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Synopsis. The fungal metabolite lepiochlorin was
synthesized from 2-methyl-4-oxopentanoic acid by the elec-
trochemical chloromethoxylation of 2-methyl-2,4-pentadien-
4-olide in MeOH-NH,Cl-(Pt-Pt) system followed by hy-
drolysis in a mixed solution of dioxane-H,O-concd HCI
(25/10/1 V/V[V) in 38% overall yield.

y-Oxygenated butenolides appeared in naturally oc-
curring products exhibit interesting biological activ-
ities.))  Synthetic methodology for the butenolide has
been well documented in a recent review.2) As a new
antibiotic butenolide, lepiochlorin (4b), a chlorinated
metabolite of a fungus (a Lepiota species) cultivated
by a leaf-cutting ants, has been isolated.®) In the
previous study, we reported a convenient haloal-
koxylation of enol ethers by the electrolysis in ROH-
NHX (X=Cl, Br, I)-(Pt-Pt) system. This proce-
dure is expected to be potentially useful for the prep-
aration of chlorohydrin moiety of 4b. We describe
here a short-step synthesis of the butenolide 4b by
introducing the electrochemical chloromethoxylation
of y-methylenebutenolide 3a.

The target molecule 4b has been synthesized re-
cently by McMorris et al. in 18—209%, overall yields
in a laborious seven-step synthesis from a-phenylthio-
propionic acid and allyl methoxyethoxymethyl ether.5)
In our route to 4b we started with 2-methyl-3-penten-
4-olide 2 which can be obtained from commercially
available 2-methyl-4-oxopentanoic acid (1)® by the
procedure of Helberger et al.”) (Scheme 1).

Bromination of 2, obtained by dehydration of 1 with
phosphoric acid, with one equivalent of bromine and
subsequent treatment with 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU) at —20 to 10 °C in benzene pro-
vided the key intermediate, y-methylenebutenolide 3a,
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in 519, yield (from 1).%

It is interesting to note that the butenolide 3a is
stable to heat in contrast to unstable protoanemo-
nine (3b) which lacks methyl group at C-2 position
of 3a and dimerizes spontaneously at room tempera-
ture.”™9 For example, Diels-Alder reaction of 3a with
1,3-dienes, i.e., isoprene and 2-trimethylsiloxy-1,3-bu-
tadiene, took place on heating at 110—120 °C for 10
h in toluene to give the corresponding diene adducts
5 in 80—839, yields (Scheme 2). In addition, the
reaction of 3a with appropriate nucleophiles has been
explored to give the corresponding 1,6-adducts.1®
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Electrochemical halogenation of 3a in a MeOH-
NH,Cl (1.5 equiv.)—(Pt-Pt) system was carried out
under a current of 3.5—6.7 mA/cm? (applied voltage:
2.0V, cell voltage: 0.8—1.0 V vs. Ag wire) in a beaker
type undivided cell. The passage of 3.0 F/mol of
electricity (10 h) at room temperature afforded the
chlorinated acetal 4a in 889, yield. On the other
hand, attempts at the direct electrochemical chloro-
hydroxylation of 3a employing a MeCN-H,O (3/1
V/V)-NH,Cl-(Pt—Pt) system resulted in the low yield
of 4b (10—209, yields). Hydrolysis of acetal group
of 4a by heating to reflux in a mixed solvent of diox-
ane-HyO-concd HCI (25/10/1 V[V|V) afforded the
desired 4b in 869, yield.?V

Experimental

Melting point is uncorrected and boiling points are indi-
cated by an air-bath temperature without correction. IR
spectra were determined with a JASCO IRA-1 grating
spectrometer. NMR spectra were obtained with a Hitachi
R-24 (60 MHz for proton) and/or a JEOL FX-100 (100
MHz for proton and 25.05 MHz for carbon-13) spectrom-
eters. Samples were dissolved in CDCIl; and the chemical
shift values () are expressed in parts per million downfield
from an internal Me,Si. Elemental analyses were performed
in our laboratory.

2-Methyl-3-penten-4-olide (2). According to the pro-
cedure reported in the literature,” 1 (5.0 g, 38.4 mmol)
was heated with H;PO, (0.25g) at 140—150 °C for 4 h.
The mixture was distilled at 140—150 °C/20 Torr and the
distillate was chromatographed (SiO,, hexane-AcOEt 8:1)
to give 2.6 g of 2 (899, yield based on 1.06 g of unchanged
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1). 2: bp 77—78°C/41 Torr (lit,)» 53 °C/6 Torr).

2-Methyl-2 ,4-pentadien-4-olide (3a). To a solution of
2 (107.3 mg, 0.97 mmol) in CS, (2 ml) was added dropwise
Br, (155mg, 0.97 mmol) at —20°C. After the solution
had become colorless, the CS, was removed in vacuo with
cooling in a water bath. The residue was dissolved in ben-
zene (5 ml) containing a catalytic amount of 2,5-di--butylhy-
droquinone, and to this solution was added DBU (433 mg,
2.91 mmol) with immediate cooling to about —20 °C. The
mixture was stirred for 30 min and warmed gradually to
room temperature over about 5 h. Concentration and chro-
matography (Si0,,!®) hexane-Et,O 3:1) gave 62 mg (58%)
of 3a: bp 52—53 °C/2 Torr (lit,®» 25 °C/0.05 Torr); MS,
mfe (rel int.) 111 (M+41, 8.2), 110 (M+, 100), 82 (29.0),
68 (27.1), 54 (25.4). Spectroscopic properties were identical
with those reported previously.!®

5-Chloro-4-methoxy-2-methyl-2-penten-4-olide (4a). The
electrochemical halogenation was carried out in an undivided
cell fitted with two platinum foil (2.0 1.5 cm?) electrodes.®
A solution of 2a (15 mg, 0.14 mmol) and NH,CI (11.3 mg,
0.21 mmol) in MeOH (4 ml) was electrolyzed under a con-
stant applied voltage of 2.0 V (3.5—6.7 mA/cm?). After 3.0
F/mol of electricity has been passed, the mixture was con-
centrated and the residue was taken up in ether. The
extract was washed with brine and dried (Na,SO,). Evap-
oration of the solvent followed by chromatography (SiO,,
hexane-AcOEt 3:1) gave 21.2 mg (88%) of 4a: bp 88—
89 °C/1.0 Torr; IR (neat) 3040, 1775 (lactone C=0), 1665
cm~! (C=C); 'HNMR (100 MHz) ¢ 1.99 (d, J=1.5Hz,
3H, CH,), 3.26 (s, 3H, OCHj;), 3.61 (d, J=12 Hz, 1H,
CHCI), 3.85 (d, J=12Hz, 1H, CHCl), 6.82 (q, J=1.5
Hz, 1H, HC=C); 3CNMR ¢ 10.7 (q, C-2 Me), 48.5 (t,
C-5), 51.7 (q, OMe), 106.7 (s, C-4), 135.8 (s, C-2), 143.5
(d, C-3), 170.4 (s, C-1); MS, m/e (rel int.) 179 (M++2,
0.34), 177 (M+, 0.94), 159 (0.51), 147 (6.9), 145 (21.6),
127 (100), 99 (35.3), 97 (18.3), 79 (17.0), 77 (48.4). Found:
C, 47.56; H, 5.20. Caled for G,H,ClO;: G, 47.61; H,
5.13.

5-Chloro-4-hydroxy-2-methyl-2-penten-4-olide ( Lepiochlorin, 4b).
A solution of 4a (29 mg, 0.16 mmol) in a mixed solution
of dioxane-H,0O-concd HCI (25/10/1 V/V/V, 2 ml) was heat-
ed to reflux for 6 h. The mixture was extracted with ben-
zene—ether (1:1). The usual workup and chromatography
(Si0,,1® hexane~AcOEt 3:1) gave 20 mg (86%) of 4b: mp
69—70 °C (from petroleum ether) (lit,» 68—70 °C,% 74—
74.5 °C); B¥C NMR 6 10.4 (q, C-2 Me), 46.7 (t, C-5), 103.8
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(s, C-4), 134.1 (s, C-2), 145.0 (d, C-3), 172.0 (s, C-1). IR
and 'H NMR spectra were identical with those reported.®
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