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A GENERAL METHOD FOR ALKYLATING BUTENOLIDES;
REDUCTION OF PRODUCTS TO 3-~, 2,3-, AND 3,4-SUBSTITUTED FURANS
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A simple method for the alkylation of butenolides is investigated. The
method involves addition of appropriate diazo compounds to butenolides,
followed by thermal decomposition and affords 4-, 3,4-, and 4, 5-substituted
y-crotonclactones in high yields. Reduction of those products with DIBALH,

provides the substituted furans in good to excellent yields.

We wish to report the generality of a method for the synthesis of substituted butenolides
(y-crotonolactones) from inexpensive and readily available starting materials,! This
procedure is simple, involves the addition of diaze compounds to butenclides, followed
by thermal decomposition, and affords 4-, 3,4-, or 4, 5-substituted y=-crotonolactones
in very good yields, The sequence shown in Figures | and 2 illustrates this synthesis in
the preparation of 3-, and 4-substituted y-crotonolactones,

Becouse of the very iimited availability of substituted butenclides, a simple method .
for their preparation is of considerable interest, This general methed depends on.the
availability of a svitable diazo compound which can undergo 1,3-dipolar addition to a
butenolide. The course of the synthesis depends on whether the butenolide is substituted
in the 4 pasition. In the case when the 4 position is not occupied (Figure 1), the diazo
compound adds to form a 1-pyrazoline (e.g. 2 or 7) or a 2-pyrazoline {e.g. 19, which
on thermal decomposition affords a 4-substituted butenolide (e.g. 3, 8, and20), On
the other hand, when position 4 is substituted (Figure 2), the addition of the diazo

compound occurs in the opposite direction to form a 1-pyrazoline (e.g. 22 and 246)
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which decomposes to yield a 3-substituted butenolide (e.g. 23 and 25). In our hands

thermal decomposition of the pyrazoline-lactone adducts led in all cases to regeneration
of the double bond and introduction of a side chain derived from the diazo compound.
Specifically, compounds 3, 6, 8, 10, 12, 14, 16, 18, 20 (Figure 1) and 23, 25, 27,
and 29 (Figure 2) have been synthesized. This procedure represents a direct method for
introduction of a side chain on butenolides utilizing appropriate diazo compounds, The
simplicity and the key details of the synthetic process are illustrated by the folowing two
representative procedures for the preparation of compounds 3 and 20,
4-Methyl-2(5H)~Furanone (3). To a stirred solution of 18.0 g, of 2{SH)}-furanone,

1, R=H, in 100 ml. of tetrahydrofuran ot room temperature, an excess of ethereal
diazomethane was added dropwise over o period of 15-20 minutes, and then stirred with-
out heating for 8 hours. At the end of the reaction {as followed by t.].c.) the crystalline
pyrazoline-lactone adduct (2} was collected, yielding 18.5 g., m.p. 109-1 10°C. The
solvent was removed under reduced pressure, leaving a residue of a colorless oil (5.5 g),
which crystallized from ether to give 2.5 g., m.p. 107-—]09‘,J or a total yield of
pyrazoline (2) from y-crotonolactone (1) of 21.0 g (787%).

Compound 2 (5.0 g) was dissolved in 50 ml, of dioxane and heated in an oil bath with
stiming for 48 hours at 120°. After removal of the solvent with a rotary evaporator, the
yellow oil remaining was distilled to yield 3.0 g. (77.3%) of compound 3. Repeating the
procedure using 15 g. of the pyrazoline-lactone adduct (2) gave 10.5 g. (90% ) of (3),
b.p. 112-113° ot 14 mm/Hg. Compound (3) was established as 4-methyl-2(5H)
furanone by comparison of i.r. and n.m.r. spectra with a sample prepared independently
using the procedure of Fleck?,

3-Hydroxymethy|-4~carboethoxy-but-2-encic acid y-lactone {20). To a stirred

solution of 8.40 g of y-crotonclactone in 50 ml, of dry dioxane was added at room
temperature 13,00 g. (0.174 moles) of ethyl diazoacetate (analytical grade). The
reaction mixture was refluxed for 12 hours in an oil bath. The excess of solvent was
removed with a rotary evaporator and the erystalline material suspended in dry ether

(50 ml.), collected, and washed with ether to remove any excess diazo compound. The
yield of the crude product is essentially quentitative and after recrystallization from ether

afforded 18.1 g. (92.5%) of 19, m.p. 136-137°C. Compound 19 (10.00 g.) was placed
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in 50 ml, of dry dioxane and heated in an oil bath with stirring for 48 hours at 150°C.
After removal of solvent with a rotary evaporator, the yellow oil remaining was distilled

to yield 7 .45 g (86.8%) of compound 20, b.p. 148-150°C ot 0.8 mm,/Hg .
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24 R=CH, 25 R=CH, (67 .47)
26 R=CH,CH, 27 R=CH,CH, (59.3%)
28 R=CH,CH,CHj, 29 R=CH,CH,CH,  (52.6%)

Figure 24

The synthetic sequence which is described herein should be useful for the synthesis of
a variety of natural products possessing substituted butenolides as o side chain. The
reaction conditions are 5o mild as to minimize the possibility of involvement of many
functional groups. As is cleor from the examples cited ubove the yields are remarkably
high and there is very little variation in optimal conditions,

Recent reports’ that o, B-unsaturated- y=-lactones attached to certain steroids or
terpenes are reduced by diisobutylaluminum hydride (DIBALH) to the corresponding
B-substituted furans, prompted to us to apply this reduction procedure to certain of the

3-, 3,4- and 4, 5-substituied butenclides described above. In all cases, reduction
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proceeded to furnish 3~, 2,3~, and 3, 4-substituted furans in good to excellent yields
{Figure 3). Thus the above described alkylation procedure, when coupled with reduction
of the resulting alkylated butenolides, affords a convenient synthesis of difficulty
accessible 3-, 2,3- and 3,4-substituted furans., The details of this work will be the

subject of a subsequent publication.

RI R2 Rl RZ
- DIBALH
N A
o O R3
Figure 3
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