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afforded 44 mg lupeyl acetate and 11 mg caryophyllen-l,lO- 
epoxlde, while TLC of fraction 3 (CH,Cl,C6H,-Et20, 1 1 1) 
gave a mixture of 2-4 and the known compoundsdescnbed m the 
text Separation by HPLC (RP 8, MeOH-H20, 3 2, flow rate ca 
3 ml/mm and 300 bar) gave a mixture of 4 and onosenohde (1, 
R, 10 1 mm), a mixture of the latter, 2 and 3 (II, R, 11 4 mm) 
and a mixture of 2, 3, alantolactone and onosenollde (III, 
R, 122 mm) TLC of I (SIO~, AgNO,coated, Et+petrol, 
2 3, 2 developments) gave 4 mg of the latter and 2 5 mg 4 (R, 

03) TLC of II (BOz, AgNO+oated, Et&-petrol, 2 3, 2 
developments) gave 2 5 mg onoserlohde, 2 1 mg 3 and 1 mg 2, 
while TLC of III (SIOz, AgNO,coated, Et@-petrol, 2 3, 2 
developments) afforded 2 mg onosenohde, 3 mg alantolactone 
and25mg3 

1,2,4,15-Tetradehydro-4,5-dthydrosteu~1ctmol~de (4) Colour- 
less 011, IR vs cm- ’ 1770 (y-lactone), MS m/z (rel mt ) 
230 146 [M]’ (5) (talc for C15H,s02 230 146), 215 [M-Me]+ 
(2 5), 173 [215 -C,H,] + (lOO), ‘H NMR (CDQ, 400 MHz, 
TMS as internal standard) 65 39 dt (H-l), 5 52dt (H-2), 2 89br d 
and 2 746rdd (H-3), 2 1Obrd (H-5), 2 1Obrdd (H-6), 193ddd (H- 
6’), 3 33 m (H-7), 4 80ddd (H-8), 2 15 br d (H-9), 133 dd (H-9’), 
632dand 554d (H-13),080s(H-14),493and471brs (H-15), 
[J(Hz) 1,2=10,1,3=2,2,3=35,5,6’=6,6’=6’,7=12,5, 
6=6,7,8=7,3,17=35,7,13’=3,8,9-7,8,9’=11,9,9 
= 131 

Calhtrm [7] ‘H NMR (CDC&, 400 MHz) 65 75 dd (H-l), 
4 93 dd (H-k), 4 89dd (H-2 t), 4 89 dq (H-3), 4 646r s (H-3’), 
167 br d (H-5), 2 06 m (H-6), 2 30m (H-7), 4 60ddd (H-8), 19Odd 
(H-9), 14Odd (H-9’), 256dq (H-11), 120d (H-13), 100s (H-14), 
172brs (H-15), [J (Hz) 1, 2c = 10, 1, 2t = 17, 2c, 2t = 1, 3, 5 

=3,15=15,5,6=12,7,8=8,7,11=12,8,9=6,8,9’=11,9, 
9’= 14,11,13 = 73 

AcknowledgementsWe thank the Fonds der Chermschen 
Industne and the Deutsche Forschungsgememschaft for 
financml support, and Dr L E Bishop, Seattle, Washington, for 
his help dunng plant collection 

1 
2 

3 

4 
5 

6 

7 

8 

9 

10 

11 

REFERENCES 

Robinson, H (1981) Smrthsomnn Contrzb Botany 51, 1 
Johns, T , Graham, K and Towers, G H N (1982) Phyto- 
chemistry 21, 2737 
Bohlmann, F, Zlesche, J, Robmson, H and King, R M 
(1980) Phytochemzstry 19, 1535 
Mars&all, J A and Cohen, N (1964) J Org Chem 29,3727 
Bohlmann, F , Ludwig, G W , Jakupovic, J , King, R M-and 
Robinson, H (1984) Justus Lteblgs Ann Chem 228 

Bohlmann, F and Dutta, L N (1979) Phytochernrstry 18, 
1228 
Brecknell, D J and Carman, R M (1979) Aust J Chem 32, 
2455 
Bohlmann, F and Dutta, L N (1979) Phytochemrstry 18, 
847 
Nlkonova, L P and Nikonov, G K (1970) Khzm Prv 
Soedm 6, 508 

Bohlmann, F, Zdero, C, Jakupovs, J , Ates (Goren), N, 
Kmg, R M and Robinson, H (1983) Justus L.~eblgs Ann 

Chem 1257 
Bohlmann, F, Zdero, C, King, R M and Robinson, H 
(1984) Phytochenastry 23, 1979 

Phytochemwtry, Vol 24, No 5, pp 1101-l 103, 1985 0031~9422/85 $3 00 + 0 00 
Pnnted m Great Bntam 0 1985 Pergamon Press Ltd 

FURTHER CADINENE DERIVATIVES FROM HETEROTHECA LATIFOLU 

FERDINAND BOHLMANN, CHRISTIAN WOLFRUM, JASMIN JAKUPOVIC, ROBERT M KING* and HAROLD ROBINSON* 

Institute for Organic Chemtstry, Technical University of Berlin, D-1000 Berlin 12, Weat Germany, *Smithsoman Instltutlon, 
Department of Botany, Washington, D C 20560, U S A 

(Reused recewed 10 September 1984) 

Key Word Index-Heterotheca latlfoha, Compositae, sesqulterpenes, cadmene denvatlves 

Abstract-A remvestlgatlon of the aerial parts of Heterotheca latlfolra afforded four new cadmene denvatlves 

So far the chermcal mvestlgatlons of Heterotheca species responding acetate [l] After addlhon of chazomethane, a 
have shown that cadmene derivatives are characterlstlc for methyl ester was obtamed which was Identical with la 
this genus [l, 23 A remvestlgatlon of the aerml parts of The structures of 3a and 4a also could be deduced from 
H latlfolla Buckley afforded m addition to compounds the ‘H NMR spectra (Table 1) The presence of hydro- 
isolated previously [l] the cadmene derwatlves l-4 which peroxides followed from the low-field broadened smglets 
were isolated as their methyl esters (la-4a) The structures 
of la and 2a could be deduced from the ‘H NMR spectral 

at 6 7 45 and 7 28, respectwely, while several signals were 
close to those of methyl-13-hydroxy-&&men-15oate 

data (Table 1) which were close to those of the cor- 
respondmg esters of la [l] Also the ‘“C NMR spectrum 

[l] However, m the spectrum of 3a the A9 bond was 
replaced by a 9,14_double bond, whtch followed from the 

(see Experrmental) supported the structure of la which typical signals of exocychc olefimc protons Then cheml- 
finally was established by sapomficatlon of the cor- cal shifts already mdlcated that the hydroperoxy group 
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Table 1 ‘H NMR spectra.l data of h-4a (400 MHz, CD&, TMS as 
mt standard) 

18 Cd% 2s 3a 4a 

H-l 299dd 
H-l’ 195m 
H-2 
H-2 

465brs 

H-4 - 712d 
H-5 266brd 
H-6 125m 
H-7 
H-7 
H-8 
H-8 

203m 

H-11 2 12dqq 
H-12 099d 
H-13 
H-13 

082d 

H-14 175brs 

OMe 378s 

OOH - 

299dd 309dd 214m 
183m 18Obrd 170brd 

586brdd 

}479brs ]424brs }237m ’ 
3 1odddd 
3 01 dddd 

721d - 715d 708ddd 725ddd 
2 5Obrd 263brd 298brdd 3 30 dddd 
116dddd 128m 128m 13m 
15Obrd 173m 167m 
109dddd 129m 148m 
189brdd 205brdd 247ddd 222m 
182brd 192brd 214m 2 12ddd 
198 dqq 2 13dqq 2 14dqq 2 22 dqq 
084d 097d 1Old 106d 

382dd 
}“,, }081d j;% 354dd 

175brs 171 brs 
5 15dd 
497dd 

151s 

359s 376s 374s 384s 
342s - - 

- - 745brs 728brs 

J(Hz)compoundslaand2a 1,1’=15,1,2=25,1’,2-2,4,5=2, 
5,6=8,7,7’=12,7,8=12,7’,8=45,8,8’=15,11,12=11,12=11, 
13=7,compound3a 1,1’=14,2,4=2’,4=15,4,5=4,5,6=10,7, 
8 = 7’, 8 = 4, 8, 8’ = 14 5, 8, 14 = 14, 14’ _ 1 5, 11, 13 = 5, 11, 13’ = 7, 
13,13’=105,compound4a 1,2=1,2’=35,2,2’=22,3,4=15,2,5 
=7,2’,4=1,2’,5=7,4,5=4,5,6% 10,7,8=7’,8=3,8,8’=14,11, 
13 = 6, 11, 13’ = 8, 13, 13’ = 10 

most hkely was at C-10 Though only one of the H-8 
signals was not overlapped, the clear couplings of this one 
showed that H-8’ was coupled wtth H-14 Irradlatlon of 
the signal at 6222 collapsed the methyl doublet to a 
smglet and the H-13 double doublets to doublets The 
oxygen function at C-10 IS most likely a as the H-6 signal 1s 
shlfted downfield when compared mth that m the cadm- 

R’O 

ROzC 

15 
13 

1 la 2 2a 

R H Me H Me 

R’ H H Me Me 

3 R=H 4 R=H 

3a R=Me 4a R=Me 

3-enes The presence of a l(lO), 3-dlene m the hydro- 
peroxide 4a clearly followed from the downfield shift of 
the signals of H-2 and H-5 A large coupling (N 7 Hz) 
between H-2 and H-5 further supported the presence of 
such a dlene As m this case the slgnal of the olefiruc 
methyl at C-9 was replaced by a smglet at 61 51, the 
hydroperoxy group was at C-9 Inspection of a model 
indicated that an a-ortentatton was more likely as the 
attack of oxygen from the a side of methyl-l 3-hydroxy-b- 
cadmen-15-oate seems to be favoured for sterlc reasons 
Compounds 3 and 4 are probably formed by reaction of 
13-hydroxy-&zadmen-15-0~ acid [l] with oxygen This 
mvestlgatlon again showed the taxonormc unportance of 
cadmene denvatlves for datmgmshmg the genus 
Heterotheca from other related genera 

EXPERIMENTAL 

The tllrdned aenal parts (2lOg) (voucher RMK 9311, collected 
m DE, U S A ) were worked up m the usual fashion [3] and one- 
eighth of the CC fraction mth Et,0 (280 mg) was ester&d with 
CHzN2 TLC (Et+petrol, 1 1) gave 85 mg of the esters of la 
(2-0-lsobutyrate, 2-0-lsovalerate, 2-methylbutyrate), 52 mg of 
the acetate of la, a nuxture of la and 3a as well as a rmxture of 3a 
and 4a Roth nurtures were separated by TLC (Et@-petrol, 
4 1). The less polar fraction afforded 10 mg la (R, 0 62)and 5 mg 
3a (R, 0 53), and the more polar fraction gave 12 mg 49 (R, 0 45) 
One-sixth of the CC fraction with Et@--MeOH, 9 1 (250 mg) 
was ester&d with CH2NZ TLC (Et@--petrol, 7 3) gave a 
muture of la and 2a as well as 60 mg la and 50 mg methyl-l3- 
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hydroxy-&&men-15-oate TLC of the mtxture of la and 21s 
(EtzG-petrol, 3 2) gave 70 mg 2a (R, 0 70). Known compounds 
were identified by comparison of the 400 MHz ‘H NMR spectra 
with those of authentic mate& and by co-TLC 

Mezhyt 2~-iiydroxy-d-cadm-lS-~~e (la) Coburkss 011, 
IR~scm-~ 3560 (OH, hydrogen bonded), 1710, 1655 
(C=CCOaR), MS m/z (rel mt) 264 173 [M]’ (24) (cak 

for C&&J 264 173), 246 [A4 -H,O]+ (20), 203 
[246-CHMez]+ (So), 187 [246-CO&e]+ (lOO), 176 
[246- H&==CHCHMez, RDA]+ (30), 13C NMR (C6D6. C- 
l-C-15) 332t,654d,1240s,1444d,4lOd,44Od,217r,346t, 
1296s,133Os,270d,191q,215q,157q,1675s,513q(OMe) 

Preparation of la from the acetate To 23 mg 2fi-acetoxy-6- 
c&men-l 5-01~ acid m 2 ml MeOH, 0 5 ml 2 N KOH was added 
After 2 hr the crude actd was estenfied wzth CHIN, TLC 
(Et@-petrol, 4 1) gave 16 mg la (RI 0 60) Ident& wrth the 
methyl ester obtained from the natural product (‘H NMR and 
co-TLC) 

Methyl 2@nerhoxy-&cadmen-15-oate (Za) Colourless 011, 
IR u’=~cm- 1710, 1650 (C==CCOzR), MS m/z (rel mt) 
278 1% EN’ (11) (talc for C,,Hz60, 278 188). 260 [M 
- HzO]” (7), 246 [M - M&H]+ (51), 235 [M - CHMez]* (9), 
203 [235 - MeOH]+ (lOO), 187 1246 -CO,Me]+ (91), 176 [246 
- HzC=CHCHMez, RDA] + (45), 145 [187 - C3H6]’ (76) 

Methyl 13-hydroxy-lOa-peroxy-cadma-3,9(14)-dwn-1%oate 
(3a) Colourless 011, IRvzcm-L 3600 (OH), 1710 
(C=CCOzR), MS (CI, Isobutane) m/z (rel mt ) 297 [M $11’ 
(62) (talc for C&Hz405 + l), 279 1297 - HzO] + (lOO), 263 [297 
- H,Oz]+ (57), 247 [279 - MeGH]+ (38), EI 262 [M 
-HzOz]+ (21), 231 [262-OMe]+ (32), 203 [231 -CO]+ (42), 
61 (lOO), 

Cor3& 578 546 436nm = = 0 _ 1o -19 -63 
CHCI,, c 3 

Methyl 13-hydroxy-9a-proxy-China-I ( 10),3-dzen-1 S-oare 
(4~) Colourless orI, IR vscrn-, 3600 (OH), 1720 
(C=CCOzR), MS (CI, Isobutane) m/z (rel mt ) 297 [M + l]+ 
(lo), (talc for &Hz40J + l), 279 [297 - H,O]+ (21), 263 [297 
-H,O,]+ (14),247[279 - MeGH]+ (S), 209 [297 -CSH,,O]+ 
(lOO), EI 262 [M -H,O,]+ (2 51,230 [262 - MeOH] + (40), 61 
(100) 
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Abstract-The aerml parts of Artemtsta Judaica afforded m addltton to known compounds a hydroperoxlde 
correspondmg to vulgarm as well as an isomer of the latter The configuratlons of these lactones have been estabhshed 
by NOE difference spectroscopy 

l%e aer& parts of Artenusla p&a L have been 
mvestqated previously [l-3], and we have studled now 
materzal collected m Egypt In addition to taurermsm 
(= vulgarm, 1) [4,5] isolated previously from this species 
[ 1,2], we obtamed the Isomer 3 and the hydroperoxlde 2 
and m addmon ethyl cmnamate, a-pnene, chrysan- 
thenone, camphor, pqentone, verbenol and the hydro- 
peroxide 4 isolated so far only from Artemrsaa mculta [6] 
The structure of 2 could be deduced from the spectral data 
of the product obtamed by tnphenyl phosphme-reduction 
which were Identical ~nth those of 1 The spectral data of 3 
(Table 1) were close to those of 1 However, the chemzal 
shifts of H-14 and H-15 dflered charactetlstically. NOE 

dzfference spectroscopy mth both 1 and 3 clearly m- 
dicated the ~nfi~atlon at C-4 Whde 1 gave dear NOES 
between H-14 and H-15 and H-6, the isomer 3 showed 
NOES between H-14 and H-6 as well as between H-l 5 and 
H-5 and H-3 The configuration of 3 has been ass;gned 
pre~ously for a lactone named barrehn [7] Comparison 
of the 13C NMR data, however, show that this lactone 
most hkely IS ldentrcal \mth vulgarm though the mp and 
the opti rotation differ The pubhshed j3C NMR data 
of 1[8] &ffer only m thechermcal shft of C-14 wbch was 
erroneously assigned (622 7 1s the value of C-8 and not of 
C-14 which IS 19 7) The 13C NMR data of 1 and 3 show 
some clear differences In particular, the C-1 5 slgnal ts 


