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Abstract-The aerial parts of two Gaillardia species afforded in addition to known sesquiterpene lactones 23 new 
pseudoguaianolides, two dugaldiolide derivatives and two seco-neopulchelhn derivatives. The structures were 
elucidated by spectroscopic methods. Biogenetic relationships are discussed briefly. 

INTRODUCrION 

The North American genus Gnillardiu, previously a 
member of the tribe Helenieae, is now placed in the tribe 
Heliantheae, subtribe Gaillardiinae [ 1,2]. Several species 
of this genus have been studied chemically. In addition to 
some characteristic acetylenic compounds [3] and thymol 
derivatives [4], pseudoguaianolides seem to be typical for 
this genus and perhaps for the whole subtribe [5]. Also 
from the aerial parts of G. aristata Pursh. and G. pulchellu 
Foug. several sesquiterpene lactones have been isolated 
[6-93 while the roots gave thymol derivatives [4] and 
acetylenic epoxysulfones [3]. We now have studied again 
the aerial parts of G. aristata and G. pulchellu from North 
Carolina and cultivated material from the Botanical 
Garden in Berlin. The results will be discussed in this 
paper. 

RESULTS AND DISCUSSION 

The aerial parts of G. pulchellu Foug. collected in North 
Carolina afforded pulchellin (la) [lo] and neopulchellin 
(89) [ 1 l] and the seco derivative 23c. The aerial parts of G. 
aristata Pursh. collected in Colorado, gave the eudesma- 
nolides pulchellin C (14a) [ 121, pulchellin B (14b) [ 121 
and pulchellin E (14c) [12], the pseudoguaianolides lob, 
llc and 12 as well as the seco derivative 23a. A larger 
amount of G. pulchella, cultivated in the Botanical Garden 
at Berlin, afforded pulchellin (la), the corresponding 6/I- 
acetoxy derivative lb, spathulin (lc) [13], the 2-0- 
angelate 2a [14], the 2-O-methyl butyrate 2b, the 2-0- 
isovalerate 2c, the known lactones 3a [15], 3b [7] and 3c 
[15] as well as the corresponding isobutyrate %I. 
Furthermore the diacetates 4a, 4b, Sa-Se, the diesters 
6a-6d, the angelates 7a and 7b, neopulchellin @a) [ll], 
the corresponding angelate Sb, the trio1 9a, the angelates 
lOa and lla, the methyl butyrate llb, florilenalin (13) 
[16], the angelate 18, the corresponding methyl butyrate 
19 and the seco derivative 23a were isolated. The separ- 
ation of the complex mixture of lactones was achieved by 
combination of repeated thin layer and high pressure 
liquid chromatography. 

I 

The structure of lb followed from the molecular 
formula and the ‘H NMR spectral data (Table 1) which 
were in part close to those of spathulin [ 133. The missing 
9-acetoxy group, however, caused the expected changes. 
Spin decoupling allowed a clear assignment of the signals 
of H-9a and H-9/3 which displayed threefold doublets at 
61.41 and 2.45. Furthermore the stereochemistry at all 
centres was established by NOE difference spectroscopy. 
Irradiation of the Smethyl signal showed clear effects of 
H-2/?, H-38, H-4j?, H-6, H-8 and H-10. Thus the configur- 
ation at C-2 differed from that of flexuosin A, where a 2fi- 
hydroxyl group [17] was proposed. 

The structures of 2b and 2c clearly followed from the 
‘H NMR spectra (Table 1) as all signals, except those of 
the ester residue, were close to those of the angelate 2a 
[14]. The nature of the ester group could be deduced from 
the typical ‘H NMR signals though these esters could not 
be separated. Spin decoupling allowed the assignment of 
all signals (Table 1). As in all other sesquiterpene lactones 
which have been isolated from the Gaihrdiu species the 
esteritication of the 2-hydroxyl group caused a downfield 
shift of H-l. 

The molecular formula and the ‘H NMR spectrum of 
3d (Table 1) showed that this lactone was closely related to 
3a-3c [7,13, only one of the ester groups being changed. 
The typical H NMR signals indicated the presence of the 
corresponding isobutyrate. The relative position of the 
ester residues followed from the identical chemical shifts 
of H-6 and of the acetate methyl in the spectra of 3b and 
3d. Especially the shift of the acetate methyl differs 
depending on its position in these lactones as followed 
from careful comparison of several fully or partial 
acetylated compounds. 

Accordingly also the relative position of the ester 
groups in 4a and 4b could be deduced from the ‘H NMR 
spectra (Table 1). The presence of the free hydroxyl of 
course followed from the chemical shift of H-4 while that 
of H-6 and H-9 was the same as in spathulin (lc) 
indicating the same position of the acetate groups in 4a 
and 4b. 

The ‘H NMR spectra of 5a and of the inseparable 
mixture of Sb and SC (Table 2) showed that in the lactones 

1979 



F. BOHLMANN et al. 

R R' 

Ia H H 

lb H OAc 

IC OAc OAc 

2a OH OH 

2b OH OH 

2~ OH OH 

3a OH OAc 

3b OH OAc 

3~ OH OAc 

3d OH OAc 

da OAc OAc 

4b OAc OAc 

ga OH OAc 

Sb OH OAc 

SC OH OAc 

6a OH OH 

6b OH OH 

6c OH OH 

6d OH OH 

RZ R3 

H H 

H H 

H H 

H Ang 

H Mebu 

H IVal 

H Ang 

H Mebu 

H 1Vd 

H 1BU 

H Mebu 

H 1val 

AC Am 

AC Mebu 

AC 1val 

AC Am 

AC Mebu 

AC IVd 

AC IBU 

a free hydroxyl at C-9 was present. Again the chemical 
shifts of H-2, H-4 and H-6 and the shifts of the acetate 
methyls indicated the relative position of the three ester 
functions. The nature of the ester groups also followed 
from the ‘H NMR spectra. All signals were assigned by 
spin decoupling. The same was true for the lactones 6a-6d 
which again only differed in the nature of the ester group 
at C-2. While 6~ and 6rl could be separated by HPLC 6b 
and 6e were obtained as an inseparable mixture. However, 
as the concentration of both differed slightly all signals 
could be assigned from the spectrum of the mixture. 
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The ‘H NMR spectra (Table 3) of the lactones 7a and 
7b differed characteristtcally from those m Tables 1 and 2 
by a typical doublet around 65.25 (J = 11 Hz) which 
turned out to be the signal of H-6 as proved by spin 
decoupling. The spectra also showed that 7b was the 
isovalerate of 7a, the H-4 doublet being shifted downfield 
in the spectrum of 7b while the other signals were 
influenced only to a small extent. In the spectrum of 7s 
some signals were overlapping multiplets. However, all 
signals could be assigned by spin decoupling. In the 
spectrum of 7b the isovalerate residue showed unusual 
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Table 1. ‘HNMR spectral data of lb, 2b, k, 3d,4a and 4b (4OOMHz, CDCI,, TMS as internal standard) 

CDCls- 
lb G& 2b 2e 3d 4a 4b 

2:l 

1981 

H-l 1.95m 1.77dd 
H-2 4.15dddd 3.86 dddd 
H-3a 1.7odd 1.48dd 
H-3/? 2.43 ddd 2.18ddd 
H-4 3.82 dd 3.62 dd 
H-6 6.02 d 5.9Od 
H-7 3.14dddd 286dddd 
H-8 4.62 ddd 4.42 ddd 
H3a 1.41 ddd 1.17ddd 
H-9/3 2.45 ddd 2.24 ddd 
H-10 1.95m 1.71 dddq 
H-13 6.261 6.19d 
H-13 5.421 5.28 d 
H-14 1.25d 1.07d 
H-15 0.74s 0.5Od 
OCOR 2.03 s 1.84s 

4.61 ddd 

0.93 s 
2.28 tq 
1.65 m 
1.45m 
0.93 t 

2.34dd 
5.OOddd 
1.65dd 
2.64 ddd 
3.88 d 
4.93 d 
3.00 dddd 

3.30dt 

1.95m 
6.43 d 
5.69 d 
1.16d 

2.34 dd 
4.99 ddd 
1.56dd 
2.58 ddd 
3.83 dd 
6.01 d 
3.16dddd 

4.60 ddd 4.56 t 

3.33dt 

0.94 s 
2.16d 
2.08 m 
0.95 d 

1.9Oddq 
6.32d 
5.49 d 
1.16d 
0.81 s 
2.53 qq 
1.16d 

2.42 dd 2.39 dd 
4.99 ddd 4.99 ddd 
1.56dd 1.59dd 
2.62 ddd 2.61 ddd 
3.86 dd 3.85 dd 
6.02 d 6.OOd 
3.26dddd 3.23 dddd 
4.63 t 4.63 t 

4.85 t 4.84 t 

2.05 m 2.05 m 

6.31 d 6.31d 
5.5Od 5.49 d 
0.98 d 0.97 d 
0.83 s 0.82 s 
2.35 tq 2.18d 
1.68 ddq 2.07 s 
1.46ddq 0.94d 
0.91 t 0.94d 
1.12d 2.15s 
2.15s 2.03 s 
2.04s 

J(Hz):1,2=6;1,10=10;2,3a=l.j;2,3~=8.5;3~3~=15;3~,4=4.5;6,7=4;7,8=9;7,13=3.5;7,13 
=3;10,14=7;compound1b:2,0H=7;4,0H~4.5;8,9a=12;8,9~=3;9a,9~=13;9a,10=11;9~,10-3; 
compounds 2b, 2c, 3d and 4b: 8,9 = 9, 10 = 9.5; OCOR: see. Table 2. 

Table 2. ‘H NMR spectral data of 5a-5s and 6rdd (400 MHz, CDt&, TMS as Internal standard) 

Sa Sb 5s 6a 6b 6s 6d 

H-1 
H-2 
H-3a 
H-3/? 
H-4 
H-6 
H-7 
H-8 
H-9 
H-10 
H-13 
H-13’ 
H-14 
H-15 
OCOR 

OAc 

OH 

2.4Odd 
5.13ddd 
1.66dd 
2.68 ddd 
4.81 d 
5.83 d 5.82 d 
3 22 dddd 
4.56 t 4.56 t 
3.37 dt 
1.92m 
6.33 d 
5.50d 
1.18d 
0.91 s 
6.09 qq 2.34 tq 
1.98dq 1.65 ddq 
1.87dq 1.46ddq 

6.88 t 
l.lld 

2.11 s 2.12s 
2.02 s 2.02 s 

2.37dd 
5.05 ddd 
1.59dd 
2.64 ddd 
4.79 d 

3.21 dddd 

3.37 dt 
1.91 m 
6.33d 
5.50d 
1.17d 
0.90 s 

5.81 d 

4.55 t 

2.15d 
2.08 m 
0.94 d 

2.11s 
2.02 s 

2.29 dd 
5.13ddd 
1.65 dd 
2 72 ddd 
4.93 d 
4.4Odd 

3.05 dddd 
4.61 t 

3.33 dt 
1.92m 

6.45 d 
5.59d 
1.17d 
1.03s 

6.09 qq 
199dq 
1.87dq 

2.08 s 

5.53d 
3.14d 

2.26 dd 
5.05 ddd 
1.57dd 
2.68 ddd 
4.91 d 
4.41 dd 
3.04 dddd 
4.60 t 
3.33 di 
1.88ddq 
6.43 d 
5.62 d 
1.16d 
1.01 s 
2.30 tq 
1.64ddq 
1.47 ddq 
0.9Ot 
l.lld 
2.09 s 

1.83d 
1.83d 

2.26dd 2.25 dd 
5.05 ddd 5.04ddd 
1.57dd 1.54dd 
2.68 ddd 2.67 ddd 
4.91 d 4.91 d 
4.41 dd 4.41 br d 
3.04 dddd 3.04dddd 
4.61 t 4.61 t 
3.33 dt 3.33 t 
1.88m 1.88 ddq 
6.43 d 6.44d 
5.63 d 5.61 d 
1.16d 1.15d 
1.00s 1.02s 
2.16 (2H) 2.5Oqq 
2.08 m 1.15d 
0.95d (6H) 

210s 2.10s 

2.53d 
3.14d 

~(Hz):1,2=6;2,3a=2;2,3~=9;6,7=3;7,13=3.5;7,13’=3;8,9=9.5;9,10=10;10,14=7;compounds 
5~-5f:1,10=11;3~l,3~=15;3~,4=5;7,8=9;9,OH=1.5;compoundsC~1,10=11.5;3~3~=16.5;3~,4 
= 4.5; 6, OH = 3; 7,8 = 9.5; OAng 3’, 4’ = 7; 3’. 5’ = 4’, 5’ = 1.5; OMebu: 2’, 3’ = 3’, 4’ = 2’, 5’ = 7; 31’,32’ = 14; 
OiVal: 3’, 4’ = 3’, 5’ = 7, OiBu: 2’, 3’ = 2’, 4’ = 7. 
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Table 3 ‘H NMR spectral data of 7n and 7b 
(400 MHz, CDCIJ, TMS as internal standard) 

7n 7b 

H-1 
H-2 
H-3a 
H-3,9 
H-4 
H-6 
H-7 
H-8 
H-C’K 

H-96 
H-10 
H-13 
H-13 
H-14 
H-15 
OCOR 

OH 

2.34 dd 2.39 dd 
415m 4.21 br dd 
1.57m 1.57dd 
2.33 m 2.62 ddd 
384brd 4.81 d 
5.28 d 5.22 d 
3.38 dddd 3 59 dddd 
4 llddd 4.18ddd 
1.53 m 1.6Oddd 
2 39 ddd 2.35 ddd 
1.89m 1.89m 
623d 6.21 d 
5.55 d 5.57 d 
12ld 128d 
099 s 1.02s 

632qq 6 17qq 2.14dd’ 
2.22 dd* 

205dq 198dq 2.05 m 
200dq 1.87dq 090d 
2.90 br s 0.89 d 

*J = 14 and 7 Hz 
J (Hz): 1, 2 = 6, 1, 10 = 10.5; 2, 3K = 2 5; 2, 38 

=9;3a,3~=15,3~,4=5;6,7=11;7,8=9;7, 
13=3;7,13’=25;8,9a=l2;8,9B=3;9a,9/I 
= 13; 9a, 10 = 10,9/l, 10 = 3; lo,14 = 7; OCOR: 
see Table 2 

pairs of double doublets for the cc-protons, indicating 
stertc hindrance to free rotation of the ester group. The 
stereochemistry of 7s and 7b followed from the couplings 
observed, especially if models were inspected, and from 
compartson with the data of lOa, obviously an isomer of 
7a. While the Cotton effect of 10a clearly showed the 
presence of a czs-8,12-lactone [IS], 7a showed no clear 
Cotton effect as is the case of some other pseudoguaiano- 
lides [19]. The presence of a trans-8,12-lactone in 7a and 
7b, however, followed from the couplings J,,, and JB,9., 
which obviously required a trans-diaxial orientation of H- 
6 and H-7 as well as of H-7 and H-8. Further support for a 
6B-proton m 7a was provided by the relative chemical 
shifts of H-6 in the spectrum of 7a and in those of 3-5 as 
Hda is deshielded by the 4a-oxygen function. Similarly 
the signals of the angelate residue were shifted downfield 
in the spectrum of 7a. However, as in that of 7b the 
angelate signals were at somewhat lower fields suggesting 
a hydrogen bond was present (2a, 3a, 51, 8b, lOa, lob, 
lla). 

The ‘H NMR spectrum of 8b (Table 4) was in part very 
close to that of neopulchelhn (8a) [ 111. A drastic down- 
field shift of H-4 in the spectrum of 8b compared with 8a 
showed that an ester group was at C-4; its nature could 
agam be deduced from the typical ‘H NMR signals. 

From the spectrum of 9a and its molecular formula 
Ci5HZ205, the structure of 6a-hydroxyneopulchellin 
could be deduced, especially if the ‘H NMR spectra 
(Table 4) of the corresponding mono- and triacetate (9b 
and SC) were considered too. Characteristic differences of 
the H-8 couplings in the spectra of 9a and 9b compared 

with those of 9c indicated small changes in the confor- 
mation. Spin decoupling in the usual way allowed the 
assignment of all signals indicating that the oxygen 
functions were at C-2, C-4 and C-6 while the couplings 
showed that they all were a-orientated. The presence of a 
8,12-cis-lactone followed from the couplings which cor- 
responded to those of neopulchellin. Furthermore it was 
characteristic that the H-13 signals always showed a 
smaller allylic coupling, if compared with those of the 
trans-isomers, and the chemical shift of H-7 was always at 
lower fields if compared with the corresponding 8,12- 
trans-lactones. 

In a similar way the structures of 10a and lob as well as 
those of lla-llc easily could be deduced from the 
‘H NMR spectra (Table 4 and 5). The position of the 
angeloyloxy group in 1Oa and lob followed directly from 
the chemical shift of H-6 tf it is compared with the shift in 
the spectrum of 9c. The presence of a 2a-acetoxy group m 
lob was deduced from the downfield shift of the H-2 
signal in the ‘H NMR spectrum compared with that in the 
spectrum of 10a. 

The posttion of the ester groups in lla-llc followed 
from the chemical shift of H-4 (Table 5). In this case the 
methyl butyrate and the corresponding isovalerate could 
be separated by HPLC. The signals of H-2 always were 
broad multiplets. However, addition of deuteriobenzene 
changed this signal to a broadened double doublet 
(Table 5) Indicating the same stereochemistry as in all the 
other pseudoguatanolides. 

The ‘H NMR spectrum of 12 (Table 5) showed that it 
was most likely an angelate of llc. The H-6 doublet was 
shifted to 65.31, while in the spectra of lactones with a 
saturated ester group at C-6 (SC) this doublet was at higher 
fields. Furthermore NOE difference spectroscopy es- 
tablished the stereochemistry as on irradiation of H-15 
clear effects were visible for H-2, H-4, H-6 and a small one 
for H-10. Irradiation of H-7 caused an NOE of H-l and 
also of the isovalerate methylene signal. Inspection of a 
model showed that only an ester group at C-4 could give 
this effect as the ester group at C-6 was orientated 
equatorially. These observations favoured an isovalerate 
group at C-4, most likely hydrogen-bonded with the 
hydroxyl at C-2. The methylene protons of the isovalerate 
displayed pairs of doublets which may support this 
assumption. Furthermore the chemical shifts of the 
angelate proton agreed with this structure. 

The structures of 18 and 19 could be deduced easily 
from the ‘H NMR spectra (Table 6) which were close to 
that of the corresponding 2a-tigloyloxy-dugaldiolide ISO- 
lated from a Dugaldiu species, where the structure and the 
stereochemistry was established rigorously [20]. The 
‘HNMR spectrum of 19 showed that a pair of en- 
antiomers at C-2’ was present because several pairs of 
signals were visible (Table 6). A separation of these 
isomers by HPLC was not successful though a small 
enrichment of one isomer occurred. Compounds 18 and 
19 are most likely formed via the bisepoxide 16 as shown 
in Scheme 1. 

The structures of the lactones 23a snd 23c were 
deduced from the ‘H NMR spectra (Table 7) and the mass 
spectra. Irradiation of the broad singlet at 65.67, ob- 
viously a signal of an olefinic proton, caused changes of 
the signal at 61.87 (H-15), 2.42 (H-l) and 3.43 (H-7). The 
identity of the H-7 signal was established by its simplifi- 
cation on irradiation. Further spin decoupling allowed 
the assignment of all signals leading to the whole sequence 
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Table 6. ‘H NMR spectral data of 18and 19 (400 MHz, CDCI,, derived from the common precursor 15, which itself could 
TMS as internal standard) be formed from a germacranolide-l,lO-epoxide [22]. 

CDC13- 
18 C6Ds 19 C,D, 

2:l 

H-l 2.29 dd 
H-2 4.83 ddd 
H-3 2SOdd 
H-3 1.74dd 
H-6 2.31 dd 
H-6 2.10d 
H-7 3.29 dd 
H-8 4.92 ddd 
H-9 208br dd 
H-9 1.65 ddd 
H-10 1.78m 
H-13 3.91 dd 
H-13 3.53 dd 
H-14 l.OOd 
H-15 1.22s 
OH 2021 
OCOR 606qq 

1.98dq 
186dq 

2.09 dd 
4.7Oddd 
2.29 dd 
1.52dd 
2.01 dd 
1.77d 
2.95 dd 
4.54dd 
177 ddd 
1.31 dd 
1.63m 
3.68 dd 
3.27 dd 
0.82d 
0.98 s 
1.662 
6.07 qq 
1.87dq 
1.75dq 

2.22 dd 2.1Odd 
4.79 ddd+ 4.83 ddd* 
2.47 dd’ 2.40 dd* 
1.65dd 1.6Odd 
2.31 dd 1.69dd 
2.08 d 1.53d 
3.28 dd 2 79dd 
4.91 ddd 4.20 ddd 
2.04 br dd 1.84 m 
1.65m 1.35m 
1.75 m 1.55m 
3.9Odd 3.79 dd 
3.53 dd 3.26 dd 
0.98 d 0.78d 
1.21 s 0.85 s* 
1.93 t 1.60br t 
2.31 ddq* 2.24 ddq* 

1.65m 1.55m 
l&m 1.35m 
0.89 t* 0.86 t* 
l.lld* 1.08 d* 

*Signals are split by ca l-2 Hz. 
J (Hz): 1,2 = 7; 1,lO = 11; 2,3a = 2; 2,3/I = 9; 3a, 38 = 15.5; 

60; 68 = 14; 68, 7 = 7, 7, 8 = 9.5; 8, 9a = 2; 8, 9/3 = 5; 9a, 98 
= 15.5; 9a, lo = 11.5; 10, 14 = 65; 13, 13’ = 11 5; 13, OH = 6; 
13’, OH = 7; OCOR: see Table 2. 

of all protons and thus to the structure 23a. The spectrum 
of 23c was very similar to that of 23a and showed exactly 
the same splittmg pattern of all signals. Only the H-4 
signals were shlfted downfield, Indicating that the pri- 
mary hydroxyl was estertied. The ‘HNMR spectrum 
showed in addition to an acetate methyl the typical signals 
of an angelate. To establish the relative position of the 
acetate group, 23a was transformed to the diacetate 23b. 
However, the chemical shifts of H-2 and H-4 both were 
close to those of 23c though the H-4 signals now were 
collapsed to a double doublet. Inspection of the mass 
spectrum of 23c showed a clear fragment at m/z 302 
corresponding to C,8H2204. This obviously required loss 
of ethyl acetate which 1s only possible if the acetoxy group 
is at C-4 by splitting the 2,3-bond combined with a 
hydrogen transfer. The corresponding fragment (m/z 262) 
was also present in the spectrum of 23b. Remarkable is the 
fragment m/z 107 [CsHII]+ which also was present in 
several of the pseudoguaianolides. Though the identity of 
this ion is not known, its formation most likely also 
requires a 4,5-seco-intermediate. The presence of an 8,12- 
c&la&one was supported by a negative Cotton-effect 
[ 181 and by the chemical shift of H-7 which is always at 
higher fields in trans-8,12-xanthanolides [21]. Most likely 
23a was formed by fragmentation of 21 followed by 
reduction of the resulting aldehyde 22 as shown in 
Scheme 1, which further shows that perhaps all 8,12-cis- 
lactones isolated from the subtribe Gaillurdilnae may be 

EXPERIMENTAL 

General methods. Air dried plant material was cut into small 
pieces and extracted rvlth Et@-petrol-MeOH, 1: 1: 1, at room 
temp. for 15 hr. After evaporation under red. pres. the residue was 
treated with MeOH to remove long cham saturated hydro- 
carbons. MeOH soln was evaporated under red. pres., C6H6 was 
added and again the soln was evaporated to remove traces of 
MeOH. The obtained crude material was first separated by 
column chromatography (CC, sdica gel) mto SLX fractions (petrol, 
Et@-petrol 1: 10,l: 3,1: 1, Et20 and finally Et@-MeOH, 
10: 1). From these fractions 400 MHz ‘H NMR spectra were 
measured and those fractions which showed interesting signals 
(not only those of saturated compounds) were further separated 
by TLC (SiOl PF 254, detection by UV light and by spraying 
with KMnO,-soln). The extracts of the zones were again 
mvestigated by 400 MHz ‘H NMR. If still mixtures were present, 
which could not be separated by repeated TLC, for further 
separation HPLC (RP 8, MeOH-HZ0 mixtures, analytical 
columns, repeated Injection of ca l-2 mg m MeOH each time) 
was used as well as TLC on aluminium sheets (0.1 mm, SiOl PF 
254). Known compounds were identified by comparing the 
400 MHz ‘H NMR spectra with those ofauthentic material or by 
rigorous structure elucidation using all spectroscopic methods 
and by comparing the data with those from the literature. 
Quantities were determmed by weight. 

Gadlardia pulchella (voucher RMK 9309, collec@d m North 
Carolina). The extract from 220 g aerial parts gave by CC polar 
fractions (Et,0 and Et@MeOH, 1O:l). TLC (SIO~, Et& 
petrol, 1: 1) of the Et,O-fraction gave crude 23c (R, 0.42) which 
was further purfied by HPLC (MeOH-H20, 7:3, R, 6.5 mm) 
affording 6 mg 2%. The more polar CC fraction gave by repeated 
TLC (Et+petrol, 3: 1, three developments) 35 mg pulchellin 
(la), mp 165” and 20 mg neopulchellin @a), mp 167” 

Gaillardla aristata (voucher RMK 9087, collected m Colorado). 
The extract from 240 g aerial parts gave by CC a polar fraction 
(Et@-MeOH, 10: 1) its ‘H NMR spectrum indicated a complex 
mixture of methylene lactones (H-13 signals). This mixture was 
first further separated by TLC (Et&petrol, 3: 1) The least polar 
zone gave 50 mg pure pulchellin B (14b), mp 216”. The next zone 
afforded 45 mg pulchelhn E (MC), mp 180”. The mother liquor of 
this fraction afforded by HPLC (MeOH-H,O, 13:7) 5 mg MC 
(R, 1.0 min), 3 mg llc (R, 2.6 mm), 3 mg 23a (R, 3.5 min), 3 mg 
lob (R, 4.8 mm) and 3 mg 12 (R, 6.9 min). The most polar TLC 
zone gave 95 mg pulchelhn C (14a), mp 199”. 

Second collection of G. pulchella (Botanical Garden, Berlin, 
voucher 22/83). The extract from 1 kg air dried matenal gave by 
CC a polar fraction with Et@-MeOH, 10: 1 and 5: 1 (5.5 g). This 
was further separated by medium pressure liquid chromato- 
graphy (MPLC) using 200 g silica gel (30-60 II) with CHC& and 
rasing amounts of MeOH affording fracttons (25 ml each) which 
were combmed as follows A (14, CHCI,), B (5-25,2 % MeOH), 
C (25-50, 2% MeOH), D (51-80, 5 % MeOH), E (81-95, 5% 
MeOH),F (96-109,10% MeOH),and G (1 l(rlS0, 10% MeOH). 
Fraction A was separated again by MPLC (CHCIJC6Hs-EttO, 
1: 1. l)into threefractlons(A,-A,). HPLC (MeOH-HZO, 3:2)of 
AI gaveeight fractions (A11-A18). A,, (R, 2.7 min)gave 15 mg3a, 
mp 231”, A,z (R, 3.2 mm) 15 mg 3c, A1J (R, 3.7 mm) 10 mg 3b, 
A,4 (R, 4.0 min) 5 mg 23a, A,, (R, 5.1) was a mature of Sa-5c 
and 7b, which was further separated by HPLC (MeOH-H20, 
11: 9) affordmg 2 mg 7b (R, 6 8 min), 3 mg 5a (R, 8.6 mm), 20 mg 
of a mixture of 5a-Sc (R, 9.5 mm) and 4 mg of Sb and SC (ca 2: 1) 
(R, 9.8 min) (Sb and SC could not be separated by HPLC or TLC). 



Pseudoguaianohdes and other sesqutterpene lactones from Gaillardia 1985 
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Scheme 1. 

A,6 was separated by TLC (CHCls-C6Hs-EtsO, 1: 1: 1) afford- 
mg 2 mg 8b (R, 0.40). AI7 gave 5 mg 4r (R, 9.8 min.) and AIs 
4 mg 4b (R, 10.6 mm) which was purdkd by repeating HPLC 
(MeOH-H,O, 3:2). 

HPLC (MeOH-H20, 3:2) of A2 gave a mixture of 30 mg 
3a-3c (ca 2:2:3) (R, 2.8 mm) and of 30 mg 5a-5c (ca 3:3: 1) (R, 
5.5 mitt) and HPLC (MeOH-H,O, 3:2) of As afforded 60 mg 
3a-3c (R, 3.0 min). 

HPLC (MeOH-HsO, 3:2) of fraction B gave five fractions 
(B,-B,). Repeated HPLC (MeOH-HsO, 1: 1) of Br gave 2 mg 3d 
(R, 4.8 min), of Bz 5 mg lla (R, 5.8 mm), of Bs 4 mg lib, of B4 
(HPLC, MeOH-H20, 11:9) 5 mg lth (R, 5.5 min) and of Bs 

(HPLC, MeOH-HsO, 11: 9) 2 mg 7r (R, 6.9 min). 
HPLC (MeOH-HsO, 11: 9) of fraction C combined with D 

gave 9 mg lb (R, 3.5 min), 6 mg 6d (R, 5.0 min) and 40 mg of a 
mixture of 6a-k which was further separated by HPLC 
(MeOH-HsO, 1: 1)affording 3 mg 6a (R, 13.2 min)and a mixture 
of 6h and 6e (R, 13.8 mitt). 

HPLC (MeOH-HsO, 11: 9) of fraction E gave 20 mg 9a (R, 
1.2 min), 3 mg 13 (R, 2.0 mitt), 20 mg la (R, 3.1 mitt), 10 mg 8a (R, 
3.5 mitt), 10 mg lc (R, 3.8 mitt) and a mrxture which gave by 
repeated HPLC (MeOH-HsO, 11:9) 2 mg 18 (R, 6.0 min) and 
1.5 mg 19 (R, 6.7 min). 

From fraction F 550mg lc, mp 260”, were obtained by 
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