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ABSTRACT

6-Chloro-pyridin-2-yl-amine derivatives 3(a-h) were synthesized by using 2-amino-6-chloropyridine (1) as starting
material. The nemy synthesized compounds were characterized by elemental analyses, *"H NMR and mass spectral
studies. The synthesized compounds were screened for antibacterial and antifungal activities. All the synthesized
compounds showed the antibacterial activity against four pathogenic strains of Bacillus subtilis (MTCC 121),
Staphylococcus aureus (MTCC 7443), Xanthomonas campestris (MTCC 7908), Escherichia coli (MTCC 7410) and
antifungal activity against pathogenic strains of Fusarium oxysporum (MTCC 2480). All compounds showed good
to moderate antimicrobial activity. However, compounds 3a, 3f and 3h showed potent antibacterial activity against
pathogenic strains used in the study.
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INTRODUCTION

Throughout history, there has been a continualédbattween humans and the multitude of microorgasithat
cause infection and diseadgiseases caused by microbial infection are a sernpanace to the health of human
beings, and often have connection to some othemsés whenever the body system gets debilitataihdine 26'
century, vaccines for bacterial toxins and manyeottommon acute viral infections were developed enadle
widely available. In recent years, considerableriegt has been devoted to find a new methodolaghésynthesis
of pyridine building blocks. Number of differentasises of antibacterifl, 2] and antifungal agenf3] have been
discovered. The incidence of fungal infections lraseased significantly in the past two decades Bfjme
antifungal drugs could also help to kill fungi whinfect the human body. Many of the drugs curseatlailable
have undesirable side effects and might be toxic.

Chemical modifications of existing antibacteriabats in order to generate novel molecules withebetterapeutic
properties are necessary because of the emergénmilttdrug resistant bacteria [5]. Pyridine, a drecyclic

nucleus, played a pivotal role in the developmdndiffierent medicinal agents and in the field of@ghemicals.
Pyridine derivatives have shown potent pharmacoligiroperties like antimicrobial [6-8], insectiald9] etc. In

connection with such studies, the present papertieg for the first time on the synthesis of 6-atd-pyridin-2-yl-

amine derivatives3(a-h) which are formed during the reaction of 2-aminokeropyridine (1) with different

aldehydes2(a-h). These synthesized compounds were characterizedebyental analyses, FT-IBH NMR and

mass studies. Antibacterial and antifungal actgitwere reported and structural activity relatigmshas also
discussed in this paper.
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MATERIALSAND METHODS

Melting range was determined by Veego Melting PMMP Ill apparatus. Elemental analyses were reabmie
VarioMICRO superuser V1.3.2 Elementdd NMR spectra were recorded on Bruker DRX -500 speteter at
400 MHz using DMSO-las solvent and TMS as an internal standard. Masstrsh data were obtaineay
LC/MSD Trap XCT. Silica gel column chromatography vpasformed using Merck 7734 silica gel (60-120 mesh)
and Merck-made TLC plates. All solvents and reag@mdre purchased from Sigma Aldrich Chemicals Rdt L

General procedurefor the synthesis of 6-chloro-pyridin-2-yl-amine derivatives 3(a-h)

Equimolar concentrations of aryl aldehyd@a)(and 2-amino-6-chloropyridingél) and 2-3 drops of concentrated
sulfuric acid was added. The reaction mixture vedhkixed for 8-10 hr at room temperature in absoaitenol (25
ml). The progress of the reaction was monitored’ b@ until the reaction was complete. It was codie® °C, and
the precipitate was filtered, washed with diethylee and the residue was recrystallized from eth&idmino-6-
chloropyridine derivative8(a-h) was synthesized by the method summarized in Schieme

= =
Ar-CHO (2a-h), H', Ethanol = H
X Reflux, 8-10 hr T\ X
H,N N cl C™—N N cl
1 Ar 3(a-h)
Scheme 1

Synthesis of 4-[(6-chloro-pyridin-2-ylimino)-methyl]-2-methoxy-phenol (3a)

The general experimental procedure described albdéfeeded 3a, and the product obtained fro@-amino-6-
chloropyridine 1) (0.1062 g) and 4-hydroxy-3-methoxy-benzaldehy# (0.1205 g). Yield: 78 %:H-NMR (400
MHz, DMSO-d): 11.3 (s, br, 1H, OH), 8.13 (s, 1H, CH), 7.811(, Py-H), 7.60-7.53 (d, 2H, Py-H), 7.45 (s, 1H,
Ar-H), 7.21 (d, 1H, Ar-H), 7.18 (d, 1H, Ar-H), 3.76, 3H, OCH). MS (ESI) mz 263.7. Anal. Calcd. for
C13H11CIN,O, (in %): C, 59.44; H, 4.22; N, 10.66. Found: C, 39 8, 4.32; N, 10.75.

Synthesis of (6-chloro-pyridin-2-yl)-(1H-indol-3-ylmethylene)-amine (3b)

The general experimental procedure described alaffeeded 3b, and the product obtained fro@ramino-6-
chloropyridine ) (0.2014 g) and indole-3-carboxaldehyd¥)( (0.2210 g). Yield: 65 %'H-NMR (400 MHz,
DMSO-d;): 10.0 (s, 1H, NH), 8.10 (s, 1H, CH), 8.01 (t, I4;-H), 7.65-7.58 (d, 2H, Py-H), 7.40 (s, 1H), 7336
(d, 2H, Ar-H), 7.18-7.05 (m, 2H, Ar-H). MS (EStWz 256.7. Anal. Calcd. for £H;oCIN;s (in %): C, 65.76; H,
3.94; N, 16.43. Found: C, 65.94; H, 4.02; N, 16.69.

Synthesis of (6-chlor o-pyridin-2-yl)-(4-dimethylamino-benzylidene)-amine (3c)

The general experimental procedure described aldfoeded 3c, and the product obtained fro@ramino-6-
chloropyridine () (0.2040 g) and 4-dimethylamino-benzaldehy2ts) (0.2328 g). Yield: 75 %H-NMR (400 MHz,
DMSO-d;): 8.15 (s, 1H, CH), 7.83 (t, 1H, Py-H), 7.62-7 @4 2H, Py-H), 7.40 (d, 2H, Ar-H), 6.74 (d, 2H, A,
2.90 (s, 6H, CH). MS (ESI)m/z 260.1. Anal. Calcd. for fH14CIN3 (in %): C, 64.74; H, 5.43; N, 16.18. Found: C,
64.53; H, 5.62; N, 16.37.

Synthesis of (4-chlor o-benzylidene)-(6-chloro-pyridin-2-yl)-amine (3d)

The general experimental procedure described alaffeeded 3d, and the product obtained fro@amino-6-
chloropyridine 1) (0.2021 g) and 4-chloro-benzaldehyds)( (0.2189 g). Yield: 72 %'H-NMR (400 MHz,
DMSO-d): 8.20 (s, 1H, CH), 8.04 (t, 1H, Py-H), 7.70-7@R 2H, Py-H), 7.52 (d, 2H, Ar-H), 7.45 (d, 2H, A}
MS (ESI)m/z 252.1. Anal. Calcd. for GHgClLN, (in %): C, 57.40; H, 3.21; N, 11.16. Found: C, 7.8, 3.10; N,
11.27.

Synthesis of (6-chlor o-pyridin-2-yl)-(4-nitro-benzylidene)-amine (3€)
The general experimental procedure described aladforded 3e, and the product obtained fro@ramino-6-
chloropyridine {) (0.2012 g) and 4-nitro-benzaldehyd®)((0.2362 g). Yield: 76 %'H-NMR (400 MHz, DMSO-
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dg): 8.16 (s, 1H, CH), 8.01 (t, 1H, Py-H), 7.95 (tH,Ar-H), 7.83-7.72 (d, 2H, Ar-H), 7.60 (d, 2H, ™). MS (ESI)
m/z: 262.5. Anal. Calcd. for GHgCIN3O, (in %): C, 55.08; H, 3.08; N, 16.06. Found: C, 558, 2.97; N, 15.98.

Synthesis of (6-chloro-pyridin-2-yl)-(3,5-dinitr o-benzylidene)-amine (3f)

The general experimental procedure described alaffeeded 3f, and the product obtained fro@+amino-6-
chloropyridine 1) (0.2012 g) and 3,5-dinitro-benzaldehyd) ((0.3591 g). Yield: 78 %'H-NMR (400 MHz,
DMSO-d;): 9.10 (s, 1H, Ar-H), 8.94 (s, 1H, Ar-H), 8.90 (4, Ar-H), 8.10 (s, 1H, CH), 8.00 (t, 1H, Py-H)9% (d,
2H, Ar-H). MS (ESI)mVz 307.6. Anal. Calcd. for GH;CIN4O, (in %): C, 47.00; H, 2.30; N, 18.27. Found: C,
46.96; H, 2.37; N, 18.19.

Synthesis of benzylidene-(6-chlor o-pyridin-2-yl)-amine (3g)

The general experimental procedure described aladfeeded 3g, and the product obtained fro@-amino-6-
chloropyridine 1) (0.2080 g) and benzaldehydg) (0.1700 g). Yield: 68 %:H-NMR (400 MHz, DMSO-g): 8.14
(s, 1H, CH), 8.05 (t, 1H, Py-H), 7.90 (d, 2H, Ar;H)65 (d, 2H, Ar-H), 7.40 (m, 3H, Ar-H). MS (ESyz 217.7.
Anal. Calcd. for GHyCIN, (in %): C, 66.52; H, 4.19; N, 12.93. Found: C, @.8, 4.21; N, 12.78.

Synthesis of (6-chloro-pyridin-2-yl)-(4-methylsulfanyl-benzylidene)-amine (3h)

The general experimental procedure described alaffeeded 3h, and the product obtained fro@ramino-6-
chloropyridine ) (0.2020 g) and 4-methylsulfanyl-benzaldehy@g) ((0.2200 g). Yield: 75 %'H-NMR (400
MHz, DMSO-d): 8.12 (s, 1H, CH), 8.00 (t, 1H, Py-H), 7.84 (&4,2Py-H), 7.65 (d, 2H, Ar-H), 7.25 (d, 2H, Ar-H),
2.50 (s, 3H, CH). MS (ESI)mVz 263.1. Anal. Calcd. for gH;;CIN,S(in %): C, 59.42; H, 4.22; N, 10.66. Found:
C, 59.58; H, 4.40; N, 10.73.

Antibacterial activity

Antibacterial activity of the synthesized compoundas determined against Gram-positive bacteBaci(lus
subtilis MTCC 121, Staphylococcus aureus MTCC 7443) and Gram-negative bacterkarfthomonas campestris
MTCC 7908 ancdescherichia coli MTCC 7410) in DMF by disc diffusion method on nefit agar medium [10].
The sterile medium (Nutrient Agar Medium, 15 ml)each petri-plates was uniformly smeared with cekuof
Gram positive and Gram negative bacteria. Sterikesdof 10 mm diameter (Hi-Media) was placed in the
petriplates, to which 50 pul (1 mg/ml i.e., 50 pugfji of the different synthesized compounds wereedddhe
treatments also included 50 pul of DMF as negativagteriomycin and gentamycin as positive contral fo
comparison. For each treatment, three replicates wrintained. The plates were incubated at 3”& for 24 h
and the zone of inhibition was determined.

Antifungal activity

The synthesized compounds were screened for thiéiuragal activity againsEusarium oxysporum MTCC 2480 in
DMF by poisoned food technique [11]. Potato Dexrdgar (PDA) media was prepared and about 15 rFlA
was poured into each petriplate and allowed talggli5 mm disc of seven days old culture of thst feingi was
placed at the center of the petriplates and inadbat 26 + 2 °C for 7 days. After incubation theceatage
inhibition was measured and three replicates weimtained for each treatment. Nystatin was usestaasdard. All
the synthesized compounds were tested (at the €oshd00 ul of the novel compounds/petriplate, wher
concentration was 0.1 mg/ml) by poisoned food tespian

RESULTSAND DISCUSSION

Chemistry

Formation of 6-chloro-pyridin-2-yl-amine derivate8(a-h) was confirmed by recording their elemental analyse
'H NMR and mass spectr@he '"H NMR spectrum of3a and3f showed singlet in the region &f 8.13 and 8.10,
respectively. The mass spectra3af showed molecular ion peak at m/z 263.7, whichniasgreement with the
molecular formula GH;,CIN,O,. The elemental analyses data showed good agredrewveen the experimentally
determined values and the theoretically calculatddes within + 0.4 %. The chemical structures argdting point
of all the synthesized compounds are tabulatechllerl.
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Table 1: Chemical structure and melting range of compounds 3(a-h)

Compound R Structure mp (°C
H
N X
C=——N N
3a 140-144
HO OCHjg
HO OCHy
H
\ X
— C—N N Cl
3b HN —— 102-104
HN
/
g |
N X
C=—N N cl
3c
H3C—N\
CH3 H3C_N
\CH3
/
H
\ X
C——N N Cl
3d
Cl
Cl
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H
A A
C—N N
3e
O,N
O,N
Z
H
A AN
C——N N
3f O2N
O,N
NO,
NO,
/
H
\ X
C—/N N
3g 88-91
%
H
A AN
C—N N Cl
3h 116-119
HsCS
HaCS

In vitro antimicrobial activity

The investigation of antibacterial screening dateeealed that all tested compounds showed antiliactastivity
against four pathogenic bacterial strains. Among s$keries3(a-h), compound3a, 3f and 3h exhibited a good
antibacterial activity against Gram positive andu@megative bacteria. Compourts 3c, 3d, 3e and 3g showed
moderate zone of inhibition against tested badtestiminsin comparison to standard drugs. The results were
compared with standard drugs bacteriomycin andageytin as depicted in Table 2.

Thein vitro antifungal activity of the synthesized compouB(sh) was studied againfiusarium oxysporum. The
results were compared with the standard drug rigstet in Table 2. Compounda, 3f and 3h showedgood
antifungal activity when compared with other compdsi in the series againist oxysporum. Other compounds in
the series were found to be moderately active ag&ested fungal strain.
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Table 2: In vitro antimicrobial activity of compounds 3(a-h)

Compound Zone of inhibition in diameter (mm) % Inhibitior
B. subtilis | S aureus | X. campestris | E.coli | F. oxysporum
3a 27 26 28 27 87.3
3b 18 17 17 16 63.0
3c 16 15 16 15 62.2
3d 20 18 19 18 64.0
3e 23 20 21 19 65.5
3f 26 25 26 24 84.6
3g 14 15 16 15 60.0
3h 26 24 25 23 82.9
Bacteriomycil - - 34 R N
Gentamycil 32 30 _ 33 .
Nystatin - B N - 100

The close survey of antimicrobial efficacy indicghtéhat the inhibition values of all the compounddibited a
varied range (14 - 28 mm and 60.0 % - 87.3 %) dibanterial and antifungal activities against &l ttested
microbial strains. The methoxy and phenol group8arproduce good activity probably when compared teeoth
compounds in the series. The electron withdrawiitgp rgroup in 3f produces good antimicrobial activity. The
above studies reveal that, the nature of the liekégybstituent on aromatic ring) influences thenaictobial
activity. It is important to note from the biologicdata that compoun@h having thio group showed good
antimicrobial activity, whereas different groupsdampounds3b, 3c, 3d, 3e and 3g exhibited moderate activity
against all the tested microbial strains. The campis3a-h showed antimicrobial activity in the ord@&a > 3f > 3h

> 3e > 3d > 3b > 3c > 3g against tested microbial strains. However, theviiets of the tested compounds are much
less than those of standard antibacterial ageet. us

CONCLUSION

In conclusion, series of novel 6-chloro-pyridinaynine derivatives3(a-h) were synthesized in good yield,
characterized by different spectral studies anit gor@imicrobial activity have been evaluated. Galeobservation
from the results of antimicrobial activity reve#tist most of the synthesized compounds are fouhéve moderate
activity against corresponding species. CompoB#lsSf and3h produced significant changes in activity against
tested microbial strain. Therefore, this work prese novel class of potent, wide-spectrum antiotiiad activity of
the compounds.
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