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ABSTRACT

Sudies on metal chelates with Schiff bases of dehydroacetic acid have received attention due to their excellent
chelating capacity in modern coordination chemistry. The dehydroacetic acid is widely used as fungicide, herbicide
and as preservative that has powerful antimicrobial affect against bacteria, yeast and particularly molds. This
compound has several reactive functional groups and can serve as a reagent in organic synthesis. The complexes of
Ni(l1), Cu(ll) and Zn(1l) with Schiff base 3-(2-(1-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl) ethylidene) hydrazinyl)-
2H-benzo[ b] [ 1,4] oxazin-2-one (HMOPE-HBO) derived from dehydroacetic acid (3-acetyl-4-hydroxy-6-methyl-2H-
pyran-2-one) (AHMPO) and 3-Hydrazino-1,4-benzoxazine-2-one (HBO) have been synthesized. The ligand acts as
tridentate ONN / ONO donor. The ligand was characterized by LC-MS, IR, *H NMR and electronic spectral studies.
Characterization of the complexes has been done on the basis of elemental analysis, molar conductivity, magnetic
studies, thermal studies, IR, electronic spectral techniques, ESR spectral studies etc. The 3D molecular modeling
structures of the ligand and its metal complexes are obtained by using Argus lab software. The geometrical
structures have been found to be square planar/ octahedral. Thermal studies show degradation pattern of the
compounds.

Key words: tridentate ONN/ONO donor, square planar, ESR,matig studies, molecular modeling.

INTRODUCTION

Benzoxazines are an important class of N-contairietprocyclic compounds which exhibit a wide rargje
biological activity and are used as key structurdltifs for the synthesis of various pharmaceut@génts as
antifungal [1], antimicrobial [2], 5HT1A receptorganists, anti-thrombotic and cardiovascular agei3is
normolipemic agents [4]inotropic chronotropic and coronary vasodilatingemtg, antirheumatic agents [5],
serotonin-3(5HT3) receptor antagonists, neuropepyisl antagonists, neuroprotective ageatfrogen receptds
agonists, anti-mycobacterial agents and antidiatsgentsBenzoxazines and their Schiff bases are found to be
biologically active according to the survey but, tatecomplexes obenzoxazine derivativdgve received less
attention inspite of theipotential metal binding properties and promisinglagability’s. Importance was hence
given to study these systeimsour laboratory.

One of the oxygen heterocyclic compounds (dehydri@acacid) 3-acetyl-4-hydroxy-6-methyl-2H-pyran-8eo
(AHMPO) was reported to be an excellent chelatiggrnd and to possess excellent fungicidal, bactigci
herbicidal and insecticidal activities [6, 7]. $talso a versatile starting material for the sysithef a wide variety of
heterocyclic ring systems [8, 9].
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Interest in the study of Schiff base hydrazoneshe®n growing because of their antimicrobial, &rtierculosis,
and anti-tumor activity [10]. Schiff bases play amportant role in inorganic chemistry, as they fostable
complexes with many transition metal ions.

In view of the importance of such Hydrazones, wscdbed here the synthesis of the Schiff base @&
hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)ethylidene) drazinyl)-2H-benzo[b][1,4] oxazin-2-one (HMOPE-HBO
derived from AHMPO and HBO and also synthesis amaracterization of its Ni(ll), Cu(ll) and Zn(ll) oaplexes.
These metal complexes may have enhanced biolaggitiaity which may have importance in the applieddicinal
chemistry.

MATERIALS AND METHODS

Organic solvents of analytical grade were purchdsmt Merck (India), other chemicals (ortho-diclddoenzene,
oxalyl chloride, ortho-amino phenol, Hydrazine hatdy, dehydro acetic acid) used were purchased 8mma
Aldrich company and all metal chlorides were preclirom SD Fine chemicals and were used withoufipation.

'H NMR data was obtained on a varian 400 MHz Mercpitys spectrometer and Bruker Biospin Switzerland
AVANCE-IIl 400 MHz FT digital NMR spectrometer uginrDMSO-¢ at RT using Tetra methyl silane as internal
standard. IR spectra were recorded using KBr disabe region of 4000-400 chon Brucker optics Germany
TENSOR 27 FTIR. Far IR spectrum was also recordetié region of 750-250 chusing IR Prestige-21 Shimadzu
Spectrophotometer. Solid UV spectra were recordedU¥-3600 Shimadzu UV-Vis-NIR spectrometer with
reflectance arrangement. CHN analysis was doneumsiaro analytical techniques on a Thermo Finnigsh EA
1112 elemental analyzer. Shimadzu AA-6300 atomisogition spectrophotometer was used to estimatal met
contents. The electrical conductance was recordedydreshly prepared DMSO solutions (1%18) using Elico
digital conductivity meter (model CM-180) havingd# type cell calibrated with KCI solution. Totahloride
content was estimated by argentometry. A mass gpactvas recorded on a LCMS-2010A Shimadzu Japan
spectrometer. The magnetic moments of the complev@® recorded on a Faraday magnetic susceptibility
millibalance model: 7550, at RT using Hg [Co (S¢]NJs the standard. The diamagnetic corrections were
using Pascal’s constants and temperature indepepdesimagnetic corrections were computed [Thg presence
of coordinated water or crystal water was establishy TGA studies using TGA Q 5000 V3.13 build 261
instrument. The mp was recorded for complexes b B&idies using DSC Q 1000V9.9 build 303 instrument
ESR spectrum of Cu(ll) complex was recorded on JEIHS-A200 ESR spectrometer at RT and liquid nérog
temperature (LNT). The XRD was recorded in the eaB§ - 80° @ values on a Rigaku Miniflex diffractometer.
Using Argus lab software the possible geometrhef$chiff base and the complexes were evaluated.

Synthesis of Schiff base HMOPE-HBO
HMOPE-HBO was prepared by a three-step procesdvimgpothe synthesis of 1, 4-Benzoxazine-2, 3-di¢BBO)
[12] and 3-Hydrazino-1, 4-benzoxazine-2-one (HBTB][

To a solution of HBO dissolved in hot distilled wat25 mL) (0.01 M, 1.77 g), AHMPO (dehydroacetiidd (0.01
M, 1.68 g) dissolved in minimum amount of hot dist water was added slowly with stirring. The r@aT mixture
was then refluxed on a mantle for two hours. Thard was collected as a pale yellow colored soliitkvwas
filtered while hot, washed repeatedly with distllleater, recrystallized using acetic acid and difedacuum.

Synthesis of metal complexes

The experimental procedure adopted for the syratadsall the metal complexes is as follows:

To the methanolic solution (25 mL) of metal chlerigf0.005 M) 1.18 g Ni (Il), 0.85 g Cu (Il) and 8.¢) Zn (11)],
DMSO solution of HMOPE-HBO (3.27 g, 0.01 M) (15 miwpas added with stirring. The pH of the solutionswa
adjusted to 7-8 range using 10% methanolic ammewligtion. The reaction mixture was heated undduxdbr 4 h
on hot mantle. The bright colored metal compleXasstseparated were filtered, washed successivély smnall
amounts of distilled water, methanol and petroleatirer and dried in vacuum. The purity of the comgdewas
tested by TLC using different solvent mixtures.

RESULTS AND DISCUSSION
Characterization of HMOPE-HBO
The general view of the preparation of new Schaféo HMOPE-HBO is shown in Scheme 1. It was prephayetie

condensation of one mole of 3-hydrazino-1, 4-beazme-2-one with one mole of 3-acetyl-4-hydroxy-6thyl-
2H-Pyran-2-one (dehydroacetic acid).
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Scheme 1. Preparation of HMOPE-HBO

Yield: 80%, mp: > 300 °C.

The elemental analysis (Found: C 58.87; H 4.082N3; Calcd: C 58.71; H 3.97; N 12.84 %) matchdakeulated
values, indicating that the ligand has the molacidemula G¢H;13N3Os. The data also suggests 1:1 condensation of
dehydroacetic acid with 3-hydrazino-1, 4-benzoxaZrone.

The LCMS of the ligand shows a peak at m/z 328batted to M+1 peak which corresponds to the mokarcul
weight of the ligand 327.

'H NMR spectrum of HMOPE-HBO was recorded in DMSQ-d®e chemical shiftsdf are given in ppm
downfield from tetra methyl silane represented iguFe 1. The spectrum shows characteristic sigdatsto -NH
and enolic -OH. The spectrum shows signals betwe®® ppm which can be due to aromatic protons ofCHRMNE-
HBO [14].The methyl protons of lactone ring (OC-gbtotonsyesonate ai 2.56 ppm as singlet [15, 16] & singlet
appeared ai 2.13 ppm is attributed to -Glgroup on the azomethine carbon (-N=C4H7]. A short and broad
singlet atd 15.8 ppm can be attributed to proton of OH grotp].[The spectrum also shows a sharp singlet
attributed to NH proton ai 10 ppm. A signal a8 6.4 ppm can be assigned to the proton of dehydtmaacid
moiety and the aromatic protons of benzoxazinesaen as a multiplet and a doublebat.1-7.42 and 7.8 ppm
respectively [16]. The integration of each signatches with the expected structure and the rebalt® been
substantiated by f® exchange studies.
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Figure 1.*H-NMR spectrum of HMOPE-HBO

The IR spectrum of HMOPE-HBO presents a broad mea8307 crit corresponding te (OH) (enolic), a sharp
peak at3208 cnit can be assigned to(NH). Thev (C-O) (enolic) of ligand is observed at 13627cr2925 crit
band observed is due to aromatic CH stretching ptak 2854 chmay be ascribed to aliphatic CH symmetric
stretching, a very sharp peak noticed at 1484 cam be forv (C=C) stretching frequency of aromatic rjig] and
1442 cni peak may be due to v (CH) asymmetric bending mode of methyl group [T9je strong band noticed at
1685 cn can be attributed te (C=0) of lactone carbonyl group [13, 20]. The $pen also presents two short
sharp bands at 1572 &rf21] and 1554 ci corresponding te (C=N) of both free and ring azomethine groups
respectively. The signal at 999 ¢is the vibration of (N-N) moiety [22].

The electronic spectrum of HMOPE-HBO solid samplaswecorded in the range of 200-1600 nm. It showed

absorption bands at 49504 - 49019187037, 36630, 32362, 30959, 30487, 29154 and®8f®8. The bands in
the region 49504 - 49019 ¢hean be due to the-n* transitions of substituted benzene moiety of ligand. The
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bands at 37037, 36630 ¢rwan be attributed to the mi-transitions of benzoxazine moiety and hydraziite s
chain. The band at 32362 ¢ris due to ne* of enolic functional group. The band at 30959 80487 critis due to
the transition of lactone carbonyl groups of debwdetic acid and benzoxazine moieties respectividte. band
seen at 29154 chis assigned ta-7* transition of ring azomethine and 28169 tm n«t* of free azomethine group
[23].

Molecular Modeling Studies of HMOPE-HBO

The ligand geometry was evaluated using molecudfoutation with arguslab software (www.arguslab.goirhe
molecule is built and geometry optimization was elarsing quantum mechanics based AM1 (Austin Model 1
approximation and also molecular orbital calculasiovere performed. The Self consistent field (S&#rgy value
and heat of formatior\H; for the optimized geometry are given below. Theckbn density surfaces of highest
occupied molecular orbitals (HOMO) and lowest ungued molecular orbitals (LUMO) for the ground staff the
ligand are obtained.

Final SCF Energy = -102555.3504 kcal/mol
Heat of Formation = -65.3238 kcal/mol

Characterization of metal complexes

All the complexes are colored, quite stable toaaid moisture and are insoluble in most of the patat nonpolar
solvents, but are sparingly soluble in DMSO. Alethomplexes of HMOPE-HBO show decomposition without
melting. Yield of complexes: Ni (Il) - 62%, Cu (H)70%, Zn (II) - 73%.

Elemental analysis of metal complexes

The analytical data of all the complexes is presgbimi the Table 1.

The analysis of metal, carbon, hydrogen, nitroged ahloride give the following formulae- Nigi3,NgOss,
CuCgH16N30;Cl and ZnG,H3iNgO13 5. Elemental analysis shows 1:2 metal to ligand ratidNi (I1) and Zn (11)
complexes and 1:1 in Cu (II) complex. The presarfaae chloride ion is also indicated in Cu (I)ngolex.

Table 1. Analytical data and physical properties o0HMOPE-HBO complexes

-1
Complex with Mol. Mol. Color d.pt. Elements (found) % Calc. Ar(’:‘rgz)'
Formula Wt. (°C) M C H N Cl mol)
[Ni(L) 2] 5H,0 800 Dark >300 | 7.33(649) 481 | 424 105 ~ 57
NiC32H34N6015 Brown (4758) (423) (1034)
[Cu L CIl.2H,0 460 Dark >300 13.81 41.73 3.47 9.13 (8.92) 7.71 10.7
CUCicH:eN:O,Cl Brown (13.79) 40.4) | (3.41) (7.69)
[Zn (U)2].3.5H0 780 Light | >300 8.43(8.17) 4923 | 41 10.76 - 12
ZNCs;H31NeOy 3 Brown (49) (408) (1066)

Molar Conductance

The conductivity measurements were recorded itfygsrepared 1x1&M dimethyl sulphoxide (DMSO) solutions
and the molar conductivity values are given in €abl The data show negligible molar conductanceeg(5 to 12
mho cnf mole?) indicating that all the complexes are non-eldytes [24, 25, 26, 27] which indicates the presence
of one chloride ion within the coordination sphefeCu (II) complex.

Thermal Analysis

Thermal behavior and decomposition pattern of tletéahcomplexes was established by recording TGAGRhd
DSC curves. These are tabulated in Table 2. A setative thermogram of Ni (1) complex is giverFigures 2-3.
The heating rates were suitably controlled at 10ni@™* under nitrogen atmosphere and the weight loss was
measured from ambient temperature to 350 °C.

TGA analysis of Ni (II) complex elucidates the wetigoss corresponding to the thermal transitiorse TGA scan
showed weight loss of 11.61% (cal.11.25%) in thegerature range of 37.5-87.5 °C in single step rikaly due
to the loss of loosely bound 5 lattice water molesuThe DTG curve in the corresponding TGA implgd of
lattice water which is observed at 62.5 °C accongghrby further decomposition of the complex at leigh
temperatures [28, 29].

DSC of the Ni (II) complex shows decomposition aftice water at 85.41 °C under an air flux représeioy a

large and broad peak. It is also indicating a \moad peak at 212.04 °C which may be due to theelransition
of the complex and above which it may undergo frthecomposition without melting.
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TGA analysis of Cu (Il) complex was studied whidtows a weight loss of 8.26% (cal.7.82%) in the terafure
range of 37.5-80 °C in single step due to the édszlattice water molecules and a DTG curve indberesponding
TGA is observed at 58 °C for dehydration of watdich leads to further decomposition of the complex.

DSC of the Cu (ll) complex indicates the presentcergstalline water molecules in the complex whigrexhibits
decompostion of water molecules shown by a largklanad endothermic peak at 87.69 °C under arwdr[29].
The thermogram is also exhibiting a very broad peak31.89 °C which may be attributed to either saransition
or reduction after which the decomposition of tbenplex without undergoing any melting process mayaticed.

TGA study of Zn (1) complex shows loss of crysitad water with a weight loss of 8.19% (cal.8.07%}he range
of 37-80 °C in a single step process attribute8.fowater molecules [29, 30]. The DTG peak of thmplex further
indicate loss of water noticed at 56 °C and decaitipm of the complex at higher temperatures.

DSC of the Zn (II) complex is exhibiting a verydarand broad endothermic peak at 82.75 °C coninijpud the
presence of crystalline water and indicating itsaheposition. A broad endothermic peak seen at 3084may be
associated with some phase transition or reduckanther no peaks are noticed in the thermogranchvihows
that the complex decomposes without melting. Thregregage weight loss in all the complexes is ireagrent with
the calculated values.

TGA
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Figure 2. TGA of Ni (Il) complex
Table 2. Thermo analytical results of HMOPE-HBO meé&l complexes
o DTG Weight loss (%) . DSC (°C)
Complexes TGA (°C) (°C) Calc. Found Assignment Endothermic peaks
Ni(ll) complex 37.5-875 62.5 11.25 11.61 Singtiep with loss of 5 lattice | 85.41,212 °C
water molecules.
Cu(ll) complex 37.5-80 58 7.82 8.26 Single stéh Voss of 2 lattice 87.69, 232 °C
water molecules.
Zn(Il) complex 37-80 56 8.07 8.19 Single stephvidtss of 3.5 lattice | 82.75, 206 °C
water molecules.

188




N. Kavitha and P. V. Anantha Lakshmi Der Pharma Chemica, 2016,8 (12):184-197

DSC

02

0.0+

0.2
= ]
— 4
g 3675°C
z 134.2)/g 148.67°C
B 044 32100
% 212.04°C
=

06

0.8

85.41°C
1.0 T T T T T T
30 80 130 180 230 280 330
Exo Up Temperature (°C)

Figure 3. DSC of Ni (Il) complex

Infrared Spectra
The significant bands in IR spectra of the ligand the metal complexes are shown in Table 3.

The stretching frequencies o{OH), v (NH), v (C=0),v (C=N) (free) and (ringly (C-O) andv (N-N) in free ligand
appear at 3307, 3208, 1685, 1572, 1554, 1362 add® respectively.

The IR spectrum of all the complexes exhibit braadgh in the region of 3100-3500 ¢mwhich are not seen in the
ligand. This band can be assigned to a combination(NH) andv (OH) (of coordinated or lattice water) [16, 18,
31]. The changes in stretching frequencies due(tddH) and v (OH) cannot be identified in the complexes as that
region is merged witlh (OH) of water and appear as a broad band. Asdhglexes are isolated in neutral/weakly
basic media the deprotonation of enolic group finde which is further justified by the disappeaca of old bands
and formation of new broad bands in the complexesrly indicating the deprotonation of OH group and
coordination through enolic oxygen [19]. A band 1862 cni in this ligand assignable te (C-O) also has
undergone a positive shift to 1403-1445"ctin its complexes indicating coordination with tdeprotonated
hydroxyl oxygen which may be attributed to the tdoif electron density from oxygen to the metal ioesulting in
greater ionic character of the(C-O) bond and a consequent increase {(€-O) vibrational frequency [19]. The
presence of lattice water in all the complexedse proved by thermal analysis.

A strong band noticed at 1685 ¢rattributed to lactone carbonyl group is found éoumchanged in Cu (I1) and Zn
(I complexes ruling out the possibility of carlydpoxygen participation in bonding with the metahi[32]. Ni (II)
complex showed a down ward shiftwofC=0) to 1611 cm indicating the involvement of carbonyl oxygen ietal
bonding [20]. The down ward shift of the bands 52 cm'to a range of (10-14 ¢t and 1554 cito a range of
(14-29 cn) corresponding tov (C=N) of Cu (I1) and Zn (Il) complexes respectivéhdicated the coordination of
both free and ring azomethine nitrogen groups withtal ion [33, 34], which is further confirmed byetupward
shift of v (N-N) band of free ligand by 5-13 ¢hin these complexes [35, 36]. Further the Ni (Bjnplex showed no
change in the frequency correspondingvt¢C=N) (ring) confirming the participation of onliyee v (C=N) in
coordination by moving to negative shift.

The spectra of the complexes revealed the presafnecedium intensity bands in the Far IR region-(Nj -532,
360 cnt', Cu (Il) -576, 480 ciand Zn (Il) - 510, 493 cthdue tov (M-N) andv (M-O) vibrations respectively [37]
and a peak at 349 ¢hin Cu (I1) complex is for (M-CI) supporting its involvement in chelation.ofn the IR data,
it has been concluded that the ligand HMOPE-HBQakeh as a monobasic tridentate ONN donor in Cwafit) Zn
(I complexes coordinating through the deprotodagaolic oxygen and both nitrogens of ring and xeemethine
groups, behaving differently with Ni (1) comples &ridentate ONO donor by coordinating with cardamwygen,v
(C=N) (free) and enolic oxygen.
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Table 3. Characteristic infrared frequencies of HMCPE-HBO complexes (crit)

v (OH) v(C=N) | »(C=N) | »(C-O) v

/1,0 | "ONH) | (C=0) | a6y | (ring) | (enolic) | (N-N) New Bands

Compound

HMOPE-HBO 3307 3208 1685 1572 1554 1362 999

Ni(ll) 3500-3100(b) 1611 1562 1554 1403 1007 1302, 1170, 983,_949, 670, 532, 360.

Cu(ll) Complex 3500-3185(b) 1681 1558 1525 1445 1012 1353, 1168, 10[512%92;68;2571& 661,671,576,

1319, 1168, 947, 730, 713, 671, 534, 510, 498,
459, 408, 355.

Zn(Il) Complex 3500-3100(b) 1681 1562 1468 1426 1004

Magnetic Moments
The magnetic susceptibility observed at room tewrmpee, magnetic moments calculated and electrqréctsal
data are presented in the Table 4.

The Ni (II) complex exhibits effective magnetic ment value of 2.98 B.M. (2.5-3.5 B.M.) indicatingspin free
octahedral configuration [17, 38]he Cu (llI) complex shows spin only magnetic monat.88 B.M. which is in
good agreement with the presence of one unpaiesireh which is in close match with the requiredge (1.74-
1.84 B.M.) [39, 40, 41for d° systems and confirms mononuclear nature of theptnsuggesting a square planar
geometry. These geometries are further confirmedlégtronic transitions. The Zn (Il) complex is ebged to be
diamagnetic in nature [42].

Electronic Spectra

The electronic spectral data is used for assigthiagstereochemistry of metal ions in the compldased on the d-
d transitions observed. The spectra of the complestowed significant modifications giving eviderfoe the
participation of the corresponding functional greuip coordination with the metal ions.

The UV-Vis peaks corresponding ten* and nst* transitions in the ligand were observed to bdtstito either
longer or shorter wavelength as a consequence ofdir@tion with the metal ions confirming formatiarf
HMOPE-HBO metal complexes.

n-t* and ns* transitions of benzene, benzoxazine, enolic, daet carbonyl group of benzoxazine and free
azomethine groups of the ligand was seen to beéedhid longer wavelength of Ni (II) complex noticati49019-
45045, 36764, 32051, 30211, 27777 'cand that of lactone carbonyl of HMOPE group amg @zomethine group
of the ligand seem to have not changed confirntiegr hon-involvement in metal coordination. Botk thansitions

of lactone group of dehydroacetic acid moiety aadzmxazine in Cu (II) complex showed no changebsogotion
indicating its absence in metal interaction, atshivards higher wavelength #n* and n«* transitions of benzene
and enolic group (48309-46948, 32051 3rand lower wavelength in m* transitions of benzoxazine moiety, ring
and free azomethine groups (37735, 29940 and 2@498resp.) clearly suggests there participation inamet
interactions. Selective electronic spectral bamdggaven in Table 4.

Ni (Il) complexes generally exhibit three absorptibands in the region 7000-13000, 13000-19000, 2@00-
27000 cnt for (va), (vo) and ) transitions {Axq (F) =T (F) (va), *Azg(F) =°T1g(F) (v2), *Asg (F) =°T14(P) (va)
respectively] [41, 43]. The electronic spectrumtlué Ni (II) complex reveals four distinct bands2&525, 7830,
13297, 25641 cth The band at 26525 chis assignable to charge transfer band and lase thiemsitions are
assigned to three spin allowed transitidAsy (F) — Tz (F) (v1), *Azg (F) —=°T1g (F) (v2), *Azg (F) —°T1g (P) (v2)
respectively. This suggests octahedral geometyrat Ni (1) complex. The ratio, v, is 1.69 which is required for
a six coordinate octahedral Ni (II) system.

Cu (I1) electronic spectrum presents three prirciiglgions of absorption at 12048, 15673, 23923 which can be
attributed t0°B;y —?Bag (v1), B1g —°E4 (v2) and“Bi; —°Ay4 (vs) transitions respectively [19, 44kpresenting
square planar structure [43]. A weak absorptio84&30 crif may be due to charge transfer. The absence of any
bands below 10000 cheliminates the possibility of tetrahedral geometrgund the Cu (l1) ion thus confirming a
square planar geometry [45].

Zn (II) complex was assigned an octahedral geon@irthe basis of analytical, conductance and atpectral data
obtained, since no transitions are observed fd2it

The ligand field parameters 10Dg and B have bedculeded for Ni (I) complex. The Racah inter elect
repulsion parameter B observed for the complexess lthan that for the free ion. The nephelauxeti@meter
B=B/B’ is less than one [46]. All these observati@uggest that the metal-ligand bond in the preseniplex is
covalent in nature. The Racah inter-electron repunlparameter (B) and nephelauxetic param@téor Ni (I1)
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complex (B = 488.12 cthandp = 0.473) exhibits considerable amount of covatgwtracter of the M-L bond and
an octahedral geometry [41, 47].

Table 4. Magnetic and electronic spectral data of MOPE-HBO complexes

peff (B.M) UV-Vis (v2)
Complex (298K) uEe;f ((elit'(\e/l(i Bandsvy Assignment / (cr?fl) (lccr)r?lc)] B
Observed p (cm™ (v2)
3 3 3
i Az(F)  —7TzF) Azy(F)
Coerg")lex 2.98 2535 275?63211236259275 ST(F)  AF)  —°TiP) | 169 | 488.12 | 5467 | 04
P Charge transfer
Cu(lly . 12048 15673 | ?B1g —?Bag By —7E,
complex 1.88 L74-1.84 1 53993 24330 By, »?A;, Charge transfer - - - -
Zn(Il di
ia
complex - - - - — — -

ESR Spectra

The spectrum of Cu (1) complex of HMOPE-HBO in DESolution is measured at X-band frequency at 3@D a
77 K which is given in Figures 4-5 respectively.eT300K spectrum shows an isotropic pattern, whscbxpected
for Cu (I) in solution form, but the spectrum fthre frozen solution shows usual anisotropic pattehich is
expected for a powder sample.

The g tensor values of copper complex are usee@fiwalits ground state. In square planar completkesunpaired
electron lies in the ,2-,2 orbitals givinnglg as the ground state which is noticed for the Gugmplex g > g.>
0. (2.0023) [48, 49, 50]. From the observed valugs dear that A= 95.70 > A = 44.68; g =2.16 > g = 2.04 >
0: (2.0023) and the ESR parameters of the complexcicies well with the related systems which suggessthe
complex has square planar geometry and the systemially symmetric. The fact that the unpaireccetn lies
predominantly in the @-,2 orbitals is also supported by the value of the argle interaction term G estimated from
the expression [51],

G =(g- 2.0023) / (g- 2.0023)

If G > 4.0, the local axes are aligned parallebolly slightly misaligned. If G < 4.0, significantehange coupling is
present and the misalignment is appreciable. Tiserokd value for the exchange interaction paranietehe Cu
(I complex (G = 3.72) which indicates considembkchange interaction in the solid comdEx, 53, 54].

The molecular orbital coefficiens?) covalent in-plane - bonding is calculated using the equation [22].
o’cy= (A1 0.036) + (g— 2.0023) + 3/7 (g- 2.0023) + 0.04

From the Table 5, it is clear that the in-plane bonding parameter (0.487 is less than unity, which indicates that
the complex has complete covalent character ardgbedigand. The observed, 2.16) value for the Cu (II)

complex is less than 2.3, suggesting M-L bond aalemt character, which is in agreement with Kivalsmd
Neiman observations [22].
The spin orbit coupling constant(79.31) crt, is calculated by [22],

Oav=1/3 (g + 2 gv) andgs, = 2 ( 1-2/10Dq).
It is less than that for the free Cu (1) ion (82&™). This reduction i from the free ion value is an evidence of M-
L bond covalence [55, 36].The lower value2ofs indicating a considerable mixing of ground andited state
terms.

Table 5. Spin Hamiltonian parameters of Cu (ll) conplex of HMOPE-HBO in DMSO at 300 and 77K.

Ay x10*(cm?)
95.7

A1x10*(cm?)
44.68

Anx10%(cm?) | o
61.68 0.49

Complex g gL Oav G
[CuLCI].2H,O | 2.16 | 2.04 | 2.08 | 3.72
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Figure 4. ESR spectrum of Cu (ll) complex at R.T
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Figure 5. ESR spectrum of Cu (II) complex at LNT

Molecular Modeling Studies of HMOPE-HBO Metal Complexes

Various attempts were done for crystallization loé tcomplexes with different solvents and mixtures ow
temperature crystallization was also done whichewertsuccessful in preparing a single crystal fgstedlographic
studies. In the absence of XRD crystal structuta tlee 3D structure of the molecules is importaranalyzing the
structure. The configuration possible for the NJ,(Cu (ll) and Zn (II) complexes were obtainedngsimolecular
mechanics (UFF) calculations as shown in Figur8s e final geometry energy and the selected ibemgths for
all the complexes are given below:

(a) Bond lengths of HMOPE-HBO Ni (Il) complex (A):
35-49 (N)-(Ni) 1.87
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43-49 (O)-(Ni) 1.85

24 -49 (O)-(Ni) 1.85

25-49 (O)-(Ni) 1.85

11-49 (O)-(Ni) 1.85

13-49 (N)-(Ni) 1.87

Geometry optimization:

Final geometry energy = 105.6788 kcal/mol

Figure 6. Molecular modeling structure of Ni (1) complex

(b) Bond lengths of HMOPE-HBO Cu (Il) complex (A):
24 -37 (N)-(Cu) 2.02

11-37 (N)-(Cu) 2.02

9-37 (0)-(Cu) 2.02

37-38 (Cu)-(Cl) 241

Geometry optimization:

Final geometry energy = 108.0261 kcal/mol

Figure 7. Molecular modeling structure of Cu (II) complex
(c) Bond lengths of HMOPE-HBO Zn (1) complex (A):
25-73 (N)-(zn) 1.89
37-73 (N)-(zn) 1.89
46 -73 (0)-(Zn) 1.86
22-73 (N)-(zn) 1.89
11-73 (N)-(Zn) 1.89
7-73 (0)-(Zn) 1.86
Geometry optimization:
Final geometry energy = 401.2864 kcal/mol
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Figure 8. Molecular modeling structure of Zn (Il) complex

Powder X-Ray Diffraction Studies

Single crystals of the Schiff base and the compdaexaler investigation could not be grown to getXRD crystal
structure and hence the powder diffraction dataewastained for structural characterization [28].eTXK-ray
diffractograms were recorded in the range 5° -200alues, which are mentioned in the Figure 9. Takepn of
XRD indicates that the ligand is crystalline inurat whereas its complexes are amorphous. The eliffgrattern of
the complexes compared with the ligand confirmsct@rdination of metal ion forming its metal comy#s [56].

‘in HMOPE-HBO Zn(I)

=

5 P HMOPE-HBO Cudl)

e —~— ‘-.\

< ~——————

= I
‘S

s HMOPE-HBO Ni(l)

=

Mw

W

Mﬂm’ 'LJL.,J[IL.H..ME_ET PEHES

T T T T
10 20 30 40 50 60 70 80
2 Theta

Figure 9. Powder XRD spectra of HMOPE-HBO complexes

CONCLUSION

Thus, in this study a new Schiff base HMOPE-HBO #@sdNi (I1), Cu (II) and Zn (II) complexes were rithesized
and characterized. Based on the analytical datsgtredal conductance, thermal studies, spectradiesuand
magnetic moments data octahedral geometries haae fm®posed for Ni (1) and Zn (II) complexes, wéiarthe
ligand employs ONO and ONN donor sequences resgdetiThe Cu (1) complex shows a square planamnggtoy

by binding to ONN donor atoms. The proposed stmestuof HMOPE-HBO metal complexes are presented in
Figures 10-12.

194



N. Kavitha and P. V. Anantha Lakshmi Der Pharma Chemica, 2016,8 (12):184-197
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Figure 10. Proposed Structure of Ni (II) complex
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Figure 11. Proposed Structure of Cu (Il) complex
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Figure 12. Proposed Structure of Zn (Il) complex
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