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Abstract-The aerial parts of Inula crithmoides atforded a new carotane derivative and a eudesmanolide, 
inucrithmolide. The most probable structures were elucidated by the spectroscopic data and by some chemical 
transformations. 

INTRODUCTION RESULTS ANTI DISCUSSION 

About 25 species (including unpublished results) of the From the aerial parts, in addition to friedelin, a-amyrin, 
large genus Inula (Compositae, tribe Inuleae) have sitosterol, its /I-D-glucoside and fatty acids, a sesquiter- 
already been investigated chemically. Most widespread pene of molecular formula CzoH,,O, was isolated. The 
are eudesmanolides [l-4], but other types of sesqui- spectral data indicated the presence of an angelate, a keto 
terpene lactones were also isolated [1,4]. We have now and a hydroxy group. The ‘H NMR spectrum (Table 1) 
investigated Znula crithmoides L. for the first time. displayed signals typical of an olefinic methyl and an 

Table 1. ‘H NMR spectral data of compounds 1 and 2 (CDCl,) 

1 2 1 
+ Eu(fod),, 65” r3C 

1-H 
2-H 
4u-H 
4/?-H 
Sa-H 
5/J-H 
7-H 

8a-H 
8/GH 
9-H 
11-H 

12-H 
13-H 
14-H 
15-H 

OAng 

5.26 d 
5.69 d (br.) 

2.4-2.0 m 

2.15 m 

2.1 m 
2.4 m 

2.09 dqq 

1.07 d 
0.99 d 
1.07 s 
1.76 s (br.) 

6.03 qq 
1.98 dq 
1.84 dq 

8.64 d (br.) 
6.39 d (br.) 
3.32 dd 
2.71 dd 
2.98 d (br.) 
2.93 dd 
3.48 ddd 

3.62 dd 
4.02 dd 

- 
2.57 m 

1.34 d 
1.19 d 
2.18 s 
1.98 s (br.) 

6.31 q (br.) 
2.48 d (br.) 
2.38 s (br.) 

5.58 d 
5.63 d (br.) 

2.2 m 
2.0 m 
1.8 m 
2.15 m 

1.95 m 
1.55 ddd 
4.03 dd 
1.84 dqq 

1.02 d 
0.95 d 
1.06 s 
1.74 s (br.) 

6.21 qq 
2.03 dq 
1.93 dq 

C-l 75.8 d 
c-2 119.9 d 
c-3 145.1 s 
c-4 37.2 t 
c-5 29.2 t 
C-6 82.4 s 
c-7 50.9 d 

C-8 38.6 t 
c-9 220.0 s 
c-10 60.3 s 
c-11 26.4 d 

c-12 21.1 q 
c-13 18.3 q 
c-14 26.4 q 
c-15 24.6 q 

C-l’ 166.2 s 
C-2’ 127.2 s 
C-3’ 138.9 d 
C-4’ 20.7 q 
C-5’ 15.7 q 

J(Hz): compound 1: 1,2 = 7.5; 4a, 48 = 13; 4a, 5/? = 12; Sa, 58 = 13; 7,8u = 7; 7,8/J = 11; 7,11 = 5; 8u, 8/J = 15; 11,12 = 13, 
13 = 7; 3’, 4’ = 7; 3’, 5’ = 4’, 5’ = 1.5; compound 2: 8a, 9 = 7; 88, 9 = 6. 

*Part 309 in the series ‘Naturally Occurring Terpene 
Derivatives’. For Part 308 see Bohlmann, F., Zdero, C., Robinson, 
H. and King, R. M. (1981) Phytochemistry 20, 522. 
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olefinic proton. The latter was coupled with a hydrogen 
which must be placed at the ester-group bearing carbon 
(5.26 d, J = 7.5Hz). Additional methyl signals, two 
doublets and a singlet, were visible, indicating the 
presence of an isopropyl group. This was confirmed by 
spin decoupling as irradiation at 2.15 collapsed the methyl 
doublets to singlets. The other signals could be assigned 
only by adding Eu(fod), and by further spin decoupling. 
Two additional sequences A and B could be established. 

I ‘, I 
O=C-CH2CH(CHMe,)C-OH 

A 

V I 
HO-C-CH,CH, C= 

B 

However, the presence of a hydroxyl at C-6 followed from 
the observed strong Eu(fod), induced shifts of 7-H and of 
two of the protons in B only. Together with the already 

discussed part (-C-CH=C(Me)-) the only possible 

OR 
structure seems to be that of the carotane derivative 1. 
Inspection of Dreiding models in connection with the 
observed Eu(fod), induced shifts led to the stereo- 
chemistry at C-6 and C-7, while that at C-l could be 
deduced from the observed coupling J,,,, which should be 
much smaller with a /Gacyloxy group. Borohydride 
reduction afforded the epimer 2 only. Its ‘H NMR data 
and the r3C NMR data (Table 1) of the ketone supported 
the proposed structure. The chemical shift of C-7 could be 
explained only if this carbon is deshielded by a 
neighbouring hydroxyl, while the upfield shift of the C-5 
signal obviously must be due to the y-effects of the lo- 
methyl and the isopropyl group, which should not be 
present in a compound with a 6/?-hydroxyl group. Also 
the downfield shift of the C-10 signal required deshielding 
effects of several groups. The mass spectrum supported 
the structure. Especially the base peak 4 (m/e 137, 
C,H,,O) in the spectrum of2, most probably formed via 3 
as shown in the scheme, is important. 

The isolation of 1 seems to be the first example of a 
carotane derivative from Composites. So far carotanes 
have been isolated only from Umbelliferae. A sesqui- 
terpene lactone was also isolated, which was probably the 
eudesmanolide 5 and which we have named inucrith- 
molide. The structure followed from the ‘H NMR data 
(Table 2). The nature of the two ester residues followed 
from the characteristic signals, while the presence of a 
11,13-dihydro lactone was indicated by the doublet at 6 
1.21 and the absence of typical signals for methylene 
protons. Careful spin decouplings allowed assignment of 
all signals. The proposed c&6,1 2-lactone was indicated 
by the observed coupling J,,, = 6.3 Hz. Inspection of a 
Dreiding model further showed that the observed 
couplings indicated a cis-decalin system (J,,, = 9Hz) 
with oxygen functions at C-l and C-9. In conformation 
with this assignment irradiation of the signals of the allylic 
protons (2-H) resulted in sharpening of both 1-H and the 
3-H signals, while irradiation at 5.02 (dd, 9-H) collapsed 
the three-fold doublets at 1.83 and 1.65 to double doublets. 
The latter were further coupled with a four-fold doublet at 
2.69, obviously the 7-H signal, as spin decoupling allowed 
the assignment of the sequence 5-H through 7-H and 7-H 
through 13-H. The stereochemistry at C-l, C-9 and C-11, 
as well as the relative position of the ester residues, was still 
unsolved. All attempts at partial saponification were 
unsuccessful. Only isomerisation was observed on 
treatment with potassium hydroxideinmethanol-water at 
room temperature. The only possible epimerization centre 
seems to be C-l 1. The changes in the ‘H NMR data (Table 
2) clearly indicated different conformations for both 
isomers. The observed couplings of 9-H in both isomers 
could be explained only if one isomer is present in a chair 
and the other in a boat conformation. A boat conformation 
should be preferred in an isomer with a 11-P-methyl group 
and a 9B-ester residue, which would lead to strong steric 
interactions in a chair conformation. However, 
isomerisation at C-l 1 would lead to an isomer with a chair 
conformation, where stericeffects between the ester and the 
C-11-methyl group are negligible. Dreiding models of 
these two conformations agree with the observed 
couplings. Therefore the natural compound most 
probably had the proposed stereochemistry with the B ring 

M+ m/e 336 -‘OAng+ \ y 

-+ ,,+u 
OH 

12 13 
1 x=0 3 4 m/e 137 

2 X =P-OH,H 

Ang 0 OAc 

An&cHZoH 

OH 
5 6 
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H,SO,. The crude product obtained by extraction with Et,0 3. Evan, F. J. and Schmidt, R. J. (1980) Pluntu Med. 38, 289. 
was analysed by ‘H NMR only. 4. Papano, G. Y., Malakov, P. Y. and Bohlmann, F. (1980) 

Phytochemistry 19, 152. 
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