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Abstract-Montanoa tomentosa subsp. xanthiifolia and M. tomentosa subsp. rosei produce guaianolides which are very 
similar to those previously reported from Eerlandiera pumila, B. texana and B. lyatra. The molecular structures of 3a- 
epoxypumilin and S-acetyl-9_desacylpumilin-9-methacrylate were determined by single crystal X-ray diffraction. 

INTRODUCTION 

In continuation of our biochemical systematic study of 
Montanoa species, we investigated the sesquiterpene 
lactones of five collections of Montanoa tomentosa Cerv. 
subsp. xanthiifolia (Schultz Bip. in C. Koch) V. A. Funk 
and one collection of subsp. rosei (Rose ex Robins. & 
Greenm.) V. A. Funk. The major sesquiterpene lactone 
constituents only differed from pumilin (1) and 3a- 
epoxypumilin (4), previously reported from Berlandiera 
pumila and B. texana [ 11, in the ester functions at C-8 and 
C-9. A heliangolide previously described from M. tomen- 
tosa subsp. tomentosa [2] and other C-5 hydroxylated 
guaianolides were also present. 

In our previous paper [l], the configurations of the 
epoxide function and the C-5 hydroxyl group of 3- 
epoxypumilin were not assigned. Therefore, when more 
material of this compound became available from 
Berlandiera lyatra, single crystal X-ray diffraction studies 
were performed on this epoxide. In B. lyatra, 3a- 
epoxypumilin (4) is the major constituent in addition to 
pumilin (1) [Lee, I. Y. and Fischer, N. H., unpublished 
observations]. The molecular structure data of 3a- 
epoxypumilin are included in this paper. 

RESULTS AND DISCUSSIONS 

8-Acetylpumilin (2), CZZHZ408, was not immediately 
comparable with the acetylation product of pumilin (1) 
because of the reported inability to acetylate pumilin 
using standard procedures [l]. Nevertheless, the 
‘HNMR spectrum of 2 (Table 1) displayed the signals 
expected of the acetylation product of pumilin. The 
upfield shift of H-13a from 66.22 (1) to 5.50 (2) and the 
loss of geminal coupling between H-13a and H-13b result 
from the esterification of the a-oriented hydroxyl group at 

*Part 4 in the series “Montanoa Terpenes”. For part 3 see 
Seaman, F. C., Malcolm, A. J. and Fischer, N. H., Phytochemistry, 
(in press). 

C-8 in 1 [3]. The downfield shift of H-8 from 6 3.93 (1) to 
5.32 (2) and the appearance of an acetate methyl signal at 
2.11 are also consistent with the introduction of an acetate 
at C-8 in 1. 

8-Acetyl-9-desacylpumilin-9-methacrylate (3), 
C2,HZ20s, mp 222%223.5”, produced a ‘HNMR spec- 
trum in CDCl, (Table 1) that differed from the spectrum 
(CDC13) of 2 in the substitution of the signals character- 
istic of a methacrylate moiety for those of an angelate. The 
‘H NMR spectrum displayed two doublets (J = 3.0 Hz) 
at 65.49 (H-13a) and 6.19 (H-13b) and a doublet of a 
doublet of a triplet (J = 10,10,3 Hz) at 4.09 (H-7) typical 
of a&unsaturated y-lactones. Irradiation at 4.09 sharp- 
ened the two downfield doublets at 5.49 and 6.19 to 
singlets, simplified a doublet of a doublet (J = lo,10 Hz) 
at 5.32 (H-8) to a doublet and collapsed a doublet (J 
= 10 Hz) at 3.97 (H-6) to a singlet. Irradiation at 5.32 
collapsed the signal at 4.09 to a doublet of a triplet (J 
= 193 Hz) and collapsed the broad doublet (J = 10 Hz) 
at 6.22 (H-9) to a broad singlet. 

The molecular structure of 3 was determined by single 
crystal X-ray diffraction. These data will be discussed 
together with the structural data of 3a-epoxypumilin. 

8-Acetyl-3a-epoxypumilin (5), CZZHZ409, exhibits a 
‘H NMR spectrum (CD&, Table 1) which differs from 
that of 2 in several respects. The H-3 signal has shifted 
from 66.23, a position typical of a hydrogen on an a- 
carbon of an a&unsaturated carbonyl system, to 3.58 
which is typical of a hydrogen on a secondary carbon with 
an oxygen function and the C-14 methyl signal has shifted 
from 2.27 to 1.80. The latter shift results from the 
disruption of the cyclopentenone conjugated system 
caused by the introduction of the 3,4-epoxide. The 
‘HNMR spectral data of 5 agree with the spectrum 
expected from the product of the acetylation of 3a- 
epoxypumilin. The H-13a signal shifts upfield and the 
geminal coupling between H-13a and H-13b disappears 
while the H-8 signal shifts downfield from 3.78 (4) to 5.26 
(5) and an acetate methyl signal appears at 2.09 in the 
spectrum of 5. 

A heliangolide (8) isolated from M. tomentosa subsp. 
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Sesquiterpene lactones of Montanoa spp. 819 

1 RI= H, Rz= Ang 

2 R’=Ac, R’=Ang 

3 RI= AC, R*=Mac 

oCAc \ png 

0 

R 
6 H 

7 AC 

xanthiifoliu produced spectral data identical to those 
reported for zoapatanolide A (9/l-hydroxy-3-epinobilin) 
from M. tomentosa subsp. tomentosu [2]. 

Montanoa tomentosa subsp. rosei produced as a major 
sesquiterpene lactone constituent 7, the ‘HNMR spec- 
trum (Table 1) of which is identical to the C-8 acetylation 
product of zoapatanolide C (6) which was recently 
reported from M. tomentosa subsp. tomentosa [4].* Based 
on ‘HNMR (Table 1) and mass spectral experimental 
data, 7 is also present in M. tomentosa subsp. xanthiifolia. 

Single crystal X-ray diffraction data 

3a-Epoxypumilin (4). The structure of 3a-epoxypumilin 
(Fig. 1) closely resembles that of pumilin, with which it is 
isomorphous. The present study confirms the basic skel- 
eton, and establishes both the 3,4-epoxy function and the 
hydroxyl group at C-5 to be a-oriented. Although the 
precision of the present determination is slightly higher, 
details of the structure of the pumilin skeleton have been 
described fully, and only differences between pumilin and 
3a-epoxypumilin will be discussed here. The three atoms 
of the epoxy group form a perfect equilateral triangle 
within experimental error, having side 1.452(3)A. The 
plane of this triangle forms an angle of 95.3” with the best 
plane of the cyclopentanone ring. Individual bond dis- 
tances and angles agree generally well with those of 
pumilin except for expected differences associated with 
epoxidation, and in the region of the angelate substituent. 

*We thank Dr. Leovigildo Quijano for making available 
spectral data prior to publication [4]. 

4 R’= H, R2= Ang 

5 R’=Ac, Rz= Ang 

OH 

HO ” 
,’ 

8 

Fig. 1. Molecular structure of 3a-epoxypumilin. 

Pumilin exhibits some unusual features in the angelate 
group; particularly the C- 17 to C- 18 bond is shortened to 
1.206(9)A, attributed to high thermal motion. Thermal 
motion in 3a-epoxypumilin is substantially lower, and the 
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pumilin was used as a beginning model. The epoxy oxygen atom 
and angelate side chain were located by Fourier techniques. 
Hydrogen atoms were located in difference maps, and those of 
the hydroxyl groups and on carbon atoms through C-13 were 
refined isotropically; other hydrogen atoms were included as 
fixed contributions with B = 5.0 A’. Refinement was carried out 
by full matrix least squares, treating non-hydrogen atoms 
anisotropically, and convergence was achieved with R = 0.037 
and Rw = 0.055 for observed data. Relined coordinates are given 
in Table 2, and selected torsion angles are listed in Table 3. 
Uncertainties in distances are 0.003-0.006 A, those in angles are 
0.2-0.4”, and those for torsion angles are 0.4-0.7”. 

The structure of 3 was solved by direct methods (MULTAN) 
and refined in a fashion similar to that employed for compound 4. 
All hydrogen atoms were located by difference maps, and 

Table 3. Selected torsion angles for 3a-epoxypumilin 

Atoms Angle (“) Atoms Angle (“) 

C5-Cl-CZ-C3 - 12.0 
Cl-C2-C3-C4 5.1 
C2-C3-C4-C5 3.8 
c3-Cl-cs-Cl - 10.7 
C4-C5-Cl-C2 13.8 
ClO-Cl-C5-C6 63.0 
Cl-C5-C6-C7 -83.5 
C5-C6-C7-C8 66.0 
C6-C7-C8-C9 -51.7 
C7-C8-C9-Cl0 71.2 

C8-C9-ClO-Cl 
c9-CIO-Cl-C5 
03-c6-c7-Cl1 
C6-C7-Cll-Cl2 
C7-Cll-Cl2-03 
Cl l-Cl2-03-C6 
Cl2-03-C6-C7 
C8-C9-06X16 
06-Cl6Cl7-Cl8 
Cl6Cl7-Cl8-Cl9 

- 72.4 
6.5 

- 38.8 
31.2 

-11.8 
- 14.3 

34.1 
153.2 

- 164.4 
-0.8 

Table 4. Coordinates for non-hydrogen atoms of 8-acetyl-9-desacylpumilin-9-methacrylate 

Atom x Y z Atom X Y r 

01 
02 
03 
04 
05 
06 
07 
08 
Cl 
c2 
c3 
c4 
c5 
C6 
c7 

0.1847 (6) 
-0.0015 (7) 

0.6060 (6) 
0.3795 (6) 
0.4094 (7) 
0.2261 (9) 
0.5731 (6) 
0.8735 (7) 
0.4352 (8) 
0.3973 (8) 
0.3871 (9) 
0.4063 (9) 
0.4341 (9) 
0.2550 (8) 
0.3013 (8) 

0.1116 (3) 
0.0536 (4) 
0.1914 (3) 
0.3642 (4) 
0.4728 (3) 
0.6436 (4) 
0.5868 (3) 
0.5443 (4) 
0.3313 (5) 
0.2961 (5) 
0.1635 (5) 
0.1140 (5) 
0.2140 (4) 
0.2278 (5) 
0.3005 (5) 

0.6290 (1) C8 
0.6899 (2) C9 
0.6041 (1) Cl0 
0.4644 (1) Cl1 
0.6960 (1) Cl2 
0.6961 (2) Cl3 
0.6251 (1) Cl4 
0.5954 (1) Cl5 
0.5479 (2) Cl6 
0.4982 (2) Cl7 
0.4974 (2) Cl8 
0.5399 (2) Cl9 
0.5770 (2) c20 
0.6103 (2) c21 
0.6549 (2) 

0.3403 (8) 
0.5124 (8) 
0.4602 (8) 
0.1354 (9) 
0.0902 (10) 
0.0374 ( 12) 
0.4308 (10) 
0.4129 (13) 
0.3499 (11) 
0.4603 (13) 
0.7622 (10) 
0.8113 (10) 
0.6888 (13) 
1.0033 (14) 

0.4379 (5) 
0.4628 (4) 
0.4446 (5) 
0.2603 (5) 
0.1307 (5) 
0.3128 (6) 
0.5587 (5) 

-0.0185 (5) 
0.5775 (6) 
0.6034 (7) 
0.6160 (5) 
0.7445 (5) 
0.8128 (6) 
0.7915 (7) 

0.6498 (2) 
0.6161 (2) 
0.5648 (2) 
0.6858 (2) 
0.6707 (2) 
0.7193 (2) 
0.5355 (2) 
0.5526 (2) 
0.7137 (2) 
0.7587 (2) 
0.6133 (2) 
0.6248 (2) 
0.6501 (3) 
0.6062 (3) 

Estimated standard deviations in the least significant digits are shown in parentheses. 

Table 5. Selected torsion angles for 8-acetyl-9-desacylpumilin- 
9-methacrylate 

Atoms Angle (“) 

C5-Cl-C2-C3 -3.4 
Cl-CZ-C3-C4 2.3 
C2-C3-WC5 -0.1 
c3-c4-c5-Cl -2.0 
C4-C5-Cl-C2 3.3 
ClO-Cl-C5-C6 62.5 
Cl-C5-C6C7 - 84.2 
C5-C6-C7-C8 69.4 
C6-C7-C8-C9 - 57.3 
C7-C8-C9-Cl0 74.6 

CS-C9-Cl@Cl 
c9-ClO-Cl-C5 
Ol-c6-c7-Cl1 
C6-C7-Cll-Cl2 
C7-Cll-Cl2-01 
Cll-C12-01X6 
Cl2-01-C6-C7 
C8-C9-07X18 
C9-C8-05X16 
07-Cl8-C19-C20 

Atoms Angle (“) 

- 72.7 
6.5 

- 37.9 
31.2 

- 13.3 
- 12.1 

31.9 
156.2 
102.4 

9.4 

included as fixed contributions with B = 5.0A2. Convergence 
was achieved with R = 0.056 and Rw = 0.068 for observed data. 
Refined coordinates are given in Table 4, and selected torsion 
angles are listed in Table 5. Uncertainties are 0.00550.008 A for 

distances, 0.3-0.7” for angles, and 0.5-1.0” for torsion angles. ,\ 
final difference map exhibits evidence of some rotational disorder 
of both skeletal methyl groups. 
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