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Abstract. An efficient method for the preparation of a 
range of 8-oxabicyclo[3.2.1]octane derivatives including 
synthetic intermediates of natural products is described, in 
which triethylamine effectively catalyzes [5+2] 
cycloaddition reactions between oxidopyrylium ylides and 
alkenes. This method can be applied not only to 
intermolecular cycloadditions with various alkenes but also 
to intramolecular cycloadditions. The key finding is that the 
combined use of organic bases having appropriate basicity 
and oxidopyrylium ylide precursors bearing a suitable 
leaving group facilitates the base-assisted generation of 
oxidopyrylium ylides in a catalytic manner. 
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Organic bases are recognized as fundamental, 
conventional, and green catalysts and/or reagents in 
organic synthesis. Trialkylamines, such as 
triethylamine and diisopropylethylamine, are 
representative organobases, and have served as 
Brønsted or Lewis bases for numerous organic 
reactions.[1] Among these transformations, it is well 
known that hydroxypyranone derivatives undergo 
[5+2] cycloadditions with alkenes to construct an 8-
oxabicyclo[3.2.1]octane core, wherein an 
oxidopyrylium ylide intermediate A is generated with 
the help of a Brønsted base (Scheme 1a).[2-4] Since 
[3.2.1]oxabicyclic ring systems are widely found in 
nature and biologically active compounds, e.g., 
englerins, polygalolides, descurainin, and 
cartorimine,[5] these cycloadditions hold a prominent 
position in the synthesis of functionalized seven-
membered carbon skeletons (Figure 1).[6-8] However, 
depending on the pattern of the substituents on the 
precursors, the yields of the cycloadducts can be low, 
and undesirable conditions (e.g., large excesses of 
bases and alkenes, high temperatures, or long reaction 
times) are often required. 
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Scheme 1. Synthetic Access to 8-Oxabicyclo[3.2.1]octane 
Frame-works via Oxidopyrylium Ylides. 
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Figure 1. Natural products containing a [3.2.1]oxabicyclic 
ring. 

We have recently reported the catalytic generation 
of oxidopyrylium ylide A from the corresponding 
acetoxypyranone using a palladium complex and an 
amine, which achieved efficient [5+2] cycloadditions 
with various alkenes (Scheme 1b).[9] We found it was 
important to maintain the appropriate concentration 
of A to suppress its decomposition and dimerization. 
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This seems to be an inherent problem with the 
general method using acetoxypyranones as precursors, 
because a stochiometric amount of the amine is 
commonly employed in order to trap acetic acid 
derived from the leaving group. Therefore, if the 
catalytic use of amines is allowed, undesired side 
reactions would be avoided by controlling the rate of 
reactive intermediate formation. Thus, we reasoned 
that the introduction of a tert-butoxycarbonyl (Boc) 
group to the hydroxypyranone would enable the 
catalytic formation of A as follows (Scheme 1c): (i) 
tert-butylcarbonate turns into tert-butoxide along 
with the release of carbon dioxide, and (ii) this 
alkoxide deprotonates the ammonium ion to 
regenerate the free amine (Scheme 2).[10] We report 
herein the triethylamine-catalyzed synthesis of 8-
oxabicyclo[3.2.1]octane entities from Boc-pyranones 
and alkenes under mild conditions, providing an 
alternative method to the employment of 
acetoxypyranones. 
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Scheme 2. Working Hypothesis. 

The initial experiment was performed using Boc-
pyranone 1a, 5 equiv of styrene (2a), and 20 mol% of 
triethylamine in a 0.13 M solution of 
dichloromethane at 35 °C. Even though a catalytic 
amount of triethylamine afforded cycloadduct 3a in 
good yield (81%, endo:exo = 80:20) and only 6% of 
dimer 4[11] was observed in the 1H NMR spectrum of 
the unpurified reaction mixture, a long period of time 
(3 days) was needed for the consumption of starting 
material 1a (Table 1, entry 1). Switching the solvent 
to toluene, tetrahydrofuran, or acetonitrile led to 
disappointing results, although the reaction time was 
slightly shortened in the case of acetonitrile (Table 1, 
entries 2−4). The use of 1,2-dichloroethane as a 
solvent improved the yield of 3a up to 88%. Finally, 
the reaction was completed within 24 h by raising the 
temperature (50 °C) and increasing the concentration 
of the solution (0.25 M), affording 3a in high yield 
(89%, endo:exo = 79:21) (Table 1, entries 5−7). A 
comparison with other organic bases gave interesting 
results. 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) 
has often been used for [5+2] cycloadditions in the 
reported procedure, but it was not effective in the 
present system (Table 1, entry 8). Moreover, 4-
dimethylaminopyridine (DMAP), diisopropylethyl-
amine, and diethylamine, which have a relatively 
similar range of pKa values to their conjugate acids, 
resulted in low yields of 3a (Table 1, entries 
9−11).[12,13] These results imply that a proper 

Brønsted basicity is crucial to achieving the catalytic 
cycle. 

Table 1. Optimization of Reaction Conditions.[a] 
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Entry base Conditions (M) 3a[b] 

(endo:exo)[c] 
1 Et3N DCM (0.13), 35 °C, 3 d 81 (80:20) 
2 Et3N Tol (0.13), 35 °C, 3 d 57 (79:21) 
3 Et3N THF (0.13), 35 °C, 3 d 22 (78:22) 
4 Et3N MeCN (0.13), 35 °C, 2 d 70 (78:22) 
5 Et3N DCE (0.13), 35 °C, 3 d 88 (79:21) 
6 Et3N DCE (0.13), 50 °C, 2 d 88 (79:21) 
7 Et3N DCE (0.25), 50 °C, 22 h 89 (79:21) 
8[d] DBU DCE (0.25), 50 °C, 22 h 31 (80:20) 
9[d] DMAP DCE (0.25), 50 °C, 22 h 33 (79:21) 
10[d] iPr2NEt DCE (0.25), 50 °C, 22 h 35 (78:22) 
11[d] Et2NH DCE (0.25), 50 °C, 22 h 0 
[a] All reactions were carried out on a 0.25 mmol scale 
using 1a and 5 equiv of styrene (2a). [b] Isolated yield. [c] 
Determined by 1H NMR analysis. [d] Recovery of 1a: entry 
8, 30%; entry 9, 12%; entry 10, 64%; entry 11, 70%. The 
values of pKBH+ in CH3CN: DBU, 24.34; Et3N, 18.82; 
DMAP, 17.95, see ref 12a. 

The scope of substrates is summarized in Scheme 3. 
First, a series of alkenes 2 was examined to probe the 
generality of the catalytic system using 1a. Electron-
rich styrene 2b selectively afforded endo-3b (94%, 
endo:exo = 92:8), which is a precursor of descurainin. 
Vinyl ethers 2c−2e were also found to give only 
endo-adducts 3c−3e in good yields. In the case of 
acrylate 2f, the reaction proceeded smoothly, 
affording 3f and its regioisomer. Electron-deficient 
internal alkenes such as dimethyl fumarate (2g) and 
N-phenyl maleimide (2h) were also tolerated albeit 
with low diastereoselectivities of 3g and 3h. Notably, 
the use of exocyclic methylenes 2i−2l resulted in 
mostly good to high yields of cycloadducts 3i−3l, 
probably due to their relatively high reactivities.[14] 
Next, oxidopyrylium ylide precursors 1b and 1c were 
tested in the cycloaddition with 2a. The reaction 
using 1b bearing a siloxymethyl group was sluggish 
and required over 2 days at 50 °C to complete, but 
product 3m was obtained in good yield (78%, 
endo:exo = 72:28). An attempt to increase the 
temperature to 100 °C in a sealed tube resulted in 
rapid conversion of 1b for 6 h, but a similar yield 
(72%, endo:exo = 70:30) was obtained. On the other 
hand, no significant difference between 1c and 1a 
was observed in terms of the reactivity toward 2a. 
Vinyl ether 2d also underwent the cycloaddition with 
1c-derived oxidopyrylium ylide, providing endo-3o 
with perfect stereoselectivity as in the reaction using 
1a. In contrast, the use acrylate 2f led to the 
formation of a 1:1 endo/exo mixture of 3p and their 
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regioisomers. In the cases of alkenes 2g−2l, the yields 
of 3q−3u were good to high, whereas the 
diastereoselectivities were modest. 
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[a] Unless otherwise noted, all reactions were carried out on a 0.25 
mmol scale using 1a and 5 equiv of alkene 2 in 1,2-
dichloroethane (0.25 M) at 50 °C. The diastereoselectivities were 
determined by 1H NMR analysis and are shown in parentheses 
(endo:exo). The structure of major diastereomers obtained is 
shown. [b] 28 h. [c] 30 h. [d] 13% of regioisomer was included. [e] 
100 °C, 6 h. [f] 5% of regioisomer was included. [g] 9% of 
regioisomer was included. 

Scheme 3. Substrate Scope.[a] 

Further scope of 1 was examined as shown in 
Scheme 4. 2-Methyl-substituted Boc-pyranone 1d 
was challenging, and less than 50% of the 
corresponding adduct 3v was formed at 50 °C (54% 
conversion of 1d). To our delight, a higher 
temperature facilitated the reaction, leading to a 

better yield of 3v (Scheme 4a). To expand the 
applicability of our methodology, intramolecular 
[5+2] cycloadditions using 1e and 1f were tested.[15] 
At 100 °C for 6 h, oxidopyrylium ylides generated 
from 1e and 1f reacted with internal alkenes to afford 
tricyclic cycloadducts 3w and 3x in good yields with 
perfect exo-selectivities in both cases (Scheme 4b).[16] 
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Scheme 4. Further Exploration of Reaction Scope. 

In order to evaluate the triethylamine catalysis, we 
conducted control experiments by changing the 
amount of triethylamine. It is of interest that the yield 
of 3a tended to decrease in the presence of more than 
a stoichiometric amount of triethylamine (Figure 
2a).[17] In addition, the excess base induced formation 
of 4, which clearly reveals that catalytic 
oxidopyrylium ylide generation has the advantage of 
preventing this undesired process. The same 
experiments were conducted for Ac-pyranone 5, 
which bears a typical leaving group (ORL), in the 
[5+2] cycloadditions. Notably, 100 mol% of 
triethylamine gave the highest yield and the 
productivity of 3a dropped not only under 200 mol% 
but also under 20 mol% conditions (Figure 2b). These 
results suggest that excess base is not necessarily 
good for this type of transformation, which might 
have caused the low yields of cycloadducts in the 
previous reports.[7b,c] Most importantly, introduction 
of a Boc group enabled the organic base to convert 
substrates to products in catalytic fashion. 

 
In summary, we have demonstrated efficient 

triethylamine-catalyzed [5+2] cycloaddition between 
oxidopyrylium ylides and alkenes. A series of 
dipolarophiles were tolerated to afford the 
cycloadducts in good to high yields. This method is 
also applicable to intramolecular [5+2] cycloadditions 
to provide fused seven-membered rings with an 
oxygen bridge. Further applications of organobase-
catalyzed oxidopyrylium ylide cycloadditions in the 
synthesis of complex molecules are currently 
underway in our laboratory. 
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Figure 2. Correlation between amount of triethylamine 
and yield of cycloadduct 3a. (a) Results of reactions using 
1a. (b) Results of reactions using 5. 

Experimental Section 
General Procedure for the Triethylamine-Catalyzed 
Intermolecular Cycloaddition. 

To a Schlenk tube equipped with a stir bar was added 1a 
(71.6 mg, 0.25 mmol, 1.0 equiv), (CH2Cl)2 (1.0 mL), 2a 
(144 µL, 1.25 mmol, 5.0 equiv), and Et3N (7.0 µL, 0.05 
mmol, 20 mol%). The mixture was stirred at 50 ºC for 22 h, 
and then concentrated. Silica gel column chromatography 
(10 g, Hexane/EtOAc = 4/1) yielded 3a (60.5 mg, 89%, 
endo:exo = 79:21) as colorless oil. 

General Procedure for the Triethylamine-Catalyzed 
Intramolecular Cycloaddition. 

To a sealed tube equipped with a stir bar was added 1e 
(71.1 mg, 0.25 mmol, 1.0 equiv), (CH2Cl)2 (1.0 mL), and 
Et3N (7.0 µL, 0.05 mmol, 20 mol%). The mixture was 
stirred at 100 ºC for 6 h, and then concentrated. Silica gel 
column chromatography (8 g, Hexane/EtOAc = 2/1) 
yielded 3w (33.1 mg, 80%, exo) as colorless plates. 
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