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Abstract-The investigation of six Zinnia species afforded in addition to already known compounds two 
eudesmanolides, five guaianolides, three germacranolides, five elemanohdes and a dihydroxygeranylgeraniol. The 
structures were elucidated by spectroscopic methods and some chemical transformations. The chemotaxonomic 
situation is discussed briefly. 

INTRODUCTION 

So far five Zinnia species have been investigated 
chemically. All contained sesquiterpene lactones [14], 
mainly elemanolides [l, 3,4], but some also guai- 
anolides [1,4] and the germacranolide haageanolide [2]. 
We have now investigated again Z. haagenna Regel and 
five further species, which so far were not investigated, to 
see whether new informations on the relationships of this 
genus can be obtained from the chemical constituents. 
Again all species afforded several sesquiterpene lactones, 

fifteen not being isolated before, while two species 
contained a geranylgeraniol derivative. 

RESULTS AND DISCUSSION 

The roots of Z. angustifolia HBK afforded the 
widespread pentaynene 1, germacrene D, the sesquiter- 
pene lactones 7 [5], 8 [6] and 9 [4] as well as three further 
ones, which are the eudesmanolides 3 and 4 and the 
germacranolide 22. The ‘H NMR data of 3 and 4 (Table 
1) showed that they differed in the ester residue only. The 

Table 1. ‘H NMR spectral data of compounds 3-6 (270 MHz, CDCLS, TMS as internal standard) 

3 4 5 6a 6b 

3-H 
6-H 
6’-H 
7-H 
S-H 
9-H 

12-H 

13-H 
13’-H 
14-H 
15-H 
OCOR 

5.35 br dd 
2.80 dd 
2.0 m 
3.08 ddddd 
4.52 dd 
1.80 m 

6.26 d 
5.64 d 
1.19 s 
1.68 br s 
6.06 qq 
1.98 dq 
1.89 dq 

5.30 br dd 
2.79 dd 
2.0 m 
3.07 ddddd 
4.51 dd 
1.80 m 

6.26 d 
5.63 d 
1.18 s 
1.66 br s 
5.70 qq 
2.19 d 
1.90 d 

4.03 br dd 5.34 br dd 5.30 br dd 
2.34 dd 2.31 dd 
2.15 dd 2.18 dd 
1.87 m 
4.07 m 4.08 br s 

3.65 dd 3.65 dd 
3.52 dd 3.51 dd 

> 0.99 d > 0.99 d 

1.32 s 1.35 s 
1.74 br s 1.63 br s 1.61 br s 

6.03 qq 5.65 br s 
1.98 dq 2.18 d 
1.89 dq 1.89 d 

.I (Hz): Compounds 314: 2,3 = 7; 6,6’ = 13.5; 6,7 = 7.5; 6’,7 = 10; 7,8 = 7.5; 7,13 = 2.5; 7,13’ = 2; 
8,9 = 7.5; compounds 516: 2,3 = 7; 6,6’ = 13.5; 6,7 = 3; 6’,7 = 13; 11,13 = 7, 11,12 = 7.5: 11’,12 = 4; 
12,12’ = 10. 

* Part 321 in the series “Naturally Occurring Terpene 
Derivatives”. For Part 320 see Bohlmann, F., Gupta, R. K., 
Jakupovic, J., Robinson, H. and King, R. M. (1981) 
Phytochemistry 20.1609. 
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other signals were close to those of ivangustin and the 
chemical shift of the proton at the ester group bearing 
carbon indicated an allylic position, most probably at C-3 
since from spin decoupling the signals of 6-H easily could 
be deduced. The observed 3-H couplings further showed 
;J dt the ester groups were p-orientated. Partial reduction 
wnh LiAIHI gave the dio16, while prolonged reaction led 
to the trio1 5. The chemical shifts of the proton at the 
hydroxyl bearing carbon in the spectra of 5 and 6 
supported the proposed position at C-3 as the signal ofthe 
corresponding proton in ivangustin is at higher fields [7]. 

Thedio122 could be transformed to the monoacetate 23 
and by addition of 4-pyrrolidinopyridine to the diacetate 
%I. Partial oxidation afforded the aldehyde 25 and sodium 
b rohydride reduction gave the 11,13-dihydro compound 
2t only. Careful investigations of the ‘H NMR spectra of 
22 and those of 23326 allowed the assignment of most 
signals. The presence of an 8,12-lactone was deduced by 
the chemical shifts of 6- and 8-H, which were assigned by 
spin decoupling in the usual way, while the a-orientation 
of 6- to 9-H followed from the corresponding couplings 
observed. The stereochemistry at C-4, however, could not 
be established with certainty as the signals of 4- and 5-H 
always overlapped. The observed Eu(fod),-induced shifts 
would agree better with a p-orientation of the CH20H 
group as the 4-H signal obviously is shifted very little, 
which could be explained only if all the oxygen functions 
and therefore the shift reagent were above the plane. 
Although not all signals could be assigned, structure 22 is 
the most probable one. The stereochemistry at C-i 1 in the 
dihydro compound 26 followed from the couplings J,. 1 , 

We have named 22 zinangustohde. The aerial parts also 
contained germacrene D, 22 and two further 
sesquiterpene lactones, 9cc-angeloyloxydehydrocostus 
lactone (10) [4] and the germacranolide 27, a dihydro 
derivative of 22. The ‘H NMR data of the latter (Table 2) 
showed that 27 was the epimer of 26. obtained by 
reduction of 22. 

The roots of Z. &guns Jacq. afforded 9 [4] and the 
aerial parts germacrene D and the elemanolides 28 -31 [4] 
and 3740 [4]. The roots of Z. ltuageanu Regel gave 1, 9 
and the germacranolide 21. the angelate of haageanolide 
(20) [2]. The ‘H NMR data were similar to those of 20 
(Table 3). The observed couplings 58,9 required a /Y- 
orientation of the angelate residue. The aerial parts 
afforded germacrene D, 9,20 and 21 and the guaianolide 
15, its ‘H NMR data (Table 4) being very close to those of 
the senecioate 16 [8 1, where the configuration was 
erroneously written as l/?-H. The couplings of l- and 5-H 
were those of similar guaianolides with cis-fused rings, 
while those of 8- and 9-H indicated an ic-orientation ofthe 
angelate residue. 

The roots of Z. linearis Benth afforded I, germacrene D, 
24 and 779, while the aerial parts contained germacrene 
D, the guaianolides 10 [4], 11 [4], 14a [4] and three 
further ones, the corresponding methylbutyrate 12 and 
the isovalerate 13, which could not be separated, as well as 
the angelate 19. The ‘H NMR data of 12 and 13 were very 
similar to those of 10 and 1 I (Table 4) and the nature of 
the ester residue clearly followed from the typical signals. 
The structure of 19 was deduced from the ‘H NMR data 
too (Table 4). The presence of an angelate residue at C-l 4 

Table 2. ‘H NMR spectral data of compounds 22-27 (270 MHz, TMS as internal standard) 

22(&D,. 80”) A* 23(CDCl,) 24(CDCl,) 25(C,D,, 80”) 26(CDClj) 27(CDCl,) 

1-H 
2-H 
3-H 
4-H 
5-H 
5,-H 
6-H 
7-H 
8-H 
9-H 
11-H 
13-H 
13,-H 
14-H 

15-H 

OCOR 

OAc 

6.14 hr dd 
2.03 m 
1.40 ??I 
1.30 ,,I 
1.45 ,I, 
1.6 ,,I 
5.98 ddd 
2.89 dddd 
4.08 dd 
4.43 hr s 

0.20 
0.09 

0.07 

0.28 5.86 br d 5.73 br d 
0.22 3.10 dddd 3.17 dddd 
0.19 4.57 dd 4.67 dd 
0.22 4.73 br s 5.64 brs 

6.21 d 0.15 
5.29 d 0.15 
I .32 hr s 0.12 
3.20 dd 0.40 
3.10 dd 0.45 
2.24 tq 0.09 
1.67 ddq 0.08 
1.4 ddq 0.08 
0.86 t 0.08 
1.10 d 0.05 

6.08 hr dd 6.03 m 5.87 m 

6.26 d 
5.52 d 
1.69 br s 
3.92 dd 
3.85 dd 
2.26 tq 
1.62 ddq 
1.42 ddq 
0.88 I 
1.08 d 
2.07 s 

6.22 s 
5.51 d 
1.76 br s 

3.82 M 
2.28 tq 
1.67 ddq 
1.44 ddq 
0.91 t 
1.11 d 
2.08 s 
2.07 s 

1.57 m 
5.87 br rid 
2.78 dddd 
3.99 dd 
4.10 br s 
_~ 

6.19 d 
5.66 d 
1.18 hr 5 

9.27 s 
2.22 tq 
1.5 In 
1.3 M 
0.88 t 
1.08 d 

6.08 hr dd 6.15 m 

5.96 br dd 

4.47 hr dd 
4.63 hr ,, 
2.74 dq 

> 1.42 d 

1.69 hr s 
3.46 dd 
3.34 dd 
2.28 tq 
1.65 dq 
1.45 ddq 
0.90 I 
1.10 d 

6.15 ??I 

4.52 br dd 
4.48 hr .Y 
2.91 dq 

> 
I.18 d 

1.71 hr s 

3.32 n, 
2.28 m 
1.6 n, 
I.45 ,,I 
0.94 t 
1.16 d 

* A-values after addition of Eu(fod),. 
J (Hz): 1.2 = 10: 1.2’ = 5; 4,15 = 6.5; 4,15’ = 8; 5,6 = 10; 5’,6 = 3.5; 6.7 = 3.5; 7,8 = 6.5: 7.13 = 2; 8.9 = 3.5: 15.15’ = 10: 
2’,3’ = 3’.4’ = 2’,5’ = 7: 3,‘,3,’ = 14; compound 26: 7.11 = 7; I1,13 = 7; compound 27: 7,ll = 10.5: 11.13 = 7. 
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Table 3. ‘H NMR spectral data of 
compound 21 (CDC13) 

1-H 
Z-H 
3-H > 
5-H 
6-H 
7-H 
8-H 
9-H 
13-H 
13’-H 
14-H 
15-H 
OCOR 

5.24 br dd 

2.4-2.2 m 

4.71 br d 
4.59 dd 
2.77 dddd 
2.23 br d, 2.08 WI 
5.31 dd 
6.31 d 
5.56 d 
1.50 br s 
1.73 br s 
6.09 qq 
1.99 dq 
1.89 dq 

J (Hz): 1,2 = 10; 1,2’ = 5; 
$6 = 10.5; 6,7 = 9; 7,8 = 10; 
7,8’ - 1; 7,13 = 3.5; 7,13’ = 3; 
8,9 = 11; 8’,9 = 2.5. 

was indicafed by the downfield shift of 9-H, which was 
assigned by spin decoupling and the typical signals for 15- 
H. Although some signals overlapped, the similarity with 
those of dehydrocostus lactone clearly showed that the 
stereochemistry was the same in both lactones. 

The roots of Z. tenuij7ora Jacq. again afforded 1 and 9 as 
well as the guaianolides 14a, 14b [2] and 14~ [9] and 
sitosterol, while the aerial parts contained germacrene D, 
9, the guaianolide 18, the 11,13-dihydro derivative of 14a, 
the elemanolides 28-31 and 3740 as well as five further 
ones, the diesters 32-36, and the geranylgeraniol 
derivative 41. The structure of 18 followed from the ‘H 
NMR data (Table 4), which were similar to those of 14a. 
The cc-orientation of the 11-methyl group was deduced 
from the observed coupling J,,l,. The ‘H NMR data of 
32-36 (Table 5), which could be separated by HPLC only, 
showed that the stereochemistry must be the same in all 
compounds. All signals could be assigned by spin 
decoupling. The couplings of 8- and 9-H were different 
from those of 28-31. Inspection of models clearly 
indicated that the protons at C-8 and C-9 must be in the GI- 
position. The relative position of the different ester groups 
was deduced by comparing the observed chemical shifts of 
the signals of 6- and 9-H. In the diangelate 32 these signals 
were shifted the farthest downfield, while in those lactones 
which had a saturated ester group (33-35) the 9-H signal 
appeared at higher fields, while the chemical shift of 6-H 
was nearly the same. In the diester 36 the relative position 

Table 4. ‘H NMR spectral data of compounds 12, 13, 15, 18 and 19 (CDCI,) 

12 13 15 18* 19 

1-H 
2-H 
2’-H 
3-H 
3’-H 
5-H 
6-H 
7-H 

8-H 

9-H 
9’-H 
13-H 
13’-H 
14-H 
14’-H 
15-H 
15’-H 
OCOR 

3.24 ddd 
1.88 m 
2.02 m 

2.55 br t 

2.93 bi- I 
3.95 dd 
3.11 ddddd 

i 2.38 1.69 ddd ddd 

> 5.55 dd 

6.25 d 
5.48 d 
5.16 s 
4.96 s 
5.28 br s 
5.09 br s 

2.40 tq 2.24 d 
1.65 m 2.15 m 
1.50 m 0.97 d 
0.92 t 
1.17 d 

3.02 ddd 

> 1.85 m 

2.55 m 
2.47 m 
2.84 br dd 
4.05 dd 
3.21 ddddd 

5.08 ddd 

2.37 dd 
2.74 dd 
6.23 d 
5.64 d 
5.31 br s 
5.11 br s 
5.07 br s 
4.95 br s 
6.20 qq 
2.04 dq 
1.94 dq 

2.92 ddd 
1.83 ddd 
2.56 dd 
5.63 dddd 

- 
2.85 br dd 
4.02 dd 

- 

- 

> 
1.25 d 

> 
4.93 br s 

5.41 dd 
5.31 dd 
6.11 qq 
2.02 dq 
1.91 dq 

2.7 m 
1.62 dddd 
2.22 m 
2.40 dddd 
2.54 m 
2.7 m 
3.98 dd 
2.7 m 

2.1 m 

> 
5.93 br d 

6.22 d 
5.49 d 
4.66 br d 
4.55 br d 
5.23 br s 
5.05 br s 
6.10 qq 
2.00 dq 
1.92 dq 

* 11-H 2.24 dq. 
J(Hz): Compounds 12/13: I,2 = 8; 1,2’ = 5; 1,5 = 8; 5,6 = 6,7 = 9; 7,8 = 3.5; 7,8’ = 10; 8,9 = 3.5; 
7,13 = 3.5; 7,13 = 3.5; 7,13’ = 3;compound 15: 1,2 = 7; 1,5 = 7; 5,6 = 10;6,7 = 9;7,8 = 9;7,13 = 3.5; 
7,13’ = 3; 8,9 = 5; 9,9’ = 14; compound 18: 1,2 = 7; 1,5 = 7; 2,3 = 7; 2,2’ = 14; 3,15 = 1.5; 
5,6 = 6.7 = 10; 7,ll = 11; 11,13 = 7; compound 19: 1,2 = 10; 2,2’ = 13; 2,3 = 9; 2,3’ = 10; 3,3’ = 17; 
3,15 = 2; 5,6 = 10.5; 6,7 = 9.5; 7,13 = 3.5; 7,13’ = 3; 8,9 = 8; 14,14’ = 13. 
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Table 5. ‘H NMR spectral data of compounds 32.-36 (CDC13) 

32 33 34 35 36 

1-H 
2t-H 
2c-H 
3-H 
3’-H 
5-H 
6-H 
7-H 
8-H 
9-H 
13-H 
13,-H 
14-H 
15-H 
OAng 

9-OCOR 

5.62 dd 5.61 dd 
4.98 d 4.97 d 

5.04 d 5.03 d 

6.55 \ 6.54 s 
6.18 s 6.19 s 
3.81 d 3.77 d 

5.44 dd 5.42 dd 
3.44 dddd 3.44 dddd 
5.04 dd 4.97 dd 
5.36 d 5.26 d 
6.34 d 6.35 d 
5.81 d 5.81 d 
1.41 s I .37 s 
9.40 s 9.40 s 
6.19 yq 6.19 qq 
2.02 dq 2.01 dq 
1.95 dq 1.93 dy 
6.16 44 2.35 tq 
2.02 dq 0.91 t 
1.88 dq 1.15 d 

5.58 dd 
4.98 d 
5.05 d 
6.5 s 
6.19 s 
3.74 d 
5.48 dd 
3.42 dddd 
4.99 dd 

5.23 d 
6.37 d 
5.81 d 
1.42 s 
9.39 s 

6.18 qq 
2.01 dq 

1.94 dq 

2.04 s 

5.56 dd 
4.96 d 
5.02 d 
6.55 s 
6.18 s 
3.79 d 
5.45 dd 
3.42 dddd 
5.00 dd 
5.25 d 
6.36 d 
S.82 d 
I.39 ,) 
9.39 s 
6.19 qq 
2.01 dq 
1.94 dq 
1.1X d 
1.15 d 

5.60 dd 
4.97 d 
5.03 d 
6.55 s 
6.17 s 
3.81 s 
5.41 dd 
3.44 dddd 

5.04 dd 
5.36 d 
6.34 d 
5.79 d 
1.42 s 
9.38 s 
6.16 qq 
2.01 dq 

1.87 dy 
6.13 q 
5.69 q 
1.98 dd 

J(Hz): 1,2t = 17; 1,2c = 11: 5.6 = 3.5; 6,7 = 3; 7.8 = 8.9 = 4; 7,13 = 3.5: 7.13’ = 3. 

was assigned by biogenetic considerations only. Therefore 
the relative position of the esters was uncertain. 

The structure of the diterpene trio1 41 caused some 
difficulties. We therefore prepared the mono-, di- and 
triacetates 4244 as well as the keto diacetate 45. Careful 
investigation of the ‘H NMR data of41 45 including spin 
decoupling (Table 6) allowed the assignment of the 
positions of the hydroxyl groups. The data of 45 clearly 
showed that the keto group was at C-12. The observed 
downfield shift of the 10-H signal and irradiation of this 
signal further showed that one of the acetates was at C-18, 
while the position of the second was directly assigned from 
the ‘H NMR data by the coupling of 1-H. The 
stereochemistry of the 10,l l-double bond followed from 
the downfield shift of 10-H in the spectrum of45, while the 
configuration of the 2,3-double bond was deduced by 
comparing the chemical shifts with those of geraniol and 
related compounds. The only remaining problem was the 
stereochemistry of the 6,7-double bond. Although the 13C 
NMR signals could not be assigned with certainty the 
observed values for the methyl carbons require one 
double bond with the Z-configuration. Therefore the 
stereochemistry seems to be established, except that at C- 
12 which was not determined. The roots of Z. certicillata 

Andr. afforded 1 and 9, while the aerial parts again 
contained germacrene D, 18, 28-40 and 41. 

If the compounds isolated from Zinnia species are 
compared, it is obvious that for one group elemanolides 
are characteristic, mostly with some guaianolides, but no 
germacranolides were detected in these species. These are 
present, again together with guaianolides, in three species 
only. Of these the lactones 22 and 27 are closely related to 
the typical elemanolides only. However. since the 4,5- 
double bond is missing, the transformation to the latter is 
blocked. So far the typical elemanolides of Zinnia have 
never been found in any taxonomically related genera. 

EXPERIMENTAL 

The air-dried plant material was extracted with Et,O-petrol 
(1:2) and the extracts were separated first by column 
chromatography (Si gel) and further by repeated TLC (Si gel). 
Some of the sesquiterpene lactones could be separated by HPLC 
only (reversed phase, RP 18, MeOH-H20. 7:3). Known 
compounds were identified by comparing the IR and ‘H NMR 
spectra with those of authentic material. Optical rotation: 
CHC13, ‘H NMR, 270 MHz. TMS as int. standard. 

Zinnia angust$olia (wuchw RMK 8182). The roots (30 g) 
atforded 1 mg 1,3 mg germacrene D, 30 mg 3 (EtzO--petrol, 1: 3). 
6 mg 4 (Et,O-petrol, 1: 3), 0.5 mg 7, 5 mg 8.5 mg 9 and 5 mg 22 
(Et,O), while the aerial parts (I kg) gave 50mg germacrene D, 
80mg 10 and 5 mg 27 (Et,O). 

Zinnia elegans (grownJrom seeds, But. Garden Cologne, coucher 
70/l 340). The roots (I 50 g) afforded 50 mg 9 and the aerial parts 
(400 g) 5 mg germacrene D, 10 mg 28-31 (nearly equal parts) and 
10 mg 37-40 (nearly equal parts). 

Zinnia haagrana (grown Jnm seeds, Bot. Garden Dijon. ooucher 

70/1342). The roots (100 g) afforded traces of I,20 mg 9 and 5 mg 
21 (Et,O-petrol, 1:3). while the aerial parts (80 g) gave 10 mg 
germacrene D, 3 mg 1. 3 mg 15 (CH,Cl, -ChHhr 1 :I), 40mg 20 
and 15mg 21. 

Zinnia linearis (grownfrom seeds, Bat. Garden Pa&a, voucher 
7Oj1411). The roots (5Og) afforded I mg germacrene D, 1 mg 1, 
5 mg 2,22 mg 3,3 mg4,3 mg 7,5 mg 8 and 2 mg 9, while the aerial 
parts (600 g) yielded 20 mg germacrene D, 5 mg 10, 0.5 mg 1 I. 
3mg 12 and 13 (HPLC, MeCN- H,O, 3:2). 3mg 14a and 1Omg 
19 (CH#J&,H,. 1 :l). 

Zinnia certicillata (grown Ji-om seeds. Bat. Garden Dijon, 
wu&r 79/l 382). The roots (30 g) afforded traces of 1 and 8 mg 9, 
while the aerial parts (75 g) yielded 2 mg germacrene D. 2 mg 
phytol. 1 mg 18 (Et,O.-petrol, 1 :I ), 2 mg 28 and 29.30 mg 30 and 
31,5 mg 37 and 38.25 mg 39 and 40 (nearly equal parts of these 
four pairs). B mixture of lactones (Ft,O -petrol. 7:3f (separated 
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Table 6. ‘H NMR spectral data of compounds 4145* (CDCI,) 
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41 (C6D6) 42 43 44 45 41 (‘jC NMR) 

1-H 
2-H 
4,5-H 
6-H 
8-H 

9-H 

10-H 
12-H 

13-H 

14-H 
16-H 
17-H 

18-H 

19-H 
20-H 
OAC 

4.02 br d 
5.42 tq 
2.00 m 
5.15 tq 
2.00 m 
2.19 dddd 
2.13 dddd 
5.44 br t 
4.16 br dd 
2.50 ddd 
2.35 ddd 
5.22 tq 
1.54 br s 
1.69 br s 

4.26 br s 

1.51 br s 
1.62 br s 

- 

4.56 br d 4.56 br d 
5.36 tq 5.37 tq 
2.12 In 2.13 m 
5.11 tq 5.12 tq 
2.12 ??I 

2.26 WI 

5.52 br t 5.72 br t 
4.11 br dd 4.12 br dd 
2.44 ddd 
2.26 m 
5.13 tq 5.13 tq 
1.61 br s 1.62 br s 
1.73 br s 1.74 br s 

4.27 br s 
4.70 br d 
4.65 br d 

1.66 br s .1.65 br s 
1.17 br s 1.78 br s 
2.05 s 2.07 s 

2.06 s 

4.56 br d 
5.36 tq 
2.11 m 
5.12 tq 
2.11 m 

2.24 m 

5.13 br t 
5.21 br t 

2.36 m 

5.02 tq 
1.61 br s 
1.70 br s 

4.64 br s 

1.70 br s 
1.78 br s 
2.07 s 
2.06 s 
2.03 s 

4.56 br d 
5.37 tq 
2.12 m 
5.17 tq 
2.16 br t 

2.47 br tq 

6.85 br t 

C-l 
c-2 
c-3 
c-4 
C-5 

C-6 

C-7 
C-8 

3.38 br d 

5.31 tq 
1.64 br s 
1.76 br s 

4.84 br s 

1.65 br s 
1.17 br s 
2.05 s 
2.03 s 

c-9 

c-10 
c-11 
c-12 

c-13 

c-14 
c-15 
C-16 
c-17 
C-18 
c-19 
c-20 

59.1 
124.47 
139.61 
39.5 
26.3 

124.77 

135.25 
35.1 

25.9 

130.4 
139.4$ 
79.9 

31.9 

120.2 
134.95 
25.9 
18.1 
76.8 
23.3 
16.1 

* The assignments of 16-, 17- and 19-H may be interchangeable in the spectra of 424. 
t, $, 8 May be interchangeable. 
J(Hz): 1,2 = 7; 2,4 = 2,20 N 1.5; 5,6 = 7; 6,8 = 6,19 _ 1.5; 8,9 = 9,lO = 7; 12,13 = 7; 13,14 = 7; 

13,13’ = 15; 14,16 = 14,17 y 1.5. 

by HPLC yielding 2 mg 32,0.5 mg 33,2 mg 34 and 2 mg 36) and 34,0.5mg35,2mg36,3mg37and38(1:1),30mg39and40(1:1) 
3 mg 41 (Et,O). and 20mg41. 

Zinnia tenuijora (grown from seeds, Bot. Garden Marburg, 
tloucher 79/1339). The roots (50g) afforded traces of 1, 2mg 
sitosterol, 2Smg 9 and 6mg 14a-14c (1:3:2), while the aerial 
parts (100 g) yielded 5 mg germacrene D, 5 mg 9,2 mg 18,3 mg 28 
and 29 (l:l), 35mg 30 and 31 (l:l), a mixture of 32-36 
(Et+petrol, 7:3) separated by HPLC: 3mg 32.1 mg 33,2mg 

3B-Angeloyloxydesoxyinuangustin (3). Colourless crystals, mp 
134” (Et&petrol); IR ‘:2:4crn-l: 1770 (y-lactone), 1710, 1650 
(C=CCO,R); MS m/z (rel. int.): 330,183 [M]+ (7) (CZ,,HZ604), 
230 [M - AngOH]+ (43), 215 [230-Me]’ (33), 83 
[C,H,CO]+ (lOO), 55 [83 - CO]+ (87). 

[U]&” 589 578 546 436 nm = = 
-26.0 -27.8 -35.2 -96.8 

(c 2.16). 

Me [CZC]JH=CH2 1 

2 R=H 5 R=H 
3 R =OAng 6a R = Ang 
4 R = OSen 6b R = Sen 

0 w 0 
\ 
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AngO- 

OR 

20 R=H - 
21 R = Ang 

,OAng 

R R’ R” 
10 H OAng H 
II H OSen H 
12 H MeBu H 
13 H r-Vi11 H 
14a H H OAng 
14b H H OSen 
14~ H H i-VA 
IS OAng H H 
I6 OSen H H 
I7 O-,-V& H H 

OR 

\ 0 

m 

R R’ 
22 H CH,OH 

0 23 H CHzOAc 
24 Ac CH,OAc 
2.5 H (‘HO 

R’ OMeRu 

26 11x-H 27 Ii/i-H 28 29 30 31 
R H H Ang Meacr 
R’ Ang Meacr H H 

OR $?R’ 

0 0 

32 33 34 35 36 37 38 39 40 
R Ang MeBu 4c i-Bu Meacr R H H Ang Meaci 

R’ An:! Meau H H 

41 42 43 44 4s 
R H AC AC AC .4c 
R H H AC AC AC 
X OH, H OH. H OH. H OAc. H =O 
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To 10mg 3 and 4 (5:t) in 2ml Et20  was added 10mg LiA1Ha. 
After 2 min dil. H~SO, was added. TLC (Et20) afforded 6 rag 6a 
and 6b, colourless gum. For t H NMR see Table 1.6 mg 6a and 6b 
was reduced with excess LiA1H, in EtzO for 15 rain. TLC (Et20) 
afforded 3rag 5, colourless gum; IRvC~n°~cm-~: 3620 (OH), 
1620 (C = C ) ;  MS m/z (rel. int.): 254 [M ] + (I 1 ), 239 [M - Me ] + 
(12), 221 [ 2 3 9 -  H 2 0 ]  + (18), 203 [221 - H 2 0 ]  + (10), 236 
[ M -  H 2 0 ]  + (10), 177 [ 2 3 6 -  MeCHOH2] + (100). 

3fl-Senecioyloxydesoxyivangustin (4), Cotourless crystals, mp 
144 ° (Et20); CHC~ -~ IR%,~ cm : 1760 (y-lactqne), 1700, 1650 
(C=CCO2R);  MS m/z (reL int.): 330.183 [M] + (4), 230 
[M - SenOH] ~ (28), 215 [230 - Me] + (14), 83 [C4H7CO] + 
(100), 55 [83 -- CO] + (44). 

589 578 546 436 nm 
[~3~,o ( c  = o . 2 1 ) .  

- 3 t . 0  -32.4  -41 .0  -109.5  

9e-Isovaleryloxy- and [2-methylbutyryloxy]-dehydrocostus 
lactone (12 and 13). Colourless gum, which was not  separated; 
IR v ~  cm - ~ : 1780 (y-lactone), t735 (CO2R); MS m/z (rel. int.): 
330.183 [M] + (7)(C2oHz60,0, 228 [ M -  RCO2H] + (32), 85 
[RCO] + (39), 57 [ 8 5 -  CO]  + (100). 

589 578 546 436nm 
[~]~*° = - 2 t . 2  -21 .6  -25 .6  -50 .4  (c = 0.25). 

8a-Angeloytoxydehydrocostus lactone (15). Colourless gum; IR 
C O l a  -- 1 • v ~  cm .1780 (~-lactone), 1720, 1650 (C=CCO2R);  MS m/z 

(reL int.): 328.168 [M] + (2) (C2oHz404), 228 [M - RCO2H] + 
(31), 83 [C,HTCO] + (100), 55 [83 - CO] + (71). 

589 578 546 436 nm 
[~3~,o (c = o.8). 

+69.9 +72.6 +83.1 +144.4 

1 lfl,13-Dihydrozatuzanin C.angelate (18). Cotourless gum; 
IR ~,~,'c°'"m-..- t.. 1785 (v-lactone), 1720, 1650 (C=CCOzR) ;  MS 
m/z (rel. int.): 330.183 [M]  + (1) (Cz0H~404), 231 
[ M -  OCOR]  + (12), 83 [ C 4 H 7 C O ]  + ( 1 0 0 ) ,  5 5  [ 8 3 -  C O l  + 
(49). 

589 578 546 436 nm [~1~,° (c = o.1). 
+77.0 +79.0 +89.0 +155.0 

14-Angeloyloxydehydrocostus lactone (19), Colourless gum; 
IR ,cc~, m - t .  1775 (7-1actone), 1720, 1650 (C=CCOzR) ;  MS 
m/z (rel. int.): 328A58 [M]  ÷ (4) (C2oHz404), 228 
[ M -  AngOH] + (28), 83 [C4H7CO] + (100), 55 [ 8 3 - C O ]  + 
(43). 

589 578 546 436 nm 
[c~]~ao (c = 0.45). 

-53 .8  -56 .7  -65 .6  -119.3 

IR v~a~ cm . Haageanolide angelate (21). Colourless gum; cch - t .  
1770 (7-1actone), 1710, 1650 (C=CCO2R);  MS m/z (rel. int.): 
330.183 [M] + (3) (C2oH260,), 230 [M - RCO2H] + (I1), 83 
[C4H7CO] + (55), 55 [ 8 3 -  COl  + (100)~ 

589 578 546 nm 
[~t ]~,o = (c = 1.6). 

+96.9 +101.2 +117.6 

Zinangustolide (22). Colourless gum; IR v cch c m - l :  3620 -max 
(OH), 1775 (2;-lactone), 1720 (CO2R); MS m/z (reL int.): 366.204 
[M] + (1) (CzoH3oO6), 264 [ M - R C O 2 H ]  + (16), 246 
[264 - H 2 0 ]  + (16), 228 [246 - HzO] + (4), 218 [246 - CO] + 
(t l) ,  85 [C4H9CO] + (30), 57 [ 8 5 -  CO] + (100). 

589 578 546 436 nm [~]~,o = (c  = 8 ,3 ) ,  
+21.3 +22.4 +26.0 +46.6 

9mg 2 2 i n  0.1ml Ac20 was heated for 3hr  at 70 °. TLC 
(Et20-petrol ,  4:1) afforded 8rag 23, colourless gum; 

C C h  - 1 • IR~,'ma × cm .3600 (OH), 1780 (7-1actone), 1740 (OAc, CO2R); 
MS m/z (reL int.): 408 [M] ÷ (3), 348 [M - HOAc] + (0.5), 306 
[M - RCO2H] + (6), 288 [306 - H203 + (5), 246 
[306 - HOAc] + (10), 228 [246 - H 2 0 ]  ~ (10), 85 [C4H9CO] + 
(38), 57 [85 - CO] + (100). 4 mg 23 in 1 ml CHC13 was heated 
with 10 mg 4-pyrrolidinopyridine and 50 mg Ac20 for 2 hr at 60 °. 
TLC (Et20-petrol ,  1:1) afforded 3mg 24, colourless gum; 
IR vcc~ ' cm - 1 : 1785 (v-lactone), 1760 (OAc), t 740 (OAc, CO2R); 
MS m/z (rel. int.): 450 [M] ÷ (1), 390 [ M -  HOAc] + (1), 
288 [ 3 9 0 - R C O 2 H ]  + (5), 228 [ 2 8 8 - H O A c 3  + (8), 85 
[ C 4 H 9 C O ]  + ( 4 6 ) ,  5 7  [ 8 5 -  C O ]  + ( 1 0 0 ) .  

10mg 23 in 1 ml CH2CIz was stirred for 2hr  with 10rag 
pyridine dichromate. TLC (Et20 - petrol, t : I ) afforded 1 mg 2 5 ,  

colourless gum; IR vCC~ ~ cm-  a: t780 (v-tactone)~ 1725 (CHO, 
COzR). For 1H NMR see Table t. 

To 5mg 22 in l m t  MeOH was added 10rag NaBH, .  TLC 
(Et20) afforded 3 mg 26, colourless gum; IR vC~ °~ cm - a : 3610 
(OH), 1780 (y-lactone), 1725 (CO2R); MS m/z (tel. int.): 368 
[M] + (3), 266 [ M -  RCO2H] + (10), 248 [ 2 6 6 -  H 2 0 ]  + (8), 
220 [ 2 4 8 - C O l  + (7), 85 [C,H9CO] + (28), 57 [ 8 5 -  CO] + 
(100). 

llfl,13-Dihydrozinangustolide (27). Colourless gum; IR 
VmaxCCi, c rn - l :  3640 (OH), 1780 (~Mactone), 1730 (CO2R); MS 
m/z (rel. int.): 368.220 [M] + (1) (C2oH3206), 266 [ M -  
RCO2H] + (8), 248 [ 2 6 6 -  H 2 0 ]  + (9), 85 [C,HgCO] + (28), 57 
[85 - c o ]  + (IOO).  

589 578 546 436 nm 
[c~]~4o (c = 0.42). 

-19 .8  -20 .7  -23 .8  -44 .5  

6fl,9fl-Diangeloyloxy-8-epizinamultifloride (32). Colourless 
gum; IR vcc~ " cm-  ~: 1780 (7-1actone), 1730, 1650 (C=CCOzR),  
1700 (CHO); MS m/z (tel. intO: 442.199 [M ]+ (10) (C2sH3oOv) 
343 [ M - A n g O ]  + (4), 342 [ M - A n g O H ]  + (3), 243 
[343 - AngOH] ÷ (4), 83 [C, HTCO] + (100), 55 [83 - CO]  + 
(501. 

589 578 546 436 nm [~]~,o (c  = o . 1 3 ) .  
+32.3 +33.9 +40.0 +70.0 

6 f l -Ange toy loxy -9 f l -  [ 2 - m e t h y l b u t y r y l o x y  ]-8- 
. vCCI 4 - 1,  epizinamuhifloride (33). Colourless gum, IR m~ cm .1785 (y- 

lactone), 1730 (C=CCOzR,  CO2R), 1700 (CHO); MS m/z (reL 
int.): 444.215 [M] + (5) (C25H3207) , 85 [C4H9CO] + (37), 83 
[C, HvCO] + (74), 57 [85 - CO] + (100), 55 [83 - CO]  + (87). 

589 578 546 436 nm 
[~]~,o= -(c = 0 . 0 8 ) .  

+41.3 +43.8 +50.0 +86.3 

6fl-Angeloyloxy.9fl-acetoxy-8-epizinamuhifluoride (34). 
Colourless gum; cch - ~. IRvm, ~ cm . 1770 (y-lactone), 1760 (OAc), 
1720, 1650 (C-----CCO2R), 1695 (CHO); MS m/z (reL int.): 
402.168 [M] + (10)(C22H2607), 303 [ M -  OAng] + (2), 302 
[M - AngOH ] + (1), 242 [302 - HOAc ] + (6), 227 
[242 -- Me] + (6), 83 [C,HvCO] + (100). 

589 578 546 436 nm 
[e]~*° +80.7 +84.0 +96.7 +i72~O (c=0.3) .  

6fl-Angeloyloxy-9fl-isobutyryloxy-8-epizinamultifloride (35). 
Colourless gum; IR v ccl' cm-  t: 1785 (7-1actone), 1730 (CO2R), 
1700 (CHO); MS m/z (rel. int.) 430,199 [M ] + (11) (C24H3oO7), 
342 [ M - R C O z H ]  (15), 242 [ 3 4 2 - A n g O H ]  + (8), 83 
[C,HTCO] + (100), 71 [C3H7CO] + (47). 

589 578 546 436 nm [~]~,o = ( c  = 0 . 0 5 ) .  
+28 +30  +36 +62 
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6B-Angelo~loxy-98-me~/~~c~~~o~~/~,~~-8-~~;~j~u~nu~ti~~~~~~~ (36). (32). 6mg43 in 1 ml CH2C’11 was stnred 1 hr with 10mg pyridine 
Colourless gum; IR ~92 cm ’ : 1780 (p-lactone), 1720, 1650 dichromate. TLC (Et,Q ~petrol, 1: 1) afforded 4 mg45, colourless 
(C=CCO,R), 1695 (CHO); MS m/!z (rel. int.): 42X.184 [M]+ gum; IR vz:‘i: cm ‘. 1740,1235 (OAc), 1680 jC=CCO); MS (Cl. 
(ll), 399 [M - CHO]’ (7), 342 [M - RCQ,H]’ (2), 329 i-butane)m/:(rel.int.):405 [MI- (0.5j.345 1405 - HOAc] ’ (9). 
[M - OAngj i (4), 243 [342 - OAng] . (X). X3 [C&J,CO]’ 285 [345 - HOAc; ’ (7X). 267 [2X5 - H,O] ’ (30). 239 
(100). [267 -- (‘0 ] ’ (100). 

5X9 rz&,. = .____“7R.__146...~~..416nm (c = 0.3). Ack,loi~:ledgemerlrs ~--We thank Drs. Scott A. Mori and P. Alvim. 
f59.7 t62.7 +72.7 + 139.3 Herbario Centro de Pesquisas. Cacau at Itabanu, Bahia, Brazil, 

12,18-Dihydrox)-6.7Z-g~~~~~~~g~r~~lio/ (41). C‘olourless gum: 
for their help in plant collection and the Deutsche 

JR $29 cm-‘: 3510 (OH). 1660 (C=C); MS m’r (rel. int.): 
Forschungsgemeinschaft for Jinancial support. 

2X6.230 [M + - 2H,O]+ (1) 256 [2X6 - CH?O] ’ (2). 253 
[M - Me,C=CHCH,]’ (I), 235 [253 - HzO]’ (8). 217 
[235 - H,O]- (2X), 199 [217 - HLO; ’ (32),X1 rChHg;’ (IOO), 
69 [GH,]’ (91). 

J, 

589 578 546 436 nm 2. 
[&];J, = ._-~__-~.._ .~~~._ ~. _~ (C’ = 0.29). 

+35.9 +37.6 +-42.X +77.6 1 . 

To 19mg 14 in 1 ml C,H, and 0.1 ml pyridine was added 1Omg 4. 
AcCI. After 2 hr, TLC (Et,O-petrol, 1:l) afforded 4 mg 42,6 mg 
43 and 4 mg 44.42: Colourless gum: IR ) :;:,‘11 cm ’ : 3640 (02-I) 5. 
1740, 1240 (OAc): MS (CL i-butane) VI,; (rel. int.): 287 
[M + 1 - HOAc, H,O] ’ (55), 269 1287 - H,O] + (100). 6. 

43: Colourless gum; IR $52 cm ’ : 3600 (C)M). 1740. 1240 
(OAc); MS (CI, i-butane) m/z (rel. int.): 329 [M + 1 - HOAc. 7. 
H,O]’ (4), 2X7 [329 - ketene] (6). 269 [329 - HOAc] (35). 
217 [287 - isoprene] ’ (100). X. 

44: Colourless gum; IR II”? cm nld)L 1 : J 740, 1240 (OAc): MS (CJ. 
i-butane) m/z (rel. int.): 217 [M t 1 -- 2HOAc, ketene. 9. 
isoprenel’ (100). IS9 [217 - C,H,]’ (4X), 141 I159 - H,O’- 
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