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ABSTRACT

4-acetyl/benzoyl-1-(4'-nitrophenyl)-3-methyl-2-pgadin-5-ones condensed with sulfadoxine to formifSbhases.
These Schiff bases form complexes type of 2O (M= Mn, Fe, Co, Ni, Cu). Elemental analysis, magmet
susceptibility, electrical conductance, electroaitd infrared spectral data suggested octahedralcttires for the
complexes. All the compounds were tested for thdibacterial activity. The results indicate thaetgrowth of the
tested organism was inhibited by most of the comgeuThese Schiff bases were characterized by etame
analysis, mass spectrdd NMR,**C NMR and FT IR spectra.
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INTRODUCTION

The chemistry of metal complexes with heterocylitjands containing nitrogen, sulfur, and/or oxydes attracted
increasing attention. It is well known that thesgelocyclic compounds can exhibit bacterial, fuitgit herbicidal
and insecticidal activities in addition to theirpéipation as potential drugs. Such heterocycliatids, when
complexed with metal ions, exhibit enhanced miastdgical activities [1,2]. The role of microelemenin

biochemical processes in well documented [3,4]. elmy, the mechanisms by which ligands operate ate
common to all bioactive molecules. These molecalesexpected to possess a certain ability to favmpdexes
with particular metals. The hetero functional bidecnles form complexes with particular metals ameirt salts,
bringing considerable changes to the physicochdrmicoperties of the latter [5].

The coordination behavior of heterocyclic ligandspecially with transition metal ions, has beendisul
extensively [6-8], Major interest in the complexati of these ligands stems from their suitability rastal-
containing model systems, which mimic biologicadlgtive system [8]. The presence of donor atoms,d), &t
various positions in these molecules enable thewutoas multidentate ligands and thus form chelafediverse
structural types with a wide range of metal ionise Tnteraction of metal ions with biomolecules #imel function of
metal ions in physiological systems are very compénd the precise mechanism of these interacimmagmost
unknown. In the synthetic systems, ligand desigsetlaon selective complexation with metal ions nsitéd to
concepts, such as size-matched selectively in mgcles, drop in stability due to increased sizecloélate and
steric strain. However, the ligand activity is antmnation of steric, electronic, and pharmakinéictors, and could
be understood in the light of chelation theory [B]this context, various heterocycles, especiaflgles, occupy an
important place owing to their versatile bioactest due to the presence of multifunctional groups.the basis of
our continuation work [9-14] the present investigatwas to synthesize selected Mn(ll), Fe(ll), ©o(Ni (II) and
Cu(ll) metal complexes using Sulfadoxine and 4ydfleenzoyl-1-(4’-nirophenyl)-3-methyl-2-pyrazolindne as a
chelating agent to ascertain their bonding modesadso to study their antibacterial activity.
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EXPERIMENTAL SACTION

Chemicals: All the reagents used were chemically pure ordital reagent grade. Solvents were purified anelddr
according to standard procedures.

Synthesis of Schiff base ligandsthe Schiff base ligands were prepared by the caatem of equimolar amounts
of 4-acetyl-1-(4'-nitrophenyl)-3-methyl-2-pyrazotBrone or 4-benzoyl-1-(4’-nitrophenyl)-3-methyl-Zrpzolin-5-
one and sulfadoxine in minimum quantity of dioxafke reaction mixture was refluxed in oil bath floree hours.
On cooling the crystallized solid Schiff base sepaout. It was then filtered and washed with sbotel 4 dioxane
and dried in air. The structure of Schiff basehievgn in Scheme 1.

Synthesis of metal complexesFor the preparation of the metal complexes, aneags solution of the
corresponding metal(ll) acetate/sulphate (0.05M) BMF solution of ligand (0.05M) were mixed in theesence
of acetate buffer (pH=6.5) and the mixture was stige on a sand bath at 85-90°C for one hour, coatetthe
precipitate filtered and then washed with water &ndlly with DMF to remove excess metal ion andaacted
Schiff bases.

Physical measurements: Melting points were taken in one side open capdkamon a melting point apparatus
VEEGO VMP-D. Electronic Spectra were recorded in Bbblution on a LAMBDA 19, UV/VIS/NIR (“SICART-
CVN” at Vallabh Vidyanagar, Gujarat, India). Theetmogravimetric analysis (TGA) was carried out idyamamic
nitrogen atmosphere (20 mL.mi), with a heating rate of 10C min' using Shimadzu TGA-50H thermal
analyzers. The Mass spectra of all ligands wererdsxd on a Shimadzu LCMS-2010A. Carbon, Hydrogeth an
Nitrogen were determined on a Thermo Fisher Fldsmental Analyzer-1112. THel NMR and*C NMR spectra

of all the ligands [in deuterated chloroform (CBCWwere recorded on a BRUKER AVANCE-II 400 spectetsr
using TMS [(CH),SIi] as internal standard. The Infrared spectrahefligands studied in the present work were
recorded on a Shimadzu FT-IR-8300 of in KBr (Zy@Research Center, Ahmedabad, India).

TGA analysis: Thermo gravimetric analysis of Schiff base ligandl ats metal complexes are used ({©):Get
information about the thermal stability of thesevmmmplexes, (i) Decide whether the water moles{iepresent)
are inside or outside the inner coordination sploéitae central metal ion and (iii) Suggest theegahscheme for
thermal decomposition of metal complexes. The dataprovided in the Table 2. Number of coordinaiethttice
water molecule/molecules present in the complexesewcalculated from the percentage weight losshef t
complexes from the thermograms. Generally, the tddattice water will be at a lower temperaturarththat of
coordinated water [15-18]. From the nature of thermograms and percentage weight-loss, the conplxeied
in the present work can be classified in the foitaythree groups [19-21].

The Schiff base and their metal complexes weredeg&ir antibacterial activity against Escherichidi,cBacillus
subtilis, Staphylococcus aureus and evaluated eyftithe agar disc diffusion method on the basihefsize of the
inhibition zone formed around the paper discs. €&mh concentration, the mean diameter (mm) of rthiition
zone developed was calculated. The test compoumds@asured quantities were dissolved in DMF to get
concentrations of 200 and 100 ppm of the compouhgenty five milliliter nutrient agar media was ped in each
Petri dish. After solidification, 0.1mL of test liada were spread over the medium using a spreatierdiscs of
Whatmann no. 1 filter paper, having the diametéd5%nm, were placed at four equidistant placesdistance of 2
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cm from the center in the inoculated Petri platsfilter paper disc treated with DMF served as conaind
Amoxyciline used as a standard drug. These Paiteplwere kept in a refrigerator for 24 hours fiar giffusion.
Finally, Petri dishes were incubated for 24 hourS@C. The zone of inhibition was calculated in millirees
carefully.

RESULTS AND DISCUSSION

Schiff bases ligand-L1 (where L1= 4-acetyl-1-(4fraphenyl)-3-methyl-2-pyrazolin-5-one) and ligand-(where
L2= 4-benzoyl-1-(4'-nitrophenyl)-3-methyl-2-pyranoi5-one) are light yellow colored substance havinglting
points of 239°C and 248°C respectively. The elealemhalysis suggests ML2.2H20 stoichiometry forraétal
complexes. The metal complexes are insoluble irmvaut soluble in DMF. All the compounds are sotidlored,
stable and non-hygroscopic in nature. All the cawes indicates very low molar conductance, whiclicated that
the complexes are non-electrolytic in nature. Thgsgral, analytical and conductivity data of thehiffcbases and
their metal complexes are shown in Table 1.

Analytical data and physical property of Ligands ard their metal complexes: Table 1

Compound/ M Elemental analysis (%)
P Molecular Yield Calculated (Found)
metal M.W Color P *
Formula o (%) et
complexes o) C H N S M B.M
) Light 5207 | 419 | 17.71 | 5.79
Ligand-Ly CoattoNO:S | 55314 1 vy | 239 - 8| 5211y | @a17) | 17.84)| (581 | -
MN(L)2.2HO | CisHsMNNLOwS, | 1200.08| Brown| - | 13.81| 59 (ig'.gi) (ﬁ;) &ggg) é’:gg) 458 | 559
Radish 4800 | 436 | 16.33 | 534
Fe(l)22H0 | CublsFeNiOssS: | 120008 ot - | 0912 62 | 4080 | 432 | [05a) | @30y | 465 | 498
Co(L)o2H0O | CigHsiCONuOwS, | 1204.07| Brown| - | 12.28| 66 (j;'gg) (j'gi) &g'gi) (g'gg) 489 | 452
Ni(L)2.2HhO | CigHeNiNiOwS, | 1203.83| Green| -| 879 67 (j;:gg) (j:gg) &g:gg) (gzgi) 488| 287
Dark 4770 | 434 | 1622 | 531
CU(L)22HO | CuHsOUNOsS, | 1208.60| g%t | - | 1147| 9 | 4770 | o2t | (290 | 230 | 526 | 199
) Light 5658 | 409 | 1593 | 521
Ligand-L, CoottaNO:S | 61562 | vy | 248 | - 4| (56.46) | (3.98) | (15.84)| (5.17)| °
5261 | 426 | 1481 | 484
MN(L)22HO | CHsMNN.OscS; | 1324.22| Brown| - | 14.25| 65 | @520 | (450) | (1473)| (4a1) | 415 | 538
Radish 5257 | 426 | 1480 | 484
Fe(l)22HO | CuHseFeNOuS: | 132512| ool - | 11a3| eo | 2200 | 250 | (1380 | 376 | 421 47
5245 | 425 | 14.76 | 4.83
Co(L)22HO | CuHeCoMuOssS; | 1328.21| Brown| - | 927 | 59 | 252 | 0 | il | 20 | 444 | a0
) ) 5246 | 425 | 14.77 | 4.83
NLD22HO | CuHsNiNuOsS; | 1327.07| Green| - | 1048 62 2360 | wio) | (1a16)| 4oz | 442 | 291
Dark 5227 | 423 | 1471 | 481
CU(L)22HO | CuHuCUNOsS: | 133283| ot | - | 944 | 65 | 2220 | 0 | (0rlo | 400 | 477 | 201

* I in Qemimol™

FT-IR Spectra: From the recorded IR spectra, the wave numberkeofdllowing groups are shown. 3140 cm-1
(vC-H stretching of Aromatic), 2923 cm-bG-H stretching of saturated hydrocarbon), 1622 ¢nfwC=N
stretching of azomethine), 1595 cm-1, 1489 cm-B0ldm-1, 1128 cm-1 (characteristic bands of pyiazdhg)
and 1501 cm-1 (Characteristic band of thiazole)ri@ne of the significant differences to be expedietween the
IR spectrum of the parent ligand and its metal dems the presence of more broadened bands imetfien of
3450-3100 cm-1 for the metal complex as the oxygfathe O-H group and nitrogen of the C=N azometlihthe
ligand forms a coordination band with the metal. idhe ligand band at 1310 cm-1 assigned (€-O), shifts to
1343-1318 cm-1 [22] on complexation, lending furtiepport to the involvement of the nitrogen of #z@methine
moiety in the complex formation. The infrared spadf the ligands showweD-H (weakly H-bonded) band at 2923
cm-1 [23]. The absence of this band in all the metanplexes indicates the removal of the protothefhydroxyl
group of the pyrazolin ring during the chelatiomeTsharp intense band at 1622 cm-1 in the ligancheaassigned
to vC=N (azomethine). A downward shif\{=06-35cm-1) inoC=N (azomethine) is observed upon coordination,
indicating that the nitrogen of the azomethine gr@involved in coordination. All the complexesosha broad
band in the region 3200 cm-1 to 3450 cm-1 which tmayssigned toO-H of coordinated water [24]. To account
for the octahedral stereochemistry of the metalpleres, the coordination of two water moleculesxpected. The
bands present at ~514 cm-1 in the Mn(ll) compled45-cm-1 in the Fe(ll) complex, ~589 cm-1 in the(l§o
complex, ~491 cm-1 in the Ni(ll) complex and ~57%B-t& in the Cu(ll) complex respectively may be doertetal-
nitrogen stretching vibrations [25,26]. A less imde band at ~1618 cm-1 in the spectra of the ligandy be
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assigned taC=N (ring) [27]. All the metal complexes do not shehifting invC=N compared to their respective
ligand. This suggests that the nitrogen atom othfezole ring has not participated in the coortiora However, in
water containing metal complexes, this band is Meskas a broad band with some fine structures iy be due
to coupling of the bending mode of coordinated watelecules withhC=N [28].

NMR spectra: *H NMR spectrum of ligand £ chemical shifts and multiplicities of the corresgling protons are:
(400 MHz, CDC}) 6 = 1.91 (s, 3H, Ch), 1.96 (s, 3H, CH), 2.41 (s, 1H), 3.83 (s, 3H, -OGH4.01 (br s, NH), 4.07
(s, 3H, -OCH), 7.62-8.24 (m, Aromatic Protons), 8.39 (s, 1HE NMR Spectrum of ligand i (400 MHz, CDC})
5=13.6, 22.5, 48.1, 54.5, 56.5, 118.5, 124.1,8,3043.5, 145.0, 153.1, 153.2, 155.2, 155.9, 16168,6, 170.8H
NMR Spectrum of ligand 4= chemical shifts and multiplicities of the corresping protons are: (400 MHz, CDLI
8 =1.91 (s, 3H, CH), 2.43 (s, 1H), 3.82 (s, 3H, -OGKI 3.99 (br s, NH), 4.05 (s, 3H, -OGKl 7.62-8.24 (m,
Aromatic Protons), 8.41 (s, 1HC NMR Spectrum of ligand 4 (400 MHz, CDC}) & = 22.7, 48.1, 54.5, 56.5,
118.5, 124.1, 128.9, 130.8, 131.5, 134.2, 143.5,01453.2, 153.3, 155.1, 156.0, 161.7, 165.5,3.70.

Mass spectra: The positive ion mass spectral analysis of lighndobserved at m/z 554.1 () confirms the
theoretical molecular weight i.e. 553.14 and fgahd L, observed at m/z 616.5 (M confirms the theoretical
molecular weight i.e. 615.62.

Electronic spectra: The electronic absorption spectra are often velpfhiein the evaluation of results furnished by
other methods of structural investigation. The tetetic spectral measurements were used for asgjghin stereo
chemistries of metal ions in the complexes basedhenpositions and number dfd transition peaks. Both the
ligands show two absorption bands between 3700bamd 26000 cih No absorption was observed in the visible
region for the ligand. In the absence of Quantunshragical calculation, it is not possible to asdigm absorption
bands to definite electronic transitions with coetplcertainty. However, it appears reasonable digaghe bands
to n—n* transitions [29].

The electronic spectrum of the Mn(ll) complex extsithree very low intense bands, one at 16507, d5209 crit
which may be due to th&A;;—"T,, (G) transition, another band at 17989 '¢n18159 crit assigned to the
®A1—"A1(G) transition and the third band at 25786'¢ci24547 crit may be assigned to th#\;;—*A;,, 4E,,(G)
transition respectively for the Mn(ll) ions in actahedral environment. Thegq(Table 1) value of the complex
suggests the 3@pin configuration [30]. The electronic spectrufe(ll) complex shows broad bands at 23845 cm
! and 24416 crhrespectively which may be assigned to Et'ﬁ@—ﬁEg transition. The magnetic moment value for
both the ligands 4.98 BM and 4.97 BM respectivelgi¢ates that the complex is spin-free and it hetaleedral
geometry [31].

In the electronic spectrum of the Co(ll) complexadibited two low energy peaks at 8352, 88126854,
16938 crit and a strong high energy peak at 19754, 20012, emhich can be assigned to the transitions
T1(F)—"TooF), “Ti(F)—"As(F) and “Ti(F)—"To (P) for a high spin octahedral geometry. The mtgne
measurement of Co(ll) complex display in Table Ignetic moments is in the octahedral range. Thd)Niimplex
exhibited three bands at 10541 tni6215 crit and 25974 cih for ligand L and 11017 cih, 16157 crit and
26338 crit for ligand L, which are attributed to th#,;—>T,oo(F) 1); *Ax—>T14(F) ©2) and®A,—°T14(p) ©3)
transitions respectively indicating octahedral getsgn around Ni(ll) ion. Ni(ll) complex showed theagnetic
moment values in the range of 2.90 to 3.00 B.M sstigg consistency with their octahedral environnjdg]. For
the Cu(ll) complex with [}y symmetry, three spin allowed transitio?Blg—>2Alg (v1), zBlg—>ZBzg (v2) and
’B1g—’Eg ©3) are possible but the electronic spectrum of@hél) complex displayed two bands in the region of
13000 crit to 14000 crit and 20000 cito 22000 crit. The third transition could not be observed whichy be
due to very close energy values of the differestest Absence of any spectral bands below 10000rafes out the
possibility of a tetrahedral structure of the coexgls and also suggests a distorted octahedral ggoofethe
complexes [33].

Thermo gravimetric analysis

Thermo gravimetric analysis of Schiff base ligand &s metal complexes are used(fpGet information about the
thermal stability of these new complexes, (ii) Diecivhether the water molecules (if present) arelénsr outside
the inner coordination sphere of the central metal and (i) Suggest the general scheme for thérma
decomposition of metal complexes. In the presergstigation, heating rates were suitably controfied0°C mift
under nitrogen atmosphere and the weight loss vessuaned from the ambient temperature up to ~10(®79].
The data are provided in the Table 2. Number ofrdioated or lattice water molecule/molecules preserthe
complexes were calculated from the percentage wéighk of the complexes from the thermograms. Galyethe
loss of lattice water will be at a lower temperattinan that of coordinated water [30-33]. From na¢éure of the
thermograms and percentage weight-loss, the complastudied in the present work can be classifiedhen
following three groups [34-36].
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Thermo analytical results of metal complexestable 2

Compounds Stage-| [140-210°C] Stage-ll [210-400°C] Stage-1{#00-900°C]
Mass Lose Calc. (Obs.) Mass Lose Calc. (Obs.) MédssseCalc. (Obs.)
Mn(L,),.2H,0 3.00 (2.94) 90.18 (90.02) 6.57 (6.71)
Fe(Ly)..2H0 3.00 (2.97) 90.11 (90.15) 6.64 (6.54)
Co(Ly),.2H,0 2.98 (2.88) 90.54 (90.32) 6.22 (6.51)
Ni(L1)2.2H0 2.99 (2.87) 91.89 (91.44) 4.87 (4.71)
Cu(Ly)..2H,0 2.98 (2.91) 90.2 (90.12) 6.58 (6.29)
Mn(L2),.2H,0 2.71 (2.65) 91.16 (91.05) 5.96 (5.86)
Fe(Lp)2.2H0 2.71 (2.68) 91.10 (91.08) 6.02 (6.11)
Co(L),.2H,0 2.71 (2.81) 91.49 (91.26) 5.64 (5.67)
Ni(L2)2.2H0 2.71 (2.69) 92.71 (92.11) 4.41 (4.35)
Cu(Lp),.2H0 2.70 (2.71) 91.17 (91.06) 5.96 (5.68)
Assignment Loss of two coordinated water molecules| Loss of two Schiff base ligand molecules Metal Ox@dMetal

TGA Analysis of metal complexesin the present investigation, heating rates weitalsiy controlled at 10°C min
! under nitrogen atmosphere and the weight lossmeasured from the ambient temperature up to ~100®4C
36]. The thermograms of this group of metal compgeghow three stage decomposition. All the metaiptexes
do not show weight loss below 120°C, and they iaigis the absence of lattice water in the metal ¢=xmp. The
first stage decomposition is obtained in the temmpee range 140-210°C. The % weight loss in thisgea
corresponds to the loss of two coordinated watdecutes [37-40]. The second stage decompositiabiained in
the temperature range 210-400°C. The % weightifofisis range corresponds to % weight loss of twbiff base
ligands. The third stage decomposition range iaiobtl in the temperature range 400-900°C. The %wddss in
this range corresponds to % weight loss of the Inmetae residue. On the basis of TGA and analytitata, all

Mn(Il), Fe(ll), Co(ll), Ni(ll) and Cu(ll) complexestudied in the present work correspond to the {&H,0] group.

Antibacterial activity

The Schiff base ligand was found to be biologicalbtive (Table 3). It is known that chelation teridsmake
ligands act as more powerful and potent bactefigigants [41]The values indicate that the metal complexes had a
higher antibacterial activity than the free ligaBdich increased activity of the metal complexeshkmaexplained on
the basis of the overtone concept [42id chelation theory [43]. According to the ovegoconcept of cell
permeability, the lipid membrane that surroundsadék favors the passage of only lipid soluble mats, due to
which liposolubility is an important factor contliag the antimicrobial activity. On chelation, tipelarity of the
metal ion is reduced to a great extent due to theelap of the ligand orbital and the partial shgrof the positive
charge of the metal ion with donor groups. Furth@enit increases the delocalization of electronsr ahe whole
chelate ring and enhances the lipophilicity of teenplex. This increased lipophilicity enhances peeetration of
the complex into the lipid membrane and blocksrtigtal binding sites on the enzymes of the microugya.

Antibacterial activity of ligand and its metal compexes:Table 3

Zone of inhibition in mm(concentration in ppm)
compound E. coli B. subtilis S. aureus
100 200 100 200 100 200

Ligand-Ly 6 13 7 13 6 12
Mn(L1)..2H,0 8 15 9 14 8 14
Fe(Ly)..2H0 9 15 10 17 9 15
Co(Ly),.2H0 9 16 11 15 8 13
Ni(L 1),.2H,0 14 21 12 18 12 23
Cu(Ly),.2H0 13 19 11 19 13 21

Ligand-L, 6 13 7 13 6 12
Mn(L2),.2H0 8 15 9 14 8 14
Fe(Lp)..2H,0 9 15 10 17 9 15
Co(Lp)2.2H0 9 16 11 15 8 13
Ni(L 2)..2H,0 14 21 12 18 12 23
Cu(lp)..2H,0 13 19 11 19 13 21
Amoxyciline 17 28 16 22 14 29
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Scheme 2

Where, M= Mn, Fe, Co, Ni, Cu

R=-Chb, -CeHs

CONCLUSION

On the basis of the results obtained from elemeantalysis, infrared and electronic spectra, TGAlyami® and
magnetic susceptibility measurements it is cleat tbctahedral complex of type [MH,O),] are formed.
Antibacterial activity leads to the following consions: 1. The metal complexes show more actiigntthe
ligands against the tested bacteria. 2. The arigbat activity of the Cu(ll) and Ni(ll) complexdsave higher
activity than the other complexes.
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