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l Buckybowl Synthesis |Hot Paper|
® 2,7,11,16-Tetra-tert-Butyl Tetraindenopyrene Revisited by an
“Inverse” Synthetic Approach

Sven M. Elbert,” Anika Haidisch,” Tobias Kirschbaum,® Frank Rominger,”
Ute Zschieschang,” Hagen Klauk,” and Michael Mastalerz*®

Abstract: A new synthetic route to tetraindenopyrene
(TIP)—a bowl-shaped cut-out structure of C,,—is reported.
The key step in this approach is a fourfold palladium-cata-
lyzed C—H activation that increases the yield more than 50
times in comparison to the approach originally described by
Scott and co-workers. Besides examination of its optoelec-

tronic properties and study of its aggregation in solution,
TIP was also re-investigated by dispersion-corrected DFT
methods, which showed that dispersion interactions signifi-
cantly increase the bowl-to-bowl inversion barrier. Further-
more, TIP was used as a semiconductor in p-channel thin-
film transistors (TFTs).

The discovery of fullerene Cy, in 1985" stimulated chemists to
synthesize this molecule,” other fullerenes or cut-outs there-
of—the so called buckybowls.” Buckybowls have interesting
properties themselves, but have also been used for the
bottom-up synthesis of fullerenes, for example, by flash
vacuum pyrolysis.® Besides corannulene,” sumanene® is the
simplest substructure of Cg, and therefore it is not surprising
that these two compounds are the most frequently studied.
In contrast to Cgyrelated buckybowls, similar approaches to
compounds representing substructures of C,, (Figure 1) are
much rarer” In this respect, Kuo’s CyH;, and C,H,, bowls are
among the largest realized so far, with bowl depths of up to
2.33 A® Other substructures of C,,* such as rubicenes"” or di-
benzorubicenes show smaller bowl depths of 1.68 AU or
twisted"' conformations in the solid state. Some of these
molecules have been employed as the semiconductor in p-
channel thin-film field-effect transistors, with a maximum re-
ported charge-carrier mobility of 1 cm?V~'s").l'"

Another substructure of C,, is tetraindenopyrene (TIP, 2,
Figure 1), which had been the subject of theoretical investiga-
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tions by Havenith et al™ and was later synthesized by Scott
and co-workers.™® The key step of Scott’s TIP synthesis was a
quadruple Pd-catalyzed direct arylation of pyrene 1, which pro-
vides a yield of only about 0.5% of TIP 2. In the same publica-
tion, a one-pot procedure from 1,3,6,8-tetrabromopyrene and
2-bromophenyl boronic acid was described, but yields were
again in the range of 0.5%."® Despite the very low yield of the
cyclization step, the photophysics of TIP 2 were thoroughly in-
vestigated at that time. Based on these properties, the authors
suggested that TIP may be a potential candidate for organic
electronics or materials chemistry, such as long wavelength
dyes for special high-temperature applications. Very recently,

tetraindenopyrene (TIP)

Figure 1. Top left: structure of C,, with tetraindenopyrene (TIP) 2 highlighted
in red. Right: synthetic approach by Scott,"® bottom: this work.
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the synthesis of a structurally related tetra-n-octyl TIP by an
alumina-mediated HF elimination was reported." Unfortunate-
ly, neither full characterization nor detailed discussion on pho-
tophysical or electrochemical properties were included. It is
known that the K region of pyrene has a substantial olefin
character, and thus the C—H activation may occur by a Heck
coupling mechanism, rather than by a C—H activation in which
the hydrogen is abstracted from a benzene ring." Therefore,
we developed an alternative approach towards TIP 2 based on
C—H activation of tetrachloropyrene 3 (Figure 1).'¢

The synthesis of pyrene derivative 3 was described previous-
ly, starting from pyrene in six consecutive steps."*'” We devel-
oped a different synthetic route for 3, starting from the com-
mercially available hexahydropyrene 4 (Scheme 1) which was
selectively fourfold-brominated to 5 and isolated in 84 % yield
by simple filtration."® Subsequent Suzuki-Miyaura cross-cou-
pling under Fu conditions (Pd,dba;, HPtBu;BF,) and oxidation
of the unsaturated propylene tethers by DDQ gave pyrene 7 in
56 % vyield over two steps (for details, see the Supporting Infor-
mation).

The next step was the tetrachlorination of pyrene 7, which
was achieved with a slight excess (4.5 equiv) of N-chlorosucci-
nimide (NCS) in chloroform to obtain 3 in 94% yield
(Scheme 1). It is worth mentioning that the chlorination was
described previously using a large excess (> 50 equiv) of sulfur-
ylchloride."® With the modified synthetic route described here,
pyrene derivative 3 can be synthesized in just four steps from
commercially available hexahydropyrene 4 in an overall yield
of 44%. Furthermore, no purification by column chromatogra-
phy is required, allowing the synthesis of 2 on gram scale. In
comparison, the previously described synthetic route started
from pyrene with an overall yield of 4% in six steps and re-
quired two steps of purification by column chromatogra-
phy.[16—17,19]

4= 37.6°

'Bu
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‘ Br ‘ Br
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Scheme 1. Synthesis of tetrachloro tetraaryl pyrene 3. a) Br,, Fe, CH,Cl,,

80°C, 30 min; b) 4-tBuPhB(OH),, 8 mol% Pd,dba,, 30 mol% HPtBu,BF,, THF,

K,CO; ,q (1 M), 80°C, 16 h; ©) 3 equiv DDQ, toluene, 130°C, 4 h; d) NCS,
CHCl,, 80°C, 42 h.

All compounds were fully characterized (see the Supporting
Information). By vapor diffusion of n-pentane into saturated
solutions of 5 and 6 in dichloromethane, crystals of sufficient
quality for single-crystal X-ray diffraction analyses were ob-
tained (Figure 2). Tetrabromide 5 crystallized in the orthorhom-
bic space group Pnna with Z=4. The crystal packing is driven
by halogen bonding between two bromides with
dcg.5;=3.63 A and dispersion interactions of the bromides
with the aliphatic hydrogen (dc.s=3.08-3.36 A, Figure 2a),
forming two-dimensional sheets.”” The distance between adja-
cent sheets is dominated by Br-m interactions (d,.,=3.63 A),?"
and these layers are twisted by 16.0° with respect to each
other (Figure 2b, c). Tetraaryl hexahydropyrene 6 crystallized in
the triclinic space group P-1 with Z=2 (Figure 2d). The mole-
cules interact only by weak dispersion interactions of the pe-

dopon=271A

Figure 2. Single-crystal X-ray structures of tetrabromohexahydropyrene 5 (top) and tetraarylhexahydropyrene 6 (bottom) as stick models.
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ripheral tert-butyl groups with the central naphthyl subunits
(Figure 2e).

For the final cyclization by palladium-catalyzed direct aryla-
tion under C—H activation, typical reaction conditions
(PACl,(PCy;),, DMAC, 200°C, 48 h)*? were used to give the tar-
geted TIP 2 in 29% yield, along with the threefold-cyclized
product 8 in 20% vyield (Scheme 2). We also performed the cyc-
lization using a wide range of conditions (e.g., various concen-
trations, solvents, temperatures, duration, alternative Pd sour-
ces, alternative bases), but did not obtain greater than 29%
yields for 2 nor a higher ratio between the yields for 2 and 8.

SUel
L,

7
PdCly(PCys),
DBU, DMAc
200°C,48h

o

(20%)

) O

(29%)

Scheme 2. Synthesis of tetraindenopyrene 2 by C—H activation.

The two compounds can be distinguished by 'H NMR spec-
troscopy. Whereas TIP 2 shows four clearly defined signals be-
tween =7.0 and 7.5 ppm (corresponding exactly to the previ-
ous report™), trindenopyrene 8 shows a more complex signal
pattern consisting of 14 signals (two signals overlap at 7.8 and
7.7 ppm) between 6 =6.9 and 8.2 ppm (Figure 3 bottom). Mass
spectrometry shows a molecular ion peak for 2 of m/z 722.495
(m/z caled for CsgHsy™: 722.391), which is two mass units small-
er than that of triindenopyrene 8 (m/z calcd for CggHs,™:
724.407 found: 724.484), consistent with the missing C—C
bond.

TIP 2 showed a strong concentration dependence (c=0.10-
3.08 mm) of the chemicals shifts in the 'HNMR spectra in
CD,Cl, (Figure 4), which is indicative of strong m-m-stacking.”
At room temperature, protons H® (Ad=0.37 ppm) and H¢
(A0=0.19 ppm) are more weakly influenced than H® (Ad=
0.92 ppm) and H* (A5 =0.63 ppm), because H® and H¢ are steri-
cally shielded by the adjacent tert-butyl group against stack-
ing.

Assuming infinite m-stacks, the averaged association
K. was determined to be 245x10°+£0.77x10°m™' (AG=
—19.0 kJmol™) at 293 K by a least-squares curve fitting of the
infinite (isodesmic) association model (for details see the Sup-
porting Information).**¥ This association constant is much

Chem. Eur. J. 2020, 26, 10585 - 10590 www.chemeurj.org
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Figure 3. '"H NMR spectra (400 MHz) of a) TIP 2 and b) trindenopyrene 8 in
CD,Cl, at room temperature.

0.10 mM
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Figure 4. '"H NMR spectra (400 MHz) of TIP 2 in CD,Cl, at concentrations be-
tween 0.10 and 3.08 mm at 293 K.

higher than values reported, for example, for hexabenzocoro-
nene-based thiophene dendrimers (K up to 710mM ' in
CDCl,)*' and within an order of magnitude of values reported
for various perylene- and naphthalene bisimides.**® From
measurements performed at temperatures ranging from 243
to 293K, we determined AH=-158kJmol™' and AS=
11.9 Jmol 'K™" from a van't-Hoff plot; this suggested that the
aggregation in solution is driven by both enthalpy and entro-
py.”® The strong aggregation tendency is also reflected by a
moderate solubility of 2 in CH,Cl, of (4.00+£0.63) mgmL". At-

10587  © 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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tempts to grow single crystals from various solvents produced
needle-shaped crystals, which unfortunately could not be
structurally refined by X-ray diffraction.

TIP 2 was revisited by theoretical calculations. Scott men-
tioned that the TIP has a bowl-shaped structure.>'¥ However,
only the bowl-to-bowl inversion barrier calculated by DFT
(B3LYP/6-31G*) was discussed, and no further details, such as
geometrical parameters or energy levels of frontier molecular
orbitals, were provided (see also the Discussion below).™ To
obtain further insights into the structural details of TIP 2, dis-
persion-corrected (D3)®” DFT methods (B3LYP/6-311G(d,p))
were used to calculate molecular properties. It was found that
the input geometry (MM2 optimized models) is crucial to the
outcome of the DFT optimization. Starting from a planar input,
the DFT optimization using ultra-tight convergence criteria also
produced a planar geometry. A frequency analysis of the result
shows an imaginary frequency with 15.5icm™"', which is indica-
tive of a transition state. A second optimization, this time per-
formed with an already contorted input, resulted in a bowl-
shaped structure that no longer shows an imaginary frequen-
cy; this indicates that it is a realistic energy minimum
(Figure 5). The bow! depth is 0.69 A (if measured to the original
2,7-positions of the pyrene) or 1.44 A (maximum bowl depth)
and thus similar to the bowl depth of dibenzorubicene
(1.68 A).'! The dispersion-corrected calculations gave a great-
er bowl depth than those performed without the D3 correc-
tion term (1.18 A); this result deviates by about 20%(!), thus
indicating that dispersion has a significant effect in stabilizing
a contorted structure. The tert-butyl groups do not contribute
substantially to the curving by dispersion interactions (see the
Supporting Information).

Based on the dispersion-corrected model, the bowl-to-bowl
inversion barrier was calculated to be 6.47 kimol™' (AG=

11.9 kymol™", Figure 6). This is substantially higher than with-
out dispersion correction (2.99 kimol™") and even higher than
the previously published value (1.38 kJmol")."¥ Although the
estimated inversion barrier is higher, it still means that TIP 2
fluctuates 51 billion times per second between the bowl-
shaped minima, much too fast to be determined by variable-
temperature NMR measurements. In comparison, corannulene
shows an experimentally determined inversion rate of 200 000
per second at room temperature with a corresponding inver-
sion barrier of A*G=43+1 kJmol™' (10.240.2 kcalmol ™).
Additional information on the electronic structure of TIP 2
were obtained by AICD® and NICS calculations (HF/6-31+
G(d), Figure 5). The outer benzene rings (A) show typical aro-
matic character with comparable NICS(—1) and NICS(+1)
values of —8.8 and —8.7. NICS(—1) is the concave and
NICS(+ 1) the convex side of the bowl. Aromaticity is also ob-
served for the D-rings (NICS(—1)=—11.7 and NICS(+1)=-7.3,

16 16

14 3 bowl planar |n;toe‘r:1(|ed 14
T 11.93 kJ mol” —
5 12 . Tk
= ’ N o
_,10- i Y F10 £
= . N 2
> 8 ’ PR -8 =X
<) s 6.47 kJ mol N
o 64 4 = . e Q
2 o . ~ S g
5 o ~ i
T.; 4 /, P N \\ - 4 o
o " 4 ” \\ N

24 Bl v =, 2§ -2

o N
04 —_— P )

reaction coordinate

Figure 6. Inversion process of 2 via a planar transition state with the calcu-
lated difference in energy (black) and free enthalpy (red) derived from DFT
calculations (B3LYP/6-311G(d,p)).

HOMO
-5.5eV

Figure 5. Geometry-optimized model (B3LYP/6-311G(d,p)) of the bowl-shaped TIP 2. a) Top view. b) side view. AICD plots (HF/6-31+G(d)) of 2 from c) the
top/concave side with the magnetic field pointing out of the paper plane and red arrows indicating the direction of the ring current. d) Side view. Canonical
MOs of 2 (B3LYP/6-311G(d,p)) with the corresponding orbital energy. e) LUMO; f) HOMO. All calculations were corrected for dispersion (D3).
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due to the higher electron density on the bowl’s concave side.
As known from unsubstituted pyrene,"? the C-ring shows
smaller aromaticity, with NICS(—1)=—5.3, and here the curva-
ture has by far the greatest influence on the virtual chemical
shift, with NICS(+1)=—0.6. The five-membered B-rings are
nearly nonaromatic, with NICS(—1)=1.3 and NICS(+1)=3.7,
and with a tendency toward antiaromatic character, similar to
PAHs with fused five-membered rings such as corannulene™
or others.®? The ring currents derived by AICD calculations
(see red arrows in Figure 5¢) are in accordance with the trends
observed by the NICS calculations.

The DFT-calculated energies of the FMOs are E.omo, orr=
—5.5 eV and E yyo, prr=—3.0 eV (Figure 5e and f). Although no
oxidation was recorded within the redox window of the sol-
vents employed (CH,Cl, and o-DCB) at anodic potentials, two
quasireversible reduction potentials were found in both these
solvents (Figure 7). In CH,Cl,, the reduction potentials are
E/,=—141Vand E/; ,=—174V. In 0-DCB the two reduc-
tion peaks were found at slightly lower potentials (E)/; =
—1.48V and E:G_,/jvzz—1.84 V). The first reduction potentials are
higher by about 0.3-0.4V compared to [60]PCBM (E/2, =
—1.08 V) and [70]PCBM (E,.2 , = —1.09 V).>" Making a common-
ly used assumption, the electron affinity can be estimated as
EA=E!? +48eV)* corresponding to EA=-—3.46eV in
CH,Cl, and EA=—-3.42 eV in 0-DCB.

The calculated and experimentally determined FMOs sug-
gest that TIP 2 is potentially interesting for organic electronics
applications, both as an electron- and as a hole-conducting
semiconductor. Initial experiments using 2 in thin-film transis-
tors (TFTs) indicate hole mobilities of 4x10™* cm?V~'s " in TFTs
fabricated on silicon substrates and 1x10™* cm?V~"'s™" in TFTs
on flexible polyethylene naphthalate (PEN) substrates and on/
off current ratios up to 10° measured under ambient condi-
tions (for details, see the Supporting Information).

In summary, we have introduced an alternative synthetic ap-
proach to achieve TIP 2 in five consecutive steps and with a
50-fold higher yield both for the final cyclization step (29 vs.
0.5%"*) and for the overall synthesis (13 vs. 0.25%). TIP 2 was

-1.37V

-25 -2.0 -1.5 -1.0 -0.5 0.0
potential [V]

Figure 7. Cyclic voltammograms of TIP 9 in CH,Cl, (black) and o-DCB (red),
measured at room temperature with a Pt electrode, nBu,;NPF¢ (0.1 m) as elec-
trolyte, and Fc/Fc™ as internal reference (scanning speed: 100 mVs™').
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revisited by dispersion-corrected DFT calculations, revealing
that the bowl-to-bowl inversion barrier is substantially higher
than previously estimated. Furthermore, TIP 2 was used to fab-
ricate p-channel TFTs, indicating charge-carrier mobilities up to
4x10*cm?V's™" and on/off current ratios of up to 10°. To
the best of our knowledge, this is the first example of a transis-
tor based on a nonfunctionalized hydrocarbon buckybowl.?3-*
The possibility of easily scaling up the synthesis of precursor 3
without the necessity for purification by column chromatogra-
phy will allow us to provide TIP 2 in sufficiently high amounts
to explore its chemistry and physics; this is ongoing in our lab-
oratory.

Experimental Section

For experimental details, see the Supporting Information.
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1. General Remarks

Experimental Details: Commercially available reagents were obtained from Sigma-
Aldrich and have been used without further purification unless otherwise mentioned.
Flash column chromatography was performed using Silica Gel with a particle size of
0.040-0.063 mm. (Macherey-Nagel & Co. KG, Diren). The eluents were light
petroleum ether and dichloromethane or mixtures of them. For thin layer
chromatography fluorescent labelled silica coated aluminium plates (60 F254, Merck)
were used. The spots were detected by using UV-light irradiation with wavelengths of
Aex = 254 and 366 nm. Melting points were measured on a Buichi B-540 and are not
corrected. The melting points were measured in open glass capillaries. NMR-spectra
(*H, 13C, 2D spectra) were recorded in CDCls or DCM-d2 using a Bruker Avance |1l 400
(1H NMR: 400 MHz; 13C NMR: 101 MHz) spectrometer at 298 K or Brucker Avance
[l 600 (1H: 600 MHz, 13C: 151 MHz) spectrometer at 295 K, unless otherwise
mentioned. Chemical shifts are reported in parts per million (ppm) relative to traces of
CHCI3 (6 = 7.26 ppm, &¢c = 77.2 ppm)SH or CH2Cl2 (61 = 5.32 ppm, &c = 53.8 ppm)S1]
in the corresponding deuterated solvent, unless otherwise mentioned. IR spectra were
recorded on a Fourier transform spectrophotometer (Bruker Lumos) equipped with a
Zn/Se ATR crystal. The signal intensity was described with s (strong), m (medium), w
(weak) an br (broad). MALDI-TOF-mass spectra were carried out on a Bruker AutoFlex
Speed time-of-flight with DCTB (trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propen-
ylidene]malo-nonitrile) as matrix. Elemental analyses to determine the amount of C, N
and H were performed by the Microanalytical Laboratory at the University of Heidelberg
using an Elementar Vario EL machine. Absorption spectra were recorded on a Jasco
UV-VIS V-730 spectrophotometer and fluorescence spectra were recorded on a Jasco
FP-8300 spectrofluorometer. For the calculation of molar extinction coefficients at least
five solutions of different concentration were prepared by standard addition method.
Cyclic voltammograms were obtained at a scan rate of 100 mVs™ with a Pt working
electrode (0.78 mm?), a Pt counter electrode, and an Ag reference electrode using an
Autolab PGSTAT 101 potentiostat from Deutsche Metrohm with n-BusNCIO4 (0.1 M)

as electrolyte in dichloromethane or 0-DCB.

Computational Details: All quantum-chemical calculations were performed by
employing the Gaussian09 program package.5? The theoretical approach is based on
Kohn-Scham density functional methodologies!S? using the B3LYP functional.54 As

basis set the triple-{-bases (6-311G(d,p))® was used. As dispersion correction

S2



Grimme’s D3 dispersion including Becke-Johnson damping was applied.[5¢! The
geometries of the regarded species were fully optimized using ultra-tight convergence
criteria of the representative computational method. Ground states were confirmed by
using frequency calculations to not exhibit any imaginary frequency. Prediction of
excited state properties were performed using time-depended DFT methods with the
cam-B3LYP functional’l and convoluted with GaussSum.[S8 NICS(0) and NICS(1)
values were calculated from the optimized geometries by adding a ghost atom in the
centroid or 1 A above/below of the corresponding ring and performing a single-point
calculation based on Hartree-Fock methods!S® using the augmented double-Z-basis
(6-31+G(d))!S5 19 with the GIAO method.!S1 Ring-current analysis was accomplished
by performing a single-point calculation with the CSGT method[S11P. S1ic. S12] gn the
HF/6-31+G(d) level and using the AICD program package.[S13]

2. Syntheses and Characterization

4,5,9,10-Tetrabromo-1,2,3,6,7,8-hexahydropyrene 5

1

2
‘ Br 3 Br
) — T
‘ Br ‘ Br

4 5

Hexahydropyrene 4 (2.10 g, 10.0 mmol, 1 eq.) was dissolved in CH2Cl2 (60 mL) and
iron powder (426.7 mg, 7.65 mmol, 0.77 eq.) was added. While stirring, bromine
(2.2 mL, 43.0 mmol, 4.3 eq.) was added and the mixture stirred for additional 30 min
at 80 °C, whereby a solid precipitated. The mixture was cooled to room temperature
and poured on water (100 mL). The precipitate was collected by filtration, washed with
CHCIs (10 mL) and MeOH (20 mL) to give 4.4 g (84%) of tetrabromide 5 as colorless
solid. M.p. = 253°C-256°C (dec.). *H-NMR (400 MHz, CDCls): 6 = 3.20 (t, J = 6.3 Hz,
8H, H-2), 2.03 (q, J = 6.3 Hz, 4H, H-1) ppm. *3C-NMR (101 MHz, CDCl3): 6 = 135.8 (C
3), 130.6 (C 5), 125.3 (C 4), 34.4 (C 2), 23.2 (C 1) ppm. IR (neat, ATR): ¥ = 3422 (br),
2945 (w), 2927 (m), 2858 (m), 1652 (br), 1529 (m), 1454 (m),1429 (w), 1416 (w), 1343
(w), 1289 (s),1194 (s),1165 (w), 1068 (m), 945 (m), 901 (s), 849.21 (m), 787 (w), 746
(m), 696 (w), 665 (w), 609 (W) cmt. HRMS (MALDI-TOF+, DCTB): [M]*: m/z calcd. for

S3



CisH12Bra*: 523.767, found 523.781. Anal. Calcd. for CisHi2Bra: C 36.68, H 2.31,
found: C 36.76, H 2.50.
Compound 5 was mentioned in literature but neither isolated nor fully

characterized.[514

4,5,9,10-Tetrakis(4-(tert-butyl)phenyl)-1,2,3,6,7,8-hexahydropyrene 6

Br ‘ Br

5

Compound 5 (2.62 g, 5 mmol, 1 eq.) and 4-tert-butylphenyl-boronic acid (4.45 g,
25.0 mmol, 5 eq.) were dissolved in dry THF (20 mL) and 1 M K2COs-solution (20 mL)
under an argon atmosphere. Pdz2dbaz (366 mg, 0.4 mmol, 8 mol%) and HP'BusBF4
(435 mg, 1.5 mmol, 30 mol%) were added and the mixture refluxed while vigorous
stirring overnight at 80 °C. After cooling to room temperature the solid was collected
by filtration and washed with cold CHCIs (8 mL). The obtained greyish solid was
dissolved in boiling CHClIs, filtered over a pad of Celite while hot and the solvent was
removed under reduced pressure to give 2.98 g (80%) of 6 as colorless solid.
M.p. = >400°C. *H-NMR (300 MHz, CDCl3): 6 = 7.10 (d, J = 8.3 Hz, 8H, H-4), 6.87 (d,
J=8.3 Hz, 8H, H-5), 2.85 (t, J = 5.9 Hz, 8H, H-9), 1.86 (s, 1H), 1.22 (s, 36H, H-1) ppm.
13C-NMR (101 MHz, CDCls): 6 = 148.5 (C-3), 138.4 (C-6), 138.0 (C-7), 131.7 (C-8),
130.1 (C-5), 129.4 (C-11), 124.0 (C-4), 34.4 (C-2), 31.5 (C-1), 30.6 (C-9), 23.5 (C 10)
ppm. IR (neat, ATR): ¥ = 2961 (m), 2930 (m), 2901 (m), 2867 (m), 2832 (m), 1512 (m),
1473 (w), 1456 (m), 1428 (m), 1391 (m), 1363 (M), 1324 (w), 1268 (m), 1195 (w), 1129
(m), 1118 (m), 1104 (m).1069 (w),1017 (m), 959 (w), 947 (w), 925 (w), 849 (s), 836
(s),832 (s), 787 (s), 731 (w), 694 (m), 680 (w), 647 (m), 638 (W), 619 (w), 615 (w), 604
(w) cmt. HRMS (MALDI-TOF+, DCTB): [M]*: m/z calcd. for CssHs4™: 736.501, found:
736.467. Anal. calcd. for CssHsa-H20: C 89.07, H 8.81 found: C 89.23, H 8.84.
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4,5,6,10-Tetrakis(4-(tert-butyl)phenyl)pyrene 7

Bu l l l 'Bu
O ‘ O tB

6 7

'Bu u
Hexahydropyrene 6 (2.83 g, 3.84 mmol, 1 eq.) and DDQ (2.61 g, 11.5 mmol, 3 eq.)
were dissolved in dry toluene (62 mL) under argon atmosphere. The mixture was
stirred for 4 h at 130 °C, whereby the color changed from red to brown and a solid
precipitated. After cooling to room temperature, the solid was filtrated and washed with
cold CHCIs (30 mL) and MeOH (15 mL) until the washing solution was colorless. After
drying in a stream of air, 1.96 g (70%) of pyrene 7 was isolated as colorless solid. M.p.
>400°C. 'H-NMR (600 MHz, CDCls): 6 = 7.99 (d, J = 7.8 Hz, 4H, H-9), 7.82 (1, J = 7.8
Hz, 2H, H 10), 7.27 (d, J = 8.3 Hz, 8 H, H-4), 7.17 (d, J = 8.1 Hz, 8H, H-5), 1.29 (s, 36
H, H 1) ppm. ¥3C-NMR (151 MHz, CDCl3): 6 = 149.2 (C-3), 138.2 (C-7), 136.9 (C-6),
131.4 (C-8), 131.0 (C-5), 125.8 (C-10), 125.0 (C-9), 124.4 (C-4), 123.9 (C-11), 34.6
(C-2), 31.5 (C-1) ppm. IR (neat, ATR): ¥ = 3200 (bw), 2954 (m), 2899 (w), 2860 (w),
2362 (w), 2334 (w), 1579 (w), 1510 (w), 1452 (s), 1398 (w), 1359 (w), 1311 (w), 1269
(s), 1192 (s), 1109 (m), 1074 (w), 1022 (w), 987 (w), 968 (w), 946 (vw), 889 (m), 858
(w), 835 (m), 802 (s), 776 (w), 727 (s), 702 (w), 626 (s) cm™. UV/Vis (CH2Cl2): Amax (log
€) = 380 (3.34), 352 (4.43), 336 (4.34), 289 (4.80), 278 (4.53) nm. HRMS (MALDI-
TOF+, DCTB): [M]*: m/z calcd. for CseHss*: 730.454, found: 730.534.

The analytical data is in accordance to the data published before.[S1%]

4,5,6,10-Tetrakis(4-(tert-butyl)phenyl)-1,3,6,8-tetrachlorpyrene 3

Bu ! ! ! Bu
O O O tB

7 3

Bu u

Pyrene 7 (4.98 g, 6.8 mmol,) and N-chlorosuccinimide (4.09 g, 30.6 mmol, 4.5 equiv.)
were dissolved in CHCIs (70 mL) and stirred for 42 h at 80 °C. The obtained suspension
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was cooled to room temperature and washed with water (2x200 mL) and brine (2x200
mL), dried over magnesium sulfate, filtered and the solvent was removed under
reduced pressure to give 5.58 g (94%) of tetrachloropyrene 3 as a bright yellow solid.
M.p.: 340°C (dec.). 3 can be further purified by recrystallization from
ethanol/chloroform. 'H-NMR (600 MHz, CDCls): 6=7.89 (s, 2H, H-10), 7.09 (d,
J=8.2 Hz, 8H, H-4), 7.01 (d, J = 8.2 Hz, 8H, H 5), 1.24 (s, 36H, H 1) ppm. 1*C-NMR
(151 MHz, CDCl3): 6 = 149.4 (C-3), 138.8 (C-7), 137.4 (C-6), 134.6 (C 10), 131.6 (C
5), 131.0 (C 8/9), 128.5 (C 11), 126.7 (C 8/9), 123.4 (C 4), 34.5 (C 2), 31.5 (C 1) ppm.
IR (neat, ATR): ¥ = 3084 (bs), 2956 (w), 2900 (w), 1901 (w), 1763 (w), 1568 (m), 1511
(m), 1456 (m), 1420 (m), 1396 (m), 1360 (m),1289 (m), 1268 (m), 1202 (m), 1169 (m),
1108 (s), 1072 (m), 1023 (s), 998 (m), 936 (m), 883 (m), 857 (m), 829 (s), 793 (w), 749
(w), 729 (w), 701 (w), 630 (w) cm™. UV/VIS (CH2Cl2): Amax (log €) = 418 (3.69), 381
(4.48), 365 (4.39), 305 (4.77), 262 (4.64) nm. HRMS (MALDI-TOF+, DCTB): [M]*: m/z
calcd. for CseHs4Cls*: 866.298, found: 866.299. Anal. calcd. for CseHs4Cla: C 77.41, H
6.26, found: C 77.08, H 6.43.

The analytical data is in accordance to the data published before.[51°!

2,7,11,16-Tetra-tert-butyltetraindeno[1,2,3-cd:1',2',3'-fg:1",2",3"-jk:1"",2"",3""-
mn]pyrene 2

Tetrachloropyrene 3 (86.7 mg, 100 umol) and PdCI2(PCys)2 (30.0 mg, 40.6 umol,
40.6 mol%) were dissolved in dry N,N-dimethylacetamide (1 mL) under argon
atmosphere. To the solution DBU (0.24 mL, 1.61 mmol, 16.1 equiv.) was added
dropwise. The reaction mixture was stirred for 48 h at 200 °C. After cooling the mixture
to room temperature, the solution was diluted with CH2Cl2 (100 mL) and washed with
water (2x100 mL) and brine (2x100 mL), dried over MgSO4 and the solvent was
removed under reduced pressure. The crude product was purified by column
chromatography (SiO2, CH2CI2/PE 1:15, Rf = 0.86, 0.84 (8), 0.28 (2), 0.00 detected
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with CH2CI2/PE 2:1) to give as first fraction 14.5 mg (20%) of triindenopyrene 8 as red
solid. M.p. >400 °C. 'H-NMR (600 MHz, CDCIls): 6 = 8.18 (s, 1H, H-31), 8.01 (d,
J=8.0 Hz, 1H, H-23), 7.94 (d, J = 1.7 Hz, 1H, H-28), 7.92 (d, J = 7.9 Hz, 1H, H-18),
7.86 (d, J = 1.6 Hz, 1H, H-34), 7.79 (d, J = 7.9 Hz, 1H, H-9), 7.74 (d, J = 7.9 Hz, 1H,
H-10), 7.70 (d, J = 1.7 Hz, 1H, H-13), 7.63 (d, J = 8.2 Hz, 2H, H-4), 7.59 (d, J = 8.1 Hz,
2H, H-5), 7.40 (dd, J = 7.9, 1.8 Hz, 1H, H-24), 7.31 (dd, J = 7.9, 1.7 Hz, 1H, H-17),
7.07 (dd, J =8.0, 1.8 Hz, 1H, H-38), 7.00 (d, J = 8.0 Hz, 1H, H-39), 1.52 (s, 9H, H-27),
1.51 (s, 9H, H-1), 1.45 (s, 9H, H-16), 1.42 (s, 9H, H-37) ppm. *C-NMR (151 MHz,
CDCls): & = 152.3 (C-25), 152.3 (C-14), 151.4 (C-3), 151.1 (C-37), 144.5 (Cq), 143.4
(Cq), 143.4 (Cq), 138.6 (Cq), 138.7 (Cq), 138.4 (Cq), 137.3 (Cq), 137.2 (Cq), 136.6
(Cq), 136.4 (Cq), 135.5 (Cq), 134.8 (Cq), 134.4 (Cq), 133.4 (Cq), 133.1 (Cq), 132.9
(Cq), 132.4 (Cq), 131.9 (Cq), 130.2 (C-5), 128.8 (C-10), 126.3 (C-23), 126.0 (C-18),
125.4 (C-4), 125.2 (C-17), 124.3 (C-39), 124.1 (C-24), 124.1 (C-38), 120.7 (Cq), 120.1
(C-9), 119.9 (Cq), 119.3 (C-28), 119.2 (C-34),117.7,112.8 (C-31), 35.1 (Cg-'Bu), 35.2
(Cg-'Bu), 35.1 (Cg-'Bu), 35.0 (Cg-'Bu), 31.7 (C-1), 31.6 (C-27), 31.6 (C-37), 31.5 (C-
16) ppm. IR (neat, ATR): ¥ =2955 (s), 2900 (m), 2862 (m), 1608 (m), 1461 (m),
1441 (m), 1388 (m), 1359 (m), 1319 (w), 1298 (w), 1273 (w), 1251 (m), 1199 (w),
1161 (vw), 1109 (w), 1093 (w), 1022 (w), 997 (w), 869 (s), 842 (m), 817 (vs), 646 (S)
cm?. HRMS (MALDI-TOF+, DCTB): [M]*: m/z calcd. for CseHs2*: 724.407 found:
724.484.

Second fraction gave tetraindenopyrene 2 (21.3 mg, 29%) as dark red solid. M.p. >400
°C. 'H-NMR (400 MHz, CD2Cl2): 6 = 7.49 (d, J = 1.6 Hz, 4H, H-4), 7.34 (d, J = 8.0 Hz,
4H, H-12), 7.20 (dd, J=7.9, 1.8 Hz, 4H, H-13), 7.09 (s, 2H, H-7), 1.55 (s, 36H, H-1)
ppm. 3C-NMR (101 MHz, CD2Cl2): 6 = 151.9 (C-3), 144.1 (C-5/6/9), 139.3 (C-5/6/9),
138.2 (C-11), 136.8 (C-5/6/9), 133.1 (C-10), 126.5 (C-12), 124.6 (C-13), 119.5 (C-4),
113.2 (C-7), 35.4 (C-2), 31.7 (C-1) ppm. Note: The signal of C-8 was not resolved. IR
(neat, ATR): ¥ = 2955 (s), 2904 (m), 2866 (w), 1608 (m), 1561 (w), 1505 (w), 1473
(m), 1458 (m), 1435 (s), 1390 (m), 1360 (m), 1323 (w), 1286 (m), 1251 (s), 1198 (w),
1095 (m), 1072 (m), 887 (w), 864 (s), 814 (s), 678 (w), 646 (s) cm™. HRMS (MALDI-
TOF+, DCTB): [M]": m/z calcd. for CseHso*: 722.391 found: 722.495. UV/Vis (DCM):
Amax (log €) = 546 (3.94), 466 (4.04), 419 (4.27), 398 (4.18), 362 (4.55), 332 (4.72), 311
(4.90), 298 (4.82), 288 (4.80), 277 (4.86) nm. Anal. calcd. for CsgHso: C 93.03, H 6.97,
found: C 92.82, H 6.84.

The analytical data is in accordance to the data published before.[S6]
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3. NMR-Spectra
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Figure S1: 'H-NMR spectrum of compound 5 (CDCls, 295 K, 400 MHz).
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Figure S3: 'H,'H-COSY-NMR spectrum of compound 5 (CDCls, 295 K, 400/400 MHz).
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Figure S4: 'H,'3C-HSQC-NMR spectrum of compound 5 (CDCls, 295 K, 400/100 MHz).
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Figure S6: *H-NMR spectrum of compound 6 (CDCls, 300 MHz, 300 K).

S10



© Te NmYe

] B0 SO tTnwo 1
< w®m OO v o
- e v+ mm®m N
I NN NN I

.h”‘lﬂj‘ b o e e l‘“‘hA

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

Figure S7: 3C-NMR spectrum of compound 6 (CDCls, 100 MHz, 300 K). The *-symbol marks partially oxidized
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Figure S13: 3C-NMR spectrum of compound 7 (CDCls, 151 MHz, 295 K).
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Figure S14: H,'H-COSY-NMR spectrum of compound 7 (CDClIz, 295 K, 600/600 MHz).
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Figure S15: 'H,3C-HSQC-NMR spectrum of compound 7 (CDCls, 295 K, 600/151 MHz).
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Figure S19: *H,13C-HSQC-NMR spectrum of compound 3 (CDCls, 295 K, 600/151 MHz).
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Figure S20: 'H,3C-HMBC-NMR spectrum of compound 3 (CDCls, 295 K, 600/151 MHz).
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Figure S24: 'H,'3C-HMBC-NMR spectrum of compound 2 (CDCls, 295 K, 400/101 MHz).
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Figure S27: 3C-NMR spectrum of compound 8 (CDCls, 151 MHz, 295 K).
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Figure S31: *H-NMR spectrum of compound 8 (CD2Clz, 400 MHz, 295 K).
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Figure S32: 'H,'H-NOESY-NMR spectrum of compound 8 (CDCls, 295 K, 400/400 MHZz).
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4, NMR-Aggregation Studies

To investigate the aggregation behavior of TIP 2 by NMR techniques, 6.67 mg
(9.23 pmol) of 2 were dissolved in 3 mL of CD2Clz creating a 3.08 mM stock solution.

This stock solution was diluted with CD2Cl2 according to the following table.

Vstock solution VCchlzadded Resulting concentration
600 pL - 3.08 mM
450 pL 150 pL 2.31 mM
300 pL 300 pL 1.54 mM
150 pL 450 pL 0.77 mM
75 L 525 L 0.39 mM
40 pL 560 pL 0.20 mM
20 pL 580 uL 0.10 mM

The obtained solutions were vigorously shaken and analyzed by *H NMR spectroscopy
at 400 MHz with an equilibration time of at least 10 min at the corresponding

temperature prior to the measurements.

Temperatures of 293, 283, 273, 263, 253 and 243 K have been investigated. Assuming
infinite 1T-stacks with the association constant Ke = K2 = K3 = --- = Kn with the number
of molecules n = 2 to infinity, Ke was determined by a least-squares curve fitting of the
infinite (isodesmic) association model:[S17]

1-,/4K C. +1
6=6m+(63-6m)(1+ s )

2K:C,

with & as the observed chemical shift; da as the chemical shift of the infinite aggregate;
Om as the chemical shift of the monomer; C: as the total concentration of the substrate
(see above). Since the association constants Ke is calculated for every proton
individually by this method, also an average value for Ke was determined.

The Gibb’s energy AG was then calculated as

AG = -RT In Ke

where Kg is the averaged Ke of the four individual protons (see below).
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Figure S33: 'H-NMR spectra of TIP 2 in CD2Cl2 (400 MHz) at concentrations between
¢ =0.10-3.08 mM at 293 K.
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Figure S34: H-NMR spectra of TIP 2 in CD2Cl2 (400 MHz) at concentrations between
¢ =0.10-3.08 mM at 283 K.
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Figure S35: 'H-NMR spectra of TIP 2 in CD2Cl2 (400 MHz) at concentrations between
¢ =0.10-3.08 mM at 273 K.
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Figure S36: H-NMR spectra of TIP 2 in CD2Cl2 (400 MHz) at concentrations between
¢ =0.10-3.08 mM at 263 K.
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Figure S37: H-NMR spectra of TIP 2 in CD2Cl2 (400 MHz) at concentrations between
¢ =0.10-3.08 mM at 253 K.
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Figure S38: H-NMR spectra of TIP 2 in CD2Cl2 (400 MHz) at concentrations between
¢ =0.10-3.08 mM at 243 K.
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The following table summarizes the experimental findings described above:

293 K
conc. o Ha O HP O He o Hd
0.10 mM 7.790 7.760 7.335 7.813
0.20mM 7.638 7.700 7.311 7.710
0.39mM 7.436 7.629 7.273 7.574
0.77mM 7.220 7.542 7.230 7.426
1.54 mM 6.986 7.447 7.179 7.266
2.31 mM 6.913 7.413 7.159 7.217
3.08 mM 6.869 7.393 7.150 7.187
Om[ppm] 8.208 +0.153 7.875 +0.025 7.385 +0.012 8.073 £ 0.082
Oa[ppm] 6.349 £0.071 7.151 £ 0.025 7.009 £ 0.018 6.821 + 0.049
Ke[M1] (3.24+1.23)x10% (2.03+0.46)x10% (1.58+0.38) x 103 (2.94 +0.98) x 103
R2 0.99999 1 1 0.99999

average Ke = (2.45 £ 0.77) x 103 M
AG =-19.0 kd/mol

283 K
conc o Ha O HP O He o Hd
0.10 mM 7.716 7.729 7.320 7.758
0.20 mM 7.558 7.671 7.292 7.652
0.39 mM 7.353 7.592 7.254 7.513
0.77mM 7.134 7.505 7.210 7.364
1.54 mM 6.895 7.413 7.160 7.217
2.31 mM 6.852 7.385 7.142 7.172
3.08 mM 6.812 7.369 7.140 7.140
Om[ppm] 8.274 +0.330 7.871 +£0.041 7.382 +0.021 8.056 + 0.090
Oa[ppm] 6.352 +0.093 7.152 + 0.030 7.017 £ 0.021 6.809 + 0.041
Ke[M1]  (4.82+3.27)x10% (2.77+0.87)x 103 (2.23+0.83)x10% (3.65+1.21) x 103
R2 0.99998 1 1 1

average Ke = (3.37 £ 1.13) x 103 M
AG =-19.1 kJ/mol

273 K
conc o Ha O HP o He o Hd
0.10 mM 7.643 7.697 7.304 7.709
0.20mM 7.461 7.603 7.272 7.583
0.39mM 7.253 7.551 7.233 7.444
0.77 mM 7.044 7.465 7.188 7.3
1.54mM 6.84 7.378 7.139 7.143
2.31 mM 6.766 7.346 7.129 7.139
3.08 MM 6.752 7.34 7.124 7.094
Sm[ppm] 8.286 + 0.320 7.856 + 0.066 7.383 +0.030 8.140 + 0.270
Salppm]  6.333 +0.065 7.153 + 0.033 7.018 +0.019 6.820 + 0.061
Ke[M1]  (6.40+3.80)x 103 (3.84+1.73)x103 (3.23+1.41)x10% (6.40 +4.89) x 103
R2 0.99999 1 1 0.99999

average Ke = (4.97 £ 1.67) x 103 M1
AG =-19.3 kd/mol
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263 K

conc o Ha o HP O He o Hd

0.10mM 7.563 7.663 7.287 7.649

0.20 mM 7.375 7.594 7.253 7.522
0.39mM 7.174 7.515 7.214 7.386
0.77mM 6.974 7.433 7.171 7.251
1.54mM 6.784 7.352 7.127 7.11

231 mM 6.72 7.324 7.117 7.07
3.08mM 6.71 7.32 7.113 7.063
Om[ppm] 8.316 +0.429 7.858 + 0.069 7.377 £0.032 8.067 + 0.207
Oa[ppm] 6.337 £0.061 7.144 + 0.026 7.020 £ 0.016 6.787 + 0.047
Ke[M1]  (8.69+6.24)x 103 (4.75+2.01)x 103 (4.19+1.81)x10% (6.50 +3.92) x 103
R2 0.99999 1 1 0.99999

average Ke = (6.03 £ 2.03) x 103 M
AG =-19.0 kJ/mol

253 K
conc o Ha O HP O He o Hd
0.10 mM 7.472 7.625 7.266 7.583
0.20mM 7.284 7.555 7.232 7.457
0.39mM 7.091 7.48 7.193 7.324
0.77 mM 6.905 7.402 7.152 7.2
1.54 mM 6.729 7.326 7.118 7.074
231 mM 6.676 7.303 7.105 7.039
3.08 mM 6.668 7.298 7.1 7.03
Om[ppm] 8.338 + 0.560 7.834 +0.075 7.366 + 0.024 8.050 + 0.222
Oa[ppm] 6.339 +0.056 7.139 + 0.023 7.021 + 0.009 6.790 + 0.037
Ke[M1]  (11.9+10.2) x 103 (5.65+2.52) x 10® (5.33+1.65) x 103 (8.50+5.17) x 103
R2 0.99999 1 1 0.99999

average Ke = (7.85 + 3.06) x 103 M1
AG =-18.9 kJ/mol

243 K
conc O Ha O HP O He o Hd
0.10 mM 7.381 7.59 7.248 7.52
0.20mM 7.194 7.521 7.215 7.397
0.39mM 7.021 7.448 7.178 7.273
0.77 mM 6.85 7.376 7.141 7.156
1.54 mM 6.69 7.307 7.107 7.046
2.31 mM 6.642 7.286 7.093 7.014
3.08 MM 6.638 7.283 7.093 7.007
Om[ppm] 8.237 +0.577 7.819 + 0.089 7.345 + 0.03 8.032 +0.249
Sa[ppm]  6.342 + 0.051 7.143 +0.021 7.027 +0.011 6.797 + 0.091
Ke[M1]  (13.5+12.4)x10% (7.16+3.56) x 103 (5.58+2.26) x 103 (11.0 +7.19) x 103
R? 0.99999 1 1 1

average Ke' = (9.32 £ 3.61) x 103 M?
AG =-18.5 kJ/mol
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The calculation of Ke' at different temperatures was used to determine AS as well as
AH according to the van’t Hoff equation:

9o] AH=-15.79 kJ/mol
AS = 11.86 J/mol

9071 R2=0.9671 o

8.8 1
8.6 1
£ 8.4+
8.2 1
8.0

7.8 - °

7.6

! ' ! ' ! ' ! ' ! ' ! ' ! ' ! ' 1
0.0034 0.0035 0.0036 0.0037 0.0038 0.0039 0.0040 0.0041 0.0042
/T

Figure S40: van’t Hoff-plot of the association constancies Ke against 1/T of TIP 2 as described above.
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5. UV/Vis-Spectroscopy
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Figure S41: UV/Vis spectrum of compound 7 in CH2Cl2 (c = 1.29-10°5 M).
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Figure S42: UV/Vis spectrum of compound 3 in CH2Cl2 (c = 9.97-106 M).
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Figure S43: UV/Vis spectrum of compound 2 in CH2Cl2 (c = 1.01-10° M).
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Figure S44: UV/Vis spectrum of compound 8 in CH2Cl>.
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6. DFT-Calculations

Geometry

After we observed the curved geometry for TIP 2, we applied dispersion correction to
the geometry optimization. Whereas there was hardly any change for the planar
transition state, the bowl-shaped TIP shows an increased curvature, when dispersion
correction is applied. The differences for both geometries are given in Figure S45. The

tert-butyl groups have indeed a non-negligible influence of about 4% to the bowl! depth.

<

e) g)

Figure S45: Geometry optimized model (B3LYP/6-311G(d,p)) of TIP 2 and TIP without tert-butyl groups without
dispersion correction (left) and with Grimme’s D3BJ dispersion correction. a), c), e) and g) Top view. b), d), f) and
h) Side view with estimated bowl depths. The tert-butyl groups as well as hydrogen atoms are omitted for clarity.
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Inversion Barrier

For the inversion process the planar transition state as well as the bowl-shaped minima
were computed, and both analyzed by frequency calculations to obtain thermodynamic

data. Following the Eyring equation we calculated the theoretical inversion frequency:

kkgT atc
e RT

Assuming that k equals 1 for unimolecular reactions and using the calculated value for
A*G at 298.15 K, an inversion rate of 2.18x10*! s can be calculated. This means the
TIP 2 is flipping 218 billion times per second (see Figure S46). Applying dispersion
correction, we obtained a larger value for A*G, so that k = 5.05x10° s* or 51 billion

times per second.
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Figure S46: Inversion process of the TIP 2 via a planar transition state with the calculated difference in energy
(black) and free enthalpy (red) derived from DFT-calculations (B3LYP/6-311G(d,p)) without dispersion correction.
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Figure S47: Inversion process of the TIP 2 via a planar transition state with the calculated difference in energy
(black) and free enthalpy (red) derived from DFT-calculations (B3LYP/6-311G(d,p)) with dispersion correction

(D3BJ).
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Figure S48: Comparison of the experimental absorption spectrum in CH2Clz (black solid line) and the TD-DFT
calculation (red dotted line, cam-B3LYP/6-311G(d,p)). For the three most intense calculated maxima the major
contributions for the transitions are given.

The tailing of the lowest energy adsorption band of TIP 2 till Aonset = 620 nm resulting
in an optical band gap Egap, opt = 2.0 eV. TD-DFT calculations
(cam-B3LYP/6-311G(d,p)) reveal the detailed structure of the UV/Vis spectrum. The
positions of the absorption maxima of the calculated spectrum corresponds, even if the
convoluted spectrum does not fit that well. The most bathochromic absorption was
identified as the HOMO-LUMO transition, whereas the other transitions are mostly from
the HOMO-4 and lower to the LUMO. As there was no vibronic coupling taken into
account for the calculation, a deeper analysis cannot be provided.
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MO analysis

Both the planar as well as the bowl-shaped conformer of TIP 2 were analysed in terms
of their electronic properties by DFT-methods (B3LYP/6-311G(d,p)) with and without
dispersion correction applied. As Figure S 49 shows, it turns out that there’s is hardly

any difference between both forms.
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Figure S49: Canonical MOs of the bowl-shaped and planar TIP 2 (B3LYP/6-311G(d,p)) with (D3BJ) and without
dispersion correction. The distribution of the MOs is for all geometries identical and the difference in energies is
only marginal and lies within the DFT error.

NICS and AICD calculations

We calculated NICS(0) and NICS(1) values to further investigate local aromaticity of
tetraindenopyrene 2. Following the suggestions of Dobrowolski et al., we splitted the
NICS(1) values in NICS(+1) and NICS(-1), where NICS(+1) is 1 A below the outside of

the bowl located (convex side) and NICS(-1) 1 A inside the bowl (concave side).!S3!

The results of the NICS calculations in Table S1 indicate an aromatic character for the
outer ring A as well as the “top” ring D. The former pyrene K-Region (ring C) shows a
non-aromatic character, like the parent pyrene. Whereas the NICS(0) value indicated
an antiaromatic character for the five-membered ring B, the NICS(1) values tend more
to be non-aromatic. Therefore ring B shows also the highest NICS(1)bia, which means
the largest difference between NICS(0) and NICS(1)av. An analysis of the NICS(1)aift
values mirrors the difference of the two sides of the bowl. This difference is strongest

in the middle-part of the molecule (rings C and D) with NICS(1)dir values between 3.5
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and 3.9, whereas ring A shows hardly any difference. The NICS analysis was also
performed on the geometry obtained from the dispersion corrected optimization. In
comparison to the non-corrected geometry, only smaller differences could be

observed.

Table S1: Calculated NICS values for the bowl-shaped tetraindenopyrene (HF/6-31+G(d)). For the

splitting of the NICS(1) value we followed the suggestions of Dobrowolski et al.[s13]

without dispersion correction

Ring NICS(0) NICS(-1) NICS(+1) NICS(1)ay  NICS(L)air  NICS(1)as  NICS(1)bia

A -6.9 -8.7 -8.5 -8.6 0.2 0.0 1.7
B 7.7 1.8 3.8 2.8 1.9 1.0 4.9
C 0.6 -4.7 -0.8 -2.8 3.9 -0.8 3.3
D -7.6 -11.2 -7.6 -9.4 3.5 -0.3 1.8

with dispersion correction (D3BJ)

Ring NICS(0) NICS(-1) NICS(+1) NICS(1)ay NICS(L)air  NICS(L)as  NICS(L)bia

A -7.0 -8.8 -8.6 -8.7 0.3 0.0 1.7
B 7.4 13 3.7 2.5 2.4 1.8 4.9
C 0.4 -5.3 -0.6 -3.0 4.7 -0.9 3.4
D -7.8 -11.7 -7.3 -9.5 4.3 -0.4 17

To confirm the NICS analysis, we performed also AICD calculations. The resulting plots
are shown in Figures S50 and S51. The ring current analysis fits perfectly to the NICS
values. The rings A und D show a clockwise ring current, which is expected for

aromatic rings. Ring C shows no uniform ring current and the five-membered ring B
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exhibits an anti-clockwise ring current, which indicates a partial antiaromatic character.
In Figures S50 and S51b and c views from different positions point out the difference
between the two sides of the TIP. More electron density on the inside/concave side is
predicted, which is consistent to larger NICS(-1) values in comparison to the NICS(+1).
For the dispersion corrected geometry, the overall ring current doesn’t change at all,
but the isosourface is now nicely distributed above and below the molecule, maybe
due to the more curved structure.

Figure S 50: AICD plots (HF/6-31+G(d)) of the bowl-shaped tetraindenopyrene 2 without dispersion correction from
a) the top/concave side with the magnetic field pointing out of the paper plane and red arrows indicating the direction
of the ring current. b) View from the convex side and c) from the side. Both pictures show the difference of the
isosurface on the concave and convex side of the TIP 2.

Figure S 51: AICD plots (HF/6-31+G(d)) of the bowl-shaped tetraindenopyrene 2 with dispersion correction (D3BJ)
from a) the top/concave side with the magnetic field pointing out of the paper plane and red arrows indicating the
direction of the ring current. b) View from the convex side and c) from the side. Both pictures show the difference
of the isosurface on the concave and convex side of the TIP 2.
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xyz coordinates of the calculated structures

TIP 2 (bowl conformation) without dispersion correction

atom X y z

C1 -1.2222  -2.7324  -0.5426
c2 -0.0001  -3.4330 -0.4108
C3 1.2220  -2.7325  -0.5427
C4 1.2005  -1.3596 -0.8250
C5 2.4827  -0.6984  -0.6649
C6 24825  0.6981  -0.6634
C7 1.2009  1.3598  -0.8266
Cc8 1.2221 27324  -0.5422
C9 0.0001  3.4329  -0.4103
C10  -1.2219 27325  -0.5421
Cil1  -1.2008 1.3599  -0.8266
Cl2  -2.4824 0.6983  -0.6633
C13  -2.4827 -0.6982 -0.6647
Cl4  -1.2006 -1.3595 -0.8250
C15  0.0000 -0.6955 -0.9876
C16  0.0000 0.6951  -0.9829
C17  -3.4042 1.8234  -0.3697
C18  -3.4044 -1.8231 -0.3700
C19  3.4042  -1.8234 -0.3702
C20  3.4044 1.8231  -0.3699
C21  2.6500 3.0384  -0.2954
C22 32739 42473  -0.0158
C23 53873 3.1120 0.1103

S43

atom X y z

C24 47777 1.8861  -0.1646
C25 47775  -1.8865 -0.1647
C26 53870 -3.1125 0.1104

C27 32735  -4.2475 -0.0159
C28  2.6497  -3.0387 -0.2958
C29  -2.6500 -3.0384 -0.2956
C30  -3.2739 -4.2473  -0.0159
C31  -5.3873 -3.1120 0.1105

C32  -47777 -1.8861 -0.1646
C33  -47776 1.8865  -0.1644
C34  -53871 3.1125  0.1105

C35  -3.2735 4.2476  -0.0157
C36  -2.6497 3.0386  -0.2952
C37  -6.1053 55178  1.8681

C38  -5.3943 56286  0.4988

C39  -4.6614 4.3098  0.1930

C40  -6.4449 509016  -0.6033
C41  -4.4369 6.8333  0.5544

C42  -44374 -6.8330 0.5538

C43  -5.3947 -5.6281 0.4988

C44  -46617 -4.3094 0.1930

C45  -6.4458 -5.9008 -0.6029
C46  -6.1051 -55175 1.8685



atom x Yy y4

Cc4a7 6.4453 -5.9015 -0.6026
C48 5.3942 -5.6285  0.4990
C49 4.6614 -4.3097  0.1930
C50 4.4368 -6.8332  0.5542
C51 6.1046 -5.5177  1.8687
C52 4.4375 6.8329 0.5542
C53 5.3948 5.6281 0.4987
C54 4.6618 4.3094 0.1929
C55 6.4456 5.9009 -0.6033
C56 6.1056 5.5172 1.8682
H57 -0.0002 -4.4831 -0.1365
H58 0.0002 4.4828 -0.1349
H59 2.6732 5.1462 0.0347
H60 6.4604 3.1245 0.2615
H61 6.4601 -3.1250 0.2618
H62 2.6727 -5.1464  0.0347
H63 -2.6732  -5.1462  0.0347
H64 -6.4604 -3.1246 0.2616
H65 -6.4601  3.1251 0.2615
H66 -2.6728 5.1464 0.0348
H67 -6.6314  6.4495 2.0984
H68 -5.3842  5.3277 2.6679
H69 -6.8391 4.7088 1.8811
H70 -5.9685  5.9873 -1.5838
H71 -6.9743  6.8375 -0.3989

S44

atom x Yy z

H72 -7.1887  5.1039 -0.6623
H73 -5.0046  7.7411 0.7756
H74 -3.6823  6.7188 1.3375
H75 -3.9235  6.9909 -0.3981
H76 -5.0052  -7.7408 0.7749
H77 -3.6825 -6.7188  1.3367
H78 -3.9244  -6.9905 -0.3990
H79 -7.1895 -5.1029 -0.6615
H80 -6.9753 -6.8366 -0.3984
H81 -5.9698 -5.9865 -1.5836
H82 -5.3837 -5.3275 2.6680
H83 -6.8388 -4.7085  1.8818
H84 -6.6312 -6.4492  2.0988
H85 6.9746 -6.8374  -0.3979
H86 7.1892 -5.1038 -0.6613
H87 5.9693 -5.9873  -1.5833
H88 3.6819 -6.7188  1.3371
H89 5.0045 -7.7411 0.7754
H90 3.9237 -6.9908  -0.3985
HI1 6.6306 -6.4494  2.0992
H92 6.8383 -4.7086  1.8819
H93 5.3832 -5.3275  2.6681
H94 5.0053 7.7407 0.7753
H95 3.6828 6.7185 1.3373
H96 3.9242 6.9905 -0.3984



atom X y z

H97  7.1893 51032  -0.6621
H98 6.9750 6.8368 -0.3988
H99 5.9693 5.9867 -1.5838
H100 5.3844 53272  2.6679
H101 6.8392 4.7081 1.8813

TIP 2 (bowl conformation) with dispersion correction

atom X y z

C1 -1.2189 -2.7233  -0.6703
C2 0.0001 -3.4185 -0.5101
C3 1.2190 -2.7233  -0.6704
Cc4 1.2000 -1.3614  -1.0114
C5 2.4779 -0.6964  -0.8191
C6 2.4778 0.6965 -0.8188
C7 1.2000 1.3616 -1.0119
Ccs8 1.2189 2.7233 -0.6699
C9 -0.0001  3.4185 -0.5095
C10 -1.2190 2.7232 -0.6698
C11 -1.2001  1.3616 -1.0118
C12 -2.4779  0.6964 -0.8185
C13 -2.4779  -0.6965 -0.8188
c14 -1.1999 -1.3614 -1.0113
C15 0.0000 -0.6979  -1.1997
C16 -0.0001  0.6978 -1.1983

S45

atom X y z

H102 6.6318 6.4489 2.0985
H103 -5.3907 -0.9964 -0.2212
H104 -5.3907 0.9969 -0.2211
H105 5.3907 -0.9969 -0.2214
H106 5.3907 0.9964 -0.2213
atom X y z

C17 -3.3926  1.8058 -0.4600
C18 -3.3924  -1.8059 -0.4598
C19 3.3925 -1.8057  -0.4603
C20 3.3925 1.8059 -0.4603
c21 2.6371 3.0192 -0.3687
C22 3.2494 4.2145 -0.0222
Cc23 5.3565 3.0696 0.1343
c24 4.7571 1.8561 -0.2068
C25 4.7569 -1.8558  -0.2060
C26 5.3564 -3.0693  0.1351
c27 3.2495 -4.2145  -0.0227
C28 2.6372 -3.0191  -0.3690
C29 -2.6370 -3.0192  -0.3687
C30 -3.2493  -4.2146  -0.0225
C31 -5.3563 -3.0696  0.1353
C32 -4.7569 -1.8560 -0.2056



atom X y z

C33 -4.7571  1.8560 -0.2066
C34 -5.3566  3.0695 0.1344
C35 -3.2495  4.2145 -0.0221
C36 -2.6372 3.0191 -0.3684
C37 -6.0117  5.3928 2.0002
C38 -5.3494  5.5616 0.6161
C39 -4.6280  4.2620 0.2365
C40 -6.4337 5.8703 -0.4385
C41 -4.3926 6.7621 0.6859
C42 -4.3924  -6.7625 0.6841
C43 -5.3491 -5.5618 0.6160
C44 -4.6277  -4.2621  0.2367
C45 -6.4345 -5.8696 -0.4376
C46 -6.0100 -5.3937 2.0010
c4a7 6.4346 -5.8697 -0.4374
C48 5.3492 -5.5615 0.6162
C49 4.6279 -4.2619  0.2365
C50 4.3925 -6.7622  0.6846
Ch1 6.0101 -5.3930 2.0011
C52 4.3924 6.7621 0.6858
C53 5.3492 5.5616 0.6162
C54 4.6278 4.2620 0.2365
C55 6.4338 5.8703 -0.4381
C56 6.0112 5.3927 2.0005
H57 0.0001 -4.4511  -0.1774

S46

atom X y z

H58 -0.0001  4.4508 -0.1761
H59 2.6489 5.1119 0.0415
H60 6.4231 3.0780 0.3229
H61 6.4229 -3.0776  0.3243
H62 2.6490 -5.1119  0.0407
H63 -2.6489  -5.1121  0.0407
H64 -6.4228 -3.0780 0.3244
H65 -6.4232  3.0780 0.3228
H66 -2.6490 5.1119 0.0416
H67 -6.5288 6.3133 2.2871
H68 -5.2618 5.1687 2.7632
H69 -6.7435  4.5826 2.0017
H70 -5.9870  5.9903 -1.4288
H71 -6.9571  6.7966 -0.1835
H72 -7.1755 5.0715 -0.5002
H73 -4.9526  7.6593 0.9609
H74 -3.6128 6.6152 1.4377
H75 -3.9123  6.9542 -0.2771
H76 -4.9524  -7.6598  0.9590
H77 -3.6119 -6.6164 1.4354
H78 -3.9130 -6.9540 -0.2794
H79 -7.1761 -5.0706  -0.4982
H80 -6.9579  -6.7959  -0.1825
H81 -5.9887 -5.9893 -1.4284
H82 -5.2592  -5.1700 2.7633



atom X y z

H83 -6.7417  -4.5835 2.0036
H84 -6.5268 -6.3144  2.2879
H85 6.9580 -6.7959  -0.1820
H86 7.1763 -5.0708 -0.4981
H87 5.9889 -5.9896 -1.4281
H88 3.6122 -6.6159  1.4360
H89 4.9526 -7.6594  0.9596
H90 3.9130 -6.9539  -0.2787
H91 6.5270 -6.3135  2.2883
H92 6.7418 -4.5826 2.0034
H93 5.2594 -5.1691  2.7633
H94 4.9525 7.6593 0.9608

TIP 2 (planar conformation) without dispersion correction

atom X y z

C1 -2.4928  0.7007 0.0000
C2 -2.4928 -0.7007  0.0000
C3 -1.2004  -1.3564  0.0000
C4 0.0000 -0.6899  0.0000
C5 0.0000 0.6899 0.0000
C6 -1.2004  1.3564 0.0000
C7 1.2004 -1.3564  0.0000

S47

atom X y z

H95 3.6125 6.6154 1.4375
H96 3.9124 6.9542 -0.2773
H97 7.1756 5.0715 -0.4995
H98 6.9571 6.7966 -0.1829
H99 5.9874 5.9902 -1.4285
H100 5.2610 5.1686 2.7633
H101 6.7429 4.5824 2.0022
H102 6.5282 6.3132 2.2875
H103 -5.3688 -0.9677 -0.2753
H104 -5.3693 0.9679 -0.2772
H105 5.3689 -0.9675  -0.2758
H106 5.3692 0.9680 -0.2776
atom X y z

C8 2.4928 -0.7007  0.0000
C9 2.4928 0.7007 0.0000
C10 1.2004 1.3564 0.0000
Cl1 1.2290 2.7545 0.0000
C12 0.0000 3.4659 0.0000
C13 -1.2290 2.7545 0.0000
Ci4 -1.2290 -2.7545 0.0000



atom x Yy y4

C15 0.0000 -3.4659  0.0000
C16 1.2290 -2.7545  0.0000
C17 3.4299 1.8522 0.0000
C18 -3.4299  1.8522 0.0000
C19 -3.4299  -1.8522  0.0000
C20 3.4299 -1.8522  0.0000
Cc21 -4.8168 -1.9290 0.0000
C22 -5.4477  -3.1743  0.0000
C23 -4.7296  -4.3784  0.0000
C24 -3.3265 -4.3037 0.0000
C25 -2.6781 -3.0765  0.0000
C26 -2.6781  3.0765 0.0000
Cc27 -3.3265  4.3037 0.0000
C28 -4.7296  4.3784 0.0000
C29 -5.4477  3.1743 0.0000
C30 -4.8168  1.9290 0.0000
C31 4.8168 1.9290 0.0000
C32 5.4477 3.1743 0.0000
C33 4.7296 4.3784 0.0000
C34 3.3265 4.3037 0.0000
C35 2.6781 3.0765 0.0000
C36 2.6781 -3.0765  0.0000
C37 3.3265 -4.3037  0.0000
C38 4.7296 -4.3784  0.0000
C39 5.4477 -3.1743  0.0000

S48

atom x Yy z

C40 4.8168 -1.9290  0.0000
C41 5.4867 5.7190 0.0000
C42 5.4867 -5.7190  0.0000
C43 -5.4867 -5.7190 0.0000
C44 -5.4867  5.7190 0.0000
C45 -6.3765  5.8080 1.2620
C46 -6.3765  5.8080 -1.2620
C47 -4.5360 6.9302 0.0000
C48 6.3765 5.8080 -1.2620
C49 4.5360 6.9302 0.0000
C50 6.3765 5.8080 1.2620
Cs1 6.3765 -5.8080 -1.2620
C52 4.5360 -6.9302  0.0000
C53 6.3765 -5.8080 1.2620
C54 -4.5360 -6.9302 0.0000
C55 -6.3765 -5.8080 1.2620
C56 -6.3765 -5.8080 -1.2620
H57 0.0000 45513 0.0000
H58 0.0000 -4.5513  0.0000
H59 -5.4217  -1.0312 0.0000
H60 -6.5311  -3.1977  0.0000
H61 -2.7322  -5.2082  0.0000
H62 -2.7322  5.2082 0.0000
H63 -6.5311  3.1977 0.0000
H64 -5.4217  1.0312 0.0000



atom X y z

H65 5.4217 1.0312 0.0000
H66 6.5311 3.1977 0.0000
H67 2.7322 5.2082 0.0000
H68 2.7322 -5.2082  0.0000
H69 6.5311 -3.1977  0.0000
H70  5.4217  -1.0312 0.0000
H71  -5.7711 5.7499  2.1706
H72  -7.1114 5.0008  1.2986
H73  -6.9215 6.7569  1.2757
H74  -6.9215 6.7569  -1.2757
H75  -57711 57499  -2.1706
H76  -7.1114 5.0008 -1.2986
H77  -3.8962 6.9459  0.8865
H78 -3.8962  6.9459 -0.8865
H79  -5.1207 7.8539  0.0000
H80 7.1114 5.0008 -1.2986
H81 57711 57499  -2.1706
H82  6.9215 6.7569  -1.2757
H83 3.8962 6.9459 0.8865
H84  3.8962 6.9459  -0.8865
H85 5.1207 7.8539 0.0000

S49

atom X y z

H86 57711 57499  2.1706
H87  6.9215  6.7569  1.2757
H88 7.1114 5.0008 1.2986
H89  6.9215 -6.7569 -1.2757
H90  5.7711  -5.7499 -2.1706
H91  7.1114  -5.0008 -1.2986
H92 3.8962 -6.9459  0.8865
H93  3.8962  -6.9459 -0.8865
H94 5.1207 -7.8539  0.0000
H95  5.7711  -5.7499 2.1706
H96 7.1114 -5.0008 1.2986
H97  6.9215  -6.7569  1.2757
H98  -3.8962 -6.9459  0.8865
H99 -3.8962 -6.9459  -0.8865
H100 -5.1207 -7.8539  0.0000
H101 -5.7711 -5.7499 2.1706
H102 -7.1114 -5.0008 1.2986
H103 -6.9215 -6.7569 1.2757
H104 -6.9215 -6.7569 -1.2757
H105 -5.7711 -5.7499 -2.1706
H106 -7.1114 -5.0008 -1.2986



TIP 2 (planar conformation) with dispersion correction

atom x y z atom x y z

C1 -2.5011 -0.6244 -0.0011 C23 2.7755 3.0027 -0.0008
C2 -2.4614 0.7749 -0.0011 C24 3.4913 1.7548 -0.0008
C3 -1.1503 1.3945 -0.0015 C25 -4.7499 2.0595 0.0004

C4  0.0295 0.6942 -0.0017 C26 -5.3474 3.3205 0.0010

C5 -0.0098 -0.6856  -0.0015 C27 -3.1968 4.3964 0.0001

Cé6 -1.2275 -1.3176 -0.0012 C28 -3.4415 -4.1983 -0.0002
Cc7 1.2472 1.3265 -0.0015 C29 -5.5273 -3.0018 -0.0008
C8  2.5209 0.6336 -0.0011 C30 -4.8590 -1.7767 -0.0010
C9 24812 -0.7657 -0.0010 C31 4.7672 -2.0486 0.0001

C10 1.1703 -1.3861 -0.0012 C32 5.3716 -3.3125 0.0007

C1l1 1.1596 -2.7853 -0.0006 C33 3.2177 -4.3828 0.0004

Cl12 -0.0894 -3.4616 -0.0004 C34 3.4605 4.2076 -0.0005
Cl13 -1.2975 -2.7152 -0.0007 C35 5.5465 3.0114 -0.0003
Cl14 -1.1406 2.7938 -0.0011 C36 4.8785 1.7862 -0.0006
C15 0.1082 3.4703 -0.0010 C37 6.8020 -5.8172 0.0019

Cl6 1.3168 2.7240 -0.0011 C38 5.2669 -5.8816 0.0015

Cl7 3.3878 -1.9391 -0.0004 C39 4.6231 -4.4900  0.0009

C18 2.5998 -3.1479 -0.0002 C40 4.8168 -6.6515 -1.2585
C19 -2.7563 -2.9935 -0.0005 C41 4.8161 -6.6507 1.2619

C20 -3.4719 -1.7456 -0.0008 C42 -4.7311 -6.7737 0.0010

C21 -3.3667 1.9495 -0.0005 C43 -5.6421 -5.5361 0.0000

C22 -2.5812 3.1546 -0.0006 C44 -4.8453 -4.2250 -0.0003

S50



atom x y z atom x y z

C45 -6.5310 -5.5936 -1.2606 H68 2.8962 5.1303 -0.0005
C46 -6.5320 -5.5924 1.2599 H69 6.6296 3.0052 -0.0002
C47 -6.2025 5.9656 -1.2583 H70 5.4520 0.8685 -0.0007
C48 -5.3173 5.8575 0.0016 H71 7.2101 -6.8309 0.0024
C49 -4.5967 4.5030 0.0008 H72 7.1847 -5.3050 0.8882
C50 -4.3372 7.0411 0.0017 H73 7.1851 -5.3056 -0.8846
C51 -6.2014 5.9645 1.2624 H74 3.7322 -6.7728 -1.2924
C52 4.7496 6.7832 0.0001 H75 5.2667 -7.6485 -1.2738
C53 5.6608 5.5458 0.0001 H76 5.1231 -6.1227 -2.1645
C54 4.8642 4.2345 -0.0002 H77 5.2660 -7.6476 1.2781
C55 6.5504 5.6030 -1.2600 H78 5.1220 -6.1212 2.1677
C56 6.5500 5.6026 1.2605 H79 3.7315 -6.7720 1.2952
H57 -0.1204 -4.5460 0.0001 H80 -5.3443 -7.6782 0.0011
H58 0.1390 4.5547 -0.0006 H81 -4.0932 -6.8058 0.8879
H59 -5.3745 1.1758 0.0007 H82 -4.0923 -6.8066 -0.8853
H60 -6.4291 3.3759 0.0017 H83 -7.2383 -4.7627 -1.2936
H61 -2.5812 5.2857 0.0000 H84 -7.1049 -6.5248 -1.2773
H62 -2.8774 -5.1211 0.0001 H85 -5.9206 -5.5504 -2.1661
H63 -6.6104 -2.9954 -0.0010 H86 -7.1060 -6.5235 1.2770
H64 -5.4323 -0.8589 -0.0016 H87 -5.9224 -5.5485 2.1660
H65 5.3916 -1.1648 0.0001 H88 -7.2394 -4.7614 1.2916
H66 6.4515 -3.3599 0.0011 H90 -6.9560 5.1762 -1.2908
H67 2.6077 -5.2786 0.0006 H91 -5.5962 5.8877 -2.1643

S51



atom x y z H99

H92 -3.6979 7.0370 0.8882 H100
HO93 -4.8977 7.9791 0.0019 H101
H94 -3.6981 7.0372 -0.8850 H102
H95 -6.7215 6.9268 1.2798 H103
H96 -6.9548 5.1751 1.2949 H104
H97 -5.5944 5.8861 2.1678 H105
H98 5.3626 7.6878 0.0004 H106

4.1110

41114

7.2578

7.1242

5.9406

7.1238

5.9398

7.2574

6.8154

6.8157

4.7722

6.5343

5.5595

6.5339

5.5588

4.7718

0.8866

-0.8866

-1.2924

-1.2766

-2.1659

1.2776

2.1662

1.2928

Compound 2 without tert-butyl (bowl conformation) w/o dispersion correction

atom x y z atom x y z

Cl1 -1.2187 -2.7247  -0.2867 C13 -2.4788 -0.6971  -0.4328
C2  0.0002 -3.4210 -0.1311 Ci14 -1.2003 -1.3608 -0.6178
C3 1.2190 -2.7246  -0.2866 C15 0.0001 -0.6971  -0.8015
C4  1.2005 -1.3607  -0.6178 C16 0.0000 0.6970 -0.7995
C5 2.4790 -0.6968  -0.4327 C17 -3.3981 1.8091 -0.0858
C6 2.4788 0.6971 -0.4317 C18 -3.3979 -1.8096  -0.0862
C7  1.2004 1.3610 -0.6174 C19 3.3982 -1.8092  -0.0862
C8 1.2187 2.7247 -0.2856 C20 3.3979 1.8095 -0.0854
C9 -0.0002 3.4210 -0.1302 C21 2.6369 3.0256 0.0047
Cl10 -1.2190 2.7246 -0.2857 C22 3.2565 4.2199 0.3371
Cl1l1 -1.2004  1.3608 -0.6174 C23 5.3803 3.0613 0.4784
Cl2 -2.4788 0.6968 -0.4318 C24 4.7659 1.8473 0.1496

S52



atom x y z atom x y z

C25 4.7661 -1.8470 0.1490 H42 -0.0003 4.4564 0.1929
C26 5.3805 -3.0607 0.4783 H43 2.6817 5.1364 0.4081
C27 3.2568 -4.2196 0.3368 H44 6.4486 3.0861 0.6581
C28 2.6372 -3.0254  0.0038 H45 6.4488 -3.0855 0.6582
C29 -2.6369 -3.0257 0.0038 H46 2.6820 -5.1361 0.4078
C30 -3.2563 -4.2198 0.3371 H47 -2.6814 -5.1362 0.4082
C31 -5.3800 -3.0611 0.4795 H48 -6.4481 -3.0858 0.6600
C32 -4.7657 -1.8473 0.1497 H49 -6.4491 3.0853 0.6572
C33 -4.7661 1.8467 0.1490 H50 -2.6825 5.1361 0.4076
C34 -5.3808 3.0606 0.4776 H51 -5.3671 -0.9530 0.0740
C35 -3.2572  4.2195 0.3366 H52 -5.3671 0.9522 0.0736
C36 -2.6373 3.0253 0.0043 H53 5.3673 -0.9527 0.0731
C37 -4.6364 4.2330 0.5733 H54 5.3670 0.9529 0.0745
C38 -4.6353 -4.2334 0.5752 H55 5.1277 5.1648 0.8296
C39 4.6359 -4.2331 0.5742 H56 5.1278 -5.1641 0.8303
C40 4.6357 4.2336 0.5741 H57 -5.1271 -5.1644 0.8316
H41 0.0002 -4.4565 0.1917 H58 -5.1285 5.1641 0.8288

Compound 2 without tert-butyl (bowl conformation) with dispersion correction

atom x y z atom x y z
Cl -1.2217 -2.7333 -0.2324 C3 1.2217 -2.7333 -0.2325
C2 0.0000 -3.4348 -0.1046 C4 1.2010 -1.3591 -0.5066

S53



atom x y z atom x y z

C5 24834 -0.6988 -0.3519 C28 2.6485 -3.0439 0.0055
C6  2.4834 0.6987 -0.3519 C29 -2.6486 -3.0438 0.0055
C7 1.2011 1.3591 -0.5072 C30 -3.2784 -4.2502 0.2754
C8 1.2217 2.7333 -0.2327 C31 -5.4083 -3.0998 0.3897
C9 0.0001 3.4348 -0.1049 C32 -4.7852 -1.8747 0.1234
Cl10 -1.2217 2.7333 -0.2326 C33 -4.7851 1.8748 0.1234
Cl1 -1.2011 1.3591 -0.5071 C34 -5.4081 3.0999 0.3901
Cl2 -2.4834 0.6988 -0.3519 C35 -3.2781 4.2503 0.2757
Cl13 -2.4835 -0.6987 -0.3518 C36 -2.6484  3.0439 0.0055
Cl14 -1.2011 -1.3591 -0.5066 C37 -4.6643 4.2745 0.4678
C15 0.0000 -0.6946  -0.6626 C38 -4.6646 -4.2744  0.4673
C16 0.0000 0.6945 -0.6621 C39 4.6644 -4.2744 0.4676
Cl7 -3.4092 1.8260 -0.0680 C40 4.6645 4.2743 0.4676
C18 -3.4092 -1.8259 -0.0679 H41 -0.0001 -4.4869 0.1612
C19 3.4092 -1.8260 -0.0679 H42 0.0001 4.4868 0.1613
C20 3.4093 1.8259 -0.0682 H43 2.7057 5.1695 0.3332
C21 2.6485 3.0438 0.0053 H44 6.4820 3.1313 0.5353
C22 3.2783 4.2502 0.2755 H45 6.4819 -3.1314 0.5357
C23 5.4082 3.0998 0.3899 H46 2.7056 -5.1696 0.3331
C24 4.7852 1.8747 0.1232 H47 -2.7058 -5.1696 0.3330
C25 4.7851 -1.8748 0.1236 H48 -6.4820 -3.1313 0.5351
C26 5.4082 -3.0998 0.3901 H49 -6.4818 3.1315 0.5355
C27 3.2782 -4.2503 0.2755 H50 -2.7055 5.1696 0.3333

S54



atom x y z atom x y z

H51 -5.3869 -0.9784 0.0622 H55 5.1621 5.2149 0.6747
H52 -5.3870 0.9787 0.0618 H56 5.1621 -5.2151 0.6745
H53 5.3869 -0.9785 0.0625 H57 -5.1623 -5.2150 0.6740
H54 5.3870 0.9785 0.0615 H58 -5.1619 5.2151 0.6749
7. TFT characteristics
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Figure S52: Current-voltage characteristics of a p-channel TFT based on a vacuum-deposited layer of TIP 2 as the
semiconductor (substrate temperature during the semiconductor deposition: 80 °C; semiconductor thickness: 30
nm). The substrate is a heavily doped silicon wafer, and the gate dielectric is a combination of a 100-nm-thick layer
of thermally grown silicon dioxide (SiO2), an 8-nm-thick layer of aluminum oxide (Al203) grown by atomic layer
deposition (ALD) and a self-assembled monolayer (SAM) of pentadecylfluorooctadecylphosphonic acid.
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Figure S53: Current-voltage characteristics of a p-channel TFT based on a vacuum-deposited layer of TIP 2 as the
semiconductor (substrate temperature during the semiconductor deposition: 80 °C; semiconductor thickness: 30
nm). The substrate is 125-pum-thick flexible polyethylene naphthalate (PEN), and the gate dielectric is a combination
of a 3.6-nm-thick layer of aluminum oxide (AlOx) obtained by plasma oxidation of the surface of the aluminum gate
electrode and a 2.1-nm-thick self-assembled monolayer (SAM) of pentadecylfluorooctadecylphosphonic acid.
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8. Crystallographic information

Single crystals of 5 suitable for SCXRD analysis were obtained by vapor diffusion of

n-pentane into a saturated CH2Cl2 solution of 5.

Table S2: Crystal data and structure refinement for 5.

CCDC number
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Z

Unit cell dimensions

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal colour

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

1992741
C16H12Br4
523.90

200(2) K
0.71073 A
orthorhombic
Pnna

4

a=7.3263(5) A

b = 11.4960(8) A
c=17.3499(12) A
1461.26(17) A3
2.38 g/cm?3
11.00 mm!

plate

0.058 x 0.040 x 0.015 mm?3
colourless

2.1to0 33.7 deg.

-10<h<9, -17<k<17, -23<I<26
13294

2630 (R(int) = 0.0548)

1536 (I > 26(1))

Semi-empirical from equivalents
0.88 and 0.72

Full-matrix least-squares on F?
2630/0/91

0.97

R1 =0.034, wR2 = 0.057

0.56 and -0.78 eA3

o = 90 deg.
B = 90 deg.
y= 90 deg.
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Single crystals of 6 suitable for SCXRD analysis were obtained by vapor diffusion of

n-pentane into a saturated CH2Cl2 solution of 6.

Table S3: Crystal data and structure refinement for 6.

CCDC number
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Y4

Unit cell dimensions

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal colour

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

1992741
CseHea

737.07

200(2) K
1.54178 A
monoclinic
P2i/c

2

a=15.235(6) A
b =10.695(3) A
c =15.558(9) A
2210.7(17) A3
1.11 g/cm?
0.46 mm!

brick

0.055 x 0.040 x 0.018 mm?3
colourless

3.31t0 46.6 deg.

-14<h<14, -9<k<10, -9<I<14
9818

1939 (R(int) = 0.1975)

922 (I > 25(1)

Semi-empirical from equivalents
1.37 and 0.70

Full-matrix least-squares on F?
1939 /297 / 259

1.12

R1=0.116, wR2 = 0.299

0.32 and -0.30 eA-3

o = 90 deg.
8 =119.30(3) deg.
y= 90 deg.
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