
A series of 2-silyl- and 2-disilanyl-substituted 2-aryl-1,3-
dithiane derivatives were prepared by the reactions of 2-aryl-2-
lithio-1,3-dithianes with the corresponding chlorosilanes.
Photolysis of 2-phenyl-2-(pentamethyldisilanyl)-1,3-dithiane
resulted in the intermediary formation of 1,1-dimethyl-2-
phenyl-2-(trimethylsilyl)-1-silaethene.

The synthetic utility of 1,3-dithiane derivatives allow them
to be used as carbonyl-protecting groups, masked-methylene
compounds, and acyl-nucleophile synthons.1 For example, 2-
silyl-1,3-dithianes are frequently used as precursors of acylsi-
lanes.2,3 However, there have not been any reports on the pho-
tochemistry of silyldithianes.  We have synthesized a series of
2-silyl- and 2-disilanyl-substituted 2-aryl-1,3-dithiane deriva-
tives to study their spectroscopic properties and photochemical
behavior. 

Eight 2-aryl-2-silyl-1,3-dithiane derivatives (1a–d and
2a–d) were prepared by the reactions of 2-aryl-2-lithio-1,3-
dithianes with chlorosilanes as shown in Scheme 1.4 The yields
and UV spectral data of 1 and 2 are summarized in Table 1.  

Figure 1 shows the UV-absorption spectra of 1a and 2a.
Both compounds had a strong absorption band between
220–250 nm (La band) and a weak absorption band between
260–300 nm (Lb band).  The UV spectra of 1 and 2 did not
show any solvatochromism.  On the La band, we noted that the
wavelength of absorption maximum of disilane 2a (242 nm)
was much longer than that of monosilane 1a (230 nm) and 2-

phenyl-1,3-dithiane (3a, 233 nm).  Because such a red shift was
not observed between benzyltrimethylsilane (5, 222 nm)5 and
benzylpentamethyldisilane (6, 225 nm),5 we can conclude there
is substantial interaction between the disilanyl group and the 2-
phenyl-1,3-dithiane moiety.  As shown in Table 1, the red-shift
was significant not for the electron-donating aryl derivatives
(1c–2c and 1d–2d) but for the electron-withdrawing cyano
derivatives (1b–2b).  Therefore, the interaction would be homo-
hyperconjugation between disilane and aryl moieties.

Figure 2 shows ORTEP drawings for 2a and 2d.6,7 It
reveals that the six-membered rings are in chair forms.  The
aryl groups are in axial positions and the silyl groups are in
equatorial positions in both compounds.  The bond lengths and
angles of 2a and 2d were in the standard range.  Although their
absorption was different in solution, there were no specific
structural changes between 2a and 2d in the solid state.  Thus,
the red-shifted absorptions mentioned above are responsible
only for the electronic effects of substituents. 

As shown in Table 2, irradiation (254 nm) of 1a in hexane
and isopropyl alcohol gave benzyltrimethylsilane (5) in 7% and
34% yields, respectively.  Thus, the 1,3-dithiane moiety is
reduced to methylene under photochemical conditions.  This
photochemical reduction was accelerated by the silyl sub-
stituents because photolysis of 2-ethyl-2-phenyl-1,3-dithiane
(4a) resulted in only 6% and 7% yields of n-propylbenzene (7)
in hexane and isopropyl alcohol (Table 2), respectively.
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Interestingly, photolysis8 of 2a in isopropyl alcohol gave
phenyl(trimethylsilyl)(isopropoxydimethylsilyl)methane (89) in
7% yield along with a simple reduction product,
benzylpentamethyldisilane (6, 28%).  Photolysis of an ethanol
solution of 2a produced ethoxy-derivative 910 and 6 in 5% and
46% yields, respectively, whereas photolysis of 2a in hexane
gave only 6 (18%) as a volatile product.  

It is well-known that methyl migration of (trimethylsilyl)-
carbene occurs easily,11 however, no methyl-migrated com-
pound was found in the photoproducts.  Therefore, phenyl-
(silyl)carbene [Ph(R3Si)C:] was not considered as a common
intermediate of the reaction.  The results showed that silene is
formed during the photolysis of 2a, even though its yield is low.
The plausible mechanism of the photoreaction of 2a is shown in
Scheme 2.  The first step should be the cleavage of a C–S bond
to give biradical 10.  The simple reduction to produce benzyl-
disilane 6 would then take place through path A and would
include intermolecular and/or intramolecular hydrogen abstrac-
tion.  However, the 1,2-migration of trimethylsilyl moiety fol-
lowed by a second C–S bond cleavage gives silene 11 as an
intermediate (path B).  Silene 11 reacts with alcohol to form the
corresponding adduct.  Formation of 9-d in the photolysis of an
EtOD solution of 2a supports the existence of 11.  However, the
d-content was only about 50% determined by GC–MS.  The
result showed other pathway should be included in the forma-
tion mechanism of 9. 

One of us (S.T.) thanks RIKEN for sponsoring the Special
Postdoctoral Researchers Program.
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