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The amide group is an organic group synthesized by reaction  between 

an amine and carboxylic acid and is known to have many biological 

activities like antibacterial, antifungal, anti-inflammatory, antitumor 

and many other activities.the traditional and easy method to synthesize 

amides by first convert carboxylic acid to acyl chloride and then the 

acyl chloride react with amine to give the amide .the goal is to 

synthesize new amide derivatives by one pot reaction between two 

drugs one is amine ( bromohexine which act as mucolytic) And the 

other drug is carboxylic acid like NSAIDs ( diclofenac, naproxen, 

indomethacin and mefenamic acid) using thionyl chloride and 

triethylamine as catalytic agents and stirring for 1 hr. The result 

products will be characterized by physical examination, melting point 

and IR spectroscopy. As mentioned the amide derivatives have many 

biological activities so the antibacterial activity will be tested on some 

bacterial species 2 g+ve( staph.aureus and streptococcus) and 2 g-ve ( 

E.coli and Klebsiella). Finally the docking  study will be done on the 

synthesized derivatives on the proposed targets to see the inhibition 

score for each derivatives and compare it with the reference inhibitor 

and with antibacterial test. 
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Introduction:- 
Amides are important chemical class present in many of biologically active compounds and they are wide spread 

structural units in nature because it found as the core linkage in natural protiens and peptides, also found in 

polymers, agrochemicals and pharmaceutical compounds.
 [1,2]

 Derivatives of amides where contain large spectrum of 

biological actions. These are used in treatment of convulsion, pain, tuberculosis, inflammation, tumor, insects, 

fungal and bacterial infections.
 [3]

 Amide group participate in the binding interaction of the drug with its target 

because amide group act as hydrogen bond donor and accepter in hydrogen bonding interaction, so it is important 

for medicinal chemists.
 [4]

 The usual way for the preparation of amide products involve reaction between a 

carboxylic acid and an amine compound by first converting carboxyl group of acid into acyl chloride and then 

reacting the resulted product with the amine compound give the corresponding amide with the expulsion of water 

molecule. 
[5,6]

 The aim of this work is to synthesize new amide products by direct reaction between an amine drug 

(bromohexine) with carboxyl drugs like some of the non-steroidal anti-inflammatory drugs {NSAID} 

(indomethacin, diclofenac, mefenamic acid and naproxen). These drugs have activities like; anti-inflammatory, 

analgesic and antipyretic. 
[7,8]

NSAID act by inhibition of enzyme called cyclooxygenase (COX), this enzyme have 

two isoform (COX 1and 2) and it’s responsible for the synthesis of a group of lipids with hormone-like actions 
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called prostaglandins. 
[9,10]

 NSAID used in the treatment of diseases like rheumatoid arthritis, osteoarthritis, gouty 

arthritis and also headache. 
[11,12]

Bromohexine is a weak base is a synthetic benzyl amine derivatives of vasicine. 
[13]

Bromohexine is mucolytic act by reducing the viscosity of the septum and so will enhance lung ventilation and 

expectoration. 
[14]

Nowadays used asco-therapy in the treatment of COVID19, COVID 19 virus mainly relies on the 

trans membrane protease serine 2(TMPRSS2) to enter the cell. 
[15,16]

bromohexine was found to be interfere with this 

enzyme (TMPRSS2) so it has another benefit beside mucolytic and expectorant effect by interfering with the 

mechanism by which the virus enter the cell and cause cell injury.
 [17-19]

 

 

Experimental: 

Materials and Methods:- 
All the used solvents and solid were of pure type the suppliers were (alphchem, India.thomas baker, india). 

Bromohexine, mefenamic acid, diclofenac, indomethacin and naproxen was supplied by SDI company for drug 

industry in Samarra/ Iraq . Melting points were determined by capillary method on Bam stead / Electro-thermal 

9100 an Electric melting point apparatus (England). The identification of compounds was done using a FTIR 

spectrum were recorded on a FTIR-spectrophotometer FTIR-6100 Type A as KBr disks. 

 

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

To a solution of (1mmol) amine in (5-10ml) of dichloromethane add (3mmol) of triethylamine then add (1mmol) of 

the acid followed by (1mmol) of thionyl chloride (SOCl2) at room temperature, close the container tightly and stir 

the mixture at room temperature for one hour.To achieve theresulted product evaporate the solvent. The resulting 

material dissolved in dichloromethane and treated first with (1 N) HCl and then with (1N) NaOH. The organic phase 

was dried with (Na2SO4), and evaporated to dryness to afford the corresponding carboxylic amide.
[20]

 

 

Antimicrobial activity assessment: 

The newly synthesized amide compounds (1a-d) were tested for their In vitro antimicrobial action against some 

Gram positive bacterial isolates (Staphylococcus aureus, streptococcus aeruginosa) and Gram negative bacteria 

(Escherichia coli, klebsiellapneumoniae).Dimethyl sulfoxide (DMSO) used to prepare the tested derivatives 

at(100mg/ml) concentrations. Disk diffusion method was utilized to define the initial activity of the microorganisms. 

The disks with a diameter of 6.25mm were perforated from Whatman no. 1 filter papers. The batch discs were 

distributed to each screw-covered bottle and made sterile by dry heat at (140°C) for one hour. Wells perforated in 

agar medium seeded with fresh and filled with 100μl of each concentration. The control that is used in this test was 

DMSO. The incubation was performed at (37°C) for one day. Erythromycin, gentamycin, sulfamethaxazole and 

trimethprim was used as a standard drugsin the current test.The diameter of the observed inhibition region were used 

to assess the antimicrobial activity of the tested derivatives.
[21,22]

 

 

Molecular docking: 
The molecular docking was made using autodock tool to check the binding of the derivatives with the proposed 

target and compare the result with the standerd antibacterial and the in vitro antimicrobial test. The binding energy 

(Kcal/mol) for the tested compound was measured by autodockand the compound the lowest binding energy is the 

preferred compound. 
[23,24]

 

 

Results and Discussion:-  
The synthetic pathway for the newly 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-(2,4-dibromo-6-((cyclohexyl(methyl)amino)methyl)phenyl)-2-(6-methoxynaphthalen-2-yl)propanamide (1a) 

: brown powder ( 65% yield ), m.wt(588) , m.p (85-88) , IR (KBr) υ (cm−1): 472 (C-Br), 1458 ( C-N ), 1558 

(aromatic C=C),1670 (amide C=O ), 3433 (amide N-H).
[25] 

N-(2,4-dibromo-6-((cyclohexyl(methyl)amino)methyl)phenyl)-2-(2-((2,6-

dichlorophenyl)amino)phenyl)acetamide (1b) : reddish brown powder ( 85% yield ), m.wt (654) , m.p (110-113) , 

IR (KBr) υ (cm−1): 453 (C-Br), 559 (C-Cl), 1452 ( C-N ), 1504 (aromatic C=C),1575 (amide C=O ), 3261 ( amine 

N-H), 3386 (amide N-H). 

N-(2,4-dibromo-6-((cyclohexyl(methyl)amino)methyl)phenyl)-2-((2,3-dimethylphenyl)amino)benzamide (1c): 

sticky yellow material ( 40% yield ), m.wt (599) , IR (KBr) υ (cm−1): 501 (C-Br), 1450 ( C-N ), 1508 (aromatic 

C=C),1649 (amide C=O ), 3311          (amine N-H),  3350 (amide N-H). 

2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-N-(2,4-dibromo-6-

((cyclohexyl(methyl)amino)methyl)phenyl)acetamide (1d): : dark brown powder (80% yield), m.wt (715.9) , m.p 

(89-92) , IR (KBr) υ (cm−1): 511 (C-Br), 551 (C-Cl), 1454 ( C-N ), 1481 (aromatic C=C),1552 ( indomethacin 

amide C=O), 1575 (amide C=O ), 3440 (amide N-H). 

 

Table 1:- Antimicrobial test results. 
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Staph. 2 - - - 14 14 12 1
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1
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1 

11 1

2 

1

8 

12 1

6 

14 14 0 10 10 
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6 

10 - 

E.coli - - - - - - - - 1
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1
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1
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10 - - - - 14 16 - - 10 

Klebs. - - - - - 9 9 9 8 8 8 8 8 8 8 8 16 14 1

2 

- 16 
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Note;SMT (sulfamethaxazole), TRM (trimethoprime), ERT (erythromycin), AMP (ampicillin), GNT (gentamicin). 

(-) mean no inhibition zone. (1,2,3,4) refer to concentrations of 1000,500,250,125 Mcg/ml respectively. 

 

Table 2:- Autodock results on dihydrofolatereductase target (PBD ID: 2w9g). 

Compound Binding score 

trimethoprime -7.9 

1a -9.5 

1b -9.5 

1c -9.9 

1d -8.2 

 

Table 3:- Autodock results on dihydropteroate synthase target (PBD ID: 1ad4). 

Compound Binding score 

sulfamethaxazole -6 

1a -6.6 

1b -6 

1c -6.3 

1d -5.5 

Chemically ; the use of catalytic agents SOCl2 and Et3N making one pot synthesis  of amide possible this achieved 

by first reaction of SOCl2  with carboxylic acid to produce acid chloride followed by reaction with amine to give the 

corresponding amide derivative. 

 

The antimicrobial test (table 1) reveals that these derivatives have some antibacterial activity  (1a,1b) have better 

activity on staph. Than all of the tested drugs. (1a,1b,1c) have better results on strept. Than trimethoprim, 

sulfamethaxazole and gentamicin. (1c) have some activity on E.coli better than ampicillin and erythromycin. 

(1a,1b,1c) have some activity on klebsila and better than ampicillin . 

 

The proposed mechanism of antibacterial action according to the structure of the products is either inhibition of 

dihydrofolatereductase enzyme like trimethoprim or inhibition of dihydropteroate synthase like sulfamethaxazole . 

the results of docking (table2 and 3) show that all of the derivatives (except 1d on 1ad4 enzyme) have better 

inhibition scores than the corresponding drugs and in all the lowest activity between the derivatives was for (1d).the 

results is not compeletely fit with the antibacterial test because the proposed mechanism may not be that exact 

mechanism by with the derivatives act as antibacterial. 

 

Conclution:- 
1. The synthesis of the designed compounds has been successfully achieved. 

2. Characterization and identification of the synthesized compounds were confirmed by determination of physical 

properties (melting point and description). 

3. The antibacterial assessment of the final products indicates that the amide group add antibacterial activity on the 

reacted drug one is mucolytic the other is NSAID. 

4. The docking study show that (according to the proposed mechanism of action) all of the derivatives (except 1d on 

1ad4 enzyme) have better inhibition scores than the corresponding drugs and in all the lowest activity between the 

derivatives was for (1d). 

 

Further study: 

For further work check the HNMR and CNMR spectrum on the prepared compounds because such measures are not 

found in Iraq. Also check other activities for amide compounds like ; anti-inflammatory, anti-tumor , anti-fungal and 

other activities. 

 

Acknowledgments:-  
The authors are greatly thankful to management and principal, Department of Pharmaceutical Chemistry/ College of 

Pharmacy/ Mustansiriyah University for their help and support. 

 

 



ISSN: 2320-5407                                                                        Int. J. Adv. Res. 11(07), 1297-1302 

1301 

 

References:- 
1- Alandini N, Buzzetti L, Favi G, Schulte T, Candish L, Collins KD, Melchiorre P. Amide Synthesis by 

Nickel/Photoredox‐ Catalyzed Direct Carbamoylation of (Hetero) Aryl Bromides. AngewandteChemie. 2020 

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

2- Sun S, Jia Q, Zhang Z. Applications of amide isosteres in medicinal chemistry. Bioorganic & medicinal 

chemistry letters. 2019 Sep 15;29(18):2535-50. 

3- Kushwaha N, Saini RK, Kushwaha SK. Synthesis of some amide derivatives and their biological activity. 

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, synthesis, and 

successes. Journal of medicinal chemistry. 2020 Jul 20;63(21):12290-358. 

5- Massolo E, Pirola M, Benaglia M. Amide bond formation strategies: Latest advances on a dateless 

transformation. European Journal of Organic Chemistry. 2020 Aug 16;2020(30):4641-51. 

6- Seavill PW, Wilden JD. The preparation and applications of amides using electrosynthesis. Green Chemistry. 

2020;22(22):7737-59. 

7- Karim HA, Raauf AM, Ali KF. Synthesis and preliminary pharmacological evaluation of some new triazole 

derivatives bearing nabumetone moiety targeting cyclooxygenase enzyme. Systematic Reviews in Pharmacy. 

2021 Jan 1;12(1):190-5. 

8- Schjerning AM, McGettigan P, Gislason 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 pharmacological evaluation of some new triazole 

derivatives bearing nabumetone moiety targeting cyclooxygenase enzyme. Systematic Reviews in Pharmacy. 

2021 Jan 1;12(1):190-5. 

10- Kushner P, McCarberg BH, Grange L, Kolosov A, Haveric AL, Zucal V, Petruschke R, Bissonnette S. The use 

of non-steroidal anti-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 titration of 

indomethacin in laboratories for pharmacy college students. Eurasian Medical Research Periodical. 2022 Aug 

2;11:1-5. 

12- Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflammatory drugs (NSAIDs) and organ 

damage: A current perspective. Biochemical pharmacology. 2020 Oct 1;180:114147. 

13- Lad M, Jain V, Raj H. A review of analytical methods for determination 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 efficacy and safety of bromhexine 

hydrochloride tablets in treating pediatric COVID-19: A protocol for meta-analysis and systematic 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, Zernicka-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, Pontelli MC, Castro IA, Melquiades T, Mendes Viana 

RM, Zamboni DS, Marcato P. In Vitro Inhibition of SARS-CoV-2 Infection by Bromhexine hydrochloride. 

bioRxiv. 2022:2022-12. 

18- Depfenhart M, de Villiers D, Lemperle 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, Eftekhar F. Bromhexine and its inhibitory effect on lipase–kinetics and structural 

study. Archives of Physiology and Biochemistry. 2022 Nov 2;128(6):1687-92. 

20- Leggio A, Belsito EL, De Luca G, Di Gioia ML, Leotta V, Romio 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 Hydrochlorothiazide Derivatives: Synthesis, Characterization and Anti-Microbial 

Assessments. Research Journal of Pharmacy and Technology. 2019;12(12):5848-54. 

22- Lima LM, da Silva BN, Barbosa G, Barreiro EJ. β-lactam antibiotics: 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 docking studies of phytochemicals as Jak2 

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



ISSN: 2320-5407                                                                        Int. J. Adv. Res. 11(07), 1297-1302 

1302 

 

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 amide I, II, and 

III band contributions of N-methylacetamide fine components. ACS omega. 2020 Apr 8;5(15):8572-8.  


