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Isolation and structure determination of eregoyazin and eregoyazidin, two new guaianolides from the wood of
Eremanthus goyazensis Sch.-Bip., by physical methods and by correlation with isoeremanthin are reported. Evi-
dence concerning the stereochemistry of these compounds at C-4 based on methods used customarily for the deter-
mination of configuration of 3-oxoguaianolides at this center is contradictory.

Extracts of Eremanthus species (Vernonieae, Elephanto-
podinae) and other Compositae have demonstrated schisto-
somicidal properties.®-> The active component of the wood
oil of E. eleaegnus Sch.-Bip., also isolated from the schisto-
somicidal wood oil of Vanillosmopsis erythropappa Sch.-Bip.,
was the guaianolide eremanthin (1)35 which was subse-

quently® shown to be identical with a substance named van-
illosmin by Italian workers. The herbaceous parts of E. goy-
azensis Sch.-Bip. yielded a schistosomicidal and cytotoxic
heliangolide goyazensolide® which is closely related to ere-
mantholide A from E. eleaegnus (plant part unspecified)® and
to deoxygoyazensolidel® from the herbaceous parts of V. er-
ythropappa. Investigation of the wood of E. goyazensis has
now resulted in the isolation, in small amount, of two new
guaianolides eregoyazin (2) and eregoyazidin (3). Structure
and stereochemistry (except for the center at C-4) were es-

tablished by NMR and CD spectroscopy and confirmed by
synthesis of 2 and 3 from isoeremanthin (4).11

Eregoyazin (2), C;5H1gO3 (high-resolution mass spectrum),
mp 178-181 °C, was an a-methylene a,8-unsaturated lactone
(IR bands at 1760 and 1665 cm™1; Ap.x (EtOH) 219 nm (e
18 500), narrowly split doublets at 5.60 and 6.30 ppm in the
'H NMR spectrum). The existence of another carbonyl
function, probably a cyclopentanone, was indicated by an IR
band at 1740 cm. The presence of a second, trisubstituted
double bond was indicated by a broad one-proton resonance
at 5.65 and a somewhat broadened singlet characteristic of a
vinyl methy! group at 1.78 ppm. Hence the new substance had
a bicyclic carbon skeleton.

Identification of the H-7 resonance (multiplet at 2.97 ppm)
was achieved by irradiating the narrowly split doublets of the
exocyclic methylene group. Irradiation at the frequency of H-7
not only collapsed these doublets into singlets, but changed
atriplet at 4.07 ppm (H-6) into a doublet and affected signals
at 2.74 and 2.08 ppm (H-8a and H-8b) which were in turn
coupled geminally. Irradiation at the frequency of H-8b af-
fected the vinyl resonance at 5.65 ppm which was in turn
coupled to the vinyl methyl signal, thus leading to partial
structure A.
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Irradiation at the frequency of H-6 affected a multiplet at
2.28 ppm (H-5) as well as the H-7 resonance. Irradiation at the
frequency of H-5 simplified a signal at 2.37, a two-proton
signal centered at 2.52 ppm, and the resonance of H-6. One
of the protons at 2.52 ppm (H-2a) was geminally coupled to
a proton (H-2b) whose signal appeared as a multiplet at 3.22
ppm; the other (H-4) was coupled to a methyl group respon-
sible for a doublet at 1.24 ppm. Both H-2a and H-2b were vi-
cinally coupled to the proton responsible for the resonance at
2.37 ppm (H-1); the chemical shifts of H-2a, H-2b, which in-
dicated that they were « to the ketone group, and H-4 and the
lack of further coupling established the gross structure of
eregoyazin as that shown in 2.

The stereochemistry of eregoyazin at C-1, C-5, C-6, and C-7
was deduced as follows. The negative Cotton effect at 256 nm
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Table 1
Compound 8, ppm (CDCl,)
HCH‘: H
OH
.a 4,85
Hg
0
CH
5.03
Brd
OH
)fo* 4.02
CH, Br
——
/H<H
- 4.00
—_—
1 3.98
4 4.03

(Figure 1) and the magnitude of J7,3 (3 Hz)!4 indicate that
the lactone ring is trans fused. Since H-7 is « in sesquiterpene
lactones from higher plants, H-6 must be 8, in agreement with
the value of Jg 7 (11 Hz). The magnitude of /5 g (10 Hz) indi-
cates that H-5 and H-6 are trans; hence H-5 is « in accordance
with biogenetic considerations.!® Lastly, comparison of Jy 5
(3.5 Hz) with values derived by inspection of models with H-1
a and 8 leads to the conclusion that H-1 is «, again in accor-
dance with biogenetic considerations. The stereochemistry
at C-4 will be discussed subsequently together with that of
eregoyazidin.

Eregoyazidin (3), C15H2003 (high-resolution mass spec-
trum), mp 186-189 °C, had IR bands at 1760 and 1735 cm™1,
indicative of a vy-lactone and a cyclopentanone. The UV
spectrum showed only end absorption, while the NMR spec-
trum displayed significant resonances as follows: one vinylic
proton at 5.56, a proton under lactone oxygen at 4.03, a vinyl
methyl group at 1.80, and two secondary methyl groups at 1.26
and 1.22 ppm. Comparison with the spectral data of eregoy-
azin thus indicated that eregoyazidin was a 11,13-dihydro
derivative of 2. The above conclusion was substantiated by
decoupling experiments which will not be discussed in detail.
From the values of Js 7 (10 Hz), J5 5 and J; 5 (3 Hz) and on the
assumption that H-7 is ¢, it could again be deduced that H-6
is 8 and H-1 and H-5 are a.

The gross structure and stereochemistry so far assigned to
eregoyazin and eregoyazidin was confirmed by partial syn-
thesis from isoeremanthin (4).11 Reaction of 4 with 1 mol equiv
of Bry in ether at ~70 °C gave a mixture from which 5 could
be isolated in ~53% yield. That addition of Brs had taken
place at the 9,10 double bond was clearly indicated by the
NMR spectrum which retained the broadened C-4 methyl
singlet (at 1.95 ppm) and one of the two vinyl resonances of
4 at 5.50 ppm, but exhibited the C-10 methyl resonance as a
sharp singlet at 2.00 and a new triplet (H-9) at 4.79 ppm. The
stereochemistry assigned to 5 is based on inspection of models
(predominant attack of halogen from the less-hindered side),
the facile debromination observed subsequently, and chemical
shift datal® (Table I). Peracid oxidation of 5 from the less-
hindered side afforded mainly the a-epoxide 6 whose NMR
spectrum displayed the H-3 signal at 3.44 and the C-4 methyl
resonance as a sharp singlet at 1.63 ppm. Exposure of 6 to
methanolic zinc resulted in debromination to 7 whose NMR
spectrum exhibited relevant signals at 1.67 (C-4 methyl), 1.79
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Figure 1. CD curves of eregoyazin (2), eregoyazidin (3), acetyl-43-
methyl- (8) and acetyl-4a-methyl-5aH -dihydroisophotosantonic acid
lactone (9).

br (C-10 methyl), 3.33 m (H-3), and 5.59 m (H-9). Finally,
treatment of 7 with BF3-OEt, afforded a substance identical
in all respects with eregoyazin. Further reduction of 2 with zinc
in hot glacial acetic acid yielded eregoyazidin (3).

The conversion of 7 to eregoyazin with BF3-OEt; suggested
that the C-4 methyl groups of eregoyazin and, because both
base- and acid-catalyzed equilibration of acetyl 43-methyl-
5aH-dihydroisophotosantonic acid lactone (8) leads exclu-
sively to the 4a-methy! epimer 918:20 and the presence of the
9,10 double bond was not expected to affect the stability re-
lationships,?! eregoyazidin were « oriented. To confirm this
supposition the CD curves of eregoyazin and eregoyazidin
were compared with those of the model compounds 8 and 9
which exhibit Cotton effects of opposite sign near 300 nm?22.24
(Figure 1). To our great surprise, the two CD curves were
roughly enantiomeric, that of eregoyazin being essentially
superimposable on that of the more stable 9 if allowance is
made for the lactone Cotton effect near 256 nm. On this basis
alone one would conclude that the stereochemistries of ere-
goyazin and eregoyazidin at C-4 are opposite, with eregoyazin,
like 9, having the 4a-methyl configuration and eregoyazidin,
like 8, having the 43-methyl configuration. However, pro-
longed treatment of eregoyazidin with Al;03 or Ko.CO3-MeOH
at room temperature under conditions which effect isomer-
ization of 8 and 9 had no effect on the CD curve and resulted
in recovery of starting material. Hence the C-4 methyl group
of eregoyazidin occupies the stable configuration, whatever
its orientation, as would indeed be expected from the method
of preparation.

We are therefore forced to the conclusion that either the CD
curves of 8 and 9 cannot always be used as models for other
3-oxoguaianolides (even though the stereochemistry at C-1,
C-5,C-6, and C-7 be the same) or that 8 and 9 cannot be used
to anticipate the relative stabilities at C-4 of such compounds
as eregoyazin and eregoyazidin due to subtle conformational
factors. Similarly, the argument that epoxidation of 5 could
have occurred predominantly from what appears to be the
more-hindered 3 face, that BF;-catalyzed rearrangement of
the resulting 33,43-epoxide, if concerted, would therefore have
produced eregoyazin with a 43-methyl group, and that Zn-
acetic acid reduction to eregoyazidin could have been ac-
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companied by isomerization of C-42% would require that for
some reason the CD curves of eregoyazin and eregoyazidin be
enantiomeric with those of 8 and 9, respectively. Further work
is now under way to shed light on this set of contradictions.

Some uncertainty also surrounds the stereochemistry of
eregoyazidin at C-11 to which we tentatively assign the a-
11-methyl configuration because of the mode of preparation
from eregoyazin.?® Attempts to verify this by NMR spec-
troscopy failed for the following reasons: (1) The magnitude
of J7,11 could not be used for this purpose as construction of
models with H-11 o and 8 indicated that the coupling constant
would be approximately the same. (2) The solvent shift
method, useful for determining the stereochemistry of C-11
methyl group in the case of y-lactones attached to rigid six-
membered rings,26 could not be extended to the present sit-
uation as the values obtained were intermediate between the
values reported for quasiequatorial and quasiaxial meth-
yls.27

Experimental Section?2?

Isolation of Eregoyazin and Eregoyazidin. Eremanthus goy-
azensis Sch.-Bip. was collected by Dr. Silvio José Sarti in the vicinity
of Orléndia, S&o Paulo State, Brasil in May 1974. The powdered wood
(wt, 22 kg) was extracted with hot ethanol. This gave 497 g of crude
extract which was chromatographed over 3 kg of silica gel, 600-mL
fractions being eluted in the following order: 1-123 (benzene), 124-133
(benzene-CHCIl3 20:1), 134-141 (benzene-CHCl; 15:1), 142-151
(benzene-CHCl; 10:1), 152-157 (benzene-CHCly 5:1), 158-183
(benzene-CHCl; 1:1), 164-169 (CHCl3), 170-217 (CHCl3-EtOAc
10:1), 218-222 (CHCl1;-EtOAc 5:1), 223-227 (CHCls-EtOAc 1:1),
228-266 (EtOAc), 267-273 (EtOH). Fractions 130-137 (150 mg)
showed one major spot on TLC and were combined and purified by
preparative TLC on silica gel (benzene-EtOAc 5:1) to give 60 mg of
eregoyazin: mp 178-181 °C; UV Ayax 219 nm (e 18 500); IR bands at
1760, 1735, 1660, 1240, 1130, 991, 951, 831, 810, 790, and 720 cm™1;
NMR signals (CDClg) at 2.37 (dd, H-1,J 5 = 3, /1,24 = 6 Hz), 3.22 (dd,
H-2a, Joa 2 = 15 Hz), 2.52 (m, H-2b and H-4, J; 5 = 10, J 4,15 = 6 Hz),
2.28 (m, H-5, Js,6 = 10.5 Hz), 4.07 (t, H-6, Jg 7 = 10 Hz), 2.97 (m, H-7,
J7,8a = 10,7132 = J7,130 = 3 Hz), 2.08 (t, H-8a, Jg, g, = 16 Hz), 2.74
(dd, H-8b, Japg = 6 Hz), 6.55 (dbr, H-9, H-13a), 6.24 (d, H-13b), 1.24
(d, C-4 methyl), and 1.78 (br, C-10 methyl); NMR signals (C¢Dg) at
1.98 (m, H-1, H-2a, or H-2b, H-8b), 1.48 (m, H-2a or H-2b, H-5), 2.19
(m, H-4, H-7), 3.03 (t, H-6), 2.41 (dd, H-8a), 4.98 (br, H-9), 4.83 (d,
H-13a), 6.09 (d, H-13b), 1.05 (d, C-4 methyl), and 1.34 (br, C-10
methyl); NMR signals (CsDsN) at 3.10 (m, H-1), 2.44 (m, H-2a, H-2b,
H-4, H-8b), 2.11 (m, H-5), 3.07 (t, H-6), 2.89 (m, H-7), 1.89 (t, H-84a),
5.36 (br, H-9), 5.42 (d, H-13a), 6.23 (d, H-13b), 1.14 (d, C-4 methyl),
and 1.62 (br, C-10 methyl); mass spectrum m/e (rel intensity) 246
(M*,100), 218 (27), 190 (26), 190 (26), 175 (21), 150 (65), 149 (90), 93
(39), 91 (35), 69 (57), 41 (49).

Anal. Caled for C15H;503: mol wt, 246.1255. Found: mol wt (MS),
246.1255.

Fractions 164-169 (144 mg) showed one major spot on TLC and
were combined and purified by preparative TLC (benzene-EtOAc
5:1) to give 50 mg of eregoyazidin: mp 186-188 °C; UV, end absorption
only; IR bands at 1760, 1735, 1180, 985, and 739 cm~!; NMR signals
(CDCl;) at 2.54 (m, H-1, H-8b, and H-11), 3.10 (m, H-2a, J3, 9 = 12,
J1,2a = 6 Hz), 2.25 (m, H-2b, H-4), 2.13 (m, H-5,J4 5 = 8,J1 5 = 3 Hz),
4.02 (t, H-6, J5 6 = Js 7 = 10 Hz), 2.09 (m, H-7), 5.54 (dbr, H-9, Jsbg
= 6 Hz), 1.24 (d, C-4 methyl, J, 15 = 6 Hz), 1.78 (br, C-10 methyl), and
1.20 (d, C-11 methyl, /11,15 = 6 Hz); mass spectrum m/e (rel intensity)
248 (M+, 37), 220 (11), 205 (9), 152 (73), 151 (100), 93 (22), 91 (40), 41
(86), and 39 (61).

Anal. Caled for C;5H2903: mol wt, 248.1412. Found; mol wt (MS),
248.1410.

A solution of 5 mg of this substance in ethanol was hydrogenated
with 1.5 mg of Adams catalyst at 10 psi pressure and room tempera-
ture. After 1 h, the solution was filtered and evaporated. After re-
crystallization from acetone—hexane (2:1), the residual solid melted
at 196-199 °C, reminiscent of tetrahydroestafietone (mp 198 °C)3°
which has a-oriented C-4 and C-11 methyl groups. An authentic
sample of this substance was not available for comparison.

Reaction of Isoeremanthin with Bromine. To a solution of 4
(1.50 g, 6.50 mmol) in 50 mL of dry ether kept at =70 °C was added
dropwise and with stirring a solution of Brs (1.029 g, 6.50 mmol). The
mixture was allowed to stand for 1 h at —70 °C; subsequently 5%
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aqueous NaHCOj3 (10 mL) was added at once. The mixture was al-
lowed to come to reach room temperature slowly and diluted with
CHCl;. The organic phase was washed with water, dried (MgS04),
and concentrated in vacuo. The resulting oil was purified by column
chromatography, yield 1.33 g of 5 (53%): mp 94-96 °C dec; IR bands
at 1765, 1654, 1235, 1210, and 1115 cm~!; NMR signals at 1.89 (br, C-4
methyl), 2.00 (C-10 methyl), 4.87 (t,J = 9 Hz, H-6), 4.79 (t, J = 3 Hz,
H-9), 5.48 (m, H-3), 5.45 (d), and 6.22 (d, J = 3.5 Hz, H-13), mass
spectrum m/e (rel intensity) 392 (M+, 12) 390 (M, 17), 388 (M, 11),
319 (23), 312 (55), 310 (28), 231 (86), 150 (75), 81 (53), 80 (80), 79 (98),
77 (100).

Anal. Caled for C15H;1sBro0s: C, 46.27; H, 4.62; Br, 40.87. Found:
C, 45.86; H, 4.46; Br, 41.28.

Other fractions from the chromatogram represented a mixture of
tetrabromides, a trace of a hexabromide, and starting material
(16%).

Epoxidation of 5. To a solution of 5 (1.0 g, 2.57 mmol) in CHyCl,
(30 mL) cooled to 0 °C was added with stirring m-chloroperbenzoic
acid (0.66 g, 3.85 mmol). After 3 h, the mixture was diluted with CHCl;
(15 mL), washed with NaHCOj3 and water, dried, and concentrated
to give approximately 1 g of a clear oil which was chromatographed
over 20 g of silica gel. Gradient elution with hexane-EtOAc gave after
concentration 0.64 g (61%) of 6 as colorless needles: mp 107 °C; IR
bands at 1765, 1650, 1145, 955, and 825 cm~!; NMR signals at 1.63
(C-4 methyl), 2.00 (C-10 methyl), 3.44 (m, H-3), 4.80 (m, H-6 and H-9),
5.46 and 6.23 (d, J = 3.5 Hz, H-13); mass spectrum m/e (rel intensity)
393 (M*, 2), 391 (M, 5), 389 (M, 3), 327 (73), 325 (66), 245 (43), 81
(29), 79 (26), 43 (100).

Anal. Caled for C1sH18Bry05: C, 44.44; H, 4.44; Br, 39.25. Found:
C, 44.44; H, 4.52; Br, 39.50.

Another substance which was tentatively identified as the 3-epoxide
was also isolated in ca. 20% yield.

Debromination of 6. To a solution of 6 (0.408, 0.98 mmol) in
MeOH (20 mL) was added with vigorous stirring 1 g of zinc powder
and 0.15 mL of AcOH. After 1 h of stirring at room temperature, the
mixture was filtered and the precipitate washed with ca. 20 mL of
CHCl;. The combined filtrate and washings were evaporated in vacuo,
the residue was taken up in CHCls, washed with NaHCOj3 and H,0,
dried, and evaporated to give 0.24 g (96%) of 7: mp 185-188 °C, IR
bands at 1760, 1660, 1135, 978, and 813 cm™!; NMR signals at 1.87
(C-4 methyl), 1.79 (br, C-10 methyl), 3 33 (br, H-3), 3.93 (dd, J’s =
9.5, 12 Hz, H-6), 5.59 (br, H-9), 5.49 and 6.23 (d, J = 3.5 Hz, H-13);
mass spectrum m/e (rel intensity) 246 (M, 7), 231 (6), 152 (7), 95
(100), 43 (32).

Anal. Calced for Cy5H1303: mol wt, 246.1251. Found: mol wt (MS),
246.1175.

Conversion of 7 to Eregoyazin. To a solution of 7 (0.22 g, 0.89
mmol) in benzene (20 mL) was added with stirring freshly distilled
BF3.0OEt; (0.12 mL, 0.89 mmol). After 1 h at room temperature, CHClg
(40 mL) and aqueous NaHCO; (5%, 20 mL) was added. The organic
layer was washed with H;0, dried, and concentrated. Purification of
the residue by column chromatography (13 g of adsorbent, gradient
elution with hexane-EtOAc) gave 0.18 g of 2, mp 178-181 °C, identical
in all respects with the substance isolated from E. goyazensis.

Zn-Acetic Acid Reduction of Eregoyazin. To a solution of 2 (0.15
g, 0.61 mmol) in glacial AcOH (15 mL) was added with vigorous stir-
ring 3.5 g of zinc powder. The mixture was stirred at 70 °C for 8 h,
cooled, and filtered, and the solid was washed with CHCls. The
combined filtrate and washings were evaporated in vacuo; the residue
was taken up in CHCI;, washed with NaHCO3 solution and H»0,
dried, and evaporated. A 2:1 mixture of hexane-benzene was added
and the mixture was refluxed for 1 min. After cooling, the mixture was
filtered. TLC analysis of the precipitate showed that it consisted
mainly of material not absorbing strongly in the UV region. Further
purification of the residue by column chromatography (2 g of adsor-
bent, gradient elution with hexane-EtOAc) gave 0.105 (66%) of 3, mp
186-189 °C, identical in all respects with eregoyazidin from E. goy-
azensis.

Registry No.—2, 63569-75-5; 3, 63599-46-2; 4, 63569-76-6; 5,
63569-77-7; 6, 63569-78-8; 7, 63569-79-9.
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The isolation of three new closely related trans-clerodane-type diterpenoids, 1a, 1b, and 2a, from the medicinal
plant Baccharis trimera (Less.) DC is described. Proof for the proposed structures and definite evidence for the
stereochemistry were provided by x-ray analysis of 2a. The flavone eupatorin was also isolated from B, trimera and

the dihydroflavone sakuranetin from B. retusa DC.

Several members of the large Western hemisphere genus
Baccharis (Compositae, tribe Astereae) are used as folk
medicines by the populations of their respective habitats. In
the present communication, we report on constituents of two
such species which are native to Sdo Paulo and neighboring
states of Brazil.

Ethyl acetate extracts of Baccharis trimera (Less.) DC, a
well-known medicinal plant of this region,3* afforded pro-
tection against infection by cercaria of Schistosoma mansoni.
Large-scale extraction and extensive chromatography af-
forded four crystalline compounds in relatively small amounts.
One of these was eupatorin (3’,5-dihydroxy-4/,6,7-trime-
thoxyflavone, 3)8; the others were three new apparently closely
related diterpenoids: CgoH2504, mp 151-153 °C (la);
CQ()H2305, mp 203-205 °C (lb), and C20H2605, mp 195-196
°C (2a).

The extra oxygen of 1b and 2a was that of a secondary hy-
droxyl group as evidenced by the IR spectra and the facile
oxidation of 1b and 2a to the ketones 1c and 2b which exhib-
ited new IR bands at 1705 and 1700 cm~1, respectively, and
lacked a multiplet near 4.1 ppm found in the NMR spectra of
1b and 2a (Table I). A pronounced diamagnetic shift of a
doublet near 5.3 ppm (also present in the NMR spectrum of
1a) to near 4 ppm accompanied these oxidations, the doublet
being the downfield half of an AB system where B, near 3.9
ppm, was in turn coupled (J = 3 Hz) to another proton. The
chemical shift of the AB system seemed characteristic of the
methylene protons in the grouping -(O==)COCHa- (A), with
the B proton apparently long-range coupled to another pro-
ton.

In the same region of the NMR spectra, 1a—¢ also displayed
the AB part of an ABX system near 4.45 and 3.95 ppm. The



