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The intermolecular silylformylation of alkynes catalyzed by
Rh or Co—Rh complexes, which gives the corresponding
B-formylvinylsilanes in high yields, has been studied extensively
in recent years.'™3 Silylcarbocyclizations (SiCACs) of alk-
enynes,* diynes,** aldehydes, and alkynals’ have also been
investigated. In the silylformylation of 1-alkynes, the reaction
gives 1-silyl-2-formyl-1-alkenes with complete regioselectivity.! >
This markedly high regioselectivity is useful, but it is more
useful if the regioselectivity of the reaction can be controlled
so that 3-silyl-2-alken-1-als become accessible. The reaction
of simple internal alkynes, however, is virtually nonselective,
giving a mixture of regioisomers.”® Accordingly, we investi-
gated the intramolecular version of the silylformylation of
1-alkynes and internal alkynes by introducing a dimethylsiloxy,
i.e., HMe,SiO, moiety as the directing group. We will describe
here our successful preliminary results on the intramolecular
silylformylation of w-(dimethylsiloxy)-i-alkynes catalyzed by
Rh and Rh-Co complexes, which proceeds with complete
regioselectivity, giving 3-exo-(formylmethylene)oxasilacycloal-
kanes with or without an alkyl substituent at the exo-methylene
carbon, which are equivalent to w-siloxy-(i+1)-silyl-i-alken-i-
als, in excellent yields.

When an w-(tert-butyldimethylsiloxy)-1-alkyne (1) is em-
ployed as the substrate for the standard intermolecular silyl-
formylation, the reaction should yield the corresponding w-(tert-
butyldimethylsiloxy)-2-formyl-1-silylalkene (2). For example,
the reaction of 4-tert-butyldimethylsiloxy-1-butyne (1a) with
diphenylmethylsilane (1.1 equiv) catalyzed by (‘BuNC)4sRhCo-
(CO)4 (0.2 mol %) in toluene at 60 °C and 10 atm of carbon
monoxide for 14 h gave (Z)-4-(tert-butyldimethylsiloxy)-2-
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formyl-1-(diphenylmethylsilyl)-1-butene (2a) in 82% isolated
yield (eq 1).8
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We introduced a w-dimethylsiloxy moiety to 1-alkynes and
internal alkynes as the directing group. These w-(dimethyl-
siloxy)alkynes (3) were readily prepared by reacting i-alkyn-
1-ols with 1,1,3,3-tetramethyldisilazane in the presence of a
catalytic amount of ammonium chloride.” The reactions of
w-(dimethylsiloxy)-i-alkynes (3) were carried out in the presence
of (‘BuNC)sRhCo(CO)4,'® RhyCox(CO);2,"" or Rh(acac)CO),
(0.5 mol %) in toluene at 60—70 °C for 3—14 h to give the
corresponding 3-exo-(formylmethylene)oxasilacycloalkanes (4)
in excellent yields (eq 2).'> The products 4 were isolated by
bulb-to-bulb distillation: 4 are unstable on a silica gel column. '?
Results are summarized in Table 1.

As Table 1 shows, the reactions of w-(dimethylsiloxy)-1-
alkynes, 3a and 3b, give the corresponding silylformylation
products, 4a and 4b, respectively, which are equivalent to
w-siloxy-3-silyl-2-alken-1-als, i.e., the regioselectivity is com-
pletely reversed from that of the standard silylformylation as
we predicted. The reactions of internal alkynes, ie., w-(di-
methylsiloxy)-i-alkynes, 3¢ and 3d, proceed cleanly to give 4¢
and 4d, respectively, as the sole product.

The intramolecular silylformylation is applicable to cyclic
systems. The reaction of O-(dimethylsilyl)-2-ethynyl-1-cyclo-
hexanol (5) or O-(dimethylsilyl)-2-(2-propynyl)-1-cyclohexanol
(6) catalyzed by (‘BuNC);RhCo(CO), proceeded smoothly at
65 °C and 10 atm of carbon monoxide to give the corresponding
exocyclic 3-silyl-2-alken-1-al, 7 or 8, as the sole stereo- and
regioisomer in excellent yields (eq 3). Results are shown in
Table 1.
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As catalysts for the intramolecular silylformylation, we have
examined the efficacy of (‘BuNC)4RhCo(CO)4, RhyCo(CO);2,
Rh(acac)(CO),, and Rhy(CO)12. As Table 1 shows, Rh—Co
mixed-metal complex (‘BuNC);RhCo(CO); gives the best results
for all substrates examined. We have observed that the reactions
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Table 1. Intramolecular Silylformylation of w-(Dimethylsiloxy)alkynes®

Entry »-HSiMeO-alkyne Catalyst Temp. (°C) Time (h) Product Yield (%)b
= t 70 14 89 (42

= (tBUNC)4RhCo(CO)4 OHETS (42)
Rh3Co(CO)12 70 18 Simg 46
HMezsl—o 3a Rh(acac)(CO), 70 16 - 62
¢ 23 LIS 81

4 (tBuNC)4RhCo(CO)4 700
5 HMeoSi-0 Rh(acac)(CO) 700 14 _/S|\O B
HMezSIO OH \s|/
6 Rhy(CO) 12, EtsN. gsd 2 =~/ o 77 (51)
= 3¢

7 iossio (BUNCIRACO(CON 60 14 onc 99 (66)
8 o RiCox(CO)1z 60 3 s| 84
9 Rh(acac)(CO) 60 3 93
10 Rhy(CO)12, EtsN 85d 35 69
1 OSiMeH  (BUNC)4RBCo(CO)s 65 14 N 100 (69)
12 RhyCox(CO)12 65 3 S\ , 7]
13 Rh(acac)(CO), 65 3 \ 94

CHO

14 wOSiMezH ('BUNC)4RhCo(CO)4 65 14 o/ 9 (73)
15 RinCox(CO)12 65 3 C Si— 8 80
16 Rh(acac)(CO) 65 3 x-CHO 9

4 Reactions were run with w-(dimethylsiloxy)alkyne (0.50 mmol) and a catalyst (2.5 x 1073 mmol) in dry toluene (3.0 mL) in a 5§ mL Pyrex
reaction vessel under carbon monoxide (10 atm) using a 300 mL stainless steel autoclave unless otherwise noted. ® GC yield. The value in parentheses
is isolated yield after bulb-to-bulb distillation. ¢ The reaction was performed in 15 mL of dry toluene under 50 atm of carbon monoxide. ¢ The
reaction was run using 2.76 mmol of w-(dimethylsiloxy)alkyne, 7.3 x 10> mmol of catalyst, and 2.91 mmol of triethylamine in 13 mL of dry

benzene under 20 atm of carbon monoxide,

using Rhy(CO);, are often slow and give other side reaction
products. The rate and selectivity appear to be improved in
the presernce of triethylamine.

The reaction of 3-(dimethylsiloxy)-1-propyne (3, n = 1, R
= H) did not proceed at all regardless of the catalyst used. On
the contrary, the reaction of 1-(dimethylsiloxy)-2-heptyne (3e)
catalyzed by (‘BuNC)4,RhCo(CO)s gave 3-exo-(1-formylpen-
tylid-1-ene)-1-oxa-2-silacyclobutane (4e) in 50—60% yield (eq
4). However, the stability of this product (4e) is low, and thus
even isolation by means of bulb-to-bulb distillation is problem-
atic in obtaining reproducible results. Accordingly, optimization
of isolation conditions is necessary. The reaction of 7-(di-
methylsiloxy)-2-heptyne (3f) catalyzed by (‘BuNC)4RhCo(CO)4
gave a mixture of not yet fully identified products (eq 5).
Nevertheless, a small amount of 4f was detected by '"H NMR
(aldehyde proton appears at 6 9.67), and GC—MS analysis

(12) General procedure: To a 5 mL round-bottom flask containing a
catalyst (2.5 x 1073 mmol) and a stirring bar was added 1.0 mL of toluene
under carbon monoxide pressure. A solution of 1-(dimethylsiloxy)alkyne
(0.50 mmol) in 2.0 mL of toluene was added to the reaction flask, which
was then placed in a 300 mL stainless steel autoclave. Carbon monoxide
was introduced to substitute the remaining air. After the carbon monoxide
pressure was adjusted to 10 atm at room temperature, the autoclave was
immersed into an oil bath and stirred magnetically at 65—70 °C for 3—24
h. The reaction time required for completion was dependent on the nature
of the catalyst and the substrate used. Then, carbon monoxide was carefully
released and the reaction mixture was submitted to GC analysis. The GC
yields were determined by using undecane as the internal standard. The
solvent was removed under reduced pressure, and the intramolecular
silylformylation product was isolated by bulb-to-bulb distillation.

showed the molecular ion peak (m/z 198) and M™* — 15) peak
(m/z 183). Optimization for selective formation of 4f is in

progress.
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Further studies on the scope and limitations as well as
applications of extremely regioselective directed silylformylation
are actively underway.
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