
Pergamon 

0040-4039(94)01684-4 

Tetrahedron Letter~, Vol. 35, No. 42, pp. 7809-7812, 1994 
Elsevier Science Ltd 

Printed in Great Britain 
0040-4039/94 $7.00+0.00 

Intramolecular Reaction of [~-(Alkoxycarbonyl)allylsilane 
with Epoxide into tx-Methylene-~-iactones 

Fused to Carbocyclest 

Kiyoshi Nishitani, Yasuko Harada, Yukitaka Nakamura, 
Kumiko Yokoo and Koji Yamakawa* 

Faculty of Pharmaceutical Sciences, Science University of Tokyo, Ichigaya-Funagawara, Shinjuku-ku, Tokyo 162, Japan 

Abstract: Intramolecular cyclizadon of t0-epoxy-l~-ethoxycarbonylallylsilane (1) was effected with Lewis acids to 
give a good yield of 5-exo-cyclization products (5 and 6), and a small amounts of 6-endo-product (7). The 5-exo- 
products were converted into ct-methylene-6-butyrolactone (6Ls and b) fused to cyclopentane. 

We have reported a facile synthesis of a-methylene-y-lactones fused to five or six-membered carbocycles 

employing the intramolecular Sakurai-Hosomi reaction of t~-formyl-13-alkoxycarbonylallylsilanes. 2 We also 

reported the synthesis of  optically active terpenoid lactones utilizing our cyclization method. 3 Intramolecular 

reaction of I~-alkoxycarbonylallylsilane with epoxide was expected to be a good method for a synthesis of 

et-methylene-8-1actone fused to carbocycles. Some intramolecular cyclization reaction of  allylsilanes with 

epoxide using Lewis acids were reported. 4a-e However, Lewis acid-promoted reaction of [~-alkoxycarbonyl- 

allylsilane with epoxide - the ester function would destabilize the cation intermediate - have not been reported. 

We wish to report the intramolecular reaction of 13-ethoxycarbonylallylsilane with epoxide into 

et-methylene-&lactone fused to carbocycles. (Eq.1) 
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(eq. l) 

5-Exo 6-Endo I 

Proctor et al. reported the titanium tetrachloride-promoted intramolecular cyclization of 7,8-epoxyallylsilane 

giving 5-exo-cyclization products (cis  and t rans  mixture) in 55% yield. 4a We investigate the 7,8-epoxy-2- 

ethoxycarbonylallylsilane (l)  into o~-methylene-~lactone fused to cyclopentane which was found in the structure 

of iridoid monoterpene, teucriumlactone (I), isolated from Teucrium marum.  5 

The epoxyallylsilane (1) was synthesized starting from 5-hexenol in several steps as shown in scheme 1. 

The resulting allylic silane was a mixture of the Z- and E-isomers in a ratio of 93:7-97:3. The 1H-NMR 

spectrum of the mixture exhibited the olefinic proton signals at ~5 6.55 (t, J=7 Hz) for Z-isomer and 8 5.62 it, 

J=7 Hz) for E-isomer. 
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MCPBA H ~  Dess-Martin 
H ~  (76%) (50-60%) ~ 

Me3Si(CH2)2COOEt 
w ~ . - T S ~ C  , M , ~ S i ~  ~ - -  . o B u  u ' ~ s i ' l  

(--60%) EtOOC- "IfoR v ~ (84%) = EtOOC ~ O 
Scheme 1 R=H then Ms 1 Z : E = 93:7 

- 97:3 

The epoxyallylsilane was treated with titanium tetrachloride at -95 - -70 °C to give regioisomeric chlorohydrines 

(2a and 3a) in 71.6% yield. The major component was determined to be primary alcohol (2a), because the 

Dess-Martin oxidation 6 of 2a gave tx-chloroaldehyde, p-Toluenesulfonic acid also selectively reacted with the 

epoxy function to give diol-monotosylate (2b and 3b) in an excellent yield. Fluoride ion, tetrabutylammonium 

fluoride, was reacted with the trimethylsilyl function of I to give detrimethylsilyl compound (4) in 78 % yield. 

(Table 1) 

Table 1. Some Unsuccessful Results of Intramolecular Cyclization Reaction of 1 

Me3Sl~ 2a 
1 EtOOC,,,~1,~,,,~y,~ Y EtOOC ~,J~I~,,,~<IO Dess-Mattin I oxid. 

Me= ~ t 
X E ~  CHO 

2a; X--CI, Y = O H  3a;  X=OH,  Y=CI 4 
2b; X=OTs,  Y = O H  3b; X=OH,  Y=OTs  CI 

Temp Time Product yield (%) 
Reagent(eq) Solv. (°C) (h) 2a,b 3a,b 4 

TiCl4 (2.2) CH2C12 -95- -70 2.0 63.0 8.6 

p-TsOH (1.2) benzene r.t. 3.0 66.0 33.0 

Bu4NF (1.2) THF r.t. 0.3 78.0 

On the contrary, boron Irifluoride etherate, trimethylsilyl trifrate and chlorotitanium triisopropoxide 7 were 

effective on the intramolecular cyclization of I in moderate to good yield. The 5-exo-cyclization was much 

preferable to the 6-endo-cyclization. (Table 2) 8 The stereochemistry of the 6-endo-product (7) was 

determined to be cis from the J-value of the two methine proton signals [ 5 3.70 (tt, J=l  1.5, 4.5 Hz,l-H), 

2.54 (tt, J=l  1.5, 2.5 Hz, 3-H)]. Treatment of 7 with p-TsOH gave an 0t-methylene-~-butyrolactone (7L) 

quantitatively. The 5-exo-cyclization products were composed of the cis-fused tetrahydrofuran derivatives (5a 

and 5b), cis- and trans-hydroxyl esters (6a and 6b), and a small amount of the corresponding m-methylene- 

5-1actones (6La and 6Lb). The 2-oxabicyclol3.3.0]octane structure of 5a and 5b was determined from the 

mass (m/z 270 M+), IR (1745, 1750 cm -1) and the 1H-NMR data, but the stereostructure could not be 

determined from these spectral data. The stereoisomeric hydroxy esters (6a and b) were not separable, but 

their ratios were estimated by the intensity of both the olefinic and the low field methylene proton signals. The 

mixture of the hydroxy esters was treated with p-TsOH to yield the mixture of the fused ~-lactones (6La and 

b) quantitatively. It is not easy to determine the stereochemistry of the lactones (cis or trans) because the J- 

values of the methine and methylene protons are depending on the conformation. The cyclization reactions 



7811 

were smoothly proceeded with BF3-OEt2 above -60 °C, or with up to 1.1 eq. of TMSOTf at -78 °C. The 

yield of the 2-oxabicyclo[3.3.0]octane derivatives (5) was decreased with a rise in temperature, and that of the 

hydroxy esters (6) was increased. The ratio of cis - to trans -isomer in the total yield of the 5-exo-cyclization 

products is between 1.2:1 and 1.5:1. The 2-oxabicyclo[3.3.0]octane derivative (5b) was treated with 

BF3oOEt2 at 0 °C to give 6b in excellent yield within a few min. On the other hand, treatment of the isomer 5a 

with BF3°OEt2 at 0 °C for 2 d gave 6a in 39 % yield together with the starting material in 33 % yield, and at 

room temperature for 7 h gave quantitative yield of 6a. The rate of the conversion reaction of 5b into 6b was 

much faster than that of the corresponding isomer 5a. These results indicate that the minor isomer 5b is less 

stable than 5a, therefore, 5b and 5a should have trans and cis configuration with the ring junction, 

respectively. Therefore, the hydroxy ester 6a and the corresponding lactone (6La), and 6b and 6Lb should 

have cis and trans configuration, respectively. These 5-exo-cycl izat ion products were formed via the 

intermediate (A) shown in scheme 2. When the reaction was carried out at room temperature with an excess 

of BF3°OEt2, the 5-exo-cyclization products (Sa and 6a,b) were obtained in 86% yield. 

MeaSI~ Scheme 2 

EtOOC~ 5-exo 

1 L A ~  "~" 

~ 6-endo 

EtO0 ~ 0 HO 
7 H 7L H 

MeaSI~ 1 I;I 

H 
A 

It 
o/~-T~ ~) 5a; A/B cis 
-N,,A,-,J 5b; A/B trans 

H 

EtOOC~ 6a; cis 
H O ~  6b; trans 

H 

O o ~  6La;cis 
6Lb; trans 

H 

Table 2. Intramolecular Cyclization Reaction of I with Lewis Acids 

Reaction conditions a Products Yield (%) (a; cis, b; trans) 

Run Reagent (eq) Temp Time °C (h) 5ab 5bb (Sa+b) 6(L)(a:b) c 5+6 (a:b) 7 

1 BF3-Et20(1.1) -60 0.5 30.1 12.0 (42.1) 19.6 (1:3) [621 (1.3:1) 4.5 

2 BF3.Et20 (2.1) -60 1.0 32.3 6.9 (39.2) 35.0 (1:3) [741 (1.3:1) 6.0 

3 BF3.Et20 (6.0) -15 0.1 30.3 trace (30.3) 40.0 (1:4) [70] (1.2:1) 4.0 

4 BF3-Et20 (4.4) r.t. 25.0 8.7 - (8.7) 77.5 (1.1:1) [ [86] (1.3:1)] 6.2 

5 BF3-Et20 (4.4) d r.t. 20.0 76.3 (1:1.1) [761 (1:1.1) 9.4 

6 TMSOTf (1.1) -78 <0.3 23.8 trace (23.8) 32.0 (1:2.5) [56] (1.4:1) 1.0 

7 TMSOTf(2.2) -78 <0.2 36.0 -(36.0) ~40 e (2:1) [76] (6:1) 1.0 

8 CITi(OiPr) 3 (2.2) 0 17.0 2.6 trace (2.6) 66.1 (1.1:1) [691 (1.2:1) f 

a) The reactions were carried out in CH2CI2 solution at 0.001M concentration of the sub~trate, b) The complete 
stereochemistry has nOt been determined, c) The ratio of the stereoisomer was evidenced by "H-NMR spectroscopy. 
d) The reaction was carried out at 0.01M concentration of the substrate, e) A small amount of unknown inpurities 
was contained, f) About 7% of the chlorohydrine (3a) was obtained. 
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Thus, the Lewis acid-promoted intramolecular cyclization reaction of the epoxyallylsilane (1) is one of the 
useful methods preparing ¢¢-methylene-5-1actones fused to cyclopentane system. We are now synthesizing 

(-)-teucriumlactone (I) utilizing this cyclization procedure. And also, we are investigating the regio- and 

stereoselectivities of this cyclization depending on both the number of alkyl substituent of the epoxy function 

and that of the carbon between the allylsilane moiety and the epoxy function. 
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