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Abstract-The investigation and reinvestigation respectively of 23 Senecio species afforded 11 further cacalol 
derivatives, a furoeremophilone, 17 eremophilanes, 4 bisabolene derivatives, a shikimic acid derivative, a bis-prenylated 
p-hydroxybenzaldehyde, menth-2-en-1,7-diol and a cumol derivative. The configuration of some eremophilanes have 
been revised. Structures were elucidated by spectroscopic methods. The results are summarized in a table. The 
chemotaxonomic aspects agree with those of previous investigations. 

INTRODUCTION 

Many species of the large genus Senecio have been studied 
chemically by several groups of workers. So far the results 
show that this taxonomically very diverse genus is also 
chemically diverse. Although some types of natural pro- 
ducts such as the pyrrolizidine alkaloids and the 
furoeremophilanes are very common in the genus, large 
parts of it do not contain such compounds. On the other 
hand, both furoeremophilanes and pyrrolizidine alkaloids 
have also been reported from neighbouring genera. 
Accordingly, even the generic limits are not really clear 
[l, 21. We have studied, therefore, several chemically 
uninvestigated species and have also reinvestigated a 
number of others. The results are discussed in this paper. 

RESULTS AND DISCUSSION 

Senecio lydenburgensis Hutch. et Burtt. Davy contains 
several derivatives of cacalol [3, 41. A reinvestigation of 
the aerial parts gave the further propionyl cacalol deriva- 
tives l-6. The structures of l-6 could easily be deduced 
from the spectroscopic data. The common presence of 9- 
0-propionates followed from their mass spectra, which all 
showed elimination of methyl ketene, typical for phenol 
propionates. The nature and the position of the oxygen 
function in the cacalol propionates was deduced from the 
‘H NMR spectra (Table 1). In the spectrum of 1 the 
presence and the position of acetoxy groups at C-13 and 
C-14 followed from the methylene singlet at 65.21 and the 
pair of doublets at 65.53 and 5.34 as well as from the 
singlets at 62.08 and 2.07. The ‘H NMR spectra of 2-6 
were close to that of the corresponding acetate [3] except 
the signals of the ester moieties. Neither compounds 2 and 
3 nor 5 and 6 could be separated. However, since the 
concentration of the esters in both mixtures were dif- 
ferent, all the ‘H NMR signals could be assigned and 
therefore the assigned structures are probably correct. 

From the roots of S. inaequidens DC., which was 
investigated previously [2], a further cacalohastin deriva- 
tive, the angelate 7, was isolated. The structure could be 
deduced easily from the ‘H NMR spectrum (Table 1) 
which differed from that of the isomeric diester [S] in the 
expected way. The H-3 signal was slightly more down field 
and the H- 14 doublets more up field as compared with the 
shifts observed in the spectrum of the 14-O-acetate [5]. 

The aerial parts and the roots of S. heliopsis Hilliard 
et Burtt gave 3/?-acetoxycacalohastin [6] and BjXso- 
butyryloxyfuroeremophil-I(lO)-en-9-one [7] while the 
roots also afforded la-hydroxy-6/?-isobutyryloxy-lOaH- 
furoeremophil-9-one [6], 8 and 12. The ‘H NMR spec- 
trum of 8 (Table 1) indicated the presence of an aldehyde. 
The down field shifts of H-l-H-3 clearly showed that the 
aldehyde was placed at C-4, while the down field shift of 
H-12 required a hydroxy group at C-13. Accordingly, a 
broadened two proton singlet at 64.73 was present. The 
chemical shift of the methyl singlet (62.83) agreed nicely 
with the expected chemical shift at H-14. 

The.‘H NMR spectrum of 12 (Table 2) and its molecu- 
lar formula (Cr9HZ604) indicated the presence of a keto 
ester of a furoeremophilane. Spin decoupling allowed the 
assignment of all signals and the structure 12 was 
determined directly from these results. The stereochem- 
istry was deduced from the couplings observed and by 
comparison with the data from similar compounds [2]. 
The nature of the ester group followed from the typical 
’ H NMR signals. 

The aerial parts of S. coronatus (Harv.) Thunb. gave 
dehydrocacalohastin [8], lCangeloyloxy-3/?-acetoxy ca- 
calohastin [S] and the methyl ether 9. The same com- 
pounds also were present in the roots. However, in 
addition to the methyl ether 9, the long chain ethers 10 
and 11 were isolated. The structures of P-11 clearly fol- 
lowed from the spectral data. While the ‘H NMR spec- 
tra (Table 1) were close to that of dehydrocacalohastin, 
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1 2 3 4 5 6 

R OAc OAng OSen 0 Prop OiVal OMebu 

R’ H OH OH OH OH OH 

R’ OAc H H H H H 

OMe 

OH 
= 
q 0 m Ah 

’ / 

OiBu 

OMe 

8 9 10 11 
R H OMe O(CH&&le O(CHz),,Me 
R’ CH20H Me Me Me 

R2 CHO Me Me Me 

OR 

13 Meacr I4 R=Sen 15 R=Ang 

OR 

16 R= Meacr 17 R= Sen I8 R=H 

the mass spectra showed a base peak at m/z 239 
formed by loss of the corresponding ether radical. This 
showed that the long chain ether residue was at C-14 and 
not at C-9. Although 10 and 11 could not be separated 
their structures are very probably correct. 

The roots of S. isarideus DC. have been studied 
previously. However, only hydrocarbons were reported 
[2, 91. A reinvestigation gave 6B-angeloyloxy-, meth- 
acryloyloxy- and senecioyloxy- 1 /I, 1 OS-epoxyfuroeremo- 
philanes [l O-l 23, 1 /l,lOp-epoxyfuroeremophil-6-one 

19 R=Me 

[ 131, the lactones 13-17 as well as the eremophilone 30. 
The structure of 13 followed from the molecular formula 
(Ci9H2,06) and the ‘H NMR spectrum (Table 2) to- 
gether with the results of spin decoupling. The nature of 
the oxygen functions was deduced from the IR spectrum. 
The latter showed the presence of a y-&one, an ester and 
a hydroxy group, while the broadened doublet at 63.20 
was due to an epoxy proton. The stereochemistry at C-l, 
C-4, C-5, C-6 and C-10 followed from comparison of the 
corresponding chemical shifts with those of similar 
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Table 2. ‘H NMR spectral data of compounds 12-20 (400 MHz, CDC13, TMS as internal standard) 

12 (C,D,) 13 14 15 16 17 18 19 20 

H-l - 

H-2 
1.83ddd 

2.19ddd 

H-3 
1.75dddd 
1.67m 

H-6 

H-7 
H-9 

H-9 

H-10 

H-12 

H-12 

H-13 

H-13 

H-14 

H-15 

OH 
OMe 

OCOR 

1.48 ddq 

6.13dd 

- - 
3.05 ddd 2.31 d 
2.66 br dd 1.80d 

1.92dd - 

6.93 br s 

1.89d 

0.68 s 

0.78d 

- 

1.79d 

1.10s 

1.02d 

2.36 qq 6.23 br s 
l.lld 5.75 dq 
1.09d 2.00 br s 

3.20 br d 

1.98m 

2.03 m 

1.33m 

1.62m 

5.94brs 

3.20brd 

1.98m 

2.03 m 
1.33m 
1.63m 

5.78 br s 

2.31 d 
1.81 d 

3.18brd 3.85 br t 3.85brt * * l 

2.OOm l 
t l t * 

2.03m * * 
1.33m 

4.77 ddd 4.77 ddd 4.78 ddd 

1.64m * * 1.42m 1.41 m - 

5.96brs 6.604 6.574 { ;:;;fj {;;ifj { ;f;; 

- - 2.68 brdd 2.65brdd - 

f:iii } 5.84s } 5.81s }3.55brd }3.6ld 33.361 

- - 1.30m 1.17m - 

} 1.8:d } 

- 

1.80d 1.79d 

1.06s 1.11 s 1.16s 
0.99 d 1.02d 0.83 d 

5.78 qq 6.3044 6.22 br s 
2.18d 2.07 dq 5.7Odq 
1.97d 1.99dq 2.01 br s 

4.49 br s 
4.52brd 

- 4.34 br d I- 

I 1.82d 

1.12s 

0.81 d 

5.73 qq 
2.241 
1.97d 

5.04 br s 
4.91 brs 
0.87 s 

0.82d 
3.45 brt 

l * 

4.99 br s 
4.88 br s 
0.82 s 

0.81 d 

3.42 s 
** 

1.88 brs 

0.65 s 

0.91 d 

3.17s 
** 

*Overlapped multiplets; l *5.84d, 7.67dd, 6.09brd, 6.15d, 5.95dt, 2.15m, 1.41 tt, 1.31 m (4H), 0.88~ 1.98 brs. 
tDisappeared after D,O addition. 
J(Hz):Compound12:2,2’= 14;2,3=7;2,3’= 13;2’,3=4.5;2’,3’=2;3,3’=13;3,4=12;3’,4=3.5;4,15=7;6,9=2;6,9 

= 1;12,13=1.5;compounds1f15:1,2=4.5;4,15=7;6,13=1.5;9,9’=14;compounds16and17:1,2=1,2’~3;4,15=7; 
6,13=2;compounds18/19:2,3=3,4=10;2’,3=5;4,15=7;6,7=7;6’,7=13;6,6’=13;9,10=10(compounds19:9,0H 

= lo; 12,12’ = 13). 

eremophilanes [2,14]. The configuration at C-8 could not 
be established. Types of lactones with both 8a- and 8/I- 
hydroxy groups are known [ 15,161, but the chemical shift 
of H-14 favours a 8/I-hydroxy group. The corresponding 
esters 14 and 15 could not be separated completely. 
However, since both could be enriched by TLC, all signals 
in the ‘H NMR spectra could be assigned (Table 2) and 
therefore the structures assigned appear plausible. The 
angelate residue caused a larger down field shift of H-6 as 
in the esters in 13 and 14 [2, 141. The ‘H NMR spectra of 
16 and 17 (Table 2) only differed by the signals of the ester 
moiety which indicated the presence ofa methacrylate and 
a senecioate. The signal of the epoxide proton of 1315 
was replaced by a broadened triplet at 63.85 and the H-9 
doublets by down field singlets at 65.84 and 5.81 respect- 
ively. The molecular formulae indicated that 16 and 17 
were isomeric with 13 and 14 respectively. All the data 
agree well with the proposed structures of 16 and 17. It 
seems most likely that these compounds were formed by 
opening of the epoxide ring in 13 and 14 followed by 
elimination of water. As the chemical shifts of H-14 
corresponded to those in 13 and 14, the configuration at 
C-8 obviously was the same. It appears reasonable also to 
postulate that 13-15 are formed by oxidative transform- 
ation of the corresponding furoeremophilanes. 

The structure of 30 was determined by careful spin 
decoupling. The ‘H NMR signal (Table 3) of H-7 was 
assigned easily as the signals of the exomethylene protons 
were sharpened on irradiation at 62.78. Simultaneously, 
the signals of H-6 and H-8 could be assigned. As the down 
field shifted double doublets must be due to protons a to 

the keto group an eremophil- 11(12)-en-9-one was present. 
The 3a-position of the hydroxyl group also followed from 
the coupling of the corresponding ‘H NMR signal. The 
aerial parts of S. isatideus also gave compounds 13 and 30. 

The aerial parts of S. erubescens Ait. var. erubescens 
afforded 3a-angeloyloxy-9a-hydroxy-eremophil-7( 1 l)- 
en-8-one [ 141, the corresponding 3a[4_angeloyloxy]-hex- 
2-enoyloxy derivative [ 173, as well as the lactone 20. The 
structure of the latter was deduced from its ‘H NMR 
spectrum (Table 3) which was similar to that of 23 (see 
below). However, the signals from H-13 were absent. The 
y-lactone band in the IR indicated the presence of an 8,12- 
lactone. As the H-9 signal was a simple doublet, no 
hydrogen was present at C-8 and the singlet at 63.17 
agreed with a methoxy group there. Thus 20 is a derivative 
of 23 formed by oxidation at C-12 followed by production 
of a lactol which was then stabilized as its methyl ether. 

S. speciosus Willd. has been studied previously [17]. 
From the roots, in addition to compounds isolated 
previously (21, 23), two further cyclized compounds, the 
semiacetal 18 and the methyl acetal 19, were isolated. The 
structure of 21 could easily be deduced from the ‘H NMR 
spectrum (Table 3) which was very close to that of the 
isomeric diester [18]. However, the different ester group 
at C-9 caused an up field shift of the H-9 signal, and the 
nature of the ester group followed from the typical 
‘H NMR signals. The ‘H NMR spectral data of 23 
(Table 3) were nearly identical with those of the cor- 
responding angelate [14] except for the signals of the ester 
side chain. The latter, however, agreed with those of other 
S-methyl dodecatrienoates [ 173. As in eremophilanes such 
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R’ H H OH R’ OH OH OH OH H 

X H,aOH H,aOH H,aOD IO ZzxO 

* A= B=u 

0 ?Ang 

c= J-L 
as 21 [18] with a conjugated 7(1 I)-double bond, the 
configurations at C-9 and C-10 have to be changed as a 
clear NOE was observed between H-14 and H-9. The 
same is true for the corresponding I-hydroxy derivatives 
(26-29) where a clear NOE between H-14 and H-7 led to 
the configuration H-7/?, H-8/3, H-98 and H-lOa. 
Accordingly, the configurations of the previous reported 
eremophilanes of this type have to be corrected 
[ 14,17,19], as the couplings found in all compounds are 
identical with those of 23-25 and 26-29 respectively. The 
aerial parts gave the N-oxide of 7GsarracinoyL 
retronecin-9-0-senecioate [ 181. 

The ‘H NMR spectrum of 19 (Table 2) indicated that 
again a Smethyldodecatrienoate was present with the 
ester group at C-3 and a hydroxy group at C-9. The 
stereochemistry at these centres followed from the coup- 
lings. A broadened double doublet was due to H-7, since 
irradiation sharpened the signals of the exo-methylene 
protons. Furthermore a pair of double doublets collapsed 
to doublets (H-6). A pair of broadened doublets at 64.52 
and 4.34 were also coupled with the exo-methylene 
protons. As H-9 only showed a coupling with H-10, C-8 
most likely was a ketal centre. Accordingly, the r3C NMR 

D= ii/v 
spectrum (see Experimental) showed a low field singlet at 
6 106.1 in addition to three further signals which were due 
to the carbons with an oxygen function (674.5 d, 74.4 d 
and 68.6 t). All data therefore nicely agreed with the 
proposed structure. The configuration at C-8 was not 
established, but from the chemical shift of H-14 (see 
above), a B-methoxy group is the most likely. 

All data of compound 18 were close to those of 19. 
However, the molecular formula and the missing methoxy 
signal indicated the presence of the corresponding semi 
acetal, which surely is the direct precursor of the cor- 
responding furoeremophilane. 

Senecio erubescens Ait. var. crepidifolius DC. has been 
investigated previously [2]. A reinvestigation of the aerial 
parts gave 25, already isolated as its diacetate [17], and the 
shikimic acid derivative 36. The structure of 25 directly 
could be deduced from the ‘H NMR spectrum (Table 3) 
by comparison with that of the diacetate [ 17J. As expected 
the signals of H-9 and H-13 were shifted up field. 
Compound 36 which was present in large amounts was 
transformed to the methyl ester 36a. The structure 
followed from the ‘H NMR spectrum (see Experimental) 
which was close to those of similar derivatives [18,20,21]. 
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=2; 3,6’=3; 5,6=5,6’-3; 6,6’=18; 2’,2’=16; 2’,3 
= 3’,4’ = 15’, 16’ = 71. Reaction of 27.5 mg %a with two 
equivalents of NaOMe gave 1Omg hexcldec-ZE-enoic acid; 
‘H NMR (CDCI,): 6.76 brd (H-2), 6.97 dt (H-3), 2.20 br dt (H- 
4), 1.43m (H-S), 1.25m (H-6-H-15), 0.87t (H-16) (J [Hz]: 2,3 
= 15; 3,4 = 1516 = 7). 

3,5-Bis-[3,3-dimethyl allyfJ-p-hydroxybenroldehyde (37). 
Colourless crystals, mp 118” (TLC: CsHe-CHsCls, l:l, then 
HPLC MeOH-HsO, 4: 1, R, = 4.0min); IR vs cm-‘: 3500- 
2700, 1670 (vinylogic acid); MS m/z (rel. int.): 258.162 [hi]+ 
(100) (ealc. for C,,HssOs: 258.162),229 [M-CHO]+ (18), 203 
[M - C*H,] + (65), 187 (52), 173 (40); ‘H NMR (CDCl,): 7.53 s 
(H-2, H-6), 9.82 s (H-7), 6.01 s (OH), 3.49 brd (J = 7 Ha), 5.30 tqq 
(J = 7, 1, 1 Hz), 1.79 and 1.77 brs (CHsCH=CMes). 

3,4,5-Frimethoxy-8,9_dihydroxycunu&ditiglte (38). Colour- 
less oil (TLC Et&&petrol, 1: 1, R, 0.45) IR va cm-‘: 1700 
(C=CCOsR); MS m/r (rel. int.)c 496.199 [Ml’ (4) (caic. for 
CssHseO,: 406.199), 3% [M-C4H,COsH-J+ (SS), 83 
[C,H,CO]+ (66), 55 [83-CO]+ (lOOk ‘H NMR (CDCl,): 
6.49 s (H-2, H-6), 3.34 tt (H-7, J = 7,7 Hz), 4.43 and 4.39 dd(H-8, 
H-9, J = 11,6 Hz), 3.83 s (3H, OMe), 3.84 s (6H, OMe), 6.83 qq 
(J = 7.5, 1 Hz), 1.78 dq (J = 7.5, 1 Hz), and 1.81 dq (J = 1, 1 Hz, 
OTigl). 
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