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The stereochemistry of isoepoxyestafiatin was determined to be 18,108:3c,4a-diepoxyguaia-11(13)-
eno-12,6a-lactone by the syntheses of the four possible diastereoisomers 23-26.

Isoepoxyestafiatin was isolated by Bohlmann and Zdero
from Pentazia elegans.® The structure of this compound
was proposed as shown in structure A (Chart I) by them,
but the stereochemistry of the epoxide rings at C; 10 and
Cs,4 and the absolute configuration were not presented in
their paper. This paper gives results of the syntheses of
the four possible diastereoisomers 23-26 of Bohlmann’s
structure of isoepoxyestafiatin with the object of estab-
lishing the structure of isoepoxyestafiatin.

The starting material was the 8,y-unsaturated ketone
2, which can be prepared from a-santonin (1) in 23% yield
in 10 steps (Scheme I).# Selective reduction of the C;-
carbony! group of 2 with LiAl(t-BuO)3H gave 1a-alcohol
3a and 18-alcohol 3b in 9% and 86 % yields, respectively.
Mesylation of 3b with methanesulfonyl chloride in pyridine
gave a mesylate 4in 97 % yield. Solvolytic rearrangement
of 4 in refluxing 0.5 M acetic acid solution of potassium
acetate gave dienes 5 and 6 and an inseparable mixture
of dienes 7 and 8 (1:8) in 2%, 24%, and 36% yields,
respectively (Scheme II). Epozxidation of the mixture of
7 and 8 with 1 molar equiv of m-CPBA gave monoepoxides
9,10,11,12,and 13in5%,22%,36%, 7%, and 5% yields,
respectively.

Compounds 9 and 11 were identical with (118)-18,108-
epoxyguai-3-eno-12,6a-lactone (arborescin) and (115)-1a,-
10a-epoxyguai-3-eno-12,6«-lactone (1,10-epiarborescin),
respectively, whose structures had already been deter-
mined by us unambiguously.t

The stereochemistry of 3,4-epoxides 10 and 12 was
deduced from the following observation in their ZH NMR
spectra (Chart II). The Cq-H resonance of 10 appeared at
0.23 ppm lower field than that of 12. On the contrary, the
Cs-H resonance of 12 appeared at 0.25 ppm lower field
than that of 10. Sinceithasbeenreported thatthe epoxide
function deshields protons that are situated on the same
side of oxygen atom,56 the above-mentioned result strongly
suggests a cis relationship between the Cj4-epoxide ring
and the Cgprotonin 10. An NOE experiment alsosupports
the 8 and « orientation of the epoxide ring in 10 and 12,
respectively.
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Chart 1
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Further epoxidation of the remaining Cs 4-double bond
of 9 gave two stereoisomeric diepoxides 14 and 15 in 14%
and 86% yields, respectively. Since the cis relationship
between the C;4-epoxide ring and Cg-H in 15 was clearly
demonstrated by the comparison of their 'H NMR
spectra®® in which the signal of the Cg-H of 15 appeared’
at0.14 ppm lower field than that of 14, the stereochemistry
of 14 and 15 was depicted as shown in Scheme II.

Epozxidation of the C; 4~-double bond of 11 also gave two
stereoisomeric diepoxides 16 and 17 in 29% and 66%
yields, respectively. The stereochemistry of 16 and 17
was depicted as shown in Scheme II by the analogous
discussion of 'H NMR spectra58 in which the signal of
Ce¢-H of 16 appeared at 0.32 ppm lower field than that of
17.

The stereochemical assignment of diepoxide 14, 15, 16,
and 17 based on the analysis of !H NMR spectra was also
supported by the following independent consideration.

Epoxidation of 38,48-monoepoxide 10 gave two stere-
oisomeric diepoxides 15 and 16 in 32% and 46% yields,
respectively. The compound 15 which was the common
product in epoxidation of 9 and 10 must be 18,108:383,46-
diepoxide considering the stereochemistry of 9 and 10.
The compound 16 which was the common product in
epoxidation of 10 and 11 must be la,10a:33,48-epoxide
considering the stereochemistry of 10 and 11. This
stereochemical assignment is in agreement with that based
on the analysis of the above-mentioned 'H NMR spectra.
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Diepoxides 14-18 were obtained directly from the
mixture of dienes 7 and 8 (Scheme III). Thus, epoxidation
of a 1:8 mixture of 7 and 8 with 2 molar equiv of m-CPBA
gave 14, 15, 16, and an inseparable mixture of 17 and 18
4:1)in2%,23%,25%, and 389% yields, respectively. The
structure of 18 was tentatively assigned as shown in Scheme
ITI by the analysis of '!H NMR of 18 presented in the
Experimental Section.

Phenylselenylation of diepoxides 14-17 with phenylse-
lenyl chloride gave the corresponding phenyl selenides
19, 20, 21, and 22 in 58%, 53%, 55%, and 83% yields,
respectively (Scheme IV). Successive treatment of phenyl
selenides 19, 20, 21, and 22 with 30% H;0, gave the
corresponding o-methylene vy-lactones 23, 24, 25, and 26
in 100%, 80%, 80%, and 86% yields, respectively.

Since 23 was identical with natural isoepoxyestafiatin
in 'H NMR, [alp, and melting point (Table 1),® the
structure of isoepoxyestafiatin was assigned to be 18,-
108:3a,4a-diepoxyguai-11(13)-eno—12,6a-lactone (23) as
depicted in Scheme IV including absolute configuration.

Experimental Section?

(118)-15-Hydroxyeudesm-3-eno-12,6a-lactone (3b). Toa
stirred solution of 2 (637 mg, 1.21 mmol) in THF (30 mL) at 0
°C was added lithium tri-tert-butoxyaluminum hydride (1.96 g,
7.68 mmol). The solution was stirred for 2 h at 0 °C and then
quenched by the addition of 2M HCI (13 mL). The mixture was

Scheme IV

LDA, PhSeCl
$8%

15 LDA, PhSeC!
L —t
531

16 LDA, PhSeC!
55%
17 LDA, PhSeCl Hy0,, AcOH, THF

83% 861

SePh

worked up as usual to give a 1:9 mixture of 3a (tg 4.4 min) and
3b (tg 6.2 min) as a crystalline material (655 mg) by the analysis
of HPLC [column, A; solvent, EtOAc-hexane (3:7); flow rate, 3.1
mL/min].

This crude product was purified by preparative HPLC [column,
C; solvent, EtOAc-hexane (2:8); flow rate, 36 mL/min}.

The first peak (tg 14.4 min) gave 3a (60 mg, 9%).

(7) All melting points are uncorrected. 'H NMR spectra were recorded
at 200 MHz in CDCls unless otherwise stated. *C NMR spectra were
recorded at 50.3 MHz in CDCl;. Reaction run under an atmosphere of
nitrogen. THF was distilled from sodium benzophenone ketyl. CHCl;
was dried over CaCl; and distilled. HMPA, LDA, and pyridine were
distilled from CaHy. HPLC was monitored witha RIdetector. To describe
HPLC conditions, we designate column, solvent, flow rate (mL/min), and
retention time (¢ in min) in this order. The column codes are as follows:
A, 250- X 4-mm i.d. stainless column packed with 10-um silica gel; B, 250-
X 8-mm i.d. stainless column packed with 10-um silica gel; C, 300- X
20-mm i.d. packed with 15-25-um silica gel.
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Table I. Comparison of Physical and 'H NMR Spectral Data of Natural Isoepoxyestafiatin Reported in the Literature and
Compounds 23-26

isoepoxyestafiatin 23
mp 168 °C 168 °C
[«]1%2p (CHCly) +176° +70°
H NMR § (Hz) 600 MHz
10-Me 1.32 (s) 1.30 ()
4-Me 1.70 (s) 1.67 (s)
7-H 2.1 (m) 2.16 (m)
5-H 2.53 (d, 11) 2.50 (d, 11.2)
3-H 3.46 (d, 3.6) 3.44 (d, 3.6)
6-H 4,01 (dd, 9, 11) 3.98 (dd, 9.9, 11.2)
13-H 5.45(d, 3) 5.43 (d, 3.0)
6.21(d, 3) 6.17 (d, 3.5)

The second peak (tg 17.2 min) gave 3b (552 mg, 86%) as
colorless needles: mp 132 °C; IR (KBr) 3525,1750 cm-!;'H NMR
(60 MHz) 50.89 (3H, s, C,p-Me), 1.21 (3H, d,J = 6.5 Hz, C;-Me),
1.82 (3 H, br s, C,-Me), 3.63 (1 H, dd, J = 10.0, 7.0 Hz, C;-H),
3.97 (1 H, br t,J = 10.0 Hz, C¢-H), 5.33 (1 H, m, W}, = 8.0 Hz);
13C NMR 611.08 (q), 12.47 (q), 22.87 (1), 22.29 (q), 32.84 (t), 34.65
1), 40.69 (d), 40.83 (s), 50.65 (d), 53.71 (d), 75.31 (d), 81.30 (d),
121.16 (d), 133.62 (s), 179.55 (8). Anal. Caled for C;sH3:0s: C,
71.97; H, 8.86. Found: C, 71.70; H, 8.82.

(118)-18-(Mesyloxy)eudesm-3-eno-12,6a-lactone (4). To
a stirred solution of 3b (625 mg, 2.50 mmol) in pyridine (20 mL)
was added methanesulfonyl chloride (870 uL, 8.65 mmol). The
mixture was allowed to stand at 0 °C for 20 h, poured into a
saturated aqueous solution of NaCl (150 mL), and stirred for 30
min. The mixture was worked up as usual to give an oil. This
was then chromatographed over silica gel (40 g) and eluted with
a mixture of hexane and ethyl acetate (7:3) to give spectroscop-
ically pure 4 (795 mg, 97%) as a colorless oil: IR (CHCl;) 1769,
1170 cm™!; 'H NMR 6 1.00 (83 H, s, C10-Me), 1.23 (3H,d, J = 7.0
Hz, C;;-Me), 1.83 (3 H, br s, C,-Me), 3.03 (3 H, s, Ms), 3.95 (1 H,
dd,J =10.0,10.0 Hz, C,-H), 4.69 (1 H, dd, J = 9.5, 7.0 Hz, C¢-H),
5.34 (1H, brs, C3-H). [a]?p+41.7° (¢ 1.53,CHCls). Anal.Calcd
for CgH20sS: C, 58.52; H, 7.37. Found: C, 58.35, H, 7.29.

Solvolysis Reaction of 4. Formation of (118)-Guaia-1,3-
dieno-12,6a-lactone (5), (115)-Guaia-3,10(14)-dieno-12,6a-
lactone (6), (115)-Guaia-3,9-dieno-12,6a-lactone (7), and
(119)-Guaia-1(10),3-dieno-12,6a-lactone (8). A mixture of 4
(748 mg, 2.28 mmol) and 0.5 M potassium acetate in acetic acid
(35 mL) was stirred at the refluxing temperature for 25 h and
cooled. The mixture was worked up as usual to give an oily crude
material. This was passed through a short column of silica gel
[25 g, EtOAc-hexane (1:9)] and then separated by HPLC
[column, B; solvent, EtOAc-hexane (5:95); flow rate, 9.9 mL/
min].

. 'The first peak (g 3.8 min) gave 5 (9 mg, 2%) as colorless
crystals: mp 87 °C; IR (CHCl;) 1760 cm-; tH NMR 6 1.09 (3 H,
d, J = 6.2 Hz, Cy-Me), 1.26 (3 H, d, J = 6.8 Hz, C;;-Me), 1.85
@B H, br s, Ci-Me), 3.00 (1 H, br d, J = 10.0 Hz, C5-H), 3.80 (1
H, dd, J = 10.0, 10.0 Hz, CG'H), 5.50 (2 H, m, CrH, Cs-H); [a]”n
-88.4° (¢ 0.73, CHCl;); HREIMS m/e caled for C15H2002 232.1463,
found 232.1457.

The second peak (tg 4.4 min) gave an 8:1 mixture of 8 and 7
as a white powder (193 mg, 36 %): mp 77-80°C; IR (CHClg) 1762
cm-; 'THNMR 61,21 3H,d, J = 7.0,Cy;-Me of 8), 1.23 (3/8 H,
d, J=170 HZ, Cu-Me of 7), 1.71 (3 H, d, J=1.0 HZ, C10-Me of
8), 1.90 (3 H, br s, C(-Me of 8), 2.95 (2 H, m, C;-H of 8), 3.29 (1
H, d, J = 10.0 Hz, Cs-H of 8), 3.65 (1 H, dd, J = 10.0, 10.0 Hz,
Ce-H),4.02 (1/8 H, dd, J = 10.5, 9.5 Hz, Cg-H of 7), 5.43 (1/8 H,
m, C¢-H of 7), 5.50 (1+1/8 H, m, C3-H of 7 and 8); [a]%p +8.9°
(c0.41,CHCl); EIMS (75 eV, 90 °C), m/e (relative intensity) 232
(100, M*). Anal. Calcd for CisH2002: C, 77.55; H, 8.68. Found:
C, 77.03, H, 8.85.

The third peak (tg 5.0 min) gave 6 (129 mg, 24%) as a pale
yellow oil: IR (CHClg) 1760, 1640, 902 cm-!; *H NMR 4§ 1.23 (3
H,d,J = 7.0 Hz, C;;-Me), 1.83 (3 H, br 5, C,-Me), 2.21 (1 H, dq,
J = 11.9, 7.0 Hz, Cy;-H), 2.79 (1 H, dd, J = 9.6, 7.6 Hz, Cs-H),
3.10(1H,ddd,J =17.6,7.6,6.0 Hz,C;-H),3.99 (1 H,dd, J = 9.6,
9.6 Hz, Cs-H), 4.83 (1 H, brs, Cy4-H), 4.88 (1 H, br s, Cy-H), 5.53
(1 H, m, Cs+H); [a]?®p +71.4° (¢ 0.64, CHCl;); HREIMS m/e
caled for CysH00, 232.1463, found 232.1450.

24 25 26

155 °C 107 °C 204 °C

+77° +4.7° +45°

200 MHz 200 MHz 200 MHz
1.30 (s) 1.27 (8) 1.30 (8)

1.69 (s) 1.66 (s) 1.72 (s)

2.28 (m) 2,70 (m) 2.65 (m)
2.49 (d, 10.5) 2.44 (d, 11.0) 2.40 (d, 11.2)
3.31 (brs) 3.44(d, 2.5) 3.44 (s)

4,12 (t, 10.5) 4,14 (¢, 11.0) 3.76 (dd, 10.1, 11.2)
5.42 (d, 3.0) 5.44 (d, 3.5) 5.48 (d, 3.1)
6.16 (d, 3.0) 6.17 (d, 3.5) 6.20 (d, 3.4)

Epoxidation of 8 with 1 Molar Equiv of m-CPBA. The
Formation of (115)-158,108-Epoxyguai-3-eno-12,6a-lactone
(Arborescin, 9), (115)-38,48-Epoxyguai-1(10)-eno-12,6c-lac-
tone (10), (115)-1a,10a-Epoxyguai-3-eno-12,6a-lactone (11),
(118)-3a,4a-Epoxyguai-1(10)-eno-12,6a-lactone (12), and
(115)-9a,10a-Epoxyguai-3-eno-12,6a-lactone (13). A 1:8 mix-
ture of 7 and 8 (171 mg, 0.74 mmol), 80% m-CPBA (159 mg, 0.74
mmol), and CHCl; (2 mL) was allowed to stand at —20 °C for 18
h. The mixture was poured into a mixture of 0.1 M aqueous KI
(7.5 mL) and saturated aqueous NaCl (20 mL) and extracted
with CHCl;. The combined extracts were washed successively
with 0.1 M aqueous NazS;04 (30 mL), saturated aqueous NaHCO3
(2 X 35 mL), and saturated aqueous NaCl (50 mL), dried (Nag-
S0y, and concentrated to give a mixture (1.2:4.7:1.5:7.9:1) of 9
(tr 3.2 min), 10 (tg 3.6 min), 12 ({g 4.3 min), 11 (tg 7.8 min), and
13 (tr 5.8 min) by the analysis of HPLC [column, A; solvent,
EtOAc-hexane (2:8); flow rate, 3.10 mL/min] as an oily crude
product, which was passed through a short column of silica gel
[10 g, EtOAc-hexane (1:9)]. The eluent was then separated by
HPLC [column, B; solvent, EtOAc-hexane (1:9); flow rate, 9.9
mL/min]. The first peak (tg 6.6 min) gave 9 (9.9 mg, 5%) as
colorless crystals: mp 140 °C; IR (CHCly) 1767 cm-!; 'H NMR
61.19 (8H, d, J = 7.0 Hz, C;;-Me), 1.35 (3 H, s, C1¢-Me), 1.93 (3
H, m, C,~-Me), 2.82 (1 H, dm, J = 11.0, Hz, Cs-H), 4.01 (1 H, dd,
J =11.0, 9.5 Hz, C¢-H), 5.56 (1 H, m, Cs-H); 13C NMR 6 12.44
(Q), 18.26 (q), 22.74 (q), 22.87 (1), 33.62 (t), 39.62 (t), 41.01 (d),
52.40 (d), 54.65 (d), 62.58 (s), 72.50 (s), 82.70 (d), 124.67 (d),
140.76 (s), 178.90 (s); [a]%p +60° (¢ 0.09, CHCl); HREIMS my/e
caled for CisH003 248.1413, found 248.1401.

Thesecond peak (¢tg 8.6 min) gave 10 (39.5mg, 22% ) as colorless
crystals: mp 102 °C; IR (CHCly) 1768 cm-!; TH NMR 6 1.21 (3
H, d, J = 7.0 Hz, C;;-Me), 1.62 (3 H, 5, C,-Me), 1.656 3 H, d, J
= 1.0 Hz, Cy-Me), 2.75 (1 H, 4, J = 10.0 Hz, Cs-H), 3.31 (1 H,
d,J = 2.0 Hz, C;-H), 3.88 (1 H, t, J = 10.0 Hz, C¢-H); 13C NMR
(150 MHz) § 12.22 (q), 19.04 (q), 23.83 (q), 27.06 (t), 34.73 (1),
34.78 (t), 41.62 (d), 51.72 (d), 55.22 (d), 64.35 (d), 67.64 (s), 82.24
(d), 138.69 (s), 134.11 (s), 178.33 (8); []*p —5.8° (c 0.29, CHCly).
Anal. Caled for C;sHOg: C, 72.55; H, 8.12. Found: C, 72.29;
H, 8.18.

The third peak (tr 10.6 min) gave 12 (12.4mg, 7% ) as a colorless
oil: IR (CHCl3) 1769 cm-1; 'TH NMR 6 1.22 (3 H, d, J = 7.0 Hz,
Cu-Me), 1.64 (3 H, s, C-Me), 1.67 (3 H, d, J = 1.0 Hz, Cyp-Me),
3.00 (1 H, br d, J = 10.5 Hz, Cs-H), 3.38 (1 H, s, Cs-H), 3.65 (1
H, dd, J = 10.5, 9.5 Hz, C¢-H); 13C NMR (150 MHz) ¢ 12.26 (q),
19.09 (q), 22.56 (qQ), 27.47 (t), 38.54 (t), 34.30 (t), 41.34 (d), 51.91
(d), 57.70 (d), 63.83 (d), 67.20 (s) 80.45 (d), 133.52 (s), 135.29 (a),
178.10 (s); [a]®p +11° (¢ 0.52, CHCl3); HREIMS m/e caled for
CisH2003 248.1412, found 248.1405.

The fourth peak (tg 11.4 min) gave 11 (66.1 mg, 36%) as
colorless crystals: mp 108 °C; IR (CHCly) 1770 em™; 'H NMR
61.22(3H, d, J = 7.0 Hz, C;;-Me), 1.33 (8 H, 5, C1o-Me), 1.94 (3
H,d, J = 1.0 Hz, C-Me), 2.54 (1 H, d, J = 11.0 Hz, Cs-H), 2.86
(1H,brd, J = 18.0 Hz, C;-H), 3.78 (1 H, dd, J = 11.0, 10.0 Hz,
Ce-H), 5.57 (1 H, m, Cg-H); 13C NMR & 12.40 (Cy3), 17.88 (Cyp),
20.63 (Cyy), 25.10 (Cg), 37.63 (Cy), 38.21 (C,), 41.40 (Cyy), 55.27
(Cy), 56.75 (Cs), 62.61 (Cyo), 71.95 (Cy), 84.40 (Cq), 124.30 (Cy),
141.07(C,), 177.94 (Cy2); [a]®5p +36.5° (¢ 0.65, CHClg). HREIMS
m/e caled for CisHzoO3 248.1413, found 248.1402. Anal. Caled
for Cy;sH2003 C, 72.55; H, 8.12. Found: C, 72.29; H, 8.19.

The fifth peak (tg 15.2 min) gave 13 (8.4 mg, 5%) as a colorless
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crystals: mp 143 °C; IR (CHCl;) 1769 em; tH NMR 6 1.22 (3
H, d, J=170 HZ, Cu-Me), 1.34 (3 H, 8, Cm-Me), 1.89 (3 H, m,
Ci-Me), 3.04 (1 H, d, J = 5.0 Hz, Co-H), 3.71 (1 H, dd, J = 9.5,
10.5 Hz, C¢-H), 5.57 (1 H, m, C3-H); [} ®p +25.3° (¢ 0.34, CHCly);
HREIMs m/e caled for C1sHz03 248.1413, found 248,1406.

Epoxidation of 9. Formation of (115)-18,108;3a,4a-Diep-
oxiguaiano-12,6a-lactone (14) and (115)-18,108;38,48-Diep-
oxyguaiano-12,6a-lactone (15). A solution of 9 (6 mg, 0.024
mmol) and 80% m-CPBA (8 mg, 0.036 mmol) in CHCl; (0.2 mL)
was allowed to stand at room temperature for 18 h. The mixture
was treated as mentioned above to give a crystalline crude product
(1:6 mixture of 14 and 15) which was purified by HPLC [column,
A; solvent, EtOAc-hexane (8:7); flow rate, 3.0 mL/min].

The first peak (tr 4.6 min) gave 14 (0.9 mg, 14%): mp 143 °C;
IR (CHClg) 1774 cm™; 'H NMR 6 1.19 3 H, d, J = 7.0 Hz, Cy;-
Me), 1.27 (8 H, s, Ci-Me), 1.62 (3 H, 5, Ci-Me), ca. 1.8 (1 H,
Cs-H), 2.30 1 H, d, J = 159 Hz, C;-H), 238 (1 H,d, J = 11.5
Hz, Cs-H),3.43 (1 H,d,J = 3.8 Hz,Cs-H), 3.98 (1 H, dd, J = 11.5,
8.2 Hz, Ce-H); [2]1%2p +40° (¢ 0.13, CHCly); HREIMS m/e caled
for C1sHg00, 264.1362, found 264.1361.

The second peak (tg 7.8 min) gave 15 (5.5 mg, 86%): mp 167
°C; [a]%p +35° (¢ 0.44, CHCl3); HNMR 4 1.18 3H,d,J=7.0
Hz, Ci;-Me), 1.28 (3 H, s, C1-Me), 1.63 (3 H, s, Ci-Me), 2.34 (1
H, dd, J = 15.3, 1.4 Hz, C,-H), 2.37 (1 H, d, J = 10.0 Hz, C;-H),
3.30 (1 H, br s, Cs-H), 4.12 (1 H, dd, J = 10.0, 10.0 Hz, C¢-H); 13C
NMR 4 12.32 (q), 18.58 (q), 22.56 (t), 22.70 (q), 33.45 (t), 36.45
(t), 41.08 (d), 49.88 (d), 54.27 (d), 59.14 (s), 62.05 (d), 65.28 (s),
69.14 (s), 80.35 (d), 178.79 (s); [a]®p +35° (c 0.44, CHCly);
HREIMS m/e calcd for C;5H200, 264.1362, found 264.1364. Anal.
Caled for C5HO4 C, 68.16; H, 7.62. Found: C, 67.95; H, 7.79.

Epoxidation of 10. Formation of 15and (115)-1a,104;33,48-
Diepoxyguaiano-13,6a-lactone (16). A solution of 10 (16 mg,
0.06 mmol) and 80% m-CPBA (14 mg, 0.06 mmol) in CHCl, (0.5
mL) was allowed to stand at room temperature for 17 h. The
mixture was treated in the usual manner to give an oily crude
product, which was purified by HPLC [column, A; solvent,
EtOAc-hexane (3:7); flow rate, 3.0 mL/min].

The first peak (tg 5.6 min) gave 16 (7.8 mg, 46%) as colorless
crystals: mp 166 °C; IR (CHCl;) 1774 cm-!; 'H NMR 5 1.22 (3
H, d, J = 6.9 Hz, C;;-Me), 1.26 (3 H, s, C1c-Me), 1.64 3 H, s,
CiMe), 1.88 (1 H, ddd, J = 16.0, 3.0, 1.0 Hz, C,-H), 2.29 (1 H,
d, J = 10.5 Hz, Cs-H), 2.34 (1 H, d, J = 16.0 Hz, C,-H), 347 (1
H, d, J = 3.0 Hz, C3-H), 4.07 (1 H, dd, J = 10.5, 10.5 Hz, C¢-H);
13C NMR 4 12.47, 19.60, 21.60, 24.58, 36.09, 37.27, 41.81, 53.03,
53.52, 63.23, 63.48, 68.06, 73.89, 81.00, 177.88; [«]®p +8.7° (¢
0.43, CHCls); HREIMS m/e caled for CisHo50, 264.1362, found
264.1362. Anal. Caled for CisHyO4: C, 68.16; H, 7.62. Found:
C, 67.57; H, 7.49.

The second peak (tg 7.8 min) gave 15 (5.5 mg, 32%).

Epoxidation of 11. Formationof 16 and (115)-14,100;3a,4a-
Diepoxiguaiano-12,6a-lactone (17). A solution of 11 (32 mg,
0.13 mmol) and 80% m-CPBA (28 mg, 0.12 mmol) in CHCl; (1
mL) was allowed to stand at room temperature for 17 h. The
mixture was treated in the usual manner to give an oily crude
product, which was purified by HPLC [column, A; solvent,
EtOAc-hexane (3:7); flow rate, 3.0 mL/min].

The first peak (tg 3.0 min) gave recovered starting material
(5.7 mg, 18%).

Thesecond peak (tg 5.6 min) gave 16 (8.5 mg, 24 %;29% based
on recovered 11).

The third peak (tg 12.4 min) gave 17 (18.4 mg, 54%; 66%
based on recovered 11) as colorless crystals: mp 160 °C; IR
(CHCly) 1775 em-!;'H NMR 6 1.24 (3H, d, J = 7.0 Hz, C,;-Me),
1.29 (3 H, s, C1o-Me), 1.68 (3 H, s, C(-Me), ca. 1.68 (1 H, C;-H),
ca. 2.28 1 H, Cs-H), 3.42 1 H, 8, Cs-H), 8.75 (1 H, dd, J = 11.2,
9.5 Hz, Cs-H); [a]?5p +24° (¢ 0.68, CHCl3); HREIMS m/e calcd
for Ci5Hz00¢ 264.1362, found 264.1365. Anal. Caled for
CisH2004 C, 68.16; H, 7.62. Found: C, 67.43; H, 7.68.

Epoxidation of a 1:8 Mixture of 7 and 8 with 2 Molar
Equiv of m-CPBA. Direct Formation of Diepoxides 14-17
and (118)-3a,42,90,10a-Diepoxyguaia-12,6a-lactone (18). A
1:8 mixture of 7 and 8 (42 mg, 0.18 mmol), 80% m-CPBA (78 mg,
0.36 mmol), and CHCI; (1 mL) was allowed to stand at 20 °C
for 18 h and then treated in usual manner to give a crude oily
product (58 mg), which was separated by HPLC [column, A;
solvent, EtOAc-hexane (3:7); flow rate, 3.0 mL/min].

Ando and Yoshimura

The faster running fraction (tg 2-4 min) gave a mixture of
monoepoxides (5.1 mg, 11%).

The first peak (tg 4.6 min) gave 14 (0.9 mg, 2%).

The second peak (tg 5.6 min) gave 16 (11.3 mg, 26%).

The third peak (tg 7.8 min) gave 15 (10.5 mg, 23%).

The fourth peak (tg 12.4 min) gave a 4:1 mixture of 17 and 18
(17.6 mg, 39%). Pure 18 was separated from the faster running
fraction of the fourth peak by repeated HPLC in the same
conditions. 18, colorless crystals: mp 183 °C; IR (CHCl,) 1772
em; 'THNMR 6 1.23 3H, d, J = 6.7 Hz, C;;-Me), 1.32 (3 H, 8,
Ci0-Me), 1.59 (3 H, 5, C4-Me), ca. 2.05 (1 H, C;-H), ca. 2.25 (1 H,
Cs-H),2.47 (1 H,ddd, J = 15.0, 5.5, 1.8 Hz, Cs-H), 2.69 (1 H, ddd,
J =12.5,6.5, 6.5 Hz, C,-H), 2.99 (1 H, d, J = 5.5 Hz, Cy-H), 3.30
(1H,s, Cs-H), 3.62 (1 H,dd, J = 11.0, 9.5 Hz, C¢-H); [a]%p +44°
(¢ 0.29, CHCl;3); HREIMS m/e caled for C1sH2004 264.1362; found
264.1365.

18,108:3a,4a-Diepoxy-118-(phenylseleno)guaiano-12,6a-
lactone (19). A solution of 14 (1.2 mg, 4.5 umol) in THF (0.2
mL) was slowly added to a cooled (78 °C) solution of lithium
diisopropylamide [prepared from diisopropylamine (6.3 uL, 45
umol) and 1.57 M butyllithium in hexane (25 uL, 39 umol)] in
THF (0.2 mL). After 40 min a solution of phenylselenyl chloride
(8.6 mg, 45 umol) containing HMPA (7.8 uL, 45 umol) in THF
(0.2 mol) was added at -78 °C. The reaction mixture was stirred
at =78 °C for 40 min and then warmed to —40 °C where stirring
was continued for an additional 1 h. The reaction was quenched
by the addition of acetic acid (2.6 uL.). The mixture was worked
up as usual to give an oily crude product, which was separated
by HPLC [column, A; solvent, EtOAc-hexane (3:7); 3.0 mL/
min].

The peak (tg 3.4 min) gave 19 (1.1 mg, 58%) as a pale yellow
oil: IR (CHCls) 1766 cm-1; tH NMR 6 1.29 (8 H, s, C1-Me), 1.48
(3H,s,Cy;-Me), 1.59 (3 H,s,C4-Me), 1.85(1 H,dd, J = 16.8,3.5
Hz,C-H),2.29(1H,d,J = 16.8 Hz, C;-H), 2.34 (1 H,d,J = 11.2
Hz, Cs-H),3.42(1H,d,J = 3.5 Hz, Cs-H),4.29 (1 H,dd, J = 11.2,
9.5 Hz, C¢-H), 7.20-7.48 (3 H, m), 7.59-7.68 (2 H, m); [a]%p +80°
(c 0.09, CHC)3); HREIMS m/e caled for CyH20Se 420.0840,
found 420.0837.

18,108;38,48-Diepoxy-118-(phenylseleno)guaiano-12,6a-
lactone (20). Phenylselenylation of 15 (12 mg, 0.045 mmol) with
phenylselenyl chloride (26 mg, 0.136 mmol), lithium isopropy-
lamide (0.136 mmol), and HMPA (24 uL) by the above-mentioned
analogous method and successive separation of crude product by
HPLC [column, A; solvent, EtOAc—-hexane (3:7); flow rate, 3.0
mL/min] gave 20 (tg 9 min; 10.1 mg, 53%) as colorless crystals:
mp 190 °C;'H NMR 4 1.29 (3 H, 5, C;o-Me), 1.49 (3 H, 8, C11;-Me),
ca. 1.52 (1 H, C-H), 1.66 (3 H, s, C,-Me), 2.34 (1' H, d, J = 10.5
Hz, Cs-H), 3.30 (1 H, s, Cs-H), 4.56 (1 H, dd, J = 10.5, 10.5 Hz,
Ce-H), 7.26-7.48 (3 H, m), 7.57-7.66 (2 H, m); 13C NMR ¢ 18.66
(q), 20.68 (t), 21.99 (q), 22.68 (q), 33.58 (t), 36.46 (1), 49.59 (s),
50.15 (d), 58.44 (d), 58.92 (s), 62.09 (d), 65.38 (s), 69.07 (8), 78.65
(d), 128.94 (d), 129.69 (d), 138.42 (d), 138.42 (8), 175.76 (s); [«]%p
+82° (¢ 0.94, CHCly); HREIMS m/e caled for CyHjyO.Se
420.0840, found 420.0843.

1a,100;38,48-Diepoxy-115-(phenylseleno)guaiano-12,6«-
lactone (21). Phenylselenylation of 16 (8 mg, 0.03 mmol) with
phenylselenyl chloride (17 mg, 0.09 mmol), lithium diisopropy-
lamide (0.09 mmol), and HMPA (16 L, 0.09 mmol) by the above-
mentioned analogous method and successive separation of crude
product by HPLC [column, A; solvent, EtOAc—hexane (3:7); flow
rate, 3.0 mL/min] gave 21 (tr 3.6 min; 7 mg, 55%) as colorless
crystals: mp 245 °C; IR (CHCl;) 1767 cm-!; tH NMR 46 1.29 (3
H, 8, Cm-Me), 1.52 (3 H, 8, Cu-Me), 1.64 (3 H, 8, C4-Me), 2.26 (1
H,d, J = 11.0 Hz, Cs-H), 2.36 (1 H, d, J = 16.0 Hz, C,-H), 8.47
(1H,d,J=3.0Hz,Cs-H),448 (1 H,dd,J = 11.0,11.0 Hz, C¢-H),
7.2-7.48 (3H, m), 7.58-7.68 (2 H, m); [«]%5p +71° (¢ 0.57, CHCly);
HREIMS m/e caled for Co1HoO4Se 420.0840, found 420.0842.

la,10a;3a,4a-Diepoxy-115-(phenylseleno)guaiano-12,6a-
lactone (22). Phenylselenylation of 17 (16 mg, 0.06 mmol) with
phenylselenyl chloride (35 mg, 0.18 mmol), lithium diisopropy-
lamide (0.18 mmol), and HMPA (31 »L, 0.18 mmol) by the above-
mentioned analogous method and successive separation of crude
product by HPLC [column, A; solvent, EtOAc~hexane (3:7); flow
rate, 3.0 mL/min] gave 22 (tr 5 min; 21 mg, 83%) as colorless
crystals: mp 239 °C; 'H NMR 6 1.32 (3 H, s, C;-Me), 1.63 (3 H,
8, C11-Me), 1.68 (8 H, s, C;-Me), 2.23 (1 H, d, J = 11.5 Hz, Cs-H),
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3.43 (1 H, s, Cs-H), 4.09 (1 H, dd, J = 11.5, 9.5 Hz, C¢-H), 7.29—
7.51 3 H, m), 7.58-7.69 (2 H, m); [a]®p +89° (c 0.84, CHCly);
HREIMS m/e caled for Cz;Hz(OSe 420.0840, found 420.0839.
Isoepoxyestafiatin (23). A solution of 19 (0.8 mg, 1.9 mmol)
in THF (0.1 mL) containing acetic acid (1.1 xL, 19 umol) was
treated at 0 °C with 30% Hj0; (5.8 .uL, 57 smol). After the
addition was complete, stirring was continued for additional 2
h at this temperature. The reaction mixture was worked up as
usual to give a crystalline crude material (0.8 mg), which was
purified by HPLC [column, A; solvent, EtOAc-hexane (3:7); flow
rate, 3.0 mL/min]. The peak (¢ 4.8 min) gave 23 (0.5 mg, 100%)
as colorless crystals: mp 168 °C; IR (CHCl,) 1767 cm™'; 'H NMR
(600 MHz) 6 1.30 (3 H, s, Cy0-Me), 1.67 (3 H, 5, C~-Me), 1.86 (1
H, dd, J = 15.9, 3.6 Hz, C;-H), 2.16 (1 H, m, C;-H), 2.31 (1 H,
d, J = 15.9 Hz, C.-H), 2.50 (1 H, d, J = 11.2 Hz, Cs-H), 3.44 (1
H,d, J = 3.6 Hz, C;-H), 3.98 (1 H, dd, J = 11.2, 9.9 Hz, Cs-H),
5.43 (1 H,d,J = 3.0 Hz, C;s-H), 6.17 (1 H, d, J = 3.5 Hz, C;3-H);
[ed22p +70° (¢ 0.05, CHClg); HREIMS m/e caled for CsH;50;
262.1205, found 262.1189. )
18,108;38,48-Diepoxyguaia-11(13)-eno-12,6a-lactone (24).
A solution of 20 (7 mg, 0.017 mmol) in THF (0.2 mL) containing
acetic acid (7 uL, 0.12 mmol) was treated at 0 °C with 30% H,0,
(34 uL, 0.33 mmol). After the addition was complete, stirring
was continued for an additional 2 h at this temperature. The
reaction mixture was treated in the usual manner togive a colorless
oil (4 mg), which was purified by HPLC [column, A; solvent,
EtOAc-hexane (3:7); flow rate, 3.0 mL/min]. The peak (¢t 9.6
min) gave 24 (3.5 mg, 80%) as colorless crystals: mp 155 °C; IR
(CHCls) 1768, 1672 em-1; 'H NMR 6 1.30 (3 H, s, C,0-Me), 1.69
(3 H, 5, C¢-Me), ca. 2.28 (1 H, m, C-H); 249 3 H, d, J = 10.5
Hz, Cs-H), 3.31 (1 H, br s, Cs-H), 4.12 (1 H, dd, J = 10.5, 10.5 Hz,
Ce-H), 542 (1 H,d, J = 3.0 Hz, Cy3-H), 6.16 (1 H, d, J = 3.0 Hz,
Cis-H); [a]®p +77° (¢ 0.29, CHCly); HREIMS m/e caled for
C1sH150, 262.1205, found 262.1201.
1a,10c;368,46-Diepoxyguaia-11(13)-eno-12,6a-lactone (25).
A solution of 21 (3.0 mg, 7 umol) in THF (0.1 mL) containing
acetic acid (3 uL, 0.05 mmol) was treated at 0 °C with 30% H:0,
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(15 uL, 0.14 mmol). After the addition was complete, stirring
was continued for 2h at 0 °C. The reaction mixture was treated
in the usual manner to give a colorless oil (2.3 mg), which was
purified by HPLC [column, A; solvent, EtOAc-hexane (3:7); flow
rate, 3.0 mL/min] to give 25 (1.5 mg, 80%) as colorless crystals:
mp 107 °C; IR (CHCly) 1771, 1670 em-1; 'H NMR 46 1.27 (3 H,
8, C10-Me), 1.66 (3 H, 8, C-Me), 2.44 (1 H, d, J = 11.0 Hz, Cs-H),
¢a.2.70 (1 H, m, C+-H), 3.44 (1 H, d, J = 2.5 Hz, C3-H), 4.14 (1
H,t,J = 11.0 Hz, C¢-H), 544 (1 H, d, J = 3.5 Hz, Cy5-H), 6.17
(1 H, d, J = 3.5 Hz, Cis-H); [a]®p +4.7 °C (¢ 0.23, CHCly);
HREIMS m/e caled for C;sH;504 262.1205, found 262.1202.

1e,100;3a,4a-Diepoxyguaia-11(13)-eno-12,6-lactone (26).
A solution of 22 (7.4 mg, 0.018 mmol) in THF (0.2 mL) containing
acetic acid (7 uL, 0.12 mmol) was treated at 0 °C with 30% H;0,
(36 uL, 0.35 mmol). After the addition was complete, stirring
was continued for an additional 2h at 0 °C. The reaction mixture
was treated in the usual manner to give an oily crude product
(4.7 mg), which was purified by HPLC [column, A; solvent,
EtOAc-hexane (3:7); flow rate, 3.0 mL/min] to give 26 (4.0 mg,
86%) as colorless crystals: mp 204 °C; IR (CHCly) 1772, 1672
em-Y; 'H NMR 4 1.30 (8 H, s, C;-Me), 1.72 (3 H, 8, C,-Me), 1.88
(1H,d,J =155 Hz,C,-H), 2.36 (1 H, d, J = 15.5 Hz, C>-H), 2.40
1H,d, J =112 Hz, Cs-H), 2.65 (1 H, m, C+-H), 3.44 (1 H, s,
Cs-H),3.76 1 H,dd, J = 11.2,10.1 Hz, C¢-H), 548 1 H,d, J =
3.1 Hz, Ci;-H), 6.20 (1 H, d, J = 3.4 Hz, Cy3-H); [«]%p +45° (¢
0.20, CHCly); HREIMS m/e caled for C;sH1504 262.1205, found
262.1198.
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