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ABSTRACT 

 This project focusses on the synthesis of novel 6,8-disubstituted-chromone-3-carboxamides 

and their evaluation as potential anti-tuberculosis agents. 

In this study, four 3-iodo-5-substituted-2-hydroxyacetophenones (58A-D) and three 3-bromo-

5-substituted-2-hydroxyacetophenones (63A-C) were successfully synthesized from 5-

substituted-2-hydroxyacetophenones (57A-D). The Vilsmeier-Haack reaction was used to 

synthesize the 8-iodo-6-substituted-chromone-3-carbaldehydes and 8-bromo-6-substituted-

chromone-3-carbaldehydes from the 3-iodo/bromo-5-substituted-2-hydroxyacetophenones. 

These compounds were treated with sodium chlorite and sulfamic acid to afford corresponding 

chromone-3-carboxylic acids. 

Recrystallization with either ethanol or methanol was used to purify the synthesized 

compounds. All compounds were synthesized in good to excellent yields. The yields of the 3-

iodo-5-substituted-2-hydroxyacetophenones (58A-D) ranged from 55 - 75 %, the 3-bromo-5-

substituted-2-hydroxyacetophenones (63A-C) were synthesized with yields from 66 - 87 %, 

the percentage yields are significantly different probably because different methods were used.  

The yields of the 8-iodo-6-substituted-chromone-3-carbadehydes (59A-D) ranged from 78 – 

90 %, the 8-bromo-6-substituted-chromone-3-carbaldehydes (64A-C) with yields from 85 - 87 

%, 8-bromo-6-substuted-chromone-3-carboxylic acids from 47 – 52 %, and chromone-3-

carboxylic acid afforded a yield of 57 %. 

1H NMR, 13C NMR and FTIR spectroscopic techniques were used to characterize synthesized 

compounds and also confirmed by melting points for compounds reported in literature. 

 

Keywords: Synthesis, chromones, chromone-3-carboxamides, biological activities, anti-

tuberculosis 
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CHAPTER 1   INTRODUCTION  

Heterocyclic compounds are among the most important compounds in medicinal chemistry and 

one of the most complex branches of chemistry.1 They have made significant contributions to 

the industrial and physiological significance of synthetic methodologies and their theoretical 

implications.2 Synthetic heterocyclic chemistry has not only played an important role in various 

aspects of human life improvement, but their application is also found in diverse fields such as 

agriculture, medicine, polymers, and various industries.3 

The main objective of the research is on the synthesis of chromones, and their related 

compounds are not only to develop more diverse and complex compounds with large variety 

of biological activities and also investigate their SAR, but also to develop various fluorescence 

probes because of their interesting photophysical and photochemical properties.4 

1.1 Chromones 

Chromone (1) consists of a substituted keto group on the pyran ring and a benzopyran ring 

structure fused together.5 The chromone substructure is found in the chemical structure of 

flavonoids, a class of naturally occurring compounds that are currently of interest because of 

their biological activity and classified as prevailed structure for the development of novel 

pharmacologically interesting compounds in drug discovery.6  

                                                            

Figure 1: The structure of chromone 

The chromone structure is a key component of many flavonoids (Figure 2), such as flavones 

(2), flavanols (3) and isoflavones (4).7 Several chromone derivatives have been used for the 

treatment of cystic fibrosis because they can be used to inhibit kinase (protein kinase inhibitor) 

and be attached to benzodiazepine receptors .8. 
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Figure 2: Examples of phenylsubstituted chromones 

Some chromone derivatives, both natural and synthetic, have already been marketed as lead 

compounds in various therapeutic treatments such as nedocromil and cromoglycate.9 

Chromones that are present in nature are flavones and isoflavones, which are the 2- and 3-aryl 

substituted derivatives. Chromones, such as 3-methylchromones (5) and 2-styrylchromones 

(6), have been found in the plant kingdom (Figure 3). 10. 

                

Figure 3: Some examples of chromones  

 

1.2 Structure and spectroscopic properties of chromones 

The structure of chromone (1) is isomeric with coumarin (7); the difference between the two 

structures (Figure 4) is the position of the carbonyl group. Chromone has a carbonyl at position 

C-4 and in the coumarin it appears on position C-2.11 The chromone IR carbonyl (C=O) 

stretching frequency is at max 1660 cm-1, but it is much lower than of the coumarin which has 

the carbonyl stretching of max 1710 cm-1. 12 
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Figure 4: Isomeric structures of chromone 

1.3 Synthesis of chromones 

Various synthetic methods for the chromones have been developed over many years and 

include: Claisen condensation,15 Baker-Venkataraman rearrangement,16 Kostanecki-Robinson, 

17 Simonis reaction, 19 and Gammill's protocol18 among many other methods. Most chromone 

synthetic methods use various 2-hydroxyacetophenones as starting materials.13 

The general retrosynthetic strategy to show the disconnection approach to chromones is shown 

in Scheme 1.14 

Scheme 1: Retrosynthetic strategy for chromones 

 

1.3.1 Claisen condensation reaction 

In this reaction (Scheme 2), a substituted-2-hydroxyacetophenone (e.g., 5-chloro-2-

hydroxyacetophenone 12) reacts with aliphatic aldehydes (14) to form a chromone (15).15. 
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Reagents: (i) DIPA, EtOH 

Scheme 2: Claisen condensation reaction 

1.3.2 Baker-Venkataraman rearrangement 

Various aromatic carboxylic acids and POCl3 were used to prepare an ester intermediate (16) 

from substituted-2-hydroxyacetophenone (12) (Scheme 3), followed by treating ester (16) with 

KOH in dry pyridine to form 1.3 diones (17). Cyclization of 1.3 diones (17) under reflux using 

ethanoic acid to afford 2-substituted chromone (18).16.  

Reagents: (i) RCOOH, POCl3, (ii) KOH, piperidine, (iii) CH3COOH, reflux 

Scheme 3: Baker-Venkataraman rearrangement reaction 
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1.3.3 Kostanecki-Robinson reaction 

 The Kostanecki-Robinson reaction (Scheme 4) is a synthetic method for chromones that 

involves the condensation of substituted 2-hydroxyacetophenones (12) with a particular ester 

diethyl oxalate and treated with NaOEt in EtOH, followed by cyclization of 1,3-dioxophenoxy 

intermediate (19) under acidic conditions to form compound (20) analogues. Compounds (20) 

may be hydrolysed to form the corresponding chromone-2-carboxylic acids.17 

 

Reagents: (i) Diethyl oxalate, NaOEt, EtOH, (ii) H2SO4 

Scheme 4: Kostanecki-Robinson reaction 

1.3.4 Gammill’s Protocol 

In this synthesis (Scheme 5), compound (21) was formed by condensation of substituted-2-

hydroxyacetophenones (12) with DMF-DMA. Cyclization of compound (21) to form 3-

halochromones (22), which acts as precursor for isoflavones synthesis.18. 

Reagents: (i) DMF-DMA, (ii) I2, CHCl3 

Scheme 5: Gammill’s protocol  
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1.3.5 Simonis Reaction 

The Simonis synthesis of chromones (Scheme 6) involves phenols (23) and -keto ester (24) 

in the presence of condensing reagents such as phosphorus pentoxide or phosphoric acid to 

generate a chromone (25).19. 

 

Reagents: (i) P2O5 

Scheme 6: Simonis reaction 

1.4 Biological activities of chromones 

Heterocyclic compounds have significant impact in the development of novel bioactive 

scaffolds. These compounds that contain oxygen with benzoannelated pyrone ring are some of 

the important compounds that belong to the flavonoid family.20 The wide variety of 

bioactivities due to the chromone moiety has resulted in significant research focused on these 

compounds and subsequent evaluation of their biological activities to be targeted in medicinal 

applications .21. 

 

1.4.1 Biological activities of plant-based chromones 

The first chromone isolated from the seed of the plant Ammi visnaga and utilized in clinical 

practice in pure form was khellin (26).22 This plant grows worldwide, the eastern 

Mediterranean, and decoctions of its seeds have been used for centuries as a muscle relaxant, 

particularly for  ureteric colic disorders.23 This plant is also used in herbal medicine for different 

purposes such as kidney diseases and asthma.24 Their side effects include liver dysfunction and 

allergic reactions. Khellin is used for the treatment of vitiligo.25 
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Quercetin (27) is one of the flavanols; most abundant bioflavonoids belong to the genus 

Eriocaulon, extracted from Scutellaria baicalensis, with the activity due to the presence of 

several hydroxyl groups.26 It is a naturally occurring compound, that prevents the development 

of bacterial growth on the plant embryo.27,28.  

                                                 

Xanthones (28) belong to naturally occurring heterocyclic compounds which contains oxygens 

and are characterized by a wide range of functional groups and have diverse pharmacological 

properties.29 Their pharmacological activities are inhibitors of monoamine oxygenase 

enzymes, acting as anti-inflammatory, antioxidant, anti-ulcer agents, as bronchodilators in 

asthma treatment and other diseases.30 

                                                         

Galangin (29) is a naturally occurring compound that is abundant in Alpinia officinarum and 

Helichrysum aureonitens and in the rhizome of Alpinia galanga. Galangin has been shown to 

have in vitro antibacterial and antiviral activity. These compounds also inhibit the growth of 

breast tumour cells in vitro.31 
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1.4.2 Biological activities of synthesized chromones 

Chromone derivatives are privileged compounds structures in medicinal chemistry, they have 

been recommended in several clinical drugs to be used.32 The most applicable and current 

studies shows that chromones have various range of pharmacological applications such as anti-

cancer agents, anti-HIV agents, anti-oxidants, anti-tuberculosis agents, and many others.33 

1.4.2.1 Anti-tuberculosis agents 

In this research project, novel 6,8-disubstituted chromone-3-carboxamide derivatives will be 

synthesized and evaluated as potential anti-tuberculosis agents. 

Mycobacterium tuberculosis, which causes the infectious disease tuberculosis, spreads through 

the air, and typically affects the lungs.34 Two million people die as results of this widespread 

heath problem annually.35  

Various literature confirms that TB is amongst the highest leading cause of death worldwide 

and it is more lethal than HIV/AIDS.36 Estimation by WHO was that TB presently affects one-

third of people worldwide, with almost 10 % acquiring active TB during their lifetime. Every 

second, a new person becomes infected with tuberculosis, and every 15 minutes, another person 

dies from the disease. 37 

TB is a global health threat that affects everyone. In the past five years, Asia had the highest 

number of new tuberculosis cases with 62 %, followed by Africa with 25 %. India and China 

alone estimated 35 % of TB cases worldwide and developing countries account for 95 % of all 

TB cases.38 

According to the WHO, there were 10.0 million new cases of tuberculosis in 2018, 1.2 million 

deaths from TB infection, and approximately 0.25 million people with HIV died because if 

TB.39 Furthermore, estimated number of 0.5 million new cases of rifampicin-resistant 

tuberculosis, with 78% being multi-drug resistant tuberculosis.40 
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1.4.2.2 Types of tuberculosis 

The two types of tuberculosis are Active and Latent tuberculosis. 

Latent tuberculosis is a condition in which you have tuberculosis, but the bacteria remain 

dormant in your body and cause no symptoms. Although latent tuberculosis is not contagious, 

it has the potential to become active.41 

Active tuberculosis is a condition in which tuberculosis bacteria multiply in your body and the 

immune system fails to prevent the spread of the bacteria causing illness and the development 

of tuberculosis symptoms. Tuberculosis disease become extremely contagious once the lungs 

are infected with active tuberculosis. Active tuberculosis has four types which include 

pulmonary tuberculosis, extrapulmonary tuberculosis, MDR TB, and XDR TB.42 When 

tuberculosis affects the lungs, it is known as pulmonary tuberculosis. Extrapulmonary 

tuberculosis infection can affect any organ in the body, but most commonly affects the 

lymphatic system, the genitourinary system, the bones, and the joints.43 When tuberculosis is 

resistant to first-line drugs, it is said to be multi-drug resistant (INH and RIF). Extensively-

drug resistant tuberculosis is defined as resistance to multi-drug resistant tuberculosis plus a 

fluoroquinolone, as well as at least one injectable second-line drug such as bedaquiline, 

levofloxacin, delamanid, linezoid and moxifloxacin. Drug resistance is difficult to treat and 

necessitates individualized care.44 

1.4.2.3 Causes of tuberculosis 

Tuberculosis is caused by a group of bacterial species which are closely related and is 

mycobacterium tuberculosis complex. The Mycobacterium tuberculosis complex consists of 

seven different strains, three of which are found in humans (M. tuberculosis, M. africanum, 

and M. canetti) and four of which are found in animals (M. bovis, M. carprae, M. macroti, and 

M. pinnipedii).45 M. bovis is the leading cases of TB in cattle that occasionally affects other 

species of mammals. Human become infected by Mycobacterium bovis usually via milk, milk 

products or meat from infected animals.46 M. macrotia typically causes disease voles, wood 

mice, and shrews, although it was also detected in a limited number of other mammalian 

species.47 M. caprae was first isolated from goats in Spain but has been found in other animals 

such as cattle, pigs, red deer, and wild boars.48 
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1.4.2.4 Signs and Symptoms of tuberculosis 

Many active tuberculosis symptoms are the direct result of extensive tissue damage caused by 

the bacteria in the lungs.49 A bad dry cough that lasts for more than three weeks is a sign of 

active tuberculosis that may result in one coughing blood sputum. Other symptoms such as 

night sweat, fever, unexplained weight loss when the body attempts to fight with infection, loss 

of appetite, chills, chest pain or pain breathing and fatigue.50 

1.4.2.5 Treatment of tuberculosis 

Isoniazid (30), rifampicin (31), pyrazinamide (32), and ethambutol (33) are the current first-

line anti-tuberculosis medications that are recommended for use in a six-month regimen for 

new tuberculosis patients.51 Treatments for tuberculosis are divided into two phases; the 

intensive phase, which lasts for the first two months, is when all four first-line medications are 

administered. The last four months are referred to as the continuation phase, and only 

rifampicin (31) and isoniazid (30) are used during this phase.52 

                                         

                                                                 

The second-line drugs that are used for the treatment of Mycobacterium tuberculosis are 

classified as aminoglycoside, polypeptides, fluoroquinolones, and alternative anti-tuberculosis 

drugs.53 The synthetic region mostly possessing a bacteriostatic activity, including the 
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derivatives such as oxazolidinones, isoxazolidinones, thionamides, para-aminosalicylic acid 

and thioacetazone.54 

Anti-tuberculosis aminoglycosides are based on spectrum of antibiotics isolated from 

Streptomyces.55 The structure consists of a basic aglycon moiety, a mono or disaccharides 

attached by glycoside bonds. Streptomycin (34) is the second line anti-TB drug and the first 

antituberculosis agent to be discoved. 56 It is an aminocyclitol glycoside-based antibiotic which 

was isolated from the soil bacterium Streptomyces griseus. Kanamycin (35) and amikacin (36) 

are used for the treatment of rifampicin- and isoniazid-resistant Mycobacterium tuberculosis.57 

             

 

                            

Capreomycin (37) and viomycin (38) are polypeptides for the treatment of tuberculosis, are 

also called tuberactinomycin are cyclic basic polypeptides antibiotics isolated from 
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Streptomyces species like aminoglycoside that inhibit protein synthesis and possess 

bacteriostatic activity.58 

                       

                       

Fluoroquinolones is a class of nalidixic acid derivatives that contains fluorine and were 

introduced some 20 years ago.59 They have become important drugs for the treatment of 

tuberculosis.60 In order to prevent or reduce drug resistance, they have been recommended as 

a second-line treatment for tuberculosis in combination with other drugs. The anti-TB activity 

of moxifloxacin (39), ciprofloxin (40), and levofloxacin (41) have been shown to have a high 

efficacy against Mycobacterium tuberculosis. Ciprofloxacin has been found to be more 

effective than the other drugs in treating Mycobacterium tuberculosis.61 



 

13 | P a g e  
 

                                

 

                                           

1.4.2.6 Drug resistance of tuberculosis 

There are two ways that drug-resistant TB might result, namely primary resistance and 

secondary resistance. When a person is first exposed to and infected with a resistant bacterium, 

primary resistance develops. The secondary resistance develops during TB treatment, either as 

a result of the patient receiving an insufficient regimen or failing to be following the 

recommended treatment plan, regimen as directed, or other conditions.62. 

Drug-resistant tuberculosis is no more contagious and like to drug-resistant TB, it spreads by 

contact. Drug resistance or prolonged infectiousness, however, it could encourage increased 

transfer and subsequent drug resistance development.63 The germs that produce MDR TB are 

resistant to the most efficient anti-TB drugs, such as INH and RIF. These drugs are examined 

first-line therapy and are used to treat patients with TB. XDR TB is comparatively rare type of 

drug-resistant tuberculosis. XDR TB is ineffective to INH and RIF, and any fluoroquinolone 

and a minimum one of three injectable second-line remedy (amikacin, kanamycin, or 

capreomycin). While first- and second-line drugs are ineffective against XDR TB, patients only 

have access to more harmful, more expensive, and much less effective therapeutic options.64 
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1.4.2.7 Elimination and control of tuberculosis 

Tuberculosis remains poorly controlled in many resources-limited settings while elimination 

is hard to achieve elsewhere in the world. Some of the measures to control TB, whenever you 

cough cover your mouth, as soon as you cough, or sneeze wash your hands.65The WHO have 

introduced various approaches to eliminate or reduce the burden of TB on the population. 66 

1.4.3 Chromones as potential candidates 

The most applicable and current studies shows that chromones various pharmacological 

activities, including as anti-tuberculosis agents amongst others.67 

Literature review showed that some of the chromones such as 3-(3-ethoxycarbonyl-2-

methylfuran-5-yl)-chromones (42) and 6-methoxy-3-(3-ethoxycarbonyl-2-methylfuran-5-yl)- 

chromones (43) have exhibited an anti-tuberculosis activity.68 

                 

 

Genistein (44) and prunetin (45) have been used as medicine against asthma, coughs, and 

tuberculosis and they are also very effective against mycobacterium tuberculosis.69 

                

 

1.5 Chromone-3-carbaldehyde 

Chromone-3-carbaldehydes (46) are a class of chromone derivatives distinguished by the 

aldehyde group at C-3 position being modified by the insertion of an aldehyde functional 
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group.58 Chromone-3-carbaldehydes show significant biological activities such as anti-HIV 

and anti-malarial.70 These compounds served as components that make up the synthesis of 

many heterocyclic compounds with medicinal applications.71 

                                                        

1.5.1 Properties of Chromone-3-carbaldehydes 

Given that there are three electron-deficient sites at C-2, the carbon of the aldehyde group 

(HC=O), and the carbon of the carbonyl group C-4, chromone-3-carbaldehydes are highly 

reactive compounds. Chromone-3-carbaldehyde can behave as both a dienophile and a Michael 

acceptor or a heterodiene, and fused heterocycles can be produced immediately through 

reaction of 3-(2-hydroxy-phenyl)-3-oxopropanal with bifunctional nucleophiles.72 

1.5.2 Synthesis of Chromone-3-carbaldehydes 

Chromone-3-carbaldehydes have previously been synthesized in low to good yields (40 -60 %) 

by reacting 2-formyl-2-hydroxyacetophenones with ethyl orthoformate and acetic anhydride. 

In contrast, the synthesis of chromone-3-carbaldehydes from 2,2-difluoro-4-methylnaphtho- 

1,2,3-dioxaborin compounds has also been reported in very good yields (82 -90 %).73. 

1.5.2.1 Claisen Condensation 

Eiden and Haverland synthesized chromone-3-carbaldehyde using the condensation (Scheme 

7) of 2-hydroxyacetophenone (47) and ethyl orthoformate (48) to form 3-(2-hydroxy-phenyl)-

3-oxopropanal (49), which is subsequently subjected to treatment with ethyl orthoformate to 

afford chromone-3-carbaldehyde (46).74. 

 

Reagents: (i) Na; (ii) HC(OEt)3, Ac2O. 
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Scheme 7: Claisen condensation reaction 

1.5.2.2 Vilsmeier-Haack Reaction 

Aldehydes, C-2, and C-4 carbons in the carbonyl group are examples of electron-deficient 

locations that are available, chromone-3-carbaldehyde derivatives are the commonly used 

synthons in heterocyclic synthesis with various biological activities; a good biological activity 

and simple synthesis by Vilsmeier-Haack formylation in good yields.75 The Vilsmeier-Haack 

reaction (Scheme 8) is the best route for the synthesis of chromone-3-carbaldehydes. This  

synthesis of  Vilsmeier-Haack reaction involves condensation of  2-hydroxyacetophenones 

with POCl3 and DMF.76 

                 

Reagents: (i) POCl3, DMF. 

Scheme 8: Vilsmeier-Haack reaction 

 

1.5.3 Mechanism of synthesis of chromone-3-carbaldehydes 

In the synthesis of chromone-3-carbaldehydes, the mixture of DMF and POCl3 produces a 

chloroiminium ion, a carbon electrophile (Scheme 9). The functional group in DMF reacts with 

POCl3 except for the production of the strong phosphorus-oxygen bond, which removes the 

amide oxygen and replaces it with chlorine atom. The iminium cation then reacts with the 

acetophenone enolate, which is produced by protonation of the carbonyl oxygen. This results 

in the formation of a chromen-4-one, which reacts with another iminium cation to form a 

cationic intermediate. Following hydrolysis and proton transfer, a formyl group is added to 

position 3 of the chromone ring, yielding chromone-3-carbaldehyde.77 
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Scheme 9: Mechanism of chromone-3-carbaldehyde synthesis from 2-hydroxyacetophenone. 
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CHAPTER 2     PROBLEM STATEMENT 

TB is still a serious global health issue and one of the deadliest human pathogens with millions 

of new infections annually. 78 

According to the WHO annual TB report for 2021, 10 million new TB cases were reported, 

and 1.5 million people died from the disease. 79  

Mycobacterium tuberculosis, which causes TB, may be treated with isoniazid, rifampicin, 

pyrazinamide, and ethambutol. Unfortunately, as the ubiquity of MDR TB and XDR TB rises, 

these drugs are becoming less effective; thus, it is of high demand for the production of novel, 

active, and fast-acting tuberculosis treatments that are effective against both active and latent 

infection with minimal toxicity.80 

The use of heterocyclic compounds, both natural and synthetic, is frequently used in the 

development of new drugs. Heterocyclic compounds, including flavones, isoflavones, 

chromones, coumarins, chromans, and others are crucial for developing new pharmacological 

entities with potential for therapeutic applications.81 

There is an urgent need for the design and development of innovative chemical entities with 

promising anti-tuberculosis against TB given the severe global effects of this disease.69 

Chromone structures such as 3-(3-ethoxycarbonyl-2-methylfuran-5-yl)-chromones (42), 

genistein (44), and prunetin (45) have been synthesized and have shown good activity against 

anti-tuberculosis agents. Literature has thus confirmed that indeed chromones have potential 

to be investigated as lead compounds for novel anti-tuberculosis drug development.82 
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CHAPTER 3    AIM AND OBJECTIVES 

The main aim of the research project was to synthesize novel 6,8-disubstituted chromone-3-

carboxamide derivatives and their evaluation as potential anti-tuberculosis agents. 

 The study had the following objectives: 

▪ To synthesize 3-iodo-5-substituted 2-hydroxyacetophenones. 

▪ To synthesize 8-iodo-6-substituted chromone-3-carbaldehydes. 

▪ To synthesize 8-iodo-6-substituted chromone-3-carboxylic acids.  

▪ To synthesize novel 6,8-disubsituted chromone-3-carboxamide derivatives. 

▪ Suzuki cross coupling at position 8 of 6,8-disubstituted chromone-3-carboxamide 

derivatives 

▪ To characterize the synthesized compounds using 1H and 13C NMR, FTIR and MS 

spectroscopic techniques. 

▪ Biological screening of target compounds as potential anti-tuberculosis agents. 
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CHAPTER 4    RESULTS AND DISCUSSION 

In this project, novel 6,8-disubstituted chromone-3-carboxamide derivatives were synthesized 

as potential anti-tuberculosis agents. The proposed synthetic methodology is presented in 

Scheme 10. The first step involved the iodination of 5-substituted 2-hydroxyacetophenones 

(57), which were treated with NIS-AcOH to form 3-iodo-5-substituted 2-

hydroxyacetophenones (58) and the bromination of 5-substituted-2-hydroxyacetophenones 

(57) in the presence of NBS-MeOH to form 3-bromo-5-substituted 2-hydroxyacetophenones 

(63). The 8-iodo-6-substituted chromone-3-carbaldehydes (59) and 8-bromo-6-substituted 

chromone-3-carbaldehyde derivatives (64) were synthesized by condensing the corresponding 

3-iodo-5-substituted- 2-hydroxyacetophenenes (58) and the corresponding 3-bromo-5-

substituted 2-hydroxyacetophenones (63) with DMF-POCl3. The conversion of 8-iodo-6-

substituted chromone-3-carbaldehydes (59) and 8-bromo-6-substituted chromone-3-

carbaldehydes (64) to 8-iodo-6-substituted chromone-3-carboxylic acids (60) and the 

corresponding to 8-bromo-6-substituted chromone-3-carboxylic acids (65) was achieved by 

using sodium chlorite and sulfamic acid. These acids were then converted to 8-iodo-6-

substituted chromone-3-carboxamides (66) and 8-bromo-6-substituted chromone-3-

carboxamide derivatives (61) via acid chloride synthesized by treatment with thionyl chloride 

and triethylamine in dichloromethane. The 6,8-disubstituted chromone-3-carboxamide 

derivatives 66 and 61 were subjected to Suzuki cross coupling reaction at position 8 with 

phenylboronic acids, palladium catalyst and a base to form 8-phenyl-6-substituted chromone-

3-carboxamides derivatives (62). The target compounds will be tested for biological activities 

to determine if they could be employed as anti-tuberculosis drugs. All synthesized compounds 

were characterized by 1H and 13C NMR and FTIR spectroscopic techniques. 
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Where X = H, Br, NO2, F, Cl, OCH3                   R
1R2 = O(CH2CH2)2NH, (CH3)2NH      

 Y= H, Br, I         

Reagents and conditions (i) NIS, AcOH, (ii) NBS, MeOH (iii) DMF- POCl3, (iv) NaClO2, 

Sulfamic acid, (v) SOCl2, Et3N, DCM, (vi) C6H7BO2, Pd catalyst. 

Scheme 10: Proposed Synthetic Scheme 

 

4.1 Iodination of 5-substituted 2-hydroxyacetophenones (58A-D) 

The reactions were conducted for the iodination of 5-substituted 2-

hydroxyacetophenones (57A-D) to form 3-iodo-5-substituted 2-hydroxyacetophenones 
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(Scheme 11) by dissolving and stirring the mixture of 5-substituted 2-

hydroxyacetophenone (57A-D) and N-iodosuccinimide in acetic acid. After that, the 

solution was heated under reflux for two hours and quenched with ice water, filtered, and 

recrystallized with ethanol to afford the product of interest. The 5-substituted-2-

hydroxyacetophenones reactions were successful except for the 5-methoxy-2-

hydroxyacetophenone. 

                           

Where X = Br, I, Cl, F. 

Reagents: NIS, AcOH, reflux, 2h 

Scheme 11: Iodination of 5-substituted 2-hydroxyacetophenones (57A-D). 

Iodination of 5-bromo-2-hydroxyacetophenone 58A) 

The 5-bromo-2-hydroxy-3-iodoacetophenone (58A) was synthesized by stirring the mixture of 

5-bromo-2-hydroxyacetophenone (57A) and N-iodosuccinimide in acetic acid. After that, the 

solution was refluxed for 2 hours, then poured into ice water. The resulting precipitate were 

filtered, dried, and recrystallised by ethanol to obtain 5-bromo-2-hydroxy-3-iodoacetophenone 

(58A). The synthesized compounds were characterized by using proton and carbon NMR and 

FTIR spectroscopic techniques as shown in Figures 5, 6, and 7, respectively. All compounds 

synthesized are shown in Table 1, with good yields of the average percentage of 60 % and the 

meting points correspond to the literature reported values. 

The 1H NMR spectra of 5-bromo-2-hydroxy-3-iodoacetophenone (58A) reveals four peaks as 

expected (Figure 5). The two peaks which account for two doublets on the aromatic region 

corresponding to two protons at benzene ring, the first doublet resonates at 8.19 ppm and 

corresponds to 4-H proton and the other doublet which resonate at 8.12 ppm accounting for 6-

H proton. The singlet peak downfield resonates at 12.96 ppm and was assigned as OH proton 

and another singlet resonate at 2.69 ppm which corresponds to CH3 protons. The 1H NMR 

spectrum confirmed the formation of 5-bromo-2-hydroxy-3-iodoacetophenone (58A). These 
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peaks have also been observed in 3-iodo-5-substituted 2-hydroxyacetophenones(58A-D) 

synthesized. 

The 13C NMR spectrum (Figure 6, Table 2)) shows eight peaks as was expected from the 

structure. The carbon at around 205.19 ppm which is the carbonyl carbon (C=O). The carbon 

at around 159.72 ppm which assigned for C-2, carbon at around 146.86 ppm for C-4, carbon at 

134.28 ppm corresponding to C-6, carbon at around 121.07 ppm which account for C-5 and 

carbon at around 111.36 ppm corresponding to C-1. The 13C NMR spectra shows the carbon 

that shows the formation of iodine at position 3 and was around 88.83 ppm accounting for C-

3. The carbon signal at 27.42 ppm correspond to CH3 carbon. The 13C NMR spectrum has thus 

confirmed the formation of 5-bromo-2-hydroxy-3-iodoacetophenone since all peaks have been 

accounted for. All peaks have also been accounted for the 3-iodo-5-substituted 2-

hydroxyacetophenones (58B-D) synthesized. 

The IR spectrum shows a wavelength at around 3057.44 cm-1 for an OH group, a band at 

1634.72 cm-1 for a carbonyl group (C=O), and a band at 650.62 cm-1 for carbon with halogen 

(C-I) as shown in Figure 7. The same bands were also observed with 3-iodo-5-substituted 2-

hydroxyacetophenones (58B-D). However, the (1H and 13C) NMR and FTIR spectroscopic 

results show that 5-methoxy-2-hydroxy-3-iodoacetophenone (58E) was not successfully 

synthesized as expected, although different conditions in terms of time and methods have been 

attempted.  

Table 1: Iodination of 5-substituted-2-hydroxyacetophenones (58A-D) 

Compound 

58 

X Yields (g) % Yields Melting 

points (°C) 

Lit. Melting 

points (°C) 

A Br 1.63 76  96.4-98.3 105 83 

B Cl 0.96 58  88.5-90.5 89 83 

C F 1.53 55 101.4-105.5 - 

D I 2.42 66 125.8-127.6 125-127 84 
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Figure 5: 400 MHz 1H NMR spectrum of 5-bromo-2-hydroxy-3-iodoacetophenone (58A) in 

DMSO-d6 

 

Figure 6: 100 MHz 13 C NMR spectrum of 5-bromo-2-hydroxy-3-iodoacetophenone (58A) in 

DMSO-d6 
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Figure 7: FTIR spectrum of 5-bromo-2-hydroxy-3-iodoacetophenone (58A) 

 

                                                                     

 

Table 2: 100 MHz 13C NMR chemical shift values (ppm) of 3-iodo-5-substituted-2-

hydroxyacetophenones (58A, B, C, and D) in DMSO-d6 

Carbons 58A 

X=Br 

58B 

X=Cl 

58C 

X=F 

58D 

X=I 

C=O 205.19 205.22 205.17 205.14 

C-1 111.36 120.36 117.84 121.89 
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C-2 159.72 159.39 157.17 160.14 

C-3 88.83 88.37 87.26 82.69 

C-4 146.86 144,43 153.47 152.14 

C-5 121.07 124.05 119.19 89.28 

C-6 134.28 131.43 133.00 140.06 

CH3 27.42 27.42 27.38 27.43 

 

4.2 Bromination of 5-substituted 2-hydroxyacetophenones (63A-C) 

The synthesis involves the bromination of 5-substituted-2-hydroxyacetophenones (57A-C). 

The reactions (Scheme 12, Table 3) were conducted for the bromination of 5-substituted 2-

hydroxyacetophenones (57A-C) to form 3-bromo-5-substituted 2-hydroxyacetophenones 

(63A-C) by dissolving 5-substituted 2-hydroxyacetophenones (57A-C) and N-

bromosuccinimide in methanol. The mixture was then stirred at room temperature for 3 hours 

before being quenched with water, filtered, and dried to afford the expected products. All 

reactions conducted were successful except for the bromination of 5-methoxy-2-

hydroxyacetophenone (63D) although different conditions and methods were attempted.  The 

synthesized compounds were characterized and confirmed using proton and carbon NMR and 

FTIR spectroscopic techniques. 

                                     

 Where X: Br, Cl, F. 

Reagents: NBS, MeOH, rt, 3h 

Scheme 12: Bromination of 5-substituted-2-hydroxyacetophenones (57A-C). 

3,5-Dibromo-2-hydroxyacetophenone (63A) was synthesized by dissolving 5-bromo-2-

hydroxyacetopnenone (57A) and N-bromosuccinimide in methanol. The mixture was then 

stirred at room temperature for 3 hours, quenched with water, filtered, and dried to yield 3,5-

dibromo-2-hydroxyacetophenone (63A). The synthesized compound was characterized by 
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proton and carbon NMR and FTIR as shown in figure 8, 9, and 10. Table 2 below shows good 

yields with the average percentage of 71 % and the melting points corresponds to the literature 

reported.  

In the 1H NMR spectra of 3,5-dibromo-2-hydroxyacetophenone (63A), four peaks were 

observed (Figure 8); the two protons account for two doublets at aromatic region corresponding 

two protons on the benzene ring. The first doublet at 7.79 ppm account for 4-H and the other 

doublet at 7.75 ppm assigned for 6-H. The singlet observed downfield at 12.80 ppm which has 

the characteristic of OH proton and the other singlet at 2.59 ppm which correspond to CH3 

protons. The 1H NMR spectrum data confirm the formation of 3,5-dibromo-2-

hydroxyacetophenone (63A). These peaks have also been observed on the other 3-bromo-5-

substituted 2-hydroxyacetphenones (63B-C) which have been synthesized. 

The 13C NMR spectra (Figure 9, Table 4) shows all peaks as were accounted for. The first peak 

observed was carbonyl carbon (C=O) at 203.34 ppm, carbon at 158.11 ppm assigned for C-2 

with the OH group, carbon at 141.5 ppm which assigned for C-4, carbon at 132.20 ppm which 

correspond to C-6, and carbon at 121.14 ppm which correspond to C-1 carbon. The attachment 

of  bromine at position 3 of 13C NMR spectrum confirmed that the reaction did take place. The 

results demonstrate that the carbon at 113.20 ppm which correspond to  C-3 is in agreement  

with the literature data.  The carbon at 110.39 ppm which was assigned for C-5 and carbon at 

26.77 ppm  correspond to CH3 carbon. The 13C NMR spectrum data thus confirm the formation 

of 3,5-dibromo-2-hydroxyacetophenone. The peaks observed on the synthesized compounds 

have also been observed on other synthesized 3-bromo-5-substituted 2-hydroxyacetophenones 

(63B-C). 

The IR spectra (Figure 10) shows a wavelength at around 3005.50 cm-1 for the OH group, a 

band at around 1634.25 cm-1 for the carbonyl group (C=O), and a band at 682.65 cm-1 for (C-

I) carbon with halogen as shown in Figure 3. The same bands were also observed with other 3-

iodo-5-substituted 2-hydroxyacetophenones (63B-C). The NMR and FTIR spectroscopic 

results could not confirm the successful synthesis of 3-bromo-5-methoxy-2-

hydroxyacetophenone (63D). 

 Table 3: Bromination of 5-substituted 2-hydroxyacetophenones (63A-C) 

Compound 

63 

X Yields (g) % Yields Melting 

points (°C) 

Lit. Melting 

points (°C) 

A Br 2.68 86 103.4 -105.2 105-107 85 



 

28 | P a g e  
 

 

 

 

Figure 8: 400 MHz 1H NMR spectrum of 3,5-dibromo-2-hydroxyacetophenone (63A) in 

CDCl3 

 

B Cl 1.54 68 109.3 -111.5 112 85 

C F 1.85 66 95.8 -99.4 97 86 
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Figure 9: 100 MHz 13C NMR spectrum of 3,5-dibomo-2-hydroxyacetophenone (63A) in 

CDCl3 

 

Figure 10: FTIR spectrum of 3,5-dibromo-2-hydroxyacetophenone (63A) 
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Table 4: 100 MHz  13C NMR chemical shift values (ppm) of 3-bromo-5-substituted 

2-hydroxyacetophenones (63A, B, and C) in CDCl3 

Carbons 63A 

X=Br 

63B 

X=Cl 

63C 

X=F 

C=O 203.34 203.42 203.40 

C-1 121.14 123.83 119.24 

C-2 158.11 157.67 155.56 

C-3 110.39 112.91 112.30 

C-4 141.51 138.93 152.85 

C-5 113.27 120.45 115.30 

C-6 132.20 129.21 127.19 

CH3 26.77 26.77 26.79 

  

4.3 Synthesis of 8-iodo-6-substituted chromone-3-carbaldehydes (59A-D) 

A series of 6,8-disubstituted chromone-3-carbaldehydes (59A-D) were prepared using the 

Vilsmeier-Haack reaction (Scheme 13, Table 5). The 3-iodo-5-substituted 2-

hydroxyacetophenones (58A) were treated with POCl3 in anhydrous DMF at 0 °C for 0.5 h in 

ice cold water. After cooling to room temperature, the solution was stirred for 12 hours, then 

quenched on ice cold water, to form solid crystals that was collected through filtration, then 

dried and recrystallized from ethanol to obtain 8-iodo-6-substituted chromone-3-carbaldehydes 

(59A-D). 
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Where X=Br, F, Cl, I 

Reagents and conditions: DMF, POCl3, H2O, 0-25˚C,12h 

Scheme 13: Synthesis of 8-iodo-6-substituted chromone-3-carbaldehydes (59A-D) 

The synthesis of 6-bromo-8-iodochromone-3-carbaldehyde (59A) 

The reaction was conducted by mixing 5-bromo-2-hydroxy-3-iodoacetophenone (58A) were 

treated with POCl3 in anhydrous DMF at 0 °C for 0.5 h in ice cold water. After cooling to room 

temperature, the solution was stirred for 12 hours, then quenched on ice cold water, to form 

solid crystals that was collected through filtration, then dried and recrystallized from ethanol 

to obtain 8-iodo-6-bromochromone-3-carbaldehydes (59A). The synthesized compounds were 

characterized by proton and carbon NMR and FTIR spectroscopic techniques as shown in 

Figure 11, 12, and 13 below. Table 3 below, shows good yields from 86- 90 % and their melting 

points. 

The 1H NMR spectrum (Figure 11) of 6-bromo-8-iodochromone-3-carbaldehyde (59A) shows 

four proton peaks. Two singlets which correspond to the formyl proton and methine proton. 

The formation of those two singlets also confirms that the structure formed, the carbaldehyde 

proton (CHO) at 10.27 ppm and methine proton (C-2) at 8,54 ppm. The presence of two 

doublets was also observed at the aromatic region, first doublet at 8.32 ppm which assigned for 

H-7 proton and another doublet at 8.24 ppm was assigned for H-5 proton. The 1H NMR 

spectroscopy data confirmed the formation of 6-bromo-8-iodo-chromone-3-carbaldehyde 

(59A).  

From the 13C NMR spectrum (Figure 12, Table 6) ten carbon peaks observed as was expected. 

The first three peaks from the spectra confirm the formation of carbaldehyde, peak at 187.71 

ppm corresponds to the aldehyde carbon, the pyrone carbon at around 174.42 ppm which 

corresponds to C-4, and carbon at 160.74 ppm for C-2. Carbon at 154.34 ppm corresponding 

to C-8a, Carbon at 146.62 ppm which was assigned for C-7, carbon at 129.11 ppm for C-5, 
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carbon at 126.91 ppm which correspond to C-4a. The carbon at around 120.90 ppm correspond 

to C-3, carbon at 120.07 ppm which correspond to C-6, and lastly carbon at 86.55 ppm for C-

8 carbon. The 13C NMR spectra confirm the formation of 6-bromo-8-substituted-chromone-3-

carbaldehyde (59A). These peaks have also been observed with other 8-iodo-6-substituted 

chromone-3-carbaldehydes (59D) synthesized.  

The 6-bromo-8-iodochromone-3-carbaldehyde (59A) was also confirmed by IR spectroscopy 

(Figure 13). The carbonyl stretches (C=O) of the pyrone ring that corresponds to C-4 was 

detected at 1668.42 cm-1, and the other carbonyl stretch was detected at 1695. 35 cm-1 

corresponding to aldehyde (HC=O) 

Table 5: Synthesis of 8-iodo-6-substituted chromone-3-carbaldehydes (59A-D) 

Compound 

59 

X Yield (g) % Yield Melting 

points (°C) 

Lit. Melting 

points (°C) 

A Br 1.72 90 137.8-141.6 - 

B Cl 0.47 78 154.8-162.4 - 

C F 1.24 86 186.7-191.2 - 

D I 1.20 88 156.4-161.2 - 

 

 



 

33 | P a g e  
 

Figure 11: 400 MHz 1H NMR spectra of 6-bromo-8-iodochromone-3-carbaldehyde (59A) in 

CDCl3 

 

Figure 12:  100 MHz 13C NMR spectra of 6-bromo-8-iodochromone-3-carbaldehyde (59A) in 

CDCl3 
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Figure 13: FTIR spectrum of 6-bromo-8-iodochromone-3-carbaldehyde (59A) 
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Table 6: 100 MHz 13C NMR chemical shift values(ppm) of 8-iodo-6-substituted 

chromone-3-carbaldehydes (59A, B, C, and D) in CDCl3 and DMSO-d6 

Carbons 59A 

X=Br 

59B 

X=Cl 

59C 

X=F 

59D 

X=I 

CHO 187.71 188.36 187.74 188.42 

C-2 160.74 164.50 160.77 164.44 

C-3 120.90 124.88 119.31 120.44 

C-4 174.42 174.15 174.85 173.93 

C-4a 126.91 126.45 126.76 127.15 

C-5 129.11 132.17 132.72 134.09 

C-6 120.07 120.14 111.90 93.27 

C-7 146.42 143.64 151.97 151.38 

C-8 86.55 89.93 86.02 90.21 

C-8a 154.34 154.22 158.51 155.04 

 

4.4 Synthesis of 8-bromo-6-chloro-chromone-3-carbaldehyde (64A) 

The reaction (Scheme 14) was carried out by mixing 3-bromo-5-chloro-2-

hydroxyacetophenone (63A) were treated with POCl3 in anhydrous DMF at 0 °C for 0.5 h in 

ice cold water. After cooling to room temperature, the solution was stirred for 12 hours, then 

quenched on ice cold water, to form solid crystals that was collected through filtration, then 

dried and recrystallized from ethanol to obtain 8-bromo-6-chlorochromone-3-carbaldehydes 

(64A). The compound was characterized by proton and carbon NMR and FTIR spectroscopic 

as shown in figure 14, 15, and 16 below. Table 7 shows good percentage yields with the average 

of 87 % and their melting points. 

The 1H NMR spectrum (Figure 14) of 8-bromo-6-chlorochromone-3-carbaldehyde (64A) 

shows four proton peaks. Two singlets were observed which corresponds to the formyl proton 

and methine proton. The formation of those two singlets also confirms that indeed reaction was 

successful. The first singlet shows the signal at 10.27 ppm and confirms the formation of the 

aldehyde proton, the other singlet for methine proton at around 8.52 ppm corresponds to C-2. 

The two doublets, both observed at the aromatic region of a benzene ring. The first doublet at 

8.13 ppm assigned for H-7 proton and another doublet at 7.88 ppm assigned for H-5 proton. 
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The same protons peaks also observed on the other 8-bromo-6-substituted-chromone-3-

carbaldehyde derivatives (64B-C) synthesized. 

                                  

Where X=Br, F, Cl 

Reagents and conditions: DMF, POCl3, H2O, 0-25˚C,12h 

Scheme 14: Synthesis of 8-bromo-6-substututedchromone-3-carbaldehydes (64A-C) 

Table 7: Synthesis of 8-bromo-6-substituted chromone-3-carbaldehydes (64A-C) 

Compound 

64 

X Yields (g) %Yields Melting 

points (°C) 

Lit. Melting 

points (°C) 

A Cl 1.24 87 164.5-168.2 - 

B Br 1.06 86 175.5-178.2 174-176 87 

C F 1.21 85 126.2-132.6 - 
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Figure 14:400 MHz 1H NMR spectrum of 8-bromo-6-chlorochromone-3-carbaldehyde (64A) 

in CDCl3 

In the 13C NMR spectrum (Figure 15, Table 8), ten peaks were observed. The first peaks from 

the spectra confirm the formation of carbaldehyde. The aldehyde carbon at 187.57 ppm 

assigned for CHO, the pyrone carbon at 174.26 ppm correspond to C-4, and the carbon at 

160.52 ppm corresponds to C-2. The carbon at 151.88 ppm corresponds to C-8a, carbon at 

137.97 ppm which corresponds to C-7, carbon at 132.98 ppm which corresponds to C-6, carbon 

at 129.17 ppm correspond to C-5, carbon at 124.96 ppm which correspond to C-4a, carbon at 

120.18 ppm assigned for C-3, and the last carbon at 113.31 ppm which correspond to C-8. The 

13C NMR spectra confirm the formation of 8-bromo-6-chlorochromone-3-carbaldehyde. The 

same peaks have also been observed with other 8-bromo-6-substituted chromone-3-

carbaldehyde derivatives (64B-D) synthesized. 

The 8-bromo-6-chlorochromone-3-carbaldehyde (64A) was also further confirmed by FTIR 

spectroscopy (Figure 16). The carbonyl vibration stretches on the pyrone ring which 

corresponds to C-4 was observed at wavenumber 1670.84 cm-1 and the other carbonyl band 

observed corresponds to aldehyde group (HC=O) at wavenumber 1694.84 cm-1.  
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Figure 15: 100 MHz 13C NMR spectrum of 8-bromo-6-chromone-3-carbaldehyde (64A) in 

CDCl3 

 

Figure 16: FTIR spectrum of 8-bromo-6-chlorochromone-3-carbaldehyde (64A). 
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Table 8: 100 MHz 13C NMR chemical shift values (ppm) of 8-bromo-6-substituted-

chromone-3-carbaldehydes (64A, B, and C) in CDCl3 and DMSO-d6 

Carbons 64A 

X=Cl 

64B 

X=Br 

64C 

X=F 

CHO 187.57 188.37 187.75 

C-2 160.52 164.38 160.63 

C-3 120.18 119.62 113.43 

C-4 174.26 173.82 174.64 

C-4a 124.96 120.55 119.53 

C-5 129.17 127.54 126.73 

C-6 132.98 127.73 127.43 

C-7 137.97 140.38 149.67 

C-8 113.31 113.93 111.00 

C-8a 151.88 152.10 158.26 

 

4.5 Synthesis of 8-iodo-6-substituted chromone-3-carboxylic acids  

The synthesis of 8-iodo-6-substituted chromone-3-carboxylic acid (60A-D) derivatives 

(Scheme 15) was achieved by mixing 6,8-disubstituted chromone-3-carbaldehyde (59A-D) and 

sulfamic acid in dichloromethane stirred at 0 °C. Sodium chlorite in water was poured drop 

wise in an ice water bath at 0 °C. After cooling to room temperature, the solution was stirred 

for 3 hours, and water was added after the completion reaction. The resultant mixture was 

extracted with DCM, dried with anhydrous MgSO4, and DCM was removed by a rotary 

evaporator to afford 8-iodo-6-substituted chromone-3-carboxylic acids (60A-D).92. 
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Where X=H, Br, Cl, F, I 

Reagents and conditions: H3NSO3, NaClO2, H2O, DCM, 0˚C,3h 

Scheme 15: Synthesis of 8-iodo-6-substituted chromone-3-carboxylic acid (60A) 

The chromone-3 carboxylic acids (60A) were characterized by 1H and 13C NMR, and FTIR 

spectroscopies as shown in Figures 17, 18, and 19. The chromone-3-carboxylic acid shows 

good percentage yield of around 57.48 % and the melting points corresponds to the literature 

melting points.88 

The 1H NMR spectra chromone-3-carboxylic acid (60A) shows six proton peaks. The OH peak 

couldn’t be detected downfield probably due to hydrogen deuterium exchange. . The peak at 

9.08 ppm which correspond to the H-2. The aromatic peaks were observed as four peaks. Two 

doublets account for the first doublet at 8.14 ppm corresponding to H-5 proton and another 

doublet at 7.76 ppm corresponding to 8-H proton. The first triplet at 7.92 ppm which 

corresponds to H-7 proton and the second triplet at 7.61 ppm corresponds to the H-6 proton. 

In the 13C NMR spectra, ten peaks were observed. The double peaks from the spectra confirm 

the carboxylic acid peak together with the C-2 peak at 164.47 and 164.41 ppm. The carbon at 

176.79 ppm assigned for C-4, the carbon at 156.32 ppm corresponds to C-8a, and the carbon 

at 136.19 ppm corresponds to C-7. The carbon at 127.46 ppm corresponds to C-6, carbon at 

126.03 ppm corresponds to C-5, carbon at 123.92 ppm corresponds to C-4a, carbon at 119.44 

ppm corresponds to C-8. The last carbon at 114.94 ppm which corresponds to the C-3 carbon. 

The chromone-3-carboxylic acid (60A) was also further confirmed by FTIR spectroscopy. The 

FTIR spectroscopy show the OH band at wavenumber 3066.91 cm-1.  
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Figure 17: 1H NMR spectrum of chromone-3-caboxylic acid (60A). 

 

Figure 18: 13C NMR spectrum of chromone-3-carboxylic acid (60). 
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Figure 19: FTIR spectrum of chromone-3-carboxylic acid (60A)  

                                                   

4.6 Synthesis of 8-bromo-6-substituted chromone-3-carboxylic acids 

The 8-bromo-6-substituted chromone-3-carboxylic acids (65A-B) were synthesized by 

treatment of  8-bromo-6-substituted chromone-3-carbaldehydes (64A-B) with  sulfamic acid 

and sodium chlorite  in dichloromethane at 0˚C as shown in scheme 16.  . After cooling to room 

temperature, the solution was stirred for 24 hours, then quenched with water, and extracted 

with DCM. The combined organic layers that separated from aqueous layers were dried over 

MgSO4 and evaporated using a rotary evaporator. The isolated solid compounds were 

recrystallized to afford 8-bromo-6-substituted chromone-3-carboxylic acids (65A-B). 
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Where X= Br 

Reagents and conditions: H3NSO3, NaClO2, H2O, DCM, 0˚C,3h 

Scheme 16: Synthesis of 8-bromo-6-substituted chromone-3-carboxylic acids (65A-B)  

Table 9: Synthesis of 8-bromo-6-substituted-chromone-3-carboxylic acids 

Compound 

65 

X Yields (g) % Yield Melting 

points (°C) 

Lit. melting 

points (°C) 

A Br 0.62 52 205.4-207.2 - 

B Cl 0.57 47 224.6-226.9 - 

 

The 6,8-dibromochromone-3-carboxylic acid (65A) was characterized by proton and carbon 

NMR, FTIR Spectroscopic techniques as shown in Figures 20, 21, and 22. The percentage yield 

of 6,8-dibromo-chromone-3-carboxylic acid ranged from 47-52 % 

Four peaks were expected in the 1H NMR spectrum of 6,8-dibromochromone-3-carboxylic acid 

(65A), but the spectrum only shows three peaks. The OH peak couldn’t detect downfield 

probably due to hydrogen deuterium exchange. In the spectra below two doublets were 

observed with the first doublet at 8.27 ppm corresponding to the H-7 proton, and the second 

doublet resonates at 7.98 ppm corresponding to the H-5 proton. The singlet at 6.14 ppm 

correspond to the H-2 proton. 

The 13C NMR spectrum (Table 10) showed ten peaks as expected. The carbonyl carbon peak 

at 179.44 ppm which corresponds to C-4, peak at 152.83 ppm which shows the carbonyl carbon 

of carboxylic acid and C-2. The carbon at 146.60 ppm which corresponds to the C8a. The 

carbon at 130.02 ppm for C-7, carbon at 119.52 ppm which corresponds with C-5, carbon at 

114.98 ppm which corresponds to C-4a. The carbon at 113.60 ppm correspond to C-6, carbon 
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at 99.33 ppm which corresponds to C-3, lastly the carbon at 83.39 ppm which resonating at C-

8 respectively. 

The 6,8-disubstituted chromone-3-carboxylic acid (65A) was also further confirmed by FTIR 

spectroscopy. The FTIR spectroscopy show the OH band at wavenumber 33342.91 cm 1.  

 

Figure 20: 1H NMR spectrum of 6,8-dibromochromone-3-caboxylic acid (65A). 
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Figure 21: 13C NMR spectrum of 6,8-dibromochromone-3-carboxylic acid (65A). 

 

Figure 22: FTIR spectrum of 6,8-dibromochromone-3-carboxylic acid (65A) 
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Table 10: 100 MHZ  13C NMR chemical shift values (ppm) of 8-bromo-6-substituted 

chromone-3-carboxylic acids (65A-B) in DMSO-d6 

Carbons 65A 

X=Br 

65B 

X=Cl 

C2 152.83 152.51 

C3 99.33 99.38 

C4 179.44 179.95 

C4a 114.98 119.09 

C5 119.52 127.10 

C6 113.60 113.36 

C7 130.02 127.77 

C8 83.39 83.49 

C8a 142.60 140.12 

COOH 152.83 152.51 
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CHAPTER 5    CONCLUSION 

The iodination of 5-substituted-2-hydroxyacetophenones (57) at position 3 was successful and 

the yields obtained were good to excellent yields of 55 - 75 %. The bromination of 5-

substituted-2-hydroxyacetophenones was also successful, with moderate to excellent yields of 

66-86 %.  The 3-iodo-5-substituted 2-hydroxyacetophones (58A-D) were further treated with 

POCl3 and DMF using the Vilsmeier-Haack reaction to synthesize 8-iodo-6-substituted 

chromone-3-carbaldehydes (59A-D) with excellent yields of 78 - 90 %. All synthesized 

compounds are novel compounds and the 3-bromo-5-substituted 2-hydroxyacetophenones 

(63A-C) were used successfully to convert them to 8-bromo-6-substituted chromone-3-

carbaldehydes (64A-C) with excellent yields of 85 - 87 % as well.  

The oxidation of the 6,8-disustituted chromone-3-carbaldehydes (60A-D) in the presence of 

NaClO2 and H3NSO3 was not very successful although various modification on the method  

were attempted, except for the chromone-3-carboxylic acid (60A) with a moderate yield of  57 

% and the 8-dibromo-6-substituted chromone-3-carboxylic acids (65A-B) with moderate 

yields of 47 - 52 %. Attempts to use Jone`s reagent for the oxidation of chromone-3-

carbaldehydes was also not successful. All Synthesized compounds were characterized using 

(1H and 13C) NMR and IR spectroscopic techniques.   

Although challenges were encountered with the methods used to oxidize carboxylic acid 

derivatives, some 6,8-disubstituted-chromone-3-carboxylic acids were successfully 

synthesized. The final target compounds couldn’t be synthesized; however, four 8-iodo-6-

substituted-chromone-3-carbaldehydes (59A-D), three 8-bromo-6-substituted-chromone-3-

carbaldenydes (64A-C), one chromone-3-carboxylic acid (60A), and two 8-bromo-6-

substituted-chromone-3- carboxylic acids (65A-B) successfully synthesized will be send for 

screening as potential anti-tuberculosis agents. 
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5.1 Future work 

• Reinvestigate other methods of synthesizing chromone-3-carboxylic acids. 

• Convert carboxylic acids to chromone-3-carboxamides. 

•  Suzuki metal coupling reaction of 6,8-disubstituted chromone-3-carboxamides. 

• Biological screening of 6,8-disubstituted-chromone-3-carboxamide derivatives as 

potential anti-tuberculosis agents. 
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CHAPTER 6    EXPERIMENTAL 

6.1 General 

Reagents and solvents used for the project were purchased from Sigma Aldrich / Merck / other 

local chemical suppliers and were used without further purification, unless indicated.  

The 1H NMR (400 MHz) and 13C NMR (100 MHz) spectra were characterized on a Bruker 400 

MHz spectrometer using DMSO-d6 and CDCl3as the solvents. Chemical shift values of 1H 

NMR and 13C NMR were reported in ppm. For NMR signals, the following multiplicity 

abbreviations were used: s for singlet, d for doublet, dd for doublet of doublet, t for triplet, q 

for quartet, m for multiplet, and coupling constants, J in hertz (Hz) unit. 1H chemical shifts of 

solvents CDCl3 (δ = 7.26 ppm), DMSO-d6 (δ = 2.5 ppm), residual water in DMSO-d6 (δ = 3.44 

ppm). 13C chemical shifts of solvents CDCl3 (δ = 77.16 ppm), DMSO-d6 (δ = 39.52 ppm). 

All reactions were synthesized using oven dried round bottom flasks and reaction were 

monitored by thin-layer chromatographic plates and visualized under UV light (λ=254-365 

nm). The melting points were measured with a capillary tube using a Buchi melting point B-

540 instrument. IR spectra in wavelength absorption (cm-1) was determined using Perkin-Elmer 

1420. 

 

6.2 Iodination of 5-substituted-2-hydroxyacetophenones 89 (58A-D) 

 5-Bromo-2-hydxoxy-3-iodoacetophenone (58A) 

 

5-Bromo-2-hydroxyacetophenone (57A) (1.00 g, 4.65 mmol) in acetic acid (50 ml) treated with 

N-iodosuccinimide (1.05 g, 4.66 mmol). The mixture was then stirred under reflux for 2 hours. 

The reaction mixture was stopped after the disappearance of 5-bromo-2-hydroxyacetophenone 

(57A), monitored by TLC. The resulting mixture was quenched with ice water and resulting 

precipitate was  collected through filtration, dried and recrystalised from ethanol to obtain 5-

bromo-2-hydroxy-3-iodoacetophenone (58A) as brown solid (1.63 g, 63 %), m.p. 96.4-98.3 °C 

(lit.,83 105 °C  );  IR νmax/cm-1 2938,53 (OH), 1620.91 (C=O), 552.30 (C-I);  δH (400 MHz, 
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DMSO) 12.96 (1H, s, OH), 8.18 (1H, d, J =2.2 Hz, 4-H),  8.12 (1H, d, J = 2.2 Hz, 6-H), 2.68 

(3H, s, CH3); δC (100 MHz, DMSO) 203.14 (C=O), 160.28 (C-2), 144.24 (C-4), 139.3 (C-6), 

123.88 (C-5), 120.75 (C-1), 81.42 (C-3), 28.82 (CH3). 

 

5-Chloro-2-hydroxy-3-iodoacetophenone (58B) 

 

The same experimental procedure used for synthesis of 5-bromo-2-hydroxy-3-

iodoacetophenone (58A) was followed using 5-chloro-2-hydroxyacetophenone (57B) (1.00 g, 

5.86 mmol) in acetic acid (50 ml) treated with N-iodosuccinimide (1.32 g, 5.86 mmol). The 

mixture was then stirred under reflux for 2 hours. The reaction mixture was stopped after the 

disappearance of 5-chloro-2-hydroxyacetophenone (57B), monitored with thin layer 

chromatography. The resulting mixture was quenched with ice water and precipitates formed 

were  filtered, dried and recrystalised from ethanol to obtain 5-chloro-2-hydroxy-3-

iodoacetophenone (58B) as brown solid (0.96 g, 58 %), m.p. 88.8-90.5 °C (lit., 83 89 °C  );  IR 

νmax/cm-1 3066.22 (OH), 1642.79 (C=O), 544.83 (C-I); δH (400 MHz, DMSO) 12.94 (1H, s, 

OH), 8.09 (1H, d, J =2.2 Hz, 4-H),  8.03 (1H, d, J = 2.2 Hz, 6-H), 2.68 (3H, s, CH3); δC (100 

MHz, DMSO) 205.22 (C=O), 159.39 (C-2), 144.37 (C-4), 131.43 (C-6), 124.05 (C-5), 120.36 

(C-1), 88.37 (C-3), 27.42 (CH3). 

 5-Fluoro-2-hydroxy-3-iodoacetophenone (58C) 

 

Th same experimental procedure used for the synthesis of 5-bromo-2-hydroxy-3-

iodoacetophenone (58A) was followed using 5-fluoro-2-hydroxyacetophenone (57C) (1.00 g, 

6.50 mmol) in acetic acid (50 ml) was treated with N-iodosuccinimide (1.46 g, 6.50 mmol). 

The resulting mixture was stirred for 2 hours under reflux. The reaction was stopped after the 
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disappearance of 5-fluoro-2-hydroxyacetophenone (57C), monitored by thin layer 

chromatography. The resulting mixture was quenched with ice water and precipitates formed 

were filtered, dried and recrystalised from ethanol to obtain 5-fluoro-2-hydroxy-3-

iodoacetophenone (58C) as brown solid (1.53 g, 55 %), m.p. 101.4-104.5 °C; IR νmax/cm-1 

3075.45 (OH), 1642.55 (C=O), 544.83 (C-I);  δH (400 MHz, DMSO) 12.74 (1H, s, OH), 8.00 

(1H, d, J =2.2 Hz ,4-H),  7.88 (1H, d, J = 2.2 Hz, 6-H), 2.66 (3H, s, CH3); δC (100 MHz, DMSO) 

205.17 (C=O), 157.17 (C-2), 153.47 (C-4), 133.00 (C-6), 119.19 (C-5), 117.84 (C-1), 87.26 

(C-3), 27.38 (CH3). 

 

 3,5-Diiodo-2-hydroxyacetophenone (58D) 

 

Th same experimental procedure for the synthesis of 5-bromo-2-hydroxy-3-iodoacetophenone 

(58A) was followed using a solution 2-Hydroxyacetophenone (57D) (2.26 g, 16.60 mmol) in 

acetic acid (50 ml) was treated with N-iodosuccinimide (7.47 g, 33.20 mmol). The mixture was 

then stirred under reflux for 2 hours. The reaction mixture was stopped after the disappearance 

of 2-hydroxyacetophenone (57D), monitored with thin layer chromatography. The resulting 

mixture was quenched with ice water and precipitates formed were  filtered, dried and 

recrystalised from ethanol to obtain 3,5-diiodo-2-hydroxyacetophenone (58D) as brown solid 

(2.42 g, 66 %), m.p. 124.8-126.6 °C (lit.,84 125-127 °C  );  IR νmax/cm-13075.12 (OH), 1631.33 

(C=O), 539.19 (C-I); δH (400 MHz, DMSO) 12.97 (1H, s, OH), 8.28 (1H, d, J =2.2 Hz , 4-H),  

8.20 (1H, d, J = 2.2 Hz, 6-H), 2.67 (3H, s, CH3); δC (100 MHz, DMSO) 205.14 (C=O), 160.14 

(C-2), 152.14 (C-4), 140.06 (C-6), 121.89 (C-1), 89.28 (C-5), 82.69 (C-3), 27.45 (CH3). 

 

 

 

6.3. Bromination of 5-substituted-2-hydroxyacetophenones90 (63A-C) 
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3.5-Dibromo-2-hydroxyacetophenone (63A) 

 

 5-Bromo-2-hydroxyacetophenone (57A) (2.00 g, 9.30 mmol) in MeOH (50 ml) was treated 

with NBS (1.66 g, 9.33 mmol).  The mixture was stirred for 3 hours at room temperature, then 

water (40 ml) was added. The resultant pale-yellow solid formed  filtrered, washed with water 

and the product was allowed dry to obtain 3,5-dibromo-2-hydroxyacetophenone (63A) as 

yellow solid (2.68 g, 86 %), m.p. 103.4-105.2 °C (lit.,85 105-107 °C  );  IR νmax/cm-1 3006,50 

(OH), 1644.07 (C=O), 599.76 (C-Br); δH (400 MHz, CDCl3) 12.80 (1H, s, OH), 7.80 (1H, d, J 

=2.2 Hz, 4-H),  7.76 (1H, d, J = 2.2 Hz, 6-H), 2.59 (3H, s, CH3); δC (100 MHz, CDCl3) 203.34 

(C=O), 158.11 (C-2), 141.51 (C-4), 132.20 (C-6), 121.14 (C-1), 113.27 (C-5), 110.39 (C-3), 

26.77 (CH3). 

 

3-Bromo-5-chloro-2-hydroxyacetophenone (63B) 

 

The same experimental procedure used for 3,5-dibromo-2-hydroxyacetophenone (63A) was 

followed, where 5-chloro-2-hydroxyacetophenone (57B) (1.50 g, 8.79 mmol) in MeOH (50 

ml) was treated with NBS (1.57 g, 8.82 mmol).  The mixture after stirring for 3 hours at room 

temperature, the water (40 ml) was added. The resultant pale-yellow solid formed filtered, 

washed with water and the product was allowed dry to obtain 3-bromo-5-chloro-2-

hydroxyacetophenone (63B) as yellow solid (1.54 g, 68 %), m.p. 109.3-111.5 °C (lit.,85 112 °C  

);  IR νmax/cm-13066.16 (OH), 1691.15 (C=O), 546.71(C-Br);  δH (400 MHz, CDCl3) 12.78 

(1H, s, OH), 7.66 (1H, d, J =2.2 Hz, 4-H),  7.62 (1H, d, J = 2.2 Hz, 6-H), 2.59 (3H, s, CH3); δC 

(100 MHz, CDCl3) 203.42 (C=O), 157.67 (C-2), 138.93 (C-4), 129.21 (C-6), 123.83 (C-1), 

120.45 (C-5), 112.91 (C-3), 26.77 (CH3).  
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 3-Bromo-5-fluoro-2-hydroxyacetophenone (63C) 

 

 The same experimental procedure used for 3,5-dibromo-2-hydroxyacetophenone (63A) was 

followed, where 5-fluoro-2-hydroxyacetophenone (57C) (1.85 g, 12.00 mmol) in MeOH (50 

ml) was treated with NBS (2.14 g, 12.02 mmol). The mixture after stirered for 3 hours at room 

temperature, water (40 ml) was added. The resultant brown solid that was formed was filtrered 

and washed with water and the product was allowed to dry to obtain 3-bromo-5-fluoro-2-

hydroxyacetophenone (63C) as brown solid (1.54 g, 68 %) , m.p. 99-99 °C (lit.,86 97 °C  );  IR 

νmax/cm-13056.08 (OH), 1640.68 (C=O), 560.82(C-Br); δH (400 MHz, CDCl3) 12.61 (1H, s, 

OH), 7.49 (1H, d, J =2.2 Hz, 4-H),  7.37 (1H, d, J = 2.2 Hz, 6-H), 2.58 (3H, s, CH3); δC (100 

MHz, CDCl3) 203.40 (C=O), 155.56 (C-2), 152.85 (C-4), 127.19 (C-6), 119.24 (C-1), 115.30 

(C-5), 112.30 (C-3), 26.79 (CH3). 

 

6.4 Synthesis of 8-iodo-6-substituted-chromone-3-carbaldehydes91 (59A-D) 

 6-Bromo-8-iodochromone-3-carbaldehyde (59A) 

 

5-Bromo-2-hydroxy-3-iodoacetophenone (58A) (1.00 g, 2.93 mmol) in anhydrous DMF (15.00 

ml) was cooled at 0˚C. POCl3 (2.00 ml) was added drop wise with dropping funnel. The colour 

change of the solution was observed from brown to dark brown. The resulting mixture was 

then stirred at room temperature for 12 hours while monitoring with TLC [ethyl acetate–

petroleum ether (50:50)] to completion and quenched with ice water. Precipitates formed were 

filtered, washed with water, dried, and recrystalised from ethanol to obtain 6-bromo-8-
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iodochromone-3-carbaldehyde (59A) as light brown solid (1.72 g, 90 %) , m.p. 137.8-141.6 °C 

; IR νmax/cm-11666.42 (C=O), 1695.35 (HC=O);  δH (400 MHz, CDCl3) 10.27 (1H, s, CHO), 

8.54 (1H, s, 2-H),  8.32 (1H, d, J = 2.8 Hz, 7-H), 8.24 (1H, d, J=2.8 HZ, 5-H); δC (100 MHz, 

CDCl3) 187.71 (HC=O), 174.42 (C-4), 160.74 (C-2), 154.34 (C-8a), 146.62 (C-7), 129.11 (C-

5), 126.91 (C-4a), 120.90 (C-3), 120.06 (C-6), 86.55 (C-8). 

 6-Chloro-8-iodochromone-3-carbaldehyde (59B) 

 

 The 5-chloro-2-hydroxy-3-iodoacetophenone (58B) (1.00 g, 3.37 mmol) in anhydrous DMF 

(15.00 ml) was cooled at 0 ˚C. POCl3 (2.00 ml) was added drop wise wit dropping funnel. The 

colour change of the solution was observed from brown to dark brown. The mixture was then 

stirred at room temperature for 12 hours while monitoring by TLC [ethyl acetate–petroleum 

ether (50:50)] to completion and the resulting mixture quenched with ice water. Precipitates 

formed were filtered, washed with water, dried, and recrystallized from ethanol to obtain 6-

chloro-8-iodochromone-3-carbaldehyde (59B) as light brown solid (0.91 g, 78 %), m.p. 154.8-

162.4°C ; IR νmax/cm-11660.54 (C=O), 1691.19 (HC=O); δH (400 MHz, DMSO) 10.05 (1H, s, 

CHO), 9.01 (1H, s, 2-H),  8.37 (1H, d, J = 2.8 Hz, 7-H), 7.97 (1H, d, J=2.8 HZ, 5-H); δC (100 

MHz, DMSO) 188.36 (HC=O), 174.15 (C-4), 164.50 (C-2), 154.22 (C-8a), 143.64 (C-7), 

132.17 (C-5), 126.45 (C-4a), 124.88 (C-3), 120.14 (C-6), 89.93 (C-8). 

 6-Fluoro-8-iodo-chromone-3-carbaldehyde (59C) 

 

The 5-fluoro-2-hydroxy-3-iodoacetophenone (58C) (1.00 g, 3.57 mmol) in anhydrous DMF 

(15.00 ml) was cooled at 0˚C. POCl3 (2.00 ml) was added drop wise using dropping funnel. 

The colour change of the solution was observed from brown to dark brown. The mixture was 

then stirred at room temperature for 12 hours while monitoring by TLC [ethyl acetate–

petroleum ether (50:50)] to completion, and the resulting mixture quenched with ice water. 



 

55 | P a g e  
 

Precipitates were filtered, washed with water, dried, and recrystallized from ethanol to obtain 

6-fluoro-8-iodochromone-3-carbaldehyde (59C) as brown solid (1.24 g, 86 %) , m.p. 186.7-

191.2 °C;  IR νmax/cm-11660.68 (C=O), 1693.04 (HC=O);  δH (400 MHz, CDCl3) 10.27 (1H, s, 

CHO), 8.54 (1H, s, 2-H),  7.88(1H, d, J = 2.8 Hz, 7-H), 7.66 (1H, d, J=2.8 HZ, 5-H); δC (100 

MHz, CDCl3) 187.74 (HC=O), 174.85 (C-4), 160.77 (C-2), 158.51 (C-8a), 151.97 (C-7), 

132.72 (C-5), 126.76 (C-4a), 119.31 (C-3), 111,90 (C-6), 86.02 (C-8). 

 

6,8-Diiodochromone-3-carbaldehyde (59D) 

 

The 3,5-diiodo-2-hydroxyacetophenone (58D) (1.00 g, 2.58 mmol) in anhydrous DMF (15.00 

ml) was cooled at 0˚C POCl3 (2.00 ml) was added drop wise using dropping funnel. The colour 

change of the solution was observed from brown to dark brown. The mixture was then stirred 

at room temperature for 12 hours while monitoring by TLC [ethyl acetate–petroleum ether 

(50:50)] to completion and the resulting mixture quenched with ice water. Precipitates was 

filtrered, washed with water, dried, and recrystallized from ethanol to obtain 6,8-

diiodochromone-3-carbaldehyde (59D) as brown solid (1.20 g, 88 %) , m.p. 152.8-158.2 °C;  

IR νmax/cm-11659.60 (C=O), 1693.14 (HC=O);  δH (400 MHz, CDCl3) 10.04 (1H, s, CHO), 

9.00 (1H, s, 2-H),  8.58 (1H, d, J = 2.8 Hz, 7-H), 8.25 (1H, d, J=2.8 HZ, 5-H); δC (100 MHz, 

CDCl3) 188.42 (HC=O), 173.93 (C-4), 164.44 (C-2), 155.04 (C-8a), 151.97 (C-7), 134.09 (C-

5), 127.15 (C-4a), 120.44 (C-3), 93.27 (C-6), 90.21 (C-8). 

 

 

 

 

6.5 Synthesis of 8-bromo-6-substituted-chromone-3-carbaldehydes91 (64A-

C)  
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 6,8-Dibromochromone-3-carbaldehyde (64A) 

 

The 3,5-dibromo-2-hydroxyacetophenone (63A) (1.00 g, 3.40 mmol) in anhydrous DMF 

(15.00 ml) was cooled at 0˚C. POCl3 (2.00 ml) was added drop wise using dropping funnel. 

The colour change of the solution was observed from yellow to orange. The mixture was then 

stirred at room temperature for 12 hours while monitoring by TLC [ethyl acetate–petroleum 

ether (50:50)] to completion and the resulting mixture quenched ice water. Precipitates formed 

filtered, washed with water, dried, and recrystallized from ethanol to obtain 6,8-

dibromochromone-3-carbaldehyde (64A) as creamy white solid (1.06 g, 86 %) , m.p. 175.5-

178.2 °C (lit.,87 174-176 °C  );  IR νmax/cm-11667.70 (C=O), 1694.34 (HC=O);  δH (400 MHz, 

DMSO) 10.06 (1H, s, CHO), 9.04 (1H, s, 2-H),  8.46 (1H, d, J = 2.8 Hz, 7-H), 8.18 (1H, d, 

J=2.8 HZ, 5-H); δC (100 MHz, DMSO) 188.37 (HC=O), 173.82 (C-4), 164.38 (C-2), 152.10 

(C-8a), 140.38 (C-7), 127.73 (C-6), 127.54 (C-5), 120.55 (C-4a), 119.62 (C-3), 113.93 (C-8). 

 8-Bromo-6-chlorochromone-3-carbaldehyde (64B) 

 

The 3-bromo-5-chloro-2-hydroxyacetophenone (63B) (1.00 g, 4.00 mmol) in anhydrous DMF 

(15.00 ml) was cooled at 0˚C. POCl3 (2.00 ml) was added drop wise using dropping funnel. 

The colour change of the solution was observed from yellow to orange. The mixture was then 

stirred at room temperature for 12 while monitoring by TLC [ethyl acetate–petroleum ether 

(50:50)] to completion, and the resulting mixture was quenched with ice water. Precipitates 

formed filtered, washed with water, dried, and recrystallized from ethanol to obtain 8-bromo-

6-chlorochromone-3-carbaldehyde (64B) as creamy white solid (1.24 g, 87 %) , m.p. 164.5-

168.2 °C;  IR νmax/cm-11670.24 (C=O), 1694.84 (HC=O); δH (400 MHz, DMSO) 10.27 (1H, s, 

CHO), 8.52 (1H, s, 2-H),  8.13 (1H, d, J = 2.8 Hz, 7-H), 8.88 (1H, d, J=2.8 HZ, 5-H); δC (100 
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MHz, DMSO) 187.57 (HC=O), 174.26 (C-4), 160.52 (C-2), 151.58 (C-8a), 137.97 (C-7), 

132.98 (C-6), 127.17 (C-5), 124.96 (C-4a), 120.18 (C-3), 113.93 (C-8). 

8-Bromo-6-fluorochromone-3-carbaldehyde (64C) 

 

The 3-bromo-5-fluoro-2-hydroxyacetophenone (63C) (1.00 g, 4.30 mmol) in anhydrous DMF 

(15.00 ml) was cooled at 0 ˚C. POCl3 (2.00 ml) was added drop wise using dropping funnel. 

The colour change of the solution was observed from yellow to orange. The mixture was then 

stirred at room temperature for 12 hours while monitoring by TLC [ethyl acetate–petroleum 

ether (50:50)] to completion and the resulting mixture was then quenched with ice water. 

Precipitates formed filtrered, washed with water, dried, and recrystallized from ethanol to 

obtain 8-bromo-6-fluoro-chromone-3-carbaldehyde (64C) as cream white solid (1.21 g, 85 %) 

, m.p. 126-133 °C;  IR νmax/cm-11658.70 (C=O), 1695.51 (HC=O); δH (400 MHz, DMSO) 10.28 

(1H, s, CHO), 8.54 (1H, s, 2-H),  7.86 (1H, d, J = 2.8 Hz, 7-H), 7.69 (1H, d, J=2.8 HZ, 5-H); δC 

(100 MHz, DMSO) 187.75 (HC=O), 174.64 (C-4), 160.63 (C-2), 158.26 (C-8a), 149.67 (C-7), 

127.43 (C-6), 126.73 (C-5), 119.53 (C-4a), 113.43(C-3), 111.00 (C-8). 

 

6.6 Synthesis of 8-iodo-6-substituted-chromone-3-carboxylic acid92 

Chromone-3-carboxylic acid (60A) 

 

Chromone-3-carbaldehyde (1.00 g, 5.74 mmol) and sulfamic acid (2.23 g, 22.97 mmol) were 

mixed in DCM (15 ml) in an ice bath. Sodium chlorite (1.56 g, 17.23 mmol) in water (5 ml) at 

0 ˚C was added dropwise in the mixture. The resultant mixture was stirred at room temperature 

for 3 hours to completion, monitored by TLC. Distilled water (25 ml) was added to the mixture 

and then extracted with DCM (3 x 25 ml). Organic layers were separated from aqueous layer, 
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using separating funnel, and dried with MgSO4. The DCM solvent was evaporated with rotary 

vapor. The yellow residue obtained was recrystallized from methanol to obtain chromone-3-

carboxylic acid (60A) as yellow solid (1.07 g, 57 %) , m.p. 201.4-204.6 °C (lit.,93 204-205 °C  

);  IR νmax/cm-13066.91 (OH); 1695.51 δH (400 MHz, DMSO) 9.08 (1H, s, 2-H), 8.14 (1H, d, 

J=8.8Hz, 5-H),  7.92 (1H, t, J = 8.8 Hz, 7-H), 7.61 (1H, d, J=8.8 HZ, 8-H);7.76 (1H, t, J=8.8Hz, 

6-H); δC (100 MHz, DMSO) 176,79 (C-4), 164.47 (COOH), 164,41 (C-2), 156.32 (C-8a), 

136,19 (C-7), 127.46 (C-6), 126.03 (C-5), 123.92 (C-4a), 119,42(C-8), 114 (C-3). 

6.8. Synthesis of 8-bromo-6-substituted chromone-3-carboxylic acids92 

6,8-Dibromochromone-3-carboxylic acid (65A) 

 

The 6,8-dibromochromone-3-carbaldehyde (64A) (1.00 g, 3.95 mmol) and sulfamic acid (1.92 

g, 19.77 mmol) was mixed in DCM (15 ml) in an ice bath.  Sodium chlorite (1.43 g, 15.81 

mmol) in water (5 ml) at 0˚C was added dropwise in the mixture. The resultant mixture stirred 

at room temperature for 24 hours to completion, monitored by TLC. Distilled water (25 ml) 

and then extracted with DCM (3 x 25 ml). Organic layers were separated from aqueous layer 

using separating funnel and dried with MgSO4. The DCM solvent was evaporated with rotary 

vapour. The yellow residue obtained was recrystallized from methanol to give 6,8-

dibromochromone-3-carboxylic acid (65A) as yellow solid (0,62 g, 53 %) , m.p. 205.4-207.2 

°C;  IR νmax/cm-1 3336.42 (OH);  δH (400 MHz, DMSO) 6.14 (1H, s, 2-H), 8.27 (1H, d, J=8.8Hz, 

7-H), 7.98 (1H, d, J=8.8 HZ, 5-H); δC (100 MHz, DMSO) 179,44 (C-4), 152.83 (COOH), 

152.83 (C-2), 142.60 (C-8a), 130.02 (C-7), 113.60 (C-6), 119.52 (C-5), 114.98 (C-4a), 83.39 

(C-8), 99.33 (C-3). 

8-Bromo-6-chlorochromone-3-carboxylic acid (65B) 
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The 8-bromo-6-chloro-chromone-3-carbaldehyde (64B) (1.00 g, 3.48 mmol) and sulfamic acid 

(1.68 g, 17.30 mmol) was mixed in DCM (15 ml) in an ice bath. Sodium chlorite (1.25 g, 13.82 

mmol) in water (5 ml) at 0˚C was added dropwise in the mixture. The resultant mixture was 

stirred at room temperature for 24 to completion, monitored by TLC. Distilled water (25 ml) 

and then extracted with DCM (3 x 25 ml). Organic layers were separated from aqueous layer, 

using separating funnel, and dried with MgSO4.  The DCM solvent was evaporated by rotary 

vapour. The resulting yellow residue obtained was recrystallized  from methanol to give 8-

bromo-6-chlorochromone-3-carboxylic acid (65B) as yellow solid (0,62 g, 53 %), m.p. 205.4-

207.2 °C;  IR νmax/cm-1 3016.42 (OH);  δH (400 MHz, DMSO) 6.16 (1H, s, 2-H), 8.19 (1H, d, 

J=8.6 Hz, 7-H), 7.87 (1H, d, J=8.6 HZ, 5-H); δC (100 MHz, DMSO) 179.95 (C-4), 152.51 

(COOH), 152.51 (C-2), 140.12(C-8a), 127.77 (C-7), 113.36 (C-6), 127.10 (C-5), 119.09 (C-

4a), 83.49 (C-8), 99.38 (C-3). 



 
 

60 | P a g e  
 

References 

1. C. Lefebvre, L. Fortier, and N. Hoffmann, European Journal of Organic 

Chemistry, 2020, 10, 1393-1404. 

2. R.J. Reiter, J.C. Mayo, D.X. Tan, R.M. Sainz, M. Alatorre‐Jimenez, and L. Qin, Journal 

of Pineal Research, 2016, 61(3), 253-278. 

3. M. Hossain and A.K Nanda, Science Journal of Chemistry, 2018, 6(5), 83. 

4. T.K. Mandal, Prajnan of Sadhona-A Science Annual, 2015, 5, 179. 

5. P.S. Chaudhari and S.S. Patil, International Journal of Chemtech Research, 2017, 4 

126-134. 

6. A.M. Edwards, and J.B.L. Howell, Journal of the British Society for Allergy and 

Clinical Immunology, 2000, 30(6), 756-774. 

7. H.A. Tawfik, E.F. Ewies, and W.S. El-Hamouly, IJRPC, 2014 4(4), 1046-1085. 

8. K.S. Jain, N.  Arya, N.N. Inamdar, P.B. Auti, S.A. Unawane, H.H. Puranik, M.S. Sanap, 

A.D. Inamke, V.J. Mahale, C.S. Prajapati, and C.J. Shishoo, The Chemistry and Bio-

Medicinal Significance of Pyrimidines & Condensed Pyrimidines, 2016, 16, 3133-

3174. 

9. M. Garcia‐Castro, S.  Zimmermann, M.G. Sankar, and K. Kumar, Scaffold Diversity 

Synthesis and its Application in Probe and Drug Discovery, 2016, 55, 7586-7605. 

10.  M.S. Tome, M.S.A. Silva, and M.M.C. Santos, Current Organic Synthesis, 2014, 

11(3), 317-341. 

11. F.G.Medina, J.G Marrero, M.  Macías-Alonso, M.C González, I. Córdova-

Guerrero,A.G.T García, and S. Osegueda-Robles, Chemical Synthesis and Biological 

Activity, 2015,  32, 1472-1507. 

12. D.M. Molefe, Studies Directed Towards the Synthesis of Chromone Carbaldehyde 

Direvide IDV-1 Protease Inhibitors 2007.  

13. M. A. Selepe and F. R. Van Heerden, Molecules, 2013, 18, 4739-4765. 

14. A. Gaspar, M.J. Matos, J. Garrido, E. Uriarte, and F.  Borges, Chemical Reviews, 

2014, 114(9), 4960-4992 

15. H.A. Tawfik, E.F. Ewies, and W.S. El-Hamouly, LJRPC, 2014, 4, 1046-1085. 

16. T.N. Bansode, R.M Ansari, and Y.K. Gawela, Pharmaceutical Chemistry Journal, 

2011, 45, 366-368 

17. A. Gaspar, M.J Matos, J Garrido, E. Uriarte, & F. Borges, Chemical Reviews, 2014, 

114(9), 4960-4992 



 
 

61 | P a g e  
 

18. I. D.I.  Ramaite, M. D. Maluleke and S. S. Mnyakeni-Moleele, Arabian Journal for 

Science and Engineering, 2017, 42, 4263-4271. 

19. J.A. Seijas, M.P. Vázquez-Tato, and R. Carballido-Reboredo, The Journal of Organic 

Chemistry, 2005, 70(7), 2855-2858. 

20. S.K. Sharma, S. Kumar, K. Chand, A. Kathuria, A. Gupta, and R. Jain, Current 

Medicinal Chemistry, 2011, 18, 3825-3852. 

21. S. M. Tome, M. S. Silva and M.M.  Santos, Current Organic Synthesis, 2014, 11, 317- 

341. 

22. A.M. Edwards, In History of Allergy, 2014, 100, 317-322 

23. H. Khalid, W.E. Abdalla, H. Abdelgadir, T. Opatz, and T. Efferth, Natural Products 

and Bioprospecting, 2012, 2, 92-103.  

24. S.A. Sargın, E.  Akçicek, and S. Selvi, Journal of ethnopharmacology, 2013, 150(3), 

860-874. 

25. S. Gianfaldoni, U. Wollina, M. Tirant, G. Tchernev, J. Lotti, F. Satolli, M. Rovesti, K.  

França, and T Lotti, Open Access Macedonian Journal of Medical Sciences, 2018, 6(1), 

203. 

26. S.  Khadem, R.J.  Marles,  Molecules, 2011, 17, 191-206. 

27. Y. Hong and L. Chen, Journal of Chromatography B, 2013, 941, 38-44. 

28. G. D'Andrea, Fitoterapia, 2015, 106, 256-271. 

29. M.B. Hlila, K.  Majouli, H.  Mosbah, H. Ben Jannet, M.  Aouni, and B.  Selmi, 

Advances in Medicine and Biology,2018, 105. 

30. A.M. Silva, D. Pinto, J.A. Cavaleiro, A. Levai, T. Patonay, Arkivoc, 2004, 7, 106-123. 

31. V. Ravichandra, B. Hanumantharayappa, and V. Madhava Reddy Papasani, Int J 

Pharma Pharm Sci 2014, 6(9), 86-90.  

32. R.H. Cichewitz, S.A. Kouzi, Medicinal Research Reviews, 2004, 24, 90-114 

33. R. Yaghoobi, and A.  Kazerouni, A Review Jundishapur Journal of Natural 

Pharmaceutical Products, 2013, 8, 100-104. 

34. L.A.F. Batista, K.J.S. Silva, L.M.D.C. e Silva, Y.F. de Moura, and F.C.R. Zucchi, 

Tuberculosis, 2020, 123, 101943. 

35. S. Herfst, M. Böhringer, B. Karo, P.  Lawrence, N.S.  Lewis, M.J.  Mina, C.J.  Russell, 

J. Steel, R.L.  de Swart, C. and Menge, Current Opinion in Virology, 2017, 22, 22-29. 

36. K.T.L. Sy, N.J.L. Haw, and J.  Uy, Infectious Diseases, 2020, 52(12), 902-907. 



 
 

62 | P a g e  
 

37. R.R. Chowdhury, F.  Vallania, Q. Yang, C.J.L. Angel, F. Darboe, A. Penn-Nicholson, 

V. Rozot, E. Nemes, S.T. Malherbe, K. Ronacher, and G. Walzl, Nature, 2018, 560 

(7720), 644-648. 

38.  J.A Garrido-Cardenas, C. de Lamo-Sevilla, M.T. Cabezas-Fernández, F. Manzano-

Agugliaro, M. and Martínez-Lirola, Tuberculosis, 2020, 10, 1917. 

39. D.T. Nguyen, and E.A.  Graviss, Tuberculosis, 2019, 116, 59-65. 

40. W. Zhao, B. Wang, Y. Liu, L. Fu, L. Sheng, H. Zhao, Y. Lu, and D. Zhang, European 

Journal of Medicinal Chemistry, 2020, 189, 112-124. 

41. L.B. Reichman, A. Khilall, and A.A. Lardizabal, The Lancet Infectious Diseases, 2017, 

17 (8), 802. 

42. T.E. Chiliza, M. Pillay, K. Naidoo, and B.  Pillay, Tuberculosis, 2019, 115, 161-170. 

43. J.F. Pascual-Pareja, R. Carrillo-Gómez, V. Hontañón-Antoñana, and M. Martínez-

Priet, Enfermedades Infeccious as Microbiologia Clinical, 2018, 36 (8), 507-516. 

44. K. Dua, V.K. Rapalli, S.D. Shukla, G. Singhvi, M.D. Shastri, D.K. Chellappan, S. 

Satija, M. Mehta, M. Gulati, T.D.J.A. Pinto, and G Gupta, Biomedicine & 

Pharmacotherapy, 2018, 107, 1218-1229. 

45. M.A. Riojas, K.J.  McGough, C.J.  Rider-Riojas, N.  Rastogi, and M.H.  Hazbón, 

International Journal of Systematic and Evolutionary Microbiology, 2018, 68(1), 324-

332. 

46. S. Cadmus, V.O.  Akinseye, and D. Van Soolingen, The International Journal of 

Tuberculosis and Lung Disease, 2019, 23(11), 1162-1170. 

47. N. Anthwal, and H. Thompson, Journal of anatomy, 2016, 228(2), 217-232. 

48. R.S. Keri, B.S.  Sasidhar, B.M.  Nagaraja, and M.A. Santos, European Journal of 

Medicinal Chemistry, 2015, 100, 257-269 

49. S.H. Kaufmann, A.  Dorhoi, R.S. Hotchkiss, and R.  Bartenschlager, Nature reviews 

Drug discovery, 2018, 17(1), 35-56. 

50. S.B. Jensen, F. Rudolf, and C. Wejse, Expert Review of Anti-Infective Therapy, 2019.  

17 (7), 475-488 

51. L.A. Kayukova, and E.A. Berikova, Pharmaceutical Chemistry Journal, 2020., 54, 

555-563. 

52. V. Lohrasbi, M. Talebi,A.Z. Bialvaei, L. Fattorini, M. Drancourt, M. Heidary,  and D. 

Darban-Sarokhalil,  Tuberculosis, 2018, 109, 17-27. 

53. R. Bansal, D.  Sharma, and R.  Singh, Mini Reviews in Medicinal Chemistry, 2018, 

18(1), 58-71. 



 
 

63 | P a g e  
 

54. X. Zheng, R. Zheng, Y. Hu, J. Werngren, L.D Forsman, M. Mansjö, B. Xu, and S 

Hoffner, Antimicrobial Agents and Chemotherapy, 2016, 60 (8), 4786-4792. 

55. G.S. Singh, Carbohydrates in Drug Discovery and Development, 2020, 5, 523-559. 

56. J.A. Seddon, A.C.  Hesseling, B.J.  Marais, H.  McIlleron, C.A.  Peloquin, P.R.  Donald, 

and H.S. Schaaf, A Review Tuberculosis, 2012, 92(1), 9-17. 

57. M. Fazzari, A. Frasca, F. Bifari, and N. Landsberger, RNA Biology, 2019, 16 (10), 1414-

1423. 

58. Z. Levine, A. Toporik, A. Novik, A. Cohen-Dayag, A. Rosenberg, C. Koifman, D. 

Landesman-Milo, E. Montia, G.  Rotman, L. Dassa, and M Bubis, Polypeptides and 

polynucleotides and uses thereof as a drug target for producing drugs and biologics, 

2018, 10, 918-934. 

59. P.P. Majalekar, and P.J. Shirote, Current Drug Targets, 2020, 21(13), 1354-1370. 

60. K.E. Lougheed, D.L.  Taylor, S.A. Osborne, J.S. Bryans, and R.S. 

Buxton, Tuberculosis, 2009, 89(5), 364-370. 

61. M.H. Al-Shaer,W.A.  Alghamdi, A. Alsultan, G.  An, S. Ahmed, Y.  Alkabab, S. Banu, 

K. Barbakadze, E.  Houpt, M.  Kipiani, and L. Mikiashvili, Fluoroquinolones in drug-

resistant tuberculosis 2019, 63 (7), 279-319. 

62. Q.H. Nguyen, L. Contamin, T.V.A Nguyen, and A.L. Bañuls, Evolutionary 

Applications, 2018, 11 (9), 1498-1511. 

63. T. Schön, P.  Miotto, C.U. Köser, M.  Viveiros, E.  Böttger, and E. Cambau, Clinical 

Microbiology and Infection, 2017, 23 (3), 154-160 

64. N.S. Shah, S.C. Auld, J.C. Brust, B.  Mathema, N. Ismail, P. Moodley, K.  Mlisana, S. 

Allana, A.  Campbell, T. Mthiyane, and N. Morri, New England Journal of Medicine, 

2017.  376 (3), 243-253. 

65. R. Centis, L. D’Ambrosio, A. Zumla, and G.B. Migliori, International Journal of 

Infectious Diseases, 2017, 56, 30-33. 

66. K.K. Chopra, and S. Singh, Current Medicine Research and Practice, 2020, 10(1), 8-

11 

67. M. Irfan, S. ul Hassan, and U Saleem, Pharmaceutical Chemistry Journal, 2020, 7(1), 

1-17. 

68. A. Singh,D.  Bimal, R.  Kumar,V.K.  Maikhuri, M.  Thirumal, N.N. Senapati, and A.K. 

Prasad, Synthetic Communications, 2018, 48(18), 2339-2346. 

69. R.S. Keri, S. Budagumpi, R.K Pai, and R.G Balakrishna, A Review European journal 

of Medicinal Chemistry, 2014. 78, 340-374 



 
 

64 | P a g e  
 

70. G.M. Ziarani, N.  Lashgari, F.  Azimian, H.G.  Kruger, and P.  Gholamzadeh, Online 

Journal of Organic Chemistry, 2015, 15(2), 337-372. 

71. M.X. Zhao, Y. Wei, and M.  Shi, M., 2011, RSC Catal. Ser,2011, 8, 1-78. 

72. V. Barve, F. Ahmed, S. Adsule, S. Banerjee, S. Kulkarni, P. Katiyar, C. E. Anson, A. 

K. Powell, S. Padhye and F. H. Sarkar, Journal of Medicinal Chemistry, 2006, 49, 3800-

3808 

73. B.D. Wang, Z.Y. Yang, D.W. Zhang and Y. Wang, Molecular and Biomolecular 

Spectroscopy, 2006, 63, 213-219. 

74. M. Kawase, T. Tanaka, H. Kan, S. Tani, H. Nakashima and H. Sakagami, In Vivo, 2007, 

21, 829-834. 

75. V. Kumar, A. Chatterjee and M. Banerjee, Synthetic Communications, 2015, 45, 2364-

2377. 

76. S. Chahal, K.K. Selwal, and S.  Nain, Integrated Research Advances, 2017, 4(1), 14-

17 

77. S. Nair, Synthesis and evaluation of hybrid compounds based on antimalarial and 

anticancer pharmacophores, 2012, 33-34  

78.  M. Raviglione, and G. Sulis, Infectious disease reports 2016, 8(2), 6570. 

79. P. Lungu, C.  Kasapo, R.  Mihova, R Chimzizi, L Sikazwe, I.  Banda, L.A. 

Mucheleng'anga, P.  Chanda-Kapata, N.  Kapata, A.  Zumla, P.  and Mwaba, 

International Journal of Infectious Diseases, 2022, 124, 41-46 

80. Z. Xu, S.  Zhang, C. Gao, J.  Fan, F.  Zhao, Z.S.  Lv, and L.S. Feng, Chinese Chemical 

Letters, 2017, 28 (2),159-167. 

81. D.T. Hoagland, J.  Liu, R.B. Bee, and R.E. Lee, New Advanced Drug Relivery Reviews, 

2016, 102, 55-72. 

82. M.S. Vasava, M.N.  Bhoi, S.K.  Rathwa, M.A.  Borad, S.G.  Nair, and H.D. Patel, 

Indian Journal of Tuberculosis, 2017, 64(4), 252-275. 

83. S. Tiberi, M.  Muñoz-Torrico, R. Duarte, M.  Dalcolmo, L.  D’Ambrosio, and G.B. 

Migliori, Pulmonology, 2018, 24 (2), 86-98. 

84. S.V. Khansole, S.S. Mokle, M.A.  Sayyed, and Y.B. Vibhute, Journal of the Chinese 

Chemical Society, 2008, 55(4), 871-874. 

85. A. Pui, and J.P.  Mahy, Polyhedron, 2007, 26(13), 3143-3152. 

86. M.T. Makler,J.M.  Ries, J.A.  Williams, J.E. Bancroft, R.C. Piper, B.L.  Gibbins, and 

D.J. Hinrichs, The American Journal of Tropical Medicine and Hygiene, 1993, 48(6), 

739-741. 



 
 

65 | P a g e  
 

87. M. Mphahlele, and A.  Adeloye, Molecules, 2013, 18(12), 15769-15787. 

88. A.T. Gordon, I.D.I Ramaite, and S.S. Mnyakeni-Moleele, Organic Chemistry, 2020,  5, 

148-160. 

89. M.J. Mphahlele, M.M. Maluleka, A Aro, L.J. McGaw, and Y.S. Choong, Journal of 

Enzyme Inhibition and Medicinal Chemistry, 2018, 33(1), 1516-1528. 

90. E. Verner, B.A.  Katz, J.R. Spencer, D.  Allen, J.  Hataye, W.  Hruzewicz, H.C. Hui, A. 

Kolesnikov, Y. Li, C Luong, and A. Martelli, Journal of medicinal chemistry, 

2001, 44(17), 2753-2771. 

91. L. Cao, L.  Zhang, and P. Cui, Chemistry of Heterocyclic Compounds, 2004, 40(5), 5 

92. M.C. Patel, N.  NG, and D.P.  Rajani, Der Pharma Chemica, 2011, 3(4), 422-432 

93. A.M. Helguera, A. Perez-Garrido, A. Gasper, J. Reis, F. Cagilder, D. Vina, M. N. D. 

Cardelro and F. Borges, European Journal of Medicinal Chemistry, 2013, 59, 75-90.



 

66 | P a g e  
 

Appendixes 

 

Appendix 1: 1H NMR spectrum of 5-chloro-2-hydroxy-3-iodoacetophenone (58B)  
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Appendix 2: 13C NMR spectrum of 5-chloro-2-hydroxy-3-iodoacetophenone (58B) 

 

Appendix 3: IR spectrum of 5-chloro-2-hydroxy-3-iodoacetophenone (58B) 



 

68 | P a g e  
 

 

 

Appendix 4: 1H NMR spectrum of 5-fluoro-2-hydroxy-3-iodoacetophenone (58C) 
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Appendix 5: 13C NMR spectrum of 5-fluoro-2-hydroxy-3-iodoacetophenone (58C) 

 

 

Appendix 6: IR spectrum of 5-fluoro-2-hydroxy-3-iodoacetophenone (58C) 
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Appendix 7: 1H NMR spectrum of 3,5-diiodo-2-hydroxyacetophenone (58D) 
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Appendix 8: 13C NMR spectrum of 3,5-diiodo-2-hydroxyacetophenone (58D). 

 

 

Appendix 9: IR spectrum of 3,5-diiodo-2-hydroxyacetophenone (58D). 
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Appendix 10: 1H NMR spectrum of 3-bromo-5-chloro-2-hydroxyacetophenone (63B) 
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Appendix 11: 13C MNR spectrum of 3-bromo-5-chloro-2-hydroxyacetophenone (63B). 

 

 

Appendix 12: IR spectrum 3-bromo-5-chloro-2-hydroxyacetophenone (63B). 



 

74 | P a g e  
 

 

Appendix 13: 1H NMR spectrum of 3-bromo-5-fluoro-2-hydroxyacetophenone (63C). 
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Appendix 14: 13C NMR spectrum of 3-bromo-5-fluoro-2-hydroxyacetophenone (63C). 
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Appendix 15: IR spectrum of 3-bromo-5-fluoro-2-hydroxyacetophenone (63C). 

 

 

Appendix 16: 1H NMR spectrum of 6-chloro-8-iodochromone-3-carbaldehyde (59B). 

 



 

77 | P a g e  
 

 

Appendix 17: 13C NMR spectrum of 6-chloro-8-iodochromone-3-carbaldehyde (59B). 

 

 

Appendix 18: IR spectrum of 6-chloro-8-iodochromone-3-carbaldehyde (59B). 
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Appendix 19: 1H NMR spectrum of 6-fluoro-8-iodochromone-3-carbaldehyde (59C). 

 

Appendix 20: 13C NMR spectrum of 6-fluoro-8-iodochromone-3-carbaldehyde (59C). 
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Appendix 21: IR spectrum of 6-fluoro-8-iodochromone-3-carbaldehyde (59C). 

 

Appendix 22: 1H NMR spectrum of 6,8-diiodochromone-3-carbaldehyde (59D). 
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Appendix 23: 13C NMR spectrum of 6,8-diiodochromone-3-carbaldehyde (59D). 

 

Appendix 24: IR spectrum of 6,8-diiodochromone-3-carbaldehyde (59D) 
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Appendix 25: 1H NMR spectrum of 6,8-dibromochromone-3-carbaldehyde (64B). 

 

Appendix 26: 13C NMR spectrum of 6,8-dibromochromone-3-carbaldehyde (64B). 
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Appendix 27: IR spectrum of 6,8-dibromochromone-3-carbaldehyde (64B). 

 

Appendix 28: 1H NMR spectrum of 8-bromo-6-fluorochromone-3-carbaldehyde (64C). 
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Appendix 29: 13C NMR spectrum of 8-bromo-6-fluorochromone-3-carbaldehyde (64C) 

 

Appendix 30: IR spectrum of 8-bromo-6-fluorochromone-3-carbaldehyde (64C) 
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Appendix 31: 1H NMR spectrum of chromone-3-carbaldehyde (59E). 

 

 

Appendix 32: 13C NMR spectrum of chromone-3-carbaldehyde (59E). 
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Appendix 33: IR spectrum of chromone-3-carbaldehyde (59E). 

 

Appendix 34: 1H NMR spectrum of 8-bromo-6-chlorochromone-3-carboxylic acid (65B). 
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Appendix 35: 13C NMR spectrum of 8-bromo-6-chlorochromone-3-carboxylic acid (65B). 


