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The 2-(alkoxycarbonyl)allylsilane moiety acts simultaneously as both nucleophile and electrophile when ethyl 10-oxo-2-

(trimethylsilylmethyl)undec-2-en-8-ynoate is treated with tetrabutylammonium fluoride.

Organic silicon compounds are versatile carbanion equiva-

lents in organic synthesis and have been applied to the syn-

thesis of various carbocycles.1 2-(Ethoxycarbonyl)allylsilane

constitutes a simple organic bifunctional unit having both

nucleophilic and electrophilic character. Thus this moiety

formally can react both with electrophiles (acting as an allyl-

silane) and with nucleophiles (acting as an a,b-unsaturated
ester). We have developed an intramolecular reaction of this

unit with carbonyls as a new synthetic method towards

a-methylene-g-lactones,3 based on the former reaction mode

(intramolecular Hosomi±Sakurai reaction). Recently we

reported a synthesis of the bicyclo[4.3.0]nonane ring by

intramolecular cyclization of 17 (Scheme 1). In this reaction,

the 2-(ethoxycarbonyl)allylsilane moiety also reacts as an
allylsilane at the g-position giving only a six-membered
ring (2 and/or 3). In order to ®nd out whether
2-(ethoxycarbonyl)allylsilane always acts as an allylsilane

in the reaction with a conjugated carbonyl group, we

planned to study the cyclization reaction with ynones, and

here report that tetrabutylammonium ¯uoride (TBAF)

treatment of compound 4 proceeds by two reaction modes,

both of which are di�erent from that of the corresponding

enone 1.

The cyclization precursors 4a and 4b were prepared

according to the route shown in Scheme 2. The two isomers,

4a and 4b, were separated by silica gel column chromatog-

raphy.

Lewis acid promoted cyclization of 4 was carried out

using BF3�OEt2, TiCl4 and SnCl4; however only complex

mixtures or unreacted material were obtained. Three HCl-

adducts 9a±c were obtained in 77% total yield when 4a was

treated with EtAlCl2 (Scheme 3).

In contrast, when 4a was treated with TBAF, two
cyclization products, 10 (10a:10b=1:1) and 11, were
obtained in 36 and 24% yields, respectively (Scheme 4). The
isomer 4b also gave 10 and 11; however the yields were only
13 and 9%, respectively. The structures of 10 and 11,
including the stereochemistry, were determined from spectral
data, details of which are reported in the full text.

The formation of 10a,b from 4a,b can be explained by
1,4-addition of the ynone enolate to the conjugated ester in
which TBAF was used as an organic base.9 According to
this mechanism, the trimethylsilyl group does not play any
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Scheme 1

Scheme 2 Reagents and conditions: i, DMSO, (COCl)2, Et3N,
CH2Cl2, ÿ60 88C; ii, (EtO)2POCH(CO2Et)CH2SiMe3, NaH, DME,
r.t.; iii, K2CO3, EtOH, r.t.; iv, MnO2, CH2Cl2, r.t.

Scheme 3

Scheme 4
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Scheme 6 Reagents and conditions:
i, (EtO)2POCH(CO2Et)CH2SiMe3, NaH, DME, r.t.;
ii, K2CO3, EtOH, r.t.; iii, MnO2, CH2Cl2, r.t.; iv, TBAF, THF,
r.t.

role in the cyclization reaction, and is simply eliminated
in the presence of the ¯uoride anion. To con®rm this, the
desilylated compound 15 (E:Z= 5:1), prepared from 6,
was treated with TBAF under the same reaction conditions
giving 10 in 31% yield but without being accompanied by
11 (Scheme 6).
As for the formation of 11, although the reaction

mechanism is not yet clear, relative yields from each of
4a and 4b suggest that the cyclization is not a direct
1,2-addition of the a-position of the allylsilane to the
carbonyl, i.e., the yield was lower from 4b which has the
same geometry as the product 11.
In conclusion, it has been revealed that the cyclization

of 2-(ethoxycarbonyl)allylsilane with ynones proceeds by a
di�erent mode from that with enones. Although two
reaction modes (as an allylsilane and as an a,b-unsaturated
ester) are possible, this moiety normally acts as an allylsilane
at the g-position on treatment with ¯uoride anion,10 while
1,2-addition of a carbonucleophile to an ester carbonyl is
also a common reaction.11 In contrast, 4 reacted both as an
allylsilane and as an a,b-unsaturated ester at the same time,
i.e. 11 and 10 are the products of the former and the latter
reaction modes, respectively. Moreover, in the formation of
11, the reaction site (the a-position of the allylsilane) was
di�erent from that of the analogous enone 1 (g-position;
Scheme 1). This work also provides a new entry to exocyclic
allenone systems.12

Techniques used: 1H NMR, 13C NMR, IR, UV, MS, elemental
analysis, column chromatography
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Table 1: 1H NMR data for the �,�-unsaturated ketone moiety of
9a±c

Received, 15th September 1997; Accepted, 3rd December 1997
Paper E/7/06697J

References cited in this synopsis

1 (a) G. L. Larson, in The Chemistry of Organic Silicon
Compounds, ed. S. Patai and Z. Rappoport, Wiley, Chichester,
1989, pp. 763±808; (b) G. Majetich, in Organic Synthesis: Theory
and Application, ed. T. Hudlicky, JAI Press, Greenwich, 1989,
vol. 1, pp. 173±240; (c) E. Langkopf and D. Schinzer, Chem.
Rev., 1995, 95, 1375.

3 (a) C. Kuroda, S. Shimizu and J. Y. Satoh, J. Chem. Soc.,
Perkin Trans. 1, 1990, 519; (b) C. Kuroda, S. Inoue, S. Kato
and J. Y. Satoh, J. Chem. Res. (S), 1993, 62; (c) C. Kuroda,
S. Inoue, R. Takemura and J. Y. Satoh, J. Chem. Soc., Perkin
Trans. 1, 1994, 521; (d) C. Kuroda, S. Shimizu, T. Haishima
and J. Y. Satoh, Bull. Chem. Soc. Jpn., 1993, 66, 2298;
(e) C. Kuroda and K. Ito, Bull. Chem. Soc. Jpn., 1996, 69, 2297.

7 (a) C. Kuroda, Y. Ohnishi and J. Y. Satoh, Tetrahedron Lett.,
1993, 34, 2613; (b) C. Kuroda, H. Nogami, Y. Ohnishi,
Y. Kimura and J. Y. Satoh, Tetrahedron, 1997, 53, 839.

9 K. Matsumoto, Angew. Chem., Int. Ed. Engl., 1981, 20, 770.
10 See refs. 3 and 7. For further examples, see: (a) R. Csuk and

B. I. Glanzer, J. Carbohydr. Chem., 1990, 9, 809; (b) R. Csuk,
A. FuÈ rstner, H. Sterk and H. Weidmann, J. Carbohydr. Chem.,
1986, 5, 459.

11 (a) H. M. R. Ho�mann, U. Eggert, U. Gibbels, K. Giesel,
O. Koch, R. Lies and J. Rabe, Tetrahedron, 1988, 44, 3899;
(b) H. M. R. Ho�mann and J. Rabe, J. Org. Chem., 1985, 50,
3849.

12 For a review regarding the synthesis of allene: R. P. C. Cousins,
Contemp. Org. Synth., 1994, 1, 173; 1995, 2, 441. For a recent
example: N. A. Petasis and Y.-H. Hu, J. Org. Chem., 1997, 62,
782.

J. CHEM. RESEARCH (S), 1998 175


