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Abstract :

An amine and carboxylic acid react to form the amide group, an organic group with a vari-
ety of biological properties including antibacterial, antifungal, anti-inflammatory, and anticancer
properties. the conventional and simple process of making amides, which involves first converting
carboxylic acid to acyl chloride and then reacting that acyl chloride with amine to produce the
amide.Using thionyl chloride and triethylamine as catalytic agents and stirring for an hour, the ob-
jective is to synthesize new amide derivatives from a single pot reaction involving two drugs: one
is an amine (bromohexine, which acts as a mucolytic) and the other is a carboxylic acid, such as
anti-inflammatory NSAIDs (diclofenac, naproxen, indomethacin, and mefenamic acid). Melting
point, infrared spectroscopy, and physical inspection will be used to characterize the final products.
Since amide derivatives have a wide range of biological activities, the antibacterial activity will be
examined using two g+ve (Streptococcus and Staph. aureus) and two g-ve (E. coli and Klebsiella)
bacterial species. In order to determine each derivative’s inhibition score and compare it with both
the reference inhibitor and the antibacterial test, a docking research will be conducted on the syn-
thesized compounds on the suggested targets.

Key words: bromohexine, amides, molecular docking, NSAIDs, antibacterial.
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1. Introduction:

Amides are a significant chemical
class that is widely distributed in na-
ture and is present in many biological-
ly active substances. They constitute
the fundamental link in natural pro-
teins and peptides, as well as in poly-
mers, agrochemicals, and medicinal
drugs . Derivatives of amides have a
wide range of pharmacological effects.
Convulsions, pain, TB, inflammation,
tumors, insects, fungal, and bacterial
infections are all treated with them 1.
It 1s crucial for medicinal chemists to
understand that amide groups play a
role in the binding contact between a
medication and its target because they
operate as hydrogen bond donors and
acceptors in hydrogen bonding inter-
actions. [ Typically, to prepare amide
products, an amine compound react
with carboxylic acid after converting
the last one to acyl chloride compound
. The resulting product is then reacted
with the amine compound to produce
the corresponding amide, which causes
the water molecule to be expelled .
The objective of this research is to cre-
ate novel amide compounds through a
direct reaction between an amine drug

(bromohexine) and carboxyl medi-
cines, such as several non-steroidal
anti-inflammatory drugs (NSAIDs),
such as naproxen, indomethacin, di-
clofenac, and mefenamic acid. These
medications have analgesic, antipyret-
ic, and anti-inflammatory properties
[781 NSAIDs work by inhibiting the cy-
clooxygenase (COX) enzyme, which
has two 1soforms (COX 1 and 2) and
is involved in the creation of prosta-
glandins, which are a class of lipids
that function similarly to hormones
(.10 NSAIDs are prescribed to treat
headaches and conditions like osteoar-
thritis, gouty arthritis, and rheumatoid
arthritis ['12} A synthetic benzyl amine
derivative of vasicine, bromohexine
is a weak base. 31 By decreasing the
septum’s viscosity, bromohexine has
a mucolytic effect that improves ex-
pectoration and lung ventilation U4 .
Currently utilized as a co-treatment
for COVID-19, the virus mostly en-
ters cells by trans membrane protease
serine 2 (TMPRSS2). In addition to its
mucolytic and expectorant effects, bro-
mohexine has been shown [>1¢1, To in-
terfere with this enzyme (TMPRSS2).
This means that it disrupts the pathway
by which the virus enters the cell and
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causes cell damage ',

2. Experimental:

2.1. Materials and Methods:

All of the solvents and solids that
were employed were of the pure va-
riety, and their sources were Thomas
Baker and Alphchem in India. The SDI
company supplied naproxen, bromo-
hexine, mefenamic acid, diclofenac,
indomethacin, and mefenamic acid
to the drug industry in Samarra, Iraq.
Melting points were measured using
the capillary method using an electric
melting point device (England) called
the Bamstead / Electro-thermal 9100.
Compounds were 1identified using
FTIR spectra, which were recorded as
KBr disks using an FTIR-spectropho-

tometer (FTIR-6100 Type A).

2.2. General procedure for the
synthesis of amide derivatives (1a-
d);

Add 3 mmol of triethylamine to a
mixture of 1 mmol of amine and 5-10
ml of dichloromethane. Next, add 1
mmol of corrosive and 1 mmol of thi-
onyl chloride (SOCIl,) at room tempera-
ture. Tightly pack the mixture near the
holder and let it sit at room temperature

for an hour.Vanish the dissolveable in
order to achieve the desired outcome.
The resulting fabric was broken up in
dichloromethane and first treated with
1 N HCI, then with 1 N NaOH. Using
(Na,SO,), the natural stage was dried
and disappeared to reveal the corre-
sponding carboxylic amide 2%,

2.3. Antimicrobial activity assess-
ment:

The in vitro antibacterial activ-
ity of the recently synthesized am-
ide compounds (la-d) was evaluated
against a variety of isolates of Gram
negative (Klebsiella pneumoniae) and
Gram positive (Staphylococcus au-
reus, streptococcus aeruginosa) bac-
teria. The evaluated compounds were
prepared at doses of 100 mg/ml using
dimethyl sulfoxide (DMSO). The disk
diffusion method was used to deter-
mine the bacteria’ starting activity.
Whatman No. 1 filter papers were used
to create the 6.25 mm-diameter disks.
Each
a batch disc, which was then steril-

screw-covered bottle received

ised for one hour at 140°C using dry
heat. Agar media was perforated, fresh
seeds were added, and 100ul of each
concentration was placed within each
well. DMSO was the control utilized in
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this experiment. For one day, the incu-
bation was carried out at (37°C). In the
current test, conventional medications
included trimethprim, gentamycin,
erythromycin, and sulfamethaxazole.
The investigated compounds’ antibac-
terial activity was evaluated using the
diameter of the observed inhibitory
area 2127,

2.4. Molecular docking:

The autodock tool was used to cre-
ate the molecular docking in order to

verify that the derivatives bound to the

intended target and to compare the out-
come with both the in vitro and stan-
dard antibacterial tests. Autodock was
used to measure the binding energy
(Kcal/mol) of the tested chemical; the
compound with the lowest binding en-
ergy is the preferred compound 2324,

3. Results and discussion:
The synthetic pathway for the new-
ly synthesized amide derivatives (la-
d) described in scheme 1.

SOCI2
Et3N

Br Br
O
| DCM A
Br N n HO)I\R . Br \O
NH, lhr 01, NH

- d Cl
Cl H
& LD (Ei«@
’ Cl ’ H O
1b le 1d

Scheme 1: synthesis of amide derivatives. SOCI2(thionyl chloride),
Et3N(tri ethyl amine), DCM(di chloromethane) .

la

N-(o,p-dibromo-6-((cyclohex-
yl(methyl)amino)methyl)phenyl)-2-
(6-methoxynaphthalen-2-yl)propan-
amide (1a) : m.wt (588), m.p (83-86),

IR (KBr) v (cm—1): 470 (C-Br), 1454
(C-N), 1554 (aromatic C=C), 1672
(amide C=0), and 3430 (amide N-H).
(251 Brown powder (63% yield).
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N-(o,p-dibromo-6-((cyclo-
hexyl(methyl)amino)methyl)
phenyl)-2-(2-((2,6-dichlorophenyl)
amino)phenyl)acetamide (1b) : m.wt
(654) , m.p (112-115) , IR (KBr) v
(cm—1): 45V (C-Br), 557 (C-Cl), 1450
( C-N ), 1506 (aromatic C=C),1580
(amide C=0 ), 3255 ( amine N-H),
3380 (amide N-H).reddish brown pow-
der ( 88% yield ).

N-(o,p-dibromo-6-((cyclo-
hexyl(methyl)amino)methyl)
phenyl)-2-((2,3-dimethylphenyl)
amino)benzeneamide (1c) m.wt
(599) , IR (KBr) v (cm—1): 500 (C-

Br), 1452 ( C-N ), 1506 (aromatic
C=C),1647 (amide C=0), 3314 (amine
N-H), 3353 (amide N-H). sticky yel-
low material ( 43% yield ).

2-(1-(p-chlorobenzo-
yl)-5-methoxy-2-methyl-1H-in-
dol-3-yl)-N-(2,4-dibromo-6-((cyclo-
hexyl(methyl)amino)methyl)phenyl)
acetamide (1d) : m.wt (715.9) , m.p
(90-93) , IR (KBr) v (cm—1): 513 (C-
Br), 554 (C-Cl), 1450 ( C-N ), 1484
(aromatic C=C),1555 ( indometha-
cin amide C=0), 1579 (amide C=0 ),
3435 (amide N-H). dark brown powder
(82% yield).

Table 1: antimicrobial test results.

Inhibition zone diameter (mm)
1d 1b 1c la CON +

Patho- 5
genic 12|34 G

Bacteria S T E|A
1/12/34 123 4|1 3141 2|34 N
M R R|M T

T M| T|P
Staph. |2 -|- |- 15/15|13 11|12 1212 /131913 /1715|150 |11 | 11
Strep. |-/ -|-|-|11]/10/10| 8 | 9 8 9(9/9/9 9|-|-17/11] -
Ecoli |-|-|-|-|-/-]-|-]14 I3 1n|-|--|-/1517-|-|11
Klebs. |- |-|-|-|-]10/10{10| 9 9209/9 999 17|15/13 - |17
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Note; SMT (sulfamethaxazole),
TRM (trimethoprime), ERT (eryth-
romycin), AMP (ampicillin), GNT
(gentamicin). (-) mean no inhibition

zone. (1,2,3,4) refer to concentra-
tions of 1000,500,250,125 Mcg/ml
respectively.

Table 2: autodock results on dihydrofolate reductase target (PBD ID: 2w9g)

Compound Binding score
trimethoprime -7.4
la -9.0
1b -9.0
lc -9.4
1d -7.7

Table 3: autodock results on dihydropteroate synthase target (PBD ID: 1ad4)

Compound Binding score
sulfamethaxazole -6.4
la -7
1b -6.4
lc -6.7
1d -5.9

Chemically, one-pot amide synthe-
sis 1s made possible by the employment
of catalytic agents SOCI2 and Et3N.
SOCI2 first reacts with carboxylic acid
to form acid chloride, and then it reacts
with amine to get the corresponding
amide derivative.

These derivatives exhibit some anti-
bacterial action, according to the anti-
microbial test (table 1), with 1a and 1b
having greater activity against staph.

than every medicine that was exam-
ined. (1a, 1b, and 1c¢) do better on strep.
compared to gentamicin, trimethoprim,
and sulfamethaxazole. (1¢) are some-
what more effective against E. Coli
than erythromycin and ampicillin. (1a,
1b, and Ic) are more effective against
Klebsila than ampicillin.

The structure of the products sug-
gests that the antibacterial effect oc-
curs by inhibition of either the dihy-



215 ||

aublyoll doolall - duy il duls - dolellg dugy Ul Slwlyl ddao
02024 iU (sl - eleoyddl pgle - @il Ji sdaodl - gg e g gl saell

dropteroate synthase enzyme, which
1s inhibited by sulfamethaxazole, or
the dihydrofolate reductase enzyme,
which is inhibited by trimethoprim.
The docking results (tables 2 and 3)
demonstrate that all derivatives have
higher inhibition scores than the cor-
responding medicines, with the excep-
tion of 1d on the lad4 enzyme, and
that 1d has the lowest overall activity
among the derivatives. Because the
suggested process may not be the same
mechanism by which the derivatives
function as antibacterial, the results do
not entirely fit the antibacterial test.

4. conclution:

1. The intended chemicals have
been successfully synthesized.

2. Physical property determination
(melting point and description) was
used to confirm the synthesized com-
pounds’ identity and characterization.

3. The end products’ antibacterial
evaluation shows that the amide group
added antibacterial activity to the re-
acted drug—one is NSAID, the other
1S mucolytic.

4. The docking analysis demon-
strates that all of the derivatives, with

the exception of 1d on the 1ad4 enzyme,

have higher inhibition scores than the
respective medicines, and that 1d has
the lowest overall activity among the
derivatives (based on the postulated
mechanism of action).

5. Further study:

Since such measurements are not
available in Iraq, verify the HNMR
and CNMR spectra on the produced
substances for additional research. Ex-
amine additional actions such as an-
ti-inflammatory, anti-tumor, anti-fun-
gal, and other properties for amide
compounds.
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