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Abstract—The acrial parts of Onopordon carmanicum afforded in addition to onopordopicrin and two related esters the
epoxide of onopordopicrin, a new ¢lemane derivative, two cudesmanolides and two eudesmane derivatives which most
likely are the precursors of the latter lactones. The structures were elucidated by highfield NMR spectroscopy.

INTRODUCTION

The genus Onopordon (Compositae, tribe Cynareae) is
placed together with the large genera Cousinia, Saussurea
and Jurinea in the subtribe Carduinae. Taxonomically
this genus is closely related to Cousinia, while the position
of Jurinea and Saussurea is uncertain [1]. So far from the
genus Onopordon in addition to widespread compounds
several C,,-acetylenes [2] and the germacranolide ono-
pordopicrin [ 3-6] as well as closely related lactones [, 6]
have been reported. Similar 15-hydroxyl germacranolides
with an 8a-acyloxy group have been isolated from Jurinea
species. This type of sesquiterpene lactone seems to be
characteristic for a group of genera in the Cynareae. They
have been reported from Centaurea, Arctium and Cnicus
species. However, lactones with the same substitution
pattern with an additional hydroxyl group at C-14 are
reported from Dicoma species (tribe Mutisieac) [7]. This
type is present also in some Jurinea species [8]. From
Cousinia species so far no lactones are reported. We have
studied now a further Onoportdon species O. carmanicum
(Bornm.) Bornm.

RESULTS AND DISCUSSION

The polar fractions of the extract of the acrial parts of
O. carmanicum gave as the main constituents onopordo-
picrin (3) [3] as well as a complex mixture of sesquiterpenc
lactones which could be separated by HPLC. In addition
to the isobutyrate 1 [6] and the corresponding metha-
crylate 2 [6] the 4a,58-epoxide of onopordopicrin (9), the
epimeric aldehydes 4 and §, the epimeric methyl esters of
the corresponding precursors 6 and 7 as well as the
clemane 8 were isolated.

The structure of 5 could be deduced from the 'H NMR
spectrum (Table 1) where the signals could be assigned by
spin decoupling. The four-fold doublet at §2.81 was that
of H-7 as irradiation at this point caused the lowfield
doublets at 86.14 and 557 (H-13) to collapse.
Furthermore, the triplet at 54.01 and the triplet of

doublets at 5.31 were changed to a doublet and a double
doublet respectively. Accordingly, these signals were those
of H-6 and H-8. Further decouplings allowed assignment
of the signals and H-9 and H-5. As the latter was coupled
with a four-fold doublet (dddd) at 6245 (H4) the
sequence could be completed by the protons at C-1-C-4
and C-15. The signal of H-15 was a lowfield doublet at
49.68 indicating the presence of an aldehyde group. The
double doublet at 3.46 was due to the axial proton under
the hydroxyl group at C-1 while the typical signals of a
hydroxymethacrylate indicated the nature of the ester
residue at C-8. The configurations at C-1 and C-4-C-8
followed from the couplings observed. Lactone 5 is
related to the 8-desacyloxy derivative sonchucarpolide
(9]. Accordingly, the "H NMR spectra are similar. The
H NMR spectrum (Table 1)of the isomeric lactone 4 was
in part similar to that of 8. However, in addition to
differences in the chemical shifts the aldehyde signal wasa
broadened singlet at §9.91. Spin decoupling indicated that
the whole sequence was identical with that of 5. However,
the H-4 signal now was a broadened triplet at §2.76
indicating that there could only be a very small coupling
between H-4 and H-15. As the couplings J, s and J;
required an equatorial proton at C-4 the aldehyde group
at this carbon was axial. The same situation is presentina
cudesmane derivative isolated from a Verbesina species
[10] where also no coupling was observed between H-4
and H-15. Thus compounds 4 and 8 were epimeric at C-4.
The spectra of compounds 6 and 7 were in part close to
those of 4and 5. The difference between these compounds
was again the stereochemistry at C-4 which was indicated
byasinglet at 9.93 for compound 7and a doublet at 9.33
for isomer 6. The methoxy singlets at §3.73 and 3.77,
respectively, as well as slightly broadened singlets for
exomethylene protons indicated the presence of methyl
esters of hydroxy acids formed by hydrolysis of the
lactones 4 and . Accordingly, triplets at §3.93 and 4.41
respectively were due to the protons under the 6-hydroxy!
group. In agreement with the proposed stereochemistry at
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C-4 in the spectra of compounds 4 and 6 deshielding effect
of the aldehyde group at the H-6 was observed.
Compound 7 has been named carmanin.

The '"HNMR spectrum of 8 (Table 1) was in part
similar to those of compounds 6 and 7. However, several
typical lowfield signals clearly indicated the presence of an
elemane derivative (5.68 dd, 4.95 brd, 491 brd, 5.37 brs
and 5.01 brs). From a pair of doublets at 4.03 and 3.90
the nature of the substituent at C-4 could be deduced.
Compound 8, which we have named elemacarmanin, is
formed by a Cope reaction of the unknown methyl ester of
the hydroxy acid corresponding to onopordopicrin.

The structure of 9 clearly followed from the 'H NMR
spectrum (Table 1) as all signals could be assigned by spin
decoupling. As one of the protons at C-9 showed cou
lings with H-1 and H-2 the sequence could be determined
directly. The chemical shift of H-5 (62.83 d) required the
presence of an epoxide, the nature of the oxygen functions
followed from the typical signals of a hydroxy metha-
crylate and a primary hydroxyl group which only could be
due to H-15. Thus compound 4 was the 4a,58-epoxide of

onopordopicrin. Inspection of Dreiding models together
with the observed coupling indicated that the preferred
conformation of 9 was that was both C-14 and C-15 above
the plane.

The chemistry of this Onopordon species again shows
that onopordopicrin is characteristic for this genus.
However, as compounds 4-9 were minor components
investigations of further species are necessary to see
whether these compounds are more widespread in this
genus. The absence of gauianolides, which are widespread
in the tribe Cynarecac, may be of chemotaxonomic interest.
Preliminary results on some Cousinia species have shown
that guaianolides like aguerin A and B are present. This
would not support the proposed close relationship of the
latter genus with Onopordon. The chemistry of Jurinea
species is more close to that of Onopordon though in
Jurinea mainly 14,15-dihydroxygermacranolides have
been isolated, but also a few guaianolides, which are also
widespread in Saussurea species. Many more species of
the whole subtribe have to be studied to obtain a more
detailed picture.



Sesquiterpene lactones from Onopordon carmanicum

Table 1. 'HNMR spectral data of compounds 4-9 (400 MHz, CDCly, TMS as internal

standard)
H 4 s 6 7 8 9
| 3.33dd 3464dd 327dd 3.30dd 5.68 dd 5.34 brdd
2 1.71 brd 1.68m 495 brd 243 brdd
2 1.58 dddd 18-1.5m 1.6t m . 491 brd 223m
3 241 brdd | T 234 m 537brs(cis) 233m
3 1.45 dddd 141 m 501 brs 1.27 ddd
4 276 brt 245dddd 291brt 250m — —
5 201 dd 1.91dd 1.69 dd 1.88 dd 2.10d 283d
6 4511t 401¢ 441¢ 393:¢ 4.181: 466 dd
7 285dddd 28ldddd 267t 2561t 270t 3.25 dddd
8 536ddd 531ddd 431ddd 534ddd 541ddd 4.64 ddd
9 247dd 2.50dd 233dd 248dd 1.90dd 255dd
L4 1.30brdd 1.37dd 1.23dd 1.30dd 1.60¢ 249 brd
13 615d 6.14d 632brs 627brs 628 brs 6.32d
13 5.58d 5.57d 574brs 568brs 5.72brs 5.12d
14 090s 1.06 s 090 s 1.00s 1.16 s 1.82 brs
403d 385d
15 991brs 9.68d 993s 9.33d { 390d {3‘ 61d
OCOR 625brs 629brs 6.12brs 6.12brs  6.15brs 6.25 brs
591 brs 594 brs 577 brs 576 brs 578brs 592brs
430brs 436brs 420brs 4.18brs  421brs 428 brs
OMe — — 3.77s 3713s 3.75s —

*Obscured multiplets.

J (Hz)x compounds 4-7: 1,2 =4, 1,2 = 11; 2,2 = 13; 2,3 =4, 2,3 = 13; 3,3 = 13;
56=67=78=11;89=489 =129,9 = 13;compounds 4and 6: 3,4 = 4,5 = 5.5;
compounds 4,5,8and 9: 7,13 ~ 3;compounds 85and 7:3,4 ~ 3;3',4 = 4,5 = 11;4,15 = 4;
compound 8 1,2c =11, 1,2t =17, 5,6 =6,7=10; 7,8 =8,9 =11, 8,9=4; 9,9
= 1515 = 13;compound 9: 1,2 = 4; 1,2’ =12,2,2’ = 13; 23 = 5; 2,3 = 12, 3,3' = 13;
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56=9,6,7~8,78~6;89=10,89~299 =12

EXPERIMENTAL

The air dried acrial parts (300 g, voucher deposited in the
Herbarium of the Dept. of Botany, University of Iran) were
extracted at room temp. with MeOH-FEt,O-petrol (1:1:1). The
extract obtained was separated by CC (silica gel). The polar
fractions (Et,O to Et,0-McOH, 1:10) were further separated
first by TLC (silica gel, PF 254) and further by HPLC (RP 8, ca
100 ber, flow rate ca 3 ml/min). The CC fraction obtained with
Et;0 gave ca 15mg 1 and 15mg 2, the CC fractions with
Et,O-McOH (50:1) and 1.2g 3 and the fraction with
Et;0-MecOH (30:1) yielded a mixture of lactones which were
separated first by medium pressure chromatography (silica gel,
¢ 60 u, 3 bar, Et,0 to Et,O-McOH, 10: 1). Fractions 15-22 gave
further £33 and HPLC (MeOH-H,;O0, 3:2) of fractions 34-39
afforded 2mg 9 (R, 84min) HPLC of fractions 4046
(MeOH-H,0, 3:2) gave 30 mg 4 (R, 6.0 min) and 25 mg 8 (R,
8.0 min). HPLC of fractions 47-50 (MeOH-H,0, 3:2) afforded
20mg 6 (R, 44 min), S50mg 5 (R, 53 min) and 10mg 7 (R,
5.6 min). Known compounds were identified by comparing the
400 MHz 'H NMR spectra with those of authentic materials.

8a-[4-Hydroxymethacryloyloxy)-d-epi-sonchucarpolide  (4).
Colourless oil; IR vEH cm = : 3610 (OH), 2750 (CHO), 1770 (y-
lactone), 1720 (C=CCO,R, CHO); CIMS m/z (rel. int.); 365 (8)
[M+1]* (C,H,,0, + 1), 347 (19)[365 — H;0]*, 263 (51) [ 365
~RCO,H]*, 101 (100) [a]p = +124° (CHCly; ¢ 0.15).

8«-[4-Hydroxymethacryloyloxy]-sonchucarpolide (8). Colour-
less oil; IRvEHC em—1: 3610 (OH), 2750 (CHO), 1770 (y-
lactone), 1725 (C=CCO,R, CHO); CIMS: m/z (rel. int.x 365 (2)

[M+1]* (C,pH;,0, + 1), 263 (48) [365—RCO,H]*; [a]p =
+151° (CHCl,; ¢ 0.12).

d-epi-Carmanin (6). Colourless oil; IRvEHhcm=1: 3610
(OH), 1715 (C=CCO,R, CHO), CIMS m/z (rel. int.) 397 (3) [M
+17* (C30H1404 + 1), 379 (12) [397 — H,0]*, 295 (100) [397
~RCO,H)*; [a]p — + 56° (CHCl;; ¢ 0.1).

Carmanin (7). Colourless oil; IR v cm - 1: 3610 (OH), 1715
(C=CCO,R, CHOY), CIMS m/z (rel. int) 397 (9) [M+1]*
(C10H2404 + 1), 379 (32) [397—H,0]*, 295 (100) [397
—RCO,H]*, 277 (712) [295 - H,0}*.

Elemacarmanin (8). Colourless oil; IR vEH®: cm~1: 3605 (OH),
1715, 1630 (C=CCO,R) MS m/z (rel. int} 380 (0.1) [M]*
{C20H140,), 278.152 (3) [M —RCOO,H]* (C,¢H;,0,) 260 (4)
[278 —H,0]",85(100) [RCO]*;[a]p = +29° (CHCly; c 0.26).

Onopordopicrin-4a.5B-epoxide (9)- Colourless oil;
IR v SHD e~ 3605 (OH), 1770 (y-lactone), 1720 (C=CCO,RY,
CIMS m/z (rel. int.)x 365 (4) [M +1]* (C,5H,,0,+1), 293 ()
[365—RCO,H]*, 263 (22) [293 — CH,0]*, 245 (20) [263
-H,;0]*; [x]p = +22° (CHCl,; ¢ 0.1).
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