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1. INTRODUCTION

Sesquiterpene lactones (SLs) constitute one of the biggest group of natural
products. Up to now, the structures of ca. 5000 SLs of natural origin plus hundreds
of synthetic ones have been reported. Their chemotaxonomic importance, together
with various biological activities (antitumor, allergenic, phytotoxic, antimicrobial,
insecticidal, etc.) are the major reasons for the continuing interests in these com-
pounds. The great majority of SLs have been isolated from higher plants, mainly
those belonging to the large, species-rich family of Asteraceae, but they have also
been found in some other plant families, as well as in some fungi.

The common structural feature of SLs is the y-lactone function (A - D, Fig. 1).
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Figure 1.

The majority of SLs from higher plants contain the a-methylene-y-lactone
ring (A) with an a-oriented H-7. Despite the great diversity of sesquiterpene
skeletons, the number of carbocyclic ring types of SLs is relatively small (Scheme
1), which could be explained by a common cyclodecadiene precursor, such as
germacrene A obtained by the cyclisation of (£, F)-farnesyl pyrophosphate. An
individual plant species generally yields a limited number of skeleton types, with
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oxidative variations on these skeletons. In general, having a broad geographical
distribution, a given species may exhibit considerable intraspecific variation in its
sesquiterpene lactone structures.

In the early 1960s, major emphasis was on the use of SLs as taxonomic markers
in systematic biochemical studies within the Asteraceae. This provided the impetus for
many detailed structural studies of SLs in these plant families. In recent years, an
increasing number of publications describing the ecological functions of SLs has been
reported. The first report of the antifeedant properties of SLs in Vernonia species
(Asteraceae) upon herbivorous insects created an awareness of a possible ecological
role of SLs as natural deterrents against insects and mammals, as toxins against plant
pathogens and as allelophathic agents in plant-plant interactions.!

In recent studies, the major structural feature of these bitter substances, an
o, B-unsaturated-y-lactone, has been shown to be associated with antitumor, cyto-
toxic, antimicrobial and phytotoxic activity. Sesquiterpene lactones are known to
poison livestock, to act as insect feeding deterrents and to cause allergic contact
dermatitis in humans.

The biological and therapeutical applications of the plants of the Compositac
are more the results of systematically conducted chemical and pharmacological
research than of tradition. In addition to drugs known since antiquity, from plants
such as Chammomilla, Cynara and Silybum, there are over 25 species in the family
which have found therapeutic application due to their antihepatotoxic, choleretic,
spasmolytic, anthelminitic, antiphlogistic, antibiotic or antimicrobial activity. In
food technology some drugs containing bitter principles have achieved industrial
significance. The insecticide pyrethrins from Pyrethrum species exemplify how
plant products serve as models for the development of more active synthetic agents.
The cytotoxic sesquiterpene lactones of certain species may act as pointers for future
development of anticancer drugs.

The biological activity of sesquiterpene lactones results from the presence of
highly electrophilic functional groups. These sclectively alkylate, by a Michael type
addition, sulphydryl proteins, specifically thiol groups in preference to other nu-
cleophiles.2 A classical reaction of an a-methylenebutyrolactone function a, as a
Michael acceptor of thiols b, led to the adducts ¢, as pointed out by the Kupchan
group (Scheme 2). It could be assumed that exactly such a reaction is responsible
for the pharmacological properties.?

Plant extracts that exhibit antineoplastic (anticancer) activity have received
considerable attention. In a further study of the structure-activity relationship of
sesquiterpene lactones, it was noted that the presence of exocyclic 11(13)-double
bond conjugated to the y-lactone (Scheme 2) was essential for cytotoxicity. Com-
pounds having endocyclic double bonds gave unstable cysteine adducts and were
inactive. However, sesquiterpene lactones which incorporated a cyclopentanone, or
o-methylene lactone (in adition to the a,[3-methylene-y-lactone) appeared to pro-
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duce enhanced cytotoxicity. None of the monofunctional sesquiterpenes containing
only an o,B-unsaturated ester of cyclopentanone displayed significant activity.

The examples of sesquiterpene lactones exhibiting antitumor and cytotoxic
activity are:

— germacranolides:
— ridentin (4rtemisia cana®)
— parthenolide (Chrysanthemum parthenium
— tamaulipin A7, tamaulipin B® (4mbrosia confertiflora)
— eupacunin (Eupatorium cuneifolium’)
— eupatolide (Eupatorium formosanum and E. cannabinum
— guaianolides:
— eupachlorin acetate (Eupatorin sp.
— deacetoxymatricarin (Achillea lanulosa, Artemisia leukoides'3)
— canin (Artemisia cana14)
— pseudoguaianolides:

5,6)

10,11

12)

— helenalin (Helenium autumnale')

— ambrosin (Hymenoclea salsola, Ambrosia maritima'©)
— eudesmanolides:

— O-santonin (Artemisia sp.

— vulgarin (Artemisia vulgaris'®)

17)

Some sesquiterpene lactones have been shown to possess antibacterial or
anthelminthic properties. Helenalin, a helenanolide common in species of He-
lenium, was shown to exhibit activity against the human pathogenic fungi, Tricho-
phyton mentagrophytes, T. acriminatum and Epidermophyton sp.1°

Over 80 sesquiterpene lactones were used in patch tests to determine their
allergenic potential. Bioassay tests, carried out on several classes of sesquiterpenc
lactones, germacranolides, eudesmanolides and pseudoguaianolides (ambrosano-
lides), showed that alantolactone and guaianolide 8-deoxycumambrin B possessed
considerable activity.2-20-23 All the known allergenic sesquiterpene lactones contain
an exocyclic a-methylene function which may conjugate with sulphydryl groups of
proteins in cells by a Michael-type addition (see Scheme 2) to form complete
antigens capable of producing cell-mediated contact allergic reactions. Plants of the
family Asteraceae that have been reported to cause contact dermatitis are: Achillea
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millefolium, Ambrosia spp., Anthemis nobilis, Artemisia spp., Eupatorium sero-
tinum, Inula britanica, Inula graveolens, Tanacetum vulgare, Telekia sp.

Some sesquiterpene lactones that have been reported to cause allergic contact
dermatitis in humans are:

— parthenin (Parthenium hysterophorus'%)
— alantolactone (Inula helenium, 1. racemosa

— costunolide (Saussurea lappa, Laurus nobilis

24)2
%)

The sesquiterpene lactones, arbusculine-A, achillin, deacetoxymatricarin,
viscidulin-B and -C obtained from Artemisa tridentata var. vaseyana and other
species of Artemisa were shown to inhibit lateral root growth but to stimulate
respiration in Cucumis sativum. Alantolactone was shown to be a potent inhibitor
of seed germination and seedling growth. It was postulated that this lactone inhibits
the enzymes associated with the degradation of starch (amylases) and of protein
(proteases), but there is no evidence to support this.

An examination of the sesquiterpene lactones that exhibit growth inhibitory
properties indicates that the following structural configurations are the least princi-
pal requirements for biological activity:

—the presence of an exocyclic methylene conjugated to a y-lactone;

— the presence of a functional group, such as an epoxide, hydroxy, chlorohy-
drin, unsaturated ketone or O-acyl adjacent to the a-CHy of the y-lactone,
which can enhance the reactivity of the conjugated lactone toward biological
nucleophiles.

2. RESULTS

The sesquterpene lactones so far isolated from the Yugoslavian wild growing
plant families Asteraceae and Apiaceae, together with their biological activities, are
presented in Table I and 11, respectively.

TABLE 1. Sesquiterpene lactones isolated from the families Asteraceae and Apiaceae in Yugoslavia
(new comopounds are marked with )

Species/Locality Compound References
ASTERACEAE
Genus Artemisia L. 27,29, 30, 31, 47,
51,57,73,78,79
A. annua L./Belgrade, 1970 arteannuin B (1) 27,29, 31, 47
artemisinin, or qinghaosu (2)
A. vulgaris L./Belgrade,1970 psylostachyin (3) 51
psilostachyin C (4)
A. absinthium L./Golubac, 1971 ketopelenolide-A(5) 57
A. scoparia W. et K./Belgrade no SLs 73

A. campestris L./Deliblatska pes¢ara  no SLs 78,79
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Species/Locality Compound References
Genus Ambrosia L.: 27,51, 84, 86
A. artemisiifolia L./Novi Sad, 1970, psylostachyin(3) 27,51
Pancevo, 1983 psilostachyin C(4) 27,34, 84
lactone 6 27,83, 84
lactone 7 83
lactone 8 84
cumanin (9) 84
cumanin diacetate (10) 84
Genus Tanacetum L.: 94-99
T. parthenium L./Kuéevo, 1977 santamarin (11) 94, 95
magnolialolide (12),
reynosin (13),
1B-hydroxyarbusculin (14)
8B-hydroxyreynosin (15)
T. serotinum L./Belgrade, 1980 beogradolide A (16*) 94, 96
beogradolide B (17")
T vulgare L./Ugrinovci, 1979 germacranolide 20 94,97
germacranolide 21
guaianolide 22"
chrysartemin A (24)
T. macrophyllum Willd./Go¢, 1978 chrysartemin A (24) 94, 98
T. corymbosum L./Stolovi, 1978 no SLs 94
Genus Telekia Baumg.
T. speciosa L./Go¢, 1978 isoalantolactone (26) 133
telekin (27)
asperilin (29)
eudesmanolide 30
eudesmanolide 33"
pseudoguaianolide 35"
pseudoguaianolide 36"
parthenolide (37)
Genus Inula L.
1 helenium L./Bole¢, 1985 isoalantolactone (26) 139, 141
alantolactone (38)
guaianolide 39
carabrone (40)
diepoxygermacranolide 41
20-hydroxyalantolactone (42)
1 spiraeifolia L./Bole¢, 1981 no SLs 150, 151
Genus Eupatorium L.
E. cannabinum L./Sevojno, 1978 eupaformonin (43) 162
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TABLE I. Cont

Species/Locality Compound References
Genus Achillea L.
A. abrotanoides Vis./Bjelasica, 1987  deacetoxymatricarin (46) 164

deacetylmatricarin (47)

1B,10B-epoxydeacetoxymatricarin

A. millefolium subsp. pannonica deacetoxymatricarin (46) 177
Vis./Bjelasica, 1987

1B,10B-epoxydeacetoxymatricarin

(48)
A. crithmifolia W. et K/Rtanj, 1988, rupicolin A (51) 175,182
Donji Milanovac, 1990 rupicolin B (53)

germacranolide 55
guaianolide 56
guaianolide 57
rupin A (58)
ridentin (60)
ridentin B (61)
A. clypeolata Sibth. et Sm./Sicevacka no SLs 188
klisura, 1994
A. serbica Nyman/Donja Studena, 1992 rupicolin B (53) 189
guaianolide 65
guaianolide 66"
guaianolide 67"
guaianolide 68"
guaianolide 69"

A. depressa Janka/Oblac¢insko jezero, guaianolide 70" 189
1994 guaianolide 71

guaianolide 72

lactone 73"

Genus Anthemis:

A. carpatica Wild./Lavlja vrata, 1994  anthemolide A (76 ) 217,220
8-0-acetylanthemolide B (77 )
9-0-acetylanthemolide B (78 )
8,9-di-O-acetylanthemolide B (79 )
8-O-isobutyryl-9-O-acetylanthe-
molide. B (80 )
8-deoxy-9-O-acetylanthemolide B
1)
8-O-tigloyl-9-acetylanthemolide B
(82
90-acetoxycumambrin B (84*)
9a-hydroxycumambrin A (85*)
90-acetoxycumambrin B (86*)
2a-hydroperoxy-8-O-isobutyryl-9a-
acetoxycumambrin B (87 )
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Species/Locality

Compound

References

A. cretiae L. subsp. cretical/Osljak, 1994

cumambrin B (88*)

anthemolide C (95°)

anthemolide D (96)

anthemolide E (97")

anthemolide B (75") .
8-O-acetylanthemolide B (77) |
8,9-di-O-acetylanthemolide B (79 )
8-0-isobutyryl-9-0O-
acetylanthemolide B (80%)
8-O-angeloyl-9-O-acetylanthemolide
B(83)

90-acetoxycumambrin B (84*)
9a-hydroxycumambrin A (85*)
hydruntinolide B (89)

23,90 -diacetoxy-8a,100-
dihydroxyguaia-3,11(13)-dien-6,120-
olide (90)

10a-hydroxy-2f3,80,90-
triacetoxyguaia-3,11(13)-dien-6,12a-
olide (91)
23-acetoxy-8a,10a-dihydroxy-90a-(2-
methylpropanoyloxy)-guaia-3,11(13)-
dien-6,120-olide (92)
23-acetoxy-8a,10a-dihydroxy-90a-(2-
methylbutanoyloxy)-guaia-3,11(13)-
dien-6,120-olide (93)
23-acetoxy-8a,10a-dihydroxy-90a-(2-
methylbutanoyloxy)-guaia-3,11(13)-
dien-6,120-olide (94)

anthemolide D (96 )

217

Genus Centaurea L.

C. derventana Vis. et Pan¢./Bajina
Basta, 1996

C. kosaninii Hayek/Brezovica, 1994
C. solstitialis L./New Belgrade, 1995

salonitenolide (98)

cnicin (99)

cnicin-4’-O-acetate (100)
salonitenolide-8-O-(4’-acetoxy-5-
hydroxyangelate (101)

no SLs

solstitialin A (102)

solstitialin A 13-acetate (103)
cynaropicrin (104)
11p3,13-dihydrodeacylcynaropicrin
(105)

linichlorin B (106)
19-deoxychlorojanerin (107)
8-deacylcentaurepensin-8-0-(4-
hydroxy)-tiglate (108)

221-231

226
221-239
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TABLE I. Cont.
Species/Locality Compound References

17-epi-centaurepensin (109)
centaurepensin (110)

APIACEAE

Genus Laserpitium:

L. siler L./Tara, 1975 acetylisomontanolide (111) 245,255
isomontanolide (112)
montanolide (113)
silerolide (114)
tarolide (115")

L. marginatum L./Kopaonik, 1976 guaianolide 19 245,258,259
guaianolide 120°

L. latifolium L./Ibarska klisura, 1977  guaianolide 19 245
guaianolidchO*
laserpitin (121)

L. alpinum W.K./Vranica, 1979 lactone 122" 245,263
compound 123

Genus Angelica L.

A. silvestris L. no SLs 264-269

Genus Peucedanum L.

P, austriacum (Jacq) Koch no SLs 265,270

TABLE II. Biological activities of sesquiterpene lactones isolated from the family Asteraceae in
Yugoslavia

Compound Biological activity Ref.
2 (artemisinin) Antimalaric activity 35-38, 41
12,13 Stimulation of seed germination 99
16-24 Antibacterial activity 94,99
26 (isoalantolactone) Allergenic activity 2,20-24, 148
Cause photosensitivity 149
Inhibition of lateral root growth of Plaseolus
annus
Fungicide action
Antibacterial activity
37 (parthenolide) In the prophylaxis of migraine and arthritis 3,114-120

Antimicrobial activity
Phototoxic effect

Antitumor activity

38 (alantolactone) Allergenic activity 148, 149, 2
Cause photosensitivity 2024
Inhibition of seed germination of Phaseolus
annus

Fungicide action
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TABLE II. Cont.

Compound Biological activity Ref.
Antibacterial activity

41 Antibacterial activity 142

43 (cupaformonin) Cytostatic activity 162

46 (deacetoxymatricarin) Inhibition of lateral root growth of Cucumis 2,20-23
sativum

60 (ridentin) Antitumor activity 4

Cytostatic activity

99 (cnicin) Cytotoxic activity 222
Cytostatic activity
Antibiotic activity

103 (solstitialin A 13-acetate) Neurotoxic activity 221
104 (cynaropicrin) Cytotoxic activity to HeLa cells 221,223
110 (centaurepensin) Cytotoxic activity to 9 KB cells 221

3. ASTERACEAE

3.1. Genus Artemisia L.

The genus Artemisia L. is one of the largest and most widely distributed of
approximately 60 genera in the tribe Anthemideae of the Asteraceae. This genus,
with nearly 300 species, is found predominaately in the northern temperate regions
of the world (North America, Europe, Asia and North Africa).

Our systematic examinations of the SLs content in the family Asteraceae
commenced with this genus, involing the following species: 4. annua L., A. vulgaris
L., A. absinthium L., A. scoparia W. et K. and A. campestris L. In all cases, extraction
of air-dried aerial parts was carried out with CHCI3 at room temperature. The
extracts were worked up using a slightly modified previously reported procedure 26
The constituents of the extracts were separated by means of silica gel column
chromatography.

3.1.1. Artemisia annua L.

A herb, that was featured prominently in Chinese pharmacopoeia, especially
in relation to decoctions used to treat fever, was ginghao, the "blue green” herb.
Recorded use of ginghao spans over 2000 years, with written descriptions first
appearing in 168 B.C. in the Treatments for 52 Sicknesses and as late as 1798 in the
Book of Fevers. The most detailed description appears in the mammoth Compen-
dium of Materia Medica compiled in 1596 by the great Ming Dinasty physician Li
Shi-Zem, and which is still printed in China today.

From an extract of the aerial parts of 4. annua, collected in October 1970 at a
locality close to the center of Belgrade, called "Staro sajmi$te” (The Old Fairgrounds),
two novel crystalline sesquiterpene lactones (1 and 2) were isolated (Fig. 2).27 In the
same cxtract a polyacetylenc known as pontica epoxide, previously detected in the



408 MILOSAVLIEVIC, BULATOVIC and STEFANOVIC

essential oil of A. annua,*® was also found. According to 'H-NMR, IR, MS, ORD and
CD data of 1 and 2, as well as those of their derivatives, these lactones were assigned
as the first members of a new series with cadinane and seco-cadinane skeletons.2>-3!
Whereas the structure of 1, named arteannuin B,2%-30 was subsequently confirmed,32-33
the initially proposed! ozonide structure (2A) of the seco-lactone was later revised.
The correct (endoperoxide) structure of this lactone (2B), together with its absolute
configuration was determined in 1980 b%/ means of X-ray diffraction of a sampleisolated
from A. annua originating from China.>4

B29:30.32,33 2: artemisinin

1: arteannuin .
(ginghaosu)

Figure 2.

Lactone 2, shown to be the carrier of antimalarial activity (vide infra), was
named qinghaosu (according to the Chinese name for the herb, Qinghao), and,
alternatively, artemisinin, the name adopted today in the Chemical Abstracts. It
should be noted that the chemical examinations of A. annua in China, occuring
approximately at the same time as our investigations in Belgrade, were part of a
comprehensive rescarch program embracing both synthetic compounds and tradi-
tional herbal drugs for new antimalarials. After extensive screening, several groups
of Chinese chemists, pharmacologists and botanists focused their joint research of
A. annua because this herb had been used for many centuries in traditional Chinese
medicine for the treatment of fever and malaria. Finally, it was proved by Chinese
researchers that artemisinin (2, ginghaosu),33-36 contained in the extract of 4. annua
was the active antimalarial principle, being much more active towards both chloro-
quine-sensitive and chloroquine-resistant strains of Plasmodium falciparum in
comparison to usual antimalarials, such as quinine and chloroquine.” This discovery
prompted many groups throughout the world to research this topic. Since that time,
quite a few papers and reviews (e.g. Refs. 37, 38), about the chemistry, pharmacol-
ogy and clinical application of artemisinin and its derivatives have appeared. Up to
recently, ginghaosu had been considered to be a specific kind of compound belong-
ing to the cardinanolide group, and isolated only from 4. annua. However, in 1986,
this lactone was isolated from 4. apiacea and A. lancea.2® Since A. annua still remains

* However, it should be noted that artemisinin (qinghaosu) has not yet been registered as a drug against malaria
(FDA)
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the main source of artemisinin, now the efforts of geneticists are concentrated
towards the development of new clones of this herb producing a more active
principle.

Qinghaosu is a sesquiterpenc lactone that bears a peroxide group and, unlike
most other antimalarias, lacks a nitrogen-containing heterocyclic ring system.
Derivatives of ginghaosu, such as dihydroqinghaosu, artemether, the water soluble
sodium artesunate, and the oil soluble artecther appear to be more potent than
ginghaosu itself. Sodium artesunate acts rapidly in restoring to consciousness
comatose patients with cerebral malaria. Thus, qinghaosu and its derivatives offer
promise as anew class of antimalarials. Recent studies have suggested that artennuin
B, another metabolite of this plant, could serve as a precursor for arteamisinin.
Qinghao acid, one of the major sesquiterpene constituents of 4. annua was converted
to arteanniun B by singlet oxygen, which plays a role in biogenetic reactions,
generated by sensitized photo-oxygenation.

The advent of the qinghaosu class of antimalarial has ushered in a new era for
treatment of malaria, and work in all areas, involing the preparation of new
derivatives, uncovering the mode of action, pharmacokinetic studies, drug formu-
lation, clinical studies and field trials, continuing apace. The herb of antiquity,
qinghao, has provided a fascinating compound whose trioxane nucleus is the focus
of development of new methodology to provide structures containing this moiety*!

Besides the number of pharmacologically active sesquiterpene lactones based
on cadinane and closely related carbon sceletons, chromenes, phenolic constituents,
mainly coumarins and both flavonoid aglycones and glycosides, have also been
isolated by different groups.37> 4246 These results are noteworthy from the pharma-
cological point of view for they may impart new medicinal applications to 4. annua.
Some of these compounds have been shown to be antiviral, cardiovascular, anti-
hepatotoxic and antiinflammatory agents. Some others were found to exibit cyto-
toxic activity against specific carcinoma cells or to control the expression of certain
genes. Flavonoids, e.g., artemetin, chrysosplenol-D, chrysosplenetin, casticin and
cirsilineol, markedly enhanced the antimalarial activity of artemisinin.

Our repeated examination of 4. annua®’ (originating from Belgrade and
Kovin) yielded, in addition to 1, 2 and pontica epoxide, camphor, pinocarvon,
pinocarveol, artemisia alcohol, artemisia ketone (monoterpenes), scopoletin (cou-
marin) and two isomeric flavonols,*8 i.e., chrysosplenetin and casticin. These
flavonols, together with pinocarvone and pinocarveol were isolated for the first time
from A. annua. From this plant, the new flavonol, quercetagetin 6,7,3°,4’ -tetra-
methyl ether has also been isolated.?

3.1.2. Artemisia vulgaris L.

It is known that the pollen of mugwort (4. vulgaris L.) is one of the main
causes of allergenic reactions in late summer in Europe. Extracts of mugwort pollen
contain about eleven different allergens of variable clinical importance.>?
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The plant material was collected in October 1970 near Belgrade. The standard
isolation procedure, 20 yielded>! two known seco-pseudoguaianolides, psilostachglin 3
and psilostachyin C (4) (previously isolated from Ambrosia psilosz‘achyiarsz’5 ), the
usual constituents of the genus Ambrosia (Fig. 3). These compounds are considered to
be interesting from the chemotaxonomic point of view, because the psilostachyinolides
arc supposedly biosynthesized from ambrosanolides which have not yet been isolated
in this genus. Repeated examinaiton of 4. vulgaris, collected in September 1978 at
Deliblatska pe$cara (Vojvodina) afforded only 5,3’-dihydroxy-3,7,4’-trimethoxyfla-
vone, 7,8-methylenedioxy-9-methoxycoumarin and a triterpene, 3B-hydroxy-urs-12-
ene-27,28-dionic acid.>* The sesquiterpene lactones were not detected.

However, eudesmanolide vulgarin, first reported in 1961 (Rybalko and Dolejs
investigated Artemisia taurica Willd. and isolated a compound which they assigned
the same structure as that of vulgarin, but named it tauremisin; furthermore, the
compounds barrelin and judaicin were proved to be identical with vulgarin®>),
isolated previously from the Australian 4. vulgaris was not detected in this extract.!8

3: psilostachyin 4: psilostahyin C

Figure 3.
3.1.3. Artemisia absinthium L (warmwood)

Guaianolides of the proazulogenes type were found in the group Absinthium

of the genus Artemisia.>®

The usual isolation procedure, 20 applied to the acrial parts of A. absinthium,

collected in November 1971 at Golubac (Eastern Serbia), afforded®’ a germacrano-
lide (Fig. 4), ketopelenolide-A (5) and two known>8 diastereomeric lignans (isolated
for the first time from this plant) with 2,6-aryl disubstituted 3,7-dioxabicyclo
[3.3.0]octane ring, i.e., dimethyl ethers of lirioresinol A and lirioresinol C.

Lactone 5 was previously isolated from the same plant originating from
Czechoslovakia.”® Neither artabsin (guaianolide) and absinthin (dimeric guaiano-
lide), previously isolated from A. absinthium, nor the other sesquiterpene lactones
(guaianolide dimers: absintholide, artabsinolides, arlatin, anabsin, artenolide, ary-
emolin®®-7%) were detected in our sample.

In 1992, new diastercomeric homoditerpene peroxides were isolated from the
acrial parts of warmwood by Riicker et al.”' The mixture of these compounds
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showed antimalarial activity against Plasmodium falciparum. The aerial parts of
warmwood are used against dyspeptic diseases, fever and gastrointestinal worms.
The bitter sesquiterpene lactones absinthin, anabsinthin and anabsin are known to
be major compounds of warmwood, as well as thujone, which showed neurotoxic
activity. Antitumor, cytostatic and other pharmacological properties have been
reported for this plant.”2 4. absinthium was used until the 1920’s to prepare the
narcotic and now illegal drink absinth.

5: ketopelenolide-A

Figure 4.

3.1.4. Artemisia scoparia W. et K.

Chloroform extraction of the leaves and flower heads of 4. scoparia (collected
south of Belgrade), using the usual techniques,2® resulted’? in the isolation of
coumarin, scoparone (i.e., 6,7-dimethoxycoumarin, isolated previously from A.
Scoparia74), two polyacetilenes (capillin and 1-phenyl-2,4-hexadiin-1-ol, the con-
stitutents of A. capillaris’>) and vanillin. Sesquiterpene lactones were not detected.

From the extract of 4. scoparia, examined by Ryakhovskya and Chan-
drosckharan’%77 only flovonoids and coumarins were isolated.

3.1.5. Artemisia campestris L.

Examination of the CHCI3 extract of the acrial parts of 4. campestris (col-
lected at Deliblatska pescara, Vojvodina) revealed two coumarins (scoparon and
scopoletin)’® and a mixture of p-coumaric acid esters of various fatty alcohols.”?
None of these compounds had been detected before in 4. campestris. Sesquiterpene
lactones were not detected in the examined extract.

Subsequent studies of the related A. campestris subsp. maritima (Ranter et

al8%yand A. campestris subsp. glutinosa (De Pascual et al. 81 and Hurakielle ez al.3%)
revealed only flavonoids and acetophenone derivatives and no SLs.

3.2. Genus Ambrosia L.
3.2.1. Ambrosia artemisiifolia L. (the common rag weed)

The plant material (aerial parts) of A. artemisiifolia was collected at two localities
in the Province of Vojvodina, i.e., near Novi Sad (October 1970)27-51:83 and near
Pancevo (August 1983).34 As expected, according to previous examination of the genus
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Ambrosia, 330 these investigations revealed (seco)pseudoguaian-6,12-olides, know as
(seco)ambrosanolides (3),27-1 4,27:53.84 ¢ 27.83.84 7 83 g 84 Ljg 5) At the time they
were identified, lactones 6-8 were new compounds. Lactone 8 was the first 3,4-seco-
ambrosanolide. This type of oxidative 3,4-fragmentation in a pseudoguaianolide pre-
cursor was previously encountered only in the helenanolide series (i.e., pseudoguaian-
8,12-olides with a 10a-positioned methyl). Two pseudoguaian-8,12-olides, also pre-
viously detected in the genus Ambrosia, i.e., cumanin (9)°% and its diacetate (10),%
were identified in the plant originating from Pancevo.34

The genus Ambrosia is known to produce numerous sesquiterpene lactones of
the germacranolide, psilostachyianolide, pseudoguaianolide, ambrosanolide and eudes-
manolide types. Germacranolides, such as artemisiifolin’ isabelin,®3%° dihydro-
parthenolide,”® pseudoguaianolides peruvin®! and coronopilin (W. Herz et al. deter-
mined its structure?®), modified pseudoguaianolide ambrosic acid,’? guaianolides
cumambrins A and B,%3 isolated from the extracts of other species belonging to this
genus by other authors, were not detected in the examined extracts. In the connection
with studies on the physiologically active substances in the genus of Gaillardia,
Artemisia and their relatives in Compositae, the poisonous principle in 4. artemisiifolia
has recently been investigated (H. Ogura et al.”%). It was shown that this plant is
responsible for the pollen allergy, assigned to ambrosic acid isolated from its pollen.

6*
* - new compund RO 9:R=H
(cumanin)
10:R=Ac

(cumanin diacetate)

Figure 5.

3.3. Genus Tanacetum L. (syn. Chrysanthemum L.)

Investigation of the aerial parts of five species of this genus, i.e., T. serotinum
L., T. parthenium L., T. macrophyllum Willd, T. vulgare L. and T. corymbosum L.,
using the usual procedure,26 revealed three types of SLs, i.e., germacranolides,
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eudesmanolieds and guaianolides.”*8 In addition, the antimicrobial and antitumor
activities of the isolated comopounds were studied %%

3.3.1. Tanacetum parthenium L. (feverfew)

The herb feverfew has been recognized since ancient times as having signifi-
cant beneficial medicinal properties. The herb has been used as a general febrifuge
and for the treatment of a wide range of disorders, including psoriasis, toothache,
insect bites, rheumathism, asthma, stomach ache, menstrual problems, and threat-
ened miscarriage. The herb was successfully used as a prophylaxis for both migraine

and arthritis. This plant has been referred to as the "mediacval aspirin".!00

The overall picture of the constituents of 7. parthenium shows that this species
produces a large variety of highly oxygenated compounds, especially in the aerial
parts.

Previous studies of this species originating from different places revealed the
following SLs:

— germacranolides — parthenolide®-0-101-103 anq its metabolites, 3B-hydroxy-

parthenolide, costunolide, 3B-hydroxycostunolide,' %4 artemorin!04-106 anqd
a derivative of artemorin, epoxyartemorin!?7 and anhydroverlotorin-4a,5(-
epoxide;

—eudesmanolides — santamarin and reynosin;

— guaianolides —3,4-epoxy-8-deoxycumambrin B,!98 chrysartemin A (24) and
chysartemin B, and, in addition to these widespread compounds, two groups
of rare and closely related guaianolides, the "O-series" represented by the
endoperoxide tanaparthin-a-peroxide, canin, 10-epi-canin and seco-tana-

parthenolide A, together with the corresponding "B-series", tanaparthin-f3-
peroxide, artecanin and seco-tanaparthenolide B, and finally, two very
unusual, chlorine-containing guaianolides.!04:109.110

Achillea millefolium also contains the a- and B-endoperoxides, related to the
tanaparthins, and this provided some circumstantial evidence for the proposed
biogenetic pathway in feverfew.

From the aerial parts of 7. parthenium, collected in the vicinity of Kucevo
(eastern Serbia, July 1977) we isolated five eudesmanolides (Fig. 6), such as
santamarin (11), magnolialolide (12), reynosin (13), 13-hydroxyarbusculin (14) and
8B-hydroxyreynosin (15).°%9 Whereas lactone 15 was a new compound, com-
pounds 12 and 14 (detected for the first time in 7. parthenium) were isolated
previously from Magnolia grandiflora'"! and Tanacetum vulgare,"'? respectively.
Santamarin was detected (1965) in 7. parthenium,''3 and reynosin in Ambrosia
confertiflora (1970).10°

The Antitumor activity KB test (human epidermal carcinoma of nasopharinx-
cell culture) and PS test (P 388 lymphocytic leukemia), carried out in the National
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11: (A%) santamarin 14: 1p-hydroxyarbusculine 15%: 8B-hydroxyreynosin
12: (A*) magnolialolide
13: (AS(19) reynosin

* - pew compound
Figure 6.

Cancer Institute, Bethesda, Maryland, USA, showed that 12 and 13 have insufficient
activity to warrant further testing.%’

T’ parthenium has been successfully used as a prophylaxis for migraine and a
link between blood platelet chemistry and migraine has been suggested in a number
of reports in the literature.!!4!15 Hence, initial studies of various groups focused
on the effects of feverfew extracts on blood platelets, which led to the conclusion
that a-methylenebutyrolactone groups were responsible for the inhibitory effect of
feverfew extracts on blood platelet function. Upon agonist-induced aggregation,
blood platelets release 5-hydroxytryptamine (serotonin) which has been linked to
the onset of migraine and which further augments the aggregation induced by the
original agonist. The bioactivity is based on the inhibition of 5-hydroxytryptamine
secretion. 10 Perhaps of more relevance to migraine prophylaxis is the ability of
feverfew extracts and parthenolide to inhibit prostaglandin production, as these are
mediators of inflammation. Crude extracts of feverfew have recently been shown
to selectively block voltage-dependant potassium channels in smooth muscle cells;
the implications of this observation with respect to migraine prophylaxis are as yet
unclear. Parthenolide and epoxyartemorin showed high levels of activity whereas

tanaparthin-a-peroxide was much less active.3-117.118

Parthenolide was shown to be the major antimicrobial constituents in the
CHCI3 extracts of 7. parthenium. In inhibited growth of Gram (+) bacteria, yeasts
and filamentous fungi in vitro. Gram (- ) bacteria were unaffected. This compound
was not phytotoxic except at very high concentrations, but crude extracts from the
whole plant were strongly phytotoxic.!!®

In addition, the CHCI3 extracts of fresh leaves of 7. parthenium caused a

progressive loss of tone of pre-contracted aortic rings, strongly inhibited its re-
sponses to phenylephrine, 5-HT, the thromboxane mimetic U46619 and angiotensin
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II, and appeared to impair the ability of acetylcholine to induce endothelium
dependent relaxations of the tissue.!20

Parthenolide inhibits the incorporation of thymidine into DNA and, thus,
antitumour activity may occur at the DNA replication level.

A mixture of the two eudesmanolides, santamarin and reynosin, displayed
activity equal to or greater than the germacranolides at most of the concentrations
tested in the stimulation of witchweed germination.!?! the high activity of the
eudesmanolides is noteworthy, because these compounds are less proned to undergo
further structural changes by intramolecular cyclization reaction than the germac-
ranolides.

In identifying the active principles of this plant, it is important to be aware of
the nature of the other chemical constitutents since there is the possibility of
synergistic action. Although the sesquiterpene lactones have been fully identified
in T parthenium, little work has been carried out on the lipophilic flavonoids.
However, several flavonoid methyl ethers have been isolated from other Tanacetum
species. The new lipophilic flavonols, santin and its 7-methyl derivative, 6-hydroxy
kaempferol 3,7,4’-trimethyl ether, called tanetin,!?2-123 have been characterized in
the leaf, flower and seed of 7. parthenium. Pharmacological tests indicate that
tanetin could contribute to the antiinflamatory properties of feverfew by inhibiting
the generation of pro-inflamatory eicosanoids, although it is unlikely to be the only
biologically active compound within the plant.

3.3.2. Tanacetum serotinum L.

It should be noted that this was the first study of this species. From the plant
material, collected near Belgrade (August 1980), two novel eudesmanolides, named
beogradolide A (16) and beogradolide B (17) were isolated.**¢ Both compounds
were also converted, using acetic acid anhydride, to the corresponding diacetates
18 and 19 (Fig. 7).

The isolated sesquiterpene lactones, the new ones, were tested for antibacterial
activity. All the tested compounds displayed an inhibitory effect against Staphylo-
coccus aureus (E-169), Gram-positive. Lactone 16 showed the most intensive
inhibition zones. An additional test, using Gram-negative Escherichia coli (B-
82354), was performed, in which only beogradolide A developed a slight inhibition
zone. Its acetate exibited considerable inhibition against Salmonela sp.9*%°

3.3.3. Tanacetum vulgare L. (tansy)

T’ vulgare, exhibiting medicinal properties (vermifuge, cholagogue), has been
used in traditional medicine.'2# In Bulgaria tea prepared from dry leaves and flowers
is used as an antiseptic and a spasmolytic remedy, also against insects in cattle and
for protecting hair against dandruff; powdered, dry leaves and flowers are also
utilized as insecticides.
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* R=H
16*:R=H 1 (beogradolide B)
(beogradolide A) 19: R=Ac

18: R=Ac

* . new compound
Figure 7.

During previous examinations of the aerial parts of botanically non-specified
forms or varietes of 7. vulgare, originating from different localities, over fifteen
different sesquiterpene lactones have been isolated:!12:125-129

— germacranolides — tamarin, tanacin, tabulin, tatridin-A and B, parthenolide,
costunolide diepoxide and artemorin

— eudesmanolides — reynosin (12), 1B-hydroxyarbasculin-A (13), dentain,
chrysanin, tanacetin (5-hydroxyreynosin) and santamarin (11).

In our sample, collected in the village Ugrinovci near Kraljevo (southwest
Serbia, September 1979)°497 we isolated four SLs, i.e., two new germacranolides
(20 and 21) and two guaianolides 22 and 24 (Fig. 8). Compound 22 was a new one
and 24 (chrysartemin A) had been detected previously in 7. parthenium.'9%:130 In
addition, a flavone eupatilin, i.e., 5,7-dihydroxy-3’,4’,6-trimethoxyflavone (gtumor
inhibitor) identified for the first time in Eupatorium cuneifolium (Tourn) L.,13! was
isolated from this extract.

The isolated sesquiterpene lactones (20-24) were tested for antibacterial
activity, as was done with the compounds 16—19. With the expection of 24, all the
tested compounds displayed an inhibitory effect against Staphylococcus aureus
(E-169), Gram-positive. Lactone 22 showed the most intensive inhibition zones.
Chrysartemin A inhibited Salmonella sp. All of these compounds were inactive on
Escherichia coli (B-82354), Gram-negative.”*%?

3.3.4. Tanacetum macrophyllum Willd.

The usual procedure?® applied to the CHCIl3 extract of the aerial parts 7.
macrophyllum, collected at the Go¢ mountain (1978) (East Serbia), yielded diepoxy-
guaianolide chrisartemin A (24),”%%8 which was converted, upon treatment with hot
acetic acid anhydride, to the corresponding acetate (25). This was the first study of
secondary metabolites of this species.
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20* 21*
o
24:R=H
(chrysarthemin A, revised structure)'30
* - new compound 25:R=Ac
Figure 8.

3.3.5. Tanacetum corymbosum L.

Sesquiterpene lactones were not detected in the CHCl3 extract of the acrial
parts of 7. corymbosum, originating from a locality under the plateau Stolovi
(Mountain Go¢).?* This was not unexpected, since previous examination of 14
species of the genus Tanacetum had shown that the lowest sesquiterpene lactone
content was noted in 7. carinatum, T. anethifolium and T. corymbosum.!3

3.4. Genus Telekia Baumg.
3.4.1. Telekia speciosa (Schreb.) Baumg.

The Genus Telekia is a small one, and is chemically characterized by the
occurence of sesquiterpene lactones similar to those from /nula species.

In course of our investigations of the CHCIl3, extract of the aerial parts of 7.
speciosa, collected at the mountain Go¢ (East Serbia, July 1978), in addition to the
cudesmanolides (26, 27, 29, 30 and 33), we isolated two pscudoguaianolides (35
and 36) and a germacranolide (37).!33 The lactones 30, 33, 35 and 36 were new
compounds (Fig. 9). Asperilin (29), isolated for the first time (1964) from Iva
asperifolia (whole plant, St. Marks, Florida)!3* was found for the first time in this
species. Acetylation and epoxidation of 29 afforded the lactones 31 and 34.133 Diol
30 was also converted to the corresponding diacetate (32). Isoalantolactone (26)!33
was isolated for the first time from I helenium in 1957 and telekin (27) from T.
speciosa in 1961.13 Parthenolide (37) was detected for the first time in the crude
extract of 7. parthenium in 1961° (see 3.3.1.).
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In the previous chemotaxonomic study of this species, originating from
Bulgaria and Czechoslovakia, the eudesmanolides isoalantolactone (26), telekin
(27) and isotelekin (28) were identified.!3%-137 At the same time, only lactone 26
was detected in the roots. Helenin was isolated from 7. speciosa as an inseparable
mixture of isomers 26 and 38, in the ratio of 2:1,'38 respectively.

33*:R!' = 2=H 35*:R=H

26 ;R =R =R=R:=H 3 R\ =B 22 OH 36%: R = OH

(isoalantolactone) ’
27 :R'=0H,R2=R*=R4=H

(telekin)
28 :RI=R3=R*=H,R?=0H

(isotetekin)
29 :R!'=R2=R3>=H,R*=0H

(asperilin)
30*: Rt =R*=H,R?=R3=0H
31 :R'=R2=R¥=H, R*=0Ac
32 :R'=R*=H,R2=R3*=0Ac

(¢]
(0]

* - new compound

37: parthenolide 38: alantolactone

Figure 9.
3.5. Genus Inula L.

3.5.1. Inula helenium L.

Plant material (roots and aerial parts) was collected in Bole¢ (ca. 10 km
south-east from Belgrade) in the summer of 1985. The usual CHCI3 extraction?% of
the roots afforded a high yield of the isomeric eudesmanolides 26 and 38,'3° which
was in agreement with previous results (Figure 10).140 The same isolation procedure
applied to the aerial parts yielded four SLs (39-42), belonging to different types.!4!
Whereas the lactones 39 and 40 had been previously isolated from 7. helenium,'40
diepoxygermacranolide 41 had not been found in this species before. This lactone,
exhibiting antibacterial properties,'4? was isolated previously from Carpesium
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39 40: carabrone 41

42: 2 a-hydroxyalantolactone

Figure 10.

abrotanoides,'*? as well as from some Schkhuria species.'*? 2a-Hydroxyalanto-
lactone (42) was found previously in the aerial parts of 1. royleana. 140

The acetone extract of the root of 1. helenium by Kerimov et al., yielded 26,
38, dihydroisoalantolactone and dihydroalantolactone.!#4 In addition to these men-
tioned constituents of the underground parts, an EtOH extract from the aerial parts
afforded coumarines, scopoletin and umbelliferone.! 4> Kowalewska and Lutowski
isolated, from I. helenium, quercetin, quercetin-7-triglucoside and 3-methylquer-
cetin (obtained for the first time from the genus Inula).*¢

The isolated compounds showed activity in promoting root formation on stem
cuttings of Phaseolus aureus L. Isoalloalantolactone and inunal (an aldehydolac-
tone), isolated from some lnula sp., displayed considerable biological activity as
plant growth regulators.'* Alantolactone was destinctly less active than either
isoalantolactone, or isoalloalantolactone. This could be due to the fact that an
isolated double bond can affect the activity.

An investigation of the biological properties of these compounds (Schlemer
et al)!*® led to the striking result of the absence of cross allergy between the
sesquiterpene lactone-sensitized groups of guinea pigs and the one sensitized to a
smaller molecule, a-methylene-y-butyrolactone. The observation concerns alanto-
lactone and isoalantolactone. These are double bond positional isomers and a good
cross reactivity between them could be expected. The study shows that both
compounds do indeed give reactions, confirming earlier results. It should be noted
that isoalantolactone sensitization seems a little weaker than that of alantolactone.
These lactones might react differently because of discrepencies in their penetration
capacity, elimination rate, metabolism rate, solubility, ezc.!4® Alantolactone and
isoalantolactone exhibited high bactericidal and fungicidal properties. These lac-
tones were generally most active against Chycobacterium tuberculosis.'*?
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3.5.2. Inula spiraeifolia L.

The aerial parts of . spiraeifolia were collected in summer 1981 at the same
locality as 1. helenium (3.5.1). An analogous procedure to the above (CHCl3
extraction) yielded two novel isomeric trioxygenated caryophyllenes.! 39131 Almost
simultanously, the same compounds were isolated from Pulicaria dysenterica
(Bohlmann and Zdero).!32

3.6. Genus Eupatorium L.

3.6.1. Eupatorium cannabinum L.

E. cannabinum L. (Asteraceac), a widespread wild plant growing in Europe,
is a well known traditional medicinal plant since antiquity. Extracts of this species
arc used in traditional medicine against influenza and other diseases (cholagogue,
laxative, diurethic and diaphoretic).

The following sesquiterpene lactones!33-134
cannabinum, originating from different localities:

were previously isolated from E.

— germacranolides — cupatoriopicrin, eupatolid, eucannabinolid, cupasim-
plicin B, chromolenid, giodorilactone E

— eudesmanolides — alantolactone and isoalantolactone
— guaianolide — eupahifolin C.

Chemical examination of several Eupatorium specics has produced a number
of sesquiterpene lactones with cytotoxic and antitumor properties, as determined in
in vivo and in vitro test systems. Eucannabinolide exhibits in vivo antileukemic
activity against lympholytic leukemia P 388 in mice.!>> Pharmacological studies of
the sesquiterpene lactones confirmed the antitumor activity of eupatoriopicrin.!>6
This lactone was active against KB (human nasopharynx carcinoma), He La (human
carcinoma cervix uteri), EA (Ehrlich ascites carcinoma) and R KB (a normal human
cell strain) cells. Recently, cytotoxicity against GLC-4 (Gromingen lung carcinoma,
a human small cell lung carcinoma cell line) has been reported for eupatoriopicrin
and related sesquiterpene lactones.!37:158 Eupatilin and eupafolin showed cytotoxic
activity.!59 The sesquiterpene lactone of E. cannabinum releases an acrylic acid
(2,3-dihydroxymethylacrylic acid) which can be found in the plant in the free state.
This, together with lactic, malic and citric acids present in E£. cannabinum, has
protective effects against acute toxicity induced by ethanol in mice. Other com-
pounds could also be involved in this antinecrotic activity, such as phenolic acids,
flavonoids, and triterpenoids which are present in E. cannabinum. caffeic and
chlorogenic acids have been shown to inhibit the clevation of glutamic pyruvic
transaminase in rat in vivo.'%0 Also, it had been shown that polysaccharides of E.
cannabinum and E. perfoliatum have immunological activity.!61

Our investigation of the CHCI3 extract of the aerial parts of plant material
collected near Sevojno (West Serbia) in June 1978 revealed the presence of only
one lactone, eupaformonin (43, Fig. 11).92 This cytotoxic lactone, belonging to a
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new subgroup of germacranolides with (E)-Al(lo) and (Z)-A* double bonds, so
called heliangolides, was isolated previously, together with eupatolide, from E.
Jformosanum (Tainan, Taiwan).!%:!! Eupaformonin was converted to the correspond-
ing acctate (44) using the standard procedure. In addition the benzofuran (45),
known as euparin, was isolated from our extract.

(lfH

HO o] C=CH,
Ty
CH,CO

3

43:R=H 45: euparin
(eupaformonin)
44: R =Ac

Figure 11.

3.7. Genus Achillea L.

The genus Achillea has received much attention so far because of various
medicinal properties of some members. A number of SLs, mostly guaianolides with
cross—cor}jugated cyclopentadienone systems, have been isolated from Achillea
species.!93 According to the configuration at C-11, they were divided into the
achillin (113-Me) and matricarin (11a-Me) series. These types of guaianolides have
also been found in numerous Artemisia and other species. Hitherto, our studies
involved 6 species, collected in east Serbia and Montenegro.

3.7.1. Achillea abrotanoides Vis.

Our investigations of this genus started with A. abrotanolides, collected in
summer 1987 on the mountain Bjelasica (Montenegro). From the CHCI3 extract,
using the same procedure as above, we isolated three guaianolides (46 — 48, Fig.
12), all belonging to the same matricarin type.!%* Lactones 46 and 47, i.e., deace-
toxymatricarin and deacetylmatricarin, respectively, have been found before in several
artemisia and Achillea species.10:83-105-167 The strycture of 1B,10B-epoxydeacetoxy-
matricarin (48) was established by comparison of its 'H- and '3C-NMR spectral data
to those of the diastereomeric lactone 49 (10, 100-epoxydeacetoxymatricarin), ob-
tained as the main product of the epoxidation of 46, using m-chloroperbenzoic acid.

In addition, a flavonoid centaureidin was isolated from this extract (Fig. 13).

3.7.2. Achillea millefolium subsp. pannonica L.

Since the Trojan war (1200 BC), A. millefolium has been used extensively by
many cultures on different continents as a herbal remedy for various afflictions.!%3
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46 R =H 48*: 103,10p3-epoxydeacetoxymatricarin

(deacetoxymatricarin)
47: R =0H
(deacetylmatricarin)

* - new compound

o) 49: 1a,10a-epoxydeacetoxymatricarin

Figure 12.

50: centaureidin

Figure 13.
Its antiinflamatory properties and the use of the extracts of the plant in the treatment
of dental disorders have been investigated.!®®

Previously, the following sesquiterpene lactones®!70-175 have been isolated

from this plant originating from different regions:

— germacranolides — dihydroparthenolide, millefin, balchanolide and acetyl-
balchanolide;

— eudesmanolide — dihydroreynosin;

— guaianolides — achillifolin, achillin, achillicin (the first azulene type com-
pound), deacetylamatricarin, 2,3-dihydro-deacetoxymatricin, acetoxyartab-
sine and lactones of 3-oxaguaianolid type.

The aerial parts of A. millefolium also yielded acetylenic compounds and

amides. The essential oil of A. millefolium subsp. panonica has been investigated
and austricin (azulene) was isolated.!”6
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In our laboratory, the lactones 46 and 48 were also detected in the aerial parts
of A. millefolium subsp. pannonica,'’” collected at the same locality and at the same
time as A. abrotanoides (3.7.1.).

3.7.3. Achillea crithmifolia W, et K.

Sesquiterpene lactones from A. crithmifolia have not been investigated so far.

The chemical constituents of 4. crithmifolia originating from two different
localities, and collected at different times were studied. In the first case from the
acrial parts of this species collected at Rtanj mountain (East Serbia, September
1988), using the usual CHCI3 extraction,?® we isolated the known guaianolides
rupicolin A (51), rupicolin B (53), their acetates (52 and 54), as well as a novel
germacranolide (55) whose structure was deduced by means of COSY and NOESY

OAc

S1:R=H 53:R=H 5%
(rupicolin A) (rupicolin B)
52:R=Ac 54:R = Ac

HO

56 :R=Me, R! = OH S8 R=H 60: ridentin
57*: R=0H,R' =Me (rupin A)
59:R=Ac
OH

* - new compound

61: ridentin B

Figure 14
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(Fig. 14).178 Rulpicolin A had been previously isolated from Artemisia tripartita
subsp. rupicola,'”® and rupicolin B was isolated for the first time in 1968, but under
the name ligustrin, from Eupatorium ligustrinum. 8

The second investigation of the aerial parts of 4. crithmifolia collected in the
vicinity of Donji Milanovac (East Serbia, July 1990) and using petrol ether-Et,O-
MeOH (1:1:1) for extraction (applied for the first time by Bohlmann et al.'8")
afforded three guaianolides (56—58), a known germacranolide ridentin (60) and a
known eudesmanolide ridentin B (61).!82 Lactone 56 had been isolated previously
from the aerial parts of Artemisia afra (grown at the experimental station of the
University of Fort Hare),'83 but the co-occuring 4-epimeric lactone 57 (assigned by
means of COSY and NOESY) was a new compound (Fig. 14). Diepoxylactone,
rupin A (58) was isolated previously from Artemisia tripartita subsp. rupicola.179
Acetylation of 58 afforded 59, exhibiting almost identical 'H-NMR data as
1B,2B:3B,4B-diepoxyguaianolide, yomogiartemin, isolated from Artemisia feddei.'%*
This indicated that the original assumption'’? of a 1a,2a:3a,4a-diepoxy stereo-
chemistry of rupins A and B had to be revised to the 13,23:3B,4B-diepoxy-configu-
ration. Rupin-A was also isolated previously from Achillea biebersteinii.

Ridentin (60) was previously isolated from Artemisia cana and A. tripartita
subsp. rupicola,4 and ridentin B (61) from 4. trlpartita.179’186

3.7.4. Achillea clypeolata Sibth. et Sm.

The plant material was collected at Si¢evacka Klisura (Southeast Serbia)
during the flowering season (May 1994). The roots and aerial parts were extracted
according to the usual procedures used for the isolation of alkamides, (EtpO-petrol
ether 1:2)!37 and sesquiterpene lactones (EtyO-petrol ether-MeOH, 1:1:1)!8! re-
spectively.!88 Neither the expected SLs, nor the alkamides (the usual constituents
of the roots of Achillea species) were isolated from the extracts. Silica gel CC of
the extract of the roots yielded three diterpenes belonging to the same ent-kaurane
groups, i.e., 160,17-epoxy-ent-kaurane and its 19-acetoxy and 30-acetoxy ana-
logues (6264, Fig. 15).

62:R'=R*=H
63:R! = OAc,R*=H
64: R! = H, R? = OAc

Figure 15.
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3.7.5. Achillea serbica Nyman

In a continuation of the chemical investigation of the secondary metabolites
in the species of genus Achillea, the extract of the aerial parts of 4. serbica has been
examined. The plant material was collected in 1992 from the locality Donja Studena
(Jelagnica). The usual procedure!®! was applied for the isolation of sesquiterpene
lactones. Six guaianolides were obtained from the petrol ether-EO-MeOH (1:1:1)
extract of the air-dried aerial parts by CC (Fig. 16).'%% Rupicolin B (53) and
l1a,4B-dihydroxy-8a-acetoxygaui-11(13),9-dien-12,6a-olide (65) were known com-
pounds. 1a,4B-Dihydroxy-8a-acetoxygauia-11(13)10(14)-dien-12,60-olide (66),
two diasterecomeric 1,2-epoxy-3-chloro-4,10-dihydroxy-8a-acetoxy-(11(13)-en-
12,60-olides (67, 68) and 1,10-dihydroxy-2-chloro-3,4-¢poxy-11(13)-en-12,60-
olide (69) were new ones. All compounds were identified by means of spectroscopic
data (IR, MS(1D and 2D) 'H- and '3C-NMR). The determination of the relative
configurations of 67—69 is still in progress.

Cl

* _ new compound
65 : A? 67*,68% (2 diastereomeric lactones) 69*
66%: A10(14)
Figure 16.

3.7.6. Achillea depressa Janka

The plant material was collected from the locality Oblacinsko jezero (Me-
ro8ina, Ni§) during the flowering season at the end of May 1994. Using the usual
previously mentioned procedure,!¥! the sesquiterpene lactones 70 — 73 were iso-
lated (Fig. 17). Lactone 71 was previously isolated from 4jania fastigata (C. Winkl.)
Poljak.!? Compounds 70, 72 and 73 have not been found in plant material before.
Compound 73 is the rarely occuring type of sesquiterpene lactone in which the
seven-membered ring of a guaianolide skeleton has undergone biogenetic ring
contraction involving a 1,2-shift of C-1 from C-10 to C-9. Previously, a compound
with a similar skeleton — chlorochrymorin, a sesquiterpene lactone with rooting
promoter activity (74)!°! was isolated from Chrysanthemum morifolium Ram.
Similar chemical 1,2-shifts have been observed previously for sesquiterpenes and
steroids.!?2 Rabi and coworkers!'?3 studied the Lewis acid catalyzed rearrangement
of the 9,10-a-epoxide, which was obtained by peracid oxidation of eremanthin.
Treatment of this epoxide with one equivalent of BF3-Et;O did not give an analogue
of chlorochrymorin, but resulted in the aldehyde, derived from a shift of C-8 to C-10.
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Cl

¥
70%: R = OH &

71 :R=H
(chlorfastin)

74: chlorochrymorin

* - new compound

Figure 17.

Recently, a sesquiterpene lactone apressin, a guaianolide with an endoperoxide
moiety!®* was isolated from the flowers of A. depressa originating from Bulgaria.
From the leaves, besides the well-known monoterponoids and flavonoids, the guaiano-
lides achillin and 1,10-epoxyachillin were isolated. 195198 The complete analysis of the
sesquiterpene-coumarin ethers from the roots of 4. depressa had led to the isolation of
eleven different compounds — all belonging to the isofraxidin series. According to
morphological characters, these chemical findings support the close alliance between
A. depressa and the A. odirolenca— A. pseudopectinata complex.'

3.8. Genus Anthemis L.

Three main classes of compounds of chemosystematic interest, polyacetylenes,
flavonoids and sesquiterpene lactones, typical for Anthemidae, have been detected in the
genus Anthemis. Three types of sesquiterpene lactones, germacranolides (and secoger-
macranolides),2%0210 eudesmanolides?!%-212 and guaianolides?00-210-211.213214 paye
been isolated from the genus. The exception was an allergenic lactone with an unusual

structure (anthecotuloide), the constituent of 4. cotula 213210

Continuing the chemotaxonomic examinations of the Yugoslavian wild-grow-
ing species belonging to Asteraceae,?!” the aerial parts of A. carpatica Willd. and
A. cretica subs. cretica (syn. A. montana L.) were investigated. The flavonoids (from
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)218 )219

leaves)~'° and polyacetylenes (roots)"~ are the only secondary metabolites of these
species reported so far. Sesquiterpene lactones of these two species have not yet
been investigated.

Repeated silica gel column chromatography of the extract, obtained using the
usual extraction procedure for the isolation of sesquiterpene lactones,!8! combined
with preparative TLC of some fractions, yielded sesquiterpene lactones of guaiano-

lide series, the majority of them with 8a-acyloxy (or hydroxy) functionality.

3.8.1. Anthemis carpatica Wild.

The plant material was collected during the flowering season, in July, in 1994
from the Sara mountain, at location Lavlja vrata, altitude of ca. 1900m.

Fifteen new highly oxygenated guaianolides (76-82, 84-85, 95-97) were
isolated from the extract of the aerial parts. The structures of the isolated compounds
were established by spectroscopic methods, namely 'H-NMR, 3C-NMR, MS, IR
and in some cases also by 2D NMR spectroscopy (COSY, TOCSY, NOESY, HSQC
and HMBC).220 Some of them (77-82, 87, 97) contained a hydroperoxy group, a
functionality known to play an important role in the biological activities of many
natural products (Fig. 18).

3.8.2. Anthemis cretica L. subsp. cretica

The same procedure! 8! applied to the extract of the aerial parts of 4. cretica
subsp. cretica (O§ljak, altitude 2210 m, Sara Mountain, 1994) afforded two new
guaianolides, i.e., anthemolide B (75) and 8-0-angeloyl-9-O-acetylanthemolide B
(83) in addition to twelve sesquiterpene lactones of the guaianolide series 77, 79,
80, 84, 85, 89 — 94 and 96 (Fig. 18). Whereas the lactones 77, 79, 80, 84 and 85 had
also been isolated from 4. carpatica, 89 was a constituent of 4. hydruntina (southern
Ttaly)?!3 and lactones 89-94 have recently been found in A. aetnensis (Mountain
Etna, Sicily).2!? The structure determination of the isolated sesquiterpene lactones
was based on the lH-NMR, 13C-NMR, IR, MS and 2D NMR methods — COSY,
TOSCY, NOESY, HSQC and HMBC.

3.9. Genus Centaurea L.

Extensive chemotaxonomic investigations of the large genus Centaurea re-
vealed quite a few sesquiterpene lactones, comprising four types, i.e. guaianolides,
germacranolides, elemanolides and eudesmanolides.??! Many of them exhibited
various biological activities (e.g. cytotoxicity, antibioticity, phytotoxicity, neuro-
toxicity, etc.}*21"224 Our study of this genus involved three species, originating from
Yugoslavia: C. derventana Vis.& Pancié, C. kosaninii Hayek and C. solstitialis L.
The chemical constituents of C. derventana and C. kosaninii, both endemic spe-
cies,?25 growing in west Serbia (and Bosnia) and south Serbia (and Albania),
respectively, had not been studied before. However, C. solstitialis (yellow starthis-
tle) could be found throughout the world, i.e., southern Europe, western and central
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R R R
OR’ 75% m OH OH H
76% ¢ H H Ac
o g 77+ mC . OH OAc H
78 ¢ OH OH Ac
79* e . OH OAc Ac
80* ¢ ;. OH 0-i-But  Ac
g1 ¢ OH H Ac
g2 ¢ OH OTig  Ac
83+ M OH OAng Ac
R R . R'
R §4* ¢ H H H OAc
R ‘ §5% e H H Ac OH
‘ S 86* ¢ H H Ac OAc
g7 ¢ O0H H i-But  OAc
IOR? 88* ¢ H H H H
g9 m.h.a H OAc i-But  OAc
99 m.a H OAc H OAc
91 ma H OAc Ac OAc
g2 ma H OAc H 0-i-But
0 93 m.a H OAc H 0-i-Val
94 M H OAc H 0-2-MeBut
RO 1114
R R
95*¢ . H H
9¢*mc: H OAc
97+ ¢ OH OAc

c - guaianolides isolated from A. carputica

m - guaianolides isolated from A. cretica subsp. cretica (syn. A. montana)

h - guaianolides isolated from A. hydruntina
a - guaianolides isolated from A. aetnensis

* - new compound

Figure 18.
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Asia, South America and also in the western Unites States where it is a major weed
problem.

All extracts, whose investigation is reported in this paper, were prepared from
the aerial parts of plant material collected during the flowering season using the
usual extraction procedure for the isolation of sesquiterpene lactones,'8! followed
by silica gel column chromatography of the extract.

3.9.1. Centaurea derventana Vis. et Panc.

From the extract of the acrial parts of C. derventana, collected at the canyon
of the brook Derventa close to Bajina Basta (W. Serbia, 1996) four closely related
germacranolides, commonly found in Centaurea species, such as salonitenolide
(98), cnicin (99), cnicin-4’-0O-acetate (100) and salonitenolide-8-0O-(4’-acetoxy-5’-
hydroxyangelate) (101) were isolated?2® and identified by comparison of their
spectral data to those published (Fig. 19).227-231 The major constituent, cnicin was
obtained in an appreciably yield (0.2%, calc. per weight of dried plant material).
This compound, found before in sixteen Centaurea species originating from differ-
ent localities, 221 232-235 i known to exhibit considerable cytotoxic,222 cytostatic?23
and antibiotic22? activities. Cnicin was also rather abundant in the extracts of C.
stoebe (Germany, 0.45%),22% C. brugeriana (Iran, 0. 16%),230 C. nicaensis (Sicily,
Ttaly 0.19%)23! and C. calcitrapa (Argentina, 0.06%).228 The related germacrano-
lides 98 and 100 were co-occuring species of 99 in C. calcitrapa,**® whereas in C.
stoebe, 99 was accompanied by 98 and 101.228 The lactones 98 — 101 had also been

isolated previously from C. alba (Spain).232
98. R=H (salonitenolide)
99: R= W (cnicin)
100: R = W (cnicin-4'-acetate)
101:R= ﬁ%i/\

(salonitenolide-8-O-(4'-acetoxy-5"-hydroxyangelate))
Figure 19.
3.9.2. Centaurea kosaninii Hayek
The same procedure applied to the extract of the aerial parts of C. kosaniniii
(Brezovica, Kosovo, 1994) afforded a mixture of a- and [-amyrin and also a

mixture of stigmasterol and [-sitosterol. No sesquiterpene lactones were detected
in this extract.220
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3.9.3. Centaurea solstitialis L.

Due to their neurotoxicity, allelopathic activity and cytotoxicity, the chemical
constituents of C. solstitialis, originating from different parts of the world (Califor-
nia, Argentina, Europe) have been extensively studied so far221:224.227.228 fjtherto,
several sesquiterpene lacotnes, almost exclusively highly oxygenated guaianolides
have been isolated from the aerial parts of this species. In addition, some alkaloids,
triterpenes and flavonoids were reported as the constitutents of C. solstitialis.??!

HO

R' R R
102: CH, A~ 0H H (solsitialin A)
. " OH
103: CH ,/\OAc H (solsitialin A 13-acetate)
2 " OH
(0]
104: CH, CH, \O/H(\QH (cynaropicrin)
H
105:  CH, " Me OH (11B,13-dihydro
deacylcynaropicrin)
(0]
106:  CH, CH, \O)SCC, ~ (linichlorin B)
OH 0

. ~ . , iz H
107: {\Cl CH, - )J\H/ (19-desoxychlorojanerin)
OH O
(¢}
108: (,\C' CH, ~ — OH  (8-deacylcenturepensin
OH 0 -8-O-(4-hydroxy)-tiglate
O

109: A~ CH ~0 i (17-epi-centaurepensin)
g 2 - ",
OH OH o
N CH W\ -
110: {O\H( : 2 ~ O)Sﬁ\ S| (centaurepensin)
OH

Figure 20
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From the aerial parts of C. solstitialis (New Belgrade, 1995), eight known
guaianolides (102 — 110), typical for this genus, were isolated and identified by
comparison of their spectral data to those published (Fig. 20). Whereas solstitialin
Aandits 13-acetate (102 and 103),221:227 cynaropicrin (104)221227:228 and linichlo-
rin B (106)221:228.236 had been found before in this species, the remaining lactones
had been isolated previously from other Centaurea species. 22’ The identification of
lactone 105 was based on a close similarity of its 'H-NMR data to those of
11P3,13-dihydrodeacylcynaropicrin, isolated (together with 104) from Tricholepis
glaberimma (Uttar Pradesh, India).237 Lactone 107, 19-deoxychlorojanerin, was
isolated for the first time from C. aegyptica (originating from the Sinai desert).238
Lactone 108, exhibiting almost identical 'H-NMR data to those of 8-deacylcen-
taurepensin-8-0-(4-hydroxy)-tiglate, a constituent of C. imperialis (collected north-
west of Teheran, Iran),239 was an additional guaianolide isolated for the first time
from C. solstitialis. Lactone 109 had identical "H-NMR data to those of a lactone
isolated from C. conifera (collected in Spain), 232 and so was identified as the
17-epimer of centaurepensin (or chlorohyssopifolin A, 110), a constituent of the
previously studied aerial parts of C. solstitialis,?>7*28 shown to be toxic to 9 KB
(human nasopharynx carcinoma) cells.

4. APIACEAE

The plant family Apiaceae, encompassing ca 3000 species, occurs throughout
the northern hemisphere in the temeperate zones. In Serbia, this family is repre-
sented by 138 species (53 genera).240 Hitherto, the chemical constituents of Api-
aceac species have received considerable attention, which is due to various bioac-
tivities of their extracts and essential oils. Many of the medicinal properties of these
species are ascribed to aromatic d-lactones — coumarins which are common secon-
dary metabolites of Apiaceac. Among these compounds, the most active are furo-
coumarins which exhibit phototoxicity.

Another group of secondary metabolites of Apiaceae are SLs. The majority
of the SLs isolated from species of the family Apiaceae have a different stercostruc-
ture to that predominating in Asteraceae. This could be explained in terms of the
different conformations of the trans, trans-farnesyl diphosphate precursor prior to
the cyclization steps (Holub & Budesinsky and the refs therein).241-243 Thus, in one
of the most abundant groups of lactones produced by Apiaceae, such as the
guaianolides, a slovanolide type structure (i.e., 1BH, 5BH,60H-6,12-olide) predomi-
nates, whereas in the eudesmanolides, a selinanolide type structure (i.e. 53H,60H,
7aH,10a0Me-12,6-olide) is the basic structure.

4.1. Genus Laserpitium L.

The study of this genus revealed almost exclusively guaianolides of the
slovanolide type.244-2>4
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4.1.1. Laserpitium siler L.

L. siler was collected on the Tara mountain, in 1975. From the aerial parts of
the plant, using the usual procedure of isolation, 2 the sesquiterpene lactones
acetylisomontanolide (111), isomontanolide (112), montanolide (113), silerolide
(114) and a new guaianolide tarolide (115)%4> were isolated and identified (Fig. 21).
All the isolated lactones exhibited stereostructural features typical for the genus
Laserpitium, which was the main subject of research work carried out by a group
of Czechoslovak authors and by Bohlmann ez al.244-254 The structure of a non-crys-
talline sesquiterpene lactone of the selinane type, silerolide (114), for the first time
found in the same species in 1970, was established by correlation with lasolide.

In addition to the sesquiterpene lactones an aromatic compound latifolone
(116) and its derivatives were also isolated (Fig. 22). a-Angeloyloxy-latifolone
(117) is a new derivative of latifolone.243235 Artemetin (118), the flavonol, was also
isolated from the extract of this origin.

Earlier examination of this plant of Slovakian origin showed that the fruit gave
4.2% essential oil rich in limonene and perilladehyde. The light petroleum extract
contained the C14-C31 paraffin hydrocarbons, sesquiterpene hydrocarbons, fatty
acids (palmitic, linoleic, oleic) and phytosterol (mainly B-sitosterol).247-236

From a comparison of the components, especially sesquiterpene lactones
which were identified in the fruits,47-2%3 in the acrial part?*>-23 and the under-
ground part of L. siler, it follows (disregarding the localities of the material
investigated) that some substances (montanolide, isomontanolide and acetyliso-
montanolide), which occur in relatively high concentrations, are present in all the
plants investigated, while some others, usually present in the given part in lower
amounts, have been detected so far only in some parts of the plant. It may be
concluded that, from a quantitative point of view, no fundamental difference exists

OH
/’r

11E R - OAng. K2 RY = OAc 114: silerolide 115*: tarolide
(acetviisomontanohde)

112: RY = OAng. R? - OH. RY = OAc
(isomontanolide)

113: R = OSen. R* = OIL R = OAc
(montanohdce)

* - new compound

Figure 21.
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OCH,

117: a-angeloyloxy-latifolone

118: artemetin

Figure 22.

with the exception of isosilerolide, present only in the underground parts.2>7 The
acid parts of the ester residues in all the products isolated from L. siler are formed
from only three acids, i.e., acetic, B,B-dimethylacrylic and a-methyl-isocrotonic
acid. It could be significant to correlate the occurrence of these acids to the
geographical origin of the species.

4.1.2. Laserpitium marginatum L.

L. marginatumhad not been investigated previously. From this plant, collected
1976, in July on the mountain Kopaonik, using the usual CHCl3 extraction,?® two
new guaianolides (Fig. 23), 119 and 120, as colourless crystalline compounds were
isolated. Their structures were deduced by means of 'H-NMR, IR and X-ray

120*: 8a-angeloyloxy-10p-hydroxy-6aH,

. - -8at- loyloxy-6aH, .
119*: 10p-acetoxy-Borangeloy oxy 7aH-guaian-3-en-6,12-olide

7oH-guaian-3-en-6,1 2-olide

* - new compound

Figure 23.
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crystallographic analysis.228:259 Acetylation of 120 yielded 119, thus confirming
the proposed structure of these lactones.

4.1.3. Laserpitium latifolium L.

From the extract of L. latifolium, collected in Ibarska klisura, in 1977, obtained
by the usual procedure, 20 three crystalline compounds, i.e., laserpitin (Fig. 24), 121,
previously isolated by Holub ez al. from the same species,?%0 and two sesquiterpene
lactones identical with the compounds from L. marginatum (119 and 120) were
isolated by CC.

OAng

OAng

121: laserpitin
Figure 24.

Previous chemical investigations of this species afforded laserpitin, laserol-

monoangeloyloxy,20! laserol,292 isolaserpitin?®Y and latifolon.200

4.1.4. Laserpitium alpinum W, K.

From the rare plant, L. alpinum collected in 1979, on the mountain Vranica,
two new crystalline products (122 and 123, Fig. 25) were isolated by a previously
described method.26°

OAng

123*: 8-acetoxy-2B-angeloyloxy-9a,10a-

%28 loxy-7a,100-epoxy- .
122*: 2-angeloyloxy-7a poxy epoxy-7a-hydroxy-pseudo—gualane

6pH-guaian-3-en-6,1 2-olide

* - new compound

Figure 25.
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4.2. Genus Angelica L.

4.2.1. Angelica silvestris L.

The study of EtOAc-extracts of roots of A. silvestris, originating from Ho-
molje (east Serbia) and fruits from the Tara Mountain (West Serbia) revealed nine
known linear furocoumarins (four in the roots and five in the fruits), two of them
(heraclenol and heraclenin) found for the first time in this species. 204265 This was
in accordance with previous reports concerning the chemical constituents of A.
silvestris, also yielding quite a few linear furocoumarins.206-268 Neither sesquiter-
pene lactones, nor a sesquiterpene ketoalcohol, bisabolangelone, the latter pre-
viously found in A. silvestris, >0 were detected in our extracts.

4.3. Genus Peucedanum L.

4.3.1. Peucedanum austriacum (Jacq.) Koch

Three reduced (dihydro) angular pyranocoumarins (so-called khellactones),
together with two linear dihydro(furo- and pyrano-)chromones were isolated from
the aerial parts of P austriacum (Stolovi Mountain, W. Serbia).2’ Subsequent
investigation of the roots of this species (Tara Mountain, W. Serbia)?> yielded three
known dihydrofurocoumarins and a dihydropyranocoumarin, all of them isolated
for the first time from P. austriacum. No sesquiterpene lactones were detected in
these experiments.

Acknowledgement. The authors are grateful to the Ministry of Science and Technology of the
Republic of Serbia for financial support.

SUMMARY

Investigations regarding the isolation, structure determination and, in some
cascs, the biological activities of sesquiterpene lactones from Yugoslavian plant
species carried out at the Institute of Chemistry, Faculty of Science (now Faculty of
Chemistry), University of Belgrade, since the beginning of seventies, involving nine
genera of the family of Asteraceac and three of Apiaceac are reviewed in this paper.
Results of other groups concerning the same and related species, originating from
different localities throughout the world, are also presented.
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CECKBUTEPITMHCKHU IAKTOHN CAMOHUKIINX JYTOCIIOBEHCKHNX BUJbHUX
BPCTA ®AMUIINIA ASTERACEAE U APIACEAE

CJIIOBOJJAH MUJIOCABILEBUR,' BAbA BYJIATOBUR? n MUITYTUH CTEGAHOBUR'

1Xemujc:cu axyaitiein, Citiyoeniticku iupz 16, ii.up. 158, 11001 Beozpad u
2I/IHctﬂmﬁym 3a fipoyuasarse aexkosuitioz 6uma "/p Jocugp IManuuh", Tadeywa Kowhywxa 1, 11000 Beozpad

ITpuka3zana cy xeMujcKa HCIUTHBaHka CAMOHUKITNX OMJHHUX BpcTa haMuithja Asteraceae
(meBet ponoBa) u Apiaceae (Tpu pofia) ca noppyyja Jyrociasuje pabena Ha XeMHjCKOM HHCTHTYTY
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IIpuponHo-MaTeMaTHUKOr (pakyaTeTa (JaHarmbeM XeMujcKoM (PakyaTery) YHHBEp3UuTETa Y
Beorpany ox moueTtka cegamaeceTnx roguHa. lbrma cy yrimaBHOM o0yxBaheHHN H305I0BamkEe 1
nAeHTU(UKANNja CECKBUTEPIICHCKAX JIAKOTHA, a Y HEKUM ClIydajeBuMa W UCIHTUBAKE OH-
OJIOTIIKE aKTUBHOCTU M30JIOBAaHUX jelWiberha. Takobe je mar mperien m pe3yiarara Jpyrux
rpymna KOju ce OJTHOCE Ha UCTE U CPOJTHE BPCTE €A Pa3INIATHX JIOKATNTETA Y CBETY.

(ITpumibeno 4. heGpyapa 1999)
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