0031-9422/85 $3 00+ 0 00

Phytochenustry, Vol 24, No 7, pp 1531-1535, 1985
© 1985 Pergamon Press Ltd

Printed 1n Great Bntain

EREMOPHILENOLIDES FROM PETASITES JAPONICUS

K0 SuGaMa, Koil HAYASHI and HIROSHI MITSUHASHI

Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan
(Received 11 October 1984)

Key Word Index—Petasites japonicus, Compositae; Senecioneae; sesquiterpene lactones; eremophilenolides;
13C NMR; CD spectra.

Abstract—Chemical investigation of the young flower stalks of Petasites japonicus afforded some eremophilenolides,
including a mixture of the two new compounds 68-angeloyloxy-38 8a-dihydroxyeremophil-7(11)-en-12,88-olide and
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6B-angeloyloxy-3,86-dihydroxyeremophil-7(11)-en-12,8x-olide. Their structures were elucidated by chemical and
spectroscopic methods. The '*C NMR signals for the carbon atoms of the eremophilenolides were assigned with the

help of Beierbeck’s parameters. The CD spectra of the compounds are briefly discussed.

INTRODUCTION

Petasites japonicus, which is used both as a food and a
herbal cough remedy, has been previously investigated
and shown to contain eremophilane types of sesquiter-
penes [1-3], bakkenolide derivatives [4] and pyrroli-
zidine alkaloids [5, 6]. It has been reported that 6f-
hydroxyeremophilenolide (1) has anti-histamine activity
[7] and that bakkenolide A has cytotoxic activity [8].
We have now investigated the young flower stalks of
P. japonicus subsp. giganteus Kitam. and isolated 1, a
mixture of 6p,88-dihydroxyeremophil-7(11)-en-12,8a-
olide .(2) and 6f,8a-dihydroxyeremophil-7(11)-en-12,88-
olide (3), 6p-hydroxy-8«-methoxyeremophil-7(11)-en-
12,8f-olide (7), a mixture of 6B-angeloyloxy-38,88-
dihydroxyeremophil-7(11)-en-12,8«-olide (8) and 68-
angeloyloxy-38,8a-dihydroxyeremophil-7(11)-en-12,88-
olide (9), and a mixture of phytosterols. Compounds 8 and
9 are new compounds.

RESULTS AND DISCUSSION

The methanol extract of dried and powdered young
flower stalks of this plant was subjected to CC over silica
gel to yield the eremophilenolides 1-3 and 7-9.

Compound 1, C,sH,,03, mp 202-204°, [«],, +205°,
was identified as 6f-hydroxyeremophilenolide [10, 11] on
the basis of physical and spectral properties. The IR and
the UV spectra showed the presence of an a,p-
unsaturated-y-lactone and a hydroxyl group. The
'H NMR (Table 1) and '3C NMR (Table 2) spectra were
consistent with structure 1. Compound 1 was converted to
eremophilenolide (13) using the method of Naya et al.
[12].

Compounds 2 and 3 could not be separated by CC on
silica gel and displayed 'H NMR signals that were similar
to those of 1 with the exception that a proton at the carbon
next to a lactone group of 1 was absent. The mass
spectrum indicated the presence of two hydroxyl groups,
ie.m/z266[M]*,248[M —H,0]*,230[M —2H,0]*.
The !3C NMR spectrum of the mixture showed the
presence of two compounds. The mixture was treated with
acetic anhydride—pyridine to afford an epimeric mixture,

0™No AV O g
o M/ o g
Ry Ry Ri Ry
2 OH OH 3 OH OH
4 O0Ac OAc 8 0Ac OAc
6 O0OMe OH 7 OMe OH

o
R-I R2 R3 R1
8 O0H O0Ang OH 9 0OH O0Ang OH
10  0Ac 0Ang OAc Il 0Ac 0Ang OAc

Ang = COC(Me)=CH(Me)cis-

which was then separated by CC on silica gel.

The more polar diacetate 4, mp 119-122°, [a], + 62.6°,
was analysed for C,oH,50¢. The mass spectrum of 4
showed the parent ion peak (m/z 350) and the loss of two
acetic acid molecules (m/z 290 and 230). The 'H NMR
spectrum of 4 showed two acetyl methyl groups at §2.01
and 2.04 and the C-15 methyl group as a doublet at 60.85
(J = 5.4 Hz) and the C-14 methyl group as a singlet at
41.01. Naya et al. [13] reported that for 8a-methoxy-
eremophilenolide derivatives the chemical shifts due to C-
14 methyls are downfield from those due to C-15 methyls,
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whereas this relationship is reversed 1n the 88-series. They
also reported that the homoallylic spin-coupling (J
= 1.0-1.5 Hz) between H-6a and C-13 methyls found in
the 8a-series, is absent in the 8f-series. The value of the
optical rotation of the 8f-series, which had a steroidal
conformation, was positive, and that of the 8a-series,
which has a nonsteroidal conformation, was negative. As
mentioned above, the structure of 4 was deduced to be
68,8-diacetoxyeremophil-7(11)-en-12,8«-olide.

The less polar diacetate 5, mp 150-151°, [a], —103.0°,
had the molecular formula C,,H,40¢ by high resolution
mass spectrometry. The spectral data (IR, UV and MS) of
5 were similar to those of 4. In the 'H NMR spectrum of 5,
the C-15 methyl doublet (J =73 Hz) at 61.00 was
downfield of the C-14 methyl singlet at §0.87 and there
was homoallylic coupling (J = 1.5 Hz) between the H-6a
and C-13 methyl protons. The value of the optical rotation
of 5 was negative. Therefore, 5 was deduced to be the 8a-
epimer of 4, and 2 and 3 were deduced to be 68,88-
dihydroxyeremophil-7(11)-en-12,8a-olide and its 8a-
epimer, respectively. Naya et al. [11] reported that pure 2
was isolated from P. japonicus, but in this study the
mixture of 2 and 3 could not be separated.

The mixture of 2 and 3 was treated with sulphuric acid
and methanol to afford the epimers of the 8-methoxy
derivatives. The major, more polar product 6, mp
128-129.5°, [a]p, +174°, had the molecular formula
C,6H3240, by high resolution mass spectrometry. The
TH NMR spectrum of 6 indicated the presence of a
methoxyl group as a singlet at 63.32. The other physical
properties of 6 were identical with those of 68-hydroxy-
8f-methoxyeremophil-7(11)-en-12,8a-olide [11]. The
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minor, less polar product 7 was deduced to be the 8a-
epimer of 6 by comparison of the 'H NMR spectra of 6
and 7.

Compound 7, mp 160-162°, [m;lD — 154°, was also ob-
tained from a natural source. The "H NMR spectrum of 7
was identical with those of a compound isolated from the
mixture obtained on methyl ketalization of 2 and 3, and

Table 1 'H NMR data of eremophilenolide derivatives (6 in CDCl,)
H 1* 4t 5+ 6+ Tt 10* 11% 13+ 161
3a 4.99ddd 4.98ddd 385ddd
(30,3.0,29) (11,44,44) (29,29,29)
6o 4.69s 588s 621s 4.52d 499s(br) 5.77s 621d 291d 291d
(10) as) asy (4
88 5.10ddg 468m 4.64m
(11,7.0,1.5)
13 1.85d 198s 1924 191s 2084 1.92s 1.854 1.81d 181s
(1.5) (1.5) (1.9 (1.2)
14 1.12s 10ls 087s 111s 082s 1.30s 097s 1.04s 1.29s
15 0.784d 085d 1.00d 0784 1.02d 0984 0.96d 0874 1014
(6.4) 54 (73 @449 (1) (70) (6.8) (73) (698)
OAc 201s 2.08s 2.04s 2.02s
OAc 2045 219s 2.08s 211s
OMe 332s  3.19s
OAng 191 guint 2.00 quint
12 as)
2.00dq 2.084dq
(7.0, 1.2) (7.3,1.5)
6.12dq 6.274qq
(70,1.2) (73,1.5)
HO-6 2.70d

(10)

Values 1n parentheses are coupling constants (Hz).
*Measured at 200 MHz.
+Measured at 100 MHz.
}Measured at 500 MHz.
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Table 2. '3C NMR data of eremophilenolide denvatives (6 in C;DsN)
C 1 2 3 4 5 6 7 8 9 10 11 13 16
1 26.1 260 290 25.6 284 259 28.7¢ 216 278 21.7 25.5 26.7 223
2 20.2 203 207 19.9 204 20.2 189 287 295 247 26.9 208 29.1
3 309 310 29.0 305 29.0 310 289 718 67.5 734t 703 308 70.7
4 309 294 319 289 325 292 318 334 399 322 3513 300 40.3
5 432 437 46.1 419 445 437 460 428 46.6 420 459 397 402
6 687 702 696 70.8 713 693 696 70.7 71.8 707 717 36.2 374t
7 1638 1576 1635 1502 1548 1565 1609 1543 1580 § 154.1 1614 1617
8 786 1054 § 1041 1053 1082 1073 1056 1052 1040 1051 804 804
9 354 399 402 386 372 39.2 385 398 39.0 383 36.3 353 354
10 342 345 365 350 363 343 36.2 363 360 352 359 401 343
11 1201 1237 § 1294 1263 1268 126.5 § 1280 1301 1271 1205 1202
12 1748 1721 1730 1707 1710 1715 1720 § 1718 170.8 1710 1747 1749
13 85 84 9.2 89 8.7 87 9.3 89 81* 91 84* 8.3 8.4%
14 16.5* 16.6* 189 163* 193 167 158 196 202 186+ 19.8 214 254
15 164* 164* 158 159* 157 16.6* 143 13.5 8.1* 124t 85* 160 13.0t
OMe 51.1 498
OCOCH, 204 204 210 210
OCOCH, 21.6 218 214 218
OCOCH, 1691 1684 1690 168.3
OCOCH, 1697 1700 170.1  169.8
CH,;CH= 20.8 206 20.6 20.6
CH,CH= 1397 1407 1394 1409
-CO0O- 1660 1671 1665 1660
CCOO- 1270 1271 1277 1264
CH,-CCOO 160 160 160 16.0

*.} Assignments may be reversed within each column

T Assignments confirmed by selective 'H decoupling experiments.

§Not observed
Measured as the mixture of 2 and 3, and of 8 and 9

deduced to be 6f-hydroxy-8a-methoxyeremophil-7(11)-
en-12,8f-ohde. Compound 7 may be an artifact by the
methanol extraction procedure used to isolate the
compounds.

Compounds 8 and 9 also could not be separated. The
mass spectrum of the mixture gave a parent ion peak at
m/z 364 and peaks at m/z 346, 264 and 83 (base peak),
indicating successive loss of angelic or tiglic acid and one
molecule of water. The 'H NMR spectrum of this mixture
showed the presence of an angeloyloxyl group as shown
by the typical vinylic proton double doublet at §6.26 (J
= 7.1, 1.2 Hz). The multiplets at §3.82, 4.50, 5.64 and 6.00
were assigned to the protons attached to a carbon bearing
an oxygen atom, respectively. The *3C NMR spectrum of
this mixture revealed the presence of two components.
The mixture was treated with acetic anhydride—pyridine
to afford an epimeric mixture, which was separated by CC
on silica gel to give two compounds 10 and 11.

The less polar diacetate 10, mp 164.5-165°/174.5-175°,
[a]p +83.6°, was analysed for C,,H;,0;5. The mass
spectrum of 10 gave no parent ion peak, however, the ion
peaks at m/z 388, 328 indicated the loss of two acetic acid
molecules. The elimination of 100 mass units and a peak at
m/z 83 showed the presence of an angeloyloxy or a
tigloyloxy group. In the 'H NMR spectrum of 10, the two
methyl singlets at 2.04 and 2.08 were assigned to acetyl
methyl groups. The presence of the angeloyloxy group
was shown by the vinylic methyl quintet at &§1.91
(J = 1.2 Hz), the vinylic methyl doublet quartet at §2.00

(J = 7.0, 1.2 Hz) and the vinylic proton doublet quartet at
06.12 (J = 7.0, 1.2 Hz). As the signal of a methine proton
next to lactone group could not be observed, C-8 was
substituted. As the signal of the proton attached to the C-6
carbon bearing an oxygen atom was observed at 66.00
before and after acetylation, the angeloyloxyl group was
attached to C-6. The signal of a methine proton at C-3
next to the acetoxyl group was observed as a quartet-like
signal at 64.99 (J = 3.0, 3.0, 2.9 Hz) which was of a similar
coupling pattern to that of the H-3a signal of 3p-
hydroxyeremophilenolide [14]. The signal of the C-14
methyl singlet at 61.30 was downfield from that of C-15
methyl doublet at §0.98 (J = 7.0 Hz) and the value of the
optical rotation was positive. These facts suggested that
10 is 6B-hydroxy-3p,8B-diacetoxyeremophil-7(11)-en-
12,8a-olide.

The more polar diacetate 11, mp 144.5-146°, [«],
—92.0°, gave spectral data similar to those of 10. In the
'H NMR spectrum of 11, however, the signal of the C-14
methyl singlet at 60.97 was very close to that of the C-15
methyl doublet at 60.96 (J = 6.8 Hz) and homoallylic
coupling (J = 1.5 Hz) was observed between H-6a and the
C-13 methyl group. A double double doublet at 54.98 (J
= 11, 11, 4.4 Hz) as triplet-like was assigned to the H-3
proton next to the acetoxyl group. In addition to these
facts, the negative value of the optical rotation suggested
that 11 was the 8a-epimer of 10, i.e. 6-angeloyloxy-38,8a-
diacetoxyeremophil-7(11)-en-12,8-olide.

The mixture of compounds 8 and 9 was converted to
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3B-hydroxyeremophilenolide 16 by the method by Naya
et al. [12]. As the '*C NMR data of eremophilenolide
derivatives had been scarcely reported, the signals were
assigned by comparison of the data and selective 'H
decoupled !3C NMR measurements, etc.

In the case of the derivatives in which no oxygen atom
was present on C-3, it was difficult to assign the values
from C-1 to C-3. The caiculated values from C-1 to C-3 of
6 by Beterbeck’s parameters [9] were 628.6, 22.2 and 31.3
each. Those of 7 were §26.7, 22.2, 28.6 each. The
13C NMR data of 6 and 7 and another eremophilenolides
were assigned by reference to these calculated values.

In the !3C NMR data (Table 2), the chemical shifts of
C-1, C-4, C-5, C-7 and C-10 of the 8a-series were down
field from those of the 8f-series. The signals of C-13 in
eremophilenolides were observed at 68.00-9.00. The
signals of C-14 and C-15 in the 8f-series appeared at
nearly 616. The signals of C-15 in the 8a-series also
appeared at nearly 616. The signals of C-14 in the 8p-
series were downfield from those of C-15 in the 8a-series.

The Cotton effects in eremophilenolides obtained in the
present works are summarized in Table 3. In the 88-series
the a,f-unsaturated-y-lactone group has a positive Cotton
effect at about 250 nm whereas in the 8a-series it has
negative Cotton effect in this region. In the case of 6, the
Cotton effect at 228 nm was so strong that the positive
effect at 250 nm was hidden by the absorption at 228 nm.

Table 3 CD maxima (nm) in ethanol

Compound Amay DM
13 221 (+4.62)*
1 220 (+8.97)
16 223 (+458)
4 249 (+4.97) 229 (—2.27)
215 (+1.68)
5 246 (—2.58) 225 (+2.49)
6 228 (+11.5)
7 245 (—4.95) 225 (—2.53)
8 248 (+624) 226 (+0.95)
9 245 (—2.30) 225 (+2.60)

* A¢ values 1n parentheses.

EXPERIMENTAL

Mps (Kofler hot-stage apparatus): uncorr; 'H NMR: 100, 200
or 500 MHz, CDCl, or CsDsN, TMS as int. standard;
13C NMR: 25 or 50 MHz, C;DsN, TMS as int. standard; optical
rotations: CHCl, at room temp; CD: EtOH

Extraction and isolation. Young flower stalks of P japonicus
collected m April 1983, at Nishino n Sapporo-shi, Hokkaido,
Japan were dried, powdered (4.7 kg), and extracted with MeOH
(28 1). The total MeOH extract was filtered and concd in vacuo.
The crude extract (1 kg) was chromatographed on silica gel using
n-hexane, EtOAc and Me,CO The EtOAc fraction (160 g) was
rechromatographed on silica gel eluted with a hexane-Me,CO
gradient. Fraction 6 contained a mixture of sterols (22.3 mg) and
7 (39.5 mg) which were separated by further CC on silica gel.
Fraction 7 gave 1 (508.6 mg) which was purified by CC (silica gel)
Fraction 9 contained a mixture of 2 and 3 (475 mg) and fraction
10 yielded a mixture of 8 and 9 (1.3 g).
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Identification of 1solated compounds. The mixture of sitosterol,
stigmasterol and campesterol was identified by GC/MS (1.5%
OV-17 column at 250°) and comparison with authentic samples

6B-Hydroxyeremophilenolhide (1). Mp 202-204° (EtOH), [a]p
+205° (CHCl;; ¢ 0.86). (Found: C, 71.92; H, 8.78. C,sH;,0,
requires C, 71.97; H, 8.86%.) IR vNuolcm~*- 3450 (OH), 1740,
1710, 1690 (C=CCOO}); UV AECH nm (g): 219 (9600); MS (probe)
70 eV, m/z: 250[M]*,232[M —H,0]*, 141, 126 (100), 123, 109.

Alkaline hydrolysis and methylation of 1. Compound 1
(53.1 mg) was dissolved in 5% KOH-MeOH (8 ml) and the
mixture refluxed for 1 hr under N,. After cooling, the mixture
was diluted with 2M HCI and extracted with Et,O. The
combined Et,O fractions were washed with satd NaCl soln and
dried over Na,SO,. The Et, O fractions were evaporated to give a
dienoic acid (38.3 mg) Methylation of the product with ethereal
CH;N, followed by the usual work up gave 12 as a viscous o1l
(522 mg). IRvCHCLem ™!, 1720 (COOMe), 1660 (C=CCO);
UV AEQH nm (g): 239 (6700); EIMS (probe) 70 eV, m/z- 264
[M]*, 249 (M —Me]*, 232 [M ~ MeOH]*, 217 [232 — Me]*,
204, 177, 162, 135 (100), 107, HRMS m/z: Calc. for C,cH 40,
264.1724. Found 264.1719; 'H NMR (100 MHz; CDCl,): 60.92
(3H,d,J = 6.9 Hz,H-15),1.13 (3H, s, H-14),1 27 (3H,dd,J = 7.1,
1.0 Hz, H-13),2.27 (1H, dd, J = 17, 4.4 Hz, H-9p), 2.69 (1H, ddd,
J =17, 11, 1.5 Hz, H-9a), 365 (3H, s, OMe), 3.70 (1H, ¢, J
=7.1Hz, H-11), 665 (1H, d, J = 1.5 Hz, H-6), !3*C NMR
(25 MHz; CsDsN): 627.2 (1, C-1), 20.6 (¢, C-2), 30.3 (1, C-3), 35.9,
36.2 (each d, C-4, C-10), 39.3 (s, C-5), 156.2 (d, C-6), 137.1 (s, C-7),
197.9 (s, C-8), 39.7 (t, C-9), 39.0 (4, C-11), 1749 (s, C-12), 20.6 (g,
C-13), 16.7, 15.8 (each g, C-14, C-15), 57.7 (g, OMe).

NaBH, reduction of 12. A soln of 110 mg 121n 7 ml MeOH was
reduced with 90 mg NaBH, by stirring for 30 min at room temp.,
diluted with 2 M HCl and extracted with Et,O The washed and
dried extract was evaporated and the residue (102.9 mg) was
purified by silica gel CC (EtOAc-hexane, 17:83, two develop-
ments) The less polar product was 14 (14 6 mg). MS (probe)
70 eV, m/z: 234 [M]*, 219 [M — Me]", 206, 178, 164, 149, 119,
110, 109 (100); 'H NMR (100 MHz; CDCl,): 60.85 (3H, d, J
= 6.4 Hz, H-15), 0.98 (3H, s, H-14), 1.36 (3H, 4, J = 7.6 Hz, H-
13),3.02 (1H,d, J = 7.6 Hz, H-11), 5.00 (1H, dd, J = 7.6, 7.6 Hz,
H-8), 5.68 (1H, s (br), H-6); 13C NMR (25 MHz, C,DsN}): 28.6
(t, C-1),22.0 (¢, C-2), 31.0 (z, C-3), 36.5 (d, C-4), 38.5 (5, C-5), 132.8
(d, C-6), 79.3 (d, C-8), 31.4 {1, C-9), 39.2,40.3 (each d, C-10, C-11),
16.3,19.2,17.0 (each g, C-13, C-14, C-15). The more polar product
was eremophilenolide 13 (38 9 mg). MS (probe) 70 eV, m/z: 234
[M]*, 161, 123 (100), 110, 81.

The mixture of 6B,8B-dihydroxyeremophii-7(11)-en-12,8a-olide
(2) and 6P 8a-dihydroxyeremophil-7(11)-en-12,8f-olide (3). Mp
205-208° (dec ) (EtOAc). MS (probe) 70 eV, m/z. 266 [M] ", 248
[M—H,0]*,230 [M - 2H,0]", 140, 124, 109 (100); '"H NMR
(100 MHz, C;DsN): 60.73 (3H, d-hke, H-15), 0.98 (3H, 5, H-14),
127 (3H,s,H-14),1.84 (3H, 5, H-13),4 80 (1H, m, H-8), 5 60 (1H, 5,
H-6).

Acetylation of the mixture of 2 and 3. Acetylation of 37.1 mg of
the mixture with Ac,O-CsHN for 2 days at room temp
followed by the usual work up and purification by CC on silica
gel (CH,Cl,, two developments) gave two products. The minor,
less polar product was 5 (17 mg). Mp 150-151° (hexane-EtOAc),
[a]p —103° (CHCI;; ¢ 0.52). IR vRuel cm ™+ 1770, 1760, 1730,
1690, 1230; UV AEIOH nm (g): 223 (9700); EIMS (probe) 70 eV,
m/z- 350 [M]*, 308, 290 [M—HOAc]*, 248, 230 [M
—2HOACc]*, 182, 140, 109 (100), 43; HRMS m/z: Calc. for
CyoH,606 350.1692. Found 350.1710. The major, more polar
product was 4 (39.4 mg). Mp 119-122° (Me,CO-hexane), [«],
+62.6° (CHCl,; ¢ 1.04). (Found: C, 6503; H, 741. C,gH,40,
requires C, 65.12; H, 748%,) IR vg}l‘;"‘ cm ™ : 1770, 1750, 1730,
1700, 1240, 990; UV lg‘g" nm (g): 226 (7100); MS (probe) 70 eV,
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m/z. 350 [M]*, 308, 290 [M—HOAc]*, 248, 230 [M
—2HOACc]", 182, 174, 140, 109 (100), 43.

Methyl ketalization of the mixture of 2 and 3. The mixture
(58.8 mg) was dissolved 1n 3%, H,;SO,—MeOH (10 ml), kept
overnight at room temp., and then refluxed for 1 hr. After
cooling, the mixture was neutralized by satd NaHCO; soln and
extracted with Et,O. The extract was washed with 2 M HCl, 59
NaHCO;, satd NaCl soln and dried over Na,SO,. Evaporation
of the solvent gave a residue (55.2 mg), which was chromato-
graphed on silica gel CC (EtOAc-hexane, 23:77, two develop-
ments). The more polar product was 6 (12.1 mg), Mp 128-129.5°
(EtOAc-hexane), [«]p, + 194° (CHCl,; ¢ 0.63). IR vNuelem 1
3450 (OH), 1740, 1680 (C=CCOO); UV AEtOH nm (¢): 219 (4200),
EIMS (probe) 70 eV, m/z: 280 [M] *, 262 [M — H,0]", 248 [M
—MeOH]", 156, 140, 124, 109 (100), HRMS m/z: Calc. for
Ci6H1404 280.1709. Found' 280.1692. The minor, less polar
product was 1dentical with 7 (‘H NMR).

6-Hydroxy-8a-methoxyeremophl-7(11)-en-12,88-olide (7).
Mp 160-162° (Me,CO-hexane), [a], —154° (CHCly; ¢ 1.07).
(Found: C, 68.45; H, 8.49. C,H,,0, requires C, 68.54; H,
8.63%.) IR vNuolcm=1: 3400, 3320 (OH), 1750, 1720, 1680
(C=CCOO); UV AEtOH nm (g): 225 (7400); MS (probe) 70 eV,
m/z: 280 [M]*, 262 [M — H,0]", 248 [M — MeOH]", 156, 140,
124, 109 (100).

The mxture of 6p-angeloyloxy-3p,8p-dihydroxyeremo-
phil-7(11)-en-128x-0lide  (8) and  6B-angeloyloxy-3p,8a-
dihydroxyeremophil-7(11)-en-12,88-olide (9). MS (probe) 70 eV,
m/z. 364 [M]", 346 [M — H,0]", 264 [M —angelic acid]*, 246
[264 —H,0]", 108, 83 [C,H,CO]*(100); 'H NMR (100 MHz;
CDCl;): 6095 (3H, s, H-14), 1.29 (3H, d, J = 7.3 Hz, H-15), 1.73
(3H, s, H-13), 3.82 (1H, m, H-3),4.50 (1H, m, H-3), 5.64 (1H, m, H-
6), 6.00 (1H, m, H-6), 6.29 (1H, dd, J = 7.1, 1.2 Hz, =CH-Me).

Acetylation of the mixture of 8 and 9 Acetylation of 101 mg of
the mixture with Ac,0-CsHsN for 2 days at room temp.
followed by the usual work up and purification by silica gel CC
(EtOAc-hexane, 17:83, two developments) gave two acetates.
The less polar product was 10 (31.9mg). Mp
164 5-165°/174 5-175° (EtOAc-hexane), [a], + 83.6° (CHCl;; ¢
0.45). (Found: C, 64.08; H, 7.23. C,,H;,04 requires C, 64.27; H,
7.19%) IRyNwolem~': 1780, 1750, 1730, 1710, 1650,
UV AE©OH nm (gy 228 (11000); MS (probe) 70 eV, m/z: 406 [M
—42]*, 388 [M—HOAc]*, 328 [M —2HOAc]", 306 [406
—angelic acd]*, 288 [388 —angelic acid]®, 247, 108, 83
{C4H,CO]* (100). The more polar product was 11 (103 1 mg).
Mp 144 5-146° (EtOAc-hexane), [a], —92.0° (CHCl,; ¢ 0.91).
(Found. C, 64.24; H, 7.32. C,,H;,0, requires C, 64.27; H, 7.19%,)
IR vNuol cm = 1: 1770, 1750, 1725, 1700, 1640; UV AECH nm (g).
226 (15000); MS (probe) 70eV, m/z: 406 [M —42]*, 388 [M
—HOAc]*, 328 [M — 2HOAc] ", 306 [406 — angelic acid] *, 288
[388 —angelic acid]*, 247, 228, 174, 108, 83 [C,H,CO]* (100).

Alkaline hydrolysis and methylation of the mixture of 8 and 9.
The mixture (52.2 mg) was dissolved in 5% KOH-MeOH (10 ml)
and refluxed for 1 hr under N,. After cooling, the mixture was
acidified with 2 M HCl and extracted with Et,0. The combined
Et,0 fractions were washed with satd NaCl soln and dried over
Na,SO,. Removal of the solvent gave the residue (45.1 mg). Toa
soln of the residue in 5 ml of Me,CO (5 ml) under N, was added
dry K,COj (30 mg) and Mel (0.4 ml). The reaction was heated at
40° for 5 hr, and every 1 hr additional Mel (0.4 ml) was added.
After removal of the solvent, the residue was partitioned between
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Et;0 (40ml) and 109, K,CO; soln. The Et,O layer was
separated, and washed with satd NaCl soln and dried over
Na,SO,. Removal of the solvent gave a crude crystal of 15
(29.1 mg). Mp 116-116.5° (hexane-EtOAc). IR vNuol cm ™ 1: 3500
(OH), 1700, 1670 (C=CCO), 1630, 1610, 920; EIMS (probe)
70eV, m/z: 278 [M]*, 260 [M —H,0]*, 246 [M — MeOH]*
(100), 228 [246 — H,0]", 174, 124, 90; HRMS m/z: Calc. for
C,6H,,0 278.1528. Found 278.1523; 'H NMR (200 MHz
CDCl,): 61.01 3H,d,J = 7.3 Hz, H-15), 1.29 (3H, 5, H-14), 2.33,
271 (1H each, dd, J = 17, 3.9 Hz, H-9), 3.73 (3H, s, OMe), 3.77
(1H, ddd, J = 12, 9.3, 4.4 Hz, H-3), 5.66, 6.22 (1H each, d, J
= 1.0 Hz, H-13); **C NMR (25 MHz; C;D;N): 526.9 (1, C-1),
28.7(t,C-2),70.0 (d, C-3),44.9 (d, C-4), 40.5 (s, C-5), 157.9 (d, C-6),
139.6,135.9 (each s, C-7, C-11),197.1 (s, C-8), 40.7 (¢, C-9), 36.7 (d,
C-10), 167.0 (s, C-12), 126.3 (¢, C-13), 24.9 (¢, C-14), 8.3 (g, C-15),
51.9 (g, OMe).

NaBH, reduction of 15. A soln of 75 mg 15 in 20 ml MeOH was
reduced with 52.3 mg NaBH, at 0° for 30 min, then at room
temp. for 30 min. After addition of 32.6 mg NaBH,, the mixture
was kept at 60° for 1.5hr, then diluted with 2M HCI and
extracted with Et,O. The washed and dried extract was evap-
orated and the residue (50.5 mg) was purified by silica gel CC
(EtOAc-hexane, 30:70) to afford 16 (25 mg). Mp 154-154.5°
(hexane-EtOAc). EIMS (probe) 70 eV, m/z: 250 [M]*, 232 [M
—H,0]%, 217 [M -~ Me]*, 159, 139, 121 (100), 112; HRMS m/z
Calc. for C,sH,,05 250 1586. Found 250 1578.

Acknowledgement—The authors wish to thank M. Ikura for the
500 MHz 'H NMR measurements.

REFERENCES

1. Naya, K., Hayashi, M., Takagi, 1, Nakamura, S. and
Kobayashi, M. (1972) Bull. Chem. Soc. Jpn 48, 3673.
2. Novotny, L., Kotva, K., Toman, J. and Herout, V. (1972)
Phytochemustry 11, 2795,
3. Neuenschwander, M., Neuenschwander, A., Steinegger, E.
and Engel, P. (1979) Helv. Chim. Acta 62, 609.
4. Shirahata, K., Kato, T. and Kitahara, Y. (1969) Tetrahedron
25, 3179.
5. Yamada, K., Tatematsu, H., Hirata, Y , Haga, M. and Hirono,
I. (1976) Chem. Letters 461.
6. Furuya, T., Hikichi, M. and litaka, Y. (1976) Chem. Pharm
Bull (Tokyo) 24, 1120.
7. Tobinaga, S., Takeuchi, N., Kasama, T., Yamashita, J., Aida,
Y.and Kaneko, Y. (1983) Chem. Pharm. Bull. (Tokyo) 31, 745.
8. Jamieson, G. R, Reid, E. H., Turner, B P and Jamieson, A. T.
(1976) Phytochenustry 18, 1713,
9. Beierbeck, H., Saunders, J. K. and ApSimon,J. W. (1977) Can.
J. Chem. 5§, 2813.
10. Ishn, H., Tozyo, T. and Minato, H. (1966) J. Chem. Soc. 1545.
11. Naya, K., Kanazawa, R. and Sawada, M. (1975) Bull Chem.
Soc. Jpn 48, 3220.
12. Naya, K., Matsumoto, T., Makiyama, M. and Tsumura, M.
(1978) Heterocycles 10, 177.
13. Naya, K., Nogi, N.,, Makiyama, Y., Takashina, H. and
Imagawa, T Bull. Chem. Soc. Jpn 50, 3002.
14. Kitahara, Y., Maeda, S., Ueno, M., Funamizu, M., Kato, T.,
Novotny, L., Herout, V. and Sorm, F. (1977) Chem. Letters
1031.



