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Rhodium-Catalyzed Ring-Opening Silylformylation of Epoxides Leading to 8-Siloxy Aldehydes
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Summary: In the presence of [RhCI(CO);]; and 1-me-
thylpyrazole, the reaction of epoxides with a hydrosilane
and carbon monoxide resulted in ring-opening silylformy-
lation leading to §-siloxy aldehydes.

The carbonylative ring opening of epoxides has been of
long-standing interest not only because of its synthetic
potential but also because of the related interest in
homogeneous catalysis.! Ring-opening esterifications,?
carboxylations,? aminocarbonylations,* and formylations®
of epoxides of varying efficiencies have been reported. In
1977, we reported that the Co,(CO)s-catalyzed reaction of
epoxides with a hydrosilane and carbon monoxide resulted
in ring-opening silylformylations® yielding 8-siloxy alde-
hydes.” In this reaction, however, the desire to prevent
the product aldehydes from undergoing further reactions,
such as formylations,® hydrosilylations,? and dehydroge-
native silylations,!? required us to use excess amounts of
the starting epoxides. We now wish to report that the use
of Rh-amine catalysts enables the conversion of epoxides
to §-siloxy aldehydes without causing further reactions of
the product aldehydes.1!

Early in this study, we carried out the reaction of
cyclohexene oxide (1) (2.5 mmol) with HSiEt;Me (7.5
mmol) and CO (50 atm initial pressure at 25 °C) in the
presence of [RhCL(CO)2]; (0.1 mmol) in C¢Hg (5 mL) at
100°Cfor20h. Onlycyclohexanolsilyl ether was obtained
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Table I. Rhodium-Catalyzed Ring-Opening
Silylformylation of Epoxides with HSiMe,Ph and CO*
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¢ Reaction conditions: epoxide (2.5 mmol), HSiMegPh (3 mmol),
[RhCI(CO)2]z (0.05 mmol), 1-methylpyrazole (1 mmol), CO (50 atm
initial pressure at 25 °C), CHzCl, (5 mL), 50 °C, 20 h. ® GC yields
based on the epoxide. ¢ 1-Methylpyrazole (2 mmol) was used.

in 21% yield, without the formation of any carbonylation
products. An examination of the effects of various
additives to this reaction revealed that EtsN (1 mmol)
promotes ring-opening silylformylation. Thus, trans-2-
(diethylmethylsiloxy)cyclohexanecarbaldehyde (2a) was
obtained in 75% yield (eq 1).!2 The ring opening of 1
occurred predominantly in a ¢trens manner. To our
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trans-2- (D:ethylmet.hylsxloxy)cyclohemewbddehyde (2a). 'H NMR
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Hz, 1H, CHO); 13C NMR (CDCly) 5 -4.20 (SiCHp), 6.71 (SiCHy), 6.99
(SiCCHjy), 24.10, 24.16, 24.90, 35.38 (CHj), 57.84 (CH), 70.98 (CHOSI),
205.02 (CHO); IR (neat) 2498 s, 2884 s, 2712 w, 1732 8, 1454 m, 1418 m,
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Si: C, 63.10; H, 10.59. Found: C, 63.21; H, 10.73.
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! 2a 75%

surprise, the addition of EtsN did not give a similar result
with other epoxides, including cyclopentene oxide (3),
1-butene oxide, and styrene oxide. For example the
reaction of 3 gave the corresponding formylation product
in only 8% yield.

The prudent choice of both an additive and a hydrosilane
is crucial to the effective silylformylation of 3. Among
additives examined, 1-methylpyrazole!® was found to be
the additive of choice. Others such as PPh;, Et3N,
TMEDA, morpholine, pyridine, pyrrole, and DBU were
not effective. The optimized conditions for the reaction
of 3 are as follows: 3 (2.5 mmol) is treated with HSiMe,Ph
(3 mmol) and CO (50 atm initial pressure at 25 °C) in the
presence of [RhCI(CO).]; (0.05 mmol) and 1-methylpyra-
zole (1 mmol) in CH;Cl; (5 mL) at 50 °C for 20 h to give
trans-2-(dimethylphenylsiloxy)cyclopentanecarb-
aldehyde (4) in 72% yield (eq 2). While RhCI(PPhg); was

[RhCCO)al / E;N—Mo

<:D o HSiMe;Ph, CO O/OS'Mezp“ 2
CH,Cly, 50 °C,
50 atm. 20 h "CHO
3 4 72%

not effective, [RhCI(1,5-hexadiene)]ls (72%), [RhCI-
(COD)1; (72%), Rh(CO)g(acac) (70%) and Rhe(CO)g

Communications

(20%) exhibited catalytic activity when used in combi-
nation with 1-methylpyrazole.

The results of these reaction conditions on several
epoxides are summarized in Table I. The reaction of 1
afforded 2b in 82% yield (entry 1). An olefin remained
intact under these reaction conditions (entry 2). The
reaction of cycloheptene oxide gave a silylformylation
product in 15% yield, along with a 42% yield of 1-(dim-
ethylphenylsiloxy)cycloheptene (not shown in Table I).1¢
The ring opening of 1-butene oxide occurred preferentially
at the primary carbon to give a 77:23 mixture of 3-(dim-
ethylphenylsiloxy)pentanal (§) and 2-[(dimethylphenyl-
siloxy)methyl]butanal (6) in a combined yield of 60%
(entry 4). An epoxide having a bulky substituent under-
went a completely regioselective silylformylation (entry
5). The stereospecificity of the ring opening is demon-
strated in acyclic systems by entries 6 and 7.

Although it is obvious that much remains to be done to
fully discern the synthetic and mechanistic aspects of the
present reaction, the present study clearly presents a
solution to a long-standing problem in carbonylation
chemistry.
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