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Abstract: 

Abnormal aggregation of misfolded proteins is related to numerous neurodegenerative diseases, which 

include Alzheimer’s, Parkinson’s disease and prion diseases. Luminescent conjugated probes (LCPs) have 

been used as dyes for these supramolecular assemblies termed amyloid fibrils. To these probes, 

metalloporphyrin (MP) derivates have been attached to achieve new spectroscopic properties, which will 

allow for new ways to study protein aggregation diseases. 

In this thesis the synthesis of two different LCPs anchored porphyrin derivates are described. The LCPs are 

synthesized from 3-thiopheneacetic acid and additional thiophene units are added with the use of Suzuki 

cross coupling reaction. The porphyrin is synthesized from pyrrol, benzaldehyde and methyl-4-

formylbenzoate in a condensation reaction. In the first target molecule (TM) the porphyrin and thiophene 

are coupled with a spacer and the second one is a direct coupling between the two compounds.                    
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Abstract 

 

Abnormal aggregation of misfolded proteins is related to numerous neurodegenerative 

diseases, which include Alzheimer’s, Parkinson’s disease and prion diseases. Luminescent 

conjugated probes (LCPs) have been used as dyes for these supramolecular assemblies termed 

amyloid fibrils. To these probes, metalloporphyrin (MP) derivates have been attached to 

achieve new spectroscopic properties, which will allow for new ways to study protein 

aggregation diseases. 

In this thesis the synthesis of two different LCPs anchored porphyrin derivates are described. 

The LCPs are synthesized from 3-thiopheneacetic acid and additional thiophene units are 

added with the use of Suzuki cross coupling reaction. The porphyrin is synthesized from 

pyrrol, benzaldehyde and methyl-4-formylbenzoate in a condensation reaction. In the first 

target molecule (TM) the porphyrin and thiophene are coupled with a spacer and the second 

one is a direct coupling between the two compounds.                    
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1. Introduction 

 

Alzheimer’s disease, Parkinson’s disease and Prion diseases (including BSE, sheep scrapie 

and Creutzfeldt Jacob disease) are a few examples of protein misfolded disorders, caused by 

amyloid fibrils or plaques in the brain. Amyloid fibrils are supra molecular assemblies built 

from small aggregated β sheet-rich proteins [1, 2]. The mechanism of aggregation into 

fibrillar structures is still unclear, but molecular probes have been developed to detect protein 

aggregates and this may obtain some mechanistic insight [3].   

The conformational sensitive properties of LCPs (luminescent conjugated probes) have been 

used to study and detect amyloid fibril formation in vitro and in vivo [3]. The LCP backbone 

is composed of thiophene units that result in flexibility and π-conjugation (Figure 1a). 

Variations of the chain length and conformation of the probe give rise to changes in the 

electronic structure. This will affect the optical processes, which is demonstrated as variations 

in absorption and emission properties. When the LCP binds non-covalently to a protein target 

the electronic structure of the LCP backbone will provide spectral information related to the 

protein [4, 5]. The LCPs offer a new insight to the molecular mechanism of protein 

aggregation and may help in early diagnosis of degenerative diseases. 

  

In this thesis the LCPs were coupled with porphyrins and their metallo derivates, so that the 

optical properties, when binding to the fibrils, could be studied. Porphyrins are heterocyclic 

macrocycles, containing four modified pyrrol units connected via four methine bridges. They 

follow Hückels rule of aromaticity where the first calculations were made 1950 [6] showing 

18 electrons delocalized over the ring (Figure 1b). These highly conjugated systems have a 

very intense absorption and emission properties in the visible region that makes them deeply 

colored and of high interest to many fields of science. The cavity in the middle, with four 

inward pointing nitrogen, enables the free base porphyrin (the parent porphyrin derivate) to 

form complex with the majority of elements in the periodic table and many of these 

metalloporphyrin (MP) complexes are capable of binding additional axial ligands which alters 

the spectroscopic, electrochemical, structural and photo physical properties even more [7].      
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Figure 1. a Twisting of thiophene units, showing the flexibility of the LCP backbone. 

b The meso and β positions are sites for modification in the porphyrin. The bold lines 

show the electron flow.  

 

The central metal ion in metalloporphyrins (MP) has an effect on the π-electron system of the 

macrocycle, determining the chemical reactivity and biological function [8]. For example, the 

active site where the oxygen binds in hemoglobin is a porphyrin complex with iron (II) and is 

called heme. 

 

Sensing O2 is of great importance for several areas of physiology and medicine. When 

profiling the physiology of tissue and cells, oxygen is the key metabolic indicator [9, 10]. For 

example, in neuroscience the ability to image brain oxygenation is important for 

understanding neuronal activation [11], and in photodynamic therapy of cancer where the 

detailed knowledge of local O2 concentrations is the key to improve diagnosis and treatment 

[10, 12]. One promising technique for O2 detection is the use of Pd-porphyrin phosphorescent 

dyes, because they are chemically stable and their phosphorescence is sensitive to oxygen [13, 

14]. Ru-porphyrin protein scaffolds have also been reported as O2-sensitive phosphorescence 

sensors [15], where a modified Ru-porphyrin is incorporated into the protein. 

  

The application of thiophene-linked porphyrins has previously been reported as dye-sensitized 

solar cells for their capability to convert solar light into electricity [16]. Another application is 

the electrostatic complex of a water soluble polythiophene and a cationic porphyrin for killing 

bacteria effectively by generating singlet oxygen [17]. Hence, LCPs and MPs have intrinsic 

properties that render them suitable for medical and diagnostic properties. The combination of 

these two materials is thus intriguing as the LCP-MP hybrid material may offer interesting 

novel spectroscopic properties, which will allow for new ways to study protein aggregation 
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diseases. Moreover, the LCP could be used as a carrier that guides the MP to the protein 

aggregate. Whereupon the MP would act as an O2-sensor, closely associated to the surface, at 

the location of interest. 

 

1.1 Synthetic strategy 

Two target molecules (TM) were synthesized, the first one with a spacer separating the LCP 

from MP without any conjugation between the two and the second one with an amide bond 

instead to achieve partial conjugation. TM 1, a pentameric LCP was coupled with the 

porphyrin via a hexaethyleneglycol spacer (Scheme 1).  The LCP building block was 

synthesized from 3-thiopheneacetic acid, and a sequence of halogenations and Suzuki 

couplings with the appropriate boronic to give the desired pentathiophene. A hexaethylene 

glycol spacer was used as a linker between the LCP and MP.  The porphyrin part of target 1 

was synthesized from pyrrol, benzaldehyde and methyl-4-formylbenzoat in a condensation 

reaction.  

 

TM 2, a pentameric LCP coupled with a MP derivative via an amide bond (Scheme 2). The 

LCP and the paracarboxy porphyrin were synthesized as described earlier. The amine 

functionality at the porphyrin was obtained by a Curtius rearrangement reaction, followed by 

amide coupling reaction.  
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Scheme 1. Retro synthetic analysis of target molecule 1.  
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Scheme 2. Retro synthetic analysis of target molecule 2.  
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1.2 Suzuki coupling 

The Suzuki cross coupling reaction is one of the most common ways to create carbon-carbon 

bonds between aromatic halogen or triflate-compounds and boronic acid or boronate ester 

derivatives in the presence of a base (Scheme 3).  

 

 

 

Scheme 3. A Suzuki coupling between a brominated thiophene and a diboronic acid.    

i: Pd-catalyst, K2CO3, toluene/methanol (1:1), 10 min 80ºC. 

 

The reaction is palladium catalyzed and the mechanism consists of three steps (Figure 2): 

oxidative addition, transmetallation and reductive elimination. The first step is the oxidative 

addition of the halide to the palladium(0) to form an organo-palladium(II) intermediate. This 

step is followed by a transmetallation with the boronic acid/ester and palladium(0) is 

regenerated by reductive elimination. The role of the base is to activate the boron by making it 

more nucleophilic and further accelerate the transmetallation step [18].   

   

 

 

Figure 2. The general mechanism for the Suzuki coupling. Y = B(OR’)2 (R’ = H or 

alkyl), X = Halide. a. Oxidative addition b. Transmetallation c. Reductive 

elimination.  
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The palladium catalyst used here was the commercially available PEPPSI-IPr (pyridine-

enhanced precatalyst preparation, stabilization and initiation), which is a NHC-based (N-

Heterocyclic Carbene) catalyst (Figure 3) [19].  

 

 

Figure 3. PEPPSI-IPr, the catalyst used in the Suzuki coupling 

 

PEPPSI is the generic name for this type of catalysts which all have a pyridine ligand in 

common that stabilizes the complex and dissociates upon activation as a “throw-away ligand” 

[19, 20]. The catalytic cycle is initiated by the reduction of the Pd(II) to Pd(0) with the 

organometallic reagent followed by the dissociation of pyridine (Figure 4) [19].   

    

 

Figure 4. The activation of the PEPPSI catalyst. 

 

After the pyridine ligand has been removed the catalyst enters the catalytic cycle and in the 

next step, oxidative addition, the strongly electron donating nature of NHC facilitates the 

reaction. The bulky NHC ligands will provide a fast reductive elimination which suppresses 

undesired side reactions.    

 

1.3 Amide coupling 

Amide coupling reactions are of great importance in organic chemistry and are present in a 

huge array of synthesis, including synthesis of many marketed drugs. In biological systems 

the amide bond is the main chemical bond that link amino acids into proteins. The bond is 

synthesized from a carboxylic acid and an amine and the resulting amide is one of the least 

reactive carbonyl groups. The reasons are the conjugation of the lone pair electrons on 
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nitrogen with the carbonyl group and the fact that the amine part is a poor leaving group. This 

π-electron interaction over the three atoms in the amide (Figure 5) makes the group planar and 

gives it partial double bond character, one of the reason why this bond was chosen for TM 2.  

It is estimated in silico that acetamide is represented by resonance structure A for 62% and by 

B for 28% [21]. 

 

Figure 5. The delocalization of the electrons in an amide bond giving it a partial 

double bond character. 

 

At room temperature the amide bond formation does not occur spontaneously and for this 

reason it is necessary to activate the carboxylic acid. The carboxylic acid is converted to a 

better leaving group and this will facilitate the amine attack at the carbonyl (Figure 6). To 

activate carboxylic acids, so called coupling reagents are used, which act as stand-alone 

reagents to generate compounds such as acid chlorides, anhydrides, carbonic anhydrides or 

active esters. There are hundreds of coupling reagents reported with different properties and 

reactivity [22].  

 

Figure 6. The activation process for amide-bond formation. 

 

Dicyclohexylcarbodiimide (DCC) has been used as a coupling reagent since 1955 and was 

one of the first carbodiimides developed. Another example of a popular carbodiimide is EDC 

(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) (Figure 7) [22]. 

 

Figure 7. Examples of carbodiimides. 
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Another type of coupling reagents is based on HOBt/HOAt systems and uronium/aminium 

salts. These will react with the carboxylic acid and form OAt/OBt active ester, followed by 

coupling with the amine. HATU (Figure 8) is one example of these types of reagents [22].  

 

 

Figure 8. Example of a HOAt based coupling reagent.  
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2. Results and discussion 

 

2.1 Synthesis of the pentameric LCP 

The first step was to protect 3-thiopheneacetic acid as a methyl ester in acetyl chloride and 

methanol, followed by bromination with NBS in chloroform/acetic acid (Scheme 4). After 

purification by flash chromatography (FC) there was still some of the di-brominated product, 

which was purified by reversed phase chromatography to give product 3 in 66%. The 

coupling of 3 and the commercially available diboronic acid 4 was performed in 

toluene/methanol at reflux temperature (90ºC) for 10 minutes using PEPPSI-IPr vide supra as 

the palladium catalyst to afford the trimer (5) in 49% yield. Mono-bromination of 5 with NBS 

in chloroform/acetic acid gave a mixture of mono-brominated, di-brominated and starting 

material. After a second purification the compound 6 was obtained in 68%. The mono-

brominated trimer 6 and the commercially available boronic acid 7 were combined under 

same conditions as for 5 yielding 8 in 90%.                           

 

Scheme 4. i: AcCl, MeOH; ii: NBS, chloroform/acetic acid (1:1); iii: K2CO3, 

PEPPSI-IPr, toluene/MeOH (1:1); iv: NBS, chloroform/acetic acid (1:1); v: K2CO3, 

PEPPSI-IPr, toluene/MeOH (1:1). 

 

Two different reactions were performed with the asymmetric tetramer 8. The first was a 

coupling with N-Boc-ethylenediamine using HATU as coupling reagent and DIPEA as the 
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base (Scheme 5) affording 9 in 81% yield (general HATU mechanism see Appendix A). 

Another experiment with EDC as coupling reagent, NHS as an activating group, and TEA as 

base was performed, however more byproducts were spotted on TLC and less product was 

obtained after purification making the reaction with HATU a more suitable one.   

The second reaction on 8 was a protection of a carboxylic acid to a methyl ester in methyl 

iodide and silver(I)oxide refluxing at 35ºC for 17 h affording compound 10 in 84%. The 

silver(I)oxide serves as a lewis base and increases the nucleophilicity of the hydroxyl group, 

which attacks the methyl iodide in a SN2 reaction. Another approach to 10 was made with 

thionyl chloride in methanol, and after refluxing at 50ºC for 24 h the product was obtained in 

77% yield. Moreover, the silver(I)oxide promoted reaction was much faster and TLC showed 

that it was finished after 2h, whereas the thionyl chloride reaction had only started at that time 

point. The methyl ester is necessary for a couple of reasons. Firstly, the next step towards the 

pentameric thiophene was the bromination of 10 to 11 with NBS (scheme 6) in a 92% yield, 

and the purification step was substantially simplified with a methyl ester than with a 

carboxylic acid group. Secondly, the thiophene was later coupled to a porphyrin bearing an 

amino group and to reduce the formation of di functionalized pentamer with porphyrin, only 

one carboxylic acid on the LCP should be available for the amide coupling between 

compounds 12 and 25 (See scheme 15).    

 
Scheme 5. i: HATU, DIPEA, DMF; ii: MeI, Ag2O, DCM 

 

To achieve the pentamer 12 the brominated tetramer 11 was coupled with commercially 

available 7 in toluene/methanol (1:1) at 90ºC, using K2CO3 as base and PEPPSI-IPr as 

catalyst yielding 90% of the desired product 12 (Scheme 6).   
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Tetramer 9 was brominated with NBS in chloroform/acetic acid for 4.5 h giving 92% of 

product 13 (Scheme 7). 13 was then coupled with commercially available 14 under the same 

conditions as for 12 yielding 92% of the pentamer 15. Deprotection of 15 was done with 

TFA/chloroform (4:1) affording 16 in 93%. 

 

Scheme 6. i: NBS, chloroform/acetic acid; ii: K2CO3, PEPPSI-IPr, toluene/MeOH 

(1:1) 

 

 
Scheme 7. i: NBS, chloroform/acetic acid; ii: K2CO3, PEPPSI-IPr, toluene/MeOH (1:1); 

iii: TFA, chloroform 
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2.2 Synthesis of hexaethylenglycol spacer 
 

 
Scheme 8. i: TsCl, pyridine; ii: NaN3, DMF; iii: TBAHS, NaOH (50%), toluene; iv: 

H2, Pd/C, EtOH (95%) 

 

The hexaethyleneglycol spacer linked the pentamer 16 with the porphyrin and in order to 

achieve this an amine and a carboxyl functionality is needed on the spacer. The first step was 

to make one of the alcohol groups on hexaethyleneglycol a better leaving group by 

monotosylation with p-toluenesulfonyl chloride in pyridine (scheme 8). Product 17 was 

isolated in poor yield (52%), because of ditosylated byproduct and hard detection on TLC 

during the purification step. In the next step sodium azide makes a nucleophilic attack on 17 

and forms the azido compound 18 in 75% yield. Product 18 was transformed into 19 via a SN2 

attack at tert-butyl bromoacetate in a two-phase reaction yielding 44%. Tetrabutyl ammonium 

bisulfate (figure 9) is a phase transfer catalyst, which allows low concentrations of the water-

soluble hydroxide ions to pass into the organic toluene phase were they acts as a base for the 

reaction. The tetrabutyl ammonium salt has a polar group (N
+
) and hydrocarbon side chains 

(butyl groups), which means that although it is charged it is soluble in the organic layer as 

well [23]. The last step towards 20 is catalytic hydrogenation, performed using palladium on 

carbon in ethanol under an atmosphere of H2. This method afforded 20 in 82% yield.       

 

 
 

Figure 9. Tetrabutyl ammonium bisulfate (TBAHS), a phase transfer catalyst  
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2.3 Synthesis of the porphyrin derivate 

This asymmetric paracarboxy tetraphenyl porphyrin (pcTPP) (21) was synthesized by 

combining pyrrol with benzaldehyde and methyl-4-formylbenzoate under acidic conditions at 

reflux for 4h (Scheme 9) in a condensation reaction. The formed tetra phenyl porphyrin 

methyl ester was hydrolyzed with NaOH in ethanol affording 21 in 10% (based on methyl-4-

formylbenzoate). The synthesis of the porphyrin was prepared by a modified Adler and Longo 

method [24]. Even though the yield is low the method is simple and easy to generate tetra aryl 

porphyrins [24]. The mechanism is not definitely proved but a possible one consists of eight 

electrophilic substitutions, cyclization and oxidation predominantly by atmospheric oxygen. 

This is shown in figure 10 [24, 25] for the symmetric tetraphenyl porphyrin (TPP).   

 

Scheme 9. i: AcOH; ii: NaOH, EtOH (95%)  

 

Figure 10. A possible mechanism of the symmetric Tetraphenyl porphyrin (TPP) 
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As mentioned, TPP is a symmetric porphyrin and pcTPP is asymmetric. The synthesis of TPP 

needs only one aldehyde derivate unlike pcTPP, which is in need of two different ones. This 

mixed-aldehyde condensation can give rise to a set of different porphyrins (See Appendix A). 

The ratio of the porphyrins in a mixed-aldehylde condensation depends on the ratio of the 

aldehydes, their reactivity at all stages of the porphyrin-forming reaction and the ease of 

separation from the mixture of porphyrins [26]. This contributes to the low yield of the 

asymmetric porphyrin, but also the fact that pyrrol and aldehyde can polymerizes to longer 

chains than the ones needed for the ring closure [24, 25].  

The carboxylic functionality at 21 is used for amide coupling with the spacer, but it was also 

necessary to functionalize the porphyrin with an amino group for the final amide coupling to 

obtain TM 2. To accomplish this, two different strategies were considered, synthesis of a new 

porphyrin starting with different starting materials to gain an amino functionality at one of the 

four meso positions or a rearrangement reaction at carboxylic moity of 21. Since the synthesis 

of asymmetric porphyrines is fraught with low reaction yields and purification difficulties, the 

rearrangement reaction, a Curtius rearrangement, was tested and resulted in 41% yield of 22, a 

Boc-protected amine (Scheme 11). 

 

 

Scheme 11. i: DPPA, TEA, tert-BuOH; ii: TFA, CHCl3  
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This transformation involves the use of diphenyl phosphorazidate (DPPA), which generates 

an acyl azide, which upon heating releases nitrogen (N2) and forms a nitrene (figure 11) [27]. 

Nitrene is electrophilic as well as reactive and the migration takes place to give an isocyanate 

[28]. The isocyanate is attacked by tert-buthanol and the Boc-protected amine is formed. The 

deprotection is done with TFA in chloroform and product 23 is yielded in 87%.  

  

 

Figure 11. The curtius rearrangement  

 

2.4 Synthesis of Target molecule 1 

To achieve TM 1 with the previously described building blocks, the first step is to couple the 

spacer 20 with the porphyrin 21 in an amide coupling reaction with HATU and DIPEA in 

DMF. The total yield of the obtained product 24 was 91% (Scheme 12). 

 

Scheme 12. i: HATU, DIPEA, DMF 
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After deprotection of 24 with TFA, the resulting carboxylic acid functionality was coupled 

with the amine functionality at the pentameric thiophene 16 in an amide coupling reaction, 

proceeded with HATU and DIPEA in DMF to give product 25 in 39% yield (Scheme 13). For 

a more water soluble product, the methyl esters in 25 were deprotected with NaOH/H2O to 

obtain 26 in 91% yield. Unfortunately, the resulting molecule was not water soluble under 

alkaline conditions. This is necessary for efficient study of aggregated proteins in biological 

systems [3].   

   

 

 

Scheme 13. i: TFA, chloroform; ii: HATU, DIPEA, DMF; iii: NaOH, H2O, dioxan.    
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The final step towards the first target molecule was the metallation of 26 with FeCl2 in DMF 

gaining TM 1 in 93% yield (Scheme 14). The reaction was followed with UV/VIS 

spectrophotometry, were disappearance of the Q bands indicated that the metallation was 

complete. The disappearance of the Q bands upon metalation is due to increased symmetry in 

the porphyrin ring system relative to the free base porphyrin. The two hydrogens on the 

nitrogen atoms in the free base porphyrin contribute to reduced ring symmetry, whereas after 

metalation all four nitrogens are equivalent. [29] The right mass was found with MALDI-

TOF-MS.   

 

 

Scheme 14. i: FeCl2, DMF. 

  

2.5 Synthesis of Target molecule 2 

The first step towards the TM 2 is the coupling of the amine functionalized porphyrin 23 and 

the carboxylic acid functionalized pentameric thiophene 12 (Scheme 15). The couping was 

performed with HATU and DIPEA in DMF and the obtained yield of product 27 was 56%. 

The deprotected product 28, with a yield of 98%, was achieved after basic hydrolysis of 27 

with NaOH/H2O. Unfortunately, the three carboxylic acid functionalities were not enough to 

make the product more water soluble under alkaline conditions.     
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Scheme 15. i: HATU, DIPEA, DMF; ii: NaOH, H2O, dioxan.  

 

The metallation of 28 was performed with PdCl2 in DMF to afford TM 2 (Scheme 16). The 

disappearance of the Q bands indicates that there was a metallated product, but the right 

molecular mass was only found once and the NMR could not tell that it was the correct 

product because of too weak sample and possible impurities. The purification with FC and 

HPLC was difficult, probably because of precipitation on the column. Because of the lack of 

time no further analysis were done on the TM 2.      
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Scheme 16. i: PdCl2, DMF. 
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3. Future prospects 

 

Target molecules 1 and 2 are ready for detection studies and will hopefully contribute with 

some new insight in protein aggregation diseases. 

To avoid difficult purification of the target molecules 1 and 2, the metallation can be 

considered on 25 respectively 27 instead of the hydrolyzed products 26 and 28.  

To make these combined molecules more water soluble, there need to be some modifications 

done on the porphyrin part. For example, by synthesizing a porphyrin with three phenyl 

methyl esters and one nitro phenyl in a stepwise synthesis with dipyrromethanes [30]. The 

nitro group can be transformed to amine via hydrogenation and coupled with the LCP, and in 

the last step the methyl esters can be hydrolyzed to carboxylic acids. This will give three 

carboxylic acids each on the LCP and porphyrin and this will hopefully give a water soluble 

product.  
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4. Experimental procedures 

 

General Methods.  

Organic extracts were dried over anhydrous magnesium sulfate, filtered and concentrated in 

vacuo at 45ºC. NMR-spectra were recorded on a Varian 300 MHz instrument. Chemical shift 

were assigned with the solvent residual peak as a reference according to Gottlieb et al. (J.Org. 

Chem., 1997, 62, pp 7512-7515). TLC was carried out on Merck precoated  60 F254 plates 

using UV-light (λ= 254 nm and 366 nm) and charring with ethanol/sulfuric acid/p-

anisaldehyde/acetic acid 90:3:2:1 for visualization. Flash Column (FC) chromatography was 

performed using silica gel 60 (0.040-0.063mm, Merck) and aluminum oxide (0.063-0.200mm, 

activity grade=I). Reversed phase chromatography was performed using C-18 VersaFlash (40 

x 150 mm, Supelco).  Gradient HPLC-MS were performed on a Gilson system (Column: 

Phenometex C-18 250 x 15 mm and Phenomenex C-18 150 x 4.6 mm for preparative and 

analytical runs respectively; Pump: Gilson gradient pump 322; UV/VIS detector: Gilson 155; 

MS detector: Thermo Finnigan Surveyor MSQ; Gilson Fraction Collector FC204).  MALDI-

TOF MS were recorded in linear positive mode with 2,5-dihydroxy benzoic acid (DHB) as 

matrix. 

  

2-Bromo-3-methoxycarbonylmethyl-thiophene (3) 

Acetyl chloride (11.7 mL, 164.7 mmol) was slowly added to a solution of 3-thiopheneacetic 

acid (7.51g, 52.8 mmol) in methanol (60 mL, 0ºC). After 2 h, the mixture was diluted with 

toluene (70 mL) and washed twice with NaHCO3 (100 mL, sat, aq.) and once with H2O. After 

concentration, the product (7.87 g, 50.4 mmol) was dissolved in chloroform/acetic acid (30 

mL, 1:1) and cooled to 0ºC and N-bromosuccinimide (8.97 g 50.4 mmol) was added. Sixteen 

hours later, water (30 mL) and chloroform (50mL) were added and the organic phase was 

washed twice with KOH (50 mL, 10%, aq.) and once with H2O (50 mL). The crude product 

was purified once by FC (p-ether/chloroform (9:1) gradient toluene/ethyl acetate (4:1)) and 

once by reversed phase (C18) chromatography (methanol/H2O (80:20) + 0.05% TFA) to give 

the mono-brominated product 1 in 66% (8.20 g, 34.9 mmol) yield.  

13
C-NMR (CDCl3) δ: 34.93, 52.25, 111.72, 125.86, 128.76, 133.57, 170.64. 

1
H-NMR (CDCl3) δ: 3.63 (s, 2H), 3.71 (s, 3H), 6.92 (d, 1H, J = 5.7 Hz), 7.23 (d, 1H, J = 5.7 

Hz) 

Rf: 0.51 (toluene). 
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3.3’’-Di-methoxycarbonylmethyl-[2,2’;5’,2’’]terthiophene (5) 

Compound 3 (6.15 g, 26.1 mmol), 2,5-thiophenediboronic acid (4) (2.30 g, 13.4 mmol) and 

K2CO3 (5.56 g, 40.2 mmol) were dissolved in degassed toluene/methanol (200 mL, 1:1) and 

Ar(g) was bubbled for 10 min. PEPPSI-IPr  (0.18 g) was added and the reaction was refluxed 

(90ºC) for 10 min. The mixture was filtered through celite, diluted with toluene (60 mL) and 

washed with HCl (30 mL, 1M, aq.) and H2O (30 mL). Further purifications of the crude 

product were done by FC (toluene) and reversed phase chromatography (methanol/H2O 

(80:20) + 0.05% TFA) to give the trimer (5) in 49% (3.45 g, 8.8 mmol) as a yellow oil.   

13
C-NMR (CDCl3) δ: 34.8, 52.3, 124.9, 127.5, 130.5, 130.6, 133.0, 135.9, 171.5. 

1
H-NMR (CDCl3) δ: 3.73 (s, 6H), 3.79 (2, 4H), 7.04 (d, 2H, J = 5.22), 7.14 (s, 2H), 7.24 (d, 

2H, J = 5.21) 

Rf: 0.41 (toluene/ethyl acetate 18:1). 

 

5-bromo-3,3’’-di-methoxycarbonylmethyl-[2,2’;5’,2’’]terthiophene (6) 

The trimer 5 was dissolved in chloroform/acetic acid (50 mL, 1:1), cooled to 0ºC and N-

bromosuccinimide (0.71 g, 4.0 mmol) was added. The reaction was allowed to stir at 0ºC for 

4 h. The mixture was diluted with toluene (50 mL) and washed twice with NaHCO3 (30mL, 

sat, aq.) and once with H2O (50 mL). The crude product was purified twice by FC with 

toluene to give product 6 in 68% (1.29 g, 2.7 mmol) yield.  

13
C-NMR (CDCl3) δ: 34.3, 34.5, 52.1, 52.2, 111.4, 124.8, 127.2, 127.3, 130.4, 130.5, 130.6, 

130.9, 132.9, 134.1, 134.3, 136.3, 170.6, 171.0. 

1
H-NMR (CDCl3) δ: 3.70 (s, 6H), 3.71 (s, 2H), 3.76 (s, 2H), 7.02 (s, 1H), 7.023 (d, 1H, J = 

5.21), 7.08 (d, 1H, J = 3.85), 7.12 (d, 1H, J = 3.57), 7.21 (d, 1H, J = 5.21).  

Rf: 0.37 (toluene/ethyl acetate 18:1). 

 

5-carboxy-4’,3’’’-di-metoxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’]quadrithiophene (8) 

Product 6 (1.43 g, 3.0 mmol), 2-carboxythiophene-5-boronic acid (7) (1.30 g, 3.3 mmol) and 

K2CO3 was dissolved in degassed toluene/methanol (20 mL, 1:1) and Ar(g) was bubbled for 

10 min. PEPPSI-IPr (0.041 g) was added and the reaction was refluxed at 90ºC for 15 min. 

HCl (15 mL, 1M, aq.) and ethyl acetate (15 mL) were added and the mixture was filtered 

through celite. The organic phase was washed twice with H2O (20 mL) and the crude product 

was purified with FC (ethyl acetate + 0.05% TFA) to give product 8 as orange crystals in 90% 

(1.44 g, 2.8 mmol) yield. 



24 

 

13
C-NMR (CDCl3) δ: 34.8, 34.9, 52.4, 52.5, 124.5, 125.1, 127.7, 127.9, 128.8, 130.6, 130.8, 

130.9, 131.4, 132.8, 134.1, 134.8, 135.0, 136.0, 136.6, 145.1, 167.0, 171.1, 171.4. 

1
H-NMR (CDCl3) δ: 3.73 (s, 3H), 3.76 (s, 3H), 3.79 (s, 4H), 7.05 (d, 1H, J = 5.22), 7.15 (d, 

1H, J = 3.85), 7.16 (d, 1H, J = 3.84), 7.18 (d, 1H, J = 3.84), 7.25 (d, 1H, J = 5.22), 7.26 (s, 

1H), 7.77 (d, 1H, J = 3.84)  

Rf: 0.39 (ethyl acetate + 0.05% acetic acid) 

 

N-(N-(tert-butyloxycarbonyl)-2-aminoethyl)-4’,3’’’-di-metoxycarbonylmethyl-

[2,2’;5’,2’’;5’’,2’’’]quadrithiophene-5-amide (9)  

Product 8 (0.21 g, 0.41 mmol) was dissolved in DMF (2 mL) and HATU (0.23 g, 0.62 mmol), 

DIPEA (0.22 mL, 1.2 mmol), N-Boc-ethylendiamine (0.13 mL, 0.82 mmol) were added. 

After 45 min the mixture was diluted with ethyl acetate (10 mL) and washed twice with brine 

(20 mL). The crude product was purified with FC (toluene/ethyl acetate (1:1)) to give product 

9 in 81% (0.27 g, 0.39 mmol) yield.  

13
C-NMR (CDCl3) δ: 28.3, 34.5, 34.6, 40.1, 41.6, 52.1, 52.2, 79.6, 124.1, 124.8, 127.3, 127.4, 

127.8, 128.8, 130.4, 130.5, 131.1, 131.6, 132.9, 134.9, 135.1, 136.0, 137.7, 140.9, 157.3, 

162.2, 170.9, 171.2. 

1
H-NMR (CDCl3) δ: 1.41 (s, 9H), 3.39 (m, 2H), 3.52 (m, 2H), 3.73 (s, 3H), 3.75 (s, 3H), 3.77 

(s, 2H), 3.79 (s, 2H), 7.05 (d, 1H, J = 5.21), 7.09 (d, 1H, J = 3.84), 7.14 (d, 1H, J = 3.84), 7.17 

(d, 1H, J = 3.85), 7.18 (s, 1H), 7.25 (d, 1H, J = 5.22), 7.40 (d, 1H, J = 3.84) 

Rf: 0.33 (toluene/ethyl acetate) 

 

5-metoxycarbonyl-4’,3’’’-di-metoxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’] 

quadrithiophene (10) 

Product 9 (0.030 g, 0.058 mmol), MeI (0.11 mL, 1.7 mmol) and Ag2O (0.054 g, 0.23 mmol) 

were dissolved in dichloromethane (1 mL). The reaction was heated to 35ºC and stirred for 17 

h. The mixture was concentrated and purified by FC (toluene/ethyl acetate (10:1)) to afford 

product 10 in 84% (0.026 g, 0.049 mmol). 

13
C-NMR (CDCl3) δ: 34.8, 34.9,52.9, 52.4, 52.5, 124.3, 125.1, 127.6, 127.8, 128.4, 130.6, 

130.8, 131.4, 131.8, 132.8, 133.7, 134.4, 135.0, 136.4, 143.5, 162.5, 171.0, 171.4.  

1
H-NMR (CDCl3) δ: 3.73 (s, 3H), 3.75 (s, 3H), 3.78 (s, 2H), 3.79 (s, 2H), 3.89 (s, 3H), 7.05 

(d, 1H, J = 5.21), 7.13 (d. 1H, J = 3.84), 7.15 (d, 1H, J = 3.85), 7.18 (d, 1H, J = 3.57), 7.23 (s, 

1H), 7.26 (d. 1H, J = 4.94), 7.69 (d, 1H, J = 3.85).   
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5-metoxycarbonyl-5’’’-bromo-4’,3’’’-di-metoxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’] 

quadrithiophene (11) 

Tetramer 10 (0.15 g, 0.28 mmol) was dissolved in chloroform/acetic acid (1:1) and cooled to 

0ºC. NBS (0.050 g, 0.28 mmol) was added and the mixture was stirred for 3 h at the same 

temperature. The reaction mixture was diluted with chloroform (20 mL) and washed with 

NaHCO3 (40 mL, sat, aq.) and water (20 mL). After concentration the crude product was 

purified by FC (toluene/ethyl acetate gradient (18:1, 10:1)) to give the brominated product 11 

in 92% yield (0.16 g, 0.26 mmol). 

13
C-NMR (CDCl3) δ: 34.5, 34.8, 52.3, 52.4, 52.42, 111.9, 124.3, 127.7, 128.0, 128.3, 128.4, 

131.2, 131.5, 131.9, 133.1, 133.3, 134.3, 134.9, 135.2, 135.5, 143.3, 162.4, 170.8, 170.9.   

1
H-NMR (CDCl3) δ: 3.72, (s, 3H), 3.74 (s, 3H), 3.75 (s, 2H), 3.76 (2H), 3.89 (s, 3H), 7.03 (s, 

1H), 7.10 (d, 1H, J = 3.85), 7.12 (d, 1H, J = 3.85), 7.16 (d, 1H, J = 3.85), 7.22 (s, 1H), 7.67 

(d, 1H, J = 3.85)   

 

5-carboxy-5’’’’-metoxycarbonyl-4’,3’’’-di-methoxycarbonylmethyl-

[2,2’;5’,2’’;5’’,2’’’;5’’’,2’’’’]quinquethiophene (12) 

Product 12 (0.19 g, 0.32 mmol), 2-carboxythiophene-5-boronic acid (7) (0.081 g, 0.47 mmol) 

and K2CO3 (0.13 g, 0.95 mmol) were dissolved in degassed toluene/methanol (3 mL, 1:1) and 

Ar(g) was bubbled for 10 min. PEPPSI-IPr (6.3 mg) was added and the mixture was refluxed 

at 80ºC for 10 min. Ethyl acetate (15 mL) and HCl (15 mL, 1M, aq.) were added and the 

product 12 precipitated as red crystals 90% (0.19 g, 0.29 mmol). 

13
C-NMR (DMSO) δ: 34.1, 52.1, 52.4, 125.1, 125.2, 127.8, 127.9, 129.7, 130.0, 131.0, 132.1, 

132.4, 132.42, 133.4 (x2), 133.7, 134.3, 134.4, 134.6, 134.9, 141.6, 142.2, 161.5, 162.1, 

162.5, 170.4.  

1
H-NMR (CDCl3/CD3OD) δ: 3.51-3.61 (m, 10H), 4.09 (s, 3H), 6.98 (d, 1H, J = 3.84), 6.99 (d, 

1H, J = 4.12), 7.02 (s, 2H), 7.05 (s, 1H), 7.06 (s, 1H), 7.49 (d, 1H, J = 3.85), 7.51 (d, 1H, J = 

4.12).      

 

N-(N-(tert-butyloxycarbonyl)-2-aminoethyl)-5’’’-bromo-4’,3’’’-di 

metoxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’]quadrithiophene-5-amide (13) 

Compound 9 (0.26 g, 0.39 mmol) was dissolved in chloroform/acetic acid (4 mL, 1:1), cooled 

to 0ºC and NBS (0.069 g, 0.39 mmol) was added. 4.5 h later the mixture was diluted with 

ethyl acetate (10 mL) and washed twice with NaHCO3 (20 mL, sat, aq.) and once with H2O 



26 

 

(10 mL). The crude product was further purified by FC (toluene/ethyl acetate (1:1)) to give 

product 13 in 92% (0.27 g, 0.36 mmol) yield.  

13
C-NMR (CDCl3) δ: 28.5, 34.5, 34.8, 40.1, 42.1, 2x 52.9, 80.1, 111.8, 124.2, 127.6, 127.9, 

128.8, 129.1, 131.2, 131.4, 132.8, 133.1, 134.2, 134.7, 135.5, 135.7, 137.8, 141.0, 157.7, 

162.2, 170.9, 171.0. 

1
H-NMR (CD3OD) δ: 1.40 (s, 9H), 3.25 (t, 2H, J = 6.04, 6.04 ), 3.40 (t, 2H, J = 6.04, 5.77 ), 

3.68 (s, 6H), 3.69 (s, 4H), 6.98 (s, 1H), 6.99 (d, 1H, J = 3.84), 7.04 (d, 1H, J = 4.12), 7.05 (d, 

1H, J = 4.12), 7.14 (s, 1H), 7.47 (d, 1H, J = 3.84)       

Rf: 0.24 (toluene/ethyl acetate 1:1) 

 

N-(N-(tert-butyloxycarbonyl)-2-aminoethyl)-4’,3’’’-di-metoxycarbonylmethyl-

[2,2’;5’,2’’;5’’,2’’’,5’’’,2’’’’]quinquethiophene-5-amide (15) 

Product 13 (0.27 g, 0.36 mmol), 2-thiopheneboronic acid (14) (0.069 g, 0.54 mmol) and 

K2CO3 (0.15 g, 1.1 mmol) were dissolved in degassed toluene/methanol (4 mL, 1:1) and 

Ar(g) was bubbled for 10 min. PEPPSI-IPr (5.0 mg) was added and the reaction was refluxed 

at 90ºC for 10 min. The mixture was diluted with ethyl acetate (15 mL) and filtered through 

celite. The organic phase was washed twice with HCl (30mL, 1M, aq.) and once with H2O (15 

mL). Further purifications were done by FC (toluene/ethyl acetate (2:1)) to give the pentamer 

15 in 92% (0.25 g, 0.33 mmol) yield.  

13
C-NMR (CD3OD/CDCl3) δ: 28.7, 35.2, 35.3, 40.5, 41.1, 52.70, 52.73, 80.1, 124.7, 124.9, 

125.6, 127.5, 127.8, 128.1, 128.6, 128.8, 129.5, 129.9, 131.8, 132.0, 133.7, 135.6, 135.7, 

136.4, 137.0, 137.1, 138.1, 141.9, 158.2, 163.6, 172.2, 172.3.   

1
H-NMR (CD3OD/CDCl3) δ: 1.40 (s, 9H), 3.25 (t, 2H, J = 5.49, 6.32), 3.39 (t, 2H, J = 5.49, 

6.32), 3.70 (s, 3H), 3.71 (s, 3H), 3.72 (s, 2H), 3.73 (s, 2H), 6.94 (dd, 1H, J = 3.57, 4.94), 7.04 

(s, 1H), 7.06 (d, 1H, J = 4.12), 7.07 (d, 1H, J = 3.84), 7.08 (d, 1H, J = 4.4), 7.10 (dd, 1H, J = 

3.57, 1.37), 7.14 (s, 1H), 7.02 (dd, 1H, J = 5.22, 1.1), 7.47 (d, 1H, J = 3.84). 

Rf: 0.24 (toluene/ethyl acetate) 

 

N-(2-aminoethyl)-4’,3’’’-di-metoxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’,5’’’,2’’’’] 

quinquethiophene-5-amide (16) 

Compound 15 (0.18 g, 0.248 mmol) was dissolved in chloroform (1.25 mL) and cooled to 

0ºC. TFA (5 mL) was added and the mixture was stirred for 2.5 h. After concentration, the 

crude product was purified by reversed phase chromatography (methanol/H2O (80:20 + 

0.05% TFA)) to give product 16 in 93% (0.15 g, 0.23 mmol) yield.  



27 

 

13
C-NMR (CDCl3/CD3OD) δ: 35.1, 35.2, 38.2, 40.4, 52.71, 52.74, 124.7, 124.9, 125.6, 127.4, 

127.9, 128.2, 128.5, 128.9, 130.6, 131.8, 131.9, 132.0, 133.9, 135.5, 135.6, 136.5, 137.0, 

137.1, 142.5, 164.49, 172.2, 172.3.  

1
H-NMR (CDCl3/CD3OD) δ: 3.12 (m, 2H), 3.60 (m, 2H), 3.72 (s, 6H), 3.75 (s, 2H), 3.77 (s, 

2H), 6.98 (dd, 1H, J = 3.57, 5.22), 7.08 (s, 1H), 7.12 (d, 1H, J = 3.85), 7.15 (s, 2H), 7.16 (dd, 

1H, J = 3.57, 1.1), 7.18 (s, 1H), 7.22 (dd, 1H, J = 5.22, 1.1), 7.57 (d, 1H, J = 3.85). 

 

17-(4-toluenesulfonyl)oxy-3,6,9,12,15-pentaoxaheptadecanol (17) 

Hexaethylene glycol (1.00 g, 3.60 mmol) was dissolved in pyridine (15 ml) and cooled to 0ºC. 

p-tosyl chloride (0.69 g, 3.6 mmol), dissolved in pyridine (15 mL), was added dropwise to the 

solution and the reaction mixture was stirred for 4.5 h in RT. H2O (0.5 mL) was added and 

after concentration the crude product was purified by FC (ethyl acetate/methanol gradient 

(10:1, 5:1)) to give the mono tosylated product 17 in 52% (0.42 g, 0.96 mmol) yield. 

13
C-NMR (CDCl3) δ: 21.5, 42.7, 61.5, 68.5, 69.2, 70.2, 70.38, 70.4, 70.6, 71.2, 72.4, 127.8, 

129.7, 132.9, 144.7.   

1
H-NMR (CDCl3) δ: 2.36 (s, 3H), 3.57 (m, 22H), 4.07 (t, 2H, J = 4.94, 4.67), 7.25 (d, 2H, J = 

7.96), 7.69 (d, 2H, 8.24).  

Rf: 0.36 (ethyl acetate/methanol 10:1)  

MALDI-TOF-MS: MS calcd. for C19H31O9S: [M]
+
 437.18; [Na]

+
 459.18; [K]

+
 475.18 Found: 

437.975, 459.881 and 475.899.  

 

17-azido-3,6,9,12,15-pentaoxaheptadecanol (18) 

Product 17 (0.34 g, 0.78 mmol) was dissolved in DMF and sodium azide (0.15 g, 2.33 mmol) 

was added and the reaction was refluxed at 150ºC. After 6 h the mixture was diluted with 

toluene (15mL), filtered and concentrated. The crude product was purified by FC (ethyl 

acetate/methanol (10:1)) to give product 18 in 75% (0.18 g, 0.58 mmol) yield. 

13
C-NMR (CDCl3) δ: 50.7, 61.6, 70.0, 70.3, 70.5, 70.54, 70.59, 70.6, 70.63, 72. 6. 

1
H-NMR (CDCl3) δ: 2.87 (s, 1H), 3.33 (t, 2H, J = 4.8, 4.95), 3.54 (t, 2H, J = 4.94, 5.22),  

3.60 - 3.67 (m, 2H). 

Rf: 0.45 (ethyl acetate/methanol 10:1) 
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tert-Butyl 20-azido-3,6,9,12,15,18-hexaoxaeicosanoate (19) 

Compound 18 (0.18 g, 0.57 mmol) was dissolved in toluene (2 mL), NaOH (1 mL, 50%, aq.), 

tert-butyl bromoacetate (0.43 mL, 2.9 mmol) and tert-butylammonuium bisulfate (0.040 g, 

0.12 mmol) were added to the solution. The mixture was vigourously stirred at rt. After 4h the 

mixture was diluted with ethyl acetate (10 mL) and washed with brine (10 mL), HCl (5 mL, 2 

M, aq.) and H2O (10 mL). After concentration, the crude product was purified by FC 

(toluene/ethyl acetate gradient (1:0, 0:1)) to give product 19 as a pale yellow oil in 44% (0.11 

g, 0.25 mmol) yield.  

13
C-NMR (CDCl3) δ: 28.15, 50.75, 69.11, 70.07, 70.64, 70.69, 70.73, 70.75, 70.78, 81.51, 

169.69. 

1
H-NMR (CDCl3) δ: 1.44 (s, 9H), 3.34 (t, 2 H, J = 5.21, 4.95), 3.61-3.67 (m, 22H), 3.98 (s, 

2H). 

Rf: 0.6 (ethyl acetate/methanol 95:5)  

MALDI-TOF-MS: MS calcd. for C18H35O8N3: [M]
+
 422.49; [Na]

+
 444.49; [K]

+
 460.49 

Found: 444.69 and 460.70. 

 

tert-Butyl 20-amino-3,6,9,12,15,18-hexaoxaeicosanoate (20) 

Compound 19 (0.10 g, 0.24 mmol) was dissolved in EtOH (7 mL, 95%) and Pd/C (10%) was 

added. The reaction mixture was stirred in an atmosphere of H2 for 2 h. The solution was 

filtered through celite and concentrated to give 82% yield of the amine 20 (0.076 g, 0.19 

mmol).  

13
C-NMR (CDCl3) δ: 28.22, 41.06, 68.95, 68.99, 70.10, 70.18, 70.31, 70.33, 70.51, 70.60, 

70.66, 169.83. 

1
H-NMR (CDCl3) δ: 1.44 (s, 9H), 3.31 (t, 2H, J = 4.95, 4.94), 3.64-3.66 (m, 22H), 4.02 (s, 

2H).  

MALDI-TOF-MS: MS calcd. for C18H37O8N1: [M]
+
 396.25; [Na]

+
 418.25; [K]

+
 434.25 

Found: 396.86 and 418.71. 

 

5,10,15-triphenyl-20-(4-carboxyphenyl)porphyrin (21) 

To a refluxing solution of benzaldehyd (8.0 mL, 79.3 mmol) and methyl-4-formylbenzoat 

(1.30 g, 7.9 mmol) in acetic acid (400 mL) was added dropwise a mixture of pyrrol (5.5 mL, 

79.3 mmol) in acetic acid (50 mL) over a period of 1 h to give a dark solution. After 3 h of 

vigorous stirring, the mixture was allowed to cool down to RT and left standing over night to 

crystallize. The crystalline residue was collected by filtration and washed with methanol. The 
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filtrand was purified once by FC with aluminum oxide (activated with H2O) as a stationary 

phase (p-eter/dichloromethane gradient (1:2, 0:1)).  

After concentration, the product was purified further by FC with SiO2 as stationary phase (p-

ether/dichloromethane gradient (1:2, 0:1)).  

The filtrate from the bulk solution was concentrated, dissolved in dichloromethane (150 mL) 

and NaHCO3(150 mL, sat, aq.) was added whereupon the suspension was stirred in RT for 1 

h. The organic phase was washed three times with NaHCO3 (150 mL, sat, aq.) and 

concentrated. The crude product was dissolved in dichloromethane and flashed through 

activated aluminum oxide eluating with dichloromethane. After concentration, the crude 

product was further purified by FC (p-ether/dichloromethane gradient (3:1, 0:1)). The product 

from the filtrand and the filtrate were combined and purified once again by FC 

(dichloromethane/p-ether gradient (2:1, 1:0)) to give pcmTPP as a purple powder. pcmTPP 

was dissolved in ethanol (150 mL, 95%) and NaOH (1.0 g, 25.0 mmol) was added. After 

refluxing for 3 h, the suspension was filtered through paper filter and washed with H2O. The 

purple powder was dissolved in dichloromethane (150 mL) and washed twice with NH4Cl 

(100 mL, sat, aq.). After concentration, the crude product was purified by FC 

(dichloromethane/methanol (98:2 + 1% acetic acid)) to give pcTPP (21) in 10% yield.  

13
C-NMR (CDCl3/CD3OD) δ: 118.9, 120.6, 120.8, 126.9, 128.0, 128.4, 130.3, 134.7, 142.2, 

147.2, 169.3.   

1
H-NMR (CDCl3) δ: 7.76 (m, 9H), 8.21 (m, 6H), 8.34 (d, 2H, J = 8.24), 8.50 (d, 2H, J = 

7.96), 8.80 (d, 2H, J = 4.95), 8.86 (m, 4H), 8.87 (d, 2H, J = 4.95).   

Rf: 0.08 (dichloromethane) 

MALDI-TOF-MS: MS calcd. for C45H30O2N4: [M]
+
 659.75; [Na]

+
 681.75; [K]

+
 697.75 

Found: 659.96, 682.18 and 698.14. 

 

5,10,15-triphenyl-20-(4-(N-tert-butyloxycarbonyl)-aminophenyl)porphyrin (22) 

TEA (0.047 g, 0.34 mmol) and DPPA (0.073 g, 0.34 mmol) were added to a solution of 21 

(0.11 g, 0.17 mmol) in tert-butyl alcohol (5 mL). The mixture was refluxed at 90ºC and after 

17 h the reaction solution was concentrated. The crude product was purified by FC 

(dichloromethane/petroleum ether (4:1)) to give product 22 (0.050 g, 0.069 mmol) as purple 

crystals in 41% yield.  
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13
C-NMR (CDCl3) δ: 28.6, 81.0, 116.9, 119.9, 120.2, 120.3, 126.8, 127.8, 128.5, 129.7, 131.3 

(b), 133.0, 134.7, 135.3, 137.0, 138.3, 142.4, 153.1, 207.0.   

1
H-NMR (CDCl3) δ: 1.66 (s, 9H), 7.75-7.77 (m, 11H), 1.14 (d, 2H, J = 8.24), 8.21-8.24 (m, 

6H), 8.85-8.88 (m, 8H). 

Rf: 0.57 (dichloromethane)  

HPLC-MS: MS calc. for C49H39N5O2: [M]
+
 730.31, Found: 730.1  

 

5,10,15-triphenyl-20-(4-aminophenyl)porphyrin (23) 

Compound 22 (0.050 g, 0.069 mmol) was dissolved in chloroform (1 mL), TFA (0.25 mL) 

was added and stirred at room temperature. After 3 h, the mixture was diluted with 

dichloromethane (10 mL), washed with NaOH (30 mL, 1M, aq.) and water (15 mL). The 

organic phase was evaporated to dryness and the crude product was purified by FC 

(dichloromethane/petroleum ether (3:1)) to give 87% (0.038 g, 0.056 mmol) yield of amine 

23.  

13
C-NMR (CDCl3) δ: 113.6, 119.9, 120.1, 121.0, 126.8, 127.8, 131.1 (b), 132.6, 134.7, 135.8, 

142.4, 142.5, 146.2.  

1
H-NMR (CDCl3) δ: 7.04 (d, 2H, J = 8.24), 7.75-7.77 (m, 9H), 8.02 (d, 2H, J = 8.24), 8.23-

8.25 (m, 6H), 8.86 (s, 6H), 8.95 (d, 2H, J = 4.67). 

Rf: 0.29 (dichloromethane) 

HPLC-MS: MS calc. for C44H31N5: [M]
+
 630.26, Found: 630.0. 

 

N-(tert-Butyl-3,6,9,12,15,18- hexaoxaeicosanoate) 5,10,15-triphenyl-20-porphyrin-4-

phenylamide (24) 

To a solution of pcTPP (21) (0.090 g, 0.14 mmol) dissolved in DMF (2.5 mL) was added 

HATU (0.11 g, 0.29 mmol), DIPEA (0.075 g, 0.58 mmol) and 20 (0.076 g, 0.019 mmol) 

dissolved in DMF (2.5 mL). After 3.5 h, toluene (50 mL) was added and the mixture was 

concentrated. The crude product was purified by FC (ethyl acetate/methanol gradient (100:0, 

95:5)) to give product 24 as purple crystals in 91% (0.13 g, 0.13 mmol) yield. 

13
C-NMR (CDCl3) δ: 28.2, 40.1, 69.0, 70.2, 70.3, 70.4, 70.5, 70.52, 70.6, 70.62, 81.9, 118.9, 

120.5, 120.6, 125.7, 126.9, 127.9, 128.2, 131.4 (br), 132.4, 134.1, 134.7, 134.8, 142.2, 145.6, 

167.9, 170.0.  

1
H-NMR (CDCl3) δ: 1.44 (s, 9H), 3.56-3.77 (m, 20H), 3.85 (s, 4H), 3.94 (s, 2H), 7.75-7.77 

(m, 9H), 8.22-8.24 (m, 8H), 8.30 (d, 2H, J = 8.24), 8.82, 8.82-8.86 (m, 8H). 

Rf: 0.77 (ethyl acetate/methanol 9:1) 
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MALDI-TOF-MS: MS calcd. for C63H65O9N5: [M]
+
 1036.98; [Na]

+
 1059.98; [K]

+
 1075.98 

Found: 1037.04, 1058.93 and 1075.66. 

 

N-((N-(2-amidoethyl)-4’,3’’’-di-metoxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’,5’’’,2’’’’] 

quinquethiophene-5-amide)-3,6,9,12,15,18-hexaoxaeicosanoate)-5,10,15-triphenyl-20-

porphyrin-4-phenylamide (25) 

Compound 24 (0.077 g, 0.074 mmol) was dissolved in chloroform (1.5 mL) and cooled to 

0ºC. TFA (0.5 mL) was added to give a green solution and the mixture was stirred for 2h. 

Toluene (20 mL) and TEA (0.2 mL) was added to give a purple solution. After concentration, 

the product (0.72 g, 0.074 mmol) was dissolved in DMF (1mL) and HATU (0.038g, 0.10 

mmol), DIPEA (0.038 mL, 0.22 mmol) and compound 16 (0.065g, 0.10 mmol) was added. 

After 3 h, the mixture was diluted with toluene and concentrated. The crude product was 

purified by FC (ethyl acetate/methanol (9:1)) and by HPLC-MS (acetonitrile/H2O gradient 

(95:5, 100:0)) to give product 25 in 39% (0.046 g, 0.029 mmol) yield.  

13
C-NMR (CDCl3) δ: 34.8, 34.9, 38.8, 40.3, 52.4, 70.1, 70.2, 70.3, 70.4, 70.6, 70.7, 70.9, 

118.9, 120.5, 120.6, 124.3, 125.1, 125.8, 126.9, 127.4, 127.6, 127.6, 128.0, 128.6, 128.9, 

130.2, 131.2, 131.3, 132.9, 134.1, 134.7, 134.8, 135.1, 135.4, 135.9, 136.5, 136.7, 138.3, 

141.0, 142.2, 145.6, 162.1, 167.9, 171.0, 171.1, 172.2. 

1
H-NMR (CDCl3) δ: 3.55 - 3.81 (m, 38H), 3.97 (s, 2H), 6.99 (dd, 1H, J=3.87, 5.22), 7.00 (d, 

1H, J=3.85), 7.02 (d, 1H, J=3.85), 7.05 (d, 1H, J=3.85), 7.08 (s, 1H), 7.09 (s, 1H), 7.15 (dd, 

1H, J=3.57, 1.1), 7.21 (dd, 1H, J=5.22, 1.1), 7.42 (d, 1H, J=3.85), 7.72 – 7.78 (m, 9H), 8.19 – 

8.22 (m, 8H), 8.26 (d, 2H, J=6.31), 8.79 (d, 2H, J=4.24), 8.85 – 8.86 (m, 6H). 

MALDI-TOF-MS: MS  calcd. for C88H81O13N7S5: [M]
+
 1604.45; [Na]

+
 1626.45; [K]

+
 

1642.45 Found: 1625.85 and 1641.73. 

HPLC-MS: MS calc. for C44H31N5: [M]
+
 1603.45, Found: 1605.1. 

 

N-((N-(2-amidoethyl)-4’,3’’’-di-carboxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’,5’’’,2’’’’] 

quinquethiophene-5-amide)-3,6,9,12,15,18-hexaoxaeicosanoate)-5,10,15-triphenyl-20-

porphyrin-4-phenylamide (26) 

Compound 25 (0.027 g, 0.017 mmol) was dissolved in dioxan (1 mL) and NaOH (1 mL, 1 M, 

aq.) was added. After 2 h, H2O (2 mL) was added and the solution was neutralized with HCl 

(1M, aq.) and the precipitate was collected by centrifugation. The precipitate was washed 

three times with H2O (30 mL) to give product 26 in 91% (0.025 g, 0.016 mmol) yield. 



32 

 

13
C-NMR (CDCl3/CD3OD) δ: 35.1, 39.0, 40.2, 40.4, 46.7, 70.2, 70.3, 70.4, 70.6, 70.7, 70.8, 

70.9, 119.0, 120.7, 120.9, 124.3, 125.1, 126.0, 127.1, 127.2, 127.7, 128.2, 128.5, 128.7, 129.5, 

131.5, 132.0, 132.2, 133.2, 134.0, 134.8, 134.9, 135.1, 135.2, 136.1, 136.5, 136.8, 137.5, 

141.7, 142.3, 145.8, 163.0, 169.0, 172.2, 173.2, 173.4.  

1
H-NMR (CDCl3/CD3OD) δ: 3.41 – 3.69 (m, 28H), 3.76 (s, 4H), 3.88 (s, 2H), 6.91 (dd, 1H, J 

= 3.57, 4.95), 6.99 (d, 2H, J = 4.13), 7.04 (s, 1H), 7.05 (d, 1H, J = 4.12), 7.06 (dd, 1H, J = 1.1, 

3.57), 7.12 (s, 1H), 7.15 (dd, 1H, J = 1.1, 4.94), 7.39 (d, 1H, J = 3.85), 7.68 – 7.75 (m, 9H), 

8.15 – 8.18 (m, 6H), 8.19 (d, 2H, J = 8.51), 8.25 (d, 2H, J = 8.51), 8.77 – 8.81 (m, 8H). 

MALDI-TOF-MS: MS  calcd. for C86H77O13N7S5: [M]
+
 1575.42; [Na]

+
 1598.42; [K]

+
 

1614.42 Found: 1577.3, 1600.2. 

HPLC-MS: MS calc. for C44H31N5: [M]
+
 1575.42, Found: 1577.4. 

 λabs: 412 nm, 514 nm, 591 nm, 660 nm.  

 

N-((N-(2-amidoethyl)-4’,3’’’-di-carboxycarbonylmethyl-

[2,2’;5’,2’’;5’’,2’’’,5’’’,2’’’’]quinquethiophene-5-amide)-3,6,9,12,15,18-

hexaoxaeicosanoate)-5,10,15-triphenyl-20-Iron-porphyrin-4-phenylamide (1) 

26 (0.012 g, 0.0076 mmol) was dissolved in DMF (1 mL), FeCl2 (0.0030 g, 0.015 mmol) was 

added and the reaction was refluxed at 150ºC for 2.5 h. The final product was precipitated 

with brine (1 mL) and centrifuged (3800 rpm, 4 min). The precipitate was washed three timed 

with water (13 mL) and dissolved in dichloromethane. The solution was purified by FC 

(dichloromethane/methanol gradient (98:2 + 0.05% HOAc, 9:1 +0.05% HOAc)) to give 93% 

(0.011 g, 0.0071mmol) of product 1. 

MALDI-TOF-MS: MS calcd. for C85H72O13N7S5Fe: [M]
+
 1630.25; [Na]

+
 1652.25; [K]

+
 

1668.25 Found: 1631.1, 1653.1 and 1669.7. 

λabs: 414 nm. 

 

N-(phenyl-4-(5,10,15-triphenylporphyrin))-5’’’’-methoxy-4’,3’’’-di-

methoxycarbonylmethyl-[2,2’;5’,2’’;5’’,2’’’;5’’’,2’’’’]quinquethiophene-5-amide (27) 

Compound 23 (0.038 g, 0.060 mmol) was dissolved in DMF (1 mL) and HATU (0.034 g, 

0.089 mmol), DIPEA (0.031 g, 0.18 mmol) and pentamer 12 (0.059 g, 0.089 mmol) was 

added. After 17 h toluene (40 mL) was added and the mixture was concentrated. The crude 

product was purified by FC (toluene/ethyl acetate (6:1)) to give 27 in 56% (0.042 g, 0.033 

mmol) yield. 

Rr: 0.86 (toluene/ethyl acetate 1:1) 
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13
C-NMR (CDCl3) δ: 34.9, 52.4, 52.5, 52.6, 118.5, 119.5, 120.3, 124.3, 124.4, 126.8, 127.8, 

128.37, 128.4, 128.5, 129.2, 129.4, 131.5, 131.9, 133.4, 134.4, 134.7, 135.2, 135.24, 135.4, 

135.5, 135.6, 137.5, 137.8, 138.6, 142.2, 142.3, 143.3,159.9, 162.5, 171.0, 171.1.  

1
H-NMR (CDCl3) δ: 3.77 (s, 3H), 3.78 (s, 2H), 3.80 (s, 3H), 3.81 (s, 2H), 3.88 (s, 3H), 7.03 

(d, 1H, J = 3.84), 7.11 (d, 1H, J = 4.12), 7.199 (s, 2H), 7.203 (s, 1H), 7.24 (s, 1H), 7.54 (d, 

1H, J = 8.34), 7.60 (d, 1H, J = 4.12), 7.74- 7.77 (m, 9H), 7.96 (d, 2H, J = 8.52), 8.05 (s, 1H), 

8.19 - 8.24 (m, 8H), 8.86 – 8.89 (m, 8H).    

HPLC-MS: MS calc. for C44H31N5: [M]
+
 1269.24, Found: 1270.2. 

 

N-(phenyl-4-(5,10,15-triphenylporphyrin))-5’’’’-carboxy-4’,3’’’-di-carboxymethyl-

[2,2’;5’,2’’;5’’,2’’’;5’’’,2’’’’]quinquethiophene-5-amide (28)  

27 (0.042 g, 0.033 mmol) was dissolved in dioxan (1 mL) and NaOH (1 mL, 1M, aq.) was 

added. After 2 h, H2O (1 mL) was added and the solution was neutralized with HCl (1 M, aq.) 

and the precipitate was collected by centrifugation (4000 rpm, 4 min). The precipitate was 

washed two times with H2O (30 mL) to give 28 in 98% (0.040 g, 0.032 mmol) yield. 

13
C-NMR (CDCl3) δ: 34.8 (x2), 118.7, 119.7, 120.2, 124.1, 124.2, 126.7, 127.5, 127.7, 128.4, 

129.6, 131.8 (x2), 132.5, 133.0, 133.1, 134.3, 134.5, 134.8, 134.9, 135.1, 135.3, 135.4, 137.9, 

141.9, 142.1, 143.3,160.8, 164.0, 172.86, 172.9.  

1
H-NMR (CDCl3) δ: 3.69 (s, 2H), 3.80 (s, 2H), 7.02 (d, 1H, J = 3.84), 7.13 (s, 3H), 7.16 (s, 

1H), 7.22 (s, 1H), 7.56 (d, 1H, J = 3.84), 7.66-7.68 (m, 10H), 7.96 (d, 2H, J = 7.97), 8.12-8.14 

(m, 8H), 8.76-8.81 (m, 8H).  

HPLC-MS: MS calc. for C44H31N5: [M]
+
 1227.19, Found: 1228.1. 

λabs: 416 nm, 514 nm, 551 nm, 590 nm, 646 nm. 

 

Palladium-N-(phenyl-4-(5,10,15-triphenylporphyrin))-5’’’’-carboxy-4’,3’’’-di-

carboxymethyl-[2,2’;5’,2’’;5’’,2’’’;5’’’,2’’’’]quinquethiophene-5-amide (2) 

28 (0.040 g, 0.032 mmol) was dissolved in DMF (1 mL) and PdCl2 (0.017 g, 0.098 mmol) 

was added. The mixture was refluxed at 155ºC for 3.5 h and xylene (40 mL) was added and 

the solution was concentrated. The crude product was dissolved in DMSO, toluene was added 

followed by dropwise addition of heptane until the precipitation of excess PdCl2. After 

filtration and concentration, product 2 was achieved. 

MALDI-TOF-MS: MS calcd. for C70H43O7N5S5Pd: [M]
+
 1331.08; [Na]

+
 1354.08; [K]

+
 

1370.08 Found: 1331.2. 

λabs: 415 nm, 523 nm. 
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Appendix A – General HATU mechanism 
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Appendix B – Mixed aldehyde condensation 

 

 

 
 

 

 


