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Abstract

Mono organometallic compounds of Cu(Il), Mn(II), Pb(II), Zn(II), Cd(II), Co(1I), Ni(II) and Mg(II) of new diethyl 3-((2-
aminophenyl)carbamoyl)-3-hydroxypentanedioate ligand have been synthesized and characterized using spectral analyses; (‘H-
NMR, mass, IR, UV-VIS and ESR) , magnetic moments , conductance, elemental and thermal analysis. Amide ligand metal
complex exhibit fluorescent properties. This approach relied on measurement the native fluorescence of the prepared ligand and
its metal complexes. The emitted fluorescence was measured at 580 nm after excitation at 415 nm. The fluorescent intensity
was proportional to different concentrations of the obtained Cu(II) complex (4) in the linear range of (3.0 x 10 t0 2.9 x 107).
Molar conductances in DMF solutions indicated that, the complexes are non-electrolytes. The ESR spectra of solid Cu(II)
complexes (3-5) showed an axial type symmetry indicating a d(x2_y2> ground state with a significant covalent bond character.
However, Mn(II) complex (6), showed an isotropic type confirming an octahedral geometry. Cytotoxic evaluation of the
complexes as antimicrobial agents has been carried out; the order of inhibitory effect against Gram positive and Gram negative
strains for Streptococcus aureus was (13)> (14,control)> (12)> (4,15)> (5)> (3,11)> (6,7)> (2,8)> (9)> (16) ,for B. subtilis the
order of cytotoxic effect is (4)> (13)> (3,5,10) > (2,14,control)> (12)> (15)> (11)> (7)> (8)> (6)> (9,16). Furthermore for E.coli
the order is (control > 4,13)> (14)> (5,15)> (3,12)> (10)> (11)> (2)> (6,7)> (8,9,16) and also for protteus vulgaris the order is
(13)> (10)> (11,12,14)> (15)> control> (5)> (6)> (4,7)> (8)> (3)> (2,16)> (9).Complexes showed enhanced activity in
comparison to the standard drug used.
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1. Introduction

Metallodrugs (organometallic reagents) are
pharmacologically active compounds having metal
atoms, which are essential for their microbial and
antitumor  activities, such as anticancer [1].
Metallodrugs offer many features over purely organic
compounds due to specific characteristics of
coordination compounds. Their bioactivity is affected
by the type of central atom, its coordination and
oxidation number, type and number of the ligands,
coordination geometry and charge of the complex [1].
In recent years, the coordinated Chemistry of diamines
have attracted the attention of researchers due to their
unique capability of constructing complicated organic
molecules using centers of metal as intermediates. For
example, N-phenyl-ortho-phenylenediamine

coordinated to platinum or nickel atoms transforms
into imidazophenazine derivatives [2].The coexistence
of hydrolizable ester group (-COO-) and amide group
(-NHCO-), which are capable of establishing strong
intermolecular hydrogen bond interactions, becomes
fundamental to obtaining a suite of materials with
tailored properties. Specifically, different polyester
amides have been developed for biomedical
applications such as drug delivery systems [3].
Literature survey reveals that nitrogen - and sulfur-
containing compounds showed very good bioactivity,
being potentially active against cancer as well as viral
and fungal diseases [4,5]. The amide moiety has
attracted further interest because it is widespread in
natural and synthetic drugs and shows lower toxicity
[6]. Bioactivity of amides can also be achieved by
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constructing the amide with hydroxypentanedioate [7].
In a variety of disciplines, such as environmental,
inorganic, analytical chemistry, and bio-medical
science, the fluorescence spectroscopy has developed
into a common sensor that detects a highly useful
substance. They have offered highly sensitive,
selective, and accurate online and cost-effective
detection of harmful ions of heavy metal, enzymes,
and anions [8-11]. The purpose of the research is to
prepare and spectroscopically characterized new metal
complexes of amide ligand and also to develop an
analytical method for quickly and economically
detecting amide ligand. The Using spectrofluorimetric
approach which has excellent simplicity, sensitivity,
and selectivity.

2. Experiment

2.1. Materials and Instrumentation

All the reagents employed for the preparation of
the ligand and its complexes were synthetic grade and
used without further purification. TLC is used to
confirm the purity of the compounds. C, H, N and ClI
analyses were determined at the Analytical Unit of
Cairo University, Egypt. Standard gravimetric
methods were used to determine metal ions [10-12].
All metal complexes were dried under vacuum over
P4Oyo. The IR spectra were measured as KBr pellets
using a PerkinElmer 683 spectrophotometer (4000-400
cm™). Electronic spectra (qualitative) were recorded
on a PerkinElmer 550 spectrophotometer. The
conductances (10°M) of the complexes in DMF were
measured at 25°C with a Bibby conduct meter type
MCI. 'H-NMR spectra of the ligand and its Cd (II)
complex were obtained with PerkinElmer R32-90-
MHz spectrophotometer using TMS as internal
standard. Mass spectra were recorded using
JEULIMS-AX-500 mass spectrometer provided with
data system. The thermal analyses (DTA and TGA)
were carried out in air on a Shimadzu DT-30 thermal
analyzer from 27 to 800°C at a heating rate of 10°C
per minute. All fluorescence measurements were
acquired by an FS5 spectrofluorometer (Edinburgh,
UK) with a 150 W xenon lamp source for excitation.
Also, with 1-cm quartz cell and connected to
Fluoracle® software. The slit widths were set to 2 nm
and scanning speed 1000 nm/min. Magnetic
susceptibilities were measured at 25°C by the Gouy
method using mercuric tetrathiocyanatocobalt(Il) as
the magnetic susceptibility standard. Diamagnetic
corrections were estimated from Pascal's constant[13].
The magnetic moments were calculated from the
equation: The ESR spectra of solid complexes at room
temperature were recorded using a varian E-109
spectrophotometer, DPPH was used as a standard
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material. The TLC of all compounds confirmed their
purity.
2.2. Preparation of the ligand
Preparation of 4-ethoxy-2-(2-ethoxy-2-oxoethyl)-2-
hydroxy-4-oxobutanoic acid

This compound (Scheme 1) was prepared by
adding of 2-hydroxypropane-1,2,3-tricarboxylic acid
(10 g, 0.05 mol), to ethanol (15.784 g, 0.34 mol) ;then
adding three drops of conc H,SO,. The mixture was
refluxed on water bath for 1 hour and then left to cool
at room temperature to afford 4-ethoxy-2-(2-ethoxy-
2-oxoethyl)-2-hydroxy-4-oxobutanoic acid.
Preparation of diethyl 3-((2-
aminophenyl)carbomyl)-3- hydroxypentanedioate:

This copound (Scheme 1) was prepared by adding
equimolar amount of 4-ethoxy-2-(2-ethoxy-2-
oxoethyl)-2-hydroxy-4-oxobutanoic acid (12.92 g,
0.05 mol) to benzene-1,2-diamine (5.63 g, 0.05 mol)

in 50 cm3 of absolute ethanol. The mixture was
refluxed with stirring for 3 hours. The light orange
product which formed was filtrated off and washed
with water, dried to give crude product. Then
recrystallized from ethanol afford a pure needle
shaped crystals of diethyl 3-((2-
aminophenyl)carbamoyl)-3-hydroxypentanedioate.

Scheme 1: Preparation of ligand diethyl 3-((2-
[} OH
o o o OH
. /\ou 3.drops H,S0, (CONC.) ) )
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OH
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aminophenyl)carbamoyl)-3-hydroxypentanedioate

Biological activity

Antimicrobial activity

Antimicrobial activity of the metal complexes was
assessed against gram positive bacteria (Staphylcoccus
aureus and Bacillis subtilis), gram negative bacteria
Escherichia coli and Proteus vulgaris) and fungi
(Aspergillus fumigates and Candida albicans) by disc
diffusion method. Where DMSO was used as negative
control [12-14]. The bacteria were subcultured in
nutrient agar medium which, composed of (g.L’
distilled water) NaCl (5 g), peptone (5 g), beef extract (3
g), agar (20 g). while the fungus was subcultured in
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Czapek-Dox’s medium which was composed (g.L'
distilled water) yeast extract (1g), sucrose (30 g),
NaNO;, agar (20 g), KCl (0.5 g), KH,PO, (1 g),
MgS0,.7H,0 (0.5 g) and trace of FeCl; .6H,O. These
media were then sterilized by autoclaving at 121 °C for
15 min. After cooling to 45 °C the media were poured
into 90 mm diameter Petri dishes and incubated at 28
°C. After solidify, Petri dishes were stored at 4 °C for
few hours. Microorganisms were spread over each dish
by using sterile bent Loop rod. The test was performed
by placing filter paper disks (3 mm diameter) with a
known concentration of the compounds on the surface
of the agar plates inoculated with a test organism.
DMSO was used as the negative control. Standard
antibacterial drug (Ampicllin (Gram positive) and

Results and discussion

All the metal complexes are stable at room
temperature, insoluble in water, not hydroscopic ,
partially soluble in MeOH, EtOH, CHCl; and
(CH;),CO and completely soluble in DMF and
DMSO. The analytical and physical data, spectral
data (experimental part, Tables 1-2) are compatible
with the proposed structures, Figures 1-4. The

molar conductances of the complexes in 10_3 M

Gentamicin  (Gram negative). antifungal  drug
(Amphotricene B) and solution of metal salts were also
screened under similar conditions for comparison. Plates
were allowed to stand in a refrigerator for two hours
before incubation to allow the tested compounds to
diffuse through the agar. The Petri dishes were
incubated for 48 h at 28 for fungus and at 37 for
bacterium. The growth inhibition zones around the holes
were observed, indicating that the examined compound
inhibits the growth of microorganism. The inhibition
zone was measured in millimeters carefully. All
determinations were made in duplicates for each of the
compounds. An average of the two independent
readings for each compound was recorded.

DMF at 25 °C were in the 77.2-1.5 ohm-lcm2mol-

! range, indicating a non-electrolytic nature. These
low values commensurate the absence of any
counters ions in their structure. Many attempts
were made to grow a single crystal until now but
unfortunately, they were failed. Reaction of the
ligand (1) with metal salts using (1L: 1M) molar

ratio in ethanol gave complexes (2-16).

Table 1: Analytical and physical data of ligand (1) and its metal complexes (2-16)
' MP Yield Anal. /Found (Calc.) (%) _

No. Ligand/Complexes Color FW ©C) %) C H N M /C\?fnsnliclté‘;t’};ol'
) [C}EI];]%OX N, Light orange 37439 | 140 95 (5511'?30) (66?;)) (77'?0)
@ | Cnoncans O Grey 200 1285175 |G | Gan | o0 | (i | 99
@ | Camoncun T Grey e N S B I PO
o |meemorno T Ton Ten (w0 [0 |85 | 1% | |0 | 2
o Jmoseormo T o e e | a8 (5 [0 B | e
I e B S SO SN R T P FE R RN P
@ Kéj;ﬁ:ﬂgﬁ&?ﬁjz HO)] Orange 52939 | 262 74 ff;;‘l) 55‘7513) 55?397) (li’o‘?zgg) 3138
®) gl,{f]ﬁi,;? (NO)(H:0) ] HoO €l Light brown 70559 | 350 87 (2277‘?;5) (33‘7616) (77‘("545) (2299‘?575) 104
O | Coopore OTEEO Dakorown | im0 | 300 s | 5L LT BE | Ghesy | 1S
U I s | 292 | @ |G [ e | sae) | aies | 26
an | Crnognncn Brown s70 | 2516 |6 | G0 | Gy | Gesy | (2o | 268
@ | Cinocany O O Baebown | @289 | 255 |84 | ace |G| GS | asry | 11
@ | Cnoscancn I A A vt I A e N
B e S PP P PO e O o B A B
o | wosemorno e e [0 [0 |85 |85 |50 [0S |
wo | moeaonmo Tyan e me w0 | 8% [0 [0 |88 |
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"H-NMR spectra of the ligand (1) and complexes
9-11)

The 'H-NMR spectra of ligand and
complexes (9-11) in deutrated DMSO showed peaks
consistent ~ with  the  proposed  structure.
The 'H-NMR spectrum of the ligand showed
chemical shift observed as singlet at 10.1 ppm
which was assigned to proton of aliphatic hydroxyl
group. The chemical shift which appeared at 7.5
ppm was attributed to the proton of NH attached to
(CH- of aromatic ring); (CO-NH-Ar-). However,
The NH, proton of aromatic was observed as a
singlet at 6.2 ppm. A set of signals appeared as
multiples in the 6.5-6.7 ppm range, corresponding to
protons of aromatic ring [15].By comparison the
'"HNMR of the ligand and the spectrum of the
complexes (9-11); signal was observed as a singlet
at 10.1 ppm characteristic to the OH group
indicating that the ligand found in the protonated
form. In addition, there is a significant downfield
shift of the NH attached to (CH- of aromatic ring);
(CO-NH-Ar-) proton signal relative to the free
ligand clarified that the metal ions are coordinated to
the amide nitrogen atom. This shift may be due to
the formation of a coordination bond (N - M)
[16,17] (Scheme 1& Figure 2).

H,C—CH,
/
\ 50,
¢—0 OH
/ \C’u/ T
H,C "
RN
0 “ OH,
we” \c——HC——C\C

Fig. 1: Structure representation of Cu(Il) complex (2)

H,C—CH,
/
N\ Y
c—0 Y
/ \,L/ nH,0
" o” T\an
X
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M=Cu(Il) Y=0Ac X=H,0 n= Complex (3)
M=Cu(Il) Y=NO3 X=H,0 n=1 Complex (4)
M=Cu(Il) Y=Cl X=H,0 n=2 Complex (5)
M=Mn(II) Y=Cl X=H,0 n=2 Complex (6)
M=Mn(II) Y=0Ac X=H,0 n= Complex (7)
M=Pb(II) Y=NO3 X=H,0 n=1 Complex (8)
M=Pb(II) Y=0Ac X=H,0 n=2 Complex (9)
M=Zn(II) Y=0Ac X=H,0 n=1 Complex (10)
,M=Zn(II) Y=Cl X=H,0 n=1 Complex (11)
,M=Cd(II) Y=0Ac X=H,0 n=2 Complex (12)
,M=Cd(II) Y=Cl X=H,0 n=1 Complex (13)
,M=Co(II) Y=0Ac X=H,0 n=1 Complex (14)
,M=Ni(II) Y=Cl X=H,0 n=1 Complex (15)
,M=Mg(II) Y=Cl X=H,0 n=2 Complex (16)

IR spectra:

The mode of bonding between the ligand and the
metal ion revealed by comparing the IR spectra of the
ligand (1) and its metal complexes (2)-(16). The ligand

showed bands in the 3620-3000 and 3000-2370 Cm-1
ranges, commensurate the presence of two types of
intra- and intermolecular hydrogen bonds of OH and
NH groups with carbonyl group [18]. Thus, the higher
frequency band was associated with a weaker hydrogen
bond. The medium band appeared at 3100 cm-1 was
assigned to v(NH) group [18-19]. The v(NH) group in
the complexes appeared nearly at the same region of
the free ligand indicating that, the NH group is not
involved in the coordination to the metal ion [20].
However, the characteristic bands of v(NH,), v(C=0)
amide and v(C=0) ester were observed at ( 3300 and

3200 ), 1620 and ( 1900 and 1700 ) cm_1 respectively.

Strong band appeared at 3400 cm_1 was attributed to
the v(C-OH) vibration. The bands appeared at

1600,1500,830 and 740 cnf1 range, were assigned to
v(Ar) vibration [20,21]. By comparing the IR spectra
of the complexes (2)-(16) with that of the free ligand. It
was found that, the position of the v(NH,) bands were

shifted by 3200,3490 cm-1 range towards lower wave
number in the complexes indicating coordination
through nitrogen of amino group (NH,) [20,21]. The

v(C=0) amide complexes appeared at 1558-1650 cm'
! range indicating that, the v(C=0) amide group was

involved in the coordination to the metal ion [20].
However, the v(C=0) ester was observed at 1600-1900
cm’ range towards lower wave number in the
complexes indicating coordination through oxygen of

carbonyl group (C=0). This is also confirmed by the

appearance of new bands appeared in the 440-530 cm-1

range, this has been assigned to the v(M-N) [21].
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In acetate complexes, (3), (7), (9), (10), (12), and (14) in these

complexes bands were observed in the 820-1506 cm  range
suggesting the coordination of acetate group in these
complexes as a monodentate fashion [18,22].The sulphato
complex (2) showed bands at 1243, 1170, 1076 and 707 (:m-1
respectively assigned to monodentate sulphate group [23].

Complexes (4) and (8) show bands at 1430-820 cm_1 range

these have been assigned to the nitrato group. Complexes (2)-
(16) show bands in the 530-440 (:m_1 was assigned to v(M-N)
[22]. Complexes (2)-(16) showed bands in the 660-606 (:m_1
range due to v(M- O) [24] . Complexes (5),(6),(11),(13),(15)

and (16) showed bands in the 461-414 cm_1
been assigned to the v(M-Cl ).

range this has

Table 2: The IR Frequencies of the bands (cm™) of [H4L] ligand (1) and its metal complexes

No. - -
v(CHs) V(CHy) | WOH) | v(H-bonding) | vNH) | =00 ynmy) | VE=0)1 yap) V(Oggﬁ )504/ WM-0) | o(M-N) | v(M-CD
TG00, T
500
3620-3000 1900,17 | 330032
@ | 29002800 | 2600 3400 3100 ; ; 1620 | 830, - - -
3000-2370 00 00 830, -
3560-3180 T750,16 | 340034 1490, | 1243,1T70,10
@ 2740 2680 3560 | 37903880 | 3100 N o 1580 | 150 o 610 515,440 ]
3) 2850 2680 3570 2003300 3150 | 173016 1 343034 [ ysg0 | 1420 1 1390,1458 612 516,441 ]
3570-3290 1750,16 | 329032 1499.7 | 1350,1100,11
@ 2870 2600 3450 | 300330 | 3140 2 o 1558 o a5 660 446,506 -
3720-3000 1700,16 | 334033 1530
®) 2940 2700 3400 | 372030001 3200 00, 9 1580 | 1 - 606 524450 | 452
©) 2900 2300 3500 il 3200 | 170916 1 338032 | ysg3 | 15008 - 606 521 450
@ 2900 2600 | 3as0 | 05U\ aia0 | 104216 1 333032 1 usy0 | 15607 | 15021303 620 | 448528 -
T430,1380, 11
®) 2900 el 3450 | 35303280 3000 | 1640161333032 1 4579 | 15007 | 750,849 612 527,448 -
0 2980 2930 3530 Sa059%0 3240 | VTINIT | 34033 | yesg | 14347 | 14001201 627 545,470 ;
(10) 2900 2590 3400 | DI | om0 | 179016 34033 1 ysz0 | 15967 | 1503,1400 620 525,450 -
3570-3100 1720,16 | 345033 1567,7 -
an 2900 2590 3500 | 3hoooeso | 3240 20 % 1566 | 1567 620 528500 | 449
@) 2890 259 w20 | 00000016 | 3033 | gy | 15677 | 105032 o 528,449 -
3) 2883 2611 3450 gggg:zggg 3134 | 168016 1 3330.32 | 4570 | 15007 - 620 526,510 | 450
(14) 2950 2036 | ags0 | 2300 | ai7s | 170316 | 327032 | ysgy | 15337 | 15061322 645 548,527 -
as) 2950 2634 3400 3a00-3900 3170 | 17AL16 1 3230.32 1 ysgg | 153337 - 610 551,529 | 461,40
16) 2850 2502 | ases | 0000 | apa0 | 17016 | 343034 | yses | 15037 - 618 530 414

Magnetic moments:

The magnetic moments of the metal complexes (2)-(16) at
room temperatures were shown in (Table 1). Cu(Il) complexes
(2)-(5) showed values in the 1.68-1.72 B.M, range
corresponding to one unpaired electron in an octahedral
structure [6,25]. Manganese(II) complexes (6) and (7) showed
values 6.21 and 6.32 B.M, indicating high spin octahedral
geometry around the Mn(II) ion [18,26]. Co(II) complex (14)
showed value 4.56 B.M, indicating high spin octahedral Co(II)
complex [18,26]. Ni(II) complex (15) showed value 3.19 B.M ,
indicating an octahedral Ni(Il) complex [27] Pb(1I)
complexes (8-9) , Zn(Il) complex (11), Cd(II) complexes (12-
13) and Mg(I) complex (16) showed diamagnetic property
[28].
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Mass spectra

The mass spectra of (1) and its, Cu(Il) complex (3) Pb(II)
complex (8), Zn(II) complex (11) and Cd(II) complex (13)
confirmed their proposed formulation. The spectrum of (1)
reveals the molecular ion peak (m /z) at 374 amu consistent
with the molecular weight of the ligand. Furthermore, the

fragments observed at (m /,z) = 66, 122, 153,
194,247,271,293,317 and 374 amu correspond
to C3NO,C6H4N02, C7H7NO3, C9H8N04, C 12H9NO5,

C14H9NO5, C14H15N06, C16H15NO(, and C16H26N208 moieties
respectively. Complex (3) shows fragments (mvz) at 62, 117,
214, 337.5, 423.5, 468.5, 493.5, 512.5 and 531.5 amu due to
CH4N02, C3H5N203, C7H6N206, C9H10N208Cu,
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Ci2H1oN,0,,Cu, Ci4H17N201,Cu, Ci6HisN>0,Cu,
C17H25N2012CU and C18H32CUN2012 moieties respectively.
The fragments observed (mvz) at

48,95,155,227,434,547,589,634,674 and 705 amu for complex
(8) were aSSigned to CH402,CH5NO4, C2H7N206, C3H7N40g,
C3H7N408Pb, C7H8N4012Pb, C9H10N4013Pb, C11H15N4014Pb,
C14H19N4014Pb and C16H26PbN4014 mOietieS, whereas the
spectrum of Zn(I) complex (11) showed molecular ion peak
at 510 assigned to the molecular weight of the complex and
also showed fragments at 48, 100,125, 167, 272, 364, 448
which were assigned to CH,0,, C;H40,, CsH505;, C;HsNO,,
C7H9N205C12, C9H12N205C12Zn and C12H12N208C12Zn.
However, Cd(IT) complex (13) gave fragments (m/z) at 62, 76,
130, 246,358, 417, 485, 526 and 557 amu , corresponding to
CH4N02,C2H6N02,C4H6N203,C5H7N205Clz,C5H7N205C12Cd,
C7H16N207C12Cd, C11H14N208C12Cd, C14H19N208C12Cd and
C,6H26N,05Cl,Cd moieties respectively.

Electronic spectra: The electronic spectral data for the
ligand (1) and its metal complexes in DMF solution were
summarized in (Table 2). Ligand (1) in DMF solution
showed four bands at 400 nm (€ =9.65 x 10 mol™ cm_l),
320 nm (£ =7.72 x 10~ mol "' em™), 302 nm (¢ =7.28 x 10
mol em™") and292 nm (€ = 7.04 x 10™ mol”' em™") which
may be assigned to n—Tr* and TE—>T* transitions of the
immine and aromatic ring respectively [29]. Cu(Il)
complexes (2-5) showed bands at 290 and 380-300 nm
range , these bands were due to intraligand transitions ,
however, the bands appeared in the 483-425, 570-520 and
650-610 nm ranges, were assigned to O—Cu, charge

2.1 2 2 2 .. e e .
transfer, "B —"E and "Bi— B2 transitions, indicating a

tetragonal octahedral structure [30,31]. However, Mn(II)
complexes (6) and (7) showed bands in the 294-290, 390-
300, 465-450, 585-570 ranges and 625 nm, the first bands
were within the ligand and the other bands are assigned
6A1g—>4Eg, 6A1g—>4ng and 6A1g—>4T1g transitions which
were compatible to an octahedral geometry around the
Mn(II) ion [26]. Pb(Il) complexes (8) and (9), Zn(Il)
complex (11), Cd(Il) complexes (12) and (13), Mg(ID)
complex (16) showed bands due to intralig and transitions.
Co(II) complex (14) showed bands at 290,395-310
range,435,578,523 and 630 nm were due to intra-ligand
transitions and indicating octahedral structure which
confirmed by magnetic moment is 4.56 BM [30]. However,
Ni(Il) complex (15) showed bands in the 296-290, 378-300,
465, 587, 610 and 747 nm ranges, the first three bands were
within the ligand and the other bands are attributable to
O—Ni  charge  transfer, A(F)—"Tie(P)  (v3),
3Azg(F)—>3T1g(F) (v2) and 3A2g(F)—>3T2g(F) (V1) transitions
respectively, indicating an octahedral Ni(II) geometry [30,32].
The v2/vi ratio for (15) is 1.26 which is less than the usual

range of 1.5-1.75, indicating a distorted octahedral Ni(II)
complex [30,33].

Table 3: Electronic spectra (nm) and magnetic moments (B.M) for the Ligand and Its complexes

No. Ligand/Complexes Amax (NM) et (BM) VoV
@ [H,L] 400,320,302,292 i i
@) | [(HL)Cu(H;0),(80,)1.H.0 608,550,448.425.368,328.,310,290 171 :
@ | [HL)Cu(H;0)(0A0),].H;0 650,570,520,455.350,323,308,290 1.69 :
@) I(HL) Cu NOsRGLONLH:0 610,530,447.430,380,310,300,290 1.68

5 | (D) CulCD,(H,0)12H.0 615.483.440,374.310,300,290 1.72

GI [l MnE20)C121.2H,0 625,570.450,390,313,292 621° :
T (P Mo 040, 1.0)] 625,585.465.370,308,300,294,290 632

@) | [(HL) Pb (NOy:(H:0) I H:0 390.310,306.286 Diamagnetic

9 | Pb(0A0):(H,0)] . 2H.0 384,310,307.300,288 Diamagnetic

ap | D Zn(C:(H,0)] . H,0 400,310,300,292 Diamagnetic

a2 | [HL)Cd (OAc)(H;0) ]2H;0 385,310,306,300,292 Diamagnetic

az | (L) CAC(H0). H.O 390,310,304,294,288 Diamagnetic

14y | [(HLICoH:0)(0Ac),] H:0 630,578,523.435,395,370,310 is6 =
as) | [HL) NICD:(H,0)] H.0 747,610,587.465.378,310,300,290 3.19 1.26
T EMeCh:(F20)1.2FL0 352,310,300,296,288 Diamagnetic
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Electron spins resonance (ESR):
The ESR spectral data for complexes (3)-(6) are
presented in (Table 3). The spectra of Cu(Il) complexes

(3-5) are characteristic of species d” configuration having
axial type of a dx2-y2) ground state which is the most
common for copper(I) complexes [18,26]. The
complexes showed g|>gt>2.0023, indicating octahedral
geometry around copper(Il) ion [34,35].The g-values are
related by the expression G = (g|-2)/ (g. -2)[33,34], where
(G) exchange coupling interaction parameter (G). If
G<4.0, a significant exchange coupling is present,
whereas if G value > 4.0, local tetragonal axes are aligned
parallel or only slightly misaligned. Complexes (3), (4)
and (5) showed 3.14, 3.50 and 3.80 values indicating
spin-exchange interactions toke place between copper(Il)
ions. This phenomena is further confirmed by the
magnetic moments values (1.43 and 1.69 B.M.). On the
other hand, The gy/A| value is also considered as a
diagnostic term for stereochemistry [36]. The g|/A| values
for the copper complexes are 170.77, 170.00 and 168.5

cm  which lie just within the range expected for the
tetragonal distorted octahedral copper(Il)complexes
(Table2).

The g-value of the Cu(Il) complexes with a 2B1g ground
state (g|>g.) may be expressed by [37].

gl =2.002 - (SK*A/AExy) H
gt =2002-CK'N/AEW) ()

Where k| and k. are the parallel and perpendicular
components respectively of the orbital reduction factor
(K), A° is the spin-orbit coupling constant for the free
copper, AExy and AEx. are the electron transition
energies of Blg—>2Bzg and 2Blg—>2Eg. From the above
relations, the orbital reduction factors (K|, K. K),
which are measure terms for covalency [38], can be
calculated. For an ionic environment, K=1; while for a
covalent environment, K<1. The lower the value of K,
the greater is the covalency.

KZ; = (g~ 2.002) AExz /2o 3)
2
K" = (g - 2.002) AExy /8o @)
K2 = (Ko +2K2)/3 ®
Table 4

ESR data for some metal (II) complexes

K values (Table 4), for the copper(Il) complexes (3), (4)
and (5) are indicating covalent bond character [26].
Kivelson and Neiman noted that, for ionic environment
g>2.3 and for a covalent environment g|<2.3 [35].
Theoretical work by Smith seems to confirm this view.
The g-values reported here (Table 4) showed
considerable covalent bond character [38]. Also, the in-

plane c-covalency parameter, az(Cu) was calculated by
a2 (Cu) = (A)/0.036)+(g(-2.002)+3/7(g -

(6)
2.002)+0.04

The calculated values (Table 2) suggested a covalent
bonding [26]. The in-plane and out of- plane Ttbonding

coefficients 1~ and B~ respectively, are dependent upon
the values of AExy and AEx. in the following equations
[30].

GZBZ = (gJ-- 2.002) AExy/ZAo (7)
o’B1” = (g1 - 2.002) AEw/So ®)

In this work, the complexes (3), (4) and (5) showed [312
values 2.84, 2.71 and 2.41 indicating a moderate degree

of covalency in the in-plane Ttbonding [38].B" value for
complexes (3), (4) and (5) showed 2.76,2.54 and 2.23
indicating ionic character of the out-of-plane, [26,39]. It
is possible to calculate approximate orbital populations
for d orbitals [40] by

Al = Aiso - 2B[1 £ (7/4) Ag|l] Agl= gl ge ®

Qp.d 2 =2B/ 2B° (10)

Where A° and 2B° is the calculated dipolar coupling for
unit occupancy of d orbital respectively. When the data
are analyzed, the components of the [40]. Cu hyperfine
coupling were considered with all the sign combinations.
The only physically meaningful results are found when
Al and Ao were negative. The resulting isotropic
coupling constant was negative and the parallel
component of the dipolar coupling 2B are negative (-
196.4, -183.03 and -156.00 G). These results can only
occur for an orbital involving the dx2-y2 atomic orbital on
copper. The value for 2B is quite normal for copper(Il)
complexes [41]. Complex (6) showed isotropic spectra
with giso= 2.03.

No . | A Ap | A’ . ag’
- g | g (('L,) (GD) < | © AE, | AE,, K | Kg | K | K | gyA | o | B2 | 82 | 28 ( o )
©) | - - 203 - - - - - - . . . . . N .
071 | 083 | 070 | 170.77 | 025 | 2.76 | 1.84 | -1.9604 | 83.58
(3) | 222|207 | 212 | 160 | 10 | 60 | 3.14 | 16949 | 21505 | 0.69
(4) | 221 | 206 | 211 | 150 | 75 | 55 | 35 | 16949 | 20833
059 | 065 | 0.78 | 061 | 170 | 024 | 254 | 1.71 | 183.03 | 779
(5) | 219 | 205 | 21 | 130 | 10 | 50 |38 | 17094 | 21276 | 049 | 0.60 | 073 | 0.53 | 168.50 | 0.22 | 2.23 | 1.41 | 156 66.40
a) g = (281 +2)/3, b) Ao = (2AL +A)/3, ¢) G=(gi-2)/ (gL -2)
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Thermal analysis (DTA and TGA):

Since the IR spectra indicated the presence of
water molecules, thermal analyses (DTA and TGA)
were carried out to certain their nature. The thermal
curves in the temperature 27-600°C range for
complexes (2)-(16) were thermally stable up to 45 °C.
Broken of hydrogen bondings occured as endothermic
peak within the temperature 43-45 °C range as shown
in (Table 3). Dehydration was characterized by
endothermic peaks observed within the temperature
75-80°C range, corresponding to the loss of hydrated
water molecules as in complexes (2-6) and (8-16).
The elimination of coordinated water molecules
occured in the 135-155°C range accompanied by
endothermic peaks [42,43]. The TGA and DTA
thermogram of Cu(Il) complex (2) showed that, the
complex decomposed in six steps. The first occurred
at 43°C with no weight loss as endothermic peak, was
due to break of hydrogen bondings. The second step
occur at 75°C with 3.45 % weight loss (Calc. 3.26%)
as endothermic peak which could be due to the
elimination of hydrated water molecule. The
decomposition step which occurred at 135°C with
6.89% weight loss (Calc. 6.74%) could be due to the
elimination of two coordinated H2O molecules. The
TGA curve displayed another thermal decomposition
at 260°C with 19.31% weight loss (Calc. 19.28%),
which could be due to the loss of coordinated sulphate
group. The complex showed an exothermic peak
observed at 285°C was due its melting point. Finally,
exothermic peaks appeared at 280, 400, 480, 500 and
610 °C corresponding to oxidative thermal
decomposition which proceeded slowly with leaving
CuO with 20.1% weight loss (Calc. 19.78%) [44]. The
TGA and DTA thermogram of Cu(Il) complex (3)
showed endothermic peak observed at 75 with 3.45%
weight loss (Calc. 3.38%) which could be due to the
elimination of  hydrated water molecule. The
decomposition process which occurred at 150°C with
3.45% weight loss (Calc. 3.50%) could be due to the
elimination of coordinated H20 molecule. The
endothermic peak observed at 240°C with 22.06%
weight loss (Calc. 22.95%), could be due to the
elimination of two coordinated acetate groups.
Another endothermic peak observed at 315°C with no
weight loss may be due to its melting point. Finally,
the complex showed exothermic peaks observed at
410, 450, 530, 650 and 750°C with 20.20% weight
loss (Calc. 19.97%) corresponding to oxidative
thermal decomposition which proceeded slowly with
final residue, assigned to CuO [33]. The TGA and
DTA thermogram of Mn(II) complex (7) showed
endothermic peak observed at 45°C, was due to break
of hydrogen bondings. Another endothermic peak
appeared at 155°C, with 4.45% weight loss (Calc.
4.40%), was due to loss of one coordinated water
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molecule. The endothermic peak observed at 240°C
with 23.70% weight loss (Calc. 23.07%), could be due
to the elimination of two coordinated acetate groups.
Another exothermic peak observed at 262 with no
weight loss may be due to its Melting point. Finally
oxidative thermal decomposition occured at 440, 480,
500 and 630°C with exothermic peaks, leaving MnO
with 20.50% weight loss (Calc. 20.23%) [44]. The
TGA and DTA thermogram of Pb(Il) complex (8)
decomposed in six steps. The first occurred at 45°C
with no weight loss as endothermic peak, was due to
break of hydrogen bondings. The second step occured
at 75°C with 2.76 % weight loss (Calc. 2.50%) as
endothermic peak  which could be due to the
elimination of hydrated water molecule. Another
endothermic peak observed at 150°C with 2.75%
weight loss (Calc. 2.60%) was assigned to the loss of
one coordinated water molecule. Another endothermic
peak appeared at with 18.68% weight loss (Calc.
18.50%) was due to loss of two nitrate groups. At
350°C, endothermic peak appeared which was due to
melting point. Oxidative thermal decomposition
occured at 400,440,480, 500 and 620 °C with
exothermic peaks, leaving PbO with 36.95% weight
loss (Calc. 36.74%) [44]. The TGA and DTA
thermogram of Pb(II) complex (9) decomposed in six
steps. The first occurred at 45°C with no weight loss
as endothermic peak, may be due to break of
hydrogen bondings. The second step occured at 80°C
with 5.02% weight loss (Calc. 4.62%) as endothermic
peak which could be due to the elimination of two
hydrated water molecules. Another endothermic peak
observed at 150°C with 2.76% weight loss (Calc.
2.64%) was assigned to the loss of one coordinated
water molecule. At 200°C, endothermic peak
appeared with 17.24% weight loss (Calc. 17.78%)
which was due to loss of two acetate groups. Another
endothermic peak observed at with 310°C with no
weight loss was due to melting point. Oxidative
thermal decomposition occured at 320,350,400 and
620 °C with exothermic peaks, leaving PbO with
41.30% weight loss (Calc. 40.90%) [44]. The TGA
and DTA thermogram of Zn(Il) complex (10)
decomposed in six steps. The first occurred at 45°C
with no weight loss as endothermic peak, may be due
to break of hydrogen bondings. The second step
occured at 75°C with 3.45% weight loss (Calc.
3.23%) as endothermic peak which could be due to
the elimination of hydrated water molecule. Another
endothermic peak observed at 150°C with 3.45%
weight loss (Calc. 3.33%) was assigned to the loss of
one coordinated water molecule. Another endothermic
peak at 240°C with 22.85% weight loss (Calc.
22.61%) was due to loss of two acetate groups. At
259°C, endothermic peak appeared which was due to
melting point. Oxidative thermal decomposition
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occured at 400,440,480, 600, 640 and 680 °C with
exothermic peaks, leaving ZnO with 11.35% weight
loss (Calc. 11.18%) [44] . The TGA and DTA
thermogram of Cd(I) complex (13) showed
endothermic peak at 45°C, due to break of hydrogen
bonding. Another endothermic peak observed at 75°C
with 3.45% weight loss (Calc. 3.23%) as endothermic
peak which could be due to the elimination of
hydrated water molecule. Another endothermic peak
appeared at 150°C, with 3.44% weight loss (Calc.
3.43%), was due to loss of one coordinated water
molecule. The endothermic peak observed at 200°C
with 13.79 % weight loss (Calc. 13.61%), could be
due to the elimination of two chloride ions. Another
endothermic peak observed at 285°C with no weight
loss may be due to its melting point. Finally oxidative
thermal decomposition occured in the 400, 450,
500,600 and 630°C with exothermic peaks, leaving
CdO with 28.63% weight loss (Calc. 28.49%) [44].
The TGA and DTA thermogram of Ni(Il) complex
(15) showed endothermic peak at 45°C, due to break
of hydrogen bondings. Another endothermic peak
observed at 75°C with 3.52% weight loss (Calc.
3.57%) as endothermic peak which could be due to
the elimination of hydrated water molecule. Another
endothermic peak appeared at 150°C, with 3.45%
weight loss (Calc. 3.71%), was due to loss of one
coordinated water molecule. The endothermic peak
observed at 240°C with 15.17 % weight loss (Calc.

Table 5: Thermal analyses for metal (II) complexes

15.18%), could be due to the elimination of two
chloride ions. Another endothermic peak observed at
310°C with no weight loss may be due to its
melting310°C with no weight loss may be due to its
melting  point.  Finally  oxidative  thermal
decomposition occured in the 350, 400, 450,500 and
600°C with exothermic peaks, leaving NiO with
18.98% weight loss (Calc. 18.83%) [44]. The TGA
and DTA thermogram of Mg(II) complex (16) showed
that, the complex decomposed in six steps. The first
occurred at 45°C with no weight loss as endothermic
peak, may be due to break of hydrogen bondings. The
second step occured at 75°C with 7.59 % weight loss
(Calc. 7.38%) as endothermic peak which could be
due to the elimination of two hydrated water
molecules. The decomposition step which occurred at
150°C with 3.45% weight loss (Calc. 3.98%) could be
due to the elimination of coordinated H2O molecule.
The TGA curve thermogram displayed another
thermal decomposition at 200°C with 16.53% weight
loss (Calc. 16.37%), which could be due to the loss of
two chloride ions. The complex showed an
endothermic peak observed at 236°C was due its
melting point. Finally, exothermic peaks appeared at
250, 300, 450, 500 and 615 °C respectively
corresponding to oxidative thermal decomposition
which proceeded slowly with leaving MgO with
11.35% weight loss (Calc. 11.11%) [44].

NO. Temp. (°C) DTA TGA (Wt.loss %)
Molecular formula Endo Exo Calcd. Found Assignment
2) [(H>L)Cu (S0,) (H,0), ]. H,O 43 endo - - - Broken of H-bondings
75 endo 3.26 3.45 Loss of (H,0) hydrated water molecule
135 endo 6.74 6.89 Loss of (2H>0) coordinated water molecules
260 endo 19.28 19.31 Loss of sulphate group
285 endo - - Melting point
280,400,480,500 - exo 19.78 20.1 Decomposition process with the formation of
CuO
3) [(H,L) Cu(H,O0)(OAc),] . H,O 45 endo - - - Broken of H-bondings
75 endo - 3.38 3.45 Loss of (H,0) hydrated water molecule
150 endo - 3.5 3.45 Loss of (H,0) coordinated water molecule
240 endo - 22.95 22.06 Loss of two coordinated acetate groups
315 endo - - - Melting point
410,450,530,650,750 - exo 19.97 20.20 Decomposition process with the formation of
CuO
(7) [(H>L) Mn (OAc); (H>0) ] 45 endo - - - Broken of H-bondings
155 endo - 34 3.45 Loss of (H;0) coordinated water molecule
240 endo - 23.07 23.7 Loss of two coordinated acetate groups
262 exo - - Melting point
440,480,500,630 exo 20.23 20.5 Decomposition process with the formation of
MnO
8) [(H:L) Pb (NO;):(H>0) ]. H,O 45 endo - - - Broken of H-bondings
75 endo - 2.5 2.76 Loss of (H,0) hydrated water molecule
150 endo - 2.6 2.75 Loss of (H,0) coordinated water molecule
220 endo - 18.5 18.68 Loss of two nitro groups
350 endo - - - Melting point
400,440,480,500,620 exo 36.75 36.95 Decomposition process with the formation of
PbO
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9) [(H>L) Pb(OAc),(H,0)] .2H,0 45 endo - - - Broken of H-bondings
80 endo - 5.02 4.62 Loss of (2H,0) hydrated water molecules
150 endo - 2.64 2.76 Loss of (H>0) coordinated water molecule
200 endo - 17.78 17.24 Loss of two coordinated acetate groups
310 endo - - - Melting point
320,350,400,620 - exo 40.9 41.30 Decomposition process with the formation of
PbO
(10) [(H>L) Zn (OAc),(H>0)]. HO 45 endo - - - Broken of H-bondings
75 endo - 3.23 3.45 Loss of (H,0) hydrated water molecule
150 endo - 3.33 3.45 Loss of (H,0) coordinated water molecule
240 endo - 22.61 22.85 Loss of two coordinated acetate groups
259 endo - - - Melting point
400,440,480,600,640,680 - exo 11.18 11.35 Decomposition process with the formation of
Zn0
(13) [(H:L) Cd(Cl)x(H,0)] . H,O 45 endo - - - Broken of H-bondings
75 endo - 3.23 3.45 Loss of (H>0) hydrated water molecule
150 endo - 3.34 3.44 Loss of (H,0) coordinated water molecule
200 endo - 13.61 13.79 Loss of two Cl atoms
285 endo - - - Melting point
400,450,500,600,700 - exo 28.49 28.63 Decomposition process with the formation of
Cdo
(15) [(H>L) Ni(Cl)(H,0)] . H.O 45 endo - - - Broken of H-bondings
75 endo - 3.27 3.52 Loss of (H>0) hydrated water molecule
150 endo - 3.71 3.45 Loss of (H>0) coordinated water molecule
240 endo - 15.18 15.17 Loss of two Cl atoms
310 endo - - - Melting point
350,400,450,500,600 - exo 18.83 18.98 Decomposition process with the formation of
NiO
(16) [(H.L)Mg(Cl),(H,0)].2H,0 45 endo - - - Broken of H-bondings
75 endo - 7.38 7.59 Loss of (2H>0) hydrated water molecules
150 endo - 3.98 3.45 Loss of (H>0) coordinated water molecule
200 endo - 16.37 16.53 Loss of two Cl atoms
236 endo - - - Melting point
250,300,450,500,615 - exo 11.11 11.35 Decomposition process with the formation of

MgO

Fluorescence spectroscopy

The emission spectra of the Cu(II) metal complex (4)
was recorded in DMSO and were shown in Fig. 2. After
an excitation wavelength of 415 nm, the Cu (II) metal
complex (4) showed an emission wavelength of 580 nm,
and discovered to be red shifted. Furthermore, the red

shift of the emission wavelength in the case of Cu (II)
may be caused by the primary amino group. Additionally,
the conjugation of the ligand and metal complex resulted
in an increase in fluorescence intensity. The copper;
Cu(II) metal complex has fluorescent in nature, as seen
by the fluorescence emission spectra (Fig. 2).

Fig. 2: Fluorescence curves of Cu(Il) complex (4), in DMSO at emission 580 nm after excitation at 415 nm, in concentration range (a-g, 3.0 x 10°-

29x10%
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Antimicrobial activity

In vitro biological screening tests of the ligand and
its metal complexes (2-16) were carried out as
antibacterial and antifungal activity and presented in
Table 5 and figure 8. The antibacterial activity was
tested against two bacterial strains; Gram-positive
Streptococcus aureus (S. Aureus) and Bacillis subtilis
(B. subtilis) as well as Gram-negative Escherichia coli
(E.coli) and protteus vulgaris (P. vulgaris) strains. The
results compared with standard drug Gentamicin for
Gram positive and Gram negative. The data indicated
that, complexes were active against bacteria.
Complexes (2-16) showed antibacterial activities
against Streptococcus aureus and Bacillis subtilis (B.
subtilis) [45] as well as Gram-negative Escherichia coli
(E.coli) and protteus vulgaris (P. vulgaris) strains. The
results showed that, the order of cytotoxic effect
against Gram positive and Gram negative strains for
Streptococcus aureus is (13)> (14),control> (12)>
(4,15)> (5)> (3,11)> (6,7)> (2,8)> (9)> (16) and for B.
subtilis the order is (4)> (13)> (3,5,10)> (2,14,control)>
(12)> (15)> (11)> (7)> (8)> (6)> (9,16). Also for E.coli
the order is (control) > (4,13)> (14)> (5,15)> (3,12)>
10)> (11)> (2)> (6,7)> (8,9,16) and also for protteus
vulgaris the order is (13)> (10)> (11,12,14)> (15)>
(control)> (5)> (6)> (4,7)> (8)> (3)> (2,16)> (9). Cu(Il)
complexes showed wide range of bactericidal activities
against the gram positive and gram negative bacteria.
The complexes were also

subjected to antifungal activity against Aspergillus
fumigatus (A. fumigatus ) and Candida albicans (C.
albicans). The investigation showed that, Ni(Il)
complex (15) and Zn (II) complex (10) were more
active against Aspergillus fumigatus whereas Mn(II)
complexes (6) and Pb(I) complex (9) were not active
against Aspergillus fumigatus. The complexes of
diethyl3-((2-aminophenyl)carbamoyl)-3-
ydroxypentanedioate are more active for
microorganisms and this was also indicated that,
nitrogen was a more effective antimicrobial agent. The
increase in the activity of complexes as compared to the
parent ligand may be due to the complex formation in
which the ligand was coordinated to the central metal
ion through the nitrogen of aromatic NH, group with
the active centers of the cell constituents resulting in an
interference with the cell process leading to an
increased biological action. On comparing the results in
general, it may be concluded that the complexes have
greater inhibiting power than standard drug was used
against all the microbes. The zone of inhibition was
measured with respect to control.

o
B
£
il B b i
£ |
§ o , 1
2 S(apgz:(;z(:ccus Bcillus subtilis Escherichia coli | Proteus vulgaris
m Standard drug 24 26 30 25
= Complex(2) 12 2% 15 ‘ 15
m Complex(3) 16 27 19 16
Complex(4) 18 30 23 21
= Complex(s) 17 27 20 ‘ 23
m Complex(6) 13 11 14 21
m Complex(7) 13 13 14 15
m Complex(8) 12 12 0 15
Complex(9) 10 0 0 15
Complex(10) 17 27 18 15
m Complex(11) 16 14 16 15
m Complex(12) 23 22 19 15
Complex(13) 26 28 23 15
Complex(14) 24 26 22 15
Complex(15) 18 19 20 15
Complex(16) 0 0 0 15

Fig.3: Biological activities of the standard drug and metal complexes (2-16) against bacteria
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Mean inhibition zone
N
o

15
10
1 |
0

Aspergillus fumigatus

m Standard drug 17
m Complex(2) 14
m Complex(3) 14
m Complex(4) 15
m Complex(5) 15
m Complex(6) 0
m Complex(7) 10
m Complex(8) 10
Complex(9) 0
Complex(10) 17
W Complex(11) 11
m Complex(12) 12
Complex(13) 10
Complex(14) 13
Complex(15) 21
Complex(16) 0

Conclusion

Mono organometallic complexes of Cu(II), Mn(ID),
Pb(Il), Zn(II), Cd(II), Co(Il), Ni(Il) and Mg(II) ions
with diethyl 3-((2-aminophenyl)carbamoyl)-3
hydroxypentanedioate ligand has much potential as
antimicrobial agents. These complexes have been
synthesized and characterized by (1H-NMR, mass, IR,
UV-VIS, ESR) spectra, magnetic moments and
conductance measurements, elemental and thermal
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