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ABSTRACT 
 

Metal (II) complexes of pyridine -2- carboxylic acid, [M (C6H4NO2)2 (H2O)]  (M=Mn, Co, Ni, Cu, Zn; x=1 or 2) 
have been synthesized. The complexes with are air stable and molecular have been characterized by elemental 
analyses, conductance, IR and visible spectroscopy and room temperature magnetic susceptibility measurements. 
The results suggest octahedral coordination (Mn, Co, Ni, Cu, Zn) and square pyramidal structures (Cu) in which the 
picolinate ion is a bidentate N-and O-donor ligand. These structures have been confirmed by single X-ray 
crystallography for Co(II), Ni(II),and   Cu(II) complexes. Thermal studies showed significant mass loss corresponding 
to the lost of uncoordinated and coordinated water molecules as well picolinate ions. Antimicrobial studies on nine 
bacterial and four fungal species reveal that the ligand and metal salts have selective activity on the bacterial 
species and no activity on the fungal species. The manganese and copper zinc complexes exhibited activity on 
S.auréus while the cobalt complex showed activity against K.pneumonia.  
Keywords: pyridine -2- carboxylic acid; antimicrobial; complexes of Mn(II), Co(II), Ni(II),  Cu(II), Zn(II) 
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INTRODUCTION 
 

It is known that life processes in plants and animals involve about 25 are essential 
elements [1]. Some of these metal ions are known to be involved in biological phenomena such 
as kidney functioning, muscle contraction, transportation in cells, cell division and they are 
generally coordinated to organic functions in the body [2,3]. Many transition metal complexes 
with N-and O- donor atoms have been known to have antibacterial as well as anti-mycotic 
properties [4-9].  
 

A good number of  metal complexes of pyridine -2- carboxylic acid (picolinic acid) have 
been synthesized and characterized [10-13]. The picoliniate ion structure has two carboxylate 
oxygen atoms and one pyridyl nitrogen atom as potential donor sites leading to a variety of 
ligation modes [14].  The different ligation modes could lead to many applications of these 
coordination compounds. For example much attention has been paid on pyridine-2- carboxylic 
acid and its complexes for the design of new pharmaceuticals [10-13], blood sugar reduction 
due to the insulin properties [15-16], intermediate in the production of local anaesthesis [17] 
and nutritional supplements [13]. The ruthenium (II)- arene complexes with pyridine -2- 
carboxylic acid, [n6 –p-cymene) Ru Cl (pic)] H2O was tested in two human cancer cell lines Hela 
(cervix) and Fem X (melanoma) and found to exhibit cytotoxicity activity [18]. 
 

In our previous papers [19,20] we reported on the antifungal and antibacterial activities 
of Mn(II), Co(II), Ni(II),  Cu(II), Zn(II) complexes containing hexamethylenetetramine, 1,10-
phenanthroline and 2,2’-bipyridine as ligands. In this paper we continue our fundamental 
research work on the antimicrobial and antifungal resistance problem in our country, 
Cameroon. This time using pyridine -2- carboxylic acid (picolinic acid) as ligand. 
In this paper, we report on the synthesis, characterization and antimicrobial evaluation of 
divalent metal complexes of pyridine -2- carboxylic acid (M=Mn, Co, Ni, Cu, Zn) using resistant 
bacterial and fungal species from the Central Hospital of Yaoundé, Cameroon and “Centre 
Pasteur du Cameroun”, Yaoundé. 
 

EXPERIMENTAL 
 

Commercial reagents were used as obtained without further purification. The solvents, 
ethanol and diethylether were dried and distilled according to standard methods. The fungi 
species were clinical isolates from the Yaounde central hospital (Cameroon), while the bacterial 
strains were provided by “Centre Pasteur du Cameroon”, Yaoundé. 
 
Physical measurements 
 

Elemental analysis for carbon, nitrogen and hydrogen were carried out on a Fisons 
instrument 1108 CHNS-O (France), while Mn(II), Co(II), Cu(II) and Zn(II) were quantitatively 
estimated by complexiometric titrations [21]. The melting point/decomposition temperatures 
of the complexes were determined using the LEICA VmHB melting point apparatus (Koffler`s 
system) in the temperature range 50-260 °C. Conductance measurements were carried out in 
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water using the Tacussel conductimeter, model CD810 at room temperature. Infrared spectra 
were recorded on a Perkin- Elmer model IR-457 spectrometer and a spectrum 100 FT-IR Perkin- 
Elmer spectrometer while electronic absorption spectra of the complexes dissolved in ethanol 
were  recorded on a Hitachi U-2000 Spectrophotometer at room temperature. Measurement of 
room temperature magnetic susceptibility of the powdered complexes was done using the 
Gouy balance [22] using Hg[Co(SCN)4], as calibrant, while thermogravimetric analysis of the 
complexes was carried out using a TGA Perkin-Elmer STA 6000 silmultaneous thermal analyser 
under a nitrogen atmosphere. X-ray diffraction was carried out with a CCD bidimensional 
diffractometer using monochromic radiation, λ(Mo-Kα) = 0.71073 Å, operating at 50kV and 
40mA.  
 
Synthesis 
 

The divalent metal complexes of pyridine -2- carboxylic acid were generally synthesized 
using 1:2 molar reactant ratio of metal salt to pyridine -2- carboxylic acid in alkaline medium [10 
]. 
 

Typically, the compound [Co(C6H4NO2)2(H2O)2 ].2H2O was prepared by adding dropwise, 
pyridine -2- carboxylic acid (4.0 mmol, 0.49 g) in 15 mL of water, 5 mL of ethanol and NaOH 
(0.16 g, 4.0 mmol) to a solution of CoCl2.6H2O (0.48 g, 2.0 mmol) while stirring at room 
temperature. Stirring was continued for two hours during which an orange precipitate was 
obtained. The precipitate was filtered, washed with ethanol and dried in a desiccator. The 
filtrate was preserved for one week during which orange crystals were obtained. These crystals 
were filtered, washed with ethanol and dried in a desiccator. 
 

The manganese, nickel, copper and zinc picolinates were similarly synthesized. 
 
Antimicrobial tests 
 

The antifungal tests were carried out in the Applied Microbiology and Molecular 
Pharmacology Laboratory of the University of Yaoundé I. Four candida fungi species, Candida  
albicans, Candida parapsilosis, Candida krusei and Cryptococcus néoformans, used for the 
screening were clinical isolates from the Central Hhospital, Yaounde Cameroon. pyridine -2- 
carboxylic acid, metal salts and the metal complexes were tested. 
 
Disc diffusion test 
 

The antimicrobial agent incorporated in a disc diffuses at the surface of the inoculated 
medium and creates an inhibition zone diameter that is proportional to the efficacy of the 
compound being tested. The method described by Carvallert et al. was used [23]. 
 

Culture media (Mueller Hinton and Sabouraud Dextrose Agar) were prepared according 
to the manufacturer’s guideline. Briefly, a mass of the culture medium was weighed and 
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dissolved in distilled water. After boiling, the culture medium was autoclaved at 121°C for 15 
minutes, then it was spread at the surface of Petri dishes and left to solidify. 
 

The compounds were weighed (40mg) and dissolved in 1mL of tween 80 (10%) making a 
concentration of 40mg/mL. Positive control, (4mg/mL) nystatin and gentamycine, was also 
prepared. 
 

The yeasts and the bacterial strains were clinical isolates from pathological samples. A 
colony from a 24 hours fresh culture was dissolved in 1 mL of sterile distilled water, adjusted at 
0.5 Mc Farland scale (1-5.108cfu/mL) and diluted at 1/10th for Staphylococcus aureus, 1/100th 
for other bacteria, and 1/1000 for yeasts.   
 

After labeling, prepared inocula were spread at the surface of the solidified culture 
medium using a sterile cotton swab and kept for pre-diffusion at room temperature for 15 
minutes.  
 

Filter paper discs (6 mm) were deposited at the surface of the inoculated Petri dishes, 
and 5μL of products were added on discs, using a micropipette.   
 

Petri dishes were then incubated at 37°c for 24 hours and 48 hours respectively for 
bacteria and yeasts. and the inhibition zone diameters measured. 
 

Each test was performed three times and the mean calculated and expressed in the 
form of diameters ± SD (Standard deviation). A compound was considered active when the IZ 
was greater than 6 mm. 
 

RESULTS AND DISCUSSION 
 

The physical and analytical data of the complexes are presented in Table 1. All the 
complexes are crystalline with yields that range from 61% to 87%. All the complexes are very 
stable in air whereas the starting metal salts are generally hygroscopic. All the complexes 
decomposed within the temperature range of (100-240) °C of Koffler`s apparatus that was 
used. However, the melting point of pyridine -2- carboxylic acid, which was confirmed using the 
same apparatus is 137°C, as that reported in the literature [24]. There was however a colour 
variation with temperature for the complexes of Mn(II), Co(II), Ni(II) and Cu(II) which could be 
attributed to change in crystal structure from octahedral to tetrahedral as water molecules 
were removed. The elemental analytical results for carbon, hydrogen and nitrogen as well as 
the estimated metal contents are very close to the calculated values (Table 1). 
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Table 1: Physical and analytical data of the complexes complexes. 
 

Complex Color %Yield Melting 
Point 
(°C) 

Elemental Analysis 
%Found (%calculated) 

%C %N. %H %M 

[Mn(C6H4NO2)2 (H2O)2].H2O Greenish-Yellow 77 150 38.73 
(38.83) 

7.85 
(7.55) 

4.20 
(4.34) 

15.00 
(14.80) 

[Co(C6H4NO2)2(H2O)2 ].H2O Orange 87 100 38.44 
(38.41) 

7.46 
(7.47) 

4.25 
(4.30) 

15.69 
(15.71) 

[Ni(C6H4NO2)2(H2O)2].H2O Blue 65 118 38.54 
(38.44) 

7.69 
(7.47) 

4.22 
(4.30) 

15.67 
(15.66) 

[Cu(C6H4NO2)2(H2O)] 
 

Deep-blue 75 240 44.10 
(44.24) 

8.70 
(8.60) 

3.23 
(3.09) 

19.41 
(19.51) 

[Zn(C6H4NO2)2(H2O)2] 2.H2O 
 

White 61 160 37.75 
(37.77) 

7.31 
(7.34) 

4.20 
(4.23) 

16.98 
(17.13) 

 
The molar conductance values of the metal (II) complexes are summarized in Table 2. 

These molar conductance values are very low, i.e. 0.13 to 2.2 Ω-1 cm2 mol-1, indication that they 
are non-electrolytes [25] as they are molecular in nature [26]. 
 

Table 2: Molar Conductivity, Electronic Spectral data and Magnetic moments for the complexes 
 

Complex Molar 
Conductivity 

(Ω
-1

 cm
2 

mol
-1

) 

Electrolytic 
Type 

Band 
Maxima 

(cm
-1

) 

Assignment Magnetic 
Moment 
µeff (B.M) 

[Mn(C6H4NO2)2 (H2O)2]2.H2O 2.17 Non-electrolyte  
 

 
 

 

[Co(C6H4NO2)2(H2O)2 ].2H2O  
1.01 

Non-electrolyte 20000cm
-1

 
17241cm

-1 

4
T1g(F)→ 

4
A2g 

4
T1g(F)→ 

4
T1g. 

4.76 

[Ni(C6H4NO2)2(H2O)2].2H2O 2.20 
 

Non-electrolyte 15873cm
-1 

10526cm
-1

 

3
A2g→ 

3
T1g(F) 

3
A2g→ 

3
T2g 

2.86 

[Cu(C6H4NO2)2 (H2O)] 0.13 Non-electrolyte 15625cm
-1

 
 

2
Eg→ 

2
Tg 1.63 

[Zn(C6H4NO2)2 (H2O)2].2H2O 0.97 Non-electrolyte    

 
The relevant IR band frequencies of the ligand and the metal complexes are presented 

in Table 3. Strong and sharp peaks characteristic of pyridine -2- carboxylic acid are observed in 
the spectra of the complexes, with significant shifts, an indication that the ligand is coordinated 
to the metal ions [27]. The IR spectra of all the complexes show similar features, for example, 
the characteristic absorption bands of C=O and C-O of the ligand at (1715 cm-1) and (1347 cm-1) 
regions have disappeared, while the  absorption bands of the asymmetric *υas(COO-)] and 
symmetric *υs(COO-)] stretching vibrations of the carboxylate anion, around 1642-1628 cm-1 and 
1388-1352cm-1 regions appear (Table 3) with (COO-) in the range 231-290 cm-1. This clearly 

indicates a unidentate bonding mode of O- in these complexes [27, 28]. The coordination of 
water molecules to the metal ions in the picolinates results in the appearance of vibrational 
bands at 659-640 cm-1. The absorption bands in the range 3000-3500 cm-1 in the spectra of 
these complexes is due to υ (OH) vibrations originating from both lattice water molecules and 
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coordinated water molecules. The broadness of the bands could be an indication of the 
presence of strong hydrogen bonding in the complexes. The stretching vibrations of the υ(M-O) 
mode around 579-459 cm-1 is at slightly higher energy than the corresponding  υ(M-N) mode 
around 446-427 cm-1 [29] which are similar to values of  other complexes of the ligand [27]. 
 

Table 3: Selected IR Absorption bands of pyridine -2- carboxylic acid and the derived complexes (cm
-1

) 
 

Compound υ(OH) υ as(COO
-
) υ(C=O) υ(ring) υ s(COO

-
) γ (C-H) υ (M-OH2) υ(M-N) υ(M-O) 

pyridine -2- carboxylic acid 3436 br - 1715m 1598vs - 799s - -  

[Mn(C6H4NO2)2(H2O)2]2.H2O 3437br 1619s - 1589vs 1388vs 769vs 655w 540w 427w 

[Co(C6H4NO2)2(H2O)2].2H2O 3353br 1628vs - 1593vs 1373vs 765vs 640m 579w 444w 

[Ni(C6H4NO2)2(H2O)2].2H2O 3376br 1628vs - 1594s 1377vs 769 645w 582w 446w 

[Cu(C6H4NO2)2 (H2O)] 3436br 1642vs - 1569s 1352vs 774s 659m 567w 455w 

[Zn(C6H4NO2)2(H2O)2]2.H2O 3310br 1616s - 1596 1355s 765vs 649m 459w 433 

 
The visible absorption spectrum of the cobalt  complexes revealed two bands at 20,000 

cm-1 and 17,241 cm-1 that have been assigned to 4T1g(F)→ 4A2g(F)  and 4T1g(F)→ 4T1g(P) 
respectively [30]. All the three allowed octahedral bands were not observed due to limitation of 
the spectroscopic instrument. 
 

In the visible region of the electronic spectrum of nickel complexes, the bands at 15,873, 
10526 cm-1 are typical of d-d transitions and these have been assigned to  3A2g→ 3T1g (F) and 
3A2g→are  3T2g respectively[31]. According to Sutton [32], the ratio of the first to second band 
for octahedral nickel (II) is less than 1.8 while for tetrahedral complex it is approximately 2.2. 
The value of 1.51 for this complex is indicative of octahedral nickel (II). 
In the visible spectrum of the copper complexes, the band 15625cm-1 has been assigned to the 
2Eg→ 2Tg transition [33].  
 

The room temperature magnetic moment of the cobalt complex, [Co (C6H4NO2)2(H2O)2 

].2H2O was found to be 4.76 BM. Although this value is higher than the spin only value of 3.87 
BM. it is within the range for octahedral high spin d7 configuration for cobalt (II) [12, 29, 34] as 
pyridine -2- carboxylic acid is a weak field ligand. 
 

The room temperature magnetic moment of [Ni(C6H4NO2)2(H2O)2].2H2O is 2.86 BM. This 
value is similar to other values of nickel (II) in octahedral geometry [1, 29, 35].  
 

The magnetic moments of simple Cu2+ complexes are generally lower than 2.2 BM. 
regardless of the stereochemistry [36]. The room temperature magnetic moment for the 
copper (II) complex is 1.63 BM. This value is close to 1.40 BM. [35] for which octahedral 
geometry has been assigned. 
 

The structures of these complexes have been confirmed by single X-ray crystallography 
as, represented in figures 1-3 [17, 37] 
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Thermogravimetric analysis of the complexes show that the complexes undergo 
decomposition involving more than one step, to give metal oxide as residue and various gases 
resulting from the (Table 4). 

 
Table 4: Thermo-analytical Results (TGA) of the Complexes 

 

 
 

Figure 1: X-ray crystal structure of [Co (C6H4NO2)2 (H2O)2]. 2H2O 
 

Complex Temperature 
Range( °C ) 

Probable 
Volatile 

products 

Weight loss ( % ) 

Calculated Found 

[Mn(C6H4NO2)2 (H2O)2]2.H2O 
 

140-180 
180-300 
300-500 
500-670 

2H2O 
2H2O 

2C5H5N 
2CO2 

9.63 
9.63 

42.09 
23.71 

Total:85.06 

9.36 
9.63 

48.75 
15.25 
0.84 

Total:83.83 

[Co(C6H4NO2)2(H2O)2 ].2H2O 
 

100-140 
150-420 
420-610 

4H2O 
2CO2 

2C5H5N 

19.19 
23.45 
42.11 

Total:84.75 

18.80 
20.56 
40.65 

Total:80.01 

[Ni(C6H4NO2)2(H2O)2].2H2O 50-200 
200-400 
400-800 

4H2O 
2C5H5N 

2CO2 

19.20 
42.14 
23.45 

Total:84.79 

17.05 
53.88 
18.97 

Total:89.90 

[Cu(C6H4NO2)2 (H2O)] 
 

50-75 
75-140 

140-180 
240-380 

H2O 
1CO2 

1C5H5N 
1C6H4NO2

-
 

5.53 
13.51 
24.25 
37.45 

Total:80.74 

7.65 
13.96 
24.18 
33.60 

Total:79.39 
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Figure 2: X-ray crystal structure of [Ni (C6H4NO2)2 (H2O)2]. 2H2O 
 

 
 

Figure 3: X-ray crystal  structure of [Cu (C6H4NO2)2 (H2O)] 
 

Antimicrobial tests 
 

The ligand, metal salts and metal picolinates were tested for antimicrobial activity 
against four yeasts  and nine bacteria obtained from the Central hospital, Yaoundé, Cameroun 
and “Centre Pasteur”, Yaoundé Cameroun. The results of susceptibility of these microbes  
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towards the compounds, judged by the inhibition zone growth diameter (IZ), are presented in 
Table 5. 
 

Table 5: Antimicrobial Activity of the Picolinates (IZ diameters in mm) 
 

 
1=pyridine-2-carboxylic acid            2=[Co(C6H4NO2)2(H2O)2].2H2O,    
3=[Ni(C6H4NO2)2(H2O)2].2H2O, 4=[Cu(C6H4NO2)2(H2O)],  5=[Zn(C6H4NO2)2(H2O)2].2H2O, 6= [Mn(C6H4NO2)2 

(H2O)2].2H2O,          7= Co(NO3)2.6H2O,          8 = Ni(NO3)2.6H2O,  
9 = ZnCl2,      10 = MnCl2.4H2O,    11= CuCl22H2O,      GENT= Gentamycin, NYST= Nystatin 

 
The results presented in Table 5 show that the ligand and a few of the metal complexes 

have selective activity on the bacterial strains. Pyridine -2- carboxylic acid asiso shows selective 
mild antibacterial susceptibility on some of the tested bacterial pathogens (5/9) and no activity 
on the candida species. None of the complexes exhibited any activity on the four candida 
species. Zinc, manganese and copper complexes exhibited some activity on the bacterial strain, 
S. auréus, with inhibition zones in the range 7-9 mm. The cobalt complex showed activity 
against K. pneumoniae with an inhibition zone of 7 mm. The activities exhibited by the 
complexes of zinc, manganese and copper on the staphylococcus aureus can be further studied 
as a potential therapy against this pathogen. 

 
 

Micro- 
organisms  
 

1 2 3 4 5 6 7 8 9 10 11 GENT NYST 

C. 
 Krusie 

0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 14±1.2 13±1.2 0±0 8±1.3 12±1.4 -- 13 ±0,8 

C 
.albicans 

0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 13±0.6 12±0 5±0.1 0±0 11±1.3 -- 20 ± 1.1 

C. 
 néoformans 

0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0±0 13±0 0±0 7±1.1 16±0.7 -- 20 ± 0.7 

C 
.parapsilosis  

0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 17±0.1 12±0 0±0 0±0 14±0 -- 14 ± 0.4 

P.  
aeruginosa  

9 ± 0.3 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 9 10 9 - - 25 ± 0.2 -- 

c. 
 freundi  

10± 1 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 - - - - - 28 ± 0.9 -- 

E. coli 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 13 7 9 8 8 29 ± 0 -- 

K. 
 pneumoniae 

12 ± 
0.7 

7 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 11 10 10 8 7 24 ± 0.6 -- 

S. auréus 12 ± 0 0 ± 0 0 ± 0 9 ± 0 7± 0.1 8± 1.1 10 7 8 7 7 38 ± 0.4 -- 

S. 
 thyphi 

9 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 12 9 9 - - 26 ± 0.4 -- 

M.  
morganii 

0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 11 8 - 7 - 25 ± 0.1 -- 

E. 
 cloacae 

6 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 11 9 9 - - 30 ± 0.9 -- 

S. 
 flexineri 

0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 13 10 9 7 8 32 ± 1.6 -- 
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CONCLUSION 
 

Complexes of Mn (II), Co (II), Ni (II), Cu (II) and Zn (II) with pyridine -2- carboxylic acid  as 
ligand have been synthesized and characterized using elemental analyses, conductance 
measurements, magnetic and,spectroscopic studies and single crystal X-ray structure.The 
results suggest that the metal complexes assume distorted octahedral geometry in which 
Mn(II), Co(II),  Ni(II and Zn(II) have two molecules of the ligand and two aqua ligands each in the 
coordination sphere, whereas the copper complexes has a distorted square- pyramidal 
geometry in with two molecules of the ligand and one aqua ligand are in the coordination 
sphere. Conductance values indicate that the complexes are non electrolytes. 
Thermogravimetric analyses show that the complexes undergo more them one step 
decomposition of both the coordinated and uncoordinated water molecules and picolinate ions 
to metal oxide and various gases. 
 

The X-ray crystal structure of three of the complexes; [ Co(C6H4NO2)2(H2O)2 ].2H2O, 
[Ni(C6H4NO2)2(H2O)2 ].2H2O and [Cu(C6H4NO2)2(H2O) ] have been confirmed as reported [17,37]. 
[Co(C6H4NO2)2(H2O)2 ].2H2O, belongs to the monoclinic crystal system with space group p /c, 

with coordinates, a = 9.7852(2) Å, b = 5.11800(10) Å, c = 14.5069(2) Å α = 90.00°, ß = 
90.4270(10)°, γ = 90.00°, V = 726.49 (2) Å3, Z = 4. The complexes [Ni(C6H4NO2)2(H2O)2 ].2H2O 
also belongs to monoclinic crystal system, with space group p /c, with coordinates, a =  

9.67068(3)  Ä, b = 5.14990(10) Å c = 14.3957(4) Å, α = 90.00°,  ß = 90.024°, γ =90.00°, V 
716.94(3) Å3, Z = 4. [Cu(C6H4NO2)2(H2O) ] crystallizes in the orthorhombic crystal system, space 
group Pbca, with coordinates a = 12.7042(2) Å , b = 12.6859(2) Å, c = 14.7894(2) Å, α = 90.00°, ß 
= 90.00°, γ = 90.00°, V = 2383.52 Å3, Z = 8. 
 
Antimicrobial studies on nine bacterial strains and four candida species reveal that the ligand 
and some of the the metal picolinates have selective activity on a few bacterial strains and no 
activity on the candida species. The zinc manganese and copper complexes exhibited some 
activity on the bacterial strain, Staphylococcus auréus, while the cobalt complexe showed 
activity against K. pneumonia. These could be studied further as a potential therapy against this 
pathogen. 
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