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ABSTRACT

A Series of homo or hetro di and trimetalic complexes has been prepared containing both Cu(l1) and Mn(l1) ions
with bisazodianil ligandsbased on 2 carboxy, 3'carbonyl,4'. 6'dihydroxy azo benzene (H, L*) or 2 hydroxy, 3'carbo-
nyl ,4',6'dihydroxy azo benzene(H, L®). The complexes prepared were characterized by elemental anlysis TGA,
DTA, IR, UV/Visand ESR spectraaswell as magnetic moment and atomic absorption determinations. Antimicrobial
activity of the ligands and their complexes have been examined against the bacterial strains Bacillus subtilis,
E.coli, Saphylloccus aerues, Pesudomonas auregonosa and Salmonella spp. The results show that the com-
plexes are potent antimicrobial than the parent ligand . These complexes have been found to exhibit moderate to

strong antimicrobial activity against the tested microbes.

INTORDUCTION

Theterm“dinud eatingligands”’ wasfirst introduced
in 1970 by Rebson! to describe the class of
polydentate chelaing agents, ableto bind smultaneoudy
two meta ions. Sincethen, avery largeunmber of such
ligandswere designed, and their coordination com-
poundswerethoroughly investigated. Many workers
havereported homo and?® heterodimetd lic complexes.
Dinuclear metd complexesareimportant intheinvesti-
gation of theinteraction between metal ionsindinclear
metal center of proteing®”. Thepossible applications
of the complexeswith thistypeof ligandsvary from
modeding theactivesitesof many metalloenzymes®9to
hosting and carrying small moleculed® during ca-
talysg2. Threenew Co(ll) and Mn (11) complexeswith
the phenol-based on ligand Hpyza d which containsthe
formyl group werereported314. The preparation and
study of inorganic compounds containing biologically
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important ligandsis made easy because certain metal
ionsareactivein many biological processes. Thefact
that copper with other inororganic metdlicdementsare
essential and exhibit great biological activity when
associted with certainmeta complexes, participatingin
oxygen transport, e ectronic transfer reactionsor the
storageions*¥. The bis-azodanils metal complexes
have been subject of somerecent interstigationsdueto
their excellent catalytic propertiesand biologica activ-
ity. Thishasprompted muchincreasing effortinthede-
velopment of new bisazodianil complexes. Our recent
focus has been located on homo or hetero bimetallic
bisazo-dianil complexespossessngsmplemetd iong*9.
Theaimof thisstudy isthe synthesis, characterization
and biological evalution of mono, dicopper (1) and
hetrotrinuclear Cu (11) and Mn (1) biazodianil com-
plexes. The prepared complexes showed agood bio-
logicd activity.
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EXPERIMENTAL

Preparation of organicligands

The azo dyes based on anthranilic acid or o-
aminophenol and 2,4 dihydroxbenzaldhyde were as
given previoudy!*”,

Prepanation of complexes
1. Preparation of mono Cu (I1) complexes

10°® moleof CuCl,.2H,O wasdissolvesintheleast
amount of hot ethanal, thenitwasmixedwithasmilar
solution containing 10 moleof 2 carboxy,3'carbonyl,
4' 6'dihydroxy azo benzene (H, L") or 2 hydroxy, 3'car-
bonyl ,4',6'dihydroxy azo benzene (H, L®) .Thereac-
tion mixturewasrefluxed in awater bath for 6 hr. On
cooling the Cu(l) complex then seperated, which was
filtered off and dried (A for H, L*and D for H,L®).

2. Preparation of di Cu(l1) complexes

2x10°of mono copper complex (A or D) wasdis-
solvedintheleast amount of hot ethanol, then the solu-
tion was mixed with 10 moleof propenyl diamineand
the mixturewasreflexed for 6 hrs.inawater bath. On
coolingthemixture, thebinuclear Cu(11) complex sepa-
rated which wasfiltered off, dried (B and E).

3. Preparation of di copper and Mn (I1) complexes

10°® moleof MnCl,.4H,0 wasdissolvedintheleast
amount of hot ethanol. Thenit wasmixedwithasmilar
solution containing 10 mole of the dicopper complex
(B or E).Themixturewasrefluxedinawater bathfor 6
hrs.on cooling the solution, thetrinuclear complexes
(Cand F) separated which werefiltered off and dried.

Thegpparatusand working proceduresfor the char-
acterization of the complexeswerethe sameasprevi-
ously described*®,

Preparation of microbial cultures

Bacillus subtilis, E.coli, Saphylloccus aerues,
Pesudomonas auregonosa and Salmonella spp. were
used asthetest organisms.The bacteria strainswere
inoculated into nutrient broth and incubated for 24 hours.
Inthewel| diffuson method,the sterileagar (oxoid) for
bacteriawereinocul ated with thetest microogranisms.
The compounds dissolved in DMF as 0.1% and the
sterid solutionwereadded inwells(4mmdiameter) in
agar platemedia, and the plateswereincubated at 35°C
for 24 hours.Theresultinginhibation zoneson the plates
were measured after 2 days. The data reported in
TABLE 6 arethe average data of three experiments.

RESULTSAND DISCASSION

Thedataof eementa anayss(TABLE 1) support
the suggested formulul asfor the complexes. Theca cu-
lated and found values arein agood agreement with
each other.

Thermal analysis
1. Thermogravimeticanalysis

Thermogravimetricanayss(TGA) yid ded there-
aultsshowenin TABLE 2. For dl investigated complexes,
thethermogramsexhibited thefollowingcommnfeatures
a. Thelatticwater or ethanol moleculesin thecom-

plexes were evaporated with in the temperature

range 50-125°C, whilecoordinated water molecule

TABLE 1: Elemental analysis, magnetic moment , ESR, M.p.°C and yield% data

Complex C% H% Cu% Mn% H,0% EtOH% e CU gt MN po; Yield% m.p °C
[CuHLl(HZO')A;].ZHZOEtOH %7 s i e G5 1 072 70 125
COHEROd O 6 ad 14 e 18 072 79 Over 26¢
[CuzMan(ﬁZO)B]AHzo G G2 47 6D %D 182 162 265 60 Over 26C
CHHOM HO 2050 4> ‘1a  Tre R O IR
[CquL“(HEzO)e].SHZO (fé:g) (328) 1(9}.47)9 (22%%1) 1.82 0.77 60  Over 26C
[CuzMnL“(II:zO)g].SHzO (322(15) (45.226) %:? (g:g) (ggé) 184 162 253 60 Over 26

(found) calculated
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TABLE 2: The TGA thermal data of complexesinvestigated

M ass loss

Complex Step t°C t,°C t°C % (found) Assignment
lss 36 810 127 9(8.8) Loss of |attic ethanol molecules
A 2nd 127 145 163 7.4(7.4) Loss of lattic waterl molecules
[CUHL*(H,0)3].2H,OEtOH 3rd 163 181 199 11.1(11.2) Loss of coordinated water molecules
4th 199 510 821 - Decomposition and formation of CuO
1s 28 555 83 83(82 Loss of |attic water molecules
C 2nd 99 1325 166 3.3(3.5) Loss of coordinated water molecules of Mn(I1)
[Cu, MNL%(H,0)g].4H,O0 3rd 166 99 232  9.9(10) Loss of coordinated water molecule of two Cu(l1)
4th 232 4895 747 - Decomposition and formation of CuO and MnO
D ls¢ 20 375 55 4.45.3) Loss of lattic water molecules
[CUHL3(H,0)4]. H,0 2nd 55 100 145 13.1(13.2) Loss of coordinated water molecules
2-Jsl- T2 3rd 145 345 545 - Decomposition and formation of CuO
s 27 715 116 125(10.5) Loss of |attic water molecules
F 2nd 116 141 166 3.4(3) Loss of coordinated water molecules of Mn(l1)
[Cu, MNL*(H,0)s].8H,0 3rd 182 207 232 10.4(10.5) Lossof coordinated water molecule of two Cu(ll)
4th 232 373 514 - Decomposition and formation of CuO and MnO

TABLE 3: Thermo-kinetic parameter s of the complexesinvestigated from TGA

Complex Step n r E* KJ/mole AH* KJ/mole AS*J/mole AG* J/mole
1st 1 0.9925 32.94 30.02 -40.9 445
A 2nd 066  0.89810 119.16 114.55 -42.2 132.1
[CUHLY(H,0)s].2H,OEtOH  3rd 0.5 0.9744 93.93 89.31 -42.9- 108.7
4th 0 0.8694 15.81 11.2 -47.8 50.3
c 1st 1 0.9940 4521 42.29 -40.2 55.5
) 2nd 066 0.9999 31 26.38 -42 43.42
[CuMNLA(H0)e]- 4H.0 57 1 0.9907 120.8 116.8 433 36.6
4th  0.33 0.9858 7.83 321 -47.2 39.26
b 1st 1 0.9512 58.183 55.26 -39.8 67.5
3 2nd 066 0.9843 25.88 21.26 -41.3 36.4
[CUHL™(H20)s]. HO 3rd 0 0.9316 2.46 2.15 -45.5 30.26
1st 1 0.9778 46.76 43.84 -40.6 57.8
F 2nd  0.66 0.9585 76.31 71.70 -42.2 89.1
[Cu; MNL*(H;0)g].8H,0 3rd 0 0.9994 80.84 76.02 -43.4 96.8
4th 0 0.9907 17.35 12.7 -45.9 42.35

wereremoved at 150-250°C.The number of wa- sdtisfactory agreement with those of atomic absorp-

ter or ethanol moleculesinthe complexeswasde- tionandyss.

termined from mass|oss on thethermogram The
mass| ossesfor the coordinated water moleculesin
case of complexes C and E reveal sthat water co-
ordinated to the manganese ions is removed at
lower temperaturethan that coordinated to the cop-
per ions. Thisreflects stronger bonding of coordi-
nated water to the copper ion than for the manga-
neseion.

b. Thelast step inthe decomposition reaction took
placeat atemperature higher than 300°C involved
the combustion of theorganicligand leadingtothe
formation of themeta oxidesasfina decomposi-
tion product. Themeta content wascal culated from
theweight of thefinal residue. Theresultswerein

Theorder, n, and activation energy, E*, of thede-
composition stepsfor some selected complexeswere
determined from TGA resultsusing the Coats-Redfern
equation*¥,

In[1-(1-)*"]/ (1-n) T2=M/T +B for n#1 (1)
In[-In(1-a)] (1-n) T>=M/T+B forn=1 2
where M =-E*/R and B=In AR/¢.E*; E*,R, A and ¢ are the
activation energy, gas constant, pre-exponential factor and
heating rate respectively.

Thecorreation coefficient, r,iscomputed usngthe
least squaresmethod for different valuesof n. Theleft
hand side of equations (1) and (2) wereplotted versus
UT for different nvaues(0-1), thenvauewhich gave
the best fit (r~1) was chosen as the order parameter
for thedecomposition stage of interest. Fromtheinter-
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TABLE 3: Ther mo-kinetic parameter s of the complexes investigated from TGA

Complex Step n r E* KJ/mole AH* KJ/mole AS*J/mole AG* J/mole
s 1 0.9925 32.94 30.02 -40.9 445
A 2nd 0.66 0.89810 119.16 114.55 -42.2 132.1
[CUHLY(H,0)3].2H,0EtOH  3rd 05 0.9744 93.93 89.31 -42.9- 108.7
4th 0 0.8694 15.81 11.2 -47.8 50.3
C 1d 1 0.9940 45.21 42.29 -40.2 55.5
2 2nd 0.66 0.9999 31 26.38 -42 43.42
[Cu, MNL(H,0)q] 4H-0 3rd 1 0.9907 120.8 116.8 -43.3 36.6
4th 0.33 0.9858 7.83 3.21 -47.2 39.26
D 1d 1 0.9512 58.183 55.26 -39.8 67.5
3 2nd 0.66 0.9843 25.88 21.26 -41.3 36.4
[CuHL'(H0)] HO 51y 97 0.0316 246 215 455 30.26
1d 1 0.9778 46.76 43.84 -40.6 57.8
F 2nd 0.66 0.9585 76.31 71.70 -42.2 89.1
[Cu, MNL*(H,0)g].8H,0 3rd 0 0.9994 80.84 76.02 -43.4 96.8
4th 0 0.9907 17.35 12.7 -45.9 42.35
TABLE 4: The thermodynamic parametersfor the Cu(l1) and Mn(I1) complexes from DTA
Copmlex Therpr:lierlszture tpeak °C  AEKJ/mole AH KJmole ASJ/mole AG J/mole
A .
[CUHL(H,0)3] 2H,0EtOH Exothermic 209-820 80 75 -88 583
- Mnl_z(ﬁ a0 Erothemic 241566 73 58 1130 1290
2 2\)8l- 2
[ CuHL3(HDO) . H,0 Exothermic 184-534 199 196 -117 319
2\Y)31- T2
F Exothermic  250-429 177 173 46 159

[CU2 M nL4(H20)3] .8H,O

cept and linear d ope of such stagetheA and E* values
respectively were determined. The other thermo-kinetic
parameters (AH*, AS*, AG*) were calculated using

therdationshi ps.

AH* =AE*-RT

AS* =R[In(Ah/KT)-1]

AG* = AH* - TAS*

where K isthe Boltzmann constant and h is the Planck’s con-
stant. The order and thermo-kinetic parameters of the chosen

complexesarelistedin (TABLE 3).
2.DTA analysis

TheDTA curvesfor complex A showed threeen-
dothermic peaksat (59-99°C) (99-169°C very small)
and (169-209°C) dueto loss of lattic and coordirated
ethanol and water molecules. The exothermic peak
appearing at (209-820°C) isrelated the decomposi-
tion of the organic part of complex and formation to
CuO. The DTA curvesof complex C showed an obvi-
ous exthromic peak at (150-241°C) related to | oss of
coordinated water mol eculesand an other exothermic
at (241-566°C) dueto decomposition of theligandin
the complex leading to the formation of copper and

manganese oxides.

The DTA Curvesfor complexes D and E showed
two endothermic peaksat (55-92°C, 184°C and 72°C,
133°C for complexes D and E respectively, which are
related tolossof |attic and corrdinated water molecules.
Also exothermic peaks are observed within the (184-
534°C) and (250-429°C) rangesdueto decompostion
of complexesand formation of themetal oxides.

Thethermodynamic parameter for the complet de-
composition stepsare cal cul ated according to thefol -
lowing equation:

InK =InA-EW/RT

k isthereaction constant, A isthefrequency factor, R=
gasconstant, and E, the activation energy. ThusInk
will vary linearly with /T. Thisplot yieldsE_fromthe
dop.

A|$[20,21]

in () n((2 ) +45-a0
T)7\h R RT

where K, is Boltzmann’s constant; h Planck’s constant, R the
gas constant. A plot of Ink/T vs.1000/T will belinear; the lope
yields A H. The intercept, after allowance for in k,/h=23.76,
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provided the volues of AS.The Gibbs free energy can be cal-
culated from the equation.
AG=AH-TAS
Thedataobtained are collected in (TABLE 4).
Thedataof therma andysis showed that the addi-
tion of Mn(I1) to the Cu(I1) complexesdecreased the
gability of complexes Also, thenatureof ligand showed
an effect on thethermal stability. The complex with
COOH group ligand is more stabl e than complex of
ligand with OH group. Thetherma stability of thecom-
plexes can be arranged in the following order:
A>C>D>E

3. IR-spectra

1. Thespectrumof thecomplex A exhibited theband
duetov_ . at 1550cm™ which was shifted to
lower wave number than for the free ligand
(1579cm't) indicating that thisgroup contributed
tochdationwith Cu(ll) .Theposition of Vemen WS
shifted to 15470cm* for complesB and C.

2. The spectrum of ligand H,L* and complex A
showed aband at 1621cm which dueto C=0 of
theformyl group.Thisband disappeared from the
spectra of complexes B and C with the appear-
anceof anew bandfor v__ at 1594cm™ in case of
complex B whichwasshifted to 1588 cn for com-
plex C, indicating that C=N graups contributed to
complexationwithMn(ll).

3. Theband due to the phenalic-OH groups of the
ligand H L' at 1328cm*was shifted to 1385cm™
for complex A.Thephenaic-OH groupsfor com-
plexesA and B (1385cm?) disappeared from the
spectraof complex Cindicating that these groups
contributed to chel ation with the copper and man-
ganeseions.

4. Thespectrum of thecomplex D exhibited aband
duetov_ . at 1575cm* which was shifted to
lower wave number than for the free ligand
(1583cm'?) indicating that thisgroup contributed
to chelation with Cu(ll) .The position of N=N
shifted to 1550cm* for complexesE and F

5. The spectrum of ligand H.L® and complex D
showed aband at 1610cm™* whichisdueto C=0
of theformyl group.Thisband disappeared from
the spectraof complexesE and F with the appear-
anceof anew band for vC=N at 1580cmin case

= Fuyl] Paper

of complex E which was shifted to 1600cm for
complex F, indicating that C=N graups
contributedin complexationwithMn (11).

6. The band due to the phenalic-OH groups of the
ligand H_L® at 1326cm*was shifted to 1300cm™
for complex D.Theband of phenalic-OH groups
for complexesD and E(1300cm?) disappeared from
thespectraof complex Findicating that thesegroups
contributed to chel ation with the copper and man-
ganeseions.

7. The band for Mn-O appeared in the spectra of
complexes C and F at 511cnmr? and 500cm? re-
spectively. Thespectraof al complexesdisplay two
new bands situated at 560-538cm™ and 477-
450cm which are dueto M-O and M-N stretch-

ing modlsrespectivelyi?.
Electronicabsor ption spectra

Thee ectronic absorption spectraof thecomplexes
under investigationwerestudied asnujol mullsand DMF
solution; theA  valuesobtained arelistedin(TABLE
5). Thed ectronic absorptai on spectraof the compleses
in DMF arecomparablewith thosein nujol mull. How-
ever, itisfound that the positions of the band dueto
d-d trangtionwithin themetal (11) ionsexhibited some
shiftstolower or higher frequency. Thesmall shiftsob-
served with some complexes are probably dueto the
changed medium refractiveindex and variationinits
dielectric constant on going from the solid state nujol
mullstothesolutioninDMF.

The spectrum of the mono and di Cu (I1) com-
plexesexhibited oneabsorptionband at 2. 440, 430,
360, 330nmfor complexesA, B, D, E respectivitly due
to (ZBlg—> 2ng) trangition indicating octahedral geom-
etry around the Cu(ll).

Thed-dtransition band for Mn(l1) led to one ab-
sorptionbanda A 340nmand i __ 310nmfor com-
plexes C and F respectivity ,which can be assigned to
the (6A1g —>4A1g) transition in octahedral geometry
around themanganeseion.

M agnetic measur ement

The magnetic susceptibilitiesof solid complexes
weredetermined at room temp. using the Gouy method,
from which the correspanding magnetic momentswere
calculated. Diamagnetic correctionswere caried out
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using Paskal’sconstants; thedataobtained aregivein
TABLE 1.

The observed magnetic moments for the Cu(ll)
complexesaremuch lower than thespin only values of
oneunpaired electron and indicated strong antiferro-
magnetic interaction between adjacent Cu (I1) ions. For
CuandMninthesamecomplex (CandF) , thelower
u, vauesthanthe spin only val ue expected for theun-
coupled Cu(ll)-Mn(11)-Cu(ll) unit, isdueto bilatera
exchangeinteractioninwhich perfect antipardld dign-
ment of spinson neighboring metd ionsoccurs® . The
ground state may be schematized as.

Cu Cu

f f
I

Mn

Theelectron spin resonance spectra

Theg,, valuesca culated from X-band ESR spec-
traarerecordedin TABLE 1.

The ESR spectraof the Cu(l1) complexesA, B, D
and E display abroad signd. Theapparent broading of
the ESR Signd can beduteto |l etera antiferromagnetid
interaction of Cu-Cuionswhichisin agreement with
the data of magnetic movement measurments.

The ESR spectraof Cu-Mn complexes(C and F)
exhibit2sigenasat g, (1.82,1.84) for Cuionand (1.65
and 1.67) for manganeseion for complexesC and F

respectively.

TABLE 5: The data of electronic absorption spectra for
complexe

d-d transition

Complex Nujomull DMF  Assignment
(Amax NM)  (Amax M)
A 2 2
[CUHLY(H,0)4.2H,0Et0H 491 430 By Ty
B 2 2
[CUHLZ(H;0)e].3H,0 4n 430 By Ty
2, 2:
C 479 430 E 9> 4TAZg
[Cu,MNL¥H,0)g.4H,0 415 410 15> Aag
(Mn 1)
o D 479 360 2By T
[CUHL (H20)3] H,0 19 2
E 2 2
[CuHLY(H,0)e].5H,0 330 Big—>Ty
2 2
F 461 340 AB 97 4TAZg
[Cu,MNLYH,0)g.8H,0 415 310 (1,3/:] 0"

The shape of ESR signalsreflectsthelateral ex-
changeinteraction thisindicated spin structurewhere
dltheS, =52loca spinsarediganeddongthesame
directionfor the S, =1/2local spinsarealigned along
the oppositedirection. Also the negative contribtion to
theg,, vauesrelaedtothat of thefreeelectron (2.0023)
reflectsadecrease of the cova ent character of thebond-
ing between the metal ion and theligand molecul €24,

Theshapeof thesignal and g, val uesindicate oc-
tahedrd geometry of theligand around cupper and man-
ganeseions. Also, it reflectsthat themetd ionispresent
inanonhomogenousfied.

Based ontheresultsof dementd andthermd andy-
sis, the IR, UV/Vis and ESR spectra, magnetic
mmomment determination, thecomplexesinvolvedin
the present study can beformulated asfollows:

TABLE 6 : Antimicrobial effectsof ligands and their complexes

Micr oor ganisms (inhibition zone/cm)

Compound conc. 0.1 %

Bacillus subtilis E.coli Staphylloccus aerues Pesudomonas auregonosa Salmonella SPP.

HL!
HL3
A 0.3 3.1 2.8 3.6 25
[CuHL*(H,0)3].2H,OEtOH ' ' : ' '
B
C
[Cu, MnL2(H,0)5].4H,0 15 1.8 22 22 2.1
D
[CUHL3(H,0)5]. H,0 2.7 1.9 2.2 2.6 1.3
E
[Cu,HL*(H,0)g].5H,0 2.8 25 2.1 2.9 2.3
F 2.9 2.8 3.0 2.6 2.7

[CU2 M nL4(H20)3] .8H,O

(-) reveal that the compounds have not any activity against to the microor gnisms
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CHO @\ CH=N(CHj)3N=CH N /@
_N SN
|}1/ 2 (H,0) CU j@ Di c' t=0 3(H,0)
0=CCu. EtOH [0=C{ {0 g u\ C=
} 3(H,0) 3(H 0)
- 3(H;0) 2
Complex A Complex B
©\ _N CH_ N(CH2)3N CH N /© N\\
N~ SN
t t .5(H,0) (H,0)
= Mn = Cu
o C\O,C*u\O o/ \ Cu\ ,C
| 3(H0) 2(H20) 3(H20) 3(H20)
Complex C Complex D
\\N CH=N(CHj)3N=CH ,,
) 5(H20)
Cu Cu
3(HzO) 3(H20)
Complex E
CH= N(CH2)3N CH .
Cd
QO 3 O j@
O
3(H20) 2(H20) 3(H20)
Complex F

Biological activity

Bactericida activitiesof theligandsand their meta
complexesagainst pathogenic bacterid strains(clinicd
isolate) arerecordedin TABLE 6 It hasbeen suggested
that theligandswith N and O donar system might in-
hibited enzymesactivity, snceenzymeswhichrequire
free hydroxy group for their activity appear to thees-
pecially susceptibleto deactivation by theionsof the
complexes. The complexesfacilitatetheir diffusion
through thelipid layer of membranestothesitesof ac-
tionultimatay killingthem by combiningwith-OH groups
of certain enzymes.

Thevariationintheeffectivenessof different bio-
cidal agent against different organisms® dependson
theimpermesgbility of thecell. Thehydrocarbon actsas
alipophilic group® to drivethe compound through the
cell. Chelation reducesthe polarity of the central ion
mainly becauseof thepartia sharing of itspogitivecharge
with the donor groups and possible wt-el ectron del o-
calizationwithinthewholechedatering. Thischelaion

increasesthelipophilic nature of thecentrad atcomwhich
favoursits permeation through thelipid layer of the
membrane.

Inthisstudy, theresultsshow that theal compounds
exhibited inhibitionstowardsal tested organism excepte
ligands under thetest conditionsTABLE 6.Thisreflect
that the possible use of the metal complexesasagood
antibacteria agentsfor thestrainsenvolvedinthe present

study.
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