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Abstract-The investigation of five Blutnea species afforded, in addition to known compounds, several cuauthemone 
derivatives, most of them being 7,11-epoxides, some ihymol derivatives, an eremophilarte epoxide and a himachalane 
diol. From Pterocaulon uirgatum a further himachalane derivative was isolated. The structures were elucidated by 
spectroscopic methods and in part by partial synthesis. 

INTRODUCTION RESULTS AND DISCUSSION 

The large genus Blumea (Compositae, tribe Inuleae) is 
placed in the Pluchea group [l]. So far, only limited 
results on the chemistry are available. In addition to 
tridecapentaynene and the corresponding thiophenes [2], 
mainly monoterpenes [3-6], some tlavones [7] and 
coniferyl diangelate [S] have been isolated. We have now 
studied five species as well as one Pterocaulon species. The 
results are discussed in this paper. 

The aerial parts of Blumea alata (D. Don.) DC. 
afforded, in addition to a-humulene, caryophyllene and 
squalene, minute amounts of the cuauthemone derivatives 
l-4, 6, 7 and 9. The ‘H NMR spectrum (Table 1) of 9 
was close to that of 8 [S-11]. However, the nature of 
the ester residue was different as followed from the 
‘H NMR signals. The changed signals (5.09 q, 1.30 d, 
1.34 s, 1.98 s) indicated the presence of an ester residue, 

Table 1. ‘H NMR spectral data of l-7 and 9 (400 MHz, CDCIJ, TMS as internal standard) 

1 2 3 4 4(C&,) S 6 7 9 

H-1~ 

H-l/l 
H-2K 
H-2! 
H-3/9 
H-SK 

H&z 
H-68 
H-9~ 
H-98 
H-12 

H-13 

H-14 
H-15 
OAc 
OCOR 

OOH 

1.63ddd 
1.39ddd 

2.0m 
189dddd 
4.%dd 
2.0m 
2.2odd 
2.0m 
2.08 d 

2.361 
1.20s 

1.44s 

1.03s 
1.24s 

6.15gg 
2.04 dg 
1.96dg 

- 

1.67ddd 
1.43ddd 
2.0m 
1.82dddd 
5.89 dd 
2.4Odd 
2.35 m 
2.0m 
1.82d 
2.361 
1.23s 

1.47s 

1.09s 
1.57s 
1.92s 
6.13gg 
2.04dg 
1.92dg 

- 

1.66ddd 1.58ddd 
1.4Oddd 1.39ddd 
1.97m 2.02 dddd 
19Odddd 1.82dddd 
4.96dd 59Odd 
2.12ddt 2.33m 
2.19ddt 
2.14ddt 

2.llm 

2.16d 2.17brd 
2.37d 2.35 d 
1.25s 1.24s 

1.45s 1.48s 

1.03s 1.06brs 
1.22s 1.57s 

- 1.96s 
3.11 gg 3.09g 
1.33d 1.34d 
1.63s 1.54S 

- - 

1.42 ddd 
0.82 ddd 
184dddd 
1.29dddd 
6.01 dd 

1.95dd 
2.28dd 
1.87dd 
19Obrd 
2.15d 
1.09s 

1.24s 

0.57brs 

1.16s 
1.62s 
2.55 g 
1.18d 
1.38s 

- 

1.55ddd 
1.39ddd 
2.01 dddd 
1.79dddd 
5.88 &i 
2.49 dd 

2.08 dd 
2.15dd 

2.09d 
2.16d 
1.35s 

* 1.63 ddd 
1.26m 1.32ddd 

* 2.07 dddd 
l.SOdddd 1.88dddd 
5.83 dd 5.9Odd 
2.89 dd 3.07 d 
2.21 dd 
l 

7.17d 

19Obrs 1.48s 

1.44s 5.19brs 
5.18brs 1.53s 

1.09s 
1.59s 
1.96s 
3.07 g 
1.31 d 
1.56s 

- 

0.97 s 
1.53s 
1.93s 
6.12gg 
2.05 dg 
1.95dg 
8.05 s 

1.01 s 
1.61 s 
1.98s 
6.08 gg 
2.01 dg 
1.91 dg 
7.79s 

5.87 dd 

2.89 br d 
2.1 m 
2.18d 
2.24d 
1.85s 

206s 

0.97 s 
1.58s 
1.96, 1.98s 
5.09g 
1.30d 
1.34s 

*Overlapped multiplets. 
tNot first order. 
~(Hz):lor,2cr=3;lK,2~=14;1~,~=3;1~,2~=3;2a,2~=16;2a,3~=3.5;2~,3~=2;5~6a=3;k,6~=13;~6~ 

=l~9s9~=13.5;9cr,l4-l;compound5:46a=5;6cr,6~=12;compound7:5q6=2;compound9:2~3=3.5;2~,3 
= 3; 6, 6’ = 13; 9, 9’ = 15, 3, 4’ = 6; OAng: 3’, 4’ = 7; 3’, 5’ = 4’, 5’ = 1.5; O&-tang: 3’, 4’ = 5.5. 
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where the epoxyangelate was opened by acetic acid. 
The mass spectrum only showed a fragment at m/z 392 
(C,zHSz06) which was formed by loss of acetic acid. 
However, by chemical ionization a weak [M + 11’ peak 
(m/z 453) was observed. 

The ‘H NMR spectrum of 4 (Table l), molecular 
formula C,zH,,O,, clearly showed that an acetate and an 
epoxyangelate residue were present. Many signals were 
again similar to those of 8. However, the signals of the 
olefinic methyls were replaced by two singlets at 6 1.24 and 
1.48. As followed from the molecular formula, 4 had one 
more oxygen, compared with 8. Thus the presence. of a 
7,11-epoxide was very likely. All data including “C NMR 
(see Experimental) agreed with this assumption. To 
establish the structure and to determine the stereochem- 

R 
13 R' 

6 

istry at C-7, we transformed 8 to 4 by reaction with 
hydrogen peroxide in the presence of sodium hydroxide. 
In addition to 4, the epimeric epoxide 5 was obtained. 
When the ‘H NMR spectra (Table 1) of 4 and 5 were 
compared, the shift differences for H-5 and H-12 in- 
dicated the proposed assignment of the configurations at 
C-7 and C-l 1. While in CDCl, some signals were not first 
order, in deuteriobenzene all the signals of 4 could be 
assigned. Clear NOES between H-14 and H-15 also 
allowed us to differentiate between the methyl singlets 
since H-15 also showed a NOE with H-3/L The fact that 5 
was the main product supported the proposed con- 
figuration since the /?-methyl groups surely favour attack 
from the a-side. 

The ‘H NMR spectrum of 3 (Table 1) showed that it 

1 2 3 4 5 

‘4% Epa% Epm 
H AC H AC AC (a - epoxlde) 

8 R = &pang 

10 
R'O 

OR 9 R 9 

12 13 14 15 16 
10 R= OAng, R’ =OH, R2 =H R H H AC AC AC 

11 R= R’ =H, R2 =OAng R’ H AC H AC AC 

R2 AC H AC H AC 

15 

H 
= = . & ’ = 

E$ 

20 

0 OAc 

9 R= 

17 R=H 

18 R=OAc 

H 
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was the desacetyl derivative of 4. Accordingly, the H-15 
signal was shifted upfield. The ‘H NMR spectra of 1 and 2 
(Table 1) clearly showed that we were dealing with the 
corresponding angelates. The spectra therefore only dif- 
fered from those of 3 and 4 by the signals of the ester 
residue. 

The *H NMR spectra of 6 and 7 (Table 1) indicated the 
presence of hydroperoxides by the low-field singlets 
(67.79 and 8.05, respectively). While 6 had an isopropenyl 
side chain, 7 was a conjugated ketone with a low-field 
doublet at 67.17 for H-6, as followed from spin decoup- 
ling. From the chemical shift of two methyl singlets, the 
position of the hydroperoxide group was deduced. As in 
both cases most of the other signals were close to those of 
8, the structures of these ketones were established. The 
low-field shift of H-5 in the spectrum of 6 further showed 
that the 7a-hydroperoxide was present. Most likely 6 and 
7 were formed by reaction of 8 with oxygen, though 8 
itself was not isolated from this species. The roots gave 
tridecapentaynene, a-humulene, thymohydroquinone di- 
methyl ether and 11 [12]. 

The aerial parts of B. mollis (D. Don.) Merrill gave 
limonene, a- and fl-farnesene, eugenol and 10, the 
‘H NMR spectrum of which (see Experimental) was in 
part similar to that of 11. However, the olefinic methyl 
signal was replaced by a pair of signals at 64.92 and 4.86 
and H-5 was a broad double-doublet at 64.55 indicating a 
free hydroxyl at C-5. Thus the angelate was at C-7. The 
J,,, coupling showed that these hydrogens were cis to 
each other. The roots of B. viscosa (H.B.K.) Badiho gave a- 
humulene, thymohydroquinone dimethyl ether and coni- 
feryl diangelate [8]. 

The aerial parts of B. guriepina DC. afforded lsocomene 
[13], /?-isocomene [14], silphinene [14], modhephene 
[14], thymol, its acetate, large amounts of thymoquinone 
(17), the corresponding acetoxy derivative 18 as well as the 
phenolic compounds 12-14 and the diol19. The structure 
of 18 was established by synthesis. Fries reaction of 17 
gave in addition to the isomeric 2,5,6_triacetate the desired 
triacetate 16, which was transformed by hydrolysis, air 
oxidation and acetylation to 18. The relative positions of 
the oxygen functions in 12-14 were deduced by spin 
decoupling, which showed the presence of a coupling 
between H-6 and H-7. 

The relative position of the acetoxy group m 12 could 
also be confirmed by NOE difference spectroscopy. Clear 
NOES were obtained’ between H-7 and H-6, between the 
acetate methyl and H-6 and H-8, as well as between the 
hydroxyl and H-8. As hydrogenation of 18 afforded a diol 
which was different from 13, the structure of this acetate 
was also established. Again the NOES agreed with thus 
structure. 

For comparison, 16 was transformed by partial sapom- 
fication to 15, where the relative position of the oxygen 
functions again was established by the NOES. When the 
‘H NMR signals of 14 were compared with those of 15, 
the shift difference of H-7 indicated a free hydroxyl group 
at C-2, and that of H-6 an acetate group at C-5. 

The structure of 19 was deduced from the ‘H NMR 
spectrum (see Experimental) which was close to that of 
himachalol, the 1Zdesoxy derivative of 19. Most signals 
could be. assigned by spin decoupling. The presence of an 
1 la-methyl01 group was deduced from the downfield shift 
of H-6 on comparison with that of himachalol [15,16], 
and the cis-anellation followed from the small J1,6 
coupling as well as from the W-couphng of H-l with H-5 

and from the missing coupling of H-5 with H-6 since only 
in a cisanellated compound is the angle between these 
protons nearly 90”. 

We isolated a closely related sesquiterpene from the 
roots of Pterocuulon virgatum (L.) DC., also belonging to 
the tribe Inuleae and to the same subtribe as Blumea [l], 
together with thiophene acetylenes. Careful ‘H NMR 
investigations led to structure 20, which we have named y- 
himachalene as only the position of the A’double bond 
differed from the known a- and b-isomer [15,16]. Spin 
decoupling allowed us to assign the complete sequence 
and therefore the seven-membered ring could be closed by 
the quaternary carbon (C-11). cis-Anellation again fol- 
lowed from the J1,6 coupling. 

From the aerial parts of a further Blumea species, which 
was wllected in Transvaal, but so far has not been named, 
the eremophilane derivative 21 was Isolated in addition to 
germacrene D. High-resolution mass spectroscopy gave 
the molecular formula C,,H,zO, while the ‘H NMR 
spectrum (see Experimental) showed the presence of two 
methyl groups, one tertiary (0.98 s) and one secondary 
(0.78 d), two exomethylene protons and a methylene 
attached to oxygen, as followed from the chemical shifts. 
Spin decoupling indicated that the latter showed allylic 
couplings with the olefinic protons. Furthermore, a pair of 
doublets at 62.07 and 1.83 (in deuteriobenzene, m CDCl, 
1.97 s) required an isolated methylene group while a pair 
of double-doublets had to be assigned to H-9, from the 
results of spin decoupling. Thus the only possible struc- 
ture was 21. The configurations at C-4 and C-10 were 
deduced from the couplings while the presence of a /3- 
epoxide followed from the downfield shift of H-10 
(62.27dddd), which would not agree with an a-epoxide. 
The fragmentation pattern in the mass spectrum also 
supported the proposed structure of 21. The base peak 
was m/z 124 (C9H16) obviously formed by the splitting of 
the 5,6 and the 8,9 bonds while m/z 111 (CsH70z) was the 
counterpart. 

The chemistry of the genus Blumeu shows some 
relationship to PIucbea in the w-occurrence of the 
acetylenic compounds, the cuauthemone and thymol 
derivatives as well as 10 [12], though the results obtained 
so far do not show a very uniform picture. Obviously 
more species have to be studied. 

EXPERIMENTAL 

The airdried plant material was worked-up m the usual way 
[17]. The aertal parts (20g) of BIumea alata (voucher U/25, 
collected in Transvaal, all vouchers have been deposited at the 
Herbarium of the Botanic Research Institute, Pretoria) gave 
CC(Si0,) fractions as follows: 1 (petrol), 2 (Et,O) and 3 
(Et@MeOH, 9: 1). TLC (SiOt PF 254) of fraction 1 (petrol) 
gave 8 mg a-humulene and 5 mg caryophyllene. TLC of fraction 
2 (Et,O-petrol; 1: 1,2 developments) gave 8 mg 2 (R, 0.42) and 
12 mg 4 (R, 0.36). TLC of fraction 3 (Et,O-petrol, 9: 1) gave a 
mixture, which was further separated by HPLC (RP 8, 
MeOH-H20, 7:3, ca 100 bar and flow rate, 3 mm) affordmg 
3 mg 1 (R, 9 min), 2 mg 3 (R, 7.5 mm), 1 mg 9 (R, 4.8 min) and a 
mixture of 6 and 7 (R, 3.5 mm) which was separated by TLC 
(Et,O) gtving 1 mg 6 (R, 0.35) and 2 mg 7 (R, 0.30) 

The roots (20 g) gave, on TLC (Et@-petrol, 1:9), 15 mg 
a-humulene, 3 mg trideca-3,5,7,9-pcntayn-l-ene, 15 mg thymo- 
hydroquinone dimethyl ether and 2 mg 11. 

The aerial parts (40 g) of Blumea m&s (collected m Transvaal, 
voucher 81/278) gave CC fractions as follows 1 (petrol), 2 
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