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ABSTRACT

A rapid, efficient, clean and environmentally benigxclusive synthesis of Schiff bases as new Igand their
complexes with Co(ll) have been developed usinglermsation of 3-phenyl-2-propyl-quinazolin-4(3H)-aiith
semicarbazide (ppgs, L) and thiosemicarbazide (dgyefficiently using alkali catalyst with excefit yields under
microwave irradiation. This method provides severdbantages such as environmental friendlinessplsirwork-

up procedure, short reaction times, non-hazardood excellent yield of products.The results are camag with
conventional methods for their yield and reactiamet. The Schiff base ligands and the complexes were
characterized by micro-analytical, conductometmcagnetic and spectroscopic studies.All the Sclaiffeb were
bidentate (NO donor) ligands. All complexes wementbto be six co-ordinate and ML:2 (metal: ligand) ratio]
type. The complexes are coloured and stable in air.
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INRODUCTION

A large number of Schiff bases and their metal demgs have been found possessmportant biological and
catalytic activity. Due to their great flexibilignd diverse structuralaspects, a wide range offfSmses have been
synthesized conventionally and their complexatiezhdvior was studied. The development of the fiefd o
bioinorganic chemistry has increased the intereS8dhiff base complexes, since it has been recedritzat many
of these complexes may serve as models for biadigiemportant speciesand were investigated foifamgal,
antimicrobial, anti- bacterial,anti-inflammatorytaconvulsant,anticancer activities [1-5].

Since last few decades chemists were highly intede® do intensive research in the field of greleemistry [6-8].
Their main aim is to use non-conventional approadiesynthesis because, of less or no solvent remeints, easy
isolation, eco-friendly nature, less reaction timigh good yield and purity of target molecules. Amgothem the
area of microwave assisted synthesis is of spéatialest due to simple operational procedure, tessetion time
and easy workup [9-11]. In view of above mentioffiects, in continuation of our work in this fieldJ414], we
planned to explore the new and efficient methodpliog synthesis of some novel compounds by non-eational
microwave irradiation techniquein the present paper

Quinazolin4(3H)-ones are classes of fused heterocyclic that areoon$iderable interest because of the diverse
range of their biological activities such as, amthwbial, anticancer, anticonvulsant , anti-inflaatory etc.

121
www.scholarsresearchlibrary.com



K. P. Srivastavaet al Der Pharma Chemica, 2015, 7 (1):121-127

Literature search reveals that more research waskbleencarried out so far on the synthesis of Seafe derived
from semicarbazide / thiosemicarbazide and sewwdahydes/ketones[15-18]. But less attention wasndato be
paid for synthesis of Schiff base derived from &myi-2-propyl-quinazolin-4(3H)-one. Bearing all tkbove
aspects, the present paper therefore aims to syat8ehiff bases (derived from the reaction of 8pt-2-propyl-
quinazolin-4(3H)-one with semicarbazide / thiosearti@zide) and theircomplexes with Co(ll)) ion aadllustrate
their geometrical structures by using differenhtéques and also to study their antibacterial agtiv

MATERIALS AND METHODS

All the chemicals and solvents used for the synshesreof analytical grade. The solvents were mdifoy
standard methods. The infrared spectra of the digamd metal complexes were run as KBr discs imahge 4000-
400 cm' on a Shimadzu Infrared Spectrophotometer. Eleittrspectra in the solid state as well as in sotuti@re
recorded on a Shimadzu UV-160, UV-visible spectoiphmeter. Conductivity measurements of the metal
complexes were done inDMFbridge model PW 9501 u§lhiips PW 9515/10 conductivity cell.Melting pant
were measured on an Electro-thermal 9100 appasstdsare uncorrected.Elemental analyses were retanle
Carlo-Erba EA1110CNNO-Sanalyzilagneticsusceptibility of the complexes was carwed by Gouy’s method
using Hg[Co(NCS) as standarilicrowave assisted synthesis were carried out enagass vessel on a modified
microwave oven model 2001 ETB with rotating tray anpower source 230 V, at output energy of 800/ 2450
MHz frequency. A thermocouple device was used tamitoo the temperature inside the vessel of the omiave.
The microwave reactions were performed using or\gdfing to control the temperature.

Synthesis of Ligands

Ligands were prepared by treating ethanolic satutidd 3-phenyl-2-propyl-quinazolin-4(3H)-one hydrémfide
(0.01m) and ethanolic solution of semicarbazide rbwhloride/thiosemicarbazide hydrochloride(0.01 Njar
microwave irradiation for 5 min. The reaction wasnpleted in a short time (3-5 min) with higher dielshowing
clear coloured solution. The resultingSchiff bagands were then recrystallized with DMF and fipaltied under
reduced pressure over anhydrous GaCh desiccator.The progress of the reaction amidypof the products were
monitored by TLC using silica gel G (yield: 85-89%gheme-].

MWI
C..H,.N.O NH_NHCONH
e 2D + 2 2 3-5 minutes CaaHiNsO
PPQS
C,.H..N,O + NH_NHCSNH MW
1771162 2 2 3.5 minutes C1eH1oNsS
PPQT

Scheme-1: Microwave irradiated synthesis of ligands

Synthesis of metal complexes

The ethanolic solution of ligand and the Co(ll)tsakere mixed thoroughly in 1:2 (metal: ligand)ioaand then
irradiated in the microwave oven by taking 3-4 wlugion. The reaction was completed in a shoreti{®5 min.)
with higher yields. The resulting coloured produetse then recrystallized with ethanol and DMF &ndlly dried

under reduced pressure over anhydrous £aCG desiccator. The progress of the reactionpmiy of the product
was monitored by TLC using silica gel G (yield: 8%%) ccheme-2.

MW
CoX, + 2L

[ColL,X,]
coloured complex

3-5 minutes

Where X=Cl, Br, I, NO;” CIO; and L = PPQS & PPQT

Scheme-2: Microwave irradiated synthesis of comples
Biological Evaluation
The in vitro biological activity of the investigated Schiff bakgands (L & L) and their metal complexes were
tested against four bacterBasubtilis, E.coli, S.aureuandRalstonia solanacearuny disc diffusion method [19]
using nutrient agar as medium.The bacteria werecaltbred in the agar medium and were incubate®4dr at 37
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°C. Standard antibacterial drug (Chloramphenica} wsed for comparison. The discs having a dianoétérmm
were soaked in the test solutions and were placednoappropriate medium previously seeded with risgas in
petri plates and stored in an incubator at the almogntioned period of time. The inhibition zoneusr each disc
was measured and the results have been recordieel farm of inhibition zones (diameter, mm) shovied able 4.
In order to clarify any effect of DMF on the biologl screening [20], separate studies were camigdwith
solutions alone of DMF and they showed no actigigginst any microbial strains. The stock solutibmg/mil*) of
the test compounds was prepared in DMF. Each tastperformed in triplicate in individual experimgmind the
average is reported.

RESULTS AND DISCUSSION

As a result of microwave assisted synthesis, it alaserved that the reaction was completed in at simoe with

higher yields compared to the conventional methodhe microwave method homogeneity of reactiontorix was
increased by the rotating of reaction platform trHye confirmation of the results was also chedkgthe repeating
of the synthesis process. Comparative study resblisined by microwave assisted synthesis; versosentional
heating method is that some reactions which redf8 h. by conventional method, was completediwigh5 min.

by the microwave irradiation technique, yields hbeen improved from 35-48% to 75-87%.

Table-1: The comparative results of conventional ashmicrowave methods, analytical and physical datafdhe compoundsunder

investigation
. ) Yield Elemental analysis
Compounds Reaction Time (%) Found (Calculated) % ,'\\A/Ig;'s Conductance
<1 1
(Colour) ('\C/,‘Im) ('\Cﬂzm) c H N 5 Co | (amu) (ohm* cn? mor?)
LH=PPQS 2.0 45 | 6728 | 591 | 2181 | _ ~ 321 45
(Orange (2.5) (89) | (66.9) | (6.05) | (22.05) :
L'H=PPQT 25 42 | 6409 | 564 | 2077 | 9.49 | _ 337 35
(Yellow-orange) (3.0) (83) (64.5) | (5.50) | (21.25) | (9.50) )
S(‘)’m"ég'; 25 35 | 5596 | 492 | 1813 | 763 | oo 78
Brown (3.0) (75) | (56.3) | (5.05) | (18.20) (7.50)
S(‘)’r;q"é:_’;r; 3.0 40 | 5018 | 441 | 1626 | | 684 | 61
Reddish brown (3.0) (79) | (50.2) | (4.50) | (16.50) (7.00) :
Co-Lyl» 6.17
25 45 | 4524 | 398 | 14.66
complex (3.0) ©5) | 4550)| 4.10)| (15.00| — | (©®20)| 825 6.9
Co-L 2(NOs), complex 3.0 43 52.36 | 4.60 | 20.36 _ 7.14 971 74
Light green (4.0) (83) | (52.5) | (4.70) | (20.50) (7.20) :
Co-L(CIO,), complex 35 46 | 4449 | 391 | 1441 | _ 6.06 | 4og 8.4
Brown (4.0) (89) | (44.5) | (4.10) | (14.50) (6.10) :
S(‘)’r;q"pfgxb 3.0 35 | 5373 | 472 | 17.41 | 7.96 | 733 | o, 68
Vellowish red (4.0) (75) | (53.5) | (4.80) | (17.50) | (8.20) | (7.50)
Sé’r;q'-plf):z 30 40 | 4838 | 425 | 1567 | 7.16 | 659 | g 61
Reddish brow (4.0) (79) | (485) | (4.50) | (15.50) | (7.20) | (6.50)
Co-LJl, 6.48
25 45 | 4377 | 385 | 14.18 5.97
conplex (4.0) ©5) | (435) | 4.10) | (14.30)| €30 | (6.20)| %87 49
Co-L"2(NOx), complex 3.0 45 | 50.41 | 443 [ 19.60 | 7.46 | 687 | o 6.4
Deep red (4.0) (86) | (50.5) | (4.50) | (19.50) | (7.50) | (7.10) :
Co-L'5(CIOs), complex 35 48 | 48.00 | 422 [ 1555 [ 711 [ 654 [ oo 76
Light green (4.0) (88) (48.20 | (4.50) | (15.50) | (7.20) | (6.50) '

CM = Conventional method, time in hours; MM = Migrave method, time in minutes

All the metal complexes are coloured, solid andlstaowards air and moisture at room temperatuneyTdo not
possess sharp melting points and decompose onngeati high temperature.The complexes are insoluble
common organic solvents butsoluble in DMF and DMBt@. comparative results of conventional and micrava
methods, analytical data of the compounds, togettilr their physical properties are consistent witioposed
molecular formula are given ifable-1. The micro-analytical data suggest that the coitipasof all the metal
complexes corresponds to 1:2 (metal: ligand) stomktry and have one or two water molecules i.dréigd. The
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observed molar conductance values (3.5 — 8.4 ohmfmole”) are too low to account for any dissociation & th
complexes in DMF at room temperature, indicating-etectrolytic nature of the complexes [21].

IR Spectral Studies

The data of the IR spectra of investigated Schaffebligands and their metal complexes are listGdbte-2.The IR
spectra of the complexes were compared with thégbeofree ligand in order to determine the invohant of
coordination sites in chelation. Characteristickseia the spectra of the ligand and complexes wensidered and
compared. The FT-IR spectra of the investigatedptexes contained all the absorption bands fromitfaads and
some new absorption bands indicative of coordimatibthe ligands with metal ion through N & O an®&N\S. The
IR spectra of both the ligands (ppgs & ppqt) shobr@ad band of medium intensity at 3200tamd 3480 cr,
respectively which may be assigned/{dl-H).The IR spectra of all the investigated complke also show this band
without any change in position and intensity, dardicating non-involvement of N atom of eitheni&o or imino
group in the coordination with Co(ll) ion.

The spectrum of the ligand ppgs also shows a shatpstrong band at 1645¢nwhich can be assigned to
v(C=0).This band has shifted to a higher frequensgian with slightly reduced intensity in the spacuf
investigated complexes. The shift of band and trenge in intensity suggest the coordination of @aybgroup of
semicarbazone to Co(ll) ion.

The spectrum of the ligand ppgs also shows a shagstrong band at ~800 ¢nwhich can be assigned to
v(C=S).This band has shifted to a lower frequencyjore in the spectra of investigated complexes. divnward
shift of band suggests the coordination of thiooash group of thiosemicarbazone to Co(ll) ion.

The other IR band of structural significance in #pectra of both ligands (ppgs/ppqt) appears ~b#88 which
can assigned to thgC=N) group. This band also suffered a downwardt ¢y 20-30 cnin the investigating
complexes indicating the coordination of the Nhe €o(ll) ion.

The coordination through azomethine N and O/S atoimsither semicarbazone/thiosemicarbazone moisty a
further confirmed by the appearance of bands irfahéR region at 535-495, 470-450 and 420-395 evhich may
be assigned to(M-O), v(M-S) andv(M-N), respectively. The coordination through mbalegen are confirmed by
the appearance of a band in the region 325-255which may be assigned t¢M-X) (where X=ClI, Br or I). The
coordination bands at 1460 and 1340with a separation of 120 chronfirming the monodentate nature of the
nitrate group. The monodentate nature of perctéogabup is confirmed by the presence of far IR lsaatd650 and
620 cm'in the complexes [22-24].

On the basis of above discussion of IR spectral,dits proposed that the ligands PPQS/PPQT actskadentate
ligand and coordination is proposed through azomethN atom and O/S atoms of either
semicarbazone/thiosemicarbazone moiety. The rengacoordination centers of the metal ions are fsadidy CI,
Br, I, NO; and CIQ ions.

Table-2 Observed IR bands (cri) of Schiff base ligands and their Co-complexes
(Where s=sharp, m = medium & b = broad)

Compound v(C=0) v(C=N) v(M-0O) | v(M-N) | v(M-X)
PPQS 1665 (s,b)  1480(s,m) -- -- --
Co-L.Cl, 1700 (m,b | 1455(m,b | 505 (m | 400(m | 305(m
Co-LBr, 1695 (m,b) | 1460(m,b) 510 (m) | 420(m)| 280(m)
Co-Lyl, 1690 (m,b)| 1455(m,b) 515 (m) | 410(m)| 270(m)
Co-L(NO;), | 1695 (m,b)| 1450(m,b] 500 (m) | 415(m) --
Co-L5(ClOy), | 1700 (m,b)| 1455(m,b] 505 (m) | 410(m) -
Compound v(C=N) v(C=S) v(M-S) | v(M-N) | v(M-X) | v(M-O)
PPQ1 1480(s,m 800(s,b - - -
Co-L’' ,Cl, 1450(m,b} | 75%m,b) | 420(m | 410(m | 295(m

Co-L';Br, 1455(m,b) 760(m,b)| 470(m 415(m)  305(m)

Co-L';l, 1455(m,b) | 755(m,b)| 465(m 420(m)  315(m)
Co-L'5(NO3), | 1455(m,b) | 760(m,b)| 460(m 415(m) - 520 (M)
Co-L'x(ClOy), | 1455(m,b) | 755(m,b)|] 450(m 425(m) 535 ()
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Electronic Spectral Studies

The electronic spectra of all the complexes havenbecorded in the region 10,000-25,000*crfihe cobalt
complexes exhibit two spectral bands in the regi®¥00-14300 cthand 19100-20300 anaSS|gned tdAzg (F)

— Tlg (F) and* T1g (P) <—4T1g (F) respectively. The above mentioned spectratibandicate octahedral geometry
for the Co(ll) complexes [25-27].

Magnetic Moment Studies

The magnetic moments of the complexes under irgestn were observed as expected and givemnhte-3.The
complexes showed values in the range of 4.86 — 5.19 B.M., indicatof threeunpaired electrons per Co(ll) ion
suggesting that these investigated complexes havetwes within the range consistent to mononubiga spin
octahedral geometry [28].

Table-3 Electronic spectral bands,magnetic momenisnd proposed geometry of the Co(ll) complexes

Compound | Band position with a55|gnment cm?) | Magnetic moments | Proposed geometry of complexes
Ao(F) — “Tlg(F)“Tzﬁ(P) = Tlc(F) n (BM)
LH=PPQS -
L H=PPQ1 - -- - -
Ca-L,Clp 1320( 1920( 5.1€ Octahedra
Co-L,Br; 13400 19600 5.11 Octahedral
Co-Lyl, 13500 19800 4.87 Octahedral
Co-L »(NOs), 13600 20080 4.93 Octahedral
C0o-Ly(ClOy), 12900 19300 5.18 Octahedral
Co-L',Cl, 13600 19200 4.96 Octahedral
Ca-L' ,Br, 1390( 1960( 4.9t Octahedre
Co-L';l, 13700 19800 5.10 Octahedral
Co-L'5(NOs) 14060 20000 5.15 Octahedral
Co-L'5(ClOy), 14120 19100 5.19 Octahedral
Proposed Structures

On the basis of the above observations, it is timelg suggested that Co(ll) investigated complezbsw an
octahedral geometry[gure-1] in which the Schiffbases act as bidentate [N &@bnor] ligands.

N

\/\I/OT \/\I/T -

AN AN

R—N

Rl s

N N

Figure-1: Proposed octahedral structure of CoL,X;]and [CoL’ ,.X;]complexes
Where X= Cl, Br, I, NO; and CIQ ions
R = n-propyl group and R’= phenyl group

Anti-bacterial Activity
The difference in anti-bacterial activities of tineestigated complexes, ligands and their paremgsiwvere studied
and the results are presentedable-4.

The cursory view of the data indicates the follagvitrend in antibacterial activity of the substaneexer
investigation:
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Co(Il)-complexes- Schiff base ligands

All the Co(ll)-complexes under investigation werena active than the ligands against all the ingaséid bacteria.
These results substantiate our findings and thdirfgsof some other workers [29-30] that biologigahactive
compounds become active and less biologically actiompounds become more active upon coordinatibe. T
higher activity of the metal complexes may be owinghe effect of metal ions on the normal cell rbeame. This
can be well ascribed to Tweedy’'s Chelation The8yj.[

Table-4 In vitro Antimicrobial Activity of the Schiff basesligands ad their Co-complexes (inugmL™)

Compound Zone of inhibition (in mm)
B.subtilis | E.coli | Saureus | Ralstonia solanacearum
LH=PPQS 12 15 14 9
L' H=PPQT 8 11 12 14
Co-L,Cl, 17 15 18 19
Co-L;Br; 18 17 19 17
Co-L,l, 15 19 21 20
Co-L »(NO3), 19 15 21 23
Ca-L2(ClO4), 21 18 19 17
Co-L',Cl, 19 23 21 19
Co-L',Br, 27 21 23 21
Co-L",l, 21 20 19 24
Co-L'5(NOy) 26 24 22 29
Ca-L'5(ClOy), 27 23 23 31
Chloramphenict 28 26 25 32
CONCLUSION

In this report, we described coordination chemgisif unsymmetrical Schiff bases as new ligands #reir
complexes with Co(ll) which have been synthesizethgi condensation of 3-phenyl-2-propyl-quinazol{3+)-
onewith semicarbazide hydrochloride (L)/ thiosemtieaide hydrochloride (L’), efficiently in analcdim
suspension medium using alkali catalyst with excgllyields under microwaves irradiationand charaed by
various physicochemical and spectral analyseshénrésult of microwave assisted synthesis, it feenlmbserved
that the reaction time decreased from hours to tafhand availability of the product within bettéelgls compared
to the classical method. The synthesized Schiffebégands coordinated with the Co(ll) ion in a hitse
mannerthrough the oxygen/sulfur and azomethinegutn. Antimicrobial data suggests that the metatplexes
are betterantibacterial agents as compared to ligaimds. The compounds also inhibit thegrowttbatteria to a
greater extent as the concentration is increased.

Inconclusion, we have described here an efficiadt environmentally benign synthesis of Schiff blgands and
their corresponding Co(ll) complexes under microgvavadiation using water and methanol as solveristher,
this method is simple, mild and ecofriendly fronegmn chemistry point of view.
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