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UV absorption maxima of trimethylsilyl-, trimethylgermyl-,
and trimethylstannyl-substituted pyrenes shifted to longer
wavelength than that of unsubstituted pyrene. Absorption max-
ima of mono-, bis-, tris-, and tetrakis(trimethylsilyl)pyrenes
shifted to longer wavelength consecutively at intervals of 10
nm. Fluorescence intensities and lifetimes decreased in the
order of Me;SIAr > Me,GeAr > Me;SnAr. Fluorescence inten-
sity of 1,3,6,8-tetrakis(trimethylsilyl)pyrene was the largest
among those of a series of pyrenes.

Ground-state structures and electronic properties of silyl-sub-
stituted aromatic hydrocarbons such as naphthyl-,* anthryl-, 12
phenanthryl-,2 and pyrenylsilanes® have attracted much atten-
tion. Although the correlation between ground state structures
and reactivities have been frequently discussed, photochemical
studies with regard to UV absorption and fluorescence proper-
ties of arylsilanes are less known.*” We report here the inves-
tigations of UV absorption and fluorescence behaviour of
trimethylsilyl-, trimethylgermyl-, and trimethylstanny!-substi-
tuted pyrenes.

Synthesis of pyrene derivatives is as follows. 1-Bromo-
pyrene® was lithiated with tert-BuLi in THF at —78 °C, then
treated with Me;SiCl to give 1-trimethylsilylpyrene (1a).% 1-
Trimethylgermylpyrene (1b) and 1-trimethylstannylpyrene (1c)
were synthesized in a similar manner by use of Me;GeCl® and
Me;SnCl instead of Me;SICl. Reaction of pyrene (1d) with 2
equiv of bromine in carbon tetrachloride gave a mixture contain-
ing 1,6- and 1,8-dibromopyrenes.’© Lithiation and the following
treatment with Me;SICl (2 equiv) gave a mixture of le and 1f.
Further bromination of the mixture of 1,6- and 1,8-dibromopy-
renes in nitrobenzene at 80 °C afforded a mixture of tri- and
tetrabromopyrenes, which were silylated to give 1g and 1h. Bis-,
tris-, and tetrakis(trimethylsilyl)pyrene (1e-h) could be isolated
by recycling preparative HPLC.1!

1a:R' = SiMes, R2=R®=R*=H

1b:R' = GeMey, RZ=R%®=R*=H
1c: R'=SnMey, R2=R%=R*=H
1d:R'=RZ-R3=R*=H

1e: R' =R®=SiMe;, R°=R* = H

11:R' = R*=SiMeg, R>=R®=H

19: R' =R%= R®= SiMes, R*=H

1h: R' = R? = R® = R* = SiMe;

Chart 1.

UV-vis absorption spectra of these compounds were meas-
ured in cyclohexane (ca. 10° M) (Table 1). Absorption maxi-
ma of trimethylsilyl-, trimethylgermyl-, and trimethylstannyl-
substituted pyrenes shifted to bathochromic region than that of
unsubstituted pyrene, although the absorption coefficients were
amost unchanged. Absorption maxima of mono-, bis-, tris-,
and tetrakis(trimethylsilyl)pyrenes shifted to longer wavelength
consecutively at intervals of 10 nm (Figure 1). These results
can be explained in terms of the energy gap between HOMO
and LUMO of pyrene derivatives, which decreased with
increasing the number of silyl-substitution. Silyl groups con-
tribute to destabilization of HOMO and stabilization of LUMO
by o*—1t* interaction.d5712

Fluorescence spectra of pyrene and pyrene derivatives
were taken in 10> M aerated cyclohexane solutions (Figure 2).
Fluorescence intensity and fluorescence lifetime of monosilyl
derivative 1a were higher and longer than those of unsubstitut-
ed pyrene 1d.%° Fluorescence intensities and lifetimes of
germyl and stannyl derivatives 1b—c were lower and shorter
than those of 1a due to the heavy atom effect. Emission maxi-
ma (A, Of la—c shifted to longer wavelength than 1d. It is
interesting that the fluorescence intensities increased with
increasing the number of silyl substitution (i.e. 1h > 1g > 1e ~
1f > 1a), however, fluorescence lifetimes decreased with
increasing the number of silyl groups.

Table 1. Absorption, fluorescence properties, and calculated energy levels of HOMO and LUMO of silyl-, germyl-, and stannylpyrenes (1a~h)?

Absorption® Eigenvalues / eV® Fluorescence®
Compound — ;

P 3‘1"1‘;’; log € HOMO LUMO energy gap /}Hrtllrar); K (;r;l';ur) K (1n/ z:.]rsgon)
la 344.5 471 -8.086 -0.909 7.177 3935 19.3 107
1b 343.5 4.56 -8.130 -0.958 7.172 3925 18.9 24.6
1c 344.0 4.70 -8.226 -1.023 7.203 3925 14.5 21.2
1d 3345 4.62 -8.249 -1.010 7.238 389.5 20.2 45.1
le 354.5 4.69 -7.938 -0.818 7.120 403.0 18.7 84.7
1f 355.0 4.73 -7.940 -0.819 7.121 397.0 19.8 74.5
1g 365.0 474 ~7.809 -0.744 7.065 388.5 17.7 27.9
1h 375.0 472 -7.689 -0.678 7.011 405.5 12.6 21.5

2In cyclohexane. °Calculated by MM3 // PM3.
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Figure 1. UV-vis spectra of 1a, 1d, le, 1g, and 1h ([1] = (I-5)x
10° M) in cyclohexane.
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Figure 2. Fluorescence spectra of 1a=h ([1] = 1 X 1078 M) in
cyclohexane.

In conclusion, UV absorption and fluorescence properties
can be effectively controlled by the introduction of trimethyl-
silyl, trimethylgermyl, and trimethylstannyl substituents to the
pyrene rings. Fluorescence intensities and lifetimes diminished
in the order of Me;SIAr > Me;GeAr > Me;SnAr. Fluorescence
intensities increased with increasing the number of silyl groups,
hence 1,3,6,8-tetrakis(trimethylsilyl)pyrene (1h) showed a
highly emissive character.

Dedicated to Prof. Hideki Sakurai on the occasion of his
70th birthday.
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