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Abtttnct-The roots of Gochnotiu polymorpho afforded two new bisabokne derivatives and four dimcrk guaianolidcs, 
two of them being isolated previously from G. poniculura. The aerial parts gave two further dim& guaianolidcs. The 
aerial parts of G. hypoleuco afforded thra new gcrmacmn -8,12-ohdcs, a gcrmacmn elide acid and four additional 
dimeric guaianolidcs, which may bc characteristic for this genus, while the presence of oxygenated gennacranolida 
seems to bc typical for the whok subtribc. 

INTRODUCTlON 

The liars genus Gortiti (Compositae, tribe Mutiskaq 
subtribc Gochnatiinac) is concentrated in the Tropical 
Andes and Brazil, but also distributed in Mexico and 
Southern U.S.A. Two spbcics are present in South Eastern 
Asia [I 1. So far six species have been investigated 
chemically [26]. In addition to tritcrpcna [2,3] and bi+ 
aboknc derivatives [S. 61 several scsquitcrpcne ketones 
were isolated [36] including gcrmacmnobdes. guaiano- 
Ii&s and unusual dim& guaianolidcs. We now have 
studied a further spccics, G. poIqo@tu (Less.) Cabrcra 
and reinvestigated G. hypoleuco (DC.) A. Gray. The results 
arc discussed in this paper. 

RESULTS ASD DISCUSSIOS 

The roots of G. polytnorpho afforded the bisabokne 
derivatives nuciferal 

5 
SJ. IS-oxo-nuciferal [S], 1, 2. I)_ 

oxo-bisabol-l-one [8 , cos~unolide, dchydrocostus kc- 
tone [9] as well as the dimeric guaianolidcs 3,s [ 5 ,7 [S] 

d and 8, while the acrtal parts gave costunoli c, II 
oxonucifcra& 2 and 3-8. The structures of 1 and 2 
followed from the ‘HNMR spectra (Table 1) If com- 
pared with the spectra of nucifcral and IS-oxonucifcral 
the signals of the aromatic protons were replaced by pairs 
of broadened doubkts for both compounds and the 
stgnals of the side chain differed in the expected way. 

The structure of 3 followed from the mokcukr formula 
(C,,H,,O,). the *H NMR (Table 2) and the “CNMR 
spectrum (Tabk 3). The ‘H NMR spectral data wcrcclosc 
to those of the dim&c guaiano lidc gochnatiolidc A (5) 
[S]. Therefore 3 was proposal to bc the IOdcsoxy 
derivative of Sas the molecular formuht showd that 3 had 
one oxygen less. Careful spin decoupling allowed the 
assignment of all ‘H NMR signals of 3. As the broadened 
three-fold doubkt at 6271 could bc assigned to H-10 the 
proposed difference between 3 and 5 was cstablishai. The 
couplings of H-10 indicated a l&z-proton. Inspection of 

models showed that a boat-like conformation of the 
seven-membered ring would be in agreement with the 
large coupling observed for 19,.tc,, and with the 
“C NMR signals of C-7 and C-10, which were at higher 
fields when compared with the shifts of 9 (see below). This 
shielding effect can be deduced from a model By NOE 
diRcrcnoc spectroscopy. the stereochemistry could bc 
established. Clear N0E.s were observed bctwan H-S and 
H-7and H-lO,bctwan H-lOand H-5. H-7, H-14, and H- 
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14,. between H-8j and H-6, bctwccn H-7 and H-8’and H- 
IS’, H-8’jJand H-15’u,bc1wccn H-7’and H-S’. H-8,‘. H-9,’ 
and H-l’ as well as bcrwccn H-91 and H-l and H-7’. A 
model shows that these results required the proposed 
configuration at C4’ and at C-10. 

In the ‘H NMR spectrum of 4 a broadened low field 
double doublet at 64.2 1 was that of H-8 as could bc shown 
by spin decoupling. The &orientation followed from the 
couplings of H-8. The “CNMR of 4 (Table 3) also 
supported this assumption as a new low field doublet at 
670.5 was accompanial by downfickl shifts of the signals 
of C-7 and C-9 while the chemical shins of the other 
carbons were nearly identical with those of 3. 

In the ‘H NMR spazrum of 6 (Tabk 2) again Ihc 
downfield shift of the H-8 signal indicated a ghydroxyl 
group. The absence of a H-IO signal and the additional 
low field singkt in the “CNMR spectrum (Table 3) at 
671.8 together with a downfield shifI of the C-14 signal 
showed that a I@hydroxyl group was prcxnt. As Ihc 
remaining ‘H NMR signals cxccpt that of H-7 which was 
dcshickkd by the Iti-hydroxyl group, as well as the 
“C NMR signals were nearly the same as those of 3, the 
sIcrcochcmisIrics obviously were identical in both 
li%ClOncS. 

The ‘H NMR spectrum of 8 (Table 2) clearly difkrcd 
from those of 3+. Though the molecular formula to- 
gether with a y-ketone band in the IR again indicated the 
prcscncc of a dimeric scsquitcrpcnc ketone (C,,H,O,), 
the ‘H NMR spectrum showed no signals of a mcthylcnc 
bone. However, from a methyl doubkt at d I. 16 (6H) the 
prcscncc of a bis-I l,l%dihydro derivative was proposed. 
Spin decoupling indeed led to sequences requiting H-l 1 
protons which showed a 7 Hz coupling with H-7. 
Accordingly, I I&methyl groups were present. All data 
therefore agreed with the strucIurc of a bis-I 1x,13- 
dihydro derivative of 5. 

0 

I9 

The aerial parts of Gochnorio hypoleuco (DC.) A. Gray 
were studied previously but only tritcrpcncs were isolated 
[2]. WC now have reinvestigated this species. The aerial 
pans gave in addition to ttitcrpcncs dchydrocostus lac- 
tone. the dimcrk guaianolidcs 9-12 and the gcrmacrano- 
lida 13. 15, 17 and 18. 

The mokcular formula of 9 indicated that this com- 

p” 
und was most likely an isomer of 3. If Ihc ‘H and 

‘C NMR spectra (Tabks 2 and 3) were compared. it was 
obvious thaw again a dimeric guaianolide was present. 
which only differed from 3 by Ihc sIcrcochcmistry. Careful 
spin decoupling with 9, cspccrally tn dcutcrobcnzcne, 
allowed the assignment of all proton signals kading IO 

scqumas which were identical with those of 3. A clear 
diffcrcncc was seen for the H- 10 signal which showed in 
the spectrum of 9 (Table 2) two large couplings while the 
chemical shift mdicatcd that H- 10 was more dcshicldcd in 
3. Comparison of Ihc “CNMR spectral data of 9 with 
those of 3 (Table 3) further showed cspccially differences 
in the chemical shifts of C-7, C- 10 and C- IS’. Thcsc agreed 
with the proposed changed configuration at C-IO as 
models showal that now no pressing effect bctwccn C-7 
and C-IO and no y-effect bctwccn C-9 and C- I 5’ should k 
present. Also the changed couplings of H-IO supported 
the configuration and indicated that H-94 H-10/t and H- 
14~ were in a rronr,rrons-diaxial conformation. NOE 
difference spectroscopy further established the configur- 
ation. Clear NOES were obscrvcd between H-7 and H-5 
and H-9% between H- IO and H-6, H-8B. H-9/3. H- 148 and 
H-IS& bctwccn H-5’ and H-7’ and H-Z’a, bctwccn H-6 
and H-8’& H-14a and H- 15’4 between H-86 and H-6 and 
H-lO.bctwccn H-9xand H-‘land between H-9jand H-10. 

If the spasal data of 10 were compared with those of 9 
it was obvious that a &hydroxyl group war at C-8’. 
Accordingly the “CNMR signals of 10 only diffcrcd 
from those of 9 in the chemical shifts of C-6 C-IO’. The 
broadened singlet at 64.46 in the ‘H NMR spectrum of 10 
was coupled with a pair of double doublets at 62.69 and 
2.47 as well as with H-7’. The latter signal could bc 
distinguished from that of H-7 by spin decoupling. 
especially as a clear assignment of H-5 was possible. This 
signal was shifted downfield due to its double allylic 
position and thecoupling J,., was missing, while Ihc H-5’ 
sIgnal was a clear doubk doublet. All other signals also 
could bc assigned in this way. A few overlapped signals 
could bc separated by addition of dcutcriobcnzcnc. 

The spectral data of 1 I, again together with systcma~s 
spin decoupling and NOE difference spccIrosc;py. led to 
the proposed structure. Comparison of the CNMR 
signals (Table 3) with those of 9 and 10 showed that in 11 
a 8B_hydroxy group was present. Accordingly. the signals 
ofC-7-C-9 were shifted downfield, whik that ofC-10 was 
shifted upficld due IO Ihc y-effect of the 8/?-hydroxyl 
group. All the other stgnals of 11 were nearly identical 
with those of 9. Funhcrmorc ckar NOEs were present 
bcrwccn H-5 and H-7. H-6 and H-10. bctwan H-%x and 
H-13,. between H-14,’ and H-2f. bctwccn H-6’ and H- 
15’~ and H-8’8 as well as between H-8’g and H-7’. 

Compound 12 was isolated In minute amounts. 
Howcvcr, the molecular formula (C,,,HJOOl) and the 
‘H NMR spectrum (Table 2) allowed the assignment of 
the structure. The ‘HNMR signals of one pan of the 
dlmcr corresponded to those of 10 whik those of the 
second part agree with those of 11. As thecouplings in 12 
were the samcas In IOand I I the sIcreochcmisIry also was 
clear. 
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Obviously all dimcrs (3 12) are formal by cycle- 
addition of zaluzanin C with 1.2dchydrozaluzanin C or 
with 1hc corresponding lactoncs with a 8/L?-hydroxy group. 
These Dick Alder-like additions would kad firs1 10 
dimcrs wirh a l.l@double bond, which only is present in 7. 
where. however, a hydroxyl group was introduccd by 
allylic oxidation. In all the other dimcrs the double bond 
had shifted 10 the I.Zposition leading 10 the two series 
with a lOa-H (3, 4. 7 and 8) and with a 10&H (9 12). 

The structures of 13. 15 and 17 followed from the 
‘H NMR spectra and from those of the corresponding 
pyrazolincs 14 and 16 obtained by addition of diazo- 
methane (Tabk 4). The signals in the spectra of 13.15 and 
17 were extremely broad. Accordingly. only the nature of 
the ester groups could bc deduced from these data. Tbc 
similarity with the spectrum of a corresponding acclalc. 
which was isolated from a Schismsruphium species [IO] 
was an Indication thaw the new tactones may differ only in 
the nature of rhc cs1cr groups. The pyrazolincs 14 and 16 
gave clear ‘H NMR spectra (Table 4) which allowed the 
assignment of all signals by spin decoupling. The chemical 
shifts and couplings nicely agreed with those of the 
pyrazolinc of corresponding acetate [lo]. Due IO the 
addition of diazomcthane from the /3-face the signals of 
H-6 and H-g were shifted downfield by the azo group and 
1ha1 of H-7 was not influenced. The remaining configur- 
ations already were assigned in the case of the acerate [ IO] 
and as thecouplings in 14 and 16 wcrc identical the whole 
srcreochemistry of the new lactona were scrtkd. 

The lasl lacrone 18 gave a very poorly resolved 
‘H NMR spccrrum (Table 4). However, again addition of 
diazomcthanc led IO a pyrazoline (19). Its clear ‘H NMR 
spcc1rum (Table 4) allowed the assignment of all signals 
by spin decoupling and the prcscncc of an acid group in 18 
followed from 1hc methyl cs1cr group in the reaction 
producl. The downfield shifts of H-6 and H-8 again 
indicated an a11ack of d1azomcthanc from the /3-faa. The 
couplings observed led IO the proposed stereochemistry 

thus indicating that 18 corresponds to an angelate which 
was isolalal from G&IMI~U wrnonioidcs [6]. In the latter 
case heating of the angelate gave an interesting dilactone. 
For a final proof 18 was healed in benzene at 2W. Again 
only one product was obtained, the dilactone 20. All 
‘HNMR spectral data were similar IO those of the 
corresponding angelale [6] cxcep~ 1hosc of the cs1er part. 
As the stcreochcmistry of the angelate was established by 
careful NOE difference spectroscopy, the configuration of 
20 ako was settkd. 

Though the number of spa& invcstigatcd chemically 
are limited. the general picture indicates that scsqui1cr- 
pcnc lactona are widcspnad in the subtribc 
Gochnatiinac. For Goc/t~tiu itself, which is the largest 
genus of this group, dimeric guaianolidcs and gcrmacra- 
nolidcs with oxidation ac C-14 sazm IO becharacteristic. A 
surprising fcarurc is the fact thar in this genus the 8.12- 
gcrmacranolidcs prcdominate. but of forms with C-14 
oxygenated IO an aldchydc or acid group, only 6,12- 
lactoncs have been isola1ed so far. Oxygenated germa- 
cranolidcs arc also typical from Dimma species [I I - 131 
and some other genera placed in the Gochnatiinae 
[I4 171. From the IWO genera PLiofuxis and Perry 
guaianolidcs rclatai 10 dchydrocostuslactonc are re- 
ported [ 18.193. The subtribe Gochnatiinac is suggested 
IO bc the oldest with GocIuuzrio as the basic genus [20]. 
The chemistry dilTcrs characteristically from that of the 
other three sub1ribcs. where so far no common scsquitcr- 
pcnc lactona wcrc reported. This may bc an indication 
rhar the ability IO produce scquitcrpcnc lactoncs. which 
surely is a general feature for the Compositae, can lx lost 
during cvolu1ion. 

The air dned plan! ma~enol was worked-up in rhe usual 
fashton [2l]. GO&MI~U pol~morphrr was colkctcd in Paraguay 

Tabk 5 l Infra-red and mass spectral dais for compounds l-4.6, and g-19 

IR (Ccl.) MS 

1 2720.1690.1680 218.167 [M]’ (46) (C,,HIaO), 119 (100) 
2 2710. 1690 232146 [Ml’ (12) (C,,Hl,,Ol), 107 (100) 
3 1770.1740.1690t 486.204 [Ml’ (43) (CzoH,,O.). 55 (100) 
4 36lO.l770, 1740. 16901 502.199 [Ml’ (22) (C,.,H,oO,). 55 (100) 
6 3480. 1760. 1740, l69Ot 518.194 [Ml’ (2) (C,oH,,,O,). 55 (100) 
g 1770. 1740. 169Ot 490.236 [M]’ (22) (C,,,H,.O& S5 (100) 

9 1760.1720.1685t 486.204 [M] l (100) (C,oH,oW 
10 3600. 1770. 17400. I6951 SOLIp [M]’ (54) (C,.,HwO,). 55 (100) 
11 3580. 1770. 1735. 1690t 502199 [Ml’ (58) (C,,H,,O,), S5 (100) 
12 3600. 1770. 1690 SIR.194 [M]’ (100) (C,,,H,OO,) 
13 3560. 1780. 1725 348.157 [M]’ (0.5) (CIPH,.O,L 69 [C,H,CO] l (100) 
14 3560. 1775. 172Ot 362 [M-N,]’ (0.5). 69 [C,H,CO]’ (100) 
15 3560. 1775. 1720 362173 [Ml’ (0.5) (C*.H,bO,). 83 [C.H:CO]’ (100) 
16 3560. 1775. l7lSt 376 [M -N,]’ (2). 83 [C.H,CO]’ (100) 
17 3560. 1775. 1735 350.173 [Ml’ (0.5). 71 [C,H.CO]’ (100) 
18 3600 2700. 1710, 177s. 

I720 346.142 [M]’ (0.3) (C,,HIaO.). 69 [C,H,CO]’ (100) 

19 1770. 17201 402 [Ml’ (1) (CIIHUN~OII 69 [C,H,CO]’ (lW 

l NMR data (Tabks I-4) are dvital in the National Dalp Bank and capies may be 
obtamcd from the Edirorixl O&X of the Journal at Reading. 

+ln CHCl,. 
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(votdcr deposited in the U.S. National Herbarium). CC frao 
uons (SiGs) of the extract of the roots (1 kg) were as follows: I 
(petrol), 2 (Et&-petrol I: IO). 3 (C.HICHsClr. I: I). 4 
(Et,GCIHICHsCII. I : 5: S), 5 (Ets<ICIHI-CHrClr. 1: I : I) 
and 6 (Etr~McOH, 5: 1). Fraction I gave nothing of interest. 
TLC (SK&. PF 254) of fractton 2 (Et,@pctroL I : IO) gave 3 mg 
nucircral (R, 0.57) d TLC of fraction 3 (Et,G-pctroL I :4, two 
drvcbpmcntr) aBordcd a tmxturc (R, 0.6). Repeatal TLC 
(Etr~4HICHrClI. I :6:6) gave 2 mg nwziferol 2 mg 1 (R, 
0.47) and a mixture (R, 0.21 Repeatal TLC of this mrxture 
(EtsG-CIHI-CHrCls. I :2:2)pvc7 mgcostunolidc(R,0.6)and 
8 mg dehydrocostuslactonc (R, 0.651 F-ion 4 on standing at 
-m gave an amorphous ppb which was separated by TLC 
(Et,GC.HICHsClr-McGH. 20:20:20:3. two developments) 
and gave 20 mg 3 (R, 0.62) and 3 mg g (R, 0.55). TLC of the 
solubk part of f-ion 4 (Ets~,HICHrCIr. 1:6:6) gave 
2 mg 15-oxonuciferal (R, 0.62j 2 mg 2 (R, 0.45) and 3 mg 5 (R, 
0.35). TLC of fraction 5 (Et+C6Hs-CHsCls. I : I: I) gave 
IOmg 3 and TLC of f-ion 6 (Et,(IMcGH, IO: I) gave a 
mixturq which by HPLC (RP 8. &OH-H,O, I I :9. low rate 
3d/min. 2oobu) gave 2mp 5 (R, 5.8min) and I mg 7 (R, 
5.0 minj The extract of the aerial parts (500 g) gave CC fractions 
as follows: I (C6HICHrCl,. I: I). 2 (Etrw&-CHsCl,. 
I : 5: 5). 3 (EtsOC6HsCHrCl,. I : I : I) and 4 (Et,O-MeOH. 
5: lj TLC of fraction I (CIH,CHrCls. I: I) gave IOmg 
costunobdc and IOmp dehydrocostuslnone. TLC of frution 2 
(Et+CIH,-CHsQr. 1:5:5) aBordal IOmg I5-oxontxzifcral 
& 7mg & whik TLC of fraction 3 (EtrGCsH,CHrCls. 
l:I:I) gave 5mg 3. TLC of frsction 4 
(EtsGC,H,CH,Cl,.-McGH. 20:20:20: 3. two dcvclopmcnts) 
gave 2mg 3 and two mixturu. The lar polar fmction was 
separated by HPLC (same conditions as above) alTording 4 mg 5 
(R, 5.8 minj 2 mg 7 (R, 5.0 min)and the more polar one (R, 0.15) 
wasseparated by TLC (CHCl,-McGH.49: l.twodevelopmcnts) 
which gave IO mg 6 (R, 0.30) md IO mg 4 (R, 0.20). 

The acrid pans of Gorhnariu hypoicuca (colkctal near 
Montcrrcy, Mexico. voucher deposited in the U.S. National 
Herbarium) was worked-up as usual [21]. CC fruxions were as 

follows: I (Et,@petrol I :2Oatnl I: IO) 2 (EtrO-petrol I:3and 
I : I) and 3 (Et,0 and Et,GMcOH IO: 11 

TLC of fmction 1 (Et,O-petrol, I: IO) gave 5Omg lupcyl 
acetate. TLC of fraction 2 (Err&petrol I : 3) gave 50 mg IupcoL 
10 mg taraxastaol and crude dehydrocostuslactonc which was 
isolated as its pyraxolinc dcrivattvc (2mg) after TLC 
(EtrGpctrol. 1: I, R, 0.22). Fraction 3 was further separated by 
maliurn pressure CC (60g SiOrj Fractions collsctal were 
(25 mlj I 12 (EtrO~pctroL I: I) nothing of tntcrcst, I3 and I4 
(Et,O) (I), ISIR (Et,O) (II). 1921 (EtsGMeGH, lC0:l) 
nothing of tntcrest. 22-29 (EtrGMcGH. 20: I) (III) and 30 36 
(EtrGMeOH. IO: I) (IV). TLC of I (Et,@pctrol 3: I) gave 
30 mg I8 (R, 0.58). TLC of II (Et@petrol 3: I) gave a mixture 
ofl3. ISand 17 (R, 5 0.9 Rqcatcd TLC (EtsG+H~CHCl,. 
1:2:2) gave KW)mg 13 (R, 0.4) and a mixture which was 
seplratal by repeated HPLC (RP 8. McGH-HsO. 3:2. flow EPIC 

3 ml/t& 2C@ bar) affording 5 mg IS (R, 29 minj 5 mg 17 (R, 

21 alin) arnl loomg 13 still containing 17. TLC of 111 
(CHCI,-McGY 20: I) gave 2Omg 9 (R, 0.52). TIC of IV 
(CHCls-McGH lOO:l)gantwobands(JVaR,O.58andfVbR, 
0.500). HPLC of IVa (RP 8, MeOH-HaO. 1 I :9)pvc 5 uq 10 (It, 
25min)ud4mgll(R,C3min)~HPLCoCIYb(ume 
conditions) I mg 12 (R, 1.6 minj 

The hoarogcneity of all compounds was tested by TLC in 
different solventrand by high&Id ‘H NMR. Knowncompounb 
were idcntifkd by compurng the 400 MHz iH NMR speara 
with those of authentic material, 
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