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Effects of Substituents in Silyl Groups on the Absorption, 

Fluorescence and Structural Properties of 1,3,6,8-Tetrasilylpyrenes 

Hajime Maeda,*
 a

 Tsubasa Suzuki
a
 and Masahito Segi

a 

1,3,6,8-Tetrasilylpyrenes and related germyl and stannyl derivatives were synthesized, and their absorption and 

fluorescence spectroscopic and structural properties were elucidated. The results show that the UV-vis absorption maxima 

of these substances in CH2Cl2 solutions shift to longer wavelengths as the size of the alkyl groups and numbers of phenyl 

groups on silicon increase. Fluorescence quantum yields of tetrasilylpyrenes in cyclohexane are larger than that of pyrene, 

and a pentamethyldisilyl derivative has an emission efficiency of 0.79. Except in the case of the SiMe2H derivative, excimer 

emission was not observed in concentrated solutions of these substances. The SiMe2H and SiMe3 derivatives were shown 

to form CT complexes with tetracyanoethylene in CH2Cl2 solutions. The calculated energy barriers for rotation of the silyl 

groups about the Si-C bond increases as the steric bulk of the silyl group increases. 
29

Si NMR chemical shifts were found to 

depend on the sizes of the alkyl groups and numbers of phenyl groups. Data arising from theoretical calculations suggest 

that the silyl groups act as electron-donating groups, and the donating ability of the groups decreases in the order SiR3 > 

GeR3 > SnR3. 

 

Introduction 

The effects of introducing silyl and silylethynyl groups on 

arenes have been extensively studied and much attention has 

been given to the unique properties of silyl-substituted 

aromatic compounds.
1–14

 Pyrene is a common fluorophore 

because it has advantageous features including photochemical 

inertness, a high fluorescence quantum yield and displaying 

both monomer and excimer emission. These properties have 

been used in the elucidation of structures of 

macromolecules.
15–18

 Because the introduction of silyl-

substituents on pyrene often enhances its fluorescence 

intensity, silylpyrenes have been utilized as fluorescent probes 

for elucidation of the geometries of oligonucleotides,
19–21

 

oligoDNAs
22–28

 and steroids.
29

 Highly emissive silyl-substituted 

pyrenes have not only been used as fluorescent probes, but 

they also have been employed in the development of 

fluorescent materials for organic light emitting diodes 

(OLEDs),
30

 circularly polarized luminescence (CPL) materials
31

 

and fluorescent nanoparticles.
32

 In addition, 

dipyrenylsilanes,
33,34

 silyl-tethered pyrenophanes,
35,36

 pyrene-

substituted oligosilanes,
37–44

 polysilanes,
45,46

 siloxanes,
47,48

 

dendrimers
49

 and other π-conjugated molecules
50–52

 have 

been explored and σ
(
*

)
-π

(
*

)
,
53,54

 d-π*,
55

 and intramolecular 

charge transfer (ICT)
45,56

 interactions in the ground and excited 

states of silylpyrene derivatives have been discussed. 

In earlier efforts, we investigated the effects of introducing 

silyl and silylethynyl groups on the properties of 

naphthalene,
57–60

 phenanthrene,
57

 anthracene,
57

 perylene,
61

 

stilbene
62

 and pyrene.
57,63–68

 In a study of silylpyrene 

derivatives, we showed that the fluorescence quantum yield 

(Φf) of pyrene (0.32)
69

 is increased by introduction of Me3Si 

groups. For example the Φf of 1,3,6,8-

tetrakis(trimethylsilyl)pyrene is 0.56.
57

 In the study described 

below, we explored the effects of substituents in silyl groups 

on absorption and fluorescence properties, as well as the 

silicon substituents on the molecular structures of 1,3,6,8-

tetrasilylpyrenes and related compounds. 

Results and discussion 

Tetrasilylpyrenes containing different silicon substituents in 

their silyl groups and related germanium and tin compounds 2-

13 were synthesized by using the routes shown in Scheme 1. 

The pathways began with reaction of pyrene (1) with 4.6 equiv 

of Br2 to form 1,3,6,8-tetrabromopyrene (14) in 96% yield.
70

 

Lithiation of 14 with t-BuLi followed by addition of excesses of 

the corresponding chlorosilanes, chlorogermanes, and 

chlorostannanes generated the respective tetrasilylpyrenes (2-

9), tetragermylpyrenes (10,11) and tetrastannylpyrenes 

(12,13). The isolated yields from 14 are shown in Table 1. 
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Scheme 1. Synthesis of 1,3,6,8-tetrasilylpyrenes and related compounds. 

 
Figure 1. Colors of (a) solids and (b) luminescence in aerated CH2Cl2 solutions (1.0 × 10

–5
 

M, λex = 254 nm) of 1-13. 

The synthesized compounds 2-13 are colorless solids (Figure 

1(a)) and display bluish purple fluorescence in CH2Cl2 solutions 

when irradiated with UV (254 nm) light. Especially interesting 

is the observation that the intensities of fluorescence of 2-9, 

which can be seen using naked eyes, are larger than that of 1 

(Figure 1(b)). 

UV-vis absorption spectra of pyrene (1) and its derivatives 2-13 

were obtained using 1.0 × 10
–5

 M CH2Cl2 solutions (Figure 2, 

Table 1). Inspection of the data shows that the absorption 

maxima of 2-13 are shifted to longer wavelengths and their 

molar absorption coefficients (ε) are larger than those of 1. A 

comparison of the data for the silyl derivatives demonstrates 

that the absorption maxima shift to longer wavelengths as the 

size of the alkyl group increases (SiMe3 (3) < SiEt3 (4) < Si(i-Pr)3 

(6)) and with increasing numbers of phenyl groups on silicon 

(SiMe3 (3) < SiMe2Ph (5) < SiPh2Me (7) < SiPh3 (8)). Changes in  

 

 
Figure 2. UV-vis absorption spectra of 1-13, 1.0 × 10

–5
 M in aerated CH2Cl2. Spectra (b) 

is an expansion of the dotted area of spectra (a). 

 

Table 1. Yields, photophysical properties, and calculated data for pyrene derivatives. 

Comp

ound 
MR

1
R

2
R

3
 

Yield 

(%)
a
 

Absorption 

 

Fluorescence 

 

Calculation
g
 

λabs 
b
 

(nm) 
log ε 

c
 

λem 
d
 

(monom

er) (nm) 

Φf 
e
 

λem 
f
 

(excimer) 

(nm) 

HOMO 

(eV) 

LUMO 

(eV) 

Energy 

gap 

(eV) 

Charge 

density on 

MR
1
R

2
R

3
 
h
 

1 H – 337 4.69  370 0.32
i
 472  –5.459 –1.532 3.928 – 

2 SiMe2H 12 376 4.77  388 0.49 502  –5.409 –1.780 3.629 0.430 

3 SiMe3 28 376 4.78  386 0.56
j
 –

k
  –5.326 –1.709 3.617 0.422 

4 SiEt3 41 378 4.80  388 0.65 –
k
  –5.335 –1.746 3.589 0.494 

5 SiMe2Ph 17 380 4.85  389 0.63 –
k
  –5.370 –1.760 3.610 0.463 

6 Si(i-Pr)3 15 382 4.83  390 0.55 –
k
  –5.289 –1.725 3.564 0.503 

7 SiMePh2 16 384 4.86  392 0.70 –
k
  –5.407 –1.808 3.599 0.475 

8 SiPh3 3 389 4.83  395 0.62 –
k
  –5.372 –1.779 3.594 0.476 

9 SiMe2SiMe3 20 394 4.76  404 0.79 –
k
  –5.245 –1.698 3.547 0.450 

10 GeMe3 38 371 4.85  379 0.20 –
k
  –5.314 –1.654 3.660 0.423 

11 GePh3 5 380 4.85  387 0.33 –
k
  –5.415 –1.913 3.502 0.418 

12 SnMe3 60 373 4.78  381 0.03 –
k
  –5.251 –1.713 3.538 0.400 

13 SnPh3 31 379 4.82  386 0.03 –
k
  –5.376 –1.713 3.663 0.401 

a
 Isolated yield from tetrabromopyrene (14). 

b
 Absorption maximum appeared at longest wavelength, 1.0 × 10

–5
 M in aerated CH2Cl2. 

c
 Logarism of molar absorption 

coefficient, 1.0 × 10
–5

 M in aerated CH2Cl2. 
d
 Fluorescence maximum of monomer appeared at shortest wavelength, 1.0 × 10

–5
 M in aerated CH2Cl2. Excitation 

wavelength (λex) is λabs in this Table. 
e
 Fluorescence quantum yield, degassed by using the freeze-pump-thaw method, 1.0 × 10

–5
 M (2-12) or 1.0 × 10

–6
 M (13) in 

cyclohexane. 
f
 Fluorescence maximum of excimer, saturated solution in aerated CH2Cl2. Excitation wavelength (λex) is λabs in this Table. 

g
 Calculated by using B3LYP/3-

21G. 
h
 Mulliken charge. 

i
 Data from ref 69. 

j
 Data from ref 57. 

k
 Not observed. 
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the absorption maxima suggest that HOMO energies increase 

with the increasing electron-donating abilities of the alkyl 

groups and with phenyl group promoted extension of π-

conjugation. Disilane 9 exhibits the largest bathochromic shift 

into the visible light region owing to the presence of σ
(
*

)
(Si-Si)-

π
(
*

)
(pyrene) conjugation.

71–74
 The absorption maxima of the 

germyl and stannyl analogues appear at shorter wavelengths 

compared with those of the corresponding silyl compounds 

(GeMe3 (10) < SnMe3 (12) < SiMe3 (3); SnPh3 (13) < GePh3 (11) 

< SiPh3 (8)). This phenomena suggest that σ
(
*

)
(Si-C)-

π
(
*

)
(pyrene) interactions more effectively extend π-

conjugation of pyrene than those in the germyl and stannyl 

analogues.
53,54

 

Inspection of fluorescence spectra of 1-13, obtained using 

aerated 1.0 × 10
–5

 M CH2Cl2 solutions (Figure 3), shows that 

maxima shift to longer wavelengths in the same order as do 

shifts in the corresponding absorption maxima. Stokes shifts in 

the spectra of 2-13 are 6-12 nm, indicating that only small 

structural changes occur upon excitation. The fluorescence 

intensities of the silyl derivatives 2-9 are larger than that of 1. 

Inspection of the fluorescence quantum yield (Φf) data, 

determined using degassed 1.0 × 10
–5

 M cyclohexane 

solutions, shows that emission efficiencies of silyl derivatives 

2-9 (0.49-0.79) are larger than that of 1 (0.32) and that disilane 

7 has the largest Φf (0.79). Moreover, the Φf of germyl 

derivatives 10 (0.20) and 11 (0.33) are smaller than those of 

the analogous silyl derivatives, and the emission efficiencies of 
 

 

 
Figure 3. Fluorescence spectra of 1-13, 1.0 × 10

–5
 M in aerated CH2Cl2. Excitation 

wavelengths (λex) are λabs in Table 1. 

 
Figure 4. Fluorescence spectra of 1-13, saturated concentration in aerated CH2Cl2. 

Excitation wavelengths (λex) are λabs in Table 1. 

 
Figure 5. Possible structures of excimers. 

the stannyl derivatives 12 (0.03) and 13 (0.03) are even lower. 

These results indicate that heavy atom effects in 12 and 13 

enhance the rates of intersystem crossing from excited singlet 

state to excited triplet state.
75,76

 

Pyrene (1) in highly concentrated solutions is known to 

fluoresce from excited dimer (excimer) at a longer wavelength 

than that of the monomer.
77–79

 Accordingly, fluorescence 

spectra of 1-13 at saturated concentrations in aerated CH2Cl2 

solutions were recorded (Figure 4). Most of these compounds 

do not display excimer emission, the single exception being 

the SiMe2H substituted derivative 2 whose excimer emission 

maxima is 502 nm, which is 30 nm longer wavelength than that 

of 1 (472 nm). 

There are some suggested structures of pyrene excimers, such 

as parallel or orthogonal, partial or full overlapped 

structures.
77–79

 Although we do not have any evidence for the 

structures of excimers, we would like to suggest the structure 

like 15 as shown in Figure 5. Our recent study demonstrated 

that most of 1,3,6,8-tetrakis(silylethynyl)pyrenes emit 

fluorescence from excimer 16 in fluorescence measurement of 

their concentrated solutions.
68

 However, this study clarified 

that observation of excimer fluorescence of tetrasilylpyrenes is 

very limited to only SiMe2H derivative. The difference is 

explained as that steric bulk of silyl groups directly attached on 

pyrene prevents close approach of two molecules, with 

keeping parallel π-π interaction of two pyrene core, whereas 

steric bulk of silyl groups on 16 does not work so seriously to 

form excimers. This non-observation of excimer emission from 

tetrasilylpyrenes is a surprising result because even pyrene-

core dendrimers are known to emit excimer fluorescence.
49,80

 

Because pyrene (1) is an electron-rich aromatic hydrocarbon, it 

forms ground state charge-transfer (CT) complexes with 

electron deficient substances such as tetracyanoethylene 

(TCNE).
81,82

 In this study, we investigated the ability of the 

tetrasilylpyrenes to form CT complexes with TCNE. The UV-vis-

nir absorption spectra of individual 1.0 × 10
–2

 M CH2Cl2 

solutions of 1, 2, 3, 6 and TCNE do not contain absorption 

bands above 500 nm (Figure 6(a)). However, individual CH2Cl2 

solutions of 1, 2, and 3 containing added TCNE display 

absorption bands ascribable to CT complexes (Figure 6(b)). In 

contrast, a CT related absorption band is not present in the 

spectrum of a CH2Cl2 solution of 6 containing TCNE. Moreover, 

the absorption maxima associated with the CT complexes of 1, 

2, and 3 with TCNE shift to longer wavelengths in the order of 

pyrene (1, 719 nm) < SiMe2H (2, 770 nm) < SiMe3 (3, 814 nm). 

In addition, the spectra of solutions of TCNE and 1 and 3 

contain second CT bands (1 (495 nm) and 3 (531 nm)).
81

 The 

colors of solutions containing 1, 2, and 3 along with TCNE are 

black, reddish brown, and pale purple, respectively (Figure 7). 

Page 3 of 12 Photochemical & Photobiological Sciences



Photochemical & Photobiological Sciences  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 4 

Please do not adjust margins 

Please do not adjust margins 

These colors also indicate the formation of CT complexes. 

However, a CH2Cl2 solution of 6 remains colorless even after 

addition of TCNE. The wavelengths of absorption maxima, 

which reflect the stabilities of the CT complexes, correlate with 

electron-donating ability of pyrene derivatives and steric 

hindrance involved in formation of CT complexes. The 

experimental results outlined above show that the HOMO 

energies of the pyrene derivatives become higher in the order 

of 1 < 2 < 3. This finding is consistent with the electropositive 

nature of silicon and the electron-donating character of silyl 

substituents. The inability of 6 to form a CT complex with TCNE 

is attributed to steric hindrance caused by the triisopropylsilyl 

groups. 

With the aim of gaining information about the structural 

consequences of introducing silyl groups on the pyrene core, 

molecular orbital calculations were carried out by using the 

 

 
Figure 6. (a) UV-vis-nir absorption spectra of pyrene (1) and its derivatives (2, 3, and 6), 

1.0 × 10
–2

 M in aerated CH2Cl2 solutions. (b) UV-vis-nir absorption spectra of mixed 

solutions of pyrene (1) and its derivatives (2, 3, and 6) with TCNE, 1.0 × 10
–2

 M each in 

aerated CH2Cl2 solutions. 

 
Figure 7. Colors of charge-transfer complexes of (a) 1 + TCNE, (b) 2 + TCNE, (c) 3 + 

TCNE, and (d) 6 + TCNE, 1.0 × 10
–2

 M each in aerated CH2Cl2 solutions. 

 
Figure 8. (a) Plots of Si–C1–C10–H10 dihedral angle vs R

1
–Si–C10–H10 dihedral angle 

and (b) ∆E vs R
1
–Si–C10–H10 dihedral angle, calculated on pyrene derivatives 2-8 using 

the B3LYP/3-21G basis set. 

B3LYP/3-21G basis set. For this purpose, conformers arising 

from rotation in ten degree increments about the C1(pyrene)–

Si bond (green bond in Figure 8) in each of the silyl substituted 

pyrenes 2-8 were subjected to geometry optimization. In 

Figure 8 are given plots of the dihedral angle about the Si–C1–

C10–H10 bond (green and blue bonds in Figure 8) vs dihedral 

angle about the R
1
–Si–C10–H10 bond (red and blue bonds) in 

the optimized structures, and of the relative energy 

differences (∆E) vs the R
1
–Si–C10–H10 dihedral angle in 

conformers arising from rotating the silyl substituent (SiR
1
R

2
R

3
) 

by 360 degree. The maximum dihedral angles and ∆Es are 

listed in Table 2. Analysis of the results in Figure 8(a) 

demonstrates that the maximum Si–C1–C10–H10 dihedral 

angles increase with increasing steric bulk of the silyl 

substituent in each substituted pyrene. The case of Si(i-Pr)3 

derivative 6 is special in that a dihedral angle of 19.3 degrees is 

reached in the eclipsed conformer, and that this angle does 

not decrease to 0 degree even in the staggered conformer. In 

addition, inspection of the plots given in Figure 8(b) shows that 

conformers having the silyl groups staggered have lower 

energies than those in which they are eclipsed. Moreover the 

results show that the energy differences between high and low 

energy conformers depends on the size of silyl groups, 

especially for the Si(i-Pr)3 derivative 6 which has the largest 

rotational barrier of 40.6 kJ/mol. 
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29
Si NMR spectroscopy was employed to explore the nature of 

silicon atoms in the silyl-substituted pyrenes (Table 3). The Si 

resonances are observed to shift up field as the number of 

phenyl groups increases (SiMe3 (3) < SiMe2Ph (5) < SiMePh2 (7) 

< SiPh3 (8)), and to shift downfield as the size of the alkyl 

groups increase (SiMe3 (3) > SiEt3 (4) > Si(i-Pr)3 (6)). These 

results show that the electronegative (phenyl) and 

electropositive (alkyl) groups promote respective shielding and 

deshielding effects.
83,84

 

HOMO and LUMO distributions and energies were calculated 

for the pyrene derivatives using the B3LYP/3-21G basis set 

(Table 1). The results show that the HOMO-LUMO energy gap 

decreases with increasing size of the alkyl groups and the 

number of phenyl groups. The existence of positive charge 

densities on the MR
1
R

2
R

3
 groups indicates that silyl, germyl, 

and stannyl groups act as electron donors and that the 

electron donating ability decreases in the order of SiR3 > GeR3 

> SnR3. In contrast to results arising from calculations with the 

tetra-tert-butyl derivative 17, when four SiMe3 groups are 

bonded to the pyrene core, the HOMO and LUMO energies 

become lower and the gap between these molecular orbitals 

decreases (Figure 9). These phenomena are caused by control 

of the extension of conjugation by the nature of the silyl 

groups including (i) positive inductive (+I) effect caused by the 

electropositive character (low electronegativity) of silicon,
85,86

 

(ii) α effect promoted by σ*–π interactions,
87–89

 and (iii) σ*–π* 

interaction that decreases LUMO energies.
54

 The HOMO-

LUMO energy gaps are further decreased in Si(i-Pr)3 (6) and 

SiPh3 (8) derivatives because of the increase in the HOMO 

 

Table 2. Maximum dihedral angles of silyl groups with peri-

hydrogens and rotational barriers of silyl groups 
a
 

Compound SiR
1
R

2
R

3
 Dihedral angle

b
 (°) ∆E 

c
 (kJ/mol) 

2 SiMe2H 7.4 12.9 

3 SiMe3 7.3 10.2 

4 SiEt3 13.2 26.5 

5 SiMe2Ph 10.6 12.5 

6 Si(i-Pr)3 19.3 40.6 

7 SiMePh2 12.2 21.4 

8 SiPh3 12.2 16.5 
a
 Calculated by B3LYP/3-21G. 

b
 Maximum dihedral angle for Si–C1–C10–H10 bond 

(green and blue bonds) while silyl group rotates 360° (Figure 8(a)). 
c
 Rotational 

barrier while silyl group rotates 360° (Figure 8(b)). 

 

Table 3. 
29

Si NMR chemical shifts
a
 

Compound SiR
1
R

2
R

3
 δ (ppm) 

2 SiMe2H –18.6 (
1
J(Si-H) = 176.6 Hz) 

3 SiMe3 –6.6 

4 SiEt3 –4.2 

5 SiMe2Ph –6.6 

6 Si(i-Pr)3 5.4 

7 SiMePh2 –9.3 

8 SiPh3 –13.5 

9 SiMe2SiMe3 –21.2, –18.0 
a
 100 MHz in CDCl3. SiMe4 was used as an internal standard. 

 

 

 
Figure 9. Molecular orbital distributions and energies of HOMO and LUMO levels calculated by using the B3LYP/3-21G basis set. 
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energy promoted by the electron donating character of the 

Si(i-Pr)3 group, and extension of conjugation caused by the 

phenyl groups on silicon, respectively. The loss of planarity and 

large rotational barrier are found in calculation, however, it is 

concluded that they do not have large influence on the 

photophysical properties of pyrene. 

Conclusions 

In the above study, we synthesized 1,3,6,8-tetrasilylpyrenes 2-

9, and related germyl and stannyl substituted pyrene 

derivatives 10-13.  The UV-vis absorption spectra of these 

substances in 1.0 × 10
–5 

M CH2Cl2 solutions have absorption 

maxima that shift to longer wavelengths with increasing size of 

the alkyl groups and the number of phenyl groups on silicon. 

The fluorescence maxima of the pyrene derivatives display 

Stokes shifts of 6-12 nm and shift to longer wavelengths with 

increasing size of the silicon substituents and numbers of 

phenyl groups in the same manner as do the corresponding 

absorption maxima. Fluorescence quantum yields (Φf) of the 

silyl derivatives in degassed cyclohexane solutions are larger 

than that of pyrene, and the Φfs of the corresponding germyl 

and stannyl derivatives are lower than those of the silyl 

substituted pyrenes as a consequence of heavy atom effects 

on singlet to triplet intersystem crossing rates. The results of 

fluorescence studies show that these substances at saturated 

concentrations in CH2Cl2 do not exhibit excimer emission with 

the exception of 2. Silyl substituted pyrenes 2 and 3 form 

colored CT complexes with TCNE in CH2Cl2 solutions. The 

results of theoretical calculations show that the barrier for 

rotation about Si-C bonds by 360 degree increases with 

increasing bulkiness of the silyl groups. The barrier for this 

process in the Si(i-Pr)3 derivative 6 is estimated to be 40.6 

kJ/mol and the planarity of pyrene core is partially lost. 
29

Si 

NMR resonances in the spectra of the tetrasilylpyrenes shift 

upfield with increasing number of phenyl groups and 

downfield with increasing size of the alkyl groups. The 

calculated positive charge densities indicate that the silyl 

substituents act as electron-donating groups with decreasing 

donating abilities in the order of SiR3 > GeR3 > SnR3. The 

combined results of this effort show that 1,3,6,8-

tetrasilylpyrenes will be useful fluorescent materials because 

they have high fluorescence quantum yields and energy 

wasting excimer formation can be minimized by using bulky 

silicon substituents. 

Experimental 

Materials and equipment 

THF was distilled from CaH2 and then from Na. CH2Cl2 and 

cyclohexane were distilled from CaH2. Other chemicals were 

used as purchased. Melting points were determined on a 

Gallenkamp MFB-595 melting point apparatus. 
1
H and 

13
C NMR 

spectra were recorded using a JEOL JMN LA-400 (400 MHz and 

100 MHz, respectively) or a JEOL ECA-500 (500 MHz and 125 

MHz, respectively) spectrometer with Me4Si as an internal 

standard. 
29

Si NMR spectra were recorded using a JEOL ECA-

500 (100 MHz) spectrometer with Me4Si as an internal 

standard. IR spectra were determined by using a Shimadzu 

FTIR-8300 spectrometer. UV-vis spectra were recorded using a 

Hitachi U-2900 spectrophotometer. Fluorescence spectra were 

recorded using a Hitachi F-2500 or a Jasco FP-8000 

spectrophotometer. Low- and high-resolution mass spectra 

were recorded on a JEOL JMS-700 and JMS-SM102A 

instruments, respectively. HPLC separations were performed 

using recycling preparative HPLC instruments, Japan Analytical 

Industry Co. Ltd., LC-908 JAIGEL-H (GPC) column. Column 

chromatography was conducted by using Kanto-Chemical Co. 

Ltd., silica gel 60 N (spherical, neutral, 0.04-0.05 mm). Thin-

layer chromatography was performed using Merck Kiesel gel 

60 F254 plate, and spots were detected by using UV light and 

phosphomolybdic acid ethanol solution with heating. 

Theoretical calculations using the B3LYP/3-21G basis set were 

performed by with the Gaussian 09 software package. 

 

Preparation of 1,3,6,8-tetrabromopyrene (14) 

To a stirred nitrobenzene (300 mL) solution of pyrene (1, 4.045 

g, 20 mmol) was slowly added Br2 (4.7 mL, 92 mmol). The 

resulting solution was stirred at 80 °C for 12 h and 1 M NaOH 

aq (150 mL) was added. The formed solid was washed with 

CHCl3 to give 1,3,6,8-tetrabromopyrene (14, pale green solid, 

10.065 g, 96% yield). Lit.
70

 This substance was used without 

purification for further reactions. 

 

Preparation of 1,3,6,8-tetrakis(dimethylsilyl)pyrene (2) 

To a stirred THF (90 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.522 g, 1 mmol) and TMEDA (1.17 g, 10 mmol) was added 

dropwise tert-BuLi (1.6 M in pentane, 6.2 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Me2HSiCl (1.09 g, 10 mmol) was slowly added at –78 °C, and 

the solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. Silica gel 

column chromatography (hexane) of the residue followed by 

HPLC (GPC) gave 1,3,6,8-tetrakis(dimethylsilyl)pyrene (2, 0.051 

g, 12% yield). Colorless solid; mp 182 °C;
 1

H NMR (400 MHz, 

CDCl3): δ 0.62 (d, J = 3.7 Hz, 24H), 5.08 (sept, J = 3.7 Hz, 4H), 

8.41 (s, 2H), 8.43 (s, 4H) ppm; 
13

C NMR (100 MHz, CDCl3): δ –

2.80, 124.28, 127.78, 132.26, 136.51, 138.70 ppm; 
29

Si NMR 

(100 MHz, CDCl3): δ –18.6 (
1
J(Si-H) = 176.6 Hz) ppm; IR (KBr): 

737, 1015, 2874 cm
–1

; MS (EI): m/z (relative intensity, %) 375 

(50), 434 (100, M
+
); HRMS (EI): calcd for C24H34Si4, 434.1738; 

found, 434.1745. 

 

Preparation of 1,3,6,8-tetrakis(trimethylsilyl)pyrene (3) 

To a stirred THF (100 mL) solution of 1,3,6,8-

tetrabromopyrene (14, 0.518 g, 1 mmol) and TMEDA (1.17 g, 

10 mmol) was added dropwise tert-BuLi (1.6 M in pentane, 6.2 

mL, 10 mmol) over 15 min at –78 °C. The solution was stirred 
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for 1 h at –78 °C. Me3SiCl (1.10 g, 10 mmol) was slowly added 

at –78 °C, and the solution was stirred at rt for 16 h. H2O (100 

mL) was then added and the mixture was extracted with EtOAc 

(100 mL × 3). The combined organic layers were washed with 

brine (100 mL × 3) dried over Na2SO4, and concentrated in 

vacuo. The solid was washed with hexane to give 1,3,6,8-

tetrakis(trimethylsilyl)pyrene (3, 0.137 g, 28% yield). Lit.
57

 

 

Preparation of 1,3,6,8-tetrakis(triethylsilyl)pyrene (4) 

To a stirred THF (75 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.517 g, 1 mmol) and TMEDA (1.11 g, 10 mmol) was added 

dropwise tert-BuLi (1.6 M in pentane, 6.2 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Et3SiCl (1.53 g, 10 mmol) was slowly added at –78 °C, and the 

solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. Silica gel 

column chromatography (hexane) of the residue followed by 

HPLC (GPC) gave 1,3,6,8-tetrakis(triethylsilyl)pyrene (4, 0.272 

g, 41% yield). Pale yellow solid; mp 272 °C (dec); 
1
H NMR (400 

MHz, CDCl3): δ 1.03 (t, J = 7.1 Hz, 36H), 1.15 (q, J = 8.1 Hz, 

24H), 8.32 (s, 2H), 8.33 (s, 4H) ppm; 
13

C NMR (400 MHz, CDCl3): 

δ 1.02, 5.00, 7.80, 125.00, 127.55, 131.03, 136.66, 140.28 

ppm; 
29

Si NMR (100MHz, CDCl3): δ –4.2 ppm; IR (KBr): 1250, 

2137, 2955 cm
–1

; MS (EI): m/z (relative intensity, %) 658 (100, 

M
+
); HRMS (EI): calcd for C40H66Si4, 658.4242; found, 658.4239. 

 

Preparation of 1,3,6,8-tetrakis(dimethylphenylsilyl)pyrene (5) 

To a stirred THF (90 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 1.039 g, 2 mmol) and TMEDA (2.10 g, 20 mmol) was added 

dropwise tert-BuLi (1.6 M in pentane, 12.4 mL, 20 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Me2PhSiCl (3.33 g, 20 mmol) was slowly added at –78 °C, and 

the solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. Silica gel 

column chromatography (CHCl3:hexane = 1:1) of the residue 

followed by recrystallization from hexane:CH2Cl2 = 1:1 gave 

1,3,6,8-tetrakis(dimethylphenylsilyl)pyrene (5, 0.254 g, 17% 

yield). Colorless solid; mp 230 °C; 
1
H NMR (400 MHz, CDCl3): δ 

0.73 (s, 24H), 7.28-7.37 (m, 12H), 7.52-7.54 (m, 8H), 8.11 (s, 

4H), 8.35 (s, 2H) ppm; 
13

C NMR (400 MHz, CDCl3): δ –0.52, 

124.76, 127.86, 128.44, 129.03, 131.99, 134.25, 136.70, 

138.97, 140.61 ppm; 
29

Si NMR (100 MHz, CDCl3): δ –6.6 ppm; 

IR (KBr): 698, 833, 1250 cm
–1

; MS (EI): m/z (relative intensity, 

%) 660 (25), 738 (100, M
+
); HRMS (EI): calcd for C48H50Si4, 

738.2990; found, 738.2989. 

 

Preparation of 1,3,6,8-tetrakis(triisopropylsilyl)pyrene (6) 

To a stirred THF (50 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.777 g, 1.5 mmol) and TMEDA (1.80 g, 15 mmol) was 

added dropwise tert-BuLi (1.61 M in pentane, 9.32 mL, 15 

mmol) over 15 min at –78 °C. The solution was stirred for 1 h 

at –78 °C. i-Pr3SiCl (12.84 g, 15 mmol) was slowly added at –78 

°C, and the solution was stirred at rt for 16 h. H2O (100 mL) 

was then added and the mixture was extracted with EtOAc 

(100 mL × 3). The combined organic layers were washed with 

brine (100 mL × 3) dried over Na2SO4, and concentrated in 

vacuo. Silica gel column chromatography (hexane) of the 

residue followed by recrystallization from CHCl3 gave 1,3,6,8-

tetrakis(triisopropylsilyl)pyrene (6, 0.185 g, 15% yield). 

Colorless solid; mp 302 °C (dec); 
1
H NMR (400 MHz, CDCl3): δ 

1.20 (d, J = 7.6 Hz, 72H), 1.80 (sept, J = 7.4 Hz, 12H), 8.29 (s, 

4H), 8.47 (s, 4H) ppm; 
13

C NMR (400 MHz, CDCl3): δ 13.27, 

19.23, 125.43, 128.37, 129.95, 137.09, 141.86 ppm; 
29

Si NMR 

(100 MHz, CDCl3): δ 5.4 ppm; IR (KBr): 706, 883, 2866, 2947 

cm
–1

; MS (EI): m/z (relative intensity, %) = 59 (100), 207 (8), 

827 (8, M
+
); HRMS (EI): calcd for C52H90Si4, 827.6198; found, 

827.6205. 

 

Preparation of 1,3,6,8-tetrakis(methyldiphenylsilyl)pyrene (7) 

To a stirred THF (80 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.520 g, 1 mmol) and TMEDA (1.16 g, 10 mmol) was added 

dropwise tert-BuLi (1.6 M in pentane, 6.2 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

MePh2SiCl (2.30 g, 10 mmol) was slowly added at –78 °C, and 

the solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. Silica gel 

column chromatography (CHCl3:hexane = 1:9) of the residue 

followed by HPLC (GPC) gave 1,3,6,8-

tetrakis(methyldiphenylsilyl)pyrene (7, 0.156 g, 16% yield). 

Colorless solid; mp 265 °C; 
1
H NMR (400 MHz, CDCl3): δ 0.84 (s, 

12H), 7.24 (t, J = 7.3 Hz, 16H), 7.33 (t, J = 7.4 Hz, 8H), 7.45 (d, J 

= 6.6 Hz, 16H), 8.01 (s, 4H), 8.12 (s, 2H) ppm; 
13

C NMR (400 

MHz, CDCl3): δ –1.56, 124.64, 127.85, 129.07, 129.27, 130.56, 

135.24, 136.53, 137.20, 143.31 ppm; 
29

Si NMR (100 MHz, 

CDCl3): δ –9.3 ppm; IR (KBr): 829, 1427, 3047 cm
–1

; MS (EI): 

m/z (relative intensity, %) 197 (100), 987 (4, M
+
); HRMS (EI): 

calcd for C68H58Si4, 987.3694; found, 987.3681. 

 

Preparation of 1,3,6,8-tetrakis(triphenylsilyl)pyrene (8) 

To a stirred THF (90 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.520 g, 1 mmol) and TMEDA (1.25 g, 10 mmol) was added 

dropwise tert-BuLi (1.6 M in pentane, 6.2 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Ph3SiCl (4.66 g, 15 mmol) was slowly added at –78 °C, and the 

solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. Silica gel 

column chromatography (CHCl3:hexane = 1:2) of the residue 

followed by HPLC (GPC) gave 1,3,6,8-

tetrakis(triphenylsilyl)pyrene (8, 0.038 g, 3% yield). Colorless 

solid; mp 215 °C (dec); 
1
H NMR (400 MHz, CDCl3): δ 7.16 (t, J = 

7.6 Hz, 24H), 7.29 (t, J = 7.4 Hz, 12H), 7.40 (d, J = 6.6 Hz, 24H), 

7.87 (s, 4H), 8.16 (s, 2H) ppm; 
13

C NMR (400 MHz, CDCl3): δ 

124.41, 127.75, 129.32, 129.96, 134.62, 136.24, 137.73, 145.18 

ppm; 
29

Si NMR (100 MHz, CDCl3): δ –13.5 ppm; IR (KBr): 698, 
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1107, 3067 cm
–1

; MS (EI): m/z (relative intensity, %) 259 (100), 

1235 (2, M
+
); HRMS (EI): calcd for C88H66Si4, 1235.4320; found, 

1235.4333. 

 

Preparation of 1,3,6,8-tetrakis(pentamethyldisilyl)pyrene (9) 

To a stirred THF (80 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.518 g, 1 mmol) and TMEDA (1.32 g, 10 mmol) was added 

dropwise tert-BuLi (1.77 M in pentane, 5.65 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Me3SiMe2SiCl (1.55 mL, 8 mmol) was slowly added at –78 °C, 

and the solution was stirred at rt for 16 h. H2O (100 mL) was 

then added and the mixture was extracted with EtOAc (100 mL 

× 3). The combined organic layers were washed with brine 

(100 mL × 3) dried over Na2SO4, and concentrated in vacuo. 

The solid was washed with hexane and acetone to give 1,3,6,8-

tetrakis(pentamethyldisilyl)pyrene (9, 0.146 g, 20% yield). 

Colorless solid; mp 232 °C;
 1

H NMR (400 MHz, CDCl3): δ 0.11 (s, 

36H), 0.65 (s, 24H), 8.22 (s, 4H), 8.26 (s, 2H) ppm; 
13

C NMR 

(100 MHz, CDCl3): δ –1.90, –1.54, 124.68, 127.81, 134.06, 

136.10, 138.37 ppm; 
29

Si NMR (100 MHz, CDCl3): δ –21.2, –

18.0 ppm; IR (KBr): 795, 826, 1246, 2947 cm
–1

; MS (EI): m/z 

(relative intensity, %) 415 (72), 503 (56), 722 (100, M
+
); HRMS 

(EI): calcd for C36H66Si8, 772.3319; found, 722.3328. 

 

Preparation of 1,3,6,8-tetrakis(trimethylgermyl)pyrene (10) 

To a stirred THF (80 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.518 g, 1 mmol) and TMEDA (1.25 g, 10 mmol) was added 

dropwise tert-BuLi (1.77 M in pentane, 5.65 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Me3GeCl (1.0 g, 6.53 mmol) was slowly added at –78 °C, and 

the solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. The solid 

was washed with hexane to give 1,3,6,8-

tetrakis(trimethylgermyl)pyrene (10, 0.255 g, 38% yield). 

Colorless solid; mp 340 °C (dec);
 1

H NMR (400 MHz, CDCl3): δ 

0.70 (s, 36H), 8.22 (s, 4H), 8.28 (s, 2H) ppm; 
13

C NMR (100 

MHz, CDCl3): δ 0.18, 125.50, 127.70, 135.32, 136.19, 137.07 

ppm; IR (KBr): 822, 1238, 2970 cm
–1

; MS (EI): m/z (relative 

intensity, %) 320 (28), 655 (93), 670 (100, M
+
); HRMS (EI): calcd 

for C28H42Ge4, 670.0152; found, 670.0137. 

 

Preparation of 1,3,6,8-tetrakis(triphenylgermyl)pyrene (11) 

To a stirred THF (60 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.210 g, 0.40 mmol) and TMEDA (0.52 g, 4 mmol) was 

added dropwise tert-BuLi (1.61 M in pentane, 2.48 mL, 4 

mmol) over 15 min at –78 °C. The solution was stirred for 1 h 

at –78 °C. Ph3GeCl (1.17 g, 3.45 mmol) was slowly added at –78 

°C, and the solution was stirred at rt for 16 h. H2O (100 mL) 

was then added and the mixture was extracted with EtOAc 

(100 mL × 3). The combined organic layers were washed with 

brine (100 mL × 3) dried over Na2SO4, and concentrated in 

vacuo. The residue was treated with acetone, CHCl3, and 

hexane to give solid. The solid was washed with CHCl3 to give 

1,3,6,8-tetrakis(triphenylgermyl)pyrene (11, 0.026 g, 5% yield). 

Colorless solid; mp 234 °C (dec);
 1

H NMR (400 MHz, CDCl3): δ 

7.18 (t, J = 7.4 Hz, 24H), 7.29 (t, J = 7.6 Hz, 12H), 7.39 (d, J = 6.8 

Hz, 24H), 7.90 (s, 4H), 8.18 (s, 2H) ppm; 
13

C NMR (100 MHz, 

CDCl3): δ 125.00, 128.13, 128.88, 129.69, 132.15, 135.25, 

136.59, 136.78, 142.40 ppm; IR (KBr): 698, 1431, 3067 cm
–1

; 

MS (EI): m/z (relative intensity, %) 154 (100), 288 (27). 

 

Preparation of 1,3,6,8-tetrakis(trimethylstannyl)pyrene (12) 

To a stirred THF (70 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.520 g, 1 mmol) and TMEDA (1.21 g, 10 mmol) was added 

dropwise tert-BuLi (1.77 M in pentane, 5.65 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Me3SnCl (1.91 g, 10 mmol) was slowly added at –78 °C, and the 

solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. The solid 

was washed with hexane. Recrystallization from acetone-

hexane gave 1,3,6,8-tetrakis(trimethylstannyl)pyrene (12, 

0.508 g, 60% yield). Colorless solid; mp 229 °C (dec);
 1

H NMR 

(400 MHz, CDCl3): δ 0.55 (s, 36H), 8.02 (s, 4H), 8.30 (s, 2H) 

ppm; 
13

C NMR (100 MHz, CDCl3): δ –8.06, 125.72, 129.74, 

137.17, 139.12, 141.27 ppm; IR (KBr): 768, 1531, 2978 cm
–1

; 

MS (EI): m/z (relative intensity, %) 165 (88), 675 (62), 839 

(100), 854 (87, M
+
); HRMS (EI): calcd for C28H42Sn4, 853.9363; 

found, 853.9315. 

 

Preparation of 1,3,6,8-tetrakis(triphenylstannyl)pyrene (13) 

To a stirred THF (70 mL) solution of 1,3,6,8-tetrabromopyrene 

(14, 0.520 g, 1 mmol) and TMEDA (1.18 g, 10 mmol) was added 

dropwise tert-BuLi (1.77 M in pentane, 5.65 mL, 10 mmol) over 

15 min at –78 °C. The solution was stirred for 1 h at –78 °C. 

Ph3SnCl (2.31 g, 6 mmol) was slowly added at –78 °C, and the 

solution was stirred at rt for 16 h. H2O (100 mL) was then 

added and the mixture was extracted with EtOAc (100 mL × 3). 

The combined organic layers were washed with brine (100 mL 

× 3) dried over Na2SO4, and concentrated in vacuo. The solid 

was washed with THF. Silica gel column chromatography 

(CHCl3) gave solid which was then washed with acetone to give 

1,3,6,8-tetrakis(triphenylstannyl)pyrene (13, 0.489 g, 31% 

yield). Colorless solid; mp 305 °C (dec);
 1

H NMR (400 MHz, 

CDCl3): δ 7.17 (t, J = 7.2 Hz, 24H), 7.29 (t, J = 7.2 Hz, 12H), 7.40 

(d, J = 6.8 Hz, 24H), 7.87 (s, 4H), 8.16 (s, 2H) ppm; 
13

C NMR 

(100 MHz, CDCl3): δ 128.59, 137.21 ppm; IR (KBr): 698, 1427, 

3063 cm
–1

; MS (EI): m/z (relative intensity, %) = 119 (75). 

 

Fluorescence quantum yields 

Cyclohexane solutions of 2-12 (1.0 × 10
–5

 M), 13 (1.0 × 10
–6

 M, 

because of low solubility) and 3 (1.0 × 10
–6

 M) were degassed 

by using freeze-pump-thaw cycles. Fluorescence spectra were 

recorded at 298 K using a 1 cm path length cell. Fluorescence 

quantum yields (Φf) of 2 and 4-13 were determined by using 3 

as a standard with a known Φf of 0.56 in cyclohexane.
57

 The 

Φfs were calculated employing the equation 

 

Φf(spl) = Φf(std) × [I(spl)/I(std)] × [A(std)/A(spl)] 
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where Φf(spl) and Φf(std) are the fluorescence quantum yields 

of the sample and standard, respectively, I(spl) and A(spl) are 

integrated fluorescence intensities obtained from spectra in 

which the horizontal axis is converted from wavelength to 

wavenumber, and the absorbance at excitation wavelength 

(λex). I(std) and A(std) are those of the standard. Excitation 

wavelengths (λex) and concentrations of solutions of sample 

and standard were identical in each determination. λexs used 

for each determination were 335 (2, 4, 5, 7, 8), 350 (9-13), and 

378 (6) nm. 
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