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ABSTRACT

The mixed Schiff base ligand, NdNphenylenebis(salicylideneiminejH,salen) with  the ligands 4-
aminoantipyrine (AAP) or ammonium pyrrolidineditbtéwbamate (APDC) were reacted with Ni(ll), Cu(lihca
Co(ll) acetates. Four new different complexes waepared and formulated as [Nsalen)(CHCO,),(AAP)] (1),
[Niy(salen)(CHCO,),(PDCHY),]-2H,0 (2), [Cuy(salen)(CHCO,),]-2H,O (3) and [Co(salen)(CKCO,)]-(H,0) @).
The Hsalen ligand and its complexes were characterizgdRy UV-visible, TG, elemental analyses, and molar
conductivities. The complexes were proposed to isrted octahedral geometry with Ni(ll) and Co)lland
distorted square planar geometry with Cu(ll). Aatikerial activity of the complexes was tested agfagelected
bacteria by agar well diffusion method

Keywords: Schiff base-mixed ligands; M(lI/IIl) complexes; &proscopic, Thermal analysis; Antimicrobial
activity.

INTRODUCTION

Interaction of Schiff base compounds with metakiamd their metal complexes have been extensimebstigated
due to their wide range of applications in medicerad engineering [1-8]. In recent years, there basn a
considerable interest in the chemistry of antipyrand its derivatives such as 4-aminoantipyrine FARig. 1) or
their metal complexes. These compounds are reptoteahibit a wide range of applications in varidigdds like
biological properties as antifungal, antibacteriahalgesic, sedative, antipyretic, anti-inflammgataagents,
analytical and therapeutical [9-18]. Pyrrolidinddiiicarbamates (PDC) which represent a class obxadénts
mediate a wide variety of effects in biological teyss [19]. It is a multipotent synthetic compounellvknown for
its metal chelation property [20]. Also, ammoniungrrplidinedithiocarbamate (APDC, Fig.1) has beemrdus
recently in various preconcentration and separagchniques [21-25]. APDC is most widely used ttedwine the
metal ions that form slightly soluble complexesamaqueous solution [26].

The most motivating features of these ligands &aee gossibility of using them to synthesize compdexeth
different modes of bonding and their interestingldigical activity. In recent years, there has beensiderable
interest in the complexes formed bysHlen (Fig. 1), AAP, APDC and acetate ligands ay thre common
components of some biologically important moleculds a part of our continued research work on sith
characterization and biological activity, the prasgaper describes the synthesis and characterzatinew Ni(ll),
Cu(ll) and Co(lll) complexes with j8alen mixed ligands. Thermal analysis is also hbélf study the chemical
structure and thermal parameters of the compleXé9]. The study of the structural behavior of twenplexes
derived from the reaction of the metal ions, Nj(Qu(ll) and Co(ll) and with mixed jdalen donor ligands is a
matter of significant importance for the investigat of the geometries of the formed complexes dyrin
decomposition processes. The prepared metal coeplarre screened for théir vitro antimicrobial activities
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against four bacterial strairBacillus subtillisandStaphylococcus aurews gram positive bacteria agedcherichia
coli andPseudomonas aeroginoaa gram negative bacteria by agar well diffusiohog.
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Fig.1. Structure of the ligands

EXPERIMENTAL SECTION

2.1. Materials and spectral measurements

All of the chemical used throughout this investigatwere extra pure grade and used without furtheification.
Nickel(ll) acetate, copper(ll) acetate monohydratel cobalt(ll) acetate tetrahydrate were purchésad Merck
Chemical Co., o-phenylenediamine, salicylaldehyde,4-aminoantipyrine (AAP), ammonium
pyrorolidinedithiocarbamate (APDC) were obtaineatrAldrich.

The electronic absorption spectra were recordethénregion of 258900 nm using UV-Vis. spectrophotometer
model JASCO V-530 with quartz cell of 1.0 cm pathdth. The concentrations of measured solutiobNM5O
were fixed at 10 M.

Molar conductances of a TOM solution of the complexes were measured in DMBQ@5°C using a 4310 Jenway
model conductivity meter. The infrared spectral® teactants and the obtained complexes were mtarsing
KBr discs on Perkin-Elmer 1430 ratio recording #éméd spectrometer. Elemental analyses were caotig¢dn
microanalysis unit of Cairo University, Egypt usi@iNS-932 (LECO) and Vario EL elemental analys&rsermal
analyses (TG, DTG) were carried out using a Shimab3A-50 H computerized thermal analysis systermhe T
system includes program which process data fronttteemal analyzer with the ChromotPac C-R3A. The i
heating of the samples was kept af@Omin. Sample masses 1.440, 2.411, 3.053, 33285, 1.754, 1.964, 1.521
mg for nickel acetate tetrahydrateysklen, AAP, APDC and complexés,3, 3,4), respectively were analyzed
under N flow at 20 ml/min. Cobalt, nickel and copper canigein the complex solutions were obtained usiognat
absorption technique. An atomic absorption speattemmodel PYE-UNICAM SP 1900 and the corresponding
lamp in each case were used for this purpose.

2.2. Preparations

H,salen (sal-o-phdn})

Schiff base ligandN,N-o-phenylenebis(salicylideneiminéj,salen) was prepared according to the known method
[30] by reaction of o-phenylenediamine and salidgayde (1:2 molar ratio) in ethanol. The mixturaswheated
and refluxed for 3h. The formed bright yellow crystalline solid (sa@lemas collected by filtration and washed
thoroughly with ethanol. yield (95%).

Anal. found (Calc. for gH1¢N,O, (316.36): C, 75.92 (75.93); H, 5.15 (5.10); N,78(8.85).

[Nix(salen)(CHCO;),(AAPY] (1)
To a solution (20 mL) of nickel(ll) acetate tetrdngte, Ni(CHCO,),-4H,0 (248.9 mg, 1.0 mmol) in ethanol, a
solution of 4-aminoantipyrine (AAP) (406.48 mg, Zx@nol) in ethanol (30 mL) was added. The solutidrtune
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was stirred for about B atca. 50 °C. A hot solution of k$alen (316.4 mg, 1.0 mmol) in ethanol (100 mL) e
added. The resulting clear mixture was refluxed2fdruntil the formation of reddish precipitate of cdewpl which
was then separated, filtered off, washed sevaradiwith hot ethanol & mL), dried at 50 °C in an oven forh4
and then in a desiccator in vacuo. Yield: 410.0(489 %).

Anal. found (Calc. for GHaeNgNi,Og (956.35): C, 57.54 (57.77); H, 4.96 (4.85); N,6BL(11.72); Ni, 12.13
(12.28).

[Niy(salen)(CHCO,),(PDCH),]-2H,0 (2)

To a solution (20 mL) of nickel(ll) acetate tetrdngte, Ni(CHCO,),-4H,0 (248.9 mg, 1.0 mmol) in ethanol, a
solution of ammonium pyrrolidinedithiocarbamate 41 mg, 1.0 mmol) in ethanol (10 mL) was added. hbid
white mixture was stirred for abouthbat ca. 50 °C and then, a hot solution ofddlen (316.4 mg, 1.0 mmol) in
ethanol (100 mL) was added. The resulting reddiskture was refluxed for Id until formation of dark red
precipitate of comple® which was then filtered off, washed several timvth hot ethanol (82 mL), dried at 50 °C
in an oven for 4 and then in a desiccator in vacuo. Yield: 620.0(f®4 %).

Anal. found (Calc. for gH4N4Ni»,OsS, (880.41): C, 46.31 (46.39); H, 4.92 (4.81); N,35.5.36); Ni, 13.22
(13.34); S, 14.44 (14.57).

[Cuy(salen)(CHCO,),]-2H,0 (3)

To a solution of copper acetate monohydrate, C4Q@TH),- H,O (199.7 mg, 1.0 mmol) in minimum amount of
methanol, a solution of 4-aminoantipyrine (AAP) 3224 mg, 1.0 mmol) in methanol (30 mL) was adddte Elear
green solution was stirred for abouh@tca. 50 °C. To the obtained green solution, a hot smubf H,salen (316.4
mg, 1.0 mmol) in methanol (50 mL) was added. Tlsellteng clear mixture was refluxed forduntil formation of
precipitate of comple8. The volume of solution was reduced to half ofvitbume. The dark brown precipitate was
filtered off, washed several times with hot metHaftx2 mL), dried at 50 °C in an oven forhdand then in a
desiccator in vacuo. Yield: 450.0 mg (75.6 %).

In a similar way that shown for the preparationNi{ll) complexesl and 2, the same experiment was repeated but
using ammonium pyrrolidinedithiocarbamate insteddAAP (164.3 mg, 1.0 mmol) in methanol (10 mL) with
stirring. The solution was stirred for abouth6at ca. 25 °C until the formation of white turbid solutioA hot
solution of Hsalen (316.4 mg, 1.0 mmol) in methanol (50 mL) wesn added. The resulting mixture was refluxed
for 1 d until the formation of precipitate of compl8x The volume of solution was reduced to half ovitbume and
the dark brown precipitate was filtered off, waslsederal times with hot methanolxg mL), dried at 50 °C in an
oven for 4h and then in a desiccator in vacuo. Yield: 390.0 (®9.5 %). The analysis results came in good
consistence with the proposed formula as follows.

Anal. found (Calc. for @H»CwN,O (595.55): C, 48.43 (48.40); H, 4.14 (4.06); CudBL(21.34); N, 4.73 (4.70).

[Co(salen)( CHCO,)]-H,0 (4)

To a solution of cobalt acetate tetrahydrate, Co@}),-4H,0 (249.1 mg, 1.0 mmol) in methanol (20 mL), a
solution of 4-aminoantipyrine (AAP) (406.5 mg, Zxinol) in methanol (60 mL) was added. The resultitigture
was stirred for about Batca. 50 °C. A hot solution of ksalen (316.4 mg, 1.0 mmol) in methanol (70 mL) e
added. The resulting mixture was refluxed fod 2intil formation of precipitate of comple The volume of
solution was reduced to half of its volume. Thekdgreenish precipitate was filtered off, washedesahtimes with
hot methanol (82 mL), dried at 50 °C in an oven forhand then in a desiccator in vacuo. Yield: 300.0(6%6
%).

The same experiment was repeated but using ammagnjtnolidinedithiocarbamate instead of AAP (328.6,18.0
mmol) in methanol (20 mL). Yield: 330.0 mg (73.3.%he analysis results came in good consistende thi
proposed formula as follows.

Anal. found (Calc. for &H;sCoN,Os (450.33): C, 58.40 (58.68); H, 4.36 (4.25); C0,922(13.09); N, 6.31 (6.22).

2.3. Antibacterial activity

The in vitro antibacterial screening effects of the compoundeewiested against four bacterial strains namely
Escherichia coliand Pseudomonas aeroginog&ram negative bacteria) alacillus subtillisand Staphylococcus
aureus(Gram positive bacteria) by agar well diffusionthza using nutrient agar medium for antibactereivity
[31-33]. All bacteria were inoculated into NutrieBitoth and incubated for 24(1.0 ml of inocula were added to 50
ml of agar media (50 °C) and mixed). The agar waggd into 120 mm petri dishes and allowed to ¢oaloom
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temperature. In the agar weliffusion method, the dilution plate method wasduseenumerate microorganisms for
24 h [34, 35]. By using a sterilized cork borer (7 mrardeter), wells were dug in the culture plates.rallof the
compounds dissolved in DMSO (2hfnol/mL) were added to these wells. The petri diskese left at 5 °C for B
and then the plates were incubated at 35 °C faekhiaq22—-24). At the end of the period, inhibition zones fodne
on the medium were evaluated in milimeters (mm). 3Mwas used as a control under similar conditiams f
comparison (0.1 mL). The zones of inhibition bagpdn zone size around the wells were measured &odlated
as a mean of three replicates.

RESULTS AND DISCUSSION

The results of microanalysis of carbon, hydrogen aitrogen in the investigated compounds are giiren
experimental part. The complexes were synthesized)M(Il) actate, Bsalen ligand in a 1:1 mole ratio and (AAP
or APDC). The results indicate the formation ofaliént salen mixed ligand complexes with metal ions

3.1. Electronic absorption spectra

The spectral data of the compounds are present&dhile 1. The electronic absorption spectrum ofsyr@hesized
H,salen shows UV bands at 269, 295 and 330 nm. Theskat 269 and 295 nm are attributea-te n* transitions
of the aromatic ring, 330 nm is assigned te n* transition of azomethine group [36, 37].

In the complext (Table 1), there are two absorption bands, assigmee>n* transitions and one absorption band
assigned tor*—d transitions.In the spectrum of compleX, there are four absorption bands, assignem-tac*,
n—n* and n*—d transitions.In the spectrum of compley, there is one absorption band (305 nm) assigned to
n—n* and one absorption band (416 nm) assignedi*te-d transitions. In the spectrum of compldx one
absorption band is observed at 316 nm assigned-to* and one absorption band at 346 nm assignertted.
These transitions of the synthesized complexesshifeed towards lower and higher frequencies, ddpgnon
ligand structures.

Table 1. Electronic spectral data of the Schiff basand the metal complexes recorded in DMSO.

Amay (NM)
compound T n— " z —d d - d transition
Hosalen 269 295 330
1 286 302 - 351 470 741 907
2 291 -- 315 329 373 470 741 808 907
3 305 416 741 907
4 - 316 346 741 907

In the VIS electronic absorption spectra, theretlaree absorption bands for compleXour absorption for complex
2, two absorption bands for complexg@@nd4. These bands could be assigned to a charge trarefisition, or
even tod—d* transition. The colour of complexes is probabliedo these transitions. It is known that ligantitsp
d-orbitals of central ion in two groups. This sptigg is weak and the excitation of electron betweenitals is
always observed in visible electronic absorptioecs@. The spectroscopic data of the nickel(Ilsioncomplexed
and2 ((Ayg - °T1P, 3Agg - TP, *Ayy - 3T,y and cobalt(lll) in compleXt (‘A —Tag, Ay —'Tog ) have a high-
spin octahedral coordination environment [38] bonplex 3 (ZEg —>2Tlg) show that thel—d transition is near to
that of the square-planar complexes [39,40].

3.2. Conductance

The molar conductivity values of all complexes $iols (10 M) in DMSO at 25°C are in the range 1.98-4.97
Ohmi*cn? mol™, indicating that the complexes are non-electrelyiad suggesting that the ligands in the anionic
form are coordinated to the metal ions [41, 42].

3.3. IR spectroscopy

The IR spectral data of the title compounds (Ni{C&),[4H,0, H,salen, AAP, APDC) and complex&s2, 3 and
4 are given in Table 2. The IR spectra of the comgdeare compared with that of the free ligandsetieminine the
changes that might have taken place during the e@tion.

The IR spectrum of the jHalen, exhibits a broad band centered at 3427 due to the formation of strong
intramolecular and intermolecular hydrogen bondifigghenolic —OH group. Two absorption are obseragdery
strong and medium bands at 1632 and 1592 characteristic fov(C=N) andv(C=C), respectively. The C-C and
C-O stretching vibrations are appeared as mediwmséong bands at 1275 and 1190 cif@3-47]. The band
assigned to the azomethine group in the free Sthifle ligand was observed at 1632 'cim shifted to lower
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frequency in all metal complexes (21- 27 &m This indicates the participation of the nitrogatom of the
azomethine group in coordination [48-51].

The acetato group in complexgs2, 3 and4 were found to coordinate as a bidentate liganeg: VECOO) and
v(COO) of the free acetate ion ama. 1528 and 1414 crh respectively. In the bidentate complexes, the
separation betwean(C-0) for complexed, 2, 3 and4 (A =62, 64, 68, 53 ci, respectively) are smaller than that
of the free acetate iol\ (=114 cm®) and confirmed the bidentate coordination modallicomplexes [45-47].

The IR spectrum of 4-aminoantipyrine exhibits babesween 3429 and 3038 chrorresponding to vibrational
motions of the aromatic C—H group. An intense band647 crit corresponding to C=0 group is observed [52].
The IR-spectrum of the mixed 4-aminopyridine-sat@mplex,1 show some characteristic bands at (2970, 2940
cm ) and 1645 cnt. The first two bands and second band are assignéte coordinated NjHand C=0 groups.
This indicates that 4-aminopyridine acts as a a¢bidentate ligand.

The IR spectrum of the free APDC reveals thatv(N-CSS) band defines a carbon-nitrogen bond order
intermediate between a single borg1322-1245) cit) and a double bond)(C=S) (1640 cit) [53-55]. The
band of 941 cntis associated with(—C=S) vibrations. All of these bands are refledtethe spectrum of complex

2 with some expected shift in frequencies which barattributed to the associated change in thereledensity
upon complexation. The absorption band in the 420-¢@n* region associated with(Ni—S) vibrations [56]. Also,
there is no any absorption bands characteristith®opresence Nfyroup in compleX.

Bands in the region 550—400 are associated with MAEN and M-S stretching vibrations [45-47].

Table 2. Characteristic infrared frequencies (cm™) and tentative assignments for title compounds, complexes 1, 2, 3 and 4

Ni(CHCOy)y

H.0 Halen AAP APDC Complex 1 Complex2  Complex3 Complex 4 Assignments
2
3427 br . .
v(O-H); coordinated and uncoordinated
3471 vs 3386, s 3429, s 3417, s, br 3426, vs, br ; o
3134 vs, br 3365, s 3323, s 3429, s, br 3431, s, br 3426 s, br 3240, sh 3250, sh HZO,\)(N—H), intramolecular ar_1d
intermolecular hydrogen bonding
3295, s
3200, sh 3090, w 3102, w 3090, w . .
3045 w 3038, sh 3025 w 3077 w 3025 w 3050, w v(C-H); aromatic
2939, s
2926 w 2987, w 2866, s 2970, w 2963, W v(C-H); aliphatic
2930 s 2856 w 2906, W 2708,m,br 2940, w 2050 w 2935, w 2950, w V(N-H)
2522, m
2395,w
1647, vs v(C=0); of AAP ,v(C=S) 3(H.0)
1502, s 1640, s 1645, s 1650, sh 1648, sh S(NH)
1632 vs 1605, vs 1605, s 1609, vs 1611, vs v(C=N)
1592 m _
1501s v(C=C)
1528 vs 1506, m 1510, vs 1521, s 1505, sh V(C=0), vo(COQO"); of acetato
1414 vs 1444, vs 1446, vs 1453, s 1452, s Vv(C-0), v(COQO"); of acetato
1491, m .
1456m  1443,m  1394,vs  1378,m 1377,w 1382, m 1400, m m‘igﬁ)z';a;:g‘%ﬁg‘i‘?gfﬁ:ﬁgf”t
1401 w 1350, m 1322 s 1335, w 1332 m 1325, m 1315, m
1273 m V(N-CSS)
127t m 1267, w 1255, w 1249, vw . . . '
1190s 92w W jj03m 1188,m  1183m 1175,sh V(O V(EN) andv(C-O) chelating
1154 vw ' ’ 1139, m 1139, m 1144, m 1140, m ing
110052%\'\/\\"\’ 11015591vv\\/lv 996, m 033 W 1044, w Sl)(;geww 1050, w Ring vibration,
1114, m 941, m ! 939, w ! 950, w In plane CH-deformation
962 w 927 w 818 815, w 841 919, w 850, w C=s
903 m 875 mw W W gelw : v(C=9)
818w
747 m 752 s 754, m 754, s 750, s 752, s 751, s
674 Vs 662, m 688, W 628, w 611 w 22(5) w In plane CH—quhegerEﬁnt deformations;
626 m 570, m 567, W 577, w ' ' __pheny!
600, w Ring vibrations
530, w .
548 s 546, m 536, w 511, w 547, w v(M-0)
460, m 455, w 456, w 461, w v(M-0)
435, w 414, w 430, w 425, w V(M-N)

v(M=S) in complex2

" s, strong; m, medium; v, very; w, wehbk, broad.” v, stretching;d, deformation.
3.4. Thermal analysis

The TG and DTG curves of the studied samples antplxes are shown in Fig. 2, the corresponding htdimss
and assignment are listed in Table 3 to confirnpitoposed structures for the complexes.
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Thermograms of the free Ni(GHO,),-4H,0, H,salen, AAP and APDC were measured separately fapacison
with the corresponding coordinated units in compiaglecules after reactions. The free NiECi®,),-4H,0
molecule decomposed in two steps. The first stegegbmposition proceeds with a weight loss of 3thdd 120

°C, associated with the loss of four water molecyieslculated 28.96%). The second step of decomposit
proceeds with a weight loss of 39.90% (calculate®3%) at maximum temperature of 40 attributed to the loss

of C,HgO; of acetyl and acetate units. In a similar manfidgrermograms of the free,shlen, AAP and APDC
showed that decomposition reactions proceeded m degradation steps for each compound at maximum
temperatures of (266, 33@), (218, 317C) and (149, 195C), respectively.

The decomposition reactions of f&alen)(CHCO,),(AAP),] (1) occurred in three steps (Table 3 and Fig. 2). The
first step of decomposition proceeds with a weigiss of 31.00% at 287C, associated with the loss of bridged
salen (calculated 32.87%). The second step of deesition proceeds at maximum temperature of 395
attributed to the loss of gH,6NsO, of two coordinated AAP molecules. The total weilghs associated with this
step is 43.00% in good agreement with the calcdlatdue of 42.50%. The third degradation step Waseoved as
one decomposition peak at 588 with a calculated weight loss of 10.50 % and rmiggh attributed to the loss of
two acetyl units of the two chelated acetato ligand

On the other hand, the decomposition of,(8klen)(CHCO,),(PDCH)]- 2H,0 (2) occurs in five steps from 75 to
543°C. The first step of decomposition proceeds witliedght loss of 5.00% at 7%, associated with the loss of
two lattice water molecules (calculated 4.09%). $heond and third steps of decomposition proceedaaimum
temperatures of 216 and 328, attributed to the loss of§1:gN,S, of two coordinated molecules of PDCH
(pyrrolidinedithiocarbamic acid). Similar to complel, the third degradation step was observed as one
decomposition peak at 548 with a weight loss of 9.50% (calculated weightd 9.78%) and might be attributed
to the loss of two acetyl units of the two chelatetato ligands. The total weight loss associati¢td all steps
(85.00%) is in agreement with the calculated vaifi@3.03%.

Table 3.The maximum temperature values for the decoposition along with the species lost in each ste the decomposition reactions
of reactant compounds and complexes 1, 2, 3 and 4

S -
Complex Decomposition Tpa/ °C  Lost species % Weight loss

Found Calc.
First step 120 4H,0 30.10 28.96
. Second step 400 C4Hs03 39.90 41.03
NI(CHCO,)-4H0 Total loss CHi0;  70.00 69.99
Residue NiO 30.00 30.01
First step 266 GH1,0; 66.70 67.09
Hosalen Second step 339 68N> 33.30 32.91
Cu0H16N202 Total loss 99.09 100.00
Residue 00.10 00.00
First step 218 EHs [38.10 37.94
AAP Second step 317 s8N0 [61.00 62.06
C1iH1NsO Total loss £99.10 100.00
Residue £00.90 00.00
First step 149 H12NS 81.82 80.61
éSPHDj\IZSZ Second step 195 18.18 19.51
Total loss 100.00100.00
Residue 00.00 00.00
First step 287 €H14N,0, 31.00 32.87
. Second step 395 28H26N6O2 43.00 42.504
ggiz_('j:’l\limgggcoz)z(/-\AP)Z] @ Third step 508 2CKCO GHeO, 10.50 9.002
Total loss 84.50 84.376
Residue 2NiO 15.50 15.624
First step 75 260 5.00 4.09
Second step 216 16H1eN2S, 32,50 33.45
) Third step 323
g\lsil fq(fj\lﬁﬂ)iggfs(jOZ)Z(PDCHﬂ'zwo @ Fourth step 404  GHWN,0, 38.00 35.71
Fifth step 543 GHeO, 9.50 9.78
Total loss 85.00 83.03
Residue NIO, 15.00 16.97
First step 103 2D 6.41 6.05
206, 235,
[Cu(salen)(CHCO2]-2H0 () Second step 358 CoHiN,0;  52.04 52.78
Cu4H24CwN,Og Third step 460, 556 C4HsO2 15.33 14.46
Total loss 73.78 73.29
Residue 2Cu0O 26.22  26.71
First step 143 KO 5.00 4.00
218

Second step CyoH14N201 5 77.00 68.02

[Co(salen)(CHCO,)]- H,0 (4) 281

Cy2H19CoN,O5 Third step 525 CECO 9.56
Total loss 82.00 81.58
Residue 0.5 GO; 18.00 18.42
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Fig. 2. Thermogravimeteric (TGA) and derivative (DT'G) of Nickel(ll) acetate, AAP, APDC, H;salen and the prepared metal complexes
1,2,3,4)

The TG curve of Cu(ll) complexd) showed three main decomposition stages at 108, €35, 328) and (460, 556)
°C. The first weight loss peak of 6.41% (calcula®65%) corresponds to the loss of the two hydratater
molecules from the complex. The second main stdg#ecomposition proceeds at three maximum tempessitu
with a total weight loss of 52.04% and might beilagited to the loss of organic salen molecule {dated 52.78%).
The third main step of decomposition proceeds atvaximum temperatures with a total weight los4®f33 %
(calculated 14.46 %) and might be attributed toltiss of two acetyl units of the chelated acetegands. The total
weight loss associated with these steps (73.78%)geod agreement with the calculated value 029%.
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Decomposition of [Co(salen)(GBO,)]-H,O (4) also, occurred in three main steps. Water is &st43°C with
5.00% weight loss (calculated 4.00%). The secoep ef decomposition proceeded at two maximum teaipess
(218, 281°C) associated with a calculated weight loss of & @nd might be attributed to the loss of coordidat
salen molecule. The third degradation step wasrebdeas one decomposition peak at 5€5with a calculated
weight loss of weight 9.56 % and might be attribute the loss of acetyl unit of the chelated aceligiands. The
total weight loss associated with the second aind teps (77.00%) is in good agreement with tHeutated value
of 77.58%.

3.5. Proposed structure of the complexes

The proposed structures of the complexes basetieoartalytical data are given in Figs. 3-6. As tlated in the
discussion, some differences have been observethditdted due to the differences in the naturmefal ions and
type of ligands used as well as the experimentadlitions.

Fig. 3. Suggested structure of the distorted octaldeal configuration of Ni(ll)-mixed ligand complex (1) containing, salen, AAP and
acetate

o (e}

/ 7\ 2 H,0
o—Ni—o
HS/

Fig. 4. Suggested structure of the distorted octaldeal configuration of Ni(Il)-mixed ligand complex (2) containing, salen, PDCH and
acetate
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2 H,0

Fig. 5. Suggested structure of Cu(ll)-mixed liganatomplex (3) containing salen and acetate

Cao H,0

Fig. 6. Suggested structure of the distorted octaleal configuration of Co(lll)-mixed ligand complex (4) containing salen and acetate

The Ni(ll) ions in complexesl and 2 were proposed to have a distorted octahedral emwvient. The six
coordination sites are distributed between sal&@NNO), acetato (0,9 and AAP (O of carbonyl groups, N of
NH, group) in a neutral way as in compl&xr PDCH (S,S) as in compl&x as shown in Figs. 3 and 4. According
to the forgoing discussion, ammonium pyrrolidinbititarbamate (APDC) was converted in the reactidxtune
into pyrrolidinedithiocarbamic acid (PDCH) and cdimated with Ni(ll) via S of SH group and S of Cg®up as a
chelating ligand in compleX.

The neutral binuclear Cu(ll) compleR)(is obtained with ionized OH groups of salen aotd@ as bridging ligand
via O and N (imino) to two Cu(ll) ions. In this completsyo molecules of acetato ligands are bounded t@I)Cu
ions with a distorted square planar geometry, asslin Fig. 5.

In Co(lll) complex @), salen coordinated with central ion in tf@NNO™ manner. The remaining two sites were
occupied with a chelating acetato group to produdéstorted octahedral geometry, Fig. 6.

3.6. Antimicrobial activity

Thein vitro antibacterial activity of the title compounds weested against four bacterial straiBscillus subtillis
and Staphylococcus aureuss gram positive bacteria aigcherichia coliand Pseudomonas aeroginosa gram
negative bacteria by agar well diffusion methodbl@a4. Complexed and?2 did not show any activity against
Bacillus subtillis Staphylococcus aureus and Pseudomonas aerogibassshowedmoderate activity against
Escherichia Coli Complexes3 and4 showed an activity againBiacillus subtillisand Staphylococcus auretend
moderate activity againgscherichia coliand Pseudomonas aeroginas@he remarkable activity of dalen and
complexes mape due to the presence of the azomethine, hydgmylps and structural changasthe molecules
The antibacterial activities of Cu(ll) and Co(llpraplexes could be further studied for the treatnuérinfections
caused by any of the above organisms.
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Table 4. Antibacterial activity of H ;salen and its complexes

Antibacterial activity (inhibition zone diameter imm)

c d Bacteria
ompounds Bacillus subtillis,G*  Staphylococcus aureus$s”  Esherichia. Coli, G Pseudomonas aerogingsa—
Hoalen 6 5 - -
[Niz(salen)(CHCO,),(AAP),] (1) - - 10
[Niz(salen)(CHCO,),(PDCHY]- 2H,0 (2) - - 12 -
[Cuy(salen)(CHCO,);]- 2H,0 (3) 18 19 11 11
[Co(salen)(CHCO,)]- H0 (@) 16 18 12 12

CONCLUSION

Hosalen ligand and the formed complexes with metatades were synthesized and characterized by elainen
analysis, conductivity measurements, IR and UV/gff&ctra as well as thermal analysis. Based on btened
experimental data and literature indications, thictural formulae to these compounds were sugdeatel
formulated as [N{salen)(CHCO,),(AAP),] (D), [Niy(salen)(CHCO,),(PDCH)]- 2H,0O (2),
[Cuy(salen)(CHCO,);]- 2H,0 (3), [Co(salen)(CHCO;)]- (H20) (@),

According to the IR data of the compounds, theaten Schiff base ligand behaves in the preparetbmelear or
binuclear mixed ligand complexes as a dianionicatiEntate ONNO  ligand. The four bonding sites are the
oxygen atom of the ionized phenolic OH and theogién atom of the azomethine C=N groupssaten behaves as a
bridging tetradentate ligand to two M(ll) atomscimmplexesl, 2 and3. The acetato ligands act as chelating ligands
to all complexes.

In the mixed ligand comple%, AAP acts as a neutral bidentate ligand via Nhef amino group and O atom of —
C=0 group. In the mixed ligand complgxPDCH behaves as a neutral bidentate ligand with)Nia S atoms of
C=S and SH groups.

Thermal studies to the free ligands and the prepeoenplexes showed the mixed ligand complexes dposed at
higher temperatures in comparison with the frearlds.

The biological activity test results showed that thetal complexes have antibacterial activity agfasome bacterial
strains except for Ni(ll) complexes. The ligandsl anetal complexes (Cu(ll) and Co(lll)) might beeeffive as
antimicrobial agents bacteria.
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