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Abatract-The investigation of Eremanfhus crotonoides afforded in addition to known compounds three new 
furanoheliangolides, while from E. glomerulatus six new furanoheliangolides and eremantholides were isolated. 
From the aerial parts of Chresta sphaerocephata a new guaianolide was obtained, whae the roots contained 
known InranohelianguIizk TZle &hemoaXonomy of the s~Y~bib~ Ly&mopzl~~ina~ is bisca%& b&IT. 

INTRODUCTION 

S0 far %e chemjca> invesrjga~~ons 0% Yne genus Ere- 
manthus have shown that furanoheliangolides and 
related eremantholides may be characteristic for this 
gcW&s {C-4<, #YkY&& &ix @pa of 5Lesq~i~~~~~Te I?& 
tones were also isolated (2,441. We have naw studied 
the constituents of Eremanthus crotonoides (DC.) 
S&I. tip. and reinvestigated E g)omeruIatus and 
Chresta sphaerocephala DC. Again, mainly furano- 
h&&i&&& wzw_ ii<&&. 

RESULTS AND DISCUSSION 

The aerial parts of E. crotonoides afforded ger- 
macrene D, bicyclogermacrene, cu-humulene, cary- 
ophyllene, lupeol and its acetate, taraxasterol and its 
acetate, s’rigmas1ero’l an& a complex mixrire 05 
SW$Q-&&~&YI% +W&lXs . 42k5 &iwfMwmP, -pr,u*tia1 
the known eremantholides 1 [l], 2 [7] and 3 [8] as well 
a8 r& ~zwz&&~~~~~&J B 121, 2B 191 a.& 22 >2> 
were finally identified. Furthermore, three additional 
la&ones were obtained, the isobutyrate 12, which, 
however, was not free from 9, and the hydroxy 
lactones 16 and 17. The structure of 12 was deduced 
from the ‘H NMR spectral data (Table l), which were 
similar to those of 9-11, only the signals of the ester 
group being replaced by those of isobutyrate. The 
other signals were slightly shifted when compared 
with those of the unsaturated esters. The ‘H NMR 
spectral data 0C 16 and 13 (Table 2), which could no1 
be separated, indicated that these lactones again 
differed only in the nature of the ester groups. The 
molecular formula of 16 was C19H2407. All oxygen 
functions were beiruce& from ‘me 5Yi ?WiIX spedrram. 

*Part 413 in the series “Naturally Occurring Terpene 
Derivatives”. For Part 412 see Bohlmann, F., Adler, A., 
Jakupovic, J., King, R. M. and Robinson, H. (1982) Phy- 
tochemistry 21, 1349. 

In addition to signals of a methylene lactone, of a 
‘iuranone rnd~e\y anb a me\hacTySate, a bown5db 
double doublet was present, which was separated 
from a second signal only in deuteriobenzene. Spin 
&WYi!J+f& s+fiW& <+i&< ‘t I&0X$ ,@W~~ V&!&s %< c-5, 
since OR iccadiatian of the corresponding signal the 
double doublet at 64.40 collapsed to a doublet and a 
double douUet Quartet Iseparated Erom a seconb s’g- 
nal only in deuteriobenzene) to a broadened quartet. 
B% <&&-iX <W&Vl s&s4& ‘b<+@_ W@ii %+& B-7,, 
typical in cases when a 4/?-proton is present [9]. The 
observed couplings of H-5 therefore required a p- 
position of the hydroxyl group. Further decoupling 
led to the assignment of H-7 through H-9. The H-7 
signal was easily assigned, since its irradiation col- 
~?+sZ~ the H-13 %&Y&!s to s&!&s and those of H-6 
.?Q &? dQUhc& %E- .f&?QG!&%i?if~~ 22x! &d thQ& c,-8 

followed from the couplings observed, while the 
p5%%c%<e of an %..1X.-<%ckB%c was deduced by cornya - 
ing the corresponding signals with those of similar 
la&ones. Accordingly, 16 was the 4(15)-dihydro 
derivative of a goyazensanolide isolated from a 
Vunillosmopsis species [lo]. 

A reinvestigation of aerial parts of E. glomeratus 
Less., where a small sample had been studied pre- 
viously [4], afforded, in addition to lupeol and 
lupenone, several furanoheliangolides. The main 
constituent was the epoxy angelate 13 [l l] together 
With seW% fWi%!W \X.+ZWZW% +&Z, ere-m?&~W?s 4, 7 
and g PJ, as well as the furanohefiangolides 14, 15, 18 
and 19. The ‘H NMR spectrum of 4 (Table 1) in- 
dicated the presence of an eremantholide with a 
‘153,&W+ .&,W?Wp. &T&YZ!Z!&W~>~~, viit H-5 s+.gld< ‘Wrirs 
shifted downfield. Acetylation gave the monoacetate 
5. Most signals were close to those of 3; therefore, 
identical stereochemistry at all asymmetric centres 
could be assumed. The molecular formula of 7, being 
CzoHz,O, showed that this lactone was most probably 
an isomer of 6. All ‘H NMR signals therefore were 
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Table I. ‘H NMR spectral data of compounds 4,5,7,12,14 and 15 (400 MHz, CDClj, 
TMS as internal standard) 

4 5 7 7(C6D6,65”) 12 14 15 

H-2 
H-5 
H-6 
H-7 
H-8 
H-9a 
H-9P 
H-13 
H-13’ I 
H-14 

H-15 

H-18 
H-19 
H-20 
OCOR 

OAc 
OH 

5.81 s 
6.31 dq 
5.03 ddq 
2.97 dd 
4.04 ddd 
2.44 dd 
2.03 dd 

1.13 s 

1.45 s 
4.39 br d 
4.34 br d 
5.92 qq 
I .65 dq 
1.76 dq 

- 

- 
3.49 s 
3.82 br 

5.72 s 5.61 s 
6.34 dq 6.00 dq 
5.06 ddq 4.96 ddq 
2.85 dd 2.84 dd 
4.10 ddd 4.10 ddd 
2.45 dd 2.38 dd 
2.02 dd 2.05 dd 

1.13 s 1.43 s 

1.45 s 1.50 s 

4.77 br s 2.05 dd 

5.92 qq 2.84 m 
1.64 dq 1.43 d 
1.76 dq 1.42 br s 

- - 

2.11 s 
3.29 s 

- 

- 
- 
- 

5.18 s 
5.70 dq 
4.87 ddq 
2.70 dd 
4.11 ddd 
2.34 dd 
1.78 dd 

1.23 s 

1.27 s 

1.58 dd 

2.71 m 
1.49 d 
1.40brs 

- 

- 
- 
- 

5.70 s 5.73 s 5.72 s 
5.90 dq 6.01 dq 6.01 dq 
5.23 ddq 5.25 ddq 5.22 ddq 
3.72 dddd 3.74 dddd 3.12 dddd 
4.42 ddd 4.54 ddd 4.57 ddd 
2.40 dd 2.33 dd 2.33 dd 
2.25 dd 2.49 dd 2.50 dd 
6.26 d 6.21 d 6.23 d 
5.47 d 5.46 d 5.45 d 
1.52 s 1.54 s I .56 s 

2.08 dd 2.08 dd 2.08 dd 

- - - 
- - - 

2.39 qq 4.48 br dq 6.40 q 
1.40 d 1.30 d 1.99 d 
1.08 d 6.10 s 4.18 brdd 

5.84 br s 4.09 br dd 
- - - 

- 2.37 br d 1.88 dd 

J(Hz): Compounds 4, 5, and 7: 5, 6 = 2.5; 5, 15 =6, 15 = 1.5; 6, 7 =7; 7, 8 =4; 8, 
9a = 12; 8, 9p = 2.5; 9a, 9/3 = 13.5; compounds 12, 14 and 15: 5,6 = 3; 5, 15 = 6, 15 = 1.5; 
6, 7 = 5; 7,s = 2.5; 7, 13 = 3; 7, 13’= 2.5; 8.9a = 2; 8, 9p = 11.5; 9a, 9p = 14; (4: 15, 
15’ = 14; 4/5: 18, 19 = 7; 18, 20 = 19, 20 = 1.5; 7: 18, 19 = 6; 12: iBu: 2’, 3’ = 2’, 4’ = 7; 14: 
OCOR: 3’, 4’ = 3’, OH = 6.5; 15: OCOR: 3’, 4’ = 7; 5’, 5’ = 13; 5’, OH = 6). 

similar to those of 6’(Table I), though some typical 
differences were visible. In particular, the chemical 
shifts of H-13, H-18 and H-19 differed from those of 
6 and the coupling J,,~,, was slightly larger. Since the 
mass spectra of 6 and 7 were also similar, they 
appeared to have related structures. The ‘H NMR 
spectral data of 14 (Table 1) indicated the presence of 
a furanoheliangolide with an 8, 12-lactone ring as the 
corresponding signals were similar to those of 9-13. 
The nature of the ester group at C-6 followed from 
the additional ‘H NMR signals, a broadened double 
quartet at 6 4.48, a methyl doublet at 1.30, a 
broadened doublet at 2.37 and two singlets at 6.10 and 
5.84. Irradiation at 6 4.48 collapsed the doublets at 6 
1.30 and 2.37 to singlets and sharpened the olefinic 
signals. The presence of such an ester group was 
further supported by the mass spectrum, which 
showed elimination of the corresponding ketene, acyl 
radical, acyloxy radical and acid. This type of ester 
group seems to be new. 

15 was obviously an isomer of 14; this followed 
from both the mass spectrum and ‘H NMR spectrum 
(Table 1). Also, the changed nature of the ester group 
was deduced from the typical ‘H NMR signals of a 
5hydroxytiglate. All other signals were very similar 
to those of 14. 18 was also an epoxy angelate. Its ‘H 
NMR spectral data (Table 2) were similar to those of 
16 and 17; all couplings were the same as in the latter. 
Thus the stereochemistry was the same in all three 

lactones. The structure of 19 followed from the 
molecular formula and the ‘H NMR spectrum (Table 
2). The presence of a 6, 12-lactone was deduced from 
the typical signals of H-5 through H-8, which were 
similar to those of 20. The 8P-hydroxyl group fol- 
lowed from the couplings observed and from the 
chemical shifts of H-13, which were as usual at lower 
fields due to the free hydroxyl at C-8. The roots 
afforded lupeyl acetate and its A-12, 13-isomer, stig- 
masterol, costunolide and eremantholide. 

So far the roots of Chresta sphaerocephala DC. 
belonging to the same subtribe, have not been chem- 
ically investigated. In addition to tridecapentaynene, 
tetradeca-4, 6-dien-8, 10, 12-triyn-l-01, lupeyl acetate 
and its A-12, 13-isomer, the furanoheliangolide 20 [12] 
was isolated, while a reinvestigation of the aerial 
parts gave, in addition to those compounds previously 
isolated, minute amounts of 20 and a further lactone, 
which was most probably 21. After purification as its 
acetate 22, the ‘H NMR spectrum (Table 2) was in 
part very similar to that of eremanthin. However, the 
11, 13-methylene group was obviously oxygenated. 
Accordingly, the H-13 signals were a pair of doublets, 
which were at higher fields in the crude diol 21. The 
position of the second hydroxyl group followed in- 
directly from the absence of an 11, 13-coupling and 
from the hydrogen bridge, which was deduced from 
the the IR spectrum. As the signal of H-6 was at 
lower fields as in the spectrum of eremanthin, an 
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Table 2. ‘H NMR spectral data of compounds 16-19 and 22 (400 MHz, CDC&, 
TMS as internal standard) 

16 17 18 19 22 

H-l 

H-2 

H-3 
H-4 
H-5 
H-6 
H-7 

H-8 

H-9a 
H-98 
H-13 
H-13’ 
H-14 

H-15 

OCOR 

OAc 

- 

5.79 d 

- 

4.49 dd 

2.45 dd 
2.35 dd 
6.25 d 
5.51 d 

6.00 br s 2.35 qq 
5.55 dq 1.04 d 
1.83 dd 1.07 d 

- - 

- 

5.78 d 

- 
3.40 mt 
4.35 br dd 

4.45 dd 
3.39 m* 

4.34 ddd 

1.50 s 

2.40 dd 
2.30 dd 
6.30 d 
5.50 d 

1.38 d 

- - 2.55 m 

5.80 d 5.60 s 
1.58 ,m 
2.15 m 

- - ‘2.3c2.45 m 
3.41 ddq - - 
4.32br dd 5.90 dq 2.55 m 
4.42 dd 4.86 ddq 4.10 dd 
3.44 dddd 3.68 dddd 2.4 m 

4.32 ddd 3.82 
2.00 br dd 

m 
2.40 m 

2.46 dd 2.31 dd 
2.31 dd 2.17 dd 

I 
5.54 ddq 

6.38 d 6.45 dd 4.38 d 
5.60 d 5.86 dd 4.08 d 
1.49 s 1.44 s 1.82 brs 

1.37 d 2.07 dd 
I 

5.20 br s 
5.03 br s 

2.98 q - - 
1.37 d 
1.24 s 

- - 2.09 s 

*In C,D, 2.85 dddd. 
tin C6D6 2.72 ddq. 
OH 3.20 s. 
J(Hz): Compounds 1618: 2,4 = 1; 4, 5 = 4, 15 = 7; 5, 6 = 9; 6, 7 = 4, 5; 7, 

8 = 8, 98 = 2.5; 7, 13 = 3.3; 7, 13’= 2.8; 8, 9a = 11.5; 9a, 9/3 = 14; compound 
19: 5, 6 = 3.5; 5, 15 = 6, 15 = 1.5; 6, 7 = 4; 7, 8 -2; 7, 13 = 3; 7, 13’ = 2.5; 13, 
13’ = 0.7; 8,9a = 2.5; 8,9B = 8.3; 9a, 9/3 = 14.5; compound 22; 5,6 = 6,7 = 10; 
7, 8/3 = 11; Sa, 8s = 13; 8a, 9 = 8; 8p, 9 = 2.5; 9, 14 = 1; OMeacr: 3’, 3’= 3’. 
4’ = 1; OiBu: 2, 3’ = 2’, 3’ = 2, 4’ = 7; Epang: 3’, 4’ = 5.5. 

11/3-hydroxy was indicated. Therefore the natural 
lactone was most probably 11/3, 13-dihydroxy-11, 13- 
dihydroeremanthin, though several signals were 
multiplets. Spin decoupling, however, allowed the 
assignment of most signals. 

The results on the two further Eremanthus species 
and on the Chresta species again showed that the 
chemistry of the genera placed in the subtribe Lych- 
nophorinae [13] is very uniform, furanoheliangolides, 
especially goyazensanolides and eremanthanolides, 
being characteristic. As such components were also 
isolated from the roots of a Chresta species, this 
genus is unexceptional. No sesquiterpene lactones 
have been isolated so far from Albertinia but also in 
this case the roots have not been investigated. 

EXPERIMENTAL. 
The air-dried plant material, collected in north-eastern 

Brazil, 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 compounds were 
identified by comparing the ‘H NMR spectra with those of 
authentic material. 

Eremanthus crotonoides (voucher RMK 8519). The aerial 

parts (300 g) afforded 7 mg germacrene D, 3 mg bicyclo- 
germacrene, 1 mg a-humulene, 10 mg caryophyllene, 50 mg 
lupeol and 15 mg of its acetate, 50mg taraxasterol and 
100 mg of its acetate, 12 mg stigmasterol, 5 mg 1, 2 mg 2, 
5 mg 3, 20 mg 9, 3 mg 10, 1 mg 11, 6 mg 12 (CJ&-CHrC& 
EtrO, 1: 1: l), 1 mg 6 and 2 mg 17 (same solvent, no separa- 
tion). 

Chresta sphaerocephala (ooucher RMK 8919). The roots 
(55 g) afforded traces of tridecapentaynene, 1 mg tetradeca- 
4, 6-diene-8, 10, 12-triyn-l-01, 20mg lupeol acetate and its 
A-12, 13-isomer (2: I), 5 mg 20 1 mg 21 (Et@-CHICIr-C& 
1: 1: l), while the aerial parts (320 g) gave, in addition to 
compounds isolated before, 2 mg 20. 

Eremanthus glomerulatus (voucher RMK 8924). The aerial 
parts (780 g) afforded to 20 mg lupeol, 10 mg lupenone, 25 mg 
4 (Et&-petrol, CH2ClrC6H6-MeOH, 10: 10: 1). 30 mg 6, 
10 mg 7 (EtzO-petrol, 3 : 1, several developments), 600 mg 13, 
40 mg 14 (CHQ-CsH6-MeOH, 10: 10: 1). 5 mg 15 (same 
solvent), 5 mg 18 (same solvent) and 2 mg 19 (Et@-petrol, 
3 : 1, several times), while the roots (190 g) gave 10 mg lupeol 
acetate and 5 mg of its A-12, 13-isomer, 5 mg stigmasterol, 
2 mg constunolide and 2 mg eremantholide. 

15-Hydroxy-16a (l’-methylprop-lZ-enyl)-eremanthanol- 
ide (4). Colourless gum, which was purified as its acetate 5 
(AQO, 1 hr, 70”), colourless crystals, mp 2100 (Et@-petrol). 
IR v:!$‘~ cm-‘: 3600 (OH), 1770 (y-lactone), 1720 (C=CC02R, 
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1 2 3 4 5 6 7 8 

R’ H H H OH OAc H H H 

9 10 11 12 13 
0 0 

0 R Meacr Ang Tigl iBu Epang 

0 
16 17 18 

0 R Meacr iBu bang 

OH 

&JR Q#oR 
0 

19 R=H 21 R-H 

20 R=Tigl 22 R=Ac 

C=O). 1600 (C=C-OR); MS m/z (rd. int.): 418.173 [M]+(OS) 589 578 546 436nm 
(CzH2sOs), 400 [Iv-HzO]’ (1), 358 (M-HOAc]+ (3), 83 [aI& = -33 -33 -23 +113 (CHC13; co.2). 

[C,H,CO]+ (100). 55 [83 - CO]+ (30). 

[ah= 589 578 546 436 365 nm (CI-Q; ~0.2). 6a-[2’-(1’)~hydroxyethyl acryloyloxyl]-goyazensanolide (14). 
_20 _19 _14 +95 +lo39 

Colourless gum, IR vz:: cm-‘: 3600 (OH), 1785 (v- 

lactone), 1720 (C=CCO*R, C=O), 1600 (C=C-OR); MS m/z 
16a-(l’-Methyl-1,2-epoxypropyl)-eremanthanolide (7). (rel. int.): 374.137 [Ml+ (74) (Cz0HT207), 359 [M - Me]+ (7). 

Colourless crystals, mp 198” (Et&petrol), IR YE:: cm-‘: 276 [M -CSH602]+ (17), 275 [M -COR]+ (ll), 259 [M - 
3480 (OH), 1780 (y-lactone), 1710, 1590 (O=C-C=C-OR); MS O,CR]+ 258 [M - HO,CRl+ (15), 232 [276 - COJ’ (loo), (14), 
m/z (rel. ink): 376. 152 [Ml+ (14) (&Hu07), 358[M - H,O]’ 99 [RCO]’ 83 81 - H,O]+ 69 55 (46), (95). [99 (86), (57), (95). 
(1), 332 [M-CO*]+ (15), 95 (lOO), 83 (82). 69 (77), 55 (75). 53 (87). 
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[a]$ = S$ 6 “-“1 ‘YS 4:6,;T(CHCla; ~2.0). 

6a-(S’-Hydroxytigloyloxy)-goyazensanolide (15). Colour- 
less gum, IR r&s’? cm- ‘: 3600 (OH), 1775 (y-lactone), 1715 
(C=CC02R, C=O), 1590 (C=C-OR); MS m/z (rel. int.): 
374.137 [Ml’ (37) (CZOH220,), 356 [M-H,O]+ (6), 275 [M - 
COR]+ (lo), 258 [M -HO&R]+ (8), 232 [276-CO*]+ (44), 99 
[RCO]+ (lOO), 83 (79), 69 (Sl), 55 (65), 53 (80). 

{cK]& = s!;6 s1”16 s:2 ‘75;” (CHCl,; ~0.1). 

6a-(2’-MethyM’, 3’-epoxybutyryloxy)-S/3-hydroxy-4(15)- 
goyazensanolide (18). Colourless crystals, mp 210” (Et,O- 
petrol), IR vz:$ cm-‘: 3600 (OH), 1790 (y-lactone), 1750 
(COrR), 1720, 1600 (O=C-C=C-OR); MS m/z (rel. int.): 
392.131 [Ml+ (10) (C,H,O& 276 [M-HO,CR]+ (12). 248 
[276-CO]+ (8), 126 (lOO), 125 (71), 99 [RCO]+ (lo), 81 
[99 - CO]’ (14). 

[a]$. = ‘?a S$ SYa 4:;; (CHCI,; cO.3). 

2’,3’-Dihydro-IS-desoxygoyazensolide (12). Colourless 
gum, IR Y$%. cm-‘: 1780 (y-lactone), 1730 (CO,R), 1720, 
1590 (RO-C=C-C=O); MS m/z (rel. int.): 346.142 [Ml+ (8) 
(Ca,HzzO,), 258 [M - HO,CR]+ (4), 232 (100), 71 [C,H,COl+ 
(25) [a]n = - 158” (CHCl,; ~0.54). 

Sp-Hydroxy-4, S-dihydro-lS-desoxygoyazensolide (16) 
and Sf3-hydroxy-4, 5, 2’, 3’-tetrahydro-lS-desoxygoyazen- 
solide (17). Colourless gum, not separated, IR vs2, cm-‘: 
3580 (OH), 1775 (y-lactone), 1735 (C02R), 1720 (C=CC02R), 
1720, 1590 (RO-C=C-C=O); MS m/z (rel. int.): 364.153 (2) 
and 362.137 (8) [Ml+ (CL9Hx07 and C1r,H2207). 276.100 [M- 
HO,CR]+ (10) (C,JH,60J), 248 [276-CO]+ (6), 71 [C,H,CO]+ 
(4) 69 [C,H,CO]+ (100). [a]n = + 72” (CHCl,; ~0.1). 

II& 13-Dihydroxy-11, 13-dihydroeremanthin (21). 
Colourless gum, which was purified as its acetate 22, 
colourless gum, IR ~‘2, cm- ‘: 3550 (OH), 1787 (y-lactone), 
1745, 1240 (OAc); MS m/z (rel. int.): 306.147 [Ml+ (2) 

(C,7H220J), 228 [M- HOAc, H201+ (9) 213 [228-Mel+ (lo), 
159 [C,,H,,I+ WV. 

8&Hydroxyzexbreunnolide (19). Colourless gum, IR 
v%‘j, cm-‘: 3600 (OH), 1770 (y-lactone), 1710, 1590 (O=C- 
C=COR); MS m/z (rel. int.): 276.100 [Ml’ (6) (CITH~~OJ), 83 
(52), 69 (67), 57 (RIO), 55 (85). 
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