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Efficient synthesis of functionalized furans and benzofurans
based on a ‘[3+2] cyclization/oxidation’ strategy
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Abstract—Functionalized furans and benzofurans were prepared by DDQ oxidation of 2-alkylidenetetrahydrofurans, which are
readily available by one-pot cyclizations of 1,3-dicarbonyl dianions or 1,3-bis-silyl enol ethers.

© 2005 Elsevier Ltd. All rights reserved.

Functionalized furans and benzofurans represent impor-
tant synthetic building blocks and are present in a vari-
ety of biologically relevant natural products, such as the
calicogorgins, furan fatty acids, cyctotoxic furanocem-
branes, gersolanes, pseudopteranes, rosefuran, agassi-
zin, furodysin, mikanifuran or a-clausenan.'-?
Although a variety of furan syntheses are known,?
the development of new and convenient strategies is
of considerable interest. In the recent years, we
reported a number of one-pot syntheses of
2-alkylidenetetrahydrofurans by [3+2] cyclization of free
and masked 1,3-dicarbonyl dianions with 1,2-dielectro-
philes.* Herein, we wish to report a new and convenient
approach to functionalized furans and benzofurans
based on a [3+2] cyclization/oxidation’ strategy.>°

Treatment of 2-alkylidenetetrahydrofuran 2a, prepared
by cyclization of the dianion 1a of methyl acetoacetate
with 1-bromo-2-chloroethane,’® with 2,3-dichloro-5,6-
dicyano-1,4-quinone (DDQ) afforded the known® furan
3a (Scheme 1). Optimal results were obtained when an
excess of DDQ was employed (2 equiv) and when the
reaction was carried out in 1,4-dioxane under reflux
for 48 h.° The use of other solvents, oxidizing agents
(MnO,) and conditions proved less effective in terms
of yield (Table 1). The formation of 3a can be explained
by oxidation and subsequent aromatization by migra-
tion of the exocyclic double bond.
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Scheme 1. Synthesis of furans 3a-k. Reagents and conditions: (i): (1)

LDA (2.3 equiv), THF, 0 °C, 1 h, (2) —78 °C — 20 °C, 14 h, (3) reflux,
12 h; (ii): DDQ (2equiv), 1,4-dioxane, reflux, 48 h.

Table 1. Optimization of the synthesis of 3b

Solvent t [h] Conditions %%
CH;CN 24 Reflux 0
THF 24 Reflux 17
Dioxane 24 20 °C 0
Dioxane 24 Reflux 34
Dioxane 48 Reflux 75
Toluene 24 Reflux 12
CH,Cl, 24 Reflux 5

3 Conversion (by 'H NMR of the crude product).

The preparative scope of our methodology was studied
(Table 2). The synthesis of 2-alkylidenetetrahydrofurans
2a,b and 2d-j has been previously reported.” The furans
3b-d were prepared from 2b-d, containing ethyl, iso-
propyl and tert-butyl ester groups, respectively. The
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Table 2. Products and yields

23 R! R? R? % @2 % (3)?
a OMe H H 65 57
b OEt H H 75 59
c OiPr H H 70 52
d OtBu H H 74 55
e OMe H Me 68 41
f OEt H Et 80 53
g OrBu H (CH,),CH(CH3), 48 54
h OtBu H (CH,)¢Cl 91 67
i OEt Me H 64 51
i OEt Et H 61 55
k OEt —(CH,)o— 57 80

#Isolated yields.

®See Ref. 7.

oxidation of 2-alkylidenetetrahydrofurans 2e-g, pre-
pared by cyclization of the corresponding 1,3-dicarbonyl
dianions with 1-bromo-2-chloroethane, afforded the
furans 3e-g. The oxidation of chloro-substituted 2-
alkylidenetetrahydrofuran 2h, prepared from dilithiated
tert-butyl 10-chloro-3-oxodecanoate (1h), afforded the
corresponding furan 3h. The oxidation of 2-
alkylidenetetrahydrofurans 2i,j, prepared from ethyl 2-
methylacetoacetate and ethyl 2-ethylacetoacetate, gave
the methyl and ethyl substituted furans 3i,j. The cycliza-
tion of the dianion of ethyl 2-oxo-cyclododecanecarb-
oxylate with 1-bromo-2-chloroethane afforded the
novel 5,12-bicyclic 2-alkylidenetetrahydrofuran 2Kk.
Treatment of the latter with DDQ gave the furan 3k.

The 2,3’-bifuranylidenes 5a,b were prepared, according
to our recently reported methodology,” by cyclization of
dilithiated a-acetyl-y-butyrolactones 4a,b with 1-bromo-
2-chloroethane (Scheme 2). The synthesis of 5a has
been previously reported.” Treatment of 5a,b with
DDQ afforded the furans 6a,b. The formation of 6a,b
can be explained by oxidation of both the tetrahydro-
furan and the lactone moiety. The employment of only
one (rather than two) equivalents of DDQ resulted in
the formation of a complex mixture.

The cyclization of cyclic 1,3-bis-silyl enol ethers 7a—e
with 1-chloro-2,2-dimethoxyethane afforded, following
our recently reported methodology,!® the 5,6-bicyclic
2-alkylidenetetrahydrofurans 8a-e. The synthesis of
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Scheme 2. Synthesis of furans 6a,b. Reagents and conditions: (i): (1)
LDA (2.3 equiv), THF, 0 °C, 1 h, (2) —78 °C — 20 °C, 14 h, (3) reflux,
12 h; (ii): DDQ (2 equiv), 1,4-dioxane, reflux, 48 h.
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Scheme 3. Synthesis of benzofurans 9a-e. Reagents and conditions:
(1): MesSiOTf (0.5 equiv), CH,Cl,, —78 °C — 20 °C; (ii): 2.0 equiv
DBU, THF, 20 °C; (iii): DDQ (2 equiv), 1,4-dioxane, reflux, 24 h.

Table 3. Products and yields

8,9 R! R? R? R* % (8)*° % (9)*
a OEt H H H 38 53

b OEt Me H H 71 75

¢ OMe H Me H 90 53

d OEt H Ph H 85 66°

e OEt H H Me 60 62

#Tsolated yields.
®Yields over two steps (see Ref. 10).
¢ Prepared in two steps: (1) dioxane, reflux, (2) DDQ, dioxane, reflux.

8a,d,e has been previously reported.!® Treatment of
the latter with DDQ resulted in formation of the 2,3-
unsubstituted benzofurans 9a—e by thermal elimination
of methanol and oxidation of the cyclohexene moiety
(Scheme 3, Table 3).

A second approach was developed, which allows an effi-
cient synthesis of 2-substituted benzofurans: The cycli-
zation of 1,3-bis-silyl enol ethers 7a,c,d with propen-
oxide and epibromohydrin afforded the 5,6-bicyclic
2-alkylidenetetrahydrofurans 10a—d as a mixture of dia-
stereomers. These transformations represent the first
examples of cyclizations of cycloalkanone-derived 1,3-
bis-silyl enol ethers with epoxides.!! The oxidation of
10a-d with DDQ afforded the benzofurans 11a-d
(Scheme 4, Table 4).
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Scheme 4. Synthesis of benzofurans 11a-d. (i): TiCly (2 equiv), 4A
MS, CH,Cl,, —78 °C — 20 °C, 14 h, 20 °C, 2 h; (ii): DDQ (2 equiv),
1,4-dioxane, reflux, 24-48 h.
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Table 4. Products and yields

10,11 R! R? R? % (10)* % (11)*
a OEt H Me 28 60

b OMe Me Me 30 65

c OMe Ph Me 32 63

d OMe Ph CH,Br 37 31°

#Isolated yields.
®Besides, the corresponding 2,3-dihydrobenzofuran was isolated in
40% yield.

In summary, we have reported a new and efficient ap-
proach to a variety of furans and benzofurans based
on a [3+2] cyclization/oxidation strategy.
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