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Abstract-The aerial parts of Heterotheca villosa afforded, in addition to known compounds, ekven new humulene 
derivatives. The roots gave a new umbelliferone derivative. The structures were elucidated by high-field NMR 
spectroscopy. 

INTRODUCTION 

So far, the small North American genus Heterotheco 
(Compositae, tribe Aster-e) has given mainly cadinene 
derivatives [l-5] and in one case the essential oil was 
analysed [6]. We have now studied the constituents of 
H. villow (Pursh.) Shinners. The aerial parts gave caryo- 
phyllenepoxide, spathulenol, car&one [7], 5/.?,6a- 
epoxycaryophyllen-13-oic acid [8] and eleven new 
humulene derivatives, the &tone 4 and ten acids which 
were transformed to the methyl esters l-3 and S-l 1. The 
roots afforded 3-isovaleryl4hydroxyacetophenone and 
the umbelliferone derivative 12. The structure elucidation 
is discussed in this paper. 

RESULTS AND DISCUSSION 

We start with the discussion of the structure of 4. The 
IR spectrum showed the presence of a hydroxyl group. 
Together with the ‘HNMR spectrum (Table I), two 
bandsat 1730and 1710 cm-’ indicatedanacetateand an 
unsaturated ester group. Acetylation gave the diacetate 
4a. In the ‘H NMR spectra of 4 and 48, all the signals 
could be assigned by spin decoupling. Starting with the 
low-field signal at 66.32 in the spectrum of 4, which 
obviously was due to H-l, the sequences of most of the 
carbons could be determined. The remaining quatemary 
carbons (CA and C-l 1) could be placed only between C-3 
and C-5 and between C-6 and C-7. Accordingly, the 
presence of a humulene derivative was very likely as the 
remaining methyl groups and the oxygen function were 
needed to form the quaternary carbons. This assumption 
and the stereochemistry were established by NOE dif- 
ference spectroscopy and considerations of models. Clear 
effects were observed between H-13, H-&x and H-8, 
between H-12and H-7a, between H-ISand H-3a, between 
H-5, H-7B, H-38 and H-l, between H-l and H-9/?, and 
between H-8, H-6a and H-13. This, and Couplings 
between H-13 and H-7B, between H-7a and H-6/?, and 
between H-12 and H-6a, required a conformation with the 
lactone ring below the plane and the oxygen functions 
situated equatorially. The 13CNMR spectrum (see 
Experimental) also supported the structure. The relative 
positions of the oxygen functions followed from the 
chemical shifts in the spectrum of 4, especially as the 

protons at C-S and C-8 could easily be differentiated by 
their couplings. In the mass spectrum of 4, no molecular 
ion could be detected. However, by chemical ionization, a 
clear [M + l] + peak was observed counting for 
C,,HX.OS. 

The ‘HNMR spectrum of 1 (Table l), molecular 
formula CleH2s0*, indicated the presence of a 1(10),4- 
diene, again with an acetoxyl group at C-8. Inspection of 
models showed that the observed couplings required the 
proposed stereochemistry of the double bonds. 
Furthermore, thechemical shift of H-l indicated a l,lOZ- 
configuration of the double bond. 

I 
2 (48. Sa-epxide) 

4 R-H 
4a R = AC 

$Jwe 

cr OR 

‘1, 

= 

6RI 

9 10 II 
R aVat Tlgl Tlgl 

RI H H OH 

3 u=on 
3m R=H 

56 1 a 
It on H Ii H 

It’ Ii OH OOH OAc 

,,Jyo$f& 

I 

I2 

445 



T
a

b
le

 1
. 

‘H
 N

M
R

 s
p

ec
tr

a
l d

a
ta

 o
f 

co
m

po
un

ds
 

1-
6,

3a
, 

4a
 a

nd
 8

-1
1 

(4
00

 M
H

z,
 C

D
C

Is
, 

T
M

S 
as

 i
nt

er
na

l 
st

an
da

rd
) 

1 
2 

3 
38

 
4 

&
 

s 
6 

8 
9 

10
 

11
 

H
-l

 
H

-S
 

H
-6

X
 

H
-6

B
 

H
-7

a 
H

-7
fi

 
H

-8
 

H
-A

 
H

-9
8 

H
-1

2 
H

-1
3 

H
-1

5 

O
M

e 
O

R
 

6.
00
 br

 
dd
 

5.
04
 br
 
dd
 

1.
8l
ai
i 

1.
9l
br
dd
 

1.
63
 br
 

d 

1.
35

 br
 d

d 
4.

86
dd

d 
2.

36
 br

 
dd

 

2.
31
 dd
 

0.
93
s 

0.
86
s 

1.
4O

br
 s 

3.
73

 s 
2.

01
 s 

6.
17

 br
 
dd

 
2.

84
1 

1.
3o

dd
 

1.
53

 br
 

d 
I 

1.
5O

br
 d

d 

1.
72

 br
 

d 
I 

4.
90

 br
 

dd
d 

2.
4 1

 br
 

dd
 

2.
48

dd
 

0.
99

s 
0.

93
 s 

1.
15

s 

3.
77

 s 
2.

03
 s 

6.
03

 b
r 

dd
 

5.
82

 b
r 

dd
 

5.
26

 d
 

5.
3O

d 

5.
10

d 
5.

24
d 

1.
6l

m
 

1 

1.
69

m
 

4.
64

dd
dd

 
4.

55
 d

dd
d 

2.
51

 br
 

d 
2.

61
 b

r 
d 

2.
32

dd
 

2.
26

 d
d 

0.
96

s 
0.

98
 s 

0.
94

s 
0.

94
s 

1.
36

s 
1.

24
s 

3.
76

 s 
3.

80
s 

2.
03

 s 
2.

02
 s 

7.
39

 s 
(O

O
H

) 

6.
32

dd
d 

4.
49

 d 
1.

77
br

 d
 

1.
04

dd
d 

1.
52

 br
 

d 

1.
82

&
f 

4.
9O

dd
aY

 
3.

01
 dd

dd
 

21
6d

d 
0.

97
 s 

0.
92

 s 

1.
34

s 

1.
99

s 

6.
46

dd
d 

6.
01

 d
 

1.
75

 br
 

d 

1.
35

dd
d 

1.
50

br
 d

dd
 

1.
9O

br
 d

d 
4.

89
 d

aw
 

3.
04

 dd
dd

 
2.

2o
dd

 
0.

74
s 

0.
91

 s 

1.
33

 s 

- 

2.
03

 s 
2.

00
s 

6.
36

 br
 

dd
 

6.
08

dd
d 

4.
14

dd
 

4.
04

dd
 

1.
52

 br
 

dd
 

1.
79

64
 

1.
42

dd
 

1.
16

dd
d 

1.
47

 br
 
dd

 
1.

41
 &

Id
 

1.
97

 br
 

d 
1.

8O
br

 
d 

5.
lO

br
 d

dd
 

4.
84

dd
d 

2.
55

 br
 
dd

 
L

51
 b

r 
dd

 

2.
42

 dd
 

23
4d

d 
0.

95
 s 

1.
01

 s 
0.

91
 s 

0.
79

 s 
5.

05
 br

 
s 

5.
lO

br
 s

 
4.

90
 br

 
s 

4.
91

 br
 

s 

3.
74

s 
3.

75
 s 

2.
03

 s 
2.

01
 s 

6.
13

br
 d

d 
5.

08
 br

 
dd

 

1.
74
br
 dd
 

l&
m

 
1.

44
m

 
1.

83
 br

 
d 

4.
82

 b
r 

dd
d 

2.
53

 br
 

d 

2.
39

 d
d 

0.
86

s 
0.

81
 s 

5.
00

 br
 

s 

4.
91

 br
 

s 

3.
80

s 
2.

02
 s 

1.
98

s 

6.
95

 d
d 

6.
95

 ai
i 

6.
93

 br
 

dd
 

4.
13

dd
 

4.
13

dd
 

4.
33

 d
d 

2.
00

 br
 

dd
 

2.
02

 br
 

dd
 

1.
84

br
 d

d 
1.

36
 br

 
dd

 
1.

37
 br

 
dd

 
1.

49
br

 d
d 

1.
56

dd
d 

1.
6O

dd
d 

1.
71

 br
 

d 
1.

73
 br

 
d 

1.
6O

m
 

5.
04

br
dd

d 
5.

08
br

dd
d 

5.
08

m
 

2.
73

 br
 

dd
 

2.
75

 br
 

dd
 

!-
 

2.
52

 d
d 

2.
61

 dd
 

2.
70

m
 

> 

1.
01

 s 
1.

01
 s 

0.
97

 s 
0.

84
s 

0.
82

s 
0.

84
s 

5.
14

br
 s

 
5.

14
br

 s
 

5.
22

 br
 

s 
f 0 

4.
98

 b
r 

s 
4.

99
 b

r 
s 

2.
2O

br
 s

 
z 

3.
73

 s 
3.

71
 s 

3.
74

s 
Q

 
-_

 

2.
14

m
 

6.
83

 q
q 

6.
84

qq
 

2.
08

m
 

1.
82

 br
 

s 
1.

82
 br

 
s 

O
.%

d 
1.

78
 br

 
d 

1.
79

 b
r 

d 

0.
95

 d 

~(
H

~)
:~

~p
ou

nd
l:

I,
2a

=
l0

.5
;1

,2
~=

7;
5,

~=
5.

5;
5,

6~
=

8.
5;

6c
g6

~=
7a

,7
~=

16
;7

~,
8=

8,
9~

=
9;

8,
9a

=
4;

9a
;9

~=
13

.5
;~

m
po

un
d2

:1
,2

a=
12

;1
,2

~=
~5

,~
~~

~ 
5,

6j
w

0.
5;

&
,6

/.J
=

 
15

;7
~r

,7
p=

 
16

;7
a,

8=
9;

8,
9a

=
5;

8,
9b

=
 

14
9a

,9
B

=
 

14
;c

om
po

un
ds

3a
nd

kl
,2

a=
9;

1,
2/

?=
8;

5,
6=

 
16

;7
a,

8=
7/

?,
8=

8,
9a

=
3.

$8
,9

fi
=

 
12

;9
49

fi
=

 
13

; 
co

m
po

un
ds

la
nd

e:
1,

2a
=

9;
1,

28
=

5;
1,

9a
=

2;
28

,9
a=

2.
5;

5,
68

=
8.

5;
60

:6
8=

74
78

=
 

16
;6

f?
,7

a=
 

1.
5;

7a
,8

=
2.

5;
7/

?,
8=

8,
9a

=
4;

8,
9a

=
9a

,9
/?

=
 

lF
,c

om
po

un
d5

:1
,2

a=
5;

 
1.

2~
~ 

10
;5

,6
a=

9;
5,

6/
?=

3.
5;

&
,6

/3
=

 
15

;7
a,

7j
J=

 
17

;7
a,

8=
5;

8,
9a

=
4;

8,
9/

3=
 

11
;9

a,
9/

3=
 

13
;c

om
po

un
ds

6a
nd

8:
1,

2a
=

6;
1,

2/
?=

 
10

;1
,9

a=
 

1.
5;

5,
6a

=
2.

5;
5,

68
=

8;
69

68
 

7a
;7

/?
=

 
16

;6
fl

,7
a=

2;
7a

,8
=

6.
5;

8,
9a

=
4;

8,
9/

?=
 

12
;9

a,
9/

?=
 

14
;c

om
pu

nd
sF

ll:
 

1,
2a

=
 

1,
2/

?=
8;

5,
6a

=
4;

5,
6~

=
6;

6a
,6

/?
=

7a
,7

j?
=

9a
,9

~=
 

15
;6

8,
7a

=
 

1;
7a

.8
=

8.
5;

 
8:

9a
 =

 6
; 8

,9
/3

 =
 7

. 





448 J. hKUPOVIC et cd. 

Methyl-8/kzcetoxy-5u-hydroperoxyhumula-l(10~4(15)-dien- 
14-oate (7). Colourkss oil; ‘H NMR: see Table 1. Addition of 

triphenylphospine Save 6, identical with the natural compound. 

Methyl-5a,8/?diacetoxyhumu~a-l(lO)Z,4( 15)-&m- 14-oate (8). 

lRv~cm-‘:36OO(OH~175O(OAc),1720(C=XCO,R);CIMS 

m/r (rel. int.): 367 [M + l] + (26), 307 1367 - HOAc] l (56), 247 

[307-HOAc]’ (100). 

Methyl-8fi-isow&ryloxy - 5a- hydroxyhumuln - l(lO)E,4(15)- 
dien-14-oate (9). Colourkas oil; IR va cm _ ‘: 3600 (OH), 1720 

(COzR); CIMS m/z (rel. int.): 367 [M + I]’ (26). 265 [367 

- RCOzm (52), 247 1265 - HzO] l (100). 

Methyl-8/Gtigloyloxy-Sk-hydroxyhumukz- l(lO)E4(15)-dien- 

14-uafe (10). Colourkas oil; IRvacm-‘: 3600 (OH), 1720 

(COzR); MS m/t (tel. i0t.h 364 [Ml’ (0.2) 264.173 [M 

- RCOzH]’ (7) (oak. for C,6HIdOJ: 264.173). 249 (3), 246 (7), 

232 (5), 121 (7), 83 (RN), 55 [83 -CO] l (49). 

Methyl-BP-tigloyloxy-Sa-hydroproxyhumula- l(lO)E,4(15)- 

dim-14+afe (11). Colourkw oil; MS m/r (rel. ht.): 246 [M 

-HzOz. RCOzH]’ (4). 231 (3). 83 (lOO), 55 183 -CO]+ (38). 
Addition of triphenylphosphinc Save IO, identical with the 

natural compound. 

~mbelli/erone-[3-carbomethoxybut-2Z-enyl(l)]-ether (12). 
Colourleas oil; IR v$$$cm-i: 1750, 1620 (coumarin), 1720 

(C=CCOzR); MS m/z (ml. int.): 274 [MJ’ (4-Q 243 [M 

-OMe]’ (16), 113 [MeOICC(Me)=CHCH,]’ (NO), 81 [!I3 
- MeOH] l (33); ‘H NMR (CDClJh66.26 (d, H-3), 7.63 (d, H-4), 

7.37 (4 H-51 6.85 (dd, H-6). 6.82 (d, H-8), 5.07 (dq, H-l’), 6.20 {tq, 

H-2’A 1.98 (dt, H-4’), 3.80 (s, OMe) [J (Hz): 3.4 = 9.5; 5,6 = 8.5; 

6.8 = 2; 1’s’ = 4.5; 1’,4’ = 2’,4’ = 23. 
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