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ABSTRACT

We report a library consisting of some novel Haehzslihydropyridines of biological interest as wal their
synthesis and analysis. The important steps in symthetic part were found to be Hantzsch reactiofise
synthesized compounds were screened for theirtio &ntibacterial activity against two gram-posgibacteria:
Staphylococcus aureus and Bacillus subtilis. THe tompounds did not exhibit potential antibacectivity.
Furthermore, compounds were subjected to in viyttoxicity against Vero cells. Compounds exhibiezhk,
moderate, or high cytotoxicity. Compounds 9b, 8¢9, 9f, 9g exhibited potential cytotoxicity.
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INTRODUCTION

Dihydropyridines (Eisner and Kuthan, 1972; Stoud deyers, 1982; Kappe, 1993, 2003) represent irapbind
extensively studied compounds belonging to thesclak calcium channel blockers. Many researcherse hav
attempted to determine the synthetic routes andowsr biological activities of these compounds. Ehes
developments led to the preparation and pharmaimalbgvaluation of 1,4-dihydropyridines (DHP) ofolmgical
interest (Loev et al., 1972, 1974; Meyer et al81,9Mager et al., 1992; Kappe, 2000a, b; Dallingieal., 2004).
The discovery during the 1930s that a dihydropyedidihydronicotinamide derivative, NADH), “hydreg
transferring coenzyme” consequently became imporia biological system, has generated numeroudiesuon
the biochemical properties of dihydropyridines (@uand Bencovic, 1966). The dihydropyrimidine-Sbeatylate
core has been found in several marine natural ptedtieys et al., 2000; Aron and Overman, 2004).

The credit for the first synthesis of dihydropyrids is attributed to Arthur Hantzsch for work pemied a century
ago (Hantzsch, 1882). The Hantzsch 1,4-dihydropyesl synthesis involves the reaction of a 1,3-ticayl
compound with aldehyde and ammonia (Jones, 198#)1893, The present interest for Hantzsch 1,4-
dihydropyridines is mainly due to their close stural relationship to similar drugs and compourefsorted in the
literature for their antitubercular (Desai et &001; Prashantha Kumar et al., 2008), antimicrofioper et al.,
1982; Snider and Shi, 1993; Aron and Overman, 208dJ anticancer activities (Hattori et al.,2003yjT et al.,
2004).
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EXPERIMENTAL SECTION

Materialsand M ethods

The entire chemicals were supplied by E.Merck (Garyh and S.D fine chemicals (India). Melting poimere
determined by open tube capillary method and acemected. Purity of the compounds was checkedionlayer
chromatography (TLC) plates (silica gel G) in tldvent system ethanol, chloroform, ethylacetat@:@j; the spots
were located under iodine vapors or UV light. IRecpums were obtained on a Perkin-Elmer 1720 FT-IR
spectrometer (KBr Pellets).1H-NMR spectra were meewd or a Bruker AC 300 MHz spectrometer using TasS
internal standard in DMSO/ CDCI3. The chemical tshifere reported in d ppm. Mass spectra were aidaising
Shimadzu LCMS 2010A under ESI ionization technique.
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Scheme: Reagents and conditions for the syntheBislBs: (a) neat, reflux, 6 h and (b) RCHO, ethar2®.-30% aqueous
ammonia solution, reflux for 13—-17 h Proceduretfar preparation of N-(4-fluorophenyl)-3-oxobutanaenid)

1 (0.01 M) and 2 (0.01 M) were mixed and refluxed dpproximately 6 h. The Colourless liquid formeas then
heated on a water bath to remove the alcohol forsoeishg the reaction. After allowing the reactioixtare to cool,
crude crystals were obtained. Purification was qrened by stirring crude crystals with cold diethgther for
approximately 20 min using a mechanical stirreteA&llowing it to stand for 30 min, followed bytfation, gave 3
in a pure form.

N-(4-fluorophenyl)-3-oxobutanamide (1)

White crystalline solid, mp 16%C, Yield 30%, IR (KBr, cm-1): 3246 (N-H), 3072 (A«€), 2980 (AliC—H),
1716(C=0, ketone), 1658 (C=0, amide), 1554 (C=@}41(C-N), 1H-NMR (DMSO-d6) d: 2.21 (s, 3H, CH3),
3.58 (s,2H, CH2), 7.36 (d, 2H, ArH), 7.64 (d, 2HH), 10.28 (s, 1H, NH).

General procedure for the preparation of 1,4-dibggridines by one pot-multicomponent, Hantzsch meétbf
synthesis (9a—k):

Preparation of 9a—k by one pot multicomponent ieactvas performed according to Scheme-l . The méxtf
intermediate product | (0.01 M), appropriate ald#hy0.005 M), and 3 ml of 25-30% aqueous ammorlizien
were transferred to a round bottom flask contairdiign| of ethanol. The reaction mixture was refdifer 10-16
h. One milliliter of 25% aqueous ammonia solutioasvadded for every 2 h during the reflux. The ieastwere
monitored through TLC using 20% ethyl acetate in ger as solvent system. Soon after the reactias
completed, the reaction mixture was allowed to cdbk solid product formed was filtered and wastvitti cold
methanol to get Hantzsch compounds. Hantzsch caatien reactions can be performed in a paralldéhgfit way
with ease.
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N,N-Bis(4-flurophenyl)-2,6-dimethyl-4-phenyl-1,4kdidropyridine-3,5-dicarboxamide (9a)

Colorless amorphous solid, IR (KBr, cm-1): 3296-H), 3074 (ArC-H), 3000 (AliC-H), 1654 (C=0, amjde
1492 (ArC=C), 1334 (C-N), 706 (C— NQ1H-NMR (DMSO0-d6) d: 2.09 (s, 6H, (CH3)2), 5.08 (H, CH), 6.18
(bs, 1H, NH), 7.24 (d, 4H, ArH), 7.32 (d, 4H, Art).48 (m, 1H, CH), 7.62 (m,4H, ArH), 9.31 (s, 2NH)2).

N,N-Bis(4-flurophenyl)-4-(4-methoxyphenyl)-2,6-dithgl-1,4-dihydropyridine-3,5-dicarboxamide (9b)

White amorphous solid, IR (KBr, cm-1): 3338 (N-B01 (ArC-H), 2920 (AliC-H), 1666 (C=0, amide),1P5
(ArC=C), 1316 (C—N), 1242 (C-0O), 678 (C— HO1H-NMR (DMSO-d6) d: 2.02 (s, 6H, (CH3)2), 3.63, GH,
OCHB3), 5.10 (s, 1H, CH), 5.82 (bs, 1H, NH), 6.78ZHl, ArH), 7.18 (d, 2H, ArH), 7.34 (d, 4H, ArH),64 (d, 4H,
ArH), 9.46 (s, 2 H, (NH)2).

N,N-Bis(4-flurophenyl)-4-(furan-2-yl)-2,6-dimethyll;4-dihydropyridine-3,5-dicarboxamide (9c)

Colorless amorphous solid, IR (KBr, cm-1): 3299 KN;-3126 (ArC—H), 3068 (AliC-H), 1668 (C=0, amid&)39
(ArC=C), 1253 (C-N), 1166 (C-0), 690 (C- BOLH-NMR (DMSO-d6) d: 2.12 (s, 6H, (CH3)2), 5.1(1H, CH),
6.16 (bs, 1H, NH),7.27 (d, 4H, ArH), 7.48 (d, 4HH), 7.52 (t, 1H, CH), 7.88 (d, 1H, ArH), 7.97 @, ArH),
9.18 (s, 2H, (NH)2).

N,N-Bis(4-flurophenyl)-4-(4-hydroxy-3-methoxyphen,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxarei{®d)
Bluish amorphous solid, IR (KBr, cm-1): 3380 (O-1BB66 (N-H), 3126 (ArC-H), 3022 (AliC-H), 1664 (C~O
amide), 1518 (ArC=C),1307 (C—N), 1252(C-0), 688 (03,). 1H-NMR (DMSO-d6) d : 2.54 (s, 6H, (CH3)2),
3.58 (s, 3H, OCH3), 5.24 (s, 1H, CH), 5.84 (bs, M), 6.84—6.98 (m, 3H, ArH), 7.08(s, 1H, ArH), 8.&d, 4H,
ArH), 7.49 (d, 4H, ArH), 2H, (NH)2).

N,N-Bis(4-flurophenyl)-4-(4-pyridyl)-2,6-dimethyl;a-dihydropyridine-3,5-dicarboxamide (9¢)

Colorless amorphous solid, IR (KBr, cm-1): 3282 (N;-3114 (ArC—H), 2992 (AliC-H), 1676 (C=0, amid&g35
(C=C), 1597(C=N), 1326 (C—N), 1246 (C-0), 690 (CON 1H-NMR (DMSO-d6) d: 2.12 (s, 6H, (CH3)2), 5.08
(s, 1H, CH), 6.22 (bs, 1H, NH), 7.10 (d, 2H, ArH)34 (d, 4H, ArH), 7.64 (d,4H, ArH), 8.10 (d, 2HrH, 9.67(d,
2H, (NH)2).

N,N-Bis(4-flurophenyl)-4-(3-nitrophenyl)-2,6-dimethl,4-dihydropyridine-3,5-dicarboxamide (9f)

Yellowish amorphous solid, 1H-NMR (DMSO-d6) d:2.(s} 6H, (CH3)2), 5.36 (s, 1H, CH), 6.38 (bs, 1H,)NH
7.22 (d, 4H, ArH), 7.58 (t,1H, CH), 7.59 (d, 4H,H#; 7.68 (d, 1H, CH), 7.99 (d, 1H, ArH), 8.08 ($],1ArH), 9.66
(s, 2H, (NH)2).

4-(3-flurophenyl)-N,N-bis(4-chlorophenyl)-2,6-dingt-1,4-dihydropyridine-3,5-dicarboxamide (99)

Brownish semisolid, 1H-NMR (DMSO-d6) d: 2.02 (s, ,6EH3)2), 5.71 (s, 1H, CH), 6.26 (bs, 1H, NH), 708
1H, CH), 7.28 (t, 1H, CH), 5.38 (d, 4H, ArH), 7.48 2H, ArH), 7.26 (s, 1H, ArH), 7.67 (d, 4H, ArH),58 (s,2H,
(NH)2).

(E)-N,N-Bis(4-flurophenyl)-2,6-dimethyl-4-styryl-4;dihydropyridine-3,5-dicarboxamide (9h)
Colorless amorphous solid, 1H-NMR (DMSO-d6) d:2(276H, (CH3)2), 5.32 (s, 1H, CH), 6.08 (s, 1H, NBLY6
(d, 1H, CH), 6.68 (d,1H, CH), 7.146 (m, 5H, ArH)498 (d, 4H, ArH), 7.62 (d, 4H, ArH), 9.44 (s, 2NH)2).

N,N-Bis(4-flurophenyl)-2,6-dimethyl-1,4-dihydropgine-3,5-dicarboxamide (9i)
Yellowish amorphous solid, 1H-NMR (DMSO-d6) d:2.(8 6H, (CH3)2), 3.37 (s, 2H, CH2), 7.38 (d, 4HHA\r
7.69(d, 4H, ArH), 7.82(s, 1H, NH), 9.81 (s, 2H, ()&

N,N-Bis(4-flurophenyl)-4-(2-hydroxyphenyl)-2,6-dirtgyl-1,4-dihydropyridine-3,5-dicarboxamide (9j)

Brownish amorphous solid, IR (KBr, cm-1): 3396 (O5-B351 (N-H), 3062 (ArC-H), 2984 (AliC-H), 16620,
amide), 1525(ArC=C), 1316 (C—N), 1234 (C-0), 668 (00,), 1H-NMR (DMSO-d6) d: 2.16 (s,6H, (CH3)2), 5.29
(s, 1H, CH), 5.86 (bs, 1H, NH), 6.63 (d, 1H, Arl8)74 (t, 1H,ArH), 6.93 (t, 1H, CH), 7.20 (d, 1H, LH.31 (d,
4H, ArH), 7.61 (d, 4H, ArH), 9.33 (s, 2H, (NH)2)016 (s, 1H, OH).

N,N-Bis(4-flurophenyl)-4-(4-(dimethylamino)pheny®.6-dimethyl-1,4-dihydropyridine -3,5-dicarboxami@k)
Yellowish amorphous solid, IR (KBr, cm-1): 3292 (M) 3046 (ArC—H), 2938 (AliC-H), 1636 (C=0, amide),
1564 (ArC=C), 1358 (C-N), 1232 (C-0), 633 (C-MNAH-NMR (DMSO-d6) d: 2.14 (s, 3H, (CH3)2), 3.066H,

2 9 NCH3), 3.74 (s, 3H, OCH3), 5.72 (s, 1H, CHD&(bs, 1H, NH), 6.96 (d, 4H, ArH), 7.14 (m, 4H,Hy 7.38
(d, 4H, ArH), 9.28 (s, 2H, NH). MS (m/z): M?calctdd 535, found 535.45.
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Antibacterial activity

Dihydropyridines are known to posses’ antitubencaletivity. All the synthesized compounds were eoesl for
their potential antibacterial activity by cup platethod against two gram-positive bacteria, sucBtaphylococcus
aureus and Bacillus subtilis because gram-positive bacteria share some constrantural features with the
Mycobacterium tuberculosis. However, none of thkedi compounds exhibited significant antibactegativity
when tested in triplicate at 50 Ig concentratios,paeliminary antibacterial study. Possibly, it msethat the p-
fluroanilide portion of structures would not haventributed toward their antibacterial activity tonse out as
candidate compounds to investigate further forstmae.

In vitro cytotoxicity assay

The synthesized compounds were subjected to in giftotoxicity assay againstero cells The motive for us to
check the cytotoxicity for the synthesized compaumes that some reports in the past have claingrfisant
anticancer activity for similar kind of substruatsr (Kawase et al., 2002). The assay was perfornyethds
sulforhodamine B (SRB) method (Philip et al., 1998)most all of the titled compounds exhibited wealoderate,
or high cytotoxicity. Compounds, 9c, 9d, 9e, 9f, 9g 9k exhibited significant cytotoxic activityith lesser CTC50
values (Table 1). system indicate the substitutfamoring the activity. Evidence for this is thatl @he
dihydropyridines and dihydropyrimidines possesdas different substitution at that position. The Bnyallow
contour on the nitrogen atoms of the basic bioe&isscaffolds indicates that there should notiesaubstitution or
steric extension over them or in that region. Timalsgreen contour map at the one side of anilioigign indicates
that 1,4-dihydropyridines are relatively more pothaving anilide portions on either side of theffaid (9a and
99). In contrast to this, dihydropyrimidines hadlide portion on one side only and still exhibitdte cytotoxic
activity (9c exhibited least activity amongst alhereas 9f and 9g showed significant activity). Yakbow and blue
contours at the para position of phenyl ring intkdathat substitution with bulky (methyl groups)dan
electropositive substitutions will not favor towargtotoxic activity .

Table:1 Synthesized dihydropyridines physical parameter and its cytotoxicity

Yield
Compound. No; R Reaction time (%) | mp°C CTGso | PCTGo
(Hg/mi) (M)
9a phenyl 23 51 196 215 0.14¢4
9b 4-pyridyl 21 48 228 138 0.222
9c 4-pyridyl 26 44 199 160 0.443
9d 2-hydroxy phenyl 20 38 282 16Q 0.554
9e 2-hydroxy phenyl 19 42 278 143 0.434
of 3-nitrophenyl 23 38 201 64 0.676
9g 3-nitrophenyl 21 41 69 72 0.772
9h 3-chlorophenyl 24 39 182 234 0.12p
9i 3-chlorophenyl 21 42 120 226 0.138
9j 2-furyl 22 36 173 189 0.298
9k 2-furyl 20 39 153 152 0.352]

RESULTSAND DISCUSSION

Chemistry

Synthesis of Hantzsch 1,4-dihydropyridines derixgdiwas achieved by adopting steps as outlinedeirStheme.
Refluxing ethyl acetoacetate 1 and 4-fluro anilheunder neat conditions for 6h gaie(4-fluorophenyl)-3-
oxobutanamide 3 at 30% vyield. The(4-fluorophenyl)-3-oxobutanamide 3 was subjecedHantzsch method of
1,4-dihydropyridines synthesis. Hantzsch one potltiommponent reaction involved 0.01 mole &-(4-
fluorophenyl)-3-oxobutanamide 3, 0.005 moles ofl anyheteroaryl aldehydes, and excess of 25% agublhi
using ethanol as a solvent under reflux conditmmif3—17 h gave a corresponding 1,4-dihydropyrilide-k. After
recrystallization, yields were found to be betwe#® and 51% (Table 1). Most of the reported Hantzsch
dihydropyridines were found to be novel.

Antibacterial activity

All of the synthesized compounds were screenedhfeir antibacterial activity against two gram-pv&tbacteria
B. subtilisand S. aureus(Frankel et al., 1970). The primary screening \pasformed by using the agar disc-
diffusion method using Muller-Hinton agar mediunheélfcompounds were tested at the concentration &g per
well. Sterile nutrient agar plates were preparepétri dishes under aseptic conditions; 0.1 mlaghestandardized
test organism was spread onto agar plates and/esai done by using a sterile borer of diametem®. mhen, 50
Ig per well of compounds or standard drug solubbstreptomycin (10 Ig) and DMSO solvent were pthaeeach
cavity, separately. The plates were maintained#tdC%or 1 h to allow diffusion of solution into theemium; then
the plates were incubated at®87for 24 h and observed for zone of inhibition.
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In vitro cytotoxicity

Short-term in vitro cytotoxicity assay was perfodnesingVero cellsaccording to the standard procedure (Moldeus
et al., 1978). SRB is a bright-pink aminoxanthege dith two sulfonic groups. Under mild acidic carahs, SRB
binds to protein basic amino acid residues in koicyacetic acid fixed cells to provide a sensitindex of cellular
protein content that is linear over a cell denségge of at least two orders of magnitude. Afterubation, the
solutions in the wells were flicked off and 10@{ldifferent concentrations (2—500 Ig) of compoumdse added to
the cells and incubated at 37 for 3 days in 5% CO2 atmosphere. The microscepaminations were performed
and observations were recorded every 24 h. Afaéih,550% trichloroacetic acid (25 Il) was addec&sh well and
the plates were incubated for 1 h &C4 The supernatant was then removed, and thewetis washed with water,
air-dried, and stained, each well with SRB for 3d.nThe unbound dye was removed by washing withat#tic
acid and the plates were airdried. Tris base (1Q &0@ Il) was added to wells to solubilize the dijee plates were
vigorously shaken for 5 min, and the absorbance measured using microtiter plate reader at 540 Time. mean
absorbance of triplicate was recorded. Mean absogtaken from cells grown in the absence of teedempound
was taken as 100% cell survival (control). The petage growth inhibition was calculated using tbkofving
formula:

Growth inhibition%= 100 — (sample absorbance/control absorbance) X 100
The percentage growth inhibition was plotted againacentration and the CTC50
(concentration required to reduce viability by 50%a)ue was calculated.

CONCLUSION

A series of novel Hantzsch dihydropyridines of bgtal interest were synthesized and analyzed Heir t
structures. Compounds, such as 9h, 9f, and 9gbiatiipotential cytotoxicity and are considered ¢hadidates to
investigate further for the same.
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