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ABSTRACT 

 

SYNTHESIS OF NOVEL COUMARIN-1,2,3-TRIAZOLE HYBRIDS AS 

POTENTIAL ANTICANCER AGENTS 

 

Coumarin and triazole derivatives have been extracted from plants, seeds and 

roots for ages in traditional methods. As the science advances, unknown profits of 

biologically active compounds have been investigating by researchers in modern 

laboratories. Extracts of natural sources containing coumarin and triazole derivatives 

were found to be potential natural medicines. The organic structures of these molecules 

bear extraordinary biological activities such as inflammatory activity, anti-HIV activity, 

treatment of cold and rheumatism and anticancer activity. 

In this study, attemps toward the synthesis of coumarin-triazole hybrids will be 

presented. At first attempt, starting from 2-amino-5-chlorophenol, coumarin-triazole 

hybrids were tried to be obtained through ynone intermediates, yet the experiments on 

acquiring corresponding ynone intermediates were failed. As second approach, 4-

iodocoumarin and 4-bromocoumarin derivatives were tried to be synthesized from 4-

hydroxycoumarin derivative that was acquired from acetyl salicylic acid, and the attempts 

were failed again. As an alternative, 4-tosylcoumarin derivative was used as pseudo 

halogenated coumarin derivative with triazole derivatives that were prepared starting 

from 4-chlorobenzyl azide. However, the failure was witnessed after all trials. In further 

trials, obtaining an internal alkyne as Sonogashira product from 4-tosylcoumarin 

derivative was the first step of another approach to produce desired hybrid structures. 

Unfortunately, in the second step a click chemistry between Sonogashira product and 4-

cholorobenzyl azide was failed to form corresponding hybrid structures. Finally, possible 

Heck reaction was studied between coumarin derivative and 5-iodo-1,2-disubstituted-

1,2,3-triazole derivative, that was also failed to obtain desired coumarin-triazole hybrid. 
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ÖZET 

 

POTANSİYEL ANTİKANSER AJANI OLABİLECEK YENİ 

KUMARİN-1,2,3 TRİAZOL HİBRİTLERİNİN SENTEZLENMESİ 

 
Kumarin ve triazol türevleri, asırlardır geleneksel yollarla çeşitli bitkilerden, 

bitkilerin tohumlarından ve köklerinden özütlenmektedir. Bilim ilerledikçe, bu biyolojik 

olarak aktfi olan bileşiklerin üzerine yapılan incelemeler de bilim insanları tarafından 

modern laboratuvarlara taşınmıştır. Kumarin ve triazol türevleri içeren doğal bileşiklerin 

özütleri doğal ilaçlar olarak göze çarpmaktadır. Bu olağanüstü bileşiklerin soğuk algınlığı 

ve romatizma tedavilerinde kullanılmalarının yanı sıra ateş düşürücü, iltihap giderici, 

anti-HIV ve antikanser aktivite de gösterdikleri anlaşılmıştır. 

Bu çalışmada, kumarin-triazol hibritlerinin sentezlenmesi için yapılan çalışmalar 

sunulacaktır. İlk yaklaşımda, 2-amino-5-klorofenol bileşiğinden yola çıkarak, yinon ara 

ürünü üzerinden kumarin-triazol hibritleri elde edilmeye çalışılsa da yinon ara ürünü 

sentezinde başarılı olunamamıştır. İkinci denemede, asetil salisilik asit’den üretilen 4-

hidroksikumarin türevini 4-iyodokumarin ve 4-bromokumarin türevlerine çevrilmesine 

çalışılmıştır fakat başarılı olunamamıştır. Alternatif olarak, psödohalojen olarak 

davranabilen 4-tosilkumarin türevi, 4-klorobenzil kloro’dan sentezlenen triazol türevi ile 

reaksiyona sokulmuştur ama tüm denemeler başarısızlıkla sonuçlanmıştır. Sonraki 

denemelerde Sonogashira ürünü olarak elde edilen ve internal bir alkin olan kumarin 

türevinin 4-klorobenzil azit ile olan reaksiyonundan arzulanan kumarin-triazol türevi elde 

edilemememiştir. Son olarak, metil 2-okso-2H-kromen-3-karboksilat ile 5-iyodo-1,2-

disübtütient-1,2,3-triazole türevi arasında çalışılan Heck reaksiyonu ile kumarin-triazol 

türevleri elde edilmeye çalışılsa da denemeler sonuç vermemiştir. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1. Cancer and Cancer Treatments 
 

 

In the early stages of human life, cell growth and cell division play an essential 

role and occur rapidly. In the way of ageing, these two factors become slower in some 

specific organs and tissues, yet cell division may still undergo in the very late stages of 

human life. 

In the terms of cell division and cell growth process, the cells may perform 

uncontrollable proliferation due to mutagenesis which can cause cancer. 

Cancer is known as the brief name that refers up to 200 types of a disease which 

is developed by abnormal cell growth and division. Tumor is the result of this case and 

can be discussed in two different classifications as benign and malignant. Benign tumor 

cells tend not to spread and go to apoptosis which ends with the termination of abnormal 

cell. In the other case, malignant tumor cells are cancerous and may spread to the other 

tissues or organs uncontrollably. The rate of disordered growth in a cancerous cell is faster 

than any other normal cell and can literally consume normal cells rapidly. In this point, 

DNA has no ability to repair itself and this chaotic growth and division causes cancer.1 

Excessive alcohol and tobacco consumption, unhealthy diet, physical inactivity in 

daily life, human genetics, ultraviolet and radioactive exposure, consumption of food and 

drink contaminants such as arsenic, some certain types of viruses, bacteria and parasites 

can cause cancer.  

Common symptoms of cancer are fatigue, weight loss, abnormality in bowel and 

bladder functions, everlasting bleeding and coughing, skin changes and development of 

lumps. The most definite way to diagnose a cancer patient is through examination a 

sample of cancer cell by biopsy.
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Cancer is one of the most common disease in the World today. There are 200 

types of diseases of cancer that classified in the terms of organs and tissues. Pancreas, 

lung, prostate, kidney, breast, colon, leukemia, brain are examples of cancer. 

Among males, patients do most suffer from prostate, lung, colon, rectum, kidney 

cancer. Among females, the patients diagnosed mostly as breast, lung, colon, rectum, skin 

cancer.2   

In 2020, American Cancer Society estimates 1,806,590 new cancer cases and 

606,520 deaths from cancer in the United States. The cancer death rate increased until 

1991 and showed tendency to decrease between 1991 and 2017. If the rate would not have 

changed, according to projections, approximately 2,9 million further cancer cases were 

expected beyond the actual numbers.1 

Several treatments, such as surgery, hormonal therapy, immunotherapy, 

radiotherapy and chemotherapy, can be applied to cancer patients, thanks to 

advancements in medical science. Drug design and development, as chemotherapy, is 

crucial, either for the main targeted therapy or for reinforcing the other treatments. 

Mostly, the FDA-approved drugs have had challenging years to be produced as 

developing most effective and least toxic substances and insistent biological trials. 

Scientists have given their life to find their path in the world of molecules, synthetic, 

semisynthetic or natural, to advance in the campaign against cancer.  

 

 

1.2. Coumarin Structures 

 

 

 

 

Figure 1.1. Structure of coumarin 
 

 

Coumarin (Figure 1.1.) recognized as 2H-chromen-2-one or benzopyrones, was 

first isolated by a French man, Vogel in 1820, from tonka beans. In fact, coumarin is a 
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derivation of a French word, coumarou that is used for tonka beans in native French 

literature.  

 

 

 

Figure 1.2. Coumarin derivatives from natural sources 

 

 

Coumarin and its derivatives involve in food, dye and other industries as 

profitable sources. Until today, 1300 coumarin derivatives were isolated from natural 

sources, such as plants, roots, seeds. Indeed, most famous and worthwhile coumarin-

based studies were presented in pharmacology.  

Compounds 2 and 3 that are extracted from F. ornus bark, show efficient anti 

oxidative effects3, also compounds 4 and 5 were obtained from the roots of Bupleurum 

fruticosum L., are the active agents that show inflammatory effects in Chinese traditional 

medicine.4 Compounds 6 and 7 were isolated from the roots of N. forbesii DE BOIS, are 

known as a drug is for the treatment of rheumatism and colds. 5 (Figure 1.2.) 
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1.2.1. Synthesis of Coumarin Structures 
 

 

As mentioned before, pharmacology is one of the main scientific area that has 

been progressing towards finding synthetic ways to produce coumarin (Figure 1.1.) and 

its derivatives such as 8 (formyl and carboxycoumarins), 9 (thiocoumarins), 10 

(nitrocoumarins), 11 (halocoumarins), 12 (alkylcoumarins), 13 (hydroxycoumarins), 14 

(arylcoumarins), 15 (alkoxycoumarins) (Figure 1.3.). Therefore, its scaffold and 

modifications that are applied promise a significant potential on biological studies and 

drug treatments. 

 

 

 
Figure 1.3. Coumarin and its basic derivatives 

 

 

1.2.1.1. Preparation of Coumarin Derivatives via Perkin Reaction 
 

 

The Perkin reaction provides coumarins by condensation of acetic anhydride (17) 

and o-hydroxybenzaldehyde (16). (Figure 1.4.) In the presence of salicylaldehyde sodium 

salt or a base such as TEA, reaction is heated to yield corresponding coumarins (Figure 

1.4.). 
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Erk and Bulut performed this synthesis starting from 3,4-dimethoxyphenylacetic 

acid and o-hydroxybenzaldehyde. Reaction also contains acetic anhydride, sodium and 

acetic acid which was removed by extraction. The mixture was refluxed for 24 hours to 

obtain desired coumarin product.6  

 

 

 
Figure 1.4. Coumarin Synthesis by Perkin Reaction 

 

 

1.2.1.2. Synthesis via Knoevenagel Condensation 
 

 

It’s a well-known condensation reaction consists a nucleophilic addition of an 

active methylene compound with o-salicylaldehyde. Mostly, weak bases or Lewis acids 

are the efficient catalysts for this reaction, catalyst as zinc chloride, derivatives of 

ammonia or amines, ionic liquids of imidazolium compounds are also a few examples to 

perform the condensation.  

Ethyl-coumarin-3-carboxylate (19) was synthesized by Abdel-Wahab and 

Mohamed. They used ethyl cyanoacetate (18) as an active methylene compound that 

hydrolysis by hydrochloric acid in ethanol, completed the reaction with o-salicylaldehyde 

(16) in the presence of sodium bicarbonate to yield desired product7 (Figure.1.5.). 

 

 

 
Figure 1.5. Coumarin synthesis via Knoevenagel condensation 

 

 

 

 

 

 



       6 
 

1.2.1.3. Preparation of Coumarin Derivatives via Pechmann Synthesis 
 

 

Pechmann reaction includes the condensation of phenols with β-keto esters or α, 

β-unsaturated carboxylic acids and usually catalyzed by Lewis acids.  

7-Hydroxy-4-methyl coumarin (22) was obtained by Potdar and Mohile via 

Pechmann reaction. In the presence of [bmim]Cl.2AlCl3, a chloroaluminate ionic liquid 

as a Lewis acid, the condensation was completed between resorcinol (20) and ethyl 

acetoacetate (21). The reaction mixture was quenched with HCl in cold conditions and 

filtered crude product were purified by column chromatography to acquire the final 

product8 (Figure 1.6.). 

 

 

 
Figure 1.6. Pechmann synthesis of the coumarins 

 

 

1.2.1.4. Synthesis of Coumarin via Wittig reaction 
 

 

The procedure of Wittig reaction contains phosphonium ylides and carbonyl 

compounds to acquire alkenes. Coumarin compounds via Wittig reaction introducing 

triphenyl phosphine and methyl or ethyl chloroacetate to substituted salicylaldehyde with 

different catalysts. 

Valizadeh and Vaghefi applied this method to obtain coumarin under inert 

atmosphere. The reaction was catalyzed by an ionic liquid, [bmim]PF6 , and starting from 

salicylaldehyde (16)  and methyl chloroacetate (23) accompanied by sodium methoxy at 

high temperature to form desired coumarin product (1) 9 (Figure 1.7.). 

 

 

 
Figure 1.7. Coumarin synthesis via Wittig reaction 
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1.2.1.5. Green Chemistry Approaches 
 

 

Belavagi performed one pot synthesis of Wittig condensation to synthesize 

coumarin derivatives. Intermolecular Wittig reaction starting from compound 24 in water 

and PPh3 was added to obtain a Wittig intermediate (25). Finally, at room temperature, 

aqueous sodium bicarbonate completed the section to yield coumarin (1) in just 20-30 

minutes10 (Figure 1.8.). 

 

 

 
Figure 1.8. Solvent free intermolecular Wittig condensation 

 

 

Cyclization of aryl alkynoates (26) was promoted by sunlight in the presence of 

N-iodosuccinimide (27) as the ion source to produce corresponding coumarin. Ni and his 

colleagues synthesized 3-iodocoumarin derivatives (28) by this way without a catalyst or 

an additive. Compared to sunlight, using fluorescence or led as light sources were not 

able to give better yields, also usage of MeCN as a solvent at room temperature for 6 

hours was reported as the best result11 (Figure 1.9.). 

 

 

 
Figure 1.9. Sunlight-promoted 3-iodocoumarins 

 

 

The hydrogen bond interaction between carbonyl oxygen of salicylaldehyde and 

water that was used as solvent in this reaction and due to same reason with increase of 

the activity of oxathiolanone (29) allow to complete the procedure that was refluxed for 
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8-10 hours to yield 3-mercaptocoumarin (30). Water, here, acts as a solvent and a catalyst 

which provides a greener way to acquire desired products12 (Figure 1.10.). 

 

 

 
Figure 1.10. Catalyst free synthesis of 3-mercaptocoumarins 

 

 

1.2.2. Physical Properties of Coumarin Structures 
 

 

Coumarin derivatives are famous with their fluorescence appearances. In the 

visible light range, most of coumarin derivatives provides enough fluorescence which has 

become an important issue for dye industry in case of dye lasers, and for the curious 

scientists as fluorescence chemosensors. Different substituents and their positions on 

coumarin scaffold specify the emission wavelength that is responsible for the 

fluorescence activity.  

The scaffold of coumarin contains a benzene ring that is fused to a lactone ring. 

C=C bond between C3 and C4 on the lactone ring is the reason of resonance theory that 

can be applied for this situation. Intense emission of coumarins consists intramolecular 

charge transfer (ICT) that can be modified by the electron withdrawing or donating groups 

on the C4 or C3 carbons of the lactone ring.  

The nature of coumarin derivative also changes the absorbance and fluorescence 

properties of coumarin. Polarity of solvent effects emission wavelengths due to 

interaction between the solute and the solvent that may increase or decrease the energy 

differences between the excited and ground states. Some examples of UV-visible peaks 

as absorbance wavelengths of coumarin derivatives are given in Figure 1.11.13. 
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Figure 1.11. Absorbance wavelengths of some coumarins 

 

 

1.2.3. Biological (Anticancer) Properties of Coumarin Structures 
 

 

As mentioned before, both natural and synthetic coumarin and its derivatives were 

investigated in medicinal sciences. Eventually, plenty members of coumarin family were 

found to be biologically active against diseases, thus they represent antioxidant, 

antimicrobial, anti-inflammatory, antiviral, antidepressant and anti-carcinogenic effect. 

Cancer treatment is one of the attractive research areas in the World today. 

Coumarins promise to be potential anti-cancer agents that can be found in the literature. 

Hundreds of research were reported on inhibitory activity of coumarin derivatives and yet 

scientists presume that it’s a lasting chase to create these molecules for the treatment of 

carcinoma. 

Compound 31 was found to be an efficient CDC25 phosphatase inhibitor, 

moreover offers a significant antiproliferative activity against MDAMB231 and MCF7 

breast cancer cell lines.14 4-iodo-phenoxymethyl derivatives of compound 32 were tested 

against A-549 lung carcinoma and MDAMB adenocarcinoma, as a result 6-Cl and 7-Cl 

modification on coumarin moiety showed the best cytotoxic activity.15 Triazole-coumarin 

hybrid (33) was applied on three cancel cells, A549, MCF7, SW480, approve itself as the 

highest potential agent in the study which indicates that hydrogen acceptors such as 

methoxy at C7 of coumarin and fluorine atom at C4 carbon of 1,2,3-triazole part improves 

the activity positively.16 Coumarin-styryl derivative (34) was reported as the most 

promising entry in the reported manuscript against H460 lung carcinoma cells, also 

promises good cytotoxic activity against A431 cell carcinoma17 (Figure 1.12). 
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Figure 1.12. 4-substituted coumarin derivatives as anticancer agents 

 

 

1.3.  1,2,3-Triazole Structure 
 

 

 
Figure 1.13. Structure of 1,2,3-triazole 

 

 

Especially in medicinal chemistry, investigation of the biological activities of 

1,2,3-triazole derivatives (35) have been growing faster, besides quite number of studies 

have already been published. Their biological activity highly depends on the 

modifications that they can be integrated with. So far, in pharmacology, 1,2,3-triazole 

containing compounds promises strong biological activities such as muscarinic activity, 

anti-cancer activity (38), anti-HIV activity (39), hypocholesterolomic activity (36), 

NMDA receptor antagonist (37) 18 (Figure 1.14.). 
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Figure 1.14. Examples of 1,2,3-triazole derivatives 

 

 

1.3.1. Synthesis of 1,2,3-Triazole Structures 
 

 

Copper catalyzed synthesis of 1,2,3-triazole structures is an appealing way to 

acquire sufficient results. Furthermore, there are different approaches in the literature that 

will be explained in this thesis. 

 

 

1.3.1.1.  via Copper Catalyzed “Click” Reaction 
 

 

Ackermann and his colleagues performed a copper catalyzed 1,2,3-triazole 

synthesis in the aspects of click reaction. In the presence of copper catalyst, it’s a one pot 

direct arylation that proceeds from 1-hexyn (40), sodium azide (41) and an alkyl halide 

(42) to obtain the first sequence 1,2,3-triazole structure (43). Then, addition of 

iodobenzene derivatives (44) and LiOt-Bu into reaction mixture completed the section to 

yield desired product 4519 (Figure 1.15.). 
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Figure 1.15. Modular syntheses of 1,2,3-triazoles 

 

 

1.3.1.2. One Pot Reaction of Aryl Amines   
 

 

Aryl amines such as aniline (46) was treated with tert-butyl nitrite and 

azidotrimethylsilane in MeCN at cold conditions to obtain aromatic azide intermediates 

(47). Then, in the same pot, sodium ascorbate and catalytic amount of CuSO4 was added 

with phenylacetylene (48) at room temperature to yield 1,4-disubstituted 1,2,3-triazole 

motifs (49) by Barral and Moorhouse20 (Figure 1.16.). 

 

 

 
Figure 1.16. 1,2,3-Triazole derivatives from aryl amines 
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1.3.1.3. Synthesis of N-Sulfonyl-1,2,3-Triazoles 
 

 

Yoo synthesized N-sulfonyl-1,2,3-triazole derivatives starting from p-

toluenesulfonyl azide (50) and phenylacetylene (48). As a base, 2,6-Iutidine was added 

in the presence of CuI catalyst at low temperatures in chloroform to obtain desired product 

(51) 21 (Figure 1.17). 

 

 

 
Figure 1.17. Synthesis of N-sulfonyl-1,2,3-triazoles 

 

 

1.3.1.4. Synthesis of 1,2,3-Triazoles from Boronic Acids 
 

 

Alternatively, arylboronic acids can be converted to arylazide and then can be 

transferred 1,2,3-triazole derivatives. In this methodology, 1:1 mixture of water and 

ethanol was used as solvent and the reaction was performed under open atmosphere. 

Procedure starts with 4-methoxyphenyl boronic acid (52) that treated with sodium azide 

and catalytic amount of CuSO4 to form aryl azide. Then, as a one pot reaction, 

phenylacetylene was added to reaction mixture to yield 1,2,3-triazole derivative (53) in 

the hands of Tao and his companions22 (Figure 1.18.). 

 

 

 
Figure 1.18. 1,2,3-Triazoles from boronic acids 
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1.3.1.5. via Green Chemistry Approach 
 

 

Costa performed a greener reaction to acquire corresponding 1,2,3-triazoles. 

Benzyl halides (54) were treated with phenylacetylene and recoverable β-zeolite as an 

additive to catalyze the reaction in water to obtain disubstituted 1,2,3-triazole derivatives 

(55) 23 (Figure 1.19.). 

 

 

 
Figure 1.19. 1,2,3-Triazoles from green chemistry approach 

 

 

1.3.2. Biological (Anticancer) Activities of 1,2,3-Triazole Derivatives 
 

 

Compounds containing 1,2,3-triazole scaffold in their structures consist of a large 

scale of anti-cancer activities. Indeed, the studies has proven that there is still room for 

improvements to understand the nature and the behavior of 1,2,3-triazole structures. 

Compound 56 as coumarin-1,2,3-traizole derivatives provide a good anti-

proliferative effect on SKbr-3 and MCF7 breast cancer cells which were synthesized and 

reported by Peterson and co-workers.24 In an another work, compound 57 was found to 

be the most potent derivative by possessing a superior biological activity against for both 

A431 and K562 human tumor cells.25 Vantikommu noticed in his study that 58 has a 

significant cytotoxic effect against A549 lung cancer cell, Hela cervical cancer cell and 

HT-29 colon cancer cell.26 Compound 59 was designed and shared by Yoon and 

colleagues that exhibits a great cytotoxic activity against the CCRF-CEM leukemia cell 

line27 (Figure 1.20.). 
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Figure 1.20. Biologically active 1,2,3-triazole derivatives 

 

 

1.4. Coumarin-1,2,3-Triazole Hybrid Structures 
 

 

Coumarin and 1,2,3-triazol motifs were integrated into new designs and as a 

result, hybrids emerged as potential drug canditates that have been reported by scientists 

all over the World. Hybridization of these compounds came along with new opportunities 

in the field of medicinal chemistry. In the last two decades, syntheses of coumarin-1,2,3-

triazole hybrid structures were investigated as therapeutic agents that comprise significant 

biological activities. 

As a respected example, compound 60 was reported as AChE and BChE inhibitor 

and found to be the most potent hybrid of the study against acetyl cholinesterase (AChE) 

which is responsible for Alzheimer’s disease. Compound 61 was designed as both 

antibacterial and antifungal agent that display great efficiency against fungi A. niger and 

Gram-negative E. coli. Compound 62 was synthesized and evaluated for its potential 

inflammatory agent28 (Figure. 1.21.). 
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Figure 1.21. Selected coumarin-triazole hybrid structures showing biological activity 

 

 

1.4.1. Synthesis of Coumarin-Triazole Hybrid Structures 
 

 

As coumarin-triazole hybrids promise to show potential biological activity, the 

scientists brought these compounds in the laboratories to synthesize and study their 

properties.  

 

 

1.4.1.1. Cycloaddition Reaction of Azidocoumarins 
 

 

The desired product (64) was provided from 3-azidocoumarins by Sivakumar and 

co-workers. The cycloaddition proceeds between 3-azidocoumarine (63) and 

phenylacetylene, in the presence of catalytic amount of CuSO4 and sodium ascorbate in 

ethanol and water at 24 hours at room temperature29 (Figure 1.22.). 

 

 

 
Figure 1.22. Coumarin-1,2,3-triazole hybrids from azidocoumarins 
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1.4.1.2. via Hausgen [3+2] Cycloaddition 
 

 

Cu-catalyzed Hausgen [3+2] cycloaddition by click chemistry was performed by 

Li and colleagues. Coumarin derivative (65) was treated with dimethyl 

acetylenedicarboxylate (66) in acetone in the presence of Cu catalyst at room temperature 

to yield corresponding product 6730 (Figure 1.23.). 

 

 

 
Figure 1.23. Coumarin-1,2,3-triazole derivatives from Hausgen [3+2] cycloaddition 
 

 

1.4.1.3. One Pot Synthesis of Halogenated Coumarins 
 

 

In this study, a one pot reaction that combined two coumarin derivatives, 

halogenated coumarin (68) and alkyne functionalized coumarin (69). Revankar and 

Kulkarni improvised this method by the standard reagents of click chemistry, sodium 

ascorbate and catalyst CuSO4 with sodium azide in acetone/water to obtain desired 

compound 7031 (Figure 1.24.). 

 

 
Figure 1.24. Synthesis of coumarin-1,2,3-triazole hybrids from halogenated coumarins 
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1.4.1.4. Silver(I) Oxide Catalyzed Coumarin-1,2,3-Triazole Synthesis 
 

 

Azide-alkyne cycloaddition reaction in the presence of Ag2O NPs catalyst was 

performed by Ansary and colleagues. Starting from azidocoumarin (71), phenyl 

containing terminal alkyne was added to reaction mixture and catalyzed with Ag2O NPs 

at 100 oC in toluene to yield desired coumarin-1,2,3-triazole derivative 7232 (Figure 

1.25.). 

 

 

 
Figure 1.25. Ag2O NPs catalyzed coumarin-1,2,3-triazole synthesis 

 

 

1.4.1.5.  Coumarin-1,2,3-Triazole Hybrids via Green Chemistry 
 

 

Nouraei and co-workers modified the click chemistry in the aspects of green 

chemistry and executed the reaction in only water. As catalyst, CuSO4.H2O was used in 

the method which started with 3-azidocoumarin (63) and alkyne containing compound 

(73). Finally, sodium ascorbate was added into the reaction mixture at 50 oC to acquire 

coumarin-1,2,3-triazole derivative 7433 (Figure 1.26.). 

 

 

 
Figure 1.26. Green chemistry approach on coumarin-1,2,3-triazole hybrids 
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1.4.2. Anticancer Activities of Coumarin-1,2,3-Triazole Structures 
 

 

Several coumarin-1,2,3-triazole hybrids were designed, evaluated and 

synthesized to investigate their anti-cancer activities. Hybridization of two efficient 

biologically active compounds presented numerous potential drug substances yet, the 

studies still in the process of improvement to understand the nature of these compounds. 

In the literature, compound 75 was designed for observing anti-cancer effects 

against MCF7 breast cancer cell, SW480 colon cancer cell, A549 lung cancer cell and it 

was revealed as the most potent candidate in the study. The hydrogen bond acceptors at 

C-4 position of phenyl and at C-7 position of coumarin scaffold were essential for the 

anti-proliferative activity.16 Compound 76 was the hybrid in the article, that agents’ anti-

cancer activities were tested against CFPAC-1, HeLa, A549, HepG2 and SW620 , 

possessed the best cytotoxic activity against HepG2 hepatocellular cancer cell.34 

Compound 77 was reported as a superior anti-cancer agent against HeLa cancer cell line, 

furthermore the hybrid structure promises good cytotoxic activity against MGC-803, 

AGS, HCT-116 cell lines35 (Figure 1.27.). 

 

 

 
Figure 1.27. Coumarin-1,2,3-triazole hybrids as anticancer agents 
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1.5. Aim of the Study 
 

 

In previous chapter, the importance of coumarin-1,2,3-triazole hybrids was 

mentioned according to the studies that investigated their potential biological activities. 

Especially, their growing role in the anti-cancer agents family attracted us to approach 

the synthesis of 4-(1,2,3-triazole) substituted coumarin derivatives (78) in this thesis 

(Figure 1.28). 

 

 

 
Figure 1.28. 4-(1,2,3-triazole) substituted coumarin derivative
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CHAPTER 2  

 

 

RESULTS AND DISCUSSION 
 

 

2.1. First Approach to Synthesis of 4-(1,2,3-Triazole) Substituted 

Coumarin Derivative from Ynone Intermediate 
 

 

The first approach to synthesis compound 78 derivatives was meant to start with 

2-amino5-chlorophenol (79). After several steps, a ynone product (80) was supposed to 

be obtained that contains a moiety which is a derivation of the starting compound (78) 

bears a protection group on phenol. Further steps were planned to lead us to acquire 

compound 81 and compound 82 as constitutional isomers. Finally, the desired triazole-

coumarin hybrid was practically to be obtained by additional steps (Figure 2.1.). 

 

 

 
 

Figure 2.1. First approach to triazole-coumarin hybrids 
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2.1.1. Attemps to Produce TBDMS Protected Ynone Derivative Starting 

from 2-Amino-5-chlorophenol 
 

 

In acidic conditions, 2-chloro-5-iodophenol (84) was synthesized by having an 

diazonium salt intermediate provided by NaNO2 by a method that was designed by 

Kikuchi. Under inert atmosphere, a solution of potassium iodide was added in water 

dropwise into the reaction at 0 oC to obtain desired product as white solid to yield 72%.36 

Furthermore, thanks to Novaes and his colleagues, compound 84 gave us a possibility to 

take a step ahead and the phenol was protected by TBDMSCl in basic conditions to give 

compound 85 which was purified by column chromatography with 75% yield as a white 

solid37 (Figure 2.2.). 

 

 

 
Figure 2.2. Synthesis of TBDMS- protected phenol derivative  

 

 

The Pd-catalyzed reaction between compound 85 and 1-ethynyl-4-fluorobenzene 

(86) in basic condition was performed repeatedly as Sun and his co-workers did.38 

According to NMR results, the expected signals for product TBDMS- group were not 

obtained (Figure 2.3.). 

 

 

 
Figure 2.3. The first experiment towards intermediate ynone compound   
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To understand the failure, another reaction was performed and treated compound 

85 with the same base, CsOH.H2O, to yield unprotected phenol (84) even at room 

temperature. It was clear that ynone intermediate (80) cannot be synthesized in the 

presence of CsOH (Figure 2.4.). 

 

 

 
Figure 2.4. Reacquiring unprotected phenol in basic conditions 

 

 

A direct reaction to yield ynone intermediate (83) was perfomed starting from 

compound 80 and failed again in the same conditions. It was decided to change the 

protection group which is used to protect phenol derivative (Figure 2.5.). 

 

 

 
Figure 2.5. Direct reaction from phenol derivative to ynone intermediate 

 

 

2.1.2. Converting Phenol into Methyl Ether to Synthesize Ynone 

Intermediate 
 

 

In basic conditions, 5-chloro-2-iodophenol (84) was treated with MeI under inert 

atmosphere for 6 hours at room temperature to obtain compound 87 in high yields (83%), 

yet the same unsuccessful result was witnessed when Pd-catalyzed reaction was 

performed between compound 87 and 1-ethynyl-4-chlorobenzene (86) in same 

conditions. Since possessing ynone intermediate was not a success, again, it was needed 

to change the protection group (Figure 2.6.). 
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Figure 2.6. Syntheses of ynone intermediate from methyl ether 

 

 

2.1.3. Boc Protection of Phenol Derivative to Yield Ynone Intermediate 
 

 

Boc protected phenol derivative (89) was synthesized from 5-choloro-2-

iodophenol (80) in basic conditions which provided by K2CO3. Di-tert-butyl decarbonate, 

(Boc)2O was added to the reaction mixture to yield corresponding product (89) as white 

solid (86%). Furthermore, to obtain ynone intermediate, various Pd-catalyzed reactions 

were performed within same conditions as mentioned before (Figure 2.7.). 

 

 
Figure 2.7. Syntheses of ynone intermediate from Boc protected phenol 
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Equivalents of reagents and time of the trials were set occasionally. A flame-dried 

screw capped glassware was used in the experiments to prevent moisture that may have 

a negative effect on the results and yields. Unfortunately, only trial 3 provided a chance 

to observe the product (90). (Table 2.1.) However, it was not purified due to low yield 

and detecting several irrelevant side products. Thus, it was decided to use crude product 

for the next step (Table 2.1.). 

 

 

Table 2.1. Trials for the synthesis of ynone intermediate from Boc protected phenol 

derivative  
Trial Pd(OAc)2 

(eq.) 

PPH3 
(eq.) 

CHCl3 
(eq.) 

CsOH.H2O 
(eq.) 

Time 
(h.) 

Temperature 
(oC) 

Result 

1 0,025 0,1 3 10 5 80 No 

product 

2 0,025 0,1 15 10 8 80 No 

product  

3 0,025 0,1 15 10 8 80 Trace 

4 0,038 0,1 22,5 15 48 80 No 

product  

5 0,038 0,1 22,5 15 48 80 No 

product  

6 0,038 0,1 22,5 15 8 80 No 

product 

 

 

In a solution of 4-chlorobenzyl chloride (91) in DMF, sodium azide was added at 

60 oC to obtain 4-chlorobenzyl azide (92) which was purified by only under low vacuum 

in case of possessing high volatility. Compound 92 and compound 90 were used in a 

copper catalyzed click reaction to create a triazole core as we planned before. Since 

compound 90 already being a crude product at the beginning of the trial, it could not be 

pointed out the signals of expected products, 81 and 82, according to related NMR 

analysis (Figure 2.8.). 

It was clear that it is needed to revise the approach to synthesize desired coumarin-

triazole hybrids, in fact, it was decided to switch the pathway completely. 

 

 



       26 
 

 
Figure 2.8. Copper catalyzed reaction to synthesize triazole core 

 

 

2.2.  New Strategy Towards Coumarin-Triazole Hybrids; Synthesis of 

4-Hydroxycoumarin as Intermediate of Coumarin-Triazole 

Hybrids 
 

 

To advance to a different pathway to synthesize coumarin-triazole hybrids. 

Starting from salicylic acid (16) or acetyl salicylic acid (93), it was aimed to acquire 4-

hydroxycoumarin derivative (94). Iodination or bromination of 4-hydroxycoumarin 

derivative was supposed to lead the way to a final reaction with 1,4-disubstituted-1,2,3-

triazole derivative (97), which synthesized from 4-chlorobenzyl chloride (91), and the 

desired coumarin-triazole hybrid (98) was expected to be obtained from the palladium 

catalyzed reaction of halogenated coumarin to triazole (Figure 2.9.). 
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Figure 2.9. New strategy towards coumarin-triazole hybrids  
 

 

2.2.1. Synthesis of 4-Hydroxycoumarin Derivative 
 

 

Salicylic acid (16) was added in EtOH under reflux to yield compound 99 (93%), 

close to Oates and his colleagues’ yield.39 Afterwards, dimethyl malonate (100) was 

added dropwise to a solution of compound 99 in EtOH in basic conditions to obtain 4-

hydroxycoumarin derivative (94), yet it was an unsuccessful attempt (Figure 2.10.). 
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Figure 2.10. 4-Hydroxycoumarin syntheses from salicylic acid  

 

 

In the presence of DCC, as Stefanou performed in his lab, esterification of acetyl 

salicylic acid (93) was performed as the first step.40 After possessing OBt ester of acetyl 

salicylic acid, an addition of dimethyl malonate (100) in basic conditions was supposed 

to present us the desired 4-hydroxycoumarin derivative (94). However, NMR spectrum 

was not as it was expected. It is a high possibility that the commercial HOBt solution 

contains some moisture (Figure 2.11.). 

 

 

 
Figure 2.11. 4-Hydroxycoumarin syntheses by HOBt  

 

 

It was changed the reagent and used HOSu, again, in the presence of DCC. After 

first step, it was tried to understand if OSu ester of acetyl salicylic acid was acquired or 

not in the sense of thin layer chromatography, yet, it was decided to perform the second 

step to be sure of 4-hydroxycoumarin derivative (94) might be synthesized after 

purification.  The desired coumarin derivative could not be obtained, again (Figure 2.12.). 
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Figure 2.12. 4-Hydroxycoumarin syntheses by HOSu 

 

 

The reaction with EDC, which has a better work up and purification process than 

DCC, was performed on 4-hydroxycoumarin derivative (94). Yet, the same spots on thin 

layer chromatography with the previous trial were monitored. It became obvious that it 

was needed to revise the first step of the reaction (Figure 2.13). 

 

 

 
Figure 2.13. 4-Hydroxycoumarin syntheses; using EDC instead of DCC  

 

 

HATU is an expensive reagent which is used for amide bond formations. Since 

we had already tried any other reagents in our inventory, in basic conditions, HOAt ester 

of acetyl salicylic acid (93) was the final trial. After first step, HOAt ester was obtained 

by treating starting compound with HATU, thus second step cyclization with dimethyl 

malonate in the presence of NaH also worked perfectly. Finally, compound 94 was 

synthesized to yield 85% in overall (Figure 2.14). 

 

 

 
Figure 2.14. 4-Hydroxycoumarin syntheses by using HATU 
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2.2.2. Halogenation of 4-Hydroxycoumarin Derivative 
 

 

As we mentioned before, compound 94 were treated POBr3 or PBr3 under different 

conditions to yield 4-bromocoumarin derivative (95) as a modified version of Zao’s and 

Zhang’s study41 (Figure 2.15.). 

 

 

 
Figure 2.15. Attempts for 4-bromocoumarin syntheses by using different bromination 

sources 
 

 

The trials were ended with complete failure in order to acquire the desired product. 

The solubility of 4-hydroxycoumarin derivative allowed us to test the bromination 

reaction at different solvents, temperatures and bases. However, expected product could 

not be produced in these trials (Table 2.2.). 

 

 

Table 2.2. Bromination trials of 4-hydroxycoumarin derivative 
Trial Reagent Base Time 

(h.) 

Temperature 

(oC) 

Solvent Yield 

1 PBr3 - 6 Reflux Toluene No 

reaction 

2 POBr3 - 12 60 DMF No 

reaction 

3 POBr3 DIPEA 5 r.t. ACN No 

reaction 

4 POBr3 TEA 5 135 DCM No 

reaction 

5 POBr3 TEA 5 100 Toluene No 

reaction 

r.t. = room temperature 

 

 

Under basic conditions, iodination reaction of 4-hydroxycoumarin derivative (94) 

was tried with several reagents as Coleman and his co-workers performed.42 The attempts 

were unsuccessful to obtain the desired 4-iodocoumarin derivative (95) (Figure 2.16.). 
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Figure 2.16. Attempts for 4-iodocoumarin syntheses under basic conditions 

 

 

The trials were carried out at room temperature or under reflux, in the presence of 

an iodine or iodine salt as an iodine source. NMR spectrums of the crude products 

represented there was still plenty amount of starting compound (94) and no reaction was 

formed. Side products were obtained in small amounts, yet, 4-iodocoumarin derivative 

(96) was not obtained (Table 2.3.). 

 

 

Table 2.3. Iodination trials of 4-hydroxycoumarin derivative 
Trial A B Time 

(h.) 

Temperature 

(oC) 

Solvent Result 

1 I2 PPh3 1.5 r.t. ACN No 

reaction 

2 I2 PPh3 1.5 reflux ACN No 

reaction 

3 p-TsCl NaI 4 r.t.  

reflux 

EtOAc No 

reaction 

It was understood that this step could not take a step further by starting directly 

from 4-hydroxycoumarin derivative and it was planned to modify it to make the addition 

of triazole derivative possible to obtain coumarin-triazole hybrids. 

 

  

2.3.  Attempts Towards Acquiring Coumarin-Triazole Hybrids from 4-

Tosylcoumarin Derivative 
 

 

The failure of synthesizing halogenated coumarin derivative had led the pathway 

to use pseudo halogenated coumarin structures such as 4-nosylcoumarine and 4-

tosylcoumarin derivatives.  
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2.3.1. Synthesis of 4-Tosylcoumarin Derivative 
 

 

4-nosylcoumarin derivative (101) syntheses were performed, primarily, according 

to Cheval’s study.43 Starting from 4-hydroxycoumarine derivative (94), in basic 

conditions which was provided by DIPEA, the addition of 4-nitrobenzenesulfonyl 

chloride to the reaction mixture at room temperature was supposed to yield compound 

101. According to NMR spectrum of crude product, a sulfonic acid derivative as major 

product was obtained instead of desired 4-nosylcoumarin derivative (Figure 2.17.). 

 

 

 
Figure 2.17. The attempt towards synthesizing 4-nosylcoumarin derivative 

 

 

Later, as Padilha and his colleagues performed, 4-hydroxycoumarin derivative 

(94) was treated with p-TsCl in the presence of TEA at room temperature to yield 

corresponding 4-tosylcoumarin derivative (102) as white solid (43%).44 In case of 

repetitive syntheses, the time of the reaction was optimized due to increase the yield of 

the product. In 1 hour, the desired product gave the best yield. However, increasing the 

time of the reaction had a negative effect on yields and several side products were 

occurring in meantime (Figure 2.18.). 

 

 

 
Figure 2.18. 4-Tosylcoumarin preparation under basic conditions 
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2.3.2. The Trials of Synthesizing Coumarin-Triazole Hybrids from 4-

Tosylcoumarin Derivative 
 

 

Since, it was possible to acquire necessary coumarin scaffold in our inventory, the 

study proceeded to synthesize 1,2-Disubstituted-1,2,3-triazole derivative (97). Copper 

catalyzed click reaction between 4-chlorobenzyl azide (92) and 1-ethynyl-4-

fluorobenzene (86), in basic conditions, was completed successfully with a click 

chemistry to give corresponding triazole derivative in 88% yield as white solid (Figure 

2.19.).  

 

 

 
Figure 2.19. Preparation of 1,4-disubstituted-1,2,3-triazole derivative 

 

 

Under basic conditions again, starting from 1,2-disubstituted-1,2,3-triazole 

derivative (97) and 4-tosylcoumarin derivative (102), palladium catalyzed synthesis of 

desired coumarin-triazole hybrid (98) were also studied under basic conditions in the 

presence of various ligands (Figure 2.20.). 

In the first trial, PCy3 was used as a ligand, but it was failed to obtain the final 

product. Since X-Phos is a more active ligand than PCy3 in metal catalyzed reactions, 

second trial was carried out by using X-Phos, yet the desired compound were no acquired. 

On NMR spectrum of crude product, the signals of 4-tosylcoumarin derivative were lost, 

hence 1,2-disubstituted-1,2,3-triazole derivative was seemed not to react at all since the 

signals of it remained, respectively (Table 2.4.). 
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Figure 2.20. Palladium catalyzed reaction of 4-tosylcoumarin derivative with 1,2,3,-

triazole 
 

 

Table 2.4. Pd catalyzed coupling of 4-tosylcoumarin derivative to 1,2,3-triazole 
Trial Ligand Time 

(h.) 

Temperature 

(oC) 

Result 

1 PCy3 5 100 No reaction 

2 X-Phos 5 100 No reaction 

 

 

The next strategy was based on one pot reaction between 4-tosylcoumarin 

derivative (102), 4-chlorobenzyl azide (92) and 1-ethynyl-4-fluorobenzene (86). In basic 

conditions, copper catalyzed reaction was performed to obtain coumarin-triazole hybrid 

(98) (Figure 2.21.). 

Several trials, such as trial 1 and 3 in Table 2.5. were carried out in presence of a 

lithium source to ease the remove -OTs group from coumarin. However, both copper and 

copper/palladium catalyzed trials were unsuccessful. On trial 3 and 4 in Table 2.5. we 

expand the base scale and we desired to observe the effect of the absence of Li source on 

the reaction, yet all our efforts failed to obtain the desired product. the NMR spectrums 

of crude products were examined to understand only triazole dimers or triazole 

derivatives were found only, and again the signals belongs to 4-tosylcoumarin derivative 

were disappeared (Table 2.5.). 
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Figure 2.21. Attempts for one pot reaction of 4-tosylcoumarin derivative with alkyne and 

alkyl azide 
 

 

Table 2.5. Attempts for one pot reaction trials of 4-tosylcoumarin derivative 
Trial Cat. Base Time 

(h.) 

Solvent Result 

1 LiCl KOt-Bu 16 THF No product 

2 - KOt-Bu 2 Toluene No product 

3 PdCl2(PPh3) LiOt-Bu 16 THF No product 

4 Pd(OAc)2 NaH 16 THF No product 

 

 

To find a new way to continue the study, so it was decided to redevelop the 

pathway one more time. 

 

 

2.4.  Alternative Approach to Sytnhesize Coumarine-Traizole Hybrid 

via Sonogashira Product 
 

 

The internal alkyne compound (103) was synthesized, based on He&Wu’s study, 

by using palladium catalyzed Sonogashira reaction between 4-tosylcoumarin (102) and 

1-ethynyl-4-florobenzene (86).45 At room temperature, the reaction was completed and 

purified by column chromatography to yield corresponding product as white solid (23%) 

(Figure 2.22.). 
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Figure 2.22. Sonogashira syntheses from 4-tosylcoumarin derivative 

 

 

Furthermore, a copper catalyzed click reaction between internal alkyne compound 

(103), which was on a coumarin scaffold, and 4-chlorobenzyl azide (92) was performed 

in basic conditions. The disappearance of the starting compounds was and formation of 

several new products on thin layer chromatography were monitored. After purification 

by column chromatography, the desired product was not detected on NMR spectrums, yet 

again, triazole derivatives were the only compounds that present in these crude products. 

(Figure 2.23.). 

 

 

 
Figure 2.23. Copper catalyzed click reaction of Sonogoshira product 
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As all efforts did not end well, it was decided to change the approach towards 

the study again, for the final time. 

 

 

2.5. Final Trials Towards Synthesizing Coumarin-Triazole Hybrid via 

Heck Reaction 
 

 

Starting from 1-ethynyl-4-fluorobenzene (86) and 4-chlorobenzyl azide (92), 

iodination of 1,4-disubstituted-1,2,3-triazole in one pot was carried out in the presence on 

DIPEA and NBS as Li and his co-workers studied.46 On this reaction, copper (I) iodide 

was also used as an iodine source, thus, the desired triazole derivative (104) was obtained 

in moderate yields as yellow solid (43%) (Figure 2.24.). 

 

 

 
Figure 2.24. Preparation of 5-iodo-1,4-disubstituted-1,2,3-triazole derivative 

 

 

For the final reaction, according to Deng&Wu’s study, a coumarin derivative 

(105) was used which was synthesized by a colleague before. In the presence of TBAI, 

palladium catalyzed Heck reaction was failed on repetitive trials with different conditions 

(Table 2.6.). 47 

Unfortunately, the strategies came to an end for obtaining corresponding 

coumarin-triazole derivative (98) after the failure on Heck reaction trials, starting from 

compound (104) and compound (105). On NMR spectrum of the crude product, the 
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signals of compound (105) were present, hence it was clear there was no reaction (Figure 

2.25.). 

 

 
 

 

Figure 2.25. Attempts for the synthesis of coumarin-triazole hybrid via Heck reaction 
 

 

Table 2.6. The trials towards coumarin-triazole hybrid via Heck reaction 
Trial 1 Time 

(h.) 

Temperature 

(oC) 

Yield 

1 NaHCO3 25 80 No reaction 

2 NaOAc 18 100 No reaction 
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CHAPTER 3 

 

 

EXPERIMENTAL 

 

 

3.1. General Methods 
 

 

Solvents and reagents that were used as supplied were purchased from Carlo Erba 

and Sigma-Aldrich. The experiments in this study were performed under inert N2 gaseous 

purchased from Güneş Gaz. The whole reactions were carried out in dry solvents. 

Reactions were monitored on Merck TLC plates (Silica gel 60 F254). Chromatographic 

separations and isolations of compounds were carried out by column chromatography. 

70-230 mesh silica gel was used for column chromatography. 1H and 13C data of purified 

compounds were recorded on Varian 400-MR (400 MHz) spectrometer. Chemical shifts 

for 1H-NMR and 13C-NMR are reported in δ (ppm). CDCl3 and d6-DMSO peaks were 

used as reference in 1H-NMR and 13C-NMR. 

 

 

3.2. Synthesis of 5-Chloro-2-iodophenol (84) 
 

 

A two necked flask was charged with 15 mL DMSO. Into this solution, 30% 

H2SO4 was added dropwise at 0 oC under inert atmosphere. Then, 500 mg 2-amino-5-

chlorophenol (3.5 mmol, 1eq.) was added into reaction mixture. A solution of 362 mg 

sodium nitrite (5.25 mmol, 1.5 eq.) in 15 mL water was added into the flask and the 

mixture was stirred at 0 oC for 1 hour.  

1573 mg sodium iodide (10.5 mmol, 3 eq.) was dissolved in 5 mL water and added 

dropwise into reaction mixture above over 10 minutes at 0 oC. Then, the mixture was 

heated to the room temperature and was stirred for another 1 hour. An additional amount 

of 1573 mg sodium iodide (10.5 mmol, 3 eq.) in 5 mL water was added dropwise into the 

flask again and the reaction was stirred for 1 hour at room temperature. After 1 hour, the 
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crude product was extracted with EtOAc (3x15 mL) and washed with 20 mL brine 

solution. The collected organic phase was dried over anhydrous MgSO4 and filtered. After 

removal of solvent in vacuo, 597 mg desired product were obtained.48 

 

 

   
 

 

 

 

 

 

 

 

 

 

3.3. Synthesis of Tert-butyl(5-chloro-2-iodophenoxy)dimethylsilane (85) 
 

 

A solution of 597 mg 5-chloro-2-iodophenol (2.35 mmol, 1 eq.) in 15 mL DCM 

was added in a round-bottom flask. Then, the flask was charged with 608 mg DIPEA (820 

µL, 4.7 mmol, 2 eq.), 392 mg TBDMSCl (2.6 mmol, 1,1 eq.) and 30 mg DMAP (0.24 

mmol. 0.1 eq.). The reaction mixture was stirred at room temperature for 6 hours. After 

6 hours, the crude product was extracted with EtOAc (3x10 mL) and then washed with 

5.5 N HCl solution (3x10 mL) and 25 mL brine solution. The collected organic phase was 

dried over anhydrous MgSO4, filtered and concentrated under reduced pressure. Finally, 

the concentrated crude product was purified by column chromatography on silica gel 

(1:50 EtOAc:Hexane) to obtain 640 mg desired product. 

 

 

Yield: 72%; brown solid 

 

Rf: 0.30 (1:30 EtOAc:Hexane) 

 

1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.5 Hz, 

1H), 7.01 (d, J = 2.4 Hz, 1H), 6.70 (dd, J = 8.5, 2.3 

Hz, 1H), 5.36 (s, 1H). 
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3.4. Synthesis of 5-Chloro-2-iodophenol (84) from 2-((Tert-

butyldimethylsilyl)oxy)-4-chloroaniline (85) 
 

 

To a solution of 320 mg 2-((tert-butyldimethylsilyl)oxy)-4-chloroaniline (087 

mmol, 1 eq.) in 10 mL THF, 500 mg CsOH.H2O (3,33 mmol, 3.8 eq.) was added. The 

reaction mixture was stirred at room temperature for 3 hours. The crude product quenched 

with 10 mL aq. HCl solution and then extracted with EtOAc (3x10 mL). The organic 

phases were collected, dried over anhydrous MgSO4 and filtered. After evaporation in 

vacuo, the crude product was purified by column chromatography on silica gel (1:30 

EtOAc:Hexane) to yield desired product. 

 

 

 

 
 

 

 

 

 

 

 

 

 

Yield: 75%; white solid 

 

Rf: 0.90 (1:50 EtOAc:Hexane) 

 

1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.4 Hz, 

1H), 6.80 (d, J = 2.3 Hz, 1H), 6.70 (dd, J = 8.4, 2.3 

Hz, 1H), 1.06 (s, 9H), 0.29 (s, 6H). 

13C NMR (400 MHz, CDCl3) δ 155.89, 139.81, 

134.58, 122.98, 118.79, 88.01, 25.77, 18.32, -4.07 

 

Yield: 72%; brown solid 

 

Rf: 0.30 (1:30 EtOAc:Hexane) 

 

1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.5 Hz, 

1H), 7.01 (d, J = 2.4 Hz, 1H), 6.70 (dd, J = 8.5, 2.3 

Hz, 1H), 5.36 (s, 1H) 
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3.5. Synthesis of Tert-butyl (5-chloro-2-iodophenyl) carbonate (89) 
 

 

In a round-bottom flask, a solution of 1185 mg 5-choloro-2-iodophenol (4.66 

mmol, 1 eq.) in 10 mL THF was added. To this solution, 1071 mg Boc2O (4.66 mmol, 1 

eq.) and 1134 mg K2CO3 (8.2 mmol, 1.75 eq.) was added. The reaction mixture was 

stirred at room temperature for 5 hours. After 5 hours, the reaction mixture was quenched 

with 10 mL water and was taken into a separatory funnel. It was extracted with EtOAc 

(3x15 mL) and all the organic layers that were collected dried over anhydrous MgSO4, 

filtered and concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel (1:50 EtOAc:Hexane) to afford desired product. 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

3.6. Synthesis of 4-Chloro-1-iodo-2-methoxybenzene (87) 
 

 

500 mg 5-chloro-2-iodophenol (1.97 mmol, 1 eq.) was charged with a solution of 

545 mg K2CO3 (3.94 mmol, 2 eq.) in 7 mL DMF in a two-necked flask. Then, 839 mg 

MeI (368 µL,5.91 mmol, 3 eq.) was added and the reaction mixture was stirred at room 

temperature for 6 hours. After 6 hours, the reaction mixture was extracted with EtOAc 

(3x15 mL), washed with 20 mL water and brine solution (3x10 mL). The organic phase 

was collected and dried over anhydrous MgSO4, filtered and concentrated in vacuo. The 

crude product was purified by column chromatograph on silica gel (1:20 EtOAc:Hexane) 

to obtain final product.49 

 

Yield: 86%; white solid 

 

Rf: 0.20 (1:50 EtOAc:Hexane) 

 

1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.5 Hz, 

1H), 7.20 (d, J = 2.3 Hz, 1H), 6.99 (dd, J = 8.5, 2.4 

Hz, 1H), 1.58 (s, 9H) 

13C NMR (400 MHz, CDCl3) δ 151.85, 150.38, 

139.84, 134.96, 127.93, 123.41, 88.15, 84.62, 27.68 
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3.7. Synthesis of Ethyl 2-hydroxybenzoate (99) 
 

 

A two-necked necked flask was charged with a solution of 500 mg salicylic acid 

(3.62 mmol, 1 eq.) in 15 mL EtOH. Catalytic amount of sulfuric acid was directly added 

into flask and the reaction mixture was stirred under reflux for 17 hours. Then, the 

reaction was cooled down to the room temperature and diluted with 20 mL water. The 

organic mixture was extracted with EtOAc (3x15 mL). The collected organic phases were 

dried over anhydrous MgSO4, filtered and concentrated in vacuo to acquire 560 mg 

desired product.50 

 

 

    
 

 

 

 

 

 

 

 

 

 

Yield: 83%; white solid 

 

Rf: 0.70 (1:10 EtOAc:Hexane) 

 

1H NMR (400 MHz, CDCL3) δ 7.67 (d, J = 8.3 Hz, 

1H), 6.80 (d, J = 1.9 Hz, 1H), 6.73 (dd, J = 5.9, 2.4 

Hz, 1H), 3.87 (s, 3H) 

Yield: 93%; white solid 

 

Rf: 0,60 (EtOAc-Hexane 1:10) 

 

1H NMR (400 MHz, CDCl3) δ 8.00 (dd, J = 7.9, 1.6 

Hz, 1H), 7.63 (dd, J = 8.9, 5.3 Hz, 3H), 7.38 (dd, J = 

15.3, 7.9 Hz, 2H), 7.14 (t, J = 8.6 Hz, 2H), 4.00 (s, 3H) 
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3.8. Synthesis of Methyl 4-hydroxy-2-oxo-2H-chromene-3-carboxylate 

(94) 
 

 

150 mg acetyl salicylic acid (0.83 mmol, 1 eq.) was dissolved in 3 mL DMF in a 

round-bottom flask. To this solution, 350 mg HATU (0.92 mmol, 1,1 eq.) and 118 mg 

DIPEA (159 µl, 0.92 mmol, 1.1 eq.) were added and the reaction mixture was stirred at 

room temperature for 2 hours. After 2 hours, the reaction mixture was diluted with 300 

mL water, then was washed with 20 mL 1 M HCl solution. The aqueous phase was 

extracted with EtOAc (3x30 mL) and was treated with brine solution. The collected 

organic phases were dried over anhydrous MgSO4, filtered and concentrated under 

reduced pressure to yield HATU ester of corresponding acetyl salicylic acid. 

For the next step, the HOAt ester intermediate was dissolved in 5 mL THF and 

was added into a round-bottom flask. Then, the flask was charged with a solution of 89 

mg NaH (1.84 mmol, 2.2 eq.) in 5 mL THF. Finally, 121 mg dimethyl malonate (105 µl, 

0.92 mmol, 1,1 eq.) was added and the reaction mixture was stirred at room temperature 

for 2 hours. After 2 hours, the solvent of the reaction was evaporated completely in vacuo. 

The residue was washed with water, then acidified with conc. HCl solution and extracted 

with CHCl3 (3x15mL). The organic phases were washed with brine solution and dried 

over anhydrous MgSO4, filtered and concentrated under reduced pressure to obtain 160 

mg desired compound.51  

 

 

 
 

 

 

 

 

 

 

 

 

 

Yield: 88%; white solid;  

 

Rf: 0,40 (MeOH-CHCl3 3:100) 

 

1H NMR (400 MHz, CDCl3) δ 14.62 (s, 1H), 8.01 

(dd, J = 8.0, 1.7 Hz, 1H), 7.69 (ddd, J = 8.4, 7.3, 1.6 

Hz, 1H), 7.37 – 7.28 (m, 2H), 4.05 (s, 3H) 

 



       45 
 

3.9. Synthesis of Methyl 2-oxo-4-(tosyloxy)-2H-chromene-3-carboxylate 

(102) 
 

 

254 mg 4-hydroxy-2-oxo-2H-chromene-3-carboxylate (1.15 mmol, 1 eq.) was 

dissolved in 5 mL DCM in a two-necked flask. The flask was charged with 516 mg TEA 

(460 µL, 3.48 mmol, 3 eq.) and the reaction mixture was stirred at room temperature for 

1 hour. The residue was diluted with 50 mL water and extracted with DCM (3x15mL). 

The organic phases washed with brine solution, then dried over anhydrous MgSO4, 

filtered and concentrated in vacuo. The crude product was purified by column 

chromatography on silica gel (1:4 EtOAc-Hexane) to yield 165 mg desired product.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.10. Synthesis of 1-(4-Chlorobenzyl)-4-(4-fluorophenyl)-1H-1,2,3-

triazole (97) 
 

 

To a solution of 237 mg 1-ethnyly-4-florobenzene (1.97 mmol, 1 eq.) in 10 mL 

DCM, 350 mg 4-chlorobenzyl azide (2.07 mmol, 1.05 eq.) was added. To solution above, 

1 mL of stock solution (300 µl DIPEA, 90 µl HOAc, 10 ml DCM) was added and the 

reaction mixture was stirred at room temperature for 16 hours. The reaction mixture was 

diluted with 100 mL water and transferred into a separatory funnel. The aqueous phase 

was extracted with DCM (3x50 mL), then washed with brine solution. The residue was 

Yield: 44%; white solid 

 

Rf: 0,60 (EtOAc-Hexane 1:1) 

 

1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.3 Hz, 

2H), 7.63 – 7.55 (m, 2H), 7.38 (d, J = 8.4 Hz, 2H), 

7.32 (d, J = 8.3 Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H), 3.72 

(s, 3H), 2.46 (s, 3H) 

13C NMR (400 MHz, CDCl3) δ 161.56, 158.28, 

156.39, 153.18, 146.83, 134.38, 132.18, 130.22, 

128.54, 125.38, 124.83, 116.83, 115.62, 114.12, 

52.98, 21.81 
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dried over anhydrous MgSO4, filtered and concentrated under reduced pressure to yield 

500 mg desired product.52 

 

 

 
 

 

 

 

3.11. Synthesis of Methyl 4-((4-fluorophenyl)ethynyl)-2-oxo-2H-

chromene-3-carboxylate (103) 
 

 

In 3 mL DMF/NMP/TEA (2:1:2) stock solution, 101 mg methyl 2-oxo-4-

(tosyloxy)-2H-chromene-3-carboxylate (0.27 mmol, 1 eq.), 48 mg 1-ethynyl-4-

florobenzene (0.40 mmol, 1 eq.), 10 mg PPh3 (10% mmol) and 9 mg Pd(OAc)2 (10% 

mmol) was added. The reaction mixture was stirred at room temperature for 16 hours. 

After 16 hours, the reaction mixture was diluted with 50 mL water and extracted with 

EtOAc (3x15 mL), then washed with brine solution. The collected organic phases were 

dried over MgSO4, filtered and concentrated in vacuo. The residue was purified by 

column chromatography on silica gel (1:4 EtOAc:Hexane) to obtain 20 mg desired 

product. 

 

 

Yield: 88%; white solid 

 

Rf: 0,70 (EtOAc-Hexane 1:1) 

 

1H NMR (400 MHz, CDCl3) δ 7.75 (dd, J = 7.8, 5.4 

Hz, 2H), 7.61 (s, 1H), 7.35 (d, J = 7.6 Hz, 2H), 7.23 

(d, J = 8.5 Hz, 2H), 7.08 (t, J = 8.2 Hz, 2H), 5.52 (s, 

1H) 
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3.12. Synthesis of 1-(4-Chlorobenzyl)-4-(4-fluorophenyl)-5-iodo-1H-

1,2,3-triazole (104) 

 
 

A two-necked flask was charged with 178 mg 1-ethnyly-4-florobenzene (0.99 

mmol, 1.1 eq.), 150 mg 4-chlorobenzyl azide (0.90 mmol, 1 eq.), 176 mg NBS (0.99 

mmol, 1.1 eq.), 127 mg DIPEA (171 µl, 0.99 mmol, 1.1 eq.), 188 mg CuI (0.99 mmol, 

1.1 eq.) and 3 mL ACN. The reaction mixture was stirred at room temperature for 2 hours. 

After 2 hours, the reaction mixture was quenched with 50 mL water and extracted with 

EtOAc (3x25 mL). The collected organic phases were washed with brine solution, then 

dried over MgSO4, filtered and concentrated under reduced pressure. The residue was 

purified by column chromatography on silica gel (1:5 EtOAc:Hexane) to yield 160 mg 

desired product.  

 

 

 
 

Yield: 23%; pale yellow solid 

Yellow florescence under UV light 

 

Rf: 0,30 (EtOAc-Hekzan, 1:4) 

 

1H NMR (400 MHz, CDCl3) δ 8.00 (dd, J = 7.9, 1.6 

Hz, 1H), 7.63 (dd, J = 8.9, 5.3 Hz, 3H), 7.38 (dd, J = 

15.3, 7.9 Hz, 2H), 7.14 (t, J = 8.6 Hz, 2H), 4.00 (s, 3H) 

 

Yield: 23%; yellow solid 

 

Rf: 0,30 (EtOAc-Hegzane, 1:4) 

 

1H NMR (400 MHz, DMSO-d6) δ 7.90 (dd, J = 8.9, 

5.5 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.33 (t, J = 8.9 

Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 5.72 (s, 2H) 
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CHAPTER 4 

 

 

CONCLUSION 
 

 

Coumarin-triazole hybrids were found to be potential anticancer agents according 

to many studies represented in the literature. It is believed that there is still plenty of room 

for improvement on this area. In this study, it was aimed to contribute on this specific 

area of coumarin-triazole hybrids as an anticancer agent family.  

The pathways that were followed to synthesize coumarin-triazole hybrids were 

presented. Firstly, coumarin-triazole hybrid (83) were tried to be synthesized through 

ynone intermediates which were a complete failure to obtain, thus the methods did not 

lead the study further. In the next attempt, 4-iodocoumarin and 4-bromocoumarin 

derivatives (96, 95) were tried to be synthesized from 4-hydroxycoumarin derivative, 

methyl 4-hydroxy-2-oxo-2H-chromene-3-carboxylate (94) that was synthesized from 

acetyl salicylic acid (93). All of these trials were also ended unsuccessfully, thus the 

method was changed one more time. As a pseudo halogenated compound, methyl 2-oxo-

4-(tosyloxy)-2H-chromene-3-carboxylate (102) was used as a reagent in the coupling 

with 1-(4-chlorobenzyl)-4-(4-fluorophenyl)-1H-1,2,3-triazole (97) that was synthesized 

starting from 4-chlorobenzyl azide (92), yet, the desired coumarin-triazole hybrid (83) 

could not be acquired. As fourth attempt, 4-tosylcoumarin derivative, methyl 2-oxo-4-

(tosyloxy)-2H-chromene-3-carboxylate (102), was converted into an internal alkyne as a 

Sonogashria product, methyl 4-((4-fluorophenyl)ethynyl)-2-oxo-2H-chromene-3-

carboxylate (103), then it was used in the reaction with 4-chlorobenzyl azide (92) to yield 

corresponding coumarin-triazole derivative (83), however, the hybrid structure could not 

be obtained. Finally, a palladium catalyzed Heck reaction was performed between 1-(4-

chlorobenzyl)-4-(4-fluorophenyl)-1H-1,2,3-triazole (104) and methyl 2-oxo-2H-

chromene-3-carboxylate (105), yet anything useful for the study was not observed on the 

results of the trials to acquire desired coumarin-triazole hybrid (83). 
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APPENDIX A 

 
1H NMR AND 13C NMR SPECTRA FOR SELECTED 

EXAMPLES 
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Figure A.1. 1H NMR Spectrum of tert-butyl(5-chloro-2-iodophenoxy) dimethyl silane 

(85) 
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Figure A.2. 13C NMR Spectrum of tert-butyl(5-chloro-2-iodophenoxy) dimethyl silane 

(85) 
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Figure A.3. 1H NMR Spectrum of tert-butyl (5-chloro-2-iodophenyl) carbonate (89) 
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Figure A.4. 13C NMR Spectrum of tert-butyl (5-chloro-2-iodophenyl) carbonate (89) 
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Figure A.5. 1H NMR Spectrum of 5-chloro-2-iodophenol (84) 
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Figure A.6. 1H NMR Spectrum of 4-chloro-1-iodo-2-methoxybenzene (87) 
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Figure A.7. 1H NMR Spectrum of ethyl 2-hydroxybenzoate (99) 
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Figure A.8. 1H NMR Spectrum of 4-hydroxy-2-oxo-2H-chromene-3-carboxylate (94) 
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Figure A.9. 1H NMR Spectrum of 1-(4-chlorobenzyl)-4-(4-fluorophenyl)-1H-1,2,3-

triazole (97) 
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Figure A.10. 1H NMR Spectrum of methyl 2-oxo-4-(tosyloxy)-2H-chromene-3-

carboxylate (102) 
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Figure A.11. 13C NMR Spectrum of methyl 2-oxo-4-(tosyloxy)-2H-chromene-3-

carboxylate (102) 
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Figure A.12. 1H NMR Spectrum of 4-((4-fluorophenyl)ethynyl)-2-oxo-2H-chromene-3-

carboxylate (103) 
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Figure A.13. 1H NMR Spectrum of 1-(4-chlorobenzyl)-4-(4-fluorophenyl)-5-iodo-1H-

1,2,3-triazole (104) 

 

 


