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Abstract-The aerial parts of Ondetia linearis afforded in addition to known compounds, 13 eremophilanolides, six 
eudesmanohdes, one pseudoguaianolide and two norsesquiterpenes. The structures were elucidated by high field 
NMR techniques. The chemotaxonomic aspects are discussed briefly. 

INTRODUCTION 

The monotypic South African genus Ondetia is placed in 
the second group of the subtribe Inulinae (Compositae, 
tribe Inuleae) together with Geigeria [l]. While the 
chemistry of several species of the latter genus has been 
studied [2-6] nothing was known on the constituents of 
Ondetra linearis and we therefore studied this South West 
African species. The results are discussed in this paper. 

RESULTS AND DISCUSSION 

The extract of the aerial parts gave by careful chro- 
matographic separation techniques the eudesmanolides 1 
[7], 2-4, 5 [8], 68 and 9 [9], the eremophilanolides 
10-16 and 18-23, the noreremophilanes 24 and 25, the 
cyclopropenone 26 [lo], the acid 27, the guaianolides 28 
[l l] and 29 [12], the pseudoguaianolides 31 [13, 141 as 
well as the corresponding alcohol 30, the geigeriolides 32 
and 33 [6], the lignane derivative 34 [6], vomifoliol, 
geranylisobutyrate and selina-4,11-diene. 

The structures of 2 and 3 followed from their ‘H NMR 
spectra (Table 1) which were similar to that of 1 [7]. 
However, the signals of methyl doublets and the absence 
of methylene proton signals required the presence of 
11,13-dihydro derivatives. The observed coupling J7,r1 
did not allow a direct assignment of the stereochemistry 
at C-l 1. Boranate reduction of 1 afforded a 1: 5 mixture 
of 2 and 3. Inspection of a Dreiding model clearly showed 
that this result was only in agreement with the proposed 
configurations at C-l 1 as the attack of boranate from the 
u-face was favoured. 

The ‘H NMR spectrum of 4 and of the corresponding 
acetate obtained by mild acetylation (4Ac) (Table 1) 
indicated that again an eudesmanolide was present. Spin 
decoupling allowed the assignment of all signals. The 
obtained sequences required a A3-double bond and a 
hydroxy group at C-2. The coupling of H-2 indicated a 
2a-hydroxy group. Accordingly, the spectrum was in part 
close to that of the corresponding costic acid derivative 
[15]. The ‘HNMR spectra of 6 and 7 (Table 1) were 
similar to that of 2a-hydroxyalantolactone (5) [S]. Again 
the observed methyl doublets showed that the corre- 

sponding dihydro derivatives isomeric at C-11 may be 
present. Boranate reduction of 5 gave only the isomer 6. 
Therefore, this isomer had an llg-methyl group. In 
agreement wrth this in the case of the lactone 7 the 
observed NOR’s indicated the 1 la-methyl configuration. 
Thus effects between H-13, H-7 (5%) and H-8 (4%), 
between H-15, H-2 (4%), H-6/? (8%) and H-9/3 (4%) as 
well as between H-8 and H-7 (8%) were observed. 

The spectrum of 8 (Table 1) was similar to that of 
6. However, the methyl doublet was replaced by a singlet 
at 61.44. In agreement with the molecular formula 
(Ci5Hz204) a Ii-hydroxy derivative of 6 was proposed. 
The confieuration at C- 11 was deduced from the chemical 
shift of Hr8 which was shifted down field by 0.32 ppm tf 
compared with the shift of H-8 in the spectrum of 6. 

The structure of 10 also followed from its ‘HNMR 
spectrum (Table 2) which was m part similar to that 
of the corresponding lj,lOfi-epoxyfuroeremophilane 
[16]. However, the signals of H-6 to H-9 and H-13 
showed that a methylene lactone was present. The con- 
figuration at C-l was assigned from the splitting of H-l 
which was a triplet in the a-epoxides while in the /I- 
epoxides a doublet was visible. The configuration at C-8 
followed from the sphttmg of H-8 which was identical 
with that of H-8 m xanthadtene [17]. 

The ‘H NMR spectrum of 11 (Table 2) indicated that 
this lactone was a 1 t,l3-dihydro derivative of compound 
10. Boranate reduction of 10 afforded only one dihydro 
compound which was identical with the natural product. 
Inspection of a model indicated that this observation only 
agreed with the presence of an 1 l/.&methyl derivative. 

The structure of 12 followed from its ‘HNMR 
spectrum (Table 2) which was in part very similar to 
that ofcompound 10. The molecular formula (Cr5HzoOJ 
showed that an additional oxygen function was present. 
The IR spectrum requtred a hydroxy group and a 
‘HNMR signal at 64.04 was coupled with a doublet at 
6 3.22 which was due to an epoxide proton. Inspection of 
a model indicated that the couplings of H-2 best agreed 
with a Zu-hydroxy derivative. 

The spectra of 13 and 14 (Table 2) required the presence 
of the corresponding 11,13-dihydro derivatives of com- 
pound 12. In the case of compound 14 the observed 
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NOE’s established the proposed stereochemistry at all 
chiral centres. Especially important were effects between 
H-14, H-2, H-3 and H-9/?, between H-7, H-S and H-l 1 as 
well as between H-l 1, H-7 and H-8. The couplings J,,, t 
in the isomer 13 was 13 Hz which was in good agreement 
with an 1 la-methyl lactone. 

All signals m the spectrum of 15 (Table 2) could be 
asstgned by spin decoupling and the stereochemistry was 
determined by the observed NOR’s in deuteriobenzene 
between H-14, H-3 (7%), H-9p (4%) and H-11 (3%), 
between H-7 and H-8 (7%) as well as between H-l, H-2x 
(7%) and H-Bar (6%). 

The molecular formula of 16 indicated that this lactone 
had two hydroxy groups and the ‘HNMR spectrum 
(Table 2) agreed with thts assumptton. Thus the signals of 
H-l and H-9 were double doublets mdicating that no 
hydrogen was located at C-10. An NOE between H-l, H- 
2a (7%) and H-9x (6%) and between H-14 and H-9fl(4%) 
supported the proposed stereochemistry which was es- 
tablished by acrd catalysed hydrolysis of the epoxide 10 
which gave a drol identical wtth the isolated lactone 

The ‘HNMR spectrum of 19 (Table 2) differed very 
slightly from that of 16, only H-2a was shifted downfield. 
As the couplings in the spectra of 16 and 19 were nearly 
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identical the presence of an isomeric diol could be ex- 
cluded. Therefore a chlorohydrme was proposed with a 
chlorine at C-10. This would explain the downfield shift of 
H-2a as the effect of an axral chloro is stronger than that 
of a hydroxy group This was established by reaction of 
the lactone 10 with hydrochlortc acid in chloroform 
which gave the chlorohydrme 19 as the only product, 
which therefore may be an arttfact 

The ‘H NMR spectral data of 18 (Table 2) showed that 
we were dealing with a 11,13-dihydro denvatrve of 16. 
Again the assignment of the configuratron followed from 
the result of boranate reduction of 16 which only gave the 
isomer 17, due to the preferred a-attack of boranate The 
product 17 was not identical wtth 18. 

The ‘HNMR spectrum of 20 (Table 3) showed a 
broadened singlet at 65.91 Spm decouplmg indicated 
that tt was due to H-l as an allyhc couphng wrth H-9 was 
observed. The presence of a keto group at C-2 followed 
from the down field shifts of H-3 which were assrgned by 
lrradiatton of H-4 The remammg stgnals were simtlar to 
those of the other eremophrlanolides 

The rH NMR spectral data of 21 (Table 3) showed that 
agam an eremophllanolide must be present Spin decoup- 
ling mdtcated that the low field signals at 65 55 and 7 75 
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were due to H-l and H-2. As the signals of H-9 only were 
coupled with H-8 a hydroxy group was at C-10. The 
configuration followed from the chemical shifts of H-14 
and H-15 which are not influenced by the hydroxy group 
as in many other eremophilanes with a trans-ring junc- 
tion. 

The ‘H NMR spectrum of 22 (Table 3) was very similar 
to that of 21. However, the signals of the olefinic protons 
(H-l and H-2) were replaced by a doublet at 62.92 and a 
double doublet at 3.37 due to epoxide protons. Further- 
more, a narrowly split doublet at 62.84 was visible which 
showed a W-coupling with H-9/% Accordingly, a 10~ 
hydroxy group was present. The IR band at 3530 cm-’ 
indicated a hydrogen bond. Therefore a la,2c+epoxide 
was present in agreement with the triplet splitting of H-2. 

The ‘HNMR spectrum of 23 in deuteriobenzene 
(Table 3) clearly showed that a glaucolide-like lactone 
was present. A pair of broadened double doublets were 
due to H-13 as they were coupled with a hydroxy triplet 
at 62.01 and sharpened on irradtation of H-8 and H-6. 
Furthermore the H-6 signals showed only geminal coup- 
lings while a doublet at 62.40 was due to H-l as followed 
from spin decoupling. This signal was at 63.08 in CDCl,. 
Therefore a l/I,lOfi-expoxide was present. Most probably 
lactone 23 was formed biogenetically by oxidation of 10 
followed by allylic rearrangement. 

The molecular formulae of 24 and 25 mdicated that 
they were norsesquiterpenes. The ‘HNMR data of 24 
(Table 3) showed that a conjugated ketone was present 
(66.83 and 5.99 d). Furthermore a triplet of triplets at 
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Table 1 ‘H NMR spectral data of compounds 2-4, 4Ac, 6, 6Ac, 7 and 8 (CDCl,, 400 MHz, a-values) 

H 2 3 4 4Ac 6 6Ac 7 8 

la 

1B 
2 
2 
3a 
38 
4 
5 
6a 
68 
7 
8 
9a 
98 
11 
13 

* 
* 
1 86 m 
171 m 

390brs 

1.50 m 
16Om 
1.78 m 
166m 

* 134dd 108 t 1 17 t 108 t 109t 
* 1 99 m 195 brd 1.95 brd 195 brd 195 brd 

4.30 br t 5.38 br t 4.20 tt 529tt 420tt 419tt 

394brs 546brs 541 brs 
1.47 dt 1.57 dt 146 dt 147 dt 
191 brd 191 brd 191 brd 191 brd 

- -. - 168 brdq 270 brdq 2 63 brdy 267brdq 
2.01 brd 205brd - 

171 m 
267dd 
2 17 dddd 
4 55 ddd 
164 dd 
202dd 
242dq 

170m 
244dd 
235dddd 
4.45 ddd 
1 54 dd 
2 24 dd 
281 dq 

195 m 1.99 d 125 1.23 dd 1 
5251 

1 
5 26 d 2.25 d 5 22 d 

m 
’ 302 brtt 3 03 br tt 3 08 ddd 3.07 ddd 2 68 brdd 2.93 dd 

4 56 dt 4 52 dt 4 70 ddd 4 73 ddd 4 87 ddd 5 05 ddd 

147 dd 153dd 155dd 155dd 154dd 156dd 
2 19 brd 220brd 2 19dd 219dd 2 17dd 2.20 dd 
- 2.90 dq 2.90 dq 2.44brq - 

I 130d I 1 23 d 
615brs 6.16 brs I 1 

1.23 d 123 d 1.36 d 

5.63 br s 1 
144s 

562brs 
1.10s 109 s 094s 0.99 s 127 s 1 32 s 128s 123 s 
179 brs 180brs 167brs 169 brs I176 122 d 118d I15d 

205s 203s 
- ______ 

*Obscured multzplets. 
J [Hz]: Compounds 2 and 3 2u,3 = 28.3 _ 2,6a,6fi=14, 11,13=7(compound2.6~,7=6~,7=7,8 _ 7, 7,11=4,8,9a=4, 

8,98=7, 9a,9/I= 15, compound 3 6a,7=6; 6p,7=12, 7,8=4; 7,11=7; 8,9~x=4, 8,9B=2; 9a,9/?=15.5), compounds 4 and 
4Ac la,lfi=la,2=12, lb,2 _ 7, 2,3 N 2, 5,68=6a,6p- 12; 6a,7=68,7=7, 7,8=89a=5; 9a,98=15, compounds 6 and 
6Ac la,ljI=la,2=2, 3~(=12, 18,2=2,3/3=4, 1/?,3/?=3j.I,4=1.5; 3a,4=6; 4,15=11,13=7; 6,7=3, 7,8=55, 7,11=8, 8,901 
=25,8,9/I=3,9a,98=15,compound7 la,l~=la,2=2,3a=12;1~,2=2,3~=4,1~,3~=3~,4=1 5,4,15=11,13=7,6,7=3, 
7,8=6,7,11 N 1,8,9a=25,8.9/I=3,9a,9fi=14,compound8 la,l/I=la,2=2,3a=12,1~,2=2,3~=4,3a,4=6.4.15=7;6,7 

13 
14 
15 
OAc 

=3 5, 7,8=6, 8,9a=25, 8,9/I=3, 9a,9/?=15 

64.14 requzred an equatorial hydroxy group with two 
nezghbouring methylene groups. Accordingly, a 2a-hy- 
droxy derivative of a noreremophilane was very likely. 
Spin decoupling supported thzs proposal. However, the 
relative position of the keto group had to be determined. 
This, and the stereochemistry, were established by the 
observed NOE’s. Clear effects were obtained between H- 
14, H-4 (7%), H-6 (8%) and H-98(4%) as well as between 
H-15, H-2 (4%) and H-6 (5%). Thus a A6-double bond 
had to be assumed. Inspection of a model showed that the 
NMR data required a cis-rzng Junction. 

The ‘H NMR spectrum of 25 (Table 3) indicated that 
again a conjugated ketone must be present. A doublet at 
66.18 showed an allylic coupling with H-l. Accordingly, 
the double bond was between C-9 and C-10. The coup- 
lings of H-l required an a-hydroxy group and the remain- 
zng signals showed that agam a noreremophilane was 
present. 

The ‘HNMR spectrum of 27 (see Experimental) 
showed that an eremophzlanzc aczd was present Spin 
decoupling allowed the assignment of all signals though 
some were overlappmg multiplets. The isolation of 27 is 
of interest as it may be the precursor of the main 
constituent 10 which ztselfis the precursor of nearly all the 
other eremophilanolides (11-18). 

The structure of the pseudoguaianofide 30 followed 
from the ‘HNMR data and from those of the corre- 
sponding acetate 3OAc (Table 3) which were in part 
similar to those of 31 [13]. Spm decoupling and the 

observed NOE’s of 3OAc established the proposed struc- 
ture. Clear NOE’s were obtained between H-4, H-l (3%) 
and H-6a (So/,), between H-8 and H-10 (7%) as well as 
between H-15 and H-8 (4%). The corresponding 2a- 
acetoxy derivative was isolated from a Gezgerin species 
[6]. The ‘H NMR spectrum of the latter was simzlar to 
that of 30. 

The chemistry of Ondetia supports m part the proposed 
close relatzonshzp to Geigerza Cl] where a varzety of 
sesquiterpene lactones have been isolated. In partzcular 
the co-occurrence of the rare lactones of type 32 [63 is 
remarkable. But eudesmanolzdes and eremophilanohdes 
are present also zn Gezgerza aspera [6] which contams the 
guazanolide 29 while further guazanohdes and some 
pseudoguazanolzdes related to 30 and 31 are reported 
from other Geigeria spcczes [2-6-j. However, most re- 
markable is the extreme variety of lactones in Ondetia 
The hgnane 34 was also present in Gezgerza whzle the rare 
cyclopropenone 26 has been zsolated only from members 
of the Inuleae from a Telekza spcczes [lo] Noreremophil- 
anes of type 24 and 25 are not common They are 
probably the result of oxzdatzve degradatzon as thzs 
species seems to be very rzch m oxzdzzmg enzymes. The 
proposed relationship of Gezgeria and Ondetza to Caloste- 
phane and related genera so far zs not supported by the 
chemistry as the latter genus can be characterized by a 
variety of eudesman-12,6/Lolzdes [lS] However, the lac- 
tone 33 was isolated [19] from the related genus Cl] 
Antiphiona 
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~
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=
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3~
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3~
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7=
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,7
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1;
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8=
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;7
,1

3=
4,
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13
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3.

5;
8,

9a
=

10
;8

,9
~

=
6;
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m
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u

n
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4:
 

la
,l

~
=

la
,2

=
3,

3a
=

12
; 

18
,2

=
2,

3/
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5;
3a

,4
=

6,
 

3/
3,

4 
=

 1
 5

, 4
,1

5 
=

 7
; 

6,
7 

=
 1

0;
 9

a,
9b

 =
 1

6.
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Table 3. ‘H NMR spectral data of compounds 2t?-23, 25, 30 and 3OAc (400 MHz, CDCI,, S-values) 

H 20 21 22* 23 (C,D,)t 25 30 (C,D,)S 3OAc$ 

1 591 brs 
2u - 

28 - 
3% 235d 
38 241 dd 

4 2.24 m 

6u 190dd 

68 168 dd 

I 2 98 ddddd 

8 4 62 ddd 
9a 2 59 ddd 
98 2.88 dd 

13 6.30 d 

13’ 5,67 d 
14 109 s 

15 096d 

5 55 ddd 

5.15 ddd 

2.07 m 
174 dddd 
203m 
205dd 
1.96 brd 

3 29 dddd 

5.04 ddd 
216dd 
1.63 dd 

634d 
561 d 
0.74 s 

0.93 d 

2.92 d 2.40 d 4 31 ddd 

t 
337dd 

167m 219ddd 
1.34 m 149 m 

201 brdd 0.84 m 
150 ddd 167m 

165m 

162m 167m 149m 

195 dd 176brd 1 77 ddd 
1.81 brd 2.56 d 2 02 ddd 

3 29 dddd - 
244ddd 
2 36 ddd 

5.09 ddd 
2 30 dd 
167 ddd 
634d 
5.60 d 
070s 
082d 

464brdd -- 
149 dd 
164dd 

618d 

420brdd - 
413brdd - 
042s 111s 

0.50 d 093d 

1 05 m 
133m 
096m 
110m 

l66m 

3.32 t 

1 79 dd 
I 01 dd 

2 16 ddddd 

3 69 ddd 
09oq 
203dc 
616d 

4.97 d 
055s 

062d 

1.68 ddd 
149 dddd 
177m 

209m 

1 38 m 

4 80 t 
2 17dd 
1 34 dd 

2 80 ddddd 

4.22 ddd 
1334 
2 36 dt 
614d 
541 d 
095s 
096d 

*OH 2 84 d tOH 2.01 t $H-10 1.18 m §H-10 180 m. 

J [Hz]. Compound m 1,9a=l 5, 3a,3j?-17, 38,4=55, 4,15=7, 6a,6fi=l5; 6a,7=4.5; 6/I,7=13, 7,8=8,96=75, 7,13 

=1.8; 7,13’=1 5; 8,9a=9; compound 21. 1,2=10, 1,3a=1,3/?=2; 2,3a=2, 2,31=4, 3a,3jI=13, 38,4=10, 4,15=7, 6a,6P 

=14;6a,7=6,7,8=9;7,13=35, 7,13’=3;8,9~=7;8,98-10,9a,9~=13;compound22 1,2=4;2,3j?=25,3a,3/?=15,3~,4 
Z&5, 3-,&+-I;; q$=_;; &$j& ?4, &qT=;; 7,8=7; 7,23=35, T,tr=3, &;3r=T, &9/t=ic; +@,,0+$=>5, 3Z;9)?=>3, 

compound 23 1,2n=4, 4,15=7, 6a,6p-13; 6a,13=8,13 _ 1, 8,9a=7, 8,9fi=li, 9or,9~=13,compound25. 1,2u=6, 1,2g 

= 12; 1,9= 1.5; 4,15=7, 6a,6@=6a,7B= 14, 6a,7u=5, 6,9,7~=6/I,7P=4.5, 7a,7#I= 16, compounds 30 and 3OAc 3~(,4=38,4 

=9; 6a,6/?=14, 6a,7=6, 6&7=12, 7,8=9, 7,13=35, 7,13’=3, 8,9a=9a,9B=9a,10=12. 8,9p=9B,lO=35, 10,14=7 

(compound 3OAc. 1,2a=8, 1,2fi=l,lO rr 10, 2a,28=2a,3p 5 12, 2a,3a=4 5) 

EXPERIMENTAL 

The mr-dried aerial parts (700 g, voucher 88/48, deposited m 

the SWA Herbanum at Windhoek, collected near Okahandja m 
March 1988) were extracted and worked-up as reported pre- 

v~ously [20] The extract was first separated by CC mto SIX 

fractions. Fraction 1 gave by TLC 50mg sehna-4.1 I-chene and 

fraction 2 100 mg geranyl lsobutyrate TLC of fraction 3 

(Et,O-petrol, 1 3) gave 60mg 32 and 60mg 33 HPLC 

(MeOH-H,O, 4 1, always RP 8, ca 100 bar, flow rate 12 ml/mm) 

of fraction 4 gave 450mg 10 (R, 2 6 mm) and 30mg 11 
(R, 3 Omm). Me&urn pressure chromatography (MPC) of frac- 

tlon 5 (sdlca gel 4 3&60~, Et+petrol, 1 3 with mcreasmg 

amounts of Et,O) gave 45 fractions which were combmed after 

momtormg by TLC mto five fractions (5/l-5/5) Fraction 5/l 

contamed 100 mg 10, fraction 5/2 10 mg 11, fraction 5/4 100 mg 

31 and 5/5 60mg 30 Fraction 5/3 was separated by HPLC 

(MeOH-H,O, 4.1) affordmg 12 mg 22 (R, 1 1 mm), 10 mg 21 (R, 
1.6 mm) and a mixture (R, 3 3 mm) which gave by TLC 

(Et+petrol, 3: 1) 5 mg 34 (R/ 0 70) and 3 mg 19 (R, 0 65) 
Fraction 6 was also separated agam by MPC (Et,O-petrol, 1 3 

with mcreasmg amounts ofEt,O and finally Et,O-MeOH, 9 1) 

The fractions obtamed were combmed mto rune fractions 

(6/l-6/9). Fraction 6/l gave 4 mg 27 and fraction 6/6 550 mg 5. 

HPLC of fraction 6/2 (MeOH-H,O, 13 7) gave 1 5mg 26 (R, 
3.6 mm) and 60 mg 30 (R, 5.1 nun) HPLC of 6/3 (MeOH-H,O, 
13 7) afforded 10 mg 20 (R, 1.8 mm), 8 mg 23 (R, 2 3 mm) and 

5 mg 25 (R, 2 6 min). TLC of fraction 6/4 gave 15 mg 1 and 15 mg 

16 HPLC of 6/S (MeOH-HzO, 13.7) gave 6 mg 7 (R, 4 2 mm), 
20 mg 16 (R, 4 9 mm), 2 mg 18 (R, 6.0 mm) and 1 2 mg 2 (R, 7.0 

mm) HPLC of 6/7 (MeOH-H,O, 3 2) gave 30 mg 9 (R, 4 5 mm), 

2 mg 12 (R, 2 8 mm) and 2 mg 3 (R, 5 9 mm) HPLC of 6/8 

(MeOH-H,O, 3 2) afforded 4 mg 8 (R, 2 4 mm), 15 mg 14 (R, 3 2 

mm) and three nnxtures (6/8/l-6/8/3). Fraction 6/8/l gave by 

TLC (CHC13-C,H,-E&O-MeOH, 30 30.30 I) 2 mg 15 (R, 
0 45) and 8 mg vormfohol (RI 0 20). Fraction 6/8/2 gave by TLC 

(same solvent) 3 mg 28 (R, 0 58) and 2 mg 13 (RI 0 42) TLC of 

6/8/3 (Et,O-MeOH, 30 1) gave a mixture of 4 and 6 After 

acetylatlon HPLC (MeOH-H,O, 13 7) gave S mg 4Ac (R, 6 6 
mm) and 10 mg 6Ac (R, 6 9 mm) HPLC of 6/9 (MeOH-H,O, 

1 1) gave 10 mg 24 (R, 2 3 mm) Known compounds were 

identified by comparmg the 400 MHz ‘H NMR spectra with 

those of authentic material 
3a-Hydroxy-1 lj?H-eudesm-Cm-12,8/hohde (2) Colourless gum, 

IR vL$ cm ~’ 3580 (OH), 1760 (y-lactone), MS m,‘z (rel mt.) 

250.157 [M]’ (47) (talc for C,,H,,O, 250 157), 235 (56), 232 

(40), 161 (35), 143 (100). 119 (74). 105 (68), 91 (59), [u];~ -t 145” 

(CHCI,, c 0 12) 

3a-Hydroxy-1 laH-ardesm4en-12,8/1-oltde (3) Colourless crys- 

tals, mp 123”: IR v z:F’” cm ’ 3580 (OH), 1765 (g-lactone), MS 

m/z (rel mt) 250 157 [M]’ (58) (talc for C,,HZ20,. 250 157), 

235 (64), 231 (25), 217 (I?), 189 (20). 161 (37). 143 (lOO), 124 (57), 

119 (71) 105 (70), [z];~ + 99” (CHCI,, c 0 54) 
h-ydroxy-eudesm-3,l 1(13)&n-12,8/G&e (4) Colourless gwn, 

not free from 3 Acetylatlon (Ac,O, 70’) gave 4Ac, colourless 
crystals, mp 153”, IR vL?$ cm-’ 1770 (;Gactone), 1735. 1240 

(OAc), MS m/z(rel mt ) 290 152 [M]+ (0 6)(calc for C,,HZ204 

290 122). 230 (36), 215 (23). 143 (94), 119 (lOO), 105 (63), 91 (60); 
[a];+ + 71” (CHCI,, c 0 27) 

2a-Hydroxy-1 la,1 3-dthydroalantolactone (6) Colourless crys- 

tals, mp 147”, IR v~$‘~ cm -’ 3580 (OH), 1760 (y-lactone), MS 

m/z(rel mt) 250[M]+ (I), 232 146 [M-H,O]’ (lOO)(calc for 
C,,H,,O, 232 146), 217(20), 159(28), 143 (53), 119(42), 105 (25) 

Acetylatlon gave 6Ac (Ac,O, 70”) colourless crystals, mp 175”. 
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IR ~$2: cm-‘: 1780 (y-lactone), 1740, 1250 (OAc); MS m/z (rel. 
mt.) 232.146 [M-HOAc]+ (76) (talc. for C,,H,,O,: 232.146), 
217 (21), 159 (37), 143 (200), 119 (48), 105 (32) 

Za-Hydroxy-1 lS,l3_dlhydroaJantolactone (7). Colourless crys- 
tals, mp 134”, IR vztF13 cm- 1. 3590 (OH), 1760 (y-lactone); MS 
m/z (rel. mt.): 250.157 [M]+ (0.6) (talc. for C,,H,,O,. 250.157), 
232 (84), 217 (19), 159 (33), 143 (100). 119 (65), 105 (34), 91 (34); 
[u];~ +9” (CHCl,; c 0.18). 

2a,l la-Dihydroxy-11,13-drhydroa[antoIactone (8). Colourless 
crystals, mp 186”; IR v:!$‘~ cm-‘. 3580 (OH), 1765 (y-lactone); 
MS m/z (rel. int): 266 152 [M]’ (0.5) (talc. for C,,H,,O,: 
266.152), 248 (5), 160 (lOO), 145 (61), 119 (54), 105 (29), [m]A4*’ 
-26” (CHCI,, c 0.16). 

1j?,10~-Epox,yeremophrl-11(13)-en-12,8/3-oIide (10). IR vg: 

cm-‘. 1780 (y-lactone); MS m/z (rel. mt.)’ 248.141 [M]+ (9) (talc 
for C H 0 .248.141), 233 (12), 220 (12), 204 (8), 179 (31), 161 15 20 3’ 
(37), 145 (32), 138 (573,121 (51), 119 ($4), 93 (72), 67 (77), 55 (100); 
[a]$$ - 17” (CHCI,; c 3.68). ReactIon of 10 with &I HzSO, m 
cboxane afforded 16, Identical with the natural product. 

l&log-Epoxy-l laH-eremophilan-12,8b-ohde (11). Colourless 
crystals, mp 98”, IR vz:: cm- 1 1780 (y-lactone); MS m/z (rel. 
mt.). 250.157 [M]’ (16) (talc. for C,,H,,O,: 250.157), 235 (14), 
182 (36), 181 (72), 133 (82), 119 (lOO), 93 (72), 91 (54). 

2a-Hydroxy-1/3,10&epoxyeremophrl-11(13~en-12,8~-olide (12) 
Colourless gum; IR ~2: cm- I: 3550 (OH), 1775 (y-lactone); MS 
m/z (rel. mt.). 264.136 [MI’ (1) (talc. for C,sH,,O; 264.136), 246 
(6), 208 (7), 181 (41), 119 (36), 84 (100). 

2a-Hydroxy-l~,lO~-epoxy-ll~H-eremoph~lan-l2,8~-oIide(13). 
Colourless gum, IR YE:” cm-‘. 3560 (OH), 1765 (y-lactone); 
MS m/z (rel. mt.) 266.152 [M]’ (0.5) (talc. for C,5H2204: 
266.152), 183 (37), 153 (66), 84 (100). 

2a-Hydroxy-lfi,lOfi-epoxy-l laH-eremophrlnn-12,8j&ofade (14). 
Colourless crystals, mp 145”, IR ~2:‘~ cm-‘: 3560 (OH), 1770 
(y-lactone); MS m/z (rel. int ): 266.152 [M]’ (1) (talc for 
&HzzO,,. 266 152), 183 (12), 125 (37), 112 (100); [a];*‘- 74 
(CHCI,, c 0.4). 

3a-Hydroxy-lfi,fQ?-epoxy-l lpH-eremophihm-12,8#?-ohde (15). 

Colourless gum; IR v~F’~ cn-‘: 3400 (OH), 1760 (y-lactone); 

MS m/z (rel. mt.) 266 152 [M]’ (4) @ale. for C,,H,,O,: 

266.152); 251 (1), 248 (3), 233 (3), 181 (21), 121 (50), 111 (57), 55 

(100). 
l~,l~-D-Dlhydroxyeremoph~~-ll(l3~en-l2,8~-oIide (16) Colour- 

less ml; IR v ‘$‘: cm- ‘. 3600 (OH), 1775 (y-lactone); MS m/z (rel. 
mt.)’ 266.152 [Ml+ (12) (c&c for C,,H,,O,: 266 152), 248 (lo), 

230 (20), 192 (21), 180 (66), 143 (32), 84 (lOO), 69 (53); [a]?” + 43” 
(CHCl,; c 1.14): NaBH, reduction gave 17, colourless crystals, 

mp 190”; IR v EyX cm- l: 3585 (OH), 1760 (y-lactone); MS m/z 

(rel. int.): 268 168 [M]’ (4) (talc. for C15Hz404. 268.168), 250 (6), 

232 (12), 217 (5), 182 [M-MeCHCH,CH,CHOH]+ (92), 109 

CWWI + WY. 
1/3,lOa-Dihydroxy-1 lflH-eremophrlan-12,8b-okde(18). Colour- 

less gum; IR v zz13 cm- I: 3580 (OH), 1760 (y-lactone); MS m/z 

(rel. int ): 268 168 CM] + (4)(calc. for C, SH,,O,: 268.168), 250 (4), 

232 (4), 182 (46), 129 (50), 109 (68), 84 (100). 

10a-Ch~oro-l~-hydroxyeremoph~~-l1(13)-en-l2,8~-ohde (19) 

Colourless crystals, mp 203”, IR vet” cm-‘. 3580 (OH), 1760 

(y-lactone); MS m/z (rel. int.): 284.118 [M]’ (2) (talc for 
C,5Hz,0,Cb 284.118), 266 [M-H,O]+ (1.5), 249 [M-Cl]+ 
(3),231 [249-H,O]+ (5),180(100), 135(21),84(48);[a]~44’+41” 
(CHCl,; c 0.46). Reaction of 10 m CHCI, with HCl at room temp. 

gave quantitatively the lactone 19. 

2-0xo-eremophda-1(10),11(13)-d~en-12,8~-oItde (20). Colour- 

less oil; IR ~$2 cm-‘: 1780 (y-lactone), 1675 (C=CC=O); MS 

m/z (rel. mt.) 246.126 [M]’ (16) (talc. for C,,H,sOs: 246.126), 

204(26), 192(30), 177 (52), 176(70), 134(50), 121(74), 119(83), 105 
(lOO), 93 (96), 79 (91), 67 (64); CD (MeCN) Asz9,, + 1.92. 

lOa-Hydroxyeremophda-1,11(13)-dzen-12,8j-ohde (21). Colour- 
less ml; IR vz: cm-‘. 3620 (OH), 1775 (y-lactone); MS m/z (rel 
mt.). 248.141 [Ml+ (talc. for C15H2,,03: 248.141), 233 [M 
-Me]+ (16), 230 [M-H,O]’ (14), 215 [230-Me]+ (84), 204 
[M -COJ+ (82), 69 (100). 

10a-Hydroxy-la,2a-epoxyeremophil-ll(l3)-en-l2,8~-olrde (22). 

Colourless oil; IR ~$2 cm- 1 3530 (OH), 1775 (y-lactone), MS 

m/z (rel mt.). 264.136 [M]’ (6) (talc for C,SH,,O,. 264.136), 

246 [M-H,O]+ (8), 193 (88), 165 (40), 137 (54), 95 (81), 69 (100). 

l3-Hydroxy-l/?,l0/?-epoxyeremophll-7(ll)-en-l2,8~-ol~de (23) 

Colourless crystals, mp 129”; IR ~2::’ cm-‘: 3400 (OH), 1775, 

1755 (y-lactone), MS m/z (rel. mt ): 264.136 [M]’ (9) (talc for 

C,,H,,O,: 264.136), 249 [M-Me]+ (5), 246 [M-H,O]+ (12), 
126 [C6H603]+ (68), 95 [126-CH,OH]+ (100); [a]k4’ -75” 

(CHCI,; c 0.20). 

2a,lOj%Dihydroxyondetlanone (24). Colourless crystals, mp 

148”, IR vzv:” cm-‘. 3600 (OH), 1675 (C=CC=O); MS m/z (rel. 

int.): 210.126 [M]’ (1) (talc for C,2H,,0,. 210.126), 192 (18), 

177 (8), 124 (49), 112 (lOO), 110(56), 96 (57), 82 (72), 67 (54), 55 (47), 

[a]14* + 27” (CHCI,, c 0.23) 

la-Hydroxyisoondetmnone (25). Colourless all; IR v “2: cm-‘. 

3400 (OH), 1680 (C=CC=O); MS m/z (rel. mt ): 194 131 [M]’ 

(84) (talc. for C,zH,,0,.194.131), 179 [M-Me]+ (38), 176 [M 
-H,O]+ (11), 137 (74), 119 (64), 109 (lOO), 95 (96); [a]h40+ 140 

(CHCI,, c 0.27) 

1~,10/?-EpoxyeremophrI-11(13)-en-12-oic acid (27). Colourless 

oil; IR vE$$ cm-‘. 3500-2500,1690,1620 (C=CCO,H); MS m/z 

(rel. mt): 250 157 [M]+ (12) (talc. for CISH,,O,. 250 157), 235 

[M-Me]+ (14), 191 (16), 152 (37), 147 (42), 121 (56), 105 (81), 91 

(84), 77 (82), 55 (100); ‘H NMR (CDCI,): 6 2 94(d, H-l, 5=4 Hz), 
197 and 1.71 (m, H-2), 1.32 and 1.17 (m, H-3), 1.70 (m, H-4), 1.82 

(dd,H-6, J = 15,5 Hz), 1.73 (dd, H-6’, J= l&6.5 Hz), 3.02(dt, H-7, 

J = 6,6 Hz), 1.97 and 1 89 (m, H-8), 2.36 (m, H-9), 109 (dt, H-9’, J 
=14,6Hz),6.30and5.74(brs,H-13),0.94(s,H-14),0.68(d,H-15, 
/=7 Hz). 

2-Desoxy-4-epi-pu[che[[ln (30) Colourless crystals, mp 135”; 
IR v::; cm-‘: 3600 (OH), 1775 (y-lactone); MS m/z (rel. mt.): 

250.157 CM]’ (22) (talc. for C H 0 : 250.157), 232 [M 15 22 3 
-H,O]+ (28), 217 [232-Me]’ (14), 149 (32), 136 (38), 121 (40), 

109 (51). 108 (lOO), 81 (76); [a]A4”” +43” (CHCI,, c 0.59). Acetyl- 

ation (Ac,O, 1 hr, 70”) afforded 3OAc, colourless oil; 

IR v$’ cm-’ 1775 (y-lactone), 1740, 1250 (OAc); MS m/z (rel. 

mt.): 292.167 [M]’ (1.3) (talc. for C H 0 . 292.167), 232 [M 17 24 4’ 

-HOAc]+ (24), 217 [232-Me]+ (9), 108 (100). 

Acknowledgements-We thank Miss H Kolberg and Dr 

H. Mtiller, SWA Herbanum, Windhoek, for rdentdicatlon’of the 
plant material and their help durmg the collection trip. 

1. 

2. 

3 

4. 

5. 

6. 

7. 

REFERENCES 

Merxmiiller, H, Leans, P. and Roessler, H. (1977) The 

Btology and Chemutry of the Composttae (Heywood, V H , 
Harbome, J B. and Turner, B. L, eds), p. 590. Academic 
Press, London 

de Vdliers, J P. (1959) S. Afi Ind. Chem. 13, 194. 

Vogelzang, M. E., Vermeulen, N. M. J., Potgieter, D J. J and 

Strauss, H. F. (1978) Phytochemlstry 17, 2030. 

Vermeulen, N M J , Vogelzang, M E. and Potgieter, D J. J. 
(1978) Agrochemophyslcs 10, 1 

Anderson, L. A. P., de Kock, W. T., Nel, W., Pachler, K. G. 

R. and Tonder, G. (1968) Tetrahedron 24, 1687. 

Bohlmann, F., Zdero, C. and Ahmed, M. (1982) Phytochem- 

istry 21, 1679 

Greger, H., Zdero, C. and Bohlmann, F. (1982) Phytochem- 

Istry 25, 891. 



1660 C. ZDERO and F BOHLMANN 

8 

9. 

10. 

11 

12 

13 

Bohlmann, F., Mahanta, P. K., Jakupovtc, J., Rastogi, R. C 14. 

and Natu, A. A (1978) Phytochemrstry 17, 1165 

Hera, W and Hognauer, G (1962) J. Org. Chem. 27, 905 15. 

Bohlmann, F, Jakupovx, J., Miiller, L. and Schuster, A. 

(1981) Angew. Chem 20, 292 (Engl. Edn). 16 

Castro, V., C~ccto, F., Alvarado, S, Bohlmann, F., Schmeda- 17 

Hnschmann, G and Jakupovtc, J (1983) Lrebrgs Ann Chem. 
974 18 

Zdero, C) Bohlmann, F , King, R M. and Robinson, H. 19 

(1987) Phytochemlstry 26, 1207 20 
Bohlmann, F and Mahanta, P. K (1979) Phytochemtstry 18, 
887 

Appendino, G., Callen, M., Chtart, G., Garrtboldt, P and 

Memchim, F (1986) Gaze Chem Ital. 116, 637 

Bohlmann, F., Jakupovtc, J, Ahmed, M and Schuster, A 

(1983) Phytochemlstry 22, 1623 

Bohlmann, F and Zdero, C. (1974) Chem. Eer. 107, 2912 

Tanaka, N, Yazawa, T, Aoyama, K and Murekamt, T 

(1976) Chem Pharm. Bull 24, 1419 
Zdero, C. and Bohlmann, F (1989) Phytochemrstry 28,1433 
Zdero, C and Bohlmann, F (1989) Phytochemutry Zs, 1155 

Bohlmann, F, Zdero, C, King, R M and Robmson, H 
(1984) Phytochemrstry 23, 1979 


