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Abstract 

 

Given the high cost of drug discovery and the high attrition rate of drug candidates, simple 

and efficient methods for synthesising drug candidates are highly desirable. This thesis 

focusses on simple routes for synthesising amide libraries and related compounds 

(sulfonamides, hydrazides) for antimicrobial (Neisseria gonorrhoeae bacteria), anticancer 

(leukaemia) and pain relief applications. 

 

Chapter 1 introduces the importance of amide and sulfonamide compounds in medicinal 

chemistry, the synthesis of amides using coupling agents, sulfonamide synthesis, acid 

bioisosteres, key drug properties and SWISS ADME predictions, metabolic stability of 

amides, protein X-ray crystallography and followed by protein crystallization.  

 

Chapter 2 focuses on treatments and evolution of drug resistance, drug targeting peptidyl-

tRNA hydrolase (Pth), the simple synthesis of a furanoyl (amide and hydrazide), and 

sulfonamide libraries for the potential treatment of bacterial resistance. 

 

Chapter 3 investigates potential leukaemia treatment that inhibit the interaction between 

LIM only protein 2 (LMO2) and stem cell leukaemia (SCL) by using tert-butyl 6-oxo-1,4-

oxazepane-4-carboxylate as a building block. Reductive amination and amide coupling 

chemistries were used for synthesising nM potent compounds with potential use in 

childhood accute lymphoblastic leukaemia (ALL). 

 

Chapter 4 presents a background of voltage-gated potassium ion channel subtypes 2.1 

(Kv2.1), and attempts to improve the solubility and permeability of a ‘rule of five’ lead 

compound. This collaborative project also looked at other properties of the compound, 

including efflux and microsomal stability.  
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Chapter 1 

 

Introduction 

 

1.1 Amide compounds in medicinal chemistry 

Amides are an important class of compounds found in a range of agricultural 

chemicals, pharmaceutical products and biologically active molecules. Protein are form 

of amide bonds (N-C=O) from amino acids, which play vital role in living cells. Moreover, 

amides account for about 25% of drugs.1 Figure 1.1 shows examples of major drugs on 

the market today that contain an amide bond.2–6 Amide containing drugs are used in the 

treatment of a wide range of illness including Atorvastatin (Figure 1.1a) is used to inhibit 

the production of cholesterol, Lisinopril (Figure 1.1b) is used to treat hypertension and 

heart failure, Valsartan (Figure 1.1c) is used to reduce blood pressure, aldosterone levels, 

and increased excretion of sodium, Diltiazem (Figure 1.1d) is used to treat high blood 

pressure, Lidocaine (sodium ion channel blocker) (Figure 1.1e) is a local anesthetic used 

millions of times in the world and Prilocaine (Figure 1.1f) has similar properties to 

lidocaine, often in dentistry, Oseltamivir (Figure 1.1g)is used in the treatment and 

prophylaxis of infection with influenza viruses A (including pandemic H1N1) and 

Darunavir (Figure 1.1h) is used in the treatment of human immunodeficiency virus (HIV) 

infection and, specifically, rather than an amide, contains a carbamate group 

(N(C=O)OR). Acalabrutinib (Figure 1.1i) is used to treat chronic lymphocytic leukaemia 

and small lymphocytic lymphoma that was approved as a new tablet formulation by the 

Food and Drug Administration (FDA) in August 2022.2–6 
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Figure 1.1. Example of top selling drugs containing an amide or related bond.2–6 

 

1.2 The synthesis of amide compounds 

 There are many ways to synthesise amide compounds. The most common method 

to prepare amides is through the reaction between activated carboxylic acids (or their 

carboxylic derivatives) with an amine.1,7 However, the direct reaction between amine and 

carboxylic acids typically requires high temperatures to remove water from the 

condensation reaction. Thus, it is necessary to convert the -OH group of the acid into a 

good leaving group before reacting with amine. The reactions using carboxylic acids are 

treated with activating agents (or so-called coupling agents) in order to transform easily 

into the desired product as illustrated in Figure 1.2. Therefore, a range of different 

coupling agents and strategies have been developed for amide bond formation.1,7-11 

 

Figure 1.2. Acid activation and aminolysis step.1 



3 
 

Coupling via activated esters 

1.2.1. Carbodiimides 

Coupling agents such as dicyclohexyl carbodiimide (DCC), diisopropyl 

carbodiimide (DIC) and 1-ethyl-3-(3’-dimethylamino)carbodiimide HCl salt (EDC) are 

commonly used in the synthesis of peptides and amide compounds as shown in Figure 

1.3. The concept of carbodiimide mechanisms is the same (Scheme 1.1), examples are 

displayed for DCC (Scheme 1.2) and EDC (Scheme 1.3).  

 

                                       

Figure 1.3. Various coupling agents, polymer-supported reagents and additives. 

 

Scheme 1.1. General pathway for carbodiimides coupling mechanism.8 
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The use of DCC often generates high yields and also produces urea as a by-

product. The activated carbodiimide reacts with the carboxylic acid to form an  

O-acylisourea intermediate then the amine reacts with the O-acylisourea intermediate, 

resulting in the formation of an amide bond then releasing the urea by-product and O-

acylisourea intermediate also slowly changed to N-acyl urea. To prevent this, 

hydroxybenzotriazole (HOBt) and N,N-dimethylaminopyridine (DMAP) are added to the 

reaction mixture because they react with O-acylisourea faster than they generate N-acyl 

urea (Scheme 1.2 and 1.4). The urea by-products produced by 3 coupling agents with 

different elimination results: 1) DCC, urea by-product is not soluble in water so is removed 

by filtration, 2) DIC, urea by-product is soluble in dichloromethane (DCM) and thus 

removed by DCM washes and liquid phase chemistry and 3) EDC, urea by-product is 

soluble in water thus removed by liquid phase chemistry. Furthermore, using a polymer-

supported coupling agent is an applicable method to remove the coupling agent and by-

product by filtration, as shown in Scheme 1.5. Interestingly, polymer-supported 

carbodiimides are well known, such as polymer-supported dicyclohexyl carbodiimide (PS-

DCC) and polymer-supported diisopropyl carbodiimide (PS-DIC).1,9 

 

 

Scheme 1.2. One-pot DCC coupling mechanism and HOBt activation.1,9 
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Scheme 1.3. One-pot EDC coupling mechanism.1,10 

 

 

Scheme 1.4. HOBt activation mechanism when used as additive with DCC.1,9 

 

 



6 
 

 

Scheme 1.5. General mechanism for using polymer-supported carbodiimide 

                                      as a coupling agent.11 

 

1.2.2 Propyl phosphonic acid cyclic anhydride (T3P) 

One of the most attractive coupling agents, beside carbodiimides, is propyl 

phosphonic acid cyclic anhydride (T3P, Figure 1.4), due to its high yield, low toxicity, 

environmental friendliness and ease of work-up.12,13 T3P can be used in a one-pot 

synthesis of amides typically in combination with amine bases such as N,N-

diisopropylethylamine (DIEA or DIPEA or i-Pr2NEt) or triethylamine (TEA) (Scheme 1.6). 

The by-product is highly water-soluble and easily removed by aqueous work-up.8,12–16 

Using T3P is more convenient and is used in a variety of processes, including, peptide 

synthesis/coupling of amino acids13 (Scheme 1.7), the conversion of a carboxylic acid to 

aldehyde17 and the reduction of a carboxylic acid to an alcohol14 (Scheme 1.8). Therefore, 

T3P is an interesting coupling agent in an organic reaction. 

 

Figure 1.4. Chemical structure of T3P.13  
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Scheme 1.6. T3P mechanism of amide formation from carboxylic acid with amimes.8 

 

 

 

Scheme 1.7. Coupling of an amino acid, aromatic and heteroaromatic acids with primary  

                      and secondary amines.13 

 

Scheme 1.8. General reaction for the reduction of carboxylic acid using T3P/NaBH4.14 
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1.2.3 N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-ylmethylene]-N- 

methylmethanaminium hexafluorophosphate N-oxide (HATU) 

HATU is widely used in pharmaceutical and drug companies because it shows fast 

reactions with less epimerization.1,8,13,16 The general mechanism for amide formation 

using HATU as the coupling agent is exemplified in Scheme 1.9. The carboxylic acid is 

deprotonated by base such as DIEA or TEA. The resulting the carboxylate anion reacts 

with HATU to form an activated ester displacing HOAt as the leaving group. HOAt then 

attacks the activated ester again to obtain the activated HOAt ester and tetramethylurea 

as by-products. The amine now with activated HOAt ester to form the desired amide 

product.1,8 

 

Scheme 1.9. One-pot HATU coupling mechanism.8 

 

1.3 Sulfonamide compounds in medicinal chemistry 

The first reported sulfonamide drug (Prontosil, Figure 1.5) was discovered by Josef 

Klarer and Fritz Mietzsch as they conducted research into designing new dyes in Bayer 

factory with shared workroom with Gerhard Domagk.18 In 1932, Gerhard Domagk tested 

prontosil and it showed antibacterial activity, he also received the Nobel Prize in Medicine 

in 1939.19 The discovery of prontosil led to the production of many types of drugs.  
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Figure 1.5. The structure of the first sulfonamide drug.18 

 

Sulfonamides have many agricultural and drug uses, such as in antibiotics, 

cardiovascular, infectious, cancer and neurological diseases, examples of which are 

shown in Figure 1.6 including a few examples of functional groups related to 

sulfonamides.19–21 Sildenafil is used for the treatment of erectile dysfunction. Sotalol is 

used to treat atrial fibrillation and prevent heart rhythms (arrhythmia). Zonisamide is an 

anticonvulsant. Amprenavir is treatment for HIV infection. Amsacrine is used to treat acute 

adult leukaemias and malignant lymphomas but has poor activity in solid tumour 

treatment. It is frequently used in combination with other antineoplastic agents in 

chemotherapy protocols. Benzthiazide is used to treat high blood pressure and edema.2–

5,19–22 

           

           

Figure 1.6. Example of top drugs containing sulfonamide.2–6,19–22 
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1.4 Sulfonamide synthesis 

Sulfonamides are typically prepared one of several methods. 1) the direct reaction 

between a sulfonyl chloride and an amine in the presence of a base, the so-called 

classical method (Scheme 1.10). 2) Using other sources of -SO2 substrates, for example, 

sulfonic acid, thiol derivatives, etc. Although there are now many ways to produce 

sulfonamides, the classical method is still in widespread use today. This method shows 

considerable effectiveness in terms of good reactivity, yield and simplicity. However, there 

are drawbacks, including the production of acid during the reaction, necessitating, a base 

to trap this.19,23,24 However, in some works, there is no need for a base to trap the acid 

and these displayed good reactivity with both simple and complex amines, which is eco–

friendly.25–28 Therefore, the classical route without using bases was chosen in this 

research to synthesise sulfonamide libraries. 

 

 

Scheme 1.10. Classical route to synthesise sulfonamide compounds and mechanism. 

 

1.5 Acid isosteres 

Carboxylic acids are important functional groups in medicinal chemistry, as shown 

in Figure 1.7. Valproic acid is used to treat epilepsy, bipolar disorder and migraines. Non-

steroidal anti-inflammatory drugs (NSAID)s include benoxaprofen (analgesic and anti-

inflammatory), diclofenac (pain killer and anti-inflammatory).29,30 Carboxylic acids have a 

pKa value around 3 - 5 depending on the neighbouring groups in their structure and 

therefore readily ionise to carboxylate ions to improve solubility of drugs in water. 

However, there are some drawbacks to carboxyl groups in a molecule. For example, the 

negative charge of the molecule (from the carboxylate group) due to its low pKa (typically 

3 - 5) often means that it cannot permeate through the central nervous system (CNS) or 



11 
 

through a cell membrane, limiting permeability.30,31 Additionally, drug toxicity, from 

metabolism of the carboxylic acid moiety in the body, has been found.29,30 To address this 

concern, the replacement of carboxylic acids with groups that display similar properties 

(bioisostere) have been investigated, these replacements often show comparable 

biological activities and improve safety margins.29–31 

 

Figure 1.7. Some drugs containing a carboxylic acid group. 

 

 

Figure 1.8. Chemical structure of nonclassical isosteres. 

 

A bioisostere is defined as atoms or molecules that display similar physical and 

chemical properties, providing broadly similar biological activities. They are classified into 

two groups: 1) classical isosteres which are functionalities that do not differ much from 

the original moiety in terms of valence electrons and size, for example, sulfonic acids, 

phosphonic acids and sulfonamides and 2) nonclassical isosteres which are dramatically 

different in terms of steric size and the number of atoms from the original group, for 

instance, tetrazoles and oxadiazoles (Figure 1.8).30,32 There are numerous carboxylic acid 

(bio)isosteres, including hydroxamic acids, phosphonic acids, sulfonamides etc. Out of 

these, tetrazoles are the most commonly used as the representative carboxylic acid 

(bio)isosteres. 
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Tetrazoles 

Tetrazole is an interesting molecule that is regularly employed as a carboxylic acid 

bioisosteres.33 They have been used for many applications, such as anti-bacterial, anti-

cancer and anti-hypertensive.30,34 Interestingly, the exemplar case for tetrazole as a 

carboxylic acid bioisostere is Losartan. Losartan is a drug which is used to treat 

hypertension, diabetic nephropathy and to lower the risk of stroke.2–5,30  

 

Table 1.1. In vivo activity of carboxylic acid vs tetrazole bioisostere. 

 

Compound R IC50
a
 (µM) Doseb (mg/kg) 

iv po 

1.1 -COOH 0.23 3 11c 

1.2 (Losartan) 

 

0.019 0.80c 0.59c 

a Inhibition of specific binding of [3H]angiotensin II (2 nM) to rat adrenal cortical 

microsomes. 

b Intravenous (iv) and oral (po) dose at which statistically significant drops in blood 

pressure were observed (>15 mmHg) in renal hypertensive rats. 

c Value given is ED30, which is the effective dose in mg/kg that lowers the blood 

pressure by 30 mm Hg. 
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From Table 1.1, the corresponding carboxylic acid (compound 1.1) has nearly a 

twenty-times higher effective dose (oral ED30 11 mg/kg) when compared with Losartan 

(oral ED30 0.59 mg/kg). The presence of a tetrazole in Losartan led to improved biological 

activity than the carboxylic acid (compound 1.1) after oral administration.31,32,35,36 

Tetrazole not only has a comparable pKa (although typically higher cLogP values) 

to a carboxylic acid, but it also has a higher permeability.37 Tetrazole typically exists in 

equilibrium between 1H and 2H-tetrazole tautomer forms (Scheme 1.11) and some of the 

evaluation data (Table 1.2) are derived from Kato et al.30  

 

 

Scheme 1.11. Tautomers between 1H and 2H-tetrazole.31 

 

The authors accumulated data including the acidity (pKa) (determined by capillary 

electrophoresis), lipophilicity (logD7.4) which is determined by the distribution coefficient 

between n-octanol and aqueous buffer at pH 7.4 and permeability (logPapp) (determined 

by a PAMPA assay (parallel artificial membrane permeability assay)). The PAMPA assay 

is a method that is used as an in vitro model of passive permeation of drug candidates 

through artificial membranes.38 From Table 1.2, it was found that tetrazole displayed 

slightly higher pKa value and logD7.4 but a lower logPapp than the corresponding carboxylic 

acid. This shows that tetrazoles are less acidity and permeability, but higher lipophilicity 

than a carboxylic acid. The permeability might be related to the ionization of the 

molecules, as molecules with a neutral charge diffuse easily through membranes. 

However, the accumulated data is quite close, so tetrazole is an excellent surrogate for 

use in drug design and drug production. 
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Table 1.2. Experimental property comparisons between carboxylic acid and  

                 tetrazole compounds.30,35 

Class Compound Structure pKa logD7.4 logPapp 

Carboxylic 

acid 

1.1 

 

3.96 -1.5 ND 

1.2 

 

4.64 -0.49 ± 

0.19 

-5.79 ± 

0.10 

Tetrazole 1.3 

 

4.20 -1.0 ND 

 1.4 

 

5.09 -0.25 ± 

0.10 

-6.33 ± 

0.15 

Note: pKa determined by capillary electrophoresis ; logD7.4 determined by LC-MS; 

logPapp determined in a parallel artificial membrane permeability assay (PAMPA); ND: 

not determined. 

 

1.6 Key drug properties and SWISS ADME prediction 

Drugs continue to be widely developed as improved treatments to known diseases 

and due to the emergence of new one, for example, Covid-19. The drug development 

processes before FDA approval takes many years (12- 16) and can costs more than a 

few billion dollars.39 Drug candidates are selected based on various including 

physicochemical properties, structure-property relationships (SPR), pharmacokinetics 

and toxicity. For example, in some cases, despite having high potency, the selected 

substance may have poor solubility or oral bioavailability, which can contribute to its 

failure in clinical trials.40 In order to increase the speed and potential for drug candidate 

screening, computational calculation programs have been developed such as Acceryls 
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company, CambridgeSoft and SwissADME.41 The latter is a free online tool used to 

model/predict some key drug properties. 

 

1.6.1 SwissADME online tool 

The SwissADME online tool is used to predict drug candidates’ pharmacokinetics, 

bioavailability drug-likeness and medicinal chemistry “friendliness.” The SwissADME tool 

screens potential drug molecules using computer calculations to estimate individual 

absorption, distribution, metabolism and excretion (ADME) parameters. The ADME data, 

Lipinski’s ‘rule of five’ and Veber’s rules are considered along with experimental data to 

select the appropriate molecules to be drug candidates for further studies. The free web 

tool displays in Google (www.swissadme.com) and was developed by Daina et al.42–45  

 

1.6.2 Physicochemical properties 

The physicochemical properties are gained from the calculation, which are the 

molecular formula, molecular weight, number of heavy atoms, number of aromatic heavy 

atoms, number of rotatable bonds, number of H-bond acceptors, number of H-bond 

donors, molar refractivity and topological polar surface area (TPSA). These data can then 

be considered along with other variables to find appropriate drug candidates for further 

study. 

 

1.6.3 Lipophilicity 

Lipophilicity refers to the ability of a compound to partition between a non-polar 

solvent and a polar solvent. It is represented either as a partition coefficient (logP) or a 

distribution coefficient (logD). LogP is the partition coefficient of a compound between a 

non-polar solvent (usually n-octanol) and a polar solvent (water), where all the molecules 

are in the unionised form. LogD is the partition coefficient of the compound between a 

non-polar solvent (usually n-octanol) and a polar solvent (buffer) but at a specific pH 

where all the molecules are in the ionised form.46 Lipophilic molecules typically permeate 
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through a cell membrane more easily than lipophobic molecules. High lipophilicity 

promotes oral bioavailability via absorption in the gastrointestinal tract. Three experiments 

are used for lipophilicity measurement: scaled-down shake flask, reversed-phase high-

performance liquid chromatography (HPLC) and capillary electrophoresis (CE).46,47 In 

silico methods include various prediction software sources such as Discovery Studio form 

Acceryls company, ChemDraw from CambridgeSoft and ADMET Predictor from 

Simulation Plus etc. The SwissADME software is one of reliable of the programs that 

analyse the lipophilicity of candidates with five different models i.e. XLOGP3, WLOGP, 

MLOGP, SILICOS-IT and iLOGP. 42,48–51 

 

1.6.4 Solubility 

Solubility is one of the most important parameters in drug discovery because it is 

strongly related to biological activity, assay preparation and ADMET properties 

(absorption, distribution, metabolism, excretion and toxicity). Low solubility can also affect 

assay preparation because precipitation may occur. Low bioavailability is often caused 

by poor absorption. This can lead to high toxicity as more drug is required. Therefore, 

modification of molecules to increase solubility is required in drug development, such as 

the additional of an ionisable group (Figure 1.9 (a)), add hydrogen bond donors (HBD) 

(Figure 1.9 (b)) or adding polar groups (Figure 1.9 (c)). In-silico tools for screening drug 

candidates, as well as Lipinski’s ‘rule of five’(RO5), can be used to predict solubility during 

the early drug discovery process. 
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Figure 1.9. Solubility improvement with adding ionisable group (a) hydrogen bond (b)  

                              and polar group (c).40,52 

 

1.6.5 Prediction rules 

1.6.5.1 Lipinski’s ‘rule of five’(RO5) 

Lipinski’s ‘rule of five’(RO5) is used to predict good passive oral availability for a 

drug and also design the chemistry behavior of the drug in the desired way. To formulate 

the rule, Lipinski et al. screened 2245 compounds from the World Drug Index (WDI).38,53 

These compounds showed superior physicochemical properties and do not contain a 

polymer, peptide, and O=P-O in the molecule. They found an 11% data set from the 

United States Adopted Names (USAN) had MW > 500, 10% had cLogP > 5 and 8% had 

the sum of OHs and NHs in the molecule be larger than 5. Therefore, RO5 defined four 
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physicochemical parameters that correlate with good absorption or permeation are 

favorable when:38,54  

1) molecular weight (MW) was less than 500 daltons (MW ≤ 500)  

2) partition coefficient log P-value was less than 5 (LogP ≤ 5) 

3) no more than 5 hydrogen bond donors were present (HBD ≤ 5) 

4) no more than 10 hydrogen bond acceptors were present (HBA ≤ 10) 

The number of hydrogen bond donor-acceptor can indicate solubility of molecules 

in the aqueous phase. MW is proportional to molecule size; small molecules tend to 

absorb well in the intestinal tract and easily permeate through the biological membrane. 

LogP or clogP (from computational calculation) indicate the lipophillicity of molecule, 

increasing the LogP reduces absorption.  

 

1.6.5.2 Veber rules 

Additionally, Veber rules are also used to predict further parameters. There were 

1100 drug candidates analysed which showed a 20% success rate for rat oral 

bioavailability.38,55 Based on the authors formulated, Veber rules state that a compound 

with no more than 10 rotatable bonds, and a polar surface area (PSA) below 140 Å2 (or 

total hydrogen bond count less than 12) has a high predicted oral bioavailability.38 

 

1.6.6 Egan BOILED-Egg 

ADME properties are predicted from calculations with the graphical classification 

model Egan BOILED-Egg. An egg plot is a graph between WLOGP (y axis)51 versus 

TPSA(x axis) as shown in Figure 1.10. There are 3 parts of egg plot including an egg yolk 

(yellow area) which defines a high probability of brain penetration (blood-brain barrier: 

BBB) while an egg white (white region) defines a high probability of passive absorption 

by the human gastrointestinal (HIA) tract and grey part is no HIA or BBB access. 

Additionally, the blue points describe molecules predicted to be actively effluxed from the 
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central nervous system (CNS) by P-glycoprotein (PGP; PGP+), while red dots indicate 

molecules predicted as non-substrates of PGP (PGP−). The example of small molecule 

candidates A, B, C and D are plotted in the BOILED-Egg as shown in Figure 1.10, 

molecule A is predicted as brain-penetrate in the yolk and not subject to active efflux (red 

dot) while molecule B is predicted as same as molecule A with a BBB permeability, but 

actively substrates effluxed from the brain (blue dot). Molecule C was in the white region 

that is predicted to be well absorbed but has no BBB access. Molecule D is in the grey 

region, indicating that it has a low absorption and limited brain penetration. 

 

Figure 1.10. The BOILED-Egg representation for prediction of passive gastrointestinal 

                                absorption (HIA) and brain penetration (BBB) of the small molecules  

                                (A, B, C and D) in the WLOGP-versus-TPSA graph.  

 

1.7 Metabolic stability of amides 

In drug development, metabolite stability is also an important role in the medicinal 

chemistry process. High potency, good ADME properties and low toxicity are desirable. 

However, in some cases, poor bioavailability and toxic metabolites are found with a high 

clearance rate and high metabolic liability56 or some drug candidates showed high activity 

in vitro but high metabolism in the body.57 Metabolic studies are the half-life, t1/2 (min or 
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hr) that is expressed as the time for 50% disappearance of the parent compound and the 

clearance, CL (μL/min per mg protein or per million cells). The CL is the volume of drug 

per unit of time when it passes through a clearance organ such as the liver (the important 

elimination pathway), kidney, etc.58 The benefits of improving metabolic stability include 

increased bioavailability and longer half-life, which allow patients to use a lower dosage. 

Unfortunately, 462 medicinal products were withdrawn from the post-market because of 

adverse drug reactions between 1953-2013.59 Merck & Co. removed rofecoxib (Viox) from 

market in the year 2004. It was used to treat steoarthritis, rheumatoid arthritis, acute pain, 

primary dysmenorrhea, and migraine attacks. Long-term usage of rofecoxib led to an 

increased risk of cardiovascular events and strokes.60 Valdecoxib was used to treat 

osteoarthritis and dysmenorrhoea but was also withdrawn due to the risk of heart attact 

and stroke.61 Alatrofloxacin was developed by Pfizer and used to treat a variety of 

bacterial infections but with adverse effects including liver toxicity leading to liver 

transplant or death; thus, alatrofloxacin was withdrawn in 2006.61 Some of the withdrawn 

chemical structures are shown in Figure 1.11. 

 

Figure 1.11. Example of withdrawn drugs. 

 

Therefore, structural modifications for enhancing metabolite stability and reducing 

toxicity are often investigated. There are various ways to improve metabolite stability, for 

instance, replacement of an amide bond with an amide or acid bioisostere, replacement 

of a labile ester linkage with an amide group, etc. Examples of metabolite stability 

improvements are displayed in Figure 1.12; the development of an HIV inhibitor was 

studied by replacement of a 3-isopropyl amino (compound 1.3) with ethoxy group 

(compound 1.4) which increased 4-fold metabolic stability in rat liver microsomes (RLM).56 

In addition, amide bond replacement by a bioisostere can also provide enhanced 
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metabolic stability, biological properties and prolonging of the desired therapeutic effect. 

From Figure 1.12, the compound 2-(2-benzamido)ethyl-4-phenylthiazole (1.5) inhibited T. 

brucei rhodesiense growth. It was found that one of the derivatives, (S)-N-(2-(4-(3,4-

difluorophenyl)thiazol-2-yl)ethyl)-3-fluoropyrrolidine-1-carboxamide (1.6) also exhibited 

good potency with low EC50 value, metabolic stability of more than 60 min in both mouse 

and human liver microsomes (MLM t1/2 = 1.1 min and HLM t1/2 = 28 min respectively) and 

no toxicity in human cell lines.62 The effect of stereochemistry on metabolic stability is 

established for the N-hydroxyurea inhibitor of 5-lipoxygenase, compound 1.8 (R-

configuration), which showed better metabolic stability than compound 1.7 (S-

configuration).62 Tetrazole is incorporated as an acid bioisostere (compound 1.10), which 

showed good potency as an inhibitor of S-nitrosoglutathione reductase (GSNOR) and 

also found high metabolic stability in human and rat liver microsomes.63 Therefore, 

various modifications in chemical structure can help improve metabolic stability, 

physicochemical properties and potency to produce good effective and safe drugs to the 

future. 
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Figure 1.12. Metabolic stability improvement by bioisostere. *Percentage of  

                                     compound remaining after 60 min incubation.40,52,62 

 

1.8 Protein X-ray crystallography and protein crystallization 

X-ray crystallography is a technique that obtains a three-dimensional molecular 

structure from a crystal. Interesting samples, such as proteins, nucleic acid, or viruses, 

are crystallised at a suitable concentration. Crystals are bombarded with an X-ray beam 

and the resulting diffraction pattern is collected. The diffraction pattern is further analysed 

to produce an electron density map, into which an atomic model can be built (Figure. 

1.13).64,65 

Protein crystallization was first accidentally discovered in hemoglobin of 

earthworm blood by Friedrich Ludwig Hünefeld in 1840. After that, many scientists 

continued to investigate crystals of protein and succeeded to crystallise enzymes causing 

a significant increase in the need for protein crystals in the 1960s and 1970s.66,67 At 

present, protein crystallization technology is advancing and being researched 

significantly, playing an important role in biochemistry and medicine. One major challenge 

is the growth of protein crystals. The factors that affect protein crystallisation are 
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concentration, precipitant, buffer, additive, temperature and the crystallisation technique. 

The concentration of solution required needs to be enough to enable the crystals to come 

out of solution and grow under optimum conditions. Figure 1.14 shows a solubility 

diagram, which correlates protein and salt concentration, divided into 4 regions; 1) 

undersaturation, the low concentration of solution was not sufficient for precipitation, 2) 

Metastable (crystal growth), 3) Metastable (nucleation), and 4) precipitation region, very 

high concentration caused protein to became an amorphous solid.66 Starting from the 

black arrow, starting from the soluble state (undersaturation), when we reach the 

nucleation zone proteins (light blue circle) become bigger then protein crystals occurred. 

After that, the protein concentration is reduced due to nuclei production then they moved 

to the crystal growth zone for growing protein crystals.66,67 

 

 

Figure 1.13. The methods to obtain 3D structure from X-ray crystallography.64,65 

 

There are several techniques to obtain single crystals66 but the commonly used 

one is vapour diffusion. In this experiment used the sitting drop vapour diffusion method 

to produce single crystals as shown in Figure 1.15. The crystallisation drop (0.5 µL) 

contained half of the stock protein solution and half of reservoir, which, was composed of 

salt or polymer precipitant. Water in the crystallisation drop diffuses to the reservoir 
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causing the concentration of protein and precipitant to increase slowly and reach a 

chemical equilibrium as a result of supersaturated solution which leads to the 

crystallisation process. 

 

Figure 1.14. Protein crystallisation phase diagram.66 

 

 

Figure 1.15. The sitting drop vapor diffusion method.67 
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1.9 Objectives 

The aims of this thesis are to make libraries (random or focussed) of amides, 

sulfonamides, ureas in multidisplinary projects working alongside biologists.  

 

Chapter 2 examines mainly sulfonamides and hydrazides with antibacterial properties, 

based on fragment hits. 

 

Chapter 3 looks at a leukemia targeting amides based on a 7-membered scaffold. 

 

Chapter 4 looks at mainly amide and ureas in scaffolds acting on ion channels involved 

in pain signalling. 

 

Chapter 5 is a summary and future directions section. 
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Chapter 2 

 

Synthesis of a Library of Amides, Hydrazides, and 

Sulfonamides for the Potential Treatment of  

Bacterial Resistance 

 

2.1 Background to the disease 

Neisseria gonorrhoeae or gonococcus1 is a disease caused by a gram-negative 

bacterium. Gonorrhea was found to be the second most sexually transmitted disease after 

chlamydia and is a public health problem worldwide.2 The bacteria generally grow in moist 

and warm parts in the human body such as the throat, rectum, penis and vagina.3,4 

Gonorrhea is also found in the infected vagina and semen fluid. The spread of gonorrhea 

occurs primarily through unprotected sexual contact, including vaginal, oral or anal sex 

with infected partner. The infection does not occur by kissing, swimming in swimming 

pools, toilet seats or by sharing baths, towels, cups or wounds because the bacteria 

cannot live long outside of the body.1 Moreover, gonorrhea can repeat infection in the 

same human being and easily transmit the pathogen to the others.5 Gonorrhea is mostly 

found in young women aged between 15-25 years old.6 The World Health Organization 

(WHO) estimated that around 82 million new cases of people were infected by Neisseria 

gonorrhoeae around the world (in 2020).7 

The evolution and expansion of antimicrobial resistance (AMR) in Neisseria 

gonorrhoeae are serious problems. The European Gonococcal Antimicrobial Surveillance 

Program (Euro-GASP) reported resistance towards ciprofloxacin (Figure 2.1b), cefixime 

(Figure 2.1c) and azithromycin (Figure 2.1e) in many countries in Europe. For example, 

there was an increase in cefixime resistance levels from 0.9% to 12.1% between 2012 – 

2014 in Belgium, and high levels of resistance towards azitromycin in Greece (40%) and 

ciprofloxacin in Italy (78.8%) in 2014.8 In 2010 a report by the World Health Organization 
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(WHO) Western Pacific Region (WPR) and South East Asian Region (SEAR) showed 

widespread resistance to penicillin (Figure 2.1a), quinolone, azithromycin, ceftriaxone in 

Asia. There has been a high decreasing susceptibility to ceftriaxone and azithromycin 

was found in China (55.8%) and Mongolia (34%).9 Therefore, an increasing rate of AMR 

and decreasing efficacy of drugs make gonorrhea treatment more difficult, requiring 

stronger drugs or multidrug medication. There is a challenge for scientists develop a new 

effective treatment, controlling the disease and preventing drug resistance in gonorrhea. 

 

Figure 2.1. Structure of antibiotic drugs (a) penicillin, (b) ciprofloxacin, (c) cefixime, 

                                (d) ceftriaxone and (e) azithromycin (f) tetracycline. 
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2.2 Treatments and evolution of drug resistance 

In the mid-1930s Gerhard Domagk reported the first use of sulfonamides a 

treatment for gonorrhea in the mid-1930s.10 Sulfanilimide (Figure 2.2a) displayed 80 - 

90% effectiveness in the treatment of gonorrhea. In the early 1940’s sulfapyridine (Figure 

2.2b) was introduced as a new treatment. Sulfonamides compete with p-aminobenzoic 

acid (PABA) (which is a natural substance) for binding to the dihydropteroate synthase 

(DHPS) enzyme, which, leads to a lowered synthesis of folic acid that lowers DNA and 

protein synthesis in bacteria (Figure 2.3).11  

 

 

Figure 2.2. The structures of sulfanilimide (a) sulfapyridine (b) and trimethoprim (c). 

 

 

 

Figure 2.3. (A) Structure of folic acid. (B) Biosynthetic pathway of tetrahydrofolic acid  

                         and sites of action of sulfonamides. 
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By the 1940s, resistance to sulfonamides was observed5 and an approximate 75% 

failure of treatment was found during the World War II.4,5,10 Sulfonamide resistance is 

caused by the bacteria producing more PABA to outcompete the drugs binding to DHPS 

which reduces sulfonamide activity on bacteria. In order to increase the efficacy of 

sulfonamides in treatment of gonorrhea, trimethoprim (TMP, Figure 2.2c) was added as 

a combination, which was used until the 1970s.  

Despite being discovered in 1928, penicillin was not used as antimicrobial 

treatment for gonorrhea until 1943. Penicillin inhibits the formation of the bacteria cell wall 

through irreversible covalent binding of the β-lactam ring to the transpeptidase enzyme 

of bacteria, preventing the enzyme from forming new peptide bonds between amino acids 

that build up the new cell wall (Figure 2.4 A).12 Initially, penicillin was highly successful as 

a first-line treatment of gonorrhea. But during the 1960s, the susceptibility of bacteria to 

penicillin started to decrease. Despite this, the amounts of penicillin prescribed for 

gonorrhea treatment increased 24-fold during the 1980s. This increased exposure to 

penicillin was linked to plasmid–mediated resistance and chromosomal-mediated 

resistance mutation in different genes. The plasmids of these resistant gonococcal strains 

contained β-lactamases that hydrolyze and open the β-lactam ring, rendering penicillin 

inactive (Figure 2.4 B).10,13 Chromosomal-mediated resistance, caused from mutation in 

genes, decreases acylation of β-lactams, as a result reduces the effectiveness of 

penicillin.4,10 Consequentially there were gonorrhea epidemics in various the resistance 

strains rapidly spread over the world.  
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Figure 2.4. A. The mechanism of penicillin binding with bacterial enzyme.  

                                   B. The inactivation of penicilin by β-lactamase (resistance). 

 

To combat the increasing resistance to penicillin, other antimicrobials such as 

tetracycline began to be used in the treatment of gonorrhea. Tetracycline was discovered 

by Benjamin Minge Duggar in soil bacteria in 1945. Between the 1950s to 1980s, 

tetracycline was used as a treatment for patients who had an allergy to penicillin.4,10  

Tetracycline inhibits protein synthesis by preventing the aminoacyl – tRNA (amino 

acid) from binding with the mRNA in the 30S ribosomal subunit (Figure 2.5).14 

Tetracycline can bind at one primary and multiple secondary sites within the small 

subunits. The Tet 1 and primary sites are the key inhibitor positions which are located in 

the ribosomal A site. Tetracycline suffered a similar fate to penicillin, with bacteria 

gradually developing a high resistance worldwide. 
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Figure 2.5. Site of action for tetracycline. 

 

 

Figure 2.6. The locations of the tetracycline binding sites on the ribosome.  

                               Tetracycline can bind in either two or six sites A and B) on the ribosomal 

                               subunit.15 Tet1 and primary site were found by Pioletti and Broderson,  

                               respectively.  

 

Another interesting drug family is quinolones, which have a broader spectrum of 

activity against a wider range of bacterial species than tetracyclines, and they work more 

effective against certain types of infections, such as urinary tract infections or respiratory 

tract infections.16 Antimicrobial quinolone drugs were synthesized by Lesher and 

colleagues in the 1960s. These drugs can kill the bacteria by binding to the DNA gyrase 

and topoisomerase IV causing DNA double-strand breaks, leading to the inhibition of DNA 

synthesis and cell death.10,17 The fluoroquinolone, ciprofloxacin (Figure 2.1b), was widely 

used to cure gonorrhea from the late 1980s but it was found that the bacteria developed 

resistance as a worldwide phenomenon, therefore, ciprofloxacin was withdrawn as a first–
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line drug in the early to mid-2000s in many Asian and European countries.10 The 

resistance of quinolone drugs was caused by a mutation in a gene in bacteria which 

decreased the binding affinity of the drug.  

Erythromycin (Figure 2.7) was the first macrolide discovered and was first used in 

1952. Erythromycin was commonly used as a penicillin replacement for people who had 

an allergic reaction to penicillin.10 Azithromycin (Figure 2.1e) was developed from an 

erythromycin derivative in 1980 to treat gonorrhea and showed greater effectiveness. 

Therefore, azithromycin was selected as a primary treatment and widely used to cure 

bacterial STIs including gonorrhea, which led to high-levels of resistance emerging 

towards azithromycin in 2001 in many countries around the world. However, azithromycin 

is still used to treat gonorrhea in a dual antimicrobial therapy with ciprofloxacin.4,10 

 

Figure 2.7. Example of macrolide drugs: Erythromycin. 

 

Fortunately, third generation cephalosporins (cefixime, Figure 2.1c or ceftriaxone, 

Figure 2.1d) were effective antibiotics and have been used as first–line treatments in 

many countries from the 1990s until the present. Cephalosporins react via the β-lactam 

ring leading to the inhibition of cell wall production. However, the susceptibility gonorrhea 

to cefixime and ceftriaxone has decreased rapidly over the last several years and 

treatment failure has been reported in Japan.5,10 Drug combinations will be used as an 

alternative treatment but will result in high cost treatments and multidrug resistance. The 

antimicrobial drug development displayed in Figure 2.8. At present, a combination of 

ceftriaxone and azithromycin is the last option for gonorrhea treatment. If gonorrhea 
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develops resistance to this it will develop into a superbug in the future. It is imperative to 

find new drugs as a strategy for the prevention of gonorrhea.  

 

 

Figure 2.8. Evolution of gonorrhea resistance. Colour changes explain the resistance 

                   level occuring. Sulfonamide: introduction, resistance reported, trimethoprim 

                   combination; penicillin and tetracycline: introduction, chromosomally- 

                   mediated resistance reported, plasmid-mediated resistance reported;  

                   ciprofloxacine: introduction, resistance report; azithromycin: introduction,  

                   resistance report, high level resistance report; cefixime or ceftriaxone:  

                   introduction, reduce susceptibility report.4 

 

Figure 2.9. Structure of zoliflodacin. 

 

Recently, Bradford et al. (2020)18 synthesized zoliflodacin, a novel drug to treat 

gonorrhea. Zoliflodacin (Figure 2.9) is based on a benzisoxazole scaffold and contains 

an aspirocyclic pyrimidinetrione pharmacophore. Zoliflodacin represents the first class of 

the antibacterial class termed spiropyrimidinetriones with a bacterial topoisomerase 

inhibitory mode of action. Zoliflodacin inhibits gyrase-catalyzed supercoiling and 
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topoisomerase IV-catalyzed decatenation in a similar manner to ciprofloxacin. The in vitro 

activity of zoliflodacin against gonorrhea isolates in agar solution showed a higher efficacy 

than ciprofloxacin, penicillin, azithromycin and tetracycline. Zoliflodacin is capable of 

treating gonococcal urogenital and rectal infections in phase 2 preclinical trials and is 

being tested in phase 3 clinical trials. Therefore, zoliflodacin is likely to be a new antibiotic 

for the treatment of gonorrhea.  

 

2.3 Drug targeting peptidyl-tRNA hydrolase 

One potential alternative therapeutic approach for the treatment of gonococcus is 

stopping the production of proteins in the pathogen through inhibiting peptidyl-tRNA 

hydrolase (Pth). Without the action of this enzyme, protein production is impeded and the 

bacterium cannot grow. Pth is a bacterial enzyme which was first identified in Escherichia 

coli and yeast. Pth from Escherichia coli has mainly been studied in biochemical 

processes. Pth is responsible for the cleavage of peptidyl-tRNA to the free peptide and 

tRNA. Pth acts as an esterase hydrolysing the bond between the carboxy–terminal end 

of the peptide and the 2’ - or 3’ – hydroxyl of ribose at the end of tRNA (Figure 2.10).19,20 

The enzyme has a globular structure, comprised of six α – helices and seven β - strands 

(Figure 2.11).19–21  

 

Figure 2.10. A. An example of Pth. The peptide bound 3’ end of tRNA, in this case tRNAPro. 

                     B. Enlarged image of the ester bond between 3’-hydroxyl group of ribose  

                     and C-terminus of the peptide chain.19,20 
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Figure 2.11. Ribbon representation of peptidyl-tRNA hydrolase from E. coli. 

 

In order to develop new inhibitors of Pth, a fragment screen was undertaken using 

X-ray crystallography in collaboration with the Hare group at the University of Sussex 

(Figure 2.12). A small number of X-ray derived fragment hits were identified that bound 

in the active site of the enzyme.  

 

     

 

Figure 2.12. Furan containing hit Fragment I in the active site (X-ray structure). 

 

 

Figure 2.13. Initial fragment hits from X-ray crystallography. 
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The furan ring in fragment I (Figure 2.14) is an interesting group for further 

modification (Figure 2.13 as it was found to bind to both Pth (Hare group, Sussex) and 

Staphylococcus aureus gyraseB, Figure 2.15).22 Janupally et al. found that the furan ring 

showed a week binding in the hydrophobic pocket of gyraseB and compounds A and B 

(methyl-substituted furan, Figure 2.15) showed a good DNA GyrB inhibition, displaying 

IC50 values of 12.88 µM and 5.35 µM respectively. 

 

Figure 2.14. Compound A in Staphylococcus aureus gyraseB pocket (experimental design).22 

 

 

Figure 2.15. Structure of compounds that contain a furan ring. DNA Gyrase B  

                     inhibition (IC50); compound A = 12.88 µM and compound B = 5.35 µM. 
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From the analysis of these hits, two molecules (Fragments I and II, Figure 2.16) 

were identified as synthetically tractable starting points for rapid elaboration. Therefore, 

the starting goals of this research relate to the synthesis of a library of amide, hydrazides, 

and sulfonamide analogues of these initial hits which will then be evaluated utilising a 

combination of antimicrobial activity assays and X-ray screening.  

 

 

Figure 2.16. Intended SAR to explore in the fragments. 

 

2.4 Results and Discussion 

The unexplored structure-based drug design approach still needs more 

investigation for antibiotic production. Therefore, our research designed and synthesised 

two different series of furans (series I) and sulfonamides (series II) based on fragments I 

and II with the aim of producing antimicrobial leads. In the drug design process, various 

amines e.g. primary, secondary, aromatic amines, hydrazines, pyrrolidine and piperazine 

containing a range of substituents, for example, hydroxyl, halogen and methoxy were also 

chosen in our synthetic approach because they showed good efficacy in fluoroquinolone-

based analogues with antimicrobial activity and DNA gyrase inhibition.23 A simple one-

pot synthesis by using T3P as a coupling agent was selected for making the furan library 

(series I) and minimal reagents and simpler reaction conditions were chosen for 

sulfonamide production (series II). The methods are interesting alternatives because of 

their ease of work up and purification.  
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Series I 

The furanoyl series (Figure 2.17), comprising a 2-methylfuran group, was 

synthesised. In all cases, a range of amines with different electronic and steric properties, 

aromatic and non-aromatic amines, of different lipophilicities, chain lengths, were coupled 

with 2-methylfuran-3-carboxylic acid and yields as shown in Scheme 2.1 and 2.2. 

 

Figure 2.17. The structure of furanoyl series (Series I). 
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Scheme 2.1. Synthesised furan compounds. 

 

Some amides were formed in low yield e.g. compounds 2.15 and 2.17 due to 

incomplete reaction and/or separation processes, even after twice purifying through an 

automated chromatography system over silica. Similarly, a few amino-pyridine and –

pyrimidine-based analogues were made with excellent purities yet, often poor yields. In 

many cases, our aim was to provide a diverse series of products with little consideration 

on yield optimisation; if there was sufficient material to test, once we had an active series, 

we could address and optimise the yield at a later stage. 

Cyclopropyl methanamine (compound 2.3) and piperazine (compound 2.18) 

groups were selected for synthesis because they are part of cyprofloxacin and 

fluoroquinone drugs. In the same way that some substituents groups on aromatic amines 

such as fluorine, chlorine, bromine, hydroxy and methoxy shown good performance in 

inhibiting DNA gyrase these were also selected to synthesise compounds series I.23 24 

Additionally, hydrazides and hydrazide derivatives are particularly interesting 

substances because they are still useful due to their broad range of biological activity in 

related antimicrobials22,25 (e.g. compound B, DNA Gyrase B inhibition, Figure 2.15), 

anticonvulsant26 and also as aspartic protease inhibitors.27 As a results, few hydrazines 

were coupled as shown in Scheme 2.2.  
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Scheme 2.2. Synthesised hydrazide compounds. 

 

Series II 

The sulfonamide series (Series II, Figure 2.18) was synthesised as shown in 

Scheme 2.3, 2.4 and 2.6. Fragment II (Figure 2.17) was deemed to be a suitable starting 

point on which to base our initial sulfonamide modification efforts. These were conducted 

on 4-nitrosulfonyl chloride and 2-(methylamino)ethan-1-ol in a one-pot synthesis to afford 

the corresponding nitro analogue, 2.25 (Table 2.1). The role of solvent, no solvent, 

stoichiometry of starting materials and temperature as well as thermal vs microwave 

conditions were investigated.  

 

Figure 2.18. The structure of sulfonamide series (Series II). 

 

A comparison between dichloromethane (DCM), dioxane and no solvent when the 

reagents were used in a 1:1 ratio (4-nitrosulfonyl chloride:2-(methylamino)ethan-1-ol), 

temperature (50 oC) and reaction time (30 min) were constant, was carried out. It was 

found that reaction in 1,4-dioxane gave a good isolated yield, hence, this was chosen as 

the solvent (entry 2). Then, the temperature was changed to 105 oC and ratios of  

4-nitrosulfonyl chloride and 2-(methylamino)ethan-1-ol were also varied i.e. 1:1, 1:1.2 and 
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1:1.2. The best conversions were achieved by heating to 105 oC overnight, under thermal 

conditions, and using 1,4-dioxane as a solvent (entry 7). For convenience, entry 5 

(microwave) would appear to be very useful since it gives a similar yield but is much 

faster. Similar microwave-mediated routes showed that one equivalent excess of the 

amine enabled better conversions than lower ratios (entries 1-5).  

 

Table 2.1. Brief optimization conditions towards sulfonamide compounds. 

 

 

Entry Method solvent Ratio* 2.25 (Yielda %)  

1 Microwave at 50 oC, 30 min - 1:1 8  

2 Microwave at 50 oC, 30 min dioxane 1:1 19  

3 Microwave at 50 oC, 30 min DCM 1:1 13  

4 Microwave at 105 oC, 60 min dioxane 1:1.2 50  

5 Microwave 105 oC, 60 min dioxane 1:2 88  

6 Reflux at 105 oC, 12 h dioxane 1:1 22  

7 Reflux at 105 oC, 12 h dioxane 1:2 96  

*ratio between 4-nitrosulfonyl chloride and 2-(methylamino)ethan-1-ol  

a isolated yield and all compounds were characterized by 1H, 13C NMR spectroscopy. 

  No reaction has occurred on the OH of the amino alcohol. 
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Next, using the optimised conditions, a library of sulfonamide compounds was 

synthesised from nitrosulfonyl chloride and various amines. The products 2.26a – 2.26j 

were subsequently reduced by hydrogenation over a Pd/C catalyst in COwareTM vessel28 

(a commercially available 2-chamber apparatus enabling H2 generation in one chamber, 

from Zn/HCl, which diffuses to the neighboring chamber where reduction/hydrogenolysis 

reaction occurs) to obtain the desired products (Scheme 2.4). 

 

Scheme 2.3. Sulfonamide compound synthesis. 

 

Intermediate 
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Product

 

 

 

Scheme 2.4. Synthesis of sulfonamide compounds from 4-nitrosulfonyl chloride  

                              and amines and the reduction process. *compound cannot be analysed by  

                              LC-MS but gave acceptable NMR spectroscopy. **There was no 2.28d 

                              product obtained from this reaction but it was synthesised by using  

                              Na2S2O4 and was obtained in 19% yield. ***Limited solubility likely  

                              prevents synthesis via hydrogenation reaction. 
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The reduction of compound 2.28d was unsuccessful under the standard palladium 

hydrogenation conditions because of the loss of a C-Br bond with a C-H bond 

(hydrodehalogenation) as shown in Scheme 2.5.29 Therefore, a dithionite-mediated nitro 

reduction was used to synthesise 2.28d, as shown in Scheme 2.6. 

 

 

Scheme 2.5. A proposed mechanism of hydrodehalogenation of aryl halides. 

 

 

Scheme 2.6. Nitro group reduction using sodium dithionite. 

 

In some cases, we found that the limited solubility of the nitro analogues led to 

poor conversions to the corresponding anilines and compounds 2.26h – 2.26j could not 

be hydrogenated to the anilines 2.28h – 2.28j. A more direct route to the anilines, 

compounds 2.27h – 2.27j, was sought. The use of tert-butyl (4-

(chlorosulfonyl)phenyl)carbamate as the starting material, followed by sulfonamide 

formation and Boc deprotection was able to synthesise the final compounds (Scheme 

2.7).  
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Scheme 2.7. Synthesis of sulfonamide compounds and the reduction process. 

 

2.5 Biology results 

With our libraries of compounds prepared, the next stage was to investigate and 

compare the binding modes of the synthesised analogues based on fragments I and II.  

Gonococcal Pth crystals were grown in 96-well crystallisation plates. (Figure 2.19) 

Our results showed rod-shaped protein crystals (a) that were suitable for ligand soaking. 

Unfortunately, some clear drops (b,c) and precipitate (d) were found, resulting from high 

and low protein/precipitant, respectively. As a result, both (c) and (d) could not be used 

for soaking.  
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(a) 

 

(b) 

 

(c) 

 

(d)  

 

 

Figure 2.19. Outcome observations in crystallisation experiments: (a) single crystal,  

                     (b),(c) clear drop and (d) precipitate drop. 

 

In order to investigate the binding mode between the ligand and Pth, the chosen 

Pth crystals were soaked with ligands (compounds 2.1-2.25 and 2.28a-2.28j) for 1 h and 

24 h. Unfortunately, the X-ray analysis of the crystals showed no binding between the 

peptidyl-tRNA hydrolase (Pth) and ligand (furan or sulfonamide compounds). To further 

probe the potential binding of the series we hoped to develop an assay to deduce the 

potency of the binding and enable further development of the hit compounds. Regretfully, 

the assay development was never completed because our beloved collaborator  

(Dr. Stephen Hare) tragically passed away. 
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2.6 Pharmacokinetics, bioavailability drug-likeness and medicinal chemistry  

friendliness prediction of ligands 

Since there were no biological results, the synthesised molecules are interesting 

mainly because they are small molecules, and some of their fragments are present in 

other active compounds. Consequently, additional investigations in computational 

chemistry will be carried out to progress the substance towards drug development. 

Absorption, distribution, metabolism and excretion (ADME) parameters are very 

important in drug discovery. The prediction of pharmacokinetics, bioavailability, drug-

likeness was performed by the SWISS ADME web tool, used to find drug candidates with 

high activity, low toxicity and therapeutic efficacy.30 For a passively diffused, orally 

bioavailable active drug, it tends to have to obey Lipinski’s ‘rule of five’ which relates to: 

no more than 5 hydrogen bond donors, no more than 10 hydrogen bond acceptors, 

molecular mass less than 500 daltons, a partition co-efficient log P-value less than 5 and 

no more than 10 rotatable bonds.31,32  

Therefore, the 34 molecules in Series I and Series II were investigated by 

computational predictions. Gratifyingly, physicochemical properties and lipophilicity of all 

compounds were rule of five-compliant and also showed good potential for drug-likeness 

(Table 2.2). Moreover, polar surface areas, another useful parameter, in Veber’s rules33, 

were well within limits. It must also be concluded that many of these drugs are still rule of 

three fragment-like with molecular weights below 300 Da, a logP < 3, rotational bond < 3, 

hydrogen bond donor and acceptor each < 3 and much more potential for fragment 

growth. 
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Table 2.2. Calculated physicochemical properties and lipophilicity. 

 

compound MW 

(g/mol) 

nRB* nHBA* nHBD* TPSA* 

(A2) 

WLogP* 

2.1 181.23 5 2 1 42.24 2.12 

2.2 167.21 3 2 1 42.24 1.73 

2.3 179.22 4 2 1 42.24 1.63 

2.4 207.15 4 5 1 42.24 3.14 

2.5 207.27 3 2 1 42.24 2.65 

2.6 229.27 4 2 1 42.24 2.75 

2.7 195.22 2 3 0 42.86 0.68 

2.8 201.22 3 2 1 42.24 2.65 

2.9 202.21 3 3 1 55.13 2.04 

2.10 202.21 3 3 1 55.13 2.04 

2.11 202.21 3 3 1 55.13 2.04 

2.12 203.2 3 4 1 68.02 1.44 

2.13 280.12 3 2 1 42.24 3.41 

2.14 216.24 4 3 1 55.13 1.76 

2.15 245.27 5 3 2 62.47 2.27 

2.16 227.29 5 4 1 51.47 4.00 

2.17 291.34 4 2 1 42.24 4.62 

2.18 270.33 3 2 0 36.69 1.79 

2.19 221.28 4 2 1 70.48 2.43 

2.20 292.74 3 3 1 83.37 3.91 

2.21 216.24 4 2 2 54.27 2.15 

2.22 295.13 4 2 2 54.27 2.92 

2.23 285.13 4 2 2 54.27 3.46 

2.24 246.26 5 3 2 63.50 2.16 
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compound MW 

(g/mol) 

nRB* nHBA* nHBD* TPSA* 

(A2) 

WLogP* 

2.28a 230.28 4 4 2 92.01 0.97 

2.28b 216.26 4 4 3 100.80 0.63 

2.28c 260.31 6 5 3 112.24 0.33 

2.28d 327.20 3 2 2 80.57 3.73 

2.28e 238.27 3 3 3 109.25 1.69 

2.28f 296.36 5 4 2 83.81 1.35 

2.28g 338.42 4 2 2 80.57 3.14 

2.28h 285.36 5 5 2 93.04 0.59 

2.28i 249.29 3 3 2 93.46 2.36 

2.28j 329.38 4 4 2 111.28 2.76 

Sulfamethoxazole 253.28 
 

3 4 2 106.60 2.26 

Azithromycin 748.98 
 

7 14 5 180.08 1.52 

*nRB number of rotational bonds, nHBA number of hydrogen bond acceptors, nHBD 

hydrogen bond donors, TPSA topological polar surface area, WLogP octanol/water 

partition coefficient. 

 

Moreover, the ADME properties in vivo were predicted with the graphical 

classification model Egan BOILED-Egg. Most of series I (furanoly compounds) were in 

the egg yolk, which predict as brain-penetrant and not subject to active efflux, while all 

compounds in series II were in the white egg which shown no predicted BBB permeability 

as shown in Figure 2.20. Interestingly, only compound 2.28h showed in the blue dot that 

predicted as well absorbed but not accessing to the brain and PGP+. Compounds in 

series I and II displayed the prediction of good ADME characteristics including the 

Lipinsky’s rule and GI absorption, as well as very low toxicity. When we compared them 

with currently available drugs such as Sulfamethoxazole and Azithromycin, it was found 

that Sulfamethoxazole showed in the red dot in white area as the same as the most our 

compound but Azithromycin showed in blue dot and was not in the appropriate range in 
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this model. We hope that all compounds may be useful for further studies on new 

biologically active antimicrobials. 

 

 

Figure 2.20. Predicted BOILED-Egg diagram of the series I and II from SwissADME web tool. 

 

2.7 Conclusions 

Our goal to explore structural activity relationships (SAR) in fragments I and II, was 

partially met as we were able to synthesise a diverse array of heterocyclic, aromatic, alkyl 

substituted furan and sulfonamide analogues with various subsitutents and changing 

hydrogen bond acceptor, donor, hydrophobic substituents. We were successful, in many 

cases in forming libraries on a mmol scale, with purities >90%, employing simple 

synthesis and work–ups. However, upon further analysis, we found that fragment II was 

not actually bound to the active site. Nevertheless, this did not prevent us from making a 

large library of sulphonamide analogues. We hope that a number of these analogues may 

bind in the Pth pocket and show activity against Pth protein in gonococcal bacteria.  
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2.8 Experimental 

2.8.1 Synthesis of compounds 

All commercially purchased materials and solvents were used without further 

purification unless specified otherwise. 1H, 13C and 19F NMR spectroscopy was performed 

on a Varian 400 or 600 MHz spectrometer and chemical shifts are reported in ppm, 

referenced to TMS as an internal standard. 1H and 13C chemical shifts were recorded in 

parts per million (ppm). LCMS measurements were performed on a Shimadzu LCMS-

2020 equipped with a Gemini® 5 µm C18 110 Å column and percentage purity 

measurements were run over 30 minutes in water/acetonitrile with 0.1% formic acid (5 

min at 5%, 5–95% over 20 min, 5 min at 95%) with the UV detector set at 254 nm. High-

Resolution Accurate Mass Spectrometry measurements were taken using a Waters Xevo 

G2 Q-ToF HRMS (Wilmslow, Cheshire, UK), equipped with an ESI source and MassLynx 

software. Experimental parameters were: (1)—ESI source: capillary voltage 3.0 kV, 

sampling cone 35 au, extraction cone 4 au, source temperature 120 °C and desolvation 

gas 450 °C with a desolvation gas flow of 650 L/h and no cone gas; (2)—MS conditions: 

MS in resolution mode between 100 and 1500 Da. Additionally, a Waters (Wilmslow, 

Cheshire, UK) Acquity H-Class UHPLC chromatography pumping system with column 

oven was used, connected to a Waters Synapt G2 HDMS high-resolution mass 

spectrometer. 

 

2.8.1.1 Synthesis of furanoly series (Series I) 

2-Methyl-N-pentylfuran-3-carboxamide (2.1)  

  

To a mixture of 2-methylfuran-3-carboxylic acid (50.0 mg, 0.39 mmol), pentan-1-amine 

(41.0 mg, 0.47 mmol), N,N-diisopropylethylamine (DIPEA) (101.6 mg, 0.79 mmol) in 

anhydrous tetrahydrofuran (anh.THF, 5 mL) was added propanephosphonic acid 
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anhydride (T3P) (625.0 mg, 0.98 mmol) dropwise. The resulting mixture was heated to 

70 oC and stirred under an argon atmosphere overnight, The reaction was cooled to 

ambient temperature and to the reaction mixture was added water (10 mL) and ethyl 

acetate (EtOAc) (10 mL). The organic layer was separated, the aqueous phase was 

extracted with EtOAc (20 mL x 3). The combined organic phases were washed with 

saturated NaHCO3 and brine, dried over Na2SO4, filtered and was concentrated in 

vacuum. The crude material was purified by flash column chromatography (4 g, SiO2, 

hexane/EtOAc, 100:0 – 0:100) and the final product was obtained as colourless oil; yield: 

48.4 mg (63%). 

 

1H NMR (600 MHz, CDCl3) δ 7.19 (apparent singlet (aps), 1H), 6.45 (aps, 1H), 6.04 (broad 

singlet (brs), 1H), 3.32 (q, J = 6.9 Hz, 2H), 2.54 (s, 3H), 1.53 (m, 2H), 1.29 (m, 4H), 0.86 

(t, J = 6.4 Hz, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 163.9, 156.6, 140.2, 115.6, 108.4, 39.4, 29.4, 29.1, 22.4, 

14.0, 13.5. 

 

HR-MS-ESI (m/z) Calculated for C11H18NO2 [M + H]+: 196.1338, found: 196.1337.  

 

LC-MS purity (UV) = 94%, tR 20.73 min; m/z (ESI+) 196.00 [M + H]+. 
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N-Isopropyl-2-methylfuran-3-carboxamide (2.2) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and isopropylamine (46.5 mg, 0.79 mmol) was used instead of 

pentan-1-amine. The final product was obtained as a colourless oil; yield: 66.8 mg (90%).  

 

1H NMR (600 MHz, CDCl3) δ 7.22 (d, J = 2.1 Hz, 1H), 6.37 (d, J = 2.1 Hz, 1H), 5.48 

(brs, 1H), 4.21 (h, J = 6.6 Hz, 1H), 2.57 (s, 3H), 1.21 (d, J = 6.6 Hz, 6H). 

 

13C NMR (151 MHz, CDCl3) δ 163.1, 156.7, 140.2, 115.6, 108.2, 41.2, 22.9, 13.5.  

 

HR-MS-ESI (m/z) Calculated for C9H14NO2 [M + H]+: 168.1025, found: 168.1030.  

 

LC-MS purity (UV) = 97%, tR 17.21 min; m/z (ESI+) 167.85 [M + H]+.  

 

N-(cyclopropylmethyl)-2-methylfuran-3-carboxamide (2.3) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and cyclopropylmethylamine (33.6 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a coloress oil; yield: 39.7 

mg (56%). 
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1H NMR (600 MHz, CDCl3) δ 7.25 (d, J = 2.0 Hz, 1H), 6.43 (d, J = 2.0 Hz, 1H), 5.79 

(brs, 1H), 3.24 (dd, J = 7.2, 5.4 Hz, 2H), 2.54 (s, 3H), 1.02 – 0.94 (m, 1H), 0.51 – 0.45 

(m, 2H), 0.20 (m, 2H). 

 

13C NMR (151 MHz, CDCl3) δ 163.9, 156.8, 140.3, 115.5, 108.3, 44.3, 13.5, 10.8, 3.5. 

 

HR-MS-ESI (m/z) Calculated for a dimer, C20H26N2O4 [M + Na]+: 381.1785, found: 

381.1780. 

 

LC-MS purity (UV) = 95%, tR 17.65 min; m/z (ESI+) 179.85 [M + H]+. 

 

2-Methyl-N-(2,2,2-trifluoroethyl)furan-3-carboxamide (2.4)  

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 1-phenylpiperazine (76.6 mg, 0.47 mmol) was used instead 

of pentan-1-amine. The final product was obtained as a brown solid; yield: 84.3 mg (79%).  

 

1H NMR (600 MHz, CDCl3) δ 7.27 (d, J = 2.1 Hz, 1H), 6.43 (d, J = 2.1 Hz, 1H), 5.88 

(brs, 1H), 4.08 – 4.02 (m, 2H), 2.59 (s, 3H).  

 

13C NMR (151 MHz, CDCl3) δ 163.6, 158.2, 140.7, 123.2, 114.4, 107.9, 40.5 (q, 2JCF = 

34.8 Hz), 13.6.  
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19F NMR (376 MHz, DMSO-d6) δ -76.90 – -77.02 (m), -77.05 – -77.29 (m). 

 

HR-MS-ESI (m/z) Calculated for a dimer, C16H16F6N2O4 [M + Na]+: 437.0906, found: 

437.0899.  

 

LC-MS purity (UV) = 98%, tR 18.41 min; m/z (ESI+) 207.80 [M + H]+. 

 

N-Cyclohexyl-2-methylfuran-3-carboxamide (2.5) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and cyclohexylamine (46.8 mg, 0.47 mmol) was used instead of 

pentan-1-amine. The final product was obtained as a brown solid; yield: 24.4 mg (30%).  

 

1H NMR (600 MHz, CDCl3) δ 7.23 (d, J = 2.1 Hz, 1H), 6.38 (d, J = 2.1 Hz, 1H), 5.52 (s, 

1H), 3.91 (m, 1H), 2.57 (s, 3H), 1.99 (dd, J = 12.7, 4.2 Hz, 2H), 1.73 (dt, J = 13.8, 4.0 Hz, 

2H), 1.61 (s, 2H), 1.44 – 1.37 (m, 2H), 1.21 – 1.17 (m, 2H). 

 

13C NMR (151 MHz, CDCl3) δ 163.0, 156.7, 140.2, 115.7, 108.3, 48.1, 33.4, 25.6, 24.9, 

13.5.  

 

HR-MS-ESI (m/z) Calculated for a dimer, C24H34N2O4 [M + Na]+: 437.2411, found: 

437.2416.  
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LC-MS purity (UV) = 94%, tR 21.31 min; m/z (ESI+) 207.85 [M + H]+. 

 

2-methyl-N-(1-phenylethyl)furan-3-carboxamide (2.6) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 1-phenylethan-1-amine (57.2 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a colourless solid; yield: 

93.3 mg (90%).  

 

1H NMR (600 MHz, CDCl3) δ 7.38 – 7.33 (m, 4H), 7.27 (m, 1H), 7.23 (d, J = 2.1 Hz, 1H), 

6.39 (d, J = 2.1 Hz, 1H), 5.89 (d, J = 7.4 Hz, 1H), 5.26 (p, J = 7.1 Hz, 1H), 2.57 (s, 3H), 

1.56 (d, J = 6.9 Hz, 3H).  

 

13C NMR (151 MHz, CDCl3) δ 163.0, 157.1, 143.2, 140.3, 128.7, 127.4, 126.2, 115.3, 

108.2, 48.6, 21.8, 13.6.  

 

HR-MS-ESI (m/z) Calculated for C14H16N1O2 [M + H]+: 230.1181, found: 230.1171.  

 

LC-MS purity (UV) = 93%, tR 20.96 min; m/z (ESI+) 229.85 [M + H]+. 
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(2-Methylfuran-3-yl)(morpholino)methanone (2.7) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and morpholine (41.1 mg, 0.47 mmol) was used instead of pentan-

1-amine. The final product was obtained as a colourless solid; yield: 55.1 mg (48%). 

 

1H NMR (600 MHz, CDCl3) δ 7.25 (d, J = 2.0 Hz, 1H), 6.32 (d, J = 2.0 Hz, 1H), 3.76 – 

3.56 (m, 8H), 2.38 (s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 165.4, 153.7, 140.4, 115.2, 110.1, 66.9, 60.4, 12.9.  

 

HR-MS-ESI (m/z) Calculated for C10H14NO3 [M + H]+: 196.0974, found: 196.0981.  

 

LC-MS purity (UV) = 95%, tR 14.30 min; m/z (ESI+) 195.95 [M + H]+. 

 

2-Methyl-N-phenylfuran-3-carboxamide (2.8) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 although aniline (44.0 mg, 0.47 mmol) was used instead of 

pentan-1-amine. The final product was obtained as a pale yellow solid; yield: 68.8 mg 

(87%).  
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1H NMR (600 MHz, CDCl3) δ 7.57 (d, J = 1.2 Hz, 1H), 7.56 (d, J = 1.2 Hz, 1H), 7.36 – 

7.33 (m, 2H), 7.31 (m, 1H), 7.12 (m, 1H), 6.52 (m, 1H), 2.63 (s, 3H). (NH missing) 

 

13C NMR (151 MHz, CDCl3) δ 160.8, 157.9, 140.5, 137.7, 129.0, 124.3, 120.1, 115.7, 

108.0, 13.6.  

 

HR-MS-ESI (m/z) Calculated for C12H12NO2 [M + H]+: 202.0868, found: 202.0869.  

 

LC-MS purity (UV) = 96%, tR 20.77 min; m/z (ESI+) 201.85 [M + H]+. 

 

2-Methyl-N-(pyridin-2-yl)furan-3-carboxamide (2.9)  

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 2-aminopyridine (44.4 mg, 0.47 mmol) was used instead of 

pentan-1-amine. The final product was obtained as a colourless solid; yield: 39.1 mg 

(49%).  

 

1H NMR (600 MHz, CDCl3) δ 8.51 (brs, 1H), 8.31 (d, J = 8.2 Hz, 1H), 8.22 (d, J = 4.8 

Hz, 1H), 7.70 (t, J = 8.2 Hz, 1H), 7.27 (d, J = 2.2 Hz, 1H), 7.04 – 6.99 (m, 1H), 6.59 (d, J 

= 2.1 Hz, 1H), 2.63 (s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 162.2, 158.6, 151.6, 147.8, 140.6, 138.4, 119.7, 115.6, 

114.2, 108.3, 13.7. 
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HR-MS-ESI (m/z) Calculated for C11H11N2O2 [M + H]+: 203.0821, found: 203.0814.  

 

LC-MS purity (UV) = 95%, tR 15.45 min; m/z (ESI+) 202.80 [M + H]+. 

 

2-methyl-N-(pyridin-3-yl)furan-3-carboxamide (2.10) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and aminopyridine (44.4 mg, 0.47 mmol) was used instead of 

pentan-1-amine. The final product was obtained as a brown solid; yield: 40.2 mg (50%).  

 

1H NMR (600 MHz, CDCl3) δ 8.58 (d, J = 2.6 Hz, 1H), 8.32 – 8.29 (m, 1H), 8.21 (ddd, J 

= 8.4, 2.6, 1.4 Hz, 1H), 8.07 (m, 1H), 7.27 (d, J = 2.2 Hz, 1H), 7.26 – 7.23 (m, 1H), 6.61 

(s, 1H), 2.61 (s, 3H) 

 

13C NMR (151 MHz, CDCl3) δ 162.7, 158.6, 145.1, 141.4, 140.7, 135.0, 127.9, 123.8, 

115.3, 108.2, 13.7.  

 

HR-MS-ESI (m/z) Calculated for C11H11N2O2 [M + H]+: 203.0815, found: 203.0810.  

 

LC-MS purity (UV) = 97%, tR 11.27 min; m/z (ESI+) 202.95 [M + H]+. 
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2-methyl-N-(pyridin-4-yl)furan-3-carboxamide (2.11) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 4-aminopyridine (44.4 mg, 0.47 mmol) was used instead of 

pentan-1-amine. The final product was obtained as a colourless solid; yield: 71.2 mg 

(90%). 

 

1H NMR (600 MHz, CDCl3) δ 8.52 (s, 2H), 7.75 (brs, 1H), 7.58 – 7.54 (m, 2H), 7.30 (d, J 

= 2.1 Hz, 1H), 6.56 (d, J = 2.1 Hz, 1H), 2.63 (s, 3H).  

 

13C NMR (151 MHz, CDCl3) δ 162.4, 159.2, 150.6, 145.1, 140.8, 115.2, 113.9, 107.9, 

13.8.  

 

HR-MS-ESI (m/z) Calculated for C11H11N2O2 [M + H]+: 203.0815, found: 203.0810.  

 

LC-MS purity (UV) = 94%, tR 9.80 min; m/z (ESI+) 202.95 [M + H]+. 

 

2-Methyl-N-(pyrimidin-4-yl)furan-3-carboxamide (2.12) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 4-aminopyrimidine (44.9 mg, 0.47 mmol) was used instead 



66 
 

of pentan-1-amine. The final product was obtained as a colourless solid; yield: 16.9 mg 

(21%).  

1H NMR (600 MHz, CDCl3) δ 8.86 (s, 1H), 8.64 (d, J = 5.8 Hz, 1H), 8.27 (dd, J = 5.8, 1.4 

Hz, 1H), 8.19 (s, 1H), 7.32 (d, J = 2.1 Hz, 1H), 6.59 (d, J = 2.1 Hz, 1H), 2.65 (s, 3H). 

 

13C NMR (151 MHz CDCl3) δ 162.5, 159.8, 158.4, 158.3, 157.2, 141.0, 114.9, 110.3, 

107.9, 13.9. 

 

HR-MS-ESI (m/z) Calculated for C10H9N3O2  [M + H]+: 226.0587, found: 226.0583.  

 

LC-MS purity (UV) = 97%, tR 16.03 min; m/z (ESI+) 203.85 [M + H]+. 

 

N-(3-bromophenyl)-2-methylfuran-3-carboxamide (2.13) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 3-bromoaniline (81.2 mg, 0.47 mmol) was used instead of 

pentan-1-amine. The final product was obtained as a brown solid; yield: 49.4 mg (45%). 

 

1H NMR (600 MHz, CDCl3) δ 7.85 (t, J = 1.9 Hz, 1H), 7.47 (dt, J = 8.1, 1.5 Hz, 1H), 7.43 

(brs, 1H), 7.31 (d, J = 2.0 Hz, 1H), 7.25 (m, 1H), 7.19 (m, 1H), 6.52 (d, J = 2.2 Hz, 1H), 

2.63 (s, 3H).  
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13C NMR (151 MHz, CDCl3) δ 162.0, 158.5, 140.7, 139.0, 130.3, 127.3, 123.0, 122.7, 

118.5, 115.4, 107.9, 13.7.  

 

HR-MS-ESI (m/z) Calculated for a dimer, C24H20N2O4
81Br2 [M + Na]+: 580.9682, found: 

580.9661.  

 

LC-MS purity (UV) = 97%, tR 23.06 min; m/z (ESI+) 281.65 [M + H]+. 

 

2-Methyl-N-(pyridin-3-ylmethyl)furan-3-carboxamide (2.14) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and pyridin-3-ylmethanamine (51.1 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a colourless solid; yield: 

57.0 mg (67%).  

 

1H NMR (600 MHz, CDCl3) δ 8.45 (dd, J = 4.7, 2.0 Hz, 2H), 7.65 (dt, J = 7.8, 2.0 Hz, 1H), 

7.23 – 7.21 (m, 1H), 7.20 (d, J = 2.0 Hz, 1H), 6.68 (t, J = 6.0 Hz, 1H), 6.47 (d, J = 2.1 Hz, 

1H), 4.51 (d, J = 6.0 Hz, 2H), 2.56 (s, 3H).  

 

13C NMR (151 MHz, CDCl3) δ 168.5, 161.7, 149.2, 149.0, 140.5, 135.7, 132.7, 123.6, 

114.4, 108.0, 40.8, 13.6.  

 

HR-MS-ESI (m/z) Calculated for dimer, C12H13N2O2 [M + H]+: 217.0977, found: 

217.0984.  
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LC-MS purity (UV) = 98%, tR 9.12 min; m/z (ESI+) 216.95 [M + H]+. 

 

N-(4-hydroxyphenethyl)-2-methylfuran-3-carboxamide (2.15) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 4-(2-aminoethyl)phenol (64.8 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a colorless oil; yield: 20.5 

mg (21%). 

 

1H NMR (600 MHz, CDCl3) δ 7.20 (d, J = 2.0 Hz, 1H), 7.02 (d, J = 8.2 Hz, 2H), 6.80 (d, 

J = 8.2 Hz, 2H), 6.75 (s, 1H), 6.30 (d, J = 2.1 Hz, 1H), 5.83 (t, J = 5.8 Hz, 1H), 3.58 (q, J 

= 6.7 Hz, 2H), 2.78 (t, J = 7.0 Hz, 2H), 2.53 (s, 3H).  

 

13C NMR (151 MHz, CDCl3) δ 164.3, 156.8, 155.0, 140.4, 130.1, 129.8, 115.7, 115.4, 

108.3, 40.9, 34.8, 13.6. 

 

HR-MS-ESI (m/z) Calculated for C14H15NO3 [M + Na]+: 268.0944, found: 268.0939.  

 

LC-MS purity (UV) = 97%, tR 2.26 min; m/z (ESI+) 246.00 [M + H]+. 

 

 

 

 



69 
 

N-(4-Fluoro-2-isopropoxyphenyl)-2-methylfuran-3-carboxamide (2.16) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 4-fluoro-2-isopropoxyaniline (79.9 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a brown solid; yield: 96.8 

mg (89%).  

 

1H NMR (600 MHz, CDCl3) δ 8.42 (t, J = 7.6 Hz, 1H), 8.03 (brs, 1H), 7.30 (d, J = 1.9 Hz, 

1H), 6.69 – 6.60 (m, 2H), 6.52 (t, J = 1.9 Hz, 1H), 4.57 (sep, J = 6.1 Hz, 1H), 2.64 (t, J = 

1.7 Hz, 3H), 1.40 (d, J = 6.1 Hz, 6H).  

 

13C NMR (151 MHz, CDCl3) δ 161.4, 159.7 (d, 1JCF = 242.1 Hz), 156.9, 146.9 (d, 3JCF = 

10.1 Hz), 40.6, 124.8, 120.3, 116.5, 108.5, 106.7 (d, 2JCF  = 21.9 Hz), 100.6 (d, 2JCF = 

21.9 Hz), 71.8, 22.1, 13.7. 

 

19F NMR (376 MHz, CDCl3) δ -116.96 – -117.12 (m). 

 

HR-MS-ESI (m/z) Calculated for C15H16FNO3 [M + Na]+: 300.1006, found: 300.1004.  

 

LC-MS purity (UV) = 97%, tR 23.09 min; m/z (ESI+) 277.85 [M + H]+. 
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2-Methyl-N-(3'-methyl-[1,1'-biphenyl]-3-yl)furan-3-carboxamide (2.17) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 3'-methyl-[1,1'-biphenyl]-3-amine (103.7 mg, 0.47 mmol) was 

used instead of pentan-1-amine. The final product was obtained as a colorless liquid; 

yield: 22.2 mg (19%).  

 

1H NMR (600 MHz, CDCl3) δ 7.80 (t, J = 1.9 Hz, 1H), 7.57 – 7.52 (m, 2H), 7.42 – 7.36 

(m, 3H), 7.36 – 7.30 (m, 2H), 7.29 (d, J = 2.1 Hz, 1H), 7.16 (m, 1H), 6.56 (d, J = 2.1 Hz, 

1H), 2.64 (s, 3H), 2.40 (s, 3H).  

 

13C NMR (151 MHz, CDCl3) δ 162.2, 158.0, 142.3, 140.6, 140.5, 138.3, 138.1, 129.3, 

128.6, 128.3, 128.0, 124.3, 123.2, 119.0, 115.8, 111.0, 108.2, 21.5, 13.7.  

 

HR-MS-ESI Calculated for C38H34N2O4 [M + Na]+: 605.2411, found: 605.2419.  

 

LC-MS purity (UV) = 96%, tR 25.14 min; m/z (ESI+) 291.90 [M + H]+. 
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(2-methylfuran-3-yl)(4-phenylpiperazin-1-yl)methanone (2.18) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 1-phenylpiperazine (76.6 mg, 0.47 mmol) was used instead 

of pentan-1-amine. The final product was obtained as a brown solid; yield: 84.3 mg (79%). 

 

1H NMR (600 MHz, CDCl3) δ 7.31 – 7.28 (m, 2H), 7.28 (d, J = 1.9 Hz, 1H), 6.94 (d, J = 

8.1 Hz, 2H), 6.91 (t, J = 7.3 Hz, 1H), 6.37 (d, J = 1.9 Hz, 1H), 3.85 (s, 2H), 3.73 (s, 2H), 

3.19 (s, 4H), 2.41 (s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 165.3, 153.7, 151.0, 140.4, 129.3, 120.6, 116.7, 115.4, 

110.2, 61.3, 56.5, 13.0.  

 

HR-MS-ESI (m/z) Calculated for a dimer, C32H36N4O4 [M + Na]+: 563.2629, found: 

563.2626. 

 

LC-MS  purity (UV) = 100%, tR 2.66 min; m/z (ESI+) 271.05 [M + H]+. 
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2-methyl-N-(thiophen-2-ylmethyl)furan-3-carboxamide (2.19) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and thiophen-2-ylmethanamine (53.4 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a colourless solid; yield: 

56.3 mg (65%). 

 

1H NMR (600 MHz, CDCl3) δ 7.24 – 7.22 (m, 2H), 7.01 (d, J = 2.0 Hz, 1H), 6.95 (dd, J = 

5.1, 3.5 Hz, 1H), 6.39 (d, J = 2.0 Hz, 1H), 6.04 (brs, 1H), 4.73 (d, J = 5.7 Hz, 2H), 2.59 

(s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 163.5, 157.3, 141.0, 140.4, 126.9, 126.1, 125.3, 115.1, 

108.2, 38.1, 13.6. 

 

HR-MS-ESI (m/z) Calculated for C11H11N1O2S [M + Na]+: 244.0403, found: 244.0401.  

 

LC-MS purity (UV) = 95%, tR 19.84 min; m/z (ESI+) 221.75 [M + H]+. 
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N-(6-Chlorobenzo[d]thiazol-2-yl)-2-methylfuran-3-carboxamide (2.20) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 2-amino-6-chlorobenzothiazole (87.2 mg, 0.47 mmol) was 

used instead of pentan-1-amine. The final product was obtained as a colourless solid; 

yield: 136.5 mg (90%). 

 

1H NMR (600 MHz, CDCl3) δ 9.90 (brs, 1H), 7.81 (d, J = 2.1 Hz, 1H), 7.58 (d, J = 8.6 

Hz, 1H), 7.37 (dd, J = 8.6, 2.1 Hz, 1H), 7.31 (d, J = 2.1 Hz, 1H), 6.60 (d, J = 2.1 Hz, 1H), 

2.71 (s, 3H).  

 

13C NMR (151 MHz, CDCl3) δ 160.6, 155.6, 146.7, 141.3, 133.7, 129.5, 126.9, 121.6, 

121.0, 113.6, 110.2, 107.8, 14.0.  

 

HR-MS-ESI (m/z) Calculated for C13H9N2O2SCl [M + Na]+: 314.9965, found: 314.9958.  

 

LC-MS purity (UV) = 97%, tR 24.82 min; m/z (ESI+) 292.75 [M + H]+. 

 

2-Methyl-N'-phenylfuran-3-carbohydrazide (2.21) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and phenylhydrazine (51.0 mg, 0.47 mmol) was used instead of 
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pentan-1-amine. The final product was obtained as a off-colourless solid; yield: 32.2 mg 

(38%).  

 

1H NMR (600 MHz, CDCl3) δ 7.48 (brs, 1H), 7.30 (d, J = 2.1 Hz, 1H), 7.25 – 7.21 (m, 

2H), 6.92 – 6.88 (m, 3H), 6.52 (d, J = 2.1 Hz, 1H), 6.23 (d, J = 3.8 Hz, 1H), 2.59 (s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 164.1, 158.3, 148.1, 140.8, 129.2, 126.3, 121.4, 113.7, 

107.8, 13.6.  

 

HR-MS-ESI (m/z) Calculated for C12H13N2O2 [M + H]+: 217.0972, found: 217.0967.  

 

LC-MS purity (UV) = 94%, tR 5.36 min; m/z (ESI+) 216.85 [M + H]+. 

 

N'-(4-Bromophenyl)-2-methylfuran-3-carbohydrazide (2.22) 

 

This was synthesised on a 0.79 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 4-bromophenylhydrazine (211 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a brown liquid; yield: 15.9 

mg (7%).  

 

1H NMR (600 MHz, CDCl3) δ 7.60 (d, J = 4.1 Hz, 1H), 7.30 (d, J = 8.8 Hz, 2 H), 7.29 (d, 

J = 2.1 Hz, 1H), 6.76 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 2.1 Hz, 1H), 6.26 (d, J = 4.1 Hz, 

1H), 2.57 (s, 3H). 
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13C NMR (151 MHz, CDCl3) δ 164.2, 158.5, 147.3, 140.9, 132.0, 115.3, 113.4, 112.8, 

107.7, 13.7.  

 

HR-MS-ESI (m/z) Calculated for C12H11BrN2O2 [M + Na]+: 316.9896, found: 316.9895.  

 

LC-MS purity (UV) = 93%, tR 20.97 min; m/z (ESI+) 294.75 [M + H]+. 

 

N'-(2,6-dichlorophenyl)-2-methylfuran-3-carbohydrazide (2.23) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and 2,6-dichlorophenylhydrazine (100.8 mg, 0.47 mmol) was 

used instead of pentan-1-amine. The final product was obtained as a colourless solid; 

yield: 89.2 mg (80%).  

 

1H NMR (600 MHz, CDCl3) δ 7.94 (d, J = 4.9 Hz, 1H), 7.24 (d, J = 2.2 Hz, 2H), 7.23 (s, 

1H), 6.98 (d, J = 4.9 Hz, 1H), 6.89 (t, J = 8.0 Hz, 1H), 6.48 (d, J = 2.2 Hz, 1H), 2.55 (s, 

3H).  

 

13C NMR (151 MHz, CDCl3) δ 163.1, 157.9, 141.3, 140.7, 129.0, 125.9, 124.0, 112.9, 

108.0, 13.6. 

 

HR-MS-ESI (m/z) Calculated for C12H11Cl2N2O2 [M + H]+: 285.0198, found: 285.0206.  
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LC-MS purity (UV) = 96%, tR 21.73 min; m/z (ESI+) 284.75 [M + H]+. 

 

N'-(4-Methoxyphenyl)-2-methylfuran-3-carbohydrazide (2.24) 

 

This was synthesised on a 0.39 mmol scale from 2-methylfuran-3-carboxylic acid by the 

same procedure as 2.1 and (4-methoxyphenyl)hydrazine (44.4 mg, 0.47 mmol) was used 

instead of pentan-1-amine. The final product was obtained as a brown solid; yield: 48.1 

mg (50%).  

 

1H NMR (600 MHz, CDCl3) δ 9.84 (s, 1H), 7.46 (d, J = 8.0 Hz, 2H), 7.33 (aps, 1H), 7.17 

(s, 1H), 7.01 (d, J = 8.4 Hz, 2H), 6.90 (app. s, 1H), 3.98 (s, 3H), 2.72 (s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 159.0, 158.7, 140.1, 139.5, 128.3, 114.2, 113.0, 110.6, 

108.5, 55.5, 13.6.  

 

HR-MS-ESI (m/z) Calculated for C13H14N2O3 [M + Na]+: 269.0902, found: 269.0913.  

 

LC-MS purity (UV) = 93%, tR 17.38 min; m/z (ESI+) 246.80 [M + H]+. 
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2.8.1.2 Synthesis of sulfonamide series (Series II) 

 

 

N-(2-hydroxyethyl)-N-methyl-4-nitrobenzenesulfonamide (2.26a) 

 

Dissolved 4-nitrosulfonyl chloride (100.0 mg, 0.45 mmol) and (2-(methylamino)ethan-1-

ol, (67.8 mg, 0.90 mmol) in 1,4-dioxane (0.5 mL) were heated under reflux at 105oC 

overnight. When the reaction was complete, the cooled reaction mixture was 

concentrated in vacuum. The crude material was purified by flash column 

chromatography and the final product was obtained as yellow solid; yield: 112.7 mg 

(96%).  

 

1H NMR (600 MHz, CDCl3): δ 8.37 (d, J = 8.7 Hz, 2H), 7.98 (d, J = 8.7 Hz, 2H), 3.77 (t, J 

= 5.3 Hz, 2H), 3.23 (t, J = 5.3 Hz, 2H), 2.88 (s, 3H), 2.28 (s, 1H). 

 

13C NMR (151 MHz, CDCl3) δ 150.1, 143.5, 128.6, 124.5, 60.2, 52.4, 35.9. 

 

HRMS m/z (ESI+) Calculated for C9H13N2O5S [M + H]+: 261.0545, found: 261.0559.  

 

LC-MS purity (UV) = 95%, tR 17.44 min; m/z (ESI+) 260.95 [M + H]+. 
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N-(2-Hydroxyethyl)-4-nitrobenzenesulfonamide (2.26b) 

 

This was synthesised on a 2.58 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure of 2.26a and 2-aminoethan-1-ol (150.0 mg, 2.46 mmol) was used instead of 2-

(methylamino)ethan-1-ol. The final product was obtained as a colourless solid; yield: 

406.9 mg (64%).  

 

1H NMR (600 MHz, DMSO-d6) δ 8.39 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 8.5 Hz, 3H), 4.72 

(brs, 1H), 3.35 (t, J = 6.2 Hz, 2H), 2.84 (t, J = 6.1 Hz, 2H). 

 

13C NMR (151 MHz, DMSO-d6) δ 149.9, 146.7, 128.5, 125.0, 60.3, 45.5. 

 

HRMS m/z (ESI+) Calculated for C8H10N2O5S [M + Na]+: 269.0208, found: 269.0219.  

 

LC-MS purity (UV) = 97%, tR 15.02 min; m/z (ESI+) 244.90 [M + H]+. 

 

N,N-bis(2-Hydroxyethyl)-4-nitrobenzenesulfonamide (2.26c) 

 

This was synthesised on a 0.90 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure as 2.26a and 2,2'-azanediylbis(ethan-1-ol) (191.5 mg, 1.80 mmol) was used 
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instead of 2-(methylamino)ethan-1-ol. The final product was obtained as a colourless 

solid; yield: 75.5 mg (29%).  

 

1H NMR (600 MHz, DMSO-d6) δ 8.37 (d, J = 8.8 Hz, 2H), 8.06 (d, J = 8.8 Hz, 2H), 4.83 

(t, J = 5.4 Hz, 2H), 3.49 (t, J = 6.0 Hz, 4H), 3.22 (t, J = 6.0 Hz, 4H).  

 

13C NMR (151 MHz, DMSO-d6) δ 150.1, 145.4, 129.0, 125.0, 60.0, 51.2. 

 

HRMS m/z (ESI+) Calculated for C10H15N2O6S [M + H]+: 291.0651, found: 291.0658.  

 

LC-MS purity (UV) = 93%, tR 18.18 min; m/z (ESI+) 312.90 [M + Na]+. 

 

N-(3-Bromophenyl)-4-nitrobenzenesulfonamide (2.26d) 

 

This was synthesised on a 0.45 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure as 2.26a and 3-bromoaniline (155.2 mg, 0.90 mmol) was used instead of 2-

(methylamino)ethan-1-ol. The final product was obtained as a pale yellow powder; yield: 

92.4 mg (57%).  

 

1H NMR (600 MHz, CDCl3) δ 8.31 (d, J = 8.8 Hz, 2H), 7.97 (d, J = 8.8 Hz, 2H), 7.31 – 

7.27 (m, 2H), 7.14 (t, J = 8.0 Hz, 1H), 7.03 (dd, J = 8.3, 2.2 Hz, 1H). (NH not visible) 

 



80 
 

13C NMR (151 MHz, CDCl3) δ 150.4, 144.3, 136.6, 131.0, 129.4, 128.5, 124.8, 124.5, 

123.2, 120.2. 

 

HRMS m/z (ESI+) Calculated for C12H8N2O4SBr [M + H]+: 354.9388, found: 354.9381.  

 

LC-MS purity (UV) = 90%, tR 22.69 min; m/z (ESI+) 354.75 [M + H]+. 

 

4-Nitro-N-(1H-pyrazol-3-yl)benzenesulfonamide (2.26e) 

 

This was synthesised on a 1.44 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure of 2.26a and 1H-pyrazol-3-amine (100.0 mg, 1.20 mmol) was used instead of 

2-(methylamino)ethan-1-ol. The final product was obtained as a yellow solid; yield: 90.3 

mg (28%).  

 

1H NMR (600 MHz, DMSO-d6) δ 12.42 (s, 1H), 10.75 (s, 1H), 8.36 (d, J = 8.8 Hz, 2H), 

7.99 (d, J = 8.8 Hz, 2H), 7.56 (s, 1H), 5.98 (s, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 150.1, 146.1, 145.3, 130.2, 128.8, 124.9, 97.9. 

 

HRMS m/z (ESI+) Calculated for C9H9N4O4S [M + H]+: 269.0345, found: 269.0332. 

 

LC-MS purity (UV) = 97%, tR 26.98 min; m/z (ESI+) 268.75 [M + H]+. 
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4-Nitro-N-(2-(pyrrolidin-1-yl)ethyl)benzenesulfonamide (2.26f) 

 

This was synthesised on a 0.45 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure as 2.26a and 2-(pyrrolidin-1-yl)ethan-1-amine (77.3 mg, 0.68 mmol) was used 

instead of 2-(methylamino)ethan-1-ol. The final product was obtained as a yellow solid; 

yield: 98.6 mg (73%).  

 

1H NMR (600 MHz, DMSO-d6) δ 8.42 (d, J = 8.7 Hz, 2H), 8.09 (d, J = 8.7 Hz, 2H), 3.16 – 

2.89 (m, 8H), 1.84 (s, 4H). (NH not visible) 

 

13C NMR (151 MHz, DMSO-d6) δ 150.2, 145.8, 128.7, 125.1, 53.7, 53.6, 40.3, 23.0. 

 

HRMS m/z (ESI+) Calculated for C12H18N3O4S [M + H]+ : 300.1018, found: 300.1017. 

 

LC-MS purity (UV) = 91%, tR 10.67 min; m/z (ESI+) 300.20 [M + H]+. 

 

N-(3'-Methyl-[1,1'-biphenyl]-3-yl)-4-nitrobenzenesulfonamide (2.26g) 

 

This was synthesised on a 0.45 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure as 2.26a and 3'-methyl-[1,1'-biphenyl]-3-amine (148.7 mg, 0.68 mmol) was 
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used instead of 2-(methylamino)ethan-1-ol. The final product was obtained as a yellow 

oil; yield: 127.0 mg (76%).  

 

1H NMR (600 MHz, CDCl3) δ 8.28 (d, J = 8.8 Hz, 2H), 7.96 (d, J = 8.8 Hz, 2H), 7.41 (d, J 

= 7.9 Hz, 1H), 7.32 (q, J = 7.9 Hz, 2H), 7.30 – 7.26 (m, 3H), 7.18 (d, J = 7.3 Hz, 1H), 7.04 

(m, 1H), 6.80 (brs, 1H), 2.40 (s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 150.2, 144.6, 143.1, 139.7, 138.6, 135.7, 130.0, 128.8, 

128.7, 128.6, 127.8, 125.3, 124.3, 124.1, 121.1, 120.8, 21.5. 

 

HRMS m/z (ESI+) Calculated for C19H15N2O4S [M + H]+: 367.0753, found: 367.0752.  

 

LC-MS purity (UV) = 96%, tR 24.48 min; m/z (ESI+) 367.85 [M - H]-. 

 

N-(2-Morpholinoethyl)-4-nitrobenzenesulfonamide (2.26h) 

 

This was synthesised on a 0.45 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure as 2.26a and 2-morpholinoethan-1-amine (58.8 mg, 0.45 mmol) was used 

instead of 2-(methylamino)ethan-1-ol. The final product was obtained as a pale pink solid; 

yield: 75.8 mg (53%).  

 

1H NMR (600 MHz, DMSO-d6) δ 11.31 (brs, 1H), 8.61 (t, J = 5.9 Hz, 1H), 8.42 (d, J = 

8.9 Hz, 2H), 8.08 (d, J = 8.9 Hz, 2H), 3.90 (d, J = 12.8 Hz, 2H), 3.76 (t, J = 12.2 Hz, 2H), 

3.38 (s, 1H), 3.25 (q, J = 6.5 Hz, 2H), 3.16 (q, J = 5.8 Hz, 2H), 3.06 (m, 2H). 
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13C NMR (151 MHz, DMSO-d6) δ 150.2, 145.7, 128.8, 125.2, 63.4, 55.5, 51.6, 37.1. 

 

HRMS m/z (ESI+) Calculated for C12H18N3O5S [M + H]+: 316.0967, found: 316.0966.  

 

LC-MS purity (UV) = 99%, tR 1.15 min; m/z (ESI+) 316.05 [M + H]+. 

 

4-Nitro-N-(pyridin-2-yl)benzenesulfonamide (2.26i) 

 

This was synthesised on a 0.45 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure to 2.26a and pyridin-2-amine (63.7 mg, 0.68 mmol) was used instead of 2-

(methylamino)ethan-1-ol. The final product was obtained as a pale yellow solid; yield: 

72.2 mg (57%). 

 

1H NMR (600 MHz, DMSO-d6) δ 13.35 (brs, 1H), 8.32 (d, J = 8.9 Hz, 2H), 8.06 (d, J = 

8.9 Hz, 2H), 7.92 (d, J = 6.5 Hz, 1H), 7.79 (t, J = 7.0 Hz, 1H), 7.24 (d, J = 6.5 Hz, 1H), 

6.84 (t, J = 6.4 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 154.7, 149.5, 149.1, 143.0, 141.1 – 139.2 (m), 128.2, 

124.8, 115.6, 114.4. 

 

HRMS m/z (ESI+) Calculated for C11H10N3O4S [M + H]+: 280.0392, found: 280.0403. 

 

LC-MS purity (UV) = 98%, tR 3.74 min; m/z (ESI+) 280.00 [M + H]+. 
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N-(1-methyl-3-(pyridin-3-yl)-1H-pyrazol-5-yl)-4-nitrobenzenesulfonamide (2.26j) 

 

This was synthesised on a 0.45 mmol scale from 4-nitrosulfonyl chloride by the same 

procedure of 2.26a and 1-methyl-3-(pyridin-3-yl)-1H-pyrazol-5-amine (117.9 mg, 0.68 

mmol) was used instead of 2-(methylamino)ethan-1-ol. The final product was obtained as 

a pale yellow solid; yield: 43.9 mg (27%). 

 

1H NMR (600 MHz, DMSO-d6) δ 9.13 (s, 1H), 8.74 (d, J = 5.5 Hz, 1H), 8.69 (d, J = 8.1 

Hz, 1H), 8.43 (d, J = 8.9 Hz, 2H), 8.04 (d, J = 8.9 Hz, 2H), 7.93 (dd, J = 8.2, 5.5 Hz, 1H), 

6.60 (s, 1H), 3.70 (s, 3H). (NH not visible). 

 

13C NMR (151 MHz, DMSO-d6) δ 150.5, 145.0, 143.9, 142.2, 139.7, 136.4, 131.9, 

128.9, 127.3, 125.3, 100.8, 66.8, 36.4. 

 

HRMS m/z (ESI+) Calculated for C15H14N5O4S [M + H]+: 360.0766, found: 360.0775. 

 

LC-MS purity (UV) = 97%, tR 3.64 min; m/z (ESI+) 360.00 [M + H]+. 
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Reduction process 

 

 

COware two chamber system 

Chamber A: compound b, 10%Pd/C, MeOH 

Chamber B: Zn, HCl 

 

4-amino-N-(2-hydroxyethyl)-N-methylbenzenesulfonamide (2.28a) 

 

The dissolved compound 2.26a (100.0 mg, 0.38 mmol) in methanol (MeOH, 5.6 mL) and 

5.6 mg of 10% Pd/C was added to form a suspension that placed in a chamber A. In 

chamber B, hydrogen gas was produced by using 7M HCl 3.43 mL and Zn 928.5 mg. The 

reaction was stirred under a hydrogen gas atmosphere at 1 atmospheric pressure at room 

temperature for 12 hrs. After that, the palladium catalyst was removed by filtration through 

celite from the mixture then the filtrate was concentrated in vacuum. The crude material 

was purified by flash column chromatography and the final product 2.28a was obtained 

as orange solid: 86.2 mg (98%).  
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1H NMR (600 MHz, DMSO-d6) δ 7.34 (d, J = 8.6 Hz, 2H), 6.60 (d, J = 8.6 Hz, 2H), 6.00 

(s, 2H), 4.73 (t, J = 5.1 Hz, 1H), 3.45 (q, J = 5.7 Hz, 2H), 2.85 (t, J = 6.2 Hz, 2H), 2.58 (s, 

3H).  

 

13C NMR (151 MHz, DMSO-d6) δ 153.4, 129.6, 121.9, 113.2, 59.6, 52.4, 36.2.  

 

HR-MS-ESI (m/z) calculated for C9H15N2O3S [M + H]+: 231.0803; found: 231.0794.  

 

LC-MS purity (UV) = 94%, tR 13.23 min; m/z (ESI+) 230.80 [M + H]+. 

 

4-amino-N-(2-hydroxyethyl)benzenesulfonamide (2.28b) 

 

This was synthesised on a 0.61 mmol scale from 2.26e by the same procedure of 2.28a. 

The MeOH 9.0 mL, 10% Pd/C 8.9 mg , 7M HCl 3.14 mL and Zn 1200.0 mg were used. 

The final product was obtained as a brown powder; yield: 123.2 mg (94%). 

 

1H NMR (600 MHz, DMSO-d6) δ 7.38 (d, J = 8.6 Hz, 2H), 7.03 (t, J = 6.1 Hz, 1H), 6.58 (d, 

J = 8.6 Hz, 2H), 5.90 (s, 2H), 4.62 (t, J = 5.7 Hz, 1H), 3.31 (q, J = 6.2 Hz, 2H), 2.67 (q, J 

= 6.2 Hz, 2H). 

 

13C NMR (151 MHz, DMSO-d6) δ 152.9, 128.9, 125.9, 113.1, 60.3, 45.4. 

 

HR-MS-ESI (m/z) calculated for C8H13N2O3S [M + H]+: 217.0647; found: 217.0647.  
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LC-MS purity (UV) = 95%, tR 11.13 min; m/z (ESI+) 238.90 [M + Na]+. 

 

4-amino-N,N-bis(2-hydroxyethyl)benzenesulfonamide (2.28c) 

 

This was synthesised on a 0.61 mmol scale from 2.26f by the same procedure of 2.28a. 

The MeOH 9.0 mL, 10% Pd/C 8.9 mg, 7M HCl 3.14 mL and Zn 1.20 g were used. The 

final product was obtained as a brown powder; yield: 123.2 mg (94%). 

 

1H NMR (600 MHz, DMSO-d6) δ 7.38 (d, J = 8.4 Hz, 2H), 6.60 (d, J = 8.4 Hz, 2H), 5.98 

(s, 2H), 4.77 (t, J = 5.5 Hz, 2H), 3.46 (q, J = 6.5 Hz, 4H), 3.02 (t, J = 6.5 Hz, 4H). 

 

13C NMR (151 MHz, DMSO-d6) δ 153.3, 129.3, 124.1, 113.2, 60.6, 51.7. 

 

HR-MS-ESI (m/z) calculated for C10H17N2O4S [M + H]+: 261.0909; found: 261.0920.  

 

LC-MS purity (UV) = 95%, tR 11.65 min; m/z (ESI+) 260.90 [M + H]+. 
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4-amino-N-(1H-pyrazol-3-yl)benzenesulfonamide (2.28e) 

 

This was synthesised on a 0.22 mmol scale from 2.26d by the same procedure of 2.28a. 

The MeOH 3.3 mL, 10% Pd/C 10.0 mg , 7M HCl 3.40 mL and Zn 1,260.0 mg were used. 

The final product was obtained as a brown powder; yield: 57.3 mg (96%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.22 (brs, 1H), 9.93 (brs, 1H), 7.48 (s, 1H), 7.36 (d, J = 

8.3 Hz, 2H), 6.50 (d, J = 8.3 Hz, 2H), 5.90 (s, 2H), 5.89 (s, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 152.9, 146.9, 129.0, 122.7, 112.9, 112.8, 96.6.  

 

HR-MS-ESI (m/z) calculated for C9H11N4O2S [M + H]+: 239.0603; found: 239.0605. 

 

LC-MS purity (UV) = 94%, tR 14.50 min; m/z (ESI+) 238.95 [M + H]+. 

 

4-amino-N-(2-(pyrrolidin-1-yl)ethyl)benzenesulfonamide (2.28f)  

 

This was synthesised on a 0.21 mmol scale from 2.26b by the same procedure of 2.28a. 

The MeOH 3.0 mL, 10% Pd/C 5.6 mg , 7M HCl 3.43 mL and Zn 1,075.2 mg were used. 

The final product was obtained as a yellow solid; yield: 23.3 mg (41%).  
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1H NMR (600 MHz, DMSO-d6) δ 7.40 (d, J = 8.6 Hz, 2H), 6.59 (d, J = 8.6 Hz, 2H), 5.96 

(s, 2H), 3.06 – 2.60 (m, 8H), 1.83 – 1.68 (m, 4H). (NH not visible) 

 

13C NMR (151 MHz, DMSO-d6) δ 153.1, 129.0, 125.2, 113.1, 54.4, 53.8, 40.5, 23.2.  

 

HR-MS-ESI (m/z) calculated for C12H20N3O2S [M + H]+: 270.1276; found: 270.1273.  

 

LC-MS purity (UV) = 94%, tR 8.09 min; m/z (ESI+) 269.80 [M + H]+. 

 

4-amino-N-(3'-methyl-[1,1'-biphenyl]-3-yl)benzenesulfonamide (2.28g)  

 

This was synthesised on a 0.13 mmol scale from 2.26c by the same procedure of 2.28a. 

The MeOH 2.0 mL, 10% Pd/C 1.83 mg , 7M HCl 3.43 mL and Zn 1,092.5 mg were used. 

The final product was obtained as a yellow oil; yield: 3.0 mg (2%).  

 

1H NMR (600 MHz, CDCl3) δ 7.54 (d, J = 8.7 Hz, 2H), 7.29 – 7.26 (m, 2H), 7.26 (s, 1H), 

7.25 (d, J = 3.7 Hz, 1H), 7.24 – 7.21 (m, 2H), 7.12 (d, J = 6.6 Hz, 1H), 7.00 (m, 1H), 6.62 

(s, 1H), 6.55 (d, J = 8.7 Hz, 2H), 4.06 (s, 2H), 2.37 (s, 3H). 

 

13C NMR (151 MHz, CDCl3) δ 150.7, 142.5, 140.2, 138.4, 137.2, 129.5, 129.5, 128.7, 

128.4, 127.9, 127.1, 124.2, 123.9, 120.2, 120.1, 114.0, 21.5.  
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HR-MS-ESI (m/z) calculated for C19H19N2O2S [M + H]+: 339.1167; found: 339.1160.  

 

LC-MS purity (UV) = 93%, tR 22.33 min; m/z (ESI+) 338.95 [M + H]+. 

 

Sulfonamide synthesis from tert-Butyl (4-(chlorosulfonyl)phenyl)  

 

 

tert-butyl (4-(N-(2-morpholinoethyl)sulfamoyl)phenyl)carbamate (2.27h)  

 

tert-Butyl (4-(chlorosulfonyl)phenyl) (74.3 mg, 0.26 mmol) and 2-morpholinoethan-1-

amine (41.0 mg, 0.31 mmol) were combined in DCM (1 mL). The solution was stirred at 

room temperature for 30 min or until starting material disappeared by TLC then the 

solution was concentrated in vacuum. The crude material was purified by flash column 

chromatography and the final product 2.27h was obtained as a colourless solid, yield: 

91.1 mg (92%).  

 

1H NMR (600 MHz, CDCl3) δ 7.76 (d, J = 8.3 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 6.91 

(brs, 1H), 5.17 (brs, 1H), 3.59 (t, J = 4.5 Hz, 4H), 2.95 (m, 2H), 2.37 (t, J = 5.7 Hz, 2H), 

2.24 (t, J = 4.5 Hz, 4H), 1.50 (s, 9H).  
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13C NMR (151 MHz, CDCl3) δ 152.2, 142.6, 132.8, 128.4, 117.8, 81.5, 66.8, 56.1, 52.9, 

38.9, 28.2. 

 

HRMS m/z (ESI+) Calculated for C17H28N3O5S [M + H]+: 386.1750, found: 386.1768. 

 

LC-MS purity (UV) = 93%, tR 13.22 min; m/z (ESI+) 386.4 [M + H]+. 

 

tert-butyl (4-(N-(pyridin-2-yl)sulfamoyl)phenyl)carbamate (2.27i) 

 

This was synthesised on a 0.24 mmol scale from tert-Butyl (4-(chlorosulfonyl)phenyl) by 

the same procedure of 2.27h and pyridin-2-amine (27.1 mg, 0.29 mmol) was used instead 

of 2-(methylamino)ethan-1-ol. The final product was obtained as a colourless solid; yield: 

38.4 mg (46%).  

 

1H NMR (600 MHz, DMSO-d6) δ 11.62 (brs, 1H), 9.74 (brs, 1H), 7.99 (d, J = 5.3 Hz, 1H), 

7.73 (d, J = 8.9 Hz, 2H), 7.63 (m, 1H), 7.53 (d, J = 8.9 Hz, 2H), 7.05 (d, J = 8.6 Hz, 1H), 

6.81 (t, J = 6.3 Hz, 1H), 1.44 (s, 9H). 

 

13C NMR (151 MHz, DMSO-d6) δ 153.9, 153.0, 143.4, 134.2, 128.3, 117.8, 113.7, 110.6, 

109.6, 100.2, 80.2, 28.4. 

 

HRMS m/z (ESI+) Calculated for C16H20N3O4S [M + H]+: 350.1175, found: 350.1184. 
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LC-MS purity (UV) = 93%, tR 13.22 min; m/z (ESI+) 349.95 [M + H]+. 

 

tert-butyl (4-(N-(1-methyl-3-(pyridin-3-yl)-1H-pyrazol-5-

yl)sulfamoyl)phenyl)carbamate (2.27j) 

 

This was synthesised on a 0.26 mmol scale from tert-Butyl (4-(chlorosulfonyl)phenyl) by 

the same procedure of 2.27h and 1-methyl-3-(pyridin-3-yl)-1H-pyrazol-5-amine (89.5 mg, 

0.51 mmol) was used instead of 2-(methylamino)ethan-1-ol. The final product was 

obtained as a pale orange solid; yield: 62.4 mg (57%).  

 

1H NMR (600 MHz, CDCl3) δ 8.72 (brs, 1H), 8.48 (d, J = 4.8 Hz, 1H), 8.04 (d, J = 7.9 Hz, 

1H), 7.65 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 7.47 (s, 1H), 7.31 (dd, J = 8.0, 4.8 

Hz, 1H), 5.97 (s, 1H), 3.83 (s, 3H), 1.49 (s, 9H). (NH not visible) 

 

13C NMR (151 MHz, CDCl3) δ 152.1, 148.6, 146.6, 143.5, 135.0, 132.7, 131.5, 129.1, 

129.0, 123.7, 117.7, 100.2, 81.8, 36.0, 28.2. 

 

HRMS m/z (ESI+) Calculated for C20H24N5O4S [M + H]+: 430.1549, found: 430.1566. 

 

LC-MS purity (UV) = 96%, tR 16.26 min; m/z (ESI+) 430.35 [M + H]+. 
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Removal of an NH-Boc group 

 

 

4-amino-N-(2-morpholinoethyl)benzenesulfonamide (2.28h) 

 

2.27h (32.4 mg, 0.084 mmol) and trifluoroacetic acid (TFA, 77.8 uL) were combined in 

DCM (1 mL). The mixture was stirred at room temperature for 12 hrs and saturated 

sodium bicarbonate solution (20 mL) was added. The mixture was extracted with DCM 

(20 mL×3). The organic phases were combined, washed with saturated NaCl aqueous 

solution, dried with anhydrous sodium sulfate, and concentrated under reduced pressure 

to remove the solvent, to afford the title compound 2.28h. The final product was obtained 

as a colorless oil; yield: 18.9 mg (79%). 

 

1H NMR (600 MHz, DMSO-d6) δ 7.39 (d, J = 8.7 Hz, 2H), 6.96 (t, J = 5.9 Hz, 1H), 6.58 (d, 

J = 8.7 Hz, 2H), 5.91 (brs, 2H), 3.48 (t, J = 4.7 Hz, 4H), 2.73 (q, J = 6.6 Hz, 2H), 2.25 (m, 

6H). 

 

13C NMR (151 MHz, DMSO-d6) δ 152.9, 128.9, 125.7, 113.1, 66.5, 57.5, 53.6, 40.4.  

 

HR-MS-ESI (m/z) calculated for C11H12N3O3S [M + H]+: 286.1225; found: 286.1208.  
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LC-MS purity (UV) = 92%, tR 8.61 min; m/z (ESI+) 286.20 [M + H]+. 

 

4-amino-N-(pyridin-2-yl)benzenesulfonamide (2.28i) 

 

This was synthesised on a 0.10 mmol scale from 2.27i and TFA 92.5 µL by the same 

procedure of 2.28h. The final product was obtained as a yellow solid; yield: 25.1 mg 

(100%).  

 

1H NMR (600 MHz, DMSO-d6) δ 10.96 (brs, 1H), 8.07 (d, J = 3.2 Hz, 1H), 7.62 (m, 1H), 

7.49 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 8.5 Hz, 1H), 6.90 – 6.85 (m, 1H), 6.52 (d, J = 8.8 Hz, 

2H), 5.94 (brs, 2H). 

 

13C NMR (151 MHz, DMSO-d6) δ 153.2, 152.7, 146.9, 139.2, 129.4, 126.0, 117.5, 112.8, 

112.5.  

 

HR-MS-ESI (m/z): calculated for C11H12N3O2S [M + H]+: 250.0650; found: 250.0641.  

 

LC-MS purity (UV) = 94%, tR 13.47 min; m/z (ESI+) 250.05 [M + H]+. 
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4-amino-N-(1-methyl-3-(pyridin-3-yl)-1H-pyrazol-5-yl)benzenesulfonamide (2.28j) 

 

This was synthesised on a 0.04 mmol scale from 2.27j and TFA 37.1 uL by the same 

procedure of 2.28h. The final product was obtained as a pale orange solid; yield: 36.9 mg 

(100%).  

 

1H NMR (600 MHz, DMSO-d6) δ 10.01 (s, 1H), 8.87 (s, 1H), 8.46 (s, 1H), 8.02 (d, J = 8.0 

Hz, 1H), 7.35 (d, J = 8.5 Hz, 3H), 6.57 (d, J = 8.5 Hz, 2H), 6.30 (s, 1H), 6.09 (brs, 2H), 

3.55 (s, 3H). 

 

13C NMR (151 MHz, DMSO-d6) δ 158.2, 153.7, 148.9, 146.0, 137.3, 132.4, 129.3, 124.3, 

122.5, 113.1, 103.2, 99.1, 35.8. 

 

HR-MS-ESI (m/z) calculated for C15H16N5O2S [M + H]+: 330.1009; found: 330.1025.  

 

LC-MS purity (UV) = 91%, tR 11.63 min; m/z (ESI+) 330.25 [M + H]+. 
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2.8.1.3 Reduction by using sodium dithionite 

 

 

4-amino-N-(3-bromophenyl)benzenesulfonamide (2.28d) 

 

This was synthesised on a 0.14 mmol scale from 2.25. Dissolved 2.26d (171.7 mg, 0.48 

mmol) in ethanol (7.4 mL) was added 1.0 M aq. Na2S2O4 (7.4 mL). The reaction was 

heated under reflux at 85 oC for 1 hr. The cooled reaction was partitioned between 10% 

NH3 (20 mL) and EtOAc (20 mL). The organic phase was extracted using EtOAc and 

washed with brine then dried over MgSO4. The solvent was concentrated in vacuum. The 

crude material was purified by flash column chromatography (4 g, SiO2, hexane/EtOAc, 

100:0 – 0:100) and the final product was obtained as pale orange solid; yield: 29.4 mg 

(19%). 

 

1H NMR (600 MHz, DMSO-d6) δ 10.14 (brs, 1H), 7.38 (d, J = 8.8 Hz, 2H), 7.19 (t, J = 1.9 

Hz, 1H), 7.16 – 7.11 (m, 2H), 7.05 (dt, J = 7.6, 1.8 Hz, 1H), 6.53 (d, J = 8.8 Hz, 2H), 6.03 

(s, 2H). 

 

13C NMR (151 MHz, DMSO-d6) δ 153.3, 138.9, 129.4, 129.1, 129.0, 124.8, 123.7, 119.8, 

119.7, 113.0.  
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HR-MS-ESI (m/z) calculated for C12H10N2O2SBr [M + H]+: 324.9646; found: 324.9643.  

 

LC-MS purity (UV) = 90%, tR 20.02 min; m/z (ESI+) 328.80 [M + H]+. 

 

2.8.2 Crystallization and structure determination 

All crystals were grown in sitting drops by vapour diffusion in 90-well crystallisation 

plates. Pipette 60 µL of reservoir solution which contained 100 mM Bis-Tris Propane pH 

5.95, 200 mM Li2SO4 and 30% PEG 3350 into the wells of 90-well crystallisation plates. 

The drop volume is 0.5 µL that composed of 200 nL of 13.7 mg/mL gonoccocal Pth, 200 

nL reservoir solution and 100 nL seed crystals. Sealed the plate quickly and kept in a 

fridge at 18oC and the single crystals occurred in 2-7 days. Soaking protein crystal by 

pipette 1 µL of furan, hydrazide or sulphonamide compounds (ligands) into the drop for 1 

hr and 24 hr. Cut and open the sealing tape then immediately fished the crystal and placed 

it in liquid nitrogen. Data from all crystals were collected at Diamond light source 

(Oxfordshire, UK). 
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Chapter 3 

 

Synthesis of LMO2-SCL inhibitors in leukaemia by using the 

7-membered ring of tert-butyl 6-oxo-1,4-oxazepane-4-

carboxylate as a building block 

 

3.1 Background 

Leukaemia is a cancer which starts from the bone marrow that leads to 

overproduction of  abnormal white blood cells. Leukaemia is divided into 2 groups, which 

depend on disease progress: acute and chronic. Acute leukaemia worsens rapidly while 

chronic leukaemia may take a while to worsen. Acute leukaemia can be classified by the 

type of white blood cells involved and includes acute myeloid leukaemia (AML) and acute 

lymphoblastic leukaemia (ALL), which is mostly found in children under 15 with peak 

incidence aged between 2-5 years old.1–4 Figure 3.1 shows the production of blood cell 

in bone marrow in a normal cell that generates red blood cells, platelets and various white 

blood cells (3.1A), blood forming process resulting in the blast (3.1B) and (3.1D) ALL 

patients have many white blood cells (purple colour) in blood compared with normal blood 

(3.1C). From ALL-Image Database (IDB), the data set showed that cancerous white blood 

cells (lymphoblasts) showed small or medium sizes, insufficient cytoplasm and do not 

contain vacuoles when compared with lymphocytes (Figure3.2). At present, there are 3 

main ways to treat ALL: chemotherapy, radiation therapy and stem cell transplant. 

Unfortunately, as a result of treatment of adult white blood cells of ALL, the number of 

recovered patients is lower than 40%.2 Moreover, limitation of traditional therapies, such 

as toxicity of curative chemotherapeutic agents, which lead to off target effects on 

theheart and brain, in children and long – term damage of the physical and intellectual 

development of survivors.  
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Figure 3.1. Blood cell development. (A) blood stem cells generate red blood cells, platelets and 

                   various white blood cells. (B) the formation of blood resulting in blast.  

                   (C) normal blood and (D) blood during leukaemia.5 

 

(A)

 

(B)

 

(C)

 

(D)

 

 

Figure 3.2. Acute lymphoblastic leukaemia-Image DataBase (IDB) of 2 sample images. (A), (B) 

                   are leukaemia cell, (C), (D) are normal cells.6 
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3.2 Drugs in ALL 

Conventional treatments mainly focus in drug combinations, for instant, 1) 

asparaginase (derived from Escherichia coli) plus methotrexate (Figure 3.3)7 2) 

cytarabine (high dose) (Figure 3.3)7 3) methotrexate (high dose) (Figure 3.3) and 

teniposide (Figure 3.3) plus cytarabine followed with mercaptopurine (Figure 3.3)8,9 and 

4) combination of vincristine (Figure 3.5), corticosteroid and with or with out 

anthracycline.7,9 Moreover, some of the conventional drugs mechanisms of action, e.g. 

methotrexate inhibits dihydrofolate reductase, stopping cancer cells from growing and 

block DNA synthesis or anthracyclines incorporate with DNA and topoisomerase II, and 

cause doublestranded DNA breaks.7,10 However, the adverse effects of conventional 

drugs are their cytotoxicity towards normal tissues.  

                      

                            

Figure 3.3. Current ALL drugs.7–15 

 

Due to the lack of uncontrollable disease, poor results are reported in recurrent ALL. 

Some new drugs are being studied in clinical trials that include new formulations and 

nucleoside analogues. Encapsulating old drugs with liposomes increases their efficacy 

(Figure 3.5). For example, liposomal vincristine can reduce neurotoxicity and also benefit 

from prolonged exposure. Liposomal doxorubicin and PEGylated formulation can reduce 
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cardiotoxicity of the parent drug. Nelarabine showed good activity in recurrent T-lineage 

lymphoid malignancies in children and adults.7,16 Therefore, there is a real need for ALL 

drugs to be developed in order to enhance their efficacy and improve their safety margins.  

                

Figure 3.4. Drugs in ALL: Nucleoside analogues.7,10,16,17 

 

                            

                                                

Figure 3.5. Drugs in ALL: drugs were encapsulated with Liposomes and PEGylated.7,10,16,17 
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3.3 Genetic abnormalities of leukaemic blasts 

Haematopoietic transcription co-factor LIM only protein 2 (LMO2) is an essential 

transcriptional regulator in early haematopoiesis. Interestingly, it was found that around 

50% of patients with T-ALL had a high level of LMO2 expression, leading to an interaction 

between LMO2 and stem cell leukaemia (SCL, also known as T-cell acute lymphocytic 

leukaemia 1; TAL1).3,18–23 The protein-protein interaction (PPI) of SCL-LMO2 in 

oncogenic formation was studied (Figure 3.6).  

 

Figure 3.6. Crystal structure of DNA-Bound SCL:E47bHLH:LMO2:LDB1LID.21 

 

Therefore, we investigated chemicals that can interrupt the interaction of LMO2 

and SCL. Milton-Harris L. et. al.3 screened 1534 compounds for inhibiting the SCL-LMO2 

PPI, and it was found that two compounds, named in their paper as 3K7 and 5C7 (Figure 

3.7), no Kd was reported for the latter), can induce a conformational change in LMO2 

preventing SCL from binding with LMO2. 3K7 was a better inhibitor than 5C7 but both 

suffered from poor solubility to be more amenable for crystallography and more druglike. 

Therefore, the aim of our research was to synthesise analogues of 3K7 with lower logP 

and increased ligand efficacy (better potency, lower molecular weight). 

 



105 
 

 

                3K7 (Kd = 1.2 µM, IC50 = 14.7 µM)              5C7 (IC50 = 18.7 µM) 

 

Figure 3.7. Structures of compound 3K7 and 5C7 (no report of Kd for 5C7).  

 

3.4 Results and Discussions 

 The aim of our study was the synthesis of LMO2-SCL inhibitors by using the  

7-membered ring precursor tert-butyl 6-oxo-1,4-oxazepane-4-carboxylate (3.0) as a 

building block via reductive amination and amide couplings (Scheme 3.1). There are two 

obvious routes for synthesising compounds. Route 1, a reductive amination, was studied 

at room temperature in a one-pot synthesis using sodium cyanoborohydride (NaBH3CN) 

to afford products A. After deprotection, either neutral B (after treatment with supported 

base) or protonated B’ were coupled with activated acid to afford C. Route 2, starts with 

a Boc protecting group removal then amide formation from tetrahydro-2H-pyran-4-

carbonyl chloride and compound D, after which, NaBH3CN was used for reductive 

amination as in route1.  

Interestingly, route 1 is the preferred method for synthesising compounds that have 

the same amine but where a carboxylic acid can be changed. On the other hand, route 2 

is a suitable method for synthesising compounds that have the same carboxylic acid but 

where the amine can be changed. Despite their differences, both methods wereused to 

synthesise the target compounds. Product C was investigated for the binding interaction 

between SCL-LMO2 PPI by using Microscale Thermophoresis (MST). MST is a good 

technique for determining biomolecular interactions. The dissociation constant (Kd) shows 

affinity interactions between biomolecules, and the Kd values for binding were obtained 

from the MST curves.3  
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Route 1 

 

Route 2 

 

Scheme 3 1. Synthesis of inhibitor by two routes; route 1 : reductive amination then  

                     an amide coupling reaction using N,N′-dicyclohexylcarbodiimide-polystyrene 

                     (DCC-PS). Route 2 is Boc group removal followed by amide synthesis and  

                     reductive amination. 

 

From route 1, Compound 3.1 was synthesised by a reductive amination using  

N-methyl benzylamine then the Boc group was removed to obtain compound 3.2 in 54% 

yield. Next, compound 3.2 was coupled with different carboxylic acids by using PS-DCC 

as a coupling agent to afford the corresponding amide compounds 3.3 – 3.5 (Table 3.1). 

It was found that compound 3.3 had the lowest Kd, which signifies excellent binding with 

LMO2 at low concentration. Hence, 3.3 is a good potential inhibitor lead compound.  

On the other hand, compounds 3.4 and 3.5 showed a higher Kd value than compound 

3.3, which might be explained by steric hindrance disfavouring binding to the protein. 

Thus, we further synthesised compounds (3.16 – 3.21), that were based on the structure 

of 3.3 in order to potentially improve solubility (Table 3.2 and Table 3.3). The products 

from route 1 were mesured Kd from MST. The results showed that 3.18, containing a 

nitrogen atom in the ortho position in the benzene ring, had the lowest Kd (0.006 µM) with 
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the LMO2 protein (Table 3.3). Thus, compound 3.18 is an interesting molecule to be 

further studied. 

 

Table 3.1. Kd values and (% yields) of compounds 3.3 - 3.5. 

 

Carboxylic acid Product (3.3-3.5) % yielda Kd (µM) 

 

  

 

46 

 

0.017 

 

 

 

61 

 

0.379 

  

 

37 

 

1.6 

aisolated yield and all compounds were characterized by 1H, 13C NMR spectroscopy, compound 

cannot be analysed by LC-MS because of low ionisable but had a satisfactory NMR spectra. 
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Table 3.2. The % yields of compounds 3.1, 3.2 and 3.6 – 3.21. 

 

amine compound % yielda compound % yieldb 

 

 

 
 

 

54 

 

 

- 

 

 

 

 

32 

 

 

- 

 

 
 

 

37 

 

 

- 

 

 
 

 

46 

 

 

- 
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amine compound % yielda compound % yieldb 

 

 
 

 

46 

 

 

- 

 

 
 

 

25 

 

 

- 

aIsolated yield and all compounds were characterized by 1H, 13C NMR spectroscopy, compound 

cannot be analysed by LC-MS because of low ionisable but had a satisfactory NMR spectra. 

bAll yields deemed to be quantitative. Compounds were used crude for the next step. 

 

Table 3.3. Kd and (% yield) of compounds 3.3 and 3.16 – 3.21. 

 

compound % yielda  Kd (µM)b 

Route 1 Route 2 

 

 

46  

 

- 

 

0.017 

 

 

48 

 

- 

 

0.019  
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compound % yielda  Kd (µM)b 

Route 1 Route 2 

 

 

33 

 

51 

 

0.016 

 

 

41 

 

6 

 

0.006 

 

 

24 

 

12 

 

0.055 

 

 

70 

 

8 

 

n/a 

 

 

- 

 

43 

 

n/a 

aisolated yield and all compounds were characterized by 1H, 13C NMR spectroscopy, compound 

cannot be analysed by LC-MS because of low ionisable but had a satisfactory NMR spectra. 

bMST testing for product from route 1. 
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3.5 Pharmacokinetics, bioavailability drug-likeness and drug likeness prediction 

of ligands 

Pharmacokinetics, bioavailability drug-likeness were predicted using the 

SwissADME program24 as shown in Table 3.4. All compounds were under Lipinski’s ‘rule 

of five’ that predicts good passive oral availability for a drug that has: no more than 5 

hydrogen bond donors, no more than 10 hydrogen bond acceptors, molecular mass less 

than 500 Daltons, a partition coefficient, log P,value less than 5, 25,26 and also under 

Verber’s rule that are a compound with no more than 10 rotatable bonds, polar surface 

area (PSA) no more than 140 Å2 (or total hydrogen bond count no more than 12).27,28 All 

synthesised compounds showed lower WLogP than 3K7 that the compounds are 

predicted to be more soluble than 3K7.  

Human intestinal absorption (HIA), blood-brain barrier (BBB) access and 

substrates of P-glycoprotein (PGP) were predicted to be with the graphical classification 

model Egan BOILED-Egg (Figure. 3.8).29 The graph showed a grey region (no HIA or 

BBB acess), a white area (HIA) and a yellow (yolk) (BBB access).30 All of the compounds 

were represented by the blue dots indicating actively effluxed substrates of PGP from the 

CNS. Compounds 3.1-3.17 and 3.21 were in the yolk area, which were predicted as and 

BBB permeability while compounds 3.18-3.20 were located in the white area, indicating 

no BBB access. Comparison of mercaptopurine (known drug) was in the red dot 

(represented as PGP−) indicating molecule is predicted as non-substrates of PGP in the 

central nervous system (CNS) efflux transporter which was in the egg white that means 

well-absorbed and no BBB access. As a result, some of these compounds had promising 

predictions for future drug development. 
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Table 3.4. Physicochemical Properties and lipophilicity. 

 

compound MW (g/mol) nRB* nHBA* nHBD* TPSA* (A2) WLogP* 

3.3 332.44 5 4 0 42.01 1.24 

3.4 408.53 6 4 0 42.01 2.56 

3.5 436.59 6 4 0 42.01 3.18 

3.16 333.43 5 5 0 54.90 0.63 

3.17 318.41 5 4 1 50.80 0.90 

3.18 319.4 5 5 1 63.69 0.29 

3.19 319.4 5 5 1 63.69 0.29 

3.20 319.4 5 5 1 63.69 0.29 

3.21 397.31 5 4 1 50.8 1.66 

3K7 447.57 5 4 0 56.07 3.34 

mercaptopurine 152.18 0 3 1 93.26 0.64 

*nRB number of rotational bond, nHBA number of hydrogen bond acceptors, nHBD 

hydrogen bond donors, TPSA topological polar surface area, WLogP octanol/water 

partition coefficient. 
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Figure 3.8. Predicted BOILED-Egg diagram of the active compounds from  

                                       SwissADME web tool.24,31–33 

 

3.6 Conclusions 

A library of seven-membered ringcontaining LMO2-SCL inhibitors was synthesised 

using amide coupling and reductive amination reactions. The synthesis of substances 

can be done in two ways: starting with reductive amination reaction then doing amide 

coupling (route 1) or starting with amide synthesis followed by reductive amination 

reaction (route 2). It was found that making smaller molecule than the original lead 3K7 

(Kd = 1.2 µM) led also to lower Kd values and higher solubility. Compound 3.18 showed 

good inhibition of SCL-LMO2 binding (lowest Kd, 0.006 µM), good properties in 

SwissAdme prediction and may be a useful lead for developing inhibitors in the future. 
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3.7 Experimental  

General Experimental 

Solvents, reagents, and consumables were purchased from commercial suppliers and 

solvents and reagents were used without purification. 1H, 13C NMR spectroscopy was 

performed on a Varian 600 MHz spectrometer, Varian 400 MHz spectrometer for 

measuring a variable temperature NMR and chemical shifts are reported in ppm, 

referenced to TMS as an internal standard. LCMS measurements were performed on a 

Shimadzu LCMS-2020 equipped with a Gemini® 5 µm C18 110 Å column and percentage 

purity measurements were run over 30 minutes in water/acetonitrile with 0.1% formic acid 

(5 min at 5%, 5–95% over 20 min, 5 min at 95%) with the UV detector set at 254 nm. 

High-Resolution Accurate Mass Spectrometry measurements were taken using a Waters 

Xevo G2 Q-ToF HRMS (Wilmslow, Cheshire, UK), equipped with an ESI source and 

MassLynx software. Experimental parameters were: (1)—ESI source: capillary voltage 

3.0 kV, sampling cone 35 au, extraction cone 4 au, source temperature 120 °C and 

desolvation gas 450 °C with a desolvation gas flow of 650 L/h and no cone gas; (2)—MS 

conditions: MS in resolution mode between 100 and 1500 Da. Additionally, a Waters 

(Wilmslow, Cheshire, UK) Acquity H-Class UHPLC chromatography pumping system with 

column oven was used, connected to a Waters Synapt G2 HDMS high-resolution mass 

spectrometer. 

 

3.7.1 Microscale Thermo Phoresis (MST) 

This and the other bioassays, were carried out at the Sussex Drug Discovery Centre 

(SDDC), University of Sussex in the Biology Division by Dr. Sarah Connery and Dr. 

Jessica Booth.  

Purified LMO2 proteins were labelled with fluorescent dye NT647 using a Monolith NTTM 

Protein Labeling Kit (NanoTemper Technologies). Serial dilutions of compounds (100 

μM–6 nM) in MST buffer (50 mM Tris-HCl pH 7.8, 150 mM NaCl, 10 mM MgCl2, 0.05% 

Tween 20, 2% DMSO) were mixed with 100 nM NT647-labeled protein, incubated for 15 

minutes at room temperature and loaded into standard glass capillaries (Monolith NT.115 

Capillaries, NanoTemper Technologies). Thermophoresis analysis was performed over 
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30 seconds on a Monolith NT.115 instrument (20% LED, 20/40% MST power) at 22 °C. 

The MST curves were fitted using NT Analysis software (NanoTemper Technologies) to 

obtain Kd values for binding.3  

 

3.7.2 Synthesis of compounds 

Compounds were synthesised and characterised on the basis of 1H NMR, 13C NMR and 

mass spectrometry. The dissociation constants (Kd) were performed by SDDC, University 

of Sussex. In many cases, we were unable to observe a M+ or M- so we have no LC-MS 

data/ purity for a number of products. 13C-NMR spectra often showed a wrong number of 

peaks due to rotamers, unresolved with variable temperature NMR,so are not reported. 

Moreover, variable temperature NMR was used for the final compounds. 

 

3.7.2.1 Route 1 synthesis 

 

 

tert-butyl 6-(benzyl(methyl)amino)-1,4-oxazepane-4-carboxylate (3.1)  

 

A solution of tert-butyl 6–oxo-1,4-oxazepane-4-carboxylate (600 mg, 2.79 mmol) in THF 

(6 mL) then methyl benzylamine (676.2 mg, 5.58 mmol) sodium cyanoborohydride (350.6 

mg, 5.58 mmol) and acetic acid (0.31 mL) was added. The reaction mixture was stirred 
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at room temperature overnight, when the reaction completed, the reaction mixture was 

concentrated in vacuum. The residual was dissolved in ethyl acetate and washed with 

saturated NaHCO3. The aqueous phase was extracted with ethyl acetate (EtOAc) (3x). 

The combined organic phases was added brine then dried with MgSO4, filtered and 

concentrated in vacuum The crude material was purified by flash column chromatography 

and the final product was obtained as colorless oil; yield: 300.7 mg (33%).  

 

1H NMR (600 MHz, CDCl3) δ 7.28 (m, 4H), 7.22 – 7.19 (m, 1H), 4.13 (dd, J = 13.6, 2.5 

Hz, 1H), 4.05 – 3.99 (m, 1H), 3.95 (m, 1H), 3.86 – 3.84 (m, 1H), 3.76 – 3.70 (m, 2H), 3.55 

(m, 1H), 3.49 – 3.45 (m, 1H), 3.18 – 3.14 (m, 2H), 3.06 – 2.98 (m, 1H), 2.30 (s, 3H), 1.37 

(s, 9H). 

 

HR-MS-ESI (m/z) Calculated for C18H29N2O3 [M + H+], 321.2178, found; 321.2147. 

 

N-benzyl-N-methyl-1,4-oxazepan-6-amine (3.2) 

 

A solution of 3.1 (288.4 mg, 0.90 mmol) in dichloromethane (DCM) (3 mL) was treated 

with 4.0 M HCl in 1,4-Dioxane (3 mL) and stirred for 24 hr. The mixture was concentrated 

in vacuo to give a residual was dissolve in DCM (12 mL) and neutralized by saturated 

NaHCO3 (12 mL). the solution was stirred at room temperature for 2 hr. The mixture was 

extracted with DCM (3x). The combined organic phases was added with brine then dried 

with MgSO4, filtered and concentrated in vacuum. The final product was obtained as white 

solid; yield: 167.2 mg (90%). The product was used without further purification. 
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1H NMR (600 MHz, CDCl3): δ 7.30 (m, 4H), 7.25 – 7.20 (m, 1H), 4.03 (dd, J = 13.0, 5.0 

Hz, 1H), 3.88 – 3.79 (m, 2H), 3.69 – 3.58 (m, 2H), 3.53 (m, 1H), 3.15 (m, 1H), 3.08 – 3.02 

(m, 1H), 2.97 (m, 1H), 2.94 – 2.87 (m, 2H), 2.26 (s, 3H). (NH not visible) 

 

HR-MS-ESI (m/z) Calculated for C13H21N2O [M + H+], 221.1654, found; 221.1667. 

 

(6-(benzyl(methyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-yl)methanone 

(3.3)  

 

To a solution 3.2 (103.7 mg, 0.47 mmol), tetrahydro-2H-pyran-4-carboxylic acid (146.5 

mg, 1.13 mmol), Hydroxybenzotriazole monohydrate (HOBt) (0.094 mmol) in DMF (5 mL) 

then N-cyclohexylcarboiimide,-N-methylpolystyrene (DCC-PS) (0.61 g) and N,N-

diisopropylethylamine (0.94 mmol) were added to solution. The reaction mixture was 

stirred at room temperature overnight, when the reaction completed, the reaction mixture 

was filtered and concentrated in vacuum. The residual was dissolved in EtOAc and 

washed with H2O. The aqueous phase was extracted with EtOAc (3x). The combined 

organic phases was washed with saturated NaHCO3. the solution was added with brine 

then dried with MgSO4, filtered and concentrated in vacuum. The crude material was 

purified by flash column chromatography and the final product was obtained as pink oil; 

yield: 72.5 mg (47%).  

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 7.28 (d, J = 7.5 Hz, 2H), 7.23 – 7.19 (m, 3H), 

7.15 – 7.11 (m, 1H), 3.95 – 3.88 (m, 4H), 3.66 – 3.60 (m, 2H), 3.55 – 3.49 (m, 2H), 3.37 

– 3.22 (m, 4H), 3.21 – 3.12 (m, 2H), 3.03 (s, 1H), 2.88 (s, 1H), 2.50 – 2.43 (m, 1H), 2.27 

(s, 3H), 2.01 – 1.92 (m, 1H), 1.43 (d, J = 13.6 Hz, 1H), 1.33 (d, J = 13.8 Hz, 1H). 
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HR-MS-ESI (m/z): Calculated for C19H29N2O3 [M + H+], 333.2178, found; 333.2168. 

 

(6-(benzyl(methyl)amino)-1,4-oxazepan-4-yl)(4-phenyltetrahydro-2H-pyran-4-

yl)methanone (3.4) 

 

This was synthesised on a 0.59 mmol scale of 3.2 by the same procedure of 3.3 and 4-

phenyltetrahydro-2H-pyran-4-carboxylic acid (0.29 g, 1.42 mmol) was use instead of 

tetrahydro-2H-pyran-4-carboxylic acid. The final product was obtained as brown oil; yield: 

148.7 mg (61.5%). 

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 7.20 (d, J = 7.6 Hz, 2H), 7.15 – 7.11 (m, 2H), 

7.08 – 7.07 (m, 1H), 7.05 – 7.01 (m, 3H), 6.96 – 6.89 (m, 2H), 4.01 (d, J = 11.7 Hz, 1H), 

3.90 (td, J = 11.1, 2.6 Hz, 1H), 3.77 – 3.71 (m, 4H), 3.63 (dd, J = 12.7, 4.3 Hz, 1H), 3.46 

(t, J = 13.4 Hz, 2H), 3.40 – 3.29 (m, 3H), 3.24 – 3.19 (m, 1H), 2.87 – 2.77 (m, 2H), 2.75 – 

2.66 (m, 2H), 2.27 – 2.21 (m, 1H), 2.04 (s, 3H), 1.95 – 1.87 (m, 1H), 1.79 – 1.71 (m, 1H). 

 

HR-MS-ESI (m/z) Calculated for C25H33N2O3 [M + H+], 409.2491, found; 409.2468. 
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(6-(benzyl(methyl)amino)-1,4-oxazepan-4-yl)(4-(3,5-dimethylphenyl)tetrahydro-2H-

pyran-4-yl)methanone (3.5)  

 

This was synthesised on a 0.25 mmol scale of 3.2 by the same procedure of 3.3 and 4-

(3,5-dimethylphenyl)tetrahydro-2H-pyran-4-carboxylic acid (0.059 g, 0.25 mmol) was use 

instead of tetrahydro-2H-pyran-4-carboxylic acid. The final product was obtained as 

yellow oil; yield: 40.5 mg (36.7%).  

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 7.19 (d, J = 7.6 Hz, 2H), 7.13 (t, J = 7.6 Hz, 2H), 

7.03 (d, J = 7.2 Hz, 1H), 6.82 (d, J = 7.6 Hz, 2H), 6.62 (d, J = 8.0 Hz, 1H), 4.02 – 3.95 (m, 

1H), 3.94 – 3.89 (m, 1H), 3.80 – 3.74 (m, 3H), 3.67 – 3.60 (m, 1H), 3.49 – 3.40 (m, 3H), 

3.39 – 3.31 (m, 2H), 3.30 – 3.23 (m, 1H), 2.90 – 2.82 (m, 2H), 2.80 – 2.71 (m, 2H), 2.29 

– 2.22 (m, 1H), 2.07 (s, 6H), 2.03 (s, 4H), 1.85 – 1.77 (m, 1H), 1.27 (s, 1H). 

 

HR-MS-ESI (m/z) Calculated for C27H37N2O3 [M + H+], 437.2804; found; 437.2787. 

 

 

Compounds 3.6 - 3.15 were used crude in the reaction sequence, hence, only a 1H 

NMR spectrum was recorded . 
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tert-butyl 6-(methyl(pyridin-4-ylmethyl)amino)-1,4-oxazepane-4-carboxylate (3.6)  

 

This was synthesised on a 348 mg, 1.62 mmol scale of the tert-butyl 6–oxo-1,4-

oxazepane-4-carboxylate by the same procedure of 3.1 and N-methyl-1-(pyridin-4-

yl)methanamine (396 mg, 3.24 mmol) was used instead of methyl benzylamine. The final 

product was obtained as colorless oil; yield: 167 mg (32%). 

 

1H NMR (600 MHz, CDCl3): δ 8.46 (t, J = 6.9 Hz, 2H), 7.20 (d, J = 4.9 Hz, 2H), 3.99 (dd, 

J = 13.7, 4.3 Hz, 1H), 3.94 (m, 1H), 3.86 – 3.81 (m, 1H), 3.82 – 3.68 (m, 2H), 3.60 – 3.49 

(m, 2H), 3.42 (m, 1H), 3.23 – 2.94 (m, 3H), 2.23 (d, J = 30.3 Hz, 3H), 1.37 (s, 9H).  

 

tert-butyl 6-(benzylamino)-1,4-oxazepane-4-carboxylate (3.7)  

 

This was synthesised on a 360 mg, 3.36 mmol scale of the tert-butyl 6–oxo-1,4-

oxazepane-4-carboxylate by the same procedure of 3.1 and benzylamine (360.1 mg, 3.36 

mmol) was used instead of methyl benzylamine. The final product was obtained as yellow 

oil; yield: 188 mg (37%).  

 

1H NMR (600 MHz, CDCl3) δ 7.36 (m, 4H), 7.31 – 7.27 (m, 1H), 3.94 (d, J = 13.1 Hz, 1H), 

3.88 (s, 1H), 3.86 – 3.82 (m, 1H), 3.81 – 3.69 (m, 5H), 3.58 – 3.47 (m, 2H), 3.45 – 3.31 

(m, 1H), 3.08 (dt, J = 24.6, 5.3 Hz, 1H), 1.50 (s, 9H). 
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tert-butyl 6-((pyridin-2-ylmethyl)amino)-1,4-oxazepane-4-carboxylate (3.8)  

 

This was synthesised on a 270 mg, 1.25 mmol scale of the tert-butyl 6–oxo-1,4-

oxazepane-4-carboxylate by the same procedure of 3.1 and pyridin-2-ylmethanamine 

(270 mg, 2.5 mmol) was used instead of methyl benzylamine. The final product was 

obtained as colorless oil; yield: 213 mg (55%). 

 

1H NMR (600 MHz, CDCl3) δ 8.46 (t, J = 6.4 Hz, 1H), 7.59 – 7.54 (m, 1H), 7.27 (s, 1H), 

7.11 – 7.05 (m, 1H), 3.95 – 3.87 (m, 2H), 3.72 – 3.54 (m, 6H), 3.33 – 3.22 (m, 2H), 3.04 

– 2.97 (m, 1H), 2.24 (s, 1H), 1.38 (s, 9H). 

 

tert-butyl 6-((pyridin-3-ylmethyl)amino)-1,4-oxazepane-4-carboxylate (3.9)  

 

This was synthesised on a 348 mg, 1.62 mmol scale of the tert-butyl 6–oxo-1,4-

oxazepane-4-carboxylate by the same procedure of 3.1 and pyridin-3-ylmethanmine (351 

mg, 3.24 mmol) was used instead of benzylamine. The final product was obtained as 

yellow oil; yield: 229 mg (46%).  

 

1H NMR (600 MHz, CDCl3) δ 8.51 (s, 1H), 8.43 (dd, J = 11.4, 3.8 Hz, 1H), 7.65 (s, 1H), 

7.23 – 7.16 (m, 1H), 3.89 (d, J = 13.2 Hz, 1H), 3.80 (s, 1H), 3.74 (d, J = 13.3 Hz, 1H), 

3.70 – 3.65 (m, 2H), 3.63 – 3.54 (m, 4H), 3.46 – 3.29 (m, 2H), 2.98 – 2.92 (m, 1H), 1.40 

(s, 9H). 
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HR-MS-ESI (m/z) Calculated for C16H26N3O3 [M + H+], 308.1974, found; 308.1969. 

 

tert-butyl 6-((pyridin-4-ylmethyl)amino)-1,4-oxazepane-4-carboxylate (3.10)  

 

This was synthesised on a 398 mg, 1.85 mmol scale of the tert-butyl 6–oxo-1,4-

oxazepane-4-carboxylate by the same procedure of 3.1 and pyridin-4-ylmethanmine (400 

mg, 3.7 mmol) was used instead of methyl benzylamine. The final product was obtained 

as colorless oil; yield: 143.0 mg (25%). 

 

1H NMR (600 MHz, CDCl3) δ 8.47 (dd, J = 12.8, 5.0 Hz, 2H), 7.25 (s, 2H), 3.89 (d, J = 

14.5 Hz, 1H), 3.82 (s, 1H), 3.76 (d, J = 14.3 Hz, 1H), 3.71 – 3.67 (m, 1H), 3.65 – 3.55 (m, 

4H), 3.42 – 3.29 (m, 2H), 2.96 – 2.90 (m, 1H), 2.23 (s, 1H), 1.40 (s, 9H). 

 

N-methyl-N-(pyridin-4-ylmethyl)-1,4-oxazepan-6-amine (3.11)  

 

This was synthesised on a 71.6 mg, 0.28 mmol scale of 3.6i by the same procedure of 

3.2. The final product was obtained as white solid; yield: 85.0 mg (90%). The product was 

used without further purification.  

 

1H NMR (600 MHz, DMSO, d6) δ 8.45 (d, J = 5.6 Hz, 2H), 7.27 (d, J = 5.0 Hz, 2H), 3.85 

(dd, J = 12.8, 5.1 Hz, 1H), 3.72 (dd, J = 12.8, 5.7 Hz, 1H), 3.67 – 3.57 (m, 4H), 2.97 (dd, 



123 
 

J = 13.3, 6.3 Hz, 1H), 2.90 (p, J = 6.1 Hz, 1H), 2.79 – 2.75 (m, 1H), 2.73 (t, J = 4.0 Hz, 

1H), 2.70 – 2.66 (m, 1H), 2.14 (s, 3H).  

 

N-benzyl-4-chloro-1,4l5-oxazepan-6-amine (3.12)  

 

A solution of 3.7I (178.4 mg, 0.58 mmol) in dichloromethane (DCM) (2 mL) was treated 

with 4.0 M HCl in 1,4-Dioxane (2 mL) and stirred for 24 hr. The mixture was concentrated 

in vacuo. DCM was added into the mixture and was concentrated in vacuo 3-4 times. The 

final product was obtained as white solid; yield: 148.9 mg (90%). The product was used 

without further purification. 

 

1H NMR (600 MHz, DMSO, d6) δ 9.94 (s, 2H), 9.68 (s, 1H), 7.60 (d, J = 7.0 Hz, 2H), 7.44 

– 7.39 (m, 3H), 4.27 (d, J = 13.1 Hz, 1H), 4.20 (d, J = 13.1 Hz, 1H), 4.12 (d, J = 4.3 Hz, 

2H), 3.96 – 3.91 (m, 1H), 3.84 – 3.80 (m, 2H), 3.63 – 3.54 (m, 2H), 3.34 (d, J = 5.4 Hz, 

2H). 

 

4-chloro-N-(pyridin-2-ylmethyl)-1,4l5-oxazepan-6-amine (3.13)  

 

This was synthesised on a 197.4 mg, 0.64 mmol scale of 3.8i by the same procedure of 

3.7ii. The final product was obtained as white solid; yield: 178.2 mg (90%). The product 

was used without further purification.  
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1H NMR (600 MHz, DMSO, d6) δ 10.25 (s, 1H), 10.04 (s, 2H), 8.66 (d, J = 5.0 Hz, 1H), 

7.99 (t, J = 7.8 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.52 (t, J = 6.5 Hz, 1H), 4.68 – 4.60 (m, 

4H), 4.16 (d, J = 4.3 Hz, 2H), 3.93 (p, J = 6.1 Hz, 2H), 3.84 – 3.80 (m, 1H), 3.65 – 3.56 

(m, 2H). 

 

N-(pyridin-3-ylmethyl)-1,4-oxazepan-6-amine (3.14)  

 

A solution of 3.9i (148.2 mg, 0.48 mmol) in dichloromethane (DCM) (3 mL) was treated 

with 4.0 M HCl in 1,4-Dioxane (3 mL) and stirred for 24 hr. The mixture was concentrated 

in vacuo to give a residual was dissolve in DCM (10 mL) and methanol (5 mL). Polymer-

supported carbonate resin (350 mg) was added to the mixture and stirred at room 

temperature for 2 hr. The resin was removed by filtered through celite. The final product 

was obtained as white solid; yield: 180.6 mg (90%). The product was used without further 

purification. 

 

1H NMR (600 MHz, DMSO, d6) δ 9.42 (s, 1H), 8.70 (s, 1H), 8.54 (d, J = 6.5 Hz, 1H), 8.00 

(d, J = 7.8 Hz, 1H), 7.42 (dd, J = 7.9, 4.8 Hz, 1H), 4.16 (d, J = 13.4 Hz, 1H), 4.09 – 4.02 

(m, 2H), 4.00 – 3.94 (m, 1H), 3.92 – 3.88 (m, 1H), 3.82 – 3.78 (m, 1H), 3.64 – 3.60 (m, 

1H), 3.51 – 3.44 (m, 3H), 3.31 – 3.26 (m, 2H). 
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4-chloro-N-(pyridin-4-ylmethyl)-1,4l5-oxazepan-6-amine (3.15)  

 

This was synthesised on a 50 mg, 0.16 mmol scale of 3.10i by the same procedure of 

3.7ii. The final product was obtained as white solid; yield: 48.1 mg (90%). The product 

was used without further purification.  

 

1H NMR (600 MHz, DMSO, d6) δ 9.99 (s, 2H), 8.85 (d, J = 5.4 Hz, 2H), 8.02 (s, 2H), 4.51 

(d, J = 14.3 Hz, 1H), 4.42 (d, J = 13.9 Hz, 1H), 4.17 – 4.11 (m, 2H), 3.98 – 3.91 (m, 2H), 

3.87 – 3.81 (m, 3H), 3.36 (d, J = 4.5 Hz, 2H), 3.14 (s, 1H). 

 

(6-(methyl(pyridin-4-ylmethyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.16)  

 

This was synthesised on a 0.26 mmol scale of 3.6ii by the same procedure of 3.3. The 

tetrahydro-2H-pyran-4-carboxylic acid (0.082 g, 0.63 mmol), (HOBt) (0.079 mmol) in DMF 

(3 mL) then DCC-PS (0.61 g) and N,N-diisopropylethylamine (0.94 mmol) were used. The 

final product was obtained as yellow oil; yield: 41.6 mg (48%).  

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 8.44 (d, J = 4.6 Hz, 2H), 6.92 (d, J = 8.3 Hz, 

2H), 3.85 – 3.80 (m, 2H), 3.72 (d, J = 13.6 Hz, 1H), 3.51 – 3.42 (m, 2H), 3.37 (d, J = 18.3 

Hz, 2H), 3.29 (d, J = 13.8 Hz, 1H), 3.15 (d, J = 11.4 Hz, 4H), 2.96 (dd, J = 14.5, 9.8 Hz, 

1H), 2.81 (d, J = 44.1 Hz, 2H), 2.32 (s, 1H), 2.06 – 2.00 (m, 3H), 1.88 (s, 2H), 1.33 – 1.23 

(m, 2H). 
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HR-MS-ESI (m/z) Calculated for C18H28N3O3 [M + H+], 334.2140; found; 334.2131. 

 

(6-(benzylamino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-yl)methanone (3.17)  

 

This was synthesised on a 0.61 mmol scale of 3.7ii by the same procedure of 3.3. The 

tetrahydro-2H-pyran-4-carboxylic acid (0.191 g, 1.47 mmol), (HOBt) (0.31 mmol) in DMF 

(5 mL) then DCC-PS (0.800 g) and N,N-diisopropylethylamine (2.45 mmol) were used. 

The final product was obtained as yellow oil; yield: 64.1 mg (33%). 

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 7.17 (d, J = 6.8 Hz, 2H), 7.11 (t, J = 7.0 Hz, 2H), 

7.02 (t, J = 7.0 Hz, 1H), 3.85 – 3.80 (m, 2H), 3.59 (d, J = 6.1 Hz, 2H), 3.47 – 3.33 (m, 6H), 

3.23 – 3.12 (m, 4H), 2.72 (s, 1H), 2.47 (s, 1H), 1.93 – 1.84 (m, 2H), 1.37 – 1.26 (m, 2H), 

1.07 (s, 1H). 

 

HR-MS-ESI (m/z) Calculated for C18H27N2O3 [M + H+], 319.2034; found; 319.2022. 

 

(6-((pyridin-2-ylmethyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.18)  

 

This was synthesised on a 0.73 mmol scale of 3.8ii by the same procedure of 3.3. The 

tetrahydro-2H-pyran-4-carboxylic acid (0.228 g, 1.75 mmol), (HOBt) (2.19 mmol) in DMF 
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(5 mL) then DCC-PS (0.952 g) and N,N-diisopropylethylamine (2.92 mmol) were used. 

The final product was obtained as brown oil; yield: 94.8 mg (41%). 

 

1H NMR (600 MHz, DMSO, d6) δ 8.46 (m, 1H), 7.73 (dt, J = m, 1H), 7.41 (m, 1H), 7.22 

(m, 1H), 3.86 (dd, J = 14.2, 9.6 Hz, 2H), 3.82 – 3.77 (m, 3H), 3.72 (d, J = 10.8 Hz, 1H), 

3.68 – 3.53 (m, 4H), 3.51 – 3.48 (m, 1H), 3.28 – 3.19 (m, 2H), 2.86 – 2.80 (m, 2H), 2.39 

(s, 1H), 1.61 – 1.46 (m, 4H), 1.36 (d, J = 13.3 Hz, 1H). 

 

HR-MS-ESI (m/z) Calculated for C17H26N3O3 [M + H+], 320.1975; found; 320.1974. 

 

(6-((pyridin-3-ylmethyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.19)  

 

This was synthesised on a 0.36 mmol scale of 3g by the same procedure of 3.3. The 

tetrahydro-2H-pyran-4-carboxylic acid (0.111 g, 0.86 mmol), (HOBt) (0.072 mmol) in 

DMF (5 mL) then DCC-PS (0.467 g) and N,N-diisopropylethylamine (0.72 mmol) were 

used. The final product was obtained as yellow oil; yield: 27.0 mg (24%).  

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 8.65 (m, 1H), 8.55 – 8.43 (m, 1H), 7.48 – 7.37 

(m, 1H), 6.91 – 6.85 (m, 1H), 4.01 – 3.89 (m, 2H), 3.62 – 3.40 (m, 8H), 3.36 – 3.20 (m, 

4H), 2.76 (s, 1H), 2.53 (s, 1H), 2.25 – 2.15 (m, 1H), 1.40 (t, J = 17.3 Hz, 3H), 1.09 (s, 1H). 

 

HR-MS-ESI (m/z) Calculated for C17H26N3O3 [M + H+], 320.1993; found; 320.1974. 
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(6-((pyridin-4-ylmethyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.20)  

 

This was synthesised on a 0.19 mmol scale of 3.10ii by the same procedure of 3.3. The 

tetrahydro-2H-pyran-4-carboxylic acid (0.059g, 0.46 mmol), (HOBt) (0.10 mmol) in DMF 

(5 mL) then DCC-PS (0.248 g) and N,N-diisopropylethylamine (0.76 mmol) were used. 

The final product was obtained as yellow oil; yield: 42.6 mg (70%).  

 

1H NMR (600 MHz, DMSO, d6) δ 8.48 (d, J = 5.0 Hz, 1H), 8.45 (d, J = 5.0 Hz, 1H), 7.35 

(d, J = 5.0 Hz, 1H), 7.31 (d, J = 5.0 Hz, 1H), 3.84 – 3.74 (m, 5H), 3.73 – 3.67 (m, 2H), 

3.67 – 3.63 (m, 1H), 3.63 – 3.55 (m, 2H), 3.55 – 3.43 (m, 2H), 3.29 – 3.19 (m, 2H), 2.83 

– 2.74 (m, 2H), 1.62 – 1.45 (m, 4H), 1.33 (m, 1H). 

 

HR-MS-ESI (m/z) Calculated for C17H26N3O3 [M + H+], 320.1975; found; 320.1974. 
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3.7.2.2 Route 2 synthesis  

 

 

6-oxo-1,4-oxazepan-4-ium chloride (D)  

 

Dissolved tert-butyl 6–oxo-1,4-oxazepane-4-carboxylate (0.25 g, 1.16 mmol) in 

dichloromethane (DCM, 3.5 mL) then 4.0 M HCl in 1,4-dioxane (3.5 mL) was added. The 

reaction mixture was stirred at room temperature overnight and concentrate with vacuo. 

The final product was obtained as white solid; yield: 187.3 mg (100%). 

 

1H NMR (600 MHz, DMSO-d6) δ 10.31 (s, 2H), 4.27 (s, 2H), 4.06 – 4.03 (m, 2H), 3.87 (s, 

2H), 3.37 – 3.34 (m, 2H). 

 

13C NMR (151 MHz, DMSO-d6) δ 206.1, 78.2, 69.8, 55.2, 49.7. 
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4-(tetrahydro-2H-pyran-4-carbonyl)-1,4-oxazepan-6-one (E)  

 

To a solution of D (533.4 mg, 3.54 mmol), triethylamine (1.23 mL) and DCM (3.0 mL) was 

cooled around 3 oC then a solution of tetrahydro-2H-pyran-4-carbonyl chloride (526 mg, 

3.54 mmol in DCM (2.0 mL) was slowly added. The reaction mixture was strried under 

inert atmosphere overnight. Then the reaction mixture was added with water and 

extracted with ethyl acetate (3x). The organic layer was washed with brine, dried over 

MgSO4 and concentrated with vacuo. The resulting residue was purified by flash column 

chromatography. The final product was obtained as colorless oil; yield: 712.1 mg (86%).  

 

1H NMR (600 MHz, CDCl3): δ 4.23 (s, 1H), 4.13 (m, 1H), 4.05 – 3.85 (m, 3H), 3.86 – 3.51 

(m, 3H), 3.42 (t, J = 11.8 Hz, 2H), 3.26 (s, 1H), 2.76 – 2.50 (m, 1H), 1.89 – 1.83 (m, 1H), 

1.55 (m, 2H), 1.09 (m, 1H), 0.85 (m, 1H).  

 

HR-MS-ESI (m/z) Calculated for C11H18NO4 [M + H+], 228.1236, found; 228.1233.  

 

(6-(benzylamino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-yl)methanone (3.17)  

 

A solution of 4-(tetrahydro-2H-pyran-4-carbonyl)-1,4-oxazepan-6-one (84.5 mg, 0.37 

mmol) in THF (3.0 mL) then methyl benzylamine (79.3 mg, 0.74 mmol) sodium 

cyanoborohydride (46.5 mg, 0.74 mmol) and acetic acid (35.6µL) were added. The 

reaction mixture was stirred at room temperature overnight, when the reaction completed, 
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the reaction mixture was concentrated in vacuum. The residual was dissolved in ethyl 

acetate and saturated NaHCO3. The aqueous phase was extracted with ethyl acetate 

(EtOAc) (3x). The combined organic phases was added brine then dried with MgSO4, 

filtered and concentrated in vacuum The crude material was purified by flash column 

chromatography and the final product was obtained as colorless oil; yield: 60.0 mg (51%).  

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 7.23 – 7.18 (m, 1H), 7.10 (t, J = 7.5 Hz, 2H), 

7.06 – 6.99 (m, 2H), 3.87 – 3.77 (m, 2H), 3.61 (s, 2H), 3.40 (s, 6H), 3.18 (s, 4H), 2.73 (s, 

1H), 2.46 (s, 1H), 1.88 (s, 3H), 1.32 (t, J = 15.9 Hz, 2H). 

 

HR-MS-ESI (m/z) Calculated for C18H27N2O3 [M + H+], 319.2022; found; 319.2039. 

 

(6-((pyridin-2-ylmethyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.18)  

 

This was synthesised on a 94.5 mg, 0.42 mmol scale of the 4-(tetrahydro-2H-pyran-4-

carbonyl)-1,4-oxazepan-6-one by the same procedure of 3.7 and pyridin-2-

ylmethanamine (90.84 mg, 0.84 mmol) was used instead of benzylamine. The final 

product was obtained as colorless oil; yield: 8.5 mg (6%). 

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 8.25 (s, 1H), 7.54 (s, 1H), 7.12 (s, 1H), 6.46 (s, 

1H), 4.20 – 4.16 (m, 2H), 3.97 – 3.90 (m, 3H), 3.52 – 3.44 (m, 5H), 3.43 – 3.38 (m, 2H), 

3.34 – 3.29 (m, 2H), 3.24 – 3.17 (m, 1H), 2.73 (s, 1H), 2.54 (s, 1H), 2.01 – 1.93 (m, 2H), 

1.43 (d, J = 13.8 Hz, 2H). 
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HR-MS-ESI (m/z) Calculated for C17H26N3O3 [M + H+], 320.1974; found; 320.1973. 

 

(6-((pyridin-3-ylmethyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.19) 

 

This was synthesised on a 88.0 mg, 0.39 mmol scale of the 4-(tetrahydro-2H-pyran-4-

carbonyl)-1,4-oxazepan-6-one by the same procedure of 3.7 and pyridin-3-

ylmethanamine (84.35 mg, 0.78 mmol) was used instead of benzylamine. The final 

product was obtained as colorless oil; yield: 15 mg (12%). 

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 8.43 (s, 1H), 7.98 (s, 1H), 7.28 (s, 1H), 6.56 (s, 

1H), 3.97 – 3.90 (m, 2H), 3.58 – 3.37 (m, 6H), 3.34 – 3.19 (m, 7H), 2.62 – 2.45 (m, 2H), 

1.96 (d, J = 11.6 Hz, 2H), 1.44 – 1.38 (m, 2H). 

 

HR-MS-ESI (m/z) Calculated for C17H26N3O3 [M + H+], 320.1974; found; 320.1984. 

 

(6-((pyridin-4-ylmethyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.20) 

 

This was synthesised on a 77.6 mg, 0.34 mmol scale of the 4-(tetrahydro-2H-pyran-4-

carbonyl)-1,4-oxazepan-6-one by the same procedure of 3.7 and pyridin-4-
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ylmethanamine (73.54 mg, 0.68 mmol) was used instead of benzylamine. The final 

product was obtained as colorless oil; yield: 8.5 mg (8%). 

 

1H NMR (399 MHz, toluene-d8, 105 oC ) δ 7.99 (d, J = 6.0 Hz, 2H), 6.80 (d, J = 6.0 Hz, 

2H), 3.94 (d, J = 11.9 Hz, 3H), 3.41 (s, 3H), 3.33 – 3.15 (m, 8H), 2.58 (s, 1H), 2.40 (s, 

1H), 1.97 (d, J = 13.4 Hz, 2H), 1.41 – 1.32 (m, 3H). 

 

HR-MS-ESI (m/z) Calculated for C17H26N3O3 [M + H+], 320.1974; found; 320.1973. 

 

(6-((4-bromobenzyl)amino)-1,4-oxazepan-4-yl)(tetrahydro-2H-pyran-4-

yl)methanone (3.21) 

 

This was synthesised on a 77.9 mg, 0.35 mmol scale of the 4-(tetrahydro-2H-pyran-4-

carbonyl)-1,4-oxazepan-6-one by the same procedure of 3.7 and (4-

bromophenyl)methanamine (130.2 mg, 0.70 mmol) was used instead of benzylamine. 

The final product was obtained as colorless oil; yield: 60 mg (43%). 

 

1H NMR (399 MHz, toluene-d8, 105 oC) δ 7.24 – 7.19 (m, 2H), 6.95 – 6.92 (m, 2H), 3.86 

– 3.80 (m, 2H), 3.47 – 3.39 (m, 3H), 3.39 – 3.28 (m, 5H), 3.21 – 3.11 (m, 4H), 2.65 (s, 

1H), 2.41 (s, 1H), 1.93 – 1.82 (m, 2H), 1.37 – 1.23 (m, 3H). 

 

HR-MS-ESI (m/z) Calculated for C18H26N2O3Br [M + H+], 397.1127; found; 397.1129. 
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Chapter 4 

 

Synthesis of Potential Compounds for  

Potassium Ion Channel Targets in Pain Relief 

 

4.1 Background 

 A hundred million people worldwide are affected by chronic pain,1 which is a 

widespread issue that leads to a decreased ability of sufferers to perform daily activities. 

There is a long time for treatment results due to the higher workloads of medical staff and 

financial pressures on healthcare systems. Chronic pain may be brought on by repeated 

activation of nociceptors in regions of tissue destruction and also from neuropathic pain, 

which is difficult to cure. At present, drug treatment is very effective for chronic pain, for 

instance, NSAIDs (e.g., naproxen, Figure 4.1) and opioids (e.g., morphine, oxycodone 

and fentanyl, Figure 4.1) however, there are some side effects, including dizziness, 

nausea, pruritus, dry mouth and the risk of addiction in the case of opioiods. Therefore, 

the need to control adverse effects and effective treatment for neurotherapeutic targets 

should be considered.2,3 

 

Figure 4.1. Example of drugs for chronic pain treatment.4–8 
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Ion channels are large membrane-spanning proteins that selectively transport ions 

into and out of cells. These channels transmit pain signals into the nervous system and 

relate to neuronal excitablity9. There are many current diseases based on ion channel 

targets, for instance, hypertension (related to calcium and potassium channels), cardiac 

arrhythmias (related to sodium, potassium and calcium channels) and diabetes (related 

to potassium channels). It has also been found that ion channels are the second most 

common gene family target (13.4%).10  

When nerve impulse transmission is stimulated by a variety of factors such as heat, 

cold and inflammation, electrical signals are sent through the neuron to the spinal cord or 

brain, resulting in a sensation of pain. Voltage-gated sodium and potassium ion channel 

(Nav and Kv respectively) display an important role in the transmission of electrical signals 

(or an action potential, AP) along an axon. At the resting membrane state, the membrane 

voltage is around -60 mV (Nav close) when the action potential is triggered, Na+ passes 

through the cell membrane (Nav open) that causes the voltage reach to the threshold 

(value around -45 mV), then the voltage raised rapidly (depolarization) until reached the 

top then repolarization occurred where Nav closed and Kv opened that allows K+ moved 

out from the cell. Finally, the potentials drop below the resting state (hyperpolarization), 

Nav and Kv are inactivated, then the voltage returns to the resting stage again, and is 

ready for the next action potential as shown in Figure 4.2.11–13 There are many studies in 

the field of Nav, whereas there are fewer investigations into Kv’s function in pain. However, 

researchers found that nerve damage and inflammation affect Kv activity in the neuronal 

pain pathway and the inhibition of Kv (inhibitor) changes the membrane potential in the 

depolarization state, meanwhile a Kv opener (activator) changes the hyperpolarization 

potential. Therefore, the possibility of using Kv activity is an alternative way as a novel 

therapeutic in a chronic pain target.2,12,14 
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Figure 4.2. The action potential and related model depicting activated and inactivated 

                            voltage gate sodium and potassium ion channels.11 

 

Potassium ion channels (K+ channels) are the most common type of ion channel 

and can be found in almost all living creatures. The structure of K+ channels is composed 

of lipid bilayer membranes that control the movement of potassium ions inside and 

outside of the cell. The ion penetration between cell membranes is highly specific and 

regulated by their subunits. The general structure of K+ channels was studied from 

Streptomyces lividans [KcsA (K+ channel of streptomyces A. Figure 4.3 displays the 

structure, which comprises 4 subuints forming the channels, the conducted K+ are 

represented by a blue sphere that can be bound by the backbone carbonyl or hydroxyl 

group in binding positions (S0 – S4, TVGYG) and sodium ions (orange) also coordinated 

with carbonyl oxygen in S3 and S4.15,16 
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Figure 4.3. KcsA structure. A, B are KcsA tetramer as viewed from the top and side along the 

                  membrane, respectively. C potassium ions pass through the selectivity filter 

                  (binding site, S0 – S4).15,16 

 

There are 4 main types of K+ channels; 1) Calcium - activated potassium channel 

(KCa
2+), the gate response with calcium ions or other signaling molecules, 2) Inwardly 

rectifying potassium channels (KIR), which pass positive charge currents into the cell, 3) 

Tandem pore domain potassium channels (K2p), which produce a leaky K+ current that 

balances depolarization by stabilising the negative membrane potential, 4) Voltage-gated 

potassium channel (Kv), which rely on the changing of transmembrane voltage to cause 

opening or closing of the channels. 

 

Figure 4.4. Representation of Kv channel of α subunit structure (A) and tetramer quaternary  

                   structure (B).17 

 

 

A B 
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Kv channels are the largest family of K+ channels that are found in all animal cells 

such as Kv1.1/1.2 and involved in epilepsy. Neuro drug pain, Kv7.1 involves cardiac 

muscle and Kv4.2 is target for inflammatory pain.18 The structure of the Kv channel 

comprises tetramers of α subunits (Figure 4.4A) that contain six transmembrane domains 

(1 - 6) in α subunits, a pore - forming loop, N – termini intramolecular domain (T1) that 

interact with β subunit (Kvβ). A pore-forming motif (grey) is constructed from the P-loop 

and transmembrane domains 5 and 6 (Figure 4.4B).  

Moreover, the positive charged in the fourth transmembrane domain allows the 

channel to open when the cell is depolarized.17 The majority of drug action in K+ channels 

is blocking ion flux or a few are found that lead to bending the gate when it binds to the 

ion–conducting pores.18 Regulating the opening and closing of potassium channels plays 

an important role in medicine and treatment design, especially in neurology for pain relief.  

 

4.2 Drug targeting in Kv channels for chronic pain treatment 

Opioid drugs are widely known to be highly effective in treating chronic pain. 

However, they have also found several drawbacks such as addiction, side effects and 

death. Moreover, an increasing in opioid-related deaths in the United States was found 

during 1990-2010.19,20 Therefore, new, safe nonopioid compounds are developed. In this 

research the investigations on Kv channels were focused on. There are many more 

clinical tests and some interesting compounds as follows: some of the venoms from 

natural predators can block Kv channels e.g. toxins from scorpions or spiders, snakes, 

etc or some compounds are able to open the Kv channels e.g. retigabine, flupirtine, etc.  

Unselective Kv channel inhibitors 
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Activators 

 

 

 
 

Figure 4.5. Structures of Unselective Kv channel inhibitors and activators Kv channel 

                         modulators.18 

 

Furthermore, some blocker of Kv channels as shown in Figure 4.5 e.g., 4-

aminopyridine (4-AP), tetrabutylammonium (TBA) and Verapamil are unselective 

blockers, which are commonly used in cardiac arrhythmia treatment. The activator 

compounds of Kv channels (Figure 4.5) e.g., Niflumic acid and Mefenamic acid are Kv7.1 

activators that stimulate channel activity caused by prolonged hyperpolarization. 

Diclofenac is well known for anti-inflammatory treatment. Retigabine and flupirtine directly 

bind to Kv7 channels leading to a conformational change causing Kv 7 channels to open. 

It was found that side effects of using retigabine include dizziness, somnolence, 

headache, and fatigue in clinical tests and it has been discontinued since 2017. Flupirtine 

(similar structure to retigabine) also displayed a similar mechanism in Kv7 so has been 
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used to treat acute and chronic pain in Europe since the 1980s and also for neuropathic 

pain.18,21 Diphenyl urea compounds, NS1643 and NS3623 have shown potential in the 

Kv11.1 channel for cardiac arrhythmia treatment. It can be seen that these molecules 

were recently advanced into preclinical and clinical studies and also shown great potential 

for drug development.  

Interestingly, our research focuses on Kv2 and Kv9, especially subtypes 

Kv2.1/Kv9.1. The Kv2 channel consists of Kv2.1 and Kv2.2. Kv2.1 is mostly found in some 

tissues and organs such as the brain, retina, heart, skeleton muscle and pancrease.22,23 

Kv2.2 is mainly found in brain tissue. The Kv2.1 channel shows many functions of neurons, 

for example, cell discharge and neuronal action potential repolarization. Diabetic 

peripheral neuropathy (DPN) is also related to Kv2.1. Pain, sensory loss and foot 

ulceration impact diabetic patients’ life and medical treatment for this disease is needed. 

Dfe, drofenine hydrochloride (chemical structure shown in Figure 4.6) was determined to 

a potentially inhibited Kv2.1 channel in diabetic mice. The 50% inhibitory concentration 

(IC50) of Dfe of 9.53 µM was detected by the whole-cell patch-clamp technique, and Dfe 

is also currently investigated in clinical trials.22 In the same way, Tsantoulas et. al. 

discovered that knocking down Kv9.1 resulted in lowered firing thresholds and increased 

firing rates of potassium accumulating outside the cell during prolonged activity.24 It was 

also found that co-expression between Kv9.1 and Kv2.1 resulted in a slower rate of 

activation of Kv2.1 when compared with Kv2.1 alone. Therefore, the synthesis of highly 

effective drugs is still needed to improve the potential in the Kv2.1 targent for chronic pain 

treatment. 

 

Figure 4.6. Chemical structure of Dfe with an IC50 = 9.53 µM vs Kv2.1. 
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4.3 Results and Discussion 

Compounds for the Kv2.1 channel were studied by a medium throughput screen 

(HTS) at Sussex Drug Discovery (SDDC). More than 1,400 compounds were screened. 

The effective concentration (EC50) is the concentration of a chemical that leads to 50% 

efficiency and % maximum efficacy (Emax) which is the ability of a drug to generate a 

maximum response obtained from the Thallium Flux FluxOR™ assay. The Principle of 

the Thallium Flux FluxOR™ assay are basal fluorescence from cells loaded with the 

FluxOR™ dye as shown in Figure 4.7. When the potassium channel is stimulated, 

thallium flows into the cell and binds the FluxOR™ dye, generating a fluorescent signal. 

The fluorescence signals are changed to %activation (or %efficacy) then EC50 and Emax 

are obtained as represented in Figure 4.8.  

 

 

Figure 4.7. Thallium redistribution in FluxOR™ Green assay.25 

 

 

Figure 4.8. Illustration of EC50 and Emax.26 
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We found that one of the lead compounds UOS–58757 and UOS–58789 (Figure 

4.9) displayed good performance which Emax values over the control by around 9% and 

96%, respectively. Nevertheless, UOS–58757 had poor permeability and low solubility at 

pH 7.4. Both UOS–58757 and UOS–58789 showed a good performance but still needed 

improvements in efficacy and solubility. From early structure-activity relationship (SAR) 

observation, the carboxyl group (-COOH) and NH on the amide are required. Substituents 

such as F, Cl, Br, or tetrazole are interesting groups to modify. Therefore, the synthesis 

of potential compounds in this research is divided into 2 themes that are developed from 

the lead compounds.  

 

Figure 4.9. Lead compounds, UOS–58757 and UOS-58789. The left-hand side (LHS) and 

                   the right-hand side (RHS) are separated by a dashed line. 

 

4.3.1 Modification of LHS by using cyclohexane instead of phenyl ring 

Firstly, development of the LHS, aimed to install a saturated cyclohexane and 

piperidine carboxylate with R,S configuration instead of a benzene ring, with 1,2- and 1,3- 

carboxyl groups , while keeping the RHS unchanged. This was to probe the effect of 

“escape from flatland” groups to improve solubility, possibly receptor binding.27 Hence, 

for synthetic accessibility, methyl piperidine-3-carboxylate and methyl piperidine-2-

carboxylate were selected and we made in a first instance, urea analogues (Scheme 4.1).  
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Intermediates (4.1i-4.3i) 

 

 

 

 



147 
 

Product (4.1-4.5) 

 

 

Scheme 4.1. Synthesis of urea compounds by using CDI. 

 

Intermediate compounds (4.1i-4.3i) were synthesised by using a Monowave in 

around 20-25% yield. After that the product was obtained via hydrolysis in 26% yields (4.1 

and 4.3) and 49% yield (4.2). Both compounds 4.1 and 4.2 are active so 3'-methoxy-[1,1'-

biphenyl]-4-amine was used instead of 4.0 to generate the biaryl compound 4.3 but this 

was found to be inactive. There are unexpected products (4.4 and 4.5) via cyclization 

reaction from using 1,2-carboxyl groups (methylpiperidine-2-carboxylate hydrochloride) 

and were also inactive.  
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(A) 

 

(B) 
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(C) 

 

 

Figure 4.10. Chiral HPLC chromatogram, chiral purity of compounds 4.1 (A) and 4.2   

                     (B) and the mixture of both compounds (C) (Analysed by Reach Separations,UK) 

 

The stereochemical integrity of the products was confirmed by chiral HPLC as 

shown in Figure 4.10. Compounds 4.1 and 4.2 showed 97.8% and 98.4% enantiomeric 

excess, respectively, indicating, as expected, no loss of stereochemistry upon coupling. 

In the same way, 3-(methoxycarbonyl)cyclohexane-1-carboxylic and 2-

(methoxycarbonyl)cyclohexane-1-carboxylic were making the amide analogues (Scheme 

4.2). Derivatives with 1,3- substituted carboxyl groups have better potency than those in 

the 1,2- position and inactive cyclization products from the 1,2-position presumably due 

to a loss of a carboxyl group. In order to prove that the -COOH is a necessary group for 

binding, the cyclohexane analogues devoid of a carboxyl group were synthesised by 

using cyclohexanecarbonyl chloride as a starting material that was coupled with amine 
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4.0 (3',5'-dichloro-4-biphenylamine) or (4'-(trifluoromethyl)-[1,1'-biphenyl]-4-amine). The 

1,3-dicarboxy analogue, 4.6, is active and the other analogues seem to be inactive except 

for the related 4.9, which differs from 4.9 in having a para CF3-substituted aromatic 

instead of a dichloro-substituted aromatic, and displays approximately double its activity. 

The related 1,2-substituted dicarboxy compounds as well as the “deletion” compounds 

4.12 and 4.13 are inactive.  

 

 

 

Intermediates (4.6i-4.11i) 
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Products (4.6-4.13) 

 

 

 

Scheme 4.2. Synthesis of amide compounds by changing LHS. 

 

4.3.2 Modification of LHS by using tetrazole instead of carboxyl group in phenyl 

ring: Hybrid Series 

Next, the hybrid series were investigated because of compounds 4.1, 4.2 and 4.6 

showed good performance and they were synthesized by coupling biphenyl amine (3',5'-

dichloro-4-biphenylamine or 4'-(trifluoromethyl)-[1,1'-biphenyl]-4-amine) with 1,3-

dicarboxy analogue. Hence, optimisation of the LHS started by using tetrazole instead of 

–COOH that are shown in Scheme 4.3. Tetrazole was selected because it is often used 

as a carboxylic acid bioisostere28 that not only has a similar properties in terms of pKa 
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(often higher CLogP) compared with a carboxylic acid but also often display a higher 

permeability than carboxylic acids.29 From the scheme 4.3, compound 4.14 (EC50 3.3 µM, 

177%) and compound 4.15 (EC50 3.3 µM, 193%) displayed both good efficacy and EC50, 

respectively but 4.16 was inactive. 

 

 

Scheme 4.3. Synthesis of tetrazole hybrid series. 

 

Comparison of EC50 and Emax in the similar structure between UOS-58757, 4.1, 

4.2, 4.6 and hybrid series, it is found that 4.6 and 4.14 had ClogP-value higher than UOS-

58757 but 4.1, 4.2 and 4.15 had lower values, as shown in Figure 4.11. Interestingly, 4.1, 

4.2, 4.6, 4.14 and 4.15 show better Emax than UOS-58757 but poor in EC50, especially 

4.15 that showed the 193% Emax and lower ClogP than lead compound. Therefore, 

changing LHS from benzene ring to saturated cyclohexane, to a piperidine carboxylate 

with R,S configuration and tetrazole replacement might improve Emax and solubility 

(ClogP).  
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Figure 4.11. ClogP and pKa of UOS-58757, 4.1, 4.2, 4.6 and hybrid series  

                     (ClogP and pKa  are derived from ChemDraw). 
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4.3.3 Modification of RHS with containing tetrazole on LHS: Trans amide Series 

As previously stated, the presence of tetrazole in the left-hand side (LHS) led to 

high Emax values so changing the righthand side (RHS) from a biphenyl ring to various 

types of a phenyl analogues containing tetrazole in the LHS were investigated. 

From the results, all compounds showed lower ClogP and Emax than UOS-58757. 

However, compound 4.26 had good potency (EC50 2.9 µM, Emax149%), that of a lead-like 

compound. The para- iodo substituent in compound 4.26 was advantageous, thus we 

scoped halogen substituents and regiochemistry in analogues.  
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Scheme 4.4. Synthesis of tetrazole analogues. ClogP and pKa derived from 

                                       ChemDraw. 

 

Additionally, we explored the synthesis of tetrazole derivatives by changing the 

RHS of the molecule together with Cl group containing in the LHS. Cl substituent is found 

in well-known drugs and also showed good properties in medicinal chemistry. Here, 5-

chloro-2-(1H-tetrazol-5-yl)aniline was used instead of 2-(1H-tetrazol-5-yl)-phenylamine 

and the RHS consisted of pyridine analogues (Scheme 4.4). We observed a low % yield 

of product, and most RHS heterocyclic compounds displayed lower activity towards Kv2.1. 

For example, compounds 4.28-4.30 displayed lower % efficacy and higher EC50 values 

when compared with compound 4.27 (EC50 = 3.4 µM, Emax 93%). Moreover, 4.35, with a 

CF3 group in the para- position, was a promising lead molecule (EC50 = 0.89 µM, Emax 

142%) and better compared with its meta- 4.34 (EC50 = 1.2 µM, Emax 125.6%) and otho- 

regioisomers 4.33 (EC50 = 7.9 µM, Emax 109.0%) respectively. Related CF3-substituted 

pyridines were slightly less active and had poorer efficacy (4.31, EC50 = 4.2 µM, Emax 

102.4%) and 4.32, EC50 = 4.5 µM, Emax 99.3%). The p-methoxy analogues appeared to 
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show good activity in both the RHS phenyl (4.36) or pyridyl (4.37) series. Although slightly 

less potent, these might be useful analogues to balance pharmacodynamics (PD, e.g. 

selectivity, potency) and pharmacokinetic (PK, e.g. ClogP, metabolism) properties in 

future lead programmes. 

 

 

 



157 
 

 

 

 

Scheme 4.5. Synthesis of a library of tetrazole analogues. *Synthesised by  

                                  Dr.Andrew McGown, Research Fellow, University of Sussex. 

                                  ClogP and pKa derived from ChemDraw. 
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Figure 4.12. The %efficacy and EC50 of active compounds. 

 

The %efficacy and EC50 of all active compounds and UOS-58757 are plotted as 

shown in Figure 4.12, the position in upper left-hand side show a good performance 

because high % efficacy and low EC50. Our goals are EC50 < 1 µM, high % efficacy and 

high solubility hence, compounds 4.34, 4.35, 4.36 are good in both EC50 and high % 

efficacy. However, the interesting compounds 4.1, 4.2, 4.6, 4.14, 4.15, 4.26 and 4.27 

show high % efficacy (>140%) but poor EC50. Therefore, compounds 4.1, 4.2 and 4.35 

were selected for further study in terms of permeability and solubility. 
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4.4 Permeability, Solubility and Microsomal stability of selected compounds 

Permeability and solubility studies of selected compounds (lead compounds UOS-

58757, 4.1, 4.35) were performed by Pharmidex (which is a contract research 

organisation, CRO),  UK. Apparent permeability (Papp) was determined by monolayer 

efflux as presented in Table 4.1. The Papp data is defined in the range: 

 

low permeability  Papp < 2x10-6 cm/s  

medium permeability  2x10-6 cm/s < Papp < 20x10-6 cm/s 

high permeability  Papp > 20x10-6cm/s 

 

It was found that UOS-58757, 4.1, 4.35 showed poorer Papp than labetolol, which 

is the internal standard. However, 4.1, 4.35 had higher Papp than lead compound UOS-

58757.  

 

Table 4.2 showed the solubility investigation of compound 4.1 (0.036 mg/ mL), 4.2 

(0.042 mg/ mL) and 4.35 (0.143 mg/ mL), with pimozide (0.002 mg/ mL) and propranolol 

(0.891 mg/ mL) as a low and a high aqueous solubility control, respectively. Moderate 

solubility was found for compound 4.35 followed by low solubility for 4.2 and 4.1. 

Interestingly, the solubility of compounds 4.1 and 4.2, which are enantiomers, was 

different, as shown in Table 4.2. 

 

Although the ideal purpose of research is to improve the efficacy, permeability and 

solubility of lead compounds but in the experiment, it was found that all selected 

compounds presented low permeability and solubility in addition to high efflux. All 

selected compounds were deemed to be substrates of P-glycoprotein (PGP). 
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Table 4.1. Permeability of selected compounds. 

 

Compound 
Papp  

(cm/sec, 
x10-6) 

Permeability Efflux 
Ratio 

B-A/A-B 

PGP 
Substrate 

 
 

 
 

2.1 

 
 

Medium 

 
 

7.2 

 
 

Substrate 

 

 
 

0.36 

 
 

Low 

 
 

10.7 

 
 

Substrate 

 

 
 
 

1.5 

 
 
 

Low 

 
 
 

8.4 

 
 
 

Substrate 

 

 
 
 

0.8 

 
 
 

Low 

 
 
 

29.8 

 
 
 

Substrate 
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Table 4.2. Solubility of selected compounds. 

 

Compound Solubility (mg/ mL)* 
 

 

 
 
 

0.002 
(Low) 

 

 

 
 
 

0.891 
(High) 

 

0.022 
(Low) 

 

 
 
 

0.036 
(Low) 

 

 
 
 

0.042 
(Low) 
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Compound Solubility (mg/ mL)* 
 

 

 
 
 

0.143 
(Medium) 

* Results are reported as Low (less than 0.1 mg/ml), Medium (0.1 – 0.5 mg/ml) and 

High (>0.5 mg/ml). 

 

Table 4.3. Microsomal stability of selected compounds. 

 

Compound Metabolic stability in liver microsomes  

Human  Rat 

t1/2 
(min) 

CLint 
(µL/min/mg) 

t1/2 
(min) 

CLint 
(µL/min/mg 

 

 
 
 

11.37 

 
 
 

121.92 

 
 
 

8.01 

 
 
 

172.97 
 

 

 
 

1037.93 

 
 

1.34 

 
 

509.69 

 
 

2.72 

 

 
 
 

372.24 

 
 
 

3.72 

 
 
 

677.82 
 

 
 
 

2.04 
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Compound Metabolic stability in liver microsomes  

Human  Rat 

t1/2 
(min) 

CLint 
(µL/min/mg) 

t1/2 
(min) 

CLint 
(µL/min/mg 

 

 
 
 

ND 

 
 
 

ND 

 
 
 

ND 

 
 
 

ND 

 

 
 
 

317.69 

 
 
 

4.36 

 
 
 

476.21 
 

 
 
 

2.91 
 

- ND is not determined 

 

Additionally, some potent selected compounds were further evaluated for 

microsomal stability in human and rat liver (Table 4.3). Compounds 4.1 and 4.35 showed 

high microsomal stability in both human and rat when compared with verapamil (reference 

standard). Notably, compound 4.1 showed the highest microsomal stability in rat. In 

contrast, the intrinsic clearance (CLint) is the volume of drug per unit of time when it passes 

through, in this research, liver. It was found that, compound 4.1 and 4.35 had low CLint 

while compared with verapamil.  
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4.5 Pharmacokinetics, bioavailability drug-likeness and drug likeness prediction 

of ligands  

 

The SwissADME program30 was used to predict pharmacokinetics, bioavailability drug-

likeness of active compounds, from below, (Table 4.4 ). In vivo absorption, distribution, 

metabolism and excretion (ADME) properties were predicted with the graphical 

classification model Egan BOILED-Egg (Figure. 4.12). 

 

Table 4.4. Physicochemical Properties and lipophilicity. 

 

compound MW (g/mol) nRB* nHBA* nHBD* TPSA* (A2) 

 

(A2) 

WLogP* 

4.1 393.26 5 3 2 69.6 4.4 

4.6 392.28 5 3 2 66.4 5.3 

4.9 391.38 6 6 2 66.4 6.2 

4.14 410.26 5 4 2 83.6 4.9 

4.15 409.36 6 7 2 83.6 5.8 

4.18 299.72 4 4 2 83.6 2.6 

4.19 333.27 5 7 2 83.6 4.1 

4.20 371.39 7 5 2 92.8 3.4 

4.23 344.17 4 4 2 83.6 2.7 

4.25 391.17 4 4 2 83.6 2.5 

4.26 391.17 4 4 2 83.6 2.5 

4.31 368.7 5 8 2 96.4 4.1 

4.32 368.7 5 8 2 96.4 4.1 

4.33 367.71 5 7 2 83.6 4.7 

4.34 367.71 5 7 2 83.6 4.7 

4.35 367.71 5 7 2 83.6 4.7 

4.36 329.74 5 5 2 92.8 2.6 

4.37 330.73 5 6 2 105.7 2.0 
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compound MW (g/mol) nRB* nHBA* nHBD* TPSA* (A2) 

 

(A2) 

WLogP* 

4.38 330.73 5 6 2 105.7 2.0 

4.39 405.84 7 5 2 92.8 4.0 

4.40 444.70 5 4 2 83.6 5.6 

4.41 443.81 6 7 2 83.6 6.4 

morphine 285.34 0 4 2 52.93 0.82 

*nRB number of rotational bond, nHBA number of hydrogen bond acceptors, nHBD 

hydrogen bond donors, TPSA topological polar surface area, WLogP octanol/water 

partition coefficient. 

Lipinski’s ‘rule of five’ predicts good passive oral availability for a drug that has: no 

more than 5 hydrogen bond donors, no more than 10 hydrogen bond acceptors, 

molecular mass less than 500 daltons, a partition coefficient log P-value less than 5.31,32 

The partition coefficient indicates the partition of a solute (or drug) between two liquids 

(most commoly, octanol and water). Hydrophobic drugs show a high octanol-water 

partition coefficient, which means drugs distribute to a hydrophobic area such as a lipid 

bilayer of cells. On the contrary, hydrophillc drugs have a low octanol-water partition co-

efficient which means they distribute to a hydrophilic area such as blood. Generally, 

drugs, have a logP up to around 2.5, and can be both reasonable water soluble and cell 

permeable. Veber rules add further parameters with no more than 10 rotatable bonds 

required for good oral bioavailability.32 All of our compounds fell in the range of Lipinski’s 

‘rule of five’ except 4.6, 4.9, 4.40 and 4.41, with Clog P-values more than 5.  
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Figure 4.13. Predicted BOILED-Egg diagram of the active compounds from  

                                SwissADME web tool.30,33–35 

We studied compounds in Egan BOILED-Egg, which was plotted to predict human 

intestinal absorption (HIA), blood-brain barrier (BBB) access and compounds were 

predicted to be substrates of P-glycoprotein (PGP) (Figure 4.13). The egg plot composes 

of 3 parts: a grey region (no HIA or BBB acess), a white area (HIA) and a yellow (yolk) 

(BBB access)36. It was found that most of them fall in the red dot (represented as PGP−) 

indicating molecules are predicted as non-substrates of PGP in the central nervous 

system (CNS) efflux transporter which were in the egg white that means well-absorbed 

and no BBB access. Interestingly, there were 2 compounds (4.1 and 4.9) in the blue points 

(represented as PGP+) that describe molecules predicted as actively substrates effluxed 

of PGP from the CNS. Additionally, compound 4.1 and morphine (well-known drug) were 

in the egg york that predicted BBB permeability while the another compound 4.9 was in 

the egg white region that was no BBB access. Therefore, most of our synthetic 

substances showed good prediction for drug in the future. 
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4.6 Conclusions 

We have synthesised a series of cyclohexane carboxylic acid, piperidine 

carboxylate and tetrazoles as potential Kv2.1 acting ligands. The results demonstrate that 

tetrazole analogues exhibit good activity in biological assays. However, compounds with 

an EC50 lower than 1 µM, high %efficacy and good solubility are needed. RHS Pyridine 

analogues generally showed lower efficicacy whereas Cl-substituted LHS analogues 

containing a tetrazole group exhibited good activity in Kv2.1 channels. Furthermore, the 

ideal purpose of research is to improve the efficacy, permeability and solubility of lead 

compounds but in the experiment, it was found that all selected compounds presented 

low permeability and solubility and high metabolic stability (t1/2) but were poor in terms of 

CLint. Therefore, the development of improved drug candidates for Kv2.1 channel is 

needed to improve for further studies.  

 

4.7. Experimental 

General Experimental 

Solvents, reagents, and consumables were purchased from commercial suppliers and 

solvents and reagents were used without purification. 1H, 13C and 19F NMR spectroscopy 

was performed on a Varian 400 or 600 MHz spectrometer and chemical shifts are 

reported in ppm. LCMS measurements were performed on a Shimadzu LCMS-2020 

equipped with a Gemini® 5 µm C18 110 Å column and percentage purity measurements 

were run over 30 minutes in water/acetonitrile with 0.1% formic acid (5 min at 5%, 5–95% 

over 20 min, 5 min at 95%) with the UV detector set at 254 nm. High-Resolution Accurate 

Mass Spectrometry measurements were taken using a Waters Xevo G2 Q-ToF HRMS 

(Wilmslow, Cheshire, UK), equipped with an ESI source and MassLynx software. 

Experimental parameters were: (1)—ESI source: capillary voltage 3.0 kV, sampling cone 

35 au, extraction cone 4 au, source temperature 120 °C and desolvation gas 450 °C with 

a desolvation gas flow of 650 L/h and no cone gas; (2)—MS conditions: MS in resolution 

mode between 100 and 1500 Da. Additionally, a Waters (Wilmslow, Cheshire, UK) 
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Acquity H-Class UHPLC chromatography pumping system with column oven was used, 

connected to a Waters Synapt G2 HDMS high-resolution mass spectrometer. 

 

Monowave is a conventionally heated synthesis reactor that faster than traditionally stirrer 

hot-plate setups. Monowave was performed on a Monowave50 Anton Paar, maximum 

operation pressure 20 bar (290 psi), maximum temperature 250oC, maximum power  

315 W and maximum volume 6 mL. 

 

4.7.1 Chiral purity analysis 

This was carried out at Reach Separations, UK (https://reachseparations.com/). Method: 

sample was dissolved to ~1 mg/mL in EtOH and was then analysed by SFC. The 

conditions are described in the table below. 

Column Details Lux C2 (4.6mm x 250mm, 5um) 

Column Temperature 40 °C 

Flow Rate  3 mL/min 

Detector Wavelength  210-400nm 

Injection Volume  1.0 uL 

BPR  125 BarG 

Isocratic Conditions  40:60 EtOH:CO2 (0.2% v/v NH3) 

  

4.7.2 Thallium Flux Assay  

This, and the other bioassays, were carried out at the Sussex Drug Discovery Centre 

(SDDC), University of Sussex in the Biology Division by Claire Adcock, Hedaythul 

Choudhury, Jessica Booth and Luke Young. 

HEK293 cells constitutively expressing Kv2.1 were maintained in 1X DMEM (Dulbeco’s 

Modified Eagle Medium) F12 HAM (Invitrogen, 31331-028), 10% FBS - tetracycline free 

(Invitrogen, 10108-157), 0.1 mg/ml Hygromycin-B 0.1mg/ml (Invitrogen, 10687-010), 200 

mM L-Glutamine (Invitrogen R210-01) and 1% Penicillin-Streptomycin (10,000 U/ml) 

[Invitrogen 15140122] in a 5% CO2 incubator at 37⁰C. 



169 
 

On reaching 70-80% confluence the HEK293 Kv2.1 cells were seeded at 40,000 cells per 

100 µl into each well of a black 96 well clear-bottom poly-d-lysine coated (0.1 mg/ml) plate 

(Corning 3603) and incubated overnight at 37 ⁰C to form a complete monolayer over the 

well surface.  

The thallium assay was performed according to the FluxOR™ II Green Potassium Ion 

Channel Assay protocol (ThermoFisher, F20017). Briefly, dye-loading buffer was 

prepared by diluting FluxOR™ II Green Reagent (1000X), Powerload (100X), Probenecid 

(100X) and FluxOR™ II Assay Buffer (10X) in distilled H2O to 1X. The 96 well assay plate 

(containing HEK Kv2.1 cells) was removed from the incubator and cell culture media 

discarded. Dye-loading buffer (80 µl) was added to all wells and incubated (covered and 

in the dark) for 75 minutes. The neat stock compounds (10 mM) were then diluted in 100% 

DMSO to provide an 8-point, 1 in 3 serial dilution (10 mM to 1 µM). A stimulation plate 

was then prepared by diluting the following reagents in distilled water; the compounds 

above 1:66.6 to (5X, 150 µM to 15 nM), Chloride free stimulus buffer (5X), Potassium 

Sulfate 75mM (5X) and Thallium Sulfate 10 mM (5X). Next, background suppressor buffer 

was prepared by diluting FluxOR™ II Background Suppressor (10X), Probenecid (100X) 

and FluxOR™ II Assay Buffer (10X) in distilled H2O to 1X. Control compound A769662 

(10 mM) was diluted in the stimulation plate to 150 µM (5X) and DMSO (100%) to 1.5% 

(5X) for control wells. 

After 75 minutes’ incubation, the loading buffer was removed from the cell assay plate 

and background suppressor buffer (80 µl) was added to all wells. The cell assay plate 

and stimulation plate were added to the Flexstation. The Flexstation took 20 µl from the 

stimulation plate and added it to 80 µl of suppression buffer in the assay plate (1 in 5 

dilution). This resulted in final assay concentrations of positive control compound 

A769662 (30 µM), negative control DMSO only (0.3%) and 8-point 1 in 3 compound dose-

responses (from 30 µM to 3 nM).  
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Data Analysis  

The Flexstation reads fluorescence every 3 seconds up to 60 seconds at excitation: 485 

nm and emission: 525 nm. A Max-Min value was calculated by taking the difference 

between the fluorescence at 50 seconds (after addition of the compounds) and the 

baseline fluorescence at 15 seconds (before addition of the compounds).   

Flexstation was used to measure fluorescence in DMSO only (negative control) and 

A7769662 (positive control) wells. The data were normalized to the response of reference 

compound A769662 @30µM. The following equation was used to normalise the raw data 

values: 

% Activation  = ((RD-negative control)/(positive control-negative control))*100 

RD = Raw data value for test compounds  

Prism software (GraphPad Software, USA) was used to calculate EC50 by applying 4-

parameter logistic fits to the dose-response data. 

 

4.7.3 Permeability Method 

This was carried out at Pharmidex, UK (https://www.pharmidex.com/) under an MTA and 

on “blinded samples” (no structures revealed). 

All compounds were dissolved in DMSO to provide a 10 mM stock solution from which 

donor (dose) solutions were prepared in DMEM to give a final drug concentration of 10 

µM. All dose solutions contained 10 µM propranolol as an internal standard. hMDR1-

MDCK (multidrug resistance mutation 1-Madin-Darby canine kidney cells) seeded filters 

were exposed to a fixed volume of the donor solution containing the compound of interest 

and its ability to traverse the monolayer and appear in the receiver compartment 

measured over a 30 minutes period at 37 oC. Bidirectional permeability measurements 

were derived by examining the transfer of compound in both the apical to basolateral 

compartment, and vice versa. Sample analysis was conducted using UHPLC-T of MS or 

UPLC-MSMS. Labetolol was assayed as positive control for PGP activity. Results are 

reported as  

https://www.pharmidex.com/
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low permeability (e.g. sucrose, mannitol, atenolol etc.)  Papp < 2x10-6 cm/s  

medium permeability            2x10-6 cm/s < Papp < 20x10-6 cm/s 

high permeability (e.g. propranolol, diazepam etc.)  Papp > 20x10-6cm/s  

 

4.7.4 Solubility Method 

This was carried out at Pharmidex, UK. 

All compounds were measured at 1 µM and equilibrated in phosphate buffer saline (PBS) 

pH 7.4. Solubility was measured at 25 oC. The test solutions are allowed to equilibrate for 

24 h. Centrifugation at 15,000 rpm for 10 minutes. A 100 μL sample of the supernatant is 

carefully collected and the sample quantified using the analytical method. The standard 

curve for each compound was prepared in 100% acetonitrile. Soluble amount is 

determined by LC-MS/MS. Results are reported as low (less than 0.1 mg/ml), medium 

(0.1 – 0.5 mg/ml) and high (>0.5 mg/ml). 

 

4.7.5 Synthesis of compounds 

Compounds were synthesised and characterised on the basis of 1H NMR, 13C NMR and 

mass spectrometry. Intermediates were taken through crude, hence, only 1H NMR 

spectra were recorded. The % efficacy and EC50 measurements on synthesised 

compounds were performed by SDDC biologists, University of Sussex, as acknowledged 

above. In many cases, we were unable to observe a M+ or M- so we have no LC-MS data/ 

purity for a number of tetrazole products e.g. 4.18 – 4.20, 4.22, 4.23, 4.30 – 4.40. 

Moreover, for NMR spectra, 1JCF
 or 2JCF couplings were not always visible, e.g. no 1JCF for 

4.35 and no 2JCF for 4.10 and a proton peak due to the NH is missing in tetrazole 

derivatives, e.g. 4.15, 4.17 – 4.41.  
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4.7.5.1 Modification of LHS by using cyclohexane instead of phenyl ring 

 

 

(S)-Methyl 1-((3',5'-dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)piperidine-3-

carboxylate (4.1i) 

 

A solution of 3',5'-dichloro-[1,1'-biphenyl]-4-amine (200 mg, 0.84 mmol), 4-

dimethylaminopyridine (DMAP) (410.5 mg, 3.36 mmol), carbonyldiimidazole (CDI) (149.8 

mg, 0.92 mmol) in dichloromethane (DCM) 4.5 mL. The solution was stirred at 80 °C for 

40 min under Monowave irradiation then (S)-methylpiperidine-3-carboxylate 
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hydrochloride, CAS: 164323-84-6 (301.8 mg, 1.68 mmol) was also added to the reaction 

mixture. After that, the mixture was stirred at 80 °C for 30 min under Monowave irradiation. 

The mixture was allowed to cool to room temperature and saturated sodium bicarbonate 

solution (25 mL) was added to the reaction mixture. The aqueous phase was extracted 

with dichloromethane (25 mL×3), The organic phases were combined, washed with brine, 

dried over anhydrous Na2SO4 and concentrated. The residue was purified by 

chromatography on silica using a gradient of hexane: diethyl ether (0 - 70%), thus the 

final product was obtained as a colourless solid; yield: 80.9 mg (22%). 

 

1H NMR (600 MHz, CDCl3) δ 7.48 – 7.44 (m, 3H), 7.42 (s, 2H), 7.39 (s, 1H), 7.27 (s, 1H), 

3.81 (m, 2H), 3.76 (s, 3H), 3.59 (d, J = 14.2 Hz, 1H), 3.23 (t, J = 10.6 Hz, 1H), 2.68 (s, 

1H), 2.13 – 2.07 (m, 1H), 1.97 – 1.90 (m, 1H), 1.62 – 1.53 (m, 2H). (NH invisible) 

 

LCMS (MDAP): tR = 25.81 min, 93%; m/z (ESI+) 407.0 [M + H]+, 428.9 [M + Na]+. 

Chemical formula: C20H20Cl2N2O3 

 

(R)-Methyl 1-((3',5'-dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)piperidine-3-

carboxylate (4.2i) 

 

This was synthesised on a 0.84 mmol scale 3',5'-dichloro-[1,1'-biphenyl]-4-amine by the 

same procedure as 4.1i although (R)-methylpiperidine-3-carboxylate hydrochloride, 

CAS: 1255651-12-7 (301.8 mg, 1.68 mmol) was used instead of (S)-methylpiperidine-3-

carboxylate hydrochloride. The final product was obtained as a colourless solid; yield: 

79 mg (20%). 
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1H NMR (600 MHz, CDCl3) δ 7.47 (aps, 1H), 7.43 (aps, 4H), 7.39 (aps, 2H), 3.74 (m, 4H), 

3.68 (dd, J = 12.2, 5.7 Hz, 1H), 3.63 (d, J = 14.1 Hz, 1H), 3.27 (t, J = 9.0 Hz, 1H), 2.65 (s, 

1H), 2.08 – 2.04 (m, 1H), 1.92 (t, 1H), 1.58 (s, 2H). (NH invisible) 

 

LCMS (MDAP): tR = 25.85 min, 88%; m/z (ESI+) 407.0 [M + H]+, 429.0 [M + Na]+. 

Chemical formula: C20H20Cl2N2O3 

 

(S)-methyl 1-((3'-methoxy-[1,1'-biphenyl]-4-yl)carbamoyl)piperidine-3-carboxylate 

(4.3i)  

 

This was synthesised on a 0.50 mmol scale 3'-methoxy-[1,1'-biphenyl]-4-amine by the 

same procedure as 4.1i that was used instead of 3',5'-dichloro-[1,1'-biphenyl]-4-amine. 

The final product was obtained as a colourless solid; yield: 55.3 mg (24%). 

 

1H NMR (600 MHz, CDCl3) δ 7.52 (d, J = 8.8 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 7.31 (d, J 

= 7.6 Hz, 2H), 7.15 (d, J = 7.6 Hz, 1H), 7.09 (brs, 1H), 6.87 – 6.83 (m, 1H), 3.85 (m, 3H), 

3.75 (m, 4H), 3.70 (m, 1H), 3.65 (m, 1H), 3.34 – 3.26 (m, 1H), 2.67 (p, J = 5.7 Hz, 1H), 

2.06 (m, 1H), 1.94 (m, 1H), 1.60 (m, 2H).  

 

LCMS (MDAP): tR = 21.52 min, 81%; m/z (ESI+) 368.8 [M + H]+, 390.9 [M + Na]+ 

Chemical formula: C21H24N2O4 

 

 



175 
 

(S)-1-((3',5'-Dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)piperidine-3-carboxylic acid 

(4.1) 

 

To a stirred solution of (S)-methyl-1-((3',5'-dichloro-[1,1'-biphenyl]-4-yl)carbamoyl) 

piperidine-3-carboxylate (79.2 mg, 0.19 mmol) in THF (2.0 mL) and water (3.0 mL) was 

added 1 N NaOH in methanol (MeOH) (0.29 mmol, 2.9 mL). This was vigorously stirred 

at room temperature overnight. The solution was diluted with water (20.0 mL) and 2 M 

hydrochloric acid (10.0 mL) was added. The aqueous phase was extracted with 

dichloromethane (25.0 mL×3), the organic phases were combined, washed with brine, 

dried over anhydrous Na2SO4 and concentrated. The residue was purified by 

chromatography on silica using a gradient of hexane: ethyl acetate (EtOAc) (30 - 100%), 

the final product was obtained as a colourless solid; yield: 20.3 mg (26%). 

 

1H NMR (600 MHz, DMSO-d6) δ 8.73 (brs, 1H), 7.63 (d, J = 8.7 Hz, 2H), 7.56 (d, J = 8.7 

Hz, 2H), 7.50 (s, 1H), 4.14 – 4.08 (m, 1H), 3.93 – 3.87 (m, 1H), 3.00 (dd, J = 13.4, 10.1 

Hz, 1H), 2.95 – 2.87 (m, 1H), 2.41 – 2.34 (m, 1H), 1.98 – 1.93 (m, 1H), 1.68 – 1.62 (m, 

1H), 1.62 – 1.52 (m, 1H), 1.46 – 1.37 (m, 1H). (OH invisible) 

 

13C NMR (151 MHz, DMSO-d6) δ 175.2, 155.0, 143.9, 142.0, 135.0, 130.3, 127.4, 126.4, 

125.0, 120.0, 46.3, 44.6, 41.3, 27.5, 24.6. 

 

HR-MS-ESI (m/z) Calculated for C19H19N2O3Cl2 [M + H]+: 393.0773, found: 393.0768.  

 

LCMS (MDAP): tR =23.59 min, 98%; m/z (ESI+) 392.9 [M + H]+, 414.9 [M + Na]+. 
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(R)-1-((3',5'-Dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)piperidine-3-carboxylic acid 

(4.2) 

 

This was synthesised on a 0.19 mmol scale from (R)-methyl-1-((3',5'-dichloro-[1,1'-

biphenyl]-4-yl)carbamoyl)piperidine-3-carboxylate by the same procedure as 4.1. The 

final product was obtained as a colourless solid; yield: 40.0 mg (49%). 

 

FT-IR (cm-1): 3327 (N-H stretch), 2946 (N-H stretch), 2946 (N-H strech), 1733 (C=O), 

1587 cm-1 (C=C, arom.), 1505 (C=C, arom.), 1398 (C=C, arom.), 815 (m-Disub), 794 

(m-Disub) 680 (m-Disub) 

 

m.p. 227.5-228 oC 

 

1H NMR (600 MHz, DMSO-d6) δ 12.42 (brs, 1H), 8.70 (brs, 1H), 7.68 (s, 2H), 7.63 (d, J = 

8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.49 (s, 1H), 4.12 (d, J = 13.4 Hz, 1H), 3.91 (d, J = 

13.4 Hz, 1H), 2.98 (t, J = 12.1 Hz, 1H), 2.89 (t, J = 12.1 Hz, 1H), 2.40 – 2.33 (m, 1H), 1.95 

(d, J = 12.5 Hz, 1H), 1.65 (d, J = 14.9 Hz, 1H), 1.55 (q, J = 12.5 Hz, 1H), 1.40 (q, J = 12.5 

Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 175.1, 155.0, 143.9, 142.0, 135.0, 130.3, 127.4, 

126.4, 125.0, 120.0, 46.3, 44.6, 41.4, 27.5, 24.7. 

 

HR-MS-ESI (m/z) Calculated for C19H19N2O3Cl2 [M + H]+: 393.0773, found: 393.0765.  
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LCMS (MDAP): tR  = 23.67 min, 94%; m/z (ESI+) 392.9 [M + H]+, 414.9 [M + Na]+. 

 

(S)-1-((3'-Methoxy-[1,1'-biphenyl]-4-yl)carbamoyl)piperidine-3-carboxylic acid (4.3)  

 

This was synthesised on a 0.15 mmol scale from (S)-methyl 1-((3'-methoxy-[1,1'-

biphenyl]-4-yl)carbamoyl)piperidine-3-carboxylate by the same procedure as 4.1. The 

final product was obtained as a colourless solid; yield: 14.0 mg (26%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.46 (brs, 1H), 8.65 (brs, 1H), 7.53 (m, 4H), 7.31 (t, J = 

7.9 Hz, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.13 (s, 1H), 6.85 (d, J = 10.4 Hz, 1H), 4.12 (d, J = 

12.1 Hz, 1H), 3.91 (d, J = 13.4 Hz, 1H), 3.79 (s, 3H), 2.98 (t, 1H), 2.89 (t, 1H), 2.37 (t, J = 

10.5 Hz, 1H), 1.96 (d, J = 13.2 Hz, 1H), 1.68 – 1.61 (m, 1H), 1.56 (q, J = 10.7 Hz, 1H), 

1.42 (q, J = 12.3 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 175.2, 160.2, 155.2, 141.9, 140.8, 133.5, 130.3, 

127.0, 120.1, 118.9, 112.8, 111.9, 55.5, 46.4, 44.6, 41.3, 27.5, 24.6. 

 

HR-MS-ESI (m/z) Calculated for C20H23N2O4 [M + H]+: 355.1658, found: 355.1661.  

 

LCMS (MDAP): tR = 19.41 min, 98%; m/z (ESI+) 355.0 [M + H]+, 377.0 [M + Na]+. 
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(R)-2-(3',5'-Dichloro-[1,1'-biphenyl]-4-yl)tetrahydroimidazo[1,5-a]pyridine-

1,3(2H,5H)-dione (4.4) 

  

This was synthesised on a 0.84 mmol scale from 3',5'-dichloro-[1,1'-biphenyl]-4-amine 

by the same procedure as 4.1i although (R)-methylpiperidine-2-carboxylate 

hydrochloride, CAS: 18650-38-9 (301.8 mg, 1.68 mmol) was used instead of (S)-

methylpiperidine-3-carboxylate hydrochloride. The final product was obtained as a 

colourless solid; yield: 124.3 mg (39%). 

 

1H NMR (600 MHz, CDCl3) δ 7.61 (d, J = 8.8 Hz, 2H), 7.53 (d, J = 8.8 Hz, 2H), 7.45 (d, 

J = 2.1 Hz, 2H), 7.35 (s, 1H), 4.28 (d, J = 13.0 Hz, 1H), 3.96 (d, J = 12.9 Hz, 1H), 2.94 

(t, J = 13.0 Hz, 1H), 2.33 (d, J = 12.9 Hz, 1H), 2.10 – 2.04 (m, 1H), 1.82 (d, J = 13.0 Hz, 

1H), 1.57 – 1.44 (m, 3H). 

 

HRMS m/z (ESI+) Calculated for C19H17N2O2Cl2 [M + H]+: 375.0667, found: 375.0649.  

 

LCMS (MDAP): tR = 25.10 min, 92%; m/z (ESI+) 396.9 [M + Na]+. 
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(S)-2-(3',5'-Dichloro-[1,1'-biphenyl]-4-yl)tetrahydroimidazo[1,5-a]pyridine-

1,3(2H,5H)-dione (4.5)  

 

This was synthesised on a 0.84 mmol scale from 3',5'-dichloro-[1,1'-biphenyl]-4-amine by 

the same procedure as 4.1i although (S)-methylpiperidine-2-carboxylate hydrochloride, 

CAS: 18650-39-0 (301.8 mg, 1.68 mmol) was used instead of (S)-methylpiperidine-3-

carboxylate hydrochloride. The final product was obtained as a colourless solid; yield: 

83.3 mg (23%). 

 

1H NMR (600 MHz, CDCl3) δ 7.59 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.43 (s, 

2H), 7.33 (s, 1H), 4.27 (d, J = 13.1 Hz, 1H), 3.94 (d, J = 12.0 Hz, 1H), 2.92 (t, J = 13.1 

Hz, 1H), 2.31 (d, J = 13.3 Hz, 1H), 2.05 (d, J = 13.1 Hz, 1H), 1.80 (d, J = 13.3 Hz, 1H), 

1.55 (d, J = 12.0 Hz, 1H), 1.53 – 1.45 (m, 2H). 

 

HRMS m/z (ESI+) Calculated for C19H17N2O2
35Cl2 [M + H]+: 375.0667, found: 375.0668.  

 

LCMS (MDAP): tR = 25.14 min, 87%; m/z (ESI+) [M + H]+, 396.9 [M + Na]+. 
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Methyl 3-((3',5'-dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)cyclohexanecarboxylate 

(4.6i)  

  

A solution of 3',5'-dichloro-[1,1'-biphenyl]-4-amine (100 mg, 0.42 mmol), (+-)-cis-

cyclohexane-1,3-dicarboxylic acid monomethyl ester, CAS:25090-39-5 (93.2 mg, 0.25),  
4-dimethylaminopyridine (DMAP) (51.32 mg, 2.1 mmol), N-(3-dimethylaminopropyl)-N′-

ethylcarbodiimide hydrochloride (EDC) (80.52 mg, 0.42 mmol), 1-hydroxybenzotriazole 

hydrate (HOBT) (5.60 mg, 0.042 mmol), N,N-diisopropylethylamine (DIPEA) (0.37 mL, 

2.1 mmol) in tetrahydrofuran (4.0 mL). The solution was stirred at 70° C overnight under 

nitrogen. The mixture was allowed to cool to room temperature. Water (20 mL) and EtOAc 

(20 mL) were added to the solution then the aqueous phase was extracted with EtOAc 

(20 mL × 2). The organic phases were combined, washed successively with 1 N HCl, 

saturated sodium bicarbonate solution, brine, dried over anhydrous Na2SO4 and 

concentrated. The residue was purified by chromatography on silica using a gradient of 

hexane: diethyl ether (0 - 60%), thus final product was obtained as a pale-yellow solid; 

yield: 71.1 mg (38%). 

  



181 
 

1H NMR (600 MHz, CDCl3) δ 7.95 (brs, 1H), 7.60 (d, J = 6.0 Hz, 2H), 7.43 (d, J = 6.0 Hz, 

2H), 7.35 (d, J = 2.9 Hz, 2H), 7.26 (s, 1H), 3.65 (s, 3H), 2.33 (t, J = 12.5 Hz, 2H), 2.21 (d, 

J = 13.2 Hz, 1H), 2.00 – 1.94 (m, 3H), 1.72 (q, J = 12.6 Hz, 1H), 1.52 (q, J = 12.8 Hz, 1H), 

1.42 – 1.30 (m, 2H). 

 

LCMS (MDAP): tR = 26.92 min, 92%; m/z (ESI+) 406.0 [M + H]+, 428.0 [M + Na]+. 

Chemical Formula: C21H21Cl2NO3 

 

(1R,2R)-Methyl 2-((3',5'-dichloro-[1,1'-biphenyl]-4-

yl)carbamoyl)cyclohexanecarboxylate (4.7i)  

   

This was synthesised on a 0.34 mmol scale from 3',5'-dichloro-[1,1'-biphenyl]-4-amine 
by the same procedure as 4.6i although (1R,2R)-2-(methoxycarbonyl) 

cyclohexanecarboxylic acid, CAS: 96894-64-3 (76.3 mg, 0.41) was used instead of (+-)-

cis-cyclohexane-1,3-dicarboxylic acid monomethyl ester. The final product was obtained 

as a colourless solid; yield: 42.4 mg (29%).  

 

1H NMR (600 MHz, CDCl3) δ 7.91 (brs, 1H), 7.52 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 

2H), 7.31 (d, J = 2.1 Hz, 2H), 7.26 (s, 1H), 3.68 (s, 3H), 2.81 (t, J = 11.9 Hz, 1H), 2.62 (t, 

J = 11.9 Hz, 1H), 2.16 (d, J = 9.7 Hz, 1H), 2.02 (d, J = 13.1 Hz, 1H), 1.88 (s, 1H), 1.85 (d, 

J = 9.7 Hz, 1H), 1.62 (q, J = 13.1 Hz, 1H), 1.41 – 1.34 (m, 2H), 1.32 – 1.24 (m, 1H). 

 

LCMS (MDAP): tR = 26.73 min, 94%; m/z (ESI+) 405.9 [M + H]+, 428.0 [M + Na]+. 
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Chemical Formula: C21H21Cl2NO3 

 

2-(3',5'-Dichloro-[1,1'-biphenyl]-4-yl)hexahydro-1H-isoindole-1,3(2H)-dione (4.8i)  

  

This was synthesised on a 0.34 mmol scale from 3',5'-dichloro-[1,1'-biphenyl]-4-amine by 

the same procedure as 4.6i although (+-)-cis-cyclohexane-1,2-dicarboxylic acid 

monomethyl ester, CAS: 111955-05-6 (76.3 mg, 0.41) was used instead of (+-)-cis-

cyclohexane-1,3-dicarboxylic acid monomethyl ester. The final product was obtained as 

a colourless solid; yield: 42.1 mg (28%).  

 

1H NMR (600 MHz, CDCl3) δ 7.61 (d, J = 8.0 Hz, 2H), 7.43 (s, 2H), 7.40 (d, J = 8.0 Hz, 

2H), 7.34 (s, 1H), 3.06 (t, J = 4.1 Hz, 2H), 1.97 (m, 4H), 1.89 (m, 4H). 

 

13C NMR (151 MHz, CDCl3) δ 178.5, 143.2, 138.5, 135.4, 132.3, 127.8, 127.6, 126.8, 

125.7, 40.2, 24.0, 21.9. 

 

LCMS (MDAP): tR = 26.18 min, 84%; m/z (ESI+) 426.0 [M + Na]+. 

Chemical Formula: C20H17Cl2NO2 
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Methyl 3-((4'-(trifluoromethyl)-[1,1'-biphenyl]-4-

yl)carbamoyl)cyclohexanecarboxylate (4.9i)  

 

This was synthesised on a 0.34 mmol scale from 4′-trifluoromethyl-biphenyl-4-ylamine 

that was used instead of 3',5'-dichloro-[1,1'-biphenyl]-4-amine by the same procedure as 

4.6i. The final product was obtained as a colourless solid; yield: 16.5 mg (10%). 

 

1H NMR (600 MHz, CDCl3) δ 7.66 (s, 4H), 7.63 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 8.2 Hz, 

2H), 7.35 (brs, 1H), 3.69 (s, 3H), 2.39 (t, J = 12.5 Hz, 1H), 2.28 (m, 2H), 2.02 – 1.96 (m, 

2H), 1.74 (q, J = 12.5 Hz, 1H), 1.54 (t, J = 12.5 Hz, 1H), 1.46 – 1.40 (m, 3H). 

 

LCMS (MDAP): tR = 24.93 min, 82%; m/z (ESI+) 406.0 [M + H]+, 427.9 [M + Na]+. 

Chemical Formula: C22H22F3NO3 

 

(1R,2R)-Methyl 2-((4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yl)carbamoyl) cyclohexane 

carboxylate (4.10i)  

 

This was synthesised on a 0.27 mmol scale from 4′-trifluoromethyl-biphenyl-4-ylamine 

by the same procedure as 4.9i although (1R,2R)-2-(methoxycarbonyl) 
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cyclohexanecarboxylic acid, CAS: 96894-64-3 (60.7 mg, 0.33) was used instead of  

3-(methoxycarbonyl)cyclohexanecarboxylic acid monomethyl ester. The final product 

was obtained as a colourless solid; yield: 31.8 mg (26%).  

 

1H NMR (600 MHz, CDCl3) δ 7.78 (brs, 1H), 7.61 (d, J = 8.2 Hz, 2H), 7.59 – 7.54 (m, 4H), 

7.46 (d, J = 8.2 Hz, 2H), 3.68 (s, 3H), 2.81 (t, J = 10.7 Hz, 1H), 2.65 – 2.57 (m, 1H), 2.16 

(d, J = 7.8 Hz, 1H), 2.02 (d, J = 13.0 Hz, 1H), 1.88 (s, 1H), 1.85 (d, J = 11.3 Hz, 1H), 1.65 

(d, J = 7.8 Hz, 1H), 1.38 (t, J = 11.3 Hz, 2H), 1.30 (d, J = 13.0 Hz, 1H). 

 

LCMS (MDAP): tR = 25.05 min, 90%; m/z (ESI+) 406.0 [M + H]+, 428.0 [M + Na]+. 

Chemical Formula: C22H22F3NO3 

 

(1R,2S)-Methyl 2-((4'-(trifluoromethyl)-[1,1'-biphenyl]-4-

yl)carbamoyl)cyclohexanecarboxylate (4.11i)  

 

This was synthesised on a 0.38 mmol scale from 4′-Trifluoromethyl-biphenyl-4-ylamine 

by the same procedure as 4.9i although (+-)-cis-cyclohexane-1,2-dicarboxylic acid 

monomethyl ester, CAS: 111955-05-6 (84.0 mg, 0.51) was used instead of 3-

(methoxycarbonyl)cyclohexanecarboxylic acid monomethyl ester. The final product was 

obtained as a colourless solid; yield: 84.9 mg (45%).  

 

1H NMR (600 MHz, CDCl3) δ 7.67 (m, 6H), 7.40 (d, J = 8.0 Hz, 2H), 3.45 (s, 6H), 3.06 (s, 

2H), 1.99 – 1.94 (m, 2H), 1.91 – 1.87 (m, 2H), 1.60 (s, 2H). 
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LCMS (MDAP): tR = 24.36 min, 81%; m/z (ESI+) 403.8 [M + H]+, 426.0 [M + Na]+. 

and tR  = 24.81 min, 18%; m/z (ESI+) 405.9 [M + H]+, 428.0 [M + Na]+. 

Chemical Formula: C22H22F3NO3 

 

3-((3',5'-Dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)cyclohexane-1-carboxylic acid 

(4.6)  

 

To a stirred solution of methyl 3-((3',5'-dichloro-[1,1'-biphenyl]-4-

yl)carbamoyl)cyclohexane-1-carboxylate 76.3 mg, 0.19 mmol in THF 2.0 mL and H2O 3.0 

mL was added 1 N NaOH in MeOH (0.28 mmol, 2.9 mL). Vigorous stirred at room 

temperature overnight. The solution was diluted with water (20 mL) and 2 M hydrochloric 

acid (10 mL) was added. The aqueous phase is extracted with dichloromethane 25 mL×3, 

The organic phases were combined, washed with brine, dried over anhydrous 

Na2SO4 and concentrated. The residue was purified by chromatography on silica using a 

gradient of hexane: EtOAc (30 - 100%), thus the final product was obtained as a 

colourless solid; yield: 30.0 mg (37%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.15 (brs, 1H), 10.03 (brs, 1H), 7.69 (m, 6H), 7.53 (m, 

1H), 2.38 (t, J = 9.1 Hz, 1H), 2.26 (t, J = 11.9 Hz, 1H), 2.00 (d, J = 11.9 Hz, 1H), 1.88 (d, 

J = 12.8 Hz, 1H), 1.81 (d, J = 9.1 Hz, 2H), 1.45 (q, J = 12.8 Hz, 1H), 1.32 (t, J = 10.9 Hz, 

2H), 1.21 (m, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 176.8, 174.3, 143.7, 140.5, 135.1, 131.8, 127.8, 

126.7, 125.2, 119.8, 44.4, 42.2, 31.8, 29.0, 28.6, 24.9. 
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HR-MS-ESI (m/z) Calculated for C20H20NO3Cl2 [M + H]+: 392.0820, found: 392.0800.  

 

LCMS (MDAP): tR = 24.87 min, 91%; m/z (ESI+) 392.0 [M + H]+, 413.8 [M + Na]+. 

 

(1R,2R)-2-((3',5'-Dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)cyclohexanecarboxylic 

acid (4.7)  

 

To a stirred solution of (1R,2R)-methyl 2-((3',5'-dichloro-[1,1'-biphenyl]-4-yl)carbamoyl) 

cyclohexanecarboxylate (42.4 mg, 0.10 mmol) in THF (1.2 mL) and H2O (1.8 mL) was 

added 1 N NaOH in MeOH (0.34 mmol, 1.5 mL). Vigorous stirred at room temperature 

overnight. The work up and purification process used the same procedure as compound 

4.6. The final product was obtained as a colourless solid; yield: 21.5 mg (59%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.07 (brs, 1H), 10.09 (brs, 1H), 7.68 (m, 6H), 7.52 (s, 

1H), 3.15 (s, 1H), 2.53 (t, J = 9.2 Hz, 2H), 2.00 (d, J = 8.7 Hz, 1H), 1.93 (d, J = 9.2 Hz, 

1H), 1.74 (t, J = 8.7 Hz, 2H), 1.34 – 1.31 (m, 1H), 1.28 – 1.26 (m, 2H). 

 

13C NMR (151 MHz, DMSO-d6) δ 176.6, 174.2, 143.7, 140.6, 135.1, 131.7, 127.8, 

126.7, 125.2, 119.6, 46.9, 44.6, 30.0, 29.3, 25.6, 25.5. 

 

HR-MS-ESI (m/z) Calculated for C20H20NO3Cl2 [M + H]+: 392.0820, found: 392.0822.  
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LCMS (MDAP): tR t = 24.68 min, 69%; m/z (ESI+) 392.0 [M + H]+, 414.0 [M + Na]+. 

and tR  = 24.68 min, 28%; m/z (ESI+) 392.0 [M + H]+, 414.0 [M + Na]+. 

 

(1R,2S)-2-((3',5'-Dichloro-[1,1'-biphenyl]-4-yl)carbamoyl)cyclohexanecarboxylic 

acid (4.8)  

 

Stirred solution of (1R,2S)-methyl 2-((3',5'-dichloro-[1,1'-biphenyl]-4-yl)carbamoyl) 

cyclohexanecarboxylate 40.0 mg, 0.10 mmol in THF (1.4 mL) and H2O (2.0 mL) was 

added 1 N NaOH in MeOH (0.34 mmol, 1.6 mL) with vigorous stirring at room temperature 

overnight. The work up and purification process used the same procedure as compound 

4.6. The final product was obtained as a colourless solid; yield: 29.4 mg (64%). 

 

1H NMR (600 MHz, DMSO-d6) δ 11.99 (brs, 1H), 9.89 (brs, 1H), 7.68 (m, 6H), 7.51 (s, 

1H), 2.95 (s, 1H), 2.59 (t, J = 9.3 Hz, 1H), 2.13 – 2.06 (m, 1H), 2.02 – 1.96 (m, 1H), 1.75 

– 1.61 (m, 3H), 1.43 – 1.36 (m, 2H), 1.29 (m, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 175.6, 173.4, 143.7, 140.7, 135.1, 131.6, 127.7, 

126.6, 125.2, 119.7, 43.0, 42.4, 28.1, 25.6, 24.4, 22.8. 

 

HR-MS-ESI (m/z) Calculated for C20H20NO3Cl2 [M + H]+: 392.0820, found: 392.0809.  

 

LCMS (MDAP): tR = 24.68 min, 91%; m/z (ESI+) 391.9 [M + H]+, 413.9 [M + Na]+. 
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3-((4'-(Trifluoromethyl)-[1,1'-biphenyl]-4-yl)carbamoyl)cyclohexanecarboxylic acid 

(4.9)  

 

To a stirred solution of methyl 3-((4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yl)carbamoyl) 

cyclohexanecarboxylate (16.5 mg, 0.04 mmol) in THF (0.4 mL) and H2O (0.6 mL) was 

added 1 N NaOH in MeOH (0.16 mmol, 0.6 mL). Vigorous stirred at room temperature 

overnight. The work up and purification process used the same procedure as compound 

4.6. The final product was obtained as a pale-yellow solid; yield: 14.2 mg (79%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.15 (brs, 1H), 10.03 (brs, 1H), 7.85 (d, J = 8.1 Hz, 2H), 

7.76 (d, J = 8.1 Hz, 2H), 7.73 (d, J = 8.7 Hz, 2H), 7.68 (d, J = 8.7 Hz, 2H), 2.39 (t, J = 11.2 

Hz, 1H), 2.27 (t, J = 13.0 Hz, 1H), 2.01 (d, J = 13.0 Hz, 1H), 1.89 (d, J = 13.0 Hz, 1H), 

1.81 (d, J = 10.3 Hz, 2H), 1.46 (q, J = 13.0 Hz, 1H), 1.32 (t, J = 10.3 Hz, 2H), 1.24 – 1.20 

(m, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 176.8, 174.3, 144.1, 140.3, 133.3, 127.8, 127.6 (q, 2JCF 

= 32.0 Hz), 127.3, 126.2 (q, 3JCF = 4.0 Hz), 125.8 (q, 1JCF = 273.0 Hz), 124.0, 119.9, 44.4, 

42.2, 31.8, 29.0, 28.6, 24.9.  

 

19F NMR (376 MHz, DMSO-d6) δ -60.86 (brs). 

 

HR-MS-ESI (m/z) Calculated for C21H21NO3F3 [M + H]+: 392.1474, found: 392.1469.  
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LCMS (MDAP): tR = 22.85 min, 89%; m/z (ESI+) 391.8 [M + H]+, 413.9 [M + Na]+. 

 

(1R,2R)-2-((4'-(Trifluoromethyl)-[1,1'-biphenyl]-4-yl)carbamoyl) 

cyclohexanecarboxylic acid (4.10)  

 

A stirred solution of (1R,2R)-methyl 2-((4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yl)carbamoyl) 

cyclohexanecarboxylate (31.2 mg, 0.08 mmol) in THF (1.0 mL) and H2O (1.5 mL) was 

added 1 N NaOH in MeOH (0.12 mmol, 1.3 mL) with vigorous stirring at room temperature 

overnight. The work up and purification process used the same procedure as compound 

4.6. The final product was obtained as a pale-yellow solid; yield: 13.1 mg (30%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.15 (brs, 1H), 10.03 (brs, 1H), 7.85 (d, J = 8.1 Hz, 2H), 

7.76 (d, J = 8.1 Hz, 2H), 7.73 (d, J = 8.6 Hz, 2H), 7.68 (d, J = 8.6 Hz, 2H), 2.40 (d, J = 

13.1 Hz, 1H), 2.27 (t, J = 8.2 Hz, 1H), 2.01 (d, J = 13.1 Hz, 1H), 1.89 (d, J = 12.8 Hz, 1H), 

1.81 (d, J = 8.2 Hz, 2H), 1.46 (q, J = 12.8 Hz, 1H), 1.33 (t, J = 10.3 Hz, 2H), 1.25 – 1.20 

(m, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 176.6, 174.2, 144.2, 140.4, 133.1, 127.8, 127.7, 127.3, 

126.2 (q, 3JCF = 3.8 Hz), 125.8 (q, 1JCF = 271.5 Hz), 119.7, 46.9, 44.61, 30.0, 29.3, 25.6, 

25.5. (2JCF not seen). 

 

19F NMR (376 MHz, DMSO-d6) δ -60.85 (brs). 
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HR-MS-ESI (m/z) Calculated for C21H21NO3F3 [M + H]+: 392.1474, found: 392.1459.  

 

LCMS (MDAP): tR = 22.86 min, 57%; m/z (ESI+) 391.7 [M + H]+, 413.7 [M + Na]+. 

and tR = 23.09 min, 41%; m/z (ESI+) 391.7 [M + H]+, 413.7 [M + Na]+. 

 

(1R,2S)-2-((4'-(Trifluoromethyl)-[1,1'-biphenyl]-4-yl)carbamoyl) 

cyclohexanecarboxylic acid (4.11)  

 

A stirred solution of (1R,2S)-methyl 2-((4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yl)carbamoyl) 

cyclohexanecarboxylate (84.90 mg, 0.23 mmol) in THF (3.0 mL) and H2O (4.5 mL) was 

added 1 N NaOH in MeOH (0.34 mmol, 3.9 mL) with vigorous stirring at room temperature 

overnight. The work up and purification process used the same procedure as compound 

4.6. The final product was obtained as a pale-yellow solid; yield: 41.8 mg (48%). 

 

1H NMR (600 MHz, DMSO-d6) δ 11.99 (brs, 1H), 9.92 (brs, 1H), 7.85 (d, J = 8.1 Hz, 2H), 

7.76 (d, J = 8.1 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 2.95 (s, 1H), 

2.59 (s, 1H), 2.09 (q, J = 11.4 Hz, 1H), 2.03 – 1.97 (m, 1H), 1.76 – 1.67 (m, 2H), 1.63 (s, 

1H), 1.43 – 1.36 (m, 2H), 1.32 – 1.27 (m, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 175.6, 173.3, 144.2, 140.5, 133.0, 127.7, 127.6 (2JCF = 

31.4 Hz), 127.3, 126.2 (q, 3JCF = 3.7 Hz), 125.8 (q, 1JCF = 271.5 Hz), 119.9, 43.1, 42.5, 

28.2, 25.7, 24.5, 22.8.  
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19F NMR (376 MHz, DMSO-d6) δ -60.85 (brs). 

 

HR-MS-ESI (m/z) Calculated for C21H21NO3F3 [M + H]+: 392.1474, found: 392.1460.  

 

LCMS (MDAP): tR = 22.80 min, 95%; m/z (ESI+) 391.8 [M + H]+, 413.8 [M + Na]+. 

 

N-(3',5'-Dichloro-[1,1'-biphenyl]-4-yl)cyclohexanecarboxamide (4.12)  

 

A solution of cyclohexanecarbonyl chloride (55.7 mg, 0.38 mmol) in pyridine (1.0 mL) then 

3',5'-dichloro-[1,1'-biphenyl]-4-amine (50 mg, 0.21 mmol) in DCM was added dropwise. 

The solution was stirred at room temperature for 2 hrs. After completion of the reaction, 

DCM was added to the solution then washed with H2O. The organic phases were dried 

over anhydrous Na2SO4 and concentrated. The residue was purified by chromatography 

on silica using a gradient of hexane: EtOAc (0 - 20%), thus the product was obtained as 

a colourless solid; yield: 21.1 mg (27%). 

 

1H NMR (600 MHz, DMSO-d6) δ 9.96 (brs, 1H), 7.68 (m, 6H), 7.51 (s, 1H), 2.32 (t, J = 

13.0 Hz, 1H), 1.79 (d, J = 13.0 Hz, 2H), 1.74 (d, J = 13.0 Hz, 2H), 1.63 (d, J = 13.0 Hz, 

1H), 1.39 (q, J = 13.0 Hz, 2H), 1.25 (q, J = 13.0 Hz, 2H), 1.18 (m, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 175.0, 143.7, 140.6, 135.1, 131.7, 127.7, 126.7, 125.2, 

119.7, 45.4, 29.6, 25.8, 25.7. 
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HR-MS-ESI (m/z) Calculated for C19H20NOCl2 [M + H]+: 348.0922, found: 348.0932.  

 

LCMS (MDAP): tR = 28.08 min, 92%; m/z (ESI+) 348.0 [M + H]+, 413.0 [M + Na]+. 

 

N-(4'-(Trifluoromethyl)-[1,1'-biphenyl]-4-yl)cyclohexanecarboxamide (4.13)  

 

This was synthesised on a 0.38 mmol scale with cyclohexanecarbonyl chloride by the 

same procedure as 4.12 although 4'-(trifluoromethyl)-[1,1'-biphenyl]-4-amine (50 mg, 

0.21 mmol) was used instead of 3',5'-dichloro-[1,1'-biphenyl]-4-amine. The final product 

was obtained as a colourless solid; yield: 28.7 mg (36%).  

 

1H NMR (600 MHz, DMSO-d6) δ 9.98 (brs, 1H), 7.84 (d, J = 8.1 Hz, 2H), 7.76 (d, J = 8.1 

Hz, 2H), 7.73 (d, J = 9.0 Hz, 2H), 7.67 (d, J = 9.0 Hz, 2H), 2.33 (t, J = 11.3 Hz, 1H), 1.79 

(d, J = 12.9 Hz, 2H), 1.74 (d, J = 11.3 Hz, 2H), 1.64 (d, J = 12.9 Hz, 1H), 1.40 (q, J = 12.5 

Hz, 2H), 1.26 (q, J = 12.5 Hz, 2H), 1.21 – 1.14 (m, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 175.0, 144.2, 140.4, 133.2, 128.0 (q, 2JCF = 31.5 Hz), 

127.8, 127.3, 126.2 (q, 3JCF = 3.5 Hz), 125.8 (q, 1JCF = 271.1 Hz), 119.8, 45.4, 29.6, 25.8, 

25.7. 

 

19F NMR (376 MHz, DMSO-d6) δ -60.86 (brs) 
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HR-MS-ESI (m/z) Calculated for C20H21NOF3 [M + H]+: 348.1575, found: 348.1570.  

 

LCMS (MDAP): tR = 26.26 min, 91%; m/z (ESI+) 347.9 [M + H]+, 411.0 [M + Na]+. 

 

4.7.5.2 Modification of LHS by using tetrazole instead of carboxyl group in phenyl 

ring: Hybrid series 

 

 

N-(3',5'-Dichloro-[1,1'-biphenyl]-4-yl)-2-(1H-tetrazol-5-yl)benzamide (4.14)  

 

A stirred solution of 3',5'-dichloro-[1,1'-biphenyl]-4-amine (50 mg, 0.25 mmol), 2-(1H-

tetrazol-5-yl)benzoic acid (47.54 mg, 0.25), DMAP (25.66 mg, 0.21 mmol), EDC (40.19 

mg, 0.21 mmol), HOBT (2.84 mg, 0.021 mmol), DIPEA (0.18 mL, 1.05 mmol) in THF (3.0 

mL) was stirred at 70 °C overnight under nitrogen. The mixture was allowed to cool to 

room temperature. Water (20 mL) and EtOAc (20 mL) were added to the solution then 

the separated aqueous phase was extracted with EtOAc (20 mL × 2). The organic phases 

were combined, washed successively with 1 N HCl, saturated sodium bicarbonate 

solution, brine, dried over anhydrous Na2SO4 and concentrated. The residue was purified 
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by chromatography on silica using a gradient of hexane: diethyl ether (0 - 60%), thus the 

final product was obtained as a colourless solid; yield: 9.1 mg (11%). 

 

1H NMR (600 MHz, DMSO-d6) δ 10.69 (brs, 1H), 7.83 (d, J = 6.8 Hz, 1H), 7.73 (m, 8H), 

7.67 (m, 2H), 7.54 (s, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 167.0, 156.3, 143.7, 140.4, 137.4, 135.1, 132.4, 

130.7, 130.6, 130.0, 129.0, 127.8, 126.8, 125.3, 124.5, 120.4. 

 

HR-MS-ESI (m/z) Calculated for C20H14N5OCl2 [M + H]+: 410.0575, found: 410.0560.  

 

LCMS (MDAP): tR = 24.35 min, 99%; m/z (ESI+) 409.6 [M + H]+, 431.8 [M + Na]+. 

 

2-(1H-Tetrazol-5-yl)-N-(4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yl)benzamide (4.15)  

 

This was synthesised on a 0.41 mmol scale with 2-(1H-tetrazol-5-yl)benzoic acid by the 

same procedure as 4.14 although 4'-(trifluoromethyl)-[1,1'-biphenyl]-4-amine (80.00 mg, 

0.34 mmol) was used instead of 3',5'-dichloro-[1,1'-biphenyl]-4-amine. The final product 

was obtained as a colourless solid; yield: 44.8 mg (31%).  

 

FT-IR (cm-1): 3280 (N-H stretch), 1649 (C=O), 1597 (C=C, arom.), 1510 (C=C, arom.), 

1397 (C=C, arom.), 820  (p-Disub)  
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m.p. 259.7-260 oC 

 

1H NMR (600 MHz, DMSO-d6) δ 10.63 (s, 1H), 7.87 (d, J = 8.0 Hz, 2H), 7.82 (s, 1H), 7.80 

– 7.75 (m, 5H), 7.72 (m, 4H). 

 

13C NMR (151 MHz, DMSO-d6) δ 168.8, 166.6, 144.2, 140.1, 137.6, 133.9, 131.2, 130.8, 

130.1, 129.0, 127.9 (q, 2JCF = 34.4 Hz), 127.8, 127.4, 126.2 (q, 3JCF = 3.2 Hz), 125.8 (1JCF 

= 271.7 Hz), 124.0, 120.6.  

 

19F NMR (376 MHz, DMSO-d6) δ -60.86 (brs). 

 

HR-MS-ESI (m/z) Calculated for C21H15N5OF3 [M + H]+: 410.1229, found: 410.1215.  

 

LCMS (MDAP): tR = 23.09 min, 97%; m/z (ESI+) 409.7 [M + H]+, 431.7 [M + Na]+. 

 

N-(3'-Methoxy-[1,1'-biphenyl]-4-yl)-2-(1H-tetrazol-5-yl)benzamide (4.16)  

 

This was synthesised on a 0.30 mmol scale from 2-(1H-tetrazol-5-yl)benzoic acid by the 

same procedure as 4.14 although 3'-methoxy-[1,1'-biphenyl]-4-amine (50 mg, 0.25 mmol) 

was used instead of 3',5'-dichloro-[1,1'-biphenyl]-4-amine. The final product was obtained 

as a colourless solid; yield: 13.1 mg (14%).  
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1H NMR (600 MHz, DMSO-d6) δ 10.64 (brs, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.73 (m, 3H), 

7.69 – 7.64 (m, 2H), 7.63 (d, J = 8.3 Hz, 2H), 7.34 (t, J = 7.9 Hz, 1H), 7.21 (d, J = 7.7 Hz, 

1H), 7.16 (s, 1H), 6.89 (d, J = 8.3 Hz, 1H), 3.80 (s, 3H).  

 

13C NMR (151 MHz, DMSO-d6) δ 166.9, 160.2, 156.4, 141.7, 139.4, 137.5, 135.5, 130.6, 

130.5, 130.4, 130.1, 129.0, 127.4, 124.6, 120.4, 119.1, 113.0, 112.3, 55.6. 

 

HR-MS-ESI (m/z) Calculated for C21H18N5O2 [M + H]+: 372.1460, found: 372.1440.  

 

LCMS (MDAP): tR = 20.65 min, 99%; m/z (ESI+) 371.9 [M + H]+, 394.0 [M + Na]+. 

 

4.7.5.3 Modification of RHS with containing tetrazole on LHS: Trans amide Series 

 

 

 

N-(2-(1H-Tetrazol-5-yl)phenyl)-4-fluorobenzamide (4.17)  

 

A stirred solution of 2-(1H-tetrazol-5-yl)-phenylamine (70.0 mg, 0.43 mmol), 4-

fluorobenzoic acid (72.86 mg, 0.52 mmol), DMAP (52.53 mg, 0.43 mmol), EDC (82.43 
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mg, 0.43 mmol), HOBT (5.81 mg, 0.043 mmol), DIPEA (0.37 mL, 2.15 mmol) in THF (4.1 

mL). The solution was stirred at 70 °C overnight under nitrogen. The mixture was allowed 

to cool to room temperature. Water (20 mL) and EtOAc (20 mL) were added to the solution 

then the aqueous phase was extracted with EtOAc (20 mL × 2). The organic phases were 

combined, washed successively with 1 N HCl, saturated sodium bicarbonate solution, 

brine, dried over anhydrous Na2SO4 and concentrated. The residue was purified by 

chromatography on silica using a gradient of EtOAc: MeOH (0 - 30%), thus the final 

product was obtained as a colourless solid; yield: 46.9 mg (42%).  

 

1H NMR (600 MHz, DMSO-d6) δ 12.72 (brs, 1H), 8.65 (d, J = 8.3 Hz, 1H), 8.20 (m, 2H), 

8.16 (d, J = 7.8 Hz, 1H), 7.43 (m, 3H), 7.23 (t, J = 7.8 Hz, 1H).  

 

13C NMR (151 MHz, DMSO-d6) δ 164.3, 163.9 (d, 1JCF = 249.6 Hz), 158.6, 137.0, 131.8, 

130.5 (d, 3JCF = 9.4 Hz), 129.7, 128.3, 124.0, 120.8, 117.9, 116.2 (d, 2JCF = 21.8 Hz). 

 

19F NMR (376 MHz, DMSO-d6) δ -108.40 (tt, J = 8.8, 5.4 Hz). 

 

HR-MS-ESI (m/z) Calculated for C14H11N5OF [M + H]+: 284.0948, found: 284.0952.  

 

LCMS (MDAP): tR = 23.54 min, 99%; m/z (ESI+) 282.80 [-H]-. 
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N-(2-(1H-Tetrazol-5-yl)phenyl)-4-chlorobenzamide (4.18)  

 

This was synthesised on a 0.63 mmol scale from 2-(1H-tetrazol-5-yl)-phenylamine by the 

same procedure as 4.17 although 4-chlorobenzoic acid (100 mg, 0.64 mmol) was used 

instead of 4-fluorobenzoic acid. The final product was obtained as a colourless solid; 

yield: 15.5 mg (10%).  

 

1H NMR (600 MHz, DMSO-d6) δ 12.43 (brs, 1H), 8.59 (d, J = 8.3 Hz, 1H), 8.12 (t, J = 8.6 

Hz, 3H), 7.68 (d, J = 8.1 Hz, 2H), 7.47 (t, J = 7.8 Hz, 1H), 7.27 (t, J = 7.5 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.4, 157.6, 137.3, 137.0, 134.0, 130.3, 129.7, 

129.4, 128.5, 124.4, 121.4, 117.2. 

 

HR-MS-ESI (m/z) Calculated for C14H11N5OCl [M + H]+: 300.0652, found: 300.0657.  

 

N-(2-(1H-Tetrazol-5-yl)phenyl)-4-(trifluoromethyl)benzamide (4.19)  

 

This was synthesised on a 0.58 mmol scale 2-(1H-Tetrazol-5-yl)-phenylamine by the 

same procedure as 4.17 although 4-(trifluoromethyl)benzoic acid (100 mg, 0.53 mmol) 

was used instead of 4-fluorobenzoic acid. The final product was obtained as a colourless 

solid; yield: 62.7 mg (48%).  
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1H NMR (600 MHz, DMSO-d6) δ 13.50 (brs, 1H), 8.75 (d, J = 8.4 Hz, 1H), 8.35 (d, J = 

7.9 Hz, 2H), 8.27 (d, J = 7.8 Hz, 1H), 8.00 (d, J = 7.9 Hz, 2H), 7.36 (t, J = 8.0 Hz, 1H), 

7.20 (t, J = 7.6 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.1, 160.0, 139.4, 136.5, 132.1 (q, 2JCF = 32.0 Hz), 

128.7, 128.6, 127.8, 126.4 (q, 3JCF = 3.8 Hz), 125.3 (q, 1JCF = 272.0 Hz), 124.0, 120.0, 

119.5. 

 

19F NMR (376 MHz, DMSO-d6) δ -61.38 (brs). 

 

HR-MS-ESI (m/z) Calculated for C15H11N5OF3 [M + H]+: 334.0916, found: 334.0900.  

 

N-(2-(1H-Tetrazol-5-yl)phenyl)-4-(benzyloxy)benzamide (4.20)  

 

This was synthesised on a 0.48 mmol scale 2-(1H-tetrazol-5-yl)-phenylamine by the same 

procedure as 4.17 although 4-(benzyloxy)benzoic acid (100 mg, 0.44 mmol) was used 

instead of 4-fluorobenzoic acid. The final product was obtained as a colourless solid; 

yield: 45.6 mg (31%).  

 

1H NMR (600 MHz, DMSO-d6) δ 12.77 (brs, 1H), 8.73 (d, J = 8.3 Hz, 1H), 8.20 (d, J = 7.8 

Hz, 1H), 8.14 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 7.5 Hz, 2H), 7.43 – 7.36 (m, 3H), 7.34 (d, J 

= 7.4 Hz, 1H), 7.23 – 7.17 (m, 3H), 5.22 (s, 2H). 
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13C NMR (151 MHz, DMSO-d6) δ 164.9, 161.6, 158.9, 137.3, 137.1, 129.8, 129.5, 

129.0, 128.5, 128.3, 128.2, 127.7, 123.6, 120.4, 117.7, 115.3, 69.9. 

 

HR-MS-ESI (m/z) Calculated for C21H16N5O2 [M - H]-: 370.1304, found: 370.1308.  

 

N-(2-(1H-Tetrazol-5-yl)phenyl)-2-bromobenzamide (4.21)  

 

This was synthesised on a 0.43 mmol scale from 2-(1H-tetrazol-5-yl)-phenylamine by the 

same procedure as 4.17 although 2-bromobenzoic acid (104.5 mg, 0.52 mmol) was used 

instead of 4-fluorobenzoic acid. The final product was obtained as a colourless solid; 

yield: 44.6 mg (33%).  

 

1H NMR (600 MHz, DMSO-d6) δ 12.75 (brs, 1H), 8.66 (d, J = 8.3 Hz, 1H), 8.20 (d, J = 7.7 

Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 7.4 Hz, 1H), 7.53 (t, J = 7.5 Hz, 1H), 7.46 

(t, J = 7.7 Hz, 1H), 7.35 (t, J = 8.0 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 166.1, 159.4, 139.5, 136.5, 133.7, 132.0, 129.3, 128.7, 

128.5, 127.9, 124.0, 120.1, 119.5, 119.1. 

 

HR-MS-ESI (m/z) Calculated for C14H11N5OBr [M + H]+: 344.0147, found: 344.0147.  

 

LCMS (MDAP): tR = 20.98 min, 99%; m/z (ESI+) 342.7 [-H]-. 
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N-(2-(1H-Tetrazol-5-yl)phenyl)-3-bromobenzamide (4.22)  

 

A stirred solution of m-bromobenzoic acid (104.5 mg, 0.52 mmol), HATU (103.2 mg, 0.27 

mmol), triethylamine (0.18 mL, 1.29 mmol) in DMF (2.0 mL) for 10 minutes then 2-(1H-

tetrazol-5-yl)-phenylamine (70.0 mg, 0.43 mmol) was added. The solution was stirred at 

room temperature for 16 hrs. After completion of the reaction, water (20 mL) and EtOAc 

20 mL were added to the solution then the aqueous phase was extracted with EtOAc (20 

mL × 2). The organic phases were combined, washed successively with 1 N HCl, 

saturated sodium bicarbonate solution, brine, dried over anhydrous Na2SO4 and 

concentrated. The residue was purified by chromatography on silica using a gradient of 

dichloromethane: methanol (0 - 20%), thus providing the product as a pink solid; yield: 

15.5 mg (10%).  

 

1H NMR (600 MHz, DMSO-d6) δ 11.47 (brs, 1H), 8.39 (d, J = 8.4 Hz, 1H), 8.17 (s, 1H), 

7.99 (dd, J = 14.1, 7.8 Hz, 2H), 7.83 (d, J = 8.0 Hz, 1H), 7.60 (t, J = 8.4 Hz, 1H), 7.55 (t, 

J = 8.4 Hz, 1H), 7.37 (t, J = 7.7 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.1, 157.8, 155.3, 137.1, 135.2, 132.0, 131.5, 130.7, 

129.3, 126.8, 125.2, 123.1, 122.5, 115.6. 

 

HR-MS-ESI (m/z) Calculated for C14H11N5OBr [M + H]+: 344.0147, found: 344.0144.  
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N-(2-(1H-Tetrazol-5-yl)phenyl)-4-bromobenzamide (4.23)  

 

This was synthesised on a 0.43 mmol scale 2-(1H-tetrazol-5-yl)-phenylamine by the same 

procedure as 4.17 although 4-bromobenzoic acid (104.5 mg, 0.52 mmol) was used 

instead of 4-fluorobenzoic acid. The final product was obtained as a colourless solid; 

yield: 70.3 mg (57%).  

 

1H NMR (600 MHz, DMSO-d6) δ 13.40 (brs, 1H), 8.74 (d, J = 8.3 Hz, 1H), 8.26 (d, J = 

7.7 Hz, 1H), 8.11 (d, J = 8.1 Hz, 2H), 7.83 (d, J = 8.1 Hz, 2H), 7.33 (t, J = 7.7 Hz, 1H), 

7.17 (t, J = 7.7 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.4, 159.2, 136.8, 134.6, 132.3, 129.9, 129.2, 

128.1, 126.2, 124.0, 120.5, 118.6. 

 

HR-MS-ESI (m/z) Calculated for C14H11N5O79Br [M + H]+: 344.0147, found: 344.0163.  

 

N-(2-(1H-Tetrazol-5-yl)phenyl)-2-iodobenzamide (4.24)  

 

This was synthesised on a 0.36 mmol scale from 2-(1H-tetrazol-5-yl)-phenylamine by the 

same procedure as 4.17 although o-iodobenzoic acid (128.97.0 mg, 0.52 mmol) was used 
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instead of 4-fluorobenzoic acid. The final product was obtained as a colourless solid; 

yield: 19 mg (13%).  

 

1H NMR (600 MHz, DMSO-d6) δ 11.01 (s, 1H), 8.36 (d, J = 8.3 Hz, 1H), 7.96 (d, J = 7.9 

Hz, 1H), 7.93 (d, J = 7.8 Hz, 1H), 7.67 – 7.61 (m, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.40 (t, J 

= 7.6 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 167.8, 154.8, 142.6, 140.0, 137.1, 132.3, 132.1, 129.5, 

128.8, 128.6, 125.4, 123.1, 115.3, 93.9. 

 

HR-MS-ESI (m/z) Calculated for C14H11N5OI [M + H]+: 392.0008, found: 391.9991.  

 

LCMS (MDAP): tR = 24.88 min, 98%; m/z (ESI+) 389.55 [M + H]+. 

 

N-(2-(1H-tetrazol-5-yl)phenyl)-3-iodobenzamide (4.25)   

 

This was synthesised on a 0.43 mmol scale 2-(1H-tetrazol-5-yl)-phenylamine by the same 

procedure as 4.17 although 3-iodobenzoic acid (128.97 mg, 0.52 mmol) was used instead 

of 4-fluorobenzoic acid. The final product was obtained as a colourless solid; yield: 47.3 

mg (31%).  
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1H NMR (600 MHz, DMSO-d6) δ 13.48 (brs, 1H), 8.74 (d, J = 8.3 Hz, 1H), 8.47 (s, 1H), 

8.26 (d, J = 7.7 Hz, 1H), 8.22 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.42 (t, J = 7.8 

Hz, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.16 (t, J = 7.5 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 163.7, 160.2, 140.8, 137.6, 136.7, 136.5, 131.4, 128.3, 

127.7, 127.0, 123.7, 119.8, 119.7, 95.8. 

 

HR-MS-ESI (m/z) Calculated for C14H11N5OI [M + H]+: 392.0008, found: 392.0002. 

 

LCMS (MDAP): tR = 16.82 min, 98.3%; m/z (ESI+) 395.10 [M + H]+. 

 

N-(2-(1H-Tetrazol-5-yl)phenyl)-4-iodobenzamide (4.26)  

 

This was synthesised on a 0.43 mmol scale 2-(1H-Tetrazol-5-yl)-phenylamine by the 

same procedure as 4.22 although p-iodobenzoic acid (129.0 mg, 0.52 mmol) was used 

instead of m-bromobenzoic acid. The final product was obtained as a yellow solid; yield: 

4.1 mg (2%).  

 

1H NMR (600 MHz, DMSO-d6) δ 13.21 (brs, 1H), 8.72 (d, J = 8.4 Hz, 1H), 8.24 (aps, 1H), 

8.01 (d, J = 8.1 Hz, 2H), 7.94 (d, J = 8.1 Hz, 2H), 7.36 (aps, 1H), 7.20 (aps, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.7, 152.1, 138.2, 136.7, 135.0, 129.7, 128.8, 127.9, 

123.8, 120.2, 119.0, 100.2. 
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HR-MS-ESI (m/z) Calculated for C14H11N5OI [M + H]+: 392.0008, found: 391.9999. 

 

 

Compounds 4.27 and 4.35 were made by Dr. Andrew McGown in SDDC and are here 

as they are important as part of the overall SAR in the series. 

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)benzamide (4.27)  

 

A solution of benzoic acid (225.0 mg, 1.84 mmol), HATU (875.0 mg, 2.3 mmol), 

triethylamine (0.64 mL, 4.6 mmol) in DMF (5.0 mL) was stirred for 10 minutes then 5-

chloro-2-(1H-tetrazol-5-yl)aniline (300.0 mg, 1.53 mmol) was added. The solution was 

stirred at room temperature overnight. After completion of the reaction, water (15 mL) and 

DCM (15 mL) were added to the solution then the aqueous phase was extracted with 

EtOAc (15 mL × 2). The organic phases were combined, washed successively with 1N 

HCl, saturated sodium bicarbonate solution, brine, dried over anhydrous Na2SO4 and 

concentrated. The resulting residue was suspended in DCM and stirred leading to the 

formation of a precipitate which was collected by filtration as a colourless solid; yield: 77.4 

mg (16%).  
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1H NMR (600 MHz, Acetone-d6) δ 12.10 (brs, 1H), 9.13 (d, J = 2.1 Hz, 1H), 8.23 – 8.15 

(m, 3H), 7.67 (m, 3H), 7.39 (dd, J = 8.5, 2.1 Hz, 1H). 

 

13C NMR (151 MHz, Acetone-d6) δ 165.5, 155.5, 139.3, 137.4, 134.5, 132.4, 129.6, 129.0, 

127.5, 123.5, 120.4, 110.7. 

 

HR-MS-ESI (m/z) Calculated for C14H11N5OCl [M + H]+: 300.0647, found: 300.0653. 

 

LCMS (MDAP): tR = 6.95 min, 95.7%; m/z (ESI+) 298.75 [M - H]-. 

 

N-(4-Chloro-2-(1H-tetrazol-5-yl)phenyl)picolinamide (4.28)  

  

A solution of 5-chloro-2-(1H-tetrazol-5-yl)aniline (100.0 mg, 0.51 mmol), piconilic acid 

(75.3 mg, 0.61 mmol), DMAP (62.3 mg, 0.51 mmol), EDC (97.8 mg, 0.51 mmol), HOBT 

(13.8 mg, 0.10 mmol), DIPEA (0.46 mL, 2.55 mmol) in THF (3.0 mL). The solution was 

stirred at 70 °C overnight under nitrogen. The mixture was allowed to cool to room 

temperature. Water (20 mL) and EtOAc (20 mL) were added to the solution then the 

aqueous phase was extracted with EtOAc (20 mL× 2). The organic phases were 

combined, washed successively with 1 N HCl, saturated sodium bicarbonate solution, 

brine, dried over anhydrous Na2SO4 and concentrated. The resulting residue was 

suspended in DCM and stirred leading to the formation of a precipitate which was 

collected by filtration and identified as pure product as a yellow solid; yield: 12.5 mg (8%) 
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1H NMR (600 MHz, DMSO-d6) δ 13.70 (brs, 1H), 8.91 (m, 1H), 8.80 (m, 1H), 8.20 (d, J = 

7.8 Hz, 1H), 8.17 (d, J = 7.9 Hz, 1H), 8.06 (t, J = 7.8 Hz, 1H), 7.67 (t, J = 6.1 Hz, 1H), 

7.25 (d, J = 8.3 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.2, 159.0, 150.6, 149.3, 138.4, 137.3, 132.4, 129.6, 

127.4, 123.7, 123.0, 120.0, 119.1. 

 

HR-MS-ESI (m/z) Calculated for C13H10N6OCl [M + H]+: 301.0605, found: 301.0611. 

 

LCMS (MDAP): tR = 19.9 min, 56%; m/z (ESI+) 299.8 [M - H]-, and Rt = 28.6 min, 42%; 

m/z (ESI+) 299.9 [M - H]-. 

 

N-(4-Chloro-2-(1H-tetrazol-5-yl)phenyl)nicotinamide (4.29)  

 

This was synthesised on a 0.51 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.27 although nicotinic acid (75.1 mg, 0.61 mmol) was used 

instead of benzoic acid. After completion of the reaction, water (15 mL) and EtOAc (20 

mL) were added to the solution then the aqueous phase was extracted with EtOAc (20 

mL × 2). The organic phases were combined, washed successively with 1 N HCl (10 mL), 

saturated sodium bicarbonate solution, brine, dried over anhydrous Na2SO4 and 

concentrated. The residue was purified by chromatography on silica using a gradient of 

dichloromethane: methanol (0 - 20%). The final product was obtained as a colourless 

solid; yield: 10.0 mg (7%). 
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1H NMR (600 MHz, DMSO-d6) δ 13.66 (brs, 1H), 9.35 (s, 1H), 8.85 (d, J = 2.2 Hz, 1H), 

8.83 (d, J = 4.6 Hz, 1H), 8.50 (d, J = 8.0 Hz, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.67 (dd, J = 

8.0, 4.6 Hz, 1H), 7.25 (dd, J = 8.5, 2.2 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.1, 157.3, 153.1, 149.0, 137.5, 135.6, 132.5, 130.6, 

129.1, 124.5, 123.8, 119.3, 118.4. 

 

HR-MS-ESI (m/z) Calculated for C13H10N6OCl [M + H]+: 301.0605, found: 301.0612. 

 

LCMS (MDAP): tR = 16.55 min, 97.3%; m/z (ESI+) 392.80 [M + H]+.  

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)isonicotinamide (4.30)  

 

This was synthesised on a 0.51 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.28 although isonicotinic acid (75.1 mg, 0.61 mmol) was used 

instead of piconilic acid. The final product was obtained as a colourless solid; yield: 8.1 

mg (5%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.00 (brs, 1H), 8.88 (s, 2H), 8.59 (s, 1H), 8.08 (d, J = 

8.5 Hz, 1H), 7.94 (s, 2H), 7.48 (d, J = 8.5 Hz, 1H). 
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13C NMR (151 MHz, DMSO-d6) δ 164.2, 155.5, 151.1, 141.7, 137.9, 135.9, 130.6, 125.2, 

122.0, 121.7, 114.8. 

 

HR-MS-ESI (m/z) Calculated for C13H10N6OCl [M + H]+: 301.0605, found: 301.0612. 

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-2-(trifluoromethyl)isonicotinamide (4.31)  

 

This was synthesised on a 1.02 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.27 although 2-(trifluoromethyl)isonicotinic acid (200 mg, mmol) 

was used instead of benzoic acid. After completion of the reaction, water (15 mL) and 

EtOAc (20 mL) were added to the solution then the aqueous phase was extracted with 

EtOAc (20 mL × 2). The organic phases were combined, washed successively with 1 N 

HCl (10 mL), saturated sodium bicarbonate solution, brine, dried over anhydrous Na2SO4 

and concentrated. The residue was purified by chromatography on silica using a gradient 

of EtOAc: methanol (0 - 20%). The combined final product was obtained as a colourless 

solid; yield: 28.4 mg (8%). 

 

1H NMR (600 MHz, DMSO-d6) δ 13.78 (brs, 1H), 9.09 (d, J = 4.9 Hz, 1H), 8.78 (s, 1H), 

8.49 (s, 1H), 8.37 (d, J = 4.9 Hz, 1H), 8.26 (d, J = 8.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 162.5, 159.0, 152.2, 148.0 (q, 2JCF = 34.4 Hz), 144.2, 

137.1, 132.9, 129.3, 125.3, 124.5, 121.0 (q, 1JCF = 274.3 Hz), 119.7, 118.7 (q, 3JCF = 3.2 

Hz), 118.4. 
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19F NMR (376 MHz, DMSO-d6) δ -66.67 (brs). 

 

HR-MS-ESI (m/z) Calculated for C14H9N6OF3Cl [M + H]+: 369.0478, found: 369.0479. 

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-6-(trifluoromethyl)nicotinamide (4.32)  

 

This was synthesised on a 0.77 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.27 although 6-(trifluoromethyl)nicotinic acid (174.9 mg, 0.92 

mmol) was used instead of benzoic acid. After completion of the reaction, water (15 mL) 

and EtOAc (20 mL) were added to the solution then the aqueous phase was extracted 

with EtOAc (20 mL × 2). The organic phases were combined, washed successively with 

1 N HCl (10 mL), saturated sodium bicarbonate solution, brine, dried over anhydrous 

Na2SO4 and concentrated. The resulting residue was suspended in EtOAc and stirred 

leading to the formation of a precipitate which was collected by filtration. The filtrate was 

also collected and purified by chromatography on silica using a gradient of EtOAc: 

methanol (0 - 20%). The combined final product was obtained as a pale-pink solid; yield: 

81.5 mg (29%). 

 

1H NMR (600 MHz, DMSO-d6) δ 13.12 (brs, 1H), 9.41 (s, 1H), 8.70 (d, J = 2.2 Hz, 1H), 

8.69 (dd, J = 8.3, 2.2 Hz, 1H), 8.20 (dd, J = 8.3, 5.4 Hz, 2H), 7.37 (dd, J = 8.3, 2.2 Hz, 

1H). 
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13C NMR (151 MHz, DMSO-d6) δ 163.0, 157.9, 149.5, 148.9 (q, 2JCF = 34.3 Hz), 138.2, 

137.4, 133.8, 133.7, 129.7, 124.7, 122.7 (q, 1JCF = 274.3 Hz), 121.6 (q, 3JCF = 2.8 Hz), 

120.6, 117.4. 

 

19F NMR (376 MHz, DMSO-d6) δ -66.70 (brs). 

 

HR-MS-ESI (m/z) Calculated for C14H9N6OF3Cl [M + H]+: 369.0478, found: 369.0478. 

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-2-(trifluoromethyl)benzamide (4.33)  

 

This was synthesised on a 0.36 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.31 although 2-(trifluoromethyl)benzoic acid (115.4 mg, 0.43 

mmol) was used instead of benzoic acid. The final product was obtained as a yellow solid; 

yield: 39.2 mg (14%). 

 

1H NMR (600 MHz, DMSO-d6) δ 13.05 (brs, 1H), 8.72 (s, 1H), 8.22 (d, J = 8.5 Hz, 1H), 

7.90 (d, J = 7.8 Hz, 1H), 7.85 (s, 2H), 7.78 (d, J = 7.8 Hz, 1H), 7.28 (d, J = 8.5 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 166.3, 158.9, 137.4, 136.4, 133.5, 132.8, 131.2, 129.3, 

128.8, 127.3 (q, 3JCF = 4.8 Hz), 126.5 (q, 2JCF = 31.6 Hz), 125.1 (q, 1JCF = 273.7 Hz), 

124.0, 119.4, 118.0. 

 

19F NMR (376 MHz, DMSO-d6) δ -57.79 (brs). 
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HR-MS-ESI (m/z) Calculated for C15H10N5OF3Cl [M + H]+: 368.0526, found: 368.0523. 

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-3-(trifluoromethyl)benzamide (4.34)  

 

This was synthesised on a 0.77 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.32 although 3-(trifluoromethyl)benzoic acid (174.0 mg, 0.92 

mmol) was used instead of benzoic acid. The final product was obtained as a pale-pink 

solid; yield: 60.0 mg (21%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.98 (brs, 1H), 8.73 (d, J = 2.2 Hz, 1H), 8.43 – 8.41 (m, 

2H), 8.18 (d, J = 8.5 Hz, 1H), 8.04 (d, J = 7.8 Hz, 1H), 7.88 (t, J = 8.0 Hz, 1H), 7.35 (dd, 

J = 8.5, 2.2 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.2, 157.6, 137.8, 135.8, 134.1, 131.7, 130.7, 130.3 

(q, 2JCF = 34.4 Hz), 129.7, 129.2, 125.2 (q, 1JCF = 272.6 Hz), 124.6 (q, 2JCF = 4.0 Hz), 

124.3, 120.5, 116.6. 

 

19F NMR (376 MHz, DMSO-d6) δ -61.32 (brs). 

 

HR-MS-ESI (m/z) Calculated for C15H10N5OF3Cl [M + H]+: 368.0526, found: 368.0522. 
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N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-4-(trifluoromethyl)benzamide (4.35)  

 

This was synthesised on a 1.53 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.31 although 4-(trifluoromethyl)benzoic acid (350 mg, 1.84 mmol) 

was used instead of benzoic acid and the residue was purified by reverse phase column 

chromatography on C-18 using a gradient of acetonitrile: water (+0.1 % Formic acid). The 

final product was obtained as a colourless solid; yield: 114.2 mg (19%). 

 

1H NMR (600 MHz, DMSO-d6) δ 11.68 (brs, 1H), 8.58 (d, J = 2.2 Hz, 1H), 8.20 (d, J = 8.1 

Hz, 2H), 8.01 (dd, J = 13.4, 8.3 Hz, 3H), 7.50 (dd, J = 8.5, 2.2 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.7, 138.3, 138.3, 136.5, 132.6 (q, 2JCF = 31.9 Hz), 

130.7, 128.8, 126.5 (q, 3JCF = 3.3 HZ), 125.2, 125.1, 123.4, 122.3, 113.9. 

 

19F NMR (376 MHz, DMSO-d6) δ -61.49 (brs). 

 

HR-MS-ESI (m/z) Calculated for C15H10N5OClF3 [M + H]+: 368.0526, found: 368.0517. 
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N-(4-Chloro-2-(1H-tetrazol-5-yl)phenyl)-4-methoxybenzamide (4.36)  

 

This was synthesised on a 0.51 mmol scale 5-chloro-2-(1H-tetrazol-5-yl)aniline by the 

same procedure as 4.31 although p-anisic acid (92.8 mg, 0.61 mmol) was used instead 

of benzoic acid. The final product was obtained as a colourless solid; yield: 29.8 mg 

(18%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.64 (brs, 1H), 8.82 (d, J = 2.2 Hz, 1H), 8.15 (d, J = 8.5 

Hz, 1H), 8.10 (d, J = 8.4 Hz, 2H), 7.30 (dd, J = 8.5, 2.2 Hz, 1H), 7.15 (d, J = 8.4 Hz, 2H), 

3.85 (s, 3H). 

 

13C NMR (151 MHz, DMSO-d6) δ 165.2, 162.8, 157.6, 138.5, 134.3, 129.8, 129.7, 126.9, 

123.5, 120.0, 115.6, 114.7, 56.0. 

 

HR-MS-ESI (m/z) Calculated for C15H11N5O2Cl [M - H]-: 328.0601, found: 328.0607. 
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N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-6-methoxynicotinamide (4.37)  

 

This was synthesised on a 0.51 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.31 although 6-methoxynicotinic acid (93.42 mg, 0.61 mmol) was 

used instead of benzoic acid. The final product was obtained as a yellow solid; yield: 27.2 

mg (16%). 

 

1H NMR (600 MHz, DMSO-d6) δ 11.66 (brs, 1H), 8.56 (d, J = 2.4 Hz, 1H), 8.42 (d, J = 5.2 

Hz, 1H), 8.02 (m, 1H), 7.52 – 7.48 (m, 2H), 7.34 (d, J = 4.2 Hz, 1H), 3.93 (s, 3H). 

 

13C NMR (151 MHz, DMSO-d6) δ 164.7, 164.0, 154.9, 148.7, 144.8, 138.0, 136.4, 

130.8, 125.3, 122.3, 115.0, 114.1, 109.0, 54.2. 

 

HR-MS-ESI (m/z) Calculated for C14H12N6O2Cl [M + H]+: 331.0710, found: 331.0713. 

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-2-methoxyisonicotinamide (4.38)  

 

This was synthesised on a 3.06 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.31 although 2-methoxyisonicotinic acid (200 mg, 1.22 mmol) 
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was used instead of benzoic acid. The final product was obtained as a colourless solid; 

yield: 14.5 mg (4%). 

 

1H NMR (600 MHz, DMSO-d6) δ 13.08 (brs, 1H), 9.01 (s, 1H), 8.79 (s, 1H), 8.36 (d, J = 

8.6 Hz, 1H), 8.21 (d, J = 8.6 Hz, 1H), 7.27 (d, J = 8.7 Hz, 1H), 7.04 (d, J = 8.7 Hz, 1H), 

3.96 (s, 3H). 

 

13C NMR (151 MHz, DMSO-d6) δ 166.2, 163.9, 158.5, 147.8, 138.8, 137.9, 133.4, 129.5, 

124.3, 123.7, 119.7, 117.1, 111.3, 54.4. 

 

HR-MS-ESI (m/z) Calculated for C14H12N6O2Cl [M + H]+: 331.0710, found: 331.0713. 

 

4-(Benzyloxy)-N-(4-chloro-2-(1H-tetrazol-5-yl)phenyl)benzamide (4.39)  

 

This was synthesised on a 1.02 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.31 although 4-(benzyloxy)benzoic acid (278.5 mg, 1.02 mmol) 

was used instead of benzoic acid. The final product was obtained as a colourless solid; 

yield: 20.0 mg (5%). 

 

1H NMR (600 MHz, DMSO-d6) δ 11.68 (brs, 1H), 8.74 (s, 1H), 8.02 (d, J = 9.0 Hz, 3H), 

7.47 (d, J = 7.5 Hz, 2H), 7.43 (m, 1H), 7.40 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz, 1H), 

7.22 (m, 2H), 5.22 (s, 2H). 
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13C NMR (151 MHz, DMSO-d6) δ 165.2, 162.1, 155.1, 139.0, 137.0, 136.5, 130.5, 

129.8, 128.9, 128.5, 128.3, 126.7, 124.2, 121.1, 115.5, 112.5, 70.0. 

 

HR-MS-ESI (m/z) Calculated for C21H15N5O2Cl [M - H]-: 404.0914, found: 404.0917. 

 

3',5'-Dichloro-N-(5-chloro-2-(1H-tetrazol-5-yl)phenyl)-[1,1'-biphenyl]-4-

carboxamide (4.40)  

 

This was synthesised on a 0.36 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.27 although 3',5'-dichlorobiphenyl-4-carboxylic acid (115.4 mg, 

0.43 mmol), was used instead of benzoic acid. After completion of the reaction, water (15 

mL) and EtOAc (20 mL) were added to the solution then the aqueous phase was extracted 

with EtOAc (20 mL × 2). The organic phases were combined, washed successively with 

1 N HCl (10 mL), saturated sodium bicarbonate solution, brine, dried over anhydrous 

Na2SO4 and concentrated. The resulting residue was suspended in MeOH and stirred 

leading to the formation of a precipitate which was collected by filtration and identified as 

pure product. The final product was obtained as an orange solid; yield: 64.3 mg (40%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.19 (brs, 1H), 8.74 (d, J= 2.4 Hz, 1H), 8.16 (d, J= 7.9 

Hz, 2H), 8.08 (d, J= 8.4 Hz, 1H), 8.01 (d, J= 7.9 Hz, 2H), 7.88 (s, 2H), 7.66 (s, 1H), 7.42 

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

 

13C NMR (151 MHz, DMSO-d6) δ 165.1, 156.0, 142.8, 141.2, 138.4, 135.6, 135.3, 

134.4, 130.3, 128.6, 128.2, 128.1, 126.2, 124.4, 121.1, 114.3. 
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HR-MS-ESI (m/z) Calculated for C20H11N5OCl3 [M - H]-: 442.0029, found: 442.0033. 

 

N-(5-Chloro-2-(1H-tetrazol-5-yl)phenyl)-4'-(trifluoromethyl)-[1,1'-biphenyl]-4-

carboxamide (4.41)  

 

This was synthesised on a 0.77 mmol scale from 5-chloro-2-(1H-tetrazol-5-yl)aniline by 

the same procedure as 4.32 although 4'-(trifluoromethyl)-[1,1'-biphenyl]-4-carboxylic acid 

(244.9 mg, 0.92 mmol), was used instead of benzoic acid and EtOAc was also used 

instead of DCM. The final product was obtained as an orange solid; yield: 95.8 mg (28%). 

 

1H NMR (600 MHz, DMSO-d6) δ 12.22 (brs, 1H), 8.75 (s, 1H), 8.17 (d, J= 7.9 Hz, 2H), 

8.07 (d, J= 8.4 Hz, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.96 (d, J = 8.2 Hz, 2H)), 7.83 (d, J= 7.9 

Hz, 2H), 7.39 (d, J= 8.4 Hz, 1H). 

 

13C NMR (151 MHz, DMSO-d6) δ 165.2, 156.0, 143.3, 142.6, 138.5, 135.6, 134.2, 130.2, 

129.1 (q, 2JCF = 31.7 Hz), 128.6, 128.3, 128.0, 126.3 (q, 3JCF = 4.1 Hz), 125.6 (q, 1JCF = 

272.0 Hz), 124.3, 120.9, 114.0. 

  

19F NMR (376 MHz, DMSO-d6) δ -61.04 (brs). 

 

HR-MS-ESI (m/z) Calculated for C21H12N5OF3Cl [M - H]-: 442.0682, found: 442.0680. 

 

LCMS (MDAP): tR = 15.94 min, 99%; m/z (ESI+) 328.80 [-H]-. 
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Chapter 5 

 

Conclusions and Future Directions  

 

5.1 Conclusions  

Amide compounds continue to attract much consideration in medicinal chemistry 

(Chapter 1). Effective small molecule amides and related compounds (sulphonamides, 

hydrazides) have been synthesised using the ‘rule of five’ considerations, acid 

bioisosteres and tested against various targets (Scheme 5.1). 

 

  

Scheme 5.1. Thesis Objectives. 
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In Chapter 1, we review the importance of amide and sulfonamide compounds in 

medicinal chemistry, coupling agents for the synthesis of amides, the synthesis of 

sulfonamides and acid bioisosteres. 

 

In Chapter 2, libraries of furan containing amides, sulphonamides and hydrazides have 

been produced for targeting peptidyl-tRNA hydrolase (Pth). It was found that the furan 

ring in fragment I can bind in active site from a fragment screen (Hare group, Sussex) 

was undertaken using X-ray crystallography, the chemical structure as shown in  

Figure 5.1.  

 

Figure 5.1. Initial fragment hits from X-ray crystallography. 

 

In Chapter 3, LMO2-SCL inhibitors were made by using tert-butyl 6-oxo-1,4-oxazepane-

4-carboxylate as a building block. (6-((Pyridin-2-ylmethyl)amino)-1,4-oxazepan-4-

yl)(tetrahydro-2H-pyran-4-yl)methanone (3.8) showed the lowest in Kd (6 nM) that needs 

more development to a drug in the future, the chemical structure as shown in Figure 5.2.  

 

Figure 5.2. This compound had the lowest Kd. 
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In Chapter 4, a series of low molecular compounds have been synthesised by using a 

simple amide coupling methods with parallel attempts to improve the solubility and 

permeability of our lead compounds. Biological assays showed the compounds to display 

good potency as activators of Kv2.1 channels and promising compounds were chosen to 

further study solubility, permeability and metabolic stability in an in vitro study (Figure 5.3).  

           

 

Figure 5.3. Compounds 4.1, 4.2 and 4.3 that were chosen to in vitro test. 

 

5.2 Future Directions 

Fragments I and II libraries in Chapter 2 have been sent for antimicrobial testing 

to colleagues at the INEOS Centre, University of Oxford 

(https://www.ineosoxford.ox.ac.uk/). These will be investigated, if active, against 

clinically relevant gram + and – bacteria. 

In addition to testing with other antimicrobials, the synthesised compounds can be 

tested for binding  to novel protein targets using the MST technique.  

Compounds in Chapter 3 will be sent for further study vs a related LMO4 target for 

anticancer since we have no structural data on LMO2 (xray), the use of a surrogate 

protein (LMO4) with better crystallisation properties (unpublished) may help us better 

understand binding and SAR properties.  



225 
 

Compounds in Chapter 4 still can be developed in terms of SAR to produce a lead 

compound in order to improve their efficacy, permeability and solubility. We anticipate 

several publications arising from this work. 

 

5.3 Thesis Outcomes 

Publications; 

Publications for Chapter 3 and 4 will be published soon. 

The following paper has been published on work related to this thesis: 

Synthesis of a Thiazole Library via an Iridium Catalyzed Sulfur Ylide Insertion Reaction.  

Storm Hassell-Hart,* Elisa Speranzini, Sirihathai Srikwanjai, Euan Hossack, S. Mark 

Roe, Daren Fearon, Daniel Akinbosede, Stephen Hare and John Spencer*. Org. Lett. 

2022, 24(43),7924-7927.  

 

Oral presentation: 

Sirihathai Srikwanjai and John Spencer, “Synthesis of potential compounds for 

potassium ion channel targets in pain relief”, Chemistry PhD Colloquium 2022, 9th 

September 2022, University of Sussex, Brighton, UK. 

 

Sirihathai Srikwanjai, Hazel Cox and John Spencer, “Synthesis of amide compounds for 

Biological Applications”, Chemistry PhD Colloquium 2022 (online), 18th September 

2020, University of Sussex, Brighton, UK. 
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Attending Events: 

Life Sciences Research Symposium, 7th January 2023, University of Sussex,  

Brighton, UK. 

Life Sciences Research Symposium, 30th June 2021, University of Sussex,  

Brighton, UK. 

First symposium on Organic Synthesis and Drug Discovery, 1st November 2019, 

Kingston University, London. 
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