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Abstract—The investigation of the aenal parts of Ferreyranthus fruticosus afforded yomogin, encelin, 1a-hydroxypin-
natifidin and 10 new eudesmanolides, a precursor of yomogin and three rearranged compounds as well as a dimeric
sesquiterpene lactone The structures were elucidated by high field NMR technmiques and by a few chemical

transformations

INTRODUCTION

Chemical investigations of representatives of the small
tribe Liabeae with only 185 species have shown that
sesquiterpene lactones are widespread This fact, and also
the nature of the polyacetylenes, support the separation
of this group from the Senecioneae where these genera
were placed previously We have remnvestigated Ferreyr-
anthus fruticosus (Muschler) Robinson 1n more detail and
the results are discussed in this paper.

RESULTS AND DISCUSSION

F. fruncosus 1s a small tree with yellow ray and disc
florets The aerial parts of a collection from Peru, above
Rio Maranon, altitude ca 2700 m, afforded a very com-
plex mixture of sesquiterpene lactones. Finally encelin (2)
[13, yomogn (5) [2], 1e-hydroxypinnatifidm (8) [3], the
eudesmanolhdes 1, 3, 4, 6, 7 and 9-14 as well as the
rearranged lactones 15-17, the dimeric lactone 18 and the
methyl ester 19 were obtained

The structures of 1 and 3 followed from the 'H NMR
spectra (Table 1) which were in part close to that of 2 The
absence of the keto group caused the expected shifts The
relative position of the hydroxy group was deduced from
the chemtcal shifts of H-2 and H-3, respectively. In the
spectrum of 4 (Table 1) the missing H-5 signal and the
molecular formula indicated a 5-hydroxy derivative of 3
The unchanged couplings required the presence of a
trans-decalin derivative. Accordingly, a So«-hydroxy
group must be proposed. The configuration at C-1 1n 3
and 4 followed from the NOE’s between H-14, H-1
(10%), H-98 (4%) and H-6f (7%) while those between
H-8, H-7 (10%) and H-9a (10%) as well as between H-15
and H-3 (10%) established the remaining stereochemis-
try The !*C NMR data of 1 and 4 (Table 2) further
supported the structures The 3-epimer of 1 has been
isolated previously [4].

The structure of 6 followed from the 'H NMR spect-
rum (Table 1) and 1ts configuration was determined by
NOE’s between H-8, H-7 (10%) and H-11 (4%) as well as
between H-14, H-68 (7%), H-98 (4%) and H-1 (5%).

Furthermore, boranate reduction of 5 afforded exclusive-
Iy 6 Inspection of a model showed that this only agrees
with an 11a-H configuration. The '*C NMR spectrum of
6 was close to that of § (Table 2)

The spectral data of 7 (Table 1) indicated the presence
of an eudesmanolide with an enone motety (66.64 d and
587 d) and a methyl singlet at 61 33 Together with the
molecular formula this data required a tertiary hydroxy
group most likely at C-4. Clear NOE's between H-15, H-
3 (5%) and H-6f (5%), between H-8, H-7 (9%), H-9a
(8%) and H-98 (4%), as well as between H-14, H-68
(5%) and H-98 (3%), established the stereochemistry and
the position of the double bond. Furthermore this
assumption was supported by a W-coupling between H-
92 and H-14.

The 'H NMR spectrum of 9 (Table 1) was close to that
of 8 Agan the presence of a hydroxy group at C-5
followed from the absence of a H-5 signal and from the
molecular formula while the unchanged couplings of H-6
to H-9 required a trans-decalin derivative The configur-
ations of the remaining chiral centers were deduced from
the observed results of NOE difference spectroscopy.
Clear effects were obtained between H-14, H-1 (5%),
H-98(3%) and H-68 (7%), as well as between H-1, H-98
(5%) and H-14 (5%) The presence of a W-coupling
between H-68 and the C-5 hydroxyl indicated a hy-
drogen bridge between the hydroxyls at C-1 and C-5

The 'H NMR spectrum of 10 (Table 1) again showed
that an alantolactone derivative was present Three sig-
nals at §2.84, 3.44 and 3 09 with small couplings favoured
the presence of a diepoxide Spin decoupling indicated
that these functions only could be placed at C-1-C-4. The
stereochemustry was determined by the observed NOE'’s
Especially clear effects between H-14, H-1 (8%), H-3
(3%), H-68 (8%) and H-98 (4%), between H-1, H-98
(5%), H-14 (6%) and H-2 (20%), between H-8, H-7
(10%), H-90. (10% ) and H-98 (6%), as well as between H-
15, H-3 (14%), H-6a (4%) and H-6f (4%), established
the proposed configurations. This was also supported by
an interesting long range coupling between H-1 and H-6a
as well as by the '3C NMR data (Table 2) where the
signals were assigned by 2D-shift correlation.
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The 'H NMR spectra of 11 and 12 (Table 1) again
showed that epoxy eudesmanolides were present. How-
ever, several couplings differed from those of 7-10 indica-
ting a changed conformation The position of the double
bond was deduced from the down field shift of H-6 and
from the presence of an olefinic methyl signal. Mangan-
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ese dioxide oxidation of 11 afforded a ketone which was
identical with the natural compound 12 Thus 11 was the
corresponding alcohol where the stereochemistry follo-
wed from the observed NOE’s between H-14, H-9f (5%),
H-6f (4%), H-1 (5%) and H-3 (2%) as well as between
H-15, H-6 (8%) and H-3 (5%) Agan the '*C NMR data
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Table 2 '*C NMR spectral data of compounds 1, 4-6, 10-13 and 15 (CDCl,;. é-values)

C 1 4 5 6
1 1245d 730d 1552d 15544
2 1424 d 1288 d 1263 d 1260 d
3 69 6 d 1277d 18555 1856 s
4 148 7 s 1458 s 1310 13125
S 404 d 738 s 1544 s 1553
6 2681 3311t 299 ¢ 2451
7 406d 372d 418 d 4184d
8 766 d 769 d 753 d 763 d
9 384 ¢ 294 ¢ 388t 389 ¢
10 365s 376 ¢ 3855 388 s
11 1416 s 1419 s 1403 s 421d
12 1703 s 1705 s 1696 s 1783 s
13 1207 ¢ 1204 ¢ 1219 ¢ 94 g
14 1924 227¢q 256 ¢ 253 ¢
15 117 1144 107 g 107 g

10* 11 12 13 15
605d 6l 1d 540 d 636d 1318
480d 550d 599d 554d 1281 d
560d 683 d 19515 688 d 1282 d
5345 1301 s 1268 « 146 1 1321 s
372d 1251 s 1512 345d 1342 5
2571 2811t 2971 259¢ 301t
404 d 397d 38 84 401d 374d
758 d 757d 746 d 764 d 769 d
3621¢ 390« 3921« 363« 2981
334 360 s 379 3435 1336 s
1414 ¢ 1394 5 1386 s 1415 s 1392
1701 s 1703 5 1696 s 1701 s 1702 «
1208 ¢ 1223 ¢ 1233 1207 ¢ 12251«
173 ¢ 250¢ 267 g 166 g 194 ¢
195¢ 1424 120 ¢g 1143 ¢ 1924

Multiplicity estimated by DEPT spectra
*2D shift correlated

(Table 2) nicely agreed with the structures of 11 and 12

The '"H NMR spectrum of 13 (Table 1) clearly showed
the presence of an eudesmanolide mn the usual conform-
ation as wmn 7-10. Signals at §307 and 349 with small
vicinal couplings were an indication of an epoxide while a
broadened doublet at 44 35 most lhikely was due to a
proton under an allylic hydroxyl As signals for two pairs
of exomethylene protons were visible an 1sotelekin de-
rivative was most likely Accordingly, the "H NMR data
were stmular The additional epoxy group could be placed
only at C-1 and C-2 The stereochemistry again was
determined by NOE difference spectroscopy Clear ef-
fects were observed between H-14, H-1(10%), H-68(7%)
and H-98 (3%), between H-3, H-2 (12%) and H-15 (10%),
as well as between H-8, H-7 (12%) and H-9f (8%)
The proposed structure also was supported by 1ts
13C NMR spectrum (Table 2)

The 'H NMR data of 14 (Table 1) were close to those
of hymeyoshin [5] However, the presence of a 4a-methyl
group followed from the observed couphng J, s=12 Hz
which only could be observed in C¢Dg Furthermore, the
stereochemistry at C-5 and C-10 was supported by W-
couplings between H-14 and H-9« as well as a long range
coupling between H-1 and H-6f The precursor of the
epoxide, the Al-derivative has been reported from a
Greenmansiella species [6]

The 'H NMR (Table 3) and '*C NMR data (Table 2)
of 15 clearly showed that a tetrasubstituted aromatic
compound was present where two hydrogens were 1n
ortho posttion to each other Furthermore, from the
spectra two aromatic methyls and a methylene lactone
moiety could be deduced All data therefore only agreed
with the presence of the rearranged eudesmanolide 15
which has been prepared by proton catalysed rearrange-
ment of the corresponding diol related to 8 [3]. Perhaps
15 1s formed by proton catalysed 1somerization of 3.

The 'H NMR spectrum of 16 (Table 2) again indicated
the presence of an enone system As, however, the vicmal
couplmg was 55 Hz a cyclopentenone part must be
present Accordingly, a rearranged system as in lumisan-

tonin [7] was very likely and therefore the same stereo-
chemistry also could be proposed This was established
by the observed NOE’s between H-14, H-8 (7%), H-9a
(5%) and H-2 (2%), between H-15, H-68 (6%) and H-98
(8%) as well as between H-8, H-7 (5%), H-9x (8%) and
H-14 (5%). The structure was further supported by
photoisomerization of 5 which afforded 1n good yield the
cyclopropyl ketone 16 which we have named lumiyo-
mogin

The 'H NMR spectrum of 17 (Table 3) also imdicated
the presence of a cyclopentenone derivative However, a
methyl singlet at 62 21 together with a ketene elimination
in the mass spectrometer required a methyl ketone
group As the remamning signals could be assigned by spin
decoupling only a rearranged lactone hike 17 or an 1s-
omer with a keto group at C-3 was possible The struc-
ture and the stereochemustry were established by the
observed NOE’s Clear effects were present between H-
14, H-15(6%), H-9a (5% ) and H-95 (5%), between H-15,
H-14 (5%), H-6f (4%) and H-3 (8%, as well as between
H-3, H-6x (4%) and H-15 (4%) These eflects required a
as-anellation of the rings and an olefinic proton at C-3
The elimirration of ketene most likely 1s a cyclic process
as indicated on structure 17 The carbon skeleton of 17
seems to be rare. So far we have isolated a glucoside from
an Iphionia species [8] and an acid from Dutrichia vis-
cosa [9] We have named lactone 17 ferreyrantholide

The molecular formula of the last compound
(C30H;3,04) required most hikely a dimeric lactone and
the "H NMR spectrum (Table 3) supported this assump-
tion Two sets of signals could be correlated by spin
decoupling, one with the typical signals of an exomethyl-
ene group, stmilar 1n part to the spectra of eudesmanoli-
des, and 1n second part which showed similarities to that
of yomogin However, the exomethylene signals were
mussing and replaced by a pair of doublets (3209 and
1 85) These facts required the presence of a Diels- Alder-
adduct with yomogin as dienophil and an anhydro de-
rivative of 7 as diene The stereochemuistry was establi-
shed by the NOE’s between H-14, H-68 (6%), H-95 (6%)
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Table 3. 'H NMR spectral data of compounds 15-19 (CDCl;, 400 MHz, 3-values)

1117

H 15 16 17 18a* 18b* 191
1 — 741 d — 6.78 d — 678 d
2 6.96 br d 593d 6474 6.25d 327d 620d
3 6.93 brd — 769d — 5.73 dg —
6o 240 br dd 236dd 1.93 dd 2.77 dd 192 d 2.60 br d
68 2.34 br dd 1.47 dd 238dd 206 br dd 278 brdd
7 295 ddddd 3 38 ddddd 277 ddddd 219 ddd 328 ddd 284 brd
8 5.04 ddd 476 ddd 4.38 ddd 481 ddd 466 ddd 414 brs
9t 238 brdd 232 dd 248 dd 160 br dd 147 br dd 160 br dd
98 260 br dd 137 br dd 173 dd 252dd 249 dd 216 dd
13 6.23 d 637d 6.32d 209d 626d 649 br s
13 570d 572d 5.62d 185d 571d 581 brs
14 230 brs 1155 104 s 129 s 117 s 146 s
15 226 brs 1.28 5 221s 190 br s 1884d 193 s

*(a) dienophil, (b) dien part
tOMe 378 s.

J[Hz]' Compound 15. 2, 3=8; 6, 6 =9, 96 =15, 60, 7=68,7=6;7,8=9,7,13=25,7,13=22,8,92=8,96=5,
compound 16: 1,2=55; 6a, 68=15; 6, 7T=7; 68, 7=13,7,8=85,7,13=25,7,13=2,8,92=6,8,9=115, 92, 98
=13.5, compound 17 2,3=6, 6a,68=68,7=14,60,7=55;7,8=85,7,13=27,7,13'=25,8,%92=6,8,9=11 5; 9a,
98=135, compound 18a 1,2=10, 6a, 68=68, 7=13; 6, 7=6;7,8=8,9x=45,8,98=1.5,9a, 9=15, 13, 13' =14,
compound 18b 2,3=6;3,15=15,6a, 7=68, 7=68,7=9;,7,8=8,92=45,7,13=7,13~12,8,96=1,94, 98=15,
compound 19 1, 2=10; 6a, 68=68, Ta=x~13, 8, 92=35, 8,9=25, 92, 9= 14.

and H-1 (10%) in both parts, as well as between H-8 from
the dienone part with H-2 (15%) of the other part. The
cis-lactone configuration was further established by
NOE’s between H-8 and H-7 (10%) 1n both parts. The
anhydro-derivative of 7, which was not present in the
extract, would not be a good diene. Therefore 18 most
likely is not an artifact. We have named this dimer
fruticolide.

The methyl ester 19 displayed a '"H NMR spectrum
(Table 3) which was m part close to that of 5. Spin
decoupling allowed the assignment of all signals thus
indicating the presence of the methyl ester of the precur-
sor of 5. Perhaps this compound is an artifact formed by
methanolysis of 5§ during separation

The overall picture of the chemistry of this Ferreyran-
thus species 1s very umform as all compounds are closely
related to each other. A previous mvestigation of this
species gave only germacradien-12,8-olides [10] while
other representatives of the tribe also afforded
germacradien-12,6-olides and guaianolides. Eudesman-
olides have been reported from a Bishopanthus species
[11], F. rugosus [10], F. verbascifolus [10] and a Liabum
species [12].

EXPERIMENTAL

The air-dried plant material (295 g, collected in October 1984
in Peru ca 18 km E of Celendin on the road to Balsas, Ceje de la
Montana above Rio Maranon, altitude ca 2700 m, voucher M
O Dillon et M. Whalen 4045, deposited 1n the Herbarium of the
Field Museum of National History, Chicago, U.S A ) was extrac-
ted and worked-up as reported previously [13] The non-polar
CC fractions gave caryophyllene epoxide and the polar ones (Fr
1 Et,O-petrol, 1 1 and Et,0, Fr 2 Et,0-MeOH, 9.1 and Fr

3- Et,0-MeOH, 3 1) gave mixtures which were further sep-
arated TLC of CC fraction 1 (CH,Cl,) gave 100 mg 15 and a
mixture which together with CC fraction 2 was separated first by
medium pressure chromatography (MPC) (CH,Cl, with raising
amounts of Et,0) affording 20 mg 15 and four mixtures
(22-25). Similar CC fraction 3 gave by MPC (CH,Cl,-Et,0)
five fractions (31-35) Fractions 22 and 32 in Et,O gave
crystals which were separated by HPLC (always RP 8 ca 100
bar) affording 80 mg 10 and 400 mg § The mother liquors gave
by TLC and HPLC 18 mg 5, 3 mg 6, 5 mg 10, 5mg 16 and 1 mg
17 TLC and HPLC of fraction 23 gave 7mg 1 and 5mg 11.
TLC of fraction 2 4 afforded 25 mg 13 and TLC and HPLC of
fraction 25 6 mg 4, 17mg 11 and 25mg 13 Separation of
fraction 3 1 by HPLC gave 2 mg 2, 6 mg 5, 3 mg 10, 2 mg 12 and
3 mg 14 while fraction 3 2 afforded by HPLC 2 mg 3, 3 mg §,
4 mg 13 and 2 mg 18 TLC and HPLC of fraction 3 4 gave 3 mg
4,5mg9,21 mg 11, 20 mg 13 and 3 mg 19. TLC and HPLC of
fraction 3.5 gave 3mg 4, Smg 7, 2mg 8, 4mg 9 and 5mg 13
(solvents and R, values Table 4, amounts are surely reduced due
to the difficult separation) Known compounds were 1dentified
by comparing the 400 MHz 'H NMR spectra with those of
authentic matenal

CD values (MeCN) 6 Ac;,,—018, 11 Agy50—32; 127 Agszsp
F47, Aeygo— 66,13 Aeys—226, 15 Agyg, —0 11, Agyg; —0.14,
Agz05—0 11

Reduction of yomogin (5) To 10 mg 5 1n 2ml MeOH at 0°
10 mg NaBH, was added After 30 min usual work-up and TLC
afforded 8 mg 6, :dentical with the natural product

Photorsomerization of § Compound 5 (50 mg) in 20 ml EtOH
was 1rradiated for 3 days with UV Light Usual work-up and
TLC gave 30 mg 16, 1dentical with the 1solated lactone

Oxidation of 11 Compound 11 (10 mg) in 3 ml Et,O was
stirred for 60 min with 100 mg MnO, TLC afforded 7 mg 12,
identical with the natural lactone
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