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Abstract 

A novel series of binuclear complexes of the [M2L(AcO)2(H2O)4] type, where M= Cu(II), Ni(II), Co(II) or Mn(II) and L= 
(C39H34N4O6)2-, were synthesized by template condensation of 1,3-bis(2′-formylphenyl)-1,3-dioxapropane, L-tryptophan and 
metal acetate in methanolic medium. The complexes of M(II):L (2:1) type were characterized by elemental analyses, molar 
conductivity measurements, IR, electronic spectra and magnetic susceptibility measurements. The low value of molar 
conductivity indicates them to be non-electrolytes. Based on the magnetic and electronic spectral data, an octahedral / 
distorted octahedral geometry may be proposed for all the complexes. The new complexes were screened for their 
antimicrobial activity towards ten microbial strains, by qualitative and quantitative assays. Our results indicated that the 
[Cu2L(AcO)2(H2O)4] complex  was the most active of the studied compounds, concerning both the intensity of the 
antimicrobial activity and the microbial spectrum. 
 
Rezumat 

O nouă serie de complecşi binucleari de tipul [M2L(AcO)2(H2O)4], în care M = Cu(II), Ni(II), Co(II) sau Mn(II) şi L= 
(C39H34N4O6)2-, au fost sintetizaţi prin condensarea template a 1,3-bis(2’-formilfenil)-1,3-dioxapropanului, L-triptofanului şi 
acetatului de metal în soluţie metanolică. Complecşii de tipul M(II) : L (2 : 1) au fost caracterizaţi cu ajutorul analizei 
elementale, măsurătorilor de conductivitate molară, spectrelor IR şi electronice, precum şi prin măsurători de susceptibilitate 
magnetică. Valoarea mică a conductivităţii molare indică faptul că aceşti complecşi sunt neelectroliţi. Pentru toţi complecşii 
poate fi propusă o geometrie octaedrică / octaedrică distorsionată pe baza datelor magnetice şi a datelor spectrale electronice. 
Noii complecşi au fost testaţi calitativ şi cantitativ pentru activitatea antimicrobiană faţă de zece tulpini microbiene. 
Rezultatele noastre indică faptul că [Cu2L(AcO)2(H2O)4] a fost cel mai activ dintre compuşii studiaţi, atât în ceea ce priveşte 
intensitatea activităţii antimicrobiene, cât şi spectrul microbian. 
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Introduction 

A large number of Schiff bases and their complexes 
have been studied for their interesting and 
important properties, e.g. biological activity [18], 
catalytic activity in hydrogenation of olefins [22] 
and transfer of an amino group [7], photochromic 
properties [16], complexing ability towards some 
toxic metals [3]. 
Amino acid Schiff bases and their first-row 
transition metal complexes were reported to exhibit 
fungicidal, bactericidal, antiviral and antitubercular 
activity [13]. Some Schiff bases [8] synthesized 
from salicylaldehyde, 2,4-dihydroxy-benzaldehyde, 

glycine and L-alanine and their metal complexes of 
Cu(II), Ni(II), Zn(II) and Co(II) possess antitumor 
activity with the following order of reactivity 
Ni>Cu>Zn>Co. The Schiff bases derived from 2-
hydroxy-1-naphthaldehyde and an amino acid 
(glycine, alanine, phenylalanine, histidine, 
tryptophan) and their manganese (III) complexes 
show antimicrobial activity [28]. In addition, 
tryptophan, an essential amino acid in human 
nutrition, is an important and frequently used 
starting material in the chemical synthesis of a 
range of pharmaceuticals [1]. Some of its 
derivatives are potent drugs [11]. 
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The aim of the present study was the synthesis, 
characterization and evaluation of supposed 
antimicrobial activity of Cu(II), Ni(II), Co(II) and 
Mn(II) binuclear complexes derived from 1,3-
bis(2′-formylphenyl)-1,3-dioxapropane (named also 
2,2′-(propane-1,3-diyldioxy)dibenzaldehyde) and 
L-tryptophan. 
 
Materials and Methods 

Reagents 
The dialdehyde, 1,3-bis(2′-formylphenyl)-1,3-
dioxapropane, used in the synthesis of the metal 
complexes was prepared according to a procedure 
described in the literature [32] by the reaction of 
salicylaldehyde and 1,3-dibromopropane in ethanol 
and in the presence of a diluted NaOH aqueous 
solution, by refluxing the reaction mixture for 72 h. 
All the other reagents used were of analytical grade 
and purchased from Sigma Aldrich or Merck.  
Synthesis of metal complexes 
All the complexes were obtained by template 
synthesis since any attempt to isolate the free Schiff 
base ligand was unsuccessful, because it is easily 
hydrolysed in contact with water. A solution of 1,3-
bis(2′-formylphenyl)-1,3-dioxapropane (0.2 g, 0.7 
mmol) in 5 mL methanol was added, dropwise, to a 
mixture of L-tryptophan (0.286 g, 1.4 mmol) and 
KOH (0.078 g, 1.4 mmol) in 25 mL methanol. The 
resulting mixture was refluxed for 3h and then 1.4 
mmol of metal acetate (Cu(II), Ni(II), Co(II) or 
Mn(II)) in methanol (10-15 mL) were added under 
continuous stirring. The reaction mixture was 
stirred under reflux for another 4h and left standing 
overnight. The obtained coloured products were 
separed by filtration, washed with distilled water, 
ethanol, ethyl ether and dried under vacuum. These 
ones were denoted as follows: [Cu2L(AcO)2(H2O)4] 
(1), [Ni2L(AcO)2(H2O)4] (2), [Co2L(AcO)2(H2O)4] 
(3), [Mn2L(AcO)2(H2O)4] (4). 
Analytical and physical measurements 
The elemental analysis (C, H, N) was carried out 
with a Costech 2002 analyser. The metal contents 
were determined by flame atomic absorption 
spectrometry using a Spectra AA-220 Varian 
spectrophotometer. The infrared spectra (in KBr 
pellets) were recorded on a Bruker Alpha FTIR 
spectrophotometer in the 4000-400 cm-1 range. The 
diffuse reflectance UV-Vis spectra of the metal 
complexes were recorded in solid state, at room 
temperature, in the range 200-800 nm, using a 
Thermo UV-Vis Evolution 600 spectrophotometer. 
The magnetic measurements on solid samples were 
performed at the room temperature using the 
Faraday method with Mohr salt as a standard. The 
diamagnetic corrections were made by Pascal’s 
constant. The molar conductivity measurements 
were conducted using an inoLab conductometer. 

Microbiological Assays 
The antimicrobial activity of the newly synthesized 
compounds was tested against nine bacterial 
strains: Gram-positive Staphylococcus aureus 
ATCC 25923, Staphylococcus epidermidis 1736, 
Bacillus sp. strains, Gram-negative Salmonella sp. 
9246, Pseudomonas aeruginosa 846, Klebsiella 
pneumoniae ESBL +, Citrobacter freundii 1748, 
Providencia stuartii 1116, Serratia marcescens 
0804 strains and also one fungal strain, i.e. Candida 
albicans ATCC 10231. The microbial strains were 
isolated from different clinical sources and were 
identified by aid of VITEK I automatic system [29, 
30]. Microbial suspensions of density 
corresponding to 0.5 McFarland UI obtained from 
24 h microbial cultures developed on solid media 
were used in the experiments. The antimicrobial 
activity of the new compounds was tested on 
Mueller-Hinton agar medium [23]. 
The tested compounds were solubilised in DMF 
and used for the antimicrobial activity screening at 
10 mg/mL concentration of stock solutions. 
The qualitative screening was performed by an 
adapted diffusimetric method (the spot method). In 
this purpose, Petri dishes with Mueller Hinton 
medium were seeded with bacterial inoculum and 
then the stock solutions of the tested compounds (5 
µL) were added as spots. The plates were left at 
room temperature for 20-30 min and then incubated 
at 37˚C for 24 h. The positive results were read as 
the occurrence of an inhibition zone of microbial 
growth around the spot [9, 26, 27]. 
The quantitative assay of the antimicrobial activity 
was performed by binary micro dilution method, in 
liquid medium (nutrient broth for bacterial and 
liquid YPG -Yeast Peptone Glucose- for fungal 
strain) distributed in 96 multi-well plates, in order 
to establish the minimum inhibitory concentration 
(MIC) [6, 15, 17, 21]. In this purpose, serial binary 
dilutions of the tested compounds were performed 
in a 100 µL volume of liquid medium and each well 
was seeded with 20 µL of microbial inoculum of 
0.5 McFarland density. The plates were incubated 
for 24 h at 37ºC, and MICs were recorded in each 
case as the minimum concentration of compound, 
which inhibited the visible growth of the tested 
microorganism [5]. 
 
Results and Discussion 

The binuclear complexes were obtained by a 
template reaction, consisting of refluxing the 
methanolic solutions of 1,3-bis(2′-formylphenyl)-
1,3-dioxapropane, L-tryptophan and the metal 
acetate in a 1:2:2 molar ratio. These compounds 
were soluble in DMF and dimethylsulfoxide 
(DMSO), but were insoluble in common organic 
solvents and in water. The low values of the molar 
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conductivity (12 Ω-1cm2mol-1) of the complex 
solutions in DMF (10-4 M) showed that they were 
non-electrolytic [20]. 
The physico-analytical data of the reported 
complexes are as follows: 
[Cu2L(AcO)2(H2O)4] (1). Yield: 44 %; Colour: 
olive green, F.W.: 971.46; Anal. Calcd.: C, 53.29; 
H, 4.84; N, 5.98; Cu, 13.78 %. Found: C, 53.12; H, 
4.94; N, 5.76; Cu, 13.07 %. 
[Ni2L(AcO)2(H2O)4] (2). Yield: 35 %; Colour: light 
green, F.W.: 961.84; Anal. Calcd.: C, 53.30; H, 
5.06; N, 6.08; Ni, 12.80 %. Found: C, 53.65; H, 
4.99; N, 5.82; Ni, 12.20 %. 
[Co2L(AcO)2(H2O)4] (3). Yield: 37 %; Colour: 
brown, F.W.: 962.32; Anal. Calcd.: C, 53.39; H, 
5.06; N, 6.08; Co, 13.20 %. Found: C, 53.62; H, 
4.98; N, 5.82; Co, 12.25 %. 
[Mn2L(AcO)2(H2O)4] (4). Yield: 35 %; Colour: 
white brown, F.W.: 954.32; Anal. Calcd.: C, 53.90; 
H, 5.06; N, 6.05; Mn, 13.67 %. Found: C, 54.07; H, 
5.03; N, 5.86; Mn, 11.51 %. 
The IR bands that can provide structural evidence 
for the coordination of the ligand to the central 
metal ion are given in Table I. 

Table I 
The IR bands of the metal complexes, cm-1 

  Complex  Assignments 
1 2 3 4  

3416 (m) 3410 (m) 3404 (m) 3408 (m) νNH 
3325 (w) 3337 (m) 3340 (m) 3337 (m) ν(OH)water 
1626 (s) 1618 (s) 1619 (s) 1618 (s) νC=N 
1601(vs) 1600 (vs) 1600 (vs) 1599 (vs) νasym(COO-) 
1456 (m) 1455 (m) 1457 (m) 1457 (m) ν(C=C) 
1389 (m) 1395 (m) 1384 (m) 1390 (m) νsym(COO-) 
1366 (m) 1354 (m) 1354 (m) 1355 (m) δsym(CH3) 
1244 (m) 1239 (m) 1241(m) 1242 (m) νasym(Ar-O-C) 
1108 (w) 1103 (w) 1105 (w) 1106 (w) νsym(Ar-O-C) 
562 (w) 541 (w) 560 (w) 583 (w) νM-O 
427 (w) 427 (w) 417 (w) 425 (w) νM-N 

vs– very strong, s – strong, m– medium, w– weak 
 
The assignments of the characteristic IR 
frequencies from the FTIR spectra (Figure 1) of the 
metal complexes are as follows. 
The medium band in the region 3404-3416 cm-1 can 
be attributed to the N-H stretching vibrations [4]. 
The broad and medium band observed in the region 
3325-3340 cm-1 in the FTIR spectra of the 
complexes is assigned to the stretching vibrations 
of O-H group from the coordinated water molecules 
[19]. It was noted that the band corresponding to 
νasym(NH3

+) stretching vibrations appeared at 3080 
cm-1 in the FTIR spectrum of tryptophan, but was 
absent in the FTIR spectra of all metal complexes. 
Furthermore, no strong absorption band was 
observed in the spectra of the complexes at 1680 
cm-1, indicating the absence of the >C=O group of 
dialdehyde and thus confirming the condensation of 

the carbonyl group of dialdehyde with the amino 
group of tryptophan. 
 

 
Figure 1. 

FTIR spectra for complex compounds of Cu(II) – 
(1), Ni(II) – (2), Co(II) – (3) and Mn(II) – (4) 

 
All metal complexes show a strong band at 1618-
1626 cm-1 which can be assigned to C=N stretching 
vibrations [10]. The FTIR spectra of the complexes 
show a very strong band around 1600 cm-1, 
attributed to νasym(COO-) stretching vibrations, 
which also appears in the FTIR spectrum of 
tryptophan at 1592 cm-1, proving the ligand 
coordination to the central metal ion through the 
oxygen atom of tryptophan deprotonated 
carboxylate. 
A medium absorption band in the region 1384-1395 
cm-1 may be assigned to νsym(COO-) stretching 
vibrations. Furthermore, the Δν(νasym(coo-)-
νsym(coo-)) values for all metal complexes were 
higher than 200 cm-1, which suggests that the 
carboxylate group is acting as monodentate [12]. 
The ring skeletal vibrations (C=C) were observed in 
the region 1455-1457 cm-1. A medium absorption 
band in the region 1354-1366 cm-1 in all the 
complexes may be assigned to δsym(CH3) 
deformation vibrations, indicating the acetate group 
coordination to the central metal ion [2]. In the 
spectra of the complexes, a medium band at 1239-
1244 cm-1 was due to νasym(Ar-O-C) stretching 
vibrations and a weak band at 1103-1108 cm-1 was 
due to νsym(Ar-O-C) stretching vibrations [2]. This 
last band is found in the spectrum of dialdehyde at 
a lower frequency (1057 cm-1). These results 
provide evidence for the coordination through the 
Ar-O-R etheric oxygen atom. 
The bands present at 541-583 cm-1 in all the 
complexes may be assigned to ν(M-O) stretching 
vibrations [3]. The FTIR spectra of the complexes 
also showed bands in the region 417-427 cm-1 
corresponding to ν(M-N) stretching vibrations, 
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which gives insight into the coordination of the 
azomethine nitrogen to the central metal ion [3]. 
The diffuse reflectance UV-Vis spectra of the metal 
complexes were used to obtain useful information 
about the stereochemistry of the metal ions, based 
on energies and number of d-d transition peaks. 
Furthermore, the electronic spectra are often very 
helpful for the evaluation of other structural 
investigation results. 
The assignments of the spectral bands are given in 
Table II and the magnetic data are presented in 
Table III. 

Table II 
The electronic spectral data of the metal complexes 

Complex νmax  ( cm-1) Assignments 
1  

15385 
 
 

27027 
29851, 37037 

45249 

d!! → d!!-!!   (
2B1g → 2B2g) 

dxy → d!!-!!   (2B1g → 2Eg) 
dxz, dyz → d!!-!!  (2B1g → 2A2g) 

LMCT 
π → π* 

n → π* 

2 15385 
20408 

30769, 37037 
46296 

3A2g → 3T1g (F) 

3A2g → 3T1g (P) 
π → π* 

n → π* 
3 18519 

30769, 36364 
45455 

4T1g → 4T1g (P) 
π → π* 

n → π* 
4 23120 

24960, 25235 
30303, 36496 

46512 

6A1g → 4T2g (G) 
6A1g → 4A1g, 4Eg (G) 

π → π* 

n → π* 
 

The electronic spectra of all metal complexes 
present three common bands at 215-221 nm 
(46512-45249 cm-1), 270-275 nm (37037-36364 
cm-1) and 325-335 nm (30769-29851 cm-1), 
respectively. The bands at higher energies (270-275 
nm and 215-221 nm) can be attributed to the 
indole- ring π → π* and n → π* transitions [19]. The 
intense band appearing in the 325-335 nm range 
could be assigned to π → π* transitions of the 
azomethine chromophore of the Schiff base ligand 
[31]. 

Table III 
The magnetic data for the metal complexes 

Complex T (K) 
 

χg 10-6 
(cm3 g-1) 

µexp. 
(µB) 

µcalc 
(µB) 

χM T 
(cm3 K mol-1) 

1 
2 
3 
4 

294 
293 
294 
293 

3.9 
7.4 

12.8 
27.4 

3.17 
4.22 
5.48 
7.90 

3.11 
4.24 
5.47 
7.91 

1.25 
2.23 
3.76 
7.81 

χg – magnetic susceptibility per gram,  χM – molar magnetic 
susceptibility 
 
The diffuse reflectance spectrum of Cu(II) complex 
exhibits a broad absorption band, centered at ~ 650 
nm (15385 cm-1). Though three transitions are 
expected in this case (d!! → d!!-!! ,  dxy →

d!!-!!   and dxz, dyz → d!!-!!), they are very close in 
energy and often appear in the form of one broad 
band envelope [14], as in our complex spectrum 
(Figure 2). These three transitions are characteristic 
to Cu2+ (d9) ion present in a tetragonal distorted 
octahedral configuration [25]. The band at 370 nm 
(27027 cm-1) could be assigned to a charge-transfer 
process, mainly of the L → Cu type. The value of 
the experimental magnetic moment (3.17 µB) 
suggests also the existence of a tetragonal distorted 
octahedral geometry around the two copper (II) 
ions and corresponds to the proposed bimetallic 
formula for this complex. 
 

 
Figure 2. 

UV-Vis spectrum for the Cu(II) complex 
 
The electronic spectrum of Ni(II) complex shows 
two broad bands at 650 nm (15385 cm-1) and 490 
nm (20408 cm-1) that may be assigned to 3A2g → 
3T1g (F) (ν2) and 3A2g → 3T1g (P) (ν3) transitions, 
characteristic to Ni2+ (d8) ion present in an 
octahedral configuration. Based on the 
experimental magnetic moment value (µexp .= 4.22 
µB) corresponding to a binuclear complex, the 
octahedral geometry can be attributed to Ni(II) 
complex. 
The diffuse reflectance spectrum of the Co(II) 
complex displays an absorption band at 540 nm 
(18519 cm-1) which can be attributed to the 4T1g → 
4T1g (P) (ν3) transition, characteristic to Co(II) (d7 
high-spin) ion in an octahedral environment. The 
experimental magnetic moment (µexp.= 5.48 µB) 
suggests also the existence of an octahedral 
geometry and its value corresponds to the proposed 
bimetallic formula for the Co(II) complex. 
The electronic spectrum of Mn(II) complex shows a 
broad and weak band in the 396-432 nm (23120-
25235 cm-1) region that could be attributed to three 
spin forbidden transitions (6A1g → 4T2g (G) and 6A1g 
→ 4A1g, 4Eg (G)), characteristic to Mn2+ (d5 high-
spin) ion in an octahedral environment [14]. This 
weak band is masked by the intense bands of the 



FARMACIA, 2015, Vol. 63, 1 

 90 

Schiff base ligand. The experimental magnetic 
moment (µexp .= 7.90 µB) suggests also the existence 
of an octahedral geometry and its value corresponds 
to the proposed bimetallic formula for the Mn(II) 
complex. 
The spectroscopic data, as well as elemental 
analyses, molar conductivity measurements and 
magnetic susceptibility determination, support the 
proposed general structures of the synthesized 
compounds (Figure 3). 
 

 
Figure 3. 

Proposed structures of metal complexes derived 
from 1,3-bis(2′-formylphenyl)-1,3-dioxapropane 

and L-tryptophan; M = Cu(II), Ni(II), Co(II) or Mn(II) 
 
The qualitative method used for the screening of 
the antimicrobial activity of the tested compounds 
indicated only very low diameters of growth 
inhibition around the spots, so we did not proceed 
to measure the diameters of the inhibition zones. 
These results could be due to the low diffusion rates 
of the tested compounds in solid Mueller Hinton 
medium. 
The quantitative assay results for the antimicrobial 
activity of the newly synthesized compounds are 
presented in Table IV. These results show that all 
the tested complexes exhibited an antimicrobial 
activity expressed as MIC values, which ranged 
between 500 and 31.25 µg/mL. A MIC value 
superior to 250 µg/mL was considered as 
corresponding to a low, between 250 µg/mL and 
125 µg/mL to moderate and under 31.25 µg/mL to a 
good antimicrobial activity [15]. 
The compounds of Cu (II) and Mn (II) proved to be 
the most active, exhibiting a good or moderate 
antimicrobial activity on both Gram-negative (S. 
marcescens, Salmonella sp., C. freundii ) and 
Gram-positive bacterial strains (S. aureus, B. 
subtilis). 
The most active compound, considering both the 
intensity of the antimicrobial activity and the 
microbial spectrum proved to be the Cu(II) 
complex, which showed good activity against S. 
marcescens strain (MIC = 31.25 µg/mL), being 
active against seven of the ten tested microbial 
strains. 

Table IV 
Antimicrobial activity expressed as MIC (µg/mL) 
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1 500 250 125 500 - 31.25 250 250 - - 
2 - - - 500 - - - - - - 
3 250 - - 500 - - 500 500 - - 
4 - - - 500 - 125 - 250 - - 

DMF 500 500 500 500 1000 125 500 500 1000 - 
- = no inhibition 
 
This complex also presents a moderate 
antimicrobial activity, superior to DMF against C. 
freundii, Salmonella sp., S. aureus and Bacillus sp. 
strains and a very low antimicrobial activity, 
similar to that of the DMF solvent against K. 
pneumoniae and P. stuartii strains. 
The Co(II) complex showed an antimicrobial 
activity superior to Cu(II) complex and DMF 
solvent against K. pneumoniae and for P. stuartii, 
S. aureus and Bacillus sp., this complex compound 
showed similar MIC values as for the DMF. It can 
be noticed that the Co(II) complex was inactive 
against six microbial strains. The Mn(II) complex 
exhibited a moderate antimicrobial activity, similar 
to that of the DMF solvent and less than Cu(II) 
complex against S. marcescens, while for Bacillus 
sp. this complex compound showed similar MIC 
value as for the Cu(II) complex and lower than the 
Co(II) complex. The Mn(II) complex was inactive 
against seven of the tested microbial strains. The 
Ni(II) complex was active only against P.stuartii. 
These results showed that the Co(II) and Mn(II) 
complexes have an approximately similar 
antimicrobial activity and less than the Cu(II) 
complex, while the Ni(II) complex was the least 
active of the tested complexes. 
The lowest MIC values (31.25 µg/mL and 125 
µg/mL for Cu(II) and Mn(II) complexes) were 
obtained for S. marcescens and Salmonella sp. 
strains. It must be noticed that all complexes 
presented a very low antimicrobial activity, similar 
to that of the DMF solvent against P. stuartii. 
We have found that all the tested complexes were 
inactive against Candida albicans yeast, P. 
aeruginosa and S. epidermidis strains. 
The importance of these findings lies in the fact that 
these complexes could be considered for the further 
development of novel antimicrobial drugs used for 
the treatment of some common diseases caused by 
these bacterial strains. 
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Conclusions 

In this study, a novel series of binuclear complexes 
derived from 1,3- bis(2′-formylphenyl)-1,3-
dioxapropane and L-tryptophan, were obtained by 
template synthesis and characterized by various 
physico-chemical methods. The FTIR spectra 
confirmed the in situ obtaining of the Schiff base 
type ligand and its coordination to the central metal 
ion through the deprotonated carboxylate oxygen, 
the azomethine nitrogen and the Ar-O-R etheric 
oxygen atoms. The UV-Vis electronic spectra 
suggested an octahedral / distorted octahedral 
coordination geometry of the metal ions, which 
involved the additional coordination of acetate 
groups and of water molecules, too. The magnetic 
data confirmed the stereochemistries proposed for 
these coordination compounds. The molar 
conductance values of the complexes suggested that 
no anions were present outside the coordination 
spheres. All these studies support the binuclear 
formulation of the [M2L(AcO)2(H2O)4] type 
complexes, where M= Cu(II), Ni(II), Co(II) or 
Mn(II) and L= (C39H34N4O6)2-. From the results of 
the biological evaluation we conclude that the 
antimicrobial activity of the tested complexes 
follow the order: Cu(II) > Mn(II) ≈ Co(II) > Ni(II). 
Therefore, the most active compound was the 
Cu(II) complex which showed good activity against 
Gram-negative S. marcescens strain, also proving 
its potential use as a broad spectrum antimicrobial 
agent. 
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