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Several compounds [(±)-3a, (±)-3b, (±)-10, (±)-11, and (±)-12] of the synthetic compounds with those reported for alectrol
showed the proposed structure 3 to be incorrect. Thewith structures related to that proposed for alectrol (3), the

germination stimulant for seeds of parasitic weeds, have synthetic products (±)-3a and (±)-3b showed significant
germination stimulating activity on clover broomrapebeen synthesized. Structure (±)-3a has been solved by X-ray-

crystallographic analysis. Comparison of the 1H-NMR data (Orobanche minor) seeds.

The chemical ecology of harmful parasitic weeds of the
genera Alectra, Striga and Orobanche, which are known to
cause economically important agricultural damage (severe
yield losses in grains and legumes in Africa, Asia and the
U.S.A.), is an interesting problem in that the seeds of such
weeds can recognize their host plants through semiochem-
ical(s) exuded by the host roots. [1] The endeavors of chem-
ists to solve the problem culminated in the isolation and
identification of some germination stimulants such as stri-
gol (1), [2] sorgolactone (2), [3] and alectrol (3, proposed
structure) [4] (Scheme 1), which were given the general name
strigolactones. [5] The former two compounds, 1 and 2, have
been the targets of extensive synthetic studies, as summar-
ized in two recent papers. [6] [7]

Following our synthesis of (±)- and (1)-sorgolactone
Scheme 1. Structures of strigolactones, the germination stimulants(2), [8] [9] we initiated a project to synthesize (±)-alectrol (3).

This compound is of particular interest since its stereo-
chemistry at C-8a has remained unknown.[4] Alectrol is a nary communication. [11] This paper gives full details of the
germination stimulant for the seeds of the root parasites synthesis, 1H-NMR analysis, and biological evaluation of
Alectra vogelii and Striga gesnerioides, and some 300 µg of synthetic compounds with the structure 3.
this compound was isolated from the root exudates col- Our synthetic route to (±)-3a and (±)-3b is shown in
lected from 300,000 Vigna unguiculata, the genuine host Scheme 2. Citral (4) was converted to the known hy-
plant. [4] Alectrol was proposed to possess the structure 3 droxylactone (±)-5 according to Sih et al. [12] and Brooks et
on the basis of a comparison of its spectroscopic properties al. [13] A sufficient amount of the key intermediate (±)-6 was
(UV, IR, 1H NMR, MS and CD) with those reported for then prepared from (±)-5 as reported by Welzel and co-
(1)-strigol, the structure of which has been rigorously de- workers. [14] Epoxidation of (±)-6 with m-chloroperbenzoic
termined by X-ray analysis. [2] [10] We recently reported the acid (mCPBA) gave a mixture of two epoxides, (±)-7 and
synthetic disproof of the proposed structure 3 as a prelimi- (±)-8 (ca. 1:1.5), which could be separated by silica-gel col-

umn chromatography. The structures of these epoxides were[°] Part 2: J. Matsui, M. Bando, M. Kido, Y. Takeuchi, K. Mori,
Eur. J. Org. Chem. 1999, 218322194, preceding paper. assigned on the basis of an X-ray analysis of (±)-3a, which
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side reactions. The two remaining steps, formylation and
alkylation with (±)-4-bromo-2-methyl-2-buten-4-olide, [15]

were carried out according to conventional procedures as
reported previously,[8,9,12,13] to afford a mixture of (±)-3a
and (±)-3b [ca. 1.2:1, as determined by HPLC (silica gel)]
in 78% yield. The two isomers were separated by medium-
pressure liquid chromatography (MPLC, silica gel, hexane/
ethyl acetate, 4:1) to give crystalline (±)-3a and (±)-3b. The

Figure 1. Perspective view of (±)-3astructure (±)-3a could be assigned to the faster-moving iso-
mer with m.p. 2002202°C on the basis of its X-ray analysis.
The slower moving isomer with m.p. 1322134°C was thus
(±)-3b. The spectroscopic properties (1H NMR, 13C NMR, ported for alectrol by Müller et al. [4] Despite the presence

of some contaminants, the low-field region of the spectrumIR and MS) of (±)-3a and (±)-3b were almost identical. A
perspective view of (±)-3a is shown in Figure 1. was of excellent quality and did not match that of our syn-

thetic product (±)-3a. It was thus apparent that the struc-
ture of alectrol was somewhat different from that of 3a. The
remaining possible structure for alectrol was considered to
be 13, with an α-OH group at C-8a.

The isomeric epoxide (±)-8 was also treated with alumi-
num isopropoxide in toluene under reflux for 85 h. The co-
oled mixture was then acidified with 2  HCl and the prod-
ucts were purified by silica-gel column chromatography to
give (±)-11 (4% yield), m.p. 1552157°C, and (±)-12 (67%
yield), m.p. 1292130°C. The structures of (±)-11 and (±)-
12 were assigned on the basis of their 1H-NMR spectra
(COSY). The spectrum of the lactone (±)-11 showed coup-
ling between the signal due to the olefinic proton at C-4
(δ 5 5.36) and the signal due to the proton at C-3a (δ 5
3.59), whereas that of (±)-12 featured a doublet at δ 5 5.68
due to the olefinic proton at C-5, which showed coupling
to the signal due to the proton at C-6 (δ 5 1.9822.18).

Scheme 3 summarizes some of the characteristic 1H-
NMR data of alectrol, together with those of strigol (1), [17]

sorgolactone (2), [8] [9] and the synthetic products (±)-3a,
(±)-10, (±)-11, and (±)-12 (measured in CDCl3). The sig-
nals due to the proton at C-8b in (±)-3a, (±)-10, and (±)-
11 were observed in the range δ 5 4.6524.79, while the
same proton in alectrol was reported to give rise to a signal
at δ 5 5.6, in the same region as found for strigol (δ 5
5.42) and sorgolactone (δ 5 5.49). Although we could not
attach the D-ring to (±)-11 due to the very limited amount
of material available, the δ value of the proton at C-8b in
13 was thought to be similar to that in (±)-11 [cf. δ 5 4.76
in (±)-3a; δ 5 4.79 in (±)-10].[8,17,18] It should be added that
the δ value for the proton at C-3a in alectrol (δ 5 3.45)
differs considerably from that in (±)-3a (δ 5 3.82) and is
even further upfield than that in (±)-11 (δ 5 3.59), the pre-
cursor of (±)-13 in which the proton at C-3a is sandwiched
between the two double bonds. This fact leads us to believe

Scheme 2. Synthesis of (±)-3a and (±)-3b; reagents: (a) mCPBA, that alectrol does not have the structure 13 either.CH2Cl2 [39% of (±)-7 and 60% of (±)-8]; (b) Al(OiPr)3, toluene
Finally, the bioactivities of (±)-3a and (±)-3b as germi-[4% of (±)-11 and 67% of (±)-12]; (c) AcOH, CHCl3 [89% from

(±)-7]; (d) NaH, HCO2Et, Et2O/THF; (e) 1. K2CO3, (±)-4-bromo- nation stimulants were evaluated (Table 1). Seeds of clover
2-methyl-2-buten-4-olide, N-methylpyrrolidone [78%, (±)-3a/(±)- broomrape (Orobanche minor) were used as the test para-3b ø 1.2:1]; 2. MPLC separation

sitic weed seed. [19] Both lactones proved effective in stimul-
ating the germination of the seeds at concentrations of 1024Prof. T. Yokota (Teikyo University) kindly sent us a copy

of the 1H-NMR spectrum (600 MHz, CDCl3) of alectrol to 1026 . This result supports the view that the bioactivity
of these systems as germination stimulants stems from theisolated from the root exudates of red clover, Trifolium prat-

ense. [16] The spectrum was in complete accord with that re- C/D ring part of the molecules. [20]
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(s, C5O), 1170 (m, C2O). 2 1H NMR (300 MHz, CDCl3): δ 5

1.08 (s, 3 H, 8-Me), 1.10 (s, 3 H, 8-Me), 1.3221.54 (m, 2 H, 7-
CH2), 1.67 (m, 2 H, 6-CH2), 1.97 (m, 2 H, 5-CH2), 2.15 (dd, 1 H,
J 5 16.6, J9 5 1.6 Hz, 4-H), 2.32 (dd, 1 H, J 5 18.1, J9 5 4.9 Hz,
3-H), 2.61 (dd, 1 H, J 5 16.6, J9 5 8.5 Hz, 4-H9), 2.79 (dd, 1 H,
J 5 18.1, J9 5 10.3 Hz, 3-H9), 3.00 (m, 1 H, 3a-H), 5.47 (d, 1 H,
J 5 7.3 Hz, 8b-H).

(±)-(3aR*,4aR*,8aS*,8bS*)- and (±)-(3aR*,4aS*,8aR*,8bS*)-8,8-
Dimethyl-4a,8a-epoxy-3,3a,4,4a,5,6,7,8,8a,8b-decahydroindeno[1,2-b]-
furan-2-one [(±)-7 and (±)-8]: To an ice-cooled solution of the un-
saturated lactone 6 (175 mg, 0.85 mol) in CH2Cl2 (12 mL), m-chlor-
operbenzoic acid (mCPBA) (ca. 70%, 272 mg, 1.11 mmol) was care-
fully added in several portions. The resulting mixture was stirred
for 5 h at room temperature, quenched by the addition of satd.
Na2S2O3 solution and satd. NaHCO3 solution, and then extracted
with CH2Cl2. The combined organic layers were successively
washed with satd. NaHCO3 solution, water and brine, and dried
with MgSO4. Evaporation of the solvent gave a crude product,Scheme 3. Selected 1H-NMR data of alectrol and its related com-
which was chromatographed on silica gel (hexane/ethyl acetate, 10:1pounds (measured in CDCl3)
R 4:1) to afford first 113 mg (60%) of (±)-8 (Rf 5 0.65, hexane/
ethyl acetate, 1:1) as colorless crystals, and then 73 mg (39%) of

In conclusion, we have carried out syntheses of several (±)-7 (Rf 5 0.50, hexane/ethyl acetate, 1:1) as colorless needles. The
compounds [(±)-3a, (±)-3b, (±)-10, (±)-11, and (±)-12] with structures of (±)-7 and (±)-8 were deduced following transform-

ation of (±)-7 to (±)-3a, which was analyzed by X-ray crystallogra-structures related to 3, which has been proposed as the
phy. 2 (±)-7: M.p. 1102111°C (hexane/diethyl ether). 2 IR (KBr):structure of alectrol. Detailed comparison of the 1H-NMR
ν̃ 5 2940 cm21 (m, C2H), 1770 (s, C5O), 1180 (m, C2O), 1040data of the synthetic compounds with those reported for
(m, C2O). 2 1H NMR (300 MHz, CDCl3): δ 5 1.03 (m, 1 H, 7-alectrol has shown the proposed structure 3 to be incorrect.
H), 1.12 (s, 3 H, 8-Me), 1.17 (s, 3 H, 8-Me), 1.3121.52 (m, 3 H, 6-The results in this paper highlight the importance of or-
CH2 and 7-H9), 1.8922.03 (m, 1 H, 5-H9), 1.91 (m, 1 H, 5-H), 1.98ganic synthesis in the structure elucidation of a scarce natu-
(dd, 1 H, J 5 14.6, J9 5 8.2 Hz, 4-H), 2.09 (dd, 1 H, J 5 14.6,

ral product. J9 5 1.2 Hz, 4-H9), 2.40 (dd, 1 H, J 5 17.9, J9 5 8.8 Hz, 3-H),
2.56 (dd, 1 H, J 5 17.9, J9 5 11.2 Hz, 3-H9), 2.85 (m, 1 H, 3a-H),Table 1. Biological activities of (±)-3a and (±)-3b as germination
5.13 (d, 1 H, J 5 8.6 Hz, 8b-H). 2 C13H18O3 (222.3): calcd. Cstimulants
70.24, H 8.16; found C 70.16, H 8.29. 2 (±)-8: M.p. 61262°C
(diethyl ether). 2 IR (KBr): ν̃ 5 2955 cm21 (m, C2H), 1780 (s,Concentration [] Relative germination of Orobanche minor seeds[a] (%)
C5O), 1175 (m, C2O). 2 1H NMR (300 MHz, CDCl3): δ 5 1.05(±)-3a (±)-3b (±)-strigol
(m, 1 H, 7-H), 1.13 (s, 3 H, 8-Me), 1.21 (s, 3 H, 8-Me), 1.3621.53
(m, 3 H, 6-CH2 and 7-H9), 1.47 (dd, 1 H, J 5 13.9, J9 5 7.8 Hz,1024 90.9 ± 2.5 92.5 ± 2.0 2

1026 83.7 ± 2.4 88.3 ± 1.7 2 4-H), 1.7621.98 (m, 2 H, 5-CH2), 2.31 (d, 1 H, J 5 17.0 Hz, 3-H),
1028 1.2 ± 0.7 15.9 ± 2.8 94.4 ± 1.4 2.40 (dd, 1 H, J 5 13.9, J9 5 8.3 Hz, 4-H9), 2.59 (m, 1 H, 3a-H),10210 0 0 89.0 ± 1.6

2.67 (dd, 1 H, J 5 17.1, J9 5 8.3 Hz, 3-H9), 4.88 (d, 1 H, J 5

5.4 Hz, 1-H). 2 C13H18O3 (222.3): calcd. C 70.24, H 8.16; found C[a] Control, 0%.
69.76, H 8.09.

(±)-(3aR*,8aS*,8bS*)-8,8-Dimethyl-8a-hydroxy-3,3a,5,6,7,8,8a,8b-
octahydroindeno[1,2-b]furan-2-one [(±)-10]: A mixture of the epox-
ide (±)-7 (222 mg, 1.0 mmol) and aluminum isopropoxide (1.02 g,Experimental Section
5.0 mmol) in toluene (15 mL) was refluxed for 5 h under argon.

General: Boiling points and melting points (Yanaco MP-S3): Un- The cooled reaction mixture was then treated with 2  HCl and
corrected values. 2 IR: Shimadzu FT-IR 8100 or Jasco IRA-102. extracted with ethyl acetate. The combined organic layers were
2 1H NMR: Jeol JNM-EX 90A (90 MHz), Jeol JNM-EX 270L washed with water and brine, and dried with MgSO4. Evaporation
(270 MHz), Bruker DPX 300 (300 MHz), or Jeol JNM-LA 400 of the solvent under reduced pressure gave the crude diol (±)-9,
(400 MHz) (TMS at δH 5 0.00, CHCl3 at δH 5 7.26 as internal isopropyl 1,7a-dihydroxy-7,7-dimethyl-1,4,5,6,7,7a-hexahydro-2H-
standards). 2 13C NMR: Jeol JNM-EX 270L (67.8 MHz), Bruker inden-2-ylacetate, as a yellowish oil, which was sufficiently pure for
DPX 300 (75.5 MHz), or Jeol JNM-LA 400 (100.4 MHz) (CDCl3 use in the subsequent step without further purification. 2 nD

24 5
at δC 5 77.0 as internal standard). 2 MS: Jeol JMX-DX 303 1.4989. 2 IR (film): ν̃ 5 356023300 cm21 (s, O2H), 2950 (s,
(70 eV). 2 CC: Merck Kieselgel 60 Art 1.07734. 2 TLC: 0.25 mm C2H), 1730 (s, C5O), 1370 (s, O2H), 1300 (s, O2H), 1175 (s,
Merck silica gel plates (60F-254). C2O), 1110 (s, C2O). 2 1H NMR (270 MHz, CDCl3): δ 5 0.75

(s, 3 H, 7-Me), 0.93 (s, 3 H, 7-Me), 1.08 (m, 1 H, 6-H), 1.16 [d, 3 H,(±)-(3aR*,8bS*)-8,8-Dimethyl-3,3a,4,5,6,7,8,8b-octahydroindeno-
[1,2-b]furan-2-one [(±)-6]: According to the procedure of Welzel et J 5 6.3 Hz, 2CH(CH3)2], 1.17 [d, 3 H, J 5 6.3 Hz, 2CH(CH3)2],

1.2821.63 (m, 2 H, 5-CH2), 1.83 (td, 1 H, J 5 13.4, J9 5 4.3 Hz,al., [14] 8,8-dimethyl-5-hydroxy-3,3a,4,5,6,7,8,8b-octahydroindeno-
[1,2-b]furan-2-one (5), prepared from citral (4) in 8 steps, [8] [9] was 6-H9), 2.0422.23 (m, 2 H, 4-CH2), 2.33 (dd, 1 H, J 5 15.8, J9 5

5.3 Hz, 2CHaHbCO22), 2.44 (dd, 1 H, J 5 15.8, J9 5 8.3 Hz,transformed to the deoxylactone (±)-6 in 2 steps (64%); m.p.
40241°C (hexane) [ref. [14] 43245°C]. 2 IR (KBr): ν̃ 5 1760 cm21 2CHaHbCO22), 2.7822.92 (m, 1 H, 2-H), 2.88 (s, 1 H, 7a-OH),
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3.24 (d, 1 H, J 5 5.6 Hz, 1-OH), 4.23 (dd, 1 H, J 5 7.6, J9 5 6.8 Hz, 8b-H), 5.35 (br. s, 1 H, 4-H), 6.16 (t, 1 H, J 5 1.2 Hz, 29-

H), 6.94 (t, 1 H, J 5 1.5 Hz, 39-H), 7.40 (d, 1 H, J 5 2.1 Hz, 9-5.6 Hz, 1-H), 4.93 [quint, 1 H, J 5 6.3 Hz, 2CH(CH3)2], 5.20 (s,
1 H, 3-H). 2 13C NMR (22.4 MHz, CDCl3): δ 5 21.7, 21.7, 22.6, H). 2 13C NMR (75.5 MHz, CDCl3): δ 5 10.7, 21.2, 22.4, 23.7,

24.8, 35.5, 38.1, 45.4, 79.7, 85.2, 100.5, 111.6, 118.8, 135.9, 140.8,23.8, 25.2, 34.8, 36.1, 37.5, 43.9, 67.8, 70.1, 84.3, 124.4, 144.2,
174.0. 2 To a solution of the above diol (±)-9 in CHCl3 (10 mL) 146.6, 150.2, 170.2, 170.5. 2 HRMS: calcd. for C19H22O6 346.1415;

found 346.1414. 2 MS (EI, 70 eV): m/z 5 346 [M1], 328, 290, 249,were added a few drops of acetic acid. The mixture was stirred for
10 d at room temperature and then concentrated under reduced 231, 203, 181, 163, 137, 97, 69, 41. 2 C19H22O6 (346.4): calcd. C

65.88, H 6.40; found C 65.69, H 6.39. 2 (±)-3b: M.p. 1322134°Cpressure. The residue was purified by silica-gel column chromatog-
raphy (hexane/ethyl acetate, 9:1) to afford 197 mg (89%) of (±)-10 (diethyl ether). 2 IR (KBr): ν̃ 5 360023300 cm21 (m, O2H), 2940

(m, C2H), 1775 (s, C5O), 1750 (s, C5O), 1685 (s, C5C), 1355as colorless plates, m.p. 1692170°C (diethyl ether). 2 IR (KBr):
ν̃ 5 3475 cm21 (s, O2H), 2985 (s, C2H), 1770 (s, C5O), 1380 (m, (m, O2H), 1190 (s, C2O), 1095 (s, C2O), 1020 (s, C2O), 960 (s).

2 1H NMR (300 MHz, CDCl3): δ 5 0.78 (s, 3 H, 8-Me), 1.04 (s,O2H), 1195 (s, C2O), 1125 (m, C2O), 1005 (m, C2O). 2 1H
NMR (300 MHz, CDCl3): δ 5 0.77 (s, 3 H, 8-Me), 1.03 (s, 3 H, 8- 3 H, 8-Me), 1.16 (dt, 1 H, J 5 13.3, J9 5 3.1 Hz, 7-H), 1.44 (m, 1

H, 6-H), 1.62 (m, 1 H, 6-H9), 1.93 (td, 1 H, J 5 13.6, J9 5 4.3 Hz,Me), 1.14 (dt, 1 H, J 5 13.4, J9 5 3.1 Hz, 7-H), 1.44 (m, 1 H, 6-
H), 1.63 (m, 1 H, 6-H9), 1.94 (td, 1 H, J 5 13.6, J9 5 4.3 Hz, 79- 7-H9), 2.02 (t, 3 H, J 5 1.5 Hz, 49-Me), 2.21 (m, 2 H, 5-CH2), 2.35

(s, 1 H, OH), 3.82 (d, 1 H, J 5 6.5 Hz, 3a-H), 4.76 (d, 1 H, J 5H), 2.21 (m, 2 H, 4-CH2), 2.39 (dd, 1 H, J 5 18.1, J9 5 2.7 Hz, 3-
H), 2.39 (s, 1 H, OH), 2.73 (dd, 1 H, J 5 18.1, J9 5 9.9 Hz, 3-H9), 6.8 Hz, 8b-H), 5.31 (s, 1 H, 4-H), 6.16 (s, 1 H, 29-H), 6.93 (t, 1 H,

J 5 1.5 Hz, 39-H), 7.38 (d, 1 H, J 5 2.1 Hz, 9-H). 2 13C NMR3.21 (m, 1 H, 3a-H), 4.79 (d, 1 H, J 5 6.4 Hz, 8b-H), 5.23 (s, 1 H,
s, 4-H). 2 13C NMR (75.5 MHz, CDCl3): δ 5 21.1, 22.7, 23.8, (75.5 MHz, CDCl3): δ 5 10.7, 21.1, 22.5, 23.7, 24.8, 35.5, 38.1,

45.4, 79.7, 85.3, 100.4, 111.7, 118.8, 136.0, 140.9, 146.5, 149.8,24.7, 34.5, 35.5, 38.1, 42.5, 82.2, 85.5, 121.3, 147.0, 176.3. 2

C13H18O3 (222.3): calcd. C 70.24, H 8.16; found C 70.28, H 8.24. 170.1, 170.5. 2 HRMS: calcd. for C19H22O6 346.1415; found
346.1403. 2 MS (EI, 70 eV): m/z 5 346 [M1], 290, 249, 231, 203,

(±)-(3aR*,8aS*,8bS*,29R*)- and (±)-(3aR*,8aS*,8bS*,29S*)-3- 181, 163, 137, 97, 69, 41. 2 C19H22O6 (346.4): calcd. C 65.88, H
[(E)-29,59-Dihydro-49-methyl-59-oxo-29-furanyloxymethylene]-8,8-di- 6.40; found C 65.64, H 6.49.
methyl-8a-hydroxy-3,3a,5,6,7,8,8a,8b-octahydroindeno[1,2-b]furan-
2-one [(±)-3a and (±)-3b]: To a stirred suspension of NaH (ca. 60% (±)-(3aR*,8aR*,8bS*)-8,8-Dimethyl-8a-hydroxy-3,3a,5,6,7,8,8a,8b-

octahydroindeno[1,2-b]furan-2-one and (±)-(3aR*,8aR*,8bS*)-8,8-suspension in oil, 51 mg, ca. 1.29 mmol), washed repeatedly with
dry diethyl ether, in dry diethyl ether (2.0 mL) at room temperature Dimethyl-8a-hydroxy-3,3a,4,6,7,8,8a,8b-octahydroindeno[1,2-b]-

furan-2-one [(±)-11 and (±)-12]: A mixture of the epoxide (±)-8under argon, was added a solution of the hydroxylactone (±)-10
(95 mg, 0.43 mmol) in dry diethyl ether (1.5 mL) and dry THF (111 mg, 0.50 mmol) and aluminum isopropoxide (2.04 g, 10 mmol)

in toluene (10 mL) was refluxed for 85 h under argon. The cooled(1.5 mL), followed by ethyl formate (0.60 mL, ca. 3 mmol). After
stirring for 20 h at room temperature, the mixture was acidified reaction mixture was then treated with 2  HCl and extracted with

ethyl acetate. The combined organic layers were washed with brine,with 1  HCl and then extracted with ethyl acetate. The combined
organic layers were washed with water and brine, and dried with dried with MgSO4, and concentrated under reduced pressure. The

yellowish residue thus obtained was chromatographed on silica gelMgSO4. Evaporation of the solvent left a pale-orange solid, which
was washed with ice-cooled diethyl ether to give 110 mg (quant.) (hexane/ethyl acetate, 3:1) to afford 4 mg [4% based on consumed

(±)-8] of (±)-11 (Rf 5 0.26, hexane/ethyl acetate, 1:1) as colorlessof the hydroxymethylene lactone. This was used directly for the
subsequent transformation without further purification. To a crystals, 67 mg [67% based on consumed (±)-8] of (±)-12 (Rf 5

0.27, hexane/ethyl acetate, 1:1) as colorless needles, and 13 mgstirred mixture of the above hydroxymethylene lactone (110 mg,
0.43 mmol) and K2CO3 (119 mg, 0.86 mmol) in anhydrous N-meth- (11%) of the starting material (±)-8. 2 (±)-11: M.p. 1552157°C

(hexane/ethyl acetate). 2 IR (KBr): ν̃ 5 346023400 cm21 (m,ylpyrrolidone (2.0 mL) at room temperature under argon, was ad-
ded a solution of (±)-4-bromo-2-methyl-2-buten-4-olide[15] O2H), 1750 (s, C5O), 1195 (m, C2O), 1165 (m, C2O). 2 1H

NMR (400 MHz, CDCl3): δ 5 1.12 (s, 3 H, 8-Me), 1.20 (s, 3 H, 8-(152 mg, 0.86 mmol) in anhydrous N-methylpyrrolidone (1.0 mL).
After stirring for 18 h at room temperature, the reaction mixture Me), 1.43 (s, 1 H, OH), 1.48 (m, 1 H, 7-H), 1.5221.64 (m, 2 H, 6-

CH2), 1.80 (dd, 1 H, J 5 14.1, J9 5 3.7 Hz, 5-H), 1.87 (m, 1 H, 7-was poured into 1  HCl (10 mL) and extracted with ethyl acetate.
The combined organic layers were washed with water (twice) and H9), 1.95 (dt, 1 H, J 5 13.3, J9 5 3.3 Hz, 5-H9), 2.40 (dd, 1 H, J 5

18.0, J9 5 1.7 Hz, 3-H), 2.74 (dd, 1 H, J 5 18.0, J9 5 9.5 Hz, 3-brine, and dried with MgSO4. Evaporation of the solvent under
reduced pressure gave 116 mg (78%) of a diastereomeric mixture of H9), 3.59 (dddd, 1 H, J 5 9.5, J9 5 5.2, J99 5 1.7, J9999 5 1.5 Hz,

3a-H), 4.65 (dd, 1 H, J 5 5.2, J9 5 0.8 Hz, 8b-H), 5.36 (br s, 1 H,the products (ca. 1.2:1, as determined by HPLC analysis) as a yel-
lowish oil. This mixture was separated by medium-pressure liquid 4-H). 2 13C NMR (100.4 MHz, CDCl3): δ 5 17.4, 28.4, 29.9, 32.8,

33.4, 33.6, 39.7, 41.2, 84.1, 90.0, 125.3, 153.4, 176.2. 2 HRMS:chromatography (MPLC, silica gel, hexane/ethyl acetate, 4:1) to af-
ford first (±)-3a as colorless rods (Rf 5 0.42, hexane/ethyl acetate, calcd. for C13H18O3 222.1256; found 222.1270. 2 MS (EI, 70 eV):

m/z 5 222 [M1], 207, 189, 180, 163, 154, 147, 138, 123, 109, 95,1:1), and then its 29-epimer (±)-3b as colorless plates (Rf 5 0.42,
hexane/ethyl acetate, 1:1). The stereostructures of (±)-3a and (±)- 69, 55. 2 C13H18O3 (222.3): calcd. C 70.24, H 8.16; found C 70.14,

H 8.24. 2 (±)-12: M.p. 1292130°C (hexane/ethyl acetate). 2 IR3b were established following an X-ray analysis of (±)-3a. 2 (±)-
3a: M.p. 2002202°C (diethyl ether). 2 IR (KBr): ν̃ 5 3460 cm21 (KBr): ν̃ 5 3445 cm21 (m, O2H), 1760 (s, C5O), 1210 (m, C2O),

1175 (m, C2O), 1005 (m, C2O). 2 1H NMR (400 MHz, CDCl3):(m, O2H), 2940 (m, C2H), 1785 (s, C5O), 1750 (s, C5O), 1685
(s, C5C), 1350 (m, O2H), 1335 (m, O2H), 1180 (s, C2O), 1090 δ 5 1.06 (s, 3 H, 8-Me), 1.12 (s, 3 H, 8-Me), 1.14 (ddd, 1 H, J 5

13.5, J9 5 5.6, J99 5 3.2 Hz, 7-H), 1.46 (s, 1 H, OH), 1.64 (ddd, 1(s, C2O), 1015 (s, C2O), 955 (m), 870 (m), 750 (m). 2 1H NMR
(300 MHz, CDCl3): δ 5 0.78 (s, 3 H, 8-Me), 1.03 (s, 3 H, 8-Me), H, J 5 13.5, J9 5 9.8, J99 5 5.9 Hz, 7-H9), 1.9822.18 (m, 3 H, 4-

H and 6-CH2), 2.28 (dd, 1 H, J 5 17.8, J9 5 1.7 Hz, 3-H), 2.721.16 (dt, 1 H, J 5 13.4, J9 5 3.2 Hz, 7-H), 1.44 (m, 1 H, 6-H), 1.62
(m, 1 H, 6-H9), 1.95 (td, 1 H, J 5 13.6, J9 5 4.3 Hz, 7-H9), 2.01 (dd, 1 H, J 5 17.8, J9 5 8.5 Hz, 3-H9), 2.97 (m, 1 H, 4-H9), 3.11

(m, 1 H, 3a-H), 4.67 (d, 1 H, J 5 5.2 Hz, 8b-H), 5.68 (d, 1 H, J 5(t, 3 H, J 5 1.2 Hz, 49-Me), 2.22 (m, 2 H, 5-CH2), 2.38 (s, 1 H,
OH), 3.82 (dd, 1 H, J 5 6.8, J9 5 1.3 Hz, 3a-H), 4.76 (d, 1 H, J 5 2.7 Hz, 5-H). 2 13C NMR (100.4 MHz, CDCl3): δ 5 22.9, 22.9,
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