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Abstract- The new series of 2-methoxynicotinonitrile derivatives (solid) were prepared from
mixture of Chalcones (solid) (0.001 mol) (1a-i), malononitrile (liquid) (0.078 ml) (0.001 mol)
and 0.040 mg (0.001 mol) of sodium hydroxide in methanol (15ml) as a solvent by reflux
technique for 7-8 hours at 800C. all the newly synthesized compounds were evaluated for their
antibacterial action in vitro against gram +ve bacteria S. aureus, B. subtilis and gram -ve
bacteria P. aeruginosa, E. coli by agar well diffusion method. The tested compounds (2a)
presented excellent and good antibacterial activity against P. aeruginosa and E. coli
respectively. (2b) presented excellent and good antibacterial activity against B. subtilis and S.
aureus, P. aeruginosa respectively. (2d) showed excellent activity against S. aureus. (2e)
showed good antibacterial activity against B. subtilis w.r.t penicillin as a std. drug. The
chemical structures of the compounds were proved by IR, TH NMR, Mass, C13 NMR

spectrometric data.

Keywords- 2-methoxynicotinonitrile, chalcone, malononitrile, antibacterial activity, agar well
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I. INTRODUCTION contain nitrile groups. Numerous compounds that
incorporate the cyanopyridine structure have
demonstrated effectiveness in treating a variety of
diseases, such as cancer, inflammation, diabetes,
gout, heart failure, and infections caused by the
human immunodeficiency virus1. As of now, one of
the largest risks to human survival and growth is
antimicrobial resistance. The introduction of
innovative prescription medicines, preferably acting
in new and interesting ways, is essential in addition

Pyridine is a six-membered basic heterocyclic
organic compound. It has a bad fishy smell and is a
colorless, flammable, water-soluble liquid. The
electronegative nitrogen in the pyridine ring causes
the molecule to be electron deficient.

In the field of medicinal chemistry, cyanopyridine
serves as a common framework for compounds that
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to enhancing the use of the antimicrobial
medications currently on the market, preventing
infections, and spreading awareness. The world is
dealing with a downturn of availability to
antibacterial agents. In the face of growing
resistance, there is a insufficient ways for research
and development, and further steps are urgently
needed to assure fair access to both new and
current and vaccines, lab tests, and prescription
drugs.

The pyridine, class of heterocyclic compounds is
extremely important due to their multipurpose
biological and pharmacological activities. Pyridine
derivative are found to exhibit good anticancer2-6,
antioxidant?, antimicrobial (antibacterial,
antifungal)8-15, analgesic, anti-inflammatory &
pyretics16-18, anticonvulsant19, Herbicidal20, anti-
HIV21, antitubercular22, antidibetics23 and various
biological24activities.

In view of these literature survey and with a view to
further increase the pharmacological activities of
this class of compounds; the present study includes
synthesis  of new  substituted 2-methoxy
cyanopyridines and further studies expected to
provide new antibacterial leads along with the
understanding of the mechanism of their action.

Il. PRESENT WORK AND METHOD

We thought it would be useful to synthesize a new
series of 2-methoxynicotinonitrile derivatives and
examine their antibacterial activities because of the
significant role played by basic moiety as
antibacterial agents. In the present investigation,

these derivatives were synthesized using a
conventional method by reacting, chalcones
(solid)(1a-i) with  malononitrile  (liquid) and

methanol in sodium hydroxide (solid) as a reaction
solvent. (Scheme 1.1)

The structures of synthesized compounds were
confirmed by spectral analysis (IR, THNMR, MS and
13CNMR).TH NMR spectra were measured in
deuterochloroform (CDCI3) on NMR
spectrophotometer AVANCE 300 using TMS as an
internal standard. IR spectra were recorded on

Shimadzu FT-IR Spectrometer using KBr pellets. The
MASS were recorded on EI-SHIMADZU-GC-MS
spectrometer and Pexciex APl 2000 mass
spectrometer. 13C NMR spectra were recorded on
brucker AVANCE instrument at 300/400 MHz mass
spectrometers in  deuterochloroform  (CDCI3)
solvent.

Experimental

General procedure for synthesis of substituted
methoxynicotinonitrile (Scheme 1.1).

A mixture of Chalcone (1a-i), malononitrile and
methanol in NaOH was refluxed for 7-8 hours
monitored by TLC using silicagel aluminium plate in
eluent system of pet ether and ethyl acetate (7:3).
The spots were visualized in an ultraviolet light
chamber at A=254-266nm. After completion of the
reaction, the reaction mixture was cooled at room
temperature and poured in crushed ice or cold
water (100 ml). The separated solid product was
filtered, washed with ice cold water, dried and then
recrystallized from ethanol. (2a-i)

2.1.2: Procedure for synthesis of 4-(4-chlorophenyl)-
6-(3,5-dibromo-2- hydroxyphenyl)-2-
methoxynicotinonitrile. (2a)

Mixture of (E)-3-(4-Chlorophenyl)-1-(3,5-dibromo-
2-hydroxypheny) pro-2-en-1-one or chalcones (1a)
(Solid-0.416 mg) (0.001mol) and malononitrile
(liquid)(0.078 ml) (0.001mol) in methanol (solvent)
(15ml) containing sodium hydroxide (solid) (0.040
mg)(0.001 mol), was refluxed for 7-8 hrs at 800c.
The Reaction was monitored by thin layer
chromatography (TLC) plate every one hour. After
completion of reaction, the reaction mixture was
cooled at room temperature and transferred in ice
cold water (100 ml). Filter to separate the solid
product (2a i.e 4-(4-chlorophenyl)-6-(3,5-dibromo-
2-hydroxyphenyl)-2-methoxynicotinonitrile) washed
by ice cold water and after drying recrystallized
from minimum amount of ethanol.

Similarly, remaining compounds of this series (2b-i)
were also prepared by same procedure. The
substitution pattern and physical data of
synthesized 2-methoxy nicotinonitrile compounds
are tabulated as in the
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Scheme1.1: Synthesis of substituted
methoxynicotinonitriles
Scheme1.1: Synthesis of substituted
methoxynicotinonitriles
Ry O R
R, _ CH,(CN), R, R4
Ar —MM»
? MeOH, NaOH R X Ar
Ry RS reflux, 7 hrs 4 RS Nl
R, Z>cN
(1a-) (2a-i) OCHs

2.1.3. Spectral data of Selected compounds
Compound No. 2e:
4-(4-bromophenyl)-6-(3,5-dibromo-4-
hydroxyphenyl)-2-methoxynicotinonitrile

IR (KBr)cm-1 :3404 (-OH str.), 3085 (Arom. C-H str.),
2920 (methoxy C-H str.), 2214 (-CN str.), 1593 (-
C=N str.), 1407, 1492, 1546 (Ar-C=C str.), 1296 (C-
O-C str.), 636-736 (C-Br str.)

1H NMR :12.50 (s, 1H, OH, D20 exch.), 8.0 (s,
2H, ArH), 79 (s, 1H, (CDCI3) (& ppm) CH of
Pyridine), 7.4-7.7 (m, 4H, Ar-H), 4.20 (s, 3H, OCH3),
M.S. (m/z) 539 (M+).13C NMR (CDCI3 ) (ppm):
The total no. of carbon atoms in compound 2e are
nineteen but carbon no. [7,11],[8, 10],[13,17] and
[14, 16] of aromatic ring are equivalent in nature,
hence it shows fifteen peaks in its 13C NMR
spectrum. The peak at 152 ppm (C9) shows the
presence of C-OH carbon of aromatic ring. The
peak at 120 ppm (C18) due to cyanide group of
carbon atom (-CN). The peak appeared at 160 ppm
(C5) and 166 ppm (C1) are due to imine carbon
(C=N) atom and (C-OCH3) group of carbon of
pyridine ring respectively. The peak at 54 ppm (C19)
shows the presence of OCH3 Carbon of pyridine
ring. The values appeared at 158 (C3), 139 (C12),
135 (C6), 134 (C7 & C11), 132 (C14), 128 (C13 &
C17), 124 (C15), 118 (C8 & C10),109 and 91 ppm
(C2) due to aromatic carbons.

Compound No. 2g :
4-(4-chlorophenyl)-6-(3,5-dibromo-2,4-
dihydroxyphenyl)-2-methoxynicotino- nitrile.

IR (KBr)cm-1 : 3405 (-OH str.), 2206 (-CN str.), str.),
1442, 1492, 1542 (-C=C str.), 1577 (-C=N str.), 1245
(C-O-C str.) 725 (C-Cl str.), 540-690 (C-Br str.)

TH NMR  :14.00 (s, TH, OH, D20 exch.), 13.40 (s,
1H, OH, D20 exch.),(CDCI3) (& ppm)8.1 (s, 1H,Ar-
H),7.9 (s, 1H, CH of Pyridine), 7.4-7.8 (m, 4H, 4.2 (s,
3H, OCH3),

M.S. (m/z) : 510 (M+)
Antibacterial Activity of
methoxynicotinonitriles

In the present investigations, the antibacterial
activity of newly synthesized above said derivatives
were evaluated against gram-positive bacteria like
Staphylococcus aureus, Bacillus subtilis and gram
negative  bacteria like, Escherichia  coli,
Pseudomonas aeruginosa25-28by using agar well
diffusion method.29-30

synthesized 2-

In present work Agar well diffusion assay29-30 was
used for In Vitro Antibacterial activity of the
synthesized  Pyridine  Compounds. In  vitro
antibacterial activity was performed by using
Mueller Hinton Agar (MHA) received from Himedia
(Mumbai). The MHA plates were arranged by
pouring 15 ml of molten media into sterile Petri
plates. The plates were allowed to solidify for 5 min
and 0.1 % inoculums suspension was swabbed
uniformly and the Inoculums were allowed to dry
for 5 min. The concentration of compounds were
set at (10 pg/disc) were loaded on 5 mm sterile
individual discs. The loaded discs were placed on
the surface of medium and the compound was
allowed to diffuse for 5 min and the plates were
kept for incubation at 37°C for 24 h. The dimethyl
sulfoxide (DMSO) solvent and Penicillin (Antibiotic
drug) at 50 pg/mL concentration was used as
standard or positive control for antibacterial activity
of pyridine (2a-i) compounds. At the end of
incubation, inhibition zones formed around the disc
were measured with transparent ruler in millimeter.
The results were recorded in table 1.1c

I1l. RESULT & DISCUSSION

1. Antibacterial Activity

The compound 2a (solid), presented excellent and
good antibacterial activity against bacterial strains
P. aeruginosa and E. coli respectively. The
compound 2b (solid), showed excellent and good
antibacterial activity against bacterial strains B.

3
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subtilis and S. aureus, P. aeruginosa respectively.
The compound 2d (solid) showed excellent
antibacterial activity against S. aureus. The
compound 2e showed good antibacterial activity
against B. subtilis. It was found that among (2a-i)
compounds, some of the compounds showed
excellent, good, moderate and weak activity against
various pathogens.

2. Spectral Analysis

IR Spectra

The IR spectra of synthesized substituted2-
methoxynicotinonitrilescompounds (2e, 2g) showed
the absorption bands in the region of 1593-1547
cm-1 due to —C=N str. The absorption band
between 3444-3404 cm-1is due to OH stretching
and 2214-2206 cm-1 is due to —CN stretching. The
absorption band between 3085-2908 cm-1is due to
Aromatic C-H stretching. The aromatic C=C str.
observed in the region 1542-1396 cm-1. Beside
these band between 546-736 cm-1 due to strong
C-Br stretching. Band in the region of 725-759 cm-
1due to strong -C-Cl stretching. The IR spectrum of
the compounds (2e,2g) showed the absorption
bands in the region of 2920-2882 cm-1 due to
methoxy C-H str.The absorption band due to
ether(C-O-C) stretching at 1296-1245 cm-1.

1TH NMR Spectra:

TH NMR spectra of synthesized substituted 2-
methoxynicotinonitriles (2e, 2g) revealed that a
singlet signal in the range of & 420 ppm
corresponds to —-OCH3 proton. Aromatic C-H
Proton appeared as singlet signal for 2H and 1H
proton at 68.0 and &8.1 ppm respectively. In the
compounds 2e and 2gAromatic C-H proton
appeared as multiplet signal for 4H proton at & 7.4-
7.8 ppm. Aromatic C-H proton in pyridine ring
appeared as singlet at & 7.9 ppm. Phenolic (-OH)
proton appeared as a singlet in between & 12.50-
14.00 ppm

Mass Spectra

The mass spectra of synthesized substituted
methoxy cyanopyridine (2e, 2g) products
demonstrated that molecular ion peak which
associate with their molecular weight of the
compounds.

3.2.4. 13CNMR spectra:

In synthesized substituted 2-
methoxynicotinonitrilescompound (2e), The peak at
152 ppm (C9) shows the presence of C-OH carbon
of aromatic ring. The peak at 120 ppm (C18) due to
cyanide group of carbon atom (-CN). The peak
appeared at 160 ppm (C5) and 166 ppm (C1) are
due to imine carbon (C=N) atom and (C-OCH3)
group of carbon of pyridine ring respectively.

The peak at 54 ppm (C19) shows the presence of
OCH3 Carbon of pyridine ring. The values appeared
at 158 (C3), 139 (C12), 135 (C6), 134 (C7 & C11), 132
(C14), 128 (C13 & C17), 124 (C15), 118 (C8 &
C10),109 and 91 ppm (C2) due to aromatic
carbons.13C NMR spectrum of (2e) showed that the
fifteen number of peaks in the spectrum typically
corresponds to the nineteen number of various
equivalent and nonequivalent carbon. The chemical
shifts (6) of carbon signals give some clues about
the characteristics of each environment.

Table no. 1.1a: Substitution pattern of 2-
methoxynicotinonitriles

Entry | Product | R; Ra Ra Ry R;: R;
1 2a OH | Br H Br H 4-Chlorophenyl
2 2b OH | Br H Br H 4-Bromophenyl
3 2c OH | Br H Br H | -thiophenyl
4 2d H Br OH Br H 4-Chlorophenvl
5 2e H Br OH Br H 4-Bromophenyl
6 2f H Br OH Br H | -thiophenyl
7 2g OH | Br OH Br H 4-Chlorophenyl
8 2h OH | Br OH Br H 4-Bromophenyl
9 2i OH | Br OH Br H | -thiephenyl
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Table no. 1.1b: The physical data of synthesized
2-methoxynicotinonitriles 2-

1
Entry | Product M/F & M/W Yield | MLP.(°C) Color
%

1 2a CH;Br,CIN,O, | 72 | 210212 | White sohd
(494)

2 2b CoHy BN, 0, 68 198-200 | White solid
(539

3 2e C,;H,;Br,N,028 74 188-190 | Pale yellow
(466)

4 2d CH;Br,N,0,C1 | 71 155-157 | White solid
(494)

5 2e CoHy BN, 0, 60 161-163 | White solid
(539

6 2f CHBr,N,0OS | 74 144-146 | White solid
(466)

7 2z | CH;BrN,O,Cl | 63 183-185 | White solid
(510

8 2h CoH;BrN,0, 69 132-134 | White solid
(535)

9 2 CHyBr,N,0,5 | 70 153-155 | Cream like
(482) solid

Table 1.1c. Antibacterial activity Result of 2-
methoxynicotinonitriles

Diameter of zone of inhibition (mm)
Gram +ve Bacteria | Gram —ve Bacteria
Sample
B 8. E ecoli | P.
subtilis aureus agruginesa
2a 11 13 25 29
b 24 2 22 25
2e 17 ND 13 10
2d 20 23 19 ND
2e 23 19 ND 20
2f 14 ND 10 ND
2g ND 11 16 11
Zh ND 17 13 11
2i 13 ND 09 16
Penicillin 28 16 30 32
(Std. mm min mm mm
Drug)
N.D: Not Detected
IV. CONCLUSION

It has been found that 2-methoxy-3-cyanopyridine
is a crucial biologically active framework with a wide
range of physiological actions. All of these

compounds were completed using conventional
techniques, which resulted in significant time
savings and good yields. The synthesized
compounds were analyzed by IR, TH NMR, Mass,
C13 NMR spectrometric data. The tested
compounds 2a, presented excellent and good
antibacterial activity against P. aeruginosa and E.
coli respectively.2b, presented excellent and good
antibacterial activity against B. subtilis and S.
aurous, P. aeruginosa respectively. 2d showed
excellent activity against S. aureus. 2eshowed good
antibacterial activity against B. subtilisw.r.t penicillin
as a std. drug.
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present research work. | am also thankful to the
principal and microbiology department of Netaji
Subhashchandra Bose Arts, Commerce, and Science
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evaluation of antibacterial activity. | would like to
say thanks to Director, IICT, Hyderabad for spectral
analysis.
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