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Abstract-Examination of Liutris chapmanii (T + G) Kuntze led to the isolation of two new germac- 
ranolides, chapliatrin (la) and isochapliatrin (lb). Liutris gracilis Pursh gave chapliatrin and acetyl- 
chapliatrin (1~). The stereochemistry assigned to C-3, C-4 and C-10 is tentative. All three compounds 
possess the hitherto-unreported 5,10-oxygen linkage. L. gracilis also gave the benzofuran euparin 
(2) and the flavones hispidulin (dinatin, 3a) and 3’,6-dimethoxy-4’,5,7-trihydroxyflavone (3b). L. chap- 
rnunii also gave 5hydroxy-3’,4’,6,7-tetramethoxyflavone (3~). 

INTRODUCTION 

As part of a chemical investigation of the genus 
LiuhYs [l&6], we examined Liutris chapmanii 
(T + G) Ku&e and L. gracilis Pursh, both com- 
mon in the vicinity of Tallahassee. The present 
communication deals with the isolation and struc- 
ture determination of three closely related ger- 
macranolides which we have named chapliatrin 
(la), isochapliatrin (lb) and acetylchapliatrin (lc) 
[7]. Limited amounts of material and inconclu- 
sive results combined with formation of uncharac- 
terizable product mixtures in the reactions to 
which these substances were subjected forced us 
to rely mainly on spectral evidence in the struc- 
ture elucidation process. Incidentally, we were un- 
able to isolate from our collections of L. chap- 
rnanii the sesquiterpene lactone liatrin (4) pre- 
viously reported by Kupchan & al. [S]. 

was a conjugated y-lactone (IR bands at 1760 and 
1640 cm- ‘, strong UV end absorption) and con- 
tained two acetates (IR band at 1720cm-i, two 
three proton resonances at 2.01 and 2lOppm, 
MS) and a hydroxyl group (IR spectrum, conver- 
sion to a triacetate). 

The NMR spectrum (Table 1) also contained 
the typical doublets due to H, and H, of an exo- 
cyclic methylene group conjugated with a lactone, 
as in partial structure A. Spin decoupling exper- 
iments involving H, and H, established the loca- 
tion of the H, multiplet at 3.33ppm. Irradiation 

RESULTS 

&OR, ‘64 
0 

(lo) R,= H, R2=Ac 

(lb) R,= AC, Rp= Ii 

(ICI R,, RZ=Ac 

Chapliatrin (la), C24H32010 (high resolution 
MS), was isolated from L. chapmanii and L. gra- 
cilis and could not be induced to crystallize. It 

* Part 9 in a series Constiturnts qf Liatris Specirs. For part (3,~) R,, R_v= H 
X see Herz, W. and Sharma. R. P. (1975) J. Org. Ckrm. 40. (3bl R, = OMe, Rp= Ii 

392. (3C) R, = Ii, R2= Me 
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Table 1. ‘H-NMR S,XCtrd 

( ‘ompound H-l H-2t H-3 H-4 H-S H-h H-7 

la 

lb 

Ic 

5 Run at 270MHz in CDCI, soln on a Bruker HFX-270 instrument with TMS as internal standard. Values are in ppm; 
(1, doublet; 1. triplet: q. quartet; hr. broadened singlet; 1)~ multiplet. Unmarked signals arc singlets. Figures in parentheses 
are coupling constants in Hr. 

t- Intensity two protons. 
$ lntenslty three protons. 

at the frequency of H, collapsed a triplet at 
5.71 ppm to a doublet and a broadened peak at 
5.84 ppm into a doublet of doublets. Although the 
chemical shift difference of these two signals was 
not great, comparison with similar multiplets in 
the spectra of lb and Ic (Table 1) indicated that 
the triplet of higher frequency was that of H,,, 
the proton under the lactone, and that the broad 
singlet at lower frequency could be assigned to 
proton H,, a proton under an ester function [9]. 

Since all but one of the 10 oxygen atoms had 
been accounted for, the remaining oxygen had to 
be part of an ether linkage. 

The identity of the seven carbon ester side was 
revealed by the NMR spectrum which contained 
a vinyl methyl doublet (J 7) at 2.15 ppm, coupled 
to a slightly broadened quartet centered at 
6.51 ppm. This in turn was long range coupled 
to a two proton broadened singlet (superposed 
on the signal of >C&OH which could be shifted 
downfield on acetylation--~see Table 1). These 
results indicated an acetylsarracinoyl side chain 
as in liatrin (4) [8] and some other lactones of 
LI’LIwI’s species [S. 61. This was supported by the 

high resolution MS which showed, inter diu, 

strong peaks at nl/~ 322 (C,:HzzO,,, S.Zo& corre- 
sponding to the loss of a unit of mass 158) /n/r 
141 (C7H903. 33.5”;) and 1/7,/e 99 (C5H,02. 
15.2%). 

Irradiation at the frequency of H, sharpened 
the H, signal and also affected some signals par- 
tially buried under the acetates and the vinylic 
methyl, presumably the signals of Hf since the 
multiplicity of H, indicated that it was adjacent 
to a methylene group. Conversely. irradiation in 
this region converted the H, resonance into a 
sharp narrowly-split doublet (for other effects. 
ride ir$u ). 

H, at 5.71 ppm was found coupled to a doub- 
let of doublets at 4GI ppm (H,). The chemical 
shift of the latter suggested that it was the signal 
of a proton on carbon carrying an oxygen atom. 
The second coupling of H, could be related to 
a multiplet (H,) at 2.22ppm which was also COLI- 
pled to an AB system (of -CH20Ac) centered at 
4.13 ppm. Consequently. A could be expanded to 
partial structure B. Irradiation at the frequency 
of H,, sharpened the XI-OH signal of la (Hi) 
at 4.69 ppm buried under the -CI&OAc signal 
of the side chain, but nicely visible at 5.40ppm 
(as >CEJOAc) in the spectrum of the acetate lc. 
Spin-decoupling at the frequency of Hi in turn 
not only affected the H,, signal. but caused some 
changes in the signals (total intensity four pro- 
tons) buried under the acetates and the vinyl 
methyl. Since two of the four protons in this 



of chapliatrin and congeners* 
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H-8 H-9t H-13 H-14: H-l% H-3’ H-4$ H-5’ AcS 

5.84hr 
(5,2,5,2) 

5.82br 
(5.2.5.2) 

5.82br 
(5,2.5,2) 

s 2/l 

-2/l 

- 211 

6.28d 
(3.2) 
5.6ld 
(3.0) 
6.30d 

(3.3) 
5.60d 
(3.0) 
6.29d 

(3.3) 
5.59d 

(3.0) 

1.27tW** 

1.28br 

1.25br 

4.13i.t 

3.68-W 

4.34tt 

65lq 
(7) 

6.51~1 
(7) 

6.52~ 
(7) 

2.15d 
(7) 

2.15d 
(7) 

2.15d 
(7) 

4.694 2.01 
2.10 

4.7033 2.00 
2.12 

4.70f$ I .99 
2.01 
2.10 

11 Observed signal. 
5 Superimposed signal. 
TJ j,4 = 3. J4,5 = 4, J4,15 = 7 Hz. 
** Broadening due to coupling to H-9 
ti AB of ABX system. 
$8 AB system. 

region were already accounted for by Hf (vi& 
supra), and since the NMR spectrum contained 
only three additional signals, i.e. a slightly broad- 
ened methyl singlet at 1.27 and two gem-coupled 
(J 15) one proton multiplets at 1.37 and 2.72 ppm, 
the empirical formula required that the two 
remaining protons whose signals appear in the 
2ppm region constitute a methylene group (Hj) 
adjacent to Hi. Now irradiation at the frequencies 
of Hf and Hj affected not only the H, resonance, 
but also collapsed the multiplets at 1.37 and 
2.72ppm to two mutually coupled doublets, 
hence the latter must be associated with a methy- 
lene group (HJ and the formula of chapliatrin 
could be expanded to C. 

To account for the multiplicity of the -CHzk- 
signals, the carbon carrying the methyl group re- 
sponsible for the methyl singlet at 1.27 ppm must 
be placed adjacent to it and must serve as the 
second terminus of the oxide linkage, thus leading 
unequivocally to formula la (devoid of stereoche- 
mistry). This formula is also biogenetically plaus- 
ible and accounts for the chemical shift of the 
C-10 methyl signal, its broadening due to long- 

range coupling to Hf and the appearance, in the 
high resolution MS of la and lb of an ion 
C1,H 1 sO4 (8.2 and 4@8%) which probably arises 
from the cleavage shown in D, since it was not 
exhibited by acetylchapliatrin (1~). The latter 
whose formation from la required relatively strin- 
gent conditions (see Experimental) was identical 
in all respects (mmp, TLC, spectral behavior) with 
naturally-occurring material, mp 143”, isolated 
from L. gracilis. 

Isochapliatrin, C29H32010 (MS), mp 162- 
162.5”, was isolated from L. chapmnii. Its NMR 
spectrum exhibited small but obvious differences 
from that of la (see Table 1) which could be 
traced to formula lb. This supposition was con- 
firmed by extensive spin decoupling experiments 
analogous to those described for la and by acety- 
lation, under mild conditions (acetylation of a pri- 
mary hydroxyl group) to lc. 

The stereochemistry at C-5, C-6, C-7 and C-8 
shown in the formulas has been deduced as fol- 
lows. If the usual assumption is made that the 
C-7 side chain is equatorial and /? as in all sesqui- 
terpene lactones of authenticated stereochemistry, 
the values of J5,6 and J6,7 given in Table I 
require that H-5 be trans to H-6 and CI and that 
H-6 be tram to H-7 and /?, i.e. that the lactone 
ring be trans-fused. This conclusion is reinforced 
by the magnitude of J,,, 3a and 3, ,1 3b (> 3 Hz) 
which according to Samek’s rule [lo] indicates 
the presence of a trans-lactone ring and by the 
CD curves which display negative Cotton effects 
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I‘ablc 3. ‘“(‘-NMR spectra of chapliatrin and congeners 

Signal no la* Assignment 

164.X.\ 

l46W 

135~3s 

l77h 

I?l,br 

?‘M\ 

7S.ld 

77.M 

7 I df/ 

674tl 

65.31 

60~2f 

52. I ii 

47,111 

45 cr 

3 I.4 
.3ofx/ 
2i.W 

near 260 nm [ 1 I]. The relatively small value of 
J,,, (9 Hzj then requires that H-X be equatorial 
and x. i.e. that the ester side chain be [I-oriented. 
Thus the stereochemistry of chapliatrin and its 
congeners at C-6 and C-X is the same as that 
of all prcvioilslq-isolated sesquiterpene lactoncs in 
Lia~ri.\ species [I. 2.4 6. Xl. 

The somewhat speculative stereochemistry 
assigned to the remaining centers (C-i, C-4 and 
C-IO) has been arrived at 1~~ comparison of 
obscrjcd coupling constants with our best esti- 
mate of coupling constants deduced with the aid 
of molecular models and will require verification 
or correction by work now in progress. If the 
proposal is correct. the model suggests the cxist- 
ence of strong NOE’s as the result of interaction 
between the C-IO methyl group and H-4 and H-6. 
However. the proximity of the H-4 resonance to 
the vinyl methyl and acetate signals, on the one 
hand. and the H-6. H-X and H-13h signals on 
the other and line broadening interfcrcd with the 

appropriate experiments. 
The ‘“C-NMR spectra listed in Table 2 are 

full> consonant with the proposed structures. 

Assignments of frequencies to the various car- 
bony1 carbons, to C-10. C- 1 1 and C-1’ are based 
on predicted shifts [ 13. 131 and comparisons with 
data in the literature [IS]. Signals of C-7. C-I 3. 
C-14. C-l 5. C-3’. C-4’ and c-s and the acctatc 

methyls were identified by single frequency de- 
coupling. Irradiation at the frequency of (supcrim- 
posed) H-3 and H-5 collapsed doublets at 7X.9 
and 6X.1 ppm (in In); that the resonance at higher 
field was that of C-3 was established by its shift 
to lower field on acetylation to lb and lc (x- 
et&t). Irradiation at the frequency of (almost 
superimposed) H-6 and H-X collapsed doublets 
at 779 and 67.3 ppm (in la); of the two. the C-6 
signal is predicted to occur at lower field. Irradia- 
tion at the frequency of (superimposed) H-l. H-2. 
H-4 and H-Y collapsed a doublet at 499 and three 
triplets at 35.7. 30~2 and 19.X ppm (in IO); hence 
the doublet must bc assigned to C-4. This is cor- 
roboratcd by its expected upfield shift on deacety- 
lation to 1 b (/&cffect). Furthermore, the upficld 
shift of the 29X ppm triplet to 27.0 (in lb) and 
36.6 ppm (in lc) permits its unambiguous assign- 
mcnt to C-2. Lastly a distinction bctwecn the C-I 



Three new 5,10-epoxygermacranolides 1807 

and C-9 signals is possible because the former 
is predicted to occur at lower field. 

Three other fractions from the chromatography 
of the L. gracilis extract gave yellow solids which 
were identified as euparin (2) [16] hispidulin 
(dinatin, 3a) [ 171 and 3’,6-dimethoxy-4’,5,7-trihyd- 
roxyflavone [l S]. L. chapvna~ii gave 5-hydroxy- 
3’,4’,6,7-tetramethoxyflavone (3~) [19]. 

EXPERIMENTAL 

Ertraction qj Liatris chapmanii. Above ground parts of Lia- 

tris chapmnii (T + G) Kuntze, collected by Dr. R. K. Godfrey 
in the vicinity of Tallahassee in October 1968, was extracted 
with CHCI, and worked up in the usual fashion [20]. The 
crude gum, wt. 30 g, was chromatographed over 450 g of silicic 
acid (Mallinckrodt 100 mesh), 500ml fractions being eluted 
in the following order: fractions I-16 (C,H,), 17-30 
(C,H,-CHCI, 4: I), 31-46 (C,H,-CHCl, I: I). 47-60 
(C,H,-CHCI, 1:4). 61-70 (CHCla). Fractions 8 and 9 (wt. 
0466 g) were solid. Recrystallization from EtOAc-hexane 
afforded crystalline 5-hydroxy-3’,4’.6.7-tetramethoxyflavone, 
mp 194+195.5”; lit. 189-190, i9&191” [19]% MW (MS) 358, 
PMR signals (CDCI,) at 12.76 (5-OH), 6.67 and 6.64 (H-3 
and H-85. 7.56dd (8.5,“2, H-6), 7.37d (2.k2’). 7.01d (8.5, H-S). 
3.99, 3.98, 3.97. 3.92 ppm (4 methoxyls), UV (MeOH) i,,, 213 
(168OQ 245 (9700, sh at 252). 277 (10900). 340 nm (16500). 
(MeOH-AlCl,) 2 16 (I 7900). 238 (7200), 260 (8900) 292 (I I NO), 
366nm (16800). (MeOH-AICI,. HCI) 217 (16800), 238 (7200). 
259 (8600), 292 (11800), 362 nm (16100). There was a slight 
m.p. depression on admixture of an authentic sample* of mp 
19~191”, but the PMR, IR and UV spectra (MeOH, MeOH- 
AlCls, MeOH-AlCI,-HCI) were superimposable. Fractions 
1436 (wt. approx. 9 g) showed one major spot on TLC and 
were combined. Rechromatography of a 1 g portion over Si 
gel afforded 064~ of chapliatrin (la) as a gum. [a];; -35’; 
CD curve [H]261 -860, [O]r35 + 1290, [0]_,,3 -45200 (last 
reading); IR bands at 3480 (hydroxyl), 1760, 1720 and 
1640cm- ’ ; UV strong end absorption at 220 nm; high resolu- 
tion mass spectrum mv/e (composition, “4,) 480 (Mt. 
C24H32010, very weak). 462 (C24H3009r 0,4), 420 (C22HZ808, 
0.9) 360 (C&H,,O+ 0.4). 323 (C,,HZ306, 4,6), 322 
(C,,H,,O,, 8.2) 280 (CisHl,,05, 2.4) 263 (C,,H2306, 3.2). 
262 (C,sH,@.+r 6.9). 244 (C,sH,hOar 4.1). 199 (C,OH,@4, 
8,2), 141 (C7H903, 33.5). 99 (C5H702, 15.2) 81 (CsH,O, 29.3). 
(Calc. for CZ4HaZ0,“: C, 59.99; H, 6.71; 0, 33.30. Found: 
C. 6013: H. 6.73; 0, 32.74). Acetylation of la with 
C,H,N-Ac,O in the usual fashion resulted in recovery of start- 
ing material. Acetylation of 0.1 g of la with 0.05 g of toluene- 
sulfonic acid and 1 ml Ac,O at room temp. overnight, decom- 
position with iced HZO, extraction with CHCl,. washing of 
the extract with bicarbonate soln and H,O and drying gave. 
after removal of solvent. a gum (009 g). Recrystdihzation from 
hexane_EtOAc gave solid acetylchapliatrin (1~). mp 1422144’. 
identical with natural lc from i. p&is (uide infraj. Fractions 
42-53 (wt. aoprox. 5 a) which showed one maior spot on TLC 
were ‘combined. Recrystallization from _ EtbAc-hexane 
afforded 097 g crystalline isochaphatrin (lb) (more could be 
recovered from the mother liquor), mp 1622162.5”, [x& 
-74.1’ (C I I.6 mg;‘ml) CD curve [Olzhs - 1300. [fl]2sz + 288, 

*We wish to thank Professor S. M. Kupchan. University 
of Virginia for supplying the authentic sample. 

[I)],,, - 3890 (last reading); 1R bands at 3530 (hydroxyl), 
1770 and 1672 (conjug. y-lactone). I743 (acetates), 1715 and 
1642 cm- ’ (conjug. ester). UV A,,,, 208 nm (18400); high reso- 
lution mass spectrum m/c (composition, “,b) 480 (M’. 

C24H#r,,, very weak), 420 (CZZHZ808. 5.2) 361 (C2,,H2,0,. 
2.0) 360 (C,,,H,,O,, 1.1). 323 (C,,H:,O+ IO), 322 (C,,HZzO,. 
12.4). 263 (C,,H,,O,. 13.2). 262 (C,,H,,O+ 29.5) 244 
(C,,H,,,&, 10.4). 199 (C,,,H,jOqr 40.X), 141 (C,H,O,, 100). 
99 (C,H,OZ, 76.5). 81 (CjH,O, 21.1). (Calcd. for CZ4H3Z010: 
C, 59.99: H. 6.71; 0, 33.30. Found: C, 59.91; I-l. 6.93; 0. 
32.61). Acetylation of 0075 g of lb with Ac,O-C,H,N 
afforded lc, identical with material from L. ymcilis. 

A second collection of L. chaprnmii (Lazor no. 5591, col- 
lected on Sept. 25. 1971 5 miles west of Tallahassee along 
State Road 20) wt. 7.8 kg. furnished only 2Og of gum in the 
CHCl, extract. Chromatography in the usual fashion afforded 
no fractions that were homogeneous on TLC. None of the 
several constituents could be identified definitely as la, lb, 
lc or 4. 

Extraction qf Liatris gracilis. Above-ground parts of Liarris 
grucilis Pursh, wt. 10 kg, collected by Mr. R. A. Lazor on 
25 September 1971, 3 miles east of the intersection of US 
98 and Alligator Harbor Road, Franklin County, Florida 
(Lazor no. 5590) was extracted with CHCI, and worked up 
in the usual manner. The crude gum wt. 25 g, was chromato- 
graphed over 500 g of silicic acid. 500 ml fractions being col- 
lected in the following order: l-3 (C,H,), 4-5 (C,H,-CHCI,, 
3: I), 610 (C&-CHCI, 1: 1). il-25 (CHCI,), 2628 
(CHCl,-MeOH. 100: I). 29931 (CHCl,-MeOH. 50: 1). 32240 
(CHCl,-MeOH, 20: 1). The material from fractions 4 and 5 
was combined and recrystallized to give euparin as yellow 
needles, wt @09g, mp 119~~120” (lit. mp 120-121” [16]), identi- 
cal with an authentic sample [S] in mmp IR and NMR spec- 
trum. Fractions 610 which showed one major spot on TLC 
were combined. Recrystallization from MeOH afforded acetyl- 
chapliatrin (lc), wt I.5 g, mp 143’. [x]$ -53’ (C 0.9. CHCI,); 
CD curve [(1]263 - 1290: [fTJ24o 0, [Qz15 -21600 (last read- 
ina): IR bands at 1770. 1735. 1715 and I650 cm- ’ ; UV strong 
end absorption at 220 nm; high resolution mass spectrum m/i 
(composition, 7;) 522 (M+. C,,H,,O,,, 3.7), 480 (C,,H,,O,, 
9.1) 463 (C,,H,,O,, 5.1), 462 (CZ4HJ009, 7.1) 420 
(C22H28% 46) 402 (C~~HXO,, 4.8) 364 (C,gHZeO,, 17.4). 
323 (Cr,H230h. 13.4). 322 (C,,H,,06, 22). 304 (C,,H,,O,, 
13), 263 (C,sH,@4r 6.0) 262 (C,5H,804r X.5). 244 (CrjHi603. 
24.3) 141 (C,H,O,, 29.3). 99 (CSH702. 17.2). (Calcd. for 
CZhH34011: C, 59.77; H, 6.55: 0. 33.68. Found: C, 59.58; 
H, 6.76; 0, 33.29). 

Fractions 1 l-25 showed one major spot and were com- 
bined, wt 5 g. Rechromatography over 8Og of Si gel gave 
chapliatrin (la) as a gum which was purified by preparative 
TLC on Si gel C,H,-EtOAc, 1: I), yield 3 g. identical in all 
respects with material from L. chapntunii. Acetylation 
(C,H,N-toluenesulfonic acid) furnished crystalline lc. Frac- 
tions 2628 were combined and recrystallized from 
CHCls-C6H, to give 3’.6-dimethoxy-4’.5.7-trihydroxyflavone. 
yield @02 g, mp 2277230‘ (ht. mp 227-228 [IS]), identical in 
all respects (mmp, TLC, IR. NMR) with an authentic sample 
f211. Combination of fractions 29931 and recrystallization 
from methanol gave 0.04 g of 6-methoxy-4’.5,7-trihvdroxyfla- 
vone (hispidulin), mp 292’ (lit. mp 290” [17]). identical in all 
respects (mmp. TLC. IR, NMR) with an authentic sample. 
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