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We wish to report that iridium complexes ([IrC1(CO);], and
Ir,(CO),,) catalyze the reaction of alkenes with a hydrosilane
(HSIiR;) and carbon monoxide (eq 1) to yield enol silyl ethers of
acylsilanes. This unprecedented reaction results in regioselective
introduction of carbon monoxide into the terminal carbon atom
of alkenes, forming a siloxy(silyl)methylene unit (=C(SiRj)-
OSiR,). The possibility that an acylsilane or its derivative can
be a product of a catalytic reaction using HSiR; and CO has been
pointed out.! Since then, a number of new catalytic reactions
with HSiR, and CO have been reported.2 Nevertheless, the
present Ir-catalyzed reaction represents the first example of
formation of acylsilane’* derivatives from the HSiR,/CO com-
bination.’

cat. {Ir] OSiR,
HSIR,, CO ")
R —"nr SiR,
1: R=Bu
2: R'=Cy
3. R'=t-Bu

(1) (a) Seki, Y.; Hidaka, A.; Murai, S.; Sonoda, N. Angew. Chem., Int.
Ed. Engl. 1977, 16, 174. (b) Murai, S.; Sonoda, N. Angew. Chem., Int. Ed.
Engl. 1979, 18, 837.

(2) For recent papers on transition metal catalyzed reaction with HSiR,
and CO see: (a) Seki, Y.; Kawamoto, K.; Chatani, N.; Hidaka, A.; Sonoda,
N.; Ohe, K.; Kawasaki, Y.; Murai, S. J. Organomet. Chem. 1991, 403, 73.
(b) Ikeda, S.-i.: Chatani, N.; Kajikawa, Y.; Ohe, K.; Murai, S. J. Org. Chem.
1992, 57, 2. (c) Matsuda, L; Ogiso, A.; Sato, S.; [zumi, Y. J. Am. Chem.
Soc. 1989, 111, 2332, (d) Matsuda, L; Ogiso, A.; Sato, S. J. Am. Chem. Soc.
1990, 112, 6120. (e) Matsuda, I.; Sakakibara, J.; Nagashima, H. Tetrahedron
Lett. 1991, 32, 7431. (f) Ojima, L. Ingallina, P.; Donovan, R. J.; Clos, N.
Organometallics 1991, 10, 38. (g) Ojima, L; Donovan, R. J.; Shag, W. R.
J. Am. Chem. Soc. 1992, 114, 6580. (h) Matsuda, I.; Sakakibara, J.; Inoue,
H.; Nagashima, H. Tetrahedron Lett. 1992, 33, 5799.

(3) Formal analogy to hydroformylation would suggest that i and ii could
be products. Recently, catalytic reactions of acetylenes with HSiR; and CO
to give products relating to ii have been reported.2c "

H O RSI O
C=C — = UL or
SR,
1

LA,
1

(4) The product has functionalities of vinylsilane, enol silyl ether, and
masked acylsilane. All of these functional groups are quite useful in organic
synthesis. For reviews, see: Colvin, E. W. Silicon in Organic Synthesis;
Butterworths: London, 1981. Magnes, P. D.; Sarkar, T.; Djurie, S. In
Comprehensive Organometallic Chemistry; Wilkinson, G., Stone, F. G. A.,
Abel, E. W; Eds.; Pergamon: Oxford, 1982; Vol. 7, Chapter 48. Weber, W.
P. Silicon Reagents for Organic Synthesis; Springer-Verlag: New York, 1983.
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Table I. Iridium-Catalyzed Reaction of Alkenes with HSiEt,Me and
co

alkene product yield, %°  EZratio®
OSiEt;Me
PR Pn/\”J\ssze (s0)"  72/28
OSiEt;Me
B0y Buo/\/J\ SiEtMe 67 57/43
OSiEt;Me
MeySi 7 Measi/\/kSiEthe 73 73/27
OSiEt;Me
Buo\/\ Buo\/\/ksmtzMe 75 68/32
OSiElMe
Me,Si Me.Si 53 79/ 21
3 \/\ eaSI\/\/kSiEtzMe
OSiEt,Me
i i 67 67/33
MeSIO_n,  MesSO~ AN SiEt;Me
OSiEt,Me
EtO ° EtO 73727
Y\ SiEt,Me 58
Et0 Et0
. OSiEt;Me " 73127
NC
~ Nc\/\/l\smzm
. OSiEt;Me
'M b/\/\/k 56 65 /35
SiEt,Me
0 o 2
h 85 36/64'
OSiEt,Me
MeELSi
OSiElMe
Y 67 66/34

-

SiEt;Me

“Reaction conditions: alkene (10 mmol), HSiEt,Me (1 mmol),
[IrCI(CO);],, (0.02 mmol), CO (50 atm), C¢Hg (2 mL), 140 °C, 48 h.
Characterization of the products obtained is given in the supplementa-
ry material. ®Isolated yields based on HSiEt,Me. GLC yield is in
parentheses. ‘Determined by 'H NMR. ¢Dimerization and polymer-
ization of styrene also took place. “An alkene (5 mmol) was used.
/The assignment of the stereochemistry is tentative. #Ethylene (10
atm, initial pressure at 25 °C) was used.

Typically, the reaction was carried out with alkene (10 equiv)
and HSiEt,Me (1 equiv) in benzene (2 mL) at 140 °C under 50

(5) For recent reviews on acylsilanes, see: Ricci, A.; Degl’Innocenti, A.
Synthesis 1989, 647. Bulman Page, P. C.; Klarir, S. S.; Rosenthal, S. Chem.
Soc. Rev. 1990, 19, 147. For recent papers on the synthetic application of
acylsilanes, see: (a) Ricci, A.; Degl’Innocenti, A., Capperucci, A.; Reginato,
G. J. Org. Chem. 1989, 54, 19. (b) Schinzer, D. Synthesis 1989, 179. (c)
Nowick, J. S.; Danheiser, R. L. J. Org. Chem. 1989, 54, 2798. (d) Yanag-
isawa, A.; Habaue, S.; Yamamoto, H. J. Org. Chem. 1989, 54, 5198. (e)
Suzuki, M.; Morita, Y.; Noyori, R. J. Org. Chem. 1990, 55, 441. (f) Larson,
G. L.; Soderquist, J. A.; Rivera, Claudio, M. R. Synth. Commun. 1990, 20,
1095. (g) Reich, H. J.; Holtan, R. C.; Bolm, C. J. Am. Chem. Soc. 1990, 112,
5609. (h) Cirillo, P. F.; Panek, J. S. J. Org. Chem. 1990, 55, 6071. (i)
Yoshida, J.-i.; Matsunaga, S.-i.; Ishichi, Y.; Mackawa, T.; Isoe, S. J. Org.
Chem. 1991, 56, 1307. (j) Cirillo, P. F.; Panek, J. S. Tetrahedron Lett. 1991,
32, 457.
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Scheme I
O
B Xy Bu/\)kSlEtha
4
{IrC{CO)sln acetone/aq HCl
HSiEt;Me, CO OSiEt,Me 25°C,4h

Bu” N\ “siEt.Me
1

atm (initial pressure at 25 °C) of carbon monoxide for 48 h in
the presence of [IrC1(CO);], (2 mol %) as a catalyst. Incorpo-
ration of a siloxy(silyl)methylene unit, derived from one molecule
of CO and two molecules of HSiEt,Me, into the terminal carbon
atom of the alkene took place to afford a 1-silyl enol silyl ether
(1, R’ = Bu, 74% (E/Z = 79/21); 2, R’ = Cy, 66% (E/Z =
86/14); 3, R’ = t-Bu, 60% (E/Z = 69/31)) as the sole product.®
No regioisomer was detected. Dimethylphenylsilane (HSiPhMe,)
and triethylsilane (HSiEt,) can also be used for the reaction of
1-hexene to give the corresponding products in 65% (E/Z =
87/13) and 50% yields (E/Z = 66/34), respectively. Several
iridium complexes were examined for their catalytic activity.
While neither IrCI(CO)(PPh,), nor IrH(CO)(PPh,); was ef-
fective, Ir,(CO),, exhibited catalytic activity affording 1 in 65%
yield.

The new catalytic reaction can be applied to a wide variety of
terminal alkenes (Table I). Note that functional groups, such
as acetal,” cyano,® and epoxide,’ known to react in transition metal
catalyzed reactions with HSiR; or with HSiR;/CO remain intact.
While norbornene was reactive, cyclohexene reacted only sluggishly
under those conditions. The multifunctionality of the products
is synthetically attractive and will no doubt find application in
the future. The products obtained can be easily hydrolyzed to
acylsilanes.®! For example, treatment of 1 with acid (ace-
tone/HCI (0.2 M) = 4/1) at 25 °C for 4 h gave an acylsilane
4 in quantitative yield (Scheme I).

The stoichiometry of the reaction 1 indicates that two hydrogen
atoms in reactants are not incorporated in the product. These
are incorporated into another molecule of the starting alkene. Thus
reaction of vinylcyclohexene gave ethylcyclohexane (64% yield
based on HSiEt,Me) in addition to 2 (66%).!!

The mechanism of the catalytic reaction is not known at present.
The possibility that an acylsilane intermediate gives the observed
product by dehydrogenative silylation was eliminated. Thus re-
action of 4 with 1 equiv of HSiEt,Me in the presence of [IrCl-
(CO),], resulted in 93% recovery of 4.1 We are now examining
the possible intervention of a siloxycarbyne complex (Ir==COSiR )
intermediate.
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(6) All new compounds were characterized by NMR, IR, and mass spec-
tral data and by elemental analyses or high-resolution mass spectra. See the
supplementary material. The reaction was slow at 80 °C. A decrease in the
ratio of 1-hexene/HSiEt,Me to 3/1 resulted in a decrease in the yield of 1
to 34%. The reactions run equally well in toluene as a solvent. The use of
CH,Cl, or THF in place of benzene gave 1 as a main product along with many
unidentified products.

(7) Chatani, N.; Murai, T.; Ikeda, T.; Sano, T.; Kajikawa, Y.; Ohe, K;
Murai, S. Tetrahedron 1992, 48, 2013.

(8) Murai, T.; Sakane, T.; Kato, S. J. Org. Chem. 1990, 55, 449.
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(10) Kuwajima, L.; Arai, M.; Sato, T. J. Am. Chem. Soc. 1977, 99, 4181.

(11) In this reaction, ethylidenecyclohexane was also obtained in 52% yield
(based on vinylcyclohexane) as the result of isomerization of vinylcyclohexane,
and 41% of vinylcyclohexane was recovered.

(12) The reaction of 4 with HSiEt,Me and CO even in the presence of an
excess amount of 1-octene under the same reaction conditions also resulted
in the recovery of 4 in 85% along with the CO incorporation product derived
from l-octene (1, R’ = hex, SiR; = SiEt,Me, 73% yield).
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Oxidosqualene lanosterol-cyclase (EC 5.4.99.7) catalyzes a
remarkable and crucial cyclization/rearrangement reaction during
the course of sterol biosynthesis in fungi and animals (Figure 1).!
The underlying mechanism of this and related polyene—polycycle
conversions has intrigued scientists since the elucidation of the
structure of cholesterol.? Decades of synthetic and bioorganic
investigations,’ culminating with the most recent work from the
Corey laboratory,* have provided a detailed understanding of the
substrate structural requirements, specificity, and stereochemistry
of cyclization/rearrangement. In stark contrast, little is known
about oxidosqualene cyclase enzymes, as they have only recently
yielded to complete purification.* We have initiated a program

* Author to whom correspondence should be addressed; phone, (415)
723-3625.
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