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ABSTRACT

A rapid, efficient, clean and environmentally bengxclusive synthesis of Schiff bases as new
ligands has been developed using condensationamhiBenicotinic acid with salicyldehyde, 5-
nitrosalicyldehyde, 5-bromosalicyldehyde and 5-roeyisalicyldehyde efficiently in a water
suspension medium using acid catalyst with exdeyieds under microwaves irradiation. The
results are compared with conventional methodlé.the Schiff bases were tridentate (NNO
donor) ligands that were used for complexation v@ti*, N#* and Zri*ions. All the ecofriendly
synthesized Schiff bases and their metal compleaes characterized by analytical and spectral
methods. The synthesized Schiff bases and thesiti@n metal complexes were evaluated for
their in vitro antibacterial activity against fougram-negative and two gram-positive bacterial
stains by the agar-well diffusion method. Schidsawere found to exhibit either no or low to
moderate activity but all the complexes exhibitedied vigorous activity against different
bacteria. Schiff bases which were inactive befammmexation became active and less active
became more active upon coordination with mentidmnedlent transition metal ions.

Keywords: Microwave irradiation, Schiff bases, Coordinati@ngpounds, Antibacterial activity.

INTRODUCTION

Schiff bases and their biologically active compkexave been studied extensively over the past
decade [1]. Day by day Schiff bases are more freitypu@pplied for the betterment of human
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
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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 intermegiamportant 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 qsdlicrystals [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 @mgel reaction times are often required as a
result. In addition, the equilibrium must often stgfted, 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{alZzed synthesis of imines under solvent-
free conditions using microwave irradiation hasrbesported [22, 33]. Based on these facts, we
decided to synthesize some new Schiff bases of i@esmeotinic acid and salicyldehydes 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(nd Zn(ll) ions respectively in this research
paper.

MATERIALS AND METHODS

All starting reagents were purchased from commers@urces and used without further
purification. Melting points were determined orM&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 conrmaisuwere 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 determinyeal Gouy balance at room temperature.

2.1: Synthesisof Ligands

A reaction mixture of 0.01 mol of 2-aminonicotiracid in water, 0.01 mol of the appropriate
aldehydes and 2 drops of concentrated sulphurat \aes kept inside a microwave oven (BPL
make-model, BMO: 700T) operating at 160 W for abten minutes $Scheme )L After
completion of the reaction the product was pouredvater and then allowed to cool to room
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temperature. The resulting solid was recrystallizech hot ethanol. The progress of the reaction
was monitored by TLC after every 3 minutes. TLC vgbd complete conversion after 10
minutes.

0
4
OH COOH
o 6 — ]
R CHO  NT TNH, ol N7 N SER
| 24
HO™ ™
1.R=H
2.R=5Br
3.R = 5-NO,
4.R = 5-0CH,
SCHEME- |

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 métpl¢chloride (0.01mol) was microwave
irradiated for about 10 minutes and the solid fatmgon 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 depose above 180 without melting.
They were insoluble in common organic solvents ethanol, methanol, chloroform, acetone
etc. but fairly soluble in DMSO and DMF.

2.3: Biological Evaluation

The synthesized ligands (1-4) and their correspandnetal (Il) complexes were screened in
vitro for their antibacterial activity against fo@ram-positive [.coli, P.aeruginosa, S.typhi &

S.flexenedi and two Gram-positiveB(subtilis & S.aureusbacterial strains by the agar-well
diffusion method[23]. The minimum inhibitory condeation was determined using the disc
diffusion technique [24].
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RESULTS AND DISCUSSION

3.1: Chemistry of Ligands
The purity of the synthesized Schiff bases was lideton TLC plates and the spots were

visualized under ultraviolet light at 254-366 nmdaby 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 comparative data of methods
applied for the synthesis of the ligands under stigation.

Table-1: Microwave irradiated and Traditional methods of synthesis of ligands

Comp ound MW Method Traditional Methaods
No.|Formula & Colour| m.p.K) | Finefmin) I;’:;;T Tinea{Hr.) I;!:;;i;ﬂ
CraHinlT: Oy .
1 (Y ellow) 306-307 04 93 0.2 75
o | CBEBIROBr T ua7.409 | g5 29 0.5 70
(Tellow)
CraHp 1305
3 (Dark Yellow) 413-416 o7 27 0.8 63
Cy3Hp ML O
4 1321125900 408-411 09 a3 1.0 &5
(Tellow)

The structures of all the synthesized Schiff basese established through IR and 1H-NMR
spectral data. Further support for their structuvas derived from elemental analys€alfle-2).

Table-2: Analytical data of Ligands

Analytical Data  Expt.(cal) %
Schiff Base Ligands Mol. Mas=s .
(z/mol) C H N 0
1
C1zH10M 03 LH 2422 648 (64.5) 45043 | 1150116 [19.2 (19.6)
C13Hg Nz 03Br L°H 3211 422 (43.6) 3230 | BEGT 1440147
CISHQNSOE LBH RT3 S4E (544 35033 14501481 |27 2 (27_3:,
4
Cj3H,N04 L'H 2723 62.1 (61.8) 43(47) | 1040105 |23.2{23.5)

IR Spectral studies:
The IR spectra of Schiff base ligands'l to L*H) showed bands resulting from the OH

stretchings of phenol and carboxyl function in #¥20-3425 and 3530-3540 &nregions
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gespectively, whereas the carboxyl (C=0) stretchimgere observed in the 1680-1685 cm
regions.

The azomethine (HC=N) stretchings were observeithén1630-1635 crhregion, whereas the
pyridine (C=N) stretchings appeared at 1610'émall the cases.

"H-NMR Spectral studies:

The *H-NMR spectrum ofL*H displayed OH proton of the phenyl moiety&atl0.22 and the
carboxyl OH proton ab=11.32 as singlets. In the rest Schiff bade®H(L “H), the *H-NMR
spectra exhibited the OH protons of the phenol treseat6=10.21-10.45 and the carboxyl OH
protons at=11.31-11.42 as three separate singlets. The ahoragtHC=N) protons of all the
Schiff bases appeared as singlet$=8.66-8.93.The'H-NMR spectrum ofL*H demonstrated
the phenyl G-H and G-H as a doublet of double double®a.96 andb=7.21, respectively. The
phenyl G-H and G-H however, appeared as double doubléi=at11 and5=7.85 respectively.
The'H-NMR spectra of.?H andL*H displayed phenyl €H as a doublet &=7.15 and5=7.16
respectively. The phenyl¢H experiencing a deshielding effect due to theuatide effect of
HC=N function, resonated as a doubletéa?.89 andd=7.86 respectively. The phenyl,-€
appeared as a double doubletséal7.25 andé=7.21 respectively. In addition, the methoxy
protons in the case af*H appeared as a singlet &t3.59. In the case df*H, the 'H-NMR
spectrum exhibited the phenyk-@ as a doublet ai=7.00. The phenyl £H, experiencing a
deshielding effect due to the electron attractiffgot of the nitro group, appeared as a double
doublet at6=8.41. The phenyl £H, being deshielded due to inductive effect of (RE=N)
function and the electron attracting effect of th&o function at 5-position, appeared further
downfield as doublet &=8.68. As far as exhibition of the different pyndiprotons in all the
Schiff bases by th&H-NMR spectra is concerned, a very small differeimcéne s values was
observed. The pyridine 481 and G-H appeared as a doublet &t8.31- 8.75, respectively,
whereas GH resonated as a doubletaf7.38 — 7.41.

3.2: Chemistry of Metal Complexes:

All the metal complexesl¢12) were air stable and prepared by the stoichiomedaction of the
corresponding metal (ll) chlorides with the Scluéfse ligands in a molar ratio (M:L) of 1:2. All
the metal complexes are intensely coloured and amoois solids except that of zinc complexes
which were light yellow in colour and decompose \ad90C 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 thibtomplexes in DMF (18M solution at
298K) indicated that they all are non-electrolytimature [25]. The elemental analysis was also
found to be in agreement with the proposed formdteethe ligands and also confirmed the
M(L), composition of the metal (Il) complexes. Thable-3 & 4 present the comparative data
of methods applied for the synthesis of the metahmlexes and characteristic data of the
complexes under investigation respectively.
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Table-3: Microwave irradiated and Traditional methods for synthesis of complexes

MMetal Complexes LIW method Traditional methods

Nao. Formula Colour Time(min})| Yield (%) | Time(hour} | Yield (%)
1. CygHygCoNyOg Light Pink | < 95 15 69
7. Oy Hy N NyOg Light Green | § 93 1.2 65
3. Cy gH) g Zn ;O PaleYellow | 3 95 1.0 68
4. | ¢yeH cCoBryNjOg | Pink 5 73 L7 67
5. | CygH g NiBryNjOg | BrightGreen | 7 8 175 63
6. 5 gHp ¢ Zn Bry NyOg Light Yellow 4 96 0.85 69
7| CgHyCoN 0 Red 7 B8 1.50 65
8. CI (iHl(iN 1N 6 Opg Light Green 2 95 100 63
9. CysHygZnN 6 Opg Pale Yellow 5 21 1.25 69
10.| ¢,0H,,CoN,Og Red 2 89 1.87 65
11. CIS HI Z'N 1N 403 Yellow Green | # 91 1.54 68
12.| CygH,, Zn NyOg White 3 84 1.15 66

IR Spectral studies:

The comparision of the IR spectra of Schiff base$i(to L*H) and their metal complexe&-(
12) indicated that the ligands are principally coortiéaato the metal ions in three ways, thus
acting as tridentate ligands. The bands appearing 5630 — 1635 cidue to azomethine
linkage in the ligands is shifted to lower frequeiy ~ 5 — 15 cit in the complexes, indicating
the participation of the azomethine nitrogen ireiattion with the metal ion. The band at ~ 1610
cm?, assigned to the nitrogen of the pyridine ring s also shifted to lower frequency by ~
5 cmi*, which was indicative of the involvement of theigine ring N in the coordination with
metal ions. A broad band, appearing at ~ 3420 -5 342" assigned to OH in the Schiff bases,
was no longer found in the spectra of the invesidjanetal complexes and instead, appearance
of a new band at ~ 1380 — 1385 tuiue to (C-O) stretching vibrations, indicated aépnation
and coordination of the hydroxyl oxygen to the rheéta. Further conclusive evidence of
coordination of these Schiff bases with the metasiwas shown by the appearance of weak low
frequency new bands at 525 — 530 and 455 — 466, dihese were assigned [26-27] to the
metal-nitrogen (M — N) and metal-oxygen (M — O)raitions, respectively, and were observed in
the spectra of the investigated metal complexeshahéh the spectra of the uncomplexed Schiff
bases, thus confirming participation of the O &thras in the coordination.
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Table-4: Analytical & Physical Data of Complexes

Amnalytical Data ]
Mol Mass Found(cal) % leff Electrolvtic
Nao Complexes (g/mol) C H ' N M (B.ML) Nature
1| & HoColN,0Og 540.9 518 31 104 109 39 Non-electml
267718 46 577 53 a0 | doss on-electmolyte
2| CygHgNiNOg 5407 | 519 | 37 103 | 109 3.2 Non-¢lectrolyte
26718 LT | 33 | (104 | (109 on Mon-eleetol
3' {-_1161{13 Z:“'N;I.Oﬁ 54?4 511 35 103 112 on-glectro Ef'tE
- 570 33 '
4| C6H16C0BY, N0 | 6987 ws | 55 ':;Df:' P 41 Nonelectrolyte
< 447 23 ' '
S| e eNiBNOs | 6985 | aas | oi) GO | @0 | 2] Henekotolyt
. (AT (23 : _ 0a i
| CeHiZnByN©Os | 7052 | a3z | 25 égjm ;8441’ Nor-¢lectrolyte
7| , (442 | 23 | o 93 40 !
('HiHl(i(' UNGOJ.U 6309 4973 27 IiE_S) {g_jj Mon-electrolyte
. . M5 @s | namn | (o3
8. 'zﬁH].()Nl N{) O]_ﬂ 6307 437 16 132 (94) 34 Hon-electrolyte
o (495 | 25 (33 | (93
7| GetenNgOpg 6374 | @1 | 25 | 134 | 104 | g | Noneleotmiyte
e 2 (13.3 (10.3)
10, DzSH: 2{‘0N403 6009 363 36 95 9.9 43 Norelectrolyte
(560 (3.7 (9.3 (908 :
11| CgH,,NiNOg 6007 fgﬁ?m g; (9913) {99.98) 33 Non-electrolyte
| 54.5 -
12.| CygHy) ZnNOg WA G| e | ey oy | 00| e

Magnetic Moment studies:

The room temperature magnetic moments of the solilt (1) complexes were found at 3.9 —
4.2 B.M., indicative of three unpaired electrons @e(ll) ion in an octahedral environment [28].
The Ni(ll) complexes showed:gvalues 3.2 — 3.4 B.M. corresponding to two unghekectrons
per Ni(ll) ion for their ideal six-coordinated cagiration [28]. All the zinc (I) complexes were
diamagnetic in nature.

Electronic Spectral studies:
The electronic spectra of Co(ll) complexéd$, (4), (7) and @0) showed three bands at 8780 —
8810, 17475 — 17775 and 30235 — 30270 cwhich may be assigned to
Tig— T2y (F),
Tig— Az (F)
transitions respectively, and suggested octahge@hetry [28-29] around the Co(ll) ions.
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The Ni(ll) complexes ), (5), (8) and (1) exhibited three bands at 9960 — 10165, 15850 —
16155 and 29940 — 29985 trassignable [27-28] respectively to the transitions

*Azg (F) = *Tog (F)(v0),
*Agg (F) = *T1g(F) )(v2) and
*Azg (F) = *T2g(P)(v3)

which are characteristic of Ni(ll) in octahedrabgeetry.

The diamagnetic Zn(ll) complexe8)( (6), (9) and (2) did not show ant d-d bands and their
spectra were dominated by the charge transfer batr28850 — 28975 ch

On the basis of the above observations, it is teety suggested that Co(ll), Ni(ll) and Zn(ll)
investigated complexes show an octahedral georfieigyre-1] in which the Schiff bases act as
tridentate ligands.

‘ ~._COOH
N/ N~ R
v,
e} M (@)
L]
. N N
_

HOOC
Where R = H, 5-Br, 5-N©& 5-OCH; and M = Co(ll), Ni(ll) or Zn(ll)

Figure — 1: Proposed octahedral structural formulaeof the investigated Metal Complexes

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

The antibacterial activity of the synthesized Schidses I(*H to L*H) and their corresponding
metal complexes1( — 12 was determined against four Gram-negati#scherichia coli,
Pseudomonas aeruginosa, Salmonella typhi & Shigéianer) and two Gram-positive
(Bacillus subtilis & Staphylococcus aur@usacterial stains. The synthesized Schiff bases an
their corresponding metal (1) complexes eitheribitéd no or varying degree of inhibitory
effects (low to moderate) on growth of differerdtezl strainsTable-5).

The compound TH was found to be active against all the Gram-pasiand Gram-negative
bacteria. The compound* was found to be inactive against the Gram-negasipecies,
Escherichia coli, Pseudomonas aeruginosa & Salmartgphi and the Gram-positive species,
Bacillus subtilis.The compound.*H showed no inhibitory action against the Gram-negati
speciesSalmonella typhi & Shigella flexnerand the Gram-positive specidacillus subtilis
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The Schiff basel.?’H was found to be inactive against the Gram-negatpeziesPseudomonas
aeruginosa & Shigella flexneri.

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 [30-31] 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].[

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

activity
Gram-posiive Bacieria Gram-negative Bacteria
Schiff hase [
Complexes E coli P.acruginoss | Sipphi 5 flexeneri Bsubtilis S aurens

Uy 0% 08 00 00 0o 05
2y nE oo 06 0 07 09
Bu 0% 0 07 06 06 08
dy 0 il il 1 oo 08

1 14 11 ne 0y 11 14

2 12 15 1 05 13 17

k] 14 11 14 0z 10 13

4 13 10 10 09 . 17

5 12 12 10 n 1 15

] 19 11 11 0z 16 12
7 13 14 13 12 10 13

8 15 16 15 13 1 12

9 12 16 14 12 13 17

10 2 07 08 13 08 12
11 12 07 0z 13 03 12
12 10 0z a7 13 09 15

00: absence of measurable inhibitory action; 9 <ak; 9 — 16: moderate and > 16: significant

CONCLUSION

Based on various physiochemical and structuralstigations, it was concluded that the ligands
act as tridentate (NOO donor) forming octahedrahglexes with Co(ll), Ni(ll) and Zn(ll) ions.

74

Pelagia Research Library



K. P. Srivastavaet al Der Chemica Sinica, 2011, 2 (2):66-76

Furthermore, the current study strongly demonstréttat these complexes are more effective
antibacterial agents that the parent ligands.

In the present protocol, we observed better yieids shorter period compared to the reactions
carried out in the non-aqueous medium. The compohagde been characterized by comparing
their melting points and by the spectral and aiditlata (provided in the experimental part). In
conclusion, we have described here an efficienteamndronmentally benign synthesis of Schiff

base ligands and their corresponding metal (ll) plewes under microwave irradiation using

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

ecofriendly from green chemistry point of view.

REFERENCES

[1] Azza AA and Abu-Hussed, Coord Chem 2006 59, 157

[2] Mladenova R., Ignatova M., Manolova M., Petrovaahd Rashkov I.Eur. J. Polym 38,
2002 989

[3] Sridhar S.K., Saravanan M. and RamesheAr,J.Med.Chen001, 36, 615

[4] Karthikeyan M.S., Prasad D.J., Poojary B., Bhat.KB8olla B.S. and Kumari N.S.,
Bioorg.Med.Chem200614, 7482

[5] Panneerselvam P, Nair R.R, Vijayalakshmi G.SubraamarE.H., and Sridhar S.K.,
Eur.J.Med.Chen2005 40, 225

[6] Campo R. et all. Inorg. Biochem2002,89, 74

[7] Huang G.S., Liang Y.M., Wu X.L., Liu W.M. and Ma X., Appl. Orgnomet. Chem2003
17, 706

[8] Adams, J. PJ. Chem. Soc., Perkin TrarZ)00,, 125

[9] Macho, V.; Kralik, M.; Hudec, J.; Cingelova, J. Mol. Catal. A: Chen2004,69, 209

[10] Abbaspour, A.; Esmaeilbeig, A. R.; Jarrahpour, A; Khajeh, B.; Kia, R.,Talanta,
200258,397

[11] Jarrahpour, A. A.; Motamedifar M.; Pakshir, K.; HaN.; Zarei, M.,Molecules,2004,9,
815

[12] Higuchi, M.; Yamamoto, KOrg. Lett,1999, 1,1881

[13] Yildirm L. T., Atakol O.,Cryst. Res. Technd2002,37, 1352

[14] Costamagna J., Vargas J., Latorre R., Alvaraddsena G.,Coord. Chem. Rev1992119,
67.

[15] Garnovski A. D., Nivorozhkin A. L.Coord. Chem. Revi993 126, 1

[16] Fedtchouk, Lozitsky V.P., Muratov E.N., Mescheriak®d.K., SAR & QSAR Environ. Res.
2005 16, 219

[17] Shi L., Ge M., Tan S.H., Li H.Q., Song Y.C., ZhuLHand Tan R.X.Eur.J.Med.Chem
2007 42, 558

[18] Klingele M.H. and Brooker SCoord. Chem. Repy2003241, 119

[19] Tanaka, T.; Toda, FChem. Rev200Q100, 1025

[20] Varma, R. SGreen Chem1999,1, 43

[21] Varma, R. S.; Dahiya, R.; Kumar, Betrahedron Lett1997, 38,2039

[22] Sousa C., Freire C., de Castro ®glecules20038, 894.

75

Pelagia Research Library



K. P. Srivastavaet al Der Chemica Sinica, 2011, 2 (2):66-76

[23] Bauer A.\W., Kibry W.M.M., et aAm. J. Clin.Pathol1966 45, 496

[24] Chaudhary A. and Singh R.\, Inorg. Biochem2004,98, 1712

[25] Geary W.JCoord. Chem. Rev1971 7, 81

[26] Spinu C. and Kriza AActa Chim. Slov200Q 47, 179

[27] Ferraro J.RLow Frequency Vibrations of Inorganic and CoordinatCompoundsWiley,
NY, 2" edn,1971,158

[28] Meek D.W. Drago R.S. and Piper TI8org. Chem1962 1, 285

[29] Lieher A.D.J. Phys. Chenl967, 67, 1314

[30] Li-June M.Med. Resear. Re2003 23, 697

[31] Chohan Z.H. et al. Enz. Inhib. Med. Cher@004 19, 417

[32] Belwal S., Seema, Fahmi N. and Singh Rnd. J. Chem. Sect. A999 38, 597
[33] Srivastava K.P., et d. Chem. Pharm. Re201Q 2(6), 68

76

Pelagia Research Library



