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Abstract-The isolation is reported of the new germacrolide, 11,13-dehydroeriolin, the new melampolide 
schkuhrioidin and schkuhriolide from Schkuhria schkuhrioides. 11,13-Dehydroeriolin is also a constituent of S. 
virgata. The structure and stereochemistry of the new compounds were established on chemical and 
spectroscopic grounds. 

INTRODUCTION 

The annual plants Schkuhria schkuhrioides (Link & 
Otto) Thellung and S. pinnata var. uirgata (S. uirgata) 
are abundant in central Mexico. They are members of 
the subtribe Bahiinae, now included in the tribe Hel- 
iantheae [l]. As sesquiterpene lactones are common 
constituents of the species belonging to this subtribe 
[2,3], we expected to find them in the genus Schkuh- 
ria. The studies of several taxa confirmed our 
assumption, since they contain sesquiterpene lactones 
as well as other constituents [4-S]. The melampolide 
schkuhriolide (5a) was recently found as a constituent 
of S. schkuhrioides 191. We independently examined 
the aerial part of the same species, and isolated, in 
addition to this compound, the germacrolide 11,13- 
dehydroeriolin (1) and the melampolide schkuhrioidin 
(7a). The germacrolide 1 was also found in S. pinnata 
collected in the valley of Mexico. 

*Contribution No. 568. 
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RESULTS AND DISCUSSION 

11,13-Dehydroeriolin (l), CISHZ004, mp 173-174”, 
[aID CHCI, -36” contains an c@unsaturated y-lac- 
tone as shown by its IR (1760, 1670 cm-‘) and UV 
spectra (UV A,,, 211 nm, E 9000). The ‘H NMR 
spectral data are shown in Table 1. As the signals 
appeared better resolved in deuterobenzene 
(270MHz), the decoupling was performed in this 
solvent. The doublets at 6 6.15 (1 = 3 Hz) and S 4.89 
(J = 3 Hz) are H-13a and H-13b. Irradiation of either 
of these frequencies collapses the signals for H-7 at S 
1.92 to a broad triplet (J -9.5 Hz). Conversely, 
irradiation of H-7 collapses H-13a and H-13b, the 
signal at 63.43 to a doublet (J = 10 Hz) and affects the 
region S 0.93. Hence H-6a and H-6b are located there. 
The lactone ring must be closed to C-8, since irradia- 
tion of the signal at S 3.43 (J = 10, 7 Hz) collapses 
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Table 1. ‘H NMR spectral data of compounds 1 and 5-8 (100 MHz, CDCl,) 

1 1* 5a 5b 6 7a lb 8 

H-l 

H-5 

- 2.23 br d 

(10) 
- 2.12 dd 

(11,9) 
- 0.93 c 

6.65 m 6.62 m 

4.85 br d 

(10) 
3.99 t 
(10) 
2.54 m 

4.76 br d 

(10) 
5.22 t 

(10) 
- 

5.46 dt 5.54 dt 

(691276) (6,12.6) 
- - 

- - 

6.22 d 

(1.5) 
5.78 d 

(1.5) 
9.40 d 

(2) 
1.81 brs 

3.34 br s 

6.22 d 

(1.5) 
5.76 d 

Il.5) 
9.42 d 

(2) 
1.94brs 

- 
- 

1.96s 

- - 

6.75 m 5.64m 5.60 m 5.56 m 

2.15 d 

(10) 
3.27 t 

4.95 br d 4.83 br d 

(10) (10) 
4.02 t 5.26 t 
(10) (10) 
2.84 br dd 3.03 br dd 

(10,5.5) (10,5.5) 

4.12 dt 4.12 dt 

(5.5,5.5,12) (5.5,5.5,12) 
- - 

H-6 

(10) 
- H-7 

H-8 

H-9a 

2.98 m 1.92 c 

4.16 ddd 3.43 

(10,7.6,2.0) (7) 

2.59 dd 2.53 d 

(2,161 (14) 
1.53 dd 1.06 dd 

(10316) (14,lO) 
6.31 d 6.15 d 

(3.4) (3.0) 
5.62 d 4.89 d 

(3.4) (3.0) 

:::x :::z Sk 
- - 

- - 

5.53 dt 

(12,6,6) 

4.58 dt 

(6,6,12) 
- 

H-9b 

H-13a 

H-13b 

- - - 

6.21 d 

(1.5) 
5.79 d 

(1.5) 
9.40 d 

(2) 
1.51 s 

6.24 d 

(1.5) 
5.82 d 

(1.5) 
4.53 

(12) 
1.78 br s 
3.48 br s 

- 

6.24 d 

(1.5) 
5.70 d 

(1.5) 
4.52 

(12) 
1.9brs 

- 

2.0s 

6.24 d 

(1.5) 
5.83 d 

(1.5) 
4.5 

(14) 
1.45 

H-14 

H-15 

-OH 

Me-CO- 

- 
- - 

Me\&Me 1.16 1.17 1.12 - 

(7) (7) (7) 

*270 MHz, pyridine. 

tInterchangeable signals. 

Coupling constants (Hz) in parentheses. 

H-7 to a broad doublet (J = 9.5 Hz) and sharpens the 
signal at 6 2.53 (brd) and at S 1.06 (dd). Hence, these 
signals correspond to H-9a and H-9b. This is 
confirmed by the inverse irradiation. The two 
remaining oxygen atoms are present in 1 as epoxides, 
according to the spectroscopic data and the molecular 
formula. The signals at S 2.23 (br d, J = 10 Hz) and 
2.12 (dd, J = 11 Hz) are the epoxide protons H-l and 
H-5, according to the &i-substituted nature of this 
functionality. The singlets at 6 0.93 (3H) and 0.77 
(3H) correspond to the methyl groups attached to 
tetrasubstituted carbon atoms bonded to epoxide 
oxygen. Due to superposition of signals, it was im- 
possible to assign unambiguously the other protons. 

The stereochemistry of the epoxy germacrolide 
should be as depicted in 1 based on the following 
facts: the epoxidation of the novel sesquiterpene 
lactone 2 (11,13-dehydroeriolin, 4,5monoepoxide) 
[Dr. J. Calderbn, 1. Q. UNAM, personal com- 
munication] (full details will be reported elsewhere) 
afforded 11,13-dehydroeriolin (1). Substance 2 was 
converted upon cyclization to the guaianolide inu- 
viscolide (3), thus establishing the lactone closure and 
the 4,5-epoxide stereochemistry. Assuming the 
peripheral I,lO-double bond epoxidation of the con- 
former of lower energy of 2 [lo] the product obtained 
must have the stereochemistry depicted in 1. 

Hydrogenation of 1 afforded the dihydro derivative 
4, CIsHtZ04, mp 240” whose physical constants and ‘H 
NMR spectrum are identical with those of eriolin (4) 
[II, 121. 

The next compound, C,5HL804, mp 160-163” [a],, 
+170X is a melampolide with an aldehyde at C-10 as 
frequently found in this kind of compound [13]. The 
aldehydic proton resonates at S 9.40, a chemical shift 
characteristic for an aldehyde attached to a cis dou- 
ble bond [14]. The physical constants and spectral 
data (IR, UV and ‘H NMR) of this melampolide are 
similar to that of schkuhriolide (5a) recently isolated 
from the same species [9]. Direct comparison 
established the identity of both substances. The 
acetyl and epoxide derivatives 5b and 6 showed 
spectral data according with the proposed formulae. 

Schkuhrioidin (7a), CluHZsO,, [(Y]:: 186.47" 
(MeOH) is an unstable oil whose NMR and IR data 
indicate that it differs from schkuhriolide only in a 
change of functionality at C-14. This is shown in the 
NMR spectrum of 7a which does not show the low 
field singlet of the aldehydic proton, instead, it exhi- 
bits signals which correspond to an isobutyric ester 
attached to C-14. The C-14 methylene is shown as an 
AB system centred at 6 4.53 (J = 12Hz). Con- 
sequently, with the lack of aldehydic function, there 
is an upfield shift of the signals of H-l and H-8. 
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Nevertheless, the chemical shift of H-l in 7a, 7b and 
8 is still low (S 5.60) due to the deshielding effect of 
the -CH*-OR present in the cis double bond [5,6]. A 
similar chemical shift of H-l is observed in the 
closely related melampolide dihydroacanthospermal 
A [17]. Hydrogens attached to equally substituted 
Pans double bonds appear at higher field (near S 
5.00) [18, 191. 

The mass spectrum of schkuhrioidin (7a) showed 
the molecular ion at m/z 344 and the parent peak at 
m/z 43 [Me*OH]‘. The appearence of a peak at m/z 
246 corresponding to [M- C,H,CO]’ gives further 
support to the presence of an isobutyric ester. 

Schkuhrioidin possesses a free hydroxyl group at 
C-6 as shown by the IR band at 3500 cm-’ and the ‘H 
NMR signals at S 3.48(br) which disappear&d after 
equilibration with DzO. The proton under the 
hydroxyl group at C-6 is shown as a triplet at 6 4.02 
(J = 10 Hz). This signal moved downfield (6 5.26) in 
the acetyl derivative 7b. Epoxidation of 7a afforded 
the epoxide 8, whose H-6 signal moved upfield as 
expected. 

Due to the close NMR similarities of schkuhriolide 
5a and schkuhrioidin 7a, it is concluded that the 
lactone closure of the latter also belongs to the A- 
type [20] according to the observed coupling constant 
J7-13 < 3 Hz (A-type), corresponding to a cis C-8 lac- 
tone fusion. The cu-configuration for the C-6 oxy- 
genated function in 7a is deduced from its large 
coupling constants with H-7 and H-5 both being 
10 Hz. These large values can be explained assuming 
that H-7 is a-pseudo axial as in all sesquiterpene 
lactones of authenticated stereochemistry. H-6 should 
be p-oriented and ‘anti’ to H-7 and H-5. The down- 
shift of H-7 on acetylation (A8 = 0.19) due to the 
P-acyl effect [21] provides further support to the ‘syn’ 
relationship between the C-6 hydroxyl and H-7. 

The structure and stereochemistry of schkuhrioidin 
should therefore be represented by 7a. 

EXPERIMENTAL 

Mps are uncorr. 
Isolation of 11,13-dehydroeriolin (l), schkuhrioidin A (Sa) 

and schkuhrioidin B (7a) from S. schkuhrioides (voucher 
ARV 040, MEXU 282537). S. schkuhrioides was collected 
near Lagos de Moreno, State of Jalisco, in Sept. 1978. Dried 
and ground plant material (2.7 kg of the aerial part) was 
extracted first with hexane and then with CHCI,. The CHCll 
extract was coned to give 107 g of an oily residue which was 
chromatographed over 3.2 kg Si gel (Merck, 70-230 mesh). 
500 ml fractions were collected beginning with hexane- 
EtOAc (7 : 3). Fractions 96-126 containing a major spot were 
combined and kept for further purification (9g). Fractions 
141 and 142, eluted with hexane-EtOAc (1: l), afforded 
11,13-dehydroeriolin (390 mg), mp 172-173”, recrystallization 
from Me*CO-Et20 raised the mp to 173-174”. IR v$::‘~ 
cm-‘: 1760, 1670; UV h~~E’oH 211 nm (E 3.95). Found: C, 
68.30; H, 7.67; 0, 24.00; CISHZOO+ Requires: C, 68.16; H, 
7.63; 0, 24.21%. 

Fractions 181-193 (hexane-EtOAc, 2:3) afforded a solid 
substance which after crystallization from EtOAc-hexane 
left 4.3 g schkuhriolide (Sa), mp 160-163”. IR Y:?:‘] cm-‘: 
3500, 1760, 1680, 1660; UV AgzEtoH 227 nm (E 4.16). Found: 
C, 67.82; H, 6.92; 0, 24.71%: C~~HKO~. Requires: C, 68.68; 
H, 6.92; 0, 24.40. Fractions 96-126 (hexane-EtOAc 7:3) 
were combined affording 9.1 g of greenish-yellow oil with a 

major spot. This was rechromatographed affording schkuh- 
rioidin B (7a) as a pale yellow oil (one spot in TLC). IR 
v:::‘~ cm-‘: 3500, 1760 and 1660; UV h~~E’oH: 210nm (E 
4.03). The MS exhibited significant peaks at m/z 334 [Ml+ 
246 [M-C3H,COOH]+, 71 [C3H7CO]+ and 43 [base peaks, 
C2HjO]+. 

11,13-Dehydroeriolin (2) from S. virgata. S. virgata was 
collected in the Valley of Mexico in Sept. 1975. Dried and 
ground plant material (2 kg) worked-up in the usual manner [3] 
afforded a gummy residue (19 g). This was chromatographed 
yielding 6.4g of 11,13-dehydroeriolin, mp 172-173”, identical 
(direct comparison) with schkuhrioidin A obtained from S. 
schkuhrioides. 

Eriolin (4). To a soln of 200mg 1 in MeOH was added 
20mg PtO2 in MeOH and the mixture hydrogenated until 
hydrogen uptake finished. After filtration, concn and ad- 
dition of Et20 crystallized the product (200mg, mp 222- 
223”). Recrystallization from MezCO-Et20 raised the mp to 
240”. NMR: identical to that of eriolin [12]. Found: C, 67.64; 
H, 8.33; 0, 24.03; CISHZ204. Requires: C, 68.02; H, 8.21; 0, 
24.07%. 

Schkuhrioidin A acetate (5b). Acetylation of 109 mg 5s in 
1 ml pyridine and 1 ml EtOAc followed by the usual work-up 
gave a solid substance which after recrystallization from 
EtOAc-hexane yielde$“:2 mg Sb, mp 147-148”. [a]:: = 
+110.18” (MeOH) IR, vrnax 3 cm-‘: 1760, 1730, 1680 and 1630. 
Found: C, 67.12; H, 6.53; 0, 26.34% C17H2005. Requires: C, 
67.09; H, 6.62; 0, 26.2%. 

Schkuhriolide epoxide (6). To a soln of 114 mg 5a in 20 ml 
CHCl, was added 50mg m-chloroperbenzoic acid and 
refluxed for 30 min. The soln was washed with NaHCO, soln 
and H20, dried and evaporated. Purification of the crude 
product by prep. TLC yielded 60mg 6, mp 134-136” (crys- 
tallized from Me$O-hexane). IR Y:::‘~ cm-‘: 3500, 1775, 
1725, 1688. 

Schkuhrioidin acetate (7b). A soln of 105 mg 7a in 1 ml 
pyridine and 1 ml EtOAc was left overnight at room temp. 
The acetate (7b) crystallized on addition of H20. It was 
filtered and crystallized from EtOAc-hexane affording 94 mg 
6b, mp 99-102”. IR Y:::‘] cm-‘: 1743m 1730, 1650. Found: C, 
67.77; H, 7.44; 0, 25.61% C~Hx06. Requires: C, 67.00; H, 
7.50; 0, 25.50%. 

Schkuhrioidin B epoxide (8). To a soln of 105 mg 7a in 15 ml 
CHClj was added 50mg m-chloroperbenzoic acid and 
refluxed for 30 min. The soln was washed with Hz0 and 10% 
NaHCO,, dried with Na2S04 and coned to give 8 as a yellow 
oil (59.8 mg). IR yzy$” cm-‘: 3500, 1775, 1740 and 1660. 
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