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of Cr(ll1), Mn(ll), Co(ll), Ni(ll) and Cu(ll)
Complexes with New Macrocyclic Tetradentate [N*]
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HE SYNTHESES of three novel tetradentate Schiff base ligands,

i.e. L' = BBICI = benzo [1",2"-2,1] benzo [1™,2"-8,7] indolo
[3.2'-4,5] cyclododeca [10,11-b] indole, L? = DBBICI = 4, 13 —
dimethylbenzo [1",2"-2,1]benzo [1™2™-8,7]indolo[3',2'-4,5] cyclo-
dodeca[10,11-b]indole and L®=HHPPA= 10, 11, 12, 23, 24, 25-
hexahydrophenanthro [9,10-a] phenanthro [9,10-h] [14] annulene and
their novel complexes with Cr(I11), Mn(Il), Co(ll), Ni(ll), Cu(ll) and
Cd(I) have been reported. The complexes are characterized by the
elemental and thermal analyses, molar conductance and magnetic
susceptibility ,"HNMR, IR and UV-Vis spectral also were studied.
Cr(I11), Mn(11), Co(I1), Ni(Il), Cd(lIl) and Cu(ll) chloride and nitrate
complexes have octahedral geometries while Cu(ll) acetato complex
has distorted octahedral leading to tetragonal geometry. The biological
activities of the ligands and complexes have been screened in vitro
against some bacteria and fungi to investigate their capacity to inhibit
their growth.

Keywords: Macrocyclic complexes, Schiff bases, Transition metals
complexes, and Microbiological activity.

Macrocyclic Schiff base ligands have been of remarkable versatility in
macrocyclic and supramolecular chemistry ?. They played an important role in
the development of coordination chemistry as they readily form stable
complexes with most of the transition metals. Macrocyclic Schiff base nitrogen
donor ligands have received special attention because of their mixed hard-soft
donor character® * and versatile coordination behaviour® ). Macrocyclic Schiff
base complexes of transition metals have been shown to be potentially very
useful for their applications to organic syntheses and clarification of the reaction
in living processes. A large number of reports have appeared concerning the
chemistry of specifically functionalized macrocycles, where the complex
contains reactive groups on the periphery of a macrocyclic ring, which has been
termed the ligand super - structure® ™ _ In the area of bioinorganic chemistry the
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interest in the Schiff base complexes lies in that they provide synthetic models
for the metal containing sites in metalloproteins\ enzymes™ 2 23 and also
contribute enormously to the development of medicinal chemistry, radio
immunotherapy, cancer diagnosis and treatment of tumor®* **. In addition, some
of complexes containing N and O donor atoms are effective as stereospecific
catalyst for oxidation®, reduction™, hydrolysis™®, biological activity™”, fungi
in vitro®® ¥ and other transformations of organic and inorganic chemistry. Due
to resemblance of macrocyclic complexes with biologically active compounds,
they are used in identification of diseased and normal tissues®® also
macrocyclic Schiff base compounds and their transition metal complexes have
antimicrobial activities against some bacterial species and fungi in vitro ® . In
view of the above applications it is highly desirable to synthesize and
characterize transition metal complexes with new macrocyclic Schiff base
ligands.

In the present work, we report the synthesis and characterization of three
novel tetradentate Schiff base ligands and their new Schiff base complexes in
order to throw some light on their molecular structures and biological activities.

Experimental

The chemicals used were BDH and Aldrich products. The solvents were
purified before use according to recommended methods @ 29,

The apparatus and physical measurements

The elemental microanalyses of the prepared compounds for C, H and N
were performed in the Microanalytical Center, Cairo University. Infrared spectra
were recorded on a Perkin-Elmer FT-IR spectrometer using KBr discs. The UV-
Vis spectra were recorded on a SHIMADZU UV - Vis spectrophotometer model
V - 550 ranged from 200 to 800 nm. The molar conductance measurements were
made on solutions of the complexes in DMF and measured using Sybron-
Barnstead conductometer. The magnetic moments of the prepared metal
complexes were determined at room temperature by the Gouy method on (TM)
Johnson Methey Alpha Products Susceptibility Balance. The thermogravimetric
analysis (TGA) were carried out in a dynamic nitrogen atmosphere (20 ml min™")
with a heating rate of 5 °C min~' using a Shimadzu TGA-50H. The mass spectra
were recorded on a Hewlett Packard mass spectrometer model MS-5988. Metal
contents of complexes were determined complexometrically using standard
EDTA titration.

Synthesis of macrocyclic Schiff base derivatives (Ligands L* - L*)

Hot ethanolic solution (20 ml) of 1,2-phenylenediamine(4.32g , 0.04 mol) or
1,3-diaminopropane(2.96g, 0.04 mol) was mixed slowly with constant stirring
with hot ethanolic solution (20 ml) of isatin (5.88g , 0.04 mol), 5-methylisatin
(6.45g, 0.04 mol) or anthraquinone (8.33g , 0.04 mol). This mixture was refluxed
at 80°C for 6 hr in the presence of 2-3 drops of concentrated hydrochloric acid.
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On cooling the contents, light yellow(L?), dark yellow(L?) or yellowish
brown(L®) colored compound is precipitated out, respectively, which was
filtered, washed with cold EtOH, and dried under vacuum over P,04,. Yield
84%, 87%, and 79%, respectively, m.p. 296°C, 283°C and > 300°C, respectively.

Synthesis of Schiff-base complexes

The hot ethanolic solution 20 ml each of ligand (0.002 mol) and 20 ml hot
ethanolic solution of corresponding metal salts CrCl;.6H,O, MnCl,.4H,0,
CO(NO3)2.6H20, Nl(NOg)zGHzO, CuCl,.2H,0, CU(CHgCOO)szO and
CdCl,.H,0 (0.001mol) were mixed together with constant stirring . The mixture
was refluxed for 6-9 hr at 80°C. On cooling, colored complexes precipitated out.
They were filtered, washed with cold EtOH and dried under vacuum over P,O.

Biological study

Bacteria media

The antibacterial activity of the ligand and its complexes was tested using
paper disc diffusion method®®?% against gram positive bacteria (Staphylococcus
aureus) and gram negative bacteria (Escherichia coli). The tested compounds in
measured quantities were dissolved in DMF to get concentration of 1000
ppm of compounds. Nutrient Agar media was poured in each Petri dish. After
solidification, 0.1 ml of the tested bacteria spread over medium using a spreader.
The discs of whatman No.1 filter paper having diameter of 5.00 mm., containing
compounds were placed in the inoculated Petri plates. The plates are incubated
at 28 °C for 24 - 48 hr and the zone of inhibition was calculated in millimetres
carefully.

Fungus media

The tested compound in measured quantities was dissolved in DMF to get
concentration of 1000 ppm of compounds. Czapek dox agar medium was
prepared using paper disc diffusion method® 2. Candida albicans or
Aspergillus flavus was spread over each dish by using a sterile bent loop rod.
Disks were cut by sterilized cork borer and then taken by sterilized needle. The
resulting pits and the plates compounds are sites for the test. The plate is
incubated at 30 °C for 24 — 48 hr and any clear zones present were detected, the
zone of inhibition was calculated in millimetres carefully.

Results and Discussion

Ligands

Elemental analysis found(calculated) for L' (C,sH1gNs, M.Wt = 438.52 amu)
%C 77.00(76.69), %H 4.32(4.15), %N 19.69(19.17); L? (CgHzNs, MWt =
466.58 amu) %C 77.33(77.22), %H 5.11(4.76), %N 18.40(18.02); L* (CasHasN,
M.Wt = 492.66 amu) %C 83.14(82.88), %H 5.55(5.74), %N 10.98(11.37). In the
IR specta of ligands L'- L® (Table 2, Fig. 1-3) , characteristic bands due to
v(C=N) appeared at 1616-1640 cm™, bands corresponding to v(NH) appeared at
3144, 3129 cm™ for L' and L? respectively, bands corresponding to v(CH,)
appeared at 2940 cm™ for L®, bands due to v(CH5) appeared at 2847 cm™ for L°.
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'H NMR spectra of ligands (L', L®) in DMSO-ds without and with D,O are
shown in, Fig. 4 & 5. The aromatic proton signals appeared at 7.24-8.86 ppm,
the proton signals of NH groups at 12.04, 11.88 ppm for L'and L?, respectively,
which disappeared in the presence of D,O. The proton signals of CH; groups for
L? appeared at 2.5 ppm, the proton signals of middle CH, groups for L> appeared
at ppm and the signals of H,C-N=C groups appeared at 3.46 ppm. Electronic
spectral data of ligands (L'- L®) were recorded in DMF solution. Three
absorption bands at 220.2-233, 267.5-271 and 305-338 nm were characterized
and can be assigned to II-IT* transitions within the aromatic ring, II-IT*
transitions within C=N and an intramolecular charge transfer within the whole
molecule. The mass spectra of ligands (L*- L%) confirm the proposed formulae of
these ligands by showing the molecular ion peaks (m\z) at 438, 466 and 492
amu, corresponding to the macrocyclic moieties (C,gH1gNg)", (C3oH22Ng)* and
( CsaHpgN4)", respectively, Fig. 6 shows mass spectrum of the ligand L*, also the
suggested mechanism of the fragmentation of this ligand is shown in Scheme 1.

a)

ﬁ\//N \ h /N"' '\"‘N\\ Ho .
O r j/) X Q)
\ N ’:;/ - \CFlh
Ne_ N N
A\ ‘/
L' (BBICI) L2(DBBICI)

L3 (HHPPA)

Structure 1. Schiff base macrocyclic ligands .
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Metal complexes

On the basis of elemental analysis (Table 1), the complexes were assigned to
possess the composition 1:1(M:L) molar ratio. The molar conductance
measurements of complexes (Table 1) in DMF indicate nonelectrolytic nature of
all complexes except [CrL*Cl,]CI.H,O complex, the molar conductance value of
this complex = 49.5 Q" cm?mol™ which indicate the monoelectrolytic nature of
it. Thus, the complexes may be formulated as [ ML x, ] nXY where M = Cr(ll1),
Mn(I1), Co(ll), Ni(ll), Cu(ll) or Cd(ll) ; L = LY L? or L* x = CI", NO; or
CH,COO™; Y =H,0 or EtOH; X =Cl or-;n=1, 2 or - .

Infrared spectra

There are four conceptual features in the infrared spectra of the metal
complexes (Table 2, Fig. 1-3). The first feature is the shift of the v(C=N) groups
of metal complexes to lower frequencies in the range of 1600 — 1620 cm™ than
the free ligands (1616-1640 cm™), which indicates that the coordination takes
place through the nitrogen of the azomethine (C=N) groups, thus implying that
the ligands (L'- L% are tetradentate toward the metal ion in the metal
complexes®3¥ . The second feature is the broad bands in the range of 3380 -
3448 cm™ in most of complexes which can be assigned to the vOH of EtOH or
H,O molecules associated to the complexes. The third feature is the weak and
medium bands at 431 - 473 cm™ ranges which could be assigned to vM-N
bands®” . The fourth feature is the coordination behavior of NO5™ with metal ion
as monodentate ¢ 3132 at 1334-1338, 992-1007 and 1452-1490 cm™ ranges in
Co(I1) and Ni(Il) complexes, CI coordinate to the metal ion as monodentate **3¥
at 335-338 cm™ range in Cr(111), Mn(ll), Cu(l1) and Cd(Il) complexes. Also, in
[CuL}(CH4C00),].2H,0 complex, CH,COO™  coordinate to Cu(ll) ion as
monodentate at 1372 cm™ (v{OCO), and 1558 cm™ (v,0CO)®?.

Magnetic moment measurements

Magnetic moment measurements (Table 1) at room temperature indicated
that Cr(l1l) complexes show magnetic moment values corresponding to three
unpaired electrons (3.90-4.00 B.M.), Mn(Il) complexes show magnetic moment
values corresponding to five unpaired electrons (5.90-5.98 B.M.), Co(ll)
complexes show magnetic moment values corresponding to three unpaired
electrons (3.92-3.98 B.M.), [NiL*(NO5),].EtOH shows magnetic moment value
corresponding to two unpaired electrons (2.70 B.M.) while Cu(ll) complexes
show magnetic moment values corresponding to one unpaired electron (1.91-
2.01B.M.).
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Fig.1. IR spectra of the Ligand L* and their metal complexes (1), (2), (3) and (4).
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Fig.2. IR spectra of the Ligand L? and their metal complexes (5), (6), (7) and (8).
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Fig.3. IR spectra of the Ligand L® and their metal complexes (9), (10), (11), (12)
and (13).
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Electronic spectra

Electronic spectra of the metal complexes (Table 3) were recorded in DMF
solution. Electronic spectra of Cr(I11), Mn(lIl), Co(ll) and Cu(ll) complexes
display four absorption bands ( except Cu(ll) acetato complex which display five
absorption bands) with A at (205-250), (267-272), (306-337) and (518-700)
nm, the first three bands can be assigned to II-IT* transitions within the aromatic
rings, II-IT* transitions within C=N groups ( these bands show small shifts from
those of the free ligands as a result of complex formation®?* -7 and
intramolecular charge transefer (L—M)[except Mn(II) complex]. The last band
can be assigned to d-d transition bands which indicate octahedral geometries
around all metal jons™* 7 23.33.34.36). yhile [CuL(CH4COO0),] .2H,0 complex
displays five absorption bands with A, at 213, 270, 337, 550 and 810 nm. The
first three bands can be assigned to II-IT* transitions within the aromatic rings,
II-IT* transitions within C=N groups and intramolecular charge transefer
(L—Cu), The last two bands can be assigned to d-d transition bands which
indicate distorted octahedral lead to tetragonal geometry®®

*H NMR spectra for [Cd L3 Cl,] complex

'H NMR spectrum of ligand L, (Fig. 5), gave bands of proton signals of
middle CH, groups and signals of -H,C - N = C groups at & 2.53 ppm and 6 3.46
ppm, respectively , which shifted upfield in its diamagnetic complex of Cd(ll),
(Fig. 5), to & 2.50 ppm and & 3.33 ppm, respectively, confirming coordination of
- N= C with Cd(11)?? . The aromatic proton signals did not shifted upfield ®**% .

Thermogravimetric analysis (TGA)

TGA of some solid complexes indicate a common behavior (Tables 4, 5 and
Fig. 7,8). The thermograms can be subdivided into four main regions : the first
region extends up to 120°C for elimination of EtOH or H,O lattice. The second
region extends up to 275°C includes elimination of coordinated or
noncoordinated CI" or NO5™ or CH;COQ™ ions. The third region indicates thermal
stability and extends up to 360 °C. The fourth region extends up to 400°C and
represents decomposition of the complex to the metal oxide. The metal content
in the residue was calculated and found to be consistent with elemental analyses
of the complexes.

Based on the above results gained from elemental analyses, conductance
measurements, thermal analyses, IR, UV/Vis as well as magnetic moments
studies, the geometric structures of the complexes under investigation can be
formulated as follows :

Egypt. J. Chem. 53, No. 6 (2010)
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Structure 2. Octahedral metal complexes of ligand L*
M = Cr(I11), Mn(Il) and Co(l1);
x =CI,Cl'and NOs’; Y =H,0, EtOH, -;

X =CI',-,-;n=1,1, - respectively
N X
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Structure 3. Distorted octahedral of Cu(l1) complex of ligand Lt
X =CH3COO7; Y = H,0, X

H,C SN NS CH,
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AN
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Structure 4. Octahedral metal complexes of ligand L2
M = Cr(111), Co(11), Ni(11) and Cu(l1);
x =CI',NO;s, NOg, CI';
Y = H,0, EtOH, EtOH, EtOH,;
X =CI, -, -, - respectively
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Structure 5. Octahedral metal complexes of ligand L®
M = Cr(111), Mn(11), Co(I1), Cu(ll) and Cd(11);
x = CI', CI,NOy, CI', CI'; Y = H,0, H;0, -, -, -;
X =CI,-,-,-,- respectively

XY

Biological studies

Antibacterial and antifungal activity of the ligands and their complexes were
tested, the results are collected in Table 6. The antimicrobial screening data show
that, the metal chelates exhibit more inhibitory effects than the parent ligand.
From the data obtained it is observed that, the inhibition zone against the gram
positive bacteria (Staphylococcus aureus); gram negative bacteria (Escherichia
coli) of the ligands and their metal complexes are higher than the solvent (DMF)
and those of the control (ampicillin). The inhibition zone against the fungi
(Aspergillus flavus and Candida albicans) of the ligands are higher than the
solvent (DMF) but lower than those of the control (amphotricine B), while the
inhibition zone of the metal complexes are higher than the solvent and those of
the control. The increased activity of the metal chelates than the ligands can be
explained by the chelation of the Schiff bases with the metal ions® 3 #1429 the
chelation reduces the polarity of the central metal atom, mainly because of
partial sharing of its positive charge with the ligand. Also, the normal cell
process may be affected by the formation of hydrogen bond, through the
azomethine nitrogen atom with the active centers of cell constituents. There is a
marked increase in the activities of the ligands and complexes for gram positive
bacteria (Staphylococcus aureus) gram negative bacteria (Escherichia coli) and
fungi (Aspergillus flavus and Candida albicans). The biological activities of the
produced ligands and their complexes can be arranged in the following:
The order of activities of Escherichia:
L; <L, < Lz <complex 2 < complex 1 < complex 6 = complex 7 < complex 11
< complex 12
The order of activities of Staphylococcus aureus:
L, < L; < Lz <complex 1 = complex 6 < complex 2 = complex 7 < complex 11
= complex 12
The order of activities of Candida albicans:
L, <L <Lz <complex 7 < complex 1 = complex 2 = complex 6 < complex 11 <
complex 12
The order of activities of Aspergillus flavus:
Ly = L, =Ly < complex 1 = complex 2 = complex 6 = complex 7 = complex 11 <
complex 12

Egypt. J. Chem. 53, No. 6 (2010)
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Fig. 6. Mass spectrum of ligand L*
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Fig. 7. Thermogravimetric analysis of the metal complexes of ligand L.
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Fig. 8. Thermogravimetric analysis of some metal complexes of ligands L2 and L®
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Scheme 1. Mass fragmentation pattern of Schiff base ligand L*
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