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ABSTRACT

Mannich bases 1-[(2,5-Dioxopyrrolidin-1-yl) (phenyl)methyl] urea (USB) and
1-[(2,5-Dioxopyrrolidin-1-yl) (phenyl)methyl] thiourea (T SB) formed by the
condensation of succinimide, benzal dehyde and urea/thiourea and its Mn'",
Co'", Cu", Zn", Cd" and Hg" complexes have been synthesized. Their struc-
tures have been elucidated on the basis of analytical, magnetic, electrical
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conductivity and spectral study as well as elemental analysis. The com-
plexes exhibit octahedral, tetrahedral and tetragonally distorted octahedral
geometries. The monomeric and non-electrolytic nature of the complexesis
evidenced by their magnetic susceptibility and conductance data. Antimi-
crobial screening tests gave good resultsin the presence of metal ionin the

ligand system. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Itiswell known fromliteraturethat the compounds
containing amide moiety haveastrong ability toform
metal complexesand exhibit awiderangeof biologica
activities™. Thecoordination chemistry of amidegroup
hasreceived much attention duetoitsdiverse coordi-
nating behavior andtheroleit playsin biological pro-
cess¥. Anamidegroup offerstwo potentia binding Stes
i.e., through oxygerv/sul phur and nitrogen for complex-
ation with protons and metal ions. Ureaand related
compounds havelong been studied for their biological
activitied®9. Also sinceN-containing compounds gen-
eraly exhibit biological activity, an attemptismadeto
find out thebiocida activity of thesecomplexesagainst
awiderangeof antibacterial and antifunga agents.

EXPERIMENTAL

All thereagentsused for synthesi zing the complexes
wereof A.R Grade and the solvents used were com-
mercia products of the highest availablepurity. The
micro elemental analysiswas carried out on Vario EL
[Il CHNS Elemental Analyzer at STIC, Kochi. Infra-
red spectrum wasrecorded in KBr medium on aSpec-
trum-One Perkin Elmer FTIR instrument. UV-Visible
spectrumwasrecordedin DMF on EZ301 Perkin Elmer
spectrophotometer. *H NMR spectrum wasrecorded
in DMSO-d, using Bruker AVI11 500 MHzZ NMR at
SAIF, 1T Chennai. Magnetic susceptibility measure-
ments of the complexeswere carried on Auto Mag-
netic Susceptibility Balance. Molar conductivity was
measured on Systronics Direct Reading Digital Con-
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ductivity Meter 304 with dip type conductivity cdll us-
ing~10°M DMF solution of thecomplexes.

Antimicrobial activity

Theinvitro biological screening effectswere car-
ried out at C.L. Baid Metha College of Pharmacy,
Chennai. The complexesweretested agai nst the bac-
terial species Saphylococcus aureus, Micrococcus
luteus, Escherichia coli and Pseudomonas
aeruginosa and fungal species Aspergillusniger and
Aspergillusfumigates by paper disc diffusion method
using nutrient agar and sabouraud dextrose agar asthe
medium. Thetest solutionswere prepared by dissolv-
ing the compounds in DM SO. Ciprofloxacin and
K etoconazol e were used as the standard for anti-bac-
terid andanti-fungad activitiesrespectively.

Synthesisof mannich base (USB)

Urea(12g, 0.2M), succinimide (19.8g, 0.2M) and
benzaldehyde (22ml, 0.2M) weretaken in equimolar
ratio. A concentrated aqueous solution of urea and
succinimide was prepared. Benzal dehyde was added
in dropswith continuous stirring of the solution. The
mixturefirst becameoily and dowly turnedinto awhite
crystaline masswhich was separated by suctionfiltra-
tion and washed severd timeswith distilled water. The
product was dried in the air oven at 80°C and
recrystallised using acetone by dow evaporation. The
percentageyied of the compound was 53 with amelt-
ing point intherange 188-190°C.

Synthesisof mannich base (T SB)

Thiourea(15.2g, 0.2M), succinimide(19.8g, 0.2M)
and benzd dehyde (22mL, 0.2M) weretakenin equimo-
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lar ratio. A concentrated aqueous sol ution of thiourea
and succinimide was prepared. Benzal dehyde was
added indropswith continuous stirring of the solution.
Themixturefirst becameoily anddowly turnedintoa
whitecrystalinemasswhich was separated by suction
filtration and washed severd timeswith distilled water.
The product was dried in the air oven at 80°C and
recrystallised using acetone by dow evaporation. The
percentageyield of the compound was 15 withamelt-
ing point intherange 197-199°C.

Synthesis of metal complexes

All thecomplexesof USB and TSB wereisolated
from non-agueous mediausing methanol and ethanaol.
Thedivaent metd satswereused assuch without de-
hydrating them. Themeta chloridesand nitrateswere
dissolved in ethanol and the meta sulphatesweredis-
solvedinmethanol. Theligand wasdissolvedin DMF.
The hot ethanalic/methanolic solution of themetd salt
was added dowly with congtant tirring tothehot DMF
solutionof theligandin 1:1moal ratio. Theinsolublecom-
plex formed wasfiltered, washed with gppropriate sol -
vent to removetheunreacted metal and ligand, driedin
airandtheninanair over at 80°C.

RESULTSAND DISCUSSIONS

Theandyticd dataof USB and TSB and itsmeta
complexesare summarized inTABLE 1 and 2. The
elementa anaysesshow that metal ionsform 1:1 com-
plexes. All the complexesare coloured except Zn'" and
Cd" complexeswhichispurdy whiteand stableat room
temperature. All the complexesaresolublein DMFand

TABLE 1: Analytical dataof USB and itscomplexes

Complex % C % H % N %Metal Pest
Obs(Cal.) Obs.(Cal.) Obs.(Cal.) Obs.(Cal.) B.M

USB 58.16(58.35) 5.29(5.30) 16.96(17.01)

Mn(NOs),.USB. 2H,0 32.00(31.18) 3.10(3.71) 15.21(15.15) 12.10(11.89) 5.92

MnSO,.USB. 2H,0 34.50(33.19) 4.00(3.95) 9.18(9.68) 11.87(12.65) 5.72

C0S0,.USB.2H,0 34.72(32.89) 3.66(3.91) 9.02(9.59) 13.90(13.45) 4.89

CuCl,.USB.2H,0 34.09(34.50) 3.81(4.10) 9.91(10.06) 14.98(15.21) 1.54

Cu(NO5),.USB.2H,0 30.02(30.61) 3.26(3.64) 14.35(14.87) 13.36(13.50) 1.70

ZnS0,.USB.2H,0 31.19(32.41) 3.34(3.85) 9.65(9.45) 14.67(14.70)

CdCl,.USB 32.89(33.47) 3.15(3.04) 9.34(9.76) 26.03(26.11)

CdS0,.USB.2H,0 30.00(29.31) 3.24(3.48) 8.23(8.54) 22.74(22.86)

HgCl,.USB 27.56(27.78) 2.95(2.53) 8.04(8.10) 38.47(38.67)
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TABLE 2: Analytical data of TSB and itscomplexes

Complex % C % H % N % Metal Mt
Obs(Cal.) Obs.(Cal.) Obs.(Cal.) Obs.(Cal.) B.M
TSB 54.60(54.75) 4.75(4.94) 15.11(15.97)
Mn(NO),. TSB. 2H,0 31.06(30.13) 3.10(3.58) 14.21(14.64) 11.10(11.49) 5.85
NiSO,.TSB.H,0 33.85(33.05) 3.15(3.47) 9.56(9.64) 13.78(13.46) 3.59
CuCl,.TSB.H,0 34.09(34.66) 3.81(3.64) 9.91(10.11) 15.98(15.28) 1.95
Cu(NO5),.TSB.2H,0 29.17(29.60) 3.20(3.52) 14.13(14.38) 13.54(13.05) 1.98
ZnS0,.TSB. H,0 31.79(32.55) 3.34(3.41) 9.65(9.49) 14.67(14.77) -
CdCl,.TSB.H,0 31.89(31.02) 3.08(3.25) 9.44(9.04) 25.05(24.19) -
HgCl,. TSB.H,0 26.56(26.07) 2.95(2.73) 7.04(7.60) 36.47(36.28) -

DMSO. Molar conductances of the complexesrevedl
their non-electrolytic nature. Thecrystal structures of
theligandsUSB and TSB areaready reported©Y,
In all the complexes of USB, the v, , band ap-
peared intheregion 3390-3542cm at amuch higher
frequency than the free ligand. The v__ band of
succinimide appeared at alower frequency than the
freeligand, indicating the coordination of carbonyl
oxygen to the metal atom. Mn"', Co", Cu'", Cd" and
Hg" complexesshow anincreaseinv,,, §,,, andv .
frequenciesand lowering of v__ of succinimide and
ureg, indicating that theligand (USB) actsasabidentate
ligand coordinating through carbonyl oxygen of
succinimide and urea. CuCl,, and ZnSO, complexes
show adecreaseinv,,, 3, and v, . frequencies,
indicating that theamideN iscoordinated to the metal
atom in these complexes. TABLE 3 shows the IR
absorption bands of USB and itscomplexes. Mn'' and
Cu' nitrate complex exhibitsv_ ., Voo, 8N Vo
bands at 1384, 1383 (v,), 1341, 1340 (v,) and 1005,
1046 (v,) cm* respectively dueto the nitrato group.
Thedifference betweenthev, and v, bandsis43 cm*

in both the complexes suggesting unidentate behav-
iorl1z14 of the nitrato group. Mn'" and Co" sulphato
complexes showsbandsdueto ‘SO’ stretching mode
v, of sulphato group at 1125,1018 and 1118, 1019
cm™. The OSO bending mode v, appears at
668,653,625 and 669,627, 606 cn* respectively. The
v, and v, mode of coordinated sul phato group occurs
at 821,468 and 874, 562 cmtin both these compl exes.
Absorption bands observed dueto sulphato group in
theMn'" and Co'" sulphato complex are consistent with
those normal ly associated with the bidentate chel ating
sul phato group!*>2, Zn'" and Cd" sul phato complexes

X<
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—
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M =Mn", Co", Cu'", and Zn" X =NO, and SO,
Figurel: USBand Mn'", Co'", Cu", Zn" complexes

NH,

TABLE 3: IR absor ption bandsof thecomplexesof USB

Compound VNH Vc=o ONH  Vene V3 V4 21 A2 Vs Vg
USB 3364 1771,1689 1533 1111 - - - - - -
Mn(NOs),.USB. 2H,0 3410 1714 1553 1141 1341 1005 1384 823
MnS0O,.USB. 2H,0 3424 1689 1542 1125 1125, 1018 668, 653,625 821 468 - -
C0S0,.USB.2H,0 3390 1638 1547 1118 1118, 1019 669, 627,606 874 562
CuCl,.USB.2H,0 3338 1634 1384 1102 - - - - - -
Cu(NQOs),.USB. 2H,0 3434 1761 1595 1117 - - 1340 1046 1383 869
ZnS0,.USB.2H,0 3353 1666 1524 1106 1151,1141,1020 659, 635,623 877 564 - -
CdcCl,.usB 3542 1742 1583 1153 - - - - - -
CdSs0O,.USB.2H,0 3420 1623 1566 1111 1129, 1111, 993 642, 618 883 594
HgCl,.USB 3434 1693 1533 1177 - - - - - -
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shows bands due to ‘SO’ stretching mode v, of
sulphato group at 1151, 1141, 1020 and 1129, 1111,
993 cm’. The OSO bending mode v, appears at
659,635, 623 and 642,618 cm™ respectively. Thev,
and v, mode of coordinated sul phato group occurs at
877,564 and 883, 594 cm*in both these complexes.
Absorption bands observed dueto sulphato group in
the Zn'" and Cd" sulphato complexes are consi stent
with those normally associated with the bidentate
chelating sul phato group™.

In all the complexes of TSB, the v,,, band ap-
peared at ahigher frequency than thefreeligand ex-
cept in the case of NiSO,, CuCl, and HgCl,, com-
plexeswherethev, , band appeared at alower fre-
guency thanthefreeligand. TABLE 4 showstheIR
absorption bandsof TSB anditscomplexes. Thev__,
band of succinimide displayed substantial negative
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shiftsthanthefreeligand, indicating the coordination
of carbonyl oxygen to the metal atom. The s, ,, and
Ve Dands also suffer negative shifts than the free
ligand. Theligand TSB actsasabidentateligand co-
ordinating through the carbonyl oxygen of succinimide
and one of theamide N in the case of Mn'" and Cu"
nitrate complexes. In the case of NiSO,, CuCl,,
ZnS0,, CdCl,, and HgCl,, complexes, theligand TSB
actsasatridentate ligand coordinating through the
carbonyl oxygen of succinimide, amido Sand one of
theamido N of thiourea. Mn'' and Cu'" nitrate com-
plex exhibitsv_, . v (NO2) and v, , bands at 1384,
1384 (v,), 1352, 1337 (v,) and 1018, 1107 (v,) cm™
respectively dueto the nitrato group. Thedifference
between thev, andv, bandsis32and 47 cm™inboth
the complexes suggesting uni dentate behaviort*>4 of
the nitrato group. Ni" and Zn" sulphato complexes

TABLE 4: IR absor ption bandsof thecomplexesof TSB

Complex VNH Vco ch%::\’:m Ves OnH o Venc V3 \Z Vi V2 Vs Vg
TSB 3399 1770,1694 1382 753 1540 1117
Mn(NO5),.TSB. 2H,0 3408 1605 1384 765 1529 1117 1352 1018 1384 835
NiSO,.TSB. H,0 3348 1635 1352 631 1470 1098  1152,1098 659,631 823 470
CuCl,.TSB.H,0 3341 1631 1352 708 1506 1103 - -
Cu(NO,), TSB.2H,0 3397 1598 1418 757 1494 1107 1337 1107 1384 881
ZnS0,.TSB. H,0 3409 1616 1340 742 1482 1112 1151, 1112, 1020 647,619 874 458
CdCl,.TSB.H,0 3459 1651 1376 680 1492 1113
HgCl,.TSB. H,O 3364 1768 1376 738 1495 1106
shows bands due to ‘SO’ stretching mode v, of H0 X X
sulphato group at 1152 and 1098 and 1151, 1112, o MCH,0,8
1020 cmrt. The OSO bending mode v, appears at Q M’QNH
659 and 631 and 647 and 619 cm respectively. The N 2
v, and v, mode of coordinated sul phato group occurs Oé
at 823,470 and 874, 458 cnrtin both these complexes.

Absorption bands observed dueto sul phato group in
the Ni'" and Zn" sulphato complexes are consistent
with those normally associated with the bidentate
chelating sul phato group™.

H NMR spectraof theligand USB and its Zn",
Cd" and Hg" complexeswererecorded in DM SO-d..
Inthefreeligand theamide protons occur at 5 6.009
and 6.91-6.889 ppm. On coordinationtothemetal atom
theamide protonsareshifted downfield. Thedownfield
shiftisdueto the decreasein electron density onthe
atoms involved in coordination and consequent

M =Mn", and Cu" X =NO,
Figure2: TSBand Mn", Cu'" complexes

deshielding of the protons. The methylene protons of
succinimide are shifted upfield. Presence of abroad
peak at 6 3.35-3.36 ppm suggeststhe presence of | at-
ticewater inthe complex or bulk waterin DMSO-d..
These support the coordination suggested by IR data.

'H NMR spectraof theligand TSB and its Zn'",
Cd" and Hg' complexeswererecordedin DMSO-d..
In the free ligand the amide protons occur at & 7.84

==  [H01jANIC CHEMISTRY

Au Tudian Journal



102

Synthesis, structural characterization and antimicrobial study

ICAIJ, 5(3) September 2010

FPull Paper

and 7.89- 7.92 ppm. On coordinationtothemetal atom
theamideprotonsare shifted upfield. Theupfield shift
isdueto modification of eectron density upon coordi-
nation and the deshi el ding zone devel oped around these
protons. The methylene protons of succinimide are
shifted downfield. These suggest the coordination of
amido N or Stothemetal atom. Presence of abroad
peak at 6 3.34-3.36 ppm suggeststhe presence of | at-
ticewater inthe complex or bulk water in DMSO-d..
These support the coordination suggested by IR data.

Themanganese (1) complexesof USB show mag-
netic moments in the range 5.72-5.92 B.M at room
temperature corresponding to fiveunpaired el ectrons.
Theelectronic spectraof the Mn'' complexes exhibit
four weak intensity absorption bands in the range
17605-18049, 23255-23684, 25445-26315 and
32154-36764 cm't. These bands may be assigned to*°l
transitions: °A, »>*T,  (‘G), °A, ~>E,, ‘A, (‘G),
6Alg—>4Eg (“D), 6Alg—>“Tlg (*P). Theposition of these
bands suggests a high spin octahedral environment
aroundtheMn'' ion.

TheMn'" nitratecomplex of TSB show amagnetic
moment of 5.85 B.M at room temperature correspond-
ingtofiveunpaired eectrons. Thee ectronic spectraof
the Mn'! nitrate complex exhibit four weak intensity
absorption bandsin the range 18021, 24986, 29135
and 31293 cmrt. These bands may be assigned to!*¢l
transitions: °A, »>*T, (‘G), °A, >E,, ‘A, (‘G),
6Alg—>4Eg (“D), 6Alg—>“Tlg (*P). Theposition of these
bands suggests a high spin octahedral environment
aroundtheMn'' ion.

At roomtemperaturethe Co'" sulphate complex of
USB show amagnetic moment of 4.89 B.M. corre-
sponding to three unpaired electrons. Theelectronic
spectraof the Co" sulphate complex recordedin DMF
solution exhibit absorptionintheregion 7127, 14945,
18761 and 27624, 34246 cm-1. Thesebands may be
assigned to T, (F)—>*T, (F), “T (F)—>*A,(F) and
4Tlg(F)—>4Tlg(P) respectively. Thefourth bandisdue
to chargetransfer. The position of thesebands suggests
an octahedral environment around the Co'" ionf*”,

The magnetic moments of the Cu'' complexes of
USB wererecorded at room temperature. The com-
plexes show magnetic momentsintherange 1.54-1.70
B.M. corresponding to oneunpaired eectron. Theelec-
tronic spectraof Cu' complexesin DMF exhibit bands

intherange9141-9174, 12019-12114, 14706-15106
and 24791-26596, 30030-32623 cm™. These bands
may be assigned to 2Blg—>2A B, —>28 2 and
’EQ—>T, (F) respectively. Thefourth band may be
dueto chagetransfer Theposition of these bands sug-
gestsatetragonally distorted octahedral environment
aroundtheCu'" ion.

Themagnetic moment of NiSO, complex of TSB
were recorded at room temperature. The complex
showsamagnetic moment of 3.59B.M. Thedectronic
spectraof NiSO, complexin DMF exhibit bandsinthe
region 9090, 14903, 25252, 11848, 20661 and 36101
cm?, These bands may be assigned to
AT EAET AT EAFE
and °A, (F)—'T . The fourth band may be due to
chargetransfer. The position of thesebands suggestsa
octahedra environment around theNi' ion.

The magnetic moments of the Cu'" complexes of
TSB wererecorded at room temperature. The com-
plexes show magnetic momentsintherange 1.95-1.98
B.M corresponding to oneunpaired e ectron. Theeec-
tronic spectraof Cu'' complexesin DMF exhibit bands
in the range 10449-10526,11820-12020, 15948-
16181 and 23365,36232-26584,31034 cm™. These
bandsmay beassignedto’B,g—>°A B, —’B, and
TABLES5: IRAbsor ption bandsdueto coor dinated water mol-
eculesin USB complexes

Complex Vou OnoH Pruon PWhon M-O
Mn(NOs),.USB.2H,O 3410 1714 823 600 476
MnS0,.USB.2H,0 3424 1689 821 605 468
C0S0,.USB.2H,0 3428 1707 823 602 488
CuCl,.USB.2H,0 3440 1634 848 607 484
Cu(NO3),.USB.2H,O 3434 1761 869 679 471
ZnS0,.USB.2H,0 3421 1666 877 623 564
CdS0,.USB.2H,0 3420 1623 883 618 5%

TABLE 6: IR Absor ption bandsdueto coordinated water
moleculesin TSB complexes

Complex VoH OnoH PrHoH PWhon M-O
Mn(NQs),.TSB.2H,O 3408 1605 823 620 467
NiSO,4.TSB.H,0O 3348 1635 823 631 470
CuCl,.TSB.H,O 3441 1631 847 633 477
Cu(NQs),.TSB.2H,O 3397 1598 881 623 470
ZnS0O,.TSB.H,O 3409 1616 874 619 458
CdCI,.TSB.H,O 3459 1651 864 680 535
HgCl,.TSB. H,O 3364 1768 847 659 458
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2Eg—>2Tzg (F) respectively. The fourth band may be
dueto chargetransfer. The position of thesebands sug-
gestsatetragonally distorted octahedral environment
around the Cu' ion(8l,

Antimicrobial activity

Antibacterid activitiesof USB and itsmetal com-
plexes such as CuCl,.USB.2H,O (1C1),
Cu(NO,),.USB.2H,0 (1C8), Mn(NO,),.USB.2H,0
(1C10) and CoSO,.USB.2H,0 (1C14) werestudied.
Thesecomplexesweretested in-vitro against four bac-
terial species Saphylococcus aureus, Micrococcus
luteus, Escherichia coli and Pseudomonas
aeruginosa by paper disc diffusion method. There-
sultsobtained aretabulated inthe TABLE 5. Thezone
of inhibition of thecompoundsisgivenin millimeters.
Thecomparativestudy of theligand and itscomplexes
indicatesthat the metal chelatesexhibit higher activity
thanthefreeligand. Theorder of activity towards Saphy-
lococcusaureus: 1C14 >1C8> 1C1> 1C10> USB;
Micrococcus luteus: 1C14 > 1C10 > 1C8 > 1C1 >
USB; Escherichia coli: 1C8 > 1C10> 1C1 > 1C14
> USB; Pseudomonas aeruginosa: 1C1 > 1C8 >
1C14 > 1C10> USB. Cao'" sulphate complex shows
the highest activity against the Saphylococcusaureus
and Micrococcus luteus bacterial species. The least
active against the Saphylococcus and Micrococcus
bacteriumismanganousnitrateand cupric chloridecom-
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plexes. The highest activity against Escherichia coli
bacterium isshown by cupric nitrate and least by Co"
sulphate. The highest activity against Pseudomonas
aeruginosaisshown by cupric chlorideand least by
manganous hitrate complexes. The Cu'" nitrato com-
plex ishaving apseudo tetrahedral geometry and coor-
dinately unsaturated, and henceit exhibitsatendency
to get saturated by linking with the protein, leading to
theinhibition of itsgrowth. Morever, steric congtraints
arelessfor atetrahedral complex than for an octahe-
dral complex and sothetetrahedra complexesaremore
activethantheoctahedral complexes. Co' isan essen-
tial micronutrient during transcription and transforma-
tion of nucleic acids, and henceitscomplex hashigher
activity. These complexesweretested in-vitro against
two antifungal species namely Aspergillusniger and
Aspergillusfumigates. Theantifungd activitiesof these
compounds were determined by sabouraud dextrose
agar mediumin paper disc diffusonmethod. Theorder
of activity towards Aspergillus niger:
1C1>1C8>1C14>1C10>USB; Aspergillus fumi-
gates: 1C1>1C8>1C10>1C14>USB. TheCu' com-
plexes showed higher activity against both the fungal
species. Theincreaseinantimicrobid activity isdueto
faster diffusion of metd complexesasawholethrough
thecdl membraneor dueto combined activity effect of
themeta andtheligand. Suchincreased activity of the
metal chelates can be explained on the basis of

TABLE 7: Antibacterial and antifungal activity of USB and itscomplexes(zone of inhibition in mm)

Compound Conc S. aureus M. luteus E. cdli P. aeru A.niger A.fumigates

(n) (mm) (mm) (mm) (mm) (mm) (mm)
uUsB 25 13 17 13 15 12 10

50 19 19 18 18 23 17

100 15 21 15 17 27 21
CuCl,.USB.2H,0 (1C1) 25 13 16 13 19 19 14

50 19 19 19 23 23 18

100 21 21 24 28 29 22
Cu(NOs),.USB.2H,0 (1C8) 25 14 19 15 17 16 13

50 22 22 21 20 20 19

100 25 24 26 21 23 23
Mn(NO3),.USB.2H,0 (1C10) 25 13 19 14 15 14 13

50 15 23 18 19 19 17

100 23 26 20 22 21 20
Co0S0,.USB.2H,0 (1C14) 25 15 19 12 16 15 12

50 18 24 15 21 18 18

100 24 27 18 24 22 20
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Overtone’s concept!?® and the Tweedy’s chelation
theory??, Thelipid membranethat surroundsthecell
favoursthepassageof only lipid soluble materia sdue
towhichlipophilicity isanimportant factor which con-
trolstheantimicrobid activity. On chelaionthepolarity
of themeta ionwill bereducedto agreater extent due
to overlap of theligand orbital and partial sharing of the
positive charge of themetal ion with the donor groups.
Further it increasesthe del ocalization of then-electron
over the whole chelate ring and enhances the
liposolubility of the complexes. This increased
liposol ubility enhancesthe penetration of thecomplexes
into thelipid membraneand blocksthe metal binding
gtesintheenzymesof themicroorganisms. Thesecom-
plexesalso disturb the respiration process of the cell
and thusblock the synthesis of proteins, which restrict
further growth of the organisms.
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