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Abstract

Star-shaped oligofluorene truxenes are very promising materials and have demonstrated excellent properties
as the gain medium in organic semiconductor lasers (OSLs).>*? Alkyl chains in oligofluorene truxenes act as
solubilizing groups as well as spacers to prevent intermolecular -t stacking that leads to quenching of the
light emission. A new series of star-shaped systems analogous to hexyl oligofluorene truxenes!! with alkyl
chains of different lengths (butyl chains and octyl chains) was synthesized. The objective of this study was to
investigate the effect of alkyl chain length on the film-forming properties of oligofluorene-truxene materials
and, as a result, on their optoelectronic properties for applications as the gain medium in OSLs.
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Introduction

Star-shaped m-functional systems consist of three or more oligomer arms joined together by a central core.
They can feature two- or three-dimensional architecture depending on the geometry of the core. A planar
rigid core with emanating rigid-rod-like arms provides a 2D star-shaped system, whereas non planar cores give
rise to 3D structures.!? 1D conjugated oligomers exhibit anisotropic properties in their aligned molecular
aggregates. When the latter are disordered in the bulk, the optical and electronic properties of these materials
suffer from inhomogeneous morphology with irregular grain boundaries. The increase in dimensionality of
star-shaped conjugated systems provides a series of advantages compared to their 1D analogues.'®> The most
beneficial advantage is an increased solubility which leads to excellent film-forming properties, providing
homogeneous films with high values of photoluminescence quantum yield (PLQY).!

The core of the star-shaped system defines the shape and the symmetry of the whole molecule.?? If the
symmetry point group of a linear oligomer repeat unit includes rotational operations with an order greater
than two, the application of such symmetry operations to the whole linear molecule leads to the construction
of the corresponding star-shaped system. The application of a C3 or C¢ symmetry operation to oligo-p-
phenylene produces star-shaped systems with 3 or 6 arms, respectively.’? If only part of the monomer unit
possesses rotational symmetry, then a new core can be generated by the symmetry transformations. In the
case of oligofluorenes, the application of C3 symmetry operations at the center of the benzene fragment of the
monomer leads to star-shaped systems with benzene and truxene cores. The point groups with rotational
symmetry operations of order n>3 can impart to the electronic properties of the molecule such a feature as
the degeneracy of HOMO and LUMO levels.*?

10,15-Dihydro-5H-diindeno[1,2-a;1’,2’-c]fluorene (truxene) is a planar polycyclic aromatic system with Csp
symmetry that can be perceived as three overlapping fluorene fragments'* (Figure 1a). Truxene is an
extremely insoluble compound in common organic solvents due to strong m-it stacking interactions. The latter
can be efficiently circumvented by alkylation at C-5, C-10 and C-15 positions, which increases the solubility and
processability of the truxene based materials. The alkyl substituents in these positions are directed
orthogonally to the plane of the molecule (Figure 1b) and sterically prevent any stacking interactions. When
only half of the alkyl substituents are introduced, the resulting syn-5,10,15-tryalkylated truxenes self-associate
in solution due to arene — arene interactions. The terminal positions of a truxene unit (C-2, C-7 and C-12) can
be easily functionalized via bromination followed by C-C coupling.!!

Figure 1. Numbering of the truxene fused system (a) and the orthogonal positions of hexyl substituents in
tribromohexahexyltruxene (b).
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Truxene has been considered as a building block for the construction of bowl-shaped polyarenes, which
could be used as the starting materials for the synthesis of fullerenes.!®> The truxene core has been used to
design trigonal liquid crystalline compounds,!® self-assembled organogels!’ and highly absorbing truxene-
based photoinitiators for polymerization.'® The Csn symmetry of this core makes it an attractive scaffold for
the design of trigonal oligomers and dendritic truxene derivatives with rti-conjugation to the aromatic core.**1°
The truxene platform has been used as a template for self-assembled subphthalocyanine films in organic solar
cells.?0

Polyfluorenes have been extensively used as electroluminescent materials because they are efficient blue
emitters in both the solution and solid state, they show high hole mobility, and excellent thermal and
electrochemical stability. Furthermore, they are easily synthesized and their properties are tunable through
modification of the structure or copolymerization.?! They have been extensively used as electroluminescent
materials in polymeric light emitting diodes (PLEDs),?? photovoltaics,?? field-effect transistors (FETs)?3 and solid
state lasers.?

Chemical purity is of great importance for the performance of optoelectronic devices. The degradation of a
polymer structure during synthesis, processing and device operation can lead to quenching of the emission.
For example, polyfluorenes are prone to formation of fluorenone defects in the polymer backbone. The non-
alkylated or partially alkylated methylene bridge of the fluorene monomer unit undergoes oxidative
degradation which leads to the formation of a C=0 bond.?> This defect acts as a charge or energy trap and
decreases the emission efficiency; an undesirable green emission appears, losing the saturated blue emission
of polyfluorenes.?® The level of fluorenone defects can be reduced by an additional monomer purification
before the polymerization step. In contrast to polyfluorene, the monodisperse oligofluorenes are normally
purified by column chromatography after each step of the coupling, and the formation of fluorenone defects
can be avoided.?’

Monodisperse m-conjugated oligomers are characterized by a relatively short and uniform chain length
with a well-defined structure, which controls their precise HOMO/LUMO energy levels. The superior chemical
purity of this class of compounds, which can be achieved by column chromatography, makes their electronic
properties 100% reproducible.?® This reproducibility of the properties brought about the study of structure-
property relationships and encouraged scientists to design a number of novel monodisperse oligofluorenes in
order to obtain an insight into the photophysical properties of these conjugated systems.?® 39 Oligofluorene-
based materials were applied as p-type organic semiconductors in organic field effect transistors (OFETs)3! as
well as efficient light emitters in dye-doped cholesteric liquid crystal (DD CLC) lasers.3?

The functionalization of truxene with oligofluorene arms at C-2, C-7 and C-12 positions provides an ideal
scenario for the synthesis of virtually no-core two-dimensional star-shaped oligofluorenes (see Figure 2).!
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Figure 2. Oligofluorene truxenes with the arm length rising from one fluorene unit (T1) to four (T4) and six (T6)
as well as oligofluorene BT truxene conjugated systems (T4BT-A-E).

These nanosized macromolecules offer advantages over conjugated polymers because they present
monodisperse oligomers with a well-defined and uniform molecular structure that enables the investigation of
the impact of molecular structure on photonic, electronic and morphological properties of the materials in the
solid state.

Initially, hexyl-substituted oligofluorene truxenes (T1-T4) were synthesized.!’ The main feature in the
absorption spectra of these star-shaped oligomers both in solution and in the solid-state is a strong m-m*
absorption band that shifts to a long wave region as the number of fluorene units in the arms increases (the
peak position shifting from 343 nm for T1 to 374 nm for T4). They are highly fluorescent both in solution and
solid-state with PLQY (®@p) rising with an increase in the length of the oligofluorene arm from 0.70 (T1) to 0.86
(T4) in solution and from 0.43 (T1) to 0.59 (T4) in the solid state. These molecules are bright blue emitters and
their photoluminescence (PL) spectra are red-shifted as the length of the oligofluorene arms increases (Ap.=
400 - 420 nm). They all show the typical vibronic structure observed for polyfluorenes, with slight variation in
relative intensity of the vibronic transitions in the solid state.' 33

Cyclic voltammetry (CV) studies revealed a high HOMO-LUMO gap (in the range of 3.20 - 3.40 eV) and
confirmed good electrochemical stability towards p- and n-doping for all the oligomers.3® DFT calculations
predicted the degeneracy of HOMO and LUMO, originating from the trigonal symmetry, only for truxene and
T1.3* Thermal and morphological stability are important factors for device performance. Thermogravimetric
analysis (TGA) of oligofluorene truxene materials showed good thermal stability with decomposition
temperature (5% mass loss) above 400°C in an inert atmosphere, rising slightly as the oligofluorene arm length
increases. All the oligomers are amorphous materials at room temperature, with some crystallinity observed
for T1. The DSC measurements revealed increasing glass transition temperatures from T1 to T4.1?

The most efficient emitters of the T1-T4 series (T3 and T4) have been extensively studied as the gain
medium for lasing applications. The distributed feedback (DFB) laser with a neat film of T4, spin-coated on a
corrugated silica substrate as a resonator, exhibited a low lasing threshold of 270 W-cm™, which was
attributed to a low amplified spontaneous emission (ASE) threshold and a low waveguide loss coefficient of
2.3 cm™L.! At that time this was the lowest waveguide loss coefficient reported for solution processed neat
films of organic semiconductors, indicating that the amorphous nature of T4 films provided reduced degree of
scattering which led to the low optical losses. The DFB laser showed tunability across 25 nm, with a PLQY of
the T4 neat film of 0.73. The similar DFB laser fabricated from T3 exhibited a higher threshold of 515 W-cm
but lower ASE threshold, higher net gain coefficient and the solid state PLQY (0.86), than those of T4. The T3-
based DFB laser exhibited a very broad wavelength tunability across 51 nm (422 — 473 nm) in the deep-blue
region, which was the broadest tuning range at the time of publication.?
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Oligofluorene-truxenes have excellent solubility in common organic solvents and exhibit superior film-
forming properties. However, most durable films and intricate microstructures can be created using a
photolithography approach. Among photoresist materials, 1,4-cyclohexanedimethanol divinyl ether (CHDV)
was proven to be the monomer compound most compatible with T3 and T4. The CHDV monomer can be
cross-linked after blending with the emitter by UV irradiation in the presence of the photoacid generator
(PAG) ([p-(octyloxy)phenyl](phenyl)iodonium hexafluoroantimonate). This encapsulation of the emitter
reduces its photo-oxidation and enable the creation of all-organic optical devices and photonic
nanostructures. The blends can be processed by direct laser writing (T4/CHDV),*> DIP-pen nanolithography
(T4/CHDV)3¢ or inkjet printing (T3 /CHDV).3”> 38 The T3/CHDV blend was used for the preparation of free-
standing membranes. The latter were characterized by ASE, revealing ASE thresholds around 400 pJ-cm™2.3°
The same T3/CHDV blend was employed for the fabrication of flexible DFB lasers, which showed a lasing
threshold of 14.4 puJ-cm™ (2.7 kW-cm™) and an increased degradation energy dosage of 53 J-cm™2.4°

The 2,1,3-benzothiadiazole (BT) electron deficient unit has been incorporated at each of five possible
positions of the trigonal T4 star-shaped system, which led to T4BT-A-T4BT-E oligomers (Figure 2).%! The optical
properties of oligomers T4BT-A-T4BT-E make them attractive for UP-VLC applications.*? As expected, the
incorporation of the BT unit led to the stabilization of the LUMO, which made the oligofluorene-BT-truxene
compounds promising emitters for application in electrogenerated chemiluminescence (ECL). The ECL
efficiency of T4BT-B was found to be 7 times higher than that of the standard ECL emitter 9,10-
diphenylanthracene (DPA),** while the quantum yield for ECL for T4 was found to be only 80% of the DPA ECL
efficiency.33

The largest hexylated truxene derivative, T6, was synthesized for highly efficient two-photon absorption
characteristics. T6 demonstrated a high two-photon absorption cross-section of 2200 GM, low two-photon
absorption pumped ASE and frequency up-converted lasing threshold values of 2.43 mJ cm™ and 3.1 mJ cm??,
respectively.**

As mentioned above, the star-shaped oligofluorenes with a benzene core B1-B4 (Figure 3) are related to
the T1-T4 oligomers. Both systems can be generated from a linear oligofluorene by applying Cs symmetry
operation.'? Star-shaped oligofluorene benzene materials (Figure 3) are deep-blue emitters and have high
PLQYs both in solution and solid state (®p. = 0.41 - 0.82 in solution and 0.43 - 0.58 in films).* Compounds B2-
B4 have been tested as the gain medium in blue-emitting DFB lasers.*® The lowest lasing threshold of 1.1
kW-cm™ was observed for B3, which is still twice as high as the corresponding value for T3. This was explained
by the presence of six additional hexyl chains in the core of T3, which prevent intermolecular interactions in
the sold state due to their orthogonal orientation (Figure 1b) and make this material a more efficient gain
medium. The comparison of the lasing properties for B3-B4 and T3-T4 highlights the importance of the
truxene core in the design of efficient fluorescent materials for lasing applications.

B1:
B2:
B3:
B4:

5 3 3 5
A WON =

Figure 3. Oligofluorene benzene star shaped structures (B1-B4).

Page 272 ©AUTHOR(S)



Arkivoc 2021, vi, 268-314 Orofino, C. et al.

Synthetic approaches for star-shaped oligomers

The synthesis of star-shaped oligomers can be developed by both convergent and divergent approaches
(Figure 4). The divergent approach (Figure 4a) follows a repetitive sequence: (i) coupling of the monomer to
the core; (ii) terminal functionalization of the arms; (iii) extension of the arms by further aryl-aryl coupling.
Repetition of steps (ii) and (iii) can be performed successively until the desired length of the arms is achieved.
This approach presents the advantage of coupling reactions with a simple monomer, but purification of the
product from partially reacted by-products is problematic, especially when the length of the oligomer arms
increases, because the properties of the components present in the reaction mixture converge when the
molecular weight of the target molecule increases.!?

Y=Y

I=k+1

n=m+1

E X

YQY _

Figure 4. The strategy towards star-shaped structures: a) divergent approach; b) convergent approach; c)
semi-convergent approach. E — end-capped group (e.g. TMS), Y — halogeno-substituent (e.g. Br), X — elemento-
organic center (e.g. B(OH),).

The convergent approach (Figure 4b) employs the same synthetic strategy for the arms as for linear
oligomers. The star-shaped molecule is then synthesized in a single step by coupling the oligomeric arms to
the central core. The advantages of this approach over the divergent one are: (i) the simpler synthesis of the
target star-shaped system by a one-step coupling reaction of the arm precursors to the core compound with
easy purification of the target compound from partially coupled by-products; (ii) the possibility of using this
procedure with cores that are not stable towards halogenation; (iii) the prospect of an easy development of
the whole series of different star-shaped structures by varying the core starting compounds, once a bulk
amount of the arm precursor is produced.!? A variation of the convergent method is to create the core in the
final step employing suitable functionalities of the arms.'? This methodology can lead to star-shaped systems
with a benzene core and three arms, (using SiCls- or TiCls-mediated trimerization of oligomers with a terminal

Page 273 ©AUTHOR(S)



Arkivoc 2021, vi, 268-314 Orofino, C. et al.

acetyl functionality),* or six arms (e.g. by Diels-Alder reaction of tetrasubstituted cyclopentadienones with
disubstituted acetylenes),*’” or to four or eight-armed systems with porphyrin®® and phthalocyanine*® cores,
respectively.

In the case of the hetero-coupling based convergent strategy for high molecular weight target compounds
the separation from the homo-coupled products might become a problem. To our experience this separation
can be done efficiently up to the T4 oligomer.!! If larger molecules are targeted, then the semi-convergent
approach (Figure 4c) is an option. Similar to the convergent method, this strategy assumes the preparation of
oligomeric arm precursors. The latter are then used in sequential coupling to a core compound, followed by
the modification of the arms at the terminal positions and then by coupling of the resulting halogeno-
functionalized intermediate star-shaped structure with another oligomeric arm precursor. Not only does this
procedure provide an easy purification of the target compound from the homo-coupled by-products, it also
allows one to decrease the total number of the synthetic steps. This strategy has been successfully applied for
the synthesis of compounds T4BT-A-T4BT-E.*! The highest member of the oligofluorene-truxene series (T6)
was also synthesized using the semi-convergent strategy.*

Results and Discussion

In this work, our objectives were to explore the synthesis and properties of new oligofluorene truxene
derivatives with alternative alkyl groups to hexyl. Ease of synthesis, solubility and tuning the physical
properties of these materials, such as the glass transition temperatures, represented the motivation of this
work.

Synthesis

Initially, the truxene core was synthesized following the procedure depicted in Scheme 1. The procedure
involved generation of truxene by cyclization of commercially available 1-indanone under acidic conditions in
high yield, followed by alkylation of the methylene positions (lithiation with n-BuLi followed by the addition of
the bromoalkane in one pot) in high yields. Final bromination of the C2, C7 and C12 positions with bromine
afforded 2 B and 2 O products in high yields. Note that “B” refers to butyl chain and “O” to octyl chain. This
terminology will be carried throughout the rest of the section.

1-indanone

180 % TOB 84 %
T0O 81 %

Scheme 1. Synthesis of the truxene core. Reagents and conditions: (i) CH3COOH, HCI, 100°C, 16 h; (ii) (1) n-
BuLi/THF (0°C), (2) RBr, (3) R.T., 18 h; (iii) Br2/CH.Cl, (R.T.), 12 h.
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For the synthesis of the oligofluorene arms (Scheme 2), initial bromination of fluorene was carried out on a
large scale, instead of alkylation followed by bromination to avoid an additional step due to the use of two
different alkyl chains. The bromination was carried out with bromine, and KBrO; was added to the reaction
mixture to regenerate bromine from the HBr that is formed during the bromination reaction. Compound 3 was
obtained in high yield but the dark color of the product suggests that a small percentage of the oxidized form
(fluorenone) might have been formed due to a slightly high addition rate of the KBrOs.

Fluorene 380 % : (B);i ‘;//Z

=1 \(iii)

n=m+1
CgHq7 CBH17
80 5,6,7 Fmn

\ v | v) T
HB(OH)z

R B=C4H9

CgHi7 CgHyr F1meq F1B 82% 0 =CgHy7
F, 0 90 %
Fs'O F,B 81%

F2 m=2 2 o _ 5B 83 %

F,069% 9 "2 50 ggo

. F;B 8% . 6B 84%

F3m=3 roos% © "3 60 69%

_, F4B 46% 7B 85%

FaAm=4 tloaa%m 7 ™ 7082%

Fs073% 8 n=4 80 82%

Scheme 2. Synthesis of the oligofluorene arms. Reagents and conditions: (i) Br, KBrOs, H,SO4, AcOH, 44 — 55
°C, 4 h; (i) RBr, THF, 'BUOK/THF, 4 h, R.T; (iii) (1) n-BuLi, THF, -80°C, (2) SiMesCl, -95 °C — 20 °C, (3) n-Buli, -85
°C, (4) (PrO)sB, -100 °C, (5) R.T., 18 h; (iv) (1) 4, Pd(PPhs)a, toluene, (2) 2M Na»COs (aq), 80 °C, 18 h; (v) (1) n-
BuLi, THF, -80 °C, (2) (fPrO)sB, -100 °C, (3) R.T., 18 h; (vi) CF3COOH, CH,Cl3, R.T., 2 h.

Subsequent slow addition (over ~ 1.5 h) of the potassium tert-butoxide THF solution into the solution of 3
and corresponding bromoalkane in THF at 0 — 5 °C followed by stirring for 4 hours at room temperature
afforded the 9,9-dialkyl-2,7-dibromofluorene (4 B and 4 O), in relatively high yields. Compound 4 was used as
the building block for the synthesis of the oligofluorene chain throughout the iterative Suzuki cross-coupling
and conversion to boronic acid procedure that is described below.

The following step consisted of the substitution of one bromine with a trimethylsilyl group and the
conversion of the other one to a boronic acid functionality in one pot, as opposed to the standard two-step
procedure.>® This was achieved by lithiation of the dibromo derivative with one equivalent of n-Buli, addition
of chlorotrimethylsilane, and a second lithiation with one equivalent of n-Buli, followed by quenching with
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triisopropylborate. Final hydrolysis with deionized water afforded F1 B and F1 O in high yields. The *H NMR of
all the boronic acids described (F, and Fn’) was complex due to a mixture of dimers of fluorenylboronic acid
(formed via hydrogen bonds) and boroxines (the trimeric anhydride). Unlike in the standard synthetic path,!
the TMS protecting group was carried along the synthesis of the oligofluorene chain for two reasons: it
provides easier purification and handling that makes scaling up easier and it provides a platform for easy
modification of the protecting group into other functional groups, for example through bromination. The
deprotection of the trimethylsilyl group was achieved by simple acid treatment followed by aqueous work-up,
generating the deprotected product in almost quantitative yields without the need for purification by column
chromatography. The development of oligofluorene arm precursors with a TMS protecting group as well as
the deprotection procedure proved to be useful for synthesis of TABTA-T4BTE star-shaped systems.*! The
TMS-capped oligofluorene arm precursors have been exploited for the design of star-shaped oligofluorene-
dithienotetrathiafulvalene systems.>?

The fluoreneboronic F1 B and F1 O acids were coupled via the Suzuki protocol with 2,7-dibromo-9,9-
dialkylfluorene derivatives (4 B and 4 O respectively), affording the next generation of 2-bromo-
oligofluorenes, 5 B and 5 O, in high vyields. The following steps involved repetitive lithiation-boronation
sequences, yielding the boronic acids F2, F3 and Fs and converting the boronic acids F, and Fs into the
corresponding elongated 2-bromo-oligofluorenes via palladium-catalyzed Suzuki cross-coupling with 4. The
yields obtained for the synthesis of the oligofluorene boronic acids were around 80%, with the exception of Fa.
In the case of the butyl analogue (F4 B), the large molecular weight and the short length of alkyl chain
decreased the solubility of the molecules dramatically in tetrahydrofuran, especially at the low temperatures
required for lithiation. As a result, the dilution factor employed had to be increased and this might have
affected the vyield of the reaction. Similarly, a low vyield was obtained for the octyl analogue of
qguaterfluorenylboronic acid (F4 O). Deprotection of the TMS group to provide 8 in high yield, followed by
conversion to the boronic acid afforded Fs’ O in a much more acceptable 73% yield. The yield for the synthesis
of F2 O is also relatively low (64%), probably due to the difficulty in handling the oily bifluorenylbromide 5 O,
whose recrystallization was not possible because the material invariably separated as an oil despite the
multiple crystallization conditions attempted. The yields obtained for the synthesis of the oligofluorene
bromides were comparable with the ones described in the original publication with hexyl chains,! compound
6 O being the only lower yielding material.

Following the previously reported strategy,! the convergent approach was chosen for the synthesis of the
oligofluorene truxenes T1-T4, attaching the oligofluorene arms of different lengths directly onto the
hexaalkylated brominated truxene core (2). Nevertheless, a semi-convergent route was employed for the
synthesis of T6 O by coupling a quaterfluorene boronic acid (Fa O) to T2Br O. This approach avoided the
conversion of a quaterfluorene into a hexafluorene, saving three extra synthetic steps onto an already
precious compound, itself the product of a ten-step synthetic route (Scheme 3).

T1TMS - TATMS B and T1TMS - T3TMS O were synthesized following a modified Suzuki cross-coupling of
the tribromotruxene 2 and the corresponding trimethylsilyl-oligofluorenyl boronic acid (Fn) employing barium
hydroxide as an efficient base.>? The procedure worked well previously for the synthesis of oligofluorene-BT-
truxene systems.*! The solvent for this reaction was changed from dimethoxyethane to THF due to the
opportunity to collect the latter from the solvent purification system, which increased the vyield of the
reactions. T4 O (octyl) was directly synthesized following the same modified Suzuki coupling procedure
between the tribromotruxene 2 O and the quaterfluorene boronic acid Fs’ O with a low yield (54%) despite the
use of oxygen free tetrahydrofuran as a solvent for the reaction. It is worth noting that a previous attempt to
synthesize T4ATMS O (not described here) afforded the product in an 88% vyield. This is an indicator that the

Page 276 ©AUTHOR(S)



Arkivoc 2021, vi, 268-314 Orofino, C. et al.

low yield achieved for T4 O should not imply that coupling of large oligofluorenes to the truxene core is less
efficient.

T1TMS n=1

T2(TMS) n=2

T3(TMS) n=3

T4(TMS) n=4

T2(Br) n=2

Scheme 3. Synthesis of tris(oligofluorenyl) truxenes Tn. Reagents and conditions: (i) Fn, Pd(PPhs)a,
Ba(OH),-8H,0, H,0, THF or DME, 70°C, 18 h; (ii) CF3COOH, CH,Cl,, R.T., 2 h; (iii) AcONa, Bra, THF, R.T., 2 h; (iv)
Fs’ O, Pd(PPhs)s, Ba(OH),-8H,0, H,0, THF, 70°C, 18 h.

T2TMS O was brominated under mild conditions with bromine and sodium acetate to eliminate HBr
formed during the bromination. The yield was almost quantitative and simple recrystallization afforded the
product in high purity and almost quantitative yield. The semi-convergent modified Suzuki cross-coupling of
quaterfluorene boronic acid (Fa’ O) with T2Br O yielded the largest member of the oligofluorene-truxene
series, T6 O in a moderate yield (69%).

The synthesis of the materials proceeded with good yields in general but it is noteworthy to mention the
difficulties associated in handling the butyl and octyl oligofluorenes. In general, the butyl analogues seemed
more crystalline and the yields obtained during the synthesis were generally lower than for the octyl series.
This resulted in the need to repeat the whole synthetic sequence several times in order to obtain large enough
quantities of oligofluorenes for the final couplings with truxene. The main problem arose during the synthesis
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of the boronic acids in which the low temperatures required tended to trigger the precipitation of the
materials from solution. Nevertheless, their purification did not cause major problems.

The octyl derivatives, on the other hand, were very soluble in common organic solvents but their longer
alkyl chains made the purification of the compounds much harder. For example, in the Suzuki coupling
reactions for the synthesis of the oligofluorenyl bromides (5 O, 6 O and 7 O), the separation of the product
from the homocoupling product was very poor, resulting in the need to perform several column purifications
or use large quantities of silica for the column and employ very slow polarity increases. Furthermore, after the
column the oligofluorene bromides were normally recrystallized from acetone to eliminate any traces of
impurities or silicon grease from the column. Despite the multiple attempts of recrystallization of F2 O an oil
was consistently obtained. Low temperature treatment with liquid nitrogen triggered the material to solidify
but upon reaching room temperature, it once again became an oil.

The petroleum ether employed in the column chromatography was previously distilled to remove the
grease that is often present in the grade of solvent employed. Despite these efforts to avoid grease, the octyl
chains often trapped traces of it that could be observed in the 'H NMR and several recrystallizations were
necessary in order to obtain the pure product.

Physical properties

The properties of the Tn (hexyl) series have previously been described.!’ 3% 44 All the T1-T6 materials
presented excellent film-forming properties, but the solubility of the butyl analogues at low temperature was
lower than for the octyl and hexyl analogues. The thermal behavior and molecular weights of the materials are
presented in Table 1.

The thermal stability of the materials was studied by TGA upon heating the samples under argon from 0°C
to 600°C. All the compounds are stable and show a 5% mass loss above 400°C. The only compound that had a
slightly lower stability was T4 B (butyl), with a 5% mass loss at 370°C. The main mass loss for the butyl
analogues was 35-38% of the total mass. For the hexyl analogues it was 45-50%'! and for the octyl analogues
50-55%. This is in good agreement with the loss of the alkyl chains.

The materials were also studied by DSC to have a better insight on their morphology. All the materials are
amorphous, with no hint of crystallization and this was also confirmed by powder X-ray diffraction (XRD)
experiments.

Focusing first on each series of alkyl chain, the glass transition temperature (Tg) increases with the addition
of every fluorene unit, but the effect is more noticeable for the first addition, i.e. from T1 to T2 (ATg = 29, 23
and 23 °C for butyl, hexyl and octyl, respectively). Thereafter the increase in Tg per fluorene unit is more
moderate (around 14°C for T3 and between 4 and 15°C for T4). As expected, the modification of the length of
the alkyl chains by two methylene units also affects the glass transition temperature because longer alkyl
moieties have a larger free volume, which results in lower Tg. This has a major impact on the materials,
especially for the octyl derivatives, that present very low glass transition temperatures from 11°C for T1 O (it is
a very sticky oil at room temperature) to 56°C for T6 O. This is detrimental for device fabrication, where a
stable morphology is required. When the materials are employed as the gain medium in an optically pumped
laser, the incident energy and the non-radiative losses will cause the gain material to heat. If the materials
heat up above their glass transition temperature, the film can become rubbery, allowing the molecules to
move slightly. This may induce greater losses and therefore increased lasing thresholds, resulting in poorer
device performance. On the other hand, the butyl derivatives present exceptionally high glass transition
temperatures, from 126°C for T1 B to 163°C for T4 B. This is promising for their device performance, but the
difficulty of their synthesis makes the use of these compounds as gain media for OSLs unfeasible on a larger
scale.
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Table 1. Physical properties of the Tn (butyl, hexyl and octyl) series. My is the molecular weight of the
compounds; Tg is the glass transition temperature of the compounds as measured by differential scanning
calorimety; Tq is the decomposition temperature measured by thermogravimetric analysis (TGA)

Compound My (g'mol?) Tg(°C) Tq(°C) [TGA, 5% mass loss ]

T1 (butyl) 1287.51 126 419
T1 (hexyl) 1844.95 63 401
T1 (octyl) 2179.90 11 414
T2 (butyl) 2337.56 155 429
T2 (hexyl) 2842.52 86 408
T2 (octyl) 3347.48 34 422
T3 (butyl) 3166.81 169 427
T3 (hexyl) 3840.08 101 410
T3 (octyl) 4511.75 47 421
T4 (butyl) 3996.05 163 370
T4 (hexyl) 4837.65 116 413
T4 (octyl) 5679.20 51 434
T6 (hexyl) 6862.85 106 436
T6 (octyl) 8011.01 56 428

Based on the thermal data presented here, it seems that the hexyl chain, the alkyl chain initially chosen for
developing star-shaped oligofluorene truxenes, was the best choice due to easier synthesis and purification, as
well as good thermal properties.

Electrochemical properties

The electrochemical properties of the materials were studied by cyclic voltammetry in = 10% M solutions of
the materials in 1:2 acetonitrile:benzene. Despite the compounds being soluble in most common organic
solvents, it is known from the previous studies performed on the Tn (hexyl) family that the electrochemical
reduction of the compounds occurs at lower potentials than the reduction of those solvents. Acetonitrile has a
lower reduction potential than the Tn compounds but it is not able to solvate them. Benzene assists in the
solvation of the materials and does not interfere in the electrochemical study. Therefore it was found that the
ideal solvent mixture for the electrochemical studies was 1:2 acetonitrile:benzene.

The oxidation waves of the Tn (butyl) and Tn (octyl) compounds are presented in Figure 5 and Figure 7,
respectively, and all the electrochemical properties are summarized in Table 2. In both cases, the smallest
analogues (T1 and T2) present two well-resolved oxidations separated by 0.22 to 0.25 V, one of which is a
reversible wave and the other a quasi-reversible one. These transitions are one-electron processes and are
well defined. T3 also presents two consecutive reversible oxidation waves separated by around 0.14 to 0.16 V.
The T4 analogues showed a more complex electrochemical behavior with poor resolution between the first
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two oxidation peaks. T4 (butyl) presents a hint of a third irreversible peak. Note that the irreversible peak at
around +1.40 V is probably related to oxidation of the solvent rather than that of T4. T6 also has two quasi-
reversible oxidation peaks separated by 0.20 V from each other with a rather broadened profile. The increase
in the size of the molecules generally involves a lowering of the oxidation potentials in the Tn series. For
comparison, Table 2 present published data on Tn (hexyl).1? 33
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Figure 5. Oxidation waves of the Tn (butyl) series in 1:2 acetonitrile:benzene. The cyclic voltammogram was
obtained employing a glassy carbon working electrode, a platinum wire counter electrode and a silver wire
reference electrode. All the waves were referenced to ferrocene.
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Figure 6. Reduction waves of the Tn (butyl) series in 1:2 acetonitrile:benzene. The cyclic voltammogram was
obtained employing a glassy carbon working electrode, a platinum wire counter electrode and a silver wire
reference electrode. All the waves were referenced to ferrocene.
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Figure 7. Oxidation waves of the Tn (octyl) series in 1:2 acetonitrile:benzene. The cyclic voltammogram was

obtained employing a glassy carbon working electrode, a platinum wire counter electrode and a silver wire
reference electrode. All the waves were referenced to ferrocene.
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Figure 8. Reduction waves of the Tn (octyl) series in 1:2 acetonitrile:benzene. The cyclic voltammogram was

obtained employing a glassy carbon working electrode, a platinum wire counter electrode and a silver wire
reference electrode. All the waves were referenced to ferrocene.
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Table 2. Cyclic voltammetry results in 1:2 acetonitrile:benzene for the Tn (butyl, hexyl and octyl) series.
HOMO and LUMO levels were calculated from the onset of the corresponding redox wave and are referenced
to ferrocene, which has a HOMO of -4.8 eV. The electrochemical HOMO-LUMO gap (Eg, cv) is the energy gap
between the HOMO and LUMO levels. The optical HOMO-LUMO gap (Eg, opt) is calculated from the onset of the
red-edge of the absorption band

Epa® Vs Fc/Fct Epc? vs Fc/Fc?

Compound V) V) HOMO (eV) LUMO (eV) Eg, cv (eV) Eg, opt (€V)
T1 (butyl) +0.90, +1.13 -2.50, -2.80 5.53 2.36 3.17 3.05
T1 (hexyl) +0.86, +1.09 -2.94 - - 3.40 3.29
-2.53,-2.76, -
T1 (octyl) +0.89, +1.11 3.00 5.59 2.37 3.22 3.27
-2.56,-2.79, -
T2 (butyl) +0.90, +1.14 5 97 5.54 2.36 3.18 3.11
T2 (hexyl) +0.82, +1.06 -2.83 - - 3.30 3.14
-2.50, -2.74, -
T2 (octyl) +0.92, +1.17 3.00 5.56 2.41 3.15 3.12
-2.54, -2.68, -
T3 (butyl) +0.82, +0.96 5 80 5.51 2.38 3.13 3.12
T3 (hexyl) +0.82, +0.98 -2.72,-2.88 - - 3.24 3.08
-2.49, -2.84, -
T3 (octyl) +0.87, +1.01 3.90 5.56 2.41 3.15 3.05
+0.84, +0.93,
T4 (butyl) -2.75 5.54 2.22 3.33 3.03
+1.16
+0.81,+0.93, -2.65,-2.73,
T4 (hexyl) - - 3.20 3.05
+1.12 2.99
-2.50,-2.72, -
T4 (octyl) +0.95, +1.17 597 5.55 2.41 3.14 3.01
+0.91,+ 0.98,
T6 (hexyl) -2.71,-2.87 5.55 2.38 3.14 3.01
+1.09
-2.52,-2.77, -
T6 (octyl) +0.88, +1.08 591 5.55 2.37 3.18 2.99

The reduction voltammograms for Tn (butyl) and Tn (octyl) are presented in Figure 6 and Figure 8,
respectively. The reduction peak around -2.5 V (highlighted in italics in Table 2) is present in the
voltammograms of all the Tn (butyl and octyl) series, but its intensity differs between voltammograms and is
not consistent with a one-electron process. This observation, together with the fact that such a peak was not
present in the electrochemical studies of the Tn (hexyl) family, might be an indication that it is a process that
does not belong to the Tn molecules and it might be due to environmental factors such as the reduction of
some impurity of the solvent or the electrolyte. For this reason, these peaks are not taken into account in the
discussion of the electrochemical properties of these materials. T1 (butyl) presents an irreversible reduction
peak at -2.80 V, whilst T1 (octyl) has two quasi-reversible reduction peaks (-2.76 V and -3.00 V, respectively).
Similarly, T2 (butyl and octyl) present two quasi-reversible processes at around -2.76 V and -3.00 V,
respectively. The reduction of T3 (butyl) presents two quasi-reversible peaks at -2.68 V and -2.80 V whereas
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the voltammogram of T3 (octyl) features an irreversible reduction at -2.84 V, and a final irreversible reduction
at -3.20 V that might be caused by the reduction of the solvent. The reduction of T4 (butyl) involves a single
irreversible wave at -2.75 V, whereas T4 (octyl) presents two well-defined quasi-reversible reduction peaks at -
2.72 V and -2.97 V (the first reduction process seems to involve more than one electron). Similarly, T6 (octyl)
shows two quasi-reversible reduction peaks that are not very well resolved at -2.77 V and -2.91 V.

All the compounds have relatively high HOMO-LUMO gaps (around 3.18 eV) that are generally slightly
reduced with the increase of the conjugation length in the arms. The optical HOMO-LUMO gap was calculated
from the onset of the absorption band and in general there is a good agreement between it and the
electrochemical HOMO-LUMO gap, the latter being generally slightly higher.

Optical and photophysical properties

The optical properties of the materials were studied in solutions of the compounds in 1:2 acetonitrile:benzene
(in order to compare the optical and electrochemical HOMO-LUMO gaps), and concentrations were in the
region of 10° M.

The normalized absorption and emission spectra of the Tn (butyl) family are depicted in Figure 9 and for
the Tn (octyl) series in Figure 10. The data for the absorption and emission maxima as well as the logarithm of
the molar absorptivity of each material (log (g)), are presented in Table 3, together with the results previously
obtained for the Tn (hexyl) series.33** As expected, the length of the solubilizing alkyl chain does not have a
major effect on the optical properties of the series in solution. For each member of the family, the results are
comparable for butyl, octyl and hexyl chains.

The increase in the number of fluorenes in the arms results in a red shift of the absorption. This effect is
greater for the first fluorene addition (there is a shift of = 19 nm from T1 to T2) and it decreases as the number
of fluorene units increases. The addition of two more fluorenes from T4 to T6 does not have a great effect on
the energy of the absorption. This effect denotes the fact that 6 fluorene units are close to the saturation of
the conjugation length for the absorption in star-shaped oligofluorene truxenes (the effective conjugation
length for linear oligofluoenes reported by Jo and co-workers is fourteen fluorene units).>® A further increase
in the number of fluorenes (e.g. T8, T10 or T12) would be beneficial to determine the exact conjugation length
of these systems. Figure 11 represents the plot of the energy of the maximum of absorption (in eV) versus 1/n,
where n is the number of fluorene units. This type of representation has previously been employed to
determine the conjugation length in oligomeric systems.> >* The energies are in linear correlation with the
inverse of the number of fluorenes for each of the three series with alkyl chains (r?> = 0.991 — 0.998), and the
absorption maxima extrapolated to n = e would be An - « = 399 nm for the octyl series and 402 nm for the
hexyl series. These peak values fall in the region of the extrapolated value for linear oligofluorenes (An -~ =401
nm) and are higher than the experimental value for poly(9,9)-dihexylfluorene (Amax = 383 nm).>?
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Table 3. Optical properties of the Tn (butyl, hexyl and octyl) series. A is the wavelength of maximum
absorbance; Aem is the wavelength of maximum emission; € is the molar absorptivity

Compound Aabs, solution (nm) Aabs, film (nm) Aem,sol (nm) Aem,ﬁlm (nm) |0g(8)
T1 (butyl) 344 343 - - 5.64
T1 (hexyl) 343 343 377,398,416 380,398,420 5.07
T1 (octyl) 344 343 - - 5.26
T2 (butyl) 364 363 405, 431, 461 407, 426, 454 5.47
T2 (hexyl) 362 359 400, 424, 452 404, 426, 449 5.24
T2 (octyl) 362 363 406,429, 463 405,427,454 5.24
T3 (butyl) 373 373 411, 432,463 417,437, 467 5.58
T3 (hexyl) 372 369 410, 434, 457 417, 436, 462 5.41
T3 (octyl) 370 373 410,430,464 416,438,469 5.58
T4 (butyl) 377 378 416, 438, 470 420, 442, 475 5.72
T4 (hexyl) 377 372 414, 438, 467 422,442, 467 5.46
T4 (octyl) 376 379 414, 441, 467 423,444,471 5.72
T6 (hexyl) 381 374 416, 439, 470 420, 446, 480 5.87
T6 (octyl) 381 376 415, 437,470 420, 446, 478 5.84
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Figure 9. Normalized absorption (continuous line) and emission (dashed line) spectra of the members of the
Tn (butyl) family (10® M solutions in 1:2 acetonitrile:benzene).
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Figure 10. Normalized absorption (continuous line) and emission (dashed line) spectra of the members of the
Tn (octyl) family (10® M solutions in 1:2 acetonitrile:benzene). Aex = Amax.
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Figure 11. Representation of the energy of absorption (eV) versus the number of fluorene units in the arm and
one fluorene from the truxene core in the Tn (butyl, octyl and hexyl) series.

All the compounds exhibit large molar absorptivities that increase with the length of the arm. There is
certain variation in the molar absorptivity of the same member of the Tn family with different alkyl chains. As
previously discussed in a study performed on the hexyl analogues, the length of the alkyl chain should not
affect the optical properties as demonstrated by DFT calculations performed on benzene-cored star-shaped
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oligofluorenes with three arms. Calculations of the molecules with the full hexyl chain and with methyl groups
in the C9 position of the fluorenes only changed the absorption energy and transition dipole of the molecules
by 0.6% to 2.4%, depending on the basis set employed for the calculation.® It should be then concluded that
the observed differences must be due to experimental errors, but the trends observed for the each arm length
are still maintained. Taking into account that the truxene core increases the effective conjugation length of
each arm by one fluorene, an arm of T1 is comparable with bifluorene, T2 with terfluorene, etc. The same
publication by Montgomery and co-workers also discussed the direct threefold increase of the molar
absorptivity of the Tn compounds compared to the corresponding oligofluorenes. This is easily explained by
the fact that the truxene molecules absorb energy with three oligofluorene arms simultaneously.>> The
effective conjugation of truxene with oligofluorene arms can also be confirmed by analyzing the frontier
orbitals levels calculated by DFT for monofluorene (F1), bifluorene (F2), truxene (TO) and oligofluorene-
truxenes (T1 and T2).3* The destabilization/stabilization of the HOMO/LUMO levels by 0.38/0.46 eV for F1—F2
evolution is almost twice as high as that for T1—T2 (0.17/0.25 eV) and much more similar to the one for
T0—T1 (0.35/0.55 eV).

The absorption spectra for the Tn series present a broad featureless band arising from strong m-m*

interactions between the HOMO and LUMO of the molecules. The loss of spectral vibronic resolution
compared with TO arises from the lack of rigidity of the structure, in which the C-C single bonds between
fluorenes allow for rotation, as previously discussed by Moreno Oliva and co-workers.3* Their theoretical study
predicted that the So-S1 transition is forbidden and the first dipole-allowed transition is the So-S;, with a large
oscillator strength, which would explain the large molar absorptivities associated with these molecules.
All the molecules in the Tn series present efficient fluorescence behavior represented by a broad band with
vibrational structure (a main band corresponding to the 0-0 vibronic emission and two red-shifted shoulders
related to the 0-1 and 0-2 transitions, respectively).>® TD-DFT calculations previously reported assigned the
fluorescence to the S;-So transition. The authors imply that the efficient fluorescence of these molecules might
arise from the strong coupling between the S; and the ground state.3* The theoretical calculations performed
in the same study also predicted that in the excited quinoidal-state the C-C bonds between the fluorene units
and between truxene and fluorene have a bonding nature that enables greater conjugation and rigidifies the
system.3* This could be the reason behind the vibronic structure of the fluorescence band.

For every member of the series there is a large Stokes shift between the absorption and the emission
maxima (an average of 38 nm), with little spectral overlap. This is beneficial for optical applications because it
minimizes the re-absorption of the emission, thus maximizing the photoluminescence quantum efficiency and
improving the device performance. The increase of the number of fluorene units in the arms induces a
bathochromic shift in the emission which, as observed in the absorption properties, is more pronounced for
the first fluorene addition (= 26 nm shift from T1 to T2) than for the larger members of the series (= 7 nm shift
from T2 to T3, = 4 nm from T3 to T4 and 1 nm from T4 to T6). This effect was also discussed by Montgomery
and co-workers, that attributed the smaller transition energies (both for absorption and emission) in
compounds T2 to T4 than in T1, to the fact that the core is a greater fraction of the molecule in the smaller
members of the series.>® Interestingly, the same publication described a TD-DFT study on the change in
electron density by absorption of circularly polarized light and/or fluorescence for a benzene-cored analogue
to T2 (B2). They concluded that the change in electron density during absorption and emission was larger in
the middle of the arms, but for the absorption it was delocalized over the entire molecule while in the
emission it was localized on a single arm. They found three equivalent energy minima in the excited state,
which would imply that the emission in benzene or truxenes-cored tris(oligofluorenes) could come from any of
the three arms, but only from one arm at a time.>®
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Conclusions

In conclusion, a series tris(oligofluorene) truxenes (Tn) with butyl and octyl chain were synthesized in order to
study the effect of the length of the solubilizing side chains in the properties of the materials, through
morphological variations. The synthesis of the butyl analogues proved to be difficult due to the reduced
solubility of the materials in organic solvents, especially at low temperatures. On the other hand, the
purification of the octyl derivatives was more challenging due to poorer separation from their byproducts on
silica and their tendency to trap grease.

The compounds are thermally stable and amorphous materials with decomposition temperatures above
400°C except for T4 (butyl), which shows Td (TGA, 5% mass loss) of 370°C. The glass transition temperature
(Tg) is an important characteristic of an organic semiconductor, which should be taken into account during
device fabrication. For efficient materials with a stable performance, the T; values should be well beyond the
ambient temperature and above the temperature of a device which would be expected taking into account
some heat dissipation upon the device operation. The length of the solubilizing alkyl chains affects the glass
transition temperatures dramatically. The T values of the butyl and octyl analogues of T3 (hexyl) and T4
(hexyl) (compounds which were extensively used for lasing applications), increase by a factor of 1.5 for T3
(butyl) and T4 (butyl), and decrease two-fold for T3 (octyl) and T4 (octyl). For the octyl derivatives the T,
values are so low that it could affect their device performance, e.g. if the pumped DFB laser is heated to the
temperature close to Ty during its operation. The change in the morphology, the film thickness, or the
amplitude of spatial modulation of the effective refractive index in the direction of the grating periodicity
would lead to an uncontrollable variation in the lasing threshold value and/or in the position of the emission
peak.

The electrochemical properties of the compounds are not largely affected by the length of the solubilizing
chains, although this would be confirmed by further investigation. The optical properties of the materials in
solution are very similar, but their photophysical characteristics of the condensed state can be greatly affected
by the size of the alkyl chain. These photophysical studies form a major study and will be reported elsewhere.

Experimental Section

General. 'H and 3C NMR spectra were recorded on a Bruker Avance DPX400 at 400.13 and 100.61 MHz or a
Bruker Avance DRX500 at 500 MHz and 125.75 MHz in CDClsz. Proton NMR chemical shifts are reported as 6
values in ppm relative to deuterated solvents, CDCls (7.26).°° Data are presented as follows: chemical shift,
integration, multiplicity (s = singlet, b.s. = broad singlet, d = doublet, t = triplet, g = quartet, m = multiplet), and
coupling constant(s) (J) are in Hz. Multiplets are reported over the range (in ppm) they appeared. Carbon
NMR data were collected and calibrated to the solvent signals CDCl; (77.36). MS MALDI-TOF spectra were
recorded on a Shimadzu Axima-CFR spectrometer (mass range 1-150 000 Da). Elemental analyses were
obtained on a PERKIN ELMER 2400 elemental analyser. Commercial TLC plates (Silica gel 60 F254) were used
for TLC chromatography and column chromatography was carried out on silica gel Zeoprep 60 Hyd (40-63 um
mesh). Solvents were removed using a rotary evaporator (vacuum supplied by low vacuum pump) and, when
necessary, a high vacuum pump was used to remove residual solvent. Distillation to remove excess 1-
bromoalkane was performed on a Kugelrohr Z24 with a high vacuum pump. Dry solvents (dichloromethane,
tetrahydrofuran, toluene, hexane and diethyl ether) were obtained from a solvent purification system (SPS
400, innovative technologies) using alumina as the drying agent; any other dry solvents were purchased from
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Sigma Aldrich. All reagents and solvents were purchased commercially from Sigma Aldrich or Alfa Aesar and
were used without any purification, with the exception of petroleum ether, which was distilled in a rotary
evaporator at atmospheric pressure prior to its use as eluent for column chromatography.
Tetrakis(triphenylphosphine)palladium(0) was synthesized following known procedure.>’

Optical properties. UV-Vis absorption spectra were recorded on a UNICAM UV 300, a Jasco V-660 or a
Shimazdu UV-2600 spectrophotometer. Baselines of solvents were measured before analysis and solution
spectra were recorded in 1 cm or 1 mm path length quartz cells between 190 and 900 nm. Emission spectra
were measured on a Perkin ElImer LS45 or a Jasco FP-6500 fluorescence spectrometers. Films for studying the
optical properties of star-shaped molecules were prepared from 30 mg/mL toluene solutions, which were spin
cast onto spectrosil quartz substrates (UQG optics). Absorption measurements were taken using a Shimadzu
UV2550 spectrophotometer, with a clean spectrosil quartz substrate as reference. Photoluminescence
measurements were taken using a Jobin-Yvon Fluoromax-3 spectrometer.

Electrochemistry. CV measurements were performed on a CH Instruments 660A electrochemical workstation
with iR compensation using anhydrous solvents (dichloromethane or 1:2 acetonitrile:benzene). The electrodes
were glassy carbon, platinum wire, and silver wire as the working, counter, and reference electrodes,
respectively. All solutions were degassed (Ar) and contained monomer substrates in concentrations ca. 10 M,
together with TBAPFs (0.1 M) as the supporting electrolyte. All measurements are referenced against the Ei2
of the Fc/Fc* redox couple.

Thermogravimetric Analysis. The sample (approx. 5 mg) was placed on a standard platinum pan and loaded at
35°C to be analysed with a Perkin ElImer Thermogravimetric Analyzer TGA7 under a constant flow of helium (20
mL/min). The temperature was raised to 50°C followed by an isothermal period of 5 minutes. The temperature
was raised again at a rate of 10°C/min until 500°C when the material was left for an isothermal period of 30
minutes. The percentage weight loss over time was recorded at this temperature and the data was processed
using the Pyris Series Software.

Differential Scanning Calorimetry was conducted on a TA Instruments Q1000 with a RC-90 refrigerated
cooling unit attached. The calibration was conducted using Indium (melt temperature 156.42°C, AHf 28.42
J/g). The test procedure used was a standard Heat-Cool-Reheat, this allows the removal of thermal history on
the first heat allowing examination of any thermal processes on the cooling and second heat scan. The
temperature range was from -50°C to 300°C at 10°C/min.

2,7-Dibromofluorene (3) 8

oL T D

To a mechanically stirred solution of fluorene (97.30 g, 0.58 mol) in acetic acid (870 mL) H2SOa4 (95-97%, 9 mL)
was slowly added at 70°C. The reaction was cooled to 55°C and a solution of bromine (50 mL, 0.97 mol) in
acetic acid (67 mL) was added dropwise for 3 h, keeping the temperature at 40-55 °C to avoid crystallisation of
the fluorene. After the addition of ~1/3 of the amount of bromine, KBrOs (33.34 g, 0.20 mol) was added in
small portions with vigorous stirring to promote the precipitation of 2,7-dibromofluorene. The rest of the
bromine was then added dropwise. The mixture was stirred at 50°C for 4 h and then allowed to reach room
temperature before cooling down to 10°C. The white precipitate was filtered off, washed with 70% acetic acid
(1000 mL) and water until a pH of 7 was reached, yielding 177.71 g of crude solid. The material was purified by
stirring in acetic acid (340 mL) at reflux under N for 4 h. The solid was left to reach room temperature, filtered
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off, washed with acetic acid and dried to afford 3 as a dark creamy solid (151.70 g, 0.47 mol, 80%). *H NMR
(CDCI3) 6 (ppm): 7.68 (2 H, s), 7.62 (2 H, d, ) = 8.0 Hz), 7.52 (2 H, d, J = 8.0 Hz), 3.88 (2H, s). The analysis was
comparable with that from the literature. >°

General procedure A: Synthesis of 2,7-dibromo-9,9-dialkylfluorene (4 B, 4 O) >% ©°

To a mixture of 2,7-dibromofluorene (3) (1 eq) and 1-bromoalkane (4 eq) in tetrahydrofuran (8 mL per gram),
a solution of potassium tert-butoxide (2.25 eq) in dry tetrahydrofuran (200 mL) was added dropwise at 0°C -
+5°C over 1.5 h with vigorous stirring. The reaction was then stirred at room temperature for 4 h and the
mixture was filtered through a silica plug to remove the KBr precipitate, and was washed with
dichloromethane. After evaporation of the solvent, the crude residue was treated with activated carbon in hot
n-hexane and filtered through a silica plug to remove coloured by-products. After evaporation of the solvent,
the crude product was treated with activated carbon in methanol, filtered by gravity and allowed to crystallize,
obtaining the product that was recrystallized from hexane to remove traces of methanol.
2,7-Dibromo-9,9-dibutylfluorene (4 B)

C4Hy  CaHo

Using the general procedure A, the quantities used were: 2,7-Dibromofluorene (2.3) (26 g, 0.08 mol), 1-
Bromobutane (34 mL, 0.32 mol), tetrahydrofuran (200 mL), potassium tert-butoxide (20.20 g, 0.18 mol) in dry
tetrahydrofuran (200 mL). The product was afforded as white crystals (25.67 g, 59-102 mol, 73%). *H NMR
(CDCl3) & (ppm): 7.53 (2 H, d, J = 8.0 Hz), 7.45 (4 H, d, J = 8.0 Hz), 1.95-1.91 (4 H, m), 1.09 (4 H, m), 0.70 (6 H, t,
J=8.0Hz), 0.62-0.54 (4 H, m). Anal. calcd. for C21H22Br2: C, 57.82; H, 5.55, Br; 36.63. Found: C, 57.85; H, 5.43;
Br, 36.44. The analysis was comparable with that from the literature.5?

2,7-Dibromo-9,9-dioctylfluorene (4 O)

CgHi7  CgHy7

Using the general procedure A, the quantities used were: 2,7-Dibromofluorene (2.3) (26 g, 0.08 mol), 1-
Bromooctane (55 mL, 0.31 mol) tetrahydrofuran (200 mL), solution of potassium tert-butoxide (20.20 g, 0.18
mol) in tetrahydrofuran (200 mL). After evaporation of the solvent, residual 1-bromooctane was removed in
vacuo (45 °C, 1.6:103 atm). The product as was afforded as a white-yellowish solid (32.563 g, 59.3-10° mol,
74%). *H NMR (CDCls) 6 (ppm): 7.53 (2 H, d, /= 8.0 Hz), 7.46 (4 H, d, J = 8.0 Hz), 1.94-1.89 (4 H, m), 1.28-1.06
(20 H, m), 0.84 (6 H, t, J = 8.0 Hz), 0.65-0.54 (4 H, m). The analysis was comparable with that from the
literature.b?

General procedure B: Synthesis of 9,9-Dialkyl-7-trimethylsilylfluoren-2-ylboronic acid (F1) #*

A solution of 2,7-Dibromo-9,9-dialkylfluorene (4, 6) (1 eq) in dry tetrahydrofuran (20 mL per gram) was
prepared under N, and at -80°C a solution of n-Buli in n-hexanes (1 eq) was added dropwise, carefully
maintaining the temperature below -78 °C. The reaction mixture was stirred at -80 °C for 5 min and then
cooled down to -95°C. Chlorotrimethylsilane (1 eq) was added dropwise and the mixture was left to warm up
to room temperature and cooled back to -80°C. A second portion of n-Buli in hexanes (1.2 eq) was added
dropwise. At -100°C, triisopropylborate (3 eq) was added slowly and the system allowed to reach room
temperature and stirred for 18 h. The mixture was poured over deionized water and extracted with diethyl

Page 289 ©AUTHOR(S)



Arkivoc 2021, vi, 268-314 Orofino, C. et al.

ether (4 times). The combined organic fractions were washed with water, dried over anhydrous MgSO4 and
the solvent evaporated to yield the crude material. The product was purified by flash chromatography with a
silica gel column eluting first with toluene to isolate the by-products, then by elution with diethyl ether to
isolate the product.

9,9-Dibutyl-7-trimethylsilylfluoren-2-ylboronic acid (F1 B)

(Me)3SiB(OH)2

C4Hg C4Ho

Using the general procedure B, the quantities used were: 2,7-dibromo-9,9-dibutylfluorene (4 B) (12.20 g, 28.07
mmol), dry tetrahydrofuran (250 mL), n-BuLi (2.38 M in hexanes, 11.8 mL, 28.07-103% mol),
chlorotrimethylsilane (3.6 mL, 28.07:103 mol), n-Buli (2.38 M in hexanes, 14.15 mL, 33.68-:103 mol),
triisopropylborate (19.8 mL, 84.20-103 mol). The product was obtained as a white foamy solid (9.11 g,
23.10:10° mol, 82%). *H NMR (CDCl3) 6 (ppm): 8.32-8.24 (1 H, m), 8.18-7.68 (3 H, m), 7.10-7.45 (2 H, m), 2.20-
1.92 (4 H, m), 1.25-0.90 (4 H, m), 0.62-0.54 (10 H, m), 0.32 (9 H, s). The analysis was comparable with that
from the literature. 2

9,9-Dioctyl-7-trimethylsilylfluoren-2-ylboronic acid (F1 O)

MessiB(OH)z

CBH17 C8H17

Using the general procedure B, the quantities used were: 2,7-dibromo-9,9-dioctylfluorene (4 O) (8.04 g, 15-10°
3 mol), tetrahydrofuran (100 mL), n-butyllithium (2.5 M in n-hexanes, 6 mL, 15-10°3 mol), chlorotrimethylsilane
(1.9 mL, 15-10° mol), n-Buli (2.5 M in n-hexanes, 7.3 mL, 18-10° mol), triisopropylborate (10.6 mL, 46-103
mol). The product was afforded as a white foamy solid (6.25 g, 12:10° mol, 90%). *H NMR (CDCls) 6 (ppm):
832(1H,d,J=8.0Hz),824(1H,s),791(1H,d,J=8.0Hz), 7.81 (1 H, t,J=8.0 Hz), 7.57-7.53 (2 H, m), 2.18-
2.04 (4 H, m), 1.05-0.96 (18 H, m), 0.80 (6 H, t, J = 8.0 Hz), 0.78-0.65 (4 H, m), 0.35 (9 H, t, J = 8.0 Hz). The
analysis was comparable with that from the literature. 3

General procedure C: Synthesis of (bromooligofluorenyl)trimethylsilanes (TMS-F,-Br) by Suzuki cross-coupling
(5,6,7,8,)L4

A solution of 2,7-dibromo-9,9-dialkylfluorene (4) (3 eq) and Pd(PPhs)s (0.03 eq) in dry toluene (2.6 mL per
gram) was stirred under a N, atmosphere for 20 min. A solution of trimethylsilyloligofluorenylboronic acid (Fn)
(1 eq) in dry toluene (2.5 mL per gram) was added to the mixture. The flask previously containing F, was
washed with an additional portion of dry toluene and added to the reaction mixture. A 2M aqueous solution
of Na,COs (2.3 eq) was added and the system was stirred under N, at 80°C for 18 h. The reaction mixture was
washed with water and extracted with dichloromethane (5 times). The combined organic fractions were
washed with water, dried over anhydrous MgS0O. and the solvent evaporated yielding the crude product as a
yellow oil. The material was purified by column chromatography on silica gel and then crystallized in acetone
to afford the product.
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(7’-Bromo-9,9,9’,9’-tetrabutyl-2,2’-bifluoren-7-yl)trimethylsilane (5 B)

2
C4Hy CyHg

Using the general procedure C, the quantities used were: 2,7-dibromo-9,9-dibutylfluorene (4 B) (26.69 g,
61.19-10° mol), Pd(PPhs)s (0.707 g, 6.12:10* mol), dry toluene (70 mL), 9,9-dibutyl-7-trimethylsilylfluoren-2-
ylboronic acid (F1 B) (8.049 g, 20.40-103 mol), dry toluene (40 mL), 2M aqueous solution of Na;COs (24 mL,
47.94-10® mol). Column chromatography petroleum ether. The product was obtained as a white crystalline
solid (10.41 g, 14.74 mmol, 72%). *H NMR (CDClz) 6 (ppm): 7.80-7.72 (3 H, m), 7.67-7.59 (5 H, m), 7.54-7.47 (4
H, m), 2.10-1.95 (8 H, m), 1.18-1.08 (8 H, m), 0.79-0.67 (20 H, m), 0.34 (9 H, t, J = 8.0 Hz). *C NMR (CDCl3) 6
(ppm): 150.60, 149.67, 140.84, 140.46, 139.96, 139.79, 139.35, 138.70, 138.63, 131.37, 129.50, 127.13,
125.73, 125.70, 125.38, 120.95, 120.86, 120.59, 120.48, 119.54, 119.51, 118.52, 54.95, 54.45, 39.65, 39.46,
25.56, 25.47, 22.53, 13.33, 13.29, -1.33. (MALDI/TOF, m/z): [M"] calcd. for CasHs7BrSi: 705.9; found, 704.4.
Anal. calcd. for CasHs7BrSi: C, 76.56; H, 8.14, Br; 11.32. Found: C, 76.74; H, 8.53; Br, 11.23.
(7"’-Bromo-9,9,9’,9°,9",9"’-hexabutyl-2,2’:7’,2" -terfluoren-7-yl)trimethylsilane (6 B)

(Me)sSi O‘O Br
3

C4Hg C4Hg

Using the general procedure C, the quantities used were: 2,7-dibromo-9,9-dibutylfluorene (4 B) (13.07 g,
29.96:103 mol), Pd(PPhs)s (346 mg, 3.00-:10* mol), toluene (70 mL), 9,9,9’,9’-tetrabutyl-7’-trimethylsilyl-2,2’-
bifluoren-7-ylboronic acid (F2 B) (6.70 g, 23.47-102 mol), toluene (60 mL), 2M solution of Na;CO; (11.73 mL,
23.47-10 mol). Column chromatography with petroleum ether. The product was obtained as a white solid (6
g, 6.11-103 mol, 61%). *H NMR (CDCls) & (ppm): 7.85-7.58 (12 H, m), 7.55-7.46 (6 H, m), 2.18-1.94 (12 H, m),
1.23-1.06 (12 H, m), 0.85-0.65 (30 H, m), 0.34 (9 H, s). 13C NMR (CDCls) & (ppm): 153.60, 152.19, 152.12,
152.05, 151.48, 141.75, 141.30, 140.90, 140.86, 140.71, 140.54, 140.26, 140.20, 139.58, 139.40, 132.20,
130.36, 127.98, 126.57, 126.46, 126.32, 121.81, 121.74, 121.42, 121.33, 120.36, 120.33, 119.34, 55.80, 55.61,
55.38, 40.54, 40.47, 40.31, 26.47, 26.42, 26.33, 14.14, 14.11, -0.50. (MALDI/TOF, m/z): [M*] calcd. for
CooH129BrSi: 1318.9; found, 1318.3. Anal. calcd. for CooH129BrSi: C, 8.70; H, 8.31, Found: C, 8.05; H, 6.93.
(7””’-Bromo-9,9,9’,9°,9”7,9”,9',9"""-octabutyl-2,2":7’,2":7"",2""’-quaterfluoren-7-yl)trimethylsilane (7 B)

(Me)sSi 0.0 Br
4

C4Hg CyHg

Using the general procedure C, the quantities used were: 2,7-dibromo-9,9-dibutylfluorene (2.4) (1.38 g,
3.17-10°2 mol), Pd(PPhs)s (37 mg, 3.20-10 mol), toluene (25 mL), 9,9,9’,9’,9”,9” -hexabutyl-2,2’-terfluorenyl-7-
trimethylsilyl-boronic acid (Fs B) (1.00 g, 1.06-10 mol), toluene (6 mL), 2M solution of Na;COs (1.24 mL,
2.48:103 mol). Column chromatography eluting first with petroleum ether and then 30:1 petroleum
ether:toluene. The product was afforded as a creamy solid, with low solubility in most solvents (0.697 g,
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3.71-103 mol, 52%). *H NMR (CDCls) & (ppm): 7.88-7.59 (20 H, m), 7.57-7.47 (4 H, m), 2.19-1.95 (16 H, m),
1.23-1.08 (16 H, m), 0.87-0.63 (40 H, m), 0.34 (9 H, s). 13C (CDCl3) & (ppm): 140.44, 140.02, 139.88, 139.85,
139.70, 139.59, 139.49, 139.46, 139.35, 138.76, 138.55, 131.37, 129.53, 127.14, 125.74, 125.63, 125.49,
120.96, 120.89, 120.60, 120.51, 119.54, 118.51, 54.97, 54.78, 54.55, 39.74, 39.66, 39.49, 25.64, 25.58, 25.49,
22.62, 22.55, 13.36, 13.33, 13.30, -1.32. (MALDI/TOF, m/z): [M*] calcd. for CesHs1BrSi: 1258.0; Found: 1259.0;
Anal. calcd. for CegHs1BrSi: C, 83.01; H, 8.41; Br, 6.35; Found: C, 81.80; H, 8.24; Br, 6.12.
(7’-Bromo-9,9,9’,9’-tetraoctyl-2,2’-bifluoren-7-yl)trimethylsilane (5 O)

CgH17 CgHy7

Using the general procedure C, the quantities used were: 2,7-dibromo-9,9-dioctylfluorene (4 O) (19.74 g,
36:10° mol), Pd(PPhs)4 (416 mg, 3.60-10% mol), toluene (40 mL), 9,9-dioctyl-7-trimethylsilylfluoren-2-ylboronic
acid (F1 O) (6.05 g, 12-:10°3 mol), toluene (20 mL), 2M solution of Na,COs (14 mL, 28-103 mol). Column
chromatography with petroleum ether. The product was obtained as a ropy oil (8.06 g, 8.67-10 mol, 88%). H
NMR (CDCls) & (ppm): 7.78 (L H, d, J = 8.0 Hz), 7.73 (2 H, t, J = 6.0 Hz), 7.66-7.59 (5 H, m), 7.53-7.47 (4 H, m),
2.05-1.93 (8 H, m), 1.20-1.09 (40 H, m), 0.84-0.66 (20 H, m), 0.34 (9 H, m). 3C NMR (CDCl3) & (ppm): 39.77,
39.62, 31.28, 29.43, 28.66, 28.61, 23.28, 22.11, 13.58, 3.00. (MALDI/TOF, m/z): [M*] for Cs3H3BrSi: 930.6. The
analysis was comparable with that from the literature.
(7"’-Bromo-9,9,9’,9°,9",9"’-hexaoctyl-2,2".7’,2"’-terfluoren-7-yl)trimethylsilane (6 O)

C8H17 C8H17

Using the general procedure C, the quantities used were: 2,7-dibromo-9,9-dioctylfluorene (4 O) (17.77 g,
32.40-10 mol), Pd(PPhs)s (374 mg, 3.00-10" mol), toluene (60 mL), 9,9,9’,9’-tetraoctyl-7’-trimethylsilyl-2,2’-
bifluoren-7-ylboronic acid (F2 0) (9.71 g, 10.80-:10 mol), toluene (40 mL), Na>COs (2 M, 13 mL, 25.92:103
mol). Column chromatography eluting with petroleum ether. The product as was obtained as a white
crystalline solid (10.98 g, 8.01:103 mol, 74%). *H NMR (CDCls) 6 (ppm): 7.84-7.74 (5 H, m), 7.67-7.61 (9 H, m),
7.55-7.49 (4 H, m), 2.14-1.97 (12 H, m), 1.28-1.60 (60 H, m), 0.89-0.67 (30 H, m), 0.35 (9 H, s). 13C NMR (CDCls)
6 (ppm): 140.91, 140.53, 140.09, 139.82, 139.75, 139.68, 139.40, 139.36, 138.71, 138.49, 131.35, 129.50,
127.16, 125.78, 125.73, 125.66,125.52, 120.99, 120.92, 120.57, 120.47, 119.49, 119.46, 118.51, 55.04, 54.84,
54.61, 39.86, 38.78, 39,65, 31.28, 29.52, 29.45, 28.70, 28.62, 23.40, 23.31, 23.27, 22.10, 13.56, -1.34.
(MALDI/TOF, m/z): [M*] calcd. for CooH129BrSi: 1318.9; found, 1318.3. Anal. calcd. for CooH129BrSi: C, 81.95; H,
9.86, Br, 6.06; Found: C, 82.11; H, 9.75; Br, 6.50.

(7"”’-Bromo-9,9,9’,9°,9”,9”,9',9""-octaoctyl-2,2":7’,2":7"",2"" -quaterfluoren-7-yl)trimethylsilane (7 O)

(Me)3SiBr
4
CgHi7  CgHy7

Using the general procedure C, the quantities used were: 2,7-dibromo-9,9-dioctylfluorene (2.4 O) (7.48 g,
13.63-103 mol), Pd(PPhs)s (158 mg, 1.40-10* mol), toluene (60 mL), 9,9,9’,9’,9””,9”-hexaoctyl-7"-trimethylsilyl-
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2,2":7":2”terfluoren-7-ylboronic acid (F3 O) (6.06 g, 4.54-10 mol), toluene (50 mL), Na,COs (aq) (2M, 6.8 mL,
13.63 mmol). Column chromatography eluting first with petroleum ether and then petroleum ether:toluene
(30:1). The product was afforded as a creamy solid (6.32 g, 3.71-103 mol, 82%). *H NMR (CDCl3) § (ppm): 7.86-
7.61 (20 H, m), 7.57-7.48 (4 H, m), 2.19-1.96 (16 H, m), 1.32-1.07 (80 H, m), 0.91-0.67 (40 H, m), 0.36 (9 H, s).
The analysis was comparable with that from the literature. ¢*

General procedure D: Deprotection of the trimethylsilane group of (bromooligofluorenyl)trimethylsilanes (8)
41

To a solution of (bromooligofluorenyl)trimethylsilane (TMS-Fs-Br) (1 eq) in dichloromethane (16 mL per gram),
CF3COOH (15 eq) was added and the mixture stirred at room temperature for 2 h. Basic work up was carried
out with water (2 times), saturated NaHCO3 solution (2 times) and final washing with water. The organic
fraction was dried over anhydrous MgSQO4 and filtered through a silica plug to remove polar by-products and
crystallized from acetone to yield the product.
7-Bromo-9,9,9’,9°,9”,9”,9"",9"’-octaoctyl-2,2":7’,2"":7""",2""’-quaterfluorene (8)

4
CSH17 C8H17

Using the general procedure D, the quantities used were: (7'’’-bromo-9,9,9’,9°,9””,9”,9’”,9'’-octaoctyl-
2,2":7°,2:7”,2"”-quaterfluoren-7-yl)trimethylsilane (7 0) (2.96 g, 1.74-10 mol), dichloromethane (56 mL),
CF3COOH (1.8 mL). The product was obtained as a white crystalline solid (2.74 g, 1.68:10°3 mol, 96%). *H NMR
(CDCl3) 6 (ppm): 7.86-7.59 (20 H, m), 7.52-7.30 (5 H, m), 2.20-1.96 (16 H, m), 1.29-1.05 (80 H, m), 0.90-0.65 (40
H, m). 13C NMR (CDCl5) & (ppm): 140.78, 140.75, 140.68, 140.56, 140.48, 140.38, 140.27, 140.19, 140.16,
140.07, 139.44, 130.22, 129.00, 127.43, 127.21, 127.01, 126.50, 126.38, 126.26, 123.15, 121.70, 121.62,
121.29, 121.21, 120.21,120.10, 119.94, 55.76, 55.56, 55.39, 40.61, 40.51, 32.02, 30.26, 30.18, 29.45, 24.13,
24.05, 23.99, 22.86, 22.80, 14.30. TOF/MALDI [M*] calcd. for C116H162Br 1636.4, found 1635.6. HRMS El cald.
for C116H162Br 1634.1860, found 1634.1812.

General procedure E: Synthesis of oligofluorenylboronic acid (Fa)!

To a solution of bromooligofluorene (5, 6, 7, 8, 7, 8, 10, 11, 12) (1 eq) in dry tetrahydrofuran, n-BulLi (1.3 eq)
was added dropwise under a N> atmosphere at -80 °C. The mixture was stirred at -80 °C for 10 min and then
cooled down to -100 °C. Triisopropylborate (3 eq) was added and the reaction mixture was allowed to warm
up to room temperature and stirred for 18 h. The reaction mixture was poured onto crushed ice, acidified with
HCl to pH 2-3 when the TMS functionality was present or quenched with water when it was not. The mixture
was then extracted with diethyl ether (4 times) and the combined organic fractions were washed with water,
dried over anhydrous MgS04 and the solvent evaporated. The residue was purified by flash chromatography
on a silica gel column with elution first by toluene to remove by-products and then with diethyl ether to
recover the product.

9,9,9’,9’-Tetrabutyl-7’-trimethylsilyl -2,2’-bifluoren-7-ylboronic acid (F2 B)

(Me)3Si O‘O B(OH),

CiHo CiHo 2
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Using the general procedure E, the quantities used were: (7’-Bromo-9,9,9’,9’-tetrabutyl-2,2’-bifluoren-7-
yl)trimethylsilane (5 B) (10.41 g, 14.70-10 mol), tetrahydrofuran (260 mL), n-BuLi (1.5 M solution in n-
hexanes, 11.8 mL, 17.60-103 mol), triisopropylborate (10.4 mL, 44.10-10° mol). The product was afforded as a
white foamy solid (7.99 g, 11.90-10" mol, 81%). *H NMR (CDCls) & (ppm): 8.44-8.23 (2 H, m), 7.85-7.62 (2 H,
m), 7.84-7.26 (6 H, m), 7.57-7.48 (2 H, m), 2.29-1.99 (8H, m), 1.56-1.07 (8 H, m), 0.86-0.64 (20 H, m), 0.34 (9 H,
s). 13C NMR (CDCl3) & (ppm): 152.88, 152.48, 152.19, 150.89, 150.65, 145.73, 144.40, 141.88, 141.82, 140.95,
140.88, 140.36, 139.57, 135.16, 132.72, 132.31, 130.31, 129.48, 128.28, 128.10, 126.64, 126.52, 122.00,
121.95, 121.12, 120.85, 120.50, 119.80, 119.48, 55.59, 55.51, 40.65, 40.41, 26.59, 26.54, 26.48, 23.56, 23.47,
14.29, 14.25, 14.22, -0.40. (MALDI/TOF, m/z): [M*] calcd. for C4sHs9BO,Si: 670.8; found, 670.9. Anal. calcd. for
CasHs9BO,Si: C, 80.57; H, 8.86. Found: C, 81.52; H,8.35.

9,9,9,9’,9”,9”-Hexabutyl-7"-trimethylsilyl-2,2":7’,2"" -terfluoren-7-ylboronic acid (Fs B)

(Me)3Si 0.0 B(OH),
3

C4Hg C4Hg

Using the general procedure E, the quantities used were: (7'’-bromo-9,9,9’,9°,9"”,9”-hexabutyl-2,2’:7’,2"-
terfluoren-7-yl)trimethylsilane (6 B) (6.0 g, 6.11-10°3 mol), tetrahydrofuran (170 mL), n-BuLi (1.52 M solution in
n-hexanes, 5.2 mL, 7.94-10°3 mol), triisopropylborate (4.2 mL, 18.32-10°3 mol). The product was afforded as a
white foamy solid (4.77 g, 5.04-103 mol, 82%). The compound could not be properly characterised as a
boronic acid because it had trapped ether in the structure. It was converted to boronic ester for
characterisation purposes (FsBE B).
9,9,9',9',9”,9”,9"",9"”"-Octabutyl-7""-trimehylsilyl-2,2":7’,2"":7"”,2""’-quaterfluoren-7-ylboronic acid (Fs B)

(Me)sSi O‘O B(OH),
4

C4Hg C4Hg

Using the general procedure E, the quantities used were: (7'”’-bromo-9,9,9’,9’,9”,9”,9"”",9"’-octabutyl-
2,2":7’,2":7",2""-quaterfluoren-7-yl)trimethylsilane (7 B) (0.650 g, 5.20-10** mol), tetrahydrofuran (170 mL), n-
Buli (2.2 M solution in n-hexanes, 0.30 mL, 6.70-10* mol), triisopropylborate (0.36 mL, 1.5-10° mol). The
product was obtained as a white foamy solid (292 mg, 2.40-10** mol, 46%). *H NMR (CDCls) & (ppm): 8.44-8.25
(1H, m),, 8.01-7.92 (1 H, m), 7.92-7.62 (20 H, m), 7.55-7.48 (2 H, m), 2.26-1.20 (16 H, m), 1.30-1.07 (16 H, m),
0.90-0.64 (40 H, m), 0.34 (9 H, s). (MALDI/TOF, m/z): [M*] calcd. for Cs7H107BO,Si: 1223.7; Found: 1224.0; Anal.
calcd. for Cg7H107B0O,Si: C, 85.39; H, 8.81; Found: C, 85.40; H, 8.58.
9,9,9’,9’-Tetraoctyl-7’-trimethylsilyl-2,2’-bifluoren-7-boronic acid (F2 O)

(Me)asiB(OH)z
2

CSH17 C8H17

Using the general procedure E, the quantities used were: (7’-bromo-9,9,9’,9’-tetraoctyl-2,2’-bifluoren-7-
yl)trimethylsilane (5 0) (8.96 g, 9.62-1073 mol), tetrahydrofuran (100 mL), n-BuLi (1.95 M solution in n-hexanes,
6.41 mL, 12.51-10° mol, triisopropylborate (6.7 mL, 28.86-103 mol). The product was afforded as a white
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foamy solid (5.94 g, 6.63-10 mol, 69%). *H NMR (CDCl3) & (ppm): 8.38 (1 H, d, J=7.6 Hz), 796 (1 H,d, J=7.6
Hz), 7.93 (1 H, d, J=8.0 Hz), 7.84 (1 H, d, J = 7.6 Hz), 7.77-7.68 (6 H, m), 7.56-7.93 (2 H, d, J = 8.8 Hz), 2.30-2.04
(8H, m), 1.26-1.07 (40 H, m), 0.88-0.75 (20 H, m), 0.36 (9 H, s). The analysis was comparable with that from the
literature. ®*

9,9,9,9’,9”,9”-Hexaoctyl-7"-trimethylsilyl-2,2":7’,2"’-terfluoren-7-ylboronic acid (F3 O)

<Me>sSiB<0H)2

3
CgHi7  CgHi7

Using the general procedure E, the quantities used were: (7’-bromo-9,9,9’,9’,9",9”-hexaoctyl-2,2":7’,2"-
terfluoren-7-yl)trimethylsilane (6 O) (8 g, 5.73:102 mol), tetrahydrofuran (170 mL), n-BuLi (2.39 M solution in
n-hexanes, 3.11 mL, 7.45-10° mol), triisopropylborate (4 mL, 17.85-10°3 mol). The product was obtained as a
white foamy solid (1.61 g, 1.33-102 mol, 98%). 'H NMR (CDCl3) 6 (ppm): 8.41-8.15 (2 H, m), 8.00-7.64 (14 H,
m), 7.57-7.51 (2 H, m), 2.31-2.00 (12 H, m), 1.32-1.07 (60 H, m), 0.92-0.70 (30 H, m), 0.36 (9 H, s). 13C NMR
(CDCls) & (ppm): 150. 47, 145.59, 141.77, 141.71, 140.90, 140.67, 140.61, 140.50, 140.23, 139.27, 136.07,
135.03, 132.13, 130.07, 127.95, 126.53, 126.47, 126.32, 125.81, 121.86, 121.80, 120.95, 120.27, 119.64,
119.29, 55.65, 55.53, 55.40, 40.68, 40.44, 32.08, 30.62, 30.38, 30.33, 30.23, 29.51, 29.45, 29.41, 24.22, 24.11,
22.90, 14.41, 14.35. (MALDI/TOF, m/z): calcd. for CooH131 BO2Si-BOH: 1238.9; Found: 1238.5 ([M-B(OH)2]%).
Anal. calcd. for CooH131B0,Si: C, 84.19; H, 10.28; Found: C, 83.90; H, 10.14.
9,9,9',9,9”,9”,9"’,9"”"-Octaoctyl-2,2’: 7°,2":7",2"" -quaterfluoren-7-ylboronic acid (F4’ O)

Using the general procedure E, the quantities used were: 7-bromo-9,9,9’,9’,9”,9"”,9’”,9"”"-octaoctyl-2,2":
7°,2":7”,2"" -quaterfluorene (8 O) (406 mg, 2.50-10* mol), tetrahydrofuran (6 mL), n-BuLi (2.45 M solution in n-
hexanes, 0.15 mL, 3.20-10* mol), triisopropylborate (0.20 mL, 7.50-10* mol). The product was obtained as a
white foamy solid (370 mg, 2.30-:10* mol, 73%). *H NMR (CDCls) § (ppm): 8.39 (1 H, d, /= 8.0 Hz), 8.31 (1 H, s),
8.10-7.62 (20 H, m), 7.41-7.30 (3 H, m), 2.32-1.98 (16 H, m), 1.28-1.02 (80 H, m), 0.92-0.67 (40 H, m). 3C NMR
(CDCl3) 6 (ppm): 125.90, 39.87, 31.29, 29.54, 28.71, 23.44, 22.10, 13.55. (MALDI/TOF, m/z): [M*] calcd. for
C116H163B03: 1600.4; found, 1601.0; Anal. calcd. for C116H163B0O3: C, 87.06; H, 10.27; Found: C, 87.32; H, 10.20.
9,9,9',9°,9”,9”,9",9"”"-Octaoctyl-7""’-trimethylsilyl-2,2’:7’,2"":7"”,2""’-quaterfluoren-7-ylboronic acid (F4 O)

(Me),Si O.Q B(OH),

4
CSH17 CBH17

Using the general procedure E, the quantities used were: (7’’’-bromo-9,9,9’,9’,9”,9”,9"”,9""-octaoctyl-
2,2:7’,2":7”,2""-quaterfluoren-7-yl)trimethylsilane (7 O) (1.50 g, 9.20-10* mol), tetrahydrofuran (40 mL), n-
Buli (2.5 M solution in n-hexanes, 0.44 mL, 1.10-10° mol), triisopropylborate (0.65 mL, 2.74-10°3 mol). The
product was obtained as a white foamy solid (0.68 g, 4.10-10* mol, 44%). *H NMR (CDCls) & (ppm): 8.39 (1 H,
d, J=8.0 Hz), 8.30 (1 H, s), 8.10-7.60 (20 H, m), 7.55-7.48 (2 H, m), 2.29-1.98 (16 H, m), 1.32-1.04 (80 H, m),
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0.93-0.66 (40 H, m), 0.34 (9 H, s). 13C NMR (CDCl3) § (ppm): 125.80, 125.70, 121.10, 121.00, 119.60, 119.50,
109.50, 108.90, 103.70, 48.50, 39.90, 31.27, 29.43, 27.70, 23.40, 23.20, 22.08, 13.54.

General procedure F: Synthesis of oligofluorenylboronic ester (FsBE B, F4’BE O)
9,9-Dialkyl-oligofluorenylboronic acid (Fa-B(OH)2 and TMS-F,-B(OH)2) (1 eq) and a diol (1.2 eq) were dissolved
in dry toluene (10 mL) and the mixture was stirred at 120 °C for 18 h. Solvent evaporation yielded the white
foamy product.
(9,9,9',9',9",9"-Hexabutyl-7"-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H,9'H,9" H-[2,2".7',2"-terfluoren] -

7-yl)trimethylsilane (FsBE B)
wsf LA D
A e
3

C4Hg Cy4Hg

Using the general procedure F, the quantities used were: 9,9,9’,9°,9”,9"”’-hexabutyl-7"’-trimethylsilyl-2,2":7’,2"'-
terfluoren-7-ylboronic acid (Fs B) (300 mg, 3.20-10* mol), pinacol (45 mg, 3.80-10* mol), toluene (10 mL).
White foamy product (0.31 g, 2.99-:10* mol, 94%). *H NMR (CDCl3) 6 (ppm): 7.88-7.64 (16 H, m), 7.57-7.49 (2
H, m), 2.20-2.00 (12 H, m), 1.42 (12 H, s), 1.21-1.08 (12 H, m), 0.86-0.65 (30 H, m), 0.36 (9 H, s). 3C NMR
(CDCl5) & (ppm): 152.46, 152.15, 152.04, 144.16, 141.77, 141.26, 140.87, 140.82, 140.74, 140.68, 140.52,
140.43, 140.33, 138.38, 134.18, 132.20, 129.24, 127.98, 126.46, 126.33, 121.82, 120.71, 120.37, 120.32,
119.40, 119.35, 84.09, 55.60, 55.53, 55.38, 40.57, 40.49, 40.33, 26.47, 26.42, 26.35, 25.31, 23.44, 23.38, 14.19,
14.13, -0.48. (MALDI/TOF, m/z): [M*] calcd. for C72He3BO,Si: 1029.4; Found: 1029.5; Exact mass calcd. for
C72H93B0,Si: 1028.7047; Found: 1028.7044.
2-(9,9,9',9',9”,9”,9',9"”"-Octaoctyl-2,2":7’,2"":7",2""-quaterfluoren-7-yl)-1,3,2-dioxaborolane (F4’BE H)

\Sea T

CBH17 C8H17

Using the general procedure F, the quantities used were: 9,9,9°,9’,9”,9”,9",9"""-octaoctyl-2,2":7’,2"":7",2""’-
quaterfluoren-7-ylboronic acid (Fs’ O) (0.18 g, 1.11-10** mol), ethyleneglycol (0.07 mL, 1.33-10* mol), toluene
(30 mL). White foamy product (172 mg, 1.06:10* mol, 95%). *H NMR (CDCls) 6 (ppm): 8.45-8.27 (1 H, m), 8.00-
7.62 (21 H, m), 7.42-7.31 (3 H, m), 4.45 (2 H, s), 2.27-1.97 (16 H, m), 1.54 (2 H, s), 1.25-1.06 (80 H, m), 0.91-
0.66 (40 H, m). 3C NMR (CDCl3) § (ppm): 151.85, 151.52, 151.05, 150.33, 141.20, 140.85, 140.58, 140.06,
133.85, 129.12, 127.02, 126.82, 126.20, 125.56, 122.97, 121.54, 120.46, 120.00, 119.75, 119.44, 66.09, 55.38,
55.21, 40.42, 31.83, 30.37, 30.08, 29.25, 23.96, 23.87, 22.63, 11.10. (MALDI/TOF, m/z): [M*] calcd. for
C118H165B03: 1626.4; found, 1626.5; Anal. calcd. for C118H165BO3: C, 87.14; H, 10.23; Found: C, 86.75; H, 10.47.
10,15-Dihydro-5H-diindeno([1,2-a;1’,2’-c]fluorene] (1)
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1-Indanone (13.6 g, 104 mmol) was added to a mixture of acetic acid (60 mL) and concentrated hydrochloric
acid (30 mL). The solution was stirred for 16 h at 100°C, then poured onto ice. The precipitate was washed
with water, acetone and dichloromethane to yield a white powder (9.73 g, 28.4 mmol, 80%). *H NMR (CDCl3) §
(ppm): 7.97 (3 H, d, J= 7.2 Hz), 7.70 (3H, d, J = 7.6 Hz), 7.51 (3 H, t, J = 7.6 Hz), 7.40 (3 H, t, J = 7.6 Hz), 4.29 (6
H, s). The analysis was comparable with that from the literature. °

General procedure G: Synthesis of hexaalkyltruxene (TO B, TO H) 1!

To a stirred suspension of truxene (1) (1 eq) in tetrahydrofuran (5.4 mL per gram) under nitrogen, n-BuLi (3.8
eq) was added dropwise at 0°C over 30 min, not allowing the temperature to rise over 15°C. The solid was
dissolved and the colour changed to deep red. The solution was stirred at room temperature for 30 min and 1-
bromoalkane (3.8 eq) was added over 10 min at 0°C. The mixture was stirred at room temperature for 4 h and
a second portion of Buli (3.8 eq) was added dropwise at 0°C over 30 min. After 30 min stirring at room
temperature, 1-bromoalkane (3.8 eq) was added over 10 min at 0°C and the reaction mixture was stirred at
room temperature for 18 h (TLC monitoring). Upon reaction completion, it was quenched with saturated
aqueous ammonium chloride and extracted with petroleum ether (5 times). The combined organic fractions
were washed with water, dried over anhydrous MgSQ04, and the solvent evaporated. The material was purified
by column chromatography on silica gel, eluting with petroleum ether to yield the product.

Hexabutyltruxene TO B

Using the general procedure G, the quantities used were: truxene (1) (3.19 g, 9.31-102 mol), tetrahydrofuran
(50 mL), n-BuLi (1.6 M solution in n-hexane, 22 mL, 35.2:10 mol x2), 1-bromobutane (3.8 mL, 35.6-10°3 mol x
2). The product was obtained as a yellow powder (5.29 g, 7.73-10°3 mol, 84%). *H NMR (CDCl3) 6 (ppm): 8.39 (3
H,d,J=7.2Hz),7.49 (3H,d,J=7.0 Hz), 7.45-7.35 (6 H, m), 3.01-3.00 (6 H, m), 2.15-2.05 (6 H, m), 0.94-0.86
(12 H, m), 0.47-0.30 (30 H, t, J = 7.6 Hz). The analysis was comparable with that from the literature. ®°
Hexaoctyltruxene (TO O)

Using the general procedure G, the quantities used were: truxene (1) (3.19 g, 9.31-:103 mol), tetrahydrofuran
(50 mL), n-BuLi (1.6 M solution in n-hexane, 22 mL, 35.2-103 mol x 2), 1-bromooctane (6.3 mL, 35.6-:10°3 mol x
2). The product was obtained as a yellow solid (7.67 g, 7.57-103 mol, 81%). 'H NMR (CDCls) 6 (ppm): 8.36 (3 H,
d,J=8.0Hz), 7.47 (3H, d, J = 8.0 Hz), 7.41-7.34 (6 H, m), 2.99-2.92 (6 H, m), 2.11-2.04 (6 H, m), 1.08-0.85 (60
H, m), 0.74 (18 H, t, J = 8.0 Hz), 0.52-0.49 (12 H, m). 3C NMR (CDCls) & (ppm): 153.15, 144.53, 139.85, 137.82,
125.79, 125.44, 124.12, 121.67, 55.05, 36.37, 31.30, 29.36, 28.76, 28.58, 23.47, 22.02, 13.53. (MALDI/TOF,
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m/z): [M*] calcd for C7sH114 1015.0; found 1015.0. Anal. calcd. for CssH114: C, 88.69; H, 11.31. Found: C, 89.18;
H, 11.53.

General procedure H: Synthesis of tribromohexaalkyltruxene (2 B, 2 0) !

Bromine (5.3 eq) was added to a stirred solution of hexaalkyltruxene (T0) (1 eq) in dichloromethane (10 mL
per gram) over 5 min at room temperature and under protection from light. After 12 h stirring, excess bromine
was removed by bubbling N, through the solution and washing the reaction mixture with a cold aqueous
solution of Na;S0s. The mixture was extracted with dichloromethane (5 times), washed with aqueous sodium
carbonate solution and then with water. The combined organic fractions were washed with water, dried over
anhydrous MgS04 and treated with activated carbon to remove the red color. The solvent was evaporated to
afford the crude product, that was recrystallized from hexane.

Tribromohexabutyltruxene (2 B)

Using the general procedure H, the quantities used were: bromine (2 mL, 41.4-10°3 mol), hexabutyltruxene (TO
B) (5.13 g, 7.50-10° mol), dichloromethane (50 mL). The product was obtained as a white-yellowish crystalline
solid was obtained (5.11 g, 5.55-10°3 mol, 74%). *H NMR (CDCls3) 6 (ppm): 8.20 (3 H, d, J = 8.0 Hz), 7.58 (3 H, s),
7.53 (3 H,d J=8.0 Hz), 2.91-2.84 (6 H, m), 2.08-2.01 (6 H, m), 0.99-0.84 (12 H, m), 0.55 (30 H, m).
(MALDI/TOF, m/z): [M*] calcd. for Cs1He3Brs 915.8; found 916.6. Anal. calcd. for Cs;He3Brs: C, 66.89; H, 6.93, Br,
26.18. Found: C, 67.25; H, 7.02, Br, 26.62. The analysis was comparable with that from the literature. °
Tribromohexaoctyltruxene (2 O)

Using the general procedure H, the quantities used were: bromine (2.2 mL, 47.8:10° mol), hexaoctyltruxene
(TOO) (7.47 g, 7.36:10 mol), dichloromethane (50 mL). The product was obtained as a white crystalline solid
was obtained (8.04 g, 6.43-10° mol, 87%). *H NMR (CDCls) 6 (ppm): 8.19 (3 H,d, J=8.0 Hz), 7.58 (3 H, d, J=6.0
Hz), 7.52 (3 H, d, J = 8.0 Hz), 2.88-2.80 (6 H, m), 2.06-1.98 (6 H, m), 1.12-0.85 (60 H, m), 0.76 (18 H, t, / = 8.0
Hz), 0.38-0.58 (12 H, m). 3C NMR (CDCls3) 6 (ppm): 36.72, 31.78, 29.68, 29.18, 29.02, 14.04. (MALDI/TOF, m/z):
[M*] calcd. for C75sH111Brs 1252.4; found, 1251.9. Anal. calcd. for CssH111Brs: C, 71.93; H, 8.93, Br; 19.40. Found:
C, 71.93; H,9.02; Br, 19.23.
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General procedure I: Synthesis of Tris(trimethylsilyloligofluorenyl)truxene (TnTMS) by Suzuki cross-coupling
(TITMS, T2TMS, T3TMS, T4TMS (B, 0))**

A mixture of tribromohexaalkyltruxene (2) (1 eq), Pd(PPhs)s (0.09 eq per position),
trimethylsilyloligofluorenylboronic acid (Fn) (1.6 eq per position) and Ba(OH),:8H.0 (1.5 eq per boronic acid
functionality) was dissolved in anhydrous tetrahydrofuran or dimethoxyethane. The solution was degassed
with N2, followed by the addition of water and the system was stirred under N, at 70°C for 18 h. The reaction
was quenched with a saturated aqueous solution of NH4Cl and extracted with dichloromethane (5 times). The
combined organic fractions were washed with water and dried over anhydrous MgSQOa. The crude product was
purified by column chromatography on silica gel eluting with petroleum ether:dichloromethane, to recover a
colorless oil that was dissolved in the minimum amount of dichloromethane and reprecipitated from methanol
to yield the product as a white solid.

Tris(7-trimethylsilylfluoren-2-yl)truxene (butyl) (TATMS B)

Si(Me)s

(Me)5Si Si(Me),

Using the general procedure |, the quantities used were: tribromohexabutyltruxene (2 B) (504 mg, 5.50-10*
mol), Pd(PPhs)s (165 mg, 1.40-10* mol), 9,9-dibutyl-7-trimethylsilylfluoren-2-ylboronic acid (F1 B) (1.04 g,
2.62:103 mol), Ba(OH),-8H,0 (1.31 g, 4.02-:10 mol), tetrahydrofuran (25 mL), water (2.25 mL). Column
chromatography eluting with petroleum ether:dichloromethane (20:1). The product was obtained as a white
solid (640 mg, 4.24-10" mol, 77%). The product was used without further purification.
Tris(7’-trimethylsilyl-2,2’-bifluoren-7-yl)truxene (butyl) (T2TMS B)
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Using the general procedure |, the quantities used were: tribromohexabutyltruxene (2 B) (343 mg, 3.75-10*
mol), Pd(PPhs)s (113 mg, 9.8-:10 mol), 9,9,9’,9'-tetrabutyl-7’-trimethylsilyl-2,2’-bifluoren-7-ylboronic acid (F;
B) (1.20 g, 1.79:10° mol), Ba(OH),-8H,0 (0.89 g, 2.74-103 mol), tetrahydrofuran (18 mL), water (1.6 mL).
Column chromatography eluting with petroleum ether:toluene (20:1), increasing the polarity gradually until
petroleum ether:toluene (6:1). The product was obtained as a creamy solid (902 mg, 3.53-10 mol, 94%). 'H
NMR (CDCls) & (ppm): 8.55 (3 H, d, J = 8.4 Hz), 7.93-7.76 (21 H, m), 7.78-7.64, (15 H, m), 7.58-7.48 (6 H, m),
3.22-3.03 (6 H, b.s.), 2.39-1.98 (30 H, m), 1.24-1.10 (24 H, m), 1.07-0.93 (16 H, m), 0.90-0.60 (68 H, m), 0.53 (18
H,t,J=7.2 Hz),0.36 (27 H, s). (MALDI/TOF, m/z): [M*] calcd. for CigsH234Si3: 2554.1; found, 2554.2. Anal. calcd.
for Cig6H234Si3: C, 87.47; H, 9.23. Found: C, 85.60; H, 8.54.

Tris(7”’-trimethylsilyl-2,2’:7’,2” -terfluoren-7-yl)truxene (butyl) (T3TMS B)

Using the general procedure |, the quantities used were: tribromohexabutyltruxene (2 B) (279 mg, 3.14-10*
mol), Pd(PPhs3)s (99 mg, 8.50-10° mol), 9,9,9’,9’,9”,9”-hexabutyl-7"-trimethylsilyl-2,2":7’,2" -terfluoren-7-
ylboronic acid (Fs B) (1.42 g, 1.50-:103 mol), Ba(OH),:8H20 (746 mg, 2.29-10 mol), tetrahydrofuran (24 mL),
water (2.25 mL). Column chromatography on silica gel eluting with petroleum ether:dichloromethane (6:1) to
recover the product as a creamy solid (613 mg, 1.81-10* mol, 58%). *H NMR (CDCls) & (ppm): 8.56 (3 H, d, J =
8.4 Hz), 7.94-7.79 (27 H, m), 7.78-7.64, (27 H, m), 7.56-7.50 (6 H, m), 3.05-3.25 (6 H, m), 2.38-1.99 (42 H, m),
1.28-0.95 (48 H, m), 0.90-0.70 (102 H, m), 0.73 (18 H, t, J = 5.6 Hz), 0.35 (27 H, s). (MALDI/TOF, m/z): [M*]
calcd. for C249H306Si3:3383.35; found, 3383.89. Anal. calcd. for Cz49H306Si3: C, 88.4; H, 9.1. Found: C, 87.47; H,
9.11.
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Tris(7"”’-trimethylsilyl-2,2":7°,2"7:7"",2""" -quaterfluoren-7-yl)truxene (butyl) (T4TMS B)

Using the general procedure |, the quantities used were: tribromohexabutyltruxene (2 B) (41.54 mg, 4.54-10°
mol), Pd(PPhs)s (13.64 mg, 1.18:10° mol), 9,9,9’,9°,9”,9”,9"’,9"”-octabutyl-7""’-trimethylsilyl-2,2":7°,2"":7",2""’-
quaterfluoren-7-ylboronic acid (Fs B) (265 mg, 2.17-10* mol), Ba(OH),-8H,0 (108 mg, 3.31:10 mol),
tetrahydrofuran (23 mL), water (0.32 mL). Column chromatography on silica gel eluting with petroleum
ether:dichloromethane gradient elution (from 10:1 to 5:1) to recover the product as a creamy solid (97.3 mg,
2.31-10° mol, 51%). *H NMR (CDCls) & (ppm): 8.59 (3 H, d, J = 8.5 Hz), 8.00-7.64 (72 H, m), 7.60-7.50 (6 H, m),
3.32-3.01 (6 H, m), 2.42-2.02 (54 H, m), 1.33-1.10 (54 H, m), 1.10-0.97 (12 H, m), 0.97-0.52 (144 H, m), 0.34 (27
H, s). 3C NMR (CDCls) 6 (ppm): 154.51, 151.87, 151.74, 150.22, 145.38, 141.46, 140.58, 140.51, 140.38,
140.10, 140.05, 139.71, 139.48, 139.07, 138.29, 131.89, 127.67, 126.16, 126.02, 125.25, 121.51, 121.29,
120.62, 120.06, 119.04, 55.88, 55.38, 55.32, 55.07, 40.40, 40.28, 40.02, 36.97, 29.74, 26.76, 26.20, 26.12,
23.20, 23.16, 23.06, 13.98, 13.93, 13.88, 13.81, 13.75, 13.69, -0.81. (MALDI/TOF, m/z): [M*] calcd. for
Cs12H387Si3: 4212.6; found, 4212.7. Anal. calcd. for C312H3s7Sis: C, 88.96; H, 9.04. Found: C, 63.00; H, 5.90.
Tris(7-trimethylsilylfluoren-2-yl)truxene (octyl) (TLTMS O)

(Me);Si

Using the general procedure |, the quantities used were: tribromohexaoctyltruxene (2 0) (200 mg, 1.6-:10*
mol), Pd(PPhs)s (48 mg, 4.20-10° mol), 9,9-dioctyl-7-trimethylsilylfluoren-2-ylboronic acid (F1 O) (387 mg,
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7.60-10* mol), Ba(OH),-8H20 (380 mg, 1.70-:10* mol), dimethoxyethane (9.80 mL), water (0.77 mL). Column
chromatography eluting with petroleum ether:toluene (20:1), to recover the product as colourless oil (265 mg,
1.17-10* mol, 69%). 'H NMR (CDCls) & (ppm): 8.59 (3 H, d, J = 8.4 Hz), 7.96-7.78 (18 H, m), 7.66-7.54 (6 H, m),
3.28-3.05 (6 H, m), 2.41-2.23 (6 H, m), 2.16 (12 H, t, J = 8 Hz), 1.28-0.95 (120 H, m), 0.95-0.67 (60 H, m), 0.42
(27 H, s). (MALDI/TOF, m/z): [M*] calcd. for C171H2s8Si3: 2396.4; found, 2396.9.
Tris(7’-trimethylsilyl-2,2’-bifluoren-7-yl)truxene (octyl) (T2TMS O)

Using the general procedure |, the quantities used were: tribromohexaoctyltruxene (2 0) (950 mg, 7.60-10*
mol), Pd(PPhs)s (228 mg, 2.00-10 mol), 9,9,9’,9’-tetraoctyl-7’-trimethylsilyl-2,2’-bifluoren-7-ylboronic acid (F2
0) (3.25 g, 3.62-10° mol), Ba(OH),-8H,0 (1.80 g, 5.54-10°3 mol), dimethoxyethane (31.5 mL), water (4.3 mL).
Column chromatography on silica gel eluting with petroleum ether:toluene (20:1), increasing the polarity with
petroleum ether:toluene (10:1). The product was obtained as a creamy solid (1.873 g, 5.25-10* mol, 69%). *H
NMR (CDCl3) & (ppm): 8.59 (3 H, d, J = 8.0 Hz), 7.88-7.66 (36 H, m), 7.65-7.51 (6 H, m), 3.36-3.03 (6 H, m), 2.46-
1.98 (30 H, m), 1.46-0.65 (270 H, m), 0.40 (27 H, s). 13C NMR (CDCls) & (ppm): 153.97, 151.36, 151.30, 151.27,
149.72, 144.74, 140.96, 140.18, 140.10, 139.84, 139.65, 139.59, 139.17, 139.06, 138.50, 137.70, 131.38,
127.19, 125.66, 125.56, 124.78, 124.47, 121.04, 120.78, 120.05, 119.52, 118.54, 76.84, 76.52, 76.20, 55.38,
54.91, 54.64, 40.03, 39.69, 36.66, 31.35, 31.31, 29.61, 29.47, 28.82, 28.77, 28.69, 28.64, 28.61, 23.66, 23.46,
23.35, 22.14, 22.04, 13.59, 13.53, -1.32. (MALDI/TOF, m/z): calcd. for CassH37sSis: 3564.0; found, 3450.5 ([M-
CsH17]*). Anal. calcd. for CassH378Sis: C, 86.95; H, 10.69. Found: C, 85.69; H, 9.18.
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Tris(7’-trimethylsilyl-2,2":7’,2"”’-terfluoren-7-yl)truxene (octyl) (T3TMS O)

Using the general procedure |, the quantities used were: tribromohexaoctyltruxene (2 O) (150 mg, 1.20-10*
mol), Pd(PPhs3)s (36 mg, 3.10-10° mol), 9,9,9’,9°,9”,9”-hexaoctyl-7”-trimethylsilyl-2,2’:7’,2"’-terfluoren-7-
ylboronic acid (Fs 0) (763 mg, 5.70-10“ mol), Ba(OH),-8H,0 (280 mg, 8.60-10* mol), thetrahydrofuran (5.8
mL), water (0.58 mL). Column chromatography on silica gel eluting with petroleum ether:toluene (20:1),
increasing the polarity with petroleum ether:toluene (10:1). The product was obtained as a creamy solid (562
mg, 1.19-:10" mol, 99%). *H NMR (CDCls) & (ppm): 8.55 (3 H, d, J = 8.4 Hz), 7.95-7.78 (27 H, m), 7.78-7.63 (27 H,
m), 7. 59-7.48 (6 H, m), 3.23-3.00 (6 H, m), 2.48-2.00 (42 H, m), 1.25-1.92 (240 H, m), 1.92-0.63 (120 H, m),
0.36 (27 H, s). 13C NMR (CDCls) & (ppm): 151.32, 125.66, 121.01, 119.45, 39.65, 31.33, 31.28, 29.54, 29.44,
28.76, 28.72, 28.66, 28.61, 23.44, 22.10, 22.01, 13.55, 13.51, -1,35. (MALDI/TOF, m/z): [M*] calcd. for
C3asH49sSis: 4729.9; found, 4727.5. Anal. calcd. for C3asHagsSis: C, 87.61; H, 10.61. Found: C, 87.55; H, 11.04.
Tris(7-bromo-2,2’-bifluoren-7’-yl)truxene (octyl) (T2Br O)

Tris(7’-trimethylsilyl-2,2’-bifluoren-7-yl)truxene (octyl) (T2TMS O) (500 mg, 1.40-10* mol) and sodium acetate
(35 mg, 4.20-10* mol) were dissolved in dry tetrahydrofuran (14 mL) under nitrogen and the reaction mixture
was protected from the light and cooled down to 0°C for 30 minutes. Br; (0.05 mL, 9.80-10* mol) was added
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dropwise and the reaction mixture was stirred at 0°C for 30 minutes. It was then quenched with triethylamine
(0.45 mL) followed by the addition of 1M Na;SOs (aq) (18 mL). The reaction mixture was washed with water
and extracted with dichloromethane (5 times). The combined organic fractions were washed with a saturated
solution of NaHCOs (aq), dried over MgS0O. and solvent evaporated to yield a crude oil. It was then dissolved in
the minimum amount of toluene and filtered through a silica plug to remove polar biproducts. After solvent
evaporation the residue was dissolved in the minimum amount of dichloromethane and reprecipitated from
methanol to yield the product as a creamy powder (457 mg, 1.28:10* mol, 91%). *H NMR (CDCls) & (ppm): 8.51
(3 H, d, J = 8.0 Hz), 7.91-7.56 (36 H, m), 7.54-7.44 (6 H, m), 3.19-2.99 (6 H, m), 2.36-1.88 (30 H, m), 1.26-0.63
(270 H, m). 3C NMR (CDCls) & (ppm): 152.90, 151.50, 140.30, 139.60 137.91, 138.20, 126.00, 125.60, 125.30,
121.51, 121.20, 120.92, 120.50, 119.80, 119.50, 99.70, 99.10, 97.40, 88.50, 55.80, 54.80, 39.50, 37.10, 36.40,
31.32, 31.27, 29.56, 29.45, 29.79, 28.79, 28.74, 28.69, 28.58, 22.10, 22.01, 13.56, 13.50. (MALDI/TOF, m/z):
[M*] calcd. for CaagH3s1Brs: 3584.16; found, 3495.12 ([M-Br]*). Anal. calcd. for Ca49H3s1Br3: C, 83.4; H, 9.87; Br,
6.7. Found: C, 82.83; H, 9.50; Br, 6.21.

General procedure J: Synthesis of Tris(oligofluorenyl)truxene (Tn) (T1, T2, T3, T4 (B and 0))
Tris(trimethylsilyloligofluorenyl)truxene (TnTMS) (1 eq) was dissolved in dichloromethane (39 mL per gram)
and CF3COOH (5 eq per position) added. The mixture was stirred at room temperature for 2 h under nitrogen.
Basic work up was carried out with water (2 times), saturated aqueous NaHCO3 solution (2 times) and a final
washing with water. The organic fraction was dried over anhydrous MgS04 and filtered through a silica plug to
remove polar by-products. The colourless oil was dissolved in the minimum amount of dichloromethane and
precipitated from methanol to yield the product as a white solid.

Tris(fluorenyltruxene) (butyl) (T1 B)

Using the general procedure J, the quantities used were: tris(7-trimethylsilylfluoren-2-yl)truxene (butyl)
(TATMS B) (640 mg, 4.24-10* mol), dichloromethane (25 mL), CFsCOOH (0.45 mL, 6.37-10°3 mol). The product
was obtained as a white solid (505 mg, 3.93:10* mmol, 93%). *H NMR (CDCls) § (ppm): 8.50 (3 H, d, J = 8.0 Hz),
7.85-7.65 (18 H, m), 7.41-7.27 (9 H, m), 3.15-2.98 (6 H, m), 2.30-1.95 (18 H, m), 1.20-1.13 (12 H, m), 1.13-0.88
(12 H, m), 0.80-0.40 (60 H, m). 3C NMR (CDCls3) & (ppm): 153.93, 151.02, 150.51, 144.79, 140.37, 139.97,
139.47, 139.12, 138.93, 137.72, 126.31, 125.46, 124.51, 122.45, 120.66, 120.02, 119.45, 119.24, 55.31, 54.66,
39.81, 36.39, 26.19, 25.56, 22.63, 22.47, 13.40, 13.34. (MALDI/TOF, m/z): [M*] calcd for C114H13s 1508.1; found
1508.0. Anal. calcd. for C114H13s: C, 90.78; H, 9.22. Found: C, 90.65; H, 9.26.
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Tris(2,2’-bifluoren-7-yl)truxene (butyl) (T2 B)

Using the general procedure J, the quantities used were: tris(7’-trimethylsil-2,2’-bifluoren-7-yl)truxene (butyl)
(T2TMS B) (882 mg, 3.45-10* mol), dichloromethane (38 mL), CF3COOH (0.37 mL, 5.18 mmol). The product
was obtained as a white solid (725 mg, 3.10-10* mol, 90%). *H NMR (CDCl3) 6 (ppm): 8.56 (3 H, d, J = 8.0 Hz),
7.93-6.65 (36 H, m), 7.58-7.30 (9 H, m), 3.21-3.06 (6 H, m), 2.37-2.00 (30 H, m), 1.30-1.10 (24 H, m), 1.10-0.94
(16 H, m), 0.92-0-60 (68 H, m), 0.55 (18 H, t, J = 7.4 Hz). 13C NMR (CDCls): § 153.97, 151.37, 151.31, 151.01,
150.53, 144.84, 140.32, 140.00, 139.94, 139.89, 139.67, 139.58, 139.49, 139.17, 139.94, 137.75, 126.53,
126.32, 125.60, 125.51, 124.72, 124.56, 122.46, 120.98, 120.91, 120.75, 119.56, 119.51, 119.42, 119.24, 55.34,
54.84, 54.62, 39.86, 39.73, 36.43, 26.22, 25.67, 25.56, 22.67, 22.61, 22.50, 13.47, 13.44, 13.39, 13.33, 13.30, -
1.33. (MALDI/TOF, m/z): [M*] calcd. for C177H210: 2337.56; found, 2337.66. Anal. calcd. for C177H210: C, 90.94; H,
9.06. Found: C, 90.48; H, 8.81.

Tris(2,2":7’,2"”"-terfluoren-7-yl)truxene (butyl) (T3 B)

Using the general procedure J, the quantities used were: tris(7’-trimethyl-2,2":7’,2”-terfluoren-7-yl)truxene
(butyl) (T3TMS B) (571 mg, 1.69-10* mol), dichloromethane (10 mL), CF3COOH (0.18 mL, 2.53-10 mol). The
product was obtained as a white solid (459 mg, 1.45-10* mol, 86%). *H NMR (CDCls) 6 (ppm): 8.56 (3 H, d, J =
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8.0 Hz), 7.95-7.79 (27 H, m), 7.79-7.64 (27 H, m), 7.43-7.30 (9 H, m), 3.30-3.04 (6 H, m), 2.38-1.99 (42 H, m),
1.30-1.09 (36 H, m), 1.09-0.95 (12 H, m), 0.92-0.50 (120 H, m). 13C NMR (CDCl3) & (ppm): 150.52, 144.85,
140.31, 139.98, 139.92, 139.67, 139.62, 139.57, 139.51, 139.18, 138.94, 126.31, 125.63,125.50, 122.45,
120.99, 120.90, 120.76, 119.50, 119.41, 119.24, 55.35, 54.84, 54.79, 54.62, 39.86, 39.73, 26.23, 25.67, 25.55,
22.67, 22.69, 22.51, 13.44, 13.39, 13.33. (MALDI/TOF, m/z): [M*] calcd. for Ca40H2s2: 3166.8; found, 3167.6.
Anal. calcd. for Caa0H2s2: C, 91.02; H, 8.98. Found: C, 90.67; H, 8.02.
Tris(2,2":7’,2"":7”,2"”-quaterfluoren-7-yl)truxene (butyl) (T4 B)

Using the general procedure J, the quantities used were: tris(7’”’-trimethylsilyl-2,2":7’,2":7"",2""’-quaterfluoren-
7-yl)truxene (butyl) (T4TMS B) (76.1 mg, 1.81-10° mol), dichloromethane (5 mL), CF3COOH (0.5 mL, 7.14-103
mol). The product was obtained as a white solid (71.5 mg, 1.79-10° mol, 98%). *H NMR (CDCls) 6 (ppm): 8.56
(3H,d,J=8.0Hz), 7.93-7.79 (33 H, m), 7.79-7.64 (39 H, m), 7.43-7.31 (9 H, m), 3.24-3.06 (6 H, m), 2.40-1.97
(54 H, m), 1.30-1.10 (54 H, m), 1.10-1.07 (12 H, m), 1.02-0.50 (144 H, m). 1*C NMR (CDCls) & (ppm): 151.34,
150.99, 150.00, 140.31, 139.97, 139.56, 137.50, 125.63, 122.45, 120.99, 120.90, 119.51,119.22, 54.84, 54.78,
54.62, 39.72, 25.67, 25.55, 22.67, 22.62, 22.50, 13.43, 13.38, 13.34. (MALDI/TOF, m/z): [M*] calcd. for Cso3H3s4:
3996.5; found, 3996.7. Anal. calcd. for C3p3Hss4: C, 91.07; H, 8.93. Found: C, 90.95; H, 8.76.
Tris(fluoren-2-yl)truxene (octyl) (T1 O)
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Using the general procedure J, the quantities used were: tris(7-trimethylsilylfluoren-2-yl)truxene (octyl)
(TATMS O) (511 mg, 2.35-10* mol), dichloromethane (9.6 mL), CF3COOH (0.33 mL, 3.20-10° mol). The product
was obtained as a colourless oil (431 mg, 1.98:10* mmol, 93%). *H NMR (CDCls) 6 (ppm): 8.52 (3 H, d, J = 8.4
Hz), 7.87-7.73 (18 H, m), 7.43-7.30 (9 H, m), 3.16-3.00 (6 H, m), 2.11-2.15 (6 H, m), 2.15-1.96 (12 H, m), 1.19-
0.59 (180 H, m). 3C NMR (CDCl3) 6 (ppm): 151.20150.80, 150.50, 139.11, 138.90, 138.60, 126.60, 126.30,
125.60, 124.90, 123.60, 122.60, 120.20, 119.50, 119.80, 119.20, 55.50, 54.71, 40.20, 36.80, 31.31, 29.58,
29.40, 28.74, 28.56, 23.60, 23.34, 22.10, 21.99, 13-56, 13.48. (MALDI/TOF, m/z): [M*] calcd. for CiszH23a:
2181.6; found, 2181.7. Anal. calcd. for Cis2H234: C, 89.19; H, 10.81. Found: C, 88.94; H, 10.81.
Tris(2,2’-bifluoren-7-yl)truxene (octyl) (T2 O)

Using the general procedure J, the quantities used were: tris(7’-trimethylsilyl-2,2’-bifluoren-7-yl)truxene
(T2TMS O) (471 mg, 1.32-10* mol), dichloromethane (6 mL), CFsCOOH (0.14 mL, 1.98-10° mol). The product
was obtained as a creamy solid (411 mg, 1.13-10* mol, 93%). *H NMR (CDCls) 6 (ppm): 8.52 (3 H, d, J = 8.0 Hz),
7.90-7.62 (36 H, m), 7.41-7.30 (9 H, m), 3.18-2.98 (6 H, m), 2.35-1.95 (30 H, m), 1.30-0.60 (270 H, m). 13C NMR
(CDCI3) 6 (ppm): 153.98, 151.36, 151.30, 151.27, 149.72, 144.74, 140.96, 140.18, 140.10, 139.84, 139.65,
139.59, 139.17, 139.06, 138.59, 137.70, 131.38, 127.19, 125.66, 125.56, 124.78, 124.47, 121.04, 120.78,
120.05, 119.52, 118.54, 55.38, 54.91, 54.64, 40.03, 39.69, 36.66, 31.35, 31.31, 29.60, 29.47, 28.82, 28.77,
28.69, 28.65, 28.61, 23.66, 23.46, 23.35, 22.14, 22.11, 22.08, 22.04, 13.59, 13.53, -1.32. (MALDI/TOF, m/z)
calcd. for Caa7H334: 3347.5; found, 3324.1 ([M-CsH17]*). Anal. calcd. for Cz47H334: C, 89.34; H, 10.66. Found: C,
88.92; H, 10.96.
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Tris(2,2":7’,2"”"-terfluoren-7-yl)truxene (octyl) (T3 O)

Using the general procedure J, the quantities used were: 2,7,12-tris(9,9,9’,9’,9”,9"’-hexaoctyl-7"-trimethylsilyl-
2,2':7’,2"terfluoren-7-yl)-5,5,10,10,15,15-hexaoctyltruxene  (T3TMS O) (562 mg, 1.20-10° mol),
dichloromethane (20 mL), CF3COOH (0.13 mL, 3.55-10* mol). The product was obtained as a creamy solid (511
mg, 1.11-10° mol, 94%). 'H NMR (CDCl3) & (ppm): 8.58 (3 H, d, J = 7.2 Hz), 8.50-7.60 (54 H, m), 7.47-7.32 (9 H,
m), 3.35-2.95 (6 H, m), 2.48-1.97 (42 H, m), 1.45-0.65 (360 H, m). 13C NMR (CDCls3) § (ppm): 151.31, 150.99,
150.52, 140.31, 140.03, 139.94, 139.61, 137.65, 125.67, 122.45, 121.00, 119.47, 54.90, 54.85, 54.68, 39.90,
31.35, 31.31, 29.56, 28.83, 28.79, 28.74, 28.62, 23.44, 23.34, 22.15, 22.05, 13.60. (MALDI/TOF, m/z): [M*]
calcd. for CsseHaza: 4498.3; found, 4498.7. Anal. calcd. for CssgHa74: C, 89.45; H, 10.55. Found: C, 88.29; H,
11.02.

Tris(2,2":7’,2"":7"”,2"”"-quaterfluoren-7-yl)truxene (octyl) (T4 O)

A mixture of tribromohexaoctyltruxene (2) (301 mg, 2.40-10% mol), Pd(PPhs)s (73 mg, 6.30-10° mol),
9,9,9',9',9”,9”,9"”,9"" -octaoctyl-2,2":7,2”:7"’,2"” -quaterfluoren-7-ylboronic acid (Fs’ O) (1.84 g, 1.15-10° mol)
and Ba(OH),-8H,0 (571 mg, 1.76-10°3 mol) was dissolved in anhydrous thetrahydrofuran (14 mL). The solution
was degassed with N, followed by the addition of water (1.35 mL) and the system was stirred under N; at
70°C for 18 h. The reaction was quenched with an aqueous solution of NH4Cl (100 mL) and extracted with (7 x
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100 mL) of dichloromethane. The combined organic fractions were washed with water (300 mL), dried over
anhydrous MgS0a and the solvent evaporated to yield 2.20 g of brown oil. The crude product was purified by
column chromatography on silica gel eluting with petroleum ether:toluene (10:1) to recover the product as a
creamy solid that was dissolved in the minimum amount of dichloromethane and reprecipitated from
methanol (780 mg, 1.37-10* mol, 57%). *H NMR (CDCl3) & (ppm): 8.53 (3 H, d, J = 6.0 Hz), 7.93-7.54 (72 H, m),
7.40-7.28 (9 H, m), 3.22-2.96 (6 H, b.s.), 2.39-1.90 (54 H, m), 1.28-0.64 (450 H, m). 3C NMR (CDCl3) & (ppm):
152.14, 151.81, 151.34, 141.13, 140.86, 140.82, 140.66, 140.44, 140.36, 139.85, 127.11, 126.48, 126.36,
123.26, 121.83, 120.28, 120.03, 55.18, 55.72, 55.66, 55.50, 40.70, 37.43, 32.15, 32.11, 30.36, 30.26, 29.62,
29.58, 29.53, 29.41, 24.25, 24.26, 22.94, 22.91, 22.84, 14.37, 14.33. (MALDI/TOF, m/z): [M*] calcd. for C4z3Hs04:
5679.2; found, 5679.8. Anal. calcd. for Ca23Hs94: C, 89.46; H, 10.54. Found: C, 88.21; H, 10.79.
Tris(2,2°:7°,2"7:7",2"":7"",2""": 7", 2" ~sexifluoren-7-yl)truxene (octyl) (T6 O)

A mixture of tris(7’-bromo-2,2’-bifluoren-7-yl)truxene (T2Br O) (291 mg, 8.00-:10 mol), Pd(PPhs)s (24 mg,
2.10-10° mol), 9,9,9',9',9”,9”,9’”,9"”-octaoctyl-2,2":7’,2"":7",2""’-quaterfluoren-7-ylboronic acid (Fs’ O) (620
mg, 3.90-:10 mol) and Ba(OH),-8H,0 (193 mg, 5.90-10* mol) was dissolved in anhydrous thetrahydrofuran (15
mL). The solution was degassed with N, followed by the addition of water (1.35 mL) and the system was
stirred under N; at 70°C for 18 h. The reaction was quenched with an aqueous solution of NH4Cl (100 mL) and
extracted with (7 x 100 mL) of dichloromethane. The combined organic fractions were washed with water (300
mL), dried over anhydrous MgSO4 and the solvent evaporated to yield 0.88 g of brown oil. The crude product
was purified by column chromatography on silica gel eluting initially with petroleum ether:toluene (10:1) and
increasing the polarity to petroleum ether:toluene (20:1) to recover the product. It was dissolved in the
minimum amount of dichloromethane and reprecipitated from methanol to obtain a creamy solid. (446 mg,
5.62-10 mol, 69%). *H NMR (CDCls) 6 (ppm): 8.63-8.43 (3 H, b.s.), 8.00-7.56 (108 H, m), 7.40-7.28 (9 H, m),
3.22-2.96 (6 H, m), 2.33-1.96 (72 H, m), 1.28-0.64 (636 H, m). 13C NMR (CDCls) § (ppm): 152.18, 151.84, 151.37,
141.17, 140.88, 140.69, 140.39, 127.13, 126.52, 126.39, 127.13, 126.52, 126.39, 127.13, 126.52, 126.39,
123.30, 121.86, 120.31, 120.06, 74.06, 56.21, 55.76, 55.70, 55.53, 40.74, 32.19, 32.14, 30.40, 30.30, 29.65,
29.62, 29.57, 29.45, 24.28, 24.19, 22.95, 22.88, 14.40, 14.37. (MALDI/TOF, m/z): [M*] calcd. for Cso7Hs3a:
8012.0; found, 8013.8. Anal. calcd. for Csg7Hgsa: C, 89.51; H, 10.49. Found: C, 89.21; H, 10.87.
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