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Abstract 
Alzheimer’s disease is a big problem in the elderly population. An important tool in gaining insight in this 

disease are staining studies using different probes. Conjugated oligothiophenes have shown promising 

properties as probes and in this thesis new potential probes have been made. 

Three new tetrameric probes have been synthesized, consisting of three thiophene units and one 

aromatic heterocycle moiety. The aromatic heterocycles used were BTD, pyridine and indole. The 

synthesis method involved Suzuki cross coupling, bromination with NBS and iridium catalyst borylation. 

The BTD and pyridine containing probes were tested in staining experiments and the pyridine probe 

showed promising results.  

 

Abbreviations  
AD Alzheimer’s disease 

BTD 2,1,3-benzothiadiazole 

DCM dichloromethane 

DMF N,N-dimethylformamide 

MeOH Methanol 

NBS N-bromosuccinamide 

NMR Nuclear magnetic resonance 

PBS Phosphate buffer saline 

TLC Thin layer chromatography 
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Introduction  

Aim  
The aim of this thesis was to synthesize well defined oligothiophenes that could bind to protein 

aggregates present in Alzheimer's disease (AD) and thereby work as staining agents in the studies of 

these protein aggregates. In the long run such probes will aid in the mission of better understanding of 

AD and other amyloid diseases.  

Background  
Protein aggregates play an important role in many different diseases and conjugated oligothiophenes 

have shown good binding properties to these aggregates in previous studies. [1–3] One of these 

diseases is AD and in this case the protein aggregates Aβ and tau have been found to play an important 

part [4].  

Protein aggregates arises from proteins that instead of folding to their normal 3D-structure folds to a 

different structure, often repeated β-sheets or other repetitive structure. When these wrongly folded 

proteins encounter each other they often bind to each other and with time, as more and more wrong 

folded proteins accumulate, big protein aggregates are formed.  

Alzheimer's Disease (AD) 
AD is a neurodegenerative disease affecting 10% of the population older than 65 years in the United 

States [5], and the percentage is likely the same in many other countries. Due to different criteria for 

diagnosis before and after 2011 together with the probability of undiagnosed cases, the numbers are 

likely to be an underestimate. Nevertheless, 5.7 million people in the United States suffered from AD in 

2018 and the number is expected to increase as the number of people older than 65 years also 

increases. [5] 

Traditionally, diagnosis of AD is done by evaluating cognitive impairment of patient, and then after 

death preforming an autopsy to look for amyloids and neurodegeneration to confirm diagnosis. When 

the disease is only identified afterwards, it is hard to develop treatment, as patients with cognitive 

impairment may have different causes for their symptoms but may still be receiving the same diagnosis, 

and this makes it hard to fully study the effects of treatments. Fortunately, the discovery of biomarkers 

makes it possible to diagnose AD from either cerebrospinal fluid or by using PET (Positron emission 

tomography) imaging with ligands binding to amyloids. [4,6] Being able to detect AD and pre-AD stages 

as early as possible is of high importance as the only way to possibly develop a cure is to have patients 

expressing AD pathology and test cures on them. Early diagnosis will also have benefits for the life 

quality for the patient as well as economical aspects for the society.[5] 

Interestingly, only because aggregates are fond in a brain there is no need for AD symptoms, indicating 

that aggregates might accumulate over time and only after some time the complete disease is 

developed [4].  

As protein aggregates are one of the pathological hallmarks in AD and other diseases, an understanding 

of them is of high importance to be able to fully understand how AD is caused and how it can be treated 

and prevented. To be able to study these protein aggregates, they must first of all be detected and 

identified. This is where small molecular probes, such as oligothiophenes steps in.  
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Conjugated oligothiophenes  
Conjugated oligothiophenes are a group of organic molecules which all have a backbone consisting of 

thiophene units connected with each other. Oligo means that there is a small and known number of 

thiophenes, (e.g. four or five), and conjugated means that the molecule contains multiple alternating 

single and double bonds. The alternating single and double bonds have the effect that all the carbons in 

these bonds all are sp2 hybridized and have an extra p-orbital that makes the π-bond. Because of the 

conjugation, all these p-orbitals aligns in a row and electrons can travel between all of them. This gives 

conjugated molecules strong colors and depending on how long the conjugation is, the ability to 

fluorescence at different wavelengths as well. Because of their fluorescence properties, different 

oligothiophenes have been synthesized to use as probes for detection of protein aggregates [2,7,8]. 

Two tetrathiophenes that have been developed before are HS-68 and HS-145 [1] (Figure 1). HS-68 has 

shown good staining properties for both Aβ and tau aggregates with different emission for different 

aggregates [9]. HS-68 has also shown spectral changes for aggregates of different age [1]. HS-145 only 

differs from HS-68 in the position of a carbonyl group and shows the same photophysical properties as 

HS-68. HS-145 is also capable of staining both Aβ and tau although the spectral differences between 

different types and ages of aggregates are nonsignificant. These differences shows that even small 

changes in the structure of a molecule makes big changes in binding properties [1]. Specific binding is an 

important trait for staining agents and specific binding to tau aggregates is especially interesting as 

there have previously been problems with nonspecific binding for probes used for tau detection. [4]  
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Figure 1. Structure of HS-68 and HS-145, two thiophene based tetramers that have previously shown good staining properties 
and on whose skeleton new molecules will be based. 

Suzuki coupling 
Within an oligothiophene, the different thiophene units are directly connected to each other with a 

carbon-carbon bond. Methods for formation of new carbon-carbon bonds are among the most powerful 

tools organic chemists have on their hands. One of these tools useful for connecting thiophenes with 

each other, as well as many other molecules, is the Suzuki coupling.  

Suzuki coupling is a cross coupling method where a halogenated molecule and a borylated molecule 

stereospecifically are cross coupled together with the aid of a palladium catalyst. The coupling was first 

invented 1979 for stereoselective coupling of alkenes by Miyara, Yamada and Suzuki [10], the later 

received the Nobel Prize in chemistry for his work 2010. They used 

tertakis(triphenylphosphine)palladium as their catalyst. During the following years Suzuki coupling has 

been further refined and applied to more than just alkenes and many catalysts have been developed, 

suitable for different applications [11].   
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Ethical/Social aspects  
Due to the present scale of the AD problem, which will only increase in the future, research is of high 

need for the society. It is also ethical to try to aid the people affected by this kind of diseases as much as 

possible and it is a hoped that the molecules developed here could aid in the understanding of AD and in 

the long run aid with development of diagnosis and treatment.  

Synthesis  

Target molecules  
The target molecules chosen for this thesis are analogs of HS-145 with one thiophene exchanged to 

either BTD, Pyridine or Indole moieties, their chemical structures are found in Figure 2.  
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Figure 2. Target molecules.  

Synthetic route 
As depicted in Scheme 1, the tetramers can be constructed from two dimers, one brominated and one 

borylated.  
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Scheme 1. Retrosynthesis showing how the tetramer is constructed from one brominated dimer and one borylated dimer.  
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The first part of the synthesis is to make a compound 5, a borylated dimer with two thiophene units. The 

borylation is a critical step in the synthesis and it may be problematic to achieve high yield, therefore 

this will be done in one big batch and compound 5 will be used in combination with another dimer (like 

compound 7) to make a tetramer.  

Starting with thiophene acetic acid, the first step is to methylate the free acid, which for instance makes 

the molecule easier to separate and more soluble in organic solvents. The methylated product 

(Compound 1) is then brominated to give compound 2, and coupled with borylated thiophenic acid to 

obtain compound 3. After the Suzuki reaction another methylation takes place, as borylated thiophenic 

acid also was a free acid. Now compound 4 is available and it is borylated [12] to make compound 5, also 

used in further reactions, (Scheme 2) a procedure performed according to previous studies about 

oligothiophenes [1,13].  
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Scheme 2.  Synthetic route to compound 5. 

 

Compound 7, and corresponding dimers for indole (compound 15) and pyridine (compound 11), are 

made from a desired aromatic heterocycle, either as borylated or halogenated compound. Suzuki 

coupling gives a dimer (Compound 6, 10 and 14), it is then purified and brominated to give compound 7, 

11 or 15. Finally, compound 7 (or 11 or 15) is coupled with compound 5 and lastly the methyl esters are 

hydrolyzed to have the final water-soluble probe (compound 9, 13 or 17). (Scheme 3) Compound 6 and 

14 was made from a borylated aromatic heterocycle and thiophene bromide where compound 10 was 

made from pyridine chloride and thiophene boron acid.  
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Scheme 3. Synthetic route for the final probes. 

Mechanisms  

Metylation 
An ordinary Fischer esterification with acid catalyst. The mechanism is shown in Figure 3 and is an 

ordinary acyl substitution with oxonium ion intermediates [14]. As water is released during the reaction, 

it is also known as a condensation reaction.  
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Figure 3. Ester formation mechanism.  

Bromination 
Bromination of thiophenes was done with NBS (N-bromosuccinamid) in DMF (dimethylformamin), NBS 

is a versatile bromination reagent that can be used in different settings. In this case it will be used in an 

aromatic substitution on thiophene with DMF as solvent and cold starting conditions, conditions that 

have been explored and worked well before. [15,16]. The bromination is an electrophilic aromatic 

substitution and a mechanism suggestion is shown in Figure 4. 
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Figure 4. Bromination mechanism. 

Coupling  
Suzuki cross coupling is done with palladium catalysts to make carbon-carbon bonds between two 

aromatic heterocycles. The mechanism for Suzuki coupling has been examined many times. So far the 

consensus is that the catalytic cycle consists of an oxidative insertion, a transmetalation and reductive 

elimination. However, base might play a big part in the cycle and the reaction might work as good 

without it. Different studies have come to different conclusions and as Suzuki coupling can be done with 

many different conditions; catalysts, solvents and not to forget that many different compounds can be 

coupled together, it might be that different mechanisms are present in different cases. [11,17,18] 

The first step is an oxidative addition of the organ halide to the catalyst. Between the oxidative addition 

and transmetalation the exact procedure is unknown. Depending on condition rearrangement, exchange 

between the halide and a hydroxyl group might occur. The studies of Suzuki mechanism are still 

uncertain as to which route is the most favorable and it is likely that it highly depends on conditions 

[11,17,18] The second (or third depending on how many steps there actually are between) step is 

transmetalation where the borylated compound adds to the catalyst and the halide leaves on the boron. 

Finally, a reductive elimination takes place where the new bond is formed and the coupling product 

leaves. (Figure 5) 

Ln Pd
0

R
1

X

Ln Pd
2+

R
1

X

Ln Pd
2+

R
2

R
1

Oxidative 

addition

Transmetallation

Reductive 

elimination

R
1

R
2

R
2

B
-

OH

OHOH

Na
+

B OH

OH

X OH

Exactly what happens here 

might depend on different 

reaction conditions

Start

 

Figure 5. An attempt to illustrate Suzuki catalytic cycle 
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Borylation  
Borylation was done to make compound 5, a borylated precursor for Suzuki coupling. The chosen 

borylation method was to use a cross coupling reaction. In the reaction an iridium complex, 

[Ir(OMe)(COD)]2, was used as catalyst  together with the ligand 4,4’-di-tert-butyl-2.2’-bipyridine. As 

boron pinacole substrate 4,4,5,5-tetrametyl-1,3,2,dioxaborane, was  used [19,20]. The reaction goes 

through a catalytic cycle where first boron pinacole binds to iridium complex, secondly the substrate, in 

our case the thiophene, adds to the complex and lastly the thiophene and boron pinacole are connected 

to each other [21,22].  

Ester hydrolysis 
The methyl esters were hydrolyzed in basic media to carboxylic acids. Ester hydrolysis is a carbonyl 

substitution followed by an acid-base reaction [14] (Figure 6).  
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Figure 6.Mechanism for ester hydrolysis with a strong base. 

Materials and methods  
All syntheses were carried out in a fume hood, because organic solvents have strong fumes and requires 

sufficient ventilation. All the reagents and solvents were obtained from Sigma-Aldrich when possible. 

Solvent mixtures were prepared in lab. 

The borylation reaction was conducted under irradiation by microwaves once to test if it worked better 

than traditional synthesis with reflux. Microwave irradiated reactions have some advantages as less 

solvent can be used and reaction times are lowered because of the radiation. It is also possible to achive 

a higher temperature in the vial than would have been possible in normal reaction conditions because of 

the radiation and the possibility to have higher pressure. [23] 

For purification of synthesized molecules, column chromatography with silica gel was the most common 

method. When silica gel did not work, preparative HPLC was used. For silica columns silica powder from 

Sigma Aldrich (Silica gel, high-purity grade (9385) pore size 60 Å, 230-400 mesh particle size) was used. 

For purification with preparative HPLC, the apparatus was a Waters LC-MS, with the column Xselect prep 

phenyl hexyl with dimensions 19*250 mm. The flow 23 mL/min and a mobile phase system starting at 

70% B, gradient to 100% for 8 minutes and then a hold time 4 minutes. Mobile phases were: A: 95% 

water, 5 % acetonitrile and 10 mmol ammonium acetate and B: 90% Acetonitrile, 10% water and 10 

mmol ammonium acetate. 

To identify products from synthesis and monitor reactions, different analytical methods were used. 

Nuclear magnetic resonance (NMR) was used to confirm structure of final products, LC-MS was used 

both for structural confirm but also for monitoring reaction mixtures. Thin layer chromatography (TLC) 

was done to monitor reactions and to check purity.  

NMR is the most powerful tool an organic chemist has when it comes to determining the structure of a 

molecule. The atoms’ nucleus each have a spin and for the isotopes 1H and 13C these spins are affected 
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by radio waves and can be recorded using a NMR machine. How the spin changes from the radio waves 

depends on the chemical environment in the molecule, e.g. if a carbon atom is in an alkane chain or a 

double bond or if a hydrogen is in a methyl group next to an oxygen or another carbon. [14] The NMR 

machine was a Varian 300 NMR-spectrometer, 1H-NMR was recorded at 300 MHz and 13C-NMR at 75 

MHz. Solvent used was deuterated chloroform (CDCl3) and in one case deuterated dimethyl sulfoxide 

(DMSO-d6).  

For analytical HPLC-MS the system used was a Waters LC-MS with a C18 3.5 µm Waters X bridge column, 

4.6*50 mm. The mobile phase A: 95% water, 5 % acetonitrile and 10 mmol ammonium acetate; B: 90% 

Acetonitrile, 10% water and 10 mmol ammonium acetate. Gradient elution was used with the starting 

conditions 90% A and 10 % B, gradient to 0:100 for 1 min and hold time for 4 minutes. 

TLC was used to determine if a reaction was compleated, to check fractions from column 

chromatography and for testing different mobile phases, as the separation on TLC is similar to 

separation with column chromatography. Visualization of the TLC was done with UV light at 245 and 366 

nm but also with para-anisaldehyde dip staining.  

The absorption, excitation and emission spectra for each probe were collected using a Tecan Infinite 

M1000 Pro microplate reader (Tecan, Männedorf, Switzerland). The probes were dissolved in PBS at pH 

7 and concentration used was 30 µM.  

Staining was done on brain cryosections from transgene Aβ-mouse (APPPS1), expressing human Aβ 1-42 

at an age of 15 months. The samples were fixated with ethanol for ten minutes and then conditioned in 

water and PBS (pH 7.4). The desired staining molecule was diluted to 3 µM and added to the samples. 

Samples were left to stain for 1.5 h before mounting medium for fluorescence and cover glass was 

added. Lastly, they were left to dry before analysis with fluorescence microscopy. 

Spectral images of stained tissue sections were acquired on an inverted Zeiss (Axio Observer.Z1) LSM 

780 microscope equipped with a 32 channel QUASAR GaAsP spectral array detector. For all imaging a 

Plan-Apochromat 20×/1.3 DIC objective lens was used. Excitation was done by excitation with an argon 

laser at 458 nm. Emission spectra were collected between 416 to 687 nm. 

Results and discussion  

Synthesis results  
To have an overview of all the different synthesis steps required to make all the target molecules, the 

molecules and their yields (in percent) are found in Table 1.In the table the yields are color coded to 

indicate if it was a bromination (compound 2, 7, 11 and 15) or Suzuki coupling (compound 4, 6, 8, 10, 12, 

14 and 16).  

Suzuki couplings have yields from 43 % (Compound 6 and 14) to 68 % (Compound 2), except for 

compound 16 who had a yield of 14 %. Compound 10 (61 %) and compound 4 (66-68 %) have higher 

yields than compound 6 (43%) and compound 14 (also 43 %). Compound 8 (52 %) and 12 (50%) are in 

between with regard to their yields. It is only for compound 4 that the same Suzuki has been done twice, 

yield 66 and 68%. It is important to notice for compound 4 that the Suzuki coupling is done to make 

compound 3, which is methylated to give compound 4 before purification. Because of this the Suzuki 

coupling itself might have higher yields than the yields for compound 4. To fully know how to improve 
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the yields, all reactions must be done multiple times. Factors that can affect the yields includes molar 

ratio between reagents, freshness of reagents, temperature for reaction, how long time the reaction 

was allowed to take, and purification methods used.  

Interesting to notice that compound 10 has 61 % yield even if it was chloride instead of bromide used in 

Suzuki coupling, both works for Suzuki but chlorides generally reacts slower and thus require more time, 

heating or maybe both [24]. In this case the pyridine was prepared the same way as the other dimers 

and had as high yield as the other reactions. Compound 11 has the highest yield for all bromination 

reactions, batch one of compound 11 has a yield of 93 %, which is excellent. The second batch had a 

yield of 86 % which also is high for bromination, the other compounds all have yields 76-55 % for 

bromination reactions, making compound 11 clear the one with highest yields.  

Compound 16, the Indole tetramer has very low over all yield, only 3%. One main reason is because it 

was hard to purify, which gave a yield of 14 %, compound 14 was also hard to purify and had a yield of 

43 %. Compound 15 also has low yield (55 %) compared to compound 7 (69 %), 11 (86-93%) and 2 (76-

59%) which were all made with bromination reactions. The yield is closest to compound 2, however, 

compound 2 has a lower yield partly because it contained a mixture of two isomers before purification 

and efforts were made to achieve as pure a product as possible. For compound 15 on the other hand, no 

purification was needed.  

In the purification of Compound 12 and 16, unreacted compound 11 and 15 was found. This is a sign 

that the reaction was not completed. The uncompleted reaction could either be due to the reaction 

time, where longer time could give higher completion, or it could be due to the reactivity of the 

compounds used. If it is the reactivity of any of the compounds, higher completion could be achieved by 

using higher amounts of reagents.  

Compound 5 has high difference in the yields for the test reaction (55 %) and final reaction (85 %), due 

to different methods for synthesis. For the test reaction both classical synthesis with reflux under 

nitrogen atmosphere and microwave irradiated synthesis was tested. Neither of the methods gave 

completed reaction after overnight reaction, both reactions was combined and heated overnight again. 

It is likely that some air or moisture had come and disrupted the test reactions, thus lowering the yields 

and for the final reaction a different approach was chosen. Traditional reflux was more promising than 

microwave irradiated reaction and to make sure the reaction was performed under an inert 

atmosphere, sealable vials for microwave irradiation was used. The reaction was sealed and heated in 

oil bath overnight. As the yield increased to 85 %, this was good choice.   

Purification is of high importance when it comes to the yields of the different compounds. Compound 1-

5 was purified with column chromatography where compound 6-17 was purified with recrystallization 

when possible. Compound 8, 12 and 16 are tetramers whose large molecular mass gives them poorer 

solubility, and as a result they are harder to purify with column chromatography. Purification with 

recrystallization depends on having a solvent where the product is hard to dissolve but all impurities are 

easily dissolved. A solvent with those properties is hard to find, and as a result, either is some product 

dissolved with the impurities and lost during the purification, or the impurities are not dissolved and it 

may take many attempts to receive pure product.   
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Table 1. An overview of yields for the different steps. For overall yields they are calculated from the steps marked with the same 
color as the overall yield. In the yield column, purple yields are from bromination reactions and turquoise yields are from Suzuki 
couplings.  

Molecule Yield Over all yield Purification methods  

Compound 1-test 67%  Column 

Compound 1 92%  Column 

Compound 2-test 76%  Column 

Compound 2 59%  Column, made sure to only collect the purest 
fractions  

Compound 4-test 66%  Column 

Compound 4 68%  Column 

Compound 5-test 55%  Column 

Compound 5 85% 31%  Column 

Compound 6 43%  Recrystallization 

Compound 7  69%  MeOH wash 

Compound 8 52% 15% MeOH wash and recrystallization in 
acetonitrile 

Compound 9    

Compound 10 61%  Recrystallization and column (half of the 
product was pure after recrystallization, 
thiophene was limiting)  

Compound 11 batch 1 93%  Possible to use without purification 

Compound 11 batch 2 86%  Possible to use without purification 

Compound 12 50% 28% MeOH wash and column 

Compound 13    

Compound 14 43%  Tried recrystallization, but had to use 
column 

Compound 15 55%  Possible to use without purification 

Compound 16 14% 3% Used column and MeOH wash but 
preparative HPLC was needed to have pure 
product 

Compound 17    

 

 

Staining and absorption/emission results 
Absorption and emission for pyridine (compound 13) and BTD (compound 9) tetramer was investigated 

at pH 7 and the spectrum are shown in Figure 7. In Figure 8 results from staining is shown. On the left 

are over view pictures where it is possible to see that both pyridine (Pyr) and BTD binds to aggregates, 

making the tissue look like a night sky with stars. In the middle are pictures with higher resolution, 

where it is possible to see that both molecules stain cores and tails of the aggregates. Pyridine has a 

clear black background where the background from BTD is more colored. The colored background is a 

sign for nonspecific binding, as the molecules have bound to general tissue and not only protein 

aggregates. For the staining, a relatively high concentration of ligand, 3 µM was used and it is possible 

that the nonspecific binding will decrease if a lower concentration is used.  
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BTD Pyridine 

Figure 7. Absorption and emission spectrum for 30 µM BTD and pyridine compounds in PBS at pH 7. 

 

Figure 8. Fluorescence images and emission spectra from A-beta deposits in brain tissue sections from a mouse model with AD-
like pathology stained by the pyridine (pyr) or BTD derivate. Aggregates stained by Pyr are seen with blue colour whereas 
aggregates staines by BTD are seen in yellow-red.  

Both pyridine and BTD have emission around 515 nm in PBS solution (Table 2). When binding to 

aggregates pyridine has an emission at 512 nm, which is close to emission in solution. BTD on the other 

hand gets an emission at 582 nm, which is a noticeable change from the emission in solution. BTD 

probably has a different conformation when it binds to aggregates then it has in solution.  
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Table 2. Maximum absorbance and emission  

 Absorbance max 
PBS (nm) 

Emission max PBS 
(nm) 

Stoke shift PBS 
(nm) 

Emission max 
Aggregate (nm) 

Pyridin 400 517 117 512 

BTD 420 513 93 582 

 

Summary of results 
The intermediates in the synthesis of the BTD probe was purified with recrystallization with high purity 

as a result, but a silica column might have given higher yields, unfortunately the use of silica column 

would have been problematic because of poor solubility. The BTD probe stained both tissue and protein 

aggregates in staining experiments.   

Both compound 10 and 12, intermediates in the synthesis of the pyridine probe took some time to 

purify completely and had a lot of overlap in the fractions, which made it hard to purify completely. 

Recrystallization worked to some extent for compound 10, but not for compound 12 as it shared 

solubility properties with compound 10 and 11, they were all hard to dissolve in methanol. The staining 

results were quite good without any binding to general tissue.  

The Indole probe had low yields for all intermediates, resulting in a poor overall yield and was not tested 

for staining. Compound 14 and 16 were hard to purify, which made the synthesis time-consuming and 

resulted in low yields.  

Ethical / Social aspects 
Mice models are used to test staining. Some binding can be evaluated by using protein aggregates in 

solution, but that cannot fully reproduce the conditions in a human brain. It is also possible to use brain 

samples from humans that have suffered from Alzheimer’s at the time of their death. One problem with 

human samples is that as Alzheimer’s affects the brain a lot it is hard to get consent from the people 

before their death and instead relatives must leave their consent. It is also always problematic to handle 

human samples when it comes to the risk of diseases and one need to handle the samples with respect. 

It is problematic to use mice as well, but mice do not suffer from having aggregates in their brain as 

much humans do and by using recombinant mice one knows which types of aggregates that will be 

present, instead of a human brain where many different types of aggregates might be present at once.  

With regard to environmental aspects it is important to have a sustainable synthesis method once it is 

time to make molecules on an industrial scale. The methods used in these syntheses are not the best 

but there is always a balance between how much time is possible to spend to optimize a synthesis, 

especially when it comes to a molecule when it is unknown how useful it will become.  

Further studies 
Further studies can be divided into two main parts, where one part is to collect more knowledge about 

the synthesized probes and their binding and the other part is to make more probes, study them and 

compare the results with the already obtained.  

For studies of the probes already synthesized, binding affinity and kinetics is one interesting thing to 

study, as is staining properties for different aggregates, so far only Aβ 1-42 have been tested and it 
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would be interesting to test with tau as well. Aggregates of different age would also be relevant, as 

some probes previously have been able to give different staining for aggregates of different age.  

For development of new probes, some dimers to connect with Compound 5 have been suggested and 

the structures of these dimers are found in Figure 9. The heterocycles to test are a thiazole, a furan and 

a benzodioxol.  
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CH3
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Br

O

SO

O
CH3

Br

O

O

S
Br

methyl 5-(5-bromothiophen-2-yl)-1,3-thiazole-2-carboxylate 5-(5-bromothiophen-2-yl)-2H-1,3-benzodioxole

methyl 5-(5-bromothiophen-2-yl)furan-2-carboxylate  

Figure 9. Structure of dimers with different aromatic heterocycles to combine with compound 5 and make more molecules.  

For further molecules it could also be possible to make analogues to HS-68 using the procedure in 

Scheme 4. For making HS-68 analogues both compound 7, 11 and 15 can be used as well as compounds 

in Figure 9. The dimers in Figure 9 was intended to be a part of the synthesis but turned out to be more 

challenging than expected and was therefore not completed. HS-68 analogues was also intended to be 

made within this thesis but had to be excluded due to lack of time. Nonetheless, both these new dimers 

and analogues to HS-68 would be of interest to the continuation of this project.   
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Scheme 4.  Synthetic route for making an HS-68 analogue 
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Conclusions  
Three new tetrameric probes were synthesized, one with indole, one with BTD and one with pyridine 

moieties. The indole probe was hard to synthesize because it had low yields and was hard to purify. The 

BTD probe had good yields and stained protein aggregates, however it had a lot of background staining. 

The pyridine probe had highest yields of all the three probes and also the most specific staining without 

background staining. As such, it looks like the pyridine probe is the most interesting for further studies.  

Experimental  

From thiophene acetic acid to borylated dimer (Compound 1-5) 

Compound 1 (test)  
Thiophene acetic acid (0.2018 g, 1.419 mmol) was dissolved in 35 mL MeOH. 12 droplets of 

concentrated sulfuric acid were added and the mixture was refluxed at 80 °C overnight. The reaction 

was neutralized with saturated NaHCO3(aq), extracted with 3 x 20 mL DCM, washed with 2 x 20 mL 

water and 20 mL brine. Dried with MgSO4 and solvent evaporated. Purified with flash column 

(heptane:ethylacetate 10:1). Yield: 0.1492 g (67%)   

Compound 1 (5g scale) 
Thiophene acetic acid (5.0603 g, 0.0355 mmol) was dissolved in 100 mL MeOH. 10 droplets of 

concentrated sulfuric acid were added, and the mixture was refluxed at 80 °C overnight. The reaction 

was neutralized with saturated NaHCO3(aq), 200 mL DCM was added together with 50 mL brine to 

increase the volume of the water phase and the mixture was extracted. The water phase was then 

extracted with 150 mL DCM, the water phase volume was increased with some deionized water and was 

extracted with 100 mL DCM. The combined DCM was washed with 50 mL water, dried with MgSO4 and 

solvent evaporated. Purified with flash column (heptane:ethylacetate 10:1). Yield: 5.0862 g (91.5%)  

Compound 2 (test) 
NBS (0.1531 g, 0.86 mmol) was dissolved in 0.5 mL dry DMF and added dropwise to 0.1344 g Compound 

1 (0.86 mmol) also dissolved in 0.5 mL dry DMF at -15°C. The mixture reached room temperature after 1 

h and left to react for 22 h. The reaction mixture was poured over 50 mL water, diluted with 50 mL DCM 

and washed with 6 x 50 mL water and 15 mL brine. Dried with MgSO4 and the solvent was evaporated. 

Purified with flash column (heptane:ethylacetate 40:1).  Yield: 0.1545 g (76%)  

Compound 2 (5g scale) 
NBS (5.8138 g, 0.03266 mol) was dissolved in 15 mL dry DMF and added dropwise to 5.0862 g 

Compound 1 (0.03456 mol) dissolved in 10 mL dry DMF at - 10°C. After 1 h the reaction continued in 

room temperature for in total 24 h. The reaction mixture was poured over 250 mL water, 200 mL DCM 

was added, and the mixture was extracted. Subsequently the water phase was extracted with 50 mL 

DCM and then the DCM was washed with 6 x 300 mL water. As some product had transferred to the 

water phase, the water phase got an addition of 28 mL brine and was extracted with 2 x 50 mL DCM. 

This was not enough to completely transfer all product to the organic phase and thus 42 mL brine was 

added to the water phase who then was extracted with 50 + 60 mL DCM. All DCM phases were 

combined and washed with 40 mL brine, dried with MgSO4 and evaporated.  Purification with flash 

column (heptane:ethylacetate 40:1). Yield: 4.5132 g (59 %)   

1H-NMR (CDCl3 300 MHz) δ: 7.25 (1 H d J=5.10 Hz), 6.94 (1 H d J=6.0 Hz), 3.72 (3 H s), 3.64 (2 H s) 
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Compound 4 (test)  
Compound 2 (0.1600 g, 0.68056 mmol), thiophene acid-boronester (0.1171 g, 0.6809 mmol), K2CO3 

(0.2855 g, 0.0020656 mol, 3eq) and PEPPSI-IPr (0.0053 g, 1 mol%) was dissolved in 5.5 mL 8:2 

dioxane:MeOH (degassed) and heated at 80 °C for 1 h. Left overnight in room temperature. Acidified 

with concentrated acetic acid. Extracted with 3 x 30 mL ethylacetate (5 mL water was added the first 

time to give a bigger volume to the water phase). Washed with 3 x 30 mL water and 30 mL brine. Dried 

with MgSO4 and evaporated to give crude compound 3 0.1886 g.  

The crude compound 3 (0.1886 g) was dissolved in 20 mL MeOH, 7 droplets 18 M H2SO4 was added and 

the mixture was refluxed overnight, neutralized with saturated NaHCO3(aq) and extracted with 3 x 20 

mL DCM, 2 x 20 mL water and 20 mL brine. Dried with MgSO4 and evaporated. Purification with flash 

column (heptane:etylacetate 8:1). Yield: 0.1333 g (66 %)  

Compound 4 
Compound 2 (4.4977 g, 19.131 mmol), thiophene acid-boronester (3.2995 g, 1 eq), K2CO3 (7.9800 g, 3eq) 

and PEPPSI-IPr (0.0356 g) was dissolved in 152 mL 8:2 Dioxan:MeOH (degassed) and heated at 80 °C for 

1 h. Left overnight in room temperature. Acidified with 1 M HCl. Extracted with 2 x 100 mL DCM 1 x 100 

mL Ethylacetate. Washed with 50 mL water and 50 mL brine. Water phase acidified and extracted again 

(because not acidic enough first time and a lot of product in water phase). Dried with MgSO4 and 

evaporated to give crude Compound 3 5.1558 g.  

Compound 3 (5.1558 g) was dissolved in 100 mL MeOH, 15 droplets 18 M H2SO4 was added and the 

mixture was refluxed overnight, (more acid added next morning, reflux again and again left overnight) 

neutralized with 40 mL saturated NaHCO3(aq) and extracted with 4 x 50 mL DCM, 3 x 50 mL water and 

50 mL brine. Dried with MgSO4 and evaporated. Purification with flash column (heptane:etylacetate first 

15:1 150 mL, then 10:1 200 mL and finally 8:1 until all product eluted). Yield: 3.871 g (68 %) 

1H-NMR (CDCl3 300 MHz) δ: 7.75 (1H d J=3.52 Hz), 7.30 (1H d J=5.27 Hz), 7.17 (1H d J=3.52 Hz), 7.07 (1H 

d J=4.68 Hz), 3.90 (3 H s), 3.79 (2 H s), 3.73 (3 H s) 

Compound 5 (test) 
For the test reaction of borylation both microwave irradiated synthesis and traditional synthesis were 

tested.  

1. For the micro synthesis 4.6 mg [Ir(OMe)(COD)]2 (0.0025eq), 4,4’-di-tert-butyl-2.2’-bipyridine (3.4 

mg, 0.0050eq), 4,4,5,5-tetrametyl-1,3,2,dioxaborane (75 µl) and 0.1052 g Compound 4 was 

dissolved in 5 mL dry THF and irradiated by microwave, temperature 100 °C, absorption level high, 

time 2 x 30 min.  

2. For the traditional synthesis 7.0 mg [Ir(OMe)(COD)]2 (0.0025eq), 4,4’-di-tert-butyl-2.2’-bipyridine 

(4.4 mg, 0.0050eq), 4,4,5,5-tetrametyl-1,3,2,dioxaborane (106 µl) and 0.1004 g Compound 4 was 

dissolved in 10 mL dry THF and refluxed overnight under nitrogen atmosphere.  

The next day both micro synthesis and traditional synthesis had starting material left. To make the 

reaction become finished, the micro synthesis and traditional synthesis are combined, more iridium 

complex and 4,4,5,5-tetrametyl-1,3,2,dioxaborane is added together with some THF and left overnight. 

Mixture evaporated to give crude oil 0.4655 g. Purification with silica column, mobile phase 

heptane:ethylacetate 7:1 → 2:1. Yield: 0.1608 g, 55 % 
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1H-NMR (CDCl3 300 MHz) δ: 7.75 (1H d J=4.20Hz), 7.55 (1 H s), 7.21 (1 H d J=4.20Hz), 3.90 (3H s), 3.79 

(2H s), 3.72 (3 H s), 1.35 (12 H s) 

Compound 5 (2g scale or so)  
From the test reactions the decision came to make the synthesis in sealed vial, because of the size of the 

vials two vials was used with one gram of starting material in each.  

1. 7.3 mg [Ir(OMe)(COD)]2 (0.0025 eq), 4,4’-di-tert-butyl-2.2’-bipyridine (6.1 mg, 0.0050 eq), 

4,4,5,5-tetrametyl-1,3,2,dioxaborane (750 µl) and 1.0111 g Compound 4 

2. 7.2 mg [Ir(OMe)(COD)]2 (0.0025 eq), 4,4’-di-tert-butyl-2.2’-bipyridine (8.5 mg, 0.0050 eq), 

4,4,5,5-tetrametyl-1,3,2,dioxaborane (750 µl) and 1.0553 g Compound 4 

To each vial 15 mL dry THF was added, the vials was sealed and heated at 75 °C, overnight. Evaporation 

and purification with silica column. Mobile phase heptane:ethylacetate 5:1 → 1:1. Recrystallization by 

dissolving product in as little as possible diethyl ether and then adding heptane. Yield: 2.5052 g, 85 %.   

1H-NMR (CDCl3 300 MHz) δ: 7.75 (1 H d J=4.11 Hz), 7.55 (1 H s), 7.21 (1 H d J=4.10 Hz), 3.90 (3.88 H s), 

3.79 (2.49 H s), 3.72 (3.97 H s), 1.34 (14.72 H s) 

BTD-compound, from dimer to tetramer (Compound 6-9) 

Compound 6  
 5-boropinacole- 2,1,3-benzothiadiazole (149.5 mg, 0.57 mmol), 2-bromotiophene (157.1 µl, 1.62 mmol, 

unintended excess thiophene due to error in calculations), PEPPSI-IPr (9.4 mg, 2.4 

mol%) and K2CO3 (251.5 mg 1.82 mmol) was dissolved in 15 mL Dioxane/MeOH solvent and refluxed at 

80 °C for 1 h. Acidified with 1M HCl, extracted with 3 x 30 mL DCM, wash 3 x 30 mL H2O, water 

phases extracted with 20 mL DCM, all DCM washed with 30 mL brine.  Dried with MgSO4 and 

evaporated. Recrystallized with MeOH. Yield 0.0531 g solid, 43%  

1H-NMR (CDCl3 300 MHz) δ: 8.20 (1 H m), 8.01 (1 H dd J=1.17 & 9.37Hz), 7.92 (1 H dd J=9.37 & 1.76Hz), 

7.52-7.41 (2 H m), 7.16 (1 H dd J=5.27 & 3.51Hz) 

13C-NMR (CDCl3 75 MHz) δ: 129.2, 128.7, 126.9, 125.3, 121.8, 116.7 (two imine carbon missing) 

Compound 7 

Compound 6 (53 mg, 0.24 mmol) dissolved in DMF at 0°C and NBS (0.0448 g, 0.25 mmol) in DMF 

added dropwise. Reaction left to stir in room temperature for 36 h, extracted with 2 x 30 mL DCM, 30 

H2O and 30 mL brine. Water phases extracted with 30 mL DCM, DCM phases combined, dried 

with MgSO4 and evaporated. Product washed with MeOH. Yield: 0.0500 g, 69%   

1H-NMR (CDCl3 300 MHz) δ: 8.10 (1 H d J=1.75Hz), 8.01 (1 H d J=9.37 & 1.17Hz), 7.80 (1 H dd J=9.37 & 

1.76Hz), 7.25 (1 H d J=5.27Hz), 7.11 (1 H d J=4.1Hz) 

Carbon: (ppm) 134.6, 131.5, 128.5, 125.5, 122.1, 110.2, 96.0, 77.3 (two imine carbon missing) 

Compound 8  
Compound 7 (0.0467 g, 0.16 mmol), Compound 5 (0.0737 g, 0.18 mmol), PEPPSI-IPr (5.9 mg) and K2CO3 

(0.0706 g) was dissolved in 12 mL Dioxane/MeOH and refluxed for 2 h at 80 °C. Acidified with 1M HCl 

next day and extracted with 3 x 30 mL DCM, washed with 3 x 30 mL H2O and 25 mL brine. Filtrated with 
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cellite, dried with MgSO4 and evaporated. Washed with warm MeOH and then recrystallized in 

acetonitrile to give product. Yield: 0.0422 g, 52 %.   

1H-NMR (DMSO-d6 300 MHz) δ: 8.18 (1 H s), 8.02 (1 H d J=8.70 Hz), 7.89 (1 H dd J=1.8 & 9Hz), 7.77 (1 H d 

J=3.90 Hz), 7.44 (1 H d J=4.20 Hz), 7.25-7.21 (3 H m), 3.92 (3 H s), 3.81 (2 H s), 3.77 (3 H s) 

13C-NMR (DMSO-d6 75 MHz) δ: 170.6, 161.9, 135.9, 134.8, 134.0, 129.2, 129.0, 128.0, 127.9, 126.9, 

122.3, 116.2, 52.7, 52.4, 34.7 (two imine carbon missing) 

Compound 9  
 For the deprotection reaction 0.0299 g Compound 8, and 175 µl 1M NaOH was dissolved in dioxane and 
refluxed for 24 h, during the reaction some mL water was added to dissolve formed product. When the 
reaction was finished, solvent was evaporated, product dissolved in water and freeze dried.  

Pyridine-compound, from dimer to tetramer (Compound 10-13) 

Compound 10 
Methyl 6-chloropyridine-3-carboxylate (0.5095 g, 2.97 mmol), thiophene-boronic acid (0.2806 g, 2.19 

mmol), PEPPSI-IPr (0.0187 g) and K2CO3 (0.8835 g) was dissolved in 27 mL solvent and refluxed for 1 h. 

Next day acidified with 1M HCl, extracted with 3 x 50 mL DCM, 2 x 50 mL water and 50 mL brine. Dried 

with MgSO4 and evaporated. Recrystallized with warm MeOH gave 140 mg pure product and 200 mg 

that was purified with column chromatography twice, heptane:ethylacetate 10:1 was to fast, 20:1 gave 

better separation, yield: 0.1535 g. Total yield: 294 mg, 61 % 

1H-NMR (CDCl3 300 MHz) δ: 9.15 (1 H dd J=1.2 & 2.4Hz), 8.27 (1.27 H dd J=2.4 & 8.1Hz), 7.73-7.69 (2.69 

H m), 7.49 (1 H dd J=1.2 & 4.5Hz), 7.15 (1 H dd J=3.6 & 5.1Hz), 3.96 (4 H s) 

13C-NMR (CDCl3 75 MHz) δ: 165.6, 155.9, 151.0, 143.9, 137.7, 129.5, 128.4, 126.3, 123.8, 118.0, 52.3 

Compound 11 
Done twice because some dimer was pure after recrystallization and some needed more purification 

Batch 1: Compound 10 (0.1290 g, 0.59 mmol) was dissolved in some mL dry DMF and put on ice.  NBS 

(0.1183g, 6.7 mmol) was dissolved in 1 mL DMF and added dropwise to the solution. Mixture stirred on 

ice for 75 min and stirred at room temperature overnight. Water was added to quench the reaction and 

the mixture was extracted with 2 x 30 mL DCM, 30 H2O and 30 mL brine. Water phases extracted with 30 

mL DCM, DCM phases combined, dried with MgSO4 and evaporated. Yield 0.1629 g, 93 % 

1H-NMR (CDCl3 300 MHz) δ: 9.11 (1 H dd J=1.2 & 2.4Hz), 8.26 (1 H dd J=2.4 & 8.7Hz), 7.62 (1 H d 

J=9.30Hz), 7.40 (1 H d J=3.90 Hz), 7.09 (1. H d J=4.20Hz), 3.95 (4 H s) 

13C-NMR (CDCl3 75 MHz) δ: 165.4, 154.9, 151.0, 145.3, 137.8, 131.3, 126.2, 124.1, 117.3, 77.2, 52.3 

Batch 2: Compound 10 (0.1535 g, 0.70 mmol) was dissolved in some mL dry DMF and put on ice.  NBS 

(0.1278 g, 7.2 mmol) was dissolved in 1 mL DMF and added dropwise to the solution. Mixture stirred on 

ice for 1 h and stirred at room temperature overnight. Water was added to quench the reaction and the 

mixture was extracted with 2 x 30 mL DCM, 30 H2O and 30 mL brine. Water phases extracted with 30 mL 

DCM, DCM phases combined, dried with MgSO4 and evaporated. Yield. 0.1799 g, 86 %.  

1H-NMR (CDCl3 300 MHz) δ: 9.11 (1 H d J=1.80 Hz), 8.26 (1 H dd J=1.8 & 8.1Hz), 7.62 (1 H d J=9.30Hz), 

7.41 (1 H d J=3.90 Hz), 7.10 (1 H d J=4.20 Hz), 3.95 (3 H s) 
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Compound 12 
Compound 11 (0.0999 g, 0.34 mmol), Compound 5(0.1417 g, 0.34 mmol), PEPPSI-IPr (11.1 mg) and 

K2CO3 (0.1409 g) was dissolved in 9 mL Dioxane/MeOH and refluxed for almost 1 h at 80 °C. Acidified 

with 1M HCl next day and extracted with 4 x 30 mL DCM, washed with 3 x 30 mL H2O and 25 mL brine. 

Dried with MgSO4 and evaporated. Washed with MeOH. Purification with silica column. Mobile phase 

DCM:ethylacetate 100:1 → 50:1, then increasing portion ethyl acetate until everything eluted. Yield: 

0.0865 g, 50 % 

1H-NMR (CDCl3 300 MHz) δ: 9.14 (1 H d J=2.10Hz), 8.28 (1 H dd J=2.4 & 8.1Hz), 7.77 (1 H d J=4.20 Hz), 

7.72 (1 H dd J=1.2 & 9.3Hz), 7.59 (1 H d J=4.20 Hz), 7.25 (1 H s ), 7.23 (1 H d J=3.60 Hz), 7.21 (1 H d J=3.60 

Hz), 3.96 (3 H s), 3.91 (3 H s), 3.79 (2 H s ), 3.76 (3 H s ) 

Compound 13 
For deprotection, 66.1 mg compound 12 and 579 µl 1M NaOH was dissolved in dioxane and refluxed for 

48 h, during the reaction some mL water was added to dissolve formed product. When the reaction was 

finished, solvent was evaporated, product dissolved in water and freeze dried.  

Indole-compound, from dimer to tetramer (Compound 14-17)   

Compound 14 
Methyl 5-boropinacole- 1-methyl-1H-indole-3-carboxylate (151.1 mg, 0.48 mmol), 2-bromotiophene (47 

µl, 0.48 mmol), PEPPSI-IPr (9.3 mg, 2.8 mol%) and K2CO3 (198.7 mg, 1.44 mmol) was dissolved in 12 mL 

dioxane/MeOH and refluxed at 80 °C for 1 h. Acidified with 1 M HCl, extracted with 3 x 30 mL DCM, 

washed with 3 x 30 mL H2O and 30 mL brine. Dried with MgSO4 and evaporated to give crude.  Flash 

column mobile phase DCM with 1→2.5 % MeOH. Yield: 0.0366 g, 43 % 

1H-NMR (CDCl3 300 MHz) δ: 8.42 (1 H d J=1.20 Hz), 7.75 (1 H s), 7.56 (1 H dd J=1.8 & 8.1Hz), 7.36 (1 H dd 

J=1.2& 3.6Hz), 7.31 (1 H d J=9.30 Hz), 7.26 (1 H dd J=1.2 & 5.1Hz), 7.09 (1 H dd J=3.3 & 5.1Hz), 3.93 (3 H 

s), 3.81 (3 H s ) 

Compound 15 
Compound 14 (0.0256 g, 0.094 mmol) was dissolved in DMF over ice. NBS (0.0174 g, 0.098 mmol) was 

dissolved in 1 mL DMF and dropwise added to solution. Left to stir in room temperature overnight, 

quenched with water and extracted with 2 x 30 mL DCM, 30 H2O and 30 mL brine. Water 

phases extracted with 30 mL DCM, DCM phases combined, dried with MgSO4 and evaporated to give 

crude. Yield: 0.0259 g, 55% 

1H-NMR (CDCl3 300 MHz) δ: 8.32 (1 H d J=1.80 Hz), 7.78 (1 H s), 7.46 (1 H dd J=1.8 & 8.7Hz), 7.32 (1 H d 

J=11.70 Hz), 7.09 (1 H d J=3.60 Hz), 7.03 (1 H d J=3.60 Hz), 3.93 (3 H s), 3.84 (3 H s) 

Compound 16 
Compound 15 (0.0259 g, 0.074 mmol), Compound 5 (0.0321 g, 0.076 mmol), PEPPSI-IPr (4.4 mg) and 

K2CO3 (0.0340 g) was dissolved in 7 mL Dioxane/MeOH and refluxed for almost 1 h at 80 °C. Acidified 

with 1M HCl next day and extracted with 3 x 25 mL DCM, washed with 2 x 25 mL H2O and 25 mL brine. 

Dried with MgSO4 and evaporated. Crude 0.0465 g Tried to purify with column chromatography (mobile 

phase Heptane:DCM 1:2 →1:5, then  DCM with 1% MeOH) and washed with warm MeOH but had 

eventually to do preparative LC to get pure product. LC-prep gave 5.8 mg pure product (14% yield) 
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1H-NMR (CDCl3 300 MHz) δ: 8.42 (1 H s), 7.79 (1 H s), 7.77 (1 H d J=4.20 Hz), 7.56 (1 H dd J=1.8 and 

8.7Hz), 7.35 (1 H d J=8.10Hz), 7.31 (1 H d J=3.30 Hz), 7.20 (2 H t J=3.90 Hz), 7.16 (1 H s), 3.95 (3 H s), 3.91 

(3 H s), 3.85 (3 H s), 3.80 (2 H s), 3.77 (3 H s) 

Compound 17  
For deprotection 4.2 mg Compound 16 and 33.4 µl 1M NaOH was dissolved in dioxane and refluxed for 

36 h, during the reaction some mL water was added to dissolve formed product. When the reaction was 

finished, solvent was evaporated, product dissolved in water and freeze dried. Because one methyl 

group was hard to remove, 11 µl more NaOH was added after 48 h. 
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