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Abstract—Tandem reaction of (E,Z)-ethyl 2-nitro-3-ethoxyacrylate (E:Z¼ 25:75) with d,e-unsaturated alcohols leading to func-
tionalized trans-fused bicyclic nitronates as single stereoisomers in high yields has been developed under thermal condition and in
the presence of a catalytic amount of a Lewis acid catalyst such as Yb(OTf)3. This process involves the configurational control of
transetherified intermediates under a rapid, reversible transetherification reaction pathway for affording stereoselective trans-fused
cyclic nitronates as single stereoisomers in intramolecular hetero Diels–Alder reaction.
� 2004 Elsevier Ltd. All rights reserved.
Tandem reactions have emerged as a powerful method
for efficient and stereoselective construction of poly-
heterocyclic and polycarbocyclic skeletons.1 One most
remarkable example is the tandem Knoevenagel–intra-
molecular hetero Diels–Alder (HDA) reaction, which
is useful for the construction of polyheterocycles.
Recently, we have developed a new type of tandem
reaction by the use of b-alkoxy-substituted a,b-unsatu-
rated carbonyl compounds and d,e-unsaturated alcohols
as electrophilic heterodienes and nucleophilic dieno-
philes, respectively. These tandem transetherification–
intramolecular HDA reactions proceed stereoselectively
to afford functionalized trans-fused hydropyranopyran
derivatives.2

As part of our long-standing research program aimed at
the development of an effective synthetic route in ste-
reoselective preparation of polyheterocycles based on
tandem transetherification–intramolecular HDA reac-
tions, our attention has been directed to the investiga-
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tion of the applicability of b-alkoxy-substituted
nitroalkenes as heterodiene components in tandem
reaction with unsaturated alcohols as mentioned above.
Recently, it was found that the tandem reaction of (E)-1-
ethoxy-2-nitroethene with terminal dimethyl-substituted
d,e-unsaturated alcohols successfully proceeds to afford
bicyclic c-lactones via the formation of stereoselective
bicyclic nitronates in one flask.3a

In this communication, we present the more potential
utility of the tandem reactions by using an (E,Z)-mix-
ture of ethyl 2-nitro-3-ethoxyacrylate (E,Z)-1 as the
activated electrophilic hetero 1,3-diene component with
additional electron-withdrawing of the ethoxycarbonyl
group (Fig. 1),4 thus enabling use of a variety of
d,e-unsaturated alcohols as nucleophilic dienophiles in
this tandem process.5 This process involves the conju-
gated addition of unsaturated alcohols 2–10 to (E,Z)-1
and the reversible elimination of the alcohols, followed
in tandem by the participation of the only transetheri-
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Figure 1. Configuration of nitro olefin 1.
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Scheme 1. Reaction pathways of tandem reaction of nitro olefin (E,Z)-1 with alcohols 2–10 leading to trans-fused cyclic nitronates 11–19 under

reversible transetherification reaction (a).

2198 E. Wada, M. Yoshinaga / Tetrahedron Letters 45 (2004) 2197–2201
fied (E)-intermediate B (exo-E-anti), having the most
favorable configuration with exo-anti-conformation of
the tether in intramolecular cycloaddition, to afford
trans-fused bicyclic nitronates 11–19. A sufficient
amount of (E)-intermediate B could be formed from the
less favorable (Z)-intermediates A (exo-Z-syn), affording
cis-fused cycloadducts in the intramolecular cycloaddi-
tion, under the rapid, reversible transetherification
reaction pathway (Scheme 1). Thus, this tandem reac-
tion is expected to afford trans-fused functionalized
cyclic nitronates predominantly in good yields regard-
less of the configuration of the starting nitro olefin
(E,Z)-1.

The tandem reaction of (E,Z)-1 (E:Z¼ 25:75, 1.5 equiv)
with 5-methyl-hex-4-en-1-ol 2 was investigated under
thermal and Lewis acid-promoted conditions as a model
reaction. The results are summarized in Table 1. Ther-
mal tandem reaction was carried out at 90 �C (40 h),
110 �C (20 h), to 140 �C (8 h) to afford trans-fused cyclic
nitronate 11 as a single stereoisomer in good to high
Table 1. Tandem reaction of (E,Z)-1 with alcohol 2 leading to cyclic nitron

OH(E,Z )–1 +

2

Entry Catalyst/10mol% Solvent

1 –– ClCH2CH2Cl

2 –– Toluene

3 –– Xylene

4 Yb(OTf)3 CH2Cl2
5c Yb(OTf)3 CH2Cl2
6 Ni(ClO4)Æ6H2O CH2Cl2
7 Cu(SbF6)2 CH2Cl2
8 Zn(ClO4)2 Æ6H2O CH2Cl2

a 1.5 equiv of nitro olefin [E,Z-1 (E:Z¼ 25:75) was used].
b Isolated yields.
c 1mol% of catalyst was used.
yields of 80%, 85%, and 75% beyond the existence ratio
of (E)-configuration (25%) in the starting nitro olefin,
respectively (entries 1–3).6 The stereochemistry at the
junction of 11 was estimated to be trans based on the
large vicinal coupling constant for J8a–4a (10.2Hz) by 1H
NMR spectrum analysis. The trans-structure arises from
only the exo-E-anti transition state of similar substrates
to intermediate B, which is well documented.1c;7 These
results indicate that the reversible transetherification is a
key reaction pathway for supplying a sufficient amount
of (E)-intermediate B (R1–R4 ¼H, R5 ¼R6 ¼Me),
which was cyclized with exo-E-anti conformation to
afford trans-fused cycloadduct 11.8 Furthermore, Lewis
acids (10mol%) such as Yb(OTf)3, Ni(ClO4)2Æ6H2O,
Cu(SbF6)2, and Zn(ClO4)2Æ6H2O, which were effective
catalysts in tandem transetherification–intramolecular
HDA reaction with (E)-2-ethoxy-1-nitroethene as the
electrophilic hetero diene component,3a were examined
at room temperature in CH2Cl2 (entries 4–8) and
Yb(OTf)3 was found to be the most effective promotor
affording 11 stereoselectively in 1 h in 93% yield (entry
ate 11a
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Temp (�C) Time (h) Yield (%)b

90 40 80

110 20 83

140 8 75

rt 1 93

rt 15 84

rt 15 38

rt 15 60

rt 20 61



Table 2. Tandem reaction of (E,Z)-1 with alcohols 3–10 leading to cyclic nitronates 12–19 in the presence of Yb(OTf)3
a

Entry Alcohols Yb(OTf)3 (mol%) Time (h) Products Yield (%)b
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aAll reactions were carried out at rt in CH2Cl2 by using 1.5 equiv of nitro olefin (E,Z)-1 in the presence of Yb(OTf)3 (10–100mol%).
b Isolated yields.
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4). It was also found that cycloadduct 11 was obtained
stereoselectively in 84% yield by using only 1mol% of
Yb(OTf)3 catalyst at rt for 15 h (entry 5).

Encouraged by these results, the generality of the pres-
ent tandem reaction leading to stereochemically defined
functionalized cyclic nitronates was investigated by
using a variety of d,e-unsaturated alcohols 3–10 as
nucleophilic dienophile components at rt in the presence
of Yb(OTf)3 (10mol%) and the results are summarized
in Table 2. The relative stereochemistry of products 12–
19 was estimated on the basis of 1H NMR spectral data.

The reaction with primary alcohol 3 having additional
dimethyl substituents at the 2-position of the tether
proceeded smoothly in 1 h to afford the corresponding
trans-fused cycloadduct 12 (J4a–8a ¼ 10.4Hz) as a single
stereoisomer in the best yield of 98% (entry 1). With
primary alcohol 4 monomethylated at the 2-position of
the tether, the corresponding cycloadduct 13 [3,4a-cis
and 4a,8a-trans: J8a–4a ¼ 10.4Hz and notable NOEs (H-
2axfiH-8a, 6.32%; H-2axfi 3-Me eq, 1.19%)] was
obtained in high yield of 90% (entry 2). The reactions
with sec-alcohols 5a–c (5a, R¼Me; 5b, R¼ i-Pr; 5c,
R¼Ph) also took place in 2–5 h to afford the corre-
sponding 14a–c [each 2,8a-cis and 4a,8a-trans; 14a:
J8a–4a ¼ 10.2Hz and NOEs (H-8afiH-2ax, 7.70%)Æ14b:
J8a–4a ¼ 10.4Hz and NOEs (H-8afiH-2ax, 6.81%);
14c: J8a–4a ¼ 9.9Hz and NOEs (H-8afiH-2ax, 7.41%)]
each as single stereoisomers in high yield of 94%, 86%,
and 88%, respectively (entries 3–5). When bulky tertiary
alcohol 6 was used, the reaction took a long time (30 h)
and the corresponding both trans- and cis-cycloadducts
15 at the junction were obtained in good combined
yields of 72% as a mixture of separable diastereomers by
silica gel column chromatography [trans-adduct 15a
(64%, J8a–4a ¼ 10.4Hz) and cis-adduct 15b [8%,
J8a–4a ¼ 5.6Hz and NOEs (H-8afiH-4a, 4.82%)] (entry
6).

To evaluate the reactivity and stereospecificity in this
tandem reaction, (E,Z)-1 was allowed to react with
primary alcohols 7–9 having terminal (E)-aryl, (E)-
methyl, and (Z)-methyl substituents. The tandem reac-
tion with (E)-5-(4-methoxyphenyl)pent-4-en-1-ol 7
also proceeded smoothly in 2 h to afford the cyclo-
adduct 16 [4a,8a-trans (J8a–4a ¼ 9.7Hz) and 4a,5-trans
(J5–4a ¼ 10.9Hz)] as a single stereoisomer in high yield of
87% (entry 7). When (E)- and (Z)-hex-4-en-1-ol 8, 9
were used, it took a long time (30 h) to afford the
cycloadduct 17 [78%, 4a,8a-trans (J8a–4a ¼ 9.9Hz) and
4a,5-trans (NOEs: H-4afiÆÆ-ÆÆÆ 4.52%; H-8afiÆH-
5axÆÆ1.92%)] and 18 [76%, 4a,8a-trans (J8a–4a ¼ 10.4Hz)
and 4a,5-cis (J5–4a ¼ 4.6Hz)] each as a single stereoiso-
mer in good yields, respectively (entries 8 and 11). When
the amount of catalyst was increased to 100mol%, this
tandem reaction successfully proceeded within 30min to
afford stereoselective cycloadduct 18 in high yield of
84% (entry 10). As mentioned above, the relative ste-
reochemistry between H-4a and H-5 of cycloadducts 16–
18 was found to be retention of the configuration of
starting alcohols 7–9 completely. These results indicate
that this tandem reaction proceeds in a stereospecific
manner. The tandem reaction with terminal unsubsti-
tuted d,e-alcohol 10 also proceeds stereoselectively to
afford 19 (J8a–4a ¼ 10.2Hz), but in low yield (15%) even
by the use of 100mol% of Yb(OTf)3 as a catalyst
(entries 12 and13).

In summary, we have developed an efficient new strategy
of tandem transetherification–intramolecular HDA with
an (E,Z)-mixture of ethyl 2-nitro-3-ethoxyacrylate
(E,Z)-1 and a variety of d,e-unsaturated alcohols 2–10
leading to the corresponding functionalized bicyclic
nitronates 11–19 stereoselectively in high yields under
thermal condition and with a catalytic amount of Lewis
acids. We believe that the success of this tandem reac-
tion depends upon the configurational control of more
favorable transetherified (E)-intermediates in intramo-
lecular cycloaddition under a rapid, reversible trans-
etherification reaction pathway. Currently, efforts are
under way to investigate the transformation of func-
tional groups and further applicability to a catalytic
asymmetric version.
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