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Abstract-Five sesquiterpene lactones with ClOdiester side-chains have heen identified as major constituents of a leaf 
surface extract of Cmphochoete bigelooii. The structures were elucidated by spectroscopic methods and are reported for 
the 6rst time. Chemosystematic implications are discussed briefly. 

INTRODUCTION 

In continuation of our studies on the Asteraceac we 
have investigated Curphochaete bigelouii A. Gray 
(Eupatorieae). The phytochemistry of Carphochuete (five 
species restricted to the southwest U.S.A. and Mexico) has 
not yet been studied. We report here the isolation and 
structural elucidation of five new sesquiterpene lactoncs 
(la-k, 2, 3) from leaf material of C. bigelouii. The new 
structures, related to provincialin [ 11. are four guaiano- 
lides and one germacrolide all with Cl,,diester side-chains 
attached at C-8. 

RESULTS AND DISCUSSION 

The five sesquiterpene lactones were purified from a leaf 
surface extract by the chromatographic methods de- 
scribed below. The structures were derived from analysis 
of their ‘H NMR and *‘C NMR spectra (see Tables 1 and 
2) and their mass spectral fragmentation patterns. HPLC 
analysis of the crude syrup indicated that compound la 
was the major constituent of the extract (37%X while 
compounds lb, lc, 2 and 3 occurred in smaller amounts 
(9.4, 4.0. 7.9 and 5.3”/, respectively). There were con- 
siderable amounts of flavonoids present, but only traces of 
other UV-absorbing compounds. 

The spectral data of compounds la-lc suggested that 
their structures were closely related and differed only in 
the number and position of their acetate moieties. The 
appearana of ‘H NMR doublets at 66.1 (H-13a) and 5.5 
(H-13b), J,,,h = 3.47 and J,.,,, = 3.07, and the coupling 
patterns of the proton signals for H-l lo H8a,b supported 
a guaianolide skeleton. Position C-3 must be either 
hydroxylated (lb) or acetylated (la, lc), which was 
confirmed by the ‘H-signals for H-3 at 63.75 for lb, and 
64.65 and 4.7 for la and lc, reqctively. The character- 
istic downfield shift of the H-8 signals indicated that the 
C,,diester side-chains were attached at C-8 in the /I- 
position. The relatively small J, 8 values for compounds 
la-lc idicatcd that H-8 was ai the a-position [see refa 
[2] and [3] for a comparison]. The proposed structure 

l &manent addrcs~ Botanisches Institut da Universilt zu 
Kc%, Gyrhofstr. 15, D-5000 Kdln 41. F.R.G. 

also followed from the absence of signals for H-10 and the 
presence of two H-14 signals at 65.1 (br s) and 4.85 (br s). 
The structures of the CIodiester sidechains of com- 
pounds la-lc were elucidated by a ZDCOSY experiment 
and comparison with data reported in the literature. The 
sidechain of compound la was described first by Herz 
and Wahlberg [I] for provincialin and the side-chains of 
compounds lb and lc were suggested to be their C-5”- 
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Table 1. ‘H NMR spectral data for scquitcqcnc hctonea from Cmphochaete bigelouii 

la lb lC 2 3 

H-l 

H-h 
H-2b 

H-3 
H-4 

H-5 

H-6 

H-7 

H-8 

H-9a 
H-9b 

H-13a 
H-13b 
H-14 

H-15 
H-3 

H-4 

H-S 
H-3” 

H-4” 
H-5” 

2.85ddd 
J *,z = 10.7 
J I, Zb = 8.7 

J,,, = 9.8 
2.33 m 
1.7m 
J 2a,2b=21 

4.65 q 
2.1 m 
J4.1~ = 6.6 
1.9. 
JS,6 = 10 
4.35dd 
J -9 6.7 - 
3.odddd 
J ,, ,h = 3.07 
J ;$bz=2y 
J . 
5.59dd 
J &*b = 4.4 

27dd 
232dd 
J,, = 14 
5.49 d 
6.14d 

a 5.01 br s 
b 4.85 br s 

l.ld$ 
6.97 t 
J yv4’ = 6 
4.4m$ 

4.83 s!j 
6.83 q 
J )..4. = 7.2 
1.85d: 
4.21 bt s§ 
2.02 .q 

2.82 m 

2.2m 
1.77m 

Jhh 3 = 8.7 
3.75 ddd 
2.1m 
J 4. ,I = 5.8 
1.9. 

4.4dd 

3.Odddd 
J 7.1h = 2.8 
J x1s)b_=33;43 
J . 
5.61 dd 
Jkpl = 4.7 

:8jFdY 3.5 

235dd 
J Nb= 14 
5.5Y 
6.19d 
5.lbrs 
4.85 br s 
1.2d: 
7.04 t 
J 3:4’ = 5.9 
4.48m!j 
J wh b = 6.35 
4.92 br s 8 
7.03 q 
J ).,4. = 7.2 
1.92dt 
4.8 br se 
2.01 .r$ 

2.85 m 4.9. 

J 1.2b = 8.7 

2.38 m 
1.73m 

J2a2b -2’ 

2.35m 
2.55’ 

4.7 q 
2.17m 
J4. ,5 = 6.6 
1.9. 

5.2m 
- 

4.4dd 
Jr,. , = 9.3 
3.03dddd 
J 7, ,h = 3.02 
J ;,:)b_=2;46 
J . 
5.62 dd 
J &*b = 4.4 

275dd 
2.35dd 
J qb = 14.1 
5.5d 
6.19d 
5.03 br s 
4.87 br s 
l.l5d$ 
7.04 t 
J 3’,r = 6.2 
4.45mg 

4.9. 
J 5,659 
5.13dd 

2.94m 
J 7, ,h = 3.38 
J 7.13b = 3’o6 

5.84dd 
Jknb = 5.4 

2.85dd 
2.37’ 1 
J 9rb= 18 
5.61 d 
6.27 d 
1.594 

1.784 
7.1 t 
J,:, = 5.85 
4.52mg 

4.91 br s8 
7.03 q 
J 3’S4. = 7.2 
I.94 
4.79 br s§ 
2.01 s$ 
2.00s: 

4.3 br se 
6.9q 
J )..)’ = 7.2 
1.91 d” 
4.95 ddt 
2.124 

2.53. 

3.oddt 

J w,S= <2 

5.53 s 

3.36 br d 
J,.6 = 10.2 
4.19br r 
J 6.7 = 10 
3.02 m 
J 7, ,h = 3.29 
J 
J 

;: yb==:; 

5.64dd 

2.53 m 

5.44d 
6.10d 
1.6 br s$ 

1.88 br sj 
7.01 
J,:, = 5.9 
4.31 de 

4.82dd$ 
6.73 t 
J 3’,r = 4.9 
4.35ddddtg 
4.19ddt 

Run in CDC& at 360 MH& frequencies in ppm downfield from TMS. 
*obscured signal. 
tcentrc of AB system. 
$Intensity of three protons 
glntensity of two protons. 

acetoxy derivatives. The chemical ionization (Cl) mass 
spectra of compounds 1 band lc showed peaks at m/z 141 
and 159 due to an acetoxytiglic acid fragment. Irradiation 
of the H-l 5 methyl signal showed NOE effects on the H-3, 
H-4 and H-5 signals. The signal for H-6 was not enhanced. 
Thus the C-15 methyl group must be a-orientated, as well 
as H-3 and H-5. Consequently the C-5 ring system of the 
guaianolide skeleton must be cis-fused, which was con- 
firmed by the J,. S value of 9.8 Hz and a comparable value 
recently reported for a related structure [4]. The acetate 
group of compounds la and lc and the hydroxyl group of 
compound lb are attached at the C-38 position. Closely 

related structures like hymenopappolide have been de- 
scribed previously [2], but this is the first report of the 
provincialin sidechain and its C-5”.acetoxy derivatives on 
this type of guaianolide skeleton. 

The ‘H NMR shifts and coupling patterns of the 
skeletal protons in compound 3 indicated that it has the 
same sesquiterpene skeleton as the guaianolide zuurber- 
genin [5] and differs only in its C-8 ester side-chain. Two 
4,5dihydroxytigliate units are joined at the C-5’ position. 
The triplets at 66.73 and 7.00 (H-3’ and H-3”) indicated 
hydroxyl groups at the C-4’ and C-4” positions. C-5” was 
also hydroxylated, as the *H NMR spectrum showed a br s 
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Tabk 2. “CNMRspectmldataof 
compounds la and 3 

18 3 

C-l 51.1 
c-2 35.6 
c-3 79.8 
C-t 43.5 
c-s 43.0 
C-6 80.6 
c-7 50.4 
C-8 67.2 
c-9 41.6 
c-10 142.1 
c-11 134.8 
c-12 169.3 
c-13 122.0 
c-14 117.1 
c-15 17.5 
C-l’ 165.2 
c-2 126.8 
c-3 147.9 
C-4’ 59.2 
c-5 56.4 
C-l” 167.0 
C-2” 131.6 
c-3 142.1 
C-4” 14.3 
c-5 58.1 
Acetate 21.2 

171.2 

137.2. 
37.8 

126.7 
135.4. 
56.6 
80.1 
55.4 
66.8 
36.0 

131.5. 
137.2. 
169.7 
120.2 
24.1 
17.5 

165.3 
125.2 
147.9 
58.9 
58.4 

166.6 
126.0 
144.6 
59.1 
58.8 

Run on a GN-SOO instrument in 
CDClx with TMS as internal stan- 
dard; frequencies in ppm downfield 
from TMS. Assignments were made 
by a ‘H-“Ccorrelated spectrum 
and comparison with data from 
known wmpoundds 

l Interchangeable assignments. 

at 64.19 for the two H-5” protons and only two methyl 
signals (H-14 and H-15). The Cl mass spectrum generated 
peaks at m/z 133 and 343, indicating the loss of a 
dihydroxytiglic acid from the molecular ion. The structure 
of the compound was confirmed by a ZD-COSY exper- 
iment and the assi 
established by a P 

ment of the sidechain carbons was 
H- ‘“Ccorrelated spectrum. The 4’- 

methylated variation of this compound has been isolated 
recently from Ageratina tristis [3]. 

The ‘H NMR spectrum of compound 2 indicated a 
germacrolide-type skeleton (a group of signals from 64.85 
to 5.3 for H-5, H-l, H-6 and H-3, and no signals 
corresponding to H-4 or H-10) substituted with a Cl,,- 
diester side-chain at the C-8 position and an acetate at the 
C-3 position. The trans-orientation of the lactone rinn was 
also-supported by the couplings J, ,h = 3.38 and j, ,s,, 
= 3.06. Comparison with known structures isolated from 
Piptothrix &eolare (DC.) King and H. Robins. and 
Isocqtta oppositi$olia (M. Miski and D. A. Gage, unpub 
lished results; [6]) strongly supported the germacolide wn- 
figuration of this skeleton. The structure of the ClO- 
diester side-chain was also S-[5”-hydroxytigloyl]-4’- 

hydroxytiglic acid. This was supported by a strong 
coupling between the H-3” quartet at 66.9 and the methyl 
signal at 1.9 (H-4”) in the 2D-COSY spectrum. The 
position of the acetate at C-3 of the skeleton was deduced 
from the chemical shift of the H-3 signal in the ‘H NMR 
spectrum. The Cl mass spectral data of this compound 
excluded the attachment of the acetate to the sidechain; 
an ion at m/z 307 indicated the loss of C I 0H I JO3 from the 
molecular ion and an ion at m/z 247 resulted from the loss 
of an acetate from the remaining fragment. 

Sesquiterpene lactones with Clodiester side-chains 
have been isolated from different subtribes of the 
Eupatorieae sensu K. & R. [7] including Ageratiinae 
[3,8,9]. Liatriinae [ 1.4, lo] and Critoniinae [ 11, 121. 
This is the first report of these compounds in the subtribe 
Fiqueriinae sensu K. 8c R. The terpenoid chemistries of 
some members of the Piquera group such as Ageratum 
and Steuio have been studied intensively [ 133, while many 
other genera have not yet been investigated. The presence 
of CIOdiester-side-chain sesquiterpene lactones may 
perhaps indicate a closer relationship of the genus 
Curphochaete to members of other subtribes in the 
Eupatorieae such as the Liatriinae or Ageratiinae. On the 
other hand, the distribution of provincialin-related ter- 
penoids seems to be widespread, which reduces the 
chemotaxonomic value of this character, especially in 
terms of separating subtribes within the Eupatorieae. 
However, it might be a significant character at the generic 
level (Liatris [l, 4],.Piptothrix [9]). 

EXPERIMENTAL 

Plant material of Carphuchaetc b&&vii was collected by A. D. 
Zimmcrmann on 8 December 1985 in Jeff Davis County (TX, 
U.S.A.) 5 miles SE of Ft. Davis, at the SW end of Arkansas Mesa 
at the CDRl Visitors’ Center. (Voucher ADZ 2368 is deposited in 
the Plant Resources Center of the University of Texas at Austin. 
U.S.A.; TEX). Air-dried leaves (260g) were washed without 
grinding with CHICI (2 x 2 I., 30 min). The crude extract was 
evaporated to dryness, diluted in 200ml MeOH and filtered. 
After adding Hz0 until an 80 % aq. soln was obtained, the extract 
was partitioned 4 x against hexane in order to remove long-chain 
hydrocarbons and chlorophyll. Subsequently, the MeOH was 
evaporated at room temp. and the remaining aq. soln was 
partitioned twice against CH&I,. Any remaining Hz0 was 
removed from the combined CHICI, phases by stirring with 
(Mg),S04. After filtration the extract was reduced to dryness 
(yield: 13.5 g). The crude syrup was first chromatographcd on a 
Sephadex-LH 20 column using CHzCI,-MeOH (1:3) as an 
eluanr 30 fractions each of 50 ml were collected and monitored 
by TLC [silica gel containing a 254 nm fluorescence indicator, 
hexane-EtOAc (1:3), CHsClr-Mc#O (9: I); CHCI,-MeOH 
(9: l)]. Spots were detected under UV 254 and 365 nm (only 
tlavonoids) and visualized by spraying with acidified vanillin. 
Fractions 9 + 10 and 11 + 12 were combined and chromato- 
graphed separately on a Sephadcx LH 20 column using 
cyclohexaneCHzCl,-MeOH (7:4:1) as an &ant. Eluant 
polarity was increased during chromatography (7:4:3). 
Fractions were collected and monitored by TLC (see above). 
Selected fractions were examined by HPLC using a Beckman 
binary gradient system (pumps: model 1 lOB, controller. model 
421, organixer including injector. model 340 with a 20 4 loop, 
detector: model 160) and an Ultrasphere ODS column (5@m, i.d. 
4.6 mm, 25 cm). Samples were separated in a stepwise gradient 
from 10% solvent Bin solvent A to 100% solvent B (0 min: IO% 
BinA,lmin:l0%to3O%BinAin20min,2lmin:30%to80% 




