Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2®, 8(8):311-320

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Antimicrobial evaluation of cinnamic and benzoic hdoamides

Ricardo Carneiro Montes', Thiago Sampaio de Freita§ Maria do Socorro Costg,
Fernanda de Sousa Oliveira Fabia Ferreira Campina®, Alana Rodrigues Ferreird,
Sayonara de Oliveira Ferreird, Henrique Douglas Meld, Celidarque da Silva Dias

and Damido Pergentino de Sousa

YL aboratory of Pharmaceutical Chemistry, DepartmefiPharmaceutical Sciences, Federal University afafba,
Cidade Universitaria, Jodo Pessoa, Paraiba, 58080;Brazil
Microbiology and Molecular Biology Laboratory, Depaent of Biological Sciences, Regional University
Cariri, Juazeiro do Norte, 63040-005, Ceara, Brazil

ABSTRACT

This study aimed to prepare a collection of pardelganated benzylamides derivatives of structuradiiated
benzoic and cinnamic acids by coupling reactionth wi-halobenzylamines, using BOP as a coupling agélh
compounds obtained were submitted to antimicroliédts, using the method of the minimum inhibitory
concentration (MIC), with gentamicin, amikacin, floxacin, penicillin as controls in the antibactakiassays. The
study led to 22 amided-@2) with yields ranging from 29-89%. Those compoungse confirmed by infrared
spectra,’H and**C NMR spectra and by high resolution mass specdtmscThe antimicrobial evaluation showed
that only compound have antibacterial activity and no amide derivatofevanillic acid showed biological activity.
We conclude that antimicrobial assays of 4-methioxyaomic acid derivatives may reveal new antibaeteagents.

Keywords: Antimicrobial activity, Escherichia coli,phenylpropanoid, BOP, antibacterial, 4-methoxycmita
amide, 4-chlorobenzylamine.

INTRODUCTION

Infectious diseases caused by bacteria are stitaainent global health problem, particularly invd®ping
countries with low-income. In addition, the resigta of bacteria to conventional antibiotics is eaf serious
concern to public health worldwide. There is anoefftherefore by researchers to discover new actéial
substances as drug candidates [1]. Cinnamic andolemlerivatives constitute an interesting classorfanic
compounds with diverse pharmacologies; they hanemed major reviews in the literature [2]. Mopedfically,
cinnamic amides are known to be powerful antimi@blbgents, inhibiting the growth of gram-positibacteria
such asBacillus subtilis[3] and Staphylococcus aureyd], as well as Gram negative bacteria suchvésio
parahaemolyticug5] and Escherichia coli[6, 7]. They also inhibit the growth of fungi suas Phytophthora
infestans[8], Aspergillus nigerand Candida albicang4]. Cinnamic acid derivatives are structurallyndar to
derivatives of benzoic acid (protocatechuic, vamilkalicylic, andp-hydroxybenzoic acids), and also possess
antifungal and antibacterial properties [9, 10Judits show that cinnamic amides with halogenatexdnatic
substituents display augmented antimicrobial agtiiil]. Such reports led us to prepare a collectbstructurally
related cinnamic and benzoic amides through cogpléactions using benzotriazol-1-yloxy-tris(dimdérgino)
phosphonium hexafluorophosphate (BOP) [12, 13Joapling agent; subjecting the amides to antibaaitéests.
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EXPERIMENTAL SECTION

Chemistry

Purification of the compounds was performed by goluchromatography on silica gel 60, ART 7734 MERCK
using solvent gradient Hex: EtOAc confirmed by atiehl thin layer chromatography on silica gel 66,F
revealing ultraviolet light at two wavelengths (284d 366 nm) using a Mineralight apparatus ¢&® in 5%
ethanol. Infrared spectra (IR) were recorded irFaiR spectrometer IR Prestige-21-Shimadzu modeligu&iBr
pellets.'H and **C Nuclear Magnetic Resonance (NMR) spectra weraindéd in Varian MERCURY machines
(200 and 50 MHz fotH and*C, respectively). Deuterated solvents were useddlg;MeOD or DMSO-g). Tetra-
methylsilane (TMS) was used for the internal stadd&hemical shifts (d) were measured in parts m#iion
(ppm) and coupling constantd) (n Hz. Measurements of atomic mass for the comgewas carried out using a
high-resolution mass spectra (HRMS) Ultraflex Il FOTOF mass spectrometer equipped with a higlopadnce
solid state laseri(= 355 nm), and reflector. The system was operhtethe FlexControl 2.4 software package
(Bruker Daltonik GmbH, Bremen, Germany).

General procedures for the preparation of N-(4-Hednzyl)benzylamided)(

In a 100 ml flask equipped with magnetic stirritigg organic acid (1.35 mmol, 200 mg) was dissolive?.7 ml of
dimethylformamide (DMF) and in 0.14 ml (1.35 mmof)triethylamine. The solution was cooled in an liagh (0
°C). Then, 1.35 mmol of 4-chlorobenzylamine was eatidAfter this, 1.35 mmol solution of BOP in 10 ofl
CH.CI, was added to the flask. The reaction was stirte@ °€ for 30 min, and then for an additional period, at
room temperature for 2-6 hours. After the reactite CHCl, was removed under reduced pressure and the
solution was poured into a separating funnel coirgi 10 ml water and 10 ml of ethyl acetate EtORge product
was extracted with three 10 ml portions of EtOAx(B0 ml). The organic phase was washed sequentigdh 10

ml HCl at 1 N, water, 10 ml of NaHGGt 1 M, and 10 ml of water; dried with p&O,, filtered and concentrated in
a rotary evaporator. The amide was purified by otamgraphy on a silica gel column using as the hagifiase an
EtOAc:Hexane mixture gradient increasing in pojafit0].

N-(4-chlorobenzyl) cinnamamid#)(

Crystalline solid; 75% yield (274 mg), mp: 152-1%8, IR vya (KBr, cmi®): 3253 (N-H), 3080 (CH $p 1654
(C=0), 1616 and 1489 (aromatic C=C), 1040 (streght-Cl),"H NMR (DMSO-d; 200 MHz): 7.71¢, J=16Hz,
1H, H-7); 7.53 n, 2H, H-2, H-6); 7.391, 3H, H-3,4,5); 7.31r, 4H, H-2’, H-3’, H-5', H-6"); 6.45¢, J=16Hz, 1H,
H-8); 6.03 bs,1H, O=C-NH); 4.57 (I, J= 4.0Hz, H-7")."3*C NMR (DMSO-d, 50 MHz) 166.0 (C=0); 141.9 (C-7);
136.9 (C-17); 134.8 (C-1); 133.5 (C-4%); 130.0 (G-£-6"); 129.4 (C-3', C-5'); 129.0 (C-3, C-5, C-6)28.0 (C-2,
C-4); 120.2 (C-8); 43.3 (C-7’) [14].

(E)-N-(4-chlorobenzyl)-3-(3,4-dihydroxyphenyl) daryide @)

The product was prepared according to proceduBatk amorphous solid; yield: 70% (228 mg), mp: 10&°C,

IR Umax (KBr, cmi®): 3460 and 3406 (OH) 3230 (NH), 3018 (CH)si651 (C=0) 1602 and 1490 (aromatic C=C),
1089 (C-ClI stretch)*H-NMR (CD;0OD, 200 MHz): 7.55d, J= 15.7 Hz, 1H; H-7), 7.24n§, 4H; H-2’, H-3’, H-5,
H-6')7.13 d, J= 1.7 Hz, 1H; H-2); 7.02dd, J= 8.2, 1.8 Hz, 1H; H-5), 6.8&l(J= 8.1 Hz, 1H; H-6), 6.52d, J=
15.7 Hz, 1H, H-8), 4.556,2H; H-7). **C NMR (CD;OD, 50 MHz): 169.2 (C=0); 148.8 (C-4); 146.7 (C-B%2.8
(C-7); 138.9 (C-1); 131,4 (C-4); 130.1 (C-2', C}6129.6 (C-3’; C-5’); 128.2 (C-1); 122.2 (C-6)18.0 (C-8);
115.0 (C-2); 116.4 (C-5); 43.5 (C-7) [15, 16]. HEBW(MALDI) calculated for GH,CINNaO; [M + NaJ :
326.0560; found 326.0561.

(E)-N-(4-chlorobenzyl)-3-(4-hydroxy-3-methoxypHe(3)

The product was prepared according to proceduwhite amorphous solid; yield: 81% (273 mg), mp 133°C,

IR Umax (KBr, crmi?): 3414 (OH) 3275 (NH), 3010 (CH sp2), 1645 (C=0§12 and 1460 (aromatic C=C), 1039 (C-
Cl stretch).'H-NMR (DMSO-d;, 200 MHz): 7.594, J=16Hz, 1H; H-7) 7.28dd, J=2.0 Hz e 6.0Hz, 2H; H-2’, H-
6"); 7.22 dd,J=2,0 Hz, 6,0Hz, 2H, H-3', H-5") 7.13(1H; H-2); 6.95d, J= 8,1 Hz;1H; H-5); 6.87d, J= 8,1 Hz;
1H; H-6); 6.27¢, J=16Hz, 1H; H-8); 4.36d, J= 6,0 Hz, 2H, H-7’); 3.79, 3H, O ;). *C NMR (DMSO-g, 200
MHz): 165.5 (C=0), 148.4 (C-3), 147.8 (C-4), 13837), 138.7 (C-1"), 131.3 (C-4"), 129.2 (C-2’, 6128.3 (C-
3, C-5’), 126.3 (C-1), 121.7 (C-6), 118.6 (C-8)1517 (C-5), 110.8 (C-2), 55.6 @H3), 41.6 (C-7') [17]. HRMS
(MALDI) calculated for G;H;¢CINO; [M + H]": 318.0887; found 318.0870.

(E)-N-(4-chlorobenzyl)-3-(4-methoxyphenyl) acryldend)

The product was prepared according to procedu@yktalline solid; yield: 91% (311 mg), mp 148-13D), IR vmax
(KBr, cm?): 3282 (N-H), 3041 (C-H sp2), 1647 (C=0), 1602 ddé2 (aromatic C=C), 1029 (stretching C-CH.
NMR (DMSO-d;, 200 MHz): 8.591 J= 6.0 Hz, 1H, O=C-Ml), 7.50 ¢, J= 7.3 Hz, 2H; H-2; H-6), 7.44 — 7.1&(
5H; H-7, H-2" H-3', H-5", H-6"), 6.97 ¢, J= 8.7 Hz, 2H, H-3, H-5), 6.54(J= 15.7 Hz, 1H; H-8), 4.384(J= 6.0
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Hz, 2H; H-7), 3.77 §, 3H, OH5). 3C NMR (DMSO-g¢, 50 MHz): 165.5(C=0); 160.4 (C-4); 139.0 (C-7)81B
(C-1); 131.4 (C-4"); 129.3 (C-2; C-6, C-2"; C-6'):28.3(C-3", C-5'); 127.4 (C-1); 119.4 (C-8); 114B-3, C-5);
55.3 (OCH,); 41.7 (C-7") [18]. HRMS (MALDI) calculated for gH1,CINO, [M + H] *: 324.0767; found 324.0771.

(E)-N-(4-chlorobenzyl)-3- (2-hydroxyphenyl) acryidm ()

The product was prepared according to proceduiellow amorphous solid; yield: 79% (277 mg), mp51671
°C. umax IR (KBr, cm?): 3369 (OH), 3072 (C-H $p 1649 (C=0), 1589 and 1458 (aromatic C=C), 1098(
stretch).'H NMR (200 MHz, DMSO-g¢) 10.00 bs, 1H, OH), 8.64 {, J=5.83 Hz, 1H; O=C-M), 7.78 @, J=15.92
Hz; 1H; H-7), 7.49-7.15n, 6H; H-6, H-2', H-3’, H-5’, H-6"), 6.91-6.76r0, 2H; H-4, H-5), 6.73d, J=15,92 Hz,
1H; H-8), 4.47 ¢, J=5.86 Hz, 2H; H-7").”*C NMR (DMSO-d, 50 MHz) 165.8 (C=0); 156.4 (C-2); 138.8 (C-1’);
135.2 (C-4); 135.0; 130.6 (C-4’); 129.3(C-2', C6)28.4 (C-6,); 128.3 (C-3’, C-5’); 121.6 (C-1); 13 (C-5);
119.4 (C-8); 116.2; 41.7 (C-7") [19, 20]. HRMS (MBIL) calculated for GH1,CINO, [M + H]*: 288.0781; found
288.0785.

(E)-N-(4-chlorobenzyl)-3-(3-hydroxyphenyl) acrylaieip)

The product was prepared according to proceduy@low crystalline solid; yield: 76% (268 mg), mp40-143°C

Umax IR (KBr, cmi?): 3460 (OH), 3075 (CH $p 1649 (C=0), 1591 and 1448 (aromatic C=C), 10B4C( stretch).
1H-NMR (DMSO-d;, 200 MHz): 9.61¢, 1H, OH), 8.67, J= 5.9 Hz, 1H, O=C-Ml), 7.47 — 7.14rq, 6H; H-5, H-7,
H-2', H-3', H-5' e H-6"), 7.03 — 6.92r, 2H; H-4, H-6), 6.84 — 6.7, 1H; H-2), 6.60 ¢, J= 15.8 Hz, 1H; H-8),
4.38 @, J= 5.9 Hz, 2H; H-7")."*C NMR (DMSO-@, 50 MHz): 165.1 (C=0); 157.7 (C-3); 139.4 (C-7}815 (C-
1’); 136.1 (C-1);131.4 (C-4’); 130.0 (C-5); 1298-2', C-6'); 128.3 (C-3', C-5'); 121.7 (C-8); 118(&€-6); 116.8
(C-2); 113.8 (C-4); 41.7 (C-7") [20]. HRMS (MALDWRalculated for gH1,CINNaO, [M + NaJ*: 310.0611; found
310.0619.

(E)-N-(4-chlorobenzyl)-3-(4-hydroxyphenyl) acrylaiei(7)

The product was prepared according to procedu@yktalline solid; yield: 63% (221 mg), mp 157-18D. |V vyax
(KBr, cm-1): 3479 and 3369 (OH), 3072 (C-H)sf647 (C=0), 1589 and 1458 (aromatic C=C), 1G88:{ching
C-Cl). *H NMR (200 MHz, DMSO-g): 9.87 ps, 1H, OH); 8.531, J=5.87 Hz, 1H, O=C-M); 7.38 fm, 5H, H-2, H-
6, H-7, H-2', H-6"); 7.28 n, 3H; H-2; H-3'e H-5"); 6.77d, J=8.5 Hz, 2H; H-3 e H-5); 6.441(J=15.73 Hz, 1H; H-
8); 4.36 @, J = 6.0 Hz, 2H; H-7")*C NMR (DMSO-@ 50 MHz) 165.6 (C=0); 159.0 (C-4); 139.4 (C-7); 1B8C-
1'); 131.4 (C-47); 129.4 (C-2, C-6); 129.3 (C-2';&); 128.3 (C-3', C-5); 125.9 (C-1); 118.3 (C-8)15.8 (C-3, C-
5); 41.6 (C-7’) [21]. HRMS (MALDI) calculated for £H,,CINNaQ, [M + Na]": 310.0611; found 310.0596.

(E)-N- (4-chlorobenzyl)-3-(4-chlorophenyl) acrylatei @)

The product was prepared according to procedu@yktalline solid; yield: 71% (240 mg), mp 157-18L IV vyax
(KBr, cmi?): 3414 (N-H), 3041 (C-H $p, 1651 (C=0), 1614 and 1487 (aromatic C=C), 1G8&e{ching C-CI) H-
NMR (DMSO-d;, 200 MHz): 8.70% J= 6.0 Hz, 1H, O=C-Ml), 7.64 — 7.46r0, 4H, H-2’, H-3’, H-5’, H-6"), 7.45 —
7.25 fn, 5H; H-2, H-6, H-3, H-5, H-7), 6.691(J= 15.8 Hz, 1H; H-8), 4.390( J= 6.0 Hz, 2H).*C NMR (50 MHz,
DMSO-d;) 164.9 (C=0); 138.5 (C-1"); 137.9 (C-7); 134.045-133.8 (C-1); 131.5 (C-4"); 129.3 (C-2, C-6, Ce2
C-6); 129.0 (C-3, C-5); 128.3 (C-3', C-5);122.C); 41.7 (C-7’) [22]. HRMS (MALDI) calculated for
C16H1sCLNNaO [M + NaJ : 328.0272; found 328.0273.

(E)-N-(4-chlorobenzyl)-3- (4-hydroxy-3,5-dimethobgpyl)-acrylamideq)

The product was prepared according to proceduiellow amorphous solid; yield: 60% (193 mg), mp21B35
°C, IR vmax (KBr, cmi?): 3414 (OH) and 3358 or NH), 3000 (CH)L658 (C=0), 1624 and 1458 (aromatic C=C),
1091 (C-ClI stretch)*H-NMR (DMSO-d;, 200MHz) 8.52 { J= 6.0 Hz; 1H, O=C-M), 7.28-7.48 ifi, 5H; H-7, H-

2', H-3’, H-5', H-6’), 6.86 &, 2H; H-2, H-6), 6.554, J= 15.8, 1H; H-8), 4.3%, J=6 Hz, 2H; H-7") 3.79 &, 6H;
OCH5). *C NMR (DMSO-d, 50 MHz) 165.6 (C=0); 148.1 (C-3, C-5); 140.0 (CiB8.7 (C-4); 137.4 (C-1));
131.4; C-4’); 129.2 (C-2', C-6); 128.4 (C-3’, C¥5'125.3 (C-1); 119.1 (C-8); 105.3 (C-2, C-6); 56@CH,); 41.7
(C-7) [23]. HRMS (MALDI) calculated for gH;sCINNaO, [M + Na]": 370.0822; found 370.0813.

(E)-N-(4-chlorobenzyl)-3-(2-nitropheny}@)

The product was prepared according to proceduvihite crystalline solid; yield: 79% (260 mg), mB4:167°C,
IR Umax (KBr, cm-1): 3290 (NH), 3030 (CH 8p 1651 (C=0), 1624 and 1458 (aromatic C=C), 1588 4342
(C=0), 1091 (C-Cl stretchfH NMR (DMSO-d;, 200 MHz): 8.82, J= 4.7 Hz, 1H, O=C-M), 8.05 €, J= 8.0 Hz,
1H; H-3), 7.78-7.75r0, 2H; H-6, H-7), 7.72 — 7.57q, 2H; H-4, H-5), 7,401, 4H, H-2’, H-3’, H-5’ e H-6"), 6.67
(d, J= 5.6 Hz, 1H; H-8), 4.39d| J= 5.9 Hz, 1H; H-7")."*C NMR (DMSO-d,50 MHz): 164.3 (C=0); 148.4 (C-2);
138.3 (C-1'); 134.3 (C-7); 133.9 (C-5); 131.6 (Q:;4130.4 (C-4); 130.0 (C-1); 129.4 (C-2’, C-6"); &8 (C-6);
128.4 (C-3', C-5'); 126.6 (C-3); 124.7 (C-8); 4X®@-7’) [24]. HRMS (MALDI) calculated for &H13CIN,O3 [M +
H] +: 317.0683; found 317.0683.
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(E)-N-(4-chlorobenzyl)-3- (3,4,5-trimethoxypheradyylamide (1)

The product was prepared according to procedu@yktalline solid; yield: 86% (260 mg), mp 146-13D, IR vmax
(KBr, cm-1): 3290 (N-H), 3070 (C-H 8p 1651 (C=0), 1614 and 1415 (aromatic C=C), 1G2&{ching C-CI)’H
NMR (DMSO-d;, 200 MHz): 8.601 J= 5.9 Hz, 1H; O=C-M), 7,37 (n, 5H; H-7, H-2’", H-3’, H-5’, H-6"), 6,90 &,
2H; H-2, H-6), 6.64d, J= 15.7 Hz, 1H; H-8), 4.38d( J= 5.9 Hz, 1H; H-7’), 3.804, 6H; m- OCH3). 3.68 §, 3H; p-
OCH3). °C NMR (DMSO-g¢, 50 MHz) 165.2 (C=0); 153.1 (C-3, C-5); 139.4 (-138.7 (C-4); 138.6 (C-1');
131.4 (C-4’); 130.5 (C-1); 129.2 (C-2', C-6'); 128(C-3’, C-5'); 121.3 (C-8); 105.1 (C-2, C-6); 6Q2-4- CCHy);
55.9 (C-3,5- @HS,); 41.7 (C-7’) [25]. HRMS (MALDI) calculated for gH,oCINO, ([M + H] +: 384.0979, found
384.0913.

N-(4-chlorobenzyl) benzamide or 4-benzoyl chlorayamide {2)

The product was prepared according to procedu@yktalline solid; yield: 65% (260 mg), mp 136-13B, IR Umax
(KBr, cmi®): 3300 (N-H), 3082 (C-H $p, 1637 (C=0), 1618 and 1490 (aromatic C=C), 1G9fe{ching C-Cl)*H
NMR (DMSO-d;, 200 MHz): 9.10t; J= 5.9 Hz, 1H, O=C-Ml), 7.89 €id, J= 8.0 e 1.6 Hz, 2H; H-2, H-6), 7.64 —
7.09 M, 7H; H-3, H-4, H-5, H-2’, H-3', H-5', H-6"), 4.46d, J= 6.0 Hz, 2H; H-7).X*C NMR (DMSO-@, 50 MHz):
166.4 (C=0); 138.8 (C-1); 134.2 (C-1); 131.4 (G-#31.3 (C-2', C-6"); 129.1 (C-3’, C-5'); 128.3 (BC-5); 127.3
(C-2, C-6); 42.1 (C-7") [26].

N-(4-chlorobenzyl)-[1,1’-biphenyl]-4-carboxamid&3]

The product was prepared according to proceduvghite amorphous solid; yield: 56% (198 mg), mp 228 °C,
IR Umax (KBr, cmi®): 3271 (N-H), 3078 (C-H £ 1633 (C=0), 1606 and 1487 (aromatic C=C), 1G3&{ching C-
Cl). '"H NMR (DMSO-d;, 200 MHz): 9.151 J= 6.1 Hz, 1H, O=C-M), 7.99 (, J= 8.3 Hz, 2H; H-2, H-6), 7.84 —
7.65 (n, 4H; H-3, H-5, H-2", H-6"), 7.56 — 7.29M, 7H; H-2’, H-3’, H-5’, H-6’, H-3” H-4", H-5"), 4.48 (d, J=
5.9 Hz, 2H).**C NMR (DMSO-g@, 50 MHz) 166.1 (C=0); 143.0 (C-4); 139.2 (C-1')38.8 (C-1'); 133.0 (C-1);
131.4 (C-4’); 129.2 0 (C-2', C-6'); 128.4 (C-2, §:428.1 (C-9, C-11); 127.0 (C-3’, C-57); 126.7 (©) (C-3, C-5,
C-8, C-12); 42.1 (C-7’) [27]. HRMS (MALDI) calculatl for GoH1¢CINOs [M + H] *: 322.0988; found 322.0969.

N-(4-Chlorobenzyl)-3,4,5-trihydroxybenzamidd)(

The product was prepared according to proceduiellow amorphous solid; yield: 21% (73 mg), mp 9831°C,

IR vmax (KBr, crit): 3400 (OH), 3400 (NH), 3000 (CH 3p 1614 (C=0), 1589 and 1494 (aromatic C=C), 1043
(stretching C-Cl)’H NMR (MeOD, 200 MHz): 8.125 1H; O=C-NH), 7.53 — 7.15r, 4H, H-2’, H-3", H-5', H-6),
6.85 6, 2H; H-2, H-6), 4.58¢, 2H, H-7’), 4.46 §, 2H; m-OH), 4.35 §, 1H, p-OH). **C NMR (MeOD, 50 MHz):
170.5 (C=0), 146.7 (C-3, C-5), 139.4 (C-4), 13611(), 134.2 (C-4), 130.5 (C-5’, C-6"), 130.1 (C-&;5’), 125.9
(C-1), 107.8 (C-2, C-6), 43.6 (C-7") [28]. HRMS (NIBI) calculated for GH..CINNaQ; [M + Na]": 316.0353;
found 316.0373.

N-(4-chlorobenzyl)-4-hydroxy-3-methoxybenzamidg (

The product was prepared according to proceduvéhite amorphous solid; yield: 44% (151 mg), mp:7756°C, IR
Umax (KB, cm-1): 3319 (O-H) 3251 (N-H), 3000 (C-H%p1639 (C=0), 1589 and 1487 (aromatic C=C), 1091
(stretching C-Cl)*H NMR (DMSO-d;, 200 MHz): 8.12d, J= 9.2 Hz, 1H; O=C-M), 7.56 — 7.22r, 7H; H-2, H-

4, H-6, H-3', H-5", H-2', H-6"), 4.52 §, 2H), 3.88 §, 1H; OH3). **C NMR (DMSO-g, 50 MHz): 169.8 (C=0);
151.3 (C-3); 148.8 (C-4); 139.3 (C-1"); 133.8 (Q;4130.1 (C-2', C-6’); 129.5 (C-5', C-3’); 126.5 {0); 122.1 (C-

5); 115.8 (C-6); 111.9 (C-2); 56.4 (3-OMe); 43.81¢ [29]. HRMS (MALDI) calculated for GH1CINO, [M +
Na]": 316.0530; found 316.0543.

N-(4-chlorobenzyl)-4-hydroxy-3,5-dimethoxybenzanilée

The product was prepared according to proceduvghite amorphous solid; yield: 50% (164 mg), mp 11® °C,

IR vmax (KBr, cm®): 3493 (OH), 3277 (NH), 3084 (CH 3p 1666 (C=0), 1597 and 1492 (aromatic C=C), 1016
(stretching C-Cl)'H NMR (MeOD, 200 MHz): 8.15¢, 1H, O=C-NH), 7.43 §, 1H, OH), 7.35 — 7.27nf, 4H; H-2',
H-3', H-5', H-6"), 7.25 — 7.151f1, 2H; H-2, H-6), 4.544, 2H, H-7"), 3.88 §, 6H; OCH5). *C NMR (MeOD, 50
MHz): 149.0 (C-3, C-5), 169.8 (C=0), 139.3 (C-43318 (C-1’), 130.1 (C-2', C-6"), 129.5 (C-3’, C-5"125.3 (C-
4", 106.4 (C-1), 106.0 (C-2, C-6), 43.9 (C-7’),.8§ OCHa) [30]. HRMS (MALDI) calculated for H;cCINNaQ,

[M + Na]": 346.0636; found 346.0666.

N-(4-chlorobenzyl)-4-hydroxybenzamid&)

The product was prepared according to proceduvghite amorphous solid; yield: 73% (246 mg), mp 182 °C,

IR vmax (KBr, cm®): 3450 (OH), 3122 (NH), 3055 (CH 9p 1631 (C=0), 1593 and 1440 (aromatic C=C), 1085
(stretching C-CI)'H NMR (DMSO-d;, 200 MHz): 8.831( J= 5.9 Hz, 1H; O=C-M), 7.75 @, J= 8.6 Hz, 2H, H-2,
H-6), 7.59 — 7.43r0, 4H, H-2"; H-3', H-5’, H-6"), 6.80 @, J= 8.8 Hz, 2H, H-3, H-5), 4.42(J= 6.0 Hz, 2H; H-7").
3C NMR (DMSO-g, 50 MHz): 166.0 (C=0); 160.3 (C-4); 139.2 (C-1183.4 (C-4"); 130.9 (C-2, C-6); 129.3 (C-
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2', C-6); 128.3 (C-3, C-5); 124.9 (C-1); 114.95¢3, C-5); 41.7 (C-7’) [31]. HRMS (MALDI) calculatefor
CiH1,CINNaO, [M + NaJ': 286.0425; found 286.0432.

3, 5-di-tert-butyl-N- (4-chlorobenzyl)-4-hydroxylzamide 18)

The product was prepared according to proceduvghite amorphous solid; yield: 54% (203 mg), mp 186 °C,

IR Umax (KBr, cmi®): 3450 (OH) and 3236 (NH), 3066 (CH3pl680 (C=0), 1544 and 1431 (aromatic C=C), 1012
(stretching C-Cl)*H NMR (DMSO-d;, 200 MHz): 8.891 J= 6.0 Hz, 1H; O=C-M), 6.09 — 5.94r1, 1H), 7.70 —
7.54 (m, 2H, H-2, H-6), 7.54-7.20n4, 4H, H-2', H-3’, H-5', H-6"), 4.42 {, J= 5.9 Hz, 3H; H-7"), 1,394, 18H;
C(CH3)3). *C NMR (DMSO-¢, 50 MHz): 167.0 (C=0); 156.9 (C-4); 140.0 (C-1188.3 (C-3, C-5); 131.2 (C-4";
129.2 (C-2’, C-6'); 128.3 (C-5’, C-3’); 125.3 (Cs1)24.2 (C-2, C-6); 42.0 (C-7’); 34.7 (3,6{CH5)3; 30.3 (3,5-
(C(CHa)3) [32] HRMS (MALDI) calculated for gH,gCINO3 [M + H]": 374.1877; found 374.1877.

N-(4-chlorobenzil) -2-hydroxy-5-methoxybenzamit$ (

The product was prepared according to procedu@yktalline solid; yield: 60% (180 mg), mp 137-14D), IR vmax

(KBr, cm™): 3360 (O-H and N-H), 3076 (C-H 9p 1651 (C=0), 1598 and 1435 (aromatic C=C), 1Gtfe(ching
C-Cl). 'H NMR (200 MHz, DMSO-g): 9.35 ¢, J= 5.8 Hz, 1H, O=C-M), 7.48 — 7.26101, 5H, H-6, H-2’, H-3', H-
5', H-6"), 7.04 @dd, J= 9.0, 3.0 Hz, 1H; H-3), 6.8%(J= 9.0 Hz, 1H; H-4), 4.49d J= 5.9 Hz, 2H, H-7"), 3.72q

3H; OCH3). °C NMR (DMSO-@, 50 MHz): 168.7 (C=0); 154.0 (C-5); 151.7 (C-2);512 (C-1); 138.2 (C-17);
131.6 (C-4’); 129.3 (C-2', C-6'); 128.5 (C-5’, C)3'121.2 (C-3); 118.4 (C-4); 111.3 (C-6); 55.808s); 41.9 (C-
7) [33]. HRMS (MALDI) calculated for @H,,CINO; [M + H]*: 327.0512; found 327.0516.

N-(4-chlorobenzyl)-3-methyl-4-nitrobenzamid&0y

The product was prepared according to procedu@yktalline solid; yield: 41% (143 mg), mp 148-1%1, IR Umax
(KBr, cm™): 3278 (NH), 3080 (CH sp 1637 (C=0), 1587 and 1423 (aromatic C=C), 158d 8355 (NQurom),
1089 (stretch C-Cl)*H NMR (DMSO-d;, 200 MHz): 9.311 J= 5.8 Hz, 1H, O=C-M), 8.06 (id, J= 8.4, 1H; H-5),
7.96 6, 1H, H-2), 7.89 dd, J= 8.4, 1.7 Hz, 1H; H-6), 7.42-7,3In(4H, H-2', H-3', H-5’, H-6), 4,47 ¢id, J= 5.9,
1.7 Hz, 2H, H-7"), 2.5410, 3H; (H3). *C NMR (DMSO-g¢, 50 MHz): 164.8 (C=0); 150.5 (C-4); 138.3 (C-1);
138.1 (C-1); 132.9 (C-4’); 131.8 (C-2', C-6’); 1H.(C-3); 129.3 (C-3', C-5'); 128.4 (C-2); 126.2-6y; 124.6 (C-
6); 42.3 (C-7); 19.5 CH3) [34]. HRMS (MALDI) calculated for GH;sCIN,NaO; [M + Na]": 327.0512; found
327.0516.

N-(4-fluorobenzyl)-4-hydroxy-3-methoxibenzami2i) (

The product was prepared according to procedurefllijorobenzylamine used as the reagent. White phuars
solid; yield: 21% (90 mg), mp 161-165 °C, tRa., (KBr, cmi'): 3304 (O-H), 3078 (N-H), 1631 (C=0), 1593 and
1423 (aromatic C=C), 1116 (C-F stretct). NMR (CDCk, 200 MHz): 9.60§, 1H; OH), 8.83{ J= 5.8 Hz, 1H;
NH), 7.52 — 7.2810, 4H; H-2, H-6, H-2’, H-6"), 7.22 —7.051{, 2H; H-3’, H-5’), 6.81 (|, J= 8.2 Hz, 1H; H-5), 4.43
(d, J= 5.8 Hz, 2H; H-7’), 3.80g, 3H; OMe).**C NMR (CDC}L, 50 MHz): 166.0 (C=0), 161.1(J= 242.0 Hz; C-
4", 149.6 (C-4), 147.2 (C-3), 136.2 (C-1"), 129@-2', C-6’), 125.3 (C-1), 120.9 (C-6), 114.9 (C-&-5"), 115.2
(C-5), 111.3 (C-2), 55.7 (OMe), 42.0 (C-7’) [29]RMIS (MALDI) calculated for GsH;,FNNaQ; [M + Na]
298.0855; found 298.0882.

N- (4-bromobenzyl) -4-hydroxy-3-methoxybenzanf@g (

The product was prepared according to procedunsith, 4-bromobenzylamine used as reagent. Red amagph
solid; yield: 63% (252 mg), mp 119-122 °C. Bax (KBr, cmi®): 3304 (OH), 3078 (NH), 3003 (CH 3p 1631
(C=0), 1593 and 1423 (aromatic C=C), 1072 (strewg!@-Br)'H NMR (DMSO-d;, 200 MHz): 7.43 ¢, J= 8.4 Hz,
3H; H-2, H-3’, H-5"), 7.29 — 7.12n, 3H; H-6, H-2’, H-6), 6.88d, J= 8.2 Hz, 1H; H-5), 6.65t(J= 5.2 Hz, 1H;
NH), 6.21 6, 1H; OH), 4.54 ¢, J= 5.8 Hz, 2H, H-7’), 3.88¢, 3H; OMe)."*C NMR (DMSO-d¢, 50 MHz): 167.1
(C=0), 148.9 (C-4), 146.7 (C-3), 137.4 (C-1), 1BIC-3’, C-5'), 129.4 (C-2', C-6’), 126.1 (C-1), 9B (C-6, C-
4’), 113.9 (C-5), 110.4 (C-2), 56.0 (OMe) ,43.4 1Q-[29]. HRMS (MALDI) calculated for GH1,BrNO; [M] "
335.0157; found 335.0156.
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Procedure 1

/%/\ AN R
I 2
1-11; R= Rz—"\// 12-22; R=
X R,
Ry
Scheme 1: Preparation of amides. Reagents and cotidns: (a) BOP, EgN, DMF, 30 min at 0°C, follow 2-6 hours at room temperature.
The ring substituents R, Ry, Rz = H, Cl, OH, CH3, OCHs, NO,, tert-Bu or C¢Hs e Ry=F, ClI, or Br

Study of antibacterial activity

Bacterial material and sample preparation

The microorganisms used in the tests were obtafr@d the Microbiology and Molecular Biology Labooay
(LMBM), of the Regional University of Cariri (URCA)Standard strains of bacteria were udesgherichia coli
ATCC 25922 andStaphylococcus aureulSTCC 25923. For substance preparations, 10 mg@Q00ug) of each
substance were weighed to be tested, each onela@dpnto individual Eppendorf tubes, and diluted. ml of
dimethylsulfoxide (DMSO), composing solution contations equal to 10000 pg/mL. The final solution
concentrations were 512 pg/mL for each of the sutegts. These final solutions were used for MIdrigsDue to
photosensitive, the addition of DMSO was perfornregide the laminar flow hood with appropriate ligigt To
prepare the inoculum, bacterial cultures were sédePetri plates containing Heart Infusion AgaiAHDifco
Laboratories Ltd.), and placed in an oven at 3706% day prior to growth, for 24 hours. Eppendalfes were
prepared in triplicate for each bacterium and fache substance (2 bacteria x triplicate x 22 sulbstgn= 132
Eppendorf tubes), each containing 900 uL brainthefrsion (BHI 10% + 100 mL of inoculum, Difco Lakatories
Ltd.), corresponding to 10% of the total solution.

The antibiotics amikacin, gentamicin, norfloxacimdgoenicillin were purchased from Sigma-Aldrich C8t. Louis,
MO, USA), at concentrations of 512 pg/ml and difute sterile water were used as controls. Sodiusazerin
(Sigma-Aldrich Co.) was used as an indicator oftéx@al growth.

Determination of the minimum inhibitory concentration

Broth microdilution procedure was adopted [35].dulates were prepared in Eppendorf tubes, eaclaicamg 1
mL of solution with 900 pL 10% BHI, and 100 pL bietbacterial suspension containing OFU according to the
McFarland scale. The plates were filled in alphiglaébrder, resulting in 8 wells per microdiluticolumn. Adding
100 mL of the above solution to each well, seriatrodilution in a 100 pL solution of each substaneas
performed, to be tested, a column in concentratianging 256-2 pg/mL. The microdilutions were perfed in
triplicate. The plates were brought to the incub&bo 24 hours at 37° C. The determination of baateMIC was
made using an addition of 20 pL of resazurin tcheaell with visual observation after 1 hour.

The MIC was determined by observing visible turtyidnh each well and color change caused by resazuodting
the lowest product concentration capable of inligibacterial growth [35]. Assays were performedriplicate and
the results expressed as the geometric mean.t8ttenalysis was performed using two-way ANOVAdwed by
the Bonferroni post-test with GraphPad Prism 5fonsoe

RESULTS AND DISCUSSION

Chemistry

Amides1-22 (scheme ) were prepared from an acid-base reaction, in wBI©P generates a triazole intermediate
fromin situ carboxylic acid in order to replace the carboxyygen of the amine nitrogen by forming a stabledami
[13]. Compoundsl-22 were identified based on IRH and *C NMR and HRMS spectra. The spectroscopic
techniques were sufficient to confirm the formatiohamide, because of its very characteristic digbd]. NH
protons from amide group were assigned as a ti@pléte 8.50-8.70 ppm region of the 6.0-5.7 Hz gimgawith the
methylene hydrogens (NHGH,) which formed a doublet assigned to 4:59 to 4rBtheé ppm range. For compounds
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1-11 we observed 7.0-8.0 pprd € 15.7 Hz, 1H) in the region characteristic offiolie proton H-7 and H-8 signals

forming trans conformation structures.
Table 1: Data of cinnamic and benzoic amides 1-22

0o
. 6'
)I\ {z 5'
P
2' R,
3
LY 3
1 Cl 2 79
2 Cl 3 86
3 Cl 3 65
4 Cl 6 56
5 Cl 3 21
6 Cl 6 44
7 Cl 3 50
8 Cl 3 73
9 Cl 3 54
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Table 1: Continuation

Compound R1 R, time (h) \E:)/eol)d Compound Ry R, time (h) \E:)/eol)d

19

20 Br 2 63

0,N"4

CH; OCH,

Antibacterial activity

The bioassay results for the antibacterial actigitycompoundsl-22 are shown irgraphics 1 and 2 respectively.
Antibacterial assays were performed using brothraniitution [36] procedures and standard straingsdherichia
coli ATCC 25922 andStaphylococcus aureu8TCC 25923. The controls used were gentamycin,kaaom,
norfloxacin, and benzathine penicillin at 512 pg/mlhe amide 4-(4-methoxy-cinnamoyl-4 chlorobenziiteh
gave moderate to good activity, the other compoyte3and5-22) did not show inhibition against the bacterial
strains used. The literature reports antibactagéivity of ortho-, andmetaandpara-transmethoxycinnamic acids
against bacterial strains, including strains Bf coli, [37-38], but this is the first study reporting am
methoxycinnamic amide with antibacterial activity.

Compound4 was compared with amid&sand9 in which there is a hydroxyl group with a methogyl the aromatic
ring. It was observed that the simple presence lofdroxyl group or a methoxyl groups position or #romatic
ring results in amides with no antibacterial adyivinterestingly, amidd 1, a tri-methoxylated derivative, was also
inactive against the bacteria tested. This resggssts that the presence of a single methoxybsgitipn 4 of the
ring is fundamental to the amide’s bioactivity. Mexylated amide45, and16 were not bioactive, confirming the
chemical requirement for bioactivity. The literaureports that certain cinnamic derivatives witimathoxyl in
position 4 have antibacterial activity. For exammaretiolide, a cinnamic ester isolated from tbets ofEhretia
longiflora showed inhibitory activity againsM. tuberculosis growth H37Rv (MIC = 41 uM) [39]. 4-
Methoxycinnamaldehyde was bioactive agaigstherichia coliMTCC 43 (8.3 mM) andstaphylococcus aureus
MTCC 121 (8.3 mM) [40]. These data demonstrate ithatpossible to develop methoxylated cinnamiowdgives
(at position 4) with potential applications as remtibacterial agents.

SERIES OF CINNAMIC AND BENZOIC AMIDES IN Escherichia Coli

MIC

Graphic 01. Result of antibacterial microdilution test of amides 1- 22, using strains &scherichia coli
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SERIES OF CINNAMIC AND BENZOIC AMIDES IN Staphylococcus aureus

Mic

Graphic 02. Result of antibacterial microdilution test of amides 1-22, using strains @&taphylococcus aureus
CONCLUSION

In short, a series of cinnamic and benzoic amidigk aromaticpara-halogenated moieties were prepared and
evaluated against bacteria. One of the compouna®igrated good activity against a gram-negatizenmE.
coli. This study reveals for the first time the antiieaial activity of a cinnamic amide with a 4-metlyoinnamic
ring. These results suggest the need for furthemital and biological studies with 4-methoxycinnanaicid
derivatives which may someday be used as ingreglianthe development of future therapeutic appreadb the
growing problem of microbial pathogens.
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