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ABSTRACT

A novel series of 4,6-bis(1-(4-substitutedphenylimino)ethyl)benzene-1,3-
diols bis-bident Schiff base transition metal complexes, H,L*, H,L* and
H,L® were synthesized. The Schiff baseH,L*, H,L?and H,L, ligands were
synthesized by the condensation of 4,6-diacetylresorcinol with 4-
chloroaniline, 4-flouroaniline and 4-methylaniline respectively. Theligands
behave asdibasi c bis-bidentates yiel ding polymeric complexes. Theligands
and their metal complexes have been characterized by *H NMR, IR, mass,
ESR and elemental analysis. The bonding sites are the azomethine and
phenolic oxygen atoms. The metal complexesexhibit different geometrical
arrangements such as square planar, tetrahedral, octahedral and distorted
octahedral arrangement. The Schiff baseand itsnew complexesweretested
for antibacteria activity against gram positive bacteria; Staphylococcus
aureus and gram negative bacteria; Escherichia coli including the resis-
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tance bacteria Pseudomonas aeruginosa.
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INTRODUCTION

Theinterest of the coordination complexesof Schiff
bases stemsfrom their versatil e catalyti c reactionsfor
organic synthesig*¥ and its usein degradation of or-
ganic substances® and in radiopharmaceutical§° and
their ability to reversibly bind oxygen™ and photochro-
mic propertied®, and the complexing ability towards
trangition metals. Dueto such awiderangeof applica
tions, new three series of binuclear complexes of
copper (1), nickel(11), and cobalt(ll) ions with three
Schiff base, H,L*, H,L?and H,L*ligands are of par-
ticular interest. The purposeisto alter the metal ion
coordination environment, whichis primarily respon-
siblefor the propertiesexhibited by the compl ex.

Dueto such awiderange of applicationg®9, new
three series of binuclear complexes of 4,6-bis(1-(4-
substitutedphenylimino)ethyl)benzene-1,3-diolshave
been prepared by the condensation of 4,6-
diacetylresorcinol with 4-chloroaniline, 4-flouroaniline
and 4-methylaniline, to afford the corresponding Schiff
base ligands, which serves astetradentate Schiff base
ligands, abbreviated asH,L*, H,L>and H,L?, respec-
tively. Theligandsareeither di- or tetra-basic with two
symmetrical sets of either OON or NNO tridentate
chelating sites. Reaction of the Schiff base, H L, H,L*
and H,L3, ligandswith copper(11), nickel(11), cobalt(l1),
inmolar 2:1 ratio afforded the corresponding trangition
metal complexes(SCHEME 1). The structuresof the
ligands and the newly prepared complexeswereiden-
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SCHEME 1: Sructureof metal complex
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SCHEME 2: General reaction for Schiff baseligands

tified by elementd andyses, infrared, electronic, mass,
H-N.M.R. and ESR spectraaswell asthermal gravi-
metric analysis (TGA). The bonding sites are the
azomethineand phenolic and d coholic oxygen atoms,
themetal complexesexhibit different geometrica ar-
rangementssuch astetrahedrd, octahedrad and distorted
octahedra arrangement. Thebiological eva uation of
theligandsand metal complexesagainst some patho-
genic bacteriaare al so reported23.

EXPERIMENTAL

Materials

4,6-Diacetylresocinol wassynthesized according to
theliterature method***3. Copper(ll), nickel(11) and
cobalt(ll) were used as nitrate saltsand were Merck
or BDH. Organic solvents EtOH, absolute EtOH,
MeOH, acetone, dimethylformamide(DMF) and dim-
ethylsulfoxide (DM SO) werereagent grade and were
used without further purification.

Synthesisof the Schiff baseligand

—= Fyll Poper

The Schiff base, H,L*, H,L? and H_L?, Ligands
were synthesized by adding 4,6-diacetylresorcinol
(4.85g, 25.0mmol) dissolved in hot absolute EtOH
(20cm?®) to 4-chloroaniline (6.37g, 50.0mmoal), 4-
flouroaniline (5.55g, 50.0 mmol) and 4-methylaniline
(5.35g, 50.0mmol) respectively, in absolute EtOH
(20cm?®). Thereaction mixtureswere heated to reflux
for 3h. The products obtained were filtered off and
washed several timeswith afew amount of EtOH then
ether and air dried. The productswerekeptinadesic-
cator until used. Recrystallization was carried out in
EtOH. Theyieldswere8.4 g (75%), for H L *and 7.89
(75%) for H,L? and H,L>. m.p. of thesethreeligands
are>170°C. A genera chemical reactionfor ligandis
formulated asin (SCHEME 2).

Synthesis of metal complexes

Themetal chelateswereprepared by refluxing the
respectivemetd (1) nitrate(hexahydrate) (1mmol) in 20
ml of methanol withtheligand, H,L (2mmoal) in20ml of
methanol onawater bath for about 4hrs. ThepH of the
solution was adjusted to 7 by drop wise addition of
10% methanol ammoniasolution. Themetal chelates
got separated after cooling the solution overnight. The
metd chdatesthusseparated werewashed with metha
nol followed by pet ether (60-80°) and dried in vacuum.
Theyield is 72-79%. The complexes (SCHEME 1)
are insoluble in water and acohol but soluble in
DM SO,

Bacterial culture

Thestrainsof bacteriaused were Escherichiacoli,
B.Spinzinii, Pseudomonas aer uginosa, and Saphy-
lococcusaureus. All strainswere used standard. The
identity of al the strainswas confirmed?!. A bacteria
pension was prepared and added to the sterilized me-
dium before solidification. Themediawith bacteriawas
poured into sterilized Petri dishes under aseptic condi-
tion. Different weights of Schiff base, Co(1l), Cu(ll),
Ni(I1) Schiff bases complexes; (1mg, 5mgand 10mg)
were placed on the surface of the cultureand incubated
at 37°C for 24 h. After incubation theinhibition (mm)
and theaverageof inhibition zonesrecorded.

RESULTSAND DISCUSSION

UV-vis spectra of the metal complexesin DMF

==  [H01jANIC CHEMISTRY

Au Tudian Journal



184

Characterization and biological evaluation of metal complexes

ICAIJ, 3(3) September 2008

FPull Paper

TABLE 1: Theanalytical and physical data of theligand and metal complexes

Ligand or

Elemental analysis, %

Yield m.p.

complex Formula M.W. Cdor %) °0) = fOl:_l"]d/(Cd (;\Id) _
1 E CooHisCLN,0, 4133 Ffjer‘ic\’/\i;h 7% 170 (2;33:2(3)) (j: g;) (2: ;2)
2 H,L2 CosHisFoN:0, 380,39 Ffjegc\’,\i;h 7% 210 (ggjg) (j:;% (;: g‘é)
3 H,L3 CocHoaNoO,  372.46 F;eg\’,\i;h % 190 (Zég) (2: j;) (;: gg)
4 [NiLAHO)ln CaHsaClNaNiO, 88327  Green  78%  >300 (gg:gg) é: 22) (g gi) (2: gé)
5 [NILAH,O)ln CaHasFuNaNiO, 817.45  Green  76%  >300 (gj:gé) (j: g) (2: g:;) (;: f’é)
6 [NiL(H,0)l, CisHaNuNiO; 8016  Green  75%  >300 (%:gg) (2: ;Z) (2: gg) (;: 22)
7 [QUL(HOln CuHauCiOUNO, 88812  ob  79%  >300 (gg:g) é: gé) (g gﬁ) (;: ﬁ)
8 [CUL’(HOlln CuMuCUFNO, 8223 ok 7% >300 (gj:g‘;) (j: i% (2: g% (;: %
9 [QL(HO)l  CigHiCUNO; 80645  ob  79%  >300 (%:jg) (2: % (2: g:;) (;: 22)
10 [CoL'(H;O)ls CaHaCliCONO; BB35L  oodo! 75 300 (gg:g% é: gg) (2: gi) (2:2%
11 [CoL(H0)ls CaHaaCOFsN,O;  817.69 Ffjegc\’,\i;h 7% 300 (gj:gg) (j: g) (2: gé) (;: ;71)
12 [CoL%(HO)l  CigHiCoN,O; 80184 oo™ g >300 (%33) (2: ;‘Z) (2: gg) (;: gg)

TABLE 2: *HNM Rqaectra] dataof ligand and metal complexes

-9@% Sor

N/ \N L
Chis
Assignment  H,L® H2L2 H,L® Complexes
H®  2.1(6H) 2.1(6H) 2.1(6H)  2.1(6H)
H°  12.92(1H)12.92(1H)12.92(1H)
H°  6.36(1H) 6.36(1H) 6.36(1H)  6.36(1H)
H'  7.64(1H) 7.64(1H) 7.64(1H)  7.64(1H)
H®  6.61(2H) 6.61(2H) 6.61(2H)  6.61(2H)
H' 7.0(2H) 7.0(2H) 7.0(2H) 7.0(2H)
. 2.35(6H)
H - - 235(6H) (1 e

wererecorded on aJasco 550 Spectrophotometer. IR
spectraof the ligandsand their metal complexes, as
KBr discs, wererecorded on an 8400 FTIR Simadzu
Spectrometer. tHNMR spectra of the ligand and its
complexes, in DM SO-d6, wererecorded on aBruker
Avancell 400 Spectrometer at room temperature us-
ing TMSasinterna standard. Mass spectrawerere-
corded at QP 2010 Shimadzu GCM S Spectrometer.
and ESR wasrecorded on E-112 ESR Spectrometer,
at X-band microwavefrequency (9.5 GHz) with sensi-
tivity of 5x10"° AH spins. TG and DT analyses® were

recorded on NETZSCH TGA-DTA /DSCinstrument.

Thereactions of the Schiff-base, H L, with differ-
ent metal ionsproduce anew seriesof binuclear meta
complexes, M¥2, Ni(ll), Cu(ll), and Co(Il). Theana-
lytical and physical dataof the Ligand and Metal com-
plexesarelistedin (TABLE 1).

Characterization of theligandsand metal complexes

Mass spectroscopy was performed on the H L
ligand to determineits mol ecular weight and fragmen-
tation pattern. Themolecular ion peak wasobserved at
m/e 412, m/e 380, m/e 372, confirming its formula
weight (FW) 413, 380, 372for H L', H,L?and H,L®
respectively. Which aresameasthe ca culated m* val-
ues. Thegenerd schematic fragmentation of theligand
isdepictedin (SCHEME 3).

The'H NMR spectrum of H_L and complexesin
DMSO-d6 (TABLE 2) showed signasat 6 (ppm) 2.1
(3H, CH_.9, 12.92 (1H, OH-phenolic®), 6.36 (1H, Ar-
H), 7.64 (1H, Ar-H), 6.61 (2H, Ar-H¢), 7.0(2H, Ar—
H"), and 2.35 (3H, CH.9). Itis observed that the signal
dueto the proton (12.92, phenolic-OHP) completely
disgppeared on adding D, O, whilethe other signastill
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exist at their expected positions. Theintegral ratio of
the protonsisin agreement with the expected structure
of theligand and metal complexi®®.

The IR spectrum of theligand showsabroad band
at 3430 cm* dueto the stretching vibrations of phe-
nolic hydroxyl groups. The broadnessisdueto inter-
molecular hydrogen bonding between the phenolic
groups and the azomethine groups. Theband at 1246
cm?isascribed to the v(C-0O) stretching vibrations,
where the strong band observed at 1610 cm? is as-
signed to the stretching vibrations of the azomethine
group. Theband for p-substitution at 686 & 770,

The characteristic bands of theinfrared spectrathe

—= Fyll Poper

metal complexesarelistedin (TABLE 3). ThelR spec-
traof complexes (4-12) exhibit abroad band around
3200-3463 cm! assigned to v(OH) of water molecules
associ ated with the complex, which area so confirmed
by elemental and thermal anayses. ThelR spectraof
the complexes show a shift of the v (C=N) band to-
wardslower wavenumbers of 1635-1665 cnmrt com-
pared with thefreeligand band at 1680 cn2. Thisshift
indicates coordination of thetwo azomethinegroupsto
themetal ions. Coordination through the phenolic oxy-
gen after deprotonationisrevealed by the appearance
of aband dueto v(C-0O) at much lower frequencies
(1205-1225 cm?) in al the complexes compared to

OH OH
F-@-N:cl;’ : ?:N—Q—F

3 380
H,L (Schlff base)

-0 QC-O

M/Z 361
C6H5

M/Z 271
CH3

O e o

M/Z 256

OH OH OH
+. —_— + e

i
CHj

M/Z 121
M/Z 136
x v
OH OH OH OH
"
+. N—?
CHs 11z 150 M/Z 109
-HCHO
T-C6H5 30
o HO /.
A
©/ M/Z 79
CH3
|v|/z 226
M/Z 62
o)
¢+ 6H-
CsHg
M/Z 69
CH3
M/Z 244

SCHEME 3: Theschematicfragmentationsof H2L ligand
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that of H,L (1236 cm™), suggesting that the hydroxyl
groupsof the Schiff-base coordinate*” with the metal
ions.

Thermo gravimetric andysisshowsthat theweight
lossisobservedinal the divalent complexes®. The
weight lossisfound to betwo moleof coordinated water
per moleof thecomplex. Differentia therma anadysis
showsthat one endothermic peak isobservedin each
complex. Thisindicatesthat theweight lossoccursina
single step. Theloss of coordinated water occurs at
130°C for Cu(ll), 140°C for Ni(I1), 150°C for Co(ll),
complexesrespectively.

Theélectronic spectrum of theligand H,L (10°M
in DMF), showsmainly three bands at 210, 242 and
370nmdueto ('L —'A)) and ('L, —>'A ) transitions of

TABLE 3: Thecharacterization bandsof theinfrared spec-
trumof H.L, and their metal complexes

-OH

Ligand or complex (Phenalicor v(C=N)v(M-0) v(M-N)
crystalline)

1 H,L! 3430br  1680s

2 H,L2 340%r  1680s

3 H,L3 3356br  1680s - -

4 [NiL'(H0)]n 3240br  1654s 558m 390w

5  [NiL?(H,0)], 3370br  1660s 467m 372w

6 [NiL3(H,0)],  3380br  1640s 495m

7 [CulL'(H,0)],  3463br 16355 467m 365w

8 [Cul’(H,0)],  3430br 1653s 455m 370w

9 [Cul®(H,0)],  3433br 16455 465m 372w

10 [ColL'(H,0)],  3200br  1645s 504m 346w

11 [Col?(H.0)],  3233m 16525 416m -

12 [Col®(H,0)l,  3238br 16555 480m 370w

S=Strong, w=weak, m=medium and br=broad.

the phenyl ring and w-r* transition within the C=N
group. Inaddition, abroad band at 410nmisduetothe
n-r* trangition which isoverlapping with theintermo-
lecular CT fromthephenyl ring to theazomethinegroup.

The electronic spectrum of Co (I1) complex has
multiple bands observed at 20000-19230, 16393-5625
and 7143 cm™. These bands are ascribed to
& 4 - 4 4 &

TP 0 Ronstonicepoctvdy Thevzi L iois

1g )
intherange. 295-2.187, which isconsistent with the
octahedral geometry. TheNi(ll) complex hasthree
spin alowed transitions at 10000, 18518, 20833-
23256 and 29412 cm™*. These bands are correlated to
AT, °A, T (F) and °A, —>°T, (P) transi-
tions respectivef yinan octahedra Stereochemi stry29,
The electronic spectrum of Cu(ll) complex showsa
multiple structured broad band in the range 13250-
17390 cmr* which may be assigned asacombination
of three transitions *B, —>?A,; °B, —»?B, and
’B,,—*E,inadistorted octahedral geometryi. Based
on themagnetic dataand el ectronic spectra dataocta
hedral geometrieshave been proposed for al thecom-
plexes.

ESR spectrum of Cu (1) complex wasrecorded at
room temperature using DPPH asthe standard. The
spectrum congstsof asingleintensesignd. Thegvaue
has been found to be 2.0027, whichisgreater thanthe
freeeectron value?., Thisindicatesthat the unpaired
electronislargely locdized onthemetal ion.

Antibacterial activity

TABLE 4 exhibitsthe zone of bacteria growthin-
hibition of the Schiff base which synthesized from

TABLE 4: Antibacterial activitiesof ligand and metal complexes

E-Coli

E-aeroges B.spinznii

Pseudomonas aeruginosa  Staphylococcus aureus

Compound/Or ganism

Zone of inhibition in mm

[Ni L;(HZO)]n
[Ni L3(H20)]n
[NiL 1(H20)]n
[CuLz(HZO)]n
[CuL3(H20)]n
[CuLl(HZO)]n
[CoL"(H0)]n
[CoL?(H,0)],
[CoL3(H,0)],

OCoO~NOUILEWNPE

Ohh~NOOOOOOGIOTL T 1 01
OMNOCIOITOITOO 1+ 1 1 1 1

00O ~N00O©WUIo~NUOTO 00 UTO

~N W
O~NoOCOUINOOINO N

abGI~N

E.Coli = Escherichia coli
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Diacetyl resorcinol and itscomplexesof Co(ll), Cu(ll)
and Ni(I) against the tested bacteria. The Schiff base
(H,L) and metal complexesdisplayseffect against al
bacteriatested. Thetest resultspresentedin TABLE 4
show that moderate effect against both gram positive
and gram negative bacteriain comparison with stan-
dard drugsampicillin, amoxicillin, and sefaexininthis
study. The study indicatesthat the Cu(ll), Co(Il) solid
complex hasantibacterial activity against all bacteria
Used[23’24].

CONCLUSION

Theligand H,L behavesasadibasic tetradentate
ligand with O:N:N:O donor sequence coordinating
through the nitrogen of the azomethinefree and both
oxygen of phenol groups. All the complexeshave a
polymeric octahedral geometry withametd toligand
ratio of 1:2 Coordinated water moleculeisfoundinall
thedivaent complexes. Onthebasisof anaytica, mag-
netic and el ectronic spectra datapolymeric octahedral
geometries have been proposed for al the complexes
(SCHEME 1). Thecomplex screen for antibacterial
activity and result show moderatein comparison with
standard drugs.
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