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Solid state structures and photophysical properties of
(trimethylsilyl)methyl-substituted anthracenes and pyrenesy
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(Trimethylsilyl)methyl groups incorporated at 9- and 9,10-posi-
tions of anthracenes and at 1,3,6,8-positions of pyrenes were
found to orient perpendicular to the aromatic frameworks in
their crystals and induce red-shift of UV absorption and fluor-
escence spectra and enhancement of fluorescence quantum yields
as compared with the parent hydrocarbons.

Most extensively studied recently are m-conjugated molecules as
advanced materials for applications in the field of organic
electronics such as light-emitting diodes, field-effect transistors,
and solar cells." Since such functional n-conjugated compounds
are used as solid thin films for the practical applications,
molecular design that control not only electronic but also solid-
state structures of the materials is of great significance.” Incor-
poration of organosilyl moieties such as disilanyl and triorgano-
silyl groups into an arene is one of effective ways for tuning
electronic structure of the parent m-system since such the silicon
introduction into arenes perturbs the parent conjugated system
via -1 (o*-m*) conjugation.’ Therefore, it is of great impor-
tance to find silicon substituents that adapt an ideal geometry for
o1 (o*-1*) conjugation in solid states. We recently prepared
tris(trimethylsilyl)silyl (TTMSS)-substituted anthracenes and dis-
closed that a Si-Si o-bond of the TTMSS group was perpendi-
cular to the anthracene plane in the crystal.* The TTMSS
introduction was effective for lowering the LUMO, leading to
bathochromic shifts of UV and fluorescence spectra, while the
anthracene ring was bent due to the bulkiness of TTMSS group.
Considering that planarity of a conjugated system is one of
factors that govern the electronic and optical properties, it is of
particular interest to explore silyl substituents that not only alter
electronic structure of a m-conjugated system but also orient in
solid state so as to maximize -7 (o*—n*) conjugation without
causing distortion of the n-planar framework. To this end, we
turned our attention to (trimethylsilylymethyl (TMSM) group
since a benzylic carbon-silicon bond could participate in
n-conjugated system® and X-ray studies of TMSM-substituted
benzene® and pyridinium cation’ disclosed that the CH,—SiMes
bonds positioned orthogonal to the benzene and positively
charged pyridine planes, respectively. We report herein structures
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and photophysical properties of TMSM-substituted anthracenes
1 and pyrenes 2 (Fig. 1).%

Anthracenes 1 and pyrenes 2 were prepared in 21-95% yields
by Kumada-Tamao coupling reactions of the corresponding
bromides and commercially available Me;SiCH,MgCl (ESI¥).

Single crystals of 1a,I 1b,§ and 2¢9 were obtained by recrys-
tallization from hexane, ethanol and hexane/i-PrOH (3 : 1),
respectively. The molecular structures of those disclosed by X-
ray diffraction study are shown in Fig. 2. The Si(1)-C(15) bond
of 1 was found to direct perpendicular to the anthracene plane
as expected. Both 1b and 2c¢ crystallized in monoclinic space
group P2;/c with the center of symmetry at centroid of the
anthracene and pyrene framework, respectively. The Si(1)-C(8)
bond of 1b, and the Si(1)-C(9) and Si(2)-C(13) bonds of 2¢ were
positioned almost orthogonal to and upside of the aromatic
planes and the remaining Si—C(benzylic) bonds in 1b and 2¢
were oriented in their downside. In all cases, the aromatic planes
were flat, indicating that the substitution of TMSM groups did
not induce any distortion of the aromatic planes in contrast to
the TTMSS group. The geometry of silicon atoms was signifi-
cantly deformed from a normal tetrahedral shape. The bond
angles of Si—C(benzylic)-C(aromatic) ranged from 114.56(9)° to
117.77(11)°, which was much larger than the standard value
(109.5°) of an sp>-hybridized silicon atom.

Ultraviolet and fluorescence spectra of 1 and 2 measured in
cyclohexane at room temperature are shown in Fig. 3-6 and the
data are summarized in Table 1, together with those of
9-methyl- and 9,10-dimethylanthracenes 1a’ and 1b’, and
I-methyl, 1,6-dimethyl and 1,3,6,8-tetramethylpyrenes 2a’-2¢’
for comparison. Absorption spectra of 1 and 2 (Fig. 3 and 4)
showed almost similar vibrational structures, respectively, while
the presence of SiMe; groups at benzylic positions induced a
bathochromic shift of the spectra compared with those of the
corresponding 1’ and 2’. Fluorescence spectra of 1 and 2 (Fig. 5
and 6) also displayed vibrational structures and red-shifted by the
silicon substitution. As the number of TMSM groups increased,
both absorption and fluorescence spectra of 1 and 2 exhibited a
bathochromic shift. Conservation of the vibrational structures

SiMes
R* 6 SiMe;
Rl R3 R?
1a (R'=H) 2a (R?=R3=R*=H)

2b (R? = R* = H, R? = CH,SiMes)
2¢ (R? = R®= R* = CH,SiMe;)

1b (R! = CH,SiMey)

Fig. 1 TMSM-substituted anthracenes 1 and pyrenes 2.
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Fig. 2 ORTEP drawings of 1a (a), 1b (b), and 2¢ (c) with ellipsoids
shown at 30% probability. Hydrogen atoms have been omitted for clarity.
The atoms numbering with an A letter in 1b and 2¢ are at equivalent
positions (I — x, —y, 1 — z)and 2 — x, | — y, 1 — z), respectively.

sharply contrasts with the observation that fluorescence spectra
of TTMSS-substituted anthracenes were broadened and comple-
tely structureless,* which may reflect the difference in flatness of
the aromatic framework. Fluorescence quantum yields of 1 and 2
were higher than those of 1a’, TTMSS-substituted anthracenes,”
and 2/, respectively. Hence, these results indicated that the
introduction of TMSM groups was more effective for extension
of conjugation length than that of TTMSS groups.

Solid films of 1 and 2 prepared by spin-coating from their
CH,Cl, solution also exhibited blue or green emission upon
UV irradiation at 355 nm (Fig. 7 and 8). Emission maxima of
1a and 1b were almost the same in the solid state. Thus, in
comparison to the spectra measured in cyclohexane (Fig. 5), a
bathochromic shift of 1b resulting from changing its state from
solution to thin film was smaller than that of 1a. The spectrum
of 2a also displayed only broadened structure, while 2b and 2¢
exhibited dual emission consisting of a monomer-like one with
structured spectrum in violet to blue emitting region, and
excimer or exciplex-like one with a broadened and red-shifted
band. These observations may suggest that di- and tetra-
substitution of TMSM groups into an arene can diminish
excimer or exciplex formation in solid state and lead to
enhancing efficiency of solid-state fluorescent emission.
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Fig. 3 UV spectra of 1 and 1’ (1 x 107> M in cyclohexane).
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Fig. 4 UV spectra of 2 and 2’ (1 x 107> M in cyclohexane).

Molecular orbital calculations of methyl or H3SiCH,-substi-
tuted anthracenes and pyrenes were carried out by DFT method
at B3LYP/6-31G*//B3LYP/6-31G* level. The energies of
HOMOs and LUMOs are summarized in Chart S1 (ESI¥).
When silyl groups were substituted at benzylic positions of
methylated anthracenes and pyrenes, LUMO levels were con-
siderably lowered with slight decrease of HOMO levels in all
cases. Accordingly, the HOMO-LUMO gaps narrowed by the
silicon substitution, in consistent to the red shift of absorption
maxima. Meanwhile, the HOMO-LUMO gaps became nar-
rower in proportion to the number of incorporated silylmethyl
groups, which resulted from slight lowering of LUMO levels and
large elevation of HOMO levels. The enhancement of HOMO
level is ascribed to the o—m conjugation between a c-orbital of
Si—C(benzylic) bond and p-orbitals of the aromatic rings.

In summary, we have demonstrated that introduction of
TMSM groups into anthracene and pyrene leads to the
extension of the conjugated systems, and Si—C(benzylic) bonds
of the TMSM groups adapts an ideal conformation for
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Fig. 5 Fluorescence spectra of 1 and 1’ (1 x 10°° M in cyclohexane,
excitation wavelength 355 nm).
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Fig. 6 Fluorescence spectra of 2 and 2’ (1 x 107® M in cyclohexane,
excitation wavelength 355 nm).
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Table 1 Photophysical properties of anthracenes 1 and pyrenes 2

1or2 Jabs/nm (¢/ M~ em™1)? Jem/nm? o

1a 398 (9590) 402 0.72
1a’ 386 (10480) 388 0.32
1b 422 (10900) 432 0.66
1b’ 398 (12930) 401 0.72
2a 351 (39260) 381 0.48
2a’ 343 (37 520) 377 0.07
2b 359 (53360) 388 0.65
2b’ 349 (50900) 380 0.17
2¢ 386 (57050) 402 0.49
2¢’ 362 (46700) 388 0.11

“ Absorption maximum measured in cyclohexane (1 x 107> M).
b Emission maximum of the strongest fluorescence measured in cyclo-
hexane (1 x 107® M). ¢ Irradiated with an UV light (1 = 355 nm).
4 Calculated with anthracene as a reference (& = 0.32).
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Fig. 7 Fluorescence spectra of 1 in the solid state (excitation wave-
length 355 nm).
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Fig. 8 Fluorescence spectra of 2 in the solid state (excitation wave-
length 355 nm).

efficient o—n conjugation in the solid states. Further studies on
preparation of TMSM-substituted functional m-conjugated
compounds and their applications to strongly emissive solid
materials are in progress in our laboratory.
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reflections collected: 17759, independent reflections: 3411 (R, =
0.0272), Final R indices [I > 2a(])]: R1 = 0.0496, wR2 = 0.1288, R
indices (all data): Rl = 0.0669, wR2 = 0.1415. CCDC 662226.
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