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Abstract—Examination of Liatris mucronata gave the known 15-hydroxylated heliangolides liscundin, liscunditrin,
punctaliatrin and two new closely related heliangolides. Liatris acidota furnished six new similar but 15-deoxygenated
heliangolides as well as euparin and 3B-acetoxytaraxaster-20-en-30-aldehyde. Liatris aspera gave a known glycosidic
germacradienolide and a new germacradienolide as well as several known flavones and a known benzofuran. Structures
were established by spectroscopic methods and chemical transformations.

INTRODUCTION

As part of our study of Liatris species (Compositae,
Eupatorieae) which elaborate a variety of cytotoxic and
antileukemic sesquiterpene lactones [1-17] we have in-
vestigated L. acidota, L. aspera and L. mucronata and
hereby report isolation of a number of new heliangolides
and one new germacradienolide from these species in
addition to known lactones, benzofurans and flavones
and the triterpene 3f-acetoxytaraxaster-20-en-30-
aldehyde.

RESULTS AND DISCUSSION

We begin with Liatris mucronata DC., which occurs
chiefly in Texas and adjacent Oklahoma and Mexico [18],
and gave in addition to plant sterol glycosides and

*Supported in part by a grant from the U.S. Public Health
Service (CA-13121) through the National Cancer Institute.

tAs has been pointed out in a recent article [19] literature
13C NMR spectral assignments for the methyl groups of the
angelic ester side chain present in 1a and many other sesquiter-
pene lactones are inconsistent. This was originally due to
differences in the way the carbon atoms of the side chain were
numbered, but as time went by this was overlooked in publi-
cations from our laboratory and resulted in misassignment of C-
4’ and C-5'. That the quartet near 520 is that of C-5' (present
numbering) and the one near §16 that of C-4 as listed in Table 1
has been confirmed by selective decoupling experiments.

tRef. [19] also comments on a discrepancy in the '3C NMR
spectra reported for this side chain by us [20] and others [21]. As
the values reported by us are fuily in accord with expectations for
the Z-stereochemistry shown in 2a, as the Z-stereochemistry of
the ester side chain is also borne out by the chemical shift of H-3'
(near §6.9 in the E-isomer) and as irradiation at the frequency of
H-5 collapses the methyl quartet near 419 (C-5) to a singlet,
we are unable to explain the conclusions of the Japanese authors
[20] about the nature of the side chain in eupalinin B and D.

triterpenes, mainly lupeol, the heliangolides 1a—1c, 2a (the
major lactone constituent) and 2b. Compounds 1a and 1b
are liscundin and liscunditrin which were previously [10]
isolated from L. secunda Ell. Their 270 MHz 'H and *3C
NMR spectra are listed in Tables 1 and 2 as are those of 2b
(punctaliatrin) previously [4] found in L. punctata
Hook.t

As is evident from inspection of Tables 1 and 2, 1¢
differed from liscundin and liscunditrin only in the nature
of the ester side chain and was in fact 5'-deacetylliscundit-
rin as shown by the lack of acetate signals, the upfield shift
of the H-5 signal in the '"H NMR spectrum and the
characteristic changes in the '3C NMR spectrum.
Likewise the nature of the side chain in 2a became evident
on comparing its 'H and '*C NMR spectra with those of
punctaliatrin. The same side chain is found in eleganin (1e)
from Liatris elegans (Walt.) Michx. [10] and L. scabra
Willd. [12] and in the guaianolides graminiliatrin and
deoxygraminiliatrin from L. graminifolia [7].3

In each case the sequence of protons on the carbon
skeleton was established by extensive decoupling. To
permit a more facile distinction between the signals
arising from H-15 and C-15 of the sesquiterpene nucleus
and H-4' and C-4' (or H-5" and C-5) of the ester side chain,
1b, 1c and 2b were oxidized with manganese dioxide to 3a,
3b and 4; the selective attack on C-15 in the case of 1¢ and
2b is of interest. Hydrolysis of 1¢ under mild conditions
was difficult and gave a mixture containing some le whose
'H NMR spectrum is also listed in Table 1.

Liatris acidota Engelm. and A. Gray, which occurs in
the coastal plain of Texas and Louisiana [ 18], gave a series
of very similar heliangolides 1f, 1g, 2¢ and 5-7 as well as
euparin (10), the pseudotaraxasterol derivative, 11, and
mixtures of lupeol, taraxerol, lupenone and taraxerone.
That 1f and 1g were 15-deoxy analogs of 1¢ and 1e was
clear from the 'H and !*C NMR spectra given in Tables 1
and 2; 1f and 1h have recently been isolated from the very
closely related Hartwigia floridana A. Gray [22].
Similarly, 2¢ was the 15-deoxy derivative of punctaliatrin.
In all these cases the broadened two-proton singlet of H-
15 near 34.3 was replaced by a vinylic methyl singlet near
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1.9 broadened by coupling to H-5 and H-6; appropriate
alterations in the *C NMR spectra were also observed.
Lactones § and 7 (Tables 3 and 4) were 11,13-dihydro
derivatives of 2d and 1g, respectively; assignments in the
'H and '*C NMR spectra of 7 were clarified by decoup-
ling and oxidation (Jones’ reagent) to 8. The C-11
stereochemistry assigned to 5, 7 and 8 is based on the small
value of J, ;; (2.5Hz) which required pseudoequatorial
(or o if the absolute configuration is as depicted in the
formulae) orientation of the C-11 methyl group (model).

Lactone 6 was a chlorohydrin (MS) formally derived
from 2c¢ by addition of hydrochloric acid to the 11,13-
double bond as evidenced by the 'H NMR spectrum
(Table 3). The chemical shift of H-13 indicated that the
halogen was on C-13. Conceivably 6 is an artefact arising
by ring opening, during the extraction procedure, of an
intermediate 11,13-epoxide, 9. The latter was prepared in
low yield by exposure of 6 to basic alumina; its !H NMR
spectrum is also listed in Table 3.

The C-11 stereochemistry, shown in formula 6, is based
on the following arguments. In the aliphatic region of the
13C NMR spectrum (Table 4), 6 exhibited three triplets at
054.00,45.43 and 40.89, the last triplet being assignable to

CH.R

2a R=0H, R'= ) =

Q
2b R=0H, R‘=)V

2d R,

C-9 by comparison with other lactones of this series. The
triplet at 6 54.00 could be assigned to C-5' of the ester side
chain by comparison with 1¢, 1f, 2b and 2¢ and by
selective decoupling through irradiation at the frequency
of H-5'. Hence the triplet at 645.43 was that of C-13 and
was appreciably upfield (caAé 10) from its location in the
spectra of compounds with similar functionality. The
upfield shift can be ascribed to f-orientation of the
—CH ,CI group which would place it within the shielding
zone of the ester carbonyl on C-§; on the other hand the
upfield shift of C-8 relative to C-8 of 3 seems to be
characteristic of compounds carrying a C-11 substituent.
a-Orientation of the 11-hydroxyl, which brings it into
close proximity to H-5 (model), can also be invoked to
explain the unusual chemical shift of H-5 (§6.13), particu-
larly as conversion of 6 to 9 results in restoration of the
normal H-5 frequency.

Triterpene aldehyde 11, C;,H;0;, was obtained in
small amount from the non-polar fraction of the extract of
L. acidota. The "H NMR spectrum in conjunction with
the mass spectrum (see Experimental) indicated the
presence of partial structure -C(CHO) = CH-CH,~ and
an equatorially oriented acetate at C-3 of a pentacyclic



515

Sesquiterpene lactones from Liatris species

‘WRISAS gy Jo 19U
‘suojord omi Kusuayuy||
‘suoload 221y Kysusyup§
*P-OSIQ Jo sdoip om) yum f[DAD ur unyi
"O°H 3Iu1 € pue °p-OSINA W F[DAD Ul uny |
‘uwnjod Juipaoaad ur asoyl 01 puodsar1od A3y Ji UdAIZ 10U a1e (sosoyjuated

u1) (zH) syuesuoo Surdno)) -prepuels [BUISjUI SB SN L WOIJ P[eyumop sanjea-¢ ul sauanbai g ‘sio[Suls a1e sjeudis payrewup) ‘pagtoads 3sImMIsYI0 ssafun S| U ZHW 0L7 18 UnY

L0T 0T — 90°¢7 — oy

bory bizey bicy bzey bety 19 $8'1 — beey — bhety bLov §4q p8°1 S
(73] 1A)]

§P 407 P 90T PIIT P06l P10 (Y134 — ree6l — P $0¢ §rorc  §p4q L6l b
73] (s9) )

b vp9 b 1t9 b 659 b ¢69 b ovo 149 $0°9 — b 869 — b ybg b 959 baq y19 £

966 09'6 99'6 §49 681 fl4q 91y ll4q 911 §49 €61 §4q 161 18747 sz fl4q ocv ll49 1¢% 9

19 vy'| 49 491 49 8¢'1 4q €1 49 8¢°Y 4q 8¢°'1 4q 1] 1q 961 4q 1471 19 65°1 4q 1971 4q 18T &1
s

P 96s P S6S P 6§ P I8 P 98¢ P8¢ PILS pI8s 4q yL§ 4q €8°S P 98¢ pI8s  qtl
C30)] (9]

P59 P 0S9 PIs9 P6£9 49 149 Pove PLEY P 6£9 49 9¢°9 4q 19 29 pov9  efl
Tsn) (S ai4)] @srl) Ts0) @spn) Tsn

PPOYL  pPq bl pP4q Sl PP 49 6€1 PP Ov'1 PP LT PP49 8T PP 6¢l p4q LT PPyl PP Yl PP LET 96
s Spovn 1) Sy svn) sy

PP 887 PP 067 PP 98¢ PP $8T PP $87 PP 8LT prP§sT L8T PP YST PP 98T pr €8T PP 18T 26
(1T (152 (]

w g w 8T'§ wigs wgs wors w s w 90y wLrg w Loy wes w 67§ wers g
(rorsn (15191 s

welg w SO'E wI0'¢ w 867 w $0'€ wi0¢ wg9T w 8T w697 uws6T wp6'T w87 L
(1s01) (1 ‘so1) (tam (son) amn sor)

PP €€S PP V9§ PP 19°¢ PP ELS P4q SIS P4q p1s P4q 6£°S p4q LYS P4q sp's P4q 6¥'s P4q ¥¥'§ P4q 9p's 9
(1son) (1‘som) an (so1) an (s'or)

PP €59 PP PE9 PP IE9 P4q 1€S P4q 19§ P4q 09'S PiqvTs p4q LTS P49 65°S P49 09°S P49 656 P4q 65°S S
(I 1y @D )

pPIE9 PP 98¢ PP 88°€ P49 919 P4q L1 P49 19 P49 95°¢ P49 8s€ P4q 69°¢ P4q oL P4q OLE P4q 69°€ €
sL11) ¥ss) (YAl ¥s8)

PP LSS PP YIS PP PIE PP SSS pPPOLS PP 69°S PP ElE PPTIE PPl PPETE AN PP ITE 4
(cL) ()] ()] (5]

PyIe Pove P b p4q 8T PLTE P49 97¢ P1sT P 95T pPIsT P 95T PLST PYsT 1

14 fq¢ vg 274 q 74 431 1 {31 )| q1 L1 ‘ON H

+b—1 JO B1103ds YN H, ‘T 9Iqel



S16 W. HERZ and P. KULANTHAIVEL

Table 2. **C NMR spectra of 1 and 2*

C No. 1a 1b le 1 1g+ 2a 2b 2
1 61.53dt 61444 61.53 d 61.67 d 60.78 d 6036 df 60424 60.38 d
2 55084t 55004 55.16 d 5634 d 56.07 d 131.24dt  131.324 132.25 d
3 51.73df  51.69d 5173 d 53.78 d 53.48 4 12863 dt  128.57d 12842 d
4 135.98§ 135.97§ 136.33 133.68 131.25 139.33 139.49 137.21§
s 124.97d 124.80 d 124.65 d 125.75 d 126.59 d 12473 d}F 12454 4 12595 d
6 7464dt 74514 74.89 d 75.03 d 74.56 d 7531 df 75594 7593 d
7 49.38 d 49.25 d 49.39 4 49.72d 49.96 d 501241 50.15d 50.44 d
8 7493 dt 75364 75.65 d 76.08 d 7331d3  77.69df 77684 78.02 d
9 42474 4253 ¢ 4244 1 4247t 4525 1 42821 42821 42831
10 56.68 56.53 56.68 56.50 57.59 61.45 61.58 61.28
11 136.41§ 136.19§ 136.33 136.45 139.59 136.93 136.99 136.19§
12 169.07 168.83 169.51 168.99 169.56 169.19 169.70 169.25
13 125.63 ¢ 125.78 ¢ 12596 ¢ 125.50 ¢ 12254 ¢ 12533 ¢ 12522 ¢ 124.94 1
14 19.85 g 19.87 g 19.80 g 19.97 ¢ 2010 g1 1967 g% 19594 19.70 ¢
15 63.88 ¢ 63.75 ¢ 63.88 1§ 21.57 q 2095 gt 6532 ¢t 65.24 ¢ 2373 ¢
g 166.05 164.38 165.37 165.99 165.20 165.40 166.06
> 126.40 126.48 130.86 131.39 - 127.40 13091 131.38
3 14121 d 14263 d 14778 d 142.89 — 14140 d 142.50 14271 d
4 1578 g1 1563 ¢ 1578 g 14.60 4 — 62.86 ¢ 1560 g 14.60 g
s 2024 q 64.98 { 63.80 § 56.56 ¢ - 1940 g+ 6401 ¢ 56.62 ¢
1" — 170.74 - - 170.71 :
2 2093 ¢ - 2087 ¢

*Run at 67.89 MHz in CDC]; unless specified otherwise. Unmarked signals are singlets. Frequencies in §-values downfield
from TMS as internal standard.

+Run in DMSO-d,.

TAssignment by selective decoupling at frequency of appropriate proton.

§Assignments may be interchanged.

8 9 10
CHO
R 0
Me O~ i O{ O OMe /‘\ />
TN o
2 \\J\o ‘i ‘
OH ©
12a R-H 13
( 12b R=OH

12¢ R=0Me



Sesquiterpene lactones from Liatris species

Table 3. ' H NMR spectra of 5-9*

H No. 5 6t 7% 8 9
1 324 brd 3.32 brd 251d 2.85d 3.26 brd
(7.5) (8.5) (7.5)
2 5.52 dd 5.52 dd 3.124dd 310 dd 5.56 dd
(12,7.5) (8.5,4) (12,7.5)
3 6.08 brd 6.06 brd 3.53 brd 3.56 brd 6.17 brd
(12 @) (12)
5 544 brd 6.13 brd 542 brd 5.46 brd 5.58 brd
(1
6 498 dd 5.17 brd 528 brd 499 dd 5.30 brd
(1,1
7 202 m 2.50 br 1.87m 2.96 dd 2.29
2 1,1)
8 411 m 548 m 397 m — 53T m
4,2, 1)
9a 247 dd 291 ad 2.51 dd 3.094 2.80 dd
(15, 4) (11 (15, 4)
9b 1.25 brd 1.33 brdd 1.21 brdd 239 brd 1.32 brdd
(15, 2) (11) (15,2)
1 261 dg — 2.62 dg 3.22dg —
(2,7.5) (2.5,7.5)
13 1.49 d(7.5) 3.66§ 1.44 4 (7.5) 142d 326§
141 1.50 br 1.31 br 1.69 br 1.50 br 141 br
15% 1.89 br 1.91 br 1.96 br 2.00 br 1.94 br
¥ — 6.94 q(7) — — 6.96 g
4 — 1.92 d(7) — — 1.93d
% — 430§ — — 434§
*Conditions are the same as those given in Table 1.
+ Run in CDCl; with two drops of DMSO-d,.
}Intensity three protons.
§Center of AB system.
Table 4. '3C NMR spectra of 5-8*
C No. 5 61 7% 8
1 60.53 d 59.90 4 6091 ¢ 61.54 d
2 131.72 4 131.50 4 5593 d 5587d
3 128.50 4 128.64 d 53.62d 50.314d
4 135.37 135.13 131.14 134.27
5 127.40 d 126.60 d 127.55d 126.62 d
6 77.03 d 76.85 dt 75.57 dt 7549 d
7 54.20 d 52.824d 51.814d 59.81d
8 7381d 70.64 d} 7047 d} 203.20
9 46.38 ¢ 40.89 ¢ 4481t 55.19 ¢
10 62.07 60.61 57.51 56.33
11 4273 d 75.25 41.03 d 36.01 d
12 180.41 17395 179.53 177.86
13 18.65 g 4543 ¢ 1782 g 17.48 q§
14 20.27 g 236249 20.08 g% 17.33 ¢ §
15 2404 q 2362 g 21.12 ¢% 21.66 q
Iy — 165.11 — —
2 — 132.18 — —
3 — 14199 d — —
4 - 14.27 g — —
5’ — 54.00 1 —

*Conditions are the same as those given in Table 2.
tRun in DMSO-d,.
fAssignments by selective decoupling at frequency of appropriate proton.
§Assignments may be interchanged.
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triterpene skeleton carrying six methyl singlets and a
methyl doublet. A logical structure satisfying these re-
quirements and the ' *C NMR spectrum (Table 5) was the
pseudotaraxasterane derivative, 11, which has been pre-
pared recently by oxidation of taraxasterol acetate [23].
but is new as a natural product. Repetition of the
oxidation produced material identical with the substance
from L. acidota.

Table 5. '*C NMR spectrum of 11*

C No. C No.

1 3848 ¢ 17 34.82

2 2371 ¢ 18 48.28 d
3 80.96 d 19 29.43 d
4 37.82 20 148.51

5 5544 d 21 148.96 d
6 18.20 ¢ 22 36.51 ¢

7 3419 ¢ 23 2795 4
8 41.09 24 16.50 ¢4
9 5036 d 25 16.00 ¢4
10 37.06 26 1633 ¢
11 2148 ¢ 27 14.70 g
12 27.28 ¢ 28 2317 ¢
13 39.06 d 29 1751 ¢
14 42.30 30 193.89 d
15 2691 ¢ 31 170.94
16 43.03 1 32 2128 ¢

*Conditions specified in Table 2 apply. Assignments by
comparison with spectra of taraxasterol and taraxasterol
acetate. Our assignments for these compounds differ
somewhat from those reported recently [29] due to errors
in the multiplicities ascribed to several signals [Herz, W.
and Watanabe. K., unpublished].

A Louisiana collection of L. aspera Michx. which is
widely distributed in central and eastern U.S.A.[18]
furnished the known substances salvigenin (12a), eu-
patorin  (12b), S-hydroxy-6.7,3' 4'-tetramethoxyflavone
{12¢), the benzofuran 13, a mixture of taraxasteryl and
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viously encountered [24] in Eupatorium altissimum L.

Lactone 15a was new: presence of the germa-
cradienolide skeleton was indicated by the NMR spectra
of 15a, an acetate 15b formed in very low yield under the
usual acetylation conditions, but with displacement of the
cis-sarracenyl moiety, and the hydrolysis product 15¢
(Table 6) and was confirmed in the usual way by spin
decoupling which established the sequences H-1 through
H-3 and H-5 through H-9. Analysis of the '"H NMR
spectra of 15(a-¢) and the '*C NMR spectrum of 15a
(Table 7) also revealed that C-8 and C-13 carried acyl
functions. The AB system of H-13a,b, centered near 64.2,
and the broadened doublet of H-8 near 4 5.6 in 15a and
15b experienced significant diamagnetic shifts on hy-
drolysis to 15¢. The multiplicity of H-7 and H-13a.b
demonstrated that the hydroxyl group. whose presence
was indicated by the IR spectrum, was located on C-11.
The nature of the two acyl functions of 15a was also clear
from the spectroscopic evidence; however, their distri-
bution over C-8 and C-13 remains uncertain as attempts
at selective hydrolysis failed. The relatively facile displace-
ment of the cis-sarracenyl residue by acetate under the
usual acetylation conditions to form 15b suggests that it
esterifies the C-11 rather than the C-8 hydroxyl group.

The stereochemistry of the groups attached to the 10-
membered ring of 15ais defined by the coupling constants
involving H-5 through H-9 which are consonant with a
trans-lactone and a C-8 acyl group ¢is to the C-7 side
chain. The C-11 stereochemistry is apparent trom the
signiticant downfield shift of H-7 (A3 0.63). on conversion
of 15a to 15b, which can be rationalized only if the
hydroxyl group is cis to H-7 (model). The absolute
configuration is as shown because as in costunolide and
other trans, trans-germacra-1(10),4-dienolides of establi-
shed absolute configuration, interaction between the
double bonds in the 10-membered ring gives rise to a
strongly positive Cotton etfect below 215 nm [25].

The taxonomically difficult genus Liatris [18] also
presents a rather confusing picture if viewed in the light of
its sesquiterpene lactone chemistry. Of the 20 species
examined so far (21 if the closely related Hartwigia

floridana is included) five, L. graminiflora [ 7], pyenostac-

o]

K(\ ' /JR/\CH OH

CH,OH
0

p
F?”:Ac,)
H

CH-OH

kK\CHQOAC |

CH.0AcC ‘

lupeyl acetates. taraxasterol and lupeol, plant sterol
glycosides and a glycosidic germacradienolide. 14, pre-

* [. tenuifolia also contained lactones found in L. chapmanii
and gracilis.

+This species is not recognized by Gaiser.

tThis species was identified [26] subsequent to Gaiser’s
treatment.

hya [7), spicata [7]. squarrosa [17] and tenuifolia [12].
furnished identical, or very similar, guaianolides as major
lactone constituents.* Seven (L. acidota and mucronata
(present work), elegans [10], punctata [4], scabra {12],
secunda [[10] and H. floridana [22]) gave identical, or very
similar heliangolides of type 1 or 2 and three others (L.
evlindracea [14). platylepis [15]T and provincialis [4]F)
produced very similar heliangolides of a different type.
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Table 6. '"H NMR spectra of 15(a—c)*

H No. 152 15b 15¢
1 4.90 br dd (10.5, 3) 4.89 brdd 477 br dd
2a i I 232m
2 1 i 218 m
3a 1 I 228 'm
3b % I 2.04 dt (12, 6)
5 479 brd (10) 4.89 brd 4.69 brd
6 5.48 ¢ (10) 532t 5.29 ()

7 2.59 d (9.5) 323d 2.36 d

8 5.64 brd (5.5) 562 brd 459 brd
9a  2.88dd (14,5.5) 293 dd 2.65 dd
9b % I 218 brd (5.5)
13 425 (12) 425 (12) 3.88 (12)
14+ 1.42 br 1.45 br 1.61 br
15 1.73 br 173 br 1.66 br
¥ 6.86 t (6) 673t —

4 § 477 —

5 § 4.89 —

3 7.00 q (7) 673t —

4 1914 (7) 217, 2.09, 2.02, 1.929 —

5" § — _

*Conditions specified in Table 1 apply.
+Intensity three protons.

$In complex five-proton multiplet from §2.06-2.44.

§In complex six-proton multiplet from 4.

||In complex five-proton multiplet from 41
9 Acetate methyls.

Table 7. 3C NMR spectrum of 15a*

C No. C No.
1 127.66 d 14 19.12 q
2 2577t 15 16.89 g
3 39.12 ¢ 1 166.61
4 141.70 2! 13118+
5 131254 3 144.09 d
6 7475 d 4’ 14.60 g
7 57.97d 5 5571 1§
8 71.26 d 1” 165.36
9 44.02 ¢ 2" 131.01¢F
10 132.53 3" 145.56 4}
11 76.12 4” 5847t
12 176.20 5" 5647 t§
13 64.80 ¢

*Conditions specified in Table 2 apply.
§, t, fAssignments with similar signs may be inter-
changed.

The sesquiterpene lactone chemistry of L. chapmanii
[1, 11] and gracilis [11] appears to be somewhat similar
and differs from that of L. aspera, treated in the present
report, which elaborates small amounts of germa-
cradienolides. Finally, L. earlei[12], L. paucifiora[12]
and L. scariosa [16] gave no identifiable lactones. Aside
from the work on L. mucronata and L. punctata, *these

* The suggestion has been made [27] that L. mucronata
should be treated as a variety of L. punctata.

14-4.46.

.94-2.44. Center of AB system.

results cannot be fitted satisfactorily into Gaiser’s treat-
ment [18] of the genus. Further taxonomic and chemical
studies are clearly needed.

EXPERIMENTAL

Extraction of Liatris mucronata. Aerial parts of L. mucronata
DC., wt 5.8 kg, collected by D. Gage and J. Gershenzon on 26
Oct. 1980, on the north side of Texas Highway 71, 5 miles west of
the Pedernales River, Burnet Co., Texas (voucher on deposit in
Herbarium of University of Texas) was extracted with CHCI,
and worked-up in the usual manner [28]. The crude gum (150 g)
was preadsorbed on 150 g silicic acid (Mallinckrodt 100 mesh)
and chromatographed over 1 kg silicic acid set in CgHs~CHCl,
(1:1). Fractions were collected as follows: 1-12 (CHCl;-C¢Hg,
7:1, 61); 13-20 (CHCl,, 4 1); 21-28 (CHCl,-MeOH, 99:1, 4 1.);
29-48 (CHCl1,-MeOH, 49:1, 101) and 49-58 (CHCl;-MeOH,
19:1, 51).

Fractions 5-8 (15 g) gave a mixture of triterpenes, the major
one being identified as lupeol. Fraction 32 (650 mg) contained
two major constituents which were separated by TLC
(Et,O-MeOH, 19:1). The upper band yielded gummy 1a [10]
(90 mg). The 'H and !3C NMR spectra are listed in Tables 1 and
2. The lower band gave 2a (110 mg) which was recrystallized from
EtOAc-hexane, mp 140-141°, CD curve (MeOH) [6].
—12800. [Calc. for C,,H,045: MW, 418.1628. Found. MW
(MS), 418.1628.] The low resolution MS had significant peaks at
m/z (%) 418 (very weak), 359 (1), 277 (4), 260 (5) and 99 (100). 'H
and !'*C NMR spectra are given in Tables 1 and 2. Fractions
33-36 (11 g) contained predominantly 2a.

Fraction 37 exhibited one major spot on TLC; purification by
prep. TLC (Et,0-MeOH, 19:1) gave 1.3 g of gummy 1b [10]
whose 'H and '3C NMR are listed in Tables 1 and 2. Fraction 39
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(12 g) showed one major spot on TLC purification of 150 mg of
the crude fraction by TLC (CHCl;-MeOH-EtOAc, 7:1:2) and
crystallization from EtOAc-hexane gave needles of punctaliatrin
(2b) [4] whose 'H and '*C NMR are listed in Tables 1 and 2.
Fractions 42-45 (10 g) which showed mainly one spot were
combined. Purification of 100 mg of this material by TLC
(CHCl;-MeOH-EtOAc, 17:1:2, developed twice) gave 60 mg of
gummy lc, CD curve (MeOH) [0],;5 + 540. The low resolution
MS showed no peak corresponding to M * and only a very weak
peak for [M+ []". Other significant peaks were at m/z (°,)
277 (1), 259 (2), 99 (100) and 81 (69). The 'H and '*C NMR
spectra are listed in Tables 1 and 2.

Fraction 55 on trituration with MeOH gave 135mg of a
mixture of sitosterol- and stigmasterol f-D-glucosides which was
characterized by preparation of the tetra-acetates and com-
parison with the 'H NMR spectra of authentic samples of the
tetra-acetates.

Oxidations of 1b, 1b and 2b. Solns of 100 mg 1b or te in 5mi
CHCl; were oxidized with active MnO), in the manner described
for eleganin [10]. Filtration followed by the usual work-up
afforded 45 mg 3a and 3b, respectively, 3b being considerably
more polar than 3a. The 'H and '*C NMR spectra are listed in
Tables 1 and 2. Oxidation of 200 mg of 2b in the same way gave
95 mg 4 after purification by TLC. The '"H and ' *C NMR spectra
are listed in Tables 1 and 2.

Hydrolysis of 1¢. A soln of 0.15 g 1¢ in 3 ml dioxane and some
H,O containing 0.15 g K,CO; was stirred at room temp. for 10
days, diluted with H,O and extracted with EtOAc. Evaporation
of solvent gave a residue whose 'H NMR spectrum showed it to
be a 2:1 mixture of 1¢ and le. The spectrum of the latter is listed
in Table 1.

Extraction of Liatris acidota. Aerial parts of L. acidota Engelm.
and A. Gray, wt 4.9 kg, collected by Dr. R. K. Godfrey and Mr.
D. Gage on 30 Aug. 1979, 13 miles SE. of Oakdale, Evangeline
Parish, Louisiana (Godfrey No. 77194 on deposit in the
Herbarium of Florida State University) was extracted with
CHCl; and worked-up in the usual manner [ 28]. The crude gum
(63 g) was preadsorbed on 70 g silicic acid and chromatographed
on 750 g of the same adsorbent packed in C H,. Fractions were
collected as follows: 1-8 (CcHy,41), 9 14 (C,H,~CHCl5, 1:1,
31):15-20(CHCl5, 31);21-26 (CHCl3;-MeOH. 99:1,3 1); 27 32
(CHC1;-MeOH, 41:1. 31) and 33-40 (CHCI,-MeOH., 19:1.,
41).

Purification of fraction4 (175 mg) by TLC (C,H4~EtOAc,
19:1) gave two bands. The less polar material (35 mg) was
identified as euparin (10) by direct comparison. The more polar
material was a mixture of lupenone and taraxerone. Fraction 11
(710 mg) on purification by TLC (C,H4-EtOAc, 9:1) yielded a
mixture of lupeol and taraxerol. Fraction 20 (220 mg) contained
several substances (TLC). Purification by TLC with the solvent
system CoH-EtOAc (19:1) twice and crystallization from
hexane furnished 3f-acetoxytaraxaster-20-en-30-aldehyde (11)
(25 mg) which melted unsharply at 240-256" (lit. mp 258-260
[23]). Further crystallization from hexane did not improve the
mp. The IR spectrum (KBr) had bands at 1735, 1690, 1645 cm ™ !;
the 'H NMR spectrum (CDCl,, 270 MHz) exhibited signals at
09.39 (H-30), 6.70 (dd, J = 6, 3 Hz, H-21), 4.49 (m, H-3a), 2.27
(br 1, J = 8 Hz, H-22), 2.05 (Ac), 1.04, 0.97, 0.88, 0.86, 0.85 and
0.67 (H-23-H-28), 1.03(d, J = 7Hz, H-29). The !*C NMR
spectrum is listed in Table 5. [Calc. for C,,H,0; MW,
482.3759. Found: MW (MS), 482.3707.] Other significant peaks
in the high resolution MS were at m/z (composition, 9, ) 422
(C30H,60, 27.6), 407 (C,gH,50, 12.2), 249 (C,H,50;, 0.6) and
189 (C,4H,,, 73.3). The substance was identical in all respects
(TLC, IR, 'H NMR) with material prepared by oxidation of
10 mg taraxasteryl acetate in Sml Me,CO-C,H, (1:1) with
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0.2 m! Jones’ reagent tfor 8 hr at room temp. followed by the usual
work-up and purification by TLC [23].

Fraction 26 (7 g) showed many spots on TLC. Purification of
0.5g by TLC (CHCl;-MeOH-EtOAc, 8:1:1) gave only one
homogeneous fraction. Repurification by TLC using the same
solvent mixture gave 2¢ (55 mg)asa gum. IR v gyfl»‘ cm ™' 1765.
1705; CD curve (MeOH); [6],5, — 80 200 (last reading). [ Calc.
for Cy0H,,041 MW, 360.1573. Found: MW (MS), 360.1567.]
Other significant ions in the low resolution MS were at m;z (° )
244 (5), 99 (100) and 81 (50). '"H and '*C NMR spectra are listed
in Tables 1 and 2.

Fraction 27 (3 g) showed one predominant spot. Purification
by TLC (CHCl;-MeOH-EtOAc. 1%8:1:1. two developments)
afforded pure 1f asa gum, IR +${H cm =1 1765, 1705; CD curve
(MeOH), [0],36 + 7160. [Calc. for C,0H,,0-: MW. 376.1522.
Found: MW (MS), 376.1516.] 'H and '*C NMR spectra are
listed in Tables 1 and 2.

Purification  of  fraction29 (270mg) by TLC
(CHCI;~-MeOH EtOAc, 8:1:1, two developments)and crystalli-
zation from EtOAc gave 5 (95 mg), mp 195-198 IR v"ﬁf;cm "
3425, 1755, CD curve (MeOH). [#],;, — 34000 (last reading).
[Calc. for C;H,,04: MW, 264, 1361. Found: MW (MS) 264,
1356.] 'H and '*C NMR spectra are listed in Tables 3 and 4.

Fraction 30 on trituration with Et,O afforded 210 mg of solid.
Purification by TLC (CHCl,~MeOH-EtOAc. 7:1:2 once and
CHCl;-MeOH-EtOAc, 5:2:3 twice) permitted isolation of
crystalline 6 (60 mg) and 1g (125 mg). The former was re-
crystallized from FEtOAc, mp 222-225° (dec): IR vEBrem-
3425, 1770, 1710; CD curve (McOH) [0];-, + 159, [t]23;
~70900 (last reading). [Cale. for C,,H,,0-*Cl and
C,oH,50-3"Cl: MW, 412.1289 and 414.1259. Found: MW (MS),
412.1383 and 414.1237.] Other significant peaks in the low
resolution MS were at m/z () 296 (2.3). 99 (100) and 81 (53.6).
The 'H and '3C NMR spectra are listed in Tables 3 and 4.

Compound 1g was recrystallized from EtOAc-MeOH,
mp 240-243" (dec); IR vEBrem ' 3475, 1750; CD curve
(MeOH), [0],40 + 1640, [ 0], — 22 300 (last reading). The low
resolution MS exhibited only a very weak peak for [M +1]" at
m;z279(0.01" ). "Hand '*C NMR spectra are listed in Tables 1
and 2.

Fraction 32 on trituration with Et,O gave solid 7 (210 mg)
which was recrystallized from MeOH, mp 305- 308" (dec):
IR vEBrem ™1 3440, 1752, CD curve (MeOH) [0],54 +277.
[0]210—- 14700 (last reading). [Calc. for C;sH,,0s: MW,
280.1311. Found: MW (MS), 280.1305.] 'H and '*C NMR
spectra are listed in Tables 3 and 4. Fraction 31 also yielded solid
material whose NMR spectrum showed it to be a mixture of 7
{major component) and tg.

Oxidation of 7. A soln of 70 mg 7 in 12 ml Me,CO was stirred
with 0.1 ml Jones’ reagent for 45 min at 0", The usual work-up
followed by recrystallization from EtOAc gave 61 mg 8, mp
225226 IR vEBrem 1. 1765, 1710. [Cale. for C,sH 4,05 MW,
278.1154. Found: MW (MS), 278.1146.] 'H and '*C NMR
spectra are histed in Tables 3 and 4.

Conversion of 6 10 9. A soln of 10 mg 6 in CHCI; was passed
through a column of basic alumina (10 g). The eluate showed two
spots on TLC. Purification by TLC {CHCl, -MeOH -EtOAc.
8:1:1) gave mainly starting material and 1 mg 9 whosc 'H NMR
spectrum is listed in Table 3.

Extraction of Liatris aspera. Aerial parts of L. aspera Michx
(5.9 kg) collected by Dr. R. K. Godfrey and D. Gage on 1 Sept.
1979 along Arkansas Rt 29 between Bardley and Canfield,
Lafayette Co., Arkansas (Godfrey No. 77199 on deposit in the
Herbarium of Florida State University) was extracted with
CHCl, and worked-up as usual [28]. The crude gum (72 g) was
preadsorbed on 100 g silicic acid and chromatographed on 750 g
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silicic acid packed in C¢Hg. Fractions were collected as follows:
1-10(CHg, 5 1); 11-18 (C4H,—CHCl;, 1:1,41); 19-28 (CHCl;,
51.); 29-34 (CHCl;-MeOH, 99:1, 31); 35-40 (CHCl;-MeOH,
49:1, 31), 41-50 (CHCl;-MeOH, 19:1, 51) and 51-58
(CHCl3-MeOH, 9:1, 41.).

Fraction 1 (650 mg) gave a mixture of taraxasteryl and lupeyl
acetates. Fractions 2-10 (1.4 g) were a mixture of lupeol and
taraxasterol. Purification of 300 mg of fraction 33 (total wt 3.1 g)
by TLC (CHCl,;-MeOH-EtOAc, 8:1:1) gave three bands. The
upper band was repurified by TLC (EtOAc-C4Hg, 1:4, two
developments) to yield 45 mg salvigenin (12a) mp 186-188° and
65 mg 5-hydroxy-6,7,3' ,4'-tetramethoxyflavone (12¢) which were
identified by direct comparison with authentic material. The
middle band on repurification by TLC (CHCl;-MeOH-EtOAc,
8:1:1, two developments) gave 5 mg of gummy eupatorin (12b)
identified as such by comparison with NMR of authentic
material. Repurification of the fowest band by TLC using the
same solvent system gave 6 mg of oily 13 whose NMR spectrum
tailied with that described in the literature.

Fraction 48 (750 mg) was purified by TLC (CHCl,-
MeOH-EtOAc, 7:1:2, two developments). The only homoge-
neous fraction obtained in this fashion was repurified using the
same solvent system (three developments) to give gummy 15a
(175 mg) which had IR v§HCh cm~!: at 3410, 1775, 1700, 1650,
CD curve (MeOH), [0],,0 + 107900 (last reading). The low
resolution MS exhibited only a very weak [M + 1] 7 ion at m/z
495 (0.05%,). 'H and !*C NMR spectra are listed in Tables 6 and
7.

Fractions 57 and 58 (4.3 g) were rechromatographed over Si gel
(110 g). Fractions eluted with CHCIl;~MeOH (9:1) contained
one major compound. TLC (CHCl;-MeOH-EtOAc, 6:2:2, two
developments) afforded gummy material which was identified as
14 by spectroscopic comparison with an authentic sample [24].
Fraction 49 on trituration with MeOH afforded 170 mg of the
usual mixture of sitosterol and stigmasterol §-D-glucosides.

Reactions of 15a. (a) A mixture of 75 mg 15aand 4 mi 1.5% aq.
KOH was stirred for 15 hr under N,, acidified with dil. HC], satd
with NaCl and extracted with EtOAc. The crude product was
purified by TLC (CHCl;-MeOH-EtOAc, 8:1:1) to give spect-
roscopically pure 15¢ (20 mg). [Calc. for C,sH,,05: MW,
282.150. Found: MW (MS), 282.151.] The 'H NMR spectrum is
listed in Table 6.

(b) Acetylation of 40 mg 15a with 0.5 ml Ac,O in 0.5 m! of
pyridine overnight at room temp. followed by the usual work-up
gave a gum which showed many spots on TLC. Purification by
TLC (EtOAc-C4Hg, 1:5) and isolation of a fraction with R, 0.5
yielded 2 mg of a gummy substance which was pure by NMR
criteria and whose spectrum, listed in Table 6, was consistent with
structure 15b. Acetylation of 15a at 0° gave the same mixture of
products.

12.
13.
14.
15.
16.

17.
18.
19.
20.
21
22.

23.
24.

25.

26.
27.

28.
29.
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