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Photoreaction via Non-Resonant Two-Photon Excitation. Selective Silylene Extrusion
from 2,2-Diphenyltrisilane
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Non-resonant two-photon excitation of 2,2-diphenylhexa-
methyltrisilane with a 532 nm pulsed laser light induced the two
major reactions, silylene extrusion and migration of the B-
trimethylsilyl group with a quite different selectivity from that for
the single-photon excitation.

Recent spectroscopic studies have shown that a number of
molecules have the low-lying electronic excited states! to which
the non-resonant two-photon (NRTP) absorption is allowed,
while the direct single-photon absorption is forbidden, as first
predicted by Giippert-Mayer.2 However, no study has been
reported on the photochemical reactions induced by NRTP
excitation of the molecules in the condensed phases to date. We
have found the first example of photoreactions induced by NRTP
in solution.3 Thus, irradiation of a hexane solution of 2,2-
diphenylhexamethyltrisilane (1 in Scheme I) with a 532 nm light
(second harmonic of a pulsed Nd:YAG laser) at room tem-
perature gave two types of photo-products [2 and 3 (= 3A +
3B)] in the presence of excess ethanol, although 1 showed no
absorption at longer wavelengths than 300 nm (¢ < 0.5, Figure
1). The product yields increased in proportion to the square of
the laser intensity. In addition, the ratio 2/3 was quite different
from that induced by the single-photon absorption of a 266 nm
light (fourth harmonic of the Nd:YAG laser). The NRTP method
may offer a promising technique to control photochemical
reaction pathways in condensed systems at ambient temperatures
by using a conventional laser system.

Whereas 1 is a well-known photochemical precursor of
diphenylsilylene (Path A in Scheme I),6 a 1,3-silyl migration
(Path B) is usually a major side reaction. Actually, photolysis of
a hexane solution of 1 (1.1x10-2 M) in the presence of ethanol (1
M) with a 32-W low-pressure Hg lamp gave 2 and 3 in 50 and
37 % yields, respectively, with consumption of 24% of 1.7 The
product yields did not change seriously up to 70% conversion.
A similar product distribution was obtained under irradiation with
a pulsed 266 nm laser light (17.5 MW/cmZ, 5ns, 10 Hz); the
yields of 2 and 3 were 53 and 30%, respectively, with

consumption of 30% of 1. The quantities of 1, 2, and 3 were
determined by means of gas chromatography.

When 1 was irradiated with a pulsed 532 nm laser light
(212 MW/cm?2, 6 ns, 10 Hz) for 1 h under otherwise the same
conditions as above, 2 and 3 were obtained in 80 and 13%.
yields, respectively, with consumption of 20 % of 1. The yield
of 2 increased in proportion to the square of the laser intensity as
shown in Figure 2, being indicative of the two-photon nature of
the reaction. The irradiation of an intense IR light pulse
(fundamental light of the Nd:YAG laser; 1064 nm, 120
MW/cm2, 8 ns, 10 Hz) for 1 h induced no reaction of 1.
Therefore, the observed reaction is not caused by heating effects
during irradiation. Since the product yield increased propor-
tionally with the irradiation time, no secondary photoreactions of
the silylene are involved.
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Figure 1. Absorption spectra of 1 in hexane: ¢ = 7.49x10™> M
( ); ¢ = 7.31x103 M (-~ ). Arrows denotes wavelengths of
laser lights, 266 and 532 nm, for excitation.
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Figure 2. A log-log plot of the yield of 2 against light intensity
under irradiation of 1 with the 532 nm light for 1 h. The laser power
was attenuated by using a halfwave plate and a Glan polarizer. The
yield at the light intensity of 24.3 MW/cm? was taken as unity.

The characteristic feature of the photoreactions induced by
the NRTP is the selectivity of the reaction pathways. The
product ratio (2/3) of 80/13 by the NRTP is much higher than
that by the irradiation of the 266 nm light (53/30). The NRTP
highly favors path A to path B.

The present NRTP results may suggest that two non-polar
excited states, E1 and E2, which are close in energy but
distinguished by symmetry, are responsible for the paths A and
B, respectively (see Figure 3). Since the NRTP absorption
obeys the different selection rule from direct single-photon
absorption, the population of E1 and E at the initial stage of the
reaction may be different between these two absorption modes,
even if the same energy is given to a molecule by these
processes. This may be the origin of the selectivity difference.
Because of the rapid internal conversion to the lowest excited
states, selectivity control of the photoreactions by control of the
nature of the excitation process is considered in general not to be
feasible (Kasha's rule).8 The above explanation apparently
contradicts the Kasha's rule. Whereas further works should be
performed to elucidate the origin of the observed selectivity, the
NRTP method is highly promising as a new technique for
controlling the photoreaction.

We thank Dr. H. Tashiro, Photodynamics Research Center
(RIKEN), for making the Nd:YAG laser available.
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Figure 3. Schematic representation of selective photoreactions via
NRTP.
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