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� Akadémiai Kiadó, Budapest, Hungary 2015

Abstract New metal complexes derived from the reac-

tion of Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II) and

Zn(II) chlorides with the 2-imino-2H-chromene-3-carbox-

imide organic ligand (HL) have been synthesized. The

resulting complexes have been characterized by elemental

analysis (CHN), IR, magnetic susceptibility, mass spectra,
1HNMR, UV–Vis, ESR, thermal analysis (TG, DTG and

DTA) and molar conductance measurements. All the

complexes are 1:2 and 1:3 electrolytes according to their

molar conductivities. The microanalyses and spectroscopic

data showed that the metal(II)/(III) ions in these complexes

achieved coordination number of six and hence have

octahedral geometrical structures. This is attained by

bonding to the bidentate ligand via its two amino nitrogen

atoms and two imine nitrogen atoms, and two monodentate

aquo groups via its oxygen atoms. The results showed that

the ligand acts as neutral bidentate coordinating via amino

and NH nitrogens without displacement of hydrogen. The

antimicrobial activities of the chromene ligand and its

complexes have been tested against a number of patho-

genic bacteria and fungi to assess their inhibiting potential.

Antimicrobial studies indicate that these complexes exhibit

better activity than the chromene ligand.
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Introduction

The fusion of a-pyrone ring with benzene nucleus gives

rise to a class of heterocyclic compounds known as cou-

marin (benzo-a-pyrones). Except for coumarin and dicou-

marol, all other naturally occurring coumarins are

derivatives of 7-hydroxy-coumarin. Natural and synthetic

coumarin derivatives represent, nowadays, an important

group of organic compounds that are used as antibiotics

[1, 2], fungicides [3], anti-inflammatory [4], anticoagulant

[5] and antitumor agents [6, 7]. Regarding their high flu-

orescence ability, they are widely used as optical whitening

agents, brighteners, laser dyes and also as fluorescent

probes [8–10] in biology and medicine [11].

Hydroxycoumarins find wide applications as analytical

reagents in the determination of metal ions [12–15]. The

crystal structure of our N-(4-halophen-yl)-4-oxo-4H-chro-

mene-3-carboxamides (halo = F, Cl, Br and I), N-(4-fluoro-

phen-yl)-4-oxo-4H-chromene-3-carboxamide, C16H10FNO3,
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N-(4-chloro-phen-yl)-4-oxo-4H-chromene-3-carboxamide,

C16H10ClNO3, N-(4-bromo-phen-yl)-4-oxo-4H-chromene-

3-carboxamide, C16H10BrNO3, and N-(4-iodo-phen-yl)-4-

oxo-4H-chromene-3-carboxamide, C16H10INO3, has been

characterized [16].

Spectroscopic studies involving mixed ligand com-

plexes of coumarilic acid/nicotinamide with transition

metal complexes have been reported [17]. The present

work aims to describe the coordination behavior of novel

complexes of 2-imino-2H-chromene-3-carboxamide

toward some bi- and trivalent transition metal ions like

Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II) and Zn(II).

The structure of the synthesized complexes is elucidated

using elemental analysis, IR, XRD, magnetic moment,

molar conductance and thermal analysis measurements.

The antimicrobial activities of the ligand and its metal

complexes were detected on gram-positive and gram-neg-

ative bacteria and on fungi organisms. The antimicrobial

activity of the ligand and its metal complexes is reported.

Experimental

Material and reagents

All chemicals used were of the analytical reagent grade

(AR) and of the highest purity available. They included

CuCl2�2H2O, NiCl2�6H2O, MnCl2, CoCl2�6H2O and

CrCl3�6H2O. They were supplied from Sigma. ZnCl2�2H2O

(Ubichem) and FeCl3�6H2O (Prolabo) were also used.

Organic solvents included absolute ethyl alcohol, diethyl

ether, dimethylformamide (DMF) and acetone. They were

spectroscopically pure from BDH. Hydrogen peroxide,

hydrochloric and nitric acids (Merck), cyanoacetamide

(Sigma), salicyladehyde (Aldrich), ammonium acetate

(Fluka), tryptone (Oxford), yeast extract (Oxford) and agar

(Adwic) were also used. Deionized water collected from all

glass equipments was usually used in all preparations.

Solutions

Stock solutions of the chromene ligand and its metal

complexes (1.0 9 10-3 M) were prepared by dissolving

the accurately weighed amount in DMF. Dilute solutions of

the chromene ligand (1 9 10-5 M) and its metal com-

plexes (1 9 10-4 M) were prepared by accurate dilution of

the previous prepared stock solution.

Instruments

The molar conductance of solid chelates in DMF was

measured using Sybron-Barnstead conductometer (Meter-

PM. 6, E = 3406). Elemental microanalyses of the solid

chelates for C, H and N were performed at the Microana-

lytical Center, Cairo University. The analyses were repe-

ated twice to check the accuracy of the analyzed data. The

X-ray powder diffraction analyses were carried out by

using Philips Analytical X-ray BV, diffractometer type PW

1840. Radiation was provided by copper target (Cu anode

2000 W) high-intensity X-ray tube operated at 40 kV and

25 mA. Divergence and the receiving slits were 1 and 0.2,

respectively. Infrared spectra were recorded on Perkin-

Elmer FTIR type 1650 spectrometer in wave number

region 4000–400 cm-1. The spectra were recorded as KBr

pellets. The solid reflectance spectra were measured on

Shimadzu 3101 PC spectrophotometer. The magnetic sus-

ceptibility was measured on powdered samples using the

Faraday method. The diamagnetic corrections were made

by Pascal’s constant, and Hg[Co(SCN)4] was used as a

calibrant. The 1HNMR spectra were recorded using

300 MHz Varian-Oxford Mercury. The deuterated solvent

used was dimethylsulfoxide (DMSO-d6), and the spectra

extended from 0 to 15 ppm. The thermal analyses (TG,

DTG and DTA) were carried out in dynamic nitrogen

atmosphere (20 mL min-1) with a heating rate of

10 �C min-1 using Shimadzu TG-60H and DTA-60H

thermal analyzers. The electronic spectra were recorded in

DMF at room temperature on Shimadzu UV–visible mini-

1240 spectrophotometer. Electron spin resonance spectra

were also recorded on JES-FE2XG ESR spectrophotometer

at Microanalytical Center, Tanta University. Mass spectra

were recorded by the EI technique at 70 eV using MS-5988

GS-MS Hewlett-Packard instrument at the Microanalytical

Center, National Center for Research, Egypt.

Synthesis of the ligand HL

2-Imino-2H-chromene-3-carboximide ligand (HL) was

prepared by the reaction of cyanoacetamide with salicy-

ladehyde in ethanol/ammonium acetate mixture at 50 �C
for 10 min [18]. The ligand has yellowish orange color

with 85 % yield.

Synthesis of metal complexes

The chromene metal complexes were prepared by the

addition of hot solution (50 �C) of the appropriate metal

chloride (1.0 mmol) in an ethanol–water mixture (1:1,

25 mL) to hot solution (50 �C) of HL (0.3762 g HL,

2.0 mmol) in DMF (25 mL). The mixture was left on a

steam bath for 30 min. In some cases, when the metal

chelates did not separate on standing, drops of ammonia

solution (1:10) were added slowly with stirring until pH

6–8 was attained, at which point the metal complexes

separated. They were collected by filtration and purified by

washing with an ethanol–water mixture (1:1). The
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analytical data for C, H and N were repeated twice. The

percent yield was ranged from 68 to 76 %.

Biological activity

The newly synthesized complexes were tested for their bio-

logical activity in vitro against bacteria strains such as

Escherichia coli, Staphylococcus aureus, Neisseria gonor-

rhoeae, Bacillus subtilis and Candida albicans employing

susceptibility test method. To a sterile agar medium, 0.5 mL

spore suspension (10-7–10-8 spore mL-1) of each of the

investigated organisms was added just before solidification,

then poured into sterile petri dishes (9 cm in diameter) and left

to solidify. Using sterile cork borer (6 mm in diameter), three

holes (wells) were made in each dish and then 0.1 mL of the

tested compounds dissolved in DMF (100 lg mL-1) were

poured into these holes. LB agar media, a suitable media for

most bacteria and composed of sodium chloride (10 g L-1),

tryptone (10 g L-1), yeast extract (10 g L-1) and agar

(15 g L-1), surface were inoculated with four investigated

bacteria (two Gram–positive and two Gram–negative) and

one fungi organism then transferred to a saturated disk with a

tested solution in the center of petri dish (agar plates). Finally,

the dishes were incubated at 37 �C for 48 h where clear or

inhibition zones were detected around each hole. DMF

(0.1 mL) alone was used as a control under the same condition

for each organism, and by subtracting the diameter of inhi-

bition zone resulting with DMF from that obtained in each

case, both antibacterial and antifungal activities can be cal-

culated as a mean of three replicates [19, 20].

Spectrophotometric studies

The absorption spectra were recorded for 1.0 9 10-5 M

solutions of the chromene ligand and 10-4 M solutions of

its metal complexes in DMF. The spectra were scanned

within the wavelength range from 200 to 700 nm.

Results and discussion

The chromene ligand was prepared according to the pre-

viously published data [18] as given below (Eq. 1).

The physical and analytical data of the chromene ligand HL

and its corresponding transition metal complexes are listed in

Table 1. Cr(III), Ni(II), Cu(II) and Zn(II) complexes are

brown, Mn(II) complex is yellowish brown, Fe(III) complex is

deep red, while Co(II) complex is green in color. They are

thermally stable above 300 �C. The results of elemental

analyses (Table 1) suggest that the complexes are formed with

1:2 [metal]/[chromene] ratio, and they proposed to have the

general formulae [M(HL)2(H2O)2]Cl2�nH2O (M = Mn(II),

Co(II), Ni(II), Cu(II) and Zn(II); n = 2–4) and [M(HL)2(H2

O)2]Cl3�nH2O (M = Cr(III) and Fe(III); n = 1–2). The

complexes are insoluble in alcohols and most of the organic

solvent, but they are soluble in dimethylformamide and

dimethylsulfoxide.

Magnetic susceptibility and electronic spectra

measurements

Magnetic moment values (Table 1) along with electronic

spectral data were used to determine the stereochemistry of

the isolated complexes. The room-temperature magnetic

moments of all the complexes are in agreement with the

spin-free values. The magnetic moment values for Cr(III),

Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) indicate the high-

spin octahedral nature of the complexes (Table 1).

Hexa-coordinated Cr(III) complexes with octahedral

symmetry showed three spin-allowed bands in the range of

18,000–30,000 cm-1, while the complex under study

showed four bands at 16,450, 25,050, 26,980 and

37,650 cm-1, respectively, which may be assigned to
4A2g(F) ? 4T2g(F), 4A2g(F) ? 4T1g(F), 4A2g(F) ?
4T1g(P) and 4B1g ? 4A1g(m4) transitions, respectively,

expected for high-spin octahedral Cr(III) complexes [21–24].

The diffused reflectance spectrum of the Mn(II) complex

exhibits three bands at 16,765, 20,080 and 25,640 cm-1

assignable to 4T1g ? 6A1g, 4T2g(G) ? 6A1g and
4T1g(D) ? 6A1g transitions, respectively [25–27], which

indicated that the Mn(II) complex had octahedral geometry.

The Fe(III) chelate exhibited bands from diffused reflectance

spectrum at 21,240 cm-1, which may be assigned to the
6A1g ? T2g(G) transition in octahedral geometry of the

complex [28, 29]. The two bands at 16,030 and 13,855 cm-1

resulted from the splitting of the 6A1g ? 5T1g transition.

CHO

OH
+

CN

O

NH2
EtOH, amm. acetate

50°C O NH

NH2

O

salicyladehyde cyanoacetamide chromene

ð1Þ
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The diffused reflectance spectrum of Ni(II) complex

showed the bands at 13,660, 16,380 and 26,555 cm-1

assignable to 3A2g ? 3T1g (F), 3A2g(F) ? 3T2g(F) and
3A2g ? 3T1g (P) transitions, respectively, for an octahedral

geometry [28, 30] around Ni(II) ion. The Co(II) complex

exhibits three bands at 14,780, 17,690 and 22,698 cm-1

assignable to 4T1g(F) ? 4T2g(F) (m1), 4T1g(F) ? 4A2g(F) (m2)

and 4T1g(F) ? 4T1g(P) (m3) transitions, respectively, which

suggested an octahedral geometry [28, 30–33] for the com-

plex. The room-temperature magnetic moment values are

summarized in Table 1. A magnetic moment value of 5.08

and 3.55 BM for Co(II) and Ni(II) complexes, respectively,

is typical of octahedral environments around the metal

centers [24, 31–34].

On the basis of diffused reflectance spectrum, distorted

octahedral geometry around Cu(II) ion in complex is sug-

gested [24, 35, 36]. The spectrum showed a broad band at

12,990 cm-1 (dx2-y2/dxy transition) and a second band at

17,480 cm-1 which may be assigned to dx2-y2/dxy;yz

transition. This complex had magnetic moment of 1.88

BM, which was expected for one unpaired electron and

offered possibility of an octahedral geometry [24, 37–39].

The Zn(II) complex was diamagnetic as expected, and

its geometry was most probably octahedral similar to the

remaining complexes of the ligand under study.

Molar conductance measurements

The chelates were dissolved in DMF, and the molar con-

ductivity of 10-3 M solutions is measured at room tem-

perature (25 �C). Table 1 shows the molar conductance

values of the complexes. It is concluded from the results

that all the metal chelates had molar conductance values of

115.4–182.0 X-1 mol-1 cm2 indicating their ionic nature

and they behave as 1:2 (bivalent metal chelates) and 1:3

(trivalent metal chelates) electrolytes [40].

UV–Vis spectral studies

UV–Visible spectra of the chromene ligand (1 9 10-5 M)

and its chelates (1 9 10-4 M) were carried out in DMF

within the wavelength range from 200 to 700 nm at room

temperature using the same solvent as blank. It can be seen

that the chromene ligand has two sharp absorption bands.

The first band at 294 nm may be attributed to p–p* tran-

sition of the benzene ring. The second band observed at

348 nm can be attributed to n–p* electronic transition. The

spectra of metal complexes showed the p–p* and n–p*

transition bands at 293–297 and 330–352 nm, respectively.

The shift in the n–p* transition band can be accounted to

the participation of the lone pair of electrons on the amino

group in binding to metal ions. The spectra of Cr(III),

Co(II), Ni(II) and Cu(II) complexes showed a thirdT
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absorption band at 416, 418, 420 and 397 nm, respectively,

which may be assigned to the charge transfer.

Powder X-ray diffraction spectroscopy

To obtain further evidence about the structure of the metal

complexes, X-ray powder diffraction was performed. The

diffractograms obtained for chromene organic ligand and

its metal complexes were compared. The XRD patterns

indicated crystalline nature of the complexes. It can also

conclude that the pattern of the chromene organic ligand

differs from its metal complexes, which may be attributed

to the formation of a well-defined distorted crystalline

structure. Probably, this behavior was due to the incorpo-

ration of water molecules into the coordination sphere.

Mass spectral studies

On the basis of earlier reported work, the ligand was

characterized based on mass spectrometry. Molecular ion

peak of ligand was observed at m/z = 188 with isotopic

peak (almost 24 %) at m/z = 188. Base peak was observed

at m/z = 143 with the cleavage of H2O and HCN (path a),

OC=NH (path b) or N2 and �O2 (path c) groups from

molecular ion. This molecular ion fragment was further

disintegrated by the cleavage of CN group (path a) or C2H3

group (path c) resulting in the fragment peak at m/z = 118

(found 118, RI = 62 %). The fragment pattern of the

molecules was observed also by the further cleavage and

the resulting peak at m/z = 75 and followed by ring

cleavage and so on (Scheme 1).

The proposed molecular formulae of [Cr(HL)2(H2O)2]-

Cl3�H2O, [Fe(HL)2(H2O)2]Cl3�2H2O and [Cu(HL)2(H2-

O)]Cl2�2H2O metal complexes were confirmed by

comparing their molecular formula weights with m/z val-

ues. The molecular ion peaks at m/z = 579 (RI = 1 %;

M-�H2O), 611 (RI = 1 %; M?) and 582 amu (RI = 1 %;

M?) are the calculated molecular weights of 588.5, 610.5

and 582.5 g mol-1, respectively. These data are in good

agreement with the respective molecular formulae of metal

complexes. The mass spectra of the complexes showed the

parent HL ligand peak at 189 (RI = 23 %), 189

(RI = 8 %) and 189 amu (5 %) for Cr(III), Fe(III) and

Cr(III) complexes, respectively, confirming the complex

formation.

IR spectral studies

The most important IR bands are listed in Table 2. The

bonding sites in the metal complexes were determined by a

careful comparison of the spectra of the metal complexes

and the spectrum of the chromene ligand [41]. The bands at

3056 cm-1 are assigned to m(NH) of chromene organic

moiety of the ligand. This band shifted to lower

(3045–3050 cm-1) or higher (3060–3075 cm-1) wave

number in the spectra of the complexes. This observation

indicates that the NH group participates in complex

formation.

The IR spectrum of the ligand showed the bands at

3289, 3217, 1613, 1546 and 755 cm-1 which are assigned

to m(NH2) stretching, scissoring and in-plane and out-of-

plane bending vibrations, respectively. These bands are

shifted to higher or lower wave numbers in the spectra of

metal complexes, confirming the binding of the chromene

organic ligand to the metal ions with the amino nitrogen

group. Therefore, the results indicated that the chromene

ligand behaves as a neutral bidentate chelating ligand to the

meal ions via the NH nitrogen and amino nitrogen without

displacement of a hydrogen atom from the two groups

(Table 2). The spectra also show bands in the region of

414–496 cm-1 assigned to m(M–N) [42].

1HNMR

The spectra of chromene ligand HL and its Zn(II) complex

were recorded in d6-dimethylsulfoxide (DMSO) solution

using tetramethylsilan (TMS) as an internal standard.

The spectrum of the Zn(II) complex is examined in

comparison with chromene HL ligand (Table 3). Upon

examination, it was found that the analytical data for HL

chromene ligand revealed a molecular formula

C10H8N2O2. 1HNMR spectra showed a multiplet at

6.66–8.99 and 6.70–8.90 ppm assigned to aromatic protons

of chrome ligand and Zn(II) complex, respectively. A

singlet bands at 4.60 and 11.10 and 4.52 and 11.0 ppm can

be assigned to an amino (NH2) and an imine NH protons in

the chrome ligand and Zn(II) complex, respectively. The

position of the amino NH2 and imine NH protons is

ascertained from the disappearance of these two bands

upon addition of deuterated solvent. The shift in these two

bands in the Zn(II) complex lower than that of the chro-

mene ligand supported the participation of NH2 and NH

groups in chelation.

Thermal analyses (TG and DTG) studies

Table 4 shows the TG and DTG results of thermal

decomposition of chromene (HL) ligand and its metal

chelates. From these results, it was concluded that:

The chromene ligand decomposed in four steps within

the temperature range from 30 to 700 �C. The first mass

loss of 7.19 % (calcd. = 7.45 %) within the temperature

range of 30–140 �C can be attributed to the loss of �N2

gas. The second step occurred within the temperature range

of 140–370 �C (estimated mass loss = 35.86 %;
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calcd. = 36.70 %) and can be accounted to the loss of

C3H3NO molecule. The third step can be attributed to the

loss of the remaining part of the chromene ligand with an

estimated mass loss of 56.96 % (calcd. = 55.85 %) in the

370–700 �C temperature range. The DTA data are listed in

Table 4. The decomposition of the chromene ligand

O N

N

O

H

H2

O N

N

H

O N

O

O

CHOH

O

CH2

CH3

O NH

NH2

O

O

m/z = 188
( f = 188; RI = 24%)

m/z = 171
( f = 171; RI = 45%)

m/z = 144
( f = 143; RI = 100%); base peak

m/z = 118
( f = 118; RI = 62%)

m/z = 119
( f = 118; RI = 62%)

m/z = 92
( f = 93; RI = 5%)

m/z = 75
( f = 77; RI = 16%)

m/z = 160
( f= 160; RI = 2%)

m/z = 118
( f = 118; RI = 62%)

m/z = 91
( f = 89; RI = 21%)

m/z = 91
( f = 89; RI = 21%)

m/z = 144
( f = 143; RI = 100%); base peak

m/z = 144
( f= 143; RI = 100%); base peak

path (a) path (d) path (b)

path (c)

Scheme 1 Mass fragmentation pattern of chromene ligand

Table 2 IR spectra (4000–400 cm-1) of chromene ligand and its binary metal complexes

Compound m(NH2) m(NH2)/scissoring d(NH2)/in plane d(NH2)/out of plane m(NH) m(C=O) m(M–N)

HL 3289m, 3217m 1613sh 1546m 755sh 3056m 1691sh –

[Cr(HL)2(H2O)2]Cl3�H2O 3425–3300br 1648m 1535m 760sh 3047s 1719m 414s

[Mn(HL)2(H2O)2]Cl2�4H2O 3402–3320br 1624s 1530s 752s 3060w 1664sh 563s

[Fe(HL)2(H2O)2]Cl3�2H2O 3417–3147br 1648sh 1535m 759sh 3048m 1708m 496s

[Co(HL)2(H2O)2]Cl2�3H2O 3409–3200br 1653m 1527sh 755sh 3050s 1698m 415s

[Ni(HL)2(H2O)2]Cl2�4H2O 3384–3261br 1653m 1528sh 761sh 3045s 1703m 465s

[Cu(HL)2(H2O)2]Cl2�2H2O 3393–3132br 1656sh 1524sh 753sh 3046m 1696s 463s

[Zn(HL)2(H2O)2] Cl2�3H2O 3449–3280br 1654m 1525m 759sh 3075s 1705s 461s

sh sharp, m medium, br broad, s small, w weak
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appeared in the DTA as endothermic (250, 313, 330 and

360 �C) and exothermic (233 and 300 �C) peaks.

The [Cr(HL)2(H2O)2]Cl3�H2O chelate showed four

stages of decomposition within the temperature range from

35 to 650 �C. The first step of decomposition at 35–110 �C
temperature range can correspond to the loss of water

molecules of hydration and Cl2 gas. The DTA data listed in

Table 4 showed that the Cr(III) complex had endothermic

peak within this temperature of decomposition. The second

stage occurred within the temperature range of 110–225 �C
may be accounted for the loss of coordinated water and

�Cl2 gas. This decomposition step appeared as endother-

mic peak at 160 �C in the DTA curve. While the subse-

quent steps involved loss of organic part of the chromene

ligand molecules with an estimated mass loss of 60.42 %

(calcd. = 59.83 %), these two decomposition steps are

accompanied by endothermic and exothermic peaks in the

DTA curve. The overall mass losses amount to 87.67 %

(calcd. = 87.10 %), leaving chromium oxide as residue of

decomposition. The two endothermic peaks observed at

700 and 800 �C can be attributed to phase change in the

metal oxide residue.

The curves of [Co(HL)2(H2O)2]Cl2�3H2O and [Zn(HL)2

(H2O)2]Cl2�3H2O chelates showed four stages of decom-

position within the temperature range from 25 to 650 and

25 to 950 �C, respectively. The first stage corresponded to

the loss of water molecule of hydration. The DTA data

listed in Table 4 showed that the Zn(II) complex had

endothermic peak at 60 �C, while Co(II) complex had

endothermic and exothermic peaks within this temperature

of decomposition (Table 4). The second step of decom-

position can be attributed to the loss of coordinated water

and �Cl2 in case of Co(II) complex and loss of coordinated

water and 2 HCl molecules in case of Zn(II) complex. It is

obvious from Table 4 that this decomposition step

appeared in the DTA curves as endothermic and exother-

mic peaks for both complexes. While the subsequent steps

involved loss of organic part of the chromene ligand

molecules, these two steps are accompanied by the

appearance of many endothermic and exothermic peaks

within the temperature ranges given in Table 4. The overall

mass losses amount to 80.49 % (calcd. = 79.12 %) and

85.87 % (calcd. = 86.45 %) for Co(II) and Zn(II) com-

plexes, respectively.

The TG curves of [Mn(HL)2(H2O)2]Cl2�4H2O and

[Fe(HL)2(H2O)2]Cl3�2H2O chelates exhibit three decom-

position steps within the temperature range from 25 to 750

and 35 to 650 �C, respectively. The first step may be

attributed to the loss of hydrated water and Cl2 molecules

(estimated mass loss = 23.86 % and calcd. = 24.03 %)

and HCl and hydrated water (estimated mass

loss = 64.99 %, calcd. = 64.21 %) within the temperature

range from 25 to 130 and 35 to 140 �C for Mn(II) and

Fe(III) chelates, respectively. The DTA data listed in

Table 4 showed that the Mn(II) complex had two

exothermic and one exothermic peaks, while Fe(III) com-

plex had one endothermic and one exothermic peaks within

the given decomposition temperature ranges. Meanwhile,

the subsequent steps involved the loss of coordinated water

and the organic part of the chromene ligand molecules in

case of Mn(II) complex and Cl2 and chromene organic part

of the ligand in case of Fe(III) complex. These losses

appeared as endothermic and exothermic peaks in the DTA

curves of both complexes as given in Table 4. The overall

mass losses amount to 88.85 % (calcd. = 88.24 %) and

84.56 % (calcd. = 84.61 %), leaving MnO and �Fe2O3 as

residues for Mn(II) and Fe(III) complexes, respectively.

On the other hand, [Ni(HL)2(H2O)2]Cl2�4H2O and

[Cu(HL)2(H2O)2]Cl2�2H2O chelates exhibit five decompo-

sition steps within the temperature range from 40 to 700

and 25 to 700 �C, respectively. The estimated mass losses

within the temperature ranges given in Table 4 can be

attributed to the loss of hydrated and coordinated water

molecules, Cl2, HCl and two chromene ligand molecules.

According to the data listed in Table 3, the total mass

losses of the decomposition steps were found to be

88.96 % (calcd = 87.79 %) and 85.48 % (calcd. =

83.96 %) for Ni(II) and Cu(II) complexes, respectively.

The DTA data of both complexes are listed in Table 4. It is

clear from these data that these decomposition steps

appeared in the DTA curves as endothermic and exother-

mic peaks.

ESR spectra

The ESR spectrum of Cu(II) complex, recorded in the solid

state, is consistent with the octahedral geometry around

Cu(II) center in the complex [26, 31]. The ESR spectrum of

Cu(II) complex gave an anisotropic signal with corre-

sponding g-values as g|| = 2.284 and g\ = 2.065. The

trend in the observed ‘‘g’’ values g||[ g\[ ge (2.0023)

suggested that the unpaired electron lies mainly in the

dx2-y2 orbital. For the reported Cu(II) complexes, g||\ 2.3

Table 3 1HNMR spectral data of chromene ligand and Zn(II)

complex

Compound Chemical

shift (d, ppm)

Assignment

HL 11.10 (s, 1H, =NH)

6.66–8.99 (m, 5H, Ar–H)

4.60 (s, 2H, NH2)

[Zn(HL)2(H2O)2]Cl2�3H2O 11.00 (s, 2H, =NH)

6.70–8.90 (m, 10H, Ar–H)

4.60 (br, 4H, NH2)
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value, confirming the covalent character of the metal–li-

gand bond. The axial symmetry parameter G value which

was a measure of exchange coupling interaction between

two metal ions was calculated for Cu(II) ions via the

equation, G = (g|| - 2)/(g\ - 2) [43–45]. The calculated

G value was higher than 4, suggesting a dx2-y2 ground state

[43–45]. This result also indicated that the exchange cou-

pling effects were not operative in the present complex

[43–45].

Antimicrobial activity

The prepared ligand and its metal complexes were also

tested for their antimicrobial activity, as illustrated in

Table 5 and Fig. 1, against the following standard refer-

ence gram-positive (Neisseria gonorrhoeae and Staphylo-

coccus aureus) and gram-negative (Escherichia coli and

Bacillus subtilis) bacterial strains. Also, they are tested

against Candida albicans fungus. The antimicrobial

activity of the ligand and its metal complexes on both

gram-positive and gram-negative bacteria and Candida

albicans fungus was obtained by determining inhibitory

zone diameter (mm mg-1 sample) as shown in Table 5 and

Fig. 1. The chromene HL ligand is found to have no

antimicrobial activity against Neisseria gonorrhoeae,

Bacillus subtilis and Candida albicans organisms. In

addition, Mn(II) complex has no antimicrobial activity

against the organisms used in this study. It was obvious

from Table 5 that Co(II) and Ni(II) complexes have anti-

fungal activity similar to ketokonazole standard, while the

others have no activity. The other metal complexes have

antibacterial activity higher than the organisms used in this

study and also the amikacin standard.

According to Tweedy’s theory [46], it is found that

chelation reduces the polarity of the metal atom due to its

positive charge partially shared with a donor group and the

possible p-electron delocalization over the whole chelate ring

[47]. Therefore, the lipophilic character of the central metal

atom could enhance such chelation, which subsequently

favors its permeation through the lipid layers of the cell

membrane and blocking the metal binding sites on enzymes

of microorganism [46–48]. In addition, there are many factors

which also increase the activity, namely solubility, conduc-

tivity and bond length between the metal and the ligand.

It is worth to mention that HL ligand showed similar or

lower biological activity against the tested strains compared

to the complexes. Structure activity relationships showed

that [Co(HL)2(H2O)2]Cl2�3H2O, [Cu(HL)2(H2O)2]Cl2�3H2O

and [Zn(HL)2(H2O)2]Cl2�3H2O complexes are of higher

microbial activities [49, 50]. It may be due to the presence of

two coumarin rings, which might increase the lipophilic

character of the molecules, which facilitates the crossing

through the biological membrane of the microorganisms and

therefore inhibits their growth. The result revealed also that

the complexes enhance the antimicrobial activity rather than

the standard drugs [46–48].

Structural interpretation

Based on elemental analysis, 1:2 [metal]/[ligand] com-

plexes were formed. IR spectral data revealed that the

ligand behaves as neutral bidentate ligand, and octahedral

geometry was proposed based on magnetic and reflectance

spectra measurements. The complexes have molar con-

ductance, and their thermal properties were studied. The

structure of the complexes is given in Fig. 2.

Table 5 Biological activity of chromene ligand and its binary metal complexes

Sample Inhibition zone diameter (mm mg-1 sample)

Escherichia coli Neisseria gonorrhoeae Staphylococcus aureus Bacillus subtilis Candida albicans

Control: DMSO 0.0 0.0 0.0 0.0 0.0

HL 10.0 0.0 10.0 0.0 0.0

[Cr(HL)2(H2O)2]Cl3�H2O 10.0 10.0 10.0 10.0 0.0

[Mn(HL)2(H2O)2]Cl2�4H2O 0.0 0.0 0.0 0.0 0.0

[Fe(HL)2(H2O)2]Cl3�2H2O 10.0 10.0 10.0 10.0 0.0

[Co(HL)2(H2O)2]Cl2�3H2O 13.0 10.0 10.0 10.0 9.0

[Ni(HL)2(H2O)2]Cl2�4H2O 10.0 10.0 10.0 10.0 10.0

[Cu(HL)2(H2O)2]Cl2�2H2O 12.0 12.0 12.0 12.0 0.0

[Zn(HL)2(H2O)2] Cl2�3H2O 10.0 10.0 13.0 10.0 0.0

Amikacin (antibacterial agent) 9.0 6.0 9.0 9.0 –

Ketokonazole (antifungal agent) – – – – 9
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Conclusions

The investigated chromene ligand and its transition metal

complexes were characterized based on different physico-

chemical analysis. The complexes were isolated in 1:2 [M]/

[L] ratio, have ionic nature and found to have octahedral

structure. The thermal decomposition and the spectra of the

complexes were fully characterized using elemental anal-

ysis, infrared, mass, electronic, 1HNMR, electron spin

resonance and magnetic studies. Infrared spectra discussed

the chelation mode through the NH nitrogen and amino

nitrogen without proton displacement. Structural activity

relationships showed that [Co(HL)2(H2O)2]Cl2�3H2O,

[Cu(HL)2(H2O)2]Cl2�3H2O and [Zn(HL)2(H2O)2]Cl2�3H2O

complexes are of higher microbial activities. Co(II) and

Ni(II) complexes have antifungal activity similar to

ketokonazole standard, while the others have no activity.

The other metal complexes have antibacterial activity

higher than the amikacin standard.
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