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Abstract-The investigation of 27 South African Hekhrysum spectes gave m additton to known compounds, 21 new 
acylphloroglucmol dertvatives, five flavanoids, an unusual pyrone derivative, five diterpenes, a bicyclogermacrene and 
three cadmene derivatives, three guaianohdes, a xanthanohde, a dimeric sesquiterpene factone, an aftphatic factone 
and seven glycerol angelate derivatives. The structures were elucidated by high field NMR techniques The 
chemotaxonomic aspects are discussed m connection with previous mvestigations 

INTRODUCTION 

In contmuation of our investigations of the large genus 
Helxhrysum (Composttae, tribe Inuleae, subtribe Gna- 
phahinae) [l, 23 we have investigated 27 further species 
from South Africa and Namibia. Most of them agam gave 
acylphloroglucinol derivatives However, several other 
types of natural products were also isolated mcludmg 
some new types. The results are discussed m the present 

paper. 

acyl group However, the prenyl side cham was changed 
Spm decouphng allowed the assignment of the side cham 
signals which required the presence of a 2-methylbutyric 
acid group. The spectrum of 16 and 16Ac indicated that 
the methyl ester of 15 and 15Ac, respectively, were 
present. 

RESULTS AND DISCUSSION 

The extract of the aerial parts of Helichrysum asperum 
(Thunb) Htlhard et Burtt. var. albidulum (DC) Hilliard 
afforded the known acylphloroglucinol derivatives 1 [3], 
7 [3], 10 [S], 19 [4] and 20 [4] as well as the hitherto 
unreported derivatives 2-9, 11-18, 21, 23 and 24. 

The structure of 2 followed from the molecular formula 
(C,,H,,O,) and from the ‘HNMR spectrum (Table 1) 
which was similar to that of 1 [3] However, one signal of 
an olefimc methyl was replaced by a broadened singlet at 
64.07. Acetylation gave the triacetate 2Ac. The relative 
position of the allyhc oxygen function followed from a 
NOE between H-7 and H-11. 

The iH NMR spectrum of 17 (Table 1) showed that the 
methyl ester of the 8,9-dehydro dertvattve of 14 was 
present. The configuration of the double bond followed 
from the chemical shift of H-8 The ‘H NMR spectrum of 
18 (Table 1) was close to that of 19 [4] only the signals of 
the acyl group bemg changed. Stmilarly m the case of 21, 
the spectrum showed that the corresponding benzoyl 
derivative was present. The ‘H NMR spectra of 23 and 24 
were close to those of 18 and 19 [4]. However, one olefinic 
methyl signal was replaced by a singlet at 64.74 and an 
acetate methyl singlet at 6208. Accordmgly, the lo- 
acetoxy derivatives were present; a NOE established the 
E-configuration 

The ‘HNMR spectrum of 3 (Table 1) was similar to 
that of 7 [3] The typical signals of a n-butyryl group 
indicated the structural difference. The signals of 4 show- 
ed that this compound was a lo-hydroxy derivative of 3. 
Accordmgly, the signals of the prenyl side chain were 
close to those of 2. The spectrum of 5 (Table 1) indicated 
the presence of the corresponding acetate while that of 6 
and of the correspondmg acetate 6Ac required an addit- 
ional oxygen function m the side chain. The ‘HNMR 
spectra of 8,9,11 and 12 (Table 1) clearly showed that we 
were dealing with the correspondmg isobutyryl and 2- 
methylbutyryl derivatives of 4 and 5. 

A reinvestigation of H. montrcola Htlhard [S] gave in 
addition to the phloroglucinol derivatives isolated pre- 
v~ously the derivative 29. The ‘HNMR spectrum (see 
Expertmental) was similar to that of 30 [5]. The typical 
signals of the aromatic side cham indicated that a 3,4- 
dihydroxyphenyl propionyl residue had to be proposed. 
The mass spectral fragmentation pattern supported this 
assumptton by the fragments m/z 123 (C,H,O,, dihy- 
droxytropyhum ion) and m/z 317 [M - 123]+ 

The ‘HNMR spectra of 13-15 and 15Ac (Table 1) 
indicated that agam acylphloroglucmol derivatives were 
present which obviously only differed m the nature of the 

The extract of H. cerastrotdes DC subsp. aurosxum 
Merxm. et A Schretber gave the phloroclucinol deriva- 
tives 31 and 32. The structure of 31 directly followed from 
its ‘HNMR spectrum which was similar to that of the 
correspondmg isobutyryl derivative with a prenyl group 
[4]. A methyl singlet at S 2.62 and the typical signals of a 
geranyf side cham indicated the structural differences. 
The spectral data of 32 showed that a qumone related to 
31 was present In addttion to the yellow colour the 
changed chemical shifts supported thts assumption. Ac- 
cordmgly, the data were close to those of the correspond- 
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OR’ 

1 2 3 4 5 6 7 7a 8 9 10 11 12 
R’ H H H H H H H H H H H H H 

RZ H OH H OH OAc OH H Prcnyl OH OAc H Ol1 OAc 

R3 H H H H H OH 11 H H H H H H 

K4 COPh COPh nBu IlBU nBu l&U IBU IBU IBU IBU UeBu MeBu Metlu 

13 14 15 16 17 
RI ii H H Me Me 

RZ ClBU IBU COPh COPh I&I 

A8 

OH 

18 19 20 21 22 23 24 25 
R’ Me Me Me Me Me CH*OAc Ctf~0Ac Me 

R2 nBu IBU MeBu PhCO AC IIBU IBU PhCO 

R3 H H tl H H H H Prenyl 

Table 1 ‘H NMR spectral data of compounds 24, 8, 9, 11-18, 21, 23 and 24 (400 MHz, CDCI,, S-values) 

Compound H-2/6 Acyl group 

2 600s 764d,753t,745t 
3 592~ 303&,172tq,O98t 

4 5 87 F 302t,167ty,fl9?r 

5 593 ., 304t.l72tq,O99r 
6AC 659 i 268t. 144rq,O94t 

8 5919 3 96 qq, 1 ts d 

9 593 \ 387qq, 1 LXd 
tt 5 89 ? 378qq,179,135m,1IId,Q87~ 

I2 592Y 3 73 tq, 184, 141 tq 1 t6 d, Q 92 t 

13 5 86 \ 301t,166ry,n94t 

14 5 86 .\ 392qq, 116d 
15 604.\ 760d, 74bt, 73X t 

15Ac hri3 \ 773a,7Yit,143t 

1hAc hh2\ 713d,755r,l43r 

17 5 92 F 3 85 qq* 1 18 d 

18 5 82 s 303t,171tq,O98t 

21 593 s ?63$,758!,750$ 

w 5 79 c 3 03 I, 168 tq 0 95 t 
24 5 19 5 3 93 qg. I 14 d 

- 
J[Hz]: PhCO 2,3=3,4=8, n-Bu 2,3=3.4=7, IBU 2,3=2,4=7, MeBu 2,3=2,5=3,4=7, prenyl group 1,2=7 
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26 21 28 29 30 31 
R’ H H H Me H Me 

R’ H H H H OH H 

R” IBU COPh MeBu A B AC 

32 33 R = lVa1 

34 R = C 

35 36 37 38 39 
R’ H Me Prenyl H H 

R2 H H H Prenyl H 

7,8H 7,8H 

ZAC, SAC, 15Ac and 161’~ are the acetylatlon products 

26a-30a are the 82 ~SCI~WS 

nBu = CO(CH,LMe, IBU = COCHMe2,MeBu = COCH(Me)Et 

A = co/kfx~::, B = coAYy; = ,/-o 
5’ 

ing isobutyryl derivative [2] Furthermore the glycerol 
angelates 91 and 93 were obtamed (see below). 

A reinvestrgatton of H. cymosum (L.) D. Don [6] gave 
several wtdespread flavanoids (Table 2) and a further one 
(40) which seems to be new The ‘H NMR spectrum of 40 
(see Expertmental) mdtcated that a prenylated %meth- 
oxy-pinocembrin [7] was present. The relative position of 
the methoxy group followed from the NOE between 5-O- 
methyl and H-6 of the Smethoxy derivative obtamed by 
methylation. 

The extract of H. leptdwsrmum S Moore gave the 
flavanones 4547 and the lactones 85 [S] and 86. The 
‘H NMR spectrum of 46 (see Experimental) showed the 
typical stgnals of a 5,7-drhydroxyflavanone with addrt- 
ional substttuents at C-6 and C-8. The nature of the latter 
could be deduced from the signals of a prenyl and an 6- 
ethyl-Smethyl-4-hydroxy-a-pyrone linked with a 3- 
methylene group with the flavanone moiety. Though the 
relative posrtion of the side chains could not be estab- 
lished the proposed one 1s very likely to be 46 which 

would be a derivative of 44. The ‘H NMR spectrum of 45 
showed that thus flavone was the correspondmg desprenyl 
derivative which we have named lepidrssipyrone. The 
structure of 86 easily could be deduced from the ‘H NMR 
spectrum which differed from that of 85 [S] by the typical 
signals of a hnoleic side chain 

The aerial parts and the roots of H argyrophyllum DC 
gave m addition to widespread compounds (Table 2) the 
flavone 49, the drterpene 70 and the glycerol derivatives 
87-92. The structure of 49 followed from the ‘HNMR 
spectrum whrch was similar to that of 48 [9]. The position 
of the angelate group followed from the chemical shift 
differences and the observed NOE between the angelate 
methyl and H-2’ The ’ 3C NMR data also supported the 
structure 

The molecular formula of 70 (C2eH3J indicated the 
presence of a diterpene hydrocarbon. Inspection of the 
‘HNMR spectral data (Table 3) showed that the com- 
pound had signals for three trtsubstituted and one di- 
substrtuted double bonds. Furthermore four signals of 
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Table 2 Constituents of the mvestlgated Hrlrchr),~~n spccles 

Species (m parentheslq. voucher no 

dnd locatIon\) 
____________ _~___ -_.__ ._~~_.~. _ 

(1) H nnomuhm Le\s 

(86’82, ncdr Port Ehzabeth) 

H usperum (Thunb ) HIlllard et Rurtt var n/h&/urn 

(DC) Hdhard 

(X6/205, Baln\kloof P‘ts,) 

M drec~rrmum Sond et Hdrv (86,‘72 near Graham- 

stow”) 

H jdrnum Less (86;92. Outemqua Pass) 

H petdare Hllhard et Burt1 (86,‘126. Hog\back) 

H rrtolutztm (Thunb ) Lea? (86:203. Bamskloof Pass) 

II rnsum (Berg ) Less (86,‘108, near Prmce Albert) 

If rtuhrum Less (8GSO. near Clanwdham) 

H \uh4lomt~ LUU~ Lesq (X6 ‘70 near GrahanLstown) 

(3) H aryyroph,lhm DC (86’18. HOgshdck) 

H krrrusn Sch BIP (81 191. Transvaal) 

H lepdrslmum S Moore (X6 176 Botanic G‘rrdens 

Klrstenbosch) 

H fomenrotuhm (Kldtt ) Merxm subsp n/c~nctl~c urn 

(Dmter) Merxm (88 ‘12. Namlbta) 

H fr~o~tu~um (Thunb) Less (86243 nedr Clanwll- 

ham) 

(4) H uureum (Houtt ) Merr (X6,59. near Grahamstown) 

(5) H dusq’unt/tum (Wllld ) Sweet (X6 116, C‘hapmans 

Corner. S Capetown) 

II $e&dldm (Thunb ) Le.4 (86, IX,% Klrrtcnba\rh) 

(6) M crryenteum (Thunb ) Thunb (86 178 KlratenhosLh) 

H mutronafum (Berg) Less (86’113. Swnrtbcrg Pass) 

H punrtulutum (L) Wdld (X6: 193, Klrstenhosch) 

Aerlal 

pdrI\ 

530 g 

190 g 

90 & 
I RLI g 

X5 e 
IXOg 

70 g 

460 g 

650 g 

3OOg 
250 g 

250 g 

360 g 

220 g 

700 g 

2OOg 

75 E 

2s g 

250 p 

220 g 

240 g 

250 g 

3lOg 

170 g 

270.g 

19og 

290 g 

50 mg r-humulcne I90 mg 7a [ 41. 3 g 26 [5 1 

X mg 1 L3]. 5 mg 2, 6 mg 3. 5 mg 4. 5 mg 5, 30 mg 6,4 mg 7 

L3]. 5 mg 8. 10 mg 9,X mg 10 131, IO mg 11.5 mg 12. 170 mg 

13. IOmg14,40mgl5 lOmgl6 10mg17,5mg18,15mg19 

141, 6 mg 20 L4] 10 mg 21. 15 mp 23. 5 mg 24 

10 mg dehydroab!ctic dUd. 5 mg 21, X0 mg 22 [3] 

4mg31 ?_mp32.3m.g91 5mp93 

200 mg 19 141. I g 20 L4] 

40 mg 19 [4], I20 mg 20 [4J. 35 mp 25 [4], 20 mg 63 

30 mg 26 [SJ. 40 mg 27 [S] LO mg 28 [S], 3 mg 29 

2 g 34 [6J, 5 mg 35 1231, 2S mg 38 [6], 85 mg 40. 50 mg 41 

[7], 35 mg 42.30 mg 43 IO mg 44 [h]. 60 mg 48 191.5 mg 50 

6mg 57 124) 

65 mg Ldrkophyllene, X5 mg r-humulene 2 I g 33 LIZ]. 
I SO mg 38 [_6]. 100 mg 51 

4 g 33 161. 100 mg 38 [6]. 200 mg 51 

25 mg a-humulene. 5 mg spathulenol. 9 mg ledol. 17 mg 

Laryoph~llcnepoxidc, 3 mg r-humulenepoxlde. 35 my 36. 

5 mg 52, 7 mg 33. 6 mg 62. 7 mg 73 

‘70 mg cdryophyllene. 10 mg x-humulene, 30 mg cdryophyi- 

lenepox,de. 15 mg \pathulcnol. 1 g 33 [6] 300 mg 38 161. 

200 mg 51 

800 mg 33 [6] (45 g root\ 5 mg 58 [24]) 

3 g 33 161, I g 35 [13] 

10 mg ;-hurnulenc. 20 mg carqophyllene. 50 mp nerohdol. 

500 mg 34 [h]. 200 mg 35 [23] 

HO mg 70. 1 I5 mg 87,s mg 88. IO mg 89,2S mg 90.22 mg 91, 

24 mg 92. (56 g roots 20 mg hlaabolene 2 mp tremetone. 

30 mg 48 L9J 5 mg 49, 3 mg 60 L26] 4 mg 87) 

5 mg u-humulene, 6 mg &cadmene. 4 mg cdryophyllene. 

17 mg caryophylleneporlde. II mg r-humulenepoxlde, 

29 mg 4x-hydroxyeudesm-I I(I3)-ene 11 mg 35 [23], 5 mg 

53.2 mg 54 (300 g roots 7 mg 35 [ 231 75 mg 36 [ I I]. 9 mg 39 

[?‘I] 3 mg 56) 

2 mg 45 2 mg 46 IO mg 47. b mg 85 1 X], 3 5 mg 86 

IO0 mg 55. 5 mg 37 [7] 

20 mg 51 

85 mg 13~,17-dlhydroxy-e,ll-kaurdnc, 27 mg 67, I4 mg 68, 

(32 g roots 5 mg \Ilphlperfolene, 60 mg hehfulventc acid, 

5 mg stach- 15-e”- 19-01~ acid. 5 mg 63 

>t} nrg ri-‘Zdlrrene. B mg d&ydrirdbrrtrc acrd. 20 nrg i3ZZ. }7- 

dlhydroxy-ent-kaurane, 15 mp 59 [28], I5 mg 59a [ZXJ, 

650 mg 63. 30 mg 64, 30 mg 66. I50 mg 69, 120 mg 74 

I15 mg obhqurn, 40 mg \pdlhulenol, I IO mg caryophyllene- 

poxlde, 60 mg 51, 100 mg 64, 30 mg 65 40 mg 71. 5 mg 72. 

3mg7.51291 hmg76[?9].4mg77[16] Zmg78,lOmgXO 

[30] 

5 mggermacrene D. 15 mg 79. I.0 mg8t [(9], 2 mg82.6 tng 

83, IO mg 84 

X5 mg 5-hydroxyobllquln [?I] I I mg mdnoyloxtde. 4 mg 

lupcnonc 

2 mg 5-hydroxyobhquin (40 g roots SO mg S-hydroxyobll- 

qum) 
150 mg 5-hydroxyobllquln [31] 
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40 41 42 43 44 45 46 41 

R' OMe OMe OH H Prenyl H Prenyl H 

R' Prenyl H Me H H H H H 

RJ H H H H H D D H 

R4 H H H H H H H OH 

OH 0 

R4 

48 49 50 51 52 53 54 55 
R' H H Me Me Me H Me Me 

R* H H H OMe H H H OMe 

R" OMe OAng OH OH H H H OMe 

R4 H H OH H H H H OH 

RS OMe OMe OMe OMe OMe H H H 

OH 

I>= 

olefinic methyl groups could be observed. The r3C NMR 
data (Table 3) supported the presence of four olefimc 
double bonds Spm decouphng and NOE difference 
spectroscopy showed that we were dealing with a pre- 
nylated germacratriene derivative where a prenyl group 
was at C-13 of an Z,Z-isomer of germacrene A. NOES of 
H-2 wtth H-20 (10%) and of H-6 with H-19 (11%) 
established the Z-configurations of the double bonds. 
Further effects between H-14, H-12 (6%) and H-16 (8%), 
between H-18, H-12 (7%) and H-13 (6%) as well as 
between H-18’, H-l (7%), H-9 (6%) and H-10 (8%) 
supported the asstgnments of the signals. The 13C NMR 
signals were asstgned by a 2D-hetero COSY spectrum 

The ‘H NMR spectra of 87-93 (Table 4) Indicated that 
we were dealing wtth glycerol-2-0-angelates with differ- 
ent ester groups. The chemtcal shifts of 87-89 required 
esterified hydroxyl groups at C-l and C-3 whtle those of 
9G93 must have a free 3-hydroxyl group. The nature of 
the ester groups at C-l followed from the molecular 
formula and the fragments m the mass spectrum while the 
positton of the addtttonal methyl group in compounds 89 
and 92 followed from the results of spm decoupling as the 
methyl doublet collapsed to a singlet on Irradiation at 
61.50. Similar glycerol angelates estertfied with long 
cham fatty actds have been isolated from another Heli- 
chrysum species [lo]. 

The investigation of H. pettolare Hilhard et Burtt. gave 

in addition to widespread compounds (Table 2) the 
flavanoids 52 [lo] and 36 [ 111, humulone methyl ether 
(33) [12], the cadinene derivative 73 and the pyrone 62. 
The structure of the latter followed from tts ‘HNMR 
spectrum (see Experimental) where all signals could be 
assigned by spin decouphng. The signals of H-12, H-13 
and H-14 were nearly tdenttcal with those of other pyrone 
derivatives hke 45. Inspection of a model indicated that 
the olefinic methyl groups (H-9,10) should be shielded by 
the pyrone part. Thus, a drene-adduct of the methylene 
pyrone 61 with ocrmene was present whtch we have 
named octmepyrone. 

The structure of 73 followed from its 13CNMR (see 
Expertmental) and its ‘H NMR spectrum (Table 5). Again 
all signals could be assigned by spm decoupling. The 
observed couphngs of H-6 required trans-dtaxtal onen- 
tatton of the protons at C-6 and C-7. 

From the root extract of H. krausi Sch Bip m addition 
to other flavanotds (Table 2) the chalcone 56 was isolated. 
The structure followed from the molecular formula 
(&H,,O,) and the ‘HNMR spectrum (see Exper- 
imental) Obvrously the chromane derivative 56 IS formed 
via the correspondmg epoxtde of a 3’-prenyl chalcone. A 
quercetin glycosrde has been reported from the aerial 
parts [13] The remvestigatton of H. aureum (Houth.) 
Merxm. [ 141 gave some more dtterpenes (Table 2), com- 
pound 68 bemg new The structure could easily be 
deduced from the mass and ‘HNMR spectra which 
mdtcated the presence of the malonate of ent-19-hydroxy- 
kaur- 16-ene 

Further drterpenes m addttton to those reported pre- 
vtously [15] were isolated from the aerial parts of H. 
chonosphaerum DC, one being the ertcacane derivative 
69 The structure followed from the 13C and ‘HNMR 
spectra (see Expertmental). Careful spin decoupling 
allowed the assignment of all signals leading to sequences 
which only agreed wtth the presence of a rearranged 
kaurane derivative. The stereochemistry followed from 
compartson of the NMR data with those of ent-kauremc 
acid and from the results of NOE difference spectroscopy. 
Thus, clear effects were obtained on Irradiation of H-l 
with H-9 (7%), H-5 (6%) and H-2fi (SO!), of H-20 with H- 
20’ (15%) H-14c((4%) and H-12cr (10%) while H-20’ gave 
a NOE with H-2c( (12%) Most likely the precursor of 
compound 69 IS the acetate 66 also present in the plant. 
After formation of the catton 66a a Wagner-Meerwem 
rearrangement would lead to 69 (see Scheme). The struc- 
ture of 66 followed from its ’ 3C and ‘H NMR spectra (see 
Expertmental) which indicated that we were dealing with 
an acetoxy derivative of em-kaurenic acid. Clear NOES 
between H-20, H-la (6%), H-2a (6%) and H-14~ (6%) 
established the 1 /?-position of the acetoxy group. Further- 
more, (74), a derivative of bicyclogermacrene, was ob- 
tained The ‘H NMR spectrum (see Experimental) was in 
part close to that of btcyclogermacrene. However, one 
methyl singlet was replaced by a carboxyl group as 
followed from the mass spectrum (m/z 189, [M 
- CO,H] ‘) and the ’ 3C signal The configuration at C- 
11 was deduced from the down field shift of H-6 (62.34) 
and H-7 (6 1.61) 

The aerial parts of H. dasyanthum (Wtlld.) Sweet gave 
m addition to known compounds (Table 2), the cadmene 
derivatives 71 and 72, the ent-trihydroxy-kauremc acid 65 
and the guatanohde 78. The structure of the latter follow- 
ed from rts ‘H NMR spectrum (Table 6) which was in part 
similar to that of pseudotvahn (77) [16, 171. The changed 
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56 

RO l'h 

59 K=H 

s!h R = Me 

60 61 62 

63 64 65 66 67 68 
R' COzH COzH CO,H COIH CH,OH CHIOCOCH,CO,H 

R* H H H OAc H H 

R’ H H OH H 

R“ H OH OH H 

R5 H H OH H 

H H 

H H 

H H 

stereochemistry was determmed by the NOE’s. Thus, the mg couplings were those of 71 mdtcatmg the same 
axral proton at C-6 gave an effect wtth H-8 (8%) whde H- stereochemistry Obvtously 72 IS formed by attack of 
15 gave a NOE wtth the equatorial H-6 (7%) and not wtth smglet oxygen on 71 followed by reduction of the hydro- 
H-5. peroxide formed. 

The structure of 71 also followed from tts 13C and 
‘H NMR spectra (Table 5). In deutertomethanol all pro- 
ton stgnals could be asstgned by spm decoupling and the 
stereochemtstry followed from the observed couphngs 
and from the NOE’s The ‘H NMR spectrum of 72 (Table 
5) differed from that of 71 especrally by the replacement of 
a signal of an olehmc methyl by that of exomethylene 
protons The chemtcal shifts of the latter mdtcated a 
neighbouring hydroxy group This became apparent by 
spin decoupling which allowed the assignment of all 
signals. As the signals at 62 19 and 171 only showed 
coupling with H-3 no hydrogen was at C-l The remain- 

The structure of 65 followed from the 13C and 
‘H NMR spectra of its methyl ester (see Experrmental) 
The latter was simtlar to that of correspondmg known 
ent-hydroxy-kauremc acid Spm decoupling allowed the 
assignment of most signals The couphngs of H-7 and H- 
14 indicated the stereochemtstry at the correspondmg 
carbons, this was established by the NOE’s Thus, nradta- 
non of H-7 gave a NOE wtth H-14p (10%) and of H-15 
wrth H-l lfi (6%). 

Helrchrqwm splendrdum (Thunb ) Less has been mves- 
tigated prevtously [lS] The conhguratton of a drhydrox- 
anthanohde (compound 11 tn ref [ 181) probably had to 
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‘* CO,H 

66a 

0 cb \\ 
,\\\” 

; E 

A 
73 

be corrected as the ‘HNMR spectra of related lactones 
with c&7,8 stereochemistry were similar. We therefore 
have reinvestigated this specres. The polar fractions gave 
the guaianolides 79, 81 [19], 82 and 83 as well as the 
dimerrc lactone 84. The structure of 79 followed from its 
‘HNMR spectrum (Table 6). Spin decoupling allowed 
the assignment of all s:gnals though a few were over- 
lapped multiplets. However, those which are important 
for the stereochemistry showed the couplings whtch led to 
the proposed stereochemistry. 

The ‘H NMR spectrum of 82 (Table 6) mdrcated that 
this lactone was the 8-epr derrvatrve of 81 [ 191. This was 
established by the observed NOE’s between H-7, H-8 
(8%) and H-11 (7%), between H-8, H-11 (8%) and H-7 
(7%), between H-14 and H-9a (8%) as well as between H- 
15 and H-68 (7%). 

The ‘H NMR spectrum of 83 (Table 6) was close to that 
of the xanthanohde isolated previously [18] However, 
the configuratron at C-l 1 was different as followed from 

69 

72 

74 

the coupling J,, 1 1 = 7 Hz. Furthermore, several chemical 
shifts were different, especially that of H-11 was shifted 
down field. The NOE’s of the previously isolated xan- 
thanohde [18] indicated that it was llb,l3-dihydro- 
tomentosin, the configuration at C-8 accordingly had to 
be corrected to H-8a (83a). The Iactone isolated now had 
the same configuration at C-8 but differed at C-l 1, the 1 l- 
eprmer 83s was not isolated again. Accordingly, its 
‘H NMR spectrum was similar to that of the correspond- 
ing 4-hydroxy derivative with rdentrcal configuration at 
C-7, C-8 and C-l 1 [20]. 

The spectrum of 84 (Table 7) looked at a first glance to 
be a mixture. However, the crystalline compound was 
homogeneous in all solvent mixtures by TLC and HPLC. 
Careful spm decoupling allowed the assignment of nearly 
all signals. The resulting sequences indicated that no 
hydrogen was at one of the C-7 atoms and that one 
methyl group was missing Some overlapped crucial 
signals were visible m partially relaxed ZDJ-spectra. In- 
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75 8aH 
76 8/3H 

79 8PH 
80 &xH,A"'*'~ 

83 

83a ilaMe 

85 R = (CH2)7Me 
86 R = CH,CHyCH(CH2)4Me 

spectlon of the mass spectrum showed that the molecular 
formuia was C3,,H4005. Furthermore two Important 
fragments, m/z 248 141 and m/z 232.146 correspondmg to 
C,,H,003 and C,,H,,O,, were vlslble. These fragments 
obviously are formed by a retro-Dlels-Alder fragmen- 
tatlon m agreement with the presence of an adduct 
formed from tomentosm with guava- t,4-dlen- 12,8fl-olide. 
The stereochemistry at all 10 choral centres of this dlmer 
could be determmed by extensive NOE difference spec- 
troscopy. Important are the effects between H-8, H-7 
(8%), H-9 (7%) and H-10 (6%), between H-15’ and H-68 
(5%), between H-14’ and H-2’ (9%), between H-7’ and H- 
11’ (10%) as well as between H-2’, H3; (SO/“), H-13, (9%) 
and H-14’ (7%) The resultmg stereochemlstry mdlcated 
an addltlon of tomentosm from the p-face to the dlenol- 
lde In the 13CNMR spectrum the signals could be 
asslgned by a 2D-hetero COSY spectrum The chemical 
shifts of the assigned carbon signals also agreed with the 
proposed structure of 84 which we have named hell- 

TH,OR' 

I 
2CH---OAng 

I 
'CH20CO(CH,),R' 

87 88 89 90 91 92 93 

R' AC AC AC H H H H 

R' Me Me CHMe2 Me Me CHMe~ Me 

II 1 8 7 7 ‘3 7 10 

splendldllactone Several further Helichrysutn species 
gave known compounds The constituents are summar- 
lzed m Table 2 

The overall picture of the chemistry of the South 
African genus Hekhr)wtm has not changed very much 
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Again most species gave prenylated acylphloroglucmol 
derivatives and flavanolds which also are derived from 
phloroglucinol. However, the replacement of the an- 
namic motety by other acyl CoA derivatives tn the 
biosynthesis of the mam constituents seems to be charac- 
teristic. A special trend also is the accumulation of 
humulone and related compounds which again have been 
isolated from eight species most of them also being 
morphologically closely related [0 Hilhard, private 
commumcatlon] In Table 2 we have placed the investl- 
gated species followmg the main constituents While the 
first two groups can be characterized by the presence of 
prenylated aclyphloroglucinols and humulone deriva- 
tlves, respectively, the third group contam those which 
have flavanolds The species of the fourth group have 
dlterpenes while the fifth contam gualanohdes which 
seem to be very rare m this genus and also m the subtribe. 
In the last group are species which have been shifted to 
Helrpterum [21] This IS supported by the co-occurrence 

Table 3 ‘H NMR spectral data of compound 70 (&values) 

H CDCI, C,D, JCHzl C 

1 2 33 m 245m 
1’ 196m 211 m 
2 521 hrdd 542 hrdd 
4 261 hrddd 2 59 br ddd 
4 2oom 197 ddd 
5 2 49 br dddd 2 50 hr dddd 
5’ 2 16 hrdddd 2 16m 
6 5 10 hrdd 5 19 hrdd 
8 2 35 ddd 2 38 ddd 
8’ 1 82 hr ddd 1 83 hr ddd 

9 1 15811~ 
9’ J 
10 2oOm 
12 204hrt 
13 2.13 hrdr 
14 514tqq 
16 170dt 
17 163hrs 
18 477hrs 
18’ 474dr 
19 J63hrs 
20 163 hrv 

I I70m 

2 14m 
217hrt 
229 hrdt 
5 31 tqq 
I 73 dt 
162hrs 
498 hr* 
495dt 
1 70 dt 
168 hrdd 

6, 10 
7, 7, 14 
7, 7, 14 
I, 7, 7, 14 
7, 7, 7, 14 
7, 7 
6, 9, 14 
55,55, 14 

7 

7, 7 
7, 1, 1 
1, 1 

I 5,15 

1, 1 
1, 1 

1 29 3 t 
2 1248d 
3 1314s 
4 30 5 t 
5 249t 
6 121 7 d 
7 1381 s 
8 27 0 t 
9 30 1 t 
10 436d 
11 1543s 

12 352 t 
13 268 t 
14 1243d 
15 1339s 
16 25 7 q 
17 177q 
18 1075 t 
19 25 6 q 
20 23 3 q 

Assignment of signals m ‘H and 13C NMR spectra followed 
from ZD-homo- and hetero COSY as well as from NOE 
experiments 

of obhqum derivatives and none of the typical Hell- 
chrysum compounds. Surely the chemistry supports the 
taxonomy of this large genus. The Australian species are 
chemically very different from those of South Africa [ 1). 
This is m agreement with morphological observations 
[223 that the hmlts of the Australian genera of the 
subtrlbe Gnaphahmae are still not clear. 

EXPERIMENTAL 

Air-dned material was collected m South Africa (September 
1986, vouchers deposited m the Compton Herbarium, Klrsten- 
bosch or m the Rhodes Umversity Herbarium, Grahamstown) 
and in Namibia (March 1988, vouchers deposIted m the SWA 
Herbarium at Wmdhoek) The samples were extracted wtth 
MeOH-Et,O-petrol (1 1 1) and the extracts worked-up and 
sepd as reported previously [32] HPLC (RP 8, ca 100 bar, Row 
rate3 ml/mm) HP1 MeOH-H,O(7 3),HP2 (13 7), HP3 (3 1), 
HP4 (9 1); HP5 (17 3), HP6 (3 2), HP7 (4. I), TLC Tl 
Et,O-petrol (7 3). T2 (1 4); T3 (1 7) (AgNO, coated), T4 
Et,O-petrol (4 1) (AgNO, coated) The compounds obtained 
are summarized m Table 2 The conditions of final sepn of new 
compounds are added to the descrlptlon of these compounds 
together with the IR v,,,cm- 1 and the MS data (m/z (rel mt )) 
Known compounds were identified by comparison of the 
400 MHz ‘H NMR spectra with those of authentic samples 

Phloroglucmol derwatrues (compounds, If not described other- 
wise, were colourless gums, ‘H NMR data see Table 1) 

2 IR vCHCir 3400 (OH), 3500-2600, 1615 (o-hydroxy PhCO), 
MS 314.115 [M]’ (19) (talc for C,,H,,OS 314.115), 296 [M 
-HzO]+ (23), 229 CM-C,H,O]+ (10(j), 153 [C,H504]+ (44), 
(HP], R, 7 5 mm Acetylatlon (Ac,O, DMAP, CHCI,, I hr, 70”) 
gave 2Ac, IR (CHCl,) 1770 (OAc), 1660 (PhCO), MS 440 147 
[M]’ (0 1) (talc for C,,H,,O; 440 147). 380 [M-HOAcJ+ 
(04), 338 [380-ketene]+ (l), 296 [338-ketene]+ (2 5), 229 (24), 
127 (100). HP2, R, 80mm) 

3. Colourless crystals, mp 119”, IR (CHCI,) 350&2600, 1635 
(o-hydroxy PhCO), MS 264 136 [M]’ (9) (talc for C,5H2004. 
264 136), 196 [M-~soprene]+ (20), 153 [196-C,H,]+ (IOO), 69 
[C,H,]+ (93), (HP3, R, 13 0 mm) 

4 IR vCHC’* 3400 (OH), 3500-2600, (o-hydroxy PhCO); MS 
262 121 [M-H,O]+ (12) (talc for C,5H,804 262 121), 219 
[262-C,H,]+ (5). 196 [M-CsH80]+ (10). 154[196-C,H,]+ 
(lOO), (HPl, R, 12 0 mm) 

5, 9 and 12 (ca 1 1:l) IRvCHC”~ 3500-2600, 1625 (o- 
hydroxy PhCO), 1735 (OAc), MS 336 157 and 322.142 [M]’ 
(03 and 15) (talc. for ClsH2406 336.157 and C H 0 17 z1 6 
322 142), 276 and 262 [M-HOAc]+ (10 and 42), 219 [262 
-C3H,]+ (74). 153 (loo), 127 (98), (HP3, R, 10 5 mm) 

6 Isolated as its tetraacetate 6Ac (acetylation see above). IR 
(CHCI,) 1770 (PhOAc), 1735 (OAc), 1710 (PhCO), MS. 464.168 

Table 4 ‘H NMR spectral data of compounds 87-93 (400 MHz, CDCI,, &values, m parentheses J [Hz]) 

87-89 9&93 

OAc 2085 
OAng 6 12 qq (1.5, 7), 1.99 dq (7, 1.5), 188 dq (1 5, 1.5) 
R* 2 33 t (7), 162 m, 1 2-14 m 

Glycerol 4 36 dd and 4 32 dd (4 5, 12) 4 38 dd (4 5, t2), 4.32 dd (6, 12) 

424ddand417dd(6, 12) 3 76 d (5,2H) 
5 33 tt (4 5, 6) 5 14 ddt (4 5, 6, 5) 

*87.88,90,91 and 93 0 87 t (7) 89 and 92 1 50 tqq (7,7,7), 0 86 d (7,6H) 
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Table 5 ‘HNMR spectral data of compounds 71-73 (400 MHz, h-values, m parenthesis 

.J[Hz]) 

H 71 (CD,OD) 72(CDCl,) 73(CDCi,) 

2 2 97 dd (5 5. 12 5) 2 19 dd (5, 15) 
2’ lX9hrdd(lI 125) I71 hrd (15) 

5 86 hrd (2) 

3 3 95 111 386hrd(5) 

4 2.56 ddq (5, 2 5, 7 5) 

5 
5’ 548ddq(i 5 15, 15) 5 63 hr d (5 5) 

204ddd(135,4.‘5) 
1 73 M 

6 
7 

x 

8’ 
9 

I1 
12 

13 

14 

14’ 

259hrd(lO) 

108 dddd (2, 2, 10, 12) 

191 m 

I 15ddd (12. 12, 13) 
3 95 m 

2 07 dq (2, 7, 7) 
0 96 d (7) 
0 82 d (7) 

I73 hi-7 

1 90 ,?I 
130m 
I 90 m 
102 ddd (12, 12. 13) 
4 05 dddd (2, 2, 5. 12) 

2 05 dqq (3. 7, 7) 
0 93 d (7) 
0 83 d (7) 
531 dd(2, 2) 
5 I7 dd (2, 2) 

2 45 dddd (11 5, 11 5, 4, 2) 

I 50 dddd (1 I 5, 11 5. 4 5,4) 
220brddd(l85.65.45) 
2 00 WI 
617brd(h5) 
2 00 m 
0 94 d (7) 
0 X3 d (7) 

183brddd(25.12,12) 

I5 I71 hr\ 1 X3 br \ I l7d(75) 

Table 6 ‘H NMR spectral data of compounds 78, 79, 82 and 83 (400 MHz, CDCI,. h-values, m /[Hz] 

parenthesis) 
--___ 

H 78 79 82 s3t 

I 2401?rq (9) 205Wi 

2 247n1 I 90 m 
2’ 2 22 I?, I 73 I?, 

I 
1 70 m 

1 
225m 

3 I 70,n 
I 73 rn 

3’ I 65 m 

1 1 75 m 2 55 ddd (16. 6, 10) 

244ddd(l6,7,9) 

5 236hrd(l2) 149 dd (12, 2) 167 ddd (3. 12. 12) 545hrdd(10.3) 

6 2 20 ddd (3, 3. 13) 209hrd(l2) l85m 2 22 In 

6’ I II ddd(l2. 13, 13) 141 ddd (12, 12, 12) 170m 1 (3, 9. 15) 86 ddd 

7 2 64 m 2 16~ 2 50 M 2 65 (2 5, 6. 9. 13) dddd 
8 379ddd(lO, 10.35) 490brd(Il) 4 57 dt (10, 7) 462dt (10. 6) 

9 2 62 dd (3 5, 15) 15 
73 hr \ 

2 96 dd (13, 7) 206~ 

9’ 2 56 U, 2 19 dd (13, IO) 2 00 ,n 

11 2 65 dy (7. 7) 2 86 dq (7, 7) 2 dq 80 (7 7) 
13 6 13 d (3) 
13’ 5 48 d (3) 1 21 ri (71 122 d (7) I lhd(7) 

14 I 75 ht 5 1 79 hr 5 493 br7 Il3d(7) 
I5 I 23 \ 1 20 5 1 20 5 

‘fH-10 2 33 m 

[M]’ (03)(calc forC,,H,,O,, 464 168),421 [M -C,H,]+ (4), 

379 [421 -ketene]+ (4), 337 [379-ketene]’ (3), 185 (IOO), 153 

(31), I25 (54), (HP2, R, 8 0 mm) 

8 IR (CHCI,) 3570 (OH), 3500-2600, 1625 (o-hydroxy 
PhCO). MS 262121 [M-H,O]+ (8) (talc for C,,H,,O, 
262 121), 219 [262-C,H,]+ (12), 165 (X5). 153 (lOO), (HPI, R, 
I1 5 mm) 

11 IR (CHCI,) 3580 (OH), 3500-2600, 1620 (o-hydroxy 

PhCO), MS 276 136 [M -H,O]+ (6) (talc for C,,H,,O, 

276136),219 [276-C,H,]+(ll), 153(lOO),(HPl,R, 150mm) 

13 and 14 (cu 2 1) IRvcHr” 3500-2600, 1630 (o-hydroxy 
PhCO), 1710 (CO,H), MS 296126 [M]’ (4) (talc for 

C,,H,,O, 296 126), 253 (6), 153 (100). (HPl, R, 7 8 mm) 

15 (Isolated as Its dlacetate 15Ac, acetylatlon see above) 

IR vCHC” 1770 (PhOAc), 1720 (CO, CO,H), MS. 372 121 [M 

-ketene]+ (0 S)(calc forC,,H,,O, 372 121), 330(1 5), 230(10), 
60 (IOO), (HPI, R, 6 3 mm) 

16 (Isolated as Its dlacetate 16Ac, acetylatlon see above) IR 

(CHCI,) 1770(PhOAc). 1720 (CO. CO,Me), MS. 428 147 [MI’ 

(l)(calc for CZ3Hz40H 428 147), 386(3). 344(6), 115(lOO),(HP2, 
R, 5 4 mm) 

17 lRvcnr” 3500-2600, 1625 (o-hydroxy PhCO), 1715 (C 

=CCO,R),MS 308 126[M]+(X)(calc forC H 0 .308 126). 16 20 h 
265 (20), 233 (21), 205 (7), 153 (IOO), (HPI, R, IO 5 mm) 

18 IR (CHCI,) 3500-2600, 1625 (o-hydroxy PhCO), MS 
264 136 [Ml’ (5) (cdlc lor C,,H,,,O, 264 136), 221- (25), 165 
(lOO), (HP], R, 9 0 mm) 

21 IR vCHciJ 35W2600, 1630 (o-hydroxy PhCO), MS 
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(Royal Botanic Garden, Edmbourgh), for Identification of plant 
materml and help during the collections 
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