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ABSTRACT

A rapid, efficient, clean and environmentally benign exclusive synthesis of Schiff bases as new
ligands has been developed using condensation of 2-amino-1,3,4-thiadiazole with
furfuraldehyde, thiophene-2-carboxaldehyde and pyrrole-2- carboxaldehyde efficiently in a
water suspension medium using acid catalyst with excellent yields under microwaves irradiation.
The results are compared with conventional methods. All Schiff bases were tridentate (NNO
donor) ligands that were used for complexation with Co®*, Ni**, Cu**and Zn**ions. All the
ecofriendly synthesized Schiff bases and their metal complexes were characterized by analytical
and spectral methods. The synthesized Schiff bases and their transition metal complexes were
evaluated for their in vitro antibacterial activity against four gram-negative and two gram-
positive bacterial stains by the agar-well diffusion method. Schiff bases were found to exhibit
either no or low to moderate activity but all the complexes exhibited varied vigorous activity
against different bacteria. Schiff bases which were inactive before complexation became active
and less active became more active upon coordination with mentioned bivalent transition metal
ions.

Keywords: Microwave irradiation, Schiff bases, Coordinatiomnpounds, Antibacterial
activity.

INTRODUCTION

Schiff bases and their biologically active complekave been studied extensively over the past
decade [1]Day by day Schiff bases are more frequently appieedhe betterment of human
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welfare. The importance of the Schiff base is dseversatile nature. Literature survey shows
that many Schiff bases exhibit biological actisti¢l-4] such as antifungal, antibacterial,
antitumor, anti-inflammatory and antipyretic amootfpers. Some of them have been used as
complexing agents [5, 6] and powerful corrosionibitbrs [7]. The chemistry of metal
complexes with Schiff base ligands and their appilicn have aroused considerable attention,
mainly because of preparative accessibility, ditgr@nd structural variability [2]. Schiff bases
belong to a widely used group of organic intermediamportant for production of specialty
chemicals, e.g. pharmaceuticals, or rubber additi@ and as amino protective groups in
organic synthesis [9-13]. They also have uses qgdlicrystals [14] and in analytical [15],
medicinal [16] and polymer chemistry [17].

A big challenge facing academia and industry is rlationship of modern societies to the
environment that requires reinventing the manufactand use of materials. Synthetic
methodologies nowadays should be designed to usgemerate substances that possess little or
no toxicity to human health and the environmentn¥@mtionally Schiff bases have been
prepared by refluxing mixtures of the amine and dadbonyl compound in an organic solvent,
for example, ethanol or methanol [18], but variasi@are known. In general, ketones react more
slowly than aldehydes and higher temperatures amgel reaction times are often required as a
result. In addition, the equilibrium must often ¢iefted, usually by removal of the water, either
azeotropically by distillation or with suitable dng agents [19-20]. In recent years,
environmentally benign synthetic methods have weckiconsiderable attention and some
solvent-free protocols have been developed [21¢rdivave assisted organic synthesis (MAOS)
has become increasingly popular in recent yeammpoove the yields and shorten reaction times
in a variety of reactions [22]. Prompted by the\sbmentioned biological and multifunctional
activities of Schiff bases and their metal compgexs well as the utility of microwave
irradiation in synthesis, we decided to synthesmene new Schiff bases of 2-amino-1,3,4-
thiazole with furfuraldehyde, thiophene-2-carboxdigde and pyrrole-2- carboxaldehyde in
water suspension medium using acid catalyst underomave irradiation without using any
non-ecofriendly organic solvent and the productsewsolated simply by filtration. We report
the ecofriendly synthesis, structural characteioratind antibacterial activities of synthesized
new ligands and their complexes with Co(ll), Ni(lQu(ll) and Zn(ll) ions respectively in this
research paper.

EXPERIMENTAL SECTION

All starting reagents were purchased from commers@aurces and used without further
purification. Melting points were determined orMa&l-Temp melting point apparatus and are
uncorrected. Infrared spectra were recorded omldlidmpact-410 FTIR spectrophotometer.
NMR spectra were recorded on a Brucker Varian-3¢zNMIMR spectrometer in DMSOs@s
solvent and TMS as an internal standard. All conrmoisuwere analysed satisfactorily for C, H
and N using Carl-Ebra 1106 elemental analyser iorananalytical laboratory. Thin layer
chromatography (TLC) was carried out on silica gates (Fluka-Kieselgel, 0.2 mm thickness)
and the plates were scanned under 254 nm ultravigi. Ultra-violet spectra were recorded on
a Hitachi U-2000 double-beam spectrophotometer.ndag susceptibility measurements of the
metal complexes in the solid state were determioyeal Gouy balance at room temperature.
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2.1: Synthesisof Ligands

A reaction mixture of 0.01 mol of 2-amino-1,3,4atliazole in ethanol, 0.01 mol of the
appropriate aldehydes and 2 drops of concentratipthisric acid was kept inside a microwave
oven (BPL make-model, BMO: 700T) operating at 16@dWabout fifteen minutesScheme 1
After completion of the reaction the product wasined in water and then allowed to cool to
room temperature. The resulting solid was recrlyaéal from hot ethanol. The progress of the
reaction was monitored by TLC after every 3 minufesC showed complete conversion after
15 minutes.

H

/i N— N EtOH-H,SO, N—N
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Scheme-1

2.2: Synthesis of Complexes

All the metal complexes were prepared by the storaktric reaction of the corresponding metal
(1) chlorides with the Schiff base ligands in alaroratio (M: L) of 1:2. A mixture of ethanolic
solution of appropriate ligand (0.02mol) and mekal€hloride (0.01mol) was microwave
irradiated for about 10 minutes and the solid fainugon cooling was collected by suction
filtration and then crystallisation from aqueoukagtol purified products were obtairfedheme-
2).

MMWI

MCly+2LH 10-15 rrmtes

Lo

Scheme-2

All the metal complexes were intensely coloured amdaorphous solids except that of zinc
complexes which were light yellow in colour and clepose above 180 without melting.
They were insoluble in common organic solvents ethanol, methanol, chloroform, acetone
etc. but fairly soluble in DMSO and DMF.
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2.3: Biological Evaluation

The synthesized ligands (1-3) and their correspandnetal (Il) complexes were screened in
vitro for their antibacterial activity against fo@ram-positive E.coli, P.aeruginosa, Styphi &
Sflexeneri) and two Gram-positiveB(subtilis & Saureus) bacterial strains by the agar-well
diffusion method[23]. The minimum inhibitory condeation was determined using the disc

diffusion technique [24].

RESULTS AND DISCUSSION

3.1: Chemistry of Ligands

The purity of the synthesized Schiff bases was lidetaon TLC plates and the spots were
visualized under ultraviolet light at 254-366nm aby spraying with iodine vapour. The
structures of all synthesized ligands were estaddls through elemental analyses and
spectroscopic data (IR &H-NMR). The table-1 presents the characterisation data of the
compounds under investigation.

Table-1. Comparative study of Microwave irradiated and Traditional methods of synthesis of Ligands

Compound MW Method Traditional Methods
Mo.|Formula & Colour| m.p-(K} | Fimegmin) };‘:;;T Tinea{Hr.) I;::;;i;d
CiH:H-,03
1 7HsH3 393 - 305 0% 93 0.2
(Yellow Fowder ) 8
CoH-H-35
2 (Yelfo‘aaj P Wdir) 390 - 302 10 92 0.8 32
CqHZN, S
- ]3] Q5 0.5 85
| (Tellow Powder) | 401~ 402

The structures of all the synthesized Schiff bases established through IR and 1H-NMR
spectral data. Further support for their structuvas derived from elemental analyses (Table-2).

IR Spectral studies:

The IR spectra of Schiff base ligands'l to L°H) showed the azomethine (HC=N) and
thiadiazole stretchings at 1640 and 1620 crespectively. In addition, the spectrum oHL
showed a band resulting from the NH stretchindhefpiyrrole moiety at 3215 ¢

Table-2: Analytical data of Ligands

Amalytical Data Expt. (cal) %%
Schiff Base Ligands Mol. Mass .
(z/mol) C H N 5
(3H5N, 08 g 1799 472096 9 2928 BAEE | 1780178
CaHs M4 54 I.2H 1953 4335 {43.1) 2.402.8) 2130215} 3200327
3
CeHgH,5 g 1722 47104723 35054 318314 120175
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'"H-NMR Spectral studies:

The 1H-NMR spectra of the investigated Schiff ba@e'# to L*H) displayed the thiadiazole
proton and azomethine protons (HC=Nyat 8.71 — 8.74 and = 6.26 — 6.33, respectively as
singlets. The @H and G-H of the furan, thiophene and pyrrole moietiealbtthe compounds
appeared as separate doublet8 at6.95 — 7.27 and = 6.63 — 7.45, respectively. The-8,
however, appeared as a double doublétat5.93 — 7.17. The 1H-NMR spectrum ofH_also
displayed N-H proton as a broad singles at9.77.

3.2: Chemistry of Metal Complexes:

All the metal complexesl¢12) were air stable and prepared by the stoichiomedaction of the
corresponding metal (Il) chlorides with the Scluéfse ligands in a molar ratio (M:L) of 1:2. All
the metal complexes are intensely coloured and @imoois solids except that of zinc complexes
which were light yellow in colour and decompose \ad9dC without melting. They were
insoluble in common organic solvents viz. ethan@thanol, chloroform, acetone etc. but fairly
soluble in DMSO and DMF. Their solubility behavemd elemental analysis data suggested that
they are monomers. The molar conductance of theblolcomplexeg1-9) in DMF (10 *M
solution at 298K) indicated that they all are elelgtic in nature [25] however, the metal
complexeq10-12)were found to be non-electrolytic in nature [ZBje elemental analysis was
also found to be in agreement with the proposechddaie for the ligands and also confirmed the
[M(L) 2] and [M(L),]Cl, composition of the metal (II) complexes. Thable-3 & 4 present the
characteristic data of the complexes under invastg.

Table-3: Comparative study of Microwave irradiated and Traditional Methods of synthesis of Metal

Complexes
Metal Complexes MW Method Traditional Method

3l |Formulaof Complex| Colowr Time field (%) Time Tield
Mo (mir) (how s (%6
1. CaHpCaC 1 g0e3, | Blue purple 4 o 1.20 60
2. | CuHwCuCle0z3;: | Dakbrown fi 21 2.00 58
3. C14H 1t TiC 11 g01954 Green & 93 1.20 58
4, C14H10Z2001aWe0 53 | Light wellow 7 o0 1.55 @0
5. C 14H10C oC 1M 6534 Light pink & &9 1.60 58
6. | CraH1Cul1a 634 Dirty green S 91 1.40 37
7. C 14H10H1C 1N 53 4 Light green o o3 1.50 55
g, C14H10Z200 15 65 White 7 &9 1.45 i
9. C14H1pT ol g3, Orarge red [ 5 o2 1.25 i
10, | CraHinCuld a3z Dark green & 20 1.56 38
11, | CraH1pHiNg3, Light green g &9 1.60 ]
12, | CraHppEn 1508, Light yellow o o1 1.5 L
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IR Spectral studies:

The comparision of the IR spectra of Schiff bade$i(to L*H) and their metal complexe&-(
12) indicated that the ligands are principally coortiaato the metal ions in three ways, thus
acting as tridentate ligands. The bands appeating 635 — 1640 cthdue to azomethine
linkage in the ligands is shifted to lower frequerzy ~ 10 — 20 ci in the complexes,
indicating the participation of the azomethine aggn in complexation with the metal ion. The
band at ~ 1615 — 1620 ¢hassigned to the thiadiazole ring (C = N) vibrasiés also shifted to
lower frequency by ~5 — 20 ¢mwhich is indicative of the involvement of theatliazole ring

in the complexation. Also, a band at ~3215cattributed to NH stretching in the ligahdH
disappeared in its metal complex&1@), indicating deprotonation of the NH moiety during
coordination. Further, evidence of coordination tbe ligands with the metal ions was
established by far IR spectra in which new band368t-365, 455 — 460, 510 — 515, 520 — 530
and 535 — 540 cthassigned to M-S(thienyl), M-O(furanyl), M-N(pyrifyM—N(thiadiazole)
and M-N (pyrroryl) in the spectra of the investegtmetal complexes were observed, which
were not present in the their corresponding undoatdd Schiff base ligands [27].

Magnetic Moment studies:

The room temperature magnetic moments of the sollt (Il) complexes were found at 4.1 —
4.6 B.M., indicative of three unpaired electrons @e(ll) ion in an octahedral environment [28].
The Cu(ll) complexes showed.quvalues in the range of 1.3 — 1.5 B.M., indicateone
unpaired electron per Cu(ll) ion suggesting thas#investigated complexes had structures with
in the range consistent to spin-free distorted reedeal geometry [30].The Ni(ll) complexes
showed i values 3.2 — 3.4 B.M. corresponding to two ungh@kectrons per Ni(ll) ion for their
ideal six-coordinated configuration [29]. All thenz (II) complexes were diamagnetic in nature.

Electronic Spectral studies:
The electronic spectra of Co(ll) complexés, (5) and Q) showed three bands at 8780 — 8810,
17475 — 17775 and 30235 — 30270%mvhich may be assigned to

T1g— *Tog (F),
T1g— Az (F)

transitions respectively, and suggested octahge@hetry [28-29] around the Co(ll) ions.

The investigated Cu(ll) complexeg)( (6) and @(0) showed absorption bands between 10Dq
band for distorted octahedral geometry correspanf8f] to the transitions

2 2
Eg — TZg

The Ni(ll) complexes3), (7) and (1) exhibited three bands at 9960 — 10165, 158501536
and 29940 — 29985 chassignable [27-28] respectively to the transitions
Aag (F) = "Tag (F)(v2),
Azg (F) = "Tag(F) )(v2)
and *Asg (F) — >T2g(P)(v3)
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which are characteristic of Ni(ll) in octahedrabgeetry.

Table-4: Analytical & Physical Data of Complexes

Analytical Data .
S1. Formulae of Mol Mass Found(cal) % Reff | Electrolytic
Mo Complexes (g/mol) R H ' N g M (BM.)| Nature
1.| CuH1CoChN a5 4379 346 | 21 170 | 132 | 121| 41 | HNonelectolyte
a4 | 20 | 072 | ga (120
2| 0t 058, 4925 340 | 24 173 | 13p | 130 | 13 | HNoneslectrlyte
X _ a1 | 28 | A o (129
20| CeHwiCl 60832 4877 345 | 24 171 | 31 | 121 32 | Nonelectrolyte
) @am | @a | 013]| qan [0z
4| CuHZnCLNOoS,; 4944 342 | 23 168 (14]3:' 133 | 00 | MNonelectrolyte
= 340 | @0 | 00| (139|134
S- | CuHuCoChNes 3200 325 | 17 163 | 345 | 115 46 | Wonelectiolyte
| g (323 | (19 | (162 | gam (113
6 14 1fCuC Tt o34 3246 23 | 17 164 | 246 |124 15 | Woreelectrolyte
i _ (320) | (19 | (160} | (244 |(123)
I C14H 10040 12M 634 5108 321 1.7 16.5 245 | 125 34 Hon-electrolyte
(323 | 0190y | (162 | faae [(124)
8. CuHuZnClNey 5265 320 | 17 156 | 245 | 124 | 00 | Nowelectrolyte
BLA (19 | (153 | 242 f124
9.] T digs: 4133 03 125 | 205 | 156 | 143| 44 | Nonelestmlyte
(4050 [ 24 | @] 155 (142
10, CuHwCul s 4179 05 | 22 | M6 | 155 | 154| 14 | Nonelectolyte
M2y 2e | 26 (153) ] (152)
11. -
C 14 10l N 555 RER {333-81} 23 | 275 | 153 | 147 | 33 | Howelectolyte
: 24 | @210 55| (142)
12| CrHRENCRN G 4193 309 28 270 156 | 158 00 | Monelectml
@m | e | @n| asa| 058 onelestiolyte
”
S N R
\ /=
M

N
N W ““\HI[// . - %CH cly
L\ /M jo ' \Q

\\\ / R ‘“'/
g \ \ \XCH L 'i?, i
A/ \\ R=H X=0 R=H
R N R R=H X=S§ R=H

Figure-1 Figure-2
M = Co(ll), Cu(ll), Ni(ll) or Zn(ll)
(Proposed structural formulae of the investigated ratal complexes)
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The diamagnetic Zn(ll) complexe4)( (8) and (2) did not show any d-d bands and their spectra
were dominated by the charge transfer bands at®8&8975 cr.

On the basis of the above observations, it is teels suggested that Co(ll), Cu(ll), Ni(ll) and
Zn(ll) investigated complexes show an octahedrahgery Figure-1 & 2] in which the Schiff
bases act as tridentate ligands.

3.3: Antibacterial studies of the Schiff base ligands and their Metal complexes

The antibacterial activity of the synthesized Sthidses I(*H to L3H) and their corresponding
metal complexes1( — 12 was determined against four Gram-negatitsclierichia coli,
Pseudomonas aeruginosa, Salmonella typhi & Shigella flexneri) and two Gram-positive
(Bacillus subtilis & Staphylococcus aureus) bacterial stains. The synthesized Schiff bases an
their corresponding metal (lI) complexes eitheribibd no or varying degree of inhibitory
effects (low to moderate) on growth of differerdtesl strainsTable-5).

Table-5: Primary screening of the synthesized Scliibases and their metal (1) complexes for antibaetrial

activity
Gram-positve Bacteria Gram-negzative Bacteria
Schiff hase [

Complexes E coli F agruginose Sfyphi S flexeneri Bsubtilis 5 aurens

U'H 07 00 00 oo 0g 10

H 0g 08 08 06 08 09

By 09 10 ao 0o ao 10

1 14 07 09 12 17 17

2 13 07 07 13 17 17

3 14 09 a7 12 16 17

4 15 0% 07 13 17 15

s 17 14 15 14 16 19

6 16 15 13 13 16 17

7 19 14 14 16 12 12

8 17 14 14 14 19 12

9 12 16 a7 06 15 20

10 17 15 06 06 15 19

11 16 16 08 08 14 20

12 16 14 08 a7 13 12
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The compound tH was found to be inactive against all the Gramatigg species,
Pseudomonas aeruginosa, & Shigella flexneri.

The compound fH was found to be inactive against the Gram-negasipeciesEscherichia
coli, Pseudomonas aeruginosa, Shigella flexneri & Salmonella typhi and the Gram-positive
species Bacillus subtilis. The compound.*H showed no inhibitory action against the Gram-
negative speciessalmonella typhi & Shigella flexneri, and the Gram-positive speci@gcillus
subtilis.

In contrast, the growth of all the Gram-negativel @&ram-positive species was inhibited by all
the metal complexes under investigation. Thesdtsesubstantiate our findings and the findings
of some other workers [31-32] that biologically ¢tigse compounds become active and less
biologically active compounds become more activenugoordination. The higher activity of the
metal complexes may be owing to the effect of metas on the normal cell membrane. This
can be well ascribed to Tweedy’s Chelation The88].[

CONCLUSION

Based on various physiochemical and structuralsiigations, it was concluded that the ligands
act as tridentate (NNO donor) forming octahedrahglexes with Co(ll), Cu(ll), Ni(ll) and
Zn(ll) ions. Furthermore, the current study strgndé¢monstrates that these complexes are more
effective antibacterial agents than the parennliga

In the present protocol, we observed better yiglds shorter period compared to the reactions
carried out in the non-aqueous medium. The compohiagde been characterized by comparing
their melting points and by the spectral and amnadytlata (provided in the experimental part). In

conclusion, we have described here an efficientemdronmentally benign synthesis of Schiff

base ligands and their corresponding metal (Il) mlewes under microwave irradiation using

water and ethanol as solvents and acid as grealystat-urther, this method is simple, mild and

ecofriendly from green chemistry point of view.
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