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Mark R.J. Elsegood,[e] Thomas G. Warwick,[e] Simon J. Teat,[f] Carl Redshaw,[g] and Takehiko 
Yamato*[a]  
Abstract: Multiple photoluminescence, involved in monomer 
emission, excimer emission and charge transfer emission origin from 
new pyrene-fused hexaarylbenzenes (HAB) compounds were 
observed, which were designed and synthesized (in high yield) via 
the Diels-Alder reaction of bis(2-tert-butylpyren-6-yl)acetylene and 
tetraphenylcyclopentadienone. Although the distinction of between 
two molecules arises only from the geometrical position of one of the 
pyrenes, the NMR spectra, the crystal packing and the 
physicochemical properties of these pyrene-based HAB hybrids are 
distinctly different both in their solution state and in aggregation-state. 
The X-ray diffraction analysis clearly indicated that the pyrene 
moieties in this system would form different crystal packing in crystal 
state that can induce a fantastic multiple photoluminescence 
phenomenon. 

Introduction 

The construction of intriguing molecular structures is both an art 
and a science and has attracted considerable interest in recent 
years. Highlights include reports on cage-carborane-based 
dyads with aryl-substitution,1 propeller-shaped 
tetraphenylethene-based  aggregation-induced emission (AIE) 
luminogens with bulky pendant moieties,2 chiral helicenes with 
fused planar and nonplanar systems,3 and π-expanded 
fullerene-based dyads.4 Such systems have played a crucial role 

in developing the field of organic optoelectronics. Among the 
many promising hybrid candidates, hexaarylbenzene (HAB) 
appears to be an ideal scaffold given that it possesses a rigid 
core and adjustable aryl units, allowing for the formation of 
unusual and fascinating structures. It has also proved possible 
to extend the range of applications possible for HAB derivatives 
by the introduction of suitable radial substitution reactions.5 

Pyrenes as typical polycyclic aromatic hydrocarbons (PAHs) 
possess unique optoelectronic properties and features that can 
be readily modified, which have allowed them to be extensively 
explored as fluorophores, particularly in view of their additional 
favorable stability and high fluorescence efficiency.6 Generally, 
the availability of efficient monomeric emission in the range of 
370–430 nm and the excimer emission at around 480 nm,7 
combined with the charge-transfer (CT) emission possible by 
means of the introduction of donor/acceptor moieties at the 
pyrene has established their position/reputation in comparison 
with other polyaromatic fluorophores (see examples in Scheme 
1).8 However, the mechanisms associated with multiple 
photoluminescence from a single molecule in pyrene chemistry 
remains relatively unexplored. The minimal mechanistic work to-
date reflects the limiting harsh prerequisites, such as the 
combination of multidimensional intermolecular interactions 
required, not to mention the pre-determined spatial 
arrangements combined with appropriate donor/acceptor 
constituents.9 Thus, the design and synthesis of organic 
molecules with multiple photoluminescence remains a 
challenging topic.  

 
Scheme 1 Diagrammatic sketch illustrating the typical structures 
giving rise to emissions in the pyrene system. 

Building on the individual emission mechanisms mentioned 
above, a new strategy to construct high-performance single 
molecules with multiple photoluminescence was conceived. Our 
target was to attempt to integrate a pyrene fluorophore with a 
propeller-shaped HAB scaffold into a single molecule, which 
would exhibit multiple photoluminescence, due to its 
multidimensional geometrical parameters, conformations and 
intra/inter-molecular interactions. In particular, we wished to 
construct this “propeller” by replacing two of the “propeller 
blades”. Herein, the synthesis of two conformers of the pyrene 
based HAB derivatives anti-6 and syn-6 was achieved by 
employing this molecular design. Fortunately, via diffusion of 
methanol vapor into a chloroform solution of each compound, 
single crystals were cultivated, and the intriguing structures of 
anti-6 and syn-6 are disclosed by X-ray crystallography (Fig. 1). 
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Results and Discussion 

As depicted in Scheme 2, the bis(2-tert-butylpyren-6-
yl)acetylene 5 was synthesized via the Sonogashira coupling 
reaction of 1-bromo-7-tert-butylpyrene 2 with 7-tert-butyl-1-
ethynylpyrene 4 in 75% yield. 1,2-Bis(7-tert-butyl-pyren-1-yl)-
3,4,5,6-(tetraphenyl)benzenes (anti-6 and syn-6) were prepared 
by the Diels-Alder reaction of bis(2-tert-butylpyren-6-yl)acetylene 
5 with 2,3,4,5-tetraphenylcyclopenta-2,4-dienone in one step 
(see ESI† for full synthetic procedures and characterisation 
data). These two stereoisomers could be cleanly separated by 
normal silica gel chromatography and recrystallization, affording 
anti-6 as a pale green solid and syn-6 as a yellow solid in 53% 
and 22% yields, respectively. The 1H / 13C NMR spectra, X-ray 
crystallography and HRMS clearly indicate that they are different 
compounds. Both compounds exhibited excellent thermal 
stability with decomposition temperatures (Td) of 411 °C for anti-
6, and 403 °C for syn-6 under a nitrogen atmosphere at a 
heating rate of 10 °C min−1, as shown in Table 1 and Supporting 
Information Fig. S11. Moreover, their fundamental photophysical 
properties and mechanism were investigated, which 
demonstrates the validity for the construction of multiple 
photoluminescence molecules utilizing this strategy. 
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Scheme 2 Synthetic route to anti-6 and syn-6. TMS = 
trimethylsilyl. 

 
Fig. 1 The top (top) and side (bottom) views of the crystal 
structures of a) anti-6; b) syn-6. All the hydrogen atoms are 
omitted for clarity. 

Analysis of the 1H NMR spectra revealed well-resolved proton 
signals which could clearly distinguish these two isomers (see 
Fig. 2). As expected, for anti-6, six doublets (due to ortho 
coupling) (12H) and two singlets (4H) were observed for the 
pyrene moieties, though there is an overlap between one singlet 
(cʹ, δH = 8.02 ppm) and one doublet (dʹ, δH = 8.01 ppm). In 
comparison, the proton signals of syn-6 exhibited a compact 
distribution, especially for the hydrogen atoms at the K-region of 
the pyrene moieties (d, e, f, g, 8H δH = 7.58–7.70 ppm). In 
addition, the protons at the 6, 8-positions of pyrene completely 
overlap into one singlet (b, 4H, δH = 7.89 ppm), reflecting the 
shielding effects induced by the spatial overlap of the aromatic 
rings. In addition, the thermostabiliyt and photochemical stability 
were further studied by 1H NMR (Fig. S12), the interconversions 
of anti-6 and syn-6 was not observed after heating (lasted 30 
min at 180 °C) and irradiation by UV light under air. The NMR 
spectrum indicated the isomer of anti-6 and syn-6 are 
remarkable conformational stability with  of unique optical 
properties. 

 
Fig. 2 Partial 1H NMR spectra (400 MHz, 25 °C, CDCl3) of anti-6 
(top) and syn-6 (bottom). 

The UV/Vis and photoluminescence (PL) spectra of anti-6 and 
syn-6 were investigated in dilute THF solution. Both compounds 
present multiple bands of different shapes in solution, which 
differ markedly from that of conventional pyrene-based 
chromophores (Fig. 3 left). Anti-6 exhibited three weak, 
structureless absorptions for the 1Lb bands at 403 nm (log εmax = 
2.87 M−1cm−1), 353nm (log εmax = 4.72 M−1cm−1), and 283 nm 
(log εmax = 4.67 M−1cm−1), which correspond to S1←S0, S2←S0, 
and S3←S0, respectively, and are associated with the vibrational 
fine structure. Due to our experimental conditions, the S4←S0 
transition band in the near ultraviolet region cannot be clearly 
assigned, which may originate from the nature of the pyrene 
structure.11 Syn-6 presents similar absorption properties. The 
details of the photophysical properties of the two stereoisomers 
are summarized in Table 1. 
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Fig. 3 UV/Vis absorption in THF solution, and fluorescence spectra of anti-6 and syn-6 in THF solution and in the solid state
. 

Table 1 The photophysical properties of HAB derivatives anti-6 and syn-6. 
Py-based 

HAB 
transition λAbs [nm][a] 

logε, M–1 cm–1 λPL [nm][a] λPL [nm][b] 
ɸPL HOMO 

(eV) 
LUMO 
(eV) 

Eg 
(eV)[g] 

Sol.[a]  Solid[b] 

Anti-6 

S1←S0 403 2.87 

394, 447 463, 482 0.60 (0%)[c] 
0.95 (60%) 0.45 –5.01[d] 

–5.32[e] 
–1.28[d] 
–1.81[f] 

3.73[d] 
3.29[g] S2←S0 353 4.72 

S3←S0 283 4.67 

Syn-6 

S1←S0 404 3.62 

412 420, 484     0.46 (0%) 
0.80 (60%) 0.10 –4.98 

–5.25 
–1.33 
–1.72 

3.65 
3.28 S2←S0 334 4.68 

S3←S0 272 4.76 

[a] Measured in THF at room temperature. [b] Measured as powder. [c] the different fraction water in mixed solvents of THF and water are shown in 
bracket. [d] DFT (B3LYP/6-31G*) calculations were carried out with the use of structures optimized at the B3LYP/6-31G* level of theory. [e] Measured 
from the oxidation potential in THF solution by cyclic voltammetry. [f] LUMO = Eg + HOMO, [g] Estimated from the absorption edge of UV-Vis spectra. 

 
In contrast to their similar absorption spectra, the stereoisomers 
anti-6 and syn-6 exhibited distinct emission bands in solution 
and in the solid state due to the different molecular 
conformations. Specifically, anti-6 emitted blue light with two 
well-separated emission bands at 394 nm and 447 nm in THF 
solution. Based on our knowledge, the shoulder peak at 394 nm 
can be assigned to the monomeric emission of the pyrene-like 
chromophore,7 and the maximum peak at 447 nm can be 
attributed to the intermolecular interactions in this propeller-
shaped multiple conjugated system. Similarly, syn-6 also 
presents a blue emission band centred at 412 nm in THF 
solution (Fig. 3 right). Interestingly, new subsidiary peaks in both 
stereoisomers appeared in the solid state, which may indicate 
different molecular conformations are present leading to different 
emission behavior when compared with those observed in 
solution. As shown in Fig. 3, anti-6 displays a red-shifted 
maximum emission peak at 482 nm with a shoulder peak at 463 
nm, but no obvious emission band at 394 nm. It is reasonable to 
speculate that the new peak at 482 nm arises from the excimer 
emission and the shoulder peak at 463 nm may originate from a 
significant intermolecular interaction. We speculate that there is 
an intermolecular charge transfer (InterCT)12 state resulting in 
the slight red-shift from the primary peak at 447 nm in solution to 
the subsidiary peak at 463 nm in the solid state. Also, similar 
optical characteristics were investigated for syn-6. In this system, 
it is easy to assign the monomeric emission and excimer 

emission in solution and in the solid state from the multiple 
photoluminescence spectra. Taking anti-6 as an example, we 
assumed that the emission band at 447 nm in solution and 463 
nm in the solid state can be attributed to the InterCT emission. 
Given the polarity of the solution can exert slight effects on the 
CT emission, a solvatochromism experiment was carried out to 
provide further evidence. As shown in Fig. S13, anti-6 exhibited 
a slight red-shift from the less polar cyclohexane (442 nm) to the 
more polar DMF (453 nm), while there is no obvious regularity 
with the increase of the polarity for the low wavelength emission 
band at around 394 nm. It further demonstrated that there is no 
intramolecular charge transfer (ICT) but InterCT for the anti-6 
system. Unsurprisingly, there is barely a change in the 
solvatochromism for syn-6. This is consistent with our conjecture 
and with the emission properties both in solution and in the solid 
state. Thus, the spectroscopic data strongly support the 
presence of multiple photoluminescence from the monomeric 
emission, excimer emission and CT emission in this system.  

More detailed information on the multiple photoluminescence 
and its dependency on the molecular conformation can be 
gleaned from single crystal X-ray diffraction analysis of both 
stereoisomers. 
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Fig. 4 The packing structures of compounds anti-6 (a) and syn-6 
(b) with principal intermolecular packing interactions (most 
hydrogen atoms are omitted for clarity). Distances are in Å. 

As is well known, the propeller-shaped HAB scaffold has 
proved to be a natural attraction due to its rigid hub and 
adjustable peripheries. The peripheral groups of the HAB 
scaffold generally undergo interlocking to exhibit interesting 
structural variations with fascinating photophysical properties. 
Hence, we further attempted to interpret the mechanism on the 
basis of the X-ray crystallographic results. Close inspection 
reveals that the HAB derivatives anti-6 and syn-6 present 
distinctively different spatial arrangements to each other. As 
shown in Fig. 4, a shell-like intermolecular donor-acceptor 
system was observed for anti-6, which was achieved by utilizing 
the electron-rich pyrene molecules as the donor “shell”, and the 
electron-deficient phenyl moieties as the acceptor “pearl”. The 
fragments comprising pyrene-phenyl-pyrene were present with 
displaced face-to-face patterns linked via C-H···π interactions 
with distances ranging from 2.79 to 2.87 Å. The pyrene moieties 
are almost mutually perpendicular. The formation of a 
donor−acceptor system is prefered to the formation of a charge 
transfer system. More interestingly, an obvious InterCT was 
observed and demonstrated via experimental and 
crystallographic studies, and the maximum InterCT emission 
was observed at 447nm in THF solution. In contrast to anti-6, a 
clear pyrene···pyrene π···π stacking interaction with a distance 
of 3.15 Å was observed in the packing of syn-6. Obviously, the 
π···π stacking interaction plays a dominant role to affect the 
emission. The most direct evidence is that the excimer emission 
peak located at 484 nm appeared in the solid state, but was not 
observed in solution. These results are explicit and provide 
powerful evidence for the emission phenomenon and 
mechanism. 

In general, HAB homologues exhibit a pronounced AIE 
property. To further investigate the AIE properties of the title 
compounds, the PL spectra of anti-/syn-6 (5 × 10–7 M) were 
recorded in a water/THF mixture with differing water content (Fig. 
5a). Taking anti-6 as an example, interesting AEE behavior was 
observed compared with previous reports.13 In particular, on 
increasing the water fraction in the water/THF mixture from 0% 
to 60%, the emission intensity was enhanced by about 2-fold 
(solid line). This is due to the restricted intramolecular rotation 
(RIR) and led to enhanced emission in this propeller-shaped 
system.13c However, when the content of water was increased 

up to 99%, the emission gradually decreased and a new peak 
was observed compared with the original emission in THF 
solution (dashed line), which resulted from the formation of 
excimer and solvent polarity dependent InterCT emission.14 It is 
worth mentioning that the emission profiles present a coherent 
transition from the organic solution to the solvent mixtures, 
aggregates and solid state. In the pure organic phase, two 

 
Fig. 5 a) PL spectra of anti-6 in THF/H2O mixtures (5 × 10–7 M). 
b) Plots of I/I0 values versus the compositions of aqueous 
mixtures of anti-6. 

well-separated emission bands were observed as monomeric 
emission (394 nm) and CT emission (447), and this type of 
emission band remains unaltered until the water percentages 
were increased up to 60%, inducing the formation of aggregation. 
Gradually, as the water fraction increased to more than 60%, 
multiple emission spectra gradually appeared, which are due to 
the monomeric emission (416 nm), CT emission (453 nm), and 
excimer formation (481), respectively. The PL spectra exhibited 
during the ultimate stage, suggested that excimer emission 
plays a dominant role and CT emission is secondary in the solid 
state. Similar AEE properties and transitions for the emission 
can also be observed for syn-6 (Fig. S14). In case of syn-6, 
there are two main emissions, including monomeric (412 nm) 
and excimer emission (484 nm). In particular, it is worth 
mentioning that the concentration-dependent luminescence 
observed for the two compounds are in excellent agreement with 
the AEE properties (Figures S15–16). Increasing emission 
intensity is displayed on increasing the concentration until the 
luminescence reaches its maximum intensity, following which 
the luminescence decreases in intensity when the concentration 
is further increased; similar red-shifts and multiple 
photoluminescence were also observed in these results. 
Furthermore, the fluorescence quantum yields were measured in 
solution and in the solid state, and the quantum yields (ɸPL) are 
listed in Table 1. Specifically, a noticeable enhancement of 
quantum yield from 60% (in THF solution) to 95% (at 60% water 
fraction) was observed for anti-6, and a subdued quantum yield 
(45%) was obtained in the solid state, which is due to the 
formation of excimer. Similar optical behavior was observed in 
molecule syn-6. 

To provide further evidence for the energy states, cyclic 
voltammetry (CV) and DFT calculations (B3LYP/6-31G*) were 
performed on anti-6 and syn-6 to interpret the electronic states 
combined with the photophysical properties. As shown in Fig. 
S18, both the compounds 6 displayed irreversible redox 
processes with distinct positive potentials in the vicinity of 1.4 V 
in solution. As shown in Figures S19–20, the electronic 
distributions of 6 in the ground state were further studied by 
frontier orbital analysis. As expected, both optimized geometries 
are consistent with their single crystal X-ray structures (Table 
S1). In order to derive explicit evidence, Time-dependent DFT 
(TD-DFT) calculations were carried out with the program 



FULL PAPER    

For internal use, please do not delete. Submitted_Manuscript 
 
 
 
 

package Gaussian at the B3LYP/6-31G* level of theory. 
Simulated electronic spectra were produced based on the TD-
DFT results, which are largely consistent with the experimental 
results. The TD-DFT calculations show that the pyrene moiety 
plays a dominant role on the orbital transition to the electronic 
excitation according to the respective contributions. In this 
system, the stronger S4←S0 transition is described by a near 
50:50 contribution from HOMO-1→LUMO+1 and HOMO-
1→LUMO of the shoulder absorption band of anti-6, so these 
three key frontier molecular orbitals should be considered in any 
discussion of this system. Specifically, the shoulder absorption is 
due to the different combination of HOMO-1→LUMO+1 and 
HOMO-1→LUMO with a very high oscillator strength (f = 0.416, 
and f = 0.289), and the low oscillator strengths of 0.078 for 
Sn←S0 (n = 1,2,3), respectively. These theoretical results 
provided further insight into the intensity of the absorption 
spectra shown in Fig. 3. The detailed results of the TD-DFT 
calculations for the ground-state optimized geometries for anti-6 
and syn-6 are presented in the Supporting Information, along 
with simulated absorption spectra.  

Conclusions 

In summary, by utilizing a propeller-shaped HAB scaffold, we 
have observed intriguing multiple photoluminescence. In 
particular, the thermally stable anti-6 and syn-6 pyrene-fused 
hexaarylbenzenes synthesized herein exhibit unusuaL AEE 
characteristics. Multiple emission mechanisms, including 
monomer, excimer and CT emission were explored and 
deciphered in a single molecule. Single crystal X-ray structures 
of these two compounds 6 provided further insight into their 
differing properties. It is envisioned that the present work will 
widen our thinking in photophysics and stimulate work on 
innovative light-based technologies. 

Experimental Section 

General procedures 
Synthetic routes for the two compounds anti-6 and syn-6 are shown in 
Scheme 2. All reactions were carried out under a dry argon atmosphere. 
Solvents were Guaranteed reagent (GR) for cyclohexane, 1,4-dioxane, 
tetrahydrofuran (THF), dichloromethane (CH2Cl2), and 
dimethylformamide (DMF), and stored over molecular sieves. Other 
reagents were obtained commercially and used without further 
purification. Reactions were monitored using thin layer chromatography 
(TLC). Commercial TLC plates (Merck Co.) were developed and the 
spots were identified under UV light at 254 and 365 nm. Column 
chromatography was performed on silica gel 60 (0.063-0.200 mm). All 
synthesized compounds were characterized using 1H-NMR, 13CNMR 
spectroscopy, and HRMS (FAB) mass analysis and target compounds 
were characterized by synchrotron X-ray crystallography. 
Synthesis of 7-tert-butyl-1-(trimethylsilylethynyl)pyrene (3) 
To a stirred solution of 7-tert-butyl-1-bromopyrene 210 (1.40 g, 4.15 
mmol), Et3N (20 mL) and THF (20 mL), was added trimethylsilylacetylene 
(1.17 mL, 8.30 mmol) and PPh3 (65.3 mg, 0.249 mmol), and the mixture 
was stirred at room temperature under argon. PdCl2(PPh3)2 (87.2 mg, 
0.125 mmol), CuI (23.6 mg, 0.125 mmol) were then added, and the 
mixture was heated to 80 °C with stirring for 24 h. After it was cooled, the 
mixture was diluted into CH2Cl2 (200 mL) and washed successively with 
saturated aqueous NH4Cl, H2O and brine. The organics were dried 
(MgSO4), and the solvents were evaporated. In order to obtain pure 
product, the crude product was purified twice by column chromatography, 
eluting with hexane/CHCl3 (9:1), and recrystallized from methanol to 
afford the desired compound 3 as a light green solid (1.03 g, 70%). M.p. 
163–164°C; 1H NMR (300 MHz, CDCl3): δH = 0.39 (s, 9H, TMS), 1.59 (s, 

9H, tBu), 7.98–8.16 (m, 5H, pyrene-H), 8.23 (s, 1H, pyrene-H), 8.25 (s, 
1H, pyrene-H), 8.53 ppm (d, J = 9.0 Hz, 1H, pyrene-H); 13C NMR (100 
MHz, CDCl3): δC = 31.92, 35.27, 99.99, 104.22, 117.35, 122.51, 122.90, 
122.92, 124.17, 124.29, 125.41, 127.09, 128.43, 128.60, 129.63, 130.90, 
131.06, 131.23, 132.10, 149.42 ppm; FAB-MS: m/z calcd for C25H26Si 
354.18 [M+]; found 354.17 [M+]; anal. calcd (%) for C25H26Si (354.56): C 
84.69, H 7.39, Si 7.92; found: C 84.86, H 7.21. 
Synthesis of 7-tert-butyl-1-ethynylpyrene (4) 
To a stirred solution of 7-tert-butyl-1-(trimethylsilylethynyl)pyrene 3 (1.00 
g, 2.82 mmol) and THF (20 mL), was added MeOH (20 mL) and K2CO3 
(585 mg, 4.23 mmol). The reaction was stirred at room temperature for 
12 h. The mixture was quenched by addition of a large amount of water, 
extracted with dichloromethane (2 × 50 mL), washed with water and dried 
over anhydrous MgSO4 and concentrated. The residue obtained was 
recrystallized in methanol to obtain 7-tert-butyl-1-ethynylpyrene 4 (728 
mg, 91%) as light green needles. M.p. 119–120°C; 1H NMR (300 MHz, 
CDCl3): δH = 1.59 (s, 9H, tBu), 3.61 (s, 1H, –C≡CH), 8.01 (d, J = 8.9 Hz, 
1H, pyrene-H), 8.05–8.17 (m, 4H, pyrene-H), 8.24 (s, 1H, pyrene-H), 
8.26 (s, 1H, pyrene-H), 8.56 ppm (d, J = 9.2 Hz, 1H, pyrene-H); 13C NMR 
(100 MHz, CDCl3): δC = 31.91, 35.27, 82.41, 82.88, 116.24, 122.45, 
122.99, 123.02, 124.17, 124.27, 125.17, 127.04, 128.62, 128.77, 129.82, 
130.86, 131.03, 131.44, 132.34, 149.51 ppm; FAB-MS: m/z calcd for 
C22H18 282.14 [M+]; found 282.14 [M+]; anal. calcd (%) for C22H18 
(282.38): C 93.57, H 6.43; found: C 93.39, H 6.52. 
Synthesis of bis(2-tert-butylpyren-6-yl)acetylene (5) 
To a stirred solution of 7-tert-butyl-1-bromopyrene 2 (500 mg, 1.48 mmol), 
Et3N (20 mL) and DMF (20 mL), was added 7-tert-butyl-1-ethynylpyrene 
4 (503 mg, 1.78 mmol) and PPh3 (62.2 mg, 0.237 mmol), and the mixture 
was stirred at room temperature under argon. PdCl2(PPh3)2 (72.8 mg, 
0.104 mmol) and CuI (31.1 mg, 0.163 mmol) were then added, and the 
mixture was heated to 100°C with stirring for 24 h. After it was cooled, 
the mixture was diluted into CH2Cl2 (200 mL) and washed successively 
with saturated aqueous NH4Cl, H2O and brine. The organics were dried 
(MgSO4), and the solvents were evaporated. In order to obtain pure 
product, the crude product was purified twice by column chromatography, 
eluting with hexane/CHCl3 (3:7), and recrystallized from 
hexane/dichloromethane (8:2, v/v) to afford the desired compound 5 as 
an orange solid (599 mg, 75%). M.p. 345–347°C; 1H NMR (300 MHz, 
CDCl3): δH = 1.61 (s, 18H, tBu), 8.05 (d, J = 8.8 Hz, 2H, pyrene-H), 8.11 
(d, J = 8.8 Hz, 2H, pyrene-H), 8.17 (d, J = 8.0 Hz, 2H, pyrene-H), 8.23–
8.29 (m, 6H, pyrene-H), 8.36 (d, J = 8.0 Hz, 2H, pyrene-H), 8.86 ppm (d, 
J = 9.2 Hz, 2H, pyrene-H); 13C NMR (100 MHz, CDCl3): δC = 31.93, 35.28, 
94.46, 117.92, 122.66, 122.95, 124.46, 124.55, 125.59, 127.16, 128.40, 
128.70, 129.51, 131.01, 131.17, 131.76, 149.48 ppm; FAB-MS: m/z calcd 
for C42H34 538.27 [M+]; found 538.25 [M+]; anal. calcd (%) for C22H18 
(282.38): C 93.64, H 6.36; found: C 93.56, H 6.42. 

Synthesis of 1,2-bis(7-tert-butyl-pyren-1-yl)-3,4,5,6-
(tetraphenyl)benzenes (6) 

Compound 5 (100 mg, 0.279 mmol) and 2,3,4,5-tetraphenylcyclopenta-
2,4-dienone (161 mg, 0.419 mmol) were dissolved in Ph2O (2.0 mL) 
under argon. The mixture was refluxed for 24 h and then the solvent was 
removed in vacuo. The residue was subjected to column chromatography 
on silica gel (CH2Cl2/ hexane 4:6) to afford anti-6 (88.8 mg, 53%) as a 
pale-green solid and syn-6 (36.1 mg, 22%) as a yellow solid. anti-6: M.p. 
>400°C; 1H NMR (400 MHz, CDCl3): δH = 1.54 (s, 18H, tBu), 6.37–6.48 
(m, 4H, Ph-H), 6.61 (t, J = 7.5 Hz, 2H, Ph-H), 6.78 (d, J = 7.1 Hz, 2H, Ph-
H), 6.86–7.01 (m, 12H, Ph-H), 7.22 (d, J = 7.9 Hz, 2H, pyrene-H), 7.46 (d, 
J = 9.0 Hz, 2H, pyrene-H), 7.52 (d, J = 7.9 Hz, 2H, pyrene-H), 7.68 (d, J 
= 9.0 Hz, 2H, pyrene-H), 8.00 (d, J = 9.2 Hz, 2H, pyrene-H), 8.02 (s, 2H, 
pyrene-H), 8.13 (d, J = 1.7 Hz, 2H, pyrene-H), 8.24 ppm (d, J = 9.2 Hz, 
2H, pyrene-H); 13C NMR (100 MHz, CDCl3): δC = 31.92, 35.11, 121.63, 
121.80, 122.69, 123.16, 123.65, 125.14, 125.25, 125.94, 126.33, 126.42, 
126.62, 127.28, 128.09, 128.81, 129.12, 130.45, 130.62, 130.87, 131.00, 
131.50, 131.71, 135.94, 139.92, 140.05, 140.64, 140.82, 141.66, 148.43 
ppm; FAB-HRMS (MALDI-TOF): m/z calcd for C70H54 894.4226 [M+]; 
found 894.4423 [M+]. syn-6: M.p. 214–215°C; 1H NMR (400 MHz, 
CDCl3): δH = 1.42 (s, 18H, tBu), 6.36–6.46 (m, 4H, Ph-H), 6.57 (t, J = 7.4 
Hz, 2H, Ph-H), 6.83–6.94 (m, 12H, Ph-H), 7.10 (d, J = 7.5 Hz, 2H, Ph-H), 
7.58 (d, J = 8.6 Hz, 2H, pyrene-H), 7.61 (d, J = 7.5 Hz, 2H, pyrene-H), 
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7.66 (d, J = 8.8 Hz, 2H, pyrene-H), 7.68 (d, J = 9.2 Hz, 2H, pyrene-H), 
7.80 (d, J = 7.9 Hz, 2H, pyrene-H), 7.89 (s, 4H, pyrene-H), 8.23 ppm (d, J 
= 9.2 Hz, 2H, pyrene-H); 13C NMR (100 MHz, CDCl3): δC = 31.81, 34.97, 
121.56, 122.61, 122.70, 123.77, 125.10, 125.23, 125.97, 126.26, 126.54, 
126.60, 126.63, 126.78, 127.01, 128.88, 129.14, 129.92, 130.48, 130.58, 
130.71, 130.81, 131.49, 131.65, 135.69, 140.12, 140.25, 140.71, 140.87, 
141.96, 148.09 ppm; FAB-HRMS (MALDI-TOF): m/z calcd for C70H54 
894.4426 [M+]; found 894.4418 [M+]. 
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