
Phyrochemurry, Vol 23, No 7, pp 14451448, 1984 0031~9422/84 $3 00 + 0 00 
Pnnted III Great Bntaln 0 1984 Per8amon Press Ltd 

EUDESMANOLIDES AND COSTIC ACID DERIVATIVES FROM FLOURENSIA 
MACROPHYLLA 

FERDINAND BOHLMANN, JASMIN JAKUPOVIC, ANGELICA SCHUSTER, ROBERT M KING* and HAROLD ROBINSON* 

Institute for Organic Chennstry, Technical Umverslty of Berlin, D-1000 Berlin 12, West Germany, *Snuthsoman Institution, 
Department of Botany, Washington DC 20560, U S A 

(Rewed received 31 August 1983) 

Key Word Index-Flourensla macrophylla, Composltae, sesqmterpenes, co&c acid denvatlves, eudesmanohdes 

Abstract-The aerial parts of Flourensza macrophylla afforded, m addition to compounds similar to those from other 
Flourensta species, four new eudesmanohdes and five derivatives of costlc acid The structures were elucidated by 
‘H NMR spectroscopy The chemotaxonomlc aspects are dlscussed briefly 

INTRODUCTION 

The genus FIourettsra (Composltae, tnbe Hehantheae) 
was placed by Stuessy [l] m the subtnbe Hehanthmae but 
later was transferred together with Encelm to the 
large subtnbe Echptmae [2]. The chemistry of these two 
genera shows close relationships by the co-occurrence of a 
large vanety of p-hydroxyacetophenone derivatives [3,4] 
Furthermore from FIourensta spumes several flavanolds 
were reported [4-81, oxygenated lupane denvatives [4,9] 
and especially costs acid denvatlves [7-g], which seem to 
be charactenstm So far, however, no sesquiterpene 
lactones were isolated which are widespread m the 
subtnbe Echptmae We now have studied the constituents 
of Flourensta macrophylla Blake from Peru The results 
are discussed m this paper 

RESULTS AND DISCUSSION 

The aenal parts of F mucrophylla afforded, 111 addltlon 
to widespread compounds several lupane derwatives, a 
large vanety of p-hydroxyacetophenone detlvatlves (see 
Expernnental) and several costlc acid derivatives (510) as 
well as alantolactone and four new denvatlves of the latter 
(l-4) Compound 1, molecular formula CzoH2,,0s, 
showed ‘H NMR spectral data which were m part close to 
that of alantolactone (Table 1) All signals could be 
assigned by spm decouplmg The presence of a 9a- 
hydroxy group followed from the downfield shifts of the 
H-la and H-5 signals and the absence of the characteristic 
pairs of H-9 doublets These were replaced by a broadened 
singlet at 6 3 84 which was transformed to a sharp doublet 
by nradlatlon of a broadened singlet at 183, mdlcatmg 
that the broadening was due to a coupling with a hydroxyl 
proton The correspondmg signal (183) therefore dls- 
appeared on deutenum exchange 

The spectroscopic data of 2 showed that an isomer of 1 
was present Agam all signals, which were separated 
completely m the 400 MHz spectrum (Table l), could be 
assigned by spm decoupling. The equatonal onentation of 
the 9-hydroxy group could be deduced from the upfield 
shifts of the H-la and H-5 signals, the downfield sluft of 
the H-l/l signals, Ifcompared with those of 1,and from the 
couplmg Js,9 

Table 1 ‘H NMR spectral data of compounds l-d (400 MHz, 
CDCls, TMS as mt standard) 

1 2 3 4 

H-la 
H-l/? 
H-2a 
H-2/l 
H-3a 
H-3/? 
H-5a 
H-6K 
H-6j9 
H-7a 
H-SK 
H-9a 
H-98 
H-13 
H-13 
H-14 
H-15 
H-15 
OH 

186ddd 
131brd 
169m 
160 ddddd 
199 br ddd 
233br d 
233br d 
174 ddd 
135 ddd 
3 20 br ddd 
441dd 

384brs 
6 16d 
5621 
082s 
4 80 ddd 
446ddd 
183brs 

12Oddd 
207br d 
166brd 
149 ddddd 
196 br ddd 
232br d 
187brd 
lllddd 
134 ddd 
3 07 ddddd 
457dd 
349d 

- 
6 14d 
562d 
081s 
4 80 ddd 
448ddd 
2 17d 

16O?fI 
175m 
175m 
160m 
197m 
235brd 
244br d 
2 14ddd 
167 ddd 
3 49 ddddd 
4698 

627d 
570d 
101s 
4 94 ddd 
4 62 ddd 

- 
262m 
273m 
236m 
239m 
218brd 
188 ddd 
16Oddd 
2 94 br ddd 
460ddd 
200br dd 
237dd 
6 17d 
562d 
111s 
507br s 
477br s 

J (Hz) Compounds 1 and 2 la, 18 = la, 28 = 13 5, la, 2~ 
=45,1j3,2j7=4,2a,2/?=2~,3a=135,2a,3a=5,2/?,3~=4, 
3a, 3/3 = 13, 3a, 15 = 3a, 15’ = 5a, 15 = SK, 15’ = 15, 15’ = 15, 
5a,6a=3,5~,6~=125,6a,6/?=145,6a,7a=75,6/3,7K 
=125,7a,8a=55,7a,13=1,7a,13’=12,compound18a,9~ 
= 2 2, compound 2 Sa, 9a = 4 5,9, OH = 11, compound 3 3s 
15 = 3a,l5’= 5a,l5 = 5a,lS= 15,lS = 15,546~ = 3,5a,6/? 
=125,6a,7a=85,6a,6/?=14,6/?,7a=11,7a,8a=75,7a,13 
= 7a, 13’ = 2, compound 4 5a, 6a = 2 5,5a, 68 = 12 5,6a, 68 
=14,6a,7a=65,6/?,7a=125,7a,Sa=Sa,9a=45,7a,13 
=12,7~,13’=09,8~,9~=2,9~,9~=165 

The molecular formula and the IR spectrum of 3 clearly 
mdazated that a ketolactone was present The ‘HNMR 
spectrum qable 1) clearly showed that the keto group was 
at C-9 Accordmgly, the H-8 signal now was a doublet 
Agam all signals could be assigned by spm decouphng, but 

Pm-m 23 7-G 1445 
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those of H-l and H-2 were overlapped multiplets 
The molecular formula of 4 indicated that thrs lactone 

was an isomer of 3 The keto group was at C-l as followed 
from the ‘HNMR spectrum (Table 1) which showed 
pronounced downfield shifts of the H-9a signal tf 
compared with that of alantolactone Spin decoupling 
allowed the assignment of all signals though those of H-2 
and H-3 were overlapped, not first order signals A 
downfield shift of the H-14 signal and no drastrc shifts of 
H-15 excluded a 3-position of the keto group The 
presence of crs-8,12-eudesmanohdes (l-4) also followed 
from the Cotton effects of 2-4, if the Gassman rule was 
applied [lo] 

The structures of 610, which were purified as their 
methyl esters 6a-lOa, agam followed from the ‘H NMR 
spectral data (Table 2) and the molecular formulae 
Compound 6 obvrously was an isomer of 1-oxo-costrc 
acid [4] The position of the keto group followed from the 
sphttmg and the downfield shift of the H-8 signals, while 
the splitting of H-7 showed that the residue at C-7 was 
equatorial ortentated though the H-7 signal was 
broadened due to the overlappmg of the H-6 signals 
causing a none first order system This also was visible 
from the H-5 signal which showed no clear truns-dtaxtal 
coupling However, the stmrlartty of the signals with those 
of costtc actd and related compounds excluded a dtfferent 
stereochemistry at C-5 

The ‘H NMR spectrum of 7a showed that a costtc acid 
derivative was present with a 9a-hydroxy group, while 
from that of 8a a 9/I-hydroxy group could be deduced 

(Table 2) Accordingly, the H-9 signal showed small 
couplings in the spectrum of 7a while m that of 8a a 11 Hz 
coupling for trans-dtaxtal protons were vtslble The axial 
hydroxy group m 7a caused a considerable downfield shift 
of the H-la and H-S signals which together with the 
observed coupling J5,aS showed that a rruns-decahn 
denvattve was present Again all signals were asstgned by 
spin decouphng, except the signals of H-2 and H-6a which 
were overlapped multtplets m the spectra of 7a and 8a 
Reaction of the free acid 8 wtth tosyl chloride m pyndme 
led to the lactone 11 which supported the crs-onentatton 
of the 9-hydroxyl group and the ‘I-acryhc acrd side chant 
(see ‘HNMR Table 3) 

The molecular formulae of 9a and 10a again showed 
that we were dealing with a pair of isomers Inspection of 
the ‘H NMR spectra (Table 2) showed further that 9a had 
v~cmal hydroxyl groups As J,,, and J8,9 both were small 
the substrtuents at C-7-C-9 were as-onentated while a 
large coupling Je6,, indicated an equatorial C-7 residue 
Hence the stereochemistry of 9a was as shown Acid 
catalysed transestenficatron of 9a afforded the lactone 12 
with a rearranged double bond (‘HNMR see Table 3) 
The ‘HNMR spectrum of lOa clearly showed that the 
methyl ester of ljI,9@hhydroxy costtc actd was present as 
all signals could be assigned by spin decoupling, only 
those of H-k H-5a and H-8a formmg a multtplet As both 
low field double doublets (H-l and H-9) showed a large 
coupling the equatorial orientation of the hydroxyl 
groups was established 

The chemistry of F macrophylla 1s close to that of F 

Table 2 ‘H NMR spectral data ofcompounds 6a-1Oa (400 MHz, CDCls TMS as mt standard) 

6a la 8a 9a lOa 

H-la 164ddd 
H-l/J 183brd 
H-2a 176br d 
H-Z/I 153 ddddd 
HA 196 br ddd 
H-38 231brd 
H-5a 226br dd 
H-60! 
H-68 182m 

H-7a 2 91 br dddd 
H-8a 2 34dd 
H-88 279dd 
Hda - 
H-98 - 
H-13 625br s 
H-13 566brs 
H-14 109s 
H-15 488ddd 
H-15 4 63 ddd 
OMe 378s 

19lddd 
123brd 
167m 
16Om 
201brddd 
229br d 
240br d 
164m 
137ddd 
300br dddd 
174dddd 
184 ddd 

- 

357dd 
618brs 
557brs 
076s 
4 75 ddd 
4 45 ddd 
376s 

127ddd 
196brd 
171m 
157m 
200br ddd 
232br d 
189brd 
164m 
131 ddd 
2 65 br dddd 
185ddaii 
153 ddd 
3 52dd 

127m 
197brd 
166m 
156m 
199m 
232brd 
19Obrd 
136br d 
181 ddd 
286br ddd 
406dd 

- 
338d 

- - 
619brs 639br s 
561brs 576brs 
078s 090s 
4 76 ddd 4 79 ddd 
4 48 ddd 4 56 ddd 
376s 378s 

381dd 

182m 
158 dddd 
2 10 br ddd 
231ddd 
182m 
167br d 
132 ddd 
2 63 br dddd 
182m 
152ddd 
3 86dd 

- 
620br s 
56Obrs 
080s 
482ddd 
453ddd 
376s 

I (Hz) Compound C la, l/3 = la, 28 = 2a, 2s = 2b, 3a = 3a, 38 = 12 5, la, 2a = 3 5, lfi, 28 
= 28,3/l = 4,3cr, 15 = 3a, IS = 505 15 = 5a, IS = 15,15’=15,5a,6a=65,5a,6@=8,6a,7 
= 7,8a = 4,6p, 7 = 7,8/I N 12,7a, 8a = 4,7a, 88 = 80: 8/3 = 13,compounds 7a-!h la, 18 = la, 
28 = 13, la, 2a = 45,2er, 3a = 5,2/?, 3a = 3a,3/? = 13,3a, 15 = 3a, 15’ = 5a,l5 = 5a, 15’ = 15, 
ls’=15,5a,6~=12,~6~=135,6a,7a=7~8a=4,6,8a=l5,6~,7a=7a,8~=8a,8~ 
= 12 5, (compound 7a 8a,9/3 = 8B, 9/I = 3, compound 80 8a, 9a = 4,8jl, 9a = 11, compound 9a 
7a,8a=8a,9a=35),compoundlOa la,2a=45,la,2/7=ll,h,2/?=2&3a=3a,3~= 13,2a, 
3a=2~,3~=5,3~15=3~151=5a,15=5a,151=15,15’=15,5a,6~=60:6~=6~,7a=7a, 
8~=8a,8~=125,6a,7a=7a,8a=4,8a,9a=45,8/?,9a=115 
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1 2 34 
X HZ HZ Hz 0 

0 Y a0H.H p0H.H 0 H, 

11 

5 6* 7* 8* 9* lo* 
X 0 H2 H2 HZ HZ BOH ,H 
Y Hz 0 aOH H /3OH,H /3OH,H p0H.H 
RHH H H OH H 

OH 

12 

s 6a - loa are the correspondmg methylesters 

Table 3 ‘H NMR spectral data of compounds 11 
and 12 (400 MHz, CDCI,, TMS as mt standard) 

11 12 

H-la 
H-1/3 
H-2a 
H-2/3 
H-3u 
H-38 
H-5a 
H& 
H-68 
H-7u 
H-8a 
H-8/9 
H-9a 
H-13 
H-13’ 
H-14 
H-15 
OH 

143 ddd 
163brd 

170m 

202m 
232brd 
198brd 
2 17ddd 
141 ddd 
3 01 dddddd 
2 19ddd 
189 ddd 
4 38 ddd 
634d 
549br s 
078s 
4 78 ddd 

13-16m 

197m 

- 
273dd 
205dd 
3 03 ddddd 
453dd 

- 
361dd 
6 16d 
5591 
112s 
169brs 
205d 

J (Hz) Compound 11 la, 18 = 13 5, la, 2a = 6, 
la, 28 = 12,3a, 38 = 13,3a, 15 = 3a, 15’ = 5a, 15 
= 5a, 15’ = 15,lS = 15,5a, 6a = 5,5a, 68 = 6a, 
6~=14,6~,7a=115,6/J,7a=7a,8a=7a,8j? 
= 7a, 9a = 8a, 9a = S/3,901: = 3, 7a, 13 = 7a, 13’ 
= 1, 8a, 88 = 14 5, compound 12 6a, 68 = 13 5, 
6a,7a=7,6jI,7a=115,7a,8a=6,7q13=7a, 
13’=15,8a,9a=4,9a,OH=8 

heterolepzs [4] m the cooccurrence of several prenylated 
p-hydroxyacetophenone derzvatzves, a prenylated 
llavanone, lupane derivatives and the costzc acid 
denvatlves However, eudesmanohdes have been isolated 
for the first time from a Flourensza speczes though the 
costzc acids derzvatlves surely are the precursors of these 
sesquzterpene lactones Similar lactones have been 
zsolated from several genera from the Echptmae Though 
thzs subtrzbe IS somewhat dzverse taxonormcally [2], these 
findings again support the placing of Flourensza and 
Encelza m thzs subtrzbe Further znvestzgatzons may show 
whether the chemistry can support a further separation of 
thzs large subtrlbe 

EXPERIMENTAL 

The aenal parts (4OOg), (voucher RMK 9027, collected m 
January 1982 m Peru)wereextracted with Et+petrol, 1 2 (2 br, 
room temp), and the extract obtamed (50 g) was worked-up m the 
usual fashion CC separation of 5 g extract afforded fractions as 
follows 1 (petrol, 100 ml), 2 (Et+petrol, 1 10 and 1 3, each 
100 ml), 3 (Et,O-petrol, 1 1,100 ml), 4 (Et,0 and Et,&MeOH, 
10 1, each 100 ml) TLC (petrol) of fraction 1 afforded 5 mg 
germacrene D, 3 mg a- and 3 mg y-curcumene Repeated TLC 
(always SIOl PF 254, Et,O-petrol, 1 3, detectlon by UV, 255 nm) 
of fraction 2 gave 35 mg euparm (R, 0 61), 10 mg eupann methyl 
ether (R, 0 57), 15 mg 3a-angeloyloxy-6-hydroxy tremetone (R, 
042), 3 mg of the corresponding methyl ether, 60 mg 
8-angeloyloxy-8desoxoeuparln methyl ether (R, 0 42), 3 mg 6- 
acetyl-8-(3,3dunethyl allylb2,2-dlmethylchromene (R, 0 40), 3,5- 
bls-(3,3dlmethylallyl)4hydroxy acetophenone (R, 0 38), 15 mg 
20,29-epoxylupenone [4] (R, 0 37), 15 mg 20,29-epoxylupeol[9] 
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(RI 0 33X 15mg 3ohydroxylupenone [4] (R, 0 30), Smg alanto- 
lactone (R, 0 28) and 60 mg 4-hydroxyacetophenone (R, 0 20) 
Repeated TLC (Et+petrol, 1 1) of fraction 3 afforded 
(increasing polanty) 25 mg alantolactone (R, 0 50), 5 mg 20,29- 
epoxylupenone (RI 0 57), a rmxture of 5 [4] and 6 (R, 0 52) 
(separatlon after addltlon of CHzN, gave 50 mg 5a [4] (R, 0 60) 
and 200 mg 6a (R, 0 58), (TLC Et+petrol, 1 2)), 40 mg 4- 
hydroxyacetophenone (R, 0 30) and a mtxture of 3 and 4 (R, 
0 25), which by TLC (C6H6CHzCl-EtzO, 5 5 1) gave 60 mg 3 
(R, 0 50) and 20 mg 4 (R, 0 45), as well as a mixture of 5 mg 1 and 
20 mg 5,3’-drhydroxylsobarachm-7-O-methyl ether [4] (RI 0 2), 
which was separated by HPLC (RP 8, MeOH-HzO, 7 3, 
detection UV and refractometer, 1 R, 5 5 mm) Repeated TLC 
(Et&X-petrol, 3 1) of fraction 4 afforded 20mg 5 (RI 070). 
100 mg (R, 0 68) 6,60 mg 3 (R, 0 67), 20 mg 4 (R, 0 67), 5 mg 5,3’- 
dlhydroxylsobarachm-7-O-methyl ether (R, 0 66). I5 mg 1 (R, 
0 63), 200 mg scopoletm-(3’-methyl-but-2’-en-l’-yl)-ether (R, 
0 66), 20mg 7 (R, 0 EO), 20mg 8 (R, 0 57), 2OOmg scoparone (R, 
0 50), 400 mg 2 (R, 0 30), 10 mg 9 (R, 0 20), 10 mg 10 (R, 0 18) 
and 300 mg scopoletm (R, 0 17) 7-10 were further punfied after 
addltlon of CHzNz as theu methyl esters 7a-1Oa [TLC for 7n 
(R, 0 52) and Sa (R, 0 48) Et@-petrol, 1 1 and 3 1 for 9r (R, 
0 45) and 1Oa (RI 0 40)] Known compounds were tdentied by 
comparing the 400MHz ‘HNMR spectra with those of 
authentic materlal Quantltles were determined by we&t 

9a-Hydroxyalantokactone (1) Colourless od, which could not 
be Induced to crystalhzc, IR vs cm- ’ 3600 (OH), 1775 (y- 
lactone), MS m/z (rel mt ) 248 141 [Ml’ (3) (talc for C1sHzOOJ 
248 141), 230 [M -HzO]+ (62), 215 [230-Me]’ (15), 202 
[23&CO]+ (lo), 134 [CiOH1.,]+ (lOO), 119 [134-Me]+ (58) 

9/?-Hydroxyalantolactone (2) Colourless crystals, mp 171”, 
IR vzc13 cm-’ 3600 (OH), 1770 (y-lactone), MS m/r (rel 
mt) 248 141 [M]’ (57) (talc for C15Hz,,03 248 141), 230 
[248-H,O]+ (48), 215 [230-Me]+ (14), 202 [230-CO]+ 
(16), 134 (28), 105 (61), 95 (lOO), 91 (94), 79 (92), CD (MeCN) 
A = F.<^ -13 

-Lo” 

Cal&o = 
589 578 546 436nm 

+78 +82 +93 +160 
(CH&, c 1 9) 

9-Oxo-alantoiactone (3) Colourless crystals, mp 118”, 
IR vs cm-’ 1780 (y-lactone), 1715 (C=G), MS m/z (rel mt ) 
246126 [M]’ (61) (talc for C,,H,,03 246126), 218 [M 
-CO]+ (19), 203 [218 -Me]+ (28), 107 (70), 105 (51), 93 (96), 91 
(85), 79 (lOO), CD (MeCN) AE~,,~ = + 1 7, Adzes = -2 0 

I-Oxo-alantolactone (4) Colourless crystals, mp 164”, 
IR v$$$ cm-’ 1780 (y&tone), 1715 (C=O), MS m/z (rel mt ) 
246 126 [M]’ (100) (talc for C15H,s03 246126), 218 [M 
-CO]+ (12), 191(36), 190 (37), 107 (52), 105 (47), 92 (63),91 (78), 
79 (77), 53 (94), CD (McCN) A&so2 = + 0 7, AszeO = - 19 

9-0x0 costzc actd (6) Isolated as Its methyl ester 6a, colourless 
crystals, mp 46”, IR v$$ cm-’ 1720 (C=CCO,R), 1705 (C=O), 
MS m/z (rel mt) 262157 [M]’ (100) (talc for Ci6H2z0) 
262 157), 230 [M - MeOH]’ (27), 202 [230-CO]+ (24), 187 
[202-Me]+ (20), 107 (57), 95 (67), 93 (80), 79 (81) 

9a-Hydroxy COSZIC acid (7) Isolated as tts methyl ester 
7a, colourless 011, IR v$$$ cm-’ 3600 (OH), 1720, 1650 
(C=CCOzR), MS m/r (rel mt) 264 [M]’ (2), 246 162 [M 
- H,O]+ (100) (talc for CldHZ202 246 162), 231 [246-Me]’ 
(18), 214 [246-MeOH]+ (20), 186 [214-CO]+ (25), 171 [186 
-Me]+ (38), 145 [171 -C,H,]+ (41), 91 (64), 79 (63) 

Cal Lo = 
589 578 546 436nm 

+9 +10 +11 +17 
(CHCI,, c 0 35) 

9/3-Hydroxy costzc actd (8) Isolated as its methyl ester 
8r, colourless 011, IR vs cm-’ 3600 (OH), 1720, 1650 
(C=CCOzR), MS m/z (rel mt) 264 172 [M]+ t6 5) (talc for 
C16Hz403 264 172), 246 [M - HzO]+ (32), 232 [M - MeOH]+ 
(21), 204 1232 -CO] + (41), 91 (lOO), 79 (98) 

Cal k = 
589 578 546 436nm 

+16 +17 +19 +22 
(CHC&, c 0 83) 

To 10 mg 8 (contammg 7) m 0 5 ml pyndme 12 mg tosyl chlonde 
was added After standmg at room temp for 20 hr, TLC 
(Et&petrol, 3 1) gave 5 mg 11, IR vs cm- ’ 1730 (6-lactone), 
MS m/z (rel mt) 232 146 [M]+ (51) (talc for C15H2002 
232 146), 217 [M-Me]’ (ll), 204 [M-CO]+ (16), 145 (41), 95 
(64), 91 (81), 53 (100) 

8b,9/3-Ddtydroxy cost~c acid (9) Isolated as Its methyl ester 9a, 
colourless crystals, mp 53”, IR vs cm- ’ 3600 (OH), 1725,165O 
(C=CCO,R), MS m/z (rel mt) 280 168 [M]’ (8) (talc for 
&H1.,O., 280 168), 262 [M - HzO]+ (34), 247 [262-Me]+ 
(64), 230 [262 - MeOH]+ (28), 215 [247 - MeOH]+ (44), 187 
[215 -COl+ (28), 102 (71), 95 (71), 81 (74), 55 (100) 

Calho = 
589 578 546 436nm 

+34 +43 +51 +83 
(CHC13, c 0 35) 

5 mg 9~ m 0 5 ml MezCO contammg a drop of HzSO., after 
standmg 15 mm at room temp afforded by TLC (Et&petrol, 
2 1, two developments) 3 mg 11, colourless 011, ‘HNMR see 
Table 3 

1/?,9fi&hydroxy costlc actd (10) Isolated as Its methyl ester 
lOa, colourless 011, IR ~$3 cm- ’ 3600 (OH), 1725, 1650 
(C=CCO,R), MS m/z (rel mt) 280 168 [M]’ (2 5) (talc for 
CL6Hz404 280168), 262 [M-H,O]+ (18), 244 [262-H,O]+ 
(20), 230 [262-MeOH]+ (19), 202 [230-CO]+ (24), 121 (78), 91 
(81), 79 (80), 55 (100) 

Cal k = 
589 578 546 436nm 

+17 +20 +22 +33 
(CHC13, c 0 7) 
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