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Abstract—The chloroform extract of the leaves of Onopordon tauricum yielded 10 sesquiterpene lactones,
including a new elamanolide and four new eudesmanolides. The structures of the new compounds were
elucidated by chemical transformations and modern spectral methods.

INTRODUCTION

Onopordopicrin (1), an antitumour lactone [1], is the
major constituent of all previously studied species of
Onopordon (subtribe Carduinae, tribe Cynareae,) [2-4],
including one European population of O. tauricum Willd
[5] Our chemical examination of a second population of
this latter species from the Marmara region of Turkey
[€]. afforded five known and five new sesquiterpene
lactones. While this population also vielded onopordopi-
crin, the mam sesquiterpene lactone was onopor-
dopicrin’s 2',3'-dihydro denvative, arctiopierin (2).

RESULTS AND DISCUSSION

The known germacranolides of the chloroform extract
of the leaves of O iauricum were identified as ono-
perdopicrin (1) [3], arctiopicrin (2} [7, 8] and 4'-de-
soxoarctiopicrin (4) [3] based on a comparison of their
published spectral and physical properties. Here we pre-
sent previously unreported '"H NMR and other spectral
data for arctiopicrin, its dhacetate derivative (3) and 4-
desoxarctiopcitn (4) (see Table 1 and Experimental).

The known eclemanohde, melitensin (5), was also
readily ident:fied by comparison of 1ts spectral data with
those reported previously [9]. The '"HNMR (Table 1)
and 2D homonuclear COSY spectra of the new eleman-
ohde (6), C,;H,,0, (EIMS), showed close similarity in
most respects to those recorded for melitensin. The main
differences between the 'TH NMR spectrum of melitensin
(5) and that of 6 were the presence of an aldehyde signal
at 09.46 (s) for 6 instead of a C-15 hydroxymethylene
signal for 5 and more downfield chemical shifts of the H-
3a and H-3b protons (at 6.29, 6 27, both s) for 6. These
small differences indicated that the C-15 hydroxymethyl-
ene group of melitensin (5) had been oxidized to an
aldehyde group 1n 6. Except for the side chain signais, the
'HNMR spectrum of the 2',3'-dehydro analogue of 6,
which is known from Onopordon leptolepis [10], 1s almost

*Presented 1n part at the International Symposium on Medi-
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identical to that of 6 Finally, active manganese dioxide
oxidation of melitensin (5) yielded 6 which is therefore 15-
dehydromelitensin.

The other five lactones isolated from O. tauricum were
eudesmanolides and differed from each other by their
acyl groups, oxidation stages at the C-1 and C-15 pos-
itions, as well as the stereochemustry of the C-4 sub-
stituent. The first compound of this series 7 was the
known lactone  8-a-(4'-hydroxymethacryloyloxy)-
sonchucarpolide [11]

The ‘HNMR spectrum of the new eudesmanolide 8
(Table 1), C,,H,¢C, (CIMS), clearly indicated the pres-
ence of the same lactone skeleton as 7, differmg only 1n
the side chain at C-8 The side chain of 8 was readily
wdentificd from characteristic *HNMR signals (see
Table 1) and EIMS fragment ([4-hydroxysobutyrate
acylium]™ at m/z 87) as a 4-hydroxybutyrate. Therefore,
8 15 the 8-a-(4-hydroxybutyroyloxy) derivative of son-
chucarpolide.

The next new C-14 aldehydic eudesmanohde, 8-0-(4'-
hydroxybutyroyl}-onopordaldehyde (9), was closely re-
lated to 8. The similarity of the "H NMR spectra of these
two compounds, except for the absence of the C-1 hy-
droxyl geminal proton signal in the 'H NMR spectrum
of 9, indicated that 9 must be the C-1 desoxo derivative of
8. In accord with this observation, the CIMS of 9 dis-
played a molecular 10n at m/z 351 [M +H]", that 1s 16
mass units less than that of 8.

The remamning two eudesmanoldes, 8-(4-hydroxy-
butyroyl)-onopordic aad (10), C,;H,s0,, and 8-(4-
hydroxybutyroyl)-1-f-hydroxyonopordic  aad  (11),
CoH 405, exhibited 'H NMR spectral data (see Tab-
le 1) similar to those of 9 and 8, respectively. The absence
of the C-15 aldehydic proton signal and the coupling
constant of the H-5 signals were the main differences
between the 'H NMR spectra of 9 and 10; the spectra of 8
and 11 also differed 1n the same way. Therefore, the C-15
aldehyde group of 9 and 8 1s substituted by a carbaxyl
group in 10 and 11 as indicated by their IR and CIMS
spectra (ie. absorption band at 1720cm™! and [M
+H]* at m/z 367 for 10 and at m/z 383 for 11) On the
other hand, the coupling constant differences of the H-5
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8 R'=OH R’=B
9 R'=ll , R'=HR

signal observed 1n the 'H NMR spectrum of 9 compared
to the spectrum of 10, and the spectrum of 8 compared to
that for 11, should be related to the p-stereochemistry of
the C-4 carboxyl group of the latter compounds, 1. 10
and 11 In order to assign the total stercochemistry of 10
and 11, followmg the complete chemical shift assignment
of the signals for the protons of 11 by high resolution 2D
homonuclear COSY, 11 was subjected to a sertes of NOE
differences spectroscopy experiments (Fig 1) Since the
stereochemistry of the H-7 proton 1in cudesmanolides 1s
accepted as x on biogenetic grounds [12], the relative
stereochemuistry of the other asymmetric centres of 11 to
the C-7 centre should establish the absolute stereochem-
1stry of 11. The NOE irradhiation of the H-7 signal mark-
edly enhanced the H-5 signal and to some extent the H-
9z signal but not the H-6 and H-8 signals The H-5 and
H-9a signals were also affected by the NOE trradiation of
the H-1 signal These experiments clearly indicated an «
stereochemistry for H-1 and H-5, and a f} stereochemustry
for H-6 and H-8 The NOE rradiation of the H-8 signal
only affected thc H-6 signal, whereas the NQE irradi-
ation of the H-6 signal enhanced both the -8 and the C-
14 methyl signals However, the H-4 and H-5 signals
were not affected. by either of these two wradiations The
last two 1rradiations confirmed a f stereochemustry for
H-6, H-8 and the C-14 methyl group
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5 R=CH,OH
6 R=ClO

The C-15 carboxylated lactones (i.e compounds 10
and 11) distingwish this population of Q. tauricum from
other species of Onopordan, as well as members of other
related genera of the tnbe Cynarcae, such as Jurinea,
Centaurea, Arctium and Cnicus Furthermore, i contrast
to the previously studied Onopordon species which main-
ly exhibit 8-(4'-hydroxymethacrylate) side chamn-contatn-
mg lactones, the sesquiterpene lactone chemistry of this
population 18 dominated by 8-{4'-hydroxybutyrate) es-
terified lactones

EXPERIMENTAL

Plant material  Leaves of Onopordon tauricum  Willd
were collected from the Marmara region of Turkey between
Kirklarel and Luleburgaz 1in June 1980 A voucher specimen 1s
deposited 1n Herbartum, Faculty of Pharmacy, Umiversity of
Istanbul (ISTL 44591)

Fxnacnon and solation of the compounds Air-dnied and
unground leaves of @ tauricum (890 g) were extracted with
CHCI, for 20min The extract was coned to a syrup, then the
concentrate was taken up in MeOH and diluted with H,O until
an 80% MeOH soln (ca 1 1) was obtained The resulting soln was
filtered, and then partttioned against CgHg (2 x 2060 ml) The
alcohol fraction was concentrated until only H,O remained and
the resulung soln was extracted with CH,Cl, (3 x 200 ml) The
combined CH,Cl, extract was dried with dry MgSQO, and then
coned to a hight yellow gum (79 g) in vacuo The gum (3 § g} was
dissolved 1 a mummum amount of MeOQOH CH,Cl, (3 1) and
lhe soln was chromaiographed over a Sephadex LH-20 column
(4 x 60 cm) packed mn the same solvent One hundred 30 mi
fracttons were collected and each was monitored by TLC Ses-
quiterpene lactone-enriched {ractions were combined (2 4 g) and
redissolved 0 & mummum amount  of  cyclohex-
ane-CH,CL,-EtOH (7 4 1) and then the resulting soln was
chromalographced on a Sephadex LH-20 column (3 x 50 cm)
packed in same solvent system Final punfication of the com-
pounds was made by silica gel prep TLC, 2 mm layer thickness,
which were eluted with CH,Cl,-Cygt g -EtOAc-MeCN {4 4 2 1,
132 Land 222 1)

Arctiopicrin (2) Gum (1 45 g), EIMS (probe, 70eV) myz (rel
mt) 350 [M]* (02), 247 [M — C,H,O, + H]* (221), 228 [M
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Fig 1

Table 1 '"HNMR spectra of compounds 24, 6, 8-11 (200 MHz, CDCl;, TMS as int standard, J in Hz 1n parentheses)

]
2 [([CD,), CO 11
H (ds-Pyridine) 3 4 6 +CDCL,) 9 10 (500 MHz)
la 503br dd 506> 4.95% br 5.17dd 3394d 395dd
4 107) (107,174) (41,112 16- @8, 114)
1b
2a 278%m 251*%m 2 58*m 4.95d 1.3~
(10.7) 218m
2b 228m 4.83d 1.5~ 21m
195- 19- (17.4} 186m
3a 212m 629s 19m 19m 250dt
228m 23m } 245m (7.4, 139
3b 192brde 6273 2 39ddd
(54, 11 8) (17,58, 139)
25lm 249m 1.60m
5 491 brd 492% 480br d 3.18d 202¢ 1.89¢ 272%d 2.64d
©6) (99) (121) (11.3) (11.3) (10.9) (109)
[+] 5.42%% ¢ 4 8T**y S508%*r 43944 41 387t 415¢ 419¢
(9 6} 97 (9.9) (113, 121)  (11.2) {(11.2) (1 1y
7 323m 306m 302m 292 29 m 284m 279m 2761
(3, 11 1) 3, 1)
8 548*%m 4 98** m 498** m 528dt 526dr Sa46dt §22dt 520d:
43,109) (44,108 (44108 @45 107 (45 108)
9a 274% br d 251* 282% 201dd 246 dd 206dd 215dd 243dd
(119) (43,126)  (44,128) (44, 128) 45127  (45126)
Sb 253brt 242br ¢ 238br: 1 68dd 1.32br dd 128br dd 152br dd 1.42dd
(119 (LLR) [ARN3) 008 126, (LLE 128, (UL 2R, (L 127 (L2 126)
13a 652d 635d 6324 615d 6064 s11d 612d 612d
(34) 33) (35) 31) G (315) an B31)
13b 631d 587d 583d 573d 5814 566d 567d 5.66d
(26) 27 (26) (28) (30) 29 29 (295)
14 158hr s 150hr s 149br s 1.08 5 102s 1045 095s 091s
15a 43524 4284
(14 460br s (139) 9465 } 9574 (4) } 964d(42)
15b 437d 406d
(14) (139
2 293m 281m 2582%* m 27Im 268m 272m 2.1 m 270m
ki 130d 122d 1204 1194 1154 1184 1.19d 117d
7 72) (71 (72) an 12) (7.2) 7.2)
4a 413+dd 425t dd l 1 3724ddt 1 1 ‘L
(18,.104), (R0 > L1547 > 377416 1) (Ia 106, > 1764000 > 31764@E 10 > 375344610
4 3195+tdd altdd ) J 366ddt } )
{52, 10.4) (51, 11) (52, 106)
—-QAc 21,203

=** Overlapping signals
+Centre of the A or B part of ABX signal.
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—CHg 05 —H, 01" (5.45), 150 (21 1), 147 (49 4), 105 (34 2). 91
64 3), 87 [C,H,0,1" (156) Acetylation of 100 mg of 2 1n 2 ml
of Ac,(O—C H,N (1 1) at room temperature, overnight gave
arctiopicrin diacetate (3) (115 mg}, gum, IR+ em ™1 2980,
2660, 2950, 1780, 1740 (br), 1460, 1365, 1260 (sh), 1235. 1185,
1148 (sh), 1130, 1040 EIMS (probe, 70 eV) m/z (rel. int) 306 [M
~C HO, + H]* (04), 289 [M — C,H,,0,+ H]* (1), 247 [M
~C.HyO; Ac+2H]* (t135), 229 [M-C.H,,0,
~HOAc+H]™ (32 1), 214 (12 6), 148 (49 4), 128 (100), 120 (90 2),
105 (22 8), 91 (48 6), 43 (94 3} CIMS (1s0C,H 4, 05 torr, direct
probe) m/z (rel mt) 433 [M—H]* (1054), 349 [M+H -2
x Ac]* (437),307 [M +H—CH,0, + H]' (68). 285 [M+H
—~C,H 0, ]* (2806), 229 [M+H-—C.H,,0, ~ HOAC]*
{100}

8-O-Isobutyroyisalomtenolide  (4)  Gum (16 mg), IR
vmalom 77 3495, 2980, 2940, 2875, 1768, 1735, 1655, 1470, 1450,
1390, 1290, 1265, 1195, 1150, 1025, 1000, 955, 815 EIMS (probe,
0 eV) myz (rel mt) 334 [M]* (02), 247 [M — C,H,0, + H]"
(131), 229 [M - C,H, O, —H,O0+H]" (222), 148 (52 3), 120
(100), 106 (28 9), 91 (62 4). 71 [C,H-0,]" (65 86)

15-Behydromelitensin (6} Gum (12 mg), IR v¥<'em ™! 3520,
3092, 2980, 2950, 2880, 2710, 1775, 1733, 1695, 1640, 1460, 1410,
1260, 1180, 1130, 1050, 1020, 970, 880, %60, 818, 760 EIMS
(probe. 70 eVim/z (rel int) 348 {M]* {0 46),269 [M - C,H,0,
+H]" (192), 234 [M —C,H,0,1* (13 36), 226 [M - C,H.0,
~H,01" (915), 215 [M-C.H,0, - CHO]™ (2452), 198
(2700, 147 (7931), 119 (100), 105 (1723), 91 (4928). &7
[C,H,0,]7 (2788)

Oxrdation of melitensin (5) Melitensin (135 mg) was dissolved i
CH,Cl, (5 ml), active MnO), (150 mg) was added 1n small por-
tons and the suspension stirred at room temp for Lhr The
reaction mixture was filtered through a small cclite pad and the
CHCl; was evapd m racuo 1o yicld 11 mg gum  Spectral
properties of the product were found to be identical with 6

B-a-(4"-hydroxvhuryroyloxy)-Sonchucarpolide  {8)  White
amorphous powder (11 mg). [Rv}'em ' 3450, 3100, 3020
(sh), 2940, 2880, 2740, 1770, 1725 (br}, 1680 (sh). 1460, 140X, 1260,
1180, 1125, 970 EIMS (probe, 70cV) m/: (rel mt) 280 [M
—C,H,0; + H]™ (06), 262 [M—C,H O, {14), 252 [280
~CHO + H)' (522), 234 [M-C,H,0, - CHO +H]' (8 26),
U6 M- C HO, - CHO - H,0~H}* {3504), 201 (1794),
188 (41 34), 141 (38.06), 131 (39 35), 123 (87 53), 105 (39 22), 87
[CoH,0, 1% (1985) CIMS (150C,H,,, 05 torr, direct prabe)
miz (rel mt) 367 [M+H]" (1120), 349 {M+H -H,0}*
(1303), 339 [M+H-~CHO+H]|* (647), 337 [M~-CHO]"
(1063), 281 [M+H-C,H-Q, +H]"' (2688}, 263 [M+H
—CyHg(;]% (100}, 245 [M+H—C,H,0, - H,0]" (6086,
217 [M+H-CH,0,—H,0—-CHO +H]" (26 04)

8-O-44-hydroxyburyroyl-Guopordaldehyde 9} Gum (7 mg),
IR vi'om ' 3500, 3100, 2980 (sh), 2940, 2870, 2730, 1778,
1740 (sh}, 1725, 1675 (sh), 1460, 1390, 1260, 1180, 1120, 1025, 965,
865, K15 EIMS (probe, 70 eV) myz (el mr) 350 [M]* (02), 264
(M—CyH,0, - H]® (1 1), 246 [M—CH,0,4]" (386), 236
(264~ CHO + H]* (362), 218 [M—C,H,0,  CHO-H]*
(24 8). 174 (27 3), 146 (19 8), 134 (224), 126 (100), 105 (29 §), 87
[CiH,O,7" (199 CIMS {(1s0C,H 4, 0 5 torr, darect probe) myz
(rc it} 350 [M +H]* (6409), 265 [M + H —C,H.,0, +H]*
(5036), 247 |[M + H ~ C,H,O5]" (100}, 236 [M + H — C,H,0,
—CHO+H]* (2056). 229 [M+H -~ C,H,0, —H,0 + H] '
(49 19)
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8-Q-{4"-hydroxyhutyroyl)-Onoporde actd (10) Gum (12 mg),
IR v em ™! 3500, 3100, 2080, 2940, 2880, 1772, 1740 (sh).
1720, 1460, 1238, 1200, 1180, 1118, 1030, 982, 813 EIMS (probe,
70eV) m/z (rel int} 280 (M~ C,H, O, +H]" (083, 262 [M
—~C,H 0,1 (114}, 232 [M - C,H, 0, — CH,O|* (31 62), 217
[M—C,H,0,-COOH]" (3469, 204 [M C,H.0,
—C,yH,0, " (8281), 199 (36 51), 189 (5062), 161 (4361, 122
(100), 105 (34 81), 87 {C,H.O,|" (1774) CIMS (CH,. 05 tarr,
direct probe) m/z (rel it} 367 [M+H]" (21). 337 [M + H

~CH,0]' 846, 251 [M+H-C,H-O, -ClI,0+HJ"
(100), 233 [M + H - C,H, O, - CHL,O]* (53 42)
1-B-Hydrox y-8-O-4"-hydrox vhutvroyl-onopordc  acd  (11)

Gum (9 mg), IR v em ™7 3450, 3105, 3020, 2980, 2940, 2880,
1770, 1730, 1720 (sh), 1670 (sh), 1455, 1260, 1180, 1120, 1090,
1020, 975. 815 FIMS (probe, 70eV} m;z (rel nt) 279 [M
—C HO, +H]® (134), 277 [M —C,H,0, — H,07" (1 19).
248 M ~-C,H0, - CH,01" (2738, 220 {M-C,H,0,

CH,O—H,0} " (2231).215{19.43), 186 (100). 16142 33), 105
(3589), 87 [C.H,0,]7 (26 34) CIMS (1500 H,,, 0 5 torr, direct
probe) myz (rel nt) 383 [M+H]' 122 353 [M+H
—CH,0]" (t00), 267 [M-H-C,H-O,—CH,O+H]"
(5919), 249 [M+H—-CH,0; - CH,0]" (3448}
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