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transistors

Abstract: Herein we describe a gold-catalyzed bidirectional synthesis of N-heteropolycyclic compounds
bearing carbazole moieties — namely n-extended benzodicarbazoles and n-extended indolocarbazoles. Overall,
four previously unknown core structures were synthesized. This approach is convergent, modular and the gold-
catalyzed key step comprises of a cascade reaction starting from stable di-azido compounds. The obtained
molecules were fully characterized and their optical and electronic properties as well as their performance in
organic thin-film transistors generated by vacuum deposition were studied. Charge-carrier mobilities of up to
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Introduction

Since decades small semiconducting molecules bearing
heteroatoms are of special interest for organic elec-
tronics. This rise was started by the first attempts for
the replacement of the benchmark substance
pentacene.!! Acenes themselves show high charge
carrier mobilities, but have some disadvantages like
low solubility and sensitivity towards oxygen. In
addition, higher acenes are intrinsically instable.” One
solution is the replacement of carbon atoms by
heteroatoms in the core structures, which for example
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lowers the HOMO-energy level of the molecule or, in
the case of nitrogen, allows to further manipulate the
chemical behavior.”! Based on this principle, a huge
variety of nitrogen-based small molecules were synthe-
sized, investigated and successfully applied as organic
semiconductors, donor-acceptor molecules and emit-
ters in electronic devices like OFETs (organic field-
effect transistors), OLEDs (organic light-emitting
diodes) or OSCs (organic solar cells)."! Carbazole/
indole substructures are among the large number of
molecular motifs that have been explored so far.
Besides the already existing series of examples,
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continuously publications with new carbazole-based
structures, including new synthetic strategies and deep-
er investigations on their electronic structures, arise."!
For example indolocarbazoles are widely used as p-
type organic semiconductors in transistors.) Other
structurally similar compounds such as benzodicarba-
zoles were successfully applied as emitters in organic
light emitting diodes."”

We previously reported a gold-catalyzed approach
to m-extended indolocarbazoles (Scheme 1, upper part,
BBICZs, benzo[a]benzo[6,7]indolo[2,3-h]
carbazoles).! These organic semiconductors were also
studied with regard to their performance in thin-film
transistors (TFTs), reaching charge transport mobilities
of up to 1cm?Vs for the unsubstituted BBICZ 1
(Scheme 2, upper part). The focus on this study was on
a substituent-dependent structure-effect analysis. We
now present an isomer-structure analysis of further n-
extended and previously unknown structures
(Scheme 2, lower part). Again, a gold-catalyzed
cascade cyclization is the key step of this synthesis, a
powerful tool, which in our opinion is ideal for the
synthesis of molecules for organic electronics.!'” This
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Scheme 1. Previous strategy for BBICZs and our new approach
towards n-extended BBICZs and BDCs (Benzodicarbazoles).
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dibenzo-benzo-dicarbazoles (DBDCZs):

Scheme 2. Overview of the developed structures.
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is underlined by various effective strategies that use
the principle of cascade reactions for the construction
of large molecules and large carbon skeletons.!)

Results and Discussion

One of the key outcomes of our previous study to
BBICZs was the observation that substituents in
general had a negative impact on charge carrier
mobilities — at least for the used vacuum deposition
method. As a next evolution process, we turned our
focus on a different approach, which instead of differ-
ently substituted scaffolds of the same motif now
focused on the synthesis of regioisomeric heterocyclic
scaffolds. Like in the previous study the effect on
material properties of the compounds was analyzed but
this time by comparing the data of isomers all
consisting of the same sum formula. For this purpose,
four new literature unknown unsubstituted carbazole
skeletons were synthesized; the dibenzo-benzo-dicar-
bazoles (DBDCZ) 2a and 2b and the dibenzo-
dibenzo-indolocarbazoles (DDICZ) 3a and 3b. 3a,
which is most closely related to the BBICZs of our
previous study, constituted the “foundation stone” of
our research. 3b is the C-symmetrical isomer of the
C,-symmetrical 3a. In addition, 2a and 2b were
synthesized, both being m-extended variants of the
benzodicarbazoles with nitrogen atoms showing a
larger distance. As already mentioned, all of these
compounds are constitutional isomers.

In contrast to our foregoing synthesis, the carbazole
moiety was not built from an amine cascade cycliza-
tion, but instead from an azide cascade cyclization.
Azide cyclizations like this already served as tool in
homogenous gold catalysis,!"” and our approach is the
bidirectional variant of a reaction reported from Qiu
and Xu et al. in 2018.""*! By using the azide instead of
the formerly used amines as nucleophiles, an inter-
mediate gold carbene!'*! is generated, which can be
regarded as an Umpolung of the prior synthetic
strategy. This paves an unprecedented way to new and
large conjugated m-systems. In the first step of this
known reaction,””*! a nucleophilic attack of the azide
functionality at the gold(I)-activated alkyne moiety,
after extrusion of dinitrogen, in a 5-endo-dig cycliza-
tion generates a gold carbene intermediate, which after
electrophilic attack at the tethered phenyl substituent
and a final deprotonation/reprotonation furnishes the
carbazole moiety.

The azide starting materials were prepared from the
corresponding amines. Starting from 1,4-dibromo-2,5-
diiodobenzene or 1,5-dibromo-2,4-diiodobenzene, 7a
and 7b were accessible by a Sonogashira reaction
followed by a Suzuki cross coupling (Scheme 3). 5
was used as alkyne for the Sonogashira reaction, for
the Suzuki reaction phenylboronic acid was used. The
yields for these bidirectional cross couplings were
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Scheme 3. Synthetic route to the di-azides 8a and 8b. a) 2.1 eq
5, 2 mol% PdCl,(PPh;),, 2 mol% Cul, THF, NEt;; b) 2.5eq
PhB(OH),, 4 eq K,CO;, 1 mol% Pd,(dba);, 4 mol% P(o-tolyl);,
H,0, THF; ¢) 3 eq ‘BuONO, 3 eq TMSN;, MeCN, DCM.
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Scheme 4. Synthetic route to the di-azides 14a and 14b. a)
2.6 eq 11, 4 mol% PdCl,(PPh;),, 4 mol% Cul, THF, NEt;; b) i)
HCl/dioxane; ii) 5 eq ‘BuONO, 5 eq TMSN,, MeCN, DCM,; c)
3 eq ‘BuONO, 3 eq TMSN;, MeCN, DCM.

moderate to very good. The bidirectional azidation of
these compounds, analogous to a procedure of Cooper
et al" delivered excellent yields for both substrates.
Both di-azides 8a and 8b are stable at room temper-
ature, and purification by flash column chromatogra-
phy with silica gel was possible.!"”

For the DDICZs, a different synthetic strategy was
used. Since the azide functionality has to be attached
to the inner core, halogenated amines 9 and 10 were
used as starting materials (Scheme 4). As para-
diamines are just moderately stable, Boc-protected
amines were applied for synthetic reasons. Again, the

first step consisted of a Sonogashira cross coupling
with alkyne 11. In case of 13 b, an azidation analogous
to the previously mentioned examples was possible.
Because of the already mentioned instability of the
para-substituted derivative, for 12 it was not possible
to isolate the primary diamine after removal of the Boc
protecting group with HCI in dioxane (4 M). Instead,
the in situ-formed diamine was directly used for the
azidation. Due to the significant formation of a side
product during this transformation, azide 14a could
not be isolated in satisfactory purity and it was directly
used for the next step (compare Table 1).

For the gold-catalyzed cyclization the azides were
treated with 2.5-3 mol% of JohnPhosAu(MeCN)SbF;
in DCE at 50-80°C (the optimized conditions of Qiu
and Xu et al.,'™ Scheme 5). The reaction times for
complete conversion ranged between 2 h and stirring
over night. Due to the large n-system which is formed
in a single reaction step, the desired products
precipitated during the reaction, which made the
isolation very easy — a simple filtration and washing
with ice cold DCM. For the application as organic
semiconductor, multiple recrystallizations from THF
further increased the purity.

The secondary amine moiety of the carbazole
derivatives enabled a late stage functionalization by
alkylation (Scheme 5). Based on a prior report of
Ivaniuk et al.,”’* who used benzodicarbazoles bearing a
hexyl chain as organic emitter in OLEDs, 2a-b and
3a-b were deprotonated with KOBu in anhydrous
DMSO and then alkylated with 1-bromohexane in
good to excellent yields. Again, the products were
precipitated by the addition of methanol, just filtrated
and washed to obtain the corresponding alkylated
15a-b and 16 a—b. The rather low yield for 16 a can be
explained by the significant smaller scale of the
reaction for this compound in combination with the
applied purification method.

Next, the optical properties of the obtained carba-
zoles 2a-b and 3a-b were analyzed (Figure 1 and
Table 2; for the corresponding alkylated 15a-b and
16a-b see Supporting Information). All emission
spectra have a similar shape showing three local
emission maxima. Benzodicarbazole 2a shows the
most bathocromic shift, whereas the indolocarbazole
3b has the most hypsochromic shift. The extinction

Table 1. Yields of the azidation, the gold-catalyzed cyclization and the final alkylation for all four substances.

Starting material Yield of the azidation

Yield of the gold catalysis

Yield of the alkylation

7a 88% (8a) 76% (2a) 94% (15a)

b 97% (8b) 76% (2b) 91% (15b)

12 Not isolated (14 a) 54%[**1 (3 a) 57% (16 a)

13b 55% (14b) 88% (3b) 78% (16b)

[ Yield over three steps.

110 mol% catalyst was used.
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Scheme 5. Gold-catalyzed cyclization and following alkylation. a) 2.5-3 mol% JohnPhosAu(MeCN)SbF,, DCE, 50-80°C, o/n. b)
4 eq KO'Bu, 20 eq C¢H,;Br, DMSO, 3 h, rt.”) 10 mol% catalyst was used.

coefficients are all in the same range, with absorption
maxima between 387 nm for 3b and 426 nm for 2a.
The calculated HOMO energy levels are in very good
agreement with the results obtained from cyclic
voltammetry (Table 2). This applies for the actual
values as well as for the tendencies between the four
substrates. For the estimated band gaps the values from
the calculations show a deviation of around 0.3 eV
compared to the CV measurements for each com-
pound. Interestingly, the optical band gaps, which are
estimated from the onset of the absorption maxima, are
again around 0.3 eV less than the data from CV. The
measured fluorescence quantum yields are between
28% and 52%.

High-quality X-ray structures of all carbazoles 2 a-
b and 3a-b, as well as the alkylated 15b could be
obtained."™ 2a packs with all-parallel m-systems in
two-dimensional brick wall-like arrangements, sepa-
rated from each other by interleaving layers of hydro-
gen-bound THF solvent (Figure 2, left). However, n-
contacts occur only one-dimensional in declined
stacks. 2b and 3a build one-dimensional declined
columns, as well as alkylated 15b, where the stacks
are built of laterally staggered molecules. In contrast,
3b with two hydrogen-bonded THF molecules, shows
up m-contacts only in isolated molecule pairs (Figure 2,
right).
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Figure 1. Emission (left) and absorption (right) spectra of
carbazoles 2a—b and 3a-b (in THF).

The charge-transport properties of the benzodicar-
bazoles 2a-b and the indolocarbazoles 3a-b were
investigated by characterizing organic TFTs fabricated
in the inverted staggered (bottom-gate, top-contact)
device architecture on heavily doped silicon!"**" and
flexible polyethylene naphthalate (PEN) substrates.”"
The semiconductors were deposited by thermal sub-
limation in vacuum; for more details see the Support-
ing Information. All TFTs show p-channel transistor
behavior with effective charge-carrier mobilities up to
0.3 cm*/Vs (Table 3). One finding is that the molecules
in which the aromatic rings are fused in a predom-
inantly ortho-anellated zigzag-like manner, namely 2a
and 3a, perform substantially better than the com-
pounds with a bent molecular shape, 2b and 3b. This
indicates that the former lend themselves better to tight

Table 2. Overview of the optical and electronic properties. QY = quantum yield, CV =cyclic voltammetry.

Compound )"abs,max Aem Eg,cpt QY Enomo.cv ELUMO,CV Eg,CV EHOMO,cal ELUMO,cal Eg,cal
[nm] [nm] [eV]™ [eV]™ [eV]™ [eV]™ [eV]H [eV]™ [eV]©
2a 426 438 2.81 28% —5.30 —-2.15 3.15 —5.36 —1.88 3.48
2b 415 424 2.88 30% —5.32 —2.23 3.09 —5.44 —1.88 3.56
3a 413 422 2.90 52% —5.08 —1.94 3.14 —5.14 —1.68 3.46
3b 387 412 3.00 37% —5.26 —1.94 3.32 —5.17 —1.60 3.57

2 From the onset of absorption maximum.
) Data obtained from CV measurements in DMSO.

[ Structures were optimized using PBEH-3c/def2-mSVP. Canonical HOMO/LUMO-levels were calculated using B3LYP/6-311 +

G**,
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Figure 2. Left: X-ray structure (upper part) and brick wall-like
packing (lower part) of 2a. Right: X-ray structure of 3b and
packing of 3a in one-dimensional declined columns. The
structures are shown in a probability level of 50% and
hydrogens are omitted for clarity.

solid-state packing than the latter, at least when
deposited in vacuum. With properly optimized solu-
tion-deposition methods, it may also be possible to
achieve good solid-state packing for molecules with a
bent shape. The other finding is that the carrier
mobility in the DDICZ derivative 3 a, which is closely
related to the BBICZ 1, is about an order of magnitude
higher than the mobility in the DBDCZ derivative 2 a.

Conclusion

We present a bidirectional, modular and convergent
synthetic strategy to new m-extended N-heteropolycy-
clic compounds based on benzodicarbazole and indolo-
carbazole substructures using a gold-catalyzed cascade
cyclization as key step. This method enables the access
to yet unexplored carbazole-based molecules with
interest for materials science. Overall, four different
structures were synthesized in good overall yields and
their optical and electronic properties as well as their
solid state structures were studied. Based on our
previous results on BBICZs, we analyzed a potentially
useful structure/isomer-property relationship for the

application in organic devices. Interestingly, the inves-
tigated C,-symmetric compounds in general seem to be
better semiconductors than their C-symmetric counter-
parts, sometimes orders of magnitude, resulting in a
top charge carrier mobility of 0.3 cm?Vs for DDICZ
3a. It was also possible to modify the carbazoles in a
late stage alkylation.

Experimental Section
General Procedure for the Gold Catalysis

1.00 eq of the corresponding azide was dissolved in DCE. 2.5~
3 mol% JohnPhosAuMeCNSbF; were added and the mixture
was stirred at given temperature for the given time until TLC
showed full conversion. The precipitate was filtered, washed
with ice-cold DCM and the residue was dried under vacuum.

Example DBDCZ 2 a

According to the General Procedure, 1.00 eq of the correspond-
ing azide 8a (399 mg, 778 umol) was dissolved in 50 mL DCE.
2.5 mol% JohnPhosAuMeCNSbF (15.0 mg, 19.5 pmol) were
added and the mixture was stirred at 80°C overnight. The
precipitate was filtered, washed with ice-cold DCM and the
residue was dried under vacuum. A yellow solid was obtained
(271 mg, 594 pumol, 76%).

Mp.: >410°C; IR(ATR): ¥fem ']=3447, 3093, 3048, 1608,
1597, 1535, 1488, 1459, 1431, 1399, 1360, 1338, 1304, 1256,
1207, 1191, 1166, 1149, 1117, 1048, 1018, 970, 935, 860, 787,
757, 738, 681, 642, 613; 'H NMR (DMSO-d,, 600.2 MHz):
d[ppm] =7.37-7.39 (m, 2H), 7.47-7.50 (m, 2H), 7.75-7.78 (m,
2H), 7.82 (d, *J,.y=8.0 Hz, 2H), 7.86-7.89 (m, 2H), 8.62 (d,
Jun=8.0 Hz, 2H), 8.87 (d, *J,;y=7.8 Hz, 2H), 9.27 (d, *Jyu=
8.2 Hz, 2H), 10.15 (s, 2H), 12.75 (s, 2H); “C NMR (DMSO-d°,
150.9 MHz): 3[ppm]=111.2 (s, 2C), 111.9 (d, 2C), 117.4 (d,
2C), 120.3 (d, 2C), 121.4 (s, 2C), 121.4 (d, 2C), 123.7 (d, 20),
123.8 (d, 4C), 123.9 (s, 2C), 124.3 (d, 2C), 126.6 (s, 2C), 128.2
(d, 20), 128.5 (s, 2C), 130.2 (s, 2C), 134.6 (s, 2C), 138.6 (s,
2C), HRMS (ESI+): CyHyN,*, calculated: 456.1621 [M+],
observed: 456.1622 [M+]; UV/VIS (DCM, 4.40 pg/mL):
Alnm] (log €)=281 (4.79), 327 (4.74), 342 (4.85), 377 (4.49),
395 (4.57), 425 (3.58); Fluorescence (THF): A, =425 nm,
Amax =438 nm, 467 nm, 497 nm; Quantum yield: ®=28.4%.

Table 3. Summary of the effective charge-carrier mobilities measured in organic TFTs based on vacuum-deposited films of 2 a—b

and 3 a—b fabricated on three types of substrate.

Compound uhSi-substratc [szNS][a] l-’thSi-substratc [Cm2/VS][b] “’hPEN-substratC [sz/vs][b]

2a 0.02 0.02 0.004

2b 1x107* 1x107* 2x107°

3a 0.1 0.3 0.2

3b 3x107° 5%107° No field effect

@ Thick gate dielectric.

I Thin gate dielectric.
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1. General Information

All employed chemicals were bought from commercial suppliers (ABCR, TCI, Carbolution, Acros, Alfa
Aesar, Chempur, Merck and Sigma Aldrich). Dry solvents were used from the solvent purification
system MB SPS 800. Solvents for Sonogashira cross couplings, namely THF and NEts;, were degassed
using freeze pump techniques. Water and toluene for the Suzuki cross couplings were freshly
degassed by bubbling nitrogen through a canula. Deuterated solvents were purchased from Euriso
Top or Sigma Aldrich. Melting points were measured in open glass capillaries on a Stuart SMP10
melting point apparatus and have not been corrected. Rr-values were determined using aluminium
sheets coated with silica gel produced by Merck (TLC Silica gel 60 F254). Visualization of substances
proceeded either by employing a coloring reagent (vanillin, ninhydrin) or by exposing the TLC-plate
to ultraviolet light (254 and 366 nm). Infrared spectra were recorded on a FT IR spectrometer (Bruker
LUMOS) with a Germanium ATR-crystal. For the most significant bands the wave number (cm™) is
given. NMR spectra were, if not mentioned otherwise, recorded at room temperature at the
chemistry department of Heidelberg University under the direction of Dr. J. Graf on the following
spectrometers: Bruker Avance Ill 300 (300 MHz), Bruker Avance DRX 300 (300 MHz), Bruker Avance
[1l 400 (400 MHz), Bruker Avance IlIl 500 (500 MHz) and Bruker Avance Il 600 (600 MHz). Chemical
shifts are given in ppm and coupling constants in Hz. 'H and 3C NMR spectra were calibrated in
relation to deuterated solvents according to Fulmer et al.lY The following abbreviations were used to
describe the observed multiplicities: for *H NMR spectra: s = singlet, bs = broad singlet, d = doublet,
t = triplet, g = quartet, quint = quintet, m = multiplet, dd = doublet of a doublet, dt = doublet of
triplet; for 3C NMR spectra: s = quaternary carbon, d = CH carbon, t = CH, carbon and q = CHs carbon.
13C NMR spectra are proton decoupled (as well as 3P NMR spectra) and interpreted with help of
DEPT and 2D spectra. All spectra were integrated and processed using the TopSpin 3.5 software.
Mass spectra and high-resolution mass spectra (HRMS) were recorded at the chemical department of
Heidelberg University under the direction of Dr. J. Gross. El spectra were measured on a JEOL JMS
700 spectrometer, ESI spectra on a Bruker ApexQe hybrid 9.4 T FT-ICR (also for MALDI spectra) or a
Finnigan LCQ spectrometer. GC/MS spectra were measured on an Agilent 7890A gas chromatograph,
coupled with an Agilent 5975C mass selective detector. An OPTIMA 5 cross-linked methyl silicone
capillary column (30 Mesh, 0.25 mm, 0.25 um) was employed. Nitrogen served as carrier gas. UV/Vis
spectra were recorded on a Jasco UV-VIS V-670. Fluorescence spectra were recorded on a Jasco
FT6500. X-Ray structures were measured on a Stoe Stadivari or Bruker Smart APEX Il instrument. All
data were processed using the Mercury 3.8 software. CV-spectra were measured on a VERSASTAT3-
200 potentiostat using a glassy carbon working electrode, a silver reference electrode and a
platinum/titanium counter electrode. Measurements were carried out in a 0.1 M tetrabutyl-
ammonium hexafluorophosphate solution in anhydrous and degassed DMSO with a scan rate of
0.5 s, Ferrocene/ferrocenium was used as internal standard. For flash column chromatography silica
gel of Sigma-Aldrich (silica gel, pore size 60 A, 230-400 mesh particle size, particle size 40-63 pm) was
used as stationary phase. As eluents different mixtures of petroleum ether (PE) and ethyl acetate
(EA) or DCM were used.

If not mentioned differently, all reactions were carried out at normal laboratory conditions.

CAUTION: Please note, that azides are potentially explosive and — although we didn’t observe any
indications of explosive nature — all relevant precautions should be taken.



2. General Procedures

GP1: Sonogashira cross coupling

A Schlenk flask was evacuated and backfilled with nitrogen for three times. 1.00 eq of the aryl halide
was dissolved in a degassed 1:1 solution of THF and NEt; and 0.5-2 mol% (2-4 mol% for bidirectional
Sonogashira) of PdCl,(PPhs), were added. After stirring for 10 min at room temperature, 1.10-1.50 eq
(2.10-2.60 eq) of the corresponding alkyne and 0.5-2 mol% (2-4 mol%) copper(l)-iodide were added.
The mixture was stirred at the given temperature for the given time until full conversion. The
progress of the reaction was controlled by GC/MS and/or TLC. After the reaction was finished,
solvents were removed under reduced pressure and the residue was adsorbed onto Celite®. The
crude product was purified using flash column chromatography (silica gel).

GP2: Azidation

According to a slightly modified procedure from Mamidyala and Cooperd, 1.00eq of the
corresponding amine was dissolved in anhydrous acetonitrile and anhydrous DCM in a flame dried
Schlenk flask. The solution was cooled to 0 °C and successively 3.00 eq tert-butyl nitrite and 3.00 eq
trimethylsilyl azide were added dropwise. After stirring for 30 minutes at 0 °C the reaction mixture
was stirred at room temperature for give time until TLC showed full conversion. The reaction mixture
was concentrated under reduced pressure and adsorbed onto Celite’. The crude product was purified
by flash column chromatography (silica gel).

GP3: Gold catalysis

1.00 eq of the corresponding azide was dissolved in DCE. 2.5-3 mol% JohnPhosAuMeCNSbFs were
added and the mixture was stirred at given temperature for the given time until TLC showed full
conversion. The precipitate was filtered, washed with ice-cold DCM and the residue was dried under
vacuum.

GP4: General procedure for alkylation of DBDCZs 2a-b and DDICZs 3a-b

In a baked-out Schlenk flask, 1.00 eq of the corresponding carbazole was dissolved in anhydrous
DMSO under nitrogen atmosphere. After adding 4.00 eq KO'Bu the solution was stirred for 20 min.
Then 20.0 eq 1-bromohexane were added and the mixture was stirred at room temperature for the
given time until TLC showed full conversion. The mixture was poured into a beaker of methanol. The
precipitate was filtered off and washed successively with water and methanol. The residue was dried
under vacuum.



3. Experimental Section

2-((Trimethylsilyl)ethynyl)aniline

NH,

X
TMS
According to GP1, 1.10eq trimethylsilylacetylene (7.40g, 10.4mL, 75.3 mmol) and 0.5 mol%
copper(l) iodide (65.2 mg, 342 umol) were added to a solution of 1.00 eq 2-iodoaniline (15.0 g,
68.5 mmol) and 0.5 mol% PdCl,(PPhs), (240 mg, 342 umol) in 100 mL solvent. The solution was
stirred for 3 h at room temperature and treated according to GP1 (silica gel, PE:EA = 100:1). A red
liquid was obtained (12.2 g, 64.4 mmol, 94%).

Rs: 0.33 (silica gel, PE:EA =20:1); *H NMR (CDCl3, 300.5 MHz): §[ppm] = 0.26 (s, 9H), 4.22 (bs, 2H),
6.63-6.69 (M, 2H), 7.08-7.14 (m, 1H), 7.29 (dd, 3ux = 7.6 Hz, “Jun = 1.4 Hz, 1H).

This spectroscopic data confirms to previously reported data.l®!

2-Ethynylaniline, 5

NH,

AS

In a 100 mL one necked flask, 1.50 eq potassium carbonate (4.36 g, 31.6 mmol) were added to a
solution of 1.00 eq 2-((trimethylsilyl)-ethinyl)-aniline (3.77 g, 19.9 mmol) in 60 mL of methanol. The
reaction was stirred for 2 h at room temperature. Then the mixture was concentrated under reduced
pressure, quenched with water and extracted with DCM. After drying over magnesium sulphate and
evaporation of the solvents, the crude product was adsorbed onto Celite® and purified by flash
column chromatography (silica gel, PE to PE:EA = 20:1). A light yellow oil was obtained (2.33 g,
19.9 mmol, 90%).

Ry 0.47 (silica gel, PE:EA = 5:1); 'H NMR (CDCls, 300.5 MHz): & [ppm] = 3.38 (s, 1H), 4.24 (bs, 2H),
6.65-6.71 (m, 2H), 7.15 (dt, 3y = 7.4 Hz, “Js = 1.5 Hz, 1H), 7.31 (dd, s = 7.5 Hz, Yy = 1.1 Hz, 1H).

This spectroscopic data confirms to previously reported data.l®!




1,4-Dibromo-2,5-diiodobenzene, 4a

Ij@Br
Br I
In a 250 mL single necked flask, 4.00 eq iodine (64.6 g, 254 mmol) were added portion wise to a
solution of 1.00 eq 1,4-dibromobenzene (15.0 g, 63.6 mmol) in 150 mL of concentrated sulphuric
acid. After refluxing for two days, the mixture was poured in a beaker of ice water and extracted with

DCM. The crude product was recrystalized from DCM and methanol. The precipitate was filtrated and
washed with ice-cold methanol. A colorless solid was obtained (22.6 g, 46.3 mmol, 73%).

Ry: 0.79 (silica gel, PE:EA = 20:1); *H NMR (CDCls, 300.5 MHz): §[ppm] = 8.05 (s, 2H).

This spectroscopic data confirms to previously reported data.!!

1,5-Dibromo-2,4-diiodobenzene, 4b
1L

Br Br

In a 100 mL single necked flask, 0.50 eq periodic acid (4.85 g, 21.2 mmol) were added to 50 mL of
concentrated sulphuric acid. The reaction mixture was cooled down to 0°C and 1.00eq 1,3-
dibromobenzene (10.0g, 42.4 mmol) were dissolved. Then 1.50eq potassium iodide (10.7 g,
63.6 mmol) were added carefully in portions. Another 20 mL of concentrated sulphuric acid were
added subsequently, since the solution started to solidify. After 30 min the solution was quenched

with ice and filtrated. The crude product was recrystallized from toluene. The product was filtrated
and washed with ice-cold hexane. A light pink powder was obtained (6.12 g, 12.5 mmol, 30%).

Ry: 0.82 (silica gel, PE:EA = 5:1); *H NMR (CDCls, 300.5 MHz): §[ppm] = 7.83 (s, 1H), 8.28 (s, 1H).

This spectroscopic data confirms to previously reported data.l®!

4,6-Diiodobenzene-1,3-diamine, 10

H2NJ©[NH2

| |

According to a slightly modified procedure of Zupan et al.l®l, 1.00 eq m-phenylendiamine (2.00 g,
18.5 mmol) and 2.00 eq potassium iodide (6.14 g, 37.0 mmol) were added to a mixture of 1.50 eq of
concentrated sulphuric acid (2.72 g, 1.49 mL, 27.7 mmol) and 100 mL methanol. The solution was
cooled down to 0 °C. 4.00 eq H,0: (35 wt%, 7.19 g, 6.33 mL, 74.0 mmol) were added over the course
of 1 h under continuous cooling. After that, the reaction mixture was stirred further for 1.5 h at the
same temperature. The reaction mixture was neutralized with 2 M NaOH, extracted with DCM and

dried over sodium sulphate. The solution was concentrated under vacuum and the product
precipitated at -20 °C to obtain a colorless solid (1.72 g, 4.78 mmol, 26%).



Rs: 0.30 (silica gel, PE:EA = 1:1); 'H NMR (DMSO-ds, 300.5 MHz): §[ppm] = 5.03 (bs, 4H), 6.23 (s, 1H),
7.52 (s, 1H).

This spectroscopic data confirms to previously reported data.l!

([1,1'-Biphenyl]-2-ylethynyl)trimethylsilane

According to GP1, 1.50 eq trimethylsilylacetylene (2.42 g, 3.41 mL, 42.6 mmol) and 2 mol% copper(l)
iodide (62.6 mg, 328 umol) were added to a solution of 1.00 eq 2-iodo-1,1'-biphenyl (4.60 g,
16.4 mmol) and 2 mol% PdCl,(PPhs); (231 mg, 328 pmol) in 70 mL solvent. The solution was stirred
overnight at room temperature and treated according to GP1 (silica gel, PE to PE:EA = 10:1). A yellow
liquid was obtained (4.04 g, 16.1 mmol, 98%).

Rs: 0.60 (silica gel, PE:EA = 10:1); *H NMR (CDCls, 300.5 MHz): §[ppm] = 0.13 (s, 9H), 7.26-7.35 (m,
1H), 7.35-7.44 (m, 5H), 7.57-7.63 (m, 3H).

This spectroscopic data confirms to previously reported data.[”]

2-Ethynyl-1,1'-biphenyl, 11
=

In a 100 mL one necked flask, 2.00 eq potassium carbonate (4.42 g, 32.0 mmol) were added to a
solution of 1.00eq ([1,1'-biphenyl]-2-ylethynyl)trimethylsilane (4.00g, 16.0 mmol) in 75 mL of
methanol. The reaction was stirred for 3 h at room temperature. Then the mixture was concentrated
under reduced pressure, quenched with water and extracted with DCM. After drying with sodium
sulphate and evaporation of the solvents, the crude product was adsorbed onto Celite® and purified

by flash column chromatography (silica gel, PE to PE:EA = 10:1). A colorless oil was obtained (2.70 g,
15.2 mmol, 95%).

Rs: 0.55 (silica gel, PE:EA = 10:1); *H NMR (CDCls, 300.5 MHz): §[ppm] = 3.04 (s, 1H), 7.34-7.40 (m,
1H), 7.40-7.44 (m, 5H), 7.58-7.61 (m, 3H).

This spectroscopic data confirms to previously reported data.!®!




Di-tert-butyl (2,5-dibromo-1,4-phenylene)dicarbamate, 9

_Boc
HN

Br

Br

Boc/NH

Compound 9 was synthesized in a three step synthesis from p-phenylenediamine according to a
previously reported procedure.[g]

Ry 0.69 (silica gel, PE:EA = 5:1); 'H NMR (CDCls, 300.5 MHz): 8[ppm] = 1.53 (s, 18H), 6.87 (s, 2H), 8.38
(s, 2H).

This spectroscopic data confirms to previously reported data.!!

2,2'-((2,5-Dibromo-1,4-phenylene)bis(ethyne-2,1-diyl))dianiline, 6a

NH,

HoN

According to GP1, 2.10 eq 2-ethynylaniline (1.26 g, 10.8 mmol) and later 2 mol% copper(l) iodide
(19.5 mg, 103 umol) were added to a mixture of 1.00 eq 1,4-dibromo-2,5-diiodobenzene (2.50 g,
5.13 mmol) and 2 mol% PdCl;(PPhs); (80.0 mg, 103 umol) in 70 mL solvent. The solution was stirred
overnight at room temperature and treated according to GP1 (silica gel, PE:EA =2:1 to 1:2+DCM).
The residue was precipitated from EE and PE. An orange-yellow solid was obtained (1.02 g,
2.19 mmol, 43%).

Mp.: 230 °C (decomposition); Rs: 0.55 (silica gel, PE:EA = 2:1); IR(ATR): ¥[cm™] = 3405, 3302, 3192,
3082, 2208, 2189, 1784, 1734, 1624, 1598, 1567, 1498, 1469, 1449, 1363, 1312, 1271, 1252, 1155,
1057, 934, 898, 854, 800, 747; *H NMR (CDCls, 400.3 MHz): 8[ppm] = 4.47 (bs, 4H), 6.71-6.75 (m, 4H),
7.16-7.21 (m, 2H), 7.37-7.39 (m, 2H), 7.79 (s, 2H); 3C NMR (CDCls, 100.7 MHz): 8[ppm] = 92.4 (s, 2C),
94.2 (s, 2C), 106.8 (s, 2C), 114.6 (d, 2C), 118.1 (d, 2C); 123.3 (s, 2C), 126.4 (s, 2C), 130.9 (d, 2C), 132.4
(d, 2C), 135.7 (d, 2C), 148.8 (s, 2C); HRMS (DART+): C22H1sN2”°Br8Br*, calculated: 466.9571 [M*+H],
observed: 466.9574 [M*+H].




2,2'-((4,6-Dibromo-1,3-phenylene)bis(ethyne-2,1-diyl))dianiline, 6b

NH» HoN

According to GP1, 2.10 eq 2-ethynylaniline (504 mg, 4.31 mmol) and later 2 mol% copper(l) iodide
(7.81 mg, 41.0 mmol) were added to a mixture of 1.00 eq 1,5-dibromo-2,4-diiodobenzene (1.00 g,
2.05 mmol) and 2 mol% PdCl;(PPhs), (28.8 mg, 41.0 mmol) in 30 mL solvent. The solution was stirred
over three days at 60°C and treated according to GP1 (silica gel, PE:EA = 10:1 to DCM). The product
was recrystalized in EA and filtered. A yellow to beige solid was obtained (526 mg, 1.13 mmol, 55%).

Mp.: 185-187 °C; Ry: 0.24 (silica gel, PE: EA = 5:1); IR(ATR): ¥[cm™] = 3406, 3304, 3188, 3058, 2913,
2200, 1914, 1886, 1743, 1614, 1572, 1520, 1490, 1454, 1371, 1318, 1308, 1253, 1155, 1132, 1053,
963, 935, 897, 863, 851, 752, 731, 666, 606; 'H NMR (CDCls, 600.2 MHz): & [ppm] = 4.45 (bs, 4H),
6.71-6.74 (m, 4H), 7.17-7.20 (m, 2H), 7.38 (dd, 3/uu = 8.3, 1.6 Hz, 2H), 7.74 (s, 1H), 7.90 (s, 1H); B*C
NMR (150.9 MHz, CDCl3) & = 92.1 (s, 2C), 92.8 (s, 2C), 106.9 (s, 2C), 114.6 (d, 2C), 118.1 (d, 2C), 124.4
(s, 2C), 125.3 (s, 2C), 130.8 (d, 2C), 132.4 (d, 2C), 135.7 (d, 1C), 136.0 (s, 2C), 148.7 (d, 1C); HRMS
(DART+): C22H1sN,Br’°Bré!*, calculated: 466.9576 [M*+H], observed: 466.9582 [M*+H].

2,2'-([1,1":4',1"-Terphenyl]-2',5'-diylbis(ethyne-2,1-diyl))dianiline, 7a

NH,

H,N

Under nitrogen atmosphere, 1.00 eq 2,2'-((2,5-dibromo-1,4-phenylene)bis(ethyne-2,1-diyl))dianiline
(1.00 g, 2.15 mmol), 2.50 eq phenylboronic acid (654 mg, 5.36 mmol), 4.00 eq potassium carbonate
(2.83 g, 20.5 mmol), 1 mol% Pd,(dba); (46.9 mg, 51.3 umol) and 4 mol% P(o-tolyl); (31.2 mg,
205 umol) were successively added to 20 mL of a freshly degassed 4:1 mixture of toluene and water.
Additional 10 mL anhydrous, degassed THF were added for solubility reasons. The reaction mixture
was stirred at 90 °C overnight. The completion was determined via TLC. The reaction mixture was
allowed to cool down to room temperature, diluted with water, extracted with DCM and dried over
magnesium sulphate The crude product was concentrated under reduced pressure and purified via
recrystallization in ethanol which furnished a brown solid (600 mg, 1.30 mmol, 61%).

Mp.: 217 °C (decomposition); Rs: 0.51 (silica gel, PE:EA 2:1); IR(ATR): #[cm™] = 3465, 3373, 3031,
2972, 2195, 1614, 1563, 1510, 1494, 1475, 1449, 1393, 1312, 1254, 1159, 1076, 1050, 1028, 967,
937, 899, 766, 749, 704; *H NMR (CDCl;, 400.3 MHz): §[ppm] = 3.82 (bs, 4H), 6.58-6.60 (m, 2H), 6.64
(dt, 3 = 7.6 Hz, Yy = 1.0 Hz, 2H), 7.05-7.10 (m, 2H), 7.21 (dd, 3un = 7.7 Hz, Yun = 1.4 Hz, 2H), 7.40-



7.44 (m, 2H), 7.46-7.51 (m, 4H), 7.67 (s, 2H), 7.68-7.70 (m, 4H); 3C NMR (CDCls, 100.7 MHz): 8[ppm]
=91.1 (s, 2C), 94.4 (s, 2C), 107.8 (s, 2C), 114.3 (s, 2C), 117.9 (s, 2C), 122.0 (s, 2C), 128.0 (d, 4C), 128.5
(d, 4C), 129.3 (d, 2C); 130.0 (d, 2C), 132.2 (d, 2C), 133.4 (s, 2C), 140.3 (s, 2C), 142.4 (s, 2C), 148.2 (s,
2C); HRMS (ESI+): C3sH24N>Na*, calculated: 483.1832 [M*+Na], observed 483.1842 [M*+Na]; UV/VIS
(DCM, 4.60 pg/mL): A[nm] (log €) = 250 (4.50), 281 (4.51) 313 (4.24) 382 (4.53); Fluorescence (DCM):
Aex = 380 NM, Amax = 444 nm; Quantum yield: ® = 79.8%.

2,2'-([1,1':3',1"-Terphenyl]-4',6'-diylbis(ethyne-2,1-diyl))dianiline, 7b

NH, HoN

Under nitrogen atmosphere, 1.00 eq 2,2'-((4,6-dibromo-1,3-phenylene)bis(ethyne-2,1-diyl))dianiline
(483 mg, 1.04 mmol), 2.50 eq phenylboronic acid (316 mg, 2.59 mmol), 4.00 eq potassium carbonate
(573 mg, 4.14 mmol), 1 mol% Pd,(dba); (9.49 mg, 10.4 umol) and 4 mol% P(o-tolyl)s (12.6 mg,
41.4 umol) were successively added to 11 mL of a freshly degassed 10:1 mixture of THF and water.
The reaction mixture was stirred at 70 °C overnight. The completion was determined via TLC. The
reaction mixture was allowed to cool down to room temperature, diluted with water, extracted with
DCM and dried over magnesium sulphate. The crude product was concentrated under reduced
pressure and purified via flash column chromatography (silica gel, PE:EA = 10:1). A yellowish solid
was obtained (424 mg, 921 umol, 89%).

Mp.: 87 °C; Rs: 0.21 (silica gel, PE:EA = 5:1); IR(ATR): #[cm™] = 3473, 3376, 3056, 3028, 2199, 1738,
1612, 1571, 1508, 1490, 1475, 1455, 1442, 1386, 1314, 1253, 1157, 1075, 1029, 1010, 900, 850, 784,
767, 744, 698; *H NMR (CDCls, 400.3 MHz): §[ppm] = 3.87 (bs, 4H), 6.61 (d, 34 = 8.1 Hz, 2H), ), 6.67
(dt, 3 = 7.6 Hz, Yy = 0.9 Hz, 2H), 7.07-7.11 (m, 2H), 7.26 (dd, 3un = 7.7 Hz, Yun = 1.4 Hz, 2H), 7.38-
7.48 m, 7H), 7.67-7.70 (m, 4H), 7.93 (s, 1H); 3C NMR (CDCl3, 100.7 MHz): 6§[ppm] = 90.1 (s, 2C), 93.7
(s, 2C), 107.8 (s, 2C), 114.3 (d, 2C), 117.9 (d, 2C), 121.4 (s, 2C), 128.0 (d, 2C), 128.5 (d, 4C), 129.2 (d,
4C), 130.0 (d, 2C), 130.7 (d, 1C), 132.2 (d, 2C), 136.5 (d, 1C), 140.5 (s, 2C), 143.1 (s, 2C), 148.2 (s, 2C);
HRMS (ESI+): Cs4HasNy*, calculated: 461.2012 [M*+H], observed: 461.2018 [M*+H]; UV/VIS (DCM,
3.52 pg/mL): A[nm] (log €) = 254 (4.56), 285 (4.68), 350 (4.56); Fluorescence (DCM): Aex = 350 M, Amax
=444 nm; Quantum yield: ® =91.9%.




Di-tert-butyl (2,5-bis([1,1'-biphenyl]-2-ylethynyl)-1,4-phenylene)dicarbamate, 12

According to GP1, 2.60 eq 2-ethynyl-1,1'-biphenyl (994 mg, 5.58 mmol) and 4 mol% copper(l) iodide
(16.3 mg, 85.8 umol) were added to a solution of 1.00eq di-tert-butyl(2,5-dibromo-1,4-
phenylene)dicarbamate (1.00 g, 2.15 mmol) and 4 mol% PdCl,(PPhs), (60.2 mg, 85.8 umol) in 80 mL
solvent. After stirring for 10 minutes, the reaction mixture turned black. The solution was stirred for
72 h at 60 °C and treated according to GP1 (silica gel, PE:EA = 10:1 to EE to DCM). The residue was
precipitated from EE and PE). A colorless solid was obtained (1.06 g, 1.60 mmol, 75%).

Mp.: 203-205 °C; Ry: 0.43 (silica gel, PE:EA = 10:1); IR (ATR): ¥ [cm™] = 3406, 3336, 3058, 2966, 1708,
1532, 1500, 1487, 1435, 1415, 1390, 1366, 1285, 1241, 1153, 1053, 1028, 894, 860, 772, 750, 731,
700; H NMR (CDCls, 500.2 MHz): 8[ppm] = 1.51 (s, 18H), 6.79 (s, 2H), 7.36-7.39 (m, 4H), 7.43-7.48
(m, 8H), 7.60-7.66 (m, 6H), 8.12 (s, 2H); 3C NMR (CDCls, 125.8 MHz): 8[ppm] = 28.5 (d, 2C), 80.8 (s,
2C), 87.6 (s, 2C), 97.0 (s, 2C), 112.7 (s, 2C), 120.9 (s, 2C), 121.0 (d, 2C), 127.3 (d, 2C), 127.9 (s, 2C),
128.4 (d, 4C), 129.2 (d, 4C), 129.3 (d, 2C), 129.7 (d, 2C), 133.2 (d, 2C), 134.0 (s, 2C), 140.4 (s, 2C),
144.0 (s, 2C), 152. 6 (s, 2C); HRMS (ESI+): CasH40N2NaO4*, calculated: 683.2880 [M*+Na], observed:
683.2885 [M*+Na]; UV/VIS (DCM, 6.60 pg/mL): A[nm] (loge) = 264 (4.62), 324 (4.46), 371 (4.33);
Fluorescence (DCM): Aanr = 320 NM, Amax = 260 nm, 324 nm, 370 nm; Quantum yield: ® = 69.1%.

2,5-Bis([1,1'-biphenyl]-2-ylethynyl)benzene-1,4-diamine, 13a

1.00 eq of di-tert-butyl(2,5-bis([1,1'-biphenyl]-2-ylethynyl)-1,4-phenylene)dicarbamate (500 mg,
757 umol) was dissolved and treated with 28.4 mL HCl in dioxane (4M, 150 eq). After stirring for 1 h
at room temperature, the formed colorless precipitate was filtered, washed with diethylether and
again dissolved in DCM and water. The mixture was neutralized with saturated sodium hydrogen
carbonate solution and the organic phase dried with sodium sulphate. After evaporation of the
solvents, the crude was directly used for the next step without further purification.



4,6-Bis([1,1'-biphenyl]-2-ylethynyl)benzene-1,3-diamine, 13b

According to GP1, 2.60 eq 2-ethynyl-1,1'-biphenyl (1.29 g, 75.3 mmol) and 4 mol% copper(l) iodide
(21.2 mg, 111 umol) were added to a solution of 1.00 eq 4,6-diiodobenzene-1,3-diamine (1.00 g,
2.78 mmol) and 4 mol% PdCly(PPhs), (78.0 mg, 111 umol) in 40 mL solvent. The solution was stirred
overnight at room temperature and treated according to GP1 (silica gel, PE:EA = 1:1 to EE to DCM).
The residue was precipitated from EE and PE. A yellow, brownish powder was obtained (1.25 g,
2.71 mmol, 98%).

Ry: 0.68 (silica gel, PE:EA = 1:1); Mp.: 131 °C; IR (ATR): ¥ [cm™] = 3464, 3365, 3196, 3058, 2185, 1953,
1890, 1812, 1622, 1542, 1508, 1476, 1444, 1354, 1331, 1263, 1157, 1076, 1045, 1007, 948, 905, 836,
773, 749, 734, 699, 625; *H NMR (CDCls, 300.5 MHz): §[ppm] = 3.78 (bs, 4H), 5.75 (s, 1H), 7.17 (s, 1H),
7.32-7.46 (m, 12H), 7.56-7.67 (m, 6H); 3C NMR (CDCls, 125.8 MHz): 8[ppm] = 89.3 (s, 2C), 92.8 (s,
2C), 97.9 (d, 1C), 98.8 (s, 2C), 122.6 (s, 2C), 127.3 (d, 2C), 127.5 (d, 2C), 127.7 (d, 2C), 128.3 (d, 4C),
129.3 (d, 4C), 129.5 (d, 2C), 132.1 (d, 2C), 136.0 (d, 1C), 141.5 (s, 2C), 143.1 (s, 2C), 149.6 (s, 2C);
HRMS (ESI+): C34H24N,*, calculated: 460.1934 [M?], observed: 460.1937 [M*].

2',5'-Bis((2-azidophenyl)ethynyl)-1,1':4',1"-terphenyl, 8a

According to GP2, 1.00 eq 2,2'-([1,1":4',1"-terphenyl]-2',5'-diylbis(ethyne-2,1-diyl))dianiline (500 mg,
1.09 mmol) was dissolved in 15 mL anhydrous MeCN and 20 mL anhydrous DCM in a baked-out
Schlenk flask. The solution was cooled down to 0 °C and successively 3.00 eq tert-butyl nitrite (90%,
373 mg, 430 L, 3.26 mmol) and 3.00 eq trimethylsilyl azide (375 mg, 432 uL, 3.26 mmol) were added
dropwise. After stirring for 30 minutes at 0 °C the reaction mixture was stirred 30 minutes at room
temperature and treated according to GP2 (silica gel, PE:EA = 20:1 to 1:1+DCM) to give a dark red
solid (487 mg, 950 umol, 88%).

Mp.: 185 °C (decomposition); Ry: 0.47 (silica gel, PE:EA = 10:1); IR(ATR): ¥#[cm™] = 2128, 2096, 1568,
1509, 1491, 1439, 1387, 1303, 1265, 1161, 1091, 1021, 941, 911, 863, 766, 752, 702, 666, 631; H
NMR (CDCls, 400.3 MHz): 6[ppm] = 7.03-7.10 (m, 4H), 7.27-7.33 (m, 4H), 7.40-7.44 (m, 2H), 7.47-7.51
(m, 4H), 7.75-7.77 (m, 6H); 3C NMR (CDCls, 100.7 MHz): 8§[ppm] = 89.7 (s, 2C), 94.9 (s, 2C), 115.6 (s,



2C), 118.9 (d, 2C), 21.9 (s, 2C), 124.7 (d, 2C), 127.9 (d, 2C), 128.2 (d, 4C), 129.6 (d, 4C), 129.7 (d, 2C),
133.6 (d, 2C), 134.1 (d, 2C), 139.4 (s, 2C), 141.2 (s, 2C), 142.6 (s, 2C); HRMS (El+): CssH24N¢",
calculated: 512.1771 [M*], observed: 512.1752 [M*]; UV/VIS (DCM, 11.6 pg/mL): A[nm] (log €) = 240
(4.20), 266 (4.55), 278 (4.53), 346 (4.52), 364 (4.44).

4',6'-Bis((2-azidophenyl)ethynyl)-1,1':3',1""-terphenyl, 8b

According to GP2, 1.00 eq 2,2'-([1,1":3',1"-terphenyl]-4',6'-diylbis(ethyne-2,1-diyl))dianiline (250 mg,
543 umol) was dissolved in 8 mL anhydrous MeCN and 7 mL anhydrous DCM in a baked-out Schlenk
flask. The solution was cooled down to 0 °C and successively 3.00 eq tert-butyl nitrite (90%, 187 mg,
215 ul, 1.63 mmol) and 3.00 eq trimethylsilyl azide (188 mg, 216 ul, 1.63 mmol) were added
dropwise. After stirring for 30 minutes at 0 °C the reaction mixture was stirred 30 minutes at room
temperature and treated according to GP2 (silica gel, PE:EA = 20:1) to give an orange-yellow solid
(270 mg, 527 pumol, 97%).

Mp.: 116 °C; Rg: 0.44 (silica gel, PE:EA = 10:1); IR(ATR): ¥[cm™] = 3047, 3021, 2114, 2085, 1738, 1598,
1567, 1487, 1474, 1444, 1384, 1306, 1255, 1182, 1159, 1087, 1076, 1031, 1009, 933, 903, 888, 770,
742, 734, 711, 697, 671, 648; *H NMR (CDCls, 400.3 MHz): §[ppm] = 7.05-7.12 (m, 4H), 7.30-7.34 (m,
4H), 7.40-7.50 (m, 6H), 7.54 (s, 1H), 7.75-7.78 (m, 4H), 8.02 (s, 1H); 3C NMR (CDCls, 100.7 MHz):
S[ppm] = 88.8 (s, 2C), 94.2 (s, 2C), 115.6 (s, 2C), 118.9 (d, 2C), 120.5 (s, 2C), 124.7 (d, 2C), 128.0 (d,
2C), 128.1 (d, 4C), 129.6 (d, 4C), 129.7 (d, 2C), 130.9 (d, 1C), 133.6 (d, 2C), 137.7 (d, 1C), 139.7 (s, 2C),
141.2 (s, 2C), 144.0 (s, 2C); HRMS (El+): CssH20Ns*, calculated: 512.1744 [M*], observed: 512.1730
[M*]; UV/VIS (DCM, 4.36 pg/mL): A[nm] (log €) = 264 (4.79), 307 (4.77).

2,2"-((4,6-Diazido-1,3-phenylene)bis(ethyne-2,1-diyl))di-1,1'-biphenyl, 14b

According to GP2, 1.00eq 4,6-bis([1,1'-biphenyl]-2-ylethynyl)benzene-1,3-diamine (625 mg,
1.36 mmol) were dissolved in 18 mL anhydrous acetonitrile and 24 mL anhydrous DCM in a baked out
Schlenk flask. The solution was cooled to 0°C and successively 4.00 eq tert-butyl nitrite (90%,
806 mg, 1.03 mL, 7.82 mmol) and 4.00 eq trimethylsilyl azide (901 mg, 1.02 mL, 7.82 mmol) were
added dropwise. After stirring for 30 minutes at 0 °C the reaction mixture was stirred 30 minutes at



room temperature and treated according to GP2 (silica gel, PE:EA = 20:1 to 10:1) to give a light yellow
solid (550 mg, 1.07 mmol, 55%).

Mp.: 128-130 °C; Rz 0.40 (silica gel, PE:EA = 10:1); IR (ATR): ¥ [cm™] = 3056, 3026, 2168, 2103, 1547,
1509, 1489, 1475, 1449, 1432, 1398, 1347, 1277, 1159, 1075, 1008, 948, 918, 891, 831, 777, 754,
738, 701, 663, 610; *H NMR (CDCls, 400.3 MHz): 8[ppm] =6.68 (s, 1H), 7.16 (s, 1H), 7.33-7.46 (m,
12H), 7.64-7.67 (m, 6H); 3C NMR (CDCls, 100.7 MHz): 8[ppm] = 86.6 (s, 2C), 95.9 (s, 2C), 109.5 (d, 1C),
112.8 (s, 2C), 121.2 (s, 2C), 127.2 (d, 2C), 127.7 (d, 2C), 128.1 (d, 4C), 129.1 (d,2C ), 129.6 (d, 4C),
129.7 (d, 2C), 133.1 (d, 2C), 137.9 (d, 1H), 140.4 (s, 2C), 141.6 (s, 2C), 144.1 (s, 2C); HRMS (El+):
Cs4H20Ng", calculated: 512.17440 [M*], observed: 512.17109 [M*]; UV/VIS (DCM, 7.20 pg/mL): A[nm]
(log €) = 262 (4.66), 309 (4.73), 351 (4.46).

2,2"-((2,5-Diazido-1,4-phenylene)bis(ethyne-2,1-diyl))di-1,1'-biphenyl, 14a

According to GP2, the crude 2,5-bis([1,1'-biphenyl]-2-ylethynyl)benzene-1,4-diamine 13a
(corresponding 757 pumol) was dissolved in 20 mL anhydrous acetonitrile and 20 mL anhydrous DCM
in a baked out Schlenk flask. The solution was cooled down to 0 °C and successively 5.00 eq tert-butyl
nitrite (90%, 433 mg, 499 uL, 3.78 mmol) and 5.00eq trimethylsilyl azide (435 mg, 501 pL,
3.78 mmol) were added dropwise. After stirring for 30 minutes at 0 °C the reaction mixture was
stirred 1 h at room temperature. The solvents were evaporated and due to a side product, which was
observed via TLC, directly used for the next step without further purification.

DBDCZ 2a

According to GP3, 1.00 eq of the corresponding azide 8a (399 mg, 778 umol) was dissolved in 50 mL
DCE. 2.5 mol% JohnPhosAuMeCNSbFg (15.0 mg, 19.5 umol) were added and the mixture was stirred
at 80 °C overnight. The precipitate was filtered, washed with ice-cold DCM and the residue was dried
under vacuum. A yellow solid was obtained (271 mg, 594 umol, 76%).



Mp.: >410 °C; IR(ATR): ¥[cm™] = 3447, 3093, 3048, 1608, 1597, 1535, 1488, 1459, 1431, 1399, 1360,
1338, 1304, 1256, 1207, 1191, 1166, 1149, 1117, 1048, 1018, 970, 935, 860, 787, 757, 738, 681, 642,
613; 'H NMR (DMSO-ds, 600.2 MHz): §[ppm] = 7.37-7.39 (m, 2H), 7.47-7.50 (m, 2H), 7.75-7.78 (m,
2H), 7.82 (d, 3y = 8.0 Hz, 2H), 7.86-7.89 (m, 2H), 8.62 (d, >y = 8.0 Hz, 2H), 8.87 (d, 3y = 7.8 Hz,
2H), 9.27 (d, 34 = 8.2 Hz, 2H), 10.15 (s, 2H), 12.75 (s, 2H); 13C NMR (DMSO-ds, 150.9 MHz): 8[ppm] =
111.2 (s, 2C), 111.9 (d, 2C), 117.4 (d, 2C), 120.3 (d, 2C), 121.4 (s, 2C), 121.4 (d, 2C), 123.7 (d, 2C),
123.8 (d, 4C), 123.9 (s, 2C), 124.3 (d, 2C), 126.6 (s, 2C), 128.2 (d, 2C), 128.5 (s, 2C), 130.2 (s, 2C), 134.6
(s, 2C), 138.6 (s, 2C), HRMS (ESI+): Cs4H20N,*, calculated: 456.1621 [M'], observed: 456.1622 [M*];
UV/VIS (DCM, 4.40 pug/mL): A[nm] (log €) = 281 (4.79), 327 (4.74), 342 (4.85), 377 (4.49), 395 (4.57),
425 (3.58); Fluorescence (THF): Aex = 425 nm, Amax = 438 nm, 467 nm, 497 nm; Quantum yield: ¢ =
28.4%.

DBDCZ 2b

According to GP3, 1.00 eq of the corresponding azide 8b (200 mg, 390 umol) was dissolved in 50 mL
DCE. 3 mol% JohnPhosAuMeCNSbFs (9.04 mg, 11.7 umol) were added and the mixture was stirred
was at 80 °C for 2 h. The precipitate was filtered, washed with ice-cold DCM and the residue was
dried under vacuum. A greenish solid was obtained (136 mg, 298 umol, 76%).

Mp.: 390 °C (decomposition); IR(ATR): ©[cm™] = 3438, 3046, 3025, 1609, 1561, 1536, 1476, 1457,
1443, 1356, 1338, 1316, 1276, 1262, 1191, 1166, 1150, 1116, 1046, 1018, 960, 937, 975, 960, 937,
875, 844, 773, 758, 741, 720, 676, 611; *H NMR (DMSO- ds, 400.3 MHz): §[ppm] = 7.37-7.41 (m, 2H),
7.47-7.51 (m, 2H), 7.70-7.74 (m, 2H), 7.83-7.87 (m, 4H), 8.62 (d, Jun = 8.1 Hz, 2H), 8.86 (d, s =
8.0 Hz, 2H), 9.49 (d, 3/ = 8.2 Hz, 2H), 9.59 (s, 1H), 10.39 (s, 1H), 12.13 (s, 2H); 3C NMR (DMSO- db,
100.7 MHz): §[ppm] = 112.0 (s, 2C), 112.3 (d, 2C), 115.2 (d, 1C), 119.1 (d, 1C), 120.5 (d, 2C), 121.4 (d,
2C), 121.8 (s, 2C), 123.6 (d, 2C), 123.9 (d, 2C), 124.0 (d, 2C), 124.1 (s, 2C), 124.8 (d, 2C), 127.0 (s, 2C),
127.9 (s, 2C), 128.0 (d, 2C), 129.9 (s, 2C), 134.1 (s, 2C), 139.1 (s, 2C); HRMS (DART+): Cs4H21N,",
calculated: 457.1699 [M*+H], observed: 457.1969 [M*+H]; UV/VIS (THF, 4.05 pg/mL): A[nm] (log €) =
265 (4.81), 342 (5.00), 415 (3.66); Fluorescence (THF): Aex = 340 nm, Amax = 424 nm, 450 nm, 478 nm;
Quantum yield: ® = 29.9%.




9,11-Dihydrodibenzo[a,c]dibenzo[4,5:6,7]indolo[3,2-h]carbazole, DDICZ 3b

CQ g QO
O W

According to GP3, 1.00 eq of the corresponding azide 14a (550 mg, 1.07 mmol) was dissolved in
2.50 mL DCE. 3.00 mol% JohnPhosAuMeCNSbFs were added and the mixture was stirred at 80 °C
overnight. The precipitate was filtered, washed with ice-cold DCM and the residue was dried under
vacuum to give a slightly off white solid (430 mg, 942 umol, 88%).

Mp.: >300 °C; IR (ATR): ¥ [cm™] = 3426, 3092, 1635, 1611, 1572, 1519, 1462, 1435, 1372, 1329, 1304,
1286, 1273, 1230, 1157, 1069, 1042, 845, 909, 825, 751, 740, 716, 668, 650, 620; *H NMR (DMSO-ds,
400.3 MHz): 8[ppm] = 7.64-7.85 (m, 6H), 7.94 (s, 1H), 7.97-8.02 (m, 2H), 8.60 (d, 3/u.1 = 8.0 Hz, 2H),
8.97 (d, *Jn-n = 8.1 Hz, 4H), 9.16 (d, *Ju.n = 7.8 Hz, 2H), 9.56 (s, 1H), 12.30 (s, 2H); **C NMR (DMSO-ds,
100.7 MHz): 6[ppm] = 92.6 (d, 1C), 111.3 (s, 2C), 112.6 (d, 1C), 120.3 (s, 2C), 122.0 (d, 2C), 122.5 (s,
2C), 123.3 (d, 2C), 123.5 (d, 2C), 129.9 (d, 4C), 126.0 (d, 2C), 126.1 (d, 2C), 126.9 (d, 2C), 127.9 (d, 2C),
129.0 (s, 2C), 129.7 (s, 2C), 134.8 (s, 2C), 137.8 (s, 2C); HRMS (ESI+): CasH20N>", calculated: 456.1621
[M*], observed: 456.1622 [M*]; UV/VIS (THF, 3.60 pug/mL): A[nm] (loge) = 244 (4.96), 265 (5.32), 297
(4.28), 364 (4.24), 394 (4.34); Fluorescence (THF): Aanr = 365 NM, Amax = 412 nm, 437 nm, 462 nm;
Quantum yield: ® = 37.5%.

9,19-Dihydrodibenzo[a,c]dibenzo[4,5:6,7]indolo[2,3-h]carbazole, DDICZ 3a

@
QOOQO
)

According to GP3, the crude of the corresponding azide 14b (corresponding 755 umol) was dissolved
in 5 mL DCE. 5 mol% JohnPhosAuMeCNSbFs (29.2 mg, 37.8 umol) were added and the mixture was
stirred at 60 °C for 3 h. Again 5 mol% of the gold catalyst (29.2 mg, 37.8 umol) were added and the
mixture was stirred at 60 °C for another 3 h. The precipitate was filtered, washed with ice-cold DCM
and the residue was dried under vacuum to give a yellowish solid (185 mg, 405 umol, 54% over three
steps).

Mp.: >300 °C; IR (ATR): [cm™] = 3438, 3085, 2975, 2869, 1936, 1899, 1869, 1613, 1576, 1524, 1459,
1439, 1376, 1351, 1328, 1289, 1276, 1249, 1211, 1167, 1121, 1084, 1043, 954, 934, 915, 847, 815,
781, 751, 715, 676, 617; *H NMR (DMSO-ds, 600.2 MHz): 8[ppm] = 7.67-7.70 (m, 2H9, 7.80-7.82 (m,
2H), 7.88-7.90 (m, 2H), 7.95-7.98 (m, 2H), 8.69-8.71 (m, 2H), 8.81 (s, 2H), 8.92 (d, 3y = 7.8 Hz, 2H),
9.01-9.03 (m, 4H), 12.40 (s, 2H); 3C NMR (DMSO-ds, 150.9 MHz): 8[ppm] = 102.2 (d, 2C), 110.6 (s,



2C), 122.3 (s, 2C), 122.4 (d, 2C), 122.6 (s, 2C), 122.8 (d, 2C), 123.2 (d, 2C), 124.0 (d, 2C), 124.2 (d, 2C),
126.0 (s, 2C),126.5 (d, 2C), 127.1 (d, 2C), 127.7 (d, 2C), 129.4 (s, 2C), 129.8 (s, 2C), 135.5 (s, 2C), 135.7
(s, 2C); HRMS (EI+): CasH20N3", calculated: 456.16210 [M*], observed: 456.16298 [M*]; UV/VIS (THF,
7.80 pg/mL): A[nm] (loge) = 246 (4.72), 266 (4.70), 302 (4.55), 365 (4.68), 413 (4.24); Fluorescence
(THF): Aanr = 365 NM, Amax = 422 nm, 448 nm, 476 nm; Quantum yield: ® = 52.1%.

DBDCZ 15a

According to GP4, 1.00 eq of the corresponding carbazole 2a (100 mg, 219 umol) was dissolved in
8 mL anhydrous DMSO under nitrogen atmosphere. After adding 4.00 eq KO'Bu (98.3 mg, 876 pumol)
the solution was stirred for 20 min. Then 20.0 eq 1-bromohexane (723 mg, 614 ulL, 4.38 mmol) were
added and the mixture was stirred at room temperature for 2 h and treated according to GP4. A
yellow solid was obtained (128 mg, 204 umol, 94%).

Mp.: 268 °C; IR(ATR): T[cm™] = 3049, 2864, 2930, 2859, 1606, 1520, 1468, 1457, 1422, 1356, 1342,
1309, 1268, 1249, 1214, 1154, 1101, 1050, 1026, 939, 861, 786, 755, 742, 731, 642, 614; *H NMR
(C2D5Cla, 600.2 MHz): 8[ppm] = 1.01 (t, ¥un = 7.3 Hz, 6H), 1.46-1.52 (m, 4H), 1.55-1.60 (m, 4H), 1.80-
1.85 (m, 4H), 2.38-2.43 (m, 4H), 4.96 (t, *Juy = 8.1 Hz, 4H), 7.48 (t, Jun = 7.4 Hz, 2H), 7.58 (t, Jpn =
7.6 Hz, 2H), 7.68 (t, 3Ju.n= 7.5 Hz, 2H), 7.73 (d, *Ju.u= 8.3 Hz, 2H), 7.85 (t, *Ju.u= 7.4 Hz, 2H), 8.67 (d, 3.
w=8.1Hz, 2H), 8.87 (d, *Ju.n = 8.3 Hz, 2H), 8.94 (d, 3/u.u = 8.1 Hz, 2H), 9.90 (s, 2H); 3C NMR (C,D,Cly,
150.9 MHz): 8[ppm] = 15.1 (g, 2C), 23.8 (t, 2C), 28.0 (t, 2C), 31.3 (t, 2C), 32.7 (t, 2C), 47.9 (t, 2C), 110.9
(d, 2C), 114.3 (s, 2C), 118.7 (d, 2C), 121.7 (d, 2C), 122.4 (s, 2C), 122.7 (d, 2C), 124.0 (d, 2C), 124.3 (s,
2C), 124.9 (d, 2C), 125.0 (d, 4C), 127.9 (s, 2C), 128.8 (d, 2C), 130.1 (s, 2C), 131.4 (s, 2C), 134.6 (s, 2C),
141.4 (s, 2C); HRMS (DART+): CssHasN,*, calculated: 625.3577 [M*+H], observed: 625.2571 [M*+H];
UV/VIS (DCM, 3.20 pug/mL): A[nm] (log €) = 243 (4.78), 264 (4.82), 284 (4.96), 297 (4.97), 335 (4.98),
351 (5.08), 386 (4.65), 407 (4.71), 428 (4.14); Fluoreszenz (DCM): Aex = 410 nm, Amax = 444 nm;
Quantum yield: ® = 30.0%.




DBDCZ 15b

According to GP4, 1.00 eq of the corresponding carbazole 2b (60.0 mg, 131 umol) was dissolved in
6 mL anhydrous DMSO under nitrogen atmosphere. After adding 4.00 eq KO'Bu (59.0 mg, 526 umol)
the solution was stirred for 20 min. Then 20.0 eq 1-bromohexane (434 mg, 368 ul, 2.63 mmol) were
added and the mixture was stirred at room temperature for 2 h and treated according to GP4. A
yellow solid was obtained (75.0 mg, 120 umol, 91%).

Mp.: 187 °C; Rz 0.47 (silica gel, PE:EA 10:1); IR(ATR): ¥[cm?] = 3071, 3049, 2949, 2925, 2855, 1607,
1547, 1518, 1478, 1462, 1435, 1343, 1318, 1268, 1237, 1160, 1101, 1051, 1027, 1004, 916, 875, 846,
788, 772, 756, 740, 729, 676, 630; *H NMR (CDCls, 400.3 MHz): 8[ppm] = 0.76 (t, *Jun = 7.1 Hz, 6H),
1.15-1.26 (m, 8H), 1.28-1.36 (m, 4H), 1.99-2.03 (m, 4H), 4.98 (t, *Juy = 7.3 Hz, 4H), 7.43-7.47 (m, 2H),
7.52-7.56 (m, 2H), 7.66-7.70 (m, 4H), 7.78-7.82 (m, 2H), 8.67 (d, Jun = 8.0 Hz, 2H), 8.92 (d, s =
7.7 Hz, 2H), 9.06 (d, 3Jun = 8.1 Hz, 2H), 9.56 (s, 1H), 10.28 (s, 1H); 3C NMR (CDCls, 100.7 MHz):
8[ppm] = 14.0 (g, 2C), 22.6 (t. 2C), 26.7 (t, 2C), 30.2 (t, 2C), 31.7 (t, 2C), 46.4 (t, 2C), 110.4 (s, 2C),
115.0 (s, 2C), 115.7 (d, 1C), 119.7 (d, 1C), 120.9 (d, 2C), 122.2 (d, 2C), 122.8 (s, 2C), 123.7 (d, 2C),
123.9 (d, 2C), 124.0 (d, 2C), 124.2 (s, 2C), 124.3 (d, 2C), 127.7 (s, 2C), 127.8 (d, 2C), 128.6 (s, 2C),
130.5 (s, 2C), 133.8 (s, 2C), 141.2 (s, 2C); HRMS (DART+): CaeHasN>*, calculated: 625.3577 [M*+H],
observed: 625.3569 [M*+H]; UV/VIS (DCM, 5.40 ug/mL): A[nm] (log €) = 269 (4.48), 281 (4.48), 313
(4.28), 346 (4.73), 371 (4.30), 400 (3.82), 428 (3.76); Fluorescence (DCM): Aex = 400 NM, Amax =
434 nm; Quantum yield: ¢ = 42.6%.

9,19-Dihexyl-9,19-dihydrodibenzo[a,c]dibenzo[4,5:6,7]indolo[2,3-h]carbazole, DDICZ 16a

According to GP4, 1.00 eq of the corresponding carbazole 3a (17.4 mg, 38.1 umol) was dissolved in
4 mL anhydrous DMSO under nitrogen atmosphere. After adding 4.00 eq KO'Bu (17.1 mg, 152 pmol)
the solution was stirred for 20 min. Then 20.0 eq 1-bromohexane (126 mg, 107 uL, 762 umol) were
added and the mixture was stirred at room temperature for 2 h and treated according to GP4. A
yellow solid was obtained (13.5 mg, 21.6 umol, 57%).

Mp.: 282-283 °C; IR (ATR): ¥ [cm™] = 2956, 2921, 2852, 1607, 1566, 1520, 1491, 1466, 1434, 1370,
1348, 1326, 1303, 1251, 1160, 1125, 1101, 1044, 935, 901, 843, 807, 748, 714, 663, 625; *H NMR



(CDCls, 400.3 MHz, 323 K): 8[ppm] = 0.89 (t, 3Jun = 7.2 Hz, 6H), 1.31-1.36 (m, 4H), 1.42-1.49 (m, 4H),
1.56-1.63 (m, 4H), 2.13-2.20 (m, 4H), 4.82-4.86 (m, 4H), 7.52-7.56 (m, 2H), 7.59-7.65 (m, 4H), 7.74-
7.78 (m, 2H), 8.49-8.51 (m, 2H), 8.58 (s, 2H), 8.75 (d, *Ju.n = 8.2 Hz, 2H), 8.82-8.84 (m, 2H), 8.92 (d, 3/
n = 8.2 Hz, 2H); 3C NMR (CDCl3, 100.7 MHz, 323 K): §[ppm] = 14.1 (g, 2C), 22.8 (t, 2C), 27.0 (t, 2C),
30.0 (t, 2C), 31.7 (t, 2C), 47.1 (t, 2C), 101.0 (d, 2C), 113.4 (s, 2C), 122.5 (s, 2C), 123.0 (d, 2C), 123.3 (d,
2C), 123.4 (d, 2C), 123.8 (d, 2C), 124.1 (s, 2C), 124.4 (d, 2C), 125.7 (d, 2C), 126.5 (d, 2C), 127.1 (s, 2C),
127.5 (d, 2C), 130.6 (s, 2C), 131.3 (s, 2C), 135.8 (s, 2C), 138.2 (s, 2C); HRMS (El+): CssHaaN>",
calculated: 624.34990 [M*], observed: 625.35093 [M*]; UV/VIS (DCM, 9.00 pg/mL): A[nm] (logg)
251 (4.79), 307 (4.77), 357 (4.62), 372 (4.75), 430 (4.32), 463 (3.32); Fluorescence (DCM): Aanr
430 nm, Amax = 441 nm, 469 nm, 502 nm; Quantum yield: ® = 32.0%.

9,11-Dihexyl-9,11-dihydrodibenzo[a,c]dibenzo[4,5:6,7]indolo[3,2-h]carbazole, DDICZ 16b

O W

According to GP4, 1.00 eq of 9,11-dihydrodibenzo[a,c]ldibenzo[4,5:6,7]indolo[3,2-h]carbazole (3b)
(80.0 mg, 175 umol) was dissolved in anhydrous DMSO in a baked out Schlenk flask under nitrogen
atmosphere. After adding 4.00 eq KO'Bu (78.7 mg, 701 pmol) the solution was stirred for 20 min.
Then 20.0 eq 1-bromohexane (579 mg, 491 uL, 3.50 mmol) were added and the mixture was stirred
at room temperature for 2 h until TLC showed full conversion. The mixture was poured into a beaker
of methanol. The precipitate was filtered off and washed successively with water and methanol. The
residue was dried under vacuum to afford a yellow solid (85.0 mg, 136 umol, 78 %).

Mp.: 283 °C; IR (ATR): ¥ [cm™] = 3085, 3057, 2954, 2921, 2854, 1936, 1625, 1607, 1565, 1518, 1467,
1427, 1404, 1366, 1324, 1246, 1177, 1146, 1128, 1075, 1048, 1001, 867, 822, 780, 745, 711, 667,
639, 624; 'H NMR (CDCls, 600.2 MHz, 323 K): 6[ppm] = 0.93 (t, *Jus = 7.1 Hz, 6H), 1.34-1.43 (m, 8H),
1.50-1.54 (m, 4H), 2.04-2.09 (m, 4H), 4.53-4.55 (m, 4H), 7.56-7.64 (m, 6H), 7.28 (s, 1H), 7.58,7.64 (m,
6H), 7.91-7.93 (m, , 2H), 8.32 (d, 3Jun = 7.7 Hz, 2H), 8.81 (d, 3Jun = 8.2 Hz, 2H), 8.85 (d, 3Juy = 7.8 Hz,
2H), 9.14 (d, 3Ju = 8.0 Hz, 2H), 9.67 (s, 1H); 3C NMR (CDCl3, 150.9 MHz, 323 K): §[ppm] = 14.1 (q,
2C); 22.8 (t, 2C), 26.9 (t, 2C), 29.8 (t, 2C), 31.7 (t, 2C), 46.9 (t, 2C), 88.7 (d, 1C), 114.0 (s, 2C), 114.2 (d,
1C), 120.3 (s, 2C), 122.5 (d, 2C), 123.5 (d, 2C), 123.6 (d, 2C), 123.7 (d, 2C), 123.8 (s, 2C), 124.3 (d, 2C),
125.2 (d, 2C), 126.3 (d, 2C), 127.1 (s, 2C), 127.6 (d, 2C), 130.3 (s, 2C), 130.8 (s, 2C), 134.7 (s, 2C), 140.3
(s, 2C); HRMS (DART+): CagHasN,", calculated: 625.3577 [M*+H], observed: 625.3556 [M*+H]; UV/VIS
(DCM, 2.70 pg/mL): A[nm] (loge) = 253 (5.10), 305 (5.10), 368 (5.01), 400 (4.56); Fluorescence (DCM):
Aanr = 400 nM, Amax = 427 nm, 453 nm, 483 nm; Quantum yield: ® =41.0 %.
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5. UV/Vis and Fluorescence Data
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Figure SI1: Absorption spectra of 2a-b and 3a-b in THF.
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Figure SI2: Emission spectra of 2a-b and 3a-b in THF.
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Figure SI3: Absorption spectra of 15a-b and 16a-b in DCM.
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Figure SI4: Absorption spectra of 15a-b and 16a-b in DCM.



6. Crystallographic Data

Table 1: Crystal data and structure refinement for 2a (CCDC 2043834).

Empirical formula Cy4zH36N20,
Formula weight 600.73
Temperature 200(2) K
Wavelength 0.71073 A
Crystal system triclinic
Space group P1

VA 1

a=6.1683(15) A
b =10.760(3) A
c=12.079(3) A

Unit cell dimensions o =77.105(4) deg.
B =81.593(4) deg.

v =82.231(4) deg.

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal color

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices (I>2sigma(l))
Largest diff. peak and hole

768.7(3) A3

1.30 g/cm?

0.08 mm*

brick

0.111 x 0.078 x 0.029 mm?
yellow

1.7 to 26.0 deg.

-7<h<7, -13<k<13, -14<I£14
11898

3032 (R(int) = 0.0511)

2091 (1> 206(1))
Semi-empirical from equivalents
0.96 and 0.77

Full-matrix least-squares on F?
3032/0/212

1.03

R1=0.060, wR2 =0.161

0.23 and -0.32 eA?




Table 2: Crystal data and structure refinement for 2b (CCDC 2043835).

Empirical formula C3sH23N,0

Formula weight 487.55

Temperature 200(2) K

Wavelength 0.71073 A

Crystal system orthorhombic

Space group P212:2;

VA 4

Unit cell dimensions a=5.0341(1) A o= 90deg.
b =20.7818(3) A B= 90deg.
c=23.1446(4) A y= 90deg.

Volume 2421.35(7) A3

Density (calculated) 1.34 g/cm?

Absorption coefficient 0.08 mm*

Crystal shape brick

Crystal size 0.234 x 0.073 x 0.069 mm?3

Crystal color brown

Theta range for data collection 2.0to 27.2 deg.

Index ranges -6<h<6, -26<k<26, -29<I<29

Reflections collected 33281

Independent reflections 5376 (R(int) = 0.0549)

Observed reflections 4498 (1 > 26(1))

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.96 and 0.92

Refinement method Full-matrix least-squares on F?

Data/restraints/parameters 5376 /0/351

Goodness-of-fit on F2 1.05

Final R indices (I>2sigma(l)) R1=0.052, wR2 =0.138

Absolute structure parameter -0.3(10)

Largest diff. peak and hole 0.44 and -0.28 €A




Table 3: Crystal data and structure refinement for 15b (CCDC 2043836).

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

VA

Unit cell dimensions

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal color

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices (I>2sigma(l))
Largest diff. peak and hole

Ca7Has5Cl3N;
744.20

200(2) K
0.71073 A
monoclinic
P21/n

4

a=16.1111(3) A
b =8.5856(2) A

3783.25(13) A3

1.31g/cm3

0.28 mm*

brick

0.117 x 0.108 x 0.107 mm?
yellow

1.5 to 25.1 deg.

-19<h<19, -10<k<10, -33<1<33
43703

6692 (R(int) = 0.0614)

4356 (1 > 26(1))

Semi-empirical from equivalents
0.94 and 0.90

Full-matrix least-squares on F?
6692/0/471

1.04

R1=0.076, wR2 =0.191

0.70 and -0.71 eA’

a= 90deg.
B =104.1979(12) deg.
c=28.2125(5) A y= 90 deg.



Table 4: Crystal data and structure refinement for 3a (CCDC 2043838).

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

VA

Unit cell dimensions

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal color

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2

Final R indices (I>2sigma(l))
Largest diff. peak and hole

C34H20N>

456.52

200(2) K

0.71073 A

monoclinic

PZ]/C

2

a=8.1736(9) A o= 90 deg.
b=11.8554(12) A B =107.819(3) deg.
c=11.4291(11) A y= 90deg.
1054.37(19) A3

1.44 g/cm?

0.08 mm*

brick

0.097 x 0.070 x 0.033 mm?

brown

2.5t0 26.8 deg.

-10<h<10, -155k<15, -14<I<14
10713

2243 (R(int) = 0.0333)

1766 (1> 20 (1))

Semi-empirical from equivalents
0.96 and 0.90

Full-matrix least-squares on F?

2243 /0/ 167

1.07

R1=0.049, wR2 =0.124

0.38 and -0.23 eA




Crystal data and structure refinement for 3b (CCDC 2043837).

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Z

Unit cell dimensions

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal color

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2

Final R indices (I>2sigmaf(l))
Largest diff. peak and hole

Ca2H36N20,
600.73

200(2) K
0.71073 A
orthorhombic
Pbca

8

a=18.6216(8) A
b=14.4312(7) A

6132.6(5) A3

1.30 g/cm?

0.08 mm*

plate

0.140 x 0.100 x 0.020 mm3
yellow

1.8 to0 23.7 deg.

-20<h<21, -16<k<16, -25<1<25
32148

4675 (R(int) = 0.0790)

2958 (I > 25(1))

Semi-empirical from equivalents
0.96 and 0.88

Full-matrix least-squares on F?
4675/0/423

1.04

R1=0.058, wR2 =0.128

0.27 and -0.26 eA

a= 90deg.
B= 90deg.
c=22.8204(10) A y= 90 deg.



7. Cyclic Voltammograms
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Figure SI5: Cyclic voltammogram of compound 2a in DMSO against ferrocene/ferrocenium (Fc/Fc*).
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Figure SI6: Cyclic voltammogram of compound 2b in DMSO against ferrocene/ferrocenium (Fc/Fc*).
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Figure SI7: Cyclic voltammogram of compound 3a in DMSO against ferrocene/ferrocenium (Fc/Fc*).
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Figure SI8: Cyclic voltammogram of compound 3b in DMSO against ferrocene/ferrocenium (Fc/Fc*).



8. Computational Details

All calculations were performed using Orca 4.2.1.1001 The structures were optimized with PBEh-
3c/def2-mSVP.[M All optimized structures were checked to display no imaginary frequencies to
ensure a true minimum. Subsequently B3LYP/G with 6-311+G** basis set was used to calculate the
canonical HOMO/LUMO levels.

DBDCZ 2a
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4.774338000000
4.674241000000
3.929479000000
2.758769000000
2.335467000000
2.919140000000
1.197150000000
2.469807000000
1.761878000000

4.472301000000
4.195834000000
5.296840000000
5.933679000000
5.777304000000
5.146123000000
6.392543000000
6.912289000000
7.710748000000

5.559958000000
6.518487000000
4.873556000000
5.384017000000
6.699366000000
7.354826000000
7.202883000000
3.106510000000
2.196635000000

N

-1.553815000000
-1.453724000000
-0.708954000000
0.461756000000
0.885058000000
0.301386000000
2.023376000000
0.750720000000
1.458649000000

8.668585000000
8.945043000000
7.844047000000
7.207209000000
7.363584000000
7.994766000000
6.748346000000
6.228601000000
5.430143000000

6.128956000000
5.170424000000
6.815358000000
6.304897000000
4.989548000000
4.334088000000
4.486031000000
8.582405000000
9.492280000000

0.860179000000  8.219770000000  2.506434000000 2.360349000000 4.921121000000 9.182481000000
2.175340000000 7.874556000000 0.895631000000 1.045188000000 5.266336000000 10.793285000000
1.605907000000  8.500395000000  0.221989000000 1.614621000000 4.640498000000 11.466927000000
3.330628000000  7.232514000000 0.454775000000 -0.110100000000  5.908378000000 11.234141000000

3.665793000000

7.353271000000

-0.566797000000

-0.445264000000

5.787622000000

12.255713000000

4.045835000000 6.442441000000 1.322576000000 -0.825307000000  6.698450000000 10.366340000000
4.938071000000 5.953980000000  0.964270000000 -1.717544000000 7.186911000000 10.724645000000
3.642570000000 6.260475000000 2.654011000000 -0.422044000000 6.880414000000 9.034904000000
4.375217000000 5.435732000000 3.573817000000 -1.154692000000 7.705156000000 8.115097000000
5.571207000000 4.640192000000 3.462001000000 -2.350683000000 8.500695000000  8.226912000000

6.489348000000
6.388092000000
7.553442000000
8.260510000000
7.733542000000
8.577229000000
6.847830000000
6.982829000000
5.779284000000

4.344491000000
4.755083000000
3.506729000000
3.279157000000
2.945063000000
2.292456000000
3.212414000000
2.778518000000
4.056549000000

2.449255000000
1.455776000000
2.715800000000
1.929436000000
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4.164548000000
5.007711000000
5.990538000000
4.730693000000
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-3.268824000000
-3.167567000000
-4.332920000000
-5.039988000000
-4.513021000000
-5.356710000000
-3.627309000000
-3.762309000000
-2.558762000000

8.796395000000
8.385805000000
9.634155000000
9.861726000000
10.195819000000
10.848424000000
9.928468000000
10.362363000000

9.084336000000

9.239659000000
10.233139000000
8.973113000000
9.759476000000
7.704833000000
7.524364000000
6.681201000000
5.698374000000

6.95822000000

DBDCZ 2b

C 2.206382000000 9.696127000000 14.637175000000 -1.214391000000 8.277213000000 18.938810000000

H 2.105631000000 10.667956000000 14.167588000000 -1.957972000000 8.967781000000 19.304266000000

C 1.360967000000 9.365033000000 15.687816000000 -1.097299000000 7.050284000000 19.546982000000

C 0.353434000000 10.245146000000 16.183453000000 -1.748335000000 6.792253000000 20.371799000000

N 0.069922000000 11.502751000000 15.729989000000 -0.138268000000  6.145212000000 19.097760000000
0.548550000000 11.985567000000 14.993569000000 -0.039193000000 5.174861000000 19.565317000000
-0.965636000000 12.025330000000 16.454955000000 0.686930000000 6.490366000000 18.053425000000
-1.575351000000 13.268518000000 16.336433000000 1.419834000000 5.764811000000 17.730568000000
-1.247085000000 13.989676000000 15.598450000000 0.594673000000 7.735679000000 17.414028000000

-2.617115000000
-3.113301000000
-3.040188000000
-3.863308000000
-2.428074000000
-2.791893000000
-1.363849000000
-0.499507000000
-0.387796000000

13.554252000000
14.513438000000
12.618605000000
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11.386694000000
10.691039000000
11.063194000000
9.925738000000
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17.194868000000
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18.144611000000
18.802120000000
18.256537000000
18.998018000000
17.408191000000
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1.480265000000
2.460118000000
2.554451000000
3.320209000000
4.340254000000
4.522630000000
3.905959000000
5.479808000000
5.590299000000

8.096531000000
7.234976000000
6.266802000000
7.545920000000
6.616697000000
5.357961000000
5.051460000000
4.476150000000
3.513186000000

16.310406000000
15.829591000000
16.292773000000
14.781621000000
14.304030000000
14.895846000000
15.728749000000
14.452254000000
14.932364000000
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6.301757000000
7.057786000000
6.149312000000
6.795917000000
5.179426000000
5.009954000000
5.660970000000
6.686285000000
7.197399000000
7.057198000000

DDICZ 3a
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1.114177000000
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9. Fabrication and Characterization of Organic Thin-Film Transistors

Organic thin-film transistors (TFTs) were fabricated in the inverted staggered (bottom-gate, top-
contact) architecture on three different types of substrate: (1) heavily doped silicon wafers with a
thick gate dielectric, (2) heavily doped silicon wafers with a thin gate dielectric, and (3) flexible
polyethylene naphthalate (PEN) sheets with a thin gate dielectric.

(1) For the TFTs on silicon with a thick gate dielectric, the substrate also serves as the gate electrode,

and the gate dielectric is a combination of a 100-nm-thick film of silicon dioxide (grown by thermal
oxidation in dry oxygen), an 8-nm-thick film of aluminum oxide (deposited by atomic layer
deposition), and a self-assembled monolayer of either n-tetradecylphosphonic acid (Alfa Aesar) or
12,12,13,13,14,14,15,15,16,16,17,17,18,18,18-pentadecafluorooctadecylphosphonic acid (provided
by Matthias Schlorholz). The SAMs were formed by immersing the substrate into a dilute 2-propanol
solution of the phosphonic acid, followed by rinsing with pure 2-propanol. These SiO,/Al,03/SAM
gate dielectrics have a total thickness of about 110 nm and a unit-area capacitance of about
34 nF/cm?.

(2) For the TFTs on silicon with a thin gate dielectric, an aluminum gate electrode with a thickness of

30 nm was deposited onto the silicon by thermal evaporation in vacuum. The surface of the
aluminum was then briefly exposed to oxygen plasma to form an aluminum-oxide (AlOy) film with a
thickness of about 4nm, followed by the formation of an n-tetradecyl- or
pentadecafluorooctadecylphosphonic acid SAM on the aluminum-oxide surface from solution, as
described above. These AlO,/SAM gate dielectrics have a total thickness of about 6 nm and a unit-
area capacitance of about 0.7 uF/cm?.

(3) For the TFTs on flexible PEN with a thin gate dielectric, aluminum gate electrodes with a thickness

of 30 nm were deposited onto the PEN by thermal evaporation in vacuum and patterned using a
shadow mask. The surface of the aluminum was then briefly exposed to oxygen plasma to form an
AlOx film with a thickness of about 4 nm, followed by the formation of an n-tetradecyl- or
pentadecafluorooctadecylphosphonic acid SAM on the aluminum-oxide surface from solution, as
described above. These AlO,/SAM gate dielectrics have a total thickness of about 6 nm and a unit-
area capacitance of about 0.7 uF/cm?.

For all TFTs, a 30-nm-thick film of the organic semiconductor was then deposited by thermal
sublimation in vacuum (10° mbar). During the deposition of the organic semiconductor, the
substrate was held at an elevated temperature (120 °C) to promote molecular ordering. Gold source
and drain contacts were deposited onto the surface of the organic-semiconductor film by thermal
evaporation in vacuum through a shadow mask. The TFTs have a channel length (L) of either 30 or
100 um and a channel width (W) of either 100 or 200 um. The current-voltage characteristics of the
TFTs were measured in ambient air at room temperature.
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Figure SI9. Schematic TFT cross-sections.
Top: TFTs fabricated on silicon substrates with a thick gate dielectric.
Center: TFTs fabricated on silicon substrates with a thin gate dielectric.

Bottom: TFTs fabricated on flexible polyethylene naphthalate (PEN) substrates with a
thin gate dielectric.
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Current-voltage characteristics of TFTs based on compound 2a.

Top row: TFT fabricated on a silicon substrate with a 110-nm-thick SiO,/Al,03/SAM

gate dielectric with a pentadecafluorooctadecylphosphonic acid SAM.

Center row: TFT fabricated on a silicon substrate with a 5.7-nm-thick AlO,/SAM gate
dielectric with a pentadecafluorooctadecylphosphonic acid SAM.

Bottom row: TFT fabricated on a PEN substrate with a 5.7-nm-thick AlO,/SAM gate
dielectric with a pentadecafluorooctadecylphosphonic SAM.
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Current-voltage characteristics of TFTs based on compound 3a.

Top row: TFT fabricated on a silicon substrate with a 110-nm-thick SiO,/Al,03/SAM
gate dielectric with an n-tetradecylphosphonic acid SAM.

Center row: TFT fabricated on a silicon substrate with a 5.7-nm-thick AlO,/SAM gate

dielectric with an n-tetradecylphosphonic acid SAM.

Bottom row: TFT fabricated on a PEN substrate with a 5.7-nm-thick AlO,/SAM gate
dielectric with a pentadecafluorooctadecylphosphonic SAM.
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