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ABSTRACT

A series of N-substituted benzyl amine analogues@tardic acid §a-6v) were synthesized and
evaluated for anti-bacterial activities againstdireus, E. coli, P. aeruginosa and S. Pyogens.
Compound6q showed excellent activity compared to AmpicillindaChloramphenicol and
comparable activity with Ciprofloxacin (18 mm zook inhibition). Compound$h and 6n
exhibited comparable to better anti-bacterial aityivand Compound$k, 60, 6s, 6u and 6v
exhibited moderate activity compared to Ampiciéind Chloramphenicol against S. aureus.
Similarly molecule$f, 6k and6r showed moderate activity and others displayedimfactivity
against S.pyogens. Compourtds 6d, 6g, 6i and6l showed comparable activity with Ampicillin
and6b, 6c, 6e, 6j and6m displayed moderate activity against E.Coli. Compis6b, 6d, 6g, 6k,

6n, 60 and 6t exhibited at par activity with Chloramphenicol agsi P.aeruginosa. More or less
all the compounds displayed inferior activities @ared to Ciprofloxacin and Norfloxacin
against the test strains.

Keywords: CSNL, Anacardic acid, benzylamine analogues, Aatigrial activity.

INTRODUCTION

From times immemorial natural products have beerd s bioactive molecules for different
therapeutic purposes. Weak biological activitiserorender such molecules useless as potential
drug candidates despite their easy availabilitirucdural modifications carried out on such mild
molecules could turn them into potent bioactive poonds. The emergence of drug resistant
strains of bacteria has led to an explosion of dehfar a new class of anti-bacterial agents.
This trend has inspired us to explore the oppatiesito develop novel molecules from
Anacardic acid1a) to generate the lead candidates as anti-bacteyits.

Anacardic acid is a natural product that can bkaised from Cashew Nut Shell Liquid (CNSL),
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usually available as an ene-mixture (Fig CNSL contains anacardic acid ene-mixture along
with salicylic acid and a non-isoprenoid long aikg side chain moiety[1-2]. Anacardic acid is
thought to possess its anti-bacterial activity tlwuets long alkyl chain[3]. The anacardic acid
ene-mixture is composed of a long C15-alkyl sidairthivith monoenoic, dienoic, and trienoic at
the C-8, C-10, and C-14 positions respectively.(E)g Anacardic acid and its derivatives have
been reported to possess a range of bioactivitiels as antibacterial action against Methicillin
ResistanStaphylococcus aureMRSA)[4].

OH O

Ol

1a (anacardic acid)
V\/\/\/W\/\
1b (mono-ene)

A Ve VA N a N
1c (di-ene)

D e P T TN
1d (tri-ene)
Fig. 1 Anacardic acid and its ene-mixture

The antibacterial activity against Methicillin agai MRSA strains was significantly enhanced
when combined with C12:0-anacardic acid with atfoemal inhibitory concentration index of
0.281. Apart from anti-bacterial action, Anacardd was also found to inhibit triglycerides
with natural phenolic lipids[5] and have the folliongg activities viz., ureil soybean lipoxygenase-
1 inhibitory activity[6], synthesis of Sildenafil atogues[7], dihydropyridine analogues as
Calcium channel blockers[8], Isonicotinoylhydrazendor antimycobacterial activity[9],
bioactivity against Colarado Potato beetle[10], olation of nuclear factor Kappald signalling
pathway by inhibitacetyl transferasén suppression of nuclear factor3[11]. The mone;e&fi-
ene and tri-ene of anacardic acids were also shtowmave moderate cytotoxicity on BT-20
breast and HelLa epithelioid cervix carcinoma c&f#$[and Zoosporicidal activity against
Aphanomyces cochlioidds8]. Further, Anacardic acid is also reported to strgragitivate the
kinase activity ofAurora kinase Abut notAurora kinase Bl4]. Recently a few benzamide
derivatives from anacardic acid were studied forTH#ctivation as well[15]. Very recently it
was proved that anacardic acid derivative has shesvg improved inhibition of the acetyl
histone transferase PCAF[16].

Current work aimed to synthesize novel benzyl antiegvatives of Anacardic acid (Fig. 2) as
potential anti-bacterial agents. The synthesizrdets were screened for their anti-bacterial
activity against E.Coli, P.aeruginosa, S.aureusnd S.pyogens,while using Ampicillin,
Chloramphenicol, Ciprofloxacin and Norfloxacin ae standard drugs.
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Fig. 2. Compounds 6a-6v
MATERIALS AND METHODS

Chemistry

The reagents and solvents used in this study wesnalytical grade and were used without
further purification. Melting points were determéhén open capillaries and are uncorrected.
Thin-layer chromatography (TLC) was performed dicaigel GF254 and spots were detected
using iodine chamber or U.V lamp at 254nm. IR weeeorded on FTIR Perkin Elmer
spectrometer and the 1 H NMR spectra on a Varian3BDI spectrometer (400 MHz) using
TMS as an internal standard. The mass spectra weoeded on Agilent ion trap MS. All the
amines §a-6v)were either purchased from commercial sourcesepgred in-house.

The synthesis of the benzyl amine analogues ofaadecacid was achieved by (i) Isolation and
subsequent saturation of the ene-mixture of anacamid from commercially available CSNL;

(i) Alkylation of the phenolic hydroxyl group anesterfication of carboxylic acid group; (iii)

Reduction of the ester to alcohol (iv) Transforimatof the alcohol to its mesylate (v)

Conversion of the mesylate to the benzyl aminevdévies by coupling with a variety of amines
followed by screening the benzylamine derivativésapacardic acid for their anti-bacterial
activity.

Isolation of the anacardic acid ene-mixture (Aigla—d) from commercially available CNSL
was carried out by treating with Ca(QH)y a MeOH-HO mixture at 50 °C for 3 h followed by
filtration of calcium anacardate as a brown colaselild. This solid was treated with 6 N HCI to
obtain the anacardic acid ene-mixture as a danwi@olored oily liquid. The ene-mixture was
saturated by hydrogenolysis using Pd/e€+#i EtOH at 60 psi at r.t. and isolated to affohne t
anacardic acid2) as a pale brown colored solid, which was therylatkd with dimethyl
sulphate and ¥COs; in acetonitrile at reflux temperature. The 2-methonethyl ester of
anacardic acid3) was reduced with LiAlldin THF at r.t for 16 h to obtain the corresponding
benzyl alcohol 4), which was then transformed to its methane salierester5) by treatment
with methane sulfonyl chloride and triethylamine dichloromethane at 0 °C. The mesylate
compound was treated with different types of amineSH;CN to get various benzyl amines of
anacardic acide@-6v)as depicted in Scheme 1.
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OH (i) (iii)
@C%H - @C%H @CO i
C1sHog (b CqsHog C1sHa1

1 (ene-mix)
C1sHa1 C1sH31 C1sH31
~o
(vi)
NHR
—_—
6a-6v
Scheme-1

Reagents and conditions: (i) (a) Ca(QHYWeOH:H,0 (6:1), 60 °C, 3 h (b) 6 N HCI, rt, 1 h (ii) Pd(C0%), H,
EtOH, 60 psi, rt, 2 h (iii) (CH),SQ,, K,COs, CH;CN, 80 °C, 3 h (iv) LiAll THF, 0 °C-rt, 16 h (v) CESOCl,
(CHs)3N, CHCl,, 0 °C-rt, 3 h (vi) RN CHCN, rt to 80 °C, 1h to 16 h

Preparation of anacardic acid (1a-1d, ene-mix)To a solution of MeOH (6 vol) and B (1

vol) containing commercial grade CSNL (100 g), veasled Ca(OH)(50 g) and the contents
were heated to 60 °C for 3h. The precipitated sols filtered and the wet cake was washed
with MeOH (1 vol) to remove the Cardol and Cardafidle brown colored precipitate was then
suspended in water, pH was adjusted to 2.0 rarigg 6N HCI solution under vigorous stirring
and extracted with ethyl acetate (3 x 200 mL). Thmbined organics were washed withCH
brine solution, dried over anhydrous JS&), concentrated to dryness to afford the anacardic
acidene-mixture as dark-brown colored viscous oil (66rgde).

Preparation of anacardic acid (2): To a solution of ethanol (700 mL) containing theeen
mixture (La-1d) (60 g, crude) 10% Pd/C (6 g) was slowly addedeundert atmosphere into a
hydrogenation flask. Hydrogenation was carried wnder 60 psi of hydrogen pressure for 2 h.
Filtered the contents through a pad of celite tnaee the catalyst, collected the clear filtrate,
concentrated under reduced pressure to afford thdecanacardic acid2), which was
recrystallized from petroleum ether (40-60 °C); ltfie36 g ; m.p. 85-86 °C; IR (KBr, chy
3071, 3002, 2917, 1655, 1450, 1246, 1214, 894, 833, ;'H NMR (400 MHz, CDC)): &
11.02 (br s, 1H)7.36 (t,J= 8.0 Hz, 1H), 6.88 (d) = 8.4 Hz, 1H)6.78 (d,J= 7.6 Hz, 1H),2.98

(t, J=8.0 Hz, 2H)1.57-1.63 (m, 3H)1.27 (br s, 23H), 0.88 (§,= 6.8 Hz, 3H); Mass: m/z: 349
(M+H)".
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Preparationofethyl-2-methoxy-6-pentadecylbenzoat€3): To a stirred solution of compour2d
(26 g, 74.71 mmol) in acetonitrile (250 mL) was edgowdered anhydrous®0s; (51 g, 138.2
mmol), followed by dimethyl sulfate (37.6 g, 298nol) in portions for about 15 min at room
temperature. The contents were heated 80 °C forc8died to r.t, filtered, collected the filtrate,
concentrated under reduced pressure and the resmhidiluted with water (150 mL), extracted
with EtOAc (2 x 100 mL). The combined organic layeas washed with water, brine solution,
dried over anhydrous N&O,, concentrated to afford the compouBds a low-melting solid.
m.p. 37-38 °C, Yield: 22 g (80%); IR (KBr, ¢t 3004, 2921, 2852, 1732, 1589, 1266, 1165;
NMR (400 MHz, CDC}): 6 7.25 (tJ= 8.0 Hz, 1H), 6.82 (d] = 8.0 Hz, 1H), 6.75 (d]= 8.4 Hz,
1H), 3.90 (s, 3H), 3.81 (s, 3H), 2.53 t= 8.0 Hz, 2H), 1.53-1.60 (m, 3H), 1.27 (br s, 23H)
0.88 (t,J = 6.8 Hz, 3H); Mass: m/z:377 (M+H)

Preparation of 2-methoxy-6-pentadecylbenzoic acid4f: To a stirred suspension of LiAIH
(3.3 g, 87.76 mmol) in dry THF (100 mL) was addkd solution of compound (22 g, 58.5
mmol) in dry THF (50 mL) at -20 °C and allowed tbentents to r.t and stirred for 16 h. The
reaction mixture was quenched with saturated,@GlHsolution, filtered through a pad of celite,
collected the filtrate, concentrated to drynesse Tésidue was dissolved EtOAc, washed with
H,O, brine solution, dried and concentrated to afftird crude compound as pale brown
colored solid (15 g, 73.6%); m.p. 59-60 °C; IR @KBm"): 3386, 3072, 2916, 2846, 1705,
1461, 1265, 1118 and 1076 NMR (400 MHz, CDC}): 8 7.20 (t,J= 8.0 Hz,1H),6.82 (d,J =
7.6 Hz, 1H), 6.77 (dJ= 8.0 Hz,1H), 4.75 (dJ= 6.4 Hz, 2H),3.87 (s, 3H), 2.67 () = 6.4 Hz,
2H), 2.37 (t,J = 6.4 Hz, 2H), 1.53-1.58 (m, 3H)},27 (br s, 23H)0.89 (t,J = 7.2 Hz, 3H);Mass:
m/z: 349 (M+HJ.

Preparation of 2-methoxy-6-pentadecylbenzyl methansulfonate (5) To a stirred solution of
compound (5.0 g, 14.36 mmol) in C¥l, (50 mL) was added B (4.27 g, 43.08 mmol) and
cooled to 0 °C. To this mixture was added methdf@sylchloride (2.42 g, 21.55 mmol) at 0 °C
over a period of 15 min. The contents were allowe@dvarm to r.t and stirred for 4 hrs. The
reaction mixture was diluted with water and extdctvith CHCl, (2 x 50 mL). The organic
layer was washed with brine solution, dried ovenyainous NaSQ,, concentrated to dryness to
obtain crude compound as pale brown coloured solid (5.5 g, 89.8%). Thele product was
used as such in the next step without further jmattibn.

General procedure for the preparation of final communds (6a-6v):To a stirred solution of
2-methoxy-6-pentadecylbenzyl methane sulfon&e (5 mmol) in acetonitrile (10 vol) and
K,COs; was added the solution of amine (5 mmol) insCN and stirred at r.t to 80 °C for 1 h to
16 h. Upon completion, the reaction mixture wascemtrated and the residue was extracted with
EtOAc. The combined organic layer was washed witatew brine solution, dried and
concentrated to afford the crude amino compounts.cfude products are either recrystalliszed
or purified by column chromatography to afford titte compounds@a-6V) in yields ranging
from 50 to 85%.

2-(2-Methoxy-6-pentadecyl-benzylamino)benzoic acid6a); Using 5 and 2-amino benzoic
acid as starting materials, the title compo6advas obtained as a white solid; m.p. 57-60 °C; IR
(KBr, cm™): 3457, 3342, 3032, 2955, 2920, 2848, 1696, 16592, 1471, 1288, 1266, 1245,
1107, 1091, 941, 784, and 7434 NMR (400 MHz, CDCY): & 7.78 (dJ = 8.0 Hz, 1H), 7.27-

504
www.scholarsresearchlibrary.com



Ravi Kumar Vempati et al Der Pharma Chemica, 2011, 3 (6):500-512

7.20 (m, 3H), 6.85 (d] = 7.6 Hz, 1H), 6.78 (d] = 8.4 Hz, 1H), 6.64 (d] = 8.4 Hz, 1H), 6.56 (t,
J=7.4Hz, 1H), 5.71 (br s, 2H), 5.41 (s, 2H), 3(823H), 2.69 (tJ = 7.8 Hz, 2H), 1.59-1.55 (m,
3H), 1.31-1.21 (m, 23H), 0.87 (6.8 Hz, 3H); Mass: m/z 468.3 (M+H)

4,5-dimethoxy-2-(2-Methoxy-6-pentadecyl-benzyl ami)-benzoic acid (6b);Using 5 and 2-
amino-4,5-dimethoxy benzoic acid as starting malkgrithe title compoun@lb was obtained as
off-white solid; m.p. 100-102 °C; IR (KBr, chx 3477, 3366, 2924, 2853, 1680, 1651, 1585,
1519, 1466, 1247, 1206, 1165, 1005 and 7BBMR (400MHz, CDCH): 8 7.39-7.21 (m, 2H),
6.84 (t,J = 7.4 Hz, 1H),6.79-6.76 (m, 1H), 6.38 (s, 1H), 5.41(s, 2839 (s, 1H)3.93 (s, 3H),
3.83 (s, 6H)33.82 (s, 3H)2.72-2.62 (m, 2H)1.58-1,54 (m, 3H), 1.41-1.20 (m, 23H), 0.87J(t,
=6.4 Hz, 3H); Mass: m/z 528.4 (M+H)

4, 5-difluoro-2-(2-Methoxy-6-pentadecyl-benzyl amin)-benzoic acid (6c);Using 5 and 2-
amino-4, 5-difluoro benzoic acid as starting maiderithe title compoun@c was obtained aa
dark brown solidm.p. 81-83°C; IR (KBr, ci): 3475, 3355, 2918, 2850, 1707, 1645, 1579,
1518, 1469, 1276, 1198, 1153, 1053 and 883YMR (400 MHz, CDCJ): 8 7.58- 7.57 (m, 1H),
7.30-7,26 (m, 1H), 6.86 (d= 7.6 Hz, 1H), 6.79 (dJ= 8.0 Hz, 1H)6.43-6.38 (m, 1H)5.72 (br

s, 2H), 5.4 (s, 1H)3.83 (s, 3H)2.67 (t,J= 7.8 Hz, 2H), 1.56-1.54 (m, 3H)},56-1.21 (m, 23H),
0.87 (t,J = 6.8 Hz, 3H); Mass: m/z 504.3 (M+H)

2-(2-Methoxy-6-pentadecyl-benzylamino)-6-methyl -bezoic acid (6d);Using5 and 2-amino-
6-methyl- benzoic acid as starting materials, e tompound6d was obtainechs a cream
colored solid;m.p. 55-57 °CJR (KBr, cm*): 3485, 3375, 2916, 2848, 1701, 1618, 1470, 1266
1083, 1067, 895, 776H NMR (400 MHz, CDCJ): 8 7.27-7.23 (m, 1H)7.03 (t,J=7.8 Hz, 1H),
6.82 (d,J=7.6Hz, 1H),6.76 (d,J= 8.0 Hz, 1H),6.49-646 (m, 2H)5.42 (s, 2H),5.0 (broad
exchangeable proton , 18)83 (s, 3HR.69 (t,J= 7.8 Hz,2H), 2.33 (s, , 3H)1.57-1.51 (m, 3H),
1.41-1.23 (m, 23H)).88 (t,J= 6.6 Hz, 3H); Mass: m/z 482( (M+H)

4-methoxy-2-(-(2-Methoxy-6-pentadecyl-benzyl aminepenzoic acid (6e);Using 5 and 2-
amino-4-methoxy benzoic acid as starting materihis, titte compounde was obtained as a
light brown solid ;m.p. 52-53 °CiR (KBr, cm*): 3489, 3361, 2954, 2923, 2848, 1709, 1633,
1559, 1469, 1264, 1154, 1076, 887, 746 NMR (400 MHz, CDCY): & 7.71 (dJ=9.0 Hz, 1H),
7.28 (m, 1H),6.85 (d, J=7.6Hz, 1H), 6.77 (dJ= 8.0Hz, 1H),6.14 (m, 1H),6.09 (d,J= 2.3 Hz,
1H), 5.38 (s, 2H)3.82 (s, 3H), 3.76 (s, 3H2.68 (t,J = 8.0 Hz, 2H), 1.59-1.55 (m, 3H),31-
1.21 (m, 23H), 0.88 (t)=6.8 Hz, 3H), Mass: m/z 498 (M+H)

2-Fluoro-phenyl)-(2-Methoxy-6-pentadecyl-benzyl)amme (6f). Using 5 and 2-fluoro-
phenylamine as starting materials, the title conmgogf was obtained as a white solid; 84-86
°C, IR (KBr, cmi®): 3429, 2924, 2853, 1735, 1615, 1587, 1258, 10984, 738;'H NMR
(400MHz, CDCY): 6 7.23-7.19 (m, 1H), 7.08-7.02 (m, 1H), 6.976&6 (@, 2H), 6.78-6.73 (m,
2H), 6.65-6.55 (m, 1H), 4.30 (s, 2H), 3.97 (broadhangeable proton, 1H), 3.82 (s, 3H), 2.68-
2.62 (m, 2H), 1.54- 1.51(m, 3H), 1.29-1.23 (m, 238)38 (t, J=6.8 Hz, 3H); Mass: m/z
442(M+HY".

2-Bromo-5-fluoro-N-(2-Methoxy-6-pentadecylbenzyl)ailine (6g); Using 5 and 2-bromo4-
fluoro-phenylamine as starting materials, the ttenpoundsg was obtained as a oily mass; IR
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(KBr, Cm'l): 3409, 2924, 2853, 1588, 1508, 1261, 1086, 83 NMR (400MHz, CDC}): 6 7.26
(d, J=7.2Hz, 1H), 7.24-7.20 (m, 1H), 7.19-7.16 (m, 26{99-6.98 (M, 2H), 4.27 (s, 2H), 3.83 (s,
3H), 2.66 (1,J=7.8 Hz, 2H), 1.60-1.54 (m, 3H), 1.41-1.25 (m, 23B)88 (t,J=6.8 Hz, 3H);
Mass: m/z 520(M+H)

N-(2-Methoxy-6-pentadecylbenzyl)pyridin-4-amine (6lh Using 5 and pyridine-4-ylamine as
starting materials, the title compou6ftl was obtained as a pale brown sofidp. 177-178 °C;
IR (KBr, cmi?): 3271, 2918, 2849, 1669, 1546, 1254, 1090, 1833; '"H NMR 400MHz,
CDCl3): 8 7.59 (d,J=7.6 Hz, 2H),7.34 (t,J=8.0 Hz, 1H),7.26-7.22 (m, 2H)6.89 (d,J=7.6 Hz,
1H), 6.79 (d,J=8.4 Hz, 1H),5.17 (s, 2H)3.78 (s, 3H),2.63 (t,J=8.0 Hz, 2H), 1.52-1.47 (m,
3H), 1.33-1.25 (m, 23H),0.88 (6.8 Hz, 3H); Mass: m/z 425(M+H)

3-(2-Methoxy-6-pentadecyl-benzylamino)-pyrazine -Zarboxylic acid (6i). Using 5and 3-
amino-pyrazine-2-carboxylic ac@ls starting materials, the title compouwidvas obtained as a
pale brown solidm.p. 83-85 °CiR (KBr, cmi'): 3419, 3278, 3159, 2924, 2849, 1699, 1624,
1527, 1466, 1304, 1192, 1116, 748 NMR (400MHz, CDC}): & 8.14 (dJ= 2.0 Hz, 1H), 7.98
(d, J= 2.0 Hz, 1H), 7.25-7.23 (m, 1H), 6.83 (7.2 Hz, 1H), 6.75 (dJ=8.0 Hz, 1H), 5.53 (s,
2H), 3.82 (s, 3H), 2.69 (8=8.0 Hz, 1H), 1.61-1.54 (3H), 1.32-1.21(m, 23HB&(t, J=6.6 Hz,
3H); Mass: m/z 470(M+M.

5-Bromo-N-(2-methoxy-6-pentadecylbenzyl)-6-methylpydin-2-amine (6j). Using 5 and 5-
bromo-6-methyl-pyridin-2-amine as starting matesiahe title compoun®j was as off-white
solid; m.p. 8890 °C; IR (KBr, ct): 3429, 2924, 2853, 1615, 1587, 1465, 1258, 10944,103
865, 738;'"H NMR (400MHz, CDC}): & 7.97-7.96 (m. 1H), 7.25-7.23 (m, 1H).90-6.87 (m,
1H),6.83 (d, J=7.6 Hz, 1H), 6.75 (dJ=8.4 Hz, 1H)A.45 (s, 2H), 3.86 (s, 3H), 2.69 J&8.0Hz,
1H), 1.63-1.54 (3H), 1.32-1.21(m, 23H), 0.88J6.8 Hz, 3H);Mass: m/z 517(M+H".

Furan-2-ylmethyl-(2-Methoxy-6-pentadecyl-benzyl) anme (6k). Using compound and 1-
(furan-2-yl)-N-methylmethanmine as starting matsrithe title compoun@k was obtained as a
off-white solid; m.p. 85-89 °AR (KBr,cm™): 3054, 2925, 2853, 2305, 1583, 1467, 1422, 1264,
1086, 1012, 896, 734H NMR (400MHz, CDCY): 8 7.37 (dJ= 1.2 Hz, 1H), 7.14 () = 7.8 Hz,
1H), 6.78 (dJ= 8.0 Hz, 1H), 6.70 (dJ= 8.4 Hz, 1H), 6.33-6.32 (m, 1H), 6.22 (& 2.4 Hz, 1H),
3.78 (s, 3H), 3.59 (s, 2H), 3.55 (s, 2H), 2.65-2®1 2H), 2.18 (s, 3H), 1.61-1.5 (m, 3H), 1.36-
1.20 (m, 23H), 0.87 (§=6.8 Hz, 3H); Mass: m/z 442 (M+H)

Benzyl-furan-2-ylmethyl-(2-Methoxy-6-pentadecyl-beryl amine (6l). Using 5 and benzyl-
furan-2-ylmethyl-amine as starting materials, title tompound6l as off-white solid; m.p. 60—
63 °C; IR (DCM film, cm): 3054, 2926, 2854, 2306, 1730, 1583, 1469, , 12648, 1083,
1012, 895, 741*HNMR (400MHz, CDC}): 8 7.36 (tJ = 0.8 Hz, 1H), 7.28-7.11 (m, 6H), 6.78
(d,J= 7.6 Hz, 1H), 6.67 (dJ= 8.0 Hz, 1H), 6.32-6.30 (m, 1H), 6.19 (& 3.2 Hz, 1H), 3.78 (s,
3H), 3.67 (s, 2H), 3.52 (s, 2H), 3.49 (s, 2H), 2680 (m, 2H), 1.55-1.41 (m, 3H), 1.29-1.25 (M,
23H), 0.88 (tJ= 6.8 Hz, 3H); Mass: m/z 518 (M+H)

N-Furan-2-ylmethyl-N*-(2-Methoxy-6-pentadecyl-benzyl)-K,N?-dimethyl-ethane-1,2-
diamine (6m): Using 5 and Rfuran-2ylmethyl)-N,N*dimethylethane-1,2-diamine as starting
materials, the title compour@im was obtained as a dark brown sofidp. 90-92 °C; IR (DCM
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film, Cm'l): 2925, 2853, 1598, 1582, 1467, 1264, 1084, 1012, ‘FB6IMR (400 MHz, CDQ)):
8 7.69-7.26 (m, 2H), 6.96-6.93 (m, 3H§.83-6.80 (M, 1H),4.6 (s, 2H),3.88 (s, 3H), 3.86 (s,
2H), 3.66-3.60 (M, 4H)2.38 (s, 6H), 1.59-1.54 (m, 3H), 1.21-1.37 (m, 23M88 (t,J=6.8 Hz,
3H); Mass: m/z 499 (M+H)

1-(2-Methoxy-6-pentadecyl-benzyl)-2,3-dihydro-1H-tgazole (6n); Using5 and 1H-tetrazole
as starting materials, the title compowrdwas obtained as a off-white solid; m.p. 57-60fc;

(KBr, cmi): 3010, 2928, 2848, 1598, 1467, 1248, 1100, AMNMR (400 MHz, CDC}): & 8.2

(s, 1H), 7.26 (tJ = 7.6 Hz, 1H), 6.88 (d] = 7.4 Hz, 1H), 6.78 (d] = 7.4 Hz, 1H), 5.4 (s, 2H),
3.81 (s, 3H), 2.75-2.62 (m, 2H), 1.60-1.54 (m, 3HB8-1.2 (m, 23H), 0.87 (8=6.8 Hz, 3H);

Mass: m/z 401 (M+H)

Furan-2ylmethyl-bis-(2-Methoxy-6-pentadecyl-benzylmine (60); Using 5 and Furan-2-
ylmethanamine as starting materials, the title coumg 60 was obtained as a white solid).p.
100-102°C;IR (KBr, cni'): 3060, 2928, 2848, 1725, 1582, 1462, 1256, 11680, 890, 742;
'H NMR (400MHz, CDCY): 8 7.30 (s, 1H), 7.12 (t]= 8.0 Hz, 2H), 6.76 (dJ = 7.2 Hz, 2H),
6.67 (d,J = 8.0 Hz, 2H), 6.27 (s, 1H), 6.17 (s, 1H), 3.786(d), 3.56 (s, 4H), 3.46 (s, 2H), 2.41
(t, J=8.0 Hz, 4H), 1.54-1.02 (m, 52H), 0.88 6.8 Hz, 6H); Mass spectrum: m/z 758.6
(M+H)".

5-(2-Methoxy-6-pentadecyl-benzyl amino)-1H-pyrazold-carboxylic acid ethyl ester (6p);
Using 5 andethyl 5-amino-1H-pyrazole-4-carboxylate as startingterials, the title compound
6p was obtained aa dark brown solid. m.p. 81-83°@ (KBr, cm): 3354, 3028, 2924, 2852,
1708, 1517, 1274, 1152, 8384 NMR (400 MHz, CDCJ): 8 8.26 (s, 1H), 7.15 (t= 8.0 Hz,
1H), 6.76 (dJ = 8.0 Hz, 1H), 6.71 (d) = 7.6 Hz, 1H), 4.29 (q) = 7.6 Hz, 2H), 3.79 (s, 3H),
3.67 (s, 2H), 2.70-2.67 (m, 2H), 1.59-1.54 (m, 3HR7-1.21 (m, 26H), 0.88 (#=6.8 Hz, 3H);
Mass: m/z 486.3 (M+H).

(2-Methoxy-6-pentadecyl-benzyl) pyrimidin-2-ylamine(6q); Using5 andpyrimidine-2-amine
as starting materials, the title compowtpiwas obtained as a cream colored sohdy. 55-57°C,;
IR (KBr, cmi'): 3484, 3374, 2918, 2848, 1700, 1614, 1466, 12678, 773, 645H NMR (400
MHz, CDCL): 0 8.32 (s, 2H)7.24 (t,J = 7.6 Hz, 1H), 6.92-6.88 (m, 1H), 6.86 U+ 7.4 Hz,
1H), 6.76 (dJ = 7.4 Hz, 1H), 4.41 (s, 2H), 3.78 (s, 3H), 2.762(m, 2H), 1.60-1.54 (m, 3H),
1.38-1.2 (m, 23H), 0.88 (=6.8 Hz, 3H)Mass: m/z 426.3 (M+H)

1-(2-Methoxy-6-pentadecyl-benzyl)-1H-Indole (6r); Using 5 and 1H-Indole as starting
materials, the title compour@it was obtained as a light brown solid;p. 52-53°CjR (KBr, cm

1): 3349, 3011, 2920, 2850, 1733, 1671, 1579, 18483, 1411, 1321, 1235, 1100, 806t
NMR (400 MHz, CDC})): 6 7.94 (s, 1H), 7.67 (d= 8.0 Hz, 1H), 7.49 (d}=8.4 Hz, 1H), 7.32-
7.28 (m, 2H), 7.24-7.20 (m, 1H), 7.08J% 7.6 Hz, 1H), 6.83 (dJ=8.0 Hz, 1H), 6.76 (dJ= 8.4
Hz, 1H), 5.63 (s, 2H), 3.78 (s, 3H), 2.77-2.64 @hl), 1.60-1.52 (m, 3H), 1.30-1.20 (m, 23H),
0.88 (t,J=6.8 Hz, 3H), Mass: m/z 449.3 (M+2)

2-Bromo-5-Fluoro-phenyl)-(2-Methoxy-6-pentadecyl-bazyl)amine(6s). Using 5 and 2-
bromo-5-fluoroaniline as starting materials, thke ttompounds was obtained as a white solid;
m.p. 83-85 °C, IR (KBr, cif): 3429, 2924, 2853, 1735, 1615, 1587, 1258, 10084, 738;H
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NMR (400MHz, CDCY): & 7.32 (tJ= 4.2 Hz, 1H), 7.29-7.21 (m, 1H), 6.85 (& 7.6 Hz, 1H),
6.78 (d,J= 8.4 Hz, 1H), 6.56-6.52 (m, 1H), 6.29 (% 2.4 Hz, 1H), 4.28 (s, 2H), 3.84 (s, 3H),
2.65 (t, J= 8.0 Hz, 2H), 1.51-1.41 (m, 3H), 1.29-1.23 (m, 23H.94-0.86 (m, 3H); Mass
Spectrum: m/z 520 (M+H)

(2-Methoxy-6-pentadecyl-benzyl)-(4-methyl-5-nitro-gridin-2-yl)amine (6t); Using 5 and 4-
methyl-5-nitropyridin-2-amine as starting materjdlse title compoundt was obtained as a
yellow solid, m.p. 197-200 °C; IR (KBr, ¢hr 2924, 2853, 1598, 1547, 1507, 1463, 1327, 1288,
1264, 1087, 831*H NMR (400MHz, CDC}): & 9.0 (s, 1H), 7.16 (1=8.0 Hz, 1H), 6.76 (d)=

7.6 Hz, 1H), 6.69 (dJ= 8.0 Hz, 1H) 6.33 (s, 1H), 4.80 (s, 2H), 3.683), 2.48 (s, 3H), 2.48-
2.41 (m, 2H), 1.53-1.21 (m, 26H), 0.88J£6.8 Hz, 3H); Mass Spectrum: m/z 484 (M+H)

4-Bromo-6-methyl-pyridin-2-yl)-(2-Methoxy-6-pentadecyl-benzyl)-amine (6u).Using 5 and
4-bromo-6-methylpyridine-2-amine as starting maisyithe title compoun@u was obtained as

a grey solidm.p. 177-178 °C; IR (DCM film, cif): 3456, 2923, 2853, 1586, 1495, 1466, 1259,
1089, 891, 779*H NMR 400MHz, CDC})): & 8.05 (s, 1H), 7.27-7.20(m, 2H), 6.83 Jd,7.6 Hz,
1H), 6.77 (dJ= 8.4Hz, 1H), 4.65 (d)= 4.8 Hz, 2H), 3.84 (s, 3H), 2.73 ¢ 8.0 Hz, 2H), 1.98
(s, 3H), 1.54-1.51 (m, 3H), 1.31-1.22 (m, 23H),8(8 J=6.8 Hz, 3H); Mass Spectrum: m/z
517.2 (M+HY.

1-(2-Methoxy-6-pentadecyl-benzyl)-1H-Indazole (6v)Using 5 and 1H-Indazolas starting
materials, the title compourély was obtained as leght brown solid; m.p. 83-85 °AR (KB,
cm?): 2923, 2852, 1586, 1464, 1364, 1314, 1259, 1080, 744; *H NMR (400MHz, CDC}):
0 7.93 (s, 1H), 7.66 (d, = 8.0 Hz, 1H), 7.48 (d}= 8.4 Hz, 1H), 7.29-7.08 (m, 2H), 6.83 (&
7.6 Hz, 1H), 6.75 (dJ= 8.4 Hz, 1H), 5.63 (s, 2H), 3.78 (s, 3H), 2.79J&,7.8 Hz, 2H), 1.36-
1.20 (m, 26H), 0.88 (t]=6.6Hz, 3H); Mass: m/z 449(M-$HH

RESULTS AND DISCUSSION

To generate the lead molecules chosen differenhesnsuch as substituted anthranilic acids,
substituted pyridines, substituted pyrazines, fyraamines, tetrazole, substituted pyrazole,
substituted pyrimidine, indole and indazoles. Tlemagated benzylamines were screened for
their anti-bacterial activity. All compounds werargfied by either column chromatography or

recrystallization techniques and were charactermeliR, NMR and Mass spectroscopy.

In order to evaluate the anti-bacterial activitpmpounds6a-6v were screened for in vitro
activity againstS. aureusandS. PyogengGram positive (G +ve)) ard. ColiandP. Aeruginosa
(Gram negative (G —ve)) groups of bacteria.

The anacardic acid analogueda{6v) were dissolved in dimethyl sulphoxide at 250ug/mL
concentration. The composition of nutrient agar ionadwas Bactotryptone (10 g), yeast extract
(5 g), NaCl (10 g), final pH was 7.4. After 18 hetlexponentially growing cultures of the
bacteria in nutrient broth at 37 °C were dilutedsterile broth. From each of these diluted
cultures, 1 mL was added to 100 mL of sterilized eooled nutrient agar media to give the final
bacterial count of 1 xf0 cell/ml. Paper discs (6 mm, punched from Whatmaoril paper)

were ultraviolet and used for assays. Discs weekexd in different concentrations of the test
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solution and placed on the inoculated agar medragilar intervals of 6-7 cm. Care was taken
to ensure that excess solution was not on the .d&ltsthe pure fractions were collected,

concentrated under reduced pressure to afford ssm@re taken in triplicates. The plates were
incubated at 37 °C in an inverted fashion. Actiwipas determined by measuring the zones
showing the inhibition (in mm). Growth inhibitionas calculated with reference to positive
control.

When the compounds were screened ag&irSoli molecules6a, 6d, 6g, 6i and6l displayed
very good activities (15 mm zone of inhibition) whiwas found to be at par with ampicillin
while molecules$b, 6¢, 6e 6j andém exhibited moderate activity (14 mm zone of inhdn). In
general substituted anthranilic acids and pyrididisplayed better activity compared to other
amines againsk.Coli. Similarly, when the compounds were screened ag&naeruginosa
moleculestb, 6d, 6g, 6k, 6n, 60, 6t and6v exhibited moderate activity compared to ampicillin
while the remaining molecules exhibited inferiotiaty compared to the standard drugs.

On screening again§.aureus molecule6q showed excellent activity compared to Ampicillin
and Chloramphenicol and comparable activity witprGiloxacin (18 mm zone of inhibition).
Likewise, moleculest displayed more activity compared Ampicillin andl@hmphenicol and
molecules6k, 60, 6s 6u and 6v exhibited activity which was at par with Chloranepicol.
Compound$h and6n had activity at par with amplicillin againStaereus.

When the samples were screened ag&stogenssompoundsf, 6k and6r showed activities
that were at par activity with ampicillin and slighinferior to Chloramphenicol, while rest of
the samples exhibited moderate activity agathpyogensThe in-vitro results are summarized
in tablel.

Table-I-Antimicrobial activity of compounds 6a-6v
Antimicrobial activity (Zone of inhibition in mm)

S. No Structure SA|SP | E.Cali | PA
O<_OH
H
6a 2N 11| 12| 15 | 11
O« _OH
H
_‘d)N
6b 12 | 11 14 13
1
_0
O«_OH
H
2N
6c 12 | 12 14 11
F
F
O«_OH
H
6d ?,;N 11 | 10 15 13
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(@) OH
N
6e 5 10| 12| 14 | 12
/O
H F
6f ZN\© 10| 13| 13 | 11
H Br
69 l\@\ 12| 10| 15 | 13
F
N
6h prd) m 13| 10| 13 | 10
N
H
f?__N N\
6i Ij 12| 12| 15 | 12
HO,C~ N”
NN
6j 2 | ~ 1 | 12 14 10
7 Br
6k ZH ﬁ 14 | 14| 12 | 13
- 0
6l Sy 10| 12| 15 | 12
b
o7
|
I
6m ‘SS-N 11 | 10 14 11
=
o/
/NQN
6n 2N ) 13| 12| 13 | 14
\=N
~N
o I C1sHaq
60 NN 14 | 10| 12 | 13
K@
0/
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HNT N
6 — 12 | 12 11 10
p 35 _NH o
9 AN
N/ﬁ
6q s 18 | 12| 12 | 10
SS‘N)\N/
H
6r 12 | 13 13 11
4N
H Br
f?.’,N
6s 14 | 12 11 10
F
H
NN
6t P 15| 12| 12 | 13
NO,
N/
6u | 14 | 10 12 11
SS“N \ Br
H
6v 14 | 10 13 13
,%’N\ 7
Ampicillin Zone of Inhibition 13| 14 15 15
Chloramphenicol  Zone of Inhibition 14 18 17 17
Ciprofloxacin Zone of Inhibition 19 19 23 28
Norfloxacin Zone of Inhibition 22| 19 25 19

Zone of Inhibition (DMSO as solvent);

Standard drugs: Ampicillin, Chloramphenicol, Cigdaacin, Norfloxacin
S.A: Staphycoccous aurelMTCC-96; S.P: Streptococcus PyogemdTCC-443; E.Coli: Eischria CoilMTCC-
442; P.A: Pseudomonas AeruginosistTCC-441

CONCLUSION

Several benzylamine analogues of anacardic acice wgnthesized and screened for anti-
bacterial activity., Few analogues displayed adésit at par with Ampicillin and
Chloramphenicol. Compourgt) exhibited activity at par with ciprofloxacin.

Acknowledgements

We thank GVKBIO Sciences Pvt Ltd for financial support. Wee ghankful to Dr. Balaram
Patro, Dr.Sharad Srikar Kotturi and Dr.Dinesh foeit helpful suggestions and encouragement.
We thank GVKBIO analytical team for their support.

511
www.scholarsresearchlibrary.com



Ravi Kumar Vempati et al Der Pharma Chemica, 2011, 3 (6):500-512

REFERENCES

[1] R.Paramshivappa, P.Phani Kumar, P.J.Vijayathd A.Srinivasa Raal.Agric.Food Chem
2001, 49, 2548-2581.

[2] P.Phani Kumar, R.Paramshivappa, P.Phani KurRad,Vijayathil P.V.Subba Rao and
A.Srinivasa RaaJ.Agric.Food Chen002,50, 4705-4708.

[3] Isao Kubo, Hisae Muroi, Masaki Himejim&Agric.Food Chen1993 41,1016-1019

[4] Isao Kubo, K. Nihei, K. TsuzimotoJ.Agric.Food Chen2003,51, 7624-7628.

[5] J. Rejman, A. Kozubel. Agric.Food Chen004,52, 246-250.

[6] Isao Kubo, T. J. Ha.Agric.Food Chen2005,53, 4350-4354.

[7] R.Paramshivappa, Phani Kumar.P, Subba Rao.RiMAaSrinivasa Raa].Agric.Food Chem
2002,50, 7709-7713.

[8] (a) P. Phani Kumar, R.Paramshivappa, Subba FRRdoand A.Srinivasa Rao, PCT WO
2003/105854 A2. (b) P. Phani Kumar, R.ParamshivaBpaba Rao.P.V and A.Srinivasa Rao,
PCT WO 2003/062201 Al.

[9] B. N. Swamy, T. K. Suma, C. V. Rao, G. C. Redé&yr.J.Med.Chen007, 42 (3), 420-424.
[10] D. J. Schultz, C. Olsen, G. A. Cobbs, N. al&wich, M. M. Parrott). Agric. Food Chem
2006,54 (20), 7522-7529.

[11] Bokyung Sung, Manoj.K.P, Kwang Seok Ahn, Tiagd Yi, Madan.M. Chaturvedi,
Mingyao Liu, Bharat B.AgarawaBlood 2008 111 (10), 4880-4891.

[12] Isa0.Kubo, M. Ochi, P.C.Viera, S. KomasiuAgric.Food Chen1993 41, 1012-1015

[13] Parvin Begum, Yasuyuki Hashidoko, Md.Tofaazislam, Yuko Ogawa and Satoshi
TaharaZ. Naturforsch2002 57c, 874-882.

[14] A. Harikishore, B. M. Vedamurthy, K. MantelingS. Agarwal, B. A. A. Reddy, S. Roy, K.
S. Rangappa, T. K. Kundd, Med. Chen008 51, 792-797.

[15] V. Chandregowda, A. Kush, G. C. Red&yyr. J. Med. Chen2009 44 (6), 2711-2719.

[16] Massimo Ghazzoni, Andre Boltjes, Chris de Grahdde J. Hasima and Frank J. Dekker,
Bio. Org. Med. Chen2010(18), 5826-5834.

512
www.scholarsresearchlibrary.com



