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Abstract : A new N,O, type water soluble Schiff
base ligand and three new Cobalt (111) complexes of
thisligand were synthes zed and characterized by means
of tHNMR, IR and UV-Vis spectroscopiesaswell as
elementd andlyses. Thecomplexeshavegenerd formula
[Co(L)(L"),](PF,)., inwhich L isthe Schiff baseligand
and L’s are pyridine (CoL?), Imidazole (CoL?) or N-
methylimidazol (CoL?). Theinvitroantimicrobia activ-
ity of theligand and the corresponding complexeswas

INTRODUCTION

Theproblemof bacteria res sanceisaseriousglobd
issue and many researches are directed towardsfind-
ing new solutionsto thisproblem™3, Trangtion metals,
and especidly their chelate complexesarewd | studied
inthisregard, and it hasbeen found that chelation has
increased the antibacterid activity of such complexed®
121, Recently, considerable attention has been paid to
the study of the antibacterial activity of Schiff base

studied against four human pathogenic bacteria. The
complexesshowed moderateantibacterid activity againgt
both Gram positive and Gram negative bacteria. The
Antibacterid activity of the complexeswashigher than
that of theligand due to complexation and CoL* had
better antibacterid activity compared tothe others.

Keywor ds : Schiff base; Water soluble; Cobalt;
Antibacterid.

ligandsand their transition metal complexes*29, But
poor agueous sol ubility of such compounds precludes
thelir potential development for clinical uses. Infact,
aqueous solubility isconsidered asakey factor inthe
designation of actud antibacteria drugs?%. Onestrat-
egy toincrease agueous solubility of Schiff base com-
plexesistointroduce especid subgtituentstotheir struc-
ture. Itisprevioudy shownthat the presence of SO,Na
or PR X groups (R =alkyl or aryl and X = Cl- or other
anions) onthe salicyla dehyde part of the Schiff base
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ligandsresultsin increased agueous sol ubility of their
meta complexes??1, Consideringthis, andin continu-
ation of our previous studies, herein wereport the syn-
thes's, characterization and antibacterid activity of anew
water soluble Schiff baseligand anditscobalt (111) com-
plexes. The Schiff baseligandisderived from the con-
densation of meso-1,2-diphenyl-1,2-ethylenediamine
with 3-formyl-4-hydroxy-benzyitri phenyl phosphonium
chloride. The complexes have general formula
[Co(L)(L"),](PF,),inwhichL isthe Schiff baseligand
and L’ is pyridine (py), Imidazole (Im) or 1-
methylimidazole (Melm). Theantibacterid activity of
theligand and the cobat complexeswerestudied againgt
four human pathogenicbecteria Thecomplexesshowed
moderateantibacteria activity against both Gram posi-
tiveand Gram negative bacteria. Besides, the antibac-
teria activity of the metal complexeswashigher than
that of thefreeligand.

EXPERIMENTAL

Reagentsand instruments

All chemicasand solventswere of the highest pu-
rity and wereused asreceived. All synthesesand puri-
ficationswere performed in aerobic conditions. Meso-
1,2-diphenyle-1,2-ethylenediaming? and 3-formyl-4-
hydroxy-benzyltri phenyl phogphonium chlorideweresyn-
thesized as described el sewhere?”). The cobalt (111)
complexeswere a so synthesized following aroutine
procedure®”. Elementa andyseswere performed us-
ing aPerkin-Elmer 240011 CHNS-O elemental ana-
lyzer. 'HNMR spectrawere recorded on a 500MHz
Bruker FT-NMR spectrometer using DM SO-d° as
solvent; chemicd shifts(6) aregiveninppm; s=singl,

dt = doublet of triplets, m=multiplets. IR spectrawere
obtained asKBr platesusing aBruker FT-IR instru-
ment. UV-Visspectrawere obtained on a Shimadzu
UV-1650PC spectrophotometer. A Metrohm 757 VA
computeraceinstrument wasemployed to obtain cyclic
voltammogramsin DM SO a room temperature (25°C)
using 0.1 M tetra-n-butylammonium hexafluorophos-
phate sol ution as supporting e ectrolyte.

Synthesis of the ligand: N,N’-bis{5-
[(triphenylphosphonium)-methyl]salicylidine}-
meso-1,2-diphenyl-1,2-ethylenediaminechloride
(L)

Inatypica experiment, to asolution of 1.06 g (5
mmol) of meso-1,2-diphenyl-1,2-ethylenediaminein 40
mL of ethanol wasadded asolution of 3.98 g(10 mmol)
of 3-formyl-4-hydroxy-benzyltriphenyl phosphonium
chloridein 40 mL of ethanol. Thereection mixturewas
stirred and refluxed for 60 minand wasthen left undis-
turbed to cool down to room temperature. The solution
wasevaporated to about 20 mL with arotary evapora-
tor in order to obtain the yellow powder of the Schiff
base ligand, then waswashed with aminimum amount
of ethanol and dried in vacuum. Recrystallization from
ethanol yielded thedesired ligand in high yield and pu-
rity (3.93 g, 95 %). The schematic representation of the
sructureof Schiff baseligandisshowninfigurel. M.p.
=228 UC. 'THNMR: 4.99 (s, 2H, CHph); 5.06 (d, 4H,
CH,Pph,); 6.69-7.89 (m, 46H, CH, ); 7.99 (s, 2H,
HC=N); 13.12(s, 2H, O-H). IR (v, cm™): 3409 (v, ,,);
1627 (v, ); 1589, 1488 (v__); 1110 (v ). UV-Visin
methanol A nm (¢, Mt cm?): 278 (22700); 325 (8600).
Anal. Caled. (found) for C_H..CI.N,O,P,.C.H . OH:
C: 75.03(74.97); H5.70 (5.75); N 2.57 (2.65).

+
CH,PPh;
N\ ,N_
+ +
PhsPH c—< >/: % >—CH PPh
Co(OAQ),, air, L' ° 2 2
M eOH
+
Ph,;PH,C /—_:_—\ /—_—\
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Figurel: Schematicrepresentation of thestructureof cationic part of the Schiff baseligand, axial ligandsand thecationic

part of thecomplexes.
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Synthesis of the complexes
(a) Synthesisof [Co(L )(py),l(PF,),, (CoL?)

0.97 g (1 mmol) of the Schiff baseligand wasdis-
solvedin 20 mL of methanol andwas constantly stirred.
Tothissolution wasadded asol ution of 0.25 g (1 mmol)
of Co(OAC),.4H,0in20 mL of methanol followed by
theaddition of 1.0 mL of pyridine. Thereaction mixture
wasstirred at room temperaturefor 4 hwhileair was
bei ng bubbled throughit. Thecolor of thissolution gradu-
ally changed to dark brown. Then, ExcessNH PF_ (6
mmol, 1.0 g) was added and thereaction mixturewas
stirred for afurther 5 min. Theresulting brown precipi-
tatewasfiltered off, washed with 5 mL of cold metha-
nol and then 20 mL of diethyl ether and thenwasair
dried. Recrystallizationfrom CH,CN/Et,0 (1:1) gave
1.22 g (73 %) of thetarget complex. tHNMR: 4.64,
4.80 (dt, 4H, CH_Pph,); 6.35 (s, 2H, CHph); 7.00-
8.06 (m, 58H, H, and HC=N). IR (v, cm™): 1620
(Veoy)s 1527, 1434 (v_); 1110 (v ); 840 (v, ). UV-
VisinCH,CI, A, nm (¢, M-t cm): 270 (39700); 310
(15100); 395 (8100); 537 (800). Anal. Calcd. (found)
for C H,F,N,0O,P.Co: C: 55.98 (55.90); H 3.93

76° 64 18

(3.85); N 3.44 (3.52).
(b) Synthesisof [Co(L)(Im),](PF,)., (CoL?)
Thiscomplex wassynthesi zed followingasimilar
procedure asdescribed for CoL.! except imidazolewas
usedinstead of pyridine. Recrystalizationfrom CH,CI,
gave 1.47 g (89.1 %) of thetarget complex.*HNMR:
4.82, 5.01 (dt, 4H, CH,Pph,); 5.75 (s, 2H, CHph);
6.31-7.85(m, 56H, H, andHC=N). IR (v, cm™): 1620
(Veoy): 1525, 1434 (v_); 1110 (v, .); 840 (v, ). UV-
VisinCH,CI, A, nm (¢, M-t cm): 262 (55100); 288
(30700); 410 (6200); 525 (1000). And. Cdcd. (found)
for C_H_F,N,O,P.Co: C: 52.27 (52.36); H 3.75

72° 62 18

(3.69): N 5.08 (5.16).

(c) Synthesisof [Co(L)(Melm),](PF,)..0.5(Et,0),
(CoL3)

Thiscomplex wassynthesi zed followingasimilar
procedure as described for CoL! except 1-
methyleimidazol e was used instead of pyridine. Re-
crystallization from methanol by ether diffusion gave
1.44 g (86.2 %) of the target complex. 'HNMR; &
(ppm): 3.62 (s, 6H, Melm N-CH,); 4.83, 4.98 (dt,
4H, CH_Pph,); 5.78 (s, 2H, CHph); 6.20-7.87 (m,

56H, H, and HC=N). IR (v, cm™): 1620 (v__, ); 1527,
1465 (v__); 1110(v,. ); 840 (v, ). UV-VisinCH.CI,
A, nm (g, M-t cnt): 268 (78400); 383 (6100); 419
(3900); 517 (600). Anal. Calcd. (found) for
CH,FN.O, P.Co: C: 53.27 (53.32); H 4.15

76 71 18 25 5

(4.09); N 4.90 (4.97).
Electrochemical studies

Cyclic voltammetry was used to study the el ectro-
chemical properties of the complexes. The
voltammogramswere obtained at room temperature,
from approximately 103 M DM SO sol utions, under
nitrogen atmosphere, with aworking Pt el ectrode, aPt
auxiliary electrodeand Ag/AgCl reference electrode,
in the range of -1.5 to +0.7 volt. 0.1 M Tetra-n-
butylammonium hexafluorophosphate (TBAHFP) was
used assupporting e ectrolyte and Ferrocenewas used
as internal standard to reference the data vs. Fc®
couple.

Biological studies
(a) Bacterial strains

Theligand and the cobalt (111) complexeswerein-
dividually tested against a penal of microorganisms
(Gram negative and Gram positive), namely Bacillus
subtilis(B. subtilis; Gram positive, ATCC 6633); Sa-
phylococcusaureus (S aureus, Gram positive, ATCC
25923), Salmonella Typhi (S Typhi; Gram negative,
ATCC 19430), and Escherichia coli (E. coli; Gram
negative, ATCC 25922. The organismswere purchased
from Iranian Research Organization for Science and
Technology (IROST).

(b) Minimum inhibitory concentrations(MI1Cs)

Minimum inhibitory concentrationsof the chemi-
cals were determined by the broth twofold dilution
method asaquantitative assay?®. Briefly, serial diluted
chemical compoundsintherangeof 0.05-0.1 mg/mL
were added to a final inoculum of approximately
1.5x10° organisms per mL inlog-phasegrowth. The
cultureswereincubated on arotary shaker at 37 °C for
24h. MIC (ng/mL) of each tested compound was de-
fined asthelowest concentration exhibitingnovisible
growth compared to the drug-free control wells. All the
testswere performed in duplicateson different daysto
measurethe reproducibility of thetests.
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(c) Discdiffusion assay

Single-disc diffusonasaqudlitative assay was per-
formed according to Bauer et d .19, Briefly, four tofive
coloniesof each organismwereinoculated into4 mL of
broth and incubated for 4to 6 hat 37°C. A suspension
of each organism wasthen standardized againgt atur-
bidity standard of 0.5 M cFarland. Bacteriawere cul-
tured onto agar platesusing sterile absorbent cotton
swabs. Then plates were incubated at 37°C and the
inhibition zone diameters (1ZD) were measured after
24h. Each organismwastested in duplicate on different
days to measure the reproducibility of the test.
Kanamycine (30ug/disc) and chloramphenicol (30ug/
disc), purchased from Himedia Laboratories (India),
were used as reference antibacterial agents. A set of
assay tubescontaining only inoculated mediumwaskept
ashegative control and likewise solvent controlswere
asodonesmultaneoudy.

RESULTSAND DISCUSSIONS

Spectroscopic characterization of theligand and
the complexes

HNMR, IR and UV-Vis spectroscopi eswere used
to characterize theligand and thecomplexes. Inthe IR
gpectrum of 3-formyl-4-hydroxy-benzyltriphenyl phos-
phonium chloride, anintenseband at 1674 ct was
assigned to the stretching vibration of the carbonyl
group?”, Thisband wasremoved inthe IR spectrum
of the Schiff baseligand and was replaced with anew
band at 1627 cm which was assigned to the stretching
vibration of theazomethine (HCP%N) group. Inthe IR
spectraof thecomplexes, thisband was shifted to lower
wave numbersand appeared at around 1620 cnmt. This
observation wasindicative of the coordination of the
nitrogen atoms of the Schiff baseligand to the metal
center. Another important band in the IR spectracof the
complexeswastheband at around 840 ctwhichwas
dueto the presence of uncoordinated PR, ions. Inthe
'HNMR spectraof thefreeligand, thesignalsdueto
the phenolic OH protonswereobserved at 13.12 ppm.
Thissignal was absent in the tHNMR spectraof the
diamagnetic cobdt (I11) complexeswhichindicated that
the Schiff baseligand had acted asadianionicligand.
The observation of asharp signal at 7.99 ppminthe

THNMR spectrum of the ligand was assigned to the
presence of the azomethine protons. Thissigna was
shifted down field upon complexation. Unfortunately,
theazomethine*HNM R signal sweremasked with the
signasof thearomatic protonsand it was not possible
for usto assign an exact signal tothese protons. The
observation of downfield shift of the!HNMR signasof
the azomethine protons confirmed the coordination of
thenitrogen atoms of theazomethinegroups, therefore,
it wasclearly concluded that the Schiff baseligand had
acted asatetradentate N, O, typeligand. Actually, this
mode of coordination isthe most commonly observed
modein such ligands. Another interesting festurein the
HNMR spectraof the complexeswasthe observation
of doublet of tripletswhich was assigned to the CH,
protons attached to the Pph, group. Thissplitting pat-
tern was dueto the coupling with the phosphorousatom
(I = 1/2) and most probably coupling to the two aro-
matic protonsof the phenyl ringin ortho positiontothe
CH,Pph_ group. Other signasareasoingood agree-
ment with the proposed structures. Figure 2 showsthe
HNMR spectrum of CoL.2 asan example. Inthe UV-
Visspectraof theligand, thetwo bandsat 278 and 325
nmareassgnabletointrdigand n—n* transitions. These
bands are observed in the UV-Vis spectraof thecom-
plexeswith amoderate blue shift dueto complexation.
Another band at around 400 nm could be assigned to
the LM CT®31, Thed-dtransitionsof the octahedraly
surrounded cobdlt (111) complexesare usudly observed
inthevisibleregion at around 500-600 nm. The same
bands are a so observed in our complexes, confirming
the proposed Sructures. Anaytica dataa so further con-
firmed the synthesi sof the complexes.

Electrochemistry

Thecydicvoltammogramsof theligandand thecom-
plexeswereobtained at room temperature under nitro-
genamosphere. Theligand wasd ectro-inactiveover a
range of +0.7 to -1.5 V. Thereduction potential data
for the complexesaregiven in TABLE 1. The redox
propertiesof thecobalt (111) complexesexhibited grosdy
similar features at the scan rates of 20-200 mV/s con-
sgingof onedectrochemicdly irreversbleand onedec-
trochemically quasi-reversiblereduction. Thefirstirre-
versibleredox processat about -400 mV was assigned
to[Co"(L)(amine),]*" +e— [Co"(L)(L")]*" + L’ pro-
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cess®3l, Theaddition of onedectrontotheantibonding
d >orbital of themeta center isresponsiblefor theloss
of theaxial ligand. The second reduction processwas
adsoametd centered reductionwhich could beassigned
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to[Co"(L)(L)]* + e— [Co' (L)(L")]* process. This
later processissengtiveto the o-donating propertiesof
theaxid ligandsand shiftsto morenegativeva uesupon
increasing thestrength of theligand™.
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Figure2: "HNMR spectrum of [Co(L )(M elm),](PF,),in DM SO-d° Theinset showstheexpansion of thearomaticregion. *

showsthesolvent signals.

TABLE 1: Redox potentials* (mV) for cobalt complexesin
DM SO.

COII/I
Epa AEp E°

COIII/II
Epe Epa AEp E°

Complex
Epc

Col* -581 -319 262 -450 -932 -819 113 -875
Col 2 -568 -371 197 -469 -943 -818 125 -880
ColL? -483 -237 246 -360 -1030 -846 184 -938

aPotentialsarevs. Fc”®in 0.1 M TBAHFP, T =298 K. Scan rate,
100 mV/s. Approximate concentrations: 10° M.

Antibacterial activity of thecomplexes

Potent antibacterid activity of trangtion meta com-
plexesof Schiff baseligandshave beenreportedinthe
literature. Among these complexes, Co(Il) and Co(l11)
have recelved greater attention®>34, But low aqueous
solubility of such compoundshaslimitedtheir clinical
tests. Thesynthes zed water soluble Schiff baseligand
and the corresponding cobalt (111) complexes were
screened for in vitro antibacteria activity against two

Gram-positive and two Gram-negative bacteria.
TABLE 2 and 3 show theMICsand thelZD valuesfor
the studied ligand and complexesagaingt the bacterial
strains, respectively, as well as two standard com-
pounds. Asit could be seen from thesetwo tables, the
ligand had low antibacteria activity against the studied
mi croorgani sms but themetal complexes had higher
activity. AccordingtotheClinica and Laboratory Stan-
dardsInstituteinterpretivecriterid®, thethreestudied
complexeshad high activity againg Gram-negativeand
Gram podtivebacteria Thisincreased activity wasarisen
from coordination®® and theresultscould beexplained
by Overtone’s concept® and Tweedy’s theory™®”;
Co(OAc), had low inhibitory properties. Accordingly,
the polarity of themetd ionsisgresatly reduced within
the chelated metal complexes dueto overlapping with
theligand orbita's. The del ocalization of the el ectrons
over thewholecomplex isalso observed aswell. These
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two factorsresult in the enhanced penetration of the
metal complexesintothelipid membranes. They aso
block themetd binding sitesin theenzymes of micro-
organismg. The compl exes showed broad spectrum
antibacterial activity against both Gram positiveand
Gram negative bacteria. Comparing the M 1C vaues of
these complexeswith thosesimilar onesintheliterature
showed that the studied complexeswererather good
antibacterid agentd#. Although theantibacteria activ-
ity of the complexes against both Gram positive and
Gram negative bacteriawasdmost similar, CoL.* had
to someextent better antibacteria activity sinceit had
the lowest MIC values compared to the other ones,
especidly for Gram negative bacteria. Thisjudgment
wasfurther confirmed with the comparison of thelZD
values, where, ColL.* had thehighest 1ZD vaues. Inthe
disc diffusion method, the diameter of thezoneisre-
lated to thesusceptibility of theisolate and to the diffu-
sion rate of thedrug through the agar medium®., The
mechanismsof theantibacterid activity of trangtionmeta
complexes have been scarcely reported. Three pos-

s blemechani smsfor inhibition have been proposed: (i)
interferencewith dectron trangport; (ii) bindingto DNA;
and (iii) interaction with thecell membrand“®. Nomiya
and coworkershavea so suggested thet theease of axia
ligand replacement could resultin further ligand replace-
ment with biologica onesandincreased antibacterid ac-
tivity!*d, The same suggestion may al so apply for our
studied complexes, sincetheimidazolederived ligands
are better -donors/n-acceptors than pyridine® and
arethereforemore strongly bound to the metal centers.
Besides, the presence of ectron donating methyl group
onMemligand could result in better o-donating prop-
ertiesand hence, increased binding. Thissuggestionis
congstent with thelZD val ues, where CoL* showed the
highest and CoL 3 thelowest 1ZD vaues, for Gram nega:
tive bacteria Thesefindingsarea soin good agreement
withthefindingsof Manusand coworkerswhich have
confirmed thesametrendinaxia ligand displacement™Y.
Of course, other factorsare also important and more
work isnecessary to bedoneto establish afull under-
sanding of theantibacterid activities.

TABLE 2: MIC valuesof synthesized compoundsagainst growth of bacteria (ug mL?).

Gram Negative Bacteria

Gram Positive Bacteria

Compound — , , - —

Escherichia cali Salmonella Typhi Staphylococcus aur eus Bacillus subtilis
Ligand 60 55 75 80
CoL* 20 16 25 25
Col 2 40 35 45 50
Col ® 35 35 25 30
Kanamycine 3.8 3.2 3 3.6
chloramphenicol 4.2 35 24 4

TABLE 3: 1ZD values(mm) of antibacterial compoundsagaing pathogenic bacteria.

Gram Negative Bacteria

Gram Positive Bacteria

Compound — , - - —
Escherichia cali Salmonella Typhi Staphylococcus aur eus Bacillus subtilis

Ligand 0 0 12+1 10+1
Col* 23+1 20+1 15+1 11+1
Col ? 18+1 191 15+1 121
Col ® 101 8+1 15+1 121
Kanamycine 25+1 20+1 21+1 29+1
chloramphenicol 31+1 25+1 28+1 331

synthes zed and characterized. Antibacterid activity of

CONCLUSION theligand and themeta complexeswerestudied against

A new water soluble Schiff baseligand and three
water solublecobalt (111) Schiff base complexeswere

two Gram negative and two Gram positive bacteria.
Theantibacteria activity of the complexeswashigher
than that of theligand which was suggested to be due
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to the coordination to the metal center. Besides, CoL?!
had higher activity especially against Gram negative
bacteria
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