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In recent years there has been an emergent interest in the development of coordination polymers owing 

to their interesting variety of architectures and their intriguing potential applications in areas including 

hydrogen storage [1-3], adsorption [4], luminescence [5-7], catalysis [8-10] and biological activity [11, 

12]. These applications consequently lead to an increasing demand in the design of new ligands which by 

means of coordination bonding, hydrogen bonding, aromatic–stacking interactions or van der Waals 

forces would contribute to the formation of polymeric structures which might extend in one, two or three 

dimensions [13]. Owing to its unique structure and properties, tetrazole and its derivatives have been the 

subject of intense research and applications in a vast variety of fields including greener explosive 

materials and pyrotechnics [14, 15], fragments in pharmaceutical drugs (anti-bacterial, anti-allergic, anti-

inflammatory, and anti-fungal) [16], or construction of metal–organic frameworks [17, 18]. This comes as 

a consequence of tetrazole aromaticity, excellent coordination capability and the possibility of more or 

less straightforward introduction of chemical moieties in its structure. Especially, substituted tetrazolate 

derivatives containing carboxylate group have attracted great attention due to the fact that they can act as a 

class of excellent polydentate ligands, which might or already have been utilized in the construction of 

coordination polymers with structural varieties and novel performances [19, 20]. This interest is dictated 

by the their bifunctional feature and versatile bonding modes, which coordinate to metal ions via O atoms 

of carboxyl groups and N atoms of the tetrazole ring, acting as monodentate [21], bidentate [22], tridentate 

[23] and tetradentate [24] bridge. Besides the interesting structural properties of tetrazole containing 

complexes, not less interesting are their peculiar properties like increased biological activity which might 

be considerably accelerated due to the presence of a metal ion in their structure. In this regard, synthesis of 

new tetrazole containing ligands and preparation of metal complexes with metals, especially with 

transition metal including Cu(II), Ni(II), Co(II) and Zn(II) with subsequent investigation of biological 
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activity of both the new ligand and its metal complex is of a particular importance. Transitions row metal 

ions are both essential and toxic to microorganisms and zinc, occurring as the divalent cation Zn
2+

, is the 

second most abundant transition metal in humans and has its important role related to the immune system, 

interacting with up to 10% of all human proteins [25-27]. Zn(II) concentrations are elevated in response to 

inflammations and bacterial infections as a consequence of Zn(II) release from damage or apoptotic cells. 

Interestingly, even though many tetrazole containing derivatives as ligands and their metal complexes 

with Cu(II), Ni(II) and Co(II) possessing biological activity are known and available in the literature, there 

are only few reports regarding Zn(II) coordination compounds activity when compared to the initial ligand 

[28-29]. Thus, antibacterial activity of Zn(II) tetrazole derivatives complexes was reported only by 

Krishna and co-workers [29], were they have investigated and compared the inhibitory action of the new 

ligands and their Zn(II) complexes against Bacillus subtilis, Staphylococcus aureus, Proteus vulgaris, 

Aspergillus niger and Candida albicans.
 

Here in, we present synthesis and characterization of 3’-(2H-tetrazol-5-yl)-[1,1’-biphenyl]-4-carboxylic 

acid as novel ligand and preparation of its coordination polymers with Zn(II), followed by the 

antimicrobial investigations of both the ligand and metal complex against three different reference strains: 

Escherichia coli, Staphylococcus aureus and Candida albicans.  

Synthesis of 3'-(2H-tetrazol-5-yl)-[1,1'-biphenyl]-4-carboxylic acid (H2L), referred as ligand in 

following descriptions, was achieved via two steps straightforward synthesis as shown in scheme 1. 

 

Scheme 1. Synthetic pathway of 3'-(2H-tetrazol-5-yl)-[1,1'-biphenyl]-4-carboxylic acid (H2L). 

The proposed synthetic pathways involved a Suzuki – Myaura coupling of 3-bromobenzonitrile 1 with 

4-carboxyphenylbronic acid 2, using palladium acetate as catalyst [30]. Subsequently, the nitrile moiety of 

3 was converted to a tetrazole ring using sodium azide in the presence of zinc chloride as catalyst, yielding 

the desired product in 72% yield, over two steps. The final compound H2L was characterized using NMR, 

ESI-MS and IR spectroscopy. Thus, in the 
1
H-NMR spectrum of H2L, the signal present at 16.90 ppm as a 

very broad singlet belongs to the tetrazole H atom, while the signal present at 13.11 ppm displays the 

presence of the carboxylic H atom. The 
13

C-NMR spectrum of H2L reveals the presence of the carboxyl 
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and tetrazole C atoms at 167.5 and 155.6 ppm respectively, with the signals present between 143.6 ppm 

and 125.4 ppm belonging to the aromatic C atoms. The IR spectrum of H2L displays two absorption 

bands, at 3124 and 3040 cm
-1

, assigned to the N-H and O-H stretching vibrations, while the signal present 

at 1686 cm
-1

 was assigned to the C=O stretching vibration. 

To investigate the possibility for the formation of a coordination compound between the new ligand 

and Zn(II), we performed the reaction between H2L and Zn(NO3)2*6H2O. We have found that at 4:1 ratio, 

a crystalline compound was obtained in good yield, using a mixture of dimethylformamide, methanol and 

water as solvent. The isolated crystals were characterized by IR and X-ray diffraction. The first piece of 

evidence that supports the formation of a complex is provided by the IR spectrum of the isolated 

compound. Thus, the bands at 3124 and 3040 cm
-1

 present in the IR spectrum of H2L, which were 

assigned to the tetrazole N-H and carboxyl O-H stretching vibrations, are no longer present in the IR 

spectrum of the complex. Instead a new band is observed at 3485 cm
-1

, assigned to the water molecules 

present in the complex. Also, the band belonging to the carboxyl C=O stretching vibration, found at 1686 

cm
-1

 in the IR spectrum of H2L, is replaced by a new band, present at around 1591 cm
-1

, which suggests 

the presence of a carboxylate group.  

Single crystal X-ray diffraction study has confirmed the complexation of H2L and Zn(II) ion and the 

results are shown in Fig. 1, Table S1 and Table S2. The asymmetric part of the structure comprises two 

Zn(II) ions, one double deprotonated ligand L
2-

, one formate anion (HCOO
-
) and one coordinated and one 

co-crystalized water molecules, so that the charge balance is in agreement with the formation of species 

[Zn3L2(HCOO)2(H2O)2]·2H2O (4).  
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Fig. 1. Extended asymmetric unit in the crystal of 4 with atom labelling scheme and thermal ellipsoids at 

50% probability level. Only the major component of disordered part is shown. Atoms generated by 

symmetry operation are shown semi-transparent. (Symmetry code: 
1
1 - x,1 - y, 1 - z; 

2
2 - x, 1 - y, 2 - z;

 3
1 - 

x, -0.5 + y, 0.5 – z.) 

The central part of the structure is built up from a centrosymmetric tri-nuclear core, as shown in Fig. 2. 

The tri-nuclear cluster is consolidated due to the bridging structural function of two tetrazole fragment and 

two formate anions. The formate anions act as bidentate-bridging ligands being coordinated in µ2-
2
:

0
 

mode. The Zn2 atom occupies a special position on the inversion center, while Zn2 and symmetrically 

related Zn2(2 – x, 1 – y, 2 – z) are located in general positions with Zn1···Zn1 separation at 7.116(2) Å. 

The Zn1Zn2 distance is of 3.5580(9) Å. The Zn2 atom is hexa-coordinated by a set N2O4 donors in 

slightly distorted octahedral geometry. The apical Zn1-N2 bond distances of 2.260(6) Å are significant 

longer compared with Zn2-O1w of 2.018(5) and Zn2-O3 of 2.103(4) Å in equatorial plane. The N2O2 

coordination environment of Zn1 atom is completed by one nitrogen atom from tetrazole fragment and 

one oxygen atom from carboxylate group of L
2-

 ligand resulting in a distorted tetrahedral coordination. 
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Fig. 2. View of the central trinuclear core {Zn3(µ-tetrazole)2(µ2-formate)2}
2-

 in the crystal structure of 4. 

Non-relevant H-atoms are omitted. 

As shown in Fig. 1, 3'-(2H-tetrazol-5-yl)-[1,1'-biphenyl]-4-carboxylic acid behaves as tetra-dentate 

double-deprotonated ligand. Three nitrogen atoms from tetrazole fragment and one oxygen atom from 

carboxylate group are coordinated to four different zinc atoms. The carboxylate group of L
2-

 fulfills a 

function of monodentate ligand being coordinated in 
1
:

0
 mode. In the crystal the tri-nuclear clusters and 

tetradentate ligand L
2- 

as tri-nodal linkers are interconnected via inversion center to form a strongly 

compacted three-dimensional coordination polymer. A partial view of the {[Zn3L2(HCOO)2(H2O)2]}n. 

coordination network is presented in Fig. 3a,b. It is to note, that due to tri-nodal character of the organic 

linker, each tri-nuclear unit is directly interconnected with ten symmetry related metal-clusters. A 

topological view of the 3D coordination polymer is shown in Fig. 3b. 
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a) 

 

b) 

 

Fig. 3. a) A section of packing diagram in the crystal structure of {[Zn3L2(HCOO)2(H2O)2]}n. Co-

crystalized water molecules are not shown for clarity; b) topological view of coordination network. Metal-

ligands bonds are shown in orange, while the tri-nodal linkers are replaced by blue lines with tetrazole 

rings as blue spheres. (Symmetry codes for equivalent atoms Zn1: 
a)

x, 0.5 – y, -0.5 + z; 
b)

 -x, 0.5 – y, 0.5 + 

z; 
c)

 2 - x, 0.5 – y, 2.5 - z; 
d)

 1.5 - x, 0.5 – y, 2.5 – z; 
e)

1 - x, -0.5 – y, 0.5 – z; 
f)
 1 - x, 1 – y, 1 – z; 

g)
 1 - x, 0.5 – 

y, 0.5 – z; 
h)

 1 + x, 1.5 – y, 1.5 + z; 
i)
 1 + x, y, 1 + z; 

j)
 1 - x, 1.5 – y, 1.5 + z;) 

Powder Xray diffraction (PXRD) patterns were recorded for bulky sample 4 in order to check the phase 

purity. All the peaks presented in the experimental patterns matched well with the simulated patterns 

generated from single-crystal diffraction data (Fig. S1), indicating a pure phase of the bulky sample. 

Thermal gravimetric analysis (TGA) was performed to evaluate the thermal stability of compound 4 

(Fig. S2). The decomposition process took place in multiple stages. The first step occurred from 30 to 230 

°C with a slight mass loss ̴ 7%, assigned to the release of coordinated and guest water molecules (calcd. 

8.1%). The following decomposition stages in the range of 230–700 °C were assigned to the loss of the 

ligands.  

To evaluate the antimicrobial activity of both H2L and coordination polymer 4, the agar disk diffusion 

method [31] which consists in adding the compounds to the culture medium, pre-inoculated with the 

microbial suspension, and measuring the inhibition zone around the film disks after 24 h of incubation 
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was utilized (Fig. S3). Thus, compounds H2L and 4 showed no antimicrobial activity against the reference 

strains S. aureus and C. albicans (data not presented), but proved to have selective antibacterial activity 

against E. coli. Data on the average inhibition diameters of the inhibition zones are presented in Table 1. 

Table 1. Antibacterial activity of H2L (left) and 4 (right) against the references strains (mm). 

Strain Inhibition zone H2L (mm) Inhibition zone 4 (mm) 

S. aureus - - 

E. coli 20 ± 0.05 mm 16 ± 0.31 mm 

C. albicans - - 

Zn(II) is an essential micronutrient for bacteria, although it has significant toxicity at high 

concentrations [32-34]. Zinc is able to protect the human organism against E. coli maybe due to its 

combined effect on host tissues (helping the immunity) [35] and in the same inhibiting the pathogen [36]. 

As proven by the present study, resistance to zinc was noticed to be associated with S. aureus [37]. On 

the other hand the resistance of the fungal strain to zinc may be due to the fact that C. albicans secrets a 

scavenger protein (a ‘zincophore”) Pra 1, which sequesters zinc from the host cells and re-associates with 

the fungus via co-expressed zinc transporter Zrt1 [38], thus zinc is improving C. albicans growth.  

In this work, we successfully synthesized and characterized 3’-(1H-tetrazol-5-yl)-[1,1’-biphenyl]-4-

carboxylic acid as a novel ligand, as well as a coordination polymer with Zn(II). The crystal structure 

analysis of the resulted coordination polymer revealed that the central part of the structure is built up from 

a centrosymmetric tri-nuclear core, while the tri-nuclear cluster is consolidated due to the bridging 

structural function of two tetrazole fragments and two formate anions. Both the ligand and the 

coordination polymer have been tested for antimicrobial activity against three different reference strains, 

showing a selective activity of the investigated compounds against Escherichia coli. 
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Highlights 

 New rigid ligand containing tetrazol and carboxylic moieties has been synthesized and character-

ized. 

 The ligand is able to form crystalline coordination polymer with Zn(II). 

 The antimicrobial activity of both ligand and Zn(II) coordination polymer was evaluated and com-

pared. 
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