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Abstract—The investigation of six Mexican Senecio species gave seven unreported furoeremophilanes, 15 related
eremophilanolides and two cadinene derivatives. The structures were eluctdated by high field NMR techniques

INTRODUCTION

Some time ago we studied the constituents of two Mexi-
can Senecio species As with many species from South
Africa they also contained furanoeremophilanes [1]. We
have studied now six further species and the results are
presented n this paper.

RESULTS AND DISCUSSION

The extract of Senecio pericalia Klatt. afforded the
furoeremophilanes 1a and 1b-1d as a mixture and the
related eremophilanolides 2a~2m and 3a—3c¢ which also in
part could not be separated. The 'H NMR spectra of
la-1d (Table 1) only differed 1n the signals of the ester
residues. Their typical signals clearly showed that we
were dealing with a 4-methyl senecioate, an angelate, a
tiglate and a senecioate. Spin decoupling indicated the
presence of furoeremophilanes with a 1(10)-double bond
and oxygen functions at C-3 and C-6. The couplings of
H-3 required a f-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 similar 6-hydroxy derivatives [2] indicated a -
orntentation 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 eremophilanolides could be deduced. The
signal of the ester residues showed that the same groups
as in compounds 1a—-1d were present. However, the signal
of H-12 was mussing and the IR spectra exhibited a y-
lactone band. Accordingly, eremophilanolides were pre-
sent, obviously derived from la-1d by further oxidation
While in the spectra of 2a, 2d and 2g a low field signal at
J 4.42 was present, this signal was missing in the remain-
ing 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
substitution pattern with a 1,10-epoxide [3] or the 1,10-
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 1n 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 in
compound 2a showed that also H-8 was a-orientated

The ‘H NMR spectra of 3a-3c (Table 1) indicated that
again eremophilanolides were present which also must be
related to 1b-1d and the corresponding lactones 2e, 2h
and 2k. Accordingly, the signals of the same ester residues
were observed and the substitution pattern also was the
same, except the substitution at C-8. As the H-9 signals
were replaced by a low field broadened singlet at 5 6.00 a
8,9-double bond was present Accordingly, the data were
close to those of similar trienolides [2] The extract of the
aerial parts of S. aschenbormanus Schauer gave, 1n addit-
ion to widespread compounds, the furoeremophilanes
4a—4c [5], 4d, 4e [6], 4f [7] and 4h [8].

The structures of 4a and 4b were deduced from the
charactenstic 'H NMR spectra (Table 2) which were
similar to that of 4¢ [5] The signals of the ester residue of
4a indicated that an unusual ester group was present.
Spin decoupling required a 2-methyi-but-3-enoic acid, an
isomer of angelic actd. The spectrum of 4d (Table 2)
indicated that again a 2-methyl-but-3-enoate was present
which differed from 4a by a 1(10)-double bond. Accord-
ingly, the spectrum was close to that of 4e [6]

The extract of the aerial parts of S. imparipinnatus
Klatt also gave the furoeremophilane 4g [8], the chinol
ester 9a [9] and the presilphiperfolane derivative 7 which
has been 1solated from S anteuphorbium [10]. The chinol
derivatives 9a [9], 9b [11] and 10 [12] as well as the
hydroxygermacrene D derivative 8 [13] were isolated
from S confusus Britt while S sundbergii Turner only
gave widespread compounds.

The extract of the aenal parts of S. tomentosus Michx
gave ferulic acid, the cadinene derivatives Sa [14] and 5b
[15] as well as the unreported derivatives Sc and 6. The
structure of 5S¢ 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 '*C NMR spectra of 6 (Table 3)
indicated that a cadinene derivative was present with two
oxygen functions The chemical shifts required a 3-keto
group while that of H-15 indicated that the methoxy
group was at C-4 The stereochemistry was determined by
NOE difference spectroscopy. Thus clear effects were

1149



1150 A H MEFRICLI et al

X 1 1a 1b Ilc I
‘ /7 R OH Mesen Ang Tigl Sen
RO

14
1%

OH 13

lll’;

OH

2 22 2b 2c 2d 2 2f 2¢g 2h 2i 2k 21 2m
R' OH OMesen OMesen OMesen OTigl OTigl OTigl OSen OSen OSen OAng OAng H
R* H H OH OMe H OH OMe H OH OMe OH OMe OMe

0.
(0]
~—
RO
OH
3a 3b 3¢ 4a 4b d4c 4d de 4f 4g 4h
R Ang Tigl Sen R A* MeBu Ang A MeBu Ang Bu 1Val
A10 ALIO AlLO Ali0 avIO
*p =
i

" CO;Me CO;Me
OH OH WOH

! OH

6 3

13 5 3

Y 11 4
s L2 0 0
8 9a 10
9b 2,3,5.6H

observed between H-13, H-6 (6%) and H-5(2%), between  hindered The results show again that the large genus
H-12, H-7 (5%) and H-8 (3%) as well as between H-15,  Senecio 1s very complex Though again most species
OMe (10%), H-5 (4%) and H-5' (5%) These observations  afforded the typical furoeremophilanes, there are large
mdicated that the free rotation of the 1sopropyl group 1s  numbers of species where these compounds are missing



Sesquiterpenes from Senecio spp

Table 1 '"H NMR spectral data of compounds 1a-1d, 2a-2m and 3a-3c (400 MHz, CDCl,,

d-values)
H la* 2at 2b} 2c§ 2m|| 3af
1 55tddd 565brd 561 brd 558 brd 570 brs 579 br dd
2 290 m {230 dddd {230 dddd {230 br dddd {245m
222 ddd 2.22 ddd 2.24 br ddd 220 m
3 516 ddd  5.08 ddd 508 ddd 507 ddd 510 ddd
4 236 dg 236 dg 235 dg 234 dg 246 m
6 485brs 471 brs 479 br q 461 br g 442 br g 480 br s
9 338brd 276dd 266d 273d 277d }600brs
9’ 301 d 216 m 250 brd 239 brd 241 dddd ’
13 206brs 207 dd 205d 2114 210d 212 brs
14 105s 095 s 094 s 096 s 093 s 120 s
15 097d 097d 098 d 100d 116 4d 1.23d
OR S68brs 567brs 567 brs 567 brs — 608 qq
217brq 218brg 218 br q 2.18 br g 1.99 dq
216 brs 215brs 215brs 216 br s 1.89 dg
108 ¢ 109 ¢ 109 ¢ 108«

*H-127.04 br s, compound 1b H-3 5 20 ddd; OAng 6 17 gq,1 99 dgq, 1 90 br 5, compound 1c
H-3 517 ddd, OTigl 6.87 qq, 183 br s, 1 80 dgq, compound 1d- H-3 § 14 ddd, OSen 569 br s,
2.16 br s, 190 br s

+H-8 4 42 ddq, compound 2d H-3 510 ddd, OTigl 6 88 gq,1 83 br 5,1 81 br d, compound 2g:
H-3 506 ddd, OSen 569 qq, 2.16 d, 1.91 d.

tcompound 2e H-3511ddd, OTigl 6 88 gq, 1 82 br s, 1 81 br d, compound 2h. H-3 5 07 ddd,
OSen 568 brs,215brs, 191 brs,compound 2k H-3 5 14 ddd, OAng: 6 14 qq, 1.98 dq, 1 87 dg.

§OMe 3 14 5, compound 2f H-3 509 ddd; OTigl: 687 qq, 1 83 br s, 1 81 br d, compound 2i
H-3 506 ddd, OSen: 569 gq9,2 17 d, 1 91 d; compound 2l H-3 513 ddd; OAng 6 11 g4, 1.99 dg,
189 dg

{OMe 326 s

YCompound 3b H-3 510 m; OTigl 684 dgq, 189 br s, 1.80 br d; compound 3¢ H-3 506 m,
OSen 566 brs,218d,190d

J[Hz] Compounds 1a-1d 1,2=5,12=19=25,23=75,2,3=85,34=35,99=16.5;
compounds 2a-2m 1,2=2,9'=3,1,2'=5,22=17,23=10; 2’3=6; 3,4=35, 6,13=2, com-
pounds 2a,2d and 2g. 8,9=7,8,9'=11,8,13=2,9,9'= 12, compounds 2b, 2¢, 2h, 2I' 9,9'=13.5,
compound 2m 1,9'=2,9"=2.5,6,13=2,9,9 =14, compounds 3a-3¢ 1,2=1,2=4;23=5,2'3
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Table 2 'H NMR spectral data of com-
pounds 4a, 4b and 4d (400 MHz, CDCl,, é-

values)
H 4a 4b 4d*
4 180 m 180 m 192 m
6 635s 635s 635s
10 239 dd 240 dd —
12 734brs 735q 740 q
13 188 brs 18%d 191d
14 094 s 095 s 113s
15 084 d 088d 094 d
OR 595ddd 245m 597 ddd
519brd 123d 522 ddd
S1S5brd 100t 5.18 ddd
325 br dg 330 dddq
136d 1384d

*H-1 697 br dd, H-2 227 and 217 m, H-3
1.57and 144 m

J[Hz]- Compounds 4a and 4b. 1,10=35;
1,10=12,4,15=7,compound 4d: 1,2=1,2"=4,
4,15=7,12,13=1,OR (4a and 4d) 2,3=8, 2,4c
=24t=4cdt=1,25=7, 34c=10, 34t=17

4-M

EXPERIMENTAL

The air-dried aerial parts were extracted and the extracts were
separated as reported previously [16] The aenal parts (400 g) of
S. pericalia (voucher 8211, collected in Montemoreol, N L,
Mexico, Jan. 1987) afforded by CC two crude fractions which
were separated by HPLC (MeOH-H,0, 4:1, RP 8, ca 100 bar,
flow rate, 3 ml/min). Finally 50 mg 1a (R, 20.4 min), a mixture of
1b-1d (R, 153 min, ca 2 3 2), 25 mg ferulic acid, 13 mg 2m (R,
6 3 min), 14 mg of a mixture of 3a~3¢ (ca 1:2 2) (R, 7.0 min),
30 mg of a mixture of 2e, 2h and 2k (ca 2.1:1) (R, 6.8 min), 10 mg
2b (R, 8 2 mun), 12 mg 2¢ (R, 10.5 min), 9 mg 2a (R, 10.5 min),
30 mg of a muxture of 2d and 2g(ca 5: 1) (R, 8.5 min) and 42 mg of
a muxture of 2f, 2i and 21 (ca 1 1 1) (R, 8.8 min) were obtained

The aerial parts (1 kg) of S. aschenbornanus (voucher 4081,
collected 1n San Lwis Potosi, Dec. 1987) gave by CC and TLC
25 mg a-curcumene, 25 mg S-farnesene, 40 mg of bisabolene-1,4-
endoperoxide, 50 mg nerolidol and a mixture which was separ-
ated by HPLC affording 16 mg 44 (R, 10.5 min), 8 mg 4f, 13 mg
4c, 14 mg 4h, 7 mg 4e, 5 mg 4b (R, 14 min) and 21 mg 4a (R,
11 8 min).

The aernal parts (1.2 kg) of S. imparipinnatus (voucher 8363,
collected in 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.
confusus (voucher 8072B, collected in Monterrey, Mexico, March.
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Table 3 'H NMR spectral data of
compounds 5c¢ and 6 (400 MH.,
CDCl;, o-values)

H Sc 6

2 662 br s 587 hr d
238 dd

5 69brs {]52 a

6 — 271 dddd

7 258 br ddd 146 dddd
219 br ddd

8 165m {205 n

(189 m

9 %(174"1 616 br d

10 301 dddd

11 227 dqq 205 m

12 1014 094 d

13 072d 086 d

425dd

14 {410(1{1 184 br s

15 221 brs 1305

OR 2085 316

JIHz]l Compound S¢ 78="T11
=11,12=11,13=7. 9,10=910

=10,14=35,10,14'=9, 14,14' =11 5,
compound 6 2,6=2 55 =14,56=4,
Y6=12567=18=1178="711
=4, 8,8 =19, 89=6, I1,12=11,13
=17

1987) gave by CC and TLC 23 mg 8, 38 mg 9a, 15 mg 9b and
12 mg 10 while those of S sundberqgu (voucher 8211, collected n
Borrado Hill, N L, Mexico) gave 20 mg of a muxture of car-
yophyllene, ar-curcumene and p-farnesene and 60 mg ferulic
acid

The aenal parts (180g) of S tomentosus (voucher 8228,
collected 1n Arroyo Seco, N L, Mexico, Febr 1987) gave by CC
and TLC 9 mg 6 (Et,O-petrol, 1 2, R, 068), 5 mg 5a, 33 mg S¢
(Et,O-petrol, 2 1, R, 066), 37 mg ferulic acid and 12 mg 5b
Known compounds were 1dentified by comparing the 400 MHz
'H NMR spectra with those of authentic matenal

6f-Hydroxy-3f-[4-methylsenecioyloxy]-euryopsin (la) Col-
ourless o1, IRviS“cm~™! 3440 (OH), 1710, 1650
(C=CCO,R), MS m/z (rel nt) 344199 [M]"* (2) (calc for
C,.H,50, 344 199), 326 [M - H,Q1* (6), 230 [M—RCO,R]"*
(100), 215 [230-Me] " (18), 212 [230—-H,0]" (16), 197 [215
—H,01" (30), 124 [B]* (76), 97 [RCO]" (84), [x]3* +26°
(CHCl;, ¢ 02)

Tiglate (1b), senecioate (1¢) and angelate (1d) esters of com-
pound 1 Colourless oil, IR v em™! 3460 (OH), 1720, 1660
(C=CCO,R), MS my/z (rel nt) 330183 [M]* (25 (calc for
C,oH,,0, 330183),312[M—H,0]" (6), 230 [M —~RCO,H]"
(77), 124 [B]* (78), 83 [RCO]* (100)

65-Hydroxy-3p-[4-methylsenecioyloxyl-eremophila-1{10),7(11)-
dien-12,8-olde (2a) Colourless gum, IR v$Si cm =1 3600 (OH),

max
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1765 (7-lactone), 1710, 1645 (C=CCO,R), MS m;z (rel int)
360 194 [M]* (1) (cale for C,H,,O. 360194), 246 [M
—~RCO,H]" (24), 121 [CoH,, 1" (100). 97 [RCOT* (76), [a]3*
- 66 (CHCl;, ¢ 017)

Twglate (2d) and senecioate (2g) esters of compound 2 Colour-
less gum, IR v$Sk em ' 3460 (OH), 1770 (y-lactone), 1700, 1650
(C=CCO,R), MS myz (rel nt) 346178 [M1* (06) (calc for
C,oH,,05 346 178), 246 [M ~ RCO,H]* (12), 121 [C,H-0,]*
(100), 83 [RCO]* (70)

6f3,8a-Dihydroxy-3-[4-methylsenecioyloxyl-eremophila-
1(10),7(11)-diene-12,88-olide (2b) Colourless gum, IR v cm ™!
3460 (OH), 1770 (’,'-lactone). 1710, 1650 (C=CCO,R), MS myz
(rel int) 376189 [M]* (05), 358 [M—H,0]" 1), 244 358
—RCQ,H]™ (32), 279[744 Mc] (14}, 121 [C5H,0* (87), 106
[121 —Me] " (93) 97 [RCO]"* (l()()L[z]u - 5% (CHCXJ,,L‘O 18)

Tiglate (2e) senecioate (2h) and angelate (2K) esters of compound
2 Colourless o1, IR v{S cm™ ' 3440 (OH), 1770 {y-lactone),
1710, 1650 (C=CCO,R), MS miz (rel mt) 362 [M]* (02),
344 162 [M —H,0]" (1) (calc for (‘ZoH,‘,O 344 162), 244 [M
—RCO,H]" (44), 121 [CoH,,]" (72). 106 [121 -Me]" (80),
83 [RCOT" (100)

6f-H vdroxy-3f-[4-methylsenecioyloxy]-8a-metho xyeremo-
phtla 1(10), 7(11)-dien-12,8f-0lide {2¢) Colourless gum; IR viS

~1 3600 (OH). 1775 (y-lactone), 1710, 1650 (C=CCO,R), MS
m.,,’z (rel mt ) 390204 [M]' (0 D lcale for C, H,,Q, 390 204).
358 [M—-MeOH]" (4), 276 [M- RCO,H]" (7), 244 [276
—MeOH]* (16), 121 [CoH, 51" (65), 106 [121 —Me]* (71), 97
[RCO]" (100)

Twglate (2€), senecroute (20) and angelate (2V) ester of compounds
2 Colourless oil, IR v{S cm ~! 3600 (OH), 1770 (y-lactone),
1700, 1650 (C=CCO,R), MS m/z (rel mt) 376 [M]* Q1)
344 162 [M—MeOH]" (1) {calc for C,,H,,0, 344 162), 276
[M —RCO,H]* (25). 244 [276— McOHT* (9) 121 (51), 106 (7).
83 [RCOJ* {100)

6f-Hydroxy-8a-methoxyeremophila-1(10),7(11)-dien-12.8 8-
olide (2m) Colourless gum, IR v{$%* cm ™! 3480 (OH), 1770 (y-
lactone), MS m;z (rel int) 278152 [M]* (14) (calc for
C,H,,0, 278 152), 260 [M~H,0]"* (12), 246 [M —MeOH]*
{44). 231 (32), 123 (74), 107 (76), 55 (100} [«]3* -8 (CHCIL,,
¢032)

6f-Hydroxy-3f-[angeloyloxy, tgloyloxyv and senecioyloxv, re-
spectwely]-ligularenolide (3a-3¢) Colourless gum, IR v$S cm ™!
3460 (OH), 1770 (y-lactone), 1710, 1650 (C=CCO,R), MS m/z
{rel nt). 344 162 [M] (06) cale for CpoH,,0, 344 162), 244
[M—RCO,H]" (82), 121 (28). 83 [RCOT* (100)

6f-[2-methyl-2- lmylu(etow] Furoeremophil-9-one (4a) Col-
ourless gum, IR v{Sk em™ ! 1735 (CO,R), 1700 (C=0), MS m/z
(rel mt) 330183 [M 1" @ S)(cale for Co H, QO 330183), 248
[M—O=C=C(Me)E(J* (100, 230 [M—RCO,H]* (44), 83
{RCO]* (43), 55 [83-CO]* (91)

68-[ 2-methylbutyryloxy}-Furoeremophil-9-one (4b) Colour-
less gum, IR v{Sk cm ™! 1730 (CO,R), 1690 (C=0), MS m/z (rel
int) 332199 [M]* (2)(calc for C,oH,,0, 332199), 248 [M - O
=C=C(Me)CH=CH,]* (52), 230 [M-—-RCO,H]* (20), 85
[RCO]"* (48), 57 [85—COJ" (100)

6-[ 2-methyl-2-vinylacetoxy]-Euryopsin-9-one (4d) Colour-
less gum, IR vk cm ™! 1735 (CO,R), 1685 (C=0). MS m/ (rel
mt) 328 [M]' (04), 228 115 [M—RCO,H]" (57) (calc for
C,H,,0, 228 115), 83 [RCO]" (17), 55 [83 —CO]* (100)

14-Acetoxy-2-hydroxycalamene (5¢) Colourless oil, IR vES
cm™ ' 3600 (OH), 1740, 1230 (OAc), MS m, z (rel nt) "76173
[M]"* (1) (cale for C,,H,,05 276 173). 216 [M ~HOAc]"

173 {216 ~C,H,]* (100)

4B-Methoxycading-1,9-dien-3-one (6) Colourless oil, IR v{$k

cm~! 1660 (dienone), UV AE2® 277 nm, MS myz (rel

max ‘nt)
248178 [M]* (25) (calc for C,(H,,0, 248178), 205 [M
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—C3H,]" (10), 133 (100), '*C NMR (CDCl,, C-1-C-15) 1605,
119.1, 197.6, 752,403, 34 3, 438, 250, 1374, 1314, 262, 209,
19.3, 146, 18.3, OMe 514, [¢]3* +28° (CHCI,, ¢ 036)
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