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Abstract 

 

When antibacterial agents first were discovered it revolutionised the world of medicine, but 

after some time the bacteria started developing resistance rendering the medicines ineffective. 

The demand for new antibacterial agents which the bacteria has yet to become immune to has 

thus become great.1  

Here is presented a synthetic route to synthesise molecules which are analogues to a biologically 

tested molecule with good antibiotic effect.  

 

Introduction 

 

History of antibiotics 

  

Antibiotics were first introduced to the world when Alexander Fleming in 1928 managed to 

produce penicillin.2 But it was not until the 1940s his penicillin started to be used for treating 

severe infections.3 Not long after the incredible medicinal tool of penicillin was applied to 

treatments, the great issue that is drug resistant bacteria was encountered. To tackle the issue, 

new antibiotics were discovered, restoring some hope.2,4 But the new antibiotics also 

experienced resistance eventually.2,3 Plenty of antibiotics were introduced throughout the 20th 

century, but sooner or later bacterial strains appeared which had developed resistance to these 

antibiotics (see figure 1).3 An antibacterial agent which seemed promising was applied to 

treatments in 1972, Vancomycin.2,3 Tests had attempted to induce resistance towards 

Vancomycin but had proved very hard to succeed which gave hope that maybe an antibiotic 

which would not induce resistance from treatments had been discovered. But sadly, bacterial 

strains that showed resistance towards Vancomycin were eventually encountered as well. 2 

During the latter half of the 20th century, several new antibiotics were produced to deal with the 

constantly growing complications of drug-resistant bacteria. But after that, it appeared to get 

harder and harder to discover new agents and less new drugs were brought into treatments. This 

is a continuous dilemma which is still present today.4 Apart from saving lives by curing 

infections, antibiotics have enabled performances of otherwise impractical and dangerous 

surgeries and overall helped supporting medicinal advances.5  
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Figure 1. Development of antibiotic resistance and antibiotics introduced. PDR = pan-drug-

resistant, R = resistant, XDR = extensively drug-resistant.  
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Evolving bacteria 

 

Just as every step of evolution, drug resistance in bacteria is a result of mutation. Mutations in 

bacteria can occur spontaneously, be inherited from parents or through horizontal gene transfer. 

Horizontal gene transfer allows bacteria to transfer genetic material between organisms and 

even different species.6 A demonstration of how efficient bacteria are at adapting and 

exchanging genetic information was made by a physician who in 1928 injected mice with both 

live avirulent bacteria and dead virulent bacteria. After injecting both bacteria in the mice he 

could then observe live virulent bacteria, meaning that the bacteria can evolve even just by 

being in contact with dead bacteria.7 This means that drug resistance can be developed by the 

human body’s own beneficial bacteria, which might be good. But it also means that the 

beneficial bacteria in turn can pass the resistance on to new infectious bacteria. If say only a 

small number of bacteria in an infectious population has developed antibiotic resistance, these 

traits will be promoted for future generations since the bacteria that do not possess resistance 

will die off, which is all in accordance with the natural selection. Considering the fast generation 

rate of bacteria and the fact that the bacteria equipped with antibiotic resistance will flourish as 

their competitors are suffering from the effects of the antibiotics, the resistance traits can 

quickly be spread throughout the population.  

 

The resistance crisis 

 

A big factor contributing to the drug resistance problem is the overuse of antibiotics which is 

worldwide.8 Sir Alexander Fleming who discovered antibiotics in the first place anticipated 

already in 1945 that the revolutionary and miraculous effects of antibiotics would be abused.4 

Antibiotics are in some countries accessible to be purchased unprescribed in stores which means 

there is no regulation concerning the usage. A person could therefore go to the store and buy 

antibiotics just because they feel they have a lingering cold. Without regulations on antibiotic 

usage the outcome will be an increasing market of antibiotics easy to acquire for a cheap price 

which further encourages overuse. In recent years, the availability of online-shopping has also 

made it possible, even for people living in countries with good regulations concerning antibiotic 

usage, to be able to obtain cheap and unregulated antibiotics.9  

Another cause of the increasing spread of antibiotic resistance is the wrongful prescription of 

antibiotics. There are studies showing the cause of treatment, choice of antibacterial agent and 

the time extent of the treatment period when it comes to treatment of infections with 

antibacterial agents is in 30-50 % of the occasions inappropriate.3 This varies in different places 

of the world. For example, in the U.S. there was a study report showing that out of a large group 

of patients treated for community-acquired pneumonia only 7.6 % of the patients was treated 

based on a defined pathogen. Whereas at the Karolinska Institute in Sweden, investigations 

showed that 89 % of the patients treated for community-acquired pneumonia were treated 

against a defined pathogen determined by molecular biology methods.10  

Antibiotics used in food industry is also a major problem. Antibacterial agents are used all over 

the world on healthy livestock to pre-emptively treat infection.3,10 It is considered an 

enhancement of the general health of the animals, leading to better production with better 

quality food products and higher yields.9 The antibacterial agents given to the animals are then 

transferred to humans when eaten.11 This is a phenomenon known of for more than 35 years 

after antibiotic resistance were discovered to great extent in the natural flora of farm animals as 

well as the farmers. More current techniques have been able to prove the transference of 

antibiotic resistant bacteria from animals to humans by ingesting their meat. 10 The use of 

antibiotics on livestock further increases exposure of antibiotics towards bacteria which further 

promotes their development of antibiotic resistance. Using antibiotics on livestock will promote 
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development of antibiotic resistance just as over usage on humans does, since it promotes the 

proliferation of resistant bacteria as the bacteria which are not resistant are struggling for 

survival. 

The industrial market of antibiotics is sadly also counteracting the development of new 

antibacterial agents. Many of the larger pharmaceutical companies are turning away from 

antibiotic development for economic reasons.10 Antibiotics do not generate enough money since 

they are relatively cheap and are used for a relatively short period of time which makes them 

less profitable.10,11 Companies tend to focus on other medicine instead. Chronic conditions are 

more profitable for the companies to develop rather than antibiotics.12 The awareness of 

antibiotic overuse is also discouraging physicians to prescribe a new antibiotic. They rather 

prescribe older antibacterial agents over new ones to avoid the promotion of resistance towards 

the new antibiotic. By preventing spread of resistance towards new antibiotics, physicians save 

them for the most serious infections as a last line of defence. This approach might be good, but 

it reduces the use of the new antibiotics which in turn reduces the gain of the companies’ 

investments.11-13  

 

Gram staining 

 

It was in 1884 that scientist Christian Gram developed a staining method which let him divide 

bacteria into two major groups; Gram-positive and Gram-negative. The staining is very useful 

and is still invaluable even today. What decides which group a bacterium is part of is whether 

they have an outer membrane. Gram-negative bacteria have this outer membrane which 

prevents the dye from entering the cells whereas Gram-positive bacteria lacks this outer 

membrane and will let the dye enter the cells.14  

 

2-pyridones 

 

Molecules with the same heterocyclic core structure as these analogues have proven to have a 

wide variety of biological activities depending on their substitution pattern. This makes them 

interesting for development of new antibiotics.15-17 

2-pyridone core structures are present in various other pharmaceuticals used for promotion of 

and preservation of neurons, antifeedant effect, nicotine abuse18-20, as well as applications of 

peptidomimetics. These peptidomimetic ring-fused 2-pyridones can prevent E. coli from 

adhering to cells by inhibiting the assembly of pili. By preventing the formation of pili instead 

of killing the bacteria, this would presumably slow down the development of resistance among 

the bacteria.21 Another application of these ring-fused 2-pyridone peptidomimetics is in 

inhibition of curli assembly which are amyloid fibres produced by E. coli.22  

 

Aim 

 

The aim of this project was to synthesise analogues to a ring-fused 2-pyridone which was 

known to have good antibiotic effect against Gram-positive bacteria. Although tests have 

proved that the compound does indeed have antibacterial effects, it is not yet known what the 

compound does to the bacteria nor the mechanism behind it. Specifically, the project aimed at 

synthesising ring-fused 2-pyridones with different substituents at a certain position, which 

required a multi-step synthesis in which to make the ring-fused 2-pyridone itself from 

commercial starting materials. The synthetic route is derived from previous experiments 

performed by Fredrik Almqvist’s research group.23,24  
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Results & discussion 

The synthetic route (see Scheme 1) started by mixing a carboxylic acid with Meldrum’s acid 

followed by DMAP together with DCC resulting in the formation of 2. Meanwhile, compound 

4 was formed by adding AcCl to a substituted acetonitrile (3) in EtOH. The imidate (4) was 

used instead of the corresponding ester because it is more reactive towards L-cysteine methyl 

ester when forming the thiazoline (5). The ring-fused 2-pyridone core (6) was then successfully 

synthesised by reacting 2 with 5 together with TFA at 120 °C in dichloroethane using micro-

wave irradiation. In this reaction, 2 first decomposes from the heat to form the corresponding 

ketene (see Figure 2) which in turn reacts with the thiazoline (5). The work-up of this reaction 

involved a problematic separation of the organic phase. The reaction mixture consisted of a 

sludge with lots of emulsion in between the organic phase and the aqueous phase. After diluting 

the extraction mixture with dichloromethane, brine and water and patiently waited long periods 

of time for the phases to properly separate, the desired product was eventually obtained. LiOH 

was added to 6 but, after leaving the reaction overnight, starting material could still be observed 

on the TLC. More LiOH was added and after 2 h no starting material was found on the TLC 

and 7 was attained. Compound 7, Dimethylformamide and oxalyl chloride were mixed before 

slowly adding 2-(trimethylsilyl)ethanol resulting in 8. The reaction mixture leading to for-

mation of 8 also proved to give a difficult separation with a sludge-like water and solvent mix-

ture with a lot of emulsion forming. After great dilution and long periods of time for the phases 

to separate, 8 was extracted. The TMS ethyl ester protective group is used instead of the methyl 

ester group as in 6 because later reaction step would make the carboxylic acid more difficult to 

deprotect from the methyl ester than the TMS ethyl ester which is easily removed with TBAF. 

Compound 8 was then added to NaH followed by BrCCl3 and 2-(trimethylsilyl)ethanol suc-

cessfully giving 9. Synthesising 9 also involved a troublesome work up. No phase separation 

could be observed, but after great dilution and multiple repeated extractions of ethyl acetate 

from water and brine, the product could be dried and isolated. A bromo hydroxy arene, Bis(pi-

nacolato)diboron, [1,1'-Bis(diphelylphophino)ferrocene]dichloropalladium(II), complex with 

dichloromethane and potassium acetate were mixed and heated resulting in 11. Compound 11 

was used to Suzuki couple with 9 which gave 12. Compound 12 was used to synthesise 13a by 

heating with alkyl halide (a) and potassium carbonate. 13a was then reacted with TBAF result-

ing in 14a. Impurities remained after flash column chromatography so ran HPLC which suffi-

ciently purified the product. Compound 12 was heated with alkyl halide (b) and potassium 

carbonate resulting in compound 13b. TBAF was added to 13b which resulted in 14b. Com-

pound 12 was now heated with alkyl halide (c) and potassium carbonate which resulted in 13c. 

Product was first extracted with dichloromethane from brine but had to be extracted again with 

ethyl acetate in order to get rid of dimethylformamide. Compound 13c was then mixed with 

TBAF which successfully resulted in 14c. Compound 12 was again heated this time together 

with alkyl halide (d) and potassium carbonate to give 13d. Also this time the product had to be 

further extracted with ethyl acetate from brine in order to get rid of dimethylformamide. Com-

pound 13d was also treated with TBAF which afforded 14d as product. Compound 12 was 

finally heated with alkyl halide (e) and potassium carbonate to form 13e. The yield of the reac-

tion unfortunately extended the theoretical yield. The integrals in the 1H-NMR suggests that 

there might be some residual starting material still in the sample which was not removed in the 

work up. Apart from potential starting material, the 1H-NMR does not show any impurities that 

would explain the abnormal yield. It could very well be due to some problem or error during 

the weighing, instrumental, human or both. Compound 13e was then mixed with TBAF. Pure 

according to TLC but data to confirm pure 14e has not yet been acquired. 
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In summary, five different analogues of the molecule of interest was successfully synthesised 

which satisfies the aim of this project. This synthetic route proved to give results with good 

yield and with easy reactions which could be performed within a convenient timeframe without 

any particularly dangerous experiments. All in all, it can be considered a well-suited route for 

achieving the desired products.  

 

Scheme 1. Synthetic route to the desired analogues: a) a carboxylic acid, DMAP, DCC, 

dichloromethane b) AcCl, ethanol, 0 °C  r.t. c) L-Cysteine methyl ester hydrochloride, TEA, 

dichloromethane, 0 °C  r.t. d) TFA, dichloroethane, 120 °C e) LiOH, tetrahydrofuran f) oxalyl 

chloride, dimethylformamide, 2-(trimethylsilyl)ethanol, dichloromethane 0 °C  r.t. g) NaH, 

bromotrichloromethane, 2-(trimethylsilyl)ethanol, acetonitrile h) bis(pinacolato)diboron, 

bis(diphelylphophino)ferrocene]dichloropalladium(II), potassium acetate, dioxane, 90 °C i) 

potassium carbonate, palladium(II) acetate, methanol, 120 °C j) a series of alkyl halides (a, b, 

c, d, e), potassium carbonate, dimethylformamide, 80 °C k) TBAF, THF. Complete structures 

can unfortunately not be shown due to pending patenting.  
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Figure 2. Decomposed Meldrum’s acid occurring during reaction when forming 6.  

 

Experimental procedures 

 

General methods: preparatory HPLC was performed on a C-18 reversed-phase column 

(MACHEREY-NAGEL, VP 250/21 Nucleodur C18 HTec, 5 μm). All HPLC gradients 

contained 0.75 % formic acid and was run with a flow rate of 15 ml/min. TLC was performed 

on silica gel and detected with UV lights using SUPECO® Analytical, 0.75 ml/g pore volume 

on aluminium foils. Flash column chromatography was employed on normal phase silica gel 

(eluent systems given in brackets). 1H-NMR and 13C-NMR spectra were recorded with a Bruker 

400 MHz at or a Bruker 600 MHz 25 °C and calibrated by using solvent peaks as the internal 

standard (CDCl3:δH = 7.26 ppm,δC = 77.6 ppm, [D6]DMSO:δH = 2.50 ppm,δC = 39.50 ppm). 

Microwave irradiation was performed using a Biotage® Initiator+.  

 

Compound (2):  

Meldrum's acid (208.15 mmol, 30 g) and a carboxylic acid (208.18 mmol) were mixed in di-

chloromethane (425 ml) and cooled to 0 °C. DMAP (218.66 mmol, 26.7 g) was added followed 

by a dropwise addition of DCC (1 M in dichloromethane, 229.01 mmol, 229 ml). The mixture 

was stirred at 0 °C and was left to reach room temperature overnight. The reaction was quenched 

the next day by addition of 6 % aqueous KHSO4, cooled to 0 °C and the precipitate was filtered 

off. The filtrate was washed with more 6 % aqueous KHSO4 x 4, brine x 2, dried (Na2SO4), 

filtered and concentrated. Stopped the rotavap immediately after a solid was formed to prevent 

it from hardening. Added Et2O and sonicated/crushed large pieces of product, filtered off and 

repeated x 2 to give 2 as a white solid (81%). 1H-NMR (400 MHz, CDCl3): δ = 7.94 (d, J = 7.49 

Hz, 1H), 7.87 (dd, J = 2.11, 7.38 Hz, 1H), 7.81 (d, J = 8.14 Hz, 1H), 7.54-7.40 (m, 4H), 4.93 (s, 

2H), 1.75 (s, 6H) ppm. 

 

Compound (4):  

A substituted acetonitrile (67.25 mmol) in ethanol (85 ml) was cooled down to 0 °C under N2. 

AcCl (739.55 mmol, 52.50 ml) was added dropwise and the mixture was stirred overnight and 

allowed to reach room temperature. The solvent was concentrated and concentrated again from 

ethyl acetate giving the final product (62 %). 1H-NMR (400 MHz, CDCl3): δ = 4.82 (q, J =7.06 

Hz, 2H), 4.32 (s, 2H), 3.51 (s, 3H), 1.49 (t, J =7.09 Hz, 3H) ppm. 

 

Compound (5):   

L-Cysteine methyl ester hydrochloride (54.52 mmol, 9.40 g) was suspended in dichloromethane 

(125 ml) and cooled to 0 °C. TEA (55.96 mmol, 7.80 ml) was added slowly over 40 minutes 

and a suspension of 4 (41.94 mmol) in dichloromethane (125 ml) was added. Stirred at 0 °C 

and allowed to reach room temperature overnight. The reaction mixture was then diluted with 

dichloromethane and washed with NaHCO3 (saturated, aqueous) x 2, water layer extracted with 

dichloromethane and combined organic layers were washed with brine. Dried (Na2SO4), 

filtrated and concentrated. Crude product was purified on silica gel column (ethyl 

acetate:heptane 1:1) giving 5 (60 %). 1H-NMR (400 MHz, CDCl3): δ = 5.11 (tt, J = 1.81, 9.5 

Hz, 1H), 4.30 (t, J = 2.07Hz, 2H), 3.79 (s, 3H), 3.59-3.46 (m, 2H), 3.41 (s, 3H) ppm. 13C NMR 

(100 MHZ, CDCl3): δ = 174.3, 171.1, 78.0, 78.9, 59.3, 52.8, 34.2 ppm. 
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Compound (6):  

5 (24.84 mmol) and 2 (62.11 mmol) in dichloroethane (60 ml) were mixed and TFA (24.84 

mmol, 1.90 ml) was added dropwise. Mixture was microwaved for 3 minutes at 120 °C. 

Reaction was cooled to room temperature, diluted with dichloromethane and quenched with 

NaHCO3 (saturated, aqueous). Aqueous layer was extracted with dichloromethane x 3, 

combined organic layers were washed with H2O, brine and dried (Na2SO4), filtrated and 

concentrated. Crude product was purified on silica gel (ethyl acetate:heptane 5:1), then further 

purified by a second column (ethyl acetate:heptane 3:1) giving 6 (71 %). 1H-NMR (400 MHz, 

CDCl3): δ = 7.87-7.79 (m, 2H), 7.79-7.75 (m, 1H), 7.48-7.43 (m, 2H), 7.43-7.38 (m, 1H), 7.33-

7.30 (m, 1H), 5.70 (s, 1H), 5.51 (dd, J = 2.32, 8.33 Hz, 1H), 4.36-4.17 (m, 2H), 3.77 (s, 3H), 

3.72 (s, 3H), 3.72 (dd, J= 11.5, 8.6 Hz, 1H), 3.56 (dd, J = 2.29, 11.76 Hz, 1H) ppm. 13C NMR 

(100 MHZ, CDCl3): δ = 168.3, 160.3, 151.7, 138.2, 136.9, 134.0, 133.3, 131.9, 128.8, 127.9, 

127.8, 126.4, 125.8, 125.5, 123.9, 115.4, 63.1, 60.8, 53.4, 32.8, 32.4 ppm. 

 

Compound (7):  

6 (17.56 mmol) was dissolved in tetrahydrofuran (435 ml) and LiOH (1 M in H2O, 35.13 mmol, 

35.00 ml) was added. Stirred at room temperature overnight. Added addition LiOH (8.78 mmol, 

8.80 ml) and stirred for another 2 hours. Completion was confirmed by TLC. Quenched reaction 

with 1 M HCl and diluted with ethyl acetate. Concentrated the sample a little before filtering 

off 7 (100 %). 1H-NMR (400 MHz, CDCl3): δ = 7.99-7.86 (m, 3H), 7.57-7.48 (m, 3H), 7.43 (d, 

J = 6.71 Hz, 1H), 5.37 (s, 1H), 5.35 (dd, J = 8.90, 1.9 Hz, 1H), 4.30 (d, J = 5.55 Hz, 2H), 3,94-

3.87 (m, 1H), 3.70 (s, 3H), 3.6 (m, 1H) ppm. 

 

Compound (8):   

7 (17.42 mmol) was suspended in dichloromethane (190 ml) and cooled to 0 °C. Oxalyl chloride 

(19.16 mmol, 1.70 ml) and Dimethylformamide (19.16 mmol, 1.50 ml) were added at 0 °C. The 

mixture was then stirred at room temperature for 12 minutes. 2-(trimethylsilyl)ethanol (49.53 

mmol, 7.10 ml) was added slowly and the reaction was stirred for 3 hours. Completion of 

reaction was confirmed by TLC and reaction was washed with NaHCO3 (saturated, aqueous), 

diluted with DCM then dried (Na2SO4) and concentrated until about 200 ml dichloromethane 

remained. Extracted from water, dried then concentrated. Extracted again with dichloromethane 

from water, dried and concentrated. Crude product was purified on silica gel (ethyl 

acetate:heptane 1:1) to give 8 (81 %). 1H-NMR (400 MHz, CDCl3): δ = 7.86-7.75 (m, 3H), 

7.47-7.37 (m, 3H), 7.32 (d, J =7.01 Hz, 1H), 5.70 (s, 1H), 5.48 (dd, J = 2.25, 8.37 Hz, 1H), 

4.34-4.19 (m, 4H), 3.72 (dd, 1H), 3.72 (s, 3H), 3.55 (dd, J = 2.31, 11.63 Hz, 1H), 0.98 (dd, J = 

7.93, 9.54 Hz, 2H), -0.03 (s, 9H) ppm. 

 

Compound (9):  

A solution of 8 (14.15 mmol) in dry Acetonitrile (1 ml) was added to NaH (60% in mineral oil 

washed with hexane, 0.8701 mmol, 34.80 mg) at 0 °C. After 10 minutes, BrCCl3 (0.8699 mmol, 

0.09 ml) was added and the mixture was stirred for another 30 minutes at 0 °C followed by 30 

minutes at room temperature. 2-(trimethylsilyl)ethanol (0.5798 mmol, 0.08 ml) was added 

dropwise and the reaction was stirred at room temperature overnight. Reaction was quenched 

by dropwise addition of 2% KHSO4, diluted with H2O and acidified by 1 M HCl. Extracted 

with ethyl acetate x 3. Combined organic layers were washed with brine, dried (Na2SO4), 

filtered and concentrated. Crude product was purified on silica gel (ethyl acetate:heptane 1:2) 

giving 9 as a yellow solid (45 %). 1H-NMR (400 MHz, CDCl3): δ = 7-86-7.75 (m, 3H), 7.47-

7.38 (m, 3H), 7.29 (s, 1H), 5.84 (s, 1H), 4.45 (m, 2H), 4.34 (s, 2H), 3.76 (s, 3H), 1.13 (m, 2H), 

-0.03 (s, 9H) ppm. 
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Compound (11):  

A bromo hydroxy arene (7.35 mmol), Bis(pinacolato)diboron (7.35 mmol, 1.90 g), [1,1'-

Bis(diphelylphophino)ferrocene]dichloropalladium(II), complex with dichloromethane (0.37 

mmol, 300 mg) and potassium acetate (22.76 mmol, 2.20 g) in dioxane (40 ml) was heated and 

stirred at 90 °C overnight under N2. Diluted the reaction with ethyl acetate and filtered it. 

Concentrated the filtrate, then dissolved it in ethyl acetate, washed with brine, dried organic 

layer (Na2SO4), filtered and concentrated. Purified crude product on silica gel (ethyl 

acetate:heptane 1:5) giving 11 (81 %). 1H-NMR (400 MHz, CDCl3): δ = 7.59-7.51 (m, 2H), 

6.76-6.73 (m, 1H), 4.94 (s, 1H), 2.23 (s, 3H), 1.31 (s, 12H) ppm. 13C NMR (100 MHZ, CDCl3): 

δ = 156.8, 138.1, 134.5, 123.3, 114.6, 83. 8, 32.1, 25.1, 15.6 ppm. The signal from the carbon 

next to the boron (ipso-position) is not observed in this 13C NMR due to bandbroadening.25 

 

Compound (12):  

9 (1.66 mmol) was dissolved in dry Methanol (10 ml) under N2. 11 (0.92 mmol) was then added 

followed by potassium carbonate (1.84 mmol, 254.30 mg) and palladium diacetate (0.092 mmol, 

20.70 mg). The mixture was microwaved at 120 °C for 10 minutes. Diluted reaction with 

dichloromethane and washed with brine. Organic layer was dried (Na2SO4) and concentrated. 

The crude product was purified on silica gel (ethyl acetate:heptane 1:2) giving 12 as a yellow 

solid (58 %). 1H-NMR (400 MHz, CDCl3): δ = 7.87-7.82 (m, 2H), 7.76 (d, J = 8.25 Hz, 1H), 

7.47-7.38 (m, 3H), 7.34-7.28 (m, 3H), 7.76 (d, J = 8.23 Hz, 1H), 5.87 (s, 1H), 4.37 (m, 4H), 

3.80 (s, 3H), 2.25 (s, 3H), 1.04 (m, 2H), -0.03 (s, 9H) ppm. 

 

Compound (13a):  

12 (0.053 mmol) in Dimethylformamide (1.2 ml) was mixed with potassium carbonate (0.212 

mmol, 29.30 mg) followed by alkyl halide (a) (0.2115 mmol). Reaction was heated and stirred 

at 80 °C for 100 min, completion was confirmed by TLC. Brine was added and extracted with 

ethyl acetate x 2. Combined organic layers were washed with brine x 4, dried (Na2SO4), filtered 

and concentrated to give 13a as a yellow oil (98 %). 1H-NMR (400 MHz, CDCl3): δ = 7.85 (q, 

J = 5.18 Hz, 2H), 7.76 (d, J = 8.49 Hz, 1H), 7.48-7.30 (m, 6H), 6.82 (d, J = 8.49 Hz, 1H), 6.05 

(tdd, J = 4.99, 10.58, 17.24 Hz, 1H), 5.86 (s, 1H), 5.42 (qd, J = 1.64, 17.32 Hz, 1H), 5.29 (qd, 

J = 1.5, 10.6 Hz, 1H), 4.57 (td, J = 1.65, 5.12 Hz, 2H), 4.40-4.34 (m, 4H), 3.79 (s, 3H), 2.25 (s, 

3H), 1.08-1.02 (m, 2H) ppm.  

 

Compound (14a):  

13a (0.0518 mmol) was dissolved in tetrahydrofuran (1 ml) and TBAF (1 M in tetrahydrofuran, 

0.1036 mmol, 0.10 ml) was added. The reaction was stirred overnight. Completion of the 

reaction was confirmed by TLC and water was added and extracted with dichloromethane x 2. 

Combined organic layers were dried (Na2SO4), filtered and concentrated. The crude product 

was purified on silica gel (Acetic acid:methanol:dichloromethane 1:4:95), then lyophilised and 

afterwards purified by HPLC (50-100% Acetonitrile/H2O gradient, 40 minutes). Concentrated 

product and lyophilised overnight. Ran all the product for NMR analyses in DMSO and 

concentrated as much DMSO as possible after the analyses before lyophilising the product x 2, 

giving 14a as a yellow solid (30 %). 1H-NMR (400 MHz, CDCl3): δ = 7.96 (sext , J = 4.44 Hz, 

2H), 7.88 (d, J = 8.07 Hz, 1H), 7.56-7.42 (m, 6H), 7.06 (d, J = 8.59 Hz, 1H), 6.07 (tdd, J = 4.94, 

10.57, 17.32 Hz, 1H), 5.59 (s, 1H), 5.43 (qd, J = 1.75, 17.36 Hz, 1H), 5.28 (qd, J = 1.7, 10.61 

Hz, 1H), 4.64 (td, J = 1.68, 5.02 Hz, 2H), 4.44 (s, 2H), 3.84 (s, 3H), 2.21 (s, 3H) ppm. 13C NMR 

(100 MHZ, CDCl3): δ = 161.35, 157.48, 156.52, 147.04, 138.13, 134.64, 134.17, 133.47, 
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131.38, 130.15, 128.65, 127.62, 127.44, 127.01, 126.96, 126.40, 125.85, 125.68, 123.85, 

120.24, 117.29, 112.12109.16, 68.28, 60,29, 31.95, 15.98 ppm.  

 

Compound (13b):  

12 (0.0514 mmol) in Dimethylformamide (1.5 ml) was mixed with potassium carbonate (0.2057 

mmol, 28.40 mg) followed by alkyl halide (b) (0.2057 mmol). Reaction was heated and stirred 

at 80 °C for 150 min, completion was confirmed by TLC. Brine was added and extracted with 

dichloromethane x 2. Combined organic layers were washed with brine x 4, dried (Na2SO4), 

filtered and concentrated. The crude product was purified on silica gel (ethyl acetate:heptane 

3:7)  to give 13b as a yellow oil (74 %). 1H-NMR (400 MHz, CDCl3): δ = 7.85 (sext , J = 4.89 

Hz, 2H), 7.76 (d, J = 8.55 Hz, 1H), 7.48-7.30 (m, 6H), 6.81 (d, J = 8.65 Hz, 1H), 5.86 (s, 1H), 

4.40-4.34 (m, 4H), 4.01 (t, J = 6.15 Hz, 2H), 3.79 (s, 3H), 2.28 (dt, J = 2.61, 6.98 Hz, 2H), 2.22 

(s, 3H), 1.98-1.90 (m, 3H), 1.73 (quint , J = 7.21 Hz, 2H), 1.09-1.02 (m, 2H), -0.03 (s, 9H) ppm. 
13C NMR (100 MHZ, CDCl3): δ = 161.51, 158.79, 158.06, 147.15, 138.48, 135.75, 134.18, 

133.93, 132.04, 130.80, 129.80, 129.01, 128.03, 127.81, 127.54, 126.55, 125.99, 125.67, 

125.60, 123.98, 120.36, 111.18, 111.06, 84.20, 68.94, 67.66, 65.44, 60.62, 33.00, 29.93, 28.42, 

25.34, 18.39, 17.32, 16.50, -1.38 (3C) ppm.  

 

Compound (14b):  

13b (0.0382 mmol) was dissolved in tetrahydrofuran (1 ml) and TBAF (1 M in tetrahydrofuran, 

0.0764 mmol, 0.075 ml) was added. The reaction was stirred overnight. Completion of the 

reaction was confirmed by TLC and water was added and extracted with dichloromethane x 2. 

Combined organic layers were dried (Na2SO4), filtered and concentrated. The crude product 

was purified on silica gel (Acetic acid:methanol:dichloromethane 1:4:95). Concentrated 

product and lyophilised overnight. Ran all the product for NMR analyses in DMSO and 

concentrated as much DMSO as possible after the analyses before lyophilising the product x 2, 

giving 14b as a yellow solid (41 %). 1H-NMR (400 MHz, CDCl3): δ = 7.98-7.91 (m, 2H), 7.88 

(d, J = 7.40 Hz, 1H), 7.58-7.42 (m, 6H), 6.99 (dd, J = 1.48, 8.70 Hz, 1H), 5.51 (s, 1H), 4.42 (s, 

2H), 4.04 (t, J = 6.62 Hz, 2H), 3.83 (s, 3H), 2.79 (t, J = 2.6 Hz, 1H), 2.25 (dt, J = 2.77, 6.99 Hz, 

2H), 2.17 (s, 3H), 1.84 (quint , J = 7.22 Hz, 2H), 1.63 (quint , J = 7.15 Hz, 2H) ppm.  

 

Compound (13c):  

12 (0.0548 mmol) in Dimethylformamide (1.2 ml) was mixed with potassium carbonate (0.2192 

mmol, 30.30 mg) followed by alkyl halide (c) (0.2057 mmol). Reaction was heated and stirred 

at 80 °C for 155 min, completion was confirmed by TLC. Brine was added and extracted with 

dichloromethane x 2. Combined organic layers were washed with brine x 4, dried (Na2SO4), 

filtered and concentrated. Extracted with ethyl acetate from brine twice to give 13c as a yellow 

oil (30.3 mg, 84 %). 1H-NMR (400 MHz, CDCl3): δ = 7.85 (qt, J = 3.83, 5.96 Hz, 2H), 7.76 (d, 

J = 8.29 Hz, 1H), 7.47-7.30 (m, 6H), 7.76 (d, J = 8.61 Hz, 1H), 5.86 (s, 1H), 4.40-4.34 (m, 4H), 

3.96 (t, J = 6.49 Hz, 2H), 3.78 (s, 3H), 2.22 (s, 3H), 1.8 (dtd, J = 5.13, 6.55, 10.58 Hz, 2H), 

1.67-1.53 (m, an integral of 1H is expected but water peak is interfering), 1.39-1.30 (m, 2H), 

1.09-1.01 (m, 2H), 0.92 (s, 3H), 0.91 (s, 3H), -0.03 (s, 9H) ppm. 

 

Compound (14c):  

13c (0.0436 mmol) was dissolved in tetrahydrofuran (1.4 ml) and TBAF (1 M in 

tetrahydrofuran, 0.0872 mmol, 0.09 ml) was added. The reaction was stirred overnight. 

Completion of the reaction was confirmed by TLC and water was added and extracted with 

dichloromethane x 2. Combined organic layers were dried (Na2SO4), filtered and concentrated. 

The crude product was purified on silica gel (Acetic acid:methanol:dichloromethane 1:4:95). 

Concentrated product and lyophilised overnight. Ran all the product for NMR analyses in 
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DMSO and concentrated as much DMSO as possible after the analyses before lyophilising the 

product again giving 14c as a yellow solid (32 %). 1H-NMR (400 MHz, CDCl3): δ = 7.96 (quint 

t, J = 2.39, 6.89 Hz, 2H), 7.88 (d, J = 7.64 Hz, 1H), 7.56-7.40 (m, 6H), 7.88 (d, J = 7.64 Hz, 

1H), 5.58 (s, 1H), 4.44 (s, 2H), 4.01 (t, J = 6.19 Hz, 2H), 3.84 (s, 3H), 2.18 (s, 3H), 1.79-1.70 

(m, 2H), 1.66-1.53 (m, 1H), 1.33 (dqt, J = 2.3, 6.51, 8.81 Hz, 2H), 0.91 (s, 3H), 0.89 (s, 3H) 

ppm. 13C NMR (100 MHZ, CDCl3): δ = 161.37, 158.09, 156.54, 146.98, 138.16, 134.63, 134.21, 

133.49, 131.39, 130.02, 128.66, 127.63, 127.45, 127.11, 126.80, 126.41, 125.86, 125.69, 123.87, 

111.73, 109.16, 68.05, 60.30, 34.77, 31.96, 27.20, 26.52, 22.49, 15.93 ppm.  

 

Compound (13d):  

12 (0.0528 mmol) in Dimethylformamide (1.2 ml) was mixed with potassium carbonate (0.2111 

mmol, 29.20 mg) followed by alkyl halide (d) (0.2111 mmol). Reaction was heated and stirred 

at 80 °C for 155 min, completion was confirmed by TLC. Brine was added and extracted with 

dichloromethane x 2. Combined organic layers were washed with brine x 4, dried (Na2SO4), 

filtered and concentrated. Extracted with ethyl acetate from brine twice to give 13d as a yellow 

oil (95 %). 1H-NMR (400 MHz, CDCl3): δ = 7.85 (dt, J = 3.69, 6.37 Hz, 2H), 7.76 (dd, J = 1.47, 

8.64 Hz, 1H), 7.48-7.29 (m, 6H), 6.81 (d, J = 8.48 Hz, 1H), 5.86 (s, 1H), 5.21 (tt, J = 1.89, 7.09 

Hz, 1H), 4.40-4.34 (m, 4H), 3.95 (t, J = 6.89 Hz, 2H), 3.79 (s, 3H), 2.49 (ttd, J = 1.42, 6.59, 

7.68 Hz, 2H), 2.21 (s, 3H), 1.72 (s, 3H), 1.66 (s, 3H), 1.08-1.02 (m, 2H), -0.03 (s, 9H) ppm. 13C 

NMR (100 MHZ, CDCl3): δ = 7.85 (dt, J = 3.58, 6.03 Hz, 2H), 7.76 (d, J = 8.57 Hz, 1H), 7.47-

7.30 (m, 6H), 6.81 (d, J = 8.33 Hz, 1H), 5.86 (s, 1H), 5.21 (quint t, J = 1.61, 7.23 Hz, 1H), 4.40-

4.34 (m, 4H), 3.95 (t, J = 6.85 Hz, 2H), 3.78 (s, 3H), 2.49 (ttd, J = 1.5, 6.39, 7.63 Hz, 2H), 2.21 

(s, 3H), 1.72 (s, 3H), 1.66 (s, 3H), 1.08-1.02 (m, 2H), -0.03 (s, 9H) ppm.  

 

Compound (14d):  

13d (0.0378 mmol) was dissolved in tetrahydrofuran (1.4 ml) and TBAF (1 M in 

tetrahydrofuran, 0.0755 mmol, 0.075 ml) was added. The reaction was stirred overnight. 

Completion of the reaction was confirmed by TLC and water was added and extracted with 

dichloromethane x 2. Combined organic layers were dried (Na2SO4), filtered and concentrated. 

The crude product was purified on silica gel (Acetic acid:methanol:dichloromethane 1:4:95). 

Concentrated product and lyophilised overnight. Ran all the product for NMR analyses in 

DMSO and concentrated as much DMSO as possible after the analyses before lyophilising the 

product again giving 14d as a yellow solid (49 %). 1H-NMR (400 MHz, CDCl3): δ = 7.96 (sext , 

J =  Hz, 2H), 7.88 (d, J = 7.86 Hz, 1H), 7.56-7.40 (m, 6H), 7.05 (d, J = 8.49 Hz, 1H), 5.59 (s, 

1H), 5.22 (tt, J = 1.79, 7.14 Hz, 1H), 4.44 (s, 2H), 5.22 (tt, J = 1.79, 7.14 Hz, 2H), 3.84 (s, 3H), 

2.44 (dq, J = 1.94, 7.29 Hz, 2H), 2.17 (s, 3H), 1.69 (s, 3H), 1.63 (s, 3H) ppm. 13C NMR (100 

MHZ, CDCl3): δ = 161.36, 157.98, 156.52, 147.06, 138.11, 134.18, 133.48, 133.40, 131.38, 

130.04, 128.65, 127.63, 127.45, 127.10, 126.87, 126.40, 125.86, 125.68, 123.86, 120.10, 111.82, 

109.16, 67.58, 60.31, 31.97, 27.74, 25.58, 17.72, 15.93 ppm.  

 

Compound (13e):  

12 (0.0511 mmol) in Dimethylformamide (1.2 ml) was mixed with potassium carbonate (0.2171 

mmol, 30.00 mg) followed by alkyl halide (e) (0.2045 mmol). Reaction was heated and stirred 

at 80 °C for 155 min, completion was confirmed by TLC. Brine was added and extracted with 

ethyl acetate x 2. Combined organic layers were washed with brine x 4, dried (Na2SO4), filtered 

and concentrated. Concentrated 5 times more from chloroform to give 13e as a yellow oil 

(108 %). 1H-NMR (400 MHz, CDCl3): δ = 7.85 (quint d, J = 4.3, 5.79 Hz, 2H), 7.76 (d, J = 8.35 

Hz, 1H), 7.48-7.30 (m, 6H), 7.76 (d, J = 8.56 Hz, 1H), 5-87-5.76 (m, expected to have an 

integral of 1H but peaks are overlapping), 5.86 (s, expected to have an integral of 1H but peaks 

are overlapping), 5.06-4.93 (m, 2H), 4.40-4.34 (m, 4H), 3.99 (t, J = 6.32 Hz, 2H), 3.79 (s, 3H), 
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2.22 (s, 3H), 2.13 (sext , J = 7.19 Hz, 2H), 1.82 (quint dd, J = 6.19, 7.27, 8.93 Hz, 2H), 1.58 

(quint , J = 7.98 Hz, 2H), 1.08-1.02 (m, 2H), -0,03 (s, 9H) ppm.  

 

Compound (14e): 

13e (0.0378 mmol) was dissolved in tetrahydrofuran (1.4 ml) and TBAF (1 M in 

tetrahydrofuran, 0.0755 mmol, 0.075 ml) was added. The reaction was stirred overnight. 

Completion of the reaction was confirmed by TLC and water was added and extracted with 

dichloromethane x 2. Combined organic layers were dried (Na2SO4), filtered and concentrated. 

The crude product was purified on silica gel (Acetic acid:methanol:dichloromethane 1:4:95). 

Concentrated product and lyophilised overnight. Ran all the product for NMR analyses in 

DMSO and concentrated as much DMSO as possible after the analyses before lyophilising the 

product again giving 14d as a yellow solid (49 %).  

 

Abbreviations: 

TLC = thin layer chromatography 

NMR = nuclear magnetic resonance 

DMAP = 4-Dimethylaminopyridine 

DCC = N,N'-Dicyclohexylcarbodiimide 

Ac = acetyl 

TFA = trifluoroacetic acid 

TMS = trimethylsilyl 

TBAF = Tetra-N-butylammonium fluoride 

HPLC = high performance liquid chromatography 

TEA = triethylamine 
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