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ABSTRACT

A facile, fast, simple, highly efficient, environmentally safe and economical method has been used for the synthesis
of the two new biologically active 1,2-dihydroquinazolin-4(3H)-ones (L; & L,) in single step by treating o-
aminobenzoylhydrazone (0-ABH) with aromatic aldehydes under normal conditions and other two new hydrazones
(Ls & L4) by condensing o-ABH with same aromatic aldehydes with superior yields in polyethylene glycol (PEG) as
an alternative solvent. The Cu(ll) complexes of synthesed ligands have been prepared in an environmentally benign
microwave protocol and characterized by elemental analysis, conductivity measurements, magnetic moment,
spectral and thermogravimetric analysis. The antimicrobial activity of the free ligands and their Cu(Il) complexes
clearly indicates that the ligands have both an antibacterial and antifungal potency against the organisms tested. In
most cases, the complexes were found to be more active than the free ligands, but in some cases, an equal activity
was displayed.
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INTRODUCTION

Quinazolinones are one of the most important heyetic compounds having varied biological actistiend still of
great scientific interest now a days. They are Wyideund in bioorganic and medicinal chemistry wéthplication

in drug discovery. As drug has various functionalups which can bind to receptor or enzyme or meta present
in the body, they can confirm many type of compteaead can enhance the activity of drugs. The neetaiplexes
of drugs play an important role in drug action ametabolism [1, 2]. Metal complexes of drugs arenfbto be more
potent than parent drugs. Metal complexes are widesled in various fields, such as biological preess
pharmaceuticals, analytical processes, separa@ohniques etc [3-5]. The therapeutic, diagnostid ather

significant properties of transition metal complex@ovide considerable attention leading to theipligation in

many areas of modern medicine [1].

Application of green and sustainable chemistry guols has seen enormous surge in recent timeshir t
development of novel and eco-friendly methodologieegards the synthesis of valuable synthetic stddgfand drug
intermediates. Polyethylene glycol (PEG) has gain&te popularity as alternative solvent in conttibg to such
green methodologies by successfully plummetinggireeration of industrial waste.

In the present protocol it has been found posstblehighlight comparative study on the yield ratiada
characterization of some 4-substituted analoguesberizoquinazoline derivatives. These observatioase h
encouraged us to synthesize some new productsimioigtahe benzoquinazoline moiety hoping to obtagw

compounds with potential biological activity. Alhé reactions involved are highly efficient to githe desired
compounds in high yield and high purity. Subsedyettiis adopted procedure is simple, rapid andféendly due

to easy experimental procedures. The versatilitghif methodology can be extended to develop amstiened

approach to other drug like heterocycles in a cosatoirial fashion.
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As part of our ongoing program [7-9] to develop mefficient and environmentally benign methodsdayanic /
inorganic syntheses using economic and eco-friemdlierials as solvents, we have looked into théhggis of 1,2-
dihydroquinazolin-4(3H)-ones (L& L,) and two new hydrazonesy& L,) as ligands and their Cu(ll)-complexes
using PEG-300 as green solvent with excellent gieliadder microwave irradiation.

MATERIALSAND METHODS

All the chemicals and solvents used for the synshesere of analytical grade. The solvents were figatiby
standard methods. The infrared spectra of the digamd metal complexes were run as KBr discs imahge 4000-
400 cm' on a Shimadzu Infrared Spectrophotometer. Eleittrgpectra in the solid state as well as in sofutie@re
recorded on a Shimadzu UV-160, UV-visible spectaipmeter. Conductivity measurements of the metal
complexes were done in DMF bridge model PW 950hgu&ihilips PW 9515/10 conductivity cell. Meltingipts
were measured on an Electro-thermal 9100 appasatdisare uncorrected. Elemental analyses were redad a
Carlo-Erba EA1110CNNO-S analyzer. The copper cdntems determined gravimetrically as copper
salicylaldoximate and chloride content was deteedigravimetrically as AgCl using AgN@s precipitating agent.
Magnetic susceptibility of the complexes was caroeit by Gouy's method using Hg[Co(NGas standard. The
EPR spectra of polycrystalline Cu(ll) complexes eveecorded at room temperature on a Varian E-10shnd
spectrometer using TCNE (tetracyanoethylene) asnarker (g = 2.00277) at a frequency of 9.1 GHzeurttie
magnetic strength of 3000 GH NMR spectra of ligand and Cu(ll) complexes wezeorded either in DMSOgn
Bruker AMX-300 MHz and AMX-400 MHz operating at 4288 MHz for'H NMR and 100.63 fot*C with *H/**C
dual probe using tetramethylsilane (TMS) as arriraiestandard. Thermo gravimetric studies werei@dwut in the
temperature range 25-1080 using a TGA7 ANALYSER, Perkin-Elmer with a heatirate of 1°C per min in a
nitrogen atmosphere. Microwave assisted synthesie warried out in open glass vessel on a modifieowave
oven model 2001 ETB with rotating tray and a powseurce 230 V, at output energy of 800W and 2450 MHz
frequency. A thermocouple device was used to monite temperature inside the vessel of the micrewdhe
microwave reactions were performed using on/offingcto control the temperature.

Synthesisof Ligands (L;H & L)

Two molar quantity of aldehydes (salicyldehyd&12. or 20 mmol) for {H { (E)-3-(2-hydroxybenzylideneamino)-
2-(2-hydroxyphenyl)-2,3-dihydroquinazolin-4(1H)-one} or (imidazole-2- carbaldehyde, 1.92g or 20 mmol) lfg
{ (E)-3-((1H-imidazol-2-yl)methyleneamino)-2-(1H-imidazol-2-yl)-2,3-dihydroquinazolin-4(1H)-one} was added to
50 mL PEG-300 solution of o-aminobenzoylhydraziti&{g or 10 mmol) and stirred for 2-3 hours tijht yellow
or yellow solid separated. The separated colounédsswere filtered, washed repeatedly with metthamal dried in
air. The coloured compounds were recrystallisechffmt methanol and their purity were checked by TdrCpre-
coated silica gel plate (Scheme-1).
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Scheme-1: Synthesisof ligandsL;H & L,

Synthesis of Ligands (LsH & Lg)

Salicyldehyde (25.00 mmol) or imidazole-2-carbalgih (25.00 mmol) was gradually added over a co¢&do
0°C) solution of o-aminobenzoylhydrazide (25.00 mniolPEG-300 (15 mL). The yellow solution was kefitisng
at the same temperature for about 3 hours. Thehtbsigllow solid (LH & L,) formed was filtered, washed
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thoroughly with cold methanol and dried in vacubeTpurity of the compound was checked by TLC onqoated

silica gel plate (Scheme-2).
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Scheme-2: Synthesisof ligandsL3H, & L4

Synthesis of Cu(ll) complexesof L{H & L,

The ligands kH & L, (1 mmol) were stirred initially with Cu@PH,O in1:1 molar ratio in PEG-300 solution and
then the reaction mixtures were refluxed in micreev@ven for over 5-8 minutes. The resulting cometewere
washed with methanol and then with chloroform amd daied. The physical parameters of the synthésise
complexes are presented in Table-1.

Synthesis of Cu(ll) complexesof LsH, & Ly

1 mmol CuCJ.2H,0O was slowly added to 20 mL PEG-300 solution sHdor L, (1mmol) with constant stirring at
room temperature and then irradiated in microwavenofor over 5-8 minutes. The product thus obtained
filtered, washed several times with methanol, ethed dried under vacuo. The physical parametershef
synthesised complexes are presented in Table-1.

Biological Evaluation

Thein vitro biological activity of the investigated ligands; (& L) and their Cu(ll) complexes were tested against
two Gram positive bacteria name®aphylococcus aureus (SA) & Enterococcus faecalis (EF), two Gram negative
bacteria namel¥scherichia coli (EC) & Streptococcus mutans (SM) and the fungal strainSandida albicans (CA)

& Aspergillus niger (AN) by disc diffusion method [10] using nutrient agarmaedium. Chloramphenicol was used
as a standard reference in the case of bacterike @hseofulvin was used as a standard for ang&limeference.

The tested compounds were dissolved in DMSO (nibiitidn activity) to get concentration of 1 mg/mLhe test
was performed on nutrient agar medium for antilvéadtactivity and Sabraoud dextrose agar mediunafdifungal
activity [11]. Sterile disks were soaked in tesmpounds and carefully placed on incubated agalaserfThe
petridishes were incubated for 24 h at 37°C incdeee of bacteria and for 48 h at 37°C in the c$engi. Finally,

the zone of inhibition was carefully measured. Etst was performed in triplicate in individual exjpnents and
the average is reported (Table-4).

RESULTSAND DISCUSSION

As a result of microwave assisted synthesis, it alaserved that the reaction was completed in at sime with
higher yields compared to the conventional methodhe microwave method homogeneity of reactionturx was
increased by the rotating of reaction platform traye confirmation of the results was also checkgdthe
repeatition of the synthesis process. Comparativdysresults obtained by microwave assisted syighesrsus
conventional heating method is that some reactignish required 2-3 h. by conventional method, wasgleted
within 5-8 min. by the microwave irradiation techue, yields have been improved from 37-48% to 7%-89

All the complexes are coloured, solid and stablearals air and moisture at room temperature. Theyal@ossess
sharp melting points and decompose on heatinggitehitemperature than 3@ The complexes are soluble in
common organic solvents. The comparative resultsoafentional and microwave methods, analyticah adtthe
compounds, together with their physical properties consistent with proposed molecular formula given in
Table-1. The micro-analytical data suggest that the coitipaosof all the metal complexes corresponds to 1:1
(metal: ligand) stoichiometry and have one or twtogne atoms. The observed molar conductance saud7 —
3.1 ohmtcn?mol™) are too low to account for any dissociation oé tomplexes in DMF at room temperature,
indicating non-electrolytic nature of the complex&3].
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Table-1 The comparative results of conventional and microwave methods, analytical and physical data of the compounds under

investigation
Reaction Time Yield Elemental analysis
Compounds (%) Found (Calculated) % Meft Conlduncéancc,;)
(Colour) CM CM (BM) | (ohm*cnf mo
(MM) (MM) C H N Cl Cu

Cz1H17N303 h 54 70.13 4.78 11.65 _ . _ -
Light yellow L ;H (87) | (70.18) | (4.77) | (11.69)

CasH1aN7O oh 57 | 58.66 | 4.23 | 31.81 N N __ __
Yellow L, (89) | (58.62)| (4.26) | (31.90)

C14H13N30, 3h 56 65.83 | 5.03 16.41 _ _ _ _
Light yellow L 3H (90) | (65.87)| (5.13) | (16.46)

C1H1:NsO 3h 51 57.65 | 4.89 | 30.51 _ _ _ _
Light yellow L 4 (85) | (57.63)| (4.84) | (30.55)

[Cu(CaH1:N305)Cl] 2.5h 56 5512 | 354 | 931 773 | 924 [ o 310
Dark green (7m) (82) | (65.15)| (3.53)| (9.35) | (7.75) | (9.19) ’ '
[Cu(CyisH13N7O)CLy] 2.5h 59 40.70 2.93 22.11 16.13 | 14.36 1.67 235
Dark green (6m) (87) | (40.78)| (2.97) | (22.19)| (16.05) | (14.3)| :
[Cu(C14H14CIN3O3)CI.H0 2.5h 61 4524 | 3.77 11.36 9.59 17.17 169 0.65
Dark green (5m) (78) | (45.29)| (3.80) | (11.32)| (9.55) | (17.1)| :
[Cu(C11H1:NsO)CLy] 2.5h 65 36.36 | 3.13 19.24 | 19.48 | 17.43 174 0.47
Dark green (8m) (83) | (36.33)| (3.05)| (19.26) | (19.50) | (17.4) ’ '

(CM = Conventional method, timein hours; MM = Microwave method, time in minutes)

IR Spectral Studies

The data of the IR spectra of investigated Schaffebligands and their metal complexes are listddbie-2.The IR
spectra of the complexes were compared with thédbeofree ligand in order to determine the invohent of
coordination sites in chelation. Characteristickzeia the spectra of the ligand and complexes wensidered and
compared. The FT-IR spectra of the investigatedpteres contained all the absorption bands fronligfaands and
some new absorption bands indicative of coordinatiothe ligands with metal ion through N & O.

The C=0 stretching vibration was observed in thgore 1647 crit for L;H and 1655 cil for L,. The appearance
of carbonyl stretching vibration at lower wave nw@nlsompared to the similar structures of earligores for 2,3-
disubstituted quinazolin- 4(3H)-ones [13], might Hee to strong intermolecular hydrogen bonding ketw
carbonyl oxygen and hydrogen of quinazoline ringogien of another molecule. ThéN-H) band was observed at
3310 and 3413 cthin L;H andL, respectively. This has shifted to higher frequesiche in the complexes due to
the breakdown of the intermolecular hydrogen bogdifter complexation [14-15]. The stretching fremme of
C=N was observed in the region 1609%for L;H and 1610 cif for L,. The shift ofv(C=0) andv(C=N) bands to
lower frequency region by 35-47 &mand 26-43 ci respectively, in the respective complexes in@icge
involvement of carbonyl oxygen and azomethine g#roin the coordination with metal ions. THE-O) observed
in the region 1365 cihfor the ligand I;H) has shifted to higher frequency region in alldtsnplexes, indicating
the involvement of phenolic oxygen via deprotonati®nly three bands of ring stretching vibratiofisnasidazole
moiety were observed at 1572, 1484 and 1469. oill these bands show slight changes in the spegftrall the
complexes indicating the involvement of imidazotgmitrogens in coordination.

On the basis of these criteria and the down figift ®f ring carbonyl stretching frequencieslofH andL,, it is
concluded that, in the respective complexes, thenti L ;H is coordinated to the metal through ring carbonyl
oxygen, azomethine nitrogen and the azomethinepglinked phenolic oxygen via deprotonation andlihandL ,

is coordinated to the metal through ring carbonglgen, azomethine nitrogen and nitrogen of the amide moiety
linked to the azomethine group.

Thus, IR spectral data suggest monobasic tride@&t® ligational behaviour df ;H and neutral tridentate ONN
ligational behaviour ok ,.

Further, In the IR spectrum af;H,, the characteristie(C=0), 5(N-H), v(C=N) bands appear at 1657, 1614 and
1581 cnit respectively. A strong band at 3413 tmnd comparatively weak band at 3273"cwere assigned to
phenolic GH and amide BH stretching vibrations respectively. The presesicasymmetric and symmetric modes
of the v(N®H,) bands were observed at 3371 and 3325 respecti@lyprdination sites of the liganids;H, is
elucidated by comparison of its IR spectrum witbsth of the respective complex. The absence of daedto
phenolic O1H group in the spectra of the respeatimaplex suggests the coordination of ligand torttegal via
deprotonation. The bands due #(C=N) andv(C=0) of the free ligand have shifted to lower fregcy on
complexation, indicating the involvement of azonmthnitrogen and carbonyl oxygen in coordinatiof][IThe
presence of asymmetric and symmetric modes ofv(NéH,) bands in the complex clearly indicates the non-
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involvement of -NH in coordination [17]. The presence of lattice hetaker molecule was confirmed by the NMR
spectral study of the Cu(ll) complex lofH..

In the Infrared spectral data of ligaind, sharp bands of medium intensity at 3371 and 3323 are due to
asymmetric and symmetric stretching vibrations N group [18]. A sharp absorption band at 3391 amas
attributed tov(-NH) stretching [19]. The absorption bands chamastic ofv(C=0) vibrations appear at 1657 ¢m
[20] and the absorption band at 1560 cmas assigned to azomethingC=N) frequency. The amide carbonyl
stretching frequency is observed at lower frequemgion as compared «(C=0) of aromatic acid hydrazides
without —NH, group atortho position in which it has appeared at 1673'd&]. Another important band appeared
at 1575 crit is characteristic of C=N stretching vibrationsirfdazole ring. In the IR spectra of all the conxgls,
v(C=N) stretching frequency of imidazole ring hasmased by 7-17 chindicating the involvement of imidazole
ring nitrogen in the coordination. Similarly on cplaxation,v(C=0) of amide and(C=N) of azomethine bands
have also shifted to lower frequency by 18-29'and 9-19 cil respectively, indicating the involvement of amide
carbonyl oxygen and azomethine nitrogen in cootdina The stretching vibrations due to —Nigroup in
complexes remains unchanged as compared to ligashdd@nfirms it's non-involvement in the coordinatior he
above assignments suggest that the ligaptias coordinated through carbonyl oxygen, azomethimegen and
imidazole ring nitrogen.

Thus, the IR spectral data clearly reveals th#t, acts as monobasic, neutral tridentate ONO ligamtlLaracts as
neutral tridentate ONN ligand.

Table-2 Observed IR bands (cm™) of Ligands and their Cu-complexes

_ _ v(C- v(C=N) Imidazole Ring
Compound VINHD) | v(NH) | 3NH) [ v(OH) | v(Cc=0) [ ve=n) | & | MET) \dazole Rl
LH - 3310s| ~ | 32276 16479 16105 1368m - -
1572w, 1484s,
L, 3413s| - ~ | 1655s| 1609 - o o
3371w, ] I -
LH, J3TIM | 3273w | 1614sh 34133  1657§  1581sh 11835
3375w, 1516 s, 14625,
L, J7om | 33015 | 1604sH - | 16573 15605 - 1575m| oo e
[CU(CaHZN09CT] 3264s| - no. | 1612s| 15936  1378s -
1579s, 468,
[CU(C15H 13N70)C|2] 3404s -- -- 1612s 15934 -- 1460s
[CU(CH1CINSO3)CI].H,0 2‘3‘225\; 3185b | 1615sM n.o.| 1635 1574  115Ds
3456b, 1506 s, 14695,
[CU(CuHw=NsO)Cl3] Saae | 33v4s| 1e18sff  ~ | 16324 15435 - 16725 L anor 1aaam

(Where s= strong, sh= sharp, m = medium & b = b&ado. = not observed)

Electronic Spectral Studies& Magnetic Properties
Electronic spectra of ligands and their complexesewecorded in order to assign the plausible gggraeound the
metal ions. The electronic spectra of all the conmats in DMF were scanned in the region 200-1000 nm.

The electronic spectra of ligantlsH and L, exhibit strong absorptions at 333 and 325 nm rdamdg and are
assigned tor—n * transitions and absorptions at 325 and 372 reraasigned to-Ax* transitions. A broad band in
the electronic spectrum of Cu(ll) complex (withH) with peak maxima at 627 nm was assigned to the otibn
of 2Blg—>2A1g and ZBlg—>2Eg transitions as for aguare-planar configuration around the metal ion [22-23]. The
electronic spectrum of the Cu(ll) complex (wlth) shows broad absorption at 723 nm attributed éd’Aty —°E"
which illustrates thérigonal bipyramidal geometry around Cu(ll) ion.

The electronic spectral data of the ligangH, exhibit three peaks in the UV region. The peak appg in the
range of 316 nm is attributed #e-n* transition of the benzenoid moiety of the ligafidhe peak around 348 nm can
be assigned to intra ligand-n* transition. The other peak observed in the regibB851 nm is attributed to-an*
electronic transitions [24-25]. The appearancenaf peaks at 555 and 369 nm in the electronic spectf Cu(ll)
complex (withL 3H, is consistent with thequare planar geometry [26]. The magnetic moment value observed for
LsH, complex supports the electronic transitions. Areetff’e magnetic moment of 1.69 BM observed for Qu(l
complex is close to 1.73 BM expected for discreggnetically non-coupled spin only value for Cu{dh [27].

The electronic spectrum of ligahg, exhibit strong absorptions at 332 and 372 nm ardaasigned ta—nx * and
n—z * transitions respectively [28].The electronic sppem of the Cu(ll) complex (with ;) shows broad absorption
at 623 nm attributed to tHA';—“E" which illustrates thérigonal bipyramidal geometry around Cu(ll) ion with B,
symmetry and is further supplemented by its magnetbment value of 1.74 BM [22-23]. Thus, the magnet
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moments of Cu(ll) complexes are in consistent witle unpaired electron and indicates the mononudaiare of
the investigated complexes.
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Figure-1: Electronic absor ption spectra of L3H, & itscomplex and L4 & its complex

NMR studies

The NMR ¢H & *3C) spectral studies of ligands aids the compleseggament of chemical shifts of protons directly
attached to carbon and in turn confirms the foromatf 1,2-dihydroquinazolinone instead of SchifeaThus,
NMR studies were successfully used to prove theddion of 1,2-dihydroquinazolinone derivatidegd andL ,.

The numbering scheme for the assignment of carndscorresponding protons fogfH andL, is given inFigure-
2 (a) and(b) respectively. The spectral assignments were maskdban the comparison with NMR assignments of
0-ABH [29], salicylaldehyde [30] and imidazole-2-batdehyde [31].

In the'H NMR spectrum olL;H the two non-equivalent ® and GH protons resonate as broad singlets in the
downfield region 11.41 and 10.28 ppm respectivalge resonance due to'™, C'H and azomethine proton
(N=C'*H) appeared as singlets at 7.49, 7.81 and 8.48 ngspectively. The aromatic protons were observed as
multiplets in the region 6.75-7.51 ppm. In th&¢ NMR spectrum of Cu(ll) complex, signal correspimgdto OH
proton is absent which is the clear indicationmfalvement of this phenolic oxygen in the coordimaty losing its
proton. The presence of other phenolfti@roton is observed at 9.78 ppm and indicatesdtsparticipation in the
coordination. The azomethine proton has shiftedrdéeld in the respective complex compared to titaterved in
L;H suggesting the coordination through azomethirteogeén. The signals due to remaining protons were
unperturbed. IftH NMR of L, the NH, N°H and NH protons were observed as singlet at 14.28, 12n@47.38
ppm respectively. Two singlets appearing at 8.82 &6 ppm were due to'8 proton and azomethine (NXE)
protons respectively.

Remaining aromatic protons were observed in theetep region. Th&H NMR spectra of Cu(ll) complex show a
slightly downfield shift of imidazole ring protorisdicating the involvement of imidazole ring niterg (N) in the
coordination. Downfield shift of azomethine and kbearyl carbons clearly support the coordination tigio
azomethine nitrogen and carbonyl oxygéfC NMR of L;H showed a signal at 66.00 ppm assigned to sp3
hybridized C carbon giving direct evidence for the formation1g2 dihydroquinazolinone rather than hydrazone.
Carbonyl carbon, azomethine carbon and carbonsheitiato OH groups were observed at 156.8, 150.018Ad}
(C'), 160.1 (G" ppm respectively:*C NMR spectrum of Cu(ll) complex showed a downfiskift of signals
corresponding to carbonyl, azomethine arfd €rbons suggesting the coordination through caiborygen,
azomethine nitrogen and phenolic oxygen.

The °C NMR spectra of, exhibit a signal around 66.9 ppm due td &gbridized carbon Ewhich clearly
indicates the formation of 1,2-dihydroquinazolinofide peaks due to carbonyl carbon and azomettirtgons
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resonate at 160.1 and 152.3 ppm respectively. TihMR spectra of Cu(ll) complex show a slightly dufield

shift of imidazole ring protons indicating the invement of imidazole ring nitrogen ¢Nin the coordination.
Downfield shift of azomethine and carbonyl carbatearly support the coordination through azomethiigen
and carbonyl oxygen.

The'H and™C NMR spectral data df,H, L, LsH,andL, and their complexesbtained in DMSO-gare given in
Table-3 & 4. The numbering scheme for the ligands is showigur e-2.

2 20
19

18

(a)

(c) (d)
Figure-2: Numbering of (a) L1H (b) L, (c) LsHz and (d) L4

Itis evident from IR and NMR spectra that the tigd sH, coordinates through amide carbonyl oxygen, azomethi
nitrogen and phenolic OH via deprotonation. TharidL , coordinates through amide carbonyl oxygen, azomethi
nitrogen and imidazole ring nitrogen.

Table-3'H and *C NMR chemical shiftsof L;H, L,, LsH,and L4 Ligands

» LA L LH L
Position oSS L H oSS 2 " oSS 2 H oSS 4 H
c' | 66.00 7.81(s, 1H) 669  646(s 1H) | 120.0| /03 (ﬂ‘i"];j)ﬁ' 151 1290 7.63 (m, 3H),
, - 6.79 (=76, 15 679 (01=7.6 15
c® | 1568 160.1 117.6 Ty 117.6 ey
; 710(dJ=76 14 710(dJ=76 14
c® | 1143 - 114.3 133.7 1 133.7 1
" 768 (ddJ=74,15 6.60 (ddJ=74,14 6.60 (ddJ=74,14
ct | 1261 T 1261|  7.68(m,2H) | 117.0 T 117.0 T
cs | 1212 &7° (}:dZ’J 1=H7)'1' 121 9910 6.75(m, 2H) | 151.1 151.1
c® | 1358| 744 (;dZ’J 1=H7)'3' 141 1198 74 (ﬁ'z"] fH7)'4’ 141 1105 1105
¢ | 1148| 700 (ﬁ'dzflleg"" 161 1148  7.00(m,2H) | 167.2 167.2
" [ 1456 1296 1474 8.74 (s, 1H) 1324 722 (s, 1H)
[ 1240 140.2 119.9 146.1
co | 1574 1184 | 692 (dez) 76HzZ, | 45g5| 751 (ﬂ‘i"]fH;"" L4l 1919 6.57 (s, 1H)
ct | 1162 6.83 (m,5H) | 12455 7.02(m, 2H) | 121.0| 891 (ﬂg“];H%‘l’ 141 1262 6.57 (s, 1H)
CZ [ 1322 708 (m, 2H) | 151.0| 882 (m 2H) | 130.6| 7.32 (d,J=7.4, 14
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Hz, 1H)
c® | 1189 6.88 (M, 2H) | 146.4 116.0| 893 (ﬂ‘:’JfH%‘l’ 1.4
c* 129.5 7.13 (m, 2H) 119.9 6.57 (m, 2H) 159.5
CcP® 150.0 8.48 (s, 1H) 126.2 6.57 (m, 2H)
c* 119.6 -
7 7.51(ddJ=7.1,15
C 129.7 Hz, 1H)
c® 121.0 6.91 (m, 5H)
1 7.32(tdJ=7.3,1.4
C 131.0 Ha, 1H)
c® 116.3 6.93 (m, 5H)
c* 160.1
N'H - 7.49 (s, 1H) - 14.28 (s, 1H) 7.63
OH - 11.41 (s, 1H)
O°H - 10.28 (s, 1H)
NH 10.87 (s, 1H)
N°H, 5.58 (s, 1H)
N°H - 12.94 (s, 1H)
N’H -- 7.38 (s, 1H)
O'H 11.01 (s, 1H)
N?H 11.86 (s, 1H)
N°H, 5.58 (s, 1H)
(m= multiplet, d = doublet, s = singlet, dd = doublet of doublet, td = triplet of doublet)
Table-4'H and *C NMR chemical shiftsof Cu(l1) complexeswith Ligands
N [Cu(L:CI)] [Cu(L.Cl,)] [Cu(LsCI)] [Cu(L.Cly)]
Position oSS T oSS H oSS T oS H
ct | 6580 7.81 (s, 1H) 604  6.26 (s, 1H) 128.9 7.15 1289 15 (dH‘ileH;'z' 1.9
c? 155.8 - 173.7 117.5 6.88 (m, 3H) 117.5 6.88 (M, 2H)
c? 113.9 - 117.5 133.8 6.85 (m, 3H) 133.8 6.85 (m, 2H)
4 7.68(ddJ=7.4,15 6.55 (ddJ=7.1,1.8 6.55 (ddJ=7.1,1.8
C 125.8 Hz 1H) 125.4 7.20 (m) 117.5 Hz 1H) 117.5 Hz, 1H)
5 6.75 (tdJ=7.1,1.2 6.84 (ddJ=7.6,1.7
C 122.2 Hz, 1H) 121.4 Hz. 3H) 152.3 151.3
6 7.44 (tdJ=73,1.4 7.19 (t,J=7.4 Hz,
C 136.8 Ha, 1H) 120.8 2H) 106.4 106.4
c | 1138| 790 (E"i'JfH;"" 16| 1151 6.82 (m) 168.5 167.1
& 146.6 129.3 147.4 8.83 (s, 1H) 140.8 7.22 (s, 1H)
c’ 125.0 144.9 121.9 147.9
(o 156.4 1224 892 (d’lJ|_|:)7'5 Hz, | 1266 7.13 (m, 2H) 129.4 6.57 (s, 1H)
ct 115.2 6.83 (m, 5H) 1245| 702 (d’sz) 73Hz, | 1g0| 698 (}:dZ’J 1=H7)'5’ L4 1043 6.67 (s, 1H)
c2 | 1332 7.08 (m, 2H) | 152.3 8.92 (m) 1322 722 (}:dZ’J 1=H7)'5' 1.4
c: 117.9 6.88 (m, 2H) 149.5 119.1 6.81 (m, 3H)
c¥ 128.5 7.13 (m, 2H) 131.3 6.57 (m, 2H) 162.4
c® 151.0 8.48 (s, 1H) 129.4 6.57 (m, 2H)
Cc™® 118.6 -
v 7.51(ddJ=7.1,15
C 128.9 Hz, 1H)
Cc® 122.0 6.91 (m, 5H)
1 7.32(tdJ=73,1.4
C 132.0 Ha. 1H)
c® 115.9 6.63 (m, 5H)
c* 161.1
N'H - 7.59 (s, 1H) 13.49 (s, 1H) 7.63 (s, 1H)
N°H 11.86 (s, 1H)
NH, 5.07 (s, 1H)
N‘H 1.90 (s, 1H)
N°H. 4.07 (s, 1H)
OH - 11.51 (s, 1H)
OH - 10.38 (s, 1H)
N°H 12.56 (s, 1H)
N'H 7.20 (s, 1H)
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EPR spectral studies

The EPR spectrum of metal chelates provides infaomaabout hyperfine and superfine structures wisioh the
important parameters in studying the metal ion mment in complexes i.e. the geometry, naturehefligating

sites and the degree of covalency of the metalrtigsonds [31-32]. In the present study the X-baR& Epectra of
Cu(ll) complexes were recorded for polycrystallgaemple at room temperature.

From the observed g valueg g g.> g (2.0023), it is evident that the unpaired electies predominantly in d y2
orbital with the possibility of some,dcharacter being mixed with it because of low syrmngg3-35].

In the present investigation all complexes (WitftH andL,) show G values more than 4 ruling out the interactio
between copper centers and are further supportéidebynagnetic moment values which correspond touopaired
electron. The gvalues for Cu(ll) complexes in the present inggdton are less than 2.3, as 2.034 and 2.019 impute
that the complexes are covalent in nature.

The EPR spectra of the Cu(ll) complex (witkH,) at 300 shows a broad absorption band, whicloisdpic due to
the tumbling motion of the molecules. Theg gvalues at 300 are 2.11. Similarly, Cu(ll) compleith L 4, has also
exhibited a broad isotropic signal withsfjvalues at 2.073.

3
h,--""H 3
—— _-a-"’ﬂf \ MJMMEJ \/
| WrRrp— e g
! o

EPR spectra of[ Cu(CsHpNO)Ch]

EPR spectra of [CulCuHisN3Os)CI]

; = V\/
Ay

EPR spectram of [Cu{CiaHCIN30s )1 H20 EPR spectrum of [Cu{CnHnNy{OWCE]

Figure-3: EPR spectra of investigated Cu(l1) complexes
Thermal studies

Thermal studies were undertaken in order to sthdythiermal stability of complexes and also as stjgodata for
the proposed molecular formulae. Details of thertta decomposition of complexes are summarizeaini e-5.
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Table-5 Details of the thermal decomposition of the investigated complexes

WHt. loss corresponds Mass
Complex Temp (0C) to Calcd. | Expt.
368-700 | 1 ligand and 1 chlorine
[CU(CarHNsO5)Cl] >700 Decomposition of coordination sphere 86.20 | 86.13
217-276 . .
two coordinated chlorides 15.90 | 15.87
[Cu(C1sH1N70)Cl] 217759 || o5 of ligand 69.80 | 69.85
>759
40-90 one coordinated water molecule
[Cu(C14H14CIN3O3)CI].H,0 90- 470 di d chlorid liand molectl 4.83 4.85
~470 two coordinated chlorides one ligand molecuile
30-280 two coordinated chlorides 19.38 | 19.32
[CU(CuHuN:0)Cl] 281-543 | one ligand molecule 63.13 | 63.29

The complex withL;H is stable up to 367C. The sharp decomposition of 86.13 % (86.20 %36&-700°C is
associated with loss of one chloride and the ligamdecule. The final product of decomposition abda® °C
resulted in the formation of stable copper oxide.

The complex withL, also follows the two step decomposition and shawseight loss of 15.87 % (15.90 %)
respectively in the first step around 209-276 °@ aonrresponds to the loss of two coordinated ot In the
second step, the mass loss 69.85 % (69.80 %) arp4®dB10 °C corresponds to the loss of ligand madéecA
plateau obtained above 810 °C corresponds to tineat@mn of stable metal oxide of the complex. Thetahcontent
calculated from the residual weight is in agreenvétit the metal analysis of complex.

In case of Cu(ll) complex (withsH,), the weight loss of 4.83 % (4.85 %) at abouf@@orresponds to the loss of
lattice held water molecule while the 2nd and 3sdainposition stages resembles the previous congplexe

The thermogram of complex (with,) shows a weight loss of 19.32 and 19.27 %) inrégion 30-280°C and
corresponds to the losses of two chlorides cootéihto the central metal ion. The weight loss afi636 (63.12 %)

in the region 281-54%C in the thermogram of complex corresponds to dise bf one ligand molecule. The plateau
obtained after heating the complex above %28orresponds to the formation of stable metal @xid

Proposed Structures
On the basis of the above observations, it is tielgt suggested that Cu(ll) investigated complegksw various
geometrieskigure-4] in which the ligands act as tridentate ligands.

T
C a
A\ o a. /
¢ \ cu.h_N/}
N/N*\ (|)/ \ _~m
A=
H H -
N#\ﬁl\'
H H
",
(With L:H) (With L)
I8 a_
.
Cu M
0/ o o/ N \
S9e D
H/ S ﬁ/ = ¥
H
NH; NH;
(With LsH>) (With Ly

Figure-4: Proposed structuresfor investigated Cu(l1) complexes
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Anti-Microbial Activity
The difference in anti-microbial activities of thevestigated complexes and ligands were studiedfamdesults are
presented imable-6.

A comparative study of MIC (Minimum Inhibitory Coamtration) values of the ligands and their commefable-
6) indicates that the metal complexes generally lzaletter activity than the free ligands. Suchrangased activity
of the metal complexes is probably due to the grelophilic nature of the complexes which candxplained
based on chelating theory [36]. The antimicrobgsiults evidently show that the activity of the figa has enhanced
on coordination to the metal ion.

The antimicrobial activity reveals that the compdsiexhibited better activity against the bactestahins tested.
The bacteriumStaphylococcus Aureus (SA) is found to be most susceptible one. Simila@gndida Albicans (CA)
is most susceptible among the fungal strains. Ritwann vitro antimicrobial assay, it is thus found that theddst
compounds possess excellent antimicrobial actsvgieen when compared with the standards used.

Table-6 In vitro Antimicrobial Activity of the ligands and their Cu-complexes (in pgmL ™)

MIC(pg/mL)
Compound - _Bactena - Fungi
Grampositive | Gram negative

SA EF EC SM CA | AN
L,H 13 11 9 12 14| 12
L, 9 6 10 7 16| 11
L3H, 7 11 12 9 12| 16
Ly 10 7 16 8 13| 19
[CU(021H17N3O3)C|] 4 6 4 6 8 9
[Cu(CisH1:N;0)Cly] 5 5 7 7 9 10
[Cu(Cy4H14CIN;O5)CI].H0 4 6 4 7 5 8
[Cu(CquleO)CIZ] 3 4 6 4 7 7
Chloramphenicol 0.25 1.5 2.3 1.7 312 35
Griseofulvin - -- -- -- 8 11

CONCLUSION

An efficient synthesis of the two new biologicadigtive 1,2-dihydroquinazolin-4(3H)-ones;(& L)) in single step

by treatingo-aminobenzoylhydrazone (o-ABH) with aromatic aldééy under normal conditions and other two new
hydrazones (. & L4) by condensing 0-ABH with same aromatic aldehyaéh superior yields in polyethylene
glycol (PEG) as an alternative solvent and thei(lCcomplexes carrying potential pharmacophoregehbeen
prepared in an environmentally benign microwavetqool. The yields of the products formed under Mére
high in comparison to classical method and timeuireg for completion of these reactions was alsss &
comparison to classical method.

The synthesized ligands coordinated with the Cugh)in a tridentate manner. On the basis of eleaiemalysis,
molar conductance, magnetic susceptibility measergsn electronic, IR, & **C) NMR and ESR spectral
observations, various geometries with various cioattbn numbers (Fig.4) have been proposed forGhél)
complexes. Antimicrobial data suggests that theahmmimplexes are better antibacterial and antifuagants as
compared to their ligands.

In conclusion, this paper describes a simple, pigrit and green approach for the synthesis of tigaand their
Cu(ll) complexes in green solvent media under MWIgieen methodology. Present methodology offery ver
attractive features such as simple experimentatquhare, higher yields and economic viability, whrammpared
with other method as well as with other methodaegind solvents, and will have wide scope in oggenairganic
syntheses.
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