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Abstract: Two new chalcogenide viz. Se and Te derivatives have been successfully fabricated and fully characterized.
The products are obtained in high yield at each stage of the synthesis. In addition, the synthesized compounds have also
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Introduction
Lithiation of substituted and unsubstituted pyridine ring has constantly invited the attention of chemists world
over as it is a convenient route to many functional group manipulations, leading to molecules that are of
material and biological interests. The lithiation of halo- and dihalopyridines with the retention of halogen
atom(s) offers many advantages in organic synthesis as it allows an easy route for the introduction of new
functionalities.1 The selective lithiation of di- or tri-halopyridines by metal-halogen exchange reaction has
been attempted by many groups. The lithium-hydrogen exchange reaction is another route which has been
exploited to meet the aforementioned objectives. 3-bromopyridine when reacted with lithium
diisopropylamide (LDA) mainly lithiates C-4 position due to an effect called Directed ortho-metallation
(DoM).2 The directed ortho lithiation of substituted aromatics is a versatile method for effecting highly
regioselective electrophilic aromatic substitution and has been extensively employed as a powerful synthetic
tool. The technique is successful presumably because electronic and or chelation properties associated with
various aromatic substituents direct abstraction of the ortho proton by the metallating agent.3 Metallation at
ortho position is facilitated owing to the ortho directing ability of halogen substituent due to an effect called
complex induced proximity effect (CIPE). The CIPE is the ability of the heteroatom (N, O, F, Br etc.) to
coordinate with the metal (lithium) to bring about the directed deprotonation of the substrate.4 Among the
various organolithium reagents, LDA has been known to bring about selective deprotonation as it is a non-
nucleophillic base and does not lead to metal-halogen exchange reactions in halopyridines, which occur with
n-butyl lithium.5

Experimental Section
Synthesis of 2, 3, 5, 6-tetrabromopyridine (1): In a three necked round bottom flask (RBF) fitted with a
mechanical stirrer hydrobromic acid (48%, 102 ml, 1.86 moles) was added. The RBF containing HBr was
cooled to 0 ºC by placing it on an in ice bath. 2, 6-diaminopyridine (21.8 g, 0.2 moles) was added to it in small
instalments with continuous stirring. After the complete dissolution of 2,6-diaminopyridine, bromine (32 ml,
1.25 moles) was added dropwise. After addition of bromine was completed the reaction mixture was stirred 30
minutes. Sodium nitrite (NaNO2) solution in water (73.59 g, 1.06 moles) was added to it by maintaining the
temperature of the reaction mixture at 0 ºC. The resulting solution was again stirred for one hour. NaOH (160
g) solution in 160 ml of water was added to the RBF to neutralise the solution. The reaction was then
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extracted with diethyl ether and purified by column chromatography. Yield: 30g, m. p. 100-101 ̊C. 1H NMR:
CDCl3, 400 MHz δ (ppm): 8.08. 13C NMR: CDCl3, 400 MHz δ (ppm): 123.0, 140.63, 145.36. EI Mass: m/e
395

Synthesis of 2,3,5,6-tetrabromo-4-(methylselenenyl)pyridine: In a flame
dried three necked RBF equipped with a stir bar and septum cap was placed a
solution of 2,3,5 6-tetrabromopyridine (2 g, 5.06 mmol) in dry THF (30 ml)
under oxygen free nitrogen atmosphere. In a separate flame dried three necked
RBF, lithium diisopropylamide (LDA, 10.12 mmol) was prepared by
dropwise addition of n-BuLi (4.05 ml, 10.12 mmol) to a solution of
diisopropylamine (1.02 g, 1.43 ml, 10.12 mmol) in dry THF at -10 ºC. The
temperature of the RBF containing solution of 2,3,5,6-tetrabromopyridine in dry THF was lowered to -78 ºC
and LDA was added slowly via cannula under nitrogen atmosphere. The resulting dark brown solution was
stirred for 30 minutes at -78 ºC. Elemental selenium (0.79 g, 10.12 mmol) was added and temperature of the
mixture was raised slowly until complete dissolution of selenium took place. The reaction mixture was again
cooled to -78 ºC and iodomethane (0.63 ml) was added to it. The reaction mixture was slowly brought to room
temperature. After about half an hour the reaction mixture was hydrolysed with distilled water. The organic
layer was extracted with chloroform, washed with water, brine solution and dried over anhydrous sodium
sulphate for two hours. The solvent was removed on a rotary evaporator to afford the crude product which was
purified by column chromatography using 60-120 mesh silica gel and hexane-ethyl acetate. Yield: 0.511g
(62%); m.p. 138 ºC. Colour: light orange. 1H NMR: CDCl3, 400 MHz δ (ppm): 2.56. 13C NMR: CDCl3, 400
MHz δ (ppm): 140.7, 129.9, 12.7.

Synthesis of 2,3,5,6-tetrabromo-4-(methyltelluryl)pyridine: In a flame dried
three necked RBF equipped with a stir bar and septum cap was placed a solution
of 2,3,5,6-tetrabromopyridine (1 g, 2.53 mmol) in dry THF (30ml) under oxygen
free nitrogen atmosphere. In a separate flame dried three-necked RBF, lithium
diisopropylamide (LDA, 5.06 mmol) was prepared by dropwise addition of n-
BuLi (2 ml, 5.06 mmol) to a solution of diisopropylamine (0.72 ml, 5.06 mmol)
in dry THF at -10 ºC. The temperature of the RBF containing solution of 2,3,5,6-
tetrabromopyridine in dry THF was lowered to -78 ºC and LDA was added slowly via cannula under nitrogen
atmosphere. The resulting dark brown solution was stirred for 30 minutes at -78 ºC. Elemental tellurium
(0.643 g, 5.06 mmol) was added and temperature of the mixture was raised slowly until complete dissolution
of tellurium took place. The reaction mixture was again cooled to -78 ºC. Iodomethane (0.32 ml) was added to
reaction mixture. The reaction mixture was slowly brought to room temperature. After about half an hour
reaction mixture was hydrolysed with distilled water. The organic layer was extracted with chloroform,
washed with water, brine solution and dried over anhydrous sodium sulphate for two hours. The solvent was
removed on a rotary evaporator to afford the crude product which was purified by column chromatography
using 60-120 mesh silica gel and hexane-ethyl acetate. Yield: 0.134g (10%), m.p. 132-133 ºC. 1H NMR:
CDCl3, 400 MHz δ (ppm): 2.49. 13C NMR: CDCl3, 400 MHz δ (ppm): 169.1, 139.3, 131.6, 100.2, -5.3.

Procedure for evaluation of antimicrobial activity: The standard strains of gram positive bacteria (Bacillus
pumilus MTCC 1607, Bacillus subtilis MTCC 441, Staphylococcus aureus MTCC 737) and gram negative
bacteria (Escherichia coli MTCC 1687 and Pseudomonas oleovorans MTCC 617) were  used for the present
investigations and were procured from Microbial Type Culture Collection Institute of Microbial Technology,
Chandigarh. The inoculum was prepared by growing the bacterial culture namely Escherichia coli MTCC
1687 and Staphylococcus aureus MTCC 737 at 37 °C, Bacillus pumilus MTCC 1607 and Bacillus subtilis
MTCC 441 at 30 °C, Pseudomonas oleovorans MTCC 617 at 25 °C for 12 h in sterilized nutrient broth
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medium containing beef extract (1.0 g/l), yeast extract (2.0 g/l), peptone (5.0 g/l), sodium chloride (5.0 g/l)
and having pH 7.0 under stationary conditions. The dilution method was used to determine the minimal
inhibitory concentration (MIC in ppm) of synthesized organoselenium compounds under defined test
conditions. Different concentrations of 2,3,5,6-tetrabromopyridine (1) 2,3,5,6-tetrabromo-4-
(methylselenenyl)pyridine (4a) 2,3,5,6-tetrabromo-4-(methyltelluryl)pyridine (4b) and N-(5-bromo-2-
pyridyl)benzamide compounds in sterilized nutrient agar were used to investigate their antibacterial effect and
to determine their minimum inhibitory concentration against five different bacterial species.

The inhibition zone was determined by disc diffusion method. Sterilized nutrient agar medium of pH 7.0
containing beef extract (1.0 g/l), yeast extract (2.0 g/l), peptone (5.0 g/l), sodium chloride (5.0 g/l) and agar (15
g/l) was poured in autoclaved Petri plates under laminar flow bench and allowed for solidification. Further, 10
μl of respective inoculum cultures containing definite number of test organism were seeded into different Petri
plates containing solidified medium with the help of glass spreader. Thereafter, the filter paper disks
containing different concentrations of respective compounds were placed onto inoculated nutrient agar surface
of Petri plates with the help of sterilized forceps. The antibacterial activities were determined by measuring
the radius of inhibition zone in mm.

Procedure for evaluation of Antioxidant Activity
Reduction of 1,1-diphenyl-2-picrylhydrazyl(DPPH) free radical method: The nitrogen centered stable free
radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) has often been used to characterize various antioxidants. It is
reversibly reduced and odd electron in the DPPH free radical gives a strong absorption maximum at λ 517 nm.
The colour of DPPH in methanol is purple . This property makes it suitable for spectrophotometric studies. A
radical scavenging antioxidant reacts with DPPH stable free radical and converts into 1,1-diphenyl-2-
picrylhydrazine. The change in the absorbance produced in this reaction has been used to measure the
antioxidant properties. The solution of different concentration of test compounds were added to DPPH (250
μM) in methanol. The tubes were kept at room temperature for 45 minutes and the absorbance was measured
at λ = 517 nm. The difference between the test and the controlled experiments was taken and expressed as the
percent scavenging activity. The percentage scavenging activity was calculated according to following
formula.

% scavenging activity = [Control – Test] / Control × 100
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Scheme 1: Quenching of DPPH by an antioxidant

Results and Discussion
In the present study chalcogen (Se, Te) derivatives of 2,3,5,6-tetrabromopyridine (1) were prepared by a
method involving  lithiation of 1 with LDA at -78 ºC. For this, 2,3,5,6-tetrabromopyridine was prepared from
2,6-diaminopyridine. The two amino groups attached to the pyridine ring activates the otherwise deactivating
pyridine ring for electrophilic aromatic substitution. 2,3,5,6-Tetrabromopyridine was prepared by combining
electrophilic substitution reaction with the diazotization  of 1 with bromine and hydrobromic acid (Scheme
2). 2,6-diaminopyridine was first treated with HBr (48%) and then bromine was added dropwise at 0 ºC. After
the complete addition of bromine, sodium nitrite solution in water was added while still maintaining the
temperature of the reaction mixture at 0 ºC. After 1 hour of stirring the reaction mixture was neutralised with
NaOH solution and extracted with chloroform to give 1.
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Scheme 2: Synthesis of 2,3,5,6-tetrabromopyridine (1)

Treatment of 1 with LDA (2.0 equiv.) in dry THF at -78 °C gives the carbanion, 2,3,5,6-tetrabromopyrid-4-
yllithium (2). Addition of elemental selenium (2.0 equiv.) to 2 leads to the formation of the selenolate anion,
3a The formation of 3a is due to selenium insertion in the C-Li bond in the carbanion, 2. The in situ
quenching of the selenolate anion 3, with 2.0 equiv. of iodomethane affords 2,3,5,6-tetrabromo-4-
(methylselenenyl)pyridine (4a) in good yield (Scheme 3). This reactions is generally very clean and no
product due to lithiation at any other position was detected, indicating that lithiation of 1 takes place
preferably at C-4. The lithiation of 1 at C-4 is due the Directed Ortho Metallation (DoM) of the two adjacent
bromo group. The carbanion 3a is probably stablized by Br---Li interaction leading to the formation of four-
membered chelating ring (Figure 1). In addition to DoM, the presence of four electronegative bromo group in
the pyridine ring greatly increase the acidity of H-4 and in turn facilitates the removal of this proton with
strong basic  base like LDA. The reaction discussed above was repeated with elemental tellurium instead of
elemental selenium. Freshly activated tellurium powder was added to the already prepared 2,3,5,6-
tetrabromopyrid-4-yllithium (2) at -78 °C and the reaction mixture was slowly brought to room temperature
and stirred till all the tellurium got dissolved. It is pertinent to mention here that elemental tellurium powder
took more time to get dissolve in comparision of selenium. This is probably due to the greater size of
tellurium atom in comparison to selenium which makes the insertion of the tellurium atom to C-Li bond more
difficult than the insertion of the selenium into C-Li bond in 2. The dissolution of tellurium in the reaction
mixture indicates the formation of tellurolate anion, 3b. The in situ quenching of the 3b with 2.0 equiv. of
iodomethane affords 2,3,5,6-tetrabromo-4-(methyltelluryl)pyridine (4b) in poor yield (Scheme 3). The low
yield of 4b is probably due to instabilty of this compound especially when present in the solution form.
Organotellurium compounds are known to be less stable and are invariably formed in lower yield than their
selenium counterparts. The aforementioned reaction was also carried out by using n-BuLi as lithiating agent
instead of LDA however, no product corresponding to the lithiation of 1 was noticed.  Benzaldehyde was used
as the electrophile in the later reaction but still no product corresponding to the lithiation of 1 was obtained.
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Scheme 3: Synthesis of 2,3,5,6-tetrabromo-4-(methylselenenyl)pyridine and 2,3,5,6-tetrabromo-4-
(methyltellury)pyridine.
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An attempt was made to study effect of the prior complexation of 1 with boron trifluoride diethyl etherate
(BF3.Et2O) on the yield of 4a (Scheme 4). BF3.Et2O was added to the solution of 1 in dry THF. Contrary to the
expectation, formation of the precipitates of the BF3 adduct of 1 was not seen. The treatment of the resulting
solution with LDA did not lead to the formation of carbanion as evidenced from the non-dissolution of
elemental solution. The usual workup procedure of the reaction mixture gave the starting material back. It
appears that the 1 does not form adduct with BF3 (lewis acid) as the presence of four electronegative bromo
group in 1 makes it highly electron-defiecient rendering it incapable to donating its lone pair of electrons to
the electron deficient BF3 species.

N

Br Br

BrBr

BF3.Et2O

N

Br Br

BrBr

BF3

Scheme 4: Reaction of BF3.Et2O with 1.

All the synthesized compounds (1, 4a and 4b) were characterized by NMR (1H & 13C), and mass spectral
techniques. The 1H NMR spectrum of 1a shows one singlet at 8.08 δ ppm. 13C NMR spectrum of this
compound shows three signals at 123.0, 140.6 and 145.3 δ ppm. The signal at 140.6 δ ppm is due to C-4 is of
higher intensity than the other four carbon atoms. The signal due to two equivalent carbon atoms, C-2 and C-6
, appears at 145.3 δ ppm whereas, the signal corresponding to C-3 and C-5 appears at much upfield at 123.0 δ
ppm. 1H NMR spectrum of the spectrum of 4a shows no signal in the aromatic region indicating deprotonation
of the parent compound (1a). A singlet appears at 2.47 δ ppm due to SeCH3. Similar to 4a the 1H NMR
spectrum of 4b does not show any signal in the aromatic region and shows a singlet almost at the same
position (2.49 δ ppm) The protons of the methyl group attached to the selenium and tellurium atom in 4a and
4b are flanked by selenium/tellurium satellites due to NMR active 77Se and 127Te respectively. The EI mass
spectrum of 1 shows molecular ion peak at m/e 399, 397, 395, 393 and 391 due to different proportions of
isotopes of bromine (79Br and 81Br) attached to the pyridine ring. The base ion peak at m/e 395 corresponds to
the fragment where two 79Br and two 81Br are attached to the pyridine ring. The subsequent mass fragment has
been shown by the removal of Br˙ at the pyridine ring from the base ion peak (Figure 1). The EI mass
spectrum of 4a gave distinct molecular ion peaks with characteristic isotopic patterns of selenium at m/e 488.
In addition to the molecular ion peak, the mass spectrum of 4a exhibit base ion peak at m/e 93.
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Figure 1: Proposed Mass fragmentation.
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Antimicrobial Activity
Organochalcogen compounds are known to show antimicrobial activity. However, there are only few reports
on the study of antimicrobial activity of organochalcogen compounds. After developing the methodology for
the synthesis of tetrabromopyridylchalcogen compounds, it was thought to study the antibacterial property of
the prepared compounds. The antibacterial activity of compound 1, 2 and 3 was studied on the standard strains
of gram positive bacteria (Bacillus pumilus MTCC 1607, Bacillus subtilis MTCC 441, Staphylococcus aureus
MTCC 737) and gram negative bacteria (Escherichia coli MTCC 1687 and Pseudomonas oleovorans MTCC
617) by standard disc diffusion method. The antibacterial activities were determined by measuring the radius
of inhibition zone in mm.

The compounds 4a and 4b did not show any antibacterial property at any concentration whereas, the
compound 1 showed mild activity at 1000µg/l and 500µg/l.  It is clear from Table 1 that the compound 1 is
more active against gram positive bacteria as compared to gram negative bacteria. The zone of inhibition is
shown in the figures 2, 3, 4 and 5 for gram positive bacteria, Bacillus pumilus MTCC 1607, Bacillus subtilis
MTCC 441 and Staphylococcus aureus MTCC 737 and gram negative bacteria Escherichia coli MTCC 1687
respectively at 1000μg/l concentration. The difference in the cell wall of the two types of the bacteria is
probably leading to the difference in the activity of this compound against these bacteria.

Table 1: Antibacterial activity of 2,3,5,6-tetrabromopyridine by disc diffusion method

Bacteria
Concentration*

1000µg 500µg

MTCC 1607
21 mm

21 mm

18 mm

17 mm

MTCC 737
20 mm

18 mm

16 mm

17 mm

MTCC 441
20 mm

20 mm

16 mm

16 mm

MTCC 1687
12 mm

12 mm

10 mm

10 mm

MTCC 617
12 mm

12 mm

11 mm

11 mm

*zone of inhibition in mm at different concentration

Figure 2: Photograph showing the affect of compound 1 at 1000μg/l concentration (Zone of inhibition) on
MTCC 1607, Bacillus pumilus.
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Figure 3: Photograph showing the affect of compound 1 at 1000μg/l concentration (Zone of inhibition) on
MTCC 441, Bacillus subtilis.

Figure 4: Photograph showing the affect of compound 1 at 1000μg/l concentration (Zone of inhibition) on
MTCC 737, Staphylococcus aureus.

Figure 5: Photograph showing the affect of compound 1 at 1000μg/l concentration (Zone of inhibition) on
MTCC 1687, Escherichia coli.

Antioxidant Activity
Organochalcogen compounds have been shown to exhibit antioxidant activity. Most of the antioxidant activity
of organochalcogen compounds have been carried out by NADPH method where it has been shown that these
compounds mimic Glutathione peroxidase enzyme. There are very few reports on the study of antioxidant
activity of organochalcogen compounds by DPPH method. The DPPH radical scavenging model is
extensively useful to evaluate antioxidant activities as it takes less time than other methods. DPPH is a stable
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free radical that can accept an electron or hydrogen radical and thus be converted into a stable, diamagnetic
molecule.

During the present study the antioxidant activity of the synthesized compounds 2,3,5,6-tetrabromopyridine
(1), 2,3,5,6-tetrabromo-4-(methyl selenenyl)pyridine (4a) and 2,3,5,6-tetrabromo-4-(methyltelluryl) pyridine
(4b) was studied by DPPH method.

The % inhibition of the compound 1 was calculated from the decrease in the absorbance value and it was
found that 1 practically has no antioxidant activity (Table 2).

Table 2: Antioxidant activity of 2,3,5,6-tetrabromopyridine (1).

Concentration (mmol) Absorbance % inhibition

10 0.612 1.92

8 0.613 1.76

6 0.617 1.12

4 0.615 1.44

2 0.613 1.76

The antioxidant activity of 4a was also studied by using 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical
method. Figure 6 shows the decrease in the absorbance of the sample solution at λ 517 nm with the increase in
the concentration of 4a. Thus, it is clear that the antioxidant activity of 4a increases with the increase in its
concentration in the test sample. By the extrapolation of the graph shown in figure 6 it was found that the
compound 4a shows IC50 at about 12 mmol concentrations.

Table 3: Antioxidant activity of 2,3,5,6-tetrabromo-4-(methylselenenyl)pyridine (4a)

Concentration (mmol) Absorbance % inhibition

10 0.346 44.55

8 0.397 36.37

6 0.437 29.96

4 0.465 25.48

2 0.511 18.11

Figure 6: Conc. vs absorbance graph of 4a
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Figure 7: Graph showing % inhibition of 4a at different concentration

The antioxidant activity of 4b was then studied and the results were compared with that obtained in case of 1
and 4a. Table 4 and figure 7 show the decrease in the absorbance of the sample solution at λ 517 nm with the
increase in the concentration of 4b. Thus, it is clear that the antioxidant activity of 4b increases with the
increase in its concentration in the test sample (figure 8). From the graph it is also clear that the maximum rate
of increase in the antioxidant activity is from 4 to 8 mmol concentration of 4b from figure 8 it was found that
the compound 4b shows IC50 at about 3.5 mmol concentration.

Table 4: Antioxidant activity of 2,3,5,6-tetrabromo-4-(methyltelluryl)pyridine (4a)

Concentration(mM) Absorbance % inhibition

10 0.089 85.73

8 0.091 85.41

6 0.186 70.19

4 0.302 51.60

2 0.336 46.15

Table 5: Comparative antioxidant activity of 1, 4a and 4b

Concentration
(mmol)

Compound 1
(% inhibition)

Compound 4a
(% inhibition)

Compound 4b
(% inhibition)

10 1.92 44.55 85.73

8 1.76 36.37 85.41

6 1.12 29.96 70.19

4 1.44 25.48 51.60

2 1.76 18.11 46.15
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Figure 8: Conc. vs absorbance graph of 4b

Figure 9: Graph showing % inhibition of 4b at different concentration

Figure 10: Comparative inhibition of compound 1, 4a and 4b at 10 mmol of concentration.
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Conclusions
In conclusion of the study, it is safe to assume that the presence of carbon-chalcogen (C-E) bond is essential
for the antioxidant activity in the tetrabromopyridyl moiety. It is also clear from Table 5 and Figure 10 that
tellurium compound (4b) shows maximum antioxidant activity. This is probably due to the fact that C-Te
bond is more labile than C-Se bond. It appears that the reaction of DPPH with the chalcogen compound leads
to the breakage of C-E (E + Se, Te) bond. This result in the formation of aryl and chalcogenalkyl radicals and
the aryl radical quenches the DPPH radical leading to the decrease in the absorbance of the sample solution.
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