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Abstract—Twenty-two terpenoids were isolated from Ageratina saltillensis including eighteen new compounds,
namely, 16-hydroxy-3,48-epoxy-58,108-cis-174,20x-cleroda-13(14)-en-15,16-olide, 3,4p,16-trihydroxy-5p,108-cis-
17¢,20a-cleroda-13(14)-en-15,16-olide, 3a,4f-dihydroxy-58,108-cis-17a,20x-cleroda-13(14)-en-15,16-olide, 3o-meth-
oxy-4f8-hydroxy-58,108-cis-172,20a-cleroda-13(14)-en-15,16-olide, ~ 3-oxo0-4f-hydroxy-54,108-cis-17a,20a-cleroda-
13(14)-en-15,16-olide, 2B-hydroxy-3.4f8-epoxy-54,108-cis-17a,20a-cleroda-13(14)-en-15,16-olide. 28-hydroxy-58,108-
cis-17,20a-cleroda-3,13(14)-diene-15,16-olide,  (13Z)-28-hydroxy-58,108-cis-174,20f-cleroda-3,13(14)-diene-15-oic
acid, (13Z)-2-o0x0-5f,108-cis-172,208-cleroda-3,13(14)-diene-15-0oic acid, 3,4f8-epoxy-5p-10f-cis-17x,20a-cleroda-15-oic
acid, 16-hydroxy-3,4f-epoxy-58,108-cis-172,20a-cleroda-15-0l,  84-5'-[5"-hydroxytigloyloxy]-tigloyloxy-3-dehy-
dro-48,15-dihydrozaluzanin C, 8p-5-[5"-hydroxytigloyloxy]-tigloyloxy-48,15-dihydrozaluzanin C, 4-desoxy-3-
desacetoxy-3f-hydroxyprovincialin, 5'-[5"-hydroxytigloyloxy]-5'-hydroxyheliangine, 3f-acetoxyliacylindrolide, 6-
eudesmene-4a-ol and 6,15x-epoxy-18,48-dihydroxyeudesmane. The stereochemistry of one of the four known
compounds, 3,48-epoxy-5f,108-cis-17a,20x-cleroda-13(14)-en-15,16-olide, has been revised by X-ray analysis. The

stereochemistry of four compounds were established by NOE experiments.

INTRODUCTION

Ageratina (tribe Eupatorieae, Compositae) produces a
wide variety of terpenoids including sesquiterpene lac-
tones of the germacrolides, guaianolides and heliangoli-
des types [1-7]. Some species of Ageratina contain ses-
quiterpenes but no sesquiterpene lactones [8] and a few
species contain diterpenes [2, 4, 9, 107]. Here we report 22
terpenoids from Ageratina saltillensis (B. L. Robo} King
& Robinson, of which 13 are diterpenes, seven are
sesquiterpene lactones and two are sesquiterpenes. How-
ever, the dichloromethane extract showed no evidence. of
chromene and thymol derivatives, which are common in
other species of Ageratina. We report here detailed data
for 18 compounds which are new. 3,45-Epoxy-5f,108-cis-
17x,20a-cleroda-13(14)-en-15,16-olide, the major compo-
nent of plants in this population, was previously reported
with an incorrect stereochemistry [5, 11], which has now
been revised on the basis of X-ray analysis. The three
known compounds are 20-hydroxygeranylnerol, 4'-
desoxy-3-desacetoxy-3a-hydroxyprovincialin and liacyl-
indrolide.

RESULTS AND DISCUSSION

Diterpenes (1-13)

'H NMR signals for the methyl groups (Table 1) and
carbon resonances in the '*C NMR spectra of each
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compound (Table 2) suggested that 1-13 are diterpenes.
Moreover, comparison of the 'HNMR, '*C NMR and
mass spectra data of 1 with data for a known compound
[5, 117 indicated that 1 (mp 91°), C,,H;,0;, had been
reported earlier with an incorrect stereochemistry. In
1971 Anthonsen and Bergland obtained 1 from Solidago
shortii and assigned the same configuration as that of the
elongatolides, such as hardwickiic acid, which has a 3,4a-
epoxide in the Sa,108-trans-fused series [11]. In 1986 the
same diterpene was isolated from Ageratina cronquistii
[5] and on the basis of the stereochemistry of known
clerodane diterpenes as well as the results of NOE exper-
iments, the configuration was assigned as a 3,4a-epoxide
in the 58,108-cis-fused series [5]. In the present study 1
was isolated as the major constitutent of A. saltillensis
and X-ray analysis indicated that the structure and con-
figuration of 1 is indeed 3,4 f-epoxy-58,108-cis-17x,20x-
cleroda-13(14)-en-15,16-olide. An ORTEP drawing of 1
with the atom labelling scheme is shown in Fig. 1. The
atomic positional parameters with their equivalent iso-
tropic thermal parameters, the anisotropic thermal par-
ameters, all bond lengths and angles, and the torsion
angles are available from the Cambridge Files. Observed
and calculated structure factors are available upon re-
quest from the fourth author. The main objective in
determining the crystal structure of 1 was to deduce the
absolute configuration as well as the relative configur-
ations at C-3, C-4, C-5, C-8, C-9 and C-10. Although the
absolute configuration could not be determined, the
stereo drawing of the molecule provides the relative
configurations at the previously mentioned carbon
atoms. Atoms O-1, C-19 and C-11 can all be seen occu-
pying the proper axial positions relative to the ring.
These atoms, therefore, are labelled S-substituents; C-17
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is in the equatorial position and so is an a-methyl group.
The H-atom bonded to C-10 is labelled § because it
occupies an axial position relative to the ring. The B-ring
adopts the twisted conformation while the C-ring is
planar as evidenced from by the respective endocyclic
torsion angles. Carbon atoms 2, 3, 4 and § in the A-ring
approach planarity because of the epoxy-ring. Since the
coupling between the signal at §1.62 (H-6a) and that at
0121 was exhibited in the 2D-COSY of 1, the three-
proton singlet at 61.21 could be assigned to Me-19, not to
Me-18 (see ref. [5], p. 421: 2D-COSY Plot of 1). After
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correcting the assignment of Me-18 (61.15) and Me-19
(61.21), the NOE results [5] were consistent with the
result of the X-ray analysis of 1, namely, 3,4f8-epoxy-
58,108-cis-172,200-cleroda-13(14)-en-15,16-olide.

The mass spectrum of 2 exhibited a molecular ion peak
at m/z 334 (7.3%) in accord with a C,,H;,0, formula,
that is, one more oxygen than in 1. The IR spectrum of 2
was similar to that of I except for a hydroxy! absorption
at 3330 cm ™. A hydroxyl group at C-16 clearly followed
from the '"H NMR signal for H-16: a two-proton signal
at 64.73 for 1 corresponded to the one-proton signal at
05.95 for 2, but the stereochemistry at C-16 could not be
determined on the basis of these data. This assignment of
a hydroxyl group at C-16 is strongly supported by the
3C NMR spectrum of 2. most notably by the signal at
599.3 (d) for C-16. The 'H and '*C NMR data for 2
(Tables 1 and 2) indicated that except for the C-16
hydroxyl group compound 2 had the same structure as
1. Therefore, compound 2 is 16-hydroxy-3.4-fi-cpoxy-
5B,108-cis-172,20a-cleroda-13(14)-en-15,16-ohde.

The "H NMR data for 3 (C,,H;,0.) suggested that it
was identical to 2 except for the 3, 4-epoxide being
opened to a dithydroxyl system: d3.00 (d, 5.9, H-3) for 2
(epoxide) and & 3.56 (br s, H-3) for 3 (dihydroxyl system).
This conclusion was supported by the '3C NMR data.
The signals at 6629 (C-3) and 66.5 (C-4) for 2 were
replaced by signals at §76.0 (C-3) and 77.1 (C-4) for 3. If
epoxide 2 is the biogenetic precursor for 3 the 3-hydroxyl
group should be x since opening of the epoxide ring
should give an anti-relationship of the two hydroxy
groups. The 'H NMR data for 3 indicated the same 16-
hydroxy-butenolide side chain at C-9 as in 2. Thus,
we assign 3 as 3o,4f-16-trihydroxy-58.10f-cis-172.20x-
cleroda-13(14)-en-15,16-olide.

The structure of 4 could easily be deduced from the
molecular formula C,,H;,0, ([M]* at m/z 336) and
the'H and *3C NMR spectra (Tables 1 and 2), especially
when these data were compared with the same data for 1
and 3. These comparisons indicated that 4 and 1 have the
same butenolide side chain at C-9 and 4 and 3 have the
same skeletal moiety. Thus, the structure of 4 is 3, 4-
dihydroxy-56,108-cis-17x,20x-cleroda-13(14)-en-15,16-
olide.
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Table 1. '"H NMR data for diterpenes 1-12* (CDCl,, é-scale in ppm, 360 MHz for 1-6 and 10-12, 500 MHz for 7-9)

H 1f 2 31 4 5 6 7 8 9 10 11 12

1 1.40 m 1.40 1.76 1.48 260dd 140m 140

1 129 m 1.29 2.02 2.12 ddd 2.29 1.13m 1.13

2 1.99 m 1.99 2.24 224 412m 414m 430 19m 195

2 1.65 m 1.65 1.65m 1.63

3 2984d 3.00 3.56 brs 3.54 3.00 321d 549dd 520brs 570 299d 297
6a 1.62 m 1.62 1.78 1.67 1.82 1.62 1.60
6b 1.38 m 1.38 1.54 1.51 1.52 1.38 1.30
Ta 1.39 m 1.39 1.40 1.42 1.42 1.39 1.30
7b 144 m 1.44 1.45 1.38 1.38 1.44 1.30

8 1.51'm 1.51 1.45 1.47 1.58 1.51 1.45
10 1.40 m 1.40 1.40 1.50 1.35¢ 192dd 140m 140
11a 201 ddd 215 2.03 2.03 1.52 1.52 1.96 1.68
11b 1.39 m 1.39 1.38 1.36 1.38 1.36 1.30
12a 2.46 brddd 2.51 2.56 2.52 2.52 246 2.46 2.82 ddd 2.67 1.72 br td 1.75
12b 223 br ddd 233 227 227 222 231 1.95ddd 2.05 1.65m 1.60
13 1.87 m

14a 5791t 574 brs 5.80 580¢ 582 5.81 5.82 5.81 5.63 brs 5.60 239dd 200m
14b 212dd 190 m
15 381 m
16a,b 4714 595 brd 596 473d 473 4.73 4.72 4.72 1.87d 185 0964 113
17 079d 0.76 0.80 0.78 079 0.84 0.81 0.84 0804 084 0784 076
18 1155 1.12 1.10 1.10 1.10 0.99 1.21 166d 1.58d 187d 1165 1.16
19 1.21s 1.18 1.22 1.22 1.21 1.05 1.24 1.17 1.02 1.09 1.24 1.24
20 090 s 0.87 0.94 093 0.94 0.87 0.92 1.00 0.70 0.77 0.85 0.84
3-OMe 327 s

4-OH 9.75 s

J{Hz): Compounds 1 and 4-8: 8,17=6.6; 11a, 12a=4; 11a, 12b=13; 12a, 12b,=15.5; 14,16 = 1.2; compounds 1,2,11 and 12: 2, 3
=5.9; compounds 3and 4: 8, 17=66; 11a, 11b=13; 11a, 12a=4; 11a, 12b=13; 123, 12b=15.5; 16, 0H = 6.6; Compound 7: 2, 3=5.9;
compound 8: 2,3=4.9;3,15=0.9; compound 9: 1, 1=12;1,10=2;1,2=2.1;1,2=9;1,10=14; 3,18=1; 8,17=6.2; 11a, 12a=5; 1 1a,
12b=5,11b, 12a=5; 11b, 12b=2; 12a, 12b=12; 14, 16 =1; compound 10: 1, 10=3.1; 1, 1 =17.5; 1, 10=14; 3, 18=1; §, 17=5.9; 11a,
12a=5.1; 11a, 12b=3.9; 12a, 12b=11.8; 14, 16 =1; compound 11: 11b, 12a=4; 12a, 12b=11; 13, 14a=15.6; 13, 14b=8.7; 13, 16 =6.6;

14a, 14b=15; compound 12: 11b, 12a=5; 12a, 12b=13.

*Coupling patterns are not repeated if identical with the proceeding column.

TUsed as a model compound.
1CDCl; + 5% MeOH-d, as solvent.

Four other diterpenes (5-8) also contained an ethyl-
butenolide side chain at C-9 on the basis of 'H and *3C
NMR spectra (Tables 1 and 2). For compound 5 (mass
spectrum: m/z 350 for C,,H;,0,), the presence of a
methoxyl group was evident from the 'H NMR (a three-
proton singlet at 63.27) and !3C NMR spectra (singlet at
057.3). Both 4 and § exhibited similar mass spectral
fragmentation patterns (see Experimental); thus, they
should have similar structures. The structural difference
between 4 and 5§ appears to be the presence of a hydroxyl
group at C-3 for 4 and methoxyl group at the same
position in 5. This conclusion was supported by compari-
son of the 'H and '3C NMR spectra of 4 and § (Tables 1
and 2). Therefore, compound S5 is 3«-methoxy-48-
hydroxy-58, 10f-cis-17a«, 20a-cleroda-13(14)-en-15, 16-
olide.

The TR spectrum of 6 indicated the presence of a
hydrogen-bonded hydroxyl group (vSHS 3200
3600 cm ™!, br). Moreover, from the comparison of the IR
spectrum of 6 with that of 1, it was evident that one more
carbonyl group (1716 cm ™ !, 5) was present in 6. The mass
spectrum of 6 was similar to that of 1 (see Experimental},
thus indicating the presence of a bicyclic clerodane skele-

ton with a butenolide side chain at C-9. The '"HNMR
spectrum of 6 exhibited three methyl singlets and one
methyl doublet and showed no low field signals other
than those for H-14, H-16a, b and a hydroxyl proton
(which was strongly deshielded by hydrogen bonding).
The carbonyl and hydroxyl groups are assigned to C-3
and C-4, respectively, and compound 6 is, therefore,
3-0x0-4p-hydroxy-58,108-cis-172,20x-cleroda-13(14)-en-
15,16-olide.

The 'H and '*C NMR spectral data for 7 (mass spec-
trum: my/z 334 for C,yH,00,) suggested that 7 had a
skeleton similar to that of 1. The IR spectrum of 7
indicated the presence of one hydroxyl group (v§iS':
3470 cm ™~ !); this was supported in the 'HNMR spec-
trum by a signal at §4.12 (br s). The hydroxyl could be
assigned to C-2 from the 'H and '3C NMR spectral data
(Tables 1 and 2), which showed clearly that 7 and 2a,16-
dihydroxy-3a,4a-epoxykolavenic-15-acid lactone [12]
are epimers. The relative stereochemistry of 7 was deter-
mined by NOE experiments. Thus, in CDCl, clear effects
were obtained between Me-20 (50.92), Me-17 (50.81), H-
12b(62.22) and H-11b (61.58) and between Me-18 (51.21)
and H-3 (63.21). These effects required the same stereo-
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Table 2. '3*C NMR data for diterpenes 1-12 (30 MHz, CDClj, d-scale in ppm)

C 1* 2 3t 4 5 6 7 8 9 10 11 12
1 202t 198 ¢ 18.0 1791t 18.3 26.5 294 348 3651 355 19.8 19.9
2 304 ¢ 30.2 ¢ 289 2891¢ 28.9 359 63.0d 647 69.3d 30.5 305
3 62.5d 629d 760 76.0 1 85.3 207.3 63.6d 1238 12444 1254 62.7 62.8
4 658 s 66.5 s 77.1 76.8 s § 60.8 68.1s 1474 14725 1732 66.1 66.2
5 38.1s 378s 424 4245 427 49.0 378 s 394 3875 39.8 379 38.0
6 2521t 248t 288 28.7¢ 28.5 256 2691t 20.7 2871 269 249 250
7 273 ¢ 270 ¢ 278 277t 278 28.9 30.0 ¢ 272 2741 272 272 272
8 369d 36.7d 367 36.7d 366 31.1 348d 373 360d 360 369 37.1
9 3865 383 s 39.0 389 s 39.0 36.8 379 s 383 387 s 39.0 382 38.1
10 41.8d 41.5d 425 422d 46 459 36.6d 407 454d 456 41.4 413
11 335¢ 3271t 330 337 338 30.2 3331 318 2771 34.6 3t 26.8
12 2351 223 ¢t 227 2361t 238 23.6 2321 232 36.5¢ 359 30.6 36.3
13 17t3s  1710s 1713 1719 1713 171.0 1713 s 1712 163.75  160.4 326 739
14 115.1d  1166d 1167 1474 1150 115.2 1140d 1150 1157d 1162 41.3 41.2
15 17425 17165 1717 17425 1742 174.0 1740s 1739 1708 s 1682 177.6 594
16 730t 993d 993 731t 73.1 733 730t 73.0 182 ¢q 18.8 19.8 295
17 155 ¢ 153 ¢ 157 15.7 g4 15.8 154 153 ¢ 15.3 158 g 15.5 154 185
18 293 ¢ 2994 289 287qg 238 143 288q 269 2564 253 294 292
19 19.0 ¢ 188¢ 210 21049 210 19.6 184 g 19.1 19.9 g 18.2 18.9 18.9
20 219 g 207q 217 2194 223 236 217 q 232 176 g 17.5 217 218
3-OMe

573

*Used as a model compound.
+CDCly +5% MeOH-d, as solvent.
1Signal for C-2 was not observed using a 7 mg sample.

chemistry for 7 as for 1. Moreover, NOE experiments
suggested that the C-2 hydroxy group is f§ since irradi-
ation of the signal at 03.21 (H-32) produced an NOE
effect on the signals for H-22(54.12) und CH,-18x (51.21),
The structure of compound 7 must be 28-hydroxy-3,45-
epoxy-58,10-cis-17x,20x-cleroda-13(14)-en-15, l6-olide.

The '"H NMR spectrum of 8 differed from the one
observed for 7. Instead of a doublet at §3.21 {H-3) and a
singlet at 51.21 (Me-18) as in 7, two signals appeared at

8549 (dd) and at 81.66 (d) for 8. These signals were
assigned to an H-3 vinylic proton and to a Me-18 vinylic
methyl group, respectively. The '*C NMR spectrum of 8
supported a 3.4-double bond with signals at $123.8 and
147.4. The structure of 8 could be deduced from the 'H
and '3C NMR data (Tables 1| and 2), which indicated
that 8 and 2%,16-dihydroxykolavenic acid lactone [12]
are epimers. The significant difference between the 'H
NMR spectrum of 8 and the spectrum for 24,16-
dihydroxykolavenic acid lactone [12] was for the signals
for Me-19, Me-20, H-2 and H-3. NOE experiments were
conducted to resolve the stereochemistry of 8. Irradiation
of the signal at 61.00 (Me-20) markedly enhanced the
signal at 64.14 (H-2) and also enhanced the signal for Me-
17 (50.84). This evidence indicated that the C-2 hydroxyl
group has a f-orientation. Thus, the structure of com-
pound 8 is 2f-hydroxy-5(.108-cis-172,20x-cleroda-
3,13(14)-diene-15,16-olide.

That the skeleton of 9 is the same as that of 8 foltowed
from comparison of their '"H and '*C NMR spectra. The
"HNMR spectral data also indicated the difference be-
tween 9 and 8. For compound 9 no signals appeared
around 65.80 and 4.71, which clearly showed that the
butenolide side chain at C-9 in compounds 1-8 is not
present in compound 9. Moreover, in addition to four
methyl groups at C-4, 5, 8 and 9, one more vinylic methyl
group was evident (Table ). In the 2D-COSY, two
tertiary methyl groups on unsaturated carbons (at §1.58
and 1.87 ppm) exhibited long range allylic coupling to
olefinic protons at 05.20 and 5.36 respectively. Both 'H
and '*C NMR resonances agreed closely with published
data -C(Me)=CH-COOH to be the terminal portion of
the C-9 side chain in 9. Moreover, the chemical shifts of
the vinyl methyl and vinyl proton allow assignment of
the C-9 side chain of 9 as part of a Z-olefin [13-167. The
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configuration of the skeletal part of 9 was assigned by
NOE experiments. Irradiation of the signal at §0.70 (Me-
20) enchanced the signals at §1.02 (Me-19) and 1.35 (H-
10). Reciprocally, irradiation at §1.02 established an
NOE between Me-19 and CH;-20 and also between
CH;-19 and H-10. These results suggested a cis-fused
A/B-ring system with C-8x and C-98 methyl groups.
Thus, compound 9 is assigned as ( 13Z)-24-hydroxy-
5B,108-cis-172,20-cleroda-3,13(14)-diene-15-oic acid. By
comparison of the data for the 56,108-cis-clerodanes 1-9,
it is evident that the 'H NMR chemical shifts of the
methyl groups at C-9 are different for different orien-
tations in these compounds: for § 0.70 ppm and for «
more than 0.87 ppm.

A difference between the 'H NMR spectra of 9 and 10
was observed for the signals for protons at C-2, 3 and 4.
The signal for H-2 (54.30) for 9 was not present in the 'H
NMR spectrum of 10 and the two signals at 65.70 (H-3)
and 1.87 (Me-18) observed for 10 were replaced by signals
at 05.20 and 1.58 for 9. These data are all compatible with
an unsaturated moiety which involves C-3 and C-4 and a
2-oxoclerodane system. An isolated ABX system for H-
la,b and H-10 (Table 1) confirmed this conclusion [12,
14, 17]. Thus the structure of compound 10 must be
(132)-2-0x0-58,108-cis-174,20-cleroda-3,13(14)-diene-15-
oic acid, that is, the epimer of 2-oxokolavenic acid {14].

The mass spectrum of 11 exhibited a molecular ion at
m/z 322 (12%) for C,,H4,0;. The fragment at m/z 207
(85%) [M —C¢H,,0,] provided evidence that 11 has a
skeletal moiety of a 3,4-epoxy-clerodane. That the stereo-
chemistry of 11 is the same as that of 1 was ascertained
from the 'H NMR chemical shifts of the methyl groups
(Table 1). This led to an assignment in 11 of a 3,48-
epoxide and 17«,20a-methyl groups in the 58,108-cis-
fused series. On the other hand, the formula C¢H, , O, for
the C-9 side chain and no low field '3C NMR signals
other than one for a carbonyl group (6177.6) required a
saturated side chain containing a carboxyl group. The
typical double doublets at 62.39 and 2.12 and the methyl
doublet at 60.96 for -CH(Me)CH ,COOH suggested that
the side chain at C-9 is -CH,CH,CH(Me)CH,COOH
[9, 18-20]. The stereochemistry at C-13, however, was
not determined. Thus, the structure of compound 11
could be assigned as 3,48-epoxy-58,108-cis-17a,20x-
cleroda-15-oic acid. -

The '3C NMR spectral data for 12 (Tables 1 and 2)
showed that the butenolide part of 1 was replaced by a
saturated side chain since all carbon signals for 12 ap-
peared in the high field region. The molecular ion at m/z
324 and [M —side chain]™ ion at m/z 207 suggested a
formula of C;H,;0, for the side chain at C-9. The 'H
NMR signal for H-15 (63.81) indicated a carbinol group
(CH,OH) at C-15 and the singlet at 61.13 for Me-16
suggested a secondary hydroxyl group at C-13, conclu-
sions which were confirmed by 3C NMR signals at 59.4
for C-15 and 673.9 for C-13. Therefore, we assign this
new natural product the structure 16-hydroxy-3,485-
epoxy-58,108-cis-17x,20a-cleroda-15-ol (12).

Spectral data (*H and '3C NMR) for compound 13
established that it was a known acyclic diterpene, 20-
hydroxygeranylnerol [21,22].

Sesquiterpene lactones (14-20).

That compound 14 was a sesquiterpene lactone was
indicated by the appearance of IR bands (CHCl;) at

3191
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1760 cm ™! and was further supported by the presence in
the "H NMR spectrum (Table 3) of a characteristic pair
of low field doublets at §5.65 (1H, J = 3.0 Hz, H-13b) and
6.31 (1H, J=3.4 Hz, H-13a). Moreover, in the 'H NMR
spectrum of 14, two broadened singlets at §4.97 and 4.82
suggested the presence of an exocyclic methylene func-
tion. Only one methyl doublet (61.28) was observed for
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Table 3. '"H NMR data for sesquiterpene lactones 14-16, 18 and 19. (360 MHz,

CDCl,, d-scale in ppm)

H 14 15 16 18 19

1 3.08 ddd 275 brddd 510 m 2.83 dd 486 m
2 2.60 dd 2.10 ddd 212 m 2.37 ddd 2.50 m
2 2.52 dd 1.70 ddd 2.73 brdd 1.75 m 228 m
3 3.65 brddd 444 dd 4.43 brdd 5.17 brdd
4 2.37 brdg 1.85m

5 2.30 ddd 1.90 m S5.15brd 5.24 dd 490 m
6 4511t 4331t 6.26 brdd 6.66 dd 5.06 dd
7 3.28 dddd 2.95 dddd 291 brs 285 m 2.89 m
8 574 m 5.54m 524 m 547 m 578 m
9 272 dd 2.67 brdd 2.60 m 2.76 dd 278 dd
9 2.51 dd 2.29 brdd 2.36 dd 132 dd 2.33 dd
13a 6.31d 6.12d 6.29 d 633 d 6.20 d
13b 5.65d 5.53d 571d 5.75d 5.55d
14a 482 brs 4.78 brs 1.67 s 142 s 1.44
14b 4.07 brs 5.02 brs

15 1.28 d 1.13d 1.73 brs 1.76 brs 1.72 s
3 7.10 q 7.06 g 7.13 g 7.20 g 712 ¢
& 199 d 188 d 1.89 d 1.93d 1.94 d
S'a 489 d 479 d 482d 484 d 493 d
5'b 485d 4.77d 480 d 4.80 d 482d
3" 6.87 q 6.79 ¢ 6.89 ¢ 6.88 g 6.81 g
4" 196 d 1.83 d 1.86 d 1874 1.85d
5"a,b 431 brs 4.24 brs 4.31 dd* 432 dd 4.26 brs
OAc 207 s

J(Hz): compounds 14-16, 18 and 19: 3'4'=72; Sa, b=12, 3" 4" =7.2; com-
pound 14: 1,2=1; 1,2=3; 1,5=9.0; 1,2=19.3, 45=10.5; 415=6.7. 56=9.1. 6,7
=901; 7.8=2; 7,13a=34, 13b=209; 89=3, 89=4; 9.9=14.4; compound 15: 1,2
=6:12=8;1,5=10;1,2=12,23=9;23=6,3,4=5,4,15=55,67=93;7,8=2
7,13a=33,7,13b=23,8,9=42;89=13.3,9,9= 14; compound 16: 2, 2=13.6; 2, 3
=31;2,3=2556=104;6,7=22;8,9=3.5,9,9=148; compound 18: 1,2=4.9;
1,2=106;2,2=14.8,2,3=2,5 6=21;6, 7=10.8; 7, 13a=2.0; 7. 13b=18 8.9
=4.5;8,9=2.0;9 9=10.2. Compound 19:2,3=104;2,3=6.1:5,6=98,6,7=9;
713a=3.3;7,13b=3.0;8,9=4.2;8,9=23:9,9=143.

*Broadened singlet at 4.30 (90 MHz).

the skeletal part of 14, and other resonances were coinci-
dent with the skeletal signals reported for 8-4'-hydroxy-
5'-[4"-hydroxytigloyloxy]-tigloyloxy-3-dehydro-4f,15-
dihydrozaluzanin [23], which indicated that compound
14 is a guaianolide. The presence of a C,, diester side
chain in 14 was evident from the '"HNMR spectrum
(Table 3). While the signals of H-3'(1H) and H-3"(1H)
were split into quartets, those of H-4'(3H) and H-4"(3H)
were doublets at §1.99 and 1.96, respectively. Also the
doublets at 64.89 and 4.85, in conjunction with the
broadened singlets at 4.31 (2H, H-5"a,b), suggested that
the side chain of 14 was 5-hydroxytigloyloxy esterified
with 5-hydroxytiglate [ 24, 25]. Thus, compound 14 is 8 5-
5'-[5”-hydroxytigloyloxy]-tigloyloxy-3-dehydro-4f,15-
dihydrozaluzanin C.

The 8p-5-[5"-hydroxytigloyloxy]-tigloyloxyl side
chain of 15 could be deduced from the *H and '*C NMR
spectral data [24, 26]. In the mass spectrum of 15, the
fragments of the skeleton were nearly identical to those
observed in the spectrum of 14, except that the m/z values
for each fragment from 15 were 2 units more than those
from 14. This observation was supported by the '3C
NMR spectral data (Table 4). A carbonyl signal at §219.5

for 14 [23] was replaced by a signal at $78.31 (d) for C-3
for 15. The mass and IR spectral data, as well as corre-
lation of the 'H and '*C NMR spectra of 15 (Tables 3
and 4) with known compounds, established that 15 is 8-
5'-[5"-hydroxytigloyloxy]-tigloyloxy-48.15-dihydrozalu-
zanin C [23-29].

That compounds 16 and 17 possess the same
C,, diester side chain at C-8 as do 14 and 15 followed
from the typical 'H NMR signals of a 5-[5"-
hydroxytigloyloxy]-tigloyloxyl group (Table 3). But, un-
like 14 and 15, compounds 16 and 17 are heliangolide
sesquiterpene lactones, a skeletal type which can be
deduced from the characteristic coupling constants
J.13~2and other '"H NMR signals, especially those for
the two methyl groups. All '"H NMR signals of these two
compounds were nearly the same except for those for H-
3, H-6 and Me-15, suggesting that 16 and 17 are isomers
at C-3. While H-3« for 16 showed a double doublet at
04.44 (J=3.0 and 3.1 Hz) [24, 30, 31]. this signal was
shifted to 04.61 (/=12 and S Hz) in the spectrum of 17.
All spectral data showed that 17 was previously reported
as 4'-desoxy-3-desacetoxyl-3a-hydroxyprovincialin from
another member of the Eupatorieae, Liatris cylindracea
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Table 4. 13C NMR data for sesquiterpene lactones 15

(90 MHz, CDCl,, §-scale in ppm)

C 15 16 17 18
1 4264 1238 124.0 1254 4
2 3851 318 339 321
3 783 d 78.6 68.5 74.6 d
4 464 d 140.1 140.4 139.6 s
5 5194 126.4 1243 12774
6 80.8 d 75.7 77.2 788 d
7 50.6 d 48.4 490 5224
8 66.9 d 75.3 74.1 7184
9 409 ¢t 433 434 439¢

10 1423 5 134.7 1339 136.1 5

1 1350 5 137.9 1376 1359 5

12 169.2 5 169.5 169.3 169.2 5

13 1215¢ 125.1 125.7 1213 ¢

14 1168 ¢ 19.5 18.5 125¢

15 1764 229 17.1 208 g
v 1654 5 1654 165.3 165.0 5
> 127.6 s 127.6 1277 1274 s
3 145.7 d 145.8 146.1 146.1 d
¢ 144 ¢ 14.5 14.7 146 g
5 56.4 ¢ 56.3 56.8 56.4 t
1 166.8 s 166.8 167.0 1669 s
b 131.6 s 131.6 1318 131.5 s
3 1414 d 1412 141.4 1418 4
4 140 g 140 14.1 14.1 g
5 5751 57.6 57.9 57.51

[24]. In the 'H NMR spectrum of 16 the low field chemi-
cal shift (56.26 for H-6 in 16) and coupling constants J 5 ¢
=10.4 Hz and J4 , =2.2 Hz are characteristic and show-
ed the typical stereochemistry of 38-hydroxy heliangol-
ides [30, 31]. Thus, compound 16 was formulated as a
new lactone, namely, 4'-desoxy-3-desacetoxyl-3f-hy-
droxyprovincialin; all spectra (!:3C NMR, MS and IR)
support this assignment. The !3C NMR data of 17, which
had not been reported previously, are listed in Table 4.
The 'H NMR spectrum of 18 showed the characteristic
features of a 8f-5-[5”-hydroxytigloyloxy]-tigloyloxy-
heliangolide sesquiterpene lactone. The 2D-COSY of 18
established that the multiplet signal at 65.10 for H-1 of 16
[the X component of an ABX system (H-1, H-2« and 2)]
was replaced by a double doublet at §2.83 (J=4.9 and
10.6 Hz) for 18. To account for the methyl singlet at §1.42
(Me-14) in 18 an epoxy group is required between C-1
and C-10. Moreover, comparison of spectral data for
the known leptocarpin [31], heliangine [32, 33] and
epoxinobilin [34] with those for 18 revealed that all four
had the same skeleton. The unusual low field '"H NMR
signals for H-68 at 66.70 for all four compounds indi-
cated the typical stereochemistry of heliangolides with
18,10a-epoxy and 3f-hydroxyl groups. Thus, compound
18 is 5'-[5”-hydroxytigloyloxy]-5'-hydroxyheliangine.
The characteristic coupling constants (J, ,3,=3.3,
J..13s=3Hz) and the chemical shift of two olefinic
methyl groups in the '"HNMR spectra of 19 and 20
indicated that these two compounds were not heliangoli-
des but germacranolides. The presence of the same C-8
diester side chains in 19 and 20 as those found in 14-18
was apparent from the '"H NMR spectra. Moreover, the
'H and '3C NMR spectra of 20 were identical to those of
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liacylindrolide, a compound previously isolated from
Liatris cylindracea and Neohintonia monantha [24, 26].
The 'H and !3C NMR spectra of 19 showed the presence
of an acetoxyl function (Table 3 and 4), and the chemical
shift of the signal assigned to H-3 (§5.17) suggested the
attachment of the acetoxyl group to that position. The
magnitude of J, ; (10.4 Hz) and J, ; (6.1 Hz) as well as
the chemical shift of H-3 (65.17) showed that the acetoxy
group should be f-oriented. Compound 19 is therefore
3p-acetoxyliacylindrolid.

Sesquiterpenes (21, 22)

The spectral data of compounds 21 and 22 showed the
spectroscopic properties typical of the eudesmane and,
moreover, showed the presence of the isopropyl groups,
CH(Me),, (Tables 5 and 6). The structure of 21
(C, sH,60) followed from the 'H and *3C NMR spectral
data which was close to similar eudesmane derivatives
[35-38]. The stereochemistry of 21 was assigned as 4o-
hydroxy in the 50,108-trans-fused series on the basis of
comparison of 'YCNMR data of 21 with those of
similar compounds [37-41] which showed the C-14
methyl resonance at §17.6 and C-15 methyl resonance at
822.3. Thus, compound 21 is 6-eudesmene-4a-ol. The
electron impact mass spectrum of compound 22 ex-
hibited a molecular ion peak at m/z 254 (5.4%) corres-
ponding to C,H,s0;, which implied three degrees of
unsaturation. No sp? carbons were revealed by the
I3CNMR spectrum suggesting three rings for compound
22. A broadened double doublet (1H, J=11 and 4.1 Hz) at
63.37 could be ascribed to Ha-1 [38, 417 and indicated a
B-hydroxyl group at C-1. An AB system for H-15 and 15’
(63.17 and 3.60, 1H each, J=9.1 Hz) permitted the
assignment of a C-4 hydroxy group. Furthermore, an H-
15 and 15’ AB system, in conjunction with the double
doublet at §3.73 (H-6, J=9.4 and 11.6 Hz) and broad-
ened doublet at 1.03 (H-5, J=11.6 Hz) suggested the
presence of 6,15x-epoxyl group in 22 [41-43]. Since the
signals for H-5 and H-14, H-6 and H-15 overlap, re-
spectively, four points (signals for H-5 and 14, for H-7, for
H-1 and for H-6 and 15) were irradiated in NOE exper-
iment. Careful inspection and comparison of four NOE
spectra of 22 led to stereochemistry for 22 which was
consistent with that assigned by coupling constants. All
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Table 5. '"H NMR data for sesquiterpenes
21 and 22 (CDCl;, d-scale in ppm,
360 MHz for 21 and 500 MHz for 22)

H 21 )

1 337 brdd
2 1.98 m
b3 177 m
5 1.03d
6 5.53 brs 373 dd
7 1.28 m
11 2.21 br heptet

12 ‘ 0.96 d
13 1014 0.90 d
14 0.80 s 1.03 s
15 371 d
15 } L1Ls 360 d

J(Hz): 21: 11, 12=11, 13=6.8; 22: 1,2
=11; 1,L2’=4.1; 5,6 =11.6; 6,7=94; 11, 12
=11,13=6.9; 15, 15 =9.1.

Table 6. 13C NMR data for ses-
quiterpenes 21 and 22 (90 MHz,
CDCl,, é-scale in ppm)

C 21 22
1 40.7 ¢ 80.5*
2 204 ¢ 28.0%
3 4321t 39.7t
4 723 s 80.4+
5 544.d 57.6*
6 1172 d 75.6*
7 1438 s 51.2%
8 234 ¢t 22.2%
9 39.5t 39.1%

10 338 s 33.2%

11 350d 29.6*

12 218 ¢ 18.5*

13 216 ¢q 20.7*

14 176 g 12.8 *

15 223 ¢ 76.5t%

+Carbons are quaternary or

methylene carbons.
*Carbons are methyl or methine
carbons.

*Data reduction was carried out as described in ref. [44].
Crystal and instrument stability were monitored by remeasure-
ment of 4 check reflections after every 196 reflections and the
data were analysed as detailed in ref. [45].

FTRelevant expressions are as follows:

2 WlF | —IF)? o= 1/o(F,)}
R=YI(F | —|FN)/ZF,|

Ro=[} (F|=IF.)/Y ., (F})?1*
S=[} o (F|=|F P /m—n]*?

N. FANG et al.

other spectral data supported the assignment of com-
pound 22 as 6,15x-epoxy-18,4f-dihydroxyeudesmane.

EXPERIMENTAL

Plant material. Ageratina saltillensis (B. L. Rob.) K & R was
collected on November 31, 1985 from the N. L. 11.1 km of San
Rafael (Hwy 57) to Galeana, NE of Ceno Potasy by Guy Nesom.
A voucher specimen (Guy Nesom, No. 5283) is on deposit in the
Plant Resources Center at the University of Texas at Austin,
Austin, Texas.

General techniques. Dried leaves of A. saltillensis (563 g) were
extracted with CH,Cl, for 1 hr. The CH,Cl, extract of the plant
material was evapd at low temperature { ~40°) until the extract
was dry. The residue was dissolved in 100% MeOH and kept in
a refrigerator overnight. After filtering to remove the ppt., H,O
was added to the filtrate until the soln reached approximately
80% aq. MeOH. This aq. extract was then partitioned against
hexane (x4), and then the aq. soln was concd to a syrup at low
temperature (~40°). The syrup was dried completely under a
high vacuum system. The residue (10 g) was chromatographed
over a silica gel column packed in hexane-EtQAc (19:1). Com-
pounds were eluted with a hexane-EtOAc gradient, with
increasing amounts of EtOAc. Compounds were purified
by a combination of Sephadex LH-20 chromatography
(cyclohexane-CH,C1,-MeOH; 7:4:1), prep TLC (silica gel;
hexane-EtOAc; 4:1, 3:2 or 1:3) and HPLC [using the following
conditions: semi-prep. silica gel column (10 mm x 25 cm); RI
detector; hexane-EtOAc (9:1, 7:3, 5:5, 3:7 or 1:9) as eluting
solvent; flow rate 22ml/min]. Compound 1 (1600 mg), 2
(32 mg), 3 (12 mg), 4 (27 mg), 5 (13 mg), 6 (9 mg). 7 (41 mg), 8
(13 mg), 9 (37 mg), 10 (7 mg), 11 (75 mg), 12 (21 mg), 13 (25 mg),
14 (5 mg), 15 (17 mg), 16 (219 mg), 17 (19 mg), 18 (8 mg), 19
(16 mg), 20 (6 mg), 21 (7 mg) and 22 (12 mg) were obtained. Mps:
Uncorr.

X-ray. Data were collected on a Syntex P 2, diffractometer
with a graphite monochromator utilizing Mo-K, radiation
(A=0.71069 A) and equipped with a Syntex LT—1 low tem-
perature delivery system (163 K).* The crystal was orthorhom-
bic, a=7.625(2), b=12.411(5), ¢ =18.4949) A, V =1750.0(2) A3,
space group P2,2,2,, =4, Dx (g/cm®, 163K)=1.208, D¢
(g/cm?, 294K)}=1.199. Chemical formula, C,,H;,0;, F.W,
=318.455, and F(000)=696 electrons. 5786 reflections were
measured using «-scan and symmetrically over 1" about K, ,
maximum and an offset of +1" in w from K,, , maximum at a
scan rate of 3.0 deg./min (min) and 6.0°/min (max) and a 2¢
range of 4.0 to 60.0°. 45 well centered reflections with
13.03” < 20 < 21.60° were used for least-squares refinement of the
unit cell parameters. Crystal density was measured in a ZnCl,
soln. Four reflections (200, 145, 303, 053) were remeasured every
196 reflections to monitor instrument and crystal stability. A
total of 2383 reflections with intensity greater than 3o were used
in refining 248 variables. The refinement converged to a good-
ness of fit of 1.54 and a maximum shift/e.s.d. of 0.74. minimum
and maximum peaks in AF map (eA”?) were —0.14 and 0.23
respectively.

The structure was solved using direct methods (Multan-76)
from which the locations of all non-hydrogen atoms were ob-
tained. The structure was refined using full-matrix least squares
method and SHELX-76.% Methyl hydrogen positions were cal-
culated assuming an sp* geometry around the C-atom and their
temperature factors were fixed at 0.05. All non-hydrogen atoms
were treated anisotropically, hydrogen atoms isotropically. The
refinement converged to R=0.046 and Rw=0.061 for 2383
reflections.
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16-Hydroxy-3,48-epoxy-58,106-cis-17a,20a-cleroda-13(14)-en-
15,16-olide (2). IR v¢H¢1s cm ™~ 1: 3330 (OH), 1750 (lactone), 1650
(C=C). MS (rel. int): 334 [M]* (7.3) (C,oH;,0,), 319 [M
—Me]* (42.5), 316 [M —H,0]* (8.5), 305 [M 297" (5.1), 287
[305—H,071" (12.7), 233 M—-C,H,0,~H,0]" (23.5), 207 [M
—side chain]* (54.1), 109 [side chain—-H,0]* (97), 43 (100).

30,48,16-Trihydroxy-58,10-cis-172.20x-cleroda-13(14)-en-
15,16-olide (3). IR vEHCTs cm ~1: 3460 (OH), 3250 (OH), 1750 (lac-
tone), 1650 (C=C). MS (rel. int): 352 [M]* (3.7) (C,,H;,05), 334
[M~-H,0]" (2.5), 224 [334—C.H,O,]1" (9.1), 207 [334
—C¢H,0,-H,01* (20.8), 189 [207—H,0]1" (40), 109 [side
chain—H,0]* (86.1), 95 [109—CH,]* (97.4), 81 [95—CH2]*
(81), 43 (100).

3, 48-Dihydroxy-58,108-cis-17a,20a-cleroda-13(14)-en-15,16-
olide (4). IR vEHE> ¢m ™ 1: 3460 (OH), 1780, 1745 (lactone), 1632 (C
=C). MS (rel. int): 336 [M]™ (7.9) (C,oH;,0,), 319 [M—15]"
(6.4), 226 [M —side chain+ 1] (100), 111 [side chain]* (79).

3a-Methoxy-48-hydroxy-58,108-cis-17a,20a-cleroda-13(14)-
en-15,16-olide (5). IRV cm ™1 3470 (OH), 1780, 1748 (lac-
tone), 1636 (C=C). MS (rel. int): 350 [M]* (2.4) (C,,H;,0,), 335
[M—15]" (2.7), 240 [M-side chain+1]* (100), 111 [side
chain]™ (78.6).

3-Oxo0-4B-hydroxy-58,108-cis-17a,20a-cleroda-13(14)-en-
15,16-olide (6). IR v$1< cm~1: 3200-3600 (br OH), 1780, 1748
(lactone), 1636 (C=C). MS (rel. int): 334 [M]* (2.2) (C,oH;,0.),
319 [M—Mel* (31), 318 [M~O]* (35), 305 [M—29]*
(21), 304 [319—Me]™ (23), 289 [318-29]* (28), 235 [318
—C,H,0,]* (30), 208 [318 —C,H,O,]" (20), 111 [side chain]*
(100), 43 (93).

2B-Hydroxy-3,4f-epoxy-54,10p-cis-17a,20a-cleroda-13(14)-
en-15,16-olide (7). IR vEHE cm™1: 3470 (OH), 1780, 1748 (lac-
tone), 1635 (C=C). MS (rel. int): 334 [M]"* (1.5) (C,,H;,0,), 319
[M—Me]™" (3.6),316 [M—H,0]" (2.2), 288 [M—CO—H,01"*
(4.8), 273 [288—Me]* (35.9), 223 [M —side chain]* (3.6), 205
[223—H,01" (14.7), 111 [side chain]™* (100).

2B-Hydroxy-58,108-cis-172,20a-cleroda-3,13(14)-diene-15,16-
olide (8). IR v cm~!: 3450 (OH), 1780 (lactone), 1637 (C=C).
MS (rel. int): 318 [M]* (2) (C;0H3,05), 300 [M —H,0]" (44.5),
285 [M—H,0—Me]" (24.6), 235 [M—~C,H,0,]* (76.8), 203
[M—-H,0-CH,0,]* (21.4), 189 [M—-H,0-C,H,0,]"*
(39.2), 111 [side chain]*

(13Z)-28-Hydroxy-58,108-cis-172,208-cleroda-3,13(14)-diene-
15-0ic acid (9). IRvEHC cm ™' 3400(OH), 3400-2600, 1690
(CO,H), 1640 (C=C). MS (rel. int): 320 [M] " (1.2) (C,,H;,05),
302 [M—H,0]* (31.5), 287 [302—Me]* (22.6), 269 [287
—H,0]* (16.3), 203 [M H,0-C,H,0,]* (23.5) 5 189 [M
~H,0—-C¢H,0,]1" (100), 119 (80.1), 105 (80.5), 95 (82.4), 91
(68.6).

(132)-2-Ox0-58,100-cis-17a,203-cleroda-3,13(14)-diene-15-o0ic
acid (10). IR vSHC e~ 1: 340(%2600 1690 (CO,H), 1650 (C
=CCO). MS (rel. int): 318 [M]" ) (C30H2505), 300 [M
—H,01* (59), 285 [M—H, O Me]Jr (15.7), 259 [M
—C,H;0,]" (20.4), 243 [259—0]+ (11), 205 [M - C¢H,0,]*
(46.5), 189 [205— 07" (29.8), 121 (100), 109 (86.6), 95 (95.6), 83
(40.4).

3,48-Epoxy-5p,108-cis-17a,20a-cleroda-15-oic
IR vEHC cm ~1: 3450-2600, 1720 (CO,H). MS (rel. int): 322
[M]* (11.7) (C,oH;,0,), 307 [M—Mel* (11.9), 304 [M
~H,0]* (16.7), 293 [M— 29]+ (24.6), 237 [M~C,H,0,]"
(16.8), 223 [M—~C,H,0,]1* (19), 207 [M —side chain]™ (84.6),
109 (100).

16-Hydroxy-3,4B-epoxy-58,10f-cis-172,20x-cleroda-15-0l (12).
IRvEHS cm ™1 3400 (OH). MS (rel. int): 324 [M]* (2.6)
(Cy0H3603), 309 [M—~Me]™ (13.6), 306 [M—H,0]" (9.9),
291 [309—H,0]*" (8.9), 273 [291—-H,0]* (6.9), 221
[M—CsH,,;0,]" (10.7) 207 [M —side chain]™* (91.9), 43 (100).

acid  (11).
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86-5-[5"-Hydroxytigloyloxy]-tigloyloxy-3-dehydro-48,15-di-
hydro-zaluzanin C (14). IR v$HS" cm ™! 3490 (OH), 1770 1700
(lactone, C=CCO,R, C=0), 1650 (C=C). MS (rel. int): 458 [M]*
(2.7) (C,5sH,00y), 440[M —H,0]* (10), 361 [M—C,H,0,]*
(51), 343 [M —C,H,0,]* (91), 263 [M—C,H,,0.1* (27), 245
(M—CyoH,30,1" (100}, 244 [M-CH,,0,]" (43), 99
[MeCH=C(CH,OH)CO]* (94.8), 81 [MeCH=C(CH,OH)CO
—H,07* (84).

8p-5'-[5"-Hydroxytigloyloxy]-tigloyloxy-4p,15-dihydrozaluza-
nin C (18). IR vEHCs cm~1: 3490 (OH), 1763 (lactone), 1718 (C
=CCO,R), 1650 (C=C). MS (rel. int): 460 [M]™ (1) (C,sH;,04),
442 [M—H,0]" (44), 424 [442—-H,0]* (1), 363 [M
~CsH0,]" (12:6), 345 [M—-C;H,0;]" (25.7), 265 [M
—C,oH,;,0,]" (11.3), 247 [M—C,oH,50,]* (51.3), 246 [M
—~CyoH 4,051 (84.3), 229 [247—H,0]1" (100), 99 [MeCH
=C(CH,OH)CO]* (100), 81 [MeCH=C(CH,OH)CO —H,0]"
(94.6).

4'-Desoxy-3-desacetoxyl-3f-hydroxyprovincialin ~ (16). IR
VElCls o 1. 3490 (OH), 1752 (lactone) 1710(C=CCOZR), 1650
(C=C). MS (rel int): 460 [M]* (0.5) (C,sH;,0,), 442 [M
—H,01" (2), 362 [M~CsH 02]+ (2), 344 [M—-C,H,0,1"
(3.8), 264 [M C,oH,,0,1" (3), 246 [M—CH,,0,]"
228 [246—H,01" (96), 99 [MeCH=C(CH,OH)CO]* (100), 81
[MeCH =C(CH,OH)CO —H,0]"* (99.9).

5'-[5"-Hydroxytigloyloxy]-5'-hydroxyhehiangine  (18). IR
vEaCh ecm ~ 1: 3740 (OH), 1750 (lactone), 1710 (C=CCO,R), 1650
(C=C). MS (rel. int): 262 [M—C,H,,0,]* (6.3) (M*: 476,
C,5H;,0,), 245 [M—C,(H,50,-H,0]* (16.8), 244 [262
—H,0]* (139), 227 [245-H,0]* (159), 99 [MeCH
—C(CH,OH)CO]" (100), 81 [MeCH=C(CH,OH)CO]" (96.8).

3p-Acetoxyliacylindrolid (19). IR vEHS em™1: 3510 (OH),
1768 (lactone), 1740 (OAc), 1715 (C=CCO,R), 1650 (C=C). MS
(rel. int): 442 [M —AcOH]* (3) (M *:502, C,-H,,0,), 344 [442
—CsH,0,]" (4), 246 [M—AcOH—C,,H,,0,]1* (70.8), 228
[246—H,0]* (53.5), 99 [MeCH=C(CH,OH)CO]"* (84.5), 81
[MeCH=C(CH,OH)CO —H,0]* (100).

6-Eudesmene-4a-ol (21). MS (rel. int): 222 [M]+ (2.5)
(CysH,60), 207 [M—Me]* (14.3), 204 [M—H_ 01" (18.8), 161
[M—H,0-C,H,]* (32.5), 151 (25.2), 121 (316) 109 (52.7), 43
(G, Hv]+ (100).

6,152-Epoxy-1p,4B-dihydroxyeudesmane (22). IR y¢HCh g = 1;
3200-3580 (OH). MS (rel. int): 254 [M]* (5.4) (C,sH,,03), 239
[M—Me]* (9.1), 236 [M—HZO]* (5.9), 222 [M —MeOH]*
(66.3), 209 (36.5), 206 (38.3), 180 (79.3), 43 [C,H,]* (100).
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