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FACILE SYNTHESIS OF 4-~SUBSTITUTED BUTENOLIDES FROM FURAN1

*
Tatsuya Shono, Yoshihiro Matsumura, and Shin-ichiro Yamane
Department of Synthetic Chemistry, Faculty of Engineering,
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A variety of 4-substituted butenolides were prepared utilizing 2-acetoxyfuran as a key
intermediate which can be easily synthesized by anodic oxidation of furan.

Although 2—mono—2 or 2,5—bis(trimethylsiloxy)furans3 have recently been shown to be useful
for the synthesis of 4-substituted butenolides and bisbutyrolactones, their use as starting
materials is highly limited because of their instability. We report herein a new synthetic
method of 4-substituted butenolides (3) utilizing 2-acetoxyfuran (2), which is sufficiently
stable to allow the reaction of 2 with several kinds of electrophiles (E+) under various
conditions (eq. 1). Further advantage of our method is the facile preparation of 2, which can

be synthesized by using the method of anodic oxidation (eq. 1).
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Anodic oxidation of furan in acetic acid or in a mixture of acetic acid and acetonitrile
containing sodium acetate gave 2,5-dihydro-2,5-diacetoxyfuran (1). The yield hitherto reported
to be very low4 was improved by carrying out the reaction as described below.

Into a cell equipped with platinum anode and carbon rod cathod was added a solution of
furan (2.0 g) in a mixture of acetic acid (40 ml) and acetonitrile (10 ml) containing sodium
acetate (2.0 g), and the mixture was cooled to 3~7 °C with ice-water bath during the reaction.
After 2.45 F/mol of electricity was passed, the reaction mixture was poured into water and
extracted with CH,Cl,. The extracts were dried with MgSO, and distilled to give 1 in a 57%

yield.5 The conversion of 1 to 2 was accomplished in a 61- 81% yield by the method of Cava.8
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Reaction of 2 with electrophiles was carried out by the following way. To a stirred
solution of butyraldehyde (5.2 mmol) and TiCl, (4.0 mmol) in CH.Cl, (8 ml) was added
a solution of 2 (4.0 mmol) in CH.Cl, (2 ml) at - 78 °C. After the addition was completed,
the reaction mixture was allowed to stand at - 78 °C for additional 2 h, warmed to room
temperature, and poured into water successively. The aqueous solution was saturated with
sodium chloride and extracted with CH,Cl, (3 X 20 ml). The organic layer was dried with MgSO,

and treated with column chromatograph to yield two products, 4a and 4b (eq. 2).

TiCl,
2 A o 0 + \v/\Y/ZT:=>==o (2)
CH2CI,
OAc

OH
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Lewis acids other than TiCl, were also effective for this reaction,9 though the ratio of
4a and 4b depended on the nature of Lewis acids. Results are shown in Table Ilo which also

indicates the results of the reaction of 2 with methylal and methyl orthoformate.

The Friedel-Crafts type reaction of 2 was also achievable as described below (eq. 3).

Thus, to a stirred solution of acetyl chloride (6.0 mmol) and SnCl, (6.0 mmol) in CH.Cl,
(4 ml) was added slowly a sglution of 2 (2.0 mmol) in CH,Cl, (6 ml) at — 78 °C (1 h). After
addition was completed, the reaction mixture was stirred at - 78 °C for 3.5 h and allowed to

10,13
stand at room temperature overnight. The usual working up gave 8 in a 50% yield.

TiCl, f):
2 + CHs—C—Cl —_— CH, 0 (3
I CH.Cl, LN

° éAc 8

Furthermore, the high potentiality of 2 in organic synthesis is shown in the synthesis of

an analogue (10) of pyrethroids which is a powerful insecticide (eq. 4).10’13

Bra Chrysanthemic Acid { }
2 — Br’é x — CoN § Ao (4)
10

CCly, - 5~ =~ 10 °C 0”0 NaHCOs, DM F
9
After addition of bromine (4.0 mmol) to 2 (4.0 mmol) in CCl, at - 5~~- 10 °C, evaporation

of the solvent inm vacuc gave a crude product of 9,11 which was added into a solution of

chrysanthemic acid (8.0 mmol) in dry DMF (8 ml) containing NaHCOa12 (16.0 mmol). The solution
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was allowed to stand overnight at room temperature and the usual working up gave 10 in a 487

yield.
Table I. Reaction of 2 with Electrophiles.
Electrophiles (mmol) Lewis Acid (mmol) Products (Yield, %)c
A\FHO (5.2) Ticl, (4.0)% 4a (70) &b (8)
A (5.2) TiCl, (2.0)2 4a (67) &b (6)
AL (5.2) $nCl, (4.0)2 sa (18) &b (52)
ASHO (5.2) BFs+0Ets (4.0)2 4a (21) &b (55)
ANAAA (500 TiCl, (4.0)% o A0 (60)
H 5
CH,(OCH3).  (8.0) TiCl, (4.0)% cnao\/@:o (86)
6
CH(OCHs)s  (2.6) Ticl, (2.0)° CHS(Y@EO (89)

OCH, 7

a) The amount of 2 was 4.0 mmol.
b) The amount of 2 was 2.0 mmol.
c) 'H-NMR. 4a; § (CCl,) 0.93 (3H, br t), 0.95-1.87 (4H, m), 3.54 (1H, br), 3.73
(14, m), 4.84 (1H, m), 6.02 (1H, d4d), 7.44 (1H, dd).
4b, § (CCl,) 0.91 (3H, br t), 1.10-1.95 (4H, m), 2.00 and 2.04 (3H, s

4.90-5.28 (2H, m), 6.08 (1H, dd), 7.47 (1H, dd).
55§ (cc1,) 0.92 (3H, br t), 1.10-1.88 (12H, m), 3.20-3.69 (2H, m),
4.99 (1H, m), 6.09 (1H, d4d), 7.66 (1H, 4d).

§ (ccl,) 3.36 (3H, s), 3.56 (2H, d), 5.04 (1H, m), 6.03 (1H, dd),

7.46 (1H, dd).

b
'H-NMR spectra of 7 was identified with reported value.2
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