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Abstract: (25 ,3R,6S5,7Z)-2,3-Epoxy-7,10-bisaboladiene, a sex pheromone component of the southern
green stink bug, Nezara viridula (L.), was synthesized stereoselectively in four steps (19% overall yield)
from (§)-4-methyl-3-cyclohexene-1-carboxylic acid. This cpoxy bisaboladicnc was converted in three
more steps (64% yield) to its (2R,35,65,7Z)-isomer, another sex pheromone component of the southern
green stink bug, by inverting the configuration of the epoxide ring.

© 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

The southern green stink bug, Nezara viridula (L.), is one of the most notorious agricultural pests
inhabiting most of the tropical and temperate regions of the world. This insect causes significant damage to
production of a wide variety of grain, vegetable, and fruit crops in both quantity and quality. It has been reported
that the sex pheromone released by males of Nezara viridula consists typically of five components: (25,3R,
6S,72)-2,3-epoxy-7,10-bisaboladiene 1, its (2R,3S)-diastereomer 2, (Z)-a-bisabolene, n-nonadecane, and (E)-
nerolidol.1? Interestingly, the ratio of these components varies depending on the habitats of populations of N.
viridula.>? Tt is also known that the pheromonal activity is elicited mainly by the cis- and trarns-(Z)-t-bisabolene
oxide, 1 and 2, respectively.? From the standpoint of the pest management by environmentally sound methods,
the bisabolene oxides, 1 and 2, have been attracting the interest of organic chemists, and five synthetic works
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Scheme 1. Synthetic Plan for 1 and 2.

have been reported to date.36 The previous syntheses, however, seemed to leave some room for improvement
in convenience and/or stereoselectivity, which prompted us to develop a more expeditious and stereoselective
synthetic route to 1 and 2. In our previous communication,” we reported a four-step enantioselective synthesis of

1. In this paper, we describe the details of our previous synthesis and the conversion of 1 to another sex
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Scheme 1. The acid 3 is known to be readily available in large quantity via Helmchen's asymmetric Diels-Ald
reaction.! We envisioned that halolactonization of 3 would produce 4. This lactone 4 would be convertible in a
single step to epoxy ketone 6 through the lactone ring opening with a carbanion (§) stabilized by a substituent Y
and concomitant epoxide ring formation via the resulting vicinal halo alkoxide. The substituent Y incorporated in
the side chain part of the ketone 6 would serve to induce a diastereoselective addition of methyl anion to 6 lcading
to alcohol 7 with a predictable relative stereochemistry between Y and OH. Finally, a stereospecific climination

of Y-OH would produce 1. The configuration of the epoxide ring of 1 would be invertible through a thrcc-stcp
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anion, conversion of the resulting tertiary hydroxyl group into a leaving group, and finally regeneration of the

epoxide ring with the opposite configuration. As described below, we were able 10 accomplish the synthesis 0

and 2 along this simple synthetic plan.

RESULTS AND DISCUSSION
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sodium carbonate in DMF to give y-lactone 9 and 8-lactone 10 in a ratio of 1 : 1.3 in 86% combined yield. These
lactones were separable by silica gel column chromatography, but were used as a mixturce for the next step, since
both of them were considered to lcad to the same intermediate 11 by the following reaction. Thus, the mixture of

9 and 10 was allowed to react with 1-diphenylphosphinyl-4-methyl-3-pentenyllithium generated by the reaction

of 8 with butyllithium? 10 tn give, as ex

at the dlphcnylphosphmyl -substituted position. Next, we attempted the diastereoface-selective addition of

CH3(eCly, preparcd from methyilithium and CeCis,

1117 o 4k £
Oy ¥4 1

to the carbonyl of 11 hoping that the cerium cation
would form a cyclic intermediate as depicted in 13 by chelation with the oxygen atoms of the carbonyl and
diphenylphosphinyl substituent, and then the methyl anion would approach to the carbonyl from the less hindered
a-side of 13 to afford erythro-12.13 However, the reaction resulted in the recovery of a substantial amount
(>50%) of 11, yielding erythro-12 and the corresponding threo-12 in only 13% and 19% yields, respectively,
even when 10 eq. of the reagent was employed. The recovery of 11 was not entirely unexpected because the
doubly activated hydrogen a to both of the carbonyl and thc posphinyl substituent was considered to enolize
poor stereoselectivity in this reaction might be consistent with experimental
ketones posscssing a primary alkyl substituent at the o-position showed only a little erythro-selectivity when
reduced with NaBH4-CeCl3 in contrast to the high erythiro-selectivity observed in the reduction of those having a
secondary «-alkyl substituent (isopropyl or cyclohexyl). Other methyl donors including MeLi, MeMgCl,
MeMgCl-CeCl3,15 MeMnCl,16 Me3Al,16 MeTiCls, 617 1iAlMe4,8 LizZnMes,'® and MeZn(O-n-Bu)31®20 were
also tried, but in all these cases no detectable amount of erythro-12 was obtained, only the recovery of 11 or the
epoxide ring opening being observed. The erythro-phosphinyl alcohol (erhythro-12), obtained as mentioned
above, could be converted in a moderate yield to 1 by treating with sodium hydride in DMF via stercospecific

syn-elimination of diphcnylphosphinic acid according to the literature protocol.1®

In arder o ciinnrecs the analizatinn in the convercinn of & into 7 (Scheme 1) we next chose 14 (Scheme
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mixture of 9 and 10 with the anion derived from 14 (i.e. a-phcnylseleno ketone 15) shouid be more resistant
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to such enolization as observed in 11. In this attempt, however, the addition of 1-phenylseleno-4-methyl-3-
pentenyllithium (16) generated by treatment of 14 with butyllithium?1.22 to the mixture of 9 and 10 did not give

the desired product 185, but afforded 17. The latter (17) was presumed to be produced from 1§ via reductive
climination caused by the attack of the carbanion 16 to the selenium atom of 15 as shown in Scheme 3. This
presumption made us envisage 19 (Scheme 4) as a promising intermediate, which had a carbon-suifur bond
instead of a carbon-selenium bond in 15 and could be more resistant to such a bond cleavage reaction as observed
in 15. Thus, the mixture of 9 and 10 was treated with 1-phenylthio-4-methyl-3-pentenyllithium prepared by
reaction of 18 with butyllithium2*24 to give successfully the desired intermediate 19 in 81% yield as an
inseparable 1 : 1.2 diastercomeric mixture. The addition of methyllithium to 19 gave rhreo-20 in 55% yield,

along with erythro-20 and the starting ketone 19 in 9% and 12% yields, respectively. The threo-selectivity

(threo-20 : erythro-20 = ca. 6 : 1) obseved in this addition reaction could be explained by considering the Felkin-
A e its trta A it 21 Th - il 1
Anh transition state as depicted in 21. The recovery of the substrate 19 seems to be ascribable again to its

enolization, since 19 was recovered even when a large excess of methyllithium was used. Quite fortunately, each

compound produced in this addition reaction could be isolated by a simple silica gel column chromatography, and
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threo-20 was obtained in 55 % isolated yield, as mentioned above (the Rf values of threo-20 and erythro-20:
0.67 and 0.56, respectively; dichloromethane/ethyl acetate = 4 : 1, Merck silica gel 60 F2s4 5715-1M). Finally,
the threo-phenylthio alcohol (threo-20) was subjected to a stereospecific anti-elimination developed by Krief ez
al.> to give 1 in 49% yield, [a]p?? -27.0° (c = 1.2, CH2Cl2), along with some uncharacterized by-products.26
Other elimination conditions such as SOClz2-EtsN-CH2Cl2,% MsCl-EtsN-CH2Cl2, and CsH4(F)NEt-BF4-Lil-
acetone?” were not successful in the present case. The 'H and 13C NMR spectra of 1 were identical to those

previously reported.’? The optical purity of 1 was determined to be 99% by 'H NMR analysis of 22b which

wag nhtained ko thae goae diowiol ancvida ring anening of 1 with di1 I.CO L _NDMON fallawad hu actarification of
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Conversion of the cis-epoxide 1 to the corresponding trans-epoxide 2.

According to the aforementioned synthetic plan, 1 was subjected to the epoxide ring opening reaction
(Scheme 5). Among several conditions tried including NaOAc-AcOH, HCO>H, TFA, H2504-DMSO-H20,%
and KOH-H20-DMSO,? the best result was obtained when 1 was treated with tetrabutylammonium acetate in
acetic acid at 50 °C for 7.5 hours. Under these conditions, f3-acetoxy alcohol 23, the expected trans-diaxial

nenino nroduct. and its recinoisomer 24 were obtained in 949% combined vield in a ratio of 7 - 1. Althouoh these
opening product, and s regioisomer 24 were oblained 1n 4% combined vield In a ratio of Although these
i ienmere ware canarahla hy nranarativa TT (7 thav wears ciithmittad tn tha navt raantinm ag a mivinrs gines hath
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24, was first tried using methanesuifonyi chioride and triethyiamine in dichioromethane.® Jjudging from the
TLC monitoring of the process, the mesylation of 24 into 26 was rapid and clean. On the other hand, the
reaction of 23 was very sluggish and the resulting mesylate 25 gradually changed into the corresponding exo-
methylene compound via the climination of mecthancsulfonic acid before the completion of the mesylation
reaction. When the rcaction was carried out in the presence of pyridine instead of tricthylamine, the climination
leading to the olefinic compound was not significant, but the reaction did not go to completion even after 24

hours. After several other attempts, we could finally find that the mesylation of 23 led cleanly to the completion

af reactinn within 2 hanre at ) °C withont cignificant cide reactinne whon nyridine wa 2 od hv 2 Ao
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S. Kuwahara et al.
a single stereoisomer in 68% yield from the mixture of 23 and 24. The 'H and 13C NMR spectra of 2 were
identical to those reported in the literature.#:6

CONCLUSION

A convenient stereoselective synthesis of 1 was accomplished in 19% overall yield starting from readily

available (S)-4-methyl-3-cyclohexene-1-carboxylic acid. The synthesis consisted of only four steps: 1)
o limbma iz bimane Y ettt ~F th il Al ~ieber .'.“..-J -.“ v tlan 1. (L. -“-..' ac mnn-—"nt“ | A,
DIOHIO1aCoIiZaio 1, &) HHUOUULGLIVLL UL UIC SIUC 11diil ino JICLY Hivory llg tne iactor 1 UpClly allulipaiinca vy

epoxide ring formation; 3) ihreo-selective addition of methyl anion; and 4) stereospecific ansi-elimination. The
configuration of the epoxide ring of 1, which is cis to the side chain, was inverted in three steps to afford the
trans-epoxide 2 in 64% overall yield.

EXPERIMENTAL
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mass specta (70 eV) were measured on a Shimadzu GCMS 9020-DF spectrometer. Optical rotations were
measured with a Jasco DIP-370 polarimeter. Tetrahydrofuran was purified by distilling from benzophenone
ketyl. Dichloromethane was purified by drying with P20s followed by distillation from CaHz. Merck Kieselgel
60 Art 7734 was used for silica gel column chromatography unless otherwise stated.

(15,45, 58)-4-Bromo-4-methyl-6-oxabicyclo[3.2.1 Joctan-7-one (9) and (IR, 4S,6R)-6-bromo-1-methyl-2-
oxabicyclof2.2.2]Joctan-3-one (10). To a stirred mixture of 3 [1.44 g, 10.3 mmol; [&]p? -105° (¢ = 4.00, 95%
EtOH), lit.18] [a]p? -107° (¢ = 4, 95% EtOH)] and sodium carbonate (1.20 g, 11.3 mmol) in DMF (21 ml) was

added dropwise a solution of N-bromosuccinimide (2.00 g, 11.3 mmol) in DMF (11 ml). After stirring in the
Anl, Lo 14 L o4 — o - PR PR == srae AiliceaAd L7 NS MpEEY £ 72 YRS | TOUIgh IRy N | L
dark for 16 h at room temperature, the reaction mixturc was diluted with cther (20 ml) and quenched with sodium

i

hydrogensulfite (2.36 g, 22.6 mmol). The mixture was poured into brinc and cxtracted with cther. The ethereal
solution was washed successively with water and brine, dricd (MgS0O4) and concentrated in vacuo. The residue
was chromatographed over silica gel (25 g, hexane/cthyl acetate = 8:1) to give 1.93 g (86%) of a 1:1.3 mixture of
9 and 10 as a colorless solid. Further chromatographic purification cnabled us to isolate both 9 and 10,
Compound 9: mp 69.0-71.5 °C; [a]p?-11.6° (¢ = 1.00, CH2Cl2); Vmax 1775 (), 1154 (m), 1077 (m), 988 (m),

899 (m); & 1.87 (3H, s), 1.87-1.96 (2H, m), 2.02 (1H, ddd, J = 16.0, 12.0, 7.0 Hz), 2.26 (1H, br dd, J =
16.0,5.0 Hz), 2.38 (1H, dtd, J =12.5, 6.0, 2.5 Hz), 2.65-2.68 (1H, m), 2.76 (1H, d, J=12.5 Hz), 4.60 (1H,

«H110-"Br. 217.9942

)

7

CgH110281Br, 219.9922). Compound 10: mp 83.0-85.5 °C; [OL]D22 -78.5° (¢ = 1.00, CH2C ) Vmax 1760 (5),
1265 (m), 1220 (m), 1052 (m), 1019 (m); 6 1.52 (3H, s), 1.78-1.84 (1H, m), 1.95-2.00 (2H, m), 2.22 (iH,

ddd, J = 14.5, 5.0, 2.5 Hz), 2.40-2.47 (1H, m), 2.62 (1H, br qui, J = ca. 3.0 Hz), 2.68-2.75 (1H, m), 4.05

(1H, ddd, J = 10.5, 5.0, 2.5 Hz); HRMS m/z (M*) 217.9978 (calcd for CsH11027Br, 217.9942) and 219.9872

(calcd for CgH110,3Br, 219.9922).

0 0
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5,5-Bis(phenylseleno)-2-methyl-2-pentene (14). To a stirred solution of lithium diisopropylamide in THF,
prepared by the addition of butyllithium (1.6 M in hexane, 18.6 ml, 30.3 mmol) to a solution of diisopropylamine
(4.24 ml, 30.3 mmol) in THF (50 ml), was added dropwise a solution of bis(phenylseleno)methane? (8.22 g,
25.2 mmol) in THF (40 ml) at 0 °C. After 1 h, a solution of 4-bromo-2-methyl-2-butene (3.05 ml, 26.5 mmol)
in THF (15 ml) was added. The reaction mixture was stirred for 10 min, and then poured into brine. The

mixture was extracted with ether and the ethereal solution was washed successively with water and brine, dried

(MgSO04) and concentrated in vacuo. The residue was chromatographed over silica gel (170 g, hexane) to give
02

9.93 g (99%) of 14: Vmax 3058 (w), 1578 (m), 1477 (s), 1437 (s), 1023 (m), 739 (vs), 690 (vs); d 1.48 (3H, br
s), 1.69 (3H, brs), 2.66 (2H, brdd, J = 6.5, 7.0 Hz), 4.48 (1H, t, J = 6.5 Hz), 5.26-5.31 (1H, tm, J = 7.0
Hz), 7.27-7.30 (6H, m), 7.57-7.59 (4H, m); HRMS m/z (M* - CsHsSeH) 238.0258 (caled for Cr2Hi4Se,
238.0260).

2-Methyl-5-phenylseleno-5-phenylthio-2-pentene (18). To a stirred solution of 14 (2.00 g, 5.08 mmol) in
THF (30 ml) was added dropwise a solution of butyllithium (1.60 M in hexane, 3.80 ml, 6.09 mmol) at -78 "C.
After 1h, asolution of diphenyl disulfide (1.33 g, 6.09 mmol) in THF (6.7 ml) was added and the mixture was

~'U

with water and brine, dried (MgSO4) and concentrated i uo. The residue was chromatographed over silica
gel (50 g, hexane) to give 1.61 g (92%) of 18: Vmax 3060 (w), 1580 (m), 1477 (s), 1437 (s), 1379 (w), 1023
(m), 739 (vs), 690 (vs); 0 1.51 (3H, brs), 1.71 (3H, brs), 2.55-2.67 (2H, m), 4.45 (1H, t, J = 6.5 Hz), 5.28-
5.33 (1H, tm, J = 7.0 Hz), 7.26-7.31 (6H, m), 7.42-7.46 (2H, m), 7.57-7.60 (2H, m); HRMS m/z (M* -

CsHsSe) 191.0891 (caled for C12Hi5S, 191.0894).

(1'S,3'S,4'R)-1-(3',4-Epoxy-4 '-methvlcvcl()hexvl)-S-methvl-Z-nhenvlthi()-4-hexen-]-one (1 9) To a

<
hexanc (‘. 64 M, 6.5 ml, 9.69 mmnl) at -78 °C. After 30 min, a solution of the mixture of 9 and 10, prepared as
P PEGRGURELY i, BN = 1 07 Q Q1 — I S TEITE /O 7 Y oo DT d L s e MRS [ G ¥ § Y. A,
UCSCIIVCU aUUVVe, (1.70 E, 0.01 HHIIOL) 111 1 0OF (7.7 1) wdd auald Adrupwist. 1ne 1 IXIUTC was stirted 1or 30 miin

at -78 °C and then aliowed to warm graduaily to room temperature. The reaction mixture was poured into sat.
NH4Cl aq. and extracted with cther. The cthereal solution was washed successively with water and brine, dried
(MgS04) and concentrated in vacuo. The residue was chromatographed over silica gel (96 g, hexane/ethyl acetate
=14:1) to give 2.37 g (81%) of 19 as a 1:1.2 diastercomeric mixturc at C-2: [a]p®*-72.7° (as a 1:1.24 mixture, ¢
= 1.00, CH2Cl2); Vmax 3060 (w), 2975 (m), 2922 (s), 1707 (vs), 1439 (s), 1379 (m), 839 (m), 746 (m), 692
(m); 8 1.31 (1.35H, s), 1.32 (1.65H, s), 1.35 (0.55H, td, J = 12.0, 4.0 Hz), 1.42-1.48 (1H, m), 1.52 (0.45H,

J=12.0, 4.0 Hz) .61-1.67 (1H, m), 1.67 (1.65H, br s), 1.68 (1

L1

~ n

Hz), 3.64 (0.55H, dd, J = 8.0, 7.0 Hz), 3.68 (0.45H, dd, J = 8.0, 7.0 Hz), 5.03-5.10 (1'r1, m), 7.27-7.3
(3H, m), 7.34-7.37 (2H, m); HRMS nyz (M* - CgHsS) 221.1546 (caled for C14H2102, 221.1541).

(2R* 3R* 1'S,3'S, 4'R)-2-(3',4"-Epoxy-4'-methylcyclohexyl)-6-methyl-3-phenylthio-5-hepten-2-ol
(threo-20). To a stirred solution of 19 (0.792 g, 2.40 mmol) in THF (62 ml) was added dropwisc a solution of



methyiiithium in ether (1.02 M, 7.05 mi, 7.20 mmoi) at -78 "C. The mixture was stirred at -78 °C for 1.5 h and
then at -50 °C for 1.5 h. The mixture was poured into sat. NH4Cl aq. and extracted with ether. The ethereal
solution was washed successively with water and brine, dried (MgSO4) and concentrated in vacuo. The residuc
was chromatographed over silica gel (Katayama Chemical Silica gel 60 K230 W, 230-400 mesh, benzene/cthyl
acetate = 35:1) to give 0.459 g (55%) of threo-20 as a 1:1.2 diastereomeric mixture (Rf = ca. 0.67, Merck Silica
gel 60 Fas4 5715-1M, CH’)Clo/cthyl acetate = 4:1), along with 0.075 g (9%) of the corresponding erythro-
el 60 Fosqa 5715-1M, etate = 4:1). The mixture of threo-

=
2]
EE
o
)
g

g

236.1771 (calcd for C15H2402, 236.1775). Each of the two threo-isomers could be isolated by preparative TLC
(Merck Silica gel 60F254 5744) and showed the following NMR signals. One 2,3-threo-isomer (thc major
isomer): 8 1.14 (3H, s), 1.27 (3H, s), 1.26-1.36 (3H, m), 1.62-1.69 (1H, m), 1.64 (3H, brs), 1.68 (3H, brs),
1.85-1.97 (3H, m), 2.21-2.29 (1H, m), 2.40-2.46 (11, m), 2.48 (1H, s, OH), 2.97 (1H, d, J = 5.0 Hz), 3.25
(1H, dd, J = 11.0, 3.0 Hz), 5.25-5.30 (1H, m), 7.19-7.23 (1H, m), 7.25-7.29 (2H, m), 7.42-7.45 (2H, m).
The other threo-isomer (the minor isomer): 8 1.13 (3H, s), 1.29 (3H, s), 1.34 (1H, td, J = 12.0, 4.0 Hz), 1.45-
1.51 (1H, m), 1.57-1.71 (2H, m), 1.61 (3H, brs), 1.67 (3H, brs), 1.79 (1H, dd, J = 15.0, 11.5 Hz), 1.83-

NEEE i ks NSy H a7

.90 (1H, m), 2.03 (1H, br dt, J = 14.5, 3.0 Hz), 2.21-2.29 (1H, m), 2.38 (1H, s, OH), 2.38-2.45 (1H, m),
Q

o

QITH d F—50 U=\ 396 /10 1,1 J]-Q& 28 Hz) §20.82A /1L =Y 71Q.799 1L =Y T 247 7R
oQir, G, = 3 rniZj, 3..0 (111, 44, v = 7.3, 5.0 1iZj), J..7-3.54% (in, Mj, /.10~/.24 (111, 1}, /.&44-7.20
Vis 2 8} Y ’7 “'\ e B Variaty | N Y
(<H, m), /.42-/7.40 (<K, M).

(25,3R,65,7Z)-2,3-Epoxy-7, 10-bisaboladiene (1). To a stirred suspension of diphosphorus tetraiodide
(2.17 g, 3.82 mmol) in dichloromethanc (28 ml) was added dropwise a solution of threo-20 (1.20 g, 3.47 mmol)
and triethylamine (2.13 ml, 17.34 mmol) at about -10 °C. After 4 h, the reaction was quenched with a mixture of
5% aq. Na2COj3 and 5% aq. Na25203 at ca. -20 °C, and the resulting mixture was filtered through a Celite pad.

The filtrate was cxtracted with cther and the ethereal solution was washed successively with water and brine,

dricd (MgS04) and concentrated in vacuo. The residue was chromatographed over silica gel (Katayama Chemical
Qilira grl AN KWI2Y W 28 o hansona/athyl an cetate = LNty iuas ) VTA 5 IAQON ~F 1. 101322 DT N° - — 1 A
wJiuva 5\.¢l [SATAR A VAT A IRV 5 UUllL\rl.l\rj\/ll _y A Lany e Ar} w EIV\« V.Jisr 5 \_TJ /U} UL K. [“-Jl} ~ iU \L - 1.0U,
CH2Cl2); Vmax 2970 (s), 2920 (s), 2860 (m), 1450 (m), 1435 (m), 1379 (m), 1212 (w), 1120 (w), 1110 (w),

P PR NS e 7 TR e ~TT

1020 (w), 1000 (w), 839 (m), 750 (w), 669 (w); 'H NMR (CD:Clp) & 1.11-1.17 (1H, m), 1.29 (3H, s), 1.45
(1H, qd, J = 13.0, 4.5 Hz), 1.55 (3H, y, J = ca. 1.2 Hz), 1.62 (3H, brs), 1.68 (3H, d, J = ca. 1.2 Hz), 1.68-
1.75 (2H, m), 1.76-1.82 (1H, m), 1.98 (1H, br ddd, J = 14.5, 4.0, 2.0 Hz), 2.41 (1H, tdd, J = 12.0, 6.5, 2.5
Hz), 2.62-2.72 (2H, m), 2.94 (1H, d, J = 5.0 Hz), 5.04-5.08 (2H, m); 3C NMR (CDCl3) $ 17.7, 19.0, 23.2,
23.8,25.7, 26.3, 28.4, 30.7, 34.5, 57.4, 59.4, 123.4, 123.8, 131.4, 138.1; HRMS m/z (M+) 220.1847 (calcd
for C1sH240, 220.1826).

Netormination of the enontiomeric excess of 1T To g stirred soglution of 1 (0 030 ¢ 014 mmaoD) in DMS(O)-

LICICT uriiuUre U e Cridniiianicrit. CALC)) Uy 1. 10U d SULIVU SUIULIUIT UL A (V. .UJV 5y Vel HLUHULY 1H L£1VIGIRS
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water (3 : 3 mi) was added conc. H2504 (10 ul). AIller / n, the reaction mixture was quencnea wiin sat

—~

NaHCO3 aq. and extracted with dichloromethanc. The extract was washed with water and brine, dried (MgSO4)
and concentrated in vacuo. Preparative thin layer chromatography (Merck Silica gel 60F254 13895) of the residue
afforded 13.6 mg of 22a.2 This diol (2 mg) was converted into 22b by treating with (R)-MTPACI (5 ul) and

pyridinc (10 ul) in dichloromethane (50 ul). In the same manner, (x)-1 was also converted to a diastereomeric



mixture of the corresponding MTPA esters. The 'H NMR spectrum of the mixture of MTPA esters derived from
(=)-1 showed two methoxy signals with almost equal intensity at 6 3.56 and & 3.51, while the ratio of the
methoxy signals of 22b derived from 1 was 99.5 : 0.5. Therefore the enantiomeric excess of 1 was estimated to
be 99%.

(2R, 3R,6S8,7Z)-2-Acetoxy-3-hydroxy-7,10-bisaboladiene (23) and (28, 38,68, 7Z)-3-acetoxy-2-hydroxy-
7,10-bisaboladiene (24). A solution of anhydrous tetrabutylammonium acetate (0.547 g, 1.81 mmol) in acetic
acid (4 ml) was mixed with 1 (0.406 g, 1.81 mmol) and the mixture was stirred for 7.5 h at 50 °C. The mixture
was poured into sat. NaHCO3 aq. and extracted with ether. The ethereal solution was washed successively with

water and brine, dried (MgSO4) and concentrated in vacuo. The residue was chromatographed over silica gel (12
g, hexane/ethyl acetate = 7:2) to give 0.479 g (94%) of a 7:1 mixture of 23 and 24: [a]p* -77.6° (as a 7:1
mixture, ¢ = 1.25, CH2Cl2); Vinax 3460 (m), 1721 (s), 1437 (m), 1377 (s), 1241 (s), 1205 (m), 1033 (s); HRMS
myz (M+) 280.2039 (calcd for C17H2803, 280.2037). Both 23 and 24 could be isolated by preparative TLC and
showed the following NMR signals. Compound 23: d 1.19 (3H, s), 1.24 (1H, s, OH), 1.31-1.35 (1H, m),
1.46-1.61 (2H, m), 1.62 (3H, d, J = ca. 1.2 Hz), 1.63 (3H, brs), 1.69 (3H, brs), 1.69-1.80 (2H, m), 1.99
(1H, ddd, J =15.0, 13.0, 3.0 Hz), 2.08 (3H e\ 2.67((2H, brt, J=7.5 Hz\ 274 (1H, tt, =125, 3.5 H7\

&80y B2REEy ¥ EdeRSy AeTeiry wSels RAs A Sl | \ ===y ¥ =3 -
4.

0 (1H, br s), 5.07 (1H, tm, J = 7.5 Hz), 5.10 (1H, tm, J = 7.5 Hz). Comp()und 24:81.37-1.51 (3H, m),
( T

o3 W | I_ £ S DIVEs RN | Y 1 cn1
3H, b

Unw’
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s), 1.60-1.6

-

r s), 1.62 (3H, d, J = ca. 1.2 Hz), 1.63 (3H, brs T
(14, m), 2.06 (3H, s), 2.30 (IH, dt, .J = 13.0, 3.0 Hz), 2.56-2.63 (1H, m), 2.68 (2H, br i,
(1H, dd, J = 12.0, 5.0 Hz), 3.89 (1H, br s, OH), 5.06 (1H, tm,J = 7.5
(2R, 3R,6S, 7Z)- 2-Acetoxy-3-methanesulfonyloxy-7, 10-bisaboladiene (25) and (285, 38,68, 7Z)-3-acetoxy-
2-methanesulfonyloxy-7, 10-bisaboladiene (26). To a stirred solution of the 7:1 mixture of 23 and 24 (0.461 g,
1.65 mmol) in 2,6-lutidine (1.15 ml, 9.87 mm()l) was addced mcthancs‘ulf()nyl chloride (1.15 ml, 14.8 mmol) at 0

°C. After 3 h, the reaction mixture was red into brine and extracted wit

L) SULL‘:{SS}V\/ Jy vy u &4 a 9 1‘117, a .e Qi (&1 11 ;C, Qricgd (A A, 4) g WO
..... = N S ~F N ~F Y .....1 M 2NN 1 N QAN N TTAL (Y 1T AT Fann T (Y 1AAA (o)
EIVE U.J05 g OL d 1 lXtuie Of 25 dnd 26: Vmax SU2> \W ), &40 (111}, 1/40 (>), 1422 /9 L, 1o9F (5,

chromatography, this mixture was used for the next step without further purification.

(2R,3S,68,7Z)-2,3-Epoxy-7,10-bisaboladiene (2). Potassium carbonate (0.652 g, 1.59 mmol) was added
to a solution of the mixture of 25 and 26 (0.563 g, 1.65 mmol) in methanol (17.0 ml). The mixture was stirred
for 3 h at room temperature and then poured into brinc. The mixture was extracted with ether and the ethereal

solution was washed successively with water and brinc, dricd (MgSO4) and concentrated in vacuo. The residue

~ o= 4 allld LULILLIU 1 il

was chromatographed over silica gel (Katayama Chemical Silica gel 60 K230 W, 33 g, benzene/hexane = 2:3)

~ RPN . N S 22 .14 £, [~1._ 2 164 Q° —_ {\/1 ML
to give (.236 g (68% from the mixture of 23 and 24) of 2: [a]p™  --16.8" (c = 1.04, CH:

-

PRV N n

2932 (s), 2862 (m), 1439 (m), 1379 (m), 1357 (w), 1181 (w), 1120 (w), 1035 (w), 1013 (w), 953 (w), 90
(w), 843 (m), 758 (m), 677 (w); H NMR (CDCl>)  1.21-1.33 (2H, m), 1.27 (3H, s), 1.57 (3H, q, J = ca.
1.2 Hz), 1.62 (3H, brs), 1.67 (3H, brd, J = ca. 1.2 Hz), 1.72 (1H, ddd, J = 14.5, 13.0, 2.0 Hz), 1.84-1.89
(3H, m), 2.63 (1H, t, J = 12.0, 4.0 Hz), 2.66 (2H, br t,J = 7.5 Hz), 3.00 (1H, t, J = 2.0 Hz), 5.05 (1H, tm, J
= 7.5 Hz), 5.07 (1H, tm, J = 7.5 Hz); *C NMR (CDCl3) 6 17.7, 19.2, 24.6, 25.7, 26.2, 26.4, 29.2, 29.9,



= = - — ~

30.1, 57.1, 60.8, 123.3, 124.5, 131.4, 137.7; HRMS m/z (M*) 220.1823 (calcd for CysH240, 220.1826).
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