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Magnesium powder was found to be an efficient catalyst for the acetylation of amines (1) with Ac,O affording corresponding amides (2)
in excellent yields (> 99%). This green synthetic protocol has utilized 2.5 mol% of magnesium powder and a stoichiometric amount of
Ac,O (1.2 equiv.). Amides 2a-k were synthesized within a short reaction time (2-3 min) at an ambient temperature under solvent free |
condition. The products were screened against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Staphylococcus |

indicating its efficacy in treating skin diseases.

|
| epidermidis bacterial strains. N-(2-Hydroxyphenyl)acetamide (2f) was found most active against Gram-positive S. aureus and S. epidermidis |

Keywords: Acylation, Antibacterial assay, Green chemistry, Skin disease, Solvent-free, Organic synthesis. |

INTRODUCTION

Acetamide derivatives are reported to possess several
bioactivities such as antimicrobial [1-5], antitubercular [6,7],
antimalarial [8], antiparasitic [9], antidiabetic [10,11],
antipsychotic [12], antioxidant activities [13], efc. Acetamides
are used also as chemotherapeutic agents for inflammation and
inflammation-associated cancers [14,15]. More than 25% of
the worldwide used pharmaceutical drugs possess an amidal
motif [16,17]. Because of the presence of amide linkage in the
chemical structures, the compounds may display specific
enhanced bioactivity [18,19]. Some examples include parace-
tamol (antipyretic), penicillin (antibacterial), pyrazinamide
(antitubercular), efc.

Acylation is one of the most fundamental reactions in the
organic synthesis. This reaction is extensively used to protect
various functional groups such as phenols, alcohols, amines,
thiols and others in order to achieve synthesis of target mole-
cules [20]. Besides using of classical acids and bases, several
Lewis acid catalysts, solid acid and heteropolyacid catalysts,
organocatalysts, ionic liquids and others have been used for
the acylation reactions [21]. Amides are commonly produced
by N-acylation of amines [22-24].

Recently, we reported magnesium powder as an efficient
catalyst for the acetylation of phenols with acetic anhydride
under neat condition and a free radical mechanism was prop-
osed for the transformation [21]. More recently, Anbu et al. [25]
also reported that the acetylation of alcohols, amines, phenols
and thiols is achievable under catalyst- and solvent-free
conditions involving an ionic mechanism. Significantly, amine
acetylation was acheived at 60 °C in 30 min using 1.5 equiv.
of acetic anhydride. Herein, the acetylation of amines (1) was
accomplished at room temperature by using a stoichiometric
amount of acetic anhydride, in the presence of a trace amount
of magnesium powder, under air atmosphere. The reactions
were completed within 2-3 min affording the corresponding
amides (2) in excellent to quantitative yields just after simple
work up. Moreover, obtained amides 2a-k were further evaluated
for the antibacterial activity.

EXPERIMENTAL

Chemicals and reagents were purchased from different
reputed commercial supplers like Fischer, Qualigens, Aldrich,
Burgoyne Burbidges and Merck. Magnesium powder and media
were purchased from Himedia. Thin layer chromatography
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(TLC) was performed using pre-coated Kieselgel 60 Fs, plates
of 0.2 mm thickness (E. Merck). For product identification,
GC-MS spectra were recorded using Agilent 7890A GC system
coupled with an Agilent 5975 C mass selective detector and
IR spectra were recorded in KBr disc using an IR Tracer-100
(Shimadzu). The measured melting points are uncorrected.

General procedure for N-acetylation of amines: Amine
(1, 5 mmol), powder Mg (2.5 mol%, 3 mg, 0.125 mmol) and
acetic anhydride (0.57 mL, 6 mmol) were charged in a reaction
tube equipped with a stirring bar. The content was stirred at
25 °C and the reaction was monitored by TLC. After comp-
letion, the reaction mixture was diluted with EtOAc (40 mL),
washed with brine, dried over Na,SQOy,, filtered, concentrated
and finally vacuum dried. Corresponding amide 2 was obtained
in chromatographically pure form. No further purification was
required, except in the synthesis of compound 2i.

N-Phenylacetamide (2a): The general procedure was
followed by using aniline (1a, 466 mg, 5 mmol) to obtain 2a
as acolourless solid. Yield: 628 mg, 93%. m.p.: 114 °C (reported
112-114°C) [26,27]. Ry =0.43 (silica gel, hexane:EtOAc, 1:1).
GC-MS: calcd. for CgHoNO (M*) 135.0684, found 135.1. IR
(KBr, cm™): 3294 (VNH); 3194, 3138, 3064 (vCH arom.),
1666 (vCO), 1494 (3HNC), 1438 (3HCH), 1321 (3HCC +vCC)
[28].

N-(4-Methoxyphenyl)acetamide (2b): The general proce-
dure was followed by using 4-methoxyaniline (1b, 616 mg, 5
mmol) to obtain 2b as a purple solid. Yield: 719 mg, 87%. m.p.:
127-129 °C (reported 126-129 °C) [26,29]. R, = 0.23 (silica
gel, hexane:EtOAc, 1:1). GC-MS: calcd. for CoH,;1NO, (M*)
165.0790, found: 165.1. IR (KBr, cm™): 3244 (vNH), 3190,
3130, 3070 (vCH arom.), 1654 (vCO),1512 (3HNC), 1409
(6HCH), 1321 (8HCC + vCC).

N-(m-Tolyl)acetamide (2¢): The general procedure was
followed by using m-toluidine (1¢, 536 mg, 5 mmol) to obtain
2c as a colourless solid. Yield: 710 mg, 95%. m.p.: 65-66 °C
(reported 65-69 °C) [26,27]. R¢ = 0.43 (silica gel, hexane:
EtOAc, 1:1). GC-MS: calcd. for CsH;;NO (M*) 149.0841, found:
149.1. 1R (KBr, cm™): 3300 (VNH); 3145, 3049 (vCH arom.);
1674 (vCO); 1404 (BHCH); 1317 (SHCC + vCC).

N-(o-Tolyl)acetamide (2d): The general procedure was
followed by using o-toluidine (1d, 536 mg, 5 mmol) to obtain
2d as a colourless solid. Yield: 706 mg, 95%. m.p.: 108-111
°C (reported 108-110°C) [26,27]. R¢=0.35 (silica gel, hexane:
EtOAc, 1:1). GC-MS: calcd. for CoH;;NO (M*) 149.0841,
found: 149.1. IR (KBr, cm™): 3292 (VNH); 3194, 3034, 2980
(VCH arom.); 1651 (vCO); 1529 (8HNC); 1456 (SBHCH); 1371
(SHCC + vCC).

N-(4-Hydroxyphenyl)acetamide (2e): The general proce-
dure was followed by using 4-aminophenol (1e, 545 mg, 5
mmol) to obtain 2e as a cream white solid. Yield: 700 mg,
93%. m.p.: 170 °C (reported 168-169 °C) [26,30]. R = 0.80
(silica gel, CH3;0H). GC-MS: calcd. for CsHsNO, (M*)
151.0633, found: 151.1. IR (KBr, cm™): 3327 (VOH); 3165
(VNH); 2929, 2881 (vCH arom.); 1656 (vCO); 1510 (3HNC);
1440 (BHCH); 1325 (SHCC + vCC).

N-(2-Hydroxyphenyl)acetamide (2f): The general pro-
cedure was followed by using 2-aminophenol (1f, 545 mg, 5

mmol) to obtain 2f as a colourless solid. Yield: 666 mg, 88%.
m.p.: 206 °C (reported 207-209 °C) [26]. Ry = 0.52 (silica gel,
hexane:EtOAc, 1:1). GC-MS: calcd. for CsHoNO, (M) 151.0633,
found: 151.1. IR (KBr, cm™): 3404 (vOH); 3080 (vNH); 2976,
2881 (vCH arom.); 1660 (vCO); 1456 (3HNC); 1382 (SBHCH);
1330 (8HCC + vCC).

N-(4-Bromophenyl)acetamide (2g): The general procedure
was followed by using 4-bromoaniline (1g, 860 mg, 5 mmol)
to obtain 2g as a colourless solid. Yield: 999 mg, 94%. m.p.:
164-166 °C (reported 166-170 °C) [26,27,31,32]. Ry = 0.40
(silica gel, hexane:EtOAc, 1:1). GC-MS: calcd. for CsHgBrNO
(M%) 212.9789, found: 213.0. IR (KBr, cm™): 3294 (VNH);
3186, 3115, 3053 (VCH arom.); 1672 (vCO); 1485 (SHNC);
1388 (BHCH); 1305 (8HCC + vCC).

N-(4-Nitrophenyl)acetamide (2h): The general procedure
was followed by using 4-nitroaniline (1h, 690 mg, 5 mmol) to
obtain 2h as a pale yellow solid. Due to poor solubility of the
product, an excess of EtOAc was needed to use for its extraction
during work up process. Yield: 893 mg, 99%. m.p.: 214 °C
(reported 210-214 °C) [26,31]. R¢ = 0.25 (silica gel, hexane:
EtOAc, 1:1). GC-MS: caled. for CsHsN,O; (M*) 180.0535, found:
180.1. IR (KBr, cm™): 3275 (vNH); 3217, 3157, 3091 (vCH
arom.); 1679 (vCO); 1564 (vNO); 1498 (SHNC); 1404 (3HCH);
1348 (BHCC + vCC).

N-(2-Nitrophenyl)acetamide (2i): Following the general
procedure, the reactions of 2-nitroaniline (1i, 691 mg, 5 mmol)
were performed at two different temperatures (25 and 100 °C)
to obtain compound 2i. The product was purified by recrystalli-
zation with 75% EtOH producing yellow crystals. Yield: 827
mg, 92% (at 25 °C, reaction time 16 h). Yield: 890 mg, 99%
(at 100 °C, reaction time 2 h). m.p.: 91 °C (reported 90-91 °C)
[33]. Re=0.64 (silica gel, hexane:EtOAc, 1:1). GC-MS: calcd. for
CsHsN,O5 (MY) 180.0535, found: 180.1. IR (KBr, cm™): 3373
(vNH); 3165, 3089 (vCH arom.); 1712 (vCO); 1585(VNO);
1496 (BHNC); 1431 (3HCH); 1346 (S3HCC + vCC).

N-(Naphthalen-1-yl)acetamide (2j): The general procedure
was followed by using 1-naphthylamine (1j, 716 mg, 5 mmol)
to obtain 2j (886 mg, 96%) as a colourless solid. Yield: 886 mg,
96%. m.p.: 160 °C (reported 159-160 °C) [26]. R¢=0.36 (silica
gel, hexane:EtOAc, 1:1). GC-MS: calcd. for C;,H;;NO (M™)
185.0841, found: 185.1. IR (KBr, cm™): 3271 (VNH); 3049
(VCH arom.); 1654 (vCO); 1500 (SHNC); 1456 (SBHCH); 1342
(8HCC +vCO).

N-Benzylacetamide (2k): The general procedure was foll-
owed by using benzylamine (1k, 536 mg, 5 mmol) to obtain
2k as a colourless solid. Yield: 714 mg, 96%. m.p.: 60 °C
(reported 58-60 °C) [26,34]. Ry = 0.71 (silica gel, CH;0H).
GC-MS: caled. for CoH;;NO (M*) 149.0841, found: 149.1. IR
(KBr, cm™): 3292 (VNH); 3088, 3032 (vCH arom.); 1643
(vCO); 1552 (SBHNC); 1446 (BHCH); 1328 (SHCC + vCC).

Antibacterial assay: The agar well diffusion method was
employed to evaluate the antimicrobial activity of the synthe-
sized amides 2a-k against four bacterial strains viz. E. coli
(ATCC 8739), P. aeruginosa (ATCC 9027), S. aureus (ATCC
6538P) and S. epidermidis (ATCC 12228) [35-37]. Mueller-
Hinton agar (MHA) plates were uniformly swabbed with stand-
ardized bacterial suspension (equivalent to McFarland 0.5)
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prepared in Mueller-Hinton broth (MHB). Sample solutions
of the amides 2a-k were prepared in DMSO with 50 mg/mL
concentration each. Wells (6 mm in diameter) were bored on
the media plates and then loaded 50 puL of each sample solution
in triplicates. Antibiotic gentamycin (10 pg/disc) was used as
apositive control, while DMSO was served as a negative control.
After 24 h of incubation at 37 °C, the antibacterial effect was
evaluated by measuring the ZOI appeared.

Next, the samples displaying antibacterial activity against
the specific bacteria were further considered for the determi-
nation of minimum inhibition concentration (MIC) values by
two-fold serial dilution technique, the Broth macrodilution
method [38]. Briefly, the standardized bacterial suspension
was diluted to 1:10 using normal saline (1.5 x 10’ CFU/mL).
A mixture of equal volumes of MHB (1 mL) and each sample
solution (1 mL) was then serially diluted in another 14 sterile
test tubes that contained 1 mL of MHB (total volume in each
tube = 1 mL). The above bacterial suspension (50 uL) was
then inoculated (5 x 10° CFU/mL). Thereafter, the tubes were
incubated at 37 °C for 24 h. The lowest concentration, at which
no bacterial growth observed visually, was taken as the MIC.
minimum bactericidal concentration (MBC) values were
subsequently determined through sub-culture of the content
from the tubes showing no bacterial growth by direct streaking

on sterile MHA plates. After incubation at 37 °C for 24 h, the
plates were examined for the growth of bacteria and thus MBC
values were determined.

RESULTS AND DISCUSSION

Based on the reported work [21], we developed to explore
magnesium powder for the catalytic organic transformations.
Now, we have investigated the N-acetylation of amines. At first,
aniline (1a) was chosen as a model substrate. After a few trials,
it was found that the reaction of 1a with 1.2 equiv. of Ac,0, in
the presence 2.5 mol% Mg, at 25 °C, was achieved to be comp-
leted within 2 min affording N-phenylacetamide (2a) in 93%
yield (Table-1, entry 1). When the catalyst loading was reduced
to 1 mol%, 2a was produced with the same yield but required
a prolonged reaction time (i.e. 14 min). The acetylation of 1a
can be achieved without expending catalyst producing 2a in
92% yield, after 14 min [25].

After obtaining an optimized reaction condition in hand,
the scope of the reaction was studied. Amines bearing an electron
donating group (OMe, Me or OH) either at ortho-, meta- or
para-position were tolerated affording corresponding amides
(2b-f) within 2-3 min, with excellent yields (Table-1, entries
2-6). In case of substrates 1e and 1f containing both the amino
and hydroxyl groups, corresponding N-acetylation products

TABLE-1
Mg POWDER-CATALYZED N-ACETYLATION OF AMINES (1) TO AMIDES (2)
2.5 mol % Mg
R—NH, + AcO R—NHAc
1 (12 equiv)  25°C,2-3min o
. Isolated  Molecular C=0 m.p. (°C)
Entry Substrate used Product Regctlon yield ion peak  stretching
fime (%) M) (cm™) Found Reported
NH, NHAc
: 112-114
! O/ O/ 2 min 93 135.1 1666 114 B
la 2a
NH, NHAc
g /O/ 2 min 87 165.1 1654 127-129 126-129
MeO MeO [26,29]
1b 2b
NH, NHAc
. 65-69
3 \O/ \O/ 2 min 95 149.1 1674 65-66 [26.27]
1c 2c
NH, NHAc
. 108-110
4 2 min 95 149.1 1651 108-111 [26.27]
1d 2d
NH, NHAc
. 168-169
? o /[ j o [ :I it 93 151.1 1656 170 S
le 2e
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OH OH
NH, NHAc
: 207-209
6 3 min 88 151.1 1660 206 26]
1f 2f
NH, NHAc
: 166-170
7 /O/ /O/ 3 min 94 213.0 1672 164-166 [27.31.32]
Br Br
1g 2g
NH, NHAc
: 210-214
8 D/ /O/ 3 min 99 180.1 1679 214 26.31]
O,N O,N
1h 2h
NO, NO,
9 NH, NHAc 16 h 92 180.1 1697 91 90-91 [33]
10% 2h 99
1i 2i
NH2 NHAc
: 159-160
1 “ “ 3 st 9% 185.1 1654 160 o)
1j 2j
NH,
12 2 e 3 mi 9 149.1 1643 60 58-60
mn : [26,34]
1k 2k

*Reaction temperature was 100 °C.

2e and 2f were selectively formed over the O-acetylation
products. N-Acetylation of the substrates with an electron with-
drawing group (Br or NO,) at para-position was also proceeded
smoothly (entries 7-8). However, because of intervention of
hydrogen bonding, the N-acetylation of 2-nitroaniline (1i),
containing a nitro group at ortho-position, was found to be
sluggish. The reaction required 16 and 2 h for the completion to
afford N-(2-nitrophenyl)acetamide (2i) at 25 and 100 °C reaction
temperature, respectively (entries 9 and 10). In optimized reac-
tion conditions, N-(naphthalen- 1-yl)acetamide (2j) was isolated
in 96% yield by using 1-naphthylamine (1j) as substrate (entry
11). Similarly, an aliphatic amine, such as benzylamine (1k),
was found equally facile producing 2k in 96% isolated yield
(entry 12). All the products were confirmed by recording of
GC-MS spectrum, IR spectrum and melting point.
Biological activity: To determine the antibacterial activity
of the synthesized amides (2a-k), wells on the bacteria inocu-
lated MHA plates were loaded with the amide solution prepared
in DMSO at 2.5 mg/well dose level. The zone of inhibition
(ZOI) produced in the antibacterial assay was measured and
the results are tabulated in Table-2. The growth of Gram-negative
bacteria E. coli was inhibited by amides 2a-c, 2e, 2g and 2i

with the ZOI ranging from 10 to 16 mm (entries 1-3, 5, 7 and 9).
Among the amides used, N-(m-tolyl)acetamide (2¢) has prod-
uced the highest ZOI (16.0 = 0.58 mm) against E. coli (entry
3). N-(4-Methoxyphenyl)acetamide (2b) has substantial anti-
bacterial activity against all the four bacteria tested (entry 2).
N-(2-Hydroxyphenyl)acetamide (2f) was found effective against
P. aeruginosa, S. aureus and S. epidermidis (entry 6). Among
11 amides tested, only compounds 2b and 2f were found effec-
tive against both the Gram-positive S. aureus and S. epidermidis
(entries 2 and 6). A high ZOI (20.33 + 0.33 mm) was exhibited
by N-(2-nitrophenyl)acetamide (2i) against S. aureus (entry 9).
N-(o-Tolyl)acetamide (2d) (entry 4), N-(4-nitrophenyl)aceta-
mide (2h) (entry 8), N-(naphthalen-1-yl)acetamide (2j) (entry
10) and N-benzylacetamide (2K) (entry 11) were found compl-
etely ineffective against the four bacterial strains tested.

The results of MIC and MBC values are given in Table-3.
N-(2-Hydroxyphenyl)acetamide (2f) was found highly anti-
bacterial against Gram-positive S. aureus and S. epidermidis
with MIC values of 1.56 and 0.78 pug/mL, respectively (entry
6). It also displayed antibacterial effect against Gram-negative
P. aeruginosa. Amides 2b and 2e have displayed bactericidal
effect against E. coli (entries 2 and 5), while amides 2a, 2¢, 2g
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TABLE-2
ANTIBACTERIAL ACTIVITY OF THE AMIDES (2a-k)

ZOI against the bacterial strains + standard error mean (mm)

Amides used Gram-negative bacteria Gram-positive bacteria

E. coli P. aeruginosa S. aureus S. epidermidis
N-Phenylacetamide (2a) 13.33 £0.88 120+ 1.0 - -
N-(4-Methoxyphenyl)acetamide (2b) 12.67 £0.88 8.67 +£0.33 16.33 £ 1.20 8.67 =0.33
N-(m-Tolyl)acetamide (2¢) 16.00 £ 0.58 - - -
N-(o-Tolyl)acetamide (2d) - - - -
N-(4-Hydroxyphenyl)acetamide (2e) 11.67 £0.33 9.33£0.33 - -
N-(2-Hydroxyphenyl)acetamide (2f) - 12.66 + 0.67 12.67 £ 0.33 11.00 + 0.58
N-(4-Bromophenyl)acetamide (2g) 10.00 £ 0 - - -
N-(4-Nitrophenyl)acetamide (2h) - - - -
N-(2-Nitrophenyl)acetamide (2i) 14.66 + 0.33 - 20.33 £0.33 -
N-(Naphthalen-1-yl)acetamide (2j) = = = =
N-Benzylacetamide (2k) = = = =
Gentamycin 20 24 23 26
(-)-Sign indicates no significant ZOI was observed.

TABLE-3
MIC AND MBC VALUES OF THE AMIDES (2a-k)
MIC (MBC) values (ug/mL)
Amides used Gram-negative bacteria Gram-positive bacteria

E. coli P. aeruginosa S. aureus S. epidermidis
N-Phenylacetamide (2a) 6.25 (12.50) 12.50 (12.50) - -
N-(4-Methoxyphenyl)acetamide (2b) 12.50 (12.50) 12.50 (12.50) 25.00 (25.00) 25.00 (25.00)
N-(m-Tolyl)acetamide (2c) 3.12 (6.25) - - -
N-(o-Tolyl)acetamide (2d) - - - -
N-(4-Hydroxyphenyl)acetamide (2e) 6.25 (6.25) 25.00 (25.00) - =
N-(2-Hydroxyphenyl)acetamide (2f) - 12.50 (25.00) 1.56 (1.56) 0.78 (6.25)
N-(4-Bromophenyl)acetamide (2g) 3.12 (6.25) - - -
N-(4-Nitrophenyl)acetamide (2h) - - - -
N-(2-Nitrophenyl)acetamide (2i) 1.56 (12.50) - 6.25 (25.00) -
N-(Naphthalen-1-yl)acetamide (2j) - - - -
N-Benzylacetamide (2k) - - - -

(-)-Sign = Value not determined as no significant ZOI was observed in the Agar well diffusion assay.

and 2i were bacteriostatic (entries 1, 3, 7 and 9). Among these
amides, N-(2-nitrophenyl)acetamide (2i) was found more efficient
exhibiting MIC value of 1.56 pg/mL against E. coli (entry 9).
Amide 2i has also displayed effective antibacterial activity by
inhibiting S. aureus with the MIC value of 6.25 png/mL.

Antibacterial activity of compounds 2a and 2g against E.
coli and S. aureus is reported by Jagessar & Rampersaud [39].
In contrast, this work showed that the amides 2a and 2g were
effective against E. coli but ineffective against S. aureus. Anti-
bacterial activity of N-(2-hydroxyphenyl)acetamide (2f) against
P. aeruginosa and S. aureus is recently reported by Hifnawy
et al. [40]. In some other reports, compound 2f is reported to
be ineffective against E. coli, S. aureus, methicillin-resistant
S. aureus, methicillin-resistant S. epidermidis, B. subtilis,
Klebsiella pneumoniae and Enterococcus faecalis [40-44].
Compound 2f has also displayed anti-inflammatory [14,45-
47] and antitumor [48] activities. It also possesses strong apop-
totic activity and inhibits the growth of U87 in a dose dependent
manner [49]. The antibacterial activity of N-(4-hydroxyphenyl)-
acetamide (2e) against E. coli has been reported by Jayadevappa
et al. as well [2].

Conclusion

In conclusion, a convenient and green approach for the
N-acetylation of amines with acetic anhydride in the presence
of magnesium powder is presented . This reaction was promoted
rapidly with an excellent yield at ambient temperature. Simple
work up procedure could provide pure amide products and no
column chromatography was needed. Nowadays, identification
of new potent antibacterial agents is an immense importance
task in order to combat antibacterial resistance. This study reveals
that simple and readily available N-(2-hydroxyphenyl)acetamide
(2f) could be an effective antibacterial agent which appeals for
further investigations.
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