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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.
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مستخلص:

ــص  ــة ذات خصائ ــة عضوي ــي مجموع ــد، وه ــة الأمي ــن مجموع ــيل لتكوي ــض الكربوكس ــع حم ــن م ــل الأم يتفاع
بيولوجيــة متنوعــة بــا في ذلــك خصائــص مضــادة للبكتيريــا، ومضــادة للفطريــات، ومضــادة للالتهابــات، ومضــادة 
للسرطــان. عمليــة تقليديــة وبســيطة لصنــع الأميــدات، والتــي تتضمــن أولً تحويــل حمــض الكربوكســيل إلى كلوريــد 
الأســيل ثــم تفاعــل كلوريــد الأســيل مــع الأمــن لإنتــاج الأميــد. باســتخدام كلوريــد الثيونيــل وثلاثــي إيثيــل أمــن 
كعوامــل محفــزة والتحريــك لمــدة ســاعة، يكــون الهــدف هــو التجانــس مشــتقات أميــد جديــدة مــن تفاعــل وعــاء واحــد 
يتضمــن عقاريــن: أحدهمــا أمــن )بروموهيكســن، الــذي يعمــل كحــال للبلغــم( والآخــر حمــض كربوكســيلي، مثــل 
مضــادات اللتهــاب غــير الســتيروئيدية )ديكلوفينــاك، نابروكســن، إندوميتاســن، وحمــض الميفيناميــك(.  ســيتم 
اســتخدام نقطــة النصهــار، والتحليــل الطيفــي للأشــعة تحــت الحمــراء، والفحــص المــادي لتوصيــف المنتجــات 
ــاد  ــاط المض ــص النش ــيتم فح ــة، فس ــطة البيولوجي ــن الأنش ــع م ــاق واس ــا نط ــد له ــتقات الأمي ــرًا لأن مش ــة. نظ النهائي
للبكتيريــا باســتخدام نوعــن مــن البكتيريــا g+ve )المكــورات العقديــة والمكــورات العنقوديــة الذهبيــة( ونوعــن مــن 
ــط  ــط كل مشــتق ومقارنتهــا مــع كل مــن المثب ــد درجــة تثبي (E. coli وKlebsiella(. مــن أجــل تحدي  g-ve ــا البكتيري

ــات المصنعــة عــى الأهــداف المقترحــة. ــا، ســيتم إجــراء بحــث عــى المركب ــار مضــاد البكتيري المرجعــي واختب
الكلــات المفتاحيــة: بروموهكســن ، امايــدات ، موليكيــولر دوكنــك ، ادويــة مضــادات التهــاب غــير ســتيرويدية، 

ــاد التهاب. مض
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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 [1,2]. 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 [3]. 
It is 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. [4] 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 [5,6]. 
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 
[7,8]. NSAIDs work by inhibiting the cy-
clooxygenase (COX) enzyme, which 
has two isoforms (COX 1 and 2) and 
is involved in the creation of prosta-
glandins, which are a class of lipids 
that function similarly to hormones 
[9,10]. NSAIDs are prescribed to treat 
headaches and conditions like osteoar-
thritis, gouty arthritis, and rheumatoid 
arthritis [11,12]. A synthetic benzyl amine 
derivative of vasicine, bromohexine 
is a weak base. [13] By decreasing the 
septum’s viscosity, bromohexine has 
a mucolytic effect that improves ex-
pectoration and lung ventilation [14] . 
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 [15,16]. 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 [17-19].

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 identified 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 (SOCl2) 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 HCl, then with 1 N NaOH. Using 
(Na2SO4), the natural stage was dried 
and disappeared to reveal the corre-
sponding carboxylic amide [20].

2.3. Antimicrobial activity assess-
ment:

The in vitro antibacterial activ-
ity of the recently synthesized am-
ide compounds (1a-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 screw-covered bottle received 
a batch disc, which was then steril-
ised for one hour at 140°C using dry 
heat. Agar media was perforated, fresh 
seeds were added, and 100μl of each 
concentration was placed within each 
well. DMSO was the control utilized in 



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 [21,22]. 

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 [23,24].

3. Results and discussion: 
The synthetic pathway for the new-

ly synthesized amide derivatives (1a-
d) described in scheme 1.
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Scheme 1: synthesis of amide derivatives. SOCl2(thionyl chloride), 
Et3N(tri ethyl amine), DCM(di chloromethane) .

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) υ (cm−1): 470 (C-Br), 1454 
(C-N), 1554 (aromatic C=C), 1672 
(amide C=O), and 3430 (amide N-H). 
[25] Brown powder (63% yield).
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N - ( o , p - d i b ro m o - 6 - ( ( c y c l o -
h e x y l ( m e t h y l ) a m i n o ) m e t h y l )
phenyl)-2-(2-((2,6-dichlorophenyl)
amino)phenyl)acetamide (1b) : m.wt 
(654) , m.p (112-115) , IR (KBr) υ 
(cm−1): 457 (C-Br), 557 (C-Cl), 1450 
( C-N ), 1506 (aromatic C=C),1580 
(amide C=O ), 3255 ( amine N-H), 
3380 (amide N-H).reddish brown pow-
der ( 88% yield ).

N - ( o , p - d i b ro m o - 6 - ( ( c y c l o -
h e x y l ( m e t h y l ) a m i n o ) m e t h y l )
phenyl)-2-((2,3-dimethylphenyl)
amino)benzeneamide (1c) : m.wt 
(599) , IR (KBr) υ (cm−1): 500 (C-

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

2 - ( 1 - ( p - c h l o r o b e n z o -
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) υ (cm−1): 513 (C-
Br), 554 (C-Cl), 1450 ( C-N ), 1484 
(aromatic C=C),1555 ( indometha-
cin amide C=O), 1579 (amide C=O ), 
3435 (amide N-H). dark brown powder 
(82% yield).

Table 1: antimicrobial test results.

         

                      
Patho-
 genic

Bacteria

Inhibition zone diameter (mm)

1d 1b 1c 1a CON +

1 2 3 4 1 2 3 4 1 3 4 1 2 3 4 

1
S
M
T

2
T
R
M

3
E
R
T

4 
A
M
P

5
G
N
T

Staph. 2 - - - 15 15 13 11 12 11 12 12 13 19 13 17 15 15 0 11 11

Strep. - - - - 11 10 10 8 9 9 8 9 9 9 9 9 - - 17 11 -

E.coli - - - - - - - - 14 13 13 11 - - - - 15 17 - - 11

Klebs. - - - - - 10 10 10 9 9 9 9 9 9 9 9 17 15 13 - 17



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

1a -9.0
1b -9.0
1c -9.4
1d -7.7

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

Compound Binding score
sulfamethaxazole -6.4

1a -7
1b -6.4
1c -6.7
1d -5.9

214

Chemically, one-pot amide synthe-
sis is made possible by the employment 
of catalytic agents SOCl2 and Et3N. 
SOCl2 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. (1c) are some-
what more effective against E. Coli 
than erythromycin and ampicillin. (1a, 
1b, and 1c) 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-
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dropteroate synthase enzyme, which 
is 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 1ad4 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 
is 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.

6.Acknowledgments: 
The Department of Pharmaceuti-

cal Chemistry, College of Pharmacy, 
Mustansiriyah University, and its ad-
ministration and principal are deeply 
appreciated by the authors for their as-
sistance and support.

7. references :
1. Alandini N, Buzzetti L, Favi G, 

Schulte T, Candish L, Collins KD, 
Melchiorre P. Amide Synthesis by 
Nickel/Photoredox‐Catalyzed Di-
rect Carbamoylation of (Hetero) 
Aryl Bromides. Angewandte Che-



mie. 2020 Mar 23;132(13):5286-
91.

2. Sun S, Jia Q, Zhang Z. Applica-
tions of amide isosteres in medic-
inal chemistry. Bioorganic & me-
dicinal chemistry letters. 2019 Sep 
15;29(18):2535-50.

3. Kushwaha N, Saini RK, Kushwaha 
SK. Synthesis of some amide de-
rivatives and their biological activ-
ity. International J. of Chem Tech 
Research. 2011 Jan;3(1):203-9.

4. Kumari S, Carmona AV, Tiwari 
AK, Trippier PC. Amide bond 
bioisosteres: Strategies, synthe-
sis, and successes. Journal of 
medicinal chemistry. 2020 Jul 
20;63(21):12290-358.

5. Massolo E, Pirola M, Benaglia 
M. Amide bond formation strate-
gies: Latest advances on a dateless 
transformation. European Journal 
of Organic Chemistry. 2020 Aug 
16;2020(30):4641-51.

6. Seavill PW, Wilden JD. The prepa-
ration and applications of am-
ides using electrosynthesis. Green 
Chemistry. 2020;22(22):7737-59.

7. Karim HA, Raauf AM, Ali KF. 
Synthesis and preliminary phar-
macological evaluation of some 

new triazole derivatives bearing 
nabumetone moiety targeting cy-
clooxygenase enzyme. Systematic 
Reviews in Pharmacy. 2021 Jan 
1;12(1):190-5.

8. Schjerning AM, McGettigan P, Gis-
lason G. Cardiovascular effects and 
safety of (non-aspirin) NSAIDs. 
Nature Reviews Cardiology. 2020 
Sep;17(9):574-84.

9. Karim HA, Raauf AM, Ali KF. 
Synthesis and preliminary phar-
macological evaluation of some 
new triazole derivatives bearing 
nabumetone moiety targeting cy-
clooxygenase enzyme. Systematic 
Reviews in Pharmacy. 2021 Jan 
1;12(1):190-5.

10. Kushner P, McCarberg BH, Grange 
L, Kolosov A, Haveric AL, Zu-
cal V, Petruschke R, Bissonnette 
S. The use of non-steroidal an-
ti-inflammatory drugs (NSAIDs) 
in COVID-19. npj Primary Care 
Respiratory Medicine. 2022 Sep 
21;32(1):35.

11. Musa LA, Karim HA, Ahmed AM. 
Selection of the best solvent and 
pH indicator for the acid-base titra-
tion of indomethacin in laborato-
ries for pharmacy college students. 

216Some bromohexine’s derivatives: Synthesis and characterization by I.R, autodock 
and antimicrobial test  ...............................  Hussien Ali Karim     ,   Luma Amer Musa



217 مـجــلــة الدراســات التربـويـــة والعـلمـيـــة - كلـيــة التـربــيــة - الــجـامـعــة العراقـيــة
العدد الرابع والـعشرون - المجلد الرابع - علوم الكيمياء - تشرين ثاني 2024 م

Eurasian Medical Research Period-
ical. 2022 Aug 2;11:1-5.

12. Bindu S, Mazumder S, Bandyop-
adhyay U. Non-steroidal anti-in-
flammatory drugs (NSAIDs) and 
organ damage: A current perspec-
tive. Biochemical pharmacology. 
2020 Oct 1;180:114147.

13. Lad M, Jain V, Raj H. A review of 
analytical methods for determi-
nation bromhexine hydrochloride 
in pharmaceutical and biological 
samples. PharmaTutor. 2014 Nov 
1;2(11):35-41.

14. Wang Y, Zhang Y, Chen X, Xue K, 
Zhang T, Ren X. Evaluating the ef-
ficacy and safety of bromhexine 
hydrochloride tablets in treating 
pediatric COVID-19: A protocol 
for meta-analysis and systemat-
ic review. Medicine. 2020 Sep 
9;99(37).

15. Day T, Gandon S, Lion S, Otto SP. 
On the evolutionary epidemiology 
of SARS-CoV-2. Current Biology. 
2020 Aug 3;30(15):R849-57.

16. Weatherbee BA, Glover DM, Zer-
nicka-Goetz M. Expression of 
SARS-CoV-2 receptor ACE2 and 
the protease TMPRSS2 suggests 
susceptibility of the human embryo 

in the first trimester. Open Biology. 
2020 Aug 5;10(8):200162.

17. Martins R, Ferreira I, Jorge DM, 
Almeida L, Souza JD, Pontel-
li MC, Castro IA, Melquiades T, 
Mendes Viana RM, Zamboni DS, 
Marcato P. In Vitro Inhibition of 
SARS-CoV-2 Infection by Brom-
hexine hydrochloride. bioRxiv. 
2022:2022-12.

18. Depfenhart M, de Villiers D, Lem-
perle G, Meyer M, Di Somma S. 
Potential new treatment strategies 
for COVID-19: is there a role for 
bromhexine as add-on therapy?. 
Internal and Emergency Medicine. 
2020 Aug;15:801-12.

19. Gholami A, Minai-Tehrani D, Eft-
ekhar F. Bromhexine and its inhib-
itory effect on lipase–kinetics and 
structural study. Archives of Physi-
ology and Biochemistry. 2022 Nov 
2;128(6):1687-92.

20. Leggio A, Belsito EL, De Luca 
G, Di Gioia ML, Leotta V, Ro-
mio E, Siciliano C, Liguori A. 
One-pot synthesis of amides from 
carboxylic acids activated using 
thionyl chloride. Rsc Advances. 
2016;6(41):34468-75.

21. Khan AK, Hamdee MD. New Hy-



drochlorothiazide Derivatives: 
Synthesis, Characterization and 
Anti-Microbial Assessments. Re-
search Journal of Pharmacy and 
Technology. 2019;12(12):5848-54.

22. Lima LM, da Silva BN, Barbosa 
G, Barreiro EJ. β-lactam antibiot-
ics: An overview from a medicinal 
chemistry perspective. European 
journal of medicinal chemistry. 
2020 Dec 15;208:112829.

23. Achutha AS, Pushpa VL, Manoj 
KB. Comparative molecular dock-
ing studies of phytochemicals as 

Jak2 inhibitors using Autodock and 
ArgusLab. Materials Today: Pro-
ceedings. 2021 Jan 1;41:711-6.

24. Fan J, Fu A, Zhang L. Progress in 
molecular docking. Quantitative 
Biology. 2019 Jun;7:83-9.

25. Ji Y, Yang X, Ji Z, Zhu L, Ma N, 
Chen D, Jia X, Tang J, Cao Y. 
DFT-calculated IR spectrum am-
ide I, II, and III band contributions 
of N-methylacetamide fine com-
ponents. ACS omega. 2020 Apr 
8;5(15):8572-8.

218

1a

Some bromohexine’s derivatives: Synthesis and characterization by I.R, autodock 
and antimicrobial test  ...............................  Hussien Ali Karim     ,   Luma Amer Musa



219 مـجــلــة الدراســات التربـويـــة والعـلمـيـــة - كلـيــة التـربــيــة - الــجـامـعــة العراقـيــة
العدد الرابع والـعشرون - المجلد الرابع - علوم الكيمياء - تشرين ثاني 2024 م

1c

1b



220Some bromohexine’s derivatives: Synthesis and characterization by I.R, autodock 
and antimicrobial test  ...............................  Hussien Ali Karim     ,   Luma Amer Musa

1d


