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Abstract-The aerial parts of Amsopappus pinnattjidus afforded 15 new pseudoguaianohdes, all related to helenalm 
and lmearifolin B, respectively, a dtterpene drol and two known melampohdes whtle the roots contam five epoxyanol 
and two epoxyisoeugenof derrvattves Two Antzph~ona species contam narmgenm, thymol and severa dertvattves of 
the latter. One species also afforded dihydrogeigeranolide The structures were elucidated by high field ‘H NMR 
spectroscopy. 

INTRODUCTION 

The taxonomy of the South African representatives of the 
subtribe Inulinae (Compositae, tribe Inuleae) 1s still not 
really solved [l]. At the end of the first series of this 
subtribe a group of genera is placed with low chromo- 
some numbers mcluding the predominantly African gen- 
era Anrsopappus, Antiphiona, Calostephane and Mollera 
[l]. As little was known on the chemistry of these genera 
we have collected some of the representatives for a 
chemical investigation and the results are discussed m 
this paper. 

RESULTS AND DISCUSSION 

The genus Antiphtona wtth two species is only present 
in South West Africa. Antiphiona fragrans (Merxm.) 
Merxm. is a small shrub with strongly smelhng leaves 
The aenal parts contain high concentrations of thymol 
and naringenin as well as small amounts of crystalline 
dihydrogeigeranohde (33), which has been isolated in 
traces as an oil from a Gezgerm species [2], and the 
dihydrocinnamate 27. The structure of the latter com- 
pound followed from its ‘H NMR spectrum. The relattve 
position of the ester group could be deduced by com- 
paring the chemical shift of H-8 with that of thymohydro- 
quinone. 

The aenal parts of the second species, A. 
pinnatisecta (S Moore) Merxm. also gave naringenm but 
no thymol. The latter was replaced by a group of deriva- 
tives, the thymohydroquinones 2s30 and the corre- 
sponding quinones 31 and 32. Furthermore, lavandulol, 
y-humulene and taraxasteryl acetate were isolated The 
relative posttton of the acetate group m 2t&30 was 
determined by NOE difference spectroscopy. Thus in the 
case of Zs a NOE between H-5, H-8 and the acetate 
methyl, m the case of 29 between the latter and H-7 and in 
the case of 30 between H-6, H-7 and the acetate methyl. In 
a prevtous paper [3] the substituents at C-3 and C-5 have 
been exchanged. 

The genus Amsopappus origmally only had three spe- 
cies [4] but now about 30 species, mostly troptcal, have 

been transferred to thts genus Cl]. Nothing was known 
about their chemistry. The aerial parts of Anisopappus 
pinnatzfidus (Klatt.) 0 Hoffm ex Hutch (= Matrtcarta 
pinnat$da) afforded the pseudoguatanohdes l-11, the 
linearifolin B derivatives 12-15, the urospermal deriva- 
tives 16 and 17 [S] and the diterpene 18. The roots gave 
the anol dertvatives 19-23 and the isoeugenol derivatives 
24 and 25 

The ‘H NMR spectrum of 1 (Table 1) indicated the 
presence of a pseudoguaianolide with a 2,3-double bond 
and a 4-0~0 group as revealed by the typical group of 
signals at 63.14 (ddd), 7 72 (dd) and 6 10 (dd). Further- 
more, the characteristic signals for an isobutyrate and a 
hydroxymethacrylate were vtsible and acetylatton affo- 
rded a monoacetate (la). The observed downfield shift of 
the H-4’ signal established the proposed nature of the 
ester group. Spin decouphng allowed the assignment of 
all signals Irradtation at 63.67 indicated that this signal 
was due to H-7 as the exomethylene signals collapsed to 
singlets Furthermore, a broadened singlet at 65.35 was 
sharpened and a double doublet at 64 76 collapsed to a 
doublet These tindmgs showed that a 12,8ohde was 
present wtth ester groups at C-6 and C-9. The stereo- 
chemistry and the relative posttion of the ester residues 
were determined by NOE difference spectroscopy Satu- 
ratton of H-8 gave an effect with H-7 (8%) of H-10 wtth 
H-15 (7%) and H-l (4%), of H-15 with H-10 (12%), H-6 
(10%) and H-3 (3%), of H-9 with H-8 (6%), H-l (8%) 
and the signals of the tsobutyrate, of H-6 wtth H-15 (7%), 
H-7 (So/,), H-13’ (6%) and the methylene signals of the 
hydroxymethacrylate. Thus lactone 1 is a derivative of 
helenalin A correspondmg pseudoguatanohde with 
tdentical substitution and stereochemtstry ts the antineo- 
plastic lactone multtgtlin wtth a 6a-angeloyloxy and a SD- 
hydroxy group [6] Accordmgly, the ‘H NMR spectra 
are similar. 

The ‘H NMR spectra of 2 and 5 (Table 1) indicated the 
presence of the corresponding diangelate and the dimeth- 
acrylate, respecttvely, while that of 3 required a mixed 
diester with an angelate and a methacrylate residue. 
Compartson of the chemical shifts of H-6 in the spectra of 
2 and 3 allowed the assignment of the relative posittons of 
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1 2 3 4 5 6 7 8 9 10 11 

R’ A Ang Meacr Meacr Meacr B B ( A A <‘ 

R2 IBU Ang Ang IBU Meacr Ang IVal Anp 4ng fVal IHU 

12 13 14 15 
p A A C C 

R2 Ang IVal Ang IVal 

16 R = H 

17 R = AC 

OH 
L8 

OH 

13 

14 

la, 8a-15a and 16a are the corresponding acetates 

the ester groups m the latter This IS also true for the other 
lactones (4 and 6-11). Their ‘H NMR spectra, or those of 
the correspondmg acetates 8a-lla (Table I), Indicated 
the nature of the ester groups again directly from the 
typIca ‘H NMR signals The lsovalerates 7 and 10a 
could not be obtained free from the correspondmg ange- 
lates. 

This is also true for the lactones 12-15 which were 
isolated as two pairs of their acetates 12a/13a and 
14a/lSa Inspection of the ‘H NMR spectra (Table 2) 
indicated that we were dealing with &lactones as fol- 
lowed from the downfield shift of the H- I3 signals and the 
absence of a II-lactone IR band The spectra were very 
similar to that of a lmearlfohn B derivative [7] which only 
differs m the nature of the ester groups The stereochemls- 
try was estabhshed by the observed NOE’s Saturation of 
H-15 gave strong effects with H-IO and H-6 

The dlol 18 was isolated as Its dlacetate 18a Inspection 
of its ‘H NMR spectrum (Experlmental) mdlcated that 
the compounds had only one double bond The molecu- 
lar formula was deduced from m,'z 395 (Cl ,H3,0,) which 

obviously was formed by loss of methyl as a further 
fragment, m/z 352, most likely was formed by loss of 
acetone All data therefore indicated the presence of a 
dlterpene dlacetate with one rmg The “C NMR spec- 
trum (Experimental) showed two singlets for oxygen 
bearing carbons Accordmgly, an ether rmg was very 
likely In agreement with the base peak m the mass 
spectrum (m/z 127) a rmg was proposed between C-l I 
and C-15 The relative configuration at C-7 and C-l 1 
could not be determined 

The root extract afforded a complex mixture of anol 
and lsoeugenol epoxlde derlvatlves. Finally the esters 
19--25 were obtained which, however, could not be com- 
pletely separated from each other The ‘H NMR spec- 
trum (Table 3) of 19 mdlcated that an epoxlde ofesterlfied 
anol was present The contiguratlon of the epoxlde fol- 
lowed from the couplmg J,, x which typically differs from 
the correspondmg rlr-epoxldes [8] The nature of the 
ester group was deduced from the sequence obtained 
by spm decouplmg and from the mass spectrum 
which required a C,-ester The ‘H NMR spectrum of 20 
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R H H H 

26 27 28 29 30 
R’ H COCH2CH2Ph H H H 

R2 H H H OAc OH 

R’ H OH OAc H H 

R4 H H H OH OAc 

33 

(Table 3) reqmred the presence of the correspondmg 
tsovalerate and that of 23 Indicated a 9-rsovaleryloxy 
dertvatrve of 20 The ‘H NMR stgnals of 21 and 22 
indicated tsomerrc dtesters where m one case the ISO- 
valerate residue of 23 at C-9 was replaced by a 3- 
methylvalerate and m the other the phenohc hydroxyl 
was estertfied with this C-6 ester The ‘H NMR spectra of 
24 and 25 (Table 3) showed that the 3-methoxy dertva- 
ttves of 19 and 20 were present as followed from the 
changed pattern of the aromattc protons while the re- 
mammg signals were similar m both series A srmrlar 
tsoeugenol derivative wtth rsobutyrate groups of a CIS- 
epoxrde has been reported from a Coreopsrs species [9] 

The chemistry of an Amsopappus and two Antqhrona 
species mdtcates no relattonshrps between these genera 
Pseudoguaianohdes in addition to mainly guatanohdes 
are reported from Gelgerla species [lo] which are placed 
by Merxmiiller et al [l] m the next group of genera. 
However, these lactones are especially characteristic for 
the genus Helemum and related ones [ 111. The proposed 
relationship of Anisopappus to Asterwus [l] ts also not 
supported by the chemistry The chemistry of Amphona 

H H OMe OMe 

31 R = H 

32 R = AC 
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IS not very characteristic. Thymol and its derivatives, 
however, are reported from several Inula, Pluchea and 
Bhmea species, all placed at least in the same subtribe. 

The eudesmanohdes from Calostephane dwaricatum 
[12] are very different from those of the Anrsopappus 
species, therefore the proposed relationship also IS m 
doubt Further investrgahons are necessary to clarify the 
taxonomtcally complicated sttuatton of this subtribe. 

EXPERIMENTAL 

The an-dried plant material was collected m March 1988 in 

Namtbta (vouchers are depostted m the SW Afrrcan Herbartum 

at Wmdhoek) Extracts and separattons were performed as 
reported prevtously [13] TLC (sthca gel) Et,O-petrol[3 1 (Tl), 

1 1 (T2). 1 3 (T3), 1 9 (T4)] HPLC always used RP 8, 

MeOH-H,O (7 3) flow rate 3 ml/mm 

The extract of An~~pappus prnnatrjidus (voucher 88/16, collec- 
ted ca 50 km east of Wmdhoek, 250 g aertal parts) gave by CC a 

polar fractton wtth Et,0 and Et,O-MeOH (9:l) HPLC gave 

6 mg 16 (R, 0 4 mm), 2 mg 17 (R, 0 9 mm), 90 mg 3 (R, 5 3 mm), 
60 mg 1 (R, 1 7 mm) and four mtxtures (14) Fractton 1 was 
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Table 2 ‘H NMR spectral data of compounds la, 8a and 12a-15a (400 MHz, CDCI,, d-values) 

H la 8a 12a 13a 14a 15a 
multt- 

pi1cny 

1 

2 
3 
6 
7 
8 
9 
IO 
13 

13’ 

14 
15 

6-OCOR 

8-OCOR 

OAc 

3 13 ddd 3 17 ddd 3 24 3 20 3 22 
773 dd 772 dd 7 64 763 7 63 
6 11 dd 609 dd 6.12 611 

535 hrs 5.35 hr s 5 37 5 34 5 38 

3 69 dddd 3 74 dddd 3 59 3 54 361 
478 dd 485 dd 5 50 5.40 549 
497dd 506dd 471 4.66 472 

2 53 ddq 2 55 ddq 244 
650 d 6 50 d 679 
625 d 629d 609 
1 24 d 1 26 d 144 
103 \ 1 03 s 108 1.07 1 08 
470 br s 651 q 474d 651 q 

623 br s 209d 469 d 2 10 d 
5 89 hr s 460d 628hrs 4 59 hr s 

455 d 5 89 hr s 

264qq 619 qq 618q9 217d 617 qq 
119d 203 dq 191 dq 207m 191 dq 
118d 1 93 dq I 82 dq 0.91 d 1 82 dq 
208 s 205 s 2.08 s 2.07 s 202 s 

3 19 ddd 
761 dd 

6 10 dd 
5 36 d 
3 56 hr s 
540 hr s 
465 hr d 

243 dq 
679 hr s 
6 10 hr s 
1 43 d 

107 s 

651 q 
2 10 d 
4.59 hr s 

217d 

205 m 

091 d 
201 7 

.I [Hz] Compounds la and 8a, see Table 1 Compounds 12a-15a I,2 = 1 5,1,3 = 3,1,10 = 12; 2,3 = 6,6,7 = 3 5,7,8 = 1 5, 

7,13=7,9=8,9=9,10-l, 10,14=7, OCOR, see Table 1. 

Table 3 ‘H NMR spectra1 data of compounds 19-25 ( 400 MHz, CDCI,, &values) 

H 19 20 21* 22t 23~ 24 25 

2 

6 
704d 

3 

5 1 726 d 1 728 d 1 728 d 

1 706d }705d }706d 
6.82 d 

687 dd 

698 d 
’ 7 358d ‘381d ’ 381d 3 57 d 

8 300dq 3 22 ddd 3 23 ddd 299 dq 

9 ) 
1.44 d 

447 dd 
411 dd 

448 dd 447 dd 
144d 

9’ 
411 dd 

OCOR 255 dd 242d 2 55 dd 243d 243d 257 dd 2.44 d 
2 34 dd 2 23 tqq 2.34 dd 2.24 tqq 2.24 tqq 235 dd 2 25 tqq 
2 02 ddt 105 d 2 03 ddt 104d 106 d 204 ddt 106 d 
131 dq 133 dq 1 32 dq 
095 t 093 t 095 t 
103 d 105 d 104d 

acetylated (Ac,O, 1 hr, 70”) and separated by TLC (Tl x 2) 
affording 2 mg 8a (R, 0.60) and three mtxtures (l/1-1/3) HPLC 

of l/l gave 3 mg lla (R, 4 7 mm), 2 mg 9a (R, 5 5 mm) and 1 mg 

10a (containing 9a, R, 5 4 mm). HPLC of l/2 afforded 3 mg la (R, 
2 7 mm) and 3 mg 14a and 15a (ca 2.1) (R, 5.8 mm). HPLC of l/3 

gave 2 mg la and 5 mg 12a and 13a (ca 2.1) (R, 5.2 mm) 

TLC of fraction 2 (Tl) gave 6 mg 8 (RI 0.40), 3 mg 6 (R, 0.52), 

2 mg of a mtxture of 6 and 7 (Rf 0.50) and a mixture whtch gave 

by TLC (T2, 5 x ) 25 mg 4 (R, 0.65) and 35 mg 5 (R, 0.60) 
Fractton 3 was acetylated (see above). TLC (T2) gave 10 mg l& 
(RI 0 35). TLC of fraction 4 (Tl) gave 10 mg 2 (R, 0 60) and 

10 mg 3 (R, 0 52). The extract of 35 g of roots gave by CC two 
non-polar fractions (Et,O-petrol, 1 9 and 1 3) TLC of fractton 

1 (T4, x 2) gave 20 mg 19 (RJ 0 48) and 5 mg 20 (R, 0 44). TLC of 

the second fractton (T3) gave 6 mg 21/22 (co 1.1) (R, 0 60), 15 mg 

23 (R, 0.51) and 4 mg 24/25 (ca 1 1) (R, 0 42). 
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(84), 137 (56), 136 (67) 99 [RCO]+ (lo), 85 [RCO]+ (25), 71 [99 

-CO]+ (40), 57 [85-CO]+ (100). 

The aenal parts (2OOg) of Antrphrona fiugrans (voucher 88/l 15, 
collected at the Brandberg, Namtbta) gave by CC and TLC 3 g 

26, 3 g narmgemn, 20 mg 27 (TLC, CHCI,-C,H,-EtzO, 9.9: 2, 
R, 0 65) and 10 mg 33; colourless crystals, mp 128”; [a]i4P” +43” 

(CHCI,,c0.24), ‘aC NMR(CDCI,, 67 8 MHz,C-l-C-15)6460, 

26 3, 26 3, 26.4, 53 4, 33 6,44.4, 78.1, 39.0, 50.2, 444, 180.3, 15 2, 
209, 18 5 

[M]’ (17) (talc for C,,H,,O, 224 105), 182 [M-ketene]+ 

(77) 167 [182-Me]+ (lOO), ‘H NMR (CDCI,, 400 MHz) 66 27 

(s, H-6), 208 (s, H-7), 3.11 (qq, H-8), 1.29 (d, H-9, H-lo), 2 31 (s, 

OAc) 

Acknowledgements-We thank Dr M Muller and MISS H. 

Kolberg (Southwest African Herbarium, Wmdhoek, Namibia) 

for tdenttficatton of the plant material and their help during plant 

collection 
Thymohydroqumone-5-O-3-phenyl proplonate (27). Colourless 

oil, IRvE> cm-’ 3600 (OH), 1750 (PhOCOR); MS m/z (rel. 

mt ) 298 157 [M]’ (5.5) (talc for C,,H,,Os 298.157), 166 [M 

-O=C=CHCH,Ph]+ (100) 151 [166-Me]+ (35), 133 

[RCO]’ (7), 105 [133-CO]+ (23), 91 [C,H,]+ (22), ‘H NMR 

(CDCl,, 400 MHz) 66 67 (s, H-3), 6.65 (s, H-6), 2.16 (s, H-7), 2 72 

(qq, H-8, J = 7,7 Hz), 1 09 (d, H-9, H-10, J = 7), PhCHzCHCOzR 

735-719(m),309(brt,J=7),290(t,J=7) 
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