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The isolation and structure determinations of three new heliangolides from Eupatorium recurvans Small are re-

ported. The major lactone eurecurvin (1a) was a cis-A%5,cis- A%10.germacradienolide, as was a minor lactone con-
stituent le. The third lactone was a trans-Al(!® cis-A%5 isomer, 4a. Details of the structure and stereochemistry

were established by X-ray analysis of 1e and 4a.

In the present article we continue our reports3-% on con-

stituents of Eupatorium species sensu stricto which have

yielded various cytotoxic and antitumor sesquiterpene lac-
tones and describe the isolation and structure determination
of three new heliangolides la, le, and 4a from Eupatorium
recurvans Small8 E. capillifolium (Lam.) Small, E. com-
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positifolium Wailt., E. Leptophylium DC., and E. pinnatifi-
dum Ell yielded no significant sesquiterpene lactone frac-
tions.”

The major lactone component of E. recurvans, which we
have named eurecurvin, C33H3¢0g, mp 185-186 °C, was an
a-methylene y-lactone as evidenced by the usual criteria ['H
NMR spectral data in Table I, narrowly split doublets at 6.45
and 5.72 ppm (H, and Hy), and appropriate signals of the 13C
NMR spectrum in Table II, particularly the triplet at 122.9
ppm]. That it was incorporated in partial structure A was
shown by spin decoupling experiments on the lactone and its
derivatives in various solvents, which will not be discussed in
detail. A vinyl methyl group (broadened signal at 1.88 ppm)
was found to be allylically coupled to H; resonating at 5.44
ppm. Mass and NMR spectral analyses revealed the presence
of two ester groups, an acetate and a 2-methylbutyrate.

0022-3263/78/1943-3559$01.00/0 © 1978 American Chemical Society
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Table I. 'H NMR Spectra of E. recurvans Constituents and Derivatives®

Compd H-1 H-2 H-3 H-5 H-6 H-7 H-8 H-9 H-13 H-14> H-15 Side chain & misc.
la¢ 580dbr 245m 5.80 dbr 6.03dbr 6.43dd 3.32m 6.29dbr 5.44dbr 5.72d 1.90br 4.47brd 246m (H-27),1.43,1.72 m
(11,2) (15,11, 3) (4.5,3) (11) (11,9 9,2,3,3) (6,2) (6) 3) (H-3),0.81 t (H-4),5 1.23
2.64 m 6.45d (d (H-5),2 2.16 (Ac)®
(15, 2,4.5) (3)
1a¢ 540m 1.97m 5.34 br 5.60 m 6.00dd 3.14m 540m 540m 560d 1.70br 4.09¢ 243 m, 1.68,1.48 m, 1.21
2.29m 8.304d 4.24t d,%0.891,% 2.1 (Ac)®
1be 567dbr 243 m 5.79 dbr 5.88 br 6.43dd 3.32m 6.34dbr 547dbr 5.74d 1.90br 4.69d  Side chain as in la: 2.06,
(11,2) ~ (15,11,3) (4.5,3) 1y (14,9) (9,2,8,3) (2,6) (6) (3) (15) 2.14 (Ac)®
2.55 m 6.47d 4.90d
(15, 2, 4.5) (3) (15)
lec 6.71dbr 2.28m 5.74 dbr 591dbr 644dd 3.30m 6.32dbr 5.53dbr 574d 1.82br 4.67dbr Side chain as in la: 1.96,
(11, 2) (15,11, 3) (4.5,3) (11) (1,9  (9,2,3,3) (2,6) (3] (3) (15) 2.06 (Ac)®
2.40m ’ 6.48d 4.83 dbr
(15, 2, 4.5) 3) (15)
1dc 5.80dbr 248m 5.74 dbr 6.75dbr 6.45dd 3.53m 6.35dbr 5.41dbr 580d 1.66br 9.64 Side chain as in la: 2.13
(11,2) (4.5, 3) (11) (11,9) (2,6) (6) (3) (Ac)®
o
3
le/ 5.28dbre 220m 5.36 ddbr, 5.28dbre 596dd 2.83m 589dbr 5.36d 558d 1.83br 1.72br® 2.44m (H-2'),1.49m, 1.67
(10.5,3) (16.5,10.5) (8, 3) (11) (11,90 (9,1.5,8,3) (6,1.5) (8) (3) m(H-3), 092t (H-4),%
3 6.34 d 1.19 d (H-5"),2 2.14 (Ac)®
2.01m (3)
(18.3,3,3)
lee 534m 1.92m 5.25dd 534m 597dd 3.05m 5.34 m 534m 555d 1.69br 1.80br Side chainasinla:
2.27m 6.14d 2.1 (Ac)®
2af  3.85dd 1.59 m 5.46 dd 5.20dbr 6.33dq 5.10 1.944d> 1.26 4.50 dbr Side chain as in la:
11,3) 2.63m (6, 2) (11) (11, 1.7) (1.7) (15) 2.07, 2.18 {(Ac)®
?.6(; dbr
15
2b/  3.92dd 1.7 m 543dd 5.18dbr 6.36dq 4.42 2.01d% 1.26 4,50 dbr 2.07,2.19 (Ac)®
(11, 3) 2.62m (6, 2) (11) (11,1.7) (L.7) (15)
?.6{; dbr
15
3fh 393m 1.67 m 5.33m 561dbr 569m 3.07m 5.69 m 533m 590d 1.32 4.64 br  Side chain same as in 1a:
2.58 m (10) 3) 2.03, 2.11 (Ac)®
6.%3 d
(3
4a/ 533ddbr 228m 526ddbr 5.19dbr 582dd 2.84m 4.12 br 5.22br 5.73d 1.85br 1.79d  Side chain as in le:
(10, 4) (16,6,4) (8,3) (11,1.5) (11, 2) (~4,2) (~4) (2) (1.5) 2.03 (Ac)®
2.73m 6.40 d
(16,10, 3) (2) . .
4b/  536m 2.33m 5.28 dd 5.18dbr 5.79dd 2.98m 5.54 br 536br 585d 1.84br 1.81d Side chain as in le:
(10,4) (16,6,4) (6,3) (11,1.5) (11,2) (~4,2) (~4) 2) (1.5) 2.03, 2.11 (Ac)®
2. 6.40d
(18, 10, 3) 2)

@ Run at 270 MHz on a Bruker HX-270 instrument with Me(Si as an internal standard. Values are in ppm: d, doublet; br, hroadened
singlet; m, multiplet; t, triplet. Unmarked signals are singlets. Values in parentheses are coupling constants in hertz. ® Intensity of
three protons. ¢ C;DsN solution. ¢ Intensity of two protons. ¢ (CD3)2CO solution. f CDCl; solution. & J values obtained by decoupling

in CsD5N where signals are separated. * Run at 90 MHz.

Acetylation (acetic anhydride—pyridine) afforded a mono- and
a diacetate, thereby establishing the presence of two hydroxyl
groups. One of these was primary, as indicated by the down-
field shift and conversion, on acetylation, of a two-proton
signal at 4.47 ppm to two doublets (AB system) at 4.69 and
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4.90 ppm in the monoacetate and at 4.67 and 4.83 ppm in the
diacetate, and allylic, as indicated by MnO; oxidation of the
parent compound to an «,3-unsaturated aldehyde (downfield
shift of H, from 6.03 to 6.75 ppm). The chemical shift of the
aldehyde proton (9.64 ppm) was characteristic of a cis rela-
tionship between H; and the aldehyde group, a conclusion
which was confirmed by demonstration of an NOE between
H; and ~CH,OH in the parent compound (15% signal en-
hancement). Consequently, A could be expanded to B.8 The
other hydroxyl group was secondary, as indicated by the
downfield shift of a one-proton signal from 5.80 and 5.67 ppm
in the parent compound and monoacetate 1b to 6.71 ppm in
the diacetate 1¢. Spin decoupling experiments with 1a, 1b, and
1c also established the presence of unit C.

Differentiation between the two structural possibilities
afforded by the combination of B and C and location of the
isobutyrate ester function on C-8 was made possible by oxi-
dation of monoacetate 1b with Jones reagent. Three major
products were isolated which, on the basis of their spectral
properties, could be assigned structures 2a, 2b, and 3, gener-
ated as the result of an allylic transposition involving the
secondary hydroxyl group and the double bond to which H,
is attached. Consequently, the free hydroxyl group of eure-
curvin monoacetate is on C-1 and not on C-3.° An analogous
allylic trans position (without migration of the!l:13 double
bond) had previously!2 served to correlate the antileukemic
sesquiterpene lactone eupacunin (5a) with eupatocunin (6).

The fortuitous loss of the isobutyrate residue during the
formation of 2b clearly showed that it was attached to C-8 in
the precursors 1b and 1a and that the acetate was located at
C-3. That the 9,10 double bond was cis was demonstrated by
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Figure 1. A stereoscopic drawing of a molecule of 1e. The principal conformation of the isovalerate is shown.

Table II. 13C NMR Spectra of E. recurvans Constituents?

Table III. Crystal Data for le and 4a

Carbon atom? lac 1fd 4a¢ le 4a
1 65.8d 65.1d 124.7d Formula CooH307 (406.48) CaoH3007 (406.48)
2 354t 324t 28.7¢ System Orthorhombic Trigonal
3 72.4 de 73.1de 74.2d¢ Space group P2,2,2; P3; or P3,
4 141.5 143.9 . 132.3 . a 9.812 (7) AA 10.548 (3) A
5 125.9d 126.0 126. b 14.375 (8)
6 75.8 d¢ 74.1d¢ 76.4 d¢ c 15.691 (7) A 17.418 (5) A
7 ég? g égg g ggg ge gcalcd 1.219 gem™3 §.206 g cm~3
8 . . .
9 124.0d 123.2d 78.8 d¢
. 139.0 136.21
i(l) iggg 134.4 135.6f Table IV. Lactone Ring Torsion Angles of 1e and 4a
14 19.9 176 149 q C(13)-C(11)-C(12)-0(4) wg -9.9° 4.7°
5 653t 533 ¢ 2314 C(11)-C(N-C(6)-0(3) w3 —24.6° 13.1°
> 17ee e 1755 C(5)-C(6)-C(7)-C(8) wg 89.3°  136.1°
2/ 42.7d 41.5d 41.1d
8 274t 26.3t 2681 C-6, and C-8 was the same as that of eurecurvin. However,
Y 10.8q 11.6q 1169 there was no direct evidence for orienting the lactone ring
5 17.7q 16.4q 16.5q toward C-6 and for attaching the acetate group to C-3 and the
g 1;(1)3 12?(2) q 1;(1)3 q isobutyrate to C-8, instead of the reverse. To settle these
i 7q R .

@ Run at 67.9 MHz on a Bruker HX-270 instrument. Values are
in ppm. Unmarked signals are singlets. b Assignments tentative
and not verified by single frequency off-resonance decoupling.
¢ CD30D solution. 2 CDCl; solution. ¢/ Assignments may be
interchanged.

irradiation at the frequency of the C-10 methyl signal, which
resulted in 17% enhancement of the H-9 signal. Analysis of the
coupling constants /7 13, J7,13h, J6,7 and J7 g then showed that
the lactone ring of eurecurvin must be trans fused and the C-8
ester side chain .13

We defer discussion of the stereochemistry at C-1 until we
have considered a second lactone (1e; CoaH3007, mp 113-114
°C), which was isolated in small amount only and seemed to
differ from eurecurvin primarily in lacking the primary hy-
droxyl group (see Tables I and II). Formation of a monoacetyl
derivative 1f from this lactone was accompanied by a down-
field shift of a signal in the cluster near 5.3-6.36 ppm, thus
identifying the resonance of H-1. Analysis of the 'TH NMR
spectra of le and 1f was facilitated by performing the spin
decoupling experiments in CDCly, C¢Dg, or CsD5sN to separate
relevant signals. This will not be discussed in detail. NOE
studies showed that the two double bonds were cis (17% signal
enhancement of H-5 on irradiation of H-15, 16% enhancement
of H-9 on irradiation of H-14); moreover, the coupling con-
stants indicated that the relative stereochemistry at C+1, C-3,

points and to establish the stereochemistry at C-1,14 an X-ray
analysis of the minor lactone was undertaken.

Crystal data for le are listed in Table ITl. Figure 1 is a ste-
reoscopic drawing of the molecule which represents the ab-
solute configuration of the molecule (vide infra). The acetate
and methyl isobutyrate functions are attached to C-3 and C-8,
respectively, as in la, and the configuration of the C-1 hy-
droxyl is a. The C-4,C-5 and C-9,C-10 bonds are essentially
parallel, with the methyl carbons projecting below the plane
of the ring. Tables V, VI, and VII, containing bond lengths,
bond angles, and torsion angles, and Tables X1 and XII, listing
final atomic and final anisotropic thermal parameters, are
available as supplementary material.

The lactone torsion angles listed in Table IV show that if
le possesses the absolute configuration shown in Figure 1, the
chirality of the C=CC==0 group is negative (ws = —9.9°) and,
as usual,!® paired with the sign of the C(a)-C(8)—C(y)-0
torsion angle (ws). The chirality of this chromophore has been
related!® to the Cotton effect of an «,3-unsaturated lactone;
since both 1a and le exhibit negative Cotton effects, the ab-
solute configuration is as shown in the formulas and is the
same as in all other sesquiterpene lactones of authenticated
stereochemistry.

The close correspondence in the NMR spectra of eurecurvin
and lactone le, which if examined in the same solvent differed
significantly only in the shifts of protons and carbons in the
vininity of the “extra” primary hydroxyl group of la (see
Tables I and II), indicated that the configuration of 1b at C-1
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Figure 2. A stereoscopic drawing of a molecule of 4a showing its conformation in the crystalline state.

was the same as that of le. This was confirmed by application
of Horeau’s method to 1b, which was esterified with excess
(+)-a-phenylbutyric anhydride. The recovered a-phenyl-
butyric acid was negative (9.2% optical yield). Hence, the
absolute configuration of eurecurvin at C-1is S (OH «).

Thus, the conformations and stereochemistries of 1a and
le are the same as those of eupacunin (5a) and eupacunoxin
(5b).17 It may be assumed that formulas 5a and 5b also rep-
resent the absolute configurations of these compounds al-
though CD curves of 5a and 5b were unfortunately not
available.!8

The epoxides 2a/2b and 3 must be trans epoxides because
Jones oxidation of eupatocunin (6) with a trans 1,10 double
bond afforded the same substance as the oxidation of eupa-
cunin (5b). The stereochemistry at C-1 and C-2 shown in the
formulas follows since other work emanating from this labo-
ratory has shown1! that the oxidative transposition of allylic
alcohols, exemplified by conversion of 1la and 5b to com-
pounds of this type, is accompanied by retention.

A third lactone, mp 129-131 °C, isomeric with le, was iso-
lated in a small amount only. It incorporated the usual «,3-
unsaturated lactone function: two vinyl methyls (broadened
singlet and narrowly split doublet at 1.85 and 1.79 ppm), a
secondary hydroxyl group (signal at 4.12 ppm which moved
to 5.54 ppm on acetylation), an acetate, and a 2-methylbuty-
rate. Spin decoupling experiments in CDCl3 and CsDsN to
separate superimposed signals whenever necessary established
the presence of partial structure D in which Hy, responsible
for a doublet of doublets at 5.82 ppm, was tentatively assigned
to the proton under the lactone oxygen and H,, at 4.12 ppm,
to the proton under the hydroxyl. He was in turn coupled to
a broadened singlet (Hy) at 5.22 ppm, presumably a proton

i
HyH. OH OCR’
z | | || |
P 1 d H, | ]
CH, H, g, B Hi
0
D
I
ERaA
R"ﬁo H CH,
0
E

under one of the two ester functions. Hy (doublet at 5.19 ppm),
vicinally coupled to Hy, was also allylically coupled to the vinyl
methyl resonating at 1.79 ppm; the existence of a strong NOE
(18% signal enhancement) showed that the double bond was
cis.

Irradiation of a multiplet at 5.33 ppm simplified multiplets
at 2.73 and 2.28 ppm, representing protons which were gem-
inally coupled to each other and vicinally coupled to a third
proton resonating at 5.28 ppm. The latter was in turn allyli-
cally coupled to the second vinyl methyl responsible for the
signal at 1.85 ppm. These results led to partial structure E with
a trans double bond because of the absence of an NOE.
Combination of D and E then led to the gross structure of
formula 4a which was substantiated by the 13C NMR spec-
trum and where, because of our failure to obtain homogeneous
material from attempts at partial hydrolysis, the distribution
of the two ester functions remained uncertain. The lactone
ring was trans fused as evidenced by the small values of Jg 7
and J7 13 (2 Hz), typical of H-68,H-7« heliangolides;'%-2! the
small value of J~ g (2 Hz) required that the substituent on C-8
be 8 orientated. The conclusion that the lactone ring was
closed to C-6, a possibility a priori not excluded by the de-
coupling experiments (vide supra), was supported by the
positive Cotton effect, whose sign was in agreement with that
of other heliangolides containing a trans-fused lactone ring
closed to C-6.12-24 The values of J3 3 corresponded to those of
3-epinobilin;2! hence, the ester function on C-3 was 8 orient-
ed.

However, the stereochemistry of the ester function on C-9
could not be derived from the information at hand. If 4a
possesses the same conformation as eupaformonin (7, methyls
anti),23 as seems likely, H-8 approximately bisects the angle
H,-Cg—Hg and the observed value of Jg g (~4 Hz) is satisfied
by either « or (8 orientation of the ester function on C-9.In a
conformation with the two methyl groups syn, the observed
value of Jg g requires an ester on C-9 to be a. A similar situa-
tion exists in the case of eupatocunin (6),7 for which Jg g was
reported as 3 Hz and where the configuration at C-9 remained
indeterminate.?5

To settle the uncertainty about the distribution of the two
ester functions between C-3 and C-8 and the stereochemistry
at C-9, an X-ray analysis of 4a was undertaken, Crystal data
are listed in Table III; Figure 2 is a stereoscopic drawing of the
molecule which, in view of the positive CD, also represents the
absolute configuration of the molecule for the reasons adduced
earlier in the case of 1e (see Table IV for lactone ring torsion
angles). The 2-methylbutyrate ester function is attached to
C-9 and 8, as is the acetate on C-3 and the hydroxyl on C-8.
As surmised, the conformation resembles that of eupafor-
monin, with the C-4 methy! projecting below the plane and
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the C-10 methyl above the plane of the ten-membered ring.
Tables VIII, IX, and X, containing bond lengths, bond angles,
and torsion angles, and Tables XIII and XIV, listing final
atomic and final anisotropic thermal parameters, are available
as supplementary material.

Experimental Section?®

Extraction of E. recurvans. Above the ground parts of Eupato-
rium recurvans Small, collected by Dr. R. K. Godfrey on August 31,
1968, in the pine flatwoods between Cedar Key and Chiefland, Levy
Co., Fla. (Godfrey # 68143 on deposit in The Florida State University
herbarium),2” wt 20 kg, were extracted with CHCl; and worked up
in the usual fashion2® to give 180 g of extract. A 100-g amount of the
crude extract was chromatographed on 980 g of silicic acid (Mal-
linckrodt 100 mesh) with solvents of increasing polarity, 500-mL
fractions being collected. Elution with benzene and benzene—-CHCl;
(fractions 1-58) gave 0.45 g of a crystalline triterpene mixture. Elution
of the silicic acid column with CHClj3 (fractions 59-132) gave a gum
which was rechromatographed over 150 g of silicic acid (CHCls) to give
a crystalline mixture of le and 4a, which was separated by LC using
an EtOAc-benzene (1:4) solvent system and a Porasil column. Elution
of the original silicic acid column with MeOH-CHClI; (1:24) (fractions
138-144) gave la as the major compound.

Characterization of the Lactones, Lactone la, wt 16 g, mp
185-186 °C, was recrystallized from EtOAc-MeOH: [alp +42.3° (¢
3,01, CHClg); CD curve [f]o73 —4020; IR bands at 3450, 3430, 1760,
1740, 1650, 1250, 1160, and 1060 cm™1; strong UV end absorption.

Anal. Caled for CooH3q0s: C, 65.55; H, 7.16; O, 30.30; mol wt,
422.1940. Found: C, 65.2C; H, 6.93; O, 30.49; mol wt (MS),
422.1927.

Other important mass spectral peaks were at m/e 363 (M* —
CQH302), 321 (M+ - C5H902), 261 (M+ - CzHaOz - C5H1002), and
243 (M+ — CoH305 — CsH1909 — H0).

A solution of 0.213 g (6.8 X 10~* mol) of (£)-a-phenylbutyric an-
hydride and 0.057 g of 1a (1.2 X 104 mol) in 2 mL of pyridine was
allowed to stand at room temperature for 48 h. Excess anhydride was
destroyed by adding 2 mL of water and allowing the mixture to stand
at room temperature for 12 h. The solution was extracted with ether,
and the extract was washed with water, three 10-mL portions of 5%
NaHCOj; solution, and again several times with water. The combined
aqueous layers were washed with CHCly, acidified with 1 N HySOy4,
and extracted with CHCls. The CHCI; extract was dried and evapo-
rated; this afforded 0.087 g of a-phenylbutyric acid (pure by TLC
criteria), [a]p —0.87°. This corresponded to an optical yield of
9.2%.

Acetylation of 0.4 g of 1a with acetic anhydride-pyridine furnished
1b and le, which were separated by preparative TLC (EtOAC-ben-
zene, 1:1). Yield of gummy 1b, 0.13 g: IR bands at 3490, 1760, 1740,
and 1240 em™1,

Anal. Caled for CogH300g: mol wt, 464.2046. Found: mol wt (MS),
464.2047.

le, yield 0.21 g, was also gummy and had IR bands at 1760, 1740,
and 1240 cm™L

Anal. Caled for CogH34010: mol wt, 506.2152. Found: mol wt (MS),
506.2150.

Lactone le, yield 160 mg, had mp 113-114 °C after recrystallization
from EtOAc-hexane: [a]p +52.9° (c 0.945, CHCly); CD curve [6]267
—2440 (MeOH): IR bands at 3500, 1750, 1730, 1650, 1240, 1145, and
1085 cm™Y; strong UV end absorption. The mass spectrum did not
exhibit the molecular ion; important peaks were found at m/e (%
composition) 347 (M* — CaH30,, 11.9), 305 (M* — C5HgOo, 83.2), 263
(M* — CsHgO2 — CoH20, 56), 262 (M* — CoH0 — CsH 10, 7.7), 245
(M* — CoH403 — CsHgO4, 54.2), 244 (M* — CoHy02 — CsH 1004, 16.4),
227 (23), 199 (16.4), 167 (CgH 103, 17.6) and 163 (C1oH;10q, 43.5).

Anal. Caled for CooHz0O7: C, 65.01; H, 7.44; O, 27.55. Found: C,
64.86: H, 7.34; 0, 27.59.

Acetylation of 20 mg of 1e with acetic anhydride-pyridine gave 1f
as a gum: IR bands at 1750, 1730, and 1250 ecm~!. The low-resolution
mass spectrum exhibited diagnostic peaks at m/e 448 (M*), 389 (M*
- CszOz), 347 (M+ - C5H902), and 227 (M+ - 2C2H402 -
CsHg05).

Anal. Caled for C24H3008: mol wt, 448.2097. Found: mol wt (MS),
448.2097.

Lactone 4a, wt 85 mg, had mp 129-131 °C after recrystallization
from EtOAc-hexane: [a]p —82.0° (¢ 1.26, CHCly); CD curve [6]2s4
+1250 (MeOH); IR bands at 3420, 1730, 1650, 1235, 1140, and 1055
c¢cm~1; strong UV end absorption.

Anal. Caled for CooH300+: C, 65.01; H, 7.44; O, 27.55; mol wt,
406.1990. Found: C, 64.86; H, 7.34; O, 27.40; mol wt (MS),
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406.1951.

Other significant peaks in the high-resolution mass spectrum were
at m/e (% composition) 347 (M* — CoH30,, 18.0), 305 (M+ — CsHgOo,
100), 263 (M* — CoH0 — C5Hg0s, 11.1), 262 (M* — CpH,0 ~
CsH1g0q, 14.3), 261 (M* — CyH30 — C5H009, 3.5), 245 (M* —
CoH405 — CsHgOy, 24), 244 (M+ — CoH404 — C5H 1004, 21), 227 (MY
— C3H30; — C5H1002 — H0, 18.7), 226 M+ — C2H402 — CsH1002
- HQO, 11.6), 199 (CMH150, 193), and 166 (CQH1003, 307)

Acetylation of 20 mg of 4a with acetic anhydride gave 4b as a gum.
The low-resolution mass spectrum exhibited diagnostic peaks at m/e
448 (M+), 389 (M* — C2H30,), 347 (M+ — C5Hg03), and 227 (M+ —
2CoH 402 — C5HgOg).

Oxidation of la. A solution of 0.100 g of 1a in 10 mL of anhydrous
ether was stirred at room temperature with 0.100 mg of activated
MnOs, the reaction being followed by TLC. After 4 days, the mixture
was filtered and the precipitate washed with ether. The combined
filtrate and washings were evaporated, and the residue was purified
by preparative TLC (MeOH-CHClI3, 1:19). The major band yielded
80 mg of starting material. A less polar minor band yielded aldehyde
1d as a gum whose mass spectrum exhibited significant peaks at m/e
420 (M1), 361 (M* — C3H05), 319 (M* — C5Hg03), 276 (M* —
CngOz - CzH302), and 241 (M+ - CzHgOz - C5H1002 - HQO)

Oxidation of 1b. To a solution of 0.100 g of 1b in 10 mL of acetone
cooled to 0 °C was added dropwise with stirring Jones reagent until
the solution remained red. Stirring was continued for an additional
30 min, at which time excess reagent was destroyed by addition of
2-propanol. After filtration, the filtrate and washings were evaporated,
preparative TLC of the residue yielded 15 mg of 2a, 20 mg of 2b, and
25 mg of 3 as gums. The IR spectrum of 2a had bands at 1770 and 1750
cm™L

Anal. Caled for Cg4H30010: mol wt, 478.1839. Found: mol wt (MS),
478.1840.

Other significant peaks in the mass spectrum were at m/e 419 (M+
- CzHgOz), 377 (M+ - C5H902), 376 (M+ - C5H1002), and 316 (NI+
— C5H;002 = C2H403).

Tllle IR spectrum of 2b had bands at 3490, 1760, 1740, and 1730
cm™L,

Anal. Caled for C19H2209: mol wt, 394.1264. Found: mol wt (MS),
394.1267.

Other significant peaks in the mass spectrum were at m/e 335 (M*
— CoH30y), 334 (M* — CoH403), and 274 (M* = 2CoH,09).

The IR spectrum of 3 had bands at 3490, 1760, and 1745 cm~1,

Anal. Caled for Co4H3001¢: mol wt, 480.1995. Found: mol wt (MS),
480.1994.

X-Ray Analysis of le. Intensity data were measured on a Hilger-
Watts automatic form circle diffractometer (Ni-filtered Cu Ka ra-
diation, 6-28 scans, pulse height discrimination). The size of the
crystal used for data collection was approximately 0.5 X 0.5 X 0.7 mm.
There were 1725 independent reflections for § < 57°, of which 1628
were considered to be observed [I > 2.54(I)]. The structure was solved
by a multiple solution procedure3® and was refined by full matrix least
squares. In the early stages of refinement it became apparent that
C-19 of the isovalerate (see Figure 1, C-4" in the usual numbering) was
disordered. Atom C-19 was replaced by two atoms, C-19A and C-19B,
with occupancy factors of 0.75 and 0.25, respectively. With these oc-
cupancy factors, the isotropic temperature factors for the two partial
atoms were about the same. C-20 serves as the terminal methyl carbon
for both C-19A and C-19B. In the final refinement, anisotropic
thermal parameters were used for all carbon and oxygen atoms except
C-19B and isotropic temperature factors were used for C-19B and the
hydrogen atoms. The hydrogen atoms were not refined. The final
unweighted and weighted R values were 0.057 and 0.079 for the 1628
observed reflections. There were no peaks on the final difference map
greater than £0.2 e/A~3,

X-Ray Analysis of 4a. The size of the crystal used for data col-
lection was approximately 0.15 X 0.20 X 0.9 mm. Of the 1520 inde-
pendent reflections for # < 57°, 1306 were considered to be observed.
The structure was solved by the multiple solution procedure and was
refined by full matrix least squares. Anisotropic thermal parameters
were used for the heavier atoms and isotropic temperature factors for
the hydrogen atoms. The hydrogen atoms were included in the
structure factor calculations, but their parameters were not refined.
The final discrepancy indices were R = 0.051 and Ry, = 0.057 for the
1306 observed reflections. There were no peaks greater than 0.2
e/A~3 on the final difference map.

Extraction of Other Eupatorium Species. Chloroform extracts
of a previously studied®! collection of E. leptophyllum DC. did not
furnish a significant quantity of sesquiterpene lactone fraction; nei-
ther did two collections of E. compositifolium Walt. (Godfrey #61643
and 67964) nor additional collections of previously studied32:33 E.
capillifolium (Lam.) Small and E. pinnatifidum Ell.34
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Registry No.—1a, 66922-25-6; 1b, 66922-26-7; 1¢, 66922-27-8; 1d,
66922-28-9; le, 66922-29-0; 1f, 66922-35-8; 2a, 66922-30-3; 2b,
66922-31-4; 3, 66922-32-5; 4a, 66922-33-6; 4b, 66922-34-7; (£)-a-
phenylbutyric anhydride, 66922-36-9; (—)-a-phenylbutyric acid,
938-79-4.

Supplementary Material Available: Tables V-XIV listing bond
lengths, bond angles, torsion angles, final atomic parameters, and final
anisotropic thermal parameters of compounds le and 4a (12 pages).
Ordering information is given on any current masthead page.
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