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Abstract-The investigation of two Brachylaena species afforded in addition to known sesquiterpene lactones 
and other constituents five new lactones, a germacranolide, a guaianolide and three eudesmanolides. The 
structures were elucidated by spectroscopic methods. The chemotaxonomy of this complex genus is discussed. 

INTRODUCTION 
The Tarchonantheae have been excluded from the 
tribe Inuleae (Compositae)- following detailed tax- 
onomic studies [l-4]. However, no clear decision was 
made where to place this group. So far, little is known 
on the chemistry of the three genera Turchonanthus, 
Brachylaena and Synchodendron belonging to this 
subtribe. The essential oil of Brachylaena hutchinsii 
afforded several sesquiterpenes, mainly cadinene and 
copaene derivatives [5,6], while from Turchonanthus 
species an acetylenic thiophene and also some simple 
sesquiterpenes were reported [7]. We have now in- 
vestigated two Brachylaena species, which afforded 
several sesquiterpene lactones, whose occurrence 
may be useful for the placement of this genus. 

RESULTS AND DISCUSSION 

The aerial parts of Brachylaena transvaalensis 
Hutch. ex Phil]. et Schweick, afforded the acetylenic 
compounds 1 and 2, germacrene D, lupeyl acetate, 
linolic and linolenic acid, the germacranolides 6a [8], 
6b [8], onopordopicrin (7) [9], salonitenolide (9) [lo] 
and two further lactones, the epoxy derivative of 6b 
(8a) as well as a dihydro derivative of zaluzanin C, 
the guaianolide 14a. The structure of 8a, which on 
acetylation afforded the acetate 8b, followed from the 
molecular formula and the ‘H NMR data (Table 1). 
Though some signals were overlapping multiplets, 
comparison with the spectra of 6b and 7 clearly 
showed that a germacranolide with oxygen functions 
at C-8 and C-15 was present. The chemical shifts of 
H-15 observed after acetylation established the posi- 
tion of the free hydroxyl group, while the charac- 
teristic doublets at S 3.10 and 2.81 as well as the 
singlet at 1.58 indicated the presence of an epoxy 
isobutyrate which must be a-orientated at C-8 as the 

*Part 378 in the series ‘Naturally Occurring Terpene 
Derivatives’. For Part 377, see Bohlmann, F., Singh, P., 
Jakupovic, J., Robinson, H. and King, R. M. (1982) Phy- 
tochemistry 20, 707. 

Table 1. ‘H NMR spectral data of compounds 8a and 8b 
(400 MHz, CDC&, TMS as internal standard) 

8a 8b 

H-l 
H-2 
H-2’ 
H-3 
H-3’ 

4.98brdd 
1.97m 
2.22m 
2.56ddd 
2.22m 

4.97m 
2.0m 
2.22m 
2.52m 
2.22m 

H-5 4.78br d 
H-6 5.04br dd 1 4.85m 

H-7 3.02dddd. 3.02m 
H-8 5.12brdd S.09br dd 

H-9 2.53brd 2.52m 
H-9’ 2.41 dd 2.42dd 
H-13 6.39d 6.40d 
H-13’ 6.10d 6.10d 

H-14 1.48brs 1.58br s 
H-15 4.28br d 4.62d 
H-15’ 4.09br d 4.57d 

OCOR 3.10d 3.09d 
2.8ld 2.8ld 
1.58s 1.58s 

OAc - 2.10s 

J(Hz): 1.2-4; 1,2’= II; 2,3=2,3’-3; 3,3’= 12; 5,6= 
6,7 = 10; 7,8 = 9; 7,13 = 3.5; 7,13’ = 3; 89 = 10; 9.9’ = 13; 31, 
3; = 6. 

coupling J7.8 was 9 Hz as in the spectra of 6a, 6b, 7 
and 9. The presence of a 6,12-trans lactone followed 
from the couplings Js,6 and J6,,. The ‘H NMR data 
(Table 2) of 14a and of the acetate 14b, obtained by 
mild acetylation, as well as the molecular formula 
showed that a dihydro derivative of a trimethylene 
sesquiterpene lactone with a free hydroxyl group 
must be present. The ‘H NMR data were similar to 
those of zaluzanin C. However, the H-13 methylene 
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signals were replaced by a double quartet at S 2.23 with a ketone obtained by oxidation of 9-hydroxy- 
and a doublet at 1.22, indicating the presence of an nerolidol isolated from an Arfemisiu species [ll]. 
11,13-dihydrozaluzanin C. The stereochemistry at Furthermore, a complex mixture of several sesqui- 
C-l 1 was deduced from the large coupling J,,,, and terpene lactones was present, which could be 
the chemical shift of H-13. Spin decoupling supported separated only with difficulty. Finally 12 lactones 
the assignments of the signals. Irradiation of the were isolated, which included costunolide (5), dehy- 
downfield signal at 5.54 in the spectrum of the acetate drocostuslactone (10) [12], dehydrozaluzanin C (11) 
collapsed the H-15 signals to doublets and also [13], zaluzanin C (12) [13], dihydrodehydrocostuslac- 
changed the H-2 signals in the expected way. Irradia- tone (13) [14], 4p, 1Sdihydrodehydrozaluzanin C (15) 
tion of the double doublet of the proton under the [15], tetrahydrodehydrozaluzanin C (16) [lS], the 
lactone oxygen (H-6) allowed the assignment of H-5 furanoheliangolide 17 [16], tubiferin (18) [17] and 
and H-7. All other signals were assigned in the usual three further eudesmanolides. ‘H NMR investigations 
way. The roots afforded l-3, lupeyl acetate,, its A12- of these lactones, which were available only in 
isomer and 9-oxo-nerolidol (4) which was Identical minute amounts, led to structures 19-21 (Table 3). 

Me CC--C& CH=CH? Me CH=CHlCEC14 CH-CH, 

Me CEC+~CEECI~CH==CH~ 2 +k 

3 0 
4 

5 R=R’= H 
6aR = OiBu, R’ = OH 

0 

9 R = R’= OH 

10X = Hz 
11x=0 
12X=H,POH 

13 R=H 
14a R = OH 
14b R = OAc 

15 X = CH2 
16X = H,aMe 

18X = CH, 

X 19X= H,aMe 

0 

20X = H,aOH 
21x = 0 
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Table 2. ‘H NMR spectral data of compounds 14~1 and 14b 
(400 MHz, CDC& TMS as internal standard) 

14a 14b 

H-1 2.94br ddd 2.90br ddd 
H-2 2.54ddd 2.46ddd 
H-2’ 1.75ddd 1.79ddd 
H-3 4.54br dd 5.54dddd 

H-5 2.78dddd 2.80dddd 
H-6 4.03dd 3.99dd 
H-7 1.89dddd 19ldddd 
H-8 2.13dddd 2.12dddd 
H-8’ 1.34m 1.3lbrdd 

H-9 2.34ddd 2.51 ddd 
H-9 2.02ddd 2.03ddd 
H-11 2.23dq 2.23dq 
H-13 1.22d 1.22d 
H-14 4.96brs 4.92brs 

H-14’ 4.93br s 4.90br s 
H-15 5.39dd S.4ldd 
H-15’ 5.30dd 5.27dd 

OAc - 2.10s 

J(Hz): 1,2 = 1,2’ = 1,5 - 9; 2,2’ = 14; 2,3 = 2,3’ = 7.5; 3,15 = 
5,15=2; 5,6=6,7=10; 7,8=4; 7,8’=11; 7,11=11.5; 8,8’= 
13; 8,9 = 8,Y - 4; 8’,9 = 4; 8’,9’ = 10; 11,13 = 7. 

Table 3. ‘H NMR spectral data of compounds 19-21 
(400 MHz, CDCl,, TMS as internal standard) 

19 20 21 

H-l 6.69d 
H-2 5.88d 
H-3 - 
H-4 2.57dq 

H-5 1.96dd 
H-6 3.98dd 
H-7 1.63m 

H-8a 1.90m 
H-8/? 1.74m 
H-9a 

1.60m H-98 

H-11 2.28dq 
H-13 

1.2ld 
H-13’ 

H-14 1.15s 
H-15 

1.34d H-15’ 

5.62dd 
5.56dd 
4.72br 

- 

2.60br d 
4.46dd 
2.58ddddd 

2.18dddd 
1.64dddd 
1.56m 
1.73ddd 

- 
6.lOd 
5.40brs* 

0.92s 
5.40br s* 
5.04br t 

6.8ld 
6.03d 

- 
- 

3.03ddd 
4.13dd 
2.63ddddd 

2.14m 
1.7m 
1.38m 
1.73m 

- 
6.14d 
5.46d 

1.05s 
6.28dd 
5.7lbrs 

- 

*CHCl,C,D, H-13’ 5.24d, H-15 5.34brd. 
J(Hz): compound 19: 1.2 = 10; 4,5 = 12; 4,15 = 7; 5,6 = 11; 

6,7 = 10; 7,ll = 12; 11,13 = 7; compound 20: 1.2 = IO; 1,3 = 
2,3 - 2; 3,15 = 1.5; 5,6 = 11; 6,7 = 10.5; 7,8a = 3; 7&3 = 12; 
7,13 = 3.3; 7,13’ = 3; 7,&Y = 3; 7,8/3 = 12; 8&q? = 13; 
8q9a = 8a,9p - 3; 8&9a = 11; 8&9p - 3; 9~,9p = 13; 
compound 21: 1,2= 10; 5,6=6,7= 11; 5,15-2; 7,8a-3; 
7,q3 - 10; 7.13 = 3.5; 7,13’ = 3. 

Compound 19 could be separated from 18 only by 
transforming the latter to the corresponding pyrazol- 
ine derivative. The ‘H NMR spectral data clearly 
showed the presence of one tertiary and two secon- 
dary methyls. Furthermore, the location of the con- 
jugated keto group followed from the low-field dou- 
blets. A double doublet at 3.98 was obviously that of 
the hydrogen under the lactone oxygen (H-6). Irradi- 
ation of this signal allowed assignment of the signals 
of H-5 and H-7. Their irradiation established the 
signals of H-4, H-8 and H-l 1. As the H-4 signal, 
which was coupled with the methyl group, was at 
relatively low field, a neighbouring keto group was 
required, thus establishing the whole sequence from 
C-l to C-9 and therefore revealing the presence of an 
eudesmanolide. The stereochemistry at C-4 to C-7 was 
deduced from the couplings observed. The large 
coupling J4.5 and J,.,, supported an a-orientation of 
the methyls at C-4 and C-l 1. The structure of 20 
could also be deduced from the ‘H NMR data (Table 
3). The position of the hydroxyl group followed from 
the splitting of the olefinic signals and from the result 
of decoupling experiments. Irradiation of the low- 
field broadened signal at 4.72 collapsed the olefinic 
signals to doublets and sharpened the signals of the 
exomethylene protons. As these signals were also 
coupled with a broadened doublet at 2.60, which was 
further coupled with the lactone proton, the assign- 
ments of H-l, H-2, H-3, H-5, H-6 and H-15 were 
possible. The remaining signals could be assigned by 
further decouplings. Inspection of a model supported 
the proposed a-orientation of the hydroxyl group at 
C-3, as an a-proton at C-3 should show a larger 
coupling &. We have named compound 20 brachy- 
laenolide. 

Having established the structures of 19 and 20, the 
structure of 21 could be deduced from the ‘HNMR 
data by comparison with those of U-20. As expected, 
the signals of H-l, H-2, H-5 and H-15 were shifted 
downfield and one of the H-15 signals was a clear 
double doublet, caused by an allylic and a geminal 
coupling as could be established by spin decoupling. 
The structures were further established by oxidation 
of 20, which gave a ketone identical with the natural 
compound. 

The aerial parts of Brachylaena rofundafa S. 
Moore also afforded the germacranolides 6a, 6b and 
8a as well as lupeyl acetate and its A’*-isomer. 

The constituents isolated from the two species may 
support the results on pollen morphology L2-41, which 
showed relationships of the Tarchonantheae to either 
Mutisieae or Anthemideae. Placement in the latter 
tribe seems very unlikely as the acetylenes present in 
both Brachylaena and Turchonanfhus have never 
been detected in any member of the Anthemideae. 
However, a relationship to the Mutisieae is supported 
by the constituents found in the Brachylaena spp. In 
particular, the lactones isolated from genera belong- 
ing to the subtribe Gochnatiinae are in part similar to 
those of Bruchyfaena (Acfinoseris [18], Cnicofham- 
nus [19], Dicoma [20], Gochnafiu [19,21], Moquinia 
[22], Pertya [23] and Wunderlichia [18,24]). A few 
lactones were also isolated from other subtribes of 
the Mutisieae. Acetylenes of the type l-3 have also 
been isolated from the Mutisieae; but they are 
widespread in other plants. Also, sesquiterpene lac- 
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