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General Introduction

1. GENERAL INTRODUCTION

‘I call our world Flatland, not because we call it so, but to make its nature clearer to you,
my happy readers, who are privileged to live in Space ’
EDWIN A. ABBOT, FLATLAND: A ROMANCE OF MANY DIMENSIONS

The research field of sp2-hybridized structures has fascinated researches in the fields of chemistry,
physics and material science for a very long time starting in 1825 with Michael Faraday’s isolation
of a new hydrocarbon from the liquid residue in cans of town gas, which he named ‘bicarburet of
hydrogen’ and should later be known as benzene.[1] Ever since, a vast library of planar polycyclic
aromatic hydrocarbons (PAHs) has been discovered and synthesized. Larger planar modifications of
sp2-hybridized carbon allotropes were established, e.g. graphite and sheet-like single layer
graphene.[2] As in Edwin A. Abbot’s book ‘Flatland: A Romance of Many Dimensions’, where a planar,
two-dimensional world is described and the protagonist (a square) experienced the three
dimensional world around his flatland, researchers turned their attention to nonplanar sp2hybridized structures. Milestones were the discovery of Buckminsterfullerene C60 (1) in 1985.[3] and
the discovery of carbon nanotubes in 1991 (Figure 1).[4] Whereas in ball-shaped molecules like C60
fullerene the curvature arised from the presence of five-membered rings in the benzenoid
framework, carbon nanotubes adopt a cylindrical structure and are composed of rolled-up sixmembered rings.

Figure 1 Buckminsterfullerene C60 and carbon nanotubes.

Due to the outstanding material properties, these molecules and their derivatives fascinated
researchers all over the world until today. Fullerene and its derivatives found application in a broad
range of scientific areas ranging from material science to medicine. For example derivatives of
fullerenes are used as electron transfer materials in organic photovoltaics and perovskite solar
cells[5-8] or are used in a medicinical context as antioxidative, in phototherapy or drug delivery. [9-11]
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Carbon nanotubes showed remarkable conductivity[12] and have been routinely investigated as a
filler material in composites.[13]

1.1. BUCKYBOWLS
Bowl-shaped polycyclic aromatic hydrocarbons (PAHs), present a class of condensed polyarenes
that contain pentagons among a poly-benzenoid network of six-membered rings. Due to the
curvature of these open geodesic molecules, they have a non-planar -surface. Some of these bowlshape molecules can be depicted on the surface of buckminsterfullerene C60, therefore they are
often called “buckybowls”. The properties of buckybowls are similar to those of fullerenes; however,
they offer more ways for modification.[14-16] Novel physical properties[17-20] and chemical
reactivities[21-22] result from their non-planar structure and bent -system, which sets them apart
from planar PAHs. The pronounced feature of buckybowls is the inherent presence of a dipole
moment, resulting in the formation of dipolar structures in the solid state. [23] Another aspect is the
weakening of the -bonds due to pyramidalization of the carbon atoms, whereas the lowest
unoccupied molecular orbital (LUMO) is lowered and the highest occupied molecular orbital
(HOMO) is raised in energy, which renders the -system towards the state of decreased conjugation.
As a result of mixing of s-orbital character with the p-orbitals of the -bonds, the HOMO as well as
the LUMO is lowered in energy. Due to this fact, the HOMO energy remains largely unchanged,
whereas the LUMO is significantly lowered in energy.[24] This property facilitates reduction processes
and renders buckybowls good electron acceptor materials, making them attractive candidates for
potential applications in electron storage and electroluminescence applications.[25-26]
Corannulene (2) and sumanene (3) are the smallest members of this class of molecules (Figure 2).
Corannulene (2) with the chemical formula C20H10 comprises a central pentagon, surrounded by five
fused six membered rings and possesses C5v symmetry. Sumanene (3) is composed of a central
hexagon, surrounded by three pentagons and three hexagons in an alternating fashion and
possesses C3v symmetry.
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Figure 2 Buckybowls corannulene (2), sumanene (3) and indacenopicene (4) as fragments depicted on the surface of
Buckminster-fullerene-C60 (1).

The first synthetic approach (Scheme 1) towards a buckybowl synthesis was reported by Barth and
Lawton with their pioneering synthesis of corannulene (2) in 1966, almost two decades before the
discovery of fullerenes themselves in 1985.[3, 27] Their synthesis commenced with acenaphthene (5),
which was converted to methyl ester 7, based on a procedure reported by Sieglitz and Schidlo
involving ring closure to acid 6. Reduction with palladium on charcoal and bromination afforded
bromo ester 8. Alkylation of 1,1,2-ethanetricarboxylate in the presence of potassium tert-butoxide
and subsequent saponification gave diacid 9. Cyclization with polyphosphoric acid gave pentacycle
10, which could be reduced with palladium on charcoal to acid 11. Esterification with diazomethane
and subsequent treatment with sodium in liquid ammonia afforded acyloin ester 12. Reduction with
sodium borohydride and ester hydrolysis using potassium hydroxide afforded acid 13
Decarboxylation at 225 °C afforded ketone 14, which was subsequently reduced to alcohol 15 and
further reduced with palladium on charcoal to provide corannulene (2) in 17 synthetic steps in 0.4
% overall yield.
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Scheme 1 First reported synthesis of corannulene by Barth and Lawton in 1966.[27]

A few decades later in 1991 the group of Scott presented a convenient new synthetic route
starting from acenaphthoquinone (16), which was reacted under Knoevenagel conditions with
dimethyl acetone-1,3-dicarboxylate, followed by a Diels-Alder and retro-Diels Alder cycloaddition
cascade of dienone 17 with norbornadiene (NBD) to provide 7,10-fluoroanthenedicarboxylic acid
methylester (Scheme 2).[28] The ester groups were reduced to diols and subsequently oxidized by
PCC to dialdehyde 18. Applying Corey-Fuchs conditions, the aldehyde groups were converted to
2,2-dibromovinyl groups in 19 and further treatment with lithium diisopropylamide (LDA) provided
7,10-fluoranthenediacetylene (20). The last step of this approach was a pyrolysis at 1000 °C and was
based on previous results by Brown and coworker, who showed that under flash vacuum pyrolysis
(FVP) conditions isomerization of acetylenes to vinylenes can be triggered and further serve as
starting materials in ring closing reactions.[29-31] Corannulene can be obtained in 10 % yield at
maximum by this method. The pyrolysis could also be applied to the tetrabromo substrate 19, which
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gave improved yields up to 40 % for the final step. [32] Later modification of this reaction and usage
of chlorovinyl precursors were reported.[32] Although yields were improved, it was not possible to
conduct pyrolysis conditions on a large scale and the high temperature does not tolerate functional
groups.

Scheme 2 Flash-vacuum-pyrolysis approach to corannulene published by Scott et al.[28]

Independently the groups of Sygula, Rabideau and Siegel worked on improving a milder wet
chemical preparation of corannulene. Siegel et al. presented an approach to corannulene starting
from tetramethylfluoranthene, where a low valent titanium species was used for the final ring
closing step followed by DDQ oxidation.[33-34] Sygula and Rabideau introduced a corannulene
synthesis by direct hydrolysis of 1,6,7,10-tetrakis(dibromomethyl)fluoranthene (21) (Scheme 3).[3537]

Their synthesis started with metalation of 3-methylbenzyl chloride (22) and subsequent Grignard

reaction with acetal 23, which provided alcohol 24. Treatment with aqueous solution of hydrogen
bromide afforded 2,7-dimethylnaphthalene (25) in 87 %, which was based on the results of
Wolinska-Mocydlarz et al.[38] Reaction with oxalyl chloride resulted in diketone 26 in 36 % yield.
Double Knoevenagel condensation with 3-pentanone afforded cyclopentenone 27 and subsequent
cycloaddition

with

excess

2,5-norbornadiene

(NBD)

in

acetic

anhydride

afforded

tetramehylfluoranthene 28 in a yield of 60 % over two steps. Global radical halogenation of the
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benzylic positions with NBS and AIBN under reduced pressure and irradiation afforded 1,6,7,10tetrakis(dibromomethyl)fluoranthene (21) in 74 % yield. Basic treatment with aqueous sodium
hydroxide solution in 1,4-dioxane afforded tetrabromocorannulene 29 in 83 % yield, which was
dehalogenated in a final step by treatment with excess zinc and potassium iodide in ethanol solution
to give corannulene (2) in 90 % yield.

Scheme 3 Solution phase synthesis of corannulene.[36-37, 39-40]

This route was further improved by Siegel et al.[41] in 2012 to an optimized kilogram-scale synthesis
of corannulene adding improved reaction conditions and changes in the synthesis including global
dehalogenation of tetrabromocorannulene (29) to give corannulene (2) by using palladium on
charcoal and formic acid and trimethylamine. Additionally, an improved separation of 3,8dimethylacenaphthenequinone (26) from its regioisomer 4,7-dimethylacenaphthenequinone by
addition of Girard’s Reagent T was developed.[41]
Besides above mentioned approaches to corannulene, the use of a low valent vanadium species
in a coupling reaction towards corannulene[39,

42]

, as well as nickel mediated synthesis of

corannulene and its derivatives were successfully conducted.[37, 43]
Sumanene (3), which was named after the Hindi word for ‘sunflower’, although already envisioned
by Mehta in 1993[44], was failed to be synthesized until 2003. Its curved methylene-bridged
triphenylene framework made it a challenging target for organic synthesis. Attempts to obtain
sumanene starting from trinaphthotriphenylene, trindane or trindene derivatives were fruitless.
Finally, Hirao and coworker. reported a non-pyrolytic route in four steps (Scheme 4).[45] Starting from
norbornadiene (NBD, 30), trimerization was achieved by treatment with buthyllithium, potassium
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tert-butoxide and tributyltin chloride to yield 31. Further Ruthenium-catalyzed tandem ringopening/ring-closing metathesis reaction yielded 32, which was oxidized with DDQ to provide
sumanene (3) in 70 % yield.

Scheme 4 Synthesis of sumanene by Sakurai et al.[45]

Indacenopicene (Idpc, 4) with the chemical formula C26H14 is another fascinating member of the
Buckybowl family. It possesses an as-indacene system annulated to a picene fragment, resulting in
Cs symmetry. This gives 26 carbon atoms in an octacyclic structure and 12 aromatic protons. The
first synthetic approach towards Idpc was presented by Wang et al. in 2000 by palladium catalyzed
cyclodehydrohalogenation

of

suitable

precursors.[46]

The

phenol

groups

of

2,3-dihydroxynaphthalene (33) were converted to triflates with trifluoromethanesulfonic
anhydride. Subsequent Stille coupling with tributylvinylstannane provided 2,3-divinylnapthalene
(34). With double Heck coupling of 34 with 4-chloro-2-iodotoluene or with 4-chloro-2-iodoanisole,
which provided substituted trans-2,3-distryryl-napthalenes 35a and 35b, all 26 carbon atoms had
been installed. A double oxidative photocyclization successfully provided dichlorobenzo[s]picene
derivatives 36a and 36b. The final key step was a double palladium-mediated five-membered ring
formation using bis(tricyclohexylphosphine)-palladium(II) chloride in the presence of the strong
organic base DBU, which provided 1,8-dimethyl and 1,8-dimethoxy substituted Idpc derivatives 37a
and 37b in 91 % and 70 % yield, respectively. The used method for the synthesis of Idpc derivatives
was published by Wang et al. and described five membered ring closure of suitable precursors
bearing halogenes or triflates.[47]
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Scheme 5 First synthesis of Indacenopicene derivatives with methyl and methoxy moiety by Wang et al.[46]

Although the palladium-catalyzed cyclodehydrohalogenation is a very powerful method in the
case of larger planar molecules, the yields usually drop significantly in case of non-planar PAHs. The
main disadvantages of this method are toxic and harsh reaction conditions and the low solubility of
suitable precursor molecules.
A different approach to Idpc was presented by Amsharov et al. in 2012.[48] In an effective solidstate strategy, pristine Idpc could be obtained by regiospecific cove-region closure of suitable
fluorinated precursor via cyclodehydrofluorination on activated aluminum oxide (Scheme 7). Early
studies of Pataki and coworkers in 1998 revealed synthetic access to pristine benzo[s]picene 38 by
a sequence of Wittig reactions and Mallory type photocyclizations (Scheme 6). Their reported
synthesis commenced with a Wittig reaction of acetonaphtone 39 and benzyltriphenylphosphonium
chloride 40 to give stilbene 41 as cis/trans isomers. Mallory reaction of 41 in presence of iodine and
propylene oxide (PO) afforded 6-methylbenzo[c]phenanthrene (42), which was brominated in
benzylic position with NBS to give 43 and further converted to phosphonium salt 44. Another
sequence of Wittig-reaction with benzaldehyde followed up by Mallory type photocyclization
afforded pristine benzo[s]picene 38.[49]
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Scheme 6 Synthesis of benzo[s]picene by Pataki and coworker.[49]

In 2012 Amsharov et al. reported of intramolecular aryl-aryl coupling of fluorinated precursors
through aluminum oxide mediated HF-elimination.[50] Based on the findings of Pataki, Amsharov et
al. extended the concept of cyclodehydrofluorination to the synthesis of pristine Idpc (Scheme 7),
which started with a Wittig reaction of acetonaphthone 39 and fluorine decorated phosphonium
salt 45 to give stilbene 46 as a cis/trans-isomer mixture. Mallory type photocyclization of 46 afforded
[4]-helicene 47, which was further converted to bromide 48 by Wohl-Ziegler bromination and
successively to phosphonium salt 49 by substitution reaction of 48 with triphenyl phosphine.
Another Wittig reaction with benzaldehyde gave stilbene 50 as cis/trans-isomers, which gave
difluorobenzo[s]picene 51 after another Mallory type photocyclization reaction. Final cove region
closure reaction by cyclodehydrofluorination on activated aluminum oxide of the fluorinated
precursor 51 afforded Idpc (4) in quantitative yield.
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Scheme 7 Synthesis of pristine Idpc by Amsharov et al.[48]

1.2. NOMENCLATURE OF POLYCYCLIC AROMATIC HYDROCARBONS
The modern nomenclature for polycyclic aromatic hydrocarbons (PAHs) is defined by IUPAC. The
molecules have to be orientated in such a way, that a maximum number of rings is oriented in a
horizontal line. If more than one orientation fulfil this requirement, the one having the greatest
number of the remaining rings in the upper right quadrant should be chosen. Carbon atoms are
numbered in a clockwise fashion starting in the upper right quadrant, but only carbon atoms
connected to hydrogen atoms are numbered, whereas all bonds located on the periphery are
lettered in alphabetic order as depicted in Figure 3. Anyhow, the terminology of regions on the
polyarenes periphery is not reported by IPUAC. Bay regions refer to a molecular region between to
angular fused aromatic rings and do not cause any remarkable disturbance of the -system.
Benzannulation of one or two additional benzene fragments in an angular manner results in cove
and fjord regions respectively, as depicted in Figure 3 (right side). Cove and fjord regions are crowed
molecular regions with substantial sterical clash, which results in helical configurations. The K- and
L-regions refer to peripheral armchair and zig-zag configuration of the PAH. Fjord region closure
leads to flat PAH structures consisting of a six membered ring framework, whereas cove region
closure leads to formation of five membered rings and therefore resulting in bent geometries.
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Figure 3 Nomenclature of PAHs and topological regions in PAHs.

Buckybowls, as the bent congeners of PAHs, have additional specific bond classifications, as shown
in Figure 4. A hub-bond is a bond being part of the five membered ring, while a spoke-bond is a bond
that leads away from the five membered ring. The rim-bonds and the flank-bonds are located on
the periphery of the buckybowls. The rim-bond connects two tertiary carbon atoms, whereas the
flank-bond links a tertiary carbon atom with a quaternary carbon atom. The nomenclature of
buckybowls follows the IUPAC rules for PAHs and is described in detail in Figure 4.

Figure 4 Important bonds in buckybowls and nomenclature of buckybowls using as-indaceno[3,2,1,8,7,6-pqrstuv]picene
as an example. For correct numbering picene is reorientated on the right side of the figure.

1.3. FUNCTIONALIZATION OF BUCKYBOWLS
In order to fine-tune the buckybowl properties, it has been shown in the last three decades that
scaffold modifications on the rim region of geodesic arenes are an essential tool. As shown for
fullerenes, specific functionalizations led to a variety of applications in the field of molecular
electronics and medicine and a clear structure-property relationship was evident. Therefore, it was
of great interest to influence the electrochemical and photophysical properties of buckybowls by
direct functionalization of their -systems.
The above-mentioned route based on the works of Scott and Siegel enables derivatization of
corannulene at an early stage by simply vary the dienophile in the Diels-Alder reaction step (blue,
Scheme 8). As an early step strategy, it is further possible to introduce alkyl chains by replacing 3-
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pentanone by longer chained ketone derivatives (red). However, these methods are highly
inconvenient since all of the subsequent steps have to be performed for every single derivative of
corannulene. In order to solve this challenge, further research on functionalization and activation of
buckybowl derivatives was performed.

Scheme 8 Early stage functionalization strategy of corannulene.

1.3.1. ACTIVATED BUCKYBOWLS
Corannulene
Activated corannulenes in form of halogenated derivatives are of great interest since they set the
stage for further derivatization. A more convenient approach than functionalization at an early stage
is based on the use of 1,2,5,6-tetrabromocorannulene (29), as it is already accessible via the
synthetic route of corannulene.[36-37, 41] Thus, 29 can be used as starting material for C-C bond
coupling reactions and furthermore, it can be transformed into more reactive tetraiodo derivative
52 as shown by Rabideau and coworker (Scheme 9).[35]

Scheme 9 tetrabromocorannulene 29 arising from the synthesis of pristine corannulene[37] and iodination to
tetraiodocorannulene (52)[35]

Direct halogenation of corannulene was extensively investigated over the last decades and led to
many other halogenated derivatives (Scheme 10). Monobromocorannulene (53) was synthesized by
Siegel and coworker back in 1999 by treatment of corannulene with bromine and ferric bromide in
dichloromethane in 95 % yield.[40, 51] Recent studies led to several other feasible methods including
iodobromide

in dichloromethane[52] or

N-bromosuccinimide and gold(III)

chloride

in
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1,2-dichloroethane.[53] Monoiodocorannulene (54) was synthesized by Topolinski et al. using
N-iodosuccinimide and gold(III) chloride in 90 % yield.[54] Monochlorocorannulene (55) and
monofluorocorannulene (56) were synthesized by Lentz and coworker and were obtained by
chlorination with N-chlorosuccinimide and gold(III) chloride in 1,2-dichloroethane and treatment
with xenon difluoride respectively.[55] sym-Pentachlorocorannulene (57)[51,

56]

and decachloro-

corannulene (58)[56-57] have also been reported.

Scheme 10 Different direct halogenation procedures of corannulene.

Over the last two decades, further direct C-H activation strategies have been extended to the
corannulene system. Selective electrophilic aromatic substitution reactions were established e.g.
Friedel-Crafts acylation was reported by Harper and coworker[58] Rieche-type formylation by Stuparu
and coworker[59-60] and nitration by Lash and coworker.[61] All of these reactions take advantage of
the C5v symmetry of corannulene, which makes every C-H position equal for monosubstitution.
Besides electrophilic aromatic substitution, addition of organolithium reagents to corannulene have
been reported.[62]
In early studies, Siegel and coworker reported the synthesis of methylated corannulenes based on
the previous halogenated congeners. Nickel catalyzed methylation using NiCl2(dppp) and trimethyl
aluminum afforded mono- (59), penta- (60) and even global methylation as it is apparent in
dekamethylcorannulene (61) (Figure 5).[40]
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Figure 5 Methylated derivatives of corannulene by Siegel et al via nickel catalyzed methylation.[40]

Indacenopicene
In contrast to corannulene, where a variety of functionalizations has been reported over the last
years, functionalization of indacenopicene was only rarely reported. However, Amsharov and
coworker presented an early stage functionalization of Idpc leading to Idpc-1-Br 62 and Idpc-3-Br
63 (Scheme 11).[63] Following the established synthetic route towards pristine Idpc, Wittig reaction
of phosphonium ylide 49 with 2-bromobenzaldehyde and 4-bromobenzaldehyde installed the
halogen moiety to the aromatic scaffold and gave stilbenes 64 and 65. Subsequent Mallory reaction
afforded benzo[s]picene derivatives 66 and 67. Microwave assisted cyclodehydrofluorination with
activated aluminum oxide in 1,2-dichlorobenzene as cove region closure step gave Idpc-1-Br 62 and
Idpc-3-Br 63.

Scheme 11 Microwave assisted synthesis of monobromo-Idpc’s by Amsharov and coworker.[63]

The approach to use cove region closure by cyclodehydrofluorination strategy was further
elaborated to synthesize halogenated diindenocrysene (DIC) derivatives by Amsharov and coworker,
which is a constitutional isomer of Idpc (4) (Scheme 12).[63] Their synthesis started with methylester
68, which was converted to dialdehyde 69 by reduction with lithium alanate und subsequent
oxidation

with

pyridinium

chlorochromate.

Wittig

reaction

with

dihalogenated

benzyltriphenylphosphonium bromides afforded fluorine, chlorine and bromine bearing stilbenes
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70a, 70b and 70c, which were subsequent irradiated in a Mallory-type photocyclization to afford
dibenzochrysene derivatives 71a-71c. Final cove region closure using activated aluminum oxide in
o-DCB under microwave irradiation completed their synthesis of halogenated diindenochrysenes
72a-72c.[63]

Scheme 12 Synthesis of halogenated diindenochrysene derivatives by Amsharov and coworker.[63]

1.3.2. C-C BOND CROSS COUPLING BASED FUNCTIONALIZATION
In search for methods to alter the photophysical and electrochemical properties of buckybowls,
the pallet of halogenated corannulene derivatives led to further derivatization as starting materials
in palladium catalyzed cross coupling reactions.
Siegel and coworker demonstrated that sonogashira coupling of monobromocorannulene (53)
with terminal alkynes could be utilized to give monosubstituted ethynylcorannulenes, which
displayed fluorescence properties (Scheme 13). In fact, trimethylsilyl protected alkyne 73 and alkyne
74 showed slightly increased quantum efficiencies, compared to parent corannulene. It is worth to
mention, that further extending the -system by conjugation of a phenylethynyl unit to give
compound 75 or extending the system to an alkyne-bridged dicorannulene 76 derivative resulted in
a pronounced increase in fluorescence quantum yield by the factor of approximately four and eight,
respectively.[64]
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Scheme 13 Monosubstituted ethynylcorannulenes by Siegel and coworker.[64]

Sutton and coworker expanded the concept of alkyne bridged corannulenes and reported the
synthesis of new corannulene-based blue emitters (Figure 6) with fluorescence intensity of  = 0.08
for 77 and  = 0.60 for linear product 78. In addition, significant red shift of the absorption spectra
were reported.[65]

Figure 6 Blue emitting corannulene derivatives by Sutton and coworker.[65]

Diederich and coworker reported further alkyne-based modification on the corannulene fragment
by the synthesis of corannulene derivatives with push-pull motifs (Scheme 14).[20] Push-pull system
are composed of an electron donating functional group, which ‘pushes’ electrons into a molecular
system and an electron withdrawing functional group, which ‘pulls’ electron from a molecular
system. As a result unique properties like pronounced emission capability with strong intramolecular
charge-transfer character were isolated.[20] Sonogashira coupling of suitable halogenated precursors
of corannulene with 4-ethynyl-N,N-dimethylaniline gave access to N,N-dimethylanilinnne decorated
corannulene derivatives like 79. A cascade of [2 + 2]-cycloaddition with 1,1,2,2-tetracyanoethylene
(TCNE) followed up by retro-electrocyclization gave push-pull corannulene 80 (exemplarily shown
with one substituent in Scheme 14) with the amine moieties as push element and the
tetracyanobuta-1,3-dienyl units as pull segments. The exact position of the substituents, as well as
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the molecular symmetry and the stability of the reduced states make critical contributions to their
overall properties, thus no trivial correlation of the amount of substituents on the buckybowl can
be observed.[20] However, the reported tetracyano decorated corannulene derivatives like 80
showed unique properties, such as strong fluorescence, multiple stable reduction states, as well as
intramolecular charge-transfer. The shift of the reduction potential by approx. 1.64 V with regards
to pristine corannulene, makes this type of compound strong electron-accepting corannulenes.[20]

Scheme 14 Synthesis of corannulene derived push-pull buckybowls.[20]

1.3.3. COPPER CATALYZED AZIDE-ALKYNE CYCLOADDITION
The copper-catalyzed azide-alkyne cycloaddition is a type of reaction that is widely applicable in
the field of organic synthesis. The term “click reaction” was attributed to the Sharpless[66] and
Meldal[67] variation of the Huisgen 1-3 dipolar cycloadditon reaction between alkynes and azides,
which gives 1,2,3-triazole products. Mihaiela Stuparu was the first to investigate the coppercatalyzed click reaction on corannulene derivatives (Scheme 15).[68] Access to azide decorated
corannulenes was achieved by nitration of corannulene to give nitrocorannulene in 70 % yield and
further reduction with palladium on charcoal to give aminocorannulene 81 in 90 % yield.
Diazotization and subsequent substitution with sodium azide resulted in the formation of
azidocorannulene 82 in 80 % yield. Additionally, benzyl azide 84 was prepared from corannulene
based benzyl bromide 83, which was obtained by Wohl-Ziegler bromination of monomethylated
corannulene 61 in 20 % over three steps starting from pristine corannulene. Cycloaddition with
corannulene derived terminal acetylene 74 gave triazole-linked products 85 and 86, whereas double
cycloaddition with p-xylylene diazide resulted in bis-triazole phenyl linked derivative 87. Star-shaped
triphenylamine fluorophores decorated with corannulene units have also been reported by
Niamnont et al. in the context of click-chemistry of buckybowls.[69]
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Scheme 15 Synthesis of 1,2,3-triazole-linked corannulene derivatives by Stuparu.[68]

1.3.4. FERROCENYLATED BUCKYBOWLS
Ferrocenylated buckybowls have been reported over the last decade allowing further
investigation of the electrochemical properties of bent -systems. Most notably, ferrocene is a
suitable one-electron donor, as it can be easily oxidized to stable ferrocinium cation. By linking
ferrocene units to one or several buckybowls, it is possibly to create donor acceptor systems.
Topolinski et al. reported an efficient way to synthesize monoferrocenylcorannulene (88) and 1,1’dicorannulenylferrocene (89) by lithiation of monochloroferrocene and 1,1’-dibromoferrocene and
subsequent transmetaliation to the corresponding organozinc chloride species, which then served
as ferrocenylation reagent in a Negishi-type reaction with monoiodocorannulene 54 (Scheme 16).[54]
The X-ray structure of monosubstituted corannulene 88 revealed bowl in bowl stacking as dominant
motifs, similar to unsubstituted corannulene. 89 showed a columnar stacking motif of the
molecules. The redox potential of the ferrocene unit in 88 and 89 was close to the redox potential
of unsubstituted ferrocene. In addition, the reduction potential of the first reduction of the
corannulene motif approximately fits with pristine corannulene.[54]
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Scheme 16 Synthesis of ferrocenylated corannulenes via Negishi-coupling by Topolinski et al.[54]

Subsequent studies of different monoferrocenylated and multiferrocenylated corannulenes have
been

reported

by

Topolinski

et

al.

including

ethynylferrocenylated

derivative

90,

phenylferrocenylated derivative 91, diferrocenylated corannulene 92, tetraferrocenylated
corannulene 93, pentaferrocenylated corannulene 94[70] and summanenylferrocene 95 (see
Scheme 17).[71]

Scheme 17 Multiferrocenylated corannulenes and summanenylferrocene reported by Topolinski et al.[70-71]
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1.3.5. CARBON BASED -EXTENSION OF BUCKYBOWLS
The interest of sp2-hybridised carbon structures has fascinated physicists and chemists for many
years. The discovery of buckminsterfullerene in 1985[3], as well as the discovery of carbon nanotubes
in 1991[4] and the isolation of graphene as a sheet-like single layer of graphite in 2004[2] marked
milestones in the field of carbon based materials. These materials exhibit unique electronic and
mechanical properties due to their unique curved or planar sp2-hybridised aromatic scaffolds.
Therefore, extensive research in the synthesis of extended aromatic structures with corannulene as
core molecule was performed. Extension of the corannulene motif to benzannulated derivatives has
been generously reported in recent years. For example dibenzo[a,g]corannulene (96, DBC) was
synthesized in various ways using flash vacuum pyrolysis (FVP) from chlorovinyl substituted
corannulene 97 or palladium-catalyzed arylations of halogenated fluoranthene derivatives 98 using
Hermann’s palladacycle[72] (Scheme 18).[35, 73]

Scheme 18 Synthesis of dibenzo[a,g]corannulene (DBC).

A variety of geodesic polyarenes (Figure 7) have been synthesized by the use of FVP including
Rabideau’s synthesis of C32H12-buckybowl 99[74], Zimmermann’s synthesis of buckybowl 100[75],
circumtrindene (101) synthesis by Scott et al.[76], hemifullerene (102) synthesis by Rabideau et al.[77],
Scott et al.[78] and Mehta et al.[79], [5,5]Circulene (103) by Rabideau, Sygula and coworker[77, 80],
chrysene derived buckybowl 104 by Scott and coworkers[81], Dibenz[f,l]acecorannulene (105)[82] and
Buckminsterfullerene C60 (1) itself as the first chemical approach to fullerene.[83]
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Figure 7 Different geodesic polyarenes accessable via FVP methodology.

As an alternative to FVP methodology, solution-phase methods were also applied to extend the
corannulene scaffold using metal catalysis as curvature introducing step. In 2007, Scott and
coworker reported the synthesis of extended corannulene derivatives 107 by indenannulation of
106 using microwave assisted palladium catalyzed intramolecular arylation (Scheme 19) in 35 % over
all five annulation reactions.[84] The obtained indenocorannuelene 107 was reported to have a
multifaceted UV/vis-spectrum with absorption tails reaching into the visible region. In addition, the
carbon atoms in the corannulene center exhibit greater pyramidalization angles than C60 resulting
of connecting the peri-carbons of corannulene.[84]

Scheme 19 Synthesis of pentaindenocorannulene (107) by Scott and coworker. Reagents and conditions: a) Pd(dppf)Cl2,
Cs2CO3, THF 2-chlorophenylboronic acid, 95 °C 2 d, b) PdCl2(PCy3)2, DBU, DMAc, MW, 200 °C, 300 W.[84]

It was the group of Wu in 2011, which reported a palladium catalyzed synthesis of buckybowl 99,
containing both, a corannulene and an indacenopicene motif (Scheme 20).[85] Their synthesis started
with a palladium catalyzed [(2+2)+2] cycloaddition reaction of bisethynylnaphthalene 108 with
iodobenzene to access benzofluoranthene derivative 109 in 60 % yield. This method was initially
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reported by Kung et al.[86] In a final step, palladium catalyzed cyclization of 109 in the presence of
DBU and thermal heating afforded highly strained buckybowl 99 in 31 % yield.

Scheme 20 Synthesis of buckybowl 99 by Wu and coworker.[85]

Another method to synthesize extended geodesic polyarenes was reported by Sygula and
coworker in 2011.[87] In their synthesis of buckybowl C60H24 (110) a palladium catalyzed
cyclotrimerization of corannulyne 111 was reported as key step. Aryne 111 was obtained from
2-trimethylsilylcorannulenyl triflate 112, which could be cyclotrimerized to 110 in the presence of
Pd2(dba)3. As a consequence of three bulky corannulene units directly bound to the middle benzene
ring, significant steric hindrance constrained 110 to a propeller-like structure as was evident from
the crystal structure (Scheme 21).[87]

Scheme 21 Synthesis of 110 by Sygula and coworkers.[87]

Photochemical pathways were examined by Stuparu and coworker to extend the corannulene
scaffold via Mallory-type photocyclization (see Scheme 22). From aldehyde 113, a sequence of
Wittig olefination to stilbene 114 and subsequent photocyclization afforded benzannulated
corannulene derivatives like 115 in typically quantitative yields. Introduction of functional groups on
the rim of the extended corannulene derivatives was also reported. [59-60, 88]

Scheme 22 Extension of the corannulene scaffold via Mallory-type photocyclization by Stuparu and coworker.[59-60, 88]
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Larger extension of corannulene was reported by Itami and Scott in 2013, which reported the
synthesis of warped-like nanographene structures 116 and 117 (Scheme 23).[89] The synthesis
included a complete C-H phenylation of corannulene under palladium catalysis to 118 and a fivefold C-H biphenylation to 119. Final cyclodehydrogenation of 118 and 119 afforded carbon-based
warped graphene structures 116 and 117, which possessed a negative curvature geometry. In
contrast to graphene, which is hardly soluble in organic solvents due to large-area van der Waal’s
interactions, the corannulene based graphene structures showed solubility in several organic
solvents.[89] The structure included multiple odd-membered ring defects and showed ultraviolet
absorption with a maximum of  = 491 nm, green fluorescence at  = 504 nm and 535 nm and a
relatively large HOMO-LUMO gap.[89]

Scheme 23 Synthesis of warped nanographene by Itami and coworker[89]. Reagents and conditions: a) tris(obiphenylyl)boroxin, Pd(OAc)2, o-chloranil, DCE, 80 °C, 16 h; b) DDQ, TfOH/DCM, 0°C, 0.5 h; c) tris(p-(tbutyl)phenyl)boroxin,
Pd(OAc)2, o-chloranil, DCE, 80 °C, repeat for 3-4 cycles and d) FeCl3, DCM/MeNO2, 25 °C 1 h.
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1.3.6. CHALCOGEN BASED FUNCTIONALIZATION
The first thiol based functionalization on the corannulene system was reported in 1996 by Siegel
and coworkers with the synthesis of corannulene cyclophane 121, which was synthesized from
bis(bromomethyl)corannulene (120) and bis(mercaptomethyl)benzene in 40 % yield.[33] Further
studies reported the synthesis of aliphatic linked cyclophanes 122 by similar strategy in 2001[90].
Connecting two corannulene moieties was found to be more challenging and a different method
was applied by Siegel and coworkers using in situ generated bis(selenide anion) and further reaction
with 123 to give cyclophanes 124 in 20 % yield (Scheme 24).[90]

Scheme 24 Synthesis of corannulene cyclophanes.[33, 90]

In contrast to the above mentioned cyclophanes based on methylene spacers, Scott and
coworkers were the first to report the synthesis of thioethers, were the sulfur atoms were linked
directly onto the corannulene core (Scheme 25)[91] Efficient preparation of pentachlorocorannulene
(57) with iodomonochloride in dichloromethane and subsequent nucleophilic aromatic substitution
reaction with sodium thiolates gave access to thioethers 123-126. The anisyl derivative 123 and the
naphthyl derivative 124 were reported to interact with buckminsterfullerene C60 through their bent
-system to form 1:1 supramolecular complexes.[91]
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Scheme 25 Synthesis of corannulene thioethers by Scott and coworker.[91]

In an extension to this method, Scott and coworkers synthesized a pallet of penta- and
decasubstituted thioethers based corannulenes 127-129 decorated with alkyl and aryl groups
(Scheme 26).[92] Pentakis(1,2-benzodithio)corannulene (130) showed remarkable host-guest
interactions with C60 and was the first corannulene derived host molecule for C70.[93]

Scheme 26 Synthesis of decasubstituted thioethers of corannulene by Scott and coworker.[92]

Using free thiols and sodium hydride as base, Baldridge and Siegel prepared several corannulene
pentathioethers 131-133 and corannulene decathioethers 134-139, which varied in their
substitution pattern on the phenyl backbone (Scheme 27).[94-96]
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Scheme 27 Corannulene pentathioethers and decathioethers reported by Baldrige and coworkers.[94-96]

Recently the group of Stuparu synthesized ethylene glycol decorated corannulene derivatives with
different lengths of the polyethylene glycol substituent, which were directly linked to the
corannulene core (Scheme 28).[97-98] Interestingly, molecules like 140, 141 and 142 were soluble in
water at room temperature and showed thermoresponsive behavior. When the temperature was
raised, supramolecular assembling to fibrilar shapes was observed and furthermore an aggregationinduced emission was reported.[97]

Scheme 28 Thermoresponsive Corannulene derivatives by Stuparu and coworker.[97-98]

The idea to manipulate the electron affinity of buckybowls like corannulene by functionalization
with electron withdrawing groups was investigated by Barát and coworker.[99] Thioether decorated
corannulenes with the sulfur attached directly to the corannulene core (146 and 149) and the sulfur
linked at the periphery of the molecule (143) were oxidized to the corresponding sulfoxides (144
and 147) and sulfones (145, 148 and 150) using meta-chloroperbenzoic acid(m-CPBA) (Scheme 29).
An anodic shift of the first reduction potential was reported in the series of thioethers < sulfoxide <
sulfone. Internal sulfides were generally reported to shift the first reduction potential more than
terminal sulfides in the periphery. Pentasulfone 150 showed the most anodic shift with E1/2 = 1.28
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V for the first reduction potential relative to the first reduction potential of pristine corannulene. [99]
The oxidation of the sulfur connected in the periphery of the molecule had only minor influence on
the reported reduction potential.

Scheme 29 Synthesis of mono and penta-susbstituted corannulene sulfides, sulfoxides and sulfones.[99]

Furthermore, Barát and coworker synthesized tetrasulfides 151 and 152 by nucleophilic aromatic
substitution reaction of thiocresol and 29 and tetrasulfones 153 and 154 by oxidation of the
corresponding sulfides with mCPBA (Scheme 30).[99] The electron affinity of both tetrasulfones 153
and 154 were reported to be superior over pentasulfone 150 with reduction potentials of the first
reduction event of E1/2 = 1.35 V (153) and E1/2 = 1.31 V (154) relative to corannulene. These results
demonstrated that the oxidation state of the attached sulfur, as well as its position in the buckybowl
fragment defined the electron accepting properties of the final products. However, the best
performing compound in terms of electron acceptor ability, cyclic tetrasulfone 153, suffered from
limited solubility.[99]
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Scheme 30 Synthesis of cyclic tetrasulfone 153 and tetrasulfone 154.[99]

To circumvent the poor solubility of the obtained sulfone derivatives of corannulene and further
fine-tune the electron acceptor properties Barát et al. described the synthesis and the electron
affinity of new sulfur derived derivatives of corannulene with an imide moiety bearing a long alkyl
chain to ensure decent solubility (Scheme 31).[100] Anhydride 155 was reacted with octadecylamine
to the corresponding imide 156. Treatment with p-thiocresol and p-trifluoromethylthiophenol
respectively in a nucleophilic aromatic substitution reaction provided sulfides 157 and 158, which
were oxidized to the corresponding sulfones 159 and 160 with mCPBA. The electrochemical
properties were investigated by using square-wave and cyclic voltammetry and revealed, that the
reduction potential of the first reduction event was anodically shifted by E1/2 = 1.21 V for
trifluoromethyl decorated sulfone 160 and E1/2 = 1.18 V for methyl decorated sulfone 161 relative
to the first reduction of corannulene (Ered1 = -2.31 V). This was comparable to aforementioned cyclic
tetrasulfone corannulene 153, whereas the alkylated imine moiety provided better solubility.

Scheme 31 Synthesis of corannulene based electron acceptors by Barát et al.[100]

Despite of previous studies on lighter chalcogen derivatives of corannulene, stable heavier
chalcogen congeners with the chalcogen atom directly attached to the corannulene scaffold
remained rarely reported. Lentz and Haupt were the first to report in 2018 about the chalcogen
derivatives 161–164 and selenium derivative 165 of corannulene, were the heteroatom is directly
attached to the buckybowl scaffold, even though 165 suffered from decomposition (Scheme 32).[101]
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Additionally, they report that copper thilates could be applied for the synthesis of corannulene
derivatives 163, 164 and 165 decorated with fluorinated thioethers to tune the electron affinity and
stacking properties.

Scheme 32 Synthesis of corannulene derivatives decorated with fluorinated chalcogenoethers by Lentz et al.[101]

In 2020 Barát et al. reported selenium and tellurium derivatives of corannulene (Scheme 33).[102]
Since selenium and tellurium nucleophiles are only limited commercially available and suffer from
oxidative dimerization processes to diselenides or ditellurides under ambient temperature, the
required

chalcogen

nucleophiles

were

generated

in

situ

from

the

corresponding

diaryldichalcogenides in the presence of potassium carbonate and dithiothreitol (DTT). By this
method monoselenoether 166 and pentaselenoether 168 were obtained by reaction with
monobromocorannulene 53 and pentachlorocoranulene 57 respectively. The oxidation to the
corresponding selenones 167 and 169 was achieved by treatment with mCPBA, although the
oxidized products were reported to be sensitive towards acidic conditions. The reaction with
diphenylditellurid and monobromocorannulene 53 in presence of potassium carbonate resulted in
the oxidized tellurium species 170. As evident in the crystal structure of compound 170, the
molecules are linked by a polymeric telluroxide backbone, whereas one Te-O bond is covalent and
the other one is a coordinative bond may result of chalcogen bonding between the tellurium -hole
and the oxygen lone pair.[102-103]
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Scheme 33 Synthesis of selenium and tellurium derivatives of corannulene by Barát et al.[102]

Apart from nucleophilic aromatic substitution reactions on activated buckybowls (e.g.
halocorannulenes), other reactions such as annulation reactions have been proven to provide sulfur
based bent structures. This was reported by Lu et al., which is depicted in Scheme 34.[104] By using
thiophene based Stille coupling reagents 171 and 172, the heteroatoms were introduced into the
aromatic scaffold to give 173 and 174. Further Scholl reaction with methanesulfonic acid and DDQ
or iron(III) chloride furnished fused thiophene decorated corannulenes 175 and 176.
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Scheme 34 Thiophene annulation reactions via Scholl reaction.[104]

The strategy of using thiophene derived building blocks for introduction of the heteroatom in a
first step and the cyclization to fused thiophene decorated corannulene structures in a second step
was further elaborated by Itami and coworker (Scheme 35).[105] Suzuki coupling of aryl bromide 178
and bisthiophene 179 with pentaboronic acid pinacol ester 177 gave buckybowl derivatives 180 and
181. Annulation was achieved by Scholl reaction of 180 to give corannulene based nanographene
structure 182 with seven-membered rings incorperated in the carbon scaffold in 40 % yield. Mallory
reaction of corannulene 181 gave benzodithiophene annulated corannulene 183 in 20 % yield. The
five-fold cyclization to warped nanographene structures with thiophene moieties like fused product
182 and quintuple helicene motifs like in product 183 reveals the efficiency for building carbon-rich
nano structures.
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Scheme 35 Synthesis of thiophene-fused corannulenes by Itami and coworker.[105]

In 2019, the group of Procter developed a direct C-H activation strategy, which does not require
halogenated starting matertials or any metal catalyst (Scheme 36, top). Instead, in this one-pot
procedure sulfoxide 184 is utilized in presence of triflic anhydride and further treatment with base
to give thiophene annulated corannulene 185.[106] It is assumed that this reaction follows a sequence
of intermolecular interrupted Pummerer reaction, [3,3]-sigmatropic rearrangement, proton
promoted cyclization and a final demethylation step to give thiophene-annulated products.
Itami et al.[107] presented another annulation method to gain access to thiophene annulated
corannulene derivatives (Scheme 36, bottom). By treatment of corannulene 186 bearing an
acetylene bridge with elemental sulfur in dimethylformamide, thiophene derived corannulene 187
could be obtained in 99 % yield.
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Scheme 36 Thiophene anulation of corannulene by the group of Procter.[106] and direct thienannulation strategy using
elemental sulfur by Itami[107]

To establish heteroatom functionalized corannulene structures, Mallory reaction was elaborated
as another reliable method by the group of Stuparu, which is depicted in Scheme 37.[60, 88] Therefore,
thiophene-2-carbaldehyde and benzo[c]thiophene-2-carbaldehyde (blue structures, Scheme 37)
were utilized in a Wittig reaction with corannulene derived ylide 188 to give stilbenes 189 and 190
in 95 % yield for both substances. Mallory reaction in the presence of iodine gave rise to compounds
191 and 192 in 93 % and 67 % yield, respectively, where the -system of corannulene was extended
by a benzothiophene and a dibenzothiophene motif.

Scheme 37 Synthesis of benzothiophene fused corannulene derivative by Mallory reaction.[60]

Besides corannulene chalcogenides, there are also sumanene derivatives reported with chalcogen
atoms attached. In 1999, the group of Otsubo reported the first synthesis of trithiasumanenes (193)
(Scheme 38).[108] Starting from benzotrithiophene 194 a four step reaction sequence was described
including bromination of 194 with NBS to get aryl bromide 195, which was then submitted to a
Sonogashira reaction with trimethylsilyacetylene to access alkyne 196, which was further treated
with concentrated hydrochloric acid to give vinylchloride 197. Chloride 197 then served as a
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precursor for a FVP reaction (1000 °C, 0.005 Torr), which gave trithiasumanene 193 in 6 % overall
yield. X-ray analysis of 193 showed the bowl-shaped structure and a bowl-depth of 0.79 Å was
reported. Even though the synthesis of 193 by the group of Otsubo was achieved, their method
suffered from harsh reaction conditions (FVP), low overall yield of 6 % and only milligram-scale
amounts of the product.

Scheme 38 Synthesis of pristine trithiasuamene via FVP.

To circumvent these drawbacks, the group of Shao proposed a non-pyrolytic synthesis to butoxyfunctionalized trithiasumane 201 (Scheme 39) involving a two step sequence of ring cyclization and
ring-contraction starting from hexabutoxytriphenylene (198), which was hexalithiated with
n-butyllithium in presence of TMEDA and then quenched with elemental sulfur to provide
compound 199.[109] Treatment with copper powder in the solid state desulfurized compound 199 to
give trithiasumanene 201 accompanied by 200, which could be converted to 201 by further
treatment with copper powder. The same strategy led to the synthesis of triselenasumanene 203
via diselenide 202 and tritellurasumanene 204.[109-110]
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Scheme 39 Synthesis of chalcogen decorated sumanene derivatives. Conditions: a) (i) TMEDA (10 eq.), nBuLi (10 eq.),
hexane, 60 °C, 3h; (ii) S8 (15 eq.), -78 °C to rt; b) Cu powder (80 – 100 nm, 10 eq.), 200 °C, 2 h; c) (i) TMEDA (10 eq.), n-BuLi
(10 eq.), hexane, 60 °C, 3h; (ii) Se powder (10 eq.), -78 °C to rt; d) (i) nBuLi (15 eq.), TMEDA (15 eq.), hexane, 60 °C, 3h; (ii)
Te powder (15 eq.), ultrasound, rt, 12h.

1.3.7. NITROGEN INCORPORATED CORANNULENES
The presented development to functionalize corannulene derivatives and alter its electrochemical
and photophysical properties, as well as the conformational dynamics, led to further investigations
towards nitrogen incorporated corannulenes. In contrast to sulfur based modifications, in the field
of nitrogen-based corannulenes considerable less effort has been made. However, the pioneering
work by Nozaki and coworker enabled access to pyrrole fused corannulenes 205 and 206
(Scheme 40).[111-112] Key step of Nozaki’s approach was a 1,3-dipolar cycloaddition[113-114] of aromatic
azomethine ylide 207 and trichlorodiphenylacetylene 208, which resulted in pyrrole based
cycloadduct 209 with the internal nitrogen atom already installed. In a final step, compound 209
underwent palladium-catalyzed intramolecular cyclization to give hub-nitrogen doped corannulene
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derivative 205.[111] In 2017, the group of Nozaki reported, that 1,3-dipolar cycloaddition occurred
between azomethine ylides like 210 and rim-C-C-bonds of corannulene.[115] Based on these results
Nozaki and coworker prepared a hub-nitrogen doped C80 fragment 206 via 1,3-dipolar cycloadditon
of corannulene and 1,3-dipole 210 to give 211 and successive palladium-catalyzed intramolecular
cyclization (Scheme 40).[112]

Scheme 40 Synthesis of Benzene-fused azacorannulene bearing an internal nitrogen atom[111] and Synthesis of
Azacorannulene 206 by Nozaki et al. via 1,3-dipolar cycloaddition.[112, 115]

In 2018, Siegel et al. reported the synthesis of azaindenocorannulene 213 (Scheme 41).[116] Suzuki
reaction with pyridine-based boronic acid and monoiodocorannulene (54) introduced the
heteroatom into the aromatic scaffold and gave 212 in 40 % yield. Subsequent palladium catalyzed
ring closure afforded corannulene derivative 213 in 80 % under microwave conditions, which shows,
that this methodology tolerates electron lone-pair bearing heteroatoms.

Scheme 41 Azaindenocorannulene synthesis by Siegel et al.[116]
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Although corannulene is known for over 45 years, even simple alkylamino- and arylaminosubstituted corannulenes have only recently been reported by Xie et al.[117] They reported the
synthesis of fluorescent mono- and diaminocorannulene derivatives 214a-j and 216a-e with
different amine backbones (Scheme 42). Buchwald-Hartwig-coupling of primary and secondary
amines in presence of a palladium catalyst afforded the desired aminated products with yield
ranging between 11 % and 79 %. The obtained amines showed fluorescence in solution and in solid
state with quantum yields ranging from  = 0.06 to  = 0.25, whereas 216i with a diphenyl backbone
showed highest quantum yield. In addition to that, ethylenediamine functionalized amines 214j and
216e showed solubility and fluorescence in water.

Scheme 42 Synthesis of corannulene derived amines and diamines by Xie et al.[117]

Stuparu and coworkers discovered another interesting functionalization, which is depicted in
Scheme 43. Azahelicene functionalized corannulenes 218a-c were synthesized by Mallory
photocyclization reaction of imine precursors 217a-c with different substitutents.[118] This
represents an exception to the rule in oxidative photocyclizations of diarylethenes, since stilbene
imines as precursors to prepare aza-based aromatic scaffolds have been reported to be not
feasible.[119-120] This observation marks the unique reactivity of buckybowls, compared to their flat
aromatic congeners.
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Scheme 43 Corannulene based azahelicene synthesis reported by Stuparu and coworkers via Buchwald-Hartwig
coupling and Mallory photocyclization.[118]

More recently, Kise et al. combined the approaches shown above and synthesized indolo and
benzoindolo derivatives of corannulene (Scheme 44). Amination of brominated corannulene 219
with 2-chloroaniline or 1-chloro-2-aminonaphthalene gave amines 220 and222, which subsequently
underwent palladium catalyzed five-membered ring closure to obtain pentaindolocorannulene 221
and pentakis(benzoindolo)corannulene 223, which showed temperature depended helical chirality.

Scheme 44 Synthesis of pentaindolo- and pentakis(benzoindolo)corannulenes by Kise et al.[121]

General Introduction

Besides azacorannulene derartives, Scott and coworker reported the successful synthesis of
azadibenzocorannulene 224 in 2017, with a rim-nitrogen incorporated into the aromatic scaffold
(Scheme 45).[122] Their synthesis commenced with isoquinoline 225, which was reacted with
trimethylsilylacetylene in a Sonogashira reaction and further deprotected under basic conditions to
give acetylene 226, which was further cyclized at FVP conditions (950 °C) to give aza-acenaphthylene
227. Oxidation of 227 with benzeneselenic anhydride provided diketone 228, which was reacted
with either 1,3-bis(2-bromophenyl)acetone or 1,3-bis(2-chlorophenyl)acetone in a double
Knoevelnagel condensation to give cyclopentadienones 229a and 229b. A cascade of cycloaddition
and retro-Diels-Alder reaction provided indenoisoquinolines 230a and 230b. Final cyclization was
reported at FVP conditions (1000 °C) but only bromo derivative 230b gave the the desired
azadibenzocorannulene 224 in 28 % yield. Attempts to prepare buckybowl 224 from 230a failed.
Buckybowl 224 was reported to be not stable owing to the cleavage of its pyridine moiety by the
reaction temperatures of the last FVP process or during purification via column chromatography on
silica.

Scheme 45 Synthesis of azadibenzocorannulene 224 by Scott and coworker[122]

Regarding aza incorporated sumanene derivatives, only rim-heterosumanenes have been
reported.[123-125] The group of Sakurai reported an enantioselective synthesis of rim-triazasumanene
231, which contains three rim-nitrogens, as well as three thiomethyl groups at rim-positions
(Scheme 46)[123]. Their synthesis started with enantiopure vinyl iodide 232, which afforded 233 via
palladium-catalyzed

cyclotrimerization.

Further

hydrolyzation,

followed

by

subsequent

condensation gave lactam 234. Attempts towards direct aromatization of 234 to give rimtriazasuamene failed. Eventually, 234 was thiolated with Lawesson’s reagent under microwave
conditions. Further deprotection and thiomethylation gave 235. Final dehydrogenation using
tritylium tetrafluoroborate and DTBMP yielded the desired azabuckybowl 231.
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Scheme 46 Synthesis of rim-triazasumanene 231. Reagents and conditions: a) Pd(OAc)2 (5 mol%), PPh3 (0.1 eq.),
Bu4NOAc (10 eq.), Na2CO3 (10 eq.), 4 Å molecular sieve, 1,4-dioxane, 100 °C, 2h; b) (i) HCl (12 M9, AcOH, 60 °C, 3h; (ii)
C6F5OP(=O)Ph2 (9 eq.), N,N-diisopropylethylamine (20 eq.), DMF, 0 – 60 °C; c) Lawesson’s reagent (0.5 eq.),
dichloroethane, microwave, 160 °C, 40 min; d) TFA, microwave, 100 °C, 2h; e) MeI (30 eq.), K 2CO3 (10 eq.), DMF, 30 °C,
3h; and f) Ph3CBF4 (6 eq.), DTBMP (8 eq.), DCM, 25 °C, 8 h.[123]
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2. SCOPE & OBJECTIVE
As shown in detail within Chapter 1 of this thesis, corannulene and its derivatives have been
thoroughly studied. Comparably less work has been carried out in the field of indacenopicene and
its derivatives. Therefore, the general objective of this work was the synthesis and derivatization of
the buckybowl indacenopicene. Access to unsubstituted indacenopicene is already known in
literature but requires many reaction steps. An abbreviated synthesis would be more scalable.
Access to activated derivatives by early stage halogenation has been described by Amsharov and
coworker, but procedures for direct functionalization is lacking in literature until now. Furthermore,
the literature lacks a method to address position C-2 and C-4 of the Idpc fragment. Functionalization
of the indacenopicene scaffold would offer extensive advantages for later applications as described
in chapter 1. In addition, direct embedding of heteroatoms into the -system of buckybowls is an
interesting method to further improve their properties.
Thus, the study should include synthetic pathways to activated derivatives of indacenopicene as
useful building block for later functionalization. Halogens and methyl groups are best suited for
further functionalization at specific positions, which is why these groups are the primary targets for
the synthesis of activated indacenopicene derivatives. Furthermore, the study should include
synthetic elaborations to address the positions C-2 and C-4 in the indacenopicene buckybowl.
In addition, it should be aimed for a direct activation strategy via electrophilic aromatic
substitution reactions starting from pristine indacenopicene, since this strategy was shown to be
superior in the synthesis of activated derivatives of other buckybowls like corannulene.
Introduction of a variety of functionalization to alter the chemical, electrochemical and
photophysical properties should be examined. For other buckybowls, especially the fluorescence
and electrochemical properties could be influenced by functional group introduction at the rim
region. Therefore, the synthesized derivatives should be investigated for their photophysical and
electrochemical properties using electronic absorption spectroscopy, fluorescence spectroscopy
and cyclic voltammetry to obtain a deeper understanding of their properties.
Furthermore, introduction of heteroatoms into the aromatic scaffold of Indacenopicene should
be probed.
Finally, synthetic access to other buckybowls and PAHs via cyclodehydrofluorination should be
investigated.
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3. RESULTS & DISCUSSION
3.1. ALTERTNATIVE APPROACHES TOWARDS THE INDACENOPICENE CORE
3.1.1. PHOTOCYCLIZATION APPROACH VIA -DIAZOKETONE PYROLYSIS
Since Mallory-type oxidative photocyclization was proven to be a powerful synthetic tool to
construct PAHs[119, 126], this reaction was chosen as key step to gain access to the polyaromatic
framework of Indacenopicene (Idpc, 4). The retrosynthetic analysis is depicted in Figure 8. Idpc,
lacking any functional groups, is thought to be obtained by oxidative photocyclization from alkene
236. This alkene should be generated from diketone 237 by a double Wittig reaction. Polyaromatic
diketone 237 is the product of an oxidative photocyclization of diketone 238 Herein, 6-photocyclization should furnish the picene like core structure. 238 should be obtained by thermal
decomposition of -diazoketone 239, presumably via ketocarbene dimerization.[127] 239 is the
product of a condensation reaction of commercially available acenaphthylene-1,2-dione (240) and
tosylhydrazine (241) followed by basic treatment.

Figure 8 Retrosynthetic analysis I of indacenopicene (4).

Preliminary studies towards the synthesis of PAHs starting from diketone 238 were already
reported by Metha and co-workers.[128] Following this strategy condensation of tosyl hydrazine (241)
with acenaphthylene-1,2-dione (240) afforded hydrazone 242, which could be converted to
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-diazoketone 239 by treatment with sodium hydroxide. Pyrolysis of 2-diazoacenaphtene-1-one
(239) at 160 °C under inert gas atmosphere afforded diketone 238 in 86 % yield (see Scheme 47).

Scheme 47 Synthesis of photocyclization precursor 238; for conditions see Table 1.

The photocyclization of diketone 238 to give 239 was tested (see Table 1) in cyclohexane as
solvent and with either a 125 W or 400 W medium pressure mercury lamp. Cyclohexane was distilled
prior to use and degassed by constantly passing nitrogen through the stirred solution. Mallory
reaction following the improved Katz procedure with iodine and propylene oxide as acid scavenger
lead to no reaction[129] (entry 1 and 2). When only catalytic amounts of iodine were used under air
atmosphere full consumption of starting material was observed. However, under air-atmosphere
conditions decomposition was observed with both lamps (entry 3 and 4). The steric environment of
the overcrowded tetrasubstituted olefin moiety may rationalize the low reactivity of the double
bond. In addition, the downfield shifted H-8 ( = 9.47) in close proximity to the carbonyl group
indicates hydrogen bonding between H-8 and the oxygen of the ketogroup, which hampers the
isomerization process. Therefore, BF3xOEt2 was used to precoordinate the ketogroups and facilitate
double bound isomerization. However, only decomposition of the starting material was observed
upon irradiation (entry 5).
Table 1 Irradiation conditions of diketone 238.

Entry

Conditions

Irradiation source

Observation

1

I2 (1.1 eq.), PO (20 eq.), N2

100 W Hg-lamp

SM recovered

2

I2 (1.1 eq.), PO (20 eq.), N2

400 W Hg-lamp

SM recovered

3

cat. I2, air

100 W Hg-lamp

decomposition/polymerization

4

cat. I2, air

400 W Hg-lamp

decomposition/polymerization

5

BF3xOEt2

400 W Hg-lamp

decomposition

To circumvent the low reactivity arising from the carbonyl groups, another approach was examined,
whereas photocyclization precursor 245 should act as a more reactive alternative compared to
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dione 238 (Scheme 48). 1-Acenaphthenone (244) was synthesized in two steps from
1-naphthaleneacetic acid (243) following a literature known procedure by Longstreet and
coworker.[130] McMurry coupling of 244 led to photocyclization precursor 245 in 83 % yield.
Irradiation under Katz conditions[129] as well as under standard Mallory conditions[119] led to a
complex mixture of decomposition products but no formation of product 246 was observed.
Therefore, another approach was investigated towards the synthesis of indacenopicene.

Scheme 48 Synthesis of photocyclization precursor 245.

3.1.2. DOUBLE PHOTOCYCLIZATION APPROACH
In a next approach the initial synthesis of indacenopicene derivatives by Wang et al.[46] was
modified to an double photocyclization and cyclodehydrofluorination approach, as depicted in
Scheme 49. The synthesis commenced with triflation of the phenol groups of 33 to give 247 in 70 %
yield. Benzaldehyde 248 bearing a fluorine moiety for later cyclodehydrofluorination and a methyl
group to direct the later Mallory reaction was olefinated with methyltriphenylphosphonium
bromide and n-butyllithium to give 249 in 54 % yield. A double palladium catalyzed Heck-coupling
between triflate 247 and olefin 249 gave the (E)-stilbene 250 derivative as sole product in 72 % yield.
Further Mallory reaction by irradiation with a 400 W mercury lamp in presence of iodine and
propylene oxide (PO) led to a complex mixture out of decomposition products but no desired
product 251 was observed. In contrast to chlorinated precursors for palladium catalyzed cove region
closure, which underwent double photocyclization[46], the fluorine atoms seem to prevent the
photocyclization reaction completely.

Scheme 49 Synthesis towards difluoro-dimethylbenzo[s]picene (251).
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3.1.3. CYCLODEHYDROFLUORINATION-ZIPPING APPROACH
The difficulties with the approach involving the photocyclization reaction led to alternative
approaches. Even though Mallory reaction is a versatile tool for construction of PAHs [119, 131], there
are other methods mentioned in literature based on activation of halogenated precursor.[48, 132-134]
In this third approach towards Idpc, a triple cyclodehydrofluorination step to construct the polycyclic
framework was chosen. This reaction is extremely useful because it requires only fluorine atoms at
specific positions on a molecule, while being chemically robust and inert to a wide range of
conditions. Idpc is thought to be obtained by triple cyclodehydrofluorination reaction from
fluorinated pentacycle 252. This precursor should be synthesized by a sequence of triflation of 254
to give 253 and Suzuki coupling with 2-naphthylboronic acid. -Naphthol derivative 254 is the
product of another Suzuki coupling of 8-iodo--naphthol (255) with 2,3,4-trifluorophenylboronic
acid. This step brings all three required fluorine atoms in the correct position for later cyclization.
Aryl iodide 255 would be the product of a Sandmeyer reaction of 8-amino-2-naphthol 256 (see
Scheme 50).

Scheme 50 Retrosynthetic analysis of Indacenopicene (4)

The synthetic route commenced (Scheme 51) with the preparation of 8-iodo-2-naphthol (255)
according to literature known procedure[135] in 77 % yield. Palladium catalyzed Suzuki coupling of
2,3,4-trifluorophenylboronic acid and aryl iodide 255 afforded phenol 254 in 54 % yield. Triflation
with trifluoroacetic anhydride gave triflate 253 in 93 % yield. Conversion to fluorinated precursor
252 proceeded via a final Suzuki coupling with 2-napthylboronic acid and triflate 253 in 56 % yield.
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Scheme 51 Synthesis of Idpc (4) via triple cyclodehydrofluorination

With fluorinated precursor 252 in hands, all required 26 aromatic carbon atoms were allready
installed and the final triple cyclization was conducted. The applied conditions are summarized in
Table 2 and Figure 9. Initial approach using activated aluminum oxide at 280 °C for two hours
resulted in no formation of the desired buckybowl. Instead, a complex mixture out of monocyclized
diphenol 257 and heptacyclic phenol 258 was obtained (entry 1). Increasing the temperature led to
no significant change in the outcome of the reaction (entry 2). Decreasing the temperature and
extending the reaction time led to complex mixture of 257, 258 and monocyclized difluoro arene
259. Decreasing the temperature to 220 °C, while extending the reaction time to eight hours did
indeed lead to formation of the desired Idpc 4 in trace amounts, still accompanied by diphenol 257
and phenol 258 (entry 4), which demonstrated, that it is in principle possible to synthesize Idpc (4)
from trilfuoro arene 252. In addition, the first cyclization to intermediate 259 worked smoothly.
However, the second and third cyclization process underwent side reactions to form phenol
structures 257 and 258, which suggests another mode of C-F bond activation in contrast to the
established cyclization mode. Unfortunately, only traces amounts of 4 was obtained, even when the
reaction temperature was decreased to 200 °C and the reaction time increased up to 12 hours (entry
5). Even then, oxygen insertion into the C-F bond remained the favored process. Similar dificulites
where reported by Amsharov and coworker in their synthesis of Diindenochrysene through
intramolecular multi-assemblies by C-F bond activation on aluminum oxide.[132] Ortho-positions of
two fluorine atoms on a phenyl substituent hampers efficient cyclization and further coupling. The
failed attempt to efficiently prepare Idpc from 252 together with the difficulties Amsharov and
coworker reported for the synthesis of diindenochrysene[132], led to follow a different approach.
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Table 2 Conditions applied for the synthesis of Idpc via triple cyclodehydrofluorination of 252.

Entry

Conditions

Observation

1

Activated Al2O3, 280 °C, 2 h

complex mixture of 257, 258

2

Activated Al2O3, 320 °C, 2 h

complex mixture of 257 and 258

3

Activated Al2O3, 240 °C, 3 h

complex mixture of 257, 258 and 259

4

Activated Al2O3, 220 °C, 8 h

complex mixture of 257 and 258, traces of 4

5

Activated Al2O3, 200 °C, 12 h

complex mixture of 257 and 258, traces of 4

Figure 9 Intermediats present during the course of the triple cyclodehydrofluorination of 252 towards Idpc.

As difficulties arised from the second cyclodehydrofluorination to close the six membered ring, a
slightly modified route towards Idpc was investigated. Instead of closing all three C-C bonds by HFelimination, the six mebered ring should be closed by Scholl-type reaction (Scheme 52). Therefore,
difluorinated precursor 260 was synthesized from aryl iodide 255 via the above esthablished
sequence of Suzuki-coupling, triflation and subsequent Suzuki-coupling. Suzuki-coupling with
2,4-difluorophenylboronic acid afforded phenol 261 in 63 % yield. Subsequent triflation with
trifluoromethanesulfonic anhydride gave triflate 262 in 79 % yield. Suzuki-coupling with
2-naphthylboronic acid afforded precursor 263 in 63 % yield. Cyclodehydrofluorination was
conducted on activated aluminum oxide, which resulted in the formation of a complex mixture
including monocyclized phenol 265 and diphenol 266. Attempts to achieve only monocyclization
product 264 leaving the second fluorine moiety intact were not successful. Therefore, this approach
was discarded for alternative approaches towards the indacenopicene scaffold.
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Scheme 52 Approach towards Idpc via separated cyclodehydrofluorination reactions.

3.1.4. SUMMARY
In conclusion, this chapter covered different synthetic approaches towards the indacenopicene
scaffold. The first approach via pyrolization of -diazoketone 239 was not suitable, since irradiation
of diketone 238 to afford picene derivative 237 was unsuccessful. The crowded chemical
environment of the centred olefin moiety in presence of two ketones may rationalize this
unreactivity upon irraditaion. A second approach leading to olefin 245 via McMurry-coupling,
lacking the two ketones was not suitable, as irradiation of 245 with UV-light resulted in the
formation of decomposition products but no desired product was observed. A third approach
starting from naphthalene-2,3-diol (33) included a Heck-coupling of triflate 247 with styrene
derivative 249 and yielded fluorinated stilbene 250. Unfortuantely, only decomposition of the
starting material was observed after irradiation with UV-light in a double photocyclization reaction.
A fourth approach based on a triple cyclodehydrofluorination reaction was found to give traces
amounts of indacenopicene. However, the insertation of oxygen into the C-F bond was favored over
C-C bond formation, hence significantly reducing the yield of the reaction. Attempts to circumvent
this

side

reactions

via

three

independent

CC

bond

formations

based

on

two

cyclodehydrofluorination reactions to close the two cove regions and a Scholl reaction to close the
central six-membered ring in indacenopicene was not suitable.
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3.2. DIRECT FUNCTIONALIZATION OF INDACENOPICENE
3.2.1. SYNTHESIS
In this chapter, the direct functionalization of Indacenopicene was investigated. Up to this date
there is no procedure reported in literature, which describes the derivatization of pristine Idpc. In
contrast, for other buykbowls, e.g. corannulene or sumanene, several methods to functionalize
pristine buckybowls are reported. Corannulene readily undergoes different electrophilic aromatic
substitution reactions such as bromination[40], nitration[61,

68]

, formylation[59] and Friedel-Crafts-

acylation[58] to give defined products. Similar studies have been reported for sumanene, which also
undergoes halogenation[136], nitration[137], formylation[137] and Friedel-Crafts-acylation[137]. In
contrast to before mentioned corannulene (C5v) and sumanene (C3v), indacenopicene only possesses
Cs symmetry, which gives six inequivalent aromatic protons for Idpc, whereas in corannuelene and
sumanene all aromatic protons are equivalent. This suggests, that defined functionalization of
indacenopicene is more difficult compared to other buckybowls possessing higher symmetry. As
already mentioned in chapter 3.1, the synthetic access to Idpc is rather limited. Therefore, the
synthesis published by Amsharov et al.[48] was adopted to gain access to the Idpc fragment.
Idpc (4) was prepared in eight steps (Scheme 53) starting from commercially available
2,5-difluorobenzyl bromide, which was converted to phosphonium salt 45 with triphenyl phosphine
in quantitative yield. Wittig reaction of the phosphonium salt 45 with 2-acetonaphthone (39) and
potassium tert-butoxide in ethanol at reflux temperature gave stilbene 46 as a mixture of the E/Zisomers in good yield. Following the Katz improved protocol of the Mallory procedure using iodine
as oxidant and propylene oxide (PO) as acid scavenger under irradiation of a medium pressure
mercury lamp the stilbene isomers 46 could be converted to 1,4-difluoro-6-methylbenzo[c]phenanthrene (47) in 60 % yields. The use of a 125 W medium pressure mercury lamp as
light source resulted in prolonged reaction times up to 96 h until full conversion was reached on a
three-gram scale. The use of a 400 W medium pressure mercury lamp was mandatory to reduce the
reaction time while scaling up the reaction at the same time. The reaction was performed several
times using different scales of stilbene 46 and different amounts of iodine and propylene oxide.
Optimized results were obtained when the reaction was performed on a five-gram scale using 1.1
equivalents of iodine and 20 equivalents of propylene oxide in distilled and degassed cyclohexane.
Typically, full conversion was achieved after 10 hours. It is worth to mention that the possible
product 1,4-difluoro-6-methyltetraphene (267) of the photocyclization was not detected at any
time.
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[4]-helicene 47 was further converted to the benzylic bromide 48 by Wohl-Ziegler reaction using
NBS and DBPO as radical starter in refluxing tetrachloromethane in yield of 82 %. Treatment of the
benzyl halide with triphenyl phosphine in toluene gave the desired phosphonium salt 49 in
quantitative yield. Subsequent Wittig reaction with benzaldehyde in ethanol using potassium tertbutoxide as a base gave stilbene 50 as a mixture of E/Z-isomers. Upon another oxidative
photocyclization 13,16-difluorobenzo[s]picene (51) was obtained in 60 % yield. Finally, the difluoro
arene precursor 51 was converted to the desired buckybowl 4 via twofold C-F activation using
activated aluminum oxide under thermic conditions. The aluminum oxide was activated at 550 °C in
vacuo prior to use and the reaction was carried out at 280 °C to yield Idpc (4) in quantitative yield.

Scheme 53 Synthesis of pristine Idpc (4).

The cyclodehydrofluorination reaction was performed in heavy-walled Schott-Duran glass vial on
activated aluminum oxide. During the reaction, the mixture turned from white to yellow/red and
two molecules of hydrogen fluoride were formally abstracted, which were directly trapped on the
surface of the preactivated aluminum oxide (Figure 10). Amsharov and coworker reported that the
formation of highly reactive sites takes place at this elevated temperature on the aluminum oxide
surface, which enables activation of the C-F bonds in aromatic molecules. [48, 138-140] It was found that
the effective arylation heavily depends on the pretreatment activation of the aluminum oxide.[63]
Idpc 4 could be obtained by Soxhlet extraction using dichloromethane.
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Figure 10 Cyclodehydrofluorination step with proposed mechanism inspired by Amsharov et al.[48] and pictures of the
reaction at the beginning and after cyclization.

With suitable amounts of Idpc in hand, it was aimed for further derivatization (Table 3). Treatment
with bromine in dichloromethane at temperatures ranging from -78 °C to reflux temperature led to
no reaction (entry 1). Neither changing the solvent to acetonitrile or acetic acid nor changing the
bromine source to NBS or dibromoisocyanuric acid affected the outcome of the reaction (entry 2-5).
Usage of iron(III) bromide as catalyst and bromine in dichloromethane at 0 °C led to a complex
mixture containing several undefined brominated species (entry 6). Lowering the temperature
down to -78 °C did not reduce the complexity of the product mixture. Recently iodine monobromide
in dichloromethane was successfully used in the bromination step of dibenzocorannulene (DBC).[141]
However, by treatment of Idpc with iodine monobromide in dichloromethane only complex mixture
of undefined products was obtained (entry 7). It can be assumed that the lowered symmetry of Idpc
compared to other buckybowls prevented selective halogenation, thus no defined products could
be obtained. Examining further the reactivity of Idpc, other electrophilic aromatic substitution
reactions were conducted. Nitration reaction was tested by treatment of Idpc with a slight excess
of nitric acid in acetic anhydride (entry 8). This resulted in a complex mixture of insoluble products.
Attempts to purify specific products by recrystallization or washing procedures were unsuccessful.
Next Rieche-formylation was tested on the Idpc system using titanium tetrachloride or aluminum
chloride as catalyst and dichloromethyl methyl ether as formylation reagent, which was successfully
used in the formylation of corannulene. Indacenopicene showed no comparable reactivity and only
unreacted starting material was reisolated (entry 9-10). Next Friedel-Crafts acylation was
conducted. Idpc was treated with a slight excess of aluminum chloride and acetyl chloride in DCM
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at -20 °C (entry 11), which resulted in the clean formation of one single product that could be
verified as 4-acetyl-Idpc (268) (Scheme 54). The obscure selectivity may be rationalized by electronic
and steric reasons, whereas the first is dominated by deactivation of the aromatic compound by the
acetyl group, which makes multiple acetylation very much unlikely. The latter one, may be guided
by the fact that position C-4 and C-5 are relatively located between the annulated five-membered
rings with no other protons nearby.
Table 3 Conditions for derivatization of pristine Idpc

Entry

Conditions

Observation

1

Br2 in CH2Cl2, - 78 °C to reflux

starting material recovered

2

Br2 in MeCN, rt to reflux

starting material recovered

3

Br2 in AcOH, rt to reflux

starting material recovered

4

NBS in MeCN, reflux

starting material recovered

5

Dibromoisocyanuric acid, H2SO4, 0 °C

starting material recovered

6

Br2, FeBr3 in CH2Cl2, - 20 °C to – 78 °C

complex mixture

7

IBr, CH2Cl2, 0 °C to rt

complex mixture

8

HNO3, Ac2O, 0 °C to rt

complex mixture

9

AlCl3, Cl2HCOMe, CH2Cl2, 0 °C to rt

starting material recovered

10

TiCl4, Cl2HCOMe, CH2Cl2, 0 °C to rt

starting material recovered

11

AlCl3, acetyl chloride, CH2Cl2, - 20 °C

96 % of 4-acetyl-Idpc (268)

Scheme 54 Synthesis of 4-acetyl-Idpc 268 via Friedel-Crafts acylation.

Based on 4-acetyl-Idpc (268) further derivatization was tested (Scheme 55). In a first approach,
268 should be converted to 269 via Baeyer-Villiger oxidation. Deprotection of the phenol moiety
and triflation should then give triflate 270, which would be a versatile building block for the
derivatization of the C-4 position of Idpc.
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Scheme 55 Planed functional group conversion towards triflate 270.

In Table 4 the conditions for the Baeyer-Villiger oxidation are summarized. Standard conditions
using mCPBA in DCM at 0 °C or room temperature led to complete decomposition. Hydrogen
peroxide and trifluoroacetic acid at 0 °C or room temperature also led to decomposition. Recently
other conditions were successfully applied in the course of Baeyer-Villiger oxidations using iodine in
hydrogen peroxide[142] and sodium percarbonate in trifluoroacetic acid.[143] Changing to iodine in
hydrogen peroxide or using sodium percarbonate in acetic acid at room temperature did not change
the outcome of the reaction with Idpc. The use of sodium perborate has also found his way into
literature as mild oxidant in the course of Bayer-Villiger oxidations and was successfully used in the
synthesis of polycyclic chromones and flavones.[144-145]. Treatment of Idpc with sodium perborate in
acetic acid or trifluoroacetic acid proved inappropriate and only starting material was recovered
after the reaction.
Table 4 conditions applied fort he Baeyer-Villiger oxidation of 4-acetyl-Idpc (268)

Entry

Conditions

Outcome

1

mCPBA, DCM 0 °C to rt

decomposition

2

H2O2, trifluoroacetic acid, 0 °C to rt

decomposition

3

I2, H2O2

decomposition

4

Na2CO3 x 1.5 H2O2, trifluoroacetic acid, 0 °C

decomposition

5

Na2B(O2)2(OH)4 x 6 H2O, AcOH, rt to reflux

starting material recovered

6

Na2B(O2)2(OH)4 x 6 H2O, rt to reflux

starting material recovered

The difficulties encountered during the course of the Baeyer-Villiger oxidation led to alternative
approaches for derivatization. Amine functionalities are in general a profitable target, since they can
be used in condensation reactions to form imine structures, or they can be converted to halides by
Sandmeyer reaction. In addition, they boost solubility of polyaromatic hydrocarbons. Starting from
an acetyl group there are a variety of conditions established to convert an acetyl group into an
amine. Condensation with hydroxylamine to form oximes, followed up by Beckmann rearrangement
to afford an acetylamide-group and final hydrolysis to the free amine would be a thinkable synthetic
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plan. Alternatively, Schmidt reaction with sodium azide would directly give the acetylamide. Besides
from that, oxidation of the acetyl group to the carboxylic acid, followed up by Schmidt reaction
would also afford the desired amine. Recently Hyodo and coworkers reported a one-pot
deacetylative amination of aromatic methylketones with C-C bond cleavage catalyzed by the use of
a Brønsted acid in methanol.[146]
In a first attempt, the deacetylative amination strategy was applied on 4-acetyl Idpc (268)
(Scheme 56). For the reaction 268 was treated with freshly prepared Ethyl O-(2benzenesulfonyl)acethydroxamate

(272),

which

was

obtained

by

reaction

of

ethyl

acetohydroximate with benzenesulfonyl chloride (271)[147], and 10 mol% p-toluenesulfonic acid
monohydrate in methanol. This resulted in the successful formation of 4-amino Idpc (273) in 13 %
isolated yield together with unreacted starting material. This may result from the decreased
solubility of ketone 268 in methanol. Increasing reaction time or temperature had no effect on the
reaction outcome. Changing the solvent from methanol to a mixture out of methanol/toluene or
methanol/DCM additionally hampered the reaction and only trace amounts of amine 273 were
obtained.

Scheme 56 Synthesis of 4-iodo Idpc (274), for reaction conditions see Table 5.

In order to optimize the synthesis of 4-amino Idpc (273), it was proceeded with a second approach.
In this case, amine 273 should be obtained from deprotection of acetamide 276, which is the
product of a Beckmann rearrangement of oxime 275. The desired oxime should be synthesized by
condensation of hydroxylamine with 4-acetyl Idpc (268). For the Beckmann rearrangement are
several conditions reported in literature. Xu et al.[148] successfully used catalytic amounts of
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triphenylphosphine and of iodine in acetonitrile in the Beckmann rearrangement of aromatic
ketoximes into amides. Liu et al.[149] reported aluminum chloride promoted catalytic Beckmann
rearrangement of ketoximes. Vavasori and coworker frequently reported the use of trifluoroacetic
acid in acetonitrile during Beckmann rearrangements.[150-152] In Scheme 56 the synthesis via
Beckmann rearrangement as key step is depicted. Starting from methylketone 268 the condensation
to the corresponding ketoxime 275 proceeded smoothly by basic treatment with hydroxylamine
hydrochloride in almost quantitative yield. For the Beckmann rearrangement to acetamide 276 the
protocol of Xu and coworker using 0.1 eq. triphenylphosphine and 0.1 eq. iodine was applied, which
only yielded 20 % of the desired product. Increasing the catalytic load to 0.2 eq. or 0.5 eq. did not
affect the outcome of the reaction. By decreasing reaction temperature, the yield dropped
significant to 5 %. In a next attempt 275 was treated with trifluoroacetic acid in acetonitrile, which
yielded the desired rearrangement product 276. Subsequent hydrolysis with concentrated HCl in
refluxing 1,4-dioxane provided the free amine 273 in 53 % over three steps.
Next, Sandmeyer reaction with the 4-amino-Idpc was explored and the conditions and results are
summarized in Table 5. Treatment of the amine 273 with sodium nitrite and potassium iodide in
aqueous solution of hydrochloric acid at -5 °C resulted in decomposition of the starting material.
The amine 273 was barely soluble in water and even protonation in acidified environment did not
boost the solubility. Therefore, a mixture of water and THF was used to ensure decent solubility
during the reaction. This resulted in the formation of the desired product but the use of hydrogen
chloride as acid led to the formation of 4-iodo Idpc (274) in trace amounts. A final attempt was
conducted using sulfuric acid as acid reagent, which gave the desired product 274 in 30 % yield.
Table 5 Conditions applied for the Sandmeyer reaction to yield 4-iodo-Idpc 274.

Entry

Conditions

Outcome

1

NaNO2, KI, -5 °C in 2N HCl

decomposition

2

NaNO2, KI, -5 °C in 1:1 mixture THF/ 2N HCl

Trace amounts of 274

3

NaNO2, KI, -5 °C in 1:1 mixture THF/ 2N H2SO4

30 % 274
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3.2.2. PHOTOPHYSICAL PROPERTIES
In order to gain deeper insight into photophysical properties of these novel Idpc compounds,
further investigations of these molecules were performed as the literature-known corannulene
derivates showed fascinating fluorescent behavior. This should be investigated using absorption as
well as luminescence spectroscopy.

Figure 11 Electronic absorption spectra of Idpc, 4-acetyl Idpc 268 and 4-amino Idpc 273 measured in dichlromethane.

The electronic absorption spectra of indacenopicene and its corresponding C4-substituted
derivatives are compiled in Figure 11 and Table 6. The electronic absorption spectra are
characterized by five common spectral regions. The spectral envelope encompasses an intense
*band at 250 nm – 300 nm, a poorly structured *band in the range from 300 nm to 325 nm
which is merged into the low-energy flank of the former absorption band, a vibrationally resolved
absorption at 325 nm – 400 nm, poorly resolved absorption features between 425 nm and 480 nm
as well as a weak and rather broad absorption feature in the range from 480 nm to 550 nm. Latter
absorption feature gains intensity upon substitution of the 4-position by an amino group.
Introduction of the acetyl substituent affords a hypsochromic shift by 1419 cm -1 from 491 nm to
459 nm whereas introduction of an amino substituent affords a bathochromic shift by 2331 cm-1 to
514 nm. These shifts in energy can by reasoned by commonly known effects of electron withdrawing
and donating substituents: a stabilization of the frontier orbitals by electron withdrawing groups
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and a destabilization of the frontier orbitals by electron donating groups. The degree of the
perturbation depends on molecular orbital interactions affording for 4-acetyl Idpc a larger energy
difference between HOMO and LUMO whereas a smaller energy difference is obtained for 4-amino
Idpc, which was also observed for substituted 9-fluorenones.[153]

Table 6 Absorption data of synthesized Idpc and 4-substituted Idpc derivatives.

compound

 in nm ( in 103 M-1 cm-1)

Idpc (4)

491 (0.30), 449 (2.17), 426 (2.25), 384 (8.48), 365 (6.30), 318 (10.5), 286 (45.9), 253
(27.8), 241 (32.5)

Idpc-4-NH2 (273)

514 (2.32), 486 (3.51), 455 (2.79), 391 (5.10), 370 (7.33), 354 (8.53), 338 (9.08),284
(56.3), 248 (31.4)

Idpc-4-Ac (268)

459 (3.66), 437 (3.78), 392 (9.91), 373 (9.16), 352 (7.51), 316 (21.1), 284 (68.6), 259
(48.0)

Indacenopicene and its derivatives bearing substituents at the C4-position display fluorescence
emission after photoexcitation. The superimposed absorption of 4-amino Idpc (273) as well as the
emission spectra of all three compounds are illustrated in Figure 12 and the associated
photophysical properties are compiled in Table 7. The emission features are characterized by poor
vibrational resolution in a with emission maxima in the range from 549 nm to 575 nm. The Stokes
shift of the Idpc derivatives display a sensitivity towards the electronic nature of the substituent.
Whereas a hydrogen atom induces a Stokes shift of 2283 cm-1, an acetyl group and an amino group
affords a Stokes shift by 4443 cm-1 and 1090 cm-1, respectively. The emission was characterized as
fluorescence owing to lifetimes in the nanosecond range. In general, substitution has an
advantageous effect on the photophysical properties of the excited state. In the series Idpc, acetyl
Idpc, and amino Idpc fluorescence quantum yield and excited state life time increase while the nonradiative rate constant knr decreases. This effect is most strongly pronounced by comparing pristine
Idpc with amino-Idpc where the quantum yield increases by a factor of three while knr decreases by
a factor of 1.68 and kr increases by a factor of 1.83.
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Figure 12 Left: superimposed absorption and emission spectra of 4-amino Idpc 273. Right: Superimposed emission
spectra of Idpc (4), 4-acetyl Idpc (268) and 4-amino Idpc (273) measured in dichloromethane at room temperature.
Table 7 Photophysical data of Idpc and the 4-substituted Idpc derivatives in dichloromethane solutions at room
temperature.

Compound

λmax in nm

Stokes shift in
cm-1



1/2
in ns

Kr in 106 s-

4

553

2283

0.01

3.69±0.02

2.711

268.4

268

575

4443

0.01

4.94±0.02

2.026

200.5

273

549

1090

0.03

6.05±0.03

4.960

160.4

1

Knr in 106
s-1

3.2.3. SUMMARY
In conclusion, a first successful chemoselective derivatization of pristine Idpc via Friedel-Crafts
acylation at the C-4 position was achieved. Other electrophilic aromatic substitutions including
bromination, nitration and formylation were unsuitable for the Idpc system. In addition, with
4-acetyl-Idpc (268) in hands, synthetic access to a rational halogenated Idpc derivative was achieved
via Beckmann rearrangement as key step affording 4-amino Idpc (273). Final Sandmeyer reaction
afforded 4-iodo Idpc (274) in 30 % yield. This demonstrates the possibility to directly functionalize
the Idpc buckybowl; however, the obtained yields did not allow further functionalization and
therefore optimization of the synthetic procedures are necessary. Furthermore, it was
demonstrated that substitution at the 4-position improves the photophysical properties by
influencing the energies of the frontier molecular orbitals as well as fluorescence properties.
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3.3. FUNCTIONALIZATION AT THE C1-POSITION
This section covers the synthesis and photoluminescence studies of monosubstituted
Indacenopicenes by palladium catalyzed cross coupling reactions and has been previously
published.[154]

3.3.1. SYNTHESIS
As shown in Scheme 57 key intermediate 1-bromo-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (62)
was selected, which was previously synthesized by Papaianina et al.[63] Wittig reaction with 2-bromo
benzaldehyde in ethanol using potassium tert-butoxide as a base successfully introduced the
bromine moiety and gave stilbene 64 as a mixture of E/Z-isomers. Upon another oxidative
photocyclization 4-bromo-13,16-difluorobenzo[s]picene (66) was obtained in 65 % yield. Finally, the
difluoro arene precursor 66 was converted to the desired buckybowl 62 via twofold C-F activation
using activated aluminum oxide under thermic conditions. It is worth to mention, that increasing
the temperatures above 300 °C led to partial debromination of the compound.

Scheme 57 Synthesis of 1-bromo-indacenopicene 62.

With synthesized benzopicene derivative 66 a first test reaction towards further functionalization
was conducted by Stille coupling with tris-n-butylstannylferrocene, which afforded 4-ferrocenyl13,16-difluorobenzo[s]picene (275) in 65 % yield (Scheme 58). Dark red crystals were grown by slow
diffusion of n-pentane into a saturated solution of 275 in dichloromethane. 275 crystallized in the
monoclinic space group P21/n with a single molecule forming the asymmetric unit. The difluorosubstituted phenyl ring is bent out of the picene plane. The rather short distances between fluorine
and hydrogen atom should render the molecule suitable for the aluminum oxide promoted
dehydrofluorination reaction. However, the reaction towards 277h was unsuccessful even when
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reaction time and temperature was increased. Even at 400 °C and reaction times of more than 2
hours, only unchanged starting material was recovered.

Scheme 58 Synthesis of ferrocenylated precursor 275. Conditions: a) tri(n-butyl)SnFc, Pd(PPh3)4,, CsF, CuI, DMF, 50 °C,
15h, 65 %; b) activated aluminum oxide, 220 – 400 °C, 2 – 14 h.

With Idpc-1-Br (62) in hands, Suzuki and Sonogashira cross-coupling reactions with a variety of
differently substituted phenyl bronoates 276a-h and phenylacetylenes 276i-l was performed
(Scheme 59).

Scheme 59 Synthesized monofunctionalized products. [154]

All cross-coupling products 277a-l were isolated as air stable orange to red solids. The products of
Suzuki reaction 277a-h were in general more soluble in common organic solvents such as
dichloromethane or THF in contrast to their Sonogashira counterparts 277i-l, which are less soluble
even in tetrachloroethane. Next it was aimed for coupling two Idpc-fragments via C-C cross coupling.
Borylation of Idpc-1-Br 62 with bis(pinacolato)diboron under palladium catalysis in 1,4-dioxane
proceeded smoothly and coupling with Idpc-Br in another Suzuki coupling yielded dimeric (Idpc)2
(278) in 50 % yield over two steps (Scheme 60).
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Scheme 60 Synthesis of 1,1‘-bisindacenopicene 278 via Suzuki coupling of Idpc-Br.[154]

3.3.2. X-RAY DIFFRACTION ANALYSIS
The structure of the ferrocenylated buckybowl 277h was additionally confirmed by X-ray
crystallography. Dark red tiny platelets suitable for X-ray diffraction were obtained by slow diffusion
of n-hexane into a saturated dichloromethane solution at room temperature. It crystalized in the
orthorhombic space group Pbca with a single molecule in the asymmetric unit and eight molecules
in the unit cell. Due to the monosubstitution of the bowl-shaped fragment, Idpc-1-Fc (277h) was
obtained as a racemic mixture. The ferrocene moiety adopts an exo-orientation with respect to the
Idpc fragment. 277h forms a pairs of columnar bowl-in-bowl stacking motif and the bowl-shaped
Idpc rings within every pair of stacks share the same orientation whereas neighboring double stacks
are mutually oriented in opposite directions. Individual pairs of columns are separated by double
layers of ferrocenyl substitutents (Figure 13). Within every column the individual enantiomers
alternate along the long-column axis, which results in a twisted offset of every Idpc-moiety relative
to its nearest neighbor. In consequence, only the Fc-bonded fluoranthene parts of the Idpc
-framework do overlap (lower part of Figure 13).
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Figure 13 Packing diagram of Idpc-Fc (277h) in the crystal. Top: View along a-axis; Bottom: Stacked view along b-axis;
Enantiomers are shown in different colors, elementary cell shown in black.[154]

The four centroid-centroid distances between the three six- and the one five-membered rings of
the two “fluoranthene”-layers vary only little at values of 3.721 to 3.795 Å. Compared to pristine
Idpc (3.829 Å), the distances are appreciably shorter, which is indicative of convex-concave
interactions. A bowl depth of 1.406 Å was measured from the centroid of the central picene ring
and the plane defined by atoms C1-C3 and C6-C8, which is slightly deeper than pristine Idpc
(1.334 Å) (see Figure 14).

Figure 14 Packing diagram of Idpc-Fc 277h in the crystal showing partial bowl-in-bowl stacking of the fluoranthene
fragment; centroid-centroid dinstances given in Å.[154]
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The -orbital-axis vector (POAV) method is a direct value of the curvature of bent -system.[21, 155]
The pyramidalization angle p (p = 90 - ) is a direct measure of deviation from orthogonality of
the - and -orbitals at a certain carbon center (Figure 15). Based on the X-ray structure of 277h
the values were calculated for the inner six carbon atoms ranging from 7.3° to 3.5° and are on
average slightly larger than for pristine Idpc. However, the difference is not significant and might
originate from the different orientation of Idpc-Fc 277h compared to parent Idpc in the crystal.[154]

Figure 15 Calculated pyramidalization angle p of central carbon atoms based on X-ray data of 277h.[154]

3.3.3. ELECTRONIC ABSORPTION SPECTROSCOPY
Electronic absorption spectra of all obtained monosubstituted indacenopicene derivatives were
recorded in dichloromethane solution. The spectra are characterized by an intense band in the
range of 250 nm – 300 nm, a structured band at 300 – 340 nm, which is merged into the low energy
flank of the former, a vibrationally resolved transition at 350 – 400 nm,followed by a series of poorly
resolved, overlapping bands between 425 – 460 nm, as well as a very weak absorption feature at
460 – 530 nm (see Figure 16,Table 8).
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Figure 16 Electronic absorption spectra of indacenopicene and the new phenyl or phenylethynyl derivatives recorded
in dichloromethane solution at room temperature.[154]

The introduction of a phenyl or phenylethynyl substitutent at the C-1 position of Idpc remains the
general absorption structure of pristine Idpc unchanged, although hyperchromicity as well as a
bathochromic shift of all bands are observed. The bathochromic shift follows the ordering H < Br <
Ph < Idpc ≈ ethynylPh. Inductive effects as well as orbital interactions between the frontier orbitals
of Idpc and the respective substituent (extension of the -system) contribute to this observation.
DFT calculations performed in collaboration with Jan Herberger (Working group of Prof. Dr. Rainer
Winter) indicate that substitution at C-1 position in general has more influence on the LUMO than
to the HOMO, e.g. the magnitude of stabilization of the LUMO is greater than the destabilization of
the HOMO. This holds true in particular for electron-neutral or electron accepting sbustitutents.
Only for the electron donating substituents, like anisyl and ferrocenyl moieties, the HOMO gets
affected by more destabilization than the LUMO. Introduction of ferrocenyl or ehtylferrocenyl
grpups gave increased intensity and a further bathochromic shift of the absorption bands and
resulted in an additional broad absorption feature at 519 nm and 532 nm, respectively. Recent
studies on comparable corannulene derivatives yielded similar results.[64, 70, 96, 156-157]
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Topolinski et al. reported about the influence of ferrocenyl moieties linked via different spacers
and assumed that the bathochromic shift increased along the ordering: none < phenyl ≈ ethynyl <
vinyl < butadienyl resulting from increasing -conjugation between the corannulene scaffold and
the ferrocenyl moiety.[54, 70] Concerning the synthesized ferrocene derivatives 277h and 277l the
stated trend is reversed. Probably, the increased bowl depth of Idpc with regards to corannulene
results in a less trivial description of the electronic structure of these compounds. [154]

Figure 17 Left: Frontier MOs of Idpc and corresponding electron density difference maps for individual transitions. Red
color indicates an increase of electron density, and blue color a decrease of electron density. Right: Molecular orbital
scheme displaying the effect of various substituents on the frontier orbitals – From top to bottom: LUMO+1, LUMO, HOMO
and HOMO -1.

TD-DFT calculations were performed in order to further explore the electronic structure of the
obtained C-1 substituted Idpc derivatives. The five distinct electronic transitions defining the
spectral envelope of pristine Idpc can be related to * transitions between the highest three
occupied and the three lowest unoccupied frontier orbitals (Figure 17). Computational analysis
discriminated between electronic transitions that involve the rings of higher (rings A, D, and E) and
lower (rings B and C) -electron delocalization. Therefore, the following assingments can be made:
The transition at 391 nm (HOMO → LUMO) is mainly centered at the ADE-rings. Next, at 449 nm,
the H-1 → LUMO transition involving intramolecular charge transfer (ICT) from the BC to ADE rings
can be identified. The third transition at 384 nm (H-2 → LUMO) is best described as a transition
between orbitals that are evenly distributed over the entire Idpc π-system. The last two transitions
located at 318 nm (HOMO → L+1) and 286 nm (HOMO → L+2) have again charge-transfer
contributions. However, the direction of the ICT is reversed as compared to the band at
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lowest energy and occurs from the ADE to BC rings. Appending a phenyl or ethynylphenyl
substituent introduces some additional ICT character to the transitions of Idpc, the direction of
which depends on the electron-donating or -accepting properties of the latter. However, the
energetically second lowest transition maintains its pure ππ* character. Appending a ferrocenyl or
ethynyl-ferrocenyl substituent augments the ICT with metal-to-ligand charge-transfer (MLCT)
character, in particular for the transition at lowest energy. The vibronic resolution of the band at
390 nm to 360 nm indicates an only marginal dd* or MLCT admixture to the underlying transition.
The bands at even higher energy display increasing MLCT contributions. Despite these MLCT
contributions, changing the polarity of the solvent has only a minor influence on the band positions.
Solvatochromic shifts are very similar to those for indacenopicene itself, showing that ICT
contributions within the π-conjugated framework dominate over those introduced by the appended
phenyl or phenylethynyl substituent.
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Table 8 Absorption data of synthesized Idpc derivatives recorded in dichloroemtahen solution.[154]

Substance

λ in nm (ε in 10³ M-1 cm-1)

Idpc (4)

491 (0.30), 449 (2.17), 426 (2.25), 384 (8.48), 365 (6.30), 318 (10.5),
286 (45.9), 253 (27.8), 241 (32.5)

Idpc-1-Br (62)

492 (0.60), 451 (2.49), 428 (2.67), 386 (8.83), 367 (6.77), 318 (15.3),
286 (61.7), 254 (29.0)

Idpc-Ph (277a)

498 (1.04), 449 (3.50), 429 (3.50), 387 (11.6), 368 (8.94), 336 (13.2),
319 (18.2), 293 (65.8)

Idpc-Ph-OMe (277b)

501 (1.60), 471 (3.15), 447 (4.79), 427 (4.51), 389 (14.4), 369 (11.9),
347 (13.3), 321 (18.7), 294 (56.6)

Idpc -Ph-NO2 (277c)

496 (1.37), 457 (4.00), 427 (4.51), 390 (15.2), 369 (17.6), 329 (19.3), 290
(62.5), 255 (33.7), 242 (37.1)

Idpc-Ph-o-F (277d)

494 (0.66), 451 (3.17), 429 (3.45), 387 (12.2), 368 (9.32), 336 (13.1),
320 (16.8), 294 (65.7)

Idpc-Ph-o-Cl (277e)

492 (0.14), 450 (2.39), 427 (2.68), 387 (10.3), 368 (7.62), 335 (10.9),
319 (13.9), 292 (61.1)

Idpc-Ph-(m-OMe)2
(277f)

499 (0.62), 451 (2.25), 427 (2.36), 388 (7.93), 369 (6.23), 347 (7.94),
334 (9.85), 322 (12.5), 299 (32.7)

Idpc-Ph-(m-CF3)2 (277g) 493 (0.59), 455 (2.17), 430 (2.47), 388 (7.83), 368 (6.42), 338 (9.59),
317 (15.2), 294 (42.1)
Idpc-Fc (277h)

532 (3.58), 452 (4.16), 428 (3.99), 389 (11.8), 367 (11.2), 346 (13.6),
317 (24.7), 290 (54.1), 255 (44.2), 247 (46.7)

Idpc--Ph (277i)

508 (1.65), 449 (4.75), 397 (13.6), 377 (11.7), 352 (14.8), 304 (40.6),
292 (42.6)

Idpc--Ph-NO2 (277j)

507 (2.73), 464 (6.86), 437 (8.64), 399 (24.3), 376 (28.0), 339 (22.9),
292 (52.4), 248 (41.2)

Idpc--Ph-Br (277k)

504 (2.68), 460 (6.45), 435 (7.24), 397 (19.3), 376 (18.6), 364 (22.1),
353 (23.7), 309 (46.4), 293 (53.2)

Idpc--Fc (277l)

519 (5.41), 485 (5.87), 459 (6.58), 432 (6.22), 394 (15.2), 373 (14.9),
350 (17.4), 311 (36.8), 290 (56.4)

(Idpc)2 (278)

504 (3.44), 474 (6.03), 452 (8.32), 425 (8.62), 391 (25.7), 370 (22.4),
351 (19.6), 322 (31.5), 296 (96.6), 254 (56.4), 244 (61.7)

(Idpc)22–

956 (2.46), 862 (4.24), 758 (7.22), 715 (7.47), 648 (8.61), 509 (6.82),
453 (10.8), 391 (27.1), 371 (29.1)
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3.3.4. LUMINESCENCE SPECTROSCOPY
TD-DFT calculations confirmed that the electron absorption processes in Idpc derivatives have *
character with varying degrees of ICT admixture.[154] Photoexcitation at wavelengths down to
300 nm resulted in fluorescence, which was characterized by a vibrationally poorly resolved
emission band (Figure 18, Table 9). For all monosubstituted derivatives, the emission originated
from the S1 state located at the Idpc moiety. Luminescence measurements were carried out at 77 K
in a glassy matrix of 2-methyl-tetrahydrofuran and did not reveal any phosphorescence emission, in
contrast to what was observed for corannulene.[19, 154]

Figure 18 Left: superimposed absorption, excitation and emission spectra of Idpc. Right: superimposed emission spectra
of representative derrivatives of the synthesized derivatives measured in dichloromethane at room temperature.[154]

In the series of the buckybowls corannulene, cyclopentacorannulene, indenocorannulene and
indacenopicene the bowl depth increases from 0.877 Å, to 1.05 Å and 1.07 Å and finally to 1.35 Å.[158161]

Studies on corannulene derivatives revealed that an increasing bowl depth goes in parallel with

a decreasing quantum yield, e.g. from 0.07 for corannulene to 0.007 for indenocorannulene.[17, 134,
162]

This was reasoned that superior rigidity of the congeners is counterbalanced and even

overcompensated by the introduced structural strain, thus opening noradiative internal conversion
pathways.[17, 134] Furthermore, photophysical studies on indenocorannulene derivatives with flat
aromatic appendages indicate that the emissive state is located at flat areas of the buckybowls,
thereby bypassing detrimental structural rearrangement.[134]

Results & Discussion

Table 9 Photophysical data of Idpc and the obtained C-1 substituted Idpc cerivatives in dichloromethane solutions at
room temperature.[154]

Stokes
shift in
cm-1

Substance

max in
nm

Idpc (4)

553

2283

0.01

3.69±0.02

2.711

2.684

Idpc-Br (62)

557

2372

0.01

3.82±0.07

2.617

2.591

Idpc-Ph (277a)

561

2255

0.03

4.08±0.02

7.357

2.379

Idpc-Ph-OMe (277b)

568

2354

0.02

4.76±0.02

4.199

2.057

Idpc -Ph-NO2 (277c)

560

2304

0.03

4.32±0.02

6.944

2.245

Idpc -Ph-o-F (277d)

556

2257

0.03

4.04±0.02

7.419

2.399

Idpc -Ph-o-Cl (277e)

554

2275

0.04

3.65±0.02

10.96

2.630

Idpc-Ph-(m-OMe)2 (277f)

560

2183

0.04

4.11±0.02

9.728

2.335

Idpc-Ph-(m-CF3)2 (277g)

557

2331

0.04

3.78±0.02

10.57

2.537

Idpc-Fc (277h)

566

2332

0.01

4.02±0.02

2.490

2.465

Idpc--Ph (277i)

568

2079

0.1

3.93±0.02

25.45

2.291

Idpc--Ph-NO2 (277j)

568

2118

0.08

3.58±0.02

22.33

2.568

Idpc--Ph-Br (277k)

568

2236

0.06

3.74±0.02

16.06

2.516

Idpc--Fc (277l)

572

2517

0.01

4.21±0.05

2.378

2.354

(Idpc)2 (278)

568

2236

0.04

3.98±0.02

10.06

2.414



τ1/2
in ns

kr in
106 s-1

knr in
108 s-1

The low quantum yields of the Idpc derivatives ( = 0.01) adhere to the aforementioned trend for
the series of curved corannulene derivatives. Extension of the -system by attachment of an aryl
substituent to the rim of Idpc increases kr along the series Idpc < Idpc-Ph < Idpc-ethynylPh whereas
knr remains rather unchanged, hence increasing the respective quantum yields. Furthermore, the
excited state life-times and Stokes shifts remain constant at circa 4 ns and 2300 cm-1 respectively.
The latter in combination with the invariant band shape indicate that the excited state is located on
the indacenopicene moiety. The time constant for non-radiative decay knr remains largely constant
at approx. 2.4 x 108 s-1, irrespective of the substitution pattern at the aryl pendent. This indicates
that all derivatives share a common deactivation pathway. Though the deactivation pathway
remains unchanged, substitution of Idpc improves the ratio of knr to kr, which is decreased by up to
a factor of 4 with respect to pristine Idpc having a quotient equaling 99. Whereas modification of
the phenyl-substituted derivative hardly influences kr and , introducing an ehtynyl spacer increases
 and increases kr by one order of magnitude. This increase is mirrored in the ratio of knr to kr which
is decreased by a factor of two with respect to the phenyl derivatives and by up to a factor of 11
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with respect to pristine Idpc. Coupling of two Idpc-moietys in (Idpc)2 (278) increases  an kr by a
factor of four bringing the ratio of knr to kr into the range of phenyl substituted Idpc. Ferrocene or
ethynyl ferrocene as substituent showed no effect on kr or on  as compared to parent Idpc which
is also expressed in the ratio of knr to kr which remains at a value of 99. Ferrocenylated derivatives
277h and 277l constitute the first ferrocene derivatives of Idpc and are the first geodesic polyarenes
containing ferrocene or ethynyl ferrocene to exhibit luminescence.[54, 70-71, 154] Usually, ferrocene acts
as a potent quencher of the excited states, either by energy transfer or electron transfer, followed
by relaxation and the release of thermal energy.[163] It is reasonable to assume that the ferrocene
pendants are electronically decoupled in the excited state, thus inhibiting quenching processes. This
assumption is further supported by inspection of the absorption and excitation spectrum of 277h.
Whereas irradiation into every absorption feature leads to emission from the energetically lowest
excited state, the excitation spectrum clearly shows that the energetically lowest transition, which,
according to quantum chemical calculations, has a strong contribution from molecular orbitals
localized at the ferrocene nucleus, does not contribute to the emissive state. [154]
Looking at the indicated ratios of knr to kr instructive information can be extracted. First,
substitution indeed affects excited state kinetics but preserves the deactivation pathways. Second,
introduction of phenyl substituents and a second molecule of Idpc results in similar excited state
kinetics. Third, appendage of ethynylphenyl substituents has the strongest effect on excited state
kinetics. Fourth, introduction of a ferrocenyl or ethynylferrocenyl substituent deteriorates the
advantageous effects observerd for phenyl and ethynylphenyl substituents.

3.3.5. ELECTROCHEMISTRY
As already outlined, buckybowls are well known for their ability to be reduced by one ore more
electrons. Recent studies were devoted to examine their electrochemical properties as well as the
structures of the corresponding reduced forms as their alkalin and alkaline earth salts.[164-165] In
contrast to corannulene, which can be reversibly reduced by up to four electrons, Idpc only displays
two reversible one electron reductions. This is a direct consequence of the symmetry lowering from
C5 to CS and the concomitant lifting of the degeneracy of the first two lowest unoccupied molecular
orbitals.[164]
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Cyclic voltammetry was used to investigate the influence of the different substituents on the
reduction potentials of the obtained compounds. The cyclic voltammograms were recorded in
1,2-dichlorobenzene/NBu4PF6 (0.1 M) as the supporting electrolyte and the results are summarized
in Figure 19 and Table 10. The cyclic voltammograms are characterized by two chemically mostly
reversible reduction processes, which are exemplarily depicted in Figure 19 for compound 277a and
277b.

Figure 19 Cyclic voltammogram of 277a and 277b recorded in 1,2-dichlorobenzene at room temperature[154]

The recorded half-wave potentials of both redox events are strongly influenced by the
substituents on the phenyl substituent and arrange over a range of more than 400 mV, whereas the
separation between the half-wave potentials of the first and the second reduction event remains
relatively constant at approx. 280 mV to 320 mV. To illustrate the influence of the substituents,
Figure 20 depicts the graphical representation of the first reduction on the Idpc derivatives.
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Figure 20 Graphical representation of the first reduction potential of the studied Idpc derivatives.[154]

Most anodically shifted potentials were obtained for the nitro derivatives 277c and 277j, while
those of the 4-anisyl and ferrocenyl derivatives 277b and 277f closely merging to those of pristine
Idpc. This effect of the substitution reconfirms, that the appended phenyl or phenylethynyl
substituent have a strong influence on the energies of the lowest unoccupied frontier MOs, which
is in agreement with the results of the performed quantum chemical studies. [154] Similar
observations on corannulene derivatives have been reported. [20, 54, 70, 99, 166] Concerning the three
pairs of compounds of the phenyl and ethynylphenyl series with identical substituents on the phenyl
ring (H in 277a, NO2 in 277c, ferrocenyl in 277h) it isindicated that the ethynyl spacer induces an
anodic shift of approx. 100 mV. The same holds true for the reversible one-electron oxidation
located at the Fe-center of the latter two ferrocene derivatives. The obtained half-wave potentials
of the ferrocene oxidation closely resemble the reported oxidation potentials observed in
ethynylferrocene-appended corannulene, which oxidizes at 130 mV.[70]
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Table 10 Half-wave potentials of the indacenopicene derivatives in 1,2-dichlorobenzene/NBu4PF6 (0.1 M) in mV.
Potentials are provided relative to the ferrocene/ferrocenium redox standard set at E1/2 = 0.000 V.[154]

E1/2

E1/2

ΔE1/2 relative to

Compound

0/-

0/-2

Idpc

Idpc (4)

-1935

-

0

Idpc-Br (62)

-1849

-

86

Idpc-Ph (277a)

-1902

-2221

33

Idpc-Ph-OMe (277b)

-1910

-2242

25

Idpc -Ph-NO2 (277c)

-1624

-1824

311

Idpc –Ph-o-F (277d)

-1888

-2224

47

Idpc-Ph-o-Cl (277e)

-1892

-2232

43

Idpc-Ph-(m-OMe)2 (277f)

-1885

-2202

50

Idpc-Ph-(m-CF3)2 (277g)

-1831

-2107

104

Idpc-Fc (277h)a)

-1912

-2248

23

Idpc--Ph (277i)

-1812

-2113

123

Idpc--Ph-NO2 (277j)

-1522

-1743 (-2180)

413

Idpc--Ph-Br (277k)

-1792

-2092

143

Idpc--Fc (277l)b)

-1827

-2147

108

(Idpc)2 (278)

-1786/-1858c)

-2241

149

a) Oxidation potential of 277h at 68 mV. b) Oxidation potential of 277l at 142 mV. c) The two first reductions of (Idpc)
2
(278) as obtained by square wave voltammetry.

For the Idpc-dimer (Idpc)2 (278) the first reductions of the individual buckybowls occur in a
consecutive manner with a redox splitting E1/2 of 72 mV. This observation can entirely be attributed
to electrostatic interactions, which is supported by UV/vis-SEC-experiments in an optically
transparent thin-layer electrochemical (OTTLE) cell.[167] Upon slowly traversing the convoluted 0/and -/2-reductions the growth of low energy absorption band with peaks/shoulders at 648 nm, 715
nm and 956 nm were observed, which resemble those in the 360 nm to 500 nm range of neutral
Idpc derivatives with respect to their pattern and shapes (Figure 21 and Table 10). The close
similarity to the known absorptions of the corannulenyl radical anion[168] suggest these features to
the monoreduced Idpc• intermittently formed (Idpc)2•- and those present in (Idpc)22-. However, any
specific absorption of the mixed-valent radical anion (Idpc)2•- at any point of the electrolysis was not
observed. According to the E1/2 value of 72 mV and the derived equilibrium constant of 16.5 for
the ensuing comproportionation equilibrium (see equation 1 and 2), (Idpc)2•- represents the major
species (67 %, with 16.5 % of (Idpc)2 and (Idpc)22- each) halfway along the electrolysis, i.e. after
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uptake of one electron per molecule of (Idpc)2. The absence of any additional absorption band at
even lower energy as it would be expected for an intramolecular electron transfer transition in an
electronically coupled mixed-valent species therefore indicates that the two buckybowl subuntis of
(Idpc)2•- remain electronically decoupled from each other and, hence, that the half-wave potential
splitting is due to merely electrostatic interactions.

(Idpc)2 + (Idpc)22– ⇄ 2 (Idpc)2•– (eq. 1)
Kc = FE1/2 / (RT)

(eq. 2)

Figure 21 Changes of UV/vis/NIR spectra of (Idpc)2 (278) on reduction in 1,2-dichlorobenzene/NBu4PF6 (0.1 M).[154]
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3.3.6. SUMMARY
In summary, a series of indacenopicene derivatives decorated with either a phenylethynyl or an
aryl moiety by palladium catalyzed cross-coupling of 1-bromoindacenopicene (62) with differently
substituted aryl boronates and ethynyl arenes. The products were characterized by UV/visspectroscopy, luminescence spectroscopy and spectroelectrochemistry to investigate the influence
of the substitution pattern to the photophysical and electrochemical properties. Investigations of
the structure of the bowl shaped products were based on X-ray diffraction studies. The products
synthesized in this chapter represents the first series of Idpc derivatives, where a functionalization
of the rim-region was achieved by C-C cross coupling reaction. All products showed fluorescence in
solution with quantum yields up to 10 % and a clear influence of the substitution on the reduction
potentials was demonstrated.

3.4. FUNCTIONALIZATION AT THE C2-POSITION
This chapter covers the synthesis and characterization of functionalized Idpc derivatives at the C2
position of the Idpc fragment.

3.4.1. SYNTHESIS
The shortest envisaged synthesis was the adaptation of literature known procedure to 1substituted Idpc.[63, 154] Phosphonium salt 49 was reacted with 3-bromo benzaldehyde in a Wittig
reaction to yield stilbene products as a mixture of cis/trans isomers. Oxidative photocyclization
afforded a mixture of 1-bromo-difluorobenzo[s]picene 279 and 3-bromo-difluorobenzo[s]-picene
280 after crystallization from methanol (Scheme 61). Any attempts to separate the two regioisomers
including column chromatography or recrystallization failed. However, cyclodehydrofluorination
was conducted on the mixture of regioisomers 279 and 280, which resulted in the formation of
buckybowl 281. Idpc-2-Br (281) could only be isolated in 10 % yield, which was insufficient for
further functionalization. Therefore, an alternative approach was envisioned.
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Scheme 61 First approach for the synthesis of Idpc-2-Br (281)

The second alternative envisioned approach to synthesize Idpc-2-Br 281 is illustrated in
Scheme 62. Commercially available 6-bromo-2-naphtoic acid (282) was chosen as starting material
and the carboxylic acid was converted to the corresponding methylketone over two steps following
a slightly modified literature known procedure.[169] Weinreb amid 283 was obtained by treatment
with N,O-dimethylhydroxylamine hydrochloride and carbonyldiimidazole (CDI) and subsequent
Grignard addition of methylmagnesium bromide afforde methylketone 284. 284 was used in a
Wittig reaction with phosphonium salt 45 to yield a (E/Z)-mixutre of 285 in 95 % yield. After oxidative
photocyclization to benzo[c]phenanthrene 286, benzylic halogenation with NBS under radical
conditions in tetrachloromethane afforded benzyl halide 287 in 91 % yield. Substitution reaction
with triphenyl phosphine yielded phosphonium salt 288 in 85 % yield. Further Wittig reaction with
benzaldehyde afforded 289 and photocyclization afforded brominated precursor 280. Cyclization of
3-bromo-13,16-difluorobenzo[s]picene (280) was performed on activated aluminum oxide at 280 °C
for 3 h and yielded the monobrominated bowl 281 in 65 % yield.
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Scheme 62 Second approach to Idpc-2-Br (281).

In order to study the influence of substituents at the C-2 position of Idpc, Suzuki-reaction with
phenylboronic acid, 4-methoxyphenylboronic acid and ferroceneboronic acid was performed. This
yielded the desired products 290-292 in moderate to good yields (Scheme 63, 73 %, 81 %, 55 %
respectively). It is worth to mention that the solubility of aryl substituted derivatives 290 and 291 in
common organic solvents such as dichloromethane, toluene or 1,4-dioxane were significantly lower
than compared to their C-1 congeners. In addition, the obtained yields were slightly decreased,
which can be attributed to the reduced solubility.

Scheme 63 Functionalization of Idpc-2-Br 281.
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3.4.2. PHOTOPHYSICAL PROPERTIES
As already observed for the C-1 substituted Idpc derivatives, the introduction of phenyl
substituents at the rim of indacenopicene leaves the general absorption features of the parent
buckybowl unchanged, i.e. the five spectra regions are preserved (Figure 22, Table 11). An intense
band at 280 nm – 320 nm dominates the recorded spectra accompanied by structured band at
325 nm – 350 nm and a vibrationally resolved transition at 350 nm – 410 nm as was observed for
the C-1 substituted congeners. Poorly resolved, overlapping absorption features between 425 nm
and 500 nm encompassing two spectral regions, which are resolved for pristine Idpc were observed
in the visible region. In addition to these preserved absorption features, Idpc-2Fc (292) has a broad
unstructured absorption band of weak intensity in the range between 500 nm and 612 nm with a
maximum at 516 nm. This absorption feature originated from electronic interactions between the
ferrocenyl substituent and the π-system of the Idpc core. Taking pristine Idpc as reference an
increasing bathochromic shift is observed in the series Idpc-2-Ph (291) < Idpc-2-anisyl (290) <
Idpc-2-Fc (292) lowering the energy of the energetically lowest transition by 123 cm-1, 326 cm-1, and
986 cm-1, respectively. Aside from a bathochromic shift, the three derivatives display a hyperchromic
effect with respect to pristine Idpc which is most pronounced for Idpc-2-anisyl (290).
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Figure 22 Electronic absorption spectra of the obtained C-2-substituted Idpc derivatives 290, 291 and 292.
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Table 11 Absorption data of the synthesized 2-substituted Idpc derivatives in dichloromethane.

λ in nm (in 103 M-1 cm-1)

Compound
Idpc-2-anisyl (290)

499 (0.55), 486 (0.31), 447 (3.19), 423 (3.44), 390 (14.6), 370 (10.8), 349 (13.1), 333
(18.6), 298 (107)
494 (0.05), 446 (1.69), 424 (1.83), 387 (8.37), 368 (5.88), 347 (6.44), 330 (9.74), 296

Idpc-2-Ph (291)
Idpc-2-Fc (292)

(60.1), 259 (21.5)
516 (0.93), 448 (2.40), 425 (2.52), 387 (6.89), 363 (7.54), 334 (13.2), 293 (41.6), 257
(24.4)

Emission spectra were recorded for 290 and 291 to eventually compare the influence of the C-1
and C-2 substitution with respect to the parent buckybowl and are summarized in Figure 23 and
Table 12. Extending the -system by attachment of a peripheral aryl substituent at the C-2 position
of Idpc lowers kr and knr along the series Idpc > Idpc-Ph > Idpc-Anisyl, therefore keeping the quantum
yield constant. The excited state life-times experience a marginal increase to 3.9 ns for Idpc-2-Ph
(291) and 4.6 ns for Idpc-2-anisyl (290) with respect to pristine Idpc. max is redshifted to bigger
wavelengths in the series of Idpc (553 nm) < 291 (567 nm) < 290 (583 nm). This trend is consistent
with the measured values for C-1 substituted derivatives of Idpc. Comparing C-2-substituted Idpc
derivatives to C-1-substituted Idpc derivatives three pivotal points concerning the electronic
structure can be made. First, The Stokes shift is two times larger for C-2-substituted derivatives in
comparison to 1-substituted derivatives. Second, the quantum yield remains unchanged in
comparison to pristine Idpc but is decreased in comparison to C-1-substitued Idpcs. Third, the
variance of kr and knr is marginal, however, taking the ratio of knr to kr a strong position dependency
correlating with the quantum yield is obtained. Whereas this quotient is identical for C-2-substituted
Idpcs with pristine Idpc (knr / kr = 99), it decreases for Idpc-1-anisyl to 49 and for Idpc-1-phenyl to
32. This strongly indicated that substitution at the C-1-position is more advantageous concerning
optimization of the quantum yield, whereas substitution at the 2-position is more advantageous for
shifting the emission wavelength to smaller energies.
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Figure 23 Left: superimposed absorption and emission spectra of 2-phenyl-Idpc. Right: superimposed emission spectra
of 2-phenyl-Idpc and 2-anisyl-Idpc measured in dichloromethane at room temperature.
Table 12 Photophysical data of the two C-2 aryl substituted derivatives of Idpc and Idpc for comparison in
dichloromethane solutions at room temperature.

Stokes
shift in
cm-1

Substance

max in
nm

Idpc (4)

553

2283

0.01

3.69±0.02

2.711

2.684

Idpc-2-Ph (291)

567

4685

0.01

3.94±0.02

2.536

2.510

Idpc-2-anisyl (290)

583

5219

0.01

4.56±0.02

2.192

2.170



τ1/2
in ns

kr in
106 s-1

knr in
108 s-1

3.4.3. CYCLIC VOLTAMMETRY
Cyclic voltammetry was employed to investigate the influence of the C-2 substitution of Idpc on
the reduction potentials of the new derivatives. The experimental voltammograms are summarized
in Figure 24 and the results of the studied derivatives in 1,2-dichlrobenzene/NBu4 PF6 (0.1 M) as the
supporting electrolyte are summarized in Table 13. The cyclic voltammograms are characterized by
two reduction processes displaying a verying degree of electrochemical reversibility and in the case
of ferrocenyl substituted Idpc a reversible oxidation process. The first reduction wave displays an
anodic shift with respect to pristine Idpc. In the series Idpc-2-Fc (292), Idpc-2-anisyl (290), and Idpc2-Ph (291) is half-wave potential is anodically shifted by 5 mV, 31 mV, and 43 mV
to -1930 mV, -1904 mV and -1892 mV, respectively. This indicates a stabilization of the LUMO, which
has been already observed for 1-substituted derivatives (see above).[154] Comparing the first and
second reduction potential with the 1-substituted congeners it is evident that Idpc-2-anisyl (290)
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and Idpc-2-Ph (291)are more anodically shifted, therefore the LUMO is more stabilized, by 6 mV and
10 mV, respectively. For Idpc-2-Fc (292) a cathodic shift by 18 mV in comparison to Idpc-1-Fc (277h)
is observerd. Considering the half-wave potential difference between the two reduction waves, a
relatively constant difference in the range between 319 mV to 336 mV is observed. The preceding
comparisons are instructive concerning the magnitude of orbital interactions in dependence from
the substitution pattern. In this regard, substituents at the C2-position exert greater orbital
interactions with the unperturbed π-system of Idpc – in the sense of an increased π-system –
resulting in a greater stabilization of the LUMO. A comparison of the oxidation potentials of the
ferrocenyl substituted derivatives shows that the ferrocene-centered oxidation process of Idpc-2-Fc
(292) is cathodically shifted by 32 mV with respect to Idpc-1-Fc (277h). This indicates that the Idpc
induces a greater orbital interaction in the sense of a destabilizazion of the ferrocene-centered
HOMO at the 2-position in comparison to the 1-position. In summary, cyclic voltammetry revealed
that within the scope of the studied 2-position derivatives the substitution pattern exerts a small
influence on the reduction potential, which can be interpreted as electron affinity with respect to
pristine Idpc.
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Figure 24 Cyclic voltamogramms of the obtained 2-substituted Idpc derivatives. Top: Reduction of aryl substituted Idpc
derivatives. Bottom: Reduction and oxidation of ferrocenyl susbstituted Idpc measured in 1,2-dichlorobenzene/NBu4PF6
(0.1 M).
Table 13 Half wave potentials of the indacenopicene derivatives in 1,2-dichlorbenzene/NBu4PF6 )0.1 M) in mV.
Potentials are provided relative to the ferrocene/ferrocenium redox standard set at E1/2 = 0.000 V.

Compound

E1/2
0/-

E1/2
0/-2

 E1/2 relative to
Idpc

 E1/2 relative to
C-1-substituted
congener

Idpc (4)

-1935

-

0

-

Idpc-2-Ph (291)

-1892

-2224

43

10

Idpc-2-anisyl (290)

-1904

-2240

31

6

Idpc-2-Fc (292)a)

-1930

-2266

5

-18

a)

Oxidation potential of Idpc-2-Fc at 36 mV.
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3.4.4. SUMMARY
In this chapter, the synthesis of 2-bromoindacenopicene (281) was achieved by using already
brominated naphthoic acid 282 as starting material. Further conversion to 283 via Weinreb-amide
formation and Grignard addition gave brominated acetonaphthone 284. Introduction of 284 into
the synthesis of indacenopicene in an analogous fashion to 1-bromoindacenopicene was successful
and further functionalization with a phenyl-, anisyl- and ferrocenyl-moiety via Suzuki-coupling was
accomplished. The properties of the resulting products were further investigated by electronic
absorption spectroscopy, photoluminescence spectroscopy and cyclic voltammetry. Electronic
absorption spectroscopy showed that the spectral envelope of the Idpc core is preserved and that
the bathochromic shift increases in parallel with the donor strength of the substituent.
Luminescence spectroscopy revealed a strong position dependency in correlation with the quantum
yield indicating that the 1-position is more advantageous for optimizing the radiative and nonradiative deactivation of the excited state. Finally, cyclic voltammetry showed that the substitution
pattern hardly affects the energy of the LUMO, however, substituents at the 2-position stabilized
the LUMO more strongly than substituents at the 1-position.

3.5. SYNTHESIS AND DERIVATIZATION OF MONOMETHYLATED INDACENOPICENES
This chapter covers the synthesis and characterization of monomethylated Idpc derivatives. In
addition, further functionalization of the benzylic positions is shown to access differently
functionalized Idpc derivatives. Methylated corannulene derivatives were suitable building blocks
for later functionalization at their benzylic positions, which makes them attractive targets for organic
synthesis.[60, 68]

3.5.1. SYNTHESIS
The methyl Idpc-derivatives 293a-c were synthesized by thermal aluminum oxide promoted C-F
activation of neat methyl-13,16-difluorobenzo[s]picene precursors 294a-c (Scheme 64) The
fluorinated precursors were accessible via a sequence of a Wittig reaction with o-,m- or ptolualdehyde to give stilbene derivatives 295a-c and a subsequent oxidative photocyclization in
presence of iodine and excess propylene oxide. Photocyclization of 295b resulted in a product
mixture of 13,16-difluoro-3-methylbenzo[s]picene and 13,16-difluoro-1-methylbenzo[s]picene in a
a ratio of 5:1 as determined by 19F- and 1H-NMR. For precursor 294a the aluminum oxide promoted
cyclization was accomplished at 280 °C resulting in Buckybowl 293a. Unfortunately, the product
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mixtures of 294b could not be separated by column chromatography, neither by crystallization. The
methyl group at the C1-position of the benzo[s]picene core block the cove region. Nevertheless the
inseparable mixture of 294b was treated with activated aluminum oxide at 280 °C resulting in the
formation of buckybowl 293b accompanied by different side products for instance a monocyclized
fragment resulting from 13,16-difluoro-1-methylbenzo[s]picene. Fortunately, the desired
buckybowl 293b could be isolated by column chromatography in 32 % yield. Precursor 294c was
successful converted to buckybowl 293c in 93 % yield. It is worth to mention that the cyclization in
this case needed elevated temperature to proceed. Even though slowly product formation could be
detected at 280 °C, full conversion in reasonable time was achieved at 320 °C, which is attributed to
steric hindrance due to the methyl group in -position to the cove-region closure location during
treatment of the C-F bond with activated aluminum oxide.

Scheme 64 Synthesis of methylated Idpc derivatives.

Single crystals of 2-Methylbenzo[s]picene (294c) suitable for X-ray structure determination were
obtained from a saturated solution of 294c in dichloromethane. The structure revealed a strongly
twisted conformation resulting from the [4]-helicene motif (Figure 25) with a torsional angle of
45.5° – 46.5°.
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Figure 25 ORTEP representation of 294c. Atoms are drawn at the 50 % propability level, hydrogen atoms are omitted
for clarity.

These three rational methylated derivatives of Idpc are the first of their kind and represents usefull
building blocks for later functionalization. While the functionalization of the C1 and C3 positions are
already literature known for bromine derivatives[63], the functionalization of the C2 position is here
presented for the first time. The introduction of useful functional groups such as benzylic halides,
aldehydes, and azides for late stage functionalization was investigated (Scheme 65). Free radical
bromination of Idpc-1-Me 293a and Idpc-3-Me 293c with NBS in the presence of DBPO in
tetrachloromethane gave the corresponding halides 296a and 296b. Cornblum oxidation with
sodiumhydrogen carbonate in dimethyl sulfoxide gave the desired aldehydes 297a and 297b in good
yields. The benzylic bromides 296a and 296b were further treated with sodium azide in DMF at
room temperature to provide azides 298a and 298b.
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Scheme 65 Functionalization of the benzylic positions of 293a and 293c. Reagents and conditions: a) NBS, DBPO, CCl4,
reflux; b) NaN3, DMF; c) DMSO, NaHCO3, 100 °C.

With azides 298a and 298b in hand, copper catalyzed alkyne-azide coupling reaction was
inestigated (Scheme 66). In test reactions, azide 298a reacted with phenyl acetylene in the presence
of copper sulfate and ascorbic acid in a 1:1 mixture of tert-butanol/water to give triazole 299a in
80 % yield. Similar azide 298b was converted to triazole 299e in 78 % yield. Even though the
solubility of the reactants were rather limited in aqueous solution, the reactions proceeded
smoothly. Azide 298a was further reacted with three different terminal alkynes bearing electron
withdrawing and electron pushing motifs such as 4-nitrophenyl acetylene, 4-ethinylanisole and
ethynylferrocene. All reactions resulted in the desired triazole linked Idpc derivative in good yields
(298b (70 %), 298c (82 %), 298d (75 %)), which demonstrates that just as corannulene[68] the Idpc
system is suitable for copper catalyzed click chemistry.
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Scheme 66 Copper-catalyzed alkyne-azide click reactions.

3.5.2. ELECTRONIC ABSORPTION SPECTROSCOPY
The electronic absorption spectra of the methylated Idpc derivatives 293a – 293c, as well as the
resulting benzyl bromides 296a and 296b, azides 298a and 298b, aldehydes 297a and 297b and the
Idpc-triazole deriavtives are summarized in Figure 26, Figure 27, Table 14 and Table 15. The
characteristic intense band at 250 nm – 300 nm is present in all spectra. In addition, a broad band
at 300 nm – 350 nm and structured band at 350 nm – 400 nm, as well as a very weak absorption
feature at 450 nm – 500 nm.

Figure 26 UV/vis absorption spectra of methylated Idpc’s and C-3 functionalized Idpc derivatives measured in
dichloromethane at room temperature.
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Figure 27 UV/vis absorption spectra of 1-substituted Idpc derivatives and triazole functionalized Idpc derivatives
measured in dichloromethane at room temperature.

With the initial panel of different substituted methyl derived Idpc derivatives with varying size and
shape, as well as different electronic demand, it was presumed that this would allow an initial
assignment of structure-activity relationships. All prepared derivatives showed UV/vis–activity,
however the photophysical properties were resistant to make a detailed description. Anyhow,
aldehydes 297a and 297b are red shifted. Triazole Idpc with nitro group 299b shows a hyperchromic
shift for all bands. The absorptions are similar to pristine Idpc.
Table 14 Absorption data of synthesized substituted Idpc derivatives measured in DCM at room temperature.

Compound

λ in nm (in 103 M-1 cm-1)

293a

486 (0.97), 465 (1.83), 445 (3.25), 422 (3.49), 384 (10.7), 364 (8.26), 346 (8.71), 332
(12.4), 317 (15.9), 289 (73.7)

293b

495 (0.30), 446 (2.23), 423 (2.38), 384 (9.48), 365 (6.97), 346 (6.83), 332 (9.53), 318
(11.3), 289 (79.6)

293c

487 (2.01), 447 (4.32), 424 (4.98), 385 (12.9), 365 (11.4), 338 (13.3), 317 (19.3), 286
(74.3)

296b

492 (0.61), 453 (2.28), 431 (2.63), 389 (9.87), 369 (7.57), 332 (11.40), 318 (14.41), 295
(51.56)
467 (1.41), 443 (1.68), 399 (4.80), 360 (11.6), 348 (10.9), 307 (38.9), 296 (43.4)

297b
298b

491 (0.45), 451 (2.27), 429 (2.56), 386 (9.99), 367 (8.08), 348 (7.36), 335 (9.90), 318 (12.9),
288 (75.0)

296a

488 (0.80), 451 (2.39), 429 (2.77), 388 (7.93), 368 (7.34), 332 (11.4), 290 (53.6)

297a

490 (0.40), 464 (1.63), 439 (2.09), 401 (7.74), 382 (6.83), 363 (9.13), 350 (10.6), 302 (36.3),
292 (47.2), 283 (42.1), 272 (36.2)

298a

485 (0.94), 450 (2.96), 425 (3.31), 386 (10.2), 367 (8.12), 333 (11.4), 319 (13.6), 288 (60.9)
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Table 15 Absorption data of synthesized triazole Idpc derivatives measured in DCM at room temperature.

λ in nm (in 103 M-1 cm-1)

Compound
299a

487 (1.49), 465 (2.38), 450 (3.17), 431 (3.57), 423 (3.54), 414 (3.31), 386 (9.59), 367
(7.63), 320 (12.0), 290 (62.9)

299b

484 (1.92), 450 (4.59), 426 (5.25), 386 (15.1), 366 (14.1), 318 (39.9), 288 (109), 277 (80.4)

299c

485 (0.77), 452 (2.66), 427 (2.97), 386 (9.64), 367 (7.45), 335 (10.2), 319 (13.1), 289
(82.0), 279 (65.3)

299d

480 (0.82), 450 (2.61), 429 (2.92), 386 (9.16), 367 (7.30), 334 (10.5), 318 (13.5), 289 (75.2),
279 (61.0)

3.5.3. SUMMARY
In summary three methylated derivatives of Idpc 293a-c in either C-1, C-2 or C-3 position were
synthesized via cyclodehydrofluorination. The methyl groups at the rim-region of Idpc allowed
further derivatization by oxidation to the corresponding benzylic halides and aldehydes. The
achieved functionalization to benzylic azides enabled the synthesis of Idpc derived 1,2,3-triazole
derivatives by copper catalyzed alkyne-azide click reactions. The obtained products were
investigated regarding their electronic absorption features.

3.6. BISFUNCTIONALIZED INDACENOPICENE DERIVATIVES
3.6.1. SYNTHESIS
To achieve a useful starting material, the synthesis aimed for the symmetrical substituted
1,8-dibromoindacenopicene 300, which served as a common building block for later
functionalization. 300 was synthesized by thermal aluminum oxide promoted dehydrofluorination
with 4,9-dibromo-13,16,-difluorobenzo[s]picene (301) at 280 °C in a sealed tube (Scheme 67). The
fluorinated precursor 301 is accessible from a sequence of two consecutive Wittig and oxidative
photocyclization reactions starting from 1-(5-bromonaphthalene-2-yl)ethan-1-one (302) and
2,5-difluorobenzyl bromide. Installation of the bromine functionality was initially proposed by
electrophilic aromatic substitution using elementary bromine in dichloromethane or chloroform.
Different temperature protocols

were explored,

which lead to

-bromination and

-dibromination of the methyl ketone.[170] Another approach based on bromination with
dibromoisocynauric acid in concentrated sulfuric acid resulted in a mixture of 5-bromo-2-
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acetonaphthone (302) and 5,8-dibromo-2-acetonaphthone.[171] Finally, bromination was achieved
by a slightly modified procedure of Narender and coworker[172] using ammonium bromide as
bromine source and oxone as oxidant in a mixture of water and acetonitrile at 0 °C. Thus, using
acetonitrile instead of methanol facilitated the reproducibility and the yield of the bromination
reaction and completely prevented -bromination. 2-Acetonaphthone (39) was brominated at
C5-position and gave access to 302 in 55 % yield. Ketone 302 was reacted with
difluorobenzyltriphenylphosphonium bromide (45) in a Wittig reaction to give stilbene 303. Mallory
reaction afforded bromo-[4]-hellicene 304 in 61 % yield. Benzylic bromination with NBS gave benzyl
halide 305, which was further reacted with triphenyl phosphine to give 306. Another sequence of
Wittig reaction with 2-bromobenzaldehyde to give stilbene 307 and subsequent Mallory
photocyclization reaction afforded 4,9-dibromo-13,16-difluorobenzo[s]picene (301) in 60 % yield
over three steps. Aluminum oxide mediated cove-region closure at 280 °C finally afforded dibromoIdpc 300 in 82 % yield.

Scheme 67 Synthesis of 1,8-dibromo-Idpc 300.

With 1,8-dibromoindacenopicene (300) in hands, double palladium catalyzed cross coupling
reactions were pursued to achieve 1,8-bisfunctionalization of the Idpc motif with different
functional groups (see Scheme 68). Palladium catalyzed Suzuki-coupling of 300 with either
4-methoxyphenylboronic acid or 4-nitrophenylboronic acid gave conjugates 308 and 309 bearing
electron donating and electron withdrawing groups in 76 % and 79 %, respectively. Bisferrocene
functionalized analogous 310 and 311 were either obtained by Suzuki coupling with ferrocene
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boronic acid in 61 % yield or Sonogashira coupling with ethinyl ferrocene in 60 % yield. 4-Thioanisyl
decorated derivative 312 was obtained by coupling of 300 with 4-ethinyl thioanisole in 80 % yield.
Coupling of 300 with 3,5-bis(trifluoromethyl)phenylboronic acid provided trifluoromethyl decorated
Idpc derivative 313 in 73 % yield.

Scheme 68 Symmetrical 1,8-difunctionalization reactions with 1,8-dibromo-Idpc 300 via palladium-catalyzed Suzukicoupling or Sonogashira-coupling. Reagents and conditions: a) corresponding boronic acid, Pd(dppf)Cl2, Na2CO3, 1,4dioxane/water; b) corresponding alkyne, Pd(PPh3)2Cl2, CuI, diisopropylamine, THF.

3.6.2. ELECTRON ABSORPTION SPECTROSCOPY
The modification of the peripheral substituents provided UV/vis-active Idpc derivatives 308-313,
with a dominant band in the UV region at 250 nm – 300 nm accompanied by a structured and less
intense band at 300 nm – 340 nm and an absorption tail in the visible light region extending beyond
500 nm (Figure 28, Table 16). The ferrocene substituted derivatives 310 and 311 possesed a broad
absorption feature in the visible light region between 500 nm and 600 nm, which may results from
a charge transfer process from the ferrocene units to the Idpc fragment. In addition, a generally
bathochromic shift of all bands was observed. In analogy to mono-substituted Idpcs at the
1-position, all bis-functionalized derivatives display a bathochromic shift of the absorption envelope
with respect to pristine Idpc. The bathochromic shift increases in the series Idpc-1,8-CF3 (124 cm-1)
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< Idpc-1,8-Br (246 cm-1) < Idpc-1,8-NO2 (486 cm-1) < Idpc-1,8-OMe (911 cm-1) < Idpc-1,8-SMe
(1355 cm-1) < Idpc-1,8-EtFc (1605 cm-1) < Idpc-1,8-Fc (1848 cm-1). Comparing these derivatives with
their mono-substituted congeners, it is evident, that the bis-functinoalization imposes an additive
effect of the observed electronic and orbital effects. In this regard, introduction of a second,
equivalent substituent affords with respect to the mono-substituted Idpc bathochromic shifts by
41 cm-1, 204 cm-1, 278 cm-1, 281 cm-1, 505 cm-1, and 506 cm-1 for Idpc-1,8-CF3 (313), Idpc-1,8-Br
(300), Idpc-1,8-Fc (310), Idpc-1,8-NO2 (309), Idpc-1,8-OMe (308), and Idpc-1,8-EtFc (311),
respectively. The additive effect is not only limites to the energy of the electronic transitions but is
also found for the extinction coefficient. In this regard all compounds display a hyperchromic effect
except Idpc-1,8-Fc (310) displaying a hyperchromic effect with respect to its mono-substituted
congener. Overall, all compounds except Idpc-1,8-SMe (312) display an hyperchromic effect with
respect to pristine Idcp. An increasing bathochromic shift of the spectral envelope as well as an
hyperchromic effect was observed by Wu et al. studying corannulenes with an increasing degree of
donor-functionalized ethynyl substituents.[20]

Figure 28 UV/vis absorption spectra of the symmetrical 1,8-disubstituted Idpc derivatives in dichloromethane.
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Table 16 Absorption data of the symmetrical 1,8-disubstituted Idpc derivatives measured in dichloromethane.

λ in nm (in 103 M-1 cm-1)

Compound
Idpc-1,8-Br (300)

497 (1.36), 454 (4.05), 388 (12.3), 369 (8.76), 336 (13.4), 321 (16.0), 292
(78.5), 255 (38.6), 246 (40.8)

Idpc-1,8-OMe (308)

514 (2.95), 480 (5.10), 451 (6.92), 423 (6.62), 392 (17.3), 370 (16.2), 322
(44.0), 290 (52.4), 298 (55.1), 250 (57.5)

Idpc-1,8-NO2 (309)

503 (1.84), 470 (3.76), 438 (4.92), 391 (15.6), 368 (21.6), 338 (24.4), 292
(48.1), 255 (30.3), 240 (33.1)

Idpc-1,8-CF3 (313)

494 (1.26), 456 (4.09), 437 (4.46), 391 (13.6), 372 (10.3), 336 (18.1), 302
(82.1)

Idpc-1,8-Fc (310)
Idpc-1,8-SMe (312)
Idpc-1,8-EtFc (311),

540 (9.78), 458 (8.71), 430 (8.98), 391 (18.9), 365 (23.1), 327 (47.1), 303 (65.2), 249
(72.4)

526 (0.92), 490 (1.61), 456 (2.23), 399 (6.24), 357 (11.7), 307 (18.7), 265
(16.2)
533 (4.62), 505 (5.20), 466 (4.80), 401 (9.48), 375 (11.6), 364 (13.8), 354
(14.6), 304 (27.8), 249 (32.6)

3.6.3. ELECTROCHEMISTRY
For 1,8-diferrocenylindacenopicene (310), cyclic voltammetry was used to evaluate its
electrochemical structure and the cyclovoltammograms for reduction and oxidation are depicted in
Figure 29. The cyclic voltammogram was recorded in 1,2-dichlorobenzene/NBu4PF6 (0.1 M) as the
supporting electrolyte. The cyclic voltrammogram is characterized by two chemically mostly
reversible reduction processes with halfwave potentials of E1/2 = -1919 mV for the first reduction
event and E1/2 = -2244 mV for the second reduction event. The ferrocene based oxidation process
was determined to take place at E1/2 = 52 mV. It is worth to mention that the half-wave potentials
for the reduction events closely resemble those of monoferrocenylindacenopicene 277h. However
the oxidation located on the ferrocene moieties is slightly shifted by 14 mV in contrast to the
monofunctionalized derivative, which shows mostly electronical decoupling of the buckybowl and
the ferrocene moieties.[154]
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Figure 29 Cyclovoltammograms of differocenylindacenopicene 310 recorded inn 1,2-dichlorobenzene at room
temperature.

3.6.4. CONCENTRATION DEPENDENT SELF-AGGREGATION
Trifluoromethyl decorated Idpc derivative 313 showed decent solubility in CDCl3 as well as
concentration dependent 1H-NMR signals. Spectra recorded with increasing concentration of 313
were characterized by a significant upfield shift of the Idpc related protons (Figure 30) and no
additional signals arised from the dilution series, which indicates a rapid intermolecular association
process of 313 upon increasing the concentration. The upfield shift may be rationalized by an
intermolecular ring-curent effect arising from --interaction upon stacking and aggregation, thus
contributing to a shielding effect for nearby nuclei of neighboring molecules.
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Figure 30 Concentration dependent 1H-NMR of 313 in CDCl3 at 298 K. The concentration of 313 decreases from bottom
(59 mM) to top (2.2 mM) and symbols indicating singals of certain protons: : H2’; ⚫: H4’; ◆: H10, H11; ◼: H3, H6;
: H9, H12; : H4, H5; : H2, H7.

The chemical shifts from the 1H-NMR experiments were plotted against the concentration and
showed differences between the protons. Bowl-bonded protons (2, 3, 4, 9, 10) were drastically
shifted with values ranging from 0.22 to 0.30 ppm upfield, whereas the shift of protons bonded to
the attached phenyl ring only slightly shifted with values less than 0.07 ppm. The increased shift for
bowl-bonded protons may result from a bow-bowl stacking mode with only minor contributions of
the phenyl moieties. The maximum chemical shifts for each proton are summarized in Figure 31.

Figure 31 Numbering scheme of 313 (numbers in black) and absolute chemical shift from concentration dependent 1HNMR experiment upon concentration change from 68 µM to 59 mM (numbers in blue). Measurment performed in CDCl3
at 298 K.
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The aggregation number N, i.e. the number of monomers forming the aggregate upon
concentration of the sample was estimated by application of mass action theory to the
concentration dependence of chemical shifts according to eq. (3):
ln[C(mono – obs)]) = N ln[C(obs – agg)] + ln K + ln N – (N – 1)ln(mono – agg)

eq. (3)

Here C is the concentration of all species, mono, agg and obs are the respective 1H-NMR chemical
shifts of the pure monomeric species, the pure aggregated species and the observed shifts of the
equilibrium mixture, respectively. The plot of ln[C(mono–obs)] vs ln[C(obs–agg)] should yield the
aggregation number N from the slope of the straight line given, both mono and agg are known.
Whereas mono can be determined from the NMR spectra at very high dilution where one can assume
313 to be predominantly in its monomeric form, agg is more difficult to obtain. However, since the
chemical shift decreases with increased concentration, the candidate value agg naturally must be
smaller than the measured chemical shift at highest concentration. A plot of ln[C(mono–obs)] vs
ln[C(obs–agg)] for a series of test values of agg fulfilling above requirement and showed that up to
a certain value linear plots result (see appendix). Any value of agg bigger than this value resulted in
a deviation form linearity. The aggregation number N determined from the slope of all linear plots
varied slightly, but is in all cases very close to N = 2, supporting the assumption that dimer formation
is the preferred process.
The absence of additional signals during the dilution experiment suggests, that the major process
is the equilibrium between the monomeric species and the aggregated species. Therefore, the
equilibrium constant K2 of aggregate formation could be determined by a non-linear model fit of the
chemical shift data obtained from 1H-experiment and concentration data of all protons to eq. (4),
which was done using Mathematica 12 (Wolfram Research).[173-174]
𝛿 = δ𝑚 + (δ𝑑 − δ𝑚 ) (1 +

1−√8𝐾2 𝐶t +1
4𝐾2 𝐶t

)

eq. (4)

 is the observed chemical shift in ppm, m and d are the chemical shifts of the pure monomer
and the pure dimer, whereas K2 is the equilibrium constant and Ct the total concentration of 313. K2
was determined to 2.9 ± 0.2 M-1 independently for all protons, except for H2’, which gave a value of
3.2 M-1. Compared to other planar PAHs like hexa(dodecyl) hexabenzocoronene (457 M -1), or
tetra(phenylethynyl) anthanthrene (84 M-1), the obtained equilibrium constant is rather small,
which may be resulting from less - stacking of the bowl-shaped molecule 313. In addition,
unfavorable steric interaction arising from the two phenyl tethers may also contribute to this low
value.
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3.6.5. SUMMARY
To sum up this chapter a new synthetic pathway to 1,8-dibromoindacenopicene (300) was realized
by early stage introduction of the bromine moieties. Direct bromination of acetonaphthone (39)
using oxone and ammonium bromide provided brominated acetonaphthone 302, which was used
as suitable building block in the synthesis of brominated indacenopicenes. The second bromine
moiety was introduced by Wittig-reaction using 2-bromobenzaldehyde to afford 1,8dibromoindacenopicene (300). Functionalization via palladium catalyzed Sonogashira-reaction with
a variety of alkynes and Suzuki-coupling with suitable phenylboronates was achieved. For
trifluoromethyl decorated derivative 313 a concentration dependent 1H-NMR study was performed
in order to investigate the aggregation behavior of buckybowls like Idpc in solution. The equilibrium
constant K for aggregate formation was calculated as 2.9 ± 0.2 M-1. Electronic absorption
spectroscopy revealed additive effects for the erngy and the extinction coefficient of the electronic
transitions upon bis-functionalization.

3.7. UNSYMMETRICALLY BISFUNCTIONALIZED IDPC DERIVATIVES
This chapter covers the synthesis and analytical characterization of unsymmetrical functionalized
Idpc derivatives. The target was to use the bromination procedure from chapter 3.6 and to introduce
suitable functionalization based on a different handle on the rim of Idpc.

3.7.1. SYNTHESIS
A chlorine and methyl moiety were envisioned to serve as suitable functional groups for
unsymmetrical functionalization. In analogous fashion to the before mentioned synthesis of
1,8-dibromo-Idpc (300), 2-chlorobenzaldehyde and o-tolualdehyde were used in a Wittig reaction
with phosphonium salt 306 to give chlorinated stilbene 314a and methylated stilbene 314b
(Scheme 69). Subsequent Mallory reaction afforded the tetrahalogenated benzo[s]-picene 315a and
the methylated derivative 315b in 62 % and 76 % respectively over three steps. Finally,
cyclodehydrofluorination on activated aluminum oxide afforded the desired unsymmetrical
1,8-substituted Idpc derivatives 316a and 316b in 79 % and 85 % yield, respectively. Isolation of the
final compounds was achieved by Soxhlet extraction with dichloromethane, whereas bromo-chloro-
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Idpc 316a showed very poor solubility in common organic solvents. The strongly reduced solubility
of the hetero-halogenated 316a, relative to methylated Idpc 316b may result from its propensity
towards - stacking due to increased in-plane dipole moment. The incorporation of a methyl group
in the Idpc motif increased the solubility with respect to dibromo-Idpc 300.

Scheme 69 Synthesis of 1,8-disubstituted Idpc derivatives 316a and 316b.

In a next step, consecutive reactions with two different coupling partners towards a push-pull
system like 317 were explored (Scheme 70). A different reactivity of the chloride and bromide in
heterohalogenated Idpc 316a was expected. Therefore, 316a was subjected to Suzuki crosscoupling reactions with 3,5-bistrifluoromethylphenylboronic acid, which led to a mixture of the bisarylated 313 as main product, accompanied by smaller amounts of mono-arylated product with
chlorine still in place and its proto-dehalogenated congener. The crude mixture was further reacted
in a Kumada type coupling with 3,5-bismethoxyphenylmagnesium bromide, but only traces amounts
of the desired product 317 were obtained. However, treatment of 1,8-dibromo-Idpc 300 with an
equimolar mixture of 3,5-bis(trifluoromethyl)phenylboronic acid and 3,5-dimethoxyphenyl boronic
acid yielded some small amounts of 317 in a one pot Suzuki-reaction. The yield of 3.6 % demands
more optimization in the future; however, a first non-symmetric coupling towards 317 was
achieved.
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Scheme 70 Efforts towards the synthesis of push-pull Idpc 317.

With conditions for copper-catalyzed alkyne-azide click reactions and cross coupling reactions at
the Idpc system at hand, 1-bromo-8-methyl-Idpc (316b) was used to deal as a suitable starting
material with two different reaction sides, whereas the bromide reaction side available for cross
coupling reactions and the methyl reaction side being available for copper-catalyzed alkyne-azide
click chemistry (Scheme 71). Therefore, 1-bromo-8-methyl-Idpc (316b) was converted to aryl
substituted Idpc 318 via Suzuki coupling with bis(3,5-trifluoromethyl)phenyl boronic acid. With arylbowl conjugate 318 in hand further benzylic bromination was conducted. Interestingly, radical
bromination using NBS and catalytic amount of DBPO in tetrachlromethane was fruitless. The
methylated Idpc 318 seemed to be less reactive towards benzylic bromination than its precursor.
To overcome this lack of reactivity, the reaction was irradiated with a 400 W Vitalux sunlight lamp
to give benzylic halide 319 in 82 % yield. Substitution reaction with sodium azide gave azide in 95 %
yield. Finally, copper-catalyzed alkyne-azide click reaction of azide 320 with 4-ethinylanisole in
presence of copper sulfate and sodium ascorbate in a 1:1 mixture of tert-butanol and water gave
triazole derivative 321 in 80 % yield.
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Scheme 71 Synthesis of non-symmetric functionalized Idpc derivative 321.

3.7.2. ELECTRONIC ABSORPTION SPECTROSCOPY
As was the case for all studied compounds so far, the resulting products showed multifaceted
activity in UV/vis-absorption spectroscopy (Figure 32, Table 17) and the general structure of all
bands were preserved, compared to pristine Idpc.[154] The spectral envelop is characterized by an
intense band at 250 nm - 300 nm, an unstructured absorption feature in the range from
300 nm – 350 nm, a structured and less intense band at 350 nm – 400 nm, a poorly resolved feaute
in the range from 400 nm to 475 nm, and a broad and weak band between 450 nm and 500 nm. In
comparison to pristine Idpc, Idpc-1-Me-8-Br (316b) does not display an energetic shift – presumably
owing to opposite electronic effects of the methyl group as donor and the bromine substituent as
acceptor, while 319 is bathochromically shifted by 124 cm-1, and 318 (42 cm-1), 320 (42 cm-1), and
321 (83 cm-1) are hypsochromically shifted.
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Figure 32 UV/vis absorption spectra of non-symmetric functionalized Idpc derivatives measured in dichloromethane at
room temperature.
Table 17 Absorption data of the synthesized non-symmetric substituted Idpc derivatives measured in dichloromethane
at room temperature.

λ in nm (in 103 M-1 cm-1)

Compound
316b

491 (0.98), 468 (1.82), 443 (2.98), 424 (3.07), 386 (8.47), 367 (6.48), 333 (10.6), 318
(13.1), 292 (54.6)

318

490 (0.39), 445 (1.71), 426 (1.77), 387 (5.69), 367 (4.47), 333 (8.06), 293 (36.5)

319

494 (0.79), 459 (1.74), 435 (1.95), 392 (5.15), 372 (4.81), 336 (7.66), 298 (31.2)

320

490 (1.47), 457 (3.02), 431 (3.27), 389 (8.50), 371 (7.03), 339 (10.0), 323 (12.3), 293
(47.4)

321

489 (0.50), 455 (2.57), 431 (2.93), 390 (10.1), 371 (8.10), 337 (13.3), 323 (16.7), 293
(72.6)

3.7.3. TOWARDS BRIDGED IDPC DERIVATIVES
The previous reports about bridged corannulene derivatives, i.e. biscorannulenylferrocene 89[54]
and bisethynylphenyl linked corannulenes 77 and 78 as blue emitters[65] makes this kind of
structures an attractive target for organic synthesis. Since the synthesis of (Idpc) 2 (278) was
successful, the next task was to aim for Idpc based macromolecules, where two Idpc moieties are
linked together via a bridging unit. However, initial experiments failed to synthesize 322 from
Idpc-1-Br (62) and ferrocenebisboronic acid (Scheme 72). Instead, the monocoupled product 277h
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was obtained in minor quantities, which results from only one successful Suzuki-coupling on the one
hand, and a protodeborylation step on the other hand. Dehalogenated pristine Idpc (4) was also
obtained. This outcome may be attributed to very poor solubility of the initial product of the first
Suzuki-coupling, as well as the halogenated Idpc derivatives and steric clash of the boronic acid with
the Idpc-bowl.

Scheme 72 Attempts towards ferrocene bridged diindacenopicene derivative 322.

To circumvent solubility problems, an unsymmetrical bisfunctionalized Idpc derivative 323 was
envisioned with bromine moiety for later functionalization and a long alkyl chain on the other side
of molecule to ensure decent solubility throughout the functionalization step. The synthesis is
depicted in Scheme 73 and started with hydroboration of 1-dodecene with 9-BBN and subsequent
Suzuki coupling with 2-bromobenzaldehyde, which afforded 2-dodecylbenzaldehyde (324) in 71 %
yield. Aldehyde 324 was used in a sequence of Wittig reaction with ylide 49 to give stilbene 325 and
Mallory-type photocyclization to afford alkylated bromo-benzo[s]picene 326 in 74 % yield for the
Wittig reaction and 80 % yield for the Mallory reaction. A final cyclodehydrofluorination step on
activated aluminum oxide afforded Idpc derivative 323 in 82 % yield.

Scheme 73 Synthesis of 1-bromo-8-dodecyl Idpc (323).
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With buckybowl 323 in hands, Suzuki coupling with 1,1’-ferrocenediboronic acid was conducted.
However, thermal Suzuki-coupling, as well as microwave assisted Suzuki-coupling failed to give the
desired ferrocene bridged target molecule 327 (Scheme 74). These results indicate, that not only
solubility contributes to the outcome of this reactions, but also reactivity of the buckybowl fragment
might be hampered, due to steric reasons. The introduced alkyl chains to the Idpc fragment
increased the solubility to a large extend, which makes it a versatile building block for later synthesis
of reasonable soluble Idpc-based macromolecules. However, reliable conditions for connecting two
Idpc fragments with a bridging unit have still to be found and future experiments should aim in this
direction.

Scheme 74 Attempts towards the synthesis of 327.

3.7.4. SUMMARY
In summary, this chapter covered the synthesis of unsymmetrical functionalized Idpc derivatives
based on an early-stage bromination strategy and introduction of a halogen or methyl moiety to
establish a second reaction side at the rim of indacenopicene. A first member of unsymmetrical
substituted Idpc based push-pull systems was successfully synthesized. Furthermore, derivatization
of 1-bromo-8-methylindacenopicene (316b) was presented using palladium catalyzed Suzukicoupling to address the bromine reaction side of Idpc and a copper catalyzed Alkyne-azide click
reaction to address the methyl reaction side of Idpc. Futher investigations towards linking two Idpc
fragments by a ferrocene bridge showed suppressed reactivity and only monocoupled product 277h
was observed. In order to rule out that low solublity is the reason for the unreactivity towards
bridged Idpc derivatives, the soluble bisfunctionalized bromo-alkyl-Idpc derivative 323 was
successfully synthesized with the dodecyl chain used as a solubility enhancer. However, Suzukicoupling towards 327 was unsuccessful and further suitable conditions for this type of reactions
have still to be found.
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3.8. INDACENOPICENE-BASED ELECTRON ACCEPTORS
This chapter covers the synthesis, photophysical and electrochemical properties of a series of new
Idpc based electron acceptors. Many polyaromatic hydrocarbons are known to undergo nucleophilic
aromatic substitution reactions with thiolates or their higher homologues in polar aprotic solvents
such as DMI or DMF.[99-100, 102] Pristine Idpc and other buckybowls like corannulene are soft electron
acceptor materials, which makes them an interesting target in the field of molecular electronics. [175]
However, they are not as good an electron acceptor as fullerene C60. Therefore, scaffold
modifications with electron withdrawing groups have been identified as a viable route to improve
the electron acceptor properties. This concept was already elaborated for the corannulene system
as described in chapter 1.[100-102] However, to this date, literature is lacking Idpc based electron
acceptor materials and therefore the derivatization of suitable halogenated starting materials to
tune the electron affinity is described.

3.8.1. SYNTHESIS
With sufficient amounts of 1,8-dibromo-Idpc (300) in hands, it was whether nucleophilic aromatic
substitution reactions with phenylthiolates might be realizable in an analogous fashion to
corannulene.

Therefore,

treatment

of

300

with

commercial

available

thiocresol,

p-trifluoromethylbenzene thiol and p-methoxybenzene thiol gave thioethers 328a-c in very good
yields of 95 %, 90 % and 89 %, respectively. Further treatment with m-chloroperbenzoic acid
(m-CPBA) in dichloromethane oxidized the thioethers to the corresponding sulfones 329a-c in
moderate to good yields of 90 %, 90 % and 79 %, respectively (Scheme 75). The thioethers were
found to be orange to red solids with decent solubility in dichloromethane, chloroform, and
1,2-dichlorobenzene. All sulfones were found to be air stable yellow to orange solids with little to
poor solubility even in toluene or 1,1,2,2,-tetrachloroethane. For the synthesis of the Idpc
monoselenoether 330 and Idpc diselenoether 331, in situ generated phenylselenide, which was
obtained from the reaction of diphenyl diselenide with potassium carbonate and dithiothreitol
(DTT), was reacted with Idpc-1-Br 62 and Idpc-1,8-Br 300 in an aromatic substitution reaction to give
monoselenoether 330 in 85 % yield and diselenoether 331 in 80 % yield. The following oxidation to
the selenone derivatives 332 and 333 proceeded smoothly by treatment with mCPBA in
dichloromethane. However, decomposition of both products was observed during column
chromatography on silica or aqueous workup. Purification was therefore accomplished by repeated
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precipitation of the selenone derivatives 332 and 333 in diethyl ether. Since m-CPBA and the
resulting acid are soluble in diethyl ether, they could be removed by this method yielding
monoselenone 332 in 81 % yield and diselenone 333 in 73 % yield.

Scheme 75 Synthesis of Idpc-thioethers and sulfones, as well as Idpc-selenoethers and selenones.

3.8.2. ELECTRON ABSORPTION SPECTROSCOPY
The superimposed electronic absorption spectra and the associated photophysical data are
depicted in Figure 33 and Table 18. The spectral structure of the thioethers based derivatives
resembles that of pristine Idpc displaying five spectral regions between 250-550 nm. The five
transitions are located at 250nm -310 nm, 310 nm - 370 nm, 370 nm - 418 nm, 418 nm - 476 nm
and 476 nm - 550 nm. It is discernible, that the energetically lowest electronic transitions of the
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thioethers are bathochromically shifted, wheras those of sulfones are hypsochromically shifted with
respect to pristine Idpc having its energetically lowest transition at 491 nm. [154]

Figure 33 Left: Electronic absorption spectra of the obtained thioethers and sulfones. Right: Electronic absorption
spectra of the obtained selenoethers and selenones. Spectra were recorded in 1,2-dichloromethane solution at room
temperature.
Table 18 UV/vis-data of the Idpc-chalcogenide derivatives in dichloromethane solutions at room temperature.

Compound

λ in nm (in 103 M-1 cm-1)

Idpc(SPhMe)2 (328a)

523 (2.64), 484 (5.23), 453 (5.99), 420 (6.52), 397 (12.4), 378 (10.5), 328
(23.5),306 (41.1), 293 (50.6), 251 (53.6)

Idpc(SO2PhMe)2 (329a)

488 (4.28), 458 (6.75), 403 (20.7), 382 (20.2), 365 (26.6), 348 (27.5), 334
(28.8), 296 (119), 286 (100), 255 (85.6)

Idpc(SPhOMe)2 (328b)

519 (3.55), 486 (5.52), 452 (6.59), 421 (6.79), 395 (12.5), 375 (10.3), 328
(28.0), 309 (38.4), 290 (49.0), 251 (57.7)

Idpc(SO2PhOMe)2 (329b)

489 (2.03), 456 (3.28), 430 (3.74), 404 (10.7), 383 (9.76), 366 (13.4), 349
(15.0), 334 (16.0), 294 (55.9), 283 (45.4), 254 (48.7)

Idpc(SPhCF3)2 (328c)

504 (2.13), 462 (4.69), 429 (5.53), 398 (14.9), 378 (12.1), 327 (20.3), 294 (76.5)

Idpc-(SO2PhCF3)2 (329c)

497 (2.08), 461 (4.31), 432 (4.73), 399 (13.5), 379 (11.1), 361 (10.0), 346
(12.0), 325 (18.5), 294 (69.1)

Idpc(SePh) (330)

499 (1.28), 452 (3.91), 424 (4.33), 392 (11.2), 373 (8.66), 353 (7.55), 333
(10.2), 320 (14.0), 303 (30.3)

Idpc(SePh)2 (331)
Idpc(SeO2Ph) (332)
Idpc(SeO2Ph)2 (333)

530 (2.98), 497 (3.66), 437 (4.07), 409 (4.20), 388 (7.76), 365 (8.02), 347
(10.1), 312 (27.6)
449 (1.88), 411 (3.51), 393 (4.79), 373 (5.41), 358 (6.80), 331 (10.2)
484 (0.15), 459 (0.59), 427 (1.02), 402 (2.92), 383 (2.33), 363 (3.44), 343
(3.64), 327 (3.68), 295 (24.7), 284 (18.6)
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A bathochromic shift resulting from introduction of sulfur-atoms and their heavier congeners on
the perimeter of the -system is well-known for corannulene[40, 91, 94, 96, 100, 102, 117, 176-177], BODIPY[178179]

and phthalocyanine[180] derivatives, and was attributed to an extension of the -system of the

chromophore to the adjacent heteroatom, which amounts to a stabilization of the LUMO and
destabilization of the HOMO.[99] Quantum chemical computations which were performed in
collaboration with Jan Herberger (Working group Prof. Dr. Rainer Winter) support this notion and
qualitatively mirror the energetically lowest transition, which is at lower energies for thioethers and
at greater energies for sulfones. Whereas thioethers have p-orbitals, which can conjugate with the
-system of Idpc resulting in a decrease of the HOMO-LUMO gap, sulfones do not have p-orbitals,
which can conjugate to Idpc’s -system leading to a loss of conjugation, thus increasing the
HOMO-LUMO gap.
Deng et al.[95] reported the influence of remote substituents on the absorption wavelength in
correlation to the electron affinity of the substituent and documented a strong correlation between
bathochromic shift and electron donating, and hypsochromic shift and electron withdrawing
character of the substituents. The thioethers and sulfone derivatives of Idpc 328a-c and 329a-c
display a weaker correlation to the electron affinity of the substituents, so that opposite effects
could be observed. For thioethers, methyl induced a stronger red-shift in 328a than methoxy
derivative 328b, whereas for sulfones an increased red-shift was observed in the series of
CH3 < OMe < CF3.
Concerning the selenium derivatives of Idpc, the spectral envelope of pristine Idpc is preserved
and the five spectral regions, which were identified earlier also apply to these derivatives. The stepwise introduction of selenoether moieties bathochromically shifts the lowest transition by 8 nm for
Idpc-Se-Ph 330 and by 17 nm for Idpc(SePh)2 331. Oxidation to the respective selenones
hypsochromically shifts the absorption bands with respect to the selenoether and pristine Idpc.
Quantum chemical computation employed for the selenium derivatives are in accordance with the
findings of the sulfur congeners, mirroring extension and restriction of the -system by transitioning
from Idpc to selenoether to selenone.
Assignment of the electronic transitions by means of time-dependent DFT (TD-DFT) revealed that
the underlying transitions of the studied chalcogen derivatives strongly resembles those of pristine
Idpc. Latter notion is fulfilled owing to the strong resemblance of the spectral envelopes and the
presence of the five spectral regions. However, between the ethers and the oxidized congeners
TD-DFT calculations display discrepancies in the correct orbital ordering owing to the involment of
the heteroatom. The first absorption in the region 376-550 nm is composed of a HOMO→LUMO
transition and a HOMO-1→LUMO transition for thio- and selenoethers and sulfones and selenones,
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respectively. In both cases a -* transition with ICT contribution from sulfur or selenium constitute
the electronic transition. Additionally, electron denisity difference maps (eddm, Figure 34)
reproduce involvement of the p-orbital of the chalcogen atom to the HOMO. The adjacent
absorption at 418 - 476 nm, is predomiantly attributed to a HOMO-1→LUMO transition for ethers
and to a HOMO→LUMO transition for the oxidized congeners. A -* transition with ICT
contribution from the chalcogene atom make up this absorption band being in analogy to the first
absorption. The third spectral region at 370 - 418 nm comprises a HOMO-3→LUMO and a
HOMO-2→LUMO transition for chalcogen ethers and oxidized congeners, respectively. In both
cases a pure -* transition is underlying this absorption band. Adjacent to this region the
absorption at 310 - 370 nm is predominantly composed of a HOMO-4→LUMO transition for the
ether derivatives and a HOMO→LUMO+1 transition for the sulfone and selenone derivatives. Both
transitions constitute a -* transition with ICT contribution from the heteroatom. The absorption
at 250-310 nm is predicted to be a HOMO→LUMO+2 transition and a HOMO-1→LUMO+2 transition
for compounds with oxidation state +II and for oxidation state +VI, respectively. In analogy to the
preceding absorption, a -* transition with ICT contribution from the heteroatom underlies this
absorption band. Though orbital ordering discrepancies exist both comparison of the spectral
envelopes and the eddms between pristine Idpc and the chalcogen derivatives give rise to the
present assignment.
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Figure 34 Frontier MOs of Idpc thioether, Idpc selenoether, Idpc sulfones and Idpc selenones and corresponding
electron-density difference maps for individual transition. Red color indicates an increase of electron density, and blue
color a decrease of electron density (Part1).
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Figure 34 Frontier MOs of Idpc thioether, Idpc selenoether, Idpc sulfones and Idpc selenones and corresponding
electron-density difference maps for individual transition. Red color indicates an increase of electron density, and blue
color a decrease of electron density (Part 2).
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Figure 35 Molecular orbital scheme displaying the effect of various substituents on the frontier orbitals. From top to
bottom: LUMO and HOMO.

3.8.3. PHOTOLUMINESCENCE SPECTROSCOPY
The emission spectra of the synthesized thio- and seleno derivatives of Idpc and the corresponding
photophysical data are depicted in Figure 36and Table 19 and a picture of the Idpc based thioethers
and sulfones is shown in Figure 37.
The emission spectra are characterized by a broad vibrationally poorly resolved emission band in
the range of 548-592 nm for thio and seleno derivatives. An attachement of thio substitutents
boosts fluorescence quantum yield up to 11 %, whereas seleno substitutents hardly affect the
measured fluorescence quantum yield. The non-radiative rate constant remains generally rather
unaffected by the substitution, however the radiative rate constant for thio derivatives is up to one
order of magnitude larger than for pristine Idpc and reaches comparable values like for
ethynylphenyl substituted Idpc.[154] Looking at the ratio of knr to kr.it is discernible that both electron
donating and withdrawing effects of the para-substituent as well as the oxidation state of the
chalcogen affect quantum yield and kinetics of the Idpc-based deactivation pathways. This quotient
equals 99 for pristine Idpc and decreases in the series Idpc-(S-Ph-CF3)2 (328c) > Idpc-(S-Ph-OMe)2
(328b) > Idpc-(S-Ph-CH3)2 (328a). In the same direction the fluorescence quantum yield increases
from 0.06, over 0.08 to 0.11. These results indicates that deactivation channels remain largely
unaffected by appending chalcogen substitutents to the -system but that the the para-substituent
may be used as a probe for manipulating excited state kinetics.
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Figure 36 Left: Superimposed emission spectra of the obtained thioethers 328a-c and sulfones 329a-c. Right:
Superimposed emiision spectra of the obtained selenoethers and selenones. Both measured in dichloromethane solution
at room temperature.
Table 19 Photophysical data of Idpc and the Idpc chalcogenides derivatives in dichloromethane solutions at room
temperature

λmax in
nm

Stokes shift
in cm-1



1/2
In ns

Kr in 106
s-1

Knr in 106
s-1

Idpc (4)

553

2283

0.01

3.69±0.02

2.711

268.4

Idpc(SPhMe)2 (328a)

590

5431

0.11

5.25±0.03

20.97

169.7

Idpc(SO2PhMe)2 (329a)

556

2506

0.03

3.62±0.02

8.296

268.2

Idpc(SPhOMe)2 (328b)

592

2376

0.08

5.82±0.03

13.74

158.0

Idpc(SO2PhOMe)2 (329b)

552

2376

0.02

3.64±0.02

5.492

269.1

Idpc(SPhCF3)2 (328c)

582

2738

0.06

4.21±0.02

14.25

223.2

Idpc-(SO2PhCF3)2 (329c)

550

2102

0.03

3.77±0.02

7.952

257.1

Idpc(SePh) (330)

569

2306

0.01

3.96±0.09

2.520

249.4

Idpc(SePh)2 (331)

592

2739

0.01

1.69±0.10

5.896

583.7

Idpc(SeO2Ph) (332)

561

4446

0.02

4.90±0.03

4.082

200.0

Idpc(SeO2Ph)2 (333)

548

3876

0.02

4.018±0.02

4.977

243.9

Compound

It is discernible that the oxidation state of the sulfur atoms has a pivotal role on the photophysical
processes. Whereas oxidation state +II strongly decreases the energy difference between HOMO
and LUMO by stabilizing the LUMO stronger than destabilizing the HOMO (vide infra), and
decreasing the ratio of knr to kr, oxidation state +VI stabilizes the frontier orbitals to such an extent,
that the HOMO-LUMO gap is widened again, resulting in emission wavelengths comparable to those
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in pristine Idpc (Figure 35). Furthermore, changing the oxidation state from +II to +VI inhibits k r by
factor two and increases knr by up to 111 s-1. This change in oxidation state increases the ratio of knr
to kr by up to a factor of 4.45 resulting in a decrease of the quantum yield as well as bringing k nr
close to pristine Idpc.
Concerning with seleno substituted Idpc derivatives substitution with the heavier homologue,
results in comparable observations. Step-wise introduction of selenoether moieties further redshifts the emission wavelength and oxidation to the respective selenone results in emission
wavelengths comparable to pristinde Idpc. Additionally, fluorescence life-time, kr and knr remain in
the range of pristine Idpc, except for Idpc-(SePh)2 (331) in which life-time is halved resulting in an
increase by factor of two in kr and knr. This change is also discernible by considering the ratio of k nr
to kr. Whereas selenoethers have quotients, which are equal to that of pristine Idpc. The quotient
of the oxidized congeners is decreased by a factor of two, which is expressed in an increase of the
quantum yield to 0.02, of kr by a factor of two and a slight decrease of knr. Comparing Idpc-(SePh)2
331 with Idpc-(S-PhCH3)2 328a the difference in excited state properties is striking and cannot be
lead back to the para-substituent but rather to the chalcogen itself. It is known that selenium, as a
heavier homologue of sulfur, is able to exert a heavy atom effect resulting in intersystem crossing
(ISC) between singlet and triplet states in energetic proximity. [181] In other fluorophors e.g. BODIPY
it was found that selenium and tellurium ethers, induce an increasingly more efficient ISC resulting
in both a decrease in fluorescence life-time and quantum yield.[178] Quantum chemical computations
comparing the singlet and triplet states of pristine Idpc and Idpc-(Se-Ph)n (n = 1,2) 330 and 333
showed that ISC between S1 and T2 might be possible owing to a very small energy difference.
However, internal conversion from T2 to T1 and subsequent emission is deemed difficult owing to
the large energetic difference between T1 and T2. In ordner to evaluate the extent of ISC, aerated
solutions of the selenoethers were irradiated to study the potential emission from singlet oxygen,
which is generated from triplet oxygen efficiently quenching an excited triplet state. However, no
emission from singlet oxygen was detected, so that it is proposed that after population of T2 a very
fast ISC back to S1 might take place leading to the decreased fluorescence life-time and the change
in associated rate constants.
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Figure 37 picture of solutions of Idpc thioethers 328a-c and sulfones 329a-c in dichloromethane irradiated with UVlight.

3.8.4. CYCLIC VOLTAMMETRY
Cyclic voltammetry was utilized to investigate the electronic structure of the thio- and selenoether
derivatives of Idpc. The cyclovoltammograms, a graphical representation of the first reduction
potentials, and the associated electrochemical data are summarized in Figure 38, Figure 39 and
Table 20. The investigated compounds are characterized by reversible reduction processes in the
accessible measurement window of the used electrolyte/solvent (nBu4NPF6/1,2-diochlorobenzene)
system. From the experimental data it is discernible, that appendage of thiophenolate derivatives
strongly stabilize the LUMO with respect to pristine Idpc. Oxidation of the thioethers to the
corresponding sulfones introduces an additional stabilization of the LUMO by approximately 300 mV
rendering Idpc-(SO2-PhCF3)2 329c the best electron acceptor of all studied Idpc derivatives. Identical
observations were made for the corresponding corannulene congeners, bearing one or five
substitutents.[99]
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Figure 38 Cyclic voltammograms of Idpc thioethers 328a-c (left column, top to bottom) and sulfones 329a-c (right
column top to bottom) in 1,2-dichlorobenzene at room temperature.

115

116

Results & Discussion

Figure 39 Graphical representation of the first reduction potential of the studied Idpc chalcogene derivatives.
Table 20 Half wave potentials of the indacenopicene chalcogenides in 1,2-dichlorobenzene/NBu4PF6 (0.1 M) in mV.
Potentials are provided relative to the ferrocene/ferrocenium redox standard set at E1/2 = 0.000 V.

E1/2
0/-1

E1/2
0/-2

E1/2 relative to
Idpc

Idpc (4)

-1935

-

0

Idpc(SPhMe)2 (328a)

-1765

-2044

170

Idpc(SO2PhMe)2 (329a)

-1448

-1702

487

Idpc(SPhOMe)2 (328b)

-1799

-2069

136

Idpc(SO2PhOMe)2 (329b)

-1473

-1740

462

Idpc(SPhCF3)2 (328c)

-1690

-2003

245

Idpc-(SO2PhCF3)2 (329c)

-1403

-1636

532

Idpc(SePh) (330)

-1883

-2254

52

Idpc(SePh)2 (331)

-1778

-2056

157

Idpc(SeO2Ph) (332)

-1842

-2157

93

Idpc(SeO2Ph)2 (333)

-1757

-

178

Compound

The effect of para-substituents on the perturbation of the LUMO is in accordance with the findings
of Deng et al.[95] stating that external electron donating groups destabilize, whereas external
electron withdrawing groups stabilize the LUMO. The first reduction potential is stabilized in the
series OMe < CH3 < CF3 for both thioethers and sulfone spanning a range of 109 mV and 70 mV,

Results & Discussion

respectively. The strong stabilizing effect of the thiophenolate substituents can be reasoned by
inclusion of the sulfur atom into the extented -system of Idpc.[94] Quantum chemical computations
(Figure 34) performed in collaboration with Jan Herberger (Working Group of Prof. Dr. Rainer
Winter) support this notion predicting both involvement of the sulfur atom in the -system and a
stabilization of the LUMO in dependence on the electron affinity of the para-substituent. Both
thioethers and sulfone mirror qualitatively the trend, however, the computed energy of the LUMOs
is overestimated for thioethers.
Selenoethers and corresponding selenones of geodesic polyarenes are rarely reported in
literature and electrochemical studies only showed irreversible redox properties. [102] In contrast to
selenoethers of corannulene, selenoethers and corresponding selenones of Idpc display reversible
reduction waves. The direct comparison of the first reduction potentials of both thio and seleno
derivatives shows two distinct differences. First, the stabilizing effect of selenium is smaller than
that exerted by sulfur, i.e. the reduction potential of Idpc(SePh)2 331 is in proximity to
Idpc(SPhOMe)2 328b which exerts the weakest stabilization owing to its terminal electron donating
group. Second, the additional stabilization gained by oxidation of the selenium is smaller than for
sulfur, i.e. 21 mV for Idpc(SeO2Ph)2 333 and 300 mV for Idpc(SO2PhR)2 (R = Me, OMe, CF3) 329a-c.
In the case of mono selenium-substituted Idpc the primary stabilizing effect is, as expected, smaller
and amounts to 52 mV and the secondary effect amounts to 41 mV being slightly larger than for the
bis-substituted congener.
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Figure 40 Cyclic voltammograms of selene derived Idpc derivatives in 1,2-dichlorobenzene at room temperature.

3.8.5. SUMMARY
In this chapter, a procedure to successful introduction of chalcogen functionalization to the Idpc
scaffold was demonstrated. The characterization of the electronic structure of the obtained
chalcogen decorated Idpc derivatives by electronic absorption spectroscopy, photoluminescence
spectroscopy, cyclic voltammetry and quantum chemical computations was investigated.
Substitution leaves the spectral envelope of pristine Idpc unchanged but changes the energy of the
electronic transitions. Deactivation of the excited state displays remarkable observations, e.g. strong
dependence on the oxidation state of the chalcogen atom as well as the possibility of ISC by heavy
atom effect originating from selenium, and further endeavors on selenium or transition metal
derivatives of Idpc might open up the access to the triplet manifold of Idpc and associated
applications. Cyclic voltammetry clearly demonstrates the influence of both atomic numbers and
oxidation state on the LUMO, resulting in Idpc sulfones as excellent electron accepotrs, whereas the
LUMO of selenium derivatives is in energetic proximity of the thioethers.
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3.9. DIINDENOCHRYSENE AND ITS DERIVATIVES
In this chapter the synthesis of pristine diindenochrysene and a ferrocenylated derivative, as well
as a thioethers decorated derivative is described. In addition, a first study of the photophysical and
electrochemical properties is presented.

3.9.1. SYNTHESIS
Halogenated diindenochrysenes were already reported by Amsharov and coworker in 2017 and
were synthesized via aluminum oxide mediated cove region closure of fluorinated precursors.[63] To
get access to the diindenocrysene motif, Amsharovs’ synthesis of dibromodiindenocrysene 72a was
conducted and slightly modified (Scheme 76). Methylester 68 was reduced by lithium alanate to
give alcohol 334 in 84 % yield. Oxidation with Dess-Martin periodinane was chosen as an alternative
to toxic PCC, which yielded aldehyde 69 in 70 % yield. A sequence of double Wittig reaction with
2-fluoro-5-bromobenzyltriphenylphosphonium bromide to give stilbene 70a and subsequent
double Mallory reaction in presence of iodine and propylene oxide afforded dibenzochrysene
derivative 71a in 86 % yield. Thermal aluminum oxide mediated cyclodehydrofluorination at 280 °C
afforded the desired dibromodiinendochrysene 72a in 69 % yield.

Scheme 76 Synthesis of dibromodiindenochrysene 72a according to Amsharov et al.[63]

With 72a in hands, functionalization of the buckybowl was conducted. In order to investigate the
influence of the functionalization, it was aimed for the synthesis of pristine diindenochrysene 335
(Scheme 77). Dehalogenation was achieved by treatment of 72a with a mixture of toluene, ethanol
and water in presence of palladium acetate, triphenyl phosphine and potassium carbonate. The
desired buckybowl 335 was obtained in 90 % yield. Further functionalization with ferrocenylboronic
acid via Suzuki-coupling failed to give the bisferrocenylated derivative. Instead, monoferrocenylated
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buckybowl 336 was obtained in 17 % yield. Double nucleophilic aromatic substation using
p-thiocresol in presence of potassium tert-butoixde in DMI gave thioether 337 in 55 % yield.
Compared to pristine Idpc, diindenochrysene was less soluble in dichloromethane or toluene, which
may result from the more strained structure. This might be also the reason for the decreased yields
and

hampered

reactivity

towards

bisferrocenylation.

Instead,

monocoupling

and

protodehalogenation was found to be favored.

Scheme 77 Synthesis and derivatization of diindenochrysene. Reagents and conditions: a) FcB(OH)2, Pd(PPh3)4, Na2CO3,
1,4-dioxane/water, reflux, 12 h; b) Pd(OAc)2, PPh3, K2CO3, toluene/ethanol/water, 95 °C, 12 h; c) p-thiocresol, KOtBu, DMI,
80 °C, 3 h.

Similar to Idpc, diindenochrysene posseses Cs symmetry and therefore the proton NMR spectrum
of diindenochrysene shows six different proton signals (Figure 41) measured in deuterated
chloroform. The different protons were labeled with their respective color depicted in Figure 41.
Positions 1, 3, 4 and 5 showed a series of douplet – signals between 7.60 ppm and 7.75 ppm. The
proton at position 6 gave a singulet located at 7.90 ppm, whereas the proton at position 2 gave a
signal of doublet of doublets at 7.40 ppm. The structure of the 13C-NMR spectrum showed similar
segmentation as Idpc.[48] Most downfield shifted carbon signals between 136.54 ppm and 143.01
ppm were related to the hub-carbon atoms at the five-membered ring (orange colored). The two
spoke-carbon atoms at C-3a and C-5a position were related to less downfield shifted carbon signals
at 132.89 ppm and 129.29 ppm, respectively (purple and brown). The carbon atoms at the rimpositions directly linked to an aromatic proton were the most upfield shifted signals and were
located between 122.21 ppm and 128.97 ppm with C-1 beeing the most upfield shifted carbon signal
and C-4 beeing the most downfield shifted of all C-H aromatic carbon atoms.
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Figure 41 1H and 13C NMR of diindenochrysene in CDCl3.

3.9.2. ELECTRONIC ABSORPTION SPECTROSCOPY
The obtained pristine diindenochrysene (335, DIC) and its derivatives were analyzed by electronic
absorption spectroscopy and the results are summarized in Figure 42 and Table 21. The spectral
envelop of DIC and its derivatives displays similarities to those of Idpc and its derivatives. They both
have in common, that five spectral regions a characteristic in general. The electronic absorption
spectra are characterized by an intense absorption band with a low-energy shoulder at
230 nm – 260 nm, an almost equally intense absorption band in the range from 260 nm to 310 nm,
an absorption feature, which is merged into the low energy flank of the preceding absorption band
between 310 nm and 350 nm, a vibrationally resolved feature from 350 nm to 390 nm, and a broad,
but vibrationally resolved electronic transition from 390 nm to 500 nm. Appendage of ferrocene
preserved the spectral envelope in general, but induced a broadening of the individual transitions,
an hypochromic effect of the two absorption features of greatest energy but a hypochromic effect
of the the transitions between 310 nm and 500 nm, and the emergence of a broad, structureless
absorption band of moderate intensity between 500 nm and 625 nm. Bis-functionalization with
thioethers afforded similar changes of the spectral envelope. The difference between thioether 337
and 336 is, that the hypo- and hyperchromic effects are more pronounced for the former, and that
no affitional, low-energy band is detected. The derivatives display a bathochromic shift of the
energetically lowest transition by 329 cm-1 for 337 and by 2529 cm-1 for 336 and a general
bathochromic shift of the complete spectral envelope. In comparison with pristine Idpc, 335 and
337 are hypsochromically shifted by 1467 cm-1 and 1136 cm-1, respectively, and 336 is
bathochromically shifted by 1062 cm-1. A pairwise comparison shows, that 336 is 508 cm-1 and 337
is 2385 cm-1 hypsochromically shifted with respect to their Idpc-1-X (X = Fc, (S-PhMe)2) congener
and 336 is 75 cm-1 bathochromically shifted with respect to Idpc-2-Fc, underlining both the
fundamental influence of the DIC scaffold on the transition energy and the relative effects of the
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appended substituents on the energy of the frontier molecular orbitals. Concerning with the
extinction coefficients the derivatives display a hyperchromic effect with respect to DIC – which is a
similar behaviour in comparison to their Idpc congeners. DIC itself displays a hypochromic effect
with respect to Idpc which is indicating that either the absorption cross-section or the transition
dipole moment, hence, the allowedness of the transition, is decreased. While the same observation
is made for 336 in comparison with Idpc-1-Fc and Idpc-2-Fc, 337 demonstrates a slight hyperchromic
effect with respect to Idpc-(S-PhMe)2. At this point supplemental quantum chemical studies have to
be carried out in order to elucidate the fundamental electronic transitions and their behaviour upon
substitution.

Figure 42 Electronic absorption spectra of diindenochrysene (DIC, 335), thioether (DIC-(S-PhMe)2, 337) and
ferrocenylated diindenochrysene (DIC-Fc, 336) measured in dichloromethane at room temperature.
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Table 21 Absorption data of the diindenochrysene derivatives measured in dichloromethane at room temperature.

λ in nm (in 103 M-1 cm-1)

Compound
DIC (335)

458 (4.57), 434 (4.15), 410 (2.58), 381 (6.65), 361 (4.39), 340 (6.07), 321 (21.6),
298 (55.6), 256 (33.6)

DIC-(S-PhMe)2 (337)

465 (5.62), 437 (5.15), 395 (8.41), 371 (14.7), 345 (23.8), 306 (38.1), 259 (37.7),
242 (43.7)
518 (2.41), 464 (5.07), 436 (4.73), 408 (3.65), 376 (8.72), 337 (23.0), 303 (44.4),
235 (50.4)

DIC-Fc (336)

3.9.3. PHOTOLUMINESCENCE
All obtained diindenochrysene based derivatives showed excitation wavelength dependend dual
fluorescene emission upon photoexcitation and the obtained photophysical data is summarized in
Figure 43 and Table 22. The dual emissive behaviour is a completely new feature considering that
diindenochrysene (DIC) is just a structural isomer of Idpc. This section will be subdivided into two
parts. First, emission from the energetically lowest electronic state S1 will be discussed, followed by
a discussion of emission from S2. Idpc and its derivatives are characterized by a vibrationally
unresolved emission band. This characteristic is preserved for emission from S1 for DIC derivatives.
A comparison with the Idpc congeners offers some instructive insights. First, the life-times are
decreased by about a factor of two. Second, the emission wavelengths are hardly affected by
changing the molecular scaffold from Idpc to DIC. Third, fluorescence quantum yields remain in the
same order of magnitude as for Idpc. One striking difference, however, is observed for the
thioethers. While Idpc-(S-PhMe)2 328a has a quantum yield of 0.11, DIC-(S-PhMe)2 337 has a
quantum yield of 0.02. Fourth, the ratio of knr to kr is identical for DIC and Idpc (99) indicating that
the pristine systems have similar deactivation pathways of the excited state. Looking at the
derivatives, striking differences are evident. Whereas Idpc-1-Fc has a quotient of 99, DIC-Fc 336 has
a quotient of 199 highlighting that ferrocene has a more detrimental influence on the excited state
of DIC in comparison to Idpc. Finally, the ratio of knr to kr adapts values of 8 and 49 for Idpc-(S-PhMe)2
and DIC-(S-PhMe)2. This explains the drop in fluorescence quantum yield, as non-radiative
deactivation is strongly pronounced for DIC-(S-PhMe)2. Nonetheless, introduction of thioethers is
beneficial for excited state properties as can be seen from the quotients, which are tremendously
smaller in comparison to the parent buckybowl and ferrocenylated derivatives.
Now high-energy emission from S2 is regarded. As can be seen from the photophysical data, the
quantum yield is slightly increased, and the excited state life-time increases by up to a facor of five.
The emission wavelength form S2 is highly sensitice towards the appended substituents showing a
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redshift by 2151 cm-1 for DIC-(S-PhMe)2 and by 2525 cm-1 for DIC-Fc, with respect to DIC. A
comparison of the ratio of knr to kr shows for DIC that this value depends on the excitation
wavelength, i.e. excitation at 452 nm affords a quotient of 99 whereas excitation at 375 affords a
quotient of 49. For DIC-(S-PhMe)2 and DIC-Fc no changes of the ratio of knr to kr takes place. These
results indicate that radiative deactivation from S2 is preferred over non-radiative deactivation from
S2. With these instructive insights in hands, a tentative explanation of the dual emission can be
made.
The observed dual emission can be explained by an overlap between the vibrational states of the
electronic S1-state with the electronic state of S2 (and its associated vibrational states). Radiative
deactivation from S2 competes with internal conversion from S2 to S1 and subsequent radiative
deactivation from S1 to the ground state S0.
For the remainder of this section, photoexcitation into the charge-transfer band of ferrocenylated
derivative 336 will be discussed. For DIC-Fc this absorption band formally constitutes the S1,
however excitation of this low-energy absorption feature results in population of a dark state, i.e. a
non-emissive state. This dark state characteristic originates from oxidative quenching of the excited
state by the ferrocene moiety. Therefore, this state was excluded from the preceding discussion of
S1 and S2. The negative Stokes shift, which is observed for DIC-Fc, is with respect to the charge
transfer band, however, with respect to the energetically lowest *-band of diindenochrysene this
emission remains Stokes shifted. (Table 22).
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Figure 43 Upper left: superimposed absorption, and emmission spectra of 335; Upper right: superimposed absorption,
and emmission spectra of 337, lower left: superimposed absorption, and emmission spectra of 336, lower right:
superimposed emission spectra of the obtained compounds measured in dichloromethane at room temperature at an
excitation wavelength of 452 nm.
Table 22 Photophysical data of the synthesized diindenochrysene derivatives in 1,2-dichloromethane solutions.

Compound
DIC (335)

DIC-(S-PhMe)2 (337)

DIC-Fc (336)

λmax in nm

Stokes
shift in cm-1



1/2
In ns

Kr in 106 s1

Knr in 106
s-1

440

-893

0.02

9.54±0.07

2.097

102.7

554

3784

0.01

2.82±0.14

3.541

350.6

486

929

0.02

4.40±0.07

4.549

222.9

586

4441

0.02

2.13±0.01

9.373

459.3

495

-671

0.01

5.80±1.10

0.862

171.6

556

1546

0.01

2.92±0.01

1.710

340.3
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3.9.4. CYCLIC VOLTAMMETRY
The

results

of

the

electrochemical

investigation

via

cyclic

voltammetry

in

1,2-dichlorobenzene/NBu4PF6 is summarized in Figure 44 and Table 23. All cyclic voltammograms of
the obtained derivatives of diindenochrysene are characterized by two chemically mostly reversible
reduction processes, similar to the Idpc derivatives.[154,

164]

Diindenochrysene 335 shows a

cathodically shifted reduction potential for the first reduction wave by 58 mV to E 1/2 = -1993 mV in
comparison to Idpc with E1/2 = -1935 mV. This indicates, that the electron acceptor property of Idpc
is slightly better. However, substitution with p-thiocresol did affect the first reduction potential by
an anodic shift of 167 mV and the second reduction potential by 211 mV. The observed anodic shift
is of comparable magnitude with respect to Idpc-(S-PhMe)2. The reduction potentials of
ferrocenylated DIC 336 closely resemble those of pristine diindenochrysene 335. The first reduction
wave is 28 mV anodically shifted with respect to DIC, which is of comparable magnitude for Idpc-1-Fc
277h. The ferrocene-centered reversible one-electron oxidation of the ferrocene derivative 336
closely resembles the observed oxidation potential of ferocenylated Idpc derivatives Idpc-1-Fc and
Idpc-2-Fc and is in the range of ferrocenylated corannulene derivatives.[70, 154]
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Figure 44 Cyclic voltammograms of 335, 336 and 337. Top-left: Reduction of 335; Top-right: Reduction of 337; Bottom
left: Oxidation of 336; Bottom-right: Reduction of 336. All derivatives measured in 1,2-dichlorobenzene/NBu4PF6 (0.1M)
Table

23

Half

wave

potentials

of

the

diindenochrysene

derivatives

and

Idpc

for comparison

in

1,2-dichlorobenzene/NBu4PF6 (0.1 M) in mV. Potentials are provided relative to the ferrocene/ferrocenium redox standard
set at E1/2 = 0.000 V.

E1/2
0/-2

Idpc (4)

-1935

-

58

DIC (335)

-1993

-2315

0

DIC-(S-PhMe)2 (337)

-1826

-2104

167

-1965

-2265

28

DIC-Fc (336)

E1/2
0/+1

E1/2 relative to
Diindenochrysene

E1/2
0/-1

Compound
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3.9.5. SUMMARY
In summary, this chapter covered the succesful synthesis of pristine diindenochrysene as
constitutional isomer with regards to indacenopicene. The derivatization of the diindenochrysene
fragment was achieved by introduction of a ferrocene moiety and by the synthesis of thioether 337.
To investigate the properties of this new class of buckybowl derivatives electronic absorption
spectroscopy, photoluminescence spectroscopy and cyclovoltammetry were used. In contrast to
Idpc and its derivatives, the diindenochrysene derived molecules showed dual fluorescence,
whereas the reduction potential of pristine diindenochrysene was slightly shifted by approximately
58 mV.

3.10. NITROGEN DERIVED FUNCTIONALIZATION OF THE INDACENOPICENE CORE
3.10.1. SYNTHESIS OF MONO- AND DIAMINO-INDACENOPICENES
This chapter covers the synthesis and photophysical properties of a series of mono- and diaminoIdpcs. There are only rare reports about corannuelene based amines. Sygula and coworkers
synthesized N,N-diisopropylaminocorannulene as first corannulene derived amine in 2005 by
nucleophilic addition of diisopropylamine to in situ generated corannulyne.[182] Stuparu reports the
first synthesis of 1-aminocorannulene in 2012 via a sequence of direct nitration of corannulene,
followed by reduction with ammonium formate and palladium on charcoal.[68] Xie and coworkers
reported the synthesis of different mono- and diaminocorannulenes, as well as their optical
properties.[117]
With Idpc-1-Br 62 and Idpc-1,8-Br 300 in hands, it was aimed for the synthesis of Idpc-based
amines. Palladium catalyzed Buchwald-Hartwig amination with aniline, hexylamine, pyrrolidine and
ethylenediamine yielded the desired monoamino-Idpcs (338a-338d) and diamino-Idpcs (339a-339d)
(Scheme 78). Tris(dibenzylideneacetone)dipalladium and racemic BINAP in toluene was chosen as
catalyst system. With the obtained mono- and dialkylamino substituents of varying size, as well as
aromatic substituents in aniline derived products, it was aimed for an initial probing, how the
properties of the obtained Idpc derivatives can be affected by amine substitution on the rim of the
buckybowl. Monoamination with hexylamine and pyrrolidine afforded Idpc amines 338a and 338c
in 91 % and 84 % yield respectively. Amination with aromatic p-toluidine gave phenylamine
decorated Idpc 338b in 87 % yield, whereas reaction of ethylenediamine afforded Idpc amine 338d
in 71 % yield. In the course of double amination reaction, the obtained yields were good. Hexyl
decorated 1,8-diamine Idpc 339a was obtained in 78 %, whereas diamination with pyrrolidine
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afforded diamine 339c in 88 % yield and reaction with p-toluidine gave aromatic Idpc-diamine 339b
in 85 % yield. The reaction double amination reaction with ethylenediamine to give Idpc-tetraamine
339d was accomplished with decreased yield of 48 %. Purification of 339d was only achieved by
column chromatography using a mixture of dichloromethane, methanol, and triethylamine. The
introduction of pyrrolidine and hexylamine motif increased the solubility of the buckybowl fragment
in dichloromethane, whereas introduction of the aromatic toluidine moieties slightly limited the
solubility of the products in dichloromethane. Monosubstituted ethylenediamine-Idpc 338d also
showed decent solubility in dichloromethane. It is worth to mention, that introduction of two
ethylenediamine moieties drastically decreased the solubility in dichloromethane and toluene. In
fact, 339d showed moderate solubility in methanol and even water. All amines were obtained as
red to deep purple solids.

Scheme 78 Synthesis of mono- and diamino indacenopicenes.

3.10.2. ELECTRONIC ABSORPTION SPECTROSCOPY
Spectroscopic data was recorded to evaluate the impact of the different amine bearing
substitutents to the Idpc fragment (Figure 45, Table 24). The electronic absorption spectra of the
obtained diaminoindacenopicenes 339a-d are characterized by two intense bands in the UV-light
region ranging between 250 -310 nm and 295 – 380 nm, a vibronically resolved transition at
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380 – 410 nm, a sharp band ranging from 405 – 440 nm respectively and a broad absorption feature
in the visible light region ranging from 430 – 650 nm. Monoaminoindacenopicenes 338a-d are
characterized by and intense band in the UV-region 270 – 320 nm, an overlapped absorption feature
in the range from 320 nm to 340 nm, a vibronically resolved transition ranging from 340 – 430 nm
and broad absorption feature in the visible light region ranging between 440 nm and 580 nm
respectively. Hexylamine and pyrrolidine derived Idpc 338a and 338c additionally feature an intense
band between 265 – 290 nm. All compounds display a bathochromically shifted spectral envelope
with respect to pristine Idpc. For mono-amine functionalized Idpc derivatives the bathochromic shift
increases in the series aniline (1246 cm-1) < ethylenediamine (1499 cm-1) < hexylamine (1916 cm-1)
< pyrrolidine (2509 cm-1). For bis-amine functionalized Idpc derivatives the bathochromic shift
increases in the series hexylamine (1882 cm-1) < aniline (2018 cm-1) < ethylenediamine (2381 cm-1)
< pyrrolidine (2853 cm-1). In both series pyrrolidine imposes the greatest bathochromic shift which
might be lead back to the advantageous orientation of the nitrogen based p-orbital being able to
efficiently interact with the π-system of Idpc. Concerning the intensity of the absopriton bands
mono-amine funcationalized Idpcs display an hypochromic effect whereas bis-amine
funcationalized Idpcs display an hyperchromic effect.

Figure 45 Electronic absorption spectra of the synthesized indacenopicene based amines and diamines.
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Table 24 Absorption data of the synthesized Idpc based amines and diamines in dichloromethane solution at room
temperature if not otherwise stated.

λ in nm (in 103 M-1 cm-1)

Compound
Idpc(hexylamine)2 (339a)

541 (7.14), 505 (10.1), 476 (8.01), 413 (11.9), 389 (9.84), 363 (9.64),
328 (36.7)

Idpc(p-methylaniline)2 (339b)

545 (12.5), 509 (17.6), 476 (14.2), 424 (16.3), 400 (15.1), 337 (59.6),
282 (52.5)

Idpc(pyrrolidine)2 (339c)

571 (6.75), 531 (9.97), 497 (8.20), 458 (6.25), 425 (14.8), 399 (10.7),
360 (12.2), 335 (39.4), 314 (23.5), 280 (32.7)

Idpc(ethylenediamine)2 (339d)a

556 (7.60), 513 (12.2), 476 (9.90), 428 (14.5), 403 (13.9), 378 (15.9),
339 (52.0), 315 (44.8)

Idpc(hexylamine) (338a)

542 (4.67), 503 (6.79), 436 (5.39), 410 (5.65), 388 (9.97), 367 (9.54),
352 (11.5)

Idpc(p-methylaniline) (338b)

560 (5.73), 526 (7.59), 484 (5.20), 437 (5.12), 410 (6.89), 389 (10.2),
357 (14.0), 318 (32.3)

Idpc(pyrrolidine) (338c)

523 (4.78), 483 (7.18), 425 (5.60), 398 (6.77), 377 (11.0), 357 (9.34),
337 (9.34), 301 (32.8)

Idpc(ethylenediamine) (338d)

530 (2.98), 497 (3.66), 437 (4.07), 409 (4.20), 388 (7.76), 365 (8.02),
347 (10.1), 312 (27.6)

a) measured in MeOH at room temperature.

3.10.3. LUMINESCENCE SPECTROSCOPY
Regarding in general buckybowls, only a few studies focused on the fluorescence properties of
corannulene have been carried out.[20, 117, 157, 183] By addition of electron-donating substituents, an
increase of the quantum yield was obtained, which is consistent with the relieved reduction of the
corannulene core and therefore the excited state of corannulene is an effective electron acceptor.
By connecting an electron-accepting fluorophore with an electron-donor moiety, strong emissive
products can be synthesized.[184] As discussed before, phenyl or phenylethynyl derivatives of Idpc
showed electronic absorption processes with *-character with variable degrees of ICT admixture.
Photoexcitation of the amino-derived Idpcs resulted in fluorescence, which was characterized by
a vibrationally poorly resolved emission band (Figure 46 and Table 25).
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Figure 46 Up-left: Superimposed emission spectra of monoaminoindacenopcienes measured in dichloromethane at
room temperature. Up-right: Superimposed emission spectra of diaminoindacenopicenes measured in dichloromethane
and methanol (339d) at room temperature. Lower-left: Superimposed absorption and emission spectra of 338a. Lowerright: Superimposed absorption and emission spectra of 339d

Extending the -system by attachment of diamino functionality increases kr along the series
Idpc(ethylenediamine)2 < Idpc(pyrrolidine)2 < Idpc(hexylamine)2 < Idpc(p-methylaniline)2 whereas
knr increased along the series Idpc(ethylenediamine)2 < Idpc(p-methylaniline)2 < Idpc(hexylamine)2 ≈
Idpc(pyrrolidine)2, thus the quantum yields improve along the series of increasing kr (Table 25). This
is also reflected in the ratio of knr to kr, which is by up to a factor of six smaller in comparison with
Idpc (99). Furthermore, the excited state life-times remain constant at circa 2.5 ns, except for
ethylenediamine Idpc 339d which showed lifetimes of about 3 ns in water and approx. 8 ns in
methanol. Stokes shifts remained in general constant at approximately 2400 cm-1. Monoaminosubstitution of Idpc increased kr along the series Idpc(ethylenediamine) < Idpc(hexylamine) <
Idpc(pyrrolidine)

<

Idpc(p-methylaniline),

whereas

knr

increased

along

the

series

Idpc(ethylenediamine) < Idpc(p-methylaniline) < Idpc(hexylamine) < Idpc(pyrrolidine), thus the
quantum yields improved along the series of increasing kr. Just as for diamino functionalized Idpcs,
the ratio of knr to kr mirrors this trend. The excited state life-times remain constant at circa 3 ns,
exept for the monosubstituted ethylenediamine Idpc 338d , which showed lifetime of about 8.5 ns.
The measured Stokes shift differs dependent on the substitution on the rim of Idpc and ranges from
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approx. 2200 cm-1 for 338b and 2600 cm-1 for 338a over 3200 cm-1 for 338c to 4200 cm-1 measured
for amine 338d. Introduction of aromatic amines increased the quantum yield to  = 0.06 (diamine
339b) and  = 0.05 (monoamine 338b) compared to pristine Idpc ( = 0.01). The preceding
discussion can be summarized as follows. The quantum yield is in the order of magnitude of pristine
Idpc, but is improved up to 0.06. The life-times range between 2.35 ns and 3.39 ns which is slightly
below pristine Idpc and Idpc(ethylenediamine)2 displays a life-time up to 8.48 ns. The ratio of knr to
kr is for all derivatives improved and for p-methylaniline and pyrrolidine derivatives this ratio is
optimized indicating an overall improvement of the radiative deactivation pathway in comparison
to Idpc. For both series appendage of p-methylaniline affords the minimum of the quotient, which
is almost identical for the mono- and di-substituted derivative. This indicates that
Idpc(methylaniline) might be used as an attractive building block for forays towards asymmetric
Idpcs with improved photophysical properties.

Table 25 Photophysical data of the synthesized Idpc based amines and diames in dichloromethane solutions at room
temperature if not otherwise stated.

Compound

λmax in
nm

Stokes
shift in cm-1



1/2
in ns

Kr in
106 s-1

Knr in
106 s-1

Idpc(hexylamine)2 (339a)

537

2415

0.04

2.35±0.01

16.99

407.9

Idpc(p-methylaniline)2 (339b)

544

2331

0.06

2.80±0.01

21.45

336.1

Idpc(pyrrolidine)2 (339c)

544

2902

0.03

2.37±0.01

12.65

409.0

Idpc(ethylenediamine)2 (339d)

551

2149

0.02a
0.01b

3.39±0.03a
8.09±0.39b

5.893a
1.237b

288.8a
122.4b

Idpc(hexylamine) (338a)

537

2622

0.03

3.07±0.02

9.768

315.8

Idpc(p-methylaniline) (338b)

566

2188

0.05

3.32±0.03

15.05

285.9

Idpc(pyrrolidine) (338c)

517

3187

0.05

2.73±0.02

18.30

347.7

Idpc(ethylenediamine) (338d)

497

4172

0.02

8.48±0.04

2.358

115.6

a) measured in water at room temperature, b) measured in MeOH at room temperature

There are several studies reporting the fluorescence properties of Buckybowls. [64-65, 154, 157] Only
rare examples were reported, which showed fluorescence in aqueous solution.[117, 185] The obtained
1,8-(bisethylenediamine)-Idpc 339d is the first Indacenopicene derivative, which shows
fluorescence in aqueous media and is therefore suitable for further studies in the field of chemistry
in water. To illustrate the luminescent properties of Idpc mono- and diamines, Figure 47 shows the
fluorescence after irration of the dichloromethane solutions with UV light.
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Figure 47 Obtained Idpc mono- and diamines in dichloromethane solution iradiated with UV-light.

3.10.4. TOWARDS DIRECT INCORPORATION OF NITROGEN-ATOMS INTO THE POLYCYCLIC FRAMEWORK
In this section, the synthesis of nitrogen derived functionalization of the Idpc core is tested. Very
recent the group of Stuparu described the first synthesis of azahelicenes through Mallory type
oxidative photocyclization of corannulene based imine precursors.[118] This provides in principle a
feasible method to quickly extend the -system while at the same time incorporate nitrogen atoms
into the polyaromatic framework. In this chapter, it was investigated whether this methodology is
suitable for Idpc (Scheme 79). Therefore, suitable diphenyl imides were synthesized according to
literature known procedures reacting 4-tert-butylbenzonitrile[186] and 4-methylbenzonitrile[187] with
the appropriate arylmagnesium bromide reagent. 1,8-Dibromo-Idpc (300) was then reacted in a
palladium-catalyzed amination reaction with the diphenyl imides, which provided diimines 340a and
340b in moderate to good yields of 82 % and 52 % respectively.

Scheme 79 Synthesis of Idpc imines 340a and 340b.

Finally, an oxidative photocyclization with help of a 400 W medium pressure Hg lamp was
conducted, which should yield bisphenanthridine derivatives 341a and 341b. Therefore, an effort
was made to performe the cyclization of the stilbene imines 340a and 340b according to Mallory[119,
126]

and Stuparu[118] (Scheme 80) As proposed by the authors, the curved aromatic system may be

the reason for this exception of the Mallory reaction of imines, as it lowers the energy of the excited
state.[118] After absorption of light this should in principle result in a slower relaxation to the lowest
excited state n-*, which cannot undergo the cyclization. However, irradiation of imines 340a and
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340b with UV-light resulted in full consumption of the starting material but only decomposition
occured and no defined product could be isolated.

Scheme 80 Attempted synthesis of the cyclization of the imines 340a and 340b towards Idpc phenanthridines 341a and
341b.

In a last attempt, Idpc-1-Br (62) was reacted with tert-butylated imine to give Idpc based
monoimine 342 in 83 % yield (Scheme 81), which may result in the formation of monocyclized
product 343 upon irradiation. Unfortunately, no desired product could be isolated. Instead,
irradiation resulted in complete decomposition of the starting material, which indicates, that the
slower relaxation to the lowest excited state n-* in corannulene derivatives can not be observed
in Idpc related structures.[118]

Scheme 81 Attemted synthesis starting from Idpc-1-Br (62) towards Idpc phenanthridine 343.

3.10.5. SUMMARY
In this chapter, monoamino- and diamino-Idpc derivatives were synthesized. Introduction of
amine groups direct at the rim of Idpc had a great impact on the photophysical properties and led
to highly fluorescent molecules rendering these to orange to red emitters. Idpc-diamine 338d was
soluble in water and methanol and is the first Idpc derivative, which shows fluorescence in water.
These properties render ethylendiamine functionalized Idpc 338d an interesting target for further
investigations towards Idpc based chemistry in aqueous media. Introduction of nitrogen atoms into
the Idpc scaffold by Mallory reaction of suitable imine precursor like 342, was investigated in an
analogous fashion, as reported for corannulene derived azahelicene derivatives by Stuparu and
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coworker.[118] However, irradiation of imine precursors 340a, 340b and 342 with UV-light did not
yield the desired phenanthridine derivatives 341a, 341b and 343, but only decomposition products.
These results underline the unique character of corannulene as the only exception to the rule, that
Mallory-reaction is not suitable for the conversion of stilbene imines into azahelicene scaffolds.

3.11. PROBING CYCLODEHYDROFLUORINATION ON OTHER SUBSTRATES
Recent literature provides protocols to polyaromatic frameworks by closing five membered rings
starting from designed fluorinated precursors. Recently, the group of Amsharov demonstrated that
HF-Elimination on activated aluminum oxide could also be used to synthesize annulated benzenoid
fragments. The synthesis of DBC was already reported by Scott and coworker via palladium catalyzed
cyclodehydrohalogenation by using brominated fluoranthene precursor.[73] In this chapter, it was
investigated whether the HF-Elimination is an appropriate tool for closing six-membered rings and
whether this can be used for the synthesis of Buckybowls. For that purpose a synthetic pathway was
envisioned (Scheme 82) starting with the synthesis of 1,3-bis(2-fluorophenyl)propan-2-one (345)
derived from the corresponding carboxylic acid 344. This Dakin-West type reaction was initially
reported for the preparation of peptides starting from the correspdonding carboxylic acid and amine
precursors until Bhandari et al.[188] run the reaction at room temperature instead of 0 °C, which led
to symmetrical bisbenzyl ketone formation. Ketone 345 should then react with acenaphthoquinone
in a double Knoevenagel condensation to give dienone 346 followed up by a cascade of
cycloaddition and cycloreversion with norbornadiene under release of carbon monoxide and
cyclopentadiene, which should yield fluoranthene 347. Finally, treatment of 347 with activated
aluminum oxide should give Dibenzo[a,g]corannulene (DBC, 96).
As depicted in Scheme 82, commercially available 2-fluorophenylacetic acid (344) was treated
with N,N’-dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP) in tetrahydrofuran
following a slightly modified procedure reported by Li and coworkers [189] to obtain ketone 345 in
59 % yield. Condensation with acenaphthoquinone under basic conditions afforded dienone 346 in
88 % yield. A cascade of cycloaddition and cycloreversion with norbornadiene under release of
cyclopentadiene and carbon monoxide in an overpressure tube at 160 °C afforded
diphenylfluoranthene 347 in 69 % yield. In a final step, the cyclodehydrofluorination of 347 was
conducted, whereas treatment with acitavted aluminum oxide shoud trigger ring closure of the two
remaining rings. In 2012 Amsharov et al. reported a strategy for effective aryl-aryl coupling of
fluoroarenes closing five and six-membered rings by treatment with activated aluminum oxid to
synthesize e.g. triphenylene, tribenzo[f,k,m]tetraphhene or indeno[1,2,3-cd]fluoranthene.[50]
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Scheme 82 Synthesis of Dibenzocorannulene by HF-elimination.

In a first attempt fluoranthene 347 was subjected to preactivated aluminum oxide according to
previously reported procedure and heated at 280 °C for 3 h.[154], but only unreacted starting material
was obtained. Prolongation of the reaction time up to 12 h resulted in monocyclization in minor
quantities. It was assumed that the cyclodehydrofluorination process in fluoarenthene 347 requires
more energy to proceed. Accordingly, different temperature protocols were tested up to 400 °C.
Increasing the temperature to 320 °C indeed promoted faster monocyclization but was also
accompanied by decomposition of the starting material. However, traces amounts of DBC 96 were
also formed at these conditions. Higher temperatures led to full consumption of starting material,
however, only decomposition could be observed. Finally, increasing the activation time to 3 h at
580 °C slightly improved the yield of the reaction, whereas DBC 96 could be isolated in 17 % at best
after beforementioned activation and reaction for 8 h at 320 °C. The low yield may result from
dominant decomposition of the starting material at this temperature. The aryl-aryl axis in
fluoranthene 347 makes the molecule reasonable flexible, which may hamper precoordination of
the fluorine atoms and the respective protons on the aluminum oxide surface. However, this is the
first cyclodehydrofluorination approach yielding DBC 96.
While the structure of DBC 96 is already well established[35, 37, 73, 82] and reduction of the parent
buckybowl with lithium and potassium to yield stable dianions and tetraanions was already
reported[82], the exact reduction potential is not yet determined. To compare DBC 96 with the
reduction potentials of Idpc and other buckybowls, cyclovoltammetry was employed (Figure 48).
The cyclic voltammogram of 96 is characterized by one chemically mostly reversible reduction
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process and an irreversible oxidation process. The half-wave potentials of both redox events are
located at -2388 mV for the reduction and at 1148 mV for the oxidation. Compared with Idpc (4) the
reduction potential is cathodically shifted by -453 mV, which renders 96 as a weaker electron
acceptor than Idpc (4).

Figure

48

Cyclic

voltamogramms

of

DBC

96.

Left:

Reduction.

Bottom:

Oxidation

measured

in

1,2-dichlorobenzene/NBu4PF6 (0.1 M).

To further investigate the suitability of the cyclodehydrofluorination in the synthesis of
polyaromatic hydrocarbons, an extension of the -system was envisioned using other dieneophiles
in the cycloaddition with dienone 346 (Scheme 83). Buckybowl 348 should be synthesized by
quadruple HF-elimination from fluoranthene 347, which is the product of cycloaddition and
cycloreversion of dienone 346 with difluorinated diphenylacetylene 348. Buckybowl 349 should be
obtained in a similar fashion, but in contrast to 348, it should be synthesized in a quintuple HFelimination from pentafluorinated fluoranthene 350. The additional fluorine atom should be
installed at the diphenylacetylene moiety 351 (Scheme 83). The cycloaddition of unsubstituted
dienone 352a with neat diphenylacetylene was already reported in 1938 by Dilthey and
coworkers[190]. Recently the synthesis of tetrasubstituted fluoranthene derivatives in solution was
reported by Kapoor et al.[191] and Siegel and coworker.[192]
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Scheme 83 Retrosynthesis of -extended benzanulated DBC derivative 348 and 349 via cyclodehydrofluorination.

In order to optimize the cycloaddition – cycloreversion cascade to substituted fluoranthenes, the
reaction between dienone 352a and diphenylacetylene (353) was chosen as a test reaction
(Scheme 84). Double Knoevenagel reaction of acenaphthenequinone with diphenylacetone (354a)
afforded cyclopentadienone 352a. The reaction with diphenylacetylene 353 and dienone 352a in
acetic anhydride at 140 °C (Table 26, entry 1) yielded fluoranthene 355a in only 20 % yield. The low
yield compared to cycloaddition with NBD can be explained by the hampered reactivity of acetylenes
due to entropy, since cyclopentadiene and carbon monoxide are released during the cycloaddition
reaction with norbornadiene. Improved yields could be achieved at higher temperatures. Therefore,
the solvent was changed from acetic anhydride to diphenyl ether as a high boiling solvent and the
reaction was carried out in a thick walled over pressure tube at 200 °C to yield fluoranthene 355a in
35 % yield (Table 26, entry 2). Finally, heating the reaction mixture up to 260 ° for 12 hours in an
over-pressure tube afforded the desired fluoranthene 355a in moderate yield of 50 % (Table 26,
entry 3).In addition to entropic considerations, the steric crowding due to the four phenyl
substitutients at the fluoranthene core structure might be lowering the reactivity. Indeed, when the
cycloaddition was carried out between dimethylsubstituted cyclopentadienone 352b, which was
freshly prepared from petan-3-on (354b) and diphenylacetylene (353), the reaction smoothly
afforded 7,10-dimethyl-8,9-diphenylfluoranthene (355b) in 80 % yield (Table 26, entry 4).
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Scheme 84 Synthesis of tetra-substituted fluoranthene via cycloaddition reaction.
Table 26 Reaction conditions for the synthesis of tetra-substituted fluoranthene via cycloaddition reaction.

Entry

Conditions

Outcome

1

352a (R = Ph), Diphenylacetylene (353) 3 eq., Ac2O, 140 °C, 12 h

20 % yield

2

352a (R = Ph), Diphenylacetylene (353) 3 eq., Ph2O, 200 °C, 12 h

35 % yield

3

352a (R = Ph), Diphenylacetylene (353) 3 eq., Ph2O, 260 °C, 12 h

50 % yield

4

352b (R = Me), Diphenylacetylene (353) 3 eq., Ph2O, 260 °C, 12 h

80 % yield

Further extension of the -system was investigated. For that reason, the synthesis of fluorinated
diphenyl acetylenes 348 and 351 was conducted. Following the literature known protocol from Mio
et al.[193] 1,1’-difluorodiphenylacetylene (356) was synthesized in a one pot sonogashira reaction
with trimethylsilylacetylene starting from ortho-fluorobromobenzene (357) in 75 % yield
(Scheme 85). Trifluorinated diphenyl acetylene 351 can be synthesized in three linear steps starting
from 2-fluorobromobenzene (357). Sonogashira reaction with trimethylsilylacetylene provided
trimethylsilyl protected alkyne 358 in 85 % yield. Acetylene 358 was submitted to another
Sonogashira reaction with ortho-fluorobromobenzene in the presence of DBU to provide
trifluorinated diphenyl acetylene 351 in 73 % yield.

Scheme 85 Synthesis of fluorinated diphenylacetylene derivatives.

With the desired Diphenylacetylenes 348 and 351 in hands, the cycloaddition with fluorinated
dienone 346 was investigated. The optimized reaction conditions for the synthesis of
tetraphenylfluoranthene (355a) were applied for the cycloaddition. Both reactions yielded the
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desired fluorinated fluoranthene derivatives 347 and 350 in 45 % and 35 % yield, respectivelly.
However, the yields were slightly diminished in contrast to unsubstituted derivative 355a. This can
be reasoned by steric repulsion of the additional fluorine atoms, whereas the yield of 350 bearing
five fluorine atoms was lower than for tetrafluorinated fluoranthene 347. Cyclodehydrofluorination
was then conducted using preactivated aluminum oxide at 280 °C in a sealed tube. The reaction did
not result in the formation of the envisioned buckybowl 348. Instead, pentaphene derived PAH 359
was isolated in 45 % yield. The structure of 359 was unambiguously confirmed by X-ray diffraction
(Figure 49). Crystals suitable for X-ray diffraction were grown by slow diffusion of n-hexane into a
concentrated solution of 359 in dichloromethane. Even though the desired buckybowl 348 was not
obtained, the threefold cyclodehydrofluorination in fluoranthene 347 enabled access to rarely
reported PAHs. While there are reports for the synthesis of tribenzoperylene (Red structure in
Scheme 86)[194-195] including the work of Amsharov and coworker using the HF-zipping approach
starting from fluorinated precursors[138], there is no report about dibenzo[fg,ij]fluoreno[3,2,1,9,8rstuva]pentaphene structures, which demonstrates the unique character of the access to PAHs by
cyclodehydrofluorination strategy.

Scheme 86 Synthesis of PAH 359 via threefold HF-elimination; tribenzoperylene structure marked in red.

The obtained PAH 359 crystalized in the triclinic space group P-1 and the ORTEP-representation is
depicted in Figure 49. The annulated -system remains in general flat over the whole ring system,
except for ring A and J (Scheme 86), which are slightly bend out of the PAH-plane. The fluorophenylsubstitutent remains twisted out of the plane of the -system
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Figure 49 ORTEP-representation of 359 with ellipsoid drawn at the 50 % probability level and hydrogens omitted for
clarity.

With pentafluorinated fluoranthene 350 HF-elimination was conducted on activated aluminum
oxide, which led to a complex mixture out of unsoluble products. EI-HRMS of the crude indicated
the formation of undefined side products but no formation of the desired product 349. This
observation might be rationalized by the largely strained structure of buckybowl 349, which
prevents efficient C-C bond formation by HF-elimination or rapid oxidation on air, when buckybowl
349 is formed (Scheme 87).

Scheme 87 Towards corannulene derived buckybowl 349

In conclusion, a new synthesis of dibenzocorannulene 96 is presented using the
cyclodehydrofluorination strategy. Twofold ring closure of difluorinated fluoranthene 347 afforded
buckybowl 96 in 17 % yield. However, the obtained yield is rather low, compared to palladium-based
methodology starting from brominated fluoranthene precursor.[73] Further extension of the system was conducted by introducing additional fluorinated phenyl moieties by a cascade of
cycloaddition and cycloreversion of cyclopentadienone 346 with suitable fluorinated
diphenylacetylene derivatives. With tetrafluorinated and pentafluorinated fluoranthene 347 and
350 in hands, cyclodehydrofluorination reaction was evaluated resulting in pentaphene derived PAH
359. However, formation of the desired buckybowl 348 was not observed. Cyclodehydrofluorination
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of pentafluorinated fluoranthene 350 led to a complex mixture of several undefined side products.
Finally, extension of the -system was successfully performed by cyclodehydrofluorination
approach but it remained challenging in case of obtaining highly strained structures like 349.

3.12. EXTENSION OF THE INDACENOPICENE CORE
This chapter covers the synthesis and analytic characterization of Idpc derivatives with an
extended -system as well as introduction of heteroatoms into the Idpc architecture. As mentioned
before, the introduction of heteroatoms at the rim of buckybowls or their direct incoorperation in
the -system has an extensive impact on the properties of the buckybowl such as reduction
potential[99, 118], structural dynamics[111, 121] or electronic absorption spectroscopy.[122] Extending the
-system in general affects the UV-vis absorption feature of a PAH and results in a bathochromic
shift.

3.12.1. SYNTHESIS
To introduce additional aromatic rings or heteroatoms, different aldehydes should be synthesized
already bearing the desired structures. This aldehydes should then react with phohsphonium salt
49 in a Wittig reaction and the obtained stilbenes should then directly used in Mallory type
photocyclization reaction to obtain suitable precursors for the later buckybowl synthesis via
cyclodehydrofluorination on activated aluminum oxide.
Dibenzofuran (360a) and dibenzothiophene (360b) were selected as building blocks for
heteroatom incorporation. Following a slightly modified literature known procedure direct lithiation
guided by the neighbouring chalcogen followed up by addition of dry DMF afforded the respective
C-4-carbaldehydes 361a and 361b in 78 % and 86% yield, respectively.[196-197]. The 2-ethylbenzo[c]thiophene derived aldehydes 363a and 363b were synthesized by lithium-halogene
exchange reaction with n-buthyllithium and the corresponding bromobenzo[c]thiophenes 362a and
362b followed up by addition of dry DMF (Scheme 88). The brominated benzo[c]thiophenes 362a
and 362b were synthesized in our group and provided by Lukas Holz.
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Scheme 88 Synthesis of aldehydes bearing heteroatoms.

The synthesis proceeded with phosphonium salt 49, which was subjected to a Wittig reaction with
commercially available naphthalene-1-carbaldehyde (Scheme 89). Introduction of heteroatoms was
achieved by Wittig reaction of 49 with dibenzo[b,d]thiophene-4-carbaldehyde (361b) and
dibenzo[b,d]furan-4-carbaldehyde (361a), as well as benzo[b]thiophene derived aldehydes 363a
and 363b, respectively. Mallory type photocyclization reaction of all five stilbenes 364a-e in
presence of iodine and methyl oxirane resulted in the formation of benzo[s]picene derivatives
365a-e. Unfortuantly, all precursors for cove region closure showed poor solubility in common
organic solvents, which can be attributed to enhanced −-stacking due to the enlarged -system.
Nevertheless, all precursors 365a-e for the cyclodehydrofluorination reaction were treated with
activated aluminum oxide at 280 °C in an aluminum oxide mediated cove-region closure, which
provided Idpc derivatives 366a-e in poor to good yields (Scheme 89). In the presence of
heteroatoms, which are fully incorporated into the -system, the cyclodehydrofluorination
proceeds with drastically decreased yields, compared to their fully carbon based congener 365e. In
addition, the reaction proceeded more slowly, when a heteroatom was incorporated into the
-system. However, prolonged reaction times were required to achieve full conversion of the
heteroatom bearing precursors 365a-d in contrast to the full benzenoid precursor 364e. Benzo[c]Idpc 366e was obtained in 89 % yield. Dibenzothiophene and dibenzofuran derived Idpc 366a and
366b derivatives could be obtained in low yields of 31 % and 51 % yield, respectively. Ethylbenzothiophene derived Idpc derivatives 366c and 366d could be obtained in low yields of 42 % and
44 % yield, respectively. Attempts to introduce nitrogen bearing heteroatom-derivatives of Idpc
were not successful. Even though, Wittig reaction with commercially available pyridine-2carbaldehyde was successful and gave stilbene 367 in 64 % yield, the following Mallory reaction
using iodine and propylene oxide towards 368 led to decomposition of the starting material.
Another approach was conducted using tert-butanol as solvent for the Mallory reaction, which
was recently reported to be successful in the synthesis of phenanthridine derivatives via
photocyclization.[198] However, no desired product 368 could be isolated and instead full
decomposition of starting material was detected.
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Scheme 89 Synthesis of benzannulated Idpc 366e and heteroatom bearing Idpc derivatives 366a-d.

3.12.2. ELECTRONIC ABSORPTION SPECTROSCOPY
The influence of the -extension and the introduction of the heteroatoms was investigated by
electronic absorption spectroscopy and the results are depicted in Figure 50 and Table 27. As
present in the spectrum of pristine Idpc, the most intense band is located between 290 nm and
320 nm for the new derivatives. Structured and less intense bands are located between
320 nm - 370 nm, a somewhat structures feature located between 370 nm and 410 nm, a broad
unstructured absporption band in the range from 410 nm to 440 nm and a very weak absorption
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feature ranging into the visible light region between 440 nm and 500 nm. The structure of the
spectra remains complex and no detailed description can be made concerning the underlying
electronic transitions. For all extended Idpc derivatives hypsochromic shifts in the range of 1046
cm-1 and 2054 cm-1 are observed which is opposed to the expectation that in increase of the
π-system ought to lead to a bathochromic shift. Concerning the reasons why extended Idpc
derivatives display this behaviour only tentative speculation can be made and further investigation
is necessary.

Figure 50 UV/vis-spectra of benzannulated Idpc derivatives and heteroatom-functionalized Idpc deriavtives in
1,2-dichloromethane solutions at room temperature.
Table 27 UV/vis data of Idpc derivatives and heteroatom functionalized Idpc derivatives in 1,2-dichloromethane
solutions.

Compound

λ in nm (in 103 M-1 cm-1)

365a

467 (1.04), 440 (2.84), 415 (3.02), 387 (8.60), 365 (7.82), 350 (13.2), 332 (25.4), 321 (45.3),
306 (53.1)

365b

465 (0.78), 444 (2.32), 422 (3.26), 399 (9.28), 378 (6.19), 353 (8.33), 338 (15.0), 317 (46.9),
306 (40.8), 290 (35.6)

365c

446 (2.68), 416 (3.61), 396 (9.82), 377 (6.71), 352 (5.61), 335 (10.3), 302 (52.0)

365d

491 (2.05), 461 (3.80), 440 (5.67), 399 (17.6), 381 (12.9), 351 (13.4), 306 (58.4), 292 (65.0),
263 (44.7)

365e

449 (3.26), 423 (5.55), 397 (12.5), 380 (9.52), 348 (8.69), 334 (13.9), 306 (47.8), 296 (74.2)
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3.12.3. PHOTOLUMINESCENCE
Photoluminescence emission spectra were recorded for Idpc derivatives 366a, 366b and 366e in
dichloromethane solutions and are summarized in Figure 51 and Table 28. As it is apparent from the
phtophysical data, a trend can be seen for the emission maximum, which increases along the series
366e (514 nm), 366a (531 nm) to 366b (563 nm). In addition, the obtained Stokes shift increased in
the same fashion from 3017 cm-1 for benzannulated Idpc 366e and reaches 4965 cm-1 for
benzothiophene decorated Idpc 366b. The quantum yields are slightly increased with respect to
pristine Idpc with values up to  = 0.03 for 366e and 366a.[154]Concerning the obtained excited state
lifetimes, benzofuran decorated Idpc 366a exhibit an increased life-time of of 7 ns, whereas 366e
and 366b exhibit life-times of approx. 6.5 ns and 4 ns, respectively. The obtained annulated
derivatives showed values for the rate constant for non-radiative decay knr in the range from
1.5 x 108 s-1 to 2.5 x 108 s-1, whereas the values for kr range between 4.1 x 106 s-1 and 5.0 x 106 s-1.
The obtained values of the emission maxima are only slightly affected by benzannulation or
heteroatom introduction.

Figure 51 Left: Superimposed absorption and emssion spectra of 366e. Right: Superimposed emission spectra of
benzannulated Idpc and heterobenzannulated Idpc derivatives 366a, 366b and 366e.

Ethylbenzothiophene decorated Idpc derivatives 366c and 366d showed fluorescence upon
irradiation with emission maxima and Stokes shift of 561nm and 4850 cm-1 for 366c and 533 nm and
2409 cm-1 for 366d (Figure 52, Table 28). The obtained quantum yields with values of  = 0.01 for
366c and  = 0.03 for 366d remained rather similar to pristine Idpc. The life-times of approx. 3 ns
where only slightly decreased for 366c and 366d with respect to pristine Idpc. knr was slightly
increased to approx. 3.0 x 108 s-1 for the thiophene derived derivatives 366c and 366d compared to
the parent buckybowl, whereas the value for kr is significantly boosted for 366d up to approx.
9.1 x 106 s-1. In contrast to C-1-substitution with aryl and ethynylphenyl moieties, where the
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maximum wavelength of emission only differed in the range of approx. 20 nm, the direct
benzannulation of the Idpc system or the direct incorporation of heteroatoms affects the maximum
wavelength of the obtained emission spectra more drastically, resulting in maxima wavelength
between 514 nm and 563 nm in a range of approx. 50 nm, rendering the presented method of
heteroatom functionalization a versatile tool for fluorescence manipulation. In addition, to the
preceding discussion the relative energetic shift of the emissive state depends strongly on the
benzannulated π-extension so that 366e, 366a, and 366d are blue shifted and 366b and 366c are
red shifted with respect to Idpc. Aside from this puzzling observation, the ratio of k nr to kr is in
general decreased, which is in accordance with the notion of accelerated radiative deactivation and
deceleration of non-radiative deactivation pathways.

Figure 52 Left: Superimposed absorption and emssion spectra of 366c. Right: Superimposed emission spectra of
benzothiophene decorated Idpc derivatives 366c and 366d.
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Table 28 Photophysical data of the synthesized benzannulated Idpc 366e and the heteroatom decorated Idpc
derivatives 366a-d.

Compound

λmax in nm

Stokes shift in
cm-1



1/2

Kr in 106 s-

366a

531

3947

0.03

7.34±0.11

4.089

132.2

366b

563

4965

0.02

3.97±0.01

5.033

246.6

366c

561

4850

0.01

3.22±0.02

3.108

307.7

366d

533

2409

0.03

3.30±0.01

9.080

293.6

366e

514

3017

0.03

6.48±0.03

4.631

149.7

1

Knr in 106
s-1

3.12.4. ELECTROCHEMISTRY
The two heteroatom derived dibenzofuran Idpc 366a and dibenzothiophene derivative 366b were
further analyzed by cyclic voltammetry to evaluate the influence of the heteroatoms on the
reduction potentials of the obtained compounds. Sulfur decorated corannulene derivatives as
presented above, showed strong impact of the heteroatom functionalization to the reduction
potential.[99] The cyclovoltammograms and the associated electrochemical data are compiled in
Figure 53 and Table 29. The investigated compounds 366a and 366b are characterized by reversible
reduction processes in the accessible measurement window of the used electrolyte/solvent
(nBu4NPF6/1,2-dichlorobenzene) system. The influence of the sulfur and oxygen introduction to the
Idpc scaffold has only minor effects to the reduction potential, leaving the first reduction event in
the range of pristine Idpc with -1933 mV for 366a and -1915 mV for 366b, which revealed, that
sulfur incorporation has a more advantageous effect on the reduction potential than the oxygen
with E1/2 = 20 mV for 366b and only E1/2 = 2 mV for 366a. In addition, to the well-known reduction
pattern of the Idpc core, a quasi-reversible oxidation event was detected for sulfur decorated Idpc
366b at 940 mV, which is reasoned to take place at the thiophene moiety.[199-200]
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Figure 53 Cyclic voltammograms of 366a and 366b bearing heteroatoms. Top-left: reduction of 366a; Top-right:
reduction of 366b, Bottom: oxidation of 366b
Table 29 Half-wave potentials of the heteroatom containing Idpc derivatives 366a and 366b in
1,2-dichlorobenzene/NBu4PF6 (0.1 M) in mV. Potentials are provided relative to the ferrocene/ferrocinium redox standard
set at E1/2 = 0.000 V.

Compound

E1/2
0/+1

E1/2
0/-1

E1/2
0/-2

E1/2 relative to
Idpc

Idpc (4)

-

-1935

-

0

366a

-

-1933

-2274

2

366b

940

-1915

-2237

20
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3.12.5. SUMMARY
In this chapter, the synthesis of -extended deriavtives of indacenopicene and direct incoperation
of heteroatoms into indacenopicene derived buckybowls was examined. The extension of the
-system and introduction of heteroatom was achieved by early-stage introduction of suitable
aldehydes in the Wittig reaction with phosphonium salt 49. Aldehydes based on a
dibenzo[b,d]thiophene and dibenzo[b,d]furan were obtained by direct lithiation and formylation in
C-4 position and aldehydes based on an alkylated benzothiophene motif were obtained by lithiation
and formylation of their brominated congeners. Using naphthalene-1-carbaldehyde a full carbon
benzannulated Idpc derivative was obtained in good yield. In general, in the presence of
heteroatoms the aluminum oxide mediated cove region closure provided the desired Idpc
derivatives in only moderate yields. Introduction of nitrogen by using pyridine-2-carbladehyde in a
Wittig reaction with phosphonium salt 49 was achieved. However, the following Mallory reaction
only yielded decomposition of the starting material upon irradiation of 367 with UV-light. The
obtained hetero-buckybowls and the influence of the heteroatoms on the properties of the final
compounds were investigated by electronic absorption spectroscopy, photoluminescence
spectroscopy and cyclic voltammetry. Extending the -system resulted in a complex description of
the energies of the frontier orbitals. Within the series of benzannulated derivatives a bathocromic
shift is observed. However, comparison with Idpc showed that both hypsochromic shifts and
bathochromic shifts are observed. The photoluminescence studies showed a shift to bigger
wavelengths in the fluorescence emission for those derivatives bearing sulfur at the C1-position
(366b and 366c) and a shift to smaller wavelengths for all other derivatives. Thiophene based Idpc
derivatives 366c and 366d showed fluorescence upon photoexcitation and showed quantum yields
up to 3 %, which makes them suitable building blocks for thiophene-based nanostructures,
fluorophores and derivatives in the field of molecular electronics.
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4. CONCLUSION & OUTLOOK
Within the scope of this thesis, the synthesis of various derivatives of the buckybowl
indacenopicene was investigated. With the focus on indacenopicene, this dissertation studies the
synthesis of halogenated derivatives of indacenopicene and the functionalization of this type of
buckybowl by modification of activated derivatives of this geodesic arene with suitable functional
groups to alter the electrochemical and photophysical properties via palladium mediated
Sonogashira, Suzuki and Buchwald-Hartwig coupling reactions, copper medated CuAAc reaction and
electrophilic aromatic substitution reactions. A strategy for late stage derivatization of pristine
indacenopicene is presented within this thesis for the first time, as well as the synthesis of symmetric
and unsymmetric 1,8-disubstituted derivatives of indacenopicene. Furthermore, the synthesis of
two other buckybowls via cyclodehydrofluorination is presented. Several derivatives exhibit
enhanced quantum chemical yield compared to pristine indacenopicene and the reduction potential
of the parent buckybowl could be shifted for suitable deriavtives up to 530 mV rendering them to
very good electron acceptor materials with potential application such as organic photovoltaics and
perovskite solar cells.
In chapter 3.1, different synthetic pathways towards the indacenopicene scaffold were explored.
Approaches based on Mallory reaction were found to be not suitable towards the synthesis of
indacenopicene, whereas an approach based on triple cyclodehydrofluorination afforded traces
amounts of the desired buckybowl.

Scheme 90 Approaches towards indacenopicene.

Moreover, the first successful chemoselective derivatization of pristine Idpc via a sequence of
Friedel-Crafts acylation, Beckmann rearrangement and Sandmeyer reaction was achieved (see
chapter 3.2).
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Figure 54 Strategy of chemoslective halogenation of pristine indacenopicene.

Within chapter 3.3, a series of indacenopicene derivatives substituted with either a phenylethynyl
or an aryl moiety by palladium catalyzed cross-coupling of 1-bromoindacenopicene (62) with
differently substituted aryl boronates and ethynyl arenes were synthesized. The products were
characterized by UV/vis-spectroscopy, luminescence spectroscopy and spectroelectrochemistry to
investigate the influence of the substitution pattern to the photophysical and electrochemical
properties. The products synthesized in this chapter represents the first series of Idpc derivatives,
where a functionalization of the rim-region was achieved by C-C cross coupling reaction. All products
showed fluorescence in solution with quantum yields up to 10 %.

Scheme 91 Monosubstituted indacenopicene derivatives.

Chapter 3.4 reports the synthesis of 2-bromoindacenopicene (281), which was achieved by using
already brominated naphthoic acid 282 as starting material. Further conversion to 283 via Weinrebamide formation and Grignard addition gave brominated acetonaphthone 284. Introduction of 284
into the synthesis of indacenopicene in an analogous fasion to 1-bromoindacenopicene (62) was
successful and further functionalization with a phenyl-, anisyl- and ferrocenyl-moiety via Suzukicoupling was accomplished. The properties of the resulting products were further investigated by
electronic absorption spectroscopy, photoluminescence spectroscopy and cyclic voltammetry.
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Scheme 92 Synthesis of 2-bromoindacenopicene (281).

Three methylated derivatives of Idpc in either C-1, C-2 or C-3 position were synthesized via cove
region closure (chapter 3.5). The methyl groups at the rim-region of Idpc allowed further
derivatization by oxidation to the corresponding benzylic halides and aldehydes. The achieved
functionalization to benzylic azides enabled the synthesis of Idpc derived 1,2,3-triazole derivatives
by copper catalyzed alkyne-azide click reactions. The obtained products were investigated regarding
their electronic absorption features.

Scheme 93 Synthesis of triazole derivatives of indacenopicene via CuAAC reaction.

In chapter 3.6 a new synthetic pathway to 1,8-dibromoindacenopicene (300) was achieved by
early stage introduction of the bromine moieties. Direct bromination of acetonaphthone 39 using
oxone and ammonium bromide provided brominated acetonaphthone 302, which was used as
suitable building block in the synthesis of brominated indacenopicenes. The second bromine moiety
was

introduced

by

Wittig-reaction

using

2-bromobenzaldehyde

to

afford

1,8-dibromoindacenopicene (300). Functionalization via palladium catalyzed Sonogashira-reaction
with a variety of alkynes and Suzuki-coupling with suitable phenylboronates was achieved. For
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trifluoromethyl decorated derivative 313 a concentration dependent 1H-NMR study was performed
in order to investigate the aggregation behavior of buckybowls like Idpc in solution. The equilibrium
constant K for aggregate formation was calculated as 2.9 ± 0.2 M-1.

Scheme 94 Synthesis and derivatization of 1,8-dibromoindacenopicene.

In the seventh chapter (3.7) the synthesis of unsymmetric functionalized Idpc derivatives based
on an early stage bromination strategy and introduction of a halogen or methyl moiety to establish
a second reaction side at the rim of indacenopicene is presented. A first member of unsymmetrical
substituted Idpc based push-pull systems was successfully synthesized. Furthermore, derivatization
of 1-bromo-8-methylindacenopicene (316b) was presented using palladium catalyzed Suzukicoupling to address the bromine reaction side of Idpc and a copper catalyzed Alkyne-azide click
reaction to address the methyl reaction side of Idpc to yield unsymmetric bisfunctionalized Idpc 321.
Futher investigations towards linking two Idpc fragments by a ferrocene bridge showed suppressed
reactivity and only monocoupled product 277h was observed. In order to rule out that low solublity
is the reason for the unreactivity towards bridged Idpc derivatives, the soluble bisfunctionalized
bromo-alkyl-Idpc derivative 323 was successfully synthesized with the dodecyl chain used as a
solubility enhancer. However, Suzuki-coupling towards ferrocene bridged derivative 327 was
unsuccesfull and further suitable conditions for this type of reactions have still to be found.
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Scheme 95 Synthesis of unsymmetric bisfunctionalized indacenopicene derivative 321.

A procedure to successful introduction of chalcogen functionalization to the Idpc scaffold was
demonstrated (see chapter 3.8). The characterization of the electronic structure of the obtained
chalcogen decorated Idpc derivatives by electronic absorption spectroscopy, photoluminescence
spectroscopy, cyclic voltammetry and quantum chemical computations was performed.
Substitution leaves the spectral envelope of pristine Idpc unchanged, but changes the energy of the
electronic transitions. Deactivation of the excited state displays remarkable observations, e.g. strong
dependence on the oxidation state of the chalcogen atom as well as the possibility of ISC by heavy
atom effect originating from selenium, and further endeavors on selenium or transition metal
derivatives of Idpc might open up the access to the triplet manifold of Idpc and associated
applications. Cyclic voltammetry clearly demonstrates the influence of both atomic numbers and
oxidation state on the LUMO, resulting in Idpc sulfones as excellent electron acceptors, whereas the
LUMO of selenium derivatives is in energetic proximity of the thioethers.
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Figure 55 Chalcogene decorated derivatives of indacenopicene and the investigated photoluminescence properties and
reduction potentials.

The succesful synthesis of pristine diindenochrysene as constitutional isomer with regards to
indacenopicene and derivatization of the diindenochrysene fragment was achieved in chapter 3.9
by introduction of a ferrocene moiety and by the synthesis of thioether 337. To investigate the
properties of this new class of buckybowl derivatives electronic absorption spectroscopy,
photoluminescence spectroscopy and cyclovoltammetry was used. In contrast to Idpc and its
derivatives, the diindenochrysene derived molecules showed dual fluorescence, whereas the
reduction potential of pristine diindenochrysene was slightly shifted by approx. 58 mV.

Figure 56 Synthesized diindenochrysene and two synthesized derivatives.

In addtion monoamino- and diamino-Idpc derivatives were synthesized (chapter 3.10) via
palladium mediated amination reaction. Introduction of amine groups direct at the rim of Idpc had
a great impact on the photophysical properties and led to highly fluorescent molecules with orange
to red coloration. Idpc-diamine 339d was soluble in aqeous and methanolic solution and is the first
Idpc derivative, which shows fluorescence in water. This properties makes ethylenediamine
functionalized Idpc 339d an interesting target for further investigations towards Idpc based
chemistry in aqueous media.
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Scheme 96. Synthesis of monoamino- and diaminoindacenopicene derivatives.

A new synthesis of dibenzocorannulene 96 (see chapter 3.11) is presented using the
cyclodehydrofluorination strategy. Twofold ring closure of difluorinated fluoranthene 347 afforded
buckybowl 96 in 17 %. Further extension of the -system was conducted by introducing additional
fluorinated phenyl moieties by a cascade of cycloaddition and cycloreversion of cyclopentadienone
346 with suitable tetrafluorinated diphenylacetylene derivatives 348. With tetrafluorinated
fluoranthene 347 in hands, cyclodehydrofluorination reaction was evaluated resulting in
penthaphene derived PAH 359. However, formation of the desired buckybowl 348 was not
observed. Finally, extension of the -system was successful by cyclodehydrofluorination approach,
but remained challenging in case of obtaining highly strained structures like 348.

Scheme 97 Multiple cyclodehydrofluorination steps in the synthesis of buckybowl 96 and PAH 359.

Moreover, the synthesis of -extended deriavtives of indacenopicene and direct incorperation of
heteroatoms into indacenopicene derived buckybowls was examined (chapter 3.12). The extension
of the -system and introduction of heteroatoms were achieved by early stage introduction of
suitable aldehydes by Wittig reaction. The obtained hetero-buckybowls and the influence of the
heteroatoms on the properties of the final buckybowls were investigated by electronic absorption
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spectroscopy, photoluminescence spectroscopy and cyclic voltammetry. Extending the -system
resulted in a complex description of the energies of the frontier orbitals. Within the series of
benzannulated derivatives a bathocromic shift was observed, however, comparison with Idpc
showed that both hypsochromic shifts and bathochromic shifts are observed. The
photoluminescence studies showed a shift to bigger wavelengths in the fluorescence emission in
the presence of the heteroatoms. Thiophene based Idpc derivatives showed fluorescence upon
photoexcitation and showed quantum yields up to 3 %, which makes them suitable building blocks
for thiophene based nanostructures, fluorophores and derivatives in the field of molecular
electronics.

Figure 57 Obtained benzannulated Idpc derivative and heteroatom bearing buckybowls.

The present work left room for further investigations on the already obtained molecules and
showed the way for new derivatizatization based on the indacenopicene scaffold. The concept of
attaching fluorophores to further influence the photoluminescence properties is highly interesting
in terms of organic fluorescent dyes. In addition, metal complexes with indacenopicene ligands
represent another interesting class of compounds towards fluorescent metalorganic hybrid
materials.
The presented sulfone decorated indacenopicene derivatives showed decent reduction potentials
making them attractive candidates for use as electron acceptor materials in molecular organic
electronics. For example, they could substitute the fullerene deriavtve PC61BM in bulk
heterojunction (BHJ) organic solar cells and act as electron acceptor in such devices.

Figure 58 Setup of a BHJ Organic Solar cell with organic acceptor materials.
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Conclusion & Outlook

Another interesting direction for further research would be the synthesis of further amine or
polyethylene glycol functionalized water soluble and fluorescent indacenopicene derivatives.
Especially, the ability for buckybowls to coordinate with metal ions paired with the fluorescence of
indacenopicene makes this concept attractive towards fluorescent metal ion recognizing devices.

Figure 59 Potential metal ion complexes of water soluble Idpc derivatives.
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5. ZUSAMMENFASSUNG DER DISSERTATION
Im Rahmen dieser Dissertation wurde die Synthese verschiedener Derivate des Buckybowls
Indacenopicen untersucht. Mit dem Fokus auf Indacenopicen untersucht diese Dissertation die
Synthese von halogenierten Indacenopicen Derivaten, sowie die Funktionalisierung dieses
Buckybowl-Typs durch Modifikation aktivierter Derivate dieses geodätischen Arens mit geeigneten
funktionellen Gruppen. In diesem Zuge sollten die elektrochemischen und photophysikalischen
Eigenschaften über Palladium-vermittelte Sonogashira-, Suzuki- und Buchwald-HartwigKopplungsreaktionen,

Kupfer-vermittelte

CuAAc-Reaktion

und

elektrophile

aromatische

Substitutionsreaktionen modifiziert werden. In dieser Arbeit wird erstmals eine Strategie zur späten
Derivatisierung von Indacenopicen vorgestellt, sowie die Synthese von symmetrischen und
unsymmetrischen 1,8-disubstituierten Derivaten. Darüber hinaus wird die Synthese von zwei
weiteren Buckybowls über Cyclodehydrofluorierung vorgestellt. Mehrere Derivate weisen im
Vergleich zu Indacenopicen eine erhöhte quantenchemische Ausbeute auf. Das Reduktionspotential
des ursprünglichen Buckybowls konnte für geeignete Derivate auf bis zu 530 mV verschoben
werden, was sie zu sehr guten Elektronenakzeptormaterialien mit potenzieller Anwendung in der
organischen Photovoltaik und in Perowskit-Solarzellen macht.
In Kapitel 3.1 wurden verschiedene Synthesewege zum Indacenopicen-Gerüst erforscht. Ansätze,
die auf der Mallory-Reaktion beruhen, erwiesen sich als ungeeignet für die Synthese von
Indacenopicen, wohingegen ein Ansatz, der auf der dreifachen Cyclodehydrofluorierung basiert,
Spurenmengen des gewünschten Buckybowls lieferte.

Scheme 98 Verfahren zu Herstellung von Indacenopicen

Darüber hinaus wurde die erste erfolgreiche chemoselektive Derivatisierung von reinem Idpc über
eine Abfolge von Friedel-Crafts-Acylierung, Beckmann-Umlagerung und Sandmeyer-Reaktion
erreicht (siehe Kapitel 3.2).
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Figure 60 Ansatz zur chemoselektiven Halogenierung von Indacenopicen.

In Kapitel 3.3 wurde eine Reihe von Indacenopicen-Derivaten synthetisiert, die entweder mit einer
Phenylethinyl- oder einer Aryleinheit durch Palladium-katalysierte Kreuzkupplung von
1-Bromindacenopicen (62) mit unterschiedlich substituierten Arylboronaten und Ethinylarenen
versehen sind. Die Produkte wurden durch UV/vis-Spektroskopie, Lumineszenzspektroskopie und
Spektroelektrochemie charakterisiert, um den Einfluss des Substitutionsmusters auf die
photophysikalischen und elektrochemischen Eigenschaften zu untersuchen. Die in Kapitel 3.3
synthetisierten Produkte stellten die erste Serie von Idpc-Derivaten dar, bei denen eine
Funktionalisierung des Randbereichs durch eine C-C-Kreuzkupplungsreaktion erreicht wurde. Alle
Produkte zeigten Fluoreszenz in Lösung mit Quantenausbeuten von bis zu 10 %.

Scheme 99 Monosubstituierte Indacenopicen-Derivate.

In Kapitel 3.4 wurde die Synthese von 2-Bromindacenopicen (281) gezeigt, die unter Verwendung
der bereits bromierten Naphthoesäure 282 als Ausgangsmaterial durchgeführt wurde. Die weitere
Umwandlung zu 283 über Weinreb-Amidbildung und Grignard-Addition ergab das bromierte
Acetonaphthon 284. Die Einführung von 284 in die Synthese von Indacenopicen, analog zu
1-Bromindacenopicen (62), war erfolgreich. Hiermit konnte eine weitere Funktionalisierung mit
einer Phenyl-, Anisyl- und Ferrocenylgruppe über eine Suzuki-Kupplung erzielt werden. Die
Eigenschaften der resultierenden Produkte wurden mittels elektronischer Absorptionsspektroskopie, Photolumineszenzspektroskopie und zyklischer Voltammetrie weiter untersucht.
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Scheme 100 Synthese von 2-Bromindacenopicen (281).

Drei methylierte Derivate von Idpc in C-1-, C-2- oder C-3-Position wurden durch Cyclodehydrofluorierung (Kapitel 3.5) synthetisiert. Die Methylgruppen in der Randregion von Idpc ermöglichten
eine weitere Derivatisierung durch Oxidation zu den entsprechenden Benzylhalogeniden und
Aldehyden. Die erreichte Funktionalisierung zu Benzylaziden ermöglichte die Synthese von Idpcabgeleiteten 1,2,3-Triazolderivaten durch kupferkatalysierte Alkin-Azid-Klickreaktionen. Die
erhaltenen Produkte wurden auf ihre elektronischen Absorptionseigenschaften hin untersucht.

Scheme 101 Synthese von Triazolderivaten von Indacenopicen über eine CuAAC-Reaktion.

In Kapitel 3.6 wurde ein neuer Syntheseweg zu 1,8-Dibromindacenopicen (300) durch frühzeitige
Einführung von bromierten Bausteinen geschaffen. Die direkte Bromierung von Acetonaphthon 39
mit Oxon und Ammoniumbromid lieferte bromiertes Acetonaphthon 302, das als geeigneter
Baustein für die Synthese von bromierten Indacenopicenen verwendet wurde. Die zweite
Bromkomponente wurde durch eine Wittig-Reaktion mit 2-Brombenzaldehyd eingeführt, um
1,8-Dibromindacenopicen (300) zu erhalten. Die Funktionalisierung erfolgte über eine Palladiumkatalysierte Sonogashira-Reaktion mit einer Vielzahl von Alkinen und eine Suzuki-Kupplung mit
geeigneten Phenylboronaten. Für das trifluormethylfunktioanlisierte Derivat 313 wurde eine
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konzentrationsabhängige

1

H-NMR-Studie durchgeführt, um das Aggregationsverhalten von

Buckybowls wie Idpc in Lösung zu untersuchen. Die Gleichgewichtskonstante K für die
Aggregatbildung wurde mit 2.9 ± 0.2 M-1 berechnet.

Scheme 102 Synthese und Derivatisierung von 1,8-Dibromoindacenopicen.

Im siebten Kapitel (3.7) wurde die Synthese von unsymmetrisch funktionalisierten Idpc-Derivaten
vorgestellt. Diese basieren auf einer frühen Bromierungsstrategie und der Einführung einer
Halogen- oder Methylgruppe, um eine zweite Reaktionsseite am Rande des Indacenopicens zu
etablieren. Ein erstes Idpc Derivat auf Basis eines unsymmetrisch, substituierten Push-Pull-Systems
wurde erfolgreich synthetisiert. Darüber hinaus wurde die Derivatisierung von 1-Brom-8-Methylindacenopicen (316b) mit Hilfe einer Palladium-katalysierten Suzuki-Kupplung für die BromReaktionsseite von Idpc und einer Kupfer-katalysierten Alkin-Azid-Click-Reaktion für die MethylReaktionsseite von Idpc vorgestellt. Weitere Untersuchungen zur Verknüpfung von zwei IdpcFragmenten über eine Ferrocen-Brücke zeigten eine unterdrückte Reaktivität und es wurde nur ein
monogekuppeltes Produkt 277h isoliert. Um auszuschließen, dass die geringe Löslichkeit der Grund
für die fehlende Reaktivität hinzu verbrückten Idpc-Derivaten ist, wurde versucht das lösliche
bisfunktionalisierte Bromalkyl-Idpc-Derivat 323 zu synthetisieren, wobei die Dodekylkette als
Löslichkeitsverstärker verwendet wurde. Die finale Suzuki-Kupplung zu ferrocenverbrücktem
Derivat 327 war jedoch erfolglos. Für eine erfolgreiche Herstellung des ferrocenverbrückten
Indacenopicenderivats müssen geeignete Reaktionsbedingungen noch gefunden werden.

Zusammenfassung der Dissertation

Scheme 103 Synthese des unsymmetrischen bisfunktionalisierten Indacenopicen-Derivat 321.

Es wurde ein Verfahren zur erfolgreichen Einführung der Chalkogenfunktionalisierung in das IdpcGerüst vorgestellt (siehe Kapitel 3.8). Die Charakterisierung der elektronischen Struktur der
erhaltenen

Chalkogen-dekorierten

Indacenopicenderivaten

wurde

mittels

elektronischer

Absorptionsspektroskopie, Photolumineszenzspektroskopie, Zyklovoltammetrie und quantenchemischer Berechnungen durchgeführt. Die Substitution ließ die spektrale Struktur von Idpc
unverändert, veränderte aber die Energie der elektronischen Übergänge. Die Deaktivierung des
angeregten Zustands zeigte bemerkenswerte Eigenschaften, z. B. eine starke Abhängigkeit von der
Oxidationsstufe des Chalkogenatoms sowie die Möglichkeit einer Interkombination durch den vom
Selen ausgehenden Schweratomeffekt. Weitere Bemühungen um Selen- oder Übergangsmetallderivate des Indacenopicens zu synthethisieren, könnten künftig den Zugang zur Triplett-Struktur
und der damit einhergehenden Interkombination eröffnen. Dies wäre ein weiterer Schritt hin zur
Anwendung von Indacenopicenderiavten. Ergebnisse der Zyklovoltammetrie zeigten deutlich den
Einfluss sowohl der Atomzahl als auch des Oxidationszustands auf das LUMO. Dies führt dazu, dass
Sulfonderivate des Indacenopicens ausgezeichnete Elektronenakzeptoren sind, während das LUMO
der Selenderivate in energetischer Nähe zu den Thioethern lag.
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Figure

61

Mit

Chalkogenen

versehene

Derivate

von

Indacenopicen,

sowie

die

zugehörigen

Photolumineszenzeigenschaften und Reduktionspotentiale.

Die erfolgreiche Synthese des reinen Diindenochrysens als Konstitutionsisomer von
Indacenopicen und die Derivatisierung des Diindenochrysenfragments wurde in Kapitel 3.9 durch
Einführung einer Ferroceneinheit und durch die Synthese des Thioethers 337 erreicht. Zur
Untersuchung der Eigenschaften dieser neuen Klasse von Buckybowl-Derivaten wurden
elektronische Absorptionsspektroskopie, Photolumineszenzspektroskopie und Cyclovoltammetrie
eingesetzt. Im Gegensatz zu Idpc und seinen Derivaten zeigten die von Diindenochrysen
abgeleiteten Moleküle eine doppelte Fluoreszenz, während das Reduktionspotential des
ursprünglichen Diindenochrysens leicht um ca. 58 mV verschoben war.

Figure 62 Synthetisiertes Diindenochrysen und zwei weitere Derivate.

Darüber hinaus wurden Monoamino- und Diamino-Idpc-Derivate durch eine Palladiumvermittelte Aminierungsreaktion synthetisiert (Kapitel 3.10). Die Einführung von Amingruppen
direkt am Rand von Idpc hatte einen großen Einfluss auf die photophysikalischen Eigenschaften und
führte zu stark fluoreszierenden Molekülen mit oranger bis roter Färbung. Idpc-Diamin 339d war in
wässriger Lösung und Methanol löslich und ist das erste Idpc-Derivat, das in Wasser Fluoreszenz
zeigt. Diese Eigenschaften machen das mit Ethylendiamin funktionalisierte Idpc 339d zu einem
interessanten Kandidaten für weitere Untersuchungen zur Idpc-basierten Chemie in wässrigen
Medium.
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Scheme 104 Synthese von Monoamino- und Diaminoindacenopicenderivaten.

Kapitel 3.11 zeigt eine neue Synthese von Dibenzocorannulen 96 unter Verwendung der
Cyclodehydrofluorierungsstrategie. Durch zweifachen Ringschluss von difluoriertem Fluoranthen
347 wurde Buckybowl 96 in 17 % Ausbeute erhalten. Eine erneute Erweiterung des -Systems
wurde durch die Einführung zusätzlicher fluorierter Phenyleinheiten durch eine Kaskade von
Cycloaddition und Cycloreversion von Cyclopentadienon 346 mit geeigneten fluorierten
Diphenylacetylenderivaten durchgeführt. Mit erfolgreich hergestellten tetrafluorierten Fluoranthen
347 wurde eine Cyclodehydrofluorierungsreaktion evaluiert, die zu einem von Pentaphen
abgeleiteten PAH 359 führte. Die Bildung des gewünschten Buckybowls 348 wurde jedoch nicht
beobachtet. Schließlich gelang die Erweiterung des -Systems durch Cyclodehydrofluorierung, doch
war es nicht möglich, stark gekrümmte Strukturen wie beispielsweise 348 zu erhalten.

Scheme 105 Mehrere Cyclodehydrofluorierungsschritte bei der Synthese von Buckybowl 96 und PAH 359.

Außerdem wurde die Synthese von Idpc Derivaten mit erweitertem -System und die direkte
Einbindung von Heteroatomen in von Indacenopicen abgeleiteten Buckybowls untersucht (Kapitel
3.12). Die Erweiterung des -Systems und die Einführung von Heteroatomen wurden durch
frühzeitige Reaktion geeigneter Aldehyde durch eine Wittig-Reaktion erreicht. Die erhaltenen
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Hetero-Buckybowls und der Einfluss der Heteroatome auf die Eigenschaften der erhaltenen
Buckybowls wurde durch elektronische Absorptionsspektroskopie, Photolumineszenzspektroskopie
und Zyklovoltammetrie untersucht. Die Erweiterung des -Systems führte zu einer komplexen
Beschreibung der Energien der Grenzorbitale. In der Reihe der benzannulierten Derivate wurde eine
bathochrome Verschiebung in den elektronischen Absorptionsspektren. Der Vergleich mit Idpc
zeigte jedoch, dass sowohl hypsochrome als auch bathochrome Verschiebungen beobachtet
werden. Die Photolumineszenzstudien zeigten eine Verschiebung der Fluoreszenzemission zu
größeren Wellenlängen in Gegenwart der Heteroatome. Thiophen basierte Idpc-Derivate zeigten
bei Photoanregung Fluoreszenz und wiesen Quantenausbeuten von bis zu 3 % auf, was sie zu
geeigneten Bausteinen für Nanostrukturen, Fluorophore und Derivate auf dem Gebiet der
molekularen Elektronik macht.

Figure 63 Erhaltene benzannulierte Idpc-Derivate und heteroatomhaltige Buckybowls.

Experimental Section

6. EXPERIMENTAL SECTION
6.1. MATERIALS AND METHODS
Dichloromethane (DCM), ecthyl acetate (EtOAc) and petrol ether (PE) for column chromatography
were distilled prior tu use. All experiments requiring inert atmosphere were carried out under
nitrogen using Schlenk techniques. All other solvents and all commercially available reagents were
used without any prior purification. 1H, 13C and 19F NMR spectra were recorded on Bruker Avance
NEO 800, Bruker Avance III 600, Bruker Avance III 400 and JEOL Resonance ECZ 400S. Deuterated
solvents were purchased in sealed ampules and dried where necessary according to standard
procedures. Structure assignments were done based on 2D-NMR (COSY, HSQC, HMBC, NOESY)
experiments. 1H-NMR chemical shifts are referenced with respect to the chemical shift of the
residual protons present in the deuterated solvents (C2D2Cl4  H = 5.91 ppm,  C = 73.78 ppm; CDCl3
 H = 7.26 ppm,  C = 77.16 ppm, CD3OD  H = 3.31 ppm,  C = 49.00 ppm, (CD3)2CO  H = 2.05 ppm,
 C = 29.84 ppm). EI-MS spectra were recorded on a JEOL JMS-Q1500GC with direct insertion probe;
HR-EI-MS were recorded on a Waters Micromass GCT TOF spectrometer. IR spectra were recorded
on a Perkin Elmer Spectrum 100 ATR unit using compounds in solid state. Cyclic voltammetry was
performed in a home-built cylindrical vacuum-tight one-compartment cell. A spiral-shaped Pt wire
and an Ag wire as counter and reference electrodes were sealed into glass capillaries, which were
introduced through Quickfit screws at opposite sides of the cell. A Pt electrode (diameter 1.6 mm,
from BASi) was polished with 1.0 m and 0.25 m diamond paste (Buehler-Wirtz) and introduced
as the working electrode through the top central port and a Teflon screw cap with a suitable fitting.
NBu4+PF6- (0.1 M) was used as the supporting electrolyte. Referencing was performed with the
addition of equimolar amounts of decamethylferrocene (Cp*2Fe) as internal standard to the analyte
solution after all data of interest had been acquired. Final referencing was done against the
ferrocene/ferrocenium (Cp2Fe0/+) redox couple with E1/2 (Cp*2Fe0/+) = -550 mV versus Cp2Fe0/+.
Electrochemical data were acquired with a computer-controlled BASi potentiostat. IR-SEC as well as
UV/Vis/NIR-SEC was performed in an optically transparent thin-layer electrochemical (OTTLE) cell,
which was home-built and comprised a Pt mesh working and counter electrode, as well as a thin
silver wire as pseudoreference electrode sandwiched between the CaF2 windows of a conventional
liquid IR cell. The working electrode was positioned in the center of the spectrometer beam. The
UV/Vis/NIR spectra were obtained with a TIDAS fiber optic diode array spectrometer (combined
MCS UV/NIR and PGS NIR instrumentation) from J&M. UV/Vis/NIR spectroscopy was performed with
the same setup in HELLMA quartz cuvettes with 0.2 cm optical path length.
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X-ray diffraction analysis of single crystals was performed at 100 K on a STOE IPDS-II diffractometer
equipped with a graphite-monochromated radiation source (λ = 0.71073 Å) and an image plate
detection system. A crystal mounted on a fine glass fiber with silicon grease was employed. The
selection, integration, and averaging procedure of the measured reflection intensities, the
determination of the unit cell dimensions and a least-squares fit of the 2θ values as well as data
reduction, LP-correction and space group determination were performed using the X-Area software
package delivered with the diffractometer. A semiempirical absorption correction was performed.
All structures were solved by the heavy-atom methods. Structure solution was completed with
difference Fourier syntheses and full-matrix least-squares refinements using SHELX-2017[125] and
OLEX2[126], minimizing ω(Fo2 – Fc2)2. The weighted R factor (wR2) and the goodness of the fit GOOF
are based on F2. All non-hydrogen atoms were refined with anisotropic displacement parameters,
while hydrogen atoms were introduced in a riding model.

6.2. COMPUTATIONAL PART
The ground state electronic structures of the full models were calculated by density functional
theory (DFT) methods using the GAUSSIAN 09 program packages.[127] Geometry optimizations were
performed without any symmetry constraints. Open shell systems were calculated by the
unrestricted Kohn-Sham approach (UKS). Geometry optimization followed by vibrational analysis
was performed in solvent media. Solvent effects were described by the polarizable continuum
model (PCM) with standard parameters for 1,2-dichloroethane.[128] The quasirelativistic WoodBoring small-core pseudopotentials (MWB28)[115,116] and the corresponding optimized set of basis
functions for Ru[117] and 6-31G(d) polarized double- basis sets[119] for the remaining atoms were
employed together with the PERDEW, BURKE, ERNZERHOF exchange and correlation functional
(PBE0).[120,121] The GaussSum program package was used to analyze the results,[129] while the
visualization of the results was performed with the Avogadro program package.[130] Graphical
representations of molecular orbitals were generated with the help of GNU Parallel and plotted
using the VMD program package[131] in combination with POV-Ray. Electronic transitions were
calculated by time-dependent DFT (TD-DFT) method at the same level of theory.
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6.3. SYNTHESIS OF COMPOUNDS
(E/Z)-4-methyl-N'-(2-oxoacenaphthylen-1(2H)-ylidene)benzenesulfonohydrazide

(242):

Acenaphthenequinone (11 g, 60 mmol, 1.0 eq.) and tosylhydrazide (11 g, 60
mmol, 1.0 eq.) were mixed with methanol (200 mL) and were heated at reflux
for 2 hours. During the reaction, a yellow precipitate was formed. The reaction
was cooled to room temperature and the precipitate was filtered and washed
with additional methanol (150 mL). The obtained solid was dried under reduced
pressure to yield 242 as yellow solid (18 g, 53 mmol, 87 %).
m.p.: 174 - 176 °C (methanol); 1H NMR (400 MHz, CDCl3)  = 12.67 (s, 1H), 8.13
(dd, J = 8.2, 2.2 Hz, 1H), 7.99 – 7.88 (m, 5H), 7.85 – 7.79 (m, 1H), 7.72 (td, J = 7.9,
2.2 Hz, 1H), 7.66 (ddt, J = 8.3, 7.0, 2.3 Hz, 1H), 7.32 (d, J = 8.2 Hz, 2H), 2.39 (s,
3H). In Accordance with literature[201]

2-diazoacenaphthylen-1(2H)-one (239): To a suspension of 242 (5.1 g, 15 mmol, 1.0 eq.) in DCM
(50 mL) was slowly added NaOH (0.1 M, 60 mL). After full addition the reaction
mixture was stirred at room temperature for 3 h. DCM was removed under reduced
pressure and the aqueous phase was extracted with diethyl ether (3 x 50 mL). The
combined organic phases were dried over magnesium sulfate, filtered from the drying
agent and the solvent was removed under reduced pressure. The crude product was
purified by column chromatography on aluminum oxide (deactivated with 3 % water) using PE/DCM
= 1:1) as eluent to obtain diazoketone 239 as an orange solid (3.9 g, 20 mmol, 58 %).
Rf: 0.9 (aluminum oxide, PE/DCM = 1/1, UV); 1H NMR (400 MHz, CDCl3)  = 8.05 – 8.00 (m, 2H),
7.74 – 7.66 (m, 2H), 7.55 (dd, J = 8.4, 7.0 Hz, 1H), 7.29 (d, J = 7.0 Hz, 1H). In Accordance with
literature[201]; 13C NMR (100 MHz, CDCl3)  = 187.54, 131.86, 131.77, 130.65, 130.00, 128.75, 128.51,
127.66, 123.42, 123.32, 116.16, 67.18.

1,1'-Bis(acenaphthenylidene)-2,2'-dione (238): To a solution of diazoketone 239 (0.2 g, 0.8 mmol,
1.0 eq.) in dry toluene (5 mL) was added copper(II) acetylacetonate (14 mg, 77
µmol, 0.1 eq.) and the reaction mixture was carefully heated to 85 °C protected
by a plexiglass blast shield. The reaction was heated at 85 °C for 1 h and then
cooled to rom temperature. The mixture was filtered through a short plug of
celite (1 cm) and the solvent was removed under reduced pressure. Column
chromatography on silica (DCM -> DCM/MeOH: 5/1) afforded dione 238 as a red
solid. (0.1 g, 0.3 mmol, 86 %).
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Rf: 0.20 (DCM, UV); 1H NMR (600 MHz, CDCl3)  = 9.47 (dd, J = 7.5, 0.7 Hz, 1H, H8), 8.16 (dd, J =
8.1, 0.9 Hz, 1H, H5), 8.10 (dd, J = 7.0, 0.8 Hz, 1H, H3), 8.03 (d, J = 8.2 Hz, 1H, H6), 7.81 (dd, J = 8.2,
7.4 Hz, 1H, H7), 7.77 (dd, J = 8.1, 6.9 Hz, 1H, H4).; 13C NMR (100 MHz, CDCl3)  = 195.18 (C2), 141.53
(C5b), 138.76 (C1), 133.32 (8a), 132.46 (C2a), 131.71 (C5), 130.63 (C5a), 128.98 (C7), 128.08 (C6),
127.83 (C8), 127.66 (C4), 121.53 (C3); MS (EI): m/z (rel. int.) = 332 (100 %).

Acenaphthylen-1(2H)-one (244): This compound was synthesized according to literature known
procedure using (1-naphthyl)acetic acid (11 g, 58 mmol) and oxalyl chloride (6.4 mL,
75 mmol). Product was isolated as bright yellow solid (4.6 g, 27 mmol, 47 %).
H NMR (400 MHz, CDCl3)  = 8.12 (d, J = 8.1 Hz, 1H), 8.00 (d, J = 7.0 Hz, 1H), 7.86

1

(d, J = 8.4 Hz, 1H), 7.75 (t, J = 7.6 Hz, 1H), 7.63 (dd, J = 8.4, 6.9 Hz, 1H), 7.50 (d, J = 6.9
Hz, 1H), 3.86 (s, 2H). In accordance with literature.[202]

(E)-2H,2'H-1,1'-biacenaphthylenylidene (245): To a suspension

of freshly prepared

Trichloridotris(tetrahydrofuran)titanium(III) (4.6 g, 13 mmol, 1.1 eq.) in dry THF
(40 mL) was sequentially added zinc dust (1.0 g, 16 mmol, 1.3 ) and ketone 244
(2.0 g, 12 mmol, 1.0 eq.). The mixture was stirred at 60 °C for 64 h. After cooling
to room temperature water (100 mL) was added and it was extracted with EtOAc
(100 mL). The organic player was washed with water (2 x 50 mL) and brine (1 x 50
mL). The organic layer was dried over magnesium sulfate, filtered off from the
drying agent and the volatiles were removed under reduced pressure. Column
chromatography on silica (PE/EtOAc = 99:1 - > DCM) afforded the desired product 245 as red powder
(1.5 g, 4.9 mmol, 83 %).
Rf: 0.30 (PE/EtOAc = 99:1, UV); 1H NMR (600 MHz, CDCl3)  = 7.76 – 7.67 (m, 3H), 7.64 (dd, J = 8.1,
7.0 Hz, 1H), 7.55 (dd, J = 8.1, 6.8 Hz, 1H), 7.47 (dd, J = 6.8, 1.0 Hz, 1H), 4.42 (s, 2H).; 13C NMR (100
MHz, CDCl3)  = 142.96, 141.79, 140.29, 134.52, 131.63, 128.54, 128.02, 124.20, 122.93, 120.50,
119.43, 38.39.; MS (EI): m/z (rel. int.) = 304 (100 %)
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Naphthalene-2,3-diyl bis(trifluoromethanesulfonate) (247): To a cooled solution (0 °C) of
naphthalenediol (10 g, 62 mmol, 1.0 eq.) and 2,6-lutidine (22 mL, 0.2 mol, 3.0
eq.) in dry DCM (0.1 L) was added trifluoromethanesulfonic anhydride (21 mL,
0.1 mol, 2.0 eq.) dropwise over a period of 30 minutes. The solution was warmed
to room temperature and stired for 16 h at this temperature. Diethyl ether (300
mL) was added and the mixture was washed with ammonium chloride solution (200 mL), HCl
solution (1 N, 200 mL) and sodium bicarbonate solution (200 mL). The organic phase was dried over
magnesium sulfate, filtered from the drying agent and the solvents were removed under reduced
pressure. The crude product was recrystallized from petrol ether/diethyl ether (300 mL, 2:1) to yield
bistriflate 247 as colorless needles (18 g, 43 mmol, 70 %).
H NMR (400 MHz, CDCl3)  = 7.94 (s, 2H), 7.91 (dd, J = 6.3, 3.3 Hz, 2H), 7.67 (dd, J = 6.3, 3.3 Hz,

1

2H); 13C NMR (100 MHz, CDCl3)  = 138.14, 131.94, 128.90, 128.23, 122.36, 118.82 (q, J = 320.9 Hz);
F NMR (377 MHz, CDCl3)  = -72.93; MS (EI): m/z (rel. int.) = 424 (100 %).

19

4-Fluoro-1-methyl-2-vinylbenzene (249): To a cooled solution (0 °C with an icebath) of
methylthriphenylphosphonium bromide (17 g, 48 mmol, 1.1 eq.) in dry THF (0.1 L)
was slowly added n-butyllithium (2.3 M, 25 mL, 56 mmol, 1.3 eq.) and the reaction
was stirred after complete addition for further 20 minutes. 2-Methyl-5fluorobenzaldehyde (6.0 g, 43 mmol, 1.0 eq.) was added and the reaction was
warmed to room temperature and stirred for 2 h. The reaction was quenched by
addition of water (200 mL) and the mixture was extracted with ethyl acetate (3 x 100 mL). The
combined organic phases were dried over magnesium sulfate, filtered off from the drying agent and
the solvents were removed under reduced pressure. Column chromatograpgy on silica (PE 100 %)
afforded styrene 249 as colorless liquid (3.2 g, 23 mmol, 54 %).
H NMR (400 MHz, CDCl3)  = 7.17 (dd, J = 10.2, 2.8 Hz, 1H, H3), 7.08 (dd, J = 7.2, 1.6 Hz, 1H, H6),

1

6.93 – 6.82 (m, 2H, H, H5 + H7), 5.64 (dd, J = 17.4, 1.1 Hz, 1H, H8-cis), 5.34 (dd, J = 10.9, 1.2 Hz, 1H,
H8-trans), 2.30 (s, 3H, H9); 13C NMR (100 MHz, CDCl3)  = 161.62 (d, J = 242.7 Hz, C4), 138.53 (d, J =
7.6 Hz, C2), 134.14 (d, J = 2.3 Hz, C7), 131.60 (d, J = 7.9 Hz, C6), 131.10 (d, J = 3.0 Hz, C1), 116.29
(C8), 114.44 (d, J = 21.2 Hz, C5), 111.84 (d, J = 21.6 Hz, C3), 19.06 (C9); 19F NMR (377 MHz, CDCl3) 
= -116.58 – -120.43 (m); MS (GC): m/z (rel. int.) = 136 (100 %).
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2,3-bis((E)-5-fluoro-2-methylstyryl)naphthalene (250): To a degassed solution of bistriflate 247
(3.3 g, 7.8 mmol, 1.0 eq.), 4-Fluoro-1-methyl-2-vinylbenzene (249) (2.87
g, 21 mmol, 2.7 eq.) and Pd(dppf)Cl2 (0.3 g, 0.4 mmol, 5 mol %) in dry
DMF (60 mL) was added triethylamine (0.7 mL, 23 mmol, 3.0 eq.) and
the reaction was refluxed for 24 h. The reaction mixture was cooled to
room temperature and passed through a short plug of celite (2 cm) with
toluene (100 mL). The filtrate was washed with water (3 x 40 mL), dried
over magnesium sulfate and filtered off from the drying agent. The
solvents were removed under reduce pressure and column
chromatography on silica (PE/DCM = 6:1) afforded the desired compound 250 as colorless solid (2.2
g, 5.6 mmol, 72 %)
Rf: 0.38 (PE/DCM = 6/1, UV); m.p.: 142 - 144 °C (petrol ether); 1H NMR (400 MHz, CDCl3)  = 8.01
(s, 2H, H1 + H4), 7.86 (dd, J = 6.2, 3.3 Hz, 2H, H5 + H8), 7.48 (dd, J = 6.2, 3.2 Hz, 2H, H6 + H7), 7.40
(d, J = 15.8 Hz, 2H, H9), 7.32 (dd, J = 10.2, 2.7 Hz, 2H, H16), 7.27 (dd, J = 15.8, 1.6 Hz, 2H, H10), 7.15
(dd, J = 8.4, 5.9 Hz, 2H, H13), 6.91 (td, J = 8.4, 2.7 Hz, 2H, H14), 2.41 (s, 6H); 13C NMR (100 MHz,
CDCl3)  = 161.70 (d, J = 243.0 Hz, C15), 138.18 (d, J = 7.3 Hz, C11), 135.04 (C2 + C3), 133.26 (C4a +
C8a), 131.86 (d, J = 8.0 Hz, C13), 131.65 (d, J = 3.1 Hz, C12), 129.46 (C9), 129.15 (d, J = 2.5 Hz, C10),
127.94 (C5 + C8), 126.57 (C6 + C7), 126.10 (C1 + C4), 114.58 (d, J = 21.2 Hz, C14), 112.08 (d, J = 21.8
Hz, C16), 19.38 (C17); 19F NMR (377 MHz, CDCl3)  = -117.33; MS (EI): m/z (rel. int.) = 396 (100 %).

8-Iodonaphthalen-2-ol (255): To a cooled (- 5 °C, sodium chloride and ice) suspension of 8-amino2-naphthol (256) (5.0 g, 31 mmol, 1.0 eq.) in water (0.1 L) and conc. sulfuric acid
(5.5 mL) was added a solution of sodium nitrite (2.17 g, 31 mmol, 1.0 eq.) in water
(0.1 L) dropwise over a period of 30 minutes. Then a solution of potassium iodide
(5.22, 31 mmol, 1.0 eq.) in water (60 mL) was added dropwise over a period of
20 minutes. The reaction was stirred at -5 °C for another 1 h and then warmed
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up to room temperature and stirred for another 15 h. Water (100 mL) was added and the aqueous
phase was extracted with ethyl acetate (3 x 200 mL). The combined organic phases were washed
wish brine (150 mL), dried over magnesium sulfate, filtered off from the drying agent and the
solbent was removed under reduced pressure to yield 255 as a black solid (6.5 g, 24 mmol, 77 %).
H NMR (400 MHz, acetone-d6)  = 8.03 (dd, J = 7.3, 1.1 Hz, 1H), 7.87 – 7.82 (m, 1H), 7.77 (d, J =

1

8.8 Hz, 1H), 7.45 (dt, J = 2.4, 0.7 Hz, 1H), 7.19 (dd, J = 8.8, 2.4 Hz, 1H), 7.05 (dd, J = 8.1, 7.3 Hz, 1H),
3.35 (bs, 1H); 13C NMR (100 MHz, acetone-d6)  = 158.01, 138.63, 136.92, 131.56, 129.82, 129.75,
124.94, 120.05, 114.16, 97.45. In Accordance with literature[203]; MS (ESI): m/z calculated for
C10H8IO+ [M+H]+: 270.9614; found: 270.9620.

8-(2,3,4-Trifluorophenyl)naphthalen-2-ol (254): 8-Iodonapthol 255 (2.1 g, 7.9 mmol, 1.0 eq.) and
2,3,4-trifluorophenylboronic acid (1.6 g, 8.8 mmol, 1.1 eq.) were dissolved in a
mixture of 1,4-dioxane (60 mL) and water 5.0 mL) and the mixture was degassed
by bubbling nitrogen through the ultrasonicated solution for 15 minutes.
Pd(PPh3)2Cl2 (0.4 g, 0.6 mmol, 7.5 mol%) and sodium carbonate (1.2 g, 11 mmol,
1.5 eq.) were added and the reaction was heated at 95 °C for 19 h. The mixture
was cooled to room temperature and the solvent was removed under reduced
pressure and the residue was redissolved in water (200 mL) and EtOAc (100 mL).
The phases were separated and the aqueous phas was extracted with EtOAc (3 x 100 mL). The
combined organic phases were dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed under reduced pressure. Column chromatography on silica (PE/EtOAc 5:1)
afforded title compound 254 as a brown oil (1.1 g, 4.0 mmol, 54 %).
Rf: 0.30 (PE/EtOAc = 5/1, UV); 1H NMR (400 MHz, CDCl3)  = 7.86 (d, J = 7.8, 1.5 Hz, 1H, H5), 7.83
(d, J = 8.8, 1.0 Hz, 1H, H4), 7.45 – 7.34 (m, 2H, H6 + H7), 7.13 (dd, J = 8.8, 2.6 Hz, 1H, H3), 7.11 – 6.98
(m, 2H, H13 + H14), 6.92 (s, 1H, H1), 5.28 (bs, 1H, OH); 13C NMR (100 MHz, CDCl3)  = 154.01 (C2),
150.86 (ddd, J = 250.0, 10.1, 3.0 Hz, C12), 149.14 (ddd, J = 250.0, 10.1, 3.1 Hz, C10), 140.25 (dt, J =
251.9, 15.7 Hz, C11), 133.04 (C8a), 130.62 (C4), 130.43 (d, J = 2.1 Hz, C8), 129.24 (C4a), 128.97 (C5),
128.71 (C7), 125.88 – 125.49 (m, 2C, C9 + C14), 123.18 (C6), 118.03 (C3), 112.12 (dd, J = 17.2, 3.9
Hz, C13), 107.43 (C1); 19F NMR (377 MHz, CDCl3)  = -134.01 (dt, J = 20.8, 7.4 Hz), -134.99 (dq, J =
21.9, 7.5 Hz), -159.77 (td, J = 21.0, 6.4 Hz); HRMS (EI): m/z calculated for C16H9F3O+ [M]+: 274.0605;
found: 274.0603.
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8-(2,3,4-Trifluorophenyl)naphthalen-2-yl trifluoromethanesulfonate (253): To a solution of
naphthol 254 (1.1 g, 4.0 mmol, 1.0 eq.) in anhydrous DCM (30 mL) was added
pyridine (1.0 mL, 12 mmol, 3.0 eq.) and the solution was cooled to 0 °C.
Trifluoromethanesulfonic anhydride (1.4 mL, 8.0 mmol, 2.0 eq.) was added
dropwise over a period of 5 minutes and the mixture was allowed to warm to
room temperature and stirred for at this temperature for further 2 h. Water (50
mL) was added and the aqueous layer was extracted with DCM (3 x 30 mL). The
combined organic layers were washed with brine (100 mL), dried over
magnesium sulfate, filtered off from the drying agent and the solvent was removed under reduced
pressure. The ressiude was washed with n-pentane (3 x 3 mL) to obtain triflate 253 as a brown oil
(1.5 g, 3.7 mmol, 93 %).
Rf: 0.58 (PE/EtOAc = 3/1, UV); 1H NMR (500 MHz, CDCl3)  = 8.02 (d, J = 8.9 Hz, 1H, H4), 7.98 (d, J
= 8.2 Hz, 1H, H5), 7.66 – 7.62 (m, 1H, H6), 7.54 (d, J = 6.9 Hz, 1H, H7), 7.50 (t, J = 2.3 Hz, 1H, H1),
7.43 (dd, J = 9.1, 2.3 Hz, 1H, H3), 7.19 – 7.09 (m, 2H, H13 + H14); 13C NMR (125 MHz, CDCl3)  =
151.38 (ddd, J = 253.0, 10.1, 2.8 Hz, C12), 149.21 (ddd, J = 252.0, 10.3, 3.4 Hz, C10), 147.95 (C2),
140.49 (dt, J = 253.0, 15.4 Hz, C11), 132.77 (C4a), 132.36 (C8), 132.01 (C8a), 131.36 (C4), 129.79
(C7), 129.07 (C5), 126.81 (C6), 125.67 – 125.49 (m, C14), 124.43 (dd, J = 13.4, 3.6 Hz, C9), 120.12
(C3), 118.91 (q, J = 320.9 Hz, CF3), 117.32 (C1), 112.63 (dd, J = 17.4, 4.0 Hz, C13); 19F NMR (471 MHz,
CDCl3)  = -72.61, -133.55 (dq, J = 21.9, 7.6 Hz), -134.15 (dt, J = 21.5, 7.4 Hz), -158.97 (td, J = 21.5,
6.7 Hz); HRMS (EI): m/z calculated for C16H8F3O+ [M]+: 406.0098; Found: 406.0102.
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8-(2,3,4-Trifluorophenyl)-2,2'-binaphthalene (252): Triflate 253 (1.5 g, 3.7 mmol, 1.0 eq.) and
naphthylboronic acid (1.0 g, 5.6 mmol, 1.5 eq.) were dissolved in a mixture
of 1,4-dioxane (30 mL) and water 2.0 mL) and the mixture was degassed by
bubbling nitrogen through the ultrasonicated solution for 15 minutes.
Pd(PPh3)2Cl2 (0.2 g, 0.3 mmol, 8.0 mol%) and sodium carbonate (0.6 g, 5.6
mmol, 1.5 eq.) were added and the reaction was heated at 95 °C for 16 h.
The mixture was cooled to room temperature and the solvent was removed
under reduced pressure and the residue was redissolved in water (200 mL)
and EtOAc (100 mL). The phases were separated and the aqueous phas was extracted with EtOAc
(3 x 100 mL). The combined organic phases were dried over magnesium sulfate, filtered off from
the drying agent and the solvent was removed under reduced pressure. Column chromatography
on silica (PE/DCM 9:1) afforded title compound 252 as an off-white solid (0.8 g, 2.1 mmol, 56 %).
Rf: 0.30 (PE/DCM = 9/1, UV); m.p.: 185 - 186 °C (dichloromethane); 1H NMR (600 MHz, CDCl3)  =
8.07 – 8.03 (m, 2H), 7.99 (d, J = 8.2 Hz, 1H), 7.95 – 7.84 (m, 5H), 7.74 (dd, J = 8.4, 1.9 Hz, 1H), 7.57
(t, J = 7.6 Hz, 1H), 7.54 – 7.48 (m, 2H), 7.46 (d, J = 7.0 Hz, 1H), 7.22 – 7.16 (m, 1H), 7.13 (tdd, J = 8.9,
6.8, 1.8 Hz, 1H); 13C NMR (150 MHz, CDCl3)  = 151.04 (ddd, J = 250.0, 10.0, 3.4 Hz), 149.32 (ddd, J
= 250.0, 9.7, 3.4 Hz), 140.38 (dt, J = 251.0, 15.5 Hz), 139.54, 138.52, 133.74, 132.96, 132.80, 132.24,
132.01, 129.23, 128.97, 128.72, 128.70, 128.38, 127.81, 126.56, 126.43, 126.32, 126.28, 125.88,
125.85 – 125.73 (m), 125.72 – 125.58 (m), 125.51, 123.67, 112.30 (dd, J = 17.2, 3.9 Hz); 19F NMR
(377 MHz, CDCl3)  = -133.99 (dt, J = 21.5, 7.4 Hz), -134.73 (dq, J = 21.4, 7.2 Hz), -159.55 (td, J = 21.1,
6.8 Hz); HRMS (EI): m/z calculated for C26H16F3 [M]+: 384.1126. Found: 384.1128.

8-(2,4-Difluorophenyl)naphthalen-2-ol (261): 8-Iodonapthol 255 (1.8 g, 6.6 mmol, 1.0 eq.) and 2,4diifluorophenylboronic acid (1.3 g, 8.0 mmol, 1.2 eq.) were dissolved in a mixture
of 1,4-dioxane (50 mL) and water 4.0 mL) and the mixture was degassed by
bubbling nitrogen through the ultrasonicated solution for 15 minutes.
Pd(PPh3)2Cl2 (0.4 g, 0.5 mmol, 8.0 mol%) and sodium carbonate (1.1 g, 10 mmol,
1.5 eq.) were added and the reaction was heated at 95 °C for 19 h. The mixture
was cooled to room temperature and the solvent was removed under reduced
pressure and the residue was redissolved in water (200 mL) and EtOAc (100 mL).
The phases were separated and the aqueous phas was extracted with EtOAc (3 x 100 mL). The
combined organic phases were dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed under reduced pressure. Column chromatography on silica (PE/EtOAc 5:1)
afforded title compound 261 as a brown oil (1.1 g, 4.1 mmol, 63 %).
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Rf: 0.34 (PE/EtOAc = 5/1, UV); 1H NMR (500 MHz, CDCl3)  = 7.86 – 7.83 (m, 1H, H5), 7.82 (d, J =
8.8 Hz, 1H, H4), 7.43 – 7.31 (m, 3H, H6 + H7 + H14), 7.12 (dd, J = 8.8, 2.5 Hz, 1H, H3), 7.02 – 6.93 (m,
2H, H11 + H13), 6.92 (t, J = 2.3 Hz, 1H, H1), 5.06 (s, 1H, OH); 13C NMR (125 MHz, CDCl3)  = 162.75
(dd, J = 248.8, 11.6 Hz), 160.24 (dd, J = 249.3, 11.9 Hz), 153.98, 133.31, 133.10 (dd, J = 9.4, 5.1 Hz),
131.53, 130.53, 129.22, 128.62, 128.55, 124.41 – 124.04 (m), 123.19, 117.95, 111.47 (dd, J = 20.9,
3.8 Hz), 107.66, 104.24 (t, J = 25.8 Hz); 19F NMR (471 MHz, CDCl3)  = -109.31 (q, J = 8.6 Hz), -110.82
(p, J = 8.5, 8.1 Hz); HRMS (EI): m/z calculated for C16H10F2O+ [M]+: 256.0700; found: 256.0707.

8-(2,4-Difluorophenyl)naphthalen-2-yl trifluoromethanesulfonate (262): To a solution of naphthol
261 (1.1 g, 4.1 mmol, 1.0 eq.) in anhydrous DCM (30 mL) was added pyridine (1.0
mL, 12 mmol, 2.9 eq.) and the solution was cooled to 0 °C.
Trifluoromethanesulfonic anhydride (1.5 mL, 8.9 mmol, 2.2 eq.) was added
dropwise over a period of 5 minutes and the mixture was allowed to warm to
room temperature and stirred for at this temperature for further 2 h. Water (50
mL) was added and the aqueous layer was extracted with DCM (3 x 30 mL). The
combined organic layers were washed with brine (100 mL), dried over
magnesium sulfate, filtered off from the drying agent and the solvent was removed under reduced
pressure. The ressiude was washed with n-pentane (3 x 3 mL) to obtain triflate 262 as a brown oil
(1.3 g, 3.2 mmol, 79 %).
Rf: 0.62 (PE/EtOAc = 5/1, UV); 1H NMR (400 MHz, CDCl3)  = 8.00 (d, J = 9.0 Hz, 1H, H4), 7.96 (dt, J
= 8.4, 1.2 Hz, 1H, H5), 7.63 (dd, J = 8.3, 7.1 Hz, 1H, H6), 7.53 (dd, J = 7.1, 1.3 Hz, 1H, H7), 7.51 – 7.50
(m, 1H, H1), 7.42 (dd, J = 9.0, 2.5 Hz, 1H, H3), 7.36 (dd, J = 8.1, 6.8 Hz, 1H, H14), 7.08 – 6.99 (m, 2H,
H11 + H13); 13C NMR (100 MHz, CDCl3)  = 163.18 (dd, J = 250.5, 11.7 Hz, C12), 160.15 (dd, J = 250.1,
12.1 Hz, C10), 147.82 (C2), 133.52 (C8a), 132.96 (dd, J = 8.8, 5.5 Hz, C14), 132.72 (C4a), 132.41 –
132.10 (m, C8), 131.22 (C4), 129.64 (C7), 128.61 (C5), 126.83 (C6), 122.94 (dd, J = 16.6, 4.4 Hz, C9),
119.93 (C3), 118.91 (q, J = 321.0 Hz, CF3), 117.59 (C1), 112.17 – 111.74 (m, C13), 104.57 (t, J = 25.7
Hz, C11); 19F NMR (377 MHz, CDCl3)  = -72.63, -109.40 – -109.48 (m); HRMS (EI): m/z calculated for
C16H9F2O+ [M]+: 388.0193; Found: 388.0196.
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8-(2,4-Difluorophenyl)-2,2'-binaphthalene (260): Triflate 262 (1.2 g, 3.1 mmol, 1.0 eq.) and
naphthylboronic acid (0.8 g, 4.6 mmol, 1.5 eq.) were dissolved in a mixture
of 1,4-dioxane (30 mL) and water 2.0 mL) and the mixture was degassed by
bubbling nitrogen through the ultrasonicated solution for 15 minutes.
Pd(PPh3)2Cl2 (0.2 g, 0.3 mmol, 8.0 mol%) and sodium carbonate (0.5 g, 4.6
mmol, 1.5 eq.) were added and the reaction was heated at 95 °C for 16 h.
The mixture was cooled to room temperature and the solvent was removed
under reduced pressure and the residue was redissolved in water (200 mL)
and EtOAc (100 mL). The phases were separated and the aqueous phas was extracted with EtOAc
(3 x 100 mL). The combined organic phases were dried over magnesium sulfate, filtered off from
the drying agent and the solvent was removed under reduced pressure. Column chromatography
on silica (PE/DCM 12:1 -> 9:1 -> 6:1) afforded title compound 260 as an off-white solid (0.7 g, 2.0
mmol, 63 %).
Rf: 0.28 (PE/DCM = 9/1, UV); m.p.: 169 - 170 °C (dichloromethane); 1H NMR (500 MHz, CDCl3)  =
8.06 (d, J = 2.1 Hz, 1H), 8.04 (d, J = 8.7 Hz, 1H), 7.97 (dt, J = 8.2, 1.1 Hz, 1H), 7.95 – 7.89 (m, 4H), 7.87
(dd, J = 7.3, 1.8 Hz, 1H), 7.75 (dd, J = 8.5, 1.9 Hz, 1H), 7.57 (dd, J = 8.2, 7.0 Hz, 1H), 7.55 – 7.49 (m,
2H), 7.48 – 7.41 (m, 2H), 7.09 – 7.00 (m, 2H); 13C NMR (125 MHz, CDCl3)  = 164.37 – 161.75 (m),
160.34 (dd, J = 249.3, 11.8 Hz), 139.23, 138.66, 133.77, 133.39, 133.19 (dd, J = 9.4, 5.0 Hz), 132.97,
132.79, 132.25, 129.15, 128.66, 128.60, 128.53, 128.37, 127.80, 126.51, 126.37, 126.21, 126.12,
125.91, 125.56, 124.18 (dd, J = 16.6, 3.7 Hz), 124.01, 111.61 (dd, J = 21.1, 3.9 Hz), 104.37 (t, J = 25.8
Hz); 19F NMR (471 MHz, CDCl3)  = -109.23 (q, J = 8.9 Hz), -110.55 (p, J = 6.8, 5.8 Hz); HRMS (EI): m/z
calculated for C26H16F3 [M]+: 366.1220. Found: 366.1227;

179

180

Experimental Section

(E/Z)-1-Bromo-6-(1-(2,5-difluorophenyl)prop-1-en-2-yl)naphthalene (46)[48]: This compound was
synthesized according to literature known procedure using Bromo(2,5difluorobenzyl)triphenyl- phosphane (50 g, 0.1 mol, 1.2 eq.),

2-

acetonaphthone (39) (15 g, 88 mmol, 1.0 eq.) and potassium tert-butoxide (15
g, 0.13 mol, 1.5 eq.) in dry ethanol (500 mL). Column chromatography on silica
(PE/DCM = 6/1) afforded 46 as (E/Z)-mixture as a colorless solid (22 g, 78 mmol,
89 %). Stilbene 46 was used as (E/Z)-mixture in the next step.
Rf: 0.9 (PE/DCM = 6:1, UV)
MS (EI): m/z (rel. int.) = 280 (100 %).

1,4-Difluoro-6-methylbenzo[c]phenanthrene (47): This compound was synthesized according to
literature known procedure[48] using a 400 W water-cooled photochemical
reactor and E/Z- mixture of stilbene 46 (9.0 g, 3.2 mmol, 1.0 eq.), iodine (9.0 g,
35 mmol, 1.1 eq.), propylene oxide (45 mL, 0.6 mol, 20 eq.) and cyclohexane
(ca. 350 mL). Off-white solid. (7.6 g, 27 mmol, 85 %). Single crystals suitable for
x-ray diffraction were obtained by slowly evaporation of a concentrated
solution of 47 in DCM.
H NMR (400 MHz, CDCl3)  = 8.32 – 8.22 (m, 1H), 8.05 (s, 2H), 8.02 – 7.97 (m, 2H), 7.67 – 7.56 (m,

1

2H), 7.31 – 7.18 (m, 2H), 2.84 (s, 3H). In accordance with literature.[48]; 19F NMR (375 MHz, CDCl3)
 = -103.89 (d, J = 19.3 Hz), -127.78 (d, J = 19.1 Hz).

6-(Bromomethyl)-1,4-difluorobenzo[c]phenanthrene (48): This compound was synthesized
according to literature known procedure using 47 (7.0 g, 25 mmol, 1.0 eq.),
NBS (4.9 g, 28 mmol, 1.1. eq.) and a catalytic amount of DBPO (10 mg) in CCl4
(150 mL). Off-white solid (7.4 g, 21 mmol, 82 %).
H NMR (400 MHz, CDCl3)  = 8.28 – 8.19 (m, 2H), 8.18 (d, J = 8.9 Hz, 1H),

1

8.12 (d, J = 8.8 Hz, 1H), 8.05 – 7.97 (m, 1H), 7.68 – 7.59 (m, 2H), 7.35 – 7.27
(m, 2H), 5.04 (s, 2H). In accordance with literature.[48]; 13C NMR (100 MHz,
CDCl3)  = 155.18 (dd, J = 250.5, 3.0 Hz), 155.04 (d, J = 247.8, 2.9 Hz), 133.30, 132.73, 130.04, 129.93,
129.87, 129.40, 127.42, 126.87, 125.84 – 125.63 (m), 125.41 (d, J = 2.9 Hz), 123.42 (dd, J = 16.9, 4.8
Hz), 121.22, 120.79 (d, J = 7.1 Hz), 120.09 – 119.76 (m), 113.02 (dd, J = 27.4, 9.1 Hz), 111.27 (dd, J =
23.1, 9.3 Hz), 31.82; 19F NMR (375 MHz, CDCl3)  = -102.72 – -103.41 (m), -125.87 – -126.48 (m).
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1,4-Difluorobenzo[c]phenanthrene-6-methyltriphenylphosphonium

bromide

(49):

This

compound was synthesized according to literature known procedure[48]
using benzyl halide 48 (7.2 g, 20 mmol, 1.0 eq.) and triphenylphosphine
(6.3 g, 24 mmol, 1.2. eq.) in toluene (180 mL). Off-white solid (12 g, 19
mmol, 95 %).
H NMR (400 MHz, CDCl3)  = 7.88 – 7.80 (m, 1H), 7.77 (d, J = 8.9 Hz,

1

1H), 7.70 – 7.61 (m, 8H), 7.58 – 7.52 (m, 3H), 7.44 (qd, J = 6.5, 1.4 Hz,
2H), 7.37 (td, J = 7.8, 3.5 Hz, 6H), 7.25 – 7.11 (m, 1H), 7.09 – 7.00 (m, 1H), 6.95 (td, J = 8.6, 3.5 Hz,
1H), 5.92 (d, J = 14.6 Hz, 2H). In accordance with literature.[48]; 19F NMR (375 MHz, CDCl3)  = 103.30
– -104.02 (m), -125.23 – -125.82 (m); 31P NMR (162 MHz, CDCl3)  = 24.15.

(E/Z)-1,4-difluoro-6-styrylbenzo[c]phenanthrene (50): This compound was synthesized according
to literature known procedure[48] using phosphonium bromide 49 (12 g, 19
mmol, 1.0 eq.), benzaldehyde (1.9 mL, 19 mmol, 1.0 eq.) and potassium tertbutoxide (3.2 g, 29 mmol, 1.5 eq.) in dry ethanol (200 mL). Column
chromatography on silica (PE/DCM = 6/1) afforded 50 as (E/Z)-mixture as a
yellow oil (5.9 g, 16 mmol, 84 %). Stilbene 50 was used as (E/Z)-mixture in
the next step without further purification.
Rf: 0.70 (PE/DCM = 6:1, UV); MS (EI): m/z (rel. int.) = 366 (100%)

13,16-Difluorobenzo[s]picene (51): This compound was synthesized according to literature known
procedure[48] using a 400 W water-cooled photochemical reactor and E/Zmixture of stilbene 50 (5.9 g, 16 mmol, 1.0 eq.), iodine (4.5 g, 18 mmol, 1.1
eq.), propylene oxide (23 mL, 0.3 mol, 20 eq.) and cyclohexane (ca. 370 mL).
Off-white solid. (3.5 g, 9.7 mmol, 60 %).
H NMR (400 MHz, CDCl3)  = 8.55 (d, J = 8.9 Hz, 2H), 8.27 – 8.19 (m, 2H),
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8.12 (d, J = 8.8 Hz, 2H), 8.01 – 7.94 (m, 2H), 7.64 – 7.56 (m, 4H), 7.42 – 7.36
(m, 2H). In accordance with literature.[48]; 19F NMR (375 MHz, CDCl3)  = -104.08 – -104.20 (m).
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As-indaceno[3,2,1,8,7,6-pqrstuv]picene (4): This compound was synthesized according to
literature known procedure.[48] γ- Al2O3 (3.0 g) was activated in heavywalled Schott-Duran glassware at 550 °C for 30 minutes in vacuum (10-3
mbar). After cooling to 150 °C and refilling with nitrogen, fluoroarene 51
(50 mg, 137 µmol) was added. The vessel was sealed and heated to 280
°C and kept at this temperature until full consumption of starting
material was detected by EI-MS (usually 1.5 – 3 h). After cooling to room
temperature, the product was separated from Al2O3 by Soxhlet extraction using DCM. 4 was isolated
as red solid (44 mg, 136 µmol, 99 %).
H NMR (400 MHz, CDCl3)  = 8.05 (d, J = 8.7 Hz, 2H), 7.74 (d, J = 8.7 Hz, 2H), 7.66 (d, J = 6.9 Hz,

1

2H), 7.60 (d, J = 8.1 Hz, 2H), 7.60 (s, 2H), 7.36 (dd, J = 8.2, 7.0 Hz, 2H). In accordance with literature.[48]
C NMR (100 MHz, CDCl3)  = 139.03, 138.97, 138.54, 138.17, 136.88, 130.14, 129.14, 128.81, 126.93,

13

126.78, 125.57, 124.05, 123.46.

4-acetyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (268): To a cooled (-20 °C, isopropanol/CO2)
suspension of Aluminum chloride (99 mg, 0.7 mmol, 1.2 eq.) in dry DCM
(3 mL) was added acetyl chloride (66 µL, 0.9 mmol, 1.5 eq.) carefully. A
solution of Idpc 4 (0.2 g, 0.6 mmol, 1.0 eq.) in dry DCM (7.0 mL) was
added dropwise over a period of 10 minutes. The reaction was stirred for
1 h at the given temperature and then warmed up to room temperature.
The reaction mixture was washed with 1 M HCl (10 mL), bicarbonate
solution (10 mL) and water (10 mL). The organic layer was separated,
dried over magnesium sulfate, filtered and the solvent was removed under reduced pressure.
Column chromatograpy on silica (PE/EtOAc = 9:1 -> 3:1) afforded title compound 268 as a red solid
(217 mg, 0.6 mmol, 96 %).
Rf: 0.25 (PE/EtOAc = 6/1, UV); m.p.: 190 - 192 °C (EtOAc); 1H NMR (400 MHz, CDCl3)  = 8.06 (d, J
= 7.0 Hz, 1H, H3), 7.42 – 7.37 (m, 3H, H5 + H10 + H11), 7.36 – 7.29 (m, 4H, H1 + H8 + H9 + H12),
7.22 (d, J = 6.9 Hz, 1H, H6), 7.18 (dd, J = 8.1, 7.0 Hz, 1H, H2), 7.10 (dd, J = 8.1, 6.9 Hz, 1H, H7), 2.48
(s, 3H, H14); 13C NMR (100 MHz, CDCl3)  = 198.20 (C13), 139.13 (Cq), 138.53 (Cq), 138.41 (Cq),
137.95 (Cq), 137.04 (Cq), 136.97 (C4), 136.83 (Cq), 136.67 (Cq), 135.99 (2C, Cq), 135.42 (Cq), 129.73
(C10a), 129.42 (C2), 128.80 (2C, C8a + C10b), 128.67 (C12a), 128.63 (C7), 128.54 (C3), 128.07 (C1),
127.22 (C9), 126.73 (C12), 126.66 (C8), 125.86 (C5), 123.57 (2C, C6 + C10), 123.00 (C11), 28.02
(C14); IR (cm-1): 3063, 1685, 1363, 1275, 13631, 1275, 1254, 1201, 1185 1137, 1023, 952, 891, 815,
799; MS (EI): m/z (rel. int.) = 366 (100 %)
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4-Amino-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (273): Method A: To a mixture of 4-Acetyl-Idpc
(50 mg, 136 µmol, 1.0 eq.) and O-benzenesulfonyl-acetohydroxamic acid
ethyl ester (272) (50 mg, 164 µmol, 1.2 eq.) in dry methanol (10 mL) was
added p-toluenesulfonic acid (3.0 mg, 14 µmol, 0.1 eq.) and the mixture
was stirred for 36 h at room temperature. The reaction was quenched by
addition of bicarbonate solution (15 mL) and the aqeous layer was
extracted with EtOAc (2 x 10 mL). The combined organic phases were
dried over magensium sulfate, filtered off from the drying agent and the solvents were removed
under reduced pressure. Column chromatography on silica (PE/EtOAc = 3:1) afforded the desired
amine as red solid (7.5 mg, 22 µmol, 13 %)
Method B: To a mixture of 4-Acetyl-Idpc (50 mg, 136 µmol, 1.0 eq.) and hydroxylamine
hydrochloride (1.2 eq.) in methanol was added sodium acetate trihydrate (2 eq.) and the mixture
was heated to 60 °C for 16 h. The reaction was cooled to room temperature and quenched by the
addition of water (30 mL) and the mixtue was extracted with EtOAc (30 mL). The organic phase was
washed with water (3 x 30 mL) and dried over magnesium sulfate, filtered off from the drying agent
and the solvents were removed under reduced pressure. The crude was dissolved in dry acetonitrile
(5 mL) and trifluoroacetic acid (32 µL, 0.4 mmol, 3.0 eq.) was added and the reaction was refluxed
for 2 h. The reaction was cooled to room temperature and quenched with bicarbonate solution (20
mL) and extracted with EtOAc (3 x 10 mL). The combined organic phases were dried over magnesium
sulfate, filltered off from the drying agent and the solvent was removed under reduced pressure.
The crude was passed through a short plug of silica using PE/EtOAc = 1:1 as eluent and the solvents
were removed under reduced pressure. Crude amide was dissolved in 1,4-dioxane (10 mL) and conc.
HCl (2 mL) was added. The reaction was refluxed for 3h and the reaction was cooled to room
temperature and quenched by the addition of 2M NaOH (20 mL). The mixture was extracted with
EtOAc (3 x 10 mL) and the combined organic phases were dried over magnesium sulfate, filltered
off from the drying agent and the solvents were removed under reduced pressure. Column
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chromatography on silica using PE/EtOAc = 9:1 -> 6:1 as eluent afforded amine 273 as red semisolid
(24.5 mg, 72.3 µmol, 53 %). 1H NMR (500 MHz, CDCl3)  = 8.14 (d, J = 8.7 Hz, 1H, H11), 8.08 (d, J =
8.8 Hz, 1H, H10), 7.81 (d, J = 8.7 Hz, 1H, H12), 7.65 (dd, J = 8.9, 0.6 Hz, 1H, H9), 7.62 (d, J = 8.1 Hz,
1H, H1), 7.60 (d, J = 6.8 Hz, 1H, H6), 7.60 (d, J = 8.2 Hz, 2H, H8), 7.56 (d, J = 7.0 Hz, 1H, H3), 7.42 (dd,
J = 8.0, 7.0 Hz, 1H, H2), 7.34 (dd, J = 8.2, 6.9 Hz, 1H, H7), 6.94 (s, 1H, H5), 4.48 (s, 2H, NH2); 13C NMR
(125 MHz, CDCl3)  = 147.37 (C3d), 142.32 (C3e), 139.40 (C5a), 139.21 (C5c), 138.17 (C3a), 138.06
(C5e), 137.75 (C3c), 137.55 (C5d), 136.02 (C3b), 131.60 (C5b), 130.91 (C10b), 129.21 (C12a), 128.90
(C8a), 128.53 (C2), 128.42 (C7), 127.90 (C10a), 127.03 (C8), 126.93 (C12), 125.08 (C9), 124.86 (C1),
124.28 (C10), 124.25 (C11), 123.04 (C6), 121.38 (C3), 118.63 (C4), 115.94 (C5). MS (EI): m/z (rel. int.)
= 339 (100 %)

4-Iodo-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (274): To a cooled (- 5 °C) solution of amine 273
(10 mg, 29 µmol, 1.0 eq.) in THF (5.0 mL) and sulfuric acid (2N, 5.0 mL)
was added dropwise a solution of sodium nitrite (24 mg, 35 µmol, 1.2
eq.) in water (2 mL) and the reaction was stirred at this temperature for
30 minutes. A solution of potassium iodide (7.3 mg, 44 µmol, 1.5 eq.) in
water (2 mL) was added dropwise and the resulting suspension was
stirred for further 30 minutes at – 5 °C and then warmed up to room
temperature. The mixture was extracted with DCM (3x 15 mL) and the combined organic phases
were dried over mangesium sulfate and charcoal and filtered through a short plug of celite. The
solvent was removed under reduced pressure and the crude was washed with n-pentane (5 x 2 mL)
to afford 274 as orange solid (3.9 mg, 8.7 µmol, ,30 %)
H NMR (600 MHz, CDCl3)  = 8.15 (d, J = 7.0 Hz, 1H, H3), 8.10 (d, J = 8.7 Hz, 1H, H11), 8.08 (d, J =
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8.7 Hz, 1H, H10), 7.98 (s, 1H, H5), 7.82 (d, J = 8.7 Hz, 1H, H12), 7.80 (d, J = 8.7 Hz, 1H, H9), 7.70 (d, J
= 8.1 Hz, 1H, H1), 7.67 (d, J = 6.9 Hz, 1H, H6), 7.65 (d, J = 8.1 Hz, 1H, H8), 7.47 (dd, J = 8.1, 7.0 Hz,
1H, H2), 7.38 (dd, J = 8.1, 6.9 Hz, 1H, H7); 13C NMR (150 MHz, CDCl3)  = 142.96 (C3e), 140.69 (C5a),
139.52 (C3a), 138.70 (C3d), 138.28 (C5c), 137.89 (C5e), 137.16 (C3c), 137.02 (C5b), 136.98 (C5d),
136.50 (C3b), 134.85 (C5), 130.51 (C10b), 130.08 (C10a), 129.30 (C8a), 129.18 (C12a), 129.02 (C7),
128.92 (C2), 127.73 (C1), 127.48 (C12), 127.44 (C8), 127.34 (C9), 124.22 (C10), 124.13 (C11), 124.06
(C6), 123.17 (C3), 91.87 (C4); IR (cm-1): 3048, 1597, 1508, 1453, 1339, 1107 1033, 844, 782, 752,
698; HRMS (EI): m/z calculated for C12H10BrO+ [M]+: 449.9905; found: 449.9907.
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(E/Z)-6-(2-bromostyryl)-1,4-difluorobenzo[c]phenanthrene (64): This compound was synthesized
according to literature known procedure[63] using phosphonium
bromide 49 (10 g, 16 mmol, 1.0 eq.), 2-bromobenzaldehyde (1.9 mL, 16
mmol, 1.0 eq.) and potassium tert-butoxide (2.7 g, 24 mmol, 1.5 eq.) in
dry ethanol (200 mL). Column chromatography on silica (PE/DCM = 6/1)
afforded 64 as (E/Z)-mixture as a yellow oil (6.0 g, 14 mmol, 84 %).
Stilbene 64 was used as (E/Z)-mixture in the next step without further
purification. MS (EI): m/z (rel. int.) = 446 (100%), 444 (100 %)

4-Bromo-13,16-difluorobenzo[s]picene (66): This compound was synthesized according to
literature known procedure using a 400 W water-cooled photochemical
reactor and E/Z- mixture of stilbene 64 (5.9 g, 13 mmol, 1.0 eq.), iodine
(3.7 g, 15 mmol, 1.1 eq.), propylene oxide (19 mL, 0.3 mol, 20 eq.) and
cyclohexane (ca. 380 mL). Off-white solid. (3.8 g, 8.6 mmol, 65 %).
H NMR (400 MHz, C2D2Cl4)  = 8.52 (d, J = 9.2 Hz, 1H), 8.47 – 8.40 (m,
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2H), 8.18 – 8.01 (m, 2H), 7.94 – 7.89 (m, 1H), 7.80 (d, J = 7.4 Hz, 1H),
7.60 – 7.51 (m, 2H), 7.40 – 7.28 (m, 3H); 13C NMR (100 MHz, C2D2Cl4)  = 154.85 (d, J = 251.6 Hz),
154.72 (d, J = 247.1 Hz), 132.24, 131.49 – 131.21 (m), 130.44, 130.15, 130.06, 129.81 – 129.74 (m),
129.61 – 129.49 (m, 2C), 129.47 – 129.36 (m, 2C), 127.95, 127.14, 126.39, 125.47 (dd, J = 7.9, 2.4
Hz), 123.51, 123.10, 121.85, 121.15, 120.18, 120.09 – 119.60 (m, 2C), 119.53, 114.66 (td, J = 26.1,
25.6, 10.3 Hz, 2C). 19F NMR (377 MHz, C2D2Cl4)  = -103.53 (dt, J = 27.8, 9.7 Hz), -103.81 (dt, J = 16.3,
11.1 Hz). MS (EI): m/z (rel. int.) = 444 (100%), 442 (100 %).

1-Bromo-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (62): This compound was synthesized according
to literature known procedure. γ- Al2O3 (3.0 g) was activated in heavywalled Schott-Duran glassware at 550 °C for 30 minutes in vacuum (103

mbar). After cooling to 150 °C and refilling with nitrogen, fluoroarene

65 (50 mg, 113 µmol) was added. The vessel was sealed and heated to
280 °C and kept at this temperature until full consumption of starting
material was detected by EI-MS (usually 1.5 – 3 h). After cooling to
room temperature, the product was separated from Al2O3 by Soxhlet extraction using DCM. 62 was
isolated as red solid (41 mg, 102 µmol, 90 %).
H NMR (400 MHz, CDCl3)  = 8.09 (d, J = 8.8 Hz, 1H, H), 8.06 (d, J = 8.7 Hz, 1H, H), 7.84 (d, J = 8.8
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Hz, 1H, H), 7.78 (d, J = 8.7 Hz, 1H, H), 7.69 (d, J = 6.9 Hz, 1H, H), 7.64 (d, J = 8.1 Hz, 1H, H), 7.60 (d, J
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= 7.3 Hz, 1H, H), 7.57 (d, J = 7.3Hz, 1H, H), 7.54 (d, J = 7.4 Hz, 1H, H), 7.46 (d, J = 7.4 Hz, 1H, H), 7.40
(dd, J =8.2, 6.9 Hz, 1H, H). In accordance with literature.[63]; 13C NMR (100 MHz, CDCl3)  = 139.21,
139.09, 138.68, 138.64, 138.17, 138.14, 137.90, 136.82, 131.54, 130.46, 129.68, 129.37, 129.10,
128.96, 128.12, 127.15, 126.97, 126.09, 125.88 , 125.70, 125.23, 124.31, 124.07, 123.70, 122.07; IR
(cm-1): 2921, 1610, 1478, 1451, 1416, 1380, 1250, 1189, 1166, 1130, 1106, 986, 951, 904, 868, 842,
822, 799, 778, 747, 703, 679; MS (EI): m/z (rel. int.) = 404 (100%), 402 (100 %).

General procedure A for C-1 substitution (Sonogashira coupling)
A Schlenk flask purged with nitrogen was charged with Br-Idpc (1 eq.), CuI (0.025 eq.), PdCl2(PPh3)2
(0.05 eq.), diisopropylamine (2 eq.), and the corresponding phenylacetylene (1.20 eq.). THF was
added and the mixture was degassed by three freeze-pump-thaw cycles. Afterwards, the reaction
mixture was heated to reflux until full consumption of starting material was detected by TLC. The
volatiles were removed under reduced pressure and the residue was extracted with brine (100 mL)
and CH2Cl2 (3 x 50 mL). The combined organic phases were dried over magnesium sulfate, filtered,
and the residue was purified by silica gel chromatography using a mixture of toluene/CH2Cl2 (5:2) as
eluent.

General procedure B for C-1 substitution (Suzuki coupling)
A Schlenk flask purged with nitrogen was charged with Idpc-Br (1 eq.), Pd(PPh3)4 (0.01 eq.), sodium
carbonate (3 eq.), and the corresponding phenylboronic acid (1.5 eq) in a 1,4-dioxane/H2O solution.
The reaction mixture was degassed by bubbling nitrogen via cannula through the mixture for 15
min. Then, the reaction mixture was heated under reflux conditions until full consumption of
starting material was detected by TLC. The solvent was removed under reduced pressure and the
residue was dissolved in CH2Cl2 (100 mL) and washed with saturated bicarbonate solution (100 mL)
and brine (100 mL). The organic phase was dried over magnesium sulfate, filtered, and the residue
was purified by silica gel chromatography using PE/CH2Cl2 (3:1) as eluent.

1-Phenyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (277a): Compound 277a was synthesized
according to general procedure B using Idpc-Br (80.0 mg, 0.20
mmol, 1.00 eq.), Pd(PPh3)4 (2.3 mg, 0.01 eq.), sodium carbonate
(63.0 mg, 0.60 mmol, 3 eq.) and phenylboronic acid (36.3 mg,
1.5 eq) in a 1,4-dioxan/H2O (14:1) solution (50 mL). Orange
solid (67.0 mg, 0.17 mmol, 84%).
H NMR (600 MHz, C2D2Cl4)  = 8.05 (d, 3JHH = 8.8 Hz, 1H, H10),
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8.04 (d, 3JHH = 8.9 Hz, 1H, H11), 7.86 (d, 3JHH = 8.9 Hz, 1H, H12),
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7.74 (d, 3JHH = 8.7 Hz, 1H, H9), 7.73 (d, 3JHH = 7.2 Hz, 1H, H3), 7.67 (d, 3JHH = 6.9 Hz, 1H, H6), 7.64 (bs,
2H, H4 + H5), 7.63 – 7.58 (m, 3H, H8 + H2’ + H6’), 7.50 – 7.45 (m, 2H, H3’ + H5’), 7.43 – 7.40 (m, 1H,
H4’), 7.38 (d, 3JHH = 7.2 Hz, 1H, H2) 7.36 (dd, 3JHH = 8.2, 7.0 Hz, 1H, H7); 13C NMR (150 MHz, C2D2Cl4)
 = 140.59 (C1), 138.85 (C1’), 138.71 (Cq), 138.54 (Cq), 138.17 (Cq), 138.14 (Cq), 138.02 (Cq), 138.00
(2C, Cq), 137.77 (Cq), 137.05 (Cq), 136.42 (Cq), 129.74 (C10b), 129.69 (C10a),129.68 (2C, C2’ + C6’),
129.00 (C2), 128.94 (C8a), 128.88 (C7), 128.55 (2C, C3’ + C5’), 127.69 (C4’), 127.12 (C12a), 126.93
(C9), 126.74 (C8), 126.17 (C12), 125.67 (C5), 125.43 (C4), 124.19 (C10), 123.94 (C11), 123.82 (C3),
123.58 (C6); IR (cm-1) 2891, 1856, 1547, 1480, 1392, 1254, 1137, 1100, 1071, 1011, 940, 799, 781,
752, 704; MS (EI): m/z (rel. int.) = 400 (100%), 323 (40 %); HRMS (EI) m/z Calcd for C32H16 [M]+:
400.1252. Found: 400.1256.

1-Anisyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (277b): Compound 277b was synthesized
according to general procedure B using Idpc-Br (80.0 mg,
0.20 mmol, 1.00 eq.), Pd(PPh3)4 (2.30 mg, 0.01 eq.), sodium
carbonate (63.0 mg, 0.60 mmol, 3.00 eq.) and 4methoxyphenylboronic acid (45.2 mg, 1.50 eq.) in a 1,4dioxan/H2O (14:1) solution (50 mL). Orange solid (67.5 mg,
0.16 mmol, 79 %).
H NMR (600 MHz, C2D2Cl4)  = 8.03 (d, 3JHH = 8.7 Hz, 1H,

1

H10), 8.02 (d, 3JHH = 9.0 Hz, 1H, H11), 7.86 (d, 3JHH = 8.8 Hz, 1H, H12), 7.72 (d, 3JHH = 8.7 Hz, 1H, H9),
7.70 (d, 3JHH = 7.2 Hz, 1H, H3), 7.65 (d, 3JHH = 6.9 Hz, 1H, H6), 7.61 (s, 2H, H4 + H5), 7.58 (d, 3JHH = 8.1
Hz, 1H, H8), 7.55 (d, 3JHH = 8.6 Hz, 2H, H2’), 7.34 (dd, 3JHH = 8.0, 7.0 Hz, 2H, H2 + H7), 7.02 (d, 3JHH =
8.6 Hz, 2H, H3’), 3.84 (s, 3H, OMe); 13C NMR (150 MHz, C2D2Cl4)  = 159.15 (C4’), 140.26 (C1), 138.71
(Cq), 138.37 (Cq), 138.16 (Cq), 138.08 (Cq), 137.99 (Cq), 137.91 (Cq), 137.70 (Cq), 137.53(Cq), 137.10
(Cq), 136.38 (Cq), 131.34 (C1’), 130.81 (2C, C2’), 129.66 (C10b), 29.64 (C10a), 128.90 (C8a), 128.83
(C7), 128.59 (C2), 127.19 (C12a), 126.86 (C9), 126.67 (C8), 126.24 (C12), 125.62 (C5), 125.27 (C4),
124.06 (C11), 123.91 (C10), 123.87 (C3), 123.50 (C6), 114.01 (2C, C3’), 55.39 (OMe); 1H NMR (400
MHz, CDCl3)  = 8.09 (dd, J = 8.5 Hz, 2H, H10 + H11), 7.91 (d, J = 8.8 Hz, 1H, H12), 7.77 (d, J = 8.7 Hz,
1H, H9), 7.74 (d, J = 7.1 Hz, 1H, H3), 7.71 (d, J = 6.9 Hz, 1H, H6), 7.67 (s, 2H, H4 + H5), 7.64 (d, J = 8.1
Hz, 1H, H8), 7.61 (d, J = 8.6 Hz, 2H, H2’), 7.40 (dd, J = 8.0, 6.9 Hz, 1H, H7), 7.38 (d, J = 7.0 Hz, 1H, H2),
7.08 (d, J = 8.6 Hz, 2H, H3’), 3.91 (s, 3H, OMe); 13C NMR (100 MHz, CDCl3)  = 159.56 (C4’), 140.57
(C1), 139.18 (Cq), 138.76 (Cq), 138.61 (Cq), 138.56 (Cq), 138.49 (Cq), 138.40 (Cq), 138.16 (Cq),
138.00 (Cq), 137.58 (Cq), 136.87 (Cq), 131.83 (C1’), 131.03 (2C, C2’), 130.07 (C10b), 130.04 (C10a),
129.24 (C8a), 128.90 (C7), 128.68 (C2), 127.59 (C12a), 126.96 (C9), 126.78 (C8), 126.40 (C12),
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125.69 (C5), 125.34 (C4), 124.28 (C11), 124.12 (C10), 123.81 (C3), 123.48 (C6), 114.20 (2C, C3’),
55.56 (OMe); IR (cm-1) 2981, 1856, 1607, 1515, 1480, 1247, 1178, 1101, 951, 809; MS (EI): m/z (rel.
int.) = 430 (100 %), 399 (50 %), 323(30 %).

1-(4-Nitrophenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(277c):Compound

277c

was

synthesized according to general procedure B using Idpc-Br
(80.0 mg, 0.20 mmol, 1.00 eq.), Pd(PPh3)4 (2.3 mg, 0.01 eq.),
sodium carbonate (63.0 mg, 0.60 mmol, 3 eq.) and 4nitrophenylboronic acid (49.7 mg, 1.5 eq) in a 1,4-dioxan/H2O
(2:1) solution (50 mL). Red solid (73.3 mg, 0.16 mmol, 83 %).
H NMR (600 MHz, C2D2Cl4)  = 8.31 (d, 3JHH = 8.2 Hz, 2H,

1

H3’), 8.09 – 8.02 (m, 2H, H10 + H11 ), 7.76 - 7.71 (m, 5H, H3
+ H9 + H12 + H2’), 7.68 (d, 3JHH = 6.9Hz, 1H, H6), 7.65 (s, 2H), 7.61 (d, 3JHH = 8.0 Hz, 1H, H8), 7.38 (d,
JHH = 7.1 Hz, 1H, H2), 7,37 (dd, 3JHH = 7.9, 6.9 Hz, 1H, H7); 13C NMR (150 MHz, C2D2Cl4)  =146.98
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(C4‘), 145.80 (C1‘) , 139.44 (C1),, 138.97 (Cq), 138.58 (Cq), 138.17 (Cq), 138.03 (Cq), 137.86 (Cq),
137.76 (Cq), 137.72 (Cq), 137.02 (Cq), 136.38 (Cq), 130.41 (2C, C3’), 129.97 (C10b), 129.54 (C2),
129.02 (C7), 129.00 (C10a), 128.19 (C8a), 127.08 (C3), 126.91 (C8), 126.49 (C12a), 125.84 (2C, C4 +
C5), 125.11 (C10), 124.96 (C9), 123.91 (C12), 123.82 (2C, C2’), 123.77 (C11), 123.57 (C6); IR (cm-1)
3035, 1922, 1730, 1593, 1509, 1421, 1341, 1107, 1012, 953, 861, 837, 823, 801, 782, 753, 702; MS
(EI): m/z (rel. int.) = 445 (100 %), 399 (30 %), 323 (60 %).

1-(2-Fluorophenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(277d):

Compound

277d

was

synthesized according to general procedure B using Idpc-Br
(80.0 mg, 0.20 mmol, 1.00 eq.), Pd(PPh3)4 (2.30 mg, 0.01 eq.),
sodium carbonate (63.0 mg, 0.60 mmol, 3.00 eq.) and 2fluorophenylboronic acid (41.6 mg, 1.50 eq.) in a 1,4dioxan/H2O (14:1) solution (50 mL). orange solid (74.5 mg,
0.18 mmol,89%).
H NMR (600 MHz, C2D2Cl4)  = 8.01 (d, 3JHH = 8.7 Hz, 1H,

1

H10), 8.00 (d, 3JHH = 8.9 Hz, 1H, H11), 7.73 – 7.70 (m, 2H, H3 + H9), 7.65 (d, 3JHH = 6.9 Hz, 1H, H6),
7.62 (dd, 3JHH = 8.9, 2.2 Hz, 1H, H12), 7.60 (bs, 2H, H4 + H5), 7.58 (d, 3JHH = 8.1 Hz, 1H, H8), 7.46 (dd,
3

JHH = 7.5, 1.7 Hz, 1H, H6’), 7.41 (ddd, J = 9.9, 4.9 , 2.3 Hz, 1H, H4’), 7.37 (d, 3JHH = 7.1 Hz, 1H, H2),

7.34 (dd, 3JHH = 8.1, 7.0 Hz, 1H, H7), 7.25 (m, 1H, H5’), 7.21 (m, 1H, H3’); 19F NMR (375 MHz, C2D2Cl4)
 = -113.88; 13C NMR (150 MHz, C2D2Cl4)  = 159.61 (d, J = 247.5 Hz, C2’), 138.70 (Cq), 138.62 (Cq),,
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138.61 (Cq), 138.13 (Cq), 138.09 (Cq), 138.01 (Cq), 137.94 (Cq), 137.76 (Cq), 136.66 (Cq), 136.39
(Cq), 134.08 (C1), 132.17 (d, J = 3.3 Hz, C6’), 130.18 (C2), 129.79 (C10b), 129.74 (C7), 129.62 (C10a),
128.87 (d, J = 6.8 Hz, C4’), 128.85 (C8a), 127.60 (C12a) , 126.90 (C9), 126.75 (C8), 126.27 (d, J = 15.3
Hz, C1’), 125.99 (d, J = 2.3 Hz, C12) , 125.64 (C5), 125.57 (C4), 124.29 (d, J = 3.5 Hz, C5’), 124.16
(C11), 123.88 (C10), 123.59 (C6), 123.49 (C3), 115.93 (d, J = 22.2 Hz, C3’); IR (cm-1) 2957, 2874, 1464,
1381, 1251, 1129, 1097, 1073, 1004, 943, 793, 779, 753, 739; MS (EI): m/z (rel. int.) = 418 (100 %),
399 (80 %), 323 (30 %).

1-(2-Chlorophenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(277e):

Compound

277e

was

synthesized according to general procedure B using Idpc-Br
(80.0 mg, 0.20 mmol, 1.00 eq.), Pd(PPh3)4 (2.30 mg, 0.01 eq.),
sodium carbonate (63.0 mg, 0.60 mmol, 3.00 eq.) and 2chlorophenylboronic acid (46.5 mg, 1.50 eq.) in a 1,4dioxan/H2O (14:1) solution (50 mL). Orange solid (75. 0 mg,
0.17 mmol, 87 %)
H NMR (600 MHz, CDCl3)  = 8.11 (d, 3JHH = 8.7 Hz, 1H, H10),

1

8.07 (d, 3JHH = 8.8 Hz, 1H, H11), 7.79 (d, 3JHH = 8.7 Hz, 1H, H9), 7.78 (d, 3JHH = 7.1 Hz, 1H, H3), 7.73 (d,
3

JHH = 6.9 Hz, 1H, H6), 7.72 – 7.68 (m, 2H, H4 + H5), 7.65 (d, 3JHH = 8.0 Hz, 1H, H8), 7.59 – 7.56 (m,

1H, H3’), 7.53 (d, 3JHH = 8.8 Hz, 1H, H12), 7.45 – 7.43 (m, 1H, H6’), 7.43 – 7.38 (m, 3H, H7 + H4’ +
H5’), 7.34 (d, 3JHH = 7.1 Hz, 1H, H2); 13C NMR (150 MHz, CDCl3)  = 139.17 (Cq), 139.07 (Cq), 139.00
(Cq), 138.80 (Cq), 138.68 (Cq), 138.67 (Cq), 138.60 (Cq), 138.37 (Cq), 138.03 (C1’), 137.91 (C1),
137.00 (Cq), 136.93 (Cq), 133.83 (C2’), 132.30 (C6’), 130.24 (C10b), 130.15 (C10a), 130.03 (C2),
129.99 (C3’), 129.33 (C4’), 129.26 (C8a), 128.94 (C7), 128.01 (C12a), 127.06 (C9), 126.88 (C8),
126.80 (C5’), 126.17 (C12), 125.75 (C5), 125.73 (C4), 124.32 (C11), 124.15 (C10), 123.58 (C6), 123.30
(C3); IR (cm-1) 2923, 2360, 1511, 1412, 1241, 1134, 1015, 960, 821, 808, 756; MS (EI): m/z (rel. int.)
= 434 (100 %), 399 (50 %), 323 (30 %).

1-(3,5-Dimethoxyphenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (277f): Compound 277f was
synthesized according to general procedure B using IdpcBr (80.0 mg, 0.20 mmol, 1.00 eq.), Pd(PPh3)4 (2.3 mg, 0.01
eq.), sodium carbonate (63.0 mg, 0.60 mmol, 3 eq.) and
3,5-dimethoxyphenylboronic acid (54.1 mg, 1.5 eq) in a
1,4-dioxan/H2O (14:1) solution (50 mL). Orange solid (69.4
mg, 0.16 mmol, 76 %).

189

190

Experimental Section

H NMR (600 MHz, C2D2Cl4)  = 8.03 (d, 3JHH = 8.8 Hz, 1H, H11), 8.03 (d, 3JHH = 8.8 Hz, 1H, H10) 7.91

1

(d, 3JHH = 8.9 Hz, 1H, H12), 7.72 (d, 3JHH = 8.7 Hz, 1H, H9), 7.71 (d, 3JHH = 7.3Hz, 1H, H3), 7.66 (d, 3JHH
= 6.9 Hz, 1H, H6), 7.62 (s, 2H, H4 + H5), 7.59 (d, 3JHH = 8.1 Hz, 1H, H8), 7.38 (d, 3JHH = 7.2 Hz, 1H, H2),
7.34 (dd, 3JHH = 8.2, 7.0 Hz, 1H, H7), 6.75 (d, 4JHH = 2.3 Hz, 2H, H2’), 6.52 (t, 4JHH = 2.3 Hz, 1H, H4’).
3.81 (s, 6H, 2x OMe); 13C NMR (150 MHz, C2D2Cl4)  = 160.53 (2C, C3‘), 140.95 (C1‘), 140.38 (C1),
138.67 (Cq), 138.54 (Cq), 138.16 (Cq), 138.10 (2C, Cq), 137.97 (2C, Cq), 137.73 (Cq), 136.99 (Cq),
136.39 (Cq), 129.74 (C10b), 129.62 (C10a), 128.91 (C8a), 128.86 (C2), 128.79 (C7), 127.03 (C12a),
126.90 (C9), 126.73 (C8), 126.13 (C12), 125.64 (C5),, 125.43 (C4), 124.20 (C11), 123.91 (C10), 123.69
(C3), 123.56 (C6), 107.91 (C2‘), 99.64 (C4‘), 55.50 (2C, 2x OMe); 1H NMR (400 MHz, CDCl3)  = 8.07
(d, J = 8.8 Hz, 2H, H10 + H11), 7.94 (d, J = 8.9 Hz, 1H, H12), 7.75 (d, J = 8.7 Hz, 1H, H9), 7.73 (d, J =
7.1 Hz, 1H, H3), 7.69 (d, J = 6.9 Hz, 1H, H6), 7.64 (s, 2H, H4 + H5), 7.62 (d, J = 8.1 Hz, 1H, H8), 7.42
(d, J = 7.1 Hz, 1H, H2), 7.38 (dd, J = 8.1, 6.9 Hz, 1H, H7), 6.81 (d, J = 2.3 Hz, 2H, H2’), 6.58 (t, J = 2.3
Hz, 1H, H4’), 3.89 (s, 6H, 2x OMe); 13C NMR (100 MHz, CDCl3)  = 160.94 (2C, C3‘), 141.39 (C1‘),
140.70 (C1), 139.12 (Cq), 138.87 (Cq), 138.58 (Cq), 138.51 (Cq), 138.47 (Cq), 138.40 (Cq), 138.38
(Cq), 138.12 (Cq), 137.44 (Cq), 136.83 (Cq), 130.09 (C10b), 129.97 (C10a), 129.22 (C8a), 128.88 (C2),
128.83 (C7), 127.39 (C12a), 126.95 (C9), 126.80 (C8), 126.26 (C12), 125.67 (C5), 125.45 (C4), 124.40
(C11), 124.09 (C10), 123.61 (C3), 123.50 (C6), 108.13 (C2’), 99.86 (C4’), 55.66 (2C, 2x OMe); IR (cm1

) 2956, 1592, 1455, 1421, 1264, 1204, 1155, 1066, 896, 810, 728; MS (EI): m/z (rel. int.) = 460 (100

%) 323 (40 %).

1-(3,5-Di(trifluoromethyl)phenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(277g):

Compound

277g was synthesized according to general procedure B
using Idpc-Br (80.0 mg, 0.20 mmol, 1.00 eq.), Pd(PPh3)4
(2.30 mg, 0.01 eq.), sodium carbonate (63.0 mg, 0.60
mmol, 3.00 eq.) and 3,5-methoxyphenylboronic acid (76.7
mg, 1.50 eq.) in a 1,4-dioxan/H2O (14:1) solution (50 mL).
Orange solid (67.5 mg, 0.16 mmol, 79 %).
H NMR (400 MHz, CDCl3)  = 8.12 – 8.09 (m, 3H, H11 +

1

H2’), 8.07 (d, J = 8.7 Hz, 1H, H10), 7.98 (bs, 1H, H4’), 7.78 (d, J = 8.7 Hz, 1H, H9), 7.75 (d, J = 7.1 Hz,
1H, H3), 7.72 (d, J = 6.9 Hz, 1H, H6), 7.69 (d, J = 8.8 Hz, 1H, H12), 7.66 (s, 2H, H4 + H5), 7.65 (d, J =
8.1 Hz, 1H, H8), 7.41 (dd, J = 8.1, 6.9 Hz, 1H, H7). 7.40 (d, J = 7.1 Hz, 1H, H2).
F NMR (375 MHz, C2D2Cl4)  = -62.22.

19

C NMR (100 MHz, CDCl3)  = 141.48 (C1’), 139.96 (Cq), 139.36 (Cq), 139.04 (Cq), 138.58 (Cq),

13

138.43 (Cq), 138.32 (Cq), 138.24 (Cq), 138.02 (Cq), 137.47 (Cq), 137.11 (Cq), 136.82 (C1), 132.13 (q,
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2

JCF = 33.3 Hz, (2C, C3’), 130.31 (C10b), 129.82(C10a), 129.80 (m, 2C, C2’), 129,60 (C2), 129.34(C8a),

129.08 (C7), 127.16 (C9), 127.02 (C8), 126.69 (C12a), 125.89 (C5), 125.88 (C4), 125.37 (C11), 124.71
(C12), 124.07 (C10), 123.75 (C6), 123.47 (C3), 123.51 (q, 1JCF = 272.9 Hz, C5’) 121.51-121.49 (hept,
3

JCF = 3.6 Hz, C4’).
IR (cm-1) 2957, 2875, 1464, 1421, 1382, 1215, 1149, 1065, 892, 807, 731.
MS (EI): m/z (rel. int.) = 536 (100 %) 467 (30 %) 398 (20 %), 323 (50 %).

1-Ferrocenyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (277h): Compound 277h was synthesized
according to general procedure B using Idpc-Br (80.0 mg, 0.20
mmol, 1.00 eq.), Pd(PPh3)4 (2.3 mg, 0.01 eq.), sodium
carbonate (63.0 mg, 0.60 mmol, 3 eq.) and ferroceneboronic
acid (68.4 mg, 1.5 eq) in a 1,4-dioxane/H2O (14:1) solution (50
mL). Red solid (84.7 mg, 0.17 mmol, 84 %). Crystals suitable
for X-ray diffraction were grown by slow diffusion of n-hexane
into a concentrated solution of 277h in CH2Cl2.
H NMR (600 MHz, C2D2Cl4):  = 8.38 (d, 3JHH = 8.9 Hz, 1H, H12), 8.13 (d, 3JHH = 8.9 Hz, 1H, H11),

1

8.11 (d, 3JHH = 8.8 Hz, 1H, H10), 7.78 (d, 3JHH = 8.7 Hz, 1H, H9), 7.69 (d, 3JHH = 6.9 Hz, 1H, H6), 7.65 (d,
3

JHH = 7.4 Hz, 1H, H5), 7.62j (d, 3JHH = 7.7 Hz, 2H, H8 + H4), 7.59 (d, 3JHH = 7.3 Hz, 1H, H3), 7.48 (d, 3JHH

= 7.4 Hz, 1H, H2), 7.37 (t, 3JHH = 7.5 Hz, 1H, H7), 4.82 (s, 2H, H2’), 4.46 (s, 2H, H3’), 4.13 (s, 5H, H4’);
C NMR (150 MHz, C2D2Cl4)  = 138.80 (Cq), 138.45 (Cq), 138.29 (Cq), 138.21 (Cq), 138.09 (Cq),

13

138.07 (Cq), 137.81 (Cq), 137.61 (Cq), 137.08 (C1), 136.87 (Cq), 136.44 (Cq), 129.61 (C10a), 129.50
(C10b), 128.96 (C8a), 128.90 (C7), 128.34 (C2), 127.33 (C12a), 126.93 (C9), 126.68 (C8), 126.41
(C12), 125.67 (C5), 125.07 (C4), 123.99 (C10), 123.61 (C3), 123.55 (C6), 123.50 (C11), 74.04 (C1’),
70.33 (5C, C4’), 69.73 (2C, C2’), 69.64 (2C, C3’); IR (cm-1) 2958, 2875, 1463, 1382, 1251, 1151, 1073,
956, 817, 740; MS (EI): m/z (rel. int.) = 508 (100 %), 323 (60 %); HRMS (EI) m/z Calcd for C36H20Fe
[M]+: 508.0914. Found: 508.0916.
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1-(phenylethynyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(277i):

Compound

277i

was

synthesized according to general procedure A using IdpcBr (0.1 g, 0.24 mmol, 1.00 eq.), CuI (1.2 mg, 0.025 eq.),
PdCl2(PPh3)2 (7.2 mg, 0.05 eq.), diisopropylamine (0.1 mL,
2.00 eq.) and phenylacetylene (0.04 mL, 0.29 mmol, 1.20
eq.). Red solid (90.4 mg, 0.21 mmol, 89 %).
H NMR (600 MHz, C2D2Cl4)  = 8.12 (d, J = 8.8 Hz, 1H,

1

H11), 8.07 (d, J = 8.7 Hz, 1H, H10), 8.05 (d, J = 8.7 Hz, 1H,
H12), 7.77 (d, J = 8.7 Hz, 1H, H9), 7.68 (d, J = 6.9 Hz, 1H,
H6), 7.64 (d, J = 7.2 Hz, 1H, H3), 7.63 – 7.60 (m, 4H, H4 + H5 + H3’ ), 7.57 (d, J = 7.2 Hz, 1H, H2), 7.39
– 7.32 (m, 4H, H7 + H8, H2’), 7.28 – 7.22 (m, 1H, H4’); 13C NMR (150 MHz, C2D2Cl4)  = 138.89 (Cq),
138.71 (Cq), 138.57 (Cq), 138.19 (Cq), 138.07 (Cq), 138.05 (Cq), 138.01 (Cq), 137.84 (Cq), 136.44
(Cq), 136.33 (Cq), 132.83 (C2), 131.73 (2C, C2’), 130.23 (C10b), 129.73 (C10a), 129.06 (C12a), 128.
99 (C7), 128.98 C8a), 128.70 (C4’), 128.47 (2C, C3’), 127.07 (C9), 126.89 (C8), 125.85 (C5), 125.77
(C4), 125.55 (C12) , 124.55 (C11), 123.97 (C10), 123.75 (C6), 123.34 (C3), 122.82 (C1’), 120.72 (C1),
95.31 (Cac2), 87.05 (Cac1); IR (cm-1) 2957, 2873, 1463, 1380, 1209, 1138, 1067, 955, 836, 812, 741;
MS (EI): m/z (rel. int.) = 424 (100 %), 323 (40 %).

1-(4-Nitrophenylethynyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (277j): Compound 277j was
synthesized according to general procedure A using IdpcBr (0.1 g, 0.24 mmol, 1.00 eq.), CuI (1.2 mg, 0.025 eq.),
PdCl2(PPh3)2 (7.2 mg, 0.05 eq.), diisopropylamine (0.1 mL,
2.00 eq.) and 4-nitrophenylacetylene (43.0 mg, 0.29
mmol, 1.20 eq.). Red solid (93.5 mg, 0.20 mmol, 83 %).
H NMR (600 MHz, C2D2Cl4)  = 8.19 (d, J = 8.7 Hz, 2H,

1

H3’), 8.13 (d, J = 8.8 Hz, 1H, H11), 8.07 (d, J = 8.7 Hz, 1H,
H10), 8.00 (d, J = 8.7 Hz, 1H, H12), 7.77 (d, J = 8.7 Hz, 1H,
H9), 7.73 (d, J = 8.8 Hz, 2H, H2’), 7.69 (d, J = 6.9 Hz, 1H, H6), 7.66 (d, J = 7.2 Hz, 1H, H3), 7.64 – 7.59
(m, 4H, H2 + H4 + H5 + H8), 7.46 (dd, J = 8.1, 6.9 Hz, 1H, H7); 13C NMR (150 MHz, C2D2Cl4)  = 146.81
(C4’), 139.75 (Cq), 139.20 (Cq), 138.50 (Cq), 138.22 (Cq), 138.10 (Cq), 138.02 (Cq), 137.89 (Cq),
137.83 (Cq), 136.44 (Cq), 136.33 (Cq), 133.69 (C2), 132.41(2C, C2’), 130.36 (C10b), 129.99 (C1’),
129.66 (C10a), 129.06 (C7), 129.03 (C8a), 128.90 (C12a), 127.16 (C9), 127.00 (C8), 126.11 (C5),
125.85 (C4), 125.22 (C12), 124.92 (C11), 123.94 (C10), 123.86 (C6), 123.65(2C, C3’), 123.20 (C3),
119.34 (C1), 93.13 (Cac2), 92.44 (Cac1); IR (cm-1): 3046, 1902, 1859, 1547, 1480, 1421, 1392, 1253,
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1136, 1099, 1071, 1010, 940, 890, 857, 816, 798, 778, 751, 704; MS (EI): m/z (rel. int.) = 469 (100
%), 323 (30 %); Anal. Calcd for C34H15NO2: 86.98 % (C), 3.22 % (H), 2.98 % (N), Found: 86.69 % (C),
3.55 % (H), 3.09 % (N).

1-(4-Bromophenylethynyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (277k): Compound 277k was
synthesized according to general procedure A using IdpcBr (0.1 g, 0.24 mmol, 1.00 eq.), CuI (1.2 mg, 0.025 eq.),
PdCl2(PPh3)2 (7.2 mg, 0.05 eq.), diisopropylamine (0.1 mL,
2.00 eq.) and 4-bromophenylacetylene (53.0 mg, 0.29
mmol, 1.20 eq.). Red solid (102 mg, 0.20 mmol, 82 %).
H NMR (600 MHz, C2D2Cl4)  = 8.10 (d, J = 8.8 Hz, 1H,

1

H11), 8.06 (d, J = 8.6 Hz, 1H, H10), 8.00 (d, J = 8.7 Hz, 1H,
H12), 7.76 (d, J = 8.7 Hz, 1H, H9), 7.68 (d, J = 6.8 Hz, 1H,
H6), 7.64 – 7.58 (m, 4H, H3 + H4 + H5 + H8), 7.56 (d, J = 7.2 Hz, 1H, H2), 7.52 – 7.44 (m, 4H, H2’ +
H3’), 7.37 (t, J = 7.5 Hz, 1H, H7); 13C NMR (150 MHz, C2D2Cl4)  = 138.94 (2C, Cq), 138.56 (Cq), 138.18
(Cq), 138.05 (Cq), 137.98 (2C, Cq), 137.83 (Cq), 136.43 (Cq), 136.32 (Cq), 133.13 (2C, C2’), 132.96
(C2), 131.67 (2C, C3’), 130.24 (C10b), 129.68 (C10a), 129.00 (C7), 128.99 (8a), 128.95 (12a), 127.07
(C9), 126.91 (C8), 125.88 (C5), 125.77 (C4), 125.42 (C12), 124.61 (C11), 123.94 (C10), 123.76 (C6),
123.29 (C3), 122.78 (1’), 121.89 (4’), 120.31 (C1), 94.14 (Cac2), 88.20 (Cac1); IR (cm-1) 3046, 2210,
1871, 1859, 1547, 1480, 1421, 1392, 1253, 1137, 1099, 1071, 1010, 940, 890, 857, 816, 798, 778,
751, 704; MS (EI): m/z (rel. int.) = 504 (95 %), 502 (100 %), 423 (40 %), 323 (30 %).

1-(Ferrocenylethynyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene: Compound 277l was synthesized
according to general procedure A using Idpc-Br (83.0 mg,
0.21 mmol, 1.00 eq.), CuI (1.0 mg, 0.025 eq.), PdCl2(PPh3)2
(7.0 mg, 0.05 eq.), diisopropylamine (0.1 mL, 2.00 eq.)
and ethynylferrocene (52.0 mg, 0.25 mmol, 1.20 eq.). Red
solid (101 mg, 0.19 mmol, 92 %).
H NMR (500 MHz, C2D2Cl4)  = 8.12 (d, J = 8.8 Hz, 1H,

1

H11), 8.06 (d, J = 8.7 Hz, 1H, H10), 8.01 (d, J = 8.8 Hz, 1H,
H12), 7.76 (d, J = 8.7 Hz, 1H, H9), 7.67 (d, J = 7.0 Hz, 1H, H6), 7.63 – 7.57 (m, 4H, H3 + H4 + H5 + H8
), 7.51 (d, J = 7.3 Hz, 1H, H2), 7.36 (dd, J = 8.1, 7.0 Hz, 1H, H7), 4.58 (t, J = 1.8 Hz, 2H, H2’), 4.27 (t, J
= 1.8 Hz, 2H, H3’), 4.25 (s, 5H, H4’); 13C NMR (125 MHz, C2D2Cl4)  = 138.66 (Cq), 138.64(Cq), 138.18
(Cq), 138.16 (Cq), 138.05 (Cq), 137.97 (Cq), 137.94 (Cq), 137.79 (Cq), 136.44 (Cq), 136.38 (Cq),
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132.21 (C2), 130.14 (C10b), 129.71 (C10a), 129.08 (C12a), 128.97 (C8a), 128.93 (C7), 127.01 (C9),
126.82 (C8), 125.72 (C5), 125.64 (C4), 125.58 (C12), 124.36 (C11), 123.93 (C10), 123.65 (C6), 123.44
(C3), 121.68 (C1), 95.04 (Cac2), 83.35 (Cac1), 71.69 (2C, C2’), 70.13 (5C, C4’), 69.30 (2C, C3’), 64.74
(C1’); IR (cm-1) 2958, 2875, 1463, 1382, 1149, 956, 801 752, 739; MS (EI): m/z (rel. int.) = 532 (100
%), 323 (40 %); HRMS (EI) m/z Calcd for C38H20Fe [M]+: 532.0914. Found: 532.0921.

4-Ferrocenyl-13,16-difluorobenzo[s]picene (275):To a solution of Pd(PPh3)4 (97.0 mg, 0.08 mmol,
0.05 eq.), cesium fluoride (168 mg, 1.11 mmol, 2.2 eq.) in dry DMF
(2 mL), tri-n-butylstannylferrocene (250 mg, 0.53 mmol, 1.0 eq.), a
suspension of 66 (250 mg, 0.56 mmol, 1.1 eq.) in dry DMF (9 mL),
and copper(I)iodide (45.0 mg, 0.24 mmol, 0.5 eq.) were added. The
reaction mixture was heated at 50 °C for 15 h whilst monitoring the
reaction via EI-MS until full consumption of starting material. Upon
cooling to room temperature the reaction mixture was filtered over a short celite plug with ethyl
acetate (150 mL). The filtrate was washed with bicarbonate solution (2 x 30 mL), water (2 x 30 mL)
and brine (30 mL), dried over magnesium sulfate, filtered and concentrated under reduced pressure.
Column chromatography on silica using PE/ethyl acetate = 9:1 as eluent yielded a deep red powder.
Repeated washing with copious amounts of n-pentane yielded title compound 275 as red powder
(200 mg, 0.37 mmol, 65 %). Crystals suitable for X-ray diffraction were grown by slow diffusion of npentane into a concentrated solution of 275 in CH2Cl2.
H NMR (800 MHz, CDCl3)  = 8.75 (d, 3JHH = 9.1 Hz, 1H, H5), 8.52 (d, 3JHH = 8.8 Hz, 1H, H7), 8.47 (d,

1
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JHH = 9.1 Hz, 1H, H6), 8.23 (dd, 6JHF (through space) = 13.8 Hz, 3JHH = 8.2 Hz, 1H, H12), 8.11 (dd, 6JHF

(through space) = 13.0 Hz, 3JHH = 7.7 Hz, 1H, H1), 8.11 (d, 3JHH = 8.7 Hz, 1H, H8), 7.97 (d, 3JHH = 7.9 Hz,
1H, H9), 7.93 (d, 3JHH = 7.7 Hz, 1H, H3), 7.61 (dd, 3JHH = 8.2 Hz, 7.0 Hz, 1H, H11), 7.59 (dd, 3JHH = 7.9
Hz, 7.0 Hz, 1H, H10), 7.54 (dd, 3JHH = 9.1 Hz, 7.7 Hz, 1H, H2), 7.39 (d, 3JHH = 7.4 Hz, 1H, H14), 7.38 (d,
3

JHH = 7.4 Hz, 1H, H15), 4.74 (s, 2H, H2’ + H5’), 4.49 (s, 2H, H3’ + H4’), 4.30 (s, 5H, H6’); 19F NMR (376

MHz, CDCl3)  = -104.07 (d, 5JFF = 17.7 Hz, 1F, F16), -104.20 (d, 5JFF = 17.7 Hz, 1F, F13); 13C NMR (200
MHz, CDCl3)  = 155.34 (dd, 1JCF = 246.2 Hz, 4JCF = 1.8 Hz, C13), 155.31 (dd, 1JCF = 250.2 Hz, 4JCF = 1.7
Hz, C16), 135.55 (C4), 132.47 (C8a), 131.03 (C4a), 130.77 (d, 4JCF = 3.2 Hz, C16c), 130.35 (d, 4JCF = 3.1
Hz, C12a), 130.06 (C6b), 129.83 (d, 5JCF (through space) = 14.4 Hz, C12), 129.82 (C6a), 129.51 (C8),
128.83 (d, 5JCF (through space) = 14.2 Hz, C1), 128.40 (C3), 127.64 (C5), 127.29 (C9), 126.26 (C10),
125.36 (C11), 124.54 (C3), 123.74 (d, 3JCF = 3.0 Hz, C12b), 123.53 (d, 3JCF = 3.1 Hz, C16b), 120.54 (dd,
2

JCF = 13.7 Hz, 3JCF = 2.0 Hz, C12c), 120.27 (dd, 2JCF = 14.0 Hz, 3JCF = 2.5 Hz, C16a), 119.89 (C8),

119.37 (C6), 114.46 (dd, 2JCF = 11.8 Hz, 3JCF = 9.6 Hz, C14), 114.32 (dd, 2JCF = 12.2 Hz, 3JCF = 10.0 Hz,
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C15), 87.98 (C1’), 71.95 (C5’), 70.46 (C2’), 70.18 (5C, C6’), 68.69 (2C, C3’+4’); MS (EI): m/z (rel. int.)
= 548. (100 %), 363 (80 %).

2-(As-indaceno[3,2,1,8,7,6-pqrstuv]picen-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (277m):
Idpc-Br (100 mg, 0.25 mmol, 1.00 eq.), Pd(dppf)Cl2 (10.0 mg,
0.01 mmol, 0.05 eq.), potassium acetate (73.0 mg, 0.74 mmol,
3.00 eq.), and bis(pinacolato)diboron (94.5 mg, 0.37 mmol,
1.50 eq.) were dissolved in dry 1,4-dioxane (60 mL) and the
mixture was heated under reflux until full consumption of
starting materials (TLC). The volatiles were removed under
reduced pressure and water (200 mL) was added to the crude . The resulting mixture was extracted
with CH2Cl2 (3 x 100 mL). The organic phases were dried over magnesium sulfate, filtered, and the
solvent was removed under reduced pressure. The crude product was purified by column
chromatography on silica using a gradient system consisting of initially PE/CH 2Cl2 = 3:1 gradually
changed to CH2Cl2 as eluent to obtain boronic acid pinacol ester 277m as an orange solid (101 mg,
0.22 mmol, 90 %).
H NMR (400 MHz, CDCl3):  = 8.48 (d, 3JHH = 8.9 Hz, 1H), 8.13 (d, 3JHH = 8.9 Hz, 1H), 8.12 (d, 3JHH =
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8.7 Hz, 1H), 7.98 (d, 3JHH = 6.9 Hz, 1H), 7.78 (d, 3JHH = 8.8 Hz, 1H), 7.71 (d, 3JHH = 6.9, 2H), 7.67 – 7.66
(m, 2H), 7.65 (d, 3JHH = 8.2 Hz, 1H), 7.39 (dd, 3JHH = 8.2, 6.9 Hz, 1H), 1.44 (s, 12H); 13C NMR (100 MHz,
CDCl3)  = 141.91, 139.40, 139.06, 138.61, 138.59 138.41, 138.18, 137.97, 136.94, 136.47, 133.04,
130.25, 130.07, 129.16, 128.78, 128.68, 126.92, 126.88, 125.91, 125.43, 124.19, 124.15, 123.57,
122.70, 83.97, 25.16; IR (cm-1) 2981, 1697, 1594, 1507, 1422, 1341, 1143, 1106, 1061, 954, 807,
783, 753, 703; MS (EI): m/z (rel. int.) = 450 (100 %), 323 (60 %).

1,1'-Bis(as-indaceno[3,2,1,8,7,6-pqrstuv]picene (278): Compound 278 was synthesized according
to general procedure B using Idpc-Br (23.0
mg, 0.06 mmol, 1.00 eq.), Pd(PPh3)4 (1.0 mg,
0.01 eq.), sodium carbonate (24.0 mg, 0.22
mmol, 3.00 eq.) and boronic acid pinacol
ester 277m in a 1,4-dioxane/H2O (14:1)
solution (50 mL). (30.0 mg, 0.07 mmol, 1.2
eq.) Red solid (21.5 mg, 0.03 mmol, 60 %).
H NMR (600 MHz, C2D2Cl4):  = 8.05 (d, 3JHH = 8.6 Hz, 1H, H10), 7.99 (d, 3JHH = 8.8 Hz, 1H, H11),

1

7.83 (d, 3JHH = 6.9 Hz, 2H, H3), 7.75 (d, 3JHH = 8.6 Hz, 2H, H9), 7.73 – 7.67 (m, 8H, H4 + H5 + H6 + H12),
7.62 (d, 3JHH = 8.1 Hz, 2H, H8), 7.52 (d, 3JHH = 6.9 Hz, 2H, H2), 7.38 (t, 3JHH = 7.5 Hz, 2H, H7); 13C NMR
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(150 MHz, C2D2Cl4)  = 138.79 (Cq), 138.67 (Cq), 138.54 (Cq), 138.29 (Cq), 138.25 (Cq), 138.13 (Cq),
138.07 (Cq), 137.95 (Cq), 137.46 (C1’), 136.94 (Cq), 136.48 (Cq), 130.69 (C2), 129.95 (C10b), 129.76
(C10a), 128.98 (C8a), 128.96 (C7), 128.28 (C12a), 127.02 (C9), 126.83 (C8), 126.50 (C12), 125.80
(C5), 125.69 (C4), 124.21 (C11), 123.84 (C10), 123.68 (C6), 123.67 (C3); IR (cm-1) 3029, 2891, 2202,
1869, 1591, 1504, 1415, 1375, 1339, 1250, 1132, 1107, 951, 892, 852, 801, 780, 757, 704, 667; MS
(EI): m/z (rel. int.) = 646 (100 %), 323 (50 %).

6-bromo-N-methoxy-N-methyl-2-naphthamide (283): This compound was prepared according to
literature known procedure.[169] To a solution of 6-bromo-2-naphthoic
acid (6.52 g, 26.0 mmol, 1.0 eq.) in dry DMF (50 mL) was added N,Odimethyl hydroxylamine hydrochloride ( 3.30 g, 33.7 mmol, 1.3 eq.) in
one portion. Hünig’s base (13.3 mL, 77.9 mmol, 3.0 eq.) was added and
the resulting homogenous solution was cooled to 0 °C with an ice bath.
To the stirred solution was added HATU (15.0 g, 39.5 mmol, 1.5 eq.) portionwise over 15 minutes.
The reaction was stirred at this temperature for another 15 minutes before it was warmed to room
temperature and stirred for another 12 hours. Diethyl ether (150 mL) was added and the mixture
was washed with water (5 x 100 mL) and brine (100 mL). The organic layer was dried over
magnesium sulfate, filtered off from the drying agent and the solvent was removed under reduced
pressure. The Weinreb amide 283 was obtained as a cream-colored solid (7.38 g, 25.1 mmol, 97 %)
H NMR (400 MHz, CDCl3)  = 8.18 (bs, 1H), 8.03 – 8.01 (d, J = 1.8 Hz 1H), 7.79 – 7.73 (m, 3H), 7.59

1

(dd, J = 8.7, 2.0 Hz, 1H), 3.55 (s, 3H), 3.41 (s, 3H); 13C NMR (100 MHz, CDCl3)  = 169.59, 135.30,
131.94, 131.04, 130.55, 130.10, 129.93, 128.75, 126.82, 126.32, 121.75, 61.30, 33.85. In
Accordance with literature.[169]

6-Bromo-2-acetonaphtone (284): This compound was prepared according to literature known
procedure.[169] Weinreb amide 283 (5.00 g, 17.0 mmol, 1.0 eq.) was
dissolved in anhydrous THF (35 mL) and cooled to 0 °C. A solution of
methylmagnesium bromide in diethyl ether (3.0 M, 12.5 mL, 37.4 mmol,
2.2 eq.) was added dropwise over a period of 15 min, causing a white solid
to precipitate. After stirring at 0 °C for 2 h, the reaction was quenched by
careful addition of an aqueous solution of HCl (1 M, 20 mL). The organic solvents were removed
under reduced pressure and the resulting aqueous suspension was extracted with diethyl ether (3
x 50 mL). The organic layers were combined and washed with water (100 mL) and brine (100 mL),
dried over magnesium sulfate and filtered off from the drying agent. The solvent was removed under
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reduced pressure to obtain the title compound as a colorless solid without further purification (3.95
g, 15.9 mmol, 93 %).
Rf: 0.40 (PE/EtOAc = 5/1, UV); 1H NMR (400 MHz, CDCl3)  = 8.43 (s, 1H), 8.08 – 8.04 (m, 2H), 7.83
(d, J = 8.8 Hz, 1H), 7.81 (d, J = 9.3 Hz, 1H), 7.63 (dd, J = 8.7, 1.9 Hz, 1H), 2.72 (s, 3H); 13C NMR (100
MHz, CDCl3)  = 197.83, 136.63, 134.97, 131.20, 131.13, 130.48, 130.12, 130.10, 127.67, 125.24,
123.01, 26.82. In Accordance with literature[169]

(E/Z)-2-Bromo-6-(1-(2,5-difluorophenyl)prop-1-en-2-yl)naphthalene (285): Phosphonium salt 45
(11.2 g, 23.9 mmol, 1.5 eq.) and 6-bromo-2-acetonapthone 284 (3.95 g,
15.9 mmol, 1.0 eq.) were dissolved in dry ethanol (150 mL) and potassium
tert-butoxide (2.68 g, 23.9 mmol, 1.5 eq.) was added to the stirred solution.
The reaction was heated to reflux for 16 h and then cooled to room
temperature. The solvent was removed under reduced pressure and the
residue was dissolved in ethyl acetate (100 mL) and washed with water
(100 mL). The aqueous phase was washed with ethyl acetate (3 x 100 mL) and the combined organic
phases were dried over magnesium sulfate, filtered off from the drying agent and the solvent was
removed under reduced pressure. Column chromatography on silica (PE/DCM = 5:1) afforded 285
as (E/Z)-mixture as a colorless solid (5.45 g, 15.2 mmol, 95 %). Stilbene 285 was used as (E/Z)-mixture
in the next step.
Rf: 0.60 (PE/DCM = 5/1, UV); m.p.: 72 – 74 °C (PE); MS (EI): m/z (rel. int.) = 360 (100 %), 358 (100 %)

10-bromo-1,4-difluoro-6-methylbenzo[c]phenanthrene (286): In a 400 W water-cooled
photochemical reactor was added an E/Z-mixture of stilbene 285 (5.40 g,
15.0 mmol, 1.0 eq.), iodine (4.20 g, 16.5 mmol, 1.1 eq.) and cyclohexane
(ca. 350 mL). The solution was degassed by bubbling nitrogen through the
stirred solution for around 15 min. Propylene oxide (21 mL, 300 mmol, 20
eq.) was added and the solution was irradiated until full consumption of
starting material was evident by GC-MS (approx. 10 h). The solution was
washed with saturated sodium thiosulfate solution (100 mL), brine (150 mL), dried over magnesium
sulfate and filtered off from the drying agent. The volatiles were removed under reduced pressure
and the crude was suspended in methanol (50 mL). The precipitate was collected by filtration and
washed with additional methanol (50 mL) to yield 286 as an off-white solid (3.12 g, 8.73 mmol,
58 %).
Rf: 0.50 (PE/DCM = 5/1, UV); m.p.: 203 - 205 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 8.13 (d, J =
2.3 Hz, 1H, H9), 8.09 (dd, J = 15.0, 9.3 Hz, 1H, H12), 8.05 (d, J = 8.9 Hz, 1H, H7), 8.00 (dt, J = 2.2, 1.0
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Hz, 1H, H5), 7.93 (d, J = 8.9 Hz, 1H, H8), 7.66 (ddd, J = 9.1, 2.2, 1.2 Hz, 1H, H11), 7.31 – 7.18 (m, 2H, H2
+ H3), 2.82 (d, J = 1.2 Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3)  = 155.12 (dd, J = 249.5 Hz, 2.6 Hz),
154.67 (dd, J = 246.6 Hz, 2.5 Hz), 134.36, 133.77, 132.00, 131.72 (d, J = 17.2 Hz), 129.31, 128.58 (d,
J = 3.5 Hz), 128.28 (d, J = 2.9 Hz), 127.78, 124.65, 124.14 (d, J = 21.2 Hz), 123.05, 120.43, 119.49 (d,
J = 6.8 Hz), 118.67, 111.77 – 110.76 (m), 20.50; 19F NMR (375 MHz, CDCl3)  = -104.20 – -104.39 (m),
-127.22 – -127.32 (m); IR (cm-1): 3057, 2910, 1615, 1591, 1422, 1435, 1366, 1267, 1225, 1105, 1044,
1006, 873, 805, 741, 725; HRMS (EI) m/z Calcd for C19H1BrF2 [M]+: 357.9992 and 356.0012. Found:
358.0011 and 356.0007.

10-bromo-6-(bromomethyl)-1,4-difluorobenzo[c]phenanthrene (287):
Benzo[c]phenanthrene 286 (3.12 g, 8.73 mmol, 1.0 eq.) was dissolved
in CCl4 (150 mL) and N-bromosuccinimide (1.63 g, 9.17 mmol, 1.05 eq.)
and a catalytic amount of dibenzoyl peroxide (10 mg) were added. The
mixture was heated to reflux until full consumption of starting material
was evident by TLC (4 h). The reaction mixture was cooled to room
temperature, the succinimide filtered off and the volatiles were removed
under reduced pressure. The resulting crude solid was dissolved in DCM (500 mL) and the organic
phase was washed with water (3 x 200 mL) and brine (200 mL), dried over magnesium sulfate,
filtered of from the drying agent and the solvent was removed under reduced pressure. The crude
product was washed with pentane (30 mL) to yield benzyl bromide 287 as a colorless solid (3.45 g,
7.91 mmol, 91 %).
Rf: 0.20 (PE/DCM = 9/1, UV); m.p.: 156 – 158 °C (PE); 1H NMR (500 MHz, CD2Cl2)  = 8.26 (d, J = 1.9
Hz, 1H, H9), 8.23 (d, J = 8.9 Hz, 1H, H7), 8.19 (d, J = 2.2 Hz, 1H, H5), 8.09 (dd, J = 14.9, 9.0 Hz, 1H, H12),
8.05 (d, J = 8.9 Hz, 1H, H8), 7.70 (ddd, J = 9.1, 2.2, 1.3 Hz, 1H, H11), 7.38 – 7.34 (m, 2H, H2 + H3), 5.07
(s, 2H, CH2Br); 13C NMR (125 MHz, CD2Cl2)  = 155.35 (2C, d, J = 249.3 Hz), 134.22, 133.83, 131.90
(d, J = 17.1 Hz), 130.25, 129.68, 128.77, 128.74, 128.44, 125.74, 123.97 – 123.62 (m), 122.92,
121.39, 121.11, 119.94 – 119.72 (m), 113.67 (dd, J = 27.3, 9.2 Hz), 112.04 (dd, J = 23.0, 9.6 Hz),
32.02; 19F NMR (471 MHz, CDCl3)  = -103.02 – -105.25 (m), -125.13 – -128.07 (m); IR (cm-1): 3075,
2334, 1826, 1612, 1592, 1468, 1456, 1425, 1322, 1268, 1228, 1045, 1013, 808, 776, 742, 726, 701,
669; HRMS (EI) m/z Calcd for C19H10Br2F2[M]+: 433.9117 Found: 433.9110.
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(10-Bromo-1,4-difluorobenzo[c]phenanthrene-6-yl)methyltriphenylphosphonium bromide (288):
To a solution of benzyl bromide 287 (3.45 g, 7.91 mmol, 1.0 eq.) in
toluene (150 mL) was added triphenyl phosphine (2.20 g, 8.39
mmol, 1.05 eq.) and the reaction mixture was refluxed until full
consumption of starting material was detected by TLC. The mixture
was cooled to room temperature, the precipitate was filtered and
washed with toluene (30 mL) and finally dried in vacuo. 288 was
isolated as a colorless solid (4.67 g, 6.69 mmol, 85 %).
m.p.: 218 – 220 °C (toluene); 1H NMR (500 MHz, MeOD-d4)  = 8.06 (s, 1H), 8.03 – 7.96 (m, 2H),
7.78 (t, J = 7.6 Hz, 3H), 7.66 (dd, J = 12.9, 7.5 Hz, 8H), 7.56 (dd, J = 9.8, 6.0 Hz, 7H), 7.46 – 7.34 (m,
2H), 4.58 (s, 1H); 13C NMR (125 MHz, MeOD-d4)  = 156.00 (d, J = 250.0 Hz), 155.66 (d, J = 249.4 Hz),
136.54 (d, J = 3.0 Hz), 135.43 (d, J = 10.0 Hz), 134.77, 132.61 (d, J = 16.8 Hz), 131.90, 131.33 (d, J =
12.6 Hz), 130.13, 129.62, 129.22, 128.93, 126.09, 124.44, 123.94 – 123.71 (m), 123.23, 122.05,
119.84 (d, J = 14.2 Hz), 118.53 (d, J = 86.0 Hz), 114.81 (dd, J = 27.0, 8.8 Hz), 113.08 (dd, J = 23.3, 9.5
Hz), 27.29; 19F NMR (471 MHz, MeOD-d4)  = -104.86 – -105.07 (m), -128.13 – -128.26 (m); 31P NMR
(162 MHz, MeOD-d4)  =23.61 (t, J = 12.4 Hz); IR (cm-1): 3077, 2925, 1928, 1825, 1611, 1590, 1469,
1454, 1424, 1394, 1367, 1352, 1320, 1269, 1227, 1102, 1043, 1013, 807, 776, 741, 724, 701, 669;
HRMS (ESI) m/z Calcd for C37H25BrF2P[M - Br-]+: 617.0840 Found: 617.0847.

(E/Z)-10-bromo-1,4-difluoro-6-styrylbenzo[c]phenanthrene (289): Phosphonium salt 288 (4.67 g,
6.69 mmol, 1.0 eq.) and benzaldehyde (0.75 mL, 5.94 mmol, 1.1 eq.)
were dissolved in dry ethanol (150 mL). Potassium tert-butoxide (1.13
g, 10.0 mmol, 1.5 eq.) was added in portions over 15 min to the stirred
solution. The mixture was refluxed until full consumption of starting
material was evident by TLC. The reaction mixture was cooled to room
temperature and the solvent was removed in vacuo. Water (200 mL)
was added to the crude and the mixture was extracted with ethyl acetate (3 x 200 mL). The
combined organic phases were dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed in vacuo. Column chromatography on silica (PE/DCM = 9/1) afforded an
(E/Z)-mixture of 289 as a yellow oil (2.30 g, 5.16 mmol, 77 %) which was used without further
purification in the next step.
Rf: 0.45 (PE/DCM = 9:1; UV)
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3-Bromo-13,16-difluorobenzo[s]picene (280): In a 400 W water-cooled photochemical reactor
was added an E/Z-mixture of stilbene 289 (2.30 g, 5.16 mmol, 1.0 eq.),
iodine (1.44 g, 5.68 mmol, 1.1 eq.) and cyclohexane (ca. 350 mL). The
solution was degassed by bubbling nitrogen through the stirred solution
for around 15 min. Propylene oxide (7.2 mL, 103 mmol, 20 eq.) was
added and the solution was irradiated until full consumption of starting
material was evident by decoloration of the iodine solution (approx. 10
h). The solution was washed with saturated sodium thiosulfate solution (100 mL), brine (150 mL),
dried over magnesium sulfate and filtered off from the drying agent. The volatiles were removed
under reduced pressure and the crude was suspended in methanol (50 mL). The precipitate was
collected by filtration and washed with additional methanol (50 mL) to yield 280 as an off-white
solid (1.44 g, 3.25 mmol, 64 %).
Rf: 0.20 (PE/DCM = 9/1, UV); m.p.: 210 - 211 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 8.56 (d, J =
8.9 Hz, 1H, H7), 8.52 (d, J = 8.9 Hz, 1H, H6), 8.25 – 8.17 (m, 1H, H12), 8.15 – 8.11 (m, 2H, H4 + H5), 8.07
(dd, J = 13.8, 9.0 Hz, 1H, H1), 8.01 (d, J = 8.9 Hz, 1H, H8), 7.99 – 7.96 (m, 1H, H9), 7.66 (dt, J = 9.0, 1.7
Hz, 1H, H2), 7.63 – 7.57 (m, 2H, H10 + H11), 7.43 – 7.36 (m, 2H, H14 + H15); 13C NMR (100 MHz, CDCl3)
 = 155.31 (d, J = 249.4 Hz), 155.18 (d, J = 249.3 Hz), 133.56, 132.54, 131.58, 131.46, 130.32, 129.95,
129.87, 129.75, 129.69, 129.29, 128.94 (d, J = 4.2 Hz), 128.60 (d, J = 2.8 Hz), 128.36, 127.32, 126.46,
125.52 (d, J = 2.5 Hz), 123.52 (d, J = 34.5 Hz), 121.12, 120.31, 119.74, 114.68 (td, J = 26.4, 9.8 Hz);
F NMR (375 MHz, CDCl3)  = -103.72 – -103.88 (m), -104.50 – -104.70 (m); IR (cm-1): 3074, 1829,
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1590, 1562, 1525, 1466, 1389, 1264, 1225, 1185, 1015, 911, 830, 811, 790, 762, 739, 716, 675;
HRMS (EI) m/z Calcd for C26H13BrF2 [M]+: 444.0148 Found: 444.0153.

2-Bromo-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (281): γ-Al2O3 (3.0 g) was activated in heavywalled Schott-Duran glassware at 550 °C for 30 minutes in vacuum
(10-3 mbar). After cooling to 150 °C and refilling with nitrogen,
fluoroarene 280 (50 mg) was added. The vessel was sealed and
heated to 280 °C and kept at this temp. until full consumption of
starting material was detected by EI-MS (usually 1.5 – 3 h). After
cooling to room temperature, the product was separated from the Al2O3 by Soxhlet extraction using
DCM. 281 was isolated as an orange solid (29 mg, 72 µmol, 65 %).
Rf: 0.20 (PE/DCM = 5:1, UV); m.p.: 220 – 222 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.10 (d, J =
8.8 Hz, 1H), 8.09 (d, J = 8.7 Hz, 1H), 7.84 – 7.78 (m, 3H), 7.72 (d, J = 7.0 Hz, 1H), 7.69 – 7.61 (m, 4H),
7.42 (dd, J = 8.2, 7.0 Hz, 1H); 13C NMR (100 MHz, CDCl3)  = 140.48, 139.81, 138.88, 138.66, 138.44,
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138.39, 138.34, 137.84, 136.93, 135.45, 130.38, 130.15, 129.48, 129.31, 129.06, 128.80, 127.26,
127.12, 127.06, 126.15, 126.11, 125.84, 125.10, 124.06, 123.82, 122.68; IR (cm-1): 3049, 1595, 1509,
1454, 1340, 1106 1035, 844, 780, 753, 699; HRMS (EI) m/z Calcd for C26H11Br [M]+: 404.0024 Found:
404.0030.

2-Ferrocenyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (292): 2-Br-Idpc 281 (20 mg, 0.05 mmol, 1.0
eq.) and Ferrocenylboronic acid neopentylglycol ester (23 mg,
0.74 mmol, 1.5 eq.) were dissolved in 1,4-dioxane (10 mL). Water
(1 mL) and sodium hydroxide (6.0 mg, 0.15 mmol, 3.0 eq.) was
added and the reaction mixture was degassed by bubbling
nitrogen through the sonicated mixture for 15 min. Pd(dppf)Cl2
(1.8 mg, 2.5 µmol, 0.05 eq.) was added and the reaction was
heated at 95 °C for 6 h. The reaction was cooled to room temperature and the solvent was removed
under reduced pressure. The residue was dissolved in DCM (20 mL) and washed with water (3 x 15
mL) and brine (15 mL). The organic phase was dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced pressure. Column chromatography on
silica (PE/DCM = 6/1) afforded ferrocene substituted buckybowl 292 as red solid (14 mg, 0.03 mmol,
55 %)
Rf: 0.35 (PE/DCM = 6:1, UV); 1H NMR (600 MHz, CDCl3)  = 8.13 (t, J = 9.2 Hz, 2H), 7.93 (d, J = 1.0
Hz, 1H), 7.81 (d, J = 8.7 Hz, 1H), 7.78 – 7.71 (m, 5H), 7.66 (d, J = 8.2 Hz, 1H), 7.41 (dd, J = 8.3, 7.0 Hz,
1H), 4.79 (t, J = 2.2 Hz, 2H), 4.40 (t, J = 2.1 Hz, 2H), 4.10 (s, 5H); 13C NMR (150 MHz, CDCl3)  = 140.84,
139.25, 139.06, 139.04, 139.03, 138.88, 138.84, 138.50, 138.47, 136.99, 135.95, 130.57, 129.77,
129.23, 129.20, 128.81, 127.10, 126.90, 126.73, 125.70, 125.62, 124.47, 124.12, 123.55, 123.10,
122.76, 86.48, 69.85, 69.45, 66.96; IR (cm-1): 2958, 2877, 1463, 1381, 1251, 1155, 1075, 955, 816,
739; HRMS (EI) m/z Calcd for C36H20Fe [M]+: 508.0914 Found: 508.0919.

2-Phenyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (291): 2-Br-Idpc 281 (20 mg, 0.05 mmol, 1.0
eq.), phenylboronic acid (9.1 mg, 0.74 mmol, 1.5 eq.) and
Pd(dppf)Cl2 (4 mg, 5.0 µmol, 0.1 eq.) were dissolved in 1,4dioxane/water (15 mL, 14:1) and thereaction mixture was
degassed by bubbling nitrogen through the sonicated mixture
for 15 min. Sodium carbonate (11 mg, 99 µmol, 2.0 eq.) was
added and the reaction was heated at 95 °C for 6 h. The reaction was cooled to room temperature
and the solvent was removed under reduced pressure. The residue was dissolved in DCM (20 mL)
and washed with water (3 x 15 mL) and brine (15 mL). The organic phase was dried over magnesium
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sulfate, filtered off from the drying agent and the solvent was removed under reduced pressure.
Column chromatography on silica (PE/DCM = 6/1) afforded phenyl substituted buckybowl 291 as an
orange solid (17 mg, 0.04 mmol, 81 %)
Rf: 0.30 (PE/DCM = 6:1, UV); 1H NMR (600 MHz, CDCl3)  = 8.15 (d, J = 8.7 Hz, 1H), 8.14 (d, J = 8.8
Hz, 1H), 7.97 (d, J = 1.0 Hz, 1H), 7.85 (d, J = 1.0 Hz, 1H), 7.84 (d, J = 8.7 Hz, 1H), 7.82 (d, J = 8.7 Hz,
1H), 7.75 – 7.69 (m, 5H), 7.67 (d, J = 8.1 Hz, 1H), 7.50 (t, J = 7.7 Hz, 2H), 7.44 – 7.39 (m, 2H); 13C NMR
(150 MHz, CDCl3)  = 142.89, 142.31, 139.61, 139.30, 139.02, 139.01, 138.83, 138.69, 138.68,
138.50, 136.96, 136.28, 130.41, 130.33, 129.25, 129.10, 128.99, 128.92, 127.75, 127.57, 127.21,
127.11, 126.92, 125.78, 125.75, 125.50, 124.56, 124.13, 123.96, 123.59; IR (cm-1): 2891, 1855, 1546,
1481, 1393, 1254, 1136, 1101, 1071, 799, 781, 754, 739; HRMS (EI) m/z Calcd for C33H20 [M]+:
400.1252 Found: 400.1258.

2-Anisyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (290): 2-Br-Idpc 281 (20 mg, 0.05 mmol, 1.0 eq.),
anisylboronic acid (11 mg, 0.74 mmol, 1.5 eq.) and
Pd(dppf)Cl2 (4 mg, 5.0 µmol, 0.1 eq.) were dissolved in
1,4-dioxane/water (15 mL, 14:1) and thereaction mixture
was degassed by bubbling nitrogen through the
sonicated mixture for 15 min. Sodium carbonate (11 mg,
99 µmol, 2.0 eq.) was added and the reaction was heated at 95 °C for 6 h. The reaction was cooled
to room temperature and the solvent was removed under reduced pressure. The residue was
dissolved in DCM (20 mL) and washed with water (3 x 15 mL) and brine (15 mL). The organic phase
was dried over magnesium sulfate, filtered off from the drying agent and the solvent was removed
under reduced pressure. Column chromatography on silica (PE/DCM = 6/1) afforded phenyl
substituted buckybowl 290 as an orange solid (16 mg, 0.04 mmol, 73 %)
Rf: 0.30 (PE/DCM = 6:1, UV); 1H NMR (600 MHz, CDCl3)  = 8.15 (d, J = 8.7 Hz, 1H), 8.14 (d, J = 8.7
Hz, 1H), 7.94 (d, J = 1.2 Hz, 1H), 7.85 – 7.81 (m, 2H), 7.80 (d, J = 1.3 Hz, 1H), 7.75 – 7.70 (m, 3H), 7.67
(d, J = 8.1 Hz, 1H), 7.65 (d, J = 8.8 Hz, 2H), 7.42 (ddd, J = 8.0, 6.9, 1.0 Hz, 1H), 7.03 (d, J = 8.6 Hz, 2H),
3.89 (s, 3H); 13C NMR (150 MHz, CDCl3)  = 159.42, 142.51, 139.56, 139.27, 139.08, 139.04, 138.86,
138.74, 138.64, 138.50, 136.98, 136.00, 134.84, 130.47, 130.15, 129.23, 129.20, 128.89, 128.78,
127.14, 127.10, 126.91, 125.74, 125.72, 124.75, 124.52, 124.14, 123.85, 123.57, 114.42, 55.57; IR
(cm-1): 2981, 1856, 1606, 1515, 1479, 1248, 1173, 1105, 951, 809, 753, 704; HRMS (EI) m/z Calcd
for C33H20 [M]+: 429.1274 Found: 429.1279.
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13,16-difluoro-4-methylbenzo[s]picene (294a): A 400 W water-cooled photochemical reactor was
charged with an E/Z- mixture of benzostilbene 295a (1.06 g, 2.78 mmol,
1.00 eq.), iodine (0.78 g, 3.06 mmol, 1.1 eq.) and cyclohexane (ca. 350
mL). The solution was degassed by bubbling nitrogen through the
stirred solution for around 15 min. Propylene oxide (3.89 mL, 55.6
mmol, 20.0 eq.) was added and the solution was irradiated until full
consumption of starting material (EI-MS). The solution was washed with
sodium thiosulfate solution (150 mL), brine (300 mL), dried over magnesium sulfate and filtered.
The volatiles were removed under reduced pressure and the crude was suspended in methanol (30
mL). The precipitate was filtered and washed with methanol (100 mL) to yield benzopicene 294a as
an off-white solid. (0.61 g, 1.61 mmol, 58 %).
Rf: 0.35 (PE/DCM = 9:1; UV); m.p.: 235 – 236 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 8.59 – 8.47
(m, 2H, H6 + H7), 8.29 (d, J = 9.1 Hz, 1H, H5), 8.27 – 8.18 (m, 1H, H12), 8.14 – 8.03 (m, 2H, H1 + H8),
7.98 – 7.93 (m, 1H, H9), 7.64 – 7.55 (m, 2H, H10 + H11), 7.49 (t, J = 7.7 Hz, 1H, H2), 7.43 (d, J = 6.9
Hz, 1H, H3), 7.40 – 7.34 (m, 2H, H14 + H15), 2.83 (s, 3H, Me); 13C NMR (150 MHz, CDCl3)  = 155.30
(dd, J = 250.4, 3.6 Hz, 2C), 133.50, 132.45, 131.48, 130.50 (d, J = 4.0 Hz, ), 130.38 (d, J = 3.9 Hz, ),
130.14, 129.88, 129.80, 129.75, 129.48, 128.18 (d, J = 13.2 Hz), 127.28, 127.21, 126.22, 125.53,
125.16 (dd, J = 37.9, 2.4 Hz), 124.12 – 123.29 (m, 2C), 120.62 – 120.15 (m, 2C), 119.87, 119.59,
114.99 – 113.87 (m, 2C), 19.88 (Me); 19F NMR (75 MHz, CDCl3)  = -104.20 (d, J = 17.3 Hz), -104.29
(d, J = 17.6 Hz); IR (cm-1): 3049, 2923, 2853, 1825, 1598, 1515, 1469, 1455, 1435, 1424, 1394, 1365,
1321, 1269, 1228, 1162, 1134, 1103, 1071, 1044, 1012, 915, 898, 884, 818, 806, 776, 742, 725, 701,
670.; MS (EI): m/z (rel. int.) = 378 (100); HRMS (EI) m/z Calcd for C27H16F2[M]+: 378.1220 Found:
378.1226.

Isomeric

mixture

13,16-difluoro-3-methylbenzo[s]picene

and

13,16-difluoro-1-

methylbenzo[s]picene (294b): A 400 W
water-cooled photochemical reactor was
charged

with

an

E/Z-

mixture

of

benzostilbene 295b (0.89 g, 2.33 mmol,
1.00 eq.), iodine (0.65 g, 2.56 mmol, 1.1
eq.) and cyclohexane (ca. 350 mL). The
solution was degassed by bubbling nitrogen through the stirred solution for around 15 min.
Propylene oxide (3.26 mL, 46.6 mmol, 20.0 eq.) was added and the solution was irradiated until full
consumption of starting material (EI-MS). The solution was washed with sodium thiosulfate solution
(150 mL), brine (300 mL), dried over magnesium sulfate and filtered. The volatiles were removed
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under reduced pressure and the crude was suspended in methanol (30 mL). The precipitate was
filtered and washed with methanol (100 mL) to yield an inseparable isomeric mixture of 1- and 3methylbenzopicene (294b) as an off-white solid. (0.54 g, 1.42 mmol, 61%).
Rf: 0.35 (PE/DCM = 9:1; UV); 1H NMR (400 MHz, CDCl3 for major 3-methyl isomer)  = 8.56 – 8.42
(m, 2H), 8.27 – 8.17 (m, 1H), 8.17 – 8.05 (m, 2H), 8.01 (d, J = 8.9 Hz, 1H), 7.96 (dd, J = 7.1, 2.1 Hz,
1H), 7.73 (s, 1H), 7.68 – 7.50 (m, 2H), 7.44 (d, J = 8.5 Hz, 1H), 7.38 (dd, J = 8.9, 6.3 Hz, 2H), 2.59 (s,
3H); 13C NMR (150 MHz, CDCl3)  = 156.61, 156.55, 154.10, 154.05, 136.11, 133.10, 132.72, 132.54,
132.35, 130.41, 130.37, 130.28, 130.10, 130.07, 129.88, 129.75, 129.73, 129.60, 129.55, 129.43,
129.05, 128.59, 128.53, 128.49, 127.50, 127.48, 127.42, 127.25, 126.49, 126.38, 126.26, 126.14,
125.46, 125.34, 125.31, 125.25, 123.54 – 123.42 (m), 123.39 – 123.08 (m), 120.40 – 120.29 (m),
120.27 – 120.14 (m), 120.07, 119.91, 118.95, 114.60 – 113.98 (m), 21.72, 21.70; 19F NMR (75 MHz,
CDCl3)  = -104.20 (d, J = 17.6 Hz, major), -104.56 (d, J = 17.6 Hz, major), -105.37 (d, J = 17.6 Hz,
minor), -110.81 (d, J = 17.6 Hz, minor); HRMS (EI) m/z Calcd for C27H16F2[M]+: 378.1220 Found:
378.1229.

13,16-difluoro-2-methylbenzo[s]picene (294c): A 400 W water-cooled photochemical reactor was
charged with an E/Z- mixture of benzostilbene 295c (0.94 g, 2.45 mmol,
1.00 eq.), iodine (0.68 g, 2.70 mmol, 1.1 eq.) and cyclohexane (ca. 350 mL).
The solution was degassed by bubbling nitrogen through the stirred
solution for around 15 min. Propylene oxide (3.43 mL, 49.0 mmol, 20.0 eq.)
was added and the solution was irradiated until full consumption of starting
material (EI-MS). The solution was washed with sodium thiosulfate solution
(150 mL), brine (300 mL), dried over magnesium sulfate and filtered. The volatiles were removed
under reduced pressure and the crude was suspended in methanol (30 mL). The precipitate was
filtered and washed with methanol (100 mL) to yield 294c as colorless solid. (0.60 g, 1.59 mmol,
65%). Crystals suitable for X-ray analysis were grown by slowly evaporation of a concentrated
solution of 294c in DCM.
Rf: 0.35 (PE/DCM = 9:1; UV); m.p.: 182 – 183 °C (DCM); 1H NMR (500 MHz, CDCl3)  = 8.54 (d, J =
8.9 Hz, 1H, H7), 8.47 (d, J = 9.0 Hz, 1H, H6), 8.25 – 8.18 (m, 1H, H12), 8.11 (d, J = 8.8 Hz, 1H, H8),
8.07 (d, J = 8.8 Hz, 1H, H5), 8.00 (d, J = 14.0 Hz, 1H, H1), 7.98 – 7.95 (m, 1H, H9), 7.87 (d, J = 8.1 Hz,
1H, H4), 7.63 – 7.56 (m, 2H, H10 + H11), 7.43 (dd, J = 8.3, 1.6 Hz, 1H, H3), 7.38 (ddt, J = 8.8, 6.1, 3.1
Hz, 2H, H14 + H15), 2.60 (s, 3H, Me); 13C NMR (19F decoupled, 125 MHz, CDCl3)  = 155.36 (C13),
155.32 (C16), 135.15 (C2), 132.43 (C8a), 130.71 (C6a or C6b or C12a or C16c), 130.56 (C4a), 130.40 (C6a or
C6b or C12a or C16c), 130.35 (C6a or C6b or C12a or C16c), 130.32 (C6a or C6b or C12a or C16c), 129.83 (C12),
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129.44 (C8), 129.30 (C5), 129.19 (C1), 128.36 (C3), 127.27 (C9), 127.10 (C4), 126.22 (C10), 125.35 (C11),
123.45 (C12b), 123.12 (C16b), 120.40 (C12c), 120.23 (C16a), 119.99 (C7), 118.98 (C6), 114.43 (C14), 114.23
(C15), 22.18 (Me); 19F NMR (470 MHz, CDCl3)  = -104.08 (dt, J = 26.4, 9.9 Hz), -104.25 (dt, J = 21.0,
10.1 Hz); IR (cm-1): 2981, 1617, 1457, 1428, 1369, 1273, 1170, 1124, 1055, 1010, 959, 898, 884, 841,
806, 782, 752, 708, 682, 665; MS (EI): m/z (rel. int.) = 378 (100); HRMS (EI) m/z Calcd for
C27H16F2[M]+: 378.1220 Found: 378.1220.

1-Methyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (293a): γ- Al2O3 (3.0 g) was activated in heavywalled Schott-Duran glassware at 550 °C for 30 minutes in vacuum
(10-3 mbar). After cooling to 150 °C and refilling with nitrogen,
fluoroarene 294a (50 mg, 132 µmol) was added. The vessel was
sealed and heated to 280 °C and kept at this temperature until full
consumption of starting material was detected by EI-MS (usually
1.5-3 h). After cooling to room temperature, the product was separated from Al2O3 by Soxhlet
extraction using DCM. 293a was isolated as red solid (42.5 mg, 126 µmol, 95 %).
Rf: 0.60 (PE/DCM = 3:1; UV); m.p.: 152– 153 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.14 (d, J =
8.8 Hz, 1H, H11), 8.14 (d, J = 8.8 Hz, 1H, H10), 7.91 (d, J = 8.8 Hz, 1H, H12), 7.80 (d, J = 8.7 Hz, 1H,
H9), 7.72 (d, J = 7.0 Hz, 1H, H6), 7.67 (d, J = 7.3 Hz, 1H, H5), 7.65 (d, J = 8.1 Hz, 1H, H8) 7.63 (d, J =
7.3 Hz, 1H, H4), 7.60 (d, J = 7.0 Hz, 1H, H3), 7.41 (dd, J = 8.2, 6.9 Hz, 1H, H7), 7.17 (dd, J = 7.1, 1.1
Hz, 1H, H2), 2.69 (d, J = 1.0 Hz, 3H, Me); 13C NMR (100 MHz, CDCl3)  = 138.99 (Cq), 138.41 (Cq),
137.79 (Cq), 137.77 (Cq), 137.67 (Cq), 137.36 (Cq), 137.19 (Cq), 136.95 (Cq), 136.61 (Cq), 136.42 (Cq),
135.83 (C1), 129.22 (C10a), 129.03 (C10b), 128.71 (C8a), 128.54 (C12a), 128.42 (C2), 128.26 (C7), 126.22
(C9), 126.18 (C8), 124.94 (C5), 124.49 (C4), 123.74 (C12), 123.59 (C10), 123.39 (C3), 123.18 (C11), 122.88
(C6), 17.78 (Me); IR (cm-1): 3078, 1926, 1828, 1610, 1591, 1514, 1467, 1454, 1422, 1391, 1349, 1320,
1258, 1226, 1161, 1101, 1043, 1011, 914, 897, 874, 805, 776, 741, 724, 701, 670; MS (EI): m/z (rel.
int.) = 338 (100); HRMS (EI) m/z Calcd for C27H14[M]+: 338.1096 Found: 338.1099.

2-Methyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (293b): γ- Al2O3 (3.0 g) was activated in heavywalled Schott-Duran glassware at 550 °C for 30 minutes in vacuum
(10-3 mbar). After cooling to 150 °C and refilling with nitrogen, the
isomeric mixture of fluoroarene 294b (50 mg, 132 µmol) was added.
The vessel was sealed and heated to 280 °C and kept at this
temperature until full consumption of starting material was
detected by EI-MS (usually 1.5 – 3 h). After cooling to room temperature, the crude was separated
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from Al2O3 by Soxhlet extraction using DCM. Column chromatography on silica (PE/DCM 5:1 -> 3:1)
afforded 293b was isolated as red solid (14.3 mg, 42.3 µmmol, 32 %).
Rf: 0.60 (PE/DCM = 3:1; UV); m.p.: 163 – 164 °C (DCM); 1H NMR (600 MHz, C2D2Cl4)  = 8.05 (m,
2H, H10 + H11), 7.77 (d, J = 8.8 Hz, 1H, H9), 7.71 (d, J = 6.9 Hz, 1H, H6), 7.70 (d, J = 8.7 Hz, 1H, H12),
7.65 (d, J = 8.1 Hz, 1H, H8), 7.64 (d, J = 7.3 Hz, 1H, H4 or H5), 7.62 (d, J = 7.3 Hz, 1H, H4 or H5), 7.57
(s, 1H, H3), 7.45 (t, J = 1.0 Hz, 1H, H1), 7.41 (dd, J = 8.2, 7.0 Hz, 1H, H7), 2.56 (s, 3H, Me); 13C NMR
(150 MHz, C2D2Cl4)  = 138.89 (Cq), 138.65 (Cq), 138.57 (2C, Cq), 138.52 (Cq), 138.13 (2C, Cq), 137.84
(Cq), 137.77 (Cq), 136.41(Cq), 134.91 (C2), 129.93 (C10a), 129.14 (C10b), 128.80 (C8a or C12a), 128.72 (C8a
or C12a), 128.62 (C7), 126.76 (C9), 126.65 (C8), 126.36 (C12), 125.77 (C3), 125.68 (C1), 125.35 (2C, C4 +
C5),, 123.85 (C10 or C11), 123.82 (C10 or C11), 123.41 (C6), 22.69 (Me); IR (cm-1): 3036, 1448, 1417,
1372, 1318, 1252, 1102, 1034, 962, 910, 853, 828, 812, 798, 778, 755, 705, 667; MS (EI): m/z (rel.
int.) = 338 (100); HRMS (EI) m/z Calcd for C27H14[M]+: 338.1096 Found: 338.1098.

3-Methyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (293c): γ- Al2O3 (3.0 g) was activated in heavywalled Schott-Duran glassware at 550 °C for 30 minutes in vacuum (103

mbar). After cooling to 150 °C and refilling with nitrogen, fluoroarene

294c (50 mg, 132 µmol) was added. The vessel was sealed and heated
to 320 °C and kept at this temperature until full consumption of
starting material was detected by EI-MS (usually 1.5 – 3 h). After
cooling to room temperature, the product was separated from Al2O3 by Soxhlet extraction using
DCM. 293c was isolated as red solid (41.6 mg, 123 µmol, 93 %).
Rf: 0.60 (PE/DCM = 3:1; UV); m.p.: 159 – 160 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.07 (d, J =
8.7 Hz, 1H, H10), 8.02 (d, J = 8.7 Hz, 1H, H11), 7.75 (d, J = 8.7 Hz, 1H, H9), 7.73 (d, J = 8.7 Hz, 1H,
H12), 7.68 (d, J = 7.0 Hz, 1H, H6), 7.67 (d, J = 7.3 Hz, 1H, H4), 7.63 (d, J = 7.4 Hz, 1H, H5), 7.62 (d, J =
8.1 Hz,1H, H8), 7.53 (d, J = 8.3 Hz, 1H, H1), 7.37 (dd, J = 8.2, 6.9 Hz, 1H, H7), 7.17 (d, J = 8.2 Hz, 1H,
H2), 2.73 (s, 3H, Me); 13C NMR (100 MHz, CDCl3)  = 139.21 (Cq), 139.03 (Cq), 138.51 (Cq), 138.37
(Cq), 137.95 (Cq), 137.88 (Cq), 137.66 (Cq), 137.03 (Cq), 136.90 (Cq), 136.86 (Cq), 135.92 (C3’), 131.89
(C2) , 130.08 (2C, C10a + C10b), 129.15 (C8a), 128.76 (C7), 127.54 (C12a), 127.07 (C1), 126.84 (C9), 126.68
(2C, C8 +C12), 125.69 (C4), 125.52 (C5), 124.08 (C10), 123.39 (C6), 123.10 (C11), 19.97 (Me); IR (cm-1):
3078, 1928, 1825, 1612, 1591, 1515, 1469, 1455, 1423, 1393, 1368, 1351, 1321, 1269, 1228, 1162,
1103, 1044, 1012, 915, 898, 875, 807, 776, 741, 724, 701, 670; MS (EI): m/z (rel. int.) = 338 (100);
HRMS (EI) m/z Calcd for C27H14[M]+: 338.1096 Found: 338.1093.
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1-(Bromomethyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (296a): Methylindacenopicene 293a
(0.2 g, 0.6 mmol, 1.0 eq.), NBS (0.12 g, 0.7 mmol, 1.1 eq.) and DBPO
(catalytic 5 mg) were dissolved in CCl4 (10 mL) and the resulting
mixture was refluxed until full consumption of starting material was
evident by TLC (2 h). The mixture was cooled to room temperature,
filtered and the volatiles were removed under reduced pressure.
Crude product was purified by column chromatography on silica using PE/DCM = 6:1 to 3:1. 296a
was obtained as a bright orange solid (0.21 g, 0.5 mmol, 85 %).
Rf: 0.40 (PE/DCM = 3:1; UV); m.p.: decomp > 140 °C; 1H NMR (400 MHz, CDCl3)  = 8.09 (d, J = 8.9
Hz, 1H, H11), 8.02 (d, J = 8.7 Hz, 1H, H10), 7.94 (d, J = 8.8 Hz, 1H, H12), 7.73 (d, J = 8.7 Hz, 1H, H9),
7.66 (d, J = 6.9 Hz, 1H, H6), 7.62 (d, J = 8.2 Hz, 1H, H8), 7.57 – 7.50 (m, 3H, H3 + H4 + H5), 7.38 (dd,
J = 8.1, 6.9 Hz, 1H, H7), 7.33 (d, J = 7.1 Hz, 1H, H2), 4.87 (s, 2H, CH2Br ); 13C NMR (100 MHz, CDCl3) 
= 140.07 (Cq), 139.22 (Cq), 138.98 (Cq), 138.54 (Cq), 138.45 (Cq), 138.31 (2C, Cq), 138.08 (Cq), 137.54
(Cq), 136.80 (Cq), 134.84 (C1), 130.18 (C10b), 129.94 (C2), 129.83 (C10a), 129.25 (C8a), 128.95 (C7),
127.25 (C12a), 127.05 (C9), 126.93 (C8), 125.74 (C4 or C5), 125.70 (C4 or C5), 124.52 (C11), 124.07 (C10),
123.88 (C12), 123.65 (C6), 123.37 (C3), 30.14 (CH2Br); IR (cm-1): 2981, 1618, 1462, 1369, 1274, 1229,
1170, 1124, 1056, 959, 898, 885, 841, 806, 783, 752, 708, 683, 666; MS (EI): m/z (rel. int.) = 418
(100 %), 416 (100 %), 337 (50 %); HRMS (EI) m/z Calcd for C27H14Br[M]+: 416.0201 Found: 416.0205.

as-Indaceno[3,2,1,8,7,6-pqrstuv]picene-1-carbaldehyde (297a): To a solution of 1-bromomethylindacenopicene 296a (0.03 g, 0.07 mmol, 1.00 eq.) in DMSO (5 mL)
was added sodium bicarbonate (0.01 g, 0.14 mmol, 2.00 eq.). The
mixture was heated to 100 °C until full consumption of starting
material was evident by TLC. The reaction was quenched with water
(50 mL) and extracted with EtOAc (50 mL). The organic phase was
washed thrice with water (3 x 50 mL) and then dried over magnesium sulfate, filtered and the
volatiles were removed under reduced pressure. Crude product was purified by column
chromatography on silica with PE/EtOAc = 9:1 -> 3:1 as eluent. 297a was obtained as orange solid
(16.5 mg, 0.05 mmol, 65 %).
Rf: 0.55 (PE/EtOAc = 3:1, UV); m.p.: 205 – 206 °C (pentane); 1H NMR (500 MHz, CDCl3)  = 10.17
(s, 1H, CHO), 8.54 (d, J = 8.9 Hz, 1H, H12), 7.94 (d, J = 8.9 Hz, 1H, H11), 7.91 (d, J = 8.8 Hz, 1H, H10),
7.68 (m, 2H, H2 + H9), 7.61 (d, J = 7.0 Hz, 1H, H6), 7.59 (d, J = 8.1 Hz, 1H, H8), 7.55 (d, J = 7.0 Hz,
1H, H3).7.45 (d, J = 7.3 Hz, 1H, H5 ), 7.43 (d, J = 7.3 Hz, 1H, H4) 7.35 (dd, J = 8.1, 6.9 Hz, 1H, H7); 13C
NMR (125 MHz, CDCl3)  = 192.75 (CHO), 144.83 (Cq), 139.92 (Cq), 138.67 (Cq), 138.41 (2C, C2 + Cq),
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137.96 (Cq), 137.50 (Cq), 137.29 (Cq), 137.19 (Cq), 136.74 (Cq), 136.54 (Cq), 132.26 (C1), 130.16 (C10b),
129.36 (C8a), 129.16 (C12a), 128.90 (C7), 127.16 (C8), 126.96 (C9), 126.34 (C5), 126.07 (C11), 125.69
(C10a), 125.61 (C12), 125.38 (C4), 123.94 (C11), 123.83 (C6), 122.08 (C3); IR (cm-1): 2982, 1681, 1577,
1372, 1252, 1129, 1023, 941, 806, 779, 753, 708, 672; MS (EI): m/z (rel. int.) = 352 (100 %), 323 (40
%); HRMS (ESI): m/z calculated for C27H13O+ [M+H]+: 353.0961; found: 353.0958.

1-(Azidomethyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (298a): To a solution of 1-bromomethylindacenopicene 296a (80 mg, 0.2 mmol, 1.0 eq.) in DMF (5 mL) was
added sodium azide (19 mg, 0.3 mmol, 1.5 eq.) at once. The reaction
mixture was stirred at room temperature until full consumption of
starting material was evident by TLC. The reaction was quenched
with water (20 mL) and brine (10 mL) and extracted with DCM (3 x
10mL). The organic phases were washed twice with water (2 x 50 mL) and then dried over
magnesium sulfate, filtered and the volatiles were removed under reduced pressure to obtain 298a
as bright red solid (71 mg, 0.2 mmol, 98 %).
Rf: 0.85 (PE/EtOAc = 3:1, UV); 1H NMR (400 MHz, CDCl3)  = 7.89 (d, J = 8.8 Hz, 1H, H11), 7.86 (d, J
= 8.7 Hz, 1H, H10), 7.70 (d, J = 8.8 Hz, 1H, H12), 7.61 (d, J = 8.7 Hz, 1H, H9), 7.57 (d, J = 6.9 Hz, 1H,
H6), 7.54 (d, J = 8.1 Hz, 1H, H8), 7.46 (d, J = 7.0 Hz, 1H, H3), 7.42 (d, J = 7.3 Hz, 1H, H5), 7.38 (d, J =
7.4 Hz, 1H, H4), 7.31 (dd, J = 8.2, 6.9 Hz, 1H, H7), 7.18 (d, J = 7.0 Hz, 1H, H2), 4.61 (s, 2H, CH2N3); 13C
NMR (100 MHz, CDCl3)  = 139.77 (Cq), 138.96 (Cq), 138.81 (Cq), 138.14 (Cq), 138.11 (Cq), 138.05 (Cq),
137.82 (Cq), 137.67 (Cq), 137.22 (Cq), 136.62 (Cq), 132.28 (C1), 129.73 (C10b), 129.46 (C10a), 129.16
(C2), 129.09 (C8a), 128.77 (C7), 127.29 (C12a), 126.77 (C8 or C9), 126.74 (C8 or C9), 125.42 (2C, C4+C5),
124.45 (C11), 123.85 (C10), 123.44 (2C, C6 + C12), 123.05 (C3), 51.89 (CH2N3); IR (cm-1): 2981, 2089,
1619, 1460, 1428, 1369, 1274, 1171, 1123, 1057, 959, 898, 885, 841, 805, 781, 708, 683, 665; MS
(EI): m/z (rel. int.) = 379 (30 %), 337 (100 %); HRMS (ESI): m/z calculated for C27H14N3+ [M+H]+:
380.1188; found: 380.1185.

1-(as-Indaceno[3,2,1,8,7,6-pqrstuv]picen-1-ylmethyl)-4-phenyl-1H-1,2,3-triazole (299a): Azide
298a (10 mg, 26 µmol, 1.0 eq.), copper sulfate
pentahydrate (0.7 mg, 2.6 µmol, 0.1 eq.) and sodium
ascorbate (11 mg, 53 µmol, 2.0 eq.) were suspended in
5 mL of tBuOH/water (1:1) and phenyl acetylene (2.9 µL,
26 µmol, 1.0 eq.) was added. The reaction mixture was
heated at 80 °C until full consumption of starting
material was evident by TLC (2 h). After cooling to room temperature, water (10 mL) was added and
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the mixture was extracted thrice with DCM (3 x 10 mL). The combined organic phases were dried
over magnesium sulfate, filtered and the solvent was removed under reduced pressure. The crude
mixture was purified by column chromatography on silica gel (PE/EtOAc =6:1 -> 2:1) to give 299a as
an orange solid (10 mg, 21 µmol, 80 %).
Rf: 0.35 (PE/EtOAc = 2:1); m.p.: 261 – 262 °C (PE); 1H NMR (400 MHz, DMSO-d6)  = 8.65 (s, 1H,
Htriazol), 8.42 (d, J = 8.9 Hz, 1H, H11), 8.37 (d, J = 8.8 Hz, 1H, H10), 8.16 (d, J = 8.9 Hz, 1H, H12), 7.97
(d, J = 8.8 Hz, 1H, H9), 7.93 (dd, J = 7.1, 1.1 Hz, 2H, H3 + H6), 7.88 (m, 2H, H4 + H5), 7.84 – 7.80 (m,
3H, H8 + H6’), 7.52 (dd, J = 8.2, 7.0 Hz, 1H, H7), 7.49 (d, J = 7.2 Hz, 1H, H2), 7.42 – 7.37 (m, 2H, H7’),
7.32 – 7.27 (m, 1H, H8’), 6.14 (s, 2H, H1’); 13C NMR (400 MHz, DMSO-d6)  = Limited solubility does
not permit recording of 13C NMR; IR (cm-1): 2981, 2084, 1619, 1459, 1429, 1369, 1274, 1171, 1123,
1057, 967, 899, 885, 841, 805, 782, 708, 683, 666; MS (EI): m/z (rel. int.) = 481 (100 %); HRMS (EI)
m/z Calcd for C35H19N3[M]+: 481.1579 Found: 481.1570.

1-(as-Indaceno[3,2,1,8,7,6-pqrstuv]picen-1-ylmethyl)-4-(4-nitrophenyl)-1H-1,2,3-triazole (299b):
Azide 298a (10 mg, 26 µmol, 1.0 eq.), copper
sulfate pentahydrate (0.7 mg, 2.6 µmol, 0.1 eq.)
and sodium ascorbate (11 mg, 53 µmol, 2.0 eq.)
were suspended in 5 mL of tBuOH/water (1:1) and
4-nitrophenyl acetylene (3.9 mg, 26 µmol, 1.0 eq.)
was added. The reaction mixture was heated at
80 °C until full consumption of starting material was evident by TLC (2 h). After cooling to room
temperature, water (10 mL) was added and the mixture was extracted three times with DCM (3 x
10 mL). The combined organic phases were dried over magnesium sulfate, filtered and the solvent
was removed under reduced pressure. The crude mixture was purified by column chromatography
on silica gel (PE/EtOAc =6:1 -> 2:1) to give 299b as an orange solid (9.7 mg, 18 µmol, 70 %).
Rf: 0.35 (PE/EtOAc = 2:1); m.p.: 257 -258 °C (PE); 1H NMR (600 MHz, CDCl3)  = 8.18 (d, J = 8.9 Hz,
2H, H2’), 8.14 (d, J = 8.9 Hz, 1H, H11), 8.11 (d, J = 8.7 Hz, 1H, H10), 7.87 (d, J = 9.0 Hz, 2H, H3’), 7.82
(d, J = 8.7 Hz, 1H, H12), 7.82 (d, J = 8.9 Hz, 1H, H9) 7.75 (d, J = 6.9 Hz, 1H, H6), 7.73 (d, J = 7.0 Hz,
1H, H3), 7.71 – 7.67 (m, 4H, H4 + H5 + H8 + Htriazol), 7.43 (dd, J = 8.1, 6.9 Hz, 1H, H7), 7.42 (d, J =
7.0 Hz, 1H, H2), 6.01 (s, 2H, CH2R); 13C NMR (150 MHz, CDCl3)  = 147.40 (C4’), 146.17 (C1’), 140.86
(Cq), 139.73 (Cq), 138.89 (Ca), 138.71 (2C, Cq), 138.45 (Cq), 138.39 (Cq), 138.14 (Cq), 137.71 (Cq),
136.84 (Cq), 136.76 (Cq triazol), 130.58 (C10a), 130.55 (C1), 130.35 (C2), 129.84 (C10b), 129.41 (C8a),
129.21 (C7), 127.38 (C12), 127.31 (C12a), 127.17 (C8), 126.23 (2C, C3’), 126.13 (C4 or C5), 126.02 (C4 or
C5), 125.57 (C11), 124.34 (2C, C2’), 124.09 (C10), 123.90 (C6), 123.33 (C3), 123.17 (C9), 121.01 (CHtriazole),
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51.82 (CH2R); IR (cm-1): 2981, 2169, 1603, 1498, 1460, 1428, 1369, 1274, 1178, 1124, 1057, 969,
900, 885, 840, 806, 782, 754, 728, 709, 684, 666; MS (EI): m/z (rel. int.) = 526 (100 %); HRMS (EI)
m/z Calcd for C35H18N4O2[M]+: 526.1430 Found: 526.1437.

1-(as-Indaceno[3,2,1,8,7,6-pqrstuv]picen-1-ylmethyl)-4-(4-methoxyphenyl)-1H-1,2,3-triazole
(299c): Azide 298a (10 mg, 26 µmol, 1.0 eq.),
copper sulfate pentahydrate (0.7 mg, 2.6 µmol,
0.1 eq.) and sodium ascorbate (11 mg, 53 µmol,
2.0 eq.) were suspended in 5 mL of tBuOH/water
(1:1) and 4-ethynylanisole (3.4 µL, 26 µmol, 1.0
eq.) was added. The reaction mixture was heated
at 80 °C until full consumption of starting material was evident by TLC (4 h). After cooling to room
temperature, water (10 mL) was added and the mixture was extracted thrice with DCM (3 x 10 mL).
The combined organic phases were dried over magnesium sulfate, filtered and the solvent was
removed under reduced pressure. The crude mixture was purified by column chromatography on
silica gel (PE/EtOAc = 6:1 -> 2:1) to give 299c as an orange solid (11 mg, 22 µmol, 82 %)
Rf: 0.30 (PE/EtOAc = 2:1); m.p.: 125 – 126 °C (MeOH); 1H NMR (500 MHz, CDCl3)  = 8.07 (d, J = 8.9
Hz, 1H, H11), 8.06 (d, J = 8.8 Hz, 1H, H10), 7.80 (d, J = 8.9 Hz, 1H, H12), 7.77 (d, J = 8.7 Hz, 1H, H9),
7.71 (d, J = 6.9 Hz, 1H, H6), 7.66 – 7.63 (m, 6H, H3 + H4 + H5 + H8 + H3’), 7.50 (s, 1H, Htriazol), 7.41
(dd, J = 8.1 Hz, 6.9 Hz 1H, H7), 7.33 (d, J = 7.1 Hz, 1H, H2), 6.86 (d, J = 8.9 Hz, 2H, H2’), 5.93 (s, 2H,
CH2R), 3.78 (s, 3H, OMe); 13C NMR (125 MHz, CDCl3)  = 159.72 (C10’), 148.26 (C7’), 140.49 (Cq), 139.49
(Cq), 138.97 (Cq), 138.58 (Cq), 138.57 (Cq), 138.32 (Cq), 138.28 (Cq), 138.21 (Cq), 137.58 (Cq), 136.83
(Cq), 131.32 (Cqtriazol), 130.36 (C10b), 129.93 (C2), 129.82 (C10a), 129.36 (C8a), 129.08 (C7), 127.38 (C12a),
127.21 (C9), 127.11 (2C, C2’), 127.05 (C3 or C8), 125.93 (C4 or C5), 125.85 (C4 or C5), 125.28 (C11),
124.10 (C10), 123.75 (C6), 123.37 (C12), 123.30 (C3 or C8), 118.77 (CHtriazol), 114.28 (2C, C1’), 55.41
(OMe), 51.54 (CH2R); IR (cm-1): 2981, 2089, 1618, 1560, 1498, 1459, 1428, 1369, 1274, 1174, 1124,
1057, 1030, 969, 899, 885, 840, 806, 783, 754, 727, 709, 684, 666; MS (EI): m/z (rel. int.) = 511 (100
%); HRMS (EI) m/z Calcd for C36H21N3O[M]+: 511.1685 Found: 511.1689.
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1-(as-Indaceno[3,2,1,8,7,6-pqrstuv]picen-1-ylmethyl)-4-ferrocenyl-1H-1,2,3-triazole

(299d):

Azide 298a (10 mg, 26 µmol, 1.0 eq.), copper sulfate
pentahydrate (0.7 mg, 2.6 µmol, 0.1 eq.) and sodium
ascorbate (11 mg, 53 µmol, 2.0 eq.) were suspended
in 5 mL of tBuOH/water (1:1) and ethynylferrocene
(5.5 mg, 26 µmol, 1.0 eq.) was added. The reaction
mixture was heated at 80 °C until full consumption of
starting material was evident by TLC (2-4 h). After cooling to room temperature, water (10 mL) was
added and the mixture was extracted three times with DCM (3 x 10 mL). The combined organic
phases were dried over magnesium sulfate, filtered and the solvent was removed under reduced
pressure. The crude mixture was purified by column chromatography on silica gel (PE/EtOAc =6:1 > 2:1) to give 299d as an orange solid (11.7 mg, 20 µmol, 75 %).
Rf: 0.40 (PE/EtOAc = 2:1); m.p.: 169 – 170 °C (PE); 1H NMR (500 MHz, CDCl3)  = 8.08 (d, J = 8.9 Hz,
1H, H11), 8.06 (d, J = 8.7 Hz, 1H, H10), 7.78 (d, J = 8.8 Hz, 1H, H9), 7.75 (d, J = 8.9 Hz, 1H, H12), 7.72
(d, J = 7.0 Hz, 1H, H6), 7.67 (d, J = 7.0 Hz, 1H, H3), 7.66 – 7.64 (m, 3H, H4 + H5 + H8), 7.41 (dd, J =
8.1, 7.0 Hz, 1H, H7), 7.32 (d, J = 7.0 Hz, 1H, H2), 7.26 (s, 1H, Htriazol), 5.93 (s, 2H, CH2R), 4.61 (t, J =
1.9 Hz, 2H, HFc), 4.21 (t, J = 1.9 Hz, 2H, HFc), 3.99 (s, 5H, HFc ); 13C NMR (125 MHz, CDCl3)  = 147.49
(Cqtriazol), 140.46 (Cq), 139.51 (Cq), 138.97 (Cq), 138.58 (2C, Cq), 138.33 (Cq), 138.29 (Cq), 138.21 (Cq),
137.60 (Cq), 136.85 (Cq), 131.46 (C1), 130.37 (C10b), 129.85 (C8a), 129.80 (C2), 129.37 (C10a), 129.09
(C7), 127.38 (C12a), 127.25 (C9), 127.07 (C8), 125.93 (C4 or C5), 125.87 (C4 or C5), 125.25 (C11), 124.12
(C10), 123.76 (C6), 123.32 (C3), 123.30 (C12), 118.76 (CHtriazol), 69.69 (CFc), 68.76 (CFc), 66.72 (CFc), 51.61
(CH2R); IR (cm-1): 2981, 2092, 1618, 1460, 1428, 1369, 1274, 1229, 1178, 1124, 1056, 960, 899, 885,
841, 806, 783, 753, 709, 683, 666; MS (EI): m/z (rel. int.) = 589 (100 %); HRMS (EI) m/z Calcd for
C39H23FeN3[M]+: 589.1241 Found: 589.1243.

3-(Bromomethyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(296b):

3-Methylindacenopicene

(293c) (40 mg, 0.12 mmol, 1.0 eq.), NBS (23 mg, 0.13 mmol, 1.1 eq.)
and DBPO (catalytic 5 mg) were dissolved in CCl4 (5 mL) and the
resulting mixture was refluxed until full consumption of starting
material was evident by TLC (2 h). The mixture was cooled to room
temperature, filtered and the volatiles were removed under
reduced pressure. Crude product was purified by column chromatography on silica using PE/DCM =
9:1 to 3:1. 296b was obtained as a bright orange solid (38 mg, 0.09 mmol, 77 %).
Rf: 0.35 (PE/DCM = 3:1; UV); m.p.: decomp. > 140 °C; 1H NMR (400 MHz, CDCl3)  = 7.96 – 7.91 (m,
2H, H10 + H11), 7.69 (d, J = 8.7 Hz, 1H, H9), 7.64 (d, J = 7.4 Hz, 1H, H4), 7.62 (d, J = 6.8 Hz, 1H, H6),
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7.61 (d, J = 8.7 Hz, 1H, H12), 7.58 (d, J = 8.1 Hz, 1H, H8), 7.55 (d, J = 7.3 Hz, 1H, H5), 7.52 (d, J = 8.3
Hz, 1H, H1), 7.34 (dd, J = 8.2, 7.0 Hz, 1H, H7), 7.26 (d, J = 8.3 Hz, 1H, H2). 4.82 (s, 2H, CH2Br); 13C
NMR (100 MHz, CDCl3)  = 139.24 (Cq), 138.94 (Cq), 138.31 (2C, Cq), 137.83 (Cq), 137.60 (Cq), 137.57
(Cq), 137.29 (Cq), 136.82 (Cq), 136.80 (Cq), 134.09 (C3), 130.30 (C10b), 130.28 (C2), 129.77 (C10a), 129.18
(C8a), 128.88 (C7), 128.75 (C12a), 127.75 (C1), 126.95 (2C, C4 +C6), 126.92 (C9), 126.59 (C8), 125.65 (C5),
124.42 (C10), 123.94 (C11), 123.64 (C12), 31.05 (CH2Br); IR (cm-1): 3049, 2335, 1929, 1825, 1631, 1612,
1591, 1562, 1515, 1501, 1469, 1455, 1423, 1393, 1369, 1351, 1321, 1269, 1228, 1103, 1044, 1012,
898, 807, 776, 741, 424, 701, 670; MS (EI): m/z (rel. int.) = 418 (100 %), 416 (100 %), 337 (50 %);
HRMS (EI) m/z Calcd for C27H14Br[M]+: 416.0201 Found: 416.0197.

as-Indaceno[3,2,1,8,7,6-pqrstuv]picene-3-carbaldehyde (297b): To a solution of 3-bromomethylindacenopicene 296b (20.0 mg, 0.05 mmol, 1.00 eq.) in DMSO (5 mL)
was added sodium bicarbonate (0.08 g, 0.10 mmol, 2.00 eq.). The
mixture was heated to 100 °C until full consumption of starting
material was evident by TLC. The reaction was quenched with water
(30 mL) and extracted with EtOAc (30 mL). The organic phase was
washed three times with water (3 x 30 mL) and then dried over magnesium sulfate, filtered and the
volatiles were removed under reduced pressure. Crude product was purified by column
chromatography on silica with PE/EtOAc = 9:1 as eluent. 297b was obtained as a bright orange solid.
(10.1 mg, 0.03 mmol, 60 %).
Rf: 0.3 (PE/EtOAc = 9:1, UV); m.p.: 204 – 205 °C (pentane); 1H NMR (500 MHz, CDCl3)  = 10.40 (s,
1H), 7.97 (d, J = 8.8 Hz, 1H, H11), 7.94 (d, J = 8.8 Hz, 1H, H10), 7.92 (d, J = 7.3 Hz, 1H, H2), 7.71 (d, J
= 8.7 Hz, 1H, H9). 7.70 (d, J = 8.3 Hz, 1H, H4), 7.63 (d, J = 6.9 Hz, 1H, H6), 7.62 – 7.59 (m, 3H, H5 +
H8 + H12), 7.49 (d, J = 7.3 Hz, 1H, H1), 7.36 (dd, J = 8.1, 6.9 Hz, 1H, H7); 13C NMR (125 MHz, CDCl3)
 = 191.43(CHO), 140.66 (Cq), 140.57 (Cq), 139.11 (Cq), 138.82 (Cq), 138.31 (Cq), 137.88 (Cq), 137.80
(Cq), 136.95 (Cq), 136.89 (2C, Cq), 131.61 (C12a), 131.56 (C3) , 130.46 (C10b), 129.76 (C2), 129.34 (C8a or
C10a), 129.26 (C8a or C10a), 129.10 (C7), 128.39 (C4), 127.24 (C5 or C8), 127.22 (C5 or C8), 127.06 (C9),
126.62 (C12), 126.51 (C11), 126.07 (C1), 124.02 (C6), 123.86 (C10); IR (cm-1): 2981, 2072, 1682, 1577,
1402, 1371, 1252, 1219, 1188, 1129, 942, 855, 807, 786, 755, 709; MS (EI): m/z (rel. int.) = 352 (100
%), 323 (40 %); HRMS (ESI): m/z calculated for C27H13O+ [M+H]+: 353.0961; found: 353.0959.

Experimental Section

3-(Azidomethyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (298b): To a solution of 3-bromomethylindacenopicene 296b (16 mg, 40 µmol 1.0 eq.) in DMF(5 mL) was added
sodium azide (8.0 mg, 0.1 mmol, 3 eq.) at once. The reaction mixture
was stirred at room temperature until full consumption of starting
material was evident by TLC. The reaction was quenched with water (20
mL) and brine (10 mL) and extracted with DCM (3 x 10mL). The organic
phases were washed twice with water (2 x 50 mL) and then dried over magnesium sulfate, filtered
and the volatiles were removed under reduced pressure to give 298b as bright red solid (13 mg, 34
µmol, 89 %).
Rf: 0.85 (PE/EtOAc = 3:1, UV); 1H NMR (500 MHz, CDCl3)  = 8.10 (d, J = 8.8 Hz, 1H, H11), 8.10 (d,
J = 8.7 Hz, 1H, H10), 7.80 (d, J = 8.7 Hz, 1H, H12), 7.77 (d, J = 8.7 Hz, 1H, H9), 7.72 (d, J = 8.7 Hz, 1H,
H4), 7.71 (d, J = 6.9 Hz, 1H, H6), 7.68 – 7.64 (m, 2H, H5 + H8), 7.66 (d, J = 8.2 Hz, 1H, H1), 7.40 (dd, J
= 8.2, 6.9 Hz, 1H, H7), 7.33 (d, J = 8.2 Hz, 1H, H2), 4.77 (s, 2H, CH2N3); 13C NMR (125 MHz, CDCl3)  =
139.38 (Cq), 139.05 (Cq), 138.53 (Cq), 138.40 (Cq), 138.07 (Cq), 137.84 (Cq), 137.78 (Cq), 137.67 (Cq),
137.04 (Cq), 136.99 (Cq), 132.21 (C3), 130.51 (C10a), 130.00 (C10b), 129.48 (C2), 129.31 (C8a), 129.01
(C7), 128.87 (C12a), 127.82 (C1), 127.15 (C12), 127.03 (C8), 126.86 (C9), 126.75 (C4), 125.79 (C5),
124.41(C10), 124.10 (C11), 123.79 (C6), 53.02 (CH2N3); IR (cm-1): 2982, 2089, 1618, 1498, 1370, 1276,
1179, 1128, 1057, 946, 900, 885, 805, 783, 754, 730, 709, 684, 666; MS (EI): m/z (rel. int.) = 379
(100 %), 337 (40 %); HRMS (ESI): m/z calculated for C27H14N3+ [M+H]+: 380.1188; found: 380.1185.

1-(as-Indaceno[3,2,1,8,7,6-pqrstuv]picen-3-ylmethyl)-4-phenyl-1H-1,2,3-triazole (299e): 3-Azidomethyl Idpc (298b) (3.0 mg, 0.01 mmol, 1.0 eq.), copper
sulfate pentahydrate (1.0 mg, 0.004 mmol, 0.5 eq.) and
sodium ascorbate (4.0 mg, 0.02 mmol, 2.0 eq.) were
suspended in 5 mL of tBuOH/water (1:1) and phenyl
acetylene (1 µL, 0.01 mmol, 1.0 eq.) was added. The
reaction mixture was heated at 90 °C until full consumption of starting material was evident by TLC.
After cooling to room temperature, water (10 mL) was added and the mixture was extracted three
times with DCM (3 x 10 mL). The combined organic phases were dried over magnesium sulfate,
filtered and the solvent was removed under reduced pressure. The crude was mixture was purified
by column chromatography using silica gel (PE/DCM =3:1 -> DCM -> DCM/MeOH = 5:1) to give 299e
as an orange solid (3.0 mg, 0.01 mmol, 78 %).
Rf: 0.35 (PE/EtOAc = 2:1); m.p.: 192 – 193 °C (MeOH); 1H NMR (400 MHz, CD2Cl2)  = 8.11 (d, J =
8.7 Hz, 1H, H11 ), 8.10 (d, J = 8.7 Hz, 1H, H10), 7.81 (d, J = 8.8 Hz, 1H, H9), 7.78 (d, J = 8.8 Hz, 1H,
H12), 7.76 – 7.70 (m, 4H, H2’ + Htriazol + H6 or H8), 7.69 – 7.64 (m, 4H, H1 + H4 + H5 + H6 or H8),
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7.42 (dd, J = 8.2, 7.0 Hz, 1H, H7), 7.36 – 7.31 (m, 2H, H3’), 7.29 – 7.23 (m, 2H, H2 + H4’), 5.98 (s, 2H,
CH2R);

13

C NMR (100 MHz, CD2Cl2)  = 139.75, 139.16, 138.56, 138.47, 138.27, 138.14, 137.87,

137.47, 137.21, 137.08, 131.53, 131.01, 130.79, 130.09, 129.61 (2C), 129.42, 129.30, 129.14 (2C),
128.51, 128.48, 127.48, 127.39, 127.16, 126.95, 126.22, 125.93 (2C), 124.95, 124.30, 124.29 (2C),
52.73; IR (cm-1): 2981, 1619, 1497, 1369, 1275, 1177, 1125, 1057, 971, 900, 885, 840, 806, 784, 760,
709, 684, 666; MS (EI): m/z (rel. int.) = 481 (100 %); HRMS (EI) m/z Calcd for C35H19N3[M]+: 481.1579
Found: 481.1577.

5-Bromo-2-acetonaphtone (302): To a solution of 2-acetonaphthone (10.0 g, 58.8 mmol, 1.00 eq.)
in a mixture of water and acetonitrile (1.5:1, 300 mL) was added ammonium
bromide (6.91 g, 70.5 mmol, 1.20 eq.) in one portion. The suspension was
cooled to 0 °C (ice bath) and oxone (43.4 g, 70.5 mmol, 2.40 eq.) was added in
portions over 30 minutes to the stirred solution. The reaction was stirred at
this temperature for 1 h and then the ice bath was removed. The solution was
stirred at room temperature until full consumption of starting material was evident by TLC. The
precipitate was filtered and washed with EtOAc (30 mL). Acetonitrile was removed under reduced
pressure and the residue was extracted with EtOAc (2 x 100 mL). The combined organic phases were
washed with sodium thiosulfate solution (100 mL) and water (100 mL). The organic layer was dried
over magnesium sulfate, filtered off from the drying agent and the volatiles were removed under
reduced pressure. The crude product was purified by column chromatography on silica (PE/EtOAc =
10:1) to afford 302 as a yellow crystalline solid (8.05 g, 32.3 mmol 55 %).
Rf: 0.25 (PE/EtOAc = 10/1, UV); m.p.: 89 – 90 °C (EtOH); 1H NMR (400 MHz, CDCl3)  = 8.28 (d, J =
1.9 Hz, 1H), 8.13 – 8.10 (m, 1H), 7.97 (dd, J = 8.9, 1.8 Hz, 1H), 7.77 (ddd, J = 7.5, 6.7, 1.1 Hz, 2H), 7.27
(dd, J = 8.2, 7.4 Hz, 1H), 2.65 (s, 3H); 13C NMR (100 MHz, CDCl3)  = 197.43, 134.86, 133.83, 133.63,
132.18, 130.11, 129.39, 127.55, 127.01, 125.16, 122.61, 26.70 . In Accordance with literature[172]
IR (cm-1): 3061, 1671, 1361, 1272, 1361, 1272, 1255, 1206, 1189, 1135, 1019, 946, 891, 826, 788,
752, 674; MS (EI): m/z (rel. int.) = 250 (100 %), 248 (100 %); MS (ESI): m/z calculated for C12H10BrO+
[M+H]+: 248.9910 and 250.9889; found: 248.9911 and 250.9888.
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(E/Z)-1-Bromo-6-(1-(2,5-difluorophenyl)prop-1-en-2-yl)naphthalene

(303):

Bromo(2,5-

difluorobenzyl)triphenyl- phosphane (7.80g, 16.6 mmol, 1.00 eq.) and 5bromo-2-acetonaphthone (302) (4.14 g, 16.6 mmol, 1.00 eq.) were dissolved
in dry ethanol (150 mL). Potassium tert-butoxide (2.80 g, 24.9mmol, 1.50 eq.)
was added in portions over 15 min. The mixture was refluxed until full
consumption of starting material was evident by TLC. The reaction mixture was
cooled to room temperature and the solvent was removed under reduced
pressure. Water (200 mL) was added and the mixture was extracted with ethyl
acetate (3 x 200 mL). The combined organic phases were dried over magnesium sulfate, filtered off
from the drying agent and the solvent was removed under reduced pressure. Column
chromatography on silica (PE/DCM = 6/1) afforded 303 as (E/Z)-mixture as a colorless solid (5.02 g,
14.0 mmol, 87 %). Stilbene 303 was used as (E/Z)-mixture in the next step.
Rf: 0.9 (PE/DCM = 6:1, UV); m.p.: 69 – 70 °C (PE); MS (EI): m/z (rel. int.) = 360 (100 %), 358 (100 %).

9-Bromo-1,4-difluoro-6-methylbenzo[c]phenanthrene (304): In a 400 W water-cooled
photochemical reactor was added a E/Z- mixture of stilbene 303 (5.00 g, 13.9
mmol, 1.00 eq.), iodine (3.89 g, 15.3 mmol, 1.1 eq.) and cyclohexane (ca. 350
mL). The solution was degassed by bubbling nitrogen through the stirred
solution for around 15 min. Propylene oxide (20 mL, 278 mmol, 20.0 eq.) was
added and the solution was irradiated until full consumption of starting material
(For 5.0 g scale typical after 10 h irradiation). The solution was washed with
saturated sodium thiosulfate solution (150 mL), brine (300 mL), dried over
magnesium sulfate and filtered off from the drying agent. The volatiles were removed under
reduced pressure and the crude was suspended in methanol (30 mL). The precipitate was filtered
off and washed with methanol (100 mL) to yield 304 as an off-white solid. (3.03 g, 8.49 mmol, 61 %).
Rf: 0.50 (PE/DCM = 3:1, UV); m.p.: 198-199 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 8.50 (dd, J =
9.1, 0.8 Hz, 1H, H8), 8.20 (ddt, J = 15.1, 8.5, 1.0 Hz, 1H, H12), 8.14 (d, J = 9.1 Hz, 1H, H7), 8.02 (dd, J =
2.2, 1.1 Hz, 1H, H5), 7.90 (dt, J = 7.4, 0.7 Hz, 1H, H10), 7.43 (ddd, J = 8.7, 7.5, 1.3 Hz, 1H, H11), 7.31 –
7.18 (m, 2H, H2 + H3), 2.84 (s, 3H, Me); 13C NMR (19F decoupled, 150 MHz, CDCl3)  = 155.13 (C1),
154.65 (C4), 134.24 (C6), 132.13 (C6a), 131.50 (C12a), 130.98 (C8a), 130.42 (C10), 129.84 (C12), 127.54
(C8), 125.33 (C11), 124.72 (C12b), 124.17 (C4a), 123.33 (C7), 122.20 (C9) 119.80 (C5), 118.75 (C12c),
111.47 (C3), 111.16 (C2), 20.38(Me); 19F NMR (375 MHz, CDCl3)  = -103.87 – -104.05 (m), -127.10 –
-127.33 (m); IR (cm-1): 3058, 2910, 1616, 1592, 1423, 1436, 1367, 1267, 1225, 1105, 1043, 1005,
873, 805, 741, 725; MS (EI): m/z (rel. int.) = 358 (100 %), 356 (100 %); HRMS (EI) m/z Calcd for
C19H1BrF2 [M]+: 357.9992 and 356.0012. Found: 358.0047 and 356.0008.
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9-Bromo-6-(bromomethyl)-1,4-difluorobenzo[c]phenanthrene (305): Benzo[c]phenanthrene 304
(3.05 g, 8.53 mmol, 1.00 eq.) was dissolved in CCl4 (150 mL) and Nbromosuccinimide (1.27 g, 7.11 mmol, 1.05 eq.) and a catalytic amount of
dibenzoyl peroxide (10 mg) were added. The mixture was heated to reflux
until full consumption of starting material was evident by TLC. The reaction
mixture was cooled to room temperature, the succinimide filtered off and
the volatiles were removed under reduced pressure. The resulting crude solid
was sonicated in PE and isolated by filtration. The solid product was washed
with PE (50 mL) by suction and dried under reduced pressure to obtain 305 as a colorless solid (3.05
g, 6.99 mmol, 82%).
Rf: 0.25 (PE/DCM = 6:1); m.p.: 154 – 155 °C (PE); 1H NMR (400 MHz, CDCl3)  = 8.59 (d, J = 9.2 Hz,
1H, H8), 8.28 (d, J = 9.1 Hz, 1H, H7), 8.26 (s, 1H, H5), 8.18 (dd, J = 15.2, 8.3 Hz, 1H, H12), 7.93 (d, J =
7.4 Hz, 1H, H10), 7.45 (t, J = 8.1 Hz, 1H, H11), 7.33 (dd, J = 9.1, 5.7 Hz, 2H, H2 + H3), 5.05 (s, 2H, CH2Br);
C NMR (100 MHz, CDCl3)  = 155.05 (d, J = 249.2 Hz, 2C), 133.23, 131.45, 131.24, 130.92, 130.10,
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129.84, 129.68, 128.09, 125.61 (d, J = 3.1 Hz), 123.74-123.44 (m), 122.78, 122.32, 121.49 (d, J = 6.5
Hz), 119.94-119.70 (m), 113.37 (dd, J = 27.3, 9.0 Hz), 111.75 (dd, J = 23.2, 9.3 Hz), 31.40 (CH2Br); 19F
NMR (75 MHz, CDCl3)  = -103.09 - -103.40 (m), -125.50 - -126.01 (m); IR (cm-1): 3075, 2335, 1826,
1612, 1591, 1469, 1455, 1424, 1321, 1269, 1228, 1044, 1012, 808, 776, 742, 725, 701, 669; MS (EI):
m/z (rel. int.) = 438 (100%), 436 (100 %), 434 (50 %); HRMS (EI) m/z Calcd for C19H10Br2F2[M]+:
433.9117 Found: 433.9110.

(9-Bromo-1,4-difluorobenzo[c]phenanthrene-6-yl)methyltriphenylphosphonium bromide (306):
To a solution of benzyl bromide 305 (2.95 g, 6.76 mmol, 1.00 eq.) in
toluene (150 mL) was added triphenyl phosphine (1.87 g, 7.11 mmol,
1.05 eq.) and the reaction mixture was refluxed until full consumption
of starting material was detected by TLC. The mixture was cooled to
room temperature, the precipitate was filtered and washed with
toluene (30 mL) and finally dried in vacuo. 306 was isolated as a
colorless solid (4.62 g, 6.62 mmol, 98 %).
m.p.: 221-222 °C (toluene); 1H NMR (600 MHz, MeOD-d4)  = 8.12 (dd, J = 15.1, 8.5 Hz, 1H, H12),
8.04 (dd, J = 4.2, 1.6 Hz, 1H, H5), 7.96 (d, J = 9.2 Hz, 1H, H8), 7.94 (dd, J = 7.6, 1.0 Hz, 1H, H10), 7.78
(tdd, J = 7.5, 2.2, 1.1 Hz, 3H, H4’), 7.74 (dd, J = 9.2, 1.5 Hz, 1H, H7), 7.68 – 7.63 (m, 6H, H2’), 7.58 –
7.52 (m, 6H, H3’), 7.48 (td, J = 7.9, 7.4, 1.0 Hz, 1H, H11), 7.46 – 7.39 (m, 2H, H2 + H3), 5.63 – 5.55 (m,
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1H, H13); 13C NMR (150 MHz, MeOD-d4)  = 156.01 (d, J = 250.2 Hz, C1), 155.68 (d, J = 248.2 Hz, C4),
136.50 (d, J = 3.3 Hz, C4’), 135.43 (d, J = 9.9 Hz, C2’), 132.19 (C10), 131.98 (d, J = 3.9 Hz, C6a), 131.69
(C8a), 131.33 (d, J = 12.7 Hz, C3’), 130.81 (d, J = 15.9 Hz, C12), 128.13 (C8), 127.04 (d, J = 2.7 Hz, C10),
126.31 (C12b), 125.49 (d, J = 9.0 Hz, C6), 124.85 – 124.70 (m, C5), 124.02 – 123.77 (m, C4a), 123.43
(C7), 122.61 (C12a), 119.98 (d, J = 14.2 Hz, C12c), 118.54 (dd, J = 86.0, 3.3 Hz, C1’), 114.94 (dd, J = 27.1,
8.8 Hz, C2), 113.24 (dd, J = 23.3, 9.5 Hz, C3), 27.54 (m, C13); 19F NMR (376 MHz, MeOD-d4)  = -104.62
– -104.92 (m), -128.11 - -128.27 (m); 31P NMR (162 MHz, MeOD-d4)  = 23.69; IR (cm-1): 3078, 2925,
1928, 1825, 1612, 1591, 1469, 1455, 1424, 1393, 1368, 1351, 1321, 1269, 1228, 1103, 1044, 1012,
807, 776, 741, 724, 701, 670; MS (EI): m/z (rel. int.) = 700 (50 %), 698 (100 %), 696 (50%); HRMS
(ESI) m/z Calcd for C37H25BrF2P[M - Br-]+: 617.0840 Found: 617.0848.

(E/Z)-9-Bromo-6-(2-bromostyryl)-1,4-difluorobenzo[c]phenanthrene (307): Phosphonium salt
306 (3.77 g, 5.40 mmol, 1.00 eq.) and 2-bromobenzaldehyde (0.69 mL,
5.94 mmol, 1.1 eq.) were dissolved in dry ethanol (150 mL). Potassium
tert-butoxide (0.91 g, 8.10 mmol, 1.50 eq.) was added in portions over
15 min to the stirred solution. The mixture was refluxed until full
consumption of starting material was evident by TLC. The reaction
mixture was cooled to room temperature and the solvent was removed
in vacuo. Water (200 mL) was added to the crude and the mixture was extracted with ethyl acetate
(3 x 200 mL). The combined organic phases were dried over magnesium sulfate, filtered off from
the drying agent and the solvent was removed in vacuo. Column chromatography on silica (PE/DCM
= 6/1) afforded an (E/Z)-mixture of 307 as a yellow oil (2.04 g, 3.89 mmol, 72 %) which was used
without further purification in the next step.
Rf: 0.40 (PE/DCM = 6:1; UV); MS (EI): m/z (rel. int.) = 526 (50 %), 524 (100 %), 522 (50 %).

4,9-Dibromo-13,16-difluorobenzo[s]picene (301): In a 400 W water-cooled photochemical reactor
was added a E/Z- mixture of the stilbene 307 (2.00 g, 3.82 mmol, 1.00
eq.), iodine (1.07 g, 4.2 mmol, 1.1 eq.) and cyclohexane (ca. 350 mL).
The solution was degassed by bubbling nitrogen through the stirred
solution for around 15 min. Propylene oxide (10 mL) was then added
and the solution was irradiated until full consumption of starting
material was evident by EI-MS. The solution was washed with saturated
sodium thiosulfate solution (150 mL), brine (150 mL), dried over
magnesium sulfate and was filtered of from the drying agent. The volatiles were removed under
reduced pressure and the crude solid was precipitated in methanol (30 mL). The precipitate was

217

218

Experimental Section

filtered and washed with cold methanol (20 mL) to yield 301 as a colorless solid (1.67 g, 3.21 mmol,
84 %).
Rf: 0.27 (PE/DCM = 9:1; UV); m.p.: 239 – 240 °C (MeOH); 1H NMR (600 MHz, CDCl3)  = 8.61 (d, J =
9.1 Hz, 2H, H6 + H7), 8.56 (d, J = 9.1 Hz, 2H, H5 + H8), 8.15 (td, J = 8.7, 4.3 Hz, 2H, H1 + H12), 7.87 (dd, J
= 7.4, 1.0 Hz, 2H, H3 + H10), 7.45 – 7.41 (m, 2H, H2 + H11), 7.41 – 7.37 (m, 2H, H14 + H15); 13C NMR (150
MHz, CDCl3)  = 155.10 (dd, J = 251.0, 3.7 Hz, C13 + C16), 131.70 (t, J = 2.5 Hz, C16b + C12b), 131.09 (C12a
+ C16c), 130.48 (C3 + C10), 130.19 (C4a + C8a), 129.66 (t, J = 7.2 Hz, C1 + C12), 128.53 (C5 + C8), 125.74 (C2
+ C11), 123.90 (C6a + C6b), 122.25 (C4 + C9), 121.24 (C6+ C7), 120.20 (dd, J = 10.6, 6.4 Hz, C12c + C16a),
115.05 (dd, J = 23.2, 14.3 Hz, C14 + C15); 19F NMR (375 MHz, CDCl3)  = -103.80 – -104.12 (m); IR (cm1

): 3075, 1829, 1589, 1561, 1527, 1466, 1390, 1263, 1225, 1186, 1094, 1053, 1015, 910, 831, 811,

794, 759, 739, 717, 675; MS (EI): m/z (rel. int.) = 524 (50 %), 522 (100 %), 520 (50 %); HRMS (EI) m/z
Calcd for C26H12Br2F2 [M]+: 519.9253. Found: 519.9257.

1,8-Dibromo-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (300): γ-Al2O3 ( (3.0 g) was activated in
heavy-walled Schott-Duran glassware at 550 °C for 30 minutes in
vacuum (10-3 mbar). After cooling to 150 °C and refilling with
nitrogen, fluoroarene 301 (50 mg) was added. The vessel was sealed
and heated to 280 °C and kept at this temp. until full consumption of
starting material was detected by EI-MS (usually 1.5 – 3 h). After
cooling to room temperature, the product was separated from the Al2O3 by Soxhlet extraction using
DCM. 300 was isolated as an orange solid (38 mg, 80 µmol, 82 %).
Rf: 0.25 (PE/DCM = 2:1, UV); m.p.: 260-261 °C (DCM); 1H NMR (100 MHz, C2D2Cl4)  = 8.08 (d, J =
8.9 Hz, 2H), 7.82 (d, J = 8.9 Hz, 2H), 7.55 (s, 2H), 7.53 (d, J = 7.3 Hz, 2H), 7.47 (d, J = 7.3 Hz, 2H); 13C
NMR (100 MHz, C2D2Cl4)  = 138.25, 138.03, 137.85, 137.50, 137.34, 131.72, 129.68, 128.79, 126.12,
126.04, 125.08, 124.58, 122.01; IR (cm-1): 3050, 1594, 1509, 1455, 1341, 1106 1034, 844, 780, 752,
699; MS (EI): m/z (rel. int.) = 484 (50 %), 482 (100 %), 480 (50 %); HRMS (EI) m/z Calcd for C26H10Br2
[M]+: 479.9149. Found: 479.9154.
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(E/Z)-9-Bromo-6-(2-chlorostyryl)-1,4-difluorobenzo[c]phenanthrene (314a): Phosphonium salt
306 (4.00 g, 5.73 mmol, 1.00 eq.) and 2-chlorobenzaldehyde (0.68 mL,
6.01 mmol, 1.1 eq.) were dissolved in dry ethanol (150 mL). Potassium
tert-butoxide (0.77 g, 6.87 mmol, 1.20 eq.) was added in portions over
15 min. The mixture was refluxed until full consumption of starting
material was evident by TLC. The reaction mixture was cooled to room
temperature and the solvent was removed under reduced pressure.
Water (200 mL) was added and the mixture was extracted with ethyl acetate (3 x 200 mL). The
combined organic phases were dried over magnesium sulfate, filtered and the solvent was removed
under reduced pressure. Column chromatography on silica (PE/DCM = 6/1) afforded an (E/Z)mixture of 314a as a yellow oil (2.01 g, 4.19 mmol, 74 %) which was used in the next step.
Rf: 0.4 (PE/DCM = 6:1; UV); MS (EI): m/z (rel. int.) = 481 (30 %), 480 (100 %), 478 (70 %).

4-Bromo-9-chloro-13,16-difluorobenzo[s]picene (315a): A 400 W water-cooled photochemical
reactor was charged with a E/Z- mixture of stilbene 314a (2.00 g, 4.17
mmol, 1.00 eq.), iodine (1.17 g, 4.58 mmol, 1.1 eq.) and cyclohexane (ca.
400 mL). The solution was degassed by bubbling nitrogen through the
stirred solution for around 15 min. Propylene oxide (10 mL) was added
and the solution was irradiated until full consumption of starting
material was evident by EI-MS. The solution was washed with sodium
thiosulfate solution (150 mL), brine (150 mL), dried over magnesium sulfate and was filtered. The
volatiles were removed under reduced pressure and the crude product was suspended in methanol
(30 mL). The precipitate was filtered and washed with cold methanol (20 mL) to yield 315a as a
colorless solid. (1.65 g, 3.45 mmol, 83 %).
Rf: 0.25 (PE/DCM = 9:1; UV); m.p.: 280 – 281 °C (MeOH); 1H NMR (600 MHz, CDCl3)  = 8.70 – 8.54
(m, 4H, H5 + H6 + H7 + H8), 8.15 (dq, J = 14.9, 8.2 Hz, 2H, H1 + H12), 7.88 (dd, J = 7.5, 1.0 Hz, 1H, H3
or H10), 7.68 (dd, J = 7.5, 1.1 Hz, 1H, H3 or H10), 7.51 (t, J = 8.0 Hz, 1H, H2 or H11), 7.47 – 7.35 (m,
3H, H2 or H11 + H14 + H15); 13C NMR (19F decoupled, 150 MHz, CDCl3)  = 155.75, 154.50, 131.74,
131.63, 131.52, 131.10, 130.48, 130.25, 130.20, 129.95, 129.70, 129.65, 128.97, 128.91, 128.54,
126.78, 125.82, 125.74, 125.31, 123.90, 122.26, 121.26, 121.02, 120.22, 115.14, 114.95; 19F NMR
(75 MHz, CDCl3)  = --104.01 (dt, J = 14.6, 7.8 Hz); IR (cm-1): 3087, 2334, 1828, 1618, 1589, 1562,
1466, 1391, 1327, 1264, 1226, 1189, 1129, 1095, 1076, 1053, 1018, 918, 831, 811, 794, 759, 743,
723, 676; MS (EI): m/z (rel. int.) = 479 (30 %), 478 (100 %), 476 (70 %), HRMS (APCI) m/z Calcd for
C26H13BrClF2 [M+H]+: 476.9852. Found: 476.9856.
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1-Bromo-8-chloro-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (316a): γ-Al2O3 (3.0g) was activated in
heavy-walled Schott-Duran glassware at 550 °C for 30 minutes in
vacuum (10-3 mbar). After cooling to 150 °C, fluoroarene 315a (50 mg,
105µmol) was added and the tube was purged with nitrogen. The
reaction was carried out at 280 °C until full consumption of starting
material was detected by EI-MS (1.5 -3 h). After cooling to room
temperature, the product was extracted via Soxhlet apparatus using DCM to obtain 316a as an
orange solid (36.2 mg, 83 µmol, 79 %).
Rf: 0.15 (PE/DCM = 3:1, UV); m.p.: 274-275 °C (DCM); 1H NMR (400 MHz, C2D2Cl4)  = 8.15 (d, J =
8.9 Hz, 1H), 8.15 (d, J = 8.9 Hz, 1H), 7.95 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.61 (d, J = 0.9
Hz, 2H), 7.58 (d, J = 7.4 Hz, 1H), 7.56 (d, J = 7.4 Hz, 1H), 7.51 (d, J = 7.4 Hz, 1H), 7.36 (d, J = 7.4 Hz,
1H); 13C NMR: The compound is too insoluble for 13C NMR measurement; IR (cm-1): 3051, 2181,
1826, 1611, 1591, 1469, 1455, 1423, 1393, 1368, 1320, 1269, 1228, 1163, 1132, 1103, 1044, 1012,
916, 898, 874, 808, 776, 702, 670; MS (EI): m/z (rel. int.) = 439 (30 %), 438 (100 %), 436 (70 %);
HRMS (APCI) m/z Calcd for C26H11BrCl [M+H]+: 436.9727. Found: 436.9727.

(E/Z)-9-Bromo-6-(2-methylstyryl)-1,4-difluorobenzo[c]phenanthrene (314b): Phosphonium salt
306 (4.14 g, 5.93 mmol, 1.00 eq.) and o-tolualdehyde (0.83 mL, 7.11
mmol, 1.2 eq.) were dissolved in dry ethanol (150 mL). Potassium tertbutoxide (1.00 g, 6.87 mmol, 1.5 eq.) was added in portions over 15
min. The mixture was refluxed until full consumption of starting
material was evident by TLC. The reaction mixture was cooled to room
temperature and the solvent was removed under reduced pressure.
Water (100 mL) was added and the mixture was extracted with ethyl
acetate (3 x 50 mL). The combined organic phases were dried over magnesium sulfate, filtered and
the solvent was removed under reduced pressure. Column chromatography on silica (PE/DCM =
6/1) afforded 6c as an (E/Z)-mixture as a yellow solid (2.45 g, 5.34 mmol, 90 %). 314b was used as
(E/Z)-mixture in the next step.
Rf: 0.50 (PE/DCM = 6:1; UV); MS (EI): m/z (rel. int.) = 460 (100 %), 458 (100%).
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4-Bromo-9-methyl-13,16-difluorobenzo[s]picene (315b): A 400 W water-cooled photochemical
reactor was charged with a E/Z- mixture of stilbene 314b (2.40 g, 5.23
mmol, 1.00 eq.), iodine (1.46 g, 5.75 mmol, 1.1 eq.) and cyclohexane
(ca. 400 mL). The solution was degassed by bubbling nitrogen through
the stirred solution for around 15 min. Propylene oxide (15 mL) was
added and the solution was irradiated until full consumption of starting
material was evident by EI-MS. The solution was washed with sodium
thiosulfate solution (150 mL), brine (150 mL), dried over magnesium sulfate and was filtered. The
volatiles were removed under reduced pressure and the crude product was precipitated in
methanol (30 mL). The precipitate was filtered and washed with cold methanol (20 mL) to yield 315b
as a colorless solid. (2.01 g, 4.39 mmol, 84 %).
Rf: 0.25 (PE/DCM = 6:1; UV); m.p.: 222 – 223 °C (MeOH); 1H NMR (500 MHz, CDCl3)  = 8.59 (d, J =
9.2 Hz, 1H, H5), 8.52 (dd, J = 9.1, 0.7 Hz, 2H, H6 + H7), 8.30 (dd, J = 9.1, 0.9 Hz, 1H, H8), 8.15 (ddt, J
= 13.9, 8.5, 1.0 Hz, 1H, H1), 8.11 – 8.04 (m, 1H, H12), 7.85 (dd, J = 7.5, 1.0 Hz, 1H, H3), 7.50 (ddd, J
= 8.3, 7.0, 1.2 Hz, 1H, H11), 7.45 – 7.40 (m, 2H, H2 + H10), 7.40 – 7.34 (m, 2H, H14 + H15), 2.83 (d,
J = 1.1 Hz, 3H, Me); 13C NMR (19F decoupled, 125 MHz, CDCl3)  = 155.27 (C16), 155.11 (C12), 133.59
(C9), 131.80 (C12b), 131.68 (C8a), 130.86 (C4a), 130.50 (C6a), 130.38 (C16b), 130.17 (C3), 129.66 (C1),
129.41 (C6b), 128.22 (C6), 128.14 (C12), 127.44 (C10), 125.76 (C8), 125.56 (C2), 125.11 (C11), 124.33
(C12a), 123.42 (C4), 122.18 (C16c), 121.31 (C5), 120.62 (C16a), 120.06 (C12c), 119.46 (C7), 114.82 (C15),
114.58 (C14), 19.88 (Me); 19F NMR (375 MHz, CDCl3)  = -103.76 – -103.92 (m), -104.21 – -104.35
(m); IR (cm-1): 3064, 2965, 1590, 1565, 1470, 1360, 1263, 1229, 1089, 1066, 1036, 819, 790, 750,
728, 673; MS (EI): m/z (rel. int.) = 458 (100 %), 456 (100 %); HRMS (EI) m/z Calcd for C27H16BrF2 [M]+:
458.0305 and 456.0325. Found: 458.0311 and 456.0328.

1-Bromo-8-methyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (316b): γ-Al2O3 (3.0g) was activated in
heavy-walled Schott-Duran glassware at 550 °C for 30 minutes in
vacuum (10-3 mbar). After cooling to 150 °C, fluoroarene 315b (50
mg, 109µmol) was added and the tube was purged with nitrogen.
The reaction was carried out at 280 °C until full consumption of
starting material was detected by EI-MS. After cooling to room
temperature, the product was extracted via Soxhlet apparatus using
DCM to obtain 316b as a red solid (39 mg, 93 µmol, 85 %).
Rf: 0.35 (PE/DCM = 3:1, UV); m.p.: 200 – 201 °C (DCM); 1H NMR (500 MHz, CDCl3)  = 8.18 (d, 3J =
8.8 Hz, 1H, H12), 8.14 (d, 3J = 8.8 Hz, 1H, H9), 7.92 (d, 3J = 8.8 Hz, 1H, H10), 7.89 (d, 3J = 8.9 Hz, 1H,
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H11), 7.63 – 7.59 (m, 3H, H4 + H5 + H6), 7.58 (d, 3J = 7.3 Hz, 1H, H3), 7.51 (d, 3J = 7.3 Hz, 1H. H2),
7.19 (dd, 3J = 7.0, 4J = 1.0 Hz, 1H, H7), 2.70 (d, 4J = = 1.3 Hz, 3H, Me); 13C NMR (125 MHz, CDCl3)  =
139.18 (Cq), 138.82 (Cq), 138.50 (Cq), 138.01 (Cq), 137.87 (Cq), 137.81 (Cq), 137.57 (Cq), 137.51 (Cq),
137.16 (Cq), 136.93 (Cq), 136.53 (C8), 131.44 (C6), 130.15 (C10a), 129.19 (C8a or C10b), 129.14 (C8a or
C10b), 129.04 (C7), 128.89 (C1), 125.91 (C11), 125.59 (C4 or C5), 125.29 (C4 or C5), 125.16 (C12), 124.52
(C10), 124.15 (C2), 124.01 (C3), 123.63 (C9), 121.86 (C12a), 17.98 (Me); IR (cm-1): 2966, 1590, 1566,
1470, 1421, 1394, 1327, 1263, 1229, 1164, 1111, 1089, 1066, 1036, 1004, 974, 943, 819, 791, 751,
729, 674; MS (EI): m/z (rel. int.) = 418 (100), 416 (100), HRMS (APCI) m/z Calcd for C27H14Br[M+H]+:
417.0273 Found: 417.0280.

1,8-Bis(4-methoxyphenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene 308): 1,8-Dibromo Idpc (300)
(40.0

mg,

83.0

µmol,

1.0

eq.),

4-

methoxyphenylboronic acid (38.0 mg, 250 µmol, 3.0
eq.) and Pd(dppf)Cl2 (6.0 mg, 8.3 µmol, 0.1 eq) were
dissolved in 1,4-dioxane/water mixture (15 mL,
14:1). The mixture was degassed with nitrogen under
sonication for 20 minutes. Sodium carbonate (53.0
mg, 500 µmol, 6.0 eq.) was added and the mixture
was refluxed for 8 h (full consumption of starting material according to TLC). The solvent was
removed under reduced pressure and the crude was purified by column chromatography on silica
(PE/DCM = 6:1 -> 1:1) to obtain 308 as red solid. (34.0 mg, 63.4 µmol, 76 %).
Rf: 0.30 (PE/DCM = 3:1; UV); m.p.: 173 – 174 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.07 (d, 3J =
8.9 Hz, 2H, H10 + H11), 7.89 (d, 3J = 8.8 Hz, 2H, H9 + H12), 7.74 (d, 3J = 7.1 Hz, 2H, H3 + H6), 7.66 (s,
2H, H4 + H5), 7.60 (d, 3J = 8.6 Hz, 4H, H2’), 7.38 (d, 3J = 7.2 Hz, 2H, H2 + H7), 7.07 (d, 3J = 8.7 Hz, 4H,
H3’), 3.91 (s, 6H, OMe); 13C NMR (100 MHz, CDCl3)  = 159.57 (C4’), 140.52 (C1), 138.41 (Cq), 138.31
(Cq), 138.26 (Cq), 138.15 (Cq), 137.53 (Cq), 131.88 (C1’), 131.03 (C2’), 129.86 (C10a + C10b), 128.73 (C2 +
C7), 127.64 (C8a + C12a), 126.34 (C9 + C12), 125.36 (C4 + C5), 124.28 (C10 + C11), 123.76 (C3 + C6), 114.21
(C3’), 55.56 (OMe); IR (cm-1): 3050, 1594, 1509, 1455, 1341, 1249, 1105, 1033, 860, 845, 800, 751,
699, 658; MS (EI): m/z (rel. int.) = 536 (100 %); HRMS (EI) m/z Calcd for C40H24O2[M]+: 536.1776
Found: 536.1777.
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1,8-Bis(4-nitrophenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (309): 1,8-Dibromo Idpc (300)
(40.0 mg, 83.0 µmol, 1.0 eq.), 4-nitrophenylboronic acid
(42.0 mg, 250 µmol, 3.0 eq.) and Pd(dppf)Cl2 (6.0 mg,
8.3 µmol, 0.1 eq) were dissolved in 1,4-dioxane/water
mixture (15 mL, 14:1). The mixture was degassed with
nitrogen under sonication for 20 minutes. Sodium
carbonate (53.0 mg, 500 µmol, 6.0 eq.) was added and
the mixture was refluxed for 8 h (full consumption of starting material according to TLC). The solvent
was removed under reduced pressure and the crude was purified by column chromatography on
silica (PE/DCM = 6:1 -> 1:1) to obtain 309 as deep red solid. (37.1 mg, 65.5 µmol 79 %).
Rf: 0.50 (PE/DCM = 1:1; UV); m.p.: 185 – 186 °C (DCM); 1H NMR (500 MHz, C2D2Cl4)  = 8.31 (d, J
= 8.7 Hz, 4H, H3’), 8.09 (d, J = 8.9 Hz, 2H, H10 + H11), 7.79 – 7.75 (m, 8H, H2’ + H3 + H6 + H9 + H12),
7.71 (s, 2H, H4 + H5), 7.41 (d, J = 7.2 Hz, 2H, H2 + H7); 13C NMR (125 MHz, C2D2Cl4)  = 147.07,
145.69, 139.44, 138.13 (2C), 138.08, 137.92, 137.01, 130.41, 129.72, 129.69, 128.22, 126.67,
126.12, 125.30, 124.97, 124.10, 123.84; IR (cm-1): 3050, 1882, 1594, 1508, 1455, 1341, 1106, 860,
845, 801, 751, 699; MS (EI): m/z (rel. int.) = 566 (100 %); HRMS (APCI) m/z Calcd for C38H19N2O4
[M+H]+: 567.1339 Found: 567.1338.

1,8-Bis(3,5-bis(trifluoromethyl)phenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(313):

1,8-

Dibromo Idpc (300) (40.0 mg, 83.0 µmol, 1.0 eq.),
3,5-bis(trifluoromethyl)phenylboronic acid (64.5
mg, 250 µmol, 3.0 eq.) and Pd(dppf)Cl2 (6.0 mg, 8.3
µmol, 0.1 eq) were dissolved in 1,4-dioxane/water
mixture (15 mL, 14:1). The mixture was degassed
with nitrogen under sonication for 20 minutes.
Sodium carbonate (53.0 mg, 500 µmol, 6.0 eq.) was
added and the mixture was refluxed for 8 h (full consumption of starting material according to TLC).
The solvent was removed under reduced pressure and the crude was purified by column
chromatography on silica (PE/EtOAc = 9:1) to obtain 313 as orange solid. (45.3 mg, 60.6 µmol, 73 %)
Rf: 0.50 (PE/EtOAc = 9:1); m.p.: 152 – 153 °C (DCM); 1H NMR (600 MHz, CDCl3)  = 8.04 (bs, 4H,
H2’), 7.98 (bs, 2H, H4’), 7.89 (d, J = 8.8 Hz, 2H, H10 + H11), 7.62 (d, J = 7.1 Hz, 2H, H3 + H6), 7.57 (d,
J = 8.8 Hz, 2H, H9 + H12), 7.49 (s, 2H, H4 + H5), 7.32 (d, J = 7.1 Hz, 2H, H2 + H7); 13C NMR (150 MHz,
CDCl3)  = 141.26 (C1’), 139.84 (Cq), 138.01 (Cq), 137.98 (Cq), 137.82 (Cq), 137.15 (Cq), 137.07 (C1 + C8),
132.16 (q, J = 33.3 Hz, (C3’), 129.71 (d, J = 3.6 Hz, C2’), 129.61 (C2 + C7), 129.48 (C10a + C10b), 126.61 (C8a
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+ C12a), 125.83 (C4 + C5), 125.12 (C10 + C11), 124.57 (C9 + C12), 123.51 (C3 + C6), 123.48 (q, J = 272.9 Hz,
CF3), 121.73 – 121.39 (m, C4’); 19F NMR (375 MHz, CDCl3)  = -62.61; IR (cm-1): 3048, 1618, 1500,
1456, 1427, 1368, 1274, 1171, 1123, 1056, 1009, 966, 898, 884, 840, 823, 805, 784, 708, 683, 665;
MS (EI): m/z (rel. int.) = 748 (100 %); HRMS (APCI) m/z Calcd for C42H17F6 [M+H]+: 749.1133 Found:
749.1133.

1,8-Bis-ferrocenyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (310): 1,8-Dibromo Idpc (300) (40.0
mg, 83.0 µmol, 1.0 eq.), 1-ferrocenylboronic acid (75.0
mg, 250 µmol, 3.0 eq.) and Pd(dppf)Cl2 (6.0 mg, 8.3
µmol, 0.1 eq) was dissolved in 1,4-dioxane/water
mixture (15 mL, 14:1). The mixture was degassed with
nitrogen under sonication for 20 minutes. Sodium
carbonate (53.0 mg, 500 µmol, 6.0 eq.) was added and
the mixture was refluxed for 8 h (full consumption of starting material according to TLC. The solvent
was removed under reduced pressure and the crude was purified by column chromatography on
silica (PE/DCM = 6:1 -> 1:1) to obtain 310 as a deep red solid. (35.0 mg, 50.6 µmol 61%)
Rf: 0.35 (PE/DCM = 6:1); m.p.: 189 – 190 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.50 (d, J = 9.0
Hz, 2H, H9 + H12 ), 8.23 (d, J = 8.9 Hz, 2H, H10 + H11), 7.69 (s, 2H, H4 + H5), 7.65 (d, J = 7.3 Hz, 2H,
H3 + H6), 7.60 (d, J = 7.3 Hz, 2H, H2 + H7), 4.84 (t, J = 1.9Hz, 4H, H2’), 4.47 (t, J = 1.9 Hz 4H, H3’),
4.16 (s, 10H, H4’); 13C NMR (100 MHz, CDCl3)  = 138.47 (Cq), 138.44 (Cq), 138.22 (Cq), 138.05 (Cq),
137.59 (C1 + C8), 137.53 (Cq), 129.58 (C10a + C10b), 128.52 (C2 + C7), 127.73 (C8a + C12a), 126.57 (C9 +
C12), 125.20 (C4 + C5), 123.77 (C10 + C11), 123.46 (C3 + C6), 85.68 (C1’), 70.61 (C4’), 69.99 (C2’), 69.84
(C3’); IR (cm-1): 3047, 2924, 1726, 1594, 1509, 1455, 1341, 1180, 1105, 1034, 860, 845, 800, 751,
699, 658; MS (EI): m/z (rel. int.) = 692 (100 %); HRMS (EI) m/z Calcd for C46H28Fe2[M]+: 692.0890
Found: 692.0907.

1-(3,5-bis(trifluoromethyl)phenyl)-8-(3,5-dimethoxyphenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (317):
Method A:
Buckybowl 316a (80 mg, 0.18 mmol, 1.0 eq.), 3,5Bis(trifluoromethyl)phenylboronic acid (52 mg, 0.20
mmol, 1.1 eq.) and Pd(dppf)Cl2 (6.7 mg, 9.1 µmol, 5
mol %) were dissolved in 1,4-dioxane/water mixture
(15 mL, 14:1). The mixture was degassed with
nitrogen under sonication for 20 minutes. Sodium carbonate (58 mg, 0.55 mmol, 3.0 eq.) was added
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and the mixture was refluxed for 8 h (full consumption of starting material according to TLC). The
solvent was removed under reduced pressure and the crude material was dissolved in DCM (10 mL)
and passed through a short pad of celite. The solution was dried over magnesium sulfate, filtered
and the volatiles were removed under reduced pressure.
The crude material was dissolved in dry THF (10 mL) and Ni(dppp)Cl2 (4.9 mg, 9.1 µmol, 5 mol %)
was added. To this mixture a freshly prepared solution of 3,5-dimethoxyphenyl magnesium bromide
in THF (6.6 mL, 0.04 M, 0.27 mmol, 1.5 eq.) was added in one portion and the reaction mixture was
refluxed for 4 h. The solvent was removed under reduced pressure and the crude material was
dissolved in DCM (15 mL) and washed with 1 M HCl (15 mL) and water (15 mL). The organic phase
was dried over magnesium sulfate, filtered and the volatiles were removed under reduced pressure.
Column chromatography on silica (PE/DCM = 6:1) afforded traces (0.1 mg, <0.1% yield) of 317.
Method B:
Buckybowl 300 (10 mg, 21 µmol, 1.0 eq.), 3,5-bis(trifluoromethyl)phenylboronic acid (2.7 mg, 10
µmol, 0.5 eq.), 3,5-dimethoxyphenylboronic acid (1.9 mg, 10 µmol, 0.5 eq.) and Pd(dppf)Cl2 (1.5 mg,
2.1 µmol, 10 mol %) were dissolved in 1,4-dioxane/water mixture (7 mL, 14:1). The mixture was
degassed with nitrogen under sonication for 20 minutes. Sodium carbonate (13 mg, 0.12 mmol, 6.0
eq.) was added and the mixture was refluxed for 8 h (full consumption of starting material according
to TLC). The solvent was removed under reduced pressure and the crude material was dissolved in
DCM (10 mL) and passed through a short pad of celite. The solvent was removed under reduced
pressure and the crude material was purified by column chromatography on silica (PE/DCM = 6:1)
to yield 317 as an orange solid (0.5 mg, 0.7 µmol 3.6 %).
Rf: 0.40 (PE/DCM = 6:1)
H NMR (400 MHz, CDCl3)  = 8.20 (d, J = 8.9 Hz, 1H, HIdpc), 8.14 (d, J = 8.9 Hz, 1H, HIdpc), 8.13 – 8.11

1

(bs, 2H, H2’), 8.00 (d, J = 8.9 Hz, 1H, HIdpc), 7.97 (bs, 1H, H4’’), 7.83 (d, J = 7.2 Hz, 1H, HIdpc), 7.81 (d, J =
7.2 Hz, 1H, HIdpc), 7.77 – 7.74 (m, 3H, HIdpc), 7.47 (d, J = 7.2 Hz, 1H, HIdpc) 7.46 (d, J = 7.2 Hz, 1H, HIdpc),
6.80 (d, J = 2.3 Hz, 2H, H2’’), 6.58 (t, J = 2.3 Hz, 1H, H4’’), 3.88 (s, 6H, 2x OMe); 19F NMR: (375 MHz,
CDCl3)  = - 62.61 (s); HRMS (EI) m/z Calcd for C42H22F6O2 [M]+: 672.1524 Found: 672.1514.
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1,8-Bis((4-(methylthio)phenyl)ethynyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (312): A Schlenk
flask purged with nitrogen was charged with 1,8dibromo Idpc (300) (40.0 mg, 83.0 µmol, 1.0
eq.), 4-ethinylthioanisole (31.0 mg, 207 µmol,
2.5 eq.), CuI (1.0 mg, 4.1 µmol, 0.05 eq.),
PdCl2(PPh3)2 (6.0 mg, 8.3 µmol, 0.1 eq.) and
diisopropylamine (0.05 mL, 332 µmol, 4.0 eq.).
THF (15 mL) was added and the mixture was
degassed by three freeze-pumpthaw-cycles.
Afterwards, the reaction mixture was heated to reflux for 5 h (full consumption of starting material
according to TLC). The volatiles were removed under reduced pressure and the residue was
extracted with brine (50 mL) and CH2Cl2 (3 x 25 mL). The combined organic phases were dried over
magnesium sulfate, filtered, and the residue was purified by column chromatography on silica gel
using a mixture of PE/ CH2Cl2 (3:1) as eluent. 312 was obtained as deep red solid (40.9 mg, 66.4
µmol, 80%).
Rf: 0.40 (PE/DCM = 3:1; UV); m.p.: 140 – 141 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.21 (d, J =
8.8 Hz, 2H, H9 + H12), 8.13 (d, J = 8.7 Hz, 2H, H10 + H11), 7.70 (d, J = 7.3 Hz, 2H, H2 + H7), 7.67 (s,
2H, H4 + H5), 7.61 (d, J = 7.2 Hz, 2H, H3 + H6), 7.57 (d, J = 8.3 Hz, 4H, H2’), 7.27 (d, J = 8.3 Hz, 4H,
H3’) 2.54 (s, 6H, SMe);

C NMR (100 MHz, CDCl3)  = 140.04, 138.96, 138.69, 138.58, 138.52,

13

136.80, 132.86, 132.18, 130.49, 129.51, 126.03, 126.01 125.92, 124.72, 123.49, 121.26, 119.51,
95.46, 87.45, 15.50; IR (cm-1): 3051, 2925, 2851, 1726, 1593, 1509, 1455, 1341, 1105, 1033, 800,
751, 698; MS (EI): m/z (rel. int.) = 616 (100 %); HRMS (APCI) m/z Calcd for C44H25S2 [M+H]+: 617.1392
Found: 617.1400.

1,8-Bis(ferrocenylethynyl) -as-indaceno[3,2,1,8,7,6-pqrstuv]picene (311): A Schlenk flask purged
with nitrogen was charged with 1,8-dibromo
Idpc (300) (35.0 mg, 72.6 µmol, 1.0 eq.), 4ethinylferrocene (46.0 mg, 182 µmol, 2.5 eq.),
CuI (0.7 mg, 3.6 µmol, 0.05 eq.), PdCl2(PPh3)2
(5.0 mg, 7.3 µmol, 0.1 eq.) and diisopropylamine
(0.04 mL, 290 µmol, 4.0 eq.). THF (15 mL) was
added and the mixture was degassed by three
freeze-pump-thaw cycles. Afterwards, the reaction mixture was heated to reflux for 5 h (full
consumption of starting material according to TLC). The volatiles were removed under reduced
pressure and the residue was extracted with brine (50 mL) and CH2Cl2 (3 x 25 mL). The combined
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organic phases were dried over magnesium sulfate, filtered, and the residue was purified by column
chromatography on silica gel using a mixture of PE/ CH2Cl2 (3:1) as eluent. 311 was obtained as deep
red solid (32.0 mg, 43.2 µmol, 60%).
Rf: 0.45 (PE/DCM = 3:1; UV); m.p.: 158 – 159 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.07 (d, J =
8.8 Hz, 2H, H9 + H12), 8.01 (d, J = 8.7 Hz, 2H, H10 + H11), 7.58 (d, J = 7.3 Hz, 2H, H3 + H6), 7.52 (d, J
= 7.3 Hz, 2H, H2 + H7), 7.50 (s, 2H, H4 + H5), 4.65 (t, J = 1.9 Hz, 4H, H2’), 4.34 (t, J = 1.8 Hz, 4H, H3’),
4.33 (s, 10H, H4’); 13C NMR (100 MHz, CDCl3)  = 138.34 (2C, Cq), 138.25 (Cq), 138.09 (Cq), 136.64
(Cq), 132.30 (C2 + C7), 130.14 (C10a + C10b), 129.41 (C8a + C12a), 125.68 (C4 + C5), 125.62 (C10 + C11),
124.44 (C9 + C12), 123.39 (C3 + C6), 121.84 (C1 + C8), 94.96 (Cac2), 83.78 (Cac1), 71.83 (C2’), 70.27 (C4’),
69.34 (C3’), 65.25 (C1’); IR (cm-1): 3051, 2923, 2851, 1733, 1593, 1509, 1455, 1341, 1105, 1033, 860,
801, 751, 698; MS (EI): m/z (rel. int.) = 740 (100 %); HRMS (APCI) m/z Calcd for C50H29Fe2 [M+H]+:
741.0963 Found: 741.0978.

1-(3,5-Bis(trifluoromethyl)phenyl)-8-methyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene

(318):

Bromo-8-methyl-as-indaceno3,2,1,8,7,6-pqrstuv]
(316b)

(160

mg,

383

µmol,

1.0

eq.),

1-

picene
3,5-

bis(trifluoromethyl)phenylboronic acid (148 mg, 575 µmol,
1.5 eq.) and Pd(dppf)Cl2 (28.0 mg, 38.0 µmol, 0.1 eq) was
dissolved in 1,4-dioxane/water mixture (15 mL, 14:1). The
mixture was degassed with nitrogen under sonication for 20
minutes. Sodium carbonate (122 mg, 1.15 mmol, 3.0 eq.) was added and the mixture was refluxed
for 8 h (full consumption of starting material according to TLC. The solvent was removed under
reduced pressure and the crude was purified by column chromatography on silica (PE/DCM = 9:1)
to obtain 318 as an orange solid. (163 mg, 296 µmol, 77%)
Rf: 0.40 (PE/DCM = 9/1); m.p.: 130 – 131 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 8.08 (bs, 2H,
H2’), 7.99 – 7.98 (m, 1H, H4’), 7.97 (d, J = 8.9 Hz, 1H, H11), 7.94 (d, J = 8.8 Hz, 1H, H10), 7.77 (d, J =
8.8 Hz, 1H, H9), 7.64 (d, J = 7.1 Hz, 1H, H3), 7.60 (d, J = 8.8 Hz, 1H, H12), 7.53 – 7.48 (m, 3H, H4 + H5
+ H6), 7.33 (d, J = 7.1 Hz, 1H, H2), 7.12 (dd, J = 7.0, 1.1 Hz, 1H, H7), 2.65 (d, J = 1.1 Hz, 3H, Me); 13C
NMR (100 MHz, CDCl3)  = 141.57 (C1), 140.11 (C1’), 139.23 (Cq), 138.33 (Cq), 138.05 (Cq), 137.94 (Cq),
137.87(Cq), 137.31 (Cq), 137.27 (Cq), 137.13 (Cq), 136.90(Cq), 136.80(Cq), 136.52 (C8), 132.12 (q, J =
33.3 Hz, C3’), 129.88 (C10b), 129.85 – 129.77 (m, C2’), 129.46 (C2), 129.19 (C10a), 129.07 (C8a), 128.96
(C7), 126.55 (C12a), 125.66 (C4), 125.24 (C11), 125.18 (C5), 124.42 (C9), 124.40 (C12), 123.96 (C6), 123.56
(C10), 123.56 (q, J = 272.8 Hz, CF3), 123.21 (C3), 121.57 – 121.28 (m, C4’), 17.94 (Me); 19F NMR (375
MHz, CDCl3)  = -62.59 (s); IR (cm-1): 2964, 1735, 1590, 1470, 1394, 1275, 1229, 1165, 1112, 1089,
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1066, 1036, 1004, 943, 819, 790, 751, 729, 674; MS (EI): m/z (rel. int.) = 550 (100 %); HRMS (EI) m/z
Calcd for C35H16F6 [M]+: 550.1156. Found: 550.1152.

1-(3,5-Bis(trifluoromethyl)phenyl)-8-(bromomethyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene
(319): 1-(3,5-bis(trifluoromethyl)phenyl)-8-methyl-as-indaceno [3,2,1, 8,7,6-pqrstuv]picene 318
(86.0 mg, 156 µmol, 1.0 eq.), NBS (33.0 mg, 188 µmol, 1.2
eq.) and DBPO (catalytic amount, 5 mg) were dissolved in
carbon tetrachloride (10 mL) and the resulting mixture
was heated to reflux and then irradiated with a 400 W
Osram-Vitalux sunlight bulb from a distance of approx. 20
cm for (4 x 15 min; short cooling period in between due to
overheating of the light bulb). After 2h at reflux temperature full consumption of starting material
was detected by TLC and the irradiation source was shut down and the reaction mixture was allowed
to cool to room temperature. The mixture was filtered and the volatiles were removed under
reduced pressure. The crude material was purified by column chromatography on silica (PE/DCM =
9:1 => 3:1) to give 319 as an orange solid (80.6 mg, 128 µmol, 82 %)
Rf: 0.25 (PE/DCM = 9/1); m.p.: decomp. > 140 °C; 1H NMR (500 MHz, CDCl3)  = 8.15 (d, J = 8.8 Hz,
1H, H10), 8.12 (d, J = 9.0 Hz, 1H, H11), 8.10 (bs, 2H, H2’), 8.01 (d, J = 8.8 Hz, 1H, H9), 7.98 (s, 1H,
H4’), 7.77 (d, J = 7.1 Hz, 1H, H3), 7.71 (d, J = 8.8 Hz, 1H, H12), 7.65 (d, J = 7.3 Hz, 1H, H4), 7.63 (d, J
= 7.2 Hz, 1H, H5), 7.61 (d, J = 7.0 Hz, 1H, H6), 7.43 (d, J = 7.1 Hz, 1H, H2), 7.41 (d, J = 7.1 Hz, 1H, H7),
4.91 (s, 2H, CH2Br); 13C NMR 150 MHz, CDCl3)  = 141.43 (C1’), 140.07 (Cq), 139.92 (Cq), 138.76 (Cq),
138.64 (Cq), 138.44 (Cq), 138.40 (Cq), 138.32 (Cq), 138.28 (Cq), 137.54 (Cq), 137.43 (Cq), 137.28 (C1),
135.18 (C8), 132.20 (q, 2JCF = 33.5 Hz, C3’), 130.19 (C7), 130.06 (C10b), 129.90 (C10a), 129.86 – 129.79
(m, C2’), 129.74 (C2), 127.52 (C8a) , 126.85 (C12a), 126.09 (C4 or C5), 126.04 (C4 or C5), 125.42 (C11),
124.88 (C12), 124.57 (C10), 124.18 (C9), 123.70 (C6), 123.67 (C3), 123.51 (q, 1JCF = 272.8 Hz, CF3), 121.64
– 121.50 (m, (C4’), 29.94 CH2Br); 19F NMR (375 MHz, CDCl3)  = -62.55 (s); IR (cm-1): 2974, 2361, 2161,
1590, 1471, 1394, 1278, 1229, 1035, 942, 791, 751, 729, 674; MS (EI): m/z (rel. int.) =630 (100), 628
(100); HRMS (APCI) m/z Calcd for C35H16BrF6 [M+H]+: 629.0334. Found: 629.0329.
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1-(Azidomethyl)-8-(3,5-bis(trifluoromethyl)-phenyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (320):
To a solution of benzyl halide 319 (10 mg, 16 µmol, 1.0
eq.) in DMF (5 mL) was added sodium azide (1.2 mg, 19
µmol, 1.2 eq.) at once. The reaction mixture was stirred
at room temperature until full consumption of starting
material was evident by TLC (1h). The reaction was
quenched with water (10 mL) and brine (10 mL) and
extracted with EtOAc (3 x 10mL). The combined organic
phases were washed twice with water (2 x 20 mL) and then dried over magnesium sulfate, filtered
and the volatiles were removed under reduced pressure. The crude material was purified by column
chromatography on silica (PE/EtOAc = 7:1) to give 320 as an orange solid (8.9 mg, 15 µmol, 95 %).
Rf: 0.45 (PE/EtOAc = 7:1, UV); 1H NMR (600 MHz, CDCl3)  = 8.20 – 8.17 (m, 2H, H10 + H11), 8.11
(bs, 2H, H2’), 7.98 (s, 1H, H4’), 7.95 (d, J = 8.7 Hz, 1H, H9), 7.82 (d, J = 7.1 Hz, 1H, H3), 7.75 (d, J = 8.8
Hz, 1H, H12), 7.74 – 7.70 (m, 3H, H3 + H4 + H5), 7.45 (d, J = 7.0 Hz, 1H, H2), 7.37 (d, J = 7.1 Hz, 1H,
H7), 4.75 (s, 2H, CH2N3); 13C NMR (150 MHz, CDCl3)  = 141.42 (C1’), 139.94 (Cq), 139.89 (Cq), 138.86
(Cq), 138.67 (Cq), 138.48 (Cq), 138.46 (Cq), 138.37 (Cq), 138.32 (Cq), 137.46 (Cq), 137.30 (2C, Cq + C1),
132.80 (C8), 132.18 (q, 2JCF = 33.3 Hz, C3’), 130.12 (C10b), 129.90 (C10a), 129.84 - 129.82 (m, C2’), 129.78
(C2) , 129.68 (C7), 127.79 (C8a), 126.88 (C12a), 126.11 (2C, C4 + C5), 125.45 (C11), 124.94 (C12), 124.77
(C10), 124.10 (C9), 123.70 (C3), 123.60 (C6), 123.49 (q, 1JCF = 272.89 Hz, CF3) 121.67 – 121.48 (m, C4’),
51.97 CH2N3); 19F NMR (375 MHz, CDCl3)  = -62.60; IR (cm-1): 2923, 2100, 1458, 1369, 1275, 1177,
1124, 1056, 896, 838, 807, 782, 708, 683; MS (EI): m/z (rel. int.) = 591 (30 %), 549 (100 %); HRMS
(APCI) m/z Calcd for C35H16F6N3 [M- “N3”]+: 549.1078. Found: 549.1083.

1-((8-(3,5-Bis(trifluoromethyl)phenyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picen-1-yl)methyl)-4-(4methoxyphenyl)-1H-1,2,3-triazole (321):
To a solution of azide 320 (5.0 mg, 8.5
µmol,

1.0

eq.),

copper

sulfate

pentahydrate (0.2 mg, 0.9 µmol, 0.1 eq.),
and sodium ascorbate (3.3 mg, 17 µmol,
2.0 eq.) in a 1:1 mixture of tertbutanol/water (5 mL) was added 4-ethinylanisole (1.1 µL, 8.5 µmol, 1.0 eq.) and the reaction was
heated at 80 °C until full consumption of starting material was evident by TLC (8 h). After cooling to
room temperature, water (10 mL) was added and the mixture was extracted three times with DCM
(3 x 10 mL). The combined organic phases were dried over magnesium sulfate, filtered and the
solvent was removed under reduced pressure. The crude mixture was purified by column
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chromatography on silica gel (PE/EtOAc =6:1 -> 2:1) to give und 321 as an orange solid (4.9 mg, 6.8
µmmol, 80 %).
Rf: 0.6 (PE/EtOAc = 1:1); m.p.: 176 – 177 °C (PE); 1H NMR (500 MHz, CDCl3)  = 8.08 (bs, 2H, H2’),
8.05 (d, 3J = 9.0 Hz, 1H, H11), 8.01 (d, 3J = 8.9 Hz, 1H, H10), 7.98 (bs, 1H, H4’), 7.80 (d, 3J = 8.9 Hz,
1H, H9), 7.75 (d, 3J = 7.2 Hz, 1H, H3), 7.68 (d, 3J = 8.9 Hz, 1H, H12), 7.67 – 7.62 (m, 5H, H4 + H5 + H6
+ H2’), 7.54 (s, 1H, Htriazol), 7.41 (d, 3J = 7.2 Hz, 1H, H2), 7.33 (d, 3J = 7.1 Hz, 1H, H7), 6.85 (d, 3J =
8.9 Hz, 1H, H3’), 5.93 (s, 2H, CH2R), 3.77 (s, 3H, OMe); 13C NMR (125 MHz, CDCl3)  = 159.75 (C4’’),
148.32 (C1’’), 141.35 (Cq), 140.39 (Cq), 139.83 (Cq), 138.46 (Cq), 138.44 (Cq), 138.40 (Cq), 138.32 (Cq),
138.22 (Cq) 138.21 (Cq), 137.42 (Cq), 137.34 (Cq), 137.32 (Cq), 132.22 (q, 2JCF = 33.4 Hz, C3’), 131.65
(2C, Cq), 130.00 (C7), 129.86 (C2), 129.77 (m C2’), 127.49 (Cq), 127.11 (2C, C2’’), 126.84 (Cq), 126.14 (C4
or C5), 126.05 (C4 or C5), 125.36 (C11), 125.18 (C10), 124.90 (C12), 123.69 (C3), 123.53 (2C C6 + C9),
123.50 (q, 1JCF = 272.8 Hz, CF3), 123.27 (Cq), 121.60 (m, C4’), 118.81 (CHtriazol), 114.30 (2C, C3’’), 55.41
(OMe), 51.49 (CH2R); 19F NMR (375 MHz, CDCl3)  = -62.59; IR (cm-1): 2981, 2344, 2100, 1618, 1498,
1370, 1277, 1176, 1127, 952, 897, 8056, 783, 709, 683; MS (EI): m/z (rel. int.) = 723 (100 %); HRMS
(EI) m/z Calcd for C44H23F6N3O[M]+: 723.1745 Found: 723.1742.

2-Dodecylbenzaldehyde (324): To a cooled (0 °C, icebath) solution of 1-dodecene (5.0 g, 30 mmol,
1.5 eq.) in THF (5.0 mL) was added 0.5 M 9-BBN solution in
THF (60 mL, 30 mmol, 1.5 eq.) dropwise. The reaction
mixture was stirred for 30 min at 0 °C and than warmed up
to room temperature. A degassed aqueous solution of
sodium hydroxide (3M, 6 mL), 2-bromobenzaldehyde (3.7 g,
20 mmol, 1.0 eq.) and Pd(PPh3)4 (0.4 g, 0.3 mmol, 0.1 eq.)
were added and the reaction was heated at reflux for 12
hours. The reaction was cooled to room temperature and
the volatiles were removed under reduced pressure. The resiude was dissolved in EtOAc (50 mL)
and washed with bicarbonate solution (50 mL) and dried over magnesium sulfate, filtered off from
the drying agent and the solvent was removed under reduced pressure. Pure aldehyde 324 was
obtained by distillation as a colorless liquid (b.p. = 120 – 135 °C (1 mbar)) (3.9 g, 14 mmol, 71 %).
H NMR (400 MHz, CDCl3)  = 10.30 (s, 1H, H7), 7.83 (dd, J = 7.7, 1.5 Hz, 1H, H6), 7.50 (td, J = 7.5,

1

1.5 Hz, 1H, H4), 7.35 (td, J = 7.5, 1.3 Hz, 1H, H5), 7.29 – 7.25 (m, 1H, H3), 3.05 – 2.99 (m, 2H, H8),
1.66 – 1.56 (m, 2H, H9), 1.33 – 1.20 (m, 18H, H10 + H11 + H12 + H13 + H14 + H15 + H16 + H17 +
H18), 0.90 – 0.85 (m, 3H, H19); 13C NMR (100 MHz, CDCl3)  = 192.39 (C7), 146.05 (C2), 133.89 (C4),
133.82 (C1), 131.39 (C6), 131.10 (C3), 126.51 (C5), 32.62 (2C, C8 + C9), 32.06 (C-dodecyl), 29.80 (C-
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dodecyl), 29.78 (2C, C-dodecyl), 29.72 (C-dodecyl), 29.70 (C-dodecyl), 29.61 (C-dodecyl), 29.49 (Cdodecyl), 22.83 (C-dodecyl), 14.26 (C19); IR (cm-1): 2982, 1685, 1574, 1369, 1253, 1124, 1024, 943,
807, 777, 753, 704, 699; HRMS (ESI) m/z Calcd for C19H31O [M + H]+: 275.2369 Found: 275.2377.

(E/Z)-9-bromo-6-(2-dodecylstyryl)-1,4-difluorobenzo[c]phenanthrene (325): Phosphonium salt 49
(3.0 g, 4.3 mmol, 1.0 eq.) and aldehyde
324 (1.3 g, 4.7 mmol, 1.1 eq.) were
dissolved in dry ethanol (150 mL).
Potassium tert-butoxide (0.7 g, 6.4
mmol, 1.5 eq.) was added in portions
over 15 min to the stirred solution. The
mixture

was

refluxed

until

full

consumption of starting material was evident by TLC. The reaction mixture was cooled to room
temperature and the solvent was removed in vacuo. Water (100 mL) was added to the crude and
the mixture was extracted with ethyl acetate (3 x 80 mL). The combined organic phases were dried
over magnesium sulfate, filtered off from the drying agent and the solvent was removed in vacuo.
Column chromatography on silica (PE/DCM = 9/1) afforded an (E/Z)-mixture of 325 as a yellow oil
(2.0 g, 3.2 mmol, 74 %) which was used without further purification in the next step.
Rf: 0.42 (PE/DCM = 9:1; UV); MS (EI): m/z (rel. int.) = 630 (100%), 628 (100 %).

4-Bromo-9-dodecyl-13,16-difluorobenzo[s]picene (326): A 400 W water-cooled photochemical
reactor was charged with a E/Z- mixture
of stilbene 325 (1.9 g, 3.0 mmol, 1.0
eq.), iodine (0.8 g, 3.3 mmol, 1.1 eq.)
and cyclohexane (ca. 400 mL). The
solution was degassed by bubbling
nitrogen through the stirred solution
for around 15 min. Propylene oxide (4.2
mL, 60 mmol, 20 eq.) was added and the solution was irradiated until full consumption of starting
material was evident by decolorization of the iodine solution. The solution was washed with sodium
thiosulfate solution (150 mL), brine (150 mL), dried over magnesium sulfate and was filtered. The
volatiles were removed under reduced pressure and the crude product was precipitated in
methanol (30 mL). The precipitate was filtered and washed with cold methanol (20 mL) to yield 326
as a colorless solid. (1.5 g, 2.4 mmol, 80 %).
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Rf: 0.32 (PE/DCM = 6:1; UV); m.p.: 268 – 270 °C (MeOH); 1H NMR (800 MHz, CDCl3)  = 8.62 (d, J =
9.2 Hz, 1H, H6), 8.53 (d, J = 9.0 Hz, 1H, H5), 8.52 (d, J = 9.1 Hz, 1H, H7), 8.36 (d, J = 9.1 Hz, 1H, H8),
8.16 (dd, J = 13.8, 8.5 Hz, 1H, H1), 8.07 (dd, J = 14.0, 8.4 Hz, 1H, H12), 7.85 (d, J = 7.4 Hz, 1H, H3),
7.51 (t, J = 7.7 Hz, 1H, H11), 7.46 – 7.40 (m, 2H, H2 + H10), 7.37 (ddd, J = 8.8, 5.2, 2.6 Hz, 2H, H14 +
H15), 3.18 (t, J = 7.9 Hz, 2H, H17), 1.84 (dq, J = 15.5, 7.8, 6.9 Hz, 2H, H18), 1.59 – 1.44 (m, 2H, H19),
1.44 – 1.35 (m, 2H, H20), 1.29 (d, J = 13.9 Hz, 14H, H21 + H22 + H23 + H24 + H25 + H26 + H27), 0.89
(t, J = 6.6 Hz, 3H, H28); 13C NMR (200 MHz, CDCl3)  = 155.27 (d, J = 249.6 Hz, C13), 155.12 (d, J =
249.2 Hz, C16), 138.45 (C9), 131.82 (d, J = 4.0 Hz, C16c), 131.02 (C8a), 130.86 (C4a), 130.68 (d, J =
3.9 Hz, C12a), 130.50 (C6a), 130.17 (C3), 129.66 (d, J = 14.5 Hz, C1), 129.30 (C6b), 128.23 (C5),
128.13 (d, J = 14.1 Hz, C12), 126.68 (C10), 125.64 (C8), 125.57 (C2), 125.10 (C11), 124.53 (C8b),
123.42 (C16b), 122.19 (C4), 121.35 (C6), 120.73 – 120.57 (m, C12c), 120.05 (dd, J = 13.5, 3.2 Hz,
C16a), 119.38 (C7), 114.82 (dd, J = 27.6, 9.8 Hz, C14), 114.53 (dd, J = 27.9, 9.9 Hz, C15), 33.60 (C17),
32.08 (C-dodecyl), 31.40 (C18), 30.04 (C19), 29.85 (2C, C-dodecyl), 29.81 (2C, C-dodecyl), 29.74
(C20), 29.52 (C-dodecyl), 22.85 (C-dodecyl), 14.28 (C28); 19F NMR (753 MHz, CDCl3)  = -103.76 (q,
J = 13.7, 12.2 Hz), -104.40 – -104.50 (m); IR (cm-1): 3062, 2966, 1588, 1563, 1468, 1355, 1228, 1088,
1067, 818, 789, 753, 722, 699; HRMS (EI) m/z Calcd for C38H37BrF2 [M]+: 610.2047. Found: 610.2053.

1-Bromo-8-dodecyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (323): γ-Al2O3 (3.0 g) was activated in
heavy-walled Schott-Duran glassware at 550 °C for 30 minutes in
vacuum (10-3 mbar). After cooling to 150 °C, fluoroarene 326 (50
mg, 80 µmol) was added and the tube was purged with nitrogen.
The reaction was carried out at 280 °C until full consumption of
starting material was detected by EI-MS. After cooling to room
temperature, the product was extracted via Soxhlet apparatus
using DCM to obtain 323 as a red solid (37 mg, 65 µmol, 82 %).
Rf: 0.4 (PE/DCM = 6:1, UV); m.p.: 240 – 242 °C (Diethyl ether); 1H
NMR (500 MHz, CDCl3)  = 8.09 (d, J = 8.9 Hz, 1H, H11), 8.06 (d, J =
8.9 Hz, 1H, H10), 7.90 (d, J = 8.9 Hz, 1H, H9), 7.83 (d, J = 8.8 Hz, 1H,
H12), 7.59 (d, J = 7.0 Hz, 1H, H6), 7.57- 7.53 (m, 2H, H4 + H5), 7.53
(d, J = 7.3 Hz, 1H, H2), 7.44 (d, J = 7.4 Hz, 1H, H3), 7.17 (dd, J = 7.1, 0.8 Hz, 1H, H7), 3.04 – 2.99 (m,
2H, H13), 1.83 – 1.71 (m, 2H, H14), 1.48 – 1.39 (m, 2H, H15), 1.35 (t, J = 7.1 Hz, 2H, H16), 1.26 (d, J
= 3.9 Hz, 18H, H17 + H18 + H19 + H20 + H21 + H22 + H23), 0.91 – 0.85 (m, 3H, H24); 13C NMR (125
MHz, CDCl3)  = 141.70 (C8a), 139.25 (Cq), 138.84 (Cq), 138.73 (Cq), 138.11 (Cq), 137.96 (Cq), 137.86
(Cq), 137.65 (Cq), 137.57 (Cq), 137.17 (Cq), 137.13 (Cq), 131.47 (C2), 130.24 (C10b), 129.19 (C10a),
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128.92 (C12a), 128.65 (C8a), 128.40 (C7), 125.96 (C12), 125.64 (C4 or C5), 125.34 (C5 or C4), 125.21
(C11), 124.54 (C9), 124.18 (C3), 124.05 (C6), 123.62 (C10), 121.87 (C1), 32.32 (C13), 32.07 (Cdodecyl), 31.91 (C14), 29.82 (3C, C-dodecyl), 29.78 (C-dodecyl), 29.77 (C-dodecyl), 29.70 (Cdodecyl), 29.50 (C-dodecyl), 22.84 (C-dodecyl), 14.27 (C24); IR (cm-1): 2964, 1595, 1571, 1471, 1393,
1265, 1231, 1162, 1112, 1089, 1068, 1034, 1004, 974, 941, 819, 791, 751, 729; HRMS (EI) m/z Calcd
for C38H35Br[M]+: 570.1922 Found: 570.1928.

1,8-bis(p-tolylthio)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (328a):
4-Methylbenzenethiol (23 mg, 0.2 mmol, 2.2 eq.) were dissolved in
1,3-Dimethyl-2-imidazolidinone (3.0 mL) and degassed by bubbling
nitrogen through the stirred solution for 15 minutes. Pottasium tertbutoxide (21 mg, 0.2 mmol, 2.2 eq.) was added in one portion and the
mixture was stirred at room temperature for 20 minutes. 1,8-dibromoIdpc 300 (40 mg, 80 µmmol, 1.0 eq.) was added and the reaction was
heated at 85 °C for 3 hours during which the color of the reaction
mixture changed from orange to dark red. The reaction was cooled to
room temperature and toluene (20 mL) was added and it was washed with water (2 x 20 mL) and
brine (20 mL). The organic phase was dried over magnesium sulfate, filtered off from the drying
agent and the solvent was removed under reduced pressure. Column chromatography on silica
(PE/DCM = 6:1) afforded thioether 328a as a red solid (45 mg, 79 µmol, 95 %)
Rf: 0.25 (PE/DCM = 6/1, UV), m.p.: 152 – 154 °C (chloroform); 1H NMR (400 MHz, CDCl3)  = 7.96
(d, 3J = 8.9 Hz, 2H, H10 + H11), 7.93 (d, 3J = 8.8 Hz, 2H, H9 + H12), 7.48 ( 3J = 7.3 Hz, 2H, H3 + H6),
7.48 (s, 2H, H4 + H5), 7.31 – 7.27 (m, 4H, H15), 7.26 (d, 3J = 7.3 Hz, 2H, H2 + H7), 7.13 – 7.09 (m, 4H,
H16), 2.33 (s, 6H, Me); 13C NMR (100 MHz, CDCl3)  = 138.59 (Cq), 138.40 (Cq), 138.30 (Cq), 137.96
(Cq), 137.50 (Cq), 137.38 (C17), 134.78 (C1 + C8), 132.01 (C14), 131.73 (C2 + C7), 131.25 (C14),
130.25 (C15), 129.96 (C10a + C10b), 129.38 (C8a + C12a), 125.52 (C4 + C5), 125.15 (C9 + C12),
124.45 (C10 + C11), 123.82 (C3 + C7), 21.25 (Me); IR (cm-1): 3025, 2917, 1889, 1734, 1615, 1490,
1447, 1410, 1381, 1177, 1109, 1086, 1016, 999, 958, 801, 782, 752, 706; HRMS (EI) m/z Calcd for
C40H24S2 [M+]: 568.1319 Found: 568.1326.

233

234

Experimental Section

1,8-bis((4-methoxyphenyl)thio)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (328b):
4-Methoxybenzenethiol (22.4 µL, 0.18 mmol, 2.2 eq.) were dissolved
in 1,3-Dimethyl-2-imidazolidinone (3 mL) and degassed by bubbling
nitrogen through the stirred solution for 15 minutes. Pottasium tertbutoxide (21.0 mg, 0.18 mmol, 2.2 eq.) was added in one portion and
the mixture was stirred at room temperature for 20 minutes. 1,8dibromo-Idpc 300 (40.0 mg, 0.08 mmol, 1.0 eq.) was added and the
reaction was heated at 85 °C for 3 hours during which the color of the
reaction mixture changed from orange to dark red. The reaction was
cooled to room temperature and toluene (20 mL) was added and it was washed with water (2 x 20
mL) and brine (20 mL). The organic phase was dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced pressure. Column chromatography on
silica (PE/DCM = 6:1) afforded thioether 328 as a red solid (45 mg, 75 µmol, 90 %)
Rf: 0.32 (PE/DCM = 6/1, UV); m.p.: 158 – 160 °C (chloroform); 1H NMR (400 MHz, CDCl3)  = 8.05
(d, 3J = 8.9 Hz, 2H, H10 + H11), 8.00 (d, 3J = 8.8 Hz, 2H, H9 + H12), 7.52 (s, 2H, H4 + H5), 7.48 (d, 3J =
7.3 Hz, 2H, H3 + H6), 7.44 – 7.40 (m, 4H, H14), 7.08 (d, 3J = 7.3 Hz, 2H, H2 + H7), 6.91 – 6.87 (m, 4H,
H15), 3.81 (s, 6H, OMe); 13C NMR (100 MHz, CDCl3)  = 159.81 (C16), 138.42 (C3c + C5c), 138.29
(C3e + C5a), 137.99 (C3d + C3b), 137.85 (C3a + C5e), 137.42 (C3b + C5d), 136.72 (C1 + C8), 134.51
(C14), 130.00 (C10a + C10b), 129.54 (C2 + C7), 128.66 (C8a + C12a), 125.45 (C4 + C5), 124.82 (C9 +
C12), 124.67 (C13), 124.34 (C10 + C11), 123.86 (C3 + C6), 115.25 (C15), 55.53 (OMe); IR (cm-1): 3025,
2918, 1889, 1737, 1607, 1490, 1406, 1380, 1324, 1242, 1170, 1105, 1087, 1016, 999, 957, 801, 782,
754; HRMS (EI) m/z Calcd for C40H24O2S2 [M+]: 600.1218 Found: 600.1217.

1,8-bis((4-(trifluoromethyl)phenyl)thio)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (328c):
4-(Trifluoromethyl)thiophenol (36 µL, 0.5 mmol, 2.5 eq.) were
dissolved in 1,3-Dimethyl-2-imidazolidinone (3 mL) and degassed by
bubbling nitrogen through the stirred solution for 15 minutes.
Pottasium tert-butoxide (30 mg, 0.5 mmol, 2.5 eq.) was added in one
portion and the mixture was stirred at room temperature for 20
minutes. 1,8-dibromo-Idpc 300 (50 mg, 0.2 mmol, 1.0 eq.) was added
and the reaction was heated at 85 °C for 3 hours during which the color
of the reaction mixture changed from orange to dark red. The reaction
was cooled to room temperature and toluene (20 mL) was added and it was washed with water (2
x 20 mL) and brine (20 mL) The organic phase was dried over magnesium sulfate, filtered off from
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the drying agent and the solvent was removed under reduced pressure. Column chromatography
on silica (PE/DCM = 6:1) afforded thioether 328c as a red solid (62 mg, 92 µmol, 89 %)
Rf: 0.25 (PE/DCM = 6/1, UV); m.p.: 163 – 164 °C (chloroform); 1H NMR (500 MHz, CDCl3)  = 7.89
(d, J = 8.9 Hz, 2H, H10 + H11), 7.78 (d, J = 8.8 Hz, 2H, H9 + H12), 7.58 (d, J = 7.2 Hz, 2H, H3 + H6),
7.55 (d, J = 7.2 Hz, 2H, H2 + H7), 7.52 (s, 2H, H4 + H5), 7.45 – 7.41 (m, 4H, H15), 7.26 – 7.23 (m, 4H,
H14); 13C NMR (125 MHz, CDCl3)  = 143.12 (C13), 140.47 (C3a + C5e), 138.54 (C3c + C5c), 138.45
(C3e + 5a), 138.07 (C3d + C5b), 137.69 (C3b + C5d), 136.00 (C2 + C7), 130.38 (C8a + C12a), 130.06
(C1 + C8), 129.97 (C10a + C10b), 128.07 (q, J = 32.5 Hz, C16), 127.77 (C14), 126.09 (C4 + C5), 126.06
– 125.94 (m, C15), 125.42 (C9 + C12), 125.09 (C10 + C11), 124.18 (q, J = 271.9 Hz, CF3), 123.93 (C3
+ C6); 19F NMR (376 MHz, CDCl3)  = - 62.35; IR (cm-1): 3024, 2920, 1900, 1735, 1606, 1491, 1406,
1380, 1325, 1170, 1104, 1089, 1015, 999, 959, 801, 783, 753; HRMS (EI) m/z Calcd for C40H18F6S2
[M+]: 676.0754 Found: 676.0750.
1,8-ditosyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (329a):
To a solution of thioether 328a (9.0 mg, 16 µmol, 1.0 eq.) in
DCM (3 mL) was added mCPBA (33 mg, 0.2 mol, 12 eq.) in one
portion and the reaction mixture was stirred at room temperature
for 1 hour. The reaction mixture was washed twice with
bicarbonate solution ( 2 x 5 mL) and water (5 mL), the organic
phase was dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced
pressure. Colum chromatography on silica (DCM 100 % => PE/EtOAc = 3/1) afforded sulfone 329a
as an orange solid (9.0 mg, 14 µmol, 90 %).
Rf: 0.25 (PE/EtOAc = 3:1, UV); m.p.: 175 – 176 °C (ethyl acetate); 1H NMR (600 MHz, C2D2Cl4)  =
8.29 (d, J = 9.1 Hz, 2H, H9 + H12), 8.15 (d, J = 7.5 Hz, 2H, H2 + H7), 8.02 (d, J = 9.2 Hz, 2H, H10 +
H11), 7.80 (d, J = 8.8 Hz, 4H, H14), 7.71 (d, J = 7.4 Hz, 2H, H3 + H6), 7.57 (s, 2H, H4 + H5), 7.22 – 7.18
(m, 4H, H15), 2.25 (s, 6H, Me); 13C NMR (150 MHz, C2D2Cl4)  = 144.42 (C16), 143.91 (C3a + C5e),
138.43 (C13), 138.19 (C3d + C5b), 138.10 (C3e + C5a), 137.74 (C3c + C5c), 137.20 (C1 + C8), 136.92
(C3b + C5d), 131.88 (C2 + C7), 129.92 (C15), 129.53 (C10a + C10b), 127.31 (C14), 127.19 (C4 + C5),
125.97 (C10 + C11), 125.10 (C9 + C12), 124.31 (C8a + C12a), 122.81 (C3 + C6), 21.51 (Me); IR (cm-1):
2921, 1596, 1484, 1314, 1302, 1183, 1146, 1067, 949, 853, 803, 772, 745, 706, 666; HRMS (EI) m/z
Calcd for C40H18F6S2 [M+]: 632.1116 Found:632.1115.

235

236

Experimental Section

1,8-bis((4-methoxyphenyl)sulfonyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (329b):
To a solution of thioether 328b (9.0 mg, 16 µmol, 1.0 eq.) in
DCM (3 mL) was added mCPBA (33 mg, 0.2 mol, 12 eq.) in one
portion and the reaction mixture was stirred at room temperature
for 1 hour. The reaction mixture was washed twice with
bicarbonate solution ( 2 x 5 mL) and water (5 mL), the organic
phase was dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced
pressure. Colum chromatography on silica (DCM 100 % =>
PE/EtOAc = 3/1) afforded sulfone 329b as an orange solid (10 mg, 15 µmol, 90 %).
Rf: 0.20 (PE/EtOAC = 3/1, UV); m.p.: 178 – 180 °C (ethyl acetate); 1H NMR (800 MHz, C2D2Cl4)  =
8.34 (d, J = 9.0 Hz, 2H, H9 + H12), 8.14 (d, J = 7.3 Hz, 2H, H2 + H7), 8.10 (d, J = 9.0 Hz, 2H, H10 +
H11), 7.87 – 7.85 (m, 4H, H14), 7.74 (d, J = 7.3 Hz, 2H, H3 + H6), 7.63 (s, 2H, H4 + H5), 6.89 – 6.84
(m, 4H, H15), 3.70 (s, 6H, OMe); 13C NMR (200 MHz, C2D2Cl4)  = 163.19 (C16), 143.83 (C3a + C5e),
138.32 (C3d + C5b), 138.20 (C3e + C5a), 137.87 (C3c + C5c), 137.39 (C3b + C5d), 137.31 (C1 + C8),
132.91 (C13), 131.63 (C2 + C7), 129.63 (C10a + C10b), 129.55 (C14), 127.21 (C4 + C5), 126.00 (C10
+ C11), 125.16 (C9 + C12), 124.30 (C8a + C12a), 122.84 (C3 + C6), 114.51 (C15), 55.65 (OMe); IR (cm1

): 2922, 1594, 1483, 1312, 1302, 1183, 1158, 1086, 949, 887, 853, 802, 773, 745, 702, 665; HRMS

(EI) m/z Calcd for C40H18O6S2 [M+]: 664.1014 Found:664.1013.
1,8-bis((4-(trifluoromethyl)phenyl)sulfonyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (329c):
To a solution of thioether 328c (9.0 mg, 16 µmol, 1.0 eq.) in
DCM (3 mL) was added mCPBA (33 mg, 0.2 mol, 12 eq.) in one
portion and the reaction mixture was stirred at room temperature
for 1 hour. The reaction mixture was washed twice with
bicarbonate solution ( 2 x 5 mL) and water (5 mL), the organic
phase was dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced
pressure. Colum chromatography on silica (DCM 100 %) afforded
sulfone 329c as an orange solid (8.8 mg, 12 µmol, 79 %).
Rf: 0.22 (DCM, UV); m.p.: 182 – 183 °C (dichloromethane); 1H NMR (800 MHz, C2D2Cl4)  = 8.31 (d,
J = 9.0 Hz, 2H), 8.22 (d, J = 7.2 Hz, 2H), 8.13 (d, J = 9.0 Hz, 2H), 8.05 (d, J = 8.4 Hz, 4H), 7.79 (d, J = 7.3
Hz, 2H), 7.69 – 7.64 (m, 6H); 13C NMR (200 MHz, C2D2Cl4)  = 145.02 (C13), 144.64 (C3a + C5e),
138.42 (C3d + C5b), 138.30 (C3e + C5a), 138.00 (C3c + C5c), 137.35 (C1 + C8), 135.51 (C3b + C5d),
134.54 (q, J = 33.1 Hz, C16), 132.72 (C2 + C7), 129.78 (C10a + C10b), 127.81 (C14), 127.58 (C4 + C5),
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126.52 (C10 + C11), 126.48 – 126.33 (m, C15), 124.78 (C9 + C12), 124.39 (C8a + C12a), 122.91 (C3
+ C6), 122.83 (q, J = 273.5 Hz, CF3); 19F NMR (752 MHz, C2D2Cl4)  = - 62.81; IR (cm-1): 2922, 1608,
1551, 1483, 1404, 1319, 1170, 1151, 1124, 1107, 1089, 1060, 1015, 949, 845, 804, 784, 714, 688;
HRMS (EI) m/z Calcd for C40H18F6O4S2 [M+]: 740.0551 Found: 740.0568.

1,8-bis(phenylselanyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (331):
Diphenyl diselenide (52 mg, 0.2 mmol, 2.0 eq.) and freshly grinded
potassium carbonate (34 mg, 0.3 mmol, 3.0 eq) were suspended in
dry DMF (4.0 mL) and degassed for 15 minutes by bubbling nitrogen
through the stirred solution. Dithiothreitol (19 mg, 0.1 mmol, 1.5 eq.)
was added and the mixture was stirred at room temperature for 20
minutes. 1,8-dibromo-Idpc 300 (40 mg, 0.1 mmol, 1.0 eq.) was added
and the reaction was heated at 85 °C for 12 hours during which the
color of the reaction mixture changed from orange to dark red. The reaction was cooled to room
temperature and toluene (10 mL) was added and it was washed with water (3 x 10 mL) and brine
(10 mL). The organic phase was dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed under reduced pressure. Column chromatography on silica (PE/DCM =
20:1 -> 6:1 -> 3:1) afforded selenoether 331 as an orange solid (39 mg, 66 µmol, 80 %)
Rf: 0.33 (PE/DCM = 3:1, UV); m.p.: 165 – 166 °C (chloroform); 1H NMR (500 MHz, CDCl3)  = 7.79
(bs, 4H, H9 + H10 + H11 + H12), 7.50 (d, J = 7.2 Hz, 2H, H2 + H7), 7.44 – 7.41 (m, 4H, H14), 7.40 (d, J
= 7.2 Hz, 2H, H3 + H6), 7.37 (s, 2H, H4 + H5), 7.23 – 7.19 (m, 6H, H15 + H16); 13C NMR (125 MHz,
CDCl3)  = 139.50 (C3a + C5e), 138.28 (2C, C3d + C3e + C5a + C5b), 137.63 (C3c + C5c), 137.19 (C3b
+ C3d), 135.41 (C2 + C7), 132.10 (C14), 131.93 (C13), 130.82 (C8a + C12a), 130.09 (C1 + C8), 129.73
(C10a + C10b), 129.49 (C15), 127.15 (C16), 126.80 (C9 + C12), 125.53 (C4 + C5), 124.59 (C10 + C11),
123.84 (C3 + C6); IR (cm-1): 3047, 1575, 1475, 1437, 1410, 1380, 1311, 1249, 1171, 1129, 1110,
1068, 1021, 994, 955, 840, 799, 782, 729, 687, 667; HRMS (EI) m/z Calcd for C38H20Se2 [M+]:
635.9895 Found: 635.9915.
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1-phenylselanyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (330):
Diphenyl diselenide (39 mg, 0.1 mmol, 1.0 eq.) and freshly grinded
potassium carbonate (26 mg, 0.2 mmol, 1.5 eq) were suspended in dry
DMF (2.0 mL) and degassed for 15 minutes by bubbling nitrogen
through the stirred solution. Dithiothreitol (19 mg, 0.1 mmol, 1.5 eq.)
was added and the mixture was stirred at room temperature for 20
minutes. 1-Bromo-Idpc 62 (50 mg, 0.1 mmol, 1.0 eq.) was added and
the reaction was heated at 85 °C for 12 hours during which the color
of the reaction mixture changed from orange to dark red. The reaction was cooled to room
temperature and toluene (10 mL) was added and it was washed with water (3 x 10 mL) and brine
(10 mL). The organic phase was dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed under reduced pressure. Column chromatography on silica (PE/DCM =
20:1 -> 6:1 -> 3:1) afforded selenoether 330 as an orange solid (50 mg, 0.1 mmol, 85 %)
Rf: 0.38 (PE/DCM = 3:1, UV); m.p.: 140 – 142 °C (chloroform); 1H NMR (400 MHz, CDCl3)  = 7.92
(d, J = 8.7 Hz, 1H, H10), 7.91 (d, J = 8.8 Hz, 1H, H11), 7.85 (d, J = 8.8 Hz, 1H, H12), 7.66 (d, J = 8.7 Hz,
1H, H9), 7.61 (d, J = 6.9 Hz, 1H, H6), 7.57 (d, J = 8.1 Hz, 1H, H8), 7.52 (d, J = 7.2 Hz, 1H, H2), 7.50 (d,
J = 7.4 Hz, 1H, H4), 7.48 – 7.44 (m, 2H, H3 + H5), 7.43 – 7.40 (m, 2H, H14), 7.34 (dd, J = 8.2, 6.9 Hz,
1H, H7), 7.23 – 7.18 (m, 3H, H15 + H16); 13C NMR (100 MHz, CDCl3)  = 139.63 (Cq), 139.08 (Cq),
138.98 (Cq), 138.45 (Cq), 138.36 (Cq), 138.17 (Cq), 137.91 (Cq), 137.89 (Cq), 137.37 (Cq), 136.72
(Cq), 135.44 (C2), 132.02 (C13), 131.98 (C14), 130.83(C12a), 130.18 (C10b), 129.88 (C1), 129.69
(C10a), 129.48 (C15), 129.18 (8a), 128.85 (C7), 127.08 (C16), 126.89 (C9), 126.82 (2C, C8 + C12),
125.54 (2C, C4 + C5), 124.69 (C11), 123.95 (C10), 123.79 (C3), 123.49 (C6); IR (cm-1): 3044, 1876,
1615, 1575, 1475, 1436, 1409, 1379, 1311, 1248, 1169, 1128, 1109, 1066, 1021, 993, 953, 839, 799,
782, 735, 686, 667; HRMS (EI) m/z Calcd for C32H16Se [M+]: 480.0417 Found: 480.0421.

1,8-Bis(phenylselenonyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (333):
Seleneoether 331 (10 mg, 16 µmol, 1.0 eq.) was dissolved in dry
DCM (3.0 mL) and mCPBA (16 mg, 95 µmol, 6.0 eq.) was added in
one portion. The reaction was stirred at room temperature for 8
h and the solvent was removed under reduced pressure. The
residue was washed with diethyl ether (3 x 3 mL) and EtOAc (3
mL) and dried under reduced pressure to yield 333 as a brown
solid (8.2 mg, 12 µmol, 73 %)
Rf: decomp. on silica; m.p.: decomp. > 135 °C; 1H NMR (400 MHz, C2D2Cl4)  = 8.33 (d, J = 9.0 Hz,
2H, H9 + H12), 8.19 (d, J = 7.4 Hz, 2H, H2 + H7), 8.08 (d, J = 9.0 Hz, 2H, H10 + H11), 7.99 – 7.93 (m,
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4H, H14), 7.80 (d, J = 7.3 Hz, 2H, H3 + H6), 7.65 (s, 2H, H4 + H5), 7.60 – 7.49 (m, 6H, H15 + H16); 13C
NMR (100 MHz, C2D2Cl4)  = 144.38 (Cq), 143.16 (C13), 138.28 (Cq), 138.26 (Cq), 138.00 (Cq), 137.86
(C1 + C8), 137.54 (Cq), 134.16 (C16), 131.14 (C2 + C7), 130.35 (C14), 130.05 (C10a + C10b), 127.77
(C4 + C5), 126.61 (C10 + C11), 126.43 (C15), 124.84 (8a + 12a), 124.37 (C9 + C12), 123.15 (C3 + C6);
IR (cm-1): 3042, 1876, 1614, 1577, 1477, 1438, 1410 1378, 1020, 952, 798, 781, 734, 686, 667; HRMS
(ESI) m/z Calcd for C38H20O4Se2 [M+]: 699.9692 Found: Decomposition of the product.

1-Phenylselenonyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (332):
Seleneoether 330 (10 mg, 16 µmol, 1.0 eq.) was dissolved in dry
DCM (3.0 mL) and mCPBA (16 mg, 95 µmol, 6.0 eq.) was added in one
portion. The reaction was stirred at room temperature for 8 h and
the solvent was removed under reduced pressure. The residue was
washed with diethyl ether (3 x 3 mL) and EtOAc (3 mL) and dried
under reduced pressure to yield 332 as a brown solid (8.7 mg, 17
µmol, 81 %)
Rf: decomp. on silica; m.p.: decomp. > 150 °C; 1H NMR (800 MHz, CDCl3)  = 8.33 (d, J = 8.8 Hz, 1H,
H12), 8.20 (d, J = 7.2 Hz, 1H, H2), 8.09 – 8.06 (m, 2H, H14), 7.99 (d, J = 8.8 Hz, 1H, H11), 7.90 (d, J =
8.6 Hz, 1H, H10), 7.69 (d, J = 8.6 Hz, 1H, H9), 7.68 (d, J = 7.3 Hz, 1H, H3), 7.63 (d, J = 6.8 Hz, 1H, H6),
7.63 – 7.61 (m, 1H, H16), 7.60 – 7.57 (m, 3H, H8 + H15), 7.51 (d, J = 7.2 Hz, 1H, H5), 7.50 (d, J = 7.2
Hz, 1H, H4) 7.37 (dd, J = 8.0, 6.8 Hz, 1H, H7); 13C NMR (125 MHz, CDCl3)  = 145.16 (C3a), 143.95
(C13), 140.53 (C5a), 138.54 (C5e), 138.43 (C5c), 138.05 (C5b), 138.04 (C3d), 137.91 (C1), 137.80
(C3c), 137.51 (C3b), 136.60 (C5d), 136.54 (C3e), 134.13 (C16), 130.87 (C2), 130.75 (C10b), 130.43
(C15), 129.42 (2C, C7 + C8a), 129.23 (C10a), 127.50 (C8), 127.48 (C9), 127.08 (C5), 126.87 (C14),
126.72 (C11), 126.08 (C4), 124.77 (C12a), 124.30 (C6), 124.11 (C12), 123.92 (C10), 122.38 (C3); IR
(cm-1): 3044, 1876, 1575, 1475, 1436, 1409, 1379, 1311, 1248, 1169, 1128, 1109, 1066, 1021, 993,
953, 840, 799, 782, 735, 686, 667; HRMS (APCI) m/z Calcd for C33H16O2Se [M+H+]: 513.0388 Found:
513.0395.

2,6-Bishydroxymethyl naphthalene (334): This compound was prepared according to a literature
known procedure.To an ice-cooled solution of dimethyl naphthalene2,6-dicarboxylate (5.00 g, 20.47 mmol, 1.00 eq.) in dry THF (150 mL),
LiAlH4 (3.11 g, 81.89 mmol, 4.00 eq.) was carefully added in portions.
The reaction was allowed to warm to room temperature and stirred
for 45 min, and then refluxed for 3 h. The mixture was cooled and carefully treated in sequence with
water (6.0 mL), 15 % NaOH (6 mL) and water (10 mL), and the suspension was filtered and the
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solvent was evaporated to yield 2,6-bishydroxymethyl naphthalene (334) as a colorless solid (3.24
g, 17.21 mmol, 84 %).
H NMR (400 MHz, DMSO-d6)  = 7.83 (d, J = 8.4 Hz, 2H), 7.79 (s, 2H), 7.44 (d, J = 8.4 Hz, 2H), 5.31

1

(s, 2H), 4.65 (s, 4H); 13C NMR (100 MHz, DMSO-d6)  = 139.69, 132.08, 127.46, 125.40, 124.24,
63.07. In Accordance with literature[63]

Naphthalene-2,6-dicarbaldehyde (69): To a stirred suspension of diol 334 (3.00 g, 15.9 mmol, 1.0
eq.) in anhydrous DCM (120 mL) at 0 °C was added DMP (14.9 g, 35.1
mmol, 2.2 eq.) in portions over 30 minutes and the reaction was stirred
for 2 h at this temperature and then warmed up overnight to room
temperature. The Reaction was quenched by addition of sodium
thiosulfate solution (50 mL) and the organic layer was separated and washed with sodium
bicarbonate solution (50 mL). The organic layer was dried over magnesium sulfate, filtered of from
the drying agent and the solvent was removed under reduced pressure to yield diol 69 as a colorless
solid (2.05 g, 11.2 mmol, 70 %)
H NMR (400 MHz, CDCl3)  = 10.22 (s, 2H), 8.41 (d, J = 1.5 Hz, 2H), 8.13 (d, J = 8.5 Hz, 2H), 8.07

1

(d, J = 8.5 Hz, 1.4 Hz, 2H); 13C NMR (100 MHz, CDCl3)  = 191.92, 136.37, 135.91, 133.85, 130.78,
124.29. In Accordance with literature[63]

2,6-Bis((E/Z)-2-bromo-5-fluorostyryl)naphthalene (70a): This compound was prepared according
to

literature

known

procedure[63]

using

2-bromo-5-

fluorobenzyltriphenylphosphonium bromide (4.67 g, 8.80
mmol, 2.0 eq.), naphthalene-2,6-dicarbaldehyde (334) (0.81 g,
4.40 mmol, 1.0 eq.) and potassium tert-butoxide (0.99 g, 8.80
mmol, 2.0 eq.) in dry ethanol (100 mL). Column
chromatography on silica (PE/DCM = 6:1) afforded the desired product as E/Z-mixture of isomers
and it was used without further purification in the next step.
MS (EI): m/z (rel. int.) = 528 (50 %), 526(100 %), 524 (50 %).

1,9-Dibromo-4,12-difluorodibenzo[c,l]chrysene (71a): This compound was prepared according to
literature known procedure[63] using stilbene 70a (0.80 g, 1.52
mmol, 1.0 eq.), iodine (0.42 g, 1.67 mmol, 1.1 eq.) and
propylene oxide (2.1 mL, 30.4 mmol, 20 eq.) in cyclohexane
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(ca. 390 mL) in a 400 W water-cooled photochemical reactor. The desired product was obtained as
off-white solid (0.68 g, 1.3 mmol, 86 %)
MS (EI): m/z (rel. int.) = 524 (50 %), 522(100 %), 520 (50 %); 1H NMR (400 MHz, CDCl3)  = 8.44 –
8.34 (m, 4H), 7.98 (d, J = 8.9 Hz, 2H), 7.95 (dd, J = 8.3, 4.5 Hz, 2H), 7.87 (dd, J = 8.8, 1.2 Hz, 2H), 7.30
(dd, J = 11.9, 8.3 Hz, 2H). In accordance with literature[63]; HRMS (EI) m/z Calcd for C26H12 Br2F2 [M]:
521.9274 Found: 519.9274.

3,9-Dibromodiindeno[4,3,2,1-cdef:4',3',2',1'-lmno]chrysene (72a): This compound was prepared
according to literature known procedure using arene 71a (50 mg,
96 µmol) and activated Al2O3 (3.0 g) at 240 °C for 5 h. The desired
product was obtained as orange solid (32 mg, 66 µmol,69 %)
MS (EI): m/z (rel. int.) = 484 (50 %), 482(100 %), 480 (50 %).
H NMR (400 MHz, CDCl3)  = 7.86 (s, 2H), 7.80 (d, J = 9.0 Hz,

1

2H), 7.72 (d, J = 8.9 Hz, 2H), 7.58 (d, J = 7.4 Hz, 2H), 7.54 (d, J = 7.4 Hz, 2H). In accordance with
literature[63]

Diindeno[4,3,2,1-cdef:4',3',2',1'-lmno]chrysene

(335):

A

degassed

mixture

of

dibromodiindenochrysene 72a (20 mg, 41 µmol, 1.0 eq.), palladium acetate
(1.0 mg, 4.1 µmol, 0.1 eq.), triphenyl phosphine (2.2 mg, 8.2 µmol, 0.2 eq.)
and

potassium

carbonate

(57

mg,

0.4

mmol,

10

eq.)

in

toluene/ethanol/water (6/3/1 mL) was heated to 95 °C for 12 h. Water (15
mL) was added and extracted with DCM (2x 15 mL). The combined organic
phases were dried over magnesium sulfate, filtered off from the drying agent and the solvent was
removed under reduced pressure. Column chromatography on silica (PE/DCM = 6:1) afforded the
desired buckybowl 335 as a yellow solid (12 mg, 37 µmol, 90 %)
Rf: 0.28 (PE/DCM = 6:1, UV); m.p.: 168 – 170 °C (DCM); 1H NMR (800 MHz, CDCl3)  = 7.90 (s, 2H,
H6), 7.75 (d, J = 8.7 Hz, 2H, H5), 7.73 (d, J = 7.0 Hz, 2H, H1), 7.63 (d, J = 8.7 Hz, 2H, H4), 7.60 (d, J =
7.9 Hz, 2H, H3), 7.40 (dd, J = 7.9, 7.0 Hz, 2H, H2); 13C NMR (200 MHz, CDCl3)  = 143.01 (C6d), 139.18
(C6b), 138.93 (C6e), 137.57 (C6c), 136.54 (C6a), 132.89 (C5a), 129.29 (C3a), 128.97 (C2), 127.80
(C5), 126.36 (C4), 126.21 (C3), 124.88 (C6), 122.21 (C1); HRMS (EI) m/z Calcd for C26H12 [M]+:
324.0939 Found: 324.0940.
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3-Ferrocenyl-diindeno[4,3,2,1-cdef:4',3',2',1'-lmno]chrysene (336): A degassed mixture of
dibromodiindenochrysene 72a (30 mg, 62 µmol, 1.0 eq.),
ferrocenylboronic acid (43 mg, 0.2 mmol, 3.0 eq.), Pd(PPh3)4 (7.2
mg, 6.2 µmol, 0.1 eq.), and sodium carbonate (40 mg, 0.4 mmol,
6 eq.) in 1,4-dioxane/water (14/1, 15 mL) was heated to reflux
for 12 h. Water (15 mL) was added and extracted with DCM (2x
15 mL). The combined organic phases were dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced pressure. Column chromatography on
silica (PE/DCM = 6:1 => 3:1) afforded monosubstituted buckybowl 336 as a red solid (5.1 mg, 10
µmol, 17 %).
Rf: 0.18 (PE/DCM = 6:1, UV). 1H NMR (800 MHz, CDCl3)  = 8.29 (d, J = 8.9 Hz, 1H, H4), 7.93 (s, 1H,
H6), 7.89 (s, 1H, H12), 7.81 (d, J = 8.9 Hz, 1H, H5), 7.76 (d, J = 8.8 Hz, 1H, H11), 7.74 (d, J = 6.9 Hz,
1H, H7), 7.65 – 7.62 (m, 2H, H1 + H10), 7.60 (d, J = 7.9 Hz, 1H, H9), 7.58 (d, J = 7.3 Hz, 1H, H2), 7.40
(dd, J = 7.9, 7.0 Hz, 1H, H8), 4.81 (t, J = 1.9 Hz, 2H, H14), 4.45 (t, J = 1.9 Hz, 2H, H15), 4.13 (s, 5H,
H16); 13C NMR (200 MHz, CDCl3)  = 142.92 (C6a), 142.69 (C12a), 139.25 (C12b), 138.93 (C6e),
138.92 (C6b), 137.88 (C13), 137.44 (C12c), 137.34 (C6c), 137.19 (C12d), 137.12 (C12e), 136.68
(C6b), 133.02 (C11a), 132.54 (C5a), 129.21 (C9a), 128.87 (C8), 128.41 (C2), 127.80 (C11), 127.52
(C3a), 127.37 (C5), 126.31 (C10), 126.25 (C9), 125.90 (C4), 124.61 (C6), 124.15 (C12), 122.27 (2C,
C1 + C7), 84.67 (C13), 70.00 (C16), 69.54 (C14), 69.27 (C15); HRMS (EI) m/z Calcd for C36H20Fe [M]+:
508.0914; Found: decomp.
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3,9-Bis(p-tolylthio)diindeno[4,3,2,1-cdef:4',3',2',1'-lmno]chrysene (337): To a degassed solution
of p-methylthiophenol (13 mg, 0.1 mmol, 2.5
eq.) in DMI (2 mL) was added potassium tertbutoxide (12 mg, 0.1 mmol, 2.5 eq.) in one
portion and the reaction mixture was stirred
for

30

min

at

room

temperature.

Dibromodiindenochrysene 72a (20 mg, 41 µmol, 1.0 eq.) was added and the reaction was heated at
80 °C for 3 h. Toluene (10 mL) was added and washed with water (3 x 10 mL). The organic phase
was dried over magnesium sulfate, filtered off from the drying agent and the solvent was removed
under reduced pressure. Column chromatography on silica (PE/DCM = 20:1 => 9:1 => 6:1) afforded
thioether 337 as a yellow solid (13 mg, 22 µmol, 55 %)
Rf: 0.20 (PE/DCM = 6:1, UV); 1H NMR (500 MHz, CD2Cl2)  = 7.87 (s, 2H, H6), 7.81 (d, J = 8.9 Hz, 2H,
H4), 7.74 (d, J = 9.0 Hz, 2H, H5), 7.63 (d, J = 7.3 Hz, 2H, H1), 7.32 (d, J = 7.4 Hz, 2H, H2), 7.27 (d, J =
8.2 Hz, 4H, H7), 7.12 (d, J = 8.0 Hz, 4H, H8), 2.31 (s, 6H, Me); 13C NMR (125 MHz, CD2Cl2)  = 142.80
(C6e), 139.31 (C6d), 138.69 (C6a), 137.87 (C10), 137.62 (C3c), 137.52 (C3b), 134.43 (C3), 133.30
(C5a), 132.39 (C2), 132.26 (C7), 131.37 (C8), 130.49 (C9), 129.73 (C3a), 128.52 (C5), 125.01 (C6),
124.80 (C4), 123.11 (C1), 21.18 (Me); HRMS (EI) m/z Calcd for C40H24S [M]+: 568.1319; Found:
568.1331.

N-hexyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene-1-amine (338a):
To a degassed solution of Idpc-1-Br 62 (40 mg, 99
µmol, 1.0 eq.), Pd(dba)2 (3.0 mg, 5.0 µmol, 5.0 mol%),
rac-BINAP (6.2 mg, 9.9 µmol, 0.1 eq.) and n-hexylamine
(23µL, 0.2 mmol, 2.0 eq.) in toluene (3.0 mL) was added
sodium tert-butoxide (19 mg, 0.2 mmol, 2.0 eq.) and the
reaction was heated at 100 °C for 16 h. The reaction
mixture was cooled to room temperature and passed through a short pad of celite with DCM (ca.
30 mL). The solvents were removed under reduced pressure and column chromatography on silica
(PE/DCM = 3:1) afforded amine 338a as dark red solid (38 mg, 90 µmol, 91 %).
Rf: 0.35 (PE/DCM = 3:1, UV); m.p.: decomp. > 180 °C; 1H NMR (400 MHz, CDCl3)  = 8.00 (d, J = 8.8
Hz, 1H, H10), 7.94 (d, J = 8.7 Hz, 1H, H11), 7.68 (d, J = 8.7 Hz, 1H, H9), 7.63 (d, J = 6.9 Hz, 1H, H6),
7.62 – 7.57 (m, 2H, H5 + H12), 7.56 (d, J = 8.1 Hz, 1H, H8), 7.52 (d, J = 7.7 Hz, 1H, H3), 7.47 (d, J = 7.4
Hz, 1H, H4), 7.34 (dd, J = 8.1, 6.9 Hz, 1H, H7), 6.27 (d, J = 7.8 Hz, 1H, H2), 4.60 (bs, 1H, NH), 3.27 (t,
J = 7.2 Hz, 2H, H13), 1.74 (p, J = 7.3 Hz, 2H, H14), 1.52 – 1.44 (m, 2H, H15), 1.42 – 1.34 (m, 4H, H16
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+ H17), 0.99 – 0.92 (m, 3H, H18); 13C NMR (100 MHz, CDCl3)  = 146.12 (C1), 139.68 (Cq), 139.60
(Cq), 138.31 (Cq), 137.91 (Cq), 137.65 (Cq), 137.60 (Cq), 137.33 (Cq), 136.70 (Cq), 135.99 (Cq),
129.50 (C10a), 129.44 (C10b), 129.14 (C8a), 128.67 (C7), 127.40 (Cq), 126.53 (C9), 126.50 (C3),
126.00 (C8), 125.60 (C5), 123.95 (C10), 123.17 (C4), 122.83 (C6), 122.17 (C11), 120.27 (C12), 119.37
(C12a), 105.03 (C2), 44.07 (C13), 31.79 (C16), 29.41 (C14), 27.08 (C15), 22.77 (C17), 14.20 (C18); IR
(cm-1): 3419, 2046, 2924, 2851, 1867, 1622, 1575, 1521, 1374, 1411, 1379, 1227, 1129, 1109, 1068,
1021, 994, 954, 798, 779, 730, 687, 667; HRMS (ESI) m/z Calcd for C32H26N [M+H+]: 424.2060 Found:
424.2055.

N-(p-tolyl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picen-1-amine (338b):
To a degassed solution of Idpc-1-Br (40 mg, 99 µmol, 1.0 eq.),
Pd(dba)2 (3.0 mg, 5.0 µmol, 5.0 mol%), rac-BINAP (6.2 mg, 9.9 µmol,
0.1 eq.) and p-toluidine (21 mg, 0.2 mmol, 2.0 eq.) in toluene (3.0 mL)
was added sodium tert-butoxide (19 mg, 0.2 mmol, 2.0 eq.) and the
reaction was heated at 100 °C for 16 h. The reaction mixture was
cooled to room temperature and passed through a short pad of celite
with DCM (ca. 30 mL). The solvents were removed under reduced
pressure and column chromatography on silica (PE/DCM = 3:1) afforded amine 338b as dark red
solid (37 mg, 86 µmol, 87 %).
Rf: 0.28 (PE/DCM = 3:1, UV); m.p.: decomp. > 190 °C; 1H NMR (800 MHz, CDCl3)  = 8.00 (d, J = 8.6
Hz, 1H, H10), 7.94 (d, J = 8.7 Hz, 1H, H11), 7.70 (d, J = 8.6 Hz, 1H, H9), 7.69 (d, J = 8.7 Hz, 1H, H12),
7.64 (d, J = 6.8 Hz, 1H, H6), 7.59 – 7.56 (m, 2H, H5 + H8), 7.48 (d, J = 7.1 Hz, 1H, H4), 7.48 (d, J = 7.5
Hz, 1H, H3), 7.36 (dd, J = 8.0, 6.8 Hz, 1H, H7), 7.18 – 7.14 (m, 4H, H14 + H15), 6.93 (d, J = 7.5 Hz, 1H,
H2), 6.26 (s, 1H, NH), 2.37 (s, 3H, Me); 13C NMR (200 MHz, CDCl3)  = 141.94 (C1), 139.70 (C13),
139.48 (C5e), 139.13 (C5b), 138.41 (C5c), 138.27 (C3b), 138.01 (C3c), 137.81 (C3e), 137.65 (C3d),
137.00 (C5a), 136.75 (C5d), 132.41 (C16), 130.89 (C3a), 130.13 (C15), 129.79 (C10b), 129.59 (C10a),
129.20 (C8a), 128.79 (C7), 126.70 (C9), 126.31 (C8), 125.70 (C5), 125.44 (C3), 123.96 (C10), 123.93
(C4), 123.08 (C6), 122.94 (C11), 121.39 (C12), 121.37 (C12a), 120.64 (C14), 111.48 (C2), 20.96 (Me);
IR (cm-1): 3420, 3043, 2923, 1876, 1616, 1576, 1518, 1476, 1410, 1379, 1130, 1021, 954, 799, 783,
730, 687, 667; HRMS (ESI) m/z Calcd for C33H20N [M+H+]: 430.1590 Found: 430.1596.

Experimental Section

1-(as-indaceno[3,2,1,8,7,6-pqrstuv]picen-1-yl)pyrrolidine (338c):
To a degassed solution of Idpc-1-Br (40 mg, 99 µmol, 1.0 eq.),
Pd(dba)2 (3.0 mg, 5.0 µmol, 5.0 mol%), rac-BINAP (6.2 mg, 9.9 µmol,
0.1 eq.) and pyrrolidine (20 µL, 0.2 mmol, 2.0 eq.) in toluene (3.0 mL)
was added sodium tert-butoxide (19 mg, 0.2 mmol, 2.0 eq.) and the
reaction was heated at 85 °C for 16 h. The reaction mixture was
cooled to room temperature and passed through a short pad of
celite with DCM (ca. 30 mL). The solvents were removed under reduced pressure and column
chromatography on silica (PE/DCM = 3:1) afforded amine 338c as dark red solid (33 mg, 83 µmol,
84 %).
Rf: 0.36 (PE/DCM = 3:1, UV); m.p.: decomp. > 180 °C; 1H NMR (800 MHz, CDCl3)  = 8.17 (d, J = 8.8
Hz, 1H, H12), 8.15 (d, J = 8.6 Hz, 1H, H9), 8.04 (d, J = 8.8 Hz, 1H, H11), 7.78 (d, J = 8.6 Hz, 1H, H10),
7.69 (d, J = 7.3 Hz, 1H, H5), 7.69 (d, J = 6.8 Hz, 1H, H6), 7.62 (d, J = 7.8 Hz, 1H, H3), 7.61 (d, J = 8.0
Hz, 1H, H8), 7.58 (d, J = 7.2 Hz, 1H, H4), 7.39 (dd, J = 8.0, 6.8 Hz, 1H, H7), 6.38 (d, J = 7.8 Hz, 1H, H2),
3.79 – 3.77 (m, 4H, H13), 2.12 – 2.09 (m, 4H, H14); 13C NMR (200 MHz, CDCl3)  = 147.96 (C1), 139.90
(C5e), 139.12 (C3b), 139.04 (C3e), 138.63 (C5d), 137.63 (C5b), 137.34 (C3d), 137.31 (C3c), 136.87
(C5c), 135.89 (C5a), 129.89 (C10b), 129.63 (C10a), 129.31 (C8a), 128.84 (C7), 126.97 (C3a), 126.68
(C10), 126.15 (C3), 126.02 (C8), 125.94 (C12), 125.60 (C6), 124.13 (C9), 122.90 (C4), 122.86 (C5),
121.10 (C11), 121.01 (C12a), 108.44 (C2), 52.06 (C13), 26.19 (C14); IR (cm-1): 3420, 3041, 2924,
2852, 1878, 1623, 1575, 1547, 1475, 1411, 1371, 1322, 1227, 1171, 1130, 1110, 1069, 1021, 994,
953, 800, 778, 731, 687; HRMS (ESI) m/z Calcd for C30H20N [M+H+]: 394.1585 Found: 394.1590.

N1-(as-indaceno[3,2,1,8,7,6-pqrstuv]picen-1-yl)ethane-1,2-diamine (338d):
To a degassed solution of Idpc-1-Br (40 mg, 99 µmol, 1.0 eq.),
Pd(dba)2 (3.0 mg, 5.0 µmol, 5.0 mol%), rac-BINAP (6.2 mg, 9.9 µmol,
0.1 eq.) and ethylenediamine (13 µL, 0.2 mmol, 2.0 eq.) in toluene (3.0
mL) was added sodium tert-butoxide (19 mg, 0.2 mmol, 2.0 eq.) and
the reaction was heated at 85 °C for 16 h. The reaction mixture was
cooled to room temperature and passed through a short pad of celite
with DCM (ca. 30 mL). The solvents were removed under reduced
pressure and column chromatography on silica (PE/DCM = 3:1) afforded amine 338d as dark red
solid (27 mg, 70 µmol, 71 %).
Rf: 0.25 (PE/DCM = 3:1, UV); m.p.: decomp. > 170 °C; 1H NMR (500 MHz, CDCl3)  = 8.07 (d, J = 8.7
Hz, 1H, H10), 8.02 (d, J = 8.7 Hz, 1H, H11), 7.75 (d, J = 8.9 Hz, 1H, H12), 7.73 (d, J = 8.8 Hz, 1H, H9),
7.66 (d, J = 6.9 Hz, 1H, H6), 7.63 (d, J = 7.3 Hz, 1H, H5), 7.59 (d, J = 8.1 Hz, 1H, H8), 7.55 (d, J = 7.6
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Hz, 1H, H3), 7.51 (d, J = 7.3 Hz, 1H, H4), 7.37 (dd, J = 8.1, 6.9 Hz, 1H, H7), 6.32 (d, J = 7.7 Hz, 1H, H2),
5.26 (bs, 1H, NH), 3.35 (q, J = 5.4 Hz, 2H, H13), 3.09 (dd, J = 6.5, 5.2 Hz, 2H, H14), 1.37 (bs, 2H, NH2);
C NMR (125 MHz, CDCl3)  = 146.22 (C1), 139.67 (C3e), 139.61 (C5e), 138.42 (C5c), 138.01 (C3b),

13

137.75 (C3c), 137.71 (C5b), 137.47 (C3d), 136.75 (C5d), 136.18 (C5a), 129.62 (2C, 10a + 10b), 129.21
(C8a), 128.77 (C7), 127.72 (C3a), 126.66 (C9), 126.45 (C3), 126.11 (C8), 125.69 (C5), 124.03 (C10),
123.32 (C4), 122.94 (C6), 122.35 (C11), 120.66 (C12), 119.69 (C12a), 105.31 (C2), 46.09 (C13), 40.87
(C14); IR (cm-1): 3395, 3044, 2924, 1876, 1615, 1576, 1506, 1475, 1411, 1379, 1324, 1228, 1129,
1110, 1021, 953, 800, 781, 746, 688; HRMS (ESI) m/z Calcd for C30H20N [M+H+]: 383.1543 Found:
383.1550.

N1,N8-dihexyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene-1,8-diamine (339a):
To a degassed solution of 1,8-di-BrIdpc 300 (30 mg, 62 µmol, 1.0 eq.),
Pd(dba)2 (3.6 mg, 6.2 µmol, 10 mol%),
rac-BINAP (7.7 mg, 12 µmol, 0.2 eq.)
and n-hexylamine (28 µL, 0.2 mmol, 4.0
eq.) in toluene (3.0 mL) was added
sodium tert-butoxide (24 mg, 0.2 mmol, 4.0 eq.) and the reaction was heated at 100 °C for 16 h. The
reaction mixture was cooled to room temperature and passed through a short pad of celite with
DCM (ca. 30 mL). The solvents were removed under reduced pressure and column chromatography
on silica (PE/DCM = 3:1) afforded amine 339a as dark red solid (25 mg, 49 µmol, 78 %).
Rf: 0.20 (PE/DCM = 3:1, UV); m.p.: decomp. > 170 °C; 1H NMR (400 MHz, CDCl3)  = 8.08 (d, J = 8.8
Hz, 2H, H10 + H11), 7.73 (d, J = 8.7 Hz, 2H, H9 + H12), 7.58 (d, J = 7.7 Hz, 2H), 7.55 (s, 2H, H4 + H5),
6.34 (d, J = 7.7 Hz, 2H, H2 + H7), 4.63 (bs, 2H, NH), 3.31 (t, J = 7.3 Hz, 4H, H13), 1.76 (p, J = 7.3 Hz,
4H, H14), 1.53 – 1.44 (m, 4H, H15), 1.41 – 1.34 (m, 8H, H16 + H17), 0.96 – 0.91 (m, 6H, H18); 13C
NMR (100 MHz, CDCl3)  = 145.69 (C1 + C8), 137.82 (C3b + C5d), 137.78 (C3c + C5c), 137.01 (C3d +
C5b), 136.98 (C3e + C5a), 129.08 (C10a + C10b), 128.22 (C3a + C5e), 125.93 (C3 +C6), 123.50 (C4 +
C5), 122.32 (C10 + C11), 120.20 (C9 + C12), 119.61 (C8a + C12a), 105.13 (C2 + C7), 44.15 (C13),
31.80 (C16), 29.45 (C14), 27.10 (C15), 22.78 (C17), 14.20 (C18); IR (cm-1): 3432, 3046, 2926, 1864,
1625, 1576, 1519, 1475, 1437, 1411, 1379, 1331, 1248, 1225, 1170, 1131, 1110, 1069, 1021, 994,
954, 799, 784, 730, 687 666; HRMS (ESI) m/z Calcd for C38H39N2 [M+H+]: 523.3108; Found: 523. 3119.
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N1,N8-di-p-tolyl-as-indaceno[3,2,1,8,7,6-pqrstuv]picene-1,8-diamine (339b):
To a degassed solution of 1,8-di-Br-Idpc 300 (30 mg, 62 µmol, 1.0
eq.), Pd(dba)2 (3.6 mg, 6.2 µmol, 10 mol%), rac-BINAP (7.7 mg, 12
µmol, 0.2 eq.) and p-toluidine (27 mg, 0.2 mmol, 4.0 eq.) in toluene
(3.0 mL) was added sodium tert-butoxide (24 mg, 0.2 mmol, 4.0 eq.)
and the reaction was heated at 100 °C for 16 h. The reaction mixture
was cooled to room temperature and passed through a short pad of
celite with DCM (ca. 30 mL). The solvents were removed under
reduced pressure and column chromatography on silica (PE/DCM =
3:1) afforded amine 339b as dark red solid (28 mg, 53 µmol, 85 %).
Rf: 0.18 (PE/DCM = 3:1, UV); m.p.: decomp. > 195 °C; 1H NMR (400 MHz, CDCl3)  = 8.14 (d, J = 8.6
Hz, 2H, H10 + H11), 7.86 (d, J = 8.6 Hz, 2H, H9 + H12), 7.59 (s, 2H, H4 + H5), 7.57 (d, J = 7.5 Hz, 2H,
H3 + H6), 7.16 (bs, 8H, H14 + H15), 7.00 (d, J = 7.5 Hz, 2H, H2 + H7), 6.32 (bs, 2H, NH), 2.36 (s, 6H,
Me); 13C NMR (100 MHz, CDCl3)  = 141.69 (C1 + C8), 139.94 (C13), 138.32 (C3b + C5c), 138.30 (C3c
+ C5b), 137.65 (C3e + C5a), 137.51 (C3d + C5b), 132.36 (C16), 131.53 (C3a + C5e), 130.16 (C15),
129.63 (C10a + C10b), 125.20 (C3 + C6), 124.37 (C4 + C5), 123.12 (C10 + C11), 121.77 (C8a + C12a),
121.63 (C9 + C12), 120.56 (C14), 111.98 (C2 + C7), 20.96 (Me); IR (cm-1): 3420, 3043, 2923, 1876,
1616, 1576, 1518, 1475, 1410, 1379, 1329, 1225, 1170, 1130, 1110, 1021, 994, 954, 799, 782, 730,
687, 667; HRMS (ESI) m/z Calcd for C40H27N2 [M+H+]: 535.2169 Found: 535.2174.

N1,N8-di-(pyrrolidin-1-yl)-as-indaceno[3,2,1,8,7,6-pqrstuv]picene-1,8-diamine (339c):
To a degassed solution of 1,8-di-Br-Idpc 300 (40 mg, 83 µmol,
1.0 eq.), Pd(dba)2 (4.8 mg, 8.3 µmol, 10 mol%), rac-BINAP (10
mg, 17 µmol, 0.2 eq.) and pyrrolidine (27 µL, 0.3 mmol, 4.0 eq.)
in toluene (3.0 mL) was added sodium tert-butoxide (32 mg, 0.3
mmol, 4.0 eq.) and the reaction was heated at 80 °C for 16 h.
The reaction mixture was cooled to room temperature and
passed through a short pad of celite with DCM (ca. 30 mL). The solvents were removed under
reduced pressure and column chromatography on silica (PE/DCM = 3:1) afforded amine 339c as a
purple solid (34 mg, 73 µmol, 88 %).
Rf: 0.38 (PE/DCM = 3:1, UV); m.p.: decomp. > 170 °C; 1H NMR (400 MHz, CDCl3)  = 8.18 (d, J = 9.0
Hz, 2H, H10 + H11), 8.10 (d, J = 8.9 Hz, 2H, H9 + H12), 7.63 (s, 2H, H4 + H5), 7.62 (d, J = 7.8 Hz, 1H,
H3 + H6), 6.39 (d, J = 7.9 Hz, 2H, H2 + H7), 3.83 – 3.73 (m, 8H, H13), 2.16 – 2.02 (m, 8H, H14); 13C
NMR (100 MHz, CDCl3)  = 147.49 (C1 + C8), 138.84 (C3e + C5a), 137.46 (C3b + C5d), 136.75 (C3d
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+ C5b), 136.29 (C3c + C5c), 129.32 (C10a + C10b), 128.05 (C3a + C5e), 125.67 (C3 + C6), 125.39 (C9
+ C12), 123.03 (C4 + C5), 121.27 (C8a + C12a), 121.22 (C10 + C11), 108.39 (C2 + C7), 52.06 (C13),
26.18 (C14); IR (cm-1): 3420, 3046, 2922, 1869, 1623, 1576, 1506, 1475, 1436, 1411, 1379, 1327,
1248, 1227, 1130, 1110, 1068, 1020, 994, 954, 799, 783, 730 687; HRMS (ESI) m/z Calcd for C34H27N2
[M+H+]: 463.2169 Found: 463.2175.

N1,N1'-(as-indaceno[3,2,1,8,7,6-pqrstuv]picene-1,8-diyl)bis(ethane-1,2-diamine) (339d):
To a degassed solution of 1,8-di-Br-Idpc 300 (30 mg, 62 µmol, 1.0
eq.), Pd(dba)2 (3.6 mg, 6.2 µmol, 10 mol%), rac-BINAP (7.7 mg, 12
µmol, 0.2 eq.) and ethylenediamine (42 µL, 0.6 mmol, 10 eq.) in
toluene (3.0 mL) was added sodium tert-butoxide (24 mg, 0.2 mmol,
4.0 eq.) and the reaction was heated at 100 °C for 16 h. The reaction
mixture was cooled to room temperature and passed through a
short pad of celite with DCM/MeOH (5/1, ca. 40 mL). The solvents
were removed under reduced pressure and column chromatography on silica (DCM -> DCM/MeOH
= 5:1 -> DCM/MeOH/TEA = 150:30:1) afforded amine 339d as dark red solid (13 mg, 30 µmol, 48 %).
Rf: 0.15 (DCM/MeOH/TEA = 150:30:1, UV); m.p.: decomp. > 165 °C; 1H NMR (400 MHz, MeOD-d4)
 = 8.19 (d, J = 8.8 Hz, 2H, H10 + H11), 8.09 (d, J = 8.8 Hz, 2H, H9 + H12), 7.59 (d, J = 7.7 Hz, 2H, H3
+ H6), 7.53 (s, 2H, H4 + H5), 6.43 (d, J = 7.7 Hz, 2H, H2 + H7), 5.15 (s, 2H, NH), 3.56 (t, J = 6.2 Hz, 4H,
H13), 3.17 (t, J = 6.2 Hz, 4H, H14), 1.90 (s, 4H, NH2); 13C NMR (100 MHz, MeOD-d4)  = 147.14 (C1 +
C8), 138.99 (Cq), 138.34 (Cq), 137.95 (Cq), 137.69 (Cq), 130.10 (Cq), 129.35 (C10a + C10b), 126.87
(C3 + C7), 124.21 (C4 + C5), 123.02 (C10 + C11), 122.81 (C9 + C12), 121.38 (C8a + C12a), 105.80 (C2
+ C7), 44.45 (C13), 40.39 (C14); IR (cm-1): 3044, 2923, 1875, 1616, 1575, 1520, 1475, 1410, 1379,
1312, 1226, 1129, 1020, 954, 799, 782, 730, 687, 667; HRMS (ESI) m/z Calcd for C30H25N4 [M+H+]:
441.2074 Found: 441.2081.

N,N'-(as-indaceno[3,2,1,8,7,6-pqrstuv]picene-1,8-diyl)bis(1,1-bis(4-(tertbutyl)phenyl)methanimine) (340a): Under inert gas conditons Pd(dba)2 (9.0 mg, 10 µmol, 0.1 eq.)
and rac-BINAP (13 mg, 20 µmol, 0.2 eq.) were
dispersed in toluene and heated to reflux for
30 minutes. The mixture was allowed to cool
to

room

temperature

and

4,4’-di-tert-

butylbenzophenone imine (67 mg, 0.23 mmol,
2.2 eq.) and 1,8-dibromoindacenopicene 300
(50 mg, 0.1 mmol, 1.0 eq.) and sodium tert-
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butoxide (22 mg, 0.23 mmol, 2.2 eq.) were added. The reaction mixcture was heated to reflux until
full conversion of the starting material was evident by TLC: The solution was diluted with DCM (5
mL) and filtered through a pad of celite. The solvent was removed under reduced pressure and the
crude product was purified by column chromatography on silica (PE/DCM = 1/1) to afford title
compound 340a as an orange solid (77 mg, 85 µmol, 82 %).
Rf: 0.26 (PE/DCM = 6:1, UV); m.p.: > 300 °C; 1H NMR (400 MHz, CDCl3)  = 8.06 (d, J = 8.8 Hz, 2H,
H10 + H11), 7.89 (d, J = 8.8 Hz, 2H, H9 + H12), 7.84 (d, J = 8.0 Hz, 4H, H3’), 7.53-7.50 (m, 4H, H4’),
7.48 (s, 2H, H4 + H5), 7.41 (d, J = 7.4 Hz, 2H, H3 + H6), 7.19 (d, J = 8.0 Hz, 4H, H4’’), 7.12 (d, J = 8.2
Hz, 4H, H3’’), 6.39 (d, J = 7.4 Hz, 2H, H2 + H7), 1.41 (s, 18H, tBu), 1.21 (s, 18H, tBu); 13C NMR (100
MHz, CDCl3)  = 169.13, 154.49, 151.95, 149.87, 137.89, 137.85, 137.83, 137.63, 137.02, 134.13,
133.28, 129.83, 129.69, 129.16, 125.31, 124.96, 124.51, 124.41, 124.26, 123.64, 123.38, 117.08,
35.07, 34.78, 31.37, 31.29; IR (cm-1): 2960, 1598, 1558, 1456, 1411, 1361, 1316, 1296, 1268, 1218,
1142, 1108, 1024, 943, 840, 809, 785, 764, 679; MS (EI): m/z (rel. int.) = 906 (100 %).

N,N'-(as-indaceno[3,2,1,8,7,6-pqrstuv]picene-1,8-diyl)bis(1,1-di-p-tolylmethanimine)

(340b):

Under inert gas conditons Pd(dba)2 (9.0 mg, 10
µmol, 0.1 eq.) and rac-BINAP (13 mg, 20 µmol,
0.2 eq.) were dispersed in toluene and heated
to reflux for 30 minutes. The mixture was
allowed to cool to room temperature and 4,4’dimethylbenzophenone imine (47 mg, 0.23
mmol, 2.2 eq.) and 1,8-dibromoindacenopicene
300 (50 mg, 0.1 mmol, 1.0 eq.) and sodium tert-butoxide (22 mg, 0.23 mmol, 2.2 eq.) were added.
The reaction mixcture was heated to reflux until full conversion of the starting material was evident
by TLC: The solution was diluted with DCM (5 mL) and filtered through a pad of celite. The solvent
was removed under reduced pressure and the crude product was purified by column
chromatography on silica (PE/DCM = 1/1) to afford title compound 340b as an orange solid (40 mg,
54 µmol, 52 %).
Rf: 0.29 (PE/DCM = 1:1, UV); m.p.: 176 – 177 °C; 1H NMR (400 MHz, CDCl3)  = 8.04 (d, J = 8.9 Hz,
2H, H10 + H11), 7.86 (d, J = 8.8 Hz, 2H, H9 + H12), 7.79 (d, J = 7.8 Hz, 4H, H3’), 7.47 (s, 2H, H4 + H5),
7.43 (d, J = 7.4 Hz, 2H, H3 + H6), 7.28 (d, J = 8.1 Hz, 4H, H4’), 7.08 (d, J = 7.6 Hz, 8H, H3’’), 6.97 (d, J
= 7.7 Hz, 8H, H4’’), 6.42 (d, J = 7.5 Hz, 2H, H2 + H7), 2.46 (s, 6H, Me), 2.22 (s, 6H, Me); 13C NMR (100
MHz, CDCl3)  = 169.37, 149.85, 141.47, 138.85, 137.90, 137.85, 137.60, 137.00, 134.17, 133.45,
129.84, 129.78, 129.29, 129.10, 128.77, 124.54, 124.36, 124.20, 123.42, 123.36, 117.28, 21.63,
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21.41; IR (cm-1): 2955, 1594, 1507, 1455, 1412, 1313, 1295, 1252, 1217, 1179, 1158, 1135, 1113,
1022, 938, 906, 807, 786, 733, 678; MS (EI): m/z (rel. int.) = 739 (100 %).

N-(as-indaceno[3,2,1,8,7,6-pqrstuv]picen-1-yl)-1,1-bis(4-(tert-butyl)phenyl)methanimine (342):
Under inert gas conditons Pd(dba)2 (10 mg, 10 µmol, 0.1
eq.) and rac-BINAP (15 mg, 25 µmol, 0.2 eq.) were
dispersed in toluene and heated to reflux for 30 minutes.
The mixture was allowed to cool to room temperature and
4,4’-di-tert-butylbenzophenone imine (40 mg, 0.14 mmol,
1.1 eq.) and 1-bromoindacenopicene 62 (50 mg, 0.12
mmol, 1.0 eq.) and sodium tert-butoxide (13 mg, 0.12
mmol, 1.1 eq.) were added. The reaction mixcture was heated to reflux until full conversion of the
starting material was evident by TLC: The solution was diluted with DCM (5 mL) and filtered through
a pad of celite. The solvent was removed under reduced pressure and the crude product was
purified by column chromatography on silica (PE/DCM = 3/1) to afford title compound 342 as an
orange solid (63 mg, 0.1 mmol, 83 %).
Rf: 0.28 (PE/DCM = 3:1, UV); m.p.: > 300 °C; 1H NMR (400 MHz, CDCl3)  = 8.07 (d, J = 8.7 Hz, 1H,
H10), 8.05 (d, J = 8.8 Hz, 1H, H11), 7.89 (d, J = 8.8 Hz, 1H, H12), 7.83 (d, J = 7.9 Hz, 2H, H3’), 7.73 (d, J =
8.7 Hz, 1H, H9), 7.65 (d, J = 6.9 Hz, 1H, H6), 7.60–7.57 (m, 2H, H5,8), 7.52–7.48 (m, 3H, H4,4’), 7.42 (d,
J = 7.4 Hz, 1H, H3), 7.35 (dd, J = 8.2, 7.0 Hz, 1H, H7), 7.17 (d, J = 7.8 Hz, 2H, H4’’), 7.11 (d, J = 8.1 Hz,
2H, H3’’), 6.38 (d, J = 7.4 Hz, 1H, H2), 1.40 (s, 9H, tBu), 1.19 (s, 9H, tBu); 13C NMR (100 MHz, CDCl3) 
= 169.30, 156.04, 152.03, 150.20, 139.38, 139.34, 138.59, 138.33, 138.13, 138.07, 137.83, 137.70,
136.97, 135.30, 133.79, 133.21, 130.20, 130.11, 129.71, 129.30, 129.15, 128.90, 126.94, 126.61,
125.65, 125.32, 124.96, 124.70, 124.66, 124.49, 124.24, 123.69, 123.34, 117.12, 35.24, 34.79,
31.32, 31.27; IR (cm-1): 2953, 1599, 1458, 1412, 1315, 1295, 1107, 1012, 933, 907, 829, 804, 784,
763, 731, 680; MS (EI): m/z (rel. int.) = 615 (100 %).

1,3-Bis(2-fluorophenyl)propan-2-one (345): A solution of 2-fluorophenylacetic acid (15 g, 97
mmol, 1.0 eq.) in dry THF (250 mL) was slowly added to a solution of DCC
(21 g, 0.1 mol, 1.1 eq.) and DMAP (3.6 g, 29 mmol, 0.3 eq.) in dry THF (0.1
L) at room temperature. The reaction was stirred until full consumption of
starting material was evident by TLC (ca. 4 h). The mixture was filtered over
a short plug of celite (1.5 cm) with THF (150 mL) and the solvent was
removed under reduced pressure. The residue was extracted with water (100 mL) and ethyl acetate
(3 x 150 mL). The combined organic phases were dried over magnesium sulfate, filtered off from
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the drying agent and the solvent was removed under reduced pressure. Column chromatography
on silica (PE/EtOAc = 14:1) afforded ketone 345 as an off-white solid (7.2 g, 29 mmol, 59 %).
Rf: 0.40 (PE/EtOAc = 14/1, UV); m.p.: 70 - 71 °C (petrolether); 1H NMR (400 MHz, CDCl3)  = 7.36
– 7.28 (m, 2H, H4), 7.23 (td, J = 7.5, 1.9 Hz, 2H, H5), 7.18 – 7.09 (m, 4H, H3 + H6), 3.88 (d, J = 1.3 Hz,
4H, H7); 13C NMR (100jj MHz, CDCl3)  = 203.23 (C8), 161.13 (d, J = 245.9 Hz, C2), 131.80 (d, J = 4.3
Hz, C5), 129.20 (d, J = 8.3 Hz, C4), 124.35 (d, J = 3.7 Hz, C6), 121.48 (d, J = 16.2 Hz, C1), 115.50 (d, J
= 21.8 Hz, C3), 42.46 (d, J = 2.4 Hz, C7); 19F NMR (376 MHz, CDCl3)  = -117.07; MS (EI): m/z (rel. int.)
= 246 (100%).

7,10-Bis(2-fluorophenyl)fluoranthene (347): To a suspension of ketone 345 (1.6 g, 6.7 mmol, 1.1
eq.) in methanol (30 mL) was added acenaphthoquinone (1.1 g, 6.1
mmol, 1.0 eq.) and freshly grinded potassium hydroxide (0.4 g, 6.7
mmol, 1.1 eq.). The reaction was protected from light and stired for 4 h
at 60 °C. The reaction mixture was cooled to room temperature and the
black precipitate was filtered and washed with cold methanol (30 mL)
to yield dienone 346, which was used in the next step without further
purification (2.3 g, 5.9 mmol, 88 %).
A thick walled over-pressure tube was charged with Dienone 346 (1.45 g, 3.7 mmol, 1.0 eq.) and
2,5-norbornandiene (3.0 mL, 30 mmol, 8.0 eq.) under inert gas atmosphere. Acetic anhydride (6.0
mL) was added and the tube was sealed and the reaction was heated at 160 °C for 12 h. The reaction
was cooled to room temperature and 2 N NaOH (40 mL) was carefully added. The aqueous layer
was extracted with diethyl ether (5 x 40 mL) and the combined organic phases were washed with
water (50 mL) and brine (50 mL). The organic phase was dried over magnesium sulfate, filtered off
from the drying agent and the solvent was removed under reduced pressure. Column
chromatography on silica (PE/DCM = 14:1) afforded fluoranthene 347 as an off-white solid (1.0 g,
2.6 mmol, 69 %).
Rf: 0.22 (PE/DCM = 14/1, UV); 1H NMR (400 MHz, CDCl3)  = 7.78 (d, J = 8.2 Hz, 2H, H3 + H4), 7.65
– 7.56 (m, 2H, H14), 7.56 – 7.50 (m, 2H, H13), 7.40 (t, J = 7.6 Hz, 2H, H2 + H5), 7.38 – 7.29 (m, 6H,
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H8 + H11 + H12), 7.15 (t, J = 6.1 Hz, 2H, H1 + H6); 13C NMR (100 MHz, CDCl3)  = 160.17 (dd, J =
247.1, 2.9 Hz, C10), 137.82 (d, J = 2.3 Hz, C6c), 136.19 (C6a), 132.84 (C6b), 131.76 (dd, J = 8.1, 3.4
Hz, C7), 131.51 (d, J = 6.0 Hz, C14), 130.02 (d, J = 7.9 Hz, C13), 129.91 (C3a), 129.62 – 129.44 (m,
C8), 128.33 (dd, J = 16.5, 1.5 Hz, C9), 127.86 (C2 + C5), 127.06 (C3 + C4), 124.56 (dd, J = 7.1, 3.7 Hz,
C12), 122.62 (C1 + C6), 116.17 (dd, J = 22.0, 8.9 Hz, C11); 19F NMR (376 MHz, CDCl3)  = -113.69, 114.31; IR (cm-1): 2972, 2360, 1591, 14731, 1392, 1277, 1226, 1033, 943, 790, 751, 729, 706, 674;
MS (EI): m/z calculated for C28H16F2 [M]+: 390.1220 Found: 390.1227.

Dibenzocorannulene (96): γ-Al2O3 (3.0g) was activated in heavy-walled Schott-Duran glassware at
580 °C for 3 hours in vacuum (10-3 mbar). After cooling to 150 °C,
fluoranthene 347 (50 mg, 128 µmol) was added and the tube was
purged with nitrogen. The reaction was carried out at 320 °C until full
consumption of starting material was detected by EI-MS (8 h). After
cooling to room temperature, the product was extracted via Soxhlet
apparatus using DCM. After washing with n-pentane (5 x 10 mL) the title compound 96 was isolated
as an off-white solid (7.6 mg, 22 µmol, 17 %).
Rf: 0.28 (PE/DCM = 9/1, UV); m.p.: 283 – 286 (EtOAc); 1H NMR (600 MHz, CDCl3)  = 8.73 – 8.70
(m, 2H, H1 + H12), 8.68 – 8.66 (m, 2H, H4 + H9), 8.37 (s, 2H, H13 + H14), 8.28 (d, J = 8.6 Hz, 2H, H5
+ H8), 8.00 (d, J = 8.6 Hz, 2H, H6 + H7), 7.80 – 7.73 (m, 4H, H2 + H3 + H10 + H11); 13C NMR (150
MHz, CDCl3)  = 136.17 (C4c + C8c), 135.13 (C6b), 134.49 (C12c + C14c), 133.34 (C4a + C8b), 133.25
(C12a + C14b), 130.58 (C5a), 128.98 (4b + 8a), 128.74 (12b + 14a), 127.76 (C6 + C7), 127.52 (C2 +
C11), 127.43 (C3 + C10), 125.31 (C1 + C12), 125.26 (C4 + C9), 124.81 (C13 + C14), 124.52 (C5 + C8);
IR (cm-1): 2971, 2358, 1591, 1470, 1393, 1224, 1034, 941, 793, 751, 706, 699; MS (EI): m/z calculated
for C28H14 [M]+: 350.1096 Found: 350.1100.
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7,8,9,10-Tetraphenylfluoranthene (355a): To a suspension of dibenzyl ketone (11 g, 54 mmol, 3.3
eq.) in methanol (30 mL) was added acenaphthoquinone (3.0 g, 16
mmol, 1.0 eq.) and freshly grinded potassium hydroxide (0.7 g, 12
mmol, 0.8 eq.). The reaction was protected from light and stired for 4 h
at 60 °C. The reaction mixture was cooled to room temperature and the
black precipitate was filtered and washed with cold methanol (30 mL)
to yield dienone 352a, which was used in the next step without further
purification (4.9 g, 9.7 mmol, 59 %).
A thick walled over-pressure tube was charged with Dienone 352a (0.5 g, 1.3 mmol, 1.1 eq.) and
Diphenylacetylene (0.2 g, 1.2 mmol, 1.0 eq.) under inert gas atmosphere. Diphenyl ether (1.1 g) was
added and the tube was sealed and the reaction was heated at 260 °C for 12 h. The reaction was
cooled to room temperature and water (30 mL) was added. The mixture was extracted with diethyl
ether (5 x 20 mL), the combined organic phases were dried over magnesium sulfate, filtered off
from the drying agent, and the solvent was removed under reduced pressure. Column
chromatography on silica (PE/DCM = 9:1) afforded fluoranthene 355a as an off-white solid (0.3 g,
0.6 mmol, 50 %).
Rf: 0.20 (PE/DCM = 9/1, UV); m.p.: > 300 °C (Diethyl ether); 1H NMR (400 MHz, CDCl3)  = 7.72 (d,
J = 8.2 Hz, 2H), 7.38 – 7.27 (m, 12H), 6.96 – 6.82 (m, 10H), 6.62 (d, J = 7.1 Hz, 2H).In accordance with
literature[204]; 13C NMR (100 MHz, CDCl3)  = 140.80, 140.02, 139.99, 137.33, 136.67, 136.64, 133.42,
131.44, 130.24, 129.88, 129.77, 128.30, 127.78, 127.04, 126.76, 126.65, 125.56, 123.32, 119.04; IR
(cm-1): 2972, 2363, 1594, 1730, 1393, 1224, 1032, 837, 791, 769, 733, 708, 699, 677; MS (EI): m/z
calculated for C40H26 [M]+: 506.2035 Found: 506.2042.
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7,10-Dimethyl-8,9-diphenylfluoranthene (355b): To a suspension of pentane-3-one (1.9 mL, 18
mmol, 3.3 eq.) in methanol (30 mL) was added acenaphthoquinone (1.0 g, 5.5
mmol, 1.0 eq.) and freshly grinded potassium hydroxide (0.2 g, 4.1 mmol, 0.8
eq.). The reaction was protected from light and stired for 4 h at 60 °C. The
reaction mixture was cooled to room temperature and the black precipitate was
filtered and washed with cold methanol (30 mL) to yield dienone 352b, which
was used in the next step without further purification (1.2 g, 5.2 mmol, 95 %).
A thick walled over-pressure tube was charged with Dienone 352b (0.36 g, 1.4
mmol, 1.0 eq.) and Diphenylacetylene (0.8 g, 4.3 mmol, 3.0 eq.) under inert gas atmosphere.
Diphenyl ether (4.0 g) was added and the tube was sealed and the reaction was heated at 260 °C
for 12 h. The reaction was cooled to room temperature and water (30 mL) was added. The mixture
was extracted with diethyl ether (5 x 20 mL), the combined organic phases were dried over
magnesium sulfate, filtered off from the drying agent, and the solvent was removed under reduced
pressure. Column chromatography on silica (PE/DCM = 9:1) afforded fluoranthene 355b as an offwhite solid (0.4 g, 1.2 mmol, 80 %).
Rf: 0.48 (PE/DCM = 9/1, UV); m.p.: 242 – 244 °C (Diethyl ether); 1H NMR (400 MHz, CDCl3)  = 8.10
(d, J = 7.0 Hz, 2H, H1 + H6), 7.88 (d, J = 8.1 Hz, 2H, H3 + H4), 7.69 (t, J = 7.6 Hz, 2H, H2 + H5), 7.20 –
7.14 (m, 4H, H13), 7.14 – 7.08 (m, 2H, H14), 7.07 – 7.01 (m, 4H, H12), 2.54 (s, 6H, Me); 13C NMR
(100 MHz, CDCl3)  = 141.94 (C8 + C9), 141.19 (C11), 138.02 (C6a + C10b), 136.87 (C6b + C10a),
133.28 (C3b), 130.74 (C12), 130.44 (C7 + C10), 129.99 (C3a), 128.03 (C2 + C5), 127.49 (C13), 126.46
(C3 + C4), 126.09 (C14), 123.56 (C1 + C6), 18.38 (Me); IR (cm-1): 2974, 2361, 1593, 1732, 1394, 1277,
1225, 1033, 944, 791, 753, 731, 706, 699, 675; MS (EI): m/z calculated for C30H22 [M]+: 382.1722
Found: 382.1725.
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((2,6-Difluorophenyl)ethynyl)trimethylsilane (358): To a solution of 1-bromo-2,6-difluorobenzene
(5.0 g, 26 mmol, 1.0 eq.), CuI (0.3 g, 1.3 mmol, 5 mol%) and Pd(PPh 3)2Cl2 (0.6
g, 0.8 mmol, 3 mol%) in dry THF (15 mL) was added triethyl amine (10 mL)
and the mixture was freeze-pumped-thaw for 3 cycles. Trimethylsilyl
acetylene (4.4 mL, 31 mmol, 1.2 eq.) was added and the reaction was heated
at 60 °C for 8 h. After cooling to room temperature, water (70 mL) and diethyl
ether 70 mL) were added and the layers were separated. The aqueous layer was extracted with
diethyl ether (2 x 50 mL) and the combined organic layers were washed with aqueous ammonium
chloride (80 mL) and brine (80 mL). The organic phases were dried over magnesium sulfate, filtered
off from the drying agent and the solvent was removed under reduced pressure. Column
chromatography on silica (PE) afforded alkyne 358 as a colorless liquid (4.6 g, 22 mmol, 85 %).
Rf: 0.7 (PE); 1H NMR (400 MHz, CDCl3)  = 7.30 – 7.20 (m, 1H, H4), 6.92 – 6.84 (m, 2H, H3 + H5),
0.29 (s, 9H, SiMe3); 13C NMR (100 MHz, CDCl3)  = 163.57 (dd, J = 254.1, 5.3 Hz, C2 + C6), 129.95 (t,
J = 9.9 Hz, C4), 111.69 – 110.77 (m, C3 + C5), 105.95 (t, J = 3.2 Hz, C7), 102.52 (t, J = 19.8 Hz, C1),
91.02 (C8), -0.09 (SiMe3); 19F NMR (375 MHz, CDCl3)  = -107.23; HRMS (EI) m/z Calcd for C11H12F2Si
[M]+: 210.0676. Found: 210.0680.

1,2-Bis(2-fluorophenyl)ethyne (348): To a solution of 1-bromo-2-fluorobenzene (5.0 g, 26 mmol,
1.0 eq.), CuI (0.5 g, 2.9 mmol, 10 mol%) and Pd(PPh3)2Cl2 (1.2 g, 1.7 mmol,
6 mol%) in freshly distilled DBU (26 mL) was added water (0.2 mL, 11 mmol,
0.4 eq.) and the mixture was degassed by bubbling nitrogen through the
stirred solution for 20 minutes. Trimethylsilyl acetylene (2.0 mL, 14 mmol,
0.5 eq.) was added and the reaction was heated at 60 °C for 8 h. After
cooling to room temperature, water (70 mL) and diethyl ether 70 mL) were added and the layers
were separated. The aqueous layer was extracted with diethyl ether (2 x 50 mL) and the combined
organic layers were washed with aqueous ammonium chloride (80 mL) and brine (80 mL). The
organic phases were dried over magnesium sulfate, filtered off from the drying agent and the
solvent was removed under reduced pressure. Column chromatography on silica (PE) afforded
alkyne 348 as a colorless oil (2.1 g, 9.8 mmol, 75 %).
Rf: 0.27 (PE); 1H NMR (400 MHz, CDCl3)  = 7.56 (td, J = 7.3, 1.9 Hz, 2H, H6), 7.34 (tdd, J = 7.2, 5.1,
1.7 Hz, 2H, H4), 7.19 – 7.08 (m, 4H, H3 + H5); 13C NMR (100 MHz, CDCl3)  = 162.78 (d, J = 252.3 Hz,
C2), 133.66 (d, J = 1.3 Hz, C5), 130.49 (d, J = 8.0 Hz, C4), 124.12 (d, J = 3.7 Hz, C6), 115.70 (d, J = 20.9
Hz, C3), 111.73 (d, J = 15.6 Hz, C1), 87.83 (d, J = 3.2 Hz, C7); 19F NMR (375 MHz, CDCl3)  = -109.51
(d, J = 4.6 Hz); HRMS (EI) m/z Calcd for C14H8F2 [M]+: 214.0594. Found: 214.0599.
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1,3-Difluoro-2-((2-fluorophenyl)ethynyl)benzene (351): To a solution of 1-(ethynyltrimethylsilyl)2,6-difluorobenzene (358) (1.0 g, 4.8 mmol, 1.0 eq.), CuI (90 mg, 0.5 mmol,
10 mol%) and Pd(PPh3)2Cl2 (0.2 g, 0.3 mmol, 6 mol%) in freshly distilled DBU
(15 mL) was added water (34 µL, 1.9 mmol, 0.4 eq.) and the mixture was
degassed by bubbling nitrogen through the stirred solution for 20 minutes.
2-Fluorobenzene (0.8 g, 4.8 mmol, 1.0 eq.) was added and the reaction was
heated at 60 °C for 8 h. After cooling to room temperature, water (70 mL) and diethyl ether 70 mL)
were added and the layers were separated. The aqueous layer was extracted with diethyl ether (2 x
50 mL) and the combined organic layers were washed with aqueous ammonium chloride (80 mL)
and brine (80 mL). The organic phases were dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced pressure. Column chromatography on
silica (PE) afforded alkyne 351 as an off-white solid (0.8 g, 3.5 mmol, 73 %).
Rf: 0.24 (PE); m.p.: 74-76 °C (Diethyl ether); 1H NMR (400 MHz, CDCl3)  = 7.57 (td, J = 7.3, 1.7 Hz,
1H, H14), 7.36 (tdd, J = 7.6, 5.2, 1.6 Hz, 1H, H12), 7.32 – 7.27 (m, 1H,H5), 7.19 – 7.07 (m, 2H, H11 +
H13), 7.00 – 6.90 (m, 2H, H4 + H6); 13C NMR (100 MHz, CDCl3)  = 163.13 (dd, J = 254.4, 5.1 Hz, C1
+ C3), 162.80 (d, J = 252.9 Hz, C10), 133.74 (C14), 130.87 (d, J = 8.0 Hz, C13), 130.21 (t, J = 9.9 Hz,
C5), 124.15 (d, J = 3.8 Hz, C13), 115.77 (d, J = 20.6 Hz, C11), 111.53 – 111.25 (m, C4 + C6), 102.31 (t,
J = 19.7 Hz, C2), 92.54 (t, J = 3.2 Hz, C7), 81.30 (d, J = 3.2 Hz, C8); 19F NMR (375 MHz, CDCl3)  = 106.98 (t, J = 6.4 Hz), -109.04 (q, J = 7.4 Hz); HRMS (EI) m/z Calcd for C14H7F3 [M]+: 232.0500. Found:
232.0506.

7,8,9,10-Tetrakis(2-fluorophenyl)fluoranthene (347): A thick walled over-pressure tube was
charged with Dienone 346 (0.5 g, 1.2 mmol, 1.0 eq.) and alkyne 348 (0.3
g, 1.2 mmol, 1.0 eq.) under inert gas atmosphere. Diphenyl ether (1.0
g) was added and the tube was sealed and the reaction was heated at
260 °C for 12 h. The reaction was cooled to room temperature and
water (30 mL) was added. The mixture was extracted with diethyl ether
(5 x 20 mL), the combined organic phases were dried over magnesium
sulfate, filtered off from the drying agent, and the solvent was removed
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under reduced pressure. Column chromatography on silica (PE/DCM = 9:1 -> 3:1) afforded
fluoranthene 347 as an off-white solid (0.3 g, 0.5 mmol, 45 %).
Rf: 0.30 (PE/DCM = 6:1); m.p.: > 300 °C (Diethyl ether); 1H NMR (400 MHz, CDCl3)  = 7.76 (d, J =
8.2 Hz, 2H), 7.47 (t, J = 7.3 Hz, 2H), 7.38 – 7.29 (m, 4H), 7.22 – 7.12 (m, 4H), 7.06 (t, J = 8.8 Hz, 2H),
6.93 (tdd, J = 7.5, 5.1, 1.7 Hz, 2H), 6.78 (t, J = 7.4 Hz, 2H), 6.69 (d, J = 7.1 Hz, 2H), 6.64 (t, J = 8.9 Hz,
2H); 13C NMR (100 MHz, CDCl3)  = 159.66 (d, J = 245.7 Hz), 159.19 (d, J = 243.7 Hz), 137.95, 136.12,
136.03, 133.27, 131.61, 131.55 – 131.22 (2C, m), 129.91 (d, J = 7.2 Hz), 129.87, 129.12 (d, J = 8.0
Hz), 127.99, 127.48 (d, J = 17.4 Hz), 127.14, 126.92 (d, J = 17.4 Hz), 124.36 (d, J = 3.6 Hz), 123.16 (d,
J = 3.5 Hz), 122.73, 115.50 (d, J = 22.1 Hz), 114.16 (d, J = 22.3 Hz); 19F NMR (375 MHz, CDCl3)  = 111.90, -113.02; MS (EI): m/z (rel. int.) =578 (100%); HRMS (EI) m/z Calcd for C40H22F4 [M]+: 578.1658
Found: 578.1665.

7,8,9,10-Tetrakis(2-fluorophenyl)fluoranthene (350): A thick walled over-pressure tube was
charged with Dienone 346 (0.5 g, 1.2 mmol, 1.0 eq.) and alkyne 351 (0.3
g, 1.2 mmol, 1.0 eq.) under inert gas atmosphere. Diphenyl ether (1.0 g)
was added and the tube was sealed and the reaction was heated at 260
°C for 12 h. The reaction was cooled to room temperature and water
(20 mL) was added. The mixture was extracted with DCM (5 x 10 mL),
the combined organic phases were dried over magnesium sulfate,
filtered off from the drying agent, and the solvent was removed under
reduced pressure. Column chromatography on silica (PE/DCM = 9:1 ->
2.5:1) afforded fluoranthene 350 as an off-white solid (0.3 g, 0.4 mmol, 35 %).
Rf: 0.60 (PE/DCM = 2.5:1); m.p.: > 300 °C (DCM); 1H NMR (400 MHz, CDCl3)  = 7.77 (d, J = 8.2 Hz,
2H), 7.58 – 7.48 (m, 1H), 7.47 – 7.39 (m, 1H), 7.39 – 7.29 (m, 4H), 7.21 – 7.00 (m, 5H), 6.99 – 6.87
(m, 2H), 6.84 – 6.73 (m, 2H), 6.73 – 6.63 (m, 2H), 6.53 (p, J = 8.1 Hz, 2H); 13C NMR Limited solubility
does not permit recording of 13C NMR; 19F NMR (375 MHz, CDCl3)  = -108.68 (d, J = 5.4 Hz), -108.78
(dd, J = 14.3, 5.3 Hz), -109.03 (dd, J = 13.5, 5.4 Hz), -109.61 (dd, J = 14.0, 5.2 Hz), -109.74 (dd, J =
12.6, 5.1 Hz), -110.24 (td, J = 14.0, 5.5 Hz), -112.07 (d, J = 14.7 Hz), -112.45, -112.81, -113.00 – 113.13 (m), -113.23 (dd, J = 13.3, 4.2 Hz), -113.82 (d, J = 12.9 Hz); MS (EI): m/z (rel. int.) = 596 (100%);
HRMS (EI) m/z Calcd for C14H7F3 [M]+: 596.1563. Found: 596.1568.
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16-(2-Fluorophenyl)dibenzo[fg,ij]fluoreno[3,2,1,9,8-rstuva]pentaphene (359): γ-Al2O3 ( (3.0 g) was
activated in heavy-walled Schott-Duran glassware at 550 °C for 30
minutes in vacuum (10-3 mbar). After cooling to 150 °C and refilling with
nitrogen, fluoranthene 347 (25 mg, 43 µmol) was added. The vessel was
sealed and heated to 320 °C and kept at this temperature for 8 hours.
After cooling to room temperature, the product was separated from the
Al2O3 by Soxhlet extraction using DCM. 359 was isolated as a colorless
solid (10 mg, 19 µmol, 45 %). Single crystals were obtained by slow
evaporation of n-hexane into a concentrated solution of 359 in dichloromethane.
Rf: 0.15 (PE/DCM = 3:1); m.p.: > 300 °C (petrol ether); 1H NMR (400 MHz, C2D2Cl4)  = 8.87 (d, J =
7.9 Hz, 1H), 8.82 – 8.75 (m, 3H), 8.62 (d, J = 7.7 Hz, 1H), 8.34 (d, J = 8.6 Hz, 1H), 8.13 (d, J = 8.5 Hz,
1H), 8.01 – 7.93 (m, 2H), 7.89 (t, J = 8.2 Hz, 2H), 7.68 (td, J = 7.4, 1.8 Hz, 1H), 7.63 (ddd, J = 7.5, 5.3,
1.9 Hz, 1H), 7.55 (ddd, J = 8.2, 6.9, 1.2 Hz, 1H), 7.52 – 7.43 (m, 2H), 7.38 (ddd, J = 9.4, 8.2, 1.1 Hz,
1H), 7.24 (ddd, J = 8.4, 6.9, 1.3 Hz, 1H), 7.18 (d, J = 7.0 Hz, 1H); 13C NMR Limited solubility does not
permit recording of 13C NMR; 19F NMR (375 MHz, C2D2Cl4)  = -113.77; HRMS (EI) m/z Calcd for
C40H19F [M]+: 518.1471. Found: 518.1476.

Dibenzo[b,d]furan-4-carbaldehyde (361a): This compound was synthesized according to a
modified literature known procedure.[196,

205]

To a solution of dibenzo[b,d]furan

(360a) (5.0 g, 30 mmol, 1.0 eq.) in dry THF (50 mL) under intert gas atmosphere was
added n-BuLi (2.5 M, 18 mL, 45 mmol, 1.5 eq.) at – 5 °C dropwise over a period of 30
minutes. After stirring the reaction for further 30 minutes, dry DMF (4,6 mL, 60
mmol, 2.0 eq.) was added and the reaction was allowed to warm up to room
temperature and stirred at this temperature for further 3 h. The reaction mixture
was acidified by addition of 1 N HCl (50 mL) and extracted with ethyl acetate (3 x 50 mL). The
combined organic layers were dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed under reduced pressure. The crude was triturated with n-pentane and
decanted off the pentane layer to yield aldehyde 361a as a colorless solid (4.5 g, 23 mmol, 78 %).
H NMR (400 MHz, CDCl3)  = 10.56 (s, 1H, CHO), 8.15 (dd, J = 7.6, 1.3 Hz, 1H, H1), 7.95 (ddd, J =

1

7.7, 1.4, 0.7 Hz, 1H, H9), 7.92 (dd, J = 7.7, 1.3 Hz, 1H, H3), 7.66 (dt, J = 8.4, 0.9 Hz, 1H, H6), 7.52 (ddd,
J = 8.4, 7.3, 1.3 Hz, 1H, H7), 7.44 (t, J = 7.6 Hz, 1H, H2), 7.39 (td, J = 7.5, 1.0 Hz, 1H, H8). In accordance
with literature.[205] 13C NMR (100 MHz, CDCl3)  = 188.50 (CHO), 156.69 (C5a), 155.99 (C4a), 128.21
(C7), 127.54 (C3), 126.73 (C1), 126.09 (C9b), 123.62 (C8), 123.00 (C2), 122.90 (C9a), 121.35 (C4),
120.89 (C9), 112.23 (C6).
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Dibenzo[b,d]thiophene-4-carbaldehyde (361b): This compound was synthesized according to a
modified literature known procedure.[197] To a solution of dibenzo[b,d]thiophene
(360b) (5.0 g, 27 mmol, 1.0 eq.) in dry THF (50 mL) under intert gas atmosphere was
added n-BuLi (2.5 M, 16 mL, 41 mmol, 1.5 eq.) at – 5 °C dropwise over a period of 30
minutes. After stirring the reaction for further 30 minutes, dry DMF (4,2 mL, 54
mmol, 2.0 eq.) was added and the reaction was allowed to warm up to room
temperature and stirred at this temperature for further 3 h. The reaction mixture
was acidified by addition of 1 N HCl (50 mL) and extracted with ethyl acetate (3 x 50 mL). The
combined organic layers were dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed under reduced pressure. The crude was triturated with n-pentane and
decanted off the pentane layer to yield aldehyde 361b as a colorless solid (4.3 g, 23 mmol, 86 %).
H NMR (400 MHz, CDCl3)  = 10.29 (s, 1H), 8.42 (dd, J = 7.8, 1.2 Hz, 1H), 8.23 – 8.18 (m, 1H), 8.00

1

– 7.93 (m, 2H), 7.66 (t, J = 7.6 Hz, 1H), 7.57 – 7.48 (m, 2H). In accordance with literature.[197, 206]
C NMR (100 MHz, CDCl3)  = 191.42, 141.79, 138.33, 137.49, 133.68, 133.03, 130.82, 127.55,
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127.09, 124.93, 124.52, 123.18, 121.64.

2-Ethylbenzo[b]thiophene-4-carbaldehyde (363a): To a cooled (-78 °C, isopropanol/CO2) solution
of 7-bromo-2-ethylbenzo[b]thiophene (362a) (1.3 g, 5.2 mmol, 1.0 eq.) in dry
diethyl ether (7.0 mL) was added n-BuLi solution (2.5 M, 2.2 mL, 5.4 mmol, 1.1 eq.)
dropwise over a period of 10 minutes. The reaction mixture was stirred for further
30 minutes at this temperature. After the addition of DMF (0.8 mL, 10 mmol, 2.0
eq.) the reaction was stirred for 30 minutes at – 78 °C and then warmed up to
room temperature and further stirred for 2 h. The reaction was quenched by the addition of water
(10 mL) and the phases were separated. The aqueous layer was extracted with diethyl ether (3 x 10
mL) and the combined organic phases were dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced pressure. Column chromatography on
silica (PE/EtOAc = 10:1) afforded aldehyde 363a as ligth yellow oil (0.7 g, 3.9 mmol, 76 %).
Rf: 0.22 (PE/EtOAc = 10:1, UV); 1H NMR (400 MHz, CDCl3)  = 10.20 (s, 1H, CHO), 8.08 (q, J = 1.0
Hz, 1H, H3), 8.01 (dt, J = 8.0, 0.9 Hz, 1H, H7), 7.79 (dd, J = 7.3, 1.1 Hz, 1H, H5), 7.43 (dd, J = 8.0, 7.3
Hz, 1H, H6), 3.03 (qd, J = 7.5, 1.1 Hz, 2H, H8), 1.42 (t, J = 7.5 Hz, 3H, H9); 13C NMR (100 MHz, CDCl3)
 = 192.52 (CHO), 153.92 (C2), 141.36 (C7a), 138.30 (C3a), 131.68 (C5), 130.05 (C4), 128.20 (C7),
122.97 (C6), 119.42 (C3), 24.62 (C8), 15.62 (C9); IR (cm-1): 3047, 2838, 1696, 1625, 1594, 1473, 1431,
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1395, 1223, 1184, 1117, 828, 753, 699; HRMS (ESI) m/z Calcd for C11H11OS [M+H+]: 191.0525 Found:
191.0531.
2-Ethylbenzo[b]thiophene-7-carbaldehyde (363b): To a cooled (-78 °C, isopropanol/CO2) solution
of 7-bromo-2-ethylbenzo[b]thiophene (362b) (0.8 g, 3.3 mmol, 1.0 eq.) in dry
diethyl ether (7.0 mL) was added n-BuLi solution (2.5 M, 1.4 mL, 3.5 mmol, 1.1 eq.)
dropwise over a period of 10 minutes. The reaction mixture was stirred for further
30 minutes at this temperature. After the addition of DMF (0.5 mL, 6.6 mmol, 2.0
eq.) the reaction was stirred for 30 minutes at – 78 °C and then warmed up to
room temperature and further stirred for 2 h. The reaction was quenched by the addition of water
(10 mL) and the phases were separated. The aqueous layer was extracted with diethyl ether (3 x 10
mL) and the combined organic phases were dried over magnesium sulfate, filtered off from the
drying agent and the solvent was removed under reduced pressure. Column chromatography on
silica (PE/EtOAc = 6:1) afforded aldehyde 363b as ligth yellow oil (0.5 g, 2.7 mmol, 83 %)
Rf: 0.45 (PE/EtOAc = 6:1, UV); 1H NMR (400 MHz, CDCl3)  = 10.20 (s, 1H, CHO), 7.94 (dd, J = 7.9,
1.1 Hz, 1H, H4), 7.78 (dt, J = 7.3, 0.9 Hz, 1H, H6), 7.51 (dd, J = 7.9, 7.3 Hz, 1H, H5), 7.10 (s, 1H, H3),
2.99 (qd, J = 7.5, 1.2 Hz, 2H, H8), 1.41 (t, J = 7.5 Hz, 3H, H9); 13C NMR (100 MHz, CDCl3)  = 191.51
(CHO), 152.33 (C2), 141.99 (C3a), 136.73 (C7a), 130.48 (C7), 130.43 (C6), 128.76 (C4), 124.17 (C5),
118.67 (C3), 24.11 (C8), 15.50 (C9); IR (cm-1): 3046, 2839, 1705, 1621, 1599, 1471, 1393, 1221, 1187,
1109, 835, 754, 713, 699; HRMS (ESI) m/z Calcd for C11H11OS [M+H+]: 191.0525 Found: 191.0532.
(E/Z)-4-(2-(1,4-difluorobenzo[c]phenanthren-6-yl)vinyl)dibenzo[b,d]furan (364a): Phosphonium
bromide 49 (3.0 g, 4.8 mmol, 1.0 eq.) and Dibenzo[b,d]furan-4carbaldehyde (361a) (1.0 g, 4.8 mmol, 1.0 eq.) were dissolved in
dry ethanol (100 mL). Potassium tert-butoxide (0.8 g, 7.3 mmol, 1.5
eq.) was added in portions over 15 min. The mixture was refluxed
until full consumption of starting material was evident by TLC. The
reaction mixture was cooled to room temperature and the solvent
was removed under reduced pressure. Water (50 mL) was added and the mixture was extracted
with ethyl acetate (3 x 50 mL). The combined organic phases were dried over magnesium sulfate,
filtered off from the drying agent and the solvent was removed under reduced pressure. Column
chromatography on silica (PE/DCM = 6/1 -> 3/1) afforded 364a as (E/Z)-mixture as a yellowish oil
(1.8 g, 3.9 mmol, 80 %). Stilbene 364a was used as (E/Z)-mixture in the next step.
Rf: 0.20 (PE/DCM = 6:1, UV); MS (EI): m/z (rel. int.) = 456 (100 %).
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(E/Z)-4-(2-(1,4-difluorobenzo[c]phenanthren-6-yl)vinyl)dibenzo[b,d]thiophene

(364b):

Phosphonium bromide 49 (3.0 g, 4.8 mmol, 1.0 eq.) and
Dibenzo[b,d]thiophene-4-carbaldehyde (361b) (1.2 g, 5.8 mmol,
1.2 eq.) were dissolved in dry ethanol (150 mL). Potassium tertbutoxide (0.7 g, 6.3 mmol, 1.3 eq.) was added in portions over 15
min. The mixture was refluxed until full consumption of starting
material was evident by TLC. The reaction mixture was cooled to
room temperature and the solvent was removed under reduced pressure. Water (100 mL) was
added and the mixture was extracted with ethyl acetate (4 x 50 mL). The combined organic phases
were dried over magnesium sulfate, filtered off from the drying agent and the solvent was removed
under reduced pressure. Column chromatography on silica (PE/DCM = 6/1 -> 3/1) afforded 364b as
(E/Z)-mixture as a yellowish oil (1.5 g, 3.1 mmol, 65 %). Stilbene 364b was used as (E/Z)-mixture in
the next step.
Rf: 0.15 (PE/DCM = 6:1, UV); MS (EI): m/z (rel. int.) = 472 (100 %).

(E/Z)-7-(2-(1,4-difluorobenzo[c]phenanthren-6-yl)vinyl)-2-ethylbenzo[b]thiophene

(364c):

Phosphonium bromide 49 (1.0 g, 1.6 mmol, 1.0 eq.) and aldehyde
363b (0.3 g, 1.6 mmol, 1.0 eq.) were dissolved in dry THF (125 mL).
Potassium tert-butoxide (0.2 g, 2.1 mmol, 1.3 eq.) was added in
portions over 15 min. The mixture was refluxed until full
consumption of starting material was evident by TLC. The reaction
mixture was cooled to room temperature and the solvent was
removed under reduced pressure. Water (50 mL) was added and the mixture was extracted with
ethyl acetate (4 x 50 mL). The combined organic phases were dried over magnesium sulfate, filtered
off from the drying agent and the solvent was removed under reduced pressure. Column
chromatography on silica (PE/DCM = 6/1) afforded 364c as (E/Z)-mixture as a yellowish semisolid
(0.4 g, 0.8 mmol, 49 %). Stilbene 364c was used as (E/Z)-mixture in the next step.
Rf: 0.52 (PE/DCM = 6:1, UV); MS (EI): m/z (rel. int.) = 450 (100 %).
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(E/Z)-4-(2-(1,4-difluorobenzo[c]phenanthren-6-yl)vinyl)-2-ethylbenzo[b]thiophene

(364d):

Phosphonium bromide 49 (1.8 g, 2.9 mmol, 1.0 eq.) and aldehyde
363a (0.6 g, 2.9 mmol, 1.0 eq.) were dissolved in dry THF (120 mL).
Potassium tert-butoxide (0.4 g, 3.5 mmol, 1.2 eq.) was added in
portions over 15 min. The mixture was refluxed until full
consumption of starting material was evident by TLC. The reaction
mixture was cooled to room temperature and the solvent was
removed under reduced pressure. Water (100 mL) was added and the mixture was extracted with
ethyl acetate (4 x 50 mL). The combined organic phases were dried over magnesium sulfate, filtered
off from the drying agent and the solvent was removed under reduced pressure. Column
chromatography on silica (PE/DCM = 6/1) afforded 364d as (E/Z)-mixture as a yellowish oil (1.2 g,
2.6 mmol, 90 %). Stilbene 364d was used as (E/Z)-mixture in the next step.
Rf: 0.50 (PE/DCM = 6:1, UV), MS (EI): m/z (rel. int.) = 450 (100 %).

(E/Z)-1,4-difluoro-6-(2-(naphthalen-1-yl)vinyl)benzo[c]phenanthrene

(364e):

Phosphonium

bromide 49 (2.0 g, 3.2 mmol, 1.0 eq.) and 1-naphthaldehyde (0.5 mL,
3.4 mmol, 1.1 eq.) were dissolved in dry ethanol (100 mL). Potassium
tert-butoxide (0.4 g, 3.9 mmol, 1.2 eq.) was added in portions over 15
min. The mixture was refluxed until full consumption of starting
material was evident by TLC. The reaction mixture was cooled to room
temperature and the solvent was removed under reduced pressure.
Water (100 mL) was added and the mixture was extracted with ethyl acetate (4 x 50 mL). The
combined organic phases were dried over magnesium sulfate, filtered off from the drying agent and
the solvent was removed under reduced pressure. Column chromatography on silica (PE/DCM = 6/1
-> 3/1) afforded 364e as (E/Z)-mixture as a yellowish oil (0.7 g, 1.8 mmol, 54 %). Stilbene 364e was
used as (E/Z)-mixture in the next step.
Rf: 0.25 (PE/DCM = 6:1, UV); MS (EI): m/z (rel. int.) = 416 (100 %).

(E)-4-(2-(1,4-difluorobenzo[c]phenanthren-6-yl)vinyl)pyridine (367): Phosphonium bromide 49
(1.1 g, 1.8 mmol, 1.0 eq.) and pyridine-4-carbaldehyde (0.2 mL, 1.9 mmol,
1.1 eq.) were dissolved in dry ethanol (100 mL). Potassium tert-butoxide (0.3
g, 2.3 mmol, 1.3 eq.) was added in portions over 15 min. The mixture was
refluxed until full consumption of starting material was evident by TLC. The
reaction mixture was cooled to room temperature and the solvent was
removed under reduced pressure. Water (100 mL) was added and the
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mixture was extracted with ethyl acetate (4 x 50 mL). The combined organic phases were dried over
magnesium sulfate, filtered off from the drying agent and the solvent was removed under reduced
pressure. Column chromatography on silica (PE/DCM = 6/1) afforded 367 as (E/Z)-mixture as a
brown oil (0.4 g, 1.1 mmol, 64 %). Stilbene 367 was used as (E/Z)-mixture in the next step. An
analytical pure sample of the (E)-stilbene could be isolated.
Rf: 0.76 (PE/DCM = 6:1, UV); 1H NMR (400 MHz, CDCl3)  = 8.68 – 8.64 (m, 2H, H17), 8.35 – 8.32
(m, 1H, H5), 8.30 – 8.23 (m, 1H, H12), 8.13 (d, J = 8.9 Hz, 1H, H7), 8.07 (dd, J = 15.8, 0.9 Hz, 1H, H13),
8.05 (d, J = 8.8 Hz, 1H, H8), 8.02 – 7.98 (m, 1H, H9), 7.69 – 7.60 (m, 2H, H10 + H11), 7.52 – 7.49 (m,
2H, H16), 7.34 – 7.27 (m, 2H, H2 + H3), 7.20 (d, J = 15.9 Hz, 1H, H14); 13C NMR (100 MHz, CDCl3)  =
155.19 (2C, d, J = 248.2 Hz, C1 + C4), 150.21 (2C, C17), 144.79 (C15), 134.40 (C6), 132.67 (C12b),
131.17 (C14), 130.64 (C13), 130.31 (C6a), 130.10 (C12a), 129.94 (C12), 129.27 (C8), 127.37 (C9),
126.81 (C10), 125.48 (C11), 125.17 – 125.06 (m, C8a), 123.86 (dd, J = 17.2, 5.0 Hz, C4a), 121.38 (3C,
C16 + C7), 119.67 – 119.50 (m, C12c), 117.46 (C5), 113.14 – 111.98 (m, C3), 111.10 (dd, J = 22.9,
9.5 Hz, C2).

9,12-Difluorobenzo[13,14]piceno[4,3-b]benzofuran

(365a):

In

a

400

W

water-cooled

photochemical reactor was added a E/Z- mixture of stilbene 364a
(1.5 g, 3.3 mmol, 1.0 eq.), iodine (0.9 g, 3.6 mmol, 1.1 eq.) and
cyclohexane (ca. 395 mL). The solution was degassed by bubbling
nitrogen through the stirred solution for around 15 min. Propylene
oxide (4.6 mL, 66 mmol, 20.0 eq.) was added and the solution was
irradiated until full consumption of starting material was evident
by TLC. The solution was washed with saturated sodium thiosulfate solution (70 mL), brine (100 mL),
dried over magnesium sulfate and filtered off from the drying agent. The volatiles were removed
under reduced pressure and the crude was suspended in methanol (30 mL). The precipitate was
filtered off and washed with methanol (100 mL) to yield 364a as an off-white solid. (1.0 g, 2.1 mmol,
64 %).
m.p.: 222 - 224 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 8.76 (dd, J = 8.9, 0.7 Hz, 1H), 8.71 (d, J =
9.0 Hz, 1H), 8.58 (d, J = 8.9 Hz, 1H), 8.27 – 8.09 (m, 4H), 8.06 (ddd, J = 7.6, 1.4, 0.7 Hz, 1H), 8.00 –
7.96 (m, 1H), 7.76 (dt, J = 8.3, 0.8 Hz, 1H), 7.64 – 7.56 (m, 2H), 7.52 (ddd, J = 8.4, 7.2, 1.4 Hz, 1H),
7.46 – 7.38 (m, 3H); 13C NMR (100 MHz, CDCl3)  = Limited solubility does not permit recording of
C NMR; 19F NMR (375 MHz, CDCl3)  = -104.10 (td, J = 19.4, 8.5 Hz); IR (cm-1): 3055, 2913, 1615,
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1595, 1432, 1369, 1266, 1222, 1107, 1044, 1013, 877, 805, 743, 729; MS (EI): m/z (rel. int.) = 454
(100 %).
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9,12-Difluorobenzo[b]benzo[13,14]piceno[3,4-d]thiophene (365b): In a 400 W water-cooled
photochemical reactor was added a E/Z- mixture of stilbene 364b
(1.4 g, 2.9 mmol, 1.0 eq.), iodine (0.8 g, 3.3 mmol, 1.1 eq.) and
cyclohexane (ca. 395 mL). The solution was degassed by bubbling
nitrogen through the stirred solution for around 15 min. Propylene
oxide (4.6 mL, 59 mmol, 20.0 eq.) was added and the solution was
irradiated until full consumption of starting material was evident
by TLC. The solution was washed with saturated sodium thiosulfate solution (70 mL), brine (100 mL),
dried over magnesium sulfate and filtered off from the drying agent. The volatiles were removed
under reduced pressure and the crude was suspended in methanol (30 mL). The precipitate was
filtered off and washed with methanol (100 mL) to yield 365b as an off-white solid. (1.0 g, 2.2 mmol,
74 %).
m.p.: decomp. > 230 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 8.70 (d, J = 9.0 Hz, 1H), 8.57 (d, J
= 9.0 Hz, 1H), 8.43 (d, J = 8.8 Hz, 1H), 8.32 – 8.20 (m, 4H), 8.15 (d, J = 8.8 Hz, 1H), 8.00 (td, J = 8.8,
7.8, 2.7 Hz, 2H), 7.65 – 7.57 (m, 2H), 7.56 – 7.49 (m, 2H), 7.46 – 7.37 (m, 2H); 13C NMR (100 MHz,
CDCl3)  = Limited solubility does not permit recording of 13C NMR; 19F NMR (375 MHz, CDCl3)  = 103.87 – -104.12 (m), -104.12 – -104.38 (m); IR (cm-1): 3052, 2913, 1617, 1600, 1451, 1362, 1266,
1243, 1220, 1109, 1043, 1017, 878, 805, 746, 731; MS (EI): m/z (rel. int.) = 470 (100 %).

2-Ethyl-12,15-difluorobenzo[13,14]piceno[4,3-b]thiophene (365c): In a 400 W water-cooled
photochemical reactor was added a E/Z- mixture of stilbene 364c
(0.4 g, 0.9 mmol, 1.0 eq.), iodine (0.2 g, 1.0 mmol, 1.1 eq.) and
cyclohexane (ca. 395 mL). The solution was degassed by bubbling
nitrogen through the stirred solution for around 15 min. Propylene
oxide (1.2 mL, 18 mmol, 20.0 eq.) was added and the solution was
irradiated until full consumption of starting material was evident
by TLC. The solution was washed with saturated sodium thiosulfate solution (70 mL), brine (100 mL),
dried over magnesium sulfate and filtered off from the drying agent. The volatiles were removed
under reduced pressure and the crude was suspended in methanol (30 mL). The precipitate was
filtered off and washed with methanol (100 mL) to yield 365c as an off-white solid. (0.3 g, 0.6 mmol,
69 %).
Rf: 0.40 (PE/DCM = 6:1; UV); m.p.: decomp. > 225 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 8.61
(d, J = 9.0 Hz, 1H), 8.55 (d, J = 8.9 Hz, 1H), 8.35 (dd, J = 8.8, 0.9 Hz, 1H), 8.22 (td, J = 9.3, 4.7 Hz, 0H),
8.12 (d, J = 8.8 Hz, 1H), 7.99 – 7.95 (m, 1H), 7.83 – 7.79 (m, 1H), 7.59 (tt, J = 7.0, 5.1 Hz, 2H), 7.38
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(td, J = 7.3, 1.0 Hz, 2H), 7.20 (t, J = 1.1 Hz, 1H), 3.07 (qd, J = 7.5, 1.1 Hz, 2H), 1.47 (t, J = 7.5 Hz, 3H).;
C NMR (100 MHz, CDCl3)  = 155.62 – 153.55 (m, 2C), 148.64, 138.22, 135.90, 132.43 130.43-
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130.40 (m), 130.34, 129.84, 129.77, 129.57, 129.53, 127.97 – 127.83 (m), 127.33, 127.30, 126.86 –
126.63 (m, 2C), 126.21, 125.41, 125.06, 124.48, 123.20, 121.16, 120.76, 120.50, 119.87, 114.85 –
114.22 (m, 2C), 24.41, 15.92.; 19F NMR (376 MHz, CDCl3)  = -104.30.; MS (EI): m/z (rel. int.) = 448
(100 %).
2-Ethyl-12,15-difluorobenzo[13,14]piceno[3,4-b]thiophene (365d): In a 400 W water-cooled
photochemical reactor was added a E/Z- mixture of stilbene 364d
(1.1 g, 2.4 mmol, 1.0 eq.), iodine (0.7 g, 2.7 mmol, 1.1 eq.) and
cyclohexane (ca. 395 mL). The solution was degassed by bubbling
nitrogen through the stirred solution for around 15 min. Propylene
oxide (3.4 mL, 49 mmol, 20.0 eq.) was added and the solution was
irradiated until full consumption of starting material was evident
by TLC. The solution was washed with saturated sodium thiosulfate solution (70 mL), brine (100 mL),
dried over magnesium sulfate and filtered off from the drying agent. The volatiles were removed
under reduced pressure and the crude was suspended in methanol (30 mL). The precipitate was
filtered off and washed with methanol (100 mL) to yield 365d as an off-white solid. (0.7 g, 1.5 mmol,
63 %).
Rf: 0.38 (PE/DCM = 6:1; UV); m.p.: decomp. > 210 °C (MeOH); 1H NMR (500 MHz, CDCl3)  = 8.56
(d, J = 8.9 Hz, 1H), 8.50 (d, J = 8.9 Hz, 1H), 8.50 (d, J = 8.8 Hz, 1H), 8.23 (dd, J = 12.8, 8.3 Hz, 1H), 8.08
– 8.02 (m, 2H), 7.94 (d, J = 7.2 Hz, 1H), 7.90 (d, J = 9.1 Hz, 1H), 7.75 (s, 1H), 7.63 – 7.55 (m, 3H), 7.37
(ddd, J = 8.5, 6.1, 1.9 Hz, 2H), 3.09 (q, J = 7.5 Hz, 2H), 1.48 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz,
CDCl3)  = 155.36 (dd, , J = 250.2, 3.4 Hz), 155.29 (dd, , J = 250.5, 3.6 Hz), 148.64, 136.79, 135.84,
132.38, 130.39 (d, J = 3.7 Hz), 130.25, 129.75 (d, J = 12.7 Hz), 129.48, 129.38, 127.84, 127.27, 126.15,
125.62 (d, J = 12.6 Hz), 125.36, 125.10, 124.05, 123.15, 120.70 – 120.17 (m, 2C), 119.96, 119.84,
119.78 (d, J = 2.1 Hz), 118.42, 114.73 – 114.20 (m. 2C), 24.47, 15.99; 19F NMR (375 MHz, CDCl3)  =
-104.06 – -104.19 (m); MS (EI): m/z (rel. int.) = 448 (100 %).
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5,8-Difluorodibenzo[c,f]picene (365e): A 400 W water-cooled photochemical reactor was charged
with a E/Z- mixture of stilbene 364e (0.7 g, 1.7 mmol, 1.0 eq.), iodine
(0.5 g, 1.9 mmol, 1.1 eq.) and cyclohexane (ca. 400 mL). The solution
was degassed by bubbling nitrogen through the stirred solution for
around 15 min. Propylene oxide (2.5 mL, 35 mmol, 20 eq.) was added
and the solution was irradiated until full consumption of starting
material was evident by EI-MS. The solution was washed with sodium
thiosulfate solution (150 mL), brine (150 mL), dried over magnesium sulfate and was filtered. The
volatiles were removed under reduced pressure and the crude product was precipitated in
methanol (30 mL). The precipitate was filtered and washed with cold methanol (20 mL) to yield 365e
as an off-white solid. (0.6 g, 1.4 mmol,79 %).
Rf: 0.30 (PE/DCM = 6:1; UV); m.p.: 205 – 207 °C (MeOH); 1H NMR (400 MHz, CDCl3)  = 9.01 (d, J =
8.9 Hz, 1H), 8.84 (d, J = 8.2 Hz, 1H), 8.73 (d, J = 9.0 Hz, 1H), 8.60 (d, J = 8.9 Hz, 1H), 8.28 – 8.21 (m,
1H), 8.20 – 8.12 (m, 2H), 8.01 – 7.95 (m, 2H), 7.91 – 7.82 (m, 1H), 7.73 (ddd, J = 8.4, 7.0, 1.5 Hz, 1H),
7.67 (ddd, J = 8.0, 6.9, 1.2 Hz, 1H), 7.64 – 7.56 (m, 2H), 7.39 (ddt, J = 8.9, 5.4, 2.8 Hz, 2H); 13C NMR
(100 MHz, CDCl3)  = Limited solubility does not permit recording of 13C NMR; 19F NMR (375 MHz,
CDCl3)  = -104.20 (d, J = 17.7 Hz), -105.06 (d, J = 17.7 Hz); MS (EI): m/z (rel. int.) = 414 (100 %).
as-indaceno[3',2',1',8',7',6':12,13,14,1]piceno[4,3-b]benzofuran (366a): γ-Al2O3 (3.0 g) was
activated in heavy-walled Schott-Duran glassware at 550 °C for
30 minutes in vacuum (10-3 mbar). After cooling to 150 °C and
refilling with nitrogen, fluoroarene 365a (50 mg, 110 µmol) was
added. The vessel was sealed and heated to 280 °C and kept at
this temperature until full consumption of starting material was
detected by EI-MS. After cooling to room temperature, the
product was separated from the Al2O3 by Soxhlet extraction using chloroform. 366a was isolated as
an orange solid (23 mg, 56 µmol, 51 %).
m.p.: 198 – 200 °C (MeOH); 1H NMR (400 MHz, C2D2Cl4)  = 8.27 – 8.19 (m, 3H), 8.13 (d, J = 8.7 Hz,
1H), 7.96 (d, J = 7.7 Hz, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.74 – 7.67 (m, 3H), 7.64 (d, J = 8.2 Hz, 2H), 7.45
– 7.33 (m, 3H); 13C NMR (100 MHz, CDCl3)  = Limited solubility does not permit recording of 13C
NMR; MS (EI): m/z (rel. int.) = 414 (100 %).
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benzo[b]-as-indaceno[3',2',1',8',7',6':12,13,14,1]piceno[3,4-d]thiophene (366b): γ-Al2O3 (3.0 g)
was activated in heavy-walled Schott-Duran glassware at 550 °C
for 30 minutes in vacuum (10-3 mbar). After cooling to 150 °C
and refilling with nitrogen, fluoroarene 365b (50 mg, 106 µmol)
was added. The vessel was sealed and heated to 280 °C and kept
at this temperature until full consumption of starting material
was detected by EI-MS. After cooling to room temperature, the
product was separated from the Al2O3 by Soxhlet extraction using chloroform. 366b was isolated as
an orange solid (14 mg, 33 µmol, 31 %).
H NMR (400 MHz, CDCl3)  = 8.39 (s, 1H), 8.21 (d, J = 8.7 Hz, 2H), 8.14 (d, J = 8.7 Hz, 1H), 8.00 (d,

1

J = 8.7 Hz, 1H), 7.92 – 7.88 (m, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.76 – 7.70 (m, 3H), 7.65 (d, J = 8.1 Hz,
1H), 7.51 – 7.41 (m, 2H), 7.40 (dd, J = 8.1, 7.0 Hz, 1H); 13C NMR (100 MHz, CDCl3)  = Limited solubility
does not permit recording of 13C NMR; MS (EI): m/z (rel. int.) = 430 (100 %).
8-ethyl-as-indaceno[3',2',1',8',7',6':12,13,14,1]piceno[4,3-b]thiophene (366c): γ-Al2O3 (3.0 g) was
activated in heavy-walled Schott-Duran glassware at 550 °C for
30 minutes in vacuum (10-3 mbar). After cooling to 150 °C and
refilling with nitrogen, fluoroarene 365c (50 mg, 111 µmol) was
added. The vessel was sealed and heated to 280 °C and kept at
this temperature until full consumption of starting material was
detected by EI-MS (usually 1.5 – 3 h). After cooling to room temperature, the product was separated
from the Al2O3 by Soxhlet extraction using DCM. 366c was isolated as an orange solid (20 mg, 49
µmol, 44 %).
H NMR (400 MHz, CDCl3)  = 8.13 (d, J = 8.5 Hz, 1H), 8.10 (d, J = 8.6 Hz, 1H), 7.91 (s, 1H), 7.89 (d,

1

J = 8.5 Hz, 1H), 7.79 (d, J = 8.7 Hz, 1H), 7.73 (d, J = 6.8 Hz, 1H), 7.67 (d, J = 7.2 Hz, 1H), 7.66 (d, J = 8.0
Hz, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.41 (dd, J = 8.0, 6.8 Hz, 1H), 7.16 (t, J = 1.2 Hz, 1H), 3.00 (qd, J = 7.6,
1.2 Hz, 2H), 1.44 (t, J = 7.6 Hz, 3H); 13C NMR (200 MHz, CDCl3)  = 147.17, 141.24, 139.28, 138.70,
138.57, 138.40, 138.29, 137.82, 137.64, 136.83, 136.77, 135.84, 134.91, 130.00, 129.22, 128.76,
128.70, 127.00, 126.69, 125.57, 124.91, 124.89, 124.21, 124.08, 123.52, 123.06, 122.60, 120.31,
24.33, 15.80; MS (EI): m/z (rel. int.) = 408 (100 %).
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8-ethyl-as-indaceno[3',2',1',8',7',6':12,13,14,1]piceno[3,4-b]thiophene (366d): γ-Al2O3 (3.0 g) was
activated in heavy-walled Schott-Duran glassware at 550 °C for
30 minutes in vacuum (10-3 mbar). After cooling to 150 °C and
refilling with nitrogen, fluoroarene 365d (50 mg, 111 µmol) was
added. The vessel was sealed and heated to 280 °C and kept at
this temperature until full consumption of starting material was
detected by EI-MS (usually 1.5 – 3 h). After cooling to room temperature, the product was separated
from the Al2O3 by Soxhlet extraction using DCM. 366d was isolated as an orange solid (19 mg, 47
µmol, 42 %).
H NMR (400 MHz, CDCl3)  = 7.91 – 7.85 (m, 2H), 7.80 – 7.76 (m, 2H), 7.62 (dd, J = 8.7, 0.8 Hz,

1

1H), 7.58 (d, J = 6.9 Hz, 1H), 7.54 (d, J = 8.1 Hz, 1H), 7.45 – 7.42 (m, 2H), 7.37 (dd, J = 7.3, 1.1 Hz, 1H),
7.34 – 7.29 (m, 1H), 3.00 (qd, J = 7.5, 1.1 Hz, 2H), 1.45 (t, J = 7.5 Hz, 3H); 13C NMR (200 MHz, CDCl3)
 = 150.22, 139.47, 139.23, 138.11, 137.99, 137.70, 137.64, 137.53, 137.16, 136.60, 136.57, 135.25,
129.61, 128.99, 128.51, 128.42, 126.61, 126.44, 125.15, 124.44, 124.29, 123.89, 123.51, 123.27,
123.17, 119.08, 118.38, 24.46, 15.71; MS (EI): m/z (rel. int.) = 408 (100 %).

Benzo[c]-as-indaceno[3,2,1,8,7,6-pqrstuv]picene (366e): γ-Al2O3 (3.0 g) was activated in heavywalled Schott-Duran glassware at 550 °C for 30 minutes in vacuum
(10-3 mbar). After cooling to 150 °C and refilling with nitrogen,
fluoroarene 365e (50 mg, 121 µmol) was added. The vessel was
sealed and heated to 280 °C and kept at this temperature until full
consumption of starting material was detected by EI-MS (usually 1.5
– 3 h). After cooling to room temperature, the product was separated from the Al 2O3 by Soxhlet
extraction using DCM. 366e was isolated as an orange solid (40 mg, 107 µmol, 89 %).
Rf: 0.50 (PE/DCM = 3:1; UV); m.p.: 190 – 192 °C (DCM); 1H NMR (400 MHz, CD2Cl2)  = 8.55 (d, J =
7.7 Hz, 1H, H10), 8.45 (d, J = 8.7 Hz, 1H, H11), 8.36 (d, J = 8.7 Hz, 1H, H12), 8.26 (d, J = 8.7 Hz, 1H,
H13), 8.12 (s, 1H, H6), 7.99 (dd, J = 7.9, 1.4 Hz, 1H, H7), 7.92 (d, J = 8.8 Hz, 1H, H14), 7.88 (d, J = 7.0
Hz, 1H, H3), 7.85 (s, 2H, H4 + H5), 7.78 (d, J = 8.1 Hz, 1H, H1), 7.66 (ddd, J = 8.2, 7.0, 1.4 Hz, 1H, H9),
7.57 (ddd, J = 8.2, 7.1, 1.4 Hz, 1H, H8), 7.53 (dd, J = 8.1, 7.0 Hz, 1H, H2); 13C NMR (200 MHz, CD2Cl2)
 = 139.40 (Cq), 139.39 (Cq), 138.74 (Cq), 138.08 (Cq), 138.02 (Cq), 137.99 (Cq), 137.93 (Cq), 137.53
(Cq), 136.64 (Cq), 136.36 (Cq), 135.80 (C6a), 131.72 (C10a), 131.61 (C7), 130.18 (C12b), 129.78
(C12a), 129.67 (C14a), 129.21 (C2), 128.27 (C9), 127.53 (C14), 127.25 (C8), 127.06 (C1), 126.59
(C10b), 126.21 (C6), 125.91 (C5), 125.47 (C4), 124.54 (C13), 124.49 (C12), 124.15 (C3), 123.75 (C10),
123.06 (C11); MS (EI): m/z (rel. int.) = 374 (100 %).
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6.4. NMR SPECTRA
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6.5. ESTIMATION OF AGGREGATION NUMBER N FOR 313 AND NON-LINEAR FITS

Figure 64 Plots of ln[C(mono–obs)] vs ln [C(obs–agg)] for H2H7 [7.342] (left) and H3H6 [7.648] (right) of 313.

Figure 65 Plots of ln[C(mono–obs)] vs ln [C(obs–agg)] for H4H5 [7.526] (left) and H9H12 [7.593] (right) of 313.
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Figure 66 Plots of ln[C(mono–obs)] vs ln [C(obs–agg)] for H10H11 [7.926] (left) and H2’ [8.044] (right) of 313
Table 30 Calculated association constants K2 for dimer formation based on the 1H NMR chemical shift values of

different protons of 313 in CDCl3 at 25°C.

conc.a
59.0
29.0
19.6
13.1
9.80
6.50
3.27
2.18
1.09
0.545
0.272
0.136
0.068
mb

H2/H7
H3/H6
H4/H5
H9/H12
H10/H11
H2'
H4'
7.3424
7.6479
7.5261
7.5925
7.9260
8.0441
7.9839
7.3967
7.7326
7.6351
7.6667
8.0393
8.0705
7.9819
7.4207
7.7700
7.6835
7.6996
8.0895
8.0834
7.9814
7.4409
7.8014
7.7241
7.7272
8.1314
8.0937
7.9815
7.4516
7.8179
7.7456
7.7419
8.1537
8.0980
7.9817
7.4614
7.8333
7.7658
7.7551
8.1745
8.1026
7.9797
7.4723
7.8504
7.7878
7.7704
8.1973
8.1091
7.9819
7.4762
7.8564
7.7956
7.7756
8.2054
8.1121
7.9819
7.4801
7.8625
7.8034
7.7810
8.2135
8.1126
7.9819
7.4817
7.8652
7.8070
7.7834
8.2172
8.1132
7.9818
7.4829
7.8670
7.8094
7.7850
8.2197
8.1147
7.9816
7.4834
7.8678
7.8105
7.7857
8.2208
8.1150
7.9814
7.4838
7.8683
7.8111
7.7861
8.2214
8.1151
7.9818
7.4844
7.8692
7.8122
7.7869
8.2226
8.1153
–
±0.0004
±0.0006
±0.0008
±0.0005
±0.0008
±0.0003
6.8156
6.8282
6.4816
6.8786
6.8328
7.9940
–
dc
±0.0300
±0.0441
±0.0567
±0.0391
±0.0583
±0.0214
d
K2
2.92
2.92
2.98
2.95
2.94
3.20
–
±0.19
±0.18
±0.18
±0.18
±0.18
±0.32
a
Total concentration of 313 in the NMR sample in mmol/L; b Calculated shift for the denoted
protons of pure dimer with Standard Error; c Calculated shift for the denoted protons of pure
monomer with Standard Error; d Association constant K2 in M-1 calculated separately for denoted
protons with Standard Error.
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Figure 67 Plot of non-linear model-fit and data of protons H2&H7 of 313 (left); Plot of residuals (right).

Figure 68 Plot of non-linear model-fit and data of protons H3&H6 of 313 (left); Plot of residuals (right).

Figure 69 Plot of non-linear model-fit and data of protons H4&H5 of 313 (left); Plot of residuals (right).
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Figure 70 Plot of non-linear model-fit and data of protons H9&H12 of 313 (left); Plot of residuals (right).

Figure 71 Plot of non-linear model-fit and data of protons H10&H11 of 313 (left); Plot of residuals (right).

Figure 72 Plot of non-linear model-fit and data of proton H2’ of 313 (left); Plot of residuals (right).
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Figure 73 Plot of all 1H NMR chemical shift values against the concentration of 313. A strong discrepancy

between the shift values of the bowl-protons (2, 3, 4, 9 and 10) compared to the protons at the adjacent
phenyl rings (2’ and 4’) is revealed.

409

410

Experimental Section

6.6. X-RAY DATA
Table 31 Crystal data and structure refinement for 359

Empirical formula

C40H19F

Formula weight

518.55

Temperature/K

100

Crystal system

triclinic

Space group

P-1

a/Å

8.3328(7)

b/Å

11.8856(9)

c/Å

12.6739(10)

/°

103.951(6)

/°

104.049(6)

/°

90.279(6)

Volume/Å3

1179.08(17)

Z

2

pcalc g/cm3

1.461

µ/mm-1

0.089

F(000)

536.0

Crystal size /mm3

0.4 x 0.15 x 0.1

Radiation

MoK( = 0.71073)

2 range for data collection

5.504 to 53.718

Index ranges

-10 ≤ h ≤ 10, -15 ≤ k ≤ 14, -15 ≤ l ≤ 15

Reflections collected

10735

Independent reflections

4893 [Rint = 0.0451, Rsigma = 0.0504]

Data/restraints/parameters

4893/21/394

Goodness of fit on F2

1.020

Final R indexes [I>=2  (I)]

R1 = 0.0472, wR2 = 0.1061

Final R indexes [all data]

R1 = 0.0896, wR2 = 0.1238

Largest diff. peak/hole/ e Å3

0.27/-0.20
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Table 32 Fractional Atomic Coordinates (x104) and Equivalent Isotropic Displacement Parameters (Å2x103) for 359. Ueq
is defined as 1/3 of the trace of the orthogonalised UIJ tensor.

Atom
F1
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
F1A
C35A
C36A
C37A
C38A
C39A
C40A

x
6046.7(14)
5105(2)
6065(2)
6598(2)
6270(2)
7172(2)
8384(2)
8766(2)
10022(2)
10286(2)
9284(2)
9375(2)
10487(2)
10537(2)
9496(2)
8352(2)
7228(2)
7309(2)
6321(3)
5227(3)
5068(2)
3861(2)
2741(2)
1545(3)
1374(2)
2446(2)
3765(2)
4964(2)
7823(2)
8084(2)
7000(2)
7075(2)
6002(2)
6080(2)
8275(2)
4425(3)
4937(3)
4344(3)
3191(3)
2699(3)
3306(3)
3040(30)
4530(30)
3540(40)
3020(50)
3480(70)
4470(70)
4970(60)

y
5397.9(10)
5493.3(15)
6040.6(15)
7270.8(16)
8395.7(16)
9320.7(16)
9158.5(16)
8016.5(16)
7612.3(16)
6448.8(16)
5560.2(16)
4292.7(15)
3708.3(16)
2507.5(16)
1860.5(16)
2393.4(15)
1744.7(15)
551.1(16)
-49.6(17)
512.5(16)
1707.5(15)
2334.0(16)
1721.2(17)
2263.5(18)
3439.6(17)
4063.9(16)
3554.3(15)
4226.6(15)
7149.8(15)
5982.8(15)
5322.5(15)
4150.2(15)
3566.9(15)
2329.1(15)
3611.6(16)
6244.1(17)
6183(2)
6857(2)
7653(2)
7774.7(19)
7083.1(19)
7430(20)
6230(20)
7170(30)
7850(40)
7600(50)
6690(50)
6060(40)

z
1142.3(9)
3139.5(15)
4207.0(15)
4912.6(15)
4866.4(16)
5767.9(16)
6665.4(16)
6742.6(16)
7545.9(16)
7449.3(15)
6540.7(15)
6233.9(15)
6890.4(16)
6556.1(16)
5565.6(16)
4868.1(15)
3792.8(15)
3400.6(16)
2369.7(17)
1704.6(16)
2059.4(15)
1403.5(15)
401.3(16)
-214.1(16)
175.2(16)
1152.5(15)
1772.1(15)
2794.2(15)
5876.5(15)
5824.6(15)
4830.6(15)
4488.7(15)
3452.6(14)
3105.0(15)
5206.7(15)
2372.9(17)
1397(2)
658(2)
906(2)
1889.2(19)
2611.0(18)
3450(20)
2330(30)
2490(30)
1750(30)
740(40)
540(40)
1320(40)

U(eq)
23.7(4)
18.3(4)
19.4(4)
19.9(4)
22.7(4)
25.9(5)
25.1(4)
22.7(4)
23.7(4)
23.1(4)
20.4(4)
19.9(4)
23.0(4)
23.8(4)
22.7(4)
20.1(4)
19.9(4)
24.6(4)
28.2(5)
26.5(5)
21.3(4)
21.5(4)
26.8(5)
28.4(5)
26.5(4)
22.2(4)
20.3(4)
18.6(4)
20.1(4)
19.5(4)
18.6(4)
18.4(4)
18.5(4)
19.0(4)
20.0(4)
16.6(5)
18.8(5)
23.4(6)
25.6(6)
23.8(5)
21.2(5)
69(8)
69(8)
69(8)
69(8)
69(8)
69(8)
69(8)
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Table 33 Anisotropic Displacement Parameters (Å2×103) for 359. The Anisotropic displacement factor exponent takes
the form: -2π2[h2a*2U11+2hka*b*U12+…]

Atom

U11

U22

U33

U23

U13

U12

F1

22.7(7)

29.4(7)

20.1(6)

6.0(5)

7.8(5)

5.3(5)

C1

15.4(9)

22.1(9)

18.8(9)

6.9(7)

5.0(7)

2.2(7)

C2

19.5(10)

20.2(9)

20.1(9)

6.0(8)

7.2(8)

0.6(7)

C3

19.9(10)

23.4(9)

17.6(9)

5.4(8)

6.8(8)

-1.7(7)

C4

22.3(10)

23.5(10)

23.4(10)

7.1(8)

6.6(8)

3.0(8)

C5

27.9(11)

19.4(9)

31.4(11)

5.7(8)

10.2(9)

2.6(8)

C6

26.7(11)

19.5(9)

26.3(10)

-0.6(8)

8.0(9)

-1.7(8)

C7

21.8(10)

24.6(10)

21.4(10)

3.4(8)

7.3(8)

-2.3(8)

C8

22.9(10)

25.8(10)

19.9(10)

2.1(8)

4.1(8)

-4.7(8)

C9

20.5(10)

28.8(10)

19.6(10)

7.1(8)

3.4(8)

-1.9(8)

C10

18.6(10)

25.7(10)

18.1(9)

7.0(8)

5.1(8)

-3.0(8)

C11

17.6(9)

25.0(10)

18.6(9)

8.7(8)

4.2(8)

0.2(7)

C12

19.3(10)

30.3(10)

20.5(10)

10.4(8)

3.5(8)

0.9(8)

C13

20.3(10)

29.6(10)

23.1(10)

12.3(8)

3.0(8)

5.2(8)

C14

23.5(10)

22.4(9)

24.9(10)

8.9(8)

8.1(8)

6.3(8)

C15

18.5(10)

24.6(10)

19.7(9)

9.0(8)

6.4(8)

2.5(8)

C16

20.0(10)

20.7(9)

21.5(10)

6.7(8)

8.4(8)

1.7(7)

C17

24.4(11)

24.2(10)

27.1(10)

10.0(8)

6.4(9)

5.1(8)

C18

33.3(12)

19.0(9)

30.0(11)

3.4(8)

6.5(9)

3.8(8)

C19

28.0(11)

23.9(10)

22.9(10)

2.6(8)

1.1(9)

-0.5(8)

C20

22.5(10)

23.0(10)

19.3(10)

6.3(8)

5.8(8)

-0.2(8)

C21

20.0(10)

26.4(10)

18.8(10)

6.5(8)

5.7(8)

-2.1(8)

C22

30.1(12)

25.3(10)

22.6(10)

2.7(8)

5.5(9)

-0.8(8)

C23

24.9(11)

35.1(11)

19.6(10)

4.2(9)

-2.5(8)

-4.0(9)

C24

23.4(11)

31.4(11)

24.3(11)

11.9(9)

0.2(8)

0.2(8)

C25

21.3(10)

24.6(10)

21.4(10)

8.9(8)

3.7(8)

-0.4(8)

C26

18.7(10)

24.8(10)

19.4(9)

7.1(8)

6.7(8)

-0.6(8)

C27

17.0(9)

22.6(9)

18.6(9)

7.6(8)

6.5(8)

0.1(7)

C28

20.0(10)

22.7(9)

19.1(9)

5.9(8)

7.1(8)

0.5(7)

C29

19.0(10)

23.1(9)

17.7(9)

6.7(8)

5.4(8)

-2.0(7)

C30

19.0(9)

21.1(9)

16.9(9)

7.3(7)

4.4(7)

0.6(7)

C31

17.5(9)

22.8(9)

16.9(9)

7.9(7)

5.0(7)

0.8(7)

C32

15.8(9)

23.1(9)

18.5(9)

6.8(8)

6.2(8)

-0.4(7)

C33

18.8(10)

20.5(9)

20.1(9)

6.4(8)

7.8(8)

0.7(7)

C34

18.6(10)

24.4(9)

19.5(10)

9.0(8)

5.9(8)

0.9(8)

C35

15.5(10)

16.5(9)

16.7(10)

4.9(8)

1.5(8)

-0.1(7)

C36

17.9(10)

17.5(10)

20.1(11)

3.3(8)

4.5(8)

-0.1(8)

C37

27.0(12)

24.6(13)

18.0(11)

8.2(9)

2.1(9)

-3.5(10)

C38

30.6(14)

19.7(10)

23.9(13)

10.1(9)

-2.4(10)

-1.0(9)

C39

22.6(12)

20.2(10)

24.6(11)

4.5(9)

-0.4(9)

3.7(9)

C40

20.3(11)

23.8(11)

18.5(11)

3.9(9)

4.2(9)

0.2(8)
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Table 34 Bond Lengths for 359

Atom
F1
C1
C1
C1
C1
C2
C2
C3
C3
C4
C5
C6
C7
C7
C8
C9
C10
C10
C11
C11
C12
C13
C14
C15
C15
C16
C16
C17
C18
C19

Atom
C36
C2
C27
C35
C35A
C3
C30
C4
C28
C5
C6
C7
C8
C28
C9
C10
C11
C29
C12
C34
C13
C14
C15
C16
C34
C17
C33
C18
C19
C20

Length/Å
1.356(3)
1.392(3)
1.459(2)
1.489(3)
1.499(19)
1.518(2)
1.412(3)
1.378(3)
1.427(3)
1.431(3)
1.379(3)
1.417(3)
1.444(3)
1.383(3)
1.382(3)
1.441(3)
1.469(2)
1.364(3)
1.394(3)
1.448(3)
1.391(3)
1.385(3)
1.400(3)
1.482(3)
1.414(3)
1.393(3)
1.432(3)
1.384(3)
1.376(3)
1.400(3)

Atom
C20
C20
C21
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C31
C32
C35
C35
C36
C37
C38
C39
F1A
C35A
C35A
C36A
C37A
C38A
C39A

Table 35 Bond Angles for 359

Atom

Atom

Atom

Angle/˚

C2

C1

C27

118.72(16)

C2

C1

C35

117.36(16)

C2

C1

C35A

117.5(10)

C27

C1

C35

123.60(16)

C27

C1

C35A

122.8(12)

Atom
C21
C33
C22
C26
C23
C24
C25
C26
C27
C32
C29
C30
C31
C32
C34
C33
C36
C40
C37
C38
C39
C40
C36A
C36A
C40A
C37A
C38A
C39A
C40A

Length/Å
1.469(3)
1.412(3)
1.410(3)
1.422(2)
1.374(3)
1.386(3)
1.377(3)
1.417(3)
1.476(3)
1.425(3)
1.393(2)
1.408(2)
1.362(2)
1.410(2)
1.443(3)
1.437(2)
1.389(3)
1.398(3)
1.380(3)
1.390(3)
1.380(3)
1.382(3)
1.345(19)
1.392(19)
1.389(19)
1.379(19)
1.382(19)
1.375(19)
1.372(19)
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C1

C2

C3

138.06(17)

C1

C2

C30

116.70(16)

C30

C2

C3

104.81(15)

C4

C3

C2

138.97(18)

C4

C3

C28

115.61(16)

C28

C3

C2

105.41(15)

C3

C4

C5

118.06(18)

C6

C5

C4

124.10(18)

C5

C6

C7

119.66(17)

C6

C7

C8

130.68(17)

C28

C7

C6

114.28(18)

C28

C7

C8

114.97(17)

C9

C8

C7

122.73(17)

C8

C9

C10

121.31(18)

C9

C10

C11

131.20(18)

C29

C10

C9

113.74(17)

C29

C10

C11

115.01(16)

C12

C11

C10

122.78(17)

C12

C11

C34

117.99(17)

C34

C11

C10

119.23(17)

C13

C12

C11

120.56(18)

C14

C13

C12

121.26(18)

C13

C14

C15

121.05(17)

C14

C15

C16

123.22(17)

C14

C15

C34

118.17(17)

C34

C15

C16

118.61(16)

C17

C16

C15

120.67(17)

C17

C16

C33

118.07(17)

C33

C16

C15

121.21(16)

C18

C17

C16

120.93(18)

C19

C18

C17

121.04(18)

C18

C19

C20

120.79(18)

C19

C20

C21

122.72(17)

C19

C20

C33

118.57(18)

C33

C20

C21

118.69(16)

C22

C21

C20

120.02(17)

C22

C21

C26

118.67(18)

C26

C21

C20

121.28(16)

C23

C22

C21

122.03(18)

C22

C23

C24

119.72(18)

C25

C24

C23

119.69(19)

C24

C25

C26

122.32(18)

C21

C26

C27

119.91(17)

C25

C26

C21

117.28(17)

C25

C26

C27

122.75(16)

C1

C27

C26

123.28(16)
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C32

C27

C1

120.52(16)

C32

C27

C26

116.20(16)

C7

C28

C3

128.21(17)

C7

C28

C29

120.85(18)

C29

C28

C3

110.80(16)

C10

C29

C28

126.31(17)

C10

C29

C30

125.92(17)

C28

C29

C30

107.45(16)

C29

C30

C2

111.50(16)

C31

C30

C2

126.62(17)

C31

C30

C29

121.28(17)

C30

C31

C32

117.45(17)

C30

C31

C34

117.15(17)

C32

C31

C34

125.39(16)

C27

C32

C33

123.85(16)

C31

C32

C27

119.11(16)

C31

C32

C33

116.99(16)

C16

C33

C32

120.06(16)

C20

C33

C16

120.59(16)

C20

C33

C32

119.29(17)

C15

C34

C11

120.94(17)

C15

C34

C31

117.71(16)

C31

C34

C11

121.34(16)

C36

C35

C1

121.23(19)

C36

C35

C40

116.09(18)

C40

C35

C1

122.61(19)

F1

C36

C35

118.2(2)

F1

C36

C37

118.20(19)

C37

C36

C35

123.5(2)

C36

C37

C38

118.6(2)

C39

C38

C37

119.8(2)

C38

C39

C40

120.4(2)

C39

C40

C35

121.57(19)

C36A

C35A

C1

126(3)

C40A

C35A

C1

122(3)

C40A

C35A

C36A

112(2)

F1A

C36A

C35A

117(3)

F1A

C36A

C37A

117(3)

C37A

C36A

C35A

126(2)

C36A

C37A

C38A

119(2)

C39A

C38A

C37A

118(2)

C40A

C39A

C38A

120(3)

C39A

C40A

C35A

125(3)
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Table 36 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) for 359

Atom

x

y

z

U(eq)

H4

5468.23

8552.69

4254.03

27

H5

6920.34

10094.82

5746.48

31

H6

8959.91

9809.26

7229.14

30

H8

10695.15

8169.34

8166.43

28

H9

11144.91

6230.45

7992.67

28

H12

11215.92

4133.63

7571.87

28

H13

11299.71

2124.02

7015.97

29

H14

9560.44

1042.04

5356.49

27

H17

8051.71

143.75

3846.79

30

H18

6400.44

-862.72

2117.52

34

H19

4570.7

84.54

996.17

32

H22

2814.46

908.16

143.45

32

H23

839.27

1834.3

-903.56

34

H24

520.42

3813.18

-230.27

32

H25

2296.42

4864.61

1420.78

27

H37

4717.14

6777.94

-6.04

28

H38

2741.93

8112.18

400.11

31

H39

1938.44

8337.17

2071.29

29

H40

2954.92

7180.1

3284.83

25

H37A

2363.66

8485.52

1926.23

82

H38A

3117.22

8038.33

207.95

82

H39A

4811.61

6502.4

-142.16

82

H40A

5681.29

5450.21

1156.29

82
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