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GLUCOSIDASE INHIBITORS. Advisor: Asst. Prof. WARINTHORN CHAVASIRI, Ph.D. 
  

Coumarins have been occupied an important position in medicinal chemistry. In this 

research, umbelliferone derivatives were evaluated for inhibitory activity of two enzymes, 

namely carbonic anhydrase II (CA II) and α-glucosidase. First, ether, brominated ether and ester 

derivatives of umbelliferone were synthesized, characterized and tested for CA II inhibitory 

activity. However, the inhibition data could not be used to make the exact conclusion about 

structure-activity relationship owing to their unrepeatable results. For the second part, thirty-

four derivatives of umbelliferone (ether, brominated ether, ester, sulfonamide and sulfonate 

derivatives) were synthesized and explored for anti-α-glucosidase activity. It was disclosed that 

anti-α-glucosidase activity was affected by hydrophobic effect. In addition, bromo substituent 

at position 3 of ether derivatives of umbelliferone and sulfonamide substituents could improve 

anti-α-glucosidase activity. Three new compounds 45, 65 and 70 demonstrated good inhibitory 

activities with IC50 of 68, 88, and 37 µM, respectively, which were better than that of a positive 

control, acarbose (IC50 94 µM).  
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CHAPTER 1 
COUMARINS AND THEIR BIOACTIVITIES 

Coumarins (or benzopyran-2-one), a very large series of polyphenolic derivatives, 

can be classified into different categories such as simple coumarin prototype and 

many other groups of polycyclic analogs (furanocoumarins and pyranocoumarins).1 

The most widely diffuse derivatives from natural coumarins are umbelliferone, 

esculetin and scopoletin (Figure 1.1).1 In addition, coumarins play an important role 

in medicinal chemistry ascribed to their ability to exert noncovalent interaction (-, 

hydrophobic, electrostatic interactions, hydrogen bonds, metal coordination and van 

der Waals force etc.) with various active sites in organisms.2 Recently, numerous 

studies have been proven about multiple potential activities of coumarins including 

anti-proliferative3, anti-cancer4, 5, anti-HCV6, anti-HIV7, anti-Alzheimer8, anti-malarial9, 10, 

anti-bacterial11, anti-fungal12, anti-oxidant13, anticonvulsant14, anti-inflammatory15, 

enzyme inhibition16 and so on. Moreover, coumarin based derivatives used for 

therapeutic purposes in clinic are listed below such as acenocoumarol, 

dicoumarolum, warfarin and carbochromen (Figure 1.1).17 Coumarin has achieved a 

central position as an advantage structure in the design and discovery of novel drug 

molecules because it has high affinity and specificity to different molecular targets.18 

Coumarin contains a planar aromatic ring fused with lactone functionality, a readily 

available group for hydrogen bonding as well as for protein-ligand interaction.19 

These key features make this heterocycle a unique pharmacophore in medicinal 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 

chemistry arena.19 Furthermore, hybrid multifunctional molecules may have better 

inhibitory activities, improved selectivity profile, different or dual modes of action 

and/or reduced undesired side effects.16 Many studies have designed and accessed 

coumarin-hybrid compounds which display different pharmacological properties.16 

These molecules incorporate coumarin and other heterocyclic and non-heterocyclic 

scaffolds. These compounds were reported to inhibit several enzymes including 

cholinesterase, monoamine oxidase (A & B), glucosidase, aldehyde/aldose reductase, 

alkaline phosphatase, urease, carbonic anhydrase, lysine specific demethylase, 

histone deacetylase, lipoxygenase, topoisomerase, tyrosinase and cyclooxygenase.16 

The inhibitory activities of the synthesized coumarin compounds towards the 

carbonic anhydrase II (CA II) and α-glucosidase were investigated and reported here 

in. 

 

Figure 1.1 Structures of coumarin, (+)-Calanolide A and drugs based on 
coumarin moiety.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2 
SYNTHESIS OF COUMARINS AS CARBONIC ANHYDRASE II INHIBITORS 

2.1 Introduction 
2.1.1 Carbonic anhydrase and carbonic anhydrase II 

Carbonic anhydrases (CAs) are a family of zinc metalloenzymes, which catalyze 

the interconversion between CO2 and HCO3
–. As such, CAs is important for several 

physiological processes such as pH regulation, CO2 homeostasis, respiration, bone 

resorption, and tumorigenesis. Sixteen different α-CA isoforms were isolated in 

mammals, which are cytosolic (CA I, CA II, CA III, CA VII, CA XIII), membrane-bound (CA 

IV, CA IX, CA XII, CA XIV and CA XV), CA Va and CA Vb mitochondrial, and CA VI 

secreted in saliva and colostrum. In addition, there are three catalytically inactive 

forms (CA VIII, CA X, and CA XI) referred to as CA-related proteins (CARPs).20-22 The CA 

II is involved in several diseases, such as glaucoma, edema, epilepsy, and probably 

altitude sickness.23 

The α-CA active site structure is conserved and is conically shaped with a zinc 

atom located at the base, which is coordinated by three histidine residues (His94, 

His96, His119) and a water/hydroxide ion. The catalytic mechanism of CA occurs in 

two steps. In the hydration direction, first there is a nucleophilic attack of CO2 by the 

zinc-bound hydroxide ion, resulting in a zinc-bound bicarbonate that is subsequently 

displaced by H2O.21, 24, 25 The enzyme active site is then regenerated to a zinc-bound 

hydroxide ion by a proton transfer mechanism from the zinc-bound water molecule 
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to bulk solvent, facilitated by an ordered water wire within the active site and His64 

acting as a proton donor/acceptor shuttle residue.26-29 

2.1.2 Glaucoma disease 
Glaucoma is an optic neuropathy defined by characteristic optic disc damage 

and visual field loss for which increased intraocular pressure (IOP) is a major 

modifiable risk factor.30 Moreover, glaucoma is the second leading cause of blindness 

in worldwide and is the world’s most common cause of irreversible blindness.30, 31 

According to Glaucoma Research Foundation, approximately 10% of people with 

glaucoma who receive proper treatment still experience loss of vision. Everyone is at 

risk for glaucoma from babies to senior citizens. Older people are at a higher risk, but 

babies can be born with glaucoma (approximately 1 out of every 10,000 babies born 

in the United States). Young adults can get glaucoma, too.  

Glaucoma can be categorized into 2 major subtypes, open angle and angle 

closure, both of which result in characteristic optic nerve degeneration. Both can be 

further subdivided into primary or secondary due to some other inciting factors. 

Secondary glaucoma can result from many other pathologic processes, including but 

not limited to vasculopathic, malignant, and traumatic.30 

Open-angle glaucoma is a chronic, insidious process which is also called primary 

or chronic glaucoma. “Open-angle” means that the angle where the iris meets the 

cornea is as wide and open as it should be. Open-angle glaucoma is caused by the 
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slow clogging of the drainage canals, resulting in increased eye pressure. Patients are 

often unaware of their disease until vision loss has progressed significantly, known as 

the “sneak thief of sight.” Early diagnosis remains a challenge given the insidious 

nature of the onset of this process and, therefore, formal ophthalmologic evaluation 

of any patient with risk factors is critical for prompt detection.30 Normal and 

glaucoma anatomies as well as open-angle glaucoma were illustrated in Figure 2.1. 

  

Figure 2.1 Open-angle glaucoma (www.mayoclinic.org, www.glaucoma.org) 
In contrast, angle-closure glaucoma can be an acute process with more 

immediate signs and symptoms but may also present insidiously and tends to be a 

more visually destructive subtype. It is also called acute glaucoma or narrow-angle 

glaucoma. The angle-closure glaucoma accounts for approximately half the cases of 

glaucoma worldwide and, when acute, is considered an ocular emergency because 

loss of vision can occur within hours to days. By 2020, it is estimated that there will 

be 21 million cases of primary angle-closure glaucoma, with 5.3 million blinds 

http://www.mayoclinic.org/diseases%20conditions/glaucoma/symptoms-causes/syc-20372839
http://www.glaucoma.org/glaucoma/types-of-glaucoma.php
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bilaterally. Unlike the open-angle glaucoma, the angle-closure glaucoma is a result of 

the angle between the iris and cornea closing.30, 32 Angle-closure glaucoma anatomy 

were introduced in Figure 2.2.  

 

Figure 2.2 Closed angle glaucoma (www.glaucoma.org) 
To treat glaucoma, there are many options including eye drops, laser 

procedures, and surgery.33 All are intended to decrease eye pressure and, thereby, 

protect the optic nerve.34 Carbonic anhydrases catalyze the reversible hydration of 

CO2 and the dehydration of carbonic acid. In the eye, it lowers IOP by decreasing the 

formation of aqueous humor.35 Therefore, carbonic anhydrase II inhibitors can reduce 

formation of bicarbonate ions which reduce IOP. 

2.1.3 Inhibition of carbonic anhydrase II of sulfonamides 
CA inhibitors are sulfonamides, their bioisosteres (sulfamates, sulfamides, etc.), 

metal complexing anions, phenols, and thiophenols.20, 21, 36 Sulfonamides as classical 

carbonic anhydrase inhibitors have been used as commercial drugs for treatment of 

http://www.glaucoma.org/%20glaucoma.php
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glaucoma.21 However, they also inhibit all CA isoforms nonspecifically, diluting the 

drug effectiveness and causing undesired side effects from the off-target inhibition.21 

Therefore, further examination on this enzyme continues capturing the attentions of 

drug discovery scientists. 

2.1.4 Inhibition of carbonic anhydrase II of coumarins 
Recently, coumarins were a novel class of inhibitors of the CA because they are 

considered prodrugs that can only bind the enzyme in the form of their hydrolysis 

products (Figure 2.3).37, 38 Coumarins are proposed to first bind in the active site 

undergo hydrolysis due to the esterase activity of CA, and then reorient to prevent 

steric hindrance. Due to this required chemical transformation, coumarins are 

considered suicide compounds and their inhibitory properties are time-dependent.38 

The hydrolyzed form of the inhibitor binds at the entrance of the active site, blocking 

substrate entry and preventing catalysis.37, 38 Since coumarins bind near or within the 

selective pocket where majority of unique residues are located, this class provides a 

strong scaffold for the design of isoform selective inhibitors. It has been 

demonstrated that isoform specificity improves with the addition of chemical 

substituents to the coumarin scaffold, with the significance of improvement 

dependent on the number and chemical nature of the functional groups.37 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8 

 

Figure 2.3 Coumarins and hydrolysis product 
 Various substituted coumarins were studied for their anticarbonic anhydrase II 

activity. In 2009, Maresca et al. investigated the inhibition profile against the 

mammalian isozyme CA II with coumarins 1-3. 1 is a natural product isolated from 

Australian plant Leionema ellipticum Paul G. Wilson (Rutaceae) and revealed the 

most effective inhibitor of CA II with an inhibition constant KI = 0.06 µM. Based on the 

difference between number of substituents on the aromatic coumarin scaffold of 

three compounds, the researchers suggested that substitutions lead to increase in 

the CA II inhibition activity.37 

 

In 2010, Maresca et al. studied a series of substituted coumarins (4-12). The best 

CA II inhibitors were methyl ester 11 and carboxylic acid 9. Monosubstituted 

derivatives 3-8 incorporating bulky chains at position 7 decreased the activity. Among 

10-12, there is an enormous difference of activity which indicated important role of 

CH2 group in structure-activity relationship.38 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9 

 

In addition, sulfonamide coumarins have been investigated and disclosed the 

inhibition effect against CA II. These findings encouraged researchers to explore the 

synthesis of sulfonamide coumarins and to evaluate their activities.39-41 

 

Sulfocoumarins have been discovered to reveal significant inhibition towards CA 

II. In 2013, sulfocoumarins (18-33) with a substituent at position 7 were synthesized 

and displayed specificity for CA II with low nanomolar binding affinities, which is 

better than acetazolamide - an antiglaucoma drug (KI = 12 nM). These results 

supported strong potential of 7-substituted sulfocoumarins as a novel glaucoma 

therapy.42 
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2.1.5 The aim of this study 
In previous works, researchers investigated the effect of substituents on 

coumarin scaffold to CA II inhibitory activity such as number of substituents, bulky 

chains at position 7, carboxyl group at position 3. In addition, many sulfonamide 

coumarins and sulfocoumarins as CA II inhibitors were investigated. All these findings 

encouraged us to explore the synthesis of various substituted coumarins such as 

ether, brominated ether, ester, sulfonamide coumarins. These derivatives would 

further be evaluated for CA II inhibitory activity as well as analyzed for structure-

activity relationship. 

2.2 Experimential section 
2.2.1 General procedure 

1H and 13C NMR spectra were recorded in CDCl3, acetone-d6 or DMSO-d6 using a 

Bruker Ultrashield 400 Plus NMR spectrometer or a Varian Mercury NMR spectrometer 

with an Oxford YH400 magnet operating at 400 MHz for 1H and 100 MHz for 13C. High 
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resolution mass spectra (HRMS) were recorded on a Bruker Daltonics microTOF using 

electron spray ionization (ESI). All solvents used in this research were distilled prior to 

use except those which were reagent grades. Thin layer chromatography (TLC) was 

performed on aluminium sheets precoated with silica gel (Merck Kieselgel 60 PF254). 

Merck silica gel (No. 7734) was used as stationary phase on open column 

chromatography. 

2.2.2 Synthesis of coumarins 
A Ether and brominated ether derivatives of umbelliferone 

A1 Ether derivatives 
A mixture of umbelliferone (34, 5 mmol), alkyl halide (2 eq), and K2CO3 (3 eq) in 

DMF (10 mL) was stirred at 55–60 0C for times ranging from 5 h to overnight. The 

reaction mixture was extracted with EtOAc, and the combined extracts were washed 

with water. The organic layer was dried over anhydrous Na2SO4 and evaporated to 

dryness. The residue then was purified by column chromatography on silica gel with 

n-hexane/EtOAc to yield 3, 4, 7 and 35-41.43 
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7-methoxy-2H-chromen-2-one (3, 93 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 (ppm) 

3.86 (s, 3H), 6.23 (d, 1H, J = 9.2 Hz), 6.79 (d, 1H, J = 2.4 Hz), 6.83 (dd, 1H, J = 8.8, 2.4 

Hz), 7.36 (d, 1H, J = 8.8 Hz), 7.62 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 

(ppm) 55.9, 101.0, 112.7 (2C), 113.2, 128.9, 143.5, 156.0, 161.3, 163.0. 

7-ethoxy-2H-chromen-2-one (4, 84 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 (ppm) 

1.44 (t, 3H, J = 7.2 Hz), 4.07 (q, 2H, J = 7.2 Hz), 6.22 (d, 1H, J = 9.6 Hz), 6.78 (d, 1H, J = 

2.4 Hz), 6.81 (dd, 1H, J = 8.4, 2.4 Hz), 7.34 (d, 1H, J = 8.4 Hz), 7.62 (d, 1H, J = 9.2 Hz). 

13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 14.7, 64.5, 101.4, 112.5, 113.0 (2C), 128.8, 143.5, 

156.0, 161.3, 162.4. 

7-butoxy-2H-chromen-2-one (35, 91% yield). 1H-NMR (400 MHz, CDCl3): 𝛿 (ppm) 

0.98 (t, 3H, J = 7.6 Hz), 1.49 (sextet, 2H, J = 7.6 Hz), 1.79 (quint, 2H, J = 6.4 Hz), 4.00 (t, 

2H, J = 6.8 Hz), 6.22 (d, 1H, J = 9.6 Hz), 6.79 (s, 1H), 6.82 (d, 1H, J = 8.8 Hz), 7.34 (d, 

1H, J = 8.8 Hz), 7.62 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 13.9, 19.3, 

31.3, 68.5, 101.5, 112.5, 113.0, 113.1, 128.8, 143.5, 156.1, 161.4, 162.6. 

7-(octyloxy)-2H-chromen-2-one (36, 31 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 0.88 (t, 3H, J = 6.4 Hz), 1.31 (m, 8H), 1.46 (quint, 2H, J = 6.8 Hz), 1.80 (quint, 2H, 

J = 6.8 Hz), 4.00 (t, 2H, J = 6.8 Hz), 6.23 (d, 1H, J = 9.6 Hz), 6.79 (s, 1H), 6.82 (dd, 1H, J 

= 8.4, 2.0 Hz), 7.35 (d, 1H, J = 8.4 Hz), 7.62 (d, 1H, J = 9.2 Hz). 13C-NMR (100 MHz, 

CDCl3): 𝛿 (ppm) 14.2, 22.8, 26.1, 29.1, 29.3, 29.4, 31.9, 68.8, 101.5, 112.5, 113.0, 113.1, 

128.8. 143.5, 156.1, 161.4, 162.6. 
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7-(dodecyloxy)-2H-chromen-2-one (37, 87 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 0.88 (t, 3H, J = 8.0 Hz), 1.26 (m, 16H), 1.46 (quint, 2H, J = 6.4 Hz), 1.80 (quint, 

2H, J = 6.8 Hz), 4.00 (t, 2H, J = 6.4 Hz), 6.23 (d, 1H, J = 9.6 Hz), 6.79 (d, 1H, J = 2.0 Hz), 

6.82 (dd, 1H, J = 8.4, 2.0 Hz), 7.34 (d, 1H, J = 8.8 Hz), 7.62 (d, 1H, J = 9.6 Hz). 13C-NMR 

(100 MHz, CDCl3): 𝛿 (ppm) 14.2, 22.8, 26.1, 19.1, 29.5, 29.7, 29.7, 29.8, 29.8, 32.0, 68.8, 

101.5, 112.5, 113.1 (2C), 128.8, 143.5, 156.1, 161.4, 162.6. 

7-(allyloxy)-2H-chromen-2-one (38, 23 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 4.58 (d, 2H, J = 5.2 Hz), 5.32 (d, 1H, J = 10.8 Hz), 5.42 (d, 1H, J = 17.2 Hz), 6.04 

(m, 1H), 6.23 (d, 1H, J = 9.2 Hz), 6.80 (s, 1H), 6.84 (dd, 1H, J = 8.4, 2.0 Hz), 7.36 (d, 1H, 

J = 8.4 Hz), 7.62 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 69.4, 101.9, 

112.8, 113.2, 113.3, 118.6, 128.9, 132.2, 143.5, 155.9, 161.2, 161.9. 

7-((3-methylbut-2-en-1-yl)oxy)-2H-chromen-2-one (39, 91 % yield). 1H-NMR (400 

MHz, CDCl3): 𝛿 (ppm) 1.75 (s, 3H), 1.79 (s, 3H), 4.56 (d, 2H, J = 6.8 Hz), 5.45 (t, 1H, J = 

6.8 Hz), 6.22 (d, 1H, J = 9.6 Hz), 6.80 (d, 1H, J = 2.4 Hz), 6.83 (dd, 1H, J = 8.8, 2.4 Hz), 

7.34 (d, 1H, J = 8.4 Hz), 7.62 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 

18.4, 25.9, 65.5, 101.7, 112.5, 113.0, 113.3, 118.8, 128.8, 139.3, 143.5, 156.0, 161.4, 

162.2. 

7-(benzyloxy)-2H-chromen-2-one (7, 36% yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 5.12 (s, 2H), 6.24 (d, 1H, J = 9.2 Hz), 6.87 (d, 1H, J = 2.0 Hz), 6.91 (dd, 1H, J = 

8.4, 2.4 Hz), 7.34 – 7.44 (m, 6H), 7.62 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 
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(ppm) 70.6, 102.0, 112.8, 113.3 (2C), 127.6, 128.5 (2C), 128.8 (2C), 128.9, 135.9, 143.4, 

155.9, 161.2, 162.0.  

7-(2-hydroxyethoxy)-2H-chromen-2-one (40, 37% yield). 1H-NMR (400 MHz, 

acetone-d6): 𝛿 (ppm) 3.92 (t, 2H, J = 4.8 Hz), 4.19 (t, 2H, J = 4.8 Hz), 6.20 (d, 1H, J = 

9.2 Hz), 6.87 (s, 1H), 6.91 (dd, 1H, J = 8.8, 2.4 Hz), 7.55 (d, 1H, J = 8.8 Hz), 7.87 (d, 1H, 

J = 9.2 Hz). 13C-NMR (100 MHz, Acetone-d6): 𝛿 (ppm) 61.1, 71.3, 102.1, 113.5 (2C), 

113.6, 130.1, 144.6, 156.8, 161.0, 163.3.  

7-(3-bromopropoxy)-2H-chromen-2-one (41, 86% yield). 1H-NMR (400 MHz, 

CDCl3): 𝛿 (ppm) 2.35 (quint, 2H, J = 6.0 Hz), 3.60 (t, 2H, J = 6.4 Hz), 4.17 (t, 2H, J = 5.6 

Hz), 6.24 (d, 1H, J = 9.6 Hz), 6.82 (d, 1H, J = 2.0 Hz), 6.84 (dd, 1H, J = 8.4, 2.4 Hz), 7.37 

(d, 1H, J = 8.4 Hz), 7.63 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 29.6, 

32.1, 66.1, 101.7, 112.9, 113.4 (2C), 129.0, 143.4, 156.0, 161.2, 162.0. 

A2 Brominated ether derivatives 
A 30% aqueous solution of H2O2 (3.0 eq) was added to the solution of ether 

derivatives of umbelliferone 3, 4, 35-37 (1 mmol) and NaBr (2.0 eq) in acetic acid (2.5 

mL); then, the mixture was stirred at room temperature for 7-24 h depending on the 

substrate. The reaction was monitored by TLC. At the end, the crude was treated 

with Na2SO3 and extracted with EtOAc (3 x 10 mL). The reunited organic fractions 

were dried over anhydrous Na2SO4; after filtration, the solvent was evaporated under 
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reduced pressure. Final products 42-46 were isolated and purified by 

chromatographic column on silica gel with n-hexane/EtOAc.44 

 

3-bromo-7-methoxy-2H-chromen-2-one (42, 36% yield). 1H-NMR (400 MHz, 

CDCl3): 𝛿 (ppm) 3.87 (s, 3H), 6.81 (s,1H), 6.86 (d, 1H, J = 8.4 Hz), 7.34 (d, 1H, J = 8.4 

Hz), 8.00 (s, 1H). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 56.0, 100.9, 107.9, 113.2, 113.4, 

128.2, 144.5, 155.3, 157.5, 163.2. 

3-bromo-7-ethoxy-2H-chromen-2-one (43, 52% yield). 1H-NMR (400 MHz, CDCl3): 

𝛿 (ppm) 1.45 (t, 3H, J = 6.8 Hz), 4.08 (q, 2H, J = 6.8 Hz), 6.78 (d, 1H, J = 2.4 Hz), 6.84 

(dd, 1H, J = 8.8, 2.4 Hz), 7.32 (d, 1H, J = 8.4 Hz), 8.00 (s, 1H). 13C-NMR (100 MHz, 

CDCl3): 𝛿 (ppm) 14.6, 64.5, 101.4, 107.7, 113.2, 113.7, 128.2, 144.6, 155.2, 157.6, 162.6. 

HRMS (ESI) calcd for C11H9BrNaO3 [M+Na]+: 290.9633, found 290.9645. 

3-bromo-7-butoxy-2H-chromen-2-one (44, 35% yield). 1H-NMR (400 MHz, CDCl3): 

𝛿 (ppm) 0.98 (t, 3H, J = 6.8 Hz), 1.50 (sext, 2H, J = 7.6 Hz), 1.80 (quint, 2H, J = 6.4 Hz), 

4.01 (t, 2H, J = 6.4 Hz), 6.80 (s, 1H), 6.85 (d, 1H, J = 8.8 Hz), 7.32 (d, 1H, J = 8.8 Hz), 

8.00 (s, 1H). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 13.9, 19.3, 31.1, 68.7, 101.4, 107.7, 
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113.0, 113.8, 128.2, 144.5, 153.3, 157.6, 162.8. HRMS (ESI) calcd for C13H13BrO3 

[M+Na]+: 318.9946, found 318.9953. 

3-bromo-7-(octyloxy)-2H-chromen-2-one (45, 37% yield). 1H-NMR (400 MHz, 

CDCl3): 𝛿 (ppm) 0.88 (t, 3H, J = 6.4 Hz), 1.29 – 1.34 (m, 8H), 1.46 (quint, 2H, J = 6.4 

Hz), 1.81 (quint, 2H, J = 6.8 Hz), 4.00 (t, 2H, J = 6.8 Hz), 6.79 (d, 1H, J = 2.0 Hz), 6.85 

(dd, 1H, J = 8.8, 2.4 Hz), 7.32 (d, 1H, J = 8.8 Hz), 8.00 (s, 1H). 13C-NMR (100 MHz, 

CDCl3): 𝛿 (ppm) 14.4, 23.2, 26.1, 29.1, 29.3, 29.4, 31.9, 69.2, 101.3, 107.9, 113.1, 113.8, 

128.2, 144.6, 155.4, 157.6, 162.9. HRMS (ESI) calcd for C17H21BrO3 [M+Na]+: 375.0572, 

found 375.0586. 

3-bromo-7-(dodecyloxy)-2H-chromen-2-one (46, 36% yield). 1H-NMR (400 MHz, 

CDCl3): 𝛿 (ppm) 0.87 (t, 3H, J = 6.4 Hz), 1.26 – 1.31 (m, 16H), 1.45 (quint, 2H, J = 6.4 

Hz), 1.80 (quint, 2H, J = 6.4 Hz, 2H), 4.00 (t, 2H, J = 6.4 Hz), 6.79 (d, 1H, J = 1.6 Hz), 

6.85 (dd, 1H, J = 8.8, 2.4 Hz), 7.32 (d, J = 8.4 Hz, 1H), 8.00 (s, 1H). 13C-NMR (100 MHz, 

CDCl3): 𝛿 (ppm) 14.2, 22.8, 26.1, 29.1, 29.4, 29.5, 29.6, 29.7, 29.7, 29.8, 32.0, 69.0, 

101.4, 107.7, 113.0, 113.8, 128.2, 144.6, 155.3, 157.5, 162.7.  

B Ester derivatives of umbelliferone 
B1 Umbelliferyl acetate 

Umbelliferone (34, 5 mmol) was stirred with acetic anhydride (4.0 eq) in ice bath 

and a catalytic amount of 96% H2SO4 (2 drops) was added dropwise. Then, 2.5 molar 

equivalents of Et3N were added to the mixture and agitated for 10 min at room 
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temperature. After reaction was completed (analyzed by TLC), the crude was 

extracted with EtOAc (3 x 10 mL) and the combined extracts were washed with 

water. The organic layer was dried over anhydrous Na2SO4 and evaporated to 

dryness. The residue then was purified by column chromatography on silica gel with 

n-hexane/EtOAc to yield product 47.45 

 

2-oxo-2H-chromen-7-yl acetate (47, 99% yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 2.33 (s, 3H), 6.38 (d, 1H, J = 9.6 Hz), 7.04 (dd, 1H, J = 8.4, 1.6 Hz), 7.11 (d, 1H, J 

= 2.0 Hz), 7.48 (d, 1H, J = 8.4 Hz), 7.68 (d, 1H, J = 10.2 Hz). 13C-NMR (100 MHz, CDCl3): 

𝛿 (ppm) 21.2, 110.6, 116.2, 116.8, 118.5, 128.7, 142.9, 153.3, 154.8, 160.4, 168.8. 

B2 Other derivatives 
A mixture of PPh3 (2 mmol) in 3mL CH2Cl2 and a mixture of carboxylic acid (1 

mmol), Cl3CCN (2 mmol) in 3mL CH2Cl2 were stirred at room temperature for 

approximately 1 h. Afterwards, a mixture of umbelliferone (34, 1 mmol) and 4-

picoline (3 mmol) in 10 mL CH2Cl2 were added into previous mixture and refluxed at 

38-40 0C for 6 h. Then, the organic layer was extracted with 10% HCl and saturated 

aqueous NaHCO3, respectively. Furthermore, the organic layer was dried over 

anhydrous Na2SO4, filtered, and evaporated using rotatory vacuum evaporator. The 
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products 48-53 were purified by subjecting to silica gel column with n-hexane/EtOAc. 

Products 54-55 were purified by washing with acetone.46 

 

2-oxo-2H-chromen-7-yl butyrate (48, 35 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 1.04 (t, 3H, J = 7.6 Hz), 1.78 (m, 2H), 2.56 (t, 2H, J = 7.6 Hz), 6.37 (d, 1H, J = 9.6 

Hz), 7.02 (dd, 1H, J = 8.4, 2.0 Hz), 7.08 (d, 1H, J = 1.2 Hz), 7.47 (d, 1H, J = 8.4 Hz), 7.68 

(d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 13.7, 18.4, 36.2, 110.5, 116.1, 

116.7, 118.5, 128.6, 143.0, 153.4, 154.8, 160.4, 171.5. 

2-oxo-2H-chromen-7-yl hexanoate (49, 30 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 0.92 (t, 3H, J = 6.8 Hz), 1.34 – 1.40 (m, 4H), 1.76 (quint, 2H, J = 7.6 Hz), 2.58 (t, 

2H, J = 7.6 Hz), 6.38 (d, 1H, J = 9.6 Hz), 7.03 (dd, 1H, J = 8.4, 2.0 Hz), 7.09 (d, 1H, J = 

1.6 Hz), 7.47 (d, 1H, J = 8.4 Hz), 7.68 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 

(ppm) 14.0, 22.4, 24.6, 31.3, 34.4, 110.6, 116.1, 116.7, 118.5, 128.6, 143.0, 153.4, 154.8, 

160.4, 171.7. 
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2-oxo-2H-chromen-7-yl octanoate (50, 14 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 0.88 (t, 3H, J =6.4 Hz), 1.24 – 1.40 (m, 8H), 1.75 (quint, 2H, J = 7.6 Hz), 2.57 (t, 

2H, J = 7.2 Hz), 6.37 (d, 1H, J = 9.6 Hz), 7.02 (d, 1H, J = 8.4 Hz), 7.08 (s, 1H), 7.47 (d, 

1H, J = 8.4 Hz), 7.68 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 14.1, 22.7, 

24.9, 29.0, 29.1, 31.7, 34.4, 110.5, 116.1, 116.7, 118.5, 128.6, 143.0, 153.4, 154.8, 160.4, 

171.7. 

2-oxo-2H-chromen-7-yl decanoate (51, 46 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 0.87 (t, 3H, J = 6.4 Hz), 1.27 (m, 12H), 1.75 (quint, 2H, J = 7.6 Hz), 2.58 (t, 2H, J 

= 7.6 Hz), 6.38 (d, 1H, J = 9.6 Hz), 7.03 (dd, 1H, J = 8.4, 2.4 Hz), 7.09 (d, 1H, J = 2.0 

Hz), 7.47 (d, 1H, J = 8.4 Hz), 7.68 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 

(ppm) 14.2, 22.8, 24.9, 29.2, 29.4 (2C), 29.5, 31.9, 34.5, 110.5, 116.1, 117.0, 118.5, 

128.6, 143.0, 153.5, 154.8, 160.4, 171.7. 

2-oxo-2H-chromen-7-yl dodecanoate (52, 38% yield). 1H-NMR (400 MHz, CDCl3): 

𝛿 (ppm) 0.87 (t, 3H, J = 6.0 Hz), 1.26 (m, 16H), 1.75 (quint, 2H, J = 7.2 Hz), 2.58 (t, 2H, 

J = 7.2 Hz), 6.38 (d, 1H, J = 9.2 Hz), 7.04 (d, 1H, J = 8.4 Hz), 7.10 (s, 1H), 7.47 (d, 1H, J 

= 8.4 Hz), 7.68 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 14.2, 22.8, 24.9, 

29.2, 29.3, 29.4, 29.5, 29.7 (2C), 32.0, 34.5, 110.5, 116.1, 116.7, 118.5, 128.6, 143.0, 

153.5, 154.8, 160.5, 171.7. 

2-oxo-2H-chromen-7-yl palmitate (53, 73% yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 0.87 (t, J = 6.4 Hz, 3H), 1.25 (m, 24H), 1.75 (quint, 2H, J = 7.2 Hz), 2.58 (t, 2H, J 
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= 7.6 Hz), 6.38 (d, 1H, J = 9.6 Hz), 7.04 (dd, 1H, J = 8.4, 2.0 Hz), 7.10 (d, 1H, J = 2.0 

Hz), 7.47 (d, 1H, J = 8.4 Hz), 7.68 (d, 1H, J = 9.2 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 

(ppm) 14.2, 22.8, 24.9, 29.2, 29.4, 29.5, 29.6, 29.7, 29.8 (2C), 29.8, 29.8 (2C), 32.0, 34.5, 

110.6, 116.1, 116.7, 118.5, 128.6, 143.0, 153.5, 154.9, 160.4, 171.7. 

2-oxo-2H-chromen-7-yl (E)-3-(2,6-dichlorophenyl) acrylate (54, 42% yield). 1H-

NMR (400 MHz, CDCl3): 𝛿 (ppm) 6.45 (d, 1H, J = 9.6 Hz), 6.88 (d, 1H, J = 16.4 Hz), 7.22 

(d, 1H, J = 8.4 Hz), 7.29 (d, 2H, J = 7.2 Hz), 7.44 (d, 2H, J = 8.0 Hz), 7.56 (d, 1H, J = 8.4 

Hz), 7.75 (d, 1H, J = 9.6 Hz), 8.06 (d, 1H, J = 16.4 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 

(ppm) 110.6, 116.3, 116.9, 118.5, 125.3, 128.7, 129.1 (2C), 130.6, 131.5, 135.4 (2C), 

141.1, 143.0, 153.5, 154.9, 160.4, 164.1. HRMS (ESI) calcd for C18H10Cl2O4 [M+Na]+: 

382.9854, found 382.9841. 

2-oxo-2H-chromen-7-yl(2E,4E)-5-(benzo[d][1,3]dioxol-5-yl)penta-2,4-dienoate (55, 

45% yield). 1H-NMR (400 MHz, CDCl3): 𝛿 (ppm)  6.01 (s, 2H), 6.12 (d, 1H, J = 15.2 Hz), 

6.40 (d, 1H, J = 9.6 Hz), 6.76–7.04 (m, 4H), 7.04 (s, 1H), 7.12 (dd, 1H, J = 8.4, 1.6 Hz), 

7.18 (d, 1H, J = 1.2 Hz), 7.50 (d, 1H, J = 8.4 Hz), 7.63 (dd, 1H, J = 15.2, 4.0 Hz), 7.70 (d, 

J = 9.6 Hz, 1H). HRMS (ESI) calcd for C21H14O6 [M+K]+: 401.0428, found 401.0416. 

2.2.3 Synthesis acetazolamide-based coumarins 
2.2.3.1 Hydrolysis acetazolamide 

To suspension of acetazolamide (56, 22 mmol), in EtOH was added conc. HCl 5 

mL and reaction mixture was refluxed for 12 h. Solvent was evaporated, saturated 
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NaHCO3 was poured slowly to the reaction mixture and compound was extracted by 

EtOAc. EtOAc layer was washed with brine and was dried over anhydrous Na2SO4, 

filtered and concentrated to obtained 57 in 61% yield.47 

 

5-amino-1,3,4-thiadiazole-2-sulfonamide (57, 61% yield): 1H NMR (400 MHz, 

DMSO-d6) 𝛿 7.80 (s, 2H), 8.05 (s, 2H). 13C NMR (100 MHz, DMSO-d6) 𝛿 157.9, 171.6.  

2.2.3.2 Synthesis acetazolamide derivative 
To solution of 57 (3.0 mmol) in 4 mL acetonitrile (MeCN) was added succinic 

anhydride (3.3 mmol). The reaction mixture was heated at 100 oC for 12 h. After 

reaction completion, a white precipitate was filtered, wash with MeCN to get pure 

product 58.48 

 

4-oxo-4-((5-sulfamoyl-1,3,4-thiadiazol-2-yl)amino)butanoic acid (58, 69% yield): 1H 

NMR (400 MHz, DMSO-d6) 𝛿 2.60 (t, 2H, J = 6.8 Hz), 2.76 (t, 2H, J = 7.2 Hz), 8.32 (s, 

2H), 13.06 (br, 1H); 13C NMR (100 MHz, DMSO-d6) 𝛿 28.3, 30.0, 161.1, 164.3, 171.5, 

173.4. 
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2.2.3.3 Synthesis of umbelliferone derivative 
The procedure of synthesis of ester 48-53 was applied to form ester 59. 

 

2-oxo-2H-chromen-7-yl 2-bromoacetate (59, 30% yield). 1H-NMR (400 MHz, 

CDCl3): 𝛿 (ppm) 2.33 (s, 2H), 6.38 (d, 1H, J = 9.6 Hz), 7.04 (dd, 1H, J = 8.4, 2.0 Hz), 7.10 

(d, 1H, J = 2.0 Hz), 7.48 (d, 1H, J = 8.4 Hz), 7.68 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, 

CDCl3): 𝛿 (ppm) 21.2, 110.5, 116.2, 116.8, 118.5, 128.7, 143.0, 153.3, 154.8, 160.4, 

168.8. 

2.2.4 Bioassay 
This experiment was conducted under the collaboration with Department of 

Microbiology, Faculty of Science, Chulalongkorn University. Yeast cells and test 

compounds were prepared in opaque-walled 96-well plates at the appropriate cell 

density for 10 µL. The test plate was incubated at room temperature for 30 min and 

then 10 µL of 20% (w/v) galactose was added into each well and incubated at 30 °C 

under an ambient atmosphere (low CO2) or 5% (v/v) CO2 condition (high CO2) for the 

appropriate incubation time. A stock solution of 0.1 mg mL−1 resazurin sodium salt 

(Sigma Aldrich, USA) prepared in distilled water was added to each well to a final 

concentration of 0.03 mg mL−1 and further incubated at 30 °C in the dark until the 

color of the wells without the test compound changed from blue to pink, which 
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indicated the growth of yeast cells. The effective dose was defined as the 

concentration of the drug that could inhibit the growth of yeast cells and so prevent 

the color change of resazurin.49 Reduction of resazurin to resorufin in yeast cell (with 

NADPH) was showed in Figure 2.4. 

 

Figure 2.4 Reduction of resazurin to resorurfin in yeast cell (with NADH).50 
2.3 Results and discussion 

2.3.1 Synthesis, structure elucidation and carbonic anhydrase II inhibition 
of coumarins 

2.3.1.1 Ether and brominated ether derivatives of umbelliferone 
In 2010, Maresca et al. reported that the synthesized series of ether derivatives 

of umbelliferone incorporating bulky chains (n-Pr, n-Bu, PhCH2, PhCH2CH2) at position 

7 decreased CA II inhibitory activity.38 However, monosubstituted derivatives 

containing unsaturated side chain and saturated substituents containing other 

functional groups have not evaluated. Therefore, coumarins 38-41 were synthesized 
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and investigated (Scheme 2.1). Moreover, the ether derivatives of umbelliferone 3, 4 

and 7 were synthesized for comparison (Scheme 2.1). For known analogs, their 

structures were elucidated by comparing with reported NMR database.43, 51-53 The 1H 

and 13C NMR spectra of 3, 4, 7, 38-41 exhibited all feature signals of umbelliferone 

skeleton. Moreover, there were new signals derived from the side chain methyl, 

ethyl, allyl, prenyl, etc. consistent with the expected target molecules. Their 1H and 

13C NMR interpretation are demonstrated in Tables 2.1-2.4. All compounds were 

tested against CA II and the results are presented in Table 2.5. 

 

Scheme 2.1 Synthesis of ether derivatives 3, 4, 7 and 38-41 
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Table 2.1 1H NMR chemical shift assignment of 3, 4, 38, 39 

Position 
δH (ppm) 

3 4 38 39 
3 6.23 (d, 1H, J = 

9.2 Hz) 
6.22 (d, 1H, J = 

9.6 Hz) 
6.23 (d, 1H, J = 9.2 Hz) 

6.22 (d, 1H J = 9.6 
Hz) 

4 7.62 (d, 1H, J = 
9.6 Hz) 

7.62 (d, 1H, J = 
9.2 Hz) 

7.62 (d, 1H, J = 9.6 Hz) 
7.62 (d, 1H, J = 9.6 

Hz) 
5 7.36 (d, 1H, J = 

8.8 Hz) 
7.34 (d, 1H, J = 

8.4 Hz) 
7.36 (d, 1H, J = 8.4 Hz) 

7.34 (d, 1H, J = 8.4 
Hz) 

6 6.83 (dd, 1H J = 
8.8, 2.4 Hz) 

6.81 (dd, 1H, J 
= 8.4, 2.4 Hz) 

6.84 (dd, 1H, J = 8.4, 2.0 
Hz) 

6.83 (dd, 1H, J = 8.8, 
2.4 Hz) 

8 6.79 (d, 1H, J = 
2.4 Hz) 

6.78 (d, 1H, J = 
2.4 Hz) 

6.80 (s,1H) 
6.80 (d, 1H, J = 2.4 

Hz) 
7-OR methyl ethyl allyl prenyl 

 

3.86 (s, 3H, H1) 

4.07 (q, 2H, J = 
7.2 Hz, H1), 

1.44 (t, 3H, J = 
7.2 Hz, H2) 

4.58 (d, 2H, J = 5.2 Hz, 
H1), 5.98-6.08 (m, 1H, 
H2), 5.32 (d, 1H, J = 

10.8 Hz, H3a), 5.42 (d, 
1H, J = 17.2 Hz, H3b) 

4.56 (d, 2H, J = 6.8 
Hz, H1), 5.45 (t, 1H, J 
= 6.8 Hz, H2), 1.75 

(s, 3H, H4) 
1.79 (s, 3H, H4) 
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Table 2.2 13C NMR chemical shift assignment of 3, 4, 38 and 39 

Position 
δC (ppm) 

3 4 38 39 
2 161.3 161.3 161.2 161.4 
3 112.7 113.0 113.2 113.0 
4 143.5 143.5 143.5 143.5 
5 128.9 128.8 128.9 128.8 
6 113.2 113.0 113.6 113.3 
7 163.0 162.3 161.9 162.2 
8 101.0 101.4 101.9 101.7 
9 156.0 156.0 155.9 156.0 
10 112.7 112.5 112.8 112.5 

7-OR methyl ethyl allyl prenyl 
 55.9 (C1) 64.5 (C1), 14.7 

(C2) 
69.4 (C1), 132.2 
(C2), 118.6 (C3) 

65.5 (C1), 118.8 (C2), 139.3 
(C3), 18.4 (C4), 25.9 (C4) 

 
Table 2.3 1H NMR chemical shift assignment of 7, 40 and 41 

Position 
δH (ppm) 

7 40 41 
3 6.24 (d, 1H, J = 9.2 Hz) 6.20 (d, 1H, J = 9.2 Hz) 6.24 (d, 1H, J = 9.6 Hz) 
4 7.62 (d, 1H, J = 9.6 Hz) 7.87 (d, 1H, J = 9.2 Hz) 7.63 (d, 1H, J = 9.6 Hz) 
5 7.34 – 7.44 (m, 1H) 7.55 (d, 1H, J = 8.8 Hz) 7.37 (d, 1H, J = 8.4 Hz) 

6 
6.91 (dd, 1H, J = 8.4, 

2.4 Hz) 
6.91 (dd, 1H, J = 8.8, 

2.4 Hz) 
6.84 (dd, 1H, J = 8.4, 2.4 Hz) 

8 6.87 (d, 1H, J = 2.0 Hz) 6.87 (s, 1H) 6.82 (d, 1H, J = 2.0 Hz) 

7-OR benzyl   

 
5.12 (s, 2H, H1), 7.34 
– 7.44 (m, 5H, H-Ar) 

4.19 (t, 2H, J = 4.8 Hz, 
H1), 3.92 (t, J = 4.8 Hz, 

2H, H2) 

4.17 (t, 2H, J = 5.6 Hz, H1), 2.35 
(quint, 2H, J = 6.0 Hz, H2), 3.60 (t, 

2H, J = 6.4 Hz, H3) 
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Table 2.4 13C NMR chemical shift assignment of 7, 40 and 41 

Position 
δC (ppm) 

7 40 41 
2 161.2 161.0 161.2 
3 113.3 113.5 112.9 
4 143.4 144.6 143.4 
5 127.6 130.1 129.0 
6 113.3 113.6 113.4 
7 162.0 163.3 162.0 
8 102.0 102.1 101.7 
9 155.9 156.8 156.0 
10 112.8 113.5 113.4 

7-OR benzyl 
  

 
70.6 (C1), 128.8 (C2-Ar and C6-Ar), 128.5 

(C3-Ar and C5-Ar), 128.9 (C4-Ar) 
71.3 (C1), 
61.1 (C2) 

66.1 (C1), 29.6 (C2), 
32.1 (C3) 
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Table 2.5 Inhibition data of umbelliferone (34) and ether derivatives 3, 4, 7, 38-41 
and acetazolamide (AZA) against CA II. 

 

Entry Compounds ED50 (µM) Toxicity (µM) 
1 34 NA  
2 3 284  
3 4 263  
4 38 NA  
5 39 NA  
6 7 NA  
7 40 NA  

8 41 88 177 
9 AZA 0.31 >25 

 NA: no activity 

From Table 2.5, the inhibitory activities of 3 and 4 were not as good as previous 

reported in reference.38 Furthermore, the results of 38 and 39 were not repeatable 

with the reported results of Ms. Samritsakuchal in 2016. However, the CA II inhibition 

data of these monosubstituted derivatives indicated that the substituents in side 

chain at position 7 may affect on the activity, especially, bromo substituent might 

improve the inhibitory activity (41, ED50 = 88 µM). This result encouraged to examine 

brominated ether derivatives. Firstly, two simple ether derivatives 3 and 4 were 

chosen to brominate (Scheme 2.2). For known 42, the structure was elucidated by 
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comparing with reported NMR database.54 The 1H and 13C NMR spectra of 42 and 43 

(Figures A17-A20) exhibited all feature signals of umbelliferone skeleton. Moreover, 

the proton signal at position 3 disappeared because of the presence of bromo 

substitution. Their 1H and 13C NMR interpretation are depicted in Table 2.6. 

 

Scheme 2.2 Synthesis of brominated ether derivatives 42, 43 
Table 2.6 1H and 13C NMR chemical shift assignment of 42 and 43 

Position 
42 43 

δH (ppm) δC (ppm) δH (ppm) δC (ppm) 
2  157.5  157.6 
3  107.9  107.7 
4 8.00 (s, 1H) 144.5 8.00 (s, 1H) 144.6 
5 7.34 (d, 1H, J = 8.4 Hz) 128.2 7.32 (d, 1H, J = 8.4 Hz) 128.2 
6 6.86 (d, 1H, J = 8.4 Hz) 113.4 6.84 (dd, 1H, J = 8.8, 2.4 Hz) 113.7 
7  163.2  162.6 
8 6.81 (s,1H) 100.9 6.78 (d, 1H, J = 2.4 Hz) 101.4 
9  155.3  155.2 
10  113.2  113.0 
1 3.87 (s, 3H) 56.0 4.08 (q, 2H, J = 6.8 Hz) 64.5 
2   1.45 (t, 3H, J = 6.8 Hz) 14.6 

 
Two brominated ethers were evaluated for CA II inhibitory activity and the 

results are presented in Table 2.7. Interestingly, 43 containing ethoxy group 
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exhibited good activity to inhibit the enzyme (ED50 = 1.86 µM) while 42 with a 

methoxy group did not show any change in the inhibition comparing with ether 3.  

Table 2.7 Inhibition data of derivatives 42, 43 and AZA against CA II. 

 

Entry Compounds ED50 (µM) 

1 42 196 
2 43 1.86 
3 AZA 0.31 

 

From the results, the CH2 group of brominated ether derivatives illustrated an 

important role in CA II inhibition. Therefore, brominated ethers containing longer alkyl 

groups at position 7 may increase inhibitory activity. This hypothesis encouraged to 

synthesize more ethers and brominated derivatives (Scheme 2.3). Their 1H and 13C 

NMR characterization are presented in Tables 2.8-2.11.43 

 
Scheme 2.3 Synthesis of ether derivatives 35-37 and brominated ether derivatives 

44-46 
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Table 2.8 1H NMR chemical shift assignment of 35-37 

Position 
δH (ppm) 

35 36 37 
3 6.22 (d, 1H, J = 9.6 Hz) 6.23 (d, 1H, J = 9.6 Hz) 6.23 (d, 1H, J = 9.6 Hz) 
4 7.62 (d, 1H, J = 9.6 Hz) 7.62 (d, 1H, J = 9.2 Hz) 7.62 (d, 1H, J = 9.6 Hz) 
5 7.34 (d, 1H, J = 8.8 Hz) 7.35 (d, 1H, J = 8.4 Hz) 7.34 (d, 1H, J = 8.8 Hz) 

6 6.82 (d, 1H, J = 8.8 Hz) 
6.82 (dd, 1H, J = 8.4, 2.0 

Hz) 
6.82 (dd, 1H, J = 8.4, 2.0 

Hz) 
8 6.79 (s, 1H) 6.79 (s, 1H) 6.79 (d, 1H, J = 2.0 Hz) 

7-OR butyl octyl dodecyl 

 

4.00 (t, 2H, J = 6.8 Hz, H1), 
1.79 (quint, 2H, J = 6.4 Hz, 
H2), 1.49 (sext, 2H, J = 7.6 
Hz, H3), 0.98 (t, 3H, J = 7.6 

Hz, H4) 

4.00 (t, 2H, J = 6.8 Hz, 
H1), 1.80 (quint, 2H, J = 
6.8 Hz, H2), 1.46 (quint, 
2H, J = 6.8 Hz, H3), 1.31 
(m, 8H, H4-H7), 0.88 (t, 

3H, J = 6.4 Hz, H8) 

4.00 (t, 2H, J = 6.4 Hz, 
H1), 1.80 (quint, 2H, J = 
6.8 Hz, H2), 1.46 (quint, 
2H, J = 6.4 Hz, H3), 1.26 

(m, 16H, H4-H11), 0.88 (t, 
3H, J = 6.4 Hz, H12) 

 
Table 2.9 13C NMR chemical shift assignment of 35-37 

Position 
δC (ppm) 

35 36 37 
2 161.4 161.4 161.4 
3 113.0 113.1 113.1 
4 143.5 143.5 143.5 
5 128.8 128.8 128.8 
6 113.1 113.0 113.1 
7 162.6 162.6 162.6 
8 101.5 101.5 101.5 
9 156.1 156.1 156.1 
10 112.5 112.5 112.5 

7-OR butyl octyl dodecyl 

 
68.5 (C1), 31.1 
(C-2), 19.3 (C-
3), 13.9 (C-4) 

68.8 (C1), 29.4 (C2), 26.1 (C3), 
29.3 (C4), 29.1 (C5), 31.9 (C6), 

22.8 (C7), 14.2 (C8) 

68.8 (C1), 29.5 (C2), 26.1 (C3), 
29.8, 29.8, 29.7, 29.7, 29.5, 29.1 (C4-

C9), 32.0 (C10), 22.8 (C11), 14.2 
(C12) 
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Table 2.10 1H NMR chemical shift assignment of 44-46 

Position 
δH (ppm) 

44 45 46 
4 8.00 (s, 1H) 8.00 (s, 1H) 8.00 (s, 1H). 
5 7.32 (d, 1H, J = 8.8 Hz) 7.32 (d, 1H, J = 8.8 Hz) 7.32 (d, 1H, J = 8.4 Hz) 
6 6.85 (d, 1H, J = 8.8 Hz) 6.85 (dd, 1H, J = 8.8, 2.4 Hz) 6.85 (dd, 1H, J = 8.8, 2.4 Hz) 
8 6.80 (s, 1H) 6.79 (d, 1H, J = 2.0 Hz) 6.79 (d, 1H, J = 1.6 Hz) 

7-OR butyl octyl dodecyl 

 

4.01 (t, 2H, J = 6.4 Hz, 
H-1), 1.80 (quint, 2H, J 

= 6.4 Hz, H2), 1.50 
(sext, 2H, J = 7.6 Hz, 

H3), 0.98 (t, 3H, J = 6.8 
Hz, H4) 

4.00 (t, 2H, J = 6.8 Hz, H-1), 
1.81 (quint, 2H, J = 6.8 Hz, 

H2), 1.46 (quint, 2H, J = 6.8 
Hz, H3), 1.29-1.34 (m, 8H, 

H4-H7), 0.88 (t, 3H, J = 6.4 
Hz, H8) 

4.00 (t, 2H, J = 6.4 Hz, H1), 
1.80 (quint, 2H, J = 6.4 Hz, 
H2), 1.45 (quint, 2H, J = 6.4 
Hz, H3), 1.26-1.31 (m, 16H, 
H4’-H11), 0.87 (t, 3H, J = 

6.4 Hz, H12) 

 

Table 2.11 13C NMR chemical shift assignment of 44-46 

Position 
δC (ppm) 

44 45 46 

2 157.6 157.6 157.6 
3 107.7 107.9 107.7 
4 144.5 144.6 144.6 
5 128.2 128.2 128.2 
6 113.8 113.8 113.8 
7 162.8 162.9 162.8 
8 101.4 101.3 101.4 
9 153.3 155.4 155.3 
10 113.0 113.1 113.0 

7-OR butyl octyl dodecyl 

 
68.7 (C1), 31.1 (C-2), 
19.3 (C-3), 13.9 (C-4) 

69.2 (C1), 29.4 (C2), 
26.1 (C3), 29.3 (C4), 
29.1 (C5), 31.9 (C6), 
23.2 (C7), 14.4 (C8) 

69.0 (C1), 29.5 (C2), 26.1 (C3), 
29.8, 29.7, 29.7, 29.6, 29.4, 29.1 

(C4-C9), 32.0 (C10), 22.8 (C11), 
14.2 (C12) 
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All ether and brominated ether derivatives were evaluated against CA II. As 

presented in Table 2.12, brominated ethers containing long alkyl groups did not 

improve the inhibitory activity as expectation. Among this series, only a new 

compound 43 showed the best activity. However, when 43 was retested, the 

inhibitory activity was not the same as the first time, this compound inhibited CA II at 

186 µM and showed toxicity with the enzyme at this concentration. 

Table 2.12 Inhibition data of derivatives 3, 4, 35-37, 42-46 and AZA against CA II. 

 

 

 

 

 

 

 

 
 a First screening; b Second screening 
 NA: no activity  

Entry Compounds ED50
a (µM) ED50

b (µM) Toxicity (µM)  

1 3 284   
2 4 263   
3 35 NA   
4 36 NA   
5 37 NA   
6 42 196   
7 43 1.86 186 186 
8 44 NA   
9 45 NA   
10 46 NA   
11 AZA 0.31   
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2.3.1.2 Ester derivatives of umbelliferone 
Umbelliferone containing a hydroxy group at C-7 provided a good possibility for 

further modification such as esterification. According to Ms. Samritsakuchal’s research 

in 2016, umbelliferyl octanoate showed excellent inhibitory activity against CA II with 

MED < 0.032 µM. Moreover, umbelliferyl dodecanoate and umbelliferyl 

hexadecanoate decreased activity to inhibit the enzyme. These results suggested 

that long chain carbon of ester derivatives reduce CA II inhibition. However, in 2018,  

De Luca et al. reported that umbelliferyl acetate was ineffective towards CA II.1 

Therefore, more esters containing alkyl chain at position 7 (such as C3H7, C5H11, C9H19) 

should be synthesized and tested for CA II inhibitory activity (Scheme 2.4). In 

addition, umbelliferyl acetate, octanoate, dodecanoate and hexadecanoate were 

also synthesized following the previous reported protocols (Scheme 2.4) and 

characterized by 1H and 13C NMR. The 1H NMR spectra of 47-53 showed the signals of 

7-substituted coumarin group containing four high intensity doublet signals and a 

doublet of doublet signal in the range of 6.37-7.68 ppm together with the singlet 

signal of methyl group of acetate, triplet signals of methyl group of other esters, 

methylene protons adjacent to carbonyl carbon, and a multiplet signal of methylene 

groups. The 1H NMR spectra assignment of 47-53 is assembled in Tables 2.13 and 

2.14. Furthermore, the 13C NMR spectra showed the signals of nine carbons of 

coumarin scaffold and the signals of carbonyl and carbon in side chain at position 7. 

For known analogs, their structures were elucidated by comparing with reported NMR 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 35 

database.55 The 13C NMR spectra assignment of 47-53 is gathered in Tables 2.15 and 

2.16.  

 

Scheme 2.4 Synthesis of ester derivatives 47-53 
Table 2.13 1H NMR chemical shift assignment of 47-50 

Position 
δH (ppm) 

47 48 49 50 

3 
6.38 (d, 1H, J 

= 9.6 Hz) 
6.37 (d, 1H, J = 

9.6 Hz) 
6.38 (d, 1H, J = 9.6 Hz) 6.37 (d, 1H, J = 9.6 Hz) 

4 
7.68 (d, 1H, J 
= 10.2 Hz) 

7.68 (d, 1H, J = 
9.6 Hz) 

7.68 (d, 1H, J = 9.6 Hz) 7.68 (d, 1H, J = 9.6 Hz) 

5 
7.48 (d, 1H, J 

= 8.4 Hz) 
7.47 (d, 1H, J = 

8.4 Hz) 
7.47 (d, 1H, J = 8.4 Hz) 7.47 (d, 1H, J = 8.4 Hz) 

6 
7.04 (dd, 1H, 
J = 8.4, 1.6 

Hz) 

7.02 (dd, 1H, J = 
8.4, 2.0 Hz) 

7.03 (dd, 1H, J = 8.4, 2.0 
Hz) 

7.02 (d, 1H, J = 8.4Hz) 

8 
7.11 (d, 1H, J 

= 2.0 Hz) 
7.08 (d, 1H, J = 

1.2 Hz) 
7.09 (d, 1H, J = 1.6 Hz) 7.08 (s, 1H) 

7-OCOR CH3 C3H7 C5H12 C7H15 

 
2.33 (s, 3H, 

H1) 

2.56 (t, 2H, J = 
7.6 Hz, H1), 1.78 
(m, 2H, H2), 1.04 
(t, 3H, J = 7.6 Hz, 

H3) 

2.58 (t, 2H, J = 7.6 Hz, 
H1), 1.76 (quint, 2H, J = 
7.6 Hz, H2), 1.34-1.40 
(m, 4H, H3 and H4), 
0.92 (t, 3H, J = 6.8 Hz, 

H5) 

2.57 (t, 2H, J = 7.2 Hz, 
H1), 1.75 (quint, 2H, J 
= 7.6 Hz, H2), 1.24-

1.40 (m, 8H, H3-H6), 
0.92 (t, 3H, J = 6.8 Hz, 

H7) 
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Table 2.14 1H NMR chemical shift assignment of 51-53 

Position 
δH (ppm) 

51 52 53 
3 6.38 (d, 1H, J = 9.6 Hz) 6.38 (d, 1H, J = 9.2 Hz) 6.38 (d, 1H, J = 9.6 Hz) 
4 7.68 (d, 1H, J = 9.6 Hz) 7.68 (d, 1H, J = 9.6 Hz) 7.68 (d, 1H, J = 9.2 Hz) 
5 7.47 (d, 1H, J = 8.4 Hz) 7.47 (d, 1H, J = 8.4 Hz) 7.47 (d, 1H, J = 8.4 Hz) 
6 7.03 (dd, 1H, J = 8.4, 2.4 Hz) 7.04 (d, 1H, J = 8.4 Hz) 7.04 (dd, 1H, J = 8.4, 2.0 Hz) 
8 7.09 (d, 1H, J = 2.0 Hz) 7.10 (s, 1H) 7.10 (d, 1H, J = 2.0 Hz) 

7-OCOR C9H19 C11H23 C15H31 

 

2.58 (t, 2H, J = 7.6 Hz, H1), 
1.75 (quint, 2H, J = 7.6 Hz, 
H2), 1.27 (m, 12H, H3-H8), 
0.87 (t, 3H, J = 6.4 Hz, H9) 

2.58 (t, 2H, J = 7.2 Hz, 
H1), 1.75 (quint, 2H, J = 

7.2 Hz, H2), 1.26 (m, 
16H, H3-H10), 0.87 (t, 
3H, J = 6.0 Hz, H11) 

2.58 (t, 2H, J = 7.2 Hz, 
H1), 1.75 (quint, 2H, J = 

7.2 Hz, H2), 1.25 (m, 24H, 
H3-H14), 0.87 (t, 3H, J = 

6.4 Hz, H15) 

 

Table 2.15 13C NMR chemical shift assignment of 47-50 

Position 
δC (ppm) 

47 48 49 50 
2 160.4 160.4 160.4 160.4 
3 116.2 116.0 116.1 116.1 
4 142.9 143.0 143.0 142.9 
5 128.7 128.6 128.6 128.6 
6 118.5 118.5 118.5 118.5 
7 154.8 154.8 154.8 154.8 
8 110.5 110.5 110.5 110.5 
9 153.3 153.4 153.4 153.4 
10 116.8 116.7 116.7 116.7 

7-OCOR CH3 C3H7 C5H11 C7H15 

 
168.8 (CO), 
21.2 (C2),  

171.5 (CO), 36.2 
(C2), 18.4 (C3), 

13.7 (C4) 

171.7 (CO), 34.4 
(C2), 31.3 (C3), 
24.6 (C4), 22.4 
(C5), 13.9 (C6) 

171.7 (CO), 34.4 (C2), 
31.7 (C3), 29.1 (C4), 
29.0 (C5), 24.9 (C6), 
22.7 (C7), 14.1 (C8) 
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Table 2.16 13C NMR chemical shift assignment of 51-53 

Position 
δC (ppm) 

51 52 53 
2 160.4 160.5 160.4 
3 116.1 116.1 116.1 
4 143.0 143.0 143.0 
5 128.6 128.6 128.6 
6 118.5 118.5 118.5 
7 154.9 154.8 154.9 
8 110.5 110.5 110.6 
9 153.5 153.4 153.5 
10 116.7 116.7 116.7 

7-OCOR C9H19 C11H23 C15H31 

 

171.7 (CO), 34.5 (C2), 
31.9 (C3), 29.5 (C4), 
29.4 (C5, C6), 29.2 
(C7), 24.9 (C8), 22.8 

(C9), 14.2 (C10) 

171.7 (CO), 34.5 (C2), 
32.0 (C3), 29.7 (C4, C5), 

29.5 (C6), 29.4 (C7), 
29.3 (C8), 29.2 (C9), 

24.9 (C10), 22.8 (C11), 
14.2 (C12) 

171.7 (CO), 34.5 (C2), 32.0 (C3), 
29.8 (C4, C5), 29.8 (C6), 29.8 

(C7, C8), 29.7 (C9), 29.6 (C10), 
29.5 (C11), 29.4 (C12), 29.2 

(C13), 24.9 (C14), 22.8 (C15), 
14.2 (C16)  

 

Coumarin derivatives were submitted to test for antihuman CA II and are 

illustrated in Table 2.17. For the first time, the acetate of umbelliferone 47 showed 

effective activity at ED50 2.45 µM, but this result was also extremely different from 

literature. De Luca et al. reported that this derivative did not inhibit CA II with KI < 

200 µM.1 In addition, the results were not repeatable in case of ester 50, 52.  
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Table 2.17 Inhibition data of derivatives 47-53 and AZA against CA II. 

 

Entry Compounds ED50
a (µM) ED50

b (µM) ED50
c (µM) Toxicity (µM) 

1 47 2.45 NA NA  
2 48 NA    
3 49 192    
4 50 174 NA 43 173 
5 51 NA    
6 52 14.5 NA NA  
7 53 125    
8 AZA 0.31   >25 

 a First screening; b Second screening; c Third screening 
 NA: no activity 
Moreover, other ester derivatives of 2,6-dichlorocinnamic and piperic acid were 

synthesized (Scheme 2.5). These two new esters were characterized by 1H and 13C 

NMR and confirmed by high resolution mass spectra (HRMS). The spectra assignment 

of 54 and 55 are assembled in Tables 2.18 and 2.19. Two esters were evaluated for 

CA II inhibitory activity and the results are presented in Table 2.20.  
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Scheme 2.5 Synthesis of ester derivatives 54, 55 
Table 2.18 1H NMR chemical shift assignment of 54 and 55 

Position 
δH (ppm) 

54 55 

3 6.45 (d, 1H, J = 9.6 Hz) 6.40 (d, 1H, J = 9.6 Hz) 
4 7.75 (d, 1H, J = 9.6 Hz) 7.70 (d, 1H, J = 9.6 Hz) 
5 7.56 (d, 1H, J = 8.4 Hz) 7.50 (d, 1H, J = 8.4 Hz) 
6 7.29 (d, 1H, J = 7.2 Hz) 7.12 (dd, 1H, J = 8.4, 1.6 Hz) 
8 7.29 (s, 1H) 7.18 (d, 1H, J = 1.2 Hz) 

7-OCOR 

  

 
8.06 (d, 1H, J = 16.4 Hz, H1), 6.88 (d, 1H, J 
= 16.4 Hz, H2), 7.44 (d, 2H, J = 8.0 Hz, H3-
Ar and H5-Ar), 7.22 (d, 1H, J = 8.4 Hz, H4-Ar) 

6.12 (d, 1H, J = 15.2 Hz, H1), 7.63 (dd, 
1H, J = 15.2, 4.0 Hz, H2), 6.76-7.04 (m, 
4H, H3, H4, H5-Ar and H6-Ar), 7.04 (s, 

1H, H2-Ar), 6.01 (s, 2H, O-CH2-O) 
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Table 2.19 13C NMR chemical shift assignment of 54 

Position 
δC (ppm) 

54 
2 160.5 
3 116.3 
4 143.0 
5 128.7 
6 118.5 
7 164.1 
8 110.6 
9 154.9 
10 116.9 

7-OCOR 

 

 
153.4 (CO), 125.3 (C2), 130.6 (C3), 131.5 (C1-Ar), 141.1 (C2-Ar, C6-Ar), 129.1 (C3-Ar, 

C5-Ar), 135.4 (C4-Ar) 

 

Table 2.20 Inhibition data of 54 and 55 and AZA against CA II. 

 

Entry Compounds ED50
a (µM) ED50

b (µM) 
1 54 13.8 NA 
2 55 NA  
3 AZA 0.31  

   a First screening; b Second screening 
 NA: no activity 
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Ester 54 showed effective inhibitory activity at 13.8 µM while 55 did not 

inhibit CA II. However, when 54 was retested, this compound was not effective 

against the enzyme. 

2.3.2 Synthesis, structure elucidation and carbonic anhydrase II inhibition 
of acetazolamide-based coumarins 

Sulfonamide carbonic anhydrase inhibitors have a firm place in medicine, mainly 

as antiglaucoma or antisecretory drugs, diuretics, as well as agents for the 

treatment/prevention of several neurological disorders. There are four systemic 

sulfonamide drugs used clinically, mainly as antiglaucoma agents for a long time: 

acetazolamide (55), methazolamide (60), ethoxzolamide (61), and 

dichlorophenamide (62).56 

 

However, these systematically acting inhibitors showed side effect because they 

inhibited all the physiologically relevant CA isozymes.20 From this side effect, the 

combination of sulfonamide (such as AZA) and coumarin might improve the 
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selectivity of CAIs. Therefore, AZA-based coumarins would be model compounds. 

First, AZA was hydrolyzed to form 57 (Scheme 2.6). The hydrolysis was successfully 

with 61% yield. The 1H and 13C NMR assignment of hydrolyzed product 57 are 

illustrated in Table 2.21. 

 

Scheme 2.6 Synthesis of hydrolyzed acetazolamide 

Table 2.21 1H and 13C NMR chemical shift assignment of 57 

Position 
57 

δH (ppm) δC (ppm) 

H2N-SO2 8.05 (s, 2H)  
NH2 7.80 (s, 2H)  

C-SO2-NH2  171.5 
C-NH2  158.0 

 

Hydrolyzed AZA 57 was used to react with ether derivative of umbelliferone 41 

by Williamson reaction. A mixture of 41 (1.5 mmol), 57 (3 eq), and K2CO3 (3 eq) in 

MeCN (10.0 mL) was stirred at 60 0C for 12 h (Scheme 2.7). However, the reaction 

was not occurred, no product was observed. In this case, K2CO3 might not activate 

hydrolyzed AZA. Therefore, another base Et3N was replaced K2CO3 in the reaction of 

ester derivative of umbelliferone 59. An amount of 0.1 mmol of ester 59 and 0.1 

mmol of hydrolyzed AZA 57 were dissolved in 1 mL of MeCN, and Et3N (1 eq) was 
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added under stirring. The reaction was stirred at 100 0C for 9 h and created 

umbelliferone (34) (Scheme 2.7). Ester derivative 59 was not stable under base 

condition at high temperature, so it reversed to starting material 34. From the result, 

hydrolyzed product of AZA did not work as good nucleophile, thereby AZA-based 

coumarins were not further examined.  

 

 

Scheme 2.7 Reactions of hydrolyzed AZA with ether derivative 41 and ester 
derivative 59 

According to literature review, hydrolyzed product of AZA reacted with succinic 

anhydride (Scheme 2.8). Therefore, the derivative of AZA 58 was prepared, 

characterized and assigned in Table 2.22.  

 

Scheme 2.8 Synthesis of derivative of AZA 58 
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Table 2.22 1H and 13C NMR chemical shift assignment of 58 

Position 
58 

δH (ppm) δC (ppm) 
2  171.6 
5  173.4 
1  161.2 
2 2.60 (t, 2H, J = 6.8 Hz) 28.3 
3 2.76 (t, 2H, J = 7.2 Hz) 30.0 
4  164.2 

-NH2 8.32 (s, 2H)  

 

Derivative 58 containing acid group was used to react with umbelliferone (34), 

PPh3, Cl3CCN and 4-picoline in CH2Cl2 according to previous procedure (Scheme 2.9). 

However, 58 was difficult to dissolve in CH2Cl2, so it was not changed to acid 

chloride leading to fail reaction. 

 

Scheme 2.9 Reaction of derivative of AZA 58 
2.4 Conclusion 
The inhibition data of umbelliferone derivatives was not repeatable for ether, 

brominated ether and ester derivatives of umbelliferone. Therefore, AZA-based 

coumarins were not be a target for further study and other activities should be 

investigated. Moreover, coumarins have been reported to exhibit anticoagulant, anti-

tumor or antiviral properties whereas other derivatives behave as enzyme inhibitors 
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or display antioxidant or anti-inflammatory properties.57 Many coumarins were 

investigated on α-glucosidase inhibitors such as biscoumarins, substituted coumarins, 

hydroxycoumarin derivatives and sulfonamide coumarins.58-62 Therefore, α-

glucosidase inhibitiory activity is a good candidate for further examination in this 

research. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3 
SYNTHESIS OF COUMARINS AS α-GLUCOSIDASE INHIBITORS 

3.1 Introduction 
3.1.1 Diabetes mellitus 

Diabetes is a chronic disease that occurs when the pancreas does not produce 

enough insulin, or when the body cannot effectively use the produced insulin. 

Insulin is a hormone produced in the pancreas that helps transport glucose (blood 

sugar) from the bloodstream into the cells. Hyperglycemia, or raised blood sugar, is a 

common effect of uncontrolled diabetes and over time leads to serious damage to 

many of the body's systems, especially the nerves and blood vessels.63 

Diabetes can lead to complications in many parts of the body such as stroke, 

blindness, heart attack, kidney failure, amputation and increase the risk of dying 

prematurely. The World Health Organization (WHO) reported that the number of 

diabetics was about 422 million in 2016. That was 1 person in 11. In this year, an 

estimated 1.6 million deaths were directly caused by diabetes. Another 2.2 million 

deaths were attributable to high blood glucose in 2012. In 2016, WHO evaluates that 

diabetes was the seventh leading cause of death. After one year, approximately 425 

million adults (20-79 years) were living with diabetes and this will rise to 629 million 

by 2045 according to International Diabetes Federation (IDF).  IDF Diabetes Atlas 

Eighth edition 2017 is illustrated in Figure 3.1. 
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Figure 3.1 IDF Diabetes Atlas Eighth edition 2017 (www.idf.org) 
Diabetes can be classified into two major varieties, types 1 and 2, and several 

minor variants.63 

Type 1 diabetes, formerly called juvenile-onset diabetes, which accounts for 

only 5–10 % of those with diabetes, previously encompassed by terms insulin-

dependent diabetes.64 Type 1 diabetes tends to develop quickly, early in life. 

Relatively well-defined genetic factors interact with undefined environmental cues to 

cause the body to attack its own insulin-producing cells—the islet cells, or beta 

cells, of the pancreas in type 1 diabetes. This type lacks islets cells, so the diabetics 

must inject themselves with insulin several times a day to maintain their blood sugar 

concentrations within a healthy range.63  

However, type 2 diabetes, previously referred to as non-insulin-dependent 

diabetes, accounts for 90–95% of cases of diabetes. Compared to type 1, type 2 

http://www.idf.org/%20abetes/facts-figures.html
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generally follows a much more gradual progression, developing in middle age. This 

type relates to obesity, lack of physical activity, and unhealthy diets. Obesity leads 

to insulin resistance, where fat and muscle cells become less responsive to insulin 

and less able to take up glucose. In response, the pancreas ramps up insulin 

production, but eventually it is unable to compensate for insulin resistance and the 

concentration of blood glucose increases out of control. Type 2 diabetics cannot 

produce enough insulin. During the later stages of type 2 diabetes, the pancreas 

appears to wear out and the patient becomes dependent on injected insulin to 

maintain blood glucose concentrations.63 Diet and exercise are the first steps in the 

treatment of type 2 diabetes. But if these measurements alone fail to effectively 

control blood glucose levels, starting oral drug therapy is recommended.65 Type 1 

and type 2 diabetes are presented in Figure 3.2. 

 

Figure 3.2 Type 1 and type 2 diabetes (www.diarystore.com) 

http://www.diarystore.com/
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3.1.2 α-glucodidase inhibitors 
3.1.2.1 Acarbose as α-glucosidase inhibitors 

Carbohydrases often consume as starch, glycogen (both polysaccharides), and 

sucrose (disaccharide) must be digested into monosaccharides before they can be 

absorbed. Six classes of oral glucose-lowering drugs used exclusively for treatment or 

prevention of type 2 diabetes mellitus drugs have been available: biguanides 

(metformin), sulfonylurea (e.g. tolbutamide), glinidines (e.g. repaglinide), 

thiazolidinediones (e.g. pioglitazone), dipeptidyl peptidase IV inhibitors (e.g. sitagliptin) 

and α-glucosidase inhibitors (AGIs; e.g. acarbose).66 α-Glucosidase, located on the 

surface of the small intestinal microvilli, is responsible for digesting polysaccharides, 

oligosaccharides, and disaccharides into monosaccharides.67, 68 AGIs reversibly inhibit 

α-glucosidase, consequently delaying the absorption of sugars from the gut, so 

reducing glucose uptake and the resulting post-prandial hyperglycemia observed in 

diabetes.65, 69 Acarbose is the most widely prescribed AGI.65 Acarbose, a peusdo 

tetrasaccharide of microbial origin (Actinoplanes), is made of two glucose residues 

linked via an amino sugar and α-1,4-glycosidic bonds to one unsaturated cyclitol 

residue.68, 70 Intramolecular nitrogen of acarbose is responsible for the high affinity to 

the carbohydrate binding site of various α-glucosidase.68, 71 Acarbose mechanism 

action is presented in Figure 3.3.  
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Figure 3.3 Acarbose mechanism action: Competitive inhibition of acarbose 
toward intestinal enzymatic hydrolysis of oligosaccharides.72 

However, acarbose has low efficacy with high IC50 values against the enzyme. 

Using acarbose caused some side effects such as flatulence, abdominal cramp, 

vomiting and diarrhea. However, acarbose, when carefully prescribed in combination 

with adequate dietary advice, seems to be one of the safest antidiabetic agents 

available, used either alone or in combination with other glucose-lowering 

strategies.73 To discover better safety and efficacy AGIs, scientist have been 

continuous further studied with diversed compounds including coumarin scaffold.  

3.1.2.2 Coumarins as α-glucosidase inhibitors 
Several coumarins have synthesized and evaluated against α-glucosidase such 

as biscoumarin58, 59, chromenone60, hydroxycoumarin61, and sulfonamide coumarin 

derivatives.62 Chemical structures of these AGIs were illustrated in Figure 3.4. 
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Figure 3.4 Chemical structures of some α-glucosidase inhibitors containing 
coumarin moieties.59-62 

Umbelliferone is a benzopyrone widely found in edible fruits, golden apple 

(Aegle marmelos Correa) and fruits of bitter orange (Citrus aurantium). Moreover, 

umbelliferone was reported to significantly reduce glucose in STZ-diabetic rats.74  

3.1.2.3 Aim of this study 
In this study, derivatives of umbelliferone (ethers, brominated ethers, esters, 

sulfonamide coumarins and sulfonate coumarins) were synthesized, characterized 

and evaluated for inhibitory activity against α-glucosidase.  

3.2 Experimental section 
3.2.1 General procedure 

1H and 13C NMR spectra were recorded in CDCl3, acetone-d6 or DMSO-d6 using a 

Bruker Ultrashield 400 Plus NMR spectrometer or a Varian Mercury NMR spectrometer 

with an Oxford YH400 magnet operating at 400 MHz for 1H and 100 MHz for 13C. High 
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resolution mass spectra (HRMS) were recorded on a Bruker Daltonics microTOF using 

electron spray ionization (ESI). 

All solvents used in this research were distilled prior to use except those which 

were reagent grades. Thin layer chromatography (TLC) was performed on aluminium 

sheets precoated with silica gel (Merck Kieselgel 60 PF254). Merck silica gel (No. 7734) 

was used as stationary phase on open column chromatography. 

3.2.2 Synthesis of ether derivatives of umbelliferone 
Excluding to ether derivatives of umbelliferone synthesized in chapter 2, two 

additional compounds were synthesized according to the same previous method as 

described in chapter 2.  

 

7-(decyloxy)-2H-chromen-2-one (63, 99 % yield). 1H-NMR (400 MHz, CDCl3): 𝛿 

(ppm) 0.88 (t, 3H, J = 6.4 Hz), 1.27 (m, 12H), 1.44-1.47 (m, 2H), 1.78-1.84 (m, 2H), 4.00 

(t, 2H, J = 6.4 Hz), 6.23 (d, 1H, J = 9.6 Hz), 6.80 (s, 1H), 6.83 (d, 1H, J = 8.8 Hz), 7.35 (d, 

1H, J = 8.8 Hz), 7.63 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 14.2, 22.8, 

26.1, 29.1, 29.4, 29.4, 29.6 (2C), 32.0, 68.8, 101.5, 112.5, 113.1, 113.2, 128.8. 143.5, 

156.1, 161.4, 162.6. 
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7-(3-hydroxypropoxy)-2H-chromen-2-one (64, 60% yield). 1H-NMR (400 MHz, 

CDCl3): 𝛿 (ppm) 2.05 (m, 2H), 3.84 (t, 2H, J = 6.0 Hz), 4.14 (t, 2H, J = 6.4 Hz), 6.20 (d, 

1H, J = 9.2 Hz), 6.77 (d, 1H, J = 2.0 Hz), 6.81 (dd, 1H, J = 8.4, 2.4 Hz), 7.33 (d, 1H, J = 

8.4 Hz), 7.60 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 31.9, 59.5, 65.8, 

101.5, 112.7, 113.0 (2C), 128.9, 143.6, 155.9, 161.5, 162.3.  

3.2.3 Synthesis of a brominated ether derivative of umbelliferone 
The ether derivative of umbelliferone 63 was brominated with the same 

procedure as mentioned for previous brominated ethers in chapter 2.  

 

3-bromo-7-(decyloxy)-2H-chromen-2-one (65, 51% yield). 1H-NMR (400 MHz, 

CDCl3): 𝛿 (ppm) 0.88 (t, 3H, J = 6.4 Hz), 1.27 (m, 12H), 1.46 (t, 2H, J = 7.2 Hz), 1.80 

(quint, 2H, J = 6.4 Hz), 4.00 (t, 2H, J = 6.4 Hz), 6.79 (d, 1H, J = 2.0 Hz), 6.85 (dd, 1H, J = 

8.4, 2.4 Hz), 7.32 (d, 1H, J = 8.8 Hz), 8.00 (s, 1H). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 

14.2, 22.8, 26.1, 29.1, 29.4, 29.4, 29.6 (2C), 32.0, 69.0, 101.4, 107.7, 113.0, 113.8, 128.1. 

144.6, 155.3, 157.6, 162.8. HRMS (ESI) calcd for C19H25BrO3 [M+Na]+: 403.0884, found: 

403.0861. 
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3.2.4 Synthesis of sulfonamide coumarins 
3.2.4.1 Preparation of sulfonamide alkyl bromides 

Selected arylsulfonyl chloride (4 mmol) and 3-bromopropylamine hydrobromide 

(4.6 mmol) were suspended in anhydrous DCM (14 mL) under N2 atmosphere. The 

reaction mixture was cooled to 0 °C in an ice-bath and then treated dropwise with 

Et3N (1.34 mL, 9.6 mmol) over a period of 10 min. The reaction mixture was stirred 

for 10 min under ice-cooling, then diluted with DCM (50 mL) and washed with HCl 

2M (2 x 60 mL) and brine (2 x 60 mL). The organic solvent was evaporated at 

reduced pressure after drying over anhydrous Na2SO4 to yield sulfonamide alkyl 

bromides.75 

3.2.4.2 Synthesis of sulfonamide coumarins from sulfonamide alkyl 
bromides 

A mixture of umbelliferone (34, 2 mmol), sulfonamide alkyl bromide (1 eq), and 

K2CO3 (2 eq) in DMF (5.0 mL) was stirred at 55–60 0C for 13 h. The reaction mixture 

was extracted with EtOAc, and the combined extracts were washed with water. The 

organic layer was dried over anhydrous Na2SO4 and evaporated to dryness. The 

residue then was purified by column chromatography on silica gel with n-

hexane/EtOAc to yield 66-70.43 
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N-(3-((2-oxo-2H-chromen-7-yl)oxy)propyl)benzenesulfonamide (66, 38% yield). 

1H-NMR (400 MHz, DMSO-d6): 𝛿 (ppm) 1.84 (t, 2H, J = 6.4 Hz), 2.93 (br, 2H), 4.04 (t, 2H, 

J = 5.6 Hz), 6.27 (d, 1H, J = 9.2 Hz), 6.88-6.86 (m, 1H), 7.61-7.55 (m, 4H), 7.71 (br, 1H), 

7.80-7.78 (m, 2H), 7.96 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, DMSO-d6): 𝛿 (ppm) 28.6, 

65.4 (2C), 101.2, 112.3, 112.4, 112.7, 126.4, 129.2, 129.4, 132.3, 140.4, 144.3, 155.3, 

160.3, 161.6. HRMS (ESI) calcd for C18H17NO5S [M+Na]+: 382.0725, found 382.0722. 

2,3,4,5,6-pentafluoro-N-(3-((2-oxo-2H-chromen-7-yl)oxy)propyl)benzene-

sulfonamide (67, 37% yield). 1H-NMR (400 MHz, acetone-d6): 𝛿 (ppm) 2.24 (quint, 2H, 

J = 7.6 Hz), 4.04 (t, 4H, J = 7.6 Hz), 6.36 (d, 1H, J = 9.6 Hz), 7.14 (s, 1H), 7.25 (d, 1H, J = 

8.4 Hz), 7.77 (d, 1H, J = 8.8 Hz), 7.99 (d, 1H, J = 9.6 Hz). 13C-NMR (100 MHz, Acetone-

d6): 𝛿 (ppm) 15.8, 52.2 (2C), 104.4, 113.6, 116.0, 116.7, 131.1, 144.1, 156.5, 159.9, 

160.3.  

4-chloro-N-(3-((2-oxo-2H-chromen-7-yl)oxy)propyl)benzenesulfonamide (68, 25% 

yield). 1H-NMR (400 MHz, acetone-d6): 𝛿 (ppm) 2.01-1.96 (m, 2H), 3.18 (t, 2H, J = 6.0 

Hz), 4.11 (t, 2H, J = 6.0 Hz), 6.21 (d, 1H, J = 9.6 Hz), 6.79 (s, 1H), 7.56-7.54 (m, 3H), 7.85 
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(d, 2H, J = 8.4 Hz), 7.89 (d, 1H, J = 9.6 Hz, 1H). 13C-NMR (100 MHz, acetone-d6): 𝛿 

(ppm) 40.7, 66.5 (2C), 113.7 (2C), 129.5 (2C), 130.1, 130.1 (2C), 138.8, 140.9, 145.0, 

156.8, 161.2, 163.0. HRMS (ESI) calcd for C18H16ClNO5S [M+Na]+: 416.0335, found 

416.0332. 

4-fluoro-N-(3-((2-oxo-2H-chromen-7-yl)oxy)propyl)benzenesulfonamide (69, 27% 

yield). 1H-NMR (400 MHz, acetone-d6): 𝛿 (ppm) 2.02-1.97 (m, 2H), 3.16 (q, 2H, J = 6.0 

Hz), 4.14 (t, 2H, J = 6.0 Hz), 6.21 (d, 1H, J = 9.2 Hz), 6.71 (s, 1H), 6.81 (s, 1H), 6.86 (dd, 

1H, J = 8.4, 2.4 Hz), 7.31 (m, 2H), 7.56 (d, 1H, J = 8.8 Hz), 7.94-7.88 (m, 3H). 13C-NMR 

(100 MHz, acetone-d6): 𝛿 (ppm) 40.6, 66.4 (2C), 102.1, 113.5, 113.6, 113.7, 116.8, 

117.0, 130.1, 130.6, 130.7, 144.6, 156.9, 161.0, 163.0, 164.4, 166.9. HRMS (ESI) calcd for 

C18H16FNO5S [M+Na]+: 400.0631, found 400.0636. 

4-fluoro-N-(3-((4-fluorophenyl)sulfonamido)propyl)-N-(3-((2-oxo-2H-chromen-7-

yl)oxy)propyl)benzenesulfonamide (70, 12% yield). 1H-NMR (400 MHz, CDCl3): 𝛿 (ppm) 

1.81 (t, 2H, J = 5.6 Hz), 2.02 (t, 2H, J = 5.6 Hz), 3.04 (br, 2H), 3.24 (t, 2H, J = 6.4 Hz), 

3.28 (t, 2H, J = 6.8 Hz), 3.97 (t, 2H, J = 5.6 Hz), 5.29 (s, 1H), 6.26 (d, 1H, J = 9.6 Hz), 

6.71 (s, 1H), 6.78 (dd, 1H, J = 8.8, 2.0 Hz), 7.17 (q, 4H, J = 8.4 Hz), 7.36 (d, 1H, J = 8.8 

Hz), 7.63 (d, 1H, J = 9.6 Hz), 7.80 (dd, 2H, J = 8.8, 5.2 Hz), 7.87 (dd, 2H, J = 8.4, 4.8 Hz). 

13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 28.7, 29.1, 29.8, 39.9, 46.3, 46.3, 65.5, 101.6, 112.8, 

112.9, 113.5, 116.4, 116.6, 116.6, 129.0, 129.8, 129.9, 129.9, 130.0, 143.5, 155.9, 161.2, 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 57 

161.8, 163.9, 164.0, 166.5, 166.6. HRMS (ESI) calcd for C27H26F2N2O7S2 [M+Na]+: 

615.1047, found 615.1049. 

3.2.5 Synthesis of sulfonate coumarins 
Into a flask equipped with a stirrer and a cooling tube, 64 (0.6 mmol), aryl 

sulfonyl chloride (3.3 eq), toluene (1.2 mL), 2 mmol of Et3N as a base. The mixture 

was stirred at room temperature for 20 h. After stirring, the reaction solution was 

extracted with EtOAc, and the combined extracts were washed with water. The 

organic layer was dried over anhydrous Na2SO4 and evaporated to dryness. The 

residue then was purified by column chromatography on silica gel with n-

hexane/EtOAc to yield 71-72.76 

 

3-((2-oxo-2H-chromen-7-yl)oxy)propyl benzenesulfonate (71, 97% yield). 1H-NMR 

(400 MHz, CDCl3): 𝛿 (ppm) 2.16 (quint, 2H, J = 5.6 Hz), 4.02 (t, 2H, J = 5.6 Hz), 4.26 (t, 

2H, J = 6.0 Hz), 6.24 (d, 1H, J = 9.2 Hz), 6.66 (s, 1H), 6.72 (d, 1H, J = 8.8 Hz), 7.34 (d, 

1H, J = 8.8 Hz), 7.48 (t, 2H, J = 7.2 Hz), 7.58 (t, 1H, J = 7.2 Hz), 7.63 (d, J = 9.6 Hz), 7.88 

(d, 2H, J = 8.0 Hz). 13C-NMR (100 MHz, CDCl3): 𝛿 (ppm) 28.8, 63.9, 67.0, 101.7, 112.6, 

112.9, 113.4, 127.9 (2C), 128.9 (2C), 129.4, 133.9, 136.0, 143.4, 155.9, 161.2, 161.7. 

HRMS (ESI) calcd for C18H16O6S [M+Na]+: 383.0565, found 383.0573. 
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3-((2-oxo-2H-chromen-7-yl)oxy)propyl 4-fluorobenzenesulfonate (72, 57% yield). 

1H-NMR (400 MHz, Acetone-d6): 𝛿 (ppm) 2.18 (quint, 2H, J = 6.0 Hz), 4.12 (t, 2H, J = 

6.0 Hz), 4.32 (t, 2H, J = 6.0 Hz), 6.22 (d, 1H, J = 9.2 Hz), 6.77 (d, 1H, J = 2.4 Hz), 6.81 

(dd, 1H, J = 8.4, 2.4 Hz), 7.33 (d, 2H, J = 8.8 Hz), 7.55 (d, 1H, J = 8.8 Hz), 7.89 (d, 1H, J 

= 9.6 Hz), 7.99 (m, 2H). 13C-NMR (100 MHz, Acetone-d6): 𝛿 (ppm) 64.8, 68.4 (2C), 102.1, 

113.3, 113.5, 113.7, 113.8, 117.4, 117.6, 130.1, 131.7, 131.8, 144.5, 156.8, 160.9, 162.7, 

165.3, 167.8. HRMS (ESI) calcd for C18H15FO6S [M+Na]+: 401.0471, found 401.0448. 

3.2.6 α-Glucosidase inhibitory activity test 
α-Glucosidase (0.1 µM/mL) and substrate (1 mM p-nitrophenyl-α-D-

glucopyranoside, p-NPG) were dissolved in 0.1 M phosphate buffer, pH 6.9, 10 µL of 

synthesized compound (1 mg/mL in DMSO) was pre-incubated with 40 µL of α-

glucosidase at 37 ºC for 10 min. A 50 µL substrate solution was then added to the 

reaction mixture and incubated at 37 ºC for 20 min and terminated by adding 100 µL 

of 1 M Na2CO3. The enzymatic hydrolysis of the p-NPG was monitored based on the 

amount of p-nitrophenol released into the reaction mixture (Figure 3.5). The 

enzymatic activity was quantified by measuring the absorbance at 405 nm (Bio-Rad 

microplate reader model 3550 UV). The percentage inhibition was calculated by [(A0-

A1)/A0] × 100, where A0 is the absorbance without the sample, and A1 is the 

absorbance with the sample. The IC50 value was determined from a plot of 

percentage inhibition versus sample concentration. Acarbose was used as standard 

control and the experiment was performed in duplicate.77 
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Figure 3.5 Hydrolysis of p-NPG by α-glucosidase 
3.3 Results and discussion 

3.3.1 Ether derivatives of umbelliferone 
Umbelliferone (34) and ether derivatives 3, 4, 7, 35-37, 40, 41 and 64 were 

tested against α-glucosidase. The inhibition data is illustrated in Table 3.1. 

Umbelliferone (34) and ether derivatives 3, 4, 7, 35-37, 40, 41 and 64 were tested 

against α-glucosidase. The inhibition data is illustrated in Table 3.1. 3 comprising a 

methoxy group showed the same activity as 36 and 37, 4 and 35 bearing ethoxy and 

butoxy groups demonstrated less activities (IC50 >200 µM). The increasing of alkyl 

chain length of the ether analogs of umbelliferone (entries 2-5) causes these 

derivatives more hydrophobic. The increasing of the hydrophobicity of compound 

resulted in increasing the activity until eight carbon atoms (entry 4). However, the 

coumarin ether containing twelve carbon atoms (entry 5) in side chain exhibiting less 

activity, indicated that the compound containing too hydrophobic part did not 

display good anti-α-glucosidase activity.  

Other alkyl chains with unsaturation of ether derivatives 7, 38, 39 and three 

ether derivatives of umbelliferone containing -OH and -Br 40, 41 and 64 were chosen 

to test for α-glucosidase inhibition. All six compounds are not promising candidates 
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for this activity (IC50 > 200 µM). These derivatives did not improve the compound 

potency to inhibit this enzyme. 

Table 3.1 Inhibition data of ether derivatives 3, 4, 7, 35-41 64, umbelliferone (34) 
and acarbose against α-glucosidase 

 

Entry Compounds IC50 (µM) 

1 3 146.2 ± 1.13 
2 4 >200 
3 35 >200 
4 36 149.5 ± 1.57 
5 37 158.4 ± 0.90 
6 38 >200 
7 39 >200 
8 7 >200 
9 40 >200 
10 41 >200 
11 64 >200 
12 34 >200 
13 acarbose 93.63 ± 0.49 
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3.3.2 Brominated ether derivatives of umbelliferone 
In 1970, Lien et al. reported the role of hydrophobic interactions in inhibiting the 

relatively specific enzymatic reactions of five enzyme systems: lipoxygenase, D-amino 

acid oxidase, hydroxyindole-O-methyltransferase, carbonic anhydrase, monoamine 

oxidase.78 The α-glucosidase inhibitory activity of ether derivatives of umbelliferone 

from the previous study indicated that the hydrophobic interaction affected on the 

activity. To evaluate this hypothesis, brominated ethers 42-46 were chosen to test 

for α-glucosidase inhibition. The results are accumulated in Table 3.2. 

Table 3.2 Inhibition data of brominated ether derivatives 42-46 and acarbose against 
α-glucosidase. 

 

Entry Compounds IC50 (µM) 

1 42 >200 
2 43 >200 
3 44 160.7 ± 0.93 
4 45 68.0 ± 1.30 
5 46 99.05 ± 0.42 
6 Acarbose 93.63 ± 0.49 

 

In general, brominated umbelliferones showed a significant increase inhibitory 

activity compared to parent ether derivatives. In this work, the longer alkyl chain of 
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the ether analogs of brominated umbelliferones, the better activity towards anti-α-

glucosidase was observed possibly due to more hydrophobicity of synthesized 

compounds. The increasing of the compound hydrophobicity resulted in enhancing 

the activity until eight carbon atoms. Conversely, for aliphatic substituent containing 

twelve carbon atoms exhibiting decreased activity, indicated that a hydrophobic–

hydrophilic balance was required. Prior investigation by Janoff and coworkers, named 

this phenomenon as a ‘‘cut off effect” in which the higher alkyl chain lengths will 

cause a decrease activity due to the limitation of membrane partition coefficient 

(lipid/aqueous). The solubility of lipid increased at a rate faster than the change in 

membrane partition coefficient by the increasing of alkyl chain lengths. For higher 

chain lengths, there is a limitation of partition coefficient affecting on the 

concentration at the site of action inadequate for having a substantial effect on the 

membrane of α-glucosidase.79  

To prove the hydrophobic effect, ether derivative 63 and brominated ether 

derivative 65 of umbelliferone containing ten carbon atoms were prepared (Scheme 

3.1). The 1H and 13C NMR assignment of these derivatives are reported in Table 3.3. 

Inhibition data of these derivatives (Figure 3.6) verified the hydrophobic effect in 

inhibitory activity against α-glucosidase where 63 and 65 showed IC50 of 151.26±0.49 

and 88.24±0.44 µM, respectively.  
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Scheme 3.1 Synthesis of ether derivatives 63 and brominated ether derivative 65 
Table 3.3 1H and 13C NMR chemical shift assignment of 63 and 65 

Position 
63 65 

δH (ppm) δC (ppm) δH (ppm) δC (ppm) 
2  161.4  157.6 
3 6.23 (d, 1H, J = 9.6 

Hz) 
113.1 

 107.7 

4 7.63 (d, 1H, J = 9.6 
Hz) 

143.5 
8.00 (s, 1H) 144.6 

5 7.35 (d, 1H, J = 8.8 
Hz) 

128.8 
7.32 (d, 1H, J = 

8.8 Hz) 
128.1 

6 6.83 (d, 1H, J = 8.8 
Hz) 

113.1 
6.85 (dd, 1H, J = 

8.4, 2.4 Hz) 
113.8 

7  162.6  162.8 
8 6.80 (s,1H) 

101.5 
6.79 (d, 1H, J = 

2.0 Hz) 
101.4 

9  156.1  155.3 
10  113.0  113.0 

7-O-C10H21 4.00 (t, 2H, J = 6.4 Hz, 
H1), 1.78-1.84 (m, 2H, 
H2), 1.44-1.47 (m, 2H, 

H3), 1.27 (m, 12H, 
H4 - H9), 0.88 (t, 3H, 

J = 6.4 Hz, H10)  

68.8 (C1), 32.0 
(C2), 29.6 (C3, 
C4), 29.6 (C4), 
29.4 (C5), 29.4 
(C6), 29.1 (C7), 
26.1 (C8), 22.8 

(C9), 14.2 
(C10) 

4.00 (t, 2H, J = 6.4 
Hz, H1), 1.80 

(quint, 2H, J = 6.4 
Hz, H2), 1.46 (m, 
2H, H3), 1.27 (m, 
12H, H4- H9), 

0.88 (t, 3H, J = 6.4 
Hz, H10) 

69.0 (C1), 32.0 
(C2), 29.6 (C3), 
29.6 (C4), 29.4 
(C5), 29.4 (C6), 
29.1 (C7), 26.1 
(C8), 22.8 (C9), 

14.2 (C10) 

 

Moreover, it was clear that bromo substituent at position 3 of ether derivatives 

of umbelliferone improved expressively the inhibitory activity. While ether derivatives 
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of umbelliferone 35-37, 63 inhibited α-glucosidase with IC50 >200, 150, 158, 151 µM, 

their brominated derivatives 44-46, 65 significant increased effectivities to 161, 68, 99, 

88 µM respectively. α-Glucosidase inhibition of ether, brominated ether derivatives of 

umbelliferone and acarbose is illustrated in Figure 3.6.  

 

Figure 3.6 α-Glucosidase inhibition of ether, brominated ether derivatives of 
umbelliferone and acarbose. 

3.3.3 Ester derivatives of umbelliferone 
Ether and brominated ether derivatives of umbelliferone indicated the role of 

hydrophobic interaction to α-glucosidase inhibitory activity. Umbelliferone bearing 

ester substituent may also show this effect. Therefore, ester derivatives 47-53 were 

tested against α-glucosidase. Two new ester derivatives 54 and 55 were also tested. 

The results are presented in Table 3.4.  
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Table 3.4 Inhibition data of ester derivatives 48-55 and acarbose against α-
glucosidase. 

 

Entry Compounds IC50 (µM) 
1 47 >200 
2 48 >200 
3 49 >200 
4 50 >200 
5 51 123.88 ± 0.97 
6 52 137.76 ± 1.3 
7 53 195.11 ± 1.31 
8 54 >200 
9 55 >200 
10 Acarbose 93.63 ± 0.49 

 

Although ester derivatives 47-50 inhibited the enzyme with IC50 > 200 µM, 51-53 

illustrated some point of view of structure-activity relationship. The ether derivatives 

37 and 63 possessing ten and twelve carbon atoms in side chain showed inhibitory 

activity at 151.26±0.49 and 158.4±0.90 µM, respectively whereas 51, 52 containing 

the same number of carbon atoms increased the activity to 123.88±0.97 and 
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137.76±1.3 µM, correspondingly. It seems like ester derivatives of umbelliferone 

showed better activities than corresponding ether derivatives. On the other hand, 

ester derivatives of umbelliferone represented the increasing of the hydrophobicity 

of compound resulted in increasing the activity until ten carbon atoms (entry 5). 

However, the esters 52, 53 possessing twelve and sixteen carbon atoms in side chain 

revealing less inhibitory activity (entries 6, 7), indicated that the compound bearing 

too hydrophobic part did not display good anti-α-glucosidase activity. Therefore α-

glucosidase activity was affected by hydrophobic effect that was proved by number 

of carbon atoms in side chain of not only ethers, brominated ethers but also ester 

derivatives of umbelliferone. In addition, two new ester derivatives of umbelliferone 

54 and 55 were not good inhibitors (IC50 > 200 µM).  

3.3.4 Sulfonamide umbelliferone derivatives 
Sulfonamide coumarins have been reported as effective α-glucosidase 

inhibitors.62 These results encouraged to synthesize sulfonamide coumarins (Scheme 

3.2) and evaluate for their α-glucosidase inhibitory activity. All new compounds 66-

70 were characterized by 1H and 13C NMR (Tables 3.5-3.8) and confirmed structures 

by high resolution mass spectra (HRMS). 
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Scheme 3.2 Synthesis of sulfonamide umbelliferone derivatives 66-70 

Table 3.5 1H NMR chemical shift assignment of 66-69 

Position 
δH (ppm) 

66 67 68 69 
3 6.27 (d, 1H, J = 9.2 

Hz) 
6.36 (d, 1H, J = 

9.6 Hz) 
6.21 (d, 1H, J = 

9.6 Hz) 
6.21 (d, 1H, J = 

9.2 Hz) 
4 7.96 (d, 1H, J = 9.6 

Hz) 
7.99 (d, 1H, J = 

9.6 Hz) 
7.89 (d, 1H, J = 

9.6 Hz) 
7.94-7.88 (m, 1H) 

5 
7.80-7.78 (m, 1H) 

7.77 (d, 1H, J = 
8.8 Hz) 

7.56-7.54 (m, 1H) 
7.56 (d, 1H, J = 

8.8 Hz) 
6 

7.71 (br, 1H) 
7.25 (d, 1H, J = 

8.4 Hz) 
6.84 (dd, 1H, J = 

8.8, 2.4 Hz) 
6.86 (dd, 1H, J = 

8.8, 2.4 Hz) 
8 6.88-6.86 (m, 1H) 7.14 (s, 1H) 6.79 (s,1H) 6.81 (s, 1H) 

7-OC3H7NHSO2R C6H5 C6F5 4-Cl-C6H4 4-F-C6H4 

4.04 (t, 2H, J = 5.6 
Hz, H1), 2.93 (br, 
2H, H2), 1.84 (t, 

2H, J = 6.4 Hz, H3), 
7.61-7.55 (m, 4H, 

H2-Ar, H6-Ar, H3-Ar, 
H5-Ar), 7.80-7.78 
(m, 1H, H4-Ar) 

4.04 (t, 4H, J = 
7.6 Hz, H1, 
H3), 2.24 

(quint, 2H, J = 
7.6 Hz, H2) 

4.11 (t, 2H, J = 
6.0 Hz, H1), 2.01-
1.96 (m, 2H, H2), 
3.18 (t, 2H, J = 

6.0 Hz, H3), 7.85 
(d, 2H, J = 8.4 Hz, 

H2-Ar, H6-Ar), 
7.56-7.54 (m, 2H, 

H3-Ar, H5-Ar) 

4.14 (t, 2H, J = 6.0 
Hz, H1), 2.02-1.97 
(m, 2H, H2), 3.16 
(q, 2H, J = 6.0 Hz, 
H3), 7.94-7.88 (m, 
2H, H2-Ar, H6-Ar), 
7.31 (m, 2H, H3-

Ar, H5-Ar) 
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Table 3.6 13C NMR chemical shift assignment of 66-69 

Position 
δC (ppm) 

66 67 68 69 
2 160.3 159.9 161.1 164.4 
3 101.1 104.4 102.0 102.1 
4 144.3 144.1 144.6 144.6 
5 129.4 131.1 129.5 130.1 
6 112.7 113.6 113.6 113.7 
7 161.6 160.3 163.0 166.9 
8 112.4 116.0 113.5 113.5 
9 155.3 156.5 156.8 156.9 
10 112.3 116.7 113.5 113.6 

7-OC3H7NHSO2R C6H5 C6F5 4-Cl-C6H4 4-F-C6H4 

 

65.4 (C1 and C3), 
28.6 (C2), 140.3 (C1-
Ar), 129.2 (C2-Ar and 
C6-Ar), 126.4 (C3-Ar 
and C5-Ar), 132.3 

(C4-Ar) 

52.2 (C1 and 
C3), 15.9 (C2), 
147.7 (C1-Ar), 
144.3 (C2-Ar 
and C6-Ar), 
141.6 (C3-Ar 
and C5-Ar), 

145.1 (C4-Ar) 

66.3 (C1 and 
C3), 40.6 (C2), 
140.8 (C1-Ar), 
130.1 (C2-Ar 
and C6-Ar), 
129.5 (C3-Ar 
and C5-Ar), 

138.8 (C4-Ar) 

66.4 (C1 and 
C3), 40.6 (C2), 
163.0 (C1-Ar), 
130.7 (C2-Ar), 
130.6 C6-Ar), 
117.0 (C3-Ar), 
116.8 C5-Ar), 
161.0 (C4-Ar) 
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Table 3.7 1H NMR chemical shift assignment of 70 

Position 
δH (ppm) 
70 

3 6.26 (d, 1H, J = 9.6 Hz) 
4 7.63 (d, 1H, J = 9.6 Hz) 
5 7.36 (d, 1H, J = 8.8 Hz) 
6 6.78 (dd, 1H, J = 8.8, 2.0 Hz) 
8 6.71 (s, 1H) 

7-OC3H7N(SO2R)-C3H7NHSO2R 4-F-C6H4 
3.97 (t, 2H, J = 5.6 Hz, H1), 2.02 (t, 2H, J = 5.6 Hz, H2), 3.04 (br, 

2H, H3), 3.28 (t, 2H, J = 6.8 Hz, H1), 1.81 (t, 2H, J = 5.6 Hz, 
H2), 3.25 (t, 2H, J = 6.4 Hz, H3), 7.87 (dd, 2H, J = 8.4, 4.8 Hz, 
H2-Ar, H6-Ar), 7.17 (q, 4H, J = 8.4 Hz, H3-Ar, H5-Ar, H3-Ar, 

H5-Ar), 7.80 (dd, 2H, J = 8.8, 5.2 Hz, H2-Ar, H6-Ar) 

 

Table 3.8 13C NMR chemical shift assignment of 70 

Position 
δC (ppm) 
70 

2 161.2 
3 101.6 
4 143.5 
5 129.0 
6 113.5 
7 161.8 
8 112.8 
9 155.9 
10 112.9 

7-OC3H7N(SO2R)-
C3H7NHSO2R 

4-F-C6H4 
65.5 (C1), 29.1 (C2), 46.3 (C3), 39.9 (C1), 28.7 (C2), 29.8 (C3), 166.6 
(C1-Ar), 166.5 (C1-Ar), 164.0 (C4-Ar), 163.9 (C4-Ar), 130.0 (C2-Ar), 129.9 
(C2-Ar), 129.9 (C6-Ar), 129.8 (C6-Ar), 116.8 (C3-Ar), 116.6 (C3-Ar), 116.6 

(C5-Ar), 116.4 (C5-Ar)  
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Table 3.9 Inhibition data of sulfonamide umbelliferone derivatives 66-70 and 
acarbose against α-glucosidase. 

Entry Compounds IC50 (µM) 

1 66 >200 
2 67 >200 
3 68 >200 
4 69 140.6 ± 0.15 
5 70 36.6 ± 0.86 
6 Acarbose 93.63 ± 0.49 

 

Among the synthesized sulfonamide coumarins 66-69, only sulfonamide 69 

containing -F at para position of aromatic ring showed the good activity with α-

glucosidase (IC50 = 140.6±0.15 µM). Interestingly, when introducing more sulfonamide 

group in 70, the activity increased significantly, which was three times better than a 

standard drug. Although sulfonamide coumarins was reported as good α-glucosidase 

inhibitors, their chemical structure contained one sulfonamide group in side chain at 

C-3.62 In this study, 70 incorporating two sulfonamide groups in side chain at position 

7 of umbelliferone was evaluated as a good inhibitor against α-glucosidase. This was 

the first discovery about structure-activity relationship, more sulfonamide substituent 

of umbelliferone derivative, the better activity towards anti-α-glucosidase was 

observed.  

3.3.5 Sulfonate umbelliferone derivatives 
To discover the role of sulfonamide of umbeliiferone derivatives, selected 

sulfonate umbelliferone derivatives were synthesized (Scheme 3.3). Ether derivative 
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of umbelliferone 64 was synthesized as an intermediate compound (Scheme 3.3).  

This derivative was characterized by 1H and 13C NMR. The spectra assignment of 64 

are assembled in Table 3.10. 64 was tested for the inhibitory activity, unfortunately 

this compound displayed not good activity (IC50 > 200 µM). 

 

Scheme 3.3 Synthesis of sulfonate umbelliferone derivatives 71, 72 
Table 3.10 13C NMR chemical shift assignment of ether derivative 64 

Position 
64 

δH (ppm) δC (ppm) 
2  161.5 
3 6.20 (d, 1H, J = 9.2 Hz) 113.0 
4 7.60 (d, 1H, J = 9.6 Hz) 143.6 
5 7.33 (d, 1H, J = 8.4 Hz) 128.9 
6 6.81 (dd, 1H, J = 8.4, 2.4 Hz) 113.0 
7  162.3 
8 6.77 (d, 1H, J = 2.0 Hz) 101.5 
9  155.9 
10  112.7 

 
4.14 (t, 2H, J = 6.4 Hz, H1), 2.05 (m, 2H, H2), 

3.84 (t, 2H, J = 6.0 Hz, H3) 
65.8 (C1), 31.9 
(C2), 59.5 (C3) 

 

Two selected sulfonate coumarins 71, 72 were synthesized from the reaction of 

ether 64 and aryl sulfonyl chloride. Their 1H and 13C NMR characterization are 

represented in Tables 3.11 and 3.12. The new derivatives were confirmed their 

structures by HRMS.  
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Table 3.11 1H NMR chemical shift assignment of 71 and 72. 

Position 
δH (ppm)  

71 72 
3 6.24 (d, 1H, J = 9.2 Hz) 6.22 (d, 1H, J = 9.2 Hz) 
4 7.63 (d, 1H, J = 9.6 Hz) 7.89 (d, 1H, J = 9.6 Hz) 
5 7.34 (d, 1H, J = 8.8 Hz) 7.55 (d, 1H, J = 8.8 Hz) 
6 6.72 (d, 1H, J = 8.8 Hz) 6.81 (dd, 1H, J = 8.4, 2.4 Hz) 
8 6.66 (s, 1H) 6.77 (d, 1H, J = 2.4 Hz) 
7-

OC3H7OSO2R 
C6H5 4-F-C6H4 

4.26 (t, 2H, J = 6.0 Hz, H1), 2.16 (quint, 
2H, J = 5.6 Hz, H2), 4.02 (t, 2H, J = 5.6 
Hz, H3), 7.88 (d, 2H, J = 8.0 Hz, H2-Ar 

and H6-Ar), 7.48 (t, 2H, J = 7.2 Hz, H3-Ar 
and H5-Ar), 7.58 (t, 1H, J = 7.2 Hz, H4-Ar) 

4.32 (t, 2H, J = 6.0 Hz, H1), 2.18 
(quint, 2H, J = 6.0 Hz, H2), 4.12 (t, 2H, 

J = 6.0 Hz, H3), 7.99 (m, 2H, H2-Ar, 
H6-Ar), 7.33 (t, 2H, J = 8.8 Hz, H3-Ar, 

H5-Ar) 

 

Table 3.12 1C NMR chemical shift assignment of 71 and 72. 

Position 
δC (ppm) 

71 72 
2 161.2 165.3 
3 101.7 102.1 
4 143.4 144.5 
5 129.4 130.1 
6 113.4 113.8 
7 161.7 167.8 
8 112.6 113.3 
9 155.9 156.8 
10 112.9 113.7 

7-OC3H7OSO2R C6H5 4-F-C6H4 

 

67.0 (C1), 28.6 (C2), 63.9 (C3), 
136.0 (C1-Ar), 128.9 (C2-Ar and C6-
Ar), 127.9 (C3-Ar and C5-Ar), 133.9 

(C4-Ar) 

68.4 (C1 and C3), 64.8 (C2), 162.7 (C1-
Ar), 131.8 (C2-Ar), 131.7 (C6-Ar), 117.6 

(C3-Ar), 117.4 C5-Ar), 160.9 (C4-Ar) 
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The inhibition data of two sulfonate umbelliferone derivatives showed not good 

results (IC50 > 200 µM). Thereby, sulfonamide moiety demonstrated better activity 

against α-glucosidase than sulfonate substituent.  

3.4 Conclusion 
From umbelliferone (34), thirty-four derivatives including ether, brominated 

ether, ester, sulfonamide and sulfonate coumarins were synthesized and elucidated 

their structures by appropriate spectroscopic techniques. Among them, thirteen 

compounds were reported for the first time. These substrates were characterized by 

using 1H, 13C and HR-ESI-MS, and the summary of their structures are displayed 

below: 
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To evaluate the potential of coumarins against α-glucosidase, all derivatives 

were tested. Among them, three compounds 45, 65, 70 demonstrated excellent 

inhibitory activity even better than a positive control–acarbose. Moreover, the α-

glucosidase was affected by hydrophobic effect that was proved by number of 

carbon atoms in side chain of ether, brominated ether and ester derivatives of 

umbelliferone. Furthermore, sulfonamide substituent illustrated effectivity against 

the enzyme. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 4 
CONCLUSION 

In this study, umbelliferone derivatives were synthesized and tested with two 

enzymes, carbonic anhydrase II and α-glucosidase. Unfortunately, carbonic anhydrase 

II inhibitory activity of some umbelliferone derivatives was unrepeatable as 

expectation. Nonetheless, certain derivatives exhibited promising anti α-glucosidase 

inhibitors. Thirty-four derivatives of umbelliferone were synthesized and evaluated 

for the inhibitory activity. Structures of all synthesized derivatives are listed below:   
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There are thirteen new compounds, among them, three new compounds 45, 65, 

70 showed good inhibitory activities with IC50 of 68, 88, and 37 µM which were better 

than a positive control, acarbose (IC50 94 µM). Moreover, hydrophobic effect was 

investigated to α-glucosidase inhibition for the first time. Besides that, bromo 

substituent at position 3 of brominated ether derivatives of umbelliferone as well as 

sulfonamide substituents could improve the inhibitory activity. 

Suggestion for future work 

Further study on the mechanism of the interaction between 45, 65, 70 and α-

glucosidase should be considered. In addition, bromo substituent at position 3 of 

ether derivatives of umbelliferone improved significantly the inhibitory activity. 

Therefore, the effect of bromo substituent should be continuous studied. 

Furthermore, coumarins with a variety of sulfonamide substituents would be 

synthesized to evaluate for structure-activity relationship. This research proved that 

α-glucosidase was affected by hydrophobic effect of umbelliferone derivatives. This 

observation suggests further investigation on other types of coumarins. 
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Figure A.1 1H-NMR (DMSO-d6, 400 MHz) of umbelliferone (34). 

 
Figure A.2 13C-NMR (DMSO-d6, 100 MHz) of umbelliferone (34). 
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Figure A.3 1H-NMR (CDCl3, 400 MHz) of 3. 

 
Figure A.4 13C-NMR (CDCl3, 100 MHz) of 3. 
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Figure A.5 1H-NMR (CDCl3, 400 MHz) of 4. 

 
Figure A.6 13C-NMR (CDCl3, 100 MHz) of 4. 
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Figure A.7 1H-NMR (CDCl3, 400 MHz) of 35. 

 
Figure A.8 13C-NMR (CDCl3, 100 MHz) of 35. 
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Figure A.9 1H-NMR (CDCl3, 400 MHz) of 36. 

 

 
Figure A.10 13C-NMR (CDCl3, 100 MHz) of 36. 
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Figure A.11 1H-NMR (CDCl3, 400 MHz) of 63. 

 
Figure A.12 13C-NMR (CDCl3, 100 MHz) of 63. 
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Figure A.13 1H-NMR (CDCl3, 400 MHz) of 37. 

 
Figure A.14 13C-NMR (CDCl3, 100 MHz) of 37. 
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Figure A.15 1H-NMR (CDCl3, 400 MHz) of 38. 

 
Figure A.16 13C-NMR (CDCl3, 100 MHz) of 38. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 86 

 
Figure A.17 1H-NMR (CDCl3, 400 MHz) of 39. 

 
Figure A.18 13C-NMR (CDCl3, 100 MHz) of 39. 
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Figure A.19 1H-NMR (CDCl3, 400 MHz) of 7. 

 
Figure A.20 13C-NMR (CDCl3, 100 MHz) of 7. 
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Figure A.21 1H-NMR (Acetone-d6, 400 MHz) of 40. 

 
Figure A.22 13C-NMR (Acetone-d6, 400 MHz) of 40. 
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Figure A.23 1H-NMR (CDCl3, 400 MHz) of 41. 

 
Figure A.24 13C-NMR (CDCl3, 100 MHz) of 41. 
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Figure A.25 1H-NMR (CDCl3, 400 MHz) of 64. 

 
Figure A.26 13C-NMR (CDCl3, 100 MHz) of 64. 
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Figure A.27 1H-NMR (CDCl3, 400 MHz) of 42. 

 
Figure A.28 13C-NMR (CDCl3, 100 MHz) of 42. 
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Figure A.29 1H-NMR (CDCl3, 400 MHz) of 42. 

 
Figure A.30 13C-NMR (CDCl3, 100 MHz) of 43. 
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Figure A.31 HRMS of 43. 

 
Figure A.32 1H-NMR (CDCl3, 400 MHz) of 44. 
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Figure A.33 13C-NMR (CDCl3, 100 MHz) of 44. 

 
Figure A.34 HRMS of 44. 
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Figure A.35 1H-NMR (CDCl3, 400 MHz) of 45. 

 
Figure A.36 13C-NMR (CDCl3, 100 MHz) of 45. 
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Figure A.37 HRMS of 45. 

 
Figure A.38 1H-NMR (CDCl3, 400 MHz) of 65. 
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Figure A.39 13C-NMR (CDCl3, 100 MHz) of 65. 

 
Figure A.40 HRMS of 65. 
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Figure A.41 1H-NMR (CDCl3, 400 MHz) of 46. 

 
Figure A.42 13C-NMR (CDCl3, 100 MHz) of 46. 
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Figure A.43 1H-NMR (CDCl3, 400 MHz) of 47. 

 
Figure A.44 13C-NMR (CDCl3, 100 MHz) of 47. 
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Figure A.45 1H-NMR (CDCl3, 400 MHz) of 48. 

 
Figure A.46 13C-NMR (CDCl3, 100 MHz) of 48. 
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Figure A.47 1H-NMR (CDCl3, 400 MHz) of 49. 

 
Figure A.48 13C-NMR (CDCl3, 100 MHz) of 49. 
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Figure A.49 1H-NMR (CDCl3, 400 MHz) of 50. 

 
Figure A.50 13C-NMR (CDCl3, 100 MHz) of 50. 
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Figure A.51 1H-NMR (CDCl3, 400 MHz) of 51. 

 
Figure A.52 13C-NMR (CDCl3, 100 MHz) of 51. 
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Figure A.53 1H-NMR (CDCl3, 400 MHz) of 52. 

 
Figure A.54 13C-NMR (CDCl3, 100 MHz) of 52. 
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Figure A.55 1H-NMR (CDCl3, 400 MHz) of 53. 

 
Figure A.56 13C-NMR (CDCl3, 100 MHz) of 53. 
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Figure A.57 1H-NMR (CDCl3, 400 MHz) of 54. 

 
Figure A.58 13C-NMR (CDCl3, 100 MHz) of 54. 
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Figure A.59 1H-NMR (CDCl3, 400 MHz) of 55. 

 
Figure A.60 1H-NMR (DMSO-d6, 400 MHz) of 66. 
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Figure A.61 13C-NMR (DMSO-d6, 100 MHz) of 66. 

 
Figure A.62 HRMS of 66. 
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Figure A.63 1H-NMR (Acetone-d6, 400 MHz) of 67. 

 
Figure A.64 13C-NMR (Acetone-d6, 100 MHz) of 67. 
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Figure A.65 1H-NMR (Acetone-d6, 400 MHz) of 68. 

 
Figure A.66 13C-NMR (Acetone-d6, 100 MHz) of 68. 
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Figure A.67 HRMS of 68. 

 
Figure A.68 1H-NMR (Acetone-d6, 400 MHz) of 69. 
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Figure A.69 13C-NMR (Acetone-d6, 100 MHz) of 69. 

 
Figure A.70 HRMS of 69. 
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Figure A.71 1H-NMR (CDCl3, 400 MHz) of 70. 

 
Figure A.72 13C-NMR (CDCl3, 100 MHz) of 70. 
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Figure A.73 HRMS of 70. 

 
Figure A.74 1H-NMR (CDCl3, 400 MHz) of 71. 
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Figure A.75 13C-NMR (CDCl3, 100 MHz) of 71. 

 
Figure A.76 HRMS of 71. 
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Figure A.77 1H-NMR (Acetone-d6, 400 MHz) of 72. 

 
Figure A.78 13C-NMR (Acetone-d6, 100 MHz) of 72. 
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Figure A.79 1H-NMR (DMSO-d6, 400 MHz) of 56. 

 
Figure A.80 13C-NMR (DMSO-d6, 100 MHz) of 56. 
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Figure A.81 1H-NMR (DMSO-d6, 400 MHz) of 57. 

 
Figure A.82 13C-NMR (DMSO-d6, 100 MHz) of 57. 
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Figure A.83 1H-NMR (DMSO-d6, 400 MHz) of 58. 

 
Figure A.84 13C-NMR (DMSO-d6, 100 MHz) of 58. 
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Figure A.85 1H-NMR (CDCl3, 400 MHz) of 59. 

 
Figure A.86 13C-NMR (CDCl3, 100 MHz) of 59. 
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