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Abstract-The investigation of 11 South African Helichrysum spa& afforded in addition to known compounds 26 
further phloroglucinol derivatives, nincditerpcnes, a derivative of isocomcneand an a-pyronc derivative. The structures 
were clucida~cd by highfield NMR spectroscopy and a few chcmicaJ transformations. Funhermorc the structures of 
several phloroglucinol derivatives were established by synthesis. The chcmotaxonomy is d&cussed. 

Ih-rRODUClION 

From the Jargc genus He~~~ys~ (tribe Inukae) many 

specks have baen studied chemically [l-8]. In addition to 
more widespread groups of natural products like Bavoncs, 
chalconcs and direrpenes phloroglucinol and a-pyrone 
derivatives are common. Furthermore some unique ac- 
eryknic compounds have been isolated [9. IO]. We now 
have studied several species from TransvaaJ. After sum- 
marizing the isolated constituents from the different 
spccics the structure elucidation of the new compounds 
will be discussed in thts paper. 

RESULTS AND DIS4XSRION 

The aerial parts of Helichrysum plotypterum DC, 
colkc~cd at the Cathedral Peak in Natal only gave the 
phlorogl~nol derivatives 13 and 14 [7]. A rcinvesti- 
gation of material from two different locations in 
Transvaal gave several additional compounds, the 
chromanc derivatives l-11 and the prenyl phloroglu- 
cinols 15.16 and 28.38. The roots of H. nrdifolium (L.) 
Less. var. nudifolium gave several known compounds 
(Table I), the isoabienol derivative 48 and the scsquitcr- 
pcnc 50, while the aerial parts gave in addition to known 
compounds (Table 2) the phloro~~nol derivatives 27 
and 37-48 as well as IWO new diterpcna (47 and 49). The 
aerial parts of H. oreophilum Klatt. collectal in Natal gave 
some chakoncs and a monocyclic ditcrpcne [8]. A 
rcinv~ti~tion of material from Transvaal gave in ad- 
dition to widespread compounds (Table I) the phloroglu- 
cinol derivative 12 and IWO further alicyclic ditcrpcnes (44 
and 46). A collection of roots of H. cephdoideum DC from 
Natal gave several a-pyronc derivatives [4]. Material from 
Transvaal gave in addition to these compounds (Tabk 1) 
the methyl ethers 25 and 26. The roots of H. mixtum 
(Kuntze) Mocscr also gave a-pyronc derivatives (Tabk 1) 
and two new ones. the chromena 35 and 36, whik the 
aerial parts gave no characteristic compounds. The a&aJ 
parts of H. sfenopferum DC also gave phloroglucinol 
dcrivativcs(13.14,17.18[7],21 and 22)while therootsof 
H. ~uJi~li~ Harv. only gave widespread wmpounds 

(Table I), The aerial parts of H. zeyheri Less. gave in 
addition to the a-pyronc 42 the corresponding unstabk 
desmcthyl derivative 41, while those of H. mimetes S. 

Moore only gave known compounds (Table 1) and the 
dimethyl ether of helipyrone [I l] which had not been 
isolated from natural sources. The roofs of H. piiose~lum 

(L f.) Less only gave ent-kaurcnc derivative (Table I). 
The structures of 1 and 2 followed from the ‘H NMR 

spectral data (Experimental) which were close to those of 
similar chromancs. The differences in the acyl group 
&arty followed from the characteristic ‘H NMR signals. 
However. the relative position of these groups could not 
be deduced from the ‘H NMR data. Fortunately. the 
isomeric chromancs 8 and 9 also were present. 
Comparison of the ‘H NMR signals of H-9 and H- 10 of 1 
and 8 respectively showed a downfield shift in the 
spectrum of 1 due to the ncighbouring carbonyl group. 
The “C NMR spectrum (Expcrimcntal) of 1 agreed with 
the structure but gave no clear support. Therefore the 
structures of I and 8 were established by synthesis [I 21. 
Thcspcctraof3and4differcdfromthoscof1and2bythe 
presence of a mcthoxy singlet. The position of this group 
followed from the upfield shift of the isopropyl H which 
was due to the abscna of the hydrogen bond of the keto 
group. The spectral data of 10 and 11 indicated that thcsc 
chromancs were methyl ethers of Sand 9 respectively. The 
position of the mcthoxy group was deduced by the NOE 
between H-8 and the mcthoxy group and was further 
established by synthesis [ 12 1. 

Thespaxraldataof 12 wcfcclo~to thoseof 13[73 and 
tk presence of a methyl ketone was shown by the methyl 
singlet at 62.68 which rcplaccd the isopropyl signals in the 
spectrum of 13. Furthermore 12 was prepared by syn- 
thesis [ 123. The prcnyl derivatives 15 and 16 again were 
methyl ethers as followed from the ‘HNMR spectra 
(Expertmend) which further showed that these wm- 
pounds were derived from 13 and 14 respectively. 
Accordingly, 15 was obtainaf by reaction of 13 with 
diazomethanc [ 121. The isomcric methyl ethers 19 and 28 
have been reported previously [6] but were erroneously 
assignadas6-O~mcthylethcrs.The ‘HNHRspectmof25 
and 26 (Experimental) showed that these compounds 
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again only diRered in the nature of the rryl group. for 23. norauriccpyronc. The structure of 27, mokcular 
Furthcrmorc, the spectra are in part close to those of 23 formula Cr,H,.O,, was deduced from the ‘HNMR 
and 24 [S] where. however, the mcthoxy groups were spectrum (Experimental), especially when data were com- 
crroneousfy placed at C-6. Tbe typical signals of the pared with those of the corresponding part of 21 and the 
prcnyl side chain were repLed in the spectra of 25 and 26 data of a similar dioxymethyknc derivative with identical 
by the signal of an aromatic proton (66.10 s). The relative substitution pattern [ 131. At room temperature. however. 
position of the rocthoxy groups in 25 followed from the most signals were doubkd, obviously due to restricted 
NOES be~wccn OMe and H-3 as well as in the case of 23 rotation. Accordingly, at clevatal temperature the signal 
between OMc and both neighbouring mcthyknc groups. of only one conformer was visible. The presence of a 
Compound 25 we have named, following the trivial name disubstituted isobutyl group followed from spin dccoup- 
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Tabk 2. ‘HNMR~fPI&taof~54(400MHtCIX3iJ,TMSasintmui 
standard] 

1.86brd 1.87 br & 1.89brd 

f.lS&fd 1.2Om f.23m 

2.33m 2Mn 23Om 
5.37 ddd 5.37 ddd J.Mddd 
1.77 ddd 1.78 ddd 1.76 ddd 
2.03 bt d 2.03 br d 202brd 

1.02 dd 1.03 dd I.00 dd 

S.38 dd 1.39 m 1.38 m 

5.82 dd 5.82 dd 5.81 dd 

4.86 dd 4.86 dd 4.84 dd 
4.93 dd 4.93 dd 4.91 dd 
0.w s 0.98 J 0.94 s 

: : 
2Bm 2.30 m 
5.36666 5.37 ddd 

: $ 
2.02 br d LO3 br d 

: : 
5.81 dd 5.81 dd 
4.85 dd 4.84 dd 
4.91 dd 4.91 dd 
0.99 s 0.97 3 

20 ~0.845 0.92 s 0.93 5 0.93 s 0.92 s 
CH2CO,Mc - 3.35 f 3.35 s - 

3.74 s 3.73 J 

l H-33.43dd(J - ll.4Hz). 
tH-34.5Sdd(J-10.6Hz~OAc20Sand203s. 
:obWured s&nab. 
J(Hzt:Iz.ljS-t/L&- 13;1~,2~-4;S,Il -8,ik=ll,l~-2S;S.Ma 

-12; 8.14813.S: ll.l2a=5; lk12@-17; 14a.Mj?-13; 15,16c=ll; 
15.W = 17.16~161 = l;compoundsS3andSk l&18’ - 11;compoundrSk 
and 56: 19.14 - II. 

butyryl derivative and 7 the corresponding symmetric 
compound with two methyl butyryl groups. Inspection of 
a model showed that the free rotation around the I&‘- 
bond was hindered which may explain the highly broad- 
ened ‘HNMR signals at room temperature. 

The spectral data of -30 indicated that we were 
dealing with compounds which only differed from S-7 by 
the nature of the phloroglucinol part. As followed from 
the ‘H NMR spectra (Experimental). 28.30 had a dimet- 
hyl ally1 group at C-3’ and the spectra therefore were in 
part close to those of 13 and 14. Again the hindered free 
rotation iai to a spectrum with highly broadened signals 
at room tcmperaturc. The structure of t8 was established 
by synthesis [ 121. 

The molecular formula of 35 and 36 showed that these 
ketones, which could not be separated, were isomers of 31 
and 32. The ‘HNMR spectra (Experimental) indicated 
the presence ofchromenes by the pair of doublets at d 5.44 
and 6.69. Again these compounds only differed in the 
nature of the acyl group. The relative position of the 
substituents followed from the chemical shifts of H-4, H- 
12 and the hydroxyl protons. Compound 35 we have 
named isobutyryl helichromenopyronc. The ‘HNMR 
spectral data of 37 were in part similar to those of 35. 
However, the absence of an aromatic proton and ad- 
ditional signals which rcplaoed one of the methyl signalsat 
C-2 indicated a more drastic change in structure. Spin 
decoupling showed that a dimethyl ally1 group was at C-6 
and from the molecular formula an additional oxygen 
function could be deduced. This explained the absence of 
an aromatic proton which was replaced by hydroxyl or 

methoxy. A clear NOE between methoxy and the iso- 
butyryl protons established the position of the mcthoxy 
group. Furtkrmore, an NOE between hydroxyl and H-4 
was visible. The corresponding desmethyl derivative is 
hehcerestripyrone [ 1 J. 

The rnokcubr formula of 3g indicated that this com- 
pound has two hydrogens less than 37. The ‘HNMR 
spectrum (Experimcntal)also was very close to that of 37. 
however. some signals were slightly shifted. In particular, 
the upfield shift of H-4 indicated the changed oxygen 
function at the nei~~u~ng aromatic carbon. All data 
therefore agreed with the presence of the quinone 38 
which we have named helichromenc quinone. 

The ‘H NMR spectral data (Experimentallof39clearly 
showed that a geranyl residue was present. All data agreed 
with the proposed structure of 39 which we have named 
helinudiquinone, most likely the precursor of 38. 
Compound 40 was the corresponding methyl ether as 
could be deduced from comparison of the ‘HNMR 
spectrum with that of 39. The chemical shift of the 
hydroxy proton indicatal that the methoxy group was in 
the same position as in 37 and 58. The structure of the 
unstable pyrone 41 followed from the spectral data The 
corresponding methyl ether was isolated from W. rol- 
liconum [I]. On standing 41 was transformed to the 
dihydrofurane derivative 43 which also was isolated from 
the extract of ff. zerberi. 

~e’HNMRs~t~mof~(Table 3)wasclosetothat 
of the corresponding diterpene 45 which was isolated 
previously from H. oreophilum. The absence of the Ai0 
double bond was indicated by replacement of one signal 
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of an okfinic methyl by a doubkt at b 1.03. This methyl 
group was couplad with a proton which was a dear tripkt 
quartet with a chemical shift typical for a proton a to a 
keto group. Accordingly. the position of the secondary 
methyl group wax settled. 

~‘HNMRspaztrumof46(Tabk3)wasinpartclosc 
to that of U. However. the presence of a trans- 
disubstituted doubk bond ckariy followa! from a pair of 
lowfidd doublets and the praena of a neighbouring 
hydroxyl group followai from the chunkal shift of the 
olefnk protons and from the presence of two methyl 
singkts at b 1.36 and 1.35. Thus 46 was deriva! from U by 
allylic oxidation accompanied with migration of the 
double bond. 

The diterpenc 47 is r&tad to a comsponding hydro- 
carbon which was isolated from the aerial parts of an 
other H. tudf~oliwn variety [14]. Accordingly, also the 
‘HNMR spectra were in part similar. Spin decoupling 
allowed the assignment of all signals though some were 
overlapped multipktr The proposed position of the 
hydroxy group was supported by the results of spin 
decoupling and also by the fragment in the mass spectrum 
of 47 (m/z 177 [M-H20-CIHIl]). The relative 
stuaxba&try at C-6 and C-7 couki not be determined. 
Tbc abdute cotiguration of compounds 44-47 ax well 
as of 4&% (see below) were not dcterminai. 

The l&lane derivative 4g was isolated together with 
isoabknot 7%~ structure was easily dal& from the 
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T&k 3. ‘HNMR spawal data of 44. 46 and 47 
(CDCI,. 400 MHz. TMS as internal standard) 

H U 44 4l 

IC 5.06 dd 5.07 dd 1.78 m 
It 5.21 dd 5.21 dd { 1.95 m 
2 5.91 dd 5.91 dd 5.37 br f 
4 
5 2.0; br dr 2.0; m 

2.00 m 

6 5.11 br r 5.13br 1 

1 

1.27~1 
1.4Sm 

8 I.93 br t l.%br I 1.65 m 
9 . . 2.06brdr 

10 

11 z&q 2.7; 1q 
5.13 br I 
1.97br I 

13 3.t3brd 6.38 d 2.0s br dr 

14 3.29 1qq 6.91 d 507 br I 
16 1.73 br s 1.36s 1.66 br s 

17 1.61 br s 1.35 J 1.6Obr s 

18 1.03d 1.07 d 1.58 br s 
19 1.55 br s t.ssbrs 1.08 s 

20 1.26s 1.26s 1.63brs 

l Ovcr&ppcd multtpkts. 
f (Hzk Ic,It I I; I+2 I II; It.2 - 17; 4.5 = 5.6 

-8.91 IO.11 I ll,18= 13.14-7; 14.161 14.17 
I 1.5 (compound 46: 13.14 - 16:compound 47: 1.2 
4 4). 

‘H NMR spectrum. especially when the chemical shifts 
were compared with those of similar compounds. 

Ditetpene 49 is closely related to dihydroxygnaphalcnc 
which was isolated from Gnaphuliwn undu/arum [IS]. The 
changed situation at C-13 could be deduced from the 
‘H NNR spectrum (Table 4)as one of the methyl stnglets 
(1.26 s) was replaced by a broadened singlet at 64.99 which 
only could be assigned for H- 16. Accordingly, the H-14 
signaJ was shifted downfidd if compared with the shift in 
the 13-hydroxy derivative. The remaining signals. except 
those for H- 12, were nearly identical in the spectra of both 
ditcrpencs. The stereochemistry of 49 was established by 
NOE dilTcrcnc* spectroscopy. Thus clear effects were 
obtained bctwccn H-19zand H-5,bctwnn H-19fland H- 
18 as well as between H-20 and H-17. 

The strusturc of SO was deduced from its ‘HNMR 
spectrum and those of the corresponding epimcric al- 
cohols 31 and 52 which were obtained by boranatc 
reduction as well as by the “CNMR data of 50. Sptn 
decoupling allowed the assignment of nearly all signals in 
the ‘HNMR spectra of W-52 and NOE difference 
spectroscopy established the proposed configurations at 
all chiral ccntrcs. Thus in the ketone Jo dear effects were 
observed between H- 13 and H- 14. between H-15 and H- 
JO& between H-l Ix and H-9 as well as bctwccn H-9 and 
H-lLTheakohol51 showedNOEsbetween H-13andH- 
5 and 52 between H-12, H-S and H-9 indicating that the 
alcohol with the large coupling J,. e was the Bhydroxy 
derivative (52) Reaction of 51 with Burgess reagent gave 
isocorncne which finally established the structure of SO. 

The aerial parts of Helichryswn se~osum Harv. afforded 
enr-pimar- 9( I I ),I S-dim- 19-oic acid [ 163, the corrcspond- 
ing akohot 53, the isomertc malonatcs Sland 55 as well as 
the dial M. The structure of 53 followed from the 
‘H NMR spectrum (Table 2) which was close to that of 
the corresponding acid. However, the replacement of the 

carboxyl by a carbinol group gave rise to an additional 
pair of doublets at 63.40 and 3.13. The chemical shift of 
these signals indicated an 18-hydroxy derivative if the 
values were compared with those of authentic 18- and 19. 
hydroxy derivatives (I 71. Most signals could be assign& 
by spin decoupling. As the olefinic proton showed coup- 
lings with the broad multipkt at 62.33 (H-8) which further 
was coupled with the pairs of doublets at d 1.02 and 1.38 
(H-14) the position of the doubk bond could bc de- 
terminai. Furthermore, the H-l 1 signal showed the same 
chcmioal shift and splitting as that in that of the cor- 
responding acid where the position of the doubk bond 

cstablishcd by oxidative degradation [16]. 
impounds 54 and 55 were also transformed to the 
methyl esters. It followed from the mokoular formula 
(C2.H,aO~)oftheatcrs54aand5Sa that maionatcs were 
present as the fragment [M - 1181’ was obviously 
formal by lossof HOICCH,COzMc Furthcrmore,a two 
proton signal in the ‘H NMR spectra of 54a and %%a at 
63.35 was typical for malonates. Thechcmical shifts of the 
pairs of doublets (b3.91 and 3.75 or 4.41 and 4.07) kd to 
the stereochemistry at C-4. Again spin decoupling allowed 
the assignment of most signals though some were overlap. 
pad multipkts. The last ditcrpcne was a diol as acctylation 
gave a diacetatc. Again the ‘H NMR spectrum (Table 2) 
was close to that of 53. The position of the hydroxyis 
followed from the corresponding low&M tH NNR sig- 
nals and the dcshiclding effect of the secondary hydroxyl 
on the C-4 methyl group. Thus a 3x-hydroxyl group had 
to be assumed. The couplings or. J confumed the presence 
of an equatorial hydroxyl group while the chemical shift 
of the pair of lowfield doublets indicated an equatorial 
hydroxymethyknc group. The spectrum of the diacctate 
also agreed nialy with this assumption. 

The overall picture of the chemistry of the large genus 
~e~~~r~~ shows some general trends. In particular 
phloroglucinol derived compounds like the ketones 140 
as well as chakoncs, Bavanoncs and Bavoncs with no 
functions at C-Y-C-6, seem to be characteristic. The 
South African spccics of this genus and of related genera 
have been treated recently [18]. Several ~e~~~~surn 
specta have been transferred to new genera or related 
ones. Thus H. srenoptetum now is Arhyrocline swnoptera 

[ 181. This is in agreement with the chemistry of this 
species which do not show typical Helichrysum com- 
pounds. ~e~ic~r~s~ :eyheri is related to the group of H. 
rullicinum [O. M Hilliard, personal communication] 
where the typical phloroglucinols arc replaced by the 
simple z-pyronc 42. Helichrysw plarJprerum, H. or- 

eophilum. H. nudifolium. H. cephaloideum and H. mixturn 

are all placed in nci~~u~ng groups [O. M. Hilhard, 
personal communication] and they all gave phloroglu- 
cinols. But x-pyronc substituted phloroglucinols only 
were present in H. mixlwn and H. cephaloideum placed tn 
the same group together with H. outieps which also 
contains these compounds [S]. However, thcsc com- 
pounds have been isolated from the more remote H. 

odotarissimum [4] and from species which are placaf in 
t hc genus Achyrwline [ 141. The chemotaxonomic import- 
aw of the abcyclic and monocyclic diterpcncs is still open 
to question. So far these compounds have been reported 
from several spa&s which most likely are not closely 
r&ted. The same is true for the &&ones and flavoncs 
which are also common but not restricted to spe&fic 
groups of Helichrysum spcsics. The spa+ which have 
been transferred to Hetiprerum [I81 all have no typical 
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