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Abstract:

A new series of transition metal complexes have been synthesized by conventional as well as microwave technique
from ligand, HL E-N'-(2-hydroxy-4-methoxybenzylidene)-5-methyl-2H-pyrazole-3-carbohydrazide (3) in
methanol. The Key intermediate schiff base ligand were prepared by allowing condensation of 2-hydroxy-4-
methoxybenzaldehyde (1) with 5-methyl-1H-pyrazole-3-carbohydrazide (2) under microwave irradiation using
bio based greener solvent system ethyl lactate: water. The authenticity of these ligands and their Fe(Il), Zn(ll),
Cu(ll), Co(l1) and Ni(1l) complexes were confirmed on the basis of spectroscopic technique such as Mass, IR, *H
NMR, UV spectroscopy and elemental analyses. The thermal stability of metal complexes was also studied by
TGA.
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I.  Introduction

Heterocyclic hydrazones play vital role in pharmaceutical and biological sciences, hydazones containing
molecules have been attracted attention for synthetic and medicinal chemist due to their broad spectrum of
pharmacological and biological activities such as antitumor, antineoplastic, antiviral and anti-inflammatory [1-6].
Schiff bases, is an important key intermediate in coordination chemistry because of its ability to coordinate with
metal ions, have attracted researchers since their beginning to explore their potential in diverse fields. In recent
years’ heterocyclic hydrazides are used as generation for schiff bases and their metal complexes with the hope to
enhance biological activities of desired compounds. The biological activity and coordination chemistry of N-
heterocyclic hydrazides (e.g. iso-nicotinic acid hydrazide, etc.) have also been studied [7]. The study of the
transition metal complexes of schiff base ligands has been illustrate considerable concentration because of their
remarkable chemistry [8] and biological significance [9]. The well characterized bio functionality of pyrazole
(isomeric with imidazoles) derivatives is often associated with the chelating phenomena with trace metal ions
[10-15]. Pyrazole resultant metal ion complexes have been broadly studied in recent years owing to their great
diversity of biological activity, including antimalarial, antibacterial, antitumor, antiviral etc. [16-25]. Pyrazoles
are pi-excessive, better pi-donors and weaker pi-acceptors than six membered heterocycles and can act as a hard
donor site [26, 27]. The various range of biological effects exhibited by pyrazole molecules has prepared and acted
as a subject of extensive research in medicinal and pharmaceutical studies [28, 29]. Metal complexes incorporating
an amide functional group have gained considerable attention too. Amides possess broad biological properties and
are utilized as effective chelating agents [30]. Outstandingly, amide groups incorporated into heterocyclic bases
such as pyridine and pyrazine have emerged as a rapidly expanding class of ligand scaffolds that efficiently bind
metal ions [31]. Traditionally Schiff bases and their metal complexes have been carried out in organic solvent by
conventional methods. These methods suffer from various limitations including poor yields, longer reaction time
and environmentally harmful solvent. Therefore, attention of chemists directed toward the synthesis of Schiff
bases and their metal complexes by using microwave irradiation. Microwave technology is an emerging
alternative energy source for chemical transformations in minutes instead of hours or even days. Hence, now a
day’s increase use of microwave irradiation for enhancing chemical synthesis and increasing their productivity.
Literature survey revealed that there is scanty information for the synthesis of metal complexes using microwave
irradiation. Recently in 2024 Savita Bargujar demonstrated the microwave synthesis of Schiff base metal
complexes under multiple conditions and reported advantage of microwave technique is the extraordinary
acceleration in reaction rate when compared to conventional mode [32]. Abhinav Jain and his co-worker
establishes the empirical comparison between microwave and alternative synthetic techniques for Schiff base
ligands and their metal complexes in terms of kinetic parameters by referencing multiple examples from the
current literature [33]. Thus microwave assisted synthesis offers several advantages over conventional heating
such as homogeneity, selective heating, shorter reaction time with better yields [34 -37].

DOI: 10.9790/5736-1707021724 www.iosrjournals.org 17 | Page



Microwave Assisted Synthesis Of Schiff Base Ligand In Bio Based Solvent And Their Transition........

Keeping in view and in continuation our work [38], herein we report microwave assisted synthesis of
pyrazole based ischiff base and their metal complexes with better yields in shorter reaction time. The key
intermediate schiff bases were also synthesized using bio based solvent (ethyl lactate: water solvent system) under
microwave conditions. In recent years’ ethyl lactate is an emerging bio based greener solvent due to its unique
physicochemical properties, therefore it has been successfully used for the organic transformation [39 - 42]. The
main goal of this paper is to develop green method techniques with shorter reaction time which is used in the
preparation of schiff bases and their metal complexes.

The titled compounds E-N'-(2-hydroxy-4-methoxybenzylidene)-5-methyl-2H-pyrazole-3-carbohydrazide
(3) was synthesized by allowing condensation of 2-hydroxy-4-methoxybenzaldehyde (1) with 5-methyl-1H-
pyrazole-3-carbohydrazide (2) in ethyl lactate: water solvent system under microwave condition. Compounds (4a-
4e) were prepared by carried reaction of Schiff base (3) with metal nitrate, Fe (11), Zn (I1), Cu (1), Co (II) and Ni
(1) in methanol using microwave irradiation as well as by conventional method. The reaction sequence is outlined
in Scheme 1 & 2
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Reaction Condition (A) Ethanol, Acetic Acid, Reflux (B) Ethyl Lactate: Water, Acetic Acid, Microwave.
Scheme 1 Synthesis Of Schiff Base Ligand Using Bio Based Solvent Under Microwave Condition.
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M= Fe (I1), Zn (11}, Cu(ll),Co(ll) M= Ni (1)
Reaction Condition (A) Methanol, Metal Nitrate, Reflux (B) Methanol, Metal Nitrate, Microwave.
Scheme 2 Synthesis Of Metal Complexes By Conventional As Well As Microwave Technique.

1. Experimental
Materials & Methods:

All chemicals were obtained from commercial sources and used without any further purification. The
melting points were determined in open capillaries and are uncorrected. The IR spectra were recorded on a FT-IR
(JASCO FT-IR 4100) Japan. The 1H and 13C NMR was measured on Bruker Avance Il 400 MHz FT NMR with
low and high temperature in DMSO using TMS as internal reference. Mass spectra were recorded on GC-MS
spectrometers. Elemental analyses were performed on a Perkin-Elmer 2400 CHN analyser.

General Procedure
Synthesis of Schiff base(E)-N'-(2-hydroxy-4-methoxybenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide, HL (3)
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Conventional synthetic route

A mixture of 2-hydroxy-4-methoxybenzaldehyde (1) (0.01 mol, 1.52 g) and 5-methyl-1H-pyrazole-3-
carbohydrazide (2) (0.01 mol, 1.40 g) was dissolved in ethanol (25 mL). To this solution a few drops of glacial
acetic acid were added and the reaction mixture was reflux for 3 h. The reaction was monitored on TLC. After
completion, the reaction mixture was poured on ice and the obtained solid was filtered washed with cold water
and recrystallized from ethanol-water mixture.

Microwave Irradiation synthetic route

In a conical flask, 5-Methoxy-2-Hydoxy Benzaldehyde (1) (0.002 mol), 5-methyl-1H-pyrazole-3-
carbohydrazide (2) (0.002 mol) and catalytic amount of glacial acetic acid was dissolved in ethyl lactate-water
system (70 :30). The reaction mixture was irradiated using a microwave at 160 Watt. The progress of the reaction
was monitored on a TLC plate. After completion, the reaction mixture was poured in ice cold water and was
extracted with EtOAc. The solvent was removed and the crude product was crystallized using ethanol-water
mixture.

Analysis of Schiff base HL (3)

M.F. C14H16N403 Yield 92%; M.P. 283; yellow powder; FT-IR (KBr, cm-1): 3361 (OH), 3206 (N-H),
1656 (C=0), 1603 (C=N), 1H NMR (400 MHz, DMSO-d6) = & 2.96 (3H, s, CH3), 4 3.32 (3H, s, OCH3), 5 6.88
(2H, dd, Ar-H), & 7.44 (1H, s, Ar-H), 8 7.91(1H, s, Py-H) & 8.44 (1H, s, CH=N), & 10.58 (1H, s, Py-NH), 5 12.40
(1H, s, CONH), & 13.88 (1H, s, Phenolic OH) 13C NMR (400 MHz, DMSO, ppm) 168.20 (Phenolic carbon),
163.72 (amide carbon), 160.43 (azomethine carbon), 154.74-101.36, (Pyrazole & aromatic carbon), 55.65
(methoxy carbon) 15.39 (methyl carbon); Elemental analysis found (%) C, 58.95C; H, 5.96; N, 18.93; O, 15.80
calculated for, 14H16N403: C, 58.32; H, 5.59; N, 19.43; O, 16.65; MS (m/z): 288 (M+).

Preparation Of Complex (4a-E)
Conventional synthetic route

Metal nitrate in methanol was added to methanolic solution of (E)-N'-(2-hydroxy-4-
methoxybenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide, (3) at hot condition in 1:1 / 1:2 (metal:ligand)
molar ratio and reaction mixture slightly adjusted to basic. Then the reaction mass was refluxed for 3 h. The
progress of reaction was monitored by TLC and after completion of reaction colored precipitates were obtained.
The obtained solid product was filtered, washed with hot methanol and dried.

Microwave Irradiation synthetic route

In a conical flask, Metal nitrate and (E)-N'-(2-hydroxy-4-methoxybenzylidene)-5-methyl-1H-pyrazole-
3-carbohydrazide, (3) dissolved in methanol. The solution of reaction adjusted slightly to basic. Then this reaction
mass was irradiated using a microwave at 160 Watt. The progress of the reaction was monitored on a TLC plate.
After completion, the reaction mixture was poured in ice cold, coloured precipitates. The obtained solid was
filtered, washed with hot methanol and dried.

Analysis of metal complex [Fe (C14H15 N403)2] (3a)

M.F.C28H30FeN8O6Yield 80%; M.P. >300; Black powder; FT-IR (KBr, cm-1): 3200 presence of
Amide (N-H), 1621 due to carbonyl assembly (C=0), 1603 endorsed to (C=N), 502 (M-0), 472 (M-N); 1H NMR
(400 MHz, DMSO-d6) = 6 2.98 proton of methyl group (6H, s, (CH3)2),  3.77 exposed to presence of methoxy
proton (6H, s, (OCH3)2), & 6.46 (4H, dd, Ar-H), 6 7.80 (2H. s, Ar-H), 6 8.16 (2H. s. Py-H) & 8.45 accredited to
azomethine proton (1H, s, CH=N), 8 10.11(2H. s, Py-NH), & 12.07 this shift distinguished as a amide proton (1H,
s, CONH); Elemental analysis found (%) C, 52.85; H, 3.98; Fe, 8.86; N, 18.15; O, 15.85 calculated for
C28H30FeN806:C, 53.34; H, 4.80; Fe, 7.89; N, 17.77; O, 15.23.

Analysis of metal complex [Zn (C14H14 N40O3)2] (3b)

M.F.C28H28N806ZnYield 85%; M.P.>300; Yellow powder; FT-IR (KBr, cm-1): 1621 allowed to
carbonyl group (C=0), 1580 attributed by (C=N), 555 (M-O), 478 (M-N); 1H NMR (400 MHz, DMSO-d6) §
2.97 is due to proton of methyl group (6H, s, (CH3)2),  3.41 showed to presence of methoxy proton (6H, s,
(OCH3)2), 6 6.92-7.33 presence of aromatic proton (6H, m, Ar-H), 6 7.88 (2H, s, Py-H), & 8.55 recognized to
azomethine proton (1H, s, CH=N), 3 10.09(2H. s, Py-NH), Elemental analysis found (%) C, 53.20; H, 4.90; Zn,
11.10; N, 18.09; O, 14.81 calculated for C28H30FeN80O6: C, 52.71; H, 4.42; Zn, 10.25; N, 17.56; O, 15.05.

Analysis of metal complex [Ni (C14H1704N4)] (3c)
M.F.C14H16N4NiO4Yield 87%; M.P.>300; Orange powder; FT-IR (KBr, cm-1): 3308 is due to
coordinated water (H20), 1619 permissible to carbonyl group (C=0), 1563 licensed to (C=N), 561 (M-O), 476
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(M-N); 1H NMR (400 MHz, DMSO-d6) = 5 2.98 due to proton of methyl group (3H, s, CH3), 6 3.38 attributed
by methoxy proton (3H, s, OCH3), § 6.15 presence of aromatic proton (2H, dd, Ar-H), 6 7.71 (1H, s, Py-H), §
8.39 (1H, s, Py-NH), & 9.72 predictable to azomethine proton (1H, s, CH=N); Elemental analysis found (%) C,
45.78; H, 3.98; Ni, 16.73; N, 14.22; O, 18.15 calculated for C28H30FeN806: C, 46.32; H, 4.44; Ni, 16.17; N,
15.43; O, 17.63.

I11. Result And Discussion

Initially the ligand HL, 3 was synthesized by carrying the condensation reaction of pyrazole-3-
carbohydrazide (2) with 2-hydroxy-4-methoxy benzaldehyde (1) in ethanol under reflux condition for 5 h.
according to literature [43]. When we carried the same reaction using 100 % ethyl lactate using microwave
irradiation it gave a good result, as compared to conventional methods. (Table-1). In addition, the polarity of the
solvent was tuned by using water as a co-solvent with ethyl lactate in different percentages. It observed that 70 %
ethyl lactate in water produced the more polar solvent in which the product obtained in a shorter time with better
yield (Table 2). Ethyl lactate: water solvent system attributes more polar a reaction mixture, has greater ability to
couple with the microwave energy and accelerate the rate of reaction compared with conventional heating.
Therefore, this method can be considered as an ideal tool for efficient green synthesis of schiff base ligand

Table 1 Optimization of reaction conditions of Schiff base ligands (3)

Entry Solvent Synthetic methods Time Yield (%)*
1 Ethanol Conventional 3h 65
2 100 % Ethyl lactate Microwave 4m 70

2 |solated yield

Table 2 Effect of solvent polarity on the yield for the synthesis of Schiff base ligands (3)

Entry Solvent System Synthetic Method® Time (m) Yield (%)?
1 100 % Ethyl lactate MW 4 70
2 70 % Ethyl lactate in water MW 4 92
3 40 % Ethyl lactate in water MW 4 75
4 20 % Ethyl lactate in water MW 4 70

3Isolated yield, "All the reactions were carried out under microwave condition

The synthesized ligand (3) used for the formation of metal complexes (4a-4e). Initially complexes were
synthesized by refluxing the mixture of metal nitrate and ligand in 1 :1 and 1: 2 molar proportion in methanol for
3 h it gives moderate yields. When the same complexation reaction was carried under microwave conditions, it
was observed that an increased rate of reaction with better yields as compared to conventional methods (Table 3).
This is because it provides homogeneity of the medium which results in shorter reaction times and increased
yields.

Table 4 Optimization condition of metal complexes. (4a-e)

Conventional Microwave
Entry Compound Solvent Time (h)* | Yield (%) Solvent Tirneb Yield (%)
da [Fe(C14H15N403),] Methanol 3 67 Methanol (mén) 80
4b [Zn(C14H14N4O3);] Methanol 3 71 Methanol 5 83
4c [Cu(C14H15N403)7] Methanol 3 69 Methanol 5 82
4d [Co(C14H15N403),] Methanol 3 70 Methanol 5 83
4e [Ni(C14H1704N,)] Methanol 2 71 Methanol 4 82

3Reaction carried under conventional heating. PReaction carried under microwave irradiation

The structure of the ligand and their metal complexes were confirmed on the basis of spectroscopic
technique such as FT-IR, *HNMR, 3 CNMR, Mass and UV-Vis spectroscopy. TGA-DTA and elemental analyses
also performed for synthesized compounds. The elemental analysis and physical data of prepared compounds are
shown in Table 5.
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Table-5 Physical and Analytical data of Ligand HL (3) and Complexes (3 & 4a-e)

Compound M. W. Color lzglg)s < Elemental analysi’fl (%) Calcd. ('l\:/Iound) -

e 2680 | Yellow | 283 | Joon | Go0 | (asy (1530
[Fe(cu(}jtg)moa)ﬂ 6304 | Black | =300 (gg'.gg) (g:gg) (gﬂ) (gﬁgg) (igjgg)
[Zn(c14(|‘—1|€)N403)2] 6380 | vellow | =300 (55):24,;3) (igg) (}QES) (ﬂiig) (ii:gi)
[CU(C1?:|é3N403)2] 6381 | Green | =0 (Esjﬂg) (ﬂg) (%:gg) (196?265) (ii:gg)
ST | o [ own | = | 08 |0 | o5 | oo | o8
[Ni(01?}:e1;OANA)] 3630 | Orange | =300 (2653'.32) (g:gg) (5:‘213) ég'.%) (i;:ﬁ)

IR Spectra

IR spectra of the free ligand HL exhibited IR bands at 3361, 3206 and 1656 cm™ for v(O-H) hydroxyl
proton, v(N-H) of pyrazole carbohydrazide and v(C=0) group of the pyrazole carbohydrazide respectively. The
IR band at1603 cm™ attributed by azomethine v(C=N) [44]. In all complexes (4a-¢) absence of IR band for v(O-
H) indicates deprotonation, the disappearance of the signal due to the involvement of phenolic OH in the
coordination sphere with the corresponding metal ions [45]. The stretching frequencies of v(C=0) in all metal
complexes shifted to lower wave numbers in the region of 1606-1621. This confirmed the oxygen atom of the
carbonyl involved in the coordination [46]. The characteristic band v(C=N) in all complexes were found to be
shifted to a lower wavelength number compared to the ligand HL, these bands appeared in the region of 1603—
1563 cm*. This signifying coordination of the azomethine nitrogen to the central metal ions [47]. In complexes
Fe(ll), Cu(ll) and Co(ll) hydrazide N-H bands appeared at 3200, 3202 and 3201respectively, whereas
disappearance of v(N-H) observed in Ni(ll) and Zn(Il) complexes, it is due to enolisation and followed by
deprotonation [48]. The presence of broad bands in the Ni (II) complex appeared at 3308 cm™ indicated the
presence of water molecules [49]. The IR bands at 502-561 cm™and 472-478 cm™ in the complexes are assignable
to v(M-N) and v(M-O) indication to the coordination between the metal ions with oxygen and nitrogen atoms,
respectively [50-52].

Table 6 FT-IR data of Ligand HL (3) Complexes (3 & 4a-e)

Molecular formula _ _ H>
Compound [ Empirical formula] Ph-OH -N-H C=0 -C=N M-N M-O o
3361 3206 1656 1603
8 C1eHisN<Os cm?! cm! cm! em* | 7T | 7T
1a CoHuFeNgOs | 3200 1621 1603 502 472
[Fe(CisHis N4Os)s] cm? cm? cm? cm? cm?
4b CogH2gNgOgzn | | 1621 1580 555 478
[Zn(C14H14 NAOg)z] Cm-1 Cm-1 Crn-1 Crn-1
4c C28H30CuNgOs
3202 1616 560 477
O I cm? cm? iiﬁ? cm? cm?
4d CsHCONgOs | 3201 1606 1558 558 475
[CO(C14H15N403)2] Cm-1 Cm-1 cm'1 cm‘1 cm'l
s CuMNNiO, | | 1619 1563 561 476 3308
[Ni(014H1704N4)] Cm-1 Cm-1 Cm‘1 Crn-1 Crn-1

'H-NMR Spectra

In *H NMR spectrum of the schiff base, HL. The characteristic signal of the O-H group proton appeared
at & 13.88 (1H, s). The proton of the CONH were observed at § 12.40 (1H, s), pyrazoline N-H proton appeared at
8 10.58 (1H, s), whereas signal at 6 8.44 (1H, s) attributed by azomethine proton (HC=N). Aromatic protons were
resonated in the region 6 6.88-6 7.99, methoxy protons at § 3.32 (3H, s) and methyl protons of CHz appeared at &
2.96. The spectrum of the complexes differs from that of the free ligands as explained. In all metal complexes
absence of OH signal in *H-NMR spectra is attributed by the enolisation and followed by deprotonation during
complexation. This result confirmed involvement of oxygen of OH group in coordination sphere with the
corresponding metal ions [53, 54] *H NMR spectrum of the complex: Fe(II) displayed singlet signals at § 12.07
which could be attributed by the proton of an amide nitrogen. Whereas The disappearance signal of amide proton
observed in complexes Zn(11) and Ni (1), which represents that the ligand coordinated with the metal ion in the
enolic form. This may be due to the donation of the lone pair of electrons from O-N-O to the central metal atom
resulting in the formation of a coordinated bond [55, 56]. The pyrazoline NH proton appeared at the region of 6
8.45- § 9.72 in all complexes. suggesting azomethine group coordinated with metal ions [57]. The *HNR signal
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of methyl and methoxy group in all complexes appeared in the region of & 2.97-2.98 and & 3.42-3.77 respectively.
According to all spectral data following structure of ligands and their metal complexes are confirmed.

— H _
H/N‘N/ °N
O
HO

HL, 3

OCH,

O
o} OCHs
H,CO N<\-H T
3 \Q/V/N‘N &
H = OH,

4d 4e
Fig.1. Structure of ligand, HL (3) and metal complexes (4a-€)

UV-Visible Spectra

The electronic absorption spectrum of the free Schiff base ligand was deliberate in DMSO solvent from
200 nm to 900 nm at room temperature. In the UV-Visible absorption spectra of Schiff base ligands, it was possible
to observe two sets of bands resultant to the n—n* and n—n* transitions of both the carbonyl moiety and imine
bonds, present in the molecules [58]. The electronic spectrum of the free ligand shows a band at 345 nm recognized
to the n—n*transition of the azomethine group. There is a strong band at 277 nm due to a n—n* transition [59].
The electronic spectrum of the Ni(ll) complex shows two bands in the regions 261, 335 nm, respectively, which
can be assigned to n—n* and n—n* and 413 nm this band assigned due to the LMCT transition [60] and

predictable to 3T1(F)—3T1(P),°T1(F)—3Ax(F), and 3T(F)—3T(F) transitions respectively.

5—— _— — —7—74—] 1.6 7

1.5 3

800 900

0 | o I | 0
400 e00
200 400 600 800 200 g Wavelength [nm]

Fig. 2. UV spectra of HL,3 Fig. 3. UV spectra of Ni (11) complex
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Thermal Analysis

The thermal performances of the synthesized complexes were analyzed using TG and DTA techniques
in a temperature series, 25-900°C under a controlled heating rate and were determining the lattice and coordinated
water content in complexes. TG-DTA of the Fe(ll), Zn(I1), Cu(ll), Co(ll) and Ni(Il) complexes were carried out
to study thermal potency, disintegration manners and showed equivalent patterns of thermal decomposition. It is
clear that all the metal complexes undergo thermal decay within three or four steps. Within the Ni (I1) complexes,
Figure 4 illustrates three breakdown stages occurring within the temperature range of 190-760°C. The initial phase
is characterized by the removal of a single coordinated water molecule at temperatures around 240°C. The
subsequent stage involves the partial loss of the ligand within the temperature range of 370-380°C. Finally, the
third phase entails the complete detachment of the ligand at temperatures exceeding 620°C, followed by an
oxidation reaction leading to the creation of metal oxide.

100 ZDOD LT am SO0  sDD IDOD =00 -n B 100 200 1o am Soo L1 oo =00 -i"'

I I I I I I I I 100 - 100

L -] -

m Fo-

=0 - &

= o4 I

= o

A A R A N N N - e 1o

T t mf‘cl 100 20D 1!;.‘ 4 :Blﬂrc:m oD DO L - -]

Fig. 4. TGA-DTA Of Ni (1) Complex Fig. 5. TGA-DTA Of Zn (11) Complex

IV. Conclusions

The synthesis of Fe(ll), Zn(1l), Cu(ll), Co(ll) and Ni(Il) was performed by conventional as well as using
microwave techniques. The reported microwave method has more advantages compared to conventional methods
including clean reaction conditions, shorter reaction time with high yields. The key intermediate Schiff base
ligands were also prepared by efficient and eco-friendly synthetic protocol. Herein the rate of formation for ligand
accelerated by microwave using bio based greener reaction media, ethyl lactate. This method offers unique
features such as reaction complete within a short time, inexpensive and non-toxic green solvent and gives excellent
yield of the desired products with simple and easy reaction conditions and workup process. The synthesized ligand
(HL) and their metal complexes characterized by spectroscopic technique and the structure of synthesized
compounds are well in agreement with all spectral data.
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