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ABSTRACT

Multi component, one pot synthesis of tetra substituted 1,4-dihydropyridine derivatives from the condensation of
barbituric acid, methyl acetoacetate, aromatic aldehyde and ammonium acetate has been demonstrated using an
highly efficient catalyst Aluminium tris(dodecyl sulphate) (Al(DS)3) in aqueous medium. The synthesi zed molecules
were obtained in excellent yield and high purity without use of any additional methodology. Further, the synthesized
compounds were found to exhibit potent antibacterial activity against various gram positive and gram negative
bacterial strains as compared with the standard antibiotic drug (Amoxicillin).
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INTRODUCTION

Multi-component reactions (MCRs) are special typenaturally useful organic reactions in which th@emore
different starting materials react to yield finabguct in a one-pot procedure [1]. MCRs are powedals in the
modern drug discovery process and allow the fasgraated, and high throughput generation of orgeaimpounds
[2]. The discovery of novel MCRs can be consideasdn interesting topic for academic researchalsat satisfies
a practical interest of applied science.

1,4-dihydropyridines (1,4-DHP’s) found birth with@Rs in 1882 with Hantzsch condensation [3]. 1,4F0H
attracted more attention because of its presengkeircoenzyme, diphosphopyridine nucleotide (DP#)and
identification as bio-active material. The activitsofiles of 1,4-DHP’s were further expanded ag/there detected
to possess anti-tumor [5], anti-inflammatory [6htieonvulsant activity [7], anti-tubercular actiyif8, 9] cerebral
anti-schemic activity in the treatment of Alzheirsedisease, PAF-acether antagonists [168. Invention and
execution of various new methodologies have engeddfor the synthesis of substituted 1,4-DHFRR&cently
organic reactions in water without use of harmfiglamic solvents have attracted much attention tscaater is an
abundant, safe, environmentally benign solvent [hich virtually cost nothing. Howevevater based processes
are still subject to limitations due to solubilppyoblems of highly hydrophobic substrates. So itésessary to add
some phase-transfer catalyst (PTC) or surfactartt sis hexadecyltrimethylammonium bromide [12] (HTB)A
tetrabutylammonium bromide [18]BAB), p-dodecylbenesulfonic acid [14] (DBSA) and Sodiundeoylsulphate
[15] (SDS) because during synthesis they promaeutiiform dispersion of organic materials in wakégeping the
above in mind a surfactant based Aluminium tris@mod sulphate) [16] Al(DS)as catalyst (Scheme 1) is brought
into use. Persisting with our work on hetrocyclitg], Al(DS)s found to be an efficient catalyst for the synthesfi
tetra-substituted 1,4-dihydropyridines (Scheme 2).
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MATERIALSAND METHODS

General

Materials were obtained from commercial suppliems aere used without further purifications. Meltipgints were
recorded in open end capillaries and are uncode&&NMR spectra were recorded in DMS#-on a Bruker
Avance Il 400 MHz spectrometer; chemical shifisgre reported in ppm relative to TMS as internahdard. The
mass spectrum and IR spectra were recorded at LG&Strometer Model Q-ToF Micro Waters and Perkimet

Spectrum Il infra-red spectrophotometer, respebtiiElemental analyses (C, H, and N) were perforrasishg a
Thermo Scientific elemental analyzer. Chemicalsemgurchased from local suppliers and used witharthér

purification. The reactions were monitored on tliyer chromatography (TLC) using silica gel-G. ®pots were
visualized by using iodine vapours.

Synthesis of Aluminium tris(dodecyl sulphate) (Al(DS)s): In two separated beakers dissolve Anhy. Al@L.1
mol) and Sodium dodecylsulphate (SDS) (0.3 motinimum quantity of water. Mix both the solutionsog-wise
with constant stirring at room temperature, a cdéss solid separated out, filter it to afford dohl(DS)s.
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Scheme 2: Synthesis of tetra substituted 1,4-dihydropyridinesusing 3 mol% Al(DS);

Synthesis of  Methyl-1,3,7-trimethyl-5-phenyl-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-
carboxylate 5a

In a conical flask benzaldehyde (0.01 mol), methgktoacetate (0.01 mol), barbituric acid (0.01 )raoid
ammonium acetate (0.02 mol) were taken in aqueolusian (10 ml) containing Al(DS)(3 mol%) and stirred at
110°C for the stipulated time (Table 1). After the cdetipn of reaction (monitored by TLC), reaction iise was
cooled to room temperature and added 50 ml ice-w@itkr, solid separated out. Extract the produminfiethyl
acetate, upon evaporation under reduced pressude @roduct is obtained. Recrystalised from ethémafford
compoundba.Yield 91%; m.p. 289-2906C; IR (KBr): vpmaxCcmi* 3342 (N-H Str.), 1732 (C=0 Str.), 1710 (C=0 Str.),
1689 (C=0 Str.)*H NMR (400 MHz, DMSOdg): 8 7.39-7.14 (m, 5H, AH), 6.03 (s, 1H, M), 5.04 (s, 1H, @),
3.93 (s, 3H, CO0R8,), 3.43 (s, 3H, NEj), 3.24 (s, 3H, NEl3), 2.13 (s, 3H, E3); MS mVz 342 (M"); Anal. Calc.
for C1gH19N304: Calc. C, 63.33%, H, 5.61%, N, 12.31%; Found: £38%, H, 6.59%, N, 12.30%.

M ethyl-1,3,7-trimethyl-5-(4-methylphenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[2,3-d] pyrimidine-6-

carboxylate (5b). Yield 83%; m.p. 287-288C; IR (KBr) vmax cmi* 3335 (N-H Str.), 1729 (C=0 Str.), 1708 (C=0
Str.), 1688 (C=0 Str.);H NMR (400 MHz, DMSO¢dg): & 7.31-7.10 (m, 4H, AH), 6.01 (s, 1H, M), 5.02 (s, 1H,
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CH), 3.89 (s, 3H, CO0R5), 3.39 (s, 3H, NE5), 3.20 (s, 3H, N€l3), 2.12 (s, 3H, E3), 2.09 (s, 3H, €3); MSm/z
356 (M"); Anal. Calc. for GH,;N3O,: Calc. C, 64.21%, H, 5.96%, N, 11.82%; Found: €16%, H, 5.95%, N,
11.82%.

M ethyl-1,3,7-trimethyl-5-(3,4-dimethylphenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydropyrido [2,3-d] pyrimidine-6-
carboxylate (5¢). Yield 85%; m.p. 270-2972C; IR (KBr) vimay cm™ 3329 (N-H Str.), 1726 (C=0 Str.), 1707 (C=0
Str.), 1689 (C=0 Str.)}H NMR (400 MHz, DMSO¢d,): & 7.31-7.06 (m, 3H, AH), 5.99 (s, 1H, M), 5.02 (s, 1H,
CH), 3.86 (s, 3H, COO0RB5), 3.38 (s, 3H, N€3), 3.16 (s, 3H, NE3), 2.11 (s, 3H, E3), 2.04 (s, 3H, E3), 1.99 (s,
3H, CH3); MS vz 370 (M); Anal. Calc. for GgH»3N3;O4: Calc. C, 65.03%, H, 6.28%, N, 11.37%; Found: C,
65.01%, H, 6.25%, N, 11.35%.

M ethyl-1,3,7-trimethyl-5-(4-flor ophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-

carboxylate (5d). Yield 82%; m.p. 260-261C; IR (KBr) vmax cmi* 3336 (N-H Str.), 1733 (C=0 Str.), 1712 (C=0
Str.), 1691 (C=0 Str.)}H NMR (400 MHz, DMSO¢d,): & 7.39-7.18 (m, 4H, AH), 6.12 (s, 1H, M), 5.06 (s, 1H,
CH), 3.94 (s, 3H, COORB;), 3.45 (s, 3H, NE5), 3.26 (s, 3H, NEj), 2.13 (s, 3H, E3); MS m/z 360 (M); Anal.
Calc. for GgH1gFN3;O,: Calc. C, 60.16%, H, 5.05%, N, 11.69%; Found: ©16%, H, 5.02%, N, 11.68%.

M ethyl-1,3,7-trimethyl-5-(4-chlor ophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-
carboxylate (5€). Yield 86%; m.p. 244-246C; IR (KBr) vmay cmi* 3338 (N-H Str.), 1734 (C=0 Str.), 1713 (C=0
Str.), 1692 (C=0 Str.)}H NMR (400 MHz, DMSO¢dg): & 7.40-7.15 (m, 4H, AH), 6.10 (s, 1H, M), 5.05 (s, 1H,
CH), 3.93 (s, 3H, CO0B;), 3.44 (s, 3H, NEl3), 3.26 (s, 3H, NEl3), 2.14 (s, 3H, €3); MS m/iz 376 (M); Anal.
Calc. for GgH1gCIN3O,: Calc. C, 57.53%, H, 4.83%, N, 11.18%. Found: T52%, H, 4.81%, N, 11.17%.

M ethyl-1,3,7-trimethyl-5-(3,4-dichlor ophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido [2,3-d]pyrimidine-6-
carboxylate (5f). Yield 81%; m.p. 252-257C; IR (KBr) vmax cmi* 3340 (N-H Str.), 1731 (C=0 Str.), 1713 (C=0
Str.), 1694 (C=0 Str.}H NMR (400 MHz, DMSOd,): 8 7.44-7.20 (m, 3H, AH), 6.14 (s, 1H, M), 5.09 (s, 1H,
CH), 3.95 (s, 3H, COORB;), 3.51 (s, 3H, NE5), 3.32 (s, 3H, NEj), 2.17 (s, 3H, €3); MSm/z 411 (M); Anal.
Calc. for GgH;7CI,N3Oy4: Calce. C, 52.70%, H, 4.18%, N, 10.24%; Found: Z68%, H, 4.17%, N, 10.23%.

M ethyl-1,3,7-trimethyl-5-(3-nitr ophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-

carboxylate (5g). Yield 89%; m.p. 288-296C; IR (KBr) vmax cmi* 3361 (N-H Str.), 1743 (C=0 Str.), 1721 (C=0
Str.), 1701 (C=0 Str.}H NMR (400 MHz, DMSO¢d,): & 7.60-7.86 (m, 4H, AH), 6.23 (s, 1H, M), 5.44 (s, 1H,
CH), 4.01 (s, 3H, CO0B;), 3.62 (s, 3H, N@3), 3.41 (s, 3H, NE@3), 2.29 (s, 3H, €3); MS m/z 387 (M'); Anal.
Calc. for GgH1gN4Og: Calc. C, 55.96%, H, 4.70%, N, 14.50%; Found: £95%, H, 4.69%, N, 14.50%.

M ethyl-1,3,7-trimethyl-5-(4-nitr ophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-

carboxylate (5h). Yield 91%; m.p. 297-298C; IR (KBr) vmayx cmi* 3372 (N-H Str.), 1744 (C=0 Str.), 1724 (C=0
Str.), 1703 (C=0 Str.}H NMR (400 MHz, DMSOdg): & 8.21-7.65 (m, 4H, AH), 6.37 (s, 1H, M), 5.54 (s, 1H,
CH), 4.08 (s, 3H, COORB5), 3.67 (s, 3H, NE3), 3.43 (s, 3H, NE3), 2.31 (s, 3H, E3); MS nvz 387 (M);Anal.
Calc. for GgH1gN4Og: Calc. C, 55.96%, H, 4.70%, N, 14.50%; Found: ©£95% H, 4.68%, N, 14.47%.

M ethyl-1,3,7-trimethyl-5-(3-methoxyphenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-
carboxylate (5i). Yield 83%; m.p. 267-268C; IR (KBr) vmax cmi* 3351 (N-H Str.), 1728 (C=0 Str.), 1712 (C=0
Str.), 1693 (C=0 Str.}H NMR (400 MHz, DMSOdg): & 7.32-6.95 (m, 4H, AH), 6.02 (s, 1H, M), 5.01 (s, 1H,
CH), 3.91 (s, 3H, CO0B5), 3.89 (s, 3H, 085), 3.41 (s, 3H, NE3), 3.26 (s, 3H, NE5), 2.06 (s, 3H, E3); MS
m'z 372 (M); Anal. Calc. for GgH,1N;Os: Calc. C, 61.45%, H, 5.70%, N, 11.31%; Found: €48%, H, 5.67%, N,
11.31%.

M ethyl-1,3,7-trimethyl-5-(4-methoxyphenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-
carboxylate (5j) Yield 84%; m.p. 267-268C; IR (KBr) vmax cm* 3349 (N-H Str.), 1725 (C=0 Str.), 1709 (C=0
Str.), 1691 (C=0 Str.)}H NMR (400 MHz, DMSO¢d,): & 7.36-6.90 (m, 4H, AH), 5.99 (s, 1H, M), 4.98 (s, 1H,
CH), 3.88 (s, 3H, CO0RB5), 3.79 (s, 3H, 085), 3.39 (s, 3H, NH3), 3.21 (s, 3H, NE3), 2.02 (s, 3H, E3); MS
mz 372 (M"); Anal. Calc. for GgH»N3Os: Calc. C, 61.45%, H, 5.70%, N, 11.31%; Found: €48%, H, 5.67%, N,
11.30%.
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M ethyl-1,3,7-trimethyl-5-(3,4-dimethoxyphenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydropyrido  [2,3-d]pyrimidine-6-
carboxylate (5k) Yield 81%; m.p. 275-276C; IR (KBr) vmax cm™* 3346 (N-H Str.), 1719 (C=0 Str.), 1705 (C=0
Str.), 1688 (C=0 Str.}H NMR (400 MHz, DMSOdg): & 7.11-6.71 (m, 3H, AH), 5.92 (s, 1H, M), 4.94 (s, 1H,
CH), 3.87 (s, 3H, CO0RB;), 3.81 (s, 3H, 085), 3.73 (s, 3H, OH3), 3.31 (s, 3H, NE3), 3.17 (s, 3H, NE3), 2.0

(s, 3H, GH3); MS m/z 402 (M); Anal. Calc. for GeH,3N;Os: Calc. C, 59.84%, H, 5.78%, N, 10.47%; Found: C,
59.84%, H, 5.77%, N, 10.45%.

M ethyl-1,3,7-trimethyl-5-(3,4,5-trimethoxyphenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydro  pyrido[2,3-d]pyrimidine-
6-carboxylate (51). Yield 77%; m.p. 270-272C; IR (KBr) vyax cm* 3341 (N-H Str.), 1714 (C=0 Str.), 1701 (C=0
Str.), 1684 (C=0 Str.))H NMR (400 MHz, DMSOds): & 6.92 (s, 2H, AH), 5.90 (s, 1H, W), 4.96 (s, 1H, €),
3.89 (s, 3H, OE), 3.87(s, 3H, OHy,), 3.81 (s, 3H, COO0R;), 3.76 (s, 3H, O83), 3.33 (s, 3H, NEj3), 3.16 (s,
3H, NCH3), 2.07 (s, 3H, E3); MS m/z 432 (M); Anal. Calc. for G;H,sNsO;: Calc. C, 58.46%, H, 5.84%, N,
9.74%; Found: C, 58.45%, H, 5.81%, N, 9.72%.

M ethyl-1,3,7-trimethyl-5-(4-hydr oxyphenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-
carboxylate (5m). Yield 82%; m.p. 244-246C; IR (KBr) vmax cm* 3502 (O-H Str.), 3345 (N-H Str.), 1724 (C=0
Str.), 1707 (C=0 Str.), 1693 (C=0 StrH{ NMR (400 MHz, DMSOd,): & 8.93 (s, 1H, OH), 7.31-7.06 (m, 4H, Ar-
H), 6.04 (s, 1H, W), 5.08 (s, 1H, €), 3.96 (s, 3H, COOR;), 3.42 (s, 3H, NE3), 3.27 (s, 3H, NE5), 2.18 (s,
3H, (H3); MS nvz 358 (M); Anal. Calc. for GgH1gN3Os: Calc. C, 60.50%, H, 5.36%, N, 11.76%; Found: C,
60.48%, H, 5.36%, N, 11.74%.

M ethyl-1,3,7-trimethyl-5-(2-furyl)-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-car boxylate

(5n). Yield 77%; m.p. 299-306C; IR (KBr) vmax cm* 3346 (N-H Str.), 1731 (C=0 Str.), 1714 (C=0 St£§97
(C=0 Str.);"H NMR (400 MHz, DMSO#dg): & 7.29-6.99 (m, 3H, FuryH), 6.06 (s, 1H, M), 5.06 (s, 1H, &), 3.95
(s, 3H, COO®El3), 3.39 (s, 3H, NE3), 3.24 (s, 3H, NE), 2.15 (s, 3H, €3); MS m/z 332 (M); Anal. Calc. for
C16H17N30s: Calc. C, 58.00%, H, 5.17%, N, 12.68%; Found: ©93%, H, 5.16% N, 12.66%.

Antimicrobial evaluation

The cultures required for the biological study oimpoundsba-5n were obtained from MTCC (Microbial Type
Culture Collection & Gene Bank, Chandigarh-1600&6dia). The in vitro antibacterial activity of all the
synthesized compound®-5n were evaluated against six bacterial strains (lgo#m positive and gram negative
bacteria)Xaphylococcus aureus (MTCC 96),Bacillus subtilis (MTCC 441),Sreptococcus pyogenes (MTCC 442),
Escherichia coli (MTCC 443),Klebsellia pneumonia (MTCC 3384) andPseudomonas aeruginosa (MTCC 424).

Minimum Inhibition Concentration (MIC) of all theysthesized compoundia-5n was evaluated with help s&rial
tube dilution method [18] at several concentratiohd28, 64, 32, 16, 8, gg/ml and all the stock solutions were
prepared in DMSO by dissolving weighed amountsoofigounds. Dilutions were made in nutrient broth imedto
prepare various concentrations. Standard drug amfioxiwas used to evaluate MIC of the prepared pounds
against the tested bacterial strains. All the badtestrains were grown in nutrient broth media3aC. The
inoculated tubes were incubated for 24 hrs at 3TH&. reference drug was also sustained at theasimiinditions
for comparison. The inhibition of the bacterial @th was determined by the appearance of turbidtgr 24 hrs of
incubation at 37C. The zone of inhibition of titte compounds-5n was also determined by using paper disc
diffusion method. The zone of inhibitionsvf) has been recorded as the average diameters a@doMall the
compounds are given ihable 4.

RESULTSAND DISCUSSION

Chemistry

Condensation of barbituric acid, benzaldehyde, ghetbetoacetate and ammonium acetate were caraedsing
varying amounts of Al(DS)in aqueous medium at different temperatures. # feand that 3 mol% catalyst (Entry
3, Table 1) at 116C (Entry 5, Table 2)enough to catalyze the reactramther ascend the amount of catalyst will
not affect the rate of reaction but further inceeastemperature result in the decomposition ofréaetion mixture.
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Table 1: Efficacy of catalyst on the synthesis of 1,4ADHPsat 100 °C

Entry  Amount of catalyst (mol %) Compound  €iflr)  Yield (%)
10

1 1 5a 73
2 2 5a 7 77
3 3 5a 5 94
4 4 5a 5 94
5 5 5a 4.5 94

2Yield refer to combined amounts of different crops.

Table 2: Effect of temperature on the synthesisof 1,4-DHPsusing 3 mol% catalyst.

Temperaturg

Entry °C) Compound  Time (hr)  Yieft(%)
1 70 5a 18 40
2 80 5a 11 59
3 90 5a 5 88
4 100 5a 5 94
5 110 5a 3 94
6 120 5a 3 93

#Reaction carried in oil bath and temperature is controlled with thermometer.
®Yield refer to combined amounts of different crops.

The structure of the compouBd was confirmed with the help of spectral techniquedR spectrum absorption at
3342 cm'represents the N-H stretching and absorption f@etlC=0 groups were observed at 1732, 1710 and 1689
cm®. In *H NMR spectrum peaks for five aromatic protons abeerved ab 7.39-7.14, singlet a 5.04 for G4
proton, singlet ab 6.03 for N\H proton and singlet for two Nz groups observed & 3.43 ands 3.24. Two
singlet’s for G4; and COOGEI; group observed &t 2.13 andd 3.93. ESI-MS spectrum &a was also helpful to
interpret its structure whose mass fragmentatiawshin Scheme-3 and Figure 1. Spectral dataadlilly supports

the structure assigned to it.

o
o
L,
CHg
m/z =341 m/z = 326 m/z = 282 m/z = 268
l/ + + +
(M+1)
m/z =342 -
CH, ‘ P ‘
CHs N CHs
m/z =91 m/z = 131 m/z =170

Scheme-3: Mass fragmentation of M ethyl-1,3,7-trimethyl-5-phenyl-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[2,3-d] pyrimidine-6-
carboxylate 5a
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Figure 1: Mass spectrum of M ethyl-1,3,7-trimethyl-5-phenyl-2,4-dioxo-1,2,3,4,5,8-hexahydr opyrido[ 2,3-d] pyrimidine-6-car boxylate 5a

Similarly, other

Methyl-1,3,7-trimethyl-5-aryl-2 dioxo-1,2,3,4,5,8-hexahydropyrido[2¢3pyrimidine-6-

carboxylate5b-5n have been synthesised by the condensation of hretbjoacetat8, aldehyde2, barbituric acid
1 and ammonium acetadledn aqueous solution containing Al(QSYhe results are summarizedTiable 3.

Table 3: Synthesis of tetra-substituted 1,4-dihydropyridines from barbituric acid, methyl acetoacetate, aldehyde and ammonium acetate
using Al(DS); 3 mol% catalyst

e

Entry | Aldehyde (R) Y(';:‘)’ Melting Point {(C) | Rvalué
5a Ghs o1 289-290 0.77
5b 4-Me GHa 83 287-288 0.63
5c | 34MeCH, | 85 270272 0.5¢
5d 4F GH, 82 260-261 0.68
5e 4-CT GHq 86 244-246 0.71
5 | 34CIGH. | 81 252257 0.72
5g | 3NQGH. | 89 288-290 0.76
5h | 4NQGH, | o1 297-299 0.77
5 | 3-OMeGH. | 83 267-26¢ 0.62
5 | 4OMeGH, | 84 267-269 0.63
5k | 34-OMe GH, | 81 275276 0.67
5| [ 3450Me G, | 77 270272 0.59
5m 4-OH GH4 82 244-246 0.74
5n 2-Furyi 77 299-300 0.58

2Yield refer to combined yield of different crops
P Reactions were carried out in silicon oil bath and temperature was controlled using thermometer
¢ Product obtained were characterized using latest spectroscopic techniques.

Reactions proceed smoothly with aldehydes carry@lgctron withdrawing as well as electron donating
substituents (Table 2). This method endures vafimustionalities like nitro, ether, halogeas. on the phenyl ring.
Efficacy of this method is fairly general and affsrthe resultant products in excellent yield (7%9&and products
are obtained by simple work up.
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Scheme 4: Proposed mechanism for the synthesis of tertra substituted 1,4-DHPs

In the proposed mechanism (Scheme 4), for the sgigtiof tertra substituted dihydropyridine derivesi follow the
condensation ol and4 to give 6 by the removal of an acetic acid molecule anchatdame time Knoevenagal
condensation betweeghand3 to give7, which upon Michal addition with produce8 then followed by cyclization
to produced and rearrange to yield the tetra substituted I;iRDnolecule %a-5n).

2.2 Antibacterial Activity

All the entitled compounds were screened for ttegitibacterial activity against three Gram-posithacteria,
namely Staphylococcus aureus, Bacillus subtilis, Sreptococcus pyogenes and three gram negative bacteria
Escherichia coli, Klebsellia pneumonia, Pseudomonas aeruginosa. The potential of synthesized compounds was
compared with a well-known antibiotic drug, AmoXici. Minimum inhibitory concentration and zone iohibition

of the screened compounds are depicted in Tabled4dFayure 2. The results of antibacterial analysigeals that
presence of electron releasing groups at the phémylattributed with maximum inhibition against #ie tested
bacterial strains as compared to electron withdrgvgroups attached to the phenyl ring. Interesgingbmpounds
containing single electron donating group atphea position show greater inhibition zone at low MiGlwe (4 & 8
pg/mL) as compared to the di-substitution (bo#ta andpara) to the phenyl ring with moderate inhibition zone
and high MIC value (8, 16 & 32 pg/mL). Further,wts also observed that phenyl ring substituted wWitee
electron releasing groups (compoubtylwere completely inefficient against all the baietlestrains. Compoun8b
showed maximum inhibition zone and minimum inhigiticoncentration of 4 & g8g/mL against the all the strains
Staphylococcus aureus (19 mm),Bacillus subtilis (18 mm),Streptococcus pyogenes (22 mm),Escherichia coli (26
mm), Klebsedllia pneumonia (21 mm), Pseudomonas aeruginosa (26 mm) which is comparable to standard drugs.
Further compoun8m showed potent antibacterial activity agai8stiphyl ococcus aureus (12 mm),Bacillus subtilis
(12 mm), Klebsdllia pneumonia (20 mm) andPseudomonas aeruginosa (18 mm). The compoundSa & 5c
displayed significant activity against thBacillus subtilis (16 mm), Streptococcus pyogenes (17 mm) and
Saphylococcus aureus (17 mm), Escherichia coli (19 mm) at MIC of 8ug/ml. Compounds$d & 5e exhibited
significant activity againgBacillus subtilis (15 mm),Klebsellia pneumonia (16 mm) andstaphylococcus aureus (18
mm), Sreptococcus pyogenes (18 mm), Pseudomonas aeruginosa (19 mm) while compoundf displayed activity
against the only one strain namdtgcherichia coli (17 mm) The compoundsj & 5n displayed inhibition of
bacterial growth agains®aphylococcus aureus (21 mm), Streptococcus pyogenes (17 mm) andStreptococcus
pyogenes (16 mm),Escherichia coli (17 mm) at MIC-8ug/mL.
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Table4: MIC (ng/mL) of tetra substituted 1,4-DHPs 5a-5n

Entry Gram (+ve) Bacteria Gram (-ve) Bacteria
S. B. S. E. K. P.
Aureus  Subtilis  Pyrogens | Caoli Pneumonia  Aeruginosa
5a 16 (12) 8(16) 8(17) 32(14) 16 (13) 16 (15)
5b 8(19) 8(18) 8(22)  4(26) 8(21) 4(26)
5¢c 8(17) 16(14) 16(13) 8(19) 16 (13) 16 (13)
5d 16 (13) 8(15) 16(15) 32(8)  8(16) 16 (17)
5e 8(18) 16(17) 8(18) 16 (13) 16 (14) 8(19)
5f 32(15) 16(15) 16(17) 8(17) 16 (12) 16 (16)
59 16 (17) 32(11) 16(14) 16 (15) 32 (10) 32 (11)
5h 16 (16) 32(12) 16(12) 32 (10) 32(9) 16 (13)
5i 32(12) 16(14) 32(10) 16 (16) 32(9) 16 (14)
5j 8(21) 16(16) 8(17) 16 (14) 16 (15) 32 (12)
5k 32(11) 16(13) 16(11) 32(11) 16 (16) 16 (12)
5l 64(9) 32(10) 128(9) 32(11) 64 (10) 32 (13)
5m 8(12) 8(12) 16(15) 16(13) 8(20) 8(18)
5n 16 (10 16 (15  8(16) 8(17) 16 (14 16 (15
Amoxicillin_ 4(25)  4(25) 4(25) 4(27) 4(25) 4(25)
30 ~
25 -
[ |
20 - B Staphylococcus aureus
15 M Bacillus subtilis
I Streptococcus pyogenes
10 -
M Escherichia coli
5 A M Klebsellia pneumonia
0 - B Pseudomonas aeruginosa

£
E
o)
x
o
S
<

Figure 1: Comparison of diameter of growth of inhibition of the compoundswith standard drug

CONCLUSION

Al(DS); is an efficient catalyst for production of tetubstituted 1,4-dihydropyridine from readily availalstarting
materials in a single step with inherent flexilyiland diversity. This method was efficacious tduee labor, cost,
waste production and also devoid of harsh reacttomlitions. The target compounds were obtained iacaeptable
yield with simple recrystalization at the purifizat step. The results obtained from antibactemadlies serve the
purpose of our research. Compoutiidwas found to be most active against all the testedins.

Some structural modifications in these compoundy fagher lead to the developments of newer andatfie
antibacterial agents in the future.
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