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Highly Oxygenated Guaianolides from Anthemis carpatica
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Twelve new guaianolides, (1—12), six of them (2—5, 9 and 12) containing a hydroperoxy function,
were isolated from the aerial parts of the flowering plant Anthemis carpatica. Their structures
were elucidated by spectroscopic methods, including 2D NMR experiments.

The genus Anthemis L. (family Asteraceae, tribe
Anthemidae) comprises about 130 species that com-
monly occur in the Mediterranean, although some also
can be found in southwest Asia and South Africa.l In
Serbia nine species are known.2 Three main classes
of compounds of chemosystematic interest, such as
polyacetylenes, flavonoids, and sesquiterpene lactones,
typical for Anthemidae, have been detected in the
genus Anthemis.34 Among the sesquiterpene lactones,
only three types, that is, germacranolides (and seco-
germacranolides),5~15 eudesmanolides,*6” and guaiano-
lides,>1418.19 have been isolated from the genus. The
exception is an allergenic lactone with unusual structure
(anthecotuloide), the constituent of A. cotula.2°2! Con-
tinuing our chemotaxonomic examinations of the Yu-
goslavian flora belonging to Asteraceae and our search
for new compounds of pharmacological interest, we now
report the investigation of the aerial parts of Anthemis
carpatica Willd, a species usually occurring at elevated,
shady and grassy, sandy terrains of the Balkan Pen-
ninsula, eastern Alps, and east Carpathian Mountains.2
A flavonoid quercetin?? (leaves) and polyacetylenes*
(roots) are the only secondary metabolites reported for
A. carpatica.

Results and Discussion

Repeated Si gel column chromatography of the ex-
tract, obtained using the usual extraction procedure for
isolation of sesquiterpene lactones,?®> combined with
preparative TLC of some fractions, yielded sesquiter-
pene lactones 1-12. The application of 2D NMR
methods, such as double quantum filtered (DQF) COSY,
TOCSY, phase-sensitive (PS) NOESY, HMQC, and
HMBC, performed on compounds 1 and 5—11 enabled
their complete 'H- and partial 13C-NMR assignments.
The *H-NMR spectra of the remaining lactones were
assigned by characteristic chemical shifts and couplings
and by comparison with spectra of the above analogues.
The spectral data of all compounds were in accordance
with the same type of (quaiadien-12,6a-olide) skeleton,
oxygenated at C-9 and C-10, that is, 100-OH and 9a-
OAc (or OH). The majority of isolated lactones (with
exception of 1 and 10) also contained 8a-(acyloxy) (or
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hydroxy) functionality. Lactones 2—5, 9, and 12 exhib-
ited a hydroperoxy function, giving rise to a lowfield 1H-
NMR OOH signal [0 ca. 13.3—13.6, 10.26, and 8.60 in
CsDsN, (CD3)2CO, and CDCls, respectively]. Because
of a low solubility in nonpolar solvents, the NMR spectra
of the hydroperoxy lactones were run in CsDsN, which
caused downfield shifts of most 'H resonances in
comparison to those in nonaromatic solvents (compare
1H-NMR data of 11, measured in CsDsN and CDCls,
Table 4). The presence of an OOH group in these
lactones was corroborated by intensive [M + H—0O]" and
[M 4+ H—HO.]" fragments in DCIMS, typical for
organic hydroperoxides,?* and a specific peroxide (red)
colored TLC test with N,N-dimethyl-p-phenyllenediam-
monium dichloride.?> The similar frequency of a lactone
carbonyl band (< 1750 cm™1) in all compounds, typical
for a,,f-unsaturated y-lactones, together with two char-
acteristic doublets (or double doublets in some cases)
in the olefinic region (0 > 5.5 in all solvents, Tables 1—4)
of their TH-NMR spectra,?® assigned to exomethylene
protons (H-13 and H-13"), revealed the exocyclic 11,13-
double bond. According to the position of the remaining
double bond, all isolated lactones could be divided into
three groups: (i) A2 (ii) A2 and (iii) A.#

Assignment of a 2-double bond in lactones 1-5 was
based on the occurrence of a characteristic lowfield AB
portion of an ABX system (6 ca. 6.2—6.5 in CsDsN),
assigned to vinyl protons H-2 and H-3. In addition to
mutual (vicinal) coupling, typical for adjacent olefinic
protons of a cyclopentene ring (J,3 = 5.8—6.0 Hz), H-2
and H-3 coupled to H-1 (6 ca. 4.2—4.4, ddd, CsDsN) via
three and four bonds, respectively. An additional com-
mon feature of the lactones from this group was a pair
of three-proton singlets assigned, according to chemical
shifts (6 1.45—-1.52 and 6 1.71-1.73 in CsDsN) to
methyls (H-14 and H-15, respectively) bonded to oxy-
genated carbons. Lactones 2—5 also exhibited a lactonic
double doublet (H-6) at 6 4.83—4.99 (in CsDsN) distinc-
tive for 5aH,65H,7aH-guaianolides. In lactone 1, the
chemical shift of H-6 (in CDCI3) was observed at 6 4.33
(Table 1).

Lactone 1 (C17H2206), named anthemolide A, contain-
ing one acetoxy group, was the only member of A2-series
without 8-functionality. A consecutive elimination of
two molecules of H,O from the [M + H]* ion in DCIMS
clearly indicated the presence of two hydroxyls (bonded
to C-4 and C-10) in 1. The NOEs H-15/H-6 and H-14/
H-6 (observed in PS NOESY) were in agreement with
the 43,106-dimethyl (40,10a-dihydroxy) arrangement in
1. A chemical shift of H-5 (6 2.73, in CDCI3) similar to
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that in the related 4a,10a-dihydroxy-A2-guaianolides
(i.e. 0 2.73 and 2.67),%” was also consistent with this
proposal. The occurrence of a three-proton acetoxy
singlet in the 'H- (CDCI3) NMR spectrum of 1 (6 2.19)
and a one-proton dd (6 5.12) typical for a (pseudo)-
equatorial proton a-positioned to an acetoxy group,
coupled (according to DQF COSY) to an adjacent me-
thylene (6 2.40 and 1.70, H-8a and H-8p, respectively),
indicated C-9 as the location of the acetoxy group. The
differentiation of the signals of H-8a and H-84 was
based on their NOEs, such as H-8a/H-13" and H-85/H-
6. The magnitudes of scalar couplings Jo g, and Jogg,
together with a NOE H-9/H-14, revealed 95—H (90-OAc)
arrangement. A NOE H-1/H-5 was in accordance with
lo,50—H geometry.
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Elucidation of the structure and relative stereochem-
istry of the hydroperoxy lactones 2—4, the esters of
anthemolide B, was mostly based on the close similarity
of their 1H- (CsDsN) NMR data (Tables 1 and 2) to those
of 5 (C21H25804), the member of the group extensively
studied by means of 2D NMR methods (Figure 1). The
position of the hydroperoxy group in 5, and thus in 2—4,
was determined by HMBC. In the 3C-NMR spectrum
of lactone 5, a nonprotonated carbon resonating at 6 96.4
was unambiguously assigned, according to the charac-
teristic chemical shift,?® as a hydroperoxidation site, and
identified as C-4 on the basis of (heteronuclear) correla-
tions via two and three bonds, respectively (Figure 1b).
HMBC correlations of protons of the remaining methyl,
H-14 (0 1.52) were in accordance with the proposed
structure for this lactone. The 'H-NMR data of 2—5
were in agreement with the same number and disposi-
tion of oxygen functions in these molecules. The major
difference was in the acylation pattern at C-8 and C-9.
Occurrence of a three-proton singlet of an acetate
methyl (6 2.11) and two groups of signals typical for an
isobutyrate moiety, such as a one-proton septet and a
pair of three-proton doublets (see Table 1), indicated the
nature of ester residues in 5. Dipolar couplings of CH
and CHgj of isubutyrate moiety to the exomethylene
vinyl proton H-13', together with other NOEs observed
in the PS NOESY (Figure 1a), indicated an 8a-position
of the isobutyryloxy group and a 9a-position of the
acetoxy group in this lactone.

Two singlets of acetate methyls in the H-NMR
spectrum of 4 (C19H2400), together with the signals of
H-8 and H-9, similar to those in 5 (Table 1), indicated
an 8a,9a-diacetoxy structure for 4. The proposed 4a-
OOH configuraton in 4 (same as in 5) was also con-
firmed by the chemical shift of H-5 (6 3.02) measured
in CDClj; (see footnote d, Table 1), similar to that of H-5
in structurally related 4o-hydroperoxy-A2-guaiano-
lides.2” In the isomeric lactones 2 and 3 (C17H220g), the
occurrence of only one singlet of the acetate methyl in
the TH-NMR spectra suggested monoacetate structures.
The coupling pattern of H-8 and H-9 in these lactones,
similar to that in 4 and 5, was in agreement with the
same 8a,9a-disposition of the acyloxy/hydroxy functions.
A diamagnetic shift of H-9 in 2 and H-8 in 3, in
comparison to the chemical shifts of the corresponding

Table 1. H- (300 MHz) NMR Data of Compounds 1-5 (6, mult., J in Hz)

H 12 (CDCly) 2 (CsDsN) 3 (CsDsN) 4 (CsDsN) 52 (CsDsN)
1 3.62,ddd, 10.4,2.5,2.0 4.37,ddd, 10.3,2.5,2.1 4.22,ddd, 10.4, 2.4,2.2 4.18,ddd, 10.3,2.6,2.1 4.17,ddd, 10.4, ca. 2.5, 2.0
2 5.93,dd, 5.8, 2.5 6.49, dd, 5.9, 2.5 6.48, dd, 6.0, 2.4 6.41, dd, 5.9, 2.6 6.41, dd, 5.9, ca. 2.5P
3 5.87,dd, 5.8, 2.0 6.25,dd, 5.9, 2.1 6.31, dd, 6.0, 2.2 6.27,dd, 5.9, 2.1 6.26, dd, 5.9, 2.0
5 2.73,dd, 11.3,10.4 3.49,dd, 11.8, 10.3 3.60, dd, 11.8, 10.4° 3.60, dd, 11.9, 10.3 3.60, dd, 11.8, 10.4
6 4.33,dd, 11.3,9.5 4,90, dd, 11.8, 9.3 4.83,dd, 11.8, 9.6 4,99, dd, 11.9,9.5 4.99,dd, 11.8,9.4
7 3.00, m 4.04 dddd, 10.8, 3.60, mP 3.73,dddd, 11.1, 9.5, 3.74, dddd, 11.0, 9.4, ca.
9.3,35,2.2 3.0,24 3.5,ca. 3
8a 2.40, m
8s3 1.70, m 5.66, dd, 10.8, 2.1 4,55, dd, 10.6, 3.0 5.72,dd, 11.1, 2.6 5.71,dd, 11.0, 2.6
9 5.12,dd, 4.0, 2.4 452, brs 5.96, d, 3.0, 6.01,d, 2.6 5.98,d, 2.6
13 5.55,d,3.1 5.97,dd, 2.2,ca. 1 6.54,dd, 3.4,1.8 5.94,dd, 2.4, <1 5.94,dd, ca. 3, <1
13 6.31,d, 3.4 6.38,dd, 3.5,ca. 1 6.74,dd, 3.2,1.8 6.38, dd, 3.0, <1 6.41, d, ca. 3.5P
14 1.14,s 1.47,s 1.45,s 1.52,s 1.52,s
15 1.49,s 1.71,s 1.73, s 1.72,s 1.72,s
OAc 2.19,s 2.00, s 2.03,s 2.10,s;2.13, s 211, s
O-i-But 2.65, sep, 7.0
1.25,1.182 x d, 7.0
OOH 13.31, brs 10.26, s¢ 13.45, brs 13.30, brs

a Assigned by means of DQF COSY and PS NOESY. P Overlapped signals. ¢ Measured in (CD3),CO. ¢ In CDCl3 (not shown) the chemical

shift of H-5 was 6 3.02.
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Table 2. 'H- (300 MHz) (CDClz) NMR Data of Compounds 6,2 7,2 8, and 9 (6, mult., J in Hz)

H 6 7 8 9

1 ca. 2.60, m 3.02,dt, 8.9,3.2 2.85b¢ 3.05, brd, ca. 8.4

20,2f3 22-23,m 2.4-2.6,m 2.35P 5.28, br s (2b)

3 5.48, sex, 1.7 ca. 5.5 5.55, brs 5.60, br s

5 2.75,brt, 9.5 2.95, brt, ca. 10 2.85b¢ 3.31, brdd, 10.7, ca. 8.4

6 4.11, dd, 10.6, 9.7 4.21,dd, 10.2,9.4 4.18, t, ca. 10 4.23,dd, 10.7, 10.1

7 ca. 3.5P 3.57, m 3.61° 3.47,dddd, 11.2, 10.1, 3.3, 2.8

8 4.09, dd, 8.6, 4.5 5.22,dd, 10.9, 2.8 5.4Q° 5.22,dd, 11.2, 2.3

9 5.14,d, 4.5 3.89,d, 2.8 5.30,d, 4.2 5.38,d, 2.3

13 5.99b 5.72,brd, 2.7 5.60° 5.82,d, 2.8

13 6.21,d, 3.5 6.27,dd, 3.5, ca. 0.5 6.33,d, 3.6 6.32,d, 3.3

14 1.23,s 1.13,s 1.19,s 1.27,s

15 1.88,q,ca. 1.8 1.80, brs 1.86, brs 1.97,brs

OAc 2.18,s 2.19,s 2.08,sh,2.13, s 2.23,s

O-i-But 2.56, sep, 7.0
1.20,d,7.0

OOH 8.6, brs

a The 'H-NMR data assigned by means of DQF COSY, PS NOESY, HMQC, and HMBC of mixture containig 85% of 6 and 15% of 7.
b Very broad unresolved signals due to a conformational exchange at a medium rate. ¢ Overlapped signals. 9 Overlapped with the signal

of H-3 in 6.

Table 3. Low Temperature (=57 °C, CDCl3) 'H- (300 MHz)
Data and 13C-NMR Chemical Shifts (6c)2 of Conformers 8A and
8B (1:1.16, respectively)

conformer 8A
H/C 0w, mult., Jin Hz dc

conformer 8B
O, mult., J in Hz oc

1 ca. 3.0° 42.4 ca.2.68 54.1
2 2.4—-2.6,m 33.7 2.2-2.3 33.7
3 5.50, brs 125.6¢ 5.50, brs 127.7¢
5 ca. 3.09° 52.9 ca.2.75b 54.1
6 4.29,t,9.8 80.4 4.15,t,9.9 80.0
7 3.44, dddd, 11.1, 42.3 3.81, dddd, 9.9, 46.2
9.8,2.9, 3.3 9.1,35,3.2

8 5.15,dd, 11.1, 2.6 71.5 5.56,dd, 9.1,5.1 71.9
9 5.28,d, 2.6 70.4¢ 5.27,d,5.1 78.4¢
13 5.87,d,2.9 5.42,d,3.2

13 6.34,d, 3.3 125.6 6.20,d, 3.5 121.9
14 1.20, s 21.7 1.17 s, 27.9
15 1.79, brs 16.7 1.88, brs 18.3

OAc 2.25,2.09,2 x s° 21.5° 2.24,2.04,2 x s° ca. 21°¢

a Detected in HMQC. ® Overlapped with other signals. ¢ The
assignment to the conformers tentative.

signals in 4 and 5, together with the resonances of H-8
in 2 and H-9 in 3 at almost the same chemical shifts as
in 4 and 5 (see Table 1), could be rationalized in terms
of 8a-acetoxy-9a-hydroxy and 8a-hydroxy-9o-acetoxy
patterns in 2 and 3, respectively. The 8a-hydroxy
substitution in 3 was also confirmed by the observed
(well-known) paramagnetic shift and the increase of
geminal coupling of H-13'and H-13 upon transformation
of 8a-OAcyl to 8a-OH.26 Whereas in 8a-acyloxy lactones
(2, 4, and 5) the resonances of H-13' and H-13 were
detected in the regions of 6 5.94—5.97 and ¢ 6.38—6.41,
respectively, in compound 3 these signals occurred at
lower field, with a concomitant increase of geminal
coupling to 1.8 Hz.

The 1H- (CDCI3) NMR data (Table 2) of lactones 6—9
indicated the same basic (cumambrin) type of structure,
i.e., 8a-hydroxy (or acyloxy)-10a-hydroxy-1a,50—H-
guaia-3,11(13)-dien-12,6a-olide,829-32 containing an ad-
ditional 9a-OAc (or OH) functionality and, in the case
of 9, also a 3a-hydroperoxy group. Recognition of the
A3-pattern in these lactones was based on the occur-
rence of a one-proton olefinic signal, H-3 (6 5.48—5.60,
br s or sextet, 4J3 15 ca. 1.8 Hz), weakly coupled to an
allylic methyl, H-15 (6 1.80—1.97, br sor q). The HMQC
and HMBC data, revealing the carbon resonances at ¢
ca. 124.0—127.0 and 141.8—150.9 (C-3 and C-4, respec-

tively),1831.32 confirmed the presence of a A3-double
bond.

In the 'H-NMR spectrum of diacetoxy lactone 8
(C19H2407) in CDCI3 (and also in C¢Dg) at room tem-
perature, almost all resonances were rather broadened,
due to a conformational exchange at intermediate rate
(on the NMR time scale). Although most of the infor-
mation regarding multiplicities was lost, the correla-
tions observed in DQF COSY and PS NOESY (Figure
2) enabled spectral assignment and identification of 8
as 9a-acetoxycumambrin A.

The proposed structure of lactone 8 and the existence
of conformational equilibrium was also confirmed by a
low-temperature NMR (CDCl3) study. At —57 °C, most
of the broad multiplets (observed at room temperature)
split into pairs of sharp, well-resolved signals (with a
ratio of ca. 1:1.16 within each pair), connected by
positive cross peaks in PS NOESY, thus indicating the
existence of two conformers (8A and 8B), with the latter
slightly predominating. The 'H- and 3C-NMR data of
8A and 8B, obtained by first-order analysis with the
aid of DQF COSY and HMQC (Table 3), were in
accordance with different conformations of the seven-
membered ring in these conformers.

The isomeric lactones 6 and 7 (C17H2206) were eluted
as an inseparable mixture containing, according to 'H
NMR, ca. 85% of 6 and 15% of 7. The assignment of
the 'H-NMR signal of both compounds (Table 2) was
accomplished using DQF COSY of the mixture. Chemi-
cal shifts and couplings of H-8 and H-9 for 6 were typical
for the 8a-hydroxy-9a-acetoxy arrangement (same as in
3), leading to the structure of 9a-acetoxycumambrin B.
In lactone 7 the NMR data of H-8 and H-9 were in
agreement with that of 9a-hydroxycumambrin A (con-
taining 8a-acetoxy-9o-hydroxy moiety, the same as in
2). The proposed structures of 6 and 7 were confirmed
by acetylation (Ac,O/Py) of 6 + 7 to the co-occurring
8a,9a-diacetoxy lactone 8. Lactone 6, as did 8, gave
broad 'H-NMR lines (although not to such an extent),
also indicating conformational equilibrium at a medium
rate. Lactone 7 gave well-resolved, narrow *H-NMR
resonances and exhibited 'H- and 13C-NMR signals
similar to those of conformer 8A (Table 3), which could
be explained by the existence of only one conformation
in 7 (at room temperature). The NOEs H-14/H-9, H-14/
H-8, and H-14/H-6, and the absence of NOE between
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Table 4. 'H- (300 MHz) NMR Data of Compounds 10,2 11,2 and 12 (6, mult., J in Hz)

H 10 (CDCly) 11 (CDCly) 11(CsDsN) 12 (CsDsN)
1 3.78, m 3.74, m 4.14, m 422, m
2a 1.93, ddd, 13.9,7.9,2.1 1.91, ddd, 14.8,7.9, 2.3 2.40, ddd, 14.2, 8.0, 2.4 2.81, ddd, 14.8,7.5,1.5
2B 2.30, ddd, 13.9, 7.5, 6.4 ca.2.3,m 2.71,ddd, 14.2,7.4,6.2 2.57,ddd, 14.8,7.5,7.0
3 ca. 4.6° 4.63,brd, 7.0 4.93,brd, ca. 7 5.12¢
6 4,65 4.82,dq, 10.8, ca. 1.7 5.24, brd, 11.2 5.21, br d, 10.8¢
7 3.2,brt, ca. 10 3.65, dddd, 10.8, 10.2, 3.3, 2.9 3.69, dddd, 11.2,10.4, <3,3.6  3.83, dddd, 10.8, 10.7, 3.4, 3.0
8a 2.42,ddd, 16.4, 4.0, ca. 2
8p3 1.71, ddd, 16.4, 11.6, 2.5 5.22, brd, 10.2 5.63,dd, 10.4, 2.6 5.63,dd, 10.7, 2.5
9 5.07,dd, 4.1, 2.5 5.31, brs 5.93,d, 2.6 5.92,d,25
13 5.49,d,3.1 5.88,d, 2.9 5.99,d, <3 5.98,d, 3.0
13 6.27,d, 3.4 6.35,d, 3.3 6.43,d, 3.6 6.41,d, 3.4
14 1.00, s 1.10, s 1.34,s 1.32,s
15 1.99,t,1.7 2.0,t, 17 2.27,brs 2.20, brs
OAc 2.18s 2.10,2.22,2 x s 2.02,2.16,2 x s 2.00,2.13,2 x s
OOH 13.6, brs

a Assigned by DQF COSY and PS NOESY. P Overlapped signals; in C¢Ds: H-3, 6 4.20, br d, 8.2 Hz, and H-6, ¢ 3.69, br d, 11.2 Hz.

¢ Partially overlapped with signal of H,O from CsDsN.

®

Figure 1. Significant correlations observed in (a) PS NOESY
and (b) HMBC of 5.

NOE:s 1/14, 2p/9 and
6/9 observed in 6 and
8 (notin7)

Figure 2. Significant NOEs in PS NOESY of 6 (R =H, Rt =
Ac), 7 (R = Ac, R = H) and 8 (R = R! = Ac).

H-9 and H-6 (detected in 8 and 6, at room temperature,
Figure 2) in 7, as well as the chemical shift of C-14 (6
21.7 and 21.0 in 8A and 7, respectively) typical for a
(pseudo)axial methyl, were in agreement with a dis-
torted Cs chair conformation of seven-membered rings
with the plane of symmetry passing through C-8 and
midway through the C-1 and C-5 bond, similar to that
in 10-epi-8-deoxycumambrin measured in the solid state

by X-ray crystallography.3® The similarity of the 1H-
and 3C-NMR data of compound 6 (Table 2) to those of
conformer 8B (Table 3) indicated the predominance of
this conformation in 6. The chemical shift of C-14 in 6
and 8B, i.e. 6 27.8 and 27.9, respectively, typical for a
(pseudo)equatorial methyl, and the NOEs H-9/H-6 and
H-9/H-253 in 8 and 6 could be explained by a twisted
chair C, conformation of seven-membered ring, in 8B
(and in the major conformer of 6) similar to that
observed previously by X-ray measurement of some
crystalline guaianolides, such as cumambrin A3 and
euparotin bromoacetate.®* A more detailed conforma-
tional analysis of 7 and 8, evaluation of geometry of the
conformers (e.g., 8A and 8B), and determination of the
corresponding Kinetic parameters are in progress.

Lactone 9, with the same molecular formula (C21H2500)
as 5, was the only member of the A3-group containing
a hydroperoxy function. The constitution and stereo-
chemistry of the part comprising the seven-membered
and lactone rings in 9 was analogous to that in 5. This
proposal was based on the almost identical interproton
coupling patterns (Table 2) and PS NOESY data (i.e.,
H-1/H-5, H-5/H-7, H-6/H-14, H-8/H-14, and i-Bu/H-13")
of 9 to those in 5 (see Figure 1a). The same substitution
type (i.e., 8a-isobutyryloxy-9a-acetoxy) was observed
previously in the closely related guaianolide, hydrun-
tinolide B, isolated from Anthemis hydruntina.’® The
position of the hydroperoxy group in 9 was assigned to
C-2 on the basis of its characteristic chemical shift (6
ca. 91.7) and a direct (HMQC) correlation to H-2 (6 5.28,
br s). A cross peak between H-2 and H-14 observed in
the PS NOESY of 9, together with a negligible vicinal
H-1/H-2 scalar coupling, differing from the previously
observed Ji,24 0f 5.5—5.6 Hz in the structurally similar
lo—H,2-OAc-A3-guaianolides, hydruntinolides A—C,'8
was in accordance with 25—H (and 2a-hydroperoxy)
position.

The occurrence of a doublet for H-6 (6 ca. 4.7—4.8)
with a fine structure caused by a small homoallylic
coupling to H-15 (6 ca. 2.0) in the NMR (CDCl3) spectra
of lactones 10 (Cy17H2206) and 11 (Ci9H240sg), named
anthemolides C and D, respectively, indicated the
4-double bond in these molecules. In the NMR (CsDsN)
spectra of lactones 12 (C19H2409, anthemolide E) and
11, both signals were shifted downfield (Table 4). The
presence of a 4-double bond was also confirmed by the
absence of a signal due to H-5 in the *H-NMR spectra
of the members of this group, and the detection of
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Figure 3. Significant correlations observed in (a) PS NOESY
and (b) HMBC of 10 (R = H) and 11 (R = OAc).

signals of two nonprotonated olefinic carbons in the
HMBC of 10 and 11 (Figure 3b) at 6 ca. 145.0 and 132.0
(in CDCl3), assigned, according to characteristic chemi-
cal shifts,3 to C-4 and C-5, respectively. Lactones 11
and 12 displayed rather similar 'H-(CsDsN) NMR
spectra, containing two three-proton acetoxy singlets
and a pair of characteristic downfield signals of protons
adjacent to the acetoxy groups, assigned as H-83 and
H-94 by the similarity of their NMR data to those of
the same protons in 8a,9a-diacyloxy lactones 4 and 5
(see Table 1). The proposed 8a,9a-diacetoxylation pat-
tern was also verified by DQF COSY and PS NOESY of
11 (Figure 3). The only structural difference between
11 and 12 was in the oxygen function attached to C-3,
that is, OH and OOH, respectively. Placement of the
OH group at the 3-position in 11 was based on a one-
proton signal in its *H- (CDCls) NMR spectrum typical
for a carbinol proton of an allylic secondary alcohol (6
4.63, br d, 3 = 7.0 Hz) coupled (according to DQF COSY)
to protons of an adjacent methylene (resonating in the
region of 0 1.9—2.3) assigned as H-2a and H-25. The
34—H configuration (and 3a—OH) was deduced from the
cross peaks in PS NOESY (Figure 3a) of this proton to
H-24 and H-14 and corroborated by the observed vicinal
couplings (Jz2¢,3 = 2.3 Hz and Jxs3 = 7.0 Hz). In the
IH- (CsDsN) NMR spectrum of hydroperoxy lactone 12
the signals attached to the cyclopentene rings (i.e., H-3
and H-2) showed rather similar couplings, but different
chemical shifts. The signal of H-3 in 12 in comparison
to the chemical shift of H-3 in 11, exhibited a downfield
shift (A6 = 0.19 ppm), indicating C-3 as the position of
the hydroperoxy group. The 3a-configuration of the
OOH group followed from the observed downfield shift
of H-2a (A6 = 0.41 ppm) in 12 in comparison to the
chemical shift of the same proton in the 3o-hydroxy
lactone 11. Downfield shifts, after substitution of OH
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with OOH, of the syn protons at the adjacent carbon
were observed previously.?”

Contrary to 11 and 12, lactone 10 was not oxygenated
at C-8. A pair of one-proton triple doublets was as-
signed, according to characteristic chemical shifts and
couplings (see Table 4) and 2D correlations (Figure 3),
to the 8-methylene group. A proton (6 5.07), adjacent
to an acetoxy group, coupled to this methylene and
dipolarly coupled to H-6 and H-14 (Figure 3a), was
identified as 96—H. The remaining scalar and dipolar
couplings, as well as HMBC correlations observed for
this part of the molecule (see Figure 3) fitted to the 103-
methyl-9a-acetoxy-pattern. The constitution and ster-
eochemistry of the five-membered ring (i.e., 3o-hydroxy-
la-H) was based on the chemical shifts and couplings
of H-3 and H-2 (almost the same as in 11, see Table 4)
and dipolar coupling H-3/H-23 (observed in PS NOESY,
see Figure 3a).

Similar A2-, A3-, and A*-guaianolides (without 9-func-
tionality) have been isolated previously from some
Eriocephalus species (tribe Anthemidae).?’ As far as the
genus Anthemis is concerned, the only species yielding
hydroperoxy lactones was A. nobilis (Roman camomile)
with two lactones, such as 15-hydroperoxyisonobilin (a
germacranolide)!314 and 4o-hydroperoxyromanolide, a
guaianolide closely related to our A2-lactones (2—5),
isolated from the EtOH extracts of the blossoms.

Experimental Section

General Experimental Procedures. The spectra
were recorded with the following instruments: IR,
Perkin-Elmer FT-IR Spectrometer 1725 X; 1H and 13C
(1D and 2D) NMR, Bruker AMX 300; DCIMS and
HRCIMS (150 eV, isobutane), Finnigan MAT mass
spectrometer 8230, double focusing (BE geometry);
ESIMS (a sample + ammonium acetate, dissolved in
MeOH—H-0, 1:1), Finnigan MAT 900, double focusing
(EB geometry) equipped with a Finnigan MAT electro-
spray interface; optical rotations, Perkin-Elmer 141 MC
polarimeter. Elemental analyses were performed using
the standard combustion (Pregl) method.

Plant Material. Plant material was collected during
the flowering season (July 1994) at the north part of
Sara Mountain, situated between Serbia and Macedonia
(location Lavlja vrata, altitude of ca. 1900 m). Voucher
specimen (no. 210794AC) was deposited in the her-
barium of The Institute for Medicinal Plant Research
“Dr. Josif Pancic”, Belgrade.

Extraction Procedure. A crude extract (35.8 g) of
air-dried aerial parts (1060 g) was obtained by extrac-
tion with Et,O—petroleum—MeOH (1:1:1) at room tem-
perature (24 h), followed by treatment with MeOH to
remove long-chain saturated hydrocarbons, using the
usual procedure.?

Isolation Procedure. A solution of the crude ex-
tract (35.5 g) in CHCI3 (200 mL) was added to 130 g of
Si gel 60 (Merck), 0.063—0.200 mm, and dried on a
rotavap. The adsorbed mixture was applied to a Si gel
column, and the elution was started with petroleum.
The polarity of the solvent was gradually increased by
addition of Et,0.

Fraction A (690 mg) eluted with petroleum-Et,0 (7:
3), after repeated Si gel column chromatography (CeHs—
Et,0—MeOH, 7:2:1) and crystallization (EtOAc) af-
forded lactones 5 and 9 (10 and 7 mg, respectively).
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Lactones 1 (2 mg) and 10 (2 mg) were isolated from
fraction B (350 mg), eluted with petroleum—Et;0 (1:1),
by repeated Si gel column chromatography (CeHe—
Et,0—MeOH, 7:2:1), followed by preparative TLC (Kie-
selgel 60 GF,s4, layer thickness 0.25 mm, CH,Cl,—
MeOH, 19:1, two developments).

Fraction C eluted with Et,0 (1.1 g) yielded, by Si gel
column chromatography (CsHg—Et,O—MeOH, 7:2:1)
fractions | (51 mg) and Il (610 mg). Lactones 4 (2.5 mg)
and 11 (13 mg) were isolated from fraction | by repeated
column chromatography (same conditions as above).
Fraction 11, purified by repeated column chromatogra-
phy (same conditions as above), followed by preparative
TLC (CeHs—Et,0—MeOH, 7:2:1, three developments)
afforded lactone 8 (5 mg) and a fraction (with lower R
value) that, after two preparative TLCs, [(i.e., CsHs—
EtOAc, 1:1 two developments) and then CgHg—Et,0—
MeOH, 7:2:1 (three developments)] yielded lactone 12
(2.4 mg).

Fraction D (1.9 g) eluted with Et,0 and yielded, upon
repeated column chromatography (CsHs—Et,O—MeOH,
7:2:1), lactone 2 (8.5 mg) and a fraction (with higher R;
value) whose less polar part (taken as emulsion in
n-hexane) was subjected to further purification. A
portion (ca. 25 mg, after evaporation of n-hexane)
afforded lactone 3 (3.4 mg) by LC (Lichroprep Si 60, Si
gel, 40—63 mm, at 2—6 bar, petroleum—EtOAc, 2:8). The
remaining portion of this fraction was purified by three
preparative TLCs (two developments in each case),
carried out in the following order: (i) CeHs—Me,CO, 1:1,
(i) CeHs—Et,O—MeOH, 7:2:1, and (iii) CH,Cl,—MeOH,
19:1, to yield a mixture (1.5 mg) of lactones 6 and 7 in
the ratio of 8.5:1.5, respectively.

Anthemolide A (1): colorless gum; IR (film) vmax
3401 (OH), 1750 sh (C=O0, a,8-unsaturated y-lactone,
1739 (C=0, acetate), 1653 (C=C),1373, 1260, 1090, 1043
cm~1; IH NMR (see Table 1); HRCIMS m/z [M + H]*"
323.1499 (calcd for C17H2306 323.1495); DCIMS m/z [M
+ H]* 323 (14), [M + H — 18]* 305 (68), [M + H — 2 x
18]* 287 (100), [M + H — 18—60]" 245 (3), [M + H — 2
x 18—60]* 227 (29).

8-O-Acetylanthemolide B (2): white solid; mp 111
°C; [a]?®®p +16° (c 0.06, Me,CO); anal. calcd for C17H2,0s,
C 57.62, H 6.26; found C 57.51, H 6.35; IR (dry film)
Vmax 3474, 3295 (OH, OOH), 3057 (C=C—H), 1752
(C=0, a,p-unsaturated y-lactone), 1720 (C=0, acetate),
1654 (C=C), 1373, 1272, 1256, 1237, 1195, 1166, 1038
cm~1; 'H NMR (see Table 1); DCIMS m/z [M + H]" 355
(60), [M + H — 16]" 339 (74), [M + H — 18]" 337 (100),
[M+ H — 34]" 321 (97), [M + H — 2 x 18]* 319 (19.5),
[M + H — 34—18]* 303 (15), 169 (64).

9-O-Acetylanthemolide B (3): colorless gum; IR
(film) vmax 3418 (OH, OOH), 1745 (C=0, a,3-unsatur-
ated y-lactone + acetate), 1657 (C=C), 1371, 1237, 1153,
1052; 'H NMR (see Table 1); HRCIMS m/z [M + H]*
355.1385 (calcd for C17H230g 355.1393); ESIMS m/z [M
+ NH,4]* 372 (100).

8,9-di-O-Acetylanthemolide B (4): white solid;
mp 96 °C; [a]?°p —8° (c 0.22, MeOH); IR (dry film) vmax
3416 (OH, OOH), 1748 (C=0, a,-unsaturated y-lactone
+ acetate), 1658 (C=C), 1371, 1244, 1158, 1098, 1058
cm~1; IH NMR (see Table 1); HRCIMS m/z [M + H]*
397.1507 (calcd for CigH2509 397.1498); DCIMS
m/z [M + H]* 397 (11), [M + H — 16]* (21), [M + H —
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18]* 379 (14), [M + H — 34]" 363 (26), [M + H —
34—18]* 345 (27), 295 (30), 257 (42), 211 (72.5), 199
(100).

8-O-Isobutyryl-9-O-acetylanthemolide B (5): col-
orless crystals (from EtOAc); mp 168 °C; [a]*°p —42° (c
0.12, MeOH); anal. C 59.30%, H 6.71%, calcd for
C21H2509, C 59.42%, H 6.65%; IR (dry film) vmax 3428
(OH, OOH), 1732 (C=0, o,B-unsaturated y-lactone +
ester), ~1640 (C=C), 1385, 1261, 1096, 1026 cm~1; 1H
NMR (see Table 1); 13C NMR (CsDsN, 75.4 MHz) 6 51.18
(C-1), 133.51 (C-2), 137.80 (C-3), 96.18 (C-4), 47.71 (C-
5), 78.46 (C-6), 42.86 (C-7), 72.65 (C-8), 79.22 (C-9),
73.62 (C-10), 137.03 (C-11), 169.70 (C-12), 22.95 (C-14),
20.33 (C-15) 175.83, 34.22, 18.90, 18.71 (i-Bu), 170.75,
20.92 (OAc); DCIMS m/z [M + H]* 425 (27), [M + H —
16]* 409 (18), [M + H — 18]t 407 (47), [M + H — 34]*
391 (100), [M + H — 34—18]+ 373 (83), [M + H — 18—
34—60]*, 313 (12), 285 (19), 242 (20.5).

A mixture of 9a-Acetoxycumambrin B (6) and
9a-Hydroxycumambrin A (7) (8.5:1.5): white solid;
IR (dry film) vmax 3457 (OH), 3041 (=C—H), 1747 (C=0,
o,f-unsaturated y-lactone + acetate), 1661 (C=C), 1371,
1273, 1240, 1147, 1111, 1077, 1037; HRCIMS m/z [M +
H]+ 323.1492 (calcd for C17H2306 323.1495); DCIMS m/z
[M + H]* 323 (39), [M + H — 18]" 305 (53.5), [M + H —
60]* 263 (51), [M + H — 18—60]* 245 (100), [M + H —
60—2 x 18]" 227 (76), 197 (32), 181 (22); 'H NMR (see
Table 2); 13C NMR (CDCls, detected via HMQC and
HMBC correlations), lactone 6 6 56.4 (C-1), 34.3 (C-2),
ca. 125 (C-3), 143.1 (C-4), 55.5 (C-5), 80.3 (C-6), ca. 50
(C-7), 73.5 (C-8), 71.8 (C-9), 169.8 (C-12), 122.9 (C-13),
27.8 (C-14), 19.2 (C-15), 21.0, 169.8 (OAC); lactone 7 ¢
ca. 43 (C-1), ca. 33 (C-2), ca. 127 (C-3), ca. 54 (C-5), ca.
81 (C-6), ca. 42 (C-7), ca. 73 (C-8), ca. 78 (C-9), 169.8
(C-12) ca.125 (C-13), 21.0 (C-14), 17.5 (C-15), ca. 21,
169.8 (OAc).

9a-Acetoxycumambrin A (8): white solid; mp 122
°C; [0]%°p +43° (c 0.07, Me,CO); anal. C 62.51%, H
6.72%, calcd for C19H2407, C 62.62%, H 6.64%; IR (dry
film) vmax 3477 (OH), 1748 (C=O0O, a,B-unsaturated
y-lactone + OAc), 1661 (C=C), 1371, 1249, 1149, 1096,
1063, 1039 cm™%; 'H NMR (see Tables 2 and 3); 3C
NMR (CDClIj3, detected via HMQC and HMBC correla-
tions, see also Table 3) 6 53.7 (C-1), 33.2 (C-2), 126.2
(C-3), 141.8 (C-4), 53.7 (C-5), ca. 79.8 (C-6), ca. 45 (C-
7), ca. 71.7 (C-8 and C-9) 77.1 (C-10), 169.8, or 169.0
(C-12), ca. 122 (C-13), ca. 25 (C-14), 17.3 (C-15), 20.8,
20.5, 169.8, and/or 169.0, (OAc), DCIMS m/z [M + H]*
365 (100), [M + H — 18]t 347 (27), [M + H — 60]* 305
(31), 227 (26).

2a-Hydroperoxy-8-O-isobutyryl-9a-acetoxycu-
mambrin B (9): white solid; mp 135 °C; [a]®*p —39° (c
0.18, MeOH); anal. C 59.32%, H 6.70%, calcd for
C21H2809, C 59.42%, H 6.65%; IR (dl’y fllm) Vmax 3450
(OH, OOH), 1745 (C=0, o,f-unsaturated y-lactone +
ester), 1661 (C=C), 1370, 1274, 1232, 1148, 1100, 1061,
1019 cm~1; IH NMR (see Table 3); 13C NMR (CDClj3,
detected via HMQC and HMBC correlations) 6 ca. 49
(C-1), 91.7 (C-2), 124.6 (C-3), 150.9 (C-4), 52.5 (C-5), ca.
80 (C-6), ca. 43 (C-7), ca. 72 (C-8), ca. 79 (C-9), 170.3
(C-12), 124.6 (C-13), 22.7 (C-14), 17.5 (C-15), 18.7, 34.5,
ca. 175 (i-But), 21.0, 170.3 (OAc); DCIMS m/z [M + H]*
425 (35), [M + H — 16]* 409 (96), [M + H — 18]t 407
(100), [M + H — 34]" 391 (58), [M + H — 34—18]" 373
(60), [M + H — 60]* 365 (9).
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Anthemolide C (10): colorless gum; IR (film) vmax
3441 (OH), 1752 (C=O0, a,p-unsaturated lactone), 1731
(C=0, acetate), 1375, 1246, 1150, 1113, 1085, 1028
cm~1; 1H NMR (see Table 4); 13C NMR (CDCl;, detected
via HMQC and HMBC correlations) 6 ca. 49 (C-1) ca.
35 (C-2), ca. 80 (C-3), 144.4 (C-4), 132.5 (C-5), ca. 80
(C-6), ca. 40 (C-7), ca. 30 (C-8), ca. 77.5 (C-9), ca. 75.5
(C-10), ca. 120 (C-13), ca. 21 (C-14), 14.5 (C-15), ca. 22,
170.3 (OAc); HRCIMS m/z [M + H]* 323.1485 (calcd for
C17H2306 323.1495); DCIMS m/z [M + H]* 323 (7.5), [M
+ H — 18]* 305 (100), [M + H — 2 x 18]* 287 (31), [M
+ H — 60]* 263 (5), [M + H — 60—18]* 245 (8.5), [M +
H — 60—2 x 18]+ 227 (24).

Anthemolide D (11): white solid; mp 127 °C; [0]%°p
+23° (c 0.15, Me,CO); anal. C 59.87%, H 6.46%, calcd
for C19H240g, C 59.99%, H 6.36%; IR (dry film) vmax 3452
(OH), 1746 (C=O0, a,B-unsaturated y-lactone + OACc),
1657 (C=C), 1385, 1260, 1152, 1044 cm~*; 'H NMR (see
Table 4); 3C NMR (CDCl;, detected via HMQC and
HMBC correlations) ¢ 48.2 (C-1), ca. 35 (C-2), 80.2 (C-
3), 145.0 (C-4), 131.6 (C-5), 77.9 (C-6), ca. 41 (C-7), 71.5
(C-8), 77.9 (C-9), 73.9 (C-10), ca. 170 (C-12), 124.6 (C-
13), 20.4 (C-14), 13.6 (C-15), 20.4, ca. 170, 170.4 (OAc);
DCIMS m/z [M + H]* 381 (14), [M + H — 18]* 363 (100),
[M+H -2 x 18]" 345 (61), [M + H — 60]* 321 (55.5),
[M + H — 60—18]*" 303 (29), [M + H — 60—2 x 18]*
285 (18.5).

Anthemolide E (12): colorless gum; IR (film) vmax
3428 (OH, OOH), 1748 (C=0, a,p-unsaturated y-lactone
+ OAc), 1658 (C=C), 1384, 1260, 1152, 1052 cm~1; 1H
NMR (see Table 4); HRCIMS m/z [M + H]* 397.1488
(calcd for C1gH2509 397.1498); DCIMS m/z [M + H]* 397
(16), [M + H — 16]* 381 (15), [M + H — 18]* 379 (100),
[M + H — 34]" 363 (29), [M + H — 2 x 18]* 361 (16),
[M + H — 34-18]" 345 (18), [M + H — 60—18]* 319
(18), [M + H — 60—34]" 303 (9.5), [M + H — 60—34—
18]t 285 (14.5).
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