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1 Introduction 

"A high performance pigment shows high performance properties in its end use application. This 

definition refers to inorganic as well as organic pigments."[1] 

DAVID DUGAN 

 

This definition explains the difference between organic or inorganic pigments and high 

performance pigments (HPPs). While pigments are used because of their color, HPPs are 

more than that. They can be used in a wide range of applications, because of their organic or 

inorganic framework and their properties. DAVID DUGAN is sales/key account manager at 

Clariant Corporation, which is one of the leading suppliers for organic pigments besides 

BASF, DIC/SUN and Bayer. These companies produce approximately 90% of the HPPs 

coverage.[2] The total amount of 136,600 tonnes of HPPs produced in 2009 is expected to 

rise to approximately 175,200 tonnes until 2015.[3] It is estimated that only 5% of this amount 

can be assigned to phthalocyanines, the best well-known pigment.[2] 

Another definition of HPPs by G. BUXBAUM derives the "Three Essential Es", which are 

effectiveness (technical performance), economy (benefits for the costumer) and ecology 

(environmental and toxicology safety).[4] The effectiveness stands for achieving better 

lightfastness, tinctorial strength, and resistance against heat, organic solvents and 

detergents. The economic pathway considers the field of applications and the term of 

ecology establishes easier application in industry. The aim is to work on the three "Es", 

permanently. These definitions can be extended to colorants, i.e. pigments and dyes, in 

general. The difference between both is their solubility. While pigments are insoluble, 

whereas dyes are soluble in organic or aqueous media. At large, the introduction of solubility 

with the help of functional groups facilitates the work-up and allows the fine-tuning of the 

properties with respect to different applications. However, it also leads to a loss of stability. 
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1.1 Rylene 

1.1.1 History and Synthesis 

Rylenes are naphthalene units attached to each other in peri-position and belong to the class 

of polycyclic aromatic compounds. The first non-functionalized perylene was mentioned by 

SCHOLL in 1910.[5] In 1913 an industrial synthesis of functionalized perylenes in larger 

amounts was patented by M. KARDOS.[6] The general outline of his synthetic route has 

remained the method of choice ever since and is shown in Scheme 1.1. The first step implies 

the oxidation of acenaphthene 1-1, using a catalyst such as air on coal tar extract or 

vanadium pentoxide (V2O5). The second step includes the condensation of naphthalene 

anhydride 1-2 with ammonia in order to yield the naphthalimide 1-3 in quantitative yield, 

followed by an alkali fusion with itself. This bimolecular nucleophilic substitution is performed 

in molten potassium hydroxide (KOH) at a temperature of 200 °C. The resulting reduced 

leuco form 1-4 is then oxidized by air or peroxide oxidation. In order to yield the 3,4,9,10-

perylenetetracarboxylic dianhydride (PTCDA) 1-6 the 3,4,9,10-perylenetetracarboxylic acid 

diimide (PTCI) 1-5 is hydrolyzed in concentrated sulfuric acid at a temperature of 220 °C.[2] 

 

Scheme 1.1 Industrial synthesis of PTCDA by M. KARDOS.[2,6] 

The higher homologues of perylene - named terrylene and quaterrylene - were first 

mentioned in 1947 by CLAR[7], who synthesized, isolated, and characterized the non-

functionalized terrylene and quaterrylene nine years later.[8] Since non-functionalized 

molecules show a lack for applications, the aim was to introduce functional groups in order to 

generate solubility as well as to vary the properties consequentially. Synthesizing rylene 

derivatives with anhydride groups in peri-position allows the formation of a multitude of 
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pigments or dyes. For example, the first quaterrylenetetracarboxylic acid diimide (QDI) was 

published in 1995 by QUANTE and MÜLLEN.[9] Their synthesis is shown in Scheme 1.2. Based 

on the fact that perylenmonoimide is been given, the reaction starts with the bromination in 

peri-position of 1-7 and is followed by a homo-coupling according to YAMAMOTO with 

Bis(cyclooctadiene)nickel(0) [Ni(cod)2]. The oxidative closure to yield 1-10 was performed in 

molten alkaline (KOH) with addition of an oxidizing agent.[10]  

 

Scheme 1.2 Synthetic pathway to functionalized quaterrylene by QUANTE.[9] 

The synthesis of the terrylenetetracarboxylic acid diimide (TDI) was achieved only two years 

later by HOLTRUP (Scheme 1.3).[11] Since the YAMAMOTO reaction of a perylenemonoimide 

with a naphthylmonoimide led to the homo-coupled molecule as the main product, the 

MÜLLEN group developed another synthetic route. They converted the bromo-compound 1-8 

into the stannyl-compound 1-11 using a Pd(0)- or Pd(II)-catalyst. This opened up the 

opportunity to succeed in an oxidative hetero-cross coupling. The subsequent STILLE 

coupling was performed in toluene employing a Pd(0)-catalyst, and the use of molten KOH in 

the last step led to the desired terrylene 1-14. 

 

Scheme 1.3 Synthetic pathway to functionalized terrylene by HOLTRUP.[11] 
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The reaction routes, shown in Scheme 1.2 and 1.3, had some disadvantages:  

1) The YAMAMOTO reaction is capable for homo-coupling only and not for hetero-coupling 

(work-up of such compounds is time-consuming). 

2) Synthesizing stannyl-compounds takes a lot of time (2 days for compound 1-11, 4 days for 

compound 1-13). 

3) The stannyl compounds are very toxic. 

4) Molten potassium hydroxide is a very reactive reagent for base-labile groups in imide 

positions. 

Based on these disadvantages the procedures leading to terrylene and quaterrylene 

derivatives were optimized ever since. The state of the art of building up terrylene and 

quaterrylene derivates was developed by NOLDE in 2005 (shown in chapter 3.2.1).[12] In his 

reaction pathway the stannyl compound was replaced by a non-toxic boronic ester. This 

compound was generated via the mild MIYAURA borylation reaction from the respective 

brominated perylene, using a Pd(II) catalyst in 1,4-dioxane.[13] Consequently, the subsequent 

SUZUKI reaction between the boronic ester and the bromo compound could now be effected 

using a Pd(0) catalyst in a mixture of toluene, Na2CO3-solution (1M, aqueous) and EtOH. The 

subsequent cyclodehydrogenation was carried out with K2CO3 as base in ethanolamine. Due 

to the improvements it was possible to synthesize the higher homologous rylenes under 

considerably more advantageous conditions and with higher yields. At the same time the 

toxicity of the intermediates was lowered and the ring closure could also be achieved with 

base-labile imides. Furthermore, it was also possible to elongate the core to obtain the 

pentarylene or hexarylene derivatives.[14] 

1.1.2 Structure and Reactivity 

Rylenes belong to the class of polycyclic aromatic compounds. They are constructed of 

naphthalene groups as smallest units, which are attached to each other in peri-position 

(Figure 1.1). Since their skeletal structure consists of repeated units like a polymer, they can 

be described as peri-(polynaphthalene). The smallest of the homologous series and best 

explored is the perylene, short hand for peri-(dinaphthalene) (PPN). Due to their conjugated 

S-electron system and planar structure, rylenes are colored. The symmetric rylenes have a 

center of inversion and therefore belong to the point group D2h.[7]  
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Figure 1.1 Chemical structure of rylenes with their reaction sites and numerations. 

Rylene diimides are electron-deficient compounds due to the electron withdrawing imide-

groups attached to the core. Hence they can easily be reduced and accordingly are more 

difficult to oxidize.[15] They show thermal and photochemical stability, chemical inertness 

combined with high tinctorial strength as well as light- and weather-fastness.[16] In the solid 

state their color ranges from yellow to black dependent on the substituents. The substituents 

are also responsible for the packing in the crystal as well as for the solubility, because of 

their ability to stack and, consequently, influence the distance between vicinal rylenes.[12,15, 17] 

PTCDA, for example, shows a one-dimensional�S�stacking in the solid state. The distance of 

3.2 Å between adjacent molecules enables a high degree of S-orbital overlap.[18] 

As mentioned above, colorants can be classified in pigments and dyes. The difference 

between these two classifications is the solubility. While a pigment cannot be solubilized in 

any organic or aqueous medium, the dye can. One outstanding property of rylenes is their 

fluorescence. Some perylene compounds can achieve fluorescence quantum yields of up to 

99%.[19,20] For this purpose the addition of bulky substituents in peri- or bay-position to the 

core is mandatory, since S�S�stacking can erase the fluorescence.[21,22] 

The systems can be elongated along the molecular axis as well as along the equatorial axis. 

Like shown before, elongation in peri-position leads to the higher homologues of the PPN 

series (terrylene, quaterrylene, and so on) and comes along with a bathochromic shift of 

approximately 100 nm with regard to the absorption- and emission-maxima for each attached 

naphthalene unit as well as with a linear increase of the molar extinction coefficient 

(Figure 1.2). The terrylenediimide exhibits a fluorescence quantum yield of up to 90%.[11] 

Pentarylene- and hexarylenediimide feature a high absorption in the near-infrared 

region.[14,23] Unfortunately, the extension along the molecular axis via the attachment of 

naphthalene units leads to a significant decrease in solubility and therefore processability. 
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Figure 1.2 Absorption spectra of tetraphenoxy-substituted rylenediimides, measured in CHCl3.[24] 

 

SUZUKI cross coupling reaction in bay-regions followed by benzannulation provides new 

chromophores, which show a hypsochromic shift of the maxima in the absorption and 

emission spectra. They have to be distinguished because of their photostability and high 

fluorescence quantum yield.[23,25,26,27]  

Substitutions in bay-region weaken S-interactions and thus increase the solubility of the 

molecule. Therefore introducing of substituents like phenoxy groups in bay-position, via SN
Ar

 

reaction of a brominated-/chlorinated rylene with phenol is a commonly used 

method.[19,22,28,29] The attachment of bulky, dendritic phenoxy-substituents leads to a twist of 

the planar core because of the steric hindrance and also protects the aromatic core from 

oxygen and radicals.[30] Insertion of phenoxy groups varies not only the solubility, but also a 

bathochromic shift of approximately 60 nm with respect to the absorption- and emission-

maxima occurs, and a lack of the vibronic fine structure in the electromagnetic spectrum can 

be observed. These phenomena are caused by the electronic pushing effect of the phenoxy 

substituent and can be fine-tuned by introducing further methoxy substituents in meta- or 

para-position.[23,31] 
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1.1.3 Dendrimers 

Dendrimers are highly branched macromolecules with a "well-defined" three-dimensional 

shape, size, and molecular weight. The word "dendrimer" derives from the greek words 

"dendron" ( = tree) and "meros" ( = part) and describes suitably the shape of the 

molecules.[32] Branched molecules have also been called arborols, arbor is the latin word for 

tree.[33] In order to generate a well-defined structure in contrast to polymers, either an 

iterative or a stepwise procedure has to be applied.[34,35] In 1978 VÖGTLE published the 

"cascade synthesis" and paved the way for the iterative synthetic procedure.[36] The two main 

concepts for synthesizing dendrimers rely on different approaches, the divergent one and the 

convergent one (Figure 1.3). TOMALIA's PAMAM (polyamidoamine) dendrimers[37] and 

NEWKOME's arborol systems[33] are two examples for a divergent procedure, while FRECHET[38] 

introduced the convergent approach. In the divergent approach[36,37] the core is taken as 

starting point and the branching units are added successively, whereas in the convergent 

approach[38] the branching units are built up separately and then coupled to the core. These 

two synthetic pathways can be seen in Figure 1.3 as well as the aforementioned basic 

framework of dendrimers. Dendrimers consist of a core unit, also called focal point, and a 

definite number of branching units which last to the end group in the periphery. The number 

of branching units correlates with the number of generations. The number of branching units 

and peripheral groups increases exponentially with each additional generation attached.[39] 

 

Figure 1.3 Synthetic strategies to build-up covalently bound dendrimers.[40] 

Since the early 1990s the emergence of new dendrimers and their applications have 

increased constantly. A comprehensive overview can be found in the article "Dendrimers 

a) divergent approach 

b) convergent approach 

= core unit = end group = functionalizing sites 1, 2, 3 = number of generation 
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designed for function" by ASTRUC.[41] In recent years the research in the HIRSCH group 

focused on the use of dendrimers as solubilizing reagent. Due to the fact that dendrimers 

have a three dimensional structure they can be used as solubilizing reagents for hardly 

soluble molecules by attaching them to the framework, also called 'dendronizing' (Figure 1.4). 

Thus, the aggregation of these molecules in solution can be oppressed, completely. 

NEWKOME dendrons are perfectly suitable for this purpose. Another advantage of these 

dendrons is that, after deprotection of the terminal carboxylic acids, even water solubility of 

very apolar molecules can be generated, e.g. perylenes, fullerenes, and porphyrin-fullerene 

dyads.[42,43] 

 

Figure 1.4 Schematic illustration of dendronizing insoluble molecules in order to generate water solubility.[39] 

1.1.4 Water Soluble Rylenes 

The physical properties of water mark the difference to other solvents. Its ability of building 

up hydrogen bonds is qualified for supramolecular chemistry, where non-covalent bonds are 

desired.[44] Polar groups are solubilized via hydrogen bonds between them and the water. 

This also intensifies the hydrophobic effect, which describes the strong attraction between 

hydrophobic molecules and surfaces, and can therefore result in self-assembled molecular 

aggregates. Aggregates of�S-conjugated colorant molecules are of special interest due to 

their comparison with nature, e.g. DNA super helices or, the arrangement of chlorophylls in 

light-harvesting complexes. In order to generate water solubility the attachment of a sufficient 

number of polar groups to the core is necessary. In the case of rylenes, the high quadrupole 

moment of the rylene core additionally favors the water solubility.[45]  

The first water soluble perylenes were published in 1987 by LANGHALS who employed 

sulfonated phenyl-groups in the imide position as means of solubilization (Figure 1.5a).[46] 

This was followed in 1994 by SCHNURPFEIL who used quaternized nitrogen compounds 
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(Figure 1.5b).[47] However, these water soluble compounds build-up aggregates, easily. 

Thus, in order to obtain monomers in solution the introduction of either dendritic substituents 

in imide positions or ionic substituents in bay-positions is mandatory. WÜRTHNER 

(Figure 1.5c)[48] and HIRSCH (Figure 1.6)[42] demonstrated, that dendritic groups with an 

increasing generation number in imide position can oppress aggregation furthermore.  

 

 

Figure 1.5 Molecular structures of water soluble perylenes.[46-48] 

 

In 2007 HIRSCH published the best water soluble perylene derivatives up-to-date 

(Figure 1.6).[42a] The aggregation behavior in water of these NEWKOME dendronized 

molecules depends on the steric requirements of the attached groups in imide-positions. As 

evidenced by optical spectroscopy and transmission electron microscopy (TEM) the 

NEWKOME [G1] dendronized perylene (Figure 1.6, 1a) aggregates more strongly than its 

NEWKOME [G2] dendronized analogue (Figure 1.6, 1b). If, in the latter one, the imide 

substituent is exchanged with a long alky chain (Figure 1.6, 2b), due to its non-bulky 

property, aggregation is observed and regularly shaped micelles are formed in water at 

pH 7.2. In contrast to that, the amphiphiles carrying the smaller Newkome [G1] dendrons in 

imide-position (Figure 1.6, 2a) is not even soluble in water. In 2009 water soluble chiral 

perylene derivatives (Figure 1.6, 3/4) were synthesized for the first time by the same 

research group.[42b] It was shown, that the steric demand of the dendritic substituents as well 

as that of the first branching unit relating to the imide-positions are of special significance. 

The perylene with the NEWKOME [G1] dendron attached via a lysine spacer (Figure 1.6, 3a) 

aggregates the strongest, and forms helical arrangements of the perylene cores via 

S�S stacking. On the contrary, the NEWKOME [G2] functionalized perylene using alanine as a 

spacer (Figure 1.6, 4b) reveals no aggregation due to the higher steric demand of the chiral 

centers next to the perylene core. The perylene-based nanotweezers (Figure 1.6, 5), 

reported in 2011 by HIRSCH, are also soluble in water and highly effective for the selective 

dispersion of single wall carbon nanotubes (SWCNTs).[49] 
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Figure 1.6 Water soluble perylenes by HIRSCH.[42,49] 

 

In 2004 MÜLLEN showed that aggregation in water can be completely oppressed via 

attachment of quaternized pyridine (Figure 1.7a) or sulfonated phenoxy-groups (Figure 1.7b) 

in bay-positions. This is caused by the electrostatic shielding as well as the steric hindrance 

of the substituents.[50]  
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Figure 1.7 Water soluble perylenes by MÜLLEN.[50] 

 

Solubility, and especially water solubility, of higher rylene homologues poses a challenge as 

those systems tend to aggregate more easily because of their larger S-conjugated core. 

Thus, dendronized substituents in imide-position or water soluble agents in bay-positions, 

are required to promote water solubility. Since sulfonated phenoxy-groups at the bay-

positions had been successfully employed in order to solubilize perylene diimides, MÜLLEN 

and coworkers transferred this method to terrylene diimides in 2005[51] and have applied in 

further works ever since (Figure 1.8a).[52] As a complement, water solubility of terrylene 

diimides was also generated by the same research group in 2011 via the insertion of 

branched polyethyleneglycol (PEG) chains[53] into the imide position. This was further 

improved by WÜRTHNER in 2013 by using (PEG)-dendronized substituents (Figure 1.8b). The 

same subtituents were proven powerful enough to successfully solubilize quaterrylene 

diimides as well.[54]  

Another possibility is to introduce dendritic substituents in the bay-positions. This was applied 

in 2012 for quaterrylene diimides. However, these derivatives are much more inclined to 

build-up S-stacks.[55] 
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Figure 1.8 Water soluble terrylene and quaterrylene derivatives.[51-53] 

1.1.5 Applications 

Since the early 1950s rylenes have been used as industrial colorants, especially in the 

automobile sector and in carpet fibers, due to their outstanding properties like chemical, 

photochemical, light and weather stability.[4,56] Since then, the recognition as high 

performance colorants has paved the way for a wider area of applications. The importance of 

functional dyes is not predominantly caused by the adjustment of the colors, but by the fine 

regulation of the energy levels, the self-organization, the charge mobility, the high 

fluorescence quantum yields as well as the photochemical stability.[23] Hence rylene diimides 

are promising candidates for high performance dyes applications. Like aforementioned they 

show absorption and emission in the near infrared region with high fluorescence quantum 

yields of up to 99%, worse oxidizing and therefore good electron affinity character combined 

with an ability for reversible reduction, and high chemical and photochemical stabilities. Thus 

rylene diimides have been used as building blocks for electronic and optoelectronic devices 

such as dye lasers[57], LEDs[58], molecular switches[59], and reprographical processes[60,61]. 

According to WÜRTHNER perylene diimides "are the best n-type semiconductors available to 

date"[62] due to the electron-withdrawing imide structures and therefore its high electron 

affinity.[63] This high electron affinity makes rylene diimides capable for electron transfer 

materials in organic field effect transistors (OFETs)[64] and organic photovoltaic devices 

(OPVs)[61,65]. The advantage of varying the solubility, the optical and electrochemical 

properties makes rylene diimides promising candidates for organic solar cells. In 2013 BAZAN 
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and coworkers published a 3% efficiency for a solar cell using perylene diimide and thus 

perylene diimides are competitive to fullerenes as acceptor materials.[66] Also a quantum 

efficiency (incident photon to converted electron ratio)[67] of 34% was reached while using 

light with a wavelength of 490 nm.[65a] The fabrication of higher homologues of rylenes would 

cover the range of the visible light and the near infrared region as well as increase the 

efficiency of solar cells.[68] Rylene diimides as fluorophores, with their high fluorescence 

quantum yield and high stabilities, are perfectly suitable as key chromophores for single 

molecule spectroscopy (SMS).[68,69] Introducing water solubilizing agents to the core provides 

the opportunity for single molecule measurements in biological systems, as is the case when 

it comes to enzyme tracking.[29,70,71] Higher homologues of the rylenes, which are able to 

absorb light in the near infrared region, can act as heat-absorbing glass.[72] Since rylene 

derivatives are able to build up aggregates not only with themselves but also with other 

molecules, they have been used for solubilizing carbon nanotubes in organic or aqueous 

media. This technique even enabled HIRSCH and coworkers to separate single wall carbon 

nanotubes (SWCNT) according to their size.[73] This phenomenon can also be transferred to 

graphene, where single-layer sheets were obtained by the exfoliation of graphite via non-

covalent functionalization (Figure 1.9).[74] 

 

Figure 1.9 Schematic illustration of S�S stacking with SWCNT (left) and graphene (right).[75,76] 
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2 Proposal 

The aim of this thesis was the preparation of water soluble terrylene and quaterrylene 

derivatives for the use in material science. The work is divided in three research chapters. 

The first two parts are about the synthesis of the respective aromatic cores - the terrylene 

and quaterrylene core. Based on PTCDA firstly the 3,4-perylenedicarboxylic acid anhydride 

(PMA) was to be generated in order to serve as a building block for the generation of the 

higher perylene homologues. In a first series of experiments these rylenes should be 

synthesized according to the published procedures.  

 

Scheme 2.1 Build-up of the terrylene and quaterrylene core based on PMA as starting material. 

The second part focuses on the generation of water solubility in the imide position. Based on 

earlier results obtained in the HIRSCH group, NEWKOME dendrons were chosen to promote 

water solubility. From a fundamental point of view, this would also enable comparative 

studies with the respective perylene diimides produced in previous works in the HIRSCH 

group.[73]  

 

Scheme 2.2 Bolaamphiphilic and amphiphilic terrylene and quaterrylene derivatives. 

With regard to the synthesis of these compounds two main criteria had to be considered. The 

carboxylic acids of the NEWKOME dendrons are protected via tert-butyl groups. Due to the 
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sensitive nature of these groups, high temperatures were to be avoided during the synthesis 

as well as limitations concerning reagents were to be taken into account. Furthermore, a 

close eye should be kept on the solubility of the compounds as it is affected negatively by 

each additional naphthalene unit attached to the original perylene core. Although the 

solubility was not supposed to be neglected ab initio, due to the fact that further attached 

naphthalene units accompanied a lack in solubilizing behavior. These two points are 

supposed to be a big challenge. The aggregation behavior of the generated products should 

be investigated via concentration dependent UV/Vis and fluorescence aggregation assays in 

an aqueous medium.  

The third chapter focuses on bay-functionalized terrylene and quaterrylene derivatives.  

 

 

Scheme 2.3 Bay-functionalized terrylene and quaterrylene derivatives. 

 

phenoxylated rylenes 

SUZUKI cross coupled rylenes 
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Water solubility and aggregation behavior should be investigated here as well via 

concentration dependent UV/Vis and fluorescence studies. Employing the terrylene and 

quaterrylene derivatives, synthesized in part one as starting materials, phenoxylation and 

SUZUKI cross coupling reactions were to be carried out.  

All synthesized molecules are promising candidates in material sciences. In particular, single 

wall carbon nanotubes (SWCNTs) should be debundled and solubilized in aqueous medium 

via S�S interactions, and then separated according to size. Furthermore, graphite should be 

exfoliated to graphene in a similar manner. 
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3 Results and Discussion 

3.1 Synthesis of the Starting Material 3,4-Perylenedicarboxylic Acid 
Anhydride (PMA) 3-10 

The target of this thesis was to build-up the higher homologues of the water soluble perylene 

diimides - named terrylene and quaterrylene diimides. In order to fulfill this purpose the build-

up of the core had to start at the level of the 3,4-perylenedicarboxylic acid anhydride (PMA) 

and a naphthalene anhydride. The latter substance is commercially available, while the PMA 

is not. A first sample of PMA as starting material was obtained from BASF. Since this 

company stopped producing the substance, an economic way for synthesizing the PMA in 

the laboratory had to be developed. In order to receive the PMA, the first target was to 

achieve solubility of the perylene, due to the fact that 3,4,9,10-perylenetetracarboxylic acid 

dianhydride (PTCDA) is a pigment and thus, insoluble in every solvent. Also one anhydride 

needed to be protected as imide for the purpose of decarboxylation on only one side. A 

branched imide condensed on one side seemed to be the right choice, primarily 

(Scheme 3.1). 

 

Scheme 3.1 Synthesis of 3,4-perylenedicarboxylic acid monoimide PMI 3-5. 

Unfortunately the condensation of the perylene with a branched alkyl amine did take place on 

both sides and consequently, a one-sided saponification had to be performed afterwards. 

The initial pathway, shown in Scheme 3.1 and discussed in my diploma thesis[77], starts with 

the condensation of the commercially available PTCDA 3-1 with a branched amine.[78] In this 

case 6-undecylamine 3-2 was used. Its synthesis also implied two steps. Starting from the 

ketone and hydroxylamine hydrochloride, the oxime was synthesized, and then reduced to 
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the desired amine with the help of RedAl®.[79] The condensation reaction of PTCDA and 

6-undecylamine was performed in imidazole as a high boiling, basic solvent and with zinc 

acetate as a water withdrawing reagent. The next step was the saponification with potassium 

hydroxide in tert-butanol (tert-BuOH) at 100 °C for eight minutes.[78] The reaction was 

quenched by adding dilute hydrochloride acid while the reaction mixture was cooled on an 

ice bath. In principle three different outcomes are conceivable in this kind of reaction. Either 

nothing reacts and 3-3 remains unreacted, or one side is saponified, which leads to 3-4, or 

both sides are cleaved and PTCDA 3-1 is received again. However, this reaction proved to 

be the bottleneck of this route, as it is very time-sensitive. Heating one minute too long, the 

yield of product 3-4 decreased dramatically because saponification on both imide positions 

was performed mainly. Additionally the S-stacking of the product 3-4 led to a complicated 

chromatographic work-up and therefore loss of compound. According to a patent script of 

BASF (formerly CIBA Specialty Chemicals Holding Inc.) the subsequent decarboxylation was 

generally performed in an autoclave, heating at 190 °C for 21 hours.[80] This synthetic route 

was tested in my diploma thesis[77]. Unfortunately, the required pressure for the 

decarboxylation could not be generated adequately because of the small amount of the 

perylene monoimide (PMI) 3-4. Therefore, another way for decarboxylation had to be found. 

Decarboxylation using copper powder in 3-picoline under vigorous stirring at 180 °C - 

published by SÜßMEIER and LANGHALS[81] - resulted in a yield of 58%, but aggregation of the 

product 3-5 occurred again. Furthermore, byproduct 3-6 with a carboxylic acid in peri-position 

was generated. The separation of both products was achieved by column chromatography 

on silica gel. The first fraction containing molecule 3-5 was obtained with dichloromethane 

(DCM) as the eluent, while the immobile fraction of compound 3-6 was eluted by adding a 

few drops of acetic acid to the eluent and had to be purified by a second column 

chromatography on silica gel (CHCl3:ethanol 10:1). Shortening of the reaction time leads to 

more byproduct 3-6 and less decarboxylated product 3-5. Although 3-6 is an unwanted 

byproduct in the present case, one should mention that the carboxylic acid can act as an 

anchoring group for the functionalization of nanoparticles and thus, it might be desired to 

obtain 3-6 as the main product. 

In summary the reaction Scheme 3.1 had some disadvantages: 

1) The reaction sequence included the wastage of the 6-undecylamine 3-2, whose synthesis 

also required two steps.  

2) Although the 3,4,9,10-perylenetetracarboxylic acid diimide (PTCI) 3-3 could be recycled 

for further reactions, the saponification also resulted in the completely converted reactant 

PTCDA 3-1 very quickly. 
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3) The aggregation behavior of the intermediates led to a poor work-up by column 

chromatography on silica gel. 

4) The generation of the 3,4-perylenedicarboxylic acid monoimide (PMI) 3-5 predetermined 

the solubilizing group in imide-position. Ideally, the fabrication of PMA would allow the 

variation of the solubilizing group. 

According to the disadvantages a more efficient way had to be found for producing PMA 3-10 
(Scheme 3.2).  

 

Scheme 3.2 Synthesis of PMA 3-10.[82] 

In 2009 JIN and coworkers[82] introduced commercially available long alkyl alcohols to the 

PTCDA core in order to generate better solubility and suppress the aggregation behavior. 

The first step implied the ester synthesis to 3-7, using potassium hydroxide, as anhydride 

opener, Aliquat® 336 as phase transfer catalyst, as well as potassium iodide and 

decylbromide as reactants. Since esters do not have that strong binding strength compared 

to amides, saponification with p-toluenesulfonic acid monohydrate (p-TsOH monohydrate) in 

n-dodecane and toluene at a temperature of 95 °C took place quite easily and gave molecule 

3-8 in very good yield (85%). The pure intermediates - 3-7 and 3-8 - were obtained by 

recrystallizations from methanol, respectively. The first two steps are well known and 

molecule 3-8 is perfectly suitable for the decarboxylation reaction, because of its good 

solubility in organic solvent. Since one side was protected as esters, decarboxylation 

according to a publication of LANGHALS[81] using copper powder in 3-picoline at a temperature 

of 160 °C could take place at the unprotected side. The crude reaction mixture had to be 
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purified by column chromatography on silica gel using dichloromethane as eluent in order to 

separate the product 3-9 from remaining starting material and byproducts. Due to the good 

solubility the column chromatography worked quite well and did not affect the yield of the 

reaction negatively in contrast to the decarboxylation reaction in Scheme 3.1. Further ester 

saponification using p-TsOH monohydrate in excess followed by acidifying the reaction 

mixture and subsequent filtration of the deep purple precipitate led to PMA 3-10. Importantly, 

molecule 3-9 had to be purified by column chromatography meticulously, because the 

second saponification caused a loss of solubility and the PMA could only be purified by 

filtration and washing with dilute acid and water. Interestingly, the PMA 3-10 is much better 

soluble than PTCDA 3-1. Hence UV/Vis, fluorescence, and Ir spectra could be recorded. 

This reaction sequence (Scheme 3.2) had some advantages compared to the previous 

synthesis route (Scheme 3.1): 

1) 75% of the work-up procedures consist of recrystallizations in methanol, and only one 

intermediate had to be purified by column chromatography.  

2) The PTCDA and the long alkyl chains are commercially available, which renders the 

two-step synthesis of the branched alkyl amine (6-undecylamine 3-2) obsolete.  

3) The reaction sequence did not contain a highly sophisticated step such as the one-sided 

saponification with KOH in tert-BuOH anymore.  

4) Further acidic saponification with p-TsOH of compound 3-9 led to PMA 3-10, which is a 

better starting material than the PMI 3-5 for a broader range of reactions, as the solubilizing 

agent in imide position is not defined. 

The melting point of the perylene tetracarboxylic ester 3-7 is worth mentioning and has a 

value of 86 - 88 °C. PTCDA 3-1 has its melting point over 300 °C. The long alkyl chains 

modify the structure of the perylene toward that of a liquid crystal. The melting point changes 

to 351 - 353 °C for molecule 3-8 presumably, due to S�S stacking, and again decreases to 

150 - 153 °C for the decarboxylated perylene 3-9. Therefore, the melting points verify the 

aforementioned behavior (PTCDA versus PMA) of better solubility of the decarboxylated 

species. 

The aromatic region in the 1H NMR spectrum of molecule 3-9 (Figure 3.1) shows five signals, 

two overlaying doublets at 8.12 ppm, two doublets at 7.94 and 7.68 ppm, respectively, as 

well as on doublet of a doublet at 7.44 ppm. The latter "pseudo-triplet" is assigned to the 

protons 20 next to the decarboxylated region and is caused by the unlike, vicinal protons. 

The signal of the protons 10 next to the esters is clearly detected as triplet at 4.31 ppm. 
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Another triplet is displayed at 0.87 ppm and assigned to the terminal methyl groups 1. The 

multiplets at 1.81, 1.45, and 1.32 ppm indicate the remaining protons of the alkyl chains 2 - 9. 

The corresponding 13C NMR spectrum (Figure 3.2) shows twelve signals in the aromatic 

region between 134.50 and 119.41 ppm because of the appearance of an axis of symmetry. 

The carbonyl atoms 11 of the esters resonate at 168.97 ppm. The signal of the carbon atoms 

10 next to the ester groups is detected at 65.37 ppm. The resonances of the remaining 

carbon atoms 1 - 9 of the long alkyl chains are found as eight signals between 31.83 and 

14.01 ppm. 

Figure 3.1 1H NMR spectrum (400 MHz, CDCl3) of 3-9 (*= traces of water). 

 

ppm
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Figure 3.2 13C NMR spectrum (100 MHz, CDCl3) of 3-9. 

3.2 Synthesis of the Terrylene- and Quaterrylene Core 

3.2.1 General Procedure 

In 2005 MÜLLEN and coworkers[12] developed a less toxic and easier way of building up 

terrylene and quaterrylene derivatives compared to the one discussed in the introduction 

(Scheme 1.3). In order to enlarge the perylene core to a terrylene core, a perylene and a 

naphthalene unit were needed. Two options were suitable. The SUZUKI cross coupling was 

performed either between the perylene boronicester imide and a bromonaphthaleneimide or 

between the perylenebromoimide and a naphthalene boronicester imide. The commonly 

used method was the first one (see Scheme 3.4). 

ppm

*
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Scheme 3.3 Synthesis of 9-bromonaphthalene-3,4-dicarboxylic acid monoimide 3-12. 

The first step included the condensation of the commercially available bromonaphthalene 

anhydride (BNA) 3-11 with 6-undecylamine 3-2 using ethylene glycol as high boiling solvent 

and zinc acetate as water withdrawing reagent (Scheme 3.3). In another reaction sequence 

(Scheme 3.4), the second reactant for the SUZUKI cross coupling had to be synthesized.  

 

 

Scheme 3.4 Synthesis of 3,4,11,12-terrylenetetracarboxylic acid diimide (TDI) 3-16. 
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Based on PMA 3-10 the first step was the imidization of the PMA 3-10 with the amine 3-2 in 

order to generate the highly soluble perylenemonoimide 3-5 again, imidazole as high boiling 

solvent and zinc acetate as catalyst were used. Purification by column chromatography on 

silica gel, separating the PMA 3-10 from the PMI 3-5, led to the product in 85% yield. Using 

the product of the reaction sequence shown in Scheme 3.1 skipped the latter step. 

Bromination in peri-position (position 9), was carried out by stirring PMI 3-5 for 2 hours with 

bromine and iodine under light exclusion at room temperature in a 2:3 mixture of chloroform 

and acetic acid. The reaction was quenched with MeOH and the desired product 3-13 was 

filtered off in a quantitative yield. However, this reaction required careful timing. Otherwise 

multiple bromination occurred and these unwanted byproducts had to be separated by 

column chromatography on silica gel with toluene as eluent. Converting the 

bromoperyleneimide 3-13 into the perylene boronicester imide 3-14 using Pd(II)-catalyst, 

Bpin and a base via MYIAURA reaction[13] is a sensitive method. Here, the quality of the 

solvent (1,4-dioxane) was important, otherwise dimerization was able to occur as a 

consequence of the presence of the stabilization reagent in the solvent. Unfortunately, 

work-up by column chromatography was mandatory, since this reaction resulted in a lot of 

byproducts i.e. starting material 3-13, debrominated perylene 3-5 and bisperylen 3-17 (see 

Scheme 3.5). The following SUZUKI cross coupling was performed with a Pd(0) catalyst, the 

perylene boronicester imide 3-14 and the bromonaphthaleneimide 3-12 in a mixture of 

toluene, MeOH and Na2CO3-solution (aqueous; 1M) under light- and air exclusion. Due to the 

fact, that the electron withdrawing imide functionalities promote ring closure, the 

cyclodehydrogenation in peri-position of the naphthyl-perylene derivative 3-15 was carried 

out with potassium carbonate as base in ethanolamine and led to the blue terrylene 

derivative (TDI) 3-16 in quantitative yield  The work-up consisted of addition of dilute 

hydrochloride acid, followed by filtration of the blue precipitate. The change of color due to 

the expansion of the S-conjugated system provided evidence for the complete conversion of 

the starting material 3-15. The most intense peak in the UV/Vis spectrum appears at 651 nm 

corresponding to a bathochromic shift of 140 nm compared to compound 3-15.  

Since this synthetic route was published by MÜLLEN.[12], the spectra of the intermediates will 

not be discussed here. As the terrylene compound 3-16 will be the starting material for future 

reactions, its spectra are shown here so that they can serve as a basis set for comparisons 

with other compounds. 
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Figure 3.3 1H NMR spectrum (400 MHz, CDCl3) of the TDI 3-16 (*= traces of water). 

The 1H NMR spectrum of compound 3-16 is depicted in Figure 3.3. Since the molecule has a 

D2h-symmetry, the aromatic region is clearly arranged. Two broadened signals in a ratio of 

4:8 at 8.54 and 8.34 ppm are assigned to the aromatic protons (9/10/15). The aliphatic region 

shows a multiplet at 5.24 ppm of the protons 6 next to the nitrogen. The two signals of the 

protons 5/5' next to that carbon atoms are detected at 2.31 and 1.93 ppm as multiplets. 

Because of the differentiation of the position of the hydrogen atoms to the imide, the signals 

are splitted into two multiplets and are followed by the signal at 1.39 ppm of the twelve 

protons 2 - 4 of the CH2-groups. Most highfield shifted the triplet of the protons 1 of the 

terminal methyl groups is detected at 0.85 ppm. 

Due to the D2h-symmetry of the molecule nine signals between 135.33 and 121.29 ppm are 

clearly detected in the aromatic region of the 13C NMR spectrum, shown in Figure 3.4. The 

aliphatic carbon atoms 1 - 5 resonate as five signals between 32.32 and 13.99 ppm. The 

signal of the carbon atoms 6 is observed at 54.59 ppm. The carbonyl atoms 7 are found at 

164.90 ppm. These carbon atoms show weak resonance and, therefore, their signal 

disappears almost in the electromagnetic noise of the spectrum. The aliphatic region of the 

6-undecylimide will not change in further spectra and thus, the assignment of the signals will 

not be repeated again. 
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Figure 3.4 13C NMR spectrum (100 MHz, CDCl3) of 3-16. 

In order to obtain the quaterrylene tetracarboxylic acid diimide (QDI) the reactants for the 

SUZUKI cross coupling, which means perylenebromoimide 3-13 and perylene boronicester 

imide 3-14, needed to be synthesized and were discussed previously (Scheme 3.5). The 

SUZUKI cross coupling between 3-13 and 3-14, catalyzed by a Pd(0) complex in a mixture of 

toluene, MeOH and Na2CO3-solution (aqueous; 1M) under light- and air exclusion, was able 

to take place.[12] Also column chromatography on silica gel using CH2Cl2 as eluent was 

mandatory in order to separate the product from starting material and thus the red 

luminescent bisperylene product 3-17 was obtained in 84% yield. Cyclodehydrogenation with 

potassium carbonate in ethanolamine as base led to the planar blue-greenish QDI 3-18 in a 

quantitative yield. The work-up consisted of adding dilute hydrochloride acid and filtration of 

the blue-greenish precipitate afterwards. The change of color due to the expansion of the 

S-conjugated system provided evidence for the complete conversion of the starting material 

here as well. The most intense peak in the UV/Vis spectrum at 772 nm is bathochromically 

shifted by 246 nm compared to the bisperylene 3-17. 

 

ppm
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Scheme 3.5 Synthesis of 3,4,13,14-quaterrylenetetracarboxylic acid diimide (QDI) 3-18. 

Similar to TDI 3-16, QDI 3-18 exhibits a D2h-symmetry. The spectra were recorded in 

deuterated tetrachloroethane at a temperature of 110 °C and 60 °C (in this sequence). 

Applying higher temperatures was necessary in order to suppress the aggregation behavior, 

as QDI is very prone to aggregation via S�S stacking because of the large conjugated 

S-system. The 1H NMR spectrum recorded at 60 °C shows the best resolution of the signals 

and is depicted in Figure 3.5. However, in this spectrum can be seen four broad signals in 

the aromatic region at 8.12, 7.73, 7.66, and 7.53 ppm, respectively. The broadening is still 

caused by the poor solubility of the compound. In the aromatic region of the 13C NMR 

spectrum, recorded at 110 °C, twelve signals are observed (Figure 3.6). The remaining 

signals in the aliphatic area of both spectra can be allocated in the same manner as in the 

spectra of the TDI 3-16 (Figure 3.3/3.4). 
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Figure 3.5 1H NMR spectrum (400 MHz, C2D2Cl4, 60 °C) of QDI 3-18 (*= traces of water, grease). 

Figure 3.6 13C NMR spectrum (100 MHz, C2D2Cl4, 110 °C) of QDI 3-18 (*= traces of grease). 

ppm
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3.2.2 Improved Synthesis of the Terrylene Core 

 

 

Scheme 3.6 Synthesis of compound 3-20. 

As aforementioned it is not important whether the bromo or the boronic ester groups are 

attached on the naphthalene or the perylene units. Therefore, another synthetic route was 

established, which included the synthesis of the naphthalene boronicester imide 3-20. This 

route had the advantage that only the perylenebromoimide 3-13 had to be synthesized and 

the conversion into the perylene boronicester imide 3-14 could be avoided. The latter 

represented the ninth step of the respective synthesis and came along with less than 

satisfactory yields because of the resulting byproducts. Applying the MIYAURA borylation 

reaction to the bromonaphthaleneimide carrying a branched imide 3-12 (see Scheme 3.3), 

the product (naphthalene boronicester imide) was formed, but could not be isolated. For this 

reason an esterification of 3-11 had to be carried out first, following a procedure published by 

Bock and coworkers[83] using DBU as non-nucleophilic base and methyl iodide in MeOH 

(Scheme 3.6). After distilled water was added to the reaction mixture, the resulting white 

precipitate was filtered and dried under vacuum to yield 3-19. The subsequent conversion of 

3-19 into the boronic ester 3-20 via MIYAURA reaction was affected with the help of the 

commonly used reactants, although toluene was used as solvent. The crude product was 

purified by column chromatography on silica gel (CH2Cl2/EtOAc = 9:1) to yield 3-20 as a 

white solid in 93%. Using a small unit such as methyl ester had the advantage of good 

solubility on the one hand and easily converting the ester into an imide on the other hand. 
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Scheme 3.7 Another synthesis route to TDI 3-16. 

The SUZUKI cross coupling reaction took place under well-known, mild conditions. 

Evaporation of the solvent and purification by column chromatography on silica gel 

(CH2Cl2/EtOAc = 9:1) gave the orange luminescent product 3-21 in 81% yield (Scheme 3.7).  

In the 1H NMR spectrum (Figure 3.7) the aliphatic region of compound 3-21 shows the 

combination of the 1H NMR spectra of a 6-undecylimide perylene and the methyl ester 

naphthalene. In this region the signals of the 6-undecylimide 1 - 6, and the two singlets of the 

methylester groups 10 at 3.98 and 3.96 ppm are located, respectively. The lack of a 

symmetric element is reflected in the aromatic region in the 1H NMR spectrum in terms of 

cluttered signals, also seen in the 13C NMR spectrum.  

The 13C NMR spectrum of compound 3-21 is depicted in Figure 3.8. This spectrum presents 

also the combination of the spectra of the starting materials. In the aliphatic region the five 

signals between 13.96 and 32.30 ppm are assigned to the carbon atoms of the imide 1 - 5. 

The signals of the methyl carbon atoms 10 are located at 52.29 and 52.07 ppm, respectively, 

and are followed by the signal of the carbon atom next to the nitrogen 6 at 54.40 ppm. The 

aromatic carbon atoms show up as thirty signals between 120.42 and 142.06 ppm. The 

carbonyl atoms resonate at 169.38 and 169.25 ppm in the case of the esters 9, and at 

165.24 and 164.23 ppm of the imide 7, respectively. 
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Figure 3.7 1H NMR spectrum (400 MHz, CDCl3) of 3-21 (*= traces of water, unknown impurity). 

 

 

 

 

 

 

 

 

 

 

ppm

Figure 3.8  13C NMR spectrum (100 MHz, CDCl3) of 3-21 (*= traces of grease). 
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The next step was the replacement of the methyl ester groups via imidization with 

6-undeclyamine in order to obtain the highly soluble bis(6-undecyl)naphthyl-

perylenimide 3-15. The difference in polarity facilitates the work-up via column 

chromatography (CH2Cl2) and resulted in a yield of 86%. Both the 1H NMR spectrum and the 
13C NMR spectra attest to the successful reaction. The final cyclodehydrogenation was 

carried out with potassium carbonate in ethanolamine in order to planarize molecule 3-15. 

The work-up consisted of adding dilute hydrochloride acid and filtration of the blue precipitate 

afterwards. 

This reaction sequence (Scheme 3.6/3.7) had some advantages compared to the previous 

synthesis route (Scheme 3.4): 

1) The pure naphthalene-product 3-19 of the esterification was obtained by recrystallization 

from water. Hence, no column chromatography on silica gel was required compared to the 

preparation of the alkyl branched naphthaleneimide 3-12. 

2) The MIYAURA reaction to compound 3-20 resulted in a yield of 93% and the product was 

separated from byproducts with the help of column chromatography on silica gel 

(CH2Cl2/EtOAc = 9:1), easily. 

3) Applying the MIYAURA borylation reaction to the naphthalene-compound, which included 

two steps, preserved important perylene substance. Therefore, only the perylene 

bromoimide 3-13 had to be synthesized and the conversion into the boronicester 

peryleneimide 3-14 could be avoided. The latter represented the ninth step of the respective 

synthesis and came along with less than satisfactory yields because of the resulting 

byproducts. Also, almost every substance in the reaction sequence shown in Scheme 3.6 

was commercially available. 

4) 6-Undecylamine 3-2, which was also a two-step synthesis, could be economized. 

5) The difference in polarity of the naphthylperylene compound 3-21 with its combined ester 

and imide functionalities compared to the starting materials, facilitated the work-up via 

column chromatography on silica gel (CH2Cl2/EtOAc = 9:1). The same advantage of 

difference in polarity was applied in the next step to compound 3-15. Here, the work-up via 

column chromatography on silica gel was carried out with CH2Cl2 as eluent. 

6) The naphthylperylene derivate 3-21 was not only accessible for the imidization reaction 

with the branched alkyl amine, a lot of different amine compounds could be inserted at that 

position as well.  
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3.3 Synthesis of Dendritic Water Soluble Terrylene and 
Quaterrylene Derivatives in Imide-Position  

3.3.1 Building up the Core - Using a C6-Spacer as Solubilizing Agent 

After the syntheses of PMA, TDI, and QDI had been carried out and optimized in the case of 

TDI, the focus was shifted to the formation of water-soluble terrylene and quaterrylene 

derivatives. One way of achieving this purpose is by inserting water-soluble groups in the 

imide position. Since the terrylene and quaterrylene core are able to stack, branched, 

dendritic groups are favored. In previous works of C. SCHMIDT[42] NEWKOME[84] dendrons first 

and second generation were used as dendronizing reagents for solubilizing perylene 

derivatives in organic and aqueous solvents (Figure 1.6). There, it was proven that the first 

generation was not able to suppress the aggregation behavior of the perylene core, 

completely. Therefore, it was clear from the beginning that only dendrons carrying a higher 

number of generation would lead to water solubility of the larger terrylene and quaterrylene 

systems. Another advantage of NEWKOME dendrons is their solubility in apolar or polar 

solvents, dependent on the respective end groups. While carboxylic acids lead to a high 

solubility in polar solvents, protection with tert-butyl groups, for example, permit solubilization 

in apolar solvents. Due to the steric hindrance the NEWKOME dendrons cannot be condensed 

directly to the core. Therefore, 6-aminocaproic acid was employed as a spacer, on the 

ground of its successful use in comparable systems made by the HIRSCH group.[42] 

Unfortunately, the tert-butyl esters of the NEWKOME dendron are not able to resist 

temperatures above 120 °C as well as the conditions of the bromination procedure, because 

of its ability of easy cleavage. On account of this knowledge, a new route had to be 

established in order to build-up the framework. As noted before solubility had to be 

guaranteed first via imidization, since the perylene or naphthalene derivatives themselves 

are not well soluble in any organic solvents and thus, work-up is handicapped. Condensation 

of a NEWKOME dendron - already coupled with the aforementioned spacer - and perylene 

itself was not performed successfully, due to the rather bad solubility of the perylene and the 

necessity of avoiding high temperatures, which made breaking-up the perylene aggregates 

impossible. Also bromination of the perylene core carrying the NEWKOME dendron needed to 

be prevented. However, synthesizing a water soluble terrylene or quaterrylene derivative via 

SUZUKI cross coupling reaction required the formation of the bromo and the boronic ester 

units. The consideration was to generate solubility by introducing the spacer via 

condensation reaction of the amine with the bromonapththalene anhydride (BNA) 3-11 and 

the PMA 3-10, and then to protect the carboxylic acid as methyl ester in order to facilitate the 

work-up. The next step included the build-up of the framework - thereunder bromination in 
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peri-position, MIYAURA borylation, and SUZUKI cross coupling - followed by cleavage of the 

carboxylic acid and coupling the NEWKOME dendron with the spacer via STEGLICH reaction. 

 

Scheme 3.8 Synthesis of compound 3-24. 

In the case of BNA 3-11 ethanol was used as solvent to obtain the bromonaphthalene-

imide 3-22 (Scheme 3.8).[85] The complete dissolution of BNA 3-11 in ethanol was necessary, 

because it was not able to react properly otherwise. The work-up consisted of cooling to 

room temperature, filtration of the precipitate and washing with ethanol to obtain 3-22 in 86% 

yield. For better purification the carboxylic acid had to be protected as methyl ester by using 

thionyl chloride in MeOH to yield 3-23. From now on further intermediates could be purified 

by column chromatography on silica gel properly. The crude product was filtered and washed 

with methanol in order to receive the white solid in 95% yield. The protected 

bromonaphthaleneimide 3-23 was converted into the naphthalene boronicester imide 3-24 

using a Pd(II) catalyst, Bpin and a base in 1,4-dioxane. As mentioned in chapter 3.2.2 

introducing the boronic ester unit to the naphthalene instead of the perylene is more efficient, 

because it is the 3rd step with regard to the route leading to naphthalene 3-24 compared to 

the 8th step in the case of the respective peryleneimide. The formation of byproducts - 

starting material, non-brominated naphthalene, and dimer - made purification by column 

chromatography on silica gel with chloroform as eluent necessary and limited the yield of the 

reaction to 64%.  

Hence the boronicester compound 3-24 was synthesized, only the bromo compound was 

needed in order to react in the SUZUKI cross coupling reaction. The first step involved the 

condensation of the PMA 3-10 with the spacer (Scheme 3.9). Imidazole was used as high 

boiling solvent and zinc acetate as water withdrawing catalyst. The work-up consisted of 

acidification with dilute HCl and filtration of the red precipitate. The product 3-25 was carried 

on to the next step without characterization and further purification. As before, an 

esterification leading to 3-26 was applied, using thionyl chloride in methanol. The crude 

product was purified by column chromatography on silica gel with chloroform as eluent. The 

resulting protected PMI 3-26 was brominated in peri-position using bromine and iodine in a 
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mixture of CHCl3 and glacial acetic acid under light exclusion. Adding methanol to the flask 

quenched the reaction, the precipitate was filtered off and washed with methanol to obtain 

3-27 in quantitative yield. 

 

Scheme 3.9 Synthesis of compound 3-27. 

The subsequent SUZUKI cross coupling (Scheme 3.10) was performed in a mixture of 

toluene, ethanol, and 1M aqueous sodium carbonate solution with a Pd(0) catalyst under 

argon atmosphere and light exclusion for 16 hours at 80 °C. The appearance of a new spot 

on the TLC, taken directly out of the reaction mixture, showed the desired product 3-28. The 

crude product was purified via column chromatography on silica gel with chloroform as eluent 

to obtain 3-28 in 78% yield.  

 

Scheme 3.10 Synthesis of compound 3-28. 
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Figure 3.9 1H NMR spectrum (400 MHz, CDCl3) of 3-28 (*= traces of grease). 

Figure 3.10 13C NMR spectrum (100 MHz, CDCl3) of 3-28 (*= traces of grease). 

*
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For the characterization of compound 3-28 the 1H NMR spectrum, shown in Figure 3.9, was 

recorded. In the aliphatic region the values of the integrals, show the successful synthesis. 

The two singlets at 3.66 and 3.64 ppm are assigned to the protons 1 of the methyl esters. 

The protons 7 next to the nitrogen are observed as two triplets at 4.24 and 4.16 ppm. Two 

signals each (1/7) can be found, because of the missing symmetric element. The protons 3 

next to the ester groups appear as a triplet at 2.37 ppm and the remaining protons (4 - 6) of 

the alkyl chains can be detected at 1.83 and 1.53 ppm as multiplets. And the aromatic region 

is cluttered. 

The missing symmetric element is also proven in the 13C NMR spectrum shown in 

Figure 3.10. One signal of the carbonyl ester atoms 2 is detected at 174.18 ppm, followed by 

three signals of the imidic carbonyl atoms 8 at 164.22, 164.06 and 163.83 ppm. The 

resonances of the aromatic carbon atoms are observed as 30 signals in the area between 

144.33 and 120.49 ppm. And every carbon atom of the alkyl chain gives resonance itself.  

The reaction conditions established before (Scheme 3.10) were also applied to slightly 

different starting materials. The naphthylperylenediimide 3-29 with a branched alkyl imide on 

one side and the alkyl ester imide on the other side was obtained in 79% yield 

(Scheme 3.11). Especially the branched alkyl chain should serve the purpose of generating 

better solubility. 

 

Scheme 3.11 Synthesis of compound 3-29. 

The aliphatic region in the 1H NMR spectrum of molecule 3-29 represents a combination of 

the signals of the caproic methyl ester imide 3-24 and the 6-undecylimide 3-13. The aromatic 

region is cluttered, but the height of the integrals has the adequate value.  
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Scheme 3.12 Synthesis attempt to compound 3-30. 

The following cyclodehydrogenation was carried out with K2CO3 in ethanolamine 

(Scheme 3.12). The effective conversion to molecule 3-29b1 took place, viz. a color change 

of the solution from red to blue occurred. Nevertheless the planar S-system and the lack of 

branched groups in imide position led to a deficiency of solubility, thus the following reactions 

- cleavage of the carboxylic acid (3-29b2), and STEGLICH reaction (to 3-30) - could not be 

carried out. Even the characterization of compound 3-29b2 was not possible. Another route 

was the saponification of the carboxylic acids (3-29a1) using either lithium chloride in THF[86] 

or heating the reaction mixture to 100 °C in HCl and acetic acid, followed by the STEGLICH 

reaction (3-29a2) before the system was to be planarized (3-30). But this route did not work, 

again because of the lack of solubility and, presumably, because of the salts produced during 

the cleavage of the carboxylic esters which could not be washed out and seemed to interfere 

with the coupling reagents in the next step.  
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3.3.2 Building up the Core - Inserting the NEWKOME Dendron in a Previous Step 

Since the synthetic route, shown before in chapter 3.3.1, was not successful, another 

synthetic strategy had to be established. One option was to generate better solubility via the 

insertion of the dendritic groups in an earlier step (Scheme 3.13/3.14). The previous route 

(Scheme 3.9) included the protection of the carboxylic acid after the condensation of PMA 

3-10 with the spacer, and was followed by the bromination in peri-position. The protection 

was important because then work-up by column chromatography on silica gel as well as 

characterization was much more easier. As seen before these steps worked quite well, but 

the crucial steps, i.e. the ring closure and the insertion of the NEWKOME dendrons failed.  

 

Scheme 3.13 Synthesis of compound 3-31. 

 

Scheme 3.14 Synthesis of the SUZUKI cross coupling reactants 3-32 and 3-33. 
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Therefore the NEWKOME dendrons should be inserted after the bromination but before the 

planarization of the framework (Scheme 3.14). The condensation of the PMA 3-10 with the 

spacer was implemented first, and it was followed by the bromination using bromine and 

iodine in a mixture of acetic acid and chloroform under light and air exclusion. During the 

latter reaction no TLC could be performed due to the existence of the free carboxylic 

acids 3-31. The STEGLICH reaction between the carboxylic acid bromoperylene 3-31 and the 

NEWKOME dendron second generation was carried out in a 2:1 mixture of DMF/CHCl3 using 

DMAP, HOBt, and EDC. The desired product 3-32 was purified by column chromatography 

on silica gel using a 1:1 mixture of CHCl3/EtOAc as eluent and resulted in a yield of 63% 

calculated to compound 3-31. Since the reaction mixture of the bromination of 3-25 was not 

purified, it was possible that the non-brominated dendritic perylene was detected after the 

STEGLICH reaction as well. The MIYAURA reaction, converting the bromo compound 3-32 into 

the boronic ester compound 3-33 using Bpin, a base and a Pd(II) catalyst, is a very mild 

method, so that the NEWKOME dendrons were able to withstand the conditions and 

consequently, this SUZUKI reactant was obtained in 82% yield. 

In Figure 3.11 the 1H NMR spectrum of compound 3-32 is depicted. Hence the molecule has 

no element of symmetry every proton in the aromatic region shows resonance itself, thus 8 

doublets are observed in a region between 8.46 and 7.77 ppm, followed by one doublet of a 

doublet at 7.61 ppm (21). The singlets at 7.18 and 6.13 ppm derive from the amidic protons 7 

and 12. The signal of the protons 18 next to the nitrogen appears as a triplet at 4.19 ppm. 

The dendritic protons next to the branch 4/9 and 5/10 are presented by the two multiplets at 

2.20 and 2.01 ppm. The resonances of the protons 14/17 are located there as well. While the 

protons 15 and 16 show up as multiplets at 1.80 and 1.71 ppm. At 1.38 ppm a characteristic 

sharp singlet is detectable, it derives from the protons 1 of the tert-butyl esters. 

In Figure 3.12 the 13C NMR spectrum of the same compound 3-32 is presented. The 

carbonyl atoms of the amides 8/13 and esters 3 resonate at 173.50, 173.24 and 173.08 ppm, 

followed by the signal of the imidic carbonyl atoms 19 at 164.11 ppm. The absence of a 

symmetric element is represented in the 17 signals in the aromatic region. It is expected to 

observe 20 signals in the aromatic region. Due to the working frequency of the used 

spectrometer, however, three signals are coincident or not observed. The carbon atoms 2 

reveal one signal at 80.80 ppm. Two signals are detectable at 57.74 and 57.70 ppm, which 

derive from the tertiary carbon atoms 6/11. The carbon atoms of the spacer show up as 

signals at 40.56 (18), 37.17 (14), 28.00, 26.89, 25.43 ppm (15/16/17), respectively. The 

dendritic carbon atoms are presented by two signals each at 32.03, 31.92 ppm (4/9), and 

30.06, 30.03 (5/10), followed by a sharp signal of the carbon atoms 1 of the tert-butyl esters 

at 28.30 ppm. 
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Figure 3.11 1H NMR spectrum (400 MHz, CDCl3) of 3-32. 

Figure 3.12 13C NMR spectrum (100 MHz, CDCl3) of 3-32. 
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Scheme 3.15 Synthesis of the SUZUKI cross coupling reactant 3-34. 

A similar route had to be established for the naphthalene (Scheme 3.15). One big advantage 

is the commercial availability of the BNA 3-11. The first step included the condensation of the 

BNA 3-11 with the spacer. Cooling down to room temperature and recrystallization of the 

crude product led to the bromonaphthaleneimide 3-22 in 86% yield, which was thenceforth 

available for the STEGLICH reaction leading to 3-34 (same reaction conditions were applied, 

as discussed at Scheme 3.14). This molecule was obtained in a yield of 88% and could then 

serve as naphthalene unit in various SUZUKI cross coupling reactions.  

 

Scheme 3.16 Listing of all synthesized SUZUKI cross coupling partners. 

In Scheme 3.16 all the SUZUKI cross coupling reactants are shown. A summary of all 

molecules, generated under the established SUZUKI cross coupling reaction conditions, is 

depicted in Scheme 3.17. The reaction of 3-33 with 3-32 or 3-34 allowed the formation of the 



  RESULTS AND DISCUSSION 

43 
   

molecules 3-35 and 3-38, bearing the NEWKOME dendrons on both imide positions. The 

molecules 3-36 and 3-37 were synthesized by reaction of 3-14 with 3-32 and 3-34. 

 

Scheme 3.17 Listing of all SUZUKI cross coupling products (bisperylenes 3-35/3-36, naphthylperylene 3-37/3-38). 

The aliphatic regions of all spectra show the combinations of previously discussed spectra 

(see Figure 3.11/3.12 and Figure 3.3/3.4). Either a combination of the branched alkyl chain 

(6-undecylimide) with the NEWKOME dendron (molecules 3-36/3-37) can be observed or the 

value of the integrals is doubled because of having two NEWKOME dendrons attached to the 

core (molecules 3-35/3-38). The aromatic region of the spectra are cluttered due to the 

missing symmetric element of the naphthylperylene or bisperylene derivative molecules. 
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Figure 3.13 1H NMR spectrum (400 MHz, CDCl3) of 3-35. 

Figure 3.14 13C NMR spectrum (100 MHz, CDCl3) of 3-35. 
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Figure 3.15 1H NMR spectrum (400 MHz, CDCl3) of 3-37. 

Figure 3.16 13C NMR spectrum (100 MHz, CDCl3) of 3-37. 
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The cyclodehydrogenation with potassium carbonate as base in ethanolamine is a sensitive 

method for ring closure, but unfortunately, it was not mild enough in the case of 

compound 3-37. Recorded NMR and mass spectra led to the assumption, that the imide 

bonds were cleaved and transimidization with the inserted ethanolamine took place, even 

though lower temperatures (80 °C) were used (Scheme 3.18). The lack of solubility resulted 

in a worse processing of molecule 3-39, which prevented the recoupling of the NEWKOME 

dendron to the "new spacer", afterwards.  

 

Scheme 3.18 Cyclodehydrogenation of compound 3-37. 

Due to the negative outcome of the aforementioned method, a variety of other cyclization 

reagents was tested, thereunder, In(OTf)3/La(OTf)3/Sc(OTf)3 in combination with DDQ[87], 

FeCl3 in nitromethane/CH2Cl2[88], MoCl5 in CH2Cl2[89], t-BuOK/DBN in diglyme[90] and a 

photochemical method, using iodine, propylene oxide, and a mercury lamp[91]. However, 

none of these reagents proved to be powerful enough to even start the 

cyclodehydrogenation. 

Due to the fact that the cyclodehydrogenated products remained unsuccessful, the focus was 

shifted towards the deprotection of the carboxylic acids (Scheme 3.19), since they are still 

promising candidates for the purpose of debundling SWCNTs or the exfoliation of graphite to 

graphene and also for fluorescence imaging applications.[92] Bisperylene and 

naphthylperylene derivatives carrying NEWKOME dendrons with free carboxylic acids have the 

advantage of increased hydrophilicity and reduced aggregation due to the fact that the two 

corresponding units are twisted instead of being in the same plane. The desired acids were 

obtained after stirring the still protected molecules in formic acid overnight in quantitative 

yields. The water-solubility of the rylene core carrying cleaved carboxylic acids was 

certificated in phosphate buffer (pH 7.2) and it was proved that these molecules show red 

fluorescence in water. Subsequently aggregation studies were conducted and will be shown 

in chapter 3.3.3. 
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Scheme 3.19 Cleavage of the bisperylene and naphthylperylene derivatives. 

The 1H NMR spectrum of compound 3-40 is depicted in Figure 3.17 it was measured in a 

mixture of CDCl3 and TFA-d. Since the molecule is not closed, the aromatic region is still 

cluttered. The aliphatic region shows the characteristic signals of the NEWKOME dendrons, 

therefore at 4.29 ppm a broad signal of the protons 17 next to the nitrogen is detected. All 

dendritic signals (3/8 and 4/9) show-up as two signals at 2.48 and 2.17 ppm. Beneath the 

signal at 2.48 ppm there can also be found the signal of the protons 13 next to the amides of 

the spacer. The resonances of the remaining protons of the spacers 14 - 16 are observed as 

broad signals at 1.82, 1.73 and 1.52 ppm. The absence of the sharp singlet at 1.38 ppm 

confirms the successful deprotection.  

The 13C NMR spectrum is shown in Figure 3.18. The carbonyl atoms 2 of the carboxylic acids 

resonate as sharp signal at 180.70 ppm, followed by the signal at 176.68 ppm of the amidic 

carbonyl atoms 7/12 and the signal at 166.93 ppm of the imidic carbonyl atoms 18. The 

signal of the aromatic carbon atoms appear as 20 signals in a region between 142.47 and 

119.47 ppm. Due to the working frequency of the used spectrometer, however, 20 signals 

are coincident or not observed. The carbon atoms 5/10 show resonance at 59.56 and 

55.22 ppm. And at 53.58 ppm reveals the carbon atoms 17 resonance. The signals of the 

carbon atoms of the spacers are detected at 36.77 (13), 27.51, 26.87, and 26.05 ppm 

(14 - 16). The dendritic carbon atoms of the framework 3/8 and 4/9 are observed as two 

signals at 32.14, 31.58 ppm (3/8), and 29.34, 28.51 ppm (4/9), respectively. The missing 

signals of the tert-butyl groups are also an evidence for the successful reaction.  



  RESULTS AND DISCUSSION 

48 
   

Figure 3.17 1H NMR spectrum (400 MHz, CDCl3/TFA-d) of 3-40 (*= traces of DCM, grease, unknown impurity). 

Figure 3.18 13C NMR spectrum (100 MHz, CDCl3/TFA-d) of 3-40 (*= unknown impurity). 



  RESULTS AND DISCUSSION 

49 
   

The 1H NMR spectrum of compound 3-42 is depicted in Figure 3.19. The resonance of the 

proton 21 appears as a multiplet at 5.41 ppm. One signal of the protons 22' is located 

underneath the signal of the dendritic protons 4/9 at 2.37 ppm, and the other protons 22 

show resonance at 2.04 ppm. The protons of the alkyl chain are observed as broad signals 

at 1.46 (23 - 25) and 0.88 ppm (26). All remaining signals can be allocated in the same 

region as in the molecule 3-37 discussed before (Figure 3.15). 

Figure 3.19 1H NMR spectrum (400 MHz, CDCl3/TFA-d) of 3-42 (*= traces of DCM, unknown impurity). 

In the aromatic region of compound 3-42 in the 13C NMR spectrum (Figure 3.20) 23 signals 

are detected. It is expected to observe 30 signals in the aromatic region of the 13C NMR 

spectrum. Due to the working frequency of the used spectrometer, however, seven signals 

are coincident or not observed. The intense signals are assigned to the 6-undecylimide. The 

signal of the carbon atom 21 is observed at 57.97 ppm. The remaining signals of the alkyl 

chain can be detected at 33.12, 32.49, 27.39, 23.06, and 13.55 ppm. All remaining signals 

can be allocated in the same region as in the molecule 3-37 discussed before (Figure 3.16). 

The aliphatic region of molecule 3-41 in the 1H NMR spectrum and 13C NMR spectrum show 

no special differentiation compared to the spectra of compound 3-42 and, therefore, will not 

be displayed and discussed again.  
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Figure 3.20 13C NMR spectrum (100 MHz, CDCl3/TFA-d) of 3-42. 

3.3.3 Aggregation Studies 

Supplementary concentration dependent UV/Vis-spectra in phosphate buffer (pH 7.2) were 

investigated in order to explore�aggregation. Aggregation behavior is of special interest, since 

rylenes should undergo S stacking interactions with other extended S-conjugated carbon 

materials such as SWCNTs[73] or graphenes[74], which is referred to a noncovalent 

functionalization between the electron poor rylene derivative and the S-surface of the carbon 

materials. [45] This noncovalent approach is "easily accessible, highly scalable, reversible and 

does not influence the structural integrity of the sp2 carbon network and directly related to 

that appealing electronic properties"[93]. The major intention is to solubilize or exfoliate and 

hence to stabilize the corresponding carbon allotrope. In general, water as solvent intensifies 

the hydrophobic effect and thus benefits the strong attraction between hydrophobic 

molecules and surfaces. Particularly, the HIRSCH group explored the successful dispersion of 

SWCNTs by the influence of perylenebisimides, which helped in the process of purification 

and separation by ultracentrifugation.[73]  
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Figure 3.21 UV/Vis-spectra of 3-40 (a); 3-41 (b); 3-42 (c); measured in phosphate buffer  

[solution in water, pH 7.2]. 
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Comparatively to its perylene analogues, the aggregation behavior of the higher rylene 

homologues - namely naphthylperylene and bisperylene derivatives - are investigated and its 

spectra are displayed in Figure 3.21. While the naphthylperylene compound 3-42 shows 

absorption maxima (Omax) at 348 nm and 496 nm with a slight shoulder at 540 nm (c), the 

bisperylene compounds 3-40 and 3-41 absorb only in the energy region at 530 nm (b) and 

540 nm (a). Based on the fact that the aromatic S�systems are electronically decoupled, 

S-overlap in compounds 3-40, 3-41 and 3-42 is not sufficient to achieve optimal conjugation 

along the S-systems. Therefore each aromatic core absorbs in its characteristic region, that is 

an isolated naphthalene unit at 348 nm and an isolated perylene S-system at 496 nm (3-42) 

or 530/540 nm (3-41/3-42), respectively.[94] In every UV/Vis-spectra, investigated in this 

study, no shift of Omax is recorded by increasing the concentration of the sample. 

Furthermore, plotting the calculated Hmol�values vs. Omax no appreciable concentration 

dependence is observed. In the UV/Vis spectra of compound 3.42 an indicated vibronic fine 

structure is monitored, whereas this phenomenon is lost in the bisperylene compounds 

3.40/3.41. Based on these observations the UV/Vis-spectra reveal no aggregation behavior 

via S�S stacking of the molecules. However the absorption of solutions with concentrations 

higher than 10-4 mol/l prevented their characterization via UV/Vis spectroscopy. 

Additional concentration dependent fluorescence spectra were recorded due to the fact this 

is a more sensitive method (Figure 3.22). All three compounds exhibit fluorescence in water 

and, interestingly, there are only a few compounds, which show this phenomena in this 

region. In the fluorescence spectra of compounds 3-41 and 3-42 no shift of the emission 

maxima is observed, on the other hand, the maxima are quenched till a specific 

concentration [2.60·10-4 mol/l (3-42); 1.75·10-5 mol/l (3-41)]. Their emission maxima can be 

seen at a wavelength of 654 nm for molecule 3-41 or 613 and 636 nm for molecule 3-42. 

Using a more dilute solution [concentration below 2.22·10-4 mol/l (3-42); 5.83·10-5 mol/l 

(3-41)] the emission maxima decrease consistently. The bisperylene compound 3-40 (a) 

shows no shift using lower concentrations, but instead the relation of the emission maxima 

changes and leads to a quenching of the emission as well. Reaching a concentration below 

5.37·10-6 mol/l the solution seems to be diluted so far, that the emission maxima at 604 and 

640 nm decrease with declined concentration furthermore. This behavior can be taken as an 

evidence for aggregation. Summarized can be said, that no aggregation behavior is 

observed in the UV/Vis spectra, whereas the fluorescence spectra, which is a much more 

sensitive method, features the aggregation behavior. 
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Figure 3.22 Fluorescence-spectra of 3-40 (a); 3-41 (b); 3-42 (c); measured in phosphate buffer 

 [solution in water, pH 7.2]. 
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Figure 3.23 Image of the measured substances (from left to right: 3-41, 3-42. 3-40). 

3.4 Synthesis of Dendritic Terrylene- and Quaterrylene Derivatives 
in Bay-Position 

3.4.1 Synthesis of the Brominated Rylenes 

                           

Scheme 3.20 Bromination of TDI 3-16 and QDI 3-18 in bay-position. 

Since introducing water solubility in imide position via NEWKOME dendrons has not worked 

yet with regard to the longer rylenes, the focus was shifted to the functionalization of the 

bay-region. Bromination in the bay-positions (Scheme 3.20) would make the rylenes very 

susceptible to nucleophilic attacks and opens up different ways of generating water-solubility 
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under mild conditions. The bromination of both the terrylene and the quaterrylene core 

worked quantitative and did not require further purification. Completely dissolved molecules 

3-16 and 3-18 in this reaction were essential, otherwise no conversion took place. The 

desired products 3-44 and 3-45 were obtained by heating the sample in chloroform for either 

two hours (80 °C; TDI 3-16)[95] or two days (55°C; QDI 3-18)[96] in the presence of an excess 

of bromine under light exclusion. The bromination of the terrylene framework led to only one 

product, the 1,6,9,14-tetrabrominated terrylene. The regiospecific bromination at the QDI was 

not feasible, because hexabromination occurred at positions 1,6,8,11,16,18 as well as at 

positions 1,6,9,11,16,18.[96] Unfortunately, both isomers could not be separated via column 

chromatography on silica gel or recrystallization. Even separation with the help of analytical, 

recycling HPLC was tested but remained unsuccessful (Figure 3.24). Because of the slight 

twist, the molecules are soluble in organic solvent very well and enable the nucleophilic 

attack under mild conditions.  

 

Figure 3.24 Recycling HPLC elugramm of isomers of the brominated QDI in bay-position. 

For the characterization of compound 3-44 the 1H NMR spectrum is shown in Figure 3.25, 

where two signals for the aromatic core can be found at 9.12 and 8.71 ppm in a ratio of 4:4. 

The signal downfield shifted is assigned to the protons 9 next to the imide groups, while the 

signal of the protons 15 in the middle of the core can be detected in the upper region of the 

electromagnetic spectrum. The signals of the branched alkyl chains can be found in the 

appropriate positions of the spectrum. 

In Figure 3.26 the 13C NMR spectrum of compound 3-44, measured in CDCl3, is shown. The 

signal of the carbonyl atoms 7 is splitted in two signals and these are observed at 163.23 and 

162.12 ppm. Apart from the fact that the molecule has a D2h symmetry the signal splits 

because of the bulky carbon atoms 5 and therefore their position to the imidic carbonyl 

atoms. This phenomenon as well as the slight twist of the core can also be found in the 

eleven signals in the aromatic region, where otherwise nine signals would have been 

expected. All remaining signals can be allocated in the same region as shown in previous 

spectra. 
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Figure 3.25 1H NMR spectrum (400 MHz, CDCl3) of 3-44 (*= traces of water). 

Figure 3.26 13C NMR spectrum (100 MHz, CDCl3) of 3-44 (*= traces of grease). 
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Figure 3.27 1H NMR spectrum (400 MHz, CDCl3) of 3-45 (*= traces of DCM, water). 

Figure 3.28 13C NMR spectrum (100 MHz, CDCl3) of 3-45. 
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The 1H NMR spectrum and 13C NMR spectrum of compound 3-45 can be seen in Figure 3.27 

and 3.28. Since bromination is not regiospecific, constitutional isomers are formed and 

therefore the aromatic region is cluttered both in the 1H NMR spectrum and in the 13C NMR 

spectrum, where in the latter 27 signals can be found in the aromatic region between 137.69 

and 119.02 ppm as well as three signals of the carbonyl atoms 7.  

3.4.2 Phenoxylation 

As mentioned before, bromination in bay-position provides the opportunity for further 

reactions in this region, as the molecule becomes easily accessible for nucleophilic attack 

(phenoxylation) or SUZUKI cross coupling. Phenoxylation in bay-region is a mild method and 

the steric hindrance of the phenoxy groups at this position favors the solubility of the 

molecule and therefore advantages the suppression of its aggregation behavior. Substitution 

in this region can also vary the color of the molecule. The procedure itself was carried out 

with the brominated rylene diimide, a phenol derivative in excess and potassium carbonate 

as base in DMF. Using a phenol compound, carrying carboxylic functionalities, provides the 

opportunity of generating water-solubility via STEGLICH reaction of the carboxylic acid with the 

NEWKOME dendron. Normally a copper catalyst is required in order to build a complex in the 

transition state and to receive the diphenylether in the ULLMANN condensation. In this case 

no catalyst was needed, since the slight twist of the bay-brominated terrylene compound 

favored the attack from the backside. Also NMP as high boiling solvent was inserted 

generally, and the work-up included either acidifying of the reaction mixture with dilute HCl or 

distillation of the solvent.[51] However, if this reaction is executed to a phenol-compound 

carrying a NEWKOME dendron, another work-up and solvent needed to be found, since the 
tert-butyl groups of the NEWKOME dendron cannot bear acids or temperatures above 120 °C. 

DMF was the right choice here, hence the solvent could be evaporated under reduced 

pressure. This reaction was performed with several phenol-compounds seen in Scheme 3.21 
as sort of precursor test reactions. Thus, it was possible to obtain the well-known molecule 

3-51[51] in 83% yield and two new molecules in 87% (3-47) and 94% (3-49) yield, while using 

DMF as solvent.  

The differences of the absorption behaviors in the UV/Vis spectra of the bay-substituted 

terrylene compounds (3-47, 3-49, 3-51) compared to each other as well as to their starting 

material 3-44 will be displayed and discussed in chapter 3.4.4. 
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Scheme 3.21 Phenoxylation of the bay-brominated TDI 3-44 with several phenol-compounds. 

For the characterization of compound 3-47 the 1H NMR spectrum is shown in Figure 3.29. 

The signal of the inner protons 15 of the terrylene core experiences a shift downfield and 

resonates as sharp signal at 9.22 ppm. It is followed by a broad signal at 8.23 ppm, which is 

shifted upfield and assigned to the protons 9 of the terrylene core next to the imide groups. 

Two doublets are detected at 8.05 and 7.12 ppm and indicate the protons 18 and 19 of the 

phenoxy units. One singlet at 3.89 ppm derives from the protons 22 of the methyl ester 

groups. 

In Figure 3.30 the 13C NMR spectrum of compound 3-47 is depicted. One signal of the methyl 

ester carbonyl atoms 21 is detected at 166.28 ppm, followed by two signals of the imidic 

carbonyl atoms 7 at 163.95 and 162.88 ppm. Two signals appear at 159.62 and 153.40 ppm, 

respectively, and are assigned to the carbon atoms 10/17 next to the oxygen. The remaining 

aromatic carbon atoms come to resonance as eleven signals between 132.28 and 118.33 

ppm, since the molecule has a D2h symmetry. The signal at 52.16 derives from the carbon 

atoms 22 of the methyl ester groups.  
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Figure 3.29 1H NMR spectrum (400 MHz, CDCl3) of 3-47 (*= traces of water/grease). 

Figure 3.30 13C NMR spectrum (100 MHz, CDCl3) of 3-47 (*= traces of grease). 
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In the aromatic region of the 1H NMR spectrum of compound 3-49 (Figure 3.31) one broad 

signal, which is shifted downfield to 9.08 ppm is assigned to the inner protons 15 of the 

terrylene core. It is followed by the signal of the protons 9 of the terrylene core next to the 

imide groups at 8.25 ppm. The resonances of the remaining aromatic protons (20 and 18) of 

the phenoxy-groups are observed at 8.05 and 7.89 ppm as broad signal. One broad signal at 

3.68 ppm indicates the protons 22 of the methyl ester groups. 

In Figure 3.32 the 13C NMR spectrum of compound 3-49, measured in CDCl3, is shown. The 

signals of the carbonyl groups of the methyl esters 21 are observed at 165.84 and 

164.94 ppm, as well as at 163.74 and 162.67 ppm of the imides 7. Two signals at 156.10, 

and 153.55 ppm of the carbon atoms 10/17 next to the oxygen can be seen, as well as 

eleven signals of the remaining aromatic carbon atoms. And the signal of the methyl ester 

carbon atoms 22 are clearly detected at 52.35 ppm. 

Figure 3.31 1H NMR spectrum (400 MHz, CDCl3) of 3-49 (*= traces of water, unknown impurity). 

 



  RESULTS AND DISCUSSION 

62 
   

Figure 3.32 13C NMR spectrum (100 MHz, CDCl3) of 3-49. 

This phenoxylation procedure was also transferred to the QDI 3-45. Having the problem of 

the constitutional isomers with regard to the starting material in mind, it is no surprise that 

structural isomers were obtained here as well (Scheme 3.22). The hope was to separate the 

different isomers after the successful phenoxylation. The inner bay-positions show a lower 

reactivity than the outer positions, which is in agreement with a publication.[96] They observed 

that the inner bay-positions could not be phenoxylated using NMP as solvent. However, 

using DMF instead of NMP as solvent, the hexasubstituted QDI 3-53 was obtained in a small 

amount (31%) next to the main product (51%), the tetrasubstituted QDI 3-52. Unfortunately, 

with respect to the separation of the different isomers of 3-52 and 3-53, neither column 

chromatography on silica gel, nor recrystallizations, nor employing HPLC proved to be 

successful. 

The differences of the absorption behavior in the UV/Vis spectra of the bay-substituted 

quaterrylene compounds (3-52, 3-53) compared to each other as well as to their starting 

material 3-45 will be displayed and discussed in chapter 3.4.4. 
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Scheme 3.22 Phenoxylation of the bay-brominated QDI 3-45. 

The 1H NMR spectrum of the tetrasubstituted quaterrylene 3-52 can be found in Figure 3.33. 

Since the molecule is not isomerically pure and therefore bromination occur on position 8 

and 9 as well, the signals of the protons 21/22 resonate downfield as six signals between 

9.49 and 9.03 ppm. This can be seen as evidence of the formation of isomers as well as the 

resulting four signals between 3.90 and 3.88 ppm, which are assigned to the protons 19 of 

the methyl esters. The remaining protons of the quaterrylene core can be found as broad 

signal at 8.23 ppm. The resonances of the protons of the phenoxy groups are observed as 

multiplets at 8.08 (16) and 7.17 (15) ppm. 

In the aromatic region in the 13C NMR spectrum, shown in Figure 3.34, twenty signals of the 

isomeric mixture can be seen. The signals of the carbonyl atoms 7 of the imide groups show 

weak resonance and cannot be located adequately. The signal of the carbon atoms 19 of the 

methyl esters splits here as well, but only two signals can be found at 52.16 and 52.13 ppm. 

Usually, it is expected to observe four signals. Due to the working frequency of the used 

spectrometer, however, the missing signals are coincident or not observed. All remaining 

signals can be allocated in the same region as in the similar spectrum, depicted in 

Figure 3.32. 
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Figure 3.33 1H NMR spectrum (400 MHz, CDCl3) of 3-52 (*= traces of water, DCM). 

Figure 3.34 13C NMR spectrum (100 MHz, CDCl3) of 3-52. 
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The 1H NMR spectrum of compound 3-53 (Figure 3.35) is much more cluttered compared to 

the previously described quaterrylene compound 3-52. Therefore, the signals can be 

depicted only by region. The inner protons 21/22 of the quaterrylene core resonate in the 

region between 9.06 and 8.82 ppm. The signals of the quaterrylene protons 9 and the 

protons of the phenoxy groups 16 are detected between 8.12 and 7.75 ppm. The signals of 

the remaining phenoxy protons 15 are found between 7.05 and 6.66 ppm. Six singlets 

between 3.93 and 3.88 ppm are assigned to the protons 19 of the methyl ester groups. The 

signals of the remaining protons are observed in the same region as those of the 

corresponding protons in the aforementioned quaterrylene compound 3-52.  

The 13C NMR spectrum (Figure 3.36) shows 29 signals in the aromatic region. The signals of 

the carbon atoms 10/14 next to the oxygen and the carbon atoms 18 of the methyl ester 

groups are most downfield shifted as well as the five signals of the methyl ester carbon 

atoms 19. Due to the working frequency of the used spectrometer, however, the missing 

signals are coincident or not observed here as well. All remaining signals can be allocated in 

the same region as in the other product 3-52. 

Figure 3.35 1H NMR spectrum (400 MHz, CDCl3) of 3-53 (*= traces of water). 
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Figure 3.36 13C NMR spectrum (100 MHz, CDCl3) of 3-53. 

As a sidenote, it is worth mentioning, that these bay-substituted TDIs and QDIs could serve 

as powerful building blocks in a variety of areas as the solubility is generated by dint of the 

bay-substitution and the imide positions could be functionalized independently. Within the 

present work, the imide was cleaved with the help of potassium hydroxide in tert-BuOH either 

on one 3-54 or on both sides 3-55 (Scheme 3.23). Although the procedure was not optimized 

and thus, the yields were low (10% - 3-54; 26% - 3-55), both isolated products – 3-54 and 

3-55 – open up different synthetic pathways making use of the anhydride functional groups. 

For example, similarly substituted perylenes have been used as starting materials for the 

synthesis of dimers and oligomers[97] or as dyes for dye-sensitized solar cells[98]. However, 

this outset was not pursued within the current work. 
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Scheme 3.23 One- and two-sided saponification of the bay-substituted TDI 3-51. 

3.4.3 Generating Water Solubility via Phenoxylation in Bay-Position 

The procedure of phenoxylation is perfectly suitable for generating water solubility in 

bay-positions, because it is a very sensitive method for group compatibility, due to its 

applying of low temperatures and non-aggressive reagents. Therefore NEWKOME dendrons 

first and second generation were coupled to the phenol derivatives via STEGLICH reaction in 

the first place (Scheme 3.24). HOBt, EDC, DMAP, the corresponding amine and carboxylic 

acid were used in this coupling reaction. EDC was applied instead of DCC, hence the 

resulting urea derivative of the EDC is water soluble and the byproduct can be washed out 

with dilute citric acid easily. Moreover, the alcohol functional group had to be protected with a 

benzyl group, because otherwise coupling with itself would have taken place. The protecting 

group could subsequently be cleaved off in quantitative yield via hydrogenation using 

palladium on char coal in THF.  

The desired starting material benzyloxybenzoic acid 3.56 is commercially available and 

STEGLICH coupling with NEWKOME dendrons both first and second generation was applied 

(Scheme 3.24). This should show if NEWKOME dendron first generation is able to promote 
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sufficient water solubility or if the larger NEWKOME dendron second generation is necessary 

to render the higher homologues of perylene water soluble. The work-up consisted of 

washing the reaction mixture with citric acid (10%), followed by column chromatography on 

silica gel [hexanes:EtOAc = 2:1 (NEWKOME first generation); CH2Cl2:EtOAc = 1:1 (NEWKOME 

second generation)] to obtain the white products in 91% (3-57a) and in 64% yield (3-57b).  

 

Scheme 3.24 STEGLICH coupling of the benzyl-protected phenol-compound 3-56. 

After the NEWKOME dendrons were successfully coupled to the protected phenol units, the 

next step was cleaving off the protecting group, so that the then free hydroxyl group could 

react subsequently. The cleavage consisted of stirring the corresponding substance with Pd 

on charcoal in THF under hydrogen atmosphere for 1 day (Scheme 3.25). The reaction 

mixture was then filtered through Celite® pad in order to separate the Pd on charcoal from 

the product 3-58a/b. The solvent was evaporated under reduced pressure to obtain the 

product in quantitative yield.  

 

Scheme 3.25 Cleavage of the benzyl-protected phenol compound 3-57. 

The phenoxylation reaction in bay-positions itself was carried out in DMF with K2CO3 

(Scheme 3.26). As mentioned before, DMF was chosen as solvent, since it could be 

evaporated under reduced pressure and no acidification with HCl was needed as in the case 

with NMP. Thus the acid-labile tert-butyl esters remained unaffected. Additionally, a 

moderate temperature of 80 °C was applied as well. K2CO3 was used as base, in order to 

deprotonate the hydroxyl group, so that it was able to react in the substitution reaction 

afterwards. Since the hydroxyl group is directly bound to the phenyl, only a mild base is 

required and consequently the NEWKOME dendron is not affected.  
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Scheme 3.26 Phenoxylation of bay-brominated TDI 3-44. 

On account of this, generating water solubility in bay-position via phenoxylation is the more 

sensitive and auspicious method compared to the functionalization in imide position. The 

work-up of compound 3-59 contained the evaporation of the DMF under reduced pressure 

and is followed by column chromatography on silica gel (CH2Cl2/EtOAc = 8:2) in order to 

obtain the blue-greenish product in 78% yield. 

The 1H NMR spectrum of compound 3-59 is depicted in Figure 3.37. The appearances of the 

broad signals at 9.32 and 8.22 ppm, respectively, are assigned to the protons 14/15 of the 

terrylene core. The signals of the phenyl protons are clearly detected as doublets at 7.85 (10) 

and 7.14 (11) ppm, followed by the singlet at 6.93 ppm of the four amidic protons 7. The 

aliphatic region proofs the successful reaction, there can be seen the combination of the 

spectrum of a 6-undecylimide and a NEWKOME dendron. The protons 17 of the carbon atoms 

next to the nitrogen resonate as multiplet at 5.10 ppm. All protons 4/5 of the NEWKOME 

dendrons are presented by the two multiplets at 2.30 and 2.15 ppm, followed by the intense 

signal at 1.39 ppm of the 108 protons 1 of the tert-butyl esters. The protons 18/18' of the 

6-undecylimides are observed as two multiplets at 2.15 and 1.77 ppm. The signal at 

2.15 ppm is covered by the signal of the NEWKOME dendrons. The multiplet at 1.25 ppm is 

assigned to the protons 19-21 of the alkyl chains and the triplet at 0.79 ppm reveals the 

protons 22 of the terminal methyl groups of the 6-undecylimides. 
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Figure 3.37 1H NMR spectrum (400 MHz, CDCl3) of 3-59. 

As the molecule has two axes of symmetry, the 13C NMR spectrum, shown in Figure 3.38, 

reveals eleven signals in the aromatic region between 131.36 and 115.17 ppm of the carbon 

atoms of the terrylene core and the bound phenoxy-groups. The two remaining signals are 

shifted downfield to 158.21 and 153.95 ppm and are assigned to the aromatic carbon atoms 

12/13 next to the oxygen. The carbonyl atoms 3/8 of the carboxylic esters and amides 

resonate at 173.26 and 165.68 ppm. The carbonyl atoms 16 of the imide groups show weak 

resonance and disappear in the baseline. The aliphatic region features the characteristics of 

the spectra both of the terrylene core and of the phenoxy groups as well. Therefore, the 

signals of the dendritic carbon atoms are detected at 80.78 ppm, which is assigned to the 

tertiary carbon atoms 2 of the tert-butyl esters at 54.75 ppm to the carbon atoms 6 at 

30.15 (4), and 29.86 (5) ppm and as a very intense signal at 28.00 ppm to the carbon atoms 

1 of the tert-butyl esters. The secondary carbon atoms 17 of the 6-undecylimides resonate as 

signal at 54.75 ppm, followed by the signals at 32.16 (18), 31.62 (19), 26.48 (20), 22.42 (21) 

and 13.93 (22) ppm.  

ppm
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Figure 3.38 13C NMR spectrum (100 MHz, CDCl3) of 3-59. 

In previous works on perylene derivatives, C. SCHMIDT showed that NEWKOME dendron first 

generation was not sufficient to suppress the aggregation of the perylene in aqueous 

medium completely.[42] Therefore the same procedure was carried out with the NEWKOME 

dendron second generation (Scheme 3.26). However, the purification of the respective 

product was much more tedious in that it required running several column chromatographies 

on silica gel (CH2Cl2/EtOAc 1:1) and led to a yield of 81%. 

The 1H NMR spectrum of compound 3-60 is depicted in Figure 3.39. Here, only the 

differences to the spectrum of compound 3-59 (Figure 3.37) will be discussed. One signal 

arises at 8.52 ppm as a singlet and is correlated to the protons 12 of the amides. The 

dendritic protons 4/5 are observed as multiplets at 2.18 and 1.94 ppm, respectively. The 

protons 9/10 of the inner framework are seen as shoulder and underlying signals at 2.25 and 

2.18 ppm, followed by the intense singlet for 324 protons 1 of the tert-butyl esters at 

1.36 ppm. 
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Figure 3.39 1H NMR spectrum (400 MHz, CDCl3) of 3-60. 

In Figure 3.40 the 13C NMR spectrum of molecule 3-60 is shown. The signals of the carbonyl 

atoms of the amides 8/13 and the esters 3 are detected at 173.09, 172.73, and 165.98 ppm, 

and are followed by the signals of the carbon atoms 17/18 next to the oxygen at 157.47 and 

156.75 ppm. The carbonyl atoms 21 of the imide groups show weak resonance and cannot 

be observed correctly. The presence of a symmetric element is represented by the eleven 

signals in the aromatic region of the remaining aromatic carbon atoms. The dendritic tertiary 

carbon atoms 6/11 resonate at 57.90 and 57.47 ppm, respectively. The signals of the 

remaining dendritic carbon atoms are detected at 31.70 ppm (4/9) and 29.78, 29.70 (5/10), 

followed by a sharp signal of the carbon atoms 1 of the tert-butyl esters at 27.97 ppm. The 

signals of the carbon atoms of the 6-undecylimides are found at 54.57 (22), 32.17 (23), 31.61 

(24), 26.49, 22.37 (25/26), 13.94 ppm (27), respectively. 
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Figure 3.40 13C NMR spectrum (100 MHz, CDCl3) of 3-60. 

The purification of the phenoxylated TDI carrying NEWKOME second generation 3-60 was 

very laborious and time-consuming. Also another method for introducing water solubilizing 

groups to the core was developed. One option was the NEWKOME "pseudo" second 

generation dendronized phenol compound (Scheme 3.27), which contains two NEWKOME 

dendrons first generation coupled to one phenol ring.  

 

Scheme 3.27 Synthesis of NEWKOME "pseudo" second generation dendronized phenol unit 3-62. 
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Based on dimethyl-5-hydroxyisophthalate 3-48, which is commercially available, the first step 

was the protection of the hydroxyl group with a benzyl unit, followed by the cleavage of the 

methyl esters under basic conditions (Scheme 3.27). Therefore, compound 3-48 and K2CO3 

were suspended in acetone in order to generate the phenoxide ion. Benzoyl chloride was 

given to the suspension and the reaction mixture was stirred for 16 hours at 70 °C. 

Byproducts were washed out of the reaction mixture with water, and the crude oil was used 

in further reactions without purification. The next step was the deprotection of the methyl 

esters using NaOH solution (5M) in THF. The product was precipitated with the help of dilute 

HCl and was washed with water afterwards. Molecule 3-61 was obtained in 81% yield as a 

white solid.[99] Following the established procedure, STEGLICH coupling of the two free 

carboxylic acidic functions with the NEWKOME dendron first generation was carried out and 

resulted in a yield of 91%. Subsequent cleavage of the alcohol function via hydrogenation 

with the help of palladium on charcoal in THF led to compound 3-63 in quantitative yield 

(Scheme 3.28). 

 

Scheme 3.28 Cleavage of the benzyl-protected NEWKOME "pseudo" second generation phenol compound 3-63. 

The phenoxylation of the tetrabrominated TDI 3-44 with N,N'-dendritic[G1]-5-

hydroxyisophthalamide 3-63 itself was also carried out in DMF using K2CO3 as base 

(Scheme 3.29). The work-up consisted of column chromatography on silica gel 

(CH2Cl2/EtOAc 8:2) as well. The lower polarity of molecule 3-63 in comparison with molecule 

3-60, exhibited the expected positive effect with respect to the purification. Now, the clean 

product could be obtained after only single column chromatography and resulted in a yield of 

69%.  
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Scheme 3.29 Synthesis of NEWKOME "pseudo" second generation substituted TDI 3-64. 
 

Figure 3.41 1H NMR spectrum (400 MHz, CDCl3) of 3-64. 

In the aromatic region of the 1H NMR spectrum, depicted in Figure 3.41, a singlet of the 

protons at position 9 between the amides of the phenoxy groups is seen, downfield-shifted at 

8.20 ppm, due to the adjacent electron withdrawing substituents. The protons 11 next to the 

oxygen are clearly detected as singlet at 7.81 ppm. All remaining signals can be allocated in 

the same manner as those of the similar compound 3-59.  
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The 13C NMR spectrum, shown in Figure 3.42, does not deviate from the depicted in 

Figure 3.38, and thus will not be discussed again. 

Figure 3.42 13C NMR spectrum (100 MHz, CDCl3) of 3-64. 

3.4.4 SUZUKI Cross Coupling Reaction 

The bay-positions are also approachable to SUZUKI cross coupling reaction. Since 

phenoxylation leads to better solubility of the molecule, it had to be proven if SUZUKI cross 

coupling in this region favors the suppression of the S stacking furthermore. The twist of the 

attached phenyl rings out of the core plane, bearing in mind the steric hindrance due to the 

existing hydrogen atoms in the SUZUKI product - which stand vis-á-vis to each other - should 

lead to a better solubility of the molecule. In the SUZUKI cross coupling reaction a boronic 

ester compound, a bromo compound and a palladium catalyst are required. The reaction is 

performed in a mixture of toluene, MeOH and Na2CO3 (aqueous; 1M) under light and oxygen 

exclusion in order to obtain the blue-greenish product 3-66 in 86% yield (Scheme 3.30). 

MeOH instead of the commonly used EtOH was inserted, otherwise transesterification would 

have occurred. The employment of a methyl ester benzoic acid with a boronic ester in meta-

position provides also the opportunity to carry out a ring closure in para- and meta-position. 
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This molecule 3-67 presents a new chromophor with completely new properties compared to 

the terrylenediimide itself. 

 

 

Scheme 3.30 SUZUKI cross coupling reaction of TDI 3-44, followed by benzannulation. 

The resulting SUZUKI cross coupling product 3-66 is twisted because of steric hindrance of 

the protons in position 18 and 19 (Figure 3.43) to each other. This phenomenon can be 

compared to the twisted 2,2'-Bis(diphenylphosphino)–1,1'–binaphthyl (BINAP)[100]. Therefore, 

rotation isomers were built. On account of this knowledge it is clear why the aromatic region 

is cluttered in the 1H NMR spectrum, shown in Figure 3.43. There can be seen one broad 

signal at 8.48 ppm, which is assigned to the protons 24 next to the methyl esters.  
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The other broad signals between 8.15 and 7.26 ppm cannot be allocated adequately. In the 

aliphatic region the signals of the 6-undecylimides and the methyl esters are also found as 

broad signals.  

Figure 3.43 1H NMR spectrum (400 MHz, CDCl3) of 3-66 (*= traces of water). 

The 13C NMR spectrum, depicted in Figure 3.44, shows fourteen signals in the aromatic 

region. The pure resolved spectra due to its signal-to-noise ratio allowed no further specific 

characterization in this region. The carbonyl groups of the methyl esters 22 and the imide 

units 7 are clearly detected downfield shifted at 166.70, 164.95, and 163.86 ppm. The carbon 

atoms 23 of the methyl ester groups resonate as signal at 52.33 ppm. The remaining signals 

of the 6-undecylimides can be allocated in the same region as discussed before. 
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The SUZUKI cross coupling product 3-66 opens up the opportunity of ring closure, whereby a 

chromophor with completely new electronic properties could be generated. The ring closure 

using FeCl3 in nitromethane/CH2Cl2 has the disadvantage of additional chlorination of the 

phenyl substituents, when the mixture is stirred too long. Therefore, the 

cyclodehydrogenation was performed in DCM/methane sulfonic acid (9:1) by addition of 

DDQ (Scheme 3.30).[101] However, the complete cyclodehydrogenation (ring closure also at 

position 19; see Figure 3.43) was not observed. The ester groups attached to the phenyl 

units modified the electronic properties of the compound as far as, that, instead, the molecule 

was  “partially  closed”,  and  atropisomeric chromophors (Figure 3.45/Scheme 3.30) were built.  

The molecule can be described as a bay-benzannulated TDI or as two pentacenes bound to 

each other. The molecule is twisted because of the steric hindrance of the hydrogen atoms at 

postition 19 (Figure 3.43). Either the freestanding rings of the pentacene in equatorial level 

are directed in the same orientation (s-shape; molecule 3-67a), or one free-standing ring is 

twisted in one direction, while the other one points contrarily (screw-shape twist; 

molecule 3-67b). In the latter case two atropoenantiomeric molecules (P/M-3-67b) are 

possible (Figure 3.45). The partially closed molecules could not be successfully isolated via 

column chromatography on silica gel or analytical, recycling HPLC (Figure 3.46), but a 

HRMS and a UV/Vis was measured, which confirm the formation of the molecules. 

 

Figure 3.44 13C NMR spectrum (100 MHz, CDCl3) of 3-66 (*= traces of grease). 
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Figure 3.45 Isomeric structures of compound 3-67: S-shape 3-67a (at the top) and screw-shape twist 3-67b 
(below), calculated by Gaussian® 09. 

 

Figure 3.46 Recycling HPLC elugramm of the non-isolated isomer 3-67. 

UV/Vis and fluorescence spectra of the non-isomerically pure product 3-67 was measured 

and these are depicted in Figure 3.47. The highest absorption maximum is hypsochromically 

shifted either about 90 nm compared to the tetrabrominated TDI 3-44 or about 140 nm 

compared to its starting material 3-66 and arises at 516 and 555 nm with its vibronic fine 

structure. The other absorption maxima at 417 and 442 nm are correlated to transitions to 

the third and fifth LUMO (LUMO +2/LUMO+4), respectively. These orbitals were calculated 

by MÜLLEN and coworkers[102] in a similar compound and found to be located along the short 

molecular axis. The fluorescence spectroscopy shows the emission maxima at 577 and 

626 nm. 
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Figure 3.47 UV/Vis and fluorescence spectra of compound 3-67. 

A comparative summary of the absorption spectra of selected terrylene compounds, 

measured in chloroform, is depicted in Figure 3.48. Functionalization of the terrylene core 

accompanies with a variation of the highest absorption maxima. The starting material TDI 

3-16 shows an absorption maximum (Omax) at 651 nm. Bromination in bay-positions 3-44 

does not change the absorption characteristics, thus, molecule 3-44 absorbs at 649 nm. 

Whereas substitution in bay-region leads to a bathochromic shift, dependent on its 

substituents. TDIs 3-47 and 3-49, substituted by phenoxy functionalities bearing one or two 

electron withdrawing groups, absorb at Omax = 660 nm and�Omax = 663 nm, respectively. The 

attachment of further electron withdrawing groups at the phenoxy unit such as in 3-49, have 

no effect on the absorption behavior (Omax = 663 nm). 

In contrast, the terrylene compound carrying phenoxy groups with electron donating units 

3-51 is slightly redshifted to lower-energies (Omax = 681 nm). Interestingly, it is also shown 

that a change in the imide position (3-54; Omax = 682 nm) exhibits no appreciable shift 

comparative to its precursor molecule 3-51. A further bathochromic shift can be generated 

via SUZUKI cross coupling reaction. Here, the absorption maximum of molecule 3-66 arises at 

695 nm. In summary, purposive substitution in the bay-regions of TDI materials allow the 

tuning of the specific absorption characteristics, which potentially can cover a part of the 

visible region in the electromagnetic spectrum. 
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Figure 3.48 Normalized UV/Vis spectra (measured in chloroform) of the terrylene compounds. 

The SUZUKI cross coupling reaction, discussed with regard to molecule 3-66, can also be 

transferred to the hexabrominated QDI 3-45 (Scheme 3.31). The bay-positions are not 

equally reactive for phenoxylation, but they are all identically approachable to SUZUKI cross 

coupling. The rotation isomers accrued to the usual constitutional isomers, since the boronic-

ester compound 3-65 reacted at both isomeric molecules 3-45, carrying the bromines either 

on position 8 or 9, as well. Hence the separation of the isomers 3-45, discussed before, was 

not possible in the previous step, however, the separation of the isomers of compound 3-68 

did not work using analytical, recycling HPLC either (Figure 3.49). As the compound 3-68 

could not be obtained isomerically pure, no further reactions were performed. 
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Scheme 3.31 SUZUKI cross coupling reaction of the bay-brominated QDI 3-45. 

 

Figure 3.49 Recycling HPLC elugramm of the SUZUKI cross coupled QDI 3-68. 

The aromatic region in the 1H NMR spectrum of the bay-coupled QDI 3-68 (Figure 3.50) is 

very cluttered and is an evidence for a not isomerically pure product. An array of unresolved 

signals can be detected between 8.55 and 7.06 ppm. The protons 10 of the methyl ester 

groups resonate in one broad splitted signal at 3.99 ppm. The signals of the protons 6 of the 

branched alkyl chains at the imide positions are observed as broad signals within the region 

normally detected. The 13C NMR spectrum involves twenty signals in the aromatic region 

between 143.86 and 116.29 ppm. The pure resolved spectra due to its signal-to-noise ratio 

allowed no further specific characterization in this region. All remaining signals can be found 

in the same region as those of molecule 3-66 (Figure 3.44).  
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Figure 3.50 1H NMR spectrum (400 MHz, CDCl3) of 3-68 (*= traces of water). 

A summary of the absorption spectra of all quaterrylene compounds, measured in 

chloroform, is displayed in Figure 3.51. The highest absorption maximum (Omax) of the 

starting material 3-18 arises at 763 nm. Bromination of the quaterrylene core 3-45 leads to a 

hypsochromic shift of the absorbance and has its Omax at 746 nm. This phenomenon is 

contradictory to the behavior of the terrylene derivatives (Figure 3.48), where no shift of the 

absorption characteristic by comparing the TDI 3-16 with the bay-brominated TDI 3-44 is 

recognizable. The absorbance of the bay-substituted quaterrylene compounds is dependent 

on the position of the substitution. While the tetrasubstituted quaterrylene 3-52 exhibits no 

appreciable shift (Omax = 744 nm) in the electromagnetic spectrum, the hexasubstituted 

quaterrylene 3-53 does (Omax = 759 nm). The absorption maximum of the SUZUKI cross 

coupling product 3-68 verifies the prediction and experiences a bathochromic shift, and thus, 

Omax can be found at 816 nm. Apparently, the specific functionalization of the inner bay-

positions of the quaterrylene core is accountable for the modification of the absorption 

maxima. �In summary, purposive substitution in the bay-regions of QDI materials allow the 

tuning of the specific absorption characteristics, which potentially can cover a part of the 

visible and near-infrared region in the electromagnetic spectrum.�

 



  RESULTS AND DISCUSSION 

85 
   

Figure 3.51 Normalized UV/Vis spectra (measured in chloroform) of the quaterrylene compounds. 

3.4.5 Generating Water Solubility via SUZUKI Cross Coupling in Bay-Position 

SUZUKI cross coupling in bay-positions of the terrylene core provides also the opportunity of 

generating water solubility. To this purpose, STEGLICH coupling of the boronicester benzoic 

acid 3-69 with the NEWKOME dendron first and second generation was carried out under well 

known conditions and led to the molecules 3-70a/b (Scheme 3.32). Purification by column 

chromatography on silica gel with either a 2:1 mixture of hexanes/EtOAc (3-70a; NEWKOME 

dendron first generation) or with a 1:1 mixture of CH2Cl2/EtOAc (3-70b; NEWKOME dendron 

second generation) as eluent led to 64% (3-70a) and 62% (3-70b) yield, respectively. 
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Scheme 3.32 STEGLICH coupling of a boronicester benzoic acid 3-69. 

Since the reactants for the SUZUKI cross coupling had been synthesized, the coupling of the 

tetrabrominated TDI 3-44 with the corresponding boronicester compound 3-70a/b was 

carried out using the established reaction conditions (Scheme 3.33). As mentioned before, 

the Pd(0) catalyzed reaction is such a mild method, that the NEWKOME dendron was stable 

under the reaction conditions. Thus, the products 3-71 and 3-72 were obtained in a yield of 

81%, respectively. 

 

 

Scheme 3.33 SUZUKI cross coupling in bay-region of the TDI 3-44. 
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In Figure 3.52 the 1H NMR spectrum of compound 3-71 is shown. The signal of the protons 

at position 10 is seen at 8.45 ppm as a splitted broad one. All remaining aromatic protons 

resonate between 7.93 and 7.36 ppm. The amidic protons 7 are detected as three separate 

signals due to the formation of rotation isomers between 7.08 and 6.90 ppm. The aliphatic 

region can be seen as a combination of the NEWKOME dendronized phenyl rings and the 

6-undecylimide condensed terrylene. All protons of the dendritic framework are presented by 

the two broad signals at 2.26 (4) and 2.08 ppm (5) and the signals at 1.34 and, 1.32 ppm (1). 

These two signals at 1.34 and 1.32 ppm are also evidence for the formation of rotation 

isomers, since only one signal is usually detected for the protons 1 of the tert-butyl esters. 

The protons of the carbon atoms 18 of the 6-undecylimides resonate at 5.20 ppm as a 

multiplet. The protons 19/19' are seen as broad signals at 2.26 (the signal lies under the 

signal of protons 5) and 1.77 ppm. The remaining protons of the alkyl chains resonate at 1.23 

(20 - 22) and 0.81 (23) ppm. 

In the aromatic region in the 13C NMR spectrum, shown in Figure 3.53, ten signals are found 

between 144.04 and 125.74 ppm. The pure resolved spectra due to its signal-to-noise ratio 

allowed no further specific characterization in this region. Downfield shifted at 173.09 (3), 

166.36 (8), 164.96, 163.87 ppm (17) the signals of the carbonyl atoms of the esters (3), the 

amides (8), and the imides (17) are found. The tertiary carbon atoms are detected at 

80.69 (2) and 57.94 (6) ppm, followed by the secondary carbon atoms 18 at 54.39 ppm. The 

remaining dendritic carbon atoms are observed as signals at 30.01 (4), 29.83 (5) and 

27.94 ppm (1). The carbon atoms 19 - 23 of the 6-undecylimides resonate at 32.24, 31.68, 

26.44, 22.46, and 13.95 ppm. 
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Figure 3.52 1H NMR spectrum (400 MHz, CDCl3) of 3-71 (*=traces of water). 

 

 

 

 

 

 

 

 

 

Figure 3.53 13C NMR spectrum (100 MHz, CDCl3) of 3-71. 
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As mentioned above, the SUZUKI cross coupling reaction of the bay-brominated TDI 3-44 with 

a boronic ester compound carrying NEWKOME dendron second generation 3-70b was also 

applied in order to compare compounds 3-71 and 3-72 with regard to their solubility and their 

aggregation behavior in organic and aqueous media (Scheme 3.33). 

In Figure 3.54 the 1H NMR spectrum of compound 3-72 recorded at a temperature of 25 °C is 

shown. An accumulation of signals of the aromatic core and the amidic protons 12 can be 

found between 8.57 and 7.19 ppm. The signals of the amidic protons 7 are shifted upfield to 

6.45 - 6.20 ppm, where the signal is splitted because of the rotation isomers. The same 

sample was also measured at a temperature of 50 °C and the aromatic region is depicted in 

Figure 3.54. The numbers beneath the signals illustrate the height of the integrals. This 

spectrum indicates, that with increasing temperature the rotation of the phenyl groups is 

favored. This leads to a better resolution of the signals. Therefore, only one signal of the 

amidic protons 7 is observed compared to the 3 signals, which can be seen in the spectrum 

recorded at lower temperature. All other signals assume also a shape and the height of the 

integrals shows the adequate value. All remaining signals are allocated in the same region 

compared to Figure 3.39.  

In the aromatic region in the 13C NMR spectrum, shown in Figure 3.55, the aromatic carbon 

atoms resonate as fifteen signals between 144.06 and 120.52 ppm. The pure resolved 

spectra due to its signal-to-noise ratio allowed no further specific characterization in this 

region. The signals of the carbonyl atoms of the esters and amides 3/8/13 are located at 

173.34, 173.15, 172.70, 166.45, and 166.27 ppm. The carbonyl atoms 23 of the imidic 

groups resonate at 164.73 and 163.69 ppm. The increased number of signals is attributed to 

the rotation isomers. The assignment of all remaining signals in the aliphatic region has 

already been discussed prior with regard to molecule 3-60 (Figure 3.40). 
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Figure 3.54 1H NMR spectrum (400 MHz, CDCl3, 25 °C/50°C) of 3-72 (*= traces of DCM). 

Figure 3.55 13C NMR spectrum (100 MHz, CDCl3, 25 °C) of 3-72. 
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A comparative summary of the absorption spectra of the protected NEWKOME dendronized 

terrylene compounds, measured in chloroform, are depicted in Figure 3.56. The 

phenoxylated terrylene compounds 3-59, 3-60 and 3-64 absorb at round about 666 nm, 

respectively, while the absorption maxima (Omax) of the SUZUKI products 3-71 and 3-72 are 

bathochromically shifted to 700 nm. In contrast to the other four molecules, the NEWKOME 

"pseudo" second generation dendronized TDI 3-64 exhibits no vibronic fine structure. 

Obviously, the molecules are completely solubilized in organic medium and thus, the number 

of the protected NEWKOME generation has no effect on their absorption behavior. 

Compendiously, a shift of the absorbance in organic medium can only be generated by 

different functionalizations directly at the core. 

Figure 3.56 Normalized UV/Vis spectra (measured in chloroform) of the bay-dendronized terrylene compounds. 

The improved solubility in organic solvents is not the only big advantage of the NEWKOME 

dendrons. The easy cleavage of the tert-butyl esters leads to the formation of carboxylic 

acids and thus, good solubility in aqueous medium is given as well. Within the current work, 

this was achieved by stirring the tert-butyl protected molecules in formic acid at room 

temperature overnight (Scheme 3.34). The solvent was evaporated under reduced pressure 

afterwards and resulted in a quantitative yield. Since there was no opportunity to further 
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purification of the product with its carboxylic acids available, the inserted starting material as 

well as the solvents needed to be pure at its best.[103] 

 
 

Scheme 3.34 Cleavage of the tert-butyl esters. 

All NMR spectra of the deprotected NEWKOME terrylene derivatives were measured in a 

mixture of deuterated chloroform and TFA. Other solvents (e.g. THF, MeOH, toluene) and 

combinations of these solvents were tested, but the resolution of the signals was at its best 

using the mixture of chloroform and TFA. Though correct allocation of the signals seemed to 
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be still difficult in the aromatic region of the 13C NMR spectrum. The low amount of substance 

and consequently, the pure resolved spectra due to its signal-to-noise ratio allowed no 

further specific characterization in this region.  

In Figure 3.57 the 1H NMR spectrum of compound 3-73 is depicted. Two broad signals at 

9.38 and 8.24 ppm indicate the protons 13/14 of the terrylene core. The signals of the phenyl 

protons 9/10 are splitted into two doublets at 7.75 and 7.21 ppm. Due to fast exchange with 

the solvent the acidic protons 1 are not observed and the amidic protons 6 are detected as a 

weak signal at 6.83 ppm. The protons 16 of the secondary carbon atoms resonate as 

multiplet at 5.07 ppm. The dendritic protons 3/4 of the framework can be seen as multiplets 

at 2.53 and 2.26 ppm, respectively, followed by two multiplets at 2.08 and 1.80 ppm of the 

protons at position 17. The signals of the remaining protons of the alkyl chains can be found 

at 1.20 (18 - 20) and 0.79 (21) ppm. 

In the aromatic region in the 13C NMR spectrum, shown in Figure 3.58, the aromatic carbon 

atoms resonate as ten signals between 129.78 and 119.50 ppm. It is expected to observe 

11 signals in the aromatic region of the 13C NMR spectrum. Due to the working frequency of 

the used spectrometer, however, one signal is coincident or not observed. The signals at 

159.33 and 153.83 ppm are assigned to the remaining aromatic carbon atoms 11/12 bound 

to the oxygen. The signal of the carbonyl atoms 2 of the carboxylic acids is shifted downfield 

to 180.13 ppm, and is followed by the signal of the amidic carbonyl atoms 7 at 169.98 ppm 

and the signal of the imidic carbonyl atoms 15 at 165.73 and 164.66 ppm. The carbon atoms 

5 and 16 resonate as signals at 58.93 and 56.47 ppm. All dendritic carbon atoms 3/4 are 

presented by the two signals at 29.27 and 28.13 ppm. The remaining twenty carbon atoms 

17 - 21 of the alkyl chains are detected as five signals at 32.06, 31.45, 26.42, 22.28, and 

13.58 ppm. 
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Figure 3.57 1H NMR spectrum (400 MHz, CDCl3/TFA-d) of 3-73. 

 

 

 

 

 

 

 

 

 

Figure 3.58 13C NMR spectrum (100 MHz, CDCl3/TFA-d) of 3-73 (*= traces of grease). 
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In Figure 3.59 the 1H NMR spectrum of compound 3-74 is depicted. The broad signal at 

9.52 ppm is assigned to the protons 13 of the inner core of the terrylene. The remaining 

protons 14 of the terrylene core are observed at 8.23 ppm, also as a broad signal. Two 

singlets found at 8.14 and 7.77 ppm are assigned to the protons 9/10 of the phenyl units. 

Due to fast exchange with the solvent the amidic protons 6 are observed as weak signal at 

7.47 ppm. All remaining signals are located in the same region as the respective signals of 

the similar compound 3-73 (Figure 3.57). In the aromatic region in the 13C NMR spectrum, 

shown in Figure 3.60, eleven signals are detected between 138.34 and 122.75 ppm, due to 

the symmetry of the molecule. All remaining signals have been discussed at molecule 3-73 
(Figure 3.58).  

 

 

 

Figure 3.59 1H NMR spectrum (400 MHz, CDCl3/TFA-d) of 3-74 (*= traces of unknown impurity). 
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Figure 3.60 13C NMR spectrum (100 MHz, CDCl3/TFA-d) of 3-74 (*= traces of grease). 

In Figure 3.61 the 1H NMR spectrum of compound 3-75 is depicted. The signal of the protons 

18/19 of the terrylene core appear as a broad signal at 9.62 ppm and a signal at 8.36 ppm. 

The amidic protons 11 show a lower resonance and are detected at 8.12 ppm. Two doublets 

at 7.89 and 7.31 ppm are assigned to the phenyl protons 14/15. All dendritic protons 3/4/8/9 

are presented by the two broad signals at 2.52 and 2.22 ppm with a shoulder at 2.33 ppm. 

The protons 21 of the carbon atoms of the branched alkyl chains are observed as multiplet at 

5.21 ppm, while the protons 22 resonate as two broad signals at 2.22 and 1.91 ppm. The 

remaining protons of the alkyl chains can be found as a broad signal at 1.26 (23 - 25) ppm. 

And the signal of the protons 26 of the terminal methyl groups is detected as a triplet at 

0.83 ppm.  
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Figure 3.61 1H NMR spectrum (400 MHz, CDCl3/TFA-d) of 3-75 (*= traces of grease). 

Figure 3.62 13C NMR spectrum (100 MHz, CDCl3/TFA-d) of 3-75. 
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The low amount of the product 3-75 made characterization by 13C NMR spectroscopy very 

difficult because not all signals could be detected correctly due to the signal-to-noise ratio. In 

the aromatic region in the 13C NMR spectrum, shown in Figure 3.62, can be found three 

signals at 131.41, 130.70, 129.90 ppm. The carbonyl atoms resonate downfield-shifted at 

180.96 (2), 177.09 (7/12), and 168.28 ppm (20). The signals of the tertiary carbon atoms 

5/10 can be found at 60.05 and 59.75 ppm, respectively. The signals of the dendritic carbon 

atoms 3/4/8/9 of the framework are observed at 32.53, 31.49, 29.32, and 28.42 ppm. The 

carbon atoms (22 - 26) of the alkyl chains are observed as strong signals at 31.86, 30.04, 29 

26.91, 22.61 and 13.30 ppm. And the signal of the carbon atoms 21 show weak resonance at 

around 56 ppm and cannot be allocated directly. Eight signals are missing in the aromatic 

region as well as two signals at around 150 ppm of the carbon atoms 16 and 17 bound to the 

oxygen. 

In Figure 3.63 the 1H NMR spectrum of compound 3-76 is depicted. Between 8.78 and 

7.50 ppm broadened signals of the aromatic and the amidic protons are observed. All other 

signals are found as broad signals as well. Thereunder can be found the signal of the 

protons 17 at 5.26 ppm, and is followed by very broadened signals at 2.69 and 2.40 ppm of 

the dendritic protons 3/4 of the framework. The protons at position 18' resonate there as well 

and at 1.93 (18) ppm. The intense signal at 1.28 ppm is assigned to the protons 19 - 21 of 

the alkyl chains and the protons 22 of the terminal methyl groups resonate at 0.82 ppm. 

The low amount of the product and the formation of rotation isomers made characterization 

by 13C NMR spectroscopy very difficult here as well, because not all signals could be 

detected correctly due to the signal-to-noise ratio. In the aromatic region in the 13C NMR 

spectrum, shown in Figure 3.64, only five signals can be allocated correctly. All other signals 

are located in the same area as shown before at molecule 3-73 (Figure 3.58). 
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Figure 3.63 1H NMR spectrum (400 MHz, CDCl3/TFA-d) of 3-76. 

Figure 3.64 13C NMR spectrum (100 MHz, CDCl3/TFA-d) of 3-76. 
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In Figure 3.65 the 1H NMR spectrum of compound 3-77 is depicted. There can be seen the 

same phenomenon. All aromatic protons resonate between 8.60 and 7.39 ppm in a broad 

signal. The broad signal at 7.15 ppm is assigned to the amidic protons 6/11, due to the fast 

exchange with the solvent the protons show weak resonance. All other signals are allocated 

as discussed before (Figure 3.61). 

The 13C NMR spectrum, shown in Figure 3.66, is similar to the spectrum in Figure 3.64. The 

low amount of the product and the formation of rotation isomers made characterization by 
13C NMR spectroscopy very difficult here as well, because not all signals could be detected 

correctly due to the signal-to-noise ratio. Only three signals are observed in the aromatic 

region at 137.81, 135.48, 130.97 ppm. The carbonyl atoms resonate in three signals at 

180.45 (2), 177.52, 176.55 (7/12), while the signal of the carbonyl atoms of the imide groups 

cannot be observed due to the signal-to-noise ratio. All other signals are detected in the 

same area as in the similar compound 3-75 (Figure 3.62). 

Figure 3.65 1H NMR spectrum (400 MHz, CDCl3/TFA-d) of 3-77 (*= traces of unknown impurity). 
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Figure 3.66 13C NMR spectrum (100 MHz, CDCl3/TFA-d) of 3-77. 

3.4.6 Aggregation Measurements of the Bay-Substituted Terrylene Derivatives 

The aggregation behavior was investigated via concentration dependent UV/Vis and 

fluorescence spectroscopy in aqueous solution (phosphate buffer, pH 7.2). The motivation of 

this study was explained in chapter 3.3.3. In the UV/Vis measurements a difference in the 

absorption and therefore aggregation behavior can be observed. The NEWKOME first 

generation dendronized bay-substituted terrylene derivative 3-73 has its absorption 

maximum at 630 nm with a shoulder at 684 nm (Figure 3.67). A smaller absorption can be 

found at about 428 nm, which belongs to the S0 → S2 transition.[54] No special phenomenon 

in the molar extinction coefficient spectrum can be observed. Showing its shoulder of the 

vibronic fine structure in lower energy region (red shifted) is an evidence, that molecule 3-73 

exists in an aggregated state over the whole accessible concentration range in comparison 

to the protected compound 3-59 (see Figure 3.56). This indicates that the NEWKOME first 

generation dendronized bay-substituents are too small to interfere with the interchromophoric 

S�S interactions of the terrylene core.  
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Figure 3.67 Concentration dependent UV/Vis spectra of the phenoxylated TDI 3-73. 

In the UV/Vis measurement of the NEWKOME "pseudo" second generation 3-74 a transition of 

aggregated molecules to monomeric ones can be seen (Figure 3.68). The molar extinction 

spectra features an isosbestic point at 657 nm, while the absorption maximum at 641 nm 

decreases and arises at 674 nm.  

Figure 3.68 Concentration dependent UV/Vis spectra of the phenoxylated TDI 3-74. 

In contrast the NEWKOME second generation dendronized bay-substituted terrylene derivative 

3-75 indicates a mirror image of the absorption characteristic of compound 3-73 and has its 

maximum at 676 nm and a shoulder at 626 nm (Figure 3.69). Molecule 3-75 exhibits a 

vibronic fine structure, and its shoulder arises at smaller wavelength in the electromagnetic 

spectrum (blue shifted). The absorption characteristic of the deprotected compound 3-75 
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does not exceedingly differ from the absorption behavior of its protected version 3-60 (see 

Figure 3.56).  

Figure 3.69 Concentration dependent UV/Vis spectra of the phenoxylated TDI 3-75. 

The aggregation measurements demonstrate that with higher generation of the bay-

phenoxylated substituents, the aggregation of the terrylene core can be oppressed via steric 

hindrance as well as electrostatic shielding, due to the presence of free deprotonated 

carboxylic acids in phosphate buffer. The UV/Vis measurements of the SUZUKI cross coupled 

molecules, having their highest absorption maximum (Omax) at round about 715 nm, show 

monomeric dyes from the beginning, independent whether NEWKOME first 3-76 or second 

3-77 generation dendronized phenoxy-substituents are bound to the core (Figure 3.70). This 

is caused by the phenyl groups, which are not able to planarize and therefore are out-twisted 

of the periphery, due to the hindrance of the hydrogen atoms next to each other. Thus S�S 

stacking of the molecules cannot occur. 
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Figure 3.70 Concentration dependent UV/Vis spectra of the SUZUKI cross coupled TDIs 3-76 (a) and 3-77 (b). 

Additionally, all absorption spectra of the cleaved bay-dendronized terrylene compounds - 

recorded at its highest concentration (1.25·10-4 mol/l) in phosphate buffer - are summarized 

in the normalized UV/Vis spectrum and depicted in Figure 3.71. In this spectrum the 

aforementioned aggregation behavior of the phenoxylated TDI species can easily be seen at 

first sight. Their absorption maxima and shoulders arise at the same wavelength either at 

round about 630 or 677 nm, respectively. Whereas the SUZUKI products exhibit no difference 

in Omax (715 nm), although carrying NEWKOME dendron first or second generation. 
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Figure 3.71 Normalized UV/Vis spectra (measured in phosphate buffer 7.2) of all deprotected dendronized 

terrylene compounds. 

The concentration dependent fluorescence spectra are investigated as well (Figure 3.72 - 

3.75).  

Figure 3.72 Concentration dependent fluorescence spectra of the phenoxylated TDI 3-73. 
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Since aggregation can quench the fluorescence behavior, the slot width of the emitter and 

detector had to be varied, ecspecially for molecule 3-73, where it was set widely open 

(Figure 3.72).  

Figure 3.73 Concentration dependent fluorescence spectra of the phenoxylated TDI 3-74. 

The fluorescence spectra indicate that with higher concentration the emission is quite low, 

while with more dilute solutions the emission increases till the maximum emission point 

(monomeric molecules) is reached and decreases with further delution, afterwards. This is an 

evidence for aggregation behavior.  

Figure 3.74 Concentration dependent fluorescence spectra of the phenoxylated TDI 3-75. 
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Also a slight shift of the maxima to lower frequency of the electromagnetic spectrum can be 

seen (723→708 (3-74; Figure 3.73)), 726→715 (3-75; Figure 3.74)), 782→766 (3-76; 

Figure 3.75)), 777→754 (3-77; Figure 3.75)) as well as the loss of the fine vibronic structure. 

Interestingly, no shift of the emission maximum is found for compound 3-73, which, shown in 

the UV/Vis spectra, does not exist as monomeric dye over the whole accessible 

concentration range (Figure 3.72). 

Figure 3.75 Concentration dependent fluorescence spectra of the SUZUKI cross coupled TDIs  

3-76 (a) and 3-77 (b). 
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4 Summary 

The purpose of this thesis was the synthesis of dendritic, water soluble terrylene and 

quaterrylene derivatives. The aggregation behavior of the synthesized derivates was 

investigated via concentration dependent UV/Vis and fluorescence studies.  

First of all the starting material PMA could be successfully synthesized in a larger scale and 

the reactions were optimized subsequently. Primary, 6-undecylamine was inserted to the 

perylene core via condensation reaction as solubilizing agent in the imide-position, which 

was followed by the build-up of the framework. However, this reaction sequence provided 

only the 6-undecylmonoimideperylene as the final product. The application of long alkyl ester 

chains had the advantage of easier feasibility of purification of the intermediates as well as 

the availability of the PMA as starting material for further reactions. 

The next chapter of this work implied the build-up of the framework of the higher homologues 

of the rylenes with dendritic, water solubilizing groups attached in imide-position. Since every 

additional naphthalene unit attached in peri-position comes along with less solubility and 

consequently processability due to its ability of S�S stacking, the aromatic core could not be 

built-up first, with the condensation of solubilizing groups in imide-positions carried out 

subsequently. Rather the solubilizing groups – the Newkome dendrons – had to be 

introduced already at the stage of the smaller building blocks. Therefore, the reaction 

conditions had to be fine-tuned with respect to these very sensitive groups. One opportunity 

of generating solubility was via the introduction of a spacer in the imide-position, followed by 

the build-up of the core. This procedure led to a great number of novel molecules, but the 

pronounced ability of the higher homologues to form S�S stacks caused the processability to 

worsen. A second strategy was the build-up of the core based on the NEWKOME dendron 

condensed perylene. Within this goal optimizations for several yield-determining steps could 

be found and thus the desired bisperylenes and naphthylperylenes were gained. The 

cyclodehydrogenation carried out with K2CO3 in ethanolamine caused the planar products as 

well as a transimidification to take place and the desired products could not be detected. 

Consequently, a huge variety of other reagents to affect the planarization was tested. 

However, the desired annulated product was not observed here as well. Although these 

experiments remained unsuccessful, the focus was shifted towards the deprotection of the 

carboxylic acids, since they are still promising candidates for the purpose of debundling 

SWCNTs or the exfoliation of graphite to graphene. These bisperylene and naphthylperylene 

derivatives have the advantage of increased hydrophilicity and good solubility, due to the fact 

of its non-planar twisted aromatic core caused by the steric hindrance of the inner hydrogen 
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atoms. Hence, the tert-butyl protecting groups of the NEWKOME dendrons of the bisperylene 

and naphthylperylene derivatives were cleaved off using formic acid. The resulting 

compounds (3-40 - 3-42) were investigated with regard to their aggregation behavior via 

concentration dependent UV/Vis and fluorescence studies. The fluorescence studies showed 

a tendency to aggregate, although this tendency could not be recognized in the UV/Vis 

spectra. Furthermore, it appeared that there is a lack of electronic communication between 

the core units, which is an evidence of the steric hindrance as well as the resulting twist of 

the naphthyl groups to each other.  

The third part of this thesis dealt with the bay-substituted and bay-coupled terrylene and 

quaterrylene derivatives. On the basis of synthesized precursor molecules, carried out both 

at the terrylene and quaterrylene core, it was shown that with purposive substitution or 

SUZUKI cross coupling in the bay-regions the specific absorption characteristics could be 

tuned, and thus a part of the visible and near-infrared region of the electromagnetic spectrum 

(650 - 816 nm) could be covered. Also the reaction conditions were optimized in order to 

facilitate the attachment of the NEWKOME dendrons. Consequently, it was possible in a 

23rd step synthesis to bind the NEWKOME dendron via a substitution reaction and with the 

help of a phenoxy-bridge to the terrylene core, as well as to bind it via a SUZUKI cross 

coupling directly to the core. After all tert-butyl protecting groups had been cleaved off using 

formic acid, all synthesized molecules (3-73 - 3-77) exhibited solubility in aqueous medium 

(phosphate buffer; pH 7.2) and showed fluorescence in water. Aggregation studies proved 

that a higher generation of NEWKOME dendrons is necessary in order to oppress the S�S 

stacking. While the NEWKOME dendron first generation is not able to inhibit S�S interactions of 

the aromatic cores, the NEWKOME dendron second generation successfully prohibit 

S�S�interaction. This is attributed to the interference of the NEWKOME dendron with the core 

as well as to the electrostatic shielding of the core as a result of the nine deprotonated 

carboxylic acids per NEWKOME unit. The SUZUKI cross coupling products feature no 

aggregation behavior in the first place, due to the twist of the phenyl groups as a 

consequence of the existing hydrogen atoms next to each other.  

Since rylenes are not only able to form aggregates with themselves as well as with other 

S-conjugated molecules, this majority of synthesized molecules could serve as powerful 

reagents with regard to material sciences. Due to the extended aromatic network, these 

higher rylenes are thought to be able to interact strongly with large S-systems such as 

SWCNTs or graphene sheets. With respect to the first, it can be imagined that the generated 

molecules would be able to debundle SWCNTS via strong S�S�interaction in aqueous 

medium – in analogy to similar perylenes. Furthermore, it might be possible to observe a 

separation according to size due to a varying degree of interaction based on the curvature of 
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different SWCNTS. As the fabricated molecules are very stable, the S�S interactions could 

also be exploited for the exfoliation of graphene out of graphite.  

 



  ZUSAMMENFASSUNG 

111 
   

5 Zusammenfassung 

Zielsetzung der vorliegenden Arbeit war die Synthese von dendritischen, wasserlöslichen 

Terrylen- und Quaterrylenderivaten. Die synthetisierten Derivate wurden anschließend 

mittels konzentrationsabhängiger UV/Vis- und Fluoreszenzspektroskopie auf ihr mögliches 

Aggregationsverhalten hin untersucht. 

Zuerst konnte das Ausgangsmaterial PMA erfolgreich in größerem Maßstab synthetisiert und 

die Reaktionsbedingungen optimiert werden. Anfänglich wurde 6-Undecylamin als 

löslichkeitsvermittelnde Gruppe in der Imid-Position des Perylens eingesetzt und ausgehend 

von einer Kondensationsreaktion konnte das Molekül aufgebaut werden. Diese 

Reaktionsfolge lieferte jedoch das 6-Undecylmonoimidperylen als Endprodukt. Der Einsatz 

von langen Alkylesterketten optimierte die Reaktion weitestgehend dahin, dass eine 

Aufarbeitung der Zwischenschritte erleichtert wurde als auch, dass schließlich das PMA 

vorrätig für weitere Syntheseschritte war. 

Das nächste Kapitel der Arbeit beinhaltete den Aufbau der höheren Homologen der Rylene 

mit dendritischen, wasserlöslichen Gruppen in der Imid-Position. Da jede weitere verknüpfte 

Naphthaleneinheit in der peri-Position mit einer schlechteren Löslichkeit und somit 

Verarbeitbarkeit - aufgrund ihrer Fähigkeit S�S�Wechselwirkungen auszubilden - einhergeht, 

konnte das Grundgerüst nicht anfänglich aufgebaut werden und anschließend die 

löslichkeitsvermittelnden Gruppen kondensiert werden. Vielmehr mussten 

löslichkeitsvermittelnde Gruppen - NEWKOME Dendronen - schon früher an die 

Einzelbausteine gekoppelt werden. Somit mussten die Reaktionsbedingungen auf diese sehr 

empfindlichen Gruppen abgestimmt werden. Eine Möglichkeit bestand darin zuerst 

Löslichkeit mittels eines Spacers in der Imid-Position zu generieren und anschließend das 

Gerüst aufzubauen. Durch diese Syntheseroute konnte eine große Anzahl an neuen 

Molekülen erfolgreich synthetisiert werden, dennoch zeigte diese auch ein verstärktes 

Aggregationsverhalten der höheren Homologen der Rylene auf, die wie schon erwähnt mit 

einer schlechteren Verarbeitbarkeit einhergeht. Die zweite Synthesestrategie beinhaltete den 

Aufbau des Kerns ausgehend von einem NEWKOME Dendron gebundenen Perylen. Es 

konnten erfolglimitierende Syntheseschritte der üblichen Syntheseroute umgangen und auf 

diese Weise vielversprechend die gewünschten Bisperylene bzw. Naphthylperylene 

gewonnen werden. Eine Cyclodehydrogenierung mit K2CO3 in Ethanolamin bewirkte nicht 

nur eine Planarisierung des aromatischen Kerns, sondern auch eine Transimidisierung. 

Folglich konnte das gewünschte Produkt nicht erzielt werden. Desweiteren wurde eine große 

Anzahl an Planarisierungsreagenzien getestet, welche zu keinem Erfolg führten. 
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Obgleich die Experimente zur oxidativen Cyclodehydrogenierung erfolglos blieben, wurden 

die geöffneten Rylen-Derivate zur Carbonsäure entschützt. Diese, nun wasserlöslichen 

Bisperylen und Naphthylperylen Derivate können immer noch als potentielle Kandidaten für 

die Separierung von SWCNTs nach Größe als auch zur Exfoliierung von Graphit zu 

Graphene angesehen werden, da diese hydrophile Eigenschaften als auch gute Löslichkeit, 

aufgrund ihres nicht-planaren, verdrillten aromatischen Kerns aufweisen. Folglich wurden die 

tert-Butyl geschützten Gruppen des NEWKOME Dendrons der Bisperylene und 

Naphthylperylene mit Hilfe von Ameisensäure entschützt. Anschließend wurde das 

Aggregationsverhalten der resultierenden Verbindungen (3-40 - 3-42) in Wasser mittels 

konzentrationsabhängiger UV/Vis und Fluoreszenzuntersuchungen studiert. Anhand der 

Fluoreszenzuntersuchungen wurde eine Tendenz zur Aggregation ersichtlich, welche 

anhand der UV/Vis-Messungen nicht erkennbar war. Desweiteren wurde festgestellt, dass es 

an einer elektronischen Kommunikation der Bausteine zueinander mangelt. Dieses Verhalten 

lässt sich auf die sterische Hinderung und somit resultierende Verdrillung der Phenyle 

zueinander zurückführen.  

Der dritte Teil der Arbeit beschäftigte sich mit bay-substituierten und bay-gekoppelten 

Terrylen- und Quaterrylen Derivaten. Anhand von synthetisierten Vorgängermolekülen, 

durchgeführt sowohl am Terrylen- als auch am Quaterrylen-Grundgerüst, konnte gezeigt 

werden, dass mit zielgerichteter Substitution oder Kopplung in bay-Region das 

Absorptionsverhalten variiert werden konnte. So war es möglich einen Teil des sichtbaren 

und NIR-Bereichs des elektromagnetischen Spektrums (650 - 816 nm) abzudecken. 

Desweiteren konnten die Reaktionsbedingungen weitestgehend dahin optimiert werden, so 

dass die bay-Position folglich auch zugänglich für NEWKOME Dendronen war. Demzufolge 

konnte in einer Synthese, basierend auf 23 Stufen, sowohl das NEWKOME Dendron mithilfe 

einer Substitutionsreaktion über eine Phenoxy-Gruppe an das Terrylen gebunden werden als 

auch durch SUZUKI Kreuzkopplung direkt an das Terrylen gekoppelt werden. Nachdem alle 

tert-Butyl Schutzgruppen mittels Ameisensäure gespalten wurden, zeigten alle 

synthetisierten Moleküle (3-73 - 3-77) Wasserlöslichkeit als auch Fluoreszenz in Wasser 

(Phosphat Puffer; pH 7.2). Durch Aggregationsmessungen mittels konzentrationsabhängiger 

UV/Vis und Fluoreszenzuntersuchungen wurde ersichtlich, dass eine höhere Generation des 

NEWKOME Dendrons von Nöten war, um das Stapelungsverhalten des Kerns zu 

unterdrücken. So ist die erste Generation des NEWKOME Dendrons nicht in der Lage mit dem 

Kern dementsprechend zu interagieren um eine Aggregation zu unterdrücken, wohingegen 

die zweite Generation keine Stapelung zulässt. Dies lässt sich auch auf eine elektrostatische 

Abschirmung des Kerns aufgrund der deprotonierten Carbonsäuren zurückführen. Die 

SUZUKI Kreuzkopplungsprodukte weisen hingegen keine starke Aggregation auf, da die 



  ZUSAMMENFASSUNG 

113 
   

Phenylsubstituenten durch die sterische Hinderung der Wasserstoffatome aus der Ebene 

gedreht sind und somit von vornherein keine Stapelung zulassen. 

Da Rylene Wechselwirkungen nicht nur mit sich selbst, sondern auch mit anderen 

S-konjugierten Systemen eingehen können, kann diese große Vielzahl an Molekülen als 

leistungsstarke Reagenzien hinsichtlich der Materialwissenschaft angesehen werden. 

Aufgrund des verlängerten aromatischen Grundgerüsts wird angedacht, dass diese Moleküle 

in der Lage sind, starke Wechselwirkungen mit anderen großen S-konjugierten Systemen wie 

SWCNTs oder Graphen Monolagen einzugehen. Hinsichtlich der SWCNTs wäre vorstellbar, 

dass diese synthetisierten Moleküle die Fähigkeit besitzen sich in Wasser zwischen die 

SWCNTs durch starke S�S Wechselwirkung zu schieben - analog zu ihrer Perylenfamilie. 

Außerdem besteht die Möglichkeit einer Separierung nach Größe aufgrund des Ausmaßes 

an Interaktion basierend auf der Krümmung der verschiedenen SWCNTs. Diese generierten 

Moleküle können auch dazu angewendet werden, um Graphen aus Graphit zu exfoliieren. 
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6 Experimental Part 

6.1 Chemicals and Instruments  

6-Undecylamine was synthesized via the method of LANGHALS[79]. The NEWKOME dendron 

second generation was prepared according to literature.[84] 3 g of pure and 10 g of non-

purified PMA was donated by BASF. For reactions dimethylformamide, tetrahydrofuran, 

toluene and CHCl3 were acquired from VWR as HPLC grade solvents. 1,4-Dioxane was 

purchased from ACROS Organics as Acroseal®. For water measurements phosphate buffer 

solution (pH 7.2) was used and purchased from SIGMA ALDRICH. Further solvents were used 

freshly distilled. Methylene chloride was freshly distilled from potassium carbonate. 

Bis(pinacolato)dibor 98% was received from CARBOLUTION CHEMICALS. Other chemicals 

were purchased from SIGMA-ALDRICH, ACROS ORGANICS, FLUKA, FISHER 

SCIENTIFIC, and ALFA AESAR and used as received. For the purification and 

characterization of the synthesized compounds the following methods and equipments were 

used.  

Thin Layer Chromatography (TLC) was carried out on aluminum sheets coated with TLC 

silica gel 60 F254 purchased from MERCK. Visualization was performed by using a UV lamp 

(254 or 366 nm) or by developing (1% potassium permanganate in aqueous solution acidified 

with sulfuric acid).  

Flash Column Chromatography (FC) was carried out on silica gel 60 M (deactivated, 

230-400 mesh, 0.04-0.063 mm) purchased from MACHEREY-NAGEL. Eluents were purified 

as stated above.  

Preparative High Performance Liquid Chromatography (HPLC) was conducted using 

SHIMADZU CORPORATION, ANALYTICAL INSTRUMENTS DIVISION, KYOTO, JAPAN: 

2 pumps LC-8 A, Autoinjector SIL-10 A, BUS-Module CBM 10 A, UV-Detector SPD-10 A, 

fraction collector FRC-10A. Solvents were distilled before use. Column: Nucleosil 

250 x 21 mm,  5  μm,  MACHEREY  NAGEL,  Düren. 

NMR Spectroscopy was conducted using JEOL JNM EX 400, JEOL JNM GX 400, 

BRUKER Avance 300 and BRUKER Avance 400. All NMR solvents were purchased from 

VWR or DEUTERO or EURISOTOP. The chemical shifts are reported in parts per million 

(ppm) and referenced to the residual solvent. Spectral splitting patterns are  designated  as  “s”  

(singlet),   “d”   (doublet),   “t”   (triplet),   “q”   (quartet),   “m”   (multiplet)   or   as   combinations   thereof. 
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Signals  referred  to  as  “b”  (broad signal) are not clearly resolved or significantly broadened. 

The raw data was processed using MestReNova LITE.  

IR spectroscopy was performed on a BRUKER FT-IR Tensor 27 and Pike MIRacle ATR 

unit. The ATR unit was equipped with a diamond crystal plate and high-pressure clamp. 

Spectra were recorded as solid samples directly from the diamond crystal with the probe on 

top. All absorptions are given in wave numbers [cm-1].  

UV/Vis spectroscopy was carried out on a VARIAN Cary 5000 UV-Vis-NIR Spectrometer. 

Fluorescence spectra were obtained from a Shimadzu RF-5301 PC. Spectra were recorded 

at room temperature using quartz cuvettes with a path length of 1 cm in the indicated 

solvents. The baseline was corrected before the measurements were taken. The absorption 

maxima Omax are given in [nm] with the extinction coefficients in [M-1cm-1]. Fluorescence 

spectra were recorded at the highest maximum of the UV/Vis spectra minus 20 nm, 

respectively. 

Mass spectrometry (MS) was done on a SHIMADZU AXIMA Confidence MALDI-TOF 

MS-Spectrometer (nitrogen UV-laser, 50 Hz, 337 nm) with 2,5-dihydroxybenzoic acid (DHB), 

trans-2-(3-(4-t-butylphenyl)-2-methyl-2-propenylidene)-malononitrile (DCTB) or sinapic acid 

(sin) used as matrices or it was measured without matrix (om). EI mass spectra were 

recorded on a FINNIGAN MAT 95 XP. ESI mass spectrometry was carried out on a 

BRUKER maXis 4G UHR TOF MS/MS-Spectrometer or a BRUKER micrOTOF II focus TOF 

MS-Spectrometer.  

6.2 Experimental Procedures 

6.2.1 3,4,9,10-Tetra(decyloxycarbonyl)perylene[82] 3-7 

10.00 g (25.00 mmol) PTCDA 3-1 and 7.72 g (138.00 mmol) KOH 

were stirred in 200 ml distilled water at 70 °C for 30 minutes. After 

filtration the pH value of the solution was checked (pH 8-9). 

3.77 ml (7.50 mmol) Aliquat® 336 and 0.83 g (5.00 mmol) KI were 

added and the mixture was stirred for 15 minutes at room temperature. After 42 ml (0.20 mol) 

decylbromide was added, the solution was refluxed for 2 hours. Then the reaction mixture 

was cooled to room temperature and the yellow product was extracted with CHCl3. The 

organic phase was washed three times with 15% NaCl aqueous solution. MeOH was added 

to the CHCl3 solution dropwise to obtain a yellow precipitate, which was filtered, washed with 

MeOH and dried under vacuum in order to yield 3-7 as a yellow solid. 
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Yield: 72% (17.90 g; 18.09 mmol) of a yellow solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.09 (d, 3JH-H = 8.08 Hz, 4H, Ar-H), 7.93 (d, 3JH-H = 

7.88 Hz, 4H, Ar-H), 4.33 (t, 3JH-H = 6.96 Hz, 8H, COO-CH2-CH2-), 1.82 - 1.75 (m, 8H, 

COO-CH2-CH2-), 1.47 - 1.40 (m, 8H, COO-CH2-CH2-CH2-), 1.38 - 1.24 (m, 48H, -CH2), 0.87 - 

0.83 (t, 3JH-H = 6.73 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 168.62 (4C, C=O), 132.89, 130.40, 130.37, 

128.90, 128.70, 121.32 (20C, Ar), 65.60 (4C, COO-CH2-CH2-), 31.84, 29.50, 29.30, 29.26, 

28.55, 25.96, 22.60 (32C, -CH2), 14.02 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 989 [M]+. HRMS (APPI+): m/z calcd. for C64H92O8 [M]+ 

988.678671; found 988.680551.  

IR (ATR): Qa [cm-1] = 2952, 2915, 2850, 1732, 1713, 1268, 1155, 1134, 746.  

UV/Vis (CHCl3): Omax [nm] = 418, 443, 472.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 490, 522. 

Mp = 86 - 88 °C. 

6.2.2 9,10-Di-(decyloxycarbonyl)-perylene-3,4-anhydride[82] 3-8 

10.00 g (10.11 mmol) of compound 3-7 was suspended in a mixture of 

3 ml toluene and 14 ml n-dodecane and heated to 95 °C. 1.92 g 

(10.11 mmol) p-toluenesulfonic acid monohydrate (p-TsOH 

monohydrate) was added and stirred vigorously at 95 °C. The progress 

of the reaction was monitored by TLC (CHCl3/acetone = 9:1). After 5 hours 50 ml hot CHCl3 

was added to the reaction mixture and was precipitated with MeOH (1 l). The red precipitate 

was collected by filtration, washed with MeOH and dried under vacuum to yield 3-8 as a red 

solid. 

Yield: 85% (5.85 g, 8.47 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.62 (d, 3JH-H = 8.04 Hz, 2H, Ar-H), 8.49 (d, 3JH-H = 

7.28 Hz, 4H, Ar-H), 8.47 (d, 3JH-H = 7.28 Hz, 4H, Ar-H), 8.12 (d, 3JH-H = 7.88 Hz, 2H, Ar-H), 

4.34 (t, 3JH-H = 6.84 Hz, 4H, COO-CH2-CH2-), 1.82 - 1.75 (m, 4H, COO-CH2-CH2-), 1.46 - 1.39 

(m, 4H, COO-CH2-CH2-CH2-), 1.34 - 1.24 (m, 24H, -CH2), 0.87 (t, 3JH-H = 6.72 Hz, 6H, -CH3).  
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13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 168.15, 160.38 (2C, C=O), 137.32, 133.64, 

132.84, 131.91, 131.57, 130.45, 129.31, 129.29, 126.42, 123.51, 122.15, 118.02 (20C, Ar), 

66.01 (2C, COO-CH2-CH2-), 31.84, 29.49, 29.48, 29.26, 29.25, 28.49, 25.93, 22.60 (16C, 

-CH2), 14.03 (2C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 690 [M]+. HRMS (APPI+): m/z calcd. for C44H50O7 [M]+ 

690.355105; found 690.355411.  

IR (ATR): Qa [cm-1] = 2954, 2922, 2852, 1764, 1728, 1707, 1592, 1282, 1257, 1124, 764.  

UV/Vis (CHCl3): Omax [nm] = 477, 506.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 529, 566. 

Mp = 351 - 353 °C. 

6.2.3 3,4-Di-(decyloxycarbonyl)-perylene 3-9 

8.10 g (11.72 mmol) of compound 3-8 and 7.45 g (0.12 mol) copper 

powder were refluxed in 200 ml 3-picoline under vigorous stirring. After 

24 hours the reaction mixture was cooled to room temperature, HCl (2M) 

was added and the precipitate was collected by filtration and washed with 

water. The crude material was purified by column chromatography on silica gel (CH2Cl2) to 

give 3-9 as a yellow solid. 

Yield: 68% (5.05 g; 8.13 mmol) of a yellow solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.12 (d, 3JH-H = 7.64 Hz, 4H, Ar-H), 7.94 (d, 3JH-H = 

7.92 Hz, 2H, Ar-H), 7.68 (d, 3JH-H = 7.96 Hz, 2H, Ar-H), 7.44 (dd, 3JH-H = 7.88 Hz, 2H, Ar-H), 

4.31 (t, 3JH-H = 6.96 Hz, 4H, COO-CH2-CH2-), 1.81 - 1.74 (m, 4H, COO-CH2-CH2-), 1.45 - 1.39 

(m, 4H, COO-CH2-CH2-CH2-), 1.32 - 1.25 (m, 24H, -CH2), 0.87 (t, 3JH-H = 6.64 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 168.97 (2C, C=O), 134.50, 134.12, 130.41, 

129.79, 129.61, 129.56, 129.19, 129.05, 127.73, 126.71, 122.13, 119.41 (20C, Ar), 65.37 

(2C, COO-CH2-CH2-), 31.83, 29.49, 29.29, 29.25, 28.55, 25.97, 22.59 (16C, -CH2), 14.01 

(2C, -CH3).  

MS (MALDI-TOF, om): m/z = 620 [M]+. HRMS (APPI+): m/z calcd. for C42H52O4 [M]+ 

620.386012; found 620.385069.  
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IR (ATR): Qa [cm-1] = 2955, 2921, 2852, 1703, 1262, 1171, 751.  

UV/Vis (CHCl3): Omax [nm] = 436, 460.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 491, 524. 

Mp = 150 - 153 °C. 

6.2.4 Perylene-3,4-anhydride (PMA) 3-10 

6.86 g (11.05 mmol) of compound 3-9 was suspended in 100 ml toluene. 

Then 21.02 g (0.11 mol) p-TsOH monohydrate was added and stirred 

vigorously at 100 °C. The progress of the reaction was monitored by TLC 

(CHCl3). After 2 hours the reaction mixture was cooled to room temperature 

and MeOH was added. The dark purple precipitate was collected by filtration, 

    washed with MeOH, water and dried under vacuum. 

Yield: 95% (3.46 g, 10.74 mmol) of a dark purple solid. 

IR (ATR): Qa [cm-1] = 3068, 2923, 2854, 1746, 1714, 1589, 1568, 762.  

UV/Vis (CHCl3): Omax [nm] = 487, 512.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 545, 589, 637. 

6.2.5 N-(1-Pentylhexyl)perylene-3,4-dicarboximide[12] 3-5 

PMA 3-10 (0.40 g, 1.24 mmol), 6-undecylamine 3-2 (0.32 g, 1.86 mmol), zinc 

acetate dihydrate (0.25 g, 1.12 mmol) and imidazole (5.00 g) were given to a 

round bottom flask and heated to 160 °C for 4 hours. After the reaction 

mixture was cooled to rt, water was added and the solution was acidified with 

HCl. The red precipitate was collected by filtration, washed with water, and 

dried under vacuum. The crude product was purified by column 

chromatography on silica gel (CH2Cl2) to yield the red product 3-5. 

Yield: 85% (0.50 g; 1.05 mmol) of a red solid. 

1H-NMR (CDCl3, 300 MHz, rt): G [ppm] = 8.52 (b, 2H, Ar-H), 8.37 - 8.31 (m, 4H, Ar-H), 7.86 

(d, 3JH-H = 8.04 Hz, 2H, Ar-H), 7.60 (dd, 2H, 3JH-H = 7.74 Hz, Ar-H), 5.23 - 5.13 (m, 1H, 
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N-CH(CH2)2), 2.30 - 2.18, 1.90 - 1.80 (m, 4H, N-CH(CH2)2), 1.28 - 1.21 (m, 12H, -CH2), 0.83 - 

0.79 (t, 3JH-H = 6.59 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 75 MHz, rt): G [ppm] = 165.00, 164.08 (2C, C=O), 135.80, 133.55, 131.10, 

130.30, 129.02, 128.30, 126.97, 126.31, 125.55, 122.75, 121.03, 120.27, 119.26 (20C, Ar), 

54.41 (1C, N-CH(CH2)2), 32.66, 32.18, 27.16, 23.03 (8C, -CH2), 14.49 (2C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 475 [M]+. HRMS (ESI+): m/z calcd. for C33H34NO2 [M+H]+ 

476.25841; found 476.25919.  

IR (ATR): Qa [cm-1] = 2954, 2924, 2857, 1689, 1648, 1592, 1573, 1320, 808, 752, 727.  

UV/Vis (CHCl3): Omax [nm] = 486, 507.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 550, 572, 631. 

6.2.6 N-(1-Pentylhexyl)perylene-3,4,9-tricarboxylic-9-acid-3,4-
tetracarboxdiimide 3-6 and N-(1-Pentylhexyl)perylene-3,4-
dicarboximide[81] 3-5 

3.23 g (5.92 mmol) of the perylenmonoimide-monoanhydride 
3-4 and 3.76 g (0.06 mol) copper powder were refluxed in 

3-picoline under vigorous stirring. After 24 hours the reaction 

mixture was cooled to room temperature, HCl (2M) was added 

and the precipitate was collected by filtration and washed with 

water. The product was separated from 3-5 by column 

chromatography on silica gel (CH2Cl2), eluted by addition of acetic acid and 

purified by a second column separation on silica gel (CHCl3/ethanol = 10:1) to give 3-6 as a 

red solid. 

Yield 3-5: 58% (1.62 g; 3.41 mmol) of a red solid.  

Yield 3-6: 10% (0.32 g, 0.62 mmol) of a red solid. 

1H-NMR (CDCl3/TFA-d, 400 MHz, rt): G [ppm] = 8.89 (d, 3JH-H = 8.18 Hz, 2H, Ar-H), 8.49 (b, 

2H, Ar-H), 8.19 (d, 3JH-H = 7.81 Hz, 2H, Ar-H), 8.11 (d, 3JH-H = 7.94 Hz, 2H, Ar-H), 7.59 (dd, 
3JH-H = 7.81 Hz, 2H, Ar-H), 5.22 - 5.14 (m, 1H, N-CH(CH2)2), 2.25 - 2.17, 1.94 - 1.88 (m, 4H, 

N-CH(CH2)2, 1.37 - 1.23 (m, 12H, -CH2), 0.85 (t, 3JH-H = 6.71 Hz, 6H, -CH3).  

13C-NMR (CDCl3/TFA-d, 100 MHz, rt): G [ppm] = 166.31, 165.33, 160.88, 160.46, 160.03, 

159.57 (3C, C=O), 137.16, 135.93, 133.95, 132.97, 132.61, 132.43, 132.23, 131.91, 129.27, 
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128.72, 127.95, 126.34, 125.78, 124.36, 122.23, 121.98, 121.13, 120.07, 116.12, 113.24 

(20C, Ar), 55.76 (2C, N-CH(CH2)2), 32.20, 31.60, 26.59, 22.45 (8C, -CH2), 13.81 (2C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 519 [M]+. HRMS (APPI+): m/z calcd. for C34H34NO4 [M+H]+ 

520.248048; found 520.248235.  

IR (ATR): Qa [cm-1] = 3058, 2925, 2857, 2607, 1689, 1650, 1590, 1351, 1248, 808, 750.  

UV/Vis (CHCl3): Omax [nm] = 452, 478, 509.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 531, 567, 630. 

6.2.7 N-(1-Pentylhexyl)-9-bromoperylene-3,4-dicarboximide[12] 3-13 

Compound 3-5 (0.30 g, 0.63 mmol) was added to a mixture of 

CHCl3/CH3COOH (50 ml; 2:3) and stirred for 30 minutes. Iodine (6 mg, 

0.03 mmol) and bromine (0.81 g, 5.04 mmol) was added under nitrogen 

atmosphere and light exclusion. The reaction mixture was stirred for 2 hours 

and the reaction progress was monitored by TLC (toluene). After completion 

the reaction was quenched with methanol, the red precipitate was filtered, 

washed with methanol and dried under vacuum to yield 3-13 as a red solid. 

Yield: 95% (0.35 g; 0.62 mmol) of a red solid. 

1H-NMR (CDCl3, 300 MHz, rt): G [ppm] = 8.29 (m, 2H, Ar-H), 7.86 - 7.81 (m, 3H, Ar-H), 7.75 

(d, 3JH-H = 8.16 Hz, 1H, Ar-H), 7.54 (d, 3JH-H = 8.32 Hz, 1H, Ar-H), 7.41 (d, 3JH-H = 8.14 Hz, 1H, 

Ar-H), 7.29 (dd, 3JH-H = 7.79 Hz, 1H, Ar-H), 5.22 - 5.12 (m, 1H, N-CH(CH2)2), 2.31 - 2.19, 1.92 

- 1.84 (m, 4H, N-CH(CH2)2), 1.32 - 1.25 (m, 12H, -CH2), 0.87 (t, 3JH-H = 6.65 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 75 MHz, rt): G [ppm] = 165.25, 164.26 (2C, C=O), 135.81, 135.62, 132.54, 

131.89, 131.12, 130.91, 129.71, 129.62, 129.23, 128.68, 127.78, 126.01, 125.82, 123.92, 

123.20, 122.06, 121.33, 120.41, 120.12 (20C, Ar), 54.79 (1C, N-CH(CH2)2), 32.76, 32.24, 

27.20, 23.08 (8C, -CH2), 14.54 (2C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 553 [M]+. HRMS (ESI+): m/z calcd. for C33H33BrNO2 [M+H]+ 

554.168918; found 554.169205.  

IR (ATR): Qa�[cm-1] = 3223, 2955, 2925, 2856, 1693, 1651, 1618, 1349, 1276, 1261, 764, 750.  

UV/Vis (CHCl3): Omax [nm] = 486, 509.  
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Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 576, 633. 

6.2.8 N-(1-Pentylhexyl)-9-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
perylene-3,4-dicarboximide[12] 3-14 

Compound 3-13 (0.50 g, 0.90 mmol) was dissolved in 1,4-dioxane (30 ml). 

Then KOAc (0.27 g, 2.71 mmol), Bpin (0.34 g, 1.35 mmol) and 

[PdCl2(dppf)]·CH2Cl2 (22 mg, 2.71·10-5 mol) were added and the reaction 

mixture was stirred under argon atmosphere and light exclusion for 16 hours 

at 80 °C. After removing the solvent under reduced pressure the crude 

product was purified by column chromatography on silica gel (toluene/CHCl3 

= 7:3) to afford the red solid 3-14. 

Yield: 78% (0.42 g; 0.70 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.68 (d, 3JH-H  = 8.32 Hz, 1H, Ar-H), 8.41 - 8.31 (b, 

2H, Ar-H), 8.10 - 8.00 (m, 4H, Ar-H), 7.45 (dd, 3JH-H = 7.98 Hz, 1H, Ar-H), 5.22 - 5.15 (m, 1H, 

N-CH(CH2)2), 2.33 - 2.22, 1.91 - 1.83 (m, 4H, N-CH(CH2)2), 1.47 (s, 12H, B(O-C-[CH3]2)2), 

1.34 - 1.23 (m, 12H, -CH2), 0.85 (t, 3JH-H = 6.87 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 165.56, 164.55 (2C, C=O), 138.05, 137.25, 

136.58, 136.31, 132.06, 131.75, 131.67, 131.27, 131.04, 129.83, 128.98, 127.70, 127.17, 

126.51, 123.47, 122.50, 122.07, 121.35, 120.82, 120.21 (20C, Ar), 84.49 (2C, B(O-C-

[CH3]2)2), 54.59 (1C, N-CH(CH2)2), 32.6, 32.10, 26.97 (6C, -CH2), 25.27 (4C, B(O-C-[CH3]2)2), 

22.86 (2C, -CH2), 14.31 (2C, -CH2).  

MS (MALDI-TOF, dhb): m/z = 602 [M]+. HRMS (ESI+): m/z calcd. for C39H45
11BNO4 [M+H]+ 

602.34428; found 602.34210.  

IR (ATR): Qa [cm-1] = 2954, 2923, 2853, 1689, 1651, 1592, 1351, 1330, 809, 764, 751.  

UV/Vis (CHCl3): Omax [nm] = 490, 521.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 543, 577, 635. 
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6.2.9 1,8-Dimethoxycarbonyl-4-bromonaphthalene[83] 3-19 

5.00 g (18.05 mmol) 4-bromo-1,8-naphthalic anhydride 3-11 was suspended 

in 50 ml MeOH. 8.08 ml (54.14 mmol) DBU and 3.39 ml (54.14 mmol) MeI 

was added and refluxed. After 16 hours the reaction mixture was allowed to 

cool down and water was added. The resulting white precipitate was filtered, 

washed with water and dried under vacuum to yield 3-19. 

Yield: 53% (3.07 g; 9.50 mmol) of a white solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.50, 8.49 (d, 3JH-H = 8.56 Hz, 1H, Ar-H), 8.06, 8.05 

(d, 3JH-H = 7.16 Hz, 1H, Ar-H), 7.87, 7.85 (d, 3JH-H = 7.76 Hz, 2H, Ar-H), 7.66 (dd, 3JH-H = 

8.56 Hz, 1H, Ar-H), 3.90, 3.89 (s, 6H, COO-CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 168.77, 168.62 (2C, C=O), 132.75, 131.54, 

130.91, 130.29, 130.10, 129.67, 129.62, 128.77, 127.69, 126.65 (10C, Ar), 52.29 (2C, COO-

CH3).  

MS (EI): m/z = 323 [M]+. HRMS (ESI+): m/z calcd. for C14H11BrNaO4 [M+Na]+ 344.97329; 

found 344.97290.  

IR (ATR): Qa [cm-1] = 3013, 2950, 2841, 1724, 1703, 1279, 1260, 1151, 744.  

UV/Vis (CHCl3): Omax [nm] = 308.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 373, 409. 

6.2.10 1,8-Dimethoxycarbonyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxoborolane-2-yl)-
naphthalene[83] 3-20 

A SCHLENK flask was charged with 0.50 g (1.56 mmol) of 3-19, 0.31 g 

(3.11 mmol) KOAc, 0.79 g (3.11 mmol) Bpin, 38 mg (0.05 mmol) 

[PdCl2(dppf)]·CH2Cl2 and 30 ml toluene. The reaction mixture was flushed 

with argon and heated to 80 °C under light exclusion for 16 hours. The 

crude product was purified by column chromatography on silica gel 

(CH2Cl2/EtOAc = 9:1) to yield 3-20 as a white solid. 

Yield: 93% (0.54 g; 1.45 mmol) of a white solid. 
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1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.97, 8.96 (d, 3JH-H = 8.52 Hz, 1H, Ar-H), 8.11 (d, 

3JH-H = 7.16 Hz, 1H, Ar-H), 8.00, 7.99 (d, 3JH-H = 7.16 Hz, 1H, Ar-H), 7.95 (d, 3JH-H = 7.16 Hz, 

1H, Ar-H), 7.58 (dd, 3JH-H = 7.16 Hz, 1H, Ar-H), 3.89, 3.88 (s, 6H, COO-CH3), 1.40 (s, 12H, 

B(O-C-[CH3]2)2).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 169.42, 169.30 (2C, C=O), 137.71, 134.76, 

132.79, 132.30, 129.74, 129.68, 128.75, 127.15, 125.45 (10C, Ar), 84.27 (2C, B(O-C-

[CH3]2)2), 52.08, 52.01 (2C, COO-CH3), 24.91 (4C, B(O-C-[CH3]2)2).  

MS (MALDI-TOF, om): m/z = 369 [M]+. HRMS (ESI+): m/z calcd. for C20H24
11BO6 [M+H]+ 

371.16640; found 371.16557.  

IR (ATR): Qa [cm-1] = 3103, 2986, 1721, 1279, 1254, 1135, 751.  

UV/Vis (CHCl3): Omax [nm] = 308.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 377, 409. 

6.2.11 N-(1-Pentylhexyl)-9-[4-(1,8-dimethoxycarbonyl)]naphthalene)perylene-
3,4-dicarboximide 3-21 

0.25 g (0.45 mmol) of 3-13 and 0.20 g (0.54 mmol) of 3-20 were 

dissolved in a mixture of toluene (12 ml), MeOH (1 ml) and 

Na2CO3 (1M aqueous solution, 6 ml). After adding 25 mg 

(0.02 mmol) of [Pd(PPh3)4], the reaction mixture was stirred for 

16 hours under argon atmosphere and light exclusion at 80 °C. Evaporation of the solvent 

and purification by column chromatography on silica gel (CH2Cl2/EtOAc = 9:1) gave the 

orange luminescent product. 

Yield: 81% (0.26 g; 0.36 mmol) of a orange solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.58 - 8.50 (m, 3H, Ar-H), 8.47 - 8.39 (m, 3H, Ar-H), 

8.16 (d, 3JH-H = 7.32 Hz, 1H, Ar-H), 8.02 - 7.97 (m, 2H, Ar-H), 7.63 - 7.32 (m, 5H, Ar-H), 5.23 - 

5.15 (m, 1H, N-CH(CH2)2), 3.98, 3.96 (s, 6H, COO-CH3), 2.29 - 2.20, 1.89 - 1.82 (m, 4H, 

N-CH(CH2)2), 1.36 - 1.23 (m, 12H, -CH2), 0.83 (t, 3JH-H = 6.72 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 169.38, 169.25, 165.24, 164.23 (4C, C=O), 

142.06, 140.10, 136.82, 136.60, 133.70, 133.63, 132.50, 132.09, 131.28, 130.71, 130.38, 

130.29, 130.21, 130.05, 129.99, 129.77, 129.69, 129.63, 129.13, 129.03, 128.18, 127.79, 

127.43, 126.64, 125.77, 125.35, 123.80, 123.01, 120.56, 120.42 (30C, Ar), 54.40 (1C, 
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N-CH(CH2)2), 52.29, 52.07 (2C, COO-CH3), 32.30, 31.72, 26.59, 22.49 (8C, -CH2), 13.96 

(2C, -CH3).  

MS (MALDI-TOF, sin): m/z = 717 [M]+. HRMS (ESI+): m/z calcd. for C47H44NO6 [M+H]+ 

718.316315; found 718.316382.  

IR (ATR): Qa [cm-1] = 2952, 2926, 2858, 1723, 1699, 1278, 1147, 750.  

UV/Vis (CHCl3): Omax [nm] = 300, 486, 512.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 546, 579, 635. 

6.2.12 N-(1-Pentylhexyl)-9-(4-N'-(1-pentylhexyl)naphthalene-1,8-
dicarboximide)perylene-3,4-dicarboximide 3-15 

A round bottom flask was charged with 3-21 (0.11 g; 

0.15 mmol), 6-undecylamine (0.04 g; 0.23 mmol), zinc 

acetate dihydrate (0.02 g; 0.09 mmol) and 5.00 g imidazole. 

The reaction mixture was stirred at 160 °C for 16 hours. After 

cooling to room temperature the crude product was dissolved in CH2Cl2 and purified by 

column chromatography on silica gel (CH2Cl2) to obtain the red solid 3-15. 

Yield: 86% (0.11 g; 0.13 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.73 (b, 1H, Ar-H), 8.58 - 8.38 (m, 7H, Ar-H), 7.84 - 

7.81 (m, 2H, Ar-H), 7.63 - 7.60 (m, 2H, Ar-H), 7.47 - 7.39 (m, 2H, Ar-H), 5.25 - 5.15 (m, 2H, 

N-CH(CH2)2), 2.32 - 2.15, 1.90 - 1.77 (m, 8H, N-CH(CH2)2), 1.37 - 1.18 (m, 24H, -CH2), 0.85 - 

0.77 (m, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 165.06, 164.03 (4C, C=O), 139.03, 136.56, 

136.32, 133.47, 133.37, 132.14, 131.96, 131.14, 130.97, 129.95, 129.88, 129.68, 129.00, 

128.92, 128.75, 128.64, 128.20, 127.47, 127.24, 126.90, 126.55, 125.25, 123.76, 122.83, 

120.58, 120.46 (30C, Ar), 54.59, 54.45 (2C, N-CH(CH2)2), 32.36, 31.78, 26.66, 26.62, 22.58, 

22.56 (16C, -CH2), 14.04 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 824 [M]+. HRMS (ESI+): m/z calcd. for C56H61N2O4 [M+H]+ 

825.462585; found 825.463797.  

IR (ATR): Qa [cm-1] = 2953, 2924, 2856, 1689, 1650, 1616, 1588, 1345, 1277, 753.  
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UV/Vis (CHCl3): Omax [nm] = 339, 354, 486, 511.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 547, 581, 641. 

6.2.13 N,N'-Di(1-pentylhexyl)terrylene-3,4:11,12-tetracarboxdiimide[12] 3-16 

A suspension of 3-15 (0.10 g; 0.12 mmol) and K2CO3 

(0.17 g; 1.21 mmol) in 30 ml ethanolamine was stirred for 

3 hours at 160 °C. Then the reaction mixture was cooled to 

room temperature and HCl (2M) was added to the flask. The 

resulting blue precipitate was collected by filtration, washed with water and dried under 

vacuum to obtain 3-16 as a blue solid. 

Yield: 95% (94 mg; 0.11 mmol) of a blue solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.54 (b, 4H, Ar-H), 8.34 - 8.32 (b, 8H, Ar-H), 5.24 - 

5.17 (m, 2H, N-CH(CH2)2), 2.31 - 2.22, 1.93 - 1.86 (m, 8H, N-CH(CH2)2), 1.39 - 1.25 (m, 24H, 

-CH2), 0.85 (t, 3JH-H = 6.96 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 164.90 (4C, C=O), 135.33, 131.78, 131.01, 

130.82, 129.73, 128.46, 125.85, 124.01, 121.29 (30C, Ar), 54.59 (2C, N-CH(CH2)2), 32.32, 

31.75, 26.66, 22.54 (16C, -CH2), 13.99 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 822 [M]+. HRMS (APPI+): m/z calcd. for C56H59N2O4 [M+H]+ 

823.446935; found 823.445988.  

IR (ATR): Qa [cm-1] = 2953, 2924, 2857, 1690, 1649, 1584, 1351, 750.  

UV/Vis (CHCl3): Omax [nm] = 553, 598, 651.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 664, 723. 

6.2.14 N,N'-Bis(1-pentylhexyl)-9,9'-bisperylene-3,4:3',4'-bis(dicarboximide)[12] 

3-17 

0.21 g (0.38 mmol) of 3-13 and 0.15 g (0.25 mmol) of 

3-14 were dissolved in a mixture of toluene (12 ml), 

MeOH (1 ml) and Na2CO3 (1M aqueous solution, 6 ml). 

After adding 15 mg (0.01 mmol) of [Pd(PPh3)4], the 

      reaction mixture was stirred for 16 hours under argon 
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atmosphere and light exclusion at 80 °C. Evaporation of the solvent and purification by 

column chromatography on silica gel (CH2Cl2) gave the red luminescent product 3-17. 

Yield: 84% (0.20 g; 0.21 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.57 - 8.55 (m, 6H, Ar-H), 8.48 - 8.39 (m, 6H, Ar-H), 

7.71 (d, 3J = 7.69 Hz, 2H, Ar-H), 7.54 - 7.45 (m, 4H, Ar-H), 5.24 - 5.16 (m, 2H, N-CH(CH2)2), 

2.30 - 2.20, 1.90 - 1.83 (m, 8H, N-CH(CH2)2), 1.37 - 1.24 (m, 24H, -CH2), 0.83 (t, 3JH-H = 

6.64 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 165.16, 164.14 (4C, C=O), 140.35, 136.77, 

136.56, 133.65, 131.99, 131.23, 129.94, 129.62, 129.55, 129.15, 128.26, 127.32, 126.59, 

123.75, 123.12, 121.93, 121.20, 120.48, 120.34 (40C, Ar), 54.45 (2C, N-CH(CH2)2), 32.38, 

31.80, 26.68, 22.58 (16C, -CH2), 14.06 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 948 [M]+. HRMS (APPI+): m/z calcd. for C66H65N2O4 [M+H]+ 

949.493885; found 949.493041. 

IR (ATR): Qa [cm-1] = 2956, 2924, 2857, 1690, 1649, 1591, 1349, 1276, 1260, 751.  

UV/Vis (CHCl3): Omax [nm] = 497, 526.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 589, 637. 

6.2.15 N,N'-Di(1-pentylhexyl)quaterrylene-3,4:13,14-tetracarboxdiimide[12] 3-18 

A suspension of 3-17 (0.10 g; 0.11 mmol) and K2CO3 

(0.15 g;1.05 mmol) in 30 ml ethanolamine was stirred for 

3 hours at 160 °C. Then the reaction mixture was cooled 

to room temperature and HCl (2M) was added to the 

flask. The resulting blue-greenish precipitate was collected by filtration, washed with water 

and dried under vacuum to obtain 3-18 as a blue-greenish solid. 

Yield: 95% (95 mg; 0.10 mmol) of a blue-greenish solid. 

1H-NMR (C2D2Cl4, 400 MHz, 59.7 °C): G [ppm] = 8.12 (d, 3JH-H = 7.36 Hz, 4H, Ar-H), 7.73, 

7.66 (b, 8H, Ar-H), 7.53 (b, 4H, Ar-H), 5.10 - 5.07 (m, 2H, N-CH(CH2)2), 2.20 - 2.17, 1.95 (m, 

8H, N-CH(CH2)2), 1.48 - 1.32 (m, 24H, -CH2), 0.89 (t, 3JH-H = 6.76 Hz, 12H, -CH3).  
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13C-NMR (C2D2Cl4, 100 MHz, 110 °C): G [ppm] = 164.30 (4C, C=O), 135.50, 131.50, 131.08, 

130.05, 129.46, 128.23, 127.57, 126.04, 123.89, 122.54, 122.05, 120.52 (40C, Ar), 54.98 

(2C, N-CH(CH2)2), 32.80, 32.00, 27.00, 22.68 (16C, -CH2), 14.06 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 946 [M]+. HRMS (APPI+): m/z calcd. for C66H63N2O4 [M+H]+ 

947.478235; found 947.479082.  

IR (ATR): Qa [cm-1] = 2922, 2857, 1686, 1649, 1573, 1345, 750.  

UV/Vis (ODCB): Omax [nm] = 707, 772.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 769, 795. 

6.2.16 N-(Hexanoic acid)-4-bromonaphthalene-1,8-dicarboximide[85] 3-22 

4-Bromo-1,8-naphthalic anhydride 3-11 (1.00 g, 3.61 mmol) was suspended 

in ethanol (250 ml) and heated to 100 °C until it became a clear yellowish 

solution. 6-Aminocaproic acid (0.47 g, 3.61 mmol) was added and the 

reaction mixture was heated for 16 hours at 100 °C. After the reaction 

mixture was cooled to rt, the white precipitate was separated by filtration, 

washed with ethanol and dried under vacuum in order to yield 3-22. 

Yield: 86% (1.21 g; 3.11 mmol) of a brownish solid. 

1H-NMR (THF-d8, 400 MHz, rt): G [ppm] = 10.54 (b, 1H, -COOH), 8.61, 8.56 (d, 3JH-H  = 

7.27 Hz, 2H, Ar-H), 8.38 (d, 3JH-H  = 7.85 Hz, 1H, Ar-H), 8.12 (d, 3JH-H  = 7.85 Hz, 1H, Ar-H), 

7.91 (dd, 3JH-H = 7.32 Hz, 1H, Ar-H), 4.15 (t, 3JH-H  = 7.43 Hz, 2H, N-CH2-CH2), 2.26 (t, 3JH-H  = 

7.35 Hz, 2H, -CH2-COOH), 1.71 - 1.61 (m, 4H, N-CH2-CH2/CH2-CH2-COOH), 1.47 - 1.40 (m, 

2H, -CH2).  

13C-NMR (THF-d8, 100 MHz, rt): G [ppm] = 174.47 (1C, -COOH), 163.86, 163.82 (2C, C=O), 

133.42, 132.36, 132.13, 131.67, 131.53, 130.09, 130.05, 129.14, 124.69, 123.90 (10C, Ar), 

40.78 (1C, N-CH2-CH2), 34.21 (1C, -CH2-COOH), 28.71, 27.58, 25.65 (3C, -CH2).  

MS (MALDI-TOF, om): m/z = 389 [M]+. HRMS (APPI+): m/z calcd. for C18H17BrNO4 [M+H]+ 

390.033547; found 390.033913.  

IR (ATR): Qa [cm-1] = 3089, 2960, 2867, 1698, 1657, 1589, 1570, 1359, 1346, 778, 748.  

UV/Vis (THF): Omax [nm] = 327, 340, 355.  
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Fluorescence emission spectroscopy (THF): Omax [nm] = 371, 388, 412. 

6.2.17  N-(Methylhexanoate)-4-bromonaphthalene-1,8-dicarboximide 3-23 

3-22 (0.50 g; 1.28 mmol) was suspended in 100 ml MeOH. After cooling to 

-78 °C, 0.34 g (2.82 mmol) thionyl chloride was injected and the reaction 

mixture was heated to 80 °C for 16 hours. The yellowish solution was cooled 

to room temperature and the resulting white precipitate was filtered, washed 

with cold MeOH and dried under vacuum to yield the white solid 3-23. 

 

Yield: 95% (0.49 g; 1.21 mmol) of a white solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.45 (d, 3JH-H  = 7.28 Hz, 1H, Ar-H), 8.33 (d, 3JH-H  = 

7.28 Hz, 1H, Ar-H), 8.20 (d, 3JH-H  = 7.85 Hz, 1H, Ar-H), 7.85 (d, 3JH-H = 7.86 Hz, 1H, Ar-H), 

7.68 (dd, 3JH-H = 7.30 Hz, 1H, Ar-H), 4.06 (t, 3JH-H  = 7.52 Hz, 2H, N-CH2-CH2), 3.58 (s, 3H, 

-COO-CH3), 2.28 (t, 3JH-H  = 7.43 Hz, 2H, -CH2-COOCH3), 1.70 - 1.60 (m, 4H, N-CH2-

CH2/CH2-CH2-COOCH3), 1.42 - 1.34 (m, 2H, -CH2).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.93 (1C, -COOCH3), 163.25, 163.22 (2C, C=O), 

132.87, 131.72, 130.90, 130.84, 130.20, 129.94, 128.55, 127.85, 122.77, 121.91 (10C, Ar), 

51.28 (1C, -COOCH3), 40.05 (1C, N-CH2-CH2), 33.69 (1C, -CH2-COOCH3), 27.43, 26.38, 

24.39 (3C, -CH2).  

MS (MALDI-TOF, om): m/z = 403 [M]+. HRMS (APPI+): m/z calcd. for C19H19
79BrNO4 [M+H]+ 

404.049197; found 404.049454.  

IR (ATR): Qa [cm-1] = 3095, 3065, 2958, 2936, 2863, 1735, 1697, 1657, 1588, 1569, 1362, 

1344, 1223, 1165, 784.  

UV/Vis (CHCl3): Omax [nm] = 330, 344, 359.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 377, 393, 415. 
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6.2.18 N-(Methylhexanoate)-4-(4,4,5,5-tetramethyl-1,3,2-dioxoborolane-2-yl)-
naphthalene-1,8-dicarboximide 3-24 

3-23 (0.10 g, 0.25 mmol) was dissolved in 1,4-dioxane (30 ml). Then KOAc 

(0.07 g, 0.74 mmol), Bpin (0.95 g, 0.37 mmol) and [PdCl2(dppf)]·CH2Cl2 

(6 mg, 0.74·10-5 mol) were added and the reaction mixture was stirred under 

argon atmosphere and light exclusion for 16 hours at 80 °C. After removing 

the solvent under reduced pressure the crude product was purified by 

column chromatography on silica gel (CHCl3) to afford a yellowish solid 3-24. 

 

 

Yield: 64% (0.07 g; 0.16 mmol) of a yellowish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.10 (d, 3JH-H  = 8.42 Hz, 1H, Ar-H), 8.59 - 8.53 (m, 

2H, Ar-H), 8.28 (d, 3JH-H  = 7.32 Hz, 1H, Ar-H), 7.78 (dd, 3JH-H = 7.57 Hz, 1H, Ar-H), 4.17 (t, 

3JH-H  = 7.45 Hz, 2H, N-CH2-CH2), 3.63 (s, 3H, -COO-CH3), 2.33 (t, 3JH-H  = 7.45 Hz, 2H, -CH2-

COOCH3), 1.78 - 1.65 (m, 4H, N-CH2-CH2/CH2-CH2-COOCH3), 1.48 - 1.43 (m, 2H, -CH2), 

1.43 (s, 12H, B(O-C-[CH3]2)2).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 174.21 (1C, -COOCH3), 164.43, 164.41 (2C, C=O), 

135.82, 135.03, 133.96, 130.93, 129.83, 127.92, 127.13, 126.99, 124.75, 122.63 (10C, Ar), 

84.58 (2C, B(O-C-[CH3]2)2), 51.44 (1C, -COOCH3), 40.14 (1C, N-CH2-CH2), 33.90 (1C, -CH2-

COOCH3), 27.64, 26.56 (2C, -CH2), 24.90 (4C, B(O-C-[CH3]2)2), 24.58 (1C, -CH2).  

MS (MALDI-TOF, om): m/z = 473 [M+Na]+. HRMS (ESI+): m/z calcd. for C25H31
11BNO6 

[M+H]+ 452.22433; found 452.22336. 

IR (ATR): Qa [cm-1] = 2977, 2928, 2856, 1736, 1699, 1657, 1438, 1360, 1339, 1320, 1141, 

784, 757.  

UV/Vis (CHCl3): Omax [nm] = 343, 358.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 373, 391, 415. 
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6.2.19 N-(Methylhexanoate)-perylene-3,4-dicarboximide 3-26 

PMA 3-10 (0.20 g, 0.62 mmol), 6-aminocaproic acid (0.12 g, 0.93 mmol), 

zinc acetate·dihydrate (0.12 g, 0.56 mmol) and imidazole (5.00 g) were 

added to a round bottom flask and heated to 160 °C for 4 hours. After the 

reaction mixture was cooled to rt, water was added and the solution was 

acidified with HCl. The red precipitate was collected by filtration, washed with 

water, and dried under vacuum. The product 3-25 was used without further 

purification. The dark red solid was suspended in 100 ml MeOH, afterwards. 

After cooling to -78 °C, 0.16 g (1.36 mmol) thionyl chloride was injected and 

the reaction mixture was stirred at room temperature for 1 hour and then heated to 80 °C for 

16 hours. The red solution was cooled to room temperature and the solvent was evaporated 

under reduced pressure. The crude product was purified by column chromatography on silica 

gel (CHCl3) to obtain 3-26 as a red solid. 

Yield: 95% (0.26 g; 0.59 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.15 (d, 3JH-H  = 8.04 Hz, 2H, Ar-H), 7.99 (d, 3JH-H  = 

7.16 Hz, 2H, Ar-H), 7.88 (d, 3JH-H  = 8.20 Hz, 2H, Ar-H), 7.69 (d, 3JH-H  = 7.72 Hz, 2H, Ar-H), 

7.41 (dd, 3JH-H = 7.60 Hz, 2H, Ar-H), 4.10 (t, 3JH-H  = 7.56 Hz, 2H, N-CH2-CH2), 3.66 (s, 3H, 

-COO-CH3), 2.38 (t, 3JH-H  = 7.40 Hz, 2H, -CH2-COOCH3), 1.79 - 1.70 (m, 4H, N-CH2-

CH2/CH2-CH2-COOCH3), 1.52 - 1.44 (m, 2H, -CH2). 

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 174.09 (1C, -COOCH3), 163.54 (2C, C=O), 136.44, 

133.92, 130.84, 130.59, 129.12, 128.63, 127.29, 126.68, 126.03, 123.22, 120.37, 119.65 

(20C, Ar), 51.48 (1C, -COOCH3), 40.07 (1C, N-CH2-CH2), 34.00 (1C, -CH2-COOCH3), 27.72, 

26.72, 24.69 (3C, -CH2).  

MS (MALDI-TOF, dhb): m/z = 449 [M]+. HRMS (ESI+): m/z calcd. for C29H24NO4 [M+H]+ 

450.16998; found 450.17007.  

IR (ATR): Qa [cm-1] = 2926, 2856, 1733, 1684, 1644, 1591, 1571, 1351, 1247, 807, 749.  

UV/Vis (CHCl3): Omax [nm] = 484, 508.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 542, 633, 677. 
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6.2.20 N-(Methylhexanoate)-9-bromoperylene-3,4-dicarboximide 3-27 

3-26 (0.15 g, 0.33 mmol) was suspended in a mixture of CHCl3/CH3COOH 

(50 ml, 2:3) and stirred for 30 minutes at rt. Iodine (4 mg, 0.02 mmol) and 

bromine (0.21 g, 1.34 mmol) were added under nitrogen atmosphere and 

light exclusion and stirred for 2 hours. The reaction mixture was quenched 

with MeOH and the red precipitate was filtered, washed with MeOH, dried 

under vacuum to yield 3-27 as a red solid. 

 

Yield: 95% (0.17 g; 0.32 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.21 (d, 3JH-H  = 8.06 Hz, 1H, Ar-H), 8.18 (d, 3JH-H  = 

7.94 Hz, 1H, Ar-H), 8.01 (d, 3JH-H  = 8.55 Hz, 1H, Ar-H), 7.98 (d, 3JH-H  = 7.63 Hz, 1H, Ar-H), 

7.89 (d, 3JH-H  = 8.06 Hz, 1H, Ar-H), 7.80 (d, 3JH-H  = 8.06 Hz, 1H, Ar-H), 7.68 (d, 3JH-H = 8.06 

Hz, 1H, Ar-H), 7.58 (d, 3JH-H = 8.06 Hz, 1H, Ar-H), 7.45 (dd, 3JH-H = 7.69 Hz, 1H, Ar-H), 4.13 (t, 
3JH-H  = 7.45 Hz, 2H, N-CH2-CH2), 3.66 (s, 3H, -COO-CH3), 2.37 (t, 3JH-H  = 7.45 Hz, 2H, -CH2-

COOCH3), 1.79 - 1.69 (m, 4H, N-CH2-CH2/CH2-CH2-COOCH3), 1.52 - 1.44 (m, 2H, -CH2). 

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 174.12 (1C, -COOCH3), 163.36 (2C, C=O), 135.64, 

135.48, 132.29, 130.87, 130.79, 130.73, 129.61, 128.87, 128.84, 128.25, 127.67, 125.86, 

125.47, 123.74, 123.04, 120.78, 120.08, 119.77 (20C, Ar), 51.52 (1C, -COOCH3), 40.18 (1C, 

N-CH2-CH2), 33.99 (1C, -CH2-COOCH3), 27.70, 26.70, 24.67 (3C, -CH2).  

MS (MALDI-TOF, dhb): m/z = 527 [M]+. HRMS (ESI+): m/z calcd. for C29H23BrNO4 [M+H]+ 

528.08050; found 528.08041.  

IR (ATR): Qa [cm-1] = 2923, 2854, 1685, 1646, 1590, 1562, 1276, 1261, 749.  

UV/Vis (CHCl3): Omax [nm] = 485, 511.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 543, 578, 635. 
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6.2.21 N-(Methylhexanoate)-9-(4-N'-(methylhexanoate)-naphthalene-1,8-
dicarboximide)perylene-3,4-dicarboximide 3-28 

The bromo compound 3-27 (0.07 g; 0.13 mmol) and 

the boronic ester-compound 3-24 (0.07 g; 0.16 mmol) 

were dissolved in a mixture of toluene (12 ml), EtOH 

(1 ml) and Na2CO3 (1M aqueous solution, 6 ml). After 

adding [Pd(PPh3)4] (6 mg, 0.52·10-5 mol), the reaction mixture was stirred for 16 hours under 

argon atmosphere and light exclusion at 80 °C. Evaporation of the solvent and purification by 

column chromatography on silica gel (CHCl3) gave the red luminescent product 3-28. 

Yield: 78% (0.08 g; 0.10 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.76 (d, 3JH-H  = 7.45 Hz, 1H, Ar-H), 8.63 (dd, 3JH-H  = 

7.20 Hz, 1H, Ar-H), 8.55 - 8.50 (m, 3H, Ar-H), 8.42 - 8.39 (m, 2H, Ar-H), 8.36 (d, 3JH-H  = 

8.18 Hz, 1H, Ar-H), 7.86 - 7.83 (m, 2H, Ar-H), 7.67 - 7.56 (m, 2H, Ar-H), 7.47 (dd, 3JH-H  = 

7.54 Hz, 1H, Ar-H), 7.38 (d, 3JH-H  = 8.32 Hz, 1H, Ar-H), 4.24, 4.16 (t, 3JH-H  = 7.32 Hz, 4H, 

N-CH2-CH2), 3.66, 3.64 (s, 6H, -COO-CH3), 2.37 - 2.31 (m, 4H, -CH2-COOCH3), 1.83 - 1.66 

(m, 8H, N-CH2-CH2/CH2-CH2-COOCH3), 1.53 - 1.42 (m, 4H, -CH2). 

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 174.18 (2C, -COOCH3), 164.22, 164.06, 163.83 

(4C, C=O), 144.33, 139.17, 136.84, 136.57, 133.40, 132.58, 131.57, 131.54, 131.17, 130.85, 

130.82, 129.93, 129.69, 129.61, 129.09, 128.98, 128.88, 128.53, 128.14, 127.58, 127.32, 

126.60, 123.94, 123.08, 122.99, 122.81, 121.37, 121.24, 120.62, 120.49 (30C, Ar), 51.47, 

51.45 (2C, -COOCH3), 40.23, 40.13 (2C, N-CH2-CH2), 33.91, 33.90 (2C, -CH2-COOCH3), 

27.73, 27.68, 26.60, 26.59, 24.60 (6C, -CH2).  

MS (MALDI-TOF, om): m/z = 773 [M+H]+. HRMS (ESI+): m/z calcd. for C48H41N2O8 [M+H]+ 

773.28574; found 773.28594.  

IR (ATR): Qa [cm-1] = 2921, 2851, 1732, 1698, 1686, 1647, 1589, 1577, 1348, 1158, 790, 750.  

UV/Vis (CHCl3): Omax [nm] = 341, 355, 486, 512.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 549, 586, 643. 
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6.2.22 N-(1-Pentylhexyl)-9-(4-N'-(methylhexanoate)-naphthalene-1,8-
dicarboximide)perylene-3,4-dicarboximide 3-29 

The bromo compound 3-13 (0.05g; 0.09 mmol) and the 

boronic ester-compound 3-24 (0.05 g; 0.11 mmol) were 

dissolved in a mixture of toluene (12 ml), EtOH (1 ml) 

and Na2CO3 (1M aqueous solution, 6 ml) under. After 

adding [Pd(PPh3)4] (4 mg, 0.36·10-5 mol), the reaction 

mixture was stirred for 16 hours under argon atmosphere and light exclusion at 80 °C. 

Evaporation of the solvent and purification by column chromatography on silica gel (CHCl3) 

gave the red luminescent product 3-29. 

Yield: 79% (0.06 g; 0.07 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.75 (d, 3JH-H  = 7.45 Hz, 1H, Ar-H), 8.63 - 8.53 (m, 

4H, Ar-H), 8.48 - 8.41 (m, 3H, Ar-H), 7.85 - 7.82 (m, 2H, Ar-H), 7.64 - 7.58 (m, 2H, Ar-H), 

7.47 (dd, 3JH-H  = 8.37 Hz, 1H, Ar-H), 7.38 (dd, 3JH-H  = 8.30 Hz, 1H, Ar-H), 5.23 - 5.15 (m, 1H, 

N-CH(CH2)2), 4.24 (t, 3JH-H  = 7.45 Hz, 2H, N-CH2-CH2), 3.66 (s, 3H, -COO-CH3), 2.37 (t, 3JH-H 

= 7.45 Hz, 2H, -CH2-COOCH3), 2.31 - 2.19 (m, 2H, N-CH(CH2)2), 1.89 - 1.69 (m, 6H, N-CH2-

CH2/CH2-CH2-COOCH3/N-CH(CH2)2), 1.52 - 1.43 (m, 2H, -CH2), 1.36 - 1.24 (m, 12H, -CH2), 

0.83 (t, 3JH-H  = 6.71 Hz, 6H, -CH3). 

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 174.32 (1C, -COOCH3), 164.26, 164.10 (4C, C=O), 

144.43, 139.00, 136.70, 133.97, 133.42, 132.61, 132.12, 131.58, 131.28, 131.15, 130.85, 

130.07, 129.95, 129.75, 129.09, 128.97, 128.77, 128.52, 128.26, 127.59, 127.31, 126.96, 

126.62, 123.88, 123.02, 122.93, 122.74, 122.67, 120.70, 120.58 (30C, Ar), 54.48 (1C, 

N-CH(CH2)2), 51.51 (1C, -COOCH3), 40.24 (1C, N-CH2-CH2), 33.91 (1C, -CH2-COOCH3), 

32.28, 31.71, 27.71, 26.58, 26.56, 24.59, 22.48 (11C, -CH2), 13.96 (2C, -CH3). 

MS (MALDI-TOF, sin): m/z = 798 [M]+. HRMS (ESI+): m/z calcd. for C52H51N2O6 [M+H]+ 

799.37416; found 799.37475.  

IR (ATR): Qa [cm-1] = 2925, 2855, 1695, 1650, 1590, 1577, 1348, 752.  

UV/Vis (CHCl3): Omax [nm] = 338, 355, 485, 512.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 546, 584, 637. 
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6.2.23 N-Dendritic[G2]-9-bromoperylene-3,4-dicarboximide 3-32 

PMA 3-10 (0.20 g, 0.62 mmol), 6-aminocaproic acid 

(0.12 g, 0.93 mmol), zinc acetate dihydrate (0.12 g, 

0.56 mmol) and imidazole (5.00 g) were added to a 

round bottom flask and heated to 160 °C for 4 hours. 

After the reaction mixture was cooled to rt, the 

solution was acidified with HCl (2M). The red 

precipitate was collected by filtration, washed with 

water, and dried under vacuum. The dark red solid 

3-25 was used without further purification. 

The red compound 3-25 (0.32 g, 0.73 mmol) was suspended in a mixture of 

CHCl3/CH3COOH (50 ml, 2:3) and stirred for 30 minutes. Iodine (7.46 mg, 2.94·10-5 mol) and 

bromine (0.94 g, 5.88 mmol) were added under nitrogen atmosphere and light exclusion and 

stirred for 2 hours. The reaction was quenched with MeOH and the red precipitate was 

filtered, washed with MeOH, dried under vacuum, and used without further purification. 

The bromo compound 3-31 (0.22 g, 0.43 mmol) was dissolved in DMF/CHCl3 (50 ml, 2:1). 

DMAP (0.10 g, 0.86 mmol) and HOBt (0.12 g, 0.86 mmol) were added. The reaction mixture 

was cooled to 0 °C, EDC (0.13 g, 0.86 mmol) was given to the flask and the solution was 

stirred for 1 hour. Then NEWKOME dendron second generation (0.74 g, 0.51 mmol) was 

added and the reaction mixture was stirred for 2 days. After removing the solvent under 

reduced pressure the crude product was purified by column chromatography on silica gel 

(CHCl3/EtOAc = 1:1) to yield 3-32 as a red solid. 

Yield: 63% (0.52 g; 0.27 mmol) of a red solid calculated to 3-31. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.46 (d, 3JH-H = 8.06 Hz, 1H, Ar-H), 8.43 (d, 3JH-H = 

8.06 Hz, 1H, Ar-H), 8.30 (d, 3JH-H = 7.81 Hz, 1H, Ar-H), 8.25 (d, 3JH-H = 8.18 Hz, 1H, Ar-H), 

8.19 (d, 3JH-H = 8.06 Hz, 1H, Ar-H), 8.18 (d, 3JH-H = 8.42 Hz, 1H, Ar-H), 8.03 (d, 3JH-H = 

8.30 Hz, 1H, Ar-H), 7.77 (d, 3JH-H = 8.18 Hz, 1H, Ar-H), 7.61 (dd, 3JH-H = 7,69 Hz, 1H, Ar-H), 

7.18 (s, 1H, N-H), 6.13 (s, 3H, N-H), 4.19 (t, 3JH-H = 7.20 Hz, 2H, -N-CH2-CH2), 2.20 - 2.11 

(m, 28H, - CH2-CH2-CONH/COOtBu, -CH2), 2.01 - 1.90 (m, 24H, -CH2-CH2-CONH/COOtBu), 

1.80 - 1.73 (m, 2H, -CH2), 1.71 - 1.64 (m, 2H, -CH2), 1.38 (s, 81H, -tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.50, 173.24, 173.08 (13C, CONH/COOtBu), 

164.11 (2C, CON-CH2), 136.59, 136.45, 133.06, 131.81, 131.75, 131.42, 130.18, 129.76, 

129.18, 128.35, 126.44, 126.33, 124.52, 123.86, 121.52, 120.95, 120.67 (20C, Ar), 80.80 
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(9C, C(CH3)3), 57.74 (1C, C(CH2)3), 57.70 (3C, C(CH2)3), 40.56 (1C, N-CH2-), 37.17 (1C, 

CH2-CONH), 32.03, 31.92 (12C, -CH2-CH2-CONH/COOtBu), 30.06, 30.03 (12C, -CH2-CH2-

CONH/COOtBu), 28.30 (27C, C(CH3)3), 28.00, 26.89, 25.43 (3C, -CH2).  

MS (MALDI-TOF, dhb): m/z = 1957 [M+Na]+. HRMS (ESI+): m/z calcd. for C104H153BrN5O24 

[M+H]+ 1935.00834; found 1935.00415.  

IR (ATR): Qa [cm-1] = 3338, 2977, 2934, 1725, 1693, 1652, 1365, 1148, 1102, 846, 805, 751.  

UV/Vis (CHCl3): Omax [nm] = 483, 509.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 543, 578, 633. 

6.2.24 N-Dendritic[G2]-perylene-3,4-dicarboximide 3-32b 

The perylenemonoimide 3-25 (0.40 g, 0.92 mmol) was 

dissolved in DMF/CHCl3 (50 ml, 2:1). DMAP (0.19 g, 

1.56 mmol) and HOBt (0.21 g, 1.56 mmol) were added. 

The reaction mixture was cooled to 0 °C, EDC (0.24 g, 

1.56 mmol) was given to the flask and the solution was 

stirred for 1 hour. Then the NEWKOME dendron second 

generation (1.35 g, 0.94 mmol) was added and the 

reaction mixture was stirred for 2 days. After removing 

the solvent under reduced pressure the crude product 

was purified by column chromatography on silica gel (CHCl3/EtOAc = 1:1) to yield 3-32b as a 

red solid. 

Yield: 85% (1.51 g; 0.78 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.21 - 8.17 (m, 2H, Ar-H), 8.06 - 8.01 (m, 2H, Ar-H), 

7.99 - 7.94 (m, 2H, Ar-H), 7.70 - 7.67 (m, 2H, Ar-H), 7.42 - 7.37 (m, 2H, Ar-H), 7.18 (s, 1H, 

N-H), 6.13 (s, 3H, N-H), 4.11 - 4.08 (b, 2H, -N-CH2-CH2), 2.16 - 2.12 (m, 28H, -CH2-CH2-

CONH/COOtBu; -CH2), 1.98 - 1.87 (m, 24H, -CH2-CH2-CONH/COOtBu), 1.74 - 1.70 (m, 2H, 

-CH2), 1.68 - 1.63 (m, 2H, -CH2), 1.35 (s, 81H, -tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.14, 172.89, 172.70 (13C, CONH/COOtBu), 

163.71 (2C, CON-CH2), 136.65, 134.00, 131.09, 130.67, 129.31, 128.76, 127.41, 126.77, 

126.22, 123.35, 120.48, 119.86 (20C, Ar), 80.41 (9C, C(CH3)3), 57.38 (1C, C(CH2)3), 57.32 

(3C, C(CH2)3), 40.08 (1C, N-CH2-), 36.83 (1C, CH2-CONH), 31.68, 31.55 (12C, -CH2-CH2-
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CONH), 29.70, 29.65 (12C, -CH2-CH2-CONH), 27.92 (27C, C(CH3)3), 27.64, 26.58, 25.09 

(3C, -CH2).  

MS (MALDI-TOF, dhb): m/z = 1879 [M+Na]+. HRMS (ESI+): m/z calcd. for C104H154N5O24 

[M+H]+ 1857.09783; found 1857.09168.  

IR (ATR): Qa [cm-1] = 3335, 2977, 2933, 1726, 1692, 1650, 1365, 1148, 1103, 846, 753.  

UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 485 (9100), 509 (9000).  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 555, 591, 650. 

6.2.25 N-Dendritic[G2]-9-(4,4,5,5-tetramethyl-1,3,2-dioxoborolane-2-yl)perylene-
3,4-dicarboximide 3-33 

Compound 3-32 (0.66 g, 0.34 mmol) was dissolved 

in 1,4-dioxane (50 ml). Then KOAc (0.10 g, 

1.02 mmol), Bpin (0.13 g, 0.51 mmol), and 

[PdCl2(dppf)]·CH2Cl2 (8.36 mg, 1.02·10-5 mol) were 

added and the reaction mixture was stirred under 

argon atmosphere and light exclusion for 16 hours 

at 80 °C. After removing the solvent under reduced 

pressure the crude product was purified by column 

chromatography on silica gel (CHCl3/EtOAc = 1:1) 

to afford the product 3-33 as a red solid. 

Yield: 82% (0.55 g; 0.28 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.85 (d, 3JH-H = 8.38 Hz, 1H, Ar-H), 8.56 (d, 3JH-H = 

8.06 Hz, 1H, Ar-H), 8.43 - 8.37 (m, 4H, Ar-H), 8.16 (d, 3JH-H = 7.60 Hz, 1H, Ar-H), 7.66 (dd, 
3JH-H = 7.64 Hz, 1H, Ar-H), 7.14 (s, 1H, N-H), 6.10 (s, 3H, N-H), 4.20 (t, 3JH-H = 7.25 Hz, 2H, 

-N-CH2-CH2), 2.19 - 2.11 (m, 26H, -CH2-CH2-CONH/COOtBu; -CH2), 2.00 - 1.90 (m, 26H, 

-CH2-CH2-CONH/COOtBu; -CH2), 1.82 - 1.73 (m, 2H, -CH2), 1.70 - 1.63 (m, 2H, -CH2), 1.44 

(s, 12H, B(O-C-[CH3]2)2), 1.38 (s, 81H, -tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.46, 173.20, 173.08 (13C, CONH/COOtBu), 

164.37 (2C, CON-CH2), 138.39, 137.87, 137.37, 136.62, 132.05, 132.01, 131.85, 130.05, 

129.39, 128.04, 127.60, 127.03, 123.91, 122.94, 121.62, 121.18, 121.07, 120.67 (20C, Ar), 

84.52 (2C, B(O-C-[CH3]2)2), 80.80 (9C, C(CH3)3), 57.74 (1C, C(CH2)3), 57.71 (3C, C(CH2)3), 
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40.55 (1C, N-CH2-), 37.17 (1C, CH2-CONH), 32.06, 31.91 (12C, -CH2-CH2-CONH/COOtBu), 

30.08, 30.03 (12C, -CH2-CH2-CONH/COOtBu), 28.31 (27C, C(CH3)3), 28.04, 26.90, 25.44 

(3C, -CH2), 25.23 (4C, B(O-C-[CH3]2)2).  

MS (MALDI-TOF, dhb): m/z = 2006 [M+Na]+. HRMS (ESI+): m/z calcd. for C110H165
11BN5O26 

[M+H]+ 1983.18348; found 1983.17893.  

IR (ATR): Qa [cm-1] = 3338, 2981, 1725, 1686, 1653, 1276, 1260, 1148, 764, 750.  

UV/Vis (CHCl3): Omax [nm] = 490, 513.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 549, 585, 637. 

6.2.26 N-Dendritic[G2]-4-bromonaphthalene-1,8-dicarboximide 3-34 

4-Bromo-1,8-naphthalic anhydride 3-11 (1.00 g, 

3.61 mmol) was suspended in ethanol (250 ml) and 

heated to 100 °C until it was a clear solution. 

6-Aminocaproic acid (0.47 g, 3.61 mmol) was added and 

the reaction mixture was heated for 16 hours at 100 °C. 

After the reaction mixture was cooled to rt, the white 

precipitate was separated by filtration and washed with 

ethanol. The white solid was used for the next step 

without further purification. 

The naphthalenemonoimide 3-22 (0.30 g, 0.77 mmol) was dissolved in a mixture of 

DMF/CHCl3 (100 ml, 2:1). DMAP (0.19 g, 1.54 mmol) and HOBt (0.21 g, 1.54 mmol) were 

added. The reaction mixture was cooled to 0 °C, EDC (0.24 g, 1.54 mmol) was given to the 

flask and the solution was stirred for 1 hour. Then the NEWKOME dendron second generation 

(1.33 g, 0.92 mmol) was added and the reaction mixture was stirred for 2 days. The solvent 

was removed under reduced pressure, dissolved in CH2Cl2, washed with 10 % citric acid and 

saturated NaHCO3-solution. The crude product was purified by column chromatography on 

silica gel (CHCl3/EtOAc = 1:1) to achieve 3-34 as a white solid. 

Yield: 88% (1.23 g; 0.68 mmol) of a white solid calculated to 3-22. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.64 (d, 3JH-H  = 7.28 Hz, 1H, Ar-H), 8.56 (d, 3JH-H  = 

8.52 Hz, 1H, Ar-H), 8.40 (d, 3JH-H = 7.84 Hz, 1H, Ar-H), 8.04 (d, 3JH-H = 7.84 Hz, 1H, Ar-H), 

7.85 (dd, 3JH-H  = 7.36 Hz, 1H, Ar-H), 7.26 (s, 1H, N-H), 6.07 (s, 3H, N-H), 4.17 (t, 3JH-H  = 7.24 

Hz, 2H, N-CH2-CH2), 2.18 - 2.14 (m, 26H, CH2-CH2-CONH/COOtBu, -CH2), 2.02 - 1.89 (m, 
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26H, CH2-CH2-CONH/COOtBu, -CH2), 1.78 - 1.70 (m, 2H, -CH2), 1.69 - 1.61 (m, 2H, -CH2), 

1.37 (s, 81H, -tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.45, 173.23, 173.07 (13C, CONH/COOtBu), 

164.06, 164.04 (2C, CON-CH2), 133.58, 132.48, 131.69, 131.51, 131.01, 130.54, 129.43, 

128.48, 123.52, 122.66 (10C, Ar), 80.82 (9C, C(CH3)3), 57.73, 57.71 (4C, C(CH2)3), 40.69 

(1C, N-CH2), 37.13 (1C, CH2-CONH), 32.06, 31.93 (12C, -CH2-CH2-CONH/COOtBu), 30.08, 

30.03 (12C, -CH2-CH2-CONH/COOtBu), 28.31 (27C, C(CH3)3), 27.97, 26.84, 25.40 (3C, 

-CH2).  

MS (MALDI-TOF, dhb): m/z = 1833 [M+Na]+. HRMS (ESI+): m/z calcd. for C94H149BrN5O24 

[M+H]+ 1810.97704; found 1810.97849.  

IR (ATR): Qa [cm-1] = 3345, 2978, 2935, 1726, 1660, 1148, 1102, 847.  

UV/Vis (CHCl3): Omax [nm] = 344, 360.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 378, 392, 416. 

General Procedure A1 for the SUZUKI Cross-Coupling: 

The bromo compound 3-32 or 3-34 (1 equiv.) and the boronic ester-compound 3-14 or 3-33 

(1 equiv) were dissolved in a mixture of toluene (12 ml), EtOH (1 ml) and Na2CO3 (1M 

aqueous solution, 6 ml). After adding [Pd(PPh3)4] (4 mol%), the reaction mixture was stirred 

for 16 hours under argon atmosphere and light exclusion at 80 °C. Evaporation of the solvent 

and purification by column chromatography on silica gel (CHCl3/EtOAc = 1:1) gave the red 

luminescent product. 

6.2.27 N,N'-Bis(dendritic[G2])-9,9'-bisperylene-3,4:3',4'-bis(dicarboximide) 3-35 
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Inserted quantity: 68 mg (0.03 mmol) of compound 3-32. 

Yield: 56% (71 mg; 0.02 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.66 - 8.48 (m, 12H, Ar-H), 7.71 (d, 3JH-H = 7.72 Hz, 

2H, Ar-H), 7.56 - 7.47 (m, 4H, Ar-H), 7.21 (s, 2H, N-H), 6.08 (s, 6H, N-H), 4.24 (t, 3JH-H = 

6.73 Hz, 4H, -N-CH2-CH2), 2.20 - 2.16 (m, 56H, -CH2-CH2-CONH/COOtBu), 2.01 - 1.89 (m, 

48H, -CH2-CH2-CONH/COOtBu), 1.80 (m, 4H, -CH2), 1.70 - 1.67 (m, 4H, -CH2), 1.39 (s, 

162H, -tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.38, 173.14, 172.98 (26C, CONH/COOtBu), 

164.42, 164.15 (4C, CON-CH2), 140.74, 137.24, 137.04, 133.90, 131.87, 129.99, 129.81, 

129.76, 129.55, 129.45, 128.43, 127.60, 126.86, 124.14, 123.51, 121.42, 121.35, 120.79, 

120.65 (40C, Ar), 80.70 (18C, C(CH3)3), 57.67 (2C, C(CH2)3), 57.61 (6C, C(CH2)3), 40.46 

(2C, N-CH2-), 37.10 (2C, CH2-CONH), 31.96, 31.83 (24C, -CH2-CH2-CONH), 29.99, 29.94 

(24C, -CH2-CH2-CONH), 28.22 (54C, C(CH3)3), 27.98, 26.82, 25.38 (6C, -CH2).  

HRMS (ESI+): m/z calcd. for C208H306N10O48 [M+2H]2+ 1856.09000; found 1856.08848.  

IR (ATR): Qa [cm-1] = 3338, 2979, 2935, 1725, 1693, 1653, 1365, 1276, 1260, 1148, 1102, 

764, 751.  

UV/Vis (CHCl3):�Omax [nm] = 433, 500, 528.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 592, 640. 

6.2.28 N-(1-Pentylhexyl)-9,9'-N'-(dendritic[G2])bisperylene-3,4:3',4'-
bis(dicarboximide) 3-36 

 

Inserted quantity: 50 mg (0.08 mmol) of compound 3-13. 
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Yield: 53% (103 mg; 0.04 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.55 - 8.49 (m, 6H, Ar-H), 8.43 - 8.30 (m, 6H, Ar-H), 

7.72 - 7.67 (m, 2H, Ar-H), 7.53 - 7.41 (m, 4H, Ar-H), 7.21 (s, 1H, N-H), 6.12 (s, 3H, N-H), 

5.18 - 5.16 (m, 1H, N-CH(CH2)2), 4.18 (t, 3JH-H = 6.80 Hz, 2H, -N-CH2-CH2), 2.18 - 2.15 (m, 

28H, -CH2-CH2-CONH/COOtBu; N-CH(CH2)2; CH2-), 2.00 - 1.90 (m, 28H, -CH2-CH2-

CONH/COOtBu; N-CH(CH2)2; -CH2), 1.81 - 1.78 (m, 2H, -CH2), 1.69 - 1.66 (m, 2H, -CH2), 

1.38 (s, 81H, -tBu), 1.25 - 1.22 (m, 12H, -CH2), 0.80 (t, 3JH-H = 6.42 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.46, 173.21, 173.05 (13C, CONH/COOtBu), 

165.44, 164.47, 164.20 (4C, CON-CH2), 140.76, 140.68, 137.27, 137.07, 137.02, 136.80, 

133.95, 132.22, 131.91, 131.47, 130.19, 130.04, 129.87, 129.81, 129.50, 128.51, 128.49, 

127.64, 127.60, 126.90, 126.82, 124.16, 124.03, 123.55, 123.39, 122.16, 121.47, 121.41, 

120.81, 120.72, 120.67, 120.59 (40C, Ar), 80.76 (9C, C(CH3)3), 57.72 (1C, C(CH2)3), 57.67 

(3C, C(CH2)3), 54.65 (1C, N-CH(CH2)2), 40.53 (1C, N-CH2-), 37.16 (1C, CH2-CONH), 32.58 

(2C, -CH2), 32.00, 31.89 (12C, -CH2-CH2-CONH), 30.04, 30.00 (12C, -CH2-CH2-CONH), 

28.27 (27C, C(CH3)3), 28.07, 26.89, 25.44 (3C, -CH2), 22.77 (2C, -CH2), 14.24 (2C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 2354 [M+Na]+. HRMS (ESI+): m/z calcd. for C137H185N6O26 

[M+H]+ 2330.33331; found 2330.33277.  

IR (ATR): Qa [cm-1] = 3337, 2976, 2930, 1772, 1730, 1686, 1365, 1351, 1276, 1259, 1148, 

1102, 751.  

UV/Vis (CHCl3): Omax [nm] = 495, 525.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 592, 637. 

6.2.29 N-(1-Pentylhexyl)-9-(4-N'-dendritic[G2])-naphthalene-1,8-
dicarboximide)perylene-3,4-dicarboximide 3-37 
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Inserted quantity: 100 mg (0.17 mmol) of compound 3-13. 

Yield: 73% (0.27 g; 0.12 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.73 (d, 3JH-H = 7.39 Hz, 1H, Ar-H), 8.61 - 8.50 (m, 

4H, Ar-H), 8.44 - 8.36 (m, 3H, Ar-H), 7.83 (dd, 3JH-H = 7.23 Hz, 2H, Ar-H), 7.61 - 7.56 (m, 2H, 

Ar-H), 7.45 - 7.34 (m, 2H, Ar-H), 7.25 (s, 1H, N-H), 6.12 (s, 3H, N-H), 5.16 (m, 1H, 

N-CH(CH2)2), 4.22 (t, 3JH-H = 6.68 Hz, 2H, -N-CH2-CH2), 2.18 - 2.14 (m, 30H, -CH2-CH2-

CONH/COOtBu; N-CH(CH2)2; -CH2), 1.97 - 1.89 (m, 26H, -CH2-CH2-CONH/COOtBu; 

N-CH(CH2)2), 1.82 - 1.79 (m, 2H, -CH2), 1.67 - 1.65 (m, 2H, -CH2), 1.37 (s, 81H, -tBu), 1.23 - 

1.21 (m, 12H, -CH2), 0.80 (t, 3JH-H = 6.37 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.40, 173.20, 173.03 (13C, CONH/COOtBu), 

164.51, 164.35 (4C, CON-CH2), 144.59, 139.34, 136.91, 136.64, 133.69, 132.79, 132.34, 

131.87, 131.41, 131.16, 130.28, 130.19, 129.97, 129.33, 129.25, 129.07, 128.87, 128.81, 

128.74, 128.51, 127.82, 127.59, 126.86, 124.09, 123.34, 123.15, 123.05, 120.89, 120.78 

(30C, Ar), 80.75 (9C, C(CH3)3), 57.70 (1C, C(CH2)3), 57.66 (3C, C(CH2)3), 54.66 (1C, 

N-CH(CH2)2), 40.62 (1C, N-CH2), 37.11 (1C, CH2-CONH), 32.54 (2C, -CH2), 32.00, 31.96 

(12C, -CH2-CH2-CONH), 31.87 (2C, -CH2), 30.03, 29.98 (12C, -CH2-CH2-CONH), 28.26 

(27C, C(CH3)3), 28.05, 26.84, 25.40 (3C, -CH2), 22.74 (5C, -CH2), 14.21 (2C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 2229 [M+Na]+. HRMS (ESI+): m/z calcd. for C127H181N6O26 

[M+H]+ 2206.30201; found 2206.29497.  

IR (ATR): Qa [cm-1] = 3327, 2976, 2932, 1726, 1695, 1653, 1365, 1350, 1276, 1259, 1148, 

1102, 751.  

UV/Vis (CHCl3): Omax [nm] = 338, 352, 486, 511.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 547, 582, 638. 
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6.2.30 N-(Dendritic[G2])-9-(4-N'-dendritic[G2])-naphthalene-1,8-
dicarboximide)perylene-3,4-dicarboximide 3-38 

 

Inserted quantity: 0.14 g (0.08 mmol) of compound 3-32. 

Yield: 54% (0.15 g; 0.04 mmol) of a red solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.72 (d, 3JH-H = 7.45 Hz, 1H, Ar-H), 8.61 - 8.54 (m, 

4H, Ar-H), 8.51 - 8.44 (m, 3H, Ar-H), 7.81 (d, 3JH-H = 7.57 Hz, 2H, Ar-H), 7.62 - 7.56 (m, 2H, 

Ar-H), 7.46 - 7.42 (m, 1H, Ar-H), 7.36 (d, 3JH-H = 8.42 Hz, 1H, Ar-H), 7.16 (s, 2H, N-H), 6.12 

(s, 6H, N-H), 4.23 (t, 3JH-H = 6.91 Hz, 4H, -N-CH2-CH2), 2.17 - 2.13 (m, 56H, -CH2-CH2-

CONH/COOtBu), 1.97 - 1.88 (m, 48H, -CH2-CH2-CONH/COOtBu), 1.80 - 1.76 (m, 4H, -CH2), 

1.68 - 1.64 (m, 4H, -CH2), 1.36 (s, 162H, -tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.12, 173.08, 172.89, 172.70 (26C, 

CONH/COOtBu), 164.19, 164.03, 163.92 (4C, CON-CH2), 144.28, 139.11, 136.92, 136.65, 

133.37, 132.49, 131.72, 131.69, 131.55, 131.10, 130.82, 129.98, 129.77, 129.67, 129.02, 

128.91, 128.82, 128.48, 128.42, 128.16, 127.53, 127.27, 126.69, 123.94, 123.01, 122.74, 

121.41, 121.28, 120.73, 120.61 (30C, Ar), 80.42 (18C, C(CH3)3), 57.37 (2C, C(CH2)3), 57.33 

(6C, C(CH2)3), 40.30, 40.20 (2C, N-CH2-), 36.77 (2C, CH2-CONH), 31.68, 31.54 (24C, -CH2-

CH2-CONH), 29.71, 29.65 (24C, -CH2-CH2-CONH), 27.93 (54C, C(CH3)3), 27.64, 26.48, 

25.05 (6C, -CH2).  

HRMS (ESI+): m/z calcd. for C198H300N10Na2O48 [M+2Na]2+ 1816.05630; found 1816.05943.  

IR (ATR): Qa [cm-1] = 3313, 2977, 2933, 1725, 1654, 1366, 1313, 1249, 1148, 1102, 847.  

UV/Vis (CHCl3): Omax [nm] = 340, 354, 487, 512.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 550, 588, 639. 
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General Procedure B1 for the Cleavage of the Carboxylic Acids: 

The compound (3-35, 3-36, 3-37) was dissolved in formic acid (10 ml) under ambient 

conditions. The resulting solution was stirred for 24 hours at rt. Then the solvent was 

removed under reduced pressure to afford the products 3-40, 3-41 and 3-42 in quantitative 

yield. 

6.2.31 Deprotected N,N'-Bis(dendritic[G2])-9,9'-bisperylene-3,4:3',4'-
bis(dicarboximide) 3-40 

 

1H-NMR (CDCl3/TFA, 400 MHz, rt): G [ppm] = 8.79 - 8.63 (m, 11H, Ar-H), 7.84 (d, 3J = 

7.71 Hz, 2H, Ar-H), 7.71 - 7.69 (m, 2H, Ar-H), 7.63 - 7.59 (m, 3H, Ar-H), 4.29 (b, 4H, -N-CH2-

CH2), 2.48 - 2.39 (m, 50H, -CH2-CH2-CONH/COOH; -CH2), 2.17 - 2.13 (m, 48H, -CH2-CH2-

CONH/COOH), 1.82 (m, 4H, -CH2), 1.73 (m, 4H, -CH2), 1.52 (m, 4H, -CH2).  

13C-NMR (CDCl3/TFA, 100 MHz, rt):�G�[ppm] = 180.70 (18C, COOH), 176.68 (8C, CONH), 

166.93 (4C, CON-CH2), 142.47, 140.48, 140.22, 134.22, 134.17, 130.60, 130.17, 129.59, 

129.52, 128.56, 128.38, 127.30, 126.33, 125.53, 125.50, 121.61, 121.45, 119.55, 119.53, 

119.47 (40C, Ar), 59.56, 55.22 (8C, C(CH2)3), 53.58 (2C, N-CH2-), 36.77 (1C, CH2-CONH), 

32.14, 31.58 (24C, -CH2-CH2-CONH/COOH), 29.34, 28.51 (24C, -CH2-CH2-CONH/COOH), 

27.51, 26.87, 26.05 (6C, -CH2). 

MS (MALDI-TOF, sin): m/z = 2725 [M+Na]+. HRMS (ESI+): m/z calcd. for C136H160N10Na2O48 

[M+2Na]2+ 1373.50854; found 1373.50801.  

IR (ATR): Qa [cm-1] = 2929, 1700, 1685, 1636, 1276, 1260, 1202, 751.  

UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] = 540.  

Fluorescence emission spectroscopy (phosphate buffer; pH: 7.2): Omax [nm] = 604, 640. 
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6.2.32 Deprotected N-(1-Pentylhexyl)-9,9'-N'-(dendritic[G2])bisperylene-3,4:3',4'-
dicarboximide 3-41 

 

1H-NMR (CDCl3/TFA 400 MHz, rt): G [ppm] = 8.83 - 8.60 (m, 12H, Ar-H), 7.92 - 7.86 (m, 2H, 

Ar-H), 7.77 - 7.71 (m, 2H, Ar-H), 7.66 - 7.58 (m, 2H, Ar-H), 5.35 - 5.34 (m, 1H, N-CH(CH2)2), 

4.36 (b, 2H, -N-CH2-CH2), 2.54 - 2.52 (b, 26H, -CH2-CH2-CONH/COOH; N-CH(CH2)2), 2.33 - 

2.23 (b, 26H, -CH2-CH2-CONH/COOH; -CH2), 2.01 (m, 2H, N-CH(CH2)2), 1.89 (b, 2H, -CH2), 

1.81 (b, 2H, -CH2), 1.59 (b, 2H, -CH2), 1.45 - 1.30 (m, 12H, -CH2), 0.85 (b, 6H, -CH3).  

13C-NMR (CDCl3/TFA, 100 MHz, rt): G [ppm] = 181.26 (9C, COOH), 177.30 (4C, CONH), 

167.98, 167.47 (4C, CON-CH2), 143.08, 142.63, 140.98, 140.73, 140.38, 140.16, 134.85, 

134.61, 134.50, 131.03, 130.95, 130.52, 130.44, 130.05, 129.94, 129.89, 129.81, 128.94, 

128.89, 128.66, 128.57, 127.60, 127.49, 126.66, 126.37, 125.91, 125.86, 125.53, 121.82, 

121.73, 119.77, 119.69 (40C, Ar), 60.02, 59.89 (4C, C(CH2)3), 57.76 (1C, N-CH(CH2)2), 

42.02 (1C, N-CH2-), 37.06 (1C, CH2-CONH), 33.06 (2C, N-CH(CH2)2), 32.38 (9C, -CH2-CH2-

COOH), 32.31 (2C, -CH2), 31.83 (3C, -CH2-CH2-CONH), 29.62, 28.72 (12C, -CH2-CH2-

CONH/COOH), 27.79 (1C, -CH2), 27.38 (2C, -CH2), 27.13, 26.41 (2C, -CH2), 23.04 (2C, 

-CH2), 13.68 (2C, -CH3).  

MS (MALDI-TOF, sin): m/z = 1848 [M+Na]+. HRMS (ESI+): m/z calcd. for C101H112N6NaO26 

[M+Na]+ 1847.75185; found 1847.75069.  

IR (ATR): Qa [cm-1] = 2927, 2858, 1736, 1686, 1351, 1217, 751.  

UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] = 530.  

Fluorescence emission spectroscopy (phosphate buffer; pH: 7.2): Omax [nm] = 654. 
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6.2.33 Deprotected N-(1-Pentylhexyl)-9-(4-N'-(dendritic[G2])-naphthalene-1,8-
dicarboximide)perylene-3,4-dicarboximide 3-42 

 

1H-NMR (CDCl3/TFA, 400 MHz, rt): G�[ppm] = 8.92 - 8.69 (m, 8H, Ar-H), 8.11 - 8.00 (m, 2H, 

Ar-H), 7.81 - 7.76 (m, 2H, Ar-H), 7.63 - 7.54 (m, 2H, Ar-H), 5.41 - 5.33 (m, 1H, N-CH(CH2)2), 

4.39 (b, 2H, -N-CH2-CH2), 2.56 - 2.54 (b, 26H, -CH2-CH2-CONH/COOH; -CH2), 2.37 - 2.26 (b, 

26H, -CH2-CH2-CONH/COOH; N-CH(CH2)2), 2.04 - 1.98 (m, 2H, N-CH(CH2)2), 1.93 (b, 2H, 

-CH2), 1.83 (b, 2H, -CH2), 1.61 (b, 2H, -CH2), 1.46 - 1.30 (m, 12H, -CH2), 0.88 - 0.84 (t, 3JH-H = 

6.84 Hz, 6H, -CH3).  

13C-NMR (CDCl3/TFA, 100 MHz, rt): G [ppm] = 181.43 (9C, COOH), 177.57, 177.55 (4C, 

CONH), 168.09, 167.90 (4C, CON-CH2), 148.16, 140.84, 140.40, 140.04, 135.97, 134.52, 

133.68, 132.48, 131.14, 130.82, 130.59, 130.28, 130.19, 129.53, 129.06, 128.85, 127.63, 

126.47, 125.30, 122.44, 122.18, 122.08, 122.01 (30C, Ar), 60.26, 60.15 (4C, C(CH2)3), 57.97 

(1C, N-CH(CH2)2), 42.09 (1C, N-CH2-), 37.15 (1C, CH2-CONH), 33.12 (2C, N-CH(CH2)2), 

32.49 (9C, -CH2-CH2-COOH), 32.35 (2C, -CH2), 31.94 (3C, -CH2-CH2-CONH), 29.75, 28.80 

(12C, -CH2-CH2-CONH/COOH), 27.92 (1C, -CH2), 27.39 (2C, -CH2), 27.24, 26.54 (2C, -CH2), 

23.06 (2C, -CH2), 13.55 (2C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 1724 [M+Na]+. HRMS (ESI+): m/z calcd. for C91H108N6NaO26 

[M+Na]+ 1723.72055; found 1723.72102.  

IR (ATR): Qa [cm-1] = 2929, 2861, 1735, 1718, 1698, 1647, 1350, 1174, 751.  

UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] = 348, 496, 540.  

Fluorescence emission spectroscopy (phosphate buffer; pH: 7.2): Omax [nm] = 613, 636. 
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6.2.34 N,N'-Bis(1-pentylhexyl)-1,6,9,14-tetrabromoterrylene-3,4:11,12-
tetracarboxdiimide[95] 3-44 

1.00 g (1.22 mmol) of 3-16 was dissolved in 50 ml CHCl3, 

3.12 ml (0.06 mol) Br2 was added under light exclusion and 

the solution was stirred for 2 hours at 80 °C. The mixture was 

flushed with nitrogen to remove remaining bromine. After the 

solvent was evaporated under vacuum, the blue product was 

dried under vacuum to yield 3-44. 

Yield: 95% (1.23 g; 1.08 mmol) of a blue solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.12 (s, 4H, Ar-H), 8.71 (b, 4H, Ar-H), 5.17 - 5.10 

(m, 2H, N-CH(CH2)2), 2.28 - 2.21, 1.91 - 1.85 (m, 8H, N-CH(CH2)2), 1.39 - 1.23 (m, 24H, 

-CH2), 0.87 (t, 3JH-H = 6.76 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 163.23, 162.12 (4C, C=O), 138.12, 137.53, 

133.25, 129.50, 128.36, 128.16, 127.15, 126.14, 122.08, 121.38, 120.32 (30C, Ar), 55.12 

(2C, N-CH(CH2)2), 32.24, 31.77, 26.69, 22.60 (16C, -CH2), 14.08 (4C, -CH3).  

MS (MALDI-TOF, sin): m/z = 1134 [M]+. HRMS (APPI+): m/z calcd. for C56H54Br4N2O4 [M]+ 

1134.081160; found 1134.081228.  

IR (ATR): Qa [cm-1] = 2954, 2924, 2857, 1699, 1656, 1583, 1342, 764, 750.  

UV/Vis (CHCl3���Omax [nm] = 551, 596, 649.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 674, 735. 
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6.2.35 N,N'-Di(1-pentylhexyl)-1,6,8/9,11,16,18-hexabromo-quaterrylene-
3,4:13,14-tetracarboxdiimide[96] 3-45 

0.20 g (0.21 mmol) of 3-18 was dissolved in 200 ml CHCl3, 2.71 ml 

(0.05 mol) Br2 was added under light exclusion and the solution was stirred 

for 4 days at 55 °C. The mixture was flushed with nitrogen to remove 

remaining bromine. After the solvent was evaporated under vacuum, the 

blue-greenish product was dried under vacuum to yield 3-45. 

Yield: 95% (0.29 g; 0.20 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.34, 9.20 (s, 2H, Ar-H), 8.89 - 

8.46 (m, 8H, Ar-H), 5.12 - 5.00 (m, 2H, N-CH(CH2)2), 2.25 - 2.12, 1.94 - 

1.93 (m, 8H, N-CH(CH2)2), 1.36 - 1.32 (m, 24H, -CH2), 0.90 (t, 3JH-H = 

6.88 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 163.04, 162.88, 162.23 (4C, C=O), 137.69, 

135.31, 134.91, 133.10, 132.88, 132.27, 132.08, 129.85, 129.77, 129.49, 129.22, 128.74, 

128.49, 127.75, 126.85, 126.76, 126.65, 126.12, 125.98, 122.17, 121.77, 121.06, 120.42, 

119.98, 119.81, 119.70, 119.02 (40C, Ar), 55.22 (2C, N-CH(CH2)2), 32.22, 31.80, 26.81, 

22.61 (16C, -CH2), 14.06 (4C, -CH3).  

MS (MALDI-TOF, sin): m/z = 1416 [M]+. HRMS (APPI+): m/z calcd. for C66H56Br6N2O4 [M]+ 

1413.933485; found 1413.934573.  

IR (ATR): Qa [cm-1] = 2952, 2923, 2856, 1699, 1656, 1588, 1573, 1319, 751. 

UV/Vis (CHCl3): Omax [nm] = 620, 680, 746.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 784. 

6.2.36 5-Benzyloxyisophthalic acid[99] 3-61 

A suspension of Dimethyl-5-hydroxyisophthalate 3-48 (4.00 g; 19.03 mmol) 

and K2CO3 (4.73 g; 34.26 mmol) in 100 ml acetone were refluxed for 

0.5 hours. Then 2.63 ml benzoyl chloride (22.84 mmol) was added dropwise 

and stirred for 16 hours at 70 °C. The reaction mixture was concentrated 

under reduced pressure, water and EtOAc were added and the water layer 
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was extracted with EtOAc three times. The combined organic layer was washed with water 

and saturated NaCl solution afterwards. The yellowish oil was used in the next step without 

further purification and characterization. 

The oil was diluted in 50 ml THF, 25 ml NaOH-solution (5 M) was added and refluxed for 

7 hours. The mixture was cooled to room temperature and poured into 800 ml HCl solution 

(2M). The corresponding white precipitate was filtered, washed with water and dried under 

vacuum to yield 3-61. 

Yield: 81% (4.21 g; 15.46 mmol) of a white solid. 

1H-NMR (THF-d8, 400 MHz, rt): G [ppm] = 8.28 (dd, 4JH-H = 1.40 Hz, 1H, Ar-H), 7.84 (d, 4JH-H = 

1.44 Hz, 2H, Ar-H), 7.47 (d, 3JH-H = 7.36 Hz, 2H, Ar-H), 7.37 - 7.26 (m, 3H, Ar-H), 5.18 (s, 2H, 

Ar-O-CH2-Ar).  

13C-NMR (THF-d8, 100 MHz, rt):�G [ppm] = 167.15 (2C, C=O), 160.15 (1C, O-Ar), 138.10, 

133.78, 129.45, 128.88, 128.53, 124.39, 120.81 (11C, Ar), 71.11 (1C, O-CH2-Ar).  

HRMS (ESI-): m/z calcd. for C15H11O5 [M-H]- 271.061197; found 271.061190.  

IR (ATR): Qa [cm-1] = 2932, 2826, 2555, 1685, 1593, 1273, 1027, 757, 696. 

General Procedure C of the STEGLICH-Coupling: 

The carboxylic acid (1 equiv.) was dissolved in DMF/CHCl3 (50 ml, 2:1). DMAP (2 equiv.) and 

HOBt (2 equiv.) were added and the reaction mixture was cooled to 0 °C. EDC (2 equiv.) was 

given to the solution and stirred for 1 hour. Afterwards the amine (NEWKOME dendron first or 

second generation; 1.2 equiv.) was added and the reaction mixture was stirred for 2 days. 

After removing the solvent under reduced pressure the crude product was purified by column 

chromatography on silica gel to yield the corresponding product. 

6.2.37 4-Benzylprotected-dendritic[G1]-phenol 3-57a 

Inserted quantity: 1.00 g (4.38 mmol) of compound 3-56. 

Work-up: column chromatography on silica gel (hexanes/EtOAc = 

2:1).  

Yield: 91% (2.49 g; 3.98 mmol) of a white solid. 
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1H-NMR (CDCl3, 400 MHz, rt): G�[ppm] = 7.73 (d, 3JH-H = 8.67 Hz, 2H, Ar-H), 7.41 - 7.28 (m, 

5H, Ar-H), 6.96 (d, 3JH-H = 8.79 Hz, 2H, Ar-H), 6.69 (s, 1H, -NH), 5.07 (s, 2H, Ar-O-CH2-Ar), 

2.28 (t, 3JH-H = 7.32 Hz, 6H, -CH2-CH2-COOtBu), 2.10 (t, 3JH-H = 7.92 Hz, 6H, -CH2-CH2-

COOtBu), 1.40 (s, 27H, tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.18, 166.26 (4C, C=O), 161.21 (1C, O-Ar), 

136.44, 128.75, 128.65, 128.13, 127.67, 127.45, 114.46 (11C, Ar), 80.66 (3C, C(CH3)3), 

69.97 (1C, O-CH2-Ar), 57.56 (1C, CONH-C-), 30.10 (3C, -CH2-CH2-COOtBu), 29.79 (3C, 

-CH2-CH2-COOtBu), 27.95 (9C,C(CH3)3).  

MS (MALDI-TOF, sin): m/z = 648 [M+Na]+. HRMS (ESI+): m/z calcd. for C36H52NO8 [M+H]+ 

626.36874; found 626.36865.  

IR (ATR): Qa [cm-1] = 3304, 2977, 2933, 1721, 1630, 1607, 1387, 1249, 1150, 854, 748. 

6.2.38 4-Benzylprotected-dendritic[G2]-phenol 3-57b 

Inserted quantity: 0.20 g (0.88 mmol) of compound 3-56. 

Work-up: column chromatography on silica gel 

(CH2Cl2/EtOAc = 1:1). 

Yield: 64% (0.93 g; 0.56 mmol) of a white solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.35 (s, 1H, NH), 

7.80 (d, 3JH-H = 8.91 Hz, 2H, Ar-H), 7.34 - 7.20 (m, 5H, Ar-H), 

6.92 (d, 3JH-H = 8.91 Hz, 2H, Ar-H), 6.12 (s, 3H, -NH), 5.00 (s, 

2H, Ar-O-CH2-Ar), 2.18 - 2.15 (m, 6H, -CH2-CH2-CONH), 2.11 - 2.07 (m, 18H, -CH2-CH2-

COOtBu), 2.05 - 2.03 (m, 6H, -CH2-CH2-CONH), 1.87 - 1.84 (m, 18H, -CH2-CH2-COOtBu), 

1.31 (s, 81H, tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.01, 172.57 (12C, C=O), 166.78 (1C, C=O), 

161.11 (1C, O-Ar), 136.46, 128.95, 128.40, 127.85, 127.28, 127.17, 114.29 (11C, Ar), 80.31 

(9C, C(CH3)3), 69.71 (1C, O-CH2-Ar), 57.62, 57.20 (4C, CONH-C-), 32.01, 31.60 (12C, -CH2-

CH2-COOtBu/CONH), 29.60, 29.50 (12C, -CH2-CH2-COOtBu/CONH), 27.77 (9C, C(CH3)3). 

MS (MALDI-TOF, sin): m/z = 1672 [M+Na]+. HRMS (ESI+): m/z calcd. for C90H144N4NaO23 

[M+Na]+ 1672.01136; found 1672.00860.  

IR (ATR): Qa [cm-1] = 3325, 2978, 2934, 1726, 1655, 1366, 1276, 1254, 846, 751.  
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6.2.39 Benzylprotected-dendritic[G1]-5-oxyisophthalamide 3-62 

Inserted quantity: 1.00 g (3.67 mmol) of compound 3-62. 

Work-up: column chromatography on silica gel 

(CH2Cl2/EtOAc = 1:1). 

Yield: 91% (3.57 g; 3.34 mmol) of a white solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 7.80 (b, 1H, Ar-H), 7.56 

(d, 4JH-H = 1.24 Hz, 2H, Ar-H), 7.43 - 7.30 (m, 5H, Ar-H), 6.89 (s, 2H, -NH), 5.12 (s, 2H, Ar-O-

CH2-Ar), 2.28 (t, 3JH-H = 7.24 Hz, 12H, -CH2-CH2-COOtBu), 2.10 (t, 3JH-H = 7.28 Hz, 12H, 

-CH2-CH2-COOtBu), 1.39 (s, 54H, tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.03, 165.56 (8C, C=O), 159.09 (1C, O-Ar), 

136.64, 136.36, 128.60, 128.16, 127.64, 117.72, 116.31 (11C, Ar), 80.75 (6C, C(CH3)3), 

70.37 (1C, O-CH2-Ar), 57.93 (2C, CONH-C-), 30.04 (6C, -CH2-CH2-COOtBu), 29.78 (6C, 

-CH2-CH2-COOtBu), 27.97 (18C, C(CH3)3). 

MS (MALDI-TOF, dhb): m/z = 1090 [M+Na]+. HRMS (ESI+): m/z calcd. for C59H91N2O15 

[M+H]+ 1067.64140; found 1067.63991.  

IR (ATR): Qa [cm-1] = 3339, 2977, 2934, 1722, 1257, 1146, 847, 751.  

6.2.40 Dendritic[G1]-3-(4,4,5,5-tetramethyl-1,3,2-dioxoborolane-2-yl)-benzamide 
3-70a 

Inserted quantity: 0.40 g (1.61 mmol) of compound 3-69. 

Work-up: column chromatography on silica gel (hexanes/EtOAc = 2:1).  

Yield: 64% (0.66 g; 1.03 mmol) of a white solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.08 (s, 1H, Ar-H), 7.87 - 7.83 

(m, 2H, Ar-H), 7.37 (dd, 3JH-H = 7.60 Hz, 1H, Ar-H), 6.64 (s, 1H, -NH), 2.24 (t, 3JH-H = 7.28 Hz, 

6H, -CH2-CH2-COOtBu), 2.06 (t, 3JH-H = 7.28 Hz, 6H, -CH2-CH2-COOtBu), 1.35 (s, 27H, tBu), 

1.27 (s, 12H, B-[O-C-(CH3)3]2).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 172.91, 166.53 (4C, C=O), 137.62, 134.20, 

132.38, 130.09, 129.19, 127.81 (6C, Ar), 83.90 (2C, B-[O-C-(CH3)3]2, 80.49 (3C, C(CH3)3), 
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57.63 (1C, CONH-C-), 29.89 (3C, -CH2-CH2-COOtBu), 29.63 (3C, -CH2-CH2-COOtBu), 27.85 

(9C, C(CH3)3), 24.65 (4C, B-[O-C-(CH3)3]2.  

MS (MALDI-TOF, dhb): m/z = 667 [M+Na]+. HRMS (ESI+): m/z calcd. for C35H57
11BNO9 

[M+H]+ 646.41269; found 646.41186.  

IR (ATR): Qa [cm-1] = 3391, 2976, 2934, 1721, 1656, 1358, 1276, 1150, 847, 755, 704.  

6.2.41 Dendritic[G2]-3-(4,4,5,5-tetramethyl-1,3,2-dioxoborolane-2-yl)-benzamide 
3-70b 

Inserted quantity: 0.20 g (0.81 mmol) of compound 3-69. 

Work-up: column chromatography on silica gel 

(CH2Cl2/EtOAc = 1:1). 

Yield: 62% (0.84 g; 0.50 mmol) of a white solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.27 (s, 1H, NH), 8.13 

(s, 1H, Ar-H), 7.97 (d, 3JH-H = 6.59 Hz, 1H, Ar-H), 7.85 (d, 3JH-H = 

7.32 Hz, 1H, Ar-H), 7.39 (dd, 3JH-H = 7.57 Hz, 1H, Ar-H), 6.04 (s, 

3H, -NH), 2.21 - 2.11 (m, 30H, -CH2-CH2-CONH/COOtBu/-CH2-CH2-CONH), 1.92 - 1.81 (m, 

18H, -CH2-CH2-COOtBu), 1.35 (s, 81H, tBu), 1.30 (s, 12H, B-[O-C-(CH3)3]2).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 172.88, 172.69 (12C, C=O), 167.07 (1C, C=O), 

137.69, 133.92, 133.06, 130.20, 129.14, 127.82 (6C, Ar), 83.85 (2C, B-[O-C-(CH3)3]2, 80.44 

(9C, C(CH3)3), 57.84, 57.39 (4C, CONH-C-), 31.93, 31.67 (3C, -CH2-CH2-COOtBu/CONH), 

29.68, 29.64 (3C, -CH2-CH2-COOtBu/CONH), 27.90 (9C, C(CH3)3), 24.72 (4C, B-[O-C-

(CH3)3]2.  

MS (MALDI-TOF, sin): m/z = 1691 [M+Na]+. HRMS (ESI+): m/z calcd. for C89H150
11BN4O24 

[M+H]+ 1670.07413; found 1670.07672.  

IR (ATR): Qa [cm-1] = 3337, 2978, 2934, 1726, 1655, 1366, 1259, 1146, 847, 751.  

 

 

 



  EXPERIMENTAL PART 

152 
   

General Procedure D for the Benzyl-Cleavage: 

A SCHLENK flask was charged with the benzyl-protected alcohol (1 mass equiv.) and Pd on 

charcoal (1 mass equiv.) in THF. After hydrogenation for 1 day, the Pd on charcoal was 

filtered over Celite®, the solvent was evaporated under reduced pressure and the white 

powder was dried under vacuum to yield the corresponding product in quantitative yield. 

6.2.42 4-Dendritic[G1]-phenol 3-58a 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 7.58 (d, 3JH-H = 8.67 Hz, 2H, 

Ar-H), 6.79 (d, 3JH-H = 8.67 Hz, 2H, Ar-H), 6.67 (s, 1H, -NH), 2.27 (t, 
3JH-H = 7.24 Hz, 6H, -CH2-CH2-COOtBu), 2.08 (t, 3JH-H = 7.32 Hz, 6H, 

-CH2-CH2-COOtBu), 1.37 (s, 27H, tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.31, 167.42 (4C, C=O), 

160.07 (1C, O-Ar), 128.87, 126.02, 115.35 (5C, Ar), 80.88 (3C, C(CH3)3), 57.72 (1C, 

CONH-C-), 30.10 (3C, -CH2-CH2-COOtBu), 29.80 (3C, -CH2-CH2-COOtBu), 27.91 (9C, 

C(CH3)3). 

MS (MALDI-TOF, dhb): m/z = 536 [M+H]+, 558 [M+Na]+. HRMS (ESI+): m/z calcd. for 

C29H46NO8 [M+H]+ 536.32179; found 536.32243.  

IR (ATR): Qa [cm-1] = 3357, 3151, 2979, 2933, 1732, 1707, 1316, 1149, 846, 757.  

6.2.43 4-Dendritic[G2]-phenol 3-58b 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 7.90 (s, 1H, NH), 7.76 (b, 

1H, OH), 7.70 (d, 3JH-H = 7.45 Hz, 2H, Ar-H), 6.78 (d, 3JH-H = 

8.18 Hz, 2H, Ar-H), 6.15 (s, 3H, -NH), 2.21 - 2.18 (m, 6H, -CH2-

CH2-CONH), 2.16 - 2.12 (m, 18H, -CH2-CH2-COOtBu), 2.09 - 2.07 

(m, 6H, -CH2-CH2-CONH), 1.92 - 1.88 (m, 18H, -CH2-CH2-

COOtBu), 1.36 (s, 81H, tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.14, 172.81 (12C, 

C=O), 167.28 (1C, C=O), 159.54 (1C, O-Ar), 129.16, 126.34, 

115.26 (5C, Ar), 80.56 (9C, C(CH3)3), 57.74, 57.40 (4C, CONH-C-), 

32.11, 31.73 (12C, -CH2-CH2-COOtBu/CONH), 29.65 (12C, -CH2-CH2-COOtBu/CONH), 

27.93 (9C, C(CH3)3). 
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MS (MALDI-TOF, dhb): m/z = 1582 [M+Na]+. HRMS (ESI+): m/z calcd. for C83H139N4O23 

[M+H]+ 1559.98246; found 1559.98295.  

IR (ATR): Qa [cm-1] = 3337, 2979, 2936, 1725, 1653, 1276, 1259, 1147, 847, 764, 751.  

6.2.44 Dendritic[G1]-5-hydroxyisophthalamide 3-63 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.18 (b, 1H, OH), 7.52 

(b, 1H, Ar-H), 7.28 (b, 2H, Ar-H), 6.75 (s, 2H, -NH), 2.26 (t, 3JH-H = 

7.28 Hz, 12H, -CH2-CH2-COOtBu), 2.09 (t, 3JH-H = 7.24 Hz, 12H, 

-CH2-CH2-COOtBu), 1.38 (s, 54H, tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 172.81, 166.50 (8C, 

C=O), 157.22 (1C, HO-Ar), 136.42, 117.27, 116.10 (5C, Ar), 

80.67 (6C, C(CH3)3), 58.15 (2C, CONH-C-), 29.87 (6C, -CH2-CH2-COOtBu), 29.79 (6C, -CH2-

CH2-COOtBu), 28.00 (18C, C(CH3)3). 

MS (MALDI-TOF, om): m/z = 999 [M+Na]+. HRMS (ESI+): m/z calcd. for C52H85N2O15 [M+H]+ 

977.59445; found 977.59411.  

IR (ATR): Qa [cm-1] = 3365, 2979, 2936, 1722, 1366, 1257, 1147, 846, 753.  

General Procedure E of Phenoxylation: 

The bromo compound (1 equiv.), the phenol-compound (6 equiv) and K2CO3 (6 equiv.) were 

suspended in DMF. The reaction mixture was stirred for 4 hours at 80 °C. Evaporation of the 

solvent and purification by column chromatography on silica gel gave the blue-greenish 

product. 
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6.2.45 1,6,9,14-Tetra(4-tert-butylphenoxy)-N,N'-(1-pentylhexyl)terrylene-
3,4,11,12-tetracarboxdiimide[51] 3-51 

 

Inserted quantity: 0.15 g (0.13 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel 

(hexanes:toluene = 1:1). 

Yield: 83% (0.16 mg; 0.11 mmol) of a blue-greenish solid. 

 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.44 (s, 4H, Ter-H), 8.22 (b, 4H, Ter-H), 7.44 (d, 

3JH-H = 8.80 Hz, 8H, Ar-H), 7.11 (d, 3JH-H = 8.80 Hz, 8H, Ar-H), 5.10 - 5.02 (m, 2H, 

N-CH(CH2)2), 2.16 - 2.07, 1.81 - 1.75 (m, 8H, N-CH(CH2)2), 1.34 (s, 36H, tBu), 1.26 - 1.16 (m, 

24H, -CH2), 0.81 (t, 3JH-H = 7.20 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 164.38, 163.37 (4C, C=O), 155.04, 153.12, 

147.60, 130.75, 129.42, 128.90, 128.67, 127.27, 125.26, 123.06, 122.27, 121.94, 119.38, 

(54C, Ar), 54.69 (2C, N-CH(CH2)2), 34.48 (4C, C(CH3)3), 32.35, 31.73 (8C, -CH2), 31.48 

(12C, C(CH3)3), 26.65, 22.52 (8C, -CH2), 14.02 (4C, -CH3). 

MS (MALDI-TOF, om): m/z = 1415 [M]+. HRMS (ESI+): m/z calcd. for C96H106N2O8 [M]+ 

1414.79437; found 1414.79115.  

IR (ATR): Qa [cm-1] = 2956, 2926, 2859, 1696, 1655, 1588, 1504, 1318, 1268, 836, 807.  

UV/Vis (CHCl3): Omax [nm] = 414, 450, 571, 624, 681.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 709, 777. 
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6.2.46 1,6,9,14-Tetra(methyl-4-oxybenzoate)-N,N'-(1-pentylhexyl)terrylene-
3,4,11,12-tetracarboxdiimide 3-47 

 

Inserted quantity: 34 mg (0.03 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel 

(CH2Cl2/EtOAc = 9:1). 

Yield: 87% (37 mg; 26·10-3 mmol) of a blue-greenish solid. 

 

 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.22 (s, 4H, Ter-H), 8.23 (b, 4H, Ter-H), 8.05 (d, 3JH-

H = 6.96 Hz, 8H, Ar-H), 7.12 (d, 3JH-H = 7.32 Hz, 8H, Ar-H), 5.10 - 5.02 (m, 2H, N-CH(CH2)2), 

3.89 (s, 12H, COO-CH3), 2.17 - 2.10, 1.78 - 1.73 (m, 8H, N-CH(CH2)2), 1.22 - 1.27 (m, 24H, -

CH2), 0.80 - 0.76 (t, 3JH-H = 7.16 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 166.28, 163.95, 162.88 (8C, C=O), 159.62, 153.40 

(8C, O-Ar/O-Ter), 132.28, 130.75, 129.32, 128.77, 128.66, 126.30, 125.12, 124.22, 123.32, 

122.41, 118.33 (46C, Ar), 54.85 (1C, N-CH(CH2)2), 52.16 (4C, COO-CH3) 32.15, 31.61, 

26.50, 22.43 (16C, -CH2), 13.92 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 1423 [M]+. HRMS (APPI+): m/z calcd. for C88H83N2O16 [M+H]+ 

1423.573711; found 1423.572104.  

IR (ATR): Qa [cm-1] = 2953, 2924, 2855, 1724, 1698, 1655, 1589, 1268, 1211, 1112, 1097, 

765.  

UV/Vis (CHCl3): Omax [nm] = 410, 434, 556, 605, 660.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 688. 
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6.2.47 1,6,9,14-Tetra(dimethyl-5-oxyisophthalate)-N,N'-(1-pentylhexyl)terrylene-
3,4,11,12-tetracarboxdiimide 3-49 

 

Inserted quantity: 30 mg (2.63·10-2 mmol) of compound 

3-44. 

Work-up: column chromatography on silica gel 

(CH2Cl2/EtOAc = 9:1). 

Yield: 94% (41 mg; 24.77·10-3 mmol) of a blue-greenish 

solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.08 (b, 4H, Ter-H), 8.25 (b, 4H, Ter-H), 8.05 (b, 

4H, Ar-H), 7.89 (b, 8H, Ar-H), 5.06 - 4.98 (m, 2H, N-CH(CH2)2), 3.68 (b, 24H, COO-CH3), 

2.12 - 2.06, 1.75 - 1.70 (m, 8H, N-CH(CH2)2), 1.23 - 1.16 (m, 24H, -CH2), 0.76 (t, 3JH-H = 

7.12 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 165.84, 164.94, 163.74, 162.67 (12C, C=O), 

156.10, 153.55 (8C, O-Ar/O-Ter), 132.74, 132.11, 130.63, 128.86, 128.44, 128.12, 126.39, 

126.00, 123.89, 123.34, 121.53 (46C, Ar), 54.83 (2C, N-CH(CH2)2), 52.35 (8C, COO-CH3), 

32.14, 31.59, 26.51, 22.38 (16C, -CH2), 13.88 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 1655 [M]+. HRMS (APPI+): m/z calcd. for C96H90N2O24 [M]+ 

1654.587803; found 1654.589270.  

IR (ATR): Qa [cm-1] = 2952, 2927, 2858, 1726, 1698, 1656, 1588, 1313, 1235, 997, 754.  

UV/Vis (CHCl3): Omax [nm] = 412, 434, 560, 608, 663.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 691. 
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6.2.48 1,6,11,16-Tetra(methyl-4-oxybenzoate)-8/9,18-dibromo-N,N'-
(1-pentylhexyl)quaterrylene-3,4,13,14-tetracarboxdiimide[96] 3-52 

35 mg (2.46·10-5 mol) of 3-45, 30 mg (1.97·10-4 mol) methyl-4-

hydroxybenzoate 3-46 and 27 mg (1.97·10-4 mol) K2CO3 were 

suspended in DMF. The reaction mixture was stirred for 4 hours at 

80 °C. Evaporation of the solvent and purification by column 

chromatography on silica gel (CHCl3/EtOAc = 9:1) gave the green 

products 3-52 and 3-53. 

Yield 3-52: 51% (18 mg; 10.76·10-3 mmol) of a green solid. 

Yield 3-53: 31% (12 mg; 6.50·10-3 mmol) of a green solid.  

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.49, 9.45 (b, 2H, Ter-H), 

9.25 - 9.19 (m, 2H, Ter-H), 9.03 - 9.00 (m, 2H, Ter-H), 8.23 (b, 4H, 

Ter-H), 8.08 - 8.04 (m, 8H, Ar-H), 7.17 - 7.11 (m, 8H, Ar-H), 5.11 - 5.03 (m, 2H, N-CH(CH2)2), 

3.90, 3.89, 3.88 (s, 12H, COO-CH3), 2.17 - 2.11, 1.82 - 1.77 (m, 8H, N-CH(CH2)2), 1.31 - 

1.19 (m, 24H, -CH2), 0.82 (t, 3JH-H = 6.36 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 166.32, 166.28 (8C, C=O), 159.51, 159.39 (8C, 

O-Ar/O-Ter), 135.56, 132.34, 130.83, 130.11, 129.88, 129.51, 128.71, 128.42, 127.95, 

127.51, 127.30, 126.38, 126.21, 125.35, 124.62, 123.67, 120.93, 120.42, 118.31, 117.61 

(56C, Ar), 54.95 (2C, N-CH(CH2)2), 52.16, 52.13 (4C, COO-CH3), 32.17, 31.65, 26.57, 22.45 

(16C, -CH2), 13.95 (4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 1702 [M]+. HRMS (APPI+): m/z calcd. for C98H84
79Br2N2O16 [M]+ 

1702.418211; found 1702.417120.  

IR (ATR): Qa [cm-1] = 3006, 2927, 2856, 1725, 1700, 1655, 1594, 1578, 1501, 1262, 1208, 

1159, 764, 750.  

UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 414 (2100), 617 (4100), 676 (11800), 744 (23600).  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 784. 
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6.2.49 1,6,8/9,11,16,18-Hexa(methyl-4-oxybenzoate)-N,N'-
(1-pentylhexyl)quaterrylene-3,4,13,14-tetracarboxdiimide 3-53 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.06 - 8.95 (m, 4H, 

Ar-H), 8.85 - 8.82 (m, 2H, Ar-H), 8.12 - 7.96 (m, 8H, Ar-H), 7.87 

(d, 3JH-H = 8.67 Hz, 4H, Ar-H), 7.75 (d, 3JH-H = 8.55 Hz, 4H, Ar-H), 

7.05 (b, 4H, Ar-H), 6.98 - 6.95 (m, 4H, Ar-H), 6.70 - 6.66 (m, 4H, 

Ar-H), 5.04 - 4.97 (m, 2H, N-CH(CH2)2), 3.93, 3.89, 3.88 (s, 18H, 

COO-CH3), 2.08 - 2.04, 1.77 (m, 8H, N-CH(CH2)2), 1.23 - 1.17 

(m, 24H, -CH2), 0.79 - 0.73 (m, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 166.28, 166.23, 

166.10, 166.06, 166.03, 166.01 (10C, C=O), 159.76, 159.66, 

159.11, 159.00, 154.10, 153.30, 152.77 (12C, O-Ar/O-Ter), 

132.27, 132.04, 131.82, 131.44, 130.59, 129.83, 129.55, 128.64, 128.43, 128.06, 127.85, 

127.60, 127.11, 126.97, 126.24, 126.07, 126.00, 125.93, 123.52, 122.53, 122.44, 122.38, 

121.73, 118.85, 118.78, 118.25, 117.51, 115.18 (64C, Ar), 54.83 (2C, N-CH(CH2)2), 52.17, 

52.16, 52.14, 52.13, 52.12 (6C, COO-CH3), 32.10, 31.61, 26.53, 22.41 (16C, -CH2), 13.91 

(4C, -CH3).  

MS (MALDI-TOF, dhb): m/z = 1847 [M]+. HRMS (APPI+): m/z calcd. for C114H98N2O22 [M]+ 

1846.660574; found 1846.660929.  

IR (ATR): Qa [cm-1] = 3006, 2952, 2854, 1719, 1697, 1655, 1597, 1578, 1501, 1275, 1261, 

764, 750.  

UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 412 (4500), 626 (7200), 690 (22000), 759 (43500).  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 813. 
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6.2.50 1,6,9,14-Tetra(4-dendritic[G1]-phenoxy)-N,N'-(1-pentylhexyl)terrylene-
3,4,11,12-tetracarboxdiimide 3-59 

 

Inserted quantity: 32 mg (2.81·10-2 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel (CH2Cl2/EtOAc = 8:2). 

Yield: 78% (65 mg; 21.98·10-3 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.32 (s, 4H, Ter-H), 8.22 - 8.17 (b, 4H, Ter-H), 7.85 

(d, 3JH-H = 8.67 Hz, 8H, Ar-H), 7.14 (d, 3JH-H = 8.67 Hz, 8H, Ar-H), 6.93 (s, 4H, -NH), 5.10 - 

5.02 (m, 2H, N-CH(CH2)2), 2.30 (t, 3JH-H = 7.36 Hz, 24H, -CH2-CH2-COOtBu), 2.15 (t, 3JH-H = 

7.56 Hz, 28H, -CH2-CH2-COOtBu/N-CH(CH2)2), 1.77 - 1.72 (m, 4H, N-CH(CH2)2), 1.39 (s, 

108H, tBu), 1.25 - 1.19 (m, 24H, -CH2), 0.79 (t, 3JH-H = 7.16 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.26, 165.68 (20C, C=O), 158.21, 153.95 (8C, 

O-Ar/O-Ter), 131.36, 130.80, 129.56, 128.80, 125.93, 124.54, 122.98, 118.92, 118.76, 

115.92, 115.17 (46C, Ar), 80.78 (12C, C(CH3)3), 57.84 (4C, CONH-C-), 54.75 (2C, 

N-CH(CH2)2), 32.16, 31.62 (8C, -CH2), 30.15 (12C, -CH2-CH2-COOtBu), 29.86 (12C, -CH2-

CH2-COOtBu), 28.00 (36C, C(CH3)3), 26.48, 22.42 (8C, -CH2), 13.93 (4C, -CH3).  

MS (MALDI-TOF, sin): m/z = 2957 [M]+. HRMS (ESI+): m/z calcd. for C172H232N6O36 [M+2H]2+ 

1478.82484; found 1478.82418.  

IR (ATR): Qa [cm-1] = 3338, 2977, 2930, 1727, 1699, 1655, 1590, 1493, 1275, 1261, 1146, 

846, 764, 751.  

UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 415 (2200), 438 (2050), 563 (4600), 611 (14500), 

665 (28200).  
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Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 703, 772. 

6.2.51 1,6,9,14-Tetra(4-dendritic[G2]-phenoxy)-N,N'-(1-pentylhexyl)terrylene-
3,4,11,12-tetracarboxdiimide 3-60 

 

Inserted quantity: 24 mg (2.14·10-2 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel (CH2Cl2/EtOAc = 1:1). 

Yield: 86% (0.13 g; 18.43·10-3 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.43 (s, 4H, Ter-H), 8.52 (s, 4H, N-H), 8.15 - 8.11 

(b, 4H, Ter-H), 8.02 (d, 3JH-H = 8.56 Hz, 8H, Ar-H), 7.20 (d, 3JH-H = 8.57 Hz, 8H, Ar-H), 6.02 (s, 

12H, -NH), 5.04 - 4.99 (m, 2H, N-CH(CH2)2), 2.25 - 2.23 (m, 24H, -CH2-CH2-CONH), 2.18 - 

2.14 (m, 100H, -CH2-CH2-COOtBu/-CH2-CH2-CONH/N-CH(CH2)2), 1.94 - 1.90 (m, 72H, -CH2-
CH2-COOtBu), 1.74 (b, 4H, N-CH(CH2)2), 1.36 (s, 324H, tBu), 1.20 (m, 24H, -CH2), 0.78 - 

0.77 (m, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.09, 172.73, 165.98 (56C, C=O), 157.47, 

156.75 (8C, O-Ar/O-Ter), 131.35, 130.77, 130.03, 130.00, 129.80, 129.31, 128.96, 128.84, 

122.35, 119.84, 119.63 (46C, Ar), 80.50 (36C, C(CH3)3), 57.90, 57.47 (16C, CONH-C-), 

54.57 (2C, N-CH(CH2)2), 32.17 (4C, -CH2), 31.70 (48C, -CH2-CH2-COOtBu/CONH), 31.61 

(4C, -CH2), 29.78, 29.70 (48C, -CH2-CH2-COOtBu/CONH), 27.97 (108C, C(CH3)3), 26.49, 

22.37 (8C, -CH2), 13.94 (4C, -CH3). 

HRMS (ESI+): m/z calcd. for C388H602N18Na3O96 [M+3Na]3+ 2373.081823; found 2373.078541.  
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IR (ATR): Qa [cm-1] = 3338, 2977, 2931, 1727, 1700, 1655, 1276, 1260, 1148, 847, 764, 751.  

UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 420 (2300), 439 (2400), 562 (4300), 611 (14100), 

667 (28000).  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 702. 

6.2.52 1,6,9,14-Tetra(dendritic[G1]-5-oxyisophthalamide)-N,N'-
(1-pentylhexyl)terrylene-3,4,11,12-tetracarboxdiimide 3-64 

 

Inserted quantity: 72 mg (62.85·10-3 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel (CH2Cl2/EtOAc = 8:2). 

Yield: 69% (0.43 g; 91.08·10-3 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.45 (s, 4H, Ter-H), 8.20 (s, 4H, Ar-H), 8.03 - 7.99 

(b, 4H, Ter-H), 7.81 (s, 8H, Ar-H), 7.40 (s, 8H, -NH), 5.03 - 4.95 (m, 2H, N-CH(CH2)2), 2.27 (t, 

3JH-H = 7.36 Hz, 48H, -CH2-CH2-COOtBu), 2.08 (t, 3JH-H = 7.12 Hz, 52H, -CH2-CH2-COOtBu/N-

CH(CH2)2), 1.74 - 1.69 (m, 4H, N-CH(CH2)2), 1.33 (s, 216H, tBu), 1.18 - 1.17 (m, 24H, -CH2), 

0.78 (t, 3JH-H = 6.76 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.44, 173.16, 164.28, 164.05, 163.04 (36C, 

C=O), 155.80, 155.22 (8C, O-Ar/O-Ter), 137.52, 130.69, 129.80, 128.96, 128.83, 124.85, 

124.66, 122.45, 122.20, 122.05, 121.67 (46C, Ar), 80.71 (24C, C(CH3)3), 58.04 (8C, 

CONH-C-), 54.57 (2C, N-CH(CH2)2), 32.16, 31.58 (8C, -CH2), 30.06 (24C, -CH2-CH2-
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COOtBu), 29.79 (24C, -CH2-CH2-COOtBu), 27.91 (72C, C(CH3)3), 26.50, 22.32 (8C, -CH2), 

13.91 (4C, -CH3).  

HRMS (ESI+): m/z calcd. for C264H386N10Na2O64 [M+2Na]2+ 2383.35209; found 2383.35373.  

IR (ATR): Qa [cm-1] = 3363, 3004, 2978, 2931, 2871, 1728, 1700, 1646, 1276, 1260, 1147, 

846, 764, 751.  

UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 421 (3200), 643 (22000), 666 (25000).  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 704, 768. 

6.2.53 1,6,9,14-Tetra(4-tert-butylphenoxy)-3,4-anhydride-N-
(1-pentylhexyl)terrylene-11,12-dicarboximide 3-54 

A mixture of 0.54 g (38.28 mmol) 3-51, 0.21 g (3.83 mmol) KOH and 100 ml tert-BuOH was 

heated to 100 °C for 6 hours. Then HCl (2M) was added, the organic layer was separated 

and the solvent was removed under reduced pressure. The crude product was purified by 

column chromatography on silica gel (CH2Cl2) to yield 3-54 and 3-55 as blue solid. 

Remaining starting material 3-51 could be recycled for further reactions again. 

Yield 3-54: 10% (46 mg; 36.46·10-3 mmol) of a blue solid.  

Yield 3-55: 26% (0.11 g; 0.10 mmol) of a blue solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.40 (s, 4H, Ter-H), 8.20 

(b, 2H, Ter-H), 8.11 (s, 2H, Ter-H), 7.44 - 7.41 (m, 8H, Ar-H), 7.11 

- 7.05 (m, 8H, Ar-H), 5.09 - 5.01 (m, 1H, N-CH(CH2)2), 2.15 - 2.07, 

1.81 - 1.75 (m, 4H, N-CH(CH2)2), 1.35, 1.34 (s, 36H, tBu), 1.22 

(m, 12H, -CH2), 0.80 (t, 3JH-H = 7.16 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 159.78, 155.52, 154.82, 

152.90, 148.07, 147.86, 130.89, 130.57, 129.65, 129.42, 129.38, 

129.16, 128.44, 128.00, 127.41, 127.35, 126.92, 124.15, 124.00, 121.67, 119.55, 119.35, 

116.79 (54C, Ar), 54.79 (1C, N-CH(CH2)2), 34.53, 34.52 (4C, C(CH3)3), 32.34, 31.73 (4C, 

-CH2), 31.48, 31.46 (12C, C(CH3)3), 26.65, 22.52 (4C, -CH2), 14.03 (2C, -CH3).  

MS (MALDI-TOF, om): m/z = 1262 [M]+. HRMS (APPI+): m/z calcd. for C85H84NO9 [M+H]+ 

1262.614060; found 1262.612711.  
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IR (ATR): Qa [cm-1] = 2956, 2928, 2865, 1764, 1699, 1589, 1504, 1278, 1211, 1171, 806, 766, 

752.  

UV/Vis (CHCl3): Omax [nm] = 417, 448, 570, 627, 682.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 713. 

6.2.54 1,6,9,14-Tetra(4-tert-butylphenoxy)-terrylene-3,4,11,12-
tetracarboxanhydride 3-55 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.44 (s, 4H, Ter-H), 8.15 (s, 4H, 

Ter-H), 7.46 (d, 3JH-H = 8.80 Hz, 8H, Ar-H), 7.09 (d, 3JH-H = 8.76 Hz, 8H, 

Ar-H), 1.35 (s, 36H, tBu).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 159.76, 157.07, 156.07, 

152.76, 148.45, 129.24, 127.57, 123.98, 121.08, 119.56, 118.57, 118.29, 

117.43 (54C, Ar), 34.51 (4C, C(CH3)3), 31.39 (12C, C(CH3)3).  

MS (MALDI-TOF, dhb): m/z = 1109 [M]+. HRMS (APPI+): m/z calcd. for C74H60O10 [M]+ 

1108.418100; found 1108.418015.  

IR (ATR): Qa [cm-1] = 3058, 2954, 2929, 2860, 1760, 1732, 1592, 1505, 1287, 1217, 802, 763.  

UV/Vis (CHCl3): Omax [nm] = 418, 450, 575, 626, 684.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 712. 

General Procedure A2 for the SUZUKI Cross-Coupling: 

The bromo compound (1 equiv.) and the boronic ester-compound (6.5 equiv) were dissolved 

in a mixture of toluene (12 ml), MeOH (1 ml) and Na2CO3 (1M aqueous solution, 6 ml). After 

adding [Pd(PPh3)4] (16 mol%), the reaction mixture was stirred for 16 hours under argon 

atmosphere and light exclusion at 80 °C. Evaporation of the solvent and purification by 

column chromatography on silica gel (CHCl3/EtOAc) gave the blue-greenish product. 
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6.2.55 1,6,9,14-Tetra(4-methylbenzoate)-N,N'-(1-pentylhexyl)terrylene-3,4,11,12-
tetracarboxdiimide 3-66 

Inserted quantity: 0.37 g (0.32 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel 

(CH2Cl2/EtOAc = 9:1). 

Yield: 86% (375 mg; 0.28 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.48 - 8.45 (b, 4H, 

Ar-H), 8.15 - 8.02 (b, 8H, Ar-H), 7.50 - 7.26 (b, 12H, Ar-H), 

5.21 - 5.13 (m, 2H, N-CH(CH2)2), 3.93 (b, 12H, COO-CH3), 2.27 - 2.22, 1.80 (m, 8H, 

N-CH(CH2)2), 1.23 (m, 24H, -CH2), 0.81 (t, 3JH-H = 6.92 Hz, 6H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 166.70, 164.95, 163.86 (8C, C=O), 143.60, 

139.04, 135.95, 135.25, 133.64, 131.96, 130.60, 130.03, 129.60, 129.30, 128.97, 127.62, 

121.60, 120.89 (54C, Ar), 54.63 (2C, N-CH(CH2)2), 52.33 (4C, COO-CH3), 32.26, 31.67, 

26.50, 22.48 (16C, -CH2), 13.95 (4C, -CH3).  

MS (MALDI-TOF, sin): m/z = 1359 [M]+. HRMS (ESI+): m/z calcd. for C88H83N2O12 [M+H]+ 

1359.59405; found 1359.59225.  

IR (ATR): Qa [cm-1] = 2951, 2924, 2856, 1726, 1693, 1653, 1588, 1256, 1109, 1082, 751.  

UV/Vis (CHCl3): Omax [nm] = 404, 451, 582, 639, 695.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 731, 807. 
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6.2.56 1,6,9,14-Tetra(3-dendritic[G1]-phenyl)-N,N'-(1-pentylhexyl)terrylene-
3,4,11,12-tetracarboxdiimide 3-71 

 
Inserted quantity: 70 mg (60.95·10-3 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel (CH2Cl2/EtOAc = 8:2). 

Yield: 81% (0.22 g; 75.25·10-3 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.45, 8.41 (b, 4H, Ar-H), 7.93 - 7.36 (m, 20H, 

Ar-H/Ter-H), 7.08, 7.04, 6.90 (s, 4H, -NH), 5.20 - 5.12 (m, 2H, N-CH(CH2)2), 2.26 - 2.24 (b, 

28H, -CH2-CH2-COOtBu-/ N-CH(CH2)2), 2.08 (b, 24H, -CH2-CH2-COOtBu), 1.77 (m, 4H, 

N-CH(CH2)2), 1.34, 1.32 (s, 108H, tBu), 1.23 (b, 24H, -CH2), 0.81 (t, 3JH-H = 6.88 Hz, 12H, 

-CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.09, 166.36, 164.96, 163.87 (20C, C=O), 

144.04, 139.04, 136.43, 132.02, 129.79, 129.29, 128.96, 128.03, 127.56, 125.74 (46C, Ar), 

80.69 (12C, C(CH3)3), 57.94 (4C, CONH-C-), 54.39 (2C, N-CH(CH2)2), 32.24, 31.68 (8C, 

-CH2), 30.01 (12C, -CH2-CH2-COOtBu), 29.83 (12C, -CH2-CH2-COOtBu), 27.94 (36C, 

C(CH3)3), 26.44, 22.46 (8C, -CH2), 13.95 (4C, -CH3).  

MS (MALDI-TOF, sin): m/z = 2915 [M+Na]+. HRMS (ESI+): m/z calcd. for C172H230N6NaO32 

[M+Na]+ 2914.6447; found 2914.6330.  

IR (ATR): Qa [cm-1] = 3346, 3004, 2976, 2929, 2860, 1727, 1695, 1655, 1312, 1276, 1260, 

1147, 764, 751.  

UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 403 (2700), 452 (1300), 588 (5700), 643 (17000), 

699 (30000).  
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Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 748, 823. 

6.2.57 1,6,9,14-Tetra(3-dendritic[G2]-phenyl)-N,N'-(1-pentylhexyl)terrylene-
3,4,11,12-tetracarboxdiimide 3-72 

 

Inserted quantity: 106 mg (93.10·10-3 mmol) of compound 3-44. 

Work-up: column chromatography on silica gel (CH2Cl2/EtOAc = 1:1). 

Yield: 81% (0.53 g; 75.81·10-3 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.57 - 7.84 (m, 15H, Ar-H/-NH), 7.57 - 7.19 (m, 

13H, Ar-H), 6.45 - 6.20 (m, 12H, -NH), 5.11 (m, 2H, N-CH(CH2)2), 2.30 (b, 24H, -CH2-CH2-

CONH), 2.14 (b, 100H, -CH2-CH2-COOtBu/-CH2-CH2-CONH/N-CH(CH2)2), 1.91 (b, 76H, 

COO-CH2-CH2-/N-CH(CH2)2), 1.33 (s, 324H, tBu), 1.21 (b, 24H, -CH2), 0.77 (b, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 173.34, 173.15, 172.70, 166.45, 166.27, 164.73, 

163.69 (56C, C=O), 144.06, 139.63, 139.28, 137.05, 135.39, 134.08, 131.48, 130.26, 

129.16, 128.90, 128.24, 127.48, 126.59, 121.28, 120.52 (54C, Ar), 80.26 (36C, C(CH3)3), 

57.39 (16C, CONH-C-), 53.34 (2C, N-CH(CH2)2), 32.17 (4C, -CH2), 31.63, 31.46 (48C, -CH2-

CH2-COOtBu/CONH), 30.89 (4C, -CH2), 29.67 (48C, -CH2-CH2-COOtBu/CONH), 27.94 

(108C, C(CH3)3), 26.50, 22.36 (8C, -CH2), 13.93 (4C, -CH3).  

MS (MALDI-TOF, sin): m/z = 7013 [M+Na]+. HRMS (ESI+): m/z calcd. for C388H602N18Na3O92 

[M+3Na]3+ 2351.75527; found 2351.75963.  

IR (ATR): Qa [cm-1] = 3333, 2981, 1723, 1655, 1530, 1366, 1313, 1276, 1260, 1147, 1101, 

764, 750.  
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UV/Vis (CHCl3): Omax [nm] (H [M-1cm-1]) = 404 (1400), 451 (600), 592 (4600), 645 (14100), 

700 (25200).  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 744. 

6.2.58 N,N’-Bis-(1-pentylhexyl)-1,16:6,7:8,9:12,15-
tetra(methylnaphthoate)terrylene-tetracarboxdiimide 3-67 

0.09 g (66.20·10-3 mmol) of compound 3-66 were dissolved 

in CH2Cl2/methane sulfonic acid 9:1 and cooled to 0 °C 

under nitrogen atmosphere. Then 0.30 g (1.32 mmol) DDQ 

was added and the solution was stirred for 3 days. MeOH 

was added and the resulting precipitate was filtered, washed 

with MeOH, dried in vacuum and purified by column 

chromatography on silica gel (CH2Cl2/EtOAc = 9:1). The 

isomeric pure product was not able to be isolated. 

MS (MALDI-TOF, om): m/z = 1350 [M]+. HRMS (APPI+): m/z calcd. for C88H74N2O12 [M]+ 

1350.523627; found 1350.523807.  

6.2.59 1,6,8(9),11,16,18-Hexa(4-methylbenzoate)-N,N'-
(1-pentylhexyl)quaterrylene-3,4,13,14-tetracarboxdiimide 3-68 

The bromo quaterrylene 3-45 (0.05 g, 0.04 mmol) and 

3-(methoxycarbonyl)phenyl boronic acid 3-65 (0.06 g, 

0.32 mmol) were dissolved in a mixture of toluene 

(12 ml), MeOH (1 ml) and Na2CO3 (1M aqueous 

solution, 6 ml). After adding 7 mg of (5.63·10-3 mmol) 

Pd(PPh3)4, the reaction mixture was stirred for 16 hours 

under argon atmosphere and light exclusion at 80 °C. 

Evaporation of the solvent and purification by column 

chromatography on silica gel (CHCl3/EtOAc = 9:1) gave the blue-greenish product 3-68. 

Yield: 82% (0.05 g; 29.00·10-3 mmol) of a blue-greenish solid. 

1H-NMR (CDCl3, 400 MHz, rt): G�[ppm] = 8.55 - 7.06 (m, 34H, Ar-H), 5.19 (m, 2H, 

N-CH(CH2)2), 3.99 - 3.83 (m, 18H, COO-CH3), 2.26, 1.80 (b, 8H, N-CH(CH2)2), 1.24 (b, 24H, 

-CH2), 0.81 (b, 12H, -CH3).  
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13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 166.64, 166.56, 165.04, 164.00 (10C, C=O), 

143.86, 143.71, 138.80, 138.37, 137.75, 135.65, 134.98, 134.08, 133.79, 132.21, 131.56, 

130.39, 129.92, 129.24, 129.15, 128.55, 127.81, 121.39, 120.66, 116.29 (76C, Ar), 54.56 

(2C, N-CH(CH2)2), 52.28 (6C, COO-CH3), 32.26, 31.68, 26.49, 22.46 (16C, -CH2), 13.94 (4C, 

-CH3).  

MS (MALDI-TOF, sin): m/z = 1751 [M]+. HRMS (ESI+): m/z calcd. for C114H98N2NaO16 

[M+Na]+ 1773.68086; found 1773.67857.  

IR (ATR): Qa [cm-1] = 2924, 2855, 1724, 1693, 1653, 1592, 1578, 1303, 1276, 1258, 1108, 

1081, 751.  

UV/Vis (CHCl3): Omax [nm] = 405, 673, 743, 816.  

Fluorescence emission spectroscopy (CHCl3): Omax [nm] = 837. 

General Procedure B2 for the Cleavage of the Carboxylic Acids: 

The compound (3-59, 3-60, 3-64, 3-71, 3-72) was dissolved in formic acid (10 ml) under 

ambient conditions. The resulting solution was stirred for 24 hours at rt. Then the solvent was 

removed under reduced pressure to afford the products 3-73 - 3-77 in quantitative yield. 

6.2.60 Deprotected 1,6,9,14-Tetra(4-dendritic[G1]-phenoxy)-N,N'-
(1-pentylhexyl)terrylene-3,4,11,12-tetracarboxdiimide 3-73 
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1H-NMR (CDCl3/TFA-d, 400 MHz, rt): G [ppm] = 9.38 (s, 4H, Ter-H), 8.24 (b, 4H, Ter-H), 7.75 

(d, 3JH-H = 7.94 Hz, 8H, Ar-H), 7.21 (d, 3JH-H = 7.94 Hz, 8H, Ar-H), 6.83 (s, 4H, -NH), 5.07 (m, 

2H, N-CH(CH2)2), 2.53 (t, 3JH-H = 7.20 Hz, 24H, -CH2-CH2-COOH), 2.26 (t, 3JH-H = 6.71 Hz, 

24H, -CH2-CH2-COOH), 2.08 - 2.06 (m, 4H, N-CH(CH2)2), 1.80 - 1.77 (m, 4H, N-CH(CH2)2), 

1.20 (m, 24H, -CH2), 0.79 (t, 3JH-H = 6.60 Hz, 12H, -CH3).  

13C-NMR (CDCl3/TFA-d, 100 MHz, rt): G [ppm] = 180.13 (12C, COOH), 169.98, 165.73, 

164.66 (20C, C=O), 159.33, 153.83 (8C, O-Ter/O-Ar), 129.78, 129.55, 129.30, 129.14, 

128.33, 127.28, 125.38, 124.48, 123.11, 121.80, 119.50 (46C, Ar), 58.93 (4C, CONH-C-), 

56.47 (2C, N-CH(CH2)2), 32.06, 31.45 (8C, -CH2), 29.27 (12C, -CH2-CH2-COOH), 28.13 

(12C, -CH2-CH2-COOH), 26.42, 22.28 (8C, -CH2), 13.58 (4C, -CH3).  

HRMS (ESI-): m/z calcd. for C124H129N6O36 [M-5H]5- 455.569508; found 455.570999.  

IR (ATR): Qa [cm-1] = 3006, 2970, 1740, 1366, 1276, 1261, 1228, 1217, 764, 750.  

UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] (H [M-1cm-1]) = 434 (2700), 629 (22000), 

684 (15000).  

Fluorescence emission spectroscopy (phosphate buffer; pH: 7.2): Omax [nm] = 707. 

6.2.61 Deprotected 1,6,9,14-Tetra(dendritic[G1]-5-oxyisophthalamide)-N,N'-(1-
pentylhexyl)terrylene-3,4,11,12-tetracarboxdiimide 3-74 

 
1H-NMR (CDCl3/TFA-d, 400 MHz, rt): G [ppm] = 9.52 (s, 4H, Ter-H), 8.23 - 8.20 (b, 4H, 

Ter-H), 8.14 (s, 4H, Ar-H), 7.77 (s, 8H, Ar-H), 7.47 (s, 8H, -NH), 5.07 (b, 2H, N-CH(CH2)2), 

2.51 (b, 48H, -CH2-CH2-COOH), 2.26 (b, 48H, -CH2-CH2-COOH), 2.02 (b, 4H, N-CH(CH2)2), 

1.83 (b, 4H, N-CH(CH2)2), 1.19 (b, 24H, -CH2), 0.77 (b, 12H, -CH3).  
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13C-NMR (CDCl3/TFA-d, 100 MHz, rt): G [ppm] = 180.32 (24C, COOH), 168.84, 166.43, 

165.53 (12C, C=O), 156.65, 154.91 (8C, O-Ter/O-Ar), 138.34, 136.66, 130.81, 129.93, 

129.39, 129.26, 128.44, 127.34, 125.47, 123.30, 122.75 (46C, Ar), 59.56 (8C, CONH-C-), 

56.89 (2C, N-CH(CH2)2), 32.19, 31.47 (8C, -CH2), 29.13 (24C, -CH2-CH2-COOH), 28.14 

(12C, -CH2-CH2-COOH), 26.46, 22.24 (8C, -CH2), 13.28 (4C, -CH3).  

HRMS (ESI-): m/z calcd. for C168H191N10O64 [M-3H]3- 1124.06717; found 1124.07004.  

IR (ATR): Qa [cm-1] = 3006, 2970, 1739, 1366, 1276, 1261, 1229, 1217, 764, 750.  

UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] (H [M-1cm-1]) = 430 (1400), 644 (21200), 

674 (21900).  

Fluorescence emission spectroscopy (phosphate buffer; pH: 7.2): Omax [nm] = 708. 

6.2.62 Deprotected 1,6,9,14-Tetra(4-dendritic[G2]-phenoxy)-N,N'-
(1-pentylhexyl)terrylene-3,4,11,12-tetracarboxdiimide 3-75 

 
1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 9.62 (s, 4H, Ter-H), 8.36 - 8.30 (b, 4H, Ter-H), 8.12 

(m, 4H, -NH), 7.89 (d, 3JH-H = 7.81 Hz, 8H, Ar-H), 7.31 (d, 3JH-H = 8.42 Hz, 8H, Ar-H), 5.21 (m, 

2H, N-CH(CH2)2), 2.52 (b, 96H, -CH2-CH2-CONH/-CH2-CH2-COOH), 2.33 (b, 24H, -CH2-CH2-

CONH), 2.22 (b, 72H, -CH2-CH2-COOH/N-CH(CH2)2), 1.91 (b, 4H, N-CH(CH2)2), 1.73 (b, 4H, 

N-CH(CH2)2), 1.26 (b, 24H, -CH2), 0.83 (t, 3JH-H = 6.52 Hz, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G [ppm] = 180.96 (36C, COOH), 177.09, 168.28 (20C, C=O), 

131.41, 130.70, 129.90 (46C, Ar), 60.05 (16C, CONH-C-), 59.75 (2C, N-CH(CH2)2), 32.53 
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(12C, -CH2-CH2-COOH), 31.86 (4C, -CH2), 31.49 (36C, -CH2-CH2-CONH), 30.04 (4C, -CH2), 

29.32, 28.42 (48C, -CH2-CH2-COOH/CONH), 26.91, 22.61 (8C, -CH2), 13.30 (4C, -CH3).  

HRMS (ESI-): m/z calcd. for C244H311N18O96 [M-3H]3- 1676.3341; found 1676.3375.  

IR (ATR): Qa [cm-1] = 3006, 2970, 1737, 1717, 1647, 1276, 1262, 1216, 1204, 1170, 764, 750.  

UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] (H [M-1cm-1]) = 436 (3000), 626 (19400), 

677 (35800).  

Fluorescence emission spectroscopy (phosphate buffer; pH: 7.2): Omax [nm] = 715. 

6.2.63 Deprotected 1,6,9,14-Tetra(3-dendritic[G1]-phenyl)-N,N'-
(1-pentylhexyl)terrylene-3,4,11,12-tetracarboxdiimide 3-76 

 
1H-NMR (CDCl3, 400 MHz, rt): G [ppm] = 8.78 (b, 4H, Ar-H), 8.10 - 7.50 (b, 20H, Ar-H/-NH), 

5.26 (b, 2H, N-CH(CH2)2), 2.69 (b, 24H, -CH2-CH2-CONH), 2.40 (b, 26H, -CH2-CH2-CONH/N-

CH(CH2)2), 1.93 (b, 4H, N-CH(CH2)2), 1.28 (b, 24H, -CH2), 0.82 (b, 12H, -CH3).  

13C-NMR (CDCl3, 100 MHz, rt): G�[ppm] = 180.51 (12C, COOH), 171.85, 167.59, 166.80 (8C, 

C=O), 135.60, 130.68, 129.41, 128.59, 128.07 (54C, Ar), 60.08 (16C, CONH-C-), 57.10 (2C, 

N-CH(CH2)2), 32.63 (8C, -CH2), 32.35, 31.72 (48C, -CH2-CH2-COOH/CONH), 29.89, 28.53 

(48C, -CH2-CH2-COOH/CONH), 26.76, 22.52 (8C, -CH2), 13.38 (4C, -CH3).  

MS (MALDI-TOF, sin): m/z = 2219 [M]+. HRMS (ESI-): m/z calcd. for C124H131N6O32 [M-3H]3- 

738.62748; found 738.62824.  

IR (ATR): Qa [cm-1] = 2970, 2928, 2857, 2576, 1737, 1718, 1689, 1645, 1586, 1533, 1313, 

1203, 751. 
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UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] (H [M-1cm-1]) = 406 (2000), 454 (1300), 

663 �13000), 714 (20100).  

Fluorescence emission spectroscopy (phosphate buffer pH: 7.2): Omax [nm] = 765. 

6.2.64 Deprotected 1,6,9,14-Tetra(3-dendritic[G2]-phenyl)-N,N'-
(1-pentylhexyl)terrylene-3,4,11,12-tetracarboxdiimide 3-77 

 
1H-NMR (CDCl3/TFA-d, 400 MHz, rt): G [ppm] = 8.60 - 7.39 (b, 36H, Ar-H/-NH), 7.15 (b, 4H, 

-NH), 5.21 (b, 2H, N-CH(CH2)2), 2.46 (b, 96H, -CH2-CH2-CONH/-CH2-CH2-COOH), 2.16 (b, 

98H, -CH2-CH2-CONH/N-CH(CH2)2), 1.90 (b, 4H, N-CH(CH2)2), 1.23 (b, 24H, -CH2), 0.78 (b, 

12H, -CH3).  

13C-NMR (CDCl3/TFA-d, 100 MHz, rt): G [ppm] = 180.45 (36C, COOH), 177.52, 176.55 (20C, 

C=O), 137.81, 135.48, 130.97 (54C, Ar), 59.29 (16C, CONH-C-), 53.29 (2C, N-CH(CH2)2), 

32.34 (12C, -CH2-CH2-CONH), 31.65 (8C, -CH2), 31.17 (36C, -CH2-CH2-COOH), 29.05, 

28.18 (48C, -CH2-CH2-COOH/CONH), 26.67, 22.42 (8C, -CH2), 13.26 (4C, -CH3).  

HRMS (ESI-): m/z calcd. for C244H311N18O92 [M-3H]3- 1655.007569; found 1655.006052.  

IR (ATR): Qa [cm-1] = 3006, 2970, 1737, 1716, 1636, 1534, 1276, 1261, 1217, 1204, 764, 750.  

UV/Vis (phosphate buffer; pH: 7.2): Omax [nm] (H [M-1cm-1]) = 408 (1900), 457 (1400), 661 

(15100), 716 (25500).  

Fluorescence emission spectroscopy (phosphate buffer; pH: 7.2): Omax [nm] = 753. 
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