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Abstract-Two novel 1,2-secogermacranohdes were isolated from Hehanthus gzganteus and H hmutus and the 
previously charactetlzed 2a-hydroxy-truns,trans-l(10),4(5)-germacradienohde, eupasserm, was ldentdied from H 
hmutus These results support current ideas on both the subgenerlc taxononuc dlsposltlon of these two spcles and the 
possible origin of the polyplold H hmutus 

INTRODUCTION RESULTS AND DISCUSSION 

In conJunctlon with a long-term study of the terpenold 
constituents of Helmthus (Asteraceae) [l-6], we have 
mvestlgated two perennial species of the eastern and 
central United States, H grganteus L and H hmutus Raf 
Previous work m the genus has resulted m the isolation of 
a large number of sesqmterpene lactones, prmclpally 
germacranohdes [6] Here we report the isolation and 
structural elucldatlon of two novel 1,2+ecogermacrano- 
hdes (1 and 2) from dlchloromethane extracts of both H 
grganteus and H hwsutus Hehanthus hrrsutus also yielded 
the previously characterized trampans- (10),4(S)-germa- 
cradlenohde 3 (eupasserm) [7] 

The chermcal lonlzatlon mass spectrum of compound 1 
showed an [M + H]+ peak at m/z 247, consistent with a 
molecular formula of C,5H1s03 Spectral data estab- 
lished that the oxygencontammg functlonahtles were an 
a-methylene-y-lactone (IR 1765 cm-‘, lJC NMR 
6169s,‘HNMR 6560dand633d,bothJ=3Hz)and 
an a&unsaturated aldehyde (IR 2855, 1675cm-‘, 
‘%ZNMR 61899s,‘HNMR61001d,J=75Hz) 

‘H NMR spm decoupling expenments provided fur- 
ther detals of the structure of 1 The aldehyde proton 
(6 10 01, Table 1) was spm-coupled to a vmyhc proton at 
5 98 Irradiation at 5 98 sharpened the signal of a methyl 
group at 2 24 and slightly altered the shapes of two 
methylene signals at 2 57 and 2 68 These two methylene 
protons were coupled to a double doublet at 4 35, which 
was m turn coupled to a complex slgnal at 3 35 The slgnal 
at 3 35 was clearly that of H-7, since it was also coupled to 
the exo-methylene protons of the lactone rmg (5 60 and 
6 33, H-13a and H-13b) In addltlon, lrradlatlon at 3 35 
simplified a double doublet at 5 44 which was coupled to a 
widely-split doublet (J = 14 5 Hz) at 6 33 The shifts and 
couplings of these last two signals showed that both 
represented olefimc protons Thus, the slgnal at 435 was 
that of the proton at the pomt of fusion of the lactone rmg 
These results are summarized m partial structure A 
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The remainder of the protons in 1 were part of a spm 
system B conslstmg of two terminal vmyl protons (5 04 br 
s, 5 07 br s) and a vmyhc methyl group (1 87 br s), which 
could only be Joined to A as shown m formula 1 The 
chemrcal shift of the vmyhc proton at 6 33 confirmed the 
presence of a conJugated system m this portion of the 
molecule ‘H NMR coupling constants required the C-8 
to C-9 double bond to be truns (J,,9 = 14 5 Hz) and the 
lactone rmg to be trans-fused (J6,, = 7 5 Hz), assuming 
that H-7 was a-oriented as m all sesqulterpene lactones of 
authenticated absolute stereochemistry [S] 

Although compound 2 was isolated from H grganteus 
only as a 1 1 mixture with 1, its ‘H NMR spectrum could 
nevertheless be interpreted The ‘H NMR spectrum of 2 
was very similar to that of 1 Small differences m the 
chermcal shifts of several protons (Table 1) indicated that 
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Table 1 ‘H NMR data for the seco- 
germacranolldes 1 and 2* 

H 1 2 

la 507br 507 
lb 504brs 504 
2 1001 d 989 
3 598brd 606 
5a 268brdd 307 
5b 25lbrdd 294 
6 435dd 435 
I 3 35 dddd 3 35 
8 544dd 546 
9 633d 635 
13a 633d 633 
13b 560d 560 
14 187 (3H) br s 187 
15 2 24 (3H)d 206 

*Run at 200 MHz zn CDQ with 
TMS as an Internal standard Multi- 
plzcztzes and coupling constants for 1 
and 2 were vntually ldentlcal Couphng 
constants, J(Hz) la, lb = 2, la, 14 
=lb,14=15,2,3=75,3,5a=3,5b 
=15, 3,15=15, 5a,5b=14, 5a,6 
=45,5b,6=75,6,7=75,7,8=85, 
7,13a=7,13b=3,8,9=145 

CHO Me 
I IHHHf!f! 

H H 0 

A 

H 

x 

H 

R Me 

B 

F R MELEK et al 

zn corresponding ca-a&unsaturated systems (such as 2) 

PI 
Since the absolute configurations of 1 and 2 could not 

be determmed from the spectral data obtained, these 
compounds can m prmclple be formulated as the cor- 
responding 2,3+ecogermacranohdes with 12,8-lactomz- 
ation, enantlomeric to formulae 1 and 2 However, the 
occurrence of the 12,6-lactomzed germacranohde 3 
(whose absolute configuration is known [lo]) in the 
extract of H hrrsutus suggests that the structures of 1 and 
2 may be correct as drawn (12,6-lactomzed), since both of 
these 1,2-secogermacranohdes can be blosynthetlcally 
derived in a straightforward manner from precursors like 
the sesqulterpene portion of 3 A 12cleavage of a 2- 
hydroxygermacra-12,6-ohde accompanied by oxldatlon 
at C-2, a shift of the 4,5-double bond and dehydration at 
C-8 and C-9 would give 1 and 2 

There 1s only one other report of a naturally-occurrmg 
secogermacranohde [ 11, 121 This compound, which 1s a 
2,3_secogermacranohde, IS blosyntheslzed from a pre- 
cursor with a different oxygenation pattern than the 
precursor of 1 and 2 

The presence of 1,2-secogermacranohdes m both H 
gzganteus and H hzrsutus suggests that these species are 
closely related to each other Both are placed m section 
Dzuarzcatz series Corona-sobs in a recent taxonomic re- 
vision of the genus [ 131, although they were earlier [ 141 
considered to be members of separate series The series 
Corona-sobs contams several species which have been 
shown to produce 2a-hydroxy-8/Lacyloxy-trans,trans- 
1(10),4(S)-germacradlenohdes (2-OH-8-ACGs) [l, 15, 
Pearce, J , Gershenzon, J and Mabry, T J , unpubhshed 
results, Stewart, E, Gershenzon, J and Mabry, T J, 
subnutted for pubhcatlon] The fact that H hzrsutus was 
also shown to contam 2-OH-8-ACGs and the Fact that the 
1,2+.ecogermacranohdes isolated from H gzganteus and 
H hzrsutus can be considered as biosynthetic denvatlves 
of 2-OH-8-ACGs support the current taxonomlc dls- 
posltlon of these two species 

Helzanthus hzrsutus 1s a tetraplotd taxon whose origin 1s 
not well understood Four dlplold species of Helzanthus 
have been proposed as possible progenitors of H hzrsutus 
[14] Three of these (H decapetalus, H dwarzcatus and H 
nzolks) also contam 2-OH-8-ACGs [l, 151 and one (H 
gzganteus) produces 1,2+ecogermacranohdes Since H 
hzrsutus contams both 2-OH-8-ACGs and l,Zsecoger- 
macranohdes, the available sesqulterpene lactone data 
suggest that it may have originated from hybrldlzatlon 
between H gzganteus and any of the other three species 
These systematic conclusions should not be gven undue 
emphasis, however, until studies have been carried out to 
assess the extent of mtraspeclfic variability m the sesqm- 
terpene lactone composltlons of these species For exam- 

2 differed from 1 only m the geometry of rts C-3 to C-4 
double bond The C-4 methyl group of 2 appeared upfield 
from that of 1, but the H-5 methylene protons of 2 were 
downfield to those of 1 Therefore, the C-3 to C-4 double 
bond in 2 was assigned a Z (czs)-configuratlon, m which 
the aldehyde function was on the same side of the double 
bond as the H-5 protons Compound 1, then, was the 3E- 
isomer The chemical shifts of the aldehyde protons (10 0 
m 1, 9 89 m 2) were m accord with these observations 
Aldehyde protons m trans-a&unsaturated systems (such 
as 1) generally appear at lower field ( >, 10 ppm) that those 3 
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ple, Heltanthus maxuntlranl, which like H glganteus and 
H hwsutus has a wide dtstnbutlon, has been shown to 
consist of three distinct sesqulterpene lactone races, with a 
different skeletal type predommatmg m each one 
[Gershenzon, J, Stewart, E and Mabry, T J, un- 
published results] 

EXPERIMENTAL 

Extractmn ofH gganteus Leaves cokted at several sites In 
central North Carohna durmg September, 1980 (JG #152, 
#153,#154,#159,#173,#176,#182,vouchersondepos~tat 
the Herbamun of the Umverslty of Texas) were found to have 
Ident& TLC patterns These collectIons werecomhned (4 4 kg), 
washed wth CH,C12 for 5 mm and the extract worked up m the 
usual manner [ 161 The resulhng crude syrup (20 g) was apphed 
to a s&a gel column (5OOg), which was eluted wth a 
CH,Cl+so-PrOH gradient Thirty fractions of 5OOml each 
were collected Fractions 18-21 (1 y0 ISO-PrOH) gave two major 
spots on TLC Separatron by preparative TLC (sthca gel, 1 mm, 
CH,Cl,-[so&OH, 15 1) gave 15 mg of an oily nuxture of 1 and 
2 (ca 1 1) as well as one other umdentied compound 

Extractwn ofH lursutus Leaves (960 g) collected m Bandera 
Co, Texas, along state highway 187,5 miles north of Utopia near 
the Sahnal River, on 22 August 1982 (J G #244) were washed 
urlth CHZC12 and the extract worked up m the usual manner [ 161 
The crude syrup (8 5 g) was applied to a s&a gel column (120 g) 
wiuch was eluted with a CH2C12-tso-PrOH gradient Forty-eight 
fractions of 200ml each were collected Fraction 28 (1% jso- 
PrOH) showed one spot on TLC Induced crystalhzation with 
CH&-toluene gave 30 mg of crystalline 3, mp 153-155” (lit 
153-154” [7]) Fractions 4446 (2% tso-PrOH) contamed a 
nuxture of 1 and 2 Repeated preparative TLC (s&a gel, 1 mm, 
CH,Cl,-lso-PrOH, 15 1) gave 7 mg of 1 contammated with a 
small amount (10%) of 2 No data other than NMR data 
(Table 1) were obtamed for 2 

A group of sesqulterpene lactones isolated from both H 
glganteus and H hzrsutus gave ‘H NMR spectra which show the 
presence of more than one conformer at room temp The 
structures of these compounds are stdl under mvestlgatlon 

(6R*)-(3E, 8E)-2-0xo-1,2-secogernmcra-l(10),3(4),8(9)-trren- 
12,6-ohde (1) UV AgH nm (log E) 224 14 19) IR VETS cm-’ 
2855 (aldehyde C-H), 1765 @tone C=O), 1675 (aldehyde C=O), 
1652,1613,1455,1381,1265,1135,1040,973,954,901,880,826 
CIMS @sobutane) m/z (rel mt ) 247 [M + H]+ (24), 229 [M + H 
-H,O]+ (lOO), 219 (9), 211 (12), 201 (37), 183 (28), 163 (43), 149 
(80), 129 (83), 119 (59), 71 (50) 13C NMR (CDCI,, 22 6 MHz, 
DzO as external standard) S 117 3 (C-l), 189 9 (C-2), 129 0 (C-3), 
157 (C-4), 43 8 (C-5), 79 3 (C-6), 49 1 (C-7), 124 0 (C-8), 137 7 (C- 

9), 144 (C-lo), 140 (C-11), 169 (C-12), 122 6 (C-13), 17 0 and 17 5 
(C-14 and C-15) Multiplmties were not determmed smce the 
small quantity of sample prevented the obtammg of partmlly 
decoupled spectra Assignments are tentative and based on 
appropnate models for the various substructures Resonances at 
140, 144, 157 and 169 were partially obscured by background 
noise and then positions are not precise 
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