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Abstract
Chalcone is an alternative name for an α,β-unsaturated carbonyl compound. The system consists of two aromatic rings linked together by a three aliphatic carbon bridge. In the last few years, chalcones and their derivatives have become one of the interesting compounds that show significant activity in reducing PrPSc levels and for this reason these types of compounds were chosen as lead compounds for this project. Different series’ of chalcones were synthesised via aldol condensation under continuous flow conditions. The first route consists of the reaction between 4-(benzyloxy)-3-methoxybenzaldehyde and different substituted acetophenones. The second route contains the indole moiety, these compounds were synthesised from the reaction between 1H-indol-6-carbaldehyde and different substituted acetophenones. A new chalcone was synthesised from 3-((1H-pyrazol-1-yl)methyl)-4-methoxybenzaldehyde which was treated with acetophenone forming the corresponding chalcone. The synthesised chalcone was then used to synthesise two types of pyrrolones containing the moiety of 5-hydroxy-pyrrolidin-2-one (γ-hydroxy-γ-lactam). Three different types of amines were used to synthesise the fourth type of chalcones. The amines were reacted with 4-flourobenzaldehyde forming the corresponding aldehydes which were treated with a variety of heterocylic ketones to produce the corresponding chalcones. Three types of bischalcones were also synthesised from the reaction between 4-(1H-pyrazol-1-yl)benzaldehyde and different ketones. Chalcones containing the quinoline moiety were synthesised in four steps starting from m-toluidine to form the aldehyde which was treated with a variety of acetophenones forming the corresponding chalcones.
The ketothylinic group of the chalcones were cyclized into the corresponding pyrazolines by treating them with hydrazine monohydrate using ionic solvent under continuous flow conditions.
Finally, all the synthesised chalcones and their derivatives were screened for their antiprion activity and to investigate the antiprion structure-activity relationship. Amongst 51 chalcones and their derivatives 27 compounds were found to be active as antiprion agents. The Best EC50 values were found in compounds 154 (EC50 = 0.097µM), 155 (EC50 = 0.0103 µM), 163b (EC50 = 0.1 µM), 171 (EC50 = 0.1 µM), 179 (EC50 = 0.14 µM), 180 (EC50 = 0.10 µM), 181 (EC50 = 0.54 µM), 182 (EC50 = 0.01 µM) and 183 (EC50 = 0.03 µM).  














Layout of Thesis

The work described in this thesis consists of seven chapters.
Chapter one contains an overview and literature survey of the flow chemistry focusing on the advantages and disadvantages of using the flow reactor in organic synthesis. This chapter also describes the types of reactions performed in the continuous flow reactor. The use of ionic liquids in flow micro-reactors is also discussed in this chapter.
An overview of the α,β-unsaturated carbonyl compounds is described in detail in Chapter two. The structure of these compounds and their natural sources are provided. The synthesis of these compounds includes four different types of methods; batch synthesis, microwave synthesis, ultrasound synthesis and flow synthesis. Each of these methods is discussed in detail with examples. The reactions of α,β-unsaturated carbonyl compounds with different reagents to form a variety of heterocyclic compounds are also discussed. Drug discovery and the use of these types of compounds as therapeutic agents for prion diseases are discussed in Chapter three. Chapter four explains the project aims. Chapter five contains information provided with schemes for the synthesis strategies of chalcones and their derivatives. In Chapter six the results obtained from both batch and flow methods are compared and discussed in order to showcase the benefits of using flow techniques for synthesising chalcones and their derivatives. An investigation of the antiprion structure-activity relationship for the synthesised compounds is also included in this chapter with the future work.
Chapter seven contains data for all experimental procedures featured in this thesis.
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[bookmark: _Toc436730926]Chapter 1: Literature survey 

1. Introduction
[bookmark: _Toc436730927]1.1 Flow chemistry 
The continuous flow reactor is a tube-like device or channel which is made from inert materials such as glass, polymers, ceramics or stainless steel. The reactor is attached to a computer-controlled reaction station which contains pump, flow, pressure and temperature regulation devices.1 The process starts by pumping the solution of the reagents from the individual reservoirs through two or more separate tubes until they meet at a junction where the reaction starts taking place in a continuous stream as opposed to a batch process where all reactants are mixed at the start of the reaction (Figure 1). The whole system allows the precise control of the temperature, pressure and the residence time of the reaction.2
[image: ]
[bookmark: _Toc436731104]Figure 1: Flow system

Continuous flow reactions can be performed on two different scales depending on the diameter of the reaction channels. Mesofluidic reactors have a 500 µm to 5mm diameter reaction channel; it can be used to synthesise compounds on a scale up to 100 gram / hour. Microfluidic reactors have a 10-500 µm diameter reaction channel which can synthesise compounds on a scale of 10 milligram / hour. These two categories of flow reactor provide different advantages and disadvantages. In the mesofluidic reactor the efficiency of both heat transfer and mixing the reagents is low but the reactor provides an improved flow capacity as well as being less prone to blockages allowing this type of reactor to produce multikilogram quantities of chemicals. Due to the high surface-to-volume ratio (small channel size) in the microfluidic reactor, mixing the reagents is more efficient than the mesofluidic device, but this type of reactor can only be used to synthesise small quantities of chemicals. 

[bookmark: _Toc436730928]1.2 Advantages of flow chemistry
Flow chemistry has several potential advantages when compared with the conventional batch method. The flow reactor is typically made of tubing between 500 µm and 5 mm diameter and thus fast mixing of the reagents can be performed. The surface-to-volume ratio of the system is higher than a typical batch reaction and thus heat transfer is more efficient. Moreover, using several flow reactors in parallel or increasing the length of both the tubing inside the reactor and the flow rate means that scaling up the synthesis is a much less daunting job.

 

[bookmark: _Toc436730929]1.2.1 Predictable mixing
Mixing reagents can be defined by combining two or more reagents to form one uniform mixture. The mixing of two homogeneous solutions in a reactor can be explained by the transition from two separate phases where the solutions are not combined to one uniform phase where both solutions are equally distributed through the reactor. Two fluids flowing in parallel layers without disturbance between the layers and the mixing take place via diffusion is called laminar flow, whereas when the fluids flow in a chaotic manner, generating whirlpools of swirling fluids with a huge surface area where mixing takes place again via diffusion is called turbulent flow. The mixing which occurs in a channel can be described by using Reynolds number (Re)3 which can be defined as the dimensionless parameters related to density  (in kg/m), velocity ν (in m/s), viscosity of the fluid µ (in kg/m/s) and the diameter of the channel L (in m) (Equation 1). 

Equation 1:Derived Reynolds number equation3

Laminar flow can be observed and viscous force is dominates when the Reynolds number is less than 2000, in which case the diffusion mixing takes place in a predictable manner. Inertial forces dominate when the Reynolds number is more than 3000 in which case the flow is defined as turbulent. A flow known as the transition region occurs when the Reynolds number is between 2000 and 3000 in which case a gradual transition between the two types will take place (Figure 2).


[image: ]
[bookmark: _Toc436731105]Figure 2: Laminar and turbulent flow.3

In order to achieve a net flux of 0 which means that the solutions are totally mixed, the required time is proportional to the distance that the solution has to diffuse across. For example, a 100 mL round-bottom flask (diameter 70 mm) requires longer time to achieve the fully mixed solutions compared to a flow reactor with 0.6 mm diameter.
A solution passing through tubing experiences friction against the reactor wall. This means that a drag effect will be generated and the solution in this case will pass through the tube faster in the centre of the tube compared to the solution close the wall and this makes the flow profile become more diffuse and bell-shaped (blue) compared to the ideal profile (red) which is without diffusion (Figure 3). 

[bookmark: _Toc436731106]Figure 3: Profile of solution moving through a flow reactor

[bookmark: _Toc436730930]1.2.2 Improved thermal control    
Thermal control of the reaction can be explained by how fast temperature implementation affects the reaction. When applying a reaction in a flow reactor and heating the mixture this means that the wall of the reactor is heated, not the contents and therefore the reactor will gradually heat the contents of the reactor. Thus, the larger the surface area in touch with the contents the more easy and efficient heating and cooling of the reagents will be. For instance, when applying the reaction to a 100 mL round-bottom flask the surface-area-to-volume ratio will be less than 1000/m, while running the same reaction under the flow reactor the ratio surface-area-to-volume will be around 10,000 to 50,000/m and thus the heating and cooling control will be more easy and efficient.4 
The improved surface to volume ratio allows easy thermal control for high exothermic reactions where thermal runaway presents enormous risk. The nitration of aromatic compounds is highly exothermic5, for example the nitration of toluene6, phenol7, benzaldehyde8 and salicylic acid9. Brocklehurst and co-workers5 used a flow reactor for the nitration of 2-amino-4-bromo-benzoic ester. The reaction was first accomplished under batch conditions which produced a mixture of the main product and side-product, with 30 % yield of the desired target. The reason behind obtaining low product yield was the difficulties of controlling the reaction parameters which includes temperature and reagent stoichiometry (Scheme 1).


[bookmark: _Toc436731027]Scheme 1: The nitration of 2-amino-4-bromo-benzoic ester

But when the same reaction was performed under continuous flow conditions the use of the flow reactor allowed precise control of the reaction parameters and produced the main target in 84 % yield without any side-product. 250 g of the isolated product was synthesised using a flow rate of 70 g/hour.5 

[bookmark: _Toc436730931]1.2.3 Improved scalability
The scale-up of the bench-optimized process is a bottleneck for current production technology.10 Firstly, the reaction is optimized in the research laboratory and then scaled-up to large quantity (20-100kg) in a pilot plant before moving on to further scale-up to a chemical plant where the product can be obtained in tonnes. The reactor diameter in this scale-up process will be changed dramatically from one step to the next, and thus mixing and thermal control of the reaction will be changed dramatically. This means that each re-optimization for each stage requires large amounts of time as well as great cost. In some cases, a complete synthetic route has to be designed to meet the production requirements.
The excellent feature of the flow reactor is that reaction parameters such as temperature will not be changed during the scale-up process, and for this reason re-optimisation is no longer required for each step. The best way to increase the scale in a flow reactor is by increasing the number of reactors and running reactions in parallel, or by increasing both the length of the tubing inside the reactor and the flow rate.     
 
1.2.3.1 Reactions in parallel
Applying multiple reactors in parallel is advantageous in flow chemistry as there is no theoretical limit to the number of reactors that can be used11 (Figure 4).
[image: ]
[bookmark: _Toc436731107]Figure 4: Multiple micro-reactors in parallel.11

The configuration in Figure 4 requires a large number of reactors used in parallel, and this will increase the cost for the scaling-up process. Splitting each single stream of the reagents into multiple parallel streams can provide a cheap alternative, but results in a pressure drop. This drop must be compensated for all channels in order to maintain the right flow rate.12 
The first use of the parallel micro-reactor was by Ryu et al. who  used a Heck reaction to synthesise a multi-gram scale of butyl cinnamate 13 (Figure 5).

[image: ]
[bookmark: _Toc436731108]Figure 5: Heck reaction using multiple micro-reactors in parallel 13

A combination between both flow system and micro-extraction were used in the reactor to perform the reaction and to recover the palladium catalyst. The time required to operate the CPC CYTOS lab system was 11.5 hours, this time was enough to produce 115 gram of the butyl cinnamate (80 % yield) using a flow a rate of 10 gram/hour.

1.2.3.2 Increasing the flow rate
There is a relationship between residence time in a flow reactor with both the capacity of the channels and the flow rate of the solution which passes through it. Scaling-up the reaction can be achieved by increasing both the length of the reactor channels and the flow rate. When applying a reaction under constant reaction parameters (tubing diameter, laminar mixing and heat capacity) the yield of the product will remain the same (Equation 2).

Equation 2: Relationship between residence time, flow rate and channel capacity

Thus, using a 10 mL reactor at flow rate of 1mL/min produces the same residence time as a 20 mL reactor running at a flow rate of 2 mL/min. As long as the residence time remains the same, both flow rate and tube length can be increased or decreased without affecting the reaction.14  

[bookmark: _Toc436730932]1.3 Disadvantages of Continuous Flow Reactors
The biggest limitation of using a continuous flow system is that there is an inability to perform reactions that produce precipitates during the reaction due to potential reactor clogging 15. The narrow dimensions of the reactor mean that precipitation during the reaction may cause a blockage. Products that are soluble at high temperature may crash out of solution when they leave the heated section of the reactor. Hence, not all reactions can be performed using continuous flow conditions.

[bookmark: _Toc436730933]1.4 Types of Reactions Performed under Continuous Flow Reactor
[bookmark: _Toc436730934]1.4.1 Liquid-Liquid Reactions
In conventional batch conditions, reactions using two immiscible liquids require vigorous mixing in order to enhance the interfacial contact area between the two phases and the reactions normally take longer to complete, hence more reaction time is required. On the other hand performing the same reaction under continuous flow conditions requires shorter time due to efficient mixing and heat transfer.16 
Diazo coupling reactions are examples of using the phase transfer reaction in  a continuous flow reactor which was reported by Salimi-Moosavi et al.17 A 55 mm  Corning Pyrex 7740 glass micro-reactor was used to synthesize 5-methyl-4-(4-nitrophenylazo) benzene-1,3-diol 6 (Scheme 2). An aqueous phase which contains the dizonium salt 4 and an organic phase which consists of 5-methyl resorcinol in ethyl acetate 5 were used to synthesize the product 6. The two reagents were introduced on a microchip reactor under flow conditions. High efficiency phase transfer of both reagents and the product was achieved due to the large active surface area at the interface as well as the short molecular diffusion length. This led to obtaining the product in an excellent yield (100 %).  





[bookmark: _Toc436731028]Scheme 2: Synthesis 5-methyl-4-(4-nitrophenylazo) benzene-1,3-diol 6

The system used to synthesise the product under electroosmotic control can be illustrated in Figure 6.

[image: ]
[bookmark: _Toc436731109]Figure 6: Glass microchip and liquid-liquid interface formed inside the microchannel 17

The use of biphasic reactions under flow conditions has been further investigated by Mikami et al.18 A micro reactor made of borosilicate glass with dimentions of 60 µm (width) × 30 µm (depth) × 1,2 or 3 cm (length) was used to synthesis compounds 9 and 10 (Figure 7).
[image: ]
[bookmark: _Toc436731110]Figure 7: The total experimental system of nanoflow reactor 18 

The above system was used for the reaction of 0.10 M of benzaldehyde 7 (Scheme 3), 0.20 M of 1-methoxy-2-methyl-pro-penyloxy trimethylsilane 8 solubilized in toluene and a solution of Sc[N(SO2C8F17)2]3  in perfluoromethylcyclohexane, 6.25 × 10-5 M, 0.625 mol % were pumped into the micro reactor at 55 oC. It is known that the catalyst Sc[N(SO2C8F17)2]3 is not soluble in hydrocarbon solvents, thus it will remain in the perfluoromethylcyclohexane, whilst the reaction products are retained in the toluene layer. Subsequently, the formed products were collected in a vial and the organic layer could be analysed by GC to determine the conversion of the obtained products 9 and 10.




[bookmark: _Toc436731029]Scheme 3: The use of biphasic reaction under continuous flow reactor

It was found that applying the reaction under 50.0 mL min-1 flow rate, in a tube reactor of width of 30 µm in diameter and residence time of 10.8 s produced 92.0 % conversion of the benzaldehde 7, with product distribution of 2:1 (9:10) while performing the aforementioned reaction under batch conditions (2h stirring) produced only a yield of 11.0 %. Larger interfacial surface area and shorter diffusion distance between the surfaces under flow conditions are the reasons behind this huge improvement in reaction yield compared with the obtained results from the traditional batch conditions. 
Additionally, Baeyer Villiger oxidation was also performed in a  flow reactor by Mikami and his co-workers.19 In this reaction, lactone was synthesised by insertion of an oxygen atom in to a carbon-carbon bond under continuous flow conditions (Figure 8).
[image: ]
[bookmark: _Toc436731111]Figure 8: The nanoflow system of Baeyer Villiger reaction 19 

The system contains two separated inlets which were used to introduce the reagents. The first inlet was for a solution of Sn[N(SO2C8F17)2]3  and 2-methylcyclohexanone 11 in benzotrifluoride solution and the second one was for 30 % aqueous hydrogen peroxide  (Scheme 4). A biphasic product stream was afforded from this reaction which was then collected in a vial. Subsequently, the organic layer was separated and analysed by GC.




[bookmark: _Toc436731030]Scheme 4: Synthesis of Lactones 12 and 13

It was reported that performing the aforementioned reaction under the flow rate of 100 ml min-1 and the residence time of 8.1 s produced up to 91 % conversion of compound 11 to lactone 12 with 100 % regioselectivity. On the other hand, only 28 % conversion of compound 11 was achieved when performing the same reaction under batch conditions with a product distribution at a ratio of 69:31 (12:13).
One of the main problems with the continuous flow reactor is the blockage of the flow channels caused by products that precipitate out during the reactions. Recently a variety of new techniques has been applied to tackle this issue, such as using monodisperse droplets.20 This technique was used by McQuade and his workers as a modified technique to avoid blocking the micro channels during the reaction (Figure 9). 21  
[image: ]
[bookmark: _Toc436731112]Figure 9: Monodisperse droplets system 21
In this system, the reagents are mixed together inside the tubing by droplet-droplet collision (a) or by infusion followed by infusion (b). Chaotic advection induced by passing the reaction stream through winding tubing (c) has the ability to enhance the mixing of the reagents.  
This method has been used for the synthesis of indigo 16 (Scheme 5). The method consists of building monodisperse flow droplets. A carrier phase of mineral oil pumped at 3.0 ml min-1 flow rate was used in order to ensure that all reagent droplets which contain acetone 14 and 2-nitrobenzaldehyde 15 were passed through the centre of the tube, avoiding forming precipitates of the product 16 and coming in contact with the inner channel walls which were made of poly vinyl chloride.





[bookmark: _Toc436731031]Scheme 5: Synthesis of indigo 16

[bookmark: _Toc436730935]1.4.2 Gas Phase Reactions
Gas phase fluorination is one of the gas phase reactions. It was reported that biphasic micro-reactors have been used to investigate the fluorination reactions. The reason behind applying this reaction to a flow micro-reactor is that fluorination reactions are very exothermic and it is very hard to control the temperature especially when a large scale of the reaction is performed. Therefore, the micro-reactor provides an excellent alternative to control the temperature. A thin film micro-reactor made of nickel or copper has been used for this method by Chambers and Spink (Figure 10).22 
[image: ]
[bookmark: _Toc436731113]Figure 10: Micro-reactor top and side view 22

The process starts by injecting the reactants and solvent to the reactor using a syringe pump. It was reported that 99 % of ethyl acetoacetate 17 was fluorinated to 2-fluoroacetoacetate 18 and 90 % of ethyl 2-chloroacetoacetate 19 was fluorinated to 2-chloro-2-fluoroacetoacetate 20 (Scheme 6).


[bookmark: _Toc436731032]Scheme 6: The fluorination of ethyl acetoacetate 17 and ethyl 2-chloroacetoacetate 19

A silicon reactor capped with Pyrex was used to carry out the fluorination of the aromatic compounds.23 The reactor surfaces which were in contact with the reagents were plated with nickel film to provide an excellent resistance against chemical reagents. Toluene 21 has been fluorinated under room temperature (Scheme 7). It was reported that using 10 equivalents of fluorine diluted in methanol provided 80 % conversion to produce the monofluorinated toluenes. By GC technique, the substitution ratio of products (o:m:p) was found to be 4:1:2.




[bookmark: _Toc436731033]Scheme 7: The fluorination of toluene 21
[bookmark: _Toc436730936]1.4.3 Solid-Liquid Reactions
A solid-liquid system is another example of the reactions which can be applied using a micro-reactor. A variety of Suzuki-Miyaura reactions was applied by Styring et al,24 using a polymer-supported palladium (II) salen type complex  packed-bed micro-reactor made of glass with a diameter of 3mm and length in 2.5 cm. The product 27 was obtained from the reaction of 0.1 M 4-bromoanisole 25, 0.15 M pheny boronic acid 26 and 0.3 M of N,N-diisopropylethylamine (iPrEt2N) all dissolved in aqueous DMF (50:50) (Scheme 8). When the reaction was carried out under a flow rate of 25.0 µL min-1 and five minutes residence time 22 % of 4-methoxybiphenyl 27 was yielded. However, decreasing the flow rate to 3.0 µL min-1 (21 minutes) results in up to 52 % yield of the product. Furthermore, it was found that up to 86 % yield was obtained when longer residence time is allowed. 




[bookmark: _Toc436731034]Scheme 8: Solid liquid reaction

More recently, enolates were also synthesised using a packed-bed reactor. Wiles et al.25 reported that a  variety of base catalysts can be used for this synthesis, for example a capillary reactor fabricated from borosilicate glass with an internal diameter of 500 µm and length of 3.0 cm packed with 5.0 × 10-3 g, 1.70 mmol g-1 silica-supported piperazine. The reactor was installed by two micro-permeable silica frits (Figure 11).
[image: ]
[bookmark: _Toc436731114]Figure 11: Solid supported micro reactor system 25

The process starts by allowing a solution of 1.0 M ethyl cyanoacetate 28 and benzaldehyde 7 dissolved in acetonitrile to pass through the reactor. It was found that 99.1 % of 2-cyano-3-phenylacrylic acid ethyl ester 29 was obtained when the reaction was carried out under 0.5 µl min-1 (4 hours) without the need of any further purification (Scheme 9). 



[bookmark: _Toc436731035]Scheme 9: Synthesis of 2-cyano-3-phenylacrylic acid ethyl easter 29


Furthermore, solid-supported acid catalysts were also used in the preparation of the dimethyl acetal.26 The process starts by mixing a solution of 1.0 M trimethylorthoformate 30 and 2.5 M benzaldehyde 7 in acetonitrile as a solvent, (Scheme 10). The author has used a packed-bed reactor filled with 5.0 × 10-3 g, 420 mmol g-1 of Amberlyst-15 as a catalyst. Moreover, it was reported that 99.8 % (RSD = 0.13, n=15) yield of the product 31 was obtained in two hours without the need for any purification.  




[bookmark: _Toc436731036]Scheme 10: Synthesis of dimethyl acetal

More recently, Moberg and co-workers investigated the synthesis of cyanohydrin using a micro-reactor supported with an asymmetric catalyst.27 As shown in (Scheme 11), a mixture of benzaldehyde 7 and trimethyl silyl cyanide 32 in acetonitrile were passed through a reactor supported with Lanthanide pybox as a catalyst. The main advantage of using such a catalyst is to synthesise the product 33 without the need of recovering the catalyst by extraction using the batch method.



[bookmark: _Toc436731037]Scheme 11: Synthesis of cyanohydrin

The synthesis of the epoxide via solid catalysts was also reported by Gavriilidis et al.28 A micro-channel reactor (500 µm or 1000 µm wide and 250 µm deep) coated with a TS-1 zeolite layer as a catalyst was used for the synthesis of epoxypentane 35 from the reaction between 1-pentene 34 with hydrogen peroxide (Scheme 12).
 


[bookmark: _Toc436731038]Scheme 12: Synthesis of epoxide via solid catalysts

It was reported that only 4 % yield was obtained initially with this reactor design. In order to improve the yield, the width of the channels were decreased from 1000 µm to 500 µm which provides more surface-to-volume ratio resulting in increasing the yield up to 10 % of the product (i.e. 47.6 g dm-3 for 500 µm and 27.1 g dm-3 for 1000 µm.

[bookmark: _Toc436730937]1.4.4 Gas-Solid Reactions
In 2001 phosgene was synthesised by Jensen and his workers using a packed-bed micro-reactor fabricated from silicon.29  It was reported that 100 kg per year of the phosgene can be obtained when applying the reaction at 8 std.cm3 min-1 (standard cubic centimetres per minutes) using a micro-reactor consisting of ten micro channels. It is well known that phosgene is a very dangerous material which is hazardous especially during the transportation and storage process. Therefore, using such methodology will provide a safer and easier method by synthesising such materials at the point of use and in sealed reactor units.
Another industrial example of gas-solid reactions is ethylene oxide synthesis by an oxidation reaction which was reported by Schuth et al.30 It is believed that applying such an oxidation reaction on a large scale is dangerous due to the formation of carbon dioxide and water which were obtained from the total oxidation of ethylene (Scheme 13).



[bookmark: _Toc436731039]Scheme 13: Synthesis of ethylene oxide

In order to provide an easy control of the partial oxidation process of ethylene 36, a PMMA- nickel micro reactor supported with silver catalysts was used. It was found that up to 65 % conversion of ethylene oxide 37 was obtained when performing the reaction at 290 oC under system pressure of 5 bar and 15 % of the ethylene. Thus, by following this procedure, the undesired products were avoided.
 
[bookmark: _Toc436730938]1.4.5 Multi-Phase Reactions
Over the past decade, numerous research groups have started to perform reactions with more than two phases involved using continuous flow reactors. In 2005, Kobayashi et al.31 were obtained a microchannel reactor made of glass (200 µm width × 100 µm depth × 40 cm length) supported with microencapsulated palladium to investigate the hydrogenation process of 10-undecene (Figure 12).
[image: ]
[bookmark: _Toc436731115]Figure 12: Hydrogenation reaction system 31

A back pressure regulator was connected at the end of the channels in order to provide an easy control of the pressure. The reaction was performed at 50 oC and <1 s residence time using 0.2 mmol of 10-undecen-1-ol 40. The micro-reactor was connected to a high-pressure cell where substrates were injected. Supercritical carbon dioxide (scCO2) containing dissolved hydrogen was formed in advance in an adjacent autoclave which was then passed through the aforementioned cell. The reaction mixture subsequently moved to the reactor to produce the product 41 (Scheme 14).



[bookmark: _Toc436731040]Scheme 14: Hydrogenation reaction of 10-undecene

Furthermore, it was found that applying the reaction under the aforementioned conditions provided an efficient reduction process within a short reaction time.
Furthermore, the hydrogenation of nitrobenzene to aniline was also investigated by Gavriilidis et al.32 A falling film reactor (300 µm wide × 100 µm deep × 7.8 cm long) coated with palladium was used for the reaction between nitrobenzene 42 in ethanol with 1-2 bar of hydrogen  under 60 oC.  It was found that the product was obtained at a yield of 82 % when applying the reaction at a residence time of 17 s (Scheme 15). The main advantage of using a falling film reactor is to provide efficient mass and thermal transportation and to minimise forming side reactions which can lead to the formation of by-products such as, toluidine, N-ethylaniline and diaminobenzene.



[bookmark: _Toc436731041]Scheme 15: The hydrogenation of nitrobenzene

[bookmark: _Toc436730939]1.5 Using Ionic Liquids in Continuous Flow Reactor
The use of ionic liquids in organic synthesis has become vital for a variety of reactions, especially for those which produce low product yields. In the last decade, researchers performed many different reactions with ionic liquids in a continuous flow reactor. In 2006 Chanbasha and co-workers 33 were the first to use the ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate for the epoxidation of cyclohexene under flow conditions. The reason behind using the aforementioned ionic liquid is to increase the solubility of cyclohexene which is partially soluble in the aqueous media. The epoxidation reaction was set under a T-shaped micro-reactor which was fabricated from silicone. The epoxidation process starts by filling the micro reactor with 50 mmol of phosphate buffer solution consisting of 0.5 % (v/v) of [bmim][BF4] and 5 % (w/v) copper II or manganese II. Performing the reaction under 25 min residence times at room temperature, rapid oxidation and excellent yield (more than 70 %) of the major products 2-cyclohexen-1-ol 46 and 2-hydroxy-cyclohexanone 48 were obtained. 


[bookmark: _Toc436731042]Scheme 16: The epoxidation of cyclohexene under flow micro reactor

More recently, the use of the ionic liquid 2-hydroxyl-ethyl-tributylammonium bromide was also reported by Yuchao et al.34 A micro-mixer and spiral capillary reactor fabricated from stainless steel was used to synthesise propylene carbonate (PC) from propylene oxide and CO2 gas. The micro reactor and the micro mixer were set as shown in Figure 13.

[image: ]
[bookmark: _Toc436731116]Figure 13: Schematic of the experimental setup for the cyclo-addition of PO and CO2.34

500 µm diameter channels (600 µm width × 300 µm depth × 0.31 mL internal volume) were connected to two distributors, the first one was located at the back of the micro-reactor for generating CO2 gas, the second one was located at the right side for generating the liquid. The spiral capillary reactor (1.0 mm and 2.5m length with 1.96 mL internal volume) was set in an oil bath in order to regulate the reaction time. The reaction starts by pumping both gas and liquid phases (contain propylene oxide and HETBAB) through the inlet tubes and mixed together in the micro-mixer. The cycloaddition reaction between the propylene oxide and CO2 starts to take place in the spiral capillary reactor. Subsequently, the product was collected after separating the two phases. Furthermore, it was reported that the reaction time was reduced dramatically (14 s) with 99.8 % yield at 3.5 MPa compared with those obtained from batch conditions which takes several hours with a low product yield.

    






















[bookmark: _Toc436730940]Chapter 2: Chalcone 
[bookmark: _Toc436730941]2.1 Chalcones
Chalcone is an alternative name for α,β-unsaturated carbonyl compound. The system  consists of two aromatic rings, A and B, linked together by a three aliphatic carbon bridge35 (Figure 14).



[bookmark: _Toc436731117]Figure 14: Chalcone molecule

The existence of the chromophore and auxochromes in the structure of chalcone gives these compounds different colours. In the last decade, the chemistry of chalcones has become an increasingly interesting field for many research groups due to the vital biological activities of these compounds. Licochalcone A, for example, is one of the natural chalcones which was isolated from the roots of Glycyrrhiza inflate (Licorice) and has shown anti-malarial activity36 and anti-leishmanial activity 37 both in vivo and in vitro. Moreover, 3-methoxy-4-hydroxyloncocarpin is another example of a naturally occurring chalcone which was known to be used as inhibitor of electron transport acting at NADH (biquinone oxidoreductase activity). 38
A variety of synthetic chalcones were also reported as anti-leishmanial agents39 such as 2,4-dimethoxy-4-allyloxyl chalcone and 2,4-dimethoxy-4-butoxy chalcone (Figure 15).




[bookmark: _Toc436731118]Figure 15: Naturally occurring and synthetic chalcones

Furthermore, it has been reported that a variety of chalcones possess precious activities such as anti-microbial40, anti-inflammatory41, analgesic42, anti-ulcerative43, antiviral44, anti-proliferative 45, anti-hyperglycemic46, anti-oxidant47 and anti-tubercular activities.48
On the other hand, a variety of other compounds can be also linked or hybridized with chalcones to exhibit more potent therapeutic properties such as anticancer49-51 and anti HIV.52 
Generally, chalcones can be synthesised via Aldol condensation using acid or base as a  catalyst.53 The condensation involves the reaction between an aromatic aldehyde with an aromatic ketone in the presence of a suitable catalyst. Moreover, chalcones can react with a variety of reagents forming numerous heterocyclic ring systems such as isoxazoles54, cyanopyridines55, pyrazolines56, and pyrimidines 57 (Scheme 17).




[bookmark: _Toc436731043]Scheme 17: The reaction of chalcone with different reagents

The first chemically synthesised chalcone was the red pigment Carthaming 49 which was isolated from the flower of Carthamus tinctoria.







[bookmark: _Toc436730942]2.2 Natural Sources of Chalcones
Chalcones are compounds which can be found naturally in many different kinds of plants. A variety of chalcones have been isolated from different parts of plants such as leaves,  buds, blossoms, heart wood, seeds, roots and flowers. Plenty of chalcones have been isolated and were found with different kinds of substituted groups on either ring A or ring B such as methoxy, methyl, isopentyl and hydroxyl groups.53 Table 1 shows some of the isolated chalcones from plants.
[bookmark: _Toc436731141]Table 1: Natural sources of some chalcones
	No
	Plant Source
	Chalcones
	Ref.

	1
	Alpinia speiosa 
(seeds)
	

	
58

	2
	Angelica keiskei
 (roots)
	

	
59

	3
	Coreopsis tinctoria
 (ray flowers)
	

	
60

	4
	Gossypium hirsutum
 (flower)
	

	

61

	5
	Cryptocarya bourdilloni
 (roots)
	

	
62,63

	6
	Lindera umbellate
 (leaves)
	

	
64



	7
	Flemingia congesta
(Inflorescences)
	

	
65

	8
	Flemingia wallichii
(leaves)
	

	
66

	9
	Gnaphalium affine
(flowers)
	

	
67

	10
	Lonchocarpus sericeus
(roots and seeds)
	

	

68

	11
	Myrica gale
(fruits)
	

	

69

	12
	Psorelea corylifolia
(seeds)
	

	
70




[bookmark: _Toc436730943]2.3 Chemical synthesis of chalcones
[bookmark: _Toc436730944]2.3.1 Aldol Condensation
Chalcones can be synthesised by a variety of methods. The most appropriate and effective pathway is via Aldol condensation. The condensation involves the reaction between aldehydes with ketones using a base or acid catalyst under different reaction temperatures depending of the type of the reaction71 (Scheme 18).


[bookmark: _Toc436731044]Scheme 18: Chalcone synthesis

There are variety of bases and acid catalysts that were used in the synthesis of chalcones such as NaOH72, piperidine73, and p-toluene sulfonic acid74. The synthesis is not limited to the use of base and acid catalysts but also includes Lewis acids such as Mg(HSO4)275, RuCl376, TiO277, TiCl3(SO2CF3)78, NaOAc/HOAc79, ZrCl480, LiOH.H2O81  FeCl3.6H2O82 and Al2O383.
The synthesis of chalcones using Lewis acids as a catalyst is very fast, safe, economical and produces the product in short reaction time as well as with higher product yield compared with the common bases and acids. However, the excess of Lewis acid in the reaction increases the rate of the reaction but some side products such as 1,4 Michael adducts can be obtained.84  
Generally, the mechanism of forming chalcones in the presence of base as a catalyst can be shown in the following scheme (Scheme 19).


[bookmark: _Toc436731045]Scheme 19: The mechanism of forming chalcone in the presence of base

The first step in the aldol condensation is the formation of the enolate ion via a base followed by coupling the formed enolate with a carbonyl compound forming a β-hydroxy carbonyl compound. The dehydration of the β-hydroxy carbonyl compound leads to formation of the chalcone.  
The mechanism of using Lewis acids as a catalyst for the synthesis of chalcones can proceed through the generation of the enolate intermediate via the addition of Lewis acid to the carbonyl group of the ketone. The formed enolate coordinates with an aldehyde compound which increases the electrophilicity of the carbonyl group of the aldehyde which is then susceptible to intramolecular nucleophilic attack of the enolate ion. Further dehydration results in the formation of chalcone (Scheme 20).


[bookmark: _Toc436731046]Scheme 20: The mechanism of forming chalcone in the presence of Lewis acid84

[bookmark: _Toc436730945]2.4 Techniques for the Synthesis of Chalcones
Generally, there are four different methods commonly used for the synthesis of α,β-unsaturated carbonyl compounds, each one will be discussed in detail in this section.


[bookmark: _Toc436730946]2.4.1 Batch synthesis
The most widely used method for the synthesis of chalcones is the conventional batch method. A wide range of chalcones have been reported and synthesised via Aldol condensation using different types of catalysts. Rodrigo Abonia and co-workers85 synthesised methylene-bis-chalcone 52 from the reaction between methylene-bis-salicylaldehyde 51 with substituted acetophenones in a base moiety. The methylene-bis-salicalaldehyde was obtained from the reaction of salicalaldehyde 50 with trioxane in the presence of H2SO4 as a catalyst (Scheme 21).  


[bookmark: _Toc436731047]Scheme 21: Synthesis of methylene-bis-chalcone

Another series of chalcones were synthesised by Keduo Qian et al 86. The preparation involves the reaction of 2-hydroxy-4-O-prenyl acetophenone 54 and 55 with various substituted benzaldehydes (Scheme 22). The ketone was obtained from the reaction between 2,4-dihydroxy acetophenone 53 with prenyl bromide (a) in the presence of K2CO3 in dry acetone. Furthermore, the same reaction was performed using allyl bromide (b) can produce a different series of chalcones (Scheme 23).


[bookmark: _Toc436731048]Scheme 22: Synthesis of ketone 54 and 55




[bookmark: _Toc436731049]Scheme 23: Synthesis of chalcones 56 and 57 

More recently, the first naturally containing β-hydroxy pyranochalcones (Figure 16) were synthesised by Xue Wang et al 87.




[bookmark: _Toc436731119]Figure 16: The first naturally containing β-hydroxy chalcones

In a three step synthesis, Purpurenone and its derivatives, Praecansone B and Pongapinone were synthesised starting from 2,4-dihydroxy acetophenone or 6-methoxy-2,4-dihydroxy acetophenone 58 via benzopyran formation as a first step followed by an O-methylation reaction then a coupling reaction (Scheme 24). 



[bookmark: _Toc436731050]Scheme 24: Synthesis of Purpurenone and its derivatives, Praecansone B and Pongapinone

In 2013, Alba Montoya and co-workers88 synthesised a new series of chalcones. [(7-chloroquinolin-4-yl)amino] chalcones 65 and 66 were synthesised from 4-(7-chloroquinolin-4-ylamino) acetophenone 63 and 3-(7-chloroquinolin-4-ylamino) acetophenone 64 which were established via the selective nucleophilic substitution of 4-chlorine on the 4,7-dichloroquinoline 62 using both 3 and 4-aminoacetophenones. The synthesised ketones were then reacted with a variety of substituted benzaldehydes in the presence of KOH in methanol forming 73-79 % yield of chalcones 65 and 66 respectively (Scheme 25).



[bookmark: _Toc436731051]Scheme 25: Synthesis of [(7-chloroquuinolin-4-yl)amino] chalcones

The synthesis of chalcones is not limited to the use of bases but also acids can be used for the formation of chalcones. In 2010, Xue-Wu Zang89 synthesised (E)-1-(2,4-dihydroxyphenyl)-3-(4-dimethylamino)phenyl)prop-2-en-1-one using boric acid as a catalyst and ethylene glycol as a solvent. The ketone was synthesised in a reasonable yield from the reaction between 1,3-benzenediol and acetic acid using zinc chloride as a catalyst (Scheme 26).



[bookmark: _Toc436731052]Scheme 26: Synthesis of (E)-1-(2,4-dihydroxyphenyl)-3-(4-dimethylamino)phenyl)prop-2-en-1-one

Furthermore, another reaction was reported using the same conditions as described above producing a different series of chalcones. Fries rearrangement of nitrobenzene and acetophenone using aluminium chloride as a catalyst was accomplished to achieve ketone 71 which was then reacted with numerous substituted benzaldehydes to form chalcone 72 (Scheme 27).



[bookmark: _Toc436731053]Scheme 27: Synthesis of chalcone 72 using H3PO4

Generally, the use of KOH and NaOH as a catalyst in the synthesis of chalcones requires a long reaction time, therefore searching for new catalysts has been recommended. In 2007, T. Narender and K. Papi Reddy90 developed a new methodology for the synthesis of chalcones. Their work depends on the use of a Lewis acid as a catalyst for the formation of O-acylated and N-acylated chalcones. The synthesised chalcones were accomplished by using 0.5 equivalents of BF3-Et2O as a catalyst in dioxane (Scheme 28).



[bookmark: _Toc436731054]Scheme 28: Synthesis of O-acylated and N-acylated chalcones


It was reported that using BF3-Et2O in the synthesis of chalcones has several advantages such as short reaction time, high product yield and easy work up compared with those methods in which classical base catalysts are usually used.
Zn(L-proline)2 is another example of using Lewis acid catalysts which was used to synthesise a series of chromonyl chalcones91 (Scheme 29).
 


[bookmark: _Toc436731055]Scheme 29: Synthesis of chromonyl chalcones

It was reported that the use of this type of catalyst in water can be used several times without losing activity and without any purification. Furthermore, the same reaction was performed under the conventional method using methanol as a solvent and pyridine as a catalyst. It was found that the reaction requires 7-18 hours to be completed and produced 56-79 % yield of target 81, while performing the reaction using the Zn(L-proline)2 in water produced 79-92 % yield within only 15-30 minutes.

[bookmark: _Toc436730947]2.4.2 Microwave synthesis   
In addition to the batch method, chalcones can also synthesised under microwave radiation providing high product yield with shorter reaction times compared with those obtained from batch conditions. In 2013, Dwipen Kakati and co-workers synthesised a new series of chalconyl pregnenolones under microwave radiation.92 
The preparation involves the reaction between pregnenolone acetate with different substituted benzaldehydes in the presence of 20 mol % I2-Al2O3. All reagents were mixed and homogenized by mortar. Subsequently, the mixture was then transferred to the microwave vessel and irradiated at 250 W for 5-7 min at 88-95 oC (Scheme 30).



[bookmark: _Toc436731056]Scheme 30: Synthesis of chalconyl pregnenolones under microwave radiation

Moreover, it was found that the isolated pure product was obtained in 79-86 % without any side products within 5-7 minutes. Additionally, it was reported that the longer reaction time and more than 20 mol % catalyst or an increase in microwave power resulted in decomposition of the target.
The Suzuki coupling reaction was also involved in the synthesis of chalcones under microwave radiation. Lucas  and co-workers93 synthesised a new chalcone 87 from the reaction of 3-​(1,​3-​benzodioxol-​5-​yl)​-​1-​(4-​bromophenyl)​-2-propene-1-one 85 with phenylboronic acid 86 using non-toxic solvent (polyethylene glycol) in the presence of Pd(OAc)2 as a catalyst (Scheme 31). 
  


[bookmark: _Toc436731057]Scheme 31: Synthesis of chalcone 87 via microwave radiation

The reaction above was accomplished using a mixture of PEG-400 and EtOH (3:1) and 3 equivalents of KF as a base medium with 10 mol % of Pd(OAc)2 under microwave radiation set at 11oC for 30 minutes. Moreover, different Pd catalysts, bases and solvents were examined in order to obtain the best yield of the product. Among different types of catalysts, it has been found that Pd(OAc)2 is the most effective catalyst (Table 2, entry 3) and KF is the most suitable base for the aforementioned reaction (Table 2, entry 6). The selectivity of suitable solvents was also examined and it was found that the best yield of the product was achieved by using 3:1 PEG-400/EtOH (Table 2, entry 8).

[bookmark: _Toc436731142]Table 2: Suzuki reaction of chalcone 85 with phenylboronic acid in different conditions.93
	Entry
	catalyst
	Base (3 equiv)
	Solvent. PEG-400 (3 ml) and water or EtOH (1 ml)
	Isolated yield (%)

	1
	PdCl2
	K2CO3
	PEG-400:H2O
	23

	2
	Pd2(dba)3
	K2CO3
	PEG-400:H2O
	41

	3
	Pd(OAc)2
	K2CO3
	PEG-400:H2O
	54

	4
	Pd(PPh3)2Cl2
	K2CO3
	PEG-400:H2O
	46

	5
	Pd(OAc)2
	Cs2CO3
	PEG-400:H2O
	48

	6
	Pd(OAc)2
	KF
	PEG-400:H2O
	65

	7
	Pd(OAc)2
	K3PO4
	PEG-400:H2O
	11

	8
	Pd(OAc)2
	KF
	PEG-400:EtOH
	92

	9
	Pd(OAc)2
	KF
	PEG-400
	56

	10
	Pd(OAc)2
	KF
	PEG-400:EtOH
	89a

	11
	Pd(OAc)2
	KF
	PEG-400:EtOH
	88b

	12
	Pd(OAc)2
	KF
	PEG-400:EtOH
	78c


a Reaction accomplished in 15 min., b reaction accomplished in 45 min., c 5 mol % of catalyst.

In 2011, a comparison between the results obtained from the conventional method and those obtained from the microwave method of the synthesis of 3,4-bis-chalcone-N-arylpyrazoles 90 has been reported by Hetem et al.94 The bis-chalcones have been synthesised from the reaction of pyrazole 89 with benzaldehyde in the presence of 10 % sodium hydroxide in ethanol. The pyrazole was obtained from reacting acetylacetone with (1E)​-​N-​(4-​chlorophenyl)​-​2-​oxopropanehydrazonoy​l chloride 88 in the presence of EtONa / EtOH (Scheme 32).



[bookmark: _Toc436731058]Scheme 32: Synthesis of 3,4-bis-chalcone-N-arylpyrazoles

The above reaction was performed again under microwave irradiation (100 W). The reaction was set at 60 oC producing the products with 70-93 % yield within four minutes, while using the batch method the products were obtained during 12 hours with only 54-70 % yield. 
Benzamideazole chalcones were also synthesised via microwave irradiation.95 The chalcones were synthesised in a good to excellent yield within 2-3 minutes by reacting  2-acetyl benzimidazole with different substituted benzaldehydes in the presence of 40 % potassium hydroxide under microwave irradiation (60 % MW) (Scheme 33). 


[bookmark: _Toc436731059]Scheme 33: Synthesis of benzamideazole chalcones

The synthesis of a new series of quinolinolyl chalcones were also performed under microwave radiation.96  The synthesis of these chalcones starts from the reaction of 3-formyl-2-moroholinoquinoline 95 with substituted acetophenone in the presence of 20 % NaOH in MeOH. The aldehyde was prepared in high yield by the reaction of morpholine and 2-chloro-3-formyl quinolone 94 using dimethyl formamide as a solvent (Scheme 34).



[bookmark: _Toc436731060]Scheme 34: Synthesis of quinolinolyl chalcones

In order to compare the results obtained from the microwave method, the synthesis of chalcones 96 were repeated under batch conditions and it was found that a significant increase in yields alongside shorter reaction times were obtained from the microwave method (Table 3).
[bookmark: _Toc436731143]Table 3: Comparison between batch and microwave results for chalcones 96.96
	No
	Aryl group
	R.T in hours (Batch)
	R.T in min. [MWI]
	Yield % (batch)
	Yield % (MWI)

	96 a
	phenyl
	4.0
	3.0
	68
	85

	96 b
	4-chloro phenyl
	4.0
	3.0
	78
	89

	96 c
	2-naphthyl
	4.0
	3.0
	68
	88

	96 d
	4-methoxy phenyl
	3.0
	2.0
	75
	90

	96 e
	4-bromo phenyl
	3.5
	2.5
	64
	91




The protocol of using the microwave as an efficient method was used to synthesise a new series of α,β-unsaturated carbonyl compounds 98 starting from thieno [2,3-b] thiophene 97 which was coupled with different substituted benzaldehydes in the presence of ZnCl2 as a catalyst in solvent-free conditions97 (Scheme 35). 


[bookmark: _Toc436731061]Scheme 35: Synthesis of α,β-unsaturated carbonyl compounds 98

In 2010, anti-HIV chalcones were synthesised in a good yield and with short reaction times using the microwave irradiation method 98. The reaction was accomplished from coupling 4-methoxyl aniline 99 with acetic anhydride in the presence of sodium acetate and glacial acetic acid forming N-(4-methoxy phenyl acetamide) 100 which was reacted with a series of substituted benzaldehydes in the presence of LiOH.H2O in MeOH producing chalcones 101 (Scheme 36).



[bookmark: _Toc436731062]Scheme 36: Synthesis of anti HIV chalcones

It was reported that the best results were obtained when the reaction was set at 80 oC under 300 W and within 20 minutes the chalcones 101 were obtained.

[bookmark: _Toc436730948]2.4.3 Ultrasound Irradiation Method
In the last two decades, sonochemistry has become one of the interesting protocols in organic synthesis.99,100 This new methodology was used not only for reducing reaction times but also used to improve the yield of the product. Nowadays, a wide range of chalcones have been synthesised by this environmentally friendly method. In 2007, Munawar Ali and co-workers101 synthesised a series of  quinolinyl chalcones under ultrasound irradiation starting from N-methyl-3-acetyl-4-hydroxyquinolin-2(1H)-one 102 coupled with different aromatic aldehydes in the presence of piperidine in 1-butanol to form chalcones 103 at 60 oC (Scheme 37).


[bookmark: _Toc436731063]Scheme 37: Synthesise of quinolinylchalcones

The same reaction above was accomplished under the conventional batch method and it was found that a significant improvement of the reaction yield was observed from the ultrasound irradiation method. Additionally, six hours was required for the reaction to be completed in the conventional batch method, while only 26-38 minutes was required for the same reaction to be completed under the ultrasound protocol (Table 4).
[bookmark: _Toc436731144] Table 4: Synthesis of quinolinyl chalcones via batch and ultrasound methods.101
	Entry
	Batch. Time (h)
	Batch Yield %
	Ultrasound. Time (min.)
	Yield %

	103 a
	6
	36
	70
	68

	103 b
	6
	38
	85
	74

	103 c
	6
	26
	80
	72



Furthermore, bis chalcone 106 was  also synthesised using the ultrasound method102. The product was obtained from the reaction of 3-acetyl-2,3-dimethylthiophene 104 and terephthaldehyde 105 in ethanol using  10 % sodium hydroxide as a catalyst. Under this protocol, the target was obtained in a good yield within only five minutes at 30 oC (Scheme 38).


[bookmark: _Toc436731064]Scheme 38: Synthesis of bis-chalcone under ultrasound radiation

Another series of bis-chalcones were synthesised by Achraf Lahyani et al. under ultrasonic irradiation103. In this reaction a cheap acid resin was used to obtain bis(benzylidene) cyclohexanone 108 (Scheme 39).


[bookmark: _Toc436731065]Scheme 39: Synthesis of bis(benzylidene) cyclohexanone

The above reaction was carried out by using Amberlyst-15 resin, with the best yield obtained within 90 minutes and setting the temperature at 20-30 oC (Table 5).

[bookmark: _Toc436731145]Table 5: Yield of bis-chalcone via acid-resin catalysts.103 
	Time (min.)
	Temperature (oC)
	GC yield %
	Isolated yield %

	60
	60
	59
	56

	120
	60
	48
	45

	60
	20-30
	82
	80

	90
	20-30
	86
	84



[bookmark: _Toc436730949]2.4.4 Flow Method
The methodology of synthesising chalcones has been expanded in the last few years to include the flow protocol. A continuous flow system was used in 2011 to synthesise a wide range of α,β-unsaturated ketones using a heterogeneous solid catalyst104. The work includes the reaction of alkynes 109 with different substituted aldehydes using Amberlyst 15 resin as a catalyst (Scheme 40).    



[bookmark: _Toc436731066]Scheme 40: The reaction between alkynes and benzaldehyde under a flow reactor

The reaction was set in the apparatus as shown in Figure 17. 10 g of the heterogeneous solid catalyst was packed in a 10 mL reaction container and subsequently inserted inside the reactor. On the other hand, the mixture of the alkyne and the aldehyde in dichloroethane was pumped through the sample loops. Instead of using a heat source to support the reaction, microwave irradiation was used for enhancing the reaction in the reaction vessel.
[image: ]
[bookmark: _Toc436731120]Figure 17:  The schematic arrangement of the continuous flow system for synthesis of chalcone 110

In order to obtain the best results, the reaction was performed under different conditions as shown in Table 6.  
[bookmark: _Toc436731146]Table 6: Optimization of hydration condensation reactions a.104
	Entry
	Flow rate [mL min-1]
	Conc. 109 [M]
	Heating Source
	Temp. oC
	Yield [%]b

	1
	0.5
	0.2
	microwave
	100
	84

	2
	0.5
	0.2
	microwave
	90
	84

	3
	0.5
	0.2
	microwave
	90
	78c

	4
	0.5
	-
	microwave
	90
	91d

	5
	0.5
	0.2
	microwave
	80
	70

	6
	0.5
	0.1
	microwave
	90
	62

	7
	0.5
	0.3
	microwave
	90
	84

	8
	1.0
	0.2
	microwave
	90
	30

	9e
	-
	0.1
	-
	35
	n.r.

	10f
	-
	0.2
	Oil bath
	80
	17

	11g
	-
	0.2
	Oil bath
	80
	47


a reaction conditions: phenylacetylene 109 (1.0 equiv), 0.2 M in 1,2-dichloroethane (DCE) and benzaldehyde (4.0 equiv), 50 W, 30 min. b isolated yield after column chromatography. c performed with dry DCE. d performed under solvent free conditions.                  e  performed under batch conditions using DCM as a solvent for 24 h. f performed in DCE under batch conditions for 1 h.                  g performed in DCE under batch conditions for 3 h.

Noticeable impact on the product yield was found when increasing the reaction temperature up to 90 oC (Entry 2) while only 70 % of the product yield was obtained when running the reaction at 80 oC (Entry 5).
The influence of the flow rate on the product yield was also examined. The highest yield was obtained when running the reaction at a flow rate of 0.5 mL min-1 (Entry 2), while setting the flow rate at 1.0 mL min-1 a significant drop in the product yield was observed (Entry 8).
The influence of the concentration of the substrate on the reaction yield was also tested. It has been found that running the reaction at lower concentration (0.1 M) produced the target in lower yield (Entry 6).
Furthermore, it has been found that performing the reaction using dry solvent slightly increasing the product yield (Entry 3). However, the best result was observed when conducting the reaction under solvent-free conditions (Entry 4).
The effect of microwave heating on the reaction conversion was also examined. It has been found that no product was observed when running the reaction at 35 oC (Entry 9), while increasing the temperature up to 80 oC using an oil bath and running the reaction for one hour, only 17 % of the target was isolated (Entry 10). However, up to 47 % of the product yield can be achieved when running the reaction for three hours (Entry 11). While under microwave conditions, the product was isolated in 70 % yield after only 30 minutes (Entry 5).
Depending on the above conditions, good to excellent yield was obtained from reacting different substituted alkynes with a variety of substituted benzaldehydes (Table 7).
[bookmark: _Toc436731147]Table 7: Flow hydration of alkynes 109 and substituted benzaldehydes.104
	Entry
	Alkyne 
	Aldehyde
	Chalcone
	Yield %

	1
	

	

	

	91

	2
	

	

	

	68

	3
	

	

	

	79

	4
	

	

	

	97



[bookmark: _Toc436730950]2.5 Michael Reaction
Typically the Michael reaction refers to a reaction that involves the base-catalyzed addition of a nucleophile such as an enolate to an activated α,β-unsaturated carbonyl compound.105,106 The nucleophile is commonly called the Michael donor while the carbonyl compound is called the Michael acceptor. The Michael reaction can proceed via the 1,4-addition or the 1,2-addition. The most vigorous method for the formation of carbon-carbon bonds is the 1,4-addition105 shown in Figure 18.


[bookmark: _Toc436731121]Figure 18: 1,4- Michael addition

The enolate anion was formed from any enolizable carbonyl compound using a suitable base. When the enolate was added to the α,β-unsaturated carbonyl compounds, a new intermediate enolate was formed which produced the 1,5-dicarbonyl compound upon hydrolytic workup as shown in Figure 19.


[bookmark: _Toc436731122]Figure 19: The formation of the enolate anion

Various carbonyl compounds containing an acidic proton can be used for the formation of the enolate, for instance cyanoacetic acid esters, malonic esters, acetoacetic esters and other different β-ketoesters, as well as aldehydes and ketones.
Protic organic solvents such as alcohols were used in the classical Michael reaction with an alkoxide such as sodium ethoxide or potassium t-butoxide as a base to produce the enolate.
[bookmark: _Toc436730951]2.5.1 Heterocycles Synthesised from Chalcones using Michael type of reaction
Due to the biological activity of pyrazole compounds, chalcones can react with hydrazine monohydrate via the Michael reaction in the presence of acetic acid to form a nitrogen-containing ring107 (Scheme 41).




[bookmark: _Toc436731067]Scheme 41: Synthesis of pyrazole compounds

A novel series of pyrazoline compounds  were reported by Pradeep D Lokhande et al.108 4-(3,5-diaryl-1H-pyrazol-1-yl) benzaldehydes 115 were synthesised in two steps starting from the formylation of 1,3,5-triarylpyrazoline 114 which was synthesised from the reaction of chalcones 113 with phenyl hydrazine in methanol by Michael reaction (Scheme 42).



[bookmark: _Toc436731068]Scheme 42: Synthesis of 4-(3,5-diaryl-1H-pyrazol-1-yl) benzaldehydes

It was reported that only the phenyl ring containing a methoxy or hydroxyl group can be used to produce the target which was obtained in good yield.
In the presence of an oxidizing agent, the reaction of chalcones with guanidine was investigated by Lászlò Varga et al.109 The reaction was carried out by using 30% hydrogen peroxide in the presence of 50 % potassium hydroxide. It was reported that adding the oxidizing agent produced an imidazole as the final product (Scheme 43).




[bookmark: _Toc436731069]Scheme 43: Synthesis of imidazole 117

However by adding the oxidizing agent in small quantities after one hour of refluxing the mixture, a pyrimidine product was obtained (Scheme 44). 



[bookmark: _Toc436731070]Scheme 44: Synthesis of pyrimidine 118


Flavonoids are one of the natural products which are present in all vascular plants. In 2006 a series of 3-hydroxy flavonols 120 were synthesised by oxidizing chalcones 119 using 50 % hydrogen peroxide and aqueous sodium hydroxide110 (Scheme 45).



[bookmark: _Toc436731071]Scheme 45: Synthesis of substituted 3-flavonols

Chromenes are other important heterocyclic compounds which are present in the cores of different natural products. In 2013, 4-(4-chlorophenylthio) - 2-phenyl-4H-chromene 123 was synthesised from the reaction of 2-hydroxy chalcone 121 with 4-chlorobenzenethiol 122 under free catalyst conditions111 (Scheme 55).



[bookmark: _Toc436731072]Scheme 46: Synthesis of 4-thio-substituted-2-aryl-4H-chromenes


In order to obtain the best reaction conditions, the above reaction was performed using a variety of solvents. It was reported that applying the reaction using MeOH, THF and MeCN resulted in no product (Table 8, entries 1-3). Also, no reaction was observed when using DMSO and DMF as solvents under 100 oC (Entries 4,5). On the other hand, 40 % yield of the product was produced when EtOH was used (Entry 6). The reaction above was accomplished again using benzene, n-PrOH, t-BuOH, and DCE but no improvement of the yield was found (Entries 7-10). The investigation into suitable solvents led to performing the reaction by refluxing the mixture in toluene for 6 hours producing up to 76 % yield of the target (Entry 11). However, 80 % yield of the product was achieved when the reaction was performed using 1:1.1 equivalents of the starting materials (Entry 12), while increasing the ratio of 122 to 1.5 no further improvement was observed (Entry 13). Additionally, it was reported that reducing the temperature to 80 oC using toluen as a solvent, a comparable result was obtained (Entry 14).
   
[bookmark: _Toc436731148]Table 8: Optimization of the reaction conditions for the synthesis of 123.111
	Entrya
	Solvent
	Temp (oC)
	121/122b
	Yieldc %

	1
	THF
	Reflux
	1:1
	-

	2
	MeCN
	Reflux
	1:1
	-

	3
	MeOH
	Reflux
	1:1
	-

	4
	DMSO
	100
	1:1
	-

	5
	DMF
	100
	1:1
	-

	6
	EtOH
	Reflux
	1:1
	40

	7
	n-PrOH
	Reflux
	1:1
	8

	8
	t-BuOH
	Reflux
	1:1
	12

	9
	DCE
	Reflux
	1:1
	10

	10
	Benzene
	Reflux
	1:1
	20

	11
	Toluene
	Reflux
	1:1
	76

	12
	Toluene
	Reflux
	1:1.1
	80

	13
	Toluene
	Reflux
	1:1.5
	80

	14
	Toluene
	80
	1:1
	20


a All reactions were performed using 121 (0.5 mmol) in solvent (3.0 mL) for six hours. b Molar ratio of 121/122. c Isolated yield. 

A strong nucleophile represented by isocyanide was also used for the reaction with chalcones. 5-hydroxy-3,5-diaryl-1,5-dihydro-2H-pyrrol-2-ones 126 was reported by Mehdi Adib et al 112. The product was synthesised from the reaction of 1,3-diaryl-2-propen-1-ones 125 with a variety of isocyanides 124 under solvent-free conditions (Scheme 47).


[bookmark: _Toc436731073]Scheme 47: Synthesis of 5-hydroxy-3,5-diaryl-1,5-dihydro-2H-pyrrol-2-ones


A good to excellent yield (85-97 %) was obtained from heating the mixture at 150 oC for 30 minutes under solvent-free conditions (Table 9).

[bookmark: _Toc436731149]Table 9: Synthesis of 5-hydrixy-2H-pyrrol-2-ones under solvent-free condition.112
	Entry
	R
	Ar1
	Ar2
	Yield

	1
	

	

	

	92

	2
	

	

	

	94

	3
	

	

	

	97

	4
	

	

	

	85

	5
	

	

	

	90

	6
	

	

	

	85



















[bookmark: _Toc436730952]Chapter 3: Drug discovery for prion diseases  
[bookmark: _Toc436730953]3.1 Overview of Prion Diseases
Humans and many other mammals can be affected by fatal neurodegenerative diseases known as the transmissible spongiform encephalopathies (TSEs), which are also called prion diseases. Animal diseases include bovine spongiform encephalopathy (BSE) in cows, scrapie in sheep and goats, while the human diseases include Gerstmann-Straussler-Scheinker diseases (GSS), Kuru and fatal familial insomnia (FFI) (Table 10).113 BSE and its human counterpart CJD became significantly important in the mid-1990s when there was an outbreak of BSE among cattle which then led to up growth of variant CJD (vCJD). These variant CJD diseases were caused by the same prion strain that causes BSE via dietary exposure to BSE prion.113 An abnormal isoform of a normal cellular protein (Prion protein or PrPC) is thought to be behind all these diseases. This abnormal isoform protein is known as PrPSc.
The CJD type is one of the most fatal prion diseases. It was reported that the average annual mortality from sporadic CJD in 1990-2011 in England, Wales, Scotland and Northern Ireland were 0.99, 1.20, 1.08 and 0.70 per million people per year respectively. These mortality rates in the UK were found to be similar to those reported in other European countries. On December 2011, 176 cases in the UK of infected people with vCJD were identified and all of them were fatal with the vast majority being women. The average age at the onset of disease was 26 years and the average age of death was 28 years. It was also reported that the oldest case of the infection with vCJD was 74 years while the youngest case was 12 years. The average duration of illness from the beginning of the first symptoms to death was fourteen months (range 6-114) while for sporadic CJD was four months (range 1-80) during 1990 to 2011.114           
There are three etiological categories of prion diseases. Sporadic TSEs emerge as a result of casual mutations which form the abnormal isoform of the protein. The second category includes the inherited TSEs which are produced when the mutation is passed on to offspring. The third category is dominant mutations in the gene encoding PrPC (PRNP in humans) which has the ability to produce a mutant PrPC which more easily undergoes spontaneous conversion to the abnormal protein PrPSc.115 Furthermore, the transmissible TSEs also can be caused by exposure to the abnormal prion isomer. For instance, iatrogenic CJD can be transmitted via contaminated growth hormone obtained from infected cadavers.116 
[bookmark: _Toc436731150]Table 10: Prion diseases in humans and animals117
	Prion disease
	Host
	Mechanism of pathogenesis

	Kuru
	Humans
	Infected through ritualistic cannibalism

	Familial CJD
	Humans
	Germline mutations in the PRNP

	GSS
	Humans
	Germline mutations in the PRNP

	Scrapie
	Sheep
	Infection

	BSE
	Cattle
	Infection or sporadic

	TME
	Mink
	Infection with prions from sheep or cattle

	CWD
	Deer , Elk
	Infection

	EUE
	Kudu, Nyala
	Infection with prion-contaminated MBM


     
[bookmark: _Toc436730954]3.1.1 Prion structure (PrPC) and function

[bookmark: _Toc436730955]3.1.1.1 PrPC structure
Determining the role of the normal isoform of the protein PrPC has generated much interest in the last few years in order to better explain how the normal isoform of the protein transforms into the abnormal form.
PrPC protein is highly expressed in the nervous system as well as bone marrow, peripheral blood vessels and other organs.118 The physical properties of both proteins are different. PrPC is usually found as a monomer which is easily broken down by proteinase K. On the other hand, PrPSc has a strong resistance to proteinase K and usually has amyloid characteristics118. The PrPC protein consists of a 254-residue glycoprotein which has a single disulphide bridge, a glycosyl phosphatidyl inositol anchor and two N-glycosylation sites.119 The structure of the mature PrPC protein, as shown in Figure 20 contains a well-defined c-terminal globular domain which has three alpha helices and two beta sheets while the structurally less defined region consist of a stretch of octapeptide repeats (the OR) which is framed by two positively charged clusters (CC1 and CC2). A hydrophobic stretch of amino acids are responsible for linking the domains together.
[image: ]
[bookmark: _Toc436731123]Figure 20: The human prion protein. SP indicate the signal peptide. OR denotes the octapeptide repeats. H1 to H3 denote the three alpha helices. CD represents the central domain and CR denotes the central region, which contain charged clusters (CC) and the hydrophobic core (HC). GPI represents the glycosylphosphatidylinostol (GPI) anchor. Crosses denote the glycosylation residues at amino acids 180 and 196. Adapted from120 
  
The glycosylation occurs between residues 144-224 with glycosylation residues at amino acids 180 and 196.120 The alpha helix domains are anchored to the detergent-rich areas of the membrane via a GPI anchor.118 There are three featured topological forms of the normal protein PrPC, one is the fully extracellular form and the two transmembrane isoforms which are known as N trans-transmembrane-PrP (NtmPrP) and C trans- transmembrane PrP (CtmPrP). All these forms can be classified depending on their sequence orientation with relation to the lumen of the endoplasmic reticulum (ER).121 The C trans-transmembrane PrP (CtmPrP) has its own COOH-terminus in the endoplasmic reticulum (ER) whereas the N-terminus was found to be exposed to the cytosolic proteases. The N trans-transmembrane-PrP (NtmPrP) has the opposite orientation.
[bookmark: _Toc436730956]3.1.1.2 Physiological role of PrPC  
Despite the fact that the conversion of the PrPC across species suggests an important evolutionary role, the function of PrPC within the cell still has little information. The generation of a PrP knockout mouse model may help illustrate the function of the normal isoform protein. Nevertheless, no overt phenotype was found from the PrP knockout mouse model.122 More studies have been done in this field and revealed an abundance of a more subtle phenotype.122 The resistance of the mice lacking expression of PrPC to prion infection and their incapability to replicate prion is the most striking feature of the PrP null mice. 
PrPC has several suggested roles. The most frequently suggested is a survival-promoting effect on neuronal and non-neuronal cells. Lessening the apoptotic rate after exposure to apoptotic stimuli, PrPC has to have a cytoprotective function.123
It has been suggested that PrPC is an important protein in synapses and may participate in synapse formation. This function was based on the fact that the copper binding ability of the PrPC could modulate neuronal excitability and synaptic activity. This means that PrPC is involved in synaptic transmission by assisting neurotransmitter release, controlling the flow Ca+ and changing expression of neurotransmitter receptors.124  
PrPC is also involved in the immune system. It exists in both  the innate immune system on several kinds of antigen presenting cells (dendritic cells) and in the adaptive immune system on T lymphocytes.125 The function of PrPC is to modulate the responses of immune cell precursor and promotes the assembly of the T-cell receptor (TCR) complex component.126

[bookmark: _Toc436730957]3.1.2 Prion and disease 
[bookmark: _Toc436730958]3.1.2.1 Protein misfolding diseases
Protein misfolding diseases consist of different types of diseases. These include TSEs, Parkinson’s disease and Alzheimer’s disease. Non-native protein structure was found in all these diseases and accompanied by increased aggregation and protein deposition. A variety of structures ranging from unordered aggregates to highly ordered fibrils which are called cross-β spine or amyloid can result from aggregation. These consist of peptide fibrils or linear unbranched protein.127 Misfolded proteins are a common cellular occurrence but under normal conditions these proteins are subjected to the endoplasmic reticulum-associated degradation (ERAD) pathway. Generally, the characterization of the prion disease depends on the accumulation of the misfolded isomer of PrPC which is known as PrPSc. 

[bookmark: _Toc436730959]3.1.2.2 The conversion of PrPC to PrPSc
There are various hypotheses on how PrPC converts to PrPSc, one of which suggests that a virus may be behind diseases such as scrapie.128 After identifying the scrapie causing agent it was found that there was no relation associated with viruses. Later on it was suggested that proteinaceous infectious particles were the disease causing agent.115 The infectious particle was then defined as particles which have inactivation resistance by procedures which modify amino acids to and formation of an abnormal isoform of the normal cellular protein115 PrPC as shown in Figure 21. The abnormal protein PrPSc can be found in all individual infected with a TSE.
[image: ]
[bookmark: _Toc436731124]Figure 21: The normal cellular protein (right) and the abnormal isoform protein (left). Stick and ball models show residues implicated in the species barrier that may form an interface for the PrPC-PrPSc interaction.129

The conversion of the normal isoform protein PrPC to the abnormal isoform PrPSc occurs after translation by glycosylated residence linked to a GPI anchor which is then carried to the cell surface.130 This process led to the conversion of a predominantly α-helical model in to a predominantly β-sheet model.131 PrPC consists of 43% α-helices with no β-sheet structure, whereas PrPSc consist of 20 % α-helices with 34 % β-sheets caused by two of the four PrPC helices transformed to β-sheet structures.132 Due to insolubility of the PrPSc the precise structure is still not fully illustrated, however the high β-sheet content shows the tendency of PrPSc to form protease resistant aggregates within the brain.133 
Furthermore, two theories were suggested providing more explanation on how PrPSc causes the misfolding of endogenous host PrPC. The first one was the template directed refolding model and the noncatalytic nucleated polymerisation model was the second.134 The first model suggests that the introduction of PrPSc starts a catalytic cascade using the normal isoform protein, or a substrate represented by an intermediate (PrP*). This would be a spontaneous event and therefore require chaperone activity and energy (Figure 22). It was reported that the inhibition of PrPSc propagation occurred as a result of competition for binding to protein X and found that inhibition occurred without the need for an accessory co-factor.135 Additionally, it was reported that some mutations of the putative protein X binding sit didn’t inhibit the formation of the abnormal protein. This was disputing against the participation of a co-factor.136
[image: ]
[bookmark: _Toc436731125]Figure 22: The template directed refolding model.135

In the second model which is also known as the seeding model it is suggested that a conformational change is thermodynamically controlled. The establishment of PrPSc occurs when it is added to a seed or PrPSc aggregate with formation of the first seed being the rate limiting step (Figure 23). The conversion of PrPC to PrPSc in a cell-free model occurs by incubation with PrPres.137 The aggregation is substantial for both conversion and supporting the nucleation theory; the initial lag phase can be overcome   by seeding with aggregates.137
[image: ]
[bookmark: _Toc436731126]Figure 23: Noncatalytic nucleated polymerisation model.135

[bookmark: _Toc436730960]3.2.1 Therapeutic targets and strategies

The normal prion isoform PrPC and its abnormal isomer PrPSc can be targeted by therapeutic agents. The demonstration of the anti-prion effect can be divided into three main models. The first model presents the in vitro method in order to incubate PrPC with PrPSc under specific conditions which enable measuring of the cell-free conversion of PrPC to the abnormal isoform PrPSc.138 This investigation usually used protein misfolding cyclic amplification and crude brain homogenates in order to obtain PrPSc in higher yield.139 In the second method which is also an in vitro process infected cell cultures that continuously propagate infectious prions are used to screen potentially therapeutic compounds.140 In the third model, animals infected with prion disease are used to investigate the compounds effects in the whole organism.141 Many different types of compounds have been investigated in this field, however only two types have gone through clinical trials; quinacrine and pentosan polysulphate (PPS). The effects of these compounds were varied, PPS trials were found more encouraging with interaventricular administration increasing survival in patients with vCJD more than quinacrine.142-145 It was reported that there was no alteration to the neuropathological changes in the brain resulting from PPS treatment. Recently the majority of research has targeted PrPSc accumulation but the uncoupling of PrPSc toxicity and infectivity has proposed that unidentified toxic oligomeric species could be useful targets.146 
[bookmark: _Toc436730961]3.2.1.1 Anti-prion drugs in clinic 
Different types of anti-prion compounds have been investigated. Some of these agents were success in in vitro and animal models. On the other hand, the investigation of these agents in clinical trials has little success even after the disease symptoms first appear. Currently, the available agents can only postpone disease onset or death modestly in vivo. A promising class of PERK inhibitors were found effective and may cure infected animals.147
Tricyclic derivatives of phenothiazine and acridine have undergone extensive study as anti-prion agents, with lead compound quinacrine being carried forward for clinical trial testing and development. This set of compounds garnered interest due to its strong affinity for crossing the blood-brain barrier (BBB) and emphasis was placed on quinacrine due to having an EC50 tenfold lower than chlorpromazine and its derivatives.148 Evaluation of quinacrine as an anti-prion agent identified its ability to both interact with PrPC and hamper de novo PrPSc formation, but was ineffective during in vivo studies.149 Due to high BBB penetration, quinacrine accumulation in brain tissue was sufficient to induce anti-prion activity although it is currently unestablished how much was in a protein-bound state and how much was free.150 However, studies subsequently performed in sheep found this not to be the case, with unbound extracellular quinacrine concentrations found to be too low to be effective.151 This was supported by human clinical trials on patients suffering from prion diseases and hypothesized to be due to inadequate concentrations of quinacrine present at crucial sites in the brain.152

Blocking of chaperone proteins involved in PrPc unfolding and destabilization of folded PrPSc via lysosomal pH alteration has been hypothosized to work for certain lysosomotropic compounds including quinacrine and chloroquine.153 Their mode of action is thought to be as a competitive inhibitor of the GAG-PrP interaction. Combination therapies of quinacrine, simvastatin and the tricyclic antidepressant despiramine have been shown to work synergistically and be effective at concentrations that were ineffective when used individually.154 Simvastatin is a cholesterol ester modulator that interferes with the formation of lipid rafts, which are required for PrPC cell surface localization which in turn reduces the availability of PrPC for conversion to PrpSc.155 Simvastatin has been shown to sensitize cells to quinacrine, with an EC50 tenfold lower than in the absence of simvastatin.156
The anti-inflammatory and anti-oxidative agent curcumin has also been shown to exhibit anti-prion activity in various cell lines and mouse models157,158  where it binds to both PrPSc oligomers and fibrils at a binding site that overlaps with where Congo red interacts.159
In conclusion, more investigations and effort are required in order to find more effective compounds that can be used as a vital therapy for prion disease or at least reduce the level of PrPSc at higher percentage than those in literature. However, all compounds that show activity against prion diseases could be the key for more effective compounds.    
[bookmark: _Toc436730962]3.2.1.2 SMB Cell line and other Models of Cell Culture
Various different aspects of prion diseases including different biochemical properties of both PrPC and PrPSc have been investigated using different models of cell cultures.160-162  These models were also used for screening the candidate drugs and to investigate their therapeutic benefits. In 1970 cell culture supporting prion replication were reported with the SMB (scrapie mouse brain) cell line establishment, a line of non-neuronal cells isolated from mouse brain infected with Chandler scrapie.163 
Exposing the uninfected cells to an inoculum and checking for formation of de novo PrPSc by Western blotting is the most widely used method of identification. Furthermore, homologous and heterologous cell line models were also reported.164 In the homologous model the normal isoform (PrPC) was expressed from the same species as the inoculum, whereas a mismatch between the species origin of the inoculum, PrPC or cell line were expressed in the heterologous models. There are various cells used to propagate the infected protein (PrPSc), these include cholinergic neuronal cells, hypothalamic GT1 cells, peripheral nervous system cells such as Schwann cells and cells from non-neuronal cell lines such as skeletal myoblasts.
The SMB cell line has the ability to be cured and then infected again with other strains unlike other cells which are susceptible to various prion strains with some being prone to more than one.164 This assay has high throughput screening capabilities, with up to 24 compounds able to be screened at three different concentrations and in triplicate in a single week. This is due to no electrophoresis being required, and the assay being camed out in a 96 well format. The primary antibody solution can be reused making it more cost effective and the lysate protein concentrations used are lower than those normally used for a traditional Western blot, adding to the high throughput capability of the assay.  The primary antibody is specific for PrPSc, and the PrPSc is selected via protease digestion of all other proteins using Proteinase K. The levels of PrPSc can be assessed by immunoblotting, once the compound that reduces the levels of PrPSc in a specific cell is identified then this compound may be classed as an active compound. It is worth noting that this compound may be ineffective against the same strain in a different cell model.165                  
[bookmark: _Toc436730963]3.3 Structure-activity relationships
Once the lead compounds and their structures are known, the medicinal chemist moves on to study the structure-activity relationships (SAR) of these compounds by synthesising designed analogues for them. Compounds with comparable structures to a pharmacologically active drug are often themselves biologically active. These structurally related activities are known as structure-activity relationships. The aim here is to find out which parts of the molecule are behind the biological activity and which are not. Making changes to the structure of the compound and predicting, based upon SAR, the change to activity allows the medicinal chemist to move forward with the project.166,167 These changes include:
1. Changing the shape and size of the molecule.
2. Inserting new substituents to the molecule to improve properties such as water solubility.
3. Replacing of functional groups with active mimics (known as bioisosteres).
The SAR studies in the field of prion diseases have taken much interest in the last few years. In 2011 Chen and co-workers investigated the SAR of a series of indole-3-glyoxylamines168 (Figure 24).


[bookmark: _Toc436731127]Figure 24: Indole-3-glyoxylamide derivatives.168 

An excellent activity has been found in a cell line model of prion disease (EC50 <10 nm).168 The examination of different substituents at the para position of the N-phenylglyoxylamide moiety shows that five-membered heterocycles containing at least two heteroatoms were found active as anti-prion agents (Table 11).     
[bookmark: _Toc436731151]Table 11: Antiprion screening results for indole-3-glyoxylamides derivatives168
	Compd.
	R
	EC50a [µm]

	1
	

	0.0043 ± 0.008

	2
	

	0.0013 ± 0.0002

	3
	

	0.0044 ± 0.0028

	4
	

	0.0011 ± 0.0002


a: Values represent the mean ± SD of at least two experiments, each performed in triplicate. 
Further investigation on the N-phenylglyoxylamide substituted with OMe, Me, and morpholine at position C-4  show significant activity in the SMB cell line as antiprion agents (Figure 25).169 


[bookmark: _Toc436731128]Figure 25: Indole-3-glyoxylamide substituted at C-4

The high potency of these compounds (Table 12) makes them attractive as a lead series for further development as potential therapeutic agents against prion disease. 
[bookmark: _Toc436731152]Table 12: Antiprion screening results for indole-3-glyoxylamides substituted at C-4.169
	Compd.
	R
	EC50 [µm]

	1
	OMe
	0.011 ± 0.006

	2
	Me
	0.13 ± 0.02

	3
	morpholine
	0.009 ± 0.002


  

[bookmark: _Toc436730964]3.4 Drug-like properties and Lipinski’s Rules
There are many physicochemical parameters that affect the design of drugs which can be used to asses if a chemical entity possesses drug-like properties. One of these useful rules are Lipinski’s rules which were formulated in 1997 by Christopher A. Lipinski.170 These rules indicate that poor oral absorption is likely if a candidate drug has one or more of the following properties:
1. The molecular weight of the compound is over 500 daltons
2. The LogP (lipophilicity of a molecule) is more than 5
3. There are more than 5 hydrogen-bond donors (HBD) such as OH and NH
4. There are more than 10 hydrogen-bond acceptors (HBA) such as N and O
The first, third and fourth properties can be calculated directly from the structure of the compound.167 The LogP is the ratio of the concentration of the compound in octanol to its concentration in water and can be calculated by following the equation shown below: 

 Equation 3: Equation for calculating the log P of a molecule
The Log P affects aqueous solubility, receptor binding, permeability, plasma-protein binding and metabolism rate. A low Log P means that the compound is more hydrophilic (and less lipophilic) meaning that it will pass through cell membranes instead of being retained in lipid compartments. 
Compounds such as natural products are exceptional and they do not normally follow Lipinski’s rule as they can be transported across the biological membranes via active or specific carrier proteins.

[bookmark: _Toc436730965]3.5 Chalcones and their derivatives as therapeutic agents for prion diseases
To date, there are no effective therapeutic agents for TSEs, despite the fact that a wide range of compounds have been tested for anti-scrapie activity both in vitro and in vivo171-175. It has been reported that many small organic molecules block PrP conversion in cell cultures infected  with the Scrapie prion strain172. The investigation into prion disease has shown that the majority of the effective compounds in vitro were heterocyclic organic compounds with two or more rings176. Among these compounds, it was found that acridine and quinolone derivatives were the most effective compounds in the cell culture assays and inhibit the aggregation of prion protein in vitro148,153,177-179.
In the last few years, chalcones and their derivatives become one of the interesting compounds that show high activity in reducing PrPSc levels, some of which are natural products. In 2011 Sina and co-workers screened a wide range of compounds for antiprion activity using ScN2a cells. The cells were treated with DMSO as a carrier and a known antiprion drug (quinacrine) was used as a negative and positive control. Based on these measurements the normalized percentage change in PrPSc levels was calculated.180 Among 40 screened compounds chalcones and flavones were identified as active in reducing PrPSc in ScN2a cells (Table 13).
[bookmark: _Toc436731153]Table 13: Chalcones and flavones results in reducing PrPSc level180
	Compound
	Structure
	Name
	PrPSc reduction in ScN2a (%)

	1
	

	Isoliquiritigenin
	62

	2
	

	Irigenin, 7-benzyl ether
	65

	3
	

	4-hydroxy chalcone
	76

	4
	

	Genistein
	73

	5
	

	Daidzein
	80



In 2014, Natalia C. Ferreira et al. 181 evaluated the anti-scrapie activity of a wide range of aromatic compounds from different classes in  a combined in vitro/ in vivo process. Chalcones and their derivatives are one of the compounds which were chosen for this investigation182-186 (Figure 26).  




[bookmark: _Toc436731129]Figure 26: The chemical structures of the tested chalcones and their derivatives.181

The outcome of the research identified that some of the chalcones and oxadiazoles mentioned above were active in reducing PrPRes accumulation in ScN2a cells in a micromolar range and non-toxic to cells as tested in cell culture. More precisely, chalcones J1, J11 and J14 and oxadiazoles Y3 and Y4 reduced PrPRes levels in ScN2a cells by more than 50% in comparison with untreated cells at a concentration of < 1 µm (J1, J11), < 5 µm (J14) and at ~10 µM (Y3, Y4).





[bookmark: _Toc436730966]Chapter 4: Aims of the Project
In the last few years, chalcones and their derivatives have appeared as an effective and vital class of biologically active compounds. For this reason, the aim of this project is to synthesise a variety of novel chalcones and their derivatives which might provide more effective and cheaper therapeutic agents than those currently available and to act as lead series against prion diseases. Moreover, this project focuses on the flow chemistry which was used as a new methodology for synthesising chalcones and their derivatives in order to obtain products in higher yield with shorter reaction times.











[bookmark: _Toc436730967]Chapter 5: Synthetic Strategies
In this project, different series’ of chalcones were synthesised starting from different aromatic aldehydes and ketones using Lewis acids and resins as catalysts.
The first route consists of the reaction between 4-(benzyloxy)-3-methoxybenzaldehyde with different substituted acetophenones to form the corresponding chalcones, with the aldehyde being synthesised from the reaction of (bromomethyl)benzene with 4-hydroxy-3-methoxybenzaldehyde in the presence of K2CO3 as a base medium  (Scheme 48).
Due to the biological importance of the indole moiety, new chalcones containing the indole moiety were also synthesised starting from 1H-indole-6-carboxylic acid as a starting material to synthesise the main core for this series of chalcones. The carboxylic acid was treated with LiAlH4 in THF to form the corresponding alcohol which was then oxidised by MnO2 to form 1H-indole-6-carbaldehyde. The synthesised aldehyde was then reacted with different substituted acetophenones using ZrCl4 as a catalyst to form the corresponding chalcones (Scheme 48). 
New chalcone containing the moiety of 5-hydroxy-pyrrolidin-2-one (γ-hydroxy γ-lactam) which can be found in many natural products was synthesised from 3-(hydroxymethyl)-4-methoxybenzaldehyde which was brominated by PBr3 in CHCl3 to form 3-(bromomethyl)-4-methoxybenzaldehyde. The aldehyde was then treated with 1H-pyrazole using K2CO3 as a catalyst to form 3-((1H-pyrazol-1-yl)methyl)-4-methoxybenzaldehyde which was reacted with acetophenone using ZrCl4 as a catalyst to form the corresponding chalcone (Scheme 48). 





[bookmark: _Toc436731074]Scheme 48: Synthesis of chalcones 130-132, 136-141 and 145

Two types of isocyanides were synthesised and combined with chalcone 145 to form the corresponding pyrrole (Scheme 49). The first type of isocyanide was synthesised in five steps while the second type was synthesised in one step as shown in Scheme 49. 




[bookmark: _Toc436731075]Scheme 49: Synthesis of compounds 154 and 155

The fourth route consisted of forming four types of chalcones starting from three different amines reacted with 4-flourobenzaldehyde in the presence of K2CO3 as a base medium in DMF to form the corresponding aldehydes. The aldehydes were treated with different aromatic ketones using Amberlyst A26 hydroxide as a catalyst to form three different series of chalcones. Also, 4-(1H-pyrazol-1-yl)benzaldehyde was used to synthesise bischalcones under microwave radiation (Scheme 50).




[bookmark: _Toc436731076]Scheme 50: Synthesis of chalcones 161, 162, 163 and 164

The quinoline moiety which is found in many natural products was also explored. New series’ of chalcones containing the quinoline moiety were synthesised in four steps starting from m-toluidine (Scheme 51).






[bookmark: _Toc436731077]Scheme 51: Synthesis of chalcones 169-172

The biological importance of the pyrazole moiety against many diseases led to the conversion of the chalcones (except chalcone 145) to their corresponding pyrazoles by treating the chalcones with hydrazine monohydrate using ionic solvent (Scheme 52).              




[bookmark: _Toc436731078]Scheme 52: Synthesis of pyrazoles 176-178, 179-184, 185, 186, 187 and 188-191


The commercially available Vapourtec R-series continuous flow reactor is the flow system used in this project (Figure 27).
[image: ]


[bookmark: _Toc436731130]Figure 27: Continuous flow reactor with schematic diagram
 
There are two types of this machine, the R2+ module which has two HPLC piston pumps allowing a range of flow rates from 0.01 mL min-1 to 9.99 mL min-1 and up to 42 bars of pressure tolerance. The reagents can be introduced to the system through the pumps from sample reservoirs or by direct injection to sample loops of 2, 5 or 10 mL size (Figure 28).


[bookmark: _Toc436731131]Figure 28: A: Diagram of the Rheodyne valve in loading mode. B: run mode

In mode A the solution of the reagents can be injected into a sample loop with excess solution passing out of the valve into a waste container. While in mode B the flow of the solvent which comes from the pump passes into the sample loop pushing the solution through the valve and is then directed out of the valve and into the reactor.
In module R4 four separate heating devices exist allowing fitting of the column to the reactor.  The system is supported by three coiled tube reactors which can be housed inside an insulated glass manifold that slots into the heating device. The reactor can be heated up to 130 oC and is controlled by circulating air through the glass chamber which surrounding the reactor. The temperature of the reactor can be monitored by a thermocouple positioned against the reactor wall that gives a precise reading to 1 oC. In this system a portex column reactor built inside a glass manifold can be fitted in the system and heated in the same manner as the standard coil reactor. A back-pressure regulator also can be fitted in the system to maintain solutions as liquids above their normal atmospheric boiling point. 
The Vapourtec® provided the flow machine with software to be operated. Reaction conditions such as flow rate, temperature, residence time and pressure can be controlled easily from a computer connected to the machine.
















[bookmark: _Toc436730968]Chapter 6: Results and Discussion
[bookmark: _Toc436730969]6.1 Synthesis of Chalcones (130-132) and (136-141)




[bookmark: _Toc436731079]Scheme 53: Synthesis of chalcones 130-132 and 136-141

Chalcones 130-132 were prepared using the Aldol condensation reaction between equimolar aromatic aldehyde 129 and various substituted acetophenones. The aromatic aldehyde was synthesised from the reaction of bromomethyl benzene with 4-hydroxy-3-methoxybenzaldehyde in the presence of K2CO3 as a base in methanol. The prepared aldehyde was then used to form the aforementioned chalcone by the reaction with substituted acetophenone in methanol using zirconium chloride as a catalyst. The reaction was first performed in batch conditions which produced the target in good yield (Table 14). However, the reaction required about three hours to complete. In order to obtain more suitable reaction conditions, the reaction was performed using a flow reactor. The process started by using a 10 mL flow reactor heated gradually up to 80 oC at a flow rate of 1 mL min-1 and allowing the reaction five minutes residence time. After obtaining the results, it has found that a slight increase in the product yield was observed under the conditions shown in Table 10. Further optimization revealed that increasing the residence time to 20-25 minutes can afford the product in a higher yield which was significantly better than the batch method.
According to the literature187, using sodium hydroxide as a base in aprotic solvents to deprotonate the acidic proton of the aromatic ketone takes three hours to complete, therefore zirconium chloride was used as an alternative catalyst for synthesising this series of chalcones to obtain the product in short reaction time with high product yield.

[bookmark: _Toc436731154]Table 14: Conditions and yields of batch and flow methods for chalcones 130-132
	Comp. No.
	R
	Batch yield %.a
 ZrCl4 10% mol.
	Flow time/min.
	Flow temp. oC
	Flow yield %

	130
	2-Cl
	85
	20
	65
	87

	131
	4-Cl
	81
	20
	65
	83

	132
	1-naphthyl
	86
	25
	80
	91


a isolated product after three hours reaction time  

From the above results it is obvious that chalcones 130-132 were synthesised within short reaction time and good to excellent yield compared with the conventional batch method.
To further optimise the reaction, the quantity of ZrCl4 used on the reaction yield was examined. It has been found that catalysing the reaction with 5 % mol. of ZrCl4 provides a lower reaction yield during the same reaction time described in Table 14. When using more than 10 % mol. of the catalyst, no further positive effect on the reaction yield was observed. 
In order to illustrate the temperature effect on the product yield, compound 132 was chosen as an example shown in (Figure 29).
[image: ]
[bookmark: _Toc436731132]Figure 29: The effect of temperature on the yield of compound 132 at 25 minutes residence time

Firstly, the optimization was started by running the reaction at 20 oC at this point the product was obtained in a very low yield. The optimization was continued by increasing the temperature by 5 oC for each experiment and it was found that the yield of the product was gradually increased until 80 oC which was the highest point that 91 % of the isolated product was obtained. On the other hand, a slight drop-off in the yield was encountered when performing the reaction at more than 80 oC. For details for optimization conditions see Appendix. 
The residence time is another important factor that affects the product yield of the reaction. Figure 30 for compound 132 illustrates this effect.


[image: ]
[bookmark: _Toc436731133]Figure 30: The effect of residence time on the yield of compound 132 at 80 oC.

The reaction was firstly performed under 5 minutes residence time, at the given time the product was isolated in 58 % yield. The experiment was repeated several times, and each time the reaction was given 5 extra minutes residence time. A yield of 91 % was obtained over 25 minutes which was the optimal residence time to obtain the product. Furthermore, it has been found that allowing the reaction more than 25 minutes results in decreasing the product yield. For details for optimization conditions see Appendix. 
The main target of choosing this series of chalcones is to optimize the structure-activity relationship (SAR) of different substituents on the keto-ring of the chalcone system as antiprion agents which will be discussed later in detail in this chapter.  
Due to the existence of the α,β-unsaturated conjugation between the carbonyl group and the carbon-carbon double bond, chalcone shows different biological activity against many different organisms, particularly those which contain an indole moiety in their structures188. For this reason, a new series of chalcones containing the indole moiety (substituted in position 6) were synthesised from the reaction of 1H-indole-6-carbaldehyde with different substituted aromatic ketones. The aromatic aldehyde was synthesised in two steps starting from the 1H-indole-6-carboxylic acid which was converted to the corresponding alcohol using LiAlH4 in THF. Secondly, the alcohol was converted to the aforementioned aldehyde using MnO2 as an oxidizing agent.
Similar methods used for synthesising chalcones 130-132 were adopted for the synthesis of chalcones 136-141 as shown in the table below:   
[bookmark: _Toc436731155]Table 15: Conditions and yields of batch and flow methods for chalcones 136-141
	Comp. No.
	R
	Batch yield %.
 ZrCl4 10% mol.
	Flow time/min.
	Flow temp. oC
	Flow yield %

	136
	H
	61
	15
	65
	91

	137
	4-Cl
	63
	15
	65
	89

	138
	4-F
	61
	15
	65
	92

	139
	2-Me
	65
	20
	65
	92

	140
	3-Me
	64
	20
	65
	90

	141
	1-naphthyl
	67
	30
	75
	94



It is obvious from the results that a noticeable increase in the product yield with shorter reaction time was obtained using the flow reactor compared with the conventional batch method. The best conditions were found when performing the reaction at a flow rate of 1 mL min-1 and at 65-75 oC under a residence time of up to 30 minutes which was much shorter than the batch method which required about three hours to form the target with up to 67 % product yield.







[bookmark: _Toc436730970]6.2 Synthesis of chalcone 145



[bookmark: _Toc436731080]Scheme 54: Synthesis of chalcone 145

A new chalcone which represents one of the main cores for synthesis of substituted pyrrolones was synthesised in four steps. 3-(hydroxymethyl)-4-methoxybenzaldehyde was chosen as a starting material to form this type of chalcone. The first step consists of the bromination of the alcohol to form compound 143 (Scheme 55).


[bookmark: _Toc436731081]Scheme 55: The bromination reaction of 143

The second step consists of the reaction of the brominated product with 1H-pyrazole using K2CO3 as a base in DMF (Scheme 56).


[bookmark: _Toc436731082]Scheme 56: Synthesis of 144

The product was obtained as a white crystal and x-ray crystallography was used to confirm the brominated product as shown in the following figure. 
[image: ]
[bookmark: _Toc436731134]Figure 31: X-ray structure for compound 144

The last step is the formation of the titled chalcone. This step consists of the reaction of compound 144 which was obtained from the third step with acetophenone using 10 mol % ZrCl4 as a catalyst (Scheme 57).


[bookmark: _Toc436731083]Scheme 57: Synthesis of chalcone 145

Firstly, the reaction was performed under batch conditions which produced the product within three hours at 40 oC yielding 61 % of the target. Under the flow reactor, the reaction was processed faster when setting the temperature at 80 oC and at flow rate of 1mL mim-1. Under these conditions, the product was obtained in 79 % yield which is better than the conventional batch method.
The effect of the temperature on the reaction yield can be illustrated by Figure 32.
[image: ]
[bookmark: _Toc436731135]Figure 32: The effect of the temperature on the reaction yield for chalcone 145 at 50 minutes residence time

Additionally, the reaction requires 50 minutes residence time to produce the product with the aforementioned yield. Figure 33 illustrates the effect of the residence time on the product yield.
[image: ]
[bookmark: _Toc436731136]Figure 33: The effect of the residence time on the product yield for chalcone 145 at 80 oC
For details for optimization conditions see Appendix. 

[bookmark: _Toc436730971]6.3 Synthesis of isocyanide 151



The second core for the synthesis of substituted pyrrolones is an isocyanide. The titled isocyanide was synthesised in five steps. The first step consists of the reaction of 1-methyl-2-nitrobenzene with pyrrolidine in the presence of 1,1-diethoxy-N,N-dimethylmethanamine in DMF. The reaction was performed smoothly at 80 oC for 24 hours producing enamine 147 which was then converted to acetal 148 by refluxing with para-toluenesulfonic acid in methanol producing the product in 70 % yield (Scheme 58).


[bookmark: _Toc436731084]Scheme 58: Synthesis of acetal 148
 
A hydrogenation reaction of the synthesised acetal was required in order to convert the acetal to an amine. The reaction was firstly performed at room temperature using 10 % palladium on charcoal for two days. Unfortunately, the target was not found. As an alternative, The H-cube® hydrogenation reactor was found to be useful for the hydrogenation of the acetal (Scheme 59). 


[bookmark: _Toc436731085]Scheme 59: Using the H-cube® hydrogenation reactor for synthesis compound 149

By setting the H-cube® reactor at a flow rate of 1mLmin-1 and using toluene as a solvent heated up to 100 oC, the product was obtained with 96 % yield which was used for the next step without further purification. The synthesised amine 149 was then converted to the corresponding amide by using LiHMDS to deprotonate the amine to amide and a formylation reagent was then used to form the amide in 51 % yield (Scheme 60).


[bookmark: _Toc436731086]Scheme 60: The formation of amide 150

The final step consists of the formation of the isocyanide by treating the synthesised amide with phosphorus oxychloride in the presence of triethylamine to produce 77 % yield of the target (Scheme 61).


[bookmark: _Toc436731087]Scheme 61: The formation of isocyanide 151


[bookmark: _Toc436730972]6.4 Synthesis of isocyanide 153



Another type of isocyanide was synthesised to form the second core for pyrrolone 155. The titled isocyanide was synthesised from the reaction of amine treated with lithium tert-butoxide solution in THF at 0 oC. The reaction yielded 35 % of the product after purification by column chromatography (Scheme 62) 


[bookmark: _Toc436731088]Scheme 62: Synthesis of isocyanide 153

[bookmark: _Toc436730973]6.5 Synthesis of pyrrolones 154 and 155



The moiety of 5-hydroxy-pyrrolidin-2-one (γ-hydroxy γ-lactam) is considered one of the important units which can be found in many natural products. Epolactaene is an example of these compounds which is isolated from the fungal strain Penicillium sp and is used as a therapeutic in the treatment of nervous asthenias189 (Figure 34). 


[bookmark: _Toc436731137]Figure 34: (+)-Epolactaene

The titled pyrrolones were synthesised from the reaction of chalcone 145 with the two synthesised isocyanides 151 and 153. The reaction was first applied under the conventional batch method both in the presence of methanol as a solvent and without solvent. A 1:1 equivalent of the starting materials were dissolved in methanol and the reaction temperature was set at 80 oC. After 24 hours, the reaction yielded 55 % of pyrrolone 154 and 61 % of pyrrolone 155. The same reaction was performed again under solvent-free conditions setting the reaction at 150 oC. The product was obtained within 30 minutes yielding 78 % for pyrrolone 154 and 80 % for pyrrolone 155 (Scheme 63).


[bookmark: _Toc436731089]Scheme 63: Synthesis of pyrrolone 154 and 155

The optimization of the reaction conditions using the flow reactor was also examined. The reaction was accomplished under the conditions shown in Table 16.
[bookmark: _Toc436731156]Table 16: Flow conditions for the synthesis of pyrrolones 154 and 155
	Comp. No.
	Batch yield % in MeOH
	Batch yield % (solvent free) 
	Flow time/min.
	Flow temp. oC
	Flow yield %

	154
	55
	78
	30
	130
	63

	155
	61
	80
	30
	130
	67


 
It is obvious from the above results that performing the reaction under batch conditions using methanol as a solvent provides 55-61 % of the isolated products while under solvent-free conditions 78-80 % of the isolated products were obtained. However, a slight increase in the product yield was obtained when applying the reaction under flow conditions using a flow rate of 0.5 mL min-1 and giving the reaction 30 minutes residence time and setting the reactor at 130 oC which is the maximum temperature that the flow reactor can tolerate.
To sum up, it is clear that synthesising this type of pyrrolone under solvent-free conditions was found to be the optimal or most suitable reaction method which produces a higher product yield with shorter reaction time compared with those obtained from both the batch method using MeOH as a solvent and the flow method.
[bookmark: _Toc436730974]6.6 Synthesis of Chalcone 161



Curcumin is one of the natural products which has displayed a variety of biological effects towards many diseases such as cancer, allergies and diabetes and other inveterate illnesses190-193. For this reason, three substituted mono-carbonyl analogues of curcumin were synthesised from the reaction of 4-(1H-pyrazol-1-yl)benzaldehyde with three different ketones. The aromatic aldehyde was synthesised from the N-arylation of 1H-pyrazole which consists of the reaction between 4-fluorobenzaldehyde and 1H-pyrazole in the presence of K2CO3 as a base in DMF (Scheme 64).


[bookmark: _Toc436731090]Scheme 64: Synthesis of chalcone 161

In the batch protocol, the product was obtained within three hours at room temperature yielding 57-63 % of the isolated products using the classical 10 % sodium hydroxide catalyst. Due to the partial solubility of the product in methanol, this reaction cannot be performed under the flow micro-reactor therefore a microwave protocol was used as an alternative to find out the best results for synthesising this new series of bis chalcones.
Under the same solvent and catalyst, the reaction was irradiated for five minutes at 60 oC (16 bar). The product was obtained in an excellent yield as shown in Table 17.
[bookmark: _Toc436731157]Table 17: Batch and microwave conditions for chalcone 161a-c
	Comp. No.
	Batch yield %
	Microwave time/min.
	Microwave temp. oC
	Microwave yield %

	161a
	61
	5
	60
	93

	161b
	57
	5
	60
	91

	161c
	63
	5
	60
	93



Before applying the reaction to the microwave method, zirconium chloride in methanol was used in order to increase the yield of the product and at the same time reducing the time required for obtaining the product. 10 mol % of zirconium chloride was used as a catalyst in order to gain the product but unfortunately no product was observed. The experiment was then repeated using 20 mol % of the same catalyst and also no product was found. However, not only zirconium chloride was examined as a catalyst but BF3-Et2O was also tested. 10 and 20 mol % of this catalyst in dichloromethane was used in the reaction and the same negative result was obtained. Therefore, sodium hydroxide in methanol was found to be the best catalyst for synthesising the bis-chalcones in both the batch and microwave methods.
[bookmark: _Toc436730975]6.7 Synthesis of chalcones 162, 163 and 164



The N-arylation of 1H-pyrazole had been used for synthesising chalcone 161, another two heterocyclic aromatic aldehydes were synthesised by following the same procedure. Pyrrolidine and morpholine were used for synthesising aldehydes 158 and 159 which were used for creating a new series of chalcones by treating them with various aromatic ketones. 
In this route, new protocols were developed for synthesising this type of chalcone. Amberlyst A26 (hydroxide form) was used to catalyse the reaction instead of using Lewis acids or any other catalysts.     


[bookmark: _Toc436731091]Scheme 65: Synthesis of chalcones 162, 163 and 164

The first experiment was accomplished under the batch conditions using 10 mmol of the starting materials. In order to investigate the effect of the substrate, 1.0 g of Amberlyst A26 hydroxide form (conc. 1N in NaOH) in DCM was used to catalyse the reaction. It has been found that this amount of the resin produces the product in up to 37 % yield within approximately one hour at room temperature. However by increasing the temperature to 60 oC, up to 59 % of the product was observed. Another reaction was performed using 2.0 g of the catalyst. The reaction was stirred for one hour at room temperature yielding 72 % of the target. However, increasing the reaction temperature up to 60 oC, a significant increase of the reaction yield was observed (Table 18).
To find out the best method, the reaction was performed under the flow reactor. It is known that insoluble catalysts cannot be used under flow conditions therefore a column charged with 2 gram of the catalyst was used to allow the mixture of the starting materials to pass through the column using the same conditions that were used in the batch method. In both methods, the time required to obtain the product in higher yields was similar. However, applying the reaction under flow conditions produced the product without any workup. In the batch method, the catalyst needs to be removed from the mixture by filtration while under the flow method the catalyst remained in the column which can be used several times for the same reaction. Additionally, optimizing the reaction conditions under the flow reactor is easier than for the batch method.                   

[bookmark: _Toc436731158]Table 18: Batch and flow yield for chalcones 162, 163 and 164
	Comp. No.
	yield %.a
	yield %.b
	Flow yield %.c
	Flow temp. oC

	162a
	33/51
	69/87
	86
	60

	162b
	29/48
	71/83
	85
	60

	162c
	31/47
	71/92
	89
	60

	162d
	37/55
	71/89
	88
	60

	163a
	31/59
	72/89
	89
	60

	163b
	31/52
	70/85
	81
	60

	163c
	34/52
	67/85
	87
	60

	163d
	36/58
	69/84
	86
	60

	164a
	36/58
	70/86
	86
	60

	164b
	35/57
	72/84
	85
	60


a batch conditions: 1.0 grams of the resin, stirring at room temperature for 60 minutes/batch conditions: 1.0 grams of the resin, stirring at 60 oC. for 60 minutes. b 2.0 grams of the resin stirring at room temperature for 60 minutes/2.0 grams of the resin, stirring at 60 oC. for 60 minutes. c flow conditions: 2.0 grams of the resin heated at 60 oC at flow rate of 0.5 mL/min for 60 minutes.

In conclusion, the greatest advantage of using the solid catalyst in this reaction is that it can be used several times without any significant loss in efficiency in each single reaction. In addition, this type of catalyst is cheaper than other conventional catalysts and hence reduces the cost of synthesising these types of chalcones. Furthermore, it was found that using this type of catalyst the product was formed in a shorter reaction time compared with using Lewis acids.
[bookmark: _Toc436730976]6.8 Synthesis of Chalcones 169-172


A large number of bioactive compounds and natural products contain the quinoline moiety in their skeletons194. 3-substituted quinolone-2-one is one of the interesting moieties which can be found in many compounds with interesting anti-tumor activities.195
For these reasons, different substituted quinolone chalcones have been synthesised to be the core for synthesising new series’ of pyrazolines compounds. The route consists of four steps to form the titled chalcones, starting from m-toluene which was treated with phosphoric acid to form the corresponding amide. The amide was then converted to 2-chloro-7-methylquinoline-3-carbaldehyde via the Vilsmeier reaction using POCl3 in DMF in order to form the formylation reagent (also known as the Vilsmeyer reagent) (Figure 35).


[bookmark: _Toc436731138]Figure 35: Forming the Vilsmeyer reagent

Subsequently, the formed aldehyde was treated with concentrated acetic acid to form 7-methyl-2-oxo-1,2-dihydroquinoline-3-carbaldehyde which represents the main starting material for the chalcone. 
In this route, borontrifluoride-etherate (BF3.OEt2) was examined as a catalyst to synthesise the quinoline chalcone.  


[bookmark: _Toc436731092]Scheme 66: Synthesis of chalcones 169-172

The first experiment was accomplished under the conventional batch method using 1 mmol of the starting materials and 10 mol % ZrCl4. The reaction was first performed at room temperature for 3 hours, but the TLC didn’t show any trace of the product, thus the reaction was repeated again using the same amount of catalyst and setting the temperature at 60 oC for three hours but unfortunately no product was observed. For this reason efforts were made to find an alternative catalyst to form the product. Borontrifluoride-etherate (BF3.OEt2) was examined for synthesising this type of chalcone. 10 mol % of the selected catalyst was used for the reaction between the synthesised aromatic aldehyde and different substituted acetophenones in DCM. It has been found that performing the reaction at room temperature can produce the target in a good yield within 12 hours (Table 19).
However, the reaction was performed again whilst increasing the reaction temperature up to 50 oC. It was found that a slight increase in the reaction yield was observed when performing the reaction for 12 hours. Based on these results, the reaction was accomplished under the flow reactor in order to find suitable conditions to form the target in a good yield with shorter reaction time. The flow reactor was set at a flow rate of 0.5 mL min-1 using the same concentration of the catalyst. After optimizing the conditions, it was found that the best yield was obtained within 35 minutes when setting the reactor at 50 oC (Table 19).
        
[bookmark: _Toc436731159]Table 19: batch and flow conditions of chalcones 169-172
	Comp. No.
	R
	Batch yield %a
	Batch yield %b
	Flow time/min.
	Flow temp. oC
	Flow yield %

	169
	H
	87
	89
	30
	50
	89

	170
	2-CH3
	85
	86
	35
	50
	87

	171
	3-CH3
	83
	86
	35
	50
	86

	172
	4-CH3
	84
	85
	35
	50
	86


a stirring the reaction at room temperature for 12 hours. b stirring the reaction at 50 oC for 12 hours. 
In conclusion, it is obvious that running the reaction under flow conditions produces the product in a shorter reaction time whilst producing the reaction yield in a good percentage yield using BF3-Et2O as a catalyst.
[bookmark: _Toc436730977]6.9 Synthesis of pyrazolines 176-191



The pyrazoline compounds are one of the important nitrogen containing 5-membered heterocyclic compounds. Considerable attention has been paid to this series of compounds, due to the bioactivities of these compounds towards many fatal diseases such as cancer and HIV.196,197  
For these reasons, most of the synthesised chalcones have been converted to their corresponding pyrazolines by treating them with hydrazine monohydrate.
The major challenge in modern heterocyclic chemistry is to discover a clean, economic and efficient protocol for synthesising these types of compounds. 
This new series of pyrazolines has been synthesised using an efficient ionic solvent which was synthesised from the reaction of 1-butyl-3-methylimidazolium chloride and NaBF4 producing 1-butyl-3-methylimidazolium tetrafluoroborate (Scheme 67).


[bookmark: _Toc436731093]Scheme 67: Synthesis of ionic solvent 175

In batch conditions, the reaction requires about 90 minutes to produce the pyrazoline in up to 78 % yield when running the reaction at 90 oC (except pyrazolines 188-191 which were obtained in excellent yield within 10 minutes via batch method). Under flow conditions, up to 98 % of the product was obtained when the reaction was accomplished at a flow rate of 0.5 mL min-1 at temperatures up to 90 oC. Furthermore, the reaction time was significantly diminished with product obtained within 15 minutes (Table 20).



     
[bookmark: _Toc436731160]Table 20: Batch and flow conditions for pyrazolines 176-187
	Comp. No.
	Batch yield %
	Flow time/min.
	Flow temp. oC
	Flow yield %

	176
	73
	10
	90
	98

	177
	74
	10
	90
	96

	178
	78
	15
	90
	95

	179
	74
	10
	85
	98

	180
	78
	10
	85
	96

	181
	78
	10
	90
	96

	182
	75
	10
	80
	97

	183
	75
	10
	80
	97

	184
	77
	15
	85
	95

	185a
	77
	10
	80
	96

	185b
	71
	10
	80
	95

	185c
	74
	15
	85
	95

	186a
	72
	10
	85
	96

	186b
	72
	10
	85
	96

	186c
	78
	15
	90
	97

	186d
	77
	15
	90
	97

	187a
	73
	10
	85
	95

	187b
	74
	10
	85
	96



The majority of the synthesised pyrazolines required 10 minutes residence time to be produced in the yield shown in the table above while pyrazolines 178, 184, 185c, 186c and 186d required 15 minutes to be produced in excellent yield.
The use of alcoholic solvent was also examined for the synthesis of this series of pyrazolines. In the batch method, it was found that using ethanol as a solvent produced the product in up to 61 % yield within 6 hours when the reaction temperature was set at 80 oC. (Except pyrazolines 188-191) which were obtained in excellent yield within 10 minutes (Table 21).
[bookmark: _Toc436731161]Table 21: Batch conditions for pyrazolines 188-191
	Comp. No.
	R
	Time/min.
	Temp. oC
	Batch yield %

	188
	H
	10
	80
	91

	189
	2-CH3
	10
	80
	89

	190
	3-CH3
	10
	80
	92

	191
	4-CH3
	10
	80
	91



From the 1H NMR of the prepared pyrazoline compounds, it was observed that this reaction occurred by 1,4 Michael addition (via the nuclophilic addition of the hydrazine to chalcone). From the mechanism of this reaction (Scheme 68), the dehydration occurs by removing the proton from the nitrogen atom of compound I to form either compound II a or II b, but interestingly it was found that compound II a was the formed product and not the compound II b.


[bookmark: _Toc436731094]Scheme 68: General mechanism of forming pyrazoline

[bookmark: _Toc436730978]6.10 Synthesis of aldehyde 193




In addition to the previous successful work, a reaction between 4-hydroxy benzaldehyde and perfluorooctane sulfonyl fluoride was performed using K2CO3 as a base in DMF at 120 oC for 24 hours producing 1-octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro- 4-formylphenyl ester (Scheme 69). 


[bookmark: _Toc436731095]Scheme 69: Synthesis of aldehyde 193

The synthesised aldehyde was then treated with acetophenone in the presence of 10 % sodium hydroxide in methanol at different temperatures to produce the corresponding chalcone but unfortunately no trace of the product was obtained. The reaction was repeated several times using different catalysts such as 10 and 20 mol % ZrCl4 in methanol and BF3.OEt2 in dichloromethane at different temperatures and again the same negative results were obtained.
In theory, it was expected that this reaction would produce one of the products shown in Scheme 70. However, the mass spectrum of the crude product did not show any of the expected products.


[bookmark: _Toc436731096]Scheme 70: Expected products of the Aldol condensation reaction

The repeated experiments of the above reaction at room temperature for different periods of time resulted in re-obtaining the starting materials, which means that no reaction occurred. The temperature was also increased gradually up to 120 oC but no trace of the product was observed.
     
[bookmark: _Toc436730979]6.11 Synthesis of compounds 196 and 197

A newly designed route consisting of the formation of alkaloids was also performed. They have a wide range of biological and medical applications such  as acting as anti-cancer agents198. Therefore, L-pyroglutamic acid and glycine ethyl ester were chosen as starting materials to generate a new series of carbonyl compounds containing this moiety (Scheme 71).


[bookmark: _Toc436731097]Scheme 71: The designed route for the synthesis of alkaloid compound

The coupling reaction was examined using a variety of coupling catalysts in order to obtain the best results. The first experiment was accomplished using PyBOP in diisopropylethamine as a coupling reagent. Firstly, the reaction was applied using dry DMF as a solvent and stirring the reaction overnight at room temperature. The TLC analysis of the reaction mixture at different time periods shows that a trace of the product was obtained; thus, the reaction was repeated again under reflux at 80 oC for 24 hours. Under these conditions, the TLC shows clearly that a new spot was formed. After completing the work up, proton NMR was taken for the crude product. Surprisingly, the 1HNMR shows that the obtained product was not the desire target as shown in Scheme 72.


[bookmark: _Toc436731098]Scheme 72: The formation of compound 196

It is speculated that the use of DMF as a solvent for this reaction is the main reason for the formation of compound 196. Therefore, the experiment was performed again using dry THF as a solvent. Under the same conditions used for the first experiment, it was found that the target was formed and this confirms that DMF influenced the reaction.    


[bookmark: _Toc436731099]Scheme 73: The formation of compound 197

Despite forming the target, the low product yield was a serious problem that needs to be addressed. Only 11 % of the isolated product was obtained from the reaction. For this reason an investigation in to the best conditions to obtain the product in high yield was performed. 
As mentioned before, different coupling reagents were examined such as HBTU, HOBt + EDC and DCC. Unfortunately, none of these reagents shows a significant effect on the reaction yield as shown in Table 22.
[bookmark: _Toc436731162]Table 22: Isolated product yield for compound 197
	Reagent
	PyBOP
	HBTU
	HOBt+EDC
	DCC

	Yield %
	11
	9
	9
	12



In this case, searching for a suitable solvent is another solution which might affect the reaction yield. As an alternative, pyridine was chosen as a solvent and base medium for the titled reaction. The first experiment using this solvent was performed using PyBOP without the use of IPEA. It was found that running the reaction at room temperature for 24 hours yielded the target in 21 %. On the other hand, 34 % of the isolated product was gained when running the reaction at 100 oC. Under the same conditions, the reaction was examined by the reagents shown in Table 22. Among these reagents, PyBOP was found to be the most influential on the product yield.
The reaction was further optimized in order to increase the product yield as much as possible. The use of microwave irradiation was also tested for this reaction. Up to 41 % of the pure product was isolated when running the reaction at 60 oC (16 bar) for only 10 minutes. However, a drop off in the reaction yield was observed when increasing the temperature up to 80 oC. Giving that more irradiation time has no effect on the reaction yield, 10 minutes, 60 oC and 16 bar were found to be the best conditions to gain the target at the aforementioned percentage yield.    


[bookmark: _Toc436731100]Scheme 74: The best conditions for synthesising compound 197

The second step in this designed route was the methylation of the two amino groups in compound 197. The reaction consists of using methyl iodide in dry THF and NaH as a base for the deprotonation of the amino groups. Under these conditions, unfortunately, the target was not obtained (Scheme 75).


[bookmark: _Toc436731101]Scheme 75: Methylation of compound 197

Different types of bases with different pKas were also used for the methylation method such as K2CO3, trimethylamine and pyridine, however no methylated product was observed.
In theory, compound 197 has more than one acidic proton. The first one is next to the carbonyl group in the pyroglutamic ring and the second one is next to the amine group in the same ring as shown in Figure 36. 


[bookmark: _Toc436731139]Figure 36: The acidic protons in compound 197

It is possible that one or both acidic protons will be deprotonated by the use of the base and methylated at the same time by the use of methyl iodide forming four possible compounds (Figure 37).


[bookmark: _Toc436731140]Figure 37: The possible structures from the methylation method

However, the mass spectrum didn’t show any of the expected products and thus further work and a new design is required for this route in order to obtain the target.

[bookmark: _Toc436730980]6.12 Conclusion

In conclusion, a new protocol was developed to access a different series of chalcones and to synthesise nitrogen-containing heterocycles. The use of the developed protocol led to obtaining the desired products in good to excellent yield. As well as this, the use of different catalysts for the synthesis of chalcones was also explored. Based on the obtained results it was found that the use of Lewis acids in the reaction between aldehydes and ketones led to obtaining the product faster than the use of the classical bases. 
Searching for suitable catalysts for the synthesis of chalcones was not limited to the use of Lewis acids, heterogeneous catalysts were also examined. Introducing Amberlyst A26 (hydroxide form) in the synthesis of chalcones has several advantages. The main benefit is that this type of resin can be reused several times without losing its activity and this leads to an easy optimization for each single reaction.
It is well known that ionic solvents are powerful solvents which have the ability to dissolve a variety of chemicals, thus 1-butyl-3-methylimidazolium tetrafluoroborate was synthesised to be used in the cyclization reaction of chalcones with hydrazine mon-hydrate. Excellent product yield with short reaction time was observed compared with using protic solvents for this reaction.
The use of the flow reactor was applied to the synthesis of chalcones and their derivatives. The obtained results show that noticeable differences in the product yield and reaction time were observed when compared with the batch method. Therefore, easy optimization for each single reaction was performed smoothly in order to gain the best reaction conditions and solving the problem of obtaining low product yield.

[bookmark: _Toc436730981]6.13 Investigation of the antiprion structure-activity relationship

The first part of this research was to synthesise different series’ of α,β-unsaturated carbonyl ketones and their derivatives. After synthesis was completed, these compounds were screened by Miss Jennifer Louth using the scrapie mouse brain (SMB) cell line in a high throughput antiprion screening format. The data was collated and an investigation into the structure-activity relationship of each substitution on these compounds was performed, which forms the second part of this thesis. All CLogP values were calculated using Chem Draw ultra 12.0. 
[bookmark: _Toc436730982]6.13.1 Compounds 130-132



Three different R-groups on the keto-ring were designed in order to investigate the effect of each group on the activity of the chalcone. The results were collated and presented together with key physiochemical properties of the compounds in Table 19. The data indicated that the compounds substituted with chlorine on position 2 or 4 were the most active chalcones, while the compound with the naphthyl group was found to be inactive (Table 23). A slight difference in activity was found between compounds 130 and 132.  
[bookmark: _Toc436731163]Table 23: Antiprion screening results for compounds 130-132
	Comp. No.
	Screening No.
	R
	MW
	CLogP
	EC50 [µM]a

	130
	3001326
	2-Cl
	378.85
	5.62
	8.9 ± 0.9

	131
	3001327
	4-Cl
	378.85
	5.62
	9.2 ± 1.1

	132
	3001328
	1-naphthyl
	394.46
	6.06
	inactive


   a: Values represent the mean ± SD of at least two experiments, each performed in triplicate.
It is clear that using a bulky group in the structure of chalcone 132 kills the potency of the compound. It is possible that the steric hindrance of the naphthyl group (large molecule size) is behind the loss of activity and much higher CLogP implies that it may not be suitable as an orally active drug. Despite the CLogP values of both chalcones 130 and 131 being more than 5, both are still active in this cellular assay as bioavailability issues have been bypassed in this case. Changing the substitution position of the chlorine from position 2 to position 4 slightly decreases the potency. It is interesting to note that the structure of this series of chalcones has no HBD and three HBA (3 oxygen atoms) which agrees with Lipinski’s rules. 
[bookmark: _Toc436730983]6.13.2 Compounds 136-141



A set of new chalcones containing the indole moiety substituted with different groups on the keto-ring were also investigated. Surprisingly, all these compounds were active as antiprion agents. The potency of these chalcones varies depending on the type of R-group substitution on the keto-ring (Table 24).
[bookmark: _Toc436731164]Table 24: Antiprion screening results for compounds 136-141
	Comp. No.
	Screening No.
	R
	MW
	CLogP
	EC50 [µM]a

	136
	3001278
	H
	247.29
	3.13
	9.3 ± 0.5

	137
	3001280
	4-Cl
	281.74
	3.68
	10.2 ± 1.1

	138
	3001281
	4-F
	265.28
	3.28
	2.5 ± 0.5

	139
	3001282
	2-Me
	261.32
	3.61
	2.8 ± 0.2

	140
	3001283
	3-Me
	261.32
	3.61
	2.5 ± 0.2

	141
	3001288
	1-naphthyl
	297.35
	4.12
	18.3 ± 0.2


a: Values represent the mean ± SD of at least two experiments, each performed in triplicate.
The structure of this series of chalcones has one HBD (N-H) and two HBA (nitrogen and oxygen atoms) which are different from those in section 6.13.1. It is clear that the results confirmed that all chalcones were active at varying EC50s. In order to compare the effect of the substituents on the chalcone activity, unsubstituted chalcone was synthesised and tested and an EC50 of 9.3 µM was obtained. It is interesting to observe that inserting electron withdrawing group (Cl) on C4 of the keto-ring results in a slight drop in activity but fluorine substituted on C4 increased the activity by almost four fold. An electron donating group (-CH3) on either C2 or C3 of the keto-ring also increases the activity by almost four fold. Chalcone containing a naphthyl group has shown very low potency. The big drop in activity caused by the naphthyl substitution is largely due to the large size of the substituent. It was also noted that chlorine, fluorine, methyl and naphthyl groups all give the same value in topological polar surface area (data not shown) but these groups affect the CLogP value to various degree depending on the type of the group. All substitutions increase the CLogP value to a certain degree when compared with unsubstituted chalcone. Fluorine has the least increase in CLogP, its strong electron withdrawing property and comparable size with hydrogen seems to contribute to the measured activities. The increase in activities of the methyl substitution may be attributed to the increase in CLogP due to the increased Van der Waals interactions.   
[bookmark: _Toc436730984]6.13.3 Chalcone 145



The structure of this type of chalcone has no HBD and four HBA (nitrogen and oxygen atoms). A clear effect was observed on introducing a pyrazole ring into a chalcone substituted with a methoxy group in the para position. The screening result indicates that chalcone 145 (MW = 318.37 and CLogP = 3.53) is active as an antiprion agent at EC50 = 2.1 µM at standard deviation of ± 0.5. Comparing the potency of this type of chalcone with chalcone 136, a significant increase in the potency was found (more than three fold) due to the pyrazole ring which was inserted into the structure of the chalcone and it is also expected that inserting the methoxy group into the structure of chalcone is behind increasing the potency of this type of chalcone compared with chalcone 136.
[bookmark: _Toc436730985]6.13.4 Pyrroles 154 and 155
 



Two substituted pyrroles were obtained from the reaction of chalcone 145 with isocyanides 151 and 153. The screening results showed that both pyrroles display different potencies. Pyrrole 154 (MW = 525.23 and CLogP = 5.05) was found to be active at EC50 = 0.097 µM at standard deviation of ±0.041 which was more potent than pyrrole 155 (MW = 451.52 and CLogP = 4.93) which was active at EC50 = 0.0103 µM at standard deviation of ±0.062. It is obvious that converting chalcone 145 to pyrrole dramatically increases the potency with much lower EC50 values (over 20 times more active) depending on the type of substituent. The results showed that pyrrole 154 which has acetal in the structure is slightly more active than pyrrole 155. It seems that inserting one HBD group increase the potency for both pyrroles. The increase in hydrogen bond acceptors from four to eight seems also to contribute to the increased activities. The tPSA values of the pyrroles were increased when chalcone 145 was converted to its corresponding pyrrole and this might contribute towards the increasing activities of this type of pyrrole. 
[bookmark: _Toc436730986]6.13.5 Chalcones 161a-c



A set of three different types of bis-chalcones were also investigated. Unfortunately, the screening results indicated that none of these compounds were found to be active as antiprion agents. It is possible that the larger molecule with higher molecular weight kills the potency of these compounds. Comparing these chalcones with chalcone 164 which was also synthesised from 4-(1H-pyrazol-1-yl)benzaldehyde 160 suggest that the furan part is behind the activity of chalcone 164 and this part is missing in this series of chalcones. This may be the reason why this family of bis-chalcone are inactive 
[bookmark: _Toc436730987]6.13.6 Chalcones 162-164  



A set of three series’ of chalcones substituted with different groups were examined. The first set of chalcones contains pyrrolidine, the second is substituted with morpholine and pyrazole is in the third series of chalcones. The structure of the first series of these chalcones has no HBD with two HBA, while the second and the third series have no HBD with three HBA and all molecular weight and CLogP values are compatible with Lipinski’s rules. The screening results of these chalcones can be shown in the following table:
[bookmark: _Toc436731165]Table 25: Antiprion screening results for compounds 162-164
	Comp. No.
	Screening No.
	Ar.
	MW
	CLogP
	EC50 [µM]a

	162a
	3001297
	2-acetylfuran
	267.32
	2.8
	2 ± 0.5

	162b
	3001299
	2-acetyl-5-methylfuran
	281.35
	3.14
	1.8 ± 0.7

	162c
	3001272
	2-acetylthiophene
	283.39
	4.17
	inactive

	162d
	3001302
	2-acetyl-4-methylthiophene
	297.41
	4.65
	14.2 ± 3.3

	163a
	3001300
	2-acetylfuran
	383.32
	2.09
	2.1 ± 1.0

	163b
	3001305
	2-acetyl-5-methylfuran
	297.35
	2.42
	0.1 ± 0.04

	163c
	3001274
	2-acetylthiophene
	299.39
	3.45
	inactive

	163d
	3001275
	2-acetyl-4-methylthiophene
	313.41
	3.94
	inactive

	164a
	3001306
	2-acetylfuran
	264.28
	2.2
	2.6 ± 1.2

	164b
	3001307
	2-acetyl-5-methylfuran
	278.31
	2.54
	2.3 ± 0.9


a: Values represent the mean ± SD of at least two experiments, each performed in triplicate.
The screening results showed that among ten chalcones seven were found to be active at different potencies. The first series of chalcones which contain pyrrolidine in their structure were found active at different EC50 values (except chalcone 162c which was found inactive). The 2-acetylfuran chalcone in this series 162a was found active at EC50 = 2 µM, while inserting a methyl group on C5 of the furan ring 162b slightly increases the potency. On the other hand, using acetylthiophene in the structure of the chalcone kills the potency and this was clear in chalcone 162c. On the second series of chalcones which contain morpholine in their structures chalcone with unsubstituted ketone 163a shows slightly similar potency to the one in the first series 162a, while inserting a methyl group on C5 of the same chalcone a significant increase in the potency was found (EC50 = 0.1 µM) which was much better than its analogue in the first series 162b. A similar result to those obtained for chalcone 162c was obtained when inserting acetylthiophene into the structure of this series of chalcones which were found inactive (163c and 163d). In the third series of chalcones when pyrazole was inserted into the structure of the chalcones, it was found that the potency of unsubstituted chalcone 164a was slightly increased when a methyl group was inserted on C5 of the furan ring 164b. Note that this series of compounds share major standard similarities with the symmetrical bis-chalcones (161a-c), with this symmetry broken and replaced with different groups (164a/b). Interestingly, while the bis-chalcones conferred no antiprion activity replacing with groups resulted in activity being observed. Looking at the structures of all types of chalcones, molecules containing sulphur were found not active (except compound 162d) while chalcones containing a furan group were active; it seems that inserting high electronegativity (sulfur) in the structure of chalcone kills the potency of the chalcones.       
[bookmark: _Toc436730988] 6.13.7 Chalcones 169-172



A set of chalcones containing the quinolone moiety were also studied. In order to investigate the effect of the methyl group on the activity of this series of chalcones as antiprion agents, three types of chalcones substituted on C2, C3 and C4 of the keto-ring were chosen to compare their activities with the unsubstituted variant. The screening results are shown in Table 26.  
[bookmark: _Toc436731166]Table 26: Screening results for compounds 169-172
	Comp. No.
	Screening No.
	R
	MW
	CLogP
	EC50 [µM]a

	169
	3001334
	H
	289.33
	3.05
	7.3 ± 0.3

	170
	3001336
	2-Me
	303.35
	3.53
	2.1 ± 0.5

	171
	3001341
	3-Me
	303.35
	3.53
	0.1 ± 0.3

	172
	3001342
	4-Me
	303.35
	3.53
	2.3 ± 0.7


a: Values represent the mean ± SD of at least two experiments, each performed in triplicate.
It is clear that this type of chalcone has one HBD (N-H) and three HBA (oxygen and nitrogen atoms) in the structure and all molecular weight and CLogP values are compatible with Lipiniski’s rules. As mentioned before, the methyl group has no effect on the polarity of the molecule but affects the potency of the molecule. Substituting the quinolone chalcones with a methyl group in the keto-ring decreases the EC50 value. The results showed that compound 171 which was substituted on C3 was found to be a more active chalcone than the substituted parent (C2 and C4), whereas the potency of chalcones 170 and 172 which were substituted on C2 and C4 are approximately similar. Furthermore, it is clear that inserting a methyl group at any position on the keto-ring increases the CLogP value of the molecule and this led to an increase in potency of the chalcone. The preferred methyl position which shows higher potency was in C3 position of the keto-ring. The potency of this series of chalcones can be compared with those which have an indole moiety in their structure. The potency of the unsubstituted quinolone chalcone 169 (EC50 = 7.3 µM) was found slightly better than its analogue with the indole moiety in chalcone 136 (EC50 = 9.3 µM). While a noticeable increase in the potency of chalcone substituted with a methyl group on C3 of chalcone 171 (EC50 = 0.1 µM) was found compared to its analogue containing the indole moiety 140 where EC50 = 2.5 µM. A slight difference in potency was found when a methyl group was substituted on C2 of the keto-ring on both types of chalcones (170 and 139).   
[bookmark: _Toc436730989]6.13.8 Pyrazolines 176-191

All the synthesised chalcones (except chalcone 145) were converted into their pyrazoline derivatives by cyclization of the ketothylic group of the chalcone using hydrazine monohydrate. 


Unfortunately, the majority of the screened pyrazolines which were synthesised from the reaction between chalcones130-172 and hydrazine hydrate were found to be inactive (except pyrazolines 179-183) which were obtained from the reaction between chalcones 136-140 and hydrazine hydrate. The potency of the active pyrazolines varies depending on the nature of their substituents (Table 27). 
[bookmark: _Toc436731167]Table 27: Screening results for pyrazolines 179-183
	Comp. No.
	Screening No.
	R
	MW
	CLogP
	EC50 [µM]a

	179
	3001343
	H
	261.32
	2.44
	0.14 ± 0.03

	180
	3001344
	4-Cl
	295.77
	3.0
	0.10 ± 0.03

	181
	3001345
	4-F
	279.31
	2.6
	0.54 ± 0.12

	182
	3001340
	2-Me
	275.35
	3.93
	0.01 ± 0.02

	183
	3001338
	3-Me
	275.35
	3.93
	0.03 ± 0.12


a: Values represent the mean ± SD of at least two experiments, each performed in triplicate.
The screening results clarified that a slight effect on the potency when unsubstituted pyrazoline was tested compared with the substituted compounds. Considerable worsening of antiprion effect was found when fluorine was inserted into the pyrazoline structure (EC50 = 0.54 µM), while a higher effect was found when chlorine was inserted into the same position of the pyrazoline structure (EC50 = 0.10 µM). The highest antiprion effect was found in compounds 182 and 183. It is obvious that inserting a methyl group into position 2 or 3 on the aromatic ring raised the potency of the pyrazolines by more than ten times compared with the unsubstituted one. Looking at the structures of all types of pyrazolines, molecules with only one HBD (176-178, 185, 186 and 187) and three or more HBA or with two HBD (188-191) lost their activity, while pyrazolines with two HBD (N-H) and three HBA (179-183) were found active. 
It is clear that the EC50 value of each pyrazoline is affected by the cyclization of their corresponding chalcones, especially those with an indole moiety. In fact, the potency of the pyrazolines which were derived from chalcones containing the indole moiety increased dramatically compared with their corresponding chalcones (except pyrazoline 184 which was found inactive). It is expected that the bicyclic structure of indole which has a six-membered benzene ring fused to a five-membered nitrogen-containing pyrrole ring is behind increasing the effect of these compounds as antiprion agents; however the mechanism of how they act as antiprion agents is still unknown. 
[bookmark: _Toc436730990]6.14 Conclusion
 
Six series’ of chalcones and their derivatives were synthesised and screened as antiprion agents and the structure-activity relationship (SAR) of different substituted groups on the keto-ring of the chalcones and their derivatives were investigated. The screening results show that some of these compounds are promising antiprion agents. Chalcones 130 and 131 substituted with chlorine on C2 and C4 reduces abnormal PrPC accumulation. The highest activities were found in chalcones containing an indole moiety in their structures, particularly those substituted with fluorine on C4 and a methyl group on C3 of the keto-ring. Chalcone with pyrazole ring 145 was also found to be active at EC50 = 2.1 µM, whereas this effect was dramatically increased in pyrroles 154 and 155 (EC50s = 0.097 and 0.0103 µM respectively). Further examination reported that chalcones containing pyrrolidine, morpholine and pyrazole were active in reducing the infected protein except those containing thiophene in their structures (except compound 162d) which were found not to be active. Moreover, chalcones containing the quinolone moiety and substituted with a methyl group on the keto-ring show higher potency than the unsubstituted variant. On the other hand, only pyrazolines containing the indole moiety were found active in reducing the PrPSc protein except pyrazoline 184 where the naphthyl substituent killed the antiprion activity. Among 51 chalcones and their derivatives 27 compounds were found to be active as antiprion agents and are tabulated in Table 28.
[bookmark: _Toc436731168]Table 28: The active compounds as antiprion agents
	Comp. No.
	Screening No.
	MW
	CLogP
	tPSA
	EC50 [µM]

	130
	3001326
	378.85
	5.62
	35.53
	8.9 ± 0.9

	131
	3001327
	378.85
	5.62
	35.53
	9.2 ± 1.1

	136
	3001278
	247.29
	3.13
	29.1
	9.3 ± 0.5

	137
	3001280
	281.74
	3.68
	29.1
	10.2 ± 1.1

	138
	3001281
	265.28
	3.28
	29.1
	2.5 ± 0.5

	139
	3001282
	261.32
	3.61
	29.1
	2.8 ± 0.2

	140
	3001283
	261.32
	3.61
	29.1
	2.5 ± 0

	141
	3001288
	297.35
	4.12
	29.1
	18.3 ± 0.2

	145
	3001346
	318.37
	3.53
	41.9
	2.1 ± 0.5

	154
	3001358
	525.23
	5.05
	83.83
	0.097 ± 0.041

	155
	3001354
	451.52
	4.93
	65.37
	0.0103 ± 0.062

	162a
	3001297
	267.32
	2.8
	29.54
	2± 0.5

	162b
	3001299
	281.35
	3.14
	29.45
	1.8 ± 0.7

	162d
	3001302
	297.41
	4.65
	20.31
	14.2 ± 3.3

	163a
	3001300
	383.32
	2.09
	38.77
	2.1 ± 1.0

	163b
	3001305
	297.35
	2.42
	38.77
	0.1 ± 0.04

	164a
	3001306
	264.28
	2.2
	41.9
	2.6 ± 1.2

	164b
	3001307
	278.31
	2.54
	41.9
	2.3 ± 0.9

	169
	3001334
	289.33
	3.05
	46.17
	7.3 ± 0.3

	170
	3001336
	303.35
	3.53
	46.17
	2.1 ± 0.5

	171
	3001341
	303.35
	3.53
	46.17
	0.1 ± 0.3

	172
	3001342
	303.35
	3.53
	46.17
	2.3 ± 0.7

	179
	3001343
	261.32
	2.44
	36.42
	0.14 ± 0.03

	180
	3001344
	295.77
	3.0
	36.42
	0.10 ± 0.03

	181
	3001345
	279.31
	2.6
	36.42
	0.54 ± 0.12

	182
	3001340
	275.35
	3.93
	36.42
	0.01 ± 0.02

	183
	3001338
	275.35
	3.93
	36.42
	0.03 ± 0.12



Higher potency can be found when comparing all active chalcones and their pyrazolines with those in the literature168 (Table 11, section 3.3) which were active at < 0.004 µM . However, pyrrolones 154 and 155 and pyrazolines 198 and 199 show a similar potency when compared with those in the literature169 (Table 12, section 3.3).
When comparing the potency of all active chalcones with those in the literature181 (Figure 26, section 3.5), the majority of the synthesised chalcones have shown less potency than chalcones J1 and J11 which were active at < 1µM, while only chalcones 163b and 171 showed at least similar potency. On the other hand, chalcones 130, 131, 136,137, 141 and 162d display lower potency compared with chalcone J14 which was active at < 5 µM, while the rest display at least similar activity. Furthermore, a significant increase in the potency was found in all synthesised pyrroles and pyrazolines compared with oxadiazoles Y3 and Y4 which were active at ~ 10 µM. 

[bookmark: _Toc436730991]6.15 Future work
A new route will be performed for the synthesis of chalcones containing an alkaloid moiety. This proposal was designed to tackle the problem that was faced in the methylation step as shown in Scheme 71 in Section 6.11. 
The first step in this route consists of the reaction between pyroglutamic acid and prop-2-en-1-ol under acidic or DCC conditions in dichloromethane199 (Scheme 76).



[bookmark: _Toc436731102]Scheme 76: The proposed route for the synthesis of alkaloid-containing compound 207

Under Kazmaier’s conditions of the formed allylic ester the rearranged product 201 will be formed.199 
The second step in this route is the oxidation of the olefin using selenium dioxide as an oxidation agent to produce the expected compound 202 which will be ozonolysed to produce compound 203. It is well known that the major concern in ozonolysis chemistry is safety. The formed ozonides are unstable and potentially explosive. Therefore, the idea is to perform this reaction using the O-cube reactor to provide more safety during this process.
The forth step includes the reaction of carboxylic acid 203 with a secondary amine using a selective catalyst to form amine 204 which will be then cyclized to form trione 205.
The formed trione will then be treated with triflic anhydride to form the main core of the target which is represented by compound 206.
The final step consists of the reaction of compound 206 with benzaldehyde in the presence of base or acid to form target 207.
Due to the excellent effect of chalcone 145 and its derivatives as antiprion agents, further SAR studies can be performed using different substituted acetophenones forming a new series of this type of chalcone which can be reacted with different types of isocyanides forming a library of the corresponding pyrroles. Furthermore, the acetal group in pyrrol 154 can be converted to the aldehyde using an acid then the aldehyde can be reacted with different aromatic ketones forming a library of the corresponding pyrroles which can be screened as antiprion agents (Scheme 77).


[bookmark: _Toc436731103]Scheme 77: The proposed route for the synthesis of compound 209
   



   
    





[bookmark: _Toc436730992]Chapter 7: Experimental

[bookmark: _Toc436730993]7.1 General Procedures
Unless otherwise stated, all reagents were purchased from commercial sources and used as supplied without further purification. Dry solvents were collected from an internal Grubbs solvent facility and used without further purification. All reactions were performed with equipment and apparatus stored at ambient conditions, unless otherwise stated. Thin-layer chromatography was performed using aluminium backed silica gel 60 plates and visualised using either ultra-violet light or smearing with a solution of alkaline potassium permanganate. Flash column chromatography was accomplished using silica gel (43-60 mesh). All flow reactions were carried out using a Vapourtec R4 reactor supplied by Vapourtec UK. All flow reactions were programmed using flow commander software supplied by Vapourtec. Microwave reactions were carried out via Smith CreatorTM Optimiser EXP reaction (Personal Chemistry, Inc.). Reactions were performed in Smith Process Vials TM. CHN analysis was performed using a Perkin Elmer 2400 series II CHN analyser. Melting points were recorded on a Gallenkamp machine. 1H/13C NMR spectra were recorded at 250 or 400 MHz on a Bruker AV-1400 model or a Bruker AV-1250 model NMR instrument. NMR chemical shifts were reported in ppm with the solvent resonance as an integral standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling constants (J) in Hz then chemical shift integration. 13C NMR spectra were recorded with complete proton decoupling. Accurate masses were obtained using a Water-Micromass LCT electrospray mass spectrometer. The electron ionization works perfect for gas-phase molecules. This technique consists of heated filament giving off electrons which are accelerated to an anode and collide with the gaseous molecules of the injected analysed sample into the source. High vapour pressure with both sample and gases are introduced directly into the source. Each electron is associated with a wavelength which is closed to the bond lengths, this wave is disturbed and become complex. When one of the frequencies has energy identical to a transition in the molecule, the energy transfer that leads to different electronic excitation can occur. The electron can be expelled when there is enough energy. Extensive fragmentation resulted from excess energy and from this fragmentation the structure of the compound is identified. In the electrospray module the sample is examined as a solution (dissolved in solvent) and passed through a capillary tube held at high electrical potential and thus, the solution is converted to the vapour state and emerges as a spray or mist of droplets. When the droplets evaporated, the residual ions of the sample are extracted into a mass spectrometer for analyzation. Infrared spectra were recorded on a Paragon 1000 machine. This machine consists of two main parts, the IR beam and an optically dense crystal. The IR beam is focused on the internal surface of the crystal and when the ray comes in contact with a sample it creates an evanescent wave. This wave projects orthogonally into the sample in intimate contact with the ATR crystal. The sample absorbs some of the energy of the evanescent wave and the reflected radiation is returned to the detector. The principle of the IR spectrum depends on the stretching and bending vibration for the molecule. A continuous change in the interatomic distance along the axis of the bond between two atoms expresses the stretching vibration, while a change in the angle between two bonds in the molecule expresses the bending vibration.
     
[bookmark: _Toc436730994]7.2  4-(benzyloxy)-3-methoxybenzaldehyde 129200


To a solution of 3-methoxy-4-hydroxy benzaldehyde (0.152 mg, 1 mmol) in 100 mL methanol, K2CO3 (0.207 mg, 1.5 mmol) was added. Subsequently, 0.205 mg, 1.2 mmol of benzyl bromide was added drop wise at 0 oC. At 70 oC the mixture was then heated for 12 hours. After the completion of the reaction (TLC monitoring) the solvent was evaporated under reduced pressure. The residue was washed several times with 50 mL ethyl acetate and the filtrate was concentrated producing the target as a white solid (95 % yield) which was used in the next step without further purification. 1H NMR (CDCl3 400 MHz).δ: 9.9 (s, 1H, CHO), 7.0-7.5 (m, 8 Ar-H), 5.3 (s, 2H, CH2), 3.9 (s, 3H, OCH3). 13C NMR (CDCL3  100 MHz).δ: 190.9 , 153.6 , 150.0 , 136.0 , 130.2 , 128.7 , 128.2 , 127.2 , 126.6 , 112.3 , 109.3 , 70.87 , 56.0. HRMS m/z % (ES) found 243.1022 (C15H15O3 [M + H+]) requires 243.1021.

[bookmark: _Toc436730995]7.3 (1H-indol-6-yl)methanol 134201


1H-indol-6-carboxylic acid (1.94 g, 6.2 mmol) was disolved in 20 mL dry THF and stirred under argon for 10 minutes. 0.49 g, 13 mmol of LiAlH4 was added drop wise and stirred for 24 hours at room temperature. The mixture was then cooled to 0 oC and 10 mL of ethyl acetate was added. A mixture of 5 mL methanol and 5 mL water was added to the mixture and stirred for 30 minutes. The mixture was then passed through a column packed with celite. The filtrate was concentrated and dissolved in ethyl acetate (200 mL), washed three times with 20 mL brine and then dried over MgSO4. The solution was then concentrated to afford the product as a brown oil (95 %) which was used in the next step without further purification. 1H NMR (DMSO  400 MHz).δ: 10.75 (bs, 1H, NH), 8.62 (s, 1 Ar-H), 7, 7.18 (d, 1Ar-H, J = 8.5 Hz), 6.85 (d, 1 Ar-H, J = 2.5 Hz), 6.62 (d, 1 Ar-H, J = 2.0 Hz), 6.60 (d, 1 Ar-H, J = 2.0 Hz), 6.22 (s, 1H, OH), 5.43 (s, 2H, CH2). 13C NMR (DMSO 100 MHz) δ: 136.8, 127.1, 123.7, 121.4, 119.3, 118.7, 116.4, 111.7. LRMS m/z (ES): 148 (100%), [M + H]+ Anal. Calculated for C9H9NO: C, 73.45; H, 6.16; N, 9.52. Found: C, 73.72; H, 6.30; N, 9.54.

[bookmark: _Toc436730996]7.4  1H-indole-6-carbaldehyde 135202



90 mg, 0.68 mmol of 1H-indol-6-yl-methanol and  manganese (IV) oxide (1.9 g, 21.9 mmol) were dissolved in 30 mL DCM and stirred for 8 hours at room temperature. The mixture was then passed through a column filled with celite to remove the exces MnO2. After removing the solvent, a yellow solid of the target was obtained which was then recrystllized from acetonitrile producing the pure product in 93 % yield. 1H NMR (DMSO  400 MHz).δ: 11.73 (bs, 1H, NH), 10.00 (s, 1H, CHO), 7.99 (s, 1 Ar-H), 7.70 (d, 1 Ar-H, J = 8.0 Hz), 7.68 (d, 1 Ar-H, J = 2.5 Hz), 7.54 (d, 1 Ar-H, J = 7.0 Hz), 7.52 (d, 1 Ar-H, J = 2.0 Hz), 6.58 (t, 1 Ar-H, J = 2.0 Hz and 2.0 Hz). HRMS m/z % (ES) found 146.0609 (C9H9NO [M +H]+) requires 146.0606.

[bookmark: _Toc436730997]7.5 Preparation of chalcones 130-132 and 136-141


[bookmark: _Toc436730998]7.5.1 General procedure
Batch method
1.0 mmol of aldehyde 129 or 1H-indole-6-carbaldehyde and 1.0 mmol of substituted acetophenone were dissolved in 15 mL absolute MeOH. 23.3 mg, 10 mol % of zirconium chloride was added to the solution. The reaction was stirred for 3 hours at room temperature, after the completion of the reaction (TLC monitored) the solvent was evaporated under reduced pressure. The residue was then extracted with ethyl acetate and water (4 × 20 mL). After separation of the organic layer, the mixture was dried with anhydrous Na2SO4 and filtered. The filtrate was evaporated under vacuum using a rotary evaporator. The crude product was then purified by column chromatography using a mixture of n-hexane/DCM at a ratio of 2:1 to 1:1 for chalcones 130-132 and ethyl acetate/petroleum ether for chalcones 136-141 at a ratio of 3:1. The pure product was obtained as a yellow oil for chalcones 130-132 and yellow crystals for chalcones 136-141.

Flow method
A solution of 0.2 mmol of the aromatic aldehyde 129 or 135 in 2.5 mL absolute MeOH and 0.2 mmol of substituted  acetophenone in 2.5 mL absolute MeOH with 4.6 mg, 10 mol % zirconium chloride were pumped through a 10 mL heating reactor under 100 psi back-pressure at the aforementioned conditions in Table 14 and 15. The mixture was collected and the solvent was then evaporated by rotary evaporator. The residue was extracted with ethyl acetate and water (4 × 20 mL). After separating off the organic layer, it was dried with anhydrous Na2SO4 and filtered. The product was then purified as mentioned in the batch method.

(E)-3-(4-(benzyloxy)-3-methoxyphenyl)-1-(2-chlorophenyl)prop-2-en-1-one 130


Rf  = 0.9. 1H NMR (DMSO 400 MHz): δ 7.74-7.12 (m, 12 Ar-H), 7.48 (d, 1H, J = 14.2 Hz, CH), 7.31 (d, 1H, J = 15.37 Hz, CH), 5.12 (s, 2H, CH2), 3.81 (s, 3H, OCH3). 13C NMR (DMSO 100 MHz): δ 201.8, 132.8, 132.5, 131.9, 130.9, 130.7, 130.4, 129.9, 129.5, 129.3, 128.9, 128.8, 128.4, 128.3, 128.1, 127.8, 127.7, 124.7, 124.1, 70.2, 56.1. LRMS m/z (ES): 379 (100%), [M + H]+. 

(E)-3-(4-(benzyloxy)-3-methoxyphenyl)-1-(4-chlorophenyl)prop-2-en-1-one 131


Rf  = 0.8. 1H NMR (DMSO 400 MHz): δ 8.21-7.11 (m, 12 Ar-H) 7.61 (d, 1H, J = 15.1 Hz, CH),  7.52 (d, 1H, J = 15.4 Hz, CH), 5.18 (s, 2H, CH2), 3.81 (s, 3H, OCH3). 13C NMR (DMSO 100 MHz): δ 188.3, 150.8, 149.7, 145.4, 138.3, 137.1, 136.9, 130.8, 129.3, 128.9, 128.4, 128.3, 128.1, 124.4, 119.8, 113.5, 111.6, 70.2, 56.2. LRMS. m/z  (ES) : 379 (100%), [M + H]+.
(E)-3-(4-(benzyloxy)-3-methoxyphenyl)-1-(naphthalen-1-yl)prop-2-en-1-one 132


Rf  = 0.8. 1H NMR (DMSO 400 MHz).δ: 7.62 (d, 1H, J = 15.13 Hz, CH), 7.54 (d, 1H, J = 15.3 Hz, CH), 8.31-7.35 (m, 15 Ar-H) , 5.1 (s, 2H, CH2) , 3.8 (s, 3H, OCH3). 13C NMR (DMSO 100 MHz) δ: 195.0, 150.7, 149.7, 146.2, 137.1, 137.1, 133.8, 133.2, 130.3, 129.7, 128.9, 128.9, 128.4, 128.3, 127.8, 127.8, 126.9, 126.8, 125.9, 125.7, 125.4, 125.3, 70.2, 56.1. LRMS m/z (ES): 395 (100%), [M + H]+.  

(E)-3-(1H-indol-6-yl)-1-phenyprop-2-en-1-one 136


Rf  = 0.8. Yellow solid, M.P: 117 oC. 1H NMR (DMSO 400 MHz): δ 11.43 (bs, 1H, NH), 8.23 (t, 2 Ar-H J = 5.0 Hz), 7.94 (d, 1H, J = 17.0 Hz, CH), 7.81 (d, 1 Ar-H, J = 4.0 Hz), 7.68 (d, 1 Ar-H, J = 3.0 Hz), 7.65 (d, 2 Ar-H, J = 4.0 Hz), 7.63 (t, 1 Ar-H, J = 4.0 Hz), 7.58 (d, 1H, J = 17.5 Hz, CH), 7.51 (d, 1 Ar-H, J = 2.5 Hz), 7.50 (d, 1 Ar-H, J = 3.0 Hz), 6.51 (s, 1 Ar-H). 13C NMR (DMSO 100 MHz): δ 102.2, 114.5, 119.4, 119.5, 120.9, 128.1, 128.7, 128.8, 129.2, 130.4, 133.2, 136.3, 138.5, 146.9, 189.4. υ max (ATR) cm-1 3312 (N-H), 1632 (C=O), 1568 (C=C). LRMS m/z (ES):  248 (100%), [M + H]+.  Anal. Calculated for C17H13NO: C, 82.57; H, 5.30; N, 5.66. Found: C, 82.40; H, 5.15; N, 5.69.


(Z)-3-(1H-indol-6-yl)-1-(4-chlorophenyprop-2-en-1-one 137


Rf  = 0.3. Yellow solid, M.P: 162-164 oC. 1H NMR (DMSO 400 MHz): δ 11.44 (s, 1H, NH), 8.21 (d, 2 Ar-H, J = 8.5 Hz), 7.89 (d, 2 Ar-H, J = 2.5 Hz), 7.85 (d, 1 Ar-H, J = 4.0 Hz), 7.68 (d, 1H, J = 6.0 Hz, CH), 7.65 (d, 1 Ar-H, J = 4.0 Hz), 7.59 (d, 1H, J = 5.0 Hz, CH), 7.58 (d, 1 Ar-H, J = 6.0 Hz), 7.49 (t, 1 Ar-H, J = 2.5 Hz), 6.50 (s, 1 Ar-H). 13C NMR (DMSO 100 MHz): δ 102.3, 114.6, 119.1, 119.6, 120.9, 128.0, 128.8, 129.3, 130.5, 130.7, 136.3, 137.1, 138.2, 147.4, 188.3 .υ max (ATR) cm-1 3337 (N-H) 1642 (C=O), 1571 (C=C). LRMS m/z (ES):  282 (100%), [M + H]+.  Anal. Calculated for C17H12ClNO: C, 72.47; H, 4.29; N, 4.97; Cl, 12.58. Found: C, 72.45; H, 4.10; N, 4.87; Cl, 12.41. 

(E)-1-(4-fuorophenyl)-3-(1H-indol-6-yl)prop-2-en-1-one 138


Rf  = 0.3. Yellow solid, M.P: 143-144 oC. 1H NMR (DMSO 400MHz): δ 11.5 (s, 1H, NH), 8.31 (d, 2 A-H, J = 8.5 Hz), 8.23 (d, 1 Ar-H, J = 2.5 Hz), 7.98 (d, 1H, J = 17.0 Hz, CH), 7.82 (s, 1 Ar-H), 7.71 (d, 1H, J = 17.2 Hz, CH), 7.69 (d, 2 Ar-H, J = 3.5 Hz) 7.59 (d, 1 Ar-H, J = 2.5 Hz), 7.48 (t, 1 Ar-H, J = 4.5 Hz), 6.50 (d, 1 Ar-H, J = 2.0 Hz). 13C NMR (DMSO 100 MHz): δ 102.3, 114.6, 119.1, 119.6, 120.9, 128.0, 128.8, 129.3, 130.5, 130.7, 136.3, 137.1, 138.2, 147.4, 188.3.υ max (ATR) cm-1 3386 (N-H), 1652 (C=O), 1595 (C=C). LRMS m/z (ES):  266 (100%), [M + H]+.  Anal. Calculated for C17H12FNO: C, 76.97; H, 4.56; N, 5.28. Found: C, 76.89; H, 4.33; N, 5.31.
 
(E)-3-(1H-indol-6-yl)-1-P-tolylprop-2-en-1-one 139


Rf  = 0.3. Yellow solid, M.P: 132-133 oC. 1H NMR (DMSO 400 MHz): δ 11.40 (s, 1H, NH), 7.91 (d, 1 Ar-H, J = 8.0 Hz), 7.90 (d, 1H, J = 16.0 Hz, CH), 7.86 (d, 1 Ar-H, J = 4.0 Hz), 7.78 (d, 1H, J = 17.2 Hz, CH), 7.68 (t, 1 Ar-H, J = 2.5 Hz), 7.51 (t, 1 Ar-H, J = 3.0 Hz), 7.49 (d, 1 Ar-H, J = 3.0 Hz), 7.45 (d, 1 Ar-H, J = 2.0 Hz), 7.43 (d, 1 Ar-H, J = 3.0 Hz), 7.42 (d, 1 Ar-H, J = 2.0 Hz), 6.50 (s, 1 Ar-H), 2.41 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 21.4, 124.2, 126.0, 126.29, 128.1, 128.7, 129.0, 129.2, 130.3, 133.8, 134.3, 136.3, 137.9, 138.5, 138.5, 141.6, 146.7, 189.4 .υ max (ATR) cm-1 3402 (N-H), 1643 (C=O), 1603 (C=C). LRMS m/z (ES):  262 (100%), [M + H]+. (100%).  Anal. Calculated for C18H15NO: C, 82.73; H, 5.79; N, 5.36. Found: C, 82.53; H, 5.78; N, 5.44. 

(E)-3-(1H-indol-6-yl)-1-o-tolylprop-2-en-1-one 140


Rf  = 0.3. Yellow solid, M.P: 138-139 oC. 1H NMR (DMSO 400 MHz): δ 11.41 (s, 1H, NH), 7.73 (s, 1 Ar-H), 7.64 (t, 1 Ar-H, J = 2.5 Hz), 7.63 (d, 1H, J = 17.5 Hz, CH), 7.62 (d, 1 Ar-H, J = 3.0 Hz), 7.61 (d, 1 Ar-H, J = 2.5 Hz), 7.08 (d, 1 Ar-H, J = 3.5 Hz), 7.49 (d, 1 Ar-H, J = 2.0 Hz), 7.43 (d, 1 Ar-H, J = 2.5 Hz), 7.37 (d, 1H, J = 16.3 Hz, CH), 7.32 (d, 1 Ar-H, J = 3.0 Hz), 6.49 (s, 1 Ar-H), 3.71 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 20.3, 114.1, 119.4, 120.9, 124.0, 126.1, 126.6, 127.7, 128.4, 128.8, 130.4, 130.7, 131.5, 136.3, 136.5, 139.8, 147.7, 195.5. υ max (ATR) cm-1 3314 (N-H), 1646 (C=O), 1575 (C=C). LRMS m/z (ES):  262 (100%), [M + H]+. Anal. Calculated for C18H15NO: C, 82.73; H, 5.79; N, 5.36. Found: C, 82.50; H, 5.71; N, 5.41. 

(E)-3-(1H-indol-6-yl)-1-(naphthalene-1-yl)prop-2-en-1-one 141


Rf  = 0.3. Yellow solid, M.P: 148-149 oC. 1H NMR (DMSO 400 MHz): δ 11.40 (s, 1H, NH), 8.18 (d, 1H, J = 15.3 Hz, CH), 8.06 (d, 1H, J = 17.5 Hz, CH), 8.39-7.47 (m, 11 Ar-H), 6.50 (s, 1 Ar-H). 13C NMR (DMSO 100 MHz): δ 102.2, 114.3, 119.4, 120.9, 124.3, 125.4, 125.7, 126.8, 127.7, 127.7, 127.8, 128.8, 128.9, 130.3, 130.5, 131.7, 133.9, 136.3, 137.4, 148.0, 194.7 .υ max (ATR) cm-1 3221 (N-H), 1648 (C=O), 1556 (C=C). LRMS m/z (ES):  298 (100%), [M + H]+. Anal. Calculated for C21H15NO: C, 84.82; H, 5.08; N, 4.71. Found: C, 82.53; H, 5.78; N, 5.44. 

[bookmark: _Toc436730999]7.6 Preparation of 3-(bromomethyl)-4-methoxybenzaldehyde 143


1.66 g,10 mmol of 3-(hydroxymethyl)-4-methoxybenzaldehyde was dissolved in 20 mL chloroform followed by 3.24 g, 12 mmol of PBr3. The mixture was stirred for three hours at room temperature. After the completion of the reaction, 5 mL of water was added to the mixture. Subsequently, the organic phase was separated and the aqueous layer was then extracted with DCM (3 × 20 mL). The organic phase was dried with MgSO4, filtered and evaporated. 69 % of the pure product was obtained as a colourless oil after column chromatography using DCM and ethyl acetate at a ratio of 1:1. Rf  = 0.6. 1H NMR (CDCL3 400 MHz): δ 9.98 (s, 1H, CHO), 7.53 (d, 1 Ar-H, J = 2.0 Hz), 7.41 (d, 1 Ar-H, J = 9.0 Hz), 7.21 (s, 1 Ar-H), 4.97 (s, 2H, CH2), 3.93 (s, 3H, OCH3). 13C NMR (CDCL3 100 MHz): δ 188.8, 157.1, 140.0, 134.8, 129.0, 127.4, 113.8, 57.1, 19.1. υ max (ATR) cm-1 1732 (C=O), 558 (C-Br). HRMS m/z (ES) found: M+, 227.9781, C9H9BrO2 requires M+ 227.978; LRMS m/z (EI) 227.97 (M+ for 79Br, 100%), 229.97 (M+) for 81Br, 100%. Anal. Calculated for C9H9BrO2: C, 47.19; H, 3.96; Br, 34.88. Found: C, 47.07; H, 3.95; Br, 34.81. 

[bookmark: _Toc436731000]7.7 3-((1H-pyrazol-1-yl)methyl)-4-methoxybenzaldehyde 144


A mixture of 3-(bromomethyl)-4-methoxybenzaldehyde (0.45 g, 2.0 mmol), 1H-pyrazole (0.13 g, 2.0 mmol), and NaH (0.14 g, 6.0 mmol) in 40 mL of dioxane was stirred for 15 minutes and then refluxed to 90 oC for 72 hours. After the completion of the reaction, the mixture was then cooled and poured in to 100 mL water and extracted with DCM (4 ×30 mL). The separated organic layer was dried over MgSO4, filtered and evaporated by rotary evaporator. The obtained crude product was then purified by column chromatography using acetone and petroleum ether at a ratio of 1:2 affording 56 % yield of the pure product. Rf  = 0.8. White crystal, MP: 76 oC. 1H NMR (DMSO 400 MHz): δ 9.80 (s, 1H, CHO),7.91 (d, 1 Ar-H, J = 2.0 Hz), 7.90 (d, 1 Ar-H, J = 3.0 Hz), 7.49 (d, 1 Ar-H, J = 2.0 Hz), 7.30, (d, 1 Ar-H, J = 2.0 Hz), 7.26 (s, 1 Ar-H), 6.29 (t, 1 Ar-H, J = 2.0, 2.0, 4.5 Hz), 5.38 (s, 2H, CH2), 3.91 (s, 3H, OCH3). 13C NMR (DMSO 100 MHz): δ 191.6, 161.8, 139.5, 133.2, 131.1, 129.7, 129.1, 127.2, 111.6, 105.8, 56.7, 50.0. υ max (ATR) cm-1 1684 ( C=O), 1259 (C-N). LRMS m/z (ES): 217 (100%), [M + H]+.  Anal. Calculated for C12H12N2O2: C, 66.65; H, 5.59; N, 12.96. Found: C, 66.67; H, 5.67; N, 12.72. 

[bookmark: _Toc436731001]7.8 Synthesis of (E)-3-(3-((1H-pyrazol-1-yl)methyl)-4-methoxyphenyl)-1-phenylprop-2-en-1-one 145


Chalcone 145 was synthesised by following procedure 7.5.1

Rf  = 0.9. White solid, MP: 93 oC. 1H NMR (DMSO 400 MHz): δ 8.18 (d, 1H, J = 15.5 Hz, CH), 7.92-6.27 (m, 11 Ar-H), 7.80 (d, 1H, J = 15.0 Hz, CH), 5.32 (s, 2H, CH2), 3.90 (s, 3H, OCH3). 13C NMR (DMSO 100 MHz): δ 189.4, 159.4, 144.2, 139.2, 138.2, 133.4, 131.3, 130.7, 129.2, 128.8, 128.7, 127.4, 126.2, 120.2, 111.9, 105.6, 56.3, 50.3. υ max (ATR) cm-1 1611 (C=O), 1524 (C=C), 1328 (C-N). HRMS m/z % (ES) found 319.1447 (C20H19N2O2 [M + H]+),  requires 319.1447. Anal. Calculated for C20H18N2O2: C, 75.45; H, 5.70; N, 8.80. Found: C, 75.70; H, 5.73; N, 8.88.  

[bookmark: _Toc436731002]7.9 Preparation of (E)-1-(2-nitrostyryl)pyrrolidine 147203


A solution of dimethylformamide diethylacetal 5.5 mL, 32.1 mmol, 2-nitrotoluene 3.1 mL, 26.8 mmol and pyrrolidine 2.6 mL, 32.1 mmol was refluxed to 80 oC for 24 hours. After consuming the starting materials, 40 mL of water was then added and the solution was extracted with ethyl acetate (6 × 200 mL). The organic phase was collected and dried over magnesium sulfate. The filtrate was evaporated under vacuum producing the target as a dark red oil which was used in the next step without further purification. 1H NMR (CDCl3 400 MHz): δ 7.86-7.81 (m, 1 Ar-H), 7.49-7.43 (m, 1 Ar-H), 7.34-7.22 (m, 2 Ar-H), 6.97-6.91 (m, 1H, CH), 5.84 (d, 1H, J = 13 Hz, CH), 3.41-3.30 (m, 4H, CH2), 2.01-1.93 (m, 4H, CH2). 13C NMR (CDCl3 100 MHz): δ 144.6, 132.4, 125.5, 125.4, 124.3, 122.4, 121.9, 91.2, 49.1, 25.2. LRMS m/z (ES): 219 (100%), [M + H]+. All data are in accordance with the literature.203

[bookmark: _Toc436731003]7.10   1-(2,2-dimethoxyethyl)-2-nitrobenzene 148203


A solution of compound 147 (44.5 g, 44.5 mmol) in 500 mL methanol was added to a solution of 47.0 g, 245 mmol para-toluene sulfonic acid dissolved in 300 mL methanol. The mixture was refluxed to 80 oC for 20 hours. The mixture was then allowed to cool followed by addition of 7 g, 63 mmol of sodium carbonate with constant stirring for 20 minutes. The solvent was then removed under vacuum and the residue was partitioned between 300 mL water and 300 mL toluene. After separating the layers, the aqueous layer was extracted with toluene (3 × 100 mL). The organic phases were collected, combined and dried with sodium sulfate. The mixture was then concentrated by vacuum evaporator producing the crude target as a black oil. The crude product was then purified by vacuum distillation (0.1 mbar, 105 oC) to afford 70 % of the pure product as an orange oil. 1H NMR (CDCl3 400 MHz): δ 7.94-7.87 (m, 1 Ar-H), 7.59-7.51 (m, 1 Ar-H), 7.46-7.35 (m, 2 Ar-H), 4.58 (t, 1H, J = 5.5 Hz, CH), 3.36 (s, 6H, (OCH3)2), 3.23 (d, 2H, J = 5.5 Hz, CH2). 13C NMR (CDCl3 100 MHz): 149.9, 1337, 132.6131.6, 127.6, 124.4, 104.6, 54.3, 36.9.  LRMS m/z (ES): 234 (100%), [M + Na]+. All data are in accordance with the literature.203

[bookmark: _Toc436731004]7.11   2-(2,2-dimethoxyethyl)aniline 149203


A 10 % Pd/C cartridge was fitted to the H-cube® reactor and set to controlled hydrogen mode and set at 1 mL min-1 using toluene as a solvent for five minutes. A prepared solution (0.05 M) of compound 148 (210 mg, 1 mmol) in 20 mL toluene was passed through the flow reactor which was set at flow rate of 1 mL min-1, 80 bar H2 pressure and 100 oC. The product was then collected through the output of the reactor and the solvent was removed under vacuum. The pure colourless oil was obtained in 96 % yield which was used in the next step without further purification. 1H NMR (CDCl3 400 MHz): δ 7.13-7.00 (m 2 A-H), 6.82-6.63 (m 2 Ar-H), 4.53 (t 1H, J = 5.5 Hz, CH), 4.07 (brs 2H, NH2), 3.40 (s 6H, (OCH3)2), 2.88 (d 2H, J = 5.5 Hz, CH2). HRMS m/z % (ES) found 182.1176 (C10H15NO2 [M + H]+) requires 182.1776. All data are in accordance with the literature.203

[bookmark: _Toc436731005]7.12  N-(2-(2,2-dimethoxyethyl)phenyl)formamide 150204


 A solution of n-Butyl lithium (12.5 mL, 1.0 M in hexane) was added drop wise to a solution of 2.3 mL, 11.0 mmol hexamethyldisilazane in (20 mL) THF at 0 oC. A solution of compound 149 (1.0g, 5.5 mmol) in THF was then added after 40 minutes followed by 0.7 ml, 8.3 mmol of ethyl formate. After the addition, the mixture was refluxed for 20 hours at 70 oC. After consuming the starting materials, a 50 mL solution of saturated ammonium chloride was added. The reaction mixture was then extracted with ethyl acetate (4 × 50 mL). The organic layer was separated and dried with sodium sulfate. The solvent was then removed under vacuum and the crude target was purified by column chromatography affording the pure product as a black oil (51 %). 1H NMR (CDCl3 400 MHz): δ 8.91(s, 1H, CHO), 8.52-8.30 (m, 2 Ar-H), 7.94-7.32 (m, 2 Ar-H), 7.13 (s, 1H, NH), 4.49-4.40 (m, 1H, CH), 3.38 (s, 6H, (OCH3)2), 2.96-2.87 (m, 2H, CH2). HRMS m/z % (ES) found 232.0950 (C11H14NO3 [M + Na]+) requires 232.0958. All data are in accordance with the literature204.

[bookmark: _Toc436731006]7.13   1-(2,2-dimethoxyethyl)-2-isocyanobenzene 151204 


To a solution of compound 150 (600 mg, 2.9 mmol) dissolved in 20 mL DCM, trimethylamine was added and the mixture was then cooled to 0 oC followed by addition of 0.4 mL, 4.3 mmol phosphorus oxychloride drop wise. The mixture was then allowed to cool at room temperature and stirred until consuming all the starting materials. A 50 mL solution of saturated sodium hydrogen carbonate was added to the mixture which was then extracted with DCM (4 × 50 mL). The organic layer was then separated and dried with sodium sulfate. The solvent was then evaporated under vacuum and the crude product was purified by column chromatography to produce the target as a brown oil (77 %). 1H NMR (CDCl3 400 MHz): δ 7.42-7.32 (m, 2 Ar-H), 7.31-7.25 (m, 2 Ar-H), 4.61 (t, 1H, J = 5.5 Hz, CH), 3.40 (s, 6H, (OCH3)2), 3.10 (d, 2H, J = 5.5 Hz, CH2). 13C NMR (CDCl3 100 MHz): 167.0, 133.6, 131.3, 129.3, 127.5, 126.8, 103.8, 53.9, 36.0. LRMS m/z (ES): 192 (100%), [M + H]+. All data are in accordance with the literature.204 

[bookmark: _Toc436731007]7.14 Preparation of (isocyanomethyl)benzene 153205


A solution of phenylmethanamine (0.1 g, 1 mmol) and 97 µL, 1.2 mmol of chloroform in 10 mL THF was cooled to 0 oC followed by addition of 3.5 mL, 1.0 M solution in THF, 3.5 mmol of lithium tert-butoxide solution for 5 minutes. The mixture was then allowed to warm to room temperature and then stirred for 3 hours. After consuming the starting materials, the solution was diluted with (50 mL) DCM and 50 mL water. Both layers were separated and the aqueous layer was extracted with DCM (4 × 50 mL). The organic layers were collected and combined together, washed with 50 mL water and 50 mL brine and dried with sodium sulfate. The solvent was evaporated producing the crude titled isocyanide which was purified by column chromatography using ethyl acetate and hexane at ratio of 1:19 affording 35 % of the pure target as a brown oil. 1H NMR (400 MHz, CDCl3) δ = 7.49-7.33 (m, 5 Ar-H), 4.69-4.64 (m, 2H, CH2). 13C NMR (CDCl3 100 MHz): 132.3, 129.0, 128.4, 126.6, 45.5 LRMS m/z (ES): 117 (100%), [M + H]+. Rf = 0.7. All data are in accordance with the literature.205  
[bookmark: _Toc436731008]7.15 Preparation of pyrrols 154 and 155


[bookmark: _Toc436731009]7.15.1 General procedure
Batch method
A mixture of 0.31 g, 1 mmol of chalcone 145 and 1 mmol of isocyanide 151 or 153 was dissolved in 10 mL methanol and heated to reflux at 150 oC for 30 minutes. After consuming the starting materials (TLC monitoring), the mixture was allowed to cool at room temperature. The crude product was then purified by column chromatography using an eluent gradient of 10 % petroleum ether in ethyl acetate to 5 % methanol in ethyl acetate to obtain the pure product as a black amorphous in 55 % yield of pyrrolone 154 and 61 % yield of pyrrolone 155.
Flow method
63 mg, 0.2 mmol of chalcone 145 was dissolved in 2.5 mL methanol and 0.2 mmol of isocyanide 151 or 153 was dissolved in 2.5 mL methanol. The two separated solutions were then introduced through a 10 mL heating reactor at a flow rate of 0.5 mL min-1 under 100 psi back-pressure. The reaction was performed under the conditions shown in Table 21. After collecting the mixture, the solvent was concentrated by rotary evaporator. The pure product was obtained after column chromatography as mentioned in the batch method.
3-(3-((1H-pyrazol-1-yl)methyl)-4-methoxyphenyl)-1-(2-(2,2-dimethoxyethyl)phenyl)-5-hydroxy-5-phenyl-1H-pyrrol-2(5H)-one 154


Rf = 0.26. 1H NMR (DMSO 400 MHz): δ 8.11 (d, 1 Ar-H, J = 8.5 Hz), 7.88 (d, 1 Ar-H, J = 8.5 Hz), 7.78-7.13 (m, 14 Ar-H + OH), 6.26 (s, 1H, CH), 5.30 (s, 1H), 4.59 (t, 1H, J = 12 Hz and 6.5 Hz, CH), 3.88 (s, 3H, OCH3), 3.26 (s, 6H, (OCH3)3), 2.99 (d, 2H, J = 6.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 188.9, 158.9, 143.7, 138.7, 137.7, 133.4, 132.9, 131.2, 130.8, 130.2, 129.6, 128.7, 128.3, 127.7, 126.9, 126.6, 125.7, 119.7, 111.4, 105.2, 103.3, 55.8, 53.3, 49.8, 35.2. υmax (ATR) cm-1 3154 (OH), 1663 (C=O), 1504 (C=C), 1317 (C-N). HRMS m/z % (ES) found 526.2338 (C31H31N3O5 [M + H]+) requires 526.2342.
 
3-(3-((1H-pyrazol-1-yl)methyl)-4-methoxyphenyl)-1-benzyl-5-hydroxy-5-phenyl-1H-pyrrol-2(5H)-one 155


Rf = 0.24. 1H NMR (DMSO 400 MHz): δ 8.11 (d, 1 Ar-H, J = 7.0 Hz), 7.89 (d, 1 Ar-H, J = 2.0 Hz), 7.87 (d, 1 Ar-H, J = 2.0 Hz), 7.77-7.34 (m, 14 Ar-H + OH), 6.26 ( s, 1H, CH), 5.3 (s, 2H, CH2), 4.86 (s, 2H, CH2), 3.88 (s, 3H, OCH3). 13C NMR (DMSO 100 MHz): δ 188.9, 158.9, 143.7, 138.7, 137.7, 133.3, 132.9, 130.8, 130.2, 128.8, 128.7, 128.3, 128.0, 126.9, 126.8, 125.7, 119.7, 111.4, 105.2, 55.8, 49.8, 44.8. υmax (ATR) cm-1 3297 (OH), 1512 (C=C), 1649 (C=O), 1326 (C-N). HRMS m/z % (ES) found 452.1993 (C28H26N3O3 [M + H]+) requires 452.1974.

[bookmark: _Toc436731010]7.16 N-arylation of pyrrolidine, Morpholine, and Pyrrole 158, 159 and 160206


A mixture of 50 mmol pyrrolidine , morpholine or pyrrole and 6.2 g, 50 mmol 4-fluorobenzaldehyde were dissolved in 25 mL DMF then 6.91 g, 50 mmol of  K2CO3  was added and stirred at 100 oC. After the completion of the reaction (TLC monitoring), the mixture was then poured into 100 mL ice-cold water and stirred for 15 min. The crude product was precipitated out, which was filtered and recrystallized from ethanol.

4-(Pyrrolidin-1-y1) benzaldehyde 158


 1H NMR (DMSO 400 MHz): δ 9.65 (s, 1H, CHO), 7.72 (d, 2 Ar-H, J = 6.0 Hz), 5.74 (d, 2 Ar-H, J = 9.0 Hz), 3.41-3.32 (m, 8H, (CH2)4). 13C NMR (DMSO 100 MHz): δ 190.0, 152.1, 132.1, 124.7, 111.7, 47.8, 25.3. LRMS m/z (ES):  176 (100%), [M + H]+.


4-Morpholinobenzaldehyde 159


1H NMR (DMSO 400 MHz): δ 9.72 (s, 1H, CHO), 7.74 (d, 2 Ar-H, J = 9.0 Hz), 7.07 (d, 2 Ar-H, J = 9.0 Hz), 3.74 (t, 4H, J = 5.0 Hz, CH2), 3.35 (t, 4H, J = 5.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 190.8, 155.4, 131.8, 127.1, 131.6, 66.2, 47.0. LRMS m/z (ES):192 (100%), [M + H]+.

4-(1H-pyrazol-1-y1)benzaldehyde 160


1H NMR (DMSO 400 MHz): δ 10.02 (s, 1H, CHO), 8.70 (d, 1 Ar-H, J = 2.5 Hz), 8.11 (d, 2 Ar-H, J = 8.5 Hz), 8.05 (d, 1 Ar-H, J = 8.5 Hz). 7.86 (d, 1 Ar-H, J = 1.5 Hz), 6.4 (t, 1 Ar-H, J = 2.0 Hz). 13C NMR (DMSO 100 MHz): δ 192.4, 144.1, 142.7, 134.1, 131.6, 128.9, 118.7, 109.4. LRMS m/z (ES):  173 (100%), [M + H] +.

[bookmark: _Toc436731011]7.17 Preparation of Chalcone 161




[bookmark: _Toc436731012]7.17.1 General procedure
Batch method
To a solution of 3.44 g, 2.0 mmol 4-(1H-pyrazol-1-y1)benzaldehyde 160 in  10 mL methanol, 1.0 mmol ketone (acetone, cyclopentanone, or cyclohexanone) and 10 % aqueous solution of NaOH were added to the mixture and stirred for three hours at room temperature. After the completion of the reaction, the mixture was allowed to cool to room temperature and then quenched in ice-cold water. The formed precipitate was filtered and washed with 1M HCl, dried and recrystallized from acetonitrile to afford the pure product with the percentage yields mentioned in Table 17.
Microwave Method
In a 20 mL microwave vial, 3.44 g, 2.0 mmol 4-(1H-pyrazol-1-y1)benzaldehyde  160 was dissolved in 5 mL methanol. 1.0 mmol ketone (acetone, cyclopentanone or acyclohexanone) was added. 10 % sodium hydroxide was added to the mixture and heated to 60 oC (16 bar) via microwave irradiation for 5 minutes. The mixture was then allowed to cool at room temperature and then quenched in ice cold water. The precipitate was then collected and washed with 1 M hydrochloric acid. A white crystal was obtained after purifying the product by recrystallization from acetonitrile affording the pure product with the percentage yield mentioned in Table 17.

(1E, 4E)-1,5-bis(4-(1H-pyrazol-1-yl)phenyl)penta-1,4-dien-3-one 161a


Whit crystal, MP = 173 oC. 1H NMR (DMSO 400 MHz): δ 8.69 (d, 4 Ar-H, J = 2.5 Hz), 8.01 (d, 4 Ar-H, J = 2.0 Hz), 8.00 (d, 2H, J = 8.5 Hz, CH). 7.98 (d, 2H, J = 8.5 Hz, CH), 7.88 (t, 2 Ar-H, J = 2.5 and 3.5 Hz), 7.42 (d, 2 Ar-H, J = 2.5 Hz), 6.59 (d, 2 Ar-H, J = 3.0 Hz). 13C NMR (DMSO 100 MHz): δ 188.8, 142.2, 142.0, 141.3, 132.9, 130.4, 128.4, 125.9, 118.9, 108.8. υmax (ATR) cm-1 1652 (C=O), 1565 (C=C).  LRMS m/z (ES):  367 (100%), [M + H]+.

(2E, 5E)-2,5-bis(4-(1H-pyrazol-1-yl)benzylidene)cyclopentanone 161b


Whit crystal, MP = 182 oC. 1H NMR (DMSO 400 MHz): δ 8.67 (d, 4 Ar-H, J = 2.5 Hz), 8.03 (d, 4 Ar-H, J = 1.5 Hz), 7.96 (s, 2H, CH), 7.91 (t, 2 Ar-H, J = 2.5 and 2.5 Hz) , 7.56 (s, 2H, CH), 6.59 (d, 4H, J = 3.0 Hz), 3.15 (t, 4H, J = 2.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 189.7, 141.3, 141.2, 141.0, 132.1, 130.0, 128.5, 125.7, 118.2, 108.1, 48.8. υmax (ATR) cm-1 1676 (C=O), 1588 (C=C).  LRMS m/z (ES):  393 (100%), [M + H]+.

(2E, 6E)-2,6-bis(4-(1H-pyrazol-1-yl)benzylidene)cyclohexanone 161c


Whit crystal, MP = 187 oC. 1H NMR (DMSO 400 MHz): δ 8.67 (d, 4 Ar-H, J = 2.5 Hz), 7.98 (d, 4 Ar-H, J = 2.0 Hz), 7.71 (s, 2H, CH), 7.59 (t, 2 Ar-H, J = 2.0 and 2.5 Hz), 7.53 (s, 2H, CH), 6.60 (d, 4H, J = 3.5 Hz), 3.15 (t, 4H, J = 2.0 and 2.5 Hz, CH2), 1.67 (m, 2H, CH2). 13C NMR (DMSO 100 MHz): δ 189.9, 141.5, 139.9, 136.1, 136.0, 134.0, 131.7, 126.6, 118.7, 108.0, 28.5, 22.9. υmax (ATR) cm-1 1659 (C=O), 1602 (C=C).  LRMS m/z (ES):  407 (100%), [M + H]+.

[bookmark: _Toc436731013]7.18 Preparation of Chalcones 152, 163 and 164 




[bookmark: _Toc436731014]7.18.1 General procedure

Batch method
10 mmol of aromatic aldehyde 158, 159 or 160 and 10 mmol aromatic ketone were dissolved in 30 mL dichloromethane and stirred for 10 minutes at room temperature. 2 g of Amberlyst A26 hydroxide form in conc. 1N in NaOH was then added and the mixture was allowed to stir for 60 minutes at 60 oC. After the completion of the reaction (TLC monitoring) the mixture was filtered. The filtrate was evaporated by vacuum evaporator. The residue was then purified by column chromatography using ethyl acetate and petroleum ether as a solvent system at a ratio of 1:2.



Flow Method
Solutions of 0.5 mmol aromatic aldehyde 158, 159 or 160 dissolved in 2.5 mL dichloromethane and 0.5 mmol substituted aromatic ketone dissolved in 2.5 mL DCM were pumped through separate 2 mL sample loops. A column packed with a basic resin (Amberlyst A26 hydroxide form, conc. 1N in NaOH) was fitted in the flow machine. The mixture was allowed to pass through the column at a flow rate of 0.5 mL min-1. At the aforementioned conditions in Table 18 the crude product was obtained after removing the solvent by rotary evaporator. The product was then purified by column chromatography using ethyl acetate and petroleum ether 1:2.

(E)-1-(furan-2-yl)-3-(4-(pyrrolidin-1-yl)phenyl)prop-2-en-1-one 162a


Rf = 0.7. Red solid, M.P. 180-181oC .1H NMR (DMSO 400 MHz): δ 8.01 (d, 1 Ar-H, J = 2.0 Hz), 7.70 (d, 1 Ar-H, J = 2.0 Hz), 7.69 (d, 1H, J = 15.5 Hz, CH), 7.68 (t, 1 Ar-H, J = 2.5 and 2.0 Hz), 7.41 (d, 1H, J = 15.5 Hz, CH), 6.78 (d, 1 Ar-H, J = 3.5 Hz), 6.58 (d, 1 Ar-H, J = 9.0 Hz), 3.29 (t, 4H, J = 2.0 and 2.5 Hz, CH2),1.98 (m, 4H, CH2). 13C NMR (DMSO 100 MHz): δ 177.1, 153.9, 149.9, 147.8, 144.6, 131.3, 121.6, 118.1, 115.7, 112.9, 112.2, 47.7, 25.4. υ max (ATR) cm-1 1637 (C=O), 1570 (C=C). LRMS m/z (ES):  268 (100%), [M + H]+. Anal. Calculated for C17H17NO2: C, 76.38; H, 6.41; N, 5.24. Found: C, 76.25; H, 6.40; N, 5.29.
 

(E)-1-(5-methylfuran-2-yl)-3-(4-(pyrrolidin-1-yl)phenyl)prop-2-en-1-one 162b


Rf = 0.7. Red solid, M.P: 164-162 oC. 1H NMR (DMSO 400 MHz): δ 7.65 (d, 1H, J = 16.0 Hz, CH), 7.6 (d, 2 Ar-H, J = 22.0 Hz), 6.6 (d, 2 Ar-H, J = 8.5 Hz), 6.41 (d, 1H, J = 3.0 Hz, CH), 6.40 (d, 1 Ar-H, J = 3.5 Hz), 3.3 (t, 4H, J = 2.0 and 2.5 Hz, CH2), 2.39 (s, 3H, CH3), 1.9-2.0 (m, 4H, CH2). 13C NMR (DMSO 100 MHz): δ 176.4, 157.8, 152.8, 149.8, 143.9, 131.1, 121.7, 120.0, 115.9, 112.1, 109.6, 47.7, 25.4, 14.1. υ max (ATR) cm-1 1635 (C=O), 1515 (C=C). LRMS m/z (ES):  282 (100%), [M + H]+. Anal. Calculated for C18H19NO2: C, 76.84; H, 6.81; N, 4.98. Found: C, 78.82; H, 6.57; N, 5.02. 

(E)-3-(4-(pyrrolidin-1-yl)phenyl)-1-(thiophen-2-yl)prop-2-en-1-one 162c


Rf = 0.7. Red solid, M.P: 104-106 oC. 1H NMR (DMSO 400 MHz): δ 8.23 (dd, 1 Ar-H, J = 4.0 and 2.0 Hz), 7.98 (dd, 1 Ar-H, J = 5.0 and 3.0 Hz), 7.70 (d, 2 Ar-H, J = 8.5 Hz), 7.66 (d, 1H, J = 15.5 Hz, CH), 7.56 (d, 1H, J = 15.5 Hz, CH), 7.29 (dd, 1 Ar-H, J = 5.0 and 4.0 Hz), 6.59 (d, 2 Ar-H, J = 9.0 Hz), 3.33 (t, 4H, J = 6.5 and 3.5 Hz, CH2), 1.9 (m, 4H, CH2). 13C NMR (DMSO 100 MHz): δ 181.6, 149.9, 146.9, 115.7, 145.0, 134.7, 131.4, 129.1, 121.7, 112.1, 47.7, 25.4. υ max (ATR) cm-1 1630 (C=O), 1616 (C=C). LRMS m/z (ES):  284 (100%), [M + H]+. Anal. Calculated for C17H17NOS: C, 72.05; H, 6.05; N, 4.94; S, 11.31. Found: C, 72.02; H, 5.87; N, 4.84; S, 11.02.
 (E)-1-(5-methylthiophen-2-yl)-3-(4-(pyrrolidin-1-yl)phenyl)prop-2-en-1-one 162d


Rf = 0.7. Red solid, M.P: 151-152 oC. 1H NMR (DMSO 400 MHz): δ 8.06 (d, 1 Ar-H, J = 2.0 Hz), 7.6 (d, 2 Ar-H, J = 8.5 Hz), 7.63 (d, 1H, J = 15.5 Hz, CH), 7.57 (s, 1H), 7.51 (d, 1H, J = 15.5 Hz, CH), 6.59 (d, 2 Ar-H, J = 9.0 Hz), 3.3 (t, 4H, J = 4.0 and 3.0 Hz, CH2), 2.29 (s, 3H, CH3), 1.98 (m, 4H, CH2). 13C NMR (DMSO 100 MHz): δ 181.5, 149.9, 146.3, 144.7, 139.1, 134.6, 131.4, 130.1, 121.8, 115.7, 112.1, 47.7, 25.4, 15.8. υ max (ATR) cm-1 1635 (C=O), 1615 (C=C). LRMS m/z (ES): 298 (100%), [M + H]+.Anal. Calculated for C18H19NOS: C, 72.69; H, 6.44; N, 4.71; S, 10.78. Found: C, 72.47; H, 6.18; N, 4.76; S, 10.96. 

(E)-1-(Furan-2-yl)-3-(4-morpholinophenyl)prop-2-en-1-one 163a


Rf = 0.7. Yellow solid, M.P: 184 oC. 1H NMR (DMSO 400 MHz): δ 8.04 (dd, 1 Ar-H, J = 2.0 and 2.5 Hz), 7.76-7.70 (m, 3 Ar-H), 7.67 (d, 1H, J = 15.5 Hz, CH), 7.50 (d, 1H, J = 15.5 Hz, CH), 7.00 (d, 2 Ar-H, J = 9.0 Hz), 6.77 (dd, 1 Ar-H, J = 3.6 and 2.0 Hz), 3.75 (t, 4H, J = 4.0 Hz, CH2), 3.26 (t, 4H, J = 4.0 and 3.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 177.1, 153.7, 153.1, 148.2, 143.7, 130.8, 124.9, 118.9, 118.1, 114.5, 113.0, 66.3, 47.6. υ max (ATR) cm-1 1646 (C=O), 1690 (C=C). LRMS m/z  (ES) :  284 (100%), [M + H]+. Anal. Calculated for C17H17NO3: C, 72.07; H, 6.05; N, 4.94. Found: C, 72.06; H, 5.98; N, 4.99. 
(E)-1-(5-methylFuran-2-yl)-3-(4-morpholinophenyl)prop-2-en-1-one 163b


Rf = 0.7. Yellow solid, M.P: 213 oC. 1H NMR (DMSO 400 MHz): δ 7.70 (d, 2 Ar-H, J = 9.0 Hz), 7.68 (d, 1 Ar-H, J = 3.5 Hz), 7.63 (d, 1H, J = 15.5 Hz, CH), 7.45 (d, 1H, J = 15.5 Hz, CH), 6.99 (d, 2 Ar-H, J = 9.0 Hz), 6.42 (d, 1 Ar-H, J = 3.0 Hz), 3.75 (t, 4H, J = 4.0 and 2.5 Hz, CH2), 3.24 (t, 4H, J = 4.0 and 3.5 Hz, CH2), 2.40 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 176.3, 158.3, 152.9, 152. , 143.0, 130.7, 125.0, 120.7, 118.2, 114.6, 109.7, 66.3, 47.6, 14.1. υ max (ATR) cm-1 1646 (C=O), 1691 (C=C). LRMS m/z (ES):  398 (100%), [M + H]+. Anal. Calculated for C18H19NO3: C, 72.71; H, 6.44; N, 4.71. Found: C, 72.61; H, 6.42; N, 4.64. 

(E)-3-(4-morpholinophenyl)-1-(thiophen-2-yl)prop-2-en-1-one 163c


Rf = 0.7. Yellow solid, M.P: 201-203 oC. 1H NMR (DMSO 400 MHz): δ 8.28 (d, 1 Ar-H, J = 4.0 Hz), 8.02 (d, 1H, J = 13 Hz, CH), 7.76 (d, 2 Ar-H, J = 9.0 Hz), 7.68 (d 1H, J = 15.3 Hz, CH), 7.30 (t, 1 Ar-H, J = 5.0, 4.0 Hz), 7.21 (d 1 Ar-H, J = 3.2 Hz), 7.00 (d, 2 Ar-H, J = 9.0 Hz), 3.74 (t, 4H, J = 4.0 Hz, CH2), 3.26 (t, 4H, J = 4.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 181.8, 153.1, 146.5, 144.1, 135.2, 133.2, 131.0, 129.2, 125.0, 118.0, 114.5, 66.3, 47.6. υ max (ATR) cm-1 1638 (C=O), 1577 (C=C). LRMS m/z (ES): 300 (100%), [M + H]+. Anal. Calculated for C17H17NO2S: C, 68.20; H, 5.72; N, 4.68; S, 10.71. Found: C, 68.32; H, 5.42; N, 4.59, S, 10.89. 

(E)-1-(5-methylthiophen-2-yl)-3-(4-morpholinophenyl)prop-2-en-1-one 163d


Rf = 0.7. Yellow solid, M.P: 218 oC. 1H NMR (DMSO 400 MHz): δ 8.12 (d, 1H, J = 14.1 Hz, CH), 7.75 (d, 2 Ar-H, J = 9.0 Hz), 7.72 (s, 1 Ar-H) 7.62 (d, 1H, J = 12.5 Hz, CH), 7.61 (s, 1 Ar-H), 7.00 (d, 2 Ar-H, J = 9.0 Hz), 3.74 (t, 4H, J = 4.0 Hz, CH2), 3.26 (t, 4H, J = 4.0 Hz, CH2), 2.3 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 181.7, 153.1, 146.0, 143.8, 139.2, 135.1, 130.9, 130.7, 125.0, 118.0, 114.5, 66.3, 47.6, 15.8. υ max (ATR) cm-1 1638 (C=O), 1575 (C=C). LRMS m/z (ES): 314 (100%), [M + H]+. Anal. Calculated for C18H19NO2S: C, 68.98; H, 6.11;N, 4.47; S, 10.23. Found: C, 69.14; H, 5.85; N, 4.54, S, 10.22. 

(E)-3-(4-(1H-pyrazol-1-yl)phenyl)-1-(furan-2-yl)prop-2-en-1-one 164a


Rf = 0.7. Green solid, M.P: 143 oC. 1H NMR (DMSO 400MHz): δ 8.64 (d, 1 Ar-H, J = 2.5Hz), 8.09 (dd, 1 Ar-H, J = 2.0 and 2.0 Hz), 8.01 (d, 2 Ar-H, J = 9.0 Hz), 7.96 (d, 2 Ar-H, J = 9.0 Hz), 7.87 (dd, 1 Ar-H, J = 3.5 and 2.5 Hz), 7.84 (t, 1 Ar-H, J = 3.5 Hz) 7.81 (d, 1H, J = 14.2 Hz, CH), 7.77 (d, 1H, J = 12.5 Hz, CH), 6.82 (dd, 1 Ar-H, J = 3.5 and 2.0 Hz), 6.61 (dd, 1 Ar-H, J = 2.5 and 2.0 Hz). 13C NMR (DMSO 100 MHz): δ 177.0, 153.4, 148.9, 142.0, 141.4, 132.6, 130.7, 128.4 , 124.3, 122.1, 120.0, 118.8, 113.2, 108.8.  υ max (ATR) cm-1 1645 (C=O), 1530 (C=C). LRMS m/z (ES): 265 (100%), [M + H]+.  Anal. Calculated for C16H12N2O2: C, 72.72; H, 4.58; N, 10.60;. Found: C, 72.65; H, 4.44; N, 10.76.
 
(Z)-3-(4-(1H-pyrazol-1-yl)phenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one 164b


Rf = 0.7. Green solid, M.P: 149-151 oC. 1H NMR (DMSO 400 MHz): δ 8.64 (d, 1 Ar-H, J = 2.5 Hz), 7.93-8.02 (m, 4 Ar-H), 7.79-7.84 (m, 2 Ar-H), 7.75 (d, 1H, J = 15.5 Hz, CH), 7.69 (d, 1H, J = 15.5 Hz, CH), 6.60 (dd, 1 Ar-H, J = 2.5 and 2.5 Hz), 6.47 (dd, 1 Ar-H, J = 3.5 and 2.0 Hz), 2.42 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 176.1, 159.0, 152.4, 142.0, 141.6, 141.3, 132.7, 130.5, 128.4, 122.2, 121.9, 118.8, 109.9, 108.8, 14.2. υ max (ATR) cm-1 1625 (C=O), 1510 (C=C). LRMS m/z (ES):  279 (100%), [M + H]+.Anal. Calculated for C17H14N2O2: C, 73.37; H, 5.07; N, 10.607; Found: C, 73.19; H, 4.88; N, 10.15.
 
[bookmark: _Toc436731015]7.19 N-Acetylation of m-methyl aniline 166


To 10.7 g, 0.1 mol m-methyl aniline, 11.4 mL, 0.2 mol glacial acetic acid was added. A catalytic amount of orthophosphric acid was then added and the mixture was refluxed for 5-6 hours. After consuming the starting materials (TLC monitoring), the mixture was quenched in ice-cold water and stirred vigorously for about 15 minutes. A precipitate was formed, filtered and washed with cold water yielding 78 % of the pure product which was used in the next step without further purification. 1H NMR (CDCL3 400 MHz): δ 7.51-6.9 (m, 4 Ar-H), 7.2 (bs, 1H, NH), 2.4 (s, 3H, CH3), 2.2 (s, 3H, NCOCH3). 13C NMR (CDCL3 100 MHz): δ 168.4, 138.9, 137.7, 128.8, 125.1, 120.6, 117.0, 24.5, 21.4. LRMS m/z (ES): 107 (100%), [M + H]+.

[bookmark: _Toc436731016]7.20  2-chloro-7-methylquinoline-3-carbaldehyde 167207



The above reagent was synthesised by adding 64.4 mL, 0.70 mol POCl3 drop wise to 19.2 mL, 0.25 mol DMF at 0 oC with stationary stirring. Subsequently, 14.9 g, 0.1 mol acetanilide 166 was added to the mixture and then stirred for 15 minutes at room temperature. The mixture was then refluxed at 70-80 oC for 24 hours. After consuming the starting materials (TLC monitoring), the mixture was quenched in 500 mL ice-cold water and stirred vigorously for 30 minutes at 0-10 oC. A precipitate was then formed and filtered, washed with 200 mL water and dried. The crude product was then recrystallized from ethyl acetate to obtain the pure product as a brown powder in 88 % yield. 1H NMR (CDCL3 400 MHz): δ 10.57 (s, 1H, CHO), 8.74 (s, 1 Ar-H), 7.940 (d, 1 Ar-H, J = 8.5 Hz), 7.88 (d 1 Ar-H, J = 2.0 Hz), 7.51 (s, 1 Ar-H), 2.63 (s, 3H, CH3). 13C NMR (CDCL3 100 MHz): δ 189.2, 150.2, 149.9, 145.0, 139.8, 130.4, 129.3, 127.7, 125.7, 124.6, 22.3. LRMS m/z (ES):  206 (100%), [M + H]+.

[bookmark: _Toc436731017]7.21   7-methyl-2-oxo-1,2-dihydroquinoline-3-carbaldehyde 168208



0.2 g, 1 mmol aldehyde 167 was dissolved in 10 mL concentrated acetic acid and refluxed for 6 hours. After consuming the starting material (TLC monitoring), the mixture was cooled and poured on ice-cold water. The formed precipitate was then filtered and washed three times with water, dried and used for the next step without further purification. The product was obtained in 88 % yield. 1H NMR (CDCL3 400 MHz): δ 12.2 (bs, 1H, NH) 10.23 (s, 1H, CHO), 8.44 (s, 1 Ar-H), 7.84 (d, 1 Ar-H, J = 8.5 Hz), 7.19 (s, 1 Ar-H), 7.15 (d, 1 Ar-H, J = 2.0 Hz), 2.43 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 190.1 , 162.1 , 145.1 , 142.7 , 141.8 , 131.2 , 125.0 , 124.8 , 116.5 , 115.5 , 22.2. LRMS m/z (ES): 188 (100%), [M + H]+.

[bookmark: _Toc436731018]7.22 Preparation of Chalcones 169-172



[bookmark: _Toc436731019]7.22.1 General procedure
Batch method 
0.18 g, 1 mmol aldehyde 168 and 1 mmol aromatic ketone were dissolved in 25 mL dichloromethane, then 14.19 mg, 10 mol % BF3-Et2O was added to the mixture with constant stirring for 10 minutes. Subsequently, the mixture was heated for 12 hours at 50 oC. After the completion of the reaction (TLC monitoring), the mixture was cooled and concentrated by rotary evaporator. The residue was then purified by column chromatography using ethyl acetate and petroleum ether at a ratio of 3:1 to obtain the pure product as a white solid.

Flow Method
93.5 mg, 0.5 mmol aldehyde 168 was dissolved in 2.5 mL DCM. 0.5 mmol of the substituted aromatic ketone was dissolved in 2.5 mL dichloromethane in the presence of 7.09 mg, 10 mol % BF3-Et2O as a catalyst. The two solutions were then pumped through a 10 mL heating reactor under 100 psi back-pressure. The reaction was performed under the conditions shown in Table 19. After collecting the mixture, it was concentrated by a rotary evaporator. The pure product was obtained after column chromatography using the same eluent as mentioned in the batch method.

(E)-7-methyl-3(3-oxo-3-phenylprop-1-enyl)quinolin-2(1H)-one 169


Rf = 0.4. White solid, 93 %. 1H NMR (DMSO 400 MHz): δ 12.09 (bs, 1H, NH), 8.63 (s, 1 Ar-H), 8.42 (d, 1 Ar-H, J = 3.5 Hz), 8.10 (d, 2 Ar-H, J = 2.5 Hz), 7.80 (d, 1 Ar-H J = 8.0 Hz), 7.71 (t, 2 Ar-H, J = 5.0  Hz), 7.46 (s, 1 Ar-H), 7.41 (d, 1H, J = 15.0 Hz, CH), 7.19 (d, 1H, J = 15.5 Hz, CH), 7.12 (t 1 Ar-H, J = 3.5 Hz), 2.42 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 190.1 , 161.5 , 142.9 , 141.8 , 139.8 , 139.6 , 138.2 , 133.5 , 129.3 , 129.1 , 128.7 , 125.2 , 124.4 , 123.9 , 117.5 , 115.2 , 22.1 . LRMS m/z (ES): 290 (100%), [M + H]+.

(E)-7-methyl-3-(3-oxo-3-(o-tolyl)prop-1-en-1-yl)quinolin-2(1H)-one 170


Rf = 0.4. White solid, M.P: 147-148 oC. 1H NMR (DMSO 400 MHz): δ 12.08 (bs, 1H, NH), 8.50 (s, 1 Ar-H), 7.82 (d, 1 Ar-H, J = 3.5 Hz), 7.62 (d, 2 Ar-H, J = 2.5 Hz), 7.59 (d, 1 Ar-H J = 8.0 Hz), 7.51 (t, 2 Ar-H, J = 5.0 Hz), 7.46 (s, 1 Ar-H), 7.41 (d, 1H, J = 15.0 Hz, CH), 7.19 (d, 1H, J = 15.5 Hz, CH), 2.52 (s, 3H, CH3), 2.39 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 195.8 , 160.9 , 142.5 , 141.5 , 140.4 , 139.2 , 138.9 , 136.0 , 131.1 , 130.4 , 128.6 , 127.9 , 127.8 , 125.7 , 124.4 , 123.9 , 116.9 , 114.7 , 21.6 , 19.8 . υ max (ATR) cm-1 3258 (N-H), 1665 (C=O), 1584(C=C). LRMS m/z (ES): 306 (100%), [M + H]+. Anal. Calculated for C20H17NO2: C, 79.19; H, 5.65; N, 4.62;. Found: C, 76.20; H, 5.68; N, 4.55.

(E)-7-methyl-3-(3-oxo-3-(m-tolyl)prop-1-en-1-yl)quinolin-2(1H)-one 171


Rf = 0.4. White solid, M.P: 139 oC. 1H NMR (DMSO 400 MHz): δ 12.06 (bs, 1H, NH), 8.60 (s, 1 Ar-H), 8.30 (d, 1H, J = 15.0 Hz, CH), 8.26 (t, 1 Ar-H, J = 2.5 Hz), 8.21 (d, 1 Ar-H, J = 2.5 Hz), 7.82 (d, 1 Ar-H J = 8.0 Hz), 7.59 (d, 1 Ar-H, J = 5.0 Hz), 7.46 (d, 1 Ar-H, J = 5.5 Hz), 7.22 (s, 1 Ar-H, Ar), 7.18 (s, 1 Ar-H, Ar), 7.15 (d, 1H, J = 15.5 Hz, CH), 2.48 (s, 3H, CH3), 2.45 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 189.4 , 161.5 , 144.0 , 142.8 , 141.6 , 139.6 , 139.4 , 135.6 , 129.9 , 129.0 , 128.9 , 125.3 , 124.4 , 123.8 , 117.5 , 115.2 , 22.1 , 21.6.  υ max (ATR) cm-1 3181 (N-H), 1673 (C=O), 1584(C=C). LRMS m/z (ES): 306 (100%), [M + H]+. Anal. Calculated for C20H17NO2: C, 79.19; H, 5.65; N, 4.62. Found: C, 78.96; H, 5.77; N, 4.80.

(E)-7-methyl-3-(3-oxo-3-(p-tolyl)prop-1-en-1-yl)quinolin-2(1H)-one 172


Rf = 0.4. White solid, M.P: 149 -150 oC. 1H NMR (DMSO 400 MHz): δ 12.08 (bs, 1H, NH), 8.59 (s, 1 Ar-H, Ar), 8.3 (d, 1H, J = 16.0 Hz, CH), 7.90 (d, 1 Ar-H, J = 4.0 Hz), 7.89 (d, 2 Ar-H, J = 2.5 Hz), 7.85 (d, 2 Ar-H J = 8.0 Hz), 7.61 (d, 1 Ar-H, J = 5.0 Hz), 7.41, 7.18 (s, 1 Ar-H), 7.13 (d, 1H, J = 15.5 Hz, CH), 2.48 (s, 3H, CH3), 2.45 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 189.6 , 161.2 , 160.5, 144.2 , 142.7 , 142.3 , 141.1 , 139.2 , 138.2 , 137.8 , 133.6 , 128.7 , 128.6 , 125.5 , 124.7 , 123.8 , 123.4 , 117.0 , 21.6 , 20.9.  υ max (ATR) cm-1 3266 (N-H), 1662 (C=O), 1577 (C=C). LRMS m/z (ES): 306 (100%), [M + H]+. Anal. Calculated for C20H17NO2: C, 79.19; H, 5.65; N, 4.62. Found: C, 78.98; H, 5.57; N, 4.48.

[bookmark: _Toc436731020]7.23 Synthesis 1-Butyl-3-methylimidazolium tetrafluoroborate 175209



30.0 g, 172 mmol 1-butyl-3-methylimidazolium chloride was dissolved in 35 mL distilled water and stirred at 14 oC for 10 minutes. The solution was then transferred to a 150 mL round bottomed flask and stirred for another 10 minutes at room temperature. Subsequently, 30 mL dichloromethane was added to the mixture and stirred for 5 minutes. The organic phase was separated. The aqueous phase was extracted using an additional amount of dichloromethane. A prepared solution of 91 mmol NaBF4 in 20 ml distilled water was then added to the mixture and shaken well with the mixture using a 125 mL separatory funnel. The organic layer was then separated and dried by Na2SO4 and filtered. The salt was then washed with 15 ml dichloromethane and transferred to a 250 mL round bottomed flask with attached short path distilled head. The distilled DCM was then collected and cooled using ice cold water slurry. Finally, the traces of DCM were removed by rotary evaporator to obtain the pure 1-butyl-3-methylimidazolium tetrafluoroborate as a colourless liquid. (79 % yield). 1H NMR (CDCl3 400 MHz): δ 8.94 (s, 1H, CH), 7.37 (d, 1H, CH), 4.27 (t, 2H, J = 7.0 Hz, CH2), 4.0 (s, 3H, CH3), 1.9 (quintet, 2H, J = 7.5 Hz, CH2), 1.4 (sextet, 2H, J = 7.5 Hz, CH2), 0.97 (t, 3H J = 7.0 Hz, CH3). 13C NMR (CDCL3 100 MHz): δ 135.79, 123.60, 122.31, 49.42, 35.86, 31.68, 19.07, 13.10. LRMS m/z (ES): 139 (100%), [M + H]+.



[bookmark: _Toc436731021]7.24 Preparation of pyrazoles 176-187



[bookmark: _Toc436731022]7.24.1 General procedure
Batch method
In 10 mL ionic solvent 175, 1 mmol of the corresponding chalcone was dissolved and stirred for 10 minutes. 96 mg, 3 mmol 80 % hydrazine monohydrate was then added to the mixture and stirred for 5 minutes. Subsequently, the mixture was refluxed at 60 oC for 90 minutes. After consuming the starting material, the mixture was then allowed to cool at room temperature and extracted with diethyl ether. The organic layer was taken and evaporated under vacuum. The residue was then purified by flash chromatography using ethyl acetate and petroleum ether at a ratio of 9:1.
Flow Method
0.5 mmol of the corresponding chalcone was dissolved in 2.5 mL of the ionic solvent 175 and 48 mg, 1.5 mmol hydrazine monohydrate was dissolved separately in 2.5 mL ionic solvent 175. The two solutions were then introduced through two separate sample loops (2 mL) to 10 mL heated reactor (100 psi back-pressure) under the conditions mentioned in Table 20. The mixture was then collected and extracted with diethyl ether, the organic layer was evaporated under vacuum and the product was purified by flash chromatography.

5-(4-(benzyloxy)-3-methoxyphenyl)-3-(2-chlorophenyl)-4,5-dihydro-1H-pyrazole 176


Rf = 0.2. White solid, M.P: 114 oC. 1H NMR (DMSO 400 MHz): δ 7.61-6.90 (m, 12 Ar-H), 7.32 (s, 1H, NH), 5.02 (s 2H, CH2), 5.01 (td, 1H, J = 10.6 and 2.0 Hz, CH ), 3.85 (s, 3H, OCH3), 3.55 (dd, 1H, J = 14.5 and 10.5 Hz, CH2), 2.72 (dd, 1H, J = 16.5 and 10.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 149.5, 148.9, 148.6, 140.9, 137.4, 132.2, 129.7, 129.2, 128.8, 128.3, 128.2, 127.8, 126.7, 119.0, 113.6, 109.0, 70.2, 60.7, 55.8, 40.6. υ max (ATR) cm-1 3337 (N-H), 1612 (C=N). LRMS m/z (ES): 393 (100%), [M + H]+. Anal. Calculated for C23H21N2O2Cl: C, 70.31; H, 5.39; N, 7.13; Cl, 9.02. Found: C, 70.07; H, 5.53; N, 7.05; Cl, 9.04.
 
5-(4-(benzyloxy)-3-methoxyphenyl)-3-(4-chlorophenyl)-4,5-dihydro-1H-pyrazole 177


Rf = 0.2. White solid, M.P: 121-122 oC. 1H NMR (DMSO 400 MHz): δ 7.63-6.81 (m, 12 Ar-H), 7.48 (s, 1H, NH), 5.11 (s, 2H, CH2), 4.82 (td, 1H, J = 10.0, 2.0 Hz, CH), 3.89 (s, 3H, OCH3), 3.44 (dd, 1H, J = 15.5, 10.5 Hz, CH2), 2.81 (dd, 1H, J = 16.0, 10.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 149.5, 149.1, 147.3, 137.7, 136.2, 133.7, 128.9, 128.8, 128.4, 128.2, 128.1, 127.0, 125.8, 119.0, 114.0, 70.4, 64.0, 55.9, 40.9. υ max (ATR) cm-1 3321 (N-H), 1642 (C=N). LRMS m/z (ES): 393 (100%), [M + H]+. Anal. Calculated for C23H21N2O2Cl: C, 70.31; H, 5.39; N, 7.13; Cl, 9.02. Found: C, 70.02; H, 5.42; N, 6.98; Cl, 9.06. 

5-(4-(benzyloxy)-3-methoxyphenyl)-3-(naphthalen-1-yl)-4,5-dihydro-1H-pyrazole 178


Rf = 0.2. White solid, M.P: 117-119 oC.1H NMR (DMSO 400 MHz): δ 9.31 (s, 1H, NH), 7.98-6.91 (m, 15 Ar-H), 5.08 (s, 2H, CH2), 4.85 (td, 1H, J = 11.0 and 2.5 Hz, CH), 3.82 (s, 3H, OCH3), 3.62 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 3.02 (dd, 1H, J = 16.5 and 10.5 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 149.8, 149.6, 147.4, 137.7, 136.1, 134.1, 130.5, 130.0, 129.0, 128.9, 128.8, 128.2, 128.1, 127.5, 127.2, 126.3, 125.7, 119.1, 114.1, 111.2, 70.4, 63.1, 56.0, 43.6. υ max (ATR) cm-1 3430 (N-H), 1620 (C=N). LRMS m/z (ES): 409 (100%), [M + H]+. Anal. Calculated for C27H24N2O2:  C, 79.39; H, 5.92; N, 6.86. Found: C, 79.57; H, 5.85; N, 6.89.



 

6-(3-phenyl-4,5-dihydro-1H-pyrazol-5-yl)-1H-indole 179


Rf = 0.1. White sold, M.P: 133  oC .1H NMR (DMSO 400 MHz): δ  11.06 (bs, 1H, NH), 7.69 (d, 2 Ar-H, 4.2 Hz), 7.57 (d, 1 Ar-H, J = 2.5 Hz), 7.49 (d, 1 Ar-H, J = 8.0 Hz), 7.43 (t, 2 Ar-H, J = 3.5 Hz), 7.34 (t, 1 Ar-H, J = 2.0 Hz), 7.31 (s, 1H, N-NH), 7.29 (d, 1 Ar-H, J = 2.0 Hz), 7.01 (d, 1 Ar-H, J = 8.0 Hz), 6.41 (s, 1 Ar-H), 4.93 (td, 1H, J = 10.5 and 2.5 Hz, CH), 3.46 (dd, 1H, J = 16.5 and 11.0 Hz, CH2), 2.90 (dd, 1H, J = 16.5 and 10.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 41.4 , 64.6 , 101.3 , 109.5 , 118.4, 120.4 , 125.8 , 127.3 , 128.4 , 128.9 , 133.9 , 136.4 , 148.8. υ max (ATR) cm-1 3315 (Ar-N-H), 3304 (N-H) 1654 (C=N). LRMS m/z (ES): 262 (100%), [M + H]+. 

6-(3-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-5-yl)-1H-indole 180


Rf = 0.1. White solid, M.P: 187-188 oC  .1H NMR (DMSO 400MHz): δ 11.05 (bs, 1H, NH), 7.72 (d, 1 Ar-H, J = 3.0 Hz), 7.46 (d, 2 Ar-H, J = 8.0 Hz), 7.51 (d, 1 Ar-H, J = 3.5 Hz), 7.47 (d, 2 Ar-H, J = 5.5 Hz), 7.39 (s, 1H, N-NH), 7.30 (t, 1 Ar-H, J = 8.0 Hz), 7.01 (d, 1 Ar-H, J = 3.0 Hz), 6.39 (s, 1 Ar-H), 4.94 (t, 1H, J = 10.5 Hz, CH), 3.45 (dd, 1H, J = 16.5 and 10.5 Hz, CH2),  2.89 (dd, 1H, J =16.0 and 10.0 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 41.2  , 64.8 , 101.3 , 109.5 , 118.3 , 120.4 , 125.8 , 127.3 , 127.4 , 128.9 , 132.6 , 132.8 , 136.2 , 136.4 , 147.6 . υ max (ATR) cm-1 3201 (Ar-N-H), 3192 (N-H), 1595 (C=N). LRMS m/z (ES): 296 (100%), [M + H]+. Anal. Calculated for C17H14ClN3: C, 69.03; H, 4.77; N, 14.21; Cl, 11.99. Found: C, 68.98; H, 4.61; N, 14.03; Cl, 11.73. 

6-(3-(4-fluorophenyl)-4,5-dihydro-1H-pyrazol-5-yl)-1H-indole 181


Rf = 0.1. White solid, M.P: 151 oC  .1H NMR (DMSO 400 MHz): δ 11.06 (bs, 1H, NH), 7.72 (d, 1Ar-H, J = 3.5 Hz), 7.69 (d, 2 Ar-H,  J = 7.0 Hz), 7.59 (d, 1 Ar-H, J = 3.5 Hz), 7.41 (s, 1H, N-NH) 7.37 (t, 1 Ar-H, J = 2.0 Hz), 7.03 (d, 1 Ar-H, J = 2.5 Hz), 7.35 (d, 2 Ar-H, J = 6.0 Hz), 6.4 (s, 1 Ar-H),  4.94 (t 1H, J = 10.5 Hz, CH), 3.46 (dd, 1H, J = 16.5 and 10.5 Hz, CH2), 2.87 (dd, 1H, J = 16.0 and  10.5 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 147.9  , 136.4 , 136.3 , 127.8 , 125.8 , 120.4 , 118.8 , 118.3 , 116.2 , 116.0 , 115.7 , 109.5 , 101.3 , 64.7 , 41.5. υ max (ATR) cm-1 3375 (Ar-N-H), 3258 (N-H) 1570 (C=N). LRMS m/z (ES): 280 (100%), [M + H]+. Anal. Calculated for C17H14FN3: C, 73.10; H, 5.05; N, 15.04. Found: C, 72.80; H, 4.83; N, 14.88. 

6-(3-o-tolyl-4,5-dihydro-1H-pyrazol-5-yl)-1H-indole 182


Rf = 0.1. White solid, M.P: 133 oC  .1H NMR (DMSO 400 MHz): δ 11.05 (bs, 1H, NH), 7.62 (d, 1 Ar-H, J = 4.0 Hz), 7.60 (d, 1 Ar-H, J = 5.5 Hz), 7.58 (s, 1H, N-NH), 7.51 (d, 1 Ar-H, J = 2.5 Hz) 7.37 (d, 1 Ar-H, J = 2.0 Hz), 7.35 (d, 1 Ar-H, J = 2.0 Hz) 7.32 (t, 1 Ar-H, J = 5.0 Hz) 7.30 (d, 1 Ar-H, J = 2.5 Hz), 7.25 (t, 1 Ar-H, J = 3.0 and 2.5 Hz), 6.5 (s, 1 Ar-H),  4.82 (t, 1H, J = 10.0 Hz, CH), 3.66 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.67 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.25 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 148.8  , 138.0 , 136.5 , 136.4 , 133.8 , 129.0 , 128.8 , 127.3 , 126.3 , 125.8 , 123.0 , 120.3 , 118.3 , 109.4 , 101.3 , 64.5 , 41.4 , 21.5. υ max (ATR) cm-1 3348 (Ar-N-H), 3339 (N-H), 1569 (C=N). LRMS m/z (ES):  276 (100%), [M + H]+. Anal. Calculated for C18H17N3: C, 78.52; H, 6.22; N, 15.26. Found: C, 78.24; H, 5.98; N, 15.05.

6-(3-m-tolyl-4,5-dihydro-1H-pyrazol-5-yl)-1H-indole 183


Rf = 0.1. White solid, M.P: 127 oC  .1H NMR (DMSO 400 MHz): δ 11.03 (bs, 1H, NH), 7.60 (d, 1 Ar-H, J = 3.5 Hz), 7.50 (d, 1 Ar-H, J = 4.5 Hz), 7.44 (t, 1 Ar-H, J = 2.0 Hz), 7.41, (s, 1H, N-NH), 7.31 (d, 1 Ar-H, J = 3.0 Hz) 7.28 (d, 1 Ar-H, J = 3.0 Hz), 7.20 (s, 1 Ar-H), 7.18 (d, 1 Ar-H, J = 2.0 Hz) 7.13 (d, 1 Ar-H, J = 2.5 Hz),  6.48 (s, 1 Ar-H),  4.81 (t, 1H, J = 10.0 Hz, CH), 3.52 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.97 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.26 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 149.8  , 136.4 , 136.4 , 136.3 , 132.7 , 131.6 , 128.5 , 127.7 , 127.3 , 126.2 , 125.7 , 120.3 , 118.5 , 109.5 , 101.3 , 64.0 , 43.8 , 23.3. υ max (ATR) cm-1 3386 (Ar-N-H), 3204 (N-H), 1455 (C=N). LRMS m/z (ES): 276 (100%), [M + H]+. Anal. Calculated for C18H17N3: C, 78.52; H, 6.22; N, 15.26. Found: C, 78.49; H, 6.27; N, 15.10. 
6-(3-(naphthalene-1-yl)-4,5-dihydro-1H-pyrazol-5-yl)-1H-indole 184


Rf = 0.1. White solid, M.P: 162-163 oC  .1H NMR (DMSO 400 MHz): δ 11.03 (bs, 1H, NH), 9.41 (d, 1 Ar-H, J = 4.0 Hz) 7.99 (d, 1 Ar-H, J = 6.0 Hz), 7.87 (d, 1 Ar-H, J = 3.5 Hz), 7.85 (d, 1 Ar-H, J = 2.0 Hz), 7.63 (t, 1 Ar-H, J = 2.5 Hz), 7.61 (t, 1 Ar-H, J = 6.5 Hz), 7.59 (d, 1 Ar-H, J = 4.0 Hz), 7.57 (d, 1 Ar-H, J = 3.5 Hz), 7.54 (d, 1 Ar-H, J = 2.0 Hz),  7.49 (s, 1H, N-NH), 7.31 (t, 1 Ar-H, J = 5.0 Hz), 7.09 (d, 1 Ar-H, J = 2.0 Hz), 6.42 (s, 1 Ar-H), 4.98 (t, 1H, J = 10.5 Hz), 3.65 (dd, 1H, J = 16.5, 9.9 Hz), 3.21 (dd, 1H, J = 16.0 and 10.5 Hz), 2.25 (s, 3H). 13C NMR (DMSO 100 MHz): δ 149.5  , 136.4 , 136.3 , 134.1 , 130.5 , 130.1 , 128.9 , 128.9 , 127.6 , 127.3 , 127.1 , 126.3 , 125.8 , 120.4 , 109.6 , 101.3 , 63.7 , 44.0. υ max (ATR) cm-1 3352 (Ar-N-H), 3270 (N-H), 1567 (C=N). LRMS m/z (ES): 312 (100%), [M + H]+. Anal. Calculated for C21H17N3: C, 81.00; H, 5.50; N, 13.49. Found: C, 80.82; H, 5.27; N, 13.58. 

3-(furan-2-yl)-5-(4-(pyrrolidin-1-yl)phenyl)-4,5-dihydro-1H-pyrazole 185a


Rf = 0.1. White solid, M.P: 208 oC  .1H NMR (DMSO 400 MHz): δ 7.7 (dd, 1 Ar-H, J = 2.0 Hz), 7.41 (d, 1 Ar-H, J = 2.5 Hz), 7.13 (d, 2 Ar-H, J = 8.5 Hz), 6.61 (dd, 1 Ar-H, J = 3.3and 2.0 Hz), 6.60 (d 2 Ar-H, J = 8.5 Hz), 6.49 (d, 1H J = 3.5 Hz, NH), 4.70 (td, 1H, J = 10.5 and 2.5 Hz, CH), 3.21-3.29 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 3.17 (t, 4H, J = 6.5 Hz, CH2), 2.6-2.7 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 1.9 (m, 4H, CH2). 13C NMR (DMSO 100 MHz): δ 25.3 , 41.1 , 47.8 , 63.6 , 109.1 , 111.9 , 112.0 , 127.7 , 129.1 , 141.1 , 143.6 , 147.6 , 149.1 . υ max (ATR) cm-1 3275 (N-H), 1597 (C=N).  LRMS m/z (ES):  282 (100%), [M + H]+. Anal. Calculated for C17H19N3O: C,  72.57; H, 6.81; N, 14.94;. Found: C, 72.28; H, 6.76; N, 14.80. 

3-(5-methylfuran-2-yl)-5-(4-(pyrrolidin-1-yl)phenyl)-4,5-dihydro-1H-pyrazole 185b


Rf = 0.3. White solid, M.P: 201 oC  .1H NMR (DMSO 400 MHz): δ 7.29 (d, 1 Ar-H, J = 2.0 Hz), 7.12 (d, 2 Ar-H, J = 6.5 Hz), 6.51 (d, 2 Ar-H, J = 8.0 Hz), 6.50 (d, 1 Ar-H, J = 3.5 Hz), 6.18 (d, 1H, J = 8.0 Hz, NH), 4.62 (td, 1H, J = 10.5 and 2.5 Hz, CH), 3.19-3.17 (dd, 1H), J = 16.5 and 10.0 Hz, CH2), 3.39 (m, 4H, CH2), 3.39 (dd, 1H, J = 16.5 and 10.5 Hz, CH2), 1.90 (m, 4H, CH2). 13C NMR (DMSO 100 MHz): δ 152.7, 147.5, 141.3, 129. , 127.6, 111.9, 111.7, 110.4, 108.1, 63.4, 47.8, 41.0, 25.3, 13.8. υ max (ATR) cm-1 3340 (N-H), 1524 (C=N).  LRMS m/z (ES):  296 (100%), [M + H]+. 

5-(4-(pyrrolidin-1-yl)phenyl)-3-(thiophen-2-yl)-4,5-dihydro-1H-pyrazole 185c


Rf = 0.3. White solid, M.P: 204 oC. 1H NMR (DMSO 400 MHz): δ 7.48 (dd, 1 Ar-H, J = 5.0 and 2.0 Hz), 7.33 (d, 1H, J = 3.0 Hz, NH), 7.15 (d, 2 Ar-H, J = 8.5 Hz), 7.13 (dd, 1 Ar-H, J = 3.5 and 2.0 Hz), 7.06 (dd, 1 Ar-H,  J = 5.0 and 3.5 Hz), 6.50 (d, 2 Ar-H, J = 8.5 Hz), 4.72 (td, 1H, J = 10.5 and 3.0 Hz, CH), 3.37-3.29 (dd, 1H, J = 12.0 and 10.5 Hz, CH2), 3.19 (t, 4H, J = 6.6 Hz, CH2), 2.80 (dd, 1H, J = 16.1,10.6 Hz, CH2), 1.9 (m, 4H, CH2). 13C NMR (DMSO 100 MHz): δ 25.3 , 41.8 , 47.8 , 64.1 , 111.9 , 126.3 , 126.5 , 127.7 , 127.9 , 129.2 , 137.7 , 145.3 , 147.6 . υ max (ATR) cm-1 3329 (N-H), 1539 (C=N). LRMS m/z (ES): 298 (100%), [M + H]+. Anal. Calculated for C17H19N3S:  C, 68.65; H, 6.44; N, 14.13; S, 10.78. Found: C, 68.70; H, 6.3; N, 14.16; S, 10.58. 

4-(4-(3-(furan-2-yl)-4,5-dihydro-1H-pyrazol-5-yl)phenyl)morpholine 186a


Rf = 0.3. Pale yellow solid, M.P: 186 oC. 1H NMR (DMSO 400MHz): δ 7.71 (d, 2 Ar-H, J = 2.0 Hz), 7.47 (d, 2 Ar-H, J = 3.0 Hz), 7.21 (d, 1H, J = 8.5 Hz, NH), 6.91 (d, 1 Ar-H , J = 8.5 Hz), 6.62-6.54 (dd, 1 Ar-H, J = 4.5 Hz) 6.51 (t ,1 Ar-H, J = 4.0 Hz), 4.71 (td, 1H, J = 10.5 and 3.0 Hz CH), 3.73 (t, 4H, J = 4.0 Hz, CH2), 3.28 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 3.07 (t, 4H, J = 2.0 Hz, CH2), 2.75 (dd, 1H, J = 16.0 and 10.5 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 41.0 , 49.0 , 63.3 , 66.5 , 109.2 , 112.0 , 115.5 , 127.6 , 129.2 , 133.5 , 141.1 , 149.0 , 150.8. υ max (ATR) cm-1 3480 (N-H), 1596 (C=N). LRMS m/z (ES): 298 (100%), [M + H]+.Anal. Calculated for C17H19N3O2: C, 68.67; H, 6.44; N, 14.13. Found: C, 68.64; H, 6.33; N, 14.14.
 

4-(4-(3-(5-methylfuran-2-yl)-4,5-dihydro-1H-pyrazol-5-yl)phenyl)morpholine 186b


Rf = 0.3. Pale yellow solid, M.P: 197 oC. 1H NMR (DMSO 400 MHz): δ 7.36 (s, 1H, NH), 7.19 (d, 2 Ar-H, J = 8.5 Hz), 6.91 (d, 2 Ar-H, J = 9.0 Hz), 6.47 (d, 1 Ar-H, J = 3.0 Hz), 6.61 (dd, 1 Ar-H, J = 3.0 and 2.0 Hz), 4.68 (t, 1H, J = 10.5 Hz, CH), 3.76 (t, 4H, J = 2.0 Hz, CH2), 3.23 (dd, 1H, J = 16.0, 10.5 Hz, CH2), 3.12 (t, 4H, J = 2.0 Hz, CH2), 2.7 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.30 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 13.8 , 41.0 , 49.0 , 63.1 , 66.5 , 108.1 , 110.6 , 115.5 , 127.6 , 133.6 , 141.2 , 147.5 , 150.8 , 152.7 . υ max (ATR) cm-1 3240 (N-H), 1510 (C=N). LRMS m/z (ES):  312 (100%), [M + H]+. Anal. Calculated for C18H21N3O2: C, 69.43; H, 6.80; N, 13.49. Found: C, 69.16; H, 6.80; N, 13.25. 

4-(4-(3-(thiophen-2-yl)-4,5-dihydro-1H-pyrazol-5-yl)phenyl)morpholine 186c


Rf = 0.3. Pale yellow solid, M.P: 192 oC. 1H NMR (DMSO 400 MHz): δ 7.49 (dd, 1 Ar-H, J = 5.0 and 2.5 Hz), 7.41 (d, 1 Ar-H, J = 3.0 Hz), 7.22 (d, 2 Ar-H, J = 8.5 Hz), 7.14 (dd, 1 Ar-H, J = 3.5 and 2.0 Hz), 7.06 (t, 1 Ar-H, J = 3.5 Hz), 6.92 (d, 2 Ar-H, J = 9.0 Hz), 4.75 (t, d 1H, J = 10.5 and 3.0 Hz, CH), 3.37 (t, 4H, J = 2.0 Hz, CH2), 3.37 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 3.07 (t, 4H, J = 3.0 Hz, CH2), 2.88 (dd, 1H, J = 16.0 and 10.5 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 41.7 , 49.0 , 63.8 , 66.5 , 115.5 , 126.4 , 126.6 , 127.7 , 127.9 , 133.6 , 137.6 , 145.3 , 150.8 . υ max (ATR) cm-1 3243 (N-H), 1498 (C=N). LRMS m/z (ES): 314 (100%), [M + H]+. Anal. Calculated for C17H19N3OS: C, 65.15; H, 6.11; N, 13.41; S, 10.23. Found: C, 65.03; H, 5.91; N, 13.35; S, 9.96. 

4-(4-(3-(4-methylthiophen-2-yl)-4,5-dihydro-1H-pyrazol-5-yl)phenyl)morpholine 186d


Rf = 0.3. Pale yellow solid, M.P: 204 oC. 1H NMR (DMSO 400 MHz): δ 7.37 (s, 1 Ar-H), 7.21 (d, 2 Ar-H, J = 8.5 Hz), 7.06 (s, 1H, NH), 6.96 (s, 1 Ar-H), 6.92 (d, 2 Ar-H, J = 8.5 Hz), 4.73 (td, 1H, J = 10.0 and 3.0 Hz, CH), 3.73, (t, 4H, J = 4.5 Hz, CH2), 3.33 (dd, 1H, J = 13.0 and 10.5 Hz, CH2), 3.07 (t, 4H, J = 2.0 Hz, CH2), 2.79 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.18 (s, 3H, CH3). 13C NMR (DMSO 100 MHz): δ 15.8 , 41.6 , 49.0 , 63.8 , 66.5 , 115.5 , 121.7 , 127.6 , 128.6 , 133.6 , 137.3 , 137.73 , 145.3 , 150.8 . υ max (ATR) cm-1 3476 (N-H), 1492 (C=N). LRMS m/z (ES): 328 (100%), [M + H]+. Anal. Calculated for C18H21N3OS: C, 66.02; H, 6.46; N, 12.83; S, 9.79. Found: C, 65.80; H, 6.55; N, 13.02; S, 9.79. 

1-(4-(3-(furan-2-yl)-4,5-dihydro-1H-pyrazol-5-yl)phenyl)-1H-pyrazole 187a


Rf = 0.3. White solid, M.P. 136 oC. 1H NMR (DMSO 400 MHz): δ 8.49 (d 2 Ar-H, J = 2.2 Hz), 7.79-7.85 (m, 2 Ar-H), 7.70-7.76 (m, 1 Ar-H), 7.65 (d, 2H, J = 3.0 Hz, NH), 7.4-7.52 (m, 1 Ar-H), 6.64 (d, 1 Ar-H, J = 3.0 Hz), 6.57 (dd, 1 Ar-H, J = 3.5 and 2.0 Hz), 6.54 (dd, 1 Ar-H, J = 2.5 and 2.0 Hz), 4.86 (td, 1H, J = 10.5 and 3.0 Hz, CH), 3.39 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.82 (dd, 1H, J = 16.0 and 16.5 Hz, CH2). 13C NMR (DMSO 100 MHz): δ 41.1 , 63.1 , 108.2 , 109.5 , 112.1 , 118.5 , 118.8 , 128.1 , 128.1 , 139.2 , 140.9 , 141.3 , 143.8 , 148.8. υ max (ATR) cm-1 3253 (N-H), 1498 (C=N). LRMS m/z (ES):  279 (100%), [M + H]+. Anal. Calculated for C16H14N4O: C, 69.05; H, 5.07; N, 20.13. Found: C, 68.79; H, 4.89; N, 20.11. 

1-(4-(3-(5-methylfuran-2-yl)-4,5-dihydro-1H-pyrazol-5-yl)phenyl)-1H-pyrazole 187b


Rf = 0.3. White solid, M.P: 172-178 oC. 1H NMR (DMSO 400 MHz): δ 8.49 (d, 1 Ar-H, J = 2.5 Hz), 7.85-7.47 (m, 5 Ar-H), 7.73 (d, 1H, NH), , 6.58-6.44 (m 2 Ar-H), 6.17 (dd, 1 Ar-H, J = 3.0 and 2.0 Hz), 4.73-4.88 (m, 1H, CH), 3.31-3.39 (dd, 1H, J = 16.0 and 11.0 Hz, CH2), 2.77 (dd, 1H, J = 16.0 and 10.5 Hz, CH2), 2.3 (s, 3H, CH3).13C NMR (DMSO 100 MHz): δ 13.8 , 41.1 , 63.0 , 108.2 , 110.8 , 118.5 , 118.8 , 128.1 , 128.8 , 139.2 , 141.0 , 141.31 , 141.4 , 147.3 , 152.9. υ max (ATR) cm-1 3482 (N-H), 1522 (C=N). LRMS m/z (ES): 293 (100%), [M + H]+. Anal. Calculated for C17H16N4O: C, 69.85; H, 5.52; N, 19.17. Found: C, 69.82; H, 5.54; N, 19.42. 

[bookmark: _Toc436731023]7.25 Preparation of Pyrazols 188-191




A mixture of 1.0 mmol chalcone 169-172 and 96 mg, 3.0 mmol hydrazine monohydrate in  15 mL methanol was refluxed for 10 minutes. The solution was then cool at room temperature and quenched in ice-cold water with vigorous stirring. The product was precipitated out, filtered and washed with water several times to obtain the pure product with 95-97 % yield as a white powder without further purification.

7-methyl-3-(3-phenyl-4,5-dihydro-1H-pyrazol-5-yl)quinolin-2-(1H)-one 188


Pale yellow solid, M.P: 128 oC. 1H NMR (DMSO 400 MHz): δ 11.91 (bs, 1H, Ar-NH), 7.87 (d, 2 Ar-H,  J =  4.5 Hz), 7.56 (d, 2 Ar-H, J = 6.5Hz), 7.49-7.31 (m, 4 Ar-H), 7.12 (s, 1H, N-NH), 7.03, (d, 1 Ar-H, J = 5.0 Hz), 4.91-4.83 (m, 1H, CH), 3.52-3.49 (dd, 1H, J = 14.5 and 11.0 Hz, CH2), 2.87 (dd, 1H, J = 16.5 and 10.5 Hz, CH2),  2.34 (s, 3H, CH3).13C NMR (DMSO 100 MHz): δ 162.1 , 149.3 , 140.2 , 138.5 , 134.4 , 133.7 , 133.3 , 128.9 , 128.5 , 128.1 , 125.8 , 123.7 , 117.3 , 115.0 , 58.7 , 38.9 , 21.8. υ max (ATR) cm-1 3234 (Ar-N-H), 3221 (N-H),  1567 (C=N). HRMS m/z % (ES): found  304.1457 requires for (C19H18N3O [M + H]+) 304.1450.

7-methyl-3-(3-o-tolyl-4,5-dihydro-1H-pyrazol-5-yl)quinolin-2-(1H)-one 189


Pale yellow solid, M.P: 131 oC. 1H NMR (DMSO 400 MHz): δ 11.90 (bs, 1H, Ar-NH), 7.97 (s, 1Ar-H),   7.59 (d, 1 Ar-H, J = 4.5 Hz), 7.53 (t, 1 Ar-H, J = 2.5 Hz), 7.41 (t, 1 Ar-H, J = 6.5 Hz) 7.29 (s, 1H, NH), 7.27 (d, 1 Ar-H, J = 3.0 Hz), 7.22 (d, 1 Ar-H, J = 5.0 Hz) 7.12 (s, 1 Ar-H), 7.10 (d, 1 Ar-H, J = 3.5 Hz), 4.85-4.83 (m, 1H, CH), 3.53-3.49 (dd, 1H, J = 14.5 and 11.5 Hz, CH2), 2.79 (dd, 1H, J = 16.5 and 10.5 Hz, CH2), 2.49 (s, 3H, CH3), 2.3 (s, 3H, CH3).13C NMR (DMSO 100 MHz): δ 162.6 , 139.7 , 133.9 , 133.1 , 132.8 , 129.8 , 129.0 , 128.4 , 128.0 , 127.6 , 127.1 , 125.3 , 123.2 , 116.8 , 114.6 , 114.5 , 97.3 , 58.2 , 38.4 , 21.3. υ max (ATR) cm-1 3303 (Ar-N-H), 3267 (N-H), 1559 (C=N). HRMS m/z % (ES): found 318.1608 requires for (C20H19N3O [M + H]+) 318.1606.

7-methyl-3-(3-m-tolyl-4,5-dihydro-1H-pyrazol-5-yl)quinolin-2-(1H)-one 190


Pale yellow solid, M.P: 126-127 oC. 1H NMR (DMSO 400 MHz): δ 11.91 (bs, 1H, Ar-NH), 7.87 (s, 1 Ar-H), 7.59 (d, 1 Ar-H, J = 4.0 Hz), 7.49 (s, 1 Ar-H), 7.48 (d, 1 Ar-H, J = 4.5 Hz), 7.45 (s, 1H, NH), 7.29 (t, 1 Ar-H, J = 5.0 Hz), 7.18 (d, 1 Ar-H, J = 3.5 Hz) 7.15 (s, 1 Ar-H), 7.09 (d, 1 Ar-H, J = 3.5 Hz), 4.89-4.87 (m, 1H, CH), 3.49-3.47 (dd, 1H, J = 14.5 and 12.0 Hz, CH2), 2.81 (dd, 1H, J = 16.5 and 10.5 Hz, CH2), 2.49 (s, 3H, CH3), 2.30 (s, 3H, CH3).13C NMR (DMSO 100 MHz): δ 162.1 , 149.5 , 140.2 , 138.5 , 138.0 , 134.4 , 133.6 , 133.3 , 129.2 , 128.8 , 128.1 , 126.5 , 123.7 , 123.1 , 117.3 , 115.0 , 58.7 , 38.9 , 21.8 , 21.4. υ max (ATR) cm-1 3227 (Ar-N-H), 3109 (N-H),  1567 (C=N). HRMS m/z % (ES): found 318.1604 requires for (C20H19N3O [M + H]+) 318.1606.

7-methyl-3-(3-p-tolyl-4,5-dihydro-1H-pyrazol-5-yl)quinolin-2-(1H)-one 191


Pale yellow solid, M.P: 129 oC. 1H NMR (DMSO 400 MHz): δ 11.89 (bs, 1H, Ar-NH), 7.90 (s, 1 Ar-H), 7.59 (d, 1 Ar-H, J = 4.0 Hz), 7.51 (d, 2 Ar-H, J = 4.0 Hz), 7.38 (s, 1H, NH), 7.24 (d, 2 Ar-H, J = 4.5 Hz), 7.12 (s, 1 Ar-H), 7.10 (d, 1 Ar-H, J = 2.5 Hz), 4.90-4.84 (m, 1H, CH), 3.50-3.42 (dd, 1H, J = 15.0 and 11.5 Hz, CH2), 2.80 (dd, 1H, J = 16.5 and 10.0 Hz, CH2), 2.39 (s, 3H, CH3), 2.30 (s, 3H, CH3).13C NMR (DMSO 100 MHz): δ 162.1 , 140.2 , 138.5 , 138.0 , 134.4 , 133.3 , 130.9 , 129.5 , 128.1 , 127.7 , 125.9 , 123.7 , 117.3 , 115.0 , 58.6 , 39.0 , 21.8 , 21.3. υ max (ATR) cm-1 3231 (Ar-N-H), 3219 (N-H), 1568 (C=N). HRMS m/z % (ES): found 318.1614 requires for (C20H19N3O [M + H]+) 318.1606.

[bookmark: _Toc436731024]7.26 Synthesis of 4-formylphenyl 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluorooctane-1-sulfonate 193210



A solution of 0.50 g, 1.0 mmol perfluoro-1-octane sulfonyl fluoride and 0.20 g, 1.5 mmol K2CO3 was dissolved in 10 mL DMF and stirred for 20 minutes at room temperature. 4-hydroxy benzaldehyde (0.12g, 1.0 mmol) was then added to the mixture and refluxed at 70 oC for 12 hours. After consuming the starting materials (TLC monitoring), the mixture was left at room temperatue for 15 minutes and then filtered. The solid material was washed with 50 mL ethyl acetate. The filtrate was then extracted between ethyl acetate and water three times. The organic layer was separated, washed with brine and dried with anhydrous Na2SO4. The pure product was obtained with 67 % yield after using column chromatography (ethyl acetate/petroleum ether 1:9). Rf = 0.8. White solid. 1H NMR (CDCl3 400 MHz): δ 10.10 (s, 1H, CHO), 8.02 (d, 2 Ar-H, J = 8.0 Hz), 7.51 (d, 2 Ar-H, J = 8.0 Hz).13C NMR (CDCL3 100 MHz): δ 190.0, 153.4, 135.8, 131.6, 122.2.
 
[bookmark: _Toc436731025]7.27 Synthesis of ethyl 2-formamidoacetate 196 and ethyl 2-(5-oxopyrrolidine-2-carboxamido)acetate 197



In the case of compound 196, a mixture of 13.9 mg, 1 mmol glycine ethyl ester hydrochloride and 12.9 mg, 0.1 mmol L-pyroglutamic acid was dissolved in 10 mL dimethyl formamide and stirred for 10 minutes. 52 mg, 0.1 mmol PyBOP and 90.4 mg, 0.7 mmol N,N-diisopropylethyl amine were then added to the mixture with vigorous stirring and refluxed for 24 hours at 80 oC. The progress of the reaction was monitored by TLC. The mixture was then concentrated and washed with 2 M HCl and extracted with DCM (3 × 20 mL). The organic layer was separated and dried using anhydrous MgSO4. The crude product was then obtained and purified using column chromatography eluted by 1:2 petroleum ether and ethyl acetate. The pure product was obtained in 81 % yield as a brown oil.
In the case of compound 197, a mixture of 13.9 mg, 0.1 mmol glycine ethyl ester hydrochloride and 12.9 mg, 0.1 mmol L-pyroglutamic acid were dissolved in 5 mL pyridine, 52 mg, 0.1 mmol PyBOP was then added and the mixture was irradiated for 10 minutes at 60 oC. The mixture was then concentrated and washed with 2 M HCl and extracted with DCM (3 × 20 mL). The organic layer was separated and dried using anhydrous MgSO4. The crude product was purified using column chromatography eluted by 1:2 petroleum ether and ethyl acetate. The pure product was obtained in 41 % yield as a colourless oil.

Ethyl 2-formamidoacetate 196


Rf = 0.3. 1H NMR (CDCl3 400 MHz): δ 8.32 (s, 1H, CHO), 6.18 (bs, 1H, NH), 4.29 (q, 2H, J = 3.5, 4.0 and 3.5 Hz, CH2), 4.15 (d, 2H, J = 6.0 Hz, CH2), 1.31 (t, 3H, J = 2.0 and 3.5 Hz, CH3).  13C NMR (CDCL3 100 MHz): δ 469.5, 161.1, 61.7, 39.9, 14.1. υ max (ATR) cm-1 3339 (CON-H),1747 (CH2C=O), 1668 (NHC=O), 3384 (N-H). LRMS m/z (ES):  132 (100%), [M+ H]+. 
Ethyl 2-(5-oxopyrrolidine-2-carboxamido)acetate 197


Rf = 0.2. Colourless oil, 1H NMR (DMSO 400 MHz): δ 7.92 (bs, 1H, CONH), 7.03 (bs, 1H, CONHCH2 4.26 (q, 2H, J = 3.5, 2.0 and 3.0 Hz, CH2), 4.15 (d 2H, J = 3.5 Hz, CH2), 2.38-1.9 (m, 4H, CH2), 2.11 (s, 1H, NH), 1.29 (t, 3H, J = 3.5 and 2.0 Hz, CH3). 13C NMR (DMSO 100 MHz): δ 177.4, 174.7, 167.9, 61.9, 55.2, 40.6, 29.5, 25.0, 14.4. υ max (ATR) cm-1 , 3341 (Lactam N-H), 3317 (CH2N-H), 1711 (lactam C=O), 1697 ( NH-C=O), 1653 (CH2C=O). LRMS m/z (ES):  215 (100%), [M + H]+.

[bookmark: _Toc436731026]7.28 SMB screening methodology
The synthesised chalcones and their derevetives were screened for inhibiton of PrPsc formation in SMB cells of mesodermal origin as described168,169,211-214. This procedure was carried out by Jennifer Louth and is based on the protocol reported by Rudyk and his workers.215 A persistently infected mouse cell line (SMB) cloned originally from scrapie infected mouse brain of non-neuronal origin was used in this method.163 The cells were allowed to grow in tissue culture-treated flasks in medium 199 supplemented with 10 % newborn calf serum (heat inactivated), 5 % fetal calf serum (heat inactivated) and 1 % penicillin-streptomycin at 37 oC in an atmosphere of 5 % carbon dioxide in air at 95 % relative humidity. Every three or four days the medium was changed and the confluent cells were passaged every seven days using 0.05 % trypsin and 0.002 % EDTA. Stocks were maintained at a density of 1,000,000 cells per flask by seeding the cells into T75 flasks. 
In order to evaluate the affect of the synthesised compounds, cells were seeded at a density of 10,00 cells/well using 96 well plates and incubated for 24 hours to allow for cell attachment. The compounds were prepared at 200 times the required concentration in dimethyl sulfoxide as stock solutions and then transferred, at a 10 fold dilution, into Hanks balanced salt solution which was then transferred at a 20 times dilution into cell medium. For five days, the cells were incubated with the medium containing compound. After this period, the viability of the cells were assessed using the MTT assay. To each cell, 5 µl of MTT solution at 5 mg/mL was added in order to give a final concentration of 0.5 mg/mL MTT. The MTT-containing medium was removed after incubation for two hours and the purple formazan product solubilized using acidic isopropanol. A plate reader was used to measure the absorbance and the results presented as a percentage of the untreated control. If the number of viable cells was less than 70 % of the untreated control the compounds were then classified as toxic. 
For dot blot analysis, cells were lysed using Radioimmunoprecipitation buffer (50 mM Tris HCl, 150 mM NaCl, 1 % Triton-X, 1 % sodium deoxycholate, 0.1 % SDS, pH8) and the contents of the well were loaded onto a nitrocellulose membrane under gentle vacuum at a total cellular protein concentration of about 30-40 µg/well. The concentration of the protein was determined using a Bradford assay. 250 µl of the Bradford reagent was added to 5µl lysate and then measured using a plate reader. The protein concentration was determined using a BSA calibration curve. The membrane was air dried and subjected to digestion with 150 µg proteinase K for one hour at 37 oC. Using 1 nM phenylmethylsulfonyl fluoride (PMSF) the reaction was stopped and the membrane was washed with TBS-T (20 mM Tris- HCl buffered saline with 0.1 % Tween 20). This was followed by membrane exposure to 1.8 M guanidine thiocyanate before being blocked with 5% fat-free milk powder in PBS. After that, the membrane was probed with the anti-PrP antibody 8H4 at a concentration of 0.2 µg/ml, and the horseradish peroxidase -linked secondary antibody at a 1:4,000 dilution. Finally, the membrane was developed using enhanced chemiluminescence solutions and visualised using a Bio-Rad ChemiDoc imaging system.
Each single experiment was carried out in triplicate and an average value for PrPsc  calculated, relative to the untreated control (DMSO only), together with a standard deviation. Curcumin was employed as the positive control and effected essentially complete clearance of PrPsc at 10 µM. The tested compounds were initially screened at 1, 10 and 20 µM and were considered  to be active if PrPsc levels were reduced to less than 70 % of that of the untreated control after five days exposure. Compounds showing activity were rescreened over a range of concentrations to determine an EC50 value and such experiments being repeated twice (in triplicate) to validate the obtained results.
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Table 1.  Crystal data and structure refinement for hm504_0m.
Identification code 	hm504_0m
Empirical formula 	C12 H12 N2 O2
Formula weight 	216.24
Temperature 	296(2) K
Wavelength 	0.71073 Å
Crystal system 	Triclinic
Space group 	P-1
Unit cell dimensions	a = 5.3499(4) Å	a= 74.423(3)°.
	b = 9.6468(6) Å	b= 87.226(3)°.
	c = 10.7383(7) Å	g = 81.464(3)°.
Volume	527.91(6) Å3
Z	2
Density (calculated)	1.360 Mg/m3
Absorption coefficient	0.095 mm-1
F(000)	228
Crystal size	0.300 x 0.300 x 0.280 mm3
Theta range for data collection	1.969 to 27.831°.
Index ranges	-7<=h<=6, -11<=k<=12, -11<=l<=14
Reflections collected	4202
Independent reflections	2470 [R(int) = 0.0134]
Completeness to theta = 25.000°	99.6 % 
Absorption correction	Semi-empirical from equivalents
Max. and min. transmission	0.93 and 0.87
Refinement method	Full-matrix least-squares on F2
Data / restraints / parameters	2470 / 0 / 146
Goodness-of-fit on F2	1.012
Final R indices [I>2sigma(I)]	R1 = 0.0364, wR2 = 0.0960
R indices (all data)	R1 = 0.0423, wR2 = 0.1015
Extinction coefficient	n/a
Largest diff. peak and hole	0.313 and -0.200 e.Å-3

Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103)
for hm504_0m.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor.
________________________________________________________________________________ 
	x	y	z	U(eq)
________________________________________________________________________________  
O(1)	2584(2)	1089(1)	5710(1)	20(1)
O(2)	10357(2)	4900(1)	7135(1)	29(1)
N(1)	3864(2)	-1064(1)	8454(1)	16(1)
N(2)	6262(2)	-1620(1)	8839(1)	16(1)
C(1)	4157(2)	-3379(1)	8532(1)	23(1)
C(2)	2561(2)	-2086(1)	8265(1)	22(1)
C(3)	2895(2)	461(1)	8369(1)	18(1)
C(4)	4445(2)	1510(1)	7478(1)	17(1)
C(5)	4215(2)	1820(1)	6124(1)	17(1)
C(6)	2175(2)	1438(1)	4339(1)	22(1)
C(7)	9139(2)	3961(1)	7726(1)	24(1)
C(8)	7468(2)	3227(1)	7153(1)	19(1)
C(9)	6062(2)	2222(1)	7968(1)	18(1)
C(10)	5608(2)	2821(1)	5298(1)	19(1)
C(11)	7216(2)	3516(1)	5814(1)	20(1)
C(12)	6423(2)	-3030(1)	8884(1)	19(1)
[bookmark: _GoBack]________________________________________________________________________________ 
Table 3.   Bond lengths [Å] and angles [°] for  hm504_0m.
_____________________________________________________ 
O(1)-C(5) 	1.3587(14)
O(1)-C(6) 	1.4402(13)
O(2)-C(7) 	1.2137(16)
N(1)-C(2) 	1.3514(15)
N(1)-N(2) 	1.3535(13)
N(1)-C(3) 	1.4652(14)
N(2)-C(12) 	1.3383(15)
C(1)-C(2) 	1.3719(18)
C(1)-C(12) 	1.3996(17)
C(1)-H(1) 	0.9300
C(2)-H(8) 	0.9300
C(3)-C(4) 	1.5099(15)
C(3)-H(10) 	0.9700
C(3)-H(11) 	0.9700
C(4)-C(9) 	1.3828(16)
C(4)-C(5) 	1.4106(15)
C(5)-C(10) 	1.4019(16)
C(6)-H(2) 	0.9600
C(6)-H(4) 	0.9600
C(6)-H(5) 	0.9600
C(7)-C(8) 	1.4679(17)
C(7)-H(12) 	0.9300
C(8)-C(11) 	1.3978(16)
C(8)-C(9) 	1.4029(16)
C(9)-H(3) 	0.9300
C(10)-C(11) 	1.3831(17)
C(10)-H(7) 	0.9300
C(11)-H(6) 	0.9300
C(12)-H(9) 	0.9300

C(5)-O(1)-C(6)	117.17(9)
C(2)-N(1)-N(2)	112.09(10)
C(2)-N(1)-C(3)	127.12(10)
N(2)-N(1)-C(3)	120.64(9)
C(12)-N(2)-N(1)	104.11(9)
C(2)-C(1)-C(12)	104.29(10)
C(2)-C(1)-H(1)	127.9
C(12)-C(1)-H(1)	127.9
N(1)-C(2)-C(1)	107.40(11)
N(1)-C(2)-H(8)	126.3
C(1)-C(2)-H(8)	126.3
N(1)-C(3)-C(4)	113.05(9)
N(1)-C(3)-H(10)	109.0
C(4)-C(3)-H(10)	109.0
N(1)-C(3)-H(11)	109.0
C(4)-C(3)-H(11)	109.0
H(10)-C(3)-H(11)	107.8
C(9)-C(4)-C(5)	118.46(10)
C(9)-C(4)-C(3)	120.86(10)
C(5)-C(4)-C(3)	120.65(10)
O(1)-C(5)-C(10)	124.04(10)
O(1)-C(5)-C(4)	115.34(10)
C(10)-C(5)-C(4)	120.62(11)
O(1)-C(6)-H(2)	109.5
O(1)-C(6)-H(4)	109.5
H(2)-C(6)-H(4)	109.5
O(1)-C(6)-H(5)	109.5
H(2)-C(6)-H(5)	109.5
H(4)-C(6)-H(5)	109.5
O(2)-C(7)-C(8)	125.82(12)
O(2)-C(7)-H(12)	117.1
C(8)-C(7)-H(12)	117.1
C(11)-C(8)-C(9)	119.05(11)
C(11)-C(8)-C(7)	121.69(11)
C(9)-C(8)-C(7)	119.26(11)
C(4)-C(9)-C(8)	121.56(10)
C(4)-C(9)-H(3)	119.2
C(8)-C(9)-H(3)	119.2
C(11)-C(10)-C(5)	119.69(10)
C(11)-C(10)-H(7)	120.2
C(5)-C(10)-H(7)	120.2
C(10)-C(11)-C(8)	120.62(11)
C(10)-C(11)-H(6)	119.7
C(8)-C(11)-H(6)	119.7
N(2)-C(12)-C(1)	112.10(11)
N(2)-C(12)-H(9)	123.9
C(1)-C(12)-H(9)	123.9
_____________________________________________________________ 
Symmetry transformations used to generate equivalent atoms: 
 

Table 4.   Anisotropic displacement parameters  (Å2x 103) for hm504_0m.  The anisotropic
displacement factor exponent takes the form:  -2p2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]
______________________________________________________________________________ 
	U11	U22 	U33	U23	U13	U12
______________________________________________________________________________ 
O(1)	23(1) 	21(1)	14(1) 	-1(1)	0(1) 	-5(1)
O(2)	33(1) 	22(1)	34(1) 	-8(1)	1(1) 	-7(1)
N(1)	15(1) 	18(1)	12(1) 	-2(1)	1(1) 	-3(1)
N(2)	15(1) 	18(1)	16(1) 	-5(1)	0(1) 	-2(1)
C(1)	28(1) 	21(1)	21(1) 	-4(1)	2(1) 	-11(1)
C(2)	19(1) 	27(1)	18(1) 	-1(1)	0(1) 	-11(1)
C(3)	18(1) 	19(1)	14(1) 	-2(1)	3(1) 	1(1)
C(4)	18(1) 	14(1)	15(1) 	-1(1)	2(1) 	2(1)
C(5)	18(1) 	14(1)	16(1) 	-3(1)	1(1) 	2(1)
C(6)	28(1) 	24(1)	14(1) 	-2(1)	-2(1) 	-5(1)
C(7)	30(1) 	18(1)	23(1) 	-7(1)	-1(1) 	-1(1)
C(8)	22(1) 	14(1)	20(1) 	-5(1)	1(1) 	1(1)
C(9)	22(1) 	16(1)	14(1) 	-3(1)	1(1) 	3(1)
C(10)	24(1) 	16(1)	14(1) 	-2(1)	2(1) 	0(1)
C(11)	23(1) 	14(1)	20(1) 	-2(1)	4(1) 	-1(1)
C(12)	22(1) 	17(1)	17(1) 	-4(1)	2(1) 	-2(1)
______________________________________________________________________________ 
Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)
for hm504_0m.
________________________________________________________________________________ 
	x 	y 	z 	U(eq)
________________________________________________________________________________ 
 
H(1)	3812	-4282	8489	27
H(8)	890	-1940	8001	26
H(10)	2872	614	9227	22
H(11)	1168	667	8063	22
H(2)	1523	2450	4027	34
H(4)	982	862	4167	34
H(5)	3746	1234	3908	34
H(12)	9277	3683	8621	28
H(3)	6222	2031	8859	22
H(7)	5453	3017	4406	23
H(6)	8137	4182	5266	24
H(9)	7871	-3701	9122	23
________________________________________________________________________________ 
Table 6.  Hydrogen bonds for hm504_0m  [Å and °].
____________________________________________________________________________ 
D-H...A	d(D-H)	d(H...A)	d(D...A)	<(DHA)
____________________________________________________________________________ 
 C(2)-H(8)...N(2)#1	0.93	2.60	3.3819(16)	142.5
 C(3)-H(10)...N(2)#2	0.97	2.60	3.5384(15)	161.8
 C(6)-H(2)...O(2)#3	0.96	2.60	3.5506(16)	171.5
____________________________________________________________________________ 
Symmetry transformations used to generate equivalent atoms: 
#1 x-1,y,z    #2 -x+1,-y,-z+2    #3 -x+1,-y+1,-z+1      






















Flow optimization conditions for compound 132
	5 minutes residence time
	10 minutes residence time
	15 minutes residence time
	20 minutes residence time
	25 minutes residence time

	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %

	1
	20
	17
	1
	20
	21
	1
	20
	26
	1
	20
	33
	1
	20
	35

	2
	25
	17
	2
	25
	23
	2
	25
	26
	2
	25
	33
	2
	25
	35

	3
	30
	19
	3
	30
	24
	3
	30
	29
	3
	30
	42
	3
	30
	36

	4
	35
	21
	4
	35
	29
	4
	35
	33
	4
	35
	42
	4
	35
	39

	5
	40
	26
	5
	40
	34
	5
	40
	36
	5
	40
	46
	5
	40
	43

	6
	45
	28
	6
	45
	35
	6
	45
	41
	6
	45
	51
	6
	45
	46

	7
	50
	34
	7
	50
	42
	7
	50
	48
	7
	50
	58
	7
	50
	47

	8
	55
	42
	8
	55
	48
	8
	55
	57
	8
	55
	67
	8
	55
	54

	9
	60
	44
	9
	60
	53
	9
	60
	62
	9
	60
	69
	9
	60
	67

	10
	65
	49
	10
	65
	56
	10
	65
	64
	10
	65
	74
	10
	65
	76

	11
	70
	53
	11
	70
	61
	11
	70
	65
	11
	70
	74
	11
	70
	83

	12
	75
	55
	12
	75
	61
	12
	75
	65
	12
	75
	76
	12
	75
	86

	13
	80
	57
	13
	80
	63
	13
	80
	69
	13
	80
	77
	13
	80
	91

	14
	85
	55
	14
	85
	71
	14
	85
	72
	14
	85
	82
	14
	85
	89

	15
	90
	54
	15
	90
	69
	15
	90
	71
	15
	90
	82
	15
	90
	86





Flow optimization conditions for compound 145
	5 minutes residence time
	10 minutes residence time
	15 minutes residence time
	20 minutes residence time
	25 minutes residence time

	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %

	1
	30
	27
	1
	30
	28
	1
	30
	28
	1
	30
	30
	1
	30
	30

	2
	35
	27
	2
	35
	28
	2
	35
	29
	2
	35
	30
	2
	35
	30

	3
	40
	28
	3
	40
	28
	3
	40
	29
	3
	40
	31
	3
	40
	31

	4
	45
	30
	4
	45
	32
	4
	45
	34
	4
	45
	31
	4
	45
	32

	5
	50
	32
	5
	50
	34
	5
	50
	36
	5
	50
	39
	5
	50
	43

	6
	55
	33
	6
	55
	39
	6
	55
	39
	6
	55
	42
	6
	55
	44

	7
	60
	35
	7
	60
	39
	7
	60
	44
	7
	60
	48
	7
	60
	49

	8
	65
	35
	8
	65
	40
	8
	65
	49
	8
	65
	51
	8
	65
	54

	9
	70
	37
	9
	70
	43
	9
	70
	52
	9
	70
	55
	9
	70
	57

	10
	75
	38
	10
	75
	46
	10
	75
	54
	10
	75
	55
	10
	75
	59

	11
	80
	46
	11
	80
	51
	11
	80
	55
	11
	80
	58
	11
	80
	63

	12
	85
	44
	12
	85
	41
	12
	85
	42
	12
	85
	45
	12
	85
	51

	13
	90
	39
	13
	90
	41
	13
	90
	42
	13
	90
	45
	13
	90
	51






	30 minutes residence time
	35 minutes residence time
	40 minutes residence time
	45 minutes residence time
	50 minutes residence time

	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %
	Exp. No
	Temp. oC
	Yield %

	1
	30
	32
	1
	30
	37
	1
	30
	40
	1
	30
	40
	1
	30
	41

	2
	35
	32
	2
	35
	37
	2
	35
	40
	2
	35
	40
	2
	35
	47

	3
	40
	37
	3
	40
	38
	3
	40
	41
	3
	40
	44
	3
	40
	47

	4
	45
	40
	4
	45
	40
	4
	45
	43
	4
	45
	49
	4
	45
	51

	5
	50
	44
	5
	50
	43
	5
	50
	48
	5
	50
	53
	5
	50
	53

	6
	55
	48
	6
	55
	48
	6
	55
	52
	6
	55
	57
	6
	55
	56

	7
	60
	50
	7
	60
	54
	7
	60
	55
	7
	60
	57
	7
	60
	63

	8
	65
	57
	8
	65
	57
	8
	65
	60
	8
	65
	63
	8
	65
	66

	9
	70
	60
	9
	70
	61
	9
	70
	61
	9
	70
	63
	9
	70
	68

	10
	75
	63
	10
	75
	65
	10
	75
	66
	10
	75
	69
	10
	75
	74

	11
	80
	67
	11
	80
	69
	11
	80
	72
	11
	80
	74
	11
	80
	79

	12
	85
	56
	12
	85
	60
	12
	85
	71
	12
	85
	70
	12
	85
	79

	13
	90
	57
	13
	90
	60
	13
	90
	71
	13
	90
	70
	13
	90
	79







diffuse	0.95	1.95	2.95	3.95	4.95	5.95	6.95	7.95	8.1999999999999993	8.4499999999999993	8.6999999999999993	8.9499999999999993	9.1999999999999993	9.4499999999999993	9.6999999999999993	9.9499999999999993	10.199999999999999	10.45	10.7	10.95	11.2	11.45	11.7	11.95	12.2	12.45	12.7	12.95	13.2	13.45	13.7	13.95	14.2	14.45	14.7	14.95	15.2	15.45	15.7	15.95	16.2	16.45	16.7	16.95	17.2	17.45	17.7	17.95	18.2	18.45	18.7	18.95	19.2	19.45	19.7	19.95	20.2	20.45	20.7	20.95	21.2	21.45	21.7	21.95	22.2	22.45	22.7	22.95	23.2	23.45	23.7	23.95	24.2	24.45	24.7	24.95	25.2	25.45	25.7	25.95	26.2	26.45	26.7	26.95	27.2	27.45	27.7	27.95	8.9434800000000002E-3	6.3018400000000004E-3	3.6880699999999999E-3	0	2.0200800000000001E-3	1.92953E-3	8.7383000000000003E-4	4.5615500000000002E-3	1.9642800000000001E-3	2.8840799999999998E-3	4.5129000000000002E-3	2.4273900000000002E-3	3.5409899999999999E-3	5.3615299999999998E-3	5.5275000000000003E-3	4.4464500000000002E-3	5.7404999999999999E-3	1.3977399999999999E-2	6.9596600000000003E-3	8.2350099999999992E-3	1.10784E-2	1.18762E-2	1.06614E-2	1.28939E-2	1.8115200000000001E-2	1.9138100000000002E-2	2.2790700000000001E-2	4.16756E-2	5.0399300000000001E-2	8.3322400000000005E-2	0.13303699999999999	0.18418200000000001	0.25434800000000002	0.32134499999999999	0.38944699999999999	0.45756000000000002	0.51056299999999999	0.55050699999999997	0.59404999999999997	0.62881799999999999	0.63967799999999997	0.64513299999999996	0.64566999999999997	0.64891200000000004	0.64762200000000003	0.64827699999999999	0.64903500000000003	0.64864500000000003	0.64685000000000004	0.64775499999999997	0.64543799999999996	0.64752200000000004	0.64610000000000001	0.64572499999999999	0.64473599999999998	0.64391299999999996	0.64160700000000004	0.63708299999999995	0.63496799999999998	0.62362700000000004	0.609151	0.58436200000000005	0.55656300000000003	0.52402099999999996	0.49022900000000003	0.44712000000000002	0.39946300000000001	0.32683899999999999	0.30960599999999999	0.29150100000000001	0.26525300000000002	0.243565	0.21526500000000001	0.19033600000000001	0.15989200000000001	0.132655	0.104347	9.0254500000000001E-2	6.5908499999999995E-2	8.0496200000000004E-2	7.7216699999999999E-2	5.6462999999999999E-2	5.0831500000000002E-2	4.7529099999999998E-2	5.44923E-2	3.9876099999999998E-2	4.1881799999999997E-2	4.0559400000000002E-2	ideal	0.95	1.95	2.95	3.95	4.95	5.95	6.95	7.95	8.1999999999999993	8.4499999999999993	8.6999999999999993	8.9499999999999993	9.1999999999999993	9.4499999999999993	9.6999999999999993	9.9499999999999993	10.199999999999999	10.45	10.7	10.95	11.2	11.45	11.7	11.95	12.2	12.45	12.7	12.95	13.2	13.45	13.7	13.95	14.2	14.45	14.7	14.95	15.2	15.45	15.7	15.95	16.2	16.45	16.7	16.95	17.2	17.45	17.7	17.95	18.2	18.45	18.7	18.95	19.2	19.45	19.7	19.95	20.2	20.45	20.7	20.95	21.2	21.45	21.7	21.95	22.2	22.45	22.7	22.95	23.2	23.45	23.7	23.95	24.2	24.45	24.7	24.95	25.2	25.45	25.7	25.95	26.2	26.45	26.7	26.95	27.2	27.45	27.7	27.95	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0.66	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Time

concentration


208


image52.emf
OH O

O

R

1

R

2

R

1

= R

2

= H  Purpurenone

R

1

+ R

2

= OCH

2

O

OH O

O

R

1

R

2

H

3

CO

OCH

3

OCH

3

R

1

= R

2

= H  Praecansone B

R

1

+ R

2

= OCH

2

O  Pongapinone A



image53.emf
OH O

O R

2

R

OCH

3

O

HO

OH

R

CHO

Ca(OH)

2

MeOH

O

O OH

R

CH

3

I

K

2

CO

3

acetone

O

O OCH3

R

Cl

O

R

1

R

2

R

1

a.R

1

=R

2

=H 75%

b.R=H,R

1

+R

2

=OCH

2

O 87%

c.R=OCH

3

,R

1

=R

2

=H 79%

d.R=OCH

3

,R

1

=R

2

=OCH

2

O 90%

58 59 60

61

MgBr

2

.OEt

DIPEA

DCM



image54.emf
N

Cl

Cl

3/4-amino-

acetophenone

EtOH,

N

Cl

HN

R

O

KOH,MeOH,rt.

N Cl

HN

a.Br d.OCH

3

b.Cl e.3,4,5-(OCH

3

)

3

c.H f.CH

3

R=

62 63,64 65,66

1

O

R

O



image55.emf
OH HO

CH

3

COOH

ZnCl

2

O HO

OH OH HO

O N

O

N

H

3

BO

4

,HOCH

2

CH

2

OH

67

68 69

53%



image56.emf
O

AlCl

3

C

6

H

5

NO

2

HO

O

O

R

H

3

BO

4

,HOCH

2

CH

2

OH

O

HO R

R=a.4-OH 36%

b.4-N(CH

3

)

2

48%

c.3-OCH

3

-4-OH 39%

70 71 72



image57.emf
O O

O

O

HO

+

BF

3

-Et

2

O

Dioxane78%

rt,90min.

O O

O

OH

73 74

75

O

N

H

O

O

O

+

BF

3

-Et

2

O

Dioxane93%

rt,90min.

O

N

H

O

O

76 77 78



image58.emf
O

O

H

O

R

N

H

NH

O

O O

+

water/Zn(L-proline)

2

reflux,15-30min.

O

O

R

N

H

NH

O

O O

R=a.H

b.CH

3

c.Cl

79

80 81

O

O



image59.emf
O

AcO

+

O

R

I

2-

Al

2

O

3

,MW

5-7min.

O

AcO

R

R=H

4-OMe

4-Cl

2-Br

4-NO

2

4-OH

82

83

84



image60.emf
Br

O O

O

B(OH)2

+

O O

O 10mol%catalyst

base,solvent

30min,110

o

C,MW

85 86

87



image61.emf
H

N

N

Cl O

N

N

OO

N

N

O

O

Ar

(CH

3

CO)

2

CH

2

EtONa/EtOH

O

R

10%NaOH

EtOH

rt.stirring12h

88 89

90

Ar=Ph

4-MeOC

6

H

4

4-ClC

6

H

4

2-furyl


image2.png





image62.emf
N

H

N

OH

H

2

SO

4

K

2

Cr

2

O

7

N

H

N

O

60%MW/2-3min.

N

H

N

O

R

O

R

R=4-Cl 92%

4-OMe 90%

3-NO

2

79%

2-OH 69%

91 92 93



image63.emf
N

H

O

Cl

DMF

morpholine

N

H

O

N

O

Ar

O NaOH,MeOH

MWI/rt.

N

O

N

O

Ar

Ar=a.Phenyl

b.4-Clphenyl

c.2-naphthyl

d.4-Methoxyphenyl

e.4-Bromophenyl

94

95

96



image64.emf
S S

O O

Ar-CHO/ZnCl

2

MW.3-5min

65-88%

S S

O O

Ar Ar

Ar=a.C

6

H

5

b.4-ClC

6

H

4

c.4-CH

3

OC

6

H

4

97 98



image65.emf
H

N

O

O

(1)Ac

2

O/HOAc

(2)NaOAc

H

N

OH

O

O LiOH.H

2

O/MWI

H

N

OH

O

O R=a.H 97%

b.2'-OCH

3

89%

c.3'-OCH

3

85%

d.4'-OCH

3

80%

O

R

99

100

101

92%

R



image66.emf
N

OH O

O O

R

1

R=a.H

b.4-Cl

c.4-OCH

3

N

OH CH

3

O

O R

102

103

piperidine/1-butanol

60

o

C

CH

3


image3.gif
Turbulent






image67.emf
S

O

H

O O

H

+

30%NaOH/EtOH

Ultrasound

radiation

O O S

S

70%

104 105

106



image68.emf
O O

U.S

O

107 108

Resin



image69.emf
OH

109

Amberlyst-15

90

o

C/0.5mLmin

-1

R

2

R

1

R

1

R

2

110

O R

1

=H

4-OMe

4-C

5

H

11

4-OMe

4-F

R

2

=H

3-Cl

4-OMe

4-CH

3

4-OMe



image70.png
backpressure
regulator





image71.emf


image72.emf
O



image73.emf
O




image74.emf
O

Cl



image75.emf
O



image76.emf
MeO


image4.emf
Br

H

2

N

CO

2

Me

AcOH,Ac

2

O

fumingHNO

3

Br

N

H

CO

2

Me

O

2

N

+

Br

AcHN

CO

2

Me

1

2

3



image77.emf
MeO

O



image78.emf
O

MeO OMe



image79.emf
C

5

H

11




image80.emf
O

C

5

H

11




image81.emf
O

H

NaOH

O

O O

O

O

H

H

Na

O

O



image82.emf
O

H

Carbonyl

:B

:

:

O

: :

Enolate

O

: :



image83.emf
N

N

O

O

NH

2

NH

2

.H

2

O

aceticacid/6h.80

o

C

111 112

O

R

1

R

2

R

3

R

4

R

1

R

2

R

3

R

4

R

1

,R

2

,R

3

,R

4

=H

R

1

,=NO

2

,R

2

,R

3

,R

4

=H

R

2

=NO

2

,R

1

,R

3

,R

4

=H

R

2

=OH,R

1

,R

3

,R

4

=H

R

3

=NO

2

,R

1

,R

2

,R

4

=H

O



image84.emf
N

N

O

NH

2

NH-Ph/MeOH

reflux6-9h.80

o

C

113

114

R

2

R

2

R

1

,R

2

=H

R

1

=H,R

2

=OMe

R

1

=H,R

2

=Cl

R

1

=Cl,R

2

=H

R

1

=Cl,R

2

=OMe

R

1

OH

R1

HO

POCl

3

DMF

70

o

C4-7h

N

N

R

2

R

1

HO

CHO

115



image85.emf
Ar

1

O

Ar

2

NH

H

2

N NH

2

+

30%aq.H

2

O

2

,80

o

C

EtOH,50%aq.KOH

HN

N

ONH

2

Ar

1

Ar

2

117 116



image5.emf

image86.emf
Ar

1

O

Ar

2

NH

H

2

N NH

2

+

(2)30%aq.H

2

O

2

,80

o

C

(1)EtOH,50%aq.KOH reflux,1-3h

118

116

N N

NH

2

Ar

2

Ar

1



image87.emf
O

50%H

2

O

2

NaOH,30min.rt.

O

O

OH

OCH3

OCH

3

R

3

R

1

R

3

R

2

R

1

OH

OCH

3

OCH

3

R

3

R

1

=Cl,Br,NO

2

R

2

=Cl,Br,CH

3

R

3

=H,OCH

3

119 120



image88.emf
O

121 122

Cl HS

+

conditions

S

Cl

O

OH

123



image89.emf
124

125

+

Ar

1

Ar

2

126

O

N C R

N

Ar

1

HO

R

O

Ar2

solvent-free

150

o

C,30min.



image90.emf


image6.emf

image91.emf


image92.emf




image93.emf




image7.emf
+

N

2

+

BF

4

-

4 5

NN O

2

N

6

NO

2

HO OH

HO

OH


image94.emf
H

3

CO



image95.emf



image96.emf








image97.emf
Cl



image98.png
N-terminal C-terminal

laa 91 95 110112 144 153 172 194200 224 231 254
>

CR




image99.png




image100.png




image101.png
Py |
._.°L..L.'_<.




image102.emf
N

H

O

N

H

O

R

R=

N

N

N

N

N

N

N

N

N

O

, , ,



image8.png
org

Syringe pumps
Aq
12
Org. org =
> Aq #250;""
Glass (A9

Confluence point Down stream




image103.emf
N

N

N



image104.emf
N

N



image105.emf
N

N



image106.emf
N

N

O



image107.emf
N

H

O

N

H

O

R

=

OMe,Me,morpholine

R



image9.png
DiNasa
(CFCeFr)

(olvene)

subs.in tolvene

6 analysis




image108.emf
O

OH

HO

HO



image109.emf
O

O OH

O

O

O

O

HO



image110.emf
O

HO



image111.emf
O

O OH

OH

HO



image112.emf
O

O

OH

HO


image10.emf
7

8

O

O

+

Sc[N(SO

2

C

8

F

17

)

2

]

3

Touene/CF

3

C

6

F

11

OR O

O

R=Si(CH

3

)

3

9

R=H 10

(CH

3

)

3

SiO



image113.emf
O

O

O

L

L

1

=4-Cl-Ph

L

2

=3-Cl-Ph

L

3

=2,6-diCl

2

-Ph

L

4

=3,4-diCl-Ph

L

5

=4-NO

2

-Ph

L

6

=3-NO

2

-Ph

L

7

=4-Br-Ph

L

8

=4-OMe-Ph

L

9

=4-Me-Ph

L

10

=2-Cl-quinolinyl

L

11

=2-naphthyl

L

12

=1-naphthyl

L

13

=4-F-Ph

L

14

=2-F-Ph

L

15

=Ph

Lseries

OMe

MeO

OMe

O

J

J

1

=2,4,5-triOMe-Ph

J

2

=3-NO

3

-Ph

J

3

=4-OMe-Ph

J

4

=4-N(CH

3

)

2

-Ph

J

5

=4-Me-Ph

J

6

=4-F-Ph

J

7

=2-Cl-quinolinyl

J

8

=3-CN-Ph

J

9

=4-NO

2

-Ph

J

10

=4-CF

3

-Ph

J

11

=2,6-diOCH

3

-Ph

J

12

=thiophen-2-yl

J

13

=3-Cl-Ph

J

14

=2-OH-Ph

J

15

=3-NO

2-4

-OH-Ph

Jseries N

O

N

O

Y

Y

1

=2-Cl-quinolinyl

Y

2

=3-NO

2

-OH-Ph

Y

3

=Ph

Y

4

=3,4-OCH

2

O-Ph

Y

5

=2-NO

2

-Ph

Yseries



image114.emf
R

130-132

H

N

O

R

136-141

R=2-Cl,4-Cl,1-naphthyl

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl

R

H

N

O

R

ZrCl

4

/MeOH

ZrCl

4

/MeOH

Br

+

O

K

2

CO

3

MeOH/70

o

C,12h

O

O

129

O

HO

PBr

3

,CHCl

3

,rt

N

H

N

K

2

CO

3

,DMF,120

o

C

O

143

144

Acetophenone

145

O

O

O

O

O

ZrCl

4

/MeOH

H

N

OH

MnO

2

DCM,8h,rt.

135

O

H

N

OH

O

LiAlH

4

/THF

EtOAc,24h,rt.

134

O

HO

Br

N

N

O

O

N

N

O

O

O O

127 128

133

142



image115.emf
NO

2

Me

2

N

OEtOEt

H

N

DMF,80

o

C,24h

NO

2

N

PTSA,MeOH

reflux18h

NO

2

OMe

OMe

NH

2

OMe

OMe

H-cube

®

controlledH

2

mode

flowrateof1mL/min

HN

OMe

OMe

LiHMDS0

o

C

O

EtO

O

then

THFreflux18h

POCl

3

,Et

3

N

CH

2

Cl

2

,0

o

C

NC

OMe

OMe

NC NH

2

CHCl

3

,KtOBu

THF,0

o

C

146

147

148

149

150

151

152

153

O

O

N

N

Isocyanide151or153

N

O

R

HO

O

N

N

R=

O

O

154,155

145

MeOH



image116.emf
N

O

H

O

N

O

H

N

N

H

O

158

159

160

O

F

H

N

+

H

N

O

N

H

N

Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophene

d)2-Acetyl-4-methylthiophene

162

Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylethiophene

d)2-Acetyl-4-methylthiophene

163

Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

164

O

N

K

2

CO

3

DMF,100

o

C

Ar-Ketones

AmberlystA26hydroxideform.

10%NaOH

MeOH/MW

O

N N

N N

n

n=a)acetone

b)cyclopentanone

c)cyclohexanone

161

DCM

156

a

b

c

157a-c



image117.emf
HN

O

166

N

Cl

O

167

NH

2

AcOH

O-H

3

PO

4

POCl

3

DMF

AcOH

reflux

N

H

O

O

O

R

R=H,2-Me,3-Me,4-Me

N

H

O

O

R

BF

3

-Et

2

O

DCM

168

169-172

165




image118.emf
Ar

O

N

162

Ar

O

N

163

Ar

O

N

164

O

N

130-132

H

N

O

R

136-141

R=2-Cl,4-Cl,1-naphthyl

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl

176-178

NH

2

NH

2.

H

2

O

N

N

C

4

H

9

H

3

C

BF

4

175

N

N

H

N

H

N

N

H

Ar

N

N

N

H

Ar

N O

N

N

H

Ar

N

N

179-184

185

186

187

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophine

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophine

d)2-Acetyl-4-methylthiophine

Ar=a)2-Acetylfurane

b)2-Acetyl-5-methylfuran

R

R=H,2-Me,3-Me,4-Me

N

H

O

O

R

169-172

HN

N

HN

O

188-191

NH

2

NH

2.

H

2

O

MeOH

R

O OO

R

N

N

H

O O R



image119.jpeg




image120.emf
SolutionA

SolutionB

Solvent

Rheodynevalve

Waste

Product

Reactor



image121.emf
Waste

Samplein

Sampleloop

Pumpin

Out

Waste

Samplein

Sampleloop

Pumpin

Out

A

B



image122.emf
130-132

H

N

O

R

136-141

R=2-Cl,4-Cl,1-naphthyl

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl

R

H

N

O

Br

+

O

K

2

CO

3

MeOH/70oC,12h

O

129

O

O

O

O

O

H

N

OH

MnO

2

DCM,8h,rt.

135

H

N

OH

O

LiAlH

4

/THF

EtOAc,24h,rt.

134

O

HO

127 128

133

ZrCl

4

MeOH

+

ZrCl

4

MeOH

+

O

R

O

R



image11.png




image123.emf
10 20 30 40 50 60 70 80 90 100

30

40

50

60

70

80

90

100

Yield %

Temperature (

o

C)


image124.emf
0 5 10 15 20 25 30 35 40 45

55

60

65

70

75

80

85

90

95

Yield %

Residence

 

time (min.)

 


image125.emf
O

PBr

3

,CHCl

3

,rt

N

H

N

K

2

CO

3

,DMF,120

o

C

O

143

144

Acetophenone

145

ZrCl

4

/MeOH

Br

N

N

O

O

N

N

O

O

O O

142

HO



image126.emf
O

HO

PBr

3

,CHCl

3

,rt. O

Br

O

O

142 143



image127.emf
N

HN

K

2

CO

3

,DMF,120

o

C

O

Br N

N

O

O O

143 144



image128.png




image129.emf
N

N

O

O

N

N

O

O

144

145

ZrCl

4

MeOH

+

O


image12.emf
O

11

Sc[N(SO

2

C

8

F

17

)

2

]

3

30%H

2

O

2

O

O

O

O

+

12 13



image130.emf
30 40 50 60 70 80 90

40

45

50

55

60

65

70

75

80

Yield %

Temperature (

o

C)


image131.emf
0 10 20 30 40 50

45

50

55

60

65

70

75

80

Yield %

Residence tim/ min.


image132.emf
NC

OMe

OMe



image133.emf
NO

2

Me

2

N

OEtOEt

H

N

DMF,80

o

C,24h

NO

2

N

PTSA,MeOH

reflux18h

NO

2

OMe

OMe

146

147

148



image134.emf
NO2

OMe

OMe

NH2

OMe

OMe

H-cube



controlledH

2

mode

flowrateof1mL/min

148 149



image135.emf
NH2

OMe

OMe

HN

OMe

OMe

LiHMDS0

o

C

O

EtO

O

then

THFreflux18h

149

150




image136.emf
HN

OMe

OMe

O

POCl

3

,Et

3

N

CH

2

Cl

2

,0

o

C

NC OMe

OMe

150

151



image137.emf
NC



image138.emf
NC NH

2

CHCl

3

,LiOtBu

THF,0

o

C

152 153



image139.emf
N

O

HO

N

N

O

O

O

N

O

HO

N

N

O

154

155



image140.emf
HN

HO

H

3

C

O

O

CO

2

CH

3

CH

3

(+)-Epolactaene

O


image13.png
a b o






image141.emf
O

N

N

O

N

O

HO

N

N

O

R

Isocyanide151,153

154

155

R=

O

O

145

Conditions



image142.emf
O

N N

N N

n

n=a)acetone

b)cyclopentanone

c)cyclohexanone



image143.emf
N

N

H

O

160

+

N

H

N

K

2

CO

3

DMF,100

o

C

156

157c

O

F

MeOH/MW

10%NaOH/Ketone

O

N N

N N

n

n=a)acetone

b)cyclopentanone

c)cyclohexanone

161



image144.emf
Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophene

d)2-Acetyl-4-methylthiophene

162

Ar

O N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylethiophene

d)2-Acetyl-4-methylthiophene

163

Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

164

O

N



image145.emf
N

O

H

O

N

O

H

N

N

H

O

158

159

160

H

N

+

H

N

O

N

H

N

Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophene

d)2-Acetyl-4-methylthiophene

162

Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylethiophene

d)2-Acetyl-4-methylthiophene

163

Ar

O

N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

164

O

N

K

2

CO

3

DMF,100

o

C

Ar-Ketones

AmberlystA26hydroxideform.

DCM

156

157

a

b

c

O

F


image14.emf
14 15

16

O

O

NO

2

+

1mol.NaOHinwater

H

N

O

N

H

O



image146.emf
N

H

O

O

R

R=H,2-Me,3-Me,4-Me



image147.emf
O

N H

O

P

Cl Cl

Cl

O

P

Cl O

Cl

N

Cl

Cl

N H

PO

2

Cl

2

..



image148.emf
HN

O 166

N Cl

O

167

N

H

O

O

168

NH

2

AcOH

O-H

3

PO

4

POCl

3

DMF

165

N

H

O

O

R

169-172 R=H,2-Me,3-Me,4-Me

DCM

+

O

Aceticacid

reflux

BF

3

-OEt

2

R



image149.emf
N

N

H

N

H

N

N

H

Ar

N

N

N

H

Ar

N O

N

N

H

Ar

N

N

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl

179-184

185

186

187

Ar=a)2-Acetylfuran

b)2-Acetylthiophine

c)2-Acetylthiophine

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophine

d)2-Acetyl-4-methylthiophine

Ar=a)2-Acetylfurane

b)2-Acetyl-5-methylfuran

N

N

H

O

O

176-178

R=2-Cl,4-Cl,1-naphthyl

R R

N

N

H

HN

O

R

R=H,2-Me,3-Me,4-Me

188-191



image150.emf
N

N

H

3

C

C

4

H

9

Cl

NaBF

4

H

2

O

N

N

H

3

C

C

4

H

9

BF

4

175

173

174




image151.emf
O

Ar Ar +

NH

2

NH

2

..

Michael

O

Ar Ar

HN

HN

NH

OH

Ar

Ar

-H

2

O

N

N

H

Ar

Ar

(IIa)

HN

N

H

Ar

Ar

(IIb)

I

NH

2

..



image152.emf
O

O

S

O

O

F

17

C

8



image153.emf
O

HO

C

8

F

17

SO

2

F

K

2

CO

3

/DMF,70

o

C

O

O

S

O

O

F

17

C

8

193 192



image154.emf
O

HO

F17

C8

SO2

-O-F K

2

CO

3

/DMF,120

o

C.24h.

O

O

S

O O

F

17

C

8

O

O

S

O O

F

17

C

8

O

192

193

S

O O

F

17

C

8

O

Catalyst



image155.emf
HN

O

OH

O

PyBOP

HN

O

O

H

N

O

O

+

Solvent

NaH

CH

3

I/solvent

N

O

O

N

O

O

N

N

O

O

O

Base

Solvent

N

N

O

O

OfT

N

N

O

O

OfT

O

NH

2

O


image15.png





image156.emf
HN

O O

OH

O

O

NH

2

+

H

ON

H

O

O

196

PyBOP/DIPEA

DMF/80

o

C.24h.

194

195



image157.emf
HN

O O

OH

O

O

NH

2

+

HN

O O

N

H

O

O

197

PyBOP/DIPEA

THF/80

o

C.

194

195



image158.emf
HN

O O

OH

O

O

NH

2

+

HN

O O

N

H

O

O

197

PyBOP/Pyridine

MW,60

o

C,(16bar),10min.

194

195



image159.emf
HN

O O

N

H

O

O

NaH/THF

CH

3

I

N

O O

N

O

O

197



image160.emf
HN

O

O

N

H

O

O

Acidicproton1

H

Acidicproton2

H


image16.emf
17

18

O

O

O

O

O

O

F

10%F

2

inN

2

99%

O

O

O O

O

O

10%F

2

inN

2

99%conversion

Cl

Cl F

19

20



image161.emf
O

O

NH

O

HN

NH

NH

O

O

O

O

O

N

O

N

N

N

O

O

O

1 2 3 4



image162.emf
O

O

O

R

R=2-Cl,4-Cl,1-naphthyl



image163.emf
H

N

O

R

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl



image164.emf
O

N

N

O



image165.emf
N

O

HO

N

N

O

O

O

154

N

O

HO

N

N

O

155




image166.emf
O

N N

N N

n

n=a)acetone

b)cyclopentanone

c)cyclohexanone



image167.emf
Ar

O N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophene

d)2-Acetyl-4-methylthiophene

162

Ar

O N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylethiophene

d)2-Acetyl-4-methylthiophene

163

Ar

O N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

164

O

N



image168.emf
N

H

O

O

R

R=H,2-Me,3-Me,4-Me



image169.emf
N

N

H

N

H

N

N

H

Ar

N

N

N

H

Ar

N O

N

N

H

Ar

N

N

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl

179-184

185

186

187

Ar=a)2-Acetylfuran

b)2-Acetylthiophine

c)2-Acetylthiophine

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophine

d)2-Acetyl-4-methylthiophine

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

N

N

H

O

O

176-178

R=2-Cl,4-Cl,1-naphthyl

R R

N

N

H

HN

O

R

R=H,2-Me,3-Me,4-Me

188-191



image170.emf
H

N

O

OH

O

H

N

O

OH

O

O

H

N

O

OH

O

O

H

O

H

N

O

OH

O

O

HN

H

N

O

N

O

O

H

N

O

N

O

TfO

H

N

O

N

O

TfO

H

N

O

O

OH

HO

cat.H

2

SO

4

orDCC,DMAP,DCM

H

N

O

O

O

LiHMDS,

Al(i-OPr)

3

quinine,THF,-78tor.t.

H

N

O

O

LiO

198

199

200

201

202

203

204

205

206

207


image17.emf
CH

3

F

2

MeOH

CH

3

CH

3

CH

3

F

F

F

+

+

21 22 23 24



image171.emf
N

O

HO

N

N

O

O

O

154

Acid

N

O

HO

N

N

O

O

H

Aromaticketone

N

O

HO

N

N

O

O

Ar

208

209



image172.emf
O

O

O



image173.emf
H

N

OH



image174.emf
O

H

N



image175.emf
O

O

O

R

R=2-Cl,4-Cl,1-naphthyl

H

N

O

R

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl

130-132

136-141




image176.emf
O

O

O Cl



image177.emf
O

O

O

Cl



image178.emf
O

O

O



image179.emf
H

N

O



image180.emf
H

N

O

Cl


image18.emf
25 27

O

Br B(OH)

2

+

O

26

N

Pd

O

N

O

O

i

PrEt

2

N

DMF/H

2

O(50:50)



image181.emf
H

N

O

F



image182.emf
H

N

O



image183.emf
H

N

O



image184.emf
H

N

O



image185.emf
O

Br

O




image186.emf
N

N

O

O




image187.emf
NO

2

N



image188.emf
O

O

NO

2



image189.emf
O

O

NH

2



image19.png
Platinum
Elecirod

B
Reservoir
SicaFr
‘Supported
Borosilate Glass- Reagent

Capilary (00 m x 3 om)




image190.emf
O

O

HN

O



image191.emf
O

O

NC



image192.emf
NC



image193.emf
N

O

HO

N

N

O

O

O

154

N

O

HO

N

N

O

155



image194.emf
N

O

HO

N

N

O

O

O



image20.emf
7

29

+

28

N

O

O

O

N

O

O

Solid-supportedbase

MeCN


image195.emf
N

O

HO

N

N

O



image196.emf
N

O

H

O N

O

H

N

N

H

O 158

159

160



image197.emf
N

O

H



image198.emf
N

O

H

O



image199.emf
N

N

H

O





image200.emf
O

N N

N N



image201.emf
O

N N

N N



image202.emf
O

N N

N N



image203.emf
Ar

O N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophene

d)2-Acetyl-4-methylthiophene

162

Ar

O N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylethiophene

d)2-Acetyl-4-methylthiophene

163

Ar

O N

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

164

O

N



image204.emf
O

N

O


image21.emf
7

31

O

Solid-supportedacid

MeCN

HC(OCH

3

)

3

30

H

OCH

3

H

3

CO



image205.emf
O

N

O



image206.emf
O

N

S



image207.emf
O

N

S



image208.emf
O

N

O

O



image209.emf
O

N

O

O




image210.emf
O

N

O

S



image211.emf
O

N

O

S



image212.emf
O

N

N

O



image213.emf
O

N

N

O



image214.emf
HN

O


image22.emf
7

33

O

SupportedLn-Pybox

MeCN

+

TMSCN

32

OTMS

CN

H



image215.emf
N Cl

O



image216.emf
N

H

O

O




image217.emf
N

H

O

O



image218.emf
N

H

O

O




image219.emf
N

H

O

O



image220.emf
N

H

O

O



image221.emf
N

N

C

4

H

9

BF

4



image222.emf
N

N

H

N

H

N

N

H

Ar

N

N

N

H

Ar

N O

N

N

H

Ar

N

N

R=H,4-Cl,4-F,2-Me,3-Me,1-naphthyl

179-184

185

186

187

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophine

Ar=a)2-Acetylfuran

b)2-Acetyl-5-methylfuran

c)2-Acetylthiophine

d)2-Acetyl-4-methylthiophine

Ar=a)2-Acetylfurane

b)2-Acetyl-5-methylfuran

N

N

H

O

O

176-178

R=2-Cl,4-Cl,1-naphthyl

R R



image223.emf
N

N

H

O

O

Cl



image23.emf
O

35 34

TS-1

H

2

O

2


image224.emf
N

N

H

O

O

Cl



image225.emf
N

N

H

O

O



image226.emf
N

N

H

N

H



image227.emf
N

N

H

N

H

Cl



image228.emf
N

N

H

N

H

F




image229.emf
N

N

H

N

H



image230.emf
N

N

H

N

H



image231.emf
N

N

H

N

H



image232.emf
N

N

H

N

O



image233.emf
N

N

H

N

O



image24.emf
Ag,Ag/Al

2

O

3

37

36

CH

2

H

2

C

O

2

O

+ CO

2

+ H

2

O

38 39


image234.emf
N

N

H

N

S



image235.emf
N

N

H

N

O

O



image236.emf
N

N

H

N

O

O



image237.emf
N

N

H

N

O

S



image238.emf
N

N

H

N

O

S




image239.emf
N

N

H

N

N

O



image240.emf
N

N

H

N

N

O



image241.emf
R=H,2-Me,3-Me,4-Me

HN

N

HN

O

R



image242.emf
HN

N

HN

O



image243.emf
HN

N

HN

O



image25.png
Inmobiized Microchanne Reacor

P immobiized e Roaclor .

‘—'|>‘= L
xmumin.

o

o e el

Doheatee e

T —
ey
Agziors smsmite 1
i B

Back Prossure Regulter

@wpa) cel

(substiate)

o,





image244.emf
HN

N

HN

O



image245.emf
HN

N

HN

O



image246.emf
O

O

S

O

O

F

17

C

8



image247.emf
HN

O

O

NH

O

O

197

H N

H

O O

O

196



image248.emf
H N

H

O

O

O



image26.emf
Pd-immobilisedinaMicroChannel

40

OH

scCO

2

inH

2

41

OH

8

8


image249.emf
HN

O

O

NH

O

O



image250.png





image27.emf
H

2

,cat.Pd

42

43

NO

2

EtOH

NH

2



image28.emf
Mn(II)/Cu(II)complex

44

45

O

OH O O

OH

46

47 48



image29.png
M

A COx cylinder; B+ lquid tank including PO and HETBAB), C filter, D pressure regulating valve: E seres I
igitl pumps F gas mass flow controllr; G liquid damper; E: one-way valve; I micromier; J spral capilary

i oil bath; K- gas-iquid separator; L: back pressure regulating valve; M- needle valve.




image30.emf
O





A B



image31.emf
HO

O

OH

OCH

3

LicochalconeA

O

OH O

OH

OCH

3

3-methoxy-4-hydroxyloncocarpin

O

O

OCH

3

OCH

3

2,4-dimethoxy-4-allylchalcone

O

O

OCH

3

OCH

3

2,4-dimethoxy-4-butoxy-4-butoxychalcone



image32.emf
O

Ar Ar

NH

2

NH

2

N

H

N

Payrazoline

N N

Ar Ar

NH

2

Pyrimidine

Guanidine

Malononitrile

N

Ar

Ar

CN

NH

2

OH

Iso-oxazole

Cyanopyridine

O N

Ar Ar

Ar

Ar



image33.emf
O

O

OH

OH

OH

OH

49



image34.emf
O OMe

OH HO

2,4-Dihydroxy-6-methoxy chalcone (Cardamonine)



image35.emf
OH O

MeO OH

Hydroxyderricin



image36.emf
O

OH

4-glucocidoxy-2,3,3,4-tetrahydroxy chalcone (marein)

OH

OH

Glu-O

OH



image37.emf
O

6-glucocidoxy-2,4-dihydroxychalcone

MeO OH

O

O

HO

HO

HO

HO

OH



image38.emf
O

5-hydroxy-4-[(2E)-3-phenylprop-2-enoyl]-

3a,7a-dihydro-1-benzofuran-2-(3H)-one

OH

O

O



image39.emf
O

2,6-Dihydroxy-4-methoxychalcone

OH

OH

MeO



image40.emf
O

(Chromeno chalcone)

OH

OH

OH

O



image41.emf
O

Homoflemingin: R

1

= H, R

2

= OMe

Flemiwallichin: R

1

= OMe, R

2

= H

OH

R

2

OH

OH

R

1

HO


image1.jpeg
The

University
o Of

" Sheffield.






image42.emf
OH

O

OMe

OH

O

O

OH

HO

HO

OH

OH

4-glucocidoxy-3,6,4-trihydroxychalcone



image43.emf
O

(2E)-1-(5-hydroxy-2,2-dimethyl-2H-chromen-6-yl)-

3-(4-hydroxyphenyl)prop-2-en-1-one

OH

OH

O



image44.emf
O

2,6-dihydroxy-4-methoxy-3,5-dimethyldihydro

chalcone

OH

CH

3

MeO

H

3

C

OH



image45.emf
O

4-O-methyl chalcone

MeO



image46.emf
O

+

O

base or acid

O



image47.emf
O

CH

3

NaOH

O

CH

2

O H

O O

H

2

O

O OH

-H

2

O

O



image48.emf
O

CH

2

O

A

A

H

H

T.S

O

H

A Enolate

PhCHO

O

H

A

Ph H

O O

H

Ph

O

A

H

2

O+A

O

Ph

A=Lewisacid



image49.emf
OH

CHO

Trioxane

H

2

SO

4

OH HO

OHC CHO

O

R

KOH/EtOH

OH HO

O O

R

R=CH

3

OCH

3

Cl

Br

3,4-OCH

2

O

50

51

52

R



image50.emf
O OH

HO

a

b

O OH

O

O OH

O

53

54

55



image51.emf
O OH O

O OH

O

O

R1

R

2

R

3

R

4

R

5

O

R

1

R

2

R

3

R

4

R

5

+

+

50%KOH

solution

MeOH

50%KOH

solution

MeOH

O OH O

R1

R

2

R

3

R

4

R

5

O OH

O

R

1

R

2

R

3

R

4

R

5

54

55

56

57

a. R

1

=R

2

=R

3

=OMe,R

4

=R

5

=H

b. R

1

=R

4

=R

5

=H,R

2

=OH,R

3

=OMe

c. R

2

=R

5

=H,R

1

=R

3

=R

4

=OMe

d. R

2

=R

4

=R

5

=H,R

1

=R

3

=OMe

e. R

1

=R

2

=R

3

=R

4

=R

5

=H

f. R

3

=R

4

=R

5

=H,R

1

=R

2

=OMe

g. R

2

=R

3

=R

5

=H,R

1

=R

4

=OMe

h. R

1

=R

3

=R

5

=H,R

2

=R

4

=OMe

i. R

1

=R

4

=R

5

=H,R

2

=R

3

=OCH

2

O

j. R

1

=R

2

=R

4

=R

5

=H,R

3

=OMe

k. R

1

=R

4

=R

5

=H,R

2

=R

3

=OMe

l. R

1

=R

5

=H,R

2

=R

3

=R

4

=OMe

m. R

1

=R

2

=R

3

=OMe,R

4

=R

5

=H

n. R

1

=R

2

=OMe,R

3

=R

4

=R

5

=H

o. R

1

=R

4

=R

5

=H,R

2

=R

3

=OCH

2

O

p. R

2

=R

3

=H,R

1

=R

4

=OMe

q. R

1

=R

2

=R

4

=R

5

=H,R

3

=H

r. R

2

=R

4

=R

5

=H,R

1

=R

3

=OMe

s. R

1

=R

5

=H,R

2

=R

3

=R

4

=OMe

t. R

2

=R

5

=H,R

1

=R

3

=R

4

=OMe

u. R

1

=R

3

=R

5

=H,R

2

=R

4

=OMe

v. R

1

=R

2

=R

3

=R

4

=R

4

=H


