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Abstract-The aerial parts of Gochnatia vernonioides afforded, in addition to dehydrocostus lactone, zaluzanin C and 
desacetyllaurenobiolide angelate, 14 further sesquiterpene la&ones, ten 8,12-and three 6,lZgermacranolides as well as 
one eudesmanolide and three blsabolene derivatives. The structures were elucidated by spectroscopic methods and by 
comparing the data with those of closely related compounds. 8a-Angeloyloxytaraxic acid underwent an unusual 
autocatalysed cyclisation while the usual Cope rearrangement was not observed. 

INTRODUCTION 

From the large genus Gochnatia (Compositae, tribe 
Mutdeae, subtribe Gochnatiinae) triterpenes [l, 21, 
guaianolides from two species [3, 41 and germacra-8,12- 
olides from one species [Z] have been isolated. We have 
now studied the constituents of G. vernonioldes H. B. K. 
from Peru. The results are discussed in this paper. 

RESULTS AND DISCUSSION 

The above ground parts of G. vernonioides afforded a 
complex mixture of sesquiterpene lactones, which could 
only be separated by a combination of TLC and HPLC. 
This led to the isolation of dehydrocostus lactone (51, 
zaluzanin C [6], desacetyllaurenobiolide angelate (1) [2] 
and 14 other lactones, the germacran-8,12-olides 2-10, the 
melampolide 11, desacylelephantopin angelate (12), the 
two acids 13 and 14 as well as the eudesmanolide 16. 
Furthermore, three aldehydes (17-19) derived from bisa- 
bolene were present. 

The ‘H NMR spectral data of 2 and 3 (Table 1) showed 
that the compounds were angelates. Most of the signals 
were close to those from 1, which was Isolated from an 
Actinoseris species belongmg to the same subtribe, and of 
the epoxides obtained from laurenobiolide by epoxi- 
dation [5]. The differences in the spin couplings J,., 
indicated that 2 and 3 differed only in their stereochem- 
istry at C-4 and C-5. The ‘HNMR spectrum of 4 
(Table l), which was similar to that of 3, broadened at 
room temperature, showed that the angelate in 3 was 
replaced by a phenyl acetate residue. In agreement with 
this assumption the MS of 4 showed an ion at m/z 91, 
obviously due to tropylium, as the base peak, and the 
molecular formula was C&HZ605. While most couplings 
were identical with those of 3, the presence of the phenyl 
acetate moiety caused some differences. 

The ‘HNMR spectrum of 5 (Table 1) was similar to 
that of tulirinol, its configuration being established by X- 
ray analysis [6]. The replacement of the acetate by an 
angelate residue clearly followed from the typical 
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Table 2. ‘H NMR spectral data of 11-16 (400 MHz, CDCl,, TMS as Internal standard) 

11 12 13 62 13 CsD,, 110” 14 C,D6, 110 15* CsDs 16 

H-l 6.57 ddd 7.03 br s 5.88 m 5.25 m 5.22 m 1.60br t 3.5Odd 

H-5 5.09 br d 544brs(H-2) 49,brd 
4.77 br d 

4.63 br d 4.62 br d 138ddd 1.92 br d 

H-6 4.66 dd 5.17dd 5.02 br dd 4 93 br dd 4.90 br dd 3 52dd 5.8Odd 
H-7 2.86 dddd 2.90 m 3.03 m 2.78 m 2.80m 2.57 dddd 2.87 dddd 
H-8 5.26 ddd 4.67 br d 5.22m 5.46 m 5.59 m 5.01 ddd 4.05 ddd 
H-9 2.94 br d 3.02 br d 291brd 2.96 br d 2.89 m 2.85ddd (8) 2.55dd 
H-9 2.77 dd 2.56m 2.25 m 225m 1.06ddd (a) 1.49dd 
H-13 6.24d 6.241 624br d 6.36d 6.43 d 6.24 dd 6.08 d 
H-13’ 5.71 d 5.6Od 5.63 br d 5.59 br d 5.68 br d 5.56dd 5.26 d 
H-14 9.56br s - - - - 1.05s 
H-15 1.90 br s 1.86d 1.70 br s 1.6Obr s 1.60 br s 1.22s 1.26s 
OR 6.26 qq 6.16qq 6.12 br q 5.84 br q 0.94 d 58Oqq 6.96 qq 

2.07 dq 1.97 dq 1.9Obr d 1.90 br d 0.93 d 2.00 dq 1.88dq 
2.01 dq 1.90dq 1.89 br s 1.83 br s l.SSdq 1.83dq 

*H-28, 0.83ddd; H-2a, 1.30dddd; H-3a, 1.22dd, H-3/3, 1.73ddd; H-10, 2.OOm (m CDCl,, 2.68 t) 
J(Hz):Compound11:1,2=7;1,2’=9;1,9=1.5,5,6=6,7=7,8=10;7,13=7,13’=3;8,9=2.5,8,9’=45; 

9,9’ = 16; compound 12: 5,6 = 10.5; 5, 15 = 1 5; 6,7 = 8; 7,13 = 3.5; 7,13’ = 3; 8,9’ = 9,9’ = 12, compounds 13 
and14:5,6=10;6,7=9;7,13=3.5;7,13’=3;9,9’=13;compound15:1,2a=1,5=6;2a,2~=13;2~3ar=11; 
2~,3/?=4.5;2/?,3~=4;2~,3/l=9;5,6=65;5,10-0.5;7,8= lQ7,13 =3.5;7,13’=3;8,9~=4.5;8,9jI=5;9~, 
98 = 14;9or, 10 = 9@,10 = 5; 13,13 _ 0.5;compound 16: la,2a = la,OH = 4 5; la, 18 = 10; 5a,6B = 68,7 = 10;7, 
Sg = 88,9a = 12; 7, 13 = 3; 8/&9/l = 4,9a, 9/? = 12; OAng 3’, 4’ = 7; 3’, 5’ = 4, 5’ = 1.5. 

Table 3. ‘H NMR spectral data of 17-19 (400 MHz, 
CDCl,, TMS as internal standard) 

17 18 19 

H-2 2.04 m 2.04m 
H-3 6.82 br dd 6.80 br dd 
H-5 
H-5 

2.49 m 
2.54 br dd 
2.43 m 

H-8 
H-9 

) 2.0-1.65m ] 1.65m 

H-10 3.69 dd 4.08 ddd 

H-12 1.22s 
4.97 ddq 
4.87 ddq 

H-13 1.13s; 1.74br s 
H-14 118s* 1.17s 
H-15 9.44s 9.44 s 

2.05 m 
6.80 br dd 
2.53 br dd 
2.43 m 

I 
228dd 
2.22 dd 
5.68 dd 
5.74d 

1.33 s 

116s 
9.43 s 

*May be Interchangeable. 
J (Hz). 2, 3 = 5; 2’, 3 = 3,2, 5 _ 1.5; 5, 5’ = 17; 5,6 

= 5; compound 17: 9,10 = 10; 9’, 10 = 5; compound 
18: 9, 10 = 6, 10, 12 = 12, 13 * 1.5; 10, OH = 10, 
compound 19: 8, 8’ = 14; 8, 9 = 6.5, 8’, 9 = 7; 9, 10 
= 15. 

Et+MeOH, 4:l). The tirst fraction gave by HPLC (RP 8, 
MeOH-HzO, 3:2) 3 mg 2 (R, 10.0 mm), 2 mg 3 (R, 13.7 min), 
4mg 4 (R, 17.Omm), 1.5 mg 9 (R, 5.6min) and 1 mg 11 (R, 
10.3 min). The next portion gave by HPLC (RP 8, MeOH-HzO, 
11:9) 1 mg 8 (R, 5.3 min), crude 17 (R, 9.6 min), which gave by 
TLC (CHzCl,C6Hs-EtzO, 1: 1:1, (I), several developments) 
6 mg 17,3 mg 13(R, 13.5 mm), 1 mg7(R, 11.5 mm)andanuxture 
(R, 15.6 mm) which gave by TLC (CHzClz-CdHd-EtzO, 1: 1: 1, 

several developments) 2 mg 2 (R, 0.7) and 3 mg sakuranetm. The 

third fraction gave by HPLC (RP 8, MeOH-HzO, 3:2) 1 mg 18 
(R, 4.8 mm) and a mature which gave by TLC (mixture I, several 
developments) and HPLC of the three main zones (RP 8, 
MeOH-HzO, 3:2), 2 mg 12 (R, 12.4 min), 3 mg 18 (R, 4.9 mm), 
3 mg 19 (R, 4.8 min), 4 mg 13 (R, 13.0 mm) and 1.5 mg 14 (R, 
11.1 mm) contammg still 13. HPLC of the next CC fraction gave 
a mixture (R, 9.8 min), which by TLC (mixture I) gave 15 mg 13, 
1 mg 14 (contammg stdl 13) and 1 mg 18. The most polar CC 
fractions gave by HPLC (RP 8, MeOH-HzO, 3.2) 5 mg 13 and 
5 mg sakuranetm. All compounds, except 14 wluch stdl contamed 
13, were homogeneous by 400 MHz ‘HNMR and by TLC 
Known compounds were ldentfied by comparing the 400 MHz 
‘H NMR spectra with those of authentic material. Probably due 
to the small amounts the lactones could not be Induced to 
crystalhze. 

6c+Angeloyloxy- 4a, S/I- epoxygermacra- 1 (lO)E, 11 &en- Ba, 12- 
olrde (2). Colourless owl; IR vEc13 cm-‘. 1770 (y-lactone), 1720 
(C=CCOzR); MS m/z (rel mt): 246 126 [M -RCO,H]+ (3) 
(talc for C,,H,,O,: 246.126), 83 [C,H,CO]+ (lOO), 57 [83 
-CO]+ (67), CI (Isobutane): 347 [M+l]’ (17), 247 [347 
- RCOzH]+ (lOO), 229 [247 - HzO]+ (64); CD (MeCN): .szsO 
= -0.17. 

6a-Angeloyloxy -48, Sa-epoxygermacra- 1( lO)E, 11 -dlen- 8a, 12- 
ollde (3). Colourless 011, IR vgc13 cm-‘: 1780 (y-lactone), 1725 
(C=CCOzR); MS m/z (rel mt.): 346.178 [M]’ (0.1) (talc. for 
C,,Hz,O,: 346.178), 246 [M - RCO,H]+ (I), 83 [C,H,CO]+ 
(lOO), 55 [83-CO]’ (58); CD (MeCN): zzs,, = -0.57. 

6a-Phenyhcetoxy-4~,5a-epoxygermacra- 1( lO)E, 11 -dzen-8a, 12- 
ohde (4). Colourless oil; IR vzc13 cm- 1 1770 (y-lactone), 1740 
(COzR), MS m/z (rel mt.): 382.178 [Ml+ (0.1) (talc. for 
Cz3Hz605: 382.178), 246 [M - RCOzH]+ (4), 119 [RCO] + (lo), 
91 [119-CO]+ (100); CI (Isobutane). 383 [M+ 11’ (42), 247 
(44); CD (MeCN): &zsO = -0 53 

6a-Angeloyloxy-la-hydroxy-germacra-4E,9Z,ll-trten-8a,l2- 
ollde (5). IR YEI, cm- I: 3600 (OH), 1760 (y-lactone), 1715 
(C=CCO,R); MS m/z (rel. int.). 246.126 [M - RCOzH]+ (2) 
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(talc. for C1sH1s03: 246.126). 228 [246- HzO]+ (2), 213 [228 
-Me]+ (2), 83 [C,H,CO]+ (100) 55 [83-CO]+ (68); CI 
(tsobutane) 347 [M + 11’ (12), 247 [347-RCOzH]+ (88), 229 
[247 - H,O]+ (lOO), 101 [RCOzH + l]’ (13). 

6er-A~eloyloxy_5~-epoxy- la -hydroxygermacra -9Z, 11 dlen- 
8a,l2_oIIde (6). Colourless oil; IR v~!%m-‘: 3600 (OH), 1765 (y- 
&tone), 1715 (C=CCOzR); MS m/z (rel. int.): 262 121 [M 
-RCOzH]+ (2) (talc for C,sH,sO.,: 262.121) 83 [C,,H,CO]+ 
(100). 55 [83-CO]+ (77); CI (aobutane) 363 [M + 11’ (3) 263 
[363-RCOzH]+ (a), 235 [263-CO]+ (100). 

6a-Angeloyloxy- la- hydroxy-germacra-4E, 10(14), 11 -u-ten- 
8a,l2-ol’de (7) IR vExc’3cm-‘: 3600 (OH), 1770 (y-lactone), 
1720 (C=CCOzR); MS m/z (rel. mt.): 246.126 [M - RCO,H]+ 
(2) (talc for C,sH1s03: 246 126) 228 [246-HzO]+ (8), 213 
[228-Me]+ (5) 83 [C4H,C0]+ (lOO), 57 [83-CO]+ (70) 

6a-Angeloyloxy-4a,58-epoxy-la-hydroxy-ge~cru-l0(14), 1 l- 
dren-8a,l2-olrde (8) IR Y~$‘I cm - ‘. 3600 (OH), 1760 (y-lactone), 
1720 (C=CCOzR); MS (CI, ‘sobutane) m/z (rel. mt ): 363 [M 
+ l]’ (42) 263 [363 - RCO,H]+ (89), 245 [263 - HzO] + (100) 

6a-Angeloyloxy-4a,5~-epoxy-l~-hydroxy-germacra-l0(14),1 l- 
d’en-la-12-ol’de (9). IR vgr’3 cm-i: 3600 (OH), 1770 (y- 
lactone), 1720 (C=CCOzR); MS (CI, isobutane) m/z (rel mt.): 
363 [M + 1] + (40) 263 [363 - RCO,H]+ (34). 235 [263 -CO] + 
(100) 

6a-Angeloyloxy-1g,10aa,4a,5/?-d’epoxygermacra- 11 -en-8a, 12- 
oltde (10). Colourless 0’1, IR vgxc’3 cm-‘: 1760 (y-lactone), 1715 
(C=CCOzR); MS m/z (rel. mt.). 362 173 [M]’ (0.2) (talc. for 
Cz0Hz60L: 362.173), 263 [M - RCO,] + (2), 245 [263 - HzO] + 
(05), 83 [C,H,CO]+ (100) 55 [83-CO]+ (68). 

8a-Angeloyloxy-l4-al-germacra-l(l0)E,4E,ll-trien-8a,l2-ohde 
(11) IR v~‘&rnl: I775 (y-la&one), 1730 (CHO, C=CCOzR); 
MS (CL isobutane) m/z (rel ‘tit.). 345 [M + 1] + (18). 245 [345 
- RCOzH] + (100). 

8-Desacyl-desoxyelephantopm angelate (12). Colourless 011; 
IR &“a max 1 cm-‘: 1760 (y-lactone), 1720 (C=CCO,R); MS m/z 
(rel mt.) 258.089 [M -RCOzH]+ (4) (talc. for C1sHi404: 
258 089) 83 [C,H,CO]+ (100) 55 [83-CO]+ (96) 

8a-Angeloyloxytaraxu acrd (13) Colourless crystals, mp 
17(r172”; IRv$~xc’3 cm-‘: 360&2700, 1710 (COzH), 1760 (y- 
lactone), 1720 (C=CCOzR); MS m/z (rel. mt.): 260.105 [M 
-RCOzH]+ (6) (talc for C’sH1604. 260.105). 242 [260 
- HzO] + (6), 214 [242 - CO] + (8) 83 [C,H,CO] + (96) 55 [83 
-CO]+ (100) “CNMR (CDCI,, 25”, C-l to C-15): 81504;. 
26.0, 37.7*, 142.5*, 127.2, 78.4, 52 7+, 73.8*, - 43 very broad, 
126.8*, 135 3, 1669, 124.1*, 172 3*, 17 1;; OAng: 170.0, 126 1, 
139.6, 20 4, 15.8 (*broad smglets m the broad band decoupled 
spectra) C6Ds, 80” (C-l to C-15): 149.3,26.4,40.0, 141.8, 127.5*, 
78.2, 53 1, 74.4, 42 9, (- 127.5)*, 136 6, 166 9, 123.0, 169.4, 17.0 
(*overlapped by CsD, signals), CD (MeCN): A&z6e = - 1.14. 
5 mg I3 in 0 5 ml CsDs were heated in a sealed NMR tube for 
90 min at 200” After coohng the ‘H NMR spectrum of 13 was 
completely changed to that of 15, colourless crystals, mp 
228-230” (EtzGpetrol); IR v$!$ cm-‘: 1770 (y-lactone), 1730 
(d-lactone, COzR), MS m/z (rel int.) 342 147 [M - H,O]+ (0.2) 
(talc. for Cz0Hz205: 342.147), 261 [M -OAng]+ (15) 243 [261 
-H,O]+ (4),215[243 -CO]+ (13),83[C,H,CO]+ (86),55[83 

-CO]+ (100); ‘%NMR (CsD,, C-l to C-15): 39.7, 30.1, 38 1, 
89.1, 44.7, 72.0, 50 1, 74.8, 37.7, 46.2, 137.2, 168.6, 123.1, 170.1, 
21 7; OAng: 165.5, 127.3, 139.7, 20.6, 15.9. 

8a-lsoualeryloxytaraxu acid (14). Colourless oil, not free from 
13; IR vs’3 cm-‘: 3500-2700,172O (COzH), 1760 (y-lactone), 
1720 (COzR); MS m/z (rel. int.): 260.105 [M-RCOzH]+ (5) 
(talc. for C,SH,,O,: 260.105), 242 [260-HzO]+ (6), 214 [242 
-CO]+ (11), 85 [C,H,CO]+ (30), 57 [85-CO]+ (100). 

Desacyltanapsm-6-0-angelate (16). Colourless 0’1, IR vgr$‘3 
cm-‘. 3580 (OH), 1770 (y-lactone), 1715 (C=CCOzR); MS m/z 
(rel. ‘nt.). 264.136 [M -RCO,H]’ (1.5) (talc for Ci5Hz004: 
264.136) 246 [264 - HzO]+ (4) 228 [246 - H,O]+ (4), 83 
[C,H,CO]+ (100) 55 [83-CO]+ (88); CD (MeCN): A~zs,, = 
- 0.25 

7,10-Epoxy-l I-hydroxy-bisabol-2-en-15-al(l7) Colourless 011, 
IR vCHC’ max ‘cm -I. 3630 (OH), 2720, 1675,164O (C=CCHO), MS 
m/z (rel. int.): 237.149 [M-Me]+ (6) (talc. for C,,H,iOs: 
237 149), 193 [M -C(OH)Me,]+ (24), 175 [193-HzO]+ (30), 
143 [M-C,H,O]+ (100) 59 [HO=CMez]+ (96); CI (ISO- 
butane) 235 [M + 1 - H,O]+ (100) 

7,lO-D~hydroxy-b~sabola-2,1l-d~en-l5-al (18). Colourless 011, 
IR v$Fxc’, cn- ‘: 3600 (OH), 1670 (C=CCHO); MS (CI, ‘so- 
butane): 235 [M + 1 - HzO]+ (lOO), 217 [235 - HzO]+ (42). 

7,ll -Dihydroxy-bisabola-2,9E-dien-15-al (19). Colourless oil; 
IR ,‘=“a max 3 cm-t: 3590 (OH), 2720, 1680, 1640 (C=CCHO); MS 
(CI, ‘sobutane) m/z (rel. mt.): 253 [M + 11’ (3), 235 [253 
- H,O]+ (23), 83 (100). 

Acknowledgements-We thank Dr. L. E. Bishop Seattle, 
Washington, for h’s help durmg plant collection and the 
Deutsche Forschungsgememschaft as well as the Fonds der 
Chem’schen Industr’e for tinanc’al support. G.S.H. thanks the 
UNESCO for a grant. 

REFERENCES 

1 Dominguez, X A., France, K., Cano, G. (1978) Rev. 
Latmoam Quim 9, 214. 

2 Bohlmann, F., Jakupovs, J., Robinson, H. and King, R. M 
(1981) Phytochemfstry 20, 109. 

3 Bohlmann, F. and Zdero, C (1979) Phytochemrstry 18, 95. 
4. Bohlmann, F., Ahmed, M., Jakupov’c, J., King, R. M. and 

Robmson, H (1983) Phytochemistry 22, 191. 
5. Bohlmann, F., Jakupovic, J , Ahmed, M. and Schuster, A. 

(1983) Phytochemrstry 22, 1623 
6. El-Feraly, F S , Begmgni, B. A. and McPhail, W. T. (1983) J. 

Chem. Sot Perkm Trans. 1, 355. 
7. Bohlmann, F., Adler, A., King, R. M. and Robmson, H. (1984) 

J Nat. Prod. (in press). 
8. Seaman, F. L. (1982) Bat. Rev. 48, 121. 
9. Stocklin, W., Waddell, T. G. and Geissman, T A. (1970) 

Tetrahedron 26, 2397. 
10. Govmdachari, T R., Sidhaye, A. R. and Viswanathan, N 

(1970) Indlan .I. Chem. 8, 762. 
11. Bohlmann, F., Zdero, C., King, R M. and Robmson, H. 

(1984) Phytochemrsfry 23, 1979. 


