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A~iTact-~~~~~i~ nudicuuffs afforded, in addition to known compounds, three new highly oxygenated 
oplopanone derivatives and a bisabolone derivative. The structures were elucidated by high field ‘H NMR 
spectroscopy. The chemotaxonomic situation is discussed briefly. 

INTRODUCTION 

The monotypic genus Rugelia was recently placed in 
the genus Cacalia [I]. We have therefore investigated 
Rugelia nudicaufis to see whether the chemistry 
supports this placement or shows relationships to any 
of the groups of the large genus Senecio. 

RESULTS AND DISCUSSION 

The roots of R. nudicaulis Shuttler ex Chapm. 
afforded germacrene A, a-humulene, IX- and p-far- 
nesene, a-zingiberene, bisabolene, p-sesquiphellan- 
drene, a-bulnesene, anhydro-oplopanone (1) [2], pla- 
typhyllide (6) [3], phloracetophenone 2-methyl ether 
(7), the cinnamic acid derivatives 8 and 9, the depside 
atranorin (10) [4] and the bisabolone derivative 5. The 
structure of the latter followed from the ‘H NMR 
spectrum (Table 1) which was close to that of similar 
compounds [5]. The stereochemistry at C-l followed 
from the coupling J1,6, while the orientation of the 
epoxide was deduced by comparison with the chem- 
ical shifts of related epoxides [S]. The configuration at 
C-8 could not be determined. Furthermore, two 
derivatives of 1, the diepoxides 3 and 4, were present. 
The structure of 3 followed from the ‘H NMR spec- 
tral data (Table I), which were in part similar to those 
of an abrotanifolone derivative isolated from Senecio 
ouirensis [6]. The signals of the olefinic methylene 
protons (H-lo), however, were replaced by a pair of 
doublets and their chemical shift indicated the 
presence of an epoxide. Furthermore, an additional 
2-methyl butyrate residue was deduced from the 
spectral data. The position of this ester group clearly 
followed from the missing signals for protons cx to the 
keto group, while the stereochemistry was deduced 
from the coupling f,.9. This substitution pattern is also 
present in a ketone isolated from S. fmplexus [7] 

*Part 437 in the series ~‘Naturaily Occurring Terpene 
Derivatives”. For Part 436 see Bohlmann, F., Wallmeyer, M. 
and Jakupovic, J. (1982) P~y~oc~emis~ry 21, 1445. 

where, however, the 8, IO-epoxide and the 4’-acetoxyl 
group are missing. The ‘H NMR spectrum of this 
compound was very close to that of 3. The ‘H NMR 
spectrum of 4 clearly showed that this ketone was the 
3, 1Cdehydro derivative, as the signal of H-3 was 
missing and that of H-14 was replaced by an olefinic 
quartet. Again, a similar compound has been isolated 
from Senecio implexus [7]. The stereochemistry of 
the 3, 14-double bond followed from the chemical 
shift of H-15, while that at all other centers was the 
same as in 3. The stereochemistry at C-8, C-11 and 
C-14 in 3 and 4 could not be determined. The aerial 
parts also gave germacrene A, (Y- and p-farnesene, 
bisabolene, 1, 3-5 and a further oplopanone deriva- 
tive, the dihydroxy ketone 2. Again, the structures 
were deduced from the ‘H NMR spectral data (Table 
1). Spin decoupling showed the presence of an iso- 
propyl group, while the presence of a hydroxyl group 
at C-14 was indicated by a hydrogen bridge with the 
2-keto group and the methyl doublet at S 1.18, which 
was coupled with a broad multiplet at S 4.05. Further 
spin decoupling allowed the assignment of all signals, 
though some were overlapping multiplets. The allylic 
position of the second hydroxyl group followed from 
the chemical shift of the corresponding signal of the 
proton under the hydroxyl group and from the 
downfield shift of one of the olefinic methylene sig- 
nals, while the stereochemistry was deduced from the 
coupling .&,.,, which indicated a quasi-axial orien- 
tation. 2 was the bis-desacyl derivative of 
notonipetrone, which was isolated from Notoniu 
petruea [S]. Compounds l-5 indicated relationships of 
this species to a smafl section of the genus Seneciu 
where the typical eremophilane and furanoeremo- 
philane derivatives are missing [9]. The co-occurrence 
with the norsesquiterpene lactone 6, which is rare in 
Seneciu species, may also be important. Althou~ cu 
300 species from the tribe Senecioneae have been 
investigated, final conclusions about the position of 
~~~e~iu are difficult, especially as the taxonomy of 
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Table 1. ‘H NMR spectral data of compounds 2-5 (400 MHz, CDCI,, 
TMS as internal standard) 

2* 3(GD6) 4 5 

H-l 

H-3 
H-4 

H-5 

H-6 
H-6 
H-7 
H-8 
H-9 

H-IO 

H-12 

H-13 

H-14 

H-15 
OH 
OCOR 

OMeBu 

OAc 

2.43 dd 
2.16 dd 
2.52 dd 

1.4 m 

1.98 dd 
4.51 brdd 

- 

2.80 m 
4.99 br s 
4.68 br s 

0.99 d 

0.74 d 

4.05 m 

1.18 d 
3.79 d 

- 

- 

- 

5.05 d 

2.47 m 
- 

- 

5.60 dd 
- 

5.13 d 
- 

2.47 dd 
2.87 d 

2.63 d 
2.74 br d 

2.61 d 
1.20 s 

5.27 dq 

1.24 d 
- 

5.87 dq 
5.27 br q 

1.33 d 
2.16 d 

2.50,2.35 tq 
1.67 m 
1.45 m 
0.94,0.86 t 
1.16, 1.15 d 

2.11 s 

5.18d 

- 
- 

- 

5.28 dd 
- 

4.76 d 
- 

2.47 dd 
2.96 d 

2.76 d 

2.84 brd 
2.63 d 
1.61 s 

6.55 dq 

2.23 dd 
- 

5.89 dq 
5.29 br q 
1.38 d 

2.12 d 
2.37,2.38 tq 
1.68 m 

1.47 m 

0.92,0.88 t 
1.16, 1.12 d 
2.12 s 

5.86 d 

- 

3.44 br d 

2.62 ddd 
2.21 ddd 

2.78 br dd 

- 

5.09 dd 
2.33 m 

5.04 br t 

1.66 brs 

1.59 brs 

5.29 br s 
5.08 br s 

1.46 s 
- 

6.11,6.06qq 
2.01, 1.98 dq 
1.91, 1.89 dq 

*H-l1 1.98 m. 
J(Hz):Compound 2: 1, 1’ = 14; 1,9 = 6; 3,4 = 10.5; 3, 14 = 4.5; 4,5 = 11; 

5, 6’ = 3; 6, 6’ = 14; 6, 7 = 3; 7, 10 = 1.5; 11, 12 = 11, 13 = 7; 14, OH = 11; 
14, 15=7; compound 3: 1,9=4.5; 3,4- 10; 3, 14-4; 4,9= 13; 5, 6= 11; 
6, 7 = 3.5; 10, lo’= 4.5; 12, 12’= 4; 14, 15 = 7; compound 4: 1, 9 = 4.5; 4, 
14=4, 15=2; 4, 9= 13; 5,6=7; 6, 7=3.5; 10, 10’=4.5; 12. 12’=4; 14, 
15 = 7; compound 5: 1,6 = 12.5; 4, 5 = 4; 5, 5’ = 15.5; 5, 6 = 7; 5’, 6 = 12; 8, 
9 = 5; 8,9’= 8; 9, 10 = 7; OCOCH=C(Me)CH(OAc)Me: 2,4 = 2.6 - 1.3; 4, 
5 = 7; OMeBu: 2, 3 = 2, 5 = 3, 4 = 7; OAng: 3’. 4’ = 7; 3’, 5’ = 4, 5’ = 1.5. 

the whole tribe is still being studied [lo]. In structural 
details Rugelia is a member of the Cacaloid series, 
but the chemistry is not very similar to other mem- 
bers of the series such as Adenostyles, Cacalia, 

Ligularia and Petasites [7]. 

EXPERIMENTAL 

The air-dried plant material (voucher deposited in the U.S. 
National Herbarium, Washington) was extracted with Et,O- 
petrol, 1:2), and the resulting extracts separated by CC (Si 
gel) and further by repeated TLC (Si gel). Known com- 
pounds were identified by comparing the ‘H NMR spectra 
with those of authentic material. The roots (3OOg) gave 
100 mg germacrene A, 2 mg a-humulene, 5 mg bisabolene, 
1Omg a- and IOmg fi-farnesene, 2 mg a-bulnesene, 5 mg 
j?-sesquiphellandrene, 10 mg a-zingiberene, 50 mg 1, 10 mg 3 
(Et+petrol, 3: I), 10 mg 4 (same solvent), 50 mg 6, 2 mg 7, 
5 mg 8, 10 mg 9 and 25 mg 10, while the aerial parts (1 kg) 

gave 5OOmg germacrene A, 1OOmg o- and 1OOmg p-far- 
nesene, 50 mg bisabolene, 100 mg 1, 5 mg 5 (Et*O-petrol, 
3 : l), 50 mg 3, 50 mg 4 and 100 mg 5 (Et,O-petrol, 1: 1). 

7, 14-Bisdesacylnotonipetrone (2). Colourless gum, IR 
v::: cm-‘: 3620 (OH), 1735 (C=O); MS m/z (rel. int.): 
234.162 [M- H,O]+ (7) (C,5H2r02), 216 [234- H,O]+ (6), 191 
[234-CHMeJ (21). 173 [I91 - H,O]’ (16) 95 (74). 55 (100). 

Ialt 589 578 546 436 nm = -25 -28 -30 _54 (CHCI,; ~0.2). 

4’-Acetoxy-l/C(2-methylbutyryloxy)-8, IO-epoxyabrotani- 
folone (3). Colourless gum, IR I&$ cm-‘: 1745 (br) (-C02R, 
C=O, C=CC02R, OAc), 1650 (C=C), 1245 (OAc); MS m/z 
(rel. int.): 678.325 [Ml+ (0.15) (C,5H,,0,,), 618 [M - HOAc]’ 
(1.7), 517 [618-O&R]’ (0.8). 516 [618- H02Cr]’ (0.1). 414 
[516 - MeBuOH]+ (O.S), 362 [414 - ketene]’ (0.3), 344 [516 - 
HO,,,‘]’ (0.4), 242 [344 MeBuOH]’ (4), 155 
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0 

AngO 

OH 

7 

6 

CO,H 

Me0 

R 

8 R=H 

9 R=OMe 

IO 

[O=CCH=C(Me)CH(OAc)Me]+ (l), 113 [155 - ketene]+ (58). [al:,. 589 578 546 436 nm 85 [C,H&O]+ (25). 57 [85 - CO]+ (100). = -88 
-95 

~0.4). - 
120 -132 

(CHCI,; 

[ul$ = TT8 !y1 I’l; 42p,“,” (CHCI,; ~2.0). la, 8-Bisangeloyloxy-3@, 4/3-epoxy-bisabola-7(14), lO-di- 
ene (5). Colourless gum. IR Y$$ cm-‘: 1725 (C+ 

4’-Acetoxy - 18 - (2 - methylbutyryloxy) - 14 - desacetoxy - C=CCO,R); MS m/z (rel. int.): 430.234 [Ml+ (0.5) (C,H,O& 
3, 14 - dehydro - 8, 10 - epoxyabrotanifolone (4). Colourless 361 [M -C,H,]+ (11, 330 [M -AngOH]+ (IS), 230 [330- 

gum, IR v$ cm- ‘: 1750 (COIR, GO, C=CC02R, OAc), 1650 
AngOHl+ (3.5), 83 [C,H,COl+ (100). 

(C=C), 1240 (OAc); MS m/r (rel. int.): 618.304 [I@ (3) 
(Ca)460,,). 517 (0.3), 516 (0.2), 447 (0.5). 344 (0.5), 242 (7). 589 578 546 
155 (2), 113 (79), 85 (31), 57 (100). [alh= -28 -29 -33 

436nm 
_43 (CHCI,; ~2.4). 
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