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Abstract Novel penta-azamacrocyclic 21-membered [N5]

ligand [L] and its transition metal complexes with Co(II),

Ni(II), Cu(II), Ru(III) and Pd(II) have been isolated and

characterized. The mode of bonding and overall geometry

of the complexes have been inferred through IR, MS, UV–

Vis, EPR, 1H NMR spectral studies, molar conductivity,

magnetic, thermal and microanalyses, On the basis of

above studies, an octahedral geometry has been proposed

for all complexes except Pd(II) chloride complex which

adopt square planar geometry. The in vitro antitumor

activity of the synthesized ligand and some selected com-

plexes against human breast and human hepatocarcinoma

cell lines (MCF-7) and (HePG2), respectively has been

studied. The results show that the tested compounds are

potent antitumor agents. Also the ligand and some selected

complexes have been tested for their inhibitory effect on

the growth of bacteria: Streptococcus pyogenes as Gram-

positive bacteria and Escherichia coli as Gram-negative

bacteria. The activity data show that most of the tested

compounds exhibit remarkable antibacterial activity

against these organisms.

Keywords Novel penta-azamacrocycles � Macrocyclic

metal complexes � Spectral studies � Biological activity

Introduction

Macrocycles and their metal complexes are of current

interest due to their presence in many biologically signifi-

cant systems [1–4]. Nitrogen-containing macrocycles have a

strong tendency to form stable complexes with transition

metals and have been reported to exhibit potent many bio-

logical activities [2, 5–9]. Polyaza macrocycles have

attracted a considerable interest in recent years because of

their ability to interact with both metal cationic and anionic

species [10–15]. Among them, pentaazamacrocycles have

been studied thoroughly; such ligands often lead to com-

plexes with enhanced thermodynamic and kinetic stability

with respect to metal ion dissociation, compared to their

open-chain analogues. Much attention has been paid to

macrocyclic compounds containing amide groups [16–21].

Due to the presence of proton donor (N–H) and proton

acceptor (C=O), hydrogen bond formation is common in

these macrocycles and affects their structure [12–19]. In the

same aspect a large number of Schiff bases and their com-

plexes have been studied for their interesting and important

properties [22–28]. Recently, penta-aza and tetra-aza-

macrocycles and their transition metal complexes have been

synthesized and characterized, their antitumor activity

against human breast cancer cell line (MCF-7) and human

hepatocarcinoma cell line (HePG2) has been studied

[16, 29]. In the present study, we report the syntheses,

spectroscopic characterization and thermal studies of novel

Co(II), Ni(II), Cu(II), Ru(III), Pd(II) complexes with penta-

azamacrocyclic ligand. These complexes have been char-

acterized with the help of various physicochemical tech-

niques. Furthermore, their in vitro antitumor activity against

human breast (MCF-7) and human hepatocarcinoma cancer

cell lines (HepG2) has been studied. Also the ligand and

some selected complexes were screened against two
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pathogenic bacteria Streptococcus pyogenes as Gram-posi-

tive bacteria and Escherichia coli as Gram-negative bacteria

to assess their antibacterial activity.

Experimental

Materials

All reactions were carried out under normal atmospheric

conditions. All the chemicals used in this study were of

AnalaR grade and procured from Sigma, Aldrich and Fluka.

Metal salts (E.Merck), i.e., Co(NO3)2�6H2O, Co(OAc)2,

NiCl2�6H2O, Ni(OAc)2�4H2O, CuCl2�2H2O, Cu(NO3)2-

3H2O, Cu(OAc)2�4H2O, CuBr2, RuCl3�3H2O and Na2PdCl4
and solvents were purchased commercially and used without

further purification.

Isolation of the starting material

The starting material (S) has been synthesized as previously

reported [29]. A mixture of 1H-benzo [d] [1,3] oxazine-2,4-

dione (2.0 mmol, 2 g) with diethylenetriamine (1.0 mmol,

0.7 mL) in distilled water was stirred at 60 �C for about 3 h,

heating on water bath was continued till the effervescence of

CO2 gas ceased. The reaction mixture was allowed to stand

overnight. Dark brown precipitate obtained was filtered off

and washed several times with cold distilled water.

Recrystallization from ethanol gives compound: N,N0-(2,2-

azanediylbis(ethane-2,1-diyl))bis(2-aminobenzamide) (S).

Color: dark brown, Yield: 50 %, m.p = 90 �C. Analysis

Cal.(Found) for C18H23N5O2.H2O (MW:359) C,60.2(60.53);

H,6.9 (6.8);N,19.5(18.8) % (KBr, cm-1) 3340–3300 t(NH/

NH2);1632 t(amide I);1525 [t(C–N) ? d(N–H)];1H NMR

(DMSO-d6, d, ppm) d = 6.48–7.49 (8 H, ArH’s), d = 6.35

(Ar–NH2), d = 3.8 (NH amine), d = 8.16–8.2 (m, 2H, –NH–

CO–), MS (EI?, m/z): Calc. for C18H23N5O2 (M = 341

Found: 340 [M–H]?.

Isolation of the ligand

The starting material (1.0 mmol, 1 g) in acetone

(20 mmol) was added to an ethanolic solution of ter-

phthaldehyde (1.0 mmol, 0.37 g), the resulting mixture

was stirred at room temperature for about 2 h. The yellow

solid precipitate was collected by filtration and washed

several times with hot ethanol and dried over P4O10

(m.p = 240 �C) (Scheme1).

Isolation of the macrocyclic complexes

All the macrocyclic metal complexes were prepared as

follows:

0.5 gm of the ligand was dissolved in 50 mL acetone,

20 mL ethanolic solution of different metal salt {chloride

for complexes (3,5,9,10), nitrate for complexes (1,6),

acetate for complexes (2,4,7) and bromide for complex

(8)}was added dropwise in1:1 (ligand: metal) molar ratio.

For complex (4) the molar ratio was 1L: 2M. The reaction

mixture was stirred under reflux whereupon the complexes

precipitated. The precipitated solid complexes were sepa-

rated from the solution by filtration, purified by washing

several times with ethanol and then dried under vacuum at

room temperature.

Physical measurements

The elemental analyses (C,H,N) were performed at Cairo

University, Giza, Egypt using CHNS-932 (LECO) Vario

Elemental Analyzer. Metals and halide analyses were

estimated using standard methods.

The Fourier Transform Infrared (FTIR) measurements

were performed (4000–400 cm-1) in KBr discs using

Nenexeus-Nicolidite-640-MSA FT-IR, Thermo-Electron-

ics Co.

The UV–visible absorption spectra were measured in

Nujol mull using 4802 UV/vis double beam

spectrophotometer.

The 1H NMR spectrum was recorded in DMSO-d6 using

Varian Gemini 200 NMR spectrophotometer at 300 MHz.

The EPR spectra were recorded using a Varian E-109C

model X-band spectrometer.Molar conductivities were

measured at 30 �C in DMSO solution (10-3 M) using a

CON 6000 conductivity meter.

Magnetic susceptibilities of the complexes were mea-

sured at room temperature by the modified Gouy method

using magnetic susceptibility Johnson Matthey Balance.

The effective magnetic moments were calculated using the

relation leff = 2.828 (vmT)� B.M., where vm is the molar
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Scheme 1 Preparation of the macrocyclic ligand
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susceptibility corrected for diamagnetism of all atoms in

the compounds.

Thermal analysis (TG/DTG) was obtained out by using

a Shimadzu DTA/TG-50 Thermal Analyzer with heating

rate of 10 �C/min in nitrogen atmosphere with a following

rate 20 mL/min in the range of ambient temperature up to

800 �C using platinum crucibles.

Electrospray mass spectra (ESI–MS) for the complexes

were performed at the National Research Center, Egypt by

the Thermo Electron Corporation. The electron impact (EI)

mass spectrum for the ligand was run on Shimadzu-QP

2010 plus Mass Spectrometer, Microanalytical Laboratory,

Faculty of Science, Cairo University, Egypt.

Biological tests

Anticancer activity

The in vitro anticancer activity of the compounds was

tested at the National Cancer Institute, Cairo University

Egypt by SRB assay using the method of Skehan et al. [30].

Two human tumor cell lines, liver (HepG2) and breast

(MCF7) were used in the study and obtained from the

American Type Culture Collection, Minnesota, USA. Cells

were plated in 96-multiwell plate (104 cells/well) for 24 h

before treatment with the compounds to allow attachment

of cell to the wall of the plate. Different concentration of

the compound under test (0, 2.5, 5, 10, 20 lg/mL) were

added to the cell monolayer triplicate wells were prepared

for each individual dose. Monolayer cells were incubated

with the compounds for 48 h at 37 �C and in atmosphere of

5 % CO2. After 48 h, cells were fixed, washed and stained

with Sulfo-Rhoda-mine-B stain. Excess stain was washed

with acetic acid and attached stain was recovered with Tris

EDTA buffer. Color intensity was measured in an ELISA

reader. The relation between surviving fraction and drug

concentration is plotted to get the survival curve of each

tumor cell line after the specified compound.

Antibacterial activity

The in vitro antibacterial activity studies were carried out

at Genetic Engineering and Biotechnology Research

Institute, Department of Microbial Biotechnology at Sadat

City University, Egypt, by using Broth Dilution Method

[31] with some alterations, to investigate the inhibitory

effect of the synthesized ligand and some complexes

(1,3–5,9) on the sensitive organisms Streptococcus pyo-

genes as Gram-positive bacteria and Escherichia coli as

Gram–negative bacteria. Nutrient broth medium was pre-

pared by using Brain Heart Infusion (BHI) broth and dis-

tilled water. The test compounds in measured quantities

were dissolved in DMSO which has no inhibition activity

to get two different concentrations (1 lg/mL, 5 lg/mL) of

compounds. The strains selected for the study were pre-

pared in (BHI) broth medium with shaking and autoclaved

for 20 min 15 lb of pressure and at 121 �C before inocu-

lation. The bacteria were then cultured for 24 h at 37 �C in

an incubator. One ml of the standard bacterial culture was

used as inoculation in a nutrient broth. For growth studies,

culture of microbial cells were inoculated and grown aer-

obically in BHI broth for control and along with various

concentrations of the test compounds in individual flasks.

Growth was calculated turbidometrically at 650 nm using

conventional Spectrophotometer, in which turbidity pro-

duced is measured by taking absorbance and compared

with turbidity produced by control. The growth rate of

different bacteria in absence as well as in presence of test

compounds was performed for each concentration.

Absorption measurements were accomplished by spec-

trophotometer after 24 and 48 h of incubation to determine

the number of viable organisms per milliliter of sample and

were used to the calculated the % inhibition.

Results and discussion

Physical properties

The condensation of the starting material (S) with ter-

phthaldehyde affords 21-membered macrocyclic ligand

(Scheme 1). Reaction of the resulting ligand with different

transition metal salts affords the corresponding macro-

cyclic metal complexes. The microanalyses show that all

complexes have 1L:1M stoichiometry except for complex

(4) which shows 1L:2 M stoichiometry; the purity of the

ligand and complexes has been checked by TLC. All the

metals complexes are colored solids, stable towards air,

slightly soluble in alcohols, insoluble in most common

organic solvents, but soluble in DMF and/or DMSO.

Crystals of these complexes could not be grown therefore

X-ray crystal determination is not possible.

The molar conductance values in 10-3 M DMSO solu-

tion, measured at 30 �C, for the complexes were found to

be low (Table 1). The relatively low values indicate the

non-electrolytic nature of these complexes [32]. The rela-

tively high value of conductance observed for complex (3)

can be explained by the partial dissociation of the anion

through the replacement by DMSO solution.

Mass spectrum of ligand

The electron impact (EI) mass spectrum of the free ligand

(Fig. 1) showed a peak at 439 amu (M ? 1) corresponding to

the macrocyclic moiety (C26H25N5O2, atomic mass

m/z = 438). The series of peaks in the range m/
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z = 76[C6H4]?, 102[C8H6]?, 234[C15H10N2O]?, 335[C19

H20N5O]?, 411 [C25H25N5–O]?, may be assigned to various

fragments.

1H NMR spectrum of the ligand

The 1H NMR spectrum of the ligand was recorded in

DMSO-d6 solution. The spectrum shows that the differ-

ent non-equivalent protons resonate at different values of

applied field, signal at ca. d 8.92 ppm (m, 2H, –

CH = N–) is assigned to imine protons, signal at ca. d
9.99 ppm (m, 2H, –NH–CO–) is assigned to amide

proton, signal at d (6.62–8.3 ppm) assigned to aromatic

ring protons, signal at ca. d 4.37 ppm assigned to –NH of

secondary amine protons and the multiple peaks

observed in the region of NH–CH2 and OC–NH–CH2

signals indicate chemically nonequivalent methylene

protons, Thus, the 1H NMR result supports the assigned

geometry.

IR spectra

Significant IR spectral bands of the macrocyclic ligand and

its complexes are tabulated in Table 2. The IR spectrum of

the free ligand is characterized mainly by the strong bands

at 3192, 1634, 1617, 1508, 1291 and 752 cm-1 are

attributed to the stretching frequencies of secondary amide/

amine t(NH), amide-I [t(C=O)], azomethine t(C=N),

amide-II [t(C–N) ? d(N–H)], amide-III d(N–H) and

amide-IV [u(C=O)] wagging vibrations, respectively,

supporting the macrocyclic nature of the ligand [33, 34].

On complexation, the shift of t(C=N) frequency values in

all complexes indicating the coordination of azomethine

nitrogen to the metal center [6, 26]. This is consistence

with the presence of a new band at 490–400 cm-1 range

assignable to t(M–N) vibration [19, 29]. The binding of

secondary amide nitrogen in complexes is indicated by a

shift of amide-I vibration from 1634 cm-1 in the free

ligand to 1622–1612 cm-1 in the complexes [16]. The IR

spectra of complexes (9,10) show that the band charac-

teristic to amide I, t(C=O) appears nearly at the same

position as that of the free ligand, indicating that this group

does not participate in coordination. The appearance of

new medium intensity band in the 625–530 cm-1 region,

assigned to t(M–O). The broad band at 3478–3258 cm-1 is

assigned to the stretching frequency t(OH) of solvent

molecules, which is also confirmed from elemental and

thermal analysis. Further, the complexes show the addi-

tional bands due to anions (Table 2). Complexes (1,6)

show IR bands at 1383–1378 (m5), 1297–1295 (m1),

1047–1045 (m2), 825–824(m3) cm-1, The value of

D(m5 - m1), i.e., 88–87 cm-1 suggesting the monodentate

coordination of NO3 ions [29]. Complexes (2,4,7) display

bands at (1580–1578) and (1376–1375 cm-1), the differ-

ence of 204 cm-1 confirms the monodentate coordination

of acetate ions [8, 19]. It is worth to mention that, the

region of masym(COO–) overlapped with m(C=N) [35].

Mass spectrum of complex (3)

ESI–MS mass spectrum of the [Ni(L)Cl2].�EtOH, com-

plex (3) was studied in DMSO solution (Fig. 2). The

spectrum confirms the proposed formula by showing a

molecular ion peak at m/z 590 amu corresponding to

[Ni(L)Cl2].�EtOH which coincide with its formula weight

(calculated m/z = 591.69 amu). The other fragments of the

Fig. 1 The EI mass spectrum of ligand
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complex give the peak with various intensities at different

m/z values like at: Calc/Found 76/76 [C6H4]?, 102/103.93

[C8H6]?, 235/233 [M-(C12H18N3O1.5 ? NiCl2)] ? 3H?,

379.69/380.69[M-(C12H18N2O1.5]?,465.69/464.9[M-C8H7

O1.5]?, 540.69/544.2 [M-(�EtOH ? CO), 568.69/570.22

[M-�EtOH]?.

1H NMR spectrum of palladium(II) complex

1H NMR spectrum of the [Pd(L)Cl2]��EtOH.2H2O com-

plex (10) was recorded in DMSO-d6.
1H NMR spectrum

showed similar signals as for the ligand, but the position of

the imine (–CH = N–) proton signal in the complex is

shifted to 8.11 ppm in comparison with the free ligand

(8.92 ppm), this observation supported the involvement of

azomethine nitrogen in complex formation.

Magnetic susceptibility and electronic spectral

studies

The electronic spectral measurements were used for

assigning the stereochemistry of metal ions in the com-

plexes based on the positions and number of d–d transition

peak. The Nujol mull electronic absorption spectral data

(kmax, nm) of the complexes, room temperature effective

magnetic moment values (B.M.) are tabulated (Table 3).

The electronic absorption spectra of Co(II) complexes

(1,2) exhibit three bands at 660–640, 560–550 and 460 nm.

The observed bands are assigned to the transitions
4T1g(F) ? 4T2g(F) m1ð Þ; 4T1g(F) ? 4A2g(F) m2ð Þ and 4T1g(F)

! 4T2g(P)ðm3Þ, respectively suggesting an octahedral geom-

etry around Co(II) ion [36–38].The magnetic susceptibility

values are found to be 4.5, 5.4 B.M.(normal range for octa-

hedral Co(II) complexes is 4.3–5.2 B.M.), which is an

indicative of octahedral geometry [36].

The electronic absorption spectra of Ni(II) complexes

(3,4) display three d–d transition bands at 680–660, 520–500

and 470 nm, attributable to the 3A2g ? 3T2g(v1);
3A2g ?

3T1g(v2);
3A2g ? 3T1g (P)(v3) transitions, respectively in an

octahedral symmetry [36, 38]. The magnetic moment values

of Ni(II) complexes are found to be 3.0, 2.9 B.M., suggesting

a high spin six-coordinated octahedral [38] arrangement of

ligand molecules around the metal ion.

The electronic spectra of Cu(II) complexes (5–8) exhibit

bands in the region 720–680, 540–530 and 480–460 nm, are

assigned to 2B1g ? 2A1g m1ð Þ; 2B1g ? 2B2g m2ð Þ and
2B1g ? 2Eg m3ð Þ transitions, respectively. Which showed that

these complexes are tetragonally distorted [1, 20]. The mag-

netic moment values for Cu(II) complexes lie in the 1.8–1.9

B.M. range corresponding to one unpaired electron [36].

Electronic absorption spectrum of Ru(III) complex (9)

exhibits moderately intense band in the visible region atT
a
b
le

2
F

u
n

d
am

en
ta

l
IR

sp
ec

tr
al

b
an

d
s

(c
m

-
1
)a

o
f

li
g

an
d

an
d

it
s

m
et

al
co

m
p

le
x

es

N
o

.
C

o
m

p
o

u
n

d
m

(O
H

/H
2
O

)
m

(N
H

)
m

(C
=

N
)

A
m

id
e

b
an

d
s

m
(M

–
O

)
m

(M
–

N
)

O
th

er
as

si
g

n
m

en
ts

I
II

II
I

IV

L
.

1
�

H
2
O

3
7

5
1

(b
)

3
1

9
2

(b
)

1
6

1
7

(b
)

1
6

3
4

(s
h

)
1

5
0

8
(s

h
)

1
2

9
1

(m
)

7
5

2
(s

h
)

–
–

–

1
[C

o
L

(N
O

3
)(

O
H

)]
.E

tO
H

3
3

3
3

(b
)

3
2

9
1

(b
)

1
6

1
8

(b
)

1
6

1
8

(b
)

1
5

0
8

(m
)

1
2

6
6

(b
)

7
5

3
(s

h
)

5
5

1
(w

)
4

6
0

(s
h

1
3

8
3

(b
),

1
2

9
5

(s
h

),
1

0
4

7
(w

),
8

2
5

(w
)

(N
O

3
–
)

2
[C

o
(L

)(
O

A
c)

2
].

4
H

2
O

3
4

7
8

(b
)

3
3

3
5

(b
)

1
5

8
0

(b
)

1
6

1
2

(m
)

1
5

1
5

(b
)

1
2

4
2

(w
)

7
5

4
(s

h
)

6
1

5
(m

)
4

4
6

(s
h

)
1

5
8

0
(b

),
1

3
7

6
(w

)(
O

A
c)

–

3
[N

i(
L

)C
l 2

].
�

E
tO

H
3

2
5

8
(b

)
3

2
0

3
(w

)
1

5
7

3
(b

)
1

6
1

4
(s

h
)

1
5

0
0

(w
)

1
2

8
1

(S
h

)
6

5
6

(s
h

)
5

7
4

(w
)

4
8

0
(w

)
–

4
[N

i 2
(L

)(
O

A
c)

4
(H

2
O

) 3
].

4
H

2
O

3
4

3
1

(b
)

3
2

8
5

(w
)

1
5

8
0

(b
)

1
6

1
2

(b
)

1
5

1
8

(b
)

1
2

4
2

(b
)

6
8

1
(s

h
)

5
3

0
(w

)
4

0
0

(w
)

1
5

8
0

(b
),

1
3

7
6

(w
)(

O
A

c)
-

5
[C

u
(L

)C
l 2

].
E

tO
H

.H
2
O

3
4

5
1

(b
)

3
3

5
4

(b
)

1
5

8
0

(b
)

1
6

2
0

(b
)

1
5

1
1

(w
)

1
2

9
4

(w
)

7
5

9
(m

)
5

9
6

(w
)

4
3

2
(w

)
–

6
[C

u
(L

)(
N

O
3
)(

O
H

)]
.3

H
2
O

3
4

1
0

(b
)

3
2

7
4

(b
)

1
5

8
0

(b
)

1
6

2
1

(m
)

1
5

1
5

(w
)

1
2

9
7

(w
)

7
6

0
(m

)
5

7
6

(w
)

4
9

0
(w

)
1

3
7

8
.(

sh
),

1
2

9
7

(b
),

1
0

4
5

(w
),

8
2

4
(w

)
(N

O
3
)-

7
[C

u
(L

)(
O

A
c)

2
].
�

E
tO

H
3

4
1

2
(b

)
3

2
5

9
(w

)
1

5
7

8
(b

)
1

6
2

2
(b

)
1

5
1

8
(m

)
1

2
6

1
(w

)
7

5
9

(s
h

)
5

3
5

(w
)

4
3

5
(w

)
1

5
7

8
(b

),
1

3
7

6
(w

)
(O

A
c)

-

8
[C

u
(L

)(
B

r)
2
].

3
H

2
O

3
4

3
0

(w
)

3
3

3
5

(b
)

1
5

8
0

(b
)

1
6

1
9

(b
)

1
5

1
4

(m
)

1
2

6
9

(w
)

7
6

0
(s

h
)

5
3

2
(w

)
4

4
3

(w
)

–

9
[R

u
(L

)C
l 3

(H
2
O

)]
.2
�

H
2
O

3
3

9
6

(b
),

3
3

4
3

(m
)

3
2

0
2

(b
)

1
6

0
5

(b
)

1
6

3
4

(s
h

)
1

5
0

5
(m

)
1

2
9

5
(m

)
7

6
6

(m
)

6
2

5
(w

)
4

3
8

(m
)

–

1
0

[P
d

(L
)C

l 2
].
�

E
tO

H
.2

H
2
O

3
4

2
9

(b
)

3
3

0
0

(b
)

1
6

1
1

(b
)

1
6

3
4

(s
h

)
1

5
2

3
(m

)
1

2
9

7
(b

)
7

5
4

(s
h

)
5

5
8

(w
)

4
5

8
(w

)
–

a
s

st
ro

n
g

,
sh

sh
o

u
ld

er
,
m

m
ed

iu
m

,
w

w
ea

k
,
b

b
ro

ad
,
m

st
re

tc
h

in
g

b
M

o
n

o
d

en
ta

te
io

n

158 J Incl Phenom Macrocycl Chem (2016) 86:153–166

123



640 nm due to d–d transition and an absorption band at

500 nm probably due to MLCT transition [16, 39]. Its

magnetic moment at room temperature is 2.5 B.M., cor-

responding to one unpaired electron. Electronic absorption

spectrum of Pd(II) complex (10) shows three bands at 640,

520, 430 nm assignable to 1A1g ? 1A2g, 1A1g ? 1B1g and
1A1g ? 1Eg transitions, respectively [20, 40]. Diamagnetic

behavior and molar conductance value (Table 1) confirm-

ing the square planar geometry of this complex [40].

ESR studies

ESR spectra of the copper(II) complexes (6–8) were recorded

in solid state at room temperature on the X-band frequency

9.771 GHz. The ESR parameters are tabulated (Table 4). All

complexes give axially symmetric g-tensor parameters with

g// (2.17–2.28)[ g\ (2.043–2.06)[ 2.0023 indicating that

the copper site has a dx2�y2 ground state, characteristic of an

octahedral stereochemistry [41, 42], Also the observed

Fig. 2 The ESI mass spectrum of [Ni(L)Cl2]��EtOH(3)

Table 3 Electronic absorption spectra (kmax, nm), effective magnetic moment values (leff, B.M.) of complexes

No. Complexes kmax (Nujol mull, nm) leff (B.M./M?n)

(d–d) transition Intraligand and charge

transfer bands

Ligand. 1�H2O – -450, 320, 260 –

1 [CoL(NO3)(OH)]�EtOH 640, 550, 460 380, 280 4.5

2 [Co(L)(OAc)2]�4H2O 660, 560, 460 350, 280 5.4

3 [Ni(L)Cl2]��EtOH 680, 500, 470 267, 260 3.0

4 [Ni2(L)(OAc)4(H2O)3]�4H2O 660, 520, 470 350, 280 2.9

5 [Cu(L)Cl2]�EtOH�H2O 720, 530, 460 350, 260 1.8

6 [Cu(L) (NO3)(OH)]�3H2O 690, 540, 480 340, 280 1.99

7 [Cu(L)(OAc)2]��EtOH 680, 540, 480 340, 260 1.9

8 [Cu(L)(Br)2]�3H2O 680, 550, 460 380, 280 1.85

9 [Ru(L)Cl3(H2O)]�2�H2O 640, 500 270 2.5

10 [Pd(L)Cl2]��EtOH�2H2O 640, 520, 430 350, 270 (Dia)a

a Diamagnetic

Table 4 EPR parameters for the Cu(II) complexes as polycrystalline

sample at RT

No. Compound g// g\ gav G

6 [Cu(L) (NO3)(OH)]�3H2O 2.28 2.059 2.136 4.74

7 [Cu(L)(OAc)2]��EtOH 2.17 2.042 2.085 4.2

8 [Cu(L)(Br)2]�3H2O 2.25 2.065 2.129 4.06
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g//values are less than 2.3 provide evidence for appreciable

covalent character for Cu–L bond [43]. The geometric

parameter G, which is a measure of exchange interaction

between the copper centers in the polycrystalline compounds,

is calculated by using the expression: G = g// –2.0023/g\ –

2.0023.

According to Hathaway [44] as value of G is greater

than 4, the exchange interaction between copper(II) centers

in the solid state is negligible, whereas when it is less than

4, a considerable exchange interaction is indicated in the

solid complex. For copper(II) complexes (6–8), the calcu-

lated G value is higher than 4 (Table 4) indicating that the

interaction between metal centers is negligible [45].

Thermal studies

Thermal behavior of the ligand and its complexes has been

studied using TG/DTG measurements. The TGA/DTG

curves of macrocyclic ligand and its complexes were

recorded in nitrogen atmosphere from room temperature up

to 800 �C; important data are listed in Table 1S. The

results obtained from thermogravimetric analysis were in

agreement with the suggested theoretical formula from the

elemental analysis.

For the macrocyclic ligand, the TG curve shows weight

of 5.73 % (Calc 5.79 %); in the temperature range of

30–144 �C. The endothermic DTG peak recorded at 43 �C
reflect the loss of one and half water molecules per ligand

molecule. Also the TG curve shows two decomposition

steps in the temperature range 240–760 �C with total

weight loss of 100 %.These results agree well with the

composition of the ligand determined from elemental

analysis and IR spectrum.

The TG curves of cobalt(II) complexes (1,2) shows

weight loss in the temperature range 30–130 �C (Calc/

Found % 7.96/8.16;10.4/9.8), respectively associated with

endothermic DTG peak at 72.52 �C, that are assigned to

release of one ethanol molecule (complex 1) and four water

molecules (complex 2). The TG curves also show that the

complexes gradually decomposed at 215 and 220 �C ended

with the formation of Co for complex 1 and CoO for

complex 2, respectively.

The TG curves of nickel(II) complexes (3,4) show

weight loss in the temperature range 30–145 �C (Calc/

Found % 3.8/3.82,7.8/7.17), respectively associated with

two endothermic DTG peak at 51 and at 50 �C, that are

assigned to release of half ethanol molecule (complex 3)

and four water molecules (complex 4, Fig. 3).The TG

Fig. 3 TG/DTA curves of complexes (4, 8, 9, 10). *Mass of sample (mg)
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curves also show that the complexes gradually decomposed

at 170 and 220 �C ended with the formation of NiO for

both complexes.

The TG curves of copper complexes (5–8) show weight

loss in the temperature range 30–175 �C (Calc/Found %

10,0/10.1;8.4/8.4;7.5/7.6;3.5/3.5), respectively associated

with endothermic DTG peak at 59 �C, that is assigned to

release ethanol and water molecules in two steps (complex

5), peak at 59 �C, that is assigned to release of three water

molecules (complex 6), peak at 47 �C, that is assigned to

release of half ethanol molecule (complex 7), peak at

50 �C, that is assigned to release of three water molecules

(complex 8, Fig. 3).The TG curves also show that the

complexes gradually decomposed in more than one stage,

ended with the formation of CuO for all complexes

(Table 1S).

The TG curve of ruthenium(III) complex (9) shows

weight loss in the temperature range 30–115 �C (Calc/

Found % 6.35/6.16) associated with a broad DTG peak at

51 �C, that is assigned to release of two and half water

molecules (Fig. 3).The TG curve also shows that the

complex starts decomposition at 210 �C, ended with the

formation of RuO2 as final decomposition product.

The TG curves of palladium(II) complex (10) shows

weight loss in the temperature range 30–125 �C (Calc/

Found % 8.74/8.06) associated with endothermic DTG

peak at 42 �C, that is assigned to release of half ethanol and

two water molecules in two steps (Fig. 3).The TG curve

also shows that the complex starts decomposition at 160 �C
given PdO as final decomposition product. It is worth to

note that, The slight higher value found for the percentage

of the residue when compared with the theoretical value for

pure metal oxide in complexes (2,4,10) shows that the

residue is contaminated with carbon [46–48].The nature of

the remaining residues was reported and identified by IR

spectroscopy.

Kinetic and thermodynamic parameters

The kinetic and thermodynamic parameters of the

decomposition stages of the desolvated complexes (1–10)

were determined from TG curve using the Coats–Redfern

equation [49]. The Horowitz and Metzger [50] equation

Cs ¼ ðnÞ1=1�n
was used for the determination of the value

of the reaction order, and given by:

Cs ¼
ms � m1
m0 � m1

where Cs is the weight fraction of the substance present at

DTG peak temperature Ts. ms is the remaining weight at Ts,

m0 and m? are the initial and final weights of the sub-

stance, respectively. The estimated values of Cs for the

thermal decomposition of the desolvated complexes were

found in the range of 0.25–0.393 (Table 5).This indicated

that the decomposition follows first order kinetic [16, 29].

So, the values of the activation energy E*, Arrhenius

constant A, the activation entropy S*, the activation

enthalpy H* and the Gibbs free energy of activation G* are

calculated by applying Coats–Redfern equation for n = 1

log
� log 1 � xð Þ

T2

� �
¼ log

AR

hE� 1 � 2RT

DE�

� �
� DE�

2:303RT

ð1Þ

where x is the fraction decomposed, R: is the gas constant

and h is the heating rate. Since (1 - 2RT/E*) ^ 1, a plot

of the left-hand side of Eq. (1) against 1/T gives a straight

line from its slope and intercept, E*and A were calculated

(Table 5). The entropy of activation S*, enthalpy of acti-

vation H*and the free energy change of activation G* were

calculated using the following equations [51].

DS� ¼ ln Ah=kTð Þ � 1½ �R; DH� ¼ DE� � RT ;
DG� ¼ DH� � TDS�:

Table 5 Kinetic and thermodynamic data of the complexes

No. Complex Decomp. temp./(K) A (S-1) DS* (J mol-1K-1) DE* DH* DG* Cs

(kJ mol -1)

1 [Co(L)(NO3)(OH)]�EtOH 493–923 15.16 E9 -8.95 37.24 30.9417 37.71 0.356

2 [Co(L)(OAc)2]�4H2O 488–902 19.50 E9 -16.23 28.20 23.43 32.74 0.333

3 [Ni(L)Cl2]��EtOH 508–658 6.87 E9 -7.105 25.54 22.22 25.05 0.393

4 [Ni2(L)(OAc)4(H2O)3]�4H2O 493–929 4.166 E8 -10.12 43.64 39.529 44.518 0.351

5 [Cu (L)Cl2]�EtOH.H2O 508–658 7.28 E9 -7.20 42.88 38.99 46.20 0.33

6 [Cu(L) (NO3)(OH)]�3H2O 494–726 11.54 E9 -6.88 19.16 14.69 11.00 0.34

7 [Cu(L)(OAc)2]��EtOH 493–708 15.56 E8 -6.196 37.36 34.33 37.61 0.351

8 [Cu(L)Br2]�3H2O 538–665 2.798 E11 -3.837 146.88 14.69 11.00 0.32

9 [Ru(L)Cl3(H2O)]�2�H2O 398–697 6.860 E7 -12.143 45.33 40.25 47.68 0.293

10 [Pd(L) Cl2]��EtOH�2H2O 398–768 13.233 E8 -9.293 37.28 42.95 49.29 0.25
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The calculated kinetic and thermodynamic values are listed

in Table 5.

The high DE* values reveal high stability of the che-

lates and the positive values of DH* indicating

endothermic process. The Gibbs free energy of activation

DG* is used to determine the spontaneity of the chemical

reactions. Table 5 shows that all complexes presented

positive value of DG* indicating that they are endergonic

and not spontaneous. Negative DS* values may arise as a

result of association mechanism; degrees of freedom were

lost due to the activated complex formation, which means

that reacting species joined themselves to form the state

transition during the reaction, thereby having a more

ordered state than the reactants in the ground state

structure [52]. The correlation coefficients of the

Arrhenius plots of the thermal decomposition steps were

found to lie in the range 0.9887–0.9777 showing a good

fit with linear function.

From interpretation of the elemental analyses, infrared,

electronic, ESR, mass, 1H NMR spectra, magnetic sus-

ceptibility, thermal and molar conductivity it is possible to

draw up the tentative structures of the metal complexes,

Scheme 2.

Biological activity

Anticancer activity

Transitional metal chemistry is evolving for its capacity to

target biological molecules. There exists considerable
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interest for the discovery of new metal based anticancer

drugs. Here we have checked the anticancer activities of

the macrocyclic ligand and some of its complexes. The

results of the cytotoxic activity in vitro were expressed as

IC50 (the concentration of the compound in lg/mL that

inhibits proliferation of the cells by 50 % as compared to

the untreated control cells) are given in Table 6. The ligand

shows IC50 value of 3.0 and 3.3 lg/mL toward human

breast cancer cell line (MCF-7) and human hepatocarci-

noma cells (HepG2), respectively and that for some

selected complexes (3,5,9,10) were in the range of

2.0–8.3 lg/mL toward the former cell and 2.2–8.5 lg/mL

toward the latter one, respectively. Shier [53] suggested

that compounds exhibiting IC50 values more than

10–25 lg/mL indicate weak cytotoxic activities while

compounds with IC50 values less than 5 lg/mL are con-

sidered to be very active. Those having intermediate values

ranging from 5 to 10 lg/mL are classified as moderately

active. Accordingly, the ligand and its complexes (3),(9)

(IC50 = 2.0–2.6 lg/mL) are consider to be very active

toward both human breast cancer and hepatocarcinoma

cells. Whereas complexes (5), (10) are classified as mod-

erately active on human breast and human hepatocarci-

noma cancer cell lines, IC50 value = 5.6–8.3 lg/mL.

The results also show that Ni(II) complex (3) showed

highest cytotoxic activity on both human breast and human

hepatocarcinoma cancer cell lines, IC50 value = 2.0,

2.2 lg/mL. The enhanced activity of the tested compounds

were consistent with and better than the documented

activity of similar compounds as antitumor agents

[54–58].The/enhanced activity may be attributed to the

increase in conjugation in the ligand moiety on complex-

ation [59]. The type of metal ions may be another reason

for their different anticancer activity. The active sequence

of the ligand and its complexes follows the trend:

Ni(II)[Ru(III)[L[Cu(II)[ Pd(II) for MCF-7cells,

Ni(II)[Ru(III)[L[Cu(II)[ Pd(II) for HepG2 cells.

Antibacterial activity

The synthesized ligand and its metal complexes [Co(II)(1),

Ni(II)(3), (4), Cu(II) (5) and Ru(III) (9)] were screened for

antibacterial activity against the tested pathogens, accord-

ing to the data depicted in Figs. 4 and 5 and tabulated in

Table 7. The following results are obtained:

The tested compounds are found to have remarkable

biological activity. The antibacterial activity of the tested

compounds in the concentration 1 lg/mL is found to fol-

low the order; Ni(II)(4) > Ru(III)(9)[L[Cu(II)(5)[
Co(II)(1)[Ni(II)(3) for the concentration 5 lg/mL the

order is: Ni(II)(4)[Ru(III)(9) C L C Co(II)(1)[Ni(II)

(3)[Cu(II) (5) for Gram- positive.With regard to Gram-

negative bacteria the order is: Ru(III) (9)[Ni(II)(4)[ -

Co(II) (1)[Ni(II)(3)[Cu(II) (5)[L for concentration

1 lg/mL and Ru(III) (9)[Co(II) (1)[Ni(II)(4) C Ni(II)

(3) C L[Cu(II) (5) for the concentration 5 lg/mL.

It is found that Ni(II)(4) and Ru(III) (9) complexes have

higher antibacterial activity against both Gram-positive and

Gram-negative bacteria than the free macrocyclic ligand

for both concentrations. Also, it is found that all complexes

except Cu(II)(5) complex (5 lg/mL) have higher
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Fig. 4 In vitro antibacterial activity of the complexes and metal free

macrocycle ligand against S. pyogenes

Table 6 Lethal concentration (IC50) of the ligand and its metal

complexes on MCF-7 and HepG2

No. Compound IC50 (lg/mL)a

MCF-7 HepG2

L. 1�H2O 3.0 3.30

3 [Ni(L)Cl2]�1�EtOH 2.0 2.20

5 [Cu(L)Cl2]��EtOH.H2O 5.60 6.00

9 [Ru(L)Cl3(H2O)]�2�H2O 2.30 2.60

10 [Pd(L)Cl2]��EtOH.2H2O 8.30 8.50

a (IC50) is the concentration of compound (lg/mL) that inhibits a

proliferation rate of the tumor cells by 50 % as compared to control

untreated cells

Fig. 5 In vitro antibacterial activity of the complexes and metal free

macrocycle ligand against E .coli
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antibacterial activity against Gram negative bacteria than

the free macrocycle ligand.

This would suggest that the chelation could facilitate the

ability of a complex to cross a cell membrane and can be

explained by Tweedy’s chelation theory [60]. Chela-

tion/complexation could enhance the lipophilic nature of

the central metal atom, which subsequently favors its

permeation through the lipid layer of the cell membrane. In

addition, other factors such as solubility, dipole moment,

conductivity influenced by metal ion may be possible

reasons for remarkable antibacterial activities of these

complexes. It also has been observed that some moieties

such as azomethine linkage introduced into such com-

pounds exhibits extensive biological activity [61, 62].

Conclusions

In this study a novel pentaaza (N5) macrocyclic ligand and

its corresponding transition metal complexes (1–10) have

been synthesized and characterized. Based on various

physicochemical studies as elemental analyses, conduc-

tivity, magnetic, spectral (electronic, EPR, 1H NMR, MS,

IR) and thermal studies, a distorted octahedral or square

planar {Pd(II) complex} geometry may be proposed for

these complexes, the ligand ligates as neutral tetra-, bi- or

pentadentate one. All the synthesized compounds were

potent anticancer agents. The antibacterial studies of the

prepared compounds screened against pathogenic bacteria

proved that these compounds exhibit remarkable antibac-

terial activity.
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