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Abstract-A re-investigation of V. arkansana afforded several new sesquiterpene la&ones, three bourbonenolides, 
obviously closely related to those isolated from this plant previously, a glaucolide and a methoxy derivative most 
probably formed by fragmentation of the corresponding bourbonenolide. From V. projiga in addition to known 
lactones a new guaianolide was isolated. The biogenetic relationships of the Vernonia sesquiterpene lactones are 
discussed briefly. 

INTRODUCTION 

From the large genus Vernonia many species have been 
investigated chemically. In addition to triterpenes, mainly 
of the lupane type [l 1, many highly oxygenated 
sesquiterpene lactones are present, especially germacra- 
nolides of the glaucolide type [l-3]. We now have 
investigated Vernonia profuga cf. L. and again some more 
material of V. arkansana DC. In addition to known 
sesquiterpene lactones several new ones were isolated, 
their structures being elucidated by spectroscopic 
methods. 

RESULTS AND DISCUSSION 
Vermnia arkansana has been investigated before (2,4]. 

The investigation of some more material, however, gave 
several new compounds. The roots afforded costunolide 
and the known guaianolides 1,3-7 [3] and 8, the hydroxy 
derivative of 6. The structure clearly followed from the 
‘H NMR data (Table l), which were similar to those of 6. 
The stereochemistry at C-8 was deduced from the 
couplings observed for H-8 and from the typical down- 
field shift of H-13’. The aerial parts gave lupeol, its acetate 
and the glaucolide marginatin (10) [4,5 ] together with the 
corresponding methacrylate 11, its structure also clearly 
following from the ‘HNMR data (Table l), only the 
signals of the ester residue being different from those of 10. 
Further lactones could be separated only with difficulty. 
Finally four compounds were obtained, three again only 
differing in the ester residues. The most polar was the 
diacetate 12, while in two others one acetate group was 
replaced by a t&late and a methacrylate residue, 
respectively (13 and 14). The structure of 12 could be 
deduced from the ‘HNMR data (Table l), especially 
when compared with those of the bourbonenolides of type 

*Part 363 in the series “Naturally Occurring Terpene 

Derivatives”. For Part 362 see Bohlmann, F., MIiIler, L., Gupta, 
R. K., King, R. M. and Robinson, H. (1981) Phytochemistry 20, 
2233. 

16 isolated before [2]. However, the presence of an 
additional ester group and two doublets at 4.95 and 
4.76 ppm as well as the absence of signals of exomethylene 
protons clearly showed that a modified glaucolide was 
present, which obviously was derived from bourbonene. 
Consequently, the signals of H-l-H-3, H-5, H-8 and H-9 
showed a similar splitting pattern as the corresponding 
signals of 16 [2]. The H-8 signal, however, was shifted 
down-field due to the allylic nature of this proton, when 
compared with the chemical shift of H-8 in the spectrum of 
16. Also some other shifts and couplings were slightly 
changed. NOE showed that the stereochemistry at C-l, C- 
4 and C-5 was different from that of 16. Irradiation of the 
H-l signal caused a clear NOE of H-2, H-90: and H-15, 
while no effect for H-14 was observed. The stereochemical 
assignment was further supported by a hydrogen bond 
visible in the IR spectra of 12-14. The ‘H NMR data of 13 
and 14 corresponded to those of 12 (Table 1). However, in 
the spectra of 13 and 14 the H-8 signal was slightly shifted 
down-field, indicating that the unsaturated ester groups 
had to be placed at C-8 and not at C-13. Furthermore, an 
13-acetoxy group is present in all sesquiterpene lactones 
of this type and therefore the proposed relative positions 
of the ester groups were very likely. 

The ‘H NMR data of the last lactone agreed with the 
structure 15. While only one ester residue was present, a 
methoxy group was introduced, most probably at C-10. 
From the signals of H-13 the presence of a methylene 
lactone was deduced. However, the absence of signals for 
H-6 and H-7 indicated a 6,7-double bond, its presence 
being supported by a down-field shifted doublet at 
2.86ppm, which was coupled with a broadened double 
doublet at 2.26 ppm. These signals probably were those of 
H-l and H-5. All data therefore agreed best with the 
proposed structure, though the stereochemistry at C-4 
and C-10 was only assigned by analogy to that of 12-14. 
15 could be formed by a fragmentation of 12 by attack of 
methanol at C-10 as shown in Scheme 1. 

The roots of Vernonia projiiga cf. L. afforded also 1,2, 
ti and a further guaianolide, the diol 9. The structure 
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Table 1. ‘H NMR spectral data of compounds 8,9 and 11-15 (CDCl,, 400 MHz, TMS as internal standard) 

8 9 11 12 13 14 15 

H-l 
H-2u 
H-2p 

H-3 

H-4 

H-5 
H-6 
H-7 
H-8 

H-9a 

H-9/3 
H-11 

H-13 
H-13’ 
H-14 
H-14’ 

H-15 
H-15’ 

OCOR 

OAc 

OH 

3.20 br ddd 2.80 br ddd 
2.61 dd 2.13 ddd 
2.50 dd 1.70 ddd 

- 3.72 ddd 

- 1.88 ddq 

3.25 dddd 1.93 ddd 
3.98 dd 3.93 dd 
3.08 dddd 1.88 ddd 
3.92 m 3.66 ddd 

2.20 br dd 2.11 br dd 
2.31 br dd 2.72 br dd 
- 2.52 dq 

6.38 d 
6.31 d > 

1.40 d 

5.03 br s 5.00 br s 
4.83 br s 5.03 br s 

6.27 d 
5.88 d > 

1.18 d 
> 

- - 

5.08 br dd 3.36 br dd 2.38 br dd 2.39 br dd 2.26 dd 
> 1.85 m > 1.85 m > 1.85 m 1.85 1.72 m m 

{ 2.05 1.85 m m 2.05 1.85 m m 2.05 1.85 m m 1.85 1.92 m m 
- - - - 

2.39 d 1.67 d 2.69 d 2.69 d 2.86 d 
3.89 d - 

- - 

5.35 m 6.30 br dd 6.35 br dd 6.36 br dd 5.48 dd 

1.91 dd 1.94 dd 1.96 dd 1.43 dd 
2.55 dd 2.59 dd 2.59 dd 2.28 dd 

- - - 

4.98 br d 4.95 br d 4.89 br d 4.91 br d 6.78 br s 
4.88 d 4.76 d 4.75 d 4.75 d 6.53 br s 

1.74 br s > 1.08 br s > 1.09 br s 1.10 br s > 1.00 s 

1.42 s > 1.22 br s 1.22 br s 1.24 br s 1.28 s 

5.67 dq - 6.91 qq 5.69 br s - 
6.12 br s - 1.83 dq 6.16brs - 
1.92 br s - 1.86 dq 1.98 br s - 

2.07 2.18 s s 
2.08 

2.05 s 2.05 s 2.12 s 
s 

2.95 br s 2.95 br s 2.95 br s 

J (Hz): compound8: 1,2a = 8; 1,2fi = 5; 1,5 = 9;2a,28 = 18; 5,6 = 6,7 = 7,8 = 9.5; 5,15 = 2.5; 7,13 = 3.5; 7,13’ 
= 3; 8,9a = 6; 8,98 = 7.5; 9a,9b = 13; compound 9: 1,2a = 6; 1,2/? = 10; 1,5 = 8; 2a,2#I = 12; 2a,3 = 9; 3,4 = 6; 
4,5 = 10; 5,6 = 6,7 = 7,8 = 10; 7,ll = 11; 8,9a = 10; 8,9/j = 4; 9a,9/? = 12; 11,13 = 7; compound 11: I,2 = 10; 
1,2’ _ 4; 5,6 = 9; 13,13’ = 13; compounds 12-14: 1,2 = 1,5 = 7; 8,9a = 9; 8,98 = 7; 9498 = 13,13’ = 12.5; 

compound 15: 1,2 = 1,2’ = 7.5; 1,5 = 7; 8,9a = 10.5; 8,9/? = 7; 9a,9/? = 13. 

0 0 

6 X=CH,.R=H 9 
7 X=H,zMe.R=OH 
8 X=CH,.R=OH 

0 

IO R = Tigl 
II R=Meacr 
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12 R=Ac 
13 R = Tigl 
14 R = Meacr 

Scheme 1. 

OAc 

16 0 

Scheme 2. 

followed from the ‘HNMR data (Table 1) and spin 
decoupling. The couplings observed allowed the 
assigmnent of the stereochemistry at C-3, C-4, C-8 and C- 
11.9 therefore is a tetrahydro derivative of 7. The aerial 
parts gave lupeyl acetate and its A9,ll and A1213 
isomers, 10 and 13. 

The isolation of 10-15 supports the proposed 
relationship of the bourbonenolides to the glaucolides of 
type 10, Aprotoncstalysed opening of the epoxide ring in 
10 would lead to 17, which by further protonation could 
be transformed to 18, perhaps the direct precursor of 13 
(Scheme 2). 16 is probably formed from the 1,5 isomer of 
13, which would indicate two different ways of cyclization 
of 18. A direct formation of 13 from 17 by a cycloaddition 
therefore seems to be less likely, as a different 
stereochemistry of the double bonds would be required 
for the formation of the bourbonenolides isolated. 

ExPRRIMmTAL 

The fresh plant material, grown from seeds, was extracted with 
Et@-petrol, 1:2 and the resulting extracts were separated by CC 
(Si gel) and further by TLC (Si gel). Known compounds were 
identified by comparing the IR and ‘H NMR data with those of 
authentic material. Vouchers are deposited in the Institute of 
Organic Chemistry, Technical University of Berlin. 

Vernonia arkansana (wucher 79/1500). The roots (3oOg) 
afforded5mg1,4mg2,3mg3,2Omg4,5mg5,4Omg6,3mg7 

+ 

18 

and 5mg8 (Et+petrol, 3:1), while theaerial parts (1.5 kg)gave 
20 mg lupeol, 25 mg lupeyl acetate, 15 mg 10, 5 mg 11 
(Et&&petrol, 3:1), 6mg 12 (Et&I-petrol, 3:1), 8mg 13 
(Et,O-petrol, 3:1), 2mg 14 (Et@-petrol, 3:l) and lmg 15 
(Et,&petrol, 3:l). 

Vernonia profuga (uoucher 79/1464). The roots (1 kg) afforded 
lOmg1,19mg2,22mg4,28mg5,220mg6,6mg7,6mg8and 
15 mg 9, while the aerial parts (5 kg) gave 20 mg lupeyl acetate, its 
A9,ll and Al513 isomers (ca 2:1:2), 14mg 10 and 6mg 13. 

8a-Hydroxydehydrozaluzanin C (8). Colourless crystals, 
191” (MeOH), IR pdcm-‘: 3440 (OH), 1760 (lactone), 
1710 (C=CCO); MS m/z (rel. int.): 260.105 (M+, 9) (C,,H,,- 
0,), 242 (M - H,O, 33) 231 (M - CHO, 19), 166 (M - C,- 

H,O(O 
# 

1 , loo). 

[alLo = 
“589 578 546 436nm 

+118 +124 +147 +293 
(c = 0.3, CHCI,). 

8a-Hydroxy-4fi,l5,11S,13-tetrahydrozaluzurtin C (9). 
Colourless crystals mp 159”, IR ~~~‘~cn-~: 3615 (OH), 1780 
(lactone);MSm/z(rel.int.):266 (MC, 1.5),248.141 (M - H,0,6) 
(C,,H,,O,), 220 (248 - CO, lo), 205 (220 - Me, 6), 168 (M 
- C,H,,O, 68), 55 (C,H;, 100). 

I-Deacyl murgiautin-methacrylte (11). Colourless gum, IR 
Vm ;CUl-‘: 1780 (lactone), 1760 (OAc), 1725, 1650 
(C=CCO,R); MS m/z (rel. int.): 304 (M - RCO,H, 0.5), 
244.110 (304 - AcOH, 6) (C,,H,,Os), 229 (244 - Me, 2), 216 
(244 - CO, 7). 69 (C3H,CO+, 100). 
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8a,13-Diecetoxy+/tydroxy-bourbon-7(11)-em-6,12-o1ide (12). 8a-Acetoxy-40c-hydroxy-lOa-methoxy-guaine- 
Colourless gum IR v‘= -I: 3590 (OH), 1790 (lactone), 1760 
(OAc); MS m/i (rel.(I;;t.F&I (M - AcGH, 0.5), 244.110 (304 

6,12-elide (IS). Colourless gum, IR ~~~~crn-‘: 3580 (OH), 1780 
(lactone), 1750 (OAc); MS m/z (rel. iz): 304 (M - MeGH, 0.5), 

- AcGH, 14), 226 (244 - HsO, 6), 186 (244 - Me&O, 100). 244.110 (304 - AcGH, 6) (C,,H,,O,), 186 (244 - Me,CO, 43), 
589 578 436nm 

blL = 546 (c = 0.6, CHCl,). 

57 (C,H,+, 100). 

-38 -41 -49 -100 
blL 

589 578 546 436nm 
= = 

13-Acetoxy-8a-tiglinoyloxy-4B-hydroxy-bourbon-7(1 l)-en- +4 +l -2 -30 
(c 0.1, CHCI,). 

6,12-olide (13). Colotulees cry&de, mp 143q JR vzcm-r: 3580 
(OH), 1780 Qactone), 1745 @AC), 17X),1645 (C=CCO,W; MS 
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m/z (rel int): 404 (M+, 0.5), 344 (M - AcGH, 0.3), 244.110 (344 
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- RCOsH, 10) (C,sH1603), 226 (244 - HzO, 2), 186 (244 
- MesCO, 52), 83 (CIH,CO+, 100). 

589 578 546 436mn 1. 

blL = = 
-20 -23 -28 -64 

(c 0.8, CHCI,). 
2. 

13-Acetoxy-8a-methacryloyloxy-48-hydroxy-bo~rbon-7(11)- 
en-6,12-elide (14). Colourless gum, IR vzcm-r: 3590 (OH), 3. 
1785 @tone), 1750 (OAc), 1725,165O (C=CCOsR); MS m/z 
(rel. int.): 330 (M - AcOH, 0.2), 244.110 (330 - RCGsH, 12) 4. 
(C,,H,,Os), 186 (244 - Me&O, 72), 69 (CsHsCO+, 100). 

blL 
589 578 546 436nm 

(c 5. = = 
-20 -24 -29 -72 

0.2, CHCl,). 

BPEERENCES 

Bohhnann, F., Mtiller, L., Gupta, R. K., King, R. M. and 
Robinson, H. (1981) Phytochembtry 2Q,2233. 
B~hhnann, F., Jakupovic, J., Gupta, R. K., King, R. M. and 
Robinson, H. (1981) Phytochemistry 20,473. 
Fischer, N. H., Olivier, E. J. and Fischer, H. D. (1979) Prog. 
Chem. Org. Natural Prod. 3% 47. 
Abdel-Baset, Z. H., Southwide, L., Padohna, W. G., Yoshioka, 
H., Mabry, T. J. and Jones, S. B. (1971) Phytochemistry 10, 
2201. 
Padolina, W. G., Nakatani, N., Yoshioka, H., Mabry, T. J. and 
Monti, S. A. (1974) Phytochemistry 13, 2225. 


