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Abstract- The aerial parts of Artemisia herba-alba Asso subsp. valentina Lam. (Asteraceae) yielded
the new eudesmanolides 1-11 and the new sesquiterpene-monoterpene adducts 12-13. The absolute
configuration of compound 6 was confirmed with the aid of X-ray diffraction analysis. Some
aspects of the thermal and photochemical reactivity of 2,4-cyclohexadienones are discussed.

Sesquiterpene lactones are the most characteristic secondary metabolites of many species of the large
genus Artemisia (Compositae, tribe Anthemideae).""> Among these, Artemisia herba-alba Asso subsp.
valentina Lam. (= A. valentina Lam.) has formerly been shown to contain lactones with eudesmane
framework.>* We have now investigated two chemotypes of this species growing in different geographical
locations. In addition to previously described compounds>* we have found eleven new oxygenated
eudesmanolides 1-11 and two new sesquiterpene-monoterpene adducts 12-13. The structures of the new
compounds have been established, as described below, with the aid of spectral techniques, X-ray diffraction
analysis and chemical reactions.

Compound 1 has the molecular formula CysHgO5. The IR spectrum of the compound shows carbony!
bands characteristic of vlactone and conjugated ketone groups (1780, 1670, 1640 cm’!), and the UV
spectrum displays a strong band at 319 nm, indicating a dienone moiety. The "H NMR spectrum (Table 1)
is qualitatively very similar to that of g-santonin,>® with only slight differences in some chemical shift values.
In view of the much longer wavelength of the UV band maximum of the compound under study, the
isomeric structure 1 (Scheme 1) appears reasonable. The hydrogen connectivities, determined by
decoupling experiments, are in complete accord with the proposed structure. The 13C NMR spectrum
(Table 4) gives added evidence for the proposed structure as it shows the ketone carbonyl peak at 204.50
ppm, in the range expected for a 2,4-cyclohexadienone.”8 Final chemical confirmation of the structure was
given by catalytic hydrogenation of 1 to the known eudesmanolide 11-epitaurin® and by photooxygenation
to 6 (see below).

The TH NMR spectra of compounds 24 clearly indicate that their structures are similar to that of 1 (see
Tables 1 and 4). The most significant differences between the NMR spectra of 1 and 2 are the signals of
H-11 and C-13 (eudesmane numbering system, see Scheme 1), which show>®8 that both compounds are
epimeric at C-11 (Tables 1 and 4). This was confirmed by the observation of an NOE in 2 between the
signals of H-7 and H-13, an effect which is absent in 1. Furthermore, catalytic hydrogenation of 2 yielded
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taurin.? Although it is new as a natural product, compound 2 has been obtained earlier in the acid-catalyzed
dehydration of vulgarin10 and as a synthetic intermediate.1! As regards compounds 3 and 4, the molecular
formula C;5sH g0y, the IR hydroxyl bands, the position and pattern of the H signal at about 4.1 ppm, and
the 13C methine signal at ca. 69 ppm indicate that they are 8a-hydroxy derivatives of 1 and 2, respectively.
Decoupling and NOE experiments supported this conclusion and additionally confirmed the configurations
of the other stereogenic centres of these two molecules. In the case of compound 4, additional chemical
evidence for the proposed structure was its catalytic hydrogenation to the known eudesmanolide

8a-hydroxytaurin.!

2

Tablc 1. '"H NMR data of compounds 1-5a®,

Compound 1 2 3 4 s° 5a°¢
Hydrogen
H-2 6.01brd 6.03brd 6.02brd 6.02brd 629brd 6.12brd
(10) (10) (10) (10) (10) (10)
H-3 682d 682d 6.84d 6.84d 769d 7.04d
(10 (10) (10) (10 (10) (0
H-6 490 br dg 471 brdg 493 brdg 4.72brdg 487brd 4.77brd
(12, 1.5) (11.5;2) (12,15) (12;15) (11) (11.5)
H-7 2.23 dddd 1.78 dddd 2.28ddd 1.88 ddd 1.60m 1.86 dddd
(13;12;75;35) (13;12;11.5;3) (12,11, 7.5) (12;12;11) (12; 12, 11.5; 3)
H-8a 1.81 dddd 2.00 dddd - - 1.72 dddd 2.04 dddd
(13; 5;3.5; 3) (14;4.5;3.5; 3) (12;4;3;3) (13;4.5; 3;2.5)
H-83 1.71 dddd 1.64 dddd 4.14 ddd 4.11ddd 1.60m 1.69 dddd
(13;13; 13;4) (14;14;13;3.5)  (11;11;4.5) (11;11,4.5) (13;13;12;3.5)
H-Ya 148 ddd 1.48 ddd 144 dd 1.46 dd 1.49 ddd 1.57ddd
(13; 13; 5) (14;14;4.5) (13.5; 11) (135; 11) (13; 13; 4) (13.5;13;4.5)
H-98 2.19 ddd 2.20 ddd 2.50dd 2.47dd 2.26 ddd 2.26 ddd
(13;4;3) (14;3.5;3.5) (13.5;4.5) (13.5;4.5) (13;3;3) (13.5; 3.5; 2.5)
H-11 268 dg 2.36dq 290 dg 261dg 240dg 239dq
(7.5;7.5) (12;7) (7.5,7.5) 12,7) (12;7) (%7
H-13 1224 1.24d 1.36d 1414 1.10d 1.27d
(7.5) €] () Q)] ) )
H-14 130s 132s 1335 134s 131s 1.38s
H-15 2.14d 215d 217d 217d 49 brd S.15brd
(1.5) (2) (1.5) (1.5) (14) (12.5)
495brd 5.00brd
(14) (12.5)

2 At 400 MHz in CDCl3 (25°). Coupling constants (in Hertz) arc given in parentheses after the chemical shifts.

®In pyridine-ds.

COAc: 2.07s.

The spectroscopic data of compound 5 are reminiscent of those observed in lactone 4. The hydroxyl,

ylactone and conjugated ketone IR bands, and the UV absorption maximum at 319 nm, point to a closely
related structure. The absence of both the characteristic signal at about & 4.1 and the olefinic methyl H-15,
together with the appearance of an AB system at 5 4.99 and 4.85 (J = 14 Hz) in the 'H NMR spectrum
(Table 1), and a methylene peak at 59.76 in the 3CNMR spectrum (Table 4) clearly point to the existence
of an OH group at C-15. Extensive decoupling experiments in § and its acetate Sa permitted the
establishment of the hydrogen connectivities, which are in accord with the proposed structure.

Compound 6 has the molecular formula C,5H,gOs. The IR spectrum indicates the presence of y-lactone
(1794 cm’!) and nonconjugated ketone (1733 cm'l carbonyl groups. While the 1H NMR spectrnm of 6
(Table 2) is very similar in the high-field range to that of 1, some significant differences are visible above §
4 ppm. A double quadruplet at 5 6.36 (J = 6.5, 1.5 Hz) replaces the two doublets observed in the olefinic
range of the spectrum of 1. Furthermore, a new signal (s 4.54, d, J= 6.5 Hz) appears in the immediate
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vicinity of the lactone proton signal. Decoupling experiments established that this signal is coupled with the
olefinic signal at 5 6.36, which is in turn coupled with a methyl doublet (J = 1.5 Hz) at § 2.15. This suggests
the existence of the fragment C-CH(OR)-CH = C(CHjy)-C. The sharp doublet at & 4.52 (J= 12 Hz) has
therefore been assigned to the lactone proton. In view of these data, structure 6, which contains a peroxide
bridge between H-2 and H-5, has been proposed for the compound in question. The 13C NMR spectral data
(Tablg 4) are in good agreement with this proposal. The stereochemistry of the peroxide bridge was first
deduced from NOE measurements. For instance, a marked NOE was observed between the signals of H-6
and H-15. Inspection of molecular models revealed that this is to be expected only with an « configuration
of the peroxide bridge. Definitive confirmation of the structure was given by an X-ray diffraction analysis
(see Figure 1 and data in Table 5). Structure 6 corresponds to a cycloaddition product of dienone 1 with
molecular oxygen. Indeed, photooxygenation of the latter compound yielded 6, thus additionally serving to
confirm the stereostructure of 1.

1 R=R'=H (11¢H) 6 R=H (11g¢H) 9 R=H 11
2 R=R’=H (11pH) 7 R=H (11gH) 10 R=OH

3 R=0OH; R =H (11aH) 8 R=0H (11gH)

4 R=OH;R’=H

§ R=H;

(NN [NREN

12 13

Scheme 1

The available spectral data clearly suggest that the structures of compounds 7 and 8 are closely related
to that of 6. Careful examination of the NMR spectra of 7 (Tables 2 and 4), and of the results of decoupling
and NOE experiments, leads to the conclusion that 6 and 7 are epimeric at C-11. This was further confirmed
by the photooxygenation of 2 to yield 7. As regards compound 8, the spectral data are strongly indicative
that it is an 8«-hydroxy derivative of 7, a conclusion further supported by the synthesis of 8 via
photooxygenation of dienone 4.

The spectral data of compounds 9 and 10 display certain similarities to those of 2 and 4, respectively. As
in 2, carbonyl bands of y-lactone and conjugated ketone moieties are visible in the IR spectrum of 9. The
UV absorption maximum, however, lies at a shorter wavelength (A max 232 nm), and the molecular formula,
C,5H g0, contains an additional oxygen atom. The most reasonable suggestion is that 9 is one of the two
diastereomeric 4.5-epoxides of 2. Indeed, 13C peaks in the typical epoxide range are visible at 67.75 and
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59.91 ppm (Table 4). The suggested structure was confirmed by the synthesis of 9 via deoxygenation of the
endoperoxide 7 with triphenylphosphine.13 Similar considerations indicate that 10 is the
8a-hydroxyderivative of 9. Synthetic evidence for this is that deoxygenation of 8 with triphenylphosphine
yields 10.

Compound 11 has the same molecular formula as 7. Its 'H NMR spectrum (Table 2), however, indicates
the absence of olefinic hydrogens. Furthermore, two doublets at § 3.41 and 3.22 (J = 3.5 Hz) suggest a
disubstituted epoxide ring. Since other features of the spectrum resemble those of epoxylactone 9, the
diepoxide structure 11 is proposed for the compound. The fact that 11 was formed, albeit in low yield, during
the thermal treatment!3 of 7 served not only to confirm the structure of the compound, but also to establish
the configuration of both oxirane rings (see below).

Table 2. '"H NMR data of compounds 6-11°.

Compound 6 7 8 9 10 11
Hydrogen

H-2 454d 455d 4574 6.00d 6.02d 3224
(6.5) (6.5) (6.5) (10) (10) 3.5)

H-3 6.36 dg 6.36 dg 6.39 dg 6894 691d 341d
(6.5;1.5) (6.5;2) 6.5;2) (10) (10) (3.5)

H-6 4.52d 434d 436d 445d 446d 430d
12) (11.5) (11.5) (11) (11 (11.5)

H-7 2.95 dddd 2.47 dddd 2.55m 2.03 dddd 215m
(13; 12; 7.6; 3) (12.5; 12; 11.5; 3.5) (13;12;11; 4)

H-8a 1.80 dddd 2.00m -- 2.08 dddd —- 1.95m
(13;4.5;3;2.5) (13;4;4;2.5)

H-8p 1.60 dddd 1.55 dddd 4.03 ddd 1.58 dddd 4.08 ddd
(13;13; 13; 4) (12;12;12;3.5) (11;11;45)  (13;131%3.5)  (11;11;4.5)

H-9 2.02ddd 200m 1.96 dd 1.74 ddd 1.73dd 1.49 ddd
(13;13;4.5) (13;11) (14;13;4) (13.5:11) (13; 13; 5)

H-98 1.85 ddd 1.85 ddd 2.14dd 2.14ddd 2.15m 2.06 ddd
(13;4;2.5) (14; 3.5; 3) (13;4.5) (14;3.5:2.5) (13;3.5;3.5)

H-11 2.12dq 2.33dq 2.55m 2.334dq 2.65dq 2.28dq
(7.6,7.6) (12.5;6.5) (12;7) a7 (127

H-13 1.20d 1.26d 1414 1.26d 1.41d 1.244d
(7.6) (6.5) (6.5) (@) (@) (@)

H-14 1.18¢ 1.20s 1.20s 125 127s 1325

H-15 215d 2.16d 216d 1815 1835 1925
(1.5) (2) (2

2 At 400 MHz in CDCl3 (25°). Coupling constants (in Hertz) are given in parentheses after the chemical shifts.

Compounds 12 and 13 both have the molecular formula C,sH3405. The similarity of their spectra
suggests that they are closely related isomers. Carbonyl bands of vlactone and nonconjugated ketone
groups are visible in both IR spectra. A careful examination of the 'H NMR spectra at 400 MHz (Table 3),
aided by extensive decoupling experiments, led to the suggestion of structures 12 and 13, which are formaily
two Diels-Alder adducts of dienone 2 and the acyclic monoterpene myrcene. The 3C NMR spectra (Table
4) support this conclusion. The synthesis of 12 and 13 by Diels-Alder reaction between dienone 2 and
myrcene (see below), provided chemical evidence for the proposed structure.

The configurational assignment of each compound was made by means of NOE measurements. In 12,
for instance, a clear NOE (69%) was observed between the signals of the hydrogens H-14 (angular methyl of
the eudesmane part) and of H-2" (myrcene part), indicating the monoterpene moiety connecting C-2 and
C-5 (eudesmane numbering) by the upper (p) part of the bicyclic system. This also indicates that the
configuration at C-2’ is the one represented in Scheme 1. Other NOEs confirming the proposed
stereochemistry were observed between the hydrogen pairs H-3/H-10°, H-7/H-15, H-14/H-1’g and
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H-2’/H-1’p. As regards compound 13, the NOE:s detected between the hydrogen pairs H-3/H-10", H-6/H-15,
H-14/H-3, H-14/H-15 and H-1"o/H-2’ constitute a definitive confirmation of the stereochemistry depicted
in Scheme 1.

Table 3. 'H NMR data of compounds 12 and 132

Sesquitcrpene part Monoterpenc part
Compound 12 13 Compound 12 13

H-2 3.19dd 3.12dd H-1'a 1.64 dd 222dd

(6.5, 1) (6;2) (135,7) (14, 10)
H-3 5.74dd 5.73 dd

(6.5,2) (6;2) H-1'g 2.07 dd 1.55dd
H-6 4.09d 436d (135,9) (14,7)

(11.5) (11)
H-7 2.18 dddd 2.06m H-2 2.78 ddd 255dd

(13;12;11.5;3.5) 9.7, 1) (10,7,2)
H-8«x 1.86 dddd 1.90m

(13;4;3;3) H-4 1.97m 1.97m
H-8B 1.50 dddd 1.55m

(13;13;13; 1) H-5 2.09m 2.08m
H-%« 1.25m 1.56 m
H-98 1.90 ddd 186 m H-¢’ 5.06 1qq 5.06 tqq

(14;3; 3) (7,1.5,1.5) (7,15, 1.5)
H-11 233 dg 2.36dq

(12;7) (125, 7) H-§ 1.67brs 167brs
H-13 1.26d 1.26d

) (7) H-o 1.59brs 1.59brs
H-14 1.20s 1075 H \ N

-1 475brs 476 brs
-15 99 197d .

H-1 (129) d 2) 4.67brs 468 brs

2 At 400 MHz in CDCl3 (25°).

The structures of the various isolated compounds are interesting and deserve some comment. The
question immediately arises as to whether or not some of them, particularly 6-8 and 11-13, could be artifacts
formed during the isolation procedure. 2,4-Cyclohexadienones, which are rarely found in nature, have been
shown to exhibit a varied reactivity under both thermal'*!> and photochemicall®
tested the photostability of dienone 2, for instance, in the usual illumination conditions of our laboratory, i.
e. in the absence of direct sunlight. After standing at room temperature for 2 weeks, a nondegassed solution
of 2 in methylene chloride was shown (by means of NMRY) to contain roughly 20 % of peroxide 7, even
without the addition of a sensitizer. The transformation was very clean and did not show any evidence of the
formation of hydroperoxides!” or other compounds. No reaction was observed in the dark or if the solution
had been previously deoxygenated with argon. Interestingly, if a methanolic solution of 2 is allowed to stand

conditions. We have

for only two days under the same illumination and temperature conditions, a different compound is
obtained, which has been assigned structure 14 (Scheme 2) on the basis of its spectral properties. The NMR
data and their temperature dependence indicate that the compound exists as a mixture of two conformers,
which interconvert very slowly at room temperature, so that a different set of signals is clearly visible for
each one (see Experimental). In all probability, the conformational isomerism is due to a hindered rotation
round the C4-Cs single bond (eudesmane numbering, see Scheme 1). The fact that 14 lacks any noticeable
UV absorption above 220 nm is further evidence of the supposition that the diene moiety cannot attain a
planar conformation for steric reasons. The formation of 14 is easily understood in terms of an electrocyclic
opening of 2to a dienylketene,l(’ followed by MeOH addition (Scheme 2).

Compound 14, as well as its corresponding acid, were additionally isolated from some chromatographic
fractions of the plant extract. The appreciable ratc at which dienone 2 is transformed into these compounds
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Table 4. C NMR data of compounds 1-13.2
1 2 3 4 s° 5a° 6 7 8 9 10 11 124 a3

Carbon

—

204.50 204.56 203.72 204.02 204.12 203.61 20392 203.96 202.64 199.33 198.81 20195 211.88 216.44
12333 123.53 12317 12300 12379 12426 7830 7833' 7815 12896 12882 4607 5306 5212
149.10 14905 149.17 14940 145.62 14448 12103 121.09 12160 149.12 14944 5285 122.17 119.67
12141 12147 12222 12203 12691 12151 14981 149.70 14896 5991° 60.417 60.10' 149.82 149.55
143.63 14312 14149 14176 14462 14836 8385 8351 8274 67750 67117 69.25' 4873 4g84f
80.79 8176 7804 7863 8162 8125 7720 7809° 7567 7645 7349 7645 8404 80.86
4349 5407 5508 5883 5400 5403 39.78 4450 5076 4880 5465 4852 4807 4600
20.19 2337 6436 6859 2312 2334 1939 2225 6814 2300 6878 2279 2269 2245
3527 3544 4397 4417 3596 3565 3000 30.10 3985 29.61 3947 29.11 3338 3032
10 5025 5053 49.47 4945 5072 50.84 4752 4774 4720 4864 4804 5149 4764 4792
11 37.84 4107 36.65 4077 40.69 4093 3786 41.18 41.05 4047 4037 4035 4168 4166
12 178.82 178.04 17798 17827 17794 17717 17802 17732 177.20 177.88 178.07 177.55 17857 17890
13 9.66 1243 926 1414 1239 1246 915 1236 1415 1242 1411 1239 1269 1249
4 2604 2623 2735 2736 2613 2632 2075 2079 2175 2230 2327 1976 2026 2084
15 1897 19.07 1892 1886 5976 6248 1908 1905 1900 1800 1781 1886 1975 1878

D00~ e WN

4 At 50.32 MHz in CDCl3 (25°). ®In pyridine-ds. ¢ Acctate signals: § 170.73 and 2093. ¢ Signals from the monoterpenc
part: 144.97 (C-3’), 131.96 (C-7’), 123.72 (C-6'), 109.34 (C-10"), 39.42 (C-2’), 35.56 (C-4), 33.60 (C-1’), 26.55 (C-5), 25.66 (C-8’),
17.74(C-9'). Signals from the monoterpene part: 145.26 (C-3'), 131.95 (C-T), 123.76 (C-6"), 109.77 (C-10°), 40.55 (C-2), 35.49
(C-4),26.73, 26.59 (C-1’, C-5’), 25.68 (C-8’), 17.78 (C-9’). fThe signals with this supcrscript may be interchanged within the
samc column.

in the presence of methanol or water clearly indicates that they are artifacts of the isolation procedure. Even
when the plant was extracted under mild conditions in the dark and the chromatographic separations were
performed as quickly as possible, the formation of minor amounts of the aforementioned artifacts was
practically unavoidable. The oxygenation reaction which gives rise to the cyclic peroxides is, however, much
slower, leading us to believe that compounds 6-8 can be formed, at least in part, in the course of biological
oxygenations inside the plant tissues, i. e. they are true natural products. The isolation of cyclic peroxides
from plant extracts is well precedented, ascaridol being a classic example.!8

0 I

[N

Scheme 2

Vicinal bisepoxides are known to arise in the thermal rearrangement of certain endoperoxides.!? Since
the reaction occurs stereospecifically, the configuration of the resulting oxirane rings can be deduced from
that of the initial peroxide. This helped to establish the stereochemistry of compound 11, since it is formed
in low yield by refluxing a toluene solution of peroxide 7. The reaction is very slow and more than one day
is required for the complete transformation of the starting material. During this time extensive
decomposition of the peroxide to ill-defined products also takes place. At room temperature, there is no
trace of any transformation product, even after two months. Attempts to accelerate the reaction by addition
of acid catalysts met with decomposition of 7. This indicates that diepoxide 11 is not an artifact of the
isolation procedure. Indeed. similar cyclic diepoxides have already been isolated, together with the parent

endoperoxides, from diverse plant sources.1”
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Table 5. Final atomic coordinates of compound 6°

Atom X y z
Cc(1) 0.3330(7) 0.7033(5)  0.9072(4)
C(2) 0.1862(8) 0.7610(6)  0.8684(5)
C(3) 0.0985(7) 0.6676(6)  0.8162(5)
C(4) 0.1680(6) 0.6195(5)  0.7398(4)
C(5) 0.3249(6) 0.6586(4)  0.7234(4)
C(6) 0.4114(6) 0.6151(4)  0.6362(4)
C(7) 0.5570(6) 0.6772(4)  0.6233(4)
C(8) 0.6533(6) 0.6569(6)  0.7148(5)
C(9) 0.5705(7) 0.6991(5)  0.8091(4)
C(10) 0.4207(6) 0.6429(5)  0.8223(4)
C(11) 0.5961(6) 0.6440(5)  0.5141(4)
C(12) 0.4469(7) 0.6400(5)  0.4644(4)
C(13) 0.6781(8) 0.5314(7)  0.5016(S)
C(14) 0.4352(6) 0.5164(5)  0.8517(4)
C(15) 0.1011(7) 0.5252(7)  0.6767(5)
(1) 0.3707(6) 0.7122(4)y  0.9910(3)
0Q2) 0.2390(5) 0.8429(4)  0.7923(3)
0Q3) 0.3039(4) 0.7805(3)  0.7046(3)
0(4) 0.3389(4) 0.6257(3)  0.5374(2) )
0(5) 0.4139(5) 0.6456(4)  0.3775(3) Figure 1. Molecular structure of compound 6

?Estimated standard deviations in the least significant digit
arc shown in parentheses. Only the non-hydrogen atoms are
included. For atom numbering, sec Figure 1.

Compounds 12 and 13 are formally derived from a Diels-Alder reaction with inverse electron demand,
between the dienone 2 as the diene, and the monoterpene hydrocarbon myrcene. Here myrcene acts as the
dienophile, in spite of its actually being a diene. It is already known!413
react as both dienes and dienophiles, although the former mode has been observed less frequently. In fact,

that 2,4-cyclohexadienones can

in our experiments, dienone 2 reacted with myrcene to give a mixture of both diastereoisomeric adducts.
The reaction conditions, however, were rather harsh, since the hydrocarbon had to be used in great excess
as the solvent, and the mixture had to be heated at 10(r for 2 days (see Experimental). No reaction was
observed at room temperature. As in the case of 11. this result supports the idea that these compounds are
not fortuitous artifacts of the isolation procedure. No Diels-Alder adducts of this type had been isolated
from natural sources so far.

EXPERIMENTAL

NMR spectra were measured on Bruker NMR spectrometers WM-400 and AC-200) at the frequencies indicated in the Tables.
Two-dimensional correlation spectra were measured with standard Bruker software. Mass spectra were run on a Varian MAT 711
spectrometer. IR spectra were recorded as oily films on a Perkin Elmer IR spectrophotometer mod. 281. Optical rotations were
measurcd at 24° in the solvent indicated in each case. HPLC was performed in the reverse phase mode (LiChrosorb RP-8, 250 x 8
mm, flow = 3 mL/min; clution with McOH-H,0 mixtures). Medium pressure column chromatography (MPCC) was made on silica
gel Merck (40-63 ).

Extraction and chromatography: Specimens of Artiemisia herba-alba subsp. valentina were collected in October 1986 in
Villena, Alicante, Spain (chemotype 1), and in November 1987 at the border between the provinees of Valencia and Teruel, Spain
(chemotype 2). Both plant materials were subjected to the same treatment; acrial parts (600 g in cach case) were air-dried at room
temperature, ground and macerated with hexane-Et,(O-MeOH 1:1:1. The extract (ca. 60 g) was dissolved in hot McOH (600 mL)
and then cooled to -15°. The waxy precipitate was then climinated by filtration, and the matcrial obtained by evaporation of the
solution was prelractionated by column chromatography on silica gel: A, hexane-Et,0 1:1; B, hexane-EtO 1:3, C, Et,0 and D,
Et;0-McOH 9:1 (length, 70 cm, id. 5 ¢m, 4 L of cach solvent mixture). The four fractions were subjected to further
chromatographic scparations as described below.

Fraction A was fractionated by MPCC on silica gel (gradicnt clution with hexane-E,O from 3:1 to 1:3). The intermediate
fractions were further separated by preparative TLC and HPLC. In this way. a ca. 1:1 mixture of compounds 12 and 13 (30 mg) was
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isolated from chcmotype 2, together with waxcs, sterols and several compounds already described in our former
communications.>* Scparation of 12 and 13 was performed by HPLC. Fraction B was subjected to MPCC on silica gel (gradient
elution with hexanc-EtyO from 1:1 to 1:5). The intcrmediate fractions were further proccssed by preparative TLC and HPLC. This
gave compound 1 (400 mg) and tracc amounts of compound 2 from chemotype 1. The corresponding fractions from chemotype 2
yiclded compound 2 (ca. 1.5 g), together with trace amounts of 1.

MPCC of fraction C on silica gel was carried out with gradicnt elution from Et;O to Et;0-McOH 3:1. The intermediate
fractions were further processed as before by preparative TLC and HPLC. This gave compounds 3 (8 mg) and 6 (60 mg) from
chemotype 1, whercas compounds 4 (650 mg), 7 (80 mg), 9 (13 mg) and 11 (12 mg) were found in chemotype 2. MPCC of fraction
D (gradient clution with CHCl;-McOH 100:1 to 100:5) and subscquent fractionation by prep. TLC and HPLC yielded compounds
8 (22 mg), 10 (7 mg) and § (7 mg) from chemotypce 2 only.
1-Oxoeudesma-2,4-dien-11cH-12,6¢-olide (1). Colourless ncedles, mp 108-110° (pentanc-Et,0); [a]p -35°, (c, 4.58; CHCly). IR
vmax (film): 1780, 1740 (lactonc), 1670, 1640 (ketone), 1575, 1220, 1190, 1035, 1000 cm™!, UV A max (MeOH): 319 nm. EIMS m/z
(% rcl. int.): 246 (M *, 81), 231 (M *-Mc, 18), 218 (M * -CQ, 18), 203 (M *-CO-Me, 20), 190 (M *-2C0, 21), 172 (100), 145 (37),
122 (61), 91 (45). Exact mass mcasurement for the molecular jon: found, M = 246.1259; caled. for CsH 503 M = 246.1255. For
NMR data, see Tables 1 and 4.
1-Oxoeudesma-2,4dien-11pH-12,6c-olide (2). Colourless needles, mp 138.5-139.5° (pentane-Et,0), lit. mp!® 134-135°, lit. mp!!
145°% [a]p -98°, (¢, 1.26; CHCly). IR v max (film): 1778 (lactone), 1655 (ketone), 1635, 1570, 1448, 1020, 825 cml, UV A max
(McOH): 319 nm. EIMS m/z (% rel. inl.): 246 (M *, 42), 231 (M*-Me, 11), 218 (M *-CO, 25), 203 (M *-CO-Me, 26), 190
(M*-2C0, 20), 173 (87), 172 (100), 145 (64), 122 (55), 119 (30), 107 (41), 105 (33), 91 (62), 55 (62). Exact mass measurement for
the molccular ion: found, M = 246.1262; calcd. for CsH;g()3: M = 246.1255. For NMR data, sce Tables 1 and 4.
1-Ox0-8a-hydroxyeudesma-2,4-dien-11aH-12,6¢-olide (3). Yellowish gum which could not be crystallized; [a]p +37°, (c, 0.2;
CHCl3). IR v max (film): 3400 (OH), 1780 (factone), 1660 (kctone), 1635, 1450, 1375, 1255 cm™!. UV A max (McOH): 318 nm.
EIMS mi/z (% rel. inL): 262 (M*, 5), 244 (M *-H,0, 35), 234 (M *-CO, 8), 226 (10), 198 (12), 161 (31), 135 (43), 122 (44), 121
(49), 119 (61), 107 (36), 105 (81), 91 (90), 86 (66). 84 (80), 79 (39), 71 (89), 69 (100), 57 (50), 55 (98). Exact mass measurement for
the molccular ion: found, M = 262.1205; caled. for C;sH,g04: M = 202.1205. For NMR data, scc Tables 1 and 4.
1-Oxo-8a-hydroxyeudesima-2,4-dien-118H-12,6a-olide (4). Colourless needles, mp 181-183° (EtOAc); [a]p +14°, (c, 9.45;
CHCly). IR v max (film): 3400 (OH), 1770 (factonc), 1662 (ketone), 1625, 1565, 1450, 1220, 1130, 1060, 1025, 970 cml, UV A max
(McOH): 318 nm. EIMS my/z (% rel. int.): 262 (M *, 2), 244 (M *-H,0, 10), 226 (7), 183 (40), 136 (36). 135 (100), 134 (30), 85
(45), 83 (74), 71 (31), 69 (32), 59 (55), S5 (32). Exact mass mcasurcment for the molecular ion: found, M = 262.1205; calcd. for
CsHg04: M = 262.1205. For NMR data, sce Tables 1 and 4.
1-Oxo-15-hydroxyendesma-2,4-dien-11gH-12,6a-0lide (5). Colourless needles, mp 251-253° (McOH); |a];; -83°, (¢, 0.57; MeOH).
IR v max (KBr): 3370 (OH), 1783 (lactone), 1659 (ketone), 1626, 1033, 848 cm™t. UV A max (McOH): 316 nm. EIMS my/z (% rel.
int.): 262 (M*, 6), 244 (M* -H,0, 100), 229 (M *-H,0-Mc, 10), 219 (M *-Mc-CO, 8), 201 (20), 189 (28), 173 (31), 171 (48), 161
(24), 151 (13), 133 (14), 121 (23), 109 (32), 91 (21). Exact mass mcasurcment for the molecular ion: found, M = 262.1205; caled.
for CsH 304 M = 262.1205. For NMR data, sce Tables 1 and 4.
1-Oxo-15-acetoxyeudesma-2 A-dien-113H-126a-olide ($a). Oblained by acctylation of § with Ac,O)-pyridine. Colourless oil: (alp
-129°, (¢, 0.41; CHCly). IR v max (film): 1785 (lactonc), 1732 (acctate), 1667 (ketone), 1634, 1452, 1380, 1240, 1140, 1038 eml,
UV xmax (McOH): 316 nm. EIMS m/z (% rel. int.): 262 (M ™-C,H,0, 6), 244 (M *-HOAC, 100), 234 (12), 229 (M * -HOAc-Me,
10), 219 (8), 201 (20). 182 (70), 188 (42), 171 (22), 159 (22), 131 (78), 119 (26), 105 (24), 91 (35). Exact mass measurement for 21/z
244: found, M = 244.1104; caled. for C sH (O M = 244.1100, For NMR data, scc Tables 1 and 4.
1-0x0-2a,5a-peroxyeudesm-3-en-11aH-12,6¢-0lide (6). Colourless needles, mp 173-175° (EtOAC); [a]p -263°, (¢, 1.14; CHCL,).
IR v max (film): 1794 (lactonc), 1733 (kctone), 1196, 1182, 1029, 1002, 981 cm'l. EIMS m/z (% rcl. int.): 278 (M ¥, 20), 250
(M*-C0, 6), 234 (M*-CO,, 5), 232 (5), 219 (12), 206 (13), 177 (10), 165 (100), 137 (45), 125 (20), 109 (40), 105 (41), 97 (50), 69
(46), 55 (62). Exact mass measurement for the molecular ion: found, M = 278.1157; caled. for C sH g05: M = 278.1154. For NMR
data, scc Tablcs 2 and 4.
1-0x0-2a,5a-peroxyeudesnt-3-en-113H-12,6a-olide (7). Colourless needies, mp 165-167° (McOH); [a]py -298°, (¢, 0.75: CHCly)
IR v max (film): 1780 (lactone), 1733 (ketone) eni'! EIMS iz (% rellint): 278 (M +, 2), 263 (M ™ -Mg, 1), 250 (M *-CO, 3), 240
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(M*-05, 1), 234 (M +-CQ,, 3), 219 (18), 177 (9), 165 (16), 125 (26), 109 (27), 69 (40), 55 (100). Exact mass mcasurement for the
molecular ion: found, M = 278.1160; caled. for C,sH g0s: M= 278.1154. For NMR data, scc Tables 2 and 4.
1-Oxo-8a-hydroxy-2a,5a-peroxyeudesm-3-en-118H-12,6a-olide (8). Colourless cubes, mp 176-177° (CHCL,); {a]p -210°, (c, 1.2;
CHCly). IR v max (film): 3500 (OH), 1777 (lactone), 1744 (ketone), 1629, 1230, 1163, 1142, 1116, 1069, 1028, 1010, 975, 942, 907,
718 cm'l. EIMS m/z (% rel. int.): 276 (M *-H,0, 8), 250 (5), 235 (20), 233 (7), 205 (10), 189 (13), 181 (100), 176 (23), 163 64}, 151
(42), 135 (55), 125 (51), 105 (53), 95 (80). For NMR data, scc Tables 2 and 4.

1-Oxo-4a,5a-epoxyeudesm-2-en-11H-12,6a-olide (9). Colourless ncedles, mp 179-180° (hexane-E1,0). IR v max (film): 1767
(lactone), 1673 (ketonc), 1446, 1375, 1260, 1236, 1164, 1139, 1025, 988, 899, 858, 808, 738 cm™!. UV A max (MeOH): 232 nm. For
NMR data, see Tables 2 and 4. EIMS m/z (% rcl. int.): 262 (M *, 2), 247 (M *-Mc, 1), 234 (M *-CO, 4), 219 (M*.CO-Mc, 11),
165 (100), 97 (32). Exact mass measurement for the molecular ion: found, M = 262.1212; caled. for C;sH 04 M = 262.1205
1-Oxo-8a-hydroxy-da,5a-epoxyeudesm-2-en-118H-12 6q-olide (10). Colourless ncedles (McOH), dec. above 175°. IR v max
(film): 3500 (OH), 1759 (lactonc), 1683 (ketone), 1439, 1376, 1344, 1278, 1258, 1135, 1078, 1023, 976, 880, 800 cm™!. UV A max
(McOH): 232 nm. EIMS m/z (% rel. int.): 278 (M*, 5), 263 (M *-Mc, 2), 250 (M *-CO, 7), 235 (M *-CO-Me, 10), 181 (100), 163
(25), 161 (21), 151 (25), 135 (27), 109 (20}, 97 (35). Exact mass measurement for the molecular ion: found, M = 278.1154; calcd.
for C;sHg0s: M = 278.1154. For NMR data, sce Tables 2 and 4.

1-Ox0-2a,3a4a,5a-diepoxyeudesman-11gH-12,6a-olide (11). Colourless ncedles, mp 248-250° (EtOAc). IR v max (film): 1775
(lactone), 1720 (ketonc), 1445, 1376, 1225, 1165, 1135, 1018, 980,910,850 cm™!. EIMS m/z (% rel. int.): 278 (M *, 1), 263 (M *-Me,
6),250 (M*-CQ, 3), 235 (M *-CO-Me, 1), 165 (100), 151 (19), 137 (25), 125 (16), 109 (24), 97 (30). Exact mass mcasurement for
the molecular ion: found, M = 278.1154; calcd. for C sH gO5: M= 278.1154. For NMR data, see Tables 2 and 4.

Compound (12). Colourless solid, mp 172-176° (pentanc-EtOAc). IR v max (film): 1775 (lactone), 1715 (ketone), 1635, 1450,
1180, 1140, 1000 em™). EIMS iz (% rel. int.): 382 (M*, 4), 367 (M *-Mec, 1), 354 (M *-CO, 1), 339 (M*-CO-Me, 3), 247
(M*-C oHys, 16), 173 (47), 136 (41), 93 (100), 79 (19), 69 (83), 55 (56). For NMR dala, see Tables 3 and 4.

Compound (13). Colourless cubes, mp 106-108° (pentane-EtOAc). IR v max (film): 1780 (lactone), 1720 (ketonc), 1640, 1450,
1185, 1145, 1010 em’l. EIMS m/z (% rel. int): 382 (M *,3), 367 (M*-Mg, 1), 354 (M*-CO, 1), 339 (M *-CO-Mc, 2), 247
(M*-CgHs, 12), 173 (66), 136 (50), 93 (100), 79 (10), 69 (55), 55 (79). For NMR data, scc Tables 3 and 4.

Compound (14). Obtaincd by photooxygenation of a methanolic solution of 2, under the conditions described below. Colourless
oil. IR v max (film): 1775 (lactonc), 1731 (cster) cm’, UV A max (McOH): no absorption above 220 nm. 'H NMR: 5.56, 5.52 (2
xtg,J = 7.5,2 Hz, H-3), 4.47,4.35 (2 xddg, ) = 10; 2.5, 2Hv, H-6), 3.63,3.62 ( 2x 5, 3H, OMe), 2.90, 2.86 (2 x br dg, J = 7.5, 2 Hz,
H-2),2.30(dq,J = 12,7 Hz, H-11), 2.25-2.15 (m, H-9/9"), 2.05-1.95 (m, H-8), 1.90-1.80 (mnm, H-7), 1.81, 1.80 (2x br dr, J = 2, 2 Hz,
H-15), 1.65-1.55 (m, H-8"), 1.50,1.49 (2 x br d, ] = 2 Hz, H-14), 1.22, 1.21 (2xd, J = 7 Hz, H-13). 13C NMR: 172.40, 172.28 (C-1),
34.83, 34.58 (C-2), 120.44, 118.92 (C-3), 136.60, 134.76 (C-4 or C-5), 131.31, 13102 (C-5 or C-4), 82.28, 80.05 (C-6), 49.27, 48.66
(C-7), 22.90, 22.85 (C-8), 31.26 (C-9), 130.86, 130.23 (C-10), 41.81, 41.52 (C-11), 179.54 (C-12), 12.34 (C-13), 19.15, 18.70 (C-14),
24.32,22.45 (C-15).

Photooxygenation reactions.- Dicnone 1 (100 mg) and Methylene Blue (5 mg) were dissolved in dry McCN (100 mL) and
photooxygenated under the reported conditions®® at 10° for 40 min. After this time, the reaction mixture was concentrated i1 vacto
and chromatographed on silica gel (hexane-EtOAc 3:2). This gave 6 (57 mg, 51%). With the same experimental procedure,
dicnoncs 2 and 4 were photooxygenated to 7 and 8, respectively, with similar yiclds. Substitution of MeOH for McCN gave rise to
the formation of methyl ester 14 from 2 or the corresponding methyl esters from 1 and 4.

Deoxygenation of peroxides with tnphenylphosphine.- Peroxide 7 (55 mg) was dissolved in CH,Cl; (3 mL) and treated with
triphcnylphosphine (149 mg, 3 equiv.). After stirring at room temp. for 16 hr (monitoring by TLC), the mixture was concentrated
in vacuo and chromatographed on silica gel (hexane-EtOAc 3.2). This gave 9 (12 mg, 23% yicld). In the same way, peroxide 8 was
deoxygenated to epoxvlactone 10 with a similar yield.

Thermal rearrangement of peroxide 7.- A solution of compound 7 (175 mg) in tolucnc (4 mL) was refluxed for 26 hr under Ar
atmosphere. The reaction mixture was then evaporated i vacuo and chromatographed on silica gel (E1,0). This gave dicpoxide
11 (20 mg, 12%, yicld).

Diels-Alder reaction of dienone 2 with myrcenc.- A mixture of dicnone 2 (50 mg) and myrcene (1 mL) was hcated at 100° under
Ar in the dark for 48 hr. The reaction mixture was then put on the top of a short silica gel column and eluted with hexane until
climination of the excess of myrcene. Further elution with F1,0 gave a residue which was then rechromatographed on silica gel
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(flash chromatography, CHCl5-Et,0 100:1). This gave a ca. 1:1 mixturc of 12 and 13 (30 mg, 51% yicld, bascd on recovered 2), as
well as 13 mg of unrcacted 2.

X-ray diffraction data of compound 6.-Crystals of 6 are orthorhombic, space group P2,2,2, (No. 19), a= 9.039 (2), b= 11.603
(3), c= 13.157 (3) A, V= 138000 A%, Z =4, Deye= 1.339 giem®, = 0.94 cm’l. Crystals were sealed in Lindcmann capillaries
(crystal dimensions: 0.10 x 0.15 x 0.20 mm?). All data were collected using an Enraf-Nonius CAD-4 diffractometcr. A total of 1414
reflections were measurcd at room temperature with graphite-monochromated MoK radiation up to 8 = 25, using an -2 scan
mode with  scan width = 0.70 + 0.35 tan 6, and » scan specd 1.1 deg/min. Alter data reduction, 961 reflections with I 22(1) were
taken as obscrved. The structure was solved by direct methods (MULTAN11/82),2! hydrogen atoms were obtained from a Fouricr
diffcrcnce map. The following full-matrix least-squares rcfinement with anisotropic thcrmal paramecters for all non-hydrogen
atoms, and isotropic thermal paramelers for hydrogen atoms, led to R = 0.059 and 0.063 for 253 variablcs (weighting schemc: w'!
= *(F) + (p[F])?, with p= 0.04). The final Fouricr differencc map showed no significant fcaturcs. Scattering factors are from

Cromer and Waber.22 All crystallographic calculations were performed by using the Enraf-Nonius SDP package 2324
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