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Abstract

A thermal intramolecular endo-selective Diels–Alder reaction with a substituted Feringa-butenolide is
described. The structure of the main product is determined by single crystal X-ray analysis. By double
activation of the dienophile substructure a dramatic increase in reactivity is reported, which leads to a
decrease in reaction temperature by more than 100°C. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Intramolecular Diels–Alder reactions1 (IMDA reactions) are a powerful tool in natural
product synthesis to construct highly substituted polycyclic carbon skeletons. Most IMDA
reactions use crotonate type dienophile substructures, whereas methacrylate type2 dienophiles
are rarely used in IMDA reactions (Fig. 1).

Figure. 1. Two types of dienophile substructures in IMDA reactions: (a) crotonate type dienophile; (b) methacrylate
type dienophile
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Feringa-butenolides were used as dienophiles in intermolecular Diels–Alder reactions3 and as
dipolarophiles in 1,3-dipolar cycloadditions.4 In our project towards the total synthesis of
mniopetals5 we described the first IMDA reaction of the substituted Feringa-butenolide 1, which
contains a methacrylate type dienophile substructure.

2. Results and discussion

When the trienolide 1 is heated at 140°C in xylene for 60 h in a silylated flask, the tricyclic
adduct 2 is obtained in 68% yield along with 3 in 12% yield (2:3 ca. 5.6:1) and a mixture of
unreacted starting material 1 and its epimer 4 (Scheme 1). Silylation of the flask is necessary to
reduce epimerization of 1 catalyzed by the glass surface.

Scheme 1. IMDA reaction of 1

Crystallization of 2 from n-pentane gave crystals suitable for X-ray analysis.6 The corre-
sponding ORTEP-drawing is shown in Fig. 2. The unit cell contains two molecules which differ
in the conformations of the menthyl residue and the OTBDMS group. This probably stems
from packing effects. Additionally, there is a weak hydrogen bond between the secondary
alcohol OH4 and the acetal oxygen O3 (see Fig. 2). The crystallographic data are shown in
Table 1.

To prevent complete epimerization of 1 to 4 during the IMDA reaction, we thought that
activation of the dienophile by an additional electron withdrawing group should lead to an
increased reactivity and therefore to lower reaction temperatures.7 Therefore, we decided to
doubly activate 1 through oxidation8 to the corresponding ketone 5. This was best achieved by
Dess–Martin periodinane9 in the presence of 2,6-lutidine as base to neutralize the acetic acid
liberated during the oxidation. When we carried out this oxidation at room temperature TLC
showed a clean reaction giving 6 in ca. 79–81% yield along with ca. 14% of the corresponding
exo-product after 16 hours. The expected oxo-trienolide 5 could not be detected. Compound 5
cyclizes spontaneously to give 6, identical with the product obtained by oxidation of 2 with
PDC (Scheme 2).
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Figure. 2. ORTEP-drawing of 2

Table 1
Selected crystallographic data for 2
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Scheme 2. IMDA reaction with a double activated Feringa-butenolide

Thus, double activation leads to a dramatic increase in reactivity which results in decrease of
reaction temperature by more than 120°C and a decrease in reaction time. The method described
here is a simple means to accelerate IMDA reactions with methacrylate-type dienophile
substructures which are very sluggish under usual reaction conditions or contain thermally labile
groups.

3. Experimental

Compound 1 (79.7 mg, 0.121 mmol) and 2,6-lutidine (113 ml, 0.968 mmol, 8 equiv.) are
dissolved in dried CH2Cl2 (11 ml) under nitrogen at room temperature. A solution of Dess–
Martin reagent in CH2Cl2 (0.363 mmol, 0.85 ml) is added dropwise and the reaction mixture is
stirred overnight. The reaction is quenched by diluting with diethyl ether and adding saturated
Na2S2O3 solution. The phases are separated and the aqueous layer is extracted with ether. The
combined organic extracts are dried with MgSO4 and the product is purified by flash chromatog-
raphy (n-pentane:diethyl ether, 15:1 (v/v)). Yield: 62.9 mg (79%). 1H NMR (CDCl3, 360 MHz,
d relative to TMS): 7.66 (m, 4H), 7.42 (m, 6H), 6.06 (m, 1H), 5.98 (dt, 9.1 Hz, 3.2 Hz, 1H), 5.30
(d, 2.6 Hz, 1H), 3.90 (m, 2H), 3.50 (dd, 5.8 Hz, 1.9 Hz, 1H), 3.35 (m, 2H), 2.42–2.31 (m, 2H),
2.19 (m, 1H), 2.02 (br. s, 1H), 1.96 (m, 1H), 1.87 (br. d, 12.3 Hz, 1H), 1.70 (m, 1H), 1.59 (s, 3H),
1.41 (s, 3H), 1.09 (s, 9H), 1.02 (s, 3H), 0.81 (d, 7.2 Hz, 3H), 0.80 (d, 6.5 Hz, 3H), 0.64 (d, 7.2
Hz, 3H), 1.3–0.7 (m, 4H). 13C NMR (CDCl3, 90 MHz, d relative to CDCl3): 203.8, 173.0, 135.6,
135.5, 133.4, 133.3, 131.8, 129.8, 129.7, 127.8, 76.4, 66.6, 63.4, 52.2, 47.5, 46.0, 39.9, 39.2, 39.0,
35.8, 34.3, 33.2, 32.3, 31.3, 29.7, 26.9, 25.1, 23.0, 22.2, 22.0, 20.8, 19.3, 15.5.
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