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Abstract-The investlgatlon of SIX Mexican Seneclo species gave seven unreported furoeremophdanes, 15 related 
eremophdanolides and two cadmene derivatives. The structures were elucidated by high field NMR techmques 

INTRODUCTION 

Some time ago we studied the constituents of two Mexi- 
can Senecio species As with many species from South 
Africa they also contamed furanoeremophllanes [ 11. We 
have studied now SIX further species and the results are 
presented m this paper. 

RESULTS AND DISCUSSION 

The extract of Senecio pericalta Klatt. afforded the 
furoeremophllanes la and lb-ld as a mixture and the 
related eremophdanohdes 2a-2m and 3a-3c which also in 
part could not be separated. The ‘H NMR spectra of 
la-ld (Table 1) only differed m the signals of the ester 
residues. Their typical signals clearly showed that we 
were dealing with a 4-methyl seneaoate, an angelate, a 
tlglate and a seneaoate. Spin decoupling mdlcated the 
presence of furoeremophilanes with a l( lO)-double bond 
and oxygen functions at C-3 and C-6. The couphngS of 
H-3 required a P-substitution and the chemical shifts 
showed that the ester groups were at C-3 while a hydroxy 
group had to be placed at C-6. Comparison of the data 
with simdar 6-hydroxy denvatives [2] indicated a fi- 
orlentatlon of the latter. Accordingly, the spectra were 
similar to those of the Euryops species which have the 
same substitution pattern. 

From the ‘H NMR spectra of 2a-2m (Table 1) the 
presence of eremophilanohdes could be deduced. The 
signal of the ester residues showed that the same groups 
as in compounds la-ld were present. However, the signal 
of H-12 was missing and the IR spectra exhlbtted a y- 
lactone band. Accordmgly, eremophilanolides were pre- 
sent, obviously derived from la-ld by further oxldatlon 
While in the spectra of 2a, 2d and 2g a low field signal at 
6 4.42 was present, this slgnal was mlssmg in the remam- 
mg lactones. Spin decoupling Indicated that this signal 
was due to H-8 which in the other lactones was replaced 
by a hydroxy and a methoxy group, respectively The 
spectra therefore were similar to those with the same 
substltutlon pattern with a l,lO-epoxlde [3] or the l,lO- 
dihydro derivatives [4]. The proposed stereochemistry of 
2a-2m was established by NOE difference spectroscopy 
with 2a-2c which gave clear effects between H-6, H-3 and 

H-4 m all cases Compound 2b gave NOE’s between H- 
OH and H-6 while in the case of 2c an effect was observed 
between H-6 and methoxy A NOE of H-6 with H-8 m 
compound 2a showed that also H-8 was a-orientated 

The ‘H NMR spectra of 3a-3c (Table 1) indicated that 
again eremoplulanohdes were present which also must be 
related to lbld and the correspondmg lactones 2e, 2h 
and 2k. Accordmgly, the signals of the same ester residues 
were observed and the substltutlon pattern also was the 
same, except the substltutlon at C-8. As the H-9 signals 
were replaced by a low field broadened singlet at 6 6.00 a 
8,9-double bond was present Accordmgly, the data were 
close to those of similar trienolides [2] The extract of the 
aerial parts of S. aschenbornranus Schauer gave, m addlt- 
ion to wldespread compounds, the furoeremophdanes 
4ad [S], 4d, 4e [6], 4f [7] and 4h [a]. 

The structures of 4a and 4b were deduced from the 
characteristic ‘H NMR spectra (Table 2) which were 
similar to that of 4c [S] The signals of the ester residue of 
4a indicated that an unusual ester group was present. 
Spin decouphng required a 2-methyl-but-3-enolc acid, an 
isomer of angehc acid. The spectrum of 4d (Table 2) 
indicated that again a 2-methyl-but-3-enoate was present 
which differed from 4a by a l(lO)-double bond. Accord- 
ingly, the spectrum was close to that of 4e [6] 

The extract of the aerial parts of S. rmparipmnatus 
Klatt also gave the furoeremophdane 4g [8], the chmol 
ester 9a [9] and the presilphiperfolane derivative 7 which 
has been isolated from S nnteuphorbwn [lo]. The chmol 
derivatives 9a [9], 9b [l l] and 10 [12] as well as the 
hydroxygermacrene D derivative 8 [13] were isolated 
from S confusus Brett while S sundbergii Turner only 
gave wldespread compounds. 

The extract of the aerial parts of S. tomentosws Mtchx 
gave feruhc aad, the cadmene derivatives 5s [ 141 and 5b 
[15] as well as the unreported derlvatlves 5c and 6. The 
structure of 5e clearly followed from its ‘H NMR spec- 
trum (Table 3) which of course was very close to that of 
5b. The ‘H NMR and the 13C NMR spectra of 6 (Table 3) 
indicated that a cadmene derlvatlve was present with two 
oxygen functions The chemical shifts required a 3-keto 
group while that of H-15 mdlcated that the methoxy 
group was at C-4 The stereochemistry was determined by 
NOE difference spectroscopy. Thus clear effects were 
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observed between H-l 3, H-6 (6%) and H-5 (2%), between hmdered The results show agam that the large genus 
H-12, H-7 (5%) and H-8 (3%) as well as between H-15, Seneclo IS very complex Though agam most species 
OMe (lo%), H-5 (4%) and H-5’(5%) These obserratlons afforded the typical furoeremophllanes, there are large 
indicated that the free rotation of the Isopropyl group IS numbers of species where these compounds are mlssmg 
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Table 1 ‘H NMR spectral data of compounds la-ld, 2a-2m and 3a-3c (400 MHz, CDCI,, 

&values) 

H la* 2at 2bf 2c(i 2mll W 

1 

2 

3 

4 

6 

9 

9 
13 

14 

15 

OR 

5 51 ddd 5 65 hr d 561 hrd 5 58 hr d 
2 20 2 30 dddd 2 30 dddd 2 30 br dddd In 

2 22 ddd 2.22 ddd 2.24 br ddd 

5 16 ddd 5.08 ddd 5 08 ddd 5 07 ddd 

2 36 dq 236 dq 235 dq 2 34 dq 
485 hr s 471 brs 4 79 br q 461 br q 
3 38 br d 276 dd 2 66 d 273 d 
301 d 2 16 m 2 50 br d 2 39 br d 
206 br s 201 dd 205 d 211 d 
1 05 s 095 s 094s 096s 

097 d 097 d 098 d 1OOd 
5 68 br s 5 61 br s 561 br s 5 67 br s 
2 17 br 9 218brq 218brq 2.18 br 9 

216brs 2.15 br s 215brs 216brs 

108 I 109 t 1 09 t 108 t 

5 70 br s 5 79 br dd 
245m 
220m 
5 10 ddd 
246m 

442 br q 4.80 br s 
277 d 
241 dddd I 

6.00 br s 

2 10 d 
093 s 

116d 

212brs 

1 20 s 

1.23 d 

608 49 
1.99 dq 
1.89 dq 

*H-12 7.04 br s, compound lb H-3 5 20 ddd; OAng 6 17 qq. 199 dq, 190 br s, compound lc 
H-3 5 17 ddd, OTlgl 6.87 qq, 1 83 br s, 1 80 dq, compound I& H-3 5 14 ddd, OSen 5 69 br s, 
2.16 br s, 190 br s 

tH-8 4 42 ddq, compound 2d H-3 5 10 ddd, OTlgl 6 88 99,l 83 br s,l 81 br d, compound&: 

H-3 5 06 ddd, OSen 5 69 99, 2.16 d, 1.91 d. 
$compound 2e H-3 5 11 ddd, OTIgl 6 88 qq, 182 br s, 18 1 br d, compound 2h. H-3 5 07 ddd, 

OSen 5 68 br s, 2 15 br s, 1 91 br s, compound 2k H-3 5 14 ddd, OAng: 6 14 qq, 1.98 dq, 1 87 dq. 
hOMe 3 14 s, compound 2f H-3 5 09 ddd; OTlgl: 6 87 qq. I 83 br s, 181 br d, compound 2i 

H-3 5 06 ddd, OSen: 5 69 qq, 2 17 d, 191 d; compound 21 H-3 5 13 ddd; OAng 6 11 qq, 1.99 dq, 
1 89 dq 

I(OMe 3 26 s 

ICompound 3b H-3 5 10 m; 0T1gl 6 84 dq, 1 89 br s, 1.80 br d; compound 3c H-3 5 06 m, 

OSen 566brs,218d,190d 

J[Hz]. Compounds la-ld 1,2=5, 1,2’=1,9=2.5, 2,3=7 5, 2’,3=8 5, 3,4=3 5, 99’=16.5; 
compounds 2a-2m 1,2=2,9’=3, 1,2’=5, 2,2’=17, 2,3=10; 2’3~6; 3,4=3 5, 6,13=2, com- 

pounds 2a, 2d and 2g. 8,9 = 7,8,9’= 11,8,13 = 2,9,9’ = 12, compounds 2b, 2e, 2b, 21.9,9’= 13.5, 

compound 2m 1,9’=2,9’=2.5,6,13=2,9,9’= 14, compounds 3a-3c 1,2= 1,2’=4; 2,3=5,2’,3 

=lO, 3,4=3 

Table 2 ‘H NMR spectral data of com- 
pounds 4a, 4b and 4d (400 MHz, CDCI,, 6- 

values) 

H 4s 4b 4d* 

4 1 80 m 1 80 m 192 m 

6 635 s 635s 635 s 

10 239dd 240 dd -_ 

12 7.34 br s 735 q 740q 
13 1 88 br s 1 89 d 1.91 d 
14 0.94 s 095 s 1 13 s 

15 084d 088d 0.94 d 
OR 5 95 ddd 245 m 5 97 ddd 

5 19 br d 123 d 5 22 ddd 
515brd 1OOt 5.18 ddd 
3 25 br dq 3 30 dddq 
1 36 d 138 d 

*H-l 697 br dd, H-2 227 and 2 17 m, H-3 

1.57 and 144 m 
J[Hz]. Compounds 4a and 4b. 1,lO = 3 5; 

1’,10=12,4,15=7,compound4d:1,2=1,2’=4, 

4,15=7,12,13=1,OR(4aand4d)2,3=8,2,4c 
=2,4t=4c,4t=1,2,5=7, 3,4c=lO, 3,4t=17 

EXPERIMENTAL 

The air-dned aerial parts were extracted and the extracts were 

separated as reported previously [16] The aenal parts (400 g) of 

S. per&m (voucher 8211, collected in Montemoreol, N L., 

Mexico, Jan. 1987) afforded by CC two crude fractions which 

were separated by HPLC (MeOH-H,O, 4: 1, RP 8, ca 100 bar, 

flow rate, 3 ml/mm). Fmally 50 mg la (R, 20.4 mm), a mixture of 

lb-ld (R, 15 3 mm, ca 2 3 2), 25 mg feruhc aad, 13 mg 2m (R, 

6 3 mm), 14 mg of a mixture of 3a-3c (ca 1: 2 2) (R, 7.0 mm), 
30 mg of a mixture of 2e, 2b and 2k (ca 2.1: 1) (R, 6.8 mm), 10 mg 

2b (R, 8 2 mm), 12 mg Zc (R, 10.5 mm), 9 mg 2a (R, 10.5 mm), 
30 mg of a mixture of 2d and 2g (ca 5 : 1) (R, 8.5 mm) and 42 mg of 

a rmxture of Zf, 2i and 21 (ca 1 1 1) (R, 8.8 min) were obtained 

The aerial parts (1 kg) of S. aschenbormanus (voucher 4081, 

collected m San LUIS Potow, Dec. 1987) gave by CC and TLC 

25 mg a-curcumene, 25 mg b-famesene, 40 mg of blsabolene-1,C 
endoperoxlde, 50 mg nerohdol and a mixture wluch was separ- 

ated by HPLC affording 16 mg 4d (R, 10.5 min), 8 mg 4f, 13 mg 

4c, 14 mg 4b, 7 mg 4e, 5 mg 4b (R, 14 mm) and 21 mg 4a (R, 

11 8 mm). 

The aerial parts (1.2 kg) of S. tmparlpmnatus (voucher 8363, 

collected m Lampazos, N L , Mexico) gave by CC and TLC 

43 mg 7, 15 mg 4g and 80 mg 9a. The aenal parts (520 g) of S. 
conjiisus (voucher 8072B, collected in Monterrey, Mexico, March. 

4-N 
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Table 3 ‘H NMR spectral data of 
compounds 5c and 6 (400 MHr, 

CDCI,. o-values) 
___- 

H SC 6 

5 699hrs 
2 3x lid 

1 52 dd 
6 2 71 dddd 
7 2 58 hr ddd I 46 dddd 

a 1 65 i 2 19 hr ddd in 

205 m 

6 16 hr (1 

IO 3 01 dddd 

11 2 27 dqy 205 m 

12 101 d 094 d 

13 072 d 086 d 

14 i 425 dd 
4 10 dd 

1 84 hr \ 

15 221 hrs 1 30 s 

OR 2085 3 16 \ 

.I[Hz]. Compound SC 7X- 7.1. I. 

= 11,12= 11,13=7. 9,10=9’,10 

= 10,14=5, 10,14’=9, 14,14’= 11 5, 

compound 6 2,6 = 2, 5,5’ = 14,5,6 = 4, 

5’6 = t2 5_ h-7 = 7;x’ = 11. 7,X = 7-l 1 

==4, 8X-19, X,9=6, l1.12=11,13 
==7 

1987) gave by CC and TLC 23 mg 8, 38 mg 9a, 15 mg 9b and 

12 mg 10 whtle those of S sundherqtt (voucher 8211, collected m 

Borrado Hill, N L, Mexico) gave 20 mg of a mtxture of car- 

yophyllene, ar-curcumene and [f-farnesene and 60 mg feruhc 
actd 

The aertal parts (180 g) of S tomentosus (voucher 8228. 

collected m Arroyo Seco, N L , Mexico. Febr 1987) gave by CC 

and TLC 9 mg 6 (EtzO-petrol, 1 2, R, 0 68). 5 mg Sa, 33 mg 5c 

(Et,O-petrol, 2 1, R, 0 66), 37 mg feruhc actd and 12 mg 5b 
Known compounds were tdenttfied by comparmg the 400 MHz 

‘H NMR spectra wrth those of authenttc maternal 

68-Hydroxy-38-[4-methylrenectoyloxy]-ruryopsrn (la) Col- 

ourless 011, IR vz:? cm-l 3440 (OH), 1710, 1650 

(C=CCO,R), MS miz (rel mt) 344 199 [M] i (2) (talc for 

C&I&, 344 199)_ 326 CM -H&I].+ (h)+ 230 [M- R.CC&R].’ 

(100). 215 [230-Me]+ (IX), 212 [230-H,O]+ (16), 197 [215 

-H,O]+ (30). 124 [B]* (76). 97 [RCO] + (84) [x];~~ +26’ 

(CHCI,, c 0 2) 

Ttqlate (lb), senectoate (lc) and anyelate (Id) esrers of com- 
pound 1 Colourless 011, IR v:t? cm- I 3460 (OH), 1720, 1660 

(C=CCO,R), MS m/z (rel mt.) 330 183 [M]’ (2 5) (talc for 
C H 0 330183),312[M-HzO]+(6).230[M-RCO,H]+ Z” 2h 4 
(77), 124 [B]* (78), X3 [RCO]’ (100) 

6B-Nydrox~-3B-[4-met~y~~e~ecroyloxy]-eremophlla-l( 10),7(1 l)- 

dten-l2,8p-&de (2a) Colourless gum, IR vz:: cm -I 3600 (OH), 

B= 

1765 (7-lactone), 1710, 1645 (C=CCO,R), MS m/z (rel mt) 

360 194 [Ml’ (1) (talc for C,,H,,O, 360 194). 246 [M 

-RCO,H]+ (24) 121 [C,H,,]+ (100). 97 [RCO]’ (76), [u];~ 
-66’ (CHCI,, c 0 17) 

Trqlale (2d) and wnecwafe (2g) ecters 0Jcompound 2 Colour- 

less gum, IR v::: cm ’ 3460 (OH), 1770 (y-lactone), 1700, 1650 

(.C=CCO,R)_ MS W’Z (.tel un). 346 178 [M].+ (06) (.re& for 

CI,H,,O, 346 17X), 246 LM -- RC02H]+ (12,. 121 [C,H,OJ + 
(lOO), 83 [RCO] + (70) 

6P,8~-D1h~ciro~~-3~-[4-merhy[~e,lucro~loxy]-errmophrla- 

1( 10),7( 1 l)-drene- 12,8/Sohde (2b) Colourless gum. IR v$$; cm- ’ 
3460 (OH), 1770 (;‘-lactone), 1710, 1650 (C=CCO,R), MS rniz 

(rel mt) 376189 [M]’ (05). 35X [M-H,O]’ (1) 244 [358 

-RCO,H]‘t32).229[244- Me]+ (14). 121 [C,H,O+ (87). 106 

[121-Me]+ (93) 97 [RCO]’ (ltK)+[!r], -53’ (CHCl,,cO 18) 

7iqlatu (2e) ww route (2h) und ~~ngelate (2k) ester\ o/~ompound 

2 Colourlcss 011, IR r(ms: cm ’ 3440 (OH), 1770 (y-lactone), 

1710. 1650 (C=CCO,R), MS m/z (rel mt) 362 [M] ’ (02), 

344 162 [M-H,O]+ (I) (cdlc for C,,HzIO, 344 IhZ), 244 [M 

-RCO,H]’ (44), 121 LC,H,,]’ (72). 106 [I21 --Me]’ (80), 

83 [RCO]’ (100) 

6/j-N !,drory-3/~-[4-meth~lse,te~ 1oylou~]-8a-methou~errmo- 

phrla- I(1 0), 7( 1 I)-dten- 12,8/1-nlldr (2~) Colourleas gum; IR v::: 

cm I 3600 (OH). 1775 (y-ldctone). 1710, 1650 (C=CC’O,R), MS 
m,‘s (.rel mf. 4 190 Tfi EM]. ’ (0 2). t.ak fm C,;.K,n, 3‘20 72M),p 
358 [M-MeOH] ’ (4) 276 [M RCO,H]’ (7) 244 1276 

-MeOH]+ (16), 121 [C,H,,]+ (65), 106 [I21 --Me]’ (71), 97 
[RCOJ + (100) 

Tqlale (25), ~ticc ro~lr (2$ ru*l nryrlate (2b) ecfer ~~Jfcfcnmp,oruklc 

2 Colourless 011, IR IN’,‘,: cm 1 3600 (OH), 1770 (y-lactone), 

1700. 1650 (C=CCO,R), MS m/z (rel tnt I 376 [MI’ (0 1). 

344 162 [M - MeOH] * (I ) (talc for C H 0 20 ZJ 5 344 162). 276 
[M-RCO,H]+ (25). 244 [276-M&H]+ (9) 121 (51). 106 (7). 

83 [RCO]’ (100) 

6B-Hydroxy-8a-merhoxyeremopht/a- I(1 O),7( 1 I)-&en- 12,8/G 

olrdr (2m) Colourless gum, IR v:$ cm ’ 3480 (OH), 1770 (y- 

lactone), MS m/z (ml int I 278 152 [MJ + (14) (talc for 

C H 0 278 152), 260 LM-H,OJ + (12) 246 LM-MeOH]+ Lh 22 4 
(44). 231 (32). 123 (74) 107 (76). 55 (100) [~]i;~ --8’ (CHCI,. 

‘ 032) 
6/1_Hldmx?-3B-[anqe~~j~/~~~~, tlqloyloxb and tenec~oylowv, re- 

spectlt:elyJ-lrqulareno~tde (3a--3c) Colourless gum, IR v;::* cm- 1 
3460 (OH), 1770 (y-ldctone), 1710, 1650 (C=CCO,R), MS m/z 

(rel mt). 344 162 LM]’ (06) (talc for C,,H,,O, 344 162). 244 

[M-RCO,H]’ (X2). 121 (28). X3 LRCO]’ (100) 

68-[2-methy/-2-t,lnyluceto~y]-FuroeremophI1-9-onr (4a) Col- 

ourless gum, IR vzt: cm- ’ 1735 (COZR), 1700 (C=O), MS m/z 
(rd mt). 330 183 [M] + (4 5) @lc for C,&&, 330 l&3.), 248 

[M-O=C=C(Me)Et]’ ilOO), 230 [M-RCO,H]+ (44), 83 
[RCO]+ (43), 55 183 -CO]+ (91) 

6~-L2-methylhut~r~lox~]-Furoeremoph~l-9-one (4b) Colour- 
less gum, IR \,zy? cm ’ 1730(CO,R), 1690 (C=O), MS m/z (rel 

mt ) 332 199 [M] + (2)(calc for C H 0 332 199). 248 [M -0 20 28 4 
==C=C(Me)CH==CH,]+ (52). 230 [M-RCO,H]+ (20). 85 
[RCO]’ (48), 57 [X5-CO]’ (100) 

6/&[2-methyl-2-vrnylacetoxy]-Euryopsm-9-one (4d) Colour- 

less gum, IR vz’$ cm ’ 1735 (CO,R), 1685 (C=O). MS m,‘z (rel 

mt ) 328 [MJ ’ (04), 228 1 I5 LM-RCO,HJ’ (57) (talc for 

C,,H,,O, 228 115), 83 [RCO]’ (17), 55 [83-CO]’ (100) 
14-Atetoxy-2-hydrox~cu~~mene (SC) Colourless 011, IR Undo 

cm-’ 3600 (OH). 1740, 1230 (OAc), MS m,z (rel mt ) 276 173 

[MI’ (I)(calc for C,,HI,O, 276173). 216 FM-HOAc]’ (8). 
173 L216-C,H,]+ (100) 

4B-Methoxycudfna-l.9-dlen-3-one (6) Colourless 011. IR I,,$$ 

cm-’ 1660 (dtenone), (JV $‘$ 277 nm. MS m,‘: (rel rnt ) 
248178 [M]’ (25) (talc for C,, 14 z . H 0 248 178), 205 [M 
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-C,H,]+ (lo), 133 (IOO), 13C NMR (CDCI,, C-1-C-15) 1605, 
119.1, 197.6, 752, 403, 343, 438, 250, 1374, 1314, 262, 209, 
19.3, 14 6, 18.3, OMe 51 4, [ala’ +28” (CHCI,, c 0 36) 
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