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Abstract-Twenty-two terpenoids were isolated from Ageratina su/tillensis including eighteen new compounds, 
namely, 16-hydroxy-3,4~~-epoxy-5[~,10g-cis- 17a,20a-cleroda-13( 14)-en- 15,16-olide, 3a,4fi,16-trihydroxy-5/I,lOg-cis- 
17a,20a-cleroda-13(14)-en- 15,16-olide, 3a,4p-dihydroxy-5/I, 10~-cis-17a,20a-cleroda-13(14)-en-15,16-olide, 3cr-meth- 
oxy-4[&hydroxy-5/I, 1 O/&cis- 17a,20a-cleroda- 13( 14)-en- 15,16-olide, 3-oxo-4~-hydroxy-5~,1O/?-cis-l7a,20c+cleroda- 
13(14)-en- 15,16-olide, 2/Y-hydroxy-3,4~~-epoxy-5~,lO~-cis-l7a,20a-cleroda- 13( 14)-en- I 5,16-olide. 2/3-hydroxy-S&lOfi- 
cis- 17a,20a-cleroda-3,13( 14)-diene- 15,16-olide, (13Z)-2~~-hydroxy-5~,1O~-cis-l7a,20~-cleroda-3,13(14)-diene-15-oic 
acid, (13Z)-2-oxo-5[j,lOb-cis- 17a,20,f&cleroda-3,13( 14)-diene-15-oic acid, 3,4~-epoxy-5[~-lO~-cis-17a,20a-cleroda-l5-oic 
acid, 16-hydroxy-3,4b-epoxy-5fl, 10/I-cis- 17a,20a-cleroda- 15-01, 88-5’-[S”-hydroxytigloyloxy]-tigloyloxy-3-dehy- 
dro-48,15-dihydrozaluzanin C, 8~-5’-[5”-hydroxytigloyloxy]-tigloyloxy-4~,15-dihydrozaluzanin C, 4’-desoxy-3- 
desacetoxy-3a-hydroxyprovincialin, 5’-[S”-hydroxytigloyloxy]-5’-hydroxyheliangine, 3/Gacetoxyliacylindrolide, 6- 
eudesmene-4a-ol and 6,15a-epoxy-l,!I,4/%dihydroxyeudesmane. The stereochemistry of one of the four known 
compounds, 3,4/I-epoxy-5/I, I O~-cis-17a,20a-cleroda-l3(14)-en-15,16-olide, has been revised by X-ray analysis. The 
stereochemistry of four compounds were established by NOE experiments. 

INTRODUCTION 

Ayeratina (tribe Eupatorieae, Compositae) produces a 
wide variety of terpenoids including sesquiterpene lac- 
tones of the germacrolides, guaianolides and heliangoli- 
des types [l-7]. Some species of Ageratina contain ses- 
quiterpenes but no sesquiterpene lactones [S] and a few 
species contain diterpenes [2,4,9, lo]. Here we report 22 
terpenoids from Ageratinu sdtillensis (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. 3,4~-Epoxy-5~,10~-cis- 
17a,20a-cleroda-13(14)-en-15,16-olide, the major compo- 
nent of plants in this population, was previously reported 
with an incorrect stereochemistry [S, 111, 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 13C NMR spectra of each 
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compound (Table 2) suggested that 1-13 are diterpenes. 
Moreover, comparison of the ‘H NMR, 13C NMR and 
mass spectra data of 1 with data for a known compound 
[S, 111 indicated that 1 (mp 91”), C,,H,,O,, 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 5a, IO/I-trans-fused series [ 111. In 1986 the 
same diterpene was isolated from Ageratina cronquistii 
[S] 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 5/I,lO,&cis-fused series [S]. 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/I-epoxy-5/?,1O/?-cis-l7a,20a- 
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-l 1 can all be seen occu- 
pying the proper axial positions relative to the ring. 
These atoms, therefore, are labelled /I-substituents; C-17 
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Table 1. ‘H NMR data for diterpenes l-12* (CDCI,, &scale in ppm, 360 MHz for 1Xi and l&12, 500 MHz for 7-9) 

6 7 8 

1 
1 
2 
2 
3 
6a 
6b 
7a 
7b 
8 
10 
lla 
lib 
12a 
12b 
13 
Ma 
14b 
15 
16a, b 
17 
18 
19 
20 

1.40 m 1.40 
1.29 m 1.29 
1.99 m 1.99 2.24 2.24 
1.65 m 1.65 
2.98 d 3.00 3.56 hr s 3.54 3.00 
1.62 m 1.62 
1.38 m 1.38 
1.39 m 1.39 
1.44 m 1.44 
1.51 m 1.51 
1.40 m 1.40 
2.01 ddd 2.15 
1.39 m 1.39 
2.46 hr ddd 2.5 1 2.56 2.52 2.52 
2.23 hi- ddd 2.33 2.27 2.27 

5.79 t 5.74 brs 5.80 5.80 t 5.82 5.81 5.82 5.81 5.63 brs 5.60 

4.71 d 5.95 br d 5.96 4.73 d 4.73 4.73 4.72 4.72 1.87 d 1.85 
0.79 d 0.76 0.80 0.78 079 0.84 0.81 0.84 0.80 d 0.84 
1.15 s 1.12 1.10 1.10 1.10 0.99 1.21 1.66 d 1.58 d 1.87 d 
1.21 s 1.18 1.22 1.22 1.21 1.05 1.24 1.17 1.02 1.09 

0.90 s 0.87 0.94 0.93 0.94 0.87 0.92 1.00 0.70 0.77 

4.12 m 

3.21 d 

1.40 
2.03 

2.46 
2.22 

3-OMe 3.27 s 
4-OH 9.75 s 

1.76 
2.02 
4.14 m 

5.49 dd 5.20 br s 5.70 
1.78 1.67 1.82 
1.54 1.51 1.52 
1.40 1.42 1.42 
1.45 1.38 1.38 
1.45 1.47 1.58 
1.50 1.35 f 1.92 dd 
2.03 1.52 1.52 
1.38 1.36 1.38 
2.46 2.82 ddd 2.67 
2.31 1.95 ddd 2.05 

9 10 

1.48 2.60 dd 
2.12 ddd 2.29 
4.30 

11 12 

1.40 m 1.40 
1.13m 1.13 
1.99 m 1.95 
1.65 m 1.63 
2.99 d 2.97 
1.62 1.60 
1.38 1.30 
1.39 1.30 
1.44 1.30 
1.51 1.45 
1.40 m 1.40 
1.96 1.68 
1.36 1.30 
1.72 br td 1.75 
1.65 m 1.60 
1.87 m 
2.39 dd 2.00 m 
2.12 dd 1.90 m 

3.81 m 
0.96 d 1.13 
0.78 d 0.76 
1.16 s 1.16 
1.24 1.24 
0.85 0.84 

J(Hz): Compounds 1 and 4-g: 8,17=6.6; lla, 12a=4; lla, !2b=13; 12a, 12b,=15.5; 14,16=1.2; compounds 1,2,11 and 12: 2, 3 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
compound8:2,3=4.9;3,15=0.Y;compound9:1,1=12;1,10=2;1,2=2.1;1,2=9;1,10=14;3,18=1;8,17=6.2;1la,12a=5;1la, 
12b=5, llb, 12a=5; lib, 12b=2; 12a, 12b=12; 14, 16=1;compound10: 1, 10-3.1; 1, 1=17.5; 1, 10=14;3, 18=1;8, 17=5.9; lla, 
12a=5.1; lla, 12b=3.9; 12a, 12b=11.8; 14, 16=1;compound 11: llb, 12a=4; 12a, 12b=ll; 13, 14a=5.6; 13, 14b=8.7; 13, 16=6.6; 
14a, 14b=15; compound 12: llb, 12a=5; 12a, 12b=13. 

*Coupling patterns ar.e not repeated if identical with the proceeding column. 
fused as a model compound. 
f CDCI, + 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 13C 
NMR spectra (Tables 1 and 2). For compound 5 (mass 
spectrum: m/z 350 for C2iHJ404), 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 
657.3). Both 4 and 5 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 r3C NMR spectra of 4 and 5 (Tables 1 
and 2). Therefore, compound 5 is 3a-methoxy-4J?- 
hydroxy-5fi, lo/?-cis-17a, 20a-cleroda-13(14)-en-15 16- 
olide. 

The IR spectrum of 6 indicated the presence of a 
hydrogen-bonded hydroxyl group ($,~~‘a 3200- 
3600 cm-i, 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-‘, s) was present in 6. The mass 
spectrum of 6 was similar to that of I (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-oxo-4~-hydroxy-5/3,lO~-cis-l7~,2O~-cleroda-l3(14)-en- 
15,16-olide. 

The ‘H and r3C NMR spectral data for 7 (mass spec- 
trum: m/z 334 for C,,H,,O,) suggested that 7 had a 
skeleton similar to that of 1. The IR spectrum of 7 
indicated the presence of one hydroxyl group (~2::‘~ 
3470 cm-‘); this was supported in the ‘H NMR spec- 
trum by a signal at 64.12 (br s). The hydroxyl could be 
assigned to C-2 from the 1 H and i 3C NMR spectral data 
(Tables 1 and 2), which showed clearly that 7 and 2c(,16- 
dihydroxy-3a,4a-epoxykolavenic-1 Sacid lactone [12] 
are epimers. The relative stereochemistry of 7 was deter- 
mined by NOE experiments. Thus, in CDCI, clear effects 
were obtained between Me-20 (60.92), Me-17 (60.81), H- 
12b (62.22) and H-l lb (61.58) and between Me-18 (61.21) 
and H-3 (63.21). These effects required the same stereo- 
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Table 2. 13C NMR data for diterpenes l-12 (90 MHz, CDCI,, &scale in ppm) 

c 1* 2 3t 

1 20.2 t 19.8 t 1 x.0 

2 30.4 t 30.2 f 28.9 

3 62.5 d 62.9 d 76.0 

4 65.8 s 66.5 ., 77.1 

5 38.1 > 37.8 5 42.4 

6 25.2 I 24.8 t 28.8 
7 27.3 t 27.0 t 27.8 

8 36.9 d 36.7 d 36.7 

9 38.6 s 38.3 s 39.0 

10 41.8 d 41.5 d 42.5 

11 33.5 t 32.7 I 33.0 

12 23.5 t 22.3 t 22.7 

13 171.3 s 171.0 \ 171.3 

14 115.1 d 116.6d 116.7 

15 174.2 s 171.6 s 171.7 

16 73.1 f 99.3 d 99.3 

I7 15.5 y 15.3 y 15.7 

1x 29.3 q 29.9 q 28.9 

19 19.0 q 18.8 q 21.0 

20 21.9 q 21.7 q 21.7 

3-OMe 

4 5 6 7 8 9 10 11 12 

17.9 t 18.3 

28.9 I 28.9 

76.0 f 85.3 

76.X s : 

42.4 s 42.7 

28.7 I 28.5 
21.7 t 21.8 
36.7 d 36.6 
38.9 s 39.0 

42.2 ti 42.6 

33.7 t 33.x 

23.6 t 23.5 
171.9 s 171.3 

I 14.7 d 115.0 

174.2 s 174.2 

73.1 I 73.1 

15.7 ‘, 15.8 

28.7 q 23.8 

2 1 .o ‘, 21.0 

21.9 y 22.3 

57.3 

*Used as a model compound. 

KDCI, + 5 ‘IA, MeOH-d, as solvent. 

iSignal for C-2 was not observed using a 7 mg sample 

26.5 
35.9 

207.3 

60.8 

49.0 

25.6 

2X.9 

31.1 
36.8 

45.9 

30.2 

23.6 

171.0 

1 15.2 

174.0 

73.3 

15.4 

14.3 

19.6 

23.6 

Fig. 1 

. 
chemistry for 7 as for 1. Moreover. NOE experiments 

suggested that the C-2 hydroxy group is /I since irradi- 
ation of the signal at 63.21 (H-32) produced an NOE 
effect on the signals for H-22 (ii4.12) and CH,-18% (d1.21). 
The structure of compound 7 must be 2/j-hydroxy-3,4/j- 
epoxy-S/LlO~-cis- 17r,20r-cleroda- 13( 14)-en- IS. 16-elide. 

The ‘H NMR spectrum of 8 differed from the one 
observed for 7. Instead of a doublet at (S3.21 (H-3) and a 
singlet at ii1.21 (Me-l 8) as in 7, two signals appeared at 

6: i.49 (dd) and at 61.66 (d) for 8. These signals were 
as signed to an H-3 vinylic proton and to a Me- 18 vinylic 
m ethyl group, respectively. The 13C NMR spectrum of 8 
SU lpported a 3.4..double bond with signals at (5123.8 and 
li i7.4. The structure of 8 could be deduced from the ‘H 
ar id ‘%I NMR data (Tables 1 and 2). which indicated 
th at 8 and 2x,16-dihydroxykolavenic acid lactone [12] 
ar ‘e epimers. The significant difference between the ‘H 
N MR spectrum of 8 and the spectrum for 2x(,16- 
di hydroxykolavenic acid lactone [ 121 was for the signals 
fo r Me-19, Me-20. H-2 and H-3. NOE experiments were 
cc mducted to resolve the stereochemistry of 8. Irradiation 
of the signal at 61.00 (Me-20) markedly enhanced the 
sii snal at 64.14 (H-2) and also enhanced the signal for Me- 
1; ’ ((50.84). This evidence indicated that the C-2 hydroxyl 

gr oup has a /I-orientation. Thus, the structure of com- 

PC )und 8 is 2/1-hydroxy-S/i.1 O/I-& 17r,20a-cleroda- 
3. 13( I4)-diene- 15.16.olide. 

frl 
‘1 
tH 
ar 
bt 

P* 
m 

gr 
te 
ar 
01 

ar 
d; 
th 
th 
th 

That the skeleton of 9 is the same as that of 8 followed 
vm comparison of their ‘H and ‘“C NMR spectra, The 
-1NMR spectral data also indicated the difference be- 
ieen 9 and 8. For compound 9 no signals appeared 
ound 65.80 and 4.71, which clearly showed that the 
ltenolide side chain at C-9 in compounds I- 8 is not 
‘esent in compound 9. Moreover. in addition to four 
ethyl groups at C-4, 5, 8 and 9. OIIC more vinylic methyl 
oup was evident (Table I). In the 2D-COSY, two 
rtiary methyl groups on unsaturated carbons (at iii.58 
id 1.87 ppm) exhibited long range allylic coupling to 
efinic protons at 35.20 and 5.36 respectively. Both ‘H 
Id 13C NMR resonances agreed closely with published 
lta -X(Me)=CH COOH to be the terminal portion of 
e C-9 side chain in 9. Moreover, the chemical shifts of 
e vinyl methyl and vinyl proton allow assignment of 
e C-9 side chain of 9 as part of a %-olefin [ 13%16]. The 

29.4 t 34.x 36.5 I 35.5 19.8 19.9 

63.0 d 64.7 69.3 d 30.5 30.5 

63.6 d 123.8 124.4 d 125.4 62.7 62.8 

68.1 s 147.4 147.2 > 173.2 66.1 66.2 

37.8 s 39.4 38.7 5 39.8 37.9 38.0 

26.9 t 29.7 2x.7 I 26.9 24.9 25.0 

30.0 t 27.2 27.4 i 27.2 27.2 27.2 

34.8 d 37.3 36.0 d 36.0 36.9 37.1 

37.9 s 38.3 38.7 .V 39.0 38.2 38. I 
36.6 ti 40.7 45.4 d 45.6 41.4 41.3 

33.3 1 31.8 27.7 r 34.6 31.1 26.8 

23.2 t 23.2 36.5 t 35.9 30.6 36.3 

171.3 s 171.2 163.7 .s 160.4 32.6 73.9 

114.0 d 115.0 115.7 (1 116.2 41.3 41.2 

174.0 s 173.9 170.8 5 16X.2 177.6 59.4 

73.0 f 73.0 18.2 q 18.8 19.8 29.5 

15.3 q 15.3 15.x q 15.5 15.4 15.5 

28.8 q 26.9 25.6 q 25.3 29.4 29.2 

18.4 y 19.1 19.9 ‘, IX.2 18.9 18.9 

21.7 q 23.2 17.6 q 17.5 21.7 21.8 
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configuration of the skeletal part of 9 was assigned by 
NOE experiments. Irradiation of the signal at SO.70 (Me- 
20) enchanced the signals at 61.02 (Me-19) and 1.35 (H- 
10). Reciprocally, irradiation at 61.02 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-9b methyl groups. 
Thus, compound 9 is assigned as (132)-2/&hydroxy_ 
5~,1O~-cis-l7a,20/?-cleroda-3,13( 14)-diene- 15-oic acid. By 
comparison of the data for the $?,lOfi-cis-clerodanes 1-9, 
it is evident that the ‘H NMR chem’ical shifts of the 
methyl groups at C-9 are different for different orien- 
tations in these compounds: for p 0.70ppm and for a 
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 (64.30) 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 65.20 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, 171. Thus the structure of compound 10 must be 
(13Z)-2-oxo-5~,10~-cis-17~,20~-c1eroda-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,,H,,O,. The fragment at m/z 207 
(85%) [M -C6H,,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 3,4/3- 
epoxide and 17a,20a-methyl groups in the Sp,lOp-cis- 
fused series. On the other hand, the formula C,H, ,O, for 
the C-9 side chain and no low field i3C 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, 18-201. The stereochemistry at C-13, however, was 
not determined. Thus, the structure of compound 11 
could be assigned as 3,4fi-epoxy-SP,lOfi-cis-l7a,20c(- 
cleroda-15-oic acid. 

The 13C 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,,O, for the side chain at C-9. The ‘H 
NMR signal for H-15 (63.81) indicated a carbinol group 
(CHzOH) 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 i3C NMR signals at 659.4 
for C-15 and 673.9 for C-13. Therefore, we assign this 
new natural product the structure 16-hydroxy-3,4/?- 
epoxy-5~,10/?-cis-17a,20a-c1eroda-15-01 (12). 

Spectral data (‘H and 13C 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 (CHCI,) at 

14 x = 0 
15 x = H.BO” 

16 R = /3OH 
17 R = aOH 

OH r- 

0 

18 

4” 

19 R = j3AcO 

20 R=H 

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 65.65 (lH, J= 3.0 Hz, H-13b) and 
6.31 (lH, J=3.4 Hz, H-13a). Moreover, in the ‘H NMR 
spectrum of 14, two broadened singlets at 64.97 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 5. ‘H NMR data for sesquiterpenes 
21 and 22 (CDCI,, h-scale in ppm, 

360 MHz for 21 and 500 MHz for 22) 

H 21 

;, 
5 
6 5.53 hrs 
7 
11 
12 
13 
14 _ 0.80 s 
15 
15’ i 

1.11 s 

22 

3.31 hr dd 
1.98 m 
1.77 m 
1.03 d 
3.73 dd 
1.28 m 

0.96 d 
0.90 d 
1.03 s 
3.71 d 
3.60 d 

J(Hz): 21: 11, 12=11, 13=6.8; 22: I.2 
=11; 1,2’=4.1;5,6=11.6;6,7=9.4; 11, 12 
=ll, 13=6.9; 15, 15’=9.1. 

Table 6. 13C NMR data for ses- 

quiterpenes 21 and 22 (90 MHz, 

CDCl,, R-scale in ppm) 

C 21 22 

1 40.7 t 80.5* 
2 20.4 t 28.0? 
3 43.2 t 39.7t 
4 72.3 s 80.4t 
5 54.4 d 57.6* 
6 117.2 d 75.6+ 
7 143.8 s 51.2* 
8 23.4 t 22.2f 
9 39.5t 39.1t 

10 33.8 s 33% 
11 35.0 d 29.6” 
12 21.8 q l&5* 
13 21.6 4 20.7* 
14 17.6 y 12.8 * 
15 22.3 y 76.5t 

ICarbons 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. 1457. 

tRelevant expressions are as follows: 

c w(lF,I - lF#; QJ = l/(g(F,)Y 

R=x l(lF,l -IF,I)I~IF,I 

Rw= C~,(IFoI -I~,l~zi~,~l~,l~21”’ 

s = &I (FOI - l~d2/(~ - n)11~2 

other spectral data supported the assignment of com- 
pound 22 as 6,i 5a-epoxy- 1,9.4/Cdihydroxyeudesmane. 

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,CI, for 1 hr. The CH,CI, 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 fltrate until the soln reached approximately 

80% aq. MeOH. This aq. extract was then partitioned against 

hexane (x4), and then the aq. soln was coned 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-EtOAc (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-CHzC1,-MeOH; 7:4: I), 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: I, 7:3, 5:5. 3:7 or 1:9) as eluting 

solvent; flow rate 2.2 ml/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), I2 (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 

(i=O.71069 A) and equipped with a Syntex LT- I low tem- 

perature delivery system (163 K).* The crystal was orthorhom- 

bit. a=7.625(2), h= 12.41 l(5). c= 1X.494(9) A. v= 1750.0(2) A”, 
space group P2,2,2,. :=4, D.u (g;cm’, 163K)=1.208, L)c 

(g/cm.‘. 294K)= 1.199. Chemical formula. CZoH,,O,, F. W. 
=318.455. and F(m)=696 electrons. 5786 reflections were 

measured using to-scan and symmetrically over I about K,,,, 

maximum and an offset of + 1 in (9 from K,,,, maximum at a 
scan rate of 3.0 deg.:min (min) and 6.0”‘min (max) and a 20 

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 ZnCI, 

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 30 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 AP map (& -‘) 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.t Methyl hydrogen positions were cal- 

culated assuming an sp” geometry around the C-atom and their 

temperature factors were fxed at 0.05. All non-hydrogen atoms 

were treated anisotropically, hydrogen atoms isotropically. The 
refinement converged to R=0.046 and Rt~=0.061 for 2383 

reflections. 



Terpenoids from Ageratina saltillensis 3195 

16-Hydroxy-3,4~-epoxy-5B,10B-cis-l7~,20a-c~er~~u-l3( 14)~en- 

15,16-elide (2). IR v~~~‘~ cm- I. 3330 (OH), 1750 (lactone), 1650 

(C=C). MS (rel. int): 334 [Ml+ (7.3) (C,,H,,O,), 319 [M 

-Me]+ (42.5), 316 [M-H,O]+ (8.5), 305 [M-29]+ (5.1), 287 

[305-H,O]+ (12.7), 233 M-C,HJOZ-H,O]+ (23.5), 207 [M 

-side chain]+ (54.1), 109 [side chain-H,O]+ (97), 43 (100). 

3a,48,16- Trihydroxy-58,10/j’-cis- 17a,20a-cleroda- 13( 14)-en- 

15,16-elide (3). IR Yang” cm-‘: 3460 (OH), 3250 (OH), 1750 (lac- 

tone), 1650 (C=C). MS (rel. int): 352 [M]’ (3.7) (CZOH3205)r 334 

[M-H,O]+ (2.5), 224 [334-C6Hs02]+ (9.1), 207 [334 

-C,H,O,-H,O]+ (20.8), 189 [207-H,O]+ (40), 109 [side 
chain-H,O]+ (86.1), 95 [109-CH,]+ (97.4), 81 [95-CH2]+ 

(81), 43 (100). 

3a,4~-Dihydroxy-5/?,1O~-cis-17a,20a-clerodu-l3(14)-en-15,16- 
elide (4). IR v~~~‘~ cm- I: 3460 (OH), 1780,1745 (lactone), 1632 (C 

=C). MS (rel. int): 336 [M]’ (7.9) (C H 0 ) 319 [M-15]+ 20 32 ‘$r 
(6.4), 226 [M-side chain + l] + (lOO), 111 [side chain] + (79). 

3a-Methoxy-4~-hydroxy-5~,lO~-cis-l7a,20a-cleroda-l3(14)- 

en-15,16-elide (5). IR v~~~‘~ cm-‘: 3470 (OH), 1780, 1748 (lac- 

tone), 1636 (C=C). MS (rel. int): 350 [M]’ (2.4) (C2,H3404), 335 

[M-15]+ (2.7), 240 [M-side chain+ 11’ (loo), 111 [side 

chain]+ (78.6). 

3-0xo-4/Ghydroxy-5/& log-cis-17a,20a-cleroda- 13( 14)~en- 

15,16-oIide (6). IR v:!:‘~ cm-‘: 32OC-3600 (br OH), 1780, 1748 

(lactone), 1636 (C=C). MS (rel. int): 334 [M]’ (2.2) (C H 0 ) 20 30 4, 
319 [M-Me]+ (31), 318 [M-O]’ (35), 305 [M-29]+ 

(21), 304 [319-Me]+ (23), 289 [318-29]+ (28), 235 1318 

-C,H302]+ (30), 208 [318 -C,H,O,]+ (20), 111 [sidechain]+ 

(loo), 43 (93). 
2fi-Hydroxy-3,4/&epoxy-SB,lO/%cis- 17a,20a-cleroda-13(14)- 

en-15,16-elide (7). IR v~~~‘~ cm-‘: 3470 (OH), 1780, 1748 (lac- 

tone), 1635 (C=C). MS (rel. int): 334 [M]’ (1.5) (C H 0 ) 319 20 30 4. 
[M-Me]+(3.6),316[M-HH,0]+(2.2),288[M-CO-H,O]+ 

(4.8), 273 [28S - Me] ’ (35.9), 223 [M-side chain] + (3.6), 205 

[223-H,O]+ (14.7). 111 [side chain]+ (100). 

2/I-Hydroxy-58,l Ob-cis- 17a,20a-cleroda-3,13( 14)-diene- 15,16- 
elide (8). IR v~!~~‘~ cm- ‘: 3450 (OH), 1780 (lactone), 1637 (C=C). 

MS (rel. int): 318 [M]’ (2) (C,,H,,O,), 300 [M-H,O]+ (44.5), 

285 [M-H,O-Me]+ (24.6), 235 [M-C,H,O,]+ (76.8), 203 

[M-H,O-CSH502]+ (21.4), 189 [M-H20-CsH,02]+ 
(39.2), 111 [side chain] + (100). 

(13Z)-2p-Hydroxy-5/3,1OP-cis- 17x,20/?-c[eroda-3,13( 14)-diene- 
15-oic acid (9). IR v:::‘~ cm-‘: 34OO(OH), 340&2600, 1690 

(CO,H), 1640 (C=C). MS (rel. int): 320 [M]’ (1.2) (CZOH3203), 

302 [M-H,O]+ (31.5), 287 [302-Me]+ (22.6), 269 1287 

-H,O]+ (16.3), 203 [M-HzO-C,H,O,]+ (23.5), 189 [M 

-H,O-C,H,O,]+ (loo), 119 (80.1), 105 (80.5), 95 (82.4), 91 
(68.6). 

(13Z)-2-0xo-5~,10~-cis-17a,20~-cleroda-3,13(14)-diene-15-oic 
acid (10). IR vale” cm-‘: 3400-2600, 1690 (CO,H), 1650 (C 

=CCO). MS (rel. int): 318 [Ml+ (1.6) (C,,H,,O,), 300 [M 

-H,O]+ (5.9), 285 [M-H,O-Me]+ (15.7), 259 [M 

-C2H302]+ (20.4), 243 [259-O]+ (11). 205 [M-ChH90Z]+ 

(46.5), 189 [205-O]+ (29.8), 121 (lOO), 109 (86.6). 95 (95.6), 83 

(40.4). 

3,4~-Epoxy-5~,10~-cis-l7a,20cc-cleroda- 15-oic acid (11). 

IR v:!$‘~ cm- I: 345&26OO, 1720 (CO,H). MS (rel. int): 322 

[M]’ (11.7) (C,,H,,O,), 307 [M-Me]+ (11.9), 304 [M 
-H,O]+ (16.7), 293 [M-29]+ (24.6), 237 [M-C,H,O,]+ 

(16.8), 223 [M-C,H,O,]+ (19), 207 [M-side chain]+ (84.6). 

109 (loo). 

16-Hydroxy-3,4~-epoxy-5~,lO~-cis-l7a,2Oa-cleroda- 15-01(12). 

IR v:!:‘~ cm-‘: 3400 (OH). MS (rel. int): 324 [M]’ (2.6) 

(C,,H,,O,), 309 [M-Me]+ (13.6), 306 [M-H,O]+ (9.9X 
291 [309-HZO]+ (8.9), 273 [291 -H,O] + (6.9), 221 

[M-C,H,102]+ (10.7) 207 [M-side chain]+ (91.9), 43 (100). 

8~~-5’-[5”-Hydroxytigloy/oxy]-tigloyloxy-3-dehydro-4~,15-di- 
hydro-zaluzanin C (14). IR v:!:‘~ cm-‘: 3490 (OH), 1770 1700 

(lactone, C=CCO,R, C=O), 1650 (C=C). MS (rel. int): 458 [M] + 

(2.7) (C,,H,,O,), 440[M-H,O]+ (lo), 361 [M-CSH502]+ 
(51), 343 [M-CSH,09]+ (91), 263 [M-C,,,H,,O,]+ (27), 245 

CM-GoH,@J+ U’W, 244 CM-C,,H,,O,I+ (43), 99 
[MeCH=C(CH,OH)CO]+ (94.8), 81 [MeCH=C(CH,OH)CO 
- H,O] + (84). 

88-5’-[S”-Hydroxytig~oyloxy]-tigloyloxy-4~,15-dihydrozaluza- 
nin C (15). IR v:!:‘~ cm- I: 3490 (OH), 1763 (lactone), 1718 (C 

=CCO,R), 1650 (C=C). MS (rel. int): 460 [M]’ (1) (C,,H,,Os), 
442 [M-H,O]+ (4.4), 424 [442-H,O]+ (1). 363 [M 

-CsHsO,]+ (12.6), 345 [M-C,H703]+ (25.7), 265 [M 

-C,,H,,O,]+ (11.3), 247 [M-C,,H,305]+ (51.3), 246 [M 
-C,,H,,O,]+ (84.3), 229 [247-H,O]+ (lOO), 99 [MeCH 

=C(CH,OH)CO]+ (loo), 81 [MeCH=C(CH,OH)CO-H,O]+ 

(94.6). 

4’-Desoxy-3-desacetoxyL3/Lhydroxyprovincialin (16). IR 

vale” cm ’ : 3490 (OH), 1752 (lactone), 1710 (C=CCO,R), 1650 

(C=C). MS (rel. int): 460 [M]’ (0.5) (C H 0 ) 442 [M 25 32 sr 
-H,O] + (2), 362 [M -CSH,O,]+ (2), 344 [M -C,H,O,]+ 

(3.8), 264 IM-C,,H,,o,l+ (3), 246 CM-C,,H,.,O5]+ (69), 
228 [246-H,O]+ (96), 99 [MeCH=C(CH20H)CO]+ (lOO), 81 

[MeCH = C(CH,OH)CO - H,O]+ (99.9). 

5’-[S”-Hydroxytigloyloxy]-5’-hydroxyhehiangine (18). IR 

v~~.~“ cm- ‘: 3740 (OH), 1750 (lactone), 1710 (C=CCO,R), 1650 

(C=C). MS (rel. int): 262 [M-C,,,H,,O,]+ (6.3) (M+: 476, 

C,,H,,O,), 245 [M-C,0H1305-H20]+ (16.8), 244 [262 
-H,O]+ (13.9), 227 [245-H,O]+ (15.9), 99 [MeCH 

=C(CH,OH)CO]+ (lOO), 81 [MeCH=C(CH,OH)CO]+ (96.8). 
38-Acetoxyliacylindrolid (19). IR v~~~‘~ cm- I: 3510 (OH), 

1768 (lactone), 1740 (OAc), 1715 (C=CCO,R), 1650 (C=C). MS 

(rel. int): 442 [M -AcOH]+ (3) (M+:502, C27H3409). 344 [442 

-C,H,O,]+ (4), 246 [M-AcOH-C,,H,,O,]+ (70.8), 228 

[246-H,O]+ (53.5), 99 [MeCH=C(CH,OH)CO]+ (84.5), 81 
[MeCH=C(CH,OH)CO-H,O]+ (100). 

6-Eudesmene-4a-ol (21). MS (rel. int): 222 [M]’ (2.5) 

(C,,H,,O), 207 [M-Me]+ (14.3), 204 [M-H 01’ (18.8), 161 

[M-H,O-C,H,]+ (32.5), 151 (25.2), 121 (31.!$, 109 (52.7), 43 

IC,H,l+ (1’W. 
6,l Sz-Epoxy-18,4/I-dihydroxyeudesmane (22). IR v~~~‘~ cm- I: 

32m3580 (OH). MS (rel. int): 254 [M]’ (5.4) (C,,H,,O,), 239 

[M-Me]+ (9.1), 236 [M-H,O]+ (5.9), 222 [M-MeOH]+ 

(66.3), 209 (36.5), 206 (38.3), 180 (79.3), 43 [C,H,]+ (100). 
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