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Summary: The reaction of 1,5-dienes with hydrosilanes
using RhCI(PPh3)s as a catalyst gives 1-silyl-1,5-dienes
as the result of dehydrogenative silylation instead of the
usual hydrosilylation products.

Catalyzed addition of hydrosilanes to olefins is known
as hydrosilylation.! Less common is dehydrogenative
silylation, i.e., the reaction that produces vinylsilanes
directly from hydrosilanes and olefins (eq 1). Although

cat. =Y
AN+ HSIRY - Ax-SRs M
- P2

formation of vinylsilanes as rather undesirable, unexpected
byproducts in hydrosilylation had been observed from time
to time,?2 no example of the exclusive formation of
vinylsilanes had been reported until we found Ruz(CO);q
catalysts for styrenes.? Later, we reported the Coz(CO)s
catalyst for acrylic acid esters® and Fe3(CO) 2 for styrenes.5
A suitable combination of the olefin structure, a hydrosi-
lane, and a catalyst seems essential for highly selective
dehydrogenative silylation to take place. To find further
examples of such substrate—catalyst combinations is very
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important, not only because dehydrogenative silylation is
intrinsically interesting® but also because it provides an
easy access to vinylsilanes, which are versatile synthetic
intermediates.”

In our search for the effect of the chelating substrate in
catalytic reactions, we have now found that the reaction
of 1,5-dienes® with hydrosilanes involves dehydrogenative
silylation when RhCI(PPhj)s is used as the catalyst.
Typically, a solution of 1,5-hexadiene (40 mmol, 3.28 g),
HSiEt;Me (5 mmol, 0.73 mL), and RhCl(PPhy); (0.025
mmol, 23 mg) in benzene (5 mL) was heated at 80 °C for
30 min.? GLC analysis showed the formation of 1-(di-
ethylmethylsilyl)-1,5-hexadiene (1a;1° 90% yield) along
with a small amount of its double-bond isomer, 1-(dieth-
ylmethylsilyl)-1,4-hexadiene (2a; 9%, E/Z = 1/1), as well
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(10) All new products obtained here gave satisfactory spectral and
analytical (C, H) data (see the supplementary material). The reactions
run equally well with toluene as a solvent.
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Table I. RhCI(PPhj);-Catalyzed Reaction of 1,5-Dienes with Hydrosilanes*
yield, %° total yield
entry no. 1,5-diene product (stereochem at C,) of byproducts, %
1 W WSiEtzMe 90 (E > 98) 9¢
1a
24 NP WSiMea 85 (E > 98) 9e
1b
3f M WS'(OEta)a 99 (E/Z = 92/8) 0
1c
4 5 1 84 (E/Z at Cs = 11/1) 7e
N ANF NF N siEtMe
(EZ=1111) 3
5 : N O/\/SiEtzMe 90 9¢
4
6 = # 7 A siEtMe 4
OSiMe, OSiMe,
5a
MeEt,Si y Z " trace
OSiMe,

4 Reaction conditions: 1,5-dienes (40 mmol), HSiEt;Me (5 mmol), RhC1(PPh;); (0.025 mmol), benzene (5 mL), 80 °C, 0.5-1 h. & Determined by
GLC. ¢ 1-Silyl-1,4-hexadiene. 4 HSiMe; was used as a hydrosilane. ¢ Unidentified products. f HSi(OEt3); was used as a hydrosilane. £ 1-Silyl-2-(4-

cyclohexenyl)ethane.

as 1-hexene (94 %), the yields being based on the hydrosi-
lane (eq 2). Noteworthy was that no simple adduct, the

RhCI(PPhs)s

O F + HSELMe AN+
(xs) 86°C,0.5h 94%
PNNANSiERMe Y NN SiELMe  (2)

12 90% 2a 9% (EIZ=1/1)
product expected from usual hydrosilylation, was obtained.
The higher molar ratio of 1,5-diene to hydrosilane is an
important factor to attain a high selectivity for the
dehydrogenativessilylation. When the reaction was carried
out with the 1,5-hexadiene/HSiEt;Me ratio equal to 1/1
or 1/4, a complex mixture including la, 2a, and the usual
hydrosilylation products was obtained. Other rhodium
complexes that also showed a high catalytic activity for eq
2 were Rhg(CO)yg (1a, 74% yield; 2a, 25% yield), RhCl-
(PPhj3)2(CO) (1a, 85%; 2a, 15%), RhH(PPh3);3(CO) (1a,
90%; 2a,10%), RhCl3-3H,0 (1a,93%; 2a,5%), and [Rh-
(OAc)2)e (la, 74%; 2a, 26%). The reaction of 1,5-
hexadiene using Rus(CO)12% or Cos(CO)s? gave a mixture
of many products, including adducts of one and two
molecules of HSiEt;Me.

The vinylsilane formation of eq 2 seems to be specific
to1,5-dienes. The RhCl(PPhj)s-catalyzed reaction of 1,4-
pentadiene or 1,6-hepatadiene with HSiEt;Me under the
same reaction conditions did not result in the exclusive
formation of similar 1-silyl 1,w-dienes.!! The poor results
with 1,4- and 1,6-dienes are not surprising, since these
have poorer coordination ability compared to that of 1,5-
dienes.® The results for several 1,5-dienes are shown in

(11) 1,4-Pentadiene gave CH,~CHCH,CH=CHSiEt;Me (14%),
CHy;=~CHCH,CH,CH,SiEt,Me (46 %), and CH;CH=CHCH,CH;SiEt,-
Me (30%), while 1,6-heptadiene afforded CH—=CHCH,CH,CH,CH=
CHSIEt,Me (32%), CH;CH=CHCH,CH,CH=CHSiEt;Me (31%), and
CH;=CHCH,CH,CH=CHCH,SiEt:Me (19%).

Table I. The use of HSi(OEt); resulted in complete
dehydrogenative silylation, giving a mixture of E and Z
isomers of 1¢ (entry 3). Thereaction of 1,5-dienes in which
one of the double bonds is substituted gave similar results
(entries 4 and 5). In the case of 3-(trimethylsiloxy)-1,5-
hexadiene, no regioselection was observed (entry 6). In
all cases except for entry 3 shown in Table I, small amounts
of byproducts, which were double-bond isomers and/or
stereoisomers and hydrosilylation products, were detected
by the GCMS analysis, but the structures of the byproducts
were not fully elucidated.

As described above, the dehydrogenative silylation of
eq 2 also produced 1-hexene (94% yield) based on the
hydrosilane in which the two hydrogen atoms were
transferred, one from the hydrosilane and another from
1,5-hexadiene. Initially, we expected the hydrogen transfer
would take place in an intramolecular fashion to give
1-silyl-1-hexene, but this was not the case. These results
can be accounted for by a larger binding constant of 1,5-
hexadiene to the metal than those of la and 1-hexene.

The importance of strong coordination ability of 1,5-
diene to a metal was also observed in the reaction of 5-vinyl-
2-norbornene. Thus, the reaction of 5-vinyl-2-norbornene
(a'78:22 mixture of endo and exo isomers) with HSiEt,Me
under the same reaction conditions of eq 2 gave only
products (6a and 6b) arising from the endo starting
material (eq 3). The presence of byproduct 6b indicated

RhCI(PPh.
/ + HSiEt;Me (PPhaly A * (3)
CeHg
y 80°C, 1h 7 P

{endolexo = 78/22) MeEt,Si MeEt,Si
6a 65% 6b 25%

that an intramolecular hydrogen transfer took place to
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some extent when the diene had a strongly coordinating
site such as a norbornene moiety.

Efforts are currently underway to find further examples
of the substrate—catalyst matching for selective dehydro-
genative silylation.
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