Chem Sci Trans., 2012, 1(3), 716-722 Chemical Science Transactions
DOI:10.7598/cst2012.223 ISSN/E-ISSN: 2278-3458/2278-3318

RESEARCH ARTICLE

Synthesis and Antimicrobial Activity of Some Novel
Chalcones of 3-Acetyl Pyridine and their
Pyrimidine Derivatives

M.V.JYOTHI™, Y. RAJENDRA PRASAD", P. VENKATESH" and M. SURESHREDDY*

"Department of Pharmaceutical Chemistry, Raghavendra Institute of Pharmaceutical
Education and Research, K.R.Palli Cross, Anantapur-515 721, (A.P), India

"University College of Pharmaceutical Sciences, Andhra University,
Visakhapatnam-530 003, (A.P), India

“National Institute of Pharmaceutical Education and Research, Balanagar,
Hyderabad - 500037 (A.P), India

venkydmm@ gmail.com

Received 1 June 2012 / Accepted 21 June 2012

Abstract: Chalcones afford a facile route of access to many of the heterocyclic systems containing
oxygen and nitrogen. An attempt is therefore made to synthesize chalcones from 3-acetylpyridine by
reaction with either aromatic or heteroaromatic aldehyde using Claisen-Schmidt condensation. The
resulting chalcones after purification and characterization by physical and spectral methods have been
successfully converted into substituted pyrimidines by reaction with guanidine hydrochloride. All
these compounds were characterized by means of their IR, '"H NMR, '*C NMR and mass spectral data.
These compounds were evaluated for antimicrobial activities by cup plate method.
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Introduction

Chalcones either natural or synthetic and their heterocyclics are known to exhibit various
biological activities. They have been reported to possess antioxidant, antimicrobial,
antileishmanial, anti-inflammatory, antitumour and antibacterial activity. The presence of a
reactive, unsaturated keto function in chalcones is found to be responsible for their
antimicrobial activity, which may be altered depending on the type and position of
substituent on the rings. In the present communication we report the reaction of
3-acetylpyridine with different aromatic aldehydes (2,.5) to form chalcones' ™" (34¢) in the
presence of alkali. The resulting chalcones after purification and characterization by
physical and spectral methods have been successfully converted into substituted
pyrimidines'*"’ (42¢) by reaction with guanidine hydrochloride. The structures of the
various synthesized compounds were assigned on the basis of elemental analyses, IR,
'H NMR, "*C NMR and mass spectral data. These compounds were screened for their

antimicrobial activity™>'.
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Experimental

Melting points were determined on a capillary melting point apparatus and are uncorrected.
'H NMR and "*C NMR spectra were recorded in the indicated solvent on Bruker AMX 400
MHz spectrophotometer using TMS as an internal standard. Infrared spectra were recorded
in KBr on Perkin-Elmer BXF1 spectrophotometer. Microanalyses were performed on Carlo
Ebra 1108 element analyzer and were within the + 0.5% of the theoretical values. Column
chromatography was performed on silica gel (Merck, 100-200 mesh).

General procedure for the synthesis of chalcones

Equimolar quantity (0.001mol) of 3-acetylpyridine and respective aldehydes were mixed
and dissolved in minimum amount of alcohol. To this, 40% aqueous potassium hydroxide
solution (15 mL) was added slowly and mixed occasionally for 24 h, at room temperature.
Completion of the reaction was identified by TLC using Silica gel-G. After completion of
the reaction (Scheme 1), the reaction mixture was poured into crushed ice, if necessary
acidified with dil. HCI. The solid separated was filtered and dried. It was purified by column
chromatography on silica gel (100-200 #, Merck), using ethylacetate and hexane mixture
(1:1) as mobile phase.
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1-(3'- Pyridyl)-3-(2",4"-dichlorophenyl)-2-propen-1-one (3,)

Yield 82%; mp 155; Relative molecular mass 277; IR (KBr) 1673 (C=0), 1607 (HC = CH),
1584 (C =N), 1096 (C — Cl); '"H NMR 7.47 (1H, d, J=17 Hz , =CH-Ar), 7.2 (1H, d, J=17 Hz,
-CO-CH=), 7.57 - 8.76 (7TH, Ar-H).Anal.calcd for C,4 HyCI,NO: C, 60.64; H, 3.25; N, 5.05.
Found: C, 60.62; H, 3.23; N, 5.06.
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1-(3'- Pyridyl)-3-(4"-chlorophenyl)-2-propen-1-one (33)

Yield 82%; mp 167; Relative molecular mass 243; IR (KBr) 1672 (C =0), 1610 (HC =CH),
1596 (C =N), 1090 (C- Cl); 'H NMR 7.41 (1H, d, J=17 Hz, - CO- CH =), 7.70 (1H, d, J=17
Hz, = CH- Ar), 7.1 — 8.7 (8H, Ar- H). Anal.calcd for C;;, H;q CINO: C, 69.13; H, 4.11; N,
5.76. Found: C, 69.12; H, 4.13; N, 5.74.

1-(3"-Pyridyl)-3-(2"-chlorophenyl)-2-propen-1-one (3.)

Yield 78%; mp 96; Relative molecular mass 244; IR (KBr) 1690 (C=0), 1626 (CH=CH),
1580 (C=N), 1086 (C-Cl); '"H NMR 7.26 (1H, d, J=17 Hz, -CO-CH=), 7.42 (1H, d, J=17 Hz,
=CH- Ar), 7.49- 8.74 (8H, Ar-H) Anal.calcd for Cy4 Hiq CINO: C, 69.13; H, 4.10; N, 5.76.
Found: C, 69.10; H, 4.09; N, 5.77.

1-(3"-Pyridyl)-3-(4"-fluorophenyl)-2-propen-1-one (3,)

Yield 90%; mp 90; Relative molecular mass 226; IR (KBr) 1680 (C=0), 1610 (CH=CH),
1584 (C=N), 1110 (C-F); '"H NMR 7.26 (1H, d, J=17 Hz, -CO-CH=), 7.47 (1H, d, J=17 Hz,
=CH - Ar), 7.08 — 8.74 (8H, Ar-H). Anal.calcd for C;4 H(FNO: C, 74.33; H, 4.42; N, 6.19.
Found: C, 74.30; H, 4.40; N, 6.17.

1-(3'-Pyridyl)-3-(3"-bromophenyl)-2-propen-1-one (3,)

Yield 92%; mp 140; Relative molecular mass 288; IR (KBr) 1680 (C =0), 1610 (HC =CH),
1580 (C = N), 1170 (C- Br); 'H NMR 6.67 (1H, d, J=17 Hz, -CO-CH=), 7.3 (1H, d, J=17
Hz, =CH-Ar), 6.99 — 8.76 (8H, Ar-H). Anal.calcd for C4 H;y BrNO: C, 58.33; H, 3.47; N,
4.86. Found: C, 58.34; H, 3.48; N, 4.84.

1-(3'-Pyridyl)-3-(4"-nitrophenyl)-2-propen-1-one (3;)

Yield 86%; mp 156; Relative molecular mass 254; IR (KBr) 1690 (C=0), 1618 (CH=CH),
1596 (C=N), 1520 (N=0O, asymmetric), 1340 (N=0, symmetric); 'H NMR 7.20 (1H, d,
J=17 Hz, -CO-CH=), 7.45 (1H, d, J=17 Hz, =CH -Ar), 7.4 -8.53 (8H, Ar-H). Anal.calcd for
C;HoN,05: C, 66.56; H, 3.93; N, 11.02. Found: C, 64.54; H, 3.92; N, 11.00.

1-(3"-Pyridyl)-3-(3", 4", 5"-trimethoxyphenyl)-2-propen-1-one (3,)

Yield 78%; mp 115; Relative molecular mass 299; IR (KBr) 1690 (C = O), 1610 (HC =CH),
1585 (C = N), 1210 (C- O - C); '"H NMR 3.95 (9H, 3xOCH3), 7.20 (1H,d, J=17 Hz, -CO-
CH =), 7.26 (1H, d, J=17 Hz, =CH-Ar) 7.20 — 7.28 (6H, Ar - H). Anal.calcd for C;;H;; N
0y4: C, 68.22; H, 5.68; N, 4.68. Found: C, 68.20; H, 5.66; N, 4.67.

General procedure for the synthesis of pyrimidines

A mixture of chalcones (obtained by the above method) of 3-acetylpyridine (0.001 mol) and
guanidine hydrochloride (0.001 mol) in absolute ethanol (10 mL) were refluxed on a water
bath for 6 hours. The solvent was completely evaporated and the residue was poured into ice
cold water, the precipitated solid was collected by filtration and crystallized from a suitable
solvent to give the desired substituted pyrimidine.
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2-Amino-4-(3'- pyridyl)-6-(2",4"-dichlorophenyl) pyrimidine (4,)

Yield 65%; mp 238-242 C; Relative molecular mass 317; IR (KBr) 3316(NH,),
1680(C=N), 1570 (C=C), 1340 (C-N),1050 (C-Cl); '"H NMR 7.20 (1H, s, C-5-H), 5.23
(2H, s, C-2- NH,), 7.40-8.80 (7H, Ar-H). Anal.calcd for C;sH;(Cl,N4: C, 56.78; H, 3.15; N,
17.66. Found: C, 56.76; H, 3.12; N, 17.64.

2-Amino-4-(3"-pyridyl)-6-(4"-chlorophenyl) pyrimidine (4p)

Yield 56%; mp 232-236 0C; Relative molecular mass 282; IR (KBr) 3338 (NH,), 1670
(C=N), 1580 (C=C), 1348 (C-N), 1050 (C-Cl); '"H NMR 7.25 (1H, s, C-5-H), 5.27 (2H, s,
C-2-NH,), 6.98 - 8.71 (8H, Ar-H). Anal.calcd for C;sH;;CIN,: C, 63.82; H, 3.89; N, 19.85.
Found: C, 63.80; H, 3.88; N, 19.80.

2-Amino-4-(3'- pyridyl)-6-(2"-chlorophenyl) pyrimidine (4.)

Yield 68%; mpl152-126 0C; Relative molecular mass 282; IR (KBr) 3312 (NH,), 1690
(C=N), 1567 (C=C), 1368 (C-N), 1034 (C-Cl); 'H NMR 7.30 (1H, s, C-5-H), 5.25 (2H, s,
C-2-NH,), 6.90 — 8.7 (8H, Ar-H). Anal.calcd for C;sH;;CIN,: C, 63.82; H, 3.89; N, 19.85.
Found: C, 63.80; H, 3.87; N, 19.82.

2-Amino-4-(3'-pyridyl)-6-(4"-fluorophenyl) pyrimidine (4,)

Yield 55%; mp 114-118 0C; Relative molecular mass 266; IR (KBr) 3336 (NH,), 1682
(C=N), 1568 (C=C), 1365 (C-N), 1086 (C-F); '"H NMR 7.30 (1H, s, C-5-H), 5.20 (2H, s, C-
2-NH,), 6.9 0- 8.75 (8H, Ar-H). Anal.calcd for C;sH;FN,: C, 67.66; H, 4.13; N, 21.05.
Found: C, 67.64; H, 4.10; N, 21.03.

2-Amino-4-(3'-pyridyl)-6-(3"-bromophenyl) pyrimidine (4.):

Yield 72%; mp 253-257 0C; Relative molecular mass 327; IR (KBr) 3340 (NH,),1660
(C=N), 1540 (C=C), 1358 (C-N), 1020 (C-Br); '"H NMR 7.20 (1H, s, C-5-H), 5.30 (2H, s,
C-2-NH,), 6.50-8.3 (8H, Ar-H). Anal.calcd for C;sH;;BrN,4: C, 55.04; H, 3.36; N, 17.12.
Found: C, 55.05; H, 3.38; N, 17.10.

2-Amino-4-(3'- pyridyl)-6-(3"-nitrophenyl) pyrimidine (45)

Yield 72%; mp 265-269 °C; Relative molecular mass 293; IR (KBr) 3342 (NH,), 1642
(C=N), 1586 (C=C), 1358 (C-N), '"H NMR 7.20 (1H, s, C-5-H), 5.52 (2H, s, C-2-NH,), 7.40
— 8.70 (8H, Ar-H). Anal.calcd for C;sH;{NsO,: C, 61.43; H, 3.75; N, 23.89. Found: C,
61.45; H, 3.79; N, 23.91.

2-Amino-4-(3'- pyridyl)-6-(3",4",5"-trimethoxyphenyl) pyrimidine (44)

Yield 62%; mp 285-289 0C; Relative molecular mass 338; IR (KBr) 3335 (-NH,), 1681
(C=N),1567 (C=C), 1358 (C-N), 1202(0-CH;); '"H NMR 7.30 (1H, s, C-5-H), 5.30 (2H, s,
C-2-NH,), 3.85 (9H, 3x OCH), 6.54 - 8.8 (6H, Ar-H). Anal.calcd for C;gH,sN,Os: C, 63.90;
H, 5.34; N, 16.56. Found: C, 63.88; H, 5.30; N, 16.58.

Results and Discussion
Antimicrobial activity

The antibacterial activity of synthesized chalcones and their pyrimidine derivatives was
conducted against three gram-positive bacteria viz., Bacillus pumilis, Bacillus subtilis and
Staphylococcus aureus and two gram-negative bacteria viz., Escherichia coli, Proteus vulgaris by
using cup plate method. Preparation of nutrient broth, subculture, agar medium and peptone
water was done as per standard procedure. Each test compound (5 mg) was dissolved in
dimethylsulfoxide (5 mL) to give a concentration of 1000 pg/mL. All the compounds and the
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standard were tested at 50 pg (0.05 mL) and 100 pg (0.1 mL) dose levels and DMSO used as a
control. Ampicillin as standard drug was also prepared at a concentration of 1000 pg/mL in
sterilized distilled water.

All the compounds which were screened for antibacterial activity, also screened for
their antifungal activity. The fungi employed for screening were Aspergillus niger, Rhizopus
oryzae and Candida albicans. Fluconazole was employed as standard to compare the results.
The test organisms were sub-cultured using potato-dextrose-agar (PDA) medium.

Each test compound (5 mg) was dissolved in dimethylsulfoxide (5 mL) to give a
concentration of 1000 pg/mL. Fluconazole solution was also prepared at a concentration of
1000 pg/mL in sterilized distilled water. All the compounds and the standard were tested at
50 pug (0.05 mL) and 100 pg (0.1 mL) dose levels and DMSO used as a control.

Table 1. Antibacterial activity
Zone of inhibition (in mm)

Compound Quantity in pg/mL

No B. subtilis  B. pumilis _S. aureus E. coli P. vulgaris

005 01 005 01 005 01 005 01 005 0.1

mL mL mL mL mL mLl mL mL mL mL
3. 08 15 08 13 07 10 09 13 08 11
3 09 17 08 15 08 14 10 15 11 16
3. 10 18 09 17 09 16 11 17 11 17
34 11 19 10 18 10 17 12 18 12 18
3. 07 14 08 13 06 10 09 12 08 11
3 12 20 11 19 11 18 13 19 13 19
3, 17 22 16 23 17 21 18 24 18 26
4, 17 20 18 21 16 17 19 21 18 20
4, 16 20 18 21 17 19 18 21 16 17
4. 15 19 17 20 17 19 19 23 16 18
44 18 21 17 21 17 19 20 21 18 20
4, 14 19 16 20 15 18 17 19 15 17
4¢ 13 18 15 19 15 18 17 19 15 17

4, 09 15 12 14 15 17 16 20 11 13
Ampicillin 20 25 19 27 19 24 22 28 21 30

Table 2. Antifungal activity
Zone of inhibition (in mm)

Compound Quantity in pg/mL
No A. niger C. albicans R. oryzae
005mL O0.ImL 005mL O01mL 005mL 0.1mL

3. 21 27 19 26 19 27
3 18 24 19 24 17 25
3. 19 25 19 24 17 25
34 17 23 18 23 16 24
3. 20 26 19 25 18 26
3¢ 16 21 16 21 14 23
3, 11 15 10 17 08 14
4, 17 21 18 22 16 22

Contd...
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4, 16 20 18 21 15 21
4, 16 20 18 20 15 21
44 18 22 17 21 17 22
4, 15 19 16 19 14 20
4; 14 18 15 18 13 19
4, 09 11 11 14 08 12
Fluconazole 22 28 20 27 20 29
Conclusion

The screening results reveal that 3,, showed significant antibacterial activity. In particular
compound 3, having electron releasing substituent i.e., trimethoxy group showed moderate
to considerable antibacterial activity against all the organisms employed at a conc. of
1000 pg/mL (0.1 mL) dose level. In comparison to pyrimidines (4,.5) synthesized using
chalcone (3,.,) showed better antibacterial activity than chalcones. In particular pyrimidine
containing fluorine (44) substituent present at para position on phenyl ring enhanced the
antibacterial activity.

From the results it is evident that chalcones with electron withdrawing (3,) substituent
showed better antifungal activity than other chalcones. The standard drugs used were
ampicillin and fluconazole for antibacterial and antifungal activity respectively.

References

1. Barford L, Kemp H, Hansen M and Kharazmi A, Int Immunopharmacol., 2002, 2, 545.

2. Soliman K, Ohad N, Ramadam N, Maayan S, Snait T and Jacob V, Bioorg Med
Chem., 2005, 13, 433-141.

3. Kumar S K, Hager E, Pettit C, Gurulingappa H, Davidson N E and Khan S R, J Med
Chem., 2003, 46(14), 2813-2815.

4. Francesco E, Salvatore G, Luigi M and Massimo C, Phytochem., 2007, 68, 939-953.

5. Li ming Z, Hai Shan J, Liang Peng S, Hu Ri P and Zhe Shan Q, Bioorg Med Chem.
Lett., 2005, 15, 5027-5029.

6. Nagaraj A and Sanjeev Reddy C, J Iran Chem Soc., 2008, 5(2), 262-267.

7. Feng Jin and Ying Lan Jin, Dae Won Sohn, Soon-Ai Kim, Dong Hawn Sohn, Youn
Chul and Kim and Hak Sung Kim, Arch Pharm Res., 2007, 30(11), 1359-1367.

8. Shen J W, Cheng Tsung L, Lo Ti T, Jing Ru W, Horng Hueym K, Jih Pyang W and
Chun Nan L, Eur J Med Chem., 2005, 40, 103.

9. Siva Kumar P M, Sreenivasan, S P, Kumar V and Mukesh D, Bioorg Med Chem.,
Lett., 2007, 17, 1695.

10.  Frolich S, Schubert C, Bienzle U and Jeneet-Siems K, J Antimicrobial Chemother.,
2005, 55(6), 883-887.

11.  Grutzmacher HF, Org Mass Spectrom., 1993, 28, 1375.

12.  Okunade A L, Hufford D C, Clark A L and Lentz D, Phytother Res., 1997, 11, 142.

13. Chen M, Theander T G, Christensen S B, Zhai H L and Kharazmi A, Antimicrob
Agents Chemother., 1994, 38, 1470-1475.

14.  Babu V H, Kumar S P, Srinivasan K K and Bhat V G, Indian J Pharm Sci., 2004, 66(5),
647-452.

15. Kaldrikyan M A, Grigoryan L A, Geboyan V A, Arsenyan F G, Stepayan G M and
Garibdzhanyan B T, Pharm Chem J., 2006, 34, 521.



Chem Sci Trans., 2012, 1(3), 716-722 722

16.

17.

18.

19.

20.

21.

Chan D C M, Fu HF, Ronalf A, Queener S F and Rosowsky A, J Med Chem., 2005,
48, 4426.

Chern J H, Shia K S, Hsu A H, Chia-Liang T, Chung-Chi L, Yen-Chun L, Chih-
Shiang C, Sung-Nien T and Shin-Ru S, Biorg Med Chem Lett., 2004, 14, 2519-2525.
Agarwal A, Srivastawa K, Puri S K, Sinha S and Chauhan P M S, Biorg Med Chem
Lett., 2005, 15, 4923-4926.

Chandra N, Ramesh A, Goyal N, Suryawanshi S N and Gupta S, Eur J Med Chem.,
2005, 40(6), 552-556.

Banty A L, The Antimicrobial Susceptibility Test; Principle and practice, edited by
Ilus lea and Febiger, (Philadelphia, Pa USA), 1976, 180.

Seely H W and Van Demark P J, Microbes in action: A laboratory manual of
Microbiology, D B Taraporewala Sons and Co, Bombay, 1975, 55.



