis product metal oxides. From TGA
curve, thermo-kinetic parameters such as activation
energy (Ea), order of reaction (n), entropy change (AS),
free energy change (AF) and apparent entropy change
(S*) have been calculated by using the Freeman-Carroll
and Sharp-Wentworth methods and the results are given
in Table 4. According to the half decomposition
temperature the relative thermal stability found to be as
Mn (111) > VO (1V) > Cr (1) > Fe(l11) > LHa.

Table-4: Thermoanalytical results of the compounds

S M) | -as AF (K | S (kJ)
Complex geatl:lc]:mTe T ng%“ Ea (k) (J/mol/K) | mol) DTA  Peak
E | o Temp. (°C)
mp. (°C) o | €O FC* | sww*
0,
LH, 220°C | %ggog' 1077 | 1009 | %% | 22483 |s114 | 3280 | 10s%C, 190°C
0,
| ;ggog' 1375 | 17.21 28592 | 10324 | -3787 | 190°C
0,
[CrL)(H0)Le | 3500¢ 1 gg(l)og 6063 | 6024 |0092 |-32418 | 17082 | -39.49 | 270°C
321°C- 0 0
m| 2 1421 | 3022 31412 | 11252 | -37.90 | 380°C, 485°C
295°C- 0 0
| ane 530 | 17.23 28788 | 9540 | -33.06 | 355°C, 515°C
[Mn(L)], 515°C =16% 0.90
1 ) 69.46 | 60.68 32861 | 17231 | -3563 | 680°C
680°C
180°C- 0
| et 1027 | 1352 27117 | 9514 | -3330 | 205°C
0,
[Fe(L)(H,0)], | 340°C 1 ig(l)og' 506 | 2116 | 092 |-31066 | 10319 |-3276 | 295°C
451°C- 498°C,
| ot 7722 | 65.45 81745 | 17688 | 3532 | g100C soooc
0 -
| §3So§ 517 | 21.16 33278 | 109.33 | -3334 | 315°C
[VO(L), 421°C 377% 0.90
| ST 2576 | 18.97 31276 | 12365 | -34.95 | 430°C, 515°C
ESR spectra anisotropy with g < g.a relationship characteristic of an

The ESR spectra of the VO (1V) complex were
provide useful information of metal ion environment in
complexes. The observed spectral parameter for
VO(IV) complex is: g+ = 2.0964, g|= 1.9987 suggest
that the resulting complex is covalent and
characteristics of square pyramidal geometry. The
vanadium complex shows well resolved axial

axially compressed (dxy)* configuration. This indicates
that the unpaired electron is present in dy, orbital [18].
The ESR spectral parameters of the Cu (Il) and VO
(IV) complexes are listed in Table 5. The figure 1 (a to
b) depicts the ESR spectrum of VO (IV) complex at RT
and LNT.
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Table-5: ESR spectral data of the VO (IV) complexes

Complexes

Spectral Parameters

g1

gL o/ | G

VO(IV)

1.9987

2.0964

2.0639

a. VO(IV) atRT

b. VO(IV) at LNT

Fig-1(a-b): ESR spectra of VO (IV) complex at RT and LNT

On the basis of the above spectroscopic,

moment and thermal analysis, the proposed structures

elemental analysis, molar conductance, magnetic of complexes are shown in Fig. 2.
(@)
N H
H;C \ 0o t CH;
D
/ /0
O\/'>M\N/C\
’
H,C O/ \\ CHj
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C-N
H
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H C:-N _NH
H \O H (o4
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Fig-2: Suggested structures of the salicyloyl hydrazone complexes

Antimicrobial activity

Evaluation of antimicrobial activity of the
ligand and all compounds were carried out against
Staphylococcus aureus, Streptococcus pneumoniae,
Escherichia coli and Klebsiella pneumoniae. It is
observed that, the ligand is inactive against gram-
positive as well as gram-negative bacteria. The Cr (11)
and Mn(lll) complexes exhibited moderate activities
against all the bacteria with zone of inhibition in the
range 13-18 mm (gram-positive) and 17-22 mm (gram-
negative). The VO(IV) complex shows no activity

against S. aureus and S. pneumoniae and moderate
activity against gram-negative bacteria with zone of
inhibition in the range 18-20 mm. The Fe(lll) complex
are active against gram-positive bacteria with zone of
inhibition in the range 13-16 mm and show no activity
towards gram-negative bacteria. From the % Activity
data, it is observed that Mn(l11) complex shows highest
activity among all complexes towards all bacteria. The
antimicrobial investigation data are summarized in the
table6.
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Table-6: Antimicrobial activity of ligand and its complexes

Ligand and its Diameter of inhibition of zone (in mm)? % Activity index
complexes S. S. E. K. S. S.| E K.
aureus pneumoniae | coli | Pneumoniae | aureus | pneumoniae | coli | Pneumoniae
LH; - - - - - - - -
Cr(I11) 15 14 17 20 52 61| 45 59
Mn(l11) 17 15 18 22 59 65| 47 58
Fe(111) 15 13 - - 52 57 - -
VO(IV) - -] 18 20 47 59
DMSO - - - - - - - -
Antibiotic 29 23 38 34 100 100 | 100 100
(Standard)
— no activity, ®values, including diameter of the well (8mm), are means of three replicates
CONCLUSION 7. Singh, B., Srivastava, R., Narang, K. K., & Singh,
Cr(lll), Mn(ll), Fe(lll) and VO(IV) V. P. (1999). Synthesis and spectral studies of
complexes  of  2-hydroxy-5-methylacetophenone copper (Il) sulfate complexes with some
salicyloyl hydrazone have been synthesized and acetophenone  acylhydrazones. Sythesis ~ and
characterized on the basis of elemental analysis, Reactivity in Inorganic and Matel-Organic
infrared, electronic and electron spin resonance spectra, Chemistry, 29(10), 1867-1881.
conductance and magnetic susceptibility at room 8. Vogel, A. 1. (1961). A text Book of Qualitative
temperature. Elemental analysis shows 1:1 metal-ligand Inorganic Analysis. ELBS, London.
stoichiometry. Infrared spectra suggest the tribasic 9. Salib, K. A, EI-Maraghy, S. B., & El-Sayed, S. M.
tetradentate (ONOO) (enol form) donor towards Cr(l11), (1991). Mono-, di-and tri-nuclear metal complexes
Mn(I11) and Fe(l11) and dibasic tridentate (ONO) (keto of new pentadentate Schiff bases.
form) donor towards VO(IV) complex. The complexes 10. Jain, R., & Mishra, A. (2012). Microwave
exhibit subnormal magnetic moments (s = 3.51, 4.73, synthesis, spectral, thermal, and antimicrobial
4.95, 1.43 B.M. respectively for Cr(l111), Mn(l11), Fe(l1) activities of some transition metal complexes
and VO('V) Comp|exes) due to anti_ferromagnetic inVOlVing 5-br0mosa|icy|aldehyde mOiety. Current
exchange. On the basis of magnetic and spectral data, Chemistry Letters, 1(4), 163-174.
dimeric octahedral (Cr(111), Fe(ll)) and square 11. Mohapatra, R. K., Dash, M., Patjoshi, S. B., &
pyramidal (Mn(lll) and VO(IV)) structures are Dash, D. C. (2012). Synthesis, and spectral
suggested. TG and DTA studies also guide to characterization of transition metal complexes with
thermodynamic, kinetic and reactivity behaviour of benzothiozolyl-2-hydrazones ~ of  salicylidene
compounds and metal-ligand interaction. acetone and salicylidene acetophenone. Acta Chim.
Pharm. Indica, 2(4), 156-162.
REFERENCES 12. Siddappa, K., & Mayana, N. S. (2014). Synthesis,
1. Singh, R. B. (1975). Hydrazones as analytical spectro_scopic c_haracterisation and biological
reagents: A Review. Talanta, 29, 77-84. evaluation studies of 5-tiromo-3-(((hydroxy-2-
2. Suvarapu, L. N., Seo, Y.K., Baek, S. O., & methylquinolin-7-yl) — methylene)-hydrazone)
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