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ABSTRACT
A series of amide chalcones conjugated with different secondary amines were synthesised and character-
ised by different spectroscopic techniques 1H NMR, 13C NMR, and ESI-MS. They were screened for in vitro
antibacterial activity. Compounds 36, 37, 38, 42, and 44 are the most active among the synthesised series
exhibiting MIC value of 2.0–10.0mg/ml against different bacterial strains. Compound 36 was equipotent to
the standard drug Ampicillin displaying MBC value of 2.0mg/ml against the bacterial strain Staphylococcus
aureus. The products were screened for anti-biofilm activity. Compounds 36, 37, and 38 exhibited promis-
ing anti-biofilm activity with IC50 value ranges from 2.4 to 8.6mg. Molecular modelling was performed sug-
gesting parameters of signalling anti-biofilm mechanism. AspB327 HisB340 (arene–arene interaction) and
IleB328 amino acid residues seemed of higher importance to inhibit c-di-GMP. Hydrophobicity may be cru-
cial for activity. ADME calculations suggested that compounds 36, 37, and 38 could be used as good
orally absorbed anti-biofilm agents.
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Introduction

Human struggle against the affliction of infectious diseases is eter-
nal. The contemporary treatment of infectious diseases involves
administration of a multidrug regimen over a long period of time

has led to the rapid emergence of multidrug-resistant strains plus
a high level of patient non-compliance1,2. Biofilms are multicellular
bacterial communities encased in an extracellular matrix. Biofilms
have been estimated by the National Institutes of Health to be
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associated with 80% of all bacterial infections3,4. It was recently esti-
mated that biofilm-based disease is responsible for 19 million infec-
tions annually in the US, resulting in hundreds of thousands of
fatalities and billions of dollars in medical expenses5. Increased anti-
biotic tolerance has been promoted by biofilm formation to levels
1000 times greater than those observed in planktonic bacteria.
Moreover, chronic infections, such as lung pneumonia of cystic
fibrosis patients, otitis media, non-healing wounds, and contamin-
ation of artificial medical implants, are also associated with biofilm
formation that leads to inefficient treatment of these infections.

The second messenger cyclic di-GMP (c-di-GMP) has recently
emerged as a novel signal that controls biofilm formation and
represses motility. Synthesis of c-di-GMP occurs via diguanylate
cyclase (DGC) enzymes encoding GGDEF domains, while degradation
of c-di-GMP occurs via phosphodiesterase (PDE) enzymes6,7. Analysis
of bacterial genome sequences revealed that enzymes predicted to
synthesize or degrade c-diGMP are found in 85% of all bacteria,
including many prominent human pathogens. Deletion of active
DGCs completely abolishes biofilm formation, suggesting c-di-GMP
is essential for this process in bacteria that utilize the signal8–11.

Chalcone scaffold represents a core unit that exhibits various
biological activities especially highlighting antimicrobial activity. In
addition, they present a combinatorial assembly for the synthesis
of heterocyclic scaffolds12–14. Molecular hybridisation is a new con-
cept in drug design and development based on the combination
of pharmacophoric moieties of different bioactive substances to
produce a new hybrid compound with improved affinity and effi-
cacy when compared to the parent drugs. Additionally, this strat-
egy can result in compounds presenting modified selectivity
profile, different and/or dual modes of action and reduced
undesired side15,16. Based on literature survey focusing on both
amines and chalcone in one hybrid structure, several derivatives

have been identified as potent antimicrobials (Chart 1) and taken
as lead compounds for further optimisation17–20.

Taking all together and as part of on-going research work
aimed to the development of small molecules as therapeutic
agents21–24, we have managed to design new amide chalcones/
amine hybrids with expected high antimicrobial activity25,26.
Despite the advances in antimicrobial activity evaluation, potent
biofilm modulators are still sorely underdeveloped. So herein
we report the discovery of a few novel derivatives that possess
anti-biofilm activity. In addition, molecular modelling studies are
performed to get into a molecular in-depth level. ci-diGMP was
targeted as the major cause for biofilm formation to search for the
suggested mechanism for the anti-biofilm obtained activity which
could pave the way for further anti-biofilm drug discovery.

Experimental section

The synthesis of the designed compounds was performed in
Faculty of Pharmacy, Mansoura University, Mansoura, Egypt. The in
vitro antimicrobial screening was conducted in the Department of
Pharmaceutics and Pharmaceutical Technology (Microbiology),
College of Pharmacy, Taibah University, Almadinah Almunawarah,
Saudi Arabia. Molecular docking experiments were performed
using “Molecular Operating Environment” software on Core i7
workstation. Melting points (�C) were determined on Mettler FP80
melting point apparatus and are uncorrected. All of the new com-
pounds were analysed for C, H and N and agreed with the pro-
posed structures within ±0.4% of the theoretical values. 1H- and
13C-NMR were recorded on a Bruker 500MHz FT spectrometer
(Bruker Daltonics Inc., Billerica, MA); chemical shifts are expressed
in d ppm with reference to TMS. Mass spectral (MS) data were
obtained on a Perkin Elmer, Clarus 600 GC/MS and Joel JMS-AX

Chart 1. The rational design of our synthesised compounds.

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 819



500 mass spectrometers (Perkin Elmer, Waltham, MA). Thin layer
chromatography was performed on pre-coated (0.25mm) silica gel
GF254 plates (E. Merck, Germany), compounds were detected with
254 nm UV lamp. Silica gel (60–230 mesh) was employed for rou-
tine column chromatography separations. All the fine chemicals
and reagents used were purchased from Aldrich Chemicals Co. (St.
Louis, MO). Copies of 1H-NMR and 13C-NMR spectra of synthesized
compounds are reported in the Supplementary data.

Chemistry

(E)-2-chloro-N-(4-(3-(substituedphenyl)acryloyl)phenyl)acetamides
(12–15), (E)-3-chloro-N-(4-(3-(substitutedphenyl)acryloyl)phenyl)-
propanamides (16–19)
A mixture of 1-(4-aminophenyl)-3-(substitutedphenyl)prop-2-en-1-
ones 6–9 (0.01mol), potassium carbonate (2.07 g, 0.015mol) in dry
toluene (50ml) was stirred at room temperature, while chloroace-
tyl chloride (10, 1.7 g, 1.2ml, 0.015mol) or 3-chloropropionyl

chloride (11, 1.9 g, 1.4ml, 0.015mol), was added dropwise. Stirring
continued for 36 h, solvent was then removed in vacuo and the
residue obtained was triturated with water, filtered, dried, and
recrystallised (Table 1).

(E)-2-Chloro-N-(4-(3-(4-chlorophenyl)acryloyl)phenyl)acetamide (12)
1H-NMR (DMSO-d6) d 3.62 (brs, 1H, NH), 4.56 (s, 2H, CH2), 7.53 (d,
2H, J¼ 8.5 Hz, Ar-H), 7.82 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.93 (d, 2H,
J¼ 8.5 Hz, Ar-H), 7.96 (s, 1H, Olefinic-H), 8.00 (s, 1H, Olefinic-H),
8.18 (d, 2H, J¼ 8.0 Hz, Ar-H). 13C-NMR d 40.1, 43.5, 118.7, 122.7,
128.9, 129.9, 130.5, 131.5, 132.7, 133.7, 133.9, 134.9, 137.6, 141.9,
143.0, 165.3, 187.5. MS m/z (%): 333.2 (12.0, Mþ).

(E)-2-Chloro-N-(4-(3-(4-methoxyphenyl)acryloyl)phenyl)aceta-
mide (13)
1H-NMR (DMSO-d6) d 3.84 (s, 3H, OCH3), 4.28 (s, 2H, CH2), 7.04 (d,
2H, J¼ 9.0 Hz, Ar-H), 7.72 (s, 1H, Olefinic-H), 7.80 (s, 1H, Olefinic-H),

Table 1. Physicochemical properties of the newly synthesised compounds 12–19 and 20–51.

R

O

NH

O

(CH2)n
N

X20-51

R

O

NH

O

(CH2)n
Cl

12-19

Compound No. R X n Yield % m.p. �C Molecular formulaea

12 4-Cl – 1 68 119–121 C17H13Cl2NO2

13 4-OCH3 – 1 72 137–139 C18H16ClNO3

14 3,4-di(OCH3) – 1 61 141–143 C19H18ClNO4

15 3,4,5-tri(OCH3) – 1 52 129–133 C20H20ClNO5

16 4-Cl – 2 72 133–136 C18H15Cl2NO2

17 4-OCH3 – 2 49 107–109 C19H18ClNO3

18 3,4-di(OCH3) – 2 38 133–136 C20H20ClNO4

19 3,4,5-tri(OCH3) – 2 69 136–139 C21H22ClNO5

20 4-Cl CH2 1 43 149–151 C22H23ClN2O2

21 4-OCH3 CH2 1 54 211–214 C23H26N2O3

22 3,4-di(OCH3) CH2 1 40 157–160 C24H28N2O4

23 3,4,5-tri(OCH3) CH2 1 39 163–168 C25H30N2O5

24 4-Cl O 1 51 142–146 C21H21ClN2O3

25 4-OCH3 O 1 63 182–184 C22H24N2O4

26 3,4-di(OCH3) O 1 45 151–154 C23H26N2O5

27 3,4,5-tri(OCH3) O 1 70 154–159 C24H28N2O6

28 4-Cl N-CH3 1 56 173–177 C22H24ClN3O2

29 4-OCH3 N-CH3 1 62 191–193 C23H27N3O3

30 3,4-di(OCH3) N-CH3 1 80 184–188 C24H29N3O4

31 3,4,5-tri(OCH3) N-CH3 1 59 161–164 C25H31N3O5

32 4-Cl N-C6H5 1 73 168–170 C27H26ClN3O2

33 4-OCH3 N-C6H5 1 52 146–149 C28H29N3O3

34 3,4-di(OCH3) N-C6H5 1 60 172–178 C29H31N3O4

35 3,4,5-tri(OCH3) N-C6H5 1 48 169–172 C30H33N3O5

36 4-Cl CH2 2 39 154–157 C23H25ClN2O2

37 4-OCH3 CH2 2 61 135–139 C24H28N2O3

38 3,4-di(OCH3) CH2 2 89 166–169 C25H30N2O4

39 3,4,5-tri(OCH3) CH2 2 58 188–193 C26H32N2O5

40 4-Cl O 2 37 182–186 C22H23ClN2O3

41 4-OCH3 O 2 74 125–128 C23H26N2O4

42 3,4-di(OCH3) O 2 84 226–229 C24H28N2O5

43 3,4,5-tri(OCH3) O 2 52 195–199 C25H30N2O6

44 4-Cl N-CH3 2 72 204–208 C23H26ClN3O2

45 4-OCH3 N-CH3 2 74 158–163 C24H29N3O3

46 3,4-di(OCH3) N-CH3 2 63 194–198 C25H31N3O4

47 3,4,5-tri(OCH3) N-CH3 2 69 234–238 C26H33N3O5

48 4-Cl N-C6H5 2 54 149–153 C28H28ClN3O2

49 4-OCH3 N-C6H5 2 49 142–145 C29H31N3O3

50 3,4-di(OCH3) N-C6H5 2 62 182–187 C30H33N3O4

51 3,4,5-tri(OCH3) N-C6H5 2 58 226–232 C31H35N3O5
aAnalysed for C,H,N; results were within ±0.4% of the theoretical values for the formulae given.
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7.82 (d, 2H, J¼ 6.0 Hz, Ar-H), 7.85 (d, 2H, J¼ 9.0 Hz, Ar-H), 8.15 (d,
2H, J¼ 8.5 Hz, Ar-H), 10.85 (brs, 1H, NH). 13C-NMR d 40.1, 55.4,
114.4, 118.7, 120.3, 121.8, 128.6, 129.7, 130.7, 131.0, 132.9, 133.7,
139.7, 141.0, 145.7, 146.2, 166.8, 189.3. MS m/z (%): 329.78
(27.4, Mþ).

(E)-2-Chloro-N-(4-(3-(3,4-dimethoxyphenyl)acryloyl)phenyl)aceta-
mide (14)
1H-NMR (DMSO-d6) d 3.83 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 4.39 (s,
2H, CH2), 7.03 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.38 (dd, 2H, J¼ 1.0, 1.5 Hz,
Ar-H), 7.54 (s, 1H, Ar-H), 7.68 (s, 1H, Olefinic-H), 7.71 (s, 1H,
Olefinic-H), 8.17 (d, 2H, J¼ 7.5 Hz, Ar-H), 11.09 (s, 1H, NH). 13C-NMR
d 40.6, 40.9, 43.6, 55.6, 55.8, 110.7, 111.6, 118.7, 119.5, 123.9, 127.6,
129.8, 132.9, 134.7, 136.2, 143.9, 149.0, 151.2, 187.5. MS m/z (%):
359.8 (9.4, Mþ).

(E)-2-Chloro-N-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phenyl)aceta-
mide (15)
1H-NMR (DMSO-d6) d 3.73 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 4.40 (s,
3H, OCH3), 4.56 (s, 2H, CH2), 7.24 (s, 1H, Ar-H), 7.68 (s, 1H, Olefinic-
H), 7.71 (s, 1H, Olefinic-H), 7.85 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.92 (s, 1H,
Ar-H), 8.21 (d, 2H, J¼ 8.5 Hz, Ar-H), 11.09 (s, 1H, NH). 13C-NMR d
41.5, 43.6, 55.7, 56.1, 60.1, 106.5, 107.2, 118.7, 121.1, 129.8, 130.3,
132.7, 139.7, 142.8, 143.0, 143.9, 153.1, 165.4, 167.1, 187.6. MS m/z
(%): 389.8 (15.9, Mþ).

(E)-3-Chloro-N-(4-(3-(4-chlorophenyl)acryloyl)phenyl)propana-
mide (16)
1H-NMR (DMSO-d6) d 2.92 (t, 2H, J¼ 12.5 Hz, CH2), 3.91 (t,
2H, J¼ 12.5 Hz, CH2), 7.55 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.93 (s, 1H,
Olefinic-H), 7.96 (s, 1H, Olefinic-H), 7.97 (d, 2H, J¼ 8.0 Hz, Ar-H),
8.00 (d, 2H, J¼ 8.5 Hz, Ar-H), 8.18 (d, 2H, J¼ 8.0 Hz, Ar-H), 10.70 (s,
1H, NH). 13C-NMR d 40.1, 40.5, 118.8, 122.8, 127.6, 128.3, 128.9,
129.9, 130.5, 130.9, 131.7, 132.2, 133.8, 134.9, 141.9, 143.5, 163.7,
187.4. MS m/z (%): 347.2 (20.3, Mþ).

(E)-3-Chloro-N-(4-(3-(4-methoxyphenyl)acryloyl)phenyl)propana-
mide (17)
1H-NMR (DMSO-d6) d 2.93 (t, 2H, J¼ 12.5 Hz, CH2), 3.83 (s, 3H,
OCH3), 3.90 (t, 2H, J¼ 12.5 Hz, CH2), 7.02 (d, 2H, J¼ 9.0 Hz, Ar-H),
7.68 (s, 1H, Olefinic-H), 7.72 (s, 1H, Olefinic-H), 7.82 (d, 2H,
J¼ 6.5 Hz, Ar-H), 7.85 (d, 2H, J¼ 8.5 Hz, Ar-H), 8.14 (d, 2H,
J¼ 9.0 Hz, Ar-H), 10.63 (s, 1H, NH). 13C-NMR d 40.1, 40.6, 55.4,
114.4, 118.5, 119.5, 120.3, 122.7, 124.1, 125.9, 127.4, 129.7, 130.7,
132.6, 143.2, 143.3, 161.3, 168.6, 187.4. MS m/z (%): 343.8
(6.1, Mþ).

(E)-3-Chloro-N-(4-(3-(3,4-dimethoxyphenyl)acryloyl)phenyl)propana-
mide (18)
1H-NMR (DMSO-d6) d 2.92 (t, 2H, J¼ 12.5 Hz, CH2), 3.83 (s, 3H,
OCH3), 3.88 (s, 3H, OCH3), 3.91 (t, 2H, J¼ 12.5 Hz, CH2), 7.04 (d, 2H,
J¼ 8.5 Hz, Ar-H), 7.38 (dd, 2H, J¼ 1.5, 1.5 Hz, Ar-H), 7.55 (s, 1H, Ar-
H), 7.68 (s, 1H, Olefinic-H), 7.71 (s, 1H, Olefinic-H), 7.84 (d, 2H,
J¼ 8.0 Hz, Ar-H), 10.63 (s, 1H, NH). 13C-NMR d 40.1, 40.6, 55.6, 55.8,
110.7, 111.6, 118.4, 118.7, 119.5, 123.8, 127.6, 129.7, 131.7, 132.6,
143.2, 143.8, 149.0, 151.2, 168.6, 187.4. MS m/z (%): 373.8
(14.9, Mþ).

(E)-3-Chloro-N-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phenyl)propa-
namid (19)
1H-NMR (DMSO-d6) d 2.93 (t, 2H, J¼ 12.5 Hz, CH2), 3.65 (s, 3H,
OCH3), 3.73 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 3.91 (t, 2H,
J¼ 12.5 Hz, CH2), 7.23 (s, 1H, Ar-H), 7.67 (s, 1H, Olefinic-H), 7.70 (s,
1H, Olefinic-H), 7.85 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.89 (s, 1H, Ar-H), 8.18
(dd, 2H, J¼ 5.5, 5.5 Hz, Ar-H), 10.68 (s, 1H, NH). 13C-NMR d 40.1,
40.6, 55.7, 56.1, 60.1, 106.5, 118.4, 118.7, 121.1, 127.6, 129.8, 130.3,
131.7, 132.4, 139.7, 143.4, 143.9, 153.1, 163.7, 168.7, 187.5. MS m/z
(%): 403.8 (5.1, Mþ).

(E)-N-(4-(3-(substitutedphenyl)acryloyl)phenyl)-2-(substituted)aceta-
mides (20–35), (E)-N-(4-(3-(substitutedphenyl)acryloyl)phenyl)-3-
(substituted)propanamides (36–51)
To a stirred solution of 12–19 (0.01mol) in dry toluene (50ml), the
appropriate amine (0.04mol) was added dropwise. The reaction
mixture was heated under reflux for 3–5 h. Solvent was then dis-
tilled under reduced pressure, the obtained residue was triturated
with ice-water, filtered, dried, and recrystallised (Table 1).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-2-(piperidin-1-yl)aceta-
mide (20)
1H-NMR (CDCl3-d6) d 1.58–2.18 (m, 6H, piperidine-H), 2.58 (t, 2H,
piperidine-H), 2.84 (t, 2H, piperidine-H), 3.18 (s, 2H, CH2), 7.40 (d,
2H, J¼ 9.0 Hz, Ar-H), 7.49 (s, 1H, Olefinic-H), 7.52 (s, 1H, Olefinic-H),
7.59 (d, 2H, J¼ 7.0 Hz, Ar-H), 7.74 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.82 (brs,
1H, NH), 8.02 (d, 2H, J¼ 7.0 Hz, Ar-H). 13C-NMR d 21.3, 22.7, 25.8,
54.5, 56.3, 62.4, 119.2, 122.2, 128.5, 129.3, 129.6, 130.0, 133.5,
133.8, 135.1, 136.0, 136.4, 141.9, 142.9, 143.0, 168.2, 188.7. MS m/z
(%): 382.8 (5.0, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-2-(piperidin-1-yl)ace-
tamide (21)
1H-NMR (CDCl3-d6) d 1.61–1.94 (m, 6H, piperidine-H), 3.16 (s, 2H,
CH2), 3.75 (t, 2H, J¼ 1.5 Hz, piperidine-H), 3.80 (t, 2H, piperidine-H),
3.86 (s, 3H, OCH3), 6.94 (d, 2H, J¼ 9.5 Hz, Ar-H), 7.40 (s, 1H,
Olefinic-H), 7.43 (s, 1H, Olefinic-H), 7.60 (d, 2H, J¼ 7.5 Hz, Ar-H),
7.80 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.86 (brs, 1H, NH), 8.02 (d, 2H,
J¼ 7.0 Hz, Ar-H). 13C-NMR d 24.1, 25.3, 25.7, 55.3, 55.5, 56.7, 113.7,
114.4, 116.0, 116.8, 118.2, 119.3, 119.5, 122.2, 127.7, 129.6, 129.8,
130.3, 131.6, 141.5, 144.5, 161.7, 189.1. MS m/z (%): 378.4
(31.6, Mþ).

(E)-N-(4-(3-(3,4-Dimethoxyphenyl)acryloyl)phenyl)-2-(piperidin-1-
yl)acetamide (22)
1H-NMR (CDCl3-d6) d 1.61–3.18 (m, 10H, piperidine-H), 3.21(s, 2H,
CH2), 3.86 (s, 3H, OCH3), 3.94 (s, 3H, OCH3), 7.11 (d, 2H, J¼ 8.5 Hz,
Ar-H), 7.45 (s, 1H, Olefinic-H), 7.51 (s, 1H, Olefinic-H), 7.63 (s, 1H,
Ar-H), 7.88 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.95 (d, 2H, J¼ 7.0 Hz, Ar-H),
10.98 (brs, 1H, NH). 13C-NMR d 23.8, 24.1, 25.3, 25.9, 53.2, 54.6,
56.8, 63.1, 110.2, 111.4, 118.3, 119.3, 121.4, 122.9, 128.0, 128.9,
129.9, 135.6, 137.3, 139.5, 146.0, 156.3, 168.2, 188.4. MS m/z (%):
408.5 (22.6, Mþ).

(E)-2-(Piperidin-1-yl)-N-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phe-
nyl)acetamide (23)
1H-NMR (CDCl3-d6) d 1.57–3.06 (m, 10H, piperidine-H), 3.71 (s, 2H,
CH2), 3.88 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 4.00 (s, 3H, OCH3), 7.32
(s, 1H, Olefinic-H), 7.40 (s, 1H, Olefinic-H), 7.51 (s, 1H, Ar-H), 7.74 (d,
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2H, J¼ 8.5 Hz, Ar-H), 7.81 (s, 1H, Ar-H), 8.01 (d, 2H, J¼ 8.0 Hz, Ar-H),
11.28 (brs, 1H, NH). MS m/z (%): 438.5 (8.2, Mþ).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-2-morpholinoaceta-
mide (24)
1H-NMR (CDCl3-d6) d 2.58–2.76 (m, 4H, morpholine-H), 3.23–3.40
(m, 4H, morpholine-H), 3.85 (s, 2H, CH2), 7.40 (d, 2H, J¼ 8.0 Hz, Ar-
H), 7.49 (s, 1H, Olefinic-H), 7.52 (s, 1H, Olefinic-H), 7.59 (d, 2H,
J¼ 7.0 Hz, Ar-H), 7.74 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.96 (brs, 1H, NH),
8.05 (d, 2H, J¼ 7.0 Hz, Ar-H). 13C-NMR d 25.7, 26.5, 53.6, 66.6,
118.8, 118.9, 122.1, 128.5, 129.3, 129.6, 130.0, 130.8, 133.5, 133.9,
135.0, 136.4, 139.7, 141.6, 143.1, 164.2, 188.6. MS m/z (%): 384.8
(1.4, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-2-morpholinoaceta-
mide (25)
1H-NMR (CDCl3-d6) d 2.64–2.72 (m, 4H, morpholine-H), 3.55–3.61
(m, 4H, morpholine-H), 3.79 (s, 2H, CH2), 3.89 (s, 3H, OCH3), 7.23 (d,
2H, J¼ 6.5 Hz, Ar-H), 7.42 (s, 1H, Olefinic-H), 7.50 (s, 1H, Olefinic-H),
7.86 (d, 2H, J¼ 7.0 Hz, Ar-H), 7.94 (d, 2H, J¼ 8.5 Hz, Ar-H), 8.15 (d,
2H, J¼ 7.5 Hz, Ar-H), 10.99 (brs, 1H, NH). 13C-NMR d 23.8, 24.6,
46.7, 52.9, 55.6, 62.1, 114.2, 115.1, 117.9, 118.0, 118.8, 119.2, 122.4,
124.0, 126.7, 128.4, 133.0, 135.8, 144.0, 148.2, 156.7, 188.9. MS m/z
(%): 380.4 (11.2, Mþ).

(E)-N-(4-(3-(3,4-Dimethoxyphenyl)acryloyl)phenyl)-2-morpholinoa-
cetamide (26). 1H-NMR (CDCl3-d6) d 2.66–2.71 (m, 4H, morpholine-
H), 3.49–3.55 (m, 4H, morpholine-H), 3.67 (s, 3H, OCH3), 3.80 (s, 2H,
CH2), 3.88 (s, 3H, OCH3), 7.42 (d, 2H, J¼ 7.0 Hz, Ar-H), 7.55 (s, 1H,
Olefinic-H), 7.64 (s, 1H, Olefinic-H), 7.88 (d, 2H, J¼ 7.0 Hz, Ar-H),
7.91 (s, 1H, Ar-H), 8.10 (d, 2H, J¼ 8.5 Hz, Ar-H), 11.45 (brs, 1H, NH).
13C-NMR d 15.3, 23.0, 24.6, 52.3, 55.7, 60.9, 64.7, 113.2, 114.5,
116.8, 118.0, 118.9, 122.4, 123.9, 124.4, 130.1, 133.8, 142.7, 143.6,
148.7, 152.0, 166.7, 189.2. MS m/z (%): 410.4 (32.6, Mþ).

(E)-2-Morpholino-N-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phenyl)a-
cetamide (27)
1H-NMR (CDCl3-d6) d 2.34–2.86 (m, 4H, morpholine-H), 3.43–3.68
(m, 4H, morpholine-H), 3.65 (s, 3H, OCH3), 3.74 (s, 2H, CH2), 3.88 (s,
3H, OCH3), 3.95 (s, 3H, OCH3), 7.05 (s, 1H, Ar-H), 7.24 (d, 2H,
J¼ 8.0 Hz, Ar-H), 7.45 (s, 1H, Olefinic-H), 7.55 (s, 1H, Ar-H), 7.60 (s,
1H, Olefinic-H), 7.94 (d, 2H, J¼ 7.0 Hz, Ar-H), 11.25 (brs, 1H, NH).
13C-NMR d 14.9, 15.3, 48.7, 50.2, 55.6, 56.1, 55.9, 66.0, 112.6, 114.3,
115.9, 118.1, 118.9, 122.4, 125.7, 129.1, 133.0, 135.7, 138.4, 140.2,
144.9, 148.2, 159.7, 188.4. MS m/z (%): 440.5 (0.9, Mþ).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-2-(4-methylpiperazin-1-
yl)acetamide (28)
1H-NMR (CDCl3-d6) d 1.25 (s, 3H, CH3), 1.52–1.55 (m, 4H, pipera-
zine-H), 2.04 (t, 2H, piperazine-H), 2.10 (t, 2H, piperazine-H), 3.49 (s,
2H, CH2), 7.21 (d, 2H, J¼ 7.5 Hz, Ar-H), 7.42 (s, 1H, Olefinic-H), 7.55
(s, 1H, Olefinic-H), 7.64 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.85 (d, 2H,
J¼ 8.5 Hz, Ar-H), 8.25 (d, 2H, J¼ 7.0 Hz, Ar-H), 9.73 (s, 1H, NH). 13C-
NMR d 15.2, 25.7, 26.4, 52.9, 55.9, 67.0, 114.6, 116.7, 118.1, 119.4,
121.5, 123.0, 125.9, 126.3, 128.2, 130.4, 134.0, 139.0, 144.2, 148.6,
166.9, 186.9. MS m/z (%): 397.9 (9.5, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-2-(4-methylpiperazin-
1-yl)acetamide (29)
1H-NMR (CDCl3-d6) d 1.14 (s, 3H, CH3), 1.45–1.53 (m, 4H, pipera-
zine-H), 2.11–2.34 (m, 4H, piperazine-H), 3.40 (s, 2H, CH2), 3.88 (s,
3H, OCH3), 7.39 (s, 1H, Olefinic-H), 7.50 (d, 2H, J¼ 8.0 Hz, Ar-H),
7.62 (s, 1H, Olefinic-H), 7.78 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.84 (d, 2H,
J¼ 8.0 Hz, Ar-H), 8.15 (d, 2H, J¼ 7.0 Hz, Ar-H), 10.35 (s, 1H, NH).
13C-NMR d 13.5, 23.8, 24.6, 49.1, 52.4, 55.8, 66.0, 112.5, 114.8,
116.0, 118.7, 120.4, 128.1, 130.9, 133.2, 134.6, 138.2, 141.5, 146.1,
148.7, 155.0, 167.8, 189.2. MS m/z (%): 393.4 (13.4, Mþ).

(E)-N-(4-(3-(3,4-dimethoxyphenyl)acryloyl)phenyl)-2-(4-methylpiper-
azin-1-yl)acetamide (30)
1H-NMR (CDCl3-d6) d 1.23 (s, 3H, CH3), 1.21–1.43 (m, 4H, pipera-
zine-H), 2.59–2.73 (m, 4H, piperazine-H), 3.66 (s, 2H, CH2), 3.88 (s,
3H, OCH3), 3.94 (s, 3H, OCH3), 7.41 (s, 1H, Olefinic-H), 7.58 (s, 1H,
Ar-H), 7.70 (s, 1H, Olefinic-H), 7.78 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.89 (d,
2H, J¼ 8.0 Hz, Ar-H), 8.00 (d, 2H, J¼ 6.5 Hz, Ar-H), 9.88 (s, 1H, NH).
MS m/z (%): 423.5 (8.2, Mþ).

(E)-2-(4-Methylpiperazin-1-yl)-N-(4-(3-(3,4,5-trimethoxyphenyl)acry-
loyl)phenyl)acetamide (31)
1H-NMR (CDCl3-d6) d 1.19 (s, 3H, CH3), 1.22–1.43 (m, 4H, pipera-
zine-H), 2.54–2.72 (m, 4H, piperazine-H), 3.52 (s, 2H, CH2), 3.88 (s,
3H, OCH3), 3.94 (s, 3H, OCH3), 3.99 (s, 3H, OCH3), 7.33 (s, 1H,
Olefinic-H), 7.51 (s, 1H, Ar-H), 7.65 (s, 1H, Olefinic-H), 7.72 (s, 1H,
Ar-H), 7.99 (d, 2H, J¼ 8.0 Hz, Ar-H), 8.03 (d, 2H, J¼ 6.5 Hz, Ar-H),
11.36 (s, 1H, NH). 13C-NMR d 15.2, 24.9, 25.3, 41.0, 45.7, 55.8, 56.4,
60.1, 66.9, 112.0, 113.9, 115.7, 117.2, 120.4, 125.8, 129.0, 131.5,
132.7, 135.8, 139.4, 144.2, 148.7, 151.7, 167.1, 188.0. MS m/z (%):
453.5 (24.6, Mþ).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-2-(4-phenylpiperazin-1-
yl)acetamide (32)
1H-NMR (CDCl3-d6) d 1.39–1.50 (m, 4H, piperazine-H), 2.77–2.84 (m,
4H, piperazine-H), 3.70 (s, 2H, CH2), 7.41 (s, 1H, Olefinic-H), 7.58 (s,
1H, Olefinic-H), 7.72–7.86 (m, 5H, Ar-H), 7.88 (d, 2H, J¼ 8.0 Hz, Ar-
H), 7.95 (d, 2H, J¼ 7.5 Hz, Ar-H), 7.95 (d, 2H, J¼ 7.5 Hz, Ar-H), 8.04
(m, 2H, Ar-H), 10.45 (s, 1H, NH). 13C-NMR d 23.5, 24.1, 44.8, 52.0,
61.4, 112.4, 114.5, 117.9, 118.1, 118.9, 122.0, 123.4, 125.7, 127.1,
128.9, 129.2, 130.5, 132.8, 133.5, 137.0, 141.2, 144.1, 149.6, 157.2,
164.8, 188.0. MS m/z (%): 459.9 (7.5, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-2-(4-phenylpiperazin-
1-yl)acetamide (33)
1H-NMR (CDCl3-d6) d 1.35–1.52 (m, 4H, piperazine-H), 2.77–2.82 (m,
4H, piperazine-H), 3.65 (s, 2H, CH2), 3.73 (s, 3H, OCH3), 7.22 (s, 1H,
Olefinic-H), 7.63 (s, 1H, Olefinic-H), 7.66–7.89 (m, 5H, Ar-H), 7.90 (d,
2H, J¼ 6.0 Hz, Ar-H), 7.99 (d, 2H, J¼ 7.5 Hz, Ar-H), 8.09 (m, 4H, Ar-
H), 8.12 (d, 2H, J¼ 9.0 Hz, Ar-H), 9.40 (s, 1H, NH). 13C-NMR d 24.9,
25.8, 48.9, 53.1, 55.9, 65.3, 110.0, 111.9, 113.8, 115.2, 118.9, 120.0,
122.2, 124.3, 127.3, 128.4, 130.6, 131.4, 133.6, 142.9, 147.8, 148.5,
152.0, 152.4, 156.2, 166.4, 187.3. MS m/z (%): 455.5 (21.3, Mþ).

(E)-N-(4-(3-(3,4-dimethoxyphenyl)acryloyl)phenyl)-2-(4-phenylpiper-
azin-1-yl)acetamide (34)
1H-NMR (CDCl3-d6) d 1.35–2.62 (m, 8H, piperazine-H), 3.54 (s, 2H,
CH2), 3.76 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 7.34 (s, 1H, Olefinic-H),
7.55 (s, 1H, Ar-H), 7.70 (s, 1H, Olefinic-H), 7.75–7.99 (m, 5H, Ar-H),
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8.01 (d, 4H, J¼ 6.0 Hz, Ar-H), 8.15 (m, 2H, Ar-H), 9.99 (s, 1H, NH).
13C-NMR d 26.8, 27.1, 46.0, 53.9, 55.8, 56.9, 66.3, 111.5, 113.6,
114.9, 115.7, 118.0, 118.7, 120.4, 121.5, 122.7, 124.4, 126.8, 130.6,
131.9, 132.7, 135.0, 141.0, 144.6, 146.8, 150.7, 152.9, 162.0, 188.7.
MS m/z (%): 485.5 (20.8, Mþ).

(E)-2-(4-Phenylpiperazin-1-yl)-N-(4-(3-(3,4,5-trimethoxyphenyl)acry-
loyl)phenyl)acetamide (35)
1H-NMR (CDCl3-d6) d 1.35–1.68 (m, 4H, piperazine-H), 2.11–2.46 (m,
4H, piperazine-H), 3.50 (s, 2H, CH2), 3.64 (s, 3H, OCH3), 3.89 (s, 3H,
OCH3), 4.21 (s, 3H, OCH3), 6.81 (s, 1H, Olefinic-H), 7.06 (s, 1H, Ar-H),
7.29 (s, 1H, Ar-H), 7.54 (s, 1H, Olefinic-H), 7.61–7.86 (m, 5H, Ar-H),
7.94 (d, 2H, J¼ 8.0 Hz, Ar-H), 8.06 (d, 2H, J¼ 8.5 Hz, Ar-H), 10.19 (s,
1H, NH). 13C-NMR d 22.6, 25.7, 41.0, 46.3, 55.8, 56.3, 60.7, 62.4,
110.0, 112.7, 113.5, 115.2, 118.4, 118.7, 118.9, 120.6, 122.4, 124.6,
125.0, 127.9, 130.9, 131.4, 136.0, 141.2, 143.6, 143.9, 155.7, 161.8,
169.0, 189.7. MS m/z (%): 515.6 (10.7, Mþ).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-3-(piperidin-1-yl)propa-
namide (36)
1H-NMR (CDCl3-d6) d 1.24 (t, 2H, J¼ 12.0 Hz, CH2), 1.72–1.76 (m,
4H, piperidine-H), 2.57–2.59 (m, 4H, piperidine-H), 2.72 (t, 2H,
piperazine-H), 3.72 (t, 2H, J¼ 12.5 Hz, CH2), 7.39 (d, 2H, J¼ 6.5 Hz,
Ar-H), 7.51 (s, 1H, Olefinic-H), 7.53 (s, 1H, Olefinic-H), 7.57 (d, 2H,
J¼ 8.0 Hz, Ar-H), 7.70 (d, 2H, J¼ 8.0 Hz, Ar-H), 8.08 (d, 2H,
J¼ 8.0 Hz, Ar-H), 11.73 (s, 1H, NH). 13C-NMR d 18.4, 24.1, 26.1, 32.6,
53.7, 54.1, 66.5, 118.8, 118.9, 120.6, 122.3, 126.0, 127.9, 129.2,
129.6, 130.1, 132.9, 133.6, 136.3, 142.7, 143.4, 171.1, 188.6. MS m/z
(%): 396.9 (27.5, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-3-(piperidin-1-yl)pro-
panamide (37)
1H-NMR (CDCl3-d6) d 1.65–1.68 (m, 4H, piperidine-H), 1.89–1.93 (m,
6H, piperidine-H), 3.13 (t, 2H, J¼ 1.5 Hz, CH2), 3.74 (s, 3H, OCH3),
3.85 (t, 2H, J¼ 2.0 Hz, CH2), 6.75 (d, 2H, J¼ 7.0 Hz, Ar-H), 6.95 (d,
2H, J¼ 13.5 Hz, Ar-H), 7.30 (s, 1H, Olefinic-H), 7.40 (s, 1H, Olefinic-
H), 7.60 (d, 2H, J¼ 7.5 Hz, Ar-H), 7.78 (d, 2H, J¼ 8.0 Hz, Ar-H), 9.43
(s, 1H, NH). 13C-NMR d 22.5, 22.8, 24.2, 31.8, 44.5, 47.5, 53.8, 55.3,
114.1, 114.4, 119.3, 119.5, 119.7, 127.8, 129.2, 129.6, 130.0, 130.4,
133.8, 142.7, 144.1, 161.5, 168.0, 189.2. MS m/z (%): 392.5
(6.1, Mþ).

(E)-3-(Piperidin-1-yl)-N-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phe-
nyl)propanamide (38)
1H-NMR (CDCl3-d6) d 1.23 (t, 4H, J¼ 6.5 Hz, piperidine-H), 1.74–1.77
(m, 6H, piperidine-H), 2.61 (t, 2H, J¼ 5.5 Hz, CH2), 2.76 (t, 2H,
J¼ 4.0 Hz, CH2), 3.72 (s, 3H, OCH3), 3.89 (s, 3H, OCH3) , 7.26 (s, 1H,
Ar-H), 7.40 (s, 1H, Olefinic-H), 7.42 (s, 1H, Olefinic-H), 7.70 (d, 2H,
J¼ 7.5 Hz, Ar-H), 7.98 (d, 2H, J¼ 7.0 Hz, Ar-H), 8.02 (d, 2H,
J¼ 7.0 Hz, Ar-H), 11.65 (brs, 1H, NH). 13C-NMR d 18.5, 23.9, 25.9,
32.6, 53.6, 54.1, 56.3, 58.4, 61.0, 105.6, 114.2, 117.9, 118.8, 118.9,
121.3, 122.6, 127.9, 130.0, 130.6, 133.2, 140.3, 143.2, 144.5, 153.5,
188.9. MS m/z (%): 422.5 (20.7, Mþ).

(E)-3-(Piperidin-1-yl)-N-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phe-
nyl)propanamide (39)
1H-NMR (CDCl3-d6) d 1.20–1.80 (m, 10H, piperidine-H), 2.54 (t, 2H,
J¼ 2.5 Hz, CH2), 2.81 (t, 2H, J¼ 2.0 Hz, CH2), 3.69 (s, 3H, OCH3), 3.89
(s, 3H, OCH3) , 3.92 (s, 3H, OCH3), 7.26 (s, 1H, Ar-H), 7.40 (s, 1H,

Olefinic-H), 7.42 (s, 1H, Olefinic-H), 7.52 (s, 1H, Ar-H), 7.70 (d, 2H,
J¼ 7.5 Hz, Ar-H), 8.02 (d, 2H, J¼ 9.5 Hz, Ar-H), 10.57 (brs, 1H, NH).
13C-NMR d 24.1, 25.4, 28.7, 41.0, 45.7, 55.8, 57.1, 60.3, 62.7, 66.9,
110.3, 112.8, 114.0, 116.7, 118.0, 118.4, 119.5, 120.7, 122.4, 124.9,
128.7, 136.7, 144.8, 153.4, 162.7, 188.7. MS m/z (%): 452.5
(27.5, Mþ).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-3-morpholinopropana-
mide (40)
1H-NMR (CDCl3-d6) d 1.24–1.59 (m, 4H, morpholine-H), 2.24–2.64
(m, 4H, morpholine-H), 2.74 (t, 2H, J¼ 1.5 Hz, CH2), 2.79 (t, 2H,
J¼ 1.5 Hz, CH2), 7.31 (s, 1H, Olefinic-H), 7.42 (s, 1H, Olefinic-H), 7.95
(d, 4H, J¼ 7.5 Hz, Ar-H), 8.14 (d, 4H, J¼ 9.5 Hz, Ar-H), 10.18 (brs, 1H,
NH). 13C-NMR d 24.5, 25.9, 41.7, 52.7, 59.1, 61.7, 110.5, 118.7, 119.2,
120.4, 122.4, 130.6, 133.2, 134.7, 136.0, 138.4, 140.5, 143.8, 149.7,
153.7, 164.7, 189.1. MS m/z (%): 398.8 (0.8, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-3-morpholinopropa-
namide (41)
1H-NMR (CDCl3-d6) d 1.29–1.44 (m, 4H, morpholine-H), 2.53–2.66
(m, 4H, morpholine-H), 2.71 (t, 2H, J¼ 1.5 Hz, CH2), 2.82 (t, 2H,
J¼ 1.5 Hz, CH2), 3.88 (s, 3H, OCH3), 7.44 (s, 1H, Olefinic-H), 7.53 (s,
1H, Olefinic-H), 7.64 (d, 2H, J¼ 7.5 Hz, Ar-H), 7.72 (d, 2H, J¼ 8.0 Hz,
Ar-H), 7.94 (d, 2H, J¼ 7.5 Hz, Ar-H), 8.04 (d, 2H, J¼ 9.5 Hz, Ar-H),
10.57 (brs, 1H, NH). 13C-NMR d 23.1, 24.7, 43.8, 51.2, 55.8, 59.7,
60.0, 116.7, 118.9, 120.1, 124.0, 126.3, 127.8, 128.4, 130.9, 133.7,
135.2, 139.7, 142.8, 152.0, 158.3, 164.2, 187.2. MS m/z (%): 394.4
(12.3, Mþ).

(E)-N-(4-(3-(3,4-Dimethoxyphenyl)acryloyl)phenyl)-3-morpholino-
propanamide (42)
1H-NMR (CDCl3-d6) d 1.24 (t, 4H, J¼ 12.0 Hz, morpholine-H),
2.85–3.02 (m, 4H, morpholine-H), 3.72 (t, 2H, J¼ 2.5 Hz, CH2), 3.79
(t, 2H, J¼ 2.0 Hz, CH2), 3.93 (s, 3H, OCH3), 3.96 (s, 3H, OCH3), 7.16
(d, 2H, J¼ 7.0 Hz, Ar-H), 7.22 (d, 2H, J¼ 7.5 Hz, Ar-H), 7.37 (s, 1H,
Olefinic-H), 7.40 (s, 1H, Olefinic-H), 7.73 (brs, 1H, NH), 7.77 (s, 1H,
Ar-H), 8.02 (d, 2H, J¼ 7.0 Hz, Ar-H). 13C-NMR d 32.1, 52.7, 53.9, 56.0,
56.1, 65.9, 110.1, 111.1, 114.6, 115.2, 116.8, 118.9, 119.0, 119.7,
123.1, 127.9, 129.9, 133.8, 142.4, 144.7, 149.2, 151.4, 166.7, 189.0.
MS m/z (%): 424.5 (10.1, Mþ).

(E)-3-Morpholino-N-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phenyl)-
propanamide (43)
1H-NMR (CDCl3-d6) d 1.22–1.24 (m, 4H, morpholine-H), 1.25–1.27
(m, 4H, morpholine-H), 2.75 (t, 2H, J¼ 2.0 Hz, CH2), 2.89 (t, 2H,
J¼ 2.5 Hz, CH2), 3.81 (s, 3H, OCH3), 3.90 (s, 3H, OCH3), 3.92 (s, 3H,
OCH3), 6.86 (s, 1H, Ar-H), 7.03 (s, 1H, Ar-H), 7.39 (d, 2H, J¼ 8.5 Hz,
Ar-H), 7.44 (s, 1H, Olefinic-H), 7.53 (s, 1H, Olefinic-H), 8.00 (d, 2H,
J¼ 7.0 Hz, Ar-H), 10.99 (brs, 1H, NH). 13C-NMR d 18.5, 32.2, 52.8,
53.9, 56.0, 61.0, 66.5, 105.6, 106.9, 110.5, 112.9, 113.4, 117.0, 118.9,
119.0, 121.2, 130.1, 130.5, 133.6, 134.4, 142.7, 144.6, 153.5, 167.9,
188.9. MS m/z (%): 454.5 (13.4, Mþ).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-3-(4-methylpiperazin-1-
yl)propanamide (44)
1H-NMR (CDCl3-d6) d 1.15 (s, 3H, CH3), 1.20–1.29 (m, 4H, pipera-
zine-H), 1.76–1.95 (m, 4H, piperazine-H), 2.54 (t, 2H, J¼ 1.5 Hz,
CH2), 2.79 (t, 2H, J¼ 2.0 Hz, CH2), 7.24 (d, 2H, J¼ 8.5 Hz, Ar-H), 7.24
(s, 1H, Olefinic-H), 7.42 (s, 1H, Olefinic-H), 7.61 (d, 4H, J¼ 8.5 Hz,
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Ar-H), 8.14 (d, 2H, J¼ 7.5 Hz, Ar-H), 11.63 (brs, 1H, NH). 13C-NMR d
15.2, 23.4, 25.0, 41.3, 49.8, 57.8, 64.9, 112.8, 113.9, 115.0, 118.9,
121.7, 124.0, 127.3, 128.4, 133.9, 136.5, 140.7, 141.2, 144.9, 150.7,
162.4, 186.7. MS m/z (%): 411.9 (22.5, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-3-(4-methylpiperazin-
1-yl)propanamide (45)
1H-NMR (CDCl3-d6) d 1.11 (s, 3H, CH3), 1.25–1.34 (m, 4H, pipera-
zine-H), 1.52–1.71 (m, 4H, piperazine-H), 2.63 (t, 2H, J¼ 2.5 Hz,
CH2), 2.84 (t, 2H, J¼ 2.0 Hz, CH2), 3.87 (s, 3H, OCH3), 5.34 (s, 1H,
NH), 7.21 (s, 1H, Olefinic-H), 7.33 (d, 4H, J¼ 8.0 Hz, Ar-H), 7.45 (s,
1H, Olefinic-H), 7.94 (d, 4H, J¼ 8.0 Hz, Ar-H). 13C-NMR d 14.0, 24.2,
26.1, 39.2, 42.8, 55.9, 57.8, 60.4, 112.4, 116.8, 119.4, 121.1, 123.5,
125.0, 127.4, 128.0, 128.9, 133.4, 135.7, 138.7, 141.6, 155.4, 160.9,
189.2. MS m/z (%): 407.5 (1.9, Mþ).

(E)-N-(4-(3-(3,4-Dimethoxyphenyl)acryloyl)phenyl)-3-(4-methylpiper-
azin-1-yl)propanamide (46)
1H-NMR (CDCl3-d6) d 1.20 (s, 3H, CH3), 1.24–1.36 (m, 4H, pipera-
zine-H), 1.47–1.76 (m, 4H, piperazine-H), 2.68 (t, 2H, J¼ 1.5 Hz,
CH2), 2.89 (t, 2H, J¼ 2.5 Hz, CH2), 3.87 (s, 3H, OCH3), 3.94 (s, 3H,
OCH3), 6.41 (s, 1H, NH), 7.36 (s, 1H, Olefinic-H), 7.49 (d, 2H,
J¼ 6.5 Hz, Ar-H), 7.53 (s, 1H, Ar-H), 7.55 (s, 1H, Olefinic-H), 8.00 (d,
4H, J¼ 8.0 Hz, Ar-H). MS m/z (%): 437.5 (29.4, Mþ).

(E)-3-(4-Methylpiperazin-1-yl)-N-(4-(3-(3,4,5-trimethoxyphenyl)acry-
loyl)phenyl)propanamide (47)
1H-NMR (CDCl3-d6) d 1.17 (s, 3H, CH3), 1.24–1.76 (m, 8H, pipera-
zine-H), 3.01 (t, 2H, J¼ 2.5 Hz, CH2), 3.22 (t, 2H, J¼ 2.0 Hz, CH2),
3.89 (s, 3H, OCH3), 3.94 (s, 3H, OCH3), 4.15 (s, 3H, OCH3), 7.40 (s,
1H, Olefinic-H), 7.55 (s, 1H, Ar-H), 7.59 (d, 4H, J¼ 8.5 Hz, Ar-H), 7.60
(s, 1H, Ar-H), 7.67 (s, 1H, Olefinic-H), 8.41 (s, 1H, NH). 13C-NMR d
11.9, 21.8, 26.7, 37.5, 41.0, 55.8, 56.4, 59.1, 60.7, 64.3, 110.4, 118.7,
118.9, 119.4, 120.7, 123.5, 127.4, 126.8, 129.0, 131.4, 132.7, 146.2,
148.1, 152.0, 164.7, 182.0. MS m/z (%): 467.5 (17.0, Mþ).

(E)-N-(4-(3-(4-Chlorophenyl)acryloyl)phenyl)-3-(4-phenylpiperazin-1-
yl)propanamide (48)
1H-NMR (CDCl3-d6) d 1.24–1.46 (m, 4H, piperazine-H), 1.72–1.99 (m,
4H, piperazine-H), 2.87 (t, 2H, J¼ 2.5 Hz, CH2), 3.13 (t, 2H,
J¼ 1.0 Hz, CH2), 7.23 (s, 1H, Olefinic-H), 7.44 (s, 1H, Olefinic-H), 7.52
(d, 2H, J¼ 8.5 Hz, Ar-H), 7.60 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.84 (d, 4H,
J¼ 8.5 Hz, Ar-H), 7.91–8.05 (m, 5H, Ar-H), 10.13 (s, 1H, NH). 13C-
NMR d 24.2, 27.5, 41.1, 50.3, 57.8, 60.1, 110.3, 113.6, 115.2, 118.0,
118.9, 120.8, 122.5, 125.1, 127.1, 130.6, 133.7, 137.2, 139.4, 140.2,
143.6, 144.8, 148.6, 150.2, 155.9, 159,0, 164.3, 187.5. MS m/z (%):
473.1 (12.8, Mþ).

(E)-N-(4-(3-(4-Methoxyphenyl)acryloyl)phenyl)-3-(4-phenylpiperazin-
1-yl)propanamide (49)
1H-NMR (CDCl3-d6) d 1.27–1.40 (m, 4H, piperazine-H), 1.69–1.83 (m,
4H, piperazine-H), 3.88 (s, 3H, OCH3), 2.90 (t, 2H, J¼ 2.0 Hz, CH2),
2.95 (t, 2H, J¼ 1.0 Hz, CH2), 6.82 (s, 1H, Olefinic-H), 7.49 (s, 1H,
Olefinic-H), 7.60 (d, 2H, J¼ 7.5 Hz, Ar-H), 7.71–7.79 (m, 5H, Ar-H),
7.81 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.89 (d, 2H, J¼ 8.0 Hz, Ar-H), 7.96 (d,
2H, J¼ 8.0 Hz, Ar-H), 11.34 (s, 1H, NH). 13C-NMR d 21.4, 23.6, 41.7,
49.7, 55.9, 60.1, 65.3, 112.4, 115.1, 115.4, 118.1, 119.3, 121.4, 122.0,
125.8, 127.3, 134.6, 139.2, 141.7, 142.5, 144.3, 147.4, 148.0, 150.6,
152.3, 155.2, 158.2, 163.4, 189.4. MS m/z (%): 469.5 (11.0, Mþ).

(E)-N-(4-(3-(3,4-Dimethoxyphenyl)acryloyl)phenyl)-3-(4-phenylpiper-
azin-1-yl)propanamide (50)
1H-NMR (CDCl3-d6) d 1.27–1.75 (m, 8H, piperazine-H), 3.85 (s, 3H,
OCH3), 3.89 (s, 3H, OCH3), 2.79 (t, 2H, J¼ 2.5 Hz, CH2), 3.01 (t, 2H,
J¼ 1.5 Hz, CH2), 7.19 (s, 1H, Olefinic-H), 7.40 (s, 1H, Olefinic-H), 7.55
(d, 2H, J¼ 8.0 Hz, Ar-H), 7.63 (s, 1H, Ar-H), 7.75–7.99 (m, 5H, Ar-H),
8.01 (d, 2H, J¼ 8.0 Hz, Ar-H), 8.17 (d, 2H, J¼ 8.5 Hz, Ar-H), 10.27 (s,
1H, NH). 13C-NMR d 23.4, 25.1, 41.7, 44.5, 55.8, 56.4, 59.1, 66.0,
110.7, 115.9, 117.3, 118.0, 118.9, 121.5, 122.4, 123.8, 125.0, 125.7,
127.9, 129.3, 130.2, 133.7, 139.0, 141.2, 143.6, 147.2, 159.4, 167.2,
189.4. MS m/z (%): 499.6 (32.5, Mþ).

(E)-3-(4-Phenylpiperazin-1-yl)-N-(4-(3-(3,4,5-trimethoxyphenyl)acry-
loyl)phenyl)propanamide (51)
1H-NMR (CDCl3-d6) d 1.30–1.64 (m, 8H, piperazine-H), 3.85 (s, 3H,
OCH3), 3.89 (s, 3H, OCH3), 4.01 (s, 3H, OCH3), 2.61 (t, 2H, CH2), 2.96
(t, 2H, CH2), 7.28 (s, 1H, Olefinic-H), 7.42 (s, 1H, Olefinic-H), 7.54 (s,
1H, Ar-H), 7.64 (s, 1H, Ar-H), 7.69 (d, 2H, J¼ 7.5 Hz, Ar-H), 7.73–8.06
(m, 5H, Ar-H), 8.11 (d, 2H, J¼ 8.5 Hz, Ar-H), 11.03 (s, 1H, NH). 13C-
NMR d 24.1, 26.8, 43.8, 54.9, 55.8, 56.1, 59.3, 60.7, 64.3, 110.1,
112.5, 116.1, 117.3, 118.9, 121.0, 122.6, 125.5, 126.1, 126.8, 127.6,
129.4, 131.0, 133.7, 135.4, 139.7, 141.2, 143.7, 150.7, 166.9, 184.2.
MS m/z (%): 529.6 (29.1, Mþ).

Determination of in vitro antimicrobial activity

The primary screen was carried out using the agar disc-diffusion
method27 using M€uller–Hinton agar medium. Sterile filter paper
discs (8mm diameter) were moistened with the compound solution
in dimethylsulfoxide of specific concentration 200mg/disc, the anti-
bacterial antibiotic ampicillin, ciprofloxacin, and the antifungal drug
Clotrimazole (100mg/disc), used as positive control, were carefully
placed on the agar cultures plates that had been previously inocu-
lated separately with the microorganisms. The plates were incu-
bated at 37 �C, and the clear zone (inhibition zone) around each
compound was measured in (mm) the diameter after 24h in case
of bacteria and at 25 �C for 48 h in case of fungi The Minimal inhibi-
tory concentrations (MIC) and the minimal bactericidal concentra-
tions (MBC) for the compounds 36, 37, 38, 42, and 44 against the
same microorganisms used in the primary screening were carried
out using the microdilution susceptibility method in M€uller–Hinton
Broth28 The same compounds except 42 and 44 were tested for
bio-film activity against Staphylococcus aureus IFO 3060, Micrococcus
luteus IFO 3232 and Pseudomonas aeuroginosa IFO 3448 The tested
compounds and antimicrobial standard solution were dissolved in
dimethylsulfoxide at concentration of 64mg/ml. The twofold dilu-
tions of the solution were prepared (64, 32, … , 0.5mg/ml). The
microorganism suspensions at 106 CFU/ml (colony forming unit/ml)
concentrations were inoculated to the corresponding wells. The
plates were incubated at 37 �C for 24h. The MIC values were deter-
mined as the lowest concentration that inhibited the growth of the
microorganism and the MBC values were determined by the lowest
concentration that killed of the microorganism by re-cultured on
solid medium to verify the absence of growth The anti-biofilm activ-
ity was done as follows, two-fold serial dilutions of tested com-
pounds were made in sterile 96-well tissue culture plates containing
50ml of Mueller–Hinton broth per well. A 50ml of fresh bacterial sus-
pension (1.0 McFarland) was added to each well. Positive control
(bacterial cellsþbroth) and negative control were included. After
incubation at 37 �C for 48h, the biofilm biomass was assayed using
the crystal violet staining assay method29. The biofilm inhibition
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concentration was defined as the lowest concentration of the tested
compound that showed 50% inhibition on the biofilm formation.

Molecular modelling

The three-dimensional structures of some selected substituted
amide chalcone derivatives, which represent best anti-biofilm
inhibitor, in their neutral forms, were built by using the MOE of
Chemical Computing Group Inc. software (Montreal, Canada). The
Lowest energy conformer of new analogues “global-minima” was
docked into the binding pocket of Cyclic di-GMP (c-di-GMP) that is
a widely conserved second-messenger Synthesis of c-di-GMP
occurs via diguanylate cyclase (DGC) enzymes encoding of c-di-
GMP occurs via phosphodiesterase (PDE) enzymes. DGCs is of fun-
damental importance for c-di-GMP signalling and cellular homeo-
stasis30. It was obtained from the Protein Data Bank of
Brookhaven National Laboratory. The hydrogens were added, then
enzyme structure was subjected a refinement protocol where the
constraints on the enzyme were gradually removed and minimised
until the RMSD gradient was 0.01 kcal/mol Å. Energy minimisation
was carried out using the molecular mechanics force field
“AMBER”. For each quinazoline derivative, energy minimisations
(EM) were performed using 1000 steps of steepest descent, fol-
lowed by conjugate gradient minimisation to a RMSD energy gra-
dient of 0.01 kcal/mol Å. The active site of the enzyme was
detected using a radius of 10.0 Å around MTX. The energy of bind-
ing was calculated as the difference between the energy of the
complex and individual energies of the enzyme and ligand31–34.

The compounds under study underwent flexible alignment
experiment using “Molecular Operating Environment” software
(MOE of Chemical Computing Group Inc., on a Core i7 2.3 GHz
workstation, Montreal, Canada). The molecules were constructed
using the Builder module of MOE. Their geometry was optimised
by using the MMFF94 forcefield followed by a flexible alignment

using systematic conformational search. The lowest energy aligned
conformers were identified. ADMET Calculations were determined
using implemented tool in MOE, 2009.10.

Results and discussion

Chemistry

The synthetic strategy to prepare the new target compounds was
outlined in Scheme 1. The amino function of 1-(4-aminophenyl)-3-
(substituted phenyl)prop-2-en-1-one analogues 6–9 was acylated
with either 2-chloroacetyl chloride (10) or 3-chloropropionyl chlor-
ide (11) in presence of potassium carbonate in dry toluene to
yield (E)-2-chloro-N-(4-(3-(substituedphenyl)acryloyl)phenyl)aceta-
mides (12–15), (E)-3-chloro-N-(4-(3-(substitutedphenyl)acryloyl)phe-
nyl)propanamides (16–19). The 1H-NMR spectra of the synthesised
intermediates (12–15) proved to accommodate the –COCH2Cl moi-
ety into the structures of 6–9 by the appearance of singlet inte-
grated for two protons at a range of d 4.28–4.56 ppm depending
on the type of substituent on the phenyl ring. The integration of
–COCH2CH2Cl moiety to produce the intermediates 16–19 was
also proved by the appearance of a set of two triplets integrated
for four protons at a range of d 2.92–3.91 ppm. The target com-
pounds 20–51, were obtained by the reaction of the intermediate
derivatives 12–19 with a variety of secondary amines in dry tolu-
ene (Scheme 1, Table 1). 1H-NMR spectra proved the inclusion of
the secondary amines into the structures of the target com-
pounds. Piperidine appeared as either two sets of triplets multip-
lets at d 1.58 and 2.84 or as one multiplet in the range of d
1.20–3.18 integrated as ten protons; morpholine appeared as two
multiplets at d 1.24, 3.86 ppm integrated for eight protons; pipera-
zines showed either sets of triplets and multiplets at d 1.52 and
2.10 or two multiplets at d 1.21–2.84 ppm integrated for eight pro-
tons, 13C-NMR and Mass spectral analyses confirmed the afore-
mentioned findings.
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x = CH2, O, N-CH3, N-C6H5

1: R = 4-CI
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3: R = 3, 4-di OCH3
1: R = 3,4,5-tri OCH3

Scheme 1. Synthesis of the target compounds 20–51.
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Table 3. The Minimal Inhibitory Concentrations (MIC, mg/ml) and Minimal Bactericidal Concentrations (MBC mg/ml) of compounds 36,
37, 38, 42, and 44 in comparison with the broad spectrum antibacterial drug, Ampicillin or Ciprofloxacin, and antifungal drug
Clotrimazole against tested microorganism.

Compound No. S. aureus B. subtilis M. luteus E. coli P. aeuroginosa C. albicans A. oryzae A. niger

36
MIC 2.0 2.0 4.0 4.0 ND 2.0 4.0 5.0
MBC 4.0 6.0 8.0 8.0 ND 6.0 8.0 10.0

37
MIC 3.0 4.0 4.0 2.0 4.0 3.0 4.0 6.0
MBC 6.0 8.0 9.0 4.0 8.0 6.0 8.0 10.0

38
MIC 2.0 2.0 4.0 ND ND 3.0 4.0 ND
MBC 6.0 6.0 7.0 ND ND 6.0 10 ND

42
MIC 8.0 6.0 6.0 ND ND 4.0 ND ND
MBC ND ND ND ND ND 8.0 ND ND

44
MIC 4.0 4.0 6.0 4.0 ND ND ND ND
MBC 8.0 8.0 ND 8.0 ND ND ND ND

Ampicillin
MIC 2.0 1.0 2.0 1.0 ND ND ND ND
MBC 4.0 3.0 4.0 3.0 ND ND ND ND

Ciprofloxacin
MIC 0.5 0.5 0.5 0.25 1.0 ND ND ND
MBC 1.5 1.0 2.0 1.0 3.0 ND ND ND

Clotrimazole
MIC ND ND ND ND ND 2.0 3.0 5.0
MBC ND ND ND ND ND 5.0 6.0 8.0

ND: not determined.

Table 2. Antimicrobial activity of tested compounds (200 lg/8mm disc) against Gram positive bacteria (Staphylococcus aureus IFO 3060,
Bacillus subtilis IFO 3007, Micrococcus luteus IFO 3232), Gram negative bacteria (Escherichia coli IFO 3301, Pseudomonas aeuroginosa IFO 3448),
and Fungi (Candida albicans IFO 0583, Aspergillus oryzae IFO 4177 and Aspergillus niger IFO 4414).

Compound No.

Diameter of inhibition zone (mm)

Gram positive bacteria Gram positive bacteria Fungi

S. aureus B. subtilis M. luteus E. coli P. aeuroginosa C. albicans A. oryzae A. niger

20 – 14 11 12 10 – – –
21 9 12 10 14 – 10 – 10
22 – 14 – – – 11 – –
23 – 13 12 11 – 10 9 –
24 10 – – 13 9 13 – 9
25 – – 12 14 13 – – –
26 – 12 – – – – 10 –
27 14 16 15 12 – – – –
28 12 14 – – – 12 – –
29 14 16 – – – – – –
30 14 16 12 – – – – –
31 18 20 16 14 10 – – –
32 – 15 – – – – – –
33 10 12 10 – – – – –
34 – 13 – 11 9 – – –
35 – 11 – 10 – – – –
36 28 29 24 18 14 20 18 14
37 20 26 22 19 16 21 19 20
38 26 28 21 15 12 20 18 17
39 16 18 14 – – – – –
40 12 12 – 11 – 10 – –
41 – 14 – 12 – – – –
42 18 20 16 14 12 18 14 12
43 – – – – – – – –
44 21 22 20 18 16 12 10 –
45 10 12 – 14 10 10 – –
46 12 15 10 – – – – –
47 – 12 – 10 9 11 – –
48 – 14 – – – – 10 11
49 10 15 10 12 – 12 – –
50 – 11 – – – – – –
51 9 12 – 9 9 9 – –
Ampicillin 28 30 25 24 22 NT NT NT
Ciprofloxacin 34 38 32 38 36 NT NT NT
Clotrimazole NT NT NT NT NT 21 22 24

– : Not active (8mm), Weak activity (8–12mm), Moderate activity (12–15mm), Strong activity (>15mm). Solvent: DMSo (8mm).
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In vitro antimicrobial activity

The synthesised compounds were tested for their in vitro anti-
microbial activity against a panel of standard strains of the Gram-
positive bacteria (Staphylococcus aureus IFO 3060, Bacillus subtilis
IFO 3007, and Micrococcus luteus IFO 3232), the Gram-negative
bacteria (Escherichia coli IFO 3301 and Pseudomonas aeuroginosa
IFO 3448), and the pathogenic fungus Candida albicans IFO 0583,

Aspergillus oryzae IFO 4177, and Aspergillus niger IFO 4414. The pri-
mary screen was carried out using the agar disc-diffusion
method27. The results of the preliminary antimicrobial screening of
the synthesised compounds are shown in Table 2. The results
revealed that the majority of the synthesised compounds showed
varying degrees of inhibition against the tested microorganisms.
Gram-positive bacteria are considered the most sensitive among
the tested microorganisms. Compounds 36, 37, 38, 42, and 44
showed good activity against Gram-positive and fungi. The MIC
and MBC for the most active compounds 36, 37, 38, 42, and 44
against the same microorganism used in the primary screening
were carried out using the microdilution susceptibility method in
M€uller–Hinton Broth28 as shown in Table 3. Compounds 36, 37,
and 38 show good MIC and MBC against tested organisms. The
compounds 36, 37, and 38 show anti-biofilm activity (IC50, mg/ml)
against Staphylococcus aureus IFO 3060, Micrococcus luteus IFO
3232, and Pseudomonas aeuroginosa IFO 3448. Compound 36
shows the most potent anti-biofilm activity among all tested

Figure 1. Lowest energy conformers of compound (a) 36, (b) 38, and (c) 37 with balls and cylinders.

Figure 2. 2D binding mode and residues involved in the recognition of reference ligand at active site (c-di-GMP) Arg 386, Arg 390, Asp 362 Thr 379, Asp 383, and Arg
359 via hydrogen bonding interaction.

Table 4. Anti bio-film activity (IC50, mg/ml) of compounds 36, 37, and 38 against
Staphylococcus aureus IFO 3060, Micrococcus luteus IFO 3232, and Pseudomonas
aeuroginosa IFO 3448.

Compound No. S. aureus M. luteus P. aeuroginosa

36 2.4 ± 0.10 4.8 ± 0.11 7.8 ± 0.24
37 4.9 ± 0.21 5.7 ± 0.26 8.6 ± 0.22
38 2.9 ± 0.16 5.6 ± 0.22 6.4 ± 0.23
Erythromycin 0.45 ± 0.15 0.62 ± 0.11 0.84 ± 0.21

Results are mean values from at least three experiments ± SD.
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compounds as shown in Table 4 using the crystal violet staining
assay method31.

Structure–activity correlation

Structure–activity correlation, based on the different strains used
in the biological screening, revealed that, in general, the propana-
mide analogues are more active than the acetamide ones 20–35

that proved to be inactive against most of the tested organisms.
Some of the acetamide analogues showed moderate activity
against gram-positive organisms such as compounds 30 and 31.
These compounds are characterised by having multiple methoxy
groups in addition to the methyl piperazine moiety that proved to
be essential for activity. On the other hand, some of the propana-
mide derivatives proved active against most of the tested
organisms, compounds 36, 37, 38, 42, and 44 are active against

Figure 4. 3D binding mode and residues involved in the recognition of active compound 36 at active site (c-di-GMP).

Figure 5. 3D binding mode and residues involved in the recognition of active compound 37 at active site (c-di-GMP).

Figure 3. 2D binding mode and residues involved in the recognition of active biofilm inhibitors (a) Compound A, (b) Compound B, ligands as references at active site
(c-di-GMP).
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gram-positive bacteria, gram-negative bacteria and even the
pathogenic fungi. It was revealed that the presence of piperidine
moiety favours the activity as in the case of compounds 36, 37,
and 38 more than the morpholine moiety in 40 or N-methyl
piperazine group in 44. Furthermore, it was observed that the
presence of phenylpiperazine moiety did not favour the activity as
none of the compounds containing such group showed any kind
of activity against the tested organisms.

Molecular modelling study

Molecular docking study
It is becoming evident that c-di-GMP represents a pivotal second
messenger which is involved in bacterial virulence-related pheno-
types. Therefore, targeting the enzymes involved in c-diGMP syn-
thesis represents an appealing strategy for the development of
anti-biofilm drugs. The active site of the DGC domain of PleD from

Figure 7. 3D binding mode and residues involved in the recognition of active compound 38 at active site (c-di-GMP).

Figure 8. The aligned conformation of compound 38 (space filled cyan) occupying pocket c-di-GMP.

Figure 6. The aligned conformation of compound 37 (ball and stick) occupying pocket (space filled).
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C. crescentus (PDB accession number 2V0N) was used for in silico
in-depth study30. The definition of the I-site binding pocket pro-
vides an entry point into unravelling the molecular mechanisms of
ligand–protein interactions involved in c-di-GMP signalling and
makes DGCs a valuable target for drug design to develop new

strategies against biofilm-related diseases. Detailed modelling
study was carried out to assist the interpretation of the present
data and provide information on binding induced mobility, atom-
istically. The molecular mechanism of product inhibition through I-
site binding was quite interesting to be concerned.

Energy minimisation and conformational search study were
conducted to compounds under focus represented by 36, 37, and
38 (Figure 1). Docking of anti-biofilm exhibiting derivatives in add-
ition to co-crystallised ligand PleD were used to analyse the struc-
tural transitions that occur during I-site binding of c-di-GMP. The
reference ligand within the active site has been docked along
with the anti-biofilm compounds under focus 36, 37, and 38. A
close-up view of ligand binding pocket docked reference showed

Figure 9. Close-up view of ligand binding pocket crystal structure of the response regulator, within a bound dimer of c-di-GMP which make specific contacts to the lig-
and in the crystal structure.

Figure 10. Surface map for (a) compound 36, (b) compound 37 and (c) compound 38, Pink, hydrogen bond, blue: mild polar, green hydrophobic.

Table 5. Docking score of compounds
under study.

Compound Dock score

36 �10.75799
37 �10.61655
38 �13.1454
A �11.27966
B �9.757301
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binding to Arg386, Arg390, Asp362, Thr379, Asp383, and Arg359
via hydrogen bonding interaction (Figure 2). Additional small mol-
ecules that previously identified as potent DCG inhibitors were fur-
ther docked into enzyme along with our compounds to validate
our results35. Compound A inhibitor binds through HisB340 amino
acid residue via arene–arene interaction, AsnB335 (hydrogen
bonding) and Mg metal atom by amino acid network GluB370,
IleB328, AspB327 (Figure 3(a)). Compound B inhibitor binds with
HisB340 (hydrogen bonding) and Arg A148 (cationic–arene inter-
action) (Figure 3(b)). Three-dimensional structural complementar-
ities between the protein binding site and the ligands represent
one of the important factors determining the binding affinity.
Compound 36 HisB340 (arene–arene interaction), Mg…GluB370
hydrogen bonding, IleB328, AspB327 (Figure 4). Compound 37
showed binding via amino acid residues Arg B446 (cationic–arene)
in addition a triplet network binding with Mg via carbonyl oxygen
through GluB370, IleB328, AspB327 (Figure 5). Compound 38 stick
to active site via HisB340 (arene–arene interaction) Asp B344
(hydrogen bonding), Phe B331 (hydrogen bonding), furthermore
the connection with Mg via the two methoxy groups oxygen
atoms with GluB370, IleB328, AspB327 (Figure 7). Three-dimen-
sional structural complementarities between the protein binding
site and the ligands represent one of the important factors deter-
mining the binding affinity. In addition, all the tested compounds
were bound in the deep cleft of the binding site that was in
agreement with the binding location (Figures 4, 6, and 8). This
information gave us an understanding of how the compounds act
as biofilm inhibitors. General observation of docking results illus-
trated that the tested chalcone derivatives exhibited preponderant
affinity (based on the data of binding affinity). The binding energy
of the synthesised compounds showing least energy indicating
higher binding to the active site, they showed less energy even
than reference compounds A and B (Table 5).

Surface mapping
The influence of the substituent group’s physicochemical proper-
ties on the activity of the compounds was observed. More specific-
ally, hydrophobicity was found to be directly related to the
antimicrobial activity, in agreement with other studies carried out
for a different series of nifuroxazide analogues36–38. A surface map
for the active site within c-di-GMP was exported from protein data
bank site emphasising about hydrophobicity of the active site
(Figure 9). Further investigations were conducted to explore the
reasons behind the anti-biofilm formation activity of compounds
36, 37, and 38. Hydrophobic surface mapping study revealed that
compounds bearing methoxy and chloro groups showed more
lipophilic character (greener regions) and hence were able to
achieve more contact with the lipophobic pocket of the enzyme
(Figure 10). Moreover, 35 possess a more flat structure which
allows the compound to adopt conformation that utilizes more
hydrophobic space inside the pocket. The obtained hydrophobic
mapping and conformations emphasize a distinct role of hydro-
phobicity in the potential protein-binding site.

ADME calculations
Oral bioavailability represents essential role in the production of
bioactive molecules into therapeutic agents39. So, it was of great
importance to conduct a computational study for the prediction
of ADMET properties of compounds 36, 37, and 38 for the deter-
mination of topological polar surface area (TPSA), and the “rule of
five” formulated by Lipinski40 for the activity prediction of an
drug-likeness and oral administered drug, if it has no more than
one violation in its rules. The calculated descriptors were obtained
using the MOE package, and the results are listed in Table 6. The
obtained results revealed that the Log P are less than 5.0 for com-
pounds 36, 37, and 38, also the molecular weight was less than
500, hydrogen bond acceptor <10 and hydrogen bond donors <5
which fulfil Lipinski’s rule, number of rotatable bonds less than 10,
so all the compounds fulfil Lipinski rule with zero violations except
for compound 36 with one violation. In addition, the calculated
total polar surface area of all compounds is considered a key prop-
erty linked to drug bioavailability; the passively absorbed mole-
cules with TPSA >140 have low oral bioavailability, all the tested
compounds showed lower TPSA suggesting that compounds they
can be used as good orally absorbed anti-biofilm agents with
diminished toxicity among the investigated compounds.

Conclusions

The work reported herein provides an insight into the develop-
ment of novel antimicrobial and anti-biofilm agents effective over
wide range pathogenic strains. We have introduced a new class of
chalcone/amine hybrid structure employing an efficient simple
protocol which was evaluated for both antimicrobial and anti-bio-
film activity. All the compounds showed good to moderate inhibi-
tory and bactericidal effects over most of the Gram-positive and
Gram-negative bacterial strains, respectively. Furthermore, com-
pounds 36, 37, and 38 were found to be most active against bio-
film formation. Their lower cytotoxicities reflect their therapeutic
potential for their growth in the field of antimicrobial agents. This
study contributes to the emerging understanding of the c-di-GMP
regulatory network in bacteria. The current emphasis lies on the
identification of some inhibitory molecules, regulatory mecha-
nisms, with the long-term goal in mind of approaching a detailed
systems-level understanding of c-di-GMP signalling. Our experi-
ments provide an entry key point into the anti-biofilm mechanism
of action using in silico studies such as docking, surface mapping
and ADME studies.
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