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mg, 0.69 mmol) in 60 ml of toluene was treated with 50 mg of p -  
toluenesulfonic acid. The flask was fitted with a Dean-Stark con- 
stant water separator and the mixture was heated at  reflux for 10 
min. After removal of the toluene in vacuo the residue was chro- 
matographed on silica gel with benzene-ethyl acetate (8:l) and the 
band corresponding to 23 was isolated to obtain the product as a 
crystalline solid: 108 mg (98%); mp 67.5-68' (sublimation and then 
recrystallization from ether-pentane); ir (CHC13) 1740 (lactone), 
1639 and 810 cm-l (C=CHz); NMR (60 MHz) 6 3.75 (t, J = <1 
Hz, 2 H), 5.77 (dt, J = <1 Hz, 1 H), 6.40 (dt, J = <1 Hz, I H), 
6.9-7.4 (m, 4 H); mass spectrum rnle (high resolution) calcd for 
C10Ha02, 160.0524; found, 160.0527; mle  (re1 intensity) 160 (M+, 
83), 131 (M - CHO, 100). A satisfactory elemental analysis for this 
compound could not be obtained despite repeated crystallizations 
form diethyl ether-pentane and sublimation (60°, 0.06 mm). The 
mass spectrum showed the presence of traces of higher molecular 
weight material in the purified compound which may have arisen 
via polymerization during the purification. 
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The isolation of four germacranolide sesquiterpene dilactones from the three white-rayed Melampodium 
species is reported. Melampodin B ( l a )  is found in all three species, and 4(5)-dihydromelampodin B (4a) only in 
M.  cinereum DC. Cinerenin (2a) occurs in both, M. cinereurn and M.  argophyllum (A, Gray ex Robinson) Blake, 
and melampodin C (3a) is typical of the latter species. Artemetin is a common constituent of M.  cinereum and M.  
argophyllum. The structures, configurations, and conformations of the new dilactones were determined by chem- 
ical transformations, correlations, and spectral methods. 

In connection with our biochemical systematic study of 
the white-rayed complex of the genus Melampodium 
(Compositae, Heliantheaell we have analyzed multiple 
populations of M. cinereum DC. and M.  argophyllum (A. 
Gray ex Robinson) Blake for their sesquiterpene lactone 
content. In this communication we describe the isolation 
and structure elucidation of four closely related germa- 
cranolide type sesquiterpene dilactones, which we named 
melampodin B (la), cinerenin (2a), melampodin C (3a), 
and 4(5)-dihydromelampodin B (4a). The flavonoid artem- 
etin2 is a common constituent in both M. cinereum and M. 
argophyllum. 

Melampodin B and Derivatives. Melampodin B (la), 
C17H1807, mp 226-228O, the major, most polar constituent, 

was present in most populations of M. cinereum and M. ar- 
gophyllum and was also found in several west Texas popu- 
lations of M. leucanthum.3 The structure of melampodin B 
has been described in a previous communication4 and was 
mainly deduced on the basis of correlations of 25.5-MHz 
13C and 300-MHz lH NMR spectra obtained in acetone-& 
and pyridine-ds. The 13C NMR data were obtained under 
proton noise decoupled (PND) and single-frequency off- 
center decoupled (SFOCD)  condition^.^ The lH NMR 
spectral data of la, which included extensive double reso- 
nance experiments, are tabulated in Table I. 

The stereochemical and conformational assignments in 
melampodin B require further comments. Two initial as- 
sumptions were made in the structural assignments of me- 
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Chart  I 
Possible Configurations of Melampodin B 

A 

B 

lampodin B. From biogenetic considerations and the cooc- 
currence of melampodin A,396 a compound with known ab- 
solute conf ig~ra t ion ,~ ,~  H-7 was assumed to have an a con- 
figuration and the C 4 5 )  double bond to adopt a trans con- 
figuration. From the inspection of models with a 4,5-cis 
double bond, a toEsiona1 angle of about 45’ and a coupling 
constant between H-7 and H-8 greater than 5 Hz would 
have been predicted. In contrast, a skeletal arrangement 
with a 4,5-trans double bond dictates a torsional angle of 
80’ between H-7 and H-8, a value that correlates well with 
the observed coupling constant ( J v , ~  = 2.5 Hz). 

The stereochemical assignments at C-1 in la are mainly 
based on the torsional angles between H-1 and the C-2a 
and C-2b protons, with the torsional angle between the H-1 
and H-9 providing supporting evidence for the orientation 
of the side chain at C-1. The observed J values ( J I , ~ ~  = 
J1,Zb = 5.5 Hz) can be explained if the C-1 hydrogen bisects 
the two C-2 hydrogens with torsional angles between H-1 
and H-2a and H-2b being approximately 45’. Stereomodels 
indicated that there exist two possible configurations each 
with two different conformations around the C3-Cz-Cl car- 
bon centers. Both could be in agreement with the above J 
values (compare A and B in Chart I). In order to distin- 
guish between the two possible configurations in melampo- 
din B, the torsional angle dependence of the allylic cou- 
pling between the C-1 and C-9 protons was used. Maxi- 
mum allylic coupling (>3.0 Hz) is observed when the two 
protons that are allylically coupled are perpendicular to 
one a n ~ t h e r . ~  The small coupling constant (J1,g = 1.0 Hz) 
found in melampodin B indicated that the torsional angle 
between H-1 and H-9 should be substantially smaller than 
90’. From inspection of stereomodels of melampodin B a 
torsional angle of about 4.5’ was derived which seems to be 
in good agreement with the observed coupling constants. 
Conversely, if the medium ring had contained an a-orient- 
ed C-1 substituent in a conformation as shown in B, the 
torsional angle between H-1 and H-9 would have been near 
90°, thus a J1,9 value of about 3 Hz should have been ob- 
served for melampodin B. Additional evidence for a syn 
orientation of the acetoxy group a t  C-1 and the hydroxyl 

group at C-15 as shown in Chart I, A, was derived from 
comparison of ir spectral data of melampodin B (la) and 
cinerenin (2a). The OH absorption in the ir spectrum of la 
appears as a sharp peak at 3450 cm-l, indicating strong in- 
tramolecular hydrogen bonding between the OH group at 
C-15 and the C-1’ carbonyl function attached to C-1. This 
interaction does not occur in cinerenin, which has, as will 
be shown later, a @-oriented ethoxy group. On the basis of 
the above arguments, we tentatively assigned a fl  configura- 
tion of the acetoxy group at C-1 in la, and a conformation 
as shown in A in Chart I. 

Correlation of the spectral data of la with its derivatives 
provided further support for the correctness of the previ- 
ous structural assignments. Acetylation of la caused a sig- 
nificant downfield shift of the broadened doublets a t  4.34 
and 4.40 ppm due to the two diastereotopic C-15 protons. 
Oxidation of la with Sarett’s reagentlo resulted in a loss of 
the above absorptions and the appearance of an aldehyde 
proton signal a t  9.49 ppm. The H-5 signal at 5.99 ppm in la 
was shifted downfield to 6.60 ppm in IC, a position typical 
of a @ hydrogen a t  an a,@-unsaturated aldehyde, thus indi- 
cating the presence of a primary, allylic alcohol group in la. 

n 

14 R = Ac; R’ = CHzOH 2a, H. = C,H,; R’ = CH,OH 
b, R = Ac; R’ = CH,OAc 
c, R = Ac; R’ = CHO 

b, R 5c: C2H5; R’ = CHZOAC 
C, R = C,H5; R’ = CHO 

3a, R = (CH,),CHCQ R’ = CH,OH 
b, R 
c, R = (CH,)&HCQ R’ = CHO 

(CHJ,CHCO R’ = CHIOAc 

0 

ROCH, % 0 H m c H 3  

b, R = Ac 
4a, R = H 5 

6 7 

The strong uv maximum at 215 nm and the observed allylic 
coupling between H-5 and H-15 in IC also corroborated the 
above assignments. The mass spectrum of melampodin B 
lacks a parent peak but shows intense peaks at mle 274, 
256 (base peak), and 228. The acetate l b  gives a parent 
peak at mle 376 and a peak at mle 333 (M+ - 43), which 
indicates the loss of an acylium ion (CH,CO+) from the 
parent ion. The fragment corresponding to mle 274 (M+ - 
102) could be formed by a sequential or simultaneous loss 
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of CH3COOH (60 mu) involving a McLafferty rearrange- 
ment of the C-1 acetoxy group and the elimination of ke- 
tene (42 mu) from C-15 in lb. Further loss of H20 gives rise 
to the base peak a t  mle 256 and the intense peak a t  mle 
228 in la  and lb must be due to the loss of CO (28 mu) 
from the fragment mle 256. 

Melampodin B was transformed into the tribromide 7 
using a saturated solution of HBr in glacial acetic acid, in- 
volving substitution reactions at  the allylic carbon centers 
C-1 and C-15 and an acid-catalyzed Michael addition at  
C-13. The observed coupling constants (J1,za = 11.5, J1,zb 
= 5.5 Hz) for the H-1 doublet of doublets centered a t  4.83 
ppm indicates that one of the C-2 protons (H-2a) is anti 
periplanar to the C-1 proton while the torsional angle be- 
tween H-2b and H- l  should be approximately 60°. Stereo- 
models indicated that these requirements can be met with 
H-1 adopting either an a or /3 orientation depending upon 
the conformation around the carbon atoms 1 , 2 ,  and 3 in 7. 
Therefore, the configuration at  C-1 in 7 could not be deter- 
mined from the above coupling data. The multiplet a t  3.50 
ppm (J7,11 = 11.0, J11,13a = J11,13b = 4.0 Hz) in 7 was shown 
by double irradiation to be due to H-11. The large coupling 
constant (J7,11 = 11.0 Hz) suggested that the protons have 
an anti periplanar orientation; therefore, since on biogenet- 
ic grounds H-7 was assumed to be a oriented, H-11 must 
have a p orientation. Spin decoupling experiments involv- 
ing the signals of H-1, H-5, H-6, H-7, H-8, H-9, H-11, H-13, 
and H-15 verified the structural assignments of 7. The 
similarities of the coupling constants of H-5, H-6, H-7, H-8, 
and H-9 in la and 7 appear to be an expression of their ste- 
reochemical and conformational similarity. 

Cinerenin and Derivatives. Cinerenin (2a), C17H2006, 
mp 161-163O, is a common constituent in M. cinereum and 
M .  argophyllum. The ir spectrum of 2a contained absorp- 
tions typical of a,@-unsaturated y-lactones (1775, 1750 
cm-1) while signals at  3450 and 1665 cm-l indicate a hy- 
droxyl group and double bonds, respectively. The ir spec- 
trum of the acetate 2b exhibited no OH absorption indicat- 
ing the presence of only one OH group in cinerenin. The 
OH group had to be primary since oxidation of 2a with Sar- 
ett’s reagent gave an aldehyde (2c). The NMR spectral fea- 
tures of 2c were similar to those of the aldehyde IC derived 
from melampodin B (see Table I). Treatment of cinerenin 
with HBr in glacial acetic acid gave the tribromide 7 which 
had previously been obtained from melampodin B. This 
conversion provided strong evidence that 2a must have a 
skeletal arrangement similar to melampodin B and the 
structural difference between the two compounds should 
be restricted to the side chain at  C-1. 

Further information which led to the final structure of 
cinerenin was deduced from correlations of 25.2-MHz 13C 
NMR, lH NMR spectral data, and mass spectral fragmen- 
tation patterns. The 13C NMR data obtained under PND 
and SFOCD conditions and the 13C chemical shift consid- 
erations indicated that cinerenin contains 17 carbon atoms 
and possesses the following skeletal systems: three each of 
>C= and X H O ,  two each of -C(=O)O, -CH=, C-CHzC, 
and C-CH20, and one each of HOC=, >CHC, and -CH3. 
Extreme similarities of most 13C NMR parameters of la 
and 2a strengthened the chemical evidence that melampo- 
din B and cinerenin must have a structurally similar medi- 
um ring skeleton. Major differences were apparent for the 
signals due to C-1 and the possible two-carbon unit at- 
tached to C-1. From chemical shift considerations and the 
residual splitting patterns in the SFOCD spectra of 2a 
(triplet at  about 65 ppm and quartet at  15.7 ppm) the pres- 
ence of an ethoxyl moiety in 2a was suggested. Comparison 
of the chemical shifts and the splitting patterns of the 300- 

MHz spectra of melampodin B and cinerenin provided fur- 
ther strong evidence for the structure as shown in 2a. Dou- 
ble irradiation experiments on cinerenin in acetone-ds at  
100 MHz led to the structural assignments as summarized 
for 2a in Table I. The major differences between the ‘H 
NMR spectra of la and 2a were observed for the proton 
signals due to the medium-ring side chain at  C-1. In me- 
lampodin B, an acetate methyl signal was observed; instead 
a three-proton triplet a t  1.11 ppm (C-2’) and a two-proton 
quartet centered a t  3.42 ppm (C-1’) are present in cineren- 
in. In 2a and its derivatives the quartet due to the two C-1’ 
methylene hydrogens showed a double pattern, appearing 
as a narrow-spaced doublet of a quartet, thus indicating 
the diastereotopic relationship of the two C-1’ methylene 
hydrogens in cinerenin and analogs. The mass spectral data 
of 2a corroborated the above structural assignments. Cin- 
erenin showed major mass spectral peaks at  mle 274, 256, 
and 228, typical of the melampodin B skeleton, and a par- 
ent peak at  mle 320. The peak at  mle 274 could result from 
a loss of ethanol (46 mu) from the parent ion mle 380 by a 
McLafferty rearrangement, whereas the peaks at  mle 256 
and 228 would be due to the subsequent loss of H20 (18 
mu) and CO (28 mu) from the ion mle 274. 

Unlike melampodin B, which carries an acetoxy group at  
C-1, cinerenin contains a C-1 ethoxy substituent. Cinerenin 
could represent an artifact of melampodin B, possibly by 
the introduction of the C-1 ethoxy group in the isolation 
procedure which involves lead acetate in ethanol-water. 
However, when la was treated under conditions as applied 
in the isolation process, it was recovered quantitatively and 
no cinerenin was detected. 

The stereochemistry at  C-1 in la was shown to have a @ 
configuration of the acetoxy group which might be differ- 
ent in 2a. In the ir spectrum of la, the OH absorption ap- 
pears as a sharp peak at  3450 cm-l while in cinerenin the 
OH band is broadened. It could be argued that the alcohol 
group at  C-15 undergoes intramolecular hydrogen bonding 
involving the C-1’ carbonyl function in la while in cineren- 
in, owing to the lack of a C-1’ carbonyl group, the OH ab- 
sorption is broadened, possibly owing to a stronger inter- 
molecular contribution to the hydrogen bonding of the hy- 
droxyl group a t  C-15. Alternatively, intermolecular hydro- 
gen bonding in 2a could be due to the a orientation of the 
ethoxy group a t  C-1. The remoteness of the involved atoms 
would not allow hydrogen bonding between the (2-15 hy- 
droxyl group and the C-1 oxygen. However, since the lH 
NMR coupling constants of H-1, H-5, H-6, H-7, H-8, and 
H-9 in the two compounds indicated close similarity for the 
corresponding proton interactions, the stereochemistries in 
the medium-ring skeleton including C-1 in cinerenin can be 
considered identical with that of melampodin B. This is ev- 
ident from the 300-MHz lH NMR spectral patterns of the 
signals due to H-1, H-2a, H-2b, and the two H-3. The small 
allylic coupling between the H-1 and H-9 signals in cinere- 
nin ( J I , ~  - 1.0 Hz) indicated that the torsional angle be- 
tween the two protons is less than 90°, as in melampodin B. 
From the inspection of stereomodels it was learned that 
these conditions can be best met when the substituent a t  
C-1 in 2a is /3 oriented; thus, the ethoxy group at  C-1 in cin- 
erenin seems to have a /3 configuration. Since both melam- 
podin B and cinerenin appear to have the same configura- 
tion at C-1, it is suggestive that in 2a the ethoxy group is 
biosynthesized by a reductive process of the acetoxy car- 
bonyl carbon in la. Processes of this kind are rare in terpe- 
noids and, to the best of our knowledge, cinerenin repre- 
sents the first sesquitbrpene lactone containing an ether- 
linked side chain. 

Melampodin C. Melampodin C (3a), C18H2207, mp 
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199-2Ol0C, cooccurred with melampodin B in M. a g o -  
phyllum, a rare species in the mountains of northern Mexi- 
co. lH NMR spectral parameters and the mass spectral 
patterns of the new compound exhibited gross similarities 
with those of melampodin B. The mass spectra of melam- 
podin C and its acetate (3b) showed major peaks at  m/e 
274 (M+ - 88), 256, and 228 and parent peaks at  m/e 362 
and 404, respectively, suggesting that 3a possesses a me- 
lampodin B type ring skeleton with the grouping C4H702 
(88 mu) attached to the medium ring. This was further 
substantiated by the conversion of 3a into the tribromide 7 
and by double irradiation experiments involving H-1, H-5, 
H-6, H-7, H-8, H-9, and the two H-13 signals in 3a. In ad- 
dition, 3a exhibited two three-proton doublets a t  1.13 and 
1.15 ppm, respectively. The heptet at  2.5 ppm was coupled 
to the above two methyl doublets, indicating the presence 
of an isopropyl group in the side chain. The empirical for- 
mula, CLgH2207, together with the chemical, mass spectral, 
and lH NMR data, only allows the presence of an isobutyr- 
ate group at  C-1 in 3a. On the basis of the extreme similari- 
ty  of the NMR parameters of la  and 3a and their deriva- 
tives, it appears that melampodin C exhibits the same con- 
figurational and conformational relationships as melampo- 
din B. 

4(5)-Dihydromelampodin B. This new compound (4a), 
C17H2007, mp 204-205', was isolated from several popula- 
tions of M. cinereurn. It showed ir absorptions similar to 
those of melampodin B, indicating a hydroxyl group (3400 
cm-l), a y-lactone (1785 cm-l), an a,P-unsaturated ester 
(1750 cm-l) and double bonds (1665 cm-l). Treatment of 
4a with acetic anhydride in pyridine gave a monoacetate 
(4b), C19H2208, mp 195-196O. The absence of an OH ab- 
sorption from the ir spectrum of 4b indicated the presence 
of only one OH group in 4a. The mass spectra of 4a and 4b 
gave parent peaks at m/e 336 and 378, respectively. The 
major peaks at mle 276,258, and 230 in 4a and 4b differed 
from those of melampodin B (la) and lb (mle 274, 256, 
and 228) by two mass units, strongly suggesting that 4a 
represented a dihydro derivative of melampodin B. Further 
evidence concerning the structure of 4a was provided by 
correlations of lH NMR spectra of melampodin B (la), the 
acetate (lb), and the compounds 4a and 4b which involved 
detailed double-resonance experiments. In 4a, doublets at  
6.00 and 6.31 ppm and a multiplet at  3.37 ppm signified 
that it represents an a$-unsaturated y-lactone. Irradiation 
of the multiplet at  3.37 (H-7) collapsed the doublets at  6.00 
and 6.31 (H-13a and H-l3b), simplified the multiplet at  
3.50 (H-6), and sharpened the broadened singlet at  5.92 
ppm (H-8). Irradiation of the H-8 signal affected the multi- 
plet at  3.37 (H-7) and collapsed the downfield doublet at  
8.03 ppni (H-9) to a broadened singlet. At this point, the 
gross similarities between the lH NMR data of the new 
compound and melampodin B (la) were apparent. The 
major lI-I NMR spectral differences between la  and 4a 
were observed in the C-6 and C-15 proton signals. In me- 
lampodin B, the C-6 lactonic proton appeared as a sharp 
triplet at  4.99 while the H-6 signal in 4a represented a com- 
plex multiplet at  3.50 ppm. This implied that more than 
one proton is attached to C-5 in 4a. Further evidence that 
4a represents a dihydro derivative of melampodin B was 
provided by a two-proton signal at  3.70 ppm suggesting the 
presence of methylene protons (two C-15 protons) which 
are coupled to a proton a t  C-4. Double irradiation of 4b at 
the center of the signals at 3.87 ppm (C-15 protons) af- 
fected the envelope a t  about 2.00 ppm, while irradiation at 
2.00 ppm (H-4) caused the doublet at  3.87 ppm to collapse, 
indicating that 4a and 4b contain a proton at  C-4. The 
mass spectral data and the above 'H NMR spectral assign- 

ments suggest that the structural differences between me- 
lampodin B and 4a lies in the absence of a 4(5) double 
bond in 4a. 

The stereochemistry of the new chiral center at  C-4 in 4a 
could not be obtained from the above spectral data. If me- 
lampodin B represents the biological precursor for the di- 
hydro compound 4a, then, from a fixed conformation of la  
with a &oriented C-15 moiety, the biological reducing re- 
agent should attack from the outer face of the 4(5) double 
bond in la and directly lead to a product with an a-orient- 
ed H-4, as is shown for 4a. 

Experimental Section" 
Isolation of Melampodin B ( la)  and Cinerenin (2a). A collec- 

tion of M. cinereum DC. var. cinereum was made on July 19, 1973 
(T. F. Stuessy and N. H. Fischer, No. 2015) 8.6 miles northeast of 
Hebbronville, Duval County, Texas, on route 359. 

Dried leaves (1475 g) were extracted with cold chloroform and 
worked up as described before? The crude syrup was allowed to 
stand at room temperature for several days, resulting in a partial 
crystallization of the syrup. Filtration and washing of the residue 
with ether gave a yellow, crystalline solid. Repeated trituration of 
this material with hot ethyl acetate (EtOAc) left 2.7 g of crude me- 
lampodin B (la): mp 226-228O dec.; strong uv end absorption; CD 
( c  6.2 X lo5, MeOH), [6']z16 -8.3 X lo3, [ 6 ] 2 3 ~  +5.4 x lo3, -5.4 
X lo2; ir vmax (Nujol) 3420 (OH), 1780 (7-lactone), 1730 (ester), 
1655 cm-l (double bonds); low-resolution mass spectrum m/e 274 
(M - 601, 256 (M - 18 - 60, base peak), 245, 228, 227, 210, 165, 
162,91, and 43. 

Anal. Calcd for C17H1807: C, 61.07; H, 5.43; mol wt, 334. Found: 
C, 61.28, H, 5.63. 

The combined ethyl acetate extracts provided a final yield of 4.0 
g of crude cinerenin (2a). Recrystallization from EtOAc gave color- 
less crystals: mp 161-163'; uv X (MeOH) 205 nm ( 6  2.7 X 
(end absorption); CD (c 6.25 X MeOH), [B]zls -4.1 X IO4, 
[6]240 +4.7 X lo4; ir urnax (Nujol) 3400 (broad, OH), 1770 (y-lac- 
tone), 1750 (a,&unsaturated ester), 1660 cm-' (double bonds); 
low-resolution mass spectrum m/e 320 (M+), 274 (M - 46), 256 (M 
- 18 - 46), 228,227,199,179,165,147,112 (base peak), 91, and 43; 
13C NMR (acetone-d6)l2 173.2 (C-14),13a 169.6 (C-12),13, 153.9 d 
(C-91, 148.1 (C-lo), 136.6 (C-41, 133.0 (C-111, 122.3 d ( C 4 ,  122.3 t 
(C-131, 79.1 d (C-8), 73.4 d (C-6),13b 73.2 d (C-l),13b 65.3 t (C-l'),13c 
65.1 t (C-15),13c 49.5 d (C-71, 28.3 t (C-3), 23.2 t ((2-2) and 15.7 q 
(C-2'). 

Anal. Calcd for C17H2006: C, 63.74; H, 6.29; mol wt, 320. Found: 
C, 63.54; H, 6.20. 

Melampodin B Acetate (lb). A solution of la (103 mg) was 
heated in 1 ml of pyridine until all of the crystals were dissolved 
and then 1 ml of AczO was added. The solution was left overnight 
at room temperature and then evaporated under reduced pressure 
to give a white residue. Water (5 ml) and a drop of concentrated 
HC1 were added and the slurry was extracted three times with 
50-ml portions of CHC13; the combined CHC13 extracts were dried 
(MgSOA), filtered, and evaporated. The residual white powder was 
recrystallized from EtOAc, providing 70 mg of lb: mp 202-204'; uv 
A,,, (MeOH) 206 nm (t 3 X lo4); CD (c 7.1 X MeOH) [6]216 
-2.9 X 104, [@I233 +4.5 X lo4; ir vmax (Nujol) 1790, 1770 (y-lac- 
tones), 1735, 1230 (acetate), 1660 cm-l (double bonds); low-resolu- 
tion mass spectrum m/e 376 (M+), 333 (M - 431, 274 (M - 42 - 
60), 256 (M - 18 - 42 - 60), 228, 165, 162, 147, 91, and 43 (base 
peak). 

Anal. Calcd for C19HzoOB: C, 60.64; H, 5.32; mol wt, 376. Found: 
C ,  60.55; H, 5.41. 
ll(13)-Dihydromelampodin B (5 ) .  A solution of 100 mg of la 

in 90 ml of MeOH was hydrogenated for 1 hr over 5 mg of 10% 
Pd/C. After filtration and evaporation, the residue was chromato- 
graphed over silica gel using EtOAc as an eluent. The fractions 
were analyzed by TLC and combined appropriately. The crude 
residue was recrystallized from EtOAc, providing 30 mg of ll(13)- 
dihydromelampodin B (5 ) :  mp 200-202'; ir urnax (Nujol) 3420 
(OH), 1775 (y-lactone), 1735 and 1245 cm-* (acetate). 

Anal. Calcd for C17H2007: C, 60.71; H, 5.99; mol wt, 336. Found: 
C, 60.90; H, 5.95; mol wt, 336 (MS). 

Oxidation of l a  with Sarett's Reagent. Melampodin B (100 
mg) in 50 ml of acetone under nitrogen was treated with an excess 
of Sarett's reagentlo in acetone. After 4 hr the brown precipitate 
was filtered and the acetone evaporated. Water (5 ml) was added 
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and the slurry extracted twice with 75 ml of CHC13 and once with 
50 ml of EtOAc. The combined organic extracts were dried over 
MgS04, filtered, and evaporated. The impure brownish crystals 
were dissolved in acetone and chromatographed over silica gel- 
CH2ClZ. The column was eluted with CH2C12, CH2ClZ-EtOAc (1: 
l) ,  and finally with pure EtOAc. The recovered crystals were re- 
crystallized from acetone-2-propanol, providing 45 mg of colorless, 
crystalline IC: mp 241-245O dec; uv A,,, (MeOH) 215 nm ( e  3.2 X 
lo4); ir urns, (Nujol) 1775 (y-lactone), 1740 (acetate), 1660 (double 
bonds), 1700, and 1240 cm-l. 

Anal. Calcd for C17H160'1: C, 61.45; H, 4.82; mol wt, 332. Found: 
C, 61.26; H, 4.84; mol wt, 332 (MS). 

Reaction of la with Lead(I1) Acetate. Melampodin B (100 
mg) was stirred overnight at room temperature in a mixture of 50 
ml of 5% lead(I1) acetate in HzO and 50 ml of EtOH. The solution 
was filtered and the filtrate evaporated to approximately 30 ml 
and then extracted three times with 30 ml each of CHC13. The 
combined CHC13 extracts were dried and filtered and the solvent 
evaporated. A crude white residue was left, which after recrystalli- 
zation from acetone gave unchanged la, characterized by melting 
point, mixture melting point, ir, and NMR with authentic materi- 
al. 

Reaction of la with HBr. A solution of melampodin B (100 
mg) in 25 ml of glacial acetic acid and 3.0 ml of a saturated solu- 
tion of HBr in glacial acetic acid was refluxed for 20 hr. The sol- 
vent was evaporated and ethyl ether was added which resulted in 
the precipitation of a white solid. Recrystallization from 2-propa- 
no1 yielded 85 mg of pure 7: mp 215-217'; ir Vmax (Nujol) 1775 (y- 
lactone), 1650 (double bonds), 1200, and 1000 cm-'. 

Anal. Calcd for C15H1504Bi-s: C, 36.08; H, 3.01; Br, 48.10; mol wt, 
499. Found: C, 36.1 ; H, 3.07; Br, 48.00; mol wt, 499 (MS). 

Cinerenin acetate (2b) was obtained from 100 mg of 2a as de- 
scribed above for lb. Recrystallization of the crude material from 
2-propanol gave 60 mg of pure 2b: mp 187-189'; ir urnax (Nujol) 
1780 and 1770 (y-lactones), 1740, 1235, 1225 (acetate), and 1665 
cm-l (double bonds); low-resolution mass spectrum mle 362 (M+), 
333 (M - 29), 316 (M - 46), 274 (M - 42 - 46, base peak), 256 (M 
- 18 - 42 - 46), 228,178,165,162,147,112, and 43. 

Anal. Calcd for C1gH2207: C, 62.97; H, 6.12; mol wt, 362. Found: 
C, 62.89; H, 6.11. 

Oxidation of 2a with Sarett's Reagent. To a solution of 105 
mg of 2a in 25 ml of acetone in a nitrogen atmosphere an excess of 
Sarett's reagent was added. After 4 hr, the brown precipitate was 
filtered and the acetone was removed by evaporation. Water (5 ml) 
was added and the slurry was extracted twice with 50 ml of CHCl3 
and once with 50 ml of EtOAc. The combined organic extracts 
were dried (MgS04) and evaporated. The crude brownish crystals 
were taken up in acetone and chromatographed over silica gel; the 
column was eluted with CH2C12, CH2C12-EtOAc (kl), and finally 
with pure EtOAc, which gave colorless crystals. Recrystallization 
from 2-propanol-CHCla gave 50 mg of pure 2c: mp 218-221' dec; 
uv A,,, (MeOH) 216 nm ( e  2.7 X lo4); ir urnax (Nujol) 1770 (y-lac- 
tones), 1700 (cu,@-unsaturated aldehyde), 1655 (double bonds), and 
1110 cm-1. 

Anal. Calcd for C17H1806: C, 64.14; H, 5.70; 0, 30.16; mol wt, 
318. Found: C, 63.93; H, 5.59; 0, 30.35; mol wt, 318 (MS). 

Reaction of 2a (105 mg) with HBr under conditions described 
above for la gave 80 mg of 7. 

Isolation of Melampodin C (3a) from M. argophyllum. A col- 
lection of M. argophyllum was made on July 3,1974 (T. F. Stuessy 
No. 3599) 30 miles southeast of the Coahuila-Nuevo Lebn border 
on route 53 in the state of Nuevo Lebn, Mexico. Dried leaves (1350 
g) were extracted and worked up as described b e f ~ r e . ~  The crude 
syrup (22 g), when allowed to stand at room temperature for 3 
weeks, partially crystallized, providing 2.5 g of crude melampodin 
B. The remaining crude syrup (10 g) was chromatographed over 
300 g of silica gel (Brinkmann 7734) collecting 20-ml fractions. The 
column was eluted using the following solvent mixtures: 1000 ml of 
CHzC12-EtOAc (9:l); 500 ml of CH2ClpEtOAc (4:l); 450 ml of 
CHzClz-EtOAc (2:l); 700 ml of CH2Clz-EtOAc (1:l); $00 ml of 
EtOAc; 500 ml of 5% MeOH in EtOAc; and 500 ml of 15% MeOH 
in EtOAc. The following fractions were collected and combined ac- 
cording to TLC analysis. Fractions 21-40 contained 610 mg of ar- 
temetin (5-hydroxy-3,4',5',6,7-pentamethoxyflavone). Fractions 
71-100 provided 1.23 g of melampodin C (3a). Recrystallization 
from EtOAc-Et20 gave colorless crystals: mp 199-201O; uv X 
(MeOH) 205 nm ( E  2.9 X 
MeOH) [O]zl~ -5.2 X lo4, [@I238 +3.8 X [O]280 -9.3 X lo2; ir 
u,,, (Nujol) 3450 (OH), 1770 (y-lactone), 1725 (ester), and 1655 

(end absorption); CD (c 5.5 X 

cm-' (double bonds); low-resolution mass spectrum m/e 362 (M+), 

43 (base peak). 
Anal. Calcd for C1&207: C, 62.97; H, 6.12; 0, 30.91; mol wt, 

362. Found: C, 63.07; H, 6.00; Q, 30.77. 
Fractions 116-130 gave 890 mg of 2a and 3.0 g of la was ob- 

tained from fractions 140-160. 
Melampodin C acetate (3b) was obtained from 170 mg of 3a as 

described above for lb. Recrystallization of the crude product 
from 2-propanol provided 160 mg of 3b: mp 151-153O; ir urnax 
(Nujol) 1780, 1765 (y-lactones), 1225 cm-' (acetate); low-resolu- 
tion mass spectrum m/e 404 (M+), 361 (M - 43), 316 (M - 881, 

43 (base peak). 
Anal. Calcd for C21H2408: C, 62.37; H, 5.98; 0, 31.65; mol wt, 

404. Found: C, 62.53; H, 5.96; 0,31.57. 
Oxidation of Melampodin C with Sarett's Reagent. Melam- 

podin C (150 mg) was dissolved in 25 ml of acetone under nitrogen 
and an excess of Sarett's reagent, suspended in acetone, was 
added. After 4 hr, the brown precipitate was filtered and the ace- 
tone was removed by evaporation. The crude residue was chroma- 
tographed over 25 g of silica gel. The column was eluted with 300 
ml of CH2ClZ-EtOAc (9:1), then with 200 ml of CHZC12-EtOAc (1: 
1). Evaporation of later fractions gave a white powder. Recrystalli- 
zation from EtOAc provided 71 mg of the pure aldehyde 3c: mp 
207-209O; ir u,,, (Nujol) 1785 (y-lactone), 1735 (ester), 1245, and 
1145 cm-'; low-resolution mass spectrum mle 360 (M+), 359 (M+ 
- 1) 329,315,274,256,212,91,77,71,43,29 (base peak). 

Anal. Calcd for C1gH2007: C, 63.33; H, 5.59; 0, 31.08; mol wt, 
360. Found: C, 63.46; H, 5.64; 0, 30.84. 

Reaction of 3a (100 mg) with HBr under conditions described 
above for la gave 60 mg of compound 7. 

Isolation of 4(5)-Dihydromelampodin B (4a). A collection of 
M. cinereum var. cinereum was first made on Oct 4, 1971 (N H. 
Fischer No. 12) 12 miles south of George West, Texas, on Highway 
59 and again on July 7,1973 (N. H. Fischer No. 29). NMR spectra 
of the crude extracts indicated the presence of the same constitu- 
ents in the above collections. 

The dried leaves (200 g) were extracted and worked up as de- 
scribed before: providing 18 g of crude terpenoid-containing 
syrup. The crude syrup (9 g) was chromatographed over 300 g of 
silica gel (Baker 3405) collecting 15-ml fractions and using the fol- 
lowing solvent mixtures: fractions 1-40 (CH2C12-EtOAc, 9:1), 

344 (M - 18), 274 (M - 88), 256 (M - 18 - 88), 228, 165, 147,91, 

274 (M - 42 - 88), 256, (M - 18 - 42 - 88), 228, 165, 147, 91, 71, 

41-60 (CH2C12-EtOAc, 4:1), 61-100 (CH&12-EtOAC, 3:1), 100-170 
(CH2C12-EtOAc, lzl), 171-190 (CH2C12-EtOAc, 1:4), 191-220 
(pure EtOAc), 220-260 (5% MeOH in EtOAc), and 260-289 
(MeOH-EtOAc, 13). The following fractions were combined ac- 
cording to TLC analysis. Fractions 40-57 gave 50 mg of artemetin, 
mp 159-160°, identical with an authentic sample by mixture melt- 
ing point and spectral comparison (ir, NMR). Fractions 227-261 
provided 300 mg of 4(5)-dihydromelampodin B (4a): mp 204-205'; 
uv A,,, (EtOH) 202 nm ( e  3.2 X CD (c 1 X MeOH) 
[O]220 -106 X lo3, [8]265 1.60 X lo3; ir urnax (Nujol) 3400 (OH), 1785 
(y-lactone), 1750 (ester), and 1665 cm-l (double bonds); low-reso- 
lution mass spectrum mle 336 (M+), 276 (M - 60), 258 (M - 18 - 
60), 230,228,201, 165, 162,91,43 (base peak). 

Anal. Calcd for C17H2007: C, 60.71; H, 5.99; mol wt, 336. Found: 
C, 61.01; H, 6.31. 

4(5)-Dihydromelampodin B acetate (4b) was obtained from 
100 mg of 4a as described for lb. Recrystallization of the crude 
product from EtOAc-Et20 provided 95 mg of 4b: mp 195-196O; ir 
urnax (Nujol) 1777 (y-lactone), 1245 (acetate), and 1070 cm-'; low- 
resolution mass spectrum m/e 378 (M+) 335 (M - 43), 276 (M - 
42 - 601, 258 (M - 18 - 42 - 60), 230,165,162,149,111,91, and 
43 (base peak). 

Anal. Calcd for C19H2208: C, 60.32; H, 5.82; 0, 33.86; mol wt, 
378. Found: C, 60.40; H, 5.80,0,33.73. 
4(5),11(13)-Tetrahydromelampodin 13 (6). A solution of 100 

mg of 4(5)-dihydromelampodin B in 75 ml of MeOH and 5 mg of 
10% Pd/C were placed in a 100-ml round-bottom flask. After re- 
moval of air in vacuo the stirred mixture was hydrogenated under 
rapid uptake of hydrogen for about 15 min. The reaction was ter- 
minated after 1 hr; filtration and evaporation of MeOH provided a 
syrup which was chromatographed by preparative layer chroma- 
tography using propyl acetate as developing solvent. The band at 
Rf 0.3 was extracted from the silica gel and the resulting crude ma- 
terial recrystallized from acetone, giving 35 mg of 6: mp 220-222O; 
ir umaX (Nujol) 3500 (OH), 1770, 1750 (y-lactone), 1725, and 1240 
cm-l (acetate). 
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Anal. Calcd for  C17H2207: C, 60.34; H, 6.55; m o l  wt, 338. Found: 
C, 60.42; H, 6.27; m o l  wt, 338 (MS). 
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T h e  isolat ion and structure determination of acanthospermal A (la) from Acanthospermum australe (L.) 
Kuntze and acanthospermal B ( 4 4  f r o m  A. hispidum DC. is reported. B o t h  compounds belong t o  the melampol- 
ide subgroup of germacradienolides. la is the  f i rs t  sesquiterpene lactone t o  possess a n  a-hydroxyisobutyric acid 
ester side chain. 

0 

In continuation of our search for sesquiterpene lactones 
with potential biological activity in Compositae we have ex- 
amined two local Acanthospermum species (tribe Helian- 
theae, subtribe Melampodiinae). This resulted in the isola- 
tion of two closely related noncrystalline melampolides, 
acanthospermal A (la) from Acanthospermum australe 
(L.) Kuntze and acanthospermal B (4a) from A. hispidum 

n 

a 
OC-R 

0 
A 

0 
B 

DC. Structures and stereochemistry were established by 
chemical transformations and extensive use of lH and 13C 
NMR spectrometry. 

Acanthospermal A (la), C23H3008 (high-resolution mass 
spectrum and elemental analysis), -54O, was an a& 
unsaturated aldehyde (ir band at  1690 cm-l, NMR signal 
at  9.45 ppm) and an a,P-unsaturated lactone of the type 
shown in A as evidenced by the usual criteria (strong uv 
end absorption due to superposition of the two chromo- 

phores, ir bands at  1780 and 1620 cm-l, narrowly split 
NMR doublets of Ha and Hb at  6.25 and 5.73 ppm). At- 
tempts to locate H, by spin decoupling were complicated 
by overlapping of signals in the CDC13 spectrum, but a so- 
lution of la in benzene-ds afforded excellent separation of 
signals (see Table I) and permitted determination of the 
entire carbon framework. 

The location of H, as a multiplet at  2.30 ppm was estab- 
lished by double irradiation at  the frequency of H, and Hb. 
Irradiation at  the frequency of H, collapsed Ha and Hb into 
singlets and also converted a triplet at  4.97 ppm (J1 = JZ = 
10 Hz) into a doublet and a narrowly split doublet of dou- 
blets at  6.99 ppm (J1 = 9, J2 = 1.5 Hz) into a clean doublet 
(J = 9 Hz). Thus Hd and He were at  4.97 and 6.99 ppm, re- 
spectively, or the reverse. The chemical shift of the lower 
field proton suggested that it was under an ester rather 
than under the lactone oxygen, especially since the ir spec- 
trum indicated the presence of additional carbonyl func- 
tions near 1740 cm-l associated with esters. Hence the sig- 
nal at  4.97 ppm was provisionally assigned to Hd and the 
signal at 6.99 ppm to He. The reason for the unusual para- 
magnetic shift of H, will be discussed subsequently. 

Irradiation at  the frequency of Hd converted H, into a 
broad singlet and also changed a broadened doublet at 4.39 
ppm (J = 10 Hz, Hf) into a broadened singlet. The broad- 
ening was due to  allylic coupling with a vinylic methyl (H,) 
which appeared as a narrowly split doublet at  1.63 ppm. Ir- 
radiation at  the frequency of He slightly sharpened H, and 


