
Phy~uckmurry. Vol. 26. tie 3. pi 755 759. 1987 0031~942287S3a,+O.O0 
Pnntd m GUI Bnuln C 1987 Perpmon Joumalr Ltd. 

SCHKUHRIDIN A AND SCHKUHRIDIN B, C-14&H-Sa-ELEMANOLIDES 
FROM SCHKUHRIA SCHKUHRIOIDES+ 

GUILLERMO DELGADO, SALVADOR GUZMAN and ALFONS~ ROMO DE VIVAR 

lnst~tuto de Quimica de la Univcrsidad National Auhoma de M~XMX. Circulto Exterior. Gudad Univcnitana. Coy&n 04510. 
Mtxico. D. F. 

(Rcccaced 7 April 1986) 

Key Word I&x- Schkuhriu uhkuhrioider; Compoww; Helianthcae; sesquitcrpenc tactones; C,J?.H~z- 
ckmanotida; schkuhrrdin A; rhkuhridtn B. 

-_ ------- _.______, _ --_- -- 

Abstract From Schkuhrro schkuhrioides. IWO new sesquitcrpene tactones, schkuhridin A and schkuhridin B, were 
isolated. Their structures and relative stereochemistry were assigned by chemical and spectral evidence. A separate proof 
for the structures of the novel compounds was provided by the transformation of budlein B to schkuhridin B via basic 
hydrolysis, Cope rearrangement and relactonization. 
- --_-_-- - .___ _______- - - - 

INTRODUCT10Y 

The genus Schkuhriu, which comprises co I5 taxa [ 1 J. 
belongs to the tribe Heliantheae of the Compositae. It is 
endemic to the American continent and has been intro- 
duced into Africa. Organic extracts of some species exhibit 
antifeedant, anttmicrobtal and antileukaemtc activity 
[2 43, and phytochemical reports indicate that aatyknic 
compounds [S]. labdana [6], heliangolides [3,4,7], 
germacrolides [7,8], melampolides 18.93 and C-14r,ff- 
Sfiekmanolides [lo] are constituents of this genus. We 
recently reported the conversion of schkuhriolide (I) to 
elemanschkuhriolide (2) via Cope rearrangement and 
intramolecular hemiaataliration. This and the occurrence 
of both products in S. schkuhrioides. allowed us to propose 
the meiampolides as possible biogenetic precursors of C- 
l4uJf-5j&ehmanolida [IO]. 

During the phytochemlcal analysis of this plant II was 
observed that several lactonic constituents displayed a 
great tendency to decompose when they were purified 
from a mixture containing a gavonoid compound, and 
these constituents could not be characterized. Therefore. 
it was decided to reinvestigate this species and in the 
present paper we report the structure of these minor and 
unstable suquiterpene lactones, namely, schkuhridin A 
(3)and B (4). The proposed structures of these compounds 
were confirmed by chemical correlation with the germa- 
crolide budlein B (51 a natural product isolated from 
several Viguiero spccics [ I1 131. 

PFSULTS ASD DISCUSSION 

Extraction of the aerial parts of S. schkuhrioides with 
acetone afforded, after careful chromatographic separ- 
ation, rhkuhriolide (I) 193. ekmanrhkuhriolide (2) [IO], 
and schkuhrioidin (6) [14], whose structures were es- 
tablished by direct comparison with authentic samples. 
Two novel noncrystalline and unstabk sesquiterpene 
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lactones, rhkuhridin A (3) and B (4), were also isolated 
and their structures established as follows. 

Mass spectrometry of schkuhrtdin A (3) indicated the 
molecular formula Cz,,HJr,O, and its IR spectrum was 
consistent with the presence of an hydroxyl group 
(3580 cm ’ ). an ester carbonyl ( I730 cm - ’ ) and an s$- 
unsaturated-y-lactone (1765.1635 cm _ ‘). The “CNMR 
spectrum of schkchridin A (3, Table I) showed signals 
arising from a quaternary carbon atom, three methyl 
groups, one methykne carbon, thra methmes. a meth- 
ylene carbon bonded to an oxygen atom, thra methines 
bearing oxygen, six okfiniccarbons and two carbonyls. In 
agrament with theseassignments, the ‘H NMR spectrum 
of 3 (Tabk 2) showed signals for an olefinic methyl and 
two secondary methyl groups. Oletimc protons betwan 
66.30 and 4.75 include an ABX system of a mono- 
substituted double bond, the characteristic hydrogens /I to 
the lactonic carbonyl and the hydrogens of a gent- 
disubstituted double bond. All the above data allowed us 
to propose an ekmanolide skekton for schkuhridin A (3). 
ester&d at C-14 with a fivecarbon chain (z-hydroxy- 
isovakrate), in agrament with the molecular formula 
rquitements. 

Mild catalytic hydrogenation of 3 atTorded the tetra- 
hydro derivative 8 as an oil, Cl,HJIO,, m whose ’ 'C and 
‘HNMR splra (Tables 1 and 2) the signals of the 
C( 1 )-C(2) and C( 1 I) C( 13) double bonds were replaced 
by new signals at higher field. The presence of two 
secondary hydroxyl groups in schkuhridin A (3) was 
confirmed by aatylation to obtain the noncrystalline 
diacetyl derivative 9, C2aHJJ0,. as indicated by the 
downfield shift in the ‘H NMR spectrum (Tabk 2) of the 
protons geminal lo these oxygenated functions (&5 1.45 
for H-6 and A60.83 for H-2’), and the appearance of two 
new methyl signals in the “C and H NMR spectra 
(Tables I and 2). 

Catalytic hydrogenation of the diaatyl denvative 9 
afforded IO m whose “C and ‘HNMR spectra were 
observed the above described changes. 

Coupling cmstants and the proton connectivity 
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1 9, - n, R2 = COCH (OH~CH(CH~)~ 
g R1=R2=n 

4 = Q,=n, R2-H 2 R,= R2= AC 

9 RI = AC. R2 - COCH(OAC)CH(CH~)~ 

6 
= 

sequence of the cyclohexanc ring of 3 were determined by 
proton decoupling experiments. In particular, the anti- 
p&planar relationship between H-5, H-6 and H-7 is 
indicated by their rransdiaxial coupling constants (J,., 
= 11 HI J,,, = 9 Hzk and assuming that H-7 is a [IS]. 
H-6 is /? and H-5 is a oriented. Vi&al coupling of H-7 and 
H-8 (J7.A = 6 Hz) as well as the allyhc coupling between 
H-7 and H-13, H-13’ showed that tk lactone ring is cis 
and belongs to the A type (*.I,.,, < 3 Hz) [16]. The low 
chemical shift of H-14 of 3 (b4.17) suggested an axial 
orientation of the oxymethykne group [ 173, in agreement 
with biogenetic considerations [ 181. Therefore this sub- 
stance possesses the C-14&H-51 stereochemistry common 
in natural clemanolida. 

The second new sequiterpene lactone isolated from 
S. schkuJrrioi&s. rhkuhridin B (4), was a coburkss oil 
with a molecular formula of C,,HzOO.. Its IR spectrum 
showed hydroxyl (3570 cm- ‘) and x$-unsaturated-y- 
lactone absorptions (1760.1635 cm-‘), and its NMR 
spectral data correlated directly with those of schkuhridin 

A (3) expected for the absence of the a-hydroxy- 
isovakroyl moiety at C-14, since the oxymethykne AB 
system showed an up&Id shift (M0.59, Table 2), and the 
characteristic signals of this residue were absent. Alkaline 
hydrolysis of schkuhridin A (3) afforded a substance 
identical in all respects with schkuhridia B (4), confirming 
the proposed structure for the natural product. 

Budkin B (5) [Il. 121, a germacrohde isolated from 
several Viguiero species [ 133, could be converted to 
schkuhridin B (4) via relactoniration to C-8 and Cope 
reanangement. However, initial attempts at thermal 
rearrangement or relactonization of budkin B gave 
unsatisfactory results. Examination of the Dreiding 
models showed that the appropriate crown (,D’.. I’D,) 
conformation 1161 for the [3,3]sigmatropic reaction is 
more easily achieved when the lactonic ring is optn. 
Furthermore, a preferential C-8 and cis (rather than C-6 
and WMS) relactonization may be anticipated for C- 
14jl,H-Szckmanolides and, therefore, we decided to 
attempt the Cope rearrangement under the hydrolysis 
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Tabk 2. ‘HNMRdataof3,4and~lO* 

3 4 8 9 IO 

H-l 5.78 dd 

(11.5. 15) 

H-2.a 5.16 dd 

(11.5. 1.5) 

H-2b 5.07 dd 

(IS. 1.5) 

H-3a 5.24 br s 

W -2 1.1 
H-3b 4.85 br s 

W -3 

H-5 2. ;8’d 

(11) 
H-6 3.81 dd 

(Il. 9) 

H-7 2.9 dddd 

(9. 6. 25, 2) 

H-8 4.7 ddd 

(6. 6. 6) 
H-9, H-9’ 2.30.1.85 

H-l3P 6.29 dd 

(2.5. 1) 
H-13b 5.94 dd 

(2.0, 1) 

H-14e 4.33 d 

(12) 
H-14b 4.01 d 

(12) 
H-15 1.83 br 5 

w, * - 3 

H-2’ 4.00 d 

(4.0) 
CH, 0.99 d 

:CH (7) 
CH, 0.94 d 

(7) 
CH,C 

I 
0 

5.78 dd 

(11.5. 15) 

5.16 dd 

(I 1.5. 1.5) 

5.07 dd 

(IS. 1.5) 

5.24 br J 

W I.2 -2 

4.85 br J 

W I .1 -3 

2.18 d 

(11) 
3.88 dd 

(IL9) 
2.87 dddd 
(9. 6. 2.5, 21 
4.76 ddd 

(6. 6. 6) 
23Sl.80 
6.27 dd 

(2.5. 1) 
5.96 dd 

(2. 1) 
3.61 br s 

w;z = 4 

3.61 br s 

w/2 = 4 

1.6OhrS 

W -3 II- 

t 

t 

t 

4.89 br s 

W -3 

5&r s 

W -3 

2.;5’6 

(Il) 
3.83 dd 

(Il. 9) 
t 

4.55 ddd 

(5, 4. 3) 
t 

1 38 d 

CH, (8) 

4.05 d 

(10) 
4.22 d 

(10) 
1.85 br s 

W -3 ,!I - 
4.04 d 

(4) 
0.95 d 

(7) 
1.05 d 

(7) 

5.75 dd 

(II. 16) 

5.24 d 

(Ill 
5.10 d 

(16) 
5.01 br s 

w,., - 3 

4.75 br 5 

W - -2 ,.I 
2.40 d 2.31 d 

(11) (11) 
5.26 dd 5.10 dd 

(11.9) (Il. 9) 

3.06 dddd 

(9. 6. 2. 2) 

4.67 ddd 4.56 ddd 

(6. 6, 6J (5. 4. 3) 
t t 

6.20 d I.19 d 

(2) CH,, (8) 
5.58 d 

(2) 
4.35 d 4.32 d 

(12) (12) 
3.98 d 4.00 d 

(121 (12) 
1.75 br s 1.75 br s 

W = 3 1.2 w,., - 3 

4.83 d 4.88 d 

(4) (4) 
0.W d 0.93 d 

(7) (7) 
0.W d 1.01 d 

(7) (7) 
1.94 s 

2.00 S 

2.11 5 2.12 s 
- -- -_ __ - ._. . - - __ -- 
l Rozordeda~ 80 MHzu~ngCDCI,iuoolven~adTMSasintenralstnndard: 

coupling constants in Hz are in paren~hcses. 

*Obscured compkx signals. 

r&xd in 10 ml of 2 N NsOH-McOH for 45 min. The soln was 

ac&lkd with HCI (10%). rhc McOH rcmoHd a1 rai. pm. and 

rhc residue diluicd with HIO. The mixture was exlmctcd with 

ErOAc. The washed and dried extract wa.s filtcrcd arxl ooncd. The 

realdue wan scpd by prep. TLC cluting with hcxanc EtOAc (3: 2). 
The ks polar band yieldad 50 mg of an oily compound, wtuch 

was found IO be &n~ic.al IO an l uthentr sampk of 4 by TLC. IR, 

‘H NMR and [a]:. 

Cope returMgmWnf o/bud&in B (5). 5 (35 mg) was hatal at 

200” during 5 min under an Ar atm. The Cope rearnngcmcnt 

product I I [ 13.20) was obtained afta CC usmg hcxantE10Ac 

(7.3). Mp ISP-l60^ (lit. [20]: I58- 160’). 

7iMsjormorlon 01 bud/em B (5) to schhdwidin B (4k A soln of 

25Omg of 5 in 7 ml McOH was rcfluxcd for I hr wrth 

&OH-KOH (260 mg in 8 ml). The rcactlon mixture was taken 

to dryness and the residue dlssolvcd In Ha0 (30 mlL This soln 

wan acid&d with HCI ( 10”/b) and cxtrackd with EtOAc ( x 3. 

10 ml). The organic layer was w&cd. dncd and coned. affording 

155 mg of a rmxturc which alTordcd. after prep. TLC (clured x 3 

with hcxantEtOAc), 32 mg of 4 as a pak yellow OIL dcntifkd by 

dtrccr compartson unrh an aurhcrmc aarnpk. 
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