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1 INTRODUCTION 

A large number of phloroglucinol derivatives occur as the prominent secondary metabolites 
produced by the plants of genus Hypericum (Hypericaceae) (Zhao et al., 2015; Fobofou et 
al., 2016; Li et al., 2015; Heilmann et al., 2003).  Depending on their structure, i.e. different 
type of prenylation, cyclization and oxidation (Ccana-Ccapatinta and von Poser, 2015; Xu et 
al., 2015; Zhu et al., 2015; Tanaka et al., 2009), they exhibit various types of biological 
activities (Zhao et al., 2015), such as antidepressant (Ccana-Ccapatinta et al., 2014; 
Stojanović et al., 2013), analgesic (Huang et al., 2011; Kumar et al., 2001), cytotoxic, 
antimicrobial, antioxidative (Yang et al., 2015; Winkelmann et al., 2001), anti-inflammatory, 
antiproliferative (Schmidt et al., 2012a; 2012b), anti-angiogenic (Martinez-Poveda et al., 
2010) and acetylcholinesterase-inhibitory effect (Yang et al., 2015; Liu et al., 2013). 

The Nobel Prize in Physiology or Medicine 2015 has drawn attention to isolation of new 
natural compounds from plants and testing their bioactivity, especially against parasitic 
diseaeses (Burg et al., 1979; Egerton et al., 1979; Tu et al., 1981). Artemisinin, a 
sesquiterpene endoperoxide produced by the plant Artemisia annua L. was shown to possess 
a potent antimalarial property (Tu, 2011). The activity is attributed to the presence of an 
endoperoxy bridge in its structure (Wang et al., 2010a; Cui and Su, 2009; Haynes and 
Krishna, 2004; Olliaro et al., 2001; Pandey et al., 1999; Meshnick, 1998). Namely, its 
derivatives that lack an endoperoxide bridge, such as deoxyartemisinin, have been shown to 
be devoid of antimalarial activity (Wang et al., 2010a; Cui and Su, 2009; Haynes and 
Krishna, 2004). Thus, evaluation of antimalarial activity of acylphloroglucinol derivatives 
possessing an endoperoxide bridge can be potentially interesting. 

Since phloroglucinol derivatives exhibit specific spectral characteristics, fractionation that 
led to their isolation during this work was primarily guided by 1H NMR. Namely, 
acylphloroglucinols have a sp2 hybridized carbon in every isoprenyl group present in their 
structure, whose proton gives a characteristic signal. In this manner, triplets shifted to around 
4.80–5.30 ppm suggest the presence of one or more isoprenyl or geranyl moieties in the 
structure, enabling their simple detection in the fractions (Ccana-Ccapatinta and von Poser, 
2015; Xu et al., 2015; Zhu et al., 2015; Schmidt et al., 2012a; 2012b; Tanaka et al., 2009). 

Several representatives found in Hypericum species have exerted significant cytotoxic 
activity against human cancer cell lines (Li et al., 2015; Zhang et al., 2015; Chen et al., 2011; 
Hashida et al., 2008; Schempp et al., 2005). Isolated acylphloroglucinols have also expressed 
notable antibacterial activities, especially against Gram-positive bacteria (Gibbons, 2004; 
Nisa et al., 2016; Shiu et al., 2012; Shiu and Gibbons, 2006; Winkelmann et al., 2000; 2003; 
Šavikin-Fodulović et al., 2003). 
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Hypericum barbatum Jacq. is a plant belonging to Drosocarpium section of Hypericum L. 
genus, found on meadows and stony places across Balkan peninsula (Tutin et al., 1968). 
Chemical composition and biological activity was investigated only for its polar extracts 
(Šmelcerović and Spiteller, 2006; Šmelcerović et al., 2006), which possess anti-inflammatory 
(Šavikin et al., 2007), antioxidant, antimicrobial (Radulović et al., 2007) and 
acetylcholinesterase inhibitory activity (Božin et al., 2013), mainly attributed to the high 
content of hypericin (Šavikin et al., 2007; Šmelcerović et al., 2006) and phenolic compounds 
(Božin et al., 2013; Šmelcerović and Spiteller, 2006). The only detected phloroglucinol 
derivative in H. barbatum was hyperforin (Božin et al., 2013; Šmelcerović et al., 2006), 
previously reported to be antidepressant (Linde, 2009; Müller, 2003), cytotoxic (Martinho et 
al., 2016), a potent inhibitor of angiogenesis (Martinez-Poveda et al., 2005) and inducer of 
tumor cells apoptosis in vitro and in vivo (Schempp et al., 2005; Chiang et al., 2017). 

The aim of this study was discovery, isolation and identification of new acylphloroglucinols 
from H. barbatum Jacq. petroleum ether (PE) extract using separation methods, and their 
chemical characterization by spectroscopic techniques (Bucar et al., 2013; Sticher, 2008; 
Decosterd et al., 1987). The evaluation of their in vitro antiproliferative activity towards 
carcinogenic cells was performed. In the non-toxic concentration range for healthy 
eukaryotic cells, their antibacterial activity is tested, as well. For several compounds, 
antiprotozoal, i.e. antimalarial activity was evaluated. 

The novelty of the study covered by the topic of this thesis is multiple, considering that no 
new polycyclic polyprenylated acylphloroglucinol compounds have yet been isolated from 
H. barbatum, nor have its constituents been evaluated for in vitro cytotoxic, antibacterial or 
antiprotozoal activites. 
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1.1 Hypericum species 

Hypericaceae (Guttiferae or Clusiaceae) is a family of plants that includes more than 37 
genera and 1600 species, including the genus Hypericum, comprising of plants mainly 
distributed across and around the Mediterranean area, as opposed to the tropical distribution 
of other plants from the family (Dakanali and Theodorakis, 2011). 
 
1.1.1 Botanical characteristics of Hypericum genus 

Hypericum is a genus of around 500 species of herbs, shrubs and small trees, and one of the 
largest angiosperm genera, belonging to the family Hypericaceae (Clusiaceae, syn. 
Guttiferae). The plants from this genus have a worldwide distribution in Eurasia, Andean 
South America, North America, Southeast Asia and Africa, and have been extensively used 
in traditional medicine around the world for their biological and pharmacological activities 
(Zhao et al., 2015; Nürk et al., 2013; Avato, 2005; Robson, 2012; Nürk and Crockett, 2011). 
Mediterranean basin is a very important geographical region, where many endemic species of 
Hypericum occur and is home to a large diversity of plants from the genus. Species belonging 
to sections that spread over this area exhibit considerable morphological and phytochemical 
diversity, resulting in present of large number of plants containing pharmaceutically relevant 
and biologically important secondary metabolites. Hypericum barbatum Jacq., a plant 
belonging to section 13 – Drosocarpium, is also documented to be inhabit the Meditteranean 
region (Nürk and Crockett, 2011). 

Hypericum species range from 10 m tall trees to small herbs of 20 mm in height, and show a 
great morphological variety. The plants are distributed on all continents throughout diverse 
climate and conditions, with an exception of extremely dry and cold regions, and most of the 
tropical areas (Robson, 2006). Typical habitats are rocky, calcareous and dry to moist 
grasslands or acidic fens and shallow swamps (Nürk et al., 2013). 

With his over 60 years of work on the genus, Dr Norman Robson from the Natural History 
Museum in London has recognized 36 sections within Hypericum (Hypericaceae) and 
classified them taxonomically (Table 1.1) (Robson 1977, 1981, 1985, 1987, 1990, 1996, 
2001, 2002, 2006, 2010a, 2010b, 2012). Within the genus, the sections are differentiated 
based on their morphological characteristics – plant phenotype, position of leaves, 
organization of flowers and number of stamens and carpels (Avato, 2005; Tutin et al., 1968; 
Robson, 1981; Carine and Christenhusz, 2010). 
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Table 1.1. The sectional classification of Hypericum (Hypericaceae) proposed by Robson 
(1977), modified by Robson (2001) and Robson (2010a,2010b) (Carine and Christenhusz, 2010). 

Section 
number 

Name Distribution Reference 

1 Campylosporus Africa, Madagascar, South-Western Asia Robson, 1985 
2 Psorophytum Balearic Islands Robson, 1985 
3 Ascyreia South and Eastern Asia, Northern Turkey Robson, 1985 
4 Takasagoya Taiwan, Phillipines Robson, 1985 
5 Androsaemum Mediterranean, Western Europe, Atlantic Islands Robson, 1985 
6 Inodora North-Eastern Turkey, South-Western Georgia Robson, 1985 
6a Umbraculoides Mexico (Oaxaca) Robson, 1985 
7 Roscyna North-Eastern Asia, Eastern North America Robson, 2001 
8 Bupleuroides North-Eastern Turkey, South-Western Georgia Robson, 2001 
9 Hypericum Northern temperate regions Robson, 2002, 2006 
9a Concinna Northern California Robson, 2001 
9b Graveolentia North and Central America Robson, 2006 

9c Sampsonia 
South Japan, Taiwan, Central and Southern 
China, Vietnam, Myanmar, Assam 

Robson, 2001 

9d Elodeoida 
Eastern and Southern China, Vietnam, Myanmar 
to Kashmir 

Robson, 2001 

9e Monanthema 
South-Western China, Vietnam, Laos, Thailand, 
Myanmar to Pakistan, Southern India, Sri Lanka 

Robson, 2001 

10 Olympia Southern Balkans, Western Turkey Robson, 2010a 
11 Campylopus North-Eastern Aegean Robson, 2010a 
12 Origanifolia Cyprus, Turkey, Georgia Robson, 2010a 
13 Drosocarpium Mediterranean, Balkans, South-Western Asia Robson, 2010a 
14 Oligostema Europe, North-Western Africa, Atlantic Islands Robson, 2010a 
15 Thasia North-Eastern Aegean Robson, 2010a 
16 Crossophylum Northern and Western Turkey, Caucasus Robson, 2010a 
17 Hirtella Western Mediterranean to Altai Robson, 2010b 
18 Taeniocarpium Europe to Altai and Iran Robson, 2010b 
19 Coridium Western Mediterranean to Caucasus Robson, 2010b 
20 Myriandra Eastern North America, Caribbean, Bermuda Robson, 1996 
21 Webbia Atlantic Islands Robson, 1996 
22 Arthrophyllum Southern Turkey, Levant Robson, 1996 
23 Triadenioides Socotra, Levant, Southern Turkey Robson, 1996 
24 Heterophylla North-Western Turkey Robson, 1985 
25 Adenotrias Southern Morocco to Levant Robson, 1996 

26 Humifusoideum 
New Guinea, South-Eastern Asian Islands, 
Tropical and Southern Africa, Madagascar 

Robson, 1996 

27 Adenosepalum Atlantic Islands, Africa, Mediterranean Europe Robson, 1996 
28 Elodes Western Europe, Azores Robson, 1996 
29 Brathys North and South America Robson, 1987, 1990 

30 Trigynobrathys 
North and South America, Africa, Eastern Asia, 
Australasia 

Robson, 1990 
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1.1.2 Hypericum barbatum Jacq. 1775 

1.1.2.1 Botanical characteristics of Hypericum barbatum Jacq. 1775 

Jacquin (1775) gave name to H. barbatum Jacq. 1775 – Bearded St. Johns' Wort (Syn. 
Hypericum barbatum Jacq. Austr. v. 3. 33. t. 259. Linn. Hyper. in Am. Acad. v. 8. 323. Willd. 
Sp. Pl. v. 3. 1462). His firste description of the plant was: "Polyadelphia Polyandria. Gen. 
Char. Cal. deeply 5-cleft, inferior. Pet. 5. - Filaments numerous, united at the base into 3 or 5 
sets. Caps with many seeds. Spec. Char. Styles three  - Calyx and petals fringed and dotted. 
Leaves ovate, dotted. Stem erect, slightly angular" (Jacquin, 1775). 

In the later 20th century, N. Robson gave a somewhat more detailed description of H. 
barbatum in Tutin et al. (1968): "Perennial herb 0.1–0.3(–0.4) m tall, erect to ascending, 
sometimes rooting, with stems few to several, unbranched below inflorescence, but usually 
branched at base. Stems 10–45 cm, erect or decumbent, narrowly and incompletely 2-lined, 
eglandular, not glaucous; internodes 10–45 mm, equalling or usually exceeding 
leaves. Leaves 6–40 mm, lanceolate or linear-lanceolate or elliptic-oblong, sessile or shortly 
petiolate, rarely subsessile, entire, not amplexicaul, erect to ascending or rarely spreading; 
lamina 8–30 × 2–10 mm, pale beneath, chartaceous; apex subacute, margin recurved to plane 
or revolute, base rounded to (usually broadly) cuneate; venation: 3 pairs of main laterals from 
lower ⅓ to 2/5 of midrib, sometimes branched, without or with obscure visible tertiary 
reticulation; laminar glands pale and sometimes black, scattered, sparse to rather dense; 
marginal glands black, irregular. 

Inflorescence 3–c. 35-flowered, from 1–3 nodes, without flowering branches below, the 
whole obconic to broadly pyramidal; pedicels 1–4 mm; bracts and bracteoles reduced-foliar 
to narrowly lanceolate, the upper glandular-ciliate and -auriculate. Flowers (10–)15–25 mm 
in diam., stellate; buds cylindric-ellipsoid to broadly ellipsoid, rounded. Sepals 5, acute, 
margin eglandular-fimbriate, equal, almost free, 3.5–6 × 1.5–3 mm, lanceolate; veins 3–
5, branching, slightly prominent; laminar glands black, linear to punctiform, with numerous 
superficial black dots or streaks; marginal glands absent. Petals 5, bright yellow, sometimes 
tinged or veined red dorsally, 10–14 × 3.5–6 mm, oblong-lanceolate to elliptic, rounded; 
laminar glands black, punctiform scattered, usually with superficial black dots, scattered over 
the whole surface or near the apex only; marginal glands black, irregularly spaced, 
sessile. Stamens 60–80, longest 6–10 mm, 0.6–0.7 × petals. Ovary 2.5–3 × 1.5–2 mm, 
pyramidal-ovoid to ellipsoid; styles 5–6 mm, 2 × ovary. Capsule 5–9 × 3.5–7 mm, without or 
with interrupted dorsal vittae, with round or elongated, orange vesicles or almost smooth 
ovoid to pyramidal-ovoid; valves with ± prominent rounded amber 
vesicles. Seeds stramineous, 1–1.2 mm; testa ribbed (Fig. 1.1). 

Found on grassy slopes, meadows, woodland margins and clearings, among rocks and stony 
places, usually dry, on granitic, limestone or serpentine substrates; 200–2200 m" (Robson, 
2010a; Tutin et al., 1968). 
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Figure 1.1 Hypericum barbatum
(e) capsule (http://hypericum.myspecies.info/taxonomy/term/768
 

Figure 1.2 Distribution of Hypericum barbatum
(http://hypericum.myspecies.info/taxonomy/term/768

 
Hypericum barbatum Jacq. 1775 scheme – (a) habit; (b) leaf; (c
http://hypericum.myspecies.info/taxonomy/term/768, April 2017).

Hypericum barbatum Jacq. 1775 in Europe 
http://hypericum.myspecies.info/taxonomy/term/768, April 2017). 

(a) habit; (b) leaf; (c) sepal; (d) petal; 
, April 2017). 

 



 

H. barbatum Jacq. belongs to the 
(Fig. 1.3), having seeds with testa pattern ribbed, with or without foveolate or scalariform 
markings (Robson, 2010a). This section contains 11 species, ranging from the islands off the 
northwestern coast of Africa (Madeira, Canary Islands) to the Black Sea regions of Georgia 
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H. barbatum is closely related to H. rumeliacum but differs essentially in its eglandular 
sepal fimbriae. It is also more usually erect. Several varieties and forms have been based on 
the very variable leaves, e.g. typicum or barbatum and pindicola (usually as pindicolum) 
(long-oblong), acutifolium (same but narrower), oblongifolium (shorter), microphyllum 
(small, relatively broad), epirotum (narrow) and trichanthum (like microphyllum but stems 
shorter and often decumbent). These taxa were discussed by Contandriopoulos and Lanzalavi 
(1968). The Austrian population is geographically but not morphologically distinct; and the 
other variations are neither geographically nor ecologically distinct. None is therefore worthy 
of taxonomic recognition. There are indications from the chromosome counts that the larger, 
broader-leaved forms have 2n = 16 and the more reduced ones 2n = 14, which would make 
the situation in this species conform to that in H. rumeliacum, where the broader-leaved 
(though spreading) form (subsp. apollinis) likewise has 16 or 14 chromosomes and the 
narrower-leaved (though erect) one (subsp. rumeliacum) has 14 (Robson, 2010a). 

1.1.2.2 Chemical profile of Hypericum barbatum Jacq. 1775 

For species of Drosocarpium section, it is specific that dark glands on the leaves, sepals, 
petals, and anthers indicate the presence of naphthodianthrones, as reported by various 
investigations. Simple anthrones, flavonoids, flavonol glycosides and caffeic acid derivatives 
have been detected in plants of this section, such as H. perfoliatum, H. richeri and H. 
barbatum (Fornasiero et al., 2000; Makovetska, 2001; Cirak et al., 2007; Šmelcerović et al., 
2008; Šmelcerović and Spiteller, 2006; Nürk and Crockett, 2011). 

Chemical composition and biological activity of H. barbatum Jacq. was investigated only for 
its polar extracts (Šmelcerović and Spiteller, 2006; Šmelcerović et al., 2006), which possess 
anti-inflammatory (Šavikin et al., 2007), antioxidant, antimicrobial (Radulović et al., 2007) 
and acetylcholinesterase inhibitory activity (Božin et al., 2013), mainly attributed to the high 
content of hypericin (Šavikin et al., 2007; Šmelcerović et al., 2006) and phenolic compounds 
(Božin et al., 2013; Šmelcerović and Spiteller, 2006). The major volatile constituents of H. 
barbatum have been identified as α- and β-pinene, limonene, and (E)-caryophyllene 
(Saroglou et al., 2007). 

The most abundant chemical constituents of Hypericum species include acylphloroglucinols 
and their derivatives, xantones, flavonoids, and others (Pinarosa, 2005). Naphthodianthrones 
are also abundant in the Hypericum plants, with hypericin as one of the potent biologically 
active substances of H. perforatum. Moreover, hyperforin, a bicyclic polyprenylated 
acylphloroglucinol derivative, is one of the active principles responsible for antidepressive 
activity (Zhao et al., 2015). 

The only detected phloroglucinol derivative in H. barbatum was hyperforin (Božin et al., 
2013; Šmelcerović et al., 2006; Šmelcerović and Spiteller, 2006), previously reported to be 
antidepressant (Linde, 2009; Müller, 2003), cytotoxic (Martinho et al., 2016), a potent 
inhibitor of angiogenesis (Martinez-Poveda et al., 2005) and inducer of tumor cells apoptosis 
in vitro and in vivo (Schempp et al., 2005; Chiang et al., 2017). 
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most common ones, having the ac
quaternary center. Type B have alkyl groups at the bridgehead position, while acyl group is 
located at the α position to the 
the opposide bridgehead position relative to the quaternary center (Richard 
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1.2.1 Biosynthesis of bicyclic polyprenylate

Biosynthesis of bicyclic polyprenylated acylphloroglucinols 
formation of the nucleus and attachment of prenyl side chains. The main six
aromatic phlorisobutyrophenone nucleus is formed by isobutyrophenone synthase (BUS), 
which uses an aliphatic starter unit 
CoA, which transposes into the starter acid of the 
CoA (isobutyryl-CoA) is condensed with three molecules of malonyl
tetraketide intermediate which undergoes intramolecular Claisen conde
phloroisobutyrophenone. Isobutyryl
derived from amino acids valine, isoleucine and leucine, respectively (Adam 
Karppinen et al., 2007). 

Further on, in the acylphloroglucinols' 
nucleus undergoes a series of
used arise from the non-mevalonate (MEP) pathway (Adam 
substitution of the unsubstituted nucleus involves two dimethylallyl diphosphate (DMAPP) 
units and one geranyl diphosphate (GPP) molecule. The ring closure to give the bicyclic 
system is triggered by electrophilic attack of a third DMAPP on the 2'/3' double bond of the 
preimplanted geranyl chain (Beerhues, 2011). The sequence of the steps can vary, and inlude 
more O-prenylation steps, as well as cyclizations in diferent parts of the structure. Both C
and O- alkylation steps are catalysed by a dimethylallyltransferase (Boubakir 
The enzyme is selective for dimethylallyl
the phlorisobutyrophenone as prenyl acceptor. The enzymes from group of aromatic 
prenyltransferases are integral membrane proteins that contain a typical pren
binding site, and the activity of the soluble enzyme is dependent on a divalent cation as 
cofactor, preferrably Fe2+ (Pojer 

 

Figure 1.5 Reaction catalysed by Isobutyrophenone synthase (BUS)
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Figure 1.6 Prenylation reactions in hyperforin
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1.2.2 Bioactive acylphloroglucinols from Hypericum species 

Polycyclic polyprenylated acylphloroglucinol derivatives (PPAPs) are highly interesting and 
promising molecules for drug discovery and development, since the presence of multiple 
prenylations and complex ring systems are rare among the plant secondary metabolites. The 
complex biogenetic processes include oxidations, rearrangements, and cyclizations, which 
are responsible for an extremely wide variety of their biological activities. Specifically, 
PPAPs from Hypericum species, possessing highly oxygenated and diverse 
acylphloroglucinol-derived core structures with different prenyl substituents, have been 
found to exhibit a broad range of biological activites, such as antidepressant, antimicrobial – 
especially antibacterial and antiviral (anti-HIV), anti-inflammatory, antioxidant, and tumor 
cell inhibitory, i.e. cytotoxic activities (Zhao et al., 2015; Yang et al., 2015; Ciocina and 
Grossman, 2006; Singh and Bharate, 2006). 

 
1.2.2.1 Antioxidant activity of acylphloroglucinols from Hypericum species 

Some extracts of Hypericum species have been shown to possess antioxidant properties, 
often attributed to their acylphloroglucinols (Table 1.2). For example, both extracts and 
isolated acylphloroglucinols of H. jovis have shown a strong ability to inhibit endogenous 
cellular ROS production. Particularly, hyperjovinol A – a phloroglucinol derivative with one 
geranyl chain and an isobutyryl group, which were both major constituents of the DCM 
extract, had shown activites comparable to the known synthetic antioxidant Trolox. 
Hyperjovinol A lowered the DCF-fluorescence to 49.2% at concentration of 100 µmol/L. 
After structure-activity relation analysis, it was found that the presence of three free hydroxyl 
groups enhances the antioxidant activity, in comparison with two free hydroxyl groups 
present in the other investigated compounds (Athanasas et al., 2004). 

Phloroglucinol derivatives isolated from H. papuanum Ridley, ialibinone E, hyperguinone B 
and hyperforin, exhibited a strong ability to reduce oxygen production by polymorphonuclear 
cells, after stimulation with N-formylmethionylleucylphenylalanine. The IC50 values were 2.5 
µmol/L, 3.3 µmol/L, and 1.8 µmol/L, respectively. Ialibinone E exhibited additional 
superoxide-scavenging properties in a cytochrome C assay, in lower micromolar 
concentrations, but inactive in xanthine oxidase assay in concentrations up to 100 µmol/L. 
Among the tested phloroglucinols, iablibinone A, B, and D, papuaforin E, and hyperguinone 
A also exhibited moderate antioxidant activities, with their IC50 values in range 7.0–15 
µmol/L (Heilmann et al., 2003). As compared to the acylphloroglucinols from H. jovis, the 
ialibinone E, hyperguinone B and hyperforin seem to show a potent antioxidant activity 
despite having only one free hydroxyl group in each of their structures (Fig. 1.7). 
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Figure BA1.7 Antioxidant acylphloroglucinols: A – ialibinone E; B – hyperguinone B; C – 
hyperforin (Heilmann et al., 2003). 
 
Table 1.2 Antioxidant activity of acylphloroglucinols from Hypericum species. 
Compound Compound type Plant species Effect Active concentration Reference 

Hyperjovinol 
A 

polycyclic 
polyprenylated 
acylphloroglucinols 

H. jovis 
inhibition of endogenous 
cellular ROS production 

lowered the DCF-
fluorescence to 49.2% at 
concentration of 100 
µmol/L 

Athanasas et al., 
2004 

Ialibinone E 

H. papuanum 

strong ability for reduction of 
oxygen production by 
polymorphonuclear cells, after 
stimulation with N-
formylmethionylleucyl 
phenylalanine 

IC50 values were 2.5 
µmol/L, 3.3 µmol/L, and 
1.8 µmol/L, respectively 

Heilmann et al., 
2003 

Hyperguinone 
B 

Hyperforin 
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1.2.2.2 Anti-inflammatory activity of acylphloroglucinols from Hypericum species 

Various Hypericum species have been studied in order to identify their anti-inflammatory 
constituents, including the hereby evaluated H. barbatum. Aerial parts of H. barbatum were 
found to exhibit anti-inflammatory activity in the carrageenan-induced rat paw edema test. 
However, the activity was not unambiguously attributed to any specific compound, but to its 
extract as a whole (Šavikin et al., 2007). 

The anti-inflammatory activity of acylphloroglucinols has not been characterized yet, with 
exception of several potentialy active phloroglucinol derivatives from Hypericum species 
(Huang et al., 2011; Crockett et al., 2008; Kumar et al., 2001). 

Acylphloroglucinols from H. gentianoides were found to have a potent inhibitory effect on 
lipopolysaccharide-induced macrophage production of prostaglandin E2 (PGE2). Uliginosin 
A (Fig. 1.8), the most abundant acylphloroglucinol in H. gentianoides, exhibited especially 
high inhibitory potential of PGE2 at 2.6 µmol/L. The inhibitory effect of uliginosin A on 
PGE2 synthesis might be due to inhibition of microsomal PGE synthase-1, as suggested by 
Koeberle et al. (2009), since reduction of cyclooxygenase-2 (COX-2) protein expression was 
not observed. Uliginosin A inhibited the intracellular formation of NO, TNF-α and IL-1β as 
well, at 0.6 µM, indicating that an upstream inflammation regulator could be its molecular 
target (Huang et al., 2011). Nevertheless, to unambiguously confirm the anti-inflammatory 
activity, in vivo studies, such as the one conducted on nonprenylated acylphloroglucinol 
myrtucommulone, are necessary (Rossi et al., 2009). Additionally, the bioavailability of 
acylphloroglucinols would need to be characterized in order to validate the potential for their 
in vivo efficacy (Huang et al., 2011; Crockett et al., 2008). 

 

 
Figure 1.8 Uliginosin A, the anti-inflammatory acylphloroglucinol from H. gentianoides 
(Huang et al., 2011). 
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Bioassay-guided identification of anti-inflammatory compounds from H. empetrifolium led to 
isolation of two acylphloroglucinol derivatives, 3-geranyl-1-(2'-
methylpropanoyl)phloroglucinol and 3-geranyl-1-(2'-methylbutanoyl)phloroglucinol. Both 
compounds were evaluated for in vitro inhibitory activity against COX-1, COX-2, and 
against 5-LOX–catalyzed LTB4 formation. The first compound exhibited moderate to high 
effect in all three assays (IC50 values: 6.0 µmol/L, 29.9 µmol/L, and 2.2 µmol/L, 
respectively). The second compound showed good activity, but only against LTB4 formation 
(IC50 = 5.8 µmol/L) and moderate activity against COX-1 (IC50 = 26.2 µmol/L) (Crockett et 
al., 2008). 

Hypermongones A–J, methylated PPAPs isolated from the flowers of H. monogynum, were 
evaluated for their inhibitory effects on nitric oxide (NO) production in lipopolysaccharide-
induced RAW264.7 mouse peritoneal macrophage cells. Hypermongone G exhibited 
significant NO inhibition activity, with IC50 value of 9.5 µmol/L (Table 1.3). Other 
examined compounds showed moderate inhibition, with IC50 values between 14.5 µmol/L 
and 27.3 µmol/L, with hypermongone D being inactive (IC50 > 50 µmol/L). In addition, MTT 
assay revealed no significant cytotoxic effects (cell survival greater than 90%) in cells treated 
with concentrations up to 100 µmol/L. These results suggest that the examined 
hypermongones A–J could be responsible for the overall anti-inflammatory effect of H. 
monogynum (Xu et al., 2015). 
 

Table 1.3 Anti-inflammatory activity of acylphloroglucinols from Hypericum species. 

Compound Compound type Plant species Effect Active 
concentration Reference 

Hypermongone G methylated 
polycyclic 
polyprenylated 
acylphloroglucinol 
derivatives 

H. monogynum 

significant NO 
inhibition activity 

IC50 value of 9.5 
µmol/L 

Xu et al., 
2015 

Hypermongones A, B, 
C–F, H-J 

moderate NO 
inhibition activity 

IC50 values between 
14.5 µmol/L and 
27.3 µmol/L 

Hypermongone D inactive IC50 > 50 µmol/L 

Uliginosin A acylphloroglucinol H. gentianoides 

high inhibitory 
potential of PGE2, 
and NO, TNF-α and 
IL-1β  

PGE2 at 2.6 µmol/L, 
and NO, TNF-α and 
IL-1β at 0.6 µmol/L  

Huang et 
al., 2011 

3-geranyl-1- (2'-
methylpropanoyl) 
phloroglucinol  

acylphloroglucinol 
derivatives 

H. empetrifolium  

in vitro inhibitory 
activity against COX-
1, COX-2, and 5-
LOX catalyzed LTB4 
formation 

IC50 values: 6.0 
µmol/L, 29.9 
µmol/L, and 2.2 
µmol/L, 
respectively 

Crockett et 
al., 2008 

3-geranyl-1- (2'-
methylbutanoyl) 
phloroglucinol 

LTB4 formation 
(IC50 5.8 µmol/L) 
and moderate 
activity against 
COX-1 (IC50 26.2 
µmol/L) 
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1.2.2.3 Antidepressant activity of acylphloroglucinols from Hypericum species 

Hypericum perforatum (St. Johns' Wort) is the only widespread herbal alternative to classic 
synthetic antidepressants in the therapy of depression, also attributed to its high content of 
phloroglucinol derivative, hyperforin (Zhao et al., 2015; Avato, 2005; Stojanović et al., 
2013; Verotta, 2002). The ability of polycyclic polyprenylated acylphloroglucinols (with 
hyperforin as the main representative) to modulate the action of neurotransmitters associated 
with neuronal damaging and depression has led to increased interest in their isolation in the 
past two decades (Ciocina and Grossman, 2006). Interestingly, hyperforin does not act as a 
competitive inhibitor at the transmitter binding sites of the transporter proteins like most of 
other antidepressants, but shows a novel mechanism of action, inhibiting the re-uptake of the 
neurotransmitters, an effect produced by its structural analogue adhyperforin, as well 
(Müller, 2003). Specifically, it blocks the transport systems for re-uptake of neuronal 
noradrenaline and serotonin by reducing the sodium gradient. The same inhibitory effect is 
noted on the noradrenaline, GABA and L-glutamate uptake. Mean inhibitory concentrations 
(IC50) of hyperforin on their synaptosomal uptake was 80–205 nmol/L. Further on, this leads 
to inhibition of monoamine oxidase-A and inhibition of pre-synaptic α2-receptors. As a 
consequence, adaptive changes in the post-synaptic receptor system take place, causing the 
modifications in the β-, 5-HT1A, and 5-HT2A receptors, thus resulting in the antidepressant 
action (Fig. 1.9) (Müller, 2003). 
 

 
Figure 1.9 Biochemical mechanism of antidepressant action of hyperforin (Müller, 2003). 
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Uliginosin B, the main dimeric phloroglucinol derivative from H. polyanthemum, was 
evaluated for its antidepressant-like activity in rodent Forced Swimming Test (FST). The 
involvement of monoaminergic neurotransmission on the antidepressant-like activity of 
uliginosin B was evaluated both in vitro and in vivo. Dose of 10 mg/kg reduced the 
immobility time in the mice FST, without altering locomotion activity in the open-field test. 
Moreover, uliginosin B showed ability to inhibit synaptosomal uptake of dopamine (IC50 = 
90 ±38 nmol/L), serotonin (IC50 = 252 ±13 nmol/L), and noradrenaline (IC50 = 280 ±48 
nmol/L), but it failed to bind to any of the monoamine transporters. This suggests that its 
antidepressant effect is different from the most antidepressants, having ability to inhibit 
monoamines' neuronal uptake without binding to their neuronal carriers. Moreover, acute 
administration of uliginosin B in mice reduced the immobility in the FST and tail suspension 
test (TST) and increased Na+, K+-ATPase activity in cerebral cortex. Thus, the possible mode 
of antidepressant action could be attributed to uliginosin B reducing the monoamine uptake 
activity by altering Na+ gradient (Table 1.4) (Stein et al., 2012, 2016). 

 

 
Figure 1.10 Antidepressant acylphloroglucinols: A – hyperforin; B – uliginosin B (Müller, 
2003; Stein et al., 2012). 
 

Andinin A, dimeric acylphloroglucinol derivative isolated from the underground plant parts 
of H. andinum, displayed antidepressant-like activity in mouse FST when administered 
orally. The administration of the abovementioned compound produced a dose-dependent 
reduction in the immobility time of mice submitted to the FST, effective already at 3 mg/kg 
(Ccana-Ccapatinta et al., 2014). Hyperfoliatin, a prenylated phloroglucinol derivative 
isolated from aerial parts of H. perfoliatum, dose-dependently reduced immobility time in the 
FST. The compound inhibited dopamine, serotonin and noradrenaline synaptosomal uptakes 
(IC50 values 1.2±0.3; 3.5±0.99 and 1.8±0.05 µM, respectively), with the antidepressant-like 
effect associated to monoamine uptake inhibition (do Rego et al., 2007). 
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Table BA1.4 Antidepressant activity of acylphloroglucinols from Hypericum species. 
Compound Compound type Plant species Effect Active concentration Reference 

Hyperforin 
polycyclic 
polyprenylated 
acylphloroglucinol 

H. perforatum 
inhibits the re-uptake of the 
neurotransmitters 

IC50 80–205 nmol/L 
Ciocina and 
Grossman, 2006 

Andinin A 
dimeric 
acylphloroglucinol  

H. andinum 
antidepressant-like activity 
in mouse forced-swimming 
test 

3 mg/kg  
Ccana-Ccapatinta 
et al., 2014 

Hyperfoliatin 
prenylated 
phloroglucinol 
derivative  

H. perfoliatum 

dose-dependently reduced 
immobility time in the 
forced-swimming test and 
inhibited dopamine, 
serotonin and noradrenaline 
synaptosomal uptakes 

IC50 values 1.2±0.3 
µmol/L; 3.5±0.99 
µmol/L and 1.8±0.05 
µmol/L, respectively 

do Rego et al., 
2007 

Uliginosin B 
dimeric 
phloroglucinol 
derivative  

H. polyanthemum 
antidepressant-like activity 
in rodent FST 

10 mg/kg reduced the 
immobility time in the 
mice FST 

Stein et al., 2012 

 
 
 
1.2.2.4 AChE inhibitory activity of acylphloroglucinols from Hypericum species 

Since some of the previous PPAPs were associated with inhibition of processes responsible 
for development of neurodegenerative diseases, such as Alzheimer's disease (Griffith et al., 
2010), the inhibitory effects of new isolated acylphloroglucinols were examined against 
acetylcholinesterase (AChE). 

In the AChE inhibition assay using the method developed by Ellman et al. (1961), four of the 
hyphenrones G–Q isolated from H. henryi exhibited moderate AChE inhibitory activities 
(IC50 37.2 µmol/L, 25.4 µmol/L, 26.4 µmol/L, and 9.8 µmol/L, respectively) (Yang et al., 
2015). Hypercohins H and J, polyprenylated acylphloroglucinol derivatives isolated from H. 
cohaerens, also showed moderate AChE inhibitory activity (inhibition percentage 31.7% and 
23.0%, respectively) at a concentration of 100 µmol/L (Table 1.5) (Liu et al., 2013). 
 
Table 1.5 AChE inhibitory activity of acylphloroglucinols from Hypericum species. 
Compound Compound type Plant species Effect Active concentration Reference 

Hypercohins 
H and J  

polyprenylated 
acylphloroglucinol 
derivatives 

H. cohaerens 
moderate AChE 
inhibitory activity  

inhibition percentage 31.7% 
and 23.0%, respectively, at a 
concentration of 100 µmol/L 

Liu et al., 
2013 

Hyphenrones 
G–Q  

 H. henryi 

four of the 
hyphenrones G–Q 
exhibited moderate 
AChE inhibitory 
activities  

IC50 37.2 µmol/L, 25.4 
µmol/L, 26.4 µmol/L, and 
9.8 µmol/L, respectively 

Yang et al., 
2015 
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1.2.2.5 Antimicrobial activity of acylphloroglucinols from Hypericum species 

The genus Hypericum (Hypericaceae) is known to produce antibacterial metabolites, 
including the major antibacterial principle – acylphloroglucinol hyperforin from H. 
perforatum. Its antibacterial activity against penicillin-resistant Staphylococcus aureus is 
exceptional, with MIC values ranging from 0.1 µg/mL to 1 µg/mL (Shiu and Gibbons, 2006; 
Schempp et al., 1999). Four phloroglucinols, japonicine A, uliginosin A, isouliginosin B and 
hyperbrasilol A, were isolated from leaves and flowers of H. brasiliense. All four 
phloroglucinols were antibacterial against Bacillus subtilis, with isouliginosin B being the 
most active, at levels as low as 0.16 µg (Rocha et al., 1995). Moreover, hyperbrasilols B and 
C, and isohyperbrasilol B, all phloroglucinols from H. brasiliense, were also antibacterial 
against Bacillus subtilis, at quantities of 0.6 µg, 0.2 µg, and 0.16 µg, respectively, in a TLC 
bioautographic assay (Rocha et al., 1996). Hyperatomarin, from Hypericum atomarium ssp. 
degenii, exhibited significant activity against Gram-positive (Staphylococcus aureus and 
Micrococcus luteus), with MIC = 1.56 µg/mL, and Gram-positive spore-forming bacteria 
(Bacillus subtilis), with MIC = 3.12 µg/mL (Šavikin-Fodulović et al., 2003). 

Five antibacterial acylphloroglucinols, olympicins A–E, were isolated from the aerial parts of 
H. olympicum L. cf. uniflorum. All compounds were evaluated against Gram-positive 
methicillin-resistant S. aureus and multidrug-resistant strains of S. aureus. Olympicin A 
showed high antibacterial activity, with MIC 0.5–1 mg/L, while the olympicins B–D were 
less active, with MICs 64–128 mg/L (Shiu et al., 2012). Also, 1,7-dihydroxyxanthone, 
acylphloroglucinol from H. beanii, was investigated for its anti-staphylococcal properties. 
However, its antibacterial activity against multidrug-resistant strains of S. aureus was 
relatively weak, with MIC 128–256 µg/mL. On the other hand, the mixture of two other 
acylphloroglucinols from the same plant, one of which was 1,5-dihydroxy-2-(2'-
methylpropionyl)-3-methoxy-6-methylbenzene, had a significantly higher antibacterial 
effect, with MIC values of 16–32 µg/mL. It was more active against multi-drug resistant 
strains XU212 and RN4220, than the standard S. aureus strain ATCC25923 (Shiu and 
Gibbons, 2006). Additionaly, one more acylphloroglucinol, 1,3,5-trihydroxy-6-(2''',3'''-
epoxy-3'''-methyl-butyl)-2-(2''-methyl-butanoyl)-4-(3'-methyl-2''-butenyl)-benzene, isolated 
from H. foliosum, was also evaluated against a panel of multidrug-resistant strains of 
Staphylococcus aureus. Its MIC values ranged from 16 µg/mL to 32 µg/mL, making it a 
moderate antibacterial agent (Gibbons et al., 2005). 

Hypercalin B, prenylated phloroglucinol isolated from aerial parts of H. acmosepalum, 
exhibited antibacterial activity against multidrug-resistant strains of Staphylococcus aureus, 
with MIC in range of 0.5–128 mg/L. It was the most active in the inhibition of growth of SA-
1199B (MIC 0.5 mg/L) and XU212 strain (MIC 2 mg/L). The compound was, however, 
inactive against Mycobacterium tuberculosis and M. bovis. It also did not exhibit ability to 
inhibit growth of Gram-negative Escherichia coli and was, at the same time, non-toxic to 
cultured mammalian macrophage cells (Osman et al., 2012). 
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Petiolin J, prenylated acylphloroglucinol isolated from H. pseudopetiolatum var. kiusianum 
had exhibited antimicrobial activity against Micrococus luteus (MIC, 8 µg/mL) and 
Cryptococcus neoformans (MIC 16 µg/mL), while petiolin C showed also activity against 
Trichophyton mentagrophytes (MIC of J: 16 µg/mL; of C: 33.3 µg/mL) (Tanaka et al., 
2008a; 2010). Yojironin E, isolated from H. yojiroanum, exhibited antimicrobial activity 
against Aspergillus niger (IC50 16 µg/mL), Candida albicans (IC50 4 µg/mL), Cryptococcus 
neoformans (IC50 4 µg/mL), and Trichophyton mentagrophytes (IC50 4 µg/mL) (Tanaka et 
al., 2011). Yezo'otogirin E exhibited moderate antimicrobial activity against Esherichia coli 
(MIC 4.0 µg/mL) and Staphylococcus aureus (MIC 8.0 µg/mL), while yezo'otogirins G and 
H showed weak antimicrobial activity against Bacillus subtilis (MIC 16 µg/mL) and 
Trichophyton mentagrophytes (IC50 16 µg/mL) (Tanaka et al., 2016). Three 
acylphloroglucinols, not from Hypericum species, but isolated from the leaves of Baeckea 
frutescens, were also tested on their antimicrobial activity against Bacillus subtilis, 
Staphylococcus aureus, Klebsiella pneumoniae, Mycobacterium smegmatis, and 
Pseudomonas aeruginosa. However, only one dimeric acylphloroglucinol – baeckenone B 
exhibited moderate antibacterial activity against Bacillus subtilis, with a MIC value of 40 
µmol/L (Nisa et al., 2016). Nine polyprenylated benzoylphloroglucinol derivatives, 
hyperibones A–I, were isolated from aerial parts of H. scabrum. Out of the isolated 
acylphloroglucinols, hyperibones A, B and D showed moderate in vitro antibacterial activity 
against both methicillin-resistant and methicillin-sensitive Staphylococcus aureus (Matsuhisa 
et al., 2002). 

Antibacterial activity of papuaforins A–E, hyperguinones A, B, and hyperpapuanone, all 
from H. papuanum, was determined against Micrococcus luteus, Staphylococcus 
epidermidis, and Bacilleus cereus (Gibbons, 2004). The antibacterial effect of the examined 
compounds was weak against the three tested bacteria (Winkelmann et al., 2001a). On the 
other hand, ialibinones A–E, tricyclic phloroglucinols from the same plant, showed slightly 
better antibacterial activity against Bacillus cereus, Staphylococcus epidermidis, and 
Micrococcus luteus, with MIC for C and D 16 µg/mL, 32 µg/mL and 64 µg/mL, respectively, 
and for A and B 64–128 µg/mL (Winkelmann et al., 2000). Enaimeone A, B and C, 1'-
hydroxyialibinones A, B and D, furonewguinone A and furonewguinone B, all prenylated bi- 
and tricyclic phloroglucinol derivatives isolated from Hypericum papuanum, were tested for 
their antibacterial potential against B. aureus, M. luteus, and S. epidermidis. All examined 
compounds show identical, or slightly reduced antibacterial activity compared to the other 
phloroglucinol derivatives isolated from H. papuanum (Winkelmann et al., 2001b). 
Hypercalyxone A and B, acylphloroglucinols from H. amblycalyx, were moderately active 
against Bacillus cereus (MIC 64 µmol/L for both), Staphilococcus aureus (MIC 32 µmol/L 
for both), Staphylococcus epidermidis (MIC 16 µmol/L and 32 µmol/L), and Micrococcus 
luteus (MIC 8 µmol/L and 32 µmol/L) (Winkelmann et al., 2003). 
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Chipericumins A–D, tricyclic and tetracyclic prenylated acylphloroglucinols with a spiro 
skeleton from H. chinense, did not exhibit antimicrobial activity against Escherichia coli, 
Staphylococcus aureus, Bacillus subtilis, and Micrococcus luteus (all MIC > 32 µg/mL), or 
against Aspergillus niger, Candida albicans, Cryptococcus neoformans, and Trichophyton 
mentagrophytes (all IC50 > 32 µg/mL) (Abe et al., 2012). Two acylphloroglucinols, 
chipericumin E and hypercalin C, isolated from H. riparium were evaluted for their 
antibacterial activity against the Gram-positive bacteria S. aureus. Both compounds showed 
moderate antibacterial activity against S. aureus, with IC50 values of 10.10 µmol/L and 12.20 
µmol/L, respectively (Tala et al., 2015). Additionally, hypercalin C (obtained from H. 
calycinum) showed potent toxicity in the brine-shimp (Artemisia salina) lethality bioassay, 
with LD50 3.23 µg/mL, while inactive against all tested bacteria (Staphylococcus aureus, 
Escherichia coli, Shigella flexneri, Salmonella typhi, Proteus mirabilis, and Enterococcus 
faecalis) and also inactive against all tested yiests (Candida lusitaniae, C. glabbrata, C. 
parapsilosis, C. krusei and Cryptococcus neoformans) (Tala et al., 2013). 

Erectones A and B, two dome-shaped polyprenylated phloroglucinol derivatives from H. 
erectum, did not show antibiotic activity against Staphylococcus aureus, Micrococcus lutens, 
Pseudomonas aeruginosa and Echerichia coli (An et al., 2002). Five of the seven 
polyprenylated acylphloroglucinols from H. densiflorum, H. ellipticum, H. prolificum, and H. 
punctatum demonstrated potent antistaphylococcal activity expressed through ability to 
inhibit growth of Gram-positive bacteria, with MIC 1.95–7.81 µg/mL against Staphylococcus 
epidermis, S. aureus, clinical methicillin-resistant S. aureus, Pseudomonas aeruginosa, 
Escherichia coli, and Acinetobacter baumannii. Moreover, four of them inhibited biofilm 
production by certain Gram-positive strains at sub-MIC values (Sarkisian et al., 2012). 

Hyperascyrones A–H isolated from H. asciron were evaluated for their anti-HIV-1 activites, 
since many polyprenylated acylphloroglucinol derivatives were reported to exhibit inhibitory 
activity against viruses (Singh and Bharate, 2006; Ciochina and Grossman, 2006). However, 
only hyperascyrone F exerted moderate activity to prevent the cytopathic effects of HIV-1 in 
MT-4 cells with an EC50 value of 2.43 µmol/L (Zhu et al., 2015). Hyperattenins A–I, 
acylphloroglucinols isolated from H. attenuatum Choisy, were evaluated for their anti-HIV-1 
activities, but were all found to be inactive (Li et al., 2015a). However, hyperattenin K, 
adamantyl-like polyprenylated acylphloroglucinol isolated from the same plant, exhibited 
inhibitory effects on HIV-1 replication in C8166 cells (EC50 3.35 µmol/L) (Li et al., 2015b). 

A specific correlation between the acyl chain length and inhibitory activity against the 
vesicular stomatitis virus was observed among chinesin I and II and 23 synthetic mono- and 
diacylphloroglucinols from H. chinense – monoacylphloroglucinols, which possess an acyl 
chain composed of four carbons, showed lower antiviral activity and cytotoxicity (IC50 = 50 
µg/mL) in comparison with those possessing an acyl chain of five or six carbons (cytotoxic 
IC50 = 25 µg/mL). Moreover, diacylphloroglucinols showed potent antiviral activity, as well 
as cytotoxicity (IC50 = 2.5–5 µg/mL) (Chiba et al., 1992). 
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Lipophilic compounds such as acylphloroglucinol derivatives have potential antiprotozoal 
activity. Uliginosin B, dimeric acylphloroglucinol consisting of phloroglucinol moiety linked 
by a methylene bridge to a filicinic acid, isolated from H. polyanthemum, exhibited anti-
Trichomonas vaginalis activity – the major cause of trichomonosis. The phloroglucinol 
derivative caused dose-dependent antiprotozoal activity, initiating damage to the parasites' 
membrane, leaving less than 20% of trophozoites viable, at IC50 value of 121.96 µmol/L 
(Cargnin et al., 2013). Five phloroglucinol derivatives, otogirin, otogirone, erectquione A, 
erectquione B, and erectquione C, were isolated from H. erectum. Out of the five compounds 
evaluated for their in vitro antiplasmodial activity, otogirone and erectquione B showed 
notable growth inhibitory activity against strains of Plasmodium falciparum. Their IC50 
values were 5.6 µmol/L and 7.2 µmol/L, respectively. With exception of otogirin which was 
inactive (IC50 > 50 µmol/L), erectquione A and C also showed moderate activity, with IC50 
values of 11.2 µmol/L and 13.4 µmol/L, respectively (Table 1.6) (Moon, 2010). 
 

 
Figure 1.11 Antibacterial acylphloroglucinols: A – hyperforin (Shiu and Gibbons, 2006); B – 
isouliginosin B (Rocha et al., 1995); C – hyperatomarin (Šavikin-Fodulović et al., 2003); D – 
olympicin A (Shiu et al., 2012). 
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Table 1.6 Antimicrobial activity of acylphloroglucinols from Hypericum species. 
Compound Compound type Plant species Effect Active concentration Reference 

Petiolin J 

prenylated 
acylphloroglucinols 

 H. 
pseudopetiolat
um var. 
kiusianum 

antimicrobial activity 
against Micrococus 
luteus and 
Cryptococcus 
neoformans 

Micrococus luteus 
(MIC, 8 µg/mL) and 
Cryptococcus 
neoformans (MIC 16 
µg/mL); Trichophyton 
mentagrophytes (MIC 
16 µg/mL) 

Tanaka et al., 
2008a; 2010 

Petiolin C 
activity against 
Trichophyton 
mentagrophytes 

MIC 33.3 µg/mL 

Yojironin E 

H. yojiroanum 

antimicrobial activity 
against Aspergillus 
niger, Candida 
albicans, 
Cryptococcus 
neoformans, and 
Trichophyton 
mentagrophytes 

Aspergillus niger (IC50 
16 µg/mL), Candida 
albicans (IC50 4 
µg/mL), Cryptococcus 
neoformans (IC50 4 
µg/mL), and 
Trichophyton 
mentagrophytes (IC50 
4 µg/mL)  

Tanaka et al., 
2011 

Yezo'otogirin E  

moderate 
antimicrobial activity 
against Escherichia 
coli and 
Staphylococcus 
aureus  

Esherichia coli (MIC 
4.0 µg/mL) and 
Staphylococcus aureus 
(MIC 8.0 µg/mL) 

Tanaka et al., 
2016 

Yezo'otogirins 
G and H  

weak antimicrobial 
activity against 
Bacillus subtilis and 
Trichophyton 
mentagrophytes 

Bacillus subtilis (MIC 
16 µg/mL) and 
Trichophyton 
mentagrophytes (IC50 
16 µg/mL)  

Hyperatomarin 
prenylated 
phloroglucinol  

H. atomarium 
ssp. Degenii 

significant activity 
against Gram-
positive and Gram-
positive spore-
forming bacteria 

Gram-positive 
(Staphylococcus 
aureus and 
Micrococcus luteus) – 
MIC 1.56 µg/mL and 
(Bacillus subtilis) – 
3.12 µg/mL 

Šavikin-
Fodulović et 
al., 2003 

Chipericumins 
A–D 

and tetracyclic 
prenylated 
acylphloroglucinols 
with a spiro 
skeleton 

H. chinense 

no antimicrobial 
activity against E. 
coli, S. aureus, B. 
subtilis, and M. 
luteus; or against 
Aspergillus niger, 
Candida albicans, 
Cryptococcus 
neoformans, and 
Trichophyton 
mentagrophytes 

all MIC > 32 µg/mL; 
all IC50 > 32 µg/mL 

Abe et al., 
2012 

Erectones A 
and B 

dome-shaped 
polyprenylated 
phloroglucinol 
derivatives  

H. erectum 

no activity against S. 
aureus, Micrococ. 
lutens, Pseudom.s 
aeruginosa and E. 
coli  

- 
An et al., 
2002 

Hyperascyrone 
F 

prenylated 
acylphloroglucinols 

H. asciron  
moderate activity to 
against HIV-1 in 
MT-4 cells  

EC50 value of 2.43 µM  
Zhu et al., 
2015 

Chinesin I and 
II  

H. chinense 
antiviral activity and 
cytotoxicity of 
diacylphloroglucinols 

cytotoxicity (IC50 2.5–
5 µg/mL) 

Chiba et al., 
1992 
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Compound Compound type Plant species Effect Active concentration Reference 

Uliginosin B 

dimeric 
acylphloroglucinol 
consisting of 
phloroglucinol 
moiety linked by a 
methylene bridge to 
a filicinic acid 

H. 
polyanthemum 

dose dependent 
antiprotozoal, anti-
Trichomonas 
vaginalis activity 

leaving less than 20% 
of trophozoites viable, 
at IC50 value of 121.96 
µM  

Cargnin et al., 
2013 

Hyperattenin K 
adamantyl-like 
polyprenylated 
acylphloroglucinol  

H. attenuatum 
Choisy 

inhibitory effects on 
HIV-1 replication in 
C8166 cells  

EC50 3.35 µM 
Li et al., 
2015b 

Enaimeone A, 
B and C 

prenylated bi- and 
tricyclic 
phloroglucinol 
derivatives  

H. papuanum 

antibacterial potential 
against B. aureus, M. 
luteus, and S. 
epidermidis 

- 

Winkelmann 
et al., 2001b 

1'-hydroxy 
ialibinones A, 
B and D 
Furonewguinon
e A and B 
Papuaforins A–
E 

prenylated tricyclic 
acylphloroglucinols 

antibacterial effect of 
the examined 
compounds was weak  

Winkelmann 
et al., 2001a 

Hyperguinones 
A, B, and 
hyperpapuanon
e 

bicyclic 
acylphloroglucinols 

Ialibinones A–
E  

tricyclic 
phloroglucinols 

better antibacterial 
activity against 
Bacillus cereus, 
Staphylococcus 
epidermidis, and 
Micrococcus luteus 

MIC for C and D 16 
µg/mL, 32 µg/mL and 
64 µg/mL, 
respectively, and for A 
and B 64–128 µg/mL 

Winkelmann 
et al., 2000 

Hypercalyxone 
A and B 

bicyclic 
acylphloroglucinol 
derivatives 

H. amblycalyx 

moderately active 
against Bac. cereus, 
Staphilococcus 
aureus, 
Staphylococcus 
epidermidis, and 
Micrococcus luteus 

B. cereus (MIC 64 µM 
for both), S. aureus 
(MIC 32 µM for both), 
S. epidermidis (MIC 
16 µM and 32 µM), 
and M. luteus (MIC 8 
and 32 µM) 

Winkelmann 
et al., 2003 

Olympicin A 
acylphloroglucinols 

H. olympicum 
L. cf. uniflorum 

high antibacterial 
activity 

MIC 0.5–1 mg/L 
Shiu et al., 
2012 Olympicins B–

D  
less active, moderate 
antibacterial activity 

MICs 64–128 mg/L  

1,7-
dihydroxyxanth
one 

acylphloroglucinols H. beanii 

weak anti-
staphylococcal 
properties 

MIC 128–256 µg/mL  

Shiu and 
Gibbons, 
2006 

mixture of two 
acylphlorogluci
nols, one of 
which was 1,5-
dihydroxy-2-
(2'-methyl 
propionyl)-3-
methoxy-6-
methylbenzene 

significantly higher 
antibacterial effect, 
more active against 
multi-drug resistant 
strains XU212 and 
RN4220, than the 
standard S. aureus 
strain ATCC25923  

MIC values of 16–32 
µg/mL 

Hyperforin acylphloroglucinol  H. perforatum 

antibacterial activity 
against penicillin-
resistant S. aureus is 
exceptional 

values ranging from 
0.1 µg/mL to 1 µg/mL 

Shiu and 
Gibbons, 
2006; 
Schempp et 
al., 1999 

Isouliginosin B phloroglucinol H. brasiliense 
antibacterial against 
B. subtilis in a TLC 
bioautographic assay 

at 0.16 µg  
Rocha et al., 
1995 
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Compound Compound type Plant species Effect Active concentration Reference 
Hyperbrasilols 
B and C, and 
isohyperbrasilo
l B 

phloroglucinols H. brasiliense 
antibacterial against 
Bacillus subtilis 

at quantities of 0.6 µg, 
0.2 µg, and 0.16 µg, 
respectively, in a TLC 
bioautographic assay 

Rocha et al., 
1996 

1,3,5-
trihydroxy-6-
[2''',3'''-epoxy-
3'''-methyl-
butyl]-2-[2''-
methyl-
butanoyl]-4-[3'-
methyl-2''-
butenyl]-
benzene 

acylphloroglucinol H. foliosum 
moderate 
antibacterial agent  

MIC 16 µg/mL to 32 
µg/mL 

Gibbons et 
al., 2005 

Hyperibones A, 
B and D  

polyprenylated 
benzoylphloroglucin
ol derivatives 

H. scabrum 

moderate in vitro 
antibacterial activity 
against both 
methicillin-resistant 
and methicillin-
sensitive S. aureus  

- 
Matsuhisa et 
al., 2002 

Otogirone and 
Erectquione B  

phloroglucinol 
derivatives 

H. erectum 

notable growth 
inhibitory activity 
against strains of 
Plasmodium 
falciparum 

IC50 values were 5.6 
µmol/L and 7.2 
µmol/L, respectively 

Moon, 2010 

Erectquione A 
and C  

moderate activity 
IC50 values of 11.2 
µmol/L and 13.4 
µmol/L 

Hypercalin B 
prenylated 
phloroglucinol 

H. 
acmosepalum 

antibacterial activity 
against multidrug-
resistant strains of S. 
aureus 

MIC range of 0.5–128 
mg/L 

Osman et al., 
2012 

Chipericumin E 
and hypercalin 
C 

acylphloroglucinols H. riparium  

moderate 
antibacterial activity 
against methicillin-
resistant S. aureus 

IC50 values of 10.10 
µmol/L and 12.20 
µmol/L, respectively 

Tala et al., 
2015 
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1.2.2.6 Cytotoxic activity of acylphloroglucinols from Hypericum species 

In vitro antiproliferative assays with endothelial cells are the first step in discovering new 
compounds with antiangiogenic effects (Taraboletti and Giavazzi, 2004). The most 
prominent acylphloroglucinol representative, hyperforin, was found to be a potent 
antiangiogenic agent, with IC50 value of 2.1 ± 0.7 µmol/L. This was also confirmed through 
tube formation and cell migration assays, and demonstrated in vivo. Tetrahydrohyperforin 
and octahydrohyperforin have shown antiangiogenic effect, as well (Martinez-Poveda et al., 
2005, 2010). Hyperforin significantly inhibited tumor growth, induced apoptosis of tumor 
cells and reduced tumor vascularisation, and showed high ability to suppress angiogenesis by 
a direct, non-toxic effect on endothelial cells (Schempp et al., 2005). Hyperforin also showed 
time- and dose dependent cytotoxicity. WRL-68 cell line (human fetal hepatic cells) was the 
most sensitive to its effects, followed by HepG2 (human hepatocellular carcinoma cells) and 
HepaRG (human terminally differentiated hepatoma cells) cells (Martinho et al., 2016). 

Hyperforin has ability to inhibit the growth of various tumor cell lines in vivo as well, with 
IC50 values of 3–15 µmol/L. The mechanism of hyperforin's cytotoxic action is reflected 
through its ability to inhibit the growth of tumor cells and induce apoptosis. Its effect was 
expressed through a dose-dependent generation of apoptotic oligonucleotides, which induce 
DNA laddering and apoptosis-specific morphological changes (Schempp et al., 2002). 
Hyperforin was also found to promote apoptosis of B-cells of chronic lymphocytic leukemia 
in a time- and dose-dependent manner. It stimulated phosphatidylserine externalization and 
DNA fragmentation, by disruption of the mitochondrial transmembrane potential. 
Additionally, it showed ability to inhibit neo-angiogenesis (Quiney et al., 2006a, 2006b). 

Cytotoxic effects of hyperatomarin, prenylated phloroglucinol highly abundant in H. 
annulatum, were tested against tumor cell lines originating from leukemias, lymphomas and 
other cancers. The compound exerted strong dose-dependent cytotoxic effects (IC50 = 0.14–
15.7 µmol/L). The highest cytotoxic effect was pronounced against U-266, DOHH-2 and 
human breast tumor derived cell line MCF7 cells (IC50 = 0.14–0.79 µmol/L), while it showed 
moderate cytotoxicity towards the CML-derived cell lines LAMA-84 and K-562, the urinary 
bladder carcinoma EJ and against the murine neuroblastoma Neuro-2a (IC50 = 8.75–15.71 
µmol/L). Hyperatomarin was found to cause mono- and oligonucleosomal fragmentation of 
genomic DNA, which indicated that the induction of apoptosis is a direct consequence of 
cytotoxic effect of the tested compound (Momekov et al., 2008; Šavikin-Fodulović et al., 
2003). These data are in accordance with previous studies, illustrating the cytotoxic effects of 
prenylated acylphloroglucinols isolated from plant of Hypericaceae family through their 
ability to induce apoptosis, with hyperforin as their most prominent representative, as 
mentioned above (Quiney et al., 2006a, 2006b; Schempp et al., 2002). 
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Nine polyprenylated acylphloroglucinols, hyperattenins A–I, were isolated from aerial parts 
of H. attenuatum Choisy. Hyperattenin A was characterized as a bicyclo[3.3.1]nonane 
derivative with an unusual hemiacetal functionality formed by a series of redox reactions on 
its side chains, which occurs rarely in nature. All of the compounds were evaluated for their 
cytotoxic activities against several human cancer cell lines – HL-60, A-549, SMMC-7721, 
MCF7, and SW-480, as well as the immortalised non-malignous Beas-2B human bronchial 
epithelial cell line. Hypeattenin I exhibited significant inhibitory activity against HL-60 and 
A-549 cell lines, with IC50 values 2.04 µmol/L and 3.26 µmol/L, respectively. It also showed 
low toxicity to Beas-2B cells (IC50 = 14.36 µmol/L), suggesting it could be a selective anti-
proliferative agent for leukaemia (Li et al., 2015a). Moreover, hyperattenin K, adamantyl-
like polyprenylated acylphloroglucinol isolated from the same plant, exhibited moderate 
cytotoxicity against the HL-60 and A-549 cell lines (IC50 values of 4.55 µmol/L and 5.36 
µmol/L, respectively). Hyperattenin J showed weak activities against the two tumor cell 
lines, with IC50 values ranging from 16.12 µmol/L to 25.58 µmol/L (Li et al., 2015b). 

Six bicyclic polyprenylated acylphloroglucinol derivatives, hyperhenones A–F, were isolated 
from H. henryi, together with hyphenrone J and chinesin II. Hyperhenone E, hyperhenrone J 
and chinesin II showed significant inhibitory effects on growth of four human tumor cell 
lines, with IC50 in range 1.3–8.8 µmol/L. Other investigated compounds were moderately 
cytotoxic or were devoid of activity (IC50 from 12.4 µmol/L to > 40 µmol/L) (Zhang et al., 
2015). Tomoeones A–H, phloroglucinol derivatives isolated from leaves of H. ascyron, were 
investigated on their cytotoxicity against human tumor cell lines, including multidrug-
resistant (MDR) tumor cell lines. Tomoeone F demonstrated significant cytotoxicity against 
KB cells (IC50 = 6.2 µmol/L) and was cytotoxic against MDR tumor cell lines KB-C2 and 
K562/Adr as well (IC50 = 31.5 µmol/L and 28.6 µmol/L, respectively) (Hashida et al., 2008). 

Petiolins A–C, isolated from H. pseudopetiolatum var. kiusianum, exhibited cytotoxicity 
against murine lymphoma L1210 cells (IC50 > 2.5 µg/mL, > 10 µg/mL and 3.3 µg/mL, 
respectively) and human epidermoid carcinoma KB cells (IC50 = 4.8 µg/mL, 96 µg/mL and 
4.9 µg/mL, respectively), while petiolins J–M showed no cytotoxicity against examined cell 
lines (both IC50 > 10 µg/mL) (Tanaka et al., 2008a; 2010). Biyouyanagiol, an 
acylphloroglucinol-related compound isolated from H. chinense by the same group, showed 
moderate cytotoxicity against KB-C2 MDR tumor cells in the presence of colchicine (IC50 = 
47.8 µg/mL) (Tanaka et al., 2009). Five prenylated butylphloroglucinol derivatives, 
takaneones A-C and takaneols A-B, isolated from H. sikokumontanum, also showed potent to 
moderate cytotoxicities against K565/Adr and KB-C2 multi-drug resistant (MDR) tumor 
cells with IC50 values ranging from 4.7 µg/mL to 22.5 µg/mL and from 15.6 µg/mL to 25.8 
µg/mL, respectively, and moderate ones against KB, MCF7, K562 and COLO205 cell lines 
(Tanaka et al., 2008b). Yojironin E, isolated from H. yojiroanum, also showed cytotoxicity 
against murine lymphoma P388 cells (IC50 = 3.7 µg/mL) and human epidermoid carcinoma 
KB cells (IC50 = 5.0 µg/mL) in vitro (Tanaka et al., 2011). 
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Hypercohins B–D, polyprenylated acylphloroglucinol derivatives isolated from H. 
cohaerens, exhibited moderate inhibitory activity against the tested HL-60, A-549, SMMC-
7721, MCF7 and SW480 tumor cell lines (IC50 = 5.8–17.9 µmol/L). The three compounds 
share the unusual 10-carbon fragment [2,2,4,4,5-(pentamethyltetrahydrofuran-3-yl)menthol] 
at C-3, which is apparently crucial for the activity, since other compounds lacking this part of 
the structure were devoid of cytotoxic effects (Liu et al., 2013). Out of the tested 
hyphenrones G–Q from H. henryi against human tumor cell lines HL-60, A-549, SMMC-
7721, MCF7, and SW-480, only two of the compounds exhibited high cytotoxic activities 
(IC50 = 1.7–8.9 µmol/L, respectively) in the MTT assay (Yang et al., 2015). 

Nine polycyclic polyprenylated acylphloroglucinols with a bicyclo[3.3.1]nonane skeleton – 
hyperisampsones N–Q and S–W, were isolated from aerial parts of H. sampsonii. All 
compounds were evaluated for their cytotoxicity against HeLa cells. Among them, only 
hyperisampsones Q, S, T and U showed dose-dependent, but moderate cytotoxic effects 
against HeLa cell line, inhibiting around 60%–80% of its growth at 20 µmol/L. Other 
evaluated compounds also exhibited dose-dependent, but lower cytotoxic activity, with 
concentrations higher than 20 µmol/L needed for the effect (Tian et al., 2014b, 2016). 
Dioxasampsones A with a rare 2,7-dioxabicyclo[2.2.1]heptane moiety and B with a unique 
tetrahydrofuro-[3,4-b]furan-fused tricycle[4.3.1.1]undecane skeleton, both polycyclic 
polyprenylated acylphloroglucinols with an epoxy-ring-fused skeleton, and one nor-PPAP, 
hypersampson R, from the same plant, were also tested against HeLa cells. Dioxasampsone B 
was inactive, while dioxasampsone A and hypersampson R showed dose-dependent, but 
relatively low cytotoxic activity – inhibiting only about 40% of HeLa cell growth at 20 
µmol/L (Tian et al., 2014a). Norsampsones A–D, decarbonylated polycyclic polyprenylated 
acylphloroglucinols from H. sampsonii, were also investigated for their cytotoxicity against 
HeLa cells. As a result, norsampsone C, inhibited cell proliferation of HeLa cell line at 
concentration of 20 µmol/L (Tian et al., 2014c). Two pairs of racemic polyprenylated 
benzoylphloroglucinols (benzophenones) – (±) sampsonins A and B, isolated from H. 
sampsonii as well, were evaluated for their cytotoxicity against HeLa cells. Although the 
compounds all exhibited dose-dependent cytotoxic effects, with (+)-sampsonin A being the 
most potent, showing effect of 60% inhibition at a concentration of 20 µmol/L (Tian et al., 
2017). 

Papuaforins A–E, prenylated tricyclic acylphloroglucinols, and hyperguinones A, B, and 
hyperpapuanone, bicyclic acylphloroglucinols, all isolated from H. papuanum, were tested on 
cytotoxicity against KB nasopharyngeal carcinoma cells. All examined compounds were 
found to be moderately toxic, with IC50 values similar among them (Winkelmann et al., 
2001a). Ialibinones A, B and D, and 1'-hydroxyialibinones A, B and D from Hypericum 
papuanum, were also tested against KB cell line and showed medium to weak cytotoxic 
activity, compared to the phloroglucinol derivatives previously isolated from H. papuanum. 
Ialibinones A, B and D exhibited moderate to strong activities at IC50 values of 8.0 ± 2.1 
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µg/mL, 7.3 ± 1.9 µg/mL, and 6.6 ± 1.9 µg/mL, respectively. On the other hand, low 
cytotoxicity of 1'-hydroxyialibinones A, B and D was notable from IC50 values of 25.3 ± 1.4 
µg/mL, > 40 µg/mL, and 32.5 ± 3.2 µg/mL, respectively. As apparent from the SAR studies 
of the tested compounds, the hydroxylation of the ialibinones significantly reduces the 
cytotoxicity (Winkelmann et al., 2000, 2001b). Hypercalyxone A and B, two bicyclic 
acylphloroglucinol derivatives from H. amblycalyx, showed moderate cytotoxic activity 
against KB tumor cells, with IC50 values of 6.5 ± 0.78 µg/mL and 7.0 ± 0.63 µg/mL, 
respectively (Winkelmann et al., 2003). 

Seven prenylated benzoylphloroglucinol derivatives, sampbenzophenones A–G, were 
isolated from aerial parts of Hypericum sampsonii, with sampbenzophenone F being the first 
natural product possessing an unusual 6,6-dimethoxy-3-methylhex-2-en-1-oxyl group. The 
seven compounds were evaluated for their cytotoxic activities against five human tumor cell 
lines – HL-60, A-549, SMMC-7721, MCF7, and SW-480, against which only 
sampbenzophenone A exhibited moderate activities with IC50 values 13.32–29.65 µmol/L 
(Zhu et al., 2016). 

Four monocyclic monoterpenoid-substituted acylphloroglucinols, empetrifelixins A–D, were 
all isolated from H. empetrifolium. The four compounds were tested for their ability to reduce 
the proliferation of endothelial cells (HMEC-1) and showed IC50 values lower than 11.0 
µmol/L, while empetrifelixin A and empetrifelixin D both exhibited a concentration 
dependent cell proliferation inhibition with IC50 values of 6.5 ± 0.1 µmol/L and 7.3 ± 0.4 
µmol/L, respectively. Empetrifelixin also showed activity in cell migration assay with 
HMEC-1 cells in low micromolar concentrations (Schmidt et al., 2012b). Additionaly, eight 
bicyclic, three tricyclic, and three polycyclic acylphloroglucinols possessing a 
monoterpenoid citran moiety, isolated from a petroleum ether extract of H. empetrifolium, 
showed in vitro antiproliferative activity against human microvascular endothelial cells 
(HMEC-1) with IC50 values in range of 9.2 ± 2.0 µmol/L to 29.6 ± 3.5 µmol/L. However, 
hyperforin and the monocyclic monoterpenoid-substituted acylphloroglucinols exhibited 
higher activites in comparison with bi- and tricyclic compounds. The previously examined 
empetrifelixins A and D showed slightly higher activity, as well. However, mode of the 
antiproliferative activity needs to be investigated in more detail, also to exclude toxic effects 
on healthy human cells (Schmidt et al., 2012a, 2012b). 

Uralodins B and C, two epimeric polycyclic polyprenylated acylphloroglucinols (PPAPs), 
isolated from the aerial parts of H. henryi subsp. uraloides, exhibited cytotoxic activities 
against HepG2, SGC7901, HL-60, and K562 cell lines. Namely, uralodin B showed modest 
cytotoxic activity against SGC7901 (IC50 = 63.7 µmol/L) and HL-60 (IC50 = 21.8 µmol/L) 
cell lines, while uralodin C showed modest cytotoxic effect against HepG2 (IC50 = 28.5 
µmol/L), SGC7901 (IC50 = 26.1 µmol/L), HL-60 (IC50 = 14.3 µmol/L), and K562 cells (IC50 
= 32.1 µmol/L) (Chen et al., 2010). Androforin A and hyperandrone A, polycyclic 
polyprenylated acylphloroglucinols (PPAPs) isolated from the aerial parts of H. 
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androsaemum, were tested for their cytotoxic activity against HL-60, SMMC-7721, A-549, 
MCF7, and SW480 tumor cell lines, but were inactive, with IC50 values higher than 40 
µmol/L (Wang et al., 2012). The cytotoxic activity of hyperbeanols A–D against the tumor 
cell lines SK-BR-3, HL-60, SMMC-7721, PANC-1, MCF7, and K562 were also evaluated. 
Among them, only hyperbeanols B and C exhibited modest cytotoxicity against K562 cells 
with IC50 values of 16.9 µmol/L and 20.7 µmol/L, respectively (Chen et al., 2011). 

Two polyprenylated acylphloroglucinols, elegaphenone and 7-epi-clusianone, are isolated 
from aerial parts of H. elegans. Both compounds were evaluated for their inhibitory activity 
towards tumor cell growth and showed prominent cytotoxicity against HD-MY, K-562 and 
KE-37 tumor cell lines. Elegaphenone was active in IC50 values of 15.9 µmol/L (HD-MY-Z), 
13.9 µmol/L (K-562), and 16.9 µmol/L (KE-37), while IC50 values for 7-epi-clusianone were 
9.8 µmol/L, 11.8 µmol/L and 13.6 µmol/L against the three cell lines, respectively. 
Moreover, oligonucleosomal DNA fragmentation was monitored during exposure by the 
tested compounds and it was found that the induction of apoptosis is a major mechanism of 
their cytotoxic action (Nedialkov et al., 2011). 

Hyperascyrones A–H, polyprenylated spirocyclic acylphloroglucinol derivatives (PSAPs) 
isolated from the aerial parts of H. asciron, were evaluated for their cytotoxic activities 
against five tumor cell lines including HL-60, SMMC-7721, A-549, MCF7, SW480 and the 
immortalized non-malignous human pulmonary epithelial cell line Beas-2B. Out of the 
investigated compounds, hyperascyrones C, G and H exhibited moderate cytotoxic activities 
against the five tumor cell lines, whereas hyperascyrones C and G were found to exhibit 
significant cytotoxicity against HL-60 cell lines, with IC50 values of 4.22 µmol/L and 8.36 
µmol/L, respectively. The preliminary SAR study suggested that the starter acid side chains' 
nature may have an important role in the cytotoxic activity, i.e. isobutyl moiety-containing 
compounds had seemed to be more cytotoxic than the ones with isopropyl or phenyl side-
chain (Zhu et al., 2015). 

Chipericumins A–D, tricyclic and tetracyclic prenylated acylphloroglucinols with a spiro 
skeleton from the roots of H. chinense, did not show cytotoxicity against murine lyphoma 
L1210 cells and human epidermoid carcinoma KB cells (all IC50 > 10 µg/mL) in vitro (Abe 
et al., 2012). Cytotoxicity of eight tricyclic acylphloroglucinol derivatives with two fused 
dimethylpyran units, isolated from H. lanceolatum, was evaluated against colon (HT-29) and 
prostate (PC-3) tumor cells. The tested compounds did not significantly inhibit growth of the 
two tumor cell lines up to a concentration of 10 mmol/L (Fobofou et al., 2016). 
Elliptophenone A, acylphloroglucinol isolated from aerial parts of H. ellipticum and 
evaluated for cytotoxicity against three human colon tumor cell lines – HT-29, HCT-116, and 
Caco-2, and a normal colon cell line (CCD-18Co). Elliptophenone A, however, showed weak 
activity against tumor cell lines (IC50 = 84–104 µg/mL) (Manning et al., 2011). 
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Two dimeric phloroglucinols – japonicin A and uliginosin B, both isolated from H. 
myrianthum, were tested for their in vitro antiproliferative effects against three tumor cell 
lines: HT-29 (human colon carcinoma cells), U-251 (human glioma cell line), and OVCAR-3 
(human ovarian carcinoma cells). However, both japonicin A and uliginosin B exerted 
antiproliferative effects only on the OVCAR-3 cell line, but in doses of 50 µg/mL. 
Nevertheless, a strong synergistic effect was demonstrated by combining the subeffective 
doses of japonicin A with the chemotherapeutic drug paclitaxel, decreasing significantly the 
cellular proliferation of OVCAR-3 cells (Pinhatti et al., 2013). 
 

 
Figure 1.12 Examples of cytotoxic acylphloroglucinols: A – hyperforin (Martinez-Poveda et 
al., 2005); B – hyperatomarin (Momekov et al., 2008); C – hyperhenrone J; D – chinesin II 
(Zhang et al., 2015). 
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Table 1.7 Cytotoxic activity of acylphloroglucinols from Hypericum species. 
Compound Compound type Plant species Effect Active concentration Reference 

Petiolins A–C 
prenylated 
phloroglucinol 
derivatives 

H. pseudopetiolatum 
var. kiusianum 

cytotoxicity 
against murine 
lymphoma L1210 
cells and human 
epidermoid 
carcinoma KB 
cells 

murine lymphoma 
L1210 cells (IC50 > 2.5 
µg/mL, > 10 µg/mL and 
3.3 µg/mL, 
respectively) and 
human epidermoid 
carcinoma KB cells 
(IC50 4.8 µg/mL, 96 
µg/mL and 4.9 µg/mL, 
respectively) 

Tanaka et 
al., 2008a; 
2010 

Petiolins J–M  
no cytotoxicity 
against examined 
cell lines  

both IC50 > 10 µg/mL 

Biyouyanagiol 
acylphloroglucinol-
related compound  

H. chinense  

moderate 
cytotoxicity 
against KB-C2 
MDR cancer cells 
in the presence of 
colchicine 

IC50 47.8 µg/mL 
Tanaka et 
al., 2009 

 

prenylated 
butylphloroglucinol 
derivatives 

H. sikokumontanum 

potent to moderate 
cytotoxicities 
against K565/Adr 
and KB-C2 multi-
drug resistant 
(MDR) cancer 
cells;  and 
moderate ones 
against KB, 
MCF7, K562 and 
COLO205 cell 
lines  

IC50 values for 
K565/Adr and KB-C2 
ranging from 4.7 µg/mL 
to 22.5 µg/mL and from 
15.6 µg/mL to 25.8 
µg/mL, respectively 

Tanaka et 
al., 2008b 

Takaneones A-C 
Takaneols A-B 

Yojironin E 
prenylated 
acylphloroglucinols 

H. yojiroanum 

cytotoxicity 
against murine 
lymphoma P388 
cells and human 
epidermoid 
carcinoma KB 
cells in vitro  

murine lymphoma P388 
cells (IC50 3.7 µg/mL) 
and KB cells (IC50 5.0 
µg/mL) 

Tanaka et 
al., 2011 

Chipericumins A–
D 

tricyclic and 
tetracyclic prenylated 
acylphloroglucinols 
with a spiro skeleton  

H. chinense 

did not show 
cytotoxicity 
against murine 
lyphoma L1210 
cells and human 
epidermoid 
carcinoma KB 
cells in vitro  

all IC50 > 10 µg/mL 
Abe et al., 
2012 

Uralodin B 

C(30)-epimeric 
polycyclic 
polyprenylated 
acylphloroglucinols  

H. henryi subsp. 
Uraloides 

cytotoxic activities 
against HepG2, 
SGC7901, HL-60, 
and K562 cell lines 

SGC7901 (IC50 63.7 
µmol/L) and HL-60 
(21.8 µmol/L)  

Chen et al., 
2010 

Uralodin C 

HepG2 (IC50 28.5 
µmol/L), SGC7901 
(IC50 26.1 µmol/L), HL-
60 (IC50 14.3 µmol/L), 
and K562 cells (IC50 
32.1 µmol/L)  

Androforin A 
polycyclic 
polyprenylated 
acylphloroglucinols  

H. androsaemum 

inactive vs. HL-60, 
SMMC-7721, A-
549, MCF7, and 
SW480 cell lines 

IC50 values > 40 
µmol/L  

Wang et al., 
2012 Hyperandrone A 
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Compound Compound type Plant species Effect Active concentration Reference 

Hyperbeanols B 
and C  polyprenylated 

spirocyclic 
acylphloroglucinol 
derivatives  

H. asciron 

exhibited moderate 
cytotoxicity 
against K562 cells  

IC50 16.9 and 20.7 
µmol/L, respectively 

Chen et al., 
2011 

Hyperascyrones C 
and G  

significant 
cytotoxicity 
against HL-60 cell 
lines 

IC50 values of 4.22 
µmol/L and 8.36 
µmol/L, respectively 

Zhu et al., 
2015 

Compounds, 1-6, 
8, 9 

tricyclic 
acylphloroglucinol 
derivatives with two 
fused dimethylpyran 
units 

H. lanceolatum  

did not exhibit 
significant 
inhibition of 
growth of the two 
tumor cell lines - 
colon (HT-29) and 
prostate (PC-3) 
cancer cells  

IC50 > 10 mmol/L 
Fobofou et 
al., 2016 

Hyperattenin I  
polyprenylated 
acylphloroglucinol 

H. attenuatum 

significant 
inhibitory activity 
against HL-60 and 
A-549 cell lines 

IC50 values 2.04 µmol/L 
and 3.26 µmol/L 

Li et al., 
2015a 

Hyperattenin K 

adamantyl-like 
polyprenylated 
acylphloroglucinol  

exhibited moderate 
to high 
cytotoxicity 
against the HL-60 
and A-549 cancer 
cell lines  

IC50 values of 4.55 
µmol/L and 5.36 
µmol/L, respectively 

Li et al., 
2015b 

Hyperattenin J 

exhibited weak 
activities against 
the HL-60 and A-
549 cancer cell 
lines  

IC50 values ranging 
from 16.12 µmol/L to 
25.58 µmol/L 

Hypercohins B–D 
polyprenylated 
acylphloroglucinol 
derivatives  

H. cohaerens 

all four compounds 
exhibited moderate 
inhibitory activity 
against the tested 
HL-60, A-549, 
SMMC-7721, 
MCF7 and SW480 
tumor cell lines 

IC50 5.8–17.9 µmol/L 
Liu et al., 
2013 

Ialibinones A, B 
and D prenylated bi- and 

tricyclic 
phloroglucinol 
derivatives  

H. papuanum 

moderate to strong 
activities against 
KB cell line  

IC50 values of 8.0 ± 2.1 
µg/mL, 7.3 ± 1.9 
µg/mL, and 6.6 ± 1.9 
µg/mL, respectively Winkelmann 

et al., 2000, 
2001b 1'-hydroxy 

ialibinones A, B 
and D  

low cytotoxicity 

IC50 values of 25.3 ± 
1.4 µg/mL, > 40 µg/mL, 
and 32.5 ± 3.2 µg/mL, 
respectively 

Papuaforins A–E 
prenylated tricyclic 
acylphloroglucinols moderately toxic, 

with IC50 values 
similar among 
them  

- 
Winkelmann 
et al., 2001a Hyperguinones A, 

B, and 
hyperpapuanone 

bicyclic 
acylphloroglucinols 

Hypercalyxone A 
and B 

bicyclic 
acylphloroglucinol 
derivatives 

H. amblycalyx 
moderate cytotoxic 
activity against KB 
cancer cells 

IC50 values of 6.5 ± 
0.78 µg/mL and 7.0 ± 
0.63 µg/mL, 
respectively 

Winkelmann 
et al., 2003 

Hyphenrones G–
Q  

prenylated 
acylphloroglucinols 

H. henryi  

two of the 
examined 
compounds 
exhibited very high 
cytotoxic activities 

IC50 1.7–8.9 µmol/L, 
respectively 

Yang et al., 
2015 
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Compound Compound type Plant species Effect Active concentration Reference 

Hyperforin acylphloroglucinol H. perforatum 

significantly 
inhibited tumor 
growth, induced 
apoptosis of tumor 
cells and reduced 
tumor 
vascularisation 

IC50 value of 2.1 ± 0.7 
µmol/L 

Martinez-
Poveda et 
al., 2005, 
2010; 
Schempp et 
al., 2005; 
Martinho et 
al., 2016 

Empetrifelixin A 

monocyclic 
monoterpenoid-
substituted 
acylphloroglucinols 

H. empetrifolium 

concentration 
dependent cell 
proliferation 
inhibition 

IC50 value of 6.5 ± 0.1 
µmol/L 

Schmidt et 
al., 2012a, 
2012b 

Empetrifelixin D 

concentration 
dependent cell 
proliferation 
inhibition and 
activity in cell 
migration assay 
with HMEC-1 
cells in low 
micromolar 
concentrations 

IC50 value 7.3 ± 0.4 
µmol/L 

14 
acylphloroglucino
ls 

eight bicyclic, three 
tricyclic, and three 
polycyclic 
acylphloroglucinols 

moderate 
antiproliferative 
activity against 
human 
microvascular 
endothelial cells 
(HMEC-1) 

IC50 values in range of 
9.2 ± 2.0 µmol/L to 
29.6 ± 3.5 µmol/L 

Hyperhenone E, 
hyperhenrone J 
and chinesin II 

dicyclic 
polyprenylated 
acylphloroglucinol 
derivatives 

H. henryi 

significant 
inhibitory effects 
on growth of four 
human tumor cell 
lines 

IC50 1.3–8.8 µmol/L  
Zhang et al., 
2015 

Tomoeone F 
phloroglucinol 
derivative 

H. ascyron 

significant 
cytotoxicity 
against KB cells 
and against MDR 
cancer cell lines 
KB-C2 and 
K562/Adr  

KB cells (IC50 6.2 
µmol/L) and against 
MDR cancer cell lines 
KB-C2 and K562/Adr  
(IC50 31.5 µmol/L and 
28.6 µmol/L, 
respectively) 

Hashida et 
al., 2008 

Sampbenzopheno
ne A  

benzoylphloroglucinol 
derivative 

H. sampsonii 

moderate activities 
against five human 
cancer cell lines – 
HL-60, A-549, 
SMMC-7721, 
MCF7, and SW-
480 

IC50 values 13.32–29.65 
µmol/L  

Zhu et al., 
2016 

Elliptophenone A acylphloroglucinol H. ellipticum  

weak cytotoxicity 
against three 
human colon 
cancer cell lines – 
HT-29, HCT-116, 
and Caco-2, and a 
normal colon cell 
line (CCD-18Co) 

IC50 84–104 µg/mL 
Manning et 
al., 2011 

Hyperatomarin 
prenylated 
phloroglucinol  

H. annulatum 

exhibited very high 
cytotoxic activity 
against U-266, 
DOHH-2 and 
MCF7 cancer cells 

strong dose-dependent 
cytotoxic effects (IC50 
0.14–15.7 µmol/L) 

Momekov et 
al., 2008 
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Compound Compound type Plant species Effect Active concentration Reference 

Elegaphenone 

polyprenylated 
acylphloroglucinols 

H. elegans 

inhibitory activity 
towards tumor cell 
growth and 
showed prominent 
cytotoxicity 
against HD-MY, 
K-562 and KE-37 
tumour cell lines 

15.9 µmol/L (HD-MY-
Z), 13.9 µmol/L (K-
562), and 16.9 µmol/L 
(KE-37) 

Nedialkov et 
al., 2011 

7-epi-clusianone 

9.8 µmol/L, 11.8 
µmol/L and 13.6 
µmol/L against the 
three cell lines, 
respectively 

Japonicin A and 
Uliginosin B 

dimeric 
phloroglucinols  

H. myrianthum 
antiproliferative 
effects only on the 
OVCAR-3 cell line 

in doses of 50 µg/mL 
Pinhatti et 
al., 2013 

Hyperisampsones 
Q, S, T and U  

polycyclic 
polyprenylated 
acylphloroglucinols  

H. sampsonii 

dose-dependent, 
but moderate 
cytotoxic effects 
against HeLa cell 
line 

inhibiting around 60%–
80% of its growth at 20 
µmol/L 

Tian et al., 
2014b, 2016 

(+)-sampsonin A  
polyprenylated 
benzoylphloroglucinol
s (benzophenone) 

effect of 60% inhibition 
at a concentration of 20 
µmol/L  

Tian et al., 
2017 
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1.3 Tumor cell proliferation and cancer

Cancer is a disease which is expressed through mutations in somatic cells in such a manner 
that they affect the normal tissues
organism is a system controling and allowing proliferation and cell cycle to all 
needs to maintain its functions. However, at the same time, it is challenged constantly to 
suppress the genesis of mutated cells, which would lead to deregulated growth and cause 
problems localy in the tissue and 
mechanisms fail, cancer would 
proliferation that leads to cancer is
senescence and apoptosis. 
mechanisms are obstructed by mutations which results in cell retention, continued 
proliferation, survival, immortalisation, angiogenesis and,
Over time, cancer cells become 
They divide more rapidly than their progenitors, and evade programmed cell death, causing 
them to break through normal tissue boundaries and metastasize, i.e. spread to new sites in 
the body (Evan and Vousden, 2001).

 

Figure 1.13 Development of tumor cells through continued cycles of 
inhibitory mechanisms of cell cycle (Evan and Vousden, 2001).
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In normal cells, set of large number of genes control the cell division process, and normal 
cell growth is regulated by both cell proliferation genes and the ones that suppress 
proliferation. However, in cancer cells, various genes controling cell proliferation have 
accumulated mutations, which are responsible for further development of cancer. One of the 
growth-promoting genes, gene for the Ras signaling protein, is commonly mutated in cancer 
cells, thus becoming overexpressed and strongly stimulated by growth receptors. Other cell 
mutations work in a way to inactivate the genes responsible for cell proliferation suppression. 
Consequently, a series of gene mutations accumulate, causing overproliferation, and leading 
to further steps in cancer development, turning atypical hyperplasia into carcinoma (Fig. 
1.14). Generally, alterations in three types of genes are responsible for tumorigenesis – 
oncogenes, tumor-suppressor genes and stability genes (Aguirre-Ghiso, 2007; Vogelstein and 
Kinzler, 2004; Lopez-Saez et al., 1998; Fearon and Vogelstein, 1990). 

During the early stages of cancer, tumors are benign and remain within the boundries of the 
tissue. As tumor cells proliferate uncontrolably, tumors grow and become malignant, thus 
obtaining the ability to invade other tissues. Moreover, they secrete proteases, enabling them 
to degrade the extracellular matrix, and gain access to further tissues. During metastasis, 
cancerous cells enter the bloodstream or the lymphatic system and travel to a new location in 
the body, leading to formation of tumors at those sites, as well (Nguyen et al., 2009). 

 

 
Figure 1.14 Colon carcinoma model of cancerous cell formation (Fearon and Vogelstein, 
1990). 
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1.3.1 Potential tumor cell growth inhibiting activity of compounds from plant extracts 

Plant extracts contain significant amounts of phenolics, flavonoids, anthocyanins, and other 
bioactive phytochemicals that have an ability to modulate cell proliferation and regulate 
oxidative reactions in cellular systems in order to exert anti-microbial, anti-proliferative and 
proapoptotic activity (Četojević-Simin, 2015b). Plant-derived natural products have been 
reported to affect tumor cell growth, proliferation and differentiation (Shah et al., 2013). 
Some of the plant secondary metabolites have an ability to reduce tumorigenesis, prevent 
metastasis and have other effects on carcinogenesis (Pistollato et al., 2015; Senthilkumar et 
al., 2014; Cragg & Newman, 2005; da Rocha et al., 2001). It is considered that all dietary 
compounds have the ability to act at the epigenetic level in cancer cells and to influence the 
epigenome, with natural polyphenols as a prominent example (Vanden Berghe, 2012). While 
protecting mitochondria from oxidative stress, dietary bioactive compounds also have an 
ability to modulate apoptosis signaling pathways (Forbes-Hernandez et al., 2014). 

Depending on their structure and mechanism of action, natural products can demonstrate 
noticable activity and selective tumor cell growth inhibition effects on cervix, liver, prostate 
and lung tumor cells (Četojević-Simin, 2015a). Furthermore, by-products of plants during 
their proccessing may also represent promising sources of compounds which can be used 
according to their nutritional and health promoting properties, as functional foods and 
nutriceuticals, for the prevention of lipid peroxidation and protection from oxidative damage 
by scavenging free oxygen radicals (Četojević-Simin, 2015b; Šibul et al., 2016b). The 
natural, plant-derived, bioactive compounds which exhibit anti-inflammatory and antioxidant 
properties are intensively investigated as potential chemopreventive and therapeutic agents, 
since inflammation plays one of the key roles in cancer initiation and propagation, and due to 
their generally low toxicity since inflammation plays one of the key roles in cancer initiation 
and propagation (Macha et al., 2015; Raposo et al., 2015; Chung et al., 2015; Shin et al., 
2014). 
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1.4 Malaria 

Malaria is a widespread disease, whose incidence has increased significantly over the past 30 
years. With annual death toll of 0.7–2.7 million, and more than 75% of the victims being 
African children, malaria remains an urgent problem in global public health (Hartl, 2004). 
This is a result of cumulative factors such as emergence and spreading of drug-resistant 
parasites, evolution of pesticide-resistant mosquitoes, increased population density, global 
warming, continuing poverty and political instability (Sidhu et al., 2002; Bradley, 1998; 
Hemingway and Ranson, 2000; Hemingway et al., 2002; Gallup and Sachs, 2001). The main 
reason for the desease occurance and spreding is the proliferation and diversification of the 
highly anthropophilic African Anopheles mosquito, which has an ability to efficiently 
transmit the Plasmodium falciparum parasite to humans, which then causes the lethal form of 
the disease, present worldwide (Fig. 1.15) (Hartl, 2004). 

 
Figure 1.15 Worldwide distribution of Plasmodium falciparum malaria in 2003 (Hartl, 2004). 

The human malaria is caused by infection with Plasmodium parasites, among which P. 
falciparum is the deadliest, causing more than one million deaths per year in endemic sub-
Saharan areas. Plasmodium parasites are unicellular eucaryotic organisms, transmitted by the 
females of Anopheles mosquito. All malarial parasites have a life cycle comprised out of 
sexual and asexual reproductive stages, out of which asexual reproduction takes place in 
human hosts, while the sexual stage takes place inside a carrying mosquito, allowing sexual 
recombination and mixing of parasite genetic material. As shown in Fig. 1.16, the malaria 
transmission cycle is divided into twelve steps joined together into three cycles. Exo-
erythrocytic cycle involves transmission of sporozoites by mosquito to the human host, 
infection and release of merozoites into the bloodstream, infecting the blood cells in the next 
cycle and differentiating into gametocytes. In the sporogonic cycle, gametocytes ingested by 
a non-infected mosquito develop inside its body and migrate into its salivary glands, enabling 
the further transmission into the next human host, and maintaining the malaria transmission 
cycle (Kim and Schneider, 2013). 
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Figure 1.16 Illustration of the malaria transmission cycle (Kim and Schneider, 2013). 
 
It is unfortunate that, so far, no preventive vaccination against malaria was discovered, 
leaving its control to rely only upon the antimalarial drugs, that aim at the parasites inside the 
human body. Most of the effective compounds against malaria are derived from the 
traditional medicine. Some of the traditional drugs involve ancient Chinese medicine 
artemisinin and quinine used by the British colonies since the 17th century (Simoes-Pires et 
al., 2014). However, mutations within P. falciparum resulted in resistance to these and 
current commercial drugs, such as chloroquine and sulfadoxine-pyrimethamine. Thus, 
alternative drugs (such as artemisinin-based combinational therapies) continue to be 
developed and are more and more used in the conventional medicine, with the lack of 
effective therapy (Lexminarayan, 2004).  
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1.5 Bacterial infections 

Genus Staphylococcus contains 35 species, all being part of the normal skin and mucous 
membrane flora of humans. Staphylococcus aureus is the most important pathogen, the 
Gram-positive bacteria producing coagulase enzyme and causing various pyogenic infections 
and toxin-mediated illnesses. Skin and soft tissue infections that it causes are impertigo, 
ecthyma, folliculitis, furuncles, carbuncles, hydradenitis suppuritiva, mastitis and cellulitis. 
Bacteraemia and metastatic infections can occur if the bacteria overcome the immune 
responce and start spreading through the bloodstream. In this way, bacteraemia can lead to 
metastatic infections such as endocarditis, pericarditis, pneumonia, pulmonary abscess, 
empyema, bursitis, septic arthritis, osteomyelitis and pyomyositis (Fig. 1.17) (Török and 
Day, 2004). 

 

 

Figure 1.17 X-ray of: 1 – psoas abscess; 2 – L1/2 discitis, both caused by Staphylococcus 
aureus (Török and Day, 2004). 
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Acinetobacter baumannii is a pleomorphic aerobic Gram-negative bacillus, which has a 
tendency to colonize aquatic environments. Thus, occurence of this bacteria is usual in organ 
systems with high fluid content, e.g. respiratory tract, cerebrospinal fluid, peritoneal fluid, 
urinary tract etc. (Nguyen et al., 1994; Krol et al., 2009). Acinetobacter baumannii is 
commonly associated with nosocomial infections, such as nosocomial pneumonia and 
nosocomial meningitis (Fig. 1.18). The infection by this bacteria is difficult to control and to 
treat efficiently due to its high ability to develop resistance to common antimicrobial drugs, 
which occurs rapidly (Cisneros and Rodrigues-Baño, 2002; Michalopoulos and Falagas, 
2010). 

 

Figure 1.18 Acinetobacter baumannii-caused pneumonia 
(http://acinetobacterbaumannii.com/, April 2017) 

Pseudomonas aeruginosa is a Gram-negative bacteria, causing nosocomial infections most 
commonly in immunodeficient patients, particularly those with cancer. Pseudomonal 
infections can affect various parts of human body and as result, cause serious infections, e.g. 
pneumonia, bacteremia, endocarditis, meningitis, osteomyelitis, enterocolitis, septicaemia 
etc. (Bodey et al., 1983). However, apart from its high occurence in hospitals and affecting 
immunosuppressed patients, it is found in the environment as well, especially in the drinking 
water. P. aeruginosa is a major cause of follicullitis and ear infections acquired by exposure 
to recreational water containing the bacterium. The organism is usually found in whirlpools 
and in hot tubs, which facilitate its growth due to aeration. It has also been identified to be 
causing keratitis in people wearing contact lenses (Fig. 1.19) (Mena and Gerba, 2009). 



 

Figure 1.19 Pseudomonas aeruginosa
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Pseudomonas aeruginosa-caused keratitis (Weed et al., 2013).

is a Gram-negative, facultatively anaerobic bacterium, which is a major 
colonial inhabitant of the large intestine as a normal microflora. It exists singly or in pairs, 
has a type of metabolism that is both fermentative and respiratory, and can be either 
nonmotile or motile by peritrichous flagella. Some strains have an ability to evolve into 

by acquiring virulence factors through plasmids, transposons, and 
bacteriophages. The bacteria is a major foodborne pathogen, involved as of the most frequent 
causes of many common bacterial infections, e.g. cholecystis, bacter
urinary tract infection and traveler's diarrhea, and can cause more serious clinical infections, 
i.e. neonatal meningitis and pneumonia. The abilities of E. coli to cause human diseases, but 
also to colonize bovine gastrointestinal tract and survive in the environment, are all 

s of its adaption to a wide variety of conditions (Lim et al.
2012; Wanke, 2001; Odonkor and Ampofo, 2013). 

he ultimate goal that should be set in the research and discovery of natural antibiotics and 
combinations of conventional and natural antibiotics is to find the substances with excellent 
pharmacokinetics and pharmacodynamics combined with minimal side effects. Of course, in 
order to gain high popularity in common laboratory production and medical use, the 
development of new compounds should be of low cost, and, more crucially, should not 
induce the development of resistant bacterial strains. 
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1.6 Bioactive natural endoperoxides 

Artemisinin, an antimalaric sesquiterpene lactone isolated from Artemisia annua L., whose 
discovery led to the Nobel Prize in Physiology or Medicine 2015 (Tu, 2011; Burg et al., 
1979; Egerton et al., 1979; Tu et al., 1981). Its antimalaric activity is attributed to the 
presence of an endoperoxy bridge in its structure (Wang et al., 2010a; Cui and Su, 2009; 
Haynes and Krishna, 2004; Olliaro et al., 2001; Pandey et al., 1999; Meshnick, 1998). 
Namely, its derivatives that lack this part of the structure, such as deoxyartemisinin, have 
been shown to devoid of antimalarial activity (Wang et al., 2010a; Cui and Su, 2009; Haynes 
and Krishna, 2004). 

Since the endoperoxide bridge has a unique ability to react with an iron atom and form free 
radicals, the antimalarial action of artemisinin is due to its reaction with intra-parasitic heme 
to generate free radicals, causing cell death. On account of cancer cells having a significantly 
higher influx of iron than normal cells, it has been shown that artemisinin and its 
endoperoxide-containing analogs are cytotoxic against established tumors and tumor cell 
lines, both in vitro and in vivo (Woerdenbag et al., 1993; Lai and Singh, 1995; Efferth et al., 
2001, 2002a, 2002b; Li et al., 2001; Singh and Lai, 2001, 2004; Sadava et al., 2002). 

Artemisinin and its analogues, all naturally occuring antimalarials, show potent anticancer 
activity as well. In primary cancer cultures and cell lines, they exhibit the antitumor activity 
by inhibiting cancer proliferation, metastasis and angiogenesis, increasing levels of oxidative 
stress and inducing apoptosis, and by reducing tumor volume and progression, all due to the 
cytotoxic effects. One possible mechanism of action is attributed to the iron and heme 
metabolism (Crespo-Ortiz and Wei, 2011; O'Neill et al., 2010). Namely, it was found that 
preloading of cancer cells with iron or iron-saturated transferrin triggers artemisinin 
cytotoxicity. At the same time, activity of heme synthesis inhibitors and induction of heme 
oxidase, followed by downregulation of the heme synthesis, decrease or inhibit artemisinin 
cytotoxicity (Singh and Lai, 2004; Lu et al., 2010; Lai et al., 2009; Lai and Singh, 1995; 
Mercer et al., 2011). Proliferation and growth of malignant cells require higher iron 
metabolism in order to achieve cell survival. Thus, cancer cells increase the number of 
transferrin receptors (TfR), responsible for the iron uptake and regulation of intracellular 
concentrations. Since the levels of TfR expression in cancer cells is significantly higher than 
in normal, healthy cells, artemisinin shows higher selectivity for the tumor cells, leading to 
their apoptosis. Bioactivation of artemisinin can occur in endosomes, after pH-induced 
release of iron from transferrin. Iron-activated artemisinin then generates carbon-centered 
radicals, which mediate disruption of lysosomes and generation of ROS, resulting in 
mitochondrial damage, activation of caspases and cell death. When activated specifically by 
heme or heme-bound proteins, artemisinin generates cytotoxic carbon-centered radicals. In 
mitochondria, these adducts interfere with the electron trasfer chain (ETC), leading to 
generation of ROS and apoptosis (Fig. 1.20) (Crespo-Ortiz and Wei, 2011). As evident from 
Fig. 1.20, the potent anticancer action of artemisinin and its derivatives is attributed to the 



 

presence of endoperoxide bridge in their structures. However, lack of end
does not disrupt the anticancer activity completely, but significantly reduces the cytotoxicity. 
The residual anticancer activity of endoperoxide
the alternate, peroxide-independent mechanism (Merce
Beekman et al., 1998). 

Figure 1.20 Postulated actions of artemisinin and its endoperoxide
(a) bioactivation of artemisinin in endosome; (b) specific activation of artemisinin by heme 
or heme-bound proteins; generated ROS may induce (c) ER stress, or (d) genotoxicity
(Crespo-Ortiz and Wei, 2011).
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Postulated actions of artemisinin and its endoperoxide-containing derivatives: 
(a) bioactivation of artemisinin in endosome; (b) specific activation of artemisinin by heme 

bound proteins; generated ROS may induce (c) ER stress, or (d) genotoxicity
Ortiz and Wei, 2011). 
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ionic, instead of radical bioactivation of artemisinin. Fenton degradation of the formed 
hydroperoxide makes it capable of irreversibly modifying protein resi
oxidation (Fig. 1.21) (O'Neill 

The importance of artemisinin iron
In vitro, hemin catalyzes the reductive decomposition of artemisinin, while 
molecule binds to heme, in both cases facilitating the forma
possibility for the further reactions of C
redox systems and lipids, allowing the cytotoxic and apoptotic action to take place. 
Specifically, artemisinin-formed free radicals h
through alkylation, selectively damaging cellular targets (Cui and Su, 2009).
 

Figure 1.21 Bioactivation of artemisinin: A) 
model (O'Neill et al., 2010). 
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2 MATERIAL AND METHODS  

2.1 Phytochemical methods 

2.1.1 Equipment, chemicals, solvents and software 

 
The devices and instruments used for the phytochemical investigations during the course of 
this thesis are summarized in Table 2.1. 
 
Table 2.1 List of equipment, instruments and software. 

Instrument Model Manufacturer 

Analytical scale R 160 P Sartorius, Göttingen, Germany 

CD-Spectropolarimeter J-710 JASCO, Groß-Umstadt, Germany 

ChemDraw software Ultra 11.0; Professional 15.0 Perkin Elmer Corporation, Waltham, 
USA 

Compartment dryer 771.360 Memmert, Schwabach, Germany 

CPC (centrifugal partition 
chromatography) 

SCPC-250 Armen Instrument, Saint-Avé, Frankreich 

E100/55010 (Pump) AlphaChrom AG, Rheinfelden, 
Switzerland 

Disposable micropippettes Blaubrand intraMARK (5, 10, 20 µL) Brand, Wertheim, Germany 

Flash chromatography 
device 

Spot Flash Liquid Chromatography, 
SPOT-System Ser.-No. 08-01-108, 
single-beam spectrophotometer 

Interchim, 03103 Montlucon, France 

Armen Glider Flash V2.3 (Software)  

Flash column Reveleris HP Silica 4 g Cartridge Grace Davison Discovery Science, 
Deerfield, Illinois, USA 

Fraction collector 2211 Superrack LKB Bromma, Stockholm, Sweden 

Frac-110 Amersham Biosciences AB, Uppsala, 
Sweden 

Freeze dryer Ilmvac PK8D Rotary Vane Pump ILMVAC GmbH, Ilmenau, Germany 

Hot plate Thermoplate S Desaga, Nürmbracht, Germany 

HPLC Agilent 1290 Infinity Agilent, Darmstadt, Germany 

HPLC column YMC-Triart C18, 1.9 µm, 75×2 mm YMC CO., LTD., Kyoto, Japan 

HPLC syringe 2.5 mL VWR Glass Tight Syringe 
549-0537 2.5 mL 

VWR International GmbH, Darmstadt, 
Germany 

Mass spectrometer HRESI-MS: Q-TOF 6540 UHD Agilent, Darmstadt, Germany 

HREI-MS: Finnigan MAT SSQ 710 A ThermoQuest, Egelsbach, Germany 
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Instrument Model Manufacturer 

 

NMR 

 

Avance 300 

 

Bruker Corporation, Gillerica, USA 

 Avance 600 with CryoProbe  

 TopSpin 3.2 (Software)  

 Standard Series NMR tubes 507-HP-8 Norell Corporation, New Jersey, USA 

Polarimeter UniPol L1000 Schmidt + Haensch, Berlin, Germany 

Preparative HPLC Agilent prepHPLC 1900 Agilent Technologies Deutschland 
GmbH, Böblingen, Germany 

 Chemstation (software) 

Quartz Cuvette QS, 10 mm Hellma, Müllheim, Germany 

Rotary Evaporator Laborota 4003-control Heidolph, Schwabach, Germany 

Rotavac vario control 

Semi preparative HPLC 
column 

RP-18 Eclipse 250 mm (5 µm) Agilent Technologies Deutschland 
GmbH, Böblingen, Germany 

Semi-preparative HPLC Varian ProStar Varian, Darmstadt, Germany 

210 (pumps) 

335 (diode array detector) 

Galaxie 1.9.302.952 (software) 

Syringe 2.5 mL Hamilton, Bonaduz, Switzerland 

TLC plates TLC Silicagel 60 F254 aluminium 
sheets, 20 × 20 cm 

Merck, Darmstadt, Germany 

TLC chambers Twin through chambers 20 × 20 cm Camag, Muttenz, Switzerland 

Twin through chambers 20 × 10 cm 

Twin through chambers 10 × 10 cm 

TLC device Reprostar 3 Camag, Muttenz, Switzerland 

WinCats 1.4.2 (software) 

Ultrasonic bath Ultrasonic cleaner US1700TH VWR International GmbH, Darmstadt, 
Germany 

Ultra Pure Water 
Purification System 

Astacus LS MembraPure, Bodenheim, Germany 

UV-Spectrophotometer Cary 50 Scan Varian, Darmstadt, Germany 

Cary Win UV 3.00 (182) (software) 
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For fractionation, isolation and structure elucidation, different solvents and chemicals were 
used (Table 2.2) 
 
Table 2.2 List of solvents and chemicals. 
Substance Quality Manufacturer 

Acetic acid for analysis Merck, Darmstadt, Germany 

Acetonitrile (ACN) gradient grade for HPLC Merck, Darmstadt, Germany 

Chloroform (CHCl3) for analysis VWR International GmbH, Darmstadt, 
Germany 

Chloroform, deuterated 
(CDCl3) 

for analysis Merck, Darmstadt, Germany 

Dichloromethane (DCM) for analysis Acros, New Jersey, USA 

Ethanol (EtOH) absolute Sigma-Aldrich, Steinheim, Germany 

Ethylacetate (EtOAc) for analysis Acros, New Jersey, USA 

Formic acid for analysis Merck, Darmstadt, Germany 

Methanol (MeOH) for analysis Merck, Darmstadt, Germany 

 gradient grade for HPLC  

4-Methoxybenzaldehyde 
(anisaldehyde) 

for synthesis Merck, Darmstadt, Germany 

n-Hexane (Hx) for analysis Acros, New Jersey, USA 

Petroleum ether (PE) for analysis VWR International GmbH, Darmstadt, 
Germany 

Sulfuric acid (H2SO4), 
conc 

for analysis Merck, Darmstadt, Germany 

Water (H2O) milli-Q, 18 mS/cm Generated by Ultra Pure Water 
Purification System 
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2.1.2 Extraction of plant material 

2.1.2.1 Plant material 

Herb (aerial parts) of Hypericum barbatum Jacq. was collected in Montenegro during 
summer of 2015, and classified by Dr Danijela Stešević (Associate Professor, Department of 
Biology, University of Montenegro). The voucher specimen (voucher No. 1143389) is 
deposited in the Herbarium of Department of Biology, on Faculty of Sciences (TGU), 
University of Podgorica, Montenegro. 

 

2.1.2.2 Extraction of plant material 

Herb of the collected Hypericum barbatum Jacq. was air-dried during a period of two weeks 
(~25 °C) and pulverized in a blender. The powdered plant material (556 g) was macerated 
with 80% MeOH, 13 mL per 1 g of material. Extraction lasted six hours, and was repeated 
four times with fresh solvent, as suggested by Šibul et al. (2016a). The air-dried residual 
plant material was then repeatedly extracted with EtOAc until the complete loss of 
yellowish-green color of the extract. Finally, the material (after being air-dried) was extracted 
with PE, until the loss of the green color. The exhaustive maceration resulted in three 
extracts. For the further phytochemical investigations and isolation of acylphloroglucinols, 
only the PE extract was used (8.10 g of dry weight, after evaporation on 45 °C under reduced 
pressure). 
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2.1.3 Fractionation of PE extract 

2.1.3.1 Defatting of H. barbatum PE extract 

For the defatting of H. barbatum PE extract, an open column, packed with synthetic Diaion 
HP-20 (particle size 250-850µm; by Supelco, Bellefonte, USA) adsorbent was used. The 
glass column (vol. 210 mL; diameter 4.0 cm) was packed with the Diaion stationary phase 
(80 g; 1:10 sample-to-adsorbent weight ratio), previously suspended with 250 mL 90% 
MeOH (mobile phase). Simultaneous opening of the stopcock allowed the stationary phase to 
move slowly into the column and prevent air inclusions, which would otherwise cause a 
discontinuous flow of mobile phase. A homogeneous packing of the stationary phase into the 
open column was accomplished by gentle knocking on the side of the glass column. The 
packed stationary phase was further equilibrated with additional 200 mL of 90% MeOH. 
Sample (PE extract; 8.10 g) was prepared by dissolving in dichloromethane (DCM; 100 mL) 
and merging with 20 g of Diaion adsorbent in a round flask. After evaporation of DCM and 
further drying of the sample-adsorbent mixture under reduced pressure (725 mbar, 40 °C), 
the sample was loaded onto the column. The sample was eluted with 90% MeOH, 100% 
MeOH, DCM and Hx, subsequently. Each of the eluents were used until loss of the efluent 
color (yellow with 90% and 100% MeOH / green with DCM and Hx). The four eluted 
fractions were collected, evaporated under reduced pressure, weighed and tested by the 
means of TLC and 1H NMR in order to determine the potential presence of 
acylphloroglucinols. 
 

 

2.1.3.2 Adsorption (Flash) chromatography 

All adsorption chromatographic liquid chromatographic separations during the course of PE 
extract fractionation were performed using the identical procedure. The raw fraction was 
diluted with 100% A mobile phase (A = Hx; B = EtOAc) prior to analysis, to obtain a final 
concentration ~ 200 mg/mL, and manually injected directly onto the column after its 
equilibration on the flash system. For the separation, pre-packed columns (Reveleris HP 
Silica 4g (20 µm), 5 mL, max press. 200 psi; 4 mg - 0.8 g sample) were used. Mobile phase 
was delivered at flow rate of 5 mL/min in gradient mode (0 min 0% B; 60 min 100% B; 80 
min 100% B). The compounds were detected by a single-beam spectrophotometric detector, 
at 240 nm wavelength. Fraction collector was programmed to collect 5 mL volume per test 
tube. 
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2.1.3.3 Centrifugal partition chromatography (CPC) 

Before CPC separation of each fraction, the solvent system had to be optimized. For this 
purpose, various solvent combinations were tested by shaking in snap-cap vials. The settling 
time – distribution of two immiscible liquid phases was measured with and without the 
sample. The acceptable phase separation time is considered to be below 30 s (Table 2.3). The 
sample partition between two phases was controlled by TLC. For all analyzed fractions, the 
solvent combination 2 attained the best compound dispersion in upper and lower phase. 
Thus, this solvent combination was chosen for all CPC runs. Out of the two immiscible 
phases, the upper phase (Hx + EtOAc) was chosen to be the mobile phase, due to non-polar 
nature of acylphloroglucinols and simpler evaporation process afterwards. Thus, the 
ascending mode (Asc) was used for the analysis. 

Prior the analysis, both phases needed to be saturated with the other one. For this purpose, 
the four solvents were mixed in the abovementioned ratio and shaken together in a separatory 
funnel, and then separated. Before the solvent systems were applied into the instrument, both 
phases were degassed in ultrasonic bath, since the air residues could obstruct the liquid-liquid 
partition between the phases. In order to equilibrate CPC rotor, the stationary, i.e. lower 
phase was first pumped in. Next, the mobile, i.e. upper phase was pumped into the rotor 
under the starting conditions (flow 5 mL/min; 800 rpm; Asc) for 30 min. The sample was 
dissolved in 5 mL of the four-component solvent system and injected into the CPC device 
with a HPLC syringe, through the 10 mL sample loop. Fraction collector was set to collect 
7.5 mL per test tube. Since the analysis was carried out without detector, TLC check-ups 
were done regularly during the whole analysis, in order to track elution of various 
compounds, as well as to estimate the end of analysis. When the elution of compounds was 
finished in Asc, dual mode was used, i.e. analysis was stopped and then run again in 
descending mode (Desc) with lower phase as the mobile phase, with the same speed and 
collection parameters. To collect the remnant of the solvent and potentially remaining sample 
components after the analysis was finished, the system was run at 10 mL/min with MeOH 
without rotation, until the rotor was completely washed out. 

Table 2.3 CPC solvent systems 

Solvent 
system 

Solvents (Solvent volume ratio) 
Settling time (s) 

without 
sample 

with 
sample 

1 Hx (8) + ACN (5) + MeOH (2) 10 15 

2 Hx (83) + EtOAc (33) + EtOH (67) + H2O (17) 15 15 

3 Hx (10) + EtOAc (5) + MeOH (5) + H2O (10) > 60 > 60 

4 Hx (83) + EtOAc (33) + MeOH (67) + H2O (17) 10 15 
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2.1.3.4 Semi-preparative HPLC 

For separation of compounds by semi-preparative HPLC, reversed-phase semi-preparative 
C18 column (Agilent Zorbax Eclipse XDB, 9.4 × 250 mm, 5 µm) was used. Depending on the 
fraction, three different chromatographic methods were used (Table 2.4). The method 1 was 
used for separation on Varian ProStar semi-preparative HPLC with manual collection 
(Schmidt et al., 2012a; 2012b), while methods 2 and 3 were used for purification of isolated 
compounds on preparative Agilent Technologies HPLC instrument with automated fraction 
collector, set up to collect every eluting peak. Each fraction was diluted with 100% mobile 
phase B (A = H2O; B = ACN) prior to analysis, to obtain a final concentration ~10 mg/mL. 
After the column was equilibrated with starting mobile phase, the sample was injected 
manually into the 2 mL sample loop, in 200 µL sample aliquots per run. Mobile phase was 
delivered at a fixed flow rate (Table 2.4). Peaks detection and collection was monitored 
using DAD detector, which measured absorbance of the compounds in 210 – 400 nm range. 
Each fraction was collected manually, by peak. 

 

Table 2.4 Methods used for separation on semi-preparative HPLC. 

Method 
Solvent system 

Flow 
Separation 

mode 
Time events Duration 

A B 

1 H2O ACN 3 mL/min gradient 

0 min 40% B  

30 min 100% B 45 min 

45 min 100% B  

2 
ACN (100%) 

5 mL/min 
isocratic 

10 min 

3 2.5 mL/min 15 min 
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2.1.4 Fraction control 

All the fractions obtained after each and every step in the fractionation process underwent the 
TLC and 1H NMR screening control in order to monitor which compounds are present in 
which fraction, i.e. to monitor the fractionation process and decide which fractions should be 
further processed. 

 

2.1.4.1 TLC control 

During the fractionation process, TLC check-ups were the essential part in order to identify 
possibly interesting fractions containing acylphloroglucinols. For this purpose, TLC Silicagel 
60 F254 aluminium sheets were used. Mobile phase consisted of Hx, EtOAc and HCOOH, in 
65 + 33 + 2 ratio, respectively. Around 20 µL of each collected fraction was spotted onto the 
TLC plate. The elution path was 8 cm long. All developed plates were viewed and 
photographed with Camag Reprostar TLC visualizer, under 254 nm, 366 nm and visible light 
(Vis). For the TLC derivatization, anisaldehyde/sulfuric acid reagent (AA/H 2SO4) was used. 
Derivatized TLC plates were then visualized on 366 nm and Vis. Charactistic bands for 
acylphloroglucinols could be seen both on underivatized and derivatized TLC plates. 
Namely, without derivatization, acylphloroglucinol compounds can be spotted as dark, 
almost black stains at 254 nm, and dark blue bands at 366 nm. After being derivatized with 
AA/H 2SO4 and incubated at ~ 120 °C for five minutes, TLC plates display 
acylphloroglucinols as light blue bands at 366 nm and brown stains at Vis. Due to their 
medium polarity, they usually corresponded to Rf values of 0.4–0.8. 

 

2.1.4.2 NMR analysis 

Since the isolation of acylphloroglucinols from the PE extract of H. barbatum was mainly 
attributed to the 1H NMR-guided fractionation, the NMR screening was performed on each 
fraction obtained during the fractionation process. For this purpose, dry sample was dissolved 
in 650 µL of chloroform-d1 (CDCl3) and 1H-NMR experiment was carried out on a 300 MHz 
NMR device (T = 300 K). After the NMR-analysis, the obtained proton spectrum was 
analyzed by TopSpin 3.2 software in order to identify specific signals. There are several 
characteristic signals for acylphloroglucinols, and a few of them are usually sufficient to 
apprehend their presence in specific fractions. If the hydroxyl groups are present in the main 
phloroglucinol ring, they sometimes form intramolecular hydrogen bond with carbonyl group 
present in the methylpropanoyl/methylbutyryl group (starter acid). This correlation is specific 
for hydroxy and oxo group being in syn positions, presented in 1H-NMR spectrum as a "deep 
field" singlet signal at around δH > 10–18 ppm, depending on the nature of the bond (Schmidt 
et al., 2012a; 2012b). 
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If two hydroxyl groups are positioned in ortho position to a starter acid, signal will be shifter 
downfield (δH ~ 11–15 ppm), because the keto group is able to form hydrogen bonds with 
both of them. Although the aforementioned signals could be helpful to identify 
acylphloroglucinols with hydroxyl groups, their absence does not confirm the absence of 
acylphloroglucinols in the examined fraction, neither the lack of hydroxyl groups in the 
present acylphloroglucinol structures. Isobutyryl group as a starter acid gives a clear septet of 
a proton from >CH– group (δH 2.5–3.5 ppm; δC ~ 38–45 ppm). Two doublets for each of the 
methyl groups from the isobutyryl (2-methylpropanoyl) group can also be observed. If a 
starter acid is a 2-methylbutyryl group, the >CH– proton will be present in spectrum as a 
sextet. Its methyl groups would then correspond to a doublet (δH ~ 1.10 ppm) and a singlet 
(δH ~ 0.8–0.9 ppm). Aromatic starter acid would give proton signals at δH ~ 7 ppm. Since 
isoprenyl and geranyl groups are also common in acylphloroglucinols, they correspond to 
characteristic signals, as well. Characteristic triplets at ~ δH 5 ppm indicate a =CH– group 
proton of the isoprenyl or geranyl group. The methyl groups of these side chains show 
intense, high singlets at δH ~ 1.50–1.75 ppm (Schmidt et al., 2012a; 2012b). The oxo groups 
in the structure are represented by the downshifted signals in 13C-NMR spectrum (δC ~ 200–
212 ppm). Other quaternary C-atoms normally correspond to the signals at δC ~ 80–105 ppm 
and 160–180 ppm. 
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2.1.5 Structure characterization and elucidation 

The fractions that were found to contain acylphloroglucinols by TLC and 1H-NMR, were 
applied to prepHPLC, compounds separated and purified, as described previously. The pure 
compounds underwent a series of instrumental analyses in order to determine their structure. 
The means of the structure characterization and elucidation are described in this chapter. 
 
2.1.5.1 2D NMR analysis 

The purified compounds from the fractions that were found to contain acylphloroglucinols 
were analyzed on a 600 MHz NMR device (T = 298 K) with CryoProbe (Bruker), after 
dissolving in 650 µL of chloroform-d1 (CDCl3). In addition to 1D (1H NMR and 13C NMR) 
experiments, 2D NMR analysis (heteronuclear single quantum coherence (HSQC), 
heteronuclear multiple bond correlation (HMBC), correlation NMR spectroscopy (COSY) 
and nuclear Overhauser enhancement spectroscopy (NOESY)) was also performed in order 
to identify, i.e. determine the structures of the pure isolated compounds. The analyses were 
all performed in the Central Analytical Department for NMR Spectroscopy, Faculty for 
Chemistry and Pharmacy, University of Regensburg. All NMR experiments were performed 
by operating in TopSpin 3.2 software (Bruker). 

The identification of each isolated compound began with determination of number of C-
atoms in 13C-spectrum, by resolving the peak list. Using [13C, 1H]-HSQC (Heteronuclear 
Single Quantum Coherence) experiment, it was possible to determine heteronuclear coupling 
between carbon atoms and corresponding protons bound to them. The assignation of protons 
was determined by the peak integrals, their shifts and multiplicity in the 1H-NMR spectrum. 
The well known "n + 1" rule (n - number of protons on the directly connected neighboring C-
atoms) was used to determine the specific positions of the H - atoms in the structure, 
according to their multiplicity in the spectrum. Furthermore, it was possible to resolve the 
coupling constants (J in Hz) of all the protons. 
 
The [13C, 1H]-HMBC (Heteronuclear Multiple Bond Correlation) spectra enabled 
visualization of correlations of heteronuclear coupling through several atomic bonds, which 
was essential in resolving the specific positions of and correspondence between different 
parts of molecule. Homonuclear couplings through two, three or four bonds were evident 
from [1H - 1H]-COSY (Correlated Spectroscopy) spectra. Homonuclear couplings up to 5 Å 
of interspatial distance were measured by [1H - 1H]-NOESY (Nuclear Overhauser 
Enhancement Spectroscopy) and [1H - 1H]-ROESY (Rotating Frame Overhauser 
Enhancement Spectroscopy) techniques, in order to resolve the location of the functional 
groups in the molecule and their relative stereochemistry. Using the aforementioned 2D-
NMR experiments, it was possible to identify the structures of isolated compounds. 
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2.1.5.2 Mass Spectrometry 

Small aliquot of each isolated compound was analyzed by a HRESIMS instrument (Agilent 
Q-TOF 6540 UHD), on the Central Analytical Department for Mass Spectrometry, Faculty 
for Chemistry and Pharmacy, University of Regensburg. Electrospray ionization was used 
both in positive and negative mode in order to ensure optimal ionization of the analyzed 
compound. Single series of peaks, corresponding to common adducts, were used at the same 
time as a confirmation of the compounds' purity. The accurate mass and, therefore, the 
molecular formula, was calculated from the ions present in spectrum, usually [M+H]+ and 
[M+Na]+, as well as from [M–H]– in negative mode. 

Furthermore, in order to analyze the fragmentation pattern of each compound with a goal of 
confirming their structures, HPLC-ESI-MS/MS analysis was performed. For this purpose, 0.2 
µL of each sample was analyzed on an Agilent Technologies 1290 Infinity series HPLC with 
Agilent Q-TOF 6540 series mass spectrometer, using YMC-Triart C18 hybrid silica-based 
ODS column. The mobile phase (flow rate 0.8 mL min-1) consisted of 0.1% aqueous formic 
acid (A) and 0.1% formic acid in ACN (B) (gradient: 0 min 30% B, 6 min 95% B, 8 min 
100% B, 9 min 100% B, post-time 1 min). The product ion scan MS2 mode (fragmentor 
voltage 120 V, collision energy 15, 20, and 35 V) was used for the fragmentation of each 
compound. 

2.1.5.3 UV/Vis Spectroscopy 

The isolated compounds were dissolved in MeOH for the spectroscopic analysis. For the 
measurements, a quartz cuvette was used on UV/Vis spectrophotometer, in wavelength range 
of 200–800 nm, and at room temperature. Pure MeOH was used prior to measurements as a 
compensation solution in order to prime the instrument. The concentration of the sample 
solutions was chosen to be in the absorption linear range (0.1–0.75 AU). Following the 
measurements, absorption coefficient was calculated from the absorbance at absorption 
maxima, using the formula for Lambert–Beer law (Fig. 2.1). 

 

Figure 2.1 Lambert Beer law and formula for calculation of molar absorption coefficient 
ε - molar absorption coefficient [L × mol-1 × cm-1] 
A - absorbance 
c - concentration [L × mol-1] 
d - path length [cm] 

After the calculation of the absorption coefficient for each isolated compound, the molar 
extinction coefficient is expressed in logarithmic form (log ε). 
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2.1.5.4 Polarimetry 

In order to measure optical rotation, i.e. specific rotation of the isolated compounds, 
polarimeter was used. Samples were dissolved in MeOH and poured into a measuring 
cylinder (l = 10 cm). The measurements were performed on room temperature, with 
wavelength set to 589 nm – the wavelenght of sodium D line. Pure MeOH was used prior to 
measurements as a compensation solution in order to prime the instrument. During the 
measuring time of 1 min, six measurements were performed, and the mean value of optical 
rotation was read from the instrument. In order to calculate specific rotation, the formula 
given in Fig. 2.2 was used. 

 

Figure 2.2 Formula for calculation of specific rotation 
α - optical rotation [°] 
c - concentration [g/100 mL] 
l - path length [cm] 
T - temperature [°C] 
D - value of sodium D line [589.0 nm] 

 

2.1.5.5 CD Spectropolarimetry 

The isolated compounds were also characterized by the circular dichroism (CD) 
spectropolarimeter. Samples were dissolved in MeOH and poured into a quartz cuvette (l = 1 
cm). The measurements were performed on temperature 22 °C, and pure MeOH was used 
prior to measurements as a compensation solution. The samples' concentration was 200 
µmol/L. The CD-spectrometric data – molar ellipticity (Ɵ) – was graphically plotted vs. 
wavelengths used during the analysis (190–400 nm). The formula for calculation of molar 
ellipticity is given in Fig. 2.3. 

 

Figure 2.3 Formula for calculation of molar ellipticity 
[Ɵ]M - molar ellipticity [° × cm2 × dmol-1] 
Ɵ - ellipticity [°] 
M - molar mass [g × mol-1] 
c - concentration [g × mL-1] 
l - path length [cm] 
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After the experimental measurements, the ECD spectra of the compounds were simulated, as 
well, in order to obtain absolute configurations of the stereo centers. Molecular models of the 
4R, 6R- and 4S, 6S-enantiomeric forms of compounds 1 and 2 – 1a and 2a, respectively, were 
generated as follows: 3D molecular models were generated using the molecular modeling 
package MOE [v. 2016.08] and conformational searches using the low mode molecular 
dynamics method were performed. In both cases, two energetically favourable conformers 
were found, which were then energy minimized with the semi-empirical AM1 method. After 
export of each structure to Gaussian 03W, energy minimization using the density functional 
(DFT) B3LYP and the 6-31 G (d.p) basis set was performed. For each geometry, a time 
dependent B3LYP DFT calculation using the same basis set and considering the first 18 
electronic transitions was performed. The resulting electronic transition vectors (r, length 
[cgs]) and their respective energy values (eV) were transformed into simulated ECD spectra, 
using a band width at 1/e height of 0.125 eV for the Gaussian functions and scaling factors of 
3 and 1.5 for the spectra of simulated structures 1a and 2a, respectively. The spectra thus 
obtained for each conformer were then combined as Boltzmann-weighted averages 
(0.52:0.48 and 0.85:0.15 for the lowest and second-lowest conformers of 1a and 2a, 
respectively) based on the TD-B3LYP/6-31G (d.p) energies and the energy scale transformed 
from eV to nm yielding the simulated spectra. No shifts of the energy/wavelength scale were 
applied. 
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2.2 Bioassays 

2.2.1 Tumor cell - based assays 

2.2.1.1 Cell line cultivation 

Cell growth activity was evaluated in vitro in human cell lines: Hep G2 (liver hepatocyte 
carcinoma, ECACC No. 85011430), HeLa (cervix epitheloid carcinoma, ECACC No. 
93021013), PC-3 (prostate adenocarcinoma, ECACC No. 90112714), A549 (lung carcinoma, 
ECACC No. 86012804) and MRC-5 (human fetal lung, ECACC No. 84101801). Cell lines 
were grown in DMEM (Dubelcco's modified Eagle's medium) medium with 45 mg/mL 
glucose, supplemented with 10% heat-inactivated fetal calf serum (FCS), 100 IU/mL of 
penicillin, and 100 mg/mL of streptomycin. Cells were cultured in 25 mL flasks (Corning, 
New York, USA) at 37 °C in the atmosphere of 5% CO2 and high humidity, and sub-cultured 
twice a week. A single cell suspension was obtained using 0.1% trypsin with 0.04% EDTA 
(Četojević-Simin et al., 2015b). 

 

2.2.1.2 Sample preparation for determination of antiproliferative activity 

Compounds 1–4, all isolated pure from petroleum ether extract of H. barbatum Jacq., were 
dissolved in DMSO to achieve final concentration of 100 mmol/L, out of which the working 
concentrations were prepared. Since in the starting concentration range of 15.625–250 
µmol/L cell growth inhibition for all examined samples were below 50%, lower 
concentrations were tested in the range of 3.91–62.5 µmol/L, in order to obtain IC50 values 
from the constructed inhibition curves. All samples were sterilized by filtration through 0.22 
µm membrane microfilters prior the analyses. 

 

2.2.1.3 Cell growth activity – cytotoxicity evaluation 

The cell lines were harvested and plated into 96-well microtiter plates (Sarstedt, Newton, 
USA) at a seeding density of (3–5) × 103 cells per well, in a volume of 199 µL, and 
preincubated in complete medium supplemented with 5% FCS, at 37 °C for 24 h. Serial two-
fold dilutions of compounds in DMSO (1 µL) were added to 199 µL of medium to achieve 
the required final concentrations (a = 200). Equal volumes of solvents were added in control 
wells. Concentration of DMSO in cell culture was ≤ 5 µL/mL. 
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The cell growth was evaluated by the colorimetric sulforhodamine B (SRB) assay of Skehan 
et al. (1990), modified by Četojević-Simin et al. (2009). SRB is an anionic substance which, 
in acidic conditions, adheres electrostatically to positively charged amino acid residues of the 
cell proteins, building stable conjugates which show fluorescence indicated by a strong bright 
red color. After protein binding and washing out the color residues, by adding TRIS 
{tris(hydroxymethyl)aminomethane} reagent, which is a weak base, SRB is quantitatively 
extracted from the cell and absorbance can be measured on 540 nm, reflecting the cell 
growth. 

After the addition of dilutions, microplates were incubated at 37 °C for 48 h, corresponding 
to the time sufficient for development of 2–3 generations of the cells. Following incubation 
and fixation of cells by 0.5 g/mL TCA during 1 h on 4 °C, and washing the fixated cells with 
Milli-Q water, coloring was performed with 4 mg/mL of SRB in 10 mL/L of acetic acid (75 
µL per well) during 30 min, on room temperature. Microplates were then washed out 4 times 
with acetic acid (200 µL per well), in order to remove the residues of color. SRB was 
extracted out of cells by addition of 10 mmol/L TRIS reagent (200 µL per well). Color 
development was measured using a photometer at 540 nm (wavelength specific for the SRB) 
against 620 nm (reference wavelength) as background. Resulting absorbance was calculated 
as A540 nm – A690 nm. 

The effect on cell growth was calculated as 100 × (AT/AC) and expressed in percents (%), 
where AT is the absorbance of the test sample and AC of the control. All measurements of the 
samples were performed in four replicates, and in eight replicates for the control sample. 
Doxorubicin and gemcitabine were used as positive controls against HeLa and MRC-5 cells. 
The concentration versus cell growth (dose effect) curves were drawn for each treatment, and 
IC50 values (concentration that inhibits cell growth by 50%) were determined, using 
OriginPro 8.0 (OriginLab Corporation, Northampton, USA). 

Non-tumor/tumor IC50 ratios (NT/T) were calculated for the tested compounds using the IC50 
values obtained in non-tumor cell line (MRC-5) and in respective tumor cell line. Values 
above 1 are, therefore, corresponding to favorable selectivity and values below 1 correspond 
to non-favorable selectivity. 

Cytotoxic, i.e. tumor growth inhibiting activity was evaluated for the four most abundant of 
the isolated compounds, Hyperibarbins A–D, i.e. 1–4. 
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2.2.2 Antimicrobial activity evaluation 

2.2.2.1 Antibacterial activity 

For determination of antibacterial activity, the following bacterial strains from the American 
Type Culture Collection (Rockville, MD, USA) were used: Gram positive Staphylococcus 
aureus ATTCC 11632, Enterococcus faecalis ATCC 29212, Bacillus subtilis ATCC 6633 
and Listeria monocytogenes ATCC, as well as Gram negative Escherichia coli ATCC 25922, 
Salmonela enterica subsp. enterica serovar Enteritidis ATCC 13076 and Pseudomonas 
aeruginosa ATCC 27853. The strains were stored in Luria Bertani broth (LB) supplemented 
with glycerol (10% v/v) at -70 °C. The cultures were grown overnight on Muller Hinton agar 
or broth for all experiments. 

The antimicrobial potential of compounds 1–4 against various Gram negative and Gram 
positive bacteria was determined by a slightly modified broth microdilution susceptibility 
method (CLSI, 2007). The compounds were diluted in DMSO to final concentration 50 mg 
mL-1 and antibacterial activity was estimated using two-fold serial dilutions ranging from 512 
to 0.125 µg mL-1. The dilutions were prepared in 96-well microtiter plate, in sterile distilled 
water and inoculated with double strength Mueller Hinton (MH) broth (v/v 1:1). The 
concentration of DMSO in final volume was not greater than concentration 0.8% (v/v) and 
the final bacterial number was approx. 1 x 106 CFU mL-1.  Gentamicin was used as an 
internal quality control against Gram negative (Escherichia coli ATCC 25922) and Gram 
positive bacteria (E. faecalis ATCC 25923). Sterility control, bacterial growth without 
antibiotic and bacteria growth with 1.0% DMSO were also included. Minimal inhibitory 
concentration (MIC) was defined as the lowest concentration that inhibits visible bacterial 
growth compared to the growth in control samples. 

For estimation of minimal bactericidal concentration (MBC), content from wells without 
obvious bacterial growth was subcultured on nutrient agar plates, in order to determine if the 
inhibition was reversible or permanent. MBC was determined as the lowest concentration at 
which ≥ 99.9% reduction of initial CFU was obtained. Each experiment was performed three 
times independently (in duplicate each), and the results were presented as geometric mean of 
the obtained values. 
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2.2.2.2 Antiparasitic activity 

For determination of antiparasitic activity, several parasites were used – Plasmodium 
falciparum, Trypanosoma cruzi, T. brucei rhodesiense, and Leishmania donovani. For these 
investigations, four compounds were chosen – Hyperibarbins C (3), E (5), K (11) and N 
(14). The mentioned samples were selected based on their structural diversity and presence of 
endoperoxide bridge in their structure. 

Antiplasmodial activity (against a NF54 strain of P. falciparum in intracellular epimastigote-
like form) was performed using a modified [3H] hypoxanthine incorporation assay 
(Bringmann et al., 2008; Desjardins et al., 1979; Ridley et al., 1996). Namely, human red 
blood cells infected by the parasite and then exposed to serial samples' dilutions in microtiter 
plates for 48 h at 37 °C, in a gas mixture with reduced oxygen and elevated CO2. [3H] 
hypoxanthine was added to each well and after further incubation for 24 h, the wells were 
harvested on glass fiber filters and counted in a liquid scintillation counter (Bringmann et al., 
2008). 

For evaluation of antiparasitic activity of the compounds on T. cruzi (Tulahuen C4 strain in 
amastigote stage) and T. brucei rhodesiense (STIB 900 strain in trypomastigote stage), rat 
myoblasts were seeded in 96-well microtiter plates. After 24 h, 5000 of 
amastigotes/trypomastigotes of the parasites were added (100 µL per well) with a serial 
dilution of the samples. The plates were incubated at 37 °C in 5% CO2 for 4 days. 
CPRG/Nonidet addition enabled color reaction that developed during the following 2–4 
hours, and was then read photometrically at 540 nm. Parallely, cytotoxicity of the tested 
compounds was determined in the same way, on non-infected rat myoblast L 6 cells. 

Antileishmanial activity of the investigated compounds was tested on mouse peritoneal 
macrophages, seeded into 16-chamber slides. After 24 h, 1.2 × 105 L. donovani (MHOM-ET-
67/L82) amastigotes (100 µL per well) were added. Medium was replaced with the fresh one 
after 4 hours, and next day the compounds' dilutions in medium were added. After 96 h of 
incubation, the slides were fixed with methanol for 10 min and staining was done by a 10% 
Giemsa solution. The infection rates were determined based on number of the control 
infected and non-infected macrophages, versus the ones exposed to the compounds' dilutions. 
The IC50 values were determined from the curves presenting the % of parasite number 
reduction, plotted against the compounds' concentrations. 

Standard drugs – chloroquine, benznidazole, melasoprol and miltefosfine, were used as 
positive controls against the four parasites, respectively. Cytotoxicity test against mammalian 
cells (non-infected rat myoblast L 6 cells) was performed in parallel with the determination 
of antiprotozoal activity, with cytotoxic agent podophyllotoxin as positive control. The IC50 
values were determined from the sigmoidal inhibition curves presenting the % of parasite 
number reduction plotted against the four compounds' concentrations. Selectivity indices (SI) 
represent the ratio of cytotoxic over antiprotozoal IC50 values. 
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3 RESULTS 

3.1 Phytochemistry – Isolation of acylphloroglucinols 

3.1.1 Defatting of PE extract 

8.10 g of the H. barbatum Jacq. PE extract were fractionated using Diaion adsorbent as 
described in Section 2.1.3 of Material and Methods. The mechanism of Diaion HP-20 
adsorbent is based on van der Waals forces between its styrene-divinylbenzene structure and 
non-polar compounds, thus prolonging retention time of lipids, fatty acids, chlorophylls, 
waxes etc. (Ozaki et al., 2012). Therefore, the sequential elution with 90% MeOH, 100% 
MeOH, DCM and Hx was performed, resulting in four fractions (Table 3.1). The first 
fraction, PE-1 – eluted with 90% MeOH, had a dark yellow color and was evaporated under 
the reduced pressure (337 mbar; 40 °C), yielding 1.00 g of dry yellow residue. Subsequent 
elution with 100% MeOH resulted in 1.62 g of dark yellow fraction, PE-2. Further on, DCM 
and Hx were used to wash out the less polar compounds remaining on the column, resulting 
in 5.28 g and 0.16 g in PE-3 and PE-4, respectively. The fraction PE-3 contained a large 
amount of waxes, which made it difficult to evaporate the solvent. 

TLC overviews of the obtained fractions show that the chlorophylls are present only in DCM 
and Hx fraction (PE-3 and PE-4, respectively), as well as in the crude, non-defatted PE 
extract, as expected. This is indicated by red fluorescence at 366 nm (Fig. 3.1). However, the 
further fractionation was performed based on presence of some signals in the NMR spectrum 
– 1H NMR-guided fractionation (Fobofou et al., 2016; Winkelmann et al., 2003). The 1H 
NMR analysis revealed that some 1H NMR signals that could be related to the presence of 
acylphloroglucinols are present in fractions PE-1 and PE-2, while absent in PE-3 and PE-4. 
Namely, a septet at ~δH 2.5–3.5 ppm could indicate presance of a proton from >CH– of 
isobutyryl group; two doublets at ~δH 0.8–1.2 ppm could originate from each of the methyl 
groups from the isobutyryl (2-methylpropanoyl) group; triplets at ~δH 5 ppm could be 
indicating the presence of =CH– group protons of isoprenyl and/or geranyl groups; and 
singlets at ~ δH 1.50–1.75 ppm could be signals of isoprenyls' methyl groups (Fig. 3.2) 
(Schmidt et al., 2012a; 2012b). Since PE-3 and PE-4 didn't have these signals in their 1H 
NMR spectra, the fractions PE-1 and PE-2 had been chosen for the further fractionation. 
 
Table 3.1 Fractions obtained after defatting of H. barbatum PE extract. 

Fraction 
name 

Solvent 
Solvent 
volume (mL) 

Fraction properties 
Weight of dry 
residue (g) 

1H NMR signals that 
could be related to 
the presence of 
acylphloroglucinols 

PE-1 90% MeOH 600 yellow oil 1.00 + 
PE-2 100% MeOH 2400 dark yellow oil 1.62 + 
PE-3 DCM 1200 dark green, waxy 5.28 - 
PE-4 Hx 600 light green powder 0.16 - 

 



 

Figure 3.1 TLC of crude 
extract; 1 = PE-1; 2 = PE-
D: 366 nm + AA/H2SO4

Stationary phase (SP): silicagel 60 F
 

Figure 3.2 1H NMR spectra of PE
Instrument: Bruker Ava 300 MHz

 
crude PE extract and fractions from Diaion column: PE =

-2; 3 = PE-3; 4 = PE-4; A: 254 nm, B: 366 nm, C:

4; Mobile phase (MP): Hx + EtOAc + HCOOH (65 + 33 + 2), 
: silicagel 60 F254, migration distance 8 cm. 

NMR spectra of PE-1 (A); PE-2 (B); PE-3 (C); PE-4 (D)
Instrument: Bruker Ava 300 MHz (T = 300 K). 
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extract and fractions from Diaion column: PE = crude PE 
6 nm, C: Vis + AA/H2SO4, 

: Hx + EtOAc + HCOOH (65 + 33 + 2), 

 
(D); Solvent: CDCl3, 
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3.1.2 Fractionation of PE-1 and PE-2 

The fractionation of both fractions PE-1 and PE-2 was done using CPC separation, with all 
the parameters as described in the Material and Methods, Section 2.1.3. 

908.7 mg of the PE-1 sample was dissolved in 5 mL of solvent system (Hx + EtOAc + EtOH 
+ H2O) in the defined ratio (83+33+67+17) and injected into the system. Run in ascending 
mode was stopped after 300 collected test tubes (7.5 mL each). Run in descending mode 
thereafter resulted in 75 test tubes collected and the system was washed out with 300 mL of 
MeOH afterwards. All of the collected test tubes were subjected to TLC analysis in order to 
visualize the compound distribution and gather information on how to merge test tubes into 
the fractions. This resulted in 11 fractions, PE1.1–PE1.11 (Table 3.2), according to TLC 
overview (Fig. 3.3). Out of the 11 fractions collected from CPC analysis, only four were 
considered interesting for further fractionation, according to their weight and the 1H NMR 
signals that could be related to the presence of acylphloroglucinols, namely PE-1.2–PE-1.5 
(Fig. 3.4). Other fractions did not possess the specific 1H-NMR signals, and were therefore 
excluded from further investigations. 
 
Table 3.2 Fractions obtained after CPC separation of PE-1 fraction. 

Fraction 
name 

Test tube 
count 

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that 
could be related to 
the presence of 
acylphloroglucinols 

PE-1.1 1-18 135 340.1 - 
PE-1.2 19-32 105 191.5 + 
PE-1.3 33-50 135 50.2 + 
PE-1.4 51-62 90 19.7 + 
PE-1.5 63-104 315 65.8 + 
PE-1.6 105-120 120 13.8 - 
PE-1.7 121-150 225 21.7 - 
PE-1.8 151-166 120 8.1 - 
PE-1.9 167-200 225 12.9 - 
PE-1.10 201-300 750 24.3 - 
PE-1.11 301-end 750 61.3 - 

  



 

Figure 3.3 TLC overview of fractions obtained from PE
366 nm, C: Vis + AA/H2SO
33 + 2), SP: silicagel 60 F254

 

Figure 3.4 1H NMR spectra of representativ
PE-1.2 (A); PE-1.3 (B); PE
300 MHz (T = 300 K). 

TLC overview of fractions obtained from PE-1 CPC separation
SO4, D: 366 nm + AA/H2SO4; MP: Hx + EtOAc + HCOOH (65 + 

254, migration distance 8 cm. 

NMR spectra of representative fractions obtained from PE
; PE-1.4 (C); PE-1.5 (D); Solvent: CDCl3, Instrument: Bruker Ava 
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separation; A: 254 nm, B: 

: Hx + EtOAc + HCOOH (65 + 

 
e fractions obtained from PE-1 CPC separation: 

, Instrument: Bruker Ava 
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Similarly, the PE-2 fraction was subjected to CPC separation
dissolved in 5 mL of solvent system (Hx + EtOAc + EtOH + H
(83+33+67+17) and injected into the system. Run in 
MP, was stopped after 335 collected test 
descending mode resulted in 50 test 
out with 300 mL of MeOH. 
visualize the composition, similar 
PE2.8 (Table 3.3), according to TLC overview (
and were considered interesting for further fractionation according 
their 1H NMR spectra: PE-2.2
 
Table 3.3 Fractions obtained after CPC 

Fraction 
name 

Test tube 
count 

Fraction 
volume (mL)

PE-2.1 1-24 180 
PE-2.2 25-34 75 
PE-2.3 35-50 120 
PE-2.4 51-66 120 
PE-2.5 67-94 210 
PE-2.6 95-120 195 
PE-2.7 121-335 1612 
PE-2.8 336-end 375 

 

Figure 3.5 TLC overview of fractions obtained from PE
366 nm, C: Vis + AA/H2SO
HCOOH (65 + 33 + 2), Stationary phase: silicagel 60 F

was subjected to CPC separation – 1.554 g of the 
5 mL of solvent system (Hx + EtOAc + EtOH + H2O) in the defined ratio 

(83+33+67+17) and injected into the system. Run in ascending mode, with upper phase as 
topped after 335 collected test tubes (7.5 mL each). The subsequent r

resulted in 50 test tubes collected, and the system was 
 After the TLC analysis of the collected test tubes

similar fractions were merged. 8 fractions were 
), according to TLC overview (Fig. 3.5). Four fractions had a good yield 

and were considered interesting for further fractionation according to the signals
2.2–PE-2.5 (Fig. 3.6). 

after CPC separation of PE-2 fraction. 

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that 
could be related to 
the presence of 
acylphloroglucinols 

341.4 - 
811.0 + 
108.3 + 
38.3 + 
30.9 + 
12.6 - 
22.1 - 
28.3 - 

 
TLC overview of fractions obtained from PE-2 CPC separation

SO4, D: 366 nm + AA/H2SO4; Mobile phase: Hx + EtOAc + 
HCOOH (65 + 33 + 2), Stationary phase: silicagel 60 F254, migration distance 8 cm.

1.554 g of the sample was 
O) in the defined ratio 

, with upper phase as 
. The subsequent run in 

 afterwards washed 
After the TLC analysis of the collected test tubes in order to 

ons were combined, PE2.1–
). Four fractions had a good yield 

to the signals observed in 

separation; A: 254 nm, B: 
; Mobile phase: Hx + EtOAc + 

, migration distance 8 cm. 



 

Figure 3.6 1H NMR spectra of representative fractions obtained from PE
PE-2.2 (A); PE-2.3 (B); PE
300 MHz (T = 300 K). 

 

 

3.1.3 Fractionation of PE

Further fractionation started with fraction PE
extract defatting on a Diaion column) was a "non
chromatography (CPC), based on a partition of substances between two
adsorption chromatography was chosen for further fractionation. 
the chromatography on a silicagel
compounds and provide different selectivity, therefore contributing to fine distribution of 
acylphloroglucinols among the fractions expected to be obtained. Parameters of the 
chromatographic analysis are given in the 
80 min separation of 191.5 mg of PE
in test-tubes (5 mL per fraction) and all applied on TLC plates in order to distinguish their 
similarities and differences. As a result, fiv
of the obtained fractions (except PE
the red colored TLC band at 366 nm and 
exhibited more or less pronou
acylphloroglucinols. However, one fraction w
fractionations, due to its TLC overview and 
 
 

NMR spectra of representative fractions obtained from PE
; PE-2.4 (C); PE-2.5 (D); Solvent: CDCl3, Instrument: Bruker Ava 

Fractionation of PE-1.2 

Further fractionation started with fraction PE-1.2. Since the first fractionation step (after PE 
extract defatting on a Diaion column) was a "non-column" technique 
chromatography (CPC), based on a partition of substances between two

chromatography was chosen for further fractionation. It was hereby expected that 
chromatography on a silicagel-based column should enhance the 

compounds and provide different selectivity, therefore contributing to fine distribution of 
acylphloroglucinols among the fractions expected to be obtained. Parameters of the 
chromatographic analysis are given in the Material and Methods, Section

of 191.5 mg of PE-1.2 dissolved in 1 mL Hx, 80 fractions were collected 
tubes (5 mL per fraction) and all applied on TLC plates in order to distinguish their 

similarities and differences. As a result, five pooled fractions were obtained (
ned fractions (except PE-1.2.2 – most probably abundant with fatty acids due to 

the red colored TLC band at 366 nm and in visible region, after derivatization) have 
exhibited more or less pronounced signals corresponding to potential presence of 

ucinols. However, one fraction was shown to be the most interesting for further 
fractionations, due to its TLC overview and 1H-NMR spectrum – PE-1.2.3 (
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NMR spectra of representative fractions obtained from PE-2 CPC separation: 

, Instrument: Bruker Ava 

1.2. Since the first fractionation step (after PE 
column" technique – centrifugal partition 

chromatography (CPC), based on a partition of substances between two liquid phases, 
It was hereby expected that 

based column should enhance the separation of the 
compounds and provide different selectivity, therefore contributing to fine distribution of 
acylphloroglucinols among the fractions expected to be obtained. Parameters of the flash-Si 

Section 2.1.3. During the 
1.2 dissolved in 1 mL Hx, 80 fractions were collected 

tubes (5 mL per fraction) and all applied on TLC plates in order to distinguish their 
fractions were obtained (Table 3.4). All 

most probably abundant with fatty acids due to 
, after derivatization) have 

nced signals corresponding to potential presence of 
as shown to be the most interesting for further 

1.2.3 (Fig. 3.7; 3.8). 
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Table 3.4 Fractions obtained after Flash

Fraction 
name 

Test-tube 
count 

Fraction 
volume (mL)

PE-1.2.1 1-21 105 
PE-1.2.2 22-28 35 
PE-1.2.3 29-43 75 
PE-1.2.4 44-66 115 
PE-1.2.5 67-end 350 

 

Figure 3.7 TLC overview of fractions obtained from PE
B: 366 nm, C: Vis + AA/H2SO
+ 33 + 2), SP: silicagel 60 F254

 

after Flash-Si separation of PE-1.2 fraction. 

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that 
could be related to 
the presence of 
acylphloroglucinols 

2.0 + 
51.8 - 
76.7 + 
4.6 + 
7.4 + 

 
TLC overview of fractions obtained from PE-1.2 Flash-Si separation

SO4, D: 366 nm + AA/H2SO4; MP: Hx + EtOAc + HCOOH (65 

254, migration distance 8 cm. 

separation; A: 254 nm, 
: Hx + EtOAc + HCOOH (65 



 

Figure 3.8 1H NMR spectra of representative fractions from PE
1.2.1 (A); PE-1.2.3 (B); PE
300 MHz (T = 300 K). 

 

 

3.1.4 Fractionation of PE

Since the certain similarity between fractions PE
overview and 1H NMR spectra was observed, it had been decided to perform the Flash
chromatographic analysis of PE
After the 80 min analysis of PE
were collected and merged into four distinctive fractions (
fractions have shown a potential presence of acylphloroglucinols, with the first two fractions 
being the most interesting for further fractionations, due to their TLC overview and 
spectra, as well as their significant 
 
Table 3.5 Fractions obtained

Fraction 
name 

Test-tube 
count 

Fraction 
volume (mL)

PE-2.2.1 1-30 150
PE-2.2.2 31-40 50
PE-2.2.3 41-49 45
PE-2.2.4 50-end 450

 

NMR spectra of representative fractions from PE-1.2 Flash
; PE-1.2.4 (C); PE-1.2.5 (D); Solvent: CDCl3, Instrument

Fractionation of PE-2.2 

Since the certain similarity between fractions PE-1.2 and PE-2.2 with regard to their TLC 
NMR spectra was observed, it had been decided to perform the Flash

chromatographic analysis of PE-2.2 under the same conditions as previously for PE
After the 80 min analysis of PE-2.2 (811.0 mg of sample dissolved in 3 mL Hx
were collected and merged into four distinctive fractions (Table 3.5
fractions have shown a potential presence of acylphloroglucinols, with the first two fractions 
being the most interesting for further fractionations, due to their TLC overview and 
spectra, as well as their significant amount – PE-2.2.1 and PE-2.2.2 (Fig.

obtained after Flash-Si separation of PE-2.2 fraction

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that 
could be related to 
the presence of 
acylphloroglucinols 

150 649.2 + 
50 148.3 + 
45 32.8 + 
450 25.5 + 
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1.2 Flash-Si separation: PE-

, Instrument: Bruker Ava 

2.2 with regard to their TLC 
NMR spectra was observed, it had been decided to perform the Flash-Si 

2.2 under the same conditions as previously for PE-1.2. 
dissolved in 3 mL Hx), 80 test tubes 

5). All of the obtained 
fractions have shown a potential presence of acylphloroglucinols, with the first two fractions 
being the most interesting for further fractionations, due to their TLC overview and 1H NMR 

Fig. 3.9; 3.10). 

2.2 fraction. 
that 
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Figure 3.9 TLC overview of fractions obtained from PE
B: Vis + AA/H2SO4, C: 366 nm, D
+ 33 + 2), SP: silicagel 60 F254

 

Figure 3.10 1H NMR spectra of fractions from PE
2.2.2 (B); PE-2.2.3 (C); PE-2.2.4
= 300 K). 

 

 

 
TLC overview of fractions obtained from PE-2.2 Flash-Si separation

366 nm, D: 366 nm + AA/H2SO4; MP: Hx + EtOAc + HCOOH (65 

254, migration distance 8 cm. 

NMR spectra of fractions from PE-2.2 Flash-Si separation: 
2.2.4 (D); Solvent: CDCl3, Instrument: Bruker Ava 300 MHz

 

separation; A: 254 nm, 
: Hx + EtOAc + HCOOH (65 

 
separation: PE-2.2.1 (A); PE-

Instrument: Bruker Ava 300 MHz (T 



 

By comparing TLC profiles and 
noted that they have similar chemical profile
fractions were merged and 
1.2.3 used further on for the simplicity.

Figure 3.11 Comparison of frac
PE-1.2.3;  B: 366 nm + AA/H
D: 366 nm + AA/H2SO4 TLC of 
Solvent: CDCl3, Instrument: Bruker Ava 300 MHz (T = 300 K).

 

Figure 3.12 Comparison of 
NMR spectra of PE-1.2.3; B 
Bruker Ava 300 MHz (T = 300 K).

By comparing TLC profiles and 1H NMR spectra of PE-1.2.3 and PE
similar chemical profiles (Fig. 3.11; Fig. 3.12). Therefore, these two 

merged and fractionated together from this point onward, with a name of PE
1.2.3 used further on for the simplicity. 

Comparison of fractions PE-1.2.3 and PE-2.2.2. A: Vis + AA/H
366 nm + AA/H2SO4 TLC of PE-1.2.3;  C: Vis + AA/H2

TLC of PE-2.2.2; E: 1H NMR of PE-1.2.3; F:
, Instrument: Bruker Ava 300 MHz (T = 300 K). 

Comparison of 1H NMR spectra of fractions PE-1.2.3 and PE
1.2.3; B - 1H NMR spectra of PE-2.2.2; Solvent: CDCl

Bruker Ava 300 MHz (T = 300 K). 
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1.2.3 and PE-2.2.2 fractions, it was 
). Therefore, these two 

together from this point onward, with a name of PE-

 
Vis + AA/H2SO4 TLC of 

2SO4 TLC of PE-2.2.2;  
: 1H NMR of PE-2.2.2; 

 
1.2.3 and PE-2.2.2. A - 1H 

; Solvent: CDCl3, Instrument: 
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Since the last fractionation step for both PE
adsorption chromatography on a silicagel
separation technique would have provided satisfying separation of the compounds present. 
Therefore, the separation was performed using again CPC analysis, with parameters as listed 
in the Material and Methods
dissolved in 5 mL of solvent system (
into the system. Run in ascending
tubes, resulting in three pooled
separation was considered successful, since the TLC probes and 
shown a clear discrimination between the three 
presence of acylphloroglucinols 
 
Table 3.6 Fractions obtained after CPC 

Fraction 
name 

Test-tube 
count 

Fraction 
volume (mL)

PE-1.2.3.1 1-39 292.5
PE-1.2.3.2 40-52 97.5
PE-1.2.3.3 53-end 810 

 

Figure 3.13 TLC overview of fractions obtained from PE
B: Vis + AA/H2SO4, C: 366 nm, D
+ 33 + 2), SP: silicagel 60 F254

 

Since the last fractionation step for both PE-1.2.3 and PE-2.2.2 was performed based on
on a silicagel-based column, it was postulated that the change of 

separation technique would have provided satisfying separation of the compounds present. 
Therefore, the separation was performed using again CPC analysis, with parameters as listed 

, Section 2.1.3. 225.0 mg of merged fraction
mL of solvent system (Hx(83) + EtOAc(33) + EtOH(67) + H2O

scending mode (with upper phase as MP) was stopped after 160 test
pooled fractions, after their overview using TLC (

separation was considered successful, since the TLC probes and 1H-NMR analysis have 
shown a clear discrimination between the three fractions, two of them with most probable

oroglucinols (Fig. 3.13; Fig. 3.14). 

after CPC separation of PE-1.2.3 fraction. 

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that 
could be related to 
the presence of 
acylphloroglucinols 

292.5 24.0 - 
97.5 94.8 + 

 61.7 + 

TLC overview of fractions obtained from PE-1.2.3 CPC separation
366 nm, D: 366 nm + AA/H2SO4; MP: Hx + EtOAc + HCOOH (65 

254, migration distance 8 cm. 

performed based on 
based column, it was postulated that the change of 

separation technique would have provided satisfying separation of the compounds present. 
Therefore, the separation was performed using again CPC analysis, with parameters as listed 

225.0 mg of merged fraction "PE-1.2.3" were 
O(17)) and injected 

was stopped after 160 test 
fractions, after their overview using TLC (Table 3.6). The 

NMR analysis have 
with most probable 

 
separation; A: 254 nm, 

: Hx + EtOAc + HCOOH (65 



 

Figure 3.14 1H NMR spectra of representative fractions 
1.2.3.2 (A); PE-1.2.3.3 (B)

 
NMR spectra of representative fractions from PE-1.2.3 CPC 

(B); Solvent: CDCl3, Instrument: Bruker Ava 300 MHz

75 

1.2.3 CPC separation: PE-
, Instrument: Bruker Ava 300 MHz (T = 300 K). 
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3.1.5 Isolation of compounds from PE-1.2.3.2 

According to their TLC spots and 1H-NMR spectra, the fractions PE-1.2.3.2 and PE-1.2.3.3 
seemed to be promising for further fractionation. However, instead of their further 
fractionation using partitioning techniques, it had been decided to perform a preparative 
HPLC analysis, since both of the fractions seemed to be narrowed down to 5-6 compounds 
and had weight sufficiently low for preparative analysis. 

For PE-1.2.3.2, the Method 1 (Table 2.4 in the Material and Methods, Section 2.1.3) for 
semi-preparative HPLC analysis was used. 94.8 mg were diluted with ACN to achieve final 
concentration 10 mg/mL. The fractions were collected manually, according to DAD signal. 
The used method was shown to be sufficient for the separation and collection of five 
fractions. As seen from both Table 3.7 and Fig. 3.15, the chromatographic method used for 
preparative analysis of PE-1.2.3.2 was not optimal, since the chosen MP gradient caused the 
desired compounds to have retention times > 30 min. However, during the method 
optimization, any other faster gradient or shorter separation time had caused overlapping of 
the compounds' peaks. Therefore, despite the very long retention time, i.e. time of analysis, 
the aforementioned Method 1 (Table 2.4) for prepHPLC was used (Schmidt et al., 2012a; 
2012b). 

Fractions PE-1.2.3.2.1 through PE-1.2.3.2.4 were considered purified enough to undergo the 
HRMS and 2D NMR analysis. The HRESI MS analysis had resulted in unequivocal 
monoisotopic masses of the four isolated compounds (Table 3.7), and NMR analysis 
confirmed their purity. Although peak of PE-1.2.3.2.4 in the chromatogram (Fig. 3.15) seems 
to had been coeluting with one other peak, the fraction was collected from the upper part of 
the left peak slope, resulting in pure compound 4. Moreover, the front coeluting peak was 
excluded from further collection and/or investigation after the TLC, NMR and MS analyses 
identified it as an impurity that was of no interest. For simplicity, the compounds derived 
from the fractions PE-1.2.3.2.1 through PE-1.2.3.2.4, are hereafter labeled as compounds 1, 
2, 3 and 4, respectively. For each of the compounds, the UV absorption was measured at the 
absorption maxima and extinction coefficient was calculated (Table 3.8). Using polarimeter, 
optical rotation was measured as well, and specific rotation was calculated (Table 3.9). The 
circular dichroism (CD) spectra were also obtained (Fig. 3.16). Compounds 1 and 2 have 
corresponded to the identical monoisotopic mass, as well as the compounds 3 and 4. Since 
both pairs of the isomeric compounds were sufficiently separated chromatographically, 
detailed analysis of their 2D NMR data was needed in order to determine the differences in 
their structures. For this purpose, 1H, 13C, HSQC, HMBC, COSY and NOESY experiments 
were performed on the Bruker Avance 600 MHz NMR device (T = 298 K) with CryoProbe 
(Table 3.10). Moreover, for the purpose of structural identification, each compound was 
fragmented by HPLC-ESI-MS/MS, with the list of fragments given in Table 3.11. 

 



 

Table 3.7 Fractions received from semi
Fraction 
name 

Compound 
name 

PE-1.2.3.2.1 1 
PE-1.2.3.2.2 2 
PE-1.2.3.2.3 3 
PE-1.2.3.2.4 4 
PE-1.2.3.2.5 - 

 

Figure 3.15 Part of semi-prepHPLC
chromatogram of PE-1.2.3.2
2); 3 – PE-1.2.3.2.3 (Compound 
 
Table 3.8 UV absorption data of compounds isolated from fraction PE
maximum, absorption and extinction coefficient.
Compound UV max (nm) 

1 255 

2 250 

3 255 

4 250 

 
 

Fractions received from semi-prepHPLC analysis of PE-1.2.3.2
Retention 
time (min) 

Monoisotopic 
mass (Da) 

Molecular 
formula 

UV maxima 
(nm) 

31.68 484.3189 C30H44O5 233 
32.47 484.3189 C30H44O5 235 
33.21 498.3345 C31H46O5 209 
33.63 498.3345 C31H46O5 207 
38.08 - - 215 

prepHPLC (Method 1, Section 2.1.3 of Materials and Methods
1.2.3.2: 1 – PE-1.2.3.2.1 (Compound 1); 2 – PE-1.2.3.2.2 (Compound 

1.2.3.2.3 (Compound 3); 4 – PE-1.2.3.2.4 (Compound 4); 5 

UV absorption data of compounds isolated from fraction PE-
maximum, absorption and extinction coefficient. 

A c (g/L) c (mol/L) d (cm) 

0.221 0.01 2.06 E-05 1 

0.219 0.01 2.06 E-05 1 

0.158 0.01 2.01 E-05 1 

0.162 0.01 2.01 E-05 1 
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1.2.3.2 
maxima Weight 

(mg) 
22.3 
16.7 
5.7 
5.8 
0.9 

 
Materials and Methods) 

1.2.3.2.2 (Compound 
); 5 – PE-1.2.3.2.5. 

-1.2.3.2 - UV 

ε (L/mol×cm) logε 

10703 4.03 

10607 4.03 

7874 3.90 

8073 3.91 
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Table 3.9 Polarimetric data of compounds isolated from fraction PE
and specific rotation. 
Compound optical rotation α (°)

1 -0.085 

2 -0.062 

3 -0.072 

4 -0.079 

 
 

Figure 3.16 Experimental CD spectra
fraction PE-1.2.3.2:  compound 

 

 

 

 

 

 

Polarimetric data of compounds isolated from fraction PE-1.2.3.2 

α (°) c (g/100 mL) d (dm) specific rotation [α] (°

0.05 1 -170

0.05 1 -124

0.05 1 -144

0.05 1 -158

CD spectra (solvent: MeOH; 22 °C) of compounds isolated from 
compound 1 (A); compound 2 (B); compound 3 (C); compound 

1.2.3.2 - optical rotation 

α] (° mL g-1 dm-1) 

170 

124 

144 

158 

 

of compounds isolated from 
compound 4 (D). 



 

Figure 3.16a A – Experimental 
for the side-chain truncated model compound 
hyperibarbin B (2) and simulated spectrum for the 

 

 

 

 

 

 

 

Experimental ECD spectrum of hyperibarbin A (1) and simulated spectrum 
truncated model compound 1a; B – Experimental ECD spectrum of 
) and simulated spectrum for the side-chain truncated model compound 

 

79 

 

 

and simulated spectrum 
Experimental ECD spectrum of 

truncated model compound 2a. 
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Table 3.10 1H and 13C data (Bruker Ava 600 MHz (T = 298 K)) of compounds 1–4 isolated 
from fraction PE-1.2.3.2 – chemical shifts and multiplicity. 

C/H* PE-1.2.3.2.1 (1) PE-1.2.3.2.2 (2) PE-1.2.3.2.3 (3) PE-1.2.3.2.4 (4) 

δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) 

1 167.8   169.2   167.7   168.9   

2 103.2   102.3   103.2   102.5   

3 58.9 4.25 (1H,dd,5.5;8.3) 60.2 4.32 (1H,dd,5.0;8.8) 59.5 4.25 (1H,dd,5.0;8.8) 60.5 4.37 (1H,dd,5.0;8.8) 

4 172.0   171.7   172.0   171.7   

5 204.3   205.9   204.7   206.1   

6 88.4   87.3   88.4   87.4   

1' 208.9   208.7   208.4   208.1   

2' 41.2 2.84 (1H, m) 40.8 2.76 (1H, m) 48.1 2.66 (1H, m) 47.8 2.52 (1H, m) 

3' 18.0 1.12 (3H, d, 6.8) 17.9 1.06 (3H, d, 7.0) 25.4 1.39 (1H, m) 25.5 1.32 (1H, m) 

4' 18.6 1.23 (3H, d, 6.8) 18.5 1.15 (3H, d, 7.0) 11.6 0.88 (3H, t, 7.4) 11.6 0.86 (3H, t, 7.4) 

5' 
 

  
 

  16.3 1.21 (3H, d, 7.2) 15.2 1.02 (3H, d, 6.9) 

1'' 27.1 2.35(1H,dt,14.0;6.3) 
2.49(1H,dt,14.6;7.5) 26.5 2.32(1H,dt,15.5;5.7) 

2.56(1H,dt,15.0;8.2) 26.8 2.35(1H,dt,13.5;6.1) 
2.49(1H,dt,14.9;7.2) 26.8 2.36(1H,dt,13.1;6.6) 

2.57(1H,dt,15.1;8.2) 
2'' 119.8 4.88 (1H, m) 120.1 4.98 (1H, m) 119.8 4.87 (1H, m) 120.1 4.98 (1H, m) 

3'' 134.9   134.8   135.0   134.8   

4'' 25.7 1.62 (3H, s) 25.7 1.67 (3H, s) 25.7 1.62 (3H, bs) 25.7 1.67 (3H, bs) 

5'' 17.7 1.58 (3H, bs) 17.8 1.67 (3H, bs) 17.8 1.58 (3H, bs) 17.8 1.64 (3H, bs) 

1''' 20.9 2.88 (2H, d, 7.3) 20.6 2.84 (2H, d, 7.3) 20.9 2.88 (2H, d, 7.7) 20.6 2.85 (2H, d, 7.7) 

2''' 118.7 5.19 (1H, t, 7.4) 118.9 5.17 (1H, t, 7.2) 118.7 5.19 (1H, t, 7.4) 118.8 5.17 (1H, t, 7.3) 

3''' 135.5   134.9   135.6   135.0   

4''' 25.5 1.70 (3H, s) 25.5 1.64 (3H, bs) 25.5 1.71 (3H, s) 25.6 1.69 (3H, bs) 

5''' 17.7 1.67 (1H, s) 17.7 1.69 (3H, bs) 17.7 1.68 (3H, bs) 17.7 1.67 (3H, bs) 

7 33.2 2.67(1H,dd,14.6;7.4) 
2.73(1H,dd,14.6;8.2) 35.0 2.42(1H,dd,14.3;7.2) 

2.76(1H, m) 33.3 2.67(1H,dd,15.7;6.6) 
2.74(1H,dd,15.1;8.2) 34.8 2.43(1H,dd,14.3;6.9) 

2.73(1H,dd,14.9;8.3) 
8 113.7 4.88 (1H, m) 113.7 4.99 (1H, dd, 7.1) 113.7 4.89 (1H, m) 113.7 4.98 (1H, m) 

9 142.9   142.7   142.9   142.8   

10 39.8 1.94; 2.00 (2H, m) 39.8 1.99; 2.03 (2H, m) 39.8 1.95; 2.00 (2H, m) 39.8 1.97; 2.00 (2H, m) 

11 26.5 1.95; 2.00 (2H, m) 26.5 1.98; 2.05 (2H, m) 26.5 1.96; 2.01 (2H, m) 26.5 1.72; 2.01 (2H, m) 

12 123.8 5.03 (1H, t, 6.8) 123.7 5.04 (1H, t, 6.8) 123.8 5.03 (1H, t, 6.9) 123.7 5.04 (1H, t, 6.9) 

13 131.8   131.9   131.8   131.9   

14 17.7 1.58 (3H, bs) 17.7 1.59 (3H, bs) 17.7 1.58 (3H, bs) 17.7 1.58 (3H, bs) 

15 25.6 1.66 (3H, s) 25.7 1.67 (3H, bs) 25.6 1.67 (3H, bs) 25.7 1.68 (3H, bs) 

16 16.3 1.58 (3H, bs) 16.4 1.59 (3H, bs) 16.4 1.58 (3H, bs) 16.4 1.59 (3H, bs) 
* Numbering assignation of atom positions within the molecule. 
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Table 3.11 MS/MS fragments of compounds 1–4. 

Comp tR  
(min) 

M mi  
(gmol-1) 

Mode 
  

Prec. 
ion  

m/z 

Vcol  

(V) 
Product ions m/z (relative abundance) 
  

1 5.36 484 PI 485 15 486(35), 485(70), 468(10), 467(19), 449(16), 418(11), 417(27), 416(35), 415(100), 398(17), 
397(26), 379(11), 349(28), 331(16), 329(11), 305(11), 291(31), 274(15), 273(24), 255(10), 
245(12), 181(10), 113(12) 

      20 485(30), 449(20), 417(44), 415(100), 397(58), 379(25), 359(19), 349(38), 331(26), 329(31), 
313(24), 291(36), 281(41), 279(30), 273(70), 255(45), 245(33), 223(28), 209(23), 181(46), 
137(26), 113(20) 

          35 311(19), 273(22), 261(20), 245(41), 225(21), 217(20), 209(21), 207(29), 205(51), 189(19), 
181(24), 169(22), 163(31), 143(20), 137(22), 123(31), 113(64), 109(42), 107(32), 95(58), 93(34), 
83(26), 81(100) 

2 5.46 484 PI 485 15 486(19), 485(79), 418(35), 417(92), 416(34), 415(100), 399(12), 398(11), 397(29), 381(12), 
361(10), 349(42), 347(29), 329(30), 291(17), 287(10), 282(27), 281(35), 279(25), 273(21), 
255(15), 245(14), 225(10), 223(12), 221(11), 195(12), 181(32), 137(17), 123(13), 113(12) 

      20 417(85), 416(31), 415(100), 397(31), 349(39), 348(18), 347(28), 343(28), 329(71), 291(38), 
287(34), 281(70), 279(48), 273(81), 257(26), 255(27), 245(39), 225(21), 223(52), 211(32), 
209(28), 205(45), 182(18), 181(57), 155(21), 135(30), 113(94), 109(23), 81(29) 

          35 255(19), 225(21), 223(15), 211(21), 207(15), 205(23), 193(12), 183(16), 173(12), 163(20), 
159(15), 155(26), 137(21), 135(14), 125(13), 123(14), 121(20), 113(69), 109(45), 107(32), 97(14), 
95(26), 83(13), 81(100) 

3 5.58 498 PI 499 15 500(21), 499(42), 481(9), 463(6), 432(14), 431(22), 416(38), 415(100), 398(9), 397(33), 364(6), 
363(17), 359(5), 347(8), 332(5), 331(10), 329(11), 291(17), 279(7), 274(7), 273(25), 255(10), 
245(10), 223(9), 217(5), 209(5), 195(15), 155(5), 127(6) 

      20 499(20), 432(10), 431(23), 416(34), 415(100), 398(18), 397(37), 379(20), 363(16), 347(24), 
331(15), 329(32), 295(23), 291(23), 279(27), 274(10), 273(73), 256(10), 255(31), 245(30), 
223(21), 205(21), 195(36), 137(11), 127(19), 123(11), 85(15), 81(15) 

          35 274(32), 273(69), 261(25), 255(71), 246(26), 245(78), 243(33), 227(24), 223(32), 209(76), 
206(34), 205(100), 195(38), 177(48), 175(48), 171(22), 163(40), 159(25), 145(22), 137(81), 
135(51), 127(100), 109(37), 95(46), 85(86), 83(52), 81(82) 

4 5.62 498 PI 499 15 500(24), 499(48), 432(22), 431(63), 416(32), 415(100), 397(19), 363(16), 347(19), 329(21), 
295(25), 291(18), 279(18), 273(22), 195(19), 127(11), 85(11) 

      20 499(13), 432(23), 431(62), 416(33), 415(100), 398(13), 397(44), 375(14), 363(35), 348(12), 
347(63), 341(15), 330(14), 329(68), 311(20), 307(17), 295(50), 291(39), 287(28), 280(13), 
279(60), 277(14), 274(15), 273(64), 261(22), 255(33), 245(34), 239(18), 231(18), 223(31), 
211(41), 207(26), 205(28), 195(46), 137(39), 127(45), 123(19), 109(14), 95(12), 85(24), 81(41) 

          35 279(13), 273(21), 261(17), 255(15), 245(16), 211(35), 205(39), 195(18), 177(33), 155(29), 
151(15), 137(41), 135(20), 127(89), 123(15), 109(36), 95(31), 93(13), 85(29), 83(14), 81(100) 
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3.1.6 Elucidation of compound 1 

Compound 1 (Proposed name: Hyperibarbin A) was obtained from fraction PE-1.2.3.2.1 as 
an optically active yellow viscous oil, [α]25

D -170° (c 0.05, MeOH). The molecular formula 
of 1, calculated for C30H44O5 (484.6674 Da), was established by ESI-HRMS, from m/z = 
485.3260 of its [M+H]+ (Mmi = 484.3189 Da). The 1H and 13C NMR spectra (Table 3.10) 
showed signals from 30 carbons and 43 protons (proton from OH group is not visible in the 
1H NMR spectrum). The 13C and 2D NMR data (HSQC, COSY and HMBC) displayed 
typical signals and correlations for isobutyryl – 2-methylpropanoyl group (C-1'–C-4'), two 
isoprenyl chains (C-1''–C-5'' and C-1'''–C-5''') and one geranyl side chain (C-7–C-16). The 
rest of the signals indicated presence of a hydroxyl group on C-1 (δC 167.8 ppm), keto-group 
on C-5 (δC 204.3 ppm) and an endoperoxy bridge between C-4 and C-6, all of them shifted 
downfield due to the attached oxygen (Table 3.10). Particularly deshielded is nucleus of C-4 
(δC 172.0 ppm), due to its two neighboring oxo groups at C-5 and C-1'. All atoms and groups 
were located within the structure after comprehensive analysis of the 2D NMR correlations 
(Fig. 3.17). 
 

 
Figure 3.17 Structure of compound 1. 
 
In the 1H NMR spectrum, signals typical for acylphloroglucinols were observed (Fig. 3.18). 
Namely, two doublets at 1.12 and 1.23 ppm indicate the presence of isobutyryl (2-
methylpropanoyl) group as a starter acid. Four triplets at around 5 ppm, two of which are 
overlapped at ~4.88 ppm, correspond to the protons attached to carbon atoms forming a 
double bond with a quaternary carbon (Fig. 3.18). The triplets were also used as indicators of 
acylphloroglucinols' presence during 1H NMR guided fractionation, which, among others, led 
to isolation of the compound 1. The 13C NMR spectrum of compound 1 confirmed presence 
of ten quaternary atoms, four of which are responsible for the formation of double bonds in 



 

isoprenyl/geranyl side chains (C
ppm, C-3''' – 135.5 ppm and C

The presence of a phloroglucinol skeleton was determined from the carbon shift values of 
C1–C6. One of these signals, carb
forms an enol with C-2. The proton signal of the hydroxyl group is not present in the 
NMR spectrum, but is evident from the downshielded carbon shift in 
Table 3.10). Three of the c
C-3 – δC 58.9 ppm, C-4 – 
side chains. 

 

Figure 3.18 1H NMR spectrum of compound 
MHz (T = 298 K). 
 

isoprenyl/geranyl side chains (C-atoms corresponding to C-13 – 131.8 ppm, C
135.5 ppm and C-9 – 142.9 ppm). 

The presence of a phloroglucinol skeleton was determined from the carbon shift values of 
C6. One of these signals, carbon C-1 (δC 167.8 ppm), contains a hydroxyl group and 

2. The proton signal of the hydroxyl group is not present in the 
NMR spectrum, but is evident from the downshielded carbon shift in 

). Three of the carbons from the main phloroglucinol moiety (C
 δC 172.0 ppm and C-6 – δC 88.4 ppm) are substituted with aliphatic 

H NMR spectrum of compound 1; Solvent: CDCl3, Instrument: Bruker Ava 600 
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131.8 ppm, C-3'' – 134.9 

The presence of a phloroglucinol skeleton was determined from the carbon shift values of 
167.8 ppm), contains a hydroxyl group and 

2. The proton signal of the hydroxyl group is not present in the 1H 
NMR spectrum, but is evident from the downshielded carbon shift in 13C NMR (Fig. 3.19; 

arbons from the main phloroglucinol moiety (C-2 – δC 103.2 ppm, 
88.4 ppm) are substituted with aliphatic 

 
, Instrument: Bruker Ava 600 
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Figure 3.19 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
H-1'' protons – two signals of 
the peaks from their signals (Fig.
with their neighboring protons 
C-1'' are defined as H-1''a (δH 
H-1''a are 6.9 Hz, while 7.4 Hz for H
are -14.0 Hz (H-1''a) and -14.6

Protons of H-1''' are in a form of a doublet, 
the correlation with neighboring proton H

H-7 protons form two signals
that form a "roof-like" shape (
coupling constants are 7.4 Hz
one is at -14.6 Hz for both. 

The 1H-1H COSY experiment pointed out the correlations between closely bound protons, 
thus confirming the outlook of the parts of the str
membered ring, two isoprenyl and one geranyl group, as well
3.24; Fig. 3.25). 
 

C NMR spectrum of compound 1; Solvent: CDCl3, Instrument: Bruker Ava 

of δH 2.35dt and δH 2.49dt – form together a "roof
Fig. 3.20), due to their correlation with one another, as well as 

with their neighboring protons – H-3 (δH 4.25dd) and H-2'' (δH 4.88m). The protons attached to 
 2.35dt) and H-1''b (δH 2.49dt). Vicinal coupling constant

, while 7.4 Hz for H-1''b. Geminal couplings with protons
6 Hz (H-1''b). 

1''' are in a form of a doublet, with coupling constant J = 7.3 Hz, 
ghboring proton H-2''' (δH 5.19t). 

s in the 1H NMR spectrum, δH 2.67dd (H-7a) 
like" shape (Fig. 3.21), similar to the signals of H-1'' protons

Hz and 8.0 Hz, for H-7a and H-7b, respectively, 

H COSY experiment pointed out the correlations between closely bound protons, 
thus confirming the outlook of the parts of the structure belonging to the phloroglucinol six
membered ring, two isoprenyl and one geranyl group, as well as the isobutyryl group (

 
, Instrument: Bruker Ava 

form together a "roof-like" shape with 
their correlation with one another, as well as 

he protons attached to 
coupling constants for the 

with protons over two bonds 

7.3 Hz, derived from 

7a) and 2.76dd (H-7b), 
1'' protons. The vicinal 

7b, respectively, while geminal 

H COSY experiment pointed out the correlations between closely bound protons, 
ucture belonging to the phloroglucinol six-

as the isobutyryl group (Fig. 



 

Figure 3.20 1H NMR spectrum of compound 
2.49dt (1) in a "roof-like" shape
K). 

Figure 3.21 1H NMR spectrum of compound 
2.76dd (1) in a "roof-like" shape
K). 
 
As a part of 2D NMR analysis, HSQC experiment was performed in order to place all 
protons onto the corresponding carbon atoms. For each of the protons present in the structure, 
the multiplicity and coupling constants were calculated and listed 
structure (Table 3.10). Based on shifts in the 
into nine methyl, five methylene, four met
oxygenated. According to HSQC experiment, the four

H NMR spectrum of compound 1 – signals of H-1'' protons
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

H NMR spectrum of compound 1 – signals of H-7 protons: 
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

NMR analysis, HSQC experiment was performed in order to place all 
the corresponding carbon atoms. For each of the protons present in the structure, 

the multiplicity and coupling constants were calculated and listed in numbering order of the 
). Based on shifts in the 13C NMR spectrum, the signals are classified 

into nine methyl, five methylene, four methine, and ten quaternary atoms 
. According to HSQC experiment, the four protons, corresponding o
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protons: δH 2.35dt (2) and δH 

, Instrument: Bruker Ava 600 MHz (T = 298 

 
protons: δH 2.67dd (2) and 

, Instrument: Bruker Ava 600 MHz (T = 298 

NMR analysis, HSQC experiment was performed in order to place all 
the corresponding carbon atoms. For each of the protons present in the structure, 

in numbering order of the 
he signals are classified 

hine, and ten quaternary atoms – five of them 
protons, corresponding of four triplets 
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around 5 ppm in 1H NMR spectrum are attached to four corresponding C
δH 4.88m to δC 113.7 ppm, δH 
123.8 ppm. This confirms the prese
1, belonging to isoprenyl and geranyl groups, as previously mentioned (
This would lead to an assump
geranyl groups. In fact, according to other signals, such as H
and H-5''', two isoprenyl and one geranyl group are concluded to be present in the structure.
 

Figure 3.22 HSQC NMR spectrum of compound 
600 MHz (T = 298 K). 

Figure 3.23 HSQC NMR spectrum of compound 
with signals around 5 ppm (from isoprenyl/geranyl >CH
atoms; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

H NMR spectrum are attached to four corresponding C-
 5.19t to δC 118.7 ppm, δH 4.88m to δC 119.8 ppm, 

123.8 ppm. This confirms the presence of four double bonds in the side chains of compound 
, belonging to isoprenyl and geranyl groups, as previously mentioned (Fi

ption of presence of 4 isoprenyl / 2 isoprenyl and 1 geranyl / 2 
In fact, according to other signals, such as H-10 and H-11, H

5''', two isoprenyl and one geranyl group are concluded to be present in the structure.

HSQC NMR spectrum of compound 1; Solvent: CDCl3, Instrument: 

HSQC NMR spectrum of compound 1 – specific correlations between protons 
(from isoprenyl/geranyl >CH– groups) and corresponding carbon 

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

-atoms, as follows: 
119.8 ppm, δH 5.03t to δC 

nce of four double bonds in the side chains of compound 
Fig. 3.22; Fig. 3.23). 

/ 2 isoprenyl and 1 geranyl / 2 
11, H-4'', H-5'', H-4''' 

5''', two isoprenyl and one geranyl group are concluded to be present in the structure. 

 
, Instrument: Bruker Ava 

 
between protons 

corresponding carbon 
 



 

The positions of two isoprenyl and one geranyl group present in the structure are deduced 
from the HMBC correlations between the protons of their methylene groups and carbons of 
the ring they are attached to, 
group of C-1''–C-5'' is attached to C
methylene group H-1'' (δ
correlations to the carbony
204.3 ppm). The attachment of the other isoprenyl group (C
is also determined by short
group H-1''' (δH 2.88, d, J 
(δC 103.2 ppm), to C-1 (δ
proximity. Geranyl group was positioned on C
correlations (Fig. 3.30). In that manner, protons of H
ppm, m) show correlation to C
containing C-1 and carbonyl carbon C
 

Figure 3.24 1H–1H COSY
Bruker Ava 600 MHz (T = 298 K).
 

The positions of two isoprenyl and one geranyl group present in the structure are deduced 
from the HMBC correlations between the protons of their methylene groups and carbons of 
the ring they are attached to, as well as the neghboring carbon atoms. Namely, isoprenyl 

5'' is attached to C-3, based on HMBC correlations
δH 2.35 and 2.49 ppm, m) to C-3 (δC 58.9 ppm) and long

correlations to the carbonyl carbon of the acyl moiety – C-1' (δC 208.9 ppm) and C
204.3 ppm). The attachment of the other isoprenyl group (C-1'''–C-5''') to C
is also determined by short- and long-range HMBC correlations (Fig. 

 = 7.3Hz) to neighboring carbons. Particularly, they correlate to C
δC 167.8 ppm) and even to C-4 (δC 172.0 ppm) due to their steric 

. Geranyl group was positioned on C-6, as a result of the similar type of 
. In that manner, protons of H-7 methylene group (

ppm, m) show correlation to C-6 (δC 88.4 ppm) and long-range correlations to the hydroxyl
and carbonyl carbon C-5 (Fig. 3.25; Fig. 3.26). 

H COSY NMR spectrum of compound 1; Solvent: CDCl
(T = 298 K). 
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The positions of two isoprenyl and one geranyl group present in the structure are deduced 
from the HMBC correlations between the protons of their methylene groups and carbons of 

as well as the neghboring carbon atoms. Namely, isoprenyl 
3, based on HMBC correlations (Fig. 3.30) of the 

58.9 ppm) and long-range 
208.9 ppm) and C-5 (δC 

5''') to C-2 (δC 103.2 ppm) 
Fig. 3.30) of methylene 

= 7.3Hz) to neighboring carbons. Particularly, they correlate to C-2 
172.0 ppm) due to their steric 

6, as a result of the similar type of HMBC 
7 methylene group (δH 2.67 and 2.73 

range correlations to the hydroxyl-

 
Solvent: CDCl3, Instrument: 
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Figure 3.25 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 
 

Figure 3.26 Structure of compound
 

NMR spectrum of compound 1; Solvent: CDCl3, Instrument: Bruker 

 
Structure of compounds 1 and 2 with the 1H–1H COSY and HMBC 

 

 
, Instrument: Bruker 

and HMBC correlations. 



 

As apparent from the specific HMBC correlations, the carbonyl group from isobutyryl 
moiety (δC 208.9 ppm) correlates to its neighboring protons, such as two doublets from two 
methyl groups (δH 1.12d, 1
them together (δH 2.84m). However, the correlation with the shifts of two multiplets (
2.35m, 2.49m) and one doublet of doublets (
attached to C-3 unveils the position of the isobutyryl group as well, placing it on C
meta-position to the geranyl side chain. Accordingly, compound 
determined as 1-hydroxy
[3.2.1]oct-2-en-5-one (Fig.
 

Figure 3.27 HMBC NMR spectrum of compound 
protons and C-1' (δC 208.9 ppm)
298 K). 
 
The carbonyl atom of C-5 
H-1'' – δH 2.35m and 2.49m

the same correlations with H
multiplets of H-7 – δH 2.67
group (Fig. 3.27; Fig. 3.28
 

As apparent from the specific HMBC correlations, the carbonyl group from isobutyryl 
208.9 ppm) correlates to its neighboring protons, such as two doublets from two 

, 1.23d), and to one multiplet of a proton from 
). However, the correlation with the shifts of two multiplets (

) and one doublet of doublets (δH 4.25dd) of its neghboring isoprenyl group 
3 unveils the position of the isobutyryl group as well, placing it on C

position to the geranyl side chain. Accordingly, compound 1 c
hydroxy-6-geranyl-2,3-isoprenyl-4-(2-methylpropanoyl)

Fig. 3.25; Fig. 3.26). 

HMBC NMR spectrum of compound 1 – specific correlation between different 
208.9 ppm); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

5 – δC 204.3 ppm shows HMBC correlations with two multiplets of 
m and H-3 doublet of doublets – δH 4.25dd. While this carbon shows 

the same correlations with H-1'' and H-3, the additional strong HMBC correlation with 
2.67m and 2.73m places it at ortho-position to the C
3.28). 
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As apparent from the specific HMBC correlations, the carbonyl group from isobutyryl 
208.9 ppm) correlates to its neighboring protons, such as two doublets from two 

of a proton from –CH< group binding 
). However, the correlation with the shifts of two multiplets (δH 

) of its neghboring isoprenyl group 
3 unveils the position of the isobutyryl group as well, placing it on C-4, at 

could then possibly be 
methylpropanoyl)-4,6-dioxabicyclo 

 
specific correlation between different 

, Instrument: Bruker Ava 600 MHz (T = 

204.3 ppm shows HMBC correlations with two multiplets of 
While this carbon shows 

strong HMBC correlation with 
position to the C-6-attached geranyl 
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Figure 3.28 HMBC NMR spectrum of compound 
protons and C-5 (δC 204.3 ppm)
K). 

Two other quaternary carbon atoms present in the phloroglucinol ring, C
and C-4 (δC 172.0 ppm), had both shown strong HMBC correlation with doublet signal of H
1''' – δH 2.88d. As mentioned before the correlation between C
specific steric closeness. Thus, this is placing the isoprenyl group containing this pr
the position between them –
multiplet signals of H-7, as expected from 
3.29). 

Figure 3.29 HMBC NMR spectrum of compound 
protons and C-1 (δC 167.8 ppm) and C
Bruker Ava 600 MHz (T = 298 K).

HMBC NMR spectrum of compound 1 – specific correlation between different 
204.3 ppm); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

Two other quaternary carbon atoms present in the phloroglucinol ring, C
172.0 ppm), had both shown strong HMBC correlation with doublet signal of H

. As mentioned before the correlation between C-4 and H
steric closeness. Thus, this is placing the isoprenyl group containing this pr

– attached to C-2. At the same time, C-1 
7, as expected from whose position within the six-membered ring (

HMBC NMR spectrum of compound 1 – specific correlation between different 
167.8 ppm) and C-4 (δC 172.0 ppm); Solvent: CDCl3, Instrument: 

(T = 298 K). 

 
specific correlation between different 

, Instrument: Bruker Ava 600 MHz (T = 298 

Two other quaternary carbon atoms present in the phloroglucinol ring, C-1 (δC 167.8 ppm) 
172.0 ppm), had both shown strong HMBC correlation with doublet signal of H-

-1''' is due to their 
steric closeness. Thus, this is placing the isoprenyl group containing this proton at 

1 correlates also to 
membered ring (Fig. 

 
specific correlation between different 

, Instrument: 



 

Figure 3.30 HMBC NMR spectrum of compound 
isoprenyl and geranyl groups and the corresponding carbos 
ppm) and C-2 (δC 103.2 ppm)
K). 

Although HSQC, 1H-1H COSY and HMBC correlations 
compound 1, NOESY correlations between protons of the structure were used to confirm the 
positions of the distinct groups within
stereochemical relationships inside the mol
were observed, such as the NOE interactions 
isobutyryl group – H-2' (δ
H-3' and H-4', confirming 

Figure 3.31 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K).

HMBC NMR spectrum of compound 1 – correlation between protons 
isoprenyl and geranyl groups and the corresponding carbos - C-3 (δC 58.9 ppm), C

103.2 ppm); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

H COSY and HMBC correlations somewhat resolved the structure of 
, NOESY correlations between protons of the structure were used to confirm the 

positions of the distinct groups within the phloroglucinol ring (Fig. 3.31
stereochemical relationships inside the molecule. However, only few

the NOE interactions of H-3 (δH 4.25dd, J = 4.6 Hz) and protons of
δH 2.84 ppm) with both methyl groups from the isobutyryl moiety 

4', confirming the suggestion of their neighboring position (

NOESY NMR spectrum of compound 1; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 
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correlation between protons from 

58.9 ppm), C-6 (δC 88.4 
, Instrument: Bruker Ava 600 MHz (T = 298 

resolved the structure of 
, NOESY correlations between protons of the structure were used to confirm the 

3.31) and try to determine 
few relevant correlations 
= 4.6 Hz) and protons of 

both methyl groups from the isobutyryl moiety – 
eir neighboring position (Fig. 3.31; Fig. 3.32). 

 

, Instrument: Bruker 
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Figure 3.32 NOESY NMR spectrum of compound 
4.25dd) and H-3' (δH 1.12d), H-
Instrument: Bruker Ava 600 MHz 

The specific arrangement of groups within the molecule of compound 
configurations of its 3 chiral centers: C
depends on the configuration of each of them. In that manner, there are 
of compound 1. However, since two oxygen
possible to be both in the same 
enantiomeric pairs (Fig. 3.33
structures belongs to this compound.

The compounds 1 and 2 are diastereoisomers
chromatographic separation on a reverse
structural possibilities for each of them, i.e. one structure for each, with the correspondin
enantiomer (Fig. 3.33). They both possess three stereo
relative configurations of these carbons were not possible to be determined through NOESY 
correlations analysis, the difference in their structure 
retention time. Since compound 
with the C18 stationary phase. According to the solvophobic theory of chromatographic 
retention, 1 would manifest shorter retention time as su
interaction with SP, i.e. exposing larger surface for the interaction. Partitioning theory, on the 
other hand, would suggest that the compound would be partitioned between MP and SP, in 
this way, 1 having lesser part of th
of the possible cases, shorter retention of 
properties (Lough & Wainer, 1995; Meyer, 2010; Weston & Brown, 1997).

 

NOESY NMR spectrum of compound 1 – specific correlations between H
-4' (δH 1.23d) and H-2' (δH 2.84sept); Solvent: CDCl

Instrument: Bruker Ava 600 MHz (T = 298 K). 

The specific arrangement of groups within the molecule of compound 
configurations of its 3 chiral centers: C-3, C-4 and C-6. The configuration of the molecule 
depends on the configuration of each of them. In that manner, there are 8 

. However, since two oxygen atoms within the endoperoxide bridge are only 
possible to be both in the same orientation, this limits the structural

3.33). Nevertheless, it is not easy to predict which of the possible 
structures belongs to this compound. 

are diastereoisomers, not enantiomers, deduced from their 
chromatographic separation on a reversed phase column (Fig. 3.15), leaving the two 
structural possibilities for each of them, i.e. one structure for each, with the correspondin

hey both possess three stereocenters – C-3, C-4 and C
relative configurations of these carbons were not possible to be determined through NOESY 
correlations analysis, the difference in their structure could possibly be presumed

. Since compound 1 had shorter retention time, it apparently 
se. According to the solvophobic theory of chromatographic 

would manifest shorter retention time as such, by showing weaker hydrophobic 
interaction with SP, i.e. exposing larger surface for the interaction. Partitioning theory, on the 
other hand, would suggest that the compound would be partitioned between MP and SP, in 

having lesser part of the structure accessible for its immersing into the SP. In any 
of the possible cases, shorter retention of 1 is allegedly manifested due to its structural 
properties (Lough & Wainer, 1995; Meyer, 2010; Weston & Brown, 1997).

 
specific correlations between H-3 (δH 

; Solvent: CDCl3, 

The specific arrangement of groups within the molecule of compound 1 is defined by 
6. The configuration of the molecule 

 possible structures 
he endoperoxide bridge are only 

structural possibilities to 2 
, it is not easy to predict which of the possible 

, deduced from their 
), leaving the two 

structural possibilities for each of them, i.e. one structure for each, with the corresponding 
4 and C-6. Since the 

relative configurations of these carbons were not possible to be determined through NOESY 
be presumed from their 

apparently interacted less 
se. According to the solvophobic theory of chromatographic 

ch, by showing weaker hydrophobic 
interaction with SP, i.e. exposing larger surface for the interaction. Partitioning theory, on the 
other hand, would suggest that the compound would be partitioned between MP and SP, in 

e structure accessible for its immersing into the SP. In any 
is allegedly manifested due to its structural 

properties (Lough & Wainer, 1995; Meyer, 2010; Weston & Brown, 1997). 



 

Figure 3.33 Possible structure
 
The reason for the difference in retention could be that, unlike the all
conformation of 2, in compound 
this manner, its structure 
interaction with SP. The 
possibility, could then be 
and C-6(S) (Fig. 3.34). 

NOESY spectrum was expected to provide some essential information about the correlations 
between distinct parts of the structure in order to resolve the configurations of stereocenters. 
Unfortunately, this 2D NMR experiment 
resolving the configuration of the 

The configuration of the stereo
visualized by drawing their 
automatic 3D optimization, 
1, isopropyl group (C-1''–C
is only scarce evidence and unfortunately insufficient to deduce t
molecule alone. 

 
Possible structures of compounds 1 and 2. 

The reason for the difference in retention could be that, unlike the all
, in compound 1, C-3 isoprenyl group lies outside the molecular plane.

structure would have smaller surface to be exposed
The corresponding configurations of 1, in consideration of this 

could then be elucidated as either C-3(S), C-4(R) and C-6(

expected to provide some essential information about the correlations 
between distinct parts of the structure in order to resolve the configurations of stereocenters. 

NMR experiment alone did not result in better understanding or 
olving the configuration of the stereo centers in compound 1. 

The configuration of the stereo centers and planarity of the molecules
their 3D structures (Fig. 3.35). The 3D structure 

automatic 3D optimization, thus not leading to an apparent conclusion
C-5'') is aligned with the rest of the structure

is only scarce evidence and unfortunately insufficient to deduce the stereochemistry of the 
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The reason for the difference in retention could be that, unlike the all-equatorial 
lies outside the molecular plane. In 

exposed for attachment and 
, in consideration of this 

6(R), or C-3(R), C-4(S) 

expected to provide some essential information about the correlations 
between distinct parts of the structure in order to resolve the configurations of stereocenters. 

t result in better understanding or 

centers and planarity of the molecules was tried to be 
he 3D structure is a result of 

conclusion whether in compound 
ucture or not. Therefore, this 

he stereochemistry of the 
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Figure 3.34 Compound 1 – Hyperibarbin A
 
 

Figure 3.35 Suggested 3D structure of Compound
 

 
Hyperibarbin A. 

 
tructure of Compound 1. 
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When analyzing the fragmentation pattern of compound 1 by interpreting all formed 
fragments during the MS/MS experiment, some significant information can be gathered (Fig. 
3.36; Fig. 3.37). For example, it is noted that all obtained fragments have 5, 4, 3, or 2 oxygen 
atoms in their structure, or devoid of oxygen atoms whatsoever. The lack of fragments with 
one oxygen atom suggest that either the diketonic core (containing oxo groups on both C-5 
and C-1') or, less likely, endoperoxide, stays attached to the structure even when higher 
collision energies are applied (Fig 3.38). Thus, the early fragmentation processes correspond 
to loss of water, ketene from acyl group, and prenyl groups. 

 

 
Figure 3.36 MS/MS Product Ion Scan (PI) of compound 1 at collision voltage of 15, 20, and 
35 V. 
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Figure 3.37 Fragments obtained from 
 
Starter acid loss in a form of ketene
abundant m/z 415 fragment, 
Fuzzati et al., 2001). Parallel to this reaction, the losses of two water molecules from 
compound 1 were noted, as well (485 
although in its case it was due to
2005). 

The loss of one of prenyl groups is also a parallel reaction to the above mentioned ones 
→ 417, although not prominent
fragment. The losses of prenyl groups from hyperforin are also mostl
(C5H8, ∆m/z = 68), or isobutene (C
proton donor and C=C as a proton acceptor (Sleno 
responsible for loss of isoprenyl group from 
the proton acceptor. 

 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

in a form of ketene (485 → 415, ∆m/z = 70, O=C=CMe
, through a common elimination reaction (Sleno 

Parallel to this reaction, the losses of two water molecules from 
noted, as well (485 → 467 → 449), as seen in the case of artemisinin, 

due to opening of acetal-bonded endoperoxide ring (Wang 

e loss of one of prenyl groups is also a parallel reaction to the above mentioned ones 
prominent in compound 1, as seen from the low intensity of 
of prenyl groups from hyperforin are also mostly in 

or isobutene (C4H8, ∆m/z = 56), due to involvement of enol 
proton donor and C=C as a proton acceptor (Sleno et al., 2006). Similar mechanism is 
responsible for loss of isoprenyl group from 1, possibly involving oxygen of keto group as 

 
of compound 1. 

O=C=CMe2) resulted in 
a common elimination reaction (Sleno et al., 2006; 

Parallel to this reaction, the losses of two water molecules from 
449), as seen in the case of artemisinin, 
bonded endoperoxide ring (Wang et al., 

e loss of one of prenyl groups is also a parallel reaction to the above mentioned ones – 485 
, as seen from the low intensity of m/z 417 

y in forms of isoprenyl 
ent of enol –OH as a 
Similar mechanism is 

, possibly involving oxygen of keto group as 



 

Figure 3.38 Proposed fragmentation pattern of compound 
Product Ion Scan (PI). 

In order to assign the absolute configuration of C
spectrum simulation was performed with a model compound (
prenyl side chains were truncated in order to limit the computational expense. The resulting 
spectrum simulated for the 4
1, is very similar to the experimental ECD spectrum of compound 
particular, the negative and positive first two cotton effects (CEs) match the experimental 
spectrum of 1 very well. This allows the 
substituted carbon atoms, i.e. the absolute configuration of 
(Fig. 3.34). In the ECD spectra, hyperibarbins A
negative Cotton effects a
suggesting the analogous S

 

Proposed fragmentation pattern of compound 1, obtained from its 

In order to assign the absolute configuration of C-4 and C-6 in compound 
spectrum simulation was performed with a model compound (1a) in which the flexible 
prenyl side chains were truncated in order to limit the computational expense. The resulting 
spectrum simulated for the 4S, 6S-enantiomer of 1a, representing the major chromophore of 
, is very similar to the experimental ECD spectrum of compound 

particular, the negative and positive first two cotton effects (CEs) match the experimental 
very well. This allows the assignment of S- configuration on both of the O

substituted carbon atoms, i.e. the absolute configuration of 1 must be (3
). In the ECD spectra, hyperibarbins A–D (1–4) all showed closely correlated 

negative Cotton effects at ~310 nm and positive Cotton effects at ~250 nm (
S- configurations of C-4 and C-6 in them. 
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, obtained from its MS/MS 

6 in compound 1, an ECD 
) in which the flexible 

prenyl side chains were truncated in order to limit the computational expense. The resulting 
, representing the major chromophore of 

, is very similar to the experimental ECD spectrum of compound 1 (Fig. 3.16a). In 
particular, the negative and positive first two cotton effects (CEs) match the experimental 

configuration on both of the O-
must be (3R,4S,6S), as proposed 
) all showed closely correlated 

t ~310 nm and positive Cotton effects at ~250 nm (Fig. 3.16), 



98 

 

3.1.7 Elucidation of compound 2 

Compound 2 (Proposed name: Hyperibarbin B), isolated from fraction PE-1.2.3.2.2, was 
obtained as an optically active yellow viscous oil, [α]25

D -124° (c 0.05, MeOH). The 
molecular formula of 2, calculated for C30H44O5 (484.6674 Da), was established by ESI-
HRMS from m/z 485.3246 of [M+H]+ (Mmi = 484.3189 Da), and is identical to the molecular 
formula of compound 1 (hyperibarbin A). The 1H and 13C spectra (Table 3.10) showed that 
its skeleton is also identical to that of the compound 1 (Fig. 3.17). It was concluded that the 
two compounds differ in the configuration of some of the three chiral carbon atoms – C3, C4, 
and C6. Since the two compounds were chromatographically separated using non-chiral 
chromatography (Fig. 3.15), they present diastereoisomers, as mentioned before (Fig. 3.39). 

Due to the previous hypothesis about the planarity and affinity of compounds 1 and 2 
towards the reversed phase column (Section 3.1.6), their assumed difference could be in 
configuration of C-3, which would elucidate hyperibarbin B as 3-epi-hyperibarbin A (or, as it 
may be, 3-epi-ent-hyperibarbin A). Considering the preceding assumption based on different 
retention times of 1 and 2, the structure of compound 2 would be expected to show better 
alignment between C-3-attached isoprenyl group and geranyl group. This would supposedly 
expose larger surface for attachment, i.e. formation of hydrophobic interactions with SP (Fig. 
3.40). The relative configuration of stereocenters in compound 2 could, therefore, perchance 
be either C-3(S), C-4(S) and C-6(S), or C-3(R), C-4(R) and C-6(R) (Fig. 3.53). 

The configuration of the stereo centers and planarity of the molecule was, once again, tried to 
be visualized by drawing of 3D structure (Fig. 3.40). However, although compound 2 looks 
indeed more planar, with C-3-attached isoprenyl group (C-1''–C-5'') being more aligned with 
the rest of the structure, this is still not sufficient evidence to assign either of the molecules 
with the absolute stereochemistry. 
 

 
Figure 3.39 Structure of compound 2. 



 

Figure 3.40 Proposed 3D s
 
In the 1H NMR spectrum
observed, to a certain degree 
(Fig. 3.41). One of the not
ppm instead of 33.2 ppm, 
spectrum of 2, instead of 2.68
difference, all the other chemical shifts both in 
with fine differences (Table 
presence of ten quaternary atoms, four of which are responsible for the formation of double 
bonds in isoprenyl/geranyl side chains
 

Figure 3.41 1H NMR spectrum of compound 
MHz (T = 298 K). 
 
 

 
3D structure of Compound 2. 

NMR spectrum of compound 2, signals typical for acylphloroglucinols were
observed, to a certain degree resembling the chemical shifts of protons from compound 

One of the notable differences in their 13C NMR spectra is 
ppm instead of 33.2 ppm, together with H-7 protons at δH 2.42dd and 

, instead of 2.68dd and 2.73dd present in 1H NMR of 1. Except 
difference, all the other chemical shifts both in 1H and 13C spectra are 

Table 3.10; Fig. 3.43). The 13C NMR spectrum of compound 
presence of ten quaternary atoms, four of which are responsible for the formation of double 
bonds in isoprenyl/geranyl side chains, as seen in compound 1 (Fig. 3.42

NMR spectrum of compound 2; Solvent: CDCl3, Instrument: Bruker Ava 600 
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, signals typical for acylphloroglucinols were 
the chemical shifts of protons from compound 1 

is on the C-7 – δC 35.0 
and δH 2.76m in 1H NMR 

. Except for this minor 
C spectra are very similar, but still 

NMR spectrum of compound 2 shows 
presence of ten quaternary atoms, four of which are responsible for the formation of double 

3.42). 

 
, Instrument: Bruker Ava 600 
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Figure 3.42 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.43 1H NMR shifts of compounds 
and also similarities among them.

NMR spectrum of compound 2; Solvent: CDCl3, Instrument: Bruker Ava 

 
H NMR shifts of compounds 1–4 which represent the significant differences 

and also similarities among them. 

 
, Instrument: Bruker Ava 

which represent the significant differences 



 

Protons of H-1'' – two signals
3.44), due to their correlation with one another, as well as 
(4.32dd) and H-2' (4.98m). 
H-1''b (δH 2.56dt). Vicinal 
Geminal couplings with the protons
1''b). 

H-1''' protons are in a form of a doublet 
magnetically equivalent nuclei, with a coupling constant
neighboring proton of H-2''' 

Protons of H-7 form two signals in 
multiplet 2.76m, overlapped with H
but seems to be formed (Fig.
7.2 Hz. Geminal coupling with the neighboring proton at
 

Figure 3.44 1H NMR spectrum of compound 
2.56dt (1) in a "roof-like" shape
K). 
 

signals of 2.32dt and 2.56dt form together a "roof
their correlation with one another, as well as with their 

 The protons attached to C-1'' are defined as 
 coupling constant for the H-1''a is 7.8 Hz, while 7.6 Hz for H

with the protons over two bonds are -15.5 Hz (H-

ons are in a form of a doublet – 2.84d, both symmetry equivalent and have 
magnetically equivalent nuclei, with a coupling constant at J = 7.3 Hz. They co

2''' (5.17t). The correlation constant of the triplet is

form two signals in 1H-NMR spectrum – 2.42dd and 
, overlapped with H-2' signal. Therefore, the "roof-like" shape is not obvious

Fig. 3.45). Vicinal coupling constant between the two protons is
coupling with the neighboring proton at H-8 (4.99m) is

H NMR spectrum of compound 2 – signals of H-1'' protons: 
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
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form together a "roof-like" shape (Fig. 
with their close protons – H-3 

are defined as H-1''a (δH 2.32dt) and 
, while 7.6 Hz for H-1''b. 

-1''a) and -15.0 Hz (H-

both symmetry equivalent and have 
= 7.3 Hz. They correlate with 

correlation constant of the triplet is at 7.4 Hz. 

and the other being a 
like" shape is not obvious, 

coupling constant between the two protons is J = 
) is -14.3 Hz. 

 
protons: δH 2.32dt (2) and δH 

, Instrument: Bruker Ava 600 MHz (T = 298 
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Figure 3.45 1H NMR spectrum of compound 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
According to the HSQC experiment
corresponding carbon atoms 
3.10). The structure was found to 
from stereochemistry, as expected
 

Figure 3.46 HSQC NMR spectrum of compound 
600 MHz (T = 298 K). 
 

H NMR spectrum of compound 2 – signals of H-7 protons: δH

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

experiment (Fig. 3.46; Fig. 3.47), all protons are placed 
 in the same manner as it is the case of compound 

The structure was found to have the carbon skeleton identical as compound 
as expected. 

NMR spectrum of compound 2; Solvent: CDCl3, Instrument: Bruker Ava 

 
H 2.42dd and 2.76m; 

are placed onto the 
in the same manner as it is the case of compound 1 (Table 

identical as compound 1, apart 

 
, Instrument: Bruker Ava 



 

Figure 3.47 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K).
 
1H-1H COSY and HMBC 
of compound 2 is analogous
(Fig. 3.48; Fig. 3.49; Fig. 
 

Figure 3.48 1H-1H COSY
Bruker Ava 600 MHz (T = 298 K).
 

NMR spectrum of compound 2 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

COSY and HMBC experiments had also confirmed that the carbon skeleton 
analogous with 1, through the correlations between closely bound protons 

 3.50). 

COSY NMR spectrum of compound 2; Solvent: CDCl
(T = 298 K). 
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specific correlation between protons 

; Solvent: CDCl3, Instrument: 

carbon skeleton structure 
ween closely bound protons 

 
Solvent: CDCl3, Instrument: 
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Figure 3.49 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 

As already seen for compound 
HMBC correlation with signals
and multiplet of H-2' >CH– proton
2.56ddd) of the neighboring isoprenyl group 
group of C-5 (δC 204.3 ppm), also correlated with the mentioned protons, as well as with 
(δH 2.42dd and δH 2.76m), both belonging to the geranyl group. As in compound 
atoms of C-1 (δC 167.8 ppm
correlation with H-1''' (δH 2.84
chain. This confirms that one of 
other to C-2 (δC 102.3 ppm), and geranyl group to

Figure 3.50 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 

NMR spectrum of compound 2; Solvent: CDCl3, Instrument: Bruker 

already seen for compound 1, the keto group (δC 208.9 ppm) of isobutyryl group 
signals from two methyl groups of H-3' and H-4'

proton (δH 2.76m), as well as with the H-1'' signals
isoprenyl group and H-3 signal (δH 4.32dd). The other carbonyl 
, also correlated with the mentioned protons, as well as with 

, both belonging to the geranyl group. As in compound 
167.8 ppm) and C-4 (δC 172.0 ppm) had both shown strong 

2.84d), with the C-1 corresponding with protons of geranyl side 
This confirms that one of the isoprenyl groups is attached to C-3 

, and geranyl group to C-6 (δC 87.3 ppm) (Fig. 

NMR spectrum of compound 2; Solvent: CDCl3, Instrument: Bruker 

 
, Instrument: Bruker 

208.9 ppm) of isobutyryl group shows 
4' (δH 1.06d, 1.15d), 
signals (δH 2.32ddd, 
The other carbonyl 

, also correlated with the mentioned protons, as well as with H-7 
, both belonging to the geranyl group. As in compound 1, quaternary 

had both shown strong HMBC 
corresponding with protons of geranyl side 

 (δC 60.2 ppm), the 
 3.50; Fig. 3.51). 

 
, Instrument: Bruker 



 

Figure 3.51 Cutout of NOESY
H-3 (δH 4.32dd) and H-3' (δ
Instrument: Bruker Ava 600 MHz 
 

Figure 3.52 HMBC NMR spectrum of compound 
with neighboring protons; B 
– correlation of C-1 (δC 167.8 ppm
D – correlation of C-3 (δC 
neighboring protons; Solvent: CDCl
 
 

Cutout of NOESY NMR spectrum of compound 2 – specific correlation between
δH 1.06d), H-4' (δH 1.15d) and H-2' (δH 2.76sept

Instrument: Bruker Ava 600 MHz (T = 298 K). 

NMR spectrum of compound 2: A  – correlation of C
; B – correlation of C-5 (δC 204.3 ppm) with neighboring 

167.8 ppm) and C-4 (δC 172.0 ppm) with their neighboring protons
 60.2 ppm), C-6 (δC 87.3 ppm) and C-2 (δC 102.3 ppm

Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
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specific correlation between 

sept); Solvent: CDCl3, 

 
of C-1' (δC 208.9 ppm) 

) with neighboring protons; C 
) with their neighboring protons; 

102.3 ppm) with their 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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Similar to the compound 1, NOESY 2D NMR analysis also did not play a major role in better 
understanding or resolving the configuration of the stereo centers present in compound 2. 
Correlation between H-3 and H-1''' protons was expected to be detected, but this correlation 
is not present in NOESY spectra of either 1 or 2. However, this correlation would hardly be 
useful for the resolvement of configuration of C-3, since C-1''' and its side-chain are 
connected to rigid C-2, stabilized by a double bond and being in line with the ring. Therefore, 
both of the 3-epimers would probably be in the same relation with the abovementioned side 
chain (Fig. 3.56). Thus, the configurational formation of compound 2 is very hard to be 
postulated based on NOESY spectrum only. However, as a diastereoisomer of compound 1, 
configurations of stereo center of 2 could possibly be either C-3(S), C-4(R) and C-6(R), or C-
3(R), C-4(S) and C-6(S) (Fig. 3.53). 

The NOESY interaction between H-3 (δH 4.32dd) and protons of the isobutyryl group 
confirms the previous suggestion of their neighboring position in the ring (Fig. 3.54). 
Chemical shift of one of the methyl groups from the same isoprenyl group (δH 1.67bs) 
correlates with doublet of protons from the other isoprenyl group in the ring (δH 2.84d), 
placing the two isoprenyl groups on specific positions, as could be presented by the 3D 
structure (Fig. 3.54). There is also a NOE interaction of H-14 (δH 1.59bs) and H-15 (δH 1.67bs) 
with H-4''' (δH 1.64bs), as a consequence of their steric proximity (Fig. 3.56). 
 
 

 
Figure 3.53 Compound 2 – Hyperibarbin B. 
 



 

Figure 3.54 One of the suggested 
correlations between H-4'' and H
 

Figure 3.55 MS/MS Product Ion Scan (PI) of compound 
35 V. 
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uggested 3D structures of compound 2 with the 

4'' and H-1'''; and NOE interactions of H-14 and H

MS/MS Product Ion Scan (PI) of compound 2 at collision voltage of 15, 20, and 
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with the marked NOESY 
14 and H-15 to H-4'''. 

 
at collision voltage of 15, 20, and 
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Similar as in the case of the fragmentation pattern of compound 
compound 2 all obtained fragments have 5, 4, 3, or 2 oxygen atoms in their structure, or 
devoid of oxygen atoms whatsoever
the diketonic core (containing oxo groups on both
stays attached to the structure.

The first highly abundant loss
(Sleno et al., 2006; Fuzzati et al.
the losses of two water molecules (485 
significant, since this reaction was not 
group loss (485 → 417), is considerably more pronounced in compound 
that in compound 1 (Sleno et al.

Figure 3.56 Conformational diagram showing
correlation of ring-aligned C-1''' with
applicable for compounds 1–4
 
Due to the planarity of the main six
1 and C-1''-C-3-C-4-C-1') of around
equivalent, in regard to C-2-prenyl and C
difference in preference for loss of C
NMR spectra, there are no vital 
prenyl and C-4-acyl group between compounds 

Similar as in the case of the fragmentation pattern of compound 1, during fragmentation of 
obtained fragments have 5, 4, 3, or 2 oxygen atoms in their structure, or 

devoid of oxygen atoms whatsoever (Fig. 3.55; Fig. 3.57). Thus, as suggested before, either 
the diketonic core (containing oxo groups on both C-5 and C-1') or, less likely, endoperoxide, 
stays attached to the structure. 

loss, result of the starter acid cleavage (485 →

et al., 2001) is also present in the case of compound 
the losses of two water molecules (485 → 467 → 449) from compound 

this reaction was not detected in its MS/MS spectra. However,
is considerably more pronounced in compound 2
et al., 2006). 

nformational diagram showing both of the possible 3-epimers, through the 
1''' with H-3 and C-3-isoprenyl group; The diagram is 
4. 

Due to the planarity of the main six-membered ring and the torsion angles 
1') of around Ɵ ~ 60°, 3α and 3β positions of H

prenyl and C-4-acyl groups (Fig. 3.56). Thus, 
loss of C-3-isoprenyl group was expected. According to the 2D 
vital differences in the correlations of H-3 with protons of C

acyl group between compounds 1 and 2. Thus, as seen from both torsion 

, during fragmentation of 
obtained fragments have 5, 4, 3, or 2 oxygen atoms in their structure, or 

. Thus, as suggested before, either 
1') or, less likely, endoperoxide, 

→ 415, ∆m/z = 70) 
, 2001) is also present in the case of compound 2. However, 

 449) from compound 2 were not 
However, the isoprenyl 

2 in comparison to 

 
epimers, through the 

; The diagram is 

 (C-1'''-C-2-C-3-C-
 positions of H-3 are symmetry 

. Thus, no considerable 
. According to the 2D 

3 with protons of C-2-
as seen from both torsion 



 

angle and NMR analysis, it is extremely difficult to determine stereochemistry of C
either 1 or 2. Nevertheless, 
configuration of C-3. Thus, 
interpret compound 2 as epi

However, there are obvious differences in intensity of 
compounds 1 and 2 (Table
from each of the compounds, since, apart from the other isoprenyl group
stereochemistry of the molecule 
obvious difference in preference of this loss, this leads to a conclusion that the compounds 
are 3-epimers, as presumed.
in such position to allow its relatively easy detachment.

With the 4,6-endoperoxide bridge being in 
interaction, i.e. closeness
detachment, i.e. how probable would
from their MS/MS spectra, compound 
more probable reaction in compound 
suggest that, in compound 
interaction between terminal 4''
isoprenyl detachment (Sleno 
made about the structure of compound 
proposed 3D structure. 

Figure 3.57 Fragments obtained from 

angle and NMR analysis, it is extremely difficult to determine stereochemistry of C
Nevertheless, the two compounds are indeed diastereoisomers

Thus, with all the gathered information, it is, for now, 
as epi-1, i.e. hyperibarbin B = epi-hyperibarbin A.

However, there are obvious differences in intensity of m/z 417 in MS/MS spectra of 
Table 3.11). The m/z 417 is most probably a result of 

from each of the compounds, since, apart from the other isoprenyl group
stereochemistry of the molecule has an influence on the loss of this moiety. 
obvious difference in preference of this loss, this leads to a conclusion that the compounds 

epimers, as presumed. Moreover, the C-3-isoprenyl group in compound 
in such position to allow its relatively easy detachment. 

ndoperoxide bridge being in α-, and 5-oxo group in β-orientation, 
, i.e. closeness with the C-3-isoprenyl group is most likely responsible for its 

detachment, i.e. how probable would its cleavage from the rest of the 
from their MS/MS spectra, compound 1 is more likely to undergo dehydratation, while the 
more probable reaction in compound 2 is the elimination of C-3-isoprenyl group.
suggest that, in compound 2, C-3-isoprenyl group is β-oriented, with 3
interaction between terminal 4''- (or 5''-) proton and C-5-carbonyl group, allowing the C
isoprenyl detachment (Sleno et al., 2006). This would confirm the presumption previously 
made about the structure of compound 2, based on its retention on a C

ragments obtained from MS/MS Product Ion Scan (PI) of compound 
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angle and NMR analysis, it is extremely difficult to determine stereochemistry of C-3 in 
stereoisomers, differing only in 

the gathered information, it is, for now, possible to 
A. 

417 in MS/MS spectra of 
result of C-3-isoprenyl loss 

from each of the compounds, since, apart from the other isoprenyl groups in the structure, 
the loss of this moiety. Since there is an 

obvious difference in preference of this loss, this leads to a conclusion that the compounds 
isoprenyl group in compound 2 is apparently 

orientation, their steric 
isoprenyl group is most likely responsible for its 

the molecule be. As seen 
is more likely to undergo dehydratation, while the 

isoprenyl group. This would 
3α-H, allowing an easy 

carbonyl group, allowing the C-3-
This would confirm the presumption previously 

retention on a C-18 column and its 

 
/MS Product Ion Scan (PI) of compound 2. 
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Hyperibarbins A (1) and B (2) differ only in the configuration at C-3, as proposed above 
through the analysis of their relative configurations. In order to investigate whether the 
configuration at this stereocenter would have a significant impact on the ECD spectrum, an 
analogous simulation as mentioned above for 1a was also performed with the side chain-
truncated analog of 2 – 2a (Fig. 3.16a). The negative first and positive second CEs also 
occured in the simulated spectrum of 2a in a very similar manner as observed for 1a so that, 
due to their very similar ECD spectra, it can be safely assumed that all hyperibarbins A–D 
(1–4) possess the same absolute configuration at C-4 and C-6 (Fig. 3.16). Thus, the 
configurations of stereocenters in hyperibarbin A (1) would be (3R,4S,6S) (Fig. 3.34). 
Configurations of stereo centers in hyperibarbin B (2) would, therefore, be (3S,4S,6S) (Fig. 
3.53). 
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3.1.8 Elucidation of compound 3 

Compound 3 (Proposed name: Hyperibarbin C) was obtained as fraction PE-1.2.3.2.3, an 
optically active viscous yellow oil, [α]25

D = -144° (c 0.05, MeOH). The molecular formula of 
3, calculated for C31H46O5 (498.7370), was established by ESI-HRMS, from m/z 499.3414 of 
[M+H] + (Mmi = 498.3345 Da). The difference between this compound and compounds 1 and 
2 is in 14 mass units, due to presence of an additional methylene group in its structure – 3 has 
a 2-methylbutyryl group instead of 2-methylpropanoyl (isobutyryl) as a starter acid (Fig. 
3.58). The 1H and 13C NMR spectra (Table 3.10) showed that its structure is analogous to 
that of the compound 4, being its diastereoisomer, due to chromatographic separation and 
different configuration of stereo centers. 
 

 
Figure 3.58 Structure of compound 3. 
 
In the 1H NMR spectrum, signals typical for acylphloroglucinols were observed, 
considerably resembling the chemical shifts of protons from compound 1 (Fig. 3.59; Fig. 
3.60; Table 3.10). Thus, some valuable information can be obtained by comparing 1H NMR 
spectra of compounds 1 and 3. As seen from comparison of their spectra, they have identical 
shifts of protons that are attached closely to the ring – H-1'', H-2'', H-1''', H-2''', H-7 and H-8 
(Fig. 3.61), which means that compounds 1 and 3 most probably have the same configuration 
of the stereo centers. The 13C NMR spectrum of compound 3 showed signals from 31 
carbons, ten of which are quaternary atoms, with four forming double bonds in 
isoprenyl/geranyl side chains, as seen in 1 and 2 (Fig. 3.60). 
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Figure 3.59 1H NMR spectrum of compound 
MHz (T = 298 K). 
 

Figure 3.60 13C NMR spectrum of compound 
CDCl3, Instrument: Bruker Ava 600 MHz Kryo.
 

NMR spectrum of compound 3; Solvent: CDCl3, Instrument: Bruker Ava 600 

NMR spectrum of compound 3, isolated as fraction PE-1.2.3.2.
, Instrument: Bruker Ava 600 MHz Kryo. 

 
, Instrument: Bruker Ava 600 

 
1.2.3.2.3; Solvent: 



 

Figure 3.61 1H NMR spectra of: 
differences marked in the red 
(T = 298 K). 
 
H-1'' protons – two signals
3.62), as a result of their correlation with one another, as well as 
protons – H-3 (4.25dd) and
due to the nonequivalent 
constant for the H-1''a is 6.6
over two bonds are -13.5 Hz (

The protons of H-1''' are in a form of a doublet,
magnetically equivalent nuclei,
neighboring proton of H-2''' 

On H-7, the two protons form a signal in 
7a) and 2.74dd (H-7b)) that 
2.67dd is overlapped with the signal of H
Hz and 8.0 Hz, for H-7a and H
-15.1 Hz (H-7b). 
 

spectra of: Compound 1 (A) and Compound 3 (B)
differences marked in the red rectangular; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

signals of 2.35dt and 2.49dt – form together a "roof
their correlation with one another, as well as with their neighboring 

and H-2'' (4.87m). The protons attached to C-1'' 
nonequivalent nuclei – H-1''a (δH 2.35dt) and H-1''b (δH 2.49

6.6 Hz, while 7.4 Hz for H-1''b. Geminal coupling
5 Hz (H-1''a) and -14.9 Hz (H-1''b). 

1''' are in a form of a doublet, being symmetry equivalent and having
magnetically equivalent nuclei, with coupling constant of J = 7.7 Hz. They correlate with 

2''' (5.19t). The coupling constant of the H-2''' 

form a signal in 1H NMR spectrum out of two signals
that form a "roof-like" shape (Fig. 3.63), although the signal

is overlapped with the signal of H-2' (δH 2.66m). The vicinal coupling constants are 7.4
7a and H-7b, respectively, while geminal ones are
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(B), with their 

, Instrument: Bruker Ava 600 MHz 

form together a "roof-like" shape (Fig. 
with their neighboring 

1'' have different shifts, 
2.49dt). Vicinal coupling 

couplings with the protons 

being symmetry equivalent and having 
= 7.7 Hz. They correlate with 

 triplet is J = 7.4 Hz. 

ut of two signals (δH 2.67dd (H-
), although the signal of δH 
al coupling constants are 7.4 

al ones are -15.7 Hz (H-7a) and 
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Figure 3.62 1H NMR spectrum of
2.49dt (1) in a "roof-like" shape; 
K). 
 

Figure 3.63 1H NMR spectrum 
a "roof-like" shape; Solvent: CDCl
 
HSQC experiment of compound 
structure is equivalent to the one of
compounds 1 and 2 only in one additional methyl
and coupling constants were obtained
Fig. 3.65). 
 

H NMR spectrum of compound 3 – signals of H-1'' protons: δ
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

H NMR spectrum of compound 3 – signals of H-7 protons, 2.67
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K).

of compound 3 resulted in confirmation of a previous postulation that its 
equivalent to the one of 4 and that both of their structures differ

only in one additional methylene group in starter acid.
obtained and listed in numbering order (Table 

 
δH 2.35dt (2) and δH 

, Instrument: Bruker Ava 600 MHz (T = 298 

 
2.67dd and 2.74dd in 

(T = 298 K). 

resulted in confirmation of a previous postulation that its 
and that both of their structures differ from the 

group in starter acid. The multiplicity 
Table 3.10; Fig. 3.64; 



 

Figure 3.64 HSQC NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.65 Cutout of HSQC
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K).
 
1H-1H COSY analysis had also shown that the structure of compound 
structure of compound 1 (
are confirmed by analysis of the 
 

NMR spectrum of compound 3; Solvent: CDCl3, Instrument: Bruker Ava 

Cutout of HSQC NMR spectrum of compound 3 –correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

analysis had also shown that the structure of compound 
(Fig. 3.66). The positions of the atoms and groups in the molecule 

analysis of the HMBC experiment (Fig. 3.67). 

115 

 
, Instrument: Bruker Ava 

 
correlation between protons 

Solvent: CDCl3, Instrument: 

analysis had also shown that the structure of compound 3 resembles the 
groups in the molecule 
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Figure 3.66 COSY NMR spectrum of compound 
600 MHz (T = 298 K). 

Figure 3.67 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 

As seen in compound 1, HMBC correlations
group correlates to the methyl group doublet (
proton, as well as to multiplets 
other carbonyl group correlates 
carbons C-1 and C-4 had both shown strong HMBC correlation with doublet 
corresponds also with H-7 protons of geranyl side chain (
corresponds to H-1'' (δH 2.35
suggested before. The attachment 
103.2 ppm) and geranyl group to
HMBC interactions (Fig. 3.68

NMR spectrum of compound 3; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of compound 3; Solvent: CDCl3, Instrument: Bruker 

HMBC correlations of 3 show that keto group of 
group correlates to the methyl group doublet (H-5', δH 1.21d) and to one septet of a 
proton, as well as to multiplets of H-1'' and H-3 signal from the close isoprenyl group. The 

correlates with multiplets of C-7 from the geranyl group. Quaternary 
had both shown strong HMBC correlation with doublet 

protons of geranyl side chain (δH 2.67m and 
2.35m and δH 2.49m), placing the isoprenyl group next to it, as 

The attachment of the isoprenyl groups to C-3 (δC 59.5 ppm
and geranyl group to C-6 (δC 88.4 ppm) is therefore confirmed by specific 

3.68). 

 
, Instrument: Bruker Ava 

 
, Instrument: Bruker 

show that keto group of 2-methylbutyryl 
) and to one septet of a H-2' 

isoprenyl group. The 
the geranyl group. Quaternary 

had both shown strong HMBC correlation with doublet of H-1'''. C-1 
and δH 2.74m) and C-4 

, placing the isoprenyl group next to it, as 
59.5 ppm) and C-2 (δC 

is therefore confirmed by specific 



 

Figure 3.68 HMBC NMR spectrum of compound 
with its neighboring protons
protons; C – correlation of
neighboring protons; D – correlation 
103.2 ppm) with neighboring protons
 
 

Figure 3.68a Structure of compound
correlations. 

NMR spectrum of compound 3: A – correlation of
with its neighboring protons; B – correlation of C-1' (δC 204.7 ppm) with its neighboring 

of C-1 (δC 167.7 ppm) and C-4 (δC 172.0 ppm) with their 
correlation of C-3 (δC 59.5 ppm), C-6 (δC 88.4 ppm

) with neighboring protons; Solvent: CDCl3, Bruker Ava 600 MHz 

 
Structure of compounds 3 and 4 with the 1H–1H COSY and HMBC 
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of C-5 (δC 208.4 ppm) 

) with its neighboring 
) with their 

88.4 ppm) and C-2 (δC 
, Bruker Ava 600 MHz (T = 298 K). 

and HMBC 



118 

 

The compound 3 contains three stereocenters
and C-6 constrained by ring formation
of compound 3, and also of compound 

However, NOESY 2D NMR analysis unfortunate
resolving the configuration of the chiral centers present in compound 
correlations that confirmed the postulated structure of compound 
interactions between H-3 and protons of the 2
position in the ring (Fig. 3.71
(δH 4.25dd) and protons of H
spectrum, meaning that the mentioned protons are most probably stereochemically far from 
each other. However, what could be the indication of 
the one of compound 1, are the similarities in their 
8, H-1'' and other protons. Thus, it could be postulated that the stereo center of compound 
could be defined as C-3(S
configurations – C-3(R), C-4(S
 

Figure 3.69 Possible structures of compounds 

contains three stereocenters: C-3, C-4 and C-6, with configuration of C
6 constrained by ring formation. Thus, there are 4 (instead of 8) possible s

, and also of compound 4 (Fig. 3.69). 

2D NMR analysis unfortunately did not result in better understanding or 
resolving the configuration of the chiral centers present in compound 3. The only 

confirmed the postulated structure of compound 3 (Fig. 
3 and protons of the 2-methylbutyryl group in
3.71). As in the case of compound 1, the correlation between H

H-1''' that are connected to rigid C-2 is not present in NOESY 
spectrum, meaning that the mentioned protons are most probably stereochemically far from 

what could be the indication of the stereochemistry
, are the similarities in their 1H NMR spectra – shifts of H

1'' and other protons. Thus, it could be postulated that the stereo center of compound 
S), C-4(R) and C-6(R), or the corresponding
S) and C-6(S) (Fig. 3.72). 

 
Possible structures of compounds 3 and 4. 

with configuration of C-4 
possible stereoisomers 

t result in better understanding or 
. The only NOESY 
Fig. 3.70) are the 
in its neighboring 

, the correlation between H-3 
2 is not present in NOESY 

spectrum, meaning that the mentioned protons are most probably stereochemically far from 
stry being identical as 
shifts of H-3, H-7, H-

1'' and other protons. Thus, it could be postulated that the stereo center of compound 3 
corresponding enantiomeric 



 

Figure 3.70 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K).

Figure 3.71 NOESY NMR spectrum of compound 
4.25dd) and protons from methylbutanoyl group 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
Since compound 3 has an
chromatographically separated from it, the suggested configuration of its chiral centers 
probably be in accordance with its retention, as in the case of compounds 
the retention time of compound 
methylene group, but is shorter
the effect of the structure of compound 
phase – C18. This could

NMR spectrum of compound 3; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

NMR spectrum of compound 3 – specific correlation between
and protons from methylbutanoyl group - H-5' (δH 1.21d) and H

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

n identical molar mass and bruto formula as compound 
chromatographically separated from it, the suggested configuration of its chiral centers 

in accordance with its retention, as in the case of compounds 
ntion time of compound 3 is longer than 1 and 2 due to the presence of additional 

shorter than the one of compound 4. This could possibly
the effect of the structure of compound 3, that shows a weaker interaction with the stationary 

could be a result of isoprenyl group attached to
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, Instrument: Bruker 

 
specific correlation between H-3 (δH 

H-2' (δH 2.66m); 

as compound 4, but is 
chromatographically separated from it, the suggested configuration of its chiral centers could 

in accordance with its retention, as in the case of compounds 1 and 2. Namely, 
due to the presence of additional 

could possibly be due to 
, that shows a weaker interaction with the stationary 

t of isoprenyl group attached to C-3 being in such a 
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position that it is not aligned with the 
and giving it the smaller surface for interaction with the stationary phase
structure, as in the case of compound 
column is shorter compared to compound 
 

Figure 3.72 Compound 3 – Hyperibarbin 
 
 

Figure 3.73 Proposed 3D structure of Compound
 

position that it is not aligned with the rest of the structure, making the molecule less planar 
maller surface for interaction with the stationary phase, as seen from its 3D 

structure, as in the case of compound 1 (Fig. 3.73). As a result, its retention on the C18 
to compound 4, whose structure will be discussed 

 
Hyperibarbin C. 

tructure of Compound 3. 

, making the molecule less planar 
, as seen from its 3D 

As a result, its retention on the C18 
discussed further on. 
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Figure 3.75 Fragments obtained from 
 
As seen in the fragmentation pattern of compound 
similar. The parallel fragmentations which were observed include 
acid loss in a form of ketene
3.75). 

Along with their mutual similarity, compounds 
fragmentation patterns when compared to compounds 
compound 2, these differences are mainly due to their diastereoisomerism, i.e. difference in 
the configuration of C-3, which will be defined further on, after the fragmentation analysis of 
compound 4. 
 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

As seen in the fragmentation pattern of compound 1, fragmentation of compound 
similar. The parallel fragmentations which were observed include a dominant path of starter 

in a form of ketene, and simultaneous loss of 2 water molecules

similarity, compounds 1 and 3 together show differences in 
fragmentation patterns when compared to compounds 2 and 4. As mentioned in the case of 

differences are mainly due to their diastereoisomerism, i.e. difference in 
3, which will be defined further on, after the fragmentation analysis of 

 

 
/MS Product Ion Scan (PI) of compound 3. 

, fragmentation of compound 3 is very 
a dominant path of starter 

loss of 2 water molecules (Fig. 3.74; Fig. 

show differences in 
. As mentioned in the case of 

differences are mainly due to their diastereoisomerism, i.e. difference in 
3, which will be defined further on, after the fragmentation analysis of 
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3.1.9 Elucidation of compound 4 

Compound 4 (Proposed name: Hyperibarbin D) was obtained as fraction PE-1.2.3.2.4, an 
optically active viscous yellow oil, [α]25

D -158° (c 0.05, MeOH). The molecular formula of 4, 
calculated for C31H46O5 (498.7370), was established by ESI-HRMS, from m/z 499.3414 of 
[M+H] + (Mmi 498.3345 Da) and is identical as the bruto molecular formula of compound 3. 
The 1H and 13C spectra (Table 3.10) showed that its structure is also equivalent to the 
structure of compound 3 (Fig. 3.76). The search upon the differences in the structures of 
compounds 3 and 4 was challenging, resulting in conclusion that these two molecules' major 
difference is in the configuration of some of the chiral carbon atoms – C-3, C-4, and C-6, as 
postulated from their different retention on C18 column. Since the two compounds were 
chromatographically separated (Fig. 3.15), they are certainly diastereoisomers, probably with 
different stereochemistry of C-3 carbon. 

 
Figure 3.76 Structure of compound 4. 

In the 1H-NMR spectrum, signals typical for acylphloroglucinols were observed, with some 
resemblance to the chemical shifts of protons from compound 3 (Fig. 3.77). The only evident 
difference, similar to the one between compounds 1 and 2, is on the C7 - δC 34.8 ppm instead 
of 33.3 ppm, which has a dd at δH 2.43 ppm and dd at δH 2.73 ppm. Except this difference, 
there are some other chemical shifts in 1H NMR spectra that have some slight differences 
that could possibly point out their structural, i.e. stereochemical differences (Table 3.10; Fig. 
3.80). The 13C-NMR spectrum of compound 4 also resembles the one of compound 3 (Fig. 
3.80). Moreover, it is noticed that 1H NMR spectrum of 4 is almost identical to the one of 
compound 2, with a small difference in shifts of H-3'–H-5', which could mean that the two 
mentioned compounds have equivalent stereochemistry (Fig. 3.79). They have the identical 
shifts of protons that are attached closely to the ring - H-1'', H-2'', H-1''', H-2''', H-7 and H-8, 
which means that compounds 2 and 4 have the same configuration of the stereo centers. 
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Figure 3.77 1H-NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.78 13C-NMR spectrum of compound 
600 MHz (T = 298 K). 
 

spectrum of compound 4; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of compound 4; Solvent: CDCl3, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 



 

Figure 3.79 Comparison of 
their differences marked in the red rectangular
MHz (T = 298 K). 
 

Figure 3.80 1H NMR spectra of: 
Instrument: Bruker Ava 600 MHz 
 
Protons of H-1'' – two signals
peaks in the spectrum, but the peaks from their signals still form 
were both possible to be defined as "
3.81). The protons express correlation with one another, as well as 
H-3 (δH 4.37dd) and H-2'' (
Hz, while 7.7 Hz for H-1''b
are -13.1 Hz (H-1''a) and -

Comparison of 1H NMR spectra of: Compound 2 (A) and Compound 
their differences marked in the red rectangular; Solvent: CDCl3, Instrument: Bruker Ava 600 

H NMR spectra of: Compound 3 (A) and Compound 4 (B);
Instrument: Bruker Ava 600 MHz (T = 298 K). 

signals of 2.36dt and 2.57dt are overlapped with some of the other 
peaks in the spectrum, but the peaks from their signals still form a "roof
were both possible to be defined as "dt" signals, based on their multiplicity and

). The protons express correlation with one another, as well as with their 
(δH 4.98m). Vicinal coupling constant for the H

1''b (δH 2.57dt). Geminal couplings with the protons
-15.1 Hz (H-1''b). 

125 

 
and Compound 4 (B), with 

, Instrument: Bruker Ava 600 

 
(B); Solvent: CDCl3, 

are overlapped with some of the other 
a "roof-like" shape, and 

multiplicity and J values (Fig. 
with their close protons – 

coupling constant for the H-1''a (δH 2.36dt) is 6.5 
protons over two bonds 
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The protons of H-1''' are both symmetry equivalent and have magnetically equivalent nuclei
and form a doublet – δH 2.85
neghboring proton of H-2''' (δ
Hz. 

On H-7, the protons form two signals in 
(H-7b). Their signals show the
spectrum (Fig. 3.82). The vicinal
7b, respectively, while geminal
 

Figure 3.81 1H NMR spectrum 
2.49dt (2) in a "roof-like" shape
K). 
 
 

both symmetry equivalent and have magnetically equivalent nuclei
2.85d, with a coupling constant of J = 7.7 Hz. They corre
δH 5.17t). The correlation constant of the H-

protons form two signals in 1H NMR spectrum – δH 2.43dd (H
show the "roofing" effect, manifested as a clear "roof

vicinal coupling constants are 7.2 Hz and 8.3 Hz, for H
geminal ones are J = -14.3 Hz (H-7a) and -14.9 Hz (

H NMR spectrum of compound 4 – signals of H-1'' protons: δ
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

both symmetry equivalent and have magnetically equivalent nuclei, 
= 7.7 Hz. They correlate with 

-2''' triplet is at 7.3 

(H-7a) and δH 2.73dd 

"roof-like" shape in the 
Hz, for H-7a and H-

Hz (H-7b). 

 
δH 2.35dt (1) and δH 

, Instrument: Bruker Ava 600 MHz (T = 298 



 

Figure 3.82 1H NMR spectrum 
2.73dd (1) in a "roof-like" shape; 
K). 
 
The HSQC experiment for compound 
side chains, deriving from two isoprenyl and one geranyl group, like in the case of 
compounds 1, 2 and 3 (Fig.
 

Figure 3.83 HSQC NMR spectrum of compound 
600 MHz (T = 298 K). 
 

H NMR spectrum of compound 4 – signals of H-7 protons,
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

for compound 4 confirmed the presence of four double bonds in the 
side chains, deriving from two isoprenyl and one geranyl group, like in the case of 

Fig. 3.83; Fig. 3.84). 

NMR spectrum of compound 4; Solvent: CDCl3, Instrument: Bruker Ava 
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protons, δH 2.43dd (2) and δH 

, Instrument: Bruker Ava 600 MHz (T = 298 

the presence of four double bonds in the 
side chains, deriving from two isoprenyl and one geranyl group, like in the case of 

 
, Instrument: Bruker Ava 
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Figure 3.84 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms; 
Bruker Ava 600 MHz (T = 298 K).
 
1H-1H COSY and HMBC analysis had also shown that the compound 
compound 2, with one difference due to an additional methyl
 

Figure 3.85 1H-1H COSY NMR spectrum of compound 
Bruker Ava 600 MHz (T = 298 K).
 

NMR spectrum of compound 4 – specific correlation between protons 
and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

COSY and HMBC analysis had also shown that the compound 4
one difference due to an additional methylene group (Fig.

NMR spectrum of compound 4; Solvent: CDCl3
(T = 298 K). 

 
specific correlation between protons 

Solvent: CDCl3, Instrument: 

4 is homologous to 
Fig. 3.85; Fig. 3.86). 

 
3, Instrument: 



 

Figure 3.86 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 
As apparent from the specific HMBC correlations, the keto group
methylbutanoyl group correlates to t
one multiplet of a proton fr
as to the protons of isoprenyl group
correlated additionaly with 
geranyl moiety. As in compounds 
4 (δC 171.7 ppm) had both shown strong HMBC correlation with doublet 
with the C-1 corresponding with 
2, one of the isoprenyl groups is attached to
ppm), and the geranyl group to
 

NMR spectrum of compound 4; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

As apparent from the specific HMBC correlations, the keto group at C
methylbutanoyl group correlates to the doublet from methyl group of H
one multiplet of a proton from –CH< group binding them together – H

of isoprenyl group – C-3 and C-1''. The other carbonyl
with signals of H-7 at δH 2.43dd and δH 2.73dd, bot

. As in compounds 1, 2 and 3, quaternary atoms of C-1 (
had both shown strong HMBC correlation with doublet 

corresponding with neighboring protons of H-7, as well. As seen in com
of the isoprenyl groups is attached to C-3 (δC 60.5 ppm), the other to 

geranyl group to C-6 (δC 87.4 ppm) (Fig. 3.87). 
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, Instrument: Bruker 

at C-1' (δC 208.1 ppm) of 
of H-5' (δH 1.02d) and to 
H-2' (δH 2.52m), as well 

carbonyl group from C-5 
, both belonging to the 

1 (δC 168.9 ppm) and C-
had both shown strong HMBC correlation with doublet of H-1''' at δH 2.85d, 

7, as well. As seen in compound 
, the other to C-2 (δC 102.5 
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Figure 3.87 HMBC NMR spectrum of compound 
with its neighboring protons; B 
protons; C – correlation of C-1 (
neighboring protons; D – correlation 
102.5 ppm) with their neighboring protons; 
MHz (T = 298 K). 
 
NOESY correlations confirmed the postulated structure of compound 
C-3 (δH 4.37dd) and protons of the methylbutanoyl group exhibit correlation, as shown 
(Fig. 3.89). Chemical shift of one of the methyl groups from the same isoprenyl group
(δH 1.67bs) correlates with proton
the two isoprenyl groups on specific positions
2. Moreover, their similarity is also reflected through NOE interaction of H
H-4''' (Fig. 3.90). NOESY 2D 
unequivocal resolving of the chiral centers' configuration in compound 
compound 2, as the correlation between H
differences in the epimers, having C
 

NMR spectrum of compound 4: A – correlation of C-1'
; B – correlation of C-5 (δC 206.1 ppm) with its neighboring 
1 (δC 168.9 ppm) and C-4 (δC 171.7 ppm) with their 

correlation of C-3 (δC 60.5 ppm), C-6 (δC 87.4 ppm
with their neighboring protons; Solvent: CDCl3, Instrument: Bruker Ava 600 

NOESY correlations confirmed the postulated structure of compound 4 (Fig.
and protons of the methylbutanoyl group exhibit correlation, as shown 

). Chemical shift of one of the methyl groups from the same isoprenyl group
protons from the close isoprenyl group – H-1''' 

the two isoprenyl groups on specific positions, as seen from its 3D structure, as in compound 
. Moreover, their similarity is also reflected through NOE interaction of H

2D NMR analysis did not result in better understanding or 
unequivocal resolving of the chiral centers' configuration in compound 4

the correlation between H-3 and H-1''' protons would not resolve the 
differences in the epimers, having C-1''' aligned with the ring plane. 

 
1' (δC 208.1 ppm) 

) with its neighboring 
) with their 

87.4 ppm) and C-2 (δC 
, Instrument: Bruker Ava 600 

Fig. 3.88). Proton of 
and protons of the methylbutanoyl group exhibit correlation, as shown before 

). Chemical shift of one of the methyl groups from the same isoprenyl group – H-4'' 
 (δH 2.85d), placing 

, as seen from its 3D structure, as in compound 
. Moreover, their similarity is also reflected through NOE interaction of H-14 and H-15 with 

t result in better understanding or 
4, as in the case of 

would not resolve the 



 

Figure 3.88 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 

Figure 3.89 NOESY NMR spectrum of compound 
4.37dd) and the protons from 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

NMR spectrum of compound 4; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

NMR spectrum of compound 4 – specific correlation between
tons from methylbutanoyl group – H-5' (δH 1.02d) and 

, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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, Instrument: Bruker 

 
specific correlation between H-3 (δH 

and H-2' (δH 2.52m); 
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Figure 3.90 Proposed 3D structure of compound 
between H-4'' and H-1'''; and NOE interactions of 
 
Since compound 4 has an identical molar mass as compound 
separated from it as suggested earlier, the presumed
accordance with its retention, as in the case of 
time of compounds 3 and 4 
additional methylene group. In addition, 
of compound 3. This could be due to t
exhibits a stronger interaction with the stationary phase 
specific placement of isoprenyl
molecule slightly more planar and allow 
phase. The one of the suggested 
but many other conformational varietie
Fig. 3.92). 
 

 
tructure of compound 4 with the marked NOESY correlations 

1'''; and NOE interactions of H-14 and H-15 to H-4'''. 

has an identical molar mass as compound 3, but is chromatographically 
as suggested earlier, the presumed configuration of its 

accordance with its retention, as in the case of compounds 1 and 2. Namely, the retention 
 are larger than the ones of 1 and 2 due to the presence of 

group. In addition, retention time of compound 4 is longer
could be due to the effect of structure of compound 4

exhibits a stronger interaction with the stationary phase – C18. This could be 
specific placement of isoprenyl and the geranyl groups, aligned in a way to make

planar and allow it a larger surface for interaction with the stationary 
one of the suggested 3D structures of compound 4 seems to support 

but many other conformational varieties could belong to this compound, as well

marked NOESY correlations 
 

, but is chromatographically 
configuration of its stereocenters is in 

. Namely, the retention 
due to the presence of 

longer than the one 
4, which apparently 

C18. This could be due to the 
aligned in a way to make the 

larger surface for interaction with the stationary 
seems to support this theory, 

, as well (Fig. 3.91; 



 

Figure 3.91 Compound 4 
 
 

Figure 3.92 Postulated 3D s
 

 
 – Hyperibarbin D. 

 
3D structure of Compound 4. 
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Figure 3.93 MS/MS Product Ion Scan (PI) of compound 4 at collision voltage of 15, 20, and 
35 V. 
 

The fragmentation patterns observed in MS/MS spectra of all four compounds include loss of 
the starter acid, and loss of isoprenyl group, especially in compounds 2 and 4, manifested by 
higher signal of m/z 417 than the ones in compounds 1 and 3. Loss of 2 water molecules, 
which was detected in both 1 and 3, is, however, absent from spectra of 2 and 4 (Fig. 3.93; 
Fig. 3.94). 

Prenyl groups can be cleaved in a form of isobutene (when close enolic group takes part in 
the cleavage), or as an isoprenyl moiety (when a close keto-group is present) (Sleno et al., 
2006). In cases of the four compounds hereby analyzed, prenyl groups are lost in a form of 
isopren, due to participation of C-5-oxo group (or, maybe, C-1-oxo group after 
tautomerization) in their cleavage. 
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Figure 3.94 Fragments obtained from 
 

Because of planarity of the C
specific torsion angles (both C
two 3α-H and 3β-H orientations
prenyl, C-4-acyl, and C-1
not influence the cleavage of 
ketone formed by keto-enol tautomerization of C
with either of the two C-3 

However, according to the fragmentation patterns analysis, and due to the fact that 
compounds 1 and 3 showed differences in comparison to the 
the first isoprenyl loss is a co
α-oriented, C-5-oxo group. Since this reaction is more evident in fragmentations of 
compounds 2 and 4, it can be deduced that in the compounds C
oriented. Moreover, this assumption was confirmed through the ECD simulations, assigning 
S- configurations to both C
follows: (3S,4S,6S) (Fig. 3. 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

planarity of the C-6(-C-7)-C-1(-OH)-C-2(-C-1''')-C-3-C
specific torsion angles (both C-1'''-C-2-C-3-C-1'' and C-1''-C-3-C-4-C

orientations are symmetry equivalent in regard to C
1-C-2 enol. This would mean that the configuration of C

not influence the cleavage of neither C-2-prenyl nor C-6-geranyl moieties. 
enol tautomerization of C-1-C-2 enol should not react s
3 epimers. 

ccording to the fragmentation patterns analysis, and due to the fact that 
showed differences in comparison to the 2 and 4, it can be concluded that 

the first isoprenyl loss is a consequence of the C-3-isoprenyl group cleavage, with help of the
oxo group. Since this reaction is more evident in fragmentations of 

, it can be deduced that in the compounds C-3-
oriented. Moreover, this assumption was confirmed through the ECD simulations, assigning 

configurations to both C-4 and C-6 carbons, thus making the configurations in 
Fig. 3. 91), while (3R,4S,6S) in 1 and 3 (Fig. 3. 72
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/MS Product Ion Scan (PI) of compound 4. 

C-4(-acyl) system, and 
C-1' have Ɵ ~ 60°), the 

regard to C-6-geranyl, C-2-
This would mean that the configuration of C-3 should 

geranyl moieties. Furthermore, the 
2 enol should not react specifically 

ccording to the fragmentation patterns analysis, and due to the fact that 
it can be concluded that 

isoprenyl group cleavage, with help of the 
oxo group. Since this reaction is more evident in fragmentations of 

-isoprenyl group is α-
oriented. Moreover, this assumption was confirmed through the ECD simulations, assigning 

making the configurations in 2 and 4 as 
72). 



136 

 

3.1.10 Isolation of compounds from PE-1.2.3.3 

For PE-1.2.3.3, the Method 1 (Table 2.4 in the Material and Methods, section 2.1.3) for 
semi-preparative HPLC analysis was used. 61.7 mg were diluted with ACN to achieve final 
concentration 10 mg/mL. The fractions were collected manually, according to DAD signal, 
resulting in separation of thirteen fractions, PE-1.2.3.3.1–13. As seen from both Table 3.7 
and Fig. 3.15, the chromatographic method was not optimal, since the chosen MP gradient 
caused the desired compounds to have retention times > 30 min. However, during the method 
optimization, any other faster gradient or shorter separation time had caused overlapping of 
the compounds' peaks. Therefore, despite the very long retention time, i.e. time of analysis, 
the aforementioned for prepHPLC was used (Schmidt et al., 2012a; 2012b). 

Fractions 2–10 were considered to be separated sufficiently enough and to contain fractions 
clean enough to undergo MS/MS analysis. The HRESIMS analysis had resulted in accurate 
masses of the nine isolated compounds (Table RD11), hence they underwent 2D NMR 
analysis (Table RD14; Table RD15). Compounds derived from fractions PE-1.2.3.3.2 and 
PE-1.2.3.3.3 were labeled as compounds 5 and 6, and the ones originating from fractions PE-
1.2.3.3.5–10 as compounds 7, 8, 9, 10, 11, and 12. Compound derived from fraction PE-
1.2.3.3.4 was found to be identical to compound 1, already isolated from fraction PE-
1.2.3.2.1, according to its retention time, monoisotopic mass and 2D NMR data. Fractions 1 
and 11–13 were excluded from further evaluations, since their 1H NMR spectra showed no 
presence of the shifts specific for acylphloroglucinols, defined in section 2.1.4 of Materials 
and Methods chapter. 

Compounds 5, 6, 7 and 8 have corresponded to the identical monoisotopic mass (Mmi = 
500.3211 Da), 16 mass units higher than the mass of compounds 1 and 2, and with an 
additional oxygen, i.e. hydroxy group or ether bridge in their structure. The monoisotopic 
mass of compounds 9–12 was identical, as well (Mmi = 514.3370 Da), their mass being 16 
units higher than compounds 3 and 4, also corresponding to an additional oxygen (Table 
3.12). Since the isobaric compounds were separated chromatographically using non-chiral 
conditions, it was supposed that they present diastereoisomers, or perhaps regioisomers (Fig. 
3.95). For the compounds 5–12, the UV absorption was measured at the absorption maxima 
and extinction coefficient was calculated (Table 3.13). Optical rotation was measured as 
well, and specific rotation was calculated (Table 3.14). The circular dichroism (CD) spectra 
were also obtained (Fig. RD75). However, in order to identify the compounds, detailed 
analysis of their 2D NMR spectra was performed. For this purpose, 1H, 13C, HSQC, HMBC, 
COSY and NOESY experiments were performed on the Bruker Avance 600 MHz NMR 
device (T = 298 K) with CryoProbe (Table 3.15; Table 3.17). Moreover, for the purpose of 
structural identification, each compound was fragmented by HPLC-ESI-MS/MS, with the list 
of fragments given in Table 3.16 and Table 3.18. 
 



 

Figure 3.95 Part of semi-prepHPLC (Method 1, chapter 2.1.3 of 
chromatogram of PE-1.2.3.3, 
 
Table 3.12 Fractions obtained by
Fraction 
name 

Compound 
name 

PE-1.2.3.3.1 - 
PE-1.2.3.3.2 5 
PE-1.2.3.3.3 6 
PE-1.2.3.3.4 1 
PE-1.2.3.3.5 7 
PE-1.2.3.3.6 8 
PE-1.2.3.3.7 9 
PE-1.2.3.3.8 10 
PE-1.2.3.3.9 11 
PE-1.2.3.3.10 12 
PE-1.2.3.3.11 - 
PE-1.2.3.3.12 - 
PE-1.2.3.3.13 - 

 
 

prepHPLC (Method 1, chapter 2.1.3 of Materials and Methods
1.2.3.3, with the 13 separated fractions. 

obtained by semi-prepHPLC separation of PE-1.2.3.3
Retention 
time (min) 

Molecular 
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

27.64 - - 213 
31.07 C30H44O6  500.3211 207 
31.27 C30H44O6 500.3211 205 
31.50 C30H44O5 484.3272 203; 233
31.89 C30H44O6 500.3211 205 
32.35 C30H44O6 500.3211 206 
32.71 C31H46O6 514.3370 205 
32.83 C31H46O6 514.3370 204 
33.17 C31H46O6 514.3370 204; 234
33.49 C31H46O6 514.3370 204; 219; 236
33.86 - - 213 
38.56 - - 217 
39.16 - - 215 
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Materials and Methods) 

1.2.3.3 
maxima Weight 

(mg) 
0.8 
3.5 
3.7 

203; 233 3.1 
3.9 
4.6 
3.1 
2.3 

204; 234 2.0 
204; 219; 236 2.1 

1.3 
1.7 
0.8 
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Table 3.13 UV absorption data of compounds isolated from fraction PE-1.2.3.3 - UV 
maximum, absorption and extinction coefficient. 
Compound UV max (nm) A c (g/L) c (mol/L) d (cm) ε (L/mol×cm) logε 

5 245 0.145 0.01 2.00 E-05 1 7255 3.86 

6 245 0.166 0.01 2.00 E-05 1 8305 3.92 

7 245 0.158 0.01 2.00 E-05 1 7905 3.90 

8 245 0.169 0.01 2.00 E-05 1 8455 3.93 

9 245 0.147 0.01 1.94 E-05 1 7561 3.88 

10 245 0.147 0.01 1.94 E-05 1 7561 3.88 

11 289 0.049 0.01 2.01 E-05 1 2442 3.39 

12 245 0.135 0.01 1.94 E-05 1 6943 3.84 

 

Table 3.14 Polarimetric data of compounds isolated from fraction PE-1.2.3.3 - optical 
rotation and specific rotation. 

Compound optical rotation α (°) c (g/100 mL) d (dm) specific rotation [α] (° mL g-1 dm-1) 

5 -0.020 0.05 0.5 -79 

6 -0.029 0.05 0.5 -118 

7 -0.022 0.05 0.5 -86 

8 -0.027 0.05 0.5 -108 

9 -0.022 0.05 0.5 -87 

10 -0.025 0.05 0.5 -100 

11 -0.013 0.05 0.5 -51 

12 -0.016 0.05 0.5 -64 

 



 

Figure 3.96 CD spectra (solvent: MeOH, 22 °C) 
1.2.3.3: compound 5 (A); compound 
(E); compound 10 (F); compound 

(solvent: MeOH, 22 °C) of compounds isolated from fraction PE
compound 6 (B); compound 7 (C); compound 

compound 11 (G); compound 12 (H). 
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of compounds isolated from fraction PE-

compound 8 (D); compound 9 
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Table 3.15 1H and 13C data (Bruker Ava 600 MHz (T = 298 K)) of compounds 5–8 isolated 
from fraction PE-1.2.3.3 – chemical shifts and multiplicity. 

C/H 
PE-1.2.3.3.2 (5) PE-1.2.3.3.3 (6) PE-1.2.3.3.5 (7) PE-1.2.3.3.6 (8) 

δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) 

1 170.8 
 

170.9 
 

172.0 
 

172.6 
 

2 97.0 
 

97.6 
 

95.8 
 

95.1 
 

3 58.8 4.03 (1H,dd,4.6;9.3) 58.8 4.02 (1H,dd,4.9;9.3) 60.0 4.27 (1H,dd,4.8;8.7) 59.8 4.29 (1H,dd,4.4;8.8) 

4 171.3 
 

171.3 
 

171.0 
 

171.4 
 

5 199.1 
 

199.0 
 

200.5 
 

200.9 
 

6 90.5 
 

90.2 
 

89.6 
 

89.6 
 

1' 208.7 
 

208.6 
 

209.8 
 

213.5 
 

2' 40.8 2.88 (1H, sept, 6.9) 40.7 2.88 (1H, m) 40.4 2.78 (1H, sept, 6.7) 39.9 2.82 (1H, m) 

3' 18.7 1.24 (3H, d, 7.2) 18.7 1.21 (3H, d, 7.2) 18.7 1.16 (3H, d, 6.6) 18.9 1.17 (3H, d, 7.2) 

4' 18.3 1.13 (3H, d, 7.2) 18.3 1.12 (3H, d, 7.2) 18.0 1.06 (3H, d, 6.6) 17.8 1.03 (3H, d, 6.6) 

5' 
        

1'' 26.8 
2.32(1H,dt,13.1;5.5) 

2.51 (1H, m) 27.0 2.32(1H,dd,16.5;5.0) 
2.55(1H,dd,12.1;4.5) 26.7 2.31 (1H, m) 

2.58(1H,dt,15.4;8.2) 
26.2 2.31; 2.59 (2H, m) 

2'' 120.5 4.84 (1H, t, 7.2) 120.4 4.85 (1H, t, 7.4) 120.5 5.00 (1H, m) 120.3 4.98 (1H, t, 6.3) 

3'' 134.5 
 

134.7 
 

134.5 
 

134.6 
 

4'' 25.7 1.59 (3H, bs) 25.7 1.60 (3H, bs) 25.7 1.67 (3H, bs) 25.8 1.67 (3H, bs) 

5'' 17.8 1.61 (3H, bs) 17.8 1.61 (3H, bs) 17.8 1.64 (3H, bs) 17.8 1.64 (3H, bs) 

1''' 24.1 2.38(1H,dd,17.1;3.5) 
2.53(1H,dd,16.5;4.6) 

24.1 
2.34 (1H, m) 
2.54 (1H, m) 

23.9 2.30(1H,dd,17.1;4.0) 
2.48(1H,dd,17.1;4.3) 

24.0 2.34(1H,dd,17.1;2.8) 
2.50 (1H, m) 

2''' 68.1 3.67 (1H, bs) 68.6 3.70 (1H, t, 4.7) 68.2 3.71 (3H, t, 4.1) 68.2 3.66 (1H, bs) 

3''' 84.6 
 

84.3 
 

84.5 
 

85.3 
 

4''' 23.9 1.18 (3H, bs) 24.3 1.29 (3H, bs) 24.1 1.32 (1H, bs) 23.9 1.23 (3H, bs) 

5''' 22.4 1.43 (3H, bs) 21.6 1.34 (3H, bs) 22.3 1.44 (1H, bs) 23.4 1.54 (3H, bs) 

7 31.2 2.61(1H,dd,15.1;6.2) 
3.00(1H,dd,14.9;9.1) 

31.0 2.66(1H,dd,15.1;6.9) 
2.88 (1H, m) 

33.0 2.66 (2H, d, 7.7) 33.2 2.59; 2.78 (2H, m) 

8 114.7 4.91 (1H, t, 7.7) 114.3 4.86 (1H, t, 7.4) 114.4 4.98 (1H, m) 114.4 4.94 (1H, t, 6.9) 

9 142.0 
 

141.5 
 

142.1 
 

141.5 
 

10 39.7 1.93; 2.00 (2H, m) 39.8 1.93; 1.99 (2H, m) 39.7 1.96; 2.01 (2H, m) 39.8 1.95; 1.99 (2H, m) 

11 26.3 1.93; 2.00 (2H, m) 26.5 1.93; 1.99 (2H, m) 26.3 1.96; 2.01 (2H, m) 26.5 1.95; 2.00 (2H, m) 

12 123.7 5.00 (1H, t, 6.6) 123.8 5.01 (1H, t, 6.1) 123.8 5.02 (1H, m) 123.7 5.02 (1H, t, 6.9) 

13 131.9 
 

131.7 
 

132.0 
 

131.7 
 

14 17.7 1.57 (3H, bs) 17.7 1.56 (3H, bs) 17.7 1.58 (3H, bs) 17.7 1.58 (3H, bs) 

15 25.7 1.67 (3H, bs) 25.7 1.66 (3H, bs) 25.7 1.67 (3H, bs) 25.7 1.67 (3H, bs) 

16 16.6 1.64 (3H, bs) 16.6 1.61 (3H, bs) 16.6 1.64 (3H, bs) 16.6 1.62 (3H, bs) 
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Table 3.16 MS/MS fragments of compounds 5–8. 

Comp tR  
(min) 

M mi  
(gmol-1) 

Mode 
  

Prec. 
ion  

m/z 

Vcol  

(V) 
Product ions m/z (relative abundance) 
  

5 5.19 500 PI 501 15 501(4), 483(3), 465(3), 433(7), 432(36), 431(100), 415(4), 414(20), 413(55), 396(4), 395(10), 
347(9), 329(4), 307(3), 290(4), 289(17), 271(5), 261(14), 155(5) 

      20 433(5), 432(36), 431(100), 414(27), 413(74), 396(9), 395(17), 377(9), 347(10), 329(8), 307(10), 
290(10), 289(50), 272(4), 271(15), 262(8), 261(50), 245(5), 243(7), 221(8), 203(5), 155(8), 137(5), 
109(5) 

          35 413(11), 377(14), 329(11), 290(19), 289(56), 285(10), 277(10), 272(18), 271(90), 262(18), 
261(100), 259(12), 245(20), 244(16), 243(70), 227(15), 225(24), 215(14), 205(13), 204(13), 
203(69), 201(16), 191(14), 189(15), 187(11), 177(33), 175(64), 173(36), 137(24), 135(25), 
123(12), 119(12), 113(12), 109(63), 95(14), 81(40) 

6 5.21 500 PI 501 15 501(7), 433(6), 432(37), 431(100), 414(5), 413(16), 347(5), 289(7), 261(7), 155(6) 

      20 433(6), 432(40), 431(100), 414(8), 413(21), 395(6), 347(6), 329(4), 290(4), 289(20), 271(7), 
262(4), 261(19), 243(4), 155(7) 

          35 431(17), 413(10), 290(13), 289(49), 272(15), 271(65), 262(24), 261(100), 245(15), 244(10), 
243(61), 225(22), 221(11), 219(10), 205(15), 203(57), 201(22), 191(11), 189(19), 187(11), 
185(11), 177(13), 175(34), 173(15), 137(18), 123(21), 113(11), 109(27), 95(12), 85(13), 81(20) 

7 5.24 500 PI 501 15 501(12), 483(19), 465(17), 434(19), 433(68), 432(35), 431(100), 415(18), 414(17), 413(43), 
397(9), 395(13), 363(10), 347(13), 345(10), 297(24), 289(14), 261(14), 181(9), 155(9), 137(8) 

      20 483(17), 465(23), 434(16), 433(47), 432(37), 431(100), 415(29), 414(27), 413(64), 397(16), 
396(14), 395(30), 377(18), 365(20), 363(19), 347(28), 345(21), 329(19), 327(17), 303(19), 
297(61), 289(55), 271(20), 261(51), 223(12), 181(20), 137(33), 123(22), 81(15) 

          35 377(22), 345(16), 327(24), 324(16), 297(24), 289(48), 279(26), 277(19), 273(31), 271(39), 
261(54), 253(17), 247(16), 245(17), 243(46), 229(21), 227(32), 225(19), 223(31), 221(30), 
219(20), 209(33), 207(38), 205(27), 203(87), 201(37), 193(17), 191(16), 189(16), 187(22), 
181(18), 177(25), 175(34), 173(18), 163(17), 155(24), 153(23), 137(74), 135(64), 127(39), 
123(89), 121(43), 113(98), 109(99), 95(61), 93(19), 81(100) 

8 5.32 500 PI 501 15 501(12), 483(7), 465(8), 434(13), 433(38), 432(40), 431(100), 415(7), 414(7), 413(23), 395(7), 
363(7), 347(10), 345(7), 297(14), 289(9), 261(7) 

      20 433(24), 432(36), 431(100), 415(14), 414(9), 413(27), 395(11), 347(9), 345(11), 297(23), 289(27), 
271(12), 261(19), 137(9), 123(11) 

          35 297(27), 289(53), 279(19), 271(65), 261(78), 247(21), 245(23), 243(58), 227(26), 225(32), 
223(23), 205(43), 203(77), 201(24), 177(34), 175(57), 159(20), 137(57), 135(30), 123(64), 
113(92), 109(61), 95(44), 81(100) 
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Table 3.17 1H and 13C data (Bruker Ava 600 MHz (T = 298 K)) of compounds 9–12 isolated 
from fraction PE-1.2.3.3 – chemical shifts and multiplicity. 

C/H 
PE-1.2.3.3.7 (9) PE-1.2.3.3.8 (10) PE-1.2.3.3.9 (11) PE-1.2.3.3.10 (12) 

δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) 

1 170.7 
 

170.8 
 

171.7 
 

172.3 
 

2 97.0 
 

97.0 
 

96.0 
 

95.4 
 

3 59.3 4.02 (1H,dd,4.4;9.3) 59.3 4.01 (1H,dd,4.8;9.3) 60.2 4.28 (1H, dd, 4.4) 60.1 4.28 (1H, dd, 4.4) 

4 171.3 
 

171.3 
 

171.0 
 

171.5 
 

5 199.4 
 

199.2 
 

200.5 
 

201.2 
 

6 90.5 
 

90.3 
 

89.6 
 

89.7 
 

1' 208.4 
 

208.4 
 

209.3 
 

213.2 
 

2' 47.6 2.81 (1H, m) 47.5 2.70 (1H, m) 47.1 2.55 (1H, m) 46.4 2.63 (1H, m) 

3' 25.6 1.39;1.73 (2H, m) 25.6 1.38;1.72 (2H, m) 25.6 1.33;1.76 (2H, m) 25.9 1.31;1.78 (2H, m) 

4' 11.7 0.87 (3H, t, 7.4) 11.6 0.87 (3H, m) 11.7 0.89 (3H, t, 7.4) 11.7 0.92 (3H, t, 7.4) 

5' 16.4 1.23 (3H, d, 6.6) 16.3 1.20 (3H, d, 6.6) 15.2 1.02 (3H, d, 7.2) 14.7 0.99 (3H, d, 6.6) 

1'' 26.4 2.33;2.49 (2H, m) 26.6 2.33;2.51 (2H, m) 26.9 2.34;2.59 (2H, m) 26.3 2.34;2.62 (2H, m) 

2'' 120.5 4.83 (1H, t, 7.2) 120.5 4.84 (1H, m) 120.5 5.00 (1H, m) 120.4 4.99 (1H, t, 7.2) 

3'' 134.5 
 

134.7 
 

134.6 
 

134.6 
 

4'' 25.7 1.58 (3H, bs) 25.7 1.60 (3H, bs) 25.7 1.66 (3H, bs) 25.7 1.67 (3H, bs) 

5'' 17.8 1.62 (3H, bs) 17.8 1.61 (3H, bs) 17.8 1.65 (3H, bs) 17.8 1.64 (3H, bs) 

1''' 24.1 2.37(1H,dd,17.1;3.9) 
2.53(1H,dd,17.1;4.4) 24.1 2.34; 2.53 (2H, m) 24.0 2.30(1H,dd,17.1;4.0) 

2.50(1H,dd,16.5;4.3) 24.0 2.35(1H,dd,17.1;2.7) 
2.49(1H,dd,17.1;4.4) 

2''' 68.1 3.67 (1H, t, 3.9) 68.6 3.70 (1H, t, 4.7) 68.3 3.70 (1H, t, 3.9) 68.2 3.67 (1H, bs) 

3''' 84.6 
 

84.3 
 

84.5 
 

85.3 
 

4''' 23.9 1.19 (3H, bs) 24.3 1.29 (3H, bs) 24.1 1.31 (3H, bs) 24.0 1.22 (3H, bs) 

5''' 22.4 1.43 (3H, bs) 21.7 1.34 (3H, bs) 22.1 1.43 (3H, bs) 23.5 1.54 (3H, bs) 

7 31.2 2.63(1H,dd,15.1;4.0) 
3.00(1H,dd,14.9;8.8) 

31.0 2.68 (1H, m) 
2.88(1H,dd,14.9;8.2) 

32.8 2.64(1H,dd,14.5;6.8) 
2.68(1H,dd,14.5;8.2) 

33.1 2.60(1H,dd,14.9;7.4) 
2.76(1H,dd,14.9;7.4) 

8 114.7 4.92 (1H, m) 114.4 4.86 (1H, m) 114.4 4.98 (1H, m) 114.4 4.93 (3H, t, 6.9) 

9 142.0 
 

141.5 
 

142.1 
 

141.5 
 

10 39.7 1.94;1.99 (2H, m) 39.7 1.93;1.98 (2H, m) 39.8 1.95;2.01 (2H, m) 39.8 1.95;2.00 (2H, m) 

11 26.3 1.94;2.00 (2H, m) 26.4 1.93;1.98 (2H, m) 26.3 1.96;2.01 (2H, m) 26.5 1.95;2.00 (2H, m) 

12 123.7 5.00 (1H, m) 123.8 5.01 (1H, m) 123.7 5.02 (1H, m) 123.8 5.02 (1H, t, 6.6) 

13 131.9 
 

131.7 
 

131.9 
 

131.7 
 

14 17.7 1.59 (3H, bs) 17.7 1.57 (3H, bs) 17.7 1.58 (3H, bs) 17.7 1.57 (3H, bs) 

15 25.7 1.67 (3H, bs) 25.7 1.66 (3H, bs) 25.7 1.67 (3H, bs) 25.7 1.67 (3H, bs) 

16 16.6 1.64 (3H, bs) 16.6 1.62 (3H, bs) 16.6 1.64 (3H, bs) 16.6 1.62 (3H, bs) 
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Table 3.18 MS/MS fragments of compounds 9–12. 

Comp tR  
(min) 

M mi  
(gmol-1) 

Mode 
  

Prec. 
ion  

m/z 

Vcol  

(V) 
Product ions m/z (relative abundance) 
  

9 5.43 514 PI 515 15 433(7), 432(37), 431(100), 414(18), 413(48), 395(7), 347(5), 307(5), 289(15), 271(4), 261(14), 
169(5) 

      20 433(8), 432(39), 431(100), 414(22), 413(63), 395(10), 307(12), 289(41), 271(14), 261(47), 169(7) 

          35 431(12), 413(15), 290(18), 289(53), 272(23), 271(91), 262(25), 261(100), 245(18), 243(60), 
225(12), 221(12), 203(61), 201(18), 189(15), 177(25), 175(30), 173(15), 135(11), 127(14), 
109(22), 95(13), 81(16) 

10 5.44 514 PI 515 15 515(4), 433(6), 432(35), 431(100), 414(5), 413(14), 289(6), 261(5) 

      20 433(6), 432(38), 431(100), 414(7), 413(21), 289(20), 271(6), 261(19) 

          35 431(22), 413(14), 290(19), 289(66), 272(17), 271(80), 262(18), 261(100), 245(22), 244(11), 
243(61), 225(16), 221(17), 215(12), 205(23), 203(53), 201(15), 191(12), 189(12), 187(17), 
177(22), 175(25), 173(20), 127(14), 123(17), 109(11), 95(14), 85(14), 81(19) 

11 5.44 514 PI 515 15 515(9), 497(7), 479(9), 448(8), 447(24), 433(6), 432(39), 431(100), 414(13), 413(30), 395(7), 
363(8), 347(6), 311(7), 289(13), 261(12) 

      20 497(9), 447(20), 432(43), 431(100), 429(10), 414(13), 413(52), 395(23), 363(13), 345(12), 
311(17), 307(12), 303(10), 289(34), 271(15), 262(13), 261(40), 243(9), 239(9), 137(9), 127(11), 
123(10) 

          35 413(27), 327(26), 289(56), 271(100), 261(94), 243(67), 225(30), 221(32), 203(81), 177(27), 
175(43), 155(29), 153(29), 137(33), 135(27), 127(63), 123(59), 121(26), 109(100), 95(26), 85(44), 
81(63) 

12 5.51 514 PI 515 15 515(8), 497(5), 448(7), 447(22), 433(6), 432(39), 431(100), 429(6), 414(6), 413(20), 395(6), 
363(7), 347(5), 345(6), 327(4), 311(5), 289(5), 261(8), 195(5) 

      20 515(6), 447(10), 433(8), 432(33), 431(100), 429(7), 414(13), 413(29), 395(12), 363(10), 345(7), 
311(14), 289(22), 271(9), 261(24), 137(6), 127(7) 

          35 431(20), 311(21), 289(59), 285(22), 272(19), 271(100), 262(33), 261(77), 259(19), 245(28), 
243(62), 223(26), 221(19), 205(32), 203(55), 177(22), 175(52), 173(27), 155(21), 137(39), 
135(67), 127(86), 123(21), 109(28), 107(25), 99(18), 95(32), 85(25), 81(56) 
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3.1.11 Elucidation of compound 5 

Compound 5 (Proposed name: Hyperibarbin E) was obtained as fraction PE-1.2.3.3.2, an 
optically active viscous yellow oil, [α]25

D -79° (c 0.05, MeOH). The molecular formula of 5, 
calculated for C30H44O6 (500.6667 Da) was established by ESI-HRMS, from m/z 501.3216 of 
[M+H] + and m/z 499.3077 of [M–H]– (Mmi 500.3211 Da). As mentioned above, its 
monoisotopic mass was 16 units higher than that of compounds 1 and 2, leading to a 
conclusion that an additional oxygen atom – most probably in a form of hydroxyl group – is 
present. The 1H and 13C NMR spectra (Table 3.15) showed the presence of 2-
methylpropanoyl (isobutyryl) group, one additional carbonyl group, two isoprenyl and one 
geranyl side-chain groups, similar to compounds 1 and 2, as well as the presence of one 
hydroxyl group, and an endoperoxide bridge, as deduced before. As presented from 1H and 
13C NMR spectra, the novelty of the structure is in one of the isoprenyl groups being in a 
form of a six-membered ring with a hydroxyl group, i.e. the structure resembling the cyclic 
form of C-2 isoprenyl group from compound 1 (Fig. 3.97). 
 

 
Figure 3.97 Structure of compound 5. 
 
In the 1H NMR spectrum, signals typical for acylphloroglucinols were observed (Fig. 3.98). 
Namely, two doublets at δH 1.13d and 1.24d indicate the presence of isobutyryl group as a 
starter acid, as mentioned before. Instead of four triplets as in compounds 1–4, three triplets 
(of H-2'', H-12 and H-8) appear at around 5 ppm, referring to the presence of protons from –
CH<C< groups. These protons are present as a part of the isoprenyl and geranyl side chains, 
as seen in compounds 1–4. Difference attributed to the absence of one triplet is due to the 
absence of double bond, i.e. presence of additional six-membered ring instead of the C-2-
attached isoprenyl group. 13C NMR spectrum of compound 5 shows presence of 30 carbon 
signals, ten of which are quaternary atoms, and three of which are responsible for the 
formation of double bonds in isoprenyl and geranyl side chain (Fig. 3.99). 



 

 

Figure 3.98 1H NMR spectrum of compound 
MHz (T = 298 K). 
 

Figure 3.99 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
Protons of H-1'' – two signals
peaks from their signals (
with their neighboring protons 
C-1'' are defined as H-1''a (

 

NMR spectrum of compound 5; Solvent: CDCl3, Instrument: Bruker Ava 600 

NMR spectrum of compound 5; Solvent: CDCl3, Instrument: Bruker Ava 

signals of 2.32dt and 2.51m form together a "roof
(Fig. 3.100), due to their correlation with one another, as well as 

their neighboring protons – H-3 (δH 4.03dd) and H-2'' (δH 4.84t). T
a (δH 2.32dt) and H-1''b (δH 2.51m). 
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, Instrument: Bruker Ava 600 

 
, Instrument: Bruker Ava 

form together a "roof-like" shape with the 
one another, as well as 
The protons attached to 
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Vicinal coupling constants of H
of H-1''b (δH 2.51m) is partially overlapped, thus defined as a multiplet, and 
constants were not possible to be determined

Protons of H-1''' are also two 
"roof-like" shape, as well (Fig.
while 4.4 Hz for H-1'''b. Geminal
H-1'''a and -16.5 Hz from H-
supposed to be a triplet, but is deformed most probably due to 
group. As supposed from the coupling constants between H
neighboring proton, it is possible to assume that H
the interaction, while leaving OH

H-7 protons also exhibit a "roofing" effect with their
3.101), δH 2.61dd (H-7a) and 3.00
while 8.8 Hz for H-7b. Geminal
(H-7a) and -14.9 Hz (H-7b). 
 

Figure 3.100 1H NMR spectrum of compound 
δH 2.52m; H-1''' protons: δH 2.3
Ava 600 MHz (T = 298 K). 
 

coupling constants of H-1''a are 6.5 Hz, with the geminal one being 
) is partially overlapped, thus defined as a multiplet, and 

re not possible to be determined. 

wo signals – 2.38dd (H-1'''a) and 2.53dd (H-1'''b)
Fig. 3.101). Vicinal coupling constant for the H

Geminal couplings with the proton over two bonds
-1'''b. The intense bright singlet signal of H-

supposed to be a triplet, but is deformed most probably due to the presence of hydroxyl 
As supposed from the coupling constants between H-1''' protons and H

, it is possible to assume that H-2''' is probably in α-orientation
the interaction, while leaving OH-group in β-orientation. 

a "roofing" effect with their signals in 1H NMR
3.00dd (H-7b). Vicinal coupling constant for the H

Geminal couplings with the protons over two bonds

H NMR spectrum of compound 5 – signals of H-1'' protons: 
2.38dd (2) and δH 2.53dd (1); Solvent: CDCl3, Instrument: Bruker 

geminal one being -13.1 Hz. Signal 
) is partially overlapped, thus defined as a multiplet, and its coupling 

1'''b) which form a 
r the H-1'''a is 3.9 Hz, 

over two bonds is -17.1 Hz  from 
-2''' (δH 3.67bs) was 

the presence of hydroxyl 
''' protons and H-2''' as their 

orientation allowing 

NMR spectrum (Fig. 
r the H-7a is 6.3 Hz, 

over two bonds are at -15.1 Hz 

 
protons: δH 2.32dt (3) and 

, Instrument: Bruker 



 

Figure 3.101 1H NMR spectrum of compound 
δH 3.00dd (1) in a "roof-like" shape
298 K). 
 
For each of the protons present in the structure, the multiplicity and coupling 
calculated and listed in numbering order of the structure (
experiment, the three protons (corresponding to triplet signals
attached to the corresponding C
120.5 ppm), and δH 5.00t 
bonds in the side chains of compound 
isoprenyl and one geranyl group

Figure 3.102 HSQC NMR spectrum of compound 
Ava 600 MHz Kryo; Solvent: CDCl

H NMR spectrum of compound 5 – signals of H-7 protons: 
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

For each of the protons present in the structure, the multiplicity and coupling 
calculated and listed in numbering order of the structure (Table 3.15). According to HSQC 

protons (corresponding to triplet signals around 5 ppm) are
corresponding C-atoms – δH 4.91t on C-8 (δC 114.7 ppm

 on C-12 (δC 123.7 ppm), confirming the presence of 
bonds in the side chains of compound 5 (Fig. 3.102; Fig. 3.103), i.e.

geranyl group. 

NMR spectrum of compound 5; Solvent: CDCl3, Instrument: Bruker 
; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
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7 protons: δH 2.61dd (2) and 

, Instrument: Bruker Ava 600 MHz (T = 

For each of the protons present in the structure, the multiplicity and coupling constants were 
). According to HSQC 

around 5 ppm) are each 
ppm), δH 4.84t on C-2'' (δC 

ppm), confirming the presence of three double 
i.e. the presence of one 

 
, Instrument: Bruker 

, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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Figure 3.103 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K)
 
As a result of 1H-1H COSY and HMBC analysis, 
compound 5 is built out of phloroglucinol
side-chain attached, one isobutyryl group
hydroxyl group. In comparison to compounds 
involved in forming of ring in 
through oxygen of what was a hydroxyl group in 
cyclization through formation of 1
making 5 2''',3'''-dihydro-2''-hydroxy

An additional hydroxyl group is present on C
proton's signal is not present in the 
carbon shift in 13C NMR (Table 
and 2. The 1H-1H COSY experiment was
between neighboring protons 
The positions of the aforementioned groups
correlations between distinct parts of the structure (
 

NMR spectrum of compound 5 – specific correlation between protons 
ppm and corresponding carbon atoms; Solvent: CDCl
(T = 298 K). 

COSY and HMBC analysis, it was verified that the structure of 
is built out of phloroglucinol six-membered ring with an isoprenyl and 

, one isobutyryl group and one attached six-membered ring containing a 
In comparison to compounds 1 and 2, the C-2-attached 

involved in forming of ring in 5 (as well as of its diastereoisomers 6–8) is connected to C
through oxygen of what was a hydroxyl group in 1 and 2. 5 is formally related to 
cyclization through formation of 1-O-3''' bond, and ∆2''' hydroxylation

hydroxy-1-O-3'''-cyclo-1. 

An additional hydroxyl group is present on C-2''', making it a stereocenter
not present in the 1H NMR spectrum, but evident from the downshielded 

Table 3.15). The other parts of the structure are identical as in 
H COSY experiment was sufficient enough to point out the correlations 

protons (Fig. 3.104) in order to confirm the outline of the compound
The positions of the aforementioned groups and parts of the molecule are defined by

parts of the structure (Fig. 3.105; Fig. 3.106).

 
specific correlation between protons 

; Solvent: CDCl3, Instrument: 

it was verified that the structure of 
isoprenyl and a geranyl 

membered ring containing a 
attached isoprenyl group 

) is connected to C-1 
is formally related to 1 by 

tion (Dewick, 2009), 

making it a stereocenter, although its 
H NMR spectrum, but evident from the downshielded 
. The other parts of the structure are identical as in 1 

sufficient enough to point out the correlations 
in order to confirm the outline of the compound. 

molecule are defined by HMBC 
). 



 

Figure 3.104 1H–1H COSY
Bruker Ava 600 MHz (T = 298 K)
 

Figure 3.105 Structure of compound
 

COSY NMR spectrum of compound 5; Solvent: CDCl
(T = 298 K). 

 
Structure of compounds 5–8 with the 1H–1H COSY and HMBC correlations.
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Solvent: CDCl3, Instrument: 

H COSY and HMBC correlations. 
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Figure 3.106 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 
As apparent from the specific HMBC correlations, isobutyryl group present in the structure 
possesses one keto group at 
methyl groups of their isobutyry
septet of a proton from –CH
protons (δH 2.32dt, 2.51m) and one doublet of doublets
between isobutyryl group and C

C-5 (δC 199.2 ppm) corresponds to another keto group in the structure
and H-3 as well, but its strong HMBC correlation with 
2.61dd and δH 3.00dd) places it 
quaternary carbon atom of C
with H-7, and a correlation with two 
cyclic isoprenyl group. 

C-4 (δC 171.3 ppm) correlates with H
closeness due to the ring distortion. 
chain is attached to the main six
above mentioned connectivity of 
1 through oxygen is also confirmed by specific HMBC correlations, with
C-2''' (δC 68.1 ppm) containing hydroxy group and C
groups attached to it being in its' part of the structure 
 

NMR spectrum of compound 5; Solvent: CDCl3, Instrument: Bruker 

As apparent from the specific HMBC correlations, isobutyryl group present in the structure 
 C-1' (δC 208.7 ppm), correlating to two doublets from two 

of their isobutyryl starter acid – H-3' (δH 1.13d) and H-4' (δH

CH< group – H-2' (δH 2.88sept). Also, the correlation with 
) and one doublet of doublets of H-3 (δH 4.03dd) shows

oup and C-3 isoprenyl group. 

corresponds to another keto group in the structure, corre
, but its strong HMBC correlation with two doublet of doublet

laces it in a position next to the C-6 connected geranyl group. 
of C-1 (δC 170.8 ppm) had also shown strong HMBC correlation 

and a correlation with two signals of H-1''' (δH 2.38dd and δH 2.53

) correlates with H-1''' protons as well, as a consequence of their steric 
due to the ring distortion. HMBC correlations also confirmed that geranyl side 

six-membered ring by C-6, and the isoprenyl group to C
above mentioned connectivity of the cyclized isoprenyl group to C-2 (δC 97.0 ppm)

is also confirmed by specific HMBC correlations, with the carbon atoms of 
68.1 ppm) containing hydroxy group and C-3''' (δC 84.6 ppm) with two methyl 

groups attached to it being in its' part of the structure (Fig. 3.107). 

 
, Instrument: Bruker 

As apparent from the specific HMBC correlations, isobutyryl group present in the structure 
ppm), correlating to two doublets from two 

H 1.24d), and to one 
). Also, the correlation with H-1'' 

) shows the closeness 

correlating to H-1'' 
of doublets of H-7 (δH 

geranyl group. The 
shown strong HMBC correlation 

2.53dd), from the close 

1''' protons as well, as a consequence of their steric 
d that geranyl side 

6, and the isoprenyl group to C-3. The 
97.0 ppm) and to C-
the carbon atoms of 

84.6 ppm) with two methyl 



 

Figure 3.107 HMBC NMR spectrum of compound 
ppm) and its neighboring protons; B 
neighboring protons; C – correlation 
their neighboring protons; D 
(δC 84.6 ppm), C-6 (δC 90.5
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
The specific arrangement of groups within the molecule of compound 
configurations of its 4 chiral centers: C
molecule depends on the configuration of each of them. In that manner, there are 
structures of compound 5
oxygen atoms within the endoperoxide bridge are only possible to be both in the same 
orientation, this limits the structural possibilities to
 
NOESY correlations were used to 
One of the most important correlations observed was the interaction between
and protons of the isobutyryl group, confirming the previous suggestion of th
position in the ring (Fig. 
group are also defined by the 
1.18bs) correlate with H-4'' proton (
protons of H-5''' (δH 1.43
geranyl side chain – H-16 (

 

NMR spectrum of compound 5: A – correlation between 
) and its neighboring protons; B – correlation between C-5 (δC 199.2

correlation of C-1 (δC 170.8 ppm) and C-4 (δC

their neighboring protons; D – correlations of C-3 (δC 58.8 ppm), C-2''' (
90.5 ppm) and C-2 (δC 97.0 ppm) with their neighboring protons

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

The specific arrangement of groups within the molecule of compound 
its 4 chiral centers: C-3, C-4, C-6 and C-2'''. The configuration of the 

molecule depends on the configuration of each of them. In that manner, there are 
5 and its diastereisomeric compounds – 6–8

gen atoms within the endoperoxide bridge are only possible to be both in the same 
, this limits the structural possibilities to 4 enantiomeric pairs

were used to confirm the initially postulated structure of 
One of the most important correlations observed was the interaction between
and protons of the isobutyryl group, confirming the previous suggestion of th

Fig. 3.110). The two methyl groups' positions on the cyclic isoprenyl 
group are also defined by the close protons. Namely, protons of H

4'' proton (δH 1.58bs) from the close isoprenyl group, while the 
1.43bs) correlate with the protons attached to methyl carbon of the 
16 (δH 1.64bs), as confirmed from the 3D structure (
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correlation between C-1' (δC 208.9 

199.2 ppm) and its 

C 171.3 ppm) with 
2''' (δC 68.1 ppm), C-3''' 

) with their neighboring protons; 

The specific arrangement of groups within the molecule of compound 5 is defined by 
. The configuration of the 

molecule depends on the configuration of each of them. In that manner, there are 16 possible 
8. However, since two 

gen atoms within the endoperoxide bridge are only possible to be both in the same 
4 enantiomeric pairs (Fig. 3.108). 

initially postulated structure of 5 (Fig. 3.109). 
One of the most important correlations observed was the interaction between H-3 (δH 4.03dd) 
and protons of the isobutyryl group, confirming the previous suggestion of their neighboring 

The two methyl groups' positions on the cyclic isoprenyl 
protons. Namely, protons of H-4''' methyl group (δH 

isoprenyl group, while the 
) correlate with the protons attached to methyl carbon of the 

, as confirmed from the 3D structure (Fig. 3.111). 
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Figure 3.108 Possible structures of compounds 
 

Figure 3.109 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 
As opposed to the compounds 
correlation between H-3 and protons of 
are in a ring and connected to rigid C
NOESY spectrum, i.e. only correlations of 
isobutyryl group were detectable

Possible structures of compounds 5– 8. 

NMR spectrum of compound 5; Solvent: CDCl3, Instrument: Bruker 

As opposed to the compounds 1–4, in NOESY 2D NMR analysis of the compound 
3 and protons of H-1''' could be useful, since C-1''' and its side

connected to rigid C-2. These correlations were not possible to be seen in 
only correlations of H-3 protons with the protons of neighboring 

were detectable (Fig. 3.110). 

 

 
, Instrument: Bruker 

of the compound 5, 
1''' and its side-chain 

e correlations were not possible to be seen in 
the protons of neighboring 



 

However, NOESY correlations between H
well, could possibly determine which of the H
proton seems to correlate with both of the H
correlation between H-3 and H
determine their positions 
postulation of the α-orientation
with same intensity. This would place C
at the beginning of this section. When considering the OH
orientation, this would probably result in NOESY interactions with H
intensities, and also greater difference in their coupling constants, which is not the case
3.112). 
 

Figure 3.110 NOESY NMR spectrum of compound 
4.03dd) and the corresponding
1.24d) and H-2' (δH 2.88sept

 

However, NOESY correlations between H-1''' and H-2''', and between H
well, could possibly determine which of the H-1''' protons are axial and equatorial. 
proton seems to correlate with both of the H-1''' protons with same 

3 and H-1''' is not present in the NOESY spectrum, making it hard to 
determine their positions (Fig. 3.110). Nevertheless, this could possibly confirm the 

orientation of H-2''', allowing its NOESY interaction with H
with same intensity. This would place C-2'''-attached OH-group in β-orientation
at the beginning of this section. When considering the OH-group being in 

probably result in NOESY interactions with H-
intensities, and also greater difference in their coupling constants, which is not the case

NMR spectrum of compound 5 – specific correlation between
and the corresponding protons from isobutyryl group – H-4' (δH

sept); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
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2''', and between H-1''' and H-3''' as 
1''' protons are axial and equatorial. Yet, H-2''' 
1''' protons with same intensity, and also the 

1''' is not present in the NOESY spectrum, making it hard to 
Nevertheless, this could possibly confirm the 

s NOESY interaction with H-1''' protons 
orientation, as suggested 

group being in α- and H-2''' in β-
-1''' protons of different 

intensities, and also greater difference in their coupling constants, which is not the case (Fig. 

 
specific correlation between H-3 (δH 

H 1.13d), H-3' (δH 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 



154 

 

Figure 3.111 NOESY NMR spectrum of compound 
of cyclic isoprenyl group – H-
4'' (δH 1.59bs) and H-16 (δH 1.64
600 MHz (T = 298 K). 
 

Figure 3.112 NOESY NMR spectrum of compound 
proton (δH 3.67bs) and H-1''' protons 
 

NMR spectrum of compound 5 – specific correlation between
-4''' (δH 1.18bs) and H-5''' (δH 1.43bs) with the close 

1.64bs), respectively; Solvent: CDCl3, Instrument: Bruker Ava 

NOESY NMR spectrum of compound 5 – specific correlation between H
1''' protons – a (δH 2.38dd) and b (δH 2.53dd). 

 
specific correlation between protons 

the close protons – H-
, Instrument: Bruker Ava 

 
specific correlation between H-2''' 



 

Figure 3.113 Compound 5
 
 

Figure 3.114 Proposed 3D s
 

 
5 – Hyperibarbin E. 

 
3D structure of 5 with selected NOESY correlations
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NOESY correlations marked. 
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Figure 3.115 MS/MS Product Ion Scan (PI) of compound 5 at collision voltage of 15, 20, 
and 35 V. 
 
Through fragmentation pattern analysis of compound 5 and interpretation of all fragments 
formed during the MS/MS experiment, some information significant for its structural 
elucidation can be gathered (Fig. 3.115; Fig. 3.116). As seen already through analysis of 
fragmentation pattern of 1, most of the obtained fragments have 5, 4, 3, or 2 oxygen atoms in 
their structure, or devoid of oxygen atoms whatsoever. The two one oxygen-containing 
fragments are result of six-membered ring outside the main phloroglucinol core. The lack of 
other fragments with one oxygen atom suggest that either the diketonic core (containing oxo 
groups on both C-5 and C-1') or endoperoxide stays attached to the structure even when 
higher collision energies are applied. 
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Figure 3.116 Fragments obtained from 
 
As in compounds 1 and 
O=C=CMe2) is a first fragmentation reaction which resulted in abundant 
through a common elimination reaction (Sleno 
the losses of two water molecules were not detected in its MS/MS spectra.
direct isoprenyl group loss (C
seem to be removed simultaneously from the rest of the molecule, together with one or two 
water molecules, forming fragments 
comparison to compounds 
acting as a proton donor and C=C being a proton acceptor (Sleno 
loss of isoprenyl group is possibly involving oxygen of keto group as the proton acceptor.
 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

and 2, starter acid loss in a form of ketene (501 
) is a first fragmentation reaction which resulted in abundant 

through a common elimination reaction (Sleno et al., 2006; Fuzzati et al.
the losses of two water molecules were not detected in its MS/MS spectra.
direct isoprenyl group loss (C5H8, ∆m/z = 68) was noted. Interestingly, two isoprenyl groups 
seem to be removed simultaneously from the rest of the molecule, together with one or two 
water molecules, forming fragments m/z 347 and m/z 329. The reason for this difference in 

s 1–4 could be due to direct involvement of enolic oxygen in a ring, 
acting as a proton donor and C=C being a proton acceptor (Sleno et al.

possibly involving oxygen of keto group as the proton acceptor.
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of compound 5. 

acid loss in a form of ketene (501 → 431, ∆m/z = 70, 
) is a first fragmentation reaction which resulted in abundant m/z 431 fragment, 

et al., 2001). However, 
the losses of two water molecules were not detected in its MS/MS spectra. Furthermore, no 

= 68) was noted. Interestingly, two isoprenyl groups 
seem to be removed simultaneously from the rest of the molecule, together with one or two 

The reason for this difference in 
could be due to direct involvement of enolic oxygen in a ring, 

et al., 2006). The mutual  
possibly involving oxygen of keto group as the proton acceptor. 
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3.1.12 Elucidation of compound 6 

Compound 6 (Proposed name: Hyperibarbin F) was obtained as fraction PE-1.2.3.3.3, an 
optically active viscous yellow oil, [α]25

D -118 (c 0.05, MeOH). The molecular formula of 6, 
calculated for C30H44O6 (500.6667 Da), was established by ESI-HRMS, from m/z 501.3217 
of [M+H]+ and m/z 499.3076 of [M–H]– (Mmi 500.3211 Da). Its mass is identical to the mass 
of compound 5 and 16 units higher than the ones of compounds 1 and 2. The 1H and 13C 
NMR spectra (Table 3.15) of the compounds 5 and 6 are also indicating the same 
connectivity, but different stereochemistry, suggesting their diastereoisomerism, as 
confirmed later on by NOESY experiment. Accordingly, 2-methylpropanoyl group, one 
additional carbonyl group, two isoprenyl and one geranyl side-chain, hydroxyl group and an 
endoperoxide bridge are present in the structure (Fig. 3.117). 
  

 
Figure 3.117 Structure of compound 6. 
 
The 1H NMR spectrum of compound 6 is almost identical to the one of 5, with slight 
differences in few chemical shifts and with the signals typical for acylphloroglucinols 
observed (Fig. 3.118; Fig. 3.119; Fig. 3.121). 13C NMR spectrum of compound 6 shows 
presence of 30 carbons, as well, with ten of them being quaternary, three of which are 
responsible for the formation of double bonds in isoprenyl and geranyl side chain (Fig. 
3.120). 
 



 

Figure 3.118 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.119 Comparison of 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

NMR spectrum of compound 6; Solvent: CDCl3, Instrument: Bruker Ava 

Comparison of 1H NMR spectra of: A - compound 5 and B 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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, Instrument: Bruker Ava 

 
and B - compound 6; 
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Figure 3.120 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
 

Figure 3.121 1H NMR shifts of compounds 
similarities between them. 
 
 

NMR spectrum of compound 6; Solvent: CDCl3, Instrument: Bruker Ava 

H NMR shifts of compounds 5 and 6 which represent the significant 

 

 
, Instrument: Bruker Ava 

 
which represent the significant 



 

As seen in the case of 5, 
together a "roof-like" shape with the peaks from their 
with other signals present in the 
H-1''a (δH 2.32dd) and H-1''
constant is 5.0 Hz for both H
1b'' signals are -16.5 Hz and 

H-1''' protons are in a form of two multiplets 
with the protons of H-1'', thus 
determined (Fig. 3.122). Nevertheless, these protons correlate 
3.70t, whose coupling constan
the protons of H-1''' are 
neighboring proton in a different manner.

H-7 signals in 1H NMR – 
shape (Fig. 3.123), as well
vicinal and geminal coupling constants 
 

Figure 3.122 1H NMR spectrum of compound 
δH 2.55dd (2); H-1''' protons
Instrument: Bruker Ava 600 MHz 
 

, H-1'' protons – δH 2.32dd and 2.55dd would be expected to 
like" shape with the peaks from their signals, if they

with other signals present in the 1H-NMR spectrum (Fig. 3.122). The protons 
1''b (δH 2.55dd), as in compounds analyzed before

r both H-1''a and b. The geminal couplings obtained from H
5 Hz and -12.1 Hz, respectively. 

in a form of two multiplets – δH 2.34m and 2.54m, which 
thus geminal and vicinal coupling constants were not possible to be 
Nevertheless, these protons correlate with the proton of H

constant is 4.7 Hz. The H-2''' signal in a form of a triplet 
1''' are magnetically non-equivalent, i.e. they are coupling with the 

neighboring proton in a different manner. 

 2.66dd (H-7a) and 2.88m (H-7b) are in a less pronounced
, as well, although H-7b is in a form of an overlapped multiplet
coupling constants of H-7a are 6.9 Hz and -15.1 Hz, respectively.

H NMR spectrum of compound 6 – signals of H-1'' protons: 
protons δH 2.34m and δH 2.54m in a "roof-like" shape

Instrument: Bruker Ava 600 MHz (T = 298 K). 
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would be expected to form 
if they were not overlapped 

he protons are labeled as 
ed before. Vicinal coupling 

obtained from H-1a'' and H-

, which are overlapped 
constants were not possible to be 

the proton of H-2''' – δH 
of a triplet indicates that 

equivalent, i.e. they are coupling with the 

less pronounced "roof-like" 
overlapped multiplet. The 

15.1 Hz, respectively. 

 
protons: δH 2.32dd (1) and 

like" shape; Solvent: CDCl3, 
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Figure 3.123 H-7 protons of compound 
shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
For all protons present in the structure, the multiplicity and coupling constants were 
calculated and listed in numbering order of the structure (
experiment, three protons corresponding to triplet signals around 5 ppm
the corresponding C-atoms –
ppm) and δH 5.01t on C-12 (δC

geranyl group in 6, as in the case of compound 
 

Figure 3.124 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

protons of compound 6 – multiplets of 2.66dd (3) and 2.88
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

protons present in the structure, the multiplicity and coupling constants were 
calculated and listed in numbering order of the structure (Table 3.15). According to HSQC 

corresponding to triplet signals around 5 ppm are 
– δH 4.86t on C-8 (δC 114.3 ppm), δH 4.85t 

C 123.8 ppm), confirming the presence of one isoprenyl and one 
, as in the case of compound 5 (Fig. 3.124; Fig. 3.125). 

NMR spectrum of compound 6; Solvent: CDCl3, Instrument: Bruker 

 
2.88m in a "roof-like" 

protons present in the structure, the multiplicity and coupling constants were 
). According to HSQC 

are each attached to 
 on C-2'' (δC 120.4 

ppm), confirming the presence of one isoprenyl and one 
 

 
, Instrument: Bruker 



 

Figure 3.125 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K)
 
The 1H-1H COSY experiment point
(Fig. 3.126). The positions of the aforementioned groups and parts of the molecule are 
determined by HMBC correlations between differen
3.128). Both 1H-1H COSY and HMBC correlations between protons of compound 
similar to the ones of compound 
 

Figure 3.126 1H-1H COSY 
Bruker Ava 600 MHz (T = 298 K)
 

NMR spectrum of compound 6 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

H COSY experiment pointed out the correlations between closely bound protons 
). The positions of the aforementioned groups and parts of the molecule are 
by HMBC correlations between different parts of the structure (

H COSY and HMBC correlations between protons of compound 
to the ones of compound 5. 

H COSY NMR spectrum of compound 6; Solvent: CDCl
(T = 298 K). 
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specific correlation between protons 

; Solvent: CDCl3, Instrument: 

out the correlations between closely bound protons 
). The positions of the aforementioned groups and parts of the molecule are 

t parts of the structure (Fig. 3.127; Fig. 
H COSY and HMBC correlations between protons of compound 6 are 

 
; Solvent: CDCl3, Instrument: 
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Figure 3.127 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.128 HMBC NMR spectrum of compound 
with its neghboring protons; B 
protons; C – correlations of C-
neighboring protons; D – correlations
84.3 ppm), C-6 (δC 90.2 ppm)
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
 

NMR spectrum of compound 6; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 6: A – correlation of C
; B – correlation of C-5 (δC 199.0 ppm) with its neghboring 

-1 (δC 170.9 ppm) and C-4 (δC 171.3 ppm) with their 
correlations of C-3 (δC 58.8 ppm), C-2''' (δC 68.6 

) and C-2 (δC 97.6 ppm) with their neighboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

 

 
, Instrument: Bruker 

 
of C-1' (δC 208.6 ppm) 

) with its neghboring 
) with their 

 ppm), C-3''' (δC 
) with their neighboring protons; 
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NOESY correlations confirmed the prior postulation of the compounds' 6 structure (Fig. 
3.129). Except the expected interaction between H-3 and protons of the isobutyryl group – H-
2', H-3' and H-4' (Fig. 3.130), Me-5'' protons (δH 1.61bs) correlate with the two protons from 
the close H-1''' protons (δH 2.34m and δH 2.54m), confirming their specific positions. As in the 
case of compound 5, the proton of hydroxyl group is not visible in the 1H NMR spectrum, 
but proton of H-2''' (δH 3.70t) is present and shows NOE correlation with the protons of Me-
5'' group (Fig. 3.131). 

As pointed out in compound 5, the correlations between H-3 and H-1''' in NOESY spectrum 
of 6 could also indicate the positions of the protons on them, due to rigid nature of C-2-
isoprenyl group. Although in 6, contrary to the case of 5, this correlation seems to be 
detected, but H-3 proton correlates with both of H-1''' protons with same intensity. NOE 
correlation between H-2''' proton (δH 3.70t) and protons of H-1'' (δH 2.32dd and δH 2.55m) in 
the NOESY spectrum confirms the cis orientation of these hydrogens (Fig. 3.132). 

However, it seems that H-2''' shows stronger correlation with H-1'''b proton (δH 2.54m), 
contrary to the case of compound 5. This would suggest that H-2''' is probably in β-position, 
leaving OH-group in α-position, making this the stereochemical difference between 
compounds 5 and 6 (Fig. 3.132). 

Interestinlgy, H-2''' proton seems to correlate with distant H-14 (δH 1.56bs) and H-1'' (δH 
2.32dd and δH 2.55dd) protons, indicating their steric closeness, as suggested by the proposed 
3D stucture of 6. There are some residual signals from compound 5, that can be seen in Fig. 
3.129, due to incomplete separation of 5 and 6. Nevertheless, signals which originate from 
compound 6 can be distinguished by the correlations with corresponding C-atoms in the 
spectrum. 

However, the protons of Me-4''' and Me-5''' methyl groups correlate in a specific manner with 
the protons of their close groups. Namely, there are NOE interactions between H-4''' (δH 
1.29bs) and H-16 (δH 1.61bs), and between H-5''' (δH 1.34bs) and H-4'' (δH 1.60bs), correlations 
opposite to the ones observed in compound 5, suggesting specific positioning, i.e. orientation 
of the groups in 6, as seen from its 3D structure (Fig. 3.133).  
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Figure 3.129 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.130 NOESY NMR spectrum of compound 
4.02dd) and the corresponding 
1.21d) and H-2' (δH 2.88m); Solvent: CDCl
 

NMR spectrum of compound 6; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 6 – specific correlation between
 protons from isobutyryl group – H-4' (δH 1.1

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

 
, Instrument: Bruker 

 
specific correlation between H-3 (δH 

1.12d), H-3' (δH 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 



 

Figure 3.131 NOESY NMR spectrum of compound 
(δH 3.70m) and H-4'' (δH 1.
K). 
 

Figure 3.132 NOESY NMR spectrum of compound 
3.67bs) and H-3 (δH 4.02dd) protons with
2.34m) and b (δH 2.54m). 
 

NMR spectrum of compound 6 – specific correlation between
1.60bs); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

NOESY NMR spectrum of compound 6 – specific correlations of 
) protons with H-1''a (δH 2.32dd) and b (δH 2.5
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specific correlation between H-2''' 

, Instrument: Bruker Ava 600 MHz (T = 298 

 
specific correlations of H-2''' (δH 

2.55dd), and H-1'''a (δH 
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Figure 3.133 NOESY NMR spectrum of compound 
1.29bs) and H-5''' (δH 1.34bs) with 
respectively; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

 
Figure 3.134 Compound 6 – Hyperibarbin 
 

NMR spectrum of compound 6 – specific correlation 
) with close protons – H-5'' (δH 1.61bs) and H-4''

, Instrument: Bruker Ava 600 MHz (T = 298 K)

 
Hyperibarbin F. 

 
specific correlation of H-4''' (δH 

4'' (δH 1.60bs), 
(T = 298 K). 



 

Figure 3.135 Conformational diagram 
with α-H-2''' and β-OH; B 
 
 

Figure 3.136 Proposed 3D s
between H-4'' and H-5''', between H
 

Conformational diagram showing: A - conformation of C
OH; B - conformation of C-2''' in compound 6, with 

 
3D structure of compound 6 with the marked NOESY correlations 
between H-16 and H-4'''; H-3 to H-1''' and H-2''' to H
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conformation of C-2''' in compound 5, 

, with α-OH and β-H-2'''. 

marked NOESY correlations 
2''' to H-1''. 
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Figure 3.137 MS/MS Product Ion Scan (PI) of compound 6 at collision voltage of 15, 20, 
and 35 V. 
 
Similar as in the case of the fragmentation pattern of compound 5, during MS/MS 
fragmentation of 6 most of the obtained fragments have 5, 4, 3, or 2 oxygen atoms in their 
structure, or devoid of oxygen atoms whatsoever, with the only one oxygen-containing 
fragments being result of six-membered ring outside the main phloroglucinol core (Fig. 
3.137; 3.138). Thus, as suggested before, either the diketonic core (containing oxo groups on 
both C-5 and C-1') or the endoperoxide, stays attached to the structure. 
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Figure 3.138 Fragments obtained from 
 
The first highly abundant loss, result of the starter acid cleavage (501 
(Sleno et al., 2006; Fuzzati 
direct isoprenyl group loss 
removed simultaneously together with a water molecule
 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

The first highly abundant loss, result of the starter acid cleavage (501 
, 2006; Fuzzati et al., 2001) is also present in the case of compound 

direct isoprenyl group loss (C5H8, ∆m/z = 68) was noted and two isoprenyl groups seem to be 
together with a water molecule as well, forming 
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/MS Product Ion Scan (PI) of compound 6. 

The first highly abundant loss, result of the starter acid cleavage (501 → 431, ∆m/z = 70) 
, 2001) is also present in the case of compound 6. Also, no 

= 68) was noted and two isoprenyl groups seem to be 
as well, forming m/z 347 fragment. 
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3.1.13 Elucidation of compound 7 

Compound 7 (Proposed name: Hyperibarbin G) was obtained as fraction PE-1.2.3.3.5, an 
optically active viscous yellow oil, [α]25

D -86 (c 0.05, MeOH). The molecular formula of 7, 
calculated for C30H44O6 (500.6667 Da), was established by ESI-HRMS, from m/z 501.3217 
of [M+H]+ and m/z 499.3074 of [M–H]– (Mmi 500.3211 Da). Its monoisotopic mass is 
identical to those of compounds 5 and 6, and 16 units higher than those of compounds 1 and 
2, as mentioned before. The 1H and 13C NMR spectra (Table 3.15) of 5, 6 and 7 are also very 
similar, making them diastereoisomers, since they were chromatographically separated, as 
explained before. 

In the 1H NMR spectrum of compound 7, signals typical for acylphloroglucinols and 
identical as found in 5 and 6 were observed (Fig. 3.140). 13C NMR spectrum of compound 7 
shows presence of 30 carbons, ten of which are quaternary, as seen in the previously 
identified compounds (Fig. 3.141). 
 
 

 
Figure 3.139 Structure of compound 7. 
 



 

Figure 3.140 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.141 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
 
 
 

NMR spectrum of compound 7; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of compound 7; Solvent: CDCl3, Instrument: Bruker Ava 
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, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 
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In compound 7, H-1'' protons
"roof-like" shape with the peaks from their 
overlapped with signal of H-1'''b 
of H-1''b are 7.7 Hz and -15.4 Hz, respectively.

The H-1''' protons exhibit a more clear "roofing" effect 
1'''b). The vicinal coupling constant
geminal coupling constants are

H-7 protons are in a form of doublet
equivalent and having magnetic symmetry. 
neghboring proton of H-8 (δH 
 

Figure 3.142 1H NMR spectrum of compound 
(H-1''b) (1); and δH 2.30dd (H-
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
For each of the protons present in the structure, the multiplicity and coupling constants were 
calculated and listed in numbering order of the structure (
positioned to the corresponding carbon atoms a
Fig. 3.144). 
  

protons – δH 2.31m (H-1''a) and 2.58dt (H-1''b) do not 
like" shape with the peaks from their signals, due to the fact that one of them 

1'''b in the spectrum (Fig. 3.142). Vicinal and 
15.4 Hz, respectively. 

exhibit a more clear "roofing" effect – δH 2.30dd (H-1'''a)
coupling constants are 3.9 Hz (H-1'''a) and 4.4 Hz (H

s are -17.1 Hz for both protons (Fig. 3.142). 

of doublet at δH 2.66d, with the two protons being both symmetry 
equivalent and having magnetic symmetry. The coupling constants of the doublet with the 

 4.98m) is 7.7 Hz. 

NMR spectrum of compound 7 – signals of δH 2.31m (H-1''
-1'''a) (3) and δH 2.48dd (H-1'''b) (2) in a "roof-

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

present in the structure, the multiplicity and coupling constants were 
calculated and listed in numbering order of the structure (Table 3.15), with the protons 
positioned to the corresponding carbon atoms according to HSQC experime

do not form a clear 
one of them – 2.31m is 
and geminal couplings 

1'''a) and δH 2.48dd (H-
(H-1'''b), while the 

, with the two protons being both symmetry 
of the doublet with the 

 
1''a) and δH 2.58dt 
-like" shape; 

present in the structure, the multiplicity and coupling constants were 
), with the protons 

ccording to HSQC experiment (Fig. 3.143; 



 

Figure 3.143 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K)
 

Figure 3.144 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K)
 
 

NMR spectrum of compound 7; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

NMR spectrum of compound 7 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 
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, Instrument: Bruker 

 
specific correlation between protons 

; Solvent: CDCl3, Instrument: 
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The 1H-1H COSY experiment point
the structure of compound 7 
structure being diastereomeric
groups and parts of the molecule we
parts of the structure (Fig. 3.146
 

Figure 3.145 COSY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.146 HMBC NMR spectrum of co
Ava 600 MHz (T = 298 K). 
 

H COSY experiment pointed out the correlations between closely bound protons
 (Fig. 3.145), which resulted in unambiguous conclusion of its 

diastereomeric to the ones of 5 and 6. The positions of the aforementioned 
oups and parts of the molecule were elucidated by HMBC correlations b

3.146; Fig. 3.147). 

COSY NMR spectrum of compound 7; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 7; Solvent: CDCl3, Instrument: Bruker 

out the correlations between closely bound protons in 
, which resulted in unambiguous conclusion of its 

. The positions of the aforementioned 
by HMBC correlations between different 

 
, Instrument: Bruker 

 
, Instrument: Bruker 



 

Figure 3.147 HMBC NMR spectrum of compound 
with its neghboring protons
protons; C – correlations of C
neighboring protons; D – correlations 
84.5 ppm), C-6 (δC 89.6 ppm
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
NOESY correlations have somewhat 
structure (Fig. 3.148; Fig
interaction between H-3 (
neighboring positions in the ring
H-1''' protons is absent in the spectrum.

H-2''' (δH 3.71t) proton correlates seemingly with same intensity with H
making it difficult to determine orientation of the H
protons from two methyl groups on the cyclic isoprenyl group
be useful to specify the position and configuration of side

In the NOESY NMR spectrum
1.44bs) and H-16 (δH 1.64bs

is absent (Fig. 3.151). 
 

NMR spectrum of compound 7: A – correlation of C
with its neghboring protons; B – correlation of C-5 (δC 200.5 ppm) with its neghboring 

of C-1 (δC 172.0 ppm) and C-4 (δC 171.0 ppm
correlations of C-3 (δC 60.0 ppm), C-2''' (δC 68.2 ppm

89.6 ppm) and C-2 (δC 95.8 ppm) with their neighboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

have somewhat confirmed the prior postulation of the compounds' 
Fig. 3.150, Fig. 3.151). One of the correlations observed was the 

(δH 4.27dd) and protons of the isobutyryl group, 
s in the ring (Fig. 3.149). However, NOE correlation between

sent in the spectrum. 

correlates seemingly with same intensity with H
making it difficult to determine orientation of the H-1''' protons. NOESY

two methyl groups on the cyclic isoprenyl group with the close
specify the position and configuration of side-chain groups

NMR spectrum of compound 7, there is a correlation between 
bs), while correlation between H-4''' (δH 1.32bs

177 

 
of C-1' (δC 209.8 ppm) 

) with its neghboring 
.0 ppm) with their 

68.2 ppm), C-3''' (δC 
) with their neighboring protons; 

postulation of the compounds' 7 
). One of the correlations observed was the 

and protons of the isobutyryl group, as they appear in 
However, NOE correlation between H-3 and 

correlates seemingly with same intensity with H-1'''a and H-1'''b, 
NOESY correlations of the 

the close protons could 
chain groups. 

, there is a correlation between H-5''' (δH 
bs) and H-4'' (δH 1.67bs) 
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Figure 3.148 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.149 NOESY NMR spectrum of compound 
4.27dd) and the corresponding protons from isobutyryl group 
1.16d) and H-2' (δH 2.78sept); Solvent: CDCl
 

NMR spectrum of compound 7; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 7 – specific correlation between
and the corresponding protons from isobutyryl group – H-4' (δH 1.06

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

 
, Instrument: Bruker 

 
specific correlation between H-3 (δH 

06d), H-3' (δH 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 



 

Figure 3.150 Compound 7
 
 

Figure 3.151 Proposed 3D s
between H-16 and H-5''' and of H
 

 
7 – Hyperibarbin G. 

 
3D structure of compound 7 with the marked NOESY correlations 

''' and of H-3 to H-1'''. 
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marked NOESY correlations 
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Figure 3.152 MS/MS Product Ion Scan (PI) of compound 7 at collision voltage of 15, 20, 
and 35 V. 
 
The first highly abundant loss during the fragmentation of compound 7 is a result of the 
starter acid cleavage (501 → 431, ∆m/z = 70) (Sleno et al., 2006; Fuzzati et al., 2001), which 
was also detected in MS/MS spectra of compounds 5 and 6 (Fig. 3.152; Fig. 3.153). 
However, the losses of two water molecules (501 → 483 → 465) are more pronounced in 
fragmentation of compound 7. Furthermore, the isoprenyl group loss (501 → 433), is also 
one of major fragmentation reactions in compound 7, when compared to compounds 5 and 6, 
in which this reaction was not significant, i.e. not detected in their MS/MS spectra (Sleno et 
al., 2006). 

 

4x10

0

0.5

1

1.5

2

2.5

+ESI Product Ion (5.23 min) Frag=120.0V CID@15.0 (501.4[z=1] -> **) 7.d

1
2

3
.1

1
3

7
.1

1
5

5
.1

1
8

1
.1

2
6

1
.1

2
8

9
.1

2
9

7
.1

3
4

5
.2 3
4

7
.2

3
6

3
.2

3
6

5
.2

3
7

7
.2

3
9

5
.3

4
1

3
.3

4
1

4
.3

4
1

5
.2

4
3

1
.3

4
3

2
.3

4
3

3
.3

4
3

4
.3

4
6

5
.3

4
8

3
.3

4
8

4
.3

5
0

1
.3

4x10

0

0.2

0.4

0.6

0.8

1

1.2

+ESI Product Ion (5.23 min) Frag=120.0V CID@20.0 (501.4[z=1] -> **) 7.d

8
1

.1

1
2

3
.1

1
3

7
.1

1
8

1
.1

2
2

3
.1

2
6

1
.1

2
7

1
.1

2
8

9
.1

2
9

0
.1

2
9

7
.1

2
9

8
.1

3
0

7
.2

3
2

9
.2

3
4

5
.2

3
4

7
.2

3
6

3
.2

3
6

5
.2

3
7

7
.2 3
9

5
.3

3
9

6
.3

3
9

7
.2

4
1

3
.3

4
1

4
.3 4
1

5
.2

4
3

1
.3

4
3

2
.3 4

3
3

.3
4

3
4

.3

4
6

5
.3

4
8

3
.3

3x10

0

1

2

3

4

5

6

+ESI Product Ion (5.25 min) Frag=120.0V CID@35.0 (501.4[z=1] -> **) 7.d

8
1

.1

9
5

.1

1
0

7
.1

1
0

9
.11

0
9

.1
1

1
3

.1

1
2

3
.1

1
3

5
.0

1
3

5
.1 1

3
7

.1

1
7

5
.1

2
0

3
.1

2
0

5
.1

2
2

7
.1

2
4

3
.1

2
6

1
.1

2
7

1
.1

2
7

3
.1

2
8

9
.1

2
9

7
.1

Counts vs. Mass-to-Charge (m/z)

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580



 

Figure 3.153 Fragments obtained from 
 
The significant difference in preference of isoprenyl group (most probably from C
between 7 and compounds 
between them. C-3 isoprenyl group being in such position in 
detachment suggests that it is a C
due to their equivalent, i.e. shorter retention times.

Indeed, with the 4,6-endoperoxide bridge being in 
steric interaction, i.e. closeness with the C
detachment, i.e. how probable would its cleavage from the rest of the molecule be. As seen 
from their MS/MS spectra, compound 
detachment of the C-3 isoprenyl group. This would suggest that, in compound 
isoprenyl group is α-oriented, with 3
(or 5''-) proton and C-5-carbonyl group, favoring the C
2006). This would confirm the presumption previously made about the structure of 
compound 7, based on its retention on a C
3.150; Figure 3.151). 
 
 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

The significant difference in preference of isoprenyl group (most probably from C
and compounds 5 and 6 points out an important stereochemical difference 

3 isoprenyl group being in such position in 7 to allow its relativel
detachment suggests that it is a C-3 epimer of one of the other two compounds, possibly 
due to their equivalent, i.e. shorter retention times. 

endoperoxide bridge being in β-, and 5-oxo group in 
eraction, i.e. closeness with the C-3-isoprenyl group is most likely responsible for its 

detachment, i.e. how probable would its cleavage from the rest of the molecule be. As seen 
from their MS/MS spectra, compound 7 is both more likely to undergo dehydrat

3 isoprenyl group. This would suggest that, in compound 
oriented, with 3β-H, allowing an easy interaction between terminal 4''

carbonyl group, favoring the C-3-isoprenyl de
2006). This would confirm the presumption previously made about the structure of 

, based on its retention on a C-18 column and its proposed 3D structure (
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/MS Product Ion Scan (PI) of compound 7. 

The significant difference in preference of isoprenyl group (most probably from C-3) loss 
points out an important stereochemical difference 

to allow its relatively easy 
3 epimer of one of the other two compounds, possibly 5 

oxo group in α-orientation, their 
isoprenyl group is most likely responsible for its 

detachment, i.e. how probable would its cleavage from the rest of the molecule be. As seen 
is both more likely to undergo dehydratation and 

3 isoprenyl group. This would suggest that, in compound 7, C-3-
H, allowing an easy interaction between terminal 4''- 

tachment (Sleno et al., 
2006). This would confirm the presumption previously made about the structure of 

18 column and its proposed 3D structure (Fig. 
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3.1.14 Elucidation of compound 8 

Compound 8 (Proposed name: Hyperibarbin H) was obtained as fraction PE-1.2.3.3.6, an 
optically active viscous yellow oil, [α]25

D -108 (c 0.05, MeOH). The molecular formula of 8, 
calculated for C30H44O6 (500.6667 Da), was established by ESI-HRMS, from m/z 501.3215 
of [M+H]+ and m/z 499.3077 of [M+H]– (Mmi 500.3211 Da). Its monoisotopic mass is 
identical to the mass of its diastereomeric compounds 5, 6 and 7 (Fig. 3.154). 
 

 
Figure 3.154 Structure of compound 8. 
 
In the 1H NMR spectrum, as for the compounds identified previously, signals typical for 
acylphloroglucinols were observed (Fig. 3.155). The 1H NMR spectrum of 8 is almost 
identical to the one of 7, as seen in the case of compounds 5 and 6 (Fig. 3.156). 13C NMR 
spectrum of compound 8 shows presence of ten quaternary atoms (out of 30 carbons), three 
of which are responsible for the formation of double bonds in isoprenyl and geranyl side 
chains (Fig. 3.157). 
 



 

Figure 3.155 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.156 Comparison of 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

NMR spectrum of compound 8; Solvent: CDCl3, Instrument: Bruker Ava 

Comparison of 1H NMR spectra of: A - compound 7 and B 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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, Instrument: Bruker Ava 

 
and B - compound 8; 
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Figure 3.157 13C NMR spectrum of compound 
600 MHz (T = 298 K). 

In compound 8, signals of H-1''
of H-1''' protons – δH 2.34dd 
spectrum (Fig. 3.158). Vicinal
Hz and -17.1 Hz, respectively

The two protons of H-7 are both in a form of multiplet
a "roof-like" shape. 

Figure 3.158 1H NMR spectrum of compound 
2.59m; H-1''' protons: δH 2.34dd

Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

NMR spectrum of compound 8; Solvent: CDCl3, Instrument: Bruker Ava 

1'' protons – δH 2.31m and δH 2.59m are overlapped with 
 and δH 2.50m, which show a "roofing effect"

Vicinal and geminal coupling constants of H-1'''a (
 (Fig. 3.158). 

are both in a form of multiplet – δH 2.59m and 2.78

NMR spectrum of compound 8 – signals of H-1'' protons:
dd (1) and δH 2.50m; H-7 protons: δH 2.59m and 

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
, Instrument: Bruker Ava 

overlapped with signals 
, which show a "roofing effect" in the 1H NMR 

1'''a (δH 2.34dd) are 2.8 

and 2.78m, seeming to form 

 
protons: δH 2.31m and δH 

and δH 2.78m; 



 

For each of the protons present in the structure, the multiplicity and coupling constants 
listed in numbering order of the structure (
compound 8, arrangement of its protons on corresponding carbon atoms is the same as in 
compounds 5, 6 and 7 (Fig
 

Figure 3.159 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K)
 

Figure 3.160 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K)
 
 

For each of the protons present in the structure, the multiplicity and coupling constants 
listed in numbering order of the structure (Table 3.15). According to HSQC experiment

arrangement of its protons on corresponding carbon atoms is the same as in 
Fig. 3.159; Fig. 3.160). 

NMR spectrum of compound 8; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

NMR spectrum of compound 8 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 
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For each of the protons present in the structure, the multiplicity and coupling constants are 
). According to HSQC experiment of 

arrangement of its protons on corresponding carbon atoms is the same as in 

 
, Instrument: Bruker 

 
specific correlation between protons 

; Solvent: CDCl3, Instrument: 
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The 1H-1H COSY and HMBC 
closely bound protons in different parts of the structure
mentioned 2D correlations confirm the structural analogy
compounds 5–8. 
 

Figure 3.161 1H-1H COSY NMR spectrum of compound 
Bruker Ava 600 MHz (T = 298 K)
 

Figure 3.162 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

and HMBC experiments showed the positions and correlations between 
different parts of the structure (Fig. 3.161; Fig. 3.162

mentioned 2D correlations confirm the structural analogy, i.e. diastereoisomerism

NMR spectrum of compound 8; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 8; Solvent: CDCl3, Instrument: Bruker 

correlations between 
3.162). Both of the 

, i.e. diastereoisomerism of 

 
; Solvent: CDCl3, Instrument: 

 
, Instrument: Bruker 



 

Figure 3.163 HMBC NMR spectrum of compound 
with its neighboring protons
protons; C – correlations of C
neighboring protons; D – correlations 
85.3 ppm), C-6 (δC 89.6 ppm
Ava 600 MHz (T = 298 K)
 
NOESY correlations confirmed the prior
3.164; Fig. 3.166). The correlations between
group confirmed their neighboring position
H-3 and protons of H-1''' was not present in compound 
as well. 

In compound 8, there is NOESY correlation
as apparent from the suggested
protons of H-5''' and H-4'' 
 

NMR spectrum of compound 8: A – correlation of C
with its neighboring protons; B – correlation of C-5 (δC 200.9 ppm) with its neighboring 

of C-1 (δC 171.4 ppm) and C-4 (δC 172.6 ppm
correlations of C-3 (δC 59.8 ppm), C-2''' (δC 68.2 ppm

ppm) and C-2 (δC 95.1 ppm); Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

NOESY correlations confirmed the prior postulation of the compounds' 
correlations between H-3 (δH 4.29dd) and the protons of the isobutyryl 

confirmed their neighboring position in the ring (Fig. 3.165). The correlation between 
1''' was not present in compound 8, as the case of

NOESY correlation between H-4''' (δH 1.23bs) and
the suggested 3D structure as well, while there is no co

 (Fig. 3.167). 
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of C-1' (δC 213.5 ppm) 

) with its neighboring 
ppm) with their 

68.2 ppm), C-3''' (δC 
, Instrument: Bruker 

postulation of the compounds' 8 structure (Fig. 
protons of the isobutyryl 
The correlation between 

, as the case of compounds 5 and 7 

) and H-16 (δH 1.62bs), 
there is no correlation between 
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Figure 3.164 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.165 NOESY NMR spectrum of compound 
4.29dd) with the corresponding
2.82m); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

NMR spectrum of compound 8; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 8 – specific correlation of H
the corresponding protons from isobutyryl group – H-3' (δH 1.1

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
, Instrument: Bruker 

 
specific correlation of H-3 (δH 

1.17d) and H-2' (δH 



 

Figure 3.166 Compound 8
 
 

Figure 3.167 3D structure of compound 
4''' and H-16. 
 

 
8 – Hyperibarbin H. 

 
tructure of compound 8 with the marked NOESY correlations between H
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marked NOESY correlations between H-
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Figure 3.168 MS/MS Product Ion Scan (PI) of compound 8 at collision voltage of 15, 20, 
and 35 V. 
 
The fragmentation patterns observed in the MS/MS spectra, apart from common starter acid 
loss, showed two different patterns – 5 and 6 seem to show one pattern, while 7 and 8 show a 
different pattern, including isoprenyl loss preference, manifested by higher signal of m/z 433. 
Additionaly, in compound 8, as seen also in the case of 7, the losses of two water molecules 
(501 → 483 → 465) are more pronounced (Fig. 3.168; Fig. 3.169). 
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Figure 3.169 Proposed fragments obtained from 
8. 
 
As mentioned before, the significant difference in preference of isoprenyl group (most 
probably from C-3) loss between
stereochemical difference between them. 
position to allow its relatively easy detachment.
specific NOESY correlations, it could be concluded that s
the one of 7, and the one of 

The only and main difference between these compounds (
different configuration of 
consequence of the C-3-
group. Since this reaction is more evident in fragmentations of compounds 
deduced that in the compounds C

 

Proposed fragments obtained from MS/MS Product Ion Scan (PI) of compound 

he significant difference in preference of isoprenyl group (most 
3) loss between 7 and 8 and compounds 5 and 6 points out an important 

stereochemical difference between them. Namely, C-3 isoprenyl group 
allow its relatively easy detachment. According to their retention times and 

specific NOESY correlations, it could be concluded that stereochemistry of 
, and the one of 6 with 8. 

The only and main difference between these compounds (5 and 6 
different configuration of the C-3 isoprenyl group, which allows first isoprenyl loss is a 

-isoprenyl group cleavage, with help of the 
group. Since this reaction is more evident in fragmentations of compounds 
deduced that in the compounds C-3-isoprenyl group is α-oriented in the two compounds.
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/MS Product Ion Scan (PI) of compound 

he significant difference in preference of isoprenyl group (most 
points out an important 

isoprenyl group in 7 and 8 is in such 
According to their retention times and 

ereochemistry of 5 is equivalent to 

 versus 7 and 8) is in 
3 isoprenyl group, which allows first isoprenyl loss is a 

isoprenyl group cleavage, with help of the α-oriented, C-5-oxo 
group. Since this reaction is more evident in fragmentations of compounds 7 and 8, it can be 

ented in the two compounds. 
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The differences between 5 and 
configuration of C-2''', i.e. orientation of OH
constants and also from NOESY correlations, the H
also between 6 and 8 (Fig. 3.170
 

Figure 3.170 Conformational diagram 
and 7, with α-H-2''' and β-OH; B 
and β-H-2'''. 
 

With all the information about stereochemistry of the four diastereomeric compounds 
gathered, the configuration of the stereo centers, i.e. their relative s
the absolute stereochemistry of C
can be suggested as follows: 

Hyperibarbin E (5) – (3R,4S,6

Hyperibarbin F (6) – (3R,4S,6

Hyperibarbin G (7) – (3S,4S,6

Hyperibarbin H (8) – (3S,4S,6

and 6 themselves, as well as between 7 and 
2''', i.e. orientation of OH-group and H-2'''. As deduced from coupling 

constants and also from NOESY correlations, the H-2''' orientation is identical in 
3.170). 

Conformational diagram showing: A - conformation of C-2''' in compounds 
OH; B - conformation of C-2''' in compounds 6 and 

With all the information about stereochemistry of the four diastereomeric compounds 
gathered, the configuration of the stereo centers, i.e. their relative stereochemistry
the absolute stereochemistry of C-4 and C-6 gained from the ECD simulations of 

6S,2'''S); 

6S,2'''R); 

,6S,2'''S); 

,6S,2'''R). 

and 8, is rather in the 
'''. As deduced from coupling 

2''' orientation is identical in 5 and 7, and 

 
2''' in compounds 5 

and 8, with α-OH 

With all the information about stereochemistry of the four diastereomeric compounds 
tereochemistry, including 

6 gained from the ECD simulations of 1 and 2, 
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3.1.15 Elucidation of compounds 9 and 10 

Compounds 9 (Proposed name: Hyperibarbin I) and 10 (Proposed name: Hyperibarbin J) 
were obtained as optically active viscous yellow oils from fractions PE-1.2.3.3.7 and PE-
1.2.3.3.8, respectively (9: [α]25

D -87; 10: [α]25
D -100 (c 0.05, MeOH)). Although the peaks of 

9 and 10 were not completely separated during prepHPLC analysis (Fig. 3.95), pointing out a 
possibility of presence of impurities in both of them, their values of specific rotation suggest 
that they are indeed two different compounds. Their identical molecular formula (calculated 
for C31H46O6) was established from m/z 515.3370 of [M+H]+ and m/z 513.3228 of [M–H]– of 
compound 9, and from m/z 513.3230 detected for [M–H]– of compound 10, all obtained by 
ESI-HRMS (Mmi 514.3370 Da). 

The Mmi of compounds 9, 10 and 12 being 14 mass units higher than the ones of 5–8 – 
514.3370 Da, suggest difference between them presumably only in an additional methylene 
group and a molecular formula calculated for C31H46O6 (514.6933 Da). The 13C NMR spectra 
of the three compounds showed 31 carbon signals, with slight differences in their shifts 
(Table 3.17), due to the diastereoisomerism. 

The monoisotopic mass of 9 and 10 suggests presence of an additional methylene group, i.e. 
2-methylbutyryl instead of 2-methylpropanoyl group. The 1H and 13C NMR spectra (Table 
3.17, Fig. 3.171) of the two compounds are also almost identical. Thus, they are identified 
together, with an effort to reveal the differences in their structure. Almost identical 13C NMR 
spectra strongly imply similar skeleton, with differences only in stereochemistry, as seen in 
the case of compounds 5 and 6 (Fig. 3.172). The analogy taken from 5 and 6, different 
configuration of the C-2''' apparent from coupling constants in 1H NMR spectrum, i.e. J-
coupling of H-2''' with H-1''' protons in compound 9 is -3.9 Hz, while -4.7 Hz in compound 
10 (Table 3.17). This could, together with their corresponding retention times being shorter 
than their diastereomeric compounds, suggest that 9 and 10 are equivalent to the structures of 
5 and 6, respectively, with one difference in having 2-methylbutyryl instead of a isobutyryl 
starter acid. 

The 1H and 13C spectra of both compounds (Table 3.17) showed the presence of 2-
methylbutyryl group, one additional carbonyl group, isoprenyl and geranyl side-chain 
groups, as well as the presence of the hydroxyl group, and an endoperoxide bridge, as in the 
previously isolated and identified compounds 5–8 (Fig. 3.173; Fig. 3.174). 
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Figure 3.171 Structure of compound
 
In the 1H NMR spectrum, similar 
both 9 and 10 (Fig. 3.172). Namely, 
NMR spectrum of 9 and at δH

2-methylbutyryl group as a starter acid
0.87m in 10 (Fig. 3.175). One or the more obvious differences in the 
observed among the triplets/multiplets at around 5 ppm
carbon atoms forming a double bond with a quaternary carbon
spectra of the compounds show
three responsible for the formation of double bonds in isoprenyl and geranyl side chain
explained before (Fig. 3.173; 

Figure 3.172 1H NMR spectrum of
compound 10; Solvent: CDCl3

 
Structure of compounds 9 and 10. 

similar signals, typical for acylphloroglucinols,
). Namely, two multiplets of H-3' at δH 1.39m and 

H 1.38m and δH 1.72m in spectrum of 10, indicate the presence of 
group as a starter acid, together with a signal of H-4' at δ

One or the more obvious differences in the 1H-NMR spectrum
multiplets at around 5 ppm, which refer to the proton attached to 

carbon atoms forming a double bond with a quaternary carbon, as shown before.
s show presence of 31 carbons, ten of which are quaternary, 

three responsible for the formation of double bonds in isoprenyl and geranyl side chain
 Fig. 3.174). 

NMR spectrum of: A - compound 9, isolated as fraction PE

3, Instrument: Bruker Ava 600 MHz (T = 298 K)

, were observed for 
and δH 1.73m in 1H 

indicate the presence of 
δH 0.87t in 9 and δH 
NMR spectrum are 

refer to the proton attached to 
, as shown before. 13C NMR 

quaternary, with the 
three responsible for the formation of double bonds in isoprenyl and geranyl side chain, as 

 
, isolated as fraction PE-1.2.3.3.7; B - 

(T = 298 K). 



 

Figure 3.173 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.174 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 

NMR spectrum of compound 9; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of compound 10; Solvent: CDCl3, Instrument: Bruker Ava 
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, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 
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Figure 3.175 1H NMR shifts of compounds 
similarities between them. 
 
In both 1H NMR spectra of compounds 
and δH 2.49m in 9 / δH 2.33m

shape, although the signals are
3.176; Fig. 3.177). 

The protons of H-1''' – δH 2.3
2.53m in compound 10, are overlapped 
of H-1'''a and H-1'''b of 9 are 
17.1 Hz for both of the protons
triplet is J = 3.9 Hz in 9 and J 

H-7 protons – δH 2.63dd and δ
seem to be forming together a "roof
coupling constants for H-7a and H
Hz. Geminal coupling constant
Hz, respectively. 
 

H NMR shifts of compounds 9 and 10 which represent the significant 

H NMR spectra of compounds 9 and 10, protons of H-1'' – multiplets of 
m and δH 2.51m in 10 would be expected to 
are overlapped with other signals present in the 

2.37dd (a) and δH 2.53dd (b) in compound 9 and 
, are overlapped with the protons of H-1''. Vicinal 

 3.8 and 4.4 Hz, respectively. Geminal couplin
for both of the protons (Fig. 3.176; Fig. 3.177). The coupling constant of the 

J = 4.7 Hz in compound 10. 

δH 3.00dd (compound 9); δH 2.68m and δH 2.88
ther a "roof-like" shape (Fig. 3.176; Fig. 3.177

7a and H-7b in 9 are 6.3 Hz and 8.8 Hz, and for H
nal coupling constants for the three protons are -15.1 Hz, -14.9 Hz and also 

 
which represent the significant 

multiplets of δH 2.33m 
would be expected to form a "roof-like" 

overlapped with other signals present in the spectrum (Fig. 

and δH 2.34m and δH 
 coupling constants 

nal coupling constants are -
constant of the H-2''' 

2.88dd (compound 10), 
3.177). The vicinal 

for H-7b in 10 is 8.3 
14.9 Hz and also -14.9 



 

Figure 3.176 1H NMR spectrum of compound 
2.49m; H-1''' protons of δH 
3.00dd (4); Solvent: CDCl3
 

Figure 3.177 1H NMR spectrum of compound 
δH 2.51m; H-1''' protons of 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
For each of the protons present in 
were calculated and listed in numbering order of the structure (
HSQC experiment, the three 
atoms, confirming the presence of the presence of one isoprenyl and one geranyl group
3.178–3.181). 

H NMR spectrum of compound 9 – signals of H-1'' proton
 2.37dd (1) and δH 2.53dd (2); H-7 protons of δ

3, Instrument: Bruker Ava 600 MHz (T = 298 K)

H NMR spectrum of compound 10 – signals of H-1'' proton
of δH 2.34m and δH 2.53m; H-7 protons of δH 2.68

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

For each of the protons present in both structures, the multiplicity and coupling constants 
were calculated and listed in numbering order of the structure (Table 
HSQC experiment, the three multiples around 5 ppm are attached to three corresponding C

, confirming the presence of the presence of one isoprenyl and one geranyl group
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protons of δH 2.33m and δH 
δH 2.63dd (3) and δH 

(T = 298 K). 

 
protons of δH 2.33m and 
2.68m and δH 2.88dd (1); 

, the multiplicity and coupling constants 
Table 3.17). According to 

are attached to three corresponding C-
, confirming the presence of the presence of one isoprenyl and one geranyl group (Fig. 
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Figure 3.178 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.179 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K)
 

HSQC NMR spectrum of compound 9; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 9 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

 
, Instrument: Bruker 

 
specific correlation between protons 

; Solvent: CDCl3, Instrument: 



 

Figure 3.180 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K)
 

Figure 3.181 Cutout of HSQC
specific correlation between protons with signals around 5 ppm and 
atoms; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
1H-1H COSY and HMBC 
protons and displayed correlations between different part
(Fig. 3.182–3.185). Both 1

compounds 5 and 6, respectively
 

HSQC NMR spectrum of compound 10; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

Cutout of HSQC NMR spectrum of compound 10, zoomed in to display 
specific correlation between protons with signals around 5 ppm and corresponding carbon 

, Instrument: Bruker Ava 600 MHz (T = 298 K).

and HMBC experiments pointed out the correlations between closely bound 
correlations between different parts of the structure 

1H-1H COSY correlations in 9 and 10 resemble the ones detected in 
, respectively. 

199 

 
, Instrument: Bruker 

 
, zoomed in to display 

corresponding carbon 
. 

out the correlations between closely bound 
s of the structure in both molecules 

resemble the ones detected in 
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Figure 3.182 1H-1H COSY NMR spectrum of compound 
Bruker Ava 600 MHz (T = 298 K)
 

Figure 3.183 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

NMR spectrum of compound 9; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 9; Solvent: CDCl3, Instrument: Bruker 

 
; Solvent: CDCl3, Instrument: 

 
, Instrument: Bruker 



 

Figure 3.184 1H-1H COSY
Bruker Ava 600 MHz (T = 298 K)

Figure 3.185 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K)
 
As apparent from the specific HMBC correlations, 
present in the structures of compounds 
correlates with H-5' (1.23
1.39m and δH 1.73m in 10), as well as to H
respectively). Also, the correlation
(δH 2.33m and δH 2.51m in 
that the isobutyryl group is
compounds. 

COSY NMR spectrum of compound 10; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 10; Solvent: CDCl3
(T = 298 K). 

As apparent from the specific HMBC correlations, carbonyl group in 
s of compounds 9 and 10 – C-1' (δC 208.4 ppm

5' (1.23d in 9; 1.20d in 10) and with H-3' (δH 1.38m 
), as well as to H-2' of –CH< (δH 2.81m and 

). Also, the correlation of the above mentioned C-1' keto group
in 10; in 9 not visible) and H-3 (δH 4.02dd in 9; 

is near the C-3 attached isoprenyl group, as in previously identified 
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; Solvent: CDCl3, Instrument: 

 
3, Instrument: Bruker 

carbonyl group in isobutyryl group 
ppm in both 9 and 10) 
 and δH 1.72m in 9; δH 

and δH 2.70m in 9 and 10, 
1' keto group with H-1'' protons 

; δH 4.01m in 10) shows 
, as in previously identified 
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C-5 (δC 199.4 ppm / δC 199.2 ppm in 
H-3 and H-1'' as well. However
(δH 2.63dd and δH 3.00dd in 9; 
geranyl and 2-methylbutyryl group. 
exhibited strong HMBC correlation with 
correlation with H-1''' (δH 2.37

In compound 9, C-1 additionally correlates with protons of one of the methyl groups in the 
neighboring six-membered ring 
The C-1 is attached to an oxygen atom, closing the isoprenyl six
HMBC correlations also display the correlations 
6 (δC 90.5 ppm in 9 / 90.3 ppm in 
Fig. 3.187). 
 

Figure 3.186 HMBC NMR spectrum of compound 
with its neighboring protons; B 
protons; C - correlations of C-
neghboring protons; D - correlations 
84.6 ppm), C-6 (δC 90.5 ppm)
CDCl3, Instrument: Bruker Ava 600 MHz 
 

199.2 ppm in 9 and 10, respectively) corresponds with
1'' as well. However, its HMBC correlation with two multiplets of H

; δH 2.68m and δH 2.88dd in 10) places it in posi
butyryl group. C-1 (δC 170.7 ppm in 9 / δC 170.8 ppm in 

strong HMBC correlation with H-7 protons of geranyl side-
7dd and δH 2.53dd in 9 and at δH 2.34m and δH 2.

1 additionally correlates with protons of one of the methyl groups in the 
membered ring – H-5''' (δH 1.43bs), confirming their neighboring position.

is attached to an oxygen atom, closing the isoprenyl six-membered pyran
display the correlations which position the geranyl side chain 

/ 90.3 ppm in 10) and isoprenyl group on C-3 (δC 59.3 

NMR spectrum of compound 9: A - correlation of C-
; B - correlation of C-5 (δC 199.4 ppm) with its neighboring 
-1 (δC 170.7 ppm) and C-4 (δC 171.3 ppm) with their 

correlations of C-3 (δC 59.3 ppm), C-2''' (δC 68.1 ppm
) and C-2 (δC 97.0 ppm) with their neghboring protons

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

, respectively) corresponds with the protons of 
two multiplets of H-7 protons 

places it in position between the 
170.8 ppm in 10) also 

-chain, as well as 
2.53m in 10). 

1 additionally correlates with protons of one of the methyl groups in the 
neighboring position. 

membered pyran-type ring. 
he geranyl side chain on C-

59.3 ppm) (Fig. 3.186; 

 
-1' (δC 208.4 ppm) 

) with its neighboring 
) with their 

ppm), C-3''' (δC 
) with their neghboring protons; Solvent: 



 

Figure 3.187 HMBC NMR spectrum of compound 
ppm) with its neighboring protons
neighboring protons; C - correlation
their neghboring protons; D 
(δC 84.3 ppm), C-6 (δC 90.3
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
NOESY correlations for compounds 
structures (Fig. 3.188; Fig. 
of the 2-methylbutyryl group, 
neighboring position in the ring

NOESY correlations between H
attached isoprenyl group was detected in both compounds 
in compound 9, H-2''' (δH

 3.67
of correlation seen in compound 
NOESY interaction with H

In 10, however, there is a 
(Fig. 3.193; Fig. 3.199), contrary to the case of compound 
of correlation seen in compound 
OH-group in α-position, making this the main stereochemical difference between compounds 
9 and 10, and suggesting their equivalency with 

As in the compounds analyzed before, the correlation of protons from Me
with their close protons and groups is evaluated. In both compounds 
correlations were detected. In compound 
while H-5''' (δH 1.43bs) correlates with protons of H

NMR spectrum of compound 10: A - correlation 
) with its neighboring protons; B - correlation of C-5 (δC 199.2 ppm

correlations of C-1 (δC 170.8 ppm) and C-4 (δ
; D - correlations of C-3 (δC 59.3 ppm), C-2''' (

90.3 ppm) and C-2 (δC 97.0 ppm) with their neghboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

for compounds 9 and 10 have confirmed the prior
Fig. 3.189), mainly through the interaction between 

butyryl group, H-2' and H-5', confirming the previous 
in the ring (Fig. 3.190; Fig. 3.191). 

between H-2''' and protons of one of the methyl groups from the C
was detected in both compounds (Fig. 3.192
3.67t) correlates with H-4'' (δH 1.58bs) with the same intensity (type 

of correlation seen in compound 5), suggesting the α-orientation of H
NOESY interaction with H-1''' protons. 

there is a stronger correlation between H-2''' (δH
 3.70

, contrary to the case of compound 9 (and equivalent to the same type 
of correlation seen in compound 6), suggesting that H-2''' is probably in 

position, making this the main stereochemical difference between compounds 
, and suggesting their equivalency with 5 and 6, respectively. 

As in the compounds analyzed before, the correlation of protons from Me
protons and groups is evaluated. In both compounds 

correlations were detected. In compound 9, H-4''' (δH 1.19bs) correlates H
) correlates with protons of H-16 (δH 1.64bs) (Fig.

203 

 
correlation of C-1' (δC 208.4 

ppm) with its 
δC 171.3 ppm) with 

2''' (δC 68.6 ppm), C-3''' 
) with their neghboring protons; 

confirmed the prior postulation of their 
the interaction between H-3 and protons 

, confirming the previous suggestion of their 

2''' and protons of one of the methyl groups from the C-3 
3.192; Fig. 3.195). Namely, 

with the same intensity (type 
of H-2''', allowing its 

3.70t) and H-5'' (δH 1.61bs) 
(and equivalent to the same type 

2''' is probably in β-position, leaving 
position, making this the main stereochemical difference between compounds 

As in the compounds analyzed before, the correlation of protons from Me-4''' and Me-5''' 
protons and groups is evaluated. In both compounds 9 and 10, specific 

) correlates H-4'' (δH 1.58bs), 
Fig. 3.195). 
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In compound 10, there is a reverse type of correlation 
(δH 1.62bs), while H-5''' (δH 1.34
(Fig. 3.199), suggesting different orientation
 

Figure 3.188 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.189 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

, there is a reverse type of correlation – H-4''' (δH 1.29bs) correlates with H
1.34bs) correlates with H-5'' (δH 1.61bs) in the NOESY spectrum 

, suggesting different orientation of Me-4''' and Me-5''' groups in them

NMR spectrum of compound 9; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 10; Solvent: CDCl3, Instrument: Bruker 

) correlates with H-16 
) in the NOESY spectrum 

5''' groups in them. 

 
, Instrument: Bruker 

 
, Instrument: Bruker 



 

Figure 3.190 NOESY NMR spectrum of compound 
4.02dd) and the corresponding protons from 2
(δH 2.81m) ; Solvent: CDCl
 

Figure 3.191 NOESY NMR spectrum of compound 
(δH 4.01m) and the corresponding protons from 
H-2' (δH 2.70m) ; Solvent: CDCl
 

NMR spectrum of compound 9 – specific correlation between
he corresponding protons from 2-methylbutyryl group – H

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K)

NMR spectrum of compound 10 – specific correlation between
e corresponding protons from 2-methylbutyryl group –

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K)
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specific correlation between H-3 (δH 

H-5' (δH 1.23d) and H-2' 
(T = 298 K). 

 
specific correlation between H-3 

– H-5' (δH 1.20d) and 
(T = 298 K). 
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Figure 3.192 NOESY NMR spectrum of compound 
and the corresponding protons
K). 
 

Figure 3.193 NOESY NMR spectrum of compound 
3.70bs) and the corresponding protons
= 298 K). 
 
NOESY correlations of Me-4''
with Me-5''' (δH 1.43bs) are present in compound 
interaction of Me-16 (δH 1.62
while interaction of Me-5'' (δH

to be identified due to the closeness 

NMR spectrum of compound 9 – correlation between
he corresponding protons; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

NMR spectrum of compound 10 – correlation between 
he corresponding protons; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

4'' (δH 1.58bs) with Me-4''' (δH 1.19bs) and of Me
present in compound 9 (as in 5), while in compound 

1.62bs) with Me-4''' (δH 1.29bs) is present in the spectrum

H 1.61bs) with Me-4'' (δH 1.60bs) seems to be present, but is hard 
to be identified due to the closeness of the signals in the spectrum. 

 
correlation between H-2''' (δH 3.67bs) 

, Instrument: Bruker Ava 600 MHz (T = 298 

 
correlation between H-2''' (δH 

, Instrument: Bruker Ava 600 MHz (T 

and of Me-16 (δH 1.64bs) 
), while in compound 10 NOESY 
present in the spectrum, as in 6, 
) seems to be present, but is hard 



 

The detected correlations could suggest
resemble the ones from 5 and 
 
 

Figure 3.194 Compound 9
 
 

Figure 3.195 Proposed 3D s
between H-4'' and H-4'''; between H
 

he detected correlations could suggest that the configuration of stereocenters in 
and 6, respectively. 

 
9 – Hyperibarbin I. 

 
3D structure of compound 9 with the marked NOESY correlations 

4'''; between H-16 and H-5'''; and NOE interaction of H

207 

that the configuration of stereocenters in 9 and 10 

marked NOESY correlations 
5'''; and NOE interaction of H-2''' to H-5''. 
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Figure 3.196 MS/MS Product Ion Scan (PI) of compound 9 at collision voltage of 15, 20, 
and 35 V. 
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Figure 3.197 Fragments obtained from 
 
Fragmentation pattern of 9
Namely, starter acid loss (5
resulted in abundant m/z 431
2006; Fuzzati et al., 2001). Also, the losses of two water molecules
group loss (C5H8, ∆m/z = 68) were not detected in its MS/MS spectra.

Along with their mutual similarity, compounds 
fragmentation patterns when compared to compounds 
differences are mainly due to their diastereoisomerism, i.e. difference in the configuration of 
C-2''', which will be defined further on.
 

 
ragments obtained from MS/MS Product Ion Scan (PI) of compound 

9 is very similar to the one of compound 5 (Fig. 3.196
cid loss (515 → 431, ∆m/z = 84) is a first fragmentation reaction which 

431 fragment, through a common elimination reaction (Sleno 
, 2001). Also, the losses of two water molecules

= 68) were not detected in its MS/MS spectra. 

Along with their mutual similarity, compounds 9 and 5 together show differences in 
fragmentation patterns when compared to compounds 10 and 6. As mentioned before, 
differences are mainly due to their diastereoisomerism, i.e. difference in the configuration of 

2''', which will be defined further on. 

209 

/MS Product Ion Scan (PI) of compound 9. 

Fig. 3.196; Fig. 3.197). 
) is a first fragmentation reaction which 

fragment, through a common elimination reaction (Sleno et al., 
, 2001). Also, the losses of two water molecules or a direct isoprenyl 

 

together show differences in 
. As mentioned before, these 

differences are mainly due to their diastereoisomerism, i.e. difference in the configuration of 
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Figure 3.198 Compound 10 –
 
 

Figure 3.199 Proposed 3D structure of compound 
between H-5'' and H-5'''; between H
 

 
– Hyperibarbin J. 

 
tructure of compound 10 with the marked NOESY correlations 

5'''; between H-16 and H-4'''; and NOE interaction of H
marked NOESY correlations 

4'''; and NOE interaction of H-2''' to H-4''. 
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Figure 3.200 MS/MS Product Ion Scan (PI) of compound 10 at collision voltage of 15, 20, 
and 35 V. 
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Figure 3.201 Fragments obtained from 
 
As seen by the similarities in fragmentation patterns of 
between compounds 10 and 6
the starter acid loss in a form of ketene (515
molecules nor isoprenyl group loss (C
This, along with similarities in 
retention times, suggests that relative stereochemistry of 
6, as suggested above. 

 

 
ragments obtained from MS/MS Product Ion Scan (PI) of compound 

As seen by the similarities in fragmentation patterns of 9 and 5, the very similar case is 
6. In the MS/MS spectrum of 10, same as seen in the one of 

id loss in a form of ketene (515 → 431, ∆m/z = 84), without losses of two water 
molecules nor isoprenyl group loss (C5H8, ∆m/z = 68) were noted (Fig. 3.200
This, along with similarities in 1H NMR spectrum, NOESY correlations and equivalent 
retention times, suggests that relative stereochemistry of 10 resembles the one of compound 

 

/MS Product Ion Scan (PI) of compound 10. 

, the very similar case is 
, same as seen in the one of 6, 
), without losses of two water 

Fig. 3.200; Fig. 3.201). 
H NMR spectrum, NOESY correlations and equivalent 

resembles the one of compound 
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3.1.16 Elucidation of compound 11 

Compound 11 (Proposed name: Hyperibarbin K) was obtained as fraction PE-1.2.3.3.9, an 
optically active viscous yellow oil, [α]25

D -51 (c 0.05, MeOH). The molecular formula of 11, 
calculated for C31H46O6 (514.6933 Da), was established by ESI-HRMS, from m/z 515.3363 
of [M–H]+ (Mmi 514.3370 Da). Its monoisotopic mass is identical to the mass of compounds 
9 and 10, with the structure of their skeletons being analogous, according to the NMR 
experiments. 1H and 13C NMR spectra (Table 3.17) of this compound are also very similar to 
the two previously identified compounds. 

The 1H and 13C NMR spectra pointed out the presence of 2-methylbutyryl group, one 
additional carbonyl group, one isoprenyl and one geranyl side-chain group, as well as the 
presence of one hydroxyl group (Fig. 3.202). Interestingly, according to similarities in 1H 
NMR spectra and also their retention times, compound 11 seems to resemble compound 7, 
suggesting a possible equality in the stereochemistry of the two molecules (Fig. 3.204; Fig. 
3.205). 
 

 
Figure 3.202 Structure of compound 11. 
 
In the 1H NMR spectrum, as for the compounds identified previously, signals typical for 
acylphloroglucinols were observed (Fig. 3.203). Namely, one doublet of H-5' (δH 1.02d) and 
triplet of H-4' (δH 0.89t) indicate the presence of 2-methylbutyryl group as a starter acid, like 
in the case of compounds 9 and 10. As seen before, the three multiplets at around 5 ppm 
apparently correspond to each of the protons included in forming of double bond in isoprenyl 
and in geranyl side-chain. 13C NMR spectrum of compound 11 shows presence of 31 carbon, 
ten of which are quaternary, with three of them responsible for the formation of the 
mentioned double bonds (Fig. 3.206). 
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Figure 3.203 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.204 1H NMR spectrum of
Instrument: Bruker Ava 600 MHz 
 

NMR spectrum of compound 11; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of: A - compound 7 and compound 11; Solvent: CDCl
Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
, Instrument: Bruker Ava 

 
; Solvent: CDCl3, 



 

Figure 3.205 1H NMR shifts of compounds 
similarities between them.
 

Figure 3.206 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
 

H NMR shifts of compounds 7 and 11 which represent the significant 
similarities between them. 

NMR spectrum of compound 11; Solvent: CDCl3, Instrument: Bruker Ava 
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which represent the significant 

 
, Instrument: Bruker Ava 
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In compound 11, protons of H
other signals present in the 1H NMR spectrum (

The protons of H-1''' – δH 2.3
signals. Vicinal coupling constant
constants are at -17.1 Hz and -

H-7 protons are in a form of two doublet of doublets
2.64dd) and H-7b (δH 2.68dd). 
geminal constants are -14.5 Hz
 

Figure 3.207 1H NMR spectrum of compound 
and δH 2.59m; H-1''' protons at 
7b protons at 2.68dd (4); Solvent: CDCl
 
For each of the protons present in the structure, the multiplicity and coupling constants were 
calculated and listed in numbering order of the 
experiment, the three multiples (around 5 ppm) are attached to t
carbons (δH 4.98m on δC 114.4 ppm; 
confirming the presence of three 
compound 11, i.e. confirming its similarity with structures of compounds 
3.208; Fig. 3.209). 
 

, protons of H-1'' – multiplets of δH 2.34m and δH 2.62m are overlapped with 
H NMR spectrum (Fig. 3.207). 

2.30dd (a) and δH 2.50dd (b) form a "roof-like" shape with their 
coupling constants value at 4.4 Hz for both H-1'''a and b. 

-16.6 Hz for them, respectively (Fig. 3.207). 

two doublet of doublets signals in 1H NMR spectrum 
. Vicinal coupling values are 6.8 Hz and 8.5, respectively.
Hz for both protons (Fig. 3.207). 

H NMR spectrum of compound 11, with signals of: H-1'' protons at 
protons at δH 2.30dd (1) and δH 2.50dd (2); H-7a protons at 

Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

For each of the protons present in the structure, the multiplicity and coupling constants were 
calculated and listed in numbering order of the structure (Table 3.17). According to HSQC 
experiment, the three multiples (around 5 ppm) are attached to the three corresponding

114.4 ppm; δH 5.00m on δC 120.5 ppm; δH 5.02m 
nce of three double bonds in isoprenyl and geranyl side chain

, i.e. confirming its similarity with structures of compounds 

are overlapped with 

like" shape with their 
1'''a and b. Geminal coupling 

 

NMR spectrum – H-7a (δH 
and 8.5, respectively. Their 

 
protons at δH 2.34m 

protons at 2.64dd (3); H-
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

For each of the protons present in the structure, the multiplicity and coupling constants were 
). According to HSQC 
hree corresponding sp2 

 on δC 123.7 ppm), 
double bonds in isoprenyl and geranyl side chain of 

, i.e. confirming its similarity with structures of compounds 9, 10 and 12 (Fig. 



 

Figure 3.208 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K)
 

Figure 3.209 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K)
 
1H-1H COSY experiment 
structure of compound 11 
are defined by HMBC correlations
ones of 9, 10 and 12 (Fig. 
 

NMR spectrum of compound 11; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 

NMR spectrum of compound 11 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

H COSY experiment specified the correlations between closely bound protons
 (Fig. 3.210). The positions of the groups and parts of the molecule 

are defined by HMBC correlations, confirming the identical carbon skeleton structure
Fig. 3.211). 
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, Instrument: Bruker 

 
correlation between protons 

; Solvent: CDCl3, Instrument: 

correlations between closely bound protons in 
). The positions of the groups and parts of the molecule 

, confirming the identical carbon skeleton structure to the 
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Figure 3.210 1H-1H COSY NMR spectrum of compound
Bruker Ava 600 MHz (T = 298 K)
 

Figure 3.211 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 
As apparent from the specific HMBC correlations, 
methylbutyryl group correlates
group. Also, the correlations of C
4.28dd) confirm the closeness between
methylbutyryl group. C-5 (δ
protons, with its HMBC correlation with signal of H
position between geranyl and 
1 (δC 171.7 ppm) had also shown strong HMBC correlation with 

NMR spectrum of compound 11; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 11; Solvent: CDCl3, Instrument: Bruker 

As apparent from the specific HMBC correlations, carbonyl C-1' carbon (δ
correlates to H-5' (δH 1.02d), and to H-2' proton (δH 

of C-1' with H-1'' protons (δH 2.34m and δH 2.59
closeness between C-3 attached isoprenyl and C

δC 200.5 ppm) carbonyl also correlates with 
HMBC correlation with signal of H-7 proton (δH 2.66

position between geranyl and 2-methylbutyryl group, as seen in compounds 
also shown strong HMBC correlation with H-7, as well as with H

 
; Solvent: CDCl3, Instrument: 

 
, Instrument: Bruker 

δC 209.3 ppm) of 2-
 2.55m) from –CH< 
2.59m) and H-3 (δH 

and C-4 attached 2-
also correlates with H-1'' and H-3 

66dd), placing it in a 
, as seen in compounds 9, 10 and 12. C-

as well as with H-1''' 



 

protons (δH 2.30dd and δH

closing the isoprenyl six-
between them, as also seen in the compounds elucidated before
showed that the geranyl side chain is atta
ppm), and the isoprenyl group by
aforementioned specific HMBC correlations, the structure of compound 
the ones of compounds 9, 
 

Figure 3.212 HMBC NMR spectrum of compound 
ppm) with its neighboring protons
neighboring protons; C - correlation
their neighboring protons; D 
(δC 84.5 ppm), C-6 (δC 89.6 ppm
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
NOESY correlations of compound 
correlations (Fig. 3.213; Fig. 
isobutyryl group – H-5' 
neighboring positions in the ring

Moreover, NOESY correlations 
of their close groups, were detected
16 (δH 1.64bs), while H-5''' (

 

H 2.50dd) of its close group. C-1 is attached to an oxygen atom, 
-membered pyran-type ring with C-2 and having a double bond 

between them, as also seen in the compounds elucidated before. HMBC correlations also 
eranyl side chain is attached to the phloroglucinol

), and the isoprenyl group by C-3 (δC 60.2 ppm) (Fig. 3.212). As confirmed from
specific HMBC correlations, the structure of compound 

, 10 and 12, as proposed earlier (Fig. 3.215). 

NMR spectrum of compound 11: A - correlation 
) with its neighboring protons; B - correlation of C-5 (δC 200.5 ppm

correlations of C-1 (δC 171.7 ppm) and C-4 (δ
; D - correlations of C-3 (δC 60.2 ppm), C-2''' 

89.6 ppm) and C-2 (δC 96.0 ppm) with their neighboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

NOESY correlations of compound 11 have confirmed the structure determined by HMBC 
Fig. 3.214). Interaction between H-3 (δH 4.28
 (δH 1.02d) and H-3' (δH 1.33m and δH 1.7

s in the ring (Fig. 3.215). 

NOESY correlations of two methyl groups of Me-4''' and Me
, were detected. Namely, H-4''' (δH 1.31bs) correlates with protons of H

5''' (δH 1.43bs) correlates with H-4'' (δH 1.66bs) (Fig. 
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is attached to an oxygen atom, 
2 and having a double bond 

HMBC correlations also 
phloroglucinol ring by C-6 (δC 89.6 

s confirmed from all the 
specific HMBC correlations, the structure of compound 11 is analogous to 

 
correlation of C-1' (δC 209.3 

ppm) with its 
δC 171.7 ppm) with 
 (δC 68.3 ppm), C-3''' 

) with their neighboring protons; 

have confirmed the structure determined by HMBC 
8dd) and protons of the 

1.72m), confirming their 

and Me-5''' with the protons 
correlates with protons of H-

Fig. 3.216). 
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Figure 3.213 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.214 NOESY NMR spectrum of compound 
(δH 4.28dd) and the corresponding protons from isobutyryl group 
(δH 1.33m and δH 1.72m) ; Solvent: CDCl
 

NMR spectrum of compound 11; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 11 – specific correlation between
nd the corresponding protons from isobutyryl group – H-5' (δH

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

 
, Instrument: Bruker 

 
specific correlation between H-3 

H 1.02d) and H-3' 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 



 

Figure 3.215 Compound 11
 
 

Figure 3.216 Proposed 3D s
between H-16 and H-4''' and of H
 

 
11 – Hyperibarbin K. 

 
3D structure of compound 11 with the marked NOESY correlations 

4''' and of H-4'' to H-5'''. 
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marked NOESY correlations 
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Figure 3.217 MS/MS Product Ion Scan (PI) of compound 11 at collision voltage of 15, 20, 
and 35 V. 
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Figure 3.218 Fragments obtained from 
 
As in the MS/MS fragmentation patterns of the compounds elucidated before, t
abundant loss during the fragmentation of compound 
cleavage (515 → 431, ∆m/z
2001). However, the losses of two
pronounced in fragmentation of compound 
isoprenyl group loss (∆m/z
compounds 11 and 7 (Sleno 

The significant difference in preference of isoprenyl group (most probably from C
between 11 and compounds 
between them. C-3 isoprenyl group being in such position in 
detachment makes this compound 
shorter retention times as well
allowing an easy C-3-isoprenyl detachment (Sleno 

 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

As in the MS/MS fragmentation patterns of the compounds elucidated before, t
abundant loss during the fragmentation of compound 11 resulted from

m/z = 84) (Fig. 3.217; Fig. 3.218) (Sleno et al.
2001). However, the losses of two water molecules (515 → 497 
pronounced in fragmentation of compound 11, as seen also in the case of 

m/z = 68, 515 → 447), is also one of major fragmentation reactions in 
(Sleno et al., 2006). 

The significant difference in preference of isoprenyl group (most probably from C
and compounds 9 and 10 points out an important stereochemical difference 

3 isoprenyl group being in such position in 11 to allow its relati
makes this compound analogous to compound 7 due to their equivalent, i.e. 

as well, with C-3-isoprenyl group being α
isoprenyl detachment (Sleno et al., 2006). 
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/MS Product Ion Scan (PI) of compound 11. 

As in the MS/MS fragmentation patterns of the compounds elucidated before, the first highly 
resulted fromthe starter acid 

et al., 2006; Fuzzati et al., 
→ 497 → 479) are more 

, as seen also in the case of 7. Furthermore, the 
), is also one of major fragmentation reactions in 

The significant difference in preference of isoprenyl group (most probably from C-3) loss 
points out an important stereochemical difference 

to allow its relatively easy 
due to their equivalent, i.e. 

α-oriented, with 3β-H, 
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3.1.17 Elucidation of compound 12 

Compound 12 (Proposed name: Hyperibarbin L) was obtained as fraction PE-1.2.3.3.10, an 
optically active viscous yellow oil, [α]25

D –64 (c 0.05, MeOH). The molecular formula of 12, 
calculated for C31H46O6 (514.6933 Da), was established by ESI-HRMS, from m/z 515.3372 
of [M+H]+ and m/z 513.3230 of [M–H]– (Mmi 514.3370 Da). It is apparent that its 
monoisotopic mass is identical to the mass of compounds 9 and 10, with their structure 
supposedly being diastereoisomeric. Thus, he 1H and 13C NMR spectra (Table 3.17) of 
compound 12 closely resemble the previously elucidated compounds 9 and 10 (Fig. 3.219). 
Moreover, 1H NMR spectrum incredibly resembles the one of compound 8, with similarity 
obvious even regardless few impurities present (Fig. 3.221; Fig. 3.222). The two compounds 
are also analogous regarding their retention time on a reversed phase column, when 
compared to retention of compounds 5–7, i.e. 9 and 10. 
 

 
Figure 3.219 Structure of compound 12. 
 
In the 1H NMR spectrum, as for the compounds identified previously, signals typical for 
acylphloroglucinols were observed (Fig. 3.220). 13C NMR spectrum of compound 12 shows 
presence of 31 carbons, ten of which quaternary, and three responsible for the formation of 
double bonds in isoprenyl and geranyl side chain (Fig. 3.223). 
 



 

Figure 3.220 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.221 Comparison of 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

NMR spectrum of compound 12; Solvent: CDCl3, Instrument: Bruker Ava 

Comparison of 1H NMR spectra of: A - compound 8 and B 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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, Instrument: Bruker Ava 

 
and B - compound 12; 
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Figure 3.222 1H NMR shifts of compounds 
similarities between them. 
 

Figure 3.223 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
 

H NMR shifts of compounds 8 and 12 which represent the significant 

NMR spectrum of compound 12; Solvent: CDCl3, Instrument: Bruker Ava 

 

 
which represent the significant 

 
, Instrument: Bruker Ava 



 

In compound 12, protons 
other signals present in the 

The signals of H-1''' protons 
vicinal coupling constants
protons (Fig. 3.224). 

H-7 protons' signals – δH 2.6
them. Their vicinal coupling constant
ones are -14.9 Hz and -14.6 Hz, respectively
 

Figure 3.224 1H NMR spectrum of
and δH 2.62m; H-1''' protons at
and δH 2.76dd (4); Solvent: CDCl
 
For each of the protons present in the structure, the multiplicity and 
calculated and listed in numbering order of the structure (
experiment, the positioning of protons on the corresponding carbons 
compounds 9 and 10, as expected due to their diastere
 

, protons of H-1'' – multiplets of δH 2.34m and δH 2.62
other signals present in the 1H NMR spectrum (Fig. 3.224). 

protons – δH 2.35dd (a) and δH 2.49dd (b), form a "roof
s are 2.8 Hz and 4.4 Hz. Geminal ones are 

2.60dd (a) and δH 2.76dd (b), also exhibit a "roof
inal coupling constants are 7.7 Hz and 7.4 Hz, respectively,

14.6 Hz, respectively. 

H NMR spectrum of compound 12, with signals of: H-1''
protons at δH 2.35dd (1) and δH 2.49dd (2); H-7 protons at

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K)

For each of the protons present in the structure, the multiplicity and coupling constants were 
calculated and listed in numbering order of the structure (Table 3.17). According to HSQC 

positioning of protons on the corresponding carbons 
, as expected due to their diastereoisomerism (Fig.

227 

62m are overlapped with 

a "roof-like" shape. Their 
 -17.1 Hz, for the both 

"roofing" effect between 
respectively, while geminal 

 
1'' protons at δH 2.34m 

protons at δH 2.60dd (3) 
(T = 298 K). 

coupling constants were 
). According to HSQC 

positioning of protons on the corresponding carbons resemble the ones in 
Fig. 3.225; Fig. 3.226). 
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Figure 3.225 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.226 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K)
 
The 1H-1H COSY experiment point
which are equivalent as in compounds 
aforementioned groups and parts of the molecule are
defined by HMBC correlations between differen
 

NMR spectrum of compound 12; Solvent: CDCl3, Instrument: Bruker 

NMR spectrum of compound 12 – specific correlation between protons 
ppm and corresponding carbon atoms; Solvent: CDCl
(T = 298 K). 

H COSY experiment pointed out the correlations between closely bound protons
as in compounds 9 and 10 (Fig. 3.227; Fig. 3.228). The positions of the 

aforementioned groups and parts of the molecule are also equivalent as in 
defined by HMBC correlations between different parts of the structure (Fig.

 
, Instrument: Bruker 

 
correlation between protons 

; Solvent: CDCl3, Instrument: 

out the correlations between closely bound protons, 
The positions of the 
as in 9 and 10, as 

Fig. 3.229). 



 

Figure 3.227 1H-1H COSY
Bruker Ava 600 MHz (T = 298 K)
 

Figure 3.228 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K)
 

COSY NMR spectrum of compound 12; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 12; Solvent: CDCl3
(T = 298 K). 

229 

 
CDCl3, Instrument: 

 
3, Instrument: Bruker 
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Figure 3.229 HMBC NMR spectrum of compound 
ppm) with its neighboring protons
neighboring protons; C - correlation
their neighboring protons; D -
(δC 85.3 ppm), C-6 (δC 89.7 ppm
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
NOESY correlations of the protons from
its structure made using HMBC correlations (
observed was the interaction between
group – H-5' (δH 0.99d) and H
position in the ring (Fig. 3.232

In NOESY spectrum of compound 
protons is not detected. However, correlation of two methyl groups of 
H-5''' (δH 1.54bs) with their neghbouring 
spectrum of 12, there is a correlation between
is the case in compound 8. On the other hand, 
5''' and H-4'' (Fig. 3.233).
configurations of stereocenters in 

 

NMR spectrum of compound 12: A - correlation of C
its neighboring protons; B - correlation of C-5 (δC 201.2 ppm) with its 

correlations of C-1 (δC 172.3 ppm) and C-4 (δC 17
- correlations of C-3 (δC 60.1 ppm), C-2''' (δC 

ppm) and C-2 (δC 95.4 ppm) with their neighboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

protons from compound 12 have confirmed preasumptions 
using HMBC correlations (Fig. 3.230; Fig. 3.231). One of the correlations 

observed was the interaction between H-3 (δH 4.28dd) and protons of the 
) and H-3' (δH 1.31m and δH 1.78m), confirming their n
3.232). 

compound 12, anyhow, the correlation between H
However, correlation of two methyl groups of H-

) with their neghbouring protons, i.e. groups, was detected
, there is a correlation between H-4''' (δH 1.22bs) and H-16 (

On the other hand, there is no correlation between protons of H
. Nevertheless, this could indicate the equivalent relative 

configurations of stereocenters in 8 and 12. 

 
of C-1' (δC 213.2 
) with its 
171.5 ppm) with 
 68.2 ppm), C-3''' 

) with their neighboring protons; 

confirmed preasumptions about 
). One of the correlations 

and protons of the 2-methylbutyryl 
, confirming their neighboring 

between H-3 and H-1''' 
-4''' (δH 1.22bs) and 

, was detected. In the NOESY 
16 (δH 1.62bs), as also 

rrelation between protons of H-
Nevertheless, this could indicate the equivalent relative 



 

Figure 3.230 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K)
 

Figure 3.231 NOESY NMR spectrum of compound 
(δH 4.28dd) and the corresponding protons from isobutyryl group 
(δH 1.31m and δH 1.78m); Solvent: CDCl
 

NMR spectrum of compound 12; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 12 – specific correlation between
d the corresponding protons from isobutyryl group – H-5'

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

231 

 
; Solvent: CDCl3, Instrument: Bruker 

 
specific correlation between H-3 

5' (δH 0.99d) and H-3' 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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Figure 3.232 Compound 12 –
 
 

Figure 3.233 Proposed 3D structure of compound 
between H-16 and H-4'''. 
 

 
– Hyperibarbin L. 

 
tructure of compound 12 with the marked NOESY correlation marked NOESY correlation 
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Figure 3.234 MS/MS Product Ion Scan (PI) of compound 12 at collision voltage of 15, 20, 
and 35 V. 
 
As mentioned before in the cases of compounds 5–8, the significant difference in preference 
of isoprenyl group (most probably from C-3) loss between 11 and 12 and compounds 9 and 
10 points out an important stereochemical difference between them, allowing easy C-3 
isoprenyl group detachment from 11 and 12 (Fig. 3.234; Fig. 3.235). According to their 
retention times and specific NOESY correlations, it could be concluded that there is four 
pairs of stereochemically analogous compounds: 5 and 9, 6 and 10, 7 and 11, and 8 and 12. 
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Figure 3.235 Fragments obtained from 
 
 
Compounds 11 and 12 seem to have such 
the isoprenyl loss as a consequence of the C
oriented, C-5-oxo group. 

The ECD spectra of hyperibarbins I
compounds, with the negative and positive first two Cotton effects. This suggests the 
corresponding S- configurations of the O
C-6 carbons. Thus, the configuration of the
with the ECD simulated S- configurations of C

Hyperibarbin I (9) – (3R,4S,6

Hyperibarbin J (10) – (3R,4S,6

Hyperibarbin K (11) – (3S,4S

Hyperibarbin L (12) – (3S,4S,6

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

seem to have such orientation of endoperoxide bridge
s a consequence of the C-3-isoprenyl group cleavage, with help of the 

of hyperibarbins I–L (9–12) are also analogous with the previous 
compounds, with the negative and positive first two Cotton effects. This suggests the 

configurations of the O-containing, endoperoxide bridge forming, C
Thus, the configuration of the stereo centers, i.e. their relative stereochemistry

configurations of C-4 and C-6, can be suggested as follows:

,6S,2'''S); 

S,6S,2'''R); 

S,6S,2'''S); 

S,6S,2'''R). 

 
/MS Product Ion Scan (PI) of compound 12. 

of endoperoxide bridge, which allows 
isoprenyl group cleavage, with help of the α-

are also analogous with the previous 
compounds, with the negative and positive first two Cotton effects. This suggests the 

containing, endoperoxide bridge forming, C-4 and 
stereo centers, i.e. their relative stereochemistry, 

can be suggested as follows: 
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3.1.18 Isolation of compounds from PE-2.2.1 

As presented before, the last interesting fractions obtained were PE-1.2.3 and PE-2.2.2, 
which were merged and resulted in further fractionation into PE-1.2.3.2 and PE-1.2.3.3, 
whose fractionation resulted in isolation of 12 new compounds. As a result of a previous 
Flash chromatographic analysis of fraction PE-2.2 (Flash chromatography method in Section 
2.1.3 of Materials and Methods), apart from already processed PE-2.2.2, PE-2.2.1 was 
obtained as an acylphloroglucinol-containing fraction, weighting 649.2 g (Table 3.5; Fig. 
3.9; Fig. 3.10). Therefore, further fractionations were performed with this fraction, starting 
with CPC analysis. 

The PE-2.2.1 sample (649.2 g) was dissolved in 5 mL of solvent system – Hx (83) + EtOAc 
(33) + EtOH (67) + H2O (17), and injected into the system. Run in Ascending mode – with 
upper phase as MP (CPC method  in Section 2.1.3 of Materials and Methods) was stopped 
after 260 collected test-tubes. Run in Descending mode thereafter resulted in 40 test-tubes 
collected and the system was washed with 300 mL of MeOH afterwards. All of the collected 
fractions (4.5 mL each) were subjected to TLC analysis in order to visualize the compound 
distribution and divide the collected fractions. The separation resulted in 4 fractions, PE-
2.2.1.1–PE-2.2.1.4 (Table 3.19), according to TLC analysis (Fig. 3.236). 

Two fractions were selected for further fractionation – PE-2.2.1.2 and PE-2.2.1.3, according 
to their weight, specific TLC spots and NMR signals that could be related to the presence of 
acylphloroglucinols (Fig. 3.236; Fig. 3.237). Other two fractions did not seem to possess the 
1H-NMR shifts specific for acylphloroglucinols, and were therefore excluded from further 
investigations. PE-2.2.1.2 was considered suitable for Flash chromatographic fractionation 
according to its high weight (450.8 mg), while PE-2.2.1.3 yielded only 3.6 mg, and therefore 
underwent preparative HPLC analysis directly. 

 
Table 3.19 Fractions received after Flash-Si analysis of PE-2.2.1 fraction 

Fraction 
name 

Test tube 
count 

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that could 
be related to the presence 
of acylphloroglucinols 

PE-2.2.1.1 1-28 126 14.2 - 
PE-2.2.1.2 29-62 153 450.8 + 
PE-2.2.1.3 63-100 171 3.6 + 
PE-2.2.1.4 101-end 720 4.4 - 
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Figure 3.236 TLC overview of fractions obtained from PE
B: 366 nm, C: Vis + AA/H2SO
+ 33 + 2), SP: silicagel 60 F254

 

Figure 3.237 1H NMR spectra of fractions obtained from PE
2.2.1.1 (A); PE-2.2.1.2 (B); PE
Bruker Ava 300 MHz (T = 300 K).

 
TLC overview of fractions obtained from PE-2.2.1 CPC separation:

SO4, D: 366 nm + AA/H2SO4; MP: Hx + EtOAc + HCOOH (65 

254, migration distance 8 cm. 

NMR spectra of fractions obtained from PE-2.2.1 CPC separation
; PE-2.2.1.3 (C); PE-2.2.1.4 (D); Solvent: CDCl

Bruker Ava 300 MHz (T = 300 K). 

separation: A: 254 nm, 
: Hx + EtOAc + HCOOH (65 

 
separation: PE-

; Solvent: CDCl3, Instrument: 



 

For PE-2.2.1.3, Method 1 
analysis was used. 3.6 mg were diluted with ACN to achieve final concentration 
mg/mL. The fractions were collected manually, 
detector. The separation resulted in
However, yield of the four 
analysis. Nevertheless, their 
compounds 1, 2, 3 and 4, respectively (
mg) to be considered for the further investigations.
 
Table 3.20 Fractions received from semi
Fraction 
name 

Retention 
time (min) 

PE-2.2.1.3.1 31.39 
PE-2.2.1.3.2 32.24 
PE-2.2.1.3.3 32.96 
PE-2.2.1.3.4 33.32 

 

Figure 3.238 Part of semi-
chromatogram of PE-2.2.1.3 
 

Method 1 (Section 2.1.3 of Materials and Methods
analysis was used. 3.6 mg were diluted with ACN to achieve final concentration 
mg/mL. The fractions were collected manually, according to specific UV signals from 

separation resulted in isolation of four fractions (Table 
However, yield of the four fractions was too low to undergo the MS/MS and 2D 
analysis. Nevertheless, their 1H spectra and retention times correspond to

, respectively (Fig. 3.239). Still, their masses are
mg) to be considered for the further investigations. 

Fractions received from semi-prepHPLC separation of PE-2.2.1.3
UV maxima 
(nm) 

Weight 
(mg) 

235 1.0 
225 0.5 
222 0.2 
214 0.3 

-prepHPLC (Method 1, Section 2.1.3 of Materials and Methods
2.2.1.3 presenting the separated fractions. 

237 

and Methods) for semi-preparative 
analysis was used. 3.6 mg were diluted with ACN to achieve final concentration of 10 

specific UV signals from DAD 
Table 3.20; Fig. 3.238). 

to undergo the MS/MS and 2D NMR 
and retention times correspond to the ones of 

, their masses are too small (≤ 1.0 

2.2.1.3. 

 
Materials and Methods) 
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Figure 3.239 1H NMR spectra of fractions obtained from PE
separation: PE-2.2.1.3.1 (A); PE
CDCl3, Instrument: Bruker Ava 300
 
Since the last fractionation step was performed based on liquid partition (CPC) 
chromatography, the fractionation of PE
adsorption chromatography on a silicagel
separation technique was expected to provide satisfying separation of the compounds present, 
by enhancing their partition 
distribution of acylphloroglucinols among the fractions 
of the Flash-Si chromatographic analysis are given in the 
2.1.3. 
After the 80 min analysis of 450.8 mg of PE
were collected (5 mL per fraction) a
obtained (Table 3.21). In all obtained fractions, 
of acylphloroglucinols were detected
for further fractionations, due to the 
yield (Fig. 3.240; Fig. 3.241).
 
Table 3.21 Fractions received after Flash

Fraction 
name 

Test tube 
count 

Fraction 
volume (mL)

PE-2.2.1.2.1 1-3 15 
PE-2.2.1.2.2 4-12 45 
PE-2.2.1.2.3 13-15 15 
PE-2.2.1.2.4 16-18 15 
PE-2.2.1.2.5 19-end 360 

 

NMR spectra of fractions obtained from PE-2.2.1.3 semi-
; PE-2.2.1.3.2 (B); PE-2.2.1.3.3 (C); PE-2.2.1.3.4

, Instrument: Bruker Ava 300 MHz (T = 300 K). 

Since the last fractionation step was performed based on liquid partition (CPC) 
, the fractionation of PE-2.2.1.2 was to be further performed using 

on a silicagel-based column. As suggested before,
separation technique was expected to provide satisfying separation of the compounds present, 

 and providing different selectivity, thus contributing to fine 
distribution of acylphloroglucinols among the fractions expected to be obtained.

Si chromatographic analysis are given in the Material and Methods

After the 80 min analysis of 450.8 mg of PE-2.2.1.2 dissolved in 2.5 mL Hx, 80 fractions 
were collected (5 mL per fraction) and applied to TLC plates. As a result, five fractions were 

). In all obtained fractions, signals corresponding to potential presence 
were detected. However, only the first three fractions were interesting 

er fractionations, due to the TLC overview, 1H-NMR spectra and their abundant 
). 

Fractions received after Flash-Si separation of PE-2.2.1.2. 

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that could 
be related to the presence of 
acylphloroglucinols 

131.1 + 
143.8 + 
25.1 + 
2.6 + 
6.1 + 

 
-prepHPLC 

2.2.1.3.4 (D); Solvent: 

Since the last fractionation step was performed based on liquid partition (CPC) 
to be further performed using 

As suggested before, the change of 
separation technique was expected to provide satisfying separation of the compounds present, 

contributing to fine 
expected to be obtained. Parameters 

Material and Methods, Section 

2.2.1.2 dissolved in 2.5 mL Hx, 80 fractions 
TLC plates. As a result, five fractions were 
signals corresponding to potential presence 

. However, only the first three fractions were interesting 
and their abundant 

that could 
be related to the presence of 



 

Figure 3.240 TLC overview of fractions obtained from PE
254 nm, B: 366 nm, C: Vis + AA/H
EtOAc + HCOOH (65 + 33 + 2), Stationary phase: silicagel 60 F
 

Figure 3.241 1H NMR spectra of representative fractions from PE
separation: PE-2.2.1.2.1 (A)
CDCl3, Instrument: Bruker Ava 300 MHz (T = 300 K).
 

 
TLC overview of fractions obtained from PE-2.2.1.2 Flash

Vis + AA/H2SO4, D: 366 nm + AA/H2SO4; Mobile phase: Hx + 
EtOAc + HCOOH (65 + 33 + 2), Stationary phase: silicagel 60 F254, migration distance 8 cm.

NMR spectra of representative fractions from PE-2.2.1.2 Flash
(A); PE-2.2.1.2.2 (B); PE-2.2.1.2.3 (C); PE-2.2.1.2.5

, Instrument: Bruker Ava 300 MHz (T = 300 K). 
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2.2.1.2 Flash-Si separation: A: 
; Mobile phase: Hx + 
, migration distance 8 cm. 

 
2.2.1.2 Flash-Si 

2.2.1.2.5 (D) ; Solvent: 
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According to the TLC and 1H NMR analyses, the fractions PE-2.2.1.2.1, PE-2.2.1.2.2 and 
PE-2.2.1.2.3 were chosen for further fractionation. However, instead of their further 
fractionation using partitioning techniques, it had been decided to perform a preparative 
HPLC analysis, since the fractions seemed to be narrowed down to several compounds and 
had weight sufficient for preparative analysis. 
 
For PE-2.2.1.2.1, the Method 1 (Section 2.1.3 in Material and Methods) for semi-preparative 
HPLC analysis was used. 131.1 mg were dissolved in ACN to achieve final concentration 25 
mg/mL. The fractions were collected manually, according to UV signals. The used method 
was shown to be sufficient for the separation and isolation of nine fractions (Table 3.22; Fig. 
3.242). The first five of the isolated fractions were found to possess acylphloroglucinol-
specific signals in their 1H NMR spectra. Moreover, fractions numbered 2, 3, 4, and 5 
seemed to contain separate compounds in high yield (Fig. 3.243). All of the fractions (except 
fraction 9) underwent the MS/MS analysis, but only fractions 2–5 underwent also 2D NMR 
analysis, due to their large yield. The ESI-HRMS analysis enabled identification of the 
isolated compounds (Table 3.22). Additionally, according to 2D NMR analysis, including 
1H, 13C, HSQC, HMBC, COSY and NOESY experiments, the four fractiones, namely, PE-
2.2.1.2.1.2, PE-2.2.1.2.1.3, PE-2.2.1.2.1.4, and PE-2.2.1.2.1.5 were identified as the 
compounds 1, 2, 3, and 4, respectively, which were already isolated from fraction PE-1.2.3.2 
(Fig. 3.244). 
 
Table 3.22 Fractions received from semi-prepHPLC separation of PE-2.2.1.2.1. 

Fraction name 
Compound 
name 

Retention 
time (min) 

Molecular 
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

Weight 
(mg) 

PE-2.2.1.2.1.1 - 31.19 C30H44O5 484.3189 206 1.5 
PE-2.2.1.2.1.2 1 31.47 C30H44O5 484.3189 222, 231 28.4 
PE-2.2.1.2.1.3 2 32.31 C31H46O5 484.3189 224 10.2 
PE-2.2.1.2.1.4 3 32.85 C31H46O5 498.3345 235 18.0 
PE-2.2.1.2.1.5 4 33.36 C31H46O5 498.3345 225, 230 12.9 
PE-2.2.1.2.1.6 - 34.32 C30H44O5 484.3189 205, 243 1.9 
PE-2.2.1.2.1.7 - 34.56 - 330.2334 205 8.4 
PE-2.2.1.2.1.8 - 35.64 C31H46O7 532.3475 214 1.4 
PE-2.2.1.2.1.9 - 36.43 - - 217, 239 1.4 

 



 

Figure 3.242 Part of semi-
chromatogram of PE-2.2.1.2.1 presenting the 
(Compound 1); 3 – PE-2.2.1.2.1.2 (Compound 
2.2.1.2.1.4 (Compound 4).
 

Figure 3.243 1H NMR spectra of fractions from PE
PE-2.2.1.2.1.2 (A); PE-2.2.1.2.1.3
CDCl3, Instrument: Bruker Ava 300 MHz (T = 300 K).
 

 
-prepHPLC (Method 1, Section 2.1.3 of Materials and 

2.2.1.2.1 presenting the separated fractions: 2 – PE
2.2.1.2.1.2 (Compound 2); 4 – PE-2.2.1.2.1.3 (Compound 

). 

NMR spectra of fractions from PE-2.2.1.2.1 semi-prep
2.2.1.2.1.3 (B); PE-2.2.1.2.1.4 (C); PE-2.2.1.2.1.5

, Instrument: Bruker Ava 300 MHz (T = 300 K). 
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Materials and Methods) 
PE-2.2.1.2.1.1 

2.2.1.2.1.3 (Compound 3); 5 – PE-

 
prepHPLC separation: 

2.2.1.2.1.5 (D); Solvent: 
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Figure 3.244 Comparison of 1

PE-1.2.3.2.1; B - PE-2.2.1.2.1.2; C 
PE-2.2.1.2.1.4; G - PE-1.2.3.2.4; H 
600 MHz (T = 298 K). 
 

Figure 3.245 13C NMR spectra of fractions from PE
2.2.1.2.1.3; C - PE-2.2.1.2.1.4; D 
600 MHz (T = 298 K). 
 

1H NMR spectra of PE-1.2.3.2 and PE-2.2.1.2.1 
2.2.1.2.1.2; C - PE-1.2.3.2.2; D - PE-2.2.1.2.1.3; E - PE

1.2.3.2.4; H - PE-2.2.1.2.1.5; Solvent: CDCl3, Instrument: Bruker Ava 

spectra of fractions from PE-2.2.1.2.1: A - PE-2.2.1.2.1.2; B 
2.2.1.2.1.4; D - PE-2.2.1.2.1.5; Solvent: CDCl3, Instrument: Bruker Ava 

 
2.2.1.2.1 fractions: A - 

PE-1.2.3.2.3; F - 
, Instrument: Bruker Ava 

 
2.2.1.2.1.2; B - PE-

, Instrument: Bruker Ava 



 

Figure 3.246 HSQC spectra of fractions from PE
2.2.1.2.1.3; C - PE-2.2.1.2.1.4; D 
600 MHz (T = 298 K). 
 

Figure 3.247 1H-1H COSY
B - PE-2.2.1.2.1.3; C - PE
Bruker Ava 600 MHz (T = 298 K).
 

HSQC spectra of fractions from PE-2.2.1.2.1: A - PE-2.2.1.2.1.2; B 
2.2.1.2.1.4; D - PE-2.2.1.2.1.5; Solvent: CDCl3, Instrument: Bruker Ava 

COSY NMR spectra of fractions from PE-2.2.1.2.1:
PE-2.2.1.2.1.4; D - PE-2.2.1.2.1.5; Solvent: CDCl
(T = 298 K). 
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2.2.1.2.1.2; B - PE-

, Instrument: Bruker Ava 

 
2.2.1.2.1: A - PE-2.2.1.2.1.2; 

; Solvent: CDCl3, Instrument: 
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Figure 3.248 HMBC NMR spectra of fractions from PE
PE-2.2.1.2.1.3; C - PE-2.2.1.2.1.4; D 
Ava 600 MHz (T = 298 K). 
 

Figure 3.249 NOESY NMR spectra of fractions from PE
PE-2.2.1.2.1.3; C - PE-2.2.1.2.1.4; D 
Ava 600 MHz (T = 298 K). 
 
However, as apparent from the 
2.2.1.2.1.2 was not clean, it conta
possible to distinguish the compound 
fraction. The purification was needed nevertheless, in order to preserve only the pure 
compound 1. For this purpose, Method 2

NMR spectra of fractions from PE-2.2.1.2.1: A - PE-
.1.2.1.4; D - PE-2.2.1.2.1.5; Solvent: CDCl3, Instrument: Bruker 

NMR spectra of fractions from PE-2.2.1.2.1: A - PE
2.2.1.2.1.4; D - PE-2.2.1.2.1.5; Solvent: CDCl3, Inst

However, as apparent from the 1H NMR spectrum and other 2D NMR data, the fraction PE
was not clean, it contained (at least) one more compound. Interestingly, it was 

possible to distinguish the compound 1 and its 2D NMR correlations even in the unpurified 
fraction. The purification was needed nevertheless, in order to preserve only the pure 

. For this purpose, Method 2 (Section 2.1.3. in Materials and Methods

 
-2.2.1.2.1.2; B - 

, Instrument: Bruker 

 
PE-2.2.1.2.1.2; B - 

, Instrument: Bruker 

NMR data, the fraction PE-
ned (at least) one more compound. Interestingly, it was 

NMR correlations even in the unpurified 
fraction. The purification was needed nevertheless, in order to preserve only the pure 

Materials and Methods) for semi-



 

preparative HPLC separation
concentration 10 mg/mL. The fractions were collected automatically, with fraction collector 
set to collect peaks based on their slope (5 mAU) and thershold (25 mAU). The used method 
was sufficient for purification of compound 1 and yielded 6.43 mg of pure substance, as 
confirmed by MS/MS analysis.
 
For PE-2.2.1.2.2, the Method 1
preparative HPLC separation
final concentration of 25 mg/mL. The fractions were collected manually, 
specific UV signals. Four fractions
seeming to contain acylphloroglucinols
has resulted in unequivocal monoisotopic masses of the isolated compounds (
According to 2D NMR analysis, including 
experiments, as well as their retention times,
2.2.1.2.2.2, PE-2.2.1.2.2.3, and PE
4, respectively, already isolated from fraction
 
Table 3.23 Fractions received from semi

Fraction name 
Compound 
name 

PE-2.2.1.2.2.1 1 
PE-2.2.1.2.2.2 2 
PE-2.2.1.2.2.3 3 
PE-2.2.1.2.2.4 4 

 

Figure 3.250 Part of semi-
chromatogram of PE-2.2.1.2.2 presenting the separated fractions.

separation was used. 28.4 mg were dissolved in 
concentration 10 mg/mL. The fractions were collected automatically, with fraction collector 
set to collect peaks based on their slope (5 mAU) and thershold (25 mAU). The used method 

or purification of compound 1 and yielded 6.43 mg of pure substance, as 
confirmed by MS/MS analysis. 

, the Method 1 (Section 2.1.3. in Materials and Methods
separation was used as well. 143.8 mg were dissolved in

25 mg/mL. The fractions were collected manually, 
our fractions were separated (Table 3.23; Fig

seeming to contain acylphloroglucinols (Fig. 3.251). The HRESIMS analysis
has resulted in unequivocal monoisotopic masses of the isolated compounds (

NMR analysis, including 1H, 13C, HSQC, HMBC, COSY and NOESY 
as well as their retention times, the four fractions 

2.2.1.2.2.3, and PE-2.2.1.2.2.4, were identified as the compounds 
, respectively, already isolated from fractions PE-1.2.3.2 and PE-2.2.1.2.1

Fractions received from semi-prepHPLC separation of PE-2.2.1.2.2
Retention 
time (min) 

Molecular 
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

31.51 C30H44O5 484.3189 237 
32.40 C30H44O5 484.3189 236 
33.03 C31H46O5 498.3345 237 
33.48 C31H46O5 498.3345 234 

-prepHPLC (Method 1, Section 2.1.3 of Materials and Methods
2.2.1.2.2 presenting the separated fractions. 
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dissolved in ACN to achieve final 
concentration 10 mg/mL. The fractions were collected automatically, with fraction collector 
set to collect peaks based on their slope (5 mAU) and thershold (25 mAU). The used method 

or purification of compound 1 and yielded 6.43 mg of pure substance, as 

Materials and Methods) for semi-
dissolved in ACN to achieve 

25 mg/mL. The fractions were collected manually, according to 
Fig. 3.250), all of them 

nalysis of the fractions 
has resulted in unequivocal monoisotopic masses of the isolated compounds (Table 3.23). 

C, HSQC, HMBC, COSY and NOESY 
 – PE-2.2.1.2.2.1, PE-

the compounds 1, 2, 3, and 
2.2.1.2.1 (Fig. 3.252). 

2.2.1.2.2. 
UV maxima Weight 

(mg) 
36.6 
19.6 
28.8 
20.1 

 
Materials and Methods) 
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Figure 3.251 1H NMR spectra of fractions from PE
- PE-2.2.1.2.2.1; B - PE-2.2.1.2.2.2; C 
Instrument: Bruker Ava 300 MHz (T = 300 K).
 

Figure 3.252 Comparison of 1

PE-1.2.3.2.1; B - PE-2.2.1.2.2.1; C 
PE-2.2.1.2.2.3; G - PE-1.2.3.2.4; H 
600 MHz (T = 298 K). 
 

a of fractions from PE-2.2.1.2.2 semi-prepHPLC 
2.2.1.2.2.2; C - PE-2.2.1.2.2.3; D - PE-2.2.1.2.2.4; Solvent: CDCl

Instrument: Bruker Ava 300 MHz (T = 300 K). 

1H NMR spectra of PE-1.2.3.2 and PE-2.2.1.2.1 
2.2.1.2.2.1; C - PE-1.2.3.2.2; D - PE-2.2.1.2.2.2; E - PE

1.2.3.2.4; H - PE-2.2.1.2.2.4; Solvent: CDCl3, Instrument: Bruker Ava 

 
HPLC separation: A 

; Solvent: CDCl3, 

 
2.2.1.2.1 fractions: A - 

PE-1.2.3.2.3; F - 
, Instrument: Bruker Ava 



 

Figure 3.253 13C NMR spectra 
2.2.1.2.2.2; C - PE-2.2.1.2.2.3; D 
600 MHz (T = 298 K). 
 

Figure 3.254 HSQC spectra 
2.2.1.2.2.2; C - PE-2.2.1.2.2.3; D 
600 MHz (T = 298 K). 
 

spectra of fractions from PE-2.2.1.2.2: A - PE-
2.2.1.2.2.3; D - PE-2.2.1.2.2.4; Solvent: CDCl3, Instrument: Bruker Ava 

HSQC spectra of fractions from PE-2.2.1.2.2: A - PE-2.2.1.2.
2.2.1.2.2.3; D - PE-2.2.1.2.2.4; Solvent: CDCl3, Instrument: Bruker Ava 

247 

 
-2.2.1.2.2.1; B - PE-

, Instrument: Bruker Ava 

 
2.2.1.2.2.1; B - PE-

, Instrument: Bruker Ava 
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Figure 3.255 1H-1H COSY NMR spectra 
B - PE-2.2.1.2.2.2; C - PE-2.2.1.2.2.3; D 
Bruker Ava 600 MHz (T = 298 K).
 

Figure 3.256 HMBC NMR spectra 
PE-2.2.1.2.2.2; C - PE-2.2.1.2.2.3; D 
Ava 600 MHz (T = 298 K). 
 

NMR spectra of fractions from PE-2.2.1.2.2: A 
2.2.1.2.2.3; D - PE-2.2.1.2.2.4; Solvent: CDCl3, Instrument: 

(T = 298 K). 

NMR spectra of fractions from PE-2.2.1.2.2: A - PE-
2.2.1.2.2.3; D - PE-2.2.1.2.2.4; Solvent: CDCl3, Instrument: Bruker 

 
2.2.1.2.2: A - PE-2.2.1.2.2.1; 

, Instrument: 

 
-2.2.1.2.2.1; B - 

, Instrument: Bruker 



 

Figure 3.257 NOESY NMR spectra 
PE-2.2.1.2.2.2; C - PE-2.2.1.2.2.3; D 
Ava 600 MHz (T = 298 K).
 
However, as apparent from the 
PE-2.2.1.2.1.2, the fraction PE
compound. It was nevertheless
fraction. For the purification, Method 3
preparative HPLC analysis was used
Methods) was not sufficient enough. 36.6
concentration 25 mg/mL. The fractions were collected automatically, with fraction collector 
set to collect peaks based on their slope (5 mAU) and t
was sufficient for purification of compound 
confirmed by ESI-HRMS analysis.
 
 

NMR spectra of fractions from PE-2.2.1.2.2: A -
2.2.1.2.2.3; D - PE-2.2.1.2.2.4; Solvent: CDCl3, Instrument: Bruker 

(T = 298 K). 

However, as apparent from the 1H NMR spectrum and 2D NMR data, 
2.2.1.2.1.2, the fraction PE-2.2.1.2.2.1 was not clean, it contained (at least) one more 

nevertheless possible to identify the compound 
For the purification, Method 3 (Section 2.1.3 in Materials and Methods

preparative HPLC analysis was used, since Method 2 (Section 2.1.3 in 
was not sufficient enough. 36.6 mg were again dissolved in

mg/mL. The fractions were collected automatically, with fraction collector 
set to collect peaks based on their slope (5 mAU) and threshold (25 mAU). T
was sufficient for purification of compound 1 and yielded 15.0 mg of pure substance, as 

MS analysis. 
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- PE-2.2.1.2.2.1; B - 
, Instrument: Bruker 

NMR data, similar to the fraction 
ned (at least) one more 

the compound 1 even in the impure 
Materials and Methods) for semi-
(Section 2.1.3 in Materials and 

again dissolved in ACN to achieve final 
mg/mL. The fractions were collected automatically, with fraction collector 

shold (25 mAU). The used method 
mg of pure substance, as 
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For fraction 2.2.1.2.3, the Method 1
preparative HPLC separation 
concentration 25 mg/mL. The fractions were collected manually, 
Nine fractions were separated
during the preparative analysis. 
2.2.1.2.3.3, have corresponded to compounds 
ESI-HRMS and 2D NMR data (
 
Table 3.24 Fractions received from semi

Fraction name 
Compound 
name 

Retention 
time (min)

PE-2.2.1.2.3.1 1 31.27
PE-2.2.1.2.3.2 - 31.74
PE-2.2.1.2.3.3 2 32.11
PE-2.2.1.2.3.4 - 33.21
PE-2.2.1.2.3.5 - 33.44
PE-2.2.1.2.3.6 - 34.48
PE-2.2.1.2.3.7 - 34.68
PE-2.2.1.2.3.8 - 35.18
PE-2.2.1.2.3.9 - 35.87

 

Figure 3.258 Part of semi-prepHPLC (Method 1, Section 2.1.3 of 
chromatogram of PE-2.2.1.2.3
 

For fraction 2.2.1.2.3, the Method 1 (Section 2.1.3 in Materials and Methods
 was also used. 25.1 mg was dissolved in ACN to achieve final 

The fractions were collected manually, based on UV apsorption
were separated (Table 3.24; Fig. 3.258), however not completely purified 

during the preparative analysis. Still, two of the isolated fractions, PE-2.2.1.2.3.1 and PE
, have corresponded to compounds 1 and 2, as identified from their retention time, 

NMR data (Table 3.24; Fig. 3.260).  

Fractions received from semi-prepHPLC separation of PE-2.2.1.2.3
Retention 
time (min) 

Molecular
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

31.27 C30H44O5  484.3189 239 
31.74 - - 207, 287 
32.11 C30H44O5 484.3189 238 
33.21 C31H46O5 498.3345 209, 286 
33.44 - - 211, 286 
34.48 - - 209 
34.68 - - 205, 280 
35.18 - - 206, 288 
35.87 - - 206 

 
prepHPLC (Method 1, Section 2.1.3 of Materials and Methods

2.2.1.2.3, presenting the obtained fractions. 

Materials and Methods) for semi-
ACN to achieve final 

based on UV apsorption. 
not completely purified 

2.2.1.2.3.1 and PE-
from their retention time, 

2.2.1.2.3. 
UV maxima Weight 

(mg) 
5.2 
0.8 
4.6 
1.8 
1.2 
1.3 
0.8 
1.1 
0.9 

Materials and Methods) 



 

Figure 3.259 1H NMR spectr
Instrument: Bruker Ava 600 MHz 
 

NMR spectra of: A - PE-2.2.1.2.3.1; B - PE-2.2.1.2.3.3
Instrument: Bruker Ava 600 MHz (T = 298 K). 
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2.2.1.2.3.3; Solvent: CDCl3, 
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Figure 3.260 Comparison of 1

A - PE-1.2.3.2.1; B - PE-2.2.1.2.3
Instrument: Bruker Ava 600 MHz 
 

1H NMR spectra of fractions from PE-1.2.3.2 and
2.2.1.2.3.1; C - PE-1.2.3.2.2; D - PE-2.2.1.2.3.3; Solvent: CDCl

Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
1.2.3.2 and PE-2.2.1.2.3: 

; Solvent: CDCl3, 



 

Figure 3.261 13C NMR spectra of: A 
Instrument: Bruker Ava 600 MHz 
 

spectra of: A - PE-2.2.1.2.3.1; B - PE-2.2.1.2.3.3
Instrument: Bruker Ava 600 MHz (T = 298 K). 
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2.2.1.2.3.3; Solvent: CDCl3, 
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Figure 3.262 HSQC spectra of: A 
Instrument: Bruker Ava 600 MHz 
 

a of: A - PE-2.2.1.2.3.1; B - PE-2.2.1.2.3.3; Solvent: CDCl
Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
; Solvent: CDCl3, 



 

Figure 3.263 1H-1H COSY
CDCl3, Instrument: Bruker Ava 600 MHz 
 

COSY NMR spectra of: A - PE-2.2.1.2.3.1; B - PE
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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PE-2.2.1.2.3.3; Solvent: 
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Figure 3.264 HMBC NMR spectr
CDCl3, Instrument: Bruker Ava 600 MHz 
 

NMR spectra of: A - PE-2.2.1.2.3.1; B - PE-2.2.1.2.3.3
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
2.2.1.2.3.3; Solvent: 



 

Figure 3.265 NOESY NMR spectr
CDCl3, Instrument: Bruker Ava 600 MHz 

NMR spectra of: A - PE-2.2.1.2.3.1; B - PE-2.2.1.2.3.3
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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2.2.1.2.3.3; Solvent: 
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3.1.19 Isolation of compounds from PE

After fractionating PE-1.2 and PE
acylphloroglucinols, other fractions
for further fractionation, as well. 
fractions that were not yet investigated for further fractionations are PE
and PE-2.4. By comparing the fractions 
fractions have a similar chemical profile, due to the similarities in their TLC profiles, as well 
as the specific signals present in their 
these two fractions were fractionate
1.3. 
 

Figure 3.266 Comparison of fractions PE
B: PE-2.3 366 nm + AA/H2SO
AA/H2SO4; E: PE-1.3 Vis + AA/H
PE-2.3 1H NMR; Solvent: CDCl
 

solation of compounds from PE-1.3.6 

1.2 and PE-2.2 into multiple fractions and isolating t
other fractions, originally derived from PE-1 and PE-

fractionation, as well. After CPC analyses of PE-1 and PE
fractions that were not yet investigated for further fractionations are PE-1.3, PE

By comparing the fractions PE-1.3 and PE-2.3, it was noted that the 
fractions have a similar chemical profile, due to the similarities in their TLC profiles, as well 
as the specific signals present in their 1H NMR spectra (Fig. 3.266, Fig. 
these two fractions were fractionated together from this point on, with a mutual 

Comparison of fractions PE-1.3 and PE-2.3: A: PE-1.3 366 nm + AA/H
SO4; C: PE-1.3 254 nm + AA/H2SO4; D: PE-2.3

Vis + AA/H2SO4; F: PE-2.3 Vis + AA/H2SO4;  G: PE
; Solvent: CDCl3, Instrument: Bruker Ava 300 MHz (T = 300

2.2 into multiple fractions and isolating twelve new 
-2, were considered 

1 and PE-2, the interesting 
1.3, PE-1.5, PE-2.3 

, it was noted that the two 
fractions have a similar chemical profile, due to the similarities in their TLC profiles, as well 

Fig. 3.267). Therefore, 
mutual name of PE-

 
366 nm + AA/H2SO4; 

.3 254 nm + 
: PE-1.3 1H NMR; H: 

(T = 300 K). 



 

Figure 3.267 Comparison of 
spectra of PE-1.3; B: 1H NMR spectra of PE
600 MHz (T = 298 K). 

Since the last fractionation step for both PE
analysis, it was postulated that the change of separation technique would have provided 
satisfying separation of the comp
Therefore, the separation was performed using
based Flash column, with parameters as listed in 
Combined fractions PE-1.3 
weight 158.5 mg were dissolved in 2 mL of Hx
stopped after 90 min, resulting in eight
3.25). The separation was considered successful, since the TLC probes and 
have shown a clear discrimination between the 
the presence of acylphloroglucinols
acylphloroglucinol-containing fractions, PE
for further fractionation, due to its
fewer compounds according to the TLC overview

Table 3.25 Fractions receiv

Fraction 
name 

Test tube 
count 

PE-1.3.1 1-5 
PE-1.3.2 6-10 
PE-1.3.3 11-15 
PE-1.3.4 16-21 
PE-1.3.5 22-26 
PE-1.3.6 27-34 
PE-1.3.7 35-38 
PE-1.3.8 39-end 

Comparison of 1H NMR spectra of fractions PE-1.3 and PE
NMR spectra of PE-2.3; Solvent: CDCl3, Instrument: Bruker Ava 

ctionation step for both PE-1.3 and PE-2.3 was the 
analysis, it was postulated that the change of separation technique would have provided 
satisfying separation of the compounds present in the merged fraction
Therefore, the separation was performed using adsorption chromatography 

column, with parameters as listed in section 2.1.3 of Material and Methods
1.3 and PE-2.3 (further on referred to only as "PE

mg were dissolved in 2 mL of Hx and injected into the system. Run
stopped after 90 min, resulting in eight separated fractions, after the 

ation was considered successful, since the TLC probes and 
have shown a clear discrimination between the phases, with four fractions
the presence of acylphloroglucinols: PE-1.3.3, PE-1.3.4, PE-1.3.5 and PE

containing fractions, PE-1.3.6, was considered to be the most interesting 
for further fractionation, due to its high yield, somewhat cleaner 1H
fewer compounds according to the TLC overview (Fig. 3.268; Fig. 3.269

Fractions received after Flash-Si analysis of PE-1.3 and PE

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that could 
be related to the presence 
of acylphloroglucinol

25 2.4 - 
25 1.5 - 
25 10.8 + 
55 31.9 + 
25 22.5 + 
40 33.3 + 
20 4.2 - 
260 12.7 - 

259 

 
1.3 and PE-2.3: A: 1H NMR 

, Instrument: Bruker Ava 

was the CPC chromatographic 
analysis, it was postulated that the change of separation technique would have provided 

in the merged fraction, as seen before. 
chromatography on a silicagel-

Material and Methods. 
on referred to only as "PE-1.3") of combined 

injected into the system. Run was 
 TLC overview (Table 

ation was considered successful, since the TLC probes and 1H NMR analysis 
phases, with four fractions corresponding to 

1.3.5 and PE-1.3.6. One of the 
1.3.6, was considered to be the most interesting 

H NMR spectrum and 
3.269). 

and PE-2.3 fraction. 
that could 

be related to the presence 
acylphloroglucinols 
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Figure 3.268 TLC overview o
nm, B: 254 nm, C: 366 nm + AA/H
(65 + 33 + 2), SP: silicagel 60 F
 

Figure 3.269 1H NMR spectra of repre
PE-1.3.3 (A); PE-1.3.4 (B); PE
Ava 300 MHz (T = 300 K). 
 
 

TLC overview of fractions obtained from PE-1.3 Flash-Si separation
366 nm + AA/H2SO4, D: Vis + AA/H2SO4; MP: Hx + EtOAc + 

: silicagel 60 F254, migration distance 8 cm. 

NMR spectra of representative fractions from PE-1.3 Flash
PE-1.3.5 (C); PE-1.3.6 (D); Solvent: CDCl3, Instrument: Bruker 

 

 
separation: A: 366 

: Hx + EtOAc + HCOOH 

 
Flash-Si separation: 
, Instrument: Bruker 



 

For PE-1.3.6, the Method 1 
HPLC analysis was used. 33.3 mg were di
20 mg/mL. The fractions were collected manually, 
method was shown to be sufficient for the separation 
3.270). The fractions underwent the
have corresponded to possible presence of 
spectra revealed (Table 
unequivocal monoisotopic masses 
PE-1.3.6.2–8, with fractions 2
(Table 3.26). Since the compounds
they are most likely diastereoisomers. The compounds, named 
measurements of UV absorption, optical rotation and circular dichroism, in order
determine the spectroscopic parameters and help elucidate their structures
3.270). 2D NMR analysis, 
were performed on the Bruker
(Table 3.27; Table 3.28). 
 
Table 3.26 Fractions received from s
Fraction 
name 

Compound 
name 

PE-1.3.6.1 - 
PE-1.3.6.2 13 
PE-1.3.6.3 14 
PE-1.3.6.4 15 
PE-1.3.6.5 16 
PE-1.3.6.6 17 
PE-1.3.6.7 18 
PE-1.3.6.8 - 

 

Figure 3.270 Part of chromatogram of PE
separation, presenting the isolated f

1.3.6, the Method 1 (Material and Methods, Section 2.1.3) 
HPLC analysis was used. 33.3 mg were dissolved in ACN to achieve final concentration

The fractions were collected manually, based on UV absorption
method was shown to be sufficient for the separation of eight fractions (

fractions underwent the MS/MS analysis, and six of them, nam
have corresponded to possible presence of acylphloroglucinol compounds, as their 

Table 3.26; Fig. 3.270). The ESI-HRMS analysis had resulted in 
unequivocal monoisotopic masses of the six compounds supposedly isolated from fractions 

8, with fractions 2–6 and 7–8 corresponding to identical monoisotopic masses 
). Since the compounds of the six fractions were chromatographically separated, 

likely diastereoisomers. The compounds, named 
of UV absorption, optical rotation and circular dichroism, in order

determine the spectroscopic parameters and help elucidate their structures
analysis, i.e. the 1H, 13C, HSQC, HMBC, COSY and NOESY ex

Bruker Avance 600 MHz NMR device (T = 298 K) 
 

Fractions received from semi-prepHPLC separation of PE-1.3.6
Retention 
time (min) 

Molecular 
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

28.73 - 384.0060 215, 266
29.84 C30H44O6 500.3138 216, 266
30.21 C30H44O6 500.3138 216, 266
30.56 C30H44O6 500.3138 214, 266
31.43 C30H44O6 500.3138 215, 266
31.71 C31H46O6 514.3294 210, 265
32.05 C31H46O6 514.3294 217, 266
32.79 - 514.3294 209, 266

hromatogram of PE-1.3.6 obtained from semi-preparative HPLC 
, presenting the isolated fractions. 
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, Section 2.1.3) for semi-preparative 
ssolved in ACN to achieve final concentration of 

based on UV absorption. The used 
fractions (Table 3.26; Fig. 

MS/MS analysis, and six of them, namely fractions 2–7 
acylphloroglucinol compounds, as their 1H NMR 

HRMS analysis had resulted in 
of the six compounds supposedly isolated from fractions 

8 corresponding to identical monoisotopic masses 
were chromatographically separated, 

likely diastereoisomers. The compounds, named 13–18, underwent 
of UV absorption, optical rotation and circular dichroism, in order to 

determine the spectroscopic parameters and help elucidate their structures (Table 3.27; Fig. 
C, HSQC, HMBC, COSY and NOESY experiments 

(T = 298 K) with CryoProbe 

1.3.6. 
UV maxima Weight 

(mg) 
215, 266 1.3 
216, 266 2.5 

266 2.7 
214, 266 3.2 
215, 266 2.8 
210, 265 2.7 
217, 266 3.4 
209, 266 1.2 

 
preparative HPLC 
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Table 3.27 UV absorption data of compounds isolated from fraction PE-1.3.6 - UV 
maximum, absorption and extinction coefficient. 
Compound UV max (nm) A c (g/L) c (mol/L) d (cm) ε (L/mol×cm) logε 

13 265 0.124 0.01 1.99875E-05 1 6203.89 3.79 

14 265 0.117 0.01 1.99875E-05 1 5853.67 3.77 

15 265 0.121 0.01 1.99875E-05 1 6053.80 3.78 

16 270 0.118 0.01 1.99875E-05 1 5903.70 3.77 

17 270 0.078 0.01 1.94428E-05 1 4011.77 3.60 

18 265 0.103 0.01 1.94428E-05 1 5297.59 3.72 

 
 
Table 3.28 Polarimetric data of compounds isolated from fraction PE-1.3.6 - optical rotation 
and specific rotation. 
Compound optical rotation α (°) c (g/100 mL) d (dm) specific rotation [α] (° mL g-1 dm-1) 

13 -0.032 0.05 0.5 -126 

14 -0.029 0.05 0.5 -116 

15 -0.017 0.05 0.5 -68 

16 -0.024 0.05 0.5 -96 

17 -0.016 0.05 0.5 -66 

18 -0.020 0.05 0.5 -79 

 



 

Figure 3.271 CD spectra (solvent: MeOH; 22 °C) of compounds isolated from 
1.3.6: compound 13 (A); compound 
17 (E); compound 18 (F). 
 
 

CD spectra (solvent: MeOH; 22 °C) of compounds isolated from 
; compound 14 (B); compound 15 (C); compound 
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CD spectra (solvent: MeOH; 22 °C) of compounds isolated from fraction PE-

; compound 16 (D); compound 
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Table 3.29 1H and 13C NMR data (Bruker Ava 600 MHz (T = 298 K)) of compounds 13, 14 
and 15 isolated from fraction PE-1.3.6 – chemical shifts and multiplicity. 

C/H 
PE-1.3.6.2 (13) PE-1.3.6.3 (14) PE-1.3.6.4 (15) 

δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) 
1 189.0   189.5   189.2   
2 85.0   84.8   84.2   
3 59.4 3.95 (1H, dd, 4.6) 60.5 3.94 (1H, dd, 4.6) 60.4 4.05 (1H, dd, 4.4) 
4 180.5   180.7   179.9   
5 196.6   196.6   197.6   
6 99.5   99.2   98.7   
1' 208.1   209.3   209.1   
2' 40.4 2.72 (1H, sept, 6.9) 40.3 2.73 (1H, sept, 7.1) 39.4 2.69 (1H, sept, 7.2) 
3' 18.6 1.13 (3H, d, 7.2) 18.5 1.11 (3H, d, 6.6) 18.9 1.13 (3H, d, 6.6) 
4' 18.3 1.09 (3H, d, 6.6) 18.3 1.07 (3H, d, 6.6) 18.3 0.98 (3H, d, 6.6) 
5' 

 
  

 
  

 
  

1'' 27.3 
2.40(1H,dt,13.8;7.0) 
2.48(1H,dt,14.7;7.9) 

27.1 
2.44(1H,dt,14.6;6.6) 
2.52(1H, m) 

26.7 2.37; 2.54 (2H, m) 

2'' 120.3 4.89 (1H, t, 6.6) 120.2 4.89 (1H, t, 7.4) 120.4 4.98 (1H, m) 
3'' 134.6   134.7   134.4   
4'' 25.7 1.63 (3H, bs) 25.7 1.63 (3H, bs) 25.8 1.65 (3H, bs) 
5'' 17.7 1.58 (3H, bs) 17.8 1.59 (3H, bs) 17.8 1.63 (3H, bs) 

1''' 23.4 
2.33(1H,dd,16.0;5.2) 
2.57(1H,dd,16.0;4.6) 

23.4 
2.39(1H,dd,16.0;3.9) 
2.54(1H,dd,16.0;4.4) 

23.3 
2.33(1H,dd,16.0;5.3) 
2.58(1H,dd,16.0;4.7) 

2''' 68.8 3.81 (1H, t, 4.9) 68.6 3.79 (1H, t, 4.1) 68.8 3.79 (1H, t, 5.0) 
3''' 87.6   87.8   87.5   
4''' 24.7 1.47 (3H, bs) 24.4 1.37 (3H, bs) 24.8 1.45 (3H, bs) 
5''' 21.6 1.48 (3H, bs) 22.6 1.57 (3H, bs) 21.8 1.48 (3H, bs) 

7 32.5 
2.82(1H,dd,14.9;7.7) 
2.87(1H,dd,14.9;7.3) 

32.2 
2.80(1H,dd,14.9;7.7) 
2.86(1H,dd,14.9;7.2) 

33.8 
2.61 (1H, m); 
2.86(1H,dd,14.9;8.2) 

8 114.4 4.93 (1H, t, 7.4) 114.5 4.93 (1H, t, 7.2) 114.6 4.99 (1H, m) 
9 141.7   141.7   141.7   
10 39.8 1.91; 2.00 (2H, m) 39.9 1.92; 1.98 (2H, m) 39.8 1.94; 2.01 (2H, m) 
11 26.6 1.91; 2.00 (2H, m) 26.8 1.92; 1.98 (2H, m) 26.6 1.94; 2.01 (2H, m) 
12 123.9 5.03 (1H, t, 6.9) 123.9 5.03 (1H, t, 6.9) 123.8 5.04 (1H, t, 6.9) 
13 131.7   131.6   131.7   
14 17.6 1.57 (3H, bs) 17.6 1.56 (3H, bs) 17.6 1.58 (3H, bs) 
15 25.7 1.66 (3H, bs) 25.7 1.66 (3H, bs) 25.7 1.67 (3H, bs) 
16 16.5 1.61 (3H, bs) 16.5 1.61 (3H, bs) 16.5 1.61 (3H, bs) 
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Table 3.30 1H and 13C NMR data (Bruker Ava 600 MHz (T = 298 K)) of compounds 16, 17 
and 18 isolated from fraction PE-1.3.6 – chemical shifts and multiplicity. 

C/H 
PE-1.3.6.5 (16) PE-1.3.6.6 (17) PE-1.3.6.7 (18) 

δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) 
1 189.7   188.9   189.1   
2 83.1   85.1   84.7   
3 60.9 4.01 (1H, dd, 4.2) 60.0 3.93 (1H, dd, 4.6) 60.5 4.05 (1H, m) 
4 179.7   180.6   180.7   
5 198.0   196.7   197.6   
6 98.2   99.7   99.4   
1' 212.9   207.4   208.7   
2' 39.1 2.79 (1H, sept, 6.9) 39.1 2.79 (1H, m) 46.5 2.46 (1H, m) 
3' 19.2 1.22 (3H, d, 7.2) 25.7 1.35; 1.69 (2H, m) 25.9 1.31; 1.72 (2H, m) 
4' 17.7 0.99 (3H, d, 6.6) 11.6 0.88 (3H, m) 11.8 0.89 (3H, m) 
5' 

 
  16.1 1.10 (3H, d, 6.6) 15.9 0.95 (3H, d, 7.1) 

1'' 26.1 2.35; 2.59 (2H, m) 27.1 2.40; 2.46 (2H, m) 27.2 2.42; 2.53 (2H, m) 
2'' 120.3 4.97 (1H, t, 7.2) 120.3 4.88 (1H, m) 120.4 4.99 (1H, t, 6.9) 
3'' 134.5   134.7   134.4   
4'' 25.8 1.65 (3H, bs) 25.7 1.65 (3H, bs) 25.7 1.63 (3H, bs) 
5'' 17.8 1.63 (3H, bs) 17.7 1.58 (3H, bs) 17.8 1.59 (3H, bs) 
1''' 23.1 2.53 (2H, m) 23.4 2.35; 2.55 (2H, m) 23.4 2.36; 2.56 (2H, m) 
2''' 68.3 3.70 (1H, t, 3.3) 68.8 3.80 (1H, m) 68.8 3.79 (1H, m) 
3''' 88.6   87.5   87.6   
4''' 24.2 1.33 (3H, bs) 24.7 1.47 (3H, bs) 24.8 1.45 (3H, bs) 
5''' 23.5 1.58 (3H, bs) 21.8 1.49 (3H, bs) 22.6 1.48 (3H, bs) 

7 34.1 
2.57 (1H, m); 
2.92(1H,dd,14.9;8.3) 

32.4 2.82; 2.87 (2H, m) 32.2 2.64; 2.84 (2H, m) 

8 114.7 5.01 (1H, t, 7.7) 114.5 4.94 (1H, t, 7.4) 114.6 4.93 (1H, t, 7.7) 
9 141.5   141.7   141.7   
10 39.8 1.95; 2.01 (2H, m) 39.9 1.93; 2.00 (2H, m) 39.8 1.93; 2.00 (2H, m) 
11 26.7 1.95; 2.01 (2H, m) 26.7 1.93; 2.00 (2H, m) 26.6 1.93; 2.00 (2H, m) 
12 123.8 5.05 (1H, t, 6.9) 123.8 5.04 (1H, m) 123.9 5.03 (1H, m) 
13 131.7   131.6   131.6   
14 17.8 1.58 (3H, bs) 17.8 1.57 (3H, bs) 17.6 1.58 (3H, bs) 
15 25.7 1.67 (3H, bs) 25.7 1.67 (3H, bs) 25.6 1.67 (3H, bs) 
16 16.5 1.61 (3H, bs) 16.5 1.61 (3H, bs) 16.5 1.61 (3H, bs) 
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Table 3.31 MS/MS fragments of compounds 13–18. 
Comp tR  

(min) 
M mi  
(gmol-1) 

Mode 
  

Prec. 
ion  

m/z 

Vcol  

(V) 
Product ions m/z (relative abundance) 
  

13 4.96 500 PI 501 15 502(17), 501(37), 433(19), 432(17), 431(38), 415(23), 414(35), 413(100), 397(14), 395(29), 
365(21), 363(13), 357(22), 347(14), 345(36), 327(23), 303(18), 297(23), 295(28), 289(51), 
285(17), 277(16), 271(24), 261(29), 227(12), 181(58), 137(23), 135(23), 123(13), 113(33), 81(19) 

      20 431(16), 414(32), 413(77), 395(27), 357(26), 347(20), 345(39), 327(39), 303(22), 297(44), 
295(40), 289(83), 285(29), 279(19), 277(38), 271(67), 261(53), 259(20), 245(16), 243(25), 
227(32), 201(21), 182(17), 181(100), 153(20), 137(54), 135(41), 127(19), 123(26), 121(16), 
113(78), 95(17), 93(19), 81(72) 

          35 271(11), 243(11), 227(14), 181(23), 175(13), 163(10), 153(16), 137(20), 135(37), 125(11), 
123(23), 121(15), 113(62), 109(33), 107(17), 95(36), 93(13), 81(100) 

14 5.02 500 PI 501 15 501(22), 483(14), 433(24), 432(17), 431(46), 415(28), 414(41), 413(100), 397(18), 396(15), 
395(35), 365(16), 357(16), 346(12), 345(45), 339(13), 327(24), 307(14), 303(22), 297(23), 
295(26), 290(13), 289(59), 285(18), 277(22), 271(34), 261(28), 227(13), 181(59), 137(24), 
135(18), 123(14), 113(27), 81(29) 

      20 431(21), 414(35), 413(75), 395(32), 357(26), 345(63), 327(54), 303(35), 297(49), 295(52), 
290(22), 289(92), 285(37), 277(38), 272(20), 271(76), 261(52), 243(20), 227(33), 201(27), 
181(100), 153(33), 137(69), 135(58), 127(21), 123(35), 121(24), 113(86), 109(49), 95(27), 81(80) 

          35 271(16), 243(14), 227(19), 201(14), 181(25), 175(22), 163(30), 153(14), 137(27), 135(53), 
127(15), 125(18), 123(19), 121(17), 113(69), 109(36), 107(21), 95(39), 93(21), 81(100) 

15 5.03 500 PI 501 15 501(27), 434(25), 433(66), 431(41), 416(26), 415(63), 414(34), 413(93), 397(53), 395(45), 
365(45), 363(30), 346(27), 345(100), 328(22), 327(50), 303(56), 297(83), 295(46), 289(47), 
285(38), 271(30), 261(55), 227(28), 181(97), 137(50), 135(25), 123(30), 113(50), 95(24), 81(50) 

      20 414(22), 413(65), 397(25), 365(25), 363(22), 345(61), 329(25), 327(68), 303(33), 297(53), 
295(45), 289(62), 285(49), 277(52), 271(39), 261(53), 259(24), 227(51), 201(43), 181(69), 
171(21), 153(25), 137(50), 135(61), 127(24), 123(45), 113(100), 95(32), 81(64) 

          35 271(10), 227(21), 201(15), 193(10), 181(15), 179(12), 177(25), 175(16), 167(15), 153(22), 
137(27), 135(47), 127(11), 123(21), 121(18), 113(72), 109(24), 107(13), 99(13), 95(41), 93(14), 
83(10), 81(100) 

16 5.15 500 PI 501 15 434(18), 433(46), 431(36), 416(26), 415(70), 414(33), 413(100), 397(41), 395(34), 379(18), 
365(29), 363(23), 357(18), 347(22), 346(21), 345(87), 327(52), 309(18), 303(38), 297(57), 
295(38), 289(39), 285(37), 277(28), 271(27), 261(34), 227(24), 201(24), 181(68), 137(46), 
135(48), 123(27), 113(43), 81(33) 

      20 415(31), 414(24), 413(52), 397(22), 395(21), 357(20), 346(23), 345(74), 327(67), 303(42), 
297(50), 295(54), 289(60), 285(47), 279(23), 277(50), 271(73), 261(53), 227(56), 201(40), 
181(82), 153(28), 137(85), 135(91), 127(29), 123(45), 113(100), 109(23), 95(30), 93(21), 81(79) 

          35 271(10), 243(10), 227(29), 203(11), 201(18), 181(16), 175(11), 163(10), 153(25), 149(11), 
137(35), 135(40), 133(14), 127(17), 125(12), 123(23), 121(24), 113(98), 109(36), 107(20), 99(10), 
95(47), 93(23), 81(100) 

17 5.23 514 PI 515 15 516(16), 515(33), 447(18), 431(49), 429(20), 414(34), 413(100), 395(29), 379(15), 357(19), 
345(45), 327(23), 311(18), 303(17), 295(24), 289(43), 277(15), 271(19), 261(27), 195(50), 
137(16), 127(30), 85(24) 

      20 414(28), 413(100), 395(25), 363(26), 357(34), 346(23), 345(69), 327(43), 311(30), 303(24), 
295(48), 290(20), 289(81), 285(38), 277(52), 271(56), 261(43), 243(32), 227(38), 201(26), 
195(95), 177(22), 153(17), 137(49), 135(47), 127(88), 123(22), 109(18), 95(27), 85(64), 81(62) 

          35 271(18), 259(12), 243(17), 227(17), 203(13), 201(11), 195(24), 177(21), 175(18), 153(15), 
137(26), 135(43), 127(100), 123(20), 121(11), 109(39), 107(16), 95(32), 93(19), 85(20), 81(88) 

18 5.27 514 PI 515 15 515(24), 447(11), 432(23), 431(43), 429(13), 414(28), 413(100), 395(32), 363(10), 361(11), 
357(17), 345(31), 327(11), 311(20), 307(13), 303(13), 295(11), 289(49), 285(14), 277(16), 
271(19), 261(35), 243(10), 195(54), 177(16), 137(15), 127(25), 85(34) 

      20 414(29), 413(64), 357(18), 345(55), 328(20), 327(29), 311(20), 307(19), 303(42), 295(38), 
293(16), 289(83), 285(18), 277(32), 271(79), 261(55), 243(17), 221(18), 201(31), 195(100), 
137(47), 127(81), 125(16), 123(39), 85(20), 81(40) 

          35 289(14), 259(13), 243(17), 219(15), 213(10), 201(10), 195(21), 189(16), 187(10), 185(13), 
177(13), 175(17), 173(10), 163(14), 161(10), 153(12), 149(16), 137(25), 135(35), 131(11), 
128(12), 127(79), 123(25), 121(19), 119(10), 95(44), 93(14), 85(35), 83(18), 81(100) 
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3.1.20 Elucidation of compound 13 

Compound 13 (Proposed name: Hyperibarbin M) was obtained as fraction PE-1.3.6.2, an 
optically active viscous yellow oil, [α]25

D –126° (c 0.05, MeOH). The molecular formula of 
13, calculated for C30H44O6 (500.6667 Da) was established by ESI-HRMS, from m/z 
501.3233 of [M+H]+ (Mmi 500.3138 Da). The 1H and 13C spectra (Table 3.29) showed the 
presence of 2-methylpropanoyl (isobutyryl) group, one additional carbonyl group, isoprenyl 
and geranyl side-chain, as well as one hydroxyl group and an endoperoxide bridge, as seen in 
the structures of compounds 5–8. However, as apparent from specific shifts in the 1H and 13C 
NMR spectra, the endoperoxide bridge is in a different position compared to the one present 
in compounds 5–12 – it is connecting C-2 and C-4 in compounds 13–18 (Fig. 3.272). 
 

 
Figure 3.272 Structure of compound 13. 
 
In the 1H NMR spectrum, signals typical for acylphloroglucinols were observed (Fig. 3.273). 
Namely, two doublets of H-3' and H-4' (δH 1.13d and 1.09d, respectively) indicate the 
presence of isobutyryl group as a starter acid. Three triplets at around 5 ppm refer to the three 
side chain groups containing a proton attached to carbon atoms forming a double bond with a 
quaternary carbon (Fig. 3.273), as seen in the compounds elucidated before. This is 
confirmed by the 13C NMR spectrum of compound 13, showing presence of 30 carbons, ten 
quaternary, three of which are responsible for the formation of double bonds in isoprenyl and 
geranyl side chain (C-13 – δC 131.7 ppm, C-3'' – δC 134.6 ppm and C-9 – δC 141.7 ppm) 
(Fig. 3.274). 
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Figure 3.273 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.274 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
 

NMR spectrum of compound 13; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of compound 13; Solvent: CDCl3, Instrument: Bruker Ava 

 

 
, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 



 

In compound 13, H-1'' protons 
a "roof-like" shape (Fig. 3.275
and 7.3, respectively. The 
two protons, respectively. 

The protons of H-1''' are al
well. The vicinal coupling constant values 
respectively. Their geminal 

H-7 protons seem to be in form of 
separate, but close signals 
coupling constants for H
coupling constant is -14.9 
 

Figure 3.275 1H NMR spectrum of 
δH 2.59m (2); H-1''' protons:
Bruker Ava 600 MHz (T = 298 K).
 

1'' protons – signals of δH 2.40dt (H-1''a) and 2.48dt

3.275). Vicinal coupling constants of H-1''a and H
7.3, respectively. The geminal coupling constants are at -13.8 Hz and 

 

1''' are also two signals – δH 2.33dd and 2.57dd, in a "roof
inal coupling constant values are 5.5 Hz and 4.4 Hz

inal coupling constants are at both at -16.0 Hz (

in form of one multiplet in 1H NMR spectrum, but are in fact two 
close signals forming a "roofing" effect – δH 2.82dd and 

for H-7a and H-7b are at 7.7 Hz and 7.2 Hz, respectively. 
 Hz for both protons (Fig. 3.276). 

H NMR spectrum of compound 13 – signals of H-1'' protons: 
protons: δH 2.30dd (3) and δH 2.50dd (4); Solvent: CDCl

(T = 298 K). 

269 

dt (H-1''b) form together 
1''a and H-1''b are 6.9 Hz 

13.8 Hz and -14.7 Hz for the 

, in a "roof-like" shape as 
4.4 Hz for H-1'''a and b, 
Hz (Fig. 3.275). 

NMR spectrum, but are in fact two 
and δH 2.86dd. Vicinal 

, respectively. Geminal 

 
protons: δH 2.34dt (1) and 

; Solvent: CDCl3, Instrument: 
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Figure 3.276 1H NMR spectrum of 
δH 2.87dd (5); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
HSQC experiment placed all protons
protons present in the structure, the multiplicity and coupling constants were calculated and 
listed in numbering order of the structure (
three triplets (found around 5 ppm) are attached to four corresponding C
C-8 (δC 114.4 ppm); δH 4.89
confirming the presence of three
3.277), i.e. the presence of one
elucidated compounds (Fig. 3.278

Figure 3.277 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 

H NMR spectrum of compound 13 – signals of H-7 protons 
, Instrument: Bruker Ava 600 MHz (T = 298 K).

all protons on their corresponding carbon atoms. For each of the 
protons present in the structure, the multiplicity and coupling constants were calculated and 

rder of the structure (Table 3.29). According to HSQC exp
triplets (found around 5 ppm) are attached to four corresponding C-atoms 

4.89t on C-2'' (δC 120.3 ppm); δH 5.03t on C-12
confirming the presence of three double bonds in the side chains of compound 

), i.e. the presence of one isoprenyl and one geranyl group, as in the previously 
3.278). 

NMR spectrum of compound 13; Solvent: CDCl3, Instrument: Bruker 

 
 δH 2.82dd (6) and 

(T = 298 K). 

corresponding carbon atoms. For each of the 
protons present in the structure, the multiplicity and coupling constants were calculated and 

). According to HSQC experiment, the 
atoms – δH 4.93t on 
12 (δC 123.9 ppm), 

double bonds in the side chains of compound 13 (Fig. 
, as in the previously 

 
, Instrument: Bruker 



 

Figure 3.278 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K).
 
1H-1H COSY experiment
3.279), while HMBC correlations 
structure, i.e. closeness of protons to the carbons of neighboring groups
 

Figure 3.279 1H-1H COSY 
Bruker Ava 600 MHz (T = 298 K).
 

NMR spectrum of compound 13 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

H COSY experiment identified the correlations between closely 
HMBC correlations were used to determine correlations between

, i.e. closeness of protons to the carbons of neighboring groups

H COSY NMR spectrum of compound 13; Solvent: CDCl
(T = 298 K). 
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specific correlation between protons 

; Solvent: CDCl3, Instrument: 

osely bound protons (Fig. 
were used to determine correlations between parts of the 

, i.e. closeness of protons to the carbons of neighboring groups (Fig. 3.280). 

 
Solvent: CDCl3, Instrument: 
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Figure 3.280 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 
As apparent from the specific HMBC correlations, 
and carbons of the structure is detected, as previously in compound 
the other carbonyl, C-5 (δC 196.6
detected in the previously isolated
in agreement with the endoperoxide bridge 
it also correlates with H-1'' and H
H-7 protons (δH 2.82dd and δH

group. C-1 (δC 189.0 ppm) and C
2.33dd and δH 2.57dd), with C
two protons, enabled by the ring distortion.

As opposed to the compounds 
between C-1 and C-6, giving both C
189.0 ppm and δC 99.5 ppm, respectively) (

 

NMR spectrum of compound 13; Solvent: CDCl3, Instrument: Bruker 

As apparent from the specific HMBC correlations, similar interactions between close protons 
and carbons of the structure is detected, as previously in compound 5–12

196.6 ppm), is somewhat smaller (lower ppm)
detected in the previously isolated and characterized compounds (~199–206
in agreement with the endoperoxide bridge not being in the position close to it

1'' and H-3 protons, and its strong HMBC correlation with

H 2.87dd) places it in a position next to the C-
) and C-4 (δC 180.5 ppm) both correlate with H

), with C-4 carbon interestingly showing stronger correlation 
two protons, enabled by the ring distortion. 

As opposed to the compounds 5–12, in structure of compounds 13–18
6, giving both C-atoms higher chemical shifts in 13C NMR spectrum (

99.5 ppm, respectively) (Fig. 3.281). 

 
, Instrument: Bruker 

similar interactions between close protons 
12. Chemical shift of 

(lower ppm) than the ones 
206 ppm), which is 

close to it. Nevertheless, 
its strong HMBC correlation with signals of 

-6 attached geranyl 
) both correlate with H-1''' protons (δH 

4 carbon interestingly showing stronger correlation with the 

18, double bond is 
C NMR spectrum (δC 



 

Figure 3.281 HMBC NMR spectrum of compound
ppm) with its neighboring protons
neighboring protons; C – correlation
their neighboring protons; D 
(δC 85.0 ppm), C-3''' (δC 87.6 ppm
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
The compound 13 has 
endoperoxy bridge, which is, however, not connecting C
Therefore, with the other p
centers, but instead of C-6, C
configuration depends the configuration of the 
possible structures for compound 
since two oxygen atoms within the endoperoxide bridge are only possible to be both in the 
same orientation, this limits the structural possibilities to
Nevertheless, it is not easy to predict which of the possible stru
compound, as was already seen in cases of compounds 
 

NMR spectrum of compound 13: A – correlation 
) with its neighboring protons; B – correlation of C-5 (δC 196.6 ppm

correlations of C-4 (δC 180.6 ppm) and C-1 (δ
; D – correlations of C-3 (δC 59.4 ppm), C-2''' 

87.6 ppm) and C-6 (δC 99.5 ppm) with their neighboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

has identical mass with the compounds 5–8, 
endoperoxy bridge, which is, however, not connecting C-4 and C
Therefore, with the other parts of the structure being unchanged, it contains also 4 chiral 

6, C-2 is a new chiral center: C-2, C-3, C-4 and C
configuration depends the configuration of the whole molecule. In that manner, there are 

ble structures for compound 13 and its diastereomeric compounds 
since two oxygen atoms within the endoperoxide bridge are only possible to be both in the 

, this limits the structural possibilities to 4 enantiomeric pairs
, it is not easy to predict which of the possible structures belongs to this 

compound, as was already seen in cases of compounds 5–12. 

273 

 
correlation of C-1' (δC 208.1 

ppm) with its 
δC 189.0 ppm) with 
 (δC 68.8 ppm), C-2 

) with their neighboring protons; 

, but it containts an 
4 and C-6, but C-2 and C-4. 

, it contains also 4 chiral 
and C-1''', from whose 

molecule. In that manner, there are 16 
and its diastereomeric compounds 14–16. However, 

since two oxygen atoms within the endoperoxide bridge are only possible to be both in the 
4 enantiomeric pairs (Fig. 3.282). 

ctures belongs to this 



274 

 

Figure 3.282 Possible structures of compound
 
After resolving the structure of compound 
experiment was analyzed in order 
most of the correlations resemble the ones detected in NOESY spectra of compounds 

Interestingly, the H-1''' protons have exhibited NOESY correlations specifical
protons of H-4''' and H-5''', specifying their positions. Namely, 
with H-4''' (δH 1.47bs) and H-1'''b

NOESY correlation between 
not detected in the spectrum 
through the relative configuration of its 
 

Possible structures of compounds 13–16. 

fter resolving the structure of compound 13 by using HMBC correlations
experiment was analyzed in order to confirm the prior postulation (Fig. 3.283
most of the correlations resemble the ones detected in NOESY spectra of compounds 

1''' protons have exhibited NOESY correlations specifical
5''', specifying their positions. Namely, H-1'''a (δH

1'''b (δH 2.57dt) correlates with H-5''' (δH 1.48bs

 H-3 (δH 3.95dd) with H-1''' protons (δH 2.33dd

 of compound 13, making it hard to determine its 3
through the relative configuration of its stereo centers (Fig. 3.284). 

 

HMBC correlations, NOESY 
3.283). As expected, 

most of the correlations resemble the ones detected in NOESY spectra of compounds 5–8. 

1''' protons have exhibited NOESY correlations specifically with the two 

H 2.33dt) correlates 
bs) (Fig. 3.285). 

dd and δH 2.57dd) is 
making it hard to determine its 3D structure 



 

Figure 3.283 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 

Figure 3.284 NOESY NMR spectrum of compound 
(δH 3.95dd) and the corresponding
1.13d) and H-2' (δH 2.72sept

Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

NMR spectrum of compound 13; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 13 – specific correlation between
he corresponding protons from isobutyryl group – H-4'

sept); correlation between H-2''' (δH 3.81t) and H
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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; Solvent: CDCl3, Instrument: Bruker 

 
specific correlation between H-3 

4' (δH 1.09d), H-3' (δH 
) and H-5'' (δH 1.58bs); 
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Figure 3.285 NOESY NMR spectrum of compound 
protons (a – δH 2.57dd and b – 
respectively; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

 
Figure 3.286 Compound 13 –
 

NMR spectrum of compound 13 – specific correlation between 
 δH 2.33dd) and H-4''' (δH 1.47bs) and H-5''' (δH

, Instrument: Bruker Ava 600 MHz (T = 298 K).

 
– Hyperibarbin M. 

 
specific correlation between H-1''' 

H 1.48bs), 
(T = 298 K). 
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Figure 3.289 Fragments obtained from 
 
Through fragmentation pattern analysis of compound 
is possible to be confirmed. However, 
formed during its MS/MS fragmentation are mostly equal to the ones detected in compounds 
5–12 (Fig. 3.288; Fig. 3.289).

As in the compounds elucidated before
∆m/z = 70, O=C=CMe2) is a first fragmentation reaction which resulted in abundant 
fragment, through a common elimination reaction (Sleno 
However, the losses of two wate
and no abundant m/z 433 peak, which would be a result of a direct isoprenyl group loss 
(C5H8, ∆m/z = 68), was noted.

 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

Through fragmentation pattern analysis of compound 13, the previous structural elucidation 
is possible to be confirmed. However, the m/z values and molecular formulas of fragments 
formed during its MS/MS fragmentation are mostly equal to the ones detected in compounds 

. 

elucidated before, starter acid loss in a form of ketene (501 
) is a first fragmentation reaction which resulted in abundant 

fragment, through a common elimination reaction (Sleno et al., 2006; Fuzzati 
However, the losses of two water molecules were not detected in the MS/MS spectrum of 

433 peak, which would be a result of a direct isoprenyl group loss 
. 

 

 
/MS Product Ion Scan (PI) of compound 13. 

, the previous structural elucidation 
values and molecular formulas of fragments 

formed during its MS/MS fragmentation are mostly equal to the ones detected in compounds 

acid loss in a form of ketene (501 → 431, 
) is a first fragmentation reaction which resulted in abundant m/z 431 

, 2006; Fuzzati et al., 2001). 
r molecules were not detected in the MS/MS spectrum of 13, 

433 peak, which would be a result of a direct isoprenyl group loss 
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3.1.21 Elucidation of compound 14 

Compound 14 (Proposed name: Hyperibarbin N) was obtained as fraction PE-1.3.6.3, an 
optically active viscous yellow oil, [α]25

D –116° (c 0.05, MeOH). The molecular formula of 
14, calculated for C30H44O6 (500.6667 Da), was established by ESI-HRMS, from m/z 
501.3211 of [M+H]+ (Mmi 500.3138 Da). As apparent from the 1H and 13C NMR spectra 
(Table 3.29), which showed the presence of specific side-chains and groups determined for 
compound 13, the structure of 14 seems to be identical to the one of compound 13, making 
the two compounds equivalent – most probably diastereoisomers, due to their different 
retention times, i.e. chromatographic separation (Fig. 3.293; Fig. 3.294), as also seen in the 
case of compounds 5 and 6. 
 

 
Figure 3.290 Structure of compound 14. 
 
In the 1H NMR spectrum, signals typical for acylphloroglucinols were observed, like in 
compound 13 (Fig. 3.291). 13C NMR spectrum of compound 14 showed presence of 30 
carbons, ten quaternary atoms, three of which are responsible for the formation of double 
bonds in the isoprenyl and geranyl side chain (Fig. 3.292). 
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Figure 3.291 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.292 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 

NMR spectrum of compound 14; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of compound 14; Solvent: CDCl3, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 



 

Figure 3.293 Comparison of 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

Figure 3.294 1H NMR shifts of compounds 
similarities between them.
 
 

Comparison of 1H NMR spectra of: A - compound 13 and B 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

H NMR shifts of compounds 13 and 14 which represent the significant 
similarities between them. 
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and B - compound 14; 

 
which represent the significant 
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In compound 14, H-1'' protons 
form together a "roof-like" shape
signals present in the 1H NMR spectrum (
Hz, while the geminal coupling 

The protons of H-1''' – signals at
effect, as well. Vicinal coupling constant
respectively. The geminal ones are 
3.295). 

H-7 protons seem to be in a form of one multiplet in 
compound 13, they are in fact, two separate signals in a "roof
multiplets – δH 2.80dd and 2.86
respectively, and the geminal 
 

Figure 3.295 1H NMR spectrum of compound 
2.52m; H-1''' signals of δH 2.39
600 MHz (T = 298 K). 
 

protons – signals at 2.44dt (H-1''a) and 2.52m (H-1''b)
like" shape as seen before, if H-1'''b was not overlapped with other 
H NMR spectrum (Fig. 3.295). Vicinal coupling of H

inal coupling constant with their neghboring protons is -14.6

signals at δH 2.39dd (H-1'''a) and 2.54dd (H-1'''b)
inal coupling constants for H-1'''a and b are 3.8 Hz and 

ones are -16.0 Hz for both protons, as in compound 

protons seem to be in a form of one multiplet in 1H NMR spectrum, but
are in fact, two separate signals in a "roof-like" shape of their two close 

and 2.86dd. Their vicinal coupling constants are 7.7 Hz and
inal one is -14.9 Hz for both (Fig. 3.296). 

H NMR spectrum of compound 14 signals of: H-1'' protons 
9dd (2) and 2.54dd (3); Solvent: CDCl3, Instrument: Bruker Ava 

1''b) would probably 
overlapped with other 

H-1''a values at 7.2 
14.6 Hz. 

1'''b), form a "roofing" 
3.8 Hz and 4.4 Hz, 

, as in compound 13 (Fig. 

NMR spectrum, but, as seen in 
like" shape of their two close 

7.7 Hz and 7.1 Hz, 

 
protons δH 2.44dt (1) and 
, Instrument: Bruker Ava 



 

Figure 3.296 1H NMR spectrum of compound 
δH 2.86dd (4), in a "roof-like" shape
298 K). 
 
HSQC experiment had confirmed that 
atoms is identical in the 
present in the structure, the multiplicity and coupling constants were calculated and listed in 
numbering order of the structure (
 

Figure 3.297 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 

H NMR spectrum of compound 14 signals of: H-1''' protons 
like" shape; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

had confirmed that placing of the protons on their corresponding carbon 
 diastereomeric compounds 13 and 14. For each of the protons 

present in the structure, the multiplicity and coupling constants were calculated and listed in 
numbering order of the structure (Table 3.29; Fig. 3.297; Fig. 3.298). 

NMR spectrum of compound 14; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 
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1''' protons δH 2.80dd (5) and 

, Instrument: Bruker Ava 600 MHz (T = 

their corresponding carbon 
. For each of the protons 

present in the structure, the multiplicity and coupling constants were calculated and listed in 
 

 
, Instrument: Bruker 
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Figure 3.298 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K).
 
1H-1H COSY and HMBC analyse
(Fig. 3.299), by displaying similar
groups in their structures (Fig
 

Figure 3.299 1H-1H COSY NMR spectrum of compound 
Bruker Ava 600 MHz (T = 298 K).
 

NMR spectrum of compound 14 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

H COSY and HMBC analyses had also confirmed the equivalent structures of 
similar correlations between close protons of side

Fig. 3.300). 

NMR spectrum of compound 14; Solvent: CDCl
(T = 298 K). 

 
specific correlation between protons 

Solvent: CDCl3, Instrument: 

structures of 13 and 14 
protons of side-chains and 

 
; Solvent: CDCl3, Instrument: 



 

Figure 3.300 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 
As apparent from the HMBC
to the ones present in compound 
confirming the postulation of their
 

Figure 3.301 HMBC NMR spectrum of compound 
ppm) with its neighboring protons
neighboring protons; C – correlation
their neighboring protons; D 
(δC 84.8 ppm), C-3''' (δC 87.8
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

NMR spectrum of compound 14; Solvent: CDCl3
(T = 298 K). 

apparent from the HMBC spectrum of compound 14, specific correlations
to the ones present in compound 13 as well, i.e. all the atoms are positioned in the same way, 
confirming the postulation of their diastereomerism (Fig. 3.301, Fig. 3.305

NMR spectrum of compound 14: A – correlation 
) with its neighboring protons; B – correlation of C-5 (δC 196.6 ppm

correlations of C-4 (δC 180.7 ppm) and C-1 (δ
; D – correlations of C-3 (δC 60.5 ppm), C-2''' 

87.8 ppm) and C-6 (δC 99.2 ppm) with their neighboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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3, Instrument: Bruker 

specific correlations are equivalent 
, i.e. all the atoms are positioned in the same way, 

3.305). 

 
correlation of C-1' (δC 209.3 

196.6 ppm) with its 
δC 189.5 ppm) with 
 (δC 68.6 ppm), C-2 

) with their neighboring protons; 
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NOESY correlations were used in order to facilitate
structure, and most of them were also detected in NOESY spectrum of compound 
3.302). However, in compound 
which is not the case in compound 
(Fig. 3.303; Fig. 3.304). 

However, as seen in compound 
each of the H-1''' protons and the two protons of 
Namely, H-1'''a proton (δH 2.39
2.54dd) correlates with H-4''' (
NOESY spectrum of 13, confirming difference in configuration of C
 

Figure 3.302 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

used in order to facilitate the prior postulation of compounds' 
, and most of them were also detected in NOESY spectrum of compound 

n compound 13, H-5'' proton signal correlates with triplet of 
is not the case in compound 14, due to the possible difference in configuration of C

However, as seen in compound 13, in 14 there are also specific NOESY correlations between 
d the two protons of H-4''' and H-5''', specifying their positions. 

2.39dd) correlates with H-5''' (δH 1.57bs), while H
4''' (δH 1.37bs) (Fig. 3.304), opposite of the correlations noted in 

, confirming difference in configuration of C-2''' (Fig. 

OESY NMR spectrum of compound 14; Solvent: CDCl3, Instrument: Bruker 

prior postulation of compounds' 14 
, and most of them were also detected in NOESY spectrum of compound 13 (Fig. 

correlates with triplet of H-2''' proton, 
in configuration of C-2''' 

there are also specific NOESY correlations between 
5''', specifying their positions. 

), while H-1'''b proton (δH 
), opposite of the correlations noted in 

Fig. 3.306). 

 
, Instrument: Bruker 



 

Figure 3.303 NOESY NMR spectrum of compound 
(δH 3.94dd) and the protons from isobutyryl group 
(δH 2.73sept); correlation of H
and δH 1.57bs, respectively)
 

Figure 3.304 NOESY NMR spectrum of compound 
2.54dd) and H-1'''b (δH 2.39
respectively; Solvent: CDCl
 

NMR spectrum of compound 14 – specific correlation between
protons from isobutyryl group – H-4' (δH 1.07d), H-3'

of H-2''' (δH 3.79t) with signals of H-4''' and H-
, respectively); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 

NMR spectrum of compound 14 – specific correlation 
2.39dd) protons with H-4''' (δH 1.37bs) and H-5''' (

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K).
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specific correlation between H-3 

3' (δH 1.11d) and H-2' 
-5'' protons (δH 1.37bs 

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
specific correlation of H-1'''a (δH 

(δH 1.57bs), 
(T = 298 K). 
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Figure 3.305 Compound 14 –
 
 

Figure 3.306 Proposed 3D structure of compound 
 

 
– Hyperibarbin N. 

 
tructure of compound 14 with the marked NOESY correlationsmarked NOESY correlations. 
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Figure 3.307 MS/MS Product Ion Scan (PI) of compound 14 at collision voltage of 15, 20, 
and 35 V. 
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Figure 3.308 Fragments obtained from 
 
As seen in compound 13, t
compound 14 is also a result of the starter acid cleavage (501 
al., 2006; Fuzzati et al., 2001)
(501 → 433), is also not a prevalent reaction
configuration on C-3 carbon in the two compounds

 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

, the first highly abundant loss during the fragmentation of 
also a result of the starter acid cleavage (501 → 431, ∆m/z

, 2001) (Fig. 3.307; 3.308). Furthermore, the isoprenyl group loss 
not a prevalent reaction in compound 14, as well, suggesting analogous 

3 carbon in the two compounds (Fig. 3.286; 3.305). 

 
/MS Product Ion Scan (PI) of compound 14. 

first highly abundant loss during the fragmentation of 
m/z = 70) (Sleno et 

Furthermore, the isoprenyl group loss 
, as well, suggesting analogous 
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3.1.22 Elucidation of compound 15 

Compound 15 (Proposed name: Hyperibarbin O) was obtained as fraction PE-1.3.6.4, an 
optically active viscous yellow oil, [α]25

D –68° (c 0.05, MeOH). The molecular formula of 
15, calculated for C30H44O6 (500.6667 Da) was established by ESI-HRMS, from m/z 
501.3211 of [M+H]+ (Mmi 500.3138 Da). As seen from its 1H and 13C NMR spectra (Table 
3.29), specific signals and their different retention times, i.e. chromatographic separation 
suggested that the structure of 15 is equivalent, i.e. diastereomeric to the ones of compounds 
13 and 14 (Fig. 3.309). 
 

 
Figure 3.309 Structure of compound 15. 
 
In 1H NMR spectrum of 15, signals typical for acylphloroglucinols were observed, similar to 
the compounds 13 and 14 (Fig. 3.310). 13C NMR spectrum of compound 15 shows presence 
of 30 carbons, ten quaternary atoms, three of which are responsible for the formation of 
double bonds in one isoprenyl and one geranyl side chain (Fig. 3.311), as also seen in the 
compounds before. 
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Figure 3.310 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.311 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
 

NMR spectrum of compound 15; Solvent: CDCl3, Instrument: Bruker Ava 

C NMR spectrum of compound 15; Solvent: CDCl3, Instrument: Bruker Ava 

 

 
, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 



 

In the 1H NMR spectrum
signals, overlapped with other signals
constants were not possible to be determined.

The signals of H-1''' protons
shape, as seen also in the compounds elucidated before
5.5 Hz and 4.4 Hz for H-1'''a and b, respectively
of them (Fig. 3.312). 

H-7 protons seem to also be forming a 
2.86dd. Vicinal coupling constant
(Fig. 3.312). 
 

Figure 3.312 1H NMR spectrum of 
2.54m; H-1''' multiplets of 
2.86dd (3); Solvent: CDCl3
 
HSQC experiment placed
corresponding carbons, confirming its equivalency with 
present in the structure, the multiplicity and coupling constants were calculated and listed in 
numbering order of the structure (
  

H NMR spectrum, H-1'' protons (δH 2.37m and 2.54m) are in a form of
apped with other signals in the spectrum (Fig. 3.312). 

were not possible to be determined. 

protons – δH 2.33dd (H-1'''a) and 2.58dd (H-1'''b)
, as seen also in the compounds elucidated before. The vicinal 

1'''a and b, respectively, while the geminal one 

be forming a "roof-like" shape with their signals
coupling constant for H-7b (δH 2.86dd) is 8.3 Hz and gem

H NMR spectrum of compound 15 – signals of H-1'' protons: 
1''' multiplets of δH 2.33dd (1) and δH 2.58dd (2); H-7 multiplets of 

3, Instrument: Bruker Ava 600 MHz (T = 298 K).

placed all protons present in the structure of compound 
, confirming its equivalency with 13 and 14. For each of the protons 

present in the structure, the multiplicity and coupling constants were calculated and listed in 
numbering order of the structure (Table 3.29; Fig. 3.313; Fig. 3.314). 
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are in a form of multiplet 
). Thus, their coupling 

1'''b), form a "roof-like" 
 coupling constants are 

one is -16.0 Hz for both 

with their signals – δH 2.61m and δH 
geminal one is -14.9 Hz 

 
protons: δH 2.37m and δH 

7 multiplets of δH 2.61m and δH 
(T = 298 K). 

of compound 15 on their 
. For each of the protons 

present in the structure, the multiplicity and coupling constants were calculated and listed in 
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Figure 3.313 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.314 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K).
 
 

HSQC NMR spectrum of compound 15; Solvent: CDCl3, Instrument: Bruker 

HSQC NMR spectrum of compound 15 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

 

 
, Instrument: Bruker 

 
specific correlation between protons 

; Solvent: CDCl3, Instrument: 



 

1H-1H COSY experiment was sufficient enough to point out the correlations between clo
bound protons (Fig. 3.315
the molecule are defined by HMBC correlations between different part
3.317). Both of the experiments exhibited correlations already seen in compou
as expected. 
 

Figure 3.315 1H-1H COSY NMR spectrum of compound 
Bruker Ava 600 MHz (T = 298 K).
 

Figure 3.316 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K).

H COSY experiment was sufficient enough to point out the correlations between clo
3.315; Fig. 3.316), while the positions of the aforementioned groups in 

the molecule are defined by HMBC correlations between different part
Both of the experiments exhibited correlations already seen in compou

H COSY NMR spectrum of compound 15; Solvent: CDCl
(T = 298 K). 

HMBC NMR spectrum of compound 15; Solvent: CDCl3
(T = 298 K). 
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H COSY experiment was sufficient enough to point out the correlations between closely 
he positions of the aforementioned groups in 

the molecule are defined by HMBC correlations between different parts of the structure (Fig. 
Both of the experiments exhibited correlations already seen in compounds 13 and 14, 

 
; Solvent: CDCl3, Instrument: 

 
3, Instrument: Bruker 
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Figure 3.317 HMBC NMR spectrum of compound 
ppm) with its neighboring protons
neighboring protons; C – correlation
their neighboring protons; D –
(δC 84.2 ppm), C-3''' (δC 87.5 ppm
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
NOESY correlations of compound 
postulation of its structure (Fig.
between H-3 (δH 4.05dd) and protons of the isobutyryl group, confirming the previous 
suggestion of their neighboring position
protons of H-4''' (δH 1.45bs) 
3.319). 

In NOESY spectrum of 15, signal
H-1'''b (δH 2.58m) with H-4''' (
possible equivalence in configuration of C
aforementioned correlations in them

 

HMBC NMR spectrum of compound 15: A – correlation of C
) with its neighboring protons; B – correlation of C-5 (δC 197.6 ppm) with its 

correlations of C-4 (δC 179.9 ppm) and C-1 (δC 189.2 ppm
– correlations of C-3 (δC 60.4 ppm), C-2''' (δC 

87.5 ppm) and C-6 (δC 98.7 ppm) with their neighboring protons
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

of compound 15 were analyzed as well, in order to confirm the
Fig. 3.321). One of the correlations observed was the interaction 
and protons of the isobutyryl group, confirming the previous 

ighboring position in the ring. H-2''' (δH 3.79t) correlates
 and H-5''' (δH 1.48bs), with equal intensity

ignal of H-1'''a (δH 2.33dd) correlates with H-
(δH 1.45bs), as seen in the NOESY spectra of 

possible equivalence in configuration of C-2''' of 15 and 14, allowing the specific 
in them (Fig. 3.320). 

 
of C-1' (δC 209.1 
) with its 
189.2 ppm) with 
 68.8 ppm), C-2 

) with their neighboring protons; 

, in order to confirm the prior 
). One of the correlations observed was the interaction 

and protons of the isobutyryl group, confirming the previous 
correlates with both 

, with equal intensity (Fig. 3.318; Fig. 

-5''' (δH 1.48bs), and 
OESY spectra of 14, pointing out a 

allowing the specific 



 

Figure 3.318 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 

Figure 3.319 NOESY NMR spectrum of compound 
(δH 4.05dd) and the corresponding
1.13d) and H-2' (δH 2.69sept

H-5''' (δH 1.45bs and δH 1.48
MHz (T = 298 K). 
 

OESY NMR spectrum of compound 15; Solvent: CDCl
(T = 298 K). 

OESY NMR spectrum of compound 15 – specific correlation 
and the corresponding protons from isobutyryl group – H-4'

sept); correlation of H-2''' (δH 3.79t) with its close
48bs, respectively); Solvent: CDCl3, Instrument: Bruker Ava 600 
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; Solvent: CDCl3, Instrument: Bruker 

 
specific correlation between H-3 

4' (δH 0.98d), H-3' (δH 
close protons – H-4''' and 

, Instrument: Bruker Ava 600 
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Figure 3.320 NOESY NMR spectrum of compound 
protons of H-1''' – δH 2.58m and 
H-5''', respectively; Solvent: CDCl
 
 

 
Figure 3.321 Compound 15 –
 

NMR spectrum of compound 15 – specific correlation between 
and δH 2.33m correlating with δH 1.45bs and δH 1.48

; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K).

 
– Hyperibarbin O. 

 
specific correlation between two 

1.48bs of H-4''' and 
(T = 298 K). 



 

Figure 3.322 Proposed 3D s
 

Figure 3.323 MS/MS Product Ion Scan (PI) of compound 
and 35 V. 

 
3D structure of compound 15 with the main NOESY correlations.

MS/MS Product Ion Scan (PI) of compound 15 at collision voltage of 15, 20, 
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with the main NOESY correlations. 

 
at collision voltage of 15, 20, 
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Figure 3.324 Fragments obtained from MS/MS Product Ion Scan (PI) of compound 
 
As seen in compounds 13 and 
of the starter acid cleavage (501 
However, as apparent from MS/MS spectrum of 
group loss (501 → 433), is the major fragmentation reaction
more abundant m/z 433 fragment, 
2006). 

The significant difference in preference of isoprenyl group (most probably from C
between 15 and compounds 
between them, i.e. C-3 isoprenyl group being in such position in 
detachment. Indeed, if in compound 
C-3-isoprenyl group would be detached more easily when in 
accordance with the structure proposed according to the retention time and NOESY 
correlations of compound 15 (

 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

and 14, one of the first losses during the fragmentation
of the starter acid cleavage (501 → 431, ∆m/z = 70) (Sleno et al., 2006; Fuzzati 
However, as apparent from MS/MS spectrum of 15 (Fig. 3.323; Fig. 3.324

the major fragmentation reaction in compound 
433 fragment, when compared to compounds 13 and 

The significant difference in preference of isoprenyl group (most probably from C
and compounds 13 and 14 points out an important stereoc

3 isoprenyl group being in such position in 15 to allow its 
if in compound 15 the 4,6-endoperoxide would be in 

be detached more easily when in β-orientation, which is in 
accordance with the structure proposed according to the retention time and NOESY 

(Fig. 3.322). 

 

 
ragments obtained from MS/MS Product Ion Scan (PI) of compound 15. 

during the fragmentation is a result 
, 2006; Fuzzati et al., 2001). 

Fig. 3.324), the isoprenyl 
pound 15, resulting in 
and 14 (Sleno et al., 

The significant difference in preference of isoprenyl group (most probably from C-3) loss 
hemical difference 
to allow its easier 

in α- orientation, the 
orientation, which is in 

accordance with the structure proposed according to the retention time and NOESY 



 

3.1.23 Elucidation of compound 16

Compound 16 (Proposed name: 
optically active viscous yellow 
calculated for C30H44O6 (500.6667
of [M+H]+ (Mmi 500.3138 Da)
showing signals typical for acylphloroglucinols 
structure also determined in
separation, its structure can be declared as diastereomeric 
(Fig. 3.325). Moreover, its 
 

Figure 3.325 Structure of compound 
 

Figure 3.326 1H NMR spectrum of compound 
600 MHz (T = 298 K). 

Elucidation of compound 16 

(Proposed name: Hyperibarbin P) was obtained as fraction PE
yellow oil, [α]25

D -96° (c 0.05, MeOH). The molecular formula of 
(500.6667 Da), was established by ESI-HRMS

500.3138 Da). As according to the 1H and 13C NMR spectra (
signals typical for acylphloroglucinols and presence of specific groups in the 

determined in previously isolated compounds, as well as their 
structure can be declared as diastereomeric to the ones of compounds 

Moreover, its 1H NMR spectrum is similar to the one of 15

 
Structure of compound 16. 

NMR spectrum of compound 16; Solvent: CDCl3, Instrument: Bruker Ava 
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fraction PE-1.3.6.5, an 
. The molecular formula of 16, 

MS, from m/z 501.3220 
C NMR spectra (Table 3.30) 

specific groups in the 
, as well as their chromatographic 
to the ones of compounds 13–15 

15 (Fig. 3.326–3.328). 

 
, Instrument: Bruker Ava 
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Figure 3.327 Comparison of 1

Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
 

Figure 3.328 1H NMR shifts of compounds 
similarities between them. 
 

1H NMR spectra of: A - compound 15 and B 
, Instrument: Bruker Ava 600 MHz (T = 298 K). 

H NMR shifts of compounds 15 and 16 which represent the significant 

 
and B - compound 16; 

 
which represent the significant 



 

Figure 3.329 13C NMR spectrum of 
 
In the 1H NMR spectrum of 
other signals present in the spectrum (

The protons of H-1''' are, interestingly,
the H-1''' signals in the spectra of other investigated compounds 

H-7 protons are partly in a "roof
and other being δH 2.92dd

geminal one is -14.9 Hz (Fig. 

Figure 3.330 1H NMR spectrum of compound 
2.59m; H-1''' multiplet of δ
CDCl3, Instrument: Bruker Ava 600 MHz 

NMR spectrum of 16; Solvent: CDCl3, Bruker Ava 600 MHz 

H NMR spectrum of 16, H-1'' multiplets of δH 2.35m and δH 2.59
present in the spectrum (Fig. 3.330). 

, interestingly, in a form of one multiplet – δH 2.53
spectra of other investigated compounds 13–15 

in a "roof-like" shape, although one of them is overlapped 
dd. Vicinal coupling constant of H-7b (δH 2.92
Fig. 3.330). 

H NMR spectrum of compound 16 signals of: H-1'' protons 
δH 2.53m; H-7 multiplets of δH 2.57m and δH 2.

, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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, Bruker Ava 600 MHz (T = 298 K). 

9m are overlapped with 

2.53m, differently from 
 (Fig. 3.330). 

, although one of them is overlapped – δH 2.57m 
92dd) is 8.3 Hz and the 

 
1'' protons δH 22.35m and δH 

2.92dd (1); Solvent: 
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HSQC NMR experiment place
atoms and for each of the protons present in the structure, the multiplicity and coupling 
constants were calculated and listed in numbering or
3.331; Fig. 3.332). 
  

Figure 3.331 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 

Figure 3.332 HSQC NMR spectrum of compound 
with signals around 5 ppm and corresponding carbon atoms
Bruker Ava 600 MHz (T = 298 K).

experiment placed all protons in the structure on their corresponding carbon 
or each of the protons present in the structure, the multiplicity and coupling 

constants were calculated and listed in numbering order of the structure (

HSQC NMR spectrum of compound 16; Solvent: CDCl3, Instrument: Bruker 

HSQC NMR spectrum of compound 16 – specific correlation between protons 
with signals around 5 ppm and corresponding carbon atoms; Solvent: CDCl

(T = 298 K). 

heir corresponding carbon 
or each of the protons present in the structure, the multiplicity and coupling 

der of the structure (Table 3.30; Fig. 

 
, Instrument: Bruker 

 
specific correlation between protons 

; Solvent: CDCl3, Instrument: 



 

1H-1H COSY and HMBC experiments 
ones of compound 13–15, i.e. their diastereomeric relation
 

Figure 3.333 1H-1H COSY
Bruker Ava 600 MHz (T = 298 K).
 

Figure 3.334 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 

H COSY and HMBC experiments have also confirmed equivalent structure of 
, i.e. their diastereomeric relation (Fig. 3.333–

COSY NMR spectrum of compound 16; Solvent: CDCl
(T = 298 K). 

NMR spectrum of compound 16; Solvent: CDCl3
(T = 298 K). 
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have also confirmed equivalent structure of 16 to the 
–3.335). 

 
; Solvent: CDCl3, Instrument: 

 
3, Instrument: Bruker 
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Figure 3.335 HMBC NMR spectrum of compound 
ppm) with its neighboring protons
protons; C – correlations of C-
neighboring protons; D – correlations 
83.1 ppm), C-3''' (δC 88.6 ppm
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
 
In NOESY spectrum of compound 
protons from H-4''' (δH 1.33bs)
4''' and H-5''' protons also correlate with
(Fig. 3.336; Fig. 3.338). One of the correlations observed was the interaction between 
(δH 4.01dd) and H-1'' protons of the isobutyryl group, confirming the previous 
their neighboring position. 

 

HMBC NMR spectrum of compound 16: A – correlation of C
) with its neighboring protons; B – correlation of C-5 (δC 198.0 ppm) and its neighboring 

-4 (δC 179.7 ppm) and C-1 (δC 189.7 ppm) with their 
correlations of C-3 (δC 60.9 ppm), C-2''' (δC 68.3 
ppm) and C-6 (δC 98.2 ppm) with their neighboring protons

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

compound 16, H-2''' proton (δH 3.70t) correlates
) and H-5''' (δH 1.58bs), with same intensity (Fig. 

protons also correlate with signal of H-1''' protons (δH 2.53
One of the correlations observed was the interaction between 

protons of the isobutyryl group, confirming the previous 

 
of C-1' (δC 212.9 
) and its neighboring 

) with their 
 ppm), C-2 (δC 

) with their neighboring protons; 

correlates with both of the 
Fig. 3.337). The H-

2.53m), as seen before 
One of the correlations observed was the interaction between H-3 

protons of the isobutyryl group, confirming the previous suggestion of 



 

Figure 3.336 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 

Figure 3.337 NOESY NMR spectrum of compound 
4.01dd) and the corresponding
1.22d) and H-2' (δH 2.79sept

and δH 1.58bs, respectively)
 

OESY NMR spectrum of compound 16; Solvent: CDCl
(T = 298 K). 

OESY NMR spectrum of compound 16 – specific correlation 
and the corresponding protons from isobutyryl group – H-4' (δH

sept); correlation of H-2''' (δH 3.70t) with H-4''' and 
, respectively); Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
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; Solvent: CDCl3, Instrument: Bruker 

 
specific correlation of H-3 (δH 

H 0.99d), H-3' (δH 
4''' and H-5''' (δH 1.33bs 

, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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Figure 3.338 Compound 16 –
 
 

Figure 3.339 Proposed 3D structure of compound 
 
The fragmentation patterns observed in the MS/MS spectra, apart from common starter acid 
loss, showed two different patterns 
exhibit a different pattern, including isoprenyl loss preference, manifested by higher signal of 
m/z 433 (Fig. 3.340; Fig. 3.341

 

 
– Hyperibarbin P. 

 
tructure of compound 16 with the main NOESY correlations.

The fragmentation patterns observed in the MS/MS spectra, apart from common starter acid 
loss, showed two different patterns – 13 and 14 seem to show one pattern, while 
exhibit a different pattern, including isoprenyl loss preference, manifested by higher signal of 

Fig. 3.341). 

with the main NOESY correlations.  

The fragmentation patterns observed in the MS/MS spectra, apart from common starter acid 
seem to show one pattern, while 15 and 16 

exhibit a different pattern, including isoprenyl loss preference, manifested by higher signal of 
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Figure 3.340 MS/MS Product Ion Scan (PI) of compound 16 at collision voltage of 15, 20, 
and 35 V. 
 
As mentioned before, the significant difference in preference of isoprenyl group (most 
probably from C-3) loss points out an important stereochemical difference between them, i.e. 
C-3 isoprenyl group being in such position in 15 and 16 to allow its easier detachment. The 
only and main difference between these compounds (13 and 14 versus 15 and 16) is in 
different position of the C-3 isoprenyl group in regard to the endoperoxide bridge, in order to 
allow its loss as a consequence of the cleavage from compounds 15 and 16. 

The differences between 13 and 14 themselves, as well as between 15 and 16, is rather in the 
configuration of C-2''', i.e. orientation of OH-group and H-2'''. As deduced from coupling 
constants and also from NOESY correlations, the H-2''' orientation is identical in 13 and 16, 
and also between 14 and 17 (Fig. 3.340; Fig. 3.341). 
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Figure 3.341 Fragments obtained from MS/MS Product Ion Scan (PI) of compound 
 
As mentioned before, the chromatographic separation of the
is a consequence of the specific configuration of their stereocenters
isoprenyl and geranyl group of each compound, together with the polycyclic structure of 
phloroglucinol ring with incorporated endoperoxide bridge is r
Since the ECD spectra of 
compounds 5–12, with the negative and positive first two Cotton effects, it can be assumed 
that the C-2 and C-4 have S- 
alignment of the side-chains provides a less planar
characteristic for 13 and 14. Thus, taking the specific NOE configurations and the retention 
times of the four compounds into account, the 
would be as follows: 

Hyperibarbin M (13) – (2S,3R

Hyperibarbin N (14) – (2S,3R

Hyperibarbin O (15) – (2S,3S

Hyperibarbin P (16) – (2S,3S,4

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

chromatographic separation of the four diastereomeric
a consequence of the specific configuration of their stereocenters as well

isoprenyl and geranyl group of each compound, together with the polycyclic structure of 
phloroglucinol ring with incorporated endoperoxide bridge is responsible for their retention. 
Since the ECD spectra of 13–18 also resemble the ones of the previously identified 

, with the negative and positive first two Cotton effects, it can be assumed 
 configurations. When C-3 is in the reversed configuration, the 

chains provides a less planar structure with shorter retention time, 
. Thus, taking the specific NOE configurations and the retention 

times of the four compounds into account, the relative configuration of their stereo

R,4S,2'''S); 

R,4S,2'''R); 

S,4S,2'''S); 

S,4S,2'''S). 

 
ragments obtained from MS/MS Product Ion Scan (PI) of compound 16. 

diastereomeric compounds 
as well. The position of 

isoprenyl and geranyl group of each compound, together with the polycyclic structure of 
esponsible for their retention. 

previously identified 
, with the negative and positive first two Cotton effects, it can be assumed 

3 is in the reversed configuration, the 
structure with shorter retention time, 

. Thus, taking the specific NOE configurations and the retention 
configuration of their stereo centers 
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3.1.24 Elucidation of compound 17 

Compounds 17 (Proposed name: Hyperibarbin Q), obtained from fraction PE-1.3.6.6, and 18 
(Proposed name: Hyperibarbin R), obtained from fraction PE-1.3.6.7, are both isolated as 
optically active viscous yellow oils, with [α]25

D –66° (c 0.05, MeOH) and [α]25
D –79° (c 0.05, 

MeOH), respectively. Both compounds have identical molecular formula, calculated for 
C31H46O6 (514.3294 Da), as established by ESI-HRMS, from m/z 515.3371 of [M+H]+ of 17 
and m/z 515.3367 of [M+H]+ and m/z 537.3184 of [M+Na]+ of 18. The mass difference of 14 
units between 17 and 18 (Mmi 514.3294 Da) and the compounds 13–16 is apparently just in 
one additional methylene group. The two compounds are diastereoisomers, as suggested 
from their chromatographic separation.  

1H and 13C NMR spectra (Table 3.30) of compound 17 indeed showed the presence of 2-
methylbutyryl group, along with the additional carbonyl group, isoprenyl and geranyl side-
chain group, as well as the presence of hydroxyl group and an endoperoxide bridge, present 
in the previously isolated compounds (Fig. 3.342). 
 

 
Figure 3.342 Structure of compound 17. 
 
Due to the low sample mass of compound 17, which made the 13C NMR experiment very 
difficult and resulted in an incomplete spectrum, most of the peaks corresponding to the 
structure of compound 17 are missing (Fig. 3.344). Nevertheless, it was possible to recognize 
the carbons which belong to the structure by the 2D NMR experiments, which will be 
presented further on. 
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Figure 3.343 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.344 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 
 

NMR spectrum of compound 17; Solvent: CDCl3, Instrument: Bruker Ava 

C NMR spectrum of compound 17; Solvent: CDCl3, Instrument: Bruker Ava 

 

 
, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 



 

Since 1H NMR spectrum was also not very clear due to the low sample mass and also 
because of possibly impurities, 
the structure by placing them
were not visible in 13C NMR spectrum, this 2D NMR experiment resulted
the carbons which contain protons in the struc
structure are in the form of multiplets,
3.30). According to HSQC experiment, 
distribution of compounds
chemical shift of its protons, 
 

Figure 3.345 Comparison of 
compound 17; Solvent: CDCl

Figure 3.346 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K).

H NMR spectrum was also not very clear due to the low sample mass and also 
because of possibly impurities, HSQC experiment was used to identify the

by placing them on their corresponding carbon atoms. Although the C
C NMR spectrum, this 2D NMR experiment resulted

the carbons which contain protons in the structure. Most signals of the protons present in the 
are in the form of multiplets, listed in numbering order of the structure (

). According to HSQC experiment, it was concluded that the signals resemble the proton 
distribution of compounds 13–16 (Fig. 3.346). Furthermore, it seems that, according to the 
chemical shift of its protons, 17 resembles compounds 13 and 14 more closely

Comparison of 1H NMR spectra of: A - compound 13, B 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K).

HSQC NMR spectrum of compound 17; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 
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H NMR spectrum was also not very clear due to the low sample mass and also 
identify the protons present in 

Although the C-atoms 
C NMR spectrum, this 2D NMR experiment resulted also in viewing all 

of the protons present in the 
listed in numbering order of the structure (Table 

signals resemble the proton 
Furthermore, it seems that, according to the 

more closely (Fig. 3.345). 

 
B - compound 14, C - 

(T = 298 K). 

 
, Instrument: Bruker 
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1H-1H COSY experiment had shown 
3.347) and the positions of the aforementioned groups in the
defined by specific HMBC correlations between different parts of the structure
correspond to the ones from compounds 

Figure 3.347 1H-1H COSY NMR spec
Bruker Ava 600 MHz (T = 298 K).

Figure 3.348 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 

NOESY correlations were also
analyzed compounds (Fig. 3.349
isobutyryl group, confirming the neighboring position
3.80m) correlates with both protons 

had shown the correlations between closely bound protons (
he positions of the aforementioned groups in the parts of the 

HMBC correlations between different parts of the structure
from compounds 13–16 (Fig. 3.348). 

NMR spectrum of compound 17; Solvent: CDCl
(T = 298 K). 

HMBC NMR spectrum of compound 17; Solvent: CDCl3, Instrument: Bruker 

NOESY correlations were also somewhat similar to the ones detected in the previously
3.349). H-3 (δH 3.93dd) shows correlation with

, confirming the neighboring position in the ring. Also, 
with both protons of H-4''' (δH 1.47bs) and H-5''' (δH 1.49bs

sely bound protons (Fig. 
parts of the molecule of 17 are 

HMBC correlations between different parts of the structure, which also 

 
; Solvent: CDCl3, Instrument: 

 
, Instrument: Bruker 

somewhat similar to the ones detected in the previously 
) shows correlation with the protons of the 

Also, H-2'''proton (δH 
bs) (Fig. 3.350). 



 

The protons H-4''' and H-
with H-5''' (δH 1.49bs) and H
probably in positions as in 
addition to previous comment about resemblance of 
chemical shifts of protons in 
possible to presume that perhaps compound 
equivalent to compound 15

Figure 3.349 NOESY NMR spectrum of compound 
Ava 600 MHz (T = 298 K).

Figure 3.350 NOESY NMR spectrum of compound 
3.93dd) with the corresponding protons of
2.57m); correlation of H-2'''
respectively); Solvent: CDCl

-5''' correlate also with signals of H-1''' protons
) and H-1'''b (δH 2.55m) with H-4''' (δH 1.47bs), suggesting that they are 

probably in positions as in 14 and 15, where these correlations were detected
addition to previous comment about resemblance of 17 with 13 and 
chemical shifts of protons in 1H NMR spectra, it is, after the above NOESY analysis, 
possible to presume that perhaps compound 17 stereochemically, and also by retention, is 

5 (Fig. 3.352; Fig. 3.353). 

OESY NMR spectrum of compound 17; Solvent: CDCl
(T = 298 K). 

OESY NMR spectrum of compound 17 – specific correlation 
with the corresponding protons of isobutyryl group – H-5' (δH 1.10

2''' proton (δH 3.80m) with H-4''' and H-5''' (δH 1.
; Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K).
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protons – H-1'''a (δH 2.35m) 
suggesting that they are 

, where these correlations were detected (Fig. 3.351). In 
and 14 according to their 

H NMR spectra, it is, after the above NOESY analysis, 
stereochemically, and also by retention, is 

 
CDCl3, Instrument: Bruker 

 
specific correlation of H-3 (δH 

1.10d) and H-2' (δH 
1.47bs and δH 1.49bs, 

(T = 298 K). 
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Figure 3.351 NOESY NMR spectrum of compound 
protons: H-1'''a (δH 2.35m) with
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
 

 
Figure 3.352 Compound 17 –
 

NMR spectrum of compound 17 – specific correlation of H
with H-5''' (δH 1.49bs) and H-1'''b (δH 2.55m) with H

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
– Hyperibarbin Q. 

 
specific correlation of H-1''' 

with H-4''' (δH 1.47bs); 



 

Figure 3.353 Proposed 3D s
 

Figure 3.354 MS/MS Product Ion Scan (PI) of compound 
and 35 V. 

 
3D structure of compound 17 with the main NOESY correlations.

MS/MS Product Ion Scan (PI) of compound 17 at collision voltage of 15, 20, 
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with the main NOESY correlations. 

 
at collision voltage of 15, 20, 
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Figure 3.355 Fragments obtained from MS/MS Product Ion Scan (PI) of compound 
 
In MS/MS spectrum of compound 
result of the starter acid cleavage (501 
2001), followed by the isoprenyl group loss (501 
3.355), the MS/MS fragmentation pattern very similar to the one of hyperibarbin K (
would mean that, in addition to 
similar CD spectra, C-3 is in such a position to allow its cleavage
S- configuration. 

 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 

In MS/MS spectrum of compound 17, one of the first losses during the fragmentation is a 
result of the starter acid cleavage (501 → 431, ∆m/z = 70) (Sleno et al., 2006; Fuzzati 
2001), followed by the isoprenyl group loss (501 → 433) (Sleno et al., 2006)

S fragmentation pattern very similar to the one of hyperibarbin K (
would mean that, in addition to S- configurations of C-2 and C-4 carbon 

3 is in such a position to allow its cleavage as well, i.e. having

 

 
ragments obtained from MS/MS Product Ion Scan (PI) of compound 17. 

first losses during the fragmentation is a 
, 2006; Fuzzati et al., 
, 2006) (Fig. 3.354; 

S fragmentation pattern very similar to the one of hyperibarbin K (15). This 
 derived from their 

, i.e. having also the 
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3.1.25 Elucidation of compound 18 

1H and 13C NMR spectra (Table 3.30) of compound 18 also showed the presence of 2-
methylbutyryl group, along with the additional carbonyl group, isoprenyl and geranyl side-
chain group, as well as the presence of hydroxyl group and an endoperoxide bridge, present 
in the previously isolated compounds (Fig. 3.356). As mentioned above, molecular mass of 
18 is exactly 14 mass units higher than the ones of compounds 13–16 and with an identical 
mass to the one of compound 17, being its diastereoisomer. 

 

 
Figure 3.356 Structure of compound 18. 
 
As seen also in compound 17, due to the low sample mass and partial impurity of compound 
18, both 1H and 13C NMR spectra were vague, with most of the peaks corresponding to the 
structure of compound 18 missing from 13C spectrum (Fig. 3.357; Fig. 3.358). Nevertheless, 
it was possible to recognize the carbons which belong to the structure by the 2D NMR 
experiments, which will be presented further on. 

The 1H and 13C NMR spectra (Table 3.30) of compound 18 are also very similar to the ones 
of 17, due to their equivalent structures and diastereomeric relationship (Fig. 3.359). 
Moreover, as 17 resembled 13 and 14, compound 18 seems to have more similar 1H NMR 
spectrum to the compounds 15 and 16 (Fig. 3.359). 
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Figure 3.357 1H NMR spectrum of compound 
600 MHz (T = 298 K). 
 

Figure 3.358 13C NMR spectrum of compound 
600 MHz (T = 298 K). 
 

NMR spectrum of compound 18; Solvent: CDCl3, Instrument: Bruker Ava 

NMR spectrum of compound 18; Solvent: CDCl3, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 

 
, Instrument: Bruker Ava 



 

Figure 3.359 Comparison of 
compound 18; Solvent: CDCl
 
Since 1H NMR spectrum was also not very clear due to the low sample mass and also 
because of possibly impurities, 
the structure by placing them
were not visible in 13C NMR spectrum, this 2D NMR experiment resulted also in viewing all 
the carbons which contain protons in the structure
compound 17. 
 

Figure 3.360 HSQC NMR spectrum of compound 
Ava 600 MHz (T = 298 K).
 

Comparison of 1H NMR spectra of: A - compound 15, B 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz (T = 298 K).

H NMR spectrum was also not very clear due to the low sample mass and also 
because of possibly impurities, HSQC experiment was used to identify the

by placing them on their corresponding carbon atoms. Although the C
C NMR spectrum, this 2D NMR experiment resulted also in viewing all 

the carbons which contain protons in the structure (Table 3.30; Fig. 

HSQC NMR spectrum of compound 18; Solvent: CDCl3, Instrument: Bruker 
(T = 298 K). 
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, B - compound 16, C - 

(T = 298 K). 

H NMR spectrum was also not very clear due to the low sample mass and also 
identify the protons present in 

Although the C-atoms 
C NMR spectrum, this 2D NMR experiment resulted also in viewing all 

 3.360), the same as in 

 
, Instrument: Bruker 
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1H-1H COSY experiment was sufficient enough to point out the correlations between closely 
bound protons (Fig. 3.361) and t
HMBC correlations between different part
confirmation of diastereomeric relation between 
 

Figure 3.361 1H-1H COSY-NMR spectrum of 
Bruker Ava 600 MHz (T = 298 K).
 

Figure 3.362 HMBC NMR spectrum of compound 
Ava 600 MHz (T = 298 K). 
 
 

H COSY experiment was sufficient enough to point out the correlations between closely 
) and the positions of the groups in the molecule are defined by 

HMBC correlations between different parts of the structure (Fig. 3.362), again resulting in 
confirmation of diastereomeric relation between 17 and 18. 

NMR spectrum of compound 18; Solvent: CDCl
(T = 298 K). 

HMBC NMR spectrum of compound 18; Solvent: CDCl3, Instrument: Bruker 

 

H COSY experiment was sufficient enough to point out the correlations between closely 
he positions of the groups in the molecule are defined by 

, again resulting in 

 
; Solvent: CDCl3, Instrument: 

 
, Instrument: Bruker 



 

In NOESY spectrum of compound 
of H-1''' protons in the same way as seen in the NOESY spectrum of 
2.36m) correlates with H-
1.45bs), suggesting that they are probably 
correlations were detected 
of 17 with 15 and of 18 
spectra, it is, after the above NOESY analysis, possible to presume that perhaps compound 
18 then stereochemically, and also by retention, is equivalent to compound 
Fig. 3.366). This is also in agreement with postulation of 
15, by their corresponding retention times, as well.
 

Figure 3.363 NOESY NMR spectrum of compound 
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 

compound 18, the protons H-4''' and H-5''' correlate 
in the same way as seen in the NOESY spectrum of 17

-5''' (δH 1.48bs) and H-1'''b (δH 2.56m) correlates 
suggesting that they are probably also in positions as in 15

correlations were detected (Fig. 3.363). In addition to previous comment about resemblance 
18 with 16 according to their chemical shifts of protons in 

spectra, it is, after the above NOESY analysis, possible to presume that perhaps compound 
stereochemically, and also by retention, is equivalent to compound 

This is also in agreement with postulation of 17 being equivalent to compound 
, by their corresponding retention times, as well. 

OESY NMR spectrum of compound 18, isolated as fraction PE
, Instrument: Bruker Ava 600 MHz (T = 298 K). 
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5''' correlate also with signals 
17. Namely, H-1'''a (δH 

correlates with H-4''' (δH 
5 and 16, where these 

In addition to previous comment about resemblance 
according to their chemical shifts of protons in 1H NMR 

spectra, it is, after the above NOESY analysis, possible to presume that perhaps compound 
stereochemically, and also by retention, is equivalent to compound 16 (Fig. 3.365; 

being equivalent to compound 

 
isolated as fraction PE-1.3.6.7; 
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Figure 3.364 NOESY NMR spectrum of compound 
protons: H-1'''a (δH 2.36m) with
Solvent: CDCl3, Instrument: Bruker Ava 600 MHz 
 
 

 
Figure 3.365 Compound 18 –
 

NMR spectrum of compound 18 – specific correlation of H
with H-5''' (δH 1.48bs) and H-1'''b (δH 2.56m) with H

, Instrument: Bruker Ava 600 MHz (T = 298 K). 

 
– Hyperibarbin R. 

 
specific correlation of H-1''' 

with H-4''' (δH 1.45bs); 



 

Figure 3.366 Postulated 3D s
 

Figure 3.367 MS/MS Product Ion Scan (PI) of compound 
and 35 V. 

 
3D structure of compound 18 with the main NOESY correlations.

MS/MS Product Ion Scan (PI) of compound 18 at collision voltage of 15, 20, 
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with the main NOESY correlations. 

 
at collision voltage of 15, 20, 
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Figure 3.368 Fragments obtained from MS/MS Product Ion Scan (PI) of compound 
 
The fragmentation pattern observed in the MS/MS spectra of compound 
common starter acid loss, is similar yet 
is also an isoprenyl loss detected in the MS/MS spectrum of compound 
signal of m/z 433 is lower (Fig. 

As mentioned before, NOESY spectr
compounds 15 and 16, respectively. Since 
while the chromatographic separation of the
consequence of the specific configuration of their stereocenters
stereocenters in 17 and 18 match
relative configuration of the stereo

Hyperibarbin Q (17) – (2S,3S

Hyperibarbin R (18) – (2S,3S

 

 
ragments obtained from MS/MS Product Ion Scan (PI) of compound 

The fragmentation pattern observed in the MS/MS spectra of compound 
similar yet somewhat different when compared with 

isoprenyl loss detected in the MS/MS spectrum of compound 
Fig. 3.367; Fig. 3.368). 

NOESY spectra of compounds 17 and 18 closely resemble
, respectively. Since this is also in accordance with their retention time,

chromatographic separation of the four diastereomeric 
consequence of the specific configuration of their stereocenters, the configuration of the 

matches the ones of 15 and 16. This would
configuration of the stereo centers would be as follows: 

S,4S,2'''S); 

S,4S,2'''R). 

 

ragments obtained from MS/MS Product Ion Scan (PI) of compound 18. 

The fragmentation pattern observed in the MS/MS spectra of compound 18, apart from 
somewhat different when compared with 17, i.e. there 

isoprenyl loss detected in the MS/MS spectrum of compound 18, although the 

closely resemble the ones of 
this is also in accordance with their retention time, 

 compounds is a 
the configuration of the 

. This would suggest that their 



 

3.1.26 Fractionation of PE

After fractionating the 
acylphloroglucinols, the rest of the
analyzing their 1H NMR spectra.
be investigated for further fractionations are 
fractions, their similar chemical profile
profiles and the specific sign
Therefore, these two fractions were fractionated 
mutual name of PE-1.5. 
 

Figure 3.369 Comparison of fractions PE
B: PE-2.4 366 nm + AA/H
AA/H2SO4; E: PE-1.5 Vis + AA/H
H: PE-2.4 1H-NMR; Solvent: CDCl
 

PE-1.5 

After fractionating the previously analyzed fractions and isolating 
acylphloroglucinols, the rest of the fractions were considered for fractionation, mainly by 

NMR spectra. In this manner, the interesting fractions that were 
ther fractionations are PE-1.5 and PE-2.4. By comparing the

similar chemical profile was recognized from the similarities in their TLC 
the specific signals present in their 1H NMR spectra (Fig.

Therefore, these two fractions were fractionated together from this point onward, with a 

Comparison of fractions PE-1.5 and PE-2.4: A: PE-1.5 366 nm + AA/H
366 nm + AA/H2SO4; C: PE-1.5 254 nm + AA/H2SO4; D: PE

Vis + AA/H2SO4; F: PE-2.4 Vis + AA/H2SO4;  G
; Solvent: CDCl3, Instrument: Bruker Ava 300 MHz 
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fractions and isolating eighteen new 
ered for fractionation, mainly by 

he interesting fractions that were chosen to 
2.4. By comparing these two 
the similarities in their TLC 

Fig. 3.369; Fig. 3.370). 
together from this point onward, with a 

 
366 nm + AA/H2SO4; 

: PE-2.4 254 nm + 
;  G: PE-1.5 1H-NMR; 

00 MHz (T = 300 K). 
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Figure 3.370 Comparison of 1

spectra of PE-1.5; B: 1H-NMR spectra of PE
300 MHz (T = 300 K). 
 
Since the last fractionation step for both PE
analysis, it was postulated that the change of separation technique would have provided 
satisfying separation of the compounds present
Therefore, the separation was performed using 
based Flash column, with parameters as listed in 
Combined fractions PE-1.5 and PE
weight 104.1 mg were dissolved in 1
stopped after 110 min, resulting in eight 
3.32). The separation was considered 
analysis have shown clear discrimination between the phases, with 
corresponding to the presence of acylphloroglucinols
weight for further fractionation, i.e. preparative HPLC separation
PE-1.5.5 (Fig. 3.371; Fig. 3.372
 
Table 3.32 Fractions received a

Fraction 
name 

Test-tube 
count 

Fraction 
volume (mL)

PE-1.5.2 1-14 70 
PE-1.5.2 15-20 30 
PE-1.5.3 21-24 20 
PE-1.5.4 25-28 20 
PE-1.5.5 29-35 35 
PE-1.5.6 36-44 45 
PE-1.5.7 45-66 110 
PE-1.5.8 67-end 220 

1H NMR spectra of fractions PE-1.5 and PE-2.4
NMR spectra of PE-2.4; Solvent: CDCl3, Instrument: Bruker Ava 

Since the last fractionation step for both PE-1.5 and PE-2.4 was the CPC chromatographic 
analysis, it was postulated that the change of separation technique would have provided 
satisfying separation of the compounds present in the merged fraction, as shown before
Therefore, the separation was performed using adsorption chromatography 

column, with parameters as listed in section 2.1.3 of Material and Methods
1.5 and PE-2.4 (further on referred to only as "PE-

weight 104.1 mg were dissolved in 1 mL of Hx and injected into the system. Run in was 
0 min, resulting in eight separated fractions, after the TLC

). The separation was considered to be good enough, since the TLC probes and 
r discrimination between the phases, with 

corresponding to the presence of acylphloroglucinols, three of them being of sufficient 
weight for further fractionation, i.e. preparative HPLC separation – PE-1.

3.372). 

Fractions received after Flash-Si analysis of PE-1.5 and PE-2.4

Fraction 
volume (mL) 

Weight of dry 
fraction (mg) 

1H NMR signals that could 
be related to the presence 
of acylphloroglucinols 

0.7 - 
0.7 - 
14.8 + 
25.2 + 
15.5 + 
11.9 + 

 8.4 - 
 3.8 - 

 
2.4: A: 1H-NMR 

, Instrument: Bruker Ava 

was the CPC chromatographic 
analysis, it was postulated that the change of separation technique would have provided 

in the merged fraction, as shown before. 
ption chromatography on a silicagel-

Material and Methods. 
-1.5") of combined 

mL of Hx and injected into the system. Run in was 
fractions, after the TLC overview (Table 

, since the TLC probes and 1H NMR 
r discrimination between the phases, with four fractions 

, three of them being of sufficient 
1.5.3, PE-1.5.4 and 

2.4 fraction 
that could 

be related to the presence 



 

Figure 3.371 TLC overview o
nm, B: 366 nm, C: Vis + AA/H
(65 + 33 + 2); SP: silicagel 60 F
 

Figure 3.372 1H NMR spectra of repr
PE-1.5.3 (A); PE-1.5.4 (B)
Bruker Ava 300 MHz (T = 300 K).
 

 

TLC overview of fractions obtained from PE-1.5 Flash-Si 
Vis + AA/H2SO4, D: 366 nm + AA/H2SO4; MP: Hx + EtOAc + HCOOH 

: silicagel 60 F254, migration distance 8 cm. 

NMR spectra of representative fractions from PE-1.5 Flash
(B); PE-1.5.5 (C); PE-1.5.6 (D); Solvent; Solvent: CDCl

(T = 300 K). 
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Si separation: A: 254 
x + EtOAc + HCOOH 

 
1.5 Flash-Si separation: 

; Solvent: CDCl3, Instrument: 
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For PE-1.5.3, the Method 1 
HPLC analysis was used. 14.8
20 mg/mL. The fractions were collected manually, 
method has resulted in separatio
from the chromatogram that t
separated (Fig. 3.373; Fig. 
underwent the HRMS analysi
compounds, as their 1H NMR spectra 
did not undergo detailed structural elucidation, i. e. 
rotation and circular dichroism
device (T = 298 K) with CryoProbe
 
Table 3.33 Fractions received from semi
Fraction 
name 

Retention 
time (min) 

Molecular 
formula

PE-1.5.3.1 19.53 C18H
PE-1.5.3.2 20.05 C18H
PE-1.5.3.3 22.67 - 
PE-1.5.3.4 23.26 - 
PE-1.5.3.5 24.08 - 
PE-1.5.3.6 24.49 - 
PE-1.5.3.7 24.96 - 
PE-1.5.3.8 25.39 - 

 

Figure 3.373 Part of chromatogram of PE
separation. 
 

 (Material and Methods, Section 2.1.3) for semi
HPLC analysis was used. 14.8 mg were dissolved in ACN to achieve final concentration
20 mg/mL. The fractions were collected manually, based on UV signals acquired

separation of eight fractions (Table 3.33). However, it was apparent
that these fractions were not completely chromatographically 

 3.374). Nevertheless, two first of the 8 separated fractions 
analysis, but none of them have shown to possess acylphloroglucinol 

NMR spectra also revealed (Fig. 3.375). These fractions, therefore, 
detailed structural elucidation, i. e. measurement of UV absorption, optical 

rotation and circular dichroism. 2D NMR analysis on the Bruker Avance
with CryoProbe were, therefore, not performed, as well

Fractions received from semi-prepHPLC separation of PE-1.5.3
Molecular 
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

Weight 
(mg) 

H32O5  328.2177  238 1.8 
H32O3  294.2195  238 1.2 

- 233 1.0 
- 204, 235 0.7 
- 219, 233 0.3 
- 204, 236 0.5 
- 205 0.3 
- 204 0.3 

Part of chromatogram of PE-1.5.3 obtained from semi-preparative HPLC 

for semi-preparative 
mg were dissolved in ACN to achieve final concentration of 

based on UV signals acquired. The used 
However, it was apparent 

chromatographically 
of the 8 separated fractions 

ve shown to possess acylphloroglucinol 
). These fractions, therefore, 

measurement of UV absorption, optical 
Avance 600 MHz NMR 

were, therefore, not performed, as well. 

3. 

 
preparative HPLC 



 

Figure 3.374 TLC overview o
A: 254 nm, B: Vis + AA/H
+ 33 + 2); SP: silicagel 60 F
 

Figure 3.375 1H NMR spectra of repr
separation: PE-1.5.3.1 (A)
300 MHz (T = 300 K). 

 
TLC overview of fractions obtained from PE-1.5.3 semi-
Vis + AA/H2SO4, C: 366 nm + AA/H2SO4; MP: Hx + EtOAc + HCOOH (65 

: silicagel 60 F254, migration distance 8 cm. 

 
NMR spectra of representative fractions from PE-1.5.3 

(A); PE-1.5.3.2 (B); Solvent; Solvent: CDCl3, Instrument: Bruker Ava 
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-prepHPLC separation; 
x + EtOAc + HCOOH (65 

1.5.3 semi-prepHPLC 
, Instrument: Bruker Ava 



332 

 

For PE-1.5.4, the Method 1 
HPLC analysis was used, as well
concentration of 20 mg/mL. The fractions were collected manually, 
resulted in separation of eight fr
completely chromatographically separated (
PE-1.5.4.3 and PE-1.5.4.4 underwent the 
possess acylphloroglucinol compounds, as 
3.377). However, since these fractions
undergo detailed structural elucidation
 
Table 3.34 Fractions received from semi
Fraction 
name 

Retention 
time (min) 

Molecular 
formula

PE-1.5.4.1 19.54 - 
PE-1.5.4.2 21.87 - 
PE-1.5.4.3 23.19 C30H
PE-1.5.4.4 24.89 C31H
PE-1.5.4.5 26.13 - 
PE-1.5.4.6 26.72 - 

 

Figure 3.376 Part of chromatogram of PE
separation. 
 

, the Method 1 (Material and Methods, Section 2.1.3) for semi
, as well. 25.2 mg were dissolved in ACN to a

20 mg/mL. The fractions were collected manually, and the used method has 
resulted in separation of eight fractions (Table 3.34). However, the fractions were 
completely chromatographically separated (Fig. 3.376). Nevertheless, two of the fractions

underwent the HRMS analysis, and both of them have shown to 
possess acylphloroglucinol compounds, as apparent also from their 1H NMR spe

hese fractions were not isolated pure, there was no 
elucidation. 

Fractions received from semi-prepHPLC separation of PE-1.5.4
Molecular 
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

Weight 
(mg) 

- 235 1.9 
- 208 2.9 

H44O6  500.3138  237 7.0 
H46O6  514.3294  237 7.0 

- 203, 236 1.0 
- 204, 233 0.9 

 
Part of chromatogram of PE-1.5.4 obtained from semi-preparative HPLC 

for semi-preparative 
mg were dissolved in ACN to achieve final 

he used method has 
fractions were again not 

Nevertheless, two of the fractions – 
them have shown to 
NMR spectra (Fig. 

were not isolated pure, there was no further need to 

4. 

preparative HPLC 



 

Figure 3.377 1H NMR spectra of representative fractions from PE
separation: PE-1.5.4.3 (A)
300 MHz (T = 300 K). 
 
 
For PE-1.5.5, the Method 1 
HPLC analysis was also used. 
of 20 mg/mL. The fractions were 
partial separation of eight fractions (
fractions – PE1.5.5.1, PE1.5.5.2, PE1.5.5.3 and PE1.5.5
and all of them seemed
acylphloroglucinol compounds, as apparent also from 
However, since these fractions were not isolated pure, there was no need for them to undergo 
further structural elucidation
 
Table 3.35 Fractions received from se
Fraction 
name 

Retention 
time (min) 

PE-1.5.5.1 22.93 
PE-1.5.5.2 23.55 
PE-1.5.5.3 24.39 
PE-1.5.5.4 24.83 
PE-1.5.5.5 25.14 
PE-1.5.5.6 28.17 
PE-1.5.5.7 34.78 
PE-1.5.5.8 35.82 

 
NMR spectra of representative fractions from PE-1.5.4

(A); PE-1.5.4.4 (B); Solvent; Solvent: CDCl3, Instrument: Bruker Ava 

, the Method 1 (Material and Methods, Section 2.1.3)
used. 15.5 mg were dissolved in ACN to achieve final concentration

20 mg/mL. The fractions were collected manually and the used method has resulted in 
separation of eight fractions (Table 3.35; Fig. 3.378). Nevertheless

PE1.5.5.1, PE1.5.5.2, PE1.5.5.3 and PE1.5.5.4 underwent the 
seemed to correspond to possible presence of

acylphloroglucinol compounds, as apparent also from their 1H NMR spectra (
However, since these fractions were not isolated pure, there was no need for them to undergo 

lucidation. 

Fractions received from semi-prepHPLC separation of PE-1.5.5
Molecular 
formula 

Monoisotopic 
mass (Da) 

UV maxima 
(nm) 

Weight 
(mg) 

C30H44O6  500.3138 225, 233 4.2 
C30H44O6  500.3138 223 1.9 
C31H46O6  514.3294 209 1.1 
C31H46O6  514.3294 218 1.1 
- - 206, 229 1.9 
- - 203, 231 0.6 
- - 203, 233 1.0 
- - 219 0.6 
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.4 semi-prepHPLC 
, Instrument: Bruker Ava 

, Section 2.1.3) for semi-preparative 
mg were dissolved in ACN to achieve final concentration 

he used method has resulted in 
). Nevertheless, four of the 

.4 underwent the HRMS analysis, 
correspond to possible presence of small amounts of 

NMR spectra (Fig. 3.379). 
However, since these fractions were not isolated pure, there was no need for them to undergo 

1.5.5. 
Weight 
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Figure 3.378 Part of chromatogram of PE
separation. 
 

Figure 3.379 1H NMR spectra of repres
separation: PE-1.5.5.1 (A); PE
Instrument: Bruker Ava 300 MHz 

 
Part of chromatogram of PE-1.5.5 obtained from semi-preparative HPLC 

NMR spectra of representative fractions from PE-1.5.5 semi
; PE-1.5.5.2 (B); PE-1.5.5.3 (C); PE-1.5.5.4 (D); 
00 MHz (T = 300 K). 

preparative HPLC 

 
semi-prepHPLC 
; Solvent: CDCl3, 
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3.2 Bioactivity of isolated compounds 

3.2.1 Cytotoxicity 

Cytotoxicity – tumor cell growth inhibition was tested for four most abundant isolated 
compounds – Hyperibarbin A (1), B (2), C (3) and D (4). As apparent from Table 3.36, for 
all four investigated compounds, moderate activity was obtained, namely 9.22–17.0 µM was 
sufficient to inhibit growth of 50% of Hep G2 liver hepatocyte carcinoma cells, 12.8–21.8 
µM to inhibit growth of 50% of HeLa cervix epitheloid carcinoma, 14.4–27.8 µM for 50% of 
PC-3 prostate adenocarcinoma cells and they were least active against A549 lung carcinoma 
cells, with IC50 20.2–27.1 µM. For healthy human fetal lung cells MRC-5, however, the 
compounds were also toxic, even at lower concentrations than needed to exhibit effect 
against tumor cells, with IC50 13.4–20.4 µM. 

From analysis of variance (ANOVA), the results suggest that there are significant differences 
between activities of compounds towards the tumor (and one healthy) cell lines. There is also 
a significant difference between the effect of each compound towards the 5 cell lines (data 
not shown). Additionally, difference between the effect against tumor cells was compared to 
the one inhibiting the growth of healthy MRC-5 cells. There was no observed difference 
between the compounds 1 and 2 towards tumor and healthy MRC-5 cell line. Therefore, they 
can be classified as non-selective cytotoxic agents. 

For compound 3, however, there is a significant difference noted in inhibition of tumor and 
healthy cells' growth – namely, it is unfortunately more sensitive towards healthy cells, but it 
universally inhibits growth of all examined cell lines. Actually, 30% lower concentration is 
needed for its effect on healthy cells in comparison to the PC-3 and A549 tumor cell lines. 

Compound 4 inhibited all of the examined cell lines as well, but there is a certain selectivity 
in its action. Namely, there is no significant difference between the concentrations needed for 
its action on HeLa and PC-3 cells, while significant difference was noted between its effects 
on Hep G2 and A549 cell lines. Particularly, it has unfortunately a higher affinity towards 
MRC-5 than for A549 cells, i.e. lower concentration is needed for inhibition of their growth. 
On the other hand, compound 4 is the only of the investigated compounds that has a 
significantly lower IC50 value for inhibition of Hep G2 liver cells, with highest favorable 
NT/T ratio among them – 1.48 (Table 3.36). This makes compound 4 a potent selective 
inhibitor of liver tumor cells. 

When comparing non-tumor versus tumor growth inhibition, expressed through the NT/T 
ratio, the values are around 1 for all investigated cell lines. However, all examined 
compounds were slightly more cytotoxic towards Hep G2 and HeLa cells than to healthy 
ones (with exceptions of 3 and 4, both less toxic for HeLa). On the other hand, the healthy 
cells' growth is inhibited at lower concentrations of the compounds than needed to suppress 
growth of PC-3 and A549 cells.  
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For each of the four compounds, some selectivity in action was noted, as well. Namely, 
compound 1 was about 30% more toxic for Hep G2 and HeLa cells comparing to PC-3 and 
A549 cells. Compound 2 showed the similar trend with 35% increased toxicity towards liver 
and cervix carcinoma cells and compounds 3 and 4 were 30% more toxic for the same tumor 
cells. 

It is noticeable that activities of 1 and 3 are in the similar range, which is also the case for 2 
and 4. This similarity between the two pairs of compounds can be attributed to their 
structural analogy – as seen from their structures and chromatographic retention, 1 and 3 
resemble each other, while 2 and 4 are also analogous, with 3 and 4 having one additional 
methyl group in comparison to the other two. In this manner, compounds 2 and 4 are also 
more active – more toxic for all the investigated tumor cell lines compared to 1 and 3, with 
significant difference in their action. All of this is apparent from ANOVA variance analysis 
(data not shown) and the histogram displaying influence of all investigated compounds on 
each of the tumor cell line used (Fig. 3.380). 

Table 3.36 Tumor and non-tumor cell growth activity of compounds 1–4. 

Compound 
IC50 values (µM) 

Hep G2 
NT/T 

Hep G2 
HeLa* NT/T 

HeLa 
PC-3 

NT/T 
PC-3 

A549 
NT/T 
A549 

MRC-5** 

1 17.0 ± 2.12 1.20 18.0 ± 1.66 1.13 24.2 ± 1.94 0.84 26.2 ± 2.20 0.78 20.4 ± 3.22 

2 12.8 ± 2.22 1.05 12.8 ± 1.08 1.05 15.7 ± 2.18 0.86 22.0 ± 5.14 0.61 13.4 ± 2.12 

3 15.6 ± 1.06 1.20 21.8 ± 1.50 0.86 27.8 ± 1.62 0.67 27.1 ± 1.66 0.69 18.7 ± 1.86 

4 9.22 ± 0.66 1.48 14.0 ± 0.52 0.98 14.4 ± 1.02 0.95 20.2 ± 0.88 0.68 13.7 ± 1.46 
*doxorubicin IC50

 = 0.625 µM; gemcitabine IC50
 = 1.47 µM 

** doxorubicin IC50
 = 0.409 µM; gemcitabine IC50 = 0.385 µM 

 
Figure 3.380 Histogram displaying IC50 values (µM) of compounds 1–4 due to their 
inhibitory effect on the growth of the tumor cells: Hep G2, HeLa, PC-3, A549 and healthy 
fetal lung cells MRC-5. 
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It is also interesting to compare the tumor cells' growth inhibitory activity of the isolated 
acylphloroglucinols with the already known, pure standard compounds tested under the same 
conditions, such as different flavonoids, phenolic acids, and vitamins. Out of the investigated 
cell lines, only data considering the effect on HeLa cervix epitheloid carcinoma cells and the 
healthy fetal lung cells MRC-5 were available for comparison with the evaluated compounds 
1–4 (Table 3.37) (Četojević-Simin, 2015a). 

As apparent from the Table 3.37 and Fig. 3.381, the four isolated compounds have clearly 
exhibited a strong cytotoxic activity towards HeLa tumor cell line – stronger than almost 
60% of tested compounds. Their activity against tumor cells is comparable with kaempferol, 
myricetin, naringenin, quercetin, caffeic acid, ellagic acid, gallic acid, gentisic acid, ascorbic 
acid and β-carotene, as well as the synthetic antioxidants – butylated hydroxyanisole (BHA) 
and butylated hydroxytoluene (BHT). However, the acylphloroglucinols have also inhibited 
growth of the healthy human fetal lung cells – MRC-5, which was also the case with most of 
the other tested compounds with strong cytotoxic activity. 
 

 
Figure 3.381 Histogram displaying IC50 values (µg/mL) of compounds 1–4 in comparison to 
inhibitory effects of various flavonoids, phenolic acids, vitamins and synthetic antioxidants 
on the growth of HeLa tumor cell line and healthy fetal lung cells MRC-5 (Četojević-Simin, 
2015a). 
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Table 3.37 Tumor cell growth activity of standard compounds and examined compounds 
(Četojević-Simin, 2015a). 

Compound 
IC50 values (µg/mL) NT/T 

References 
HeLa MRC-5 HeLa 

Isolated from H. barbatum 
  

 
 Hyperibarbin A (1) 9.00 ± 0.83 10.2 ± 1.61 1.13 - 

Hyperibarbin B (2) 6.42 ± 0.54 6.72 ± 1.06 1.05 - 
Hyperibarbin C (3) 10.9 ± 0.75 9.35 ± 0.93 0.86 - 
Hyperibarbin D (4) 7.01 ± 0.26 6.84 ± 0.73 0.98 - 
Flavonoids 

  
 

 
Apigenin 7-O-glucoside > 500 > 500 1.00 Četojević-Simin, 2015a 
Catechin 190 ± 32.4 393 ± 8.97 2.07 Četojević-Simin, 2015a 
Epicatechin 266 ± 20.7 311 ± 62.8 1.17 Četojević-Simin, 2015a 
Kaempferol 2.84 ± 0.62 3.20 ± 0.11 1.13 Simin et al., 2013 
Morin 54.1 ± 7.89 64.0 ± 2.68 1.18 Četojević-Simin, 2015a 
Myricetin 17.6 ± 1.66 50.4 ± 3.94 2.87 Četojević-Simin, 2015a 
Naringenin 9.93 ± 1.75 83.4 ± 13.6 8.40 Četojević-Simin, 2015a 
Phloridzin > 500 > 500 1.00 Četojević-Simin, 2015a 
Quercetin 12.8 ± 1.23 11.7 ± 2.98 0.92 Simin et al., 2013 
Quercitrin > 500 > 500 1.00 Četojević-Simin, 2015a 
Rutin > 500 > 500 1.00 Simin et al., 2013 
Phenolic acids 

  
 

 
Caffeic acid 19.7 ± 4.93 34.2 ± 1.77 1.73 Simin et al., 2013 
Chloroglenic acid > 250 > 250 1.00 Četojević-Simin, 2015a 
Cinnamic acid > 500 107 ± 16.9 < 0.21 Četojević-Simin, 2015a 
Ellagic acid 2.47 ± 0.40 2.89 ± 0.91 1.17 Četojević-Simin et al., 2015b 
Ferulic acid > 500 203 ± 15.4 < 0.41 Simin et al., 2013 
Gallic acid 2.33 ± 0.30 19.2 ± 6.12 8.22 Četojević-Simin et al., 2015b 
Gentisic acid < 31.3 > 31.3 > 1.00 Četojević-Simin, 2015a 
p-Coumaric acid 145 ± 21.7 276 ± 49.2 1.91 Četojević-Simin, 2015a 
Protocatechuic acid 194 ± 32.0 281 ± 29.4 1.45 Četojević-Simin, 2015a 
Rosmarinic acid > 250 > 250 1.00 Četojević-Simin, 2015a 
Sinapic acid 103 ± 14.0 356 ± 82.7 3.44 Četojević-Simin, 2015a 
Syringic acid > 500 > 500 1.00 Četojević-Simin, 2015a 
Vanillic acid 94.7 ± 38.5 > 500 > 5.28 Četojević-Simin, 2015a 
Vitamins 

  
 

 
Ascorbic acid 26.7 ± 5.07 399 ± 25 14.9 Četojević-Simin et al., 2015b 
β-Carotene 13.8 ± 10.9 17.3 ± 1.31 1.25 Tumbas Šaponjac et al., 2014 
Synthetic Antioxidants 

  
 

 
BHA 7.87 ± 0.056 10.9 ± 2.26 1.39 Stajčić et al., 2015 
BHT 1.11 ± 0.14 3.01 ± 0.49 2.71 Četojević-Simin, 2015a 
Trolox 241 ± 62 394 ± 46 14.7 Četojević-Simin, 2015a 
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3.2.2 Antimicrobial activity 

3.2.2.1 Antibacterial activity 

Antibacterial activity of four compounds – Hyperibarbin A (1), B (2), C (3) and D (4) – was 
also evaluated against four Gram positive (Staphylococcus aureus, Bacillus subtilis subsp. 
spizizenii, Enterococcus faecalis, Listeria monocytogenes) and three Gram negative 
(Escherichia coli, Salmonela enterica subsp. enterica, Pseudomonas aeruginosa) bacterial 
strains. For each of the compounds, minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) were calculated (Table 3.38). The MBC/MIC ratio was 
calculated for the compounds as well, in order to verify if the compounds' mechanism of 
action is bactericidal or bacteriostatic. 
 
Table 3.38 MIC and MBC values of in vitro antibacterial activity against S. aureus, B. 
subtilis subsp. spizizenii, E. faecalis, L. monocytogenes, E. coli, S. enterica subsp. enterica 
serovar enteritidis, and P. aeruginosa (µg/mL). 

Bacterial strain 
Compound 1 Compound 2 Compound 3 Compound 4 

MIC MBC 
MBC 
/MIC MIC MBC 

MBC 
/MIC MIC MBC 

MBC 
/MIC MIC MBC 

MBC 
/MIC 

Staph. aureus  
ATTCC 11632 

14.3 152 11 16.0 90.5 5.7 4.80 114 24 8.00 114 14 

Bac. subtilis subsp. 
spizizenii  
ATCC 6633 

16.0 45.3 2.8 16.0 35.5 2.2 6.70 35.9 5.4 9.50 18.0 1.9 

Entero. faecalis  
ATCC 29212*  

90.5 512 5.7 102 512 5.0 80.6 256 3.2 46.0 161 3.5 

List.monocytogenes 
ATCC 

16.0 128 8.0 13.5 90.5 6.7 5.70 64.0 11 11.3 90.5 8.0 

Escherichia coli  
ATCC 25922**  

>512 >512 - >512 >512 - >512 >512 - >512 >512 - 

Salm. enterica sp. 
enterica serovar 
Enteritidis 
ATCC 13076 

>512 >512 - >512 >512 - >512 >512 - >512 >512 - 

Ps. aeruginosa  
ATCC 27853 

>512 >512 - >512 >512 - >512 >512 - >512 >512 - 

*used as quality control strain; MIC for gentamicin 16.0 µg mL-1 

**used as quality control strain; MIC for gentamicin 0.5 µg mL-1 

As obvious from the Table 3.38, all four examined compounds showed no antimicrobial 
effect on the Gram negative bacteria, even at the highest applied concentration (512 µg mL-

1). On the other hand, their activity against Gram positive bacteria was noticeable, in a wide 
range of MIC concentrations, from 4.0 to 101.6 µg mL-1. Among the tested Gram positive 
bacteria, E. faecalis showed highest level of resistance to all examined compounds. Also, 
interestingly, the compounds 3 and 4 were more active against all Gram positive bacteria 
than compounds 1 and 2. MBC values were in range 18.0–512.0 µg mL-1 and Gentamicin 
was active both against Escherichia coli ATCC 25922 (MIC = 0.5 µg mL-1) and 
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Enterococcus faecalis ATCC 29212 (MIC = 16.0 µg mL-1), as expected, with acceptable 
MIC values, confirming method validity. 

The obtained MICs for all four compounds against S. aureus, B. subtilis and L. 
monocytogenes were exceptional, with their activity comparable to antibiotics (Sarkisian et 
al., 2012; Suller & Russell, 2000; Amorena et al., 1999; Wang et al., 2006; Turnbull et al., 
2004; Weber et al., 1988; Morvan et al., 2010; Charpentier & Courvalin, 1999). The activity 
against E. faecalis was also noticeable, but MICs were higher in comparison to their effect 
against other Gram positive species. Similar result was obtained by Schempp et al. (1999) for 
hyperforin – it was active against S. aureus in low concentrations, but not against E. faecalis. 

Antimicrobial activities against the examined bacterial strains have also been previously 
reported for different acylphloroglucinols from various Hypericum and other species 
(Sarkisian et al., 2012). Shiu and Gibbons (2006) and Gibbons et al. (2005) reported that 
several acylphloroglucinols alone, as well as in a mixture, showed inhibitory effect against 
multidrug-resistant strains of S. aureus in range of 16–32 µg/ml. Even better activity against 
S. aureus ATCC strain was reported for 4-geranyloxy-2,6-dihydroxybenzophenone, a 
bioactive compound from H. densiflorum, with MIC of 12.5 µg/ml (Pecchio et al., 2006; 
Henry et al., 2009). Similarily, phloroglucinol derivatives from H. japonicum showed 
antibacterial effect in concentratrations of 12.5–25.0 µg/ml (Ishiguro et al., 1994), while 
various prenylated tricyclic and three bicyclic acylphloroglucinol derivatives from H. 
papuanum were active against S. epidermidis (from 8 to >128 µg/ml) and B. subtilis (8–128 
µg/ml) (Winkelmann et al., 2001). Hyperatomarin, prenylated phloroglucinol isolated from 
H. atomarium ssp. degenii, had also exhibited significant activity against S. aureus and B. 
subtilis (MIC = 1.56 µg/mL and 3.12 µg/mL, respectively) (Šavikin-Fodulović et al., 2003). 
Moreover, among three acylphloroglucinols from H. chinense, only aspidinols C and D was 
active against S. aureus, with MIC = 2.0–16.8 µmol/L (Wang et al., 2010b). However, no 
specific mechanism of action was yet reported for the acylphloroglucinols against Gram 
positive bacteria and future experiments are needed in order to explain this specific activity. 

So far, no acylphloroglucinol compounds from Hypericum have been previously examined 
against L. monocytogenes. Thus, since the hereby examined compounds, especially 3 and 4, 
have exhibited potent activity against this bacterial strain, with MIC of 5.70 µg/mL and 11.3 
µg/mL, respectively, they could be considered promising anti-Listeria agents. 

The high MBC/MIC ratios for the examined compounds against most of the tested bacteria 
indicate that the examined acylphloroglucinols do not act in a bactericidal way, but rather as 
bacteriostatic agents, as this type of activity has been approximately defined as MBC/MIC > 
4 (Pankey and Sabath, 2004). In vitro phenotypic tolerance to an agent has been defined as 
MBC/MIC ≥ 32, indicating that the tested bacterial isolates exhibited no significant tolerance 
against the four compounds hereby tested (Tuomanen et al., 1986).  
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The difference in the compounds' activity against Gram positive and Gram negative bacteria 
is most probably a result of different cell wall architecture between them or, perhaps because 
of specific metabolic features. Namely, in Gram positive bacteria, the cell wall consists of a 
thin layer of peptidoglycan, as its major component. Thus, activity of the compounds could 
be attributed to impairment of its synthesis, i.e. inhibition of the bacterial growth and 
damaging its architecture. This layer is significantly thinner when compared to the one in 
Gram negative bacteria, which contain also an outer membrane above the peptidoglycan 
layer, protecting them from the possible activity of the compounds (Brown et al., 2015). 
Outer membrane of Gram negative bacteria can also act as a barrier, blocking penetration of 
various molecules into a cell. Nevertheless, its barrier can be overcome, in a way that 
hydrophobic agents could enter a cell by lipid-mediated pathway – a mechanism that could 
also be applied to the compounds hereby examined, while the hydrophilic ones may use 
general diffusion porins (Delcour, 2009).  

Nevertheless, some bacteria may alternatively modify the pathways as a reaction to a specific 
external stimuli, thus leading to impermeability of a compound into a cell, or rather, allowing 
penetration and expression of the activity. An interesting example is apsidonol, a drug active 
against S. aureus, which possesses NorA efflux protein, conferring resistance to certain 
fluoroquinolones and quaternary ammonium antiseptics, and TetK transporter, comprising 
the tetracycline and meticilline resistance. However, this compound is less active against the 
generally susceptible standard S. aureus strain ATCC 25923 (Wang et al, 2010b). 

Since no evident link between bacterial susceptibility to conventional antibiotics and 
acylphloroglucinols has not yet been established, further determination and evaluation of the 
new isolated compounds' activity mechanism is of special interest. 
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3.2.2.2 Antiparasitic activity 

Activities against P. falciparum, T. cruzi, T. brucei rhodesiense and L. donovani were 
evaluated for the four selected compounds – Hyperibarbin C (3), Hyperibarbin E (5), 
Hyperibarbin K (11) and Hyperibarbin N (14) – in comparison to the standard drugs used 
against the parasites – Chloroquine, Benznidazole, Melasoprol and Miltefosfine, respectively 
– together with cytotoxic agent Podophyllotoxin (Table 3.39) (Bringmann et al., 2008). The 
selectivity index (SI) was calculated as the ratio of the cytotoxic and antiparasitic IC50 values 
(Valdes et al., 2010). 
 

Table 3.39 IC50 values of in vitro antiparasitic activity against P. falciparum, T. cruzi, T. 
brucei rhodesiense and L. donovani, and cytotoxicity for rat myoblast L 6 cells (µg/mL). 

Compound 
P. 

falciparum 
SI T. cruzi SI 

T. brucei 
rhodesiense 

SI 
L. 

donovani 
SI Cytotoxicity 

3 > 10.0 - 14.7 3.7 15.2 3.6 2.60 21 54.5 
5 2.43 6.1 11.4 1.3 6.63 2.2 4.88 3.1 14.9 
11 1.72 8.2 8.56 1.6 4.04 3.5 3.20 4.4 14.1 
14 3.24 3.0 7.61 1.3 13.2 0.7 2.70 3.6 9.74 

Standard 
drugs 

0.005 
(Chloroquine) 

 0.651 
(Benznidazole) 

 0.003 
(Melarsoprol) 

 0.210 
(Miltefosine) 

 0.005 
(Podophyllotoxin) 

 

Evident antiplasmodial activity against P. falciparum of is considered for the IC50 values of < 
10 µg/mL (do Ceu de Madureira et al., 2002). On the other hand, considering the therapeutic 
selectivity index, samples that exhibit SI values < 4 are marginally active, while a compound 
should have SI at least > 10 to be considered active (Valdes et al., 2010). The four 
investigated compounds were expected to exhibit antimalarial activity, since antimalarial 
activity was previously reported for various compounds containing endoperoxide bridge in 
the structure (Wang et al., 2010; Cui and Su, 2009; Haynes and Krishna, 2004). 

Artemisinin's very high antimalarial activity (IC50 = 2.6 ng/mL against P. falciparum 
growth), is mainly considered to be attributed to the presence of its endoperoxide bridge. 
Moreover, its deoxy-derivatives, including deoxy-artemisinin, which have an epoxide bridge 
instead of the endoperoxide one, were reported to be devoid of antiplasmodial activity 
(deoxy-artemisinin IC50 > 10 µg/mL) (Wang et al., 2010; Haynes and Krishna, 2004). This 
kind of action was explained as a unique ability of endoperoxide bridge to react with an iron 
atom of parasitic heme and form free radicals, in this way causing cell death (Woerdenbag et 
al., 1993; Lai and Singh, 1995). 
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From the compounds examined, the most potent and somewhat specific antiplasmodial action 
was shown by 11, with IC50 = 1.72 µg/mL and SI = 8.2. Hyperibarbin E (5) and hyperibarbin 
N (14) also showed potent antiplasmodial activity (IC50 values of 2.43 and 3.24 µg/mL, 
respectively), but being toxic towards healthy rat myoblast cells as well (SI values ≤ 6). 
Hyperibarbin C (3) was inactive towards P. falciparum, apparently showing a different 
mechanism of action from the one reported for artemisinin, not related to their endoperoxide 
bridge in the structure (Table 3.39). 

Against Trypanosoma parasites, the examined compounds exhibited moderate in vitro 
toxicity, with IC50 values 7.61–14.7 µg/mL against T. cruzi, and 4.04–15.2 µg/mL against T. 
brucei rhodesiense. Towards rat myoblast L 6 cells, there were toxic as well, with IC50 9.74–
54.5 µg/mL. In order to be considered for therapeutic use, they should have been more potent 
towards the protozoal parasites, or less toxic, i.e. having higher IC50 values for inhibition of 
healthy rat myoblast cells. These requirement were met only by Hyperibarbin C (3), which 
inhibited growth of L. donovani at IC50 of 2.60 µg/mL, while being of relative low toxicity 
towards rat myoblasts (IC50 = 54.5 µg/mL; SI = 21), making it a potent antileishmanial agent. 
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4 CONCLUDING REMARKS  

Within this doctoral thesis, eighteen new acylphloroglucinol compounds were isolated from 
petroleum ether extract of Hypericum barbatum Jacq. 1775, and chemically characterized for 
the first time. After their structural elucidation and detailed chemical characterization, the 
new compounds 1–18 are named Hyperibarbins A–R. It can be noted that, among the 
isolated compounds, three types of acylphloroglucinols can be classified, which would divide 
the eighteen compounds into three distinct groups. 

Group 1 is comprised of compounds 1–4 (Hyperibarbins A–D), having a six-membered ring 
derived from common acylphloroglucinol skeleton, two isoprenyl chains (C-1''–C-5'' and C-
1'''–C-5''') and one geranyl side chain (C-7–C-16). In addition to the presence of one hydroxyl 
and one oxo group, endoperoxide bridge (between C-4 and C-6) is also present it their 
structures. According to their C-4-bonded starter acid, the four compounds can be derived 
into two groups – 1 and 2, having 2-methylpropanoyl group (C-1'–C-4'), and 3 and 4, having 
2-methylbutyryl group (C-1'–C-5') in their structure. 

Group 2 comprises compounds 5–12 (Hyperibarbins E–L), having a six-membered ring 
derived from common acylphloroglucinol skeleton, one geranyl side chain (C-7–C-16) and 
only one more isoprenyl chain (C-1''–C-5''). In addition to the presence of one hydroxyl, one 
oxo group and endoperoxide bridge (between C-4 and C-6), there is an additional six-
membered ring (C-1'''–C-5''') in the structure. According to their C-4-bonded starter acid, the 
eight compounds can also be derived into two groups – 5–8, having 2-methylpropanoyl 
group (C-1'–C-4'), and 9–12, having 2-methylbutyryl group (C-1'–C-5') in their structure. 

Group 3 includes compounds 13–18 (Hyperibarbins M–R), which are very similar to the 
ones in Group 2. Namely, they have a six-membered ring derived from common 
acylphloroglucinol skeleton, as well as one geranyl side chain (C-7–C-16) and one isoprenyl 
chain (C-1''–C-5'', one hydroxyl, one oxo group and an endoperoxide bridge.  However, 
instead of being between C-4 and C-6, the endoperoxide bridge connects C-2 and C-4. There 
is an additional six-membered ring (C-1'''–C-5''') in their structures, as well. According to 
their C-4-bonded starter acid, the six compounds of this group are also divided – 13–16 have 
a 2-methylpropanoyl group (C-1'–C-4'), while compounds 17 and 18 have a 2-methylbutyryl 
group (C-1'–C-5') in their structure. 

Following their isolation and chemical characterization, the biological activity was tested on 
several selected compounds. The types of biological activities to be tested were mainly 
chosen based on the literature data, i.e. on the prominent activities of the acylphloroglucinols 
previously isolated from plants of Hypericum genus. Thus, cytotoxicity and antimicrobial 
activity of several compounds was chosen to be examined. The four compounds that were 
isolated in the highest yield – Hyperibarbin A (1), Hyperibarbin B (2), Hyperibarbin C (3) 
and Hyperibarbin D (4) were selected to be examined for their cytotoxicity and antibacterial 
activity. 
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As seen from the obtained results, the four compounds exhibited moderate activity, namely 
9.22–17.0 µM for Hep G2 liver tumor cells, 12.8–21.8 µM versus HeLa cervix epitheloid 
carcinoma, 14.4–27.8 µM against PC-3 prostate tumor cells and they were least active 
against A549 lung tumor cells, with IC50 20.2–27.1 µM. However, the four 
acylphloroglucinols have also inhibited growth of the healthy human fetal lung cells – MRC-
5, with IC50 13.4–20.4 µM, in this way displaying non-selective action of inhibition. 

Nevertheless, the Hyperibarbins A–D have all showed no antimicrobial effect on the Gram 
negative bacteria, while their activity against Gram positive bacteria S. aureus, B. subtilis and 
L. monocytogenes was noticeable, in a wide range of MIC concentrations, with their activity 
comparable to antibiotics. This kind of action was expected, since various previously 
examined acylphloroglucinols had expressed similar effect, although the mechanism of their 
action remained undetermined. 

Considering the antiprotozoal activity, Hyperibarbin K (11) was the most potent 
antiplasmodial agent, although moderate when compared to reference drugs and artemisinin. 
Other compounds have showed high toxicity towards non-infected rat myoblasts, thus having 
low selectivity indices, although potent antiplasmodial activity (IC50 values of 2.43 and 3.24 
µg/mL of Hyperibarbin E (5) and Hyperibarbin N (14), respectively), with Hyperibarbin C 
(3) being inactive (IC50 > 10 µg/mL). All examined compounds exhibited moderate in vitro 
toxicity against T. cruzi and against T. brucei rhodesiense. Hyperibarbins E (5), K (11) and 
N (14) were also moderately toxic towards L. donovani (IC50 3.1, 4.4, and 3.6 µg/mL, 
respectively), with only Hyperibarbin C (3) having therapeutic antileishmanial potential, 
with IC50 of 2.60 µg/mL, and SI = 21. 

Very high antibacterial potential of the four new isolated acylphloroglucinols (Hyperibarbins 
A–D) opens a path to further possible investigations. Namely, further studies should focus on 
broadening the number of Gram positive bacteria to be tested, since no action was noted 
among the Gram negative ones. Moreover, since the MIC concentrations of the four 
investigated compounds were very low, this would enable also testing of other compounds, 
which are obtained in lower yield. This could probably allow comparison of the antibacterial 
activities based on the structural differences. Since mechanism of acylphloroglucinols' 
antibacterial action is not yet investigated, broadening number of structurally similar, but also 
compounds of different size and polarity hereby isolated could help study the possible 
antibacterial means of action. Provided that other compounds would exhibit antibacterial 
activity as well, the next phase could involve organic synthesis of the active, antibacterial 
compounds, or, alternatively, their isolation from Hypericum barbatum following the steps 
explained in this doctoral dissertation, in order to acquire high yields of Hyperibarbins. 

In conclusion, all the goals set for this doctoral thesis have been met, with exceptional 
success considering the isolation of 18 new, previously not described, polycyclic 
polyprenylated acylphloroglucinols – Hyperibarbins A–R, and their detailed chemical 
characterization. 
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List of Abbreviations 
 
[α]25

D    optical rotation (at 25 °C) 
δH   chemical shift of protons in NMR 
δC   chemical shift of carbons in NMR 

λmax    absorbtion maximum 
µM   micromolar concentration (µmol/L) 
1H   proton NMR spectroscopy 
13C   NMR spectroscopy of carbon isotope C-13 
1D NMR  one-dimensional NMR experiment 
2D NMR  two-dimensional NMR experiment 
ACN   acetonitrile 
AA/H 2SO4  anisaldehyde/sulfuric acid reagent 
approx.  approximately 
Asc   ascending CPC mode 
Ava   Avance 
bs   bright singlet 
CDCl3   chloroform, deuterated 
CFU   colony forming unit 
COSY   correlation NMR spectroscopy 
CPC   centrifugal partition chromatography 
d   doublet (in proton NMR spectroscopy) 
dd   doublet of doublets (in proton NMR spectroscopy) 
ddd   doublet of doublet of doublets (in proton NMR spectroscopy) 
Desc   descending CPC mode 
DAD   diode array detector 
DMSO   dimethyl sulphoxide 
EtOAc   ethyl acetate 
EtOH   ethanol 
ESI   electrospray ionization (in mass spectrometry) 
Flash   flash chromatography 
HMBC   heteronuclear multiple bond correlation 
HPLC   high performance liquid chromatography 
HRMS   high resolution mass spectrometry 
HSQC   heteronuclear single quantum coherence 
Hx   hexane 

logε    extinction coefficient 
m   multiplet (in proton NMR spectroscopy) 
MBC   minimum bactericidal concentration 
MeOH   methanol 
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m/z   mass-to-charge ratio 
MH   Mueller Hinton broth 
MHz   megahertz 
MIC   minimum inhibitory concentration 
mM   millimolar concentration (mmol/L) 
MP   mobile phase 
MS   mass spectrometry 
MS/MS  tandem mass spectrometry 
MTT   3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromid 
NI   negative ionization mode 
NMR   nuclear magnetic resonance 
NOESY  nuclear Overhauser enhancement spectroscopy 
NP   normal phase chromatography 
PE   petroleum ether 
PI   positive ionization mode 
PPAP   polycyclic polyprenylated acylphloroglucinols 
ppm   parts per million 
prepHPLC  preparative high performance liquid chromatography 
q   quartet (in proton NMR spectroscopy) 
Q   quadrupole 
QqQ   triple quadrupole 
Q-TOF   quadrupole time-of-flight 
Rf   retention factor 
RP   reverse phase chromatography 
rpm   rounds per minute 
s   singlet (in proton NMR spectroscopy) 
SAR   structure-activity relationship 
Si   silica gel 
SP   stationary phase 
STD   standard deviation 
subsp.   subspecies 
t   triplet (in proton NMR spectroscopy) 
TLC   thin layer chromatography 
tR   retention time 
UV/Vis  ultra violet/visible spectrum 
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SAŽETAK  

 

Acilfloroglucinoli su grupa jedinjenja koja predstavljaju najprominentnije sekundarne 

metabolite u biljkama roda Hypericum (Hypericaceae). Zbog mogućnosti različitih tipova 

prenilacija, ciklizacija i oksidacija, spadaju u jedna od strukturno najraznovrsnijih jedinjenja. 

U zavisnosti od svoje strukture, mogu ispoljiti različite tipove bioloških aktivnosti, kao što su 

antidepresantna, analgetska, citotoksična, antimikrobna, antioksidativna, antiinflamatorna i 

antiproliferativna aktivnost. Hypericum barbatum Jacq. 1775 (trepljasti kantarion) je biljka 

koja pripada Drosocarpium sekciji roda Hypericum, a raste na livadama celog Balkanskog 

poluostrva. Hemijski sastav je ispitan samo za polarne ekstrakte ove biljke, za koje je 

utvrđeno da ispoljavaju antiinflamatornu, antioksidativnu i antimikrobijalnu aktivnost. 

Hiperforin, koji ispoljava antidepresantno i citotoksično dejstvo, je jedini acilfloroglucinol do 

sada pronađen u ovoj biljci. 

Jedna od najteže izlečivih bolesti današnjice, rak, nastaje kao posledica mutacija somatskih 

ćelija koje dovode do invazije i oštećenja zdravih tkiva u ljudskom organizmu. Evolucija 

ćelijske proliferacije koja dovodi do bolesti je veoma kompleksan mehanizam koji 

podrazumeva rast ćelije, njen razvoj, starenje i apoptozu. Razvoj raka se javlja kada se 

mehanizmi koji inhibiraju rast ćelije i održavaju njenu normalnu formu blokiraju i izmene 

mutacijama tako da vode ubrazanoj proliferaciji, preživljavanju, imortalizaciji, angiogenezi i, 

na kraju, formiranju, rastu i metastazi tumora. 

Biljni ekstrakti sadrže veliku količinu fenola, flavonoida, antocijana i drugih sekundarnih 

metabolita koji mogu posedovati sposobnost da utiču na ćelijsku proliferaciju na takav način 

da ispolje antimikrobilanu, antiproliferativnu i proapoptotsku aktivnost. Za mnoge prirodne 

proizvode je dokazano da utiču na rast tumora, proliferaciju i diferencijaciju ćelija, umanjuju 

ili sprečavaju tumorigenezu i metastazu. Jedinjenja koja ispoljavaju antiinflamatornu i 

antioksidativnu aktivnost uz nisku toksičnost su interesantna za dalja ispitivanja njihovih 

potencijalnih hemopreventivnih i terapeutskih svojstava. 



Malarija je široko rasprostranjena bolest tropskih predela, čija incidenca se značajno 

povećala u poslednjih trideset godina. Sa brojem žrtava između 0,7 i 2,7 miliona ljudi 

godišnje, ova bolest predstavlja veoma značajan problem globalnog zdravlja. Ovo je rezultat 

konsantne pojave i širenja rezistentnih parazitskih sojeva, evolucije komaraca otpornih na 

pesticide, povećanja gustine naseljenosti, globalnog zagrevanja, siromaštva i političke 

nestabilnosti u malarijom-zahvaćenim predelima. Za širenje ove bolesti, zaduženi su afrički 

Anopheles komarci, koji efikasno prenose parazite Plasmodium soja, u najvećoj meri P. 

falciparum, na ljude. Do sada, nažalost, nije otkrivena preventivna vakcina protiv malarije, 

ostavljajući tako antimalarične lekove kao jedinu mogućnost za kontrolu ove bolesti. 

Većina efektivnih antimalaričnih lekova, koji ciljaju na parazite unutar ljudskog tela, je 

zasnovana na tradicionalnoj medicini. S obzirom da mutacije čine P. falciparum često 

rezistentnim na konvencionalne lekove, alternativni lekovi, poput kombinovane terapije 

bazirane na artemisininu, se sve više razvijaju. Artemisinin je seskviterpensko jedinjenje čije 

je otkriće donelo Nobelovu nagradu za fiziologiju ili medicinu 2015. godine kineskoj 

naučnici dr Youyou Tu. Izolovano iz biljke Artemisia annua L., ovo jedinjenje je pokazalo 

izuzetnu antimalarijsku aktivnost, pripisanu prisustvu endoperoksidnog prstena u njegovoj 

strukturi. Naime, njegovi derivati koji nisu posedovali taj deo strukture su bili neaktivni 

prema Plasmodium parazitima. 

Bakterije soja Staphylococcus se javljaju u normalnoj flori ljudske kože i mukoznih 

membrana. Međutim, Gram pozitivni S. aureus je takođe patogen koji proizvodi enzim 

koagulazu i izaziva infekcije kože i mekih tkiva kod ljudi, u vidu ekcema, folikulitisa, 

mastitisa, celulitisa itd. Bakteremija i metastatske infekcije mogu se dogoditi kada ova 

bakterija savlada imuni odgovor i počne da se kreće krvotokom. Tada ona može dovesti i do 

ozbiljnijih bolesti, kao što su endokarditis, pneumonija, plućni absces, discitis, osteomijelitis 

i sl. Acinetobacter baumannii je Gram pozitivna bakterija koja živi u vodenim okruženjima, a 

javlja se često u bolničkim uslovima, kada može izazvati pneumoniju i meningitis. Infekcija 

ovom bakterijom je teška za lečenje, zbog njene velike sposobnosti da razvije otpornost na 

konvencionalne antibiotike. Usled toga, razvoj prirodnih antibiotskih lekova i njihove 

kombinacije sa konvencionalnim je od velike važnosti. 



Cilj ove doktorske disertacije bio je otkrivanje, izolacija i identifikacija novih 

acilfloroglucinola iz petroletarskog ekstrakta H. barbatum, korišćenjem preparativnih 

metoda, kao i njihova detaljna hemijska karakterizacija korišćenjem spektroskopskih tehnika. 

Za četiri izolovana jedinjenja, hiperibarbine A–D, ispitana je in vitro antiproliferativna 

aktivnost prema karcinogenim ćelijama. U netoksičnom opsegu koncentracija za zdrave 

eukariotske ćelije, ispitana je takođe i njihova antibakterijska aktivnost. Za jedinjenja 

hiperibarbin C, hiperibarbin E, hiperibarbin K i hiperibarbin N, ispitana je antiparazitska, 

odnosno potencijalna antimalarijska aktivnost. Teza ove doktorske disertacije predstavlja 

originalnu ideju u aktuelnoj temi, a njena realizacija, odnosno izolovanje novih, biološki 

aktivnih acilfloroglucinola predstavlja originalan doprinos nauci. 

Biljni materijal – nadzemni delovi Hypericum barbatum Jacq. 1775 – sakupljen je na 

području Crne Gore. Nakon usitnjavanja, praškasti biljni materijal je ekstrahovan 

metanolom, a nakon toga etil-acetatom i petroletrom. Za fitohemijska ispitivanja i izolaciju 

acilfloroglucinola, samo petroletarski ekstrakt je dalje korišćen. Usled prisustva velikog broja 

neželjenih supstanci, ekstrakt je pre daljeg tretmana odmašćen kolonskom hromatografijom 

na Diaion HP-20 adsorbensu, ispiranjem sa 90% metanolom, metanolom, dihlorometanom i 

heksanom, sukcesivno. U daljem radu, samo frakcije dobijene ispiranjem sa 90% i 100% 

metanolom su korišćene, nakon njihovog uparavanja pod sniženim pritiskom. 

Uparene frakcije dobijene prilikom odmašćivanja petroletarskog ekstrakta podvrgnute su 

frakcionisanju, kombinovanjem, odnosno naizmeničnim razdvajanjima uz pomoć 

adsorpcione kolonske (fleš) hromatografije i centrifugalne particione hromatografije (CPC). 

Adsorpciona hromatografija je izvođena na koloni sa silikagelom, uz gradijetno eluiranje 

heksanom i etil-acetatom. Razdvajanje je izvođeno na automatskom fleš uređaju sa 

frakcionim kolektorom, a detekcija je vršena spektrofotometrijski, praćenjem razdvajanja na 

240 nm. Za centrifugalnu particionu hromatografiju, optimizovan je sistem rastvarača koji je 

omogućavao brzo razdvajanje faza i optimalnu raspodelu jedinjenja od interesa u dve faze, 

kontrolisanu tankoslojnom hromatografijom (TLC). Sva razdvajanja su izvršena u uzlaznom 

modu. Naizmeničnim korišćenjem fleš i CPC tehnike, obezbeđena je velika selektivnost za 

razdvajanje i izolovanje jedinjenja od interesa. 



Detekcija svake od frakcija dobijenih razdvajanjem vršena je uz pomoć tankoslojne 

hromatografije na silikagelu, u prethodno optimizovanim uslovima razdvajanja i uz 

derivatizaciju anisaldehidom u cilju vizualizacije jedinjenja na 254 nm, 366 nm i na vidljivoj 

svetlosti. Pored toga, za svaku od spojenih frakcija snimljen je protonski spektar nuklearnom 

magnetnom rezonancom (NMR) na spektrometru od 300 MHz, u deuterisanom hloroformu. 

Karakteristični signali u protonskom spektru ukazivali su na eventualno prisustvo 

acilfloroglucinola u frakcijama. Frakcije koje su odgovarale potencijalnom prisustvu 

acilfloroglucinola su dalje odgovarajuće frakcionisane korišćenjem dve navedene 

hromatografske tehnike. 

Nakon serije hromatografskih razdvajanja i sužavanja broja interesantnih frakcija, 

identifikovane su frakcije za preparativnu analizu tečnom hromatografijom visokih 

performansi (prepHPLC). Za potrebe ove preparativne analize, korišćena je prethodno 

optimizovana metoda za razvajanje acilfloroglucinola na semi-preparativnoj reverzno-faznoj 

koloni (RP-18) gradijentnim eluiranjem vodom i metanolom, uz detektor sa nizom dioda 

(DAD) u opsegu 210–400 nm i manuelnu kolekciju frakcija, prema pikovima promene 

apsorbancije. Svaka od prečišćenih frakcija predstavljala je po jedno izolovano jedinjenje. 

Svako od izolovanih jedinjenja podvrgnuto je dvodimenzionalnoj (2D) NMR spektroskopiji, 

na spektrometru od 600 MHz sa krio glavom, u deuterisanom hloroformu, kao i masenoj 

spektrometriji visoke rezolucije (HRMS). U tom postupku, za svako od izolovanih jedinjenja, 

snimljeni su protonski (1H), C-13 (13C), HSQC, COSY, HMBC i NOESY NMR 

eksperimenti, kao i HRMS spektri. Pomoću dobijenih NMR i masenih spektara, dobijena je 

bruto molekulska formula i rasvetljena struktura i relativna konfiguracija svih osamnaest 

izolovanih jedinjenja. U cilju provere relativne konfiguracije, snimljeni su i maseni spektri 

drugog reda (MS/MS). Sa ciljem potpune spektroskopske karakterizacije jedinjenja, 

snimljeni su UV/Vis spektri na spektrofotometru i optička rotacija (α) na polarimetru. Na 

osnovu očitane apsorpcije u UV/Vis spektru, izračunati su apsorpcioni i molarni ekstinkcioni 

koeficijenti za svako od jedinjenja. Na osnovu vrednosti optičke rotacije, izračunata im je i 

specifična rotacija ([α]D
T). Na CD spektropolarimetru, dobijene su vrednosti molarnog 

elipticiteta ([Ɵ]M) i krive cirkularnog dihroizma (CD) za svako od jedinjenja. 



U cilju otkrivanja apsolutne konfiguracije stereocentara svakog od izolovanih jedinjenja, 

izvršena je simulacija CD spektara. 3D molekularni modeli za 4R,6R- i 4S,6S-enantiomere 

jedinjenja 1 i 2 – 1a i 2a generisani su uz pomoć MOE (molecular modeling package) 

softvera i izvršena je konformaciona pretraga korišćenjem metode niskog moda molekularne 

dinamike. Nakon eksportovanja energetski povoljnih struktura u program Gaussian 03W, 

izvršena je simulacija minimizacije energije. Od rezultujućih vektora energetskih tranzicija i 

njihovih vrednosti energija (eV) dobijeni su simulirani CD spektri za 1a i 2a. 

Kao rezultat frakcionisanja petroletarskog ekstrakta H. barbatum Jacq. 1775 korišćenjem 

hromatografskih preparativnih tehnika, u okviru ove doktorske disertacije izolovano je 

osamnaest novih jedinjenja – prenilovanih acilfloroglucinola sa endoperoksidnim mostom, 

označenih kao 1–18, odnosno hiperibarbin A–R (abecednim redom). Nakon njihove 

strukturne elucidacije i detaljne hemijske karakterizacije, primećeno je da se izolovana 

jedinjenja mogu klasifikovati u tri podgrupe. 

Prva grupa podrazumeva jedinjenja 1–4, odnosno hiperibarbin A, hiperibarbin B, 

hiperibarbin C i hiperibarbin D. Ova četiri jedinjenja imaju šestočlani prsten u svojoj 

strukturi (C-1–C-6), koji potiče od acilfloroglucinoloskog skeleta, dva izoprenil lanca (C-1''–

C-5'' i C-1'''–C-5''') i jedan geranil bočni lanac (C-7–C-16). Izuzev prisustva jedne hidroksilne 

i jedne okso grupe, endoperoksidni most se takođe nalazi u šestočlanom prstenu, između C-4 

i C-6 atoma. Na osnovu C-4-vezanog bočnog niza, u okviru ove grupe mogu se definisati još 

dve podgrupe – 1 i 2 imaju 2-metilpropanoil (C-1'–C-4') niz u svojoj strukturi, a 3 i 4 2-

metilbutiril grupu (C-1'–C-5'). 

U drugu grupu, prema svojim strukturama, spadaju jedinjenja 5–12, odnosno hiperibarbini 

E–L. Oni takođe imaju šestočlani prsten, geranil bočni niz (C-7–C-16) ali samo još jednu 

izoprenil grupu (C-1''–C-5''). Uz sličnost sa prvom grupom po hidroksilu i endoperoksidnom 

mostu između C-4 i C-6, ova jedinjenja imaju i dodatni šestočlani prsten u svojim 

strukturama (C-1'''–C-5'''). Na osnovu C-4-vezanog bočnog niza, jedinjenja se dele i u okviru 

ove grupe – 5–8 imaju 2-metilpropanoil (C-1'–C-4') niz u svojoj strukturi, a 9–12 2-

metilbutiril grupu (C-1'–C-5'). 



Treća grupa izdvaja jedinjenja 13–18, odnosno hiperibarbine M–R, koji su veoma slični 

jedinjenjima 5–12 iz druge grupe. Naime, oni takođe imaju dva šestočlana prstena, jednu 

izoprenil i jednu geranil grupu, sve identično pozicionirane kao u prethodnim jedinjenjima. 

Međutim, umesto između atoma C-4 i C-6, jedinjenja iz ove grupe u svojoj strukturi imaju 

endoperoksidni prsten koji spaja C-2 i C-6. Na osnovu C-4-vezanog bočnog niza, jedinjenja 

se takođe mogu podeliti – 13–16 imaju 2-metilpropanoil (C-1'–C-4') niz u svojoj strukturi, a 

jedinjenja 17 i 18 2-metilbutiril grupu (C-1'–C-5'). 

Nakon izolacije svih jedinjenja, jedinjenja 1–4 (hiperibarbini A–D) su, zbog svog visokog 

prinosa (između 30 i 60 mg), odabrana za testiranje biološke aktivnosti. Njihova 

antiproliferativna aktivnost testirana je in vitro sulforodamin-B (SRB) testom na pet ćelijskih 

linija: ćelije hepatocelularnog karcinoma (Hep G2), ćelije karcinoma grlića materice (HeLa), 

ćelije adenokarcinoma prostate (PC-3), ćelije karcinoma pluća (A549) i zdrave fetalne ćelije 

pluća (MRC-5). Četiri ispitana jedinjenja su ispoljila umerenu aktivnost, sa IC50 vrednostima 

u opsegu od 9,22–17,0 µM prema Hep G2 ćelijama, 12,8–21,8 µM prema HeLa ćelijama, 

14,4–27,8 µM prema PC-3 ćelijama i bili su najmanje aktivni prema A549 ćelijama, sa IC50 

vrednostima od 20,2–27,1 µM. Međutim, sva četiri jedinjenja su ispoljila inhibitorno dejstvo 

i prema zdravim fetalnim ćelijama pluća – MRC-5, sa IC50 vrednostima u opsegu od 13,4–

20,4 µM, ispoljavajući neselektivni tip citotoksičnosti. 

Hiperibarbini A–D (1–4) su takođe ispitani na potencijalno antibakterijsko dejstvo prema 

Gram pozitivnim: Staphylococcus aureus, Enterococcus faecalis, Bacillus subtilis i Listeria 

monocytogenes, kao i prema Gram negativnim bakterijama: Escherichia coli, Salmonela 

enterica subsp. enterica serovar Enteritidis i Pseudomonas aeruginosa. Ispitana jedinjenja su 

bila neaktivna prema Gram negativnim bakterijama (MIC > 512 µg/mL), dok su prema Gram 

pozitivnim bakterijama ispoljili značajnu aktivnost, sa minimalnim inhibitornim 

koncentracijama (MIC) uporedivim sa konvencionalnim lekovima. Jedino E. faecalis je 

pokazala malo veću rezistentnost prema jedinjenjima (MIC 46–102 µg/mL). Hiperibarbini C 

i D (3 i 4) bili su aktivniji u odnosu na jedinjenja 1 i 2 (hiperibarbini A i B). Jedinjenja 3 i 4 

su ispoljila i izuzetnu aktivnost prema L. monocytogenes, sa MIC vrednostima od 5,70 

µg/mL i 11,3 µg/mL, na taj način predstavljajući potencijalne anti-Listeria agense. 



Prisustvo endoperoksidne grupe u svim izolovanim jedinjenjima može se uporediti sa 

aktivnim delom strukture antimalaričnog agensa artemisinina. Stoga je ispitana 

antiparazitska, odnosno antiprotozoalna aktivnost četiri jedinjenja, odabrana prema razlikama 

u njihovim strukturama – hiperibarbin C (3), hiperibarbin E (5), hiperibarbin K (11) i 

hiperibarbin N (14), prema parazitskim organizmima Plasmodium falciparum, Tripanosoma 

cruzi, T. brucei rhodesiense i Leishmania donovani. Iako je antiplazmodijalna aktivnost bila 

očekivana, hiperibarbin C (3) se pokazao neaktivnim (IC50 > 10 µg/mL). Međutim, 

hiperibarbin K (11) je ispoljilo visoku aktivnost, sa IC50 vrednošću od 1,72 µg/mL, a 

hiperibarbin E (5) i hiperibarbin N (14) su takođe bili umereno aktivni, sa IC50 vrednostima 

od 2,43 µg/mL i 3,24 µg/mL. Prema ostalim parazitima, ispitana jedinjenja pokazala su samo 

umerenu aktivnost, jedino je hiperibarbin C (3) ispoljio veću aktivnost, sa IC50 vrednošću od 

2,60 µg/mL i visokim indeksom selektivnosti, što bi ga moglo učiniti potencijalnim 

antileišmanijalnim agensom. 

Visoka antibakterijska aktivnost ispitanih novih jedinjenja prema Gram pozitivnim 

bakterijama čini ova jedinjenja (hiperibarbini A–D, 1–4) veoma interesantnim za dalja 

istraživanja. Ispitivanjem njihove aktivnosti prema drugim Gram pozitivnim bakterijama 

postoji mogućnost povećanja njihovog spektra delovanja, s obzirom da su bili neaktivni 

prema svim ispitanim sojevima Gram negativnih bakterija. Takođe, s obzirom da su njihove 

MIC vrednosti bile niske, ovo otvara mogućnost testiranja ostalih novih jedinjenja izolovanih 

u ovom radu (hiperibarbini E–R, 5–18), koji su izolovani u manjem prinosu. Ovo bi 

omogućilo analizu njihovog delovanja u zavisnosti od strukture. Ukoliko bi i ostala izolovana 

jedinjenja bila aktivna, sledeća faza istraživanja mogla bi uključiti sintezu aktivnih 

jedinjenja, ili njihovu izolaciju iz Hypericum barbatum Jacq. 1775 koristeći postupak 

detaljno opisan u ovoj doktorskoj disertaciji. 

Svi ciljevi postavljeni u ovoj doktorskoj disertaciji su u potpunosti ispunjeni, sa veoma 

uspešnim izolovanjem 18 novih, do sada neobjavljenih, biološki aktivnih, policikličnih 

poliprenilovanih acilfloroglucinola – hiperibarbina A–R (1–18) i njihovom detaljnom 

hemijskom karakterizacijom. 


	DOKTORAT_Filip Sibul.pdf
	0001 Naslovna _Prva unutrasnja_ Ver. 4.pdf
	001 Zahvalnica _druga unutrasnja_ Ver. 3.pdf
	01 Table of contents _pre numeracije_ Ver. 3.pdf
	1 INTRODUCTION Ver. 3.pdf
	2 MATERIAL AND METHODS Ver. 3.pdf
	3.1.1 RESULTS Ver. 3.pdf
	3.1.2 RESULTS Ver. 3.pdf
	3.2.1 RESULTS Ver. 3.pdf
	3.2.2 RESULTS Ver. 3.pdf
	3.3 RESULTS Ver. 3.pdf
	3.4.1 RESULTS Ver. 3.pdf
	3.4.2 RESULTS Ver. 3.pdf
	3.4.3 RESULTS Ver. 3.pdf
	3.5 RESULTS Ver. 3.pdf
	5 REFERENCES Ver. 3.pdf
	List of Abbreviations Ver. 3.pdf
	M Kratka Biografija Ver. 3.pdf
	N Kljucna dokumentacija Ver. 3.pdf

	Sazetak.pdf

