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ABSTRACT

Macrocyclic ligand was derived from p-Diketone 1-(3-chlorophenyl)-3-(2-
hydroxyphenyl) propane-1,3-dione, o-phenylene diamineand itsmetal com-
plexeswith Cr(11), Mn(I1), Co(l1), Ni(Il), and Cu(I1), have been synthesised
with newly synthesised biologically active macrocyclic ligand and charac-
terized by spectral and other physicochemical techniques such as elemental
analysis, molar conductivity, magnetic susceptibility, thermal analysis, X-
ray diffraction, IR, 'H-NMR, UV-Vis spectroscopy and mass spectrometry.
The synthesized complexes are stable powdersinsolublein common organic
solvents such as ethanol, benzene chloroform, carbon tetrachloride. From
the analytical data, stiochiometry of the complexes was found to be 1:2
(metal: ligand). Thermal behavior (TG/DTA) and kinetic parameters cal cu-
lated by Horowitz-Metzer and Coats-Redfern method suggest more ordered
activated statein complex formation. All the complexesare of high spintype
and six coordinated. Onthe basisof IR, electronic spectral studiesand mag-
netic behavior, an octahedral geometry has been assigned to these com-
plexes. The antibacterial and antifungal activities of the ligand and its metal
complexes, as growth inhibiting agents, has been screened in vitro against
Staphylococcus aureus, Escherichia coli and Aspergillus Niger, C.Albicans
respectively. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

KEYWORDS

Macrocyclic ligand;
Transition metal complexs;
Antimicrobial activity.

Thefidd of macrocyclic chemistry of metalsisde-
veloping very rapidly because of itsimportanceinthe
areaof coordination chemistry!. Macrocyclic com-
poundsand their derivativesareinteresting ligand-sys-
tems because they are good hosts for metal anions,
neutral moleculesand organic cation guests?. Synthetic
tetraazamacrocycle(N,) moleculesareconsidered typi-

cally good modelsfor oxygen carrier dueto the pres-
ence of four nitrogen donor sitesconfinedtoasingle
four-fold or adightly four fold planeinaring structure,
appropriatefor metal ligand binding. A survey of the
tetraazamacrocyclic ligand systemsreported sofar by
earlier workersindicatesthat theringsizeof 1216 is
most common for molecular modd studies®®. Thesta
bility of macrocyclic metal complexes dependsupon
number of factors, including the number and type of
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donor atomspresent in theligand and their relative po-
sitionswithin the macrocyclic skeleton, aswell asthe
number and size of the chelate ringsformed on com-
plexation. For trandtionmeta ions, featuressuch asthe
nature and magnitude of crystal-field effectsalso play
animportant role®. Thereisacontinued interest insyn-
thesizing different macrocyclic compl exes because of
their potentia applicationsinfundamental and applied
sciences and importancein the area of coordination
chemistry!®.In the present paper we report compara-
tivedetermination of structure, function, relationship un-
derlying meta ion binding by the orthophenyl diamine
containing nitrogendonor [N,] macrocyclicligand hav-
ing 14-membered backbonewith the Cr(11), Mn(11),
Co(ll), Ni(11), and Cu(Il) meta ions.

EXPERIMENTAL

Material and measur ements

All chemicdsusedwereof theandyticd grade(AR)
and of highest purity. 3-chlorobenzoic acid, ortho-hy-
droxy acetophenone and o-phenylenediamine were
used for synthesisof ligand. AR grade metal chlorides
were used for complex preparation. Spectroscopic
grade solventswere used for spectral measurements.
The carbon, hydrogen, nitrogen contents were deter-
mined on Perkin Elmer (2400) CHNSandyzer. IR spec-
train the range of 4000-400 cnmr* were recorded on
Jasco FT-IR-4100 spectrometer using KBr pellets. *H-
NMR spectra of the ligand was recorded in DM SO
usng TMSasaninternd dandard. TheTG/DTA andys's
wasrecorded on Perkin EImer TA/SDT-2960 and XRD
wererecorded on Perkin EImer employing CuK o ra-
diation A= 1.541A°in the rang 10-80°. The UV-Vis

spectra of the complexes were recorded on
ShimadzuUV-1800 Spectrophotometer. Magnetic sus-
ceptibility measurementswere done on Guoy baance
a roomtemperatureusing Hg.[Co(SCN) ] ascdibrant.
Molar conductance of complexes was measured on
Elico CM-180 conductometer using 1mM solutionin
dimethyl sulphoxide.

Synthesisof g-diketonestep |

Equimolar amount of 3-chloro benzoic acidand
ortho-hydroxy acetophenoneweredissolvedin 50 mL
dry pyridine. Thereaction mixture wasthen cooled to
0°C. To this, phosphorus oxychloride (0.06 mol) was
added drop wisemaintai ning temperature below 10°C.
Thereaction mixturewas kept overnight at room tem-
perature. It wasthen poured on crushedicewith vigor-
ous stirring. The crimson coloured solid (ester) was
obtai ned which wasfiltered and washed severa times
withice-cold water. Ester wasthen crystallized with
distilled ethanol. Purity of the compound was checked
by TLC. Ester was subjected to well known Baker-
Venkatraman trandformation. Ester (0.03 mol) wasdis-
solvedin 15 mL dry pyridine. To this mixture, pow-
dered KOH (1gm) was added and the reaction mix-
turewas stirred on magnetic stirrer at room tempera-
turefor 3 hours. Thenit was poured over crushedice
and acidified with concentrated hydrochloric acid. Fi-
nally yellow coloured product was obtained whichwas
recrystallized from ethanol (Yield 55-58%). Purity of
al synthesized B-diketones were checked by TLC us-
ingsilicagel Gand mdting points(Figure 1).

Sep 11 synthesisof macrocyclicligand

A hot ethanolic solution, 25 ml of orthophenylene
diamine0.02M and an ethanolic solution, 25 ml of -
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Figure1: Synthesisof g-Diketone
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Diketone 0.02M weremixed dowly under constant tir-
ring. Theresulting solutionwasrefluxed for Sx hoursin
presence of 2-3 drops of concentrated HCI. On cool -
ing, light yellowish crystal sseparated out. Thesewere
filtered washed with ethanol and dried under vacuum
(Figure2).

Synthesis of metal complexes

A hot ethanolic solution, 25 ml of ligand (0.002M)
and ahot ethanolic solution, 25 ml of required metal
sdt (0.001M) weremixed together under constant stir-
ring. Themixturewasrefluxed for 8-9 hours. On cool -
ing, acoloured solid precipitate formed wasfiltered,
washed with cold ethanol, chloroform and dried under
vacuum (Figure 3).

RESULTSAND DISCUSSION

All thecomplexesarecolored solids, air stableand
solublein polar solventslike DMF and DM SO. The
elementa andysisshow 1.2 (metd: ligand) stoichiom-
etry for all the complexes. Micro analytical dataand
molar conductancevauesaregiveninTABLE 1. The
meta contentsin complexeswereestimated by gravi-
metric analysig¥. All the complexes show low conduc-
tancewhichindicatestheir non-electrolytic nature. The
magnetic measurement studiessuggest that theMn(l1),
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Figure2: Synthesisof macrocyclicligand
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Co(ll), and Cu(Il) complexes exhibit paramagnetic
whereastheNi(Il) show diamagnetic behavior (TABLE
1).

'H-NMR spectraof ligand

The'H NMR spectraof theligand was recorded
inDMSO. It showsfollowing signasat 4.500, (s4H -
CH,), 8.95 5 (s,2H,-OH),6.8-8.55 corresponding to
phenyl ring protons (m,24H).

M ass spectra of theligand

Mass spectral dataconfirmed the structure of the
ligand HL asindicated by the peaks corresponding to
their molecular mass.

FTIR spectra

ThelR spectraof ligand do not show any band at
1700 cm* (v C=0), 3380 cm™ (vas NH,) and 3250
cm* (s NH,) corresponding to carbonyl groupsand
freeaming?. Therearetwo main featuresintheinfra:
red spectrum of themacrocyclicligand. Thefrist fea-
tureisthedisappearance of thetwo characteristicsbe-
tween the primary amine group —NH,, of thediamine
and >C=0 of diketone. It aso confirmed thee imina-
tion of awater moleculeand compl ete condensationY.
A band corresponding to the (v C=N) (azomethine link-
age) appersat 1637 cmtin thespectraof ligand. The
pogition of thisband isshifted to lower frequency inthe

Cr
I o]

H-0O

~r N\
o9

Cl
WhereM =Cr (I11), Mn (1), Co (I1), Ni (11), Cu (11)
Figure3: Synthesisof metal complexes
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TABLE 1: Physical characterization, analytical and molar conductance data of ligand and itsmetal complexes

5
| MPIDXoM. - Magne g Calouate)

Ligand/Complexes F. W. oc (BM) le\gllrrl](c))l_l C H N M
(HL) 693.63 193 (%% (jigg) (;:g%) _
[CrL (H20),] 781.62 >300 Dia 33.04 (gj:gg) (i:gg) (gzig) (;:ij)
[MnL (H,0)5] 78456 >300 258 29.00 (gj:gg) (j:ég) (;jg) (%g)
[CoL (H;0),] 788.56 >300 3.50 30.06 (g%% (j:éj) (?28) (;:2%
[NiL (H20),] 788.32 >300 3.70 21.04 (ggzgg) (j:ég) (;ﬁg) (;:ig)
[CUL (H20),] 793.17 >300 155 28.05 (22228) (j:g) (3133) (g:g%

complexesascompared tofreemacrocydicligand sug-
gesting that the coordination takes place through the
nitrogen of (v C=N) group™.

Electronic absor ption spectraand magnetic mea-
surements

Electronic spectraof Cr (1) complex in DMSO
solution display three high intensity absorption bands
(TABLE 2) inthe 13,605-13623 cm, 18,621 cm?,
31,150-32,362 cm™ regions. First two bandsmay be
assigned to thetransitions, 4AZQ(F) —>4ng (F and 4Azg
() —>“Tlg (F), respectively and the third band may be
dueto chargetransfer. The magnetic moment recorded
at roomtemperatureis3.74B.M .13,

Electronic spectraof Mn (11) complexesshow three
weak intensity absorption bands (TABLE 2) inthere-
gionof 19,120-20,325 cm™, 22,210-23,427 cm™* and
26,000-28,241 cm™. Thesebandsmay beassigned to
thetransitions, °A — “T_(*G),°A  —>*E ‘A (‘C)
and 6Alg—> 4Eg (“D) respectively. The magnetic mo-
ment recorded at room temperatureis5.84 B.M. cor-
responding tofive unpaired e ectrong419,

The Co(ll) complex shows three bands 10260-
11521 cm't, 18691-18855 cnmt and 28248-29325 cmr
! regionswhich may be assigned tothe trangiti ons“T1g
(F) — *T,,(F), “T,, > A, and *T  (F) » T, (P)
respectively. These e ectronictrangitionsand observed
magnetic moment of 4.7 B.M. indicated high spin octa

TABLE 2: Thekinetic parameter sof metal complexescalculated by Horowitz-M etzger (HM) and Coats-Redfern (CM)

methods
Complex Step n Method (kJE"naol‘l) (gl) JKﬁi#ol'l (k?n?tj‘l) Corelation coefficient (r)

| 035 HM 22.33 5326  -158.723 35.36 0.9985

cr (i CR 27.02 1344  -129.952 32.96 0.9981
I 035 HM 20.89 0.251 -161.839 42.94 0.9987

' CR 10.16 4418 -150.581 41.41 0.9975

| 03 HM 17.86 1.72 -160.579 31.05 0.9976

Mn (I1) ' CR 26.67 21.19  -138.789 29.26 0.9985
I 03 HM 19.66 0.203  -169.792 42.80 0.9955

' CR 9.49 3.14 -152.334 40.42 0.9968

| 04 HM 6.58 0.090 -174.312 19.53 0.9969

' CR 21.1 3.328 -164.116 18.78 0.9954

Co (I1) I 04 HM 17.47 0.098 -167.249 42.26 0.9991

' CR 21.83 9.05 -157.073 40.85 0.9965

| 035 HM 14.70 1.22 -168.442 27.17 0.9919

Ni (11) ' CR 14.84 9.97 -143.552 25.28 0.9998
I 035 HM 20.38 0.158  -160.568 44.18 0.9997

' CR 14.93 7.60 -153.696 43.17 0.9953
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hedra geometry*.,

Theéelectronic spectraof Ni(ll1) complex exhibit
three bandsintherange 13333-14390, 18587-18621,
and26385-27700 cm™. which may beassigned to the
trangiti ons3Azg(F) — 3T2g(F), 3AZg P— 3Tg(F), and
3AZg F— 3Tlg (P), respectively. Magnetic moment of
Ni (I1) complex at room temperatureis2.92 BM. These
valuesarein tunewith ahigh spin configuration and
show the presence of an octahedral environment(*”,

Theédectronic spectraof Cu (1) complex wasre-
corded in DM SO show three bands at 10032-10253
cmr?, 16845-18581 cm'?, and 25098-28365 cm™. The
bandswereassigned to 4T1g P - 4ng (P, 4T1g P -
4Azg (F)and 4T1g F - L (P), respectively. The posi-
tion of bandsindicated that Cu(Il) complex have octa-
hedral geometry. Electronic spectral datacoupled with
observed magnetic moment 1.94 B. M. suggest the
octahedral geometry!*8,

Thermal analysis

Thesmultaneous TG/DT analysisof somerepre-
sentative metal complexeswas studied from ambient
temperatureto 1000 °C in nitrogen atmosphere using
a-ALQ, asreference. Inthethermogram of Cu(l1) com-
plex, thefirst step shows a steep s ope between 140-
230°C with amass loss of 5.78 %(calculated 5.92%),
indicating theremova of two moleculesof coordinated
water214, An endothermic peak intherange 140-200
°C (ATmax =187°C) on the DTA curve corresponds
to the dehydration step. The anhydrous complex first
show slow decomposition from 200-300°C with
16.35% (calcd. 15.19%) massloss. A broad exotherm
(ATmax = 239°C) in DTA may be attributed to re-
mova of noncoordinate part of theligand. The second
step decompositionisfrom 400 to 600°C with 13.78%
(calcd 13.39%) mass|oss corresponds to decomposi-
tion of coordinated part of ligand. A broad endotherm
in DTA isobserved for this. Themassof final residue
correspondsto stable MnO, 28.04 %. In thermogram
curveof Ni(ll) complex, thefirst step shows asteep
slope between 140-230 °C with a mass loss of 7.43
%(calculated 7.79%), indicating the removal of two
moleculesof coordinated water. An endothermic pesk
in the range 140-230 °C (ATmax = 217°C) on the
DTA curvecorrespondsto the dehydration step. The
anhydrouscomplex first show dow decompositionfrom

—= Fyll Poper

200-300°C with 11.20% (calcd. 12.73%) mass loss. A
broad exotherm (ATmax = 232°C) in DTA may be at-
tributed toremova of noncoordinated part of theligand.
The second step decomposition isfrom 400 to 600°C
with 19.92% (cal cd 19.21%) mass|oss correspondsto
decomposition of coordinated part of ligand. A broad
endothermin DTA isobservedfor this. Themassof find
residue correspondsto stableNiO, 37.21 %

Kinetic calculations

Thekinetic and thermodynamic parametersvizor-
der of reaction (n), energy of activation (E), pre-expo-
nential factor (z), entropy of activation (AS) and free
energy change (AG) together with correlation coeffi-
cient (r) for non-isothermal decomposition of metal
compl exes have been determined by Horowitz-Metzer
(HM) approximation method and Coats-Redferninte-
gral method!*2,

Horowitz-Metzer (HM) approximation method

log[l—(l—a)“J_ EO .,

) ZRT? E
@-n) ) 2303RT?

0 -
9 EB  2.303RT?

Where a = Fraction decomposed.3 = heating rate

(10°C/min.), n = order of reaction.R = Molar gascon-

stant, T =Temperaturea half Wt. Loss. k = Boltzman

constant, Z = Frequency factor.h = Plank’s constant.
The equation used for cal culating entropy change

(AS) s given below.

Zh

kT,

S

Where, k - Boltzman congtant, h- Planck’s constant, 3
—Rate of heating 10°C/min., R- Molar gas constant
and T _-Peak temperature.

Coatsredfern method

Thethermodynamic activation parameters of de-
composition processes of complexeswere cal culated
by thismethod. Theactivation energy (E,), enthalpy
(AH*), entropy (AS*) and Gibbs free energy
change of thedecomposition (AG*) wereevauated by
employing the Coats—Redfern relation

log{W; /W, W} ZR ., 2RT E*
todl 2 =100l e S g0grr
Where W, -isthe mass|oss at the completion of the
reaction, W isthe mass|oss up to temperature T, R-
Gascongant, E*- Activation energy inKJYmoal, 6-isthe

AS=2.303Rlog
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heatingrate, (1-(2RT/E*) ~1
A plot of L.H.S. of equation against /T gavea
dopefromwhich E* wascaculated

AH* = E* -RT
Zh
AS* = 2.303R[(log—
Ri(log )]

AG* = AH * =T AS*

Thedataisgivenin (TABLE 2). Theresultsshow
that the val ues obtai ned by two methods are compa-
rable. The calculated value of energy of activation of
theMn(ll), Co(ll), Ni(ll) and Cu(ll) complex isrela-
tively low indicating theautocata ytic effect of metd ion
on thermal decomposition of themetal complex2024,
Thenegative va ue of entropy of activationindicates
that the activated complex is more ordered than the
reactant and that the reaction is slow. The more or-
dered nature may be dueto the pol arization of bondsin
activated state which might happen through charge
transfer electronictrangition. Thekinetic parametersof
meta complexesca culated by Horowitz-Metzger (HM)
and Coats-Redfern (CM) methods.

Antimicrobial activity

Theantimicrobial activity of ligand and its metal
complexesweretested in vitro against bacteriasuch as
Staphylococcus aureus and Escherichiacoli by paper
disc plate method??. The compoundsweretested at
the concentration 250 and 500 pg cm2in DM SO and
compared with known antibiotics viz Rifampicin
(TABLE 3). For fungicidal activity, compoundswere
screened invitro against AspergillusNiger and Tricho-
dermaby myceliadry weight method® with glucose
nitrate media. The compoundsweretested at the con-

TABLE 3: Antibacterial activity of HL and itsmetal com-
plexes

inhibition Zone diameter (mm)

E.Coli Saphylococcus aures
Ligand/Complexes 250ppm 500ppm 250ppm  500ppm
Rifampicin 40 40 42 42
(HL) 10 14 13 15
[CrL(H:0).] 12 18 09 30
[MnL(H,0)3] 9 19 10 25
[CoL(H,0),] 10 17 11 18
[NiL(H:0).] 11 23 16 31
[CuL(H0),] 13 20 12 22
-

TABLE 4: Antifungal activity of compoundsyield of mycdlial
dry weight in mg (%inhibition)

Aspergillus Niger C.albicans
Ligand/Complexes 250ppm 500ppm 250ppm 500ppm

Control 40 40 40 40

(HL) 14(65) 11(72) 12(70) 09(78)
[CrL(H20),] 22(45) 13(68) 16(60) 10(75)
[MnL(H,0),] 38(05) 25(38) 19(53) 11(73)
[CoL(H»0),] 30(25) 28(30) 21(48) 13(68)
[NiL(H,0),] 27(33) 25(38) 15(63) 12(70)
[CuL(H,0),] 31(22) 25(38) 23(43) 15(63)

centration 250and 500 ug cm=in DM SO and com-
pared with control (TABLE 4). From TABLE5and 6,
itisclear that theinhibition by metal chelatesishigher
than that of aparent ligand and metal salts. Theresults
arein good agreement with previousfindingswith re-
spect to comparativeactivity of freeligand and itscom-
plexes?23, Themetal chelateshavehigher antibacte-
rid activity than the corresponding freeligand and con-
trol against the same microorganism under identical ex-
perimental conditions. Such enhanced activity of meta
chelatesisduetoincreased lipophilic natureof themeta
ionsin complexes?. Theincreasein activity with con-
centrationisdueto the effect of metal ionsonthenor-
mal process. The microbial results are presented in
TABLES3and4. In caseof antibacterial studiesit was
observed that, theligand ismoderately activetowards
Stapylococcus and less active towards E.Coli. Com-
parison of activitiesof theligand anditsmeta chelates.
Theligand and metd complexesshow fungal growth
inhibitioninthefollowing order Mn(11) > Cu(l1) > Co(1l)
> Ni(I1) > Cr(ll) > HL. The antibacterial capacity of
theligand andits metal complexesshow following or-
der Ni(11) > Cu(ll) > Cr(11) > HL > Mn(l1) > Co(ll).
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