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NOVEL RING TRANSFER REACTION OF FURANS VIA INTRAMOLECULAR DIELS-ALDER REACTION
OF ALLENE INTERMEDIATE: A NEW DOUBLE ANNULATION REACTION
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Abstract: A novel ring tansfer reaction of furans to fused
furans by tandem intramolecular Diels-Alder reaction and base-

catalyzed ring-opening of the adducts has been developed.

The intramolecular Diels-Alder reaction has been a central topic in modern
organic synthesis.1 The vast majority of the work reported in this area has
dealt with reactions utilizing ethylenic and acetylenic dienophiles. However,
in spite of its favorable geometry for w overlap, the intramolecular Diels-
Alder reaction of allene has received less attention.2 Previously, we demon-
strated that the allenyl ether is a versatile synthon as the dienophile in the
intramolecular cycloaddition due to the absence of wunfavorable 1,3-diaxial
interaction in its transition state.3 Herein, we wish to report a novel ring
transfer reaction of furans to fused furans by virtue of a facile intramolecu-
lar Diels-Alder reaction of allenyl ether with furan and base-catalyzed ring-
opening of the resulting adduct. This general strategy may also open the way
to a new generation of synthetically useful isobenzofurans.4

Due to the limited reactivity of furan, various devices have been made in
order to facilitate the intramolecular Diels-Alder reactions of furans.5 It
was now found that the allenyl ether readily undergoes the intramolecular
cycloaddition with furan without any activating groups. When a solution of
the propargyl ether 1 (1.89 g, 13.9 mmol) and t-BuOK (3.12 g, 27.8 mmol) in t-
BuOH (25 mL) was heated at 83° C, 1 was rapidly consumed (10 min). The mixture
was diluted with water (40 mL) and extracted with ether (3 x 30 mL). The
combined extracts were washed with brine, dried over Na,SO,-K.CO

2774 27737
rated in vacuo. The residue was chromatographed on silica gel containing 10%

and evapo-

K2CO3 with hexane-ethyl acetate (2:1) as an eluent to give 5-hydroxy-4,5-
dihydroisobenzofuran (1)6’7 (1.85 g, 98%) as a colorless oil, bp7 100° C

(Kugelrohr) (Scheme I). Compound 4 was confirmatively converted to the acetate

§7 (Aczo/pyridine; 95%) as well as to the tetrahydro derivative §7 (Hz, 10%

Pd/C, MeOH; 92%). The formation of 4 can be reasonably explained by the
8

initial isomerization of 1 to the allenyl ether 2~ which undergoes the intra-
molecular Diels-Alder reaction (to 3) followed by the base-catalyzed ring-

opening of the strained oxa-bicyclo[2.2.1]hexene system as shown in Scheme I.
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Compound 4 was stable under basic to neutral conditions, but immediately
polymerized by acid probably via the formation of isobenzofuran (7). This was
confirmed by the trapping experiments. Thus, dropwise addition of 4 in THF to
a THF solution of dimethyl acetylenedicarboxylate (DMAD) (2 equiv) and p-TsOH (1
equiv) at 25°C led to the instantaneous formation of adduct §9 in 51% vyield
(Scheme I). Similarly, easy adduct formation with N-phenylmaleimide (78%) and
naphthoquinone (72%) was confirmed.7
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As shown in Table I, the facile ring transfer reaction by tandem intra-

molecular Diels-Alder reaction and base-catalyzed ring- opening has been found

to be general. 7.10

These products could serve as the good precursors of iso-
benzofurans as exemplified by the smooth adduct formation with DMAD on treat-
ment with acid.

The facinating feature of this methodology was demonstrated by the one-pot
biscyclization of bispropargyl ether _9_7’ll (Scheme II). Treatment of 9 with t-

BuOK (20 equiv) in t-BuOH at 83° C for 50 min gave l_Z_lZ in 66% yield.l3 This
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Table I, Ring Transfer Reactions of Furans and Acid-catalyzed Diels-

Alder reactions with pMAD?

entry substrate reactionb product yie]dc,% Diels-Alder yie]dc,%
time adduct

1 Me‘[o\) % 1.5h Kj:o 100 co'm 57
= Mo e COeMe
n—Bu n—Bu
8 OxMe
= HO OzMe
Ph Ph

COzMe

100 @‘,} o 78

Ph
COszMe
100 62
Me COzMe

Me

COeMe
100 co:m 17
Me
95 @ oM 50
Mo-Me

a b . . .
See reference 7. Unless otherwise noted, all reactions were carried

out in t-BuOH at 83°C utilizing 20 equiv of t~BuOK, Clsolated yields.

le equiv of t-BuOK was used.
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can be regarded as the "double" furan ring transfer of 9 via 10 and 11 as shown
in Scheme IT. The acid-catalyzed reaction of 12 with DMAD afforded the adduct
lil4 (65%) via the isonaphthofuran intermediate (13).

The facile intramolecular cycloadditon of allenyl ether with furan without
any electronic activation is noteworthy and may be governed by its geometrical
factors. This novel furan ring transfer reaction should find widespread use in
organic synthesis, especially in the one-step construction of polycyclic carbon
skeletons. Application of this methodology to the natural product synthesis is

now in progress in our laboratories.
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