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ABSTRACT

Cr(lln), Mn(ll) and Zr(IV) complexes are synthesizavith a novel tetradentate N macrocyclic ligand and
characterized by the elemental analysis, conducdiymenagnetic susceptibility, UV—visible, FTIRd NMR
spectra, powder X-ray diffraction, and thermal aysaé. From the microanalytical data, the stoichitmeof the
complexes has been found to be 1:1 (metal:ligaati).r The TGA-DTA data suggest Cr(lll) complexasihg one
nitrate ion, one water molecule and two coordinatéttate ions, Mn(ll) complex is having one ladtievater
molecule and two coordinated chloride ions and \Zy(¢omplex is having one water molecule and twadinated
nitrate ions. The X-ray diffraction data suggesthorhombic crystal system for Cr(lll) and monodtirgrystal
system for Mn(lIl) and Zr(IV)complexes.

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

INTRODUCTION

Synthetic macrocycles are a growing class of comgsuwvith varying chemistry with a wide range offeliént
molecular topologies and sets of donor atoms. cFtemical properties of macrocyclic complexes canuped to
force metal ions to adopt unusual coordination getoyil-4]. Macrocyclic Schiff base nitrogen donor liggnhave
received special attention because of their mixedi+soft donor character and versatile coordinatiehavior
[5,6], and for their biological activities, i.e.xigity against bacterial growth [7], anticancerd& and other
biochemical properties [9,10]. The chemistry of noagclic complexes is also important due to theie as dyes
and pigments [114s well as NMR shift reagents [12]. Transition nwefgday a central role in the construction of
molecular materials, which display magnetic prapsertand find applications in material and supramdbr
chemistry and biochemistry [13—16]. Cr(lll) compdsxof macrocyclic ligands are well known for thigiological
importance as well as their anticarcinogenic, aatibrial, and antifungal properties [17].

The complexes of metal ions in combination to meyctc ligands are significant, as these resemlith natural
system like porphyrin and cobalamine [18, 19]. e macrocyclic bifunctional chelating agents asediin
labeling monoclonal antibodies with radioactive aig20-22] and for cancer diagnosis [23,24].

In view of the above consideration in this papes,axe reporting the synthesis and spectroscopiacteaization of
Cr(111) and Mn(ll) and Zr(1V) complexes with a navmacrocyclic tetra dentate nitrogen donor ligand.

MATERIALS AND METHODS

Substituted diketone was prepared from 2-hydroxetagahenone and P-amino benzoic acid by Bekar Varkaian
rearrangement. P-amino benzoic acid, phosphorushiosyde, pyridine, potasium hydroxide, ethylenandine of
AR grade were used for synthesis of ligand. AR gratktal nitrate was used for the synthesis of cermprhe
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carbon, hydrogen and nitrogen contents were deteandon Perkin ElImer (2400) CNS analyzer. FTIR spettwvas
recorded on Jasco FTIR-4100 spectrometer usinggéBets."H NMR spectrum of ligand was recorded in CRCI
+DMSO using TMS as internal standard. The TGA-DT#l &RD were recorded on Perkin Elmer TA/SDT-2960
and Philips 3701, respectively. The UV-visible speof complexes were recorded on JascoUV-530 spaeter.
Molar conductance of complexes was measured on ElM 180 conductivity meter using 0 solution in DMF.

Synthesis of ligand:
A hot ethanolic solution (30 ml) of 1-(4-aminopl®r3-(2-hydroxyphenyl)propane-1, 3-dione (5.10¢)2 mol)
and a hot ethanolic solution (30 ml) of ethylenandine (1.20 g, 0.02 mol) were mixed slowly with stamt stirring.
This reaction mixture was then refluxed at 86@®@or 14—15 h in the presence of few drops of catre¢ed HCI.
On cooling, a solid reddish yellow precipitate Wwasmed, which was filtered, washed with cold EtOktiadried
under vacuum over,P1,[25-27]. (Figure 1, Yield: 58 %)
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Figure 1: Synthesis of ligand

Synthesis of complexes:

A hot ethanolic (20 ml) solution of the ligand (010 mol) and a hot ethanolic (20 ml) solution of the
corresponding metal salt (0.001 mol) were mixedtber with constant stirring. Thé' pf the reaction mixture was
adjusted in the range 7-8 by adding 10% alcohatimania solution. The reaction mixture was refluf@d5-6 h at
80-90°C.On cooling; colored precipitate was formkdwas filtered, washed with cold EtOH and drieddar
vacuum over ;o [25-27]. (Yield 50-55%).

RESULTS AND DISCUSSION

Physical characteristics, micro analytical, molanauctance data of ligand and metal complexesiaes gn Table

1. The analytical data of complexes reveals 1:lameohtio (metal:lligand). The presence of water ialkes,
chloride and nitrate ions was confirmed by TGA-DBAalysis as well as by FTIR spectroscopy. The X-ray
diffraction data suggest orthorhombic crystal syster Cr(lll) and monoclinic crystal system for MB(and Zr(1V)
complexes. The metal chelate solutions in DMF shimms conductance which supports non-electrolyteurgabf
metal chelates.

'H NMR spectra of ligand:
'H NMR (CDCL-DMSO): 8= 2.6 (s, 4H, —Ch), 3.9 (s, 8H, N=C—C}}, 5.9 (s, 2H, Ar-OH), 4.1 (s, 4H, Ar-
NH,)6.8-8.4 (m, 16H, Ar—H).

FTIR spectra:

The IR spectrum of the ligand (L) shows @=N) peak at 1632 cm and the absence of¥4C=0) peak at around
1700 cmt is indicative of Schiff's base condensation. Tk dpectrum of ligand, appearance of a new strong
absorption band at 1632 &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 25-33 &rhence the ligand is tetradentate, nitrogen dawardinates through
nitrogen of C=N group [28]. Th&(OH) vibration of the phenolic proton appears &saad band in the region 3200-
3346 cn probably due to the overlapping of the symmetrid antisymmetric OH stretching vibrations of lagtic
water [29-30]. The presence of lattice water i® astablished and supported by TGA-DTA analysighese
complexes. Cr(lll) complex exhibit absorption bamad319,1390 and 1425¢mdue to the coordinated nitrate ion
and band in the range 260-390tnassigned to (Cr-N) stretching vibration [31-3RIn(ll) complexes with a
tetradentate macrocyclic N donor ligand and repbtimt infrared spectra of the complexes exhibiiedd in the
range 440-550cth assigned to (Mn-N) stretching vibration [33] a885-340 crit, assigned to (M-Cl) stretching
vibration [ 34] and Zr(1V) complex exhibit absomuti bands in the range 600-682tmassigned to (Zr-N) stretching
vibration [35]. On the basis of above discussirsix coordinated structure is proposed for allgbhmplexes in
which the ligands coordinataa four azomethine nitrogens (Table 2).
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Electronic spectra:

The electronic absorption spectra of Cr(lll), Mp@ind Zr(IV) complexes were recorded in DMF as laesdt. The
electronic spectra of the ligand exhibits two titiass in the range 29239 and 30674 %which may be attributed

to then — n* andn — =* transitions of the imine groups. Electronic spaat of Cr(lll) complexes display three
electronic spectral bands at 23474, 27933 and 318d3. The three bands may be assigned to transitions
*Ag—*Tog(F), *“Ag—*T.g(F), *A,g—*T:1g(P) respectively for octahedral geometry [36].ciienic spectrum of
Mn(ll) complexe exhibit four absorption bands at828, 27624, 29240 and 35714 ¢mThese bands may be
assigned to the following transitioPs,9—"T:g (*G), °A:g— *A.g (‘G), and®A,g—*Eg ('D), °A.g (*P), respectively
[36]. Electronic spectrum of Zr(IV) complexes displtwo electronic spectral bands at 27624"@nd 31447 cih
which may be assigned #0— n* and LMCT transitions respectively[37,38].

Table 1: Physical characterization, analytical andnolar conductance data of ligand and its metal compxes

) M.P. Molar % Found (Calcd.)
Ligand/complexes F.wW. C) Colour c(oCr:Tc]izu;Ol\I{llt;o c H N M
L 558.67| 211| Reddish yelloW 34 (;gig% (géi) &g:gg) -----
[Cr L (NO)]] NOs H,O | 814.66| >300] Brown 62 (Aslg:gg) (2:471% (ig%) (ggg)
[Mn L(CI)] H,0 702.6 | >300| blackish 55 é’gzgz) (g:ig) (ﬁ:gg) (;:;(1’)
[ZrO L(NOs)s] H-0 807.89| >300 pink Red 46 (ggzgg) (j:ig) (1133;%(; (ﬂ:‘z‘g)

Table 2: FTIR spectra of ligand (L) and its complers (cm')

Ligand/complexes (OH)| (C=N)| (C-0)| (M-N)| Coordinatechitrate | Coordinated Chloride
(L) 3377 1632 1209
[CrL (NO;),] NO; H,O | 3339 | 1602 1184 356 1319,1390,1425
[Mn L(CI),] H,O 3331 | 1600| 1239 522 354
[ZrO L(NOs3);] H.0 3377 | 1603 1184 628 1029,848,760 | = -
Zr
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=
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Figure 2: X-ray diffractogram of Cr(lll), Mn(ll) an d Zr(IV) complexes

Powder X-ray diffraction:

The X-ray diffraction of representative metal coexgls was scanned in the range 20-80° at wave |ldnsd0A.
The diffractogram and associated data depict ¢healue for each peak, relative intensity and imlanar spacing
(d-values). The diffractogram of Cr(lll) complexveall reflections with maxima at2 32.805° and its intensity
43.76 a.u. corresponding to d value 2.7278 A. iieactogram of Mn(ll) complex shows 20 reflectiamith
maxima at 8 = 79.203° and its intensity 34.52 a.u. correspudth d value 1.2084 A. The diffractogram of Zr(1V)
complex shows 17 reflection with maxima 8t=223.899° and its intensity 67.81 a.u. correspumth d value 3.720
A. The X-ray diffraction pattern of these complexgish respect to major peaks having relative intgngreater
than 10% has been indexed by using computer progearthe above indexing method also yields Millatiées
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(hkl), unit cell parameters and unit cell voluméaeTunit cell of Cr(lll) complex yielded values @itlice constants,
a=15.18 A, b = 7.10 A, ¢ = 6.27A and unit cell vole V= 675.76 A In concurrence with these cell parameters, the
conditions such as#b # ¢ ando = =y =90 required for sample to be orthorhombic westett and found to be
satisfactory [39]. Hence, it can be concluded @¥tll) complex have orthorhombic crystal systerheTunit cell of
Mn(ll) complex yielded values of lattice constaras, 13.072 A, b = 6.796 A, ¢=6.896 A and unit sellume V =
530.54 R. In concurrence with these cell parameters, theliions such as #b # ¢ anda = p =90 andy =120
required for sample to be monoclinic were testedi fannd to be satisfactory [40]. Hence, it can beatuded that
Mn(lll) complexes have monoclinic crystal systenthe unit cell of Zr(IV) complex yielded values ddttice
constants, a= 33.91 A, b = 4.210 A, ¢=5.91 A anit egll volume V = 560.41 A In concurrence with these cell
parameters, the conditions such gb& ¢ ando = 90,5= 123.795 ang =120 required for sample to be monoclinic
were tested and found to be satisfactory [41]. eiitccan be concluded that Zr(IV) complexes hawnoclinic
crystal system (figure 2).

Thermal analysis:

The simultaneous TGA-DTA analysis of metal compenas studied from ambient temperature 50 to £00@
nitrogen atmosphere usingAl,O; as reference. Themogravimetric analysis shows tti@tCr(lll), Mn(ll) and
Zr(IV) complexes of ligand exhibit high thermal Isiletly. The lattice water is removed in the tempara range of
55-110C and the ionic nitrates are removed in the 178—-@6fange. The macrocycle is lost in the temperature
range of 361— 82¥ along with the coordinated nitrate [42].

Cr(1ll) complexes in which one lattice water andedionic nitrate ions are removed with mass losd@#6 %
(calcd.10.27%) between 50-190 °C and two coordihatérate ions are removed with loss of 15.70%
(calcd.15.21%) between 190-290 °C. An endothermakpn the range 140-150 °&hfax 150 °C) in the DTA curve
corresponds to the dehydration and denitrationoS&@®@ndothermic peak in the range 260-27@Gak 270 °C)
corresponds to the denitration step. The macrodgdlest in the temperature range of 300—-820 °CeAdothermic
peak in the range 400-500 °@r(ax 450 °C) in the DTA curve corresponds to the tifanacrocycle step. The mass
of final residue corresponds to stable@y

Mn(Il) complexes in which one lattice water is rerad with mass loss of 2.78 % (calcd.2.44 %) betws80 °C
and two coordinated chloride ions are removed Wogs of 9.81% (calcd.10.11 %) between 100-320 °G. A
endothermic peak in the range 90-100 8@&x 95 °C) in the DTA curve corresponds to the dedityon and second
endothermic peak in the range 315-3253@4x 320 °C) corresponds to the dechlorination stép. macrocycle is
lost in the temperature range of 320-820 °C. Arot#ramic peak in the range 530-540 ¥théx 540 °C) in the
DTA curve corresponds to the loss of macrocyckyp.sThe mass of final residue corresponds to stdhl@e.

Zr(IV) complexes in which one lattice water is rarad with mass loss of 1.94 % (calcd.2.21%) betws@d 10 °C
and two coordinated nitrate ions are removed withs|of 16.71% (calcd.17.79%) between 110-360 °C. An
endothermic peak in the range 90-110 8@&dx 110 °C) in the DTA curve corresponds to theydedtion and
second endothermic peak in the range 340-368%@X 350 °C) corresponds to the denitration step.mhcrocycle
are lost in the temperature range of 360—820 °Cerdothermic peak in the range 520-57088ax 560 °C) in the
DTA curve corresponds to the loss of macrocycles iass of final residue corresponds to stable.ZrO

CONCLUSION

Based on analytical, conductance, magnetic, indragdectronic spectral data, TGA and X-ray powdattgrn, all
these complexes exhibit six coordination numberteAtative, general structure of Cr(lll), Mn(ll) arZr(I1V)
macrocyclic ligand complexes is given in FigureTBe FTIR spectral data suggest that the ligandvehas a
tetradentate ligand with N donor atoms towardsre¢mietal ion. The X-ray diffraction data suggeshorhombic
crystal system for Cr(lll) and monoclinic crystgstem for Mn(ll) and Zr(IV) complexes. Analyticahth obtained
from thermal studies reveals that these compleseetharmally stable.
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Figure 3: Proposed structure of metal complexes
Where M =Cr(lll), Mn(Il) and Zr(IV).
X=Cl/ NG;
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