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ABSTRACT

14-membered tetraaza macrocyclic ligand and it&dsobmplexes of Cr(lll) and Mn(ll) have been sysihed and
characterized by elemental analysis, conductometiggnetic susceptibility, UV-visible, FTIBJ NMR spectra,
powder X-ray diffraction and thermal analysis. Frahe microanalytical data, the stoichiometry of twmplexes
has been found to be 1:1 (metal:ligand) ratio. T&A-DTA data suggest Cr(lll) complex having onedanitrate

ion, one water molecule and two coordinated nitiates and Mn(Il) complex having one ionic water ewnile and
two coordinated chloride ions.The X-ray diffraction data suggest orthorhombicstay system for Cr(lll) and
monoclinic crystal system for Mn(Il) complexes.

Keywords: Macrocyclic ligand complexes, Transition metal gbexes, Thermal analysis, Powder X-ray diffraction
etc.

INTRODUCTION

Transition metals play a central role in the camdton of molecular materials, which display magnetroperties
and find applications in material and supramolecalemistry and biochemistry [1-4]. The study ofcnagyclic

complexes is a growing class of research [5-8]. Mlaclic Schiff base nitrogen donor ligands haveeieed

special attention because of their mixed hard-ekmfior character and versatile coordination behd9id0], and for
their biological activities, i.e. toxicity againfiacterial growth [11], anticancerous [12] and otbé&chemical
properties [13,14]. The chemistry of macrocycliengexes is also important due to their use as dpespigments
[15] as well as NMR shift reagents [16].Cr(Ill) complexa& macrocyclic ligands are well known for theiolbgical

importance as well as their anticarcinogenic, aatibrial, and antifungal properties [17].

The complexes of metal ions in combination to megebc ligands are significant, as these resembth natural
system like porphyrin and cobalamine [18, 19]. Tev macrocyclic bifunctional chelating agents aseduin
labeling monoclonal antibodies with radioactive ahg20-22] and for cancer diagnosis [23,24].

In view of the above consideration in this papeg,are reporting the synthesis and spectroscopiactegization of
Cr(liy and Mn(ll) complexes with a novel macrocigctetra dentate nitrogen donor ligand.

MATERIALS AND METHODS

Substituted diketone was prepared from 2-Hydroxgt@mhenone and benzoic acid by Bekar Vankataraman
rearrangement. Benzoic acid, phosphorus oxychlpggedine, potasium hydroxide, ethylene diamineA&f grade
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were used for synthesis of ligand. AR grade meiizhte was used for the synthesis of complex. Tadan,
hydrogen and nitrogen contents were determined enkif® Elmer (2400) CNS analyzer. FTIR spectrum were
recorded on Jasco FTIR-4100 spectrometer usingpéBets.*H NMR spectrum of ligand was recorded in CPCI
+DMSO using TMS as internal standard. The TGA-DT# &XRD were recorded on Perkin EImer TA/SDT-2960
and Philips 3701, respectively. The UV-visible smeof complexes were recorded on JascoUV-530 spuaeter.
Molar conductance of complexes was measured oo Ell 180 conductivity meter using T solution in DMF.

2.1 Synthesis of ligand

A hot ethanolic solution (30 ml) of 1-(2-hydroxygyl)-3-phenylpropane-1, 3-Dione (4.80g, 0.02 nawiyl a hot
ethanolic solution (30 ml) of ethylene diamine (L&, 0.02 mol) were mixed slowly with constant ristig. This
reaction mixture was then refluxed at 80®@dor 14-15 h in the presence of few drops of cotrated HCI. On
cooling, a solid yellow precipitate was formed, ahiwas filtered, washed with cold EtOH and driedemvacuum
over B0Oy[25-28]. (Yield: 59 %)

HO o / \ Reflux
2 + 2

HoN NH; 14 - 15 hours in —N N—

(6] ethanol O \ / O

Scheme 1 Synthesis of ligand

2.2 Synthesis of complexes

A hot ethanolic (20 ml) solution of the ligand (010mol) and a hot ethanolic (20 ml) solution of tweresponding
metal salt (0.001 mol) were mixed together withstant stirring. The 'pof the reaction mixture was adjusted in the
range 7-8 by adding 10% alcoholic ammonia solutidre reaction mixture was refluxed for 5-6 h at980C.On
cooling, a colored precipitate was formed. It witered, washed with cold EtOH and dried under wewver

RESULTS AND DISCUSSION

Physical characteristics, micro analytical, molanductance data of ligand and metal complexesiaesn gn Table

1. The analytical data of complexes reveals 1l:lamoatio (metal:ligand). The presence of water males,
chloride and nitrate ions was confirmed by TGA-DBAalysis as well as by FTIR spectroscophe X-ray
diffraction data suggest orthorhombic crystal systéor Cr(lll) and monoclinic crystal system for Mb(
complexesThe metal chelate solutions in DMF shows low comalnice which supports non-electrolyte nature of
metal chelates.

3.1'H NMR spectra of ligand
H NMR (CDCL-DMSO): 6= 2.6 (s, 4H, —Ch), 3.8 (s, 4H, N=C—CB), 3.9 (s, 4H, N=C—C}}, 5.7 (s, 2H, Ar-OH),
6.4-8.4 (m, 18H, Ar—H).

3.2 FTIR spectra

The IR spectrum of the ligand (L) show&@=N) peak at 1619 cth and the absence of4C=0) peak at around
1700 cnt is indicative of Schiff's base condensation. The dpectrum of ligand, appearance of a new strong
absorption band at 1619 &mattributable to the characteristic stretchinggérencies of the imino linkage
(C=N),which provides strong evidence for the presenf cyclic product. On complex formation, thegC=N)
shifted towards lower side by 14-19 €nhence the ligand is tetradentate, nitrogen damardinates through
nitrogen of C=N group [29]The Y(OH) vibration of the phenolic proton appears &saad band in the region 3200-
3346 cnt* probably due to the overlapping of the symmetrid antisymmetric OH stretching vibrations of lagtic
water [30-31]. The presence of lattice water i® adstablished and supported by TGA-DTA analysighefse
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complexes. Cr(lll) complex exhibit absorption baimdthe region 355-368 cmassigned to (Cr-N¥tretching
vibration and absorption bands at ~ 1500 & 132bcrdue to theV(N=0) (V1) and Y4(NO,) (Vs) vibrations,
respectively of the coordinated nitrate ion [32-38h(ll) complexes with a tetradentate macrocyblidonor ligand
and reported that infrared spectra of the complexésbited band in the range 440-550cmassigned to (Mn-N)
stretching vibration [34] and 335-340 ¢massigned to (M-Cl¥tretching vibration[ 35]. On the basis of above
discussion, a six coordinated structure is propdeeall the complexes in which the ligands cooat&via four
azomethine nitrogens (Table 2).

3.3 Electronic spectra

The electronic absorption spectra of Cr(lll) and (Mncomplexes were recorded in DMF as a solvertte T
electronic spectra of the ligand exhibits two tiioss in the range 26738 and 27778 Gwhich may be attributed
to then — n* andn — =* transitions of the imine groups. The electrorpestra of Cr(Ill) and Mn(ll) complexes
recorded in DMF solution. Electronic spectrum of(Iify complexes display four electronic spectrainta at
24876, 27778, 28736 and 33333 tnThe first three bands may be assigned to tramsitiA,g— “T.g (F),*A,g—
“T.g (F), “A,g — “Tig (P) respectively and fourth one to the chargesfier [36]. Electronic spectrum of Mn(ll)
complex exhibit five absorption bands at 24876027 27778, 29412 and 36231¢mThese bands may be
assigned to the following transitiois,g— “T.g (4G), °A1g— “Eg, “A1g (4G) and®A,g—"Eg (4D), °A.g (4P),
respectively [36].

Table 1. Physical characterization, analytical anenolar conductance data of ligand and its metal conipxes

M.P Molar % Found (Calcd.)
Ligand/complexes F.W. (O'C)' Colour conduc. Mho C H N M
(cm? mol™)
7725 | 6.10 | 10.59
L) 528.25| 181 | vyellow 33 (7734 | (6.02) | (038)|
] 52.30 | 4.05 | 12.38 | 6.73
[CrL (NOs),] NO; H,O | 784.24| >300| Greenish blagk 56 (52.02) | (4.33) | (12.49) | (6.62)
60.20 | 5.54 8.10 8.40
[Mn L(CI);] H,O 672.18| >300 Brown 40 (60.69) | (5.05)| (8:33) | (8.17)

Table 2. FTIR spectra of ligand (L) and its complegs (cnt)

Coordinated nitrate
Ligand/complexes (OH)| (C=N)| (C-0)| (M-N)| lonic nitrge | (N=0) (NOy)
(V1) (¥s)

) 3340 | 1619 | 1208
[CrL (NOs)J] NO; H,O | 3223 | 1605| 1260] 357.9 1384 1401] 1321
[Mn L(CI);] H,O 3346 | 1600 | 1143] 522

3.4 Powder X-ray diffraction

The X-ray diffraction of representative metal coeysis was scanned in the range 20-80° at wave |dns40A.
The diffractogram and associated data depict thealie for each peak, relative intensity and iq@nar spacing
(d-values). The diffractogram of Cr(Ill) complexvga23 reflections with maxima ab=2 58.759° and its intensity
20.42 a.u. corresponding to d value 1.57 A. THieaditogram of Mn(Il) complex shows 18 reflectioftivmaxima
at 2 = 36.363° and its intensity 113.89 a.u. correspuntb d value 2.4686 A. The X-ray diffraction patt of
these complexes with respect to major peaks halagive intensity greater than 10% has been indidxeusing
computer programme. The above indexing methodyaésdds Miller indices (hkl), unit cell parametensdaunit cell
volume. The unit cell of Cr(lll) complex yieldedluas of lattice constants, a=15.18 A, b = 7.1& A, 6.27A and
unit cell volume V= 675.76 A In concurrence with these cell parameters, tmelitions such as #b # ¢ ando. =
B= v =90 required for sample to be orthorhombic westeld and found to be satisfactory [36]. Henceait be
concluded that Cr(lll) complex have orthorhombigstal system. The unit cell of Mn(ll) complex yielii values of
lattice constants, a= 13.072 A, b = 6.796 A, c=6.89and unit cell volume V =525.41%AIn concurrence with
these cell parameters, the conditions such#Aszac ande = =90y =120 required for sample to be monoclinic
were tested and found to be satisfactory [38]. ldeitccan be concluded that Mn(ll) complexes hawnoelinic
crystal system (fig. 1).
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Fig. 1. X-ray diffractogram of Mn(Il) and Cr(lll) c omplexes

3.5 Thermal analysis

The simultaneous TGA-DTA analysis of metal comptexas studied from ambient temperature 50 to 1G0@
nitrogen atmosphere usingAl,Os; as reference. The Cr(lll) and Mn(ll) complexdsligand were chosen for
thermal study. Themogravimetric analysis shows that Cr(lll) and Mn(ll) complexes of ligand exhikhigh
thermal stability. The lattice water is removedtite temperature range of 55-1Tand the ionic nitrates are
removed in the 178-36C range. The macrocycle is lost in the temperatange of 361— 825 along with the
coordinated nitrate [39Mandalik et al [40] reported that themal study ofi((M) and Cr(lll) Schiff base complexes
and shows weight loss in between 80-150 °C indicthtat presence of lattice water.

Cr(lll) complexes of L in which one lattice watemdaone ionic nitrate ion are removed with mass @s9.53 %
(calcd.10.15%) between 50-190 °C and two coordihatgate ions are removed with loss of 15.59%aqadl5.77
%) between 190-310 °C. An endothermic peak in #mege 135-145 °Cdfhax 140 °C) in the DTA curve
corresponds to the dehydration and denitration atebsecond endothermic peak in the range 270-2@80%&x 280
°C) corresponds to the denitration step. The mgctecis lost in the temperature range of 310-820 ARG
endothermic peak in the range 380-390 8@4dx 385 °C) in the DTA curve corresponds to the lmsmacrocycle
step. The mass of final residue corresponds tdes@kOs.

Mn(ll) complexes of L in which one lattice waterresmoved with mass lose of 2.62 % (calcd.2.69 %yéen 50-
100 °C and two coordinated chloride ions are rerdavigh loss of 9.83% (calcd.10.53%) between 100-310An
endothermic peak in the range 90-100 86@x 100 °C) in the DTA curve corresponds to theydedtion and
second endothermic peak in the range 300-326%@aX 310 °C) corresponds to the dechlorination stdme
macrocycle is lost in the temperature range of 820-°C. An endothermic peak in the range 400-41@f/@x 410
°C) in the DTA curve corresponds to the loss of roeygcle step. The mass of final residue correspdadstable
MnO.

CONCLUSION

Based on analytical, conductance, magnetic, infragéectronic spectral data, TGA and X-ray powdaitgyn, all
these complexes exhibit six coordination numbetertative, general structure of Cr(Ill) and Mn(lljnacrocyclic
ligand complexes is given in Fig.2. The FTIR speatlata suggest that the ligand behaves as al¢eti@e ligand
with N donor atoms towards central metal ion. Thea)( diffraction data suggest orthorhombic crysiytem for
Cr(ll) and monoclinic crystal system for Mn(ll) emplexes. Analytical data obtained from thermal ssdeveals
that these complexes are thermally stable.
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Fig. 2. Proposed structure of metal complexes

Where M =Cr(Ill)and Mn(ll)
X=NG; for Cr(Ill) and X=CI for Mn(ll)
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