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1. Introduction

Africa is home to what is considered the earth’s ‘second lungs’ due to the biodiversity rich Congo
basin, second only to Amazon forest in South America.?* A study conducted by Klopper et al.,
suggested that there are over 45,000 plant species in Africa.>* Since time immemorial, plants have
always occupied the central role in the treatment of diseases in folk medicine worldwide, examples
includes African Traditional Medicine, Chinese Medicine, Ayuverdic Medicine, Unani medicine and
others forms of folk medicine obtained globally.>® Recent studies have shown that about 60-80% of
the world population rely on traditional medicine to meet their primary health care needs.” Some
25% of medical prescriptions globally are still directly or indirectly derived from plants. This ranges
from use of crude preparations or extracts, to refined extracts and single molecular species. These
encompasses herbal medicines, food supplements, botanical drugs, and medicinal prescriptions.
Currently, there is an increased demand for plants as source of novel pharmacophores due to their
chemical diversity and versatility which is unmatched by synthetic chemistry libraries. Despite the
surge in synthetic medicine, half of the more than 850 drugs introduced in the past 20 years have been
derived directly from plants.}%!

African plants are sources of some well-known conventional drugs: Physostigma venenosum
(physostigmine),*? Catharanthus roseus (vinblastine and vincristine),*® Tabernanthe iboga (ibogaine),**
and Dioscorea spp. (diosgenin).’> Many plant species in Africa have not been investigated scientifically
for their medicinal properties or to prove or reject the folklore claims on the therapeutic properties

of these plants.®

1.1. Diterpenoids from Euphorbia species

Diterpenoids of Euphorbia species have attracted significant interest because of their remarkable
chemical diversity and promising pharmacological activities, such as anti-inflammatory, antitumor,
antiviral, and cocarcinogenic effects.!’/8

Euphorbia diterpenoids are classified based on their biosynthetic pathway as higher and lower
diterpenes. ‘Lower diterpenes’ (macrocyclic) are derived from a tetraprenyl pyrophosphate precursor
through a ‘head-to-tail’ cyclization, and non-specific ‘higher diterpenes’, whose skeletons are formed
by the classical ‘concertina-like’ cyclization like those of triterpenes. The distribution of lower
diterpenes are restricted to Euphorbiaceae and Thymeleaceae families while the higher terpenes
occur in many plant families.’® Macrocyclic diterpenes are subdivided into jatrophane-, lathyrane-,

ingenane-, daphnane-, tigliane-, myrsinane-, pepluane-, paraliane-, segetane- and rhamnopholane-

types, and are major chemical constituents of the Euphorbia genus. These diterpenoids display



promising pharmacological activities, for instance cytotoxic, antibacterial, anti-influenza, anti-HIV, HIV
latency reversal, anti-inflammatory and multidrug resistance (MDR) reversal effects. Higher

diterpenes are subdivided into labdanes, clerodanes, stachane, abietanes, kauranes, and atisanes.?>?°

1.2. Ingol derivatives

Ingol is the common name of 4,15-epoxy-3,7,8,12-tetrahydroxy-lathyr-5-en-14-one isolated from
Euphorbai ingens in 1971 by Opferkuch and Hecker.?! The hypothetical biosynthetic pathways of ingol-
type diterpenoids follows that of macrocyclic diterpenes as shown in Figure 1. Recent studies have
provided more insight on the cyclization processes and the enzymes involved. First, a reactive
cembrene cation is formed from geranylgerany diphosphate by the loss of a diphosphate moiety. The
cembrene cation formed is unstable and gets stabilized by the formation of cembranoids which readily
undergoes cationic cyclization and subsequent Wagner-Meerwein rearrangements.?>? CYP450
enzymes catalyze a further series of oxidative reactions on the hydrocarbon skeleton.? The casbanes
formed from the cembrene cation via loss of a proton and cyclization of the isopropyle group have
been considered to be the precursors of a number of macrocyclic diterpenes.?” Casbanes with a trans
or cis disubstituted cyclopropane ring occur in the species of Euphorbia®® as well as other
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Euphorbiaceae genera. “Euphorbia steroid” was the first isolated macrocyclic diterpene. It was

isolated from E. lathyris®! in 1939 by Dublyanskaya and elucidation of its structure showed it is a

|32

tricyclic lathyrane diterpenoid called 6,17-epoxy-lathyro
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Figure 1. Hypothetical biosynthetic pathway of ingol.



Ingol diterpene is formed as a result of C-4, C-15 epoxy formation on lathyrane diterpene.3 The most
distinguishable feature of ingol among macrocyclic is the presence of 4, 15-epoxy group. Additionally,
a keto group situated on C-14 is present and A®® olefine can be foundd in most ingols. There are five
methyl groups usually located at C-2, C-6, C-13 and a gem-dimethyl group at C-10 in most of the ingols.
The hydroxy group are basically found at C-3, C-7, C-8, C-12.3*% The unusual presence of hydroxy
group on C-17 and C-19 have been reported in E. resinifera,*® E. antiquorum,® E. acrurensis,** and E.
hermentiana.® Ingol diterpenoids exist as polyesters. The common ester groups attached include
acetyl, tiglyl, angelyl, benzyl, 2-methyl butyryl, iso-valeryl, and iso-butyryl. Acetyl group is the most
common ester group attached to the ingol skeletal core. The types and positions of esters, and
configurations of optically active carbons are responsible for variability observed in the ingol-type
diterpenoids.

Lathyrane-type diterpenoids do not possess pro-inflammatory activity of phorbol esters.***> Ingols
have been reported to possess significant cytotoxic,*®*” PGE,-inhibitory,*® vasoactive properties,*® and

low inhibition of RANKL-induced osteoclastogenesis.*

1.3. 5-methylcoumarins and 5-methylchromones of the plant family Asteraceae

Coumarins with methyl substitution at position 5 are rare in nature and have a restricted occurrence
in the plant kingdom. They are mainly found from the members of tribes Vernonieae, Nassauvieae,
Onoserideae and Mutisieae of the Asteraceae family, and occasionally from a few other taxa.>%>?
Unlike most coumarins that are synthesized through phenylpropanoid pathway, 5-methylcoumarins
have been suggested to be derived through the acetate-malonate pathway via pentaketide
intermediate.’>*® The superfamily of type Il polyketide synthases (PKSs) are key enzymes in
generating the backbones of chalcones, stilbenes, chromones, pyrones and several other secondary
metabolites in plants.>*>

Experiment on Gerbera hybrida was used to demonstrate the hypothetical biosynthetic pathway of 5-
methylcoumarin (Figure 2). G. hybrida expresses three genes encoding 2-pyrone synthases (G2PS1—
3). Polyketide synthases G2PS2 and G2PS3 are necessary for the biosynthesis of hydroxymethyl
coumarin (HMC), and that a reductase enzyme is likely required to complete the pathway to HMC. It
is biosynthesized via pentaketide with the starting acetate unit formed from acetyl CoA and the other
four acetate units from malonyl CoA. The experiment involved the condensation of acetyl CoA and
four units of malonyl CoA. The result is the formation of a reactive intermediate which is stabilized
through the formation of 4-hydroxy-5-methylcoumarin.>*%3

As soon as 4-hydroxycoumarin is formed, the prenylation of 5-methylcoumarins takes place

immediately.>® Majority of 5-methylcoumarins have the coumarin scaffold connected to terpene



moieties at C-3 and C-4 of the (a-pyrone moiety) coumarin scaffold.>” The modification of the terpene
component is the major source of variation in most 5-methylcoumarins. The terpene components
could be hemiterpene (Cs), monoterpene (Cio) or sesquiterpene (Css).>! The terpene components of
Onoserideae and Nassauvieae are mainly sesquiterpene units while those from Mutisieae and
Vernonieae are mainly monoterpenes.®*8%2 |n the case of monoterpene component, its derivatives
are modified to form one or two rings. Based on literature search, 5-methylcoumarins of Vernonieae
tribe and Nassauvieae tribe are unique because many of its derivatives have terminal vinyl and methyl
(of terpene unit) attached to C-3' and this C-3' is attached to C-3 of the coumarin scaffold.

The terpene substituted 5-methylcoumarins displayed great deal of stereochemistry due to present
of a and 8 configuration forms of the same compounds.’®°%63%5 Epoxy are sometimes formed

between C-6' and C-7'. %¢77° In some instances, the monoterpene is esterified with methyl group.
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Figure 2. Hypothetical biosynthetic pathway of 5-methylcoumarins.

Ethuliacoumarin A from Ethulia conyzoides was the first discovered member of 5-methylcoumarins.
This compound has a powerful anthelmintic and molluscicidal activities against Biomphalaria glabrata
and Bulinus truncates.®®®® Due to their restricted occurrence and few information on 5-
methylcoumarins, there are little knowledge of their pharmacological activities. However, plants rich

1

in 5-methylcoumarins have shown cytotoxic,”® antiproliferative,’>”® antifungal,”* antiprotozoal,”

7877 antioxidant,”®”° anti-inflammatory®8! and antidiabetic®? activities.

antimicrobial,
Meroterpenoids are group of secondary metabolites derived from mixed biosynthetic pathways from
hybrid polyketide or non-polyketide and terpenoid biosynthesis. They are widely produced by
bacteria, algae, plants, and animals.23%¢ Cornforth in 1986 first used the word ‘meroterpenoid’ which
was derived from the Greek word ‘mero’ meaning ‘fragment or part of’ suggesting that the terpene

component is part of a larger compound.®”% In this research, both 5-methylcoumarins and their

isomers, 5-methylchromones can be grouped as meroterpenoid.



1.4. Botanical description and ethnobotanical uses of Euphorbia deightonii

Euphorbia is the largest genus in Euphorbiaceae family®® and is attributed as the third most diverse
plant genus in flowering plants accounting for about 2000 species.’® Just like every genera in
Euphorbiaceae, all flowers are unisexual and small in size. However, flowers of genus Euphorbia are
even smaller and usually aggregated into clusters of flowers (inflorescence) known as a cyathium.
Euphorbia spp. differ in features of their cyathium, which can show diverse and interesting
modifications in different plants in the genus.9>%*%° Cyathium is a cup-shaped flower cluster, which
consist of a female flower with a single pistil surrounded by several male flowers having a single
stamen each. The main defining feature of the cyathia is the involucre that surrounds each group of
flowers. The involucre has one or more special glands on the upper rim which can vary in size and
shape. There must be specialized leaves called cyathial leaves that surrounds the cyathium.®%2

Euphorbia deightonii Croizat (Euphorbiaceae) (Table 1) is a shrub that grows up to 6 m high. It does
not have a distinct trunk but often, branches start right from the base of the plant. It is commonly
grown as a hedge plant and its lowest branches are buried in the ground, thus, providing a thick barrier
to the base. The 3-6 edged branch are up to 4.5 cm wide and are divided into elongations by
constrictions. The wing-like edges are set with bay teeth at 2.5 cm from each other. Its bract are tinged
and reddish, involucre glands are green, it has yellow flowers and its capsules are dull red. It is
furnished with heavy spines up to 12 mm long. The plant produces white latex which has an irritant
effect on wounds. It is native to West Tropical African countries like Nigeria, Senegal, Ghana, Ivory
Coast, Benin, Burkina Faso, and Sierra Leone. In traditional medicine, It was used in the treatment of
leprosy. Other uses include arrow poisoning during ancient wars, for ornamental purposes, as

repellent in agro-horticulture and for production of gums and resins.%°’

1.5. Botanical description and ethnobotanical uses of Centrapalus pauciflorus

Genus Centrapalus belongs to Asteraceae family which is one of the largest plant families with over
1620 genera and 25000 species.”®%° However, genus Centrapalus consists of nine species.19%10!
Members of the family have a unique inflorescence called capitulum, or head that are surrounded by
bracts. Leaves are usually simple or compound, spiny or nonexistence.’® The species are annual or
perennial plants and rarely shrubs. The stems are erect, branched with alternate leaves.®

Centrapalus pauciflorus (syn. Cacalia pauciflora Kuntze, Centrapalus galamensis Cass., Conyza
pauciflora Willd, Vernonia afromontana R.E.Fr., V. coelestina Schrad. ex D.C., V. filisquama M.G.
Gilbert, V. galamensis (Cass.) Less., V. galamensis subsp. afromontana (R.E.Fr.) M.G. Gilbert, V.

galamensis subsp. filsquama (M.G. Gilbert) C. leffrey, V. galamensis subsp. gibbose M.G. Gilbert, V.

galamensis subsp. lushotoensis M.G. Gilbert, V. galamensis subsp. mutomoensis M.G. Gilbert, V.
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galamensis subsp. nairobensis M.G. Gilbert, V. pauciflora (Wild.) Less., V. petitiana A. Rich., V.
senegalensis Desf., V. zernyi Gilli)1®1% belongs to the Asteraceae family (Table 1.). Its most used
synonym is V. galamensis subsp. galamensis.'® It is an annual or sometimes short-lived perennial herb
with height range of 13-500 cm. It is erect and sometimes straggling, much-branched, with ribbed,
finely to coarsely hairy stems. Leaves are sessile, sometimes rather crowded, elliptic, or linear to
oblanceolate (3-25 cm long, 0.2-5 cm wide) with cuneate or attenuate base and serrated leaf margins.
The leaves have bitter taste. Flowers are usually bisexual, fertile, and pink to violet blue in color. The
fruit is a narrowly obovoid achene, with narrow ribs, and dark brown to black in colour.297-110 |
originated from Tropical Africa 1! In folk medicine, it is used in the treatment of malaria, diabetics,
chest pain, external injury, cough and gastrointestinal diseases. For stomach pain, leaf pulp is mixed
with water and the liquid is drunk.!'? For chest pain and lung pain, pounded leaves are dried and

cooked in tea or porridge.!®

Table 1. Taxonomic classification of the investigated species

Order Euphorbiales Asterales
Family Euphorbiaceae | Asteraceae
Subfamily Euphorbioideae | Vernoniodeae
Tribe Euphorbieae Vernonieae
Subtribe Euphorbiinae Centrapalinae
Genus Euphorbia Centrapalus
Species E. deightonii C. pauciflorus




2. Aims of the study

The objectives of my research were the isolation and structure determination of new natural

compounds from E. deightonii and C. pauciflorus, and investigation of their biological activities. To

achieve these objectives, the following steps were taken:

>
>

Screening of E. deightonii for diterpenoids and C. pauciflorus for antiproliferative constituents.
Preparing extracts from aerial parts of E. deightonii and leaves of C. pauciflorus

Purification and isolation of compounds from E. deightonii and C. pauciflorus using a series
and combination of chromatographic techniques such as OCC, VLC, FLC, HPLC, PLC and
recrystallization methods.

Structure elucidation of isolated compounds by use of data from advanced spectroscopic
analysis of 1D and 2D NMR as well as HRMS.

Evaluation of pharmacological activiities of isolated compounds (anti-HSV, anti-proliferative

and cytotoxic effects).



3. Materials and methods

3.1. Plant materials

The aerial parts of E. deightonii (35 kg wet weight) and fresh leaves of C. pauciflorus were collected in
August, 2018 from Zaria, Nigeria with their respective geographcal coordinates as (N 11°5'4.2252"
E 7°45'44.172") and (N 11°7'19.758" E 7°43'23.1672"). The two plant materials were identified by
Umar Gallah (Bioresource Department of National Research Institute for Chemical Technology, Zaria,
Nigeria). The plant samples were subsequently cut into smaller pieces, air dried in the absence of
sunlight and ground into powdered form. The powdered dried plant materials weighed 1.24 kg for E.
deightonii and 548 g for C. pauciflorus. A voucher specimen (No. 918) for E. deightonii and (No. 897)
for C. pauciflorus were deposited in the herbarium of the Department of Pharmacognosy, University

of Szeged, Szeged, Hungary.

3.2. Preparation of extracts for phytochemical and pharmacological screenings

10 g of powdered each from the plant materials were percolated with MeOH (100 ml) at room
temperature for a day. The concentrated extract were diluted with H,0 (30 ml) and were subjected to
solvent-solvent partitioning with CHCl; (4 x 50 ml). Thereafter, the CHCl; soluble phase was separated
on polyamide OCC (1 g) using a gradient system of methanol-water [1:4, 2:3, 3:2, 4:1 and 5:0 (250 ml
each)] as eluent. Fractions obtained were concentrated via rotary vapour.

Screening of E. deightonii for diterpenoids: Fractions were monitored by thin layer chromatography
(TLC) using mobile phases cyclohexane—EtOAc—EtOH (70:20:1) and CHCl;:MeOH (98:2).

Screening of C. pauciflorus for antiproliferative potential: Samples from the fractions [MeOH-H,0 1:4
(6.24 mg), 2:3 (5.32 mg) 3:2 (8.73 mg), 4:1 (8.76 mg), and 5:0 (7.89 mg)] were given to Department of
Pharmacodynamics and Biopharmacy for screening their antiproliferative activities on Hela, A2780,

MCF-1, and 231 cell lines.

3.3. Extraction and purification of compounds from investigated species
3.3.1 Extraction

E. deightonii: The air-dried plant materials were grinded with a Bosch MKM 6000 grinder into
powdered form affording 1240 g (E. deightonii) and 548 g (C. pauciflorus). The powdered plant
materials were exhaustively extracted using percolation method with MeOH (29L for E. deightonii)
and (45L for C. pauciflorus) at room temperature in a glass percolator (length 60 cm, diameter 15 cm).

The two extracts were each concentrated via rotary vapor affording 218.2 g for E. deightonii and 133
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g for C. pauciflorus. The concentrated extracts were diluted with H,O (500 ml). Solvent—solvent
partitioning was conducted on E. deightonii extract with CHCls (6 x 500 ml). The CHCI; soluble phase
was concentrated. 134 g of oily extract was obtained. On the other hand, solvent—solvent partitioning
was conducted on C. pauciflorus extract with CHCl; (3 x 1000 ml). The CHCl; soluble phase was

concentrated. 65.81 g of oily extract was obtained.

3.3.2 Chromatographic methods used in purification and isolation of compounds

Open-column chromatography (OCC): The CHCls soluble fraction of E. deightonii extract was dissolved
with CHCl; and pre-adsorbed onto 150 g polyamide (MP Polyamide, 50-160 um, MP Biomedicals) and
it was then subjected to a polyamide column (210 g stationary phase). Gradient mixtures of MeOH-
H,0 [1:4, 3:2, 4:1 and 5:0 (6000 ml each) respectively] were used as mobile phase to elute the loaded
sample. Weight of fractions obtained were MeOH-H,0 1:4 (7.64 g), 3:2 (21.10 g), 4:1 (18.10 g), and
5:0(2.00 g).

The same procedure was carried out on CHCIs soluble fraction of C. pauciflorus with 100 g polyamide
used for sample preadsorbtion and 150 g polyamide as stationary phase. The column was eluted with
MeOH-H,0 mixtures [1:4, 3:2, 2:3, 4:1 and 5:0 (5000 ml each) respectively]. Weight of fractions
obtained were MeOH-H,0 1:4 (10.80 g), 2:3 (12.33 g), 3:2 (14.00 g), 4:1 (15.10 g), and 5:0 (1.93 g)
accordingly.

Vacuum-liquid chromatography (VLC): Silica gel (60 G, 15 um, Merck) and RP silica gel (LiChroprep
RP-18, 40-63 um, Merck) were used. Each sample was dissolved in either CHCl; or CH,Cl; and pre-
adsorbed onto the silica using twice the weight of sample, then the organic solvent was completely
removed via air chamber. The dry-packed columns were prepared by filling silica gel into glass filter
funnels containing fritted discs (G3) at the bottom of the column. The VLC columns were eluted under
gentle vacuum provided by a V-800 vacuum pump (Biichi). The collected fractions were combined in
accordance with their chemical compositions as monitored by TLC (Tables 2 and 5, Figures 3a—c and
4a—c).

Preparative layer chromatography (PLC): silica gel 60 coated aluminum plates with fluorescent
indicator F;s4 (Merck 05715) were used. Separation was monitored under UV light at 254 nm and at
366 nm. Compounds were eluted from the scraped adsorbent with CHCls;, and MeOH. The elutes were
then filtered to remove the silica gel (Tables 3 and 6, Figures 3a—c and 4a—c).

Thin layer chromatography (TLC): The obtained OCC and VLC fractions were monitored using TLC on
silica gel 60 Fys4 (Merck 05554) and RP-18 modified silica gel Fisss (Merck 05559). Visualization
methods: UV light at 254 nm and at 366 nm, spots were visualized by spraying with cc. H,SO, followed
by heating at 105 °C for 5 minutes.
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High-performance liquid chromatography (HPLC):

Normal phase LiChrospher Si 60 (5 pm, 250 mm, 4 mm) and Luna Silica (2) 100 | (5 um, 250 mm,
21.2 mm), and reversed phase Kinetex Ci15 100 A (5 um, 150 mm, 4.6 mm), Agilent ZORBAX ODS C-18
100A (5 pm, 250 mm, 9.4 mm) and Phenomenex Lux i-Amylose-1 (5 pum, 250 mm, 4.6 mm) columns
were used. The eluted compounds were detected at 245 nm, 254 nm and 366 nm (Tables 4 and 7,

Figures 3a—c and 4a—c).

Table 2. VLC methods involved in the purification of compounds of E. deightonii
(NP: normal phase, RP: reversed phase)

Fracti
Method Sorbent(g) | Eluent ractions
(no. x ml)
NP 1 500 petroleum ether-EtOAc (9:1, 19:1, 8:2, 7:3 and 0:10; 130 x 50
1300 ml each)
benzene—CHCls—diethyl ether (10:0:0, 9:1:0, 18:1:1,
NP 2 2
60 18:3:2, 0:1:0, 0:0:1, 200 ml each) 25 %20
cyclohexane—CHCls—EtOH (10:0:0, 8:2:0, 6:4:0, 2:8:0,
NP 3-6 60 8:2:2,8:2:4, 8:2:8, 8:2:10, 250 ml each) 10020
RP 1-3, 5-8 8.5 MeOH-H,0 (5:5, 6:4, 7:3, 8:2, 9:1, 0:10, 80 ml each) 46 x 10
RP 4 8.5 MeCN-H,0 (4:6, 5:5, 6:4, 7:3, 8:2, 9:1, 0:10, 80 ml each) 52 x10

Table 3. PLC methods involved in the purification of compounds of E. deightonii (NP: normal phase)

Method | Phase | Eluent

A NP CHCls—acetone (100:0.8)

B,C NP n-hexane—EtOAc—MeOH (90:20:1.4)
D NP cyclohexane—CHCls—EtOH (80:20:10)
E-G NP CHCls—acetone (19:1)

Table 4. HPLC methods involved in the purification of compounds of E. deightonii
(NP: normal phase, RP: reversed phase)

Method Column Eluent Flow r?te
(ml/min)
NP 1-18 LiChrospher n-hexane—EtOAc—MeOH (80:19:1) 1.0
NP 19, 20 LiChrospher cyclohexane—EtOAc—MeOH (80:19:1) 1.0
RP 1-5, 7-9 Kinetex MeOH-H,0 (70:30) 0.8
RP 6, 10 Luna MeOH-H,0 (80:20) 0.8
RP 11 Luna MeOH-H,0 (50:50) 0.8
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Table 5. VLC and FLC methods involved in the purification of compounds of C. pauciflorus
(NP: normal phase, RP: reversed phase)

Method Sorbent Eluent Fractions
(8) (no. x ml)

cyclohexane—EtOAc—EtOH (9:1:0, 8:2:0, 7:3:0, 50:20:1.5,

NP7 150 50:20:3, 50:20:6, 50:20:9, 50:20:12, 50:20:15, 50:20:20, 109 x 55
50:20:40, 50:20:60, 50:20:80, 500 ml each)
cyclohexane—EtOAc (99:1, 98:2, 96:4, 94:6, 90:10, 80:20,

NP8, 10,13,14 40 50:50, 0:100, 110 ml each), 20 x50

NP9, 11, 12 50 n-hexane—CHCl; (9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, and 0:10, 40 x 20
110 mL each)

RP9 17 MeOH-H,0 (4:6, 5:5, 6:4, 7:3, 8:2,9:1, 110 mL each) 46 x 13

RF 1 (FLC) 40 gradient elution with MeOH-H,0 (3:7 to 10:0) 83x10

Table 6. PLC methods involved in the purification of compounds of C. pauciflorus (NP: normal phase)

Method | Phase | Eluent
H NP CHCls—acetone (100:2)
| NP CHCls—acetone (200:7)

Table 7. HPLC methods involved in the purification of compounds of C. pauciflorus
(NP: normal phase, RP: reversed phase)

Method Column Eluent Flowra!te
(ml/min)
NP 21, 37 ZORBAX n-hexane—EtOAc (94:6) 1.0
NP 22, 25, 26, 29, 30, 35 LiChrospher | n-hexane—EtOAc—MeOH (80:19:1) 1.0
NP 23, 27 LiChrospher | n-hexane—EtOAc—MeOH (98:1:1) 1.0
NP 24 LiChrospher | n-hexane—EtOAc (88:12) 1.0
NP 28 LiChrospher | n-hexane—EtOAc—MeOH (90:8:2) 1.0
NP 31 LiChrospher | n-hexane—EtOAc (78:22) 1.0
NP 32 LiChrospher | n-hexane—EtOAc—MeOH (95:4:1) 1.0
NP 33 LiChrospher | n-hexane—EtOAc (80:20) 1.0
NP 34 LiChrospher | n-hexane—EtOAc—MeOH (90:9:1) 1.0
NP 36 LiChrospher | n-hexane—EtOAc (95:5) 1.0
RP 12, 24, 27 Kinetex MeOH-H,0 (74:26) 0.7
RP 13, 20, 21 Kinetex MeOH-H,0 (75:25) 0.7
RP 14 Kinetex MeOH-H,0 (88:12) 0.7
RP 15, 26 Kinetex MeOH-H,0 (70:30) 0.7
RP 16 Kinetex MeOH-H,0 (65:35) 0.7
RP 17 Kinetex MeOH-H,0 (90:10) 0.7
RP 18 Kinetex MeCN-H,0 (70:30) 0.7
RP 19 Kinetex MeCN-H,0 (47:53) 0.7
RP 22 Kinetex MeOH-H,0 (85:15) 0.7
RP 23 Kinetex MeCN-H,0 (gradient 75:25 to 81:19) 0.7
RP 25 Kinetex MeOH-H,0 (68:32) 0.7
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3.4. Characterization and structure determination of the isolated compounds

Mass spectroscopy: HRMS data were recorded on a Thermo Scientific Q-Exactive Plus Orbitrap mass
spectrometer equipped with an ESI electrospray source and coupled with an Agilent 1100 HPLC
system. The samples were measured with flow injection analysis method. The mass spectrometer was
working in positive mode, and the scan mass range was set to m/z 150-2000 at a resolution of 140000.
The data were acquired and processed with Thermo Xcalibur 4.0 software.

Nuclear magnetic resonance spectroscopy: NMR spectra were recorded in CDCls, CDs0D, and CsDsN
on a Bruker Avance DRX 500 spectrometer at 500 MHz (*H) and 125 MHz (*3C). The signals of the
residual solvents (64 7.26, 3.31, and 8.74 ppm; &6¢ 77.16, 49.00, and 150.35 ppm, respectively) were
taken as references. Chemical shifts are expressed in parts per million (ppm) and coupling constant (J)
values in Hz. The 2D data were acquired and processed with MestReNova v6.0.2-5475 and TopSpin

3.5pl7 software.
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4. Results

4.1. Screening of E. deightonii for diterpenoid contents

Sample preparations were conducted as described in section 3.2. As regards screening of polyamide
fractions, TLC chromatograms of fraction eluted with MeOH-H,0 (3:2) showed deep brown colored
spots which are indicative of diterpenoids [R¢values: 0.15-0.74 in cyclohexane—EtOAc—EtOH (60:20:2),
CHCls—acetone (19:1) and petroleum ether—EtOAc (4:1)]. These ascertained the richness of
diterpenoids in extracts of E. deightonii. Hence, this experiment was chemistry-guided with emphasis

on isolation of diterpenoids.

4.2. Screening of C. pauciflorus for antiproliferative activity

Sample preparations were conducted as previously described in section 3.2. As a result of the
antiproliferative assay, it was established, that the fraction obtained with MeOH-H,0 (3:2) has the
highest antiproliferative activity; it showed 44.2 + 0.6%, 49.3 + 0.9%, 54.6 + 0.6% and 5.2 + 0.5%
inhibition at 10 mg/ml, and 70.7 + 0.4%, 85.3 + 1.0%, 63.7 = 1.3%, and 68.2 * 0.8% inhibition at 30
mg/ml against MCF-7, MDA-MB231, Hela, and A2780 cells, respectively. Fraction eluted with MeOH—
H,0 (3:2) was selected for further chromatographic analysis. Hence, this experiment is bioassay-

guided fractionation.

4.3 Isolation of diterpenoids and polyphenols from E. deightonii

Extraction, solvent—solvent partitioning and polyamide OCC were done as described in section 3.3.
(Figure 3a). The diterpenoid-rich fraction MeOH-H,0 (3:2) (21.1 g) was separated on NP-VLC 1 which
afforded 130 fractions (130 x 50 ml). The collected fractions were monitored by TLC, and those with
similar profiles were combined, thereby affording twelve bulk fractions, A-L. The deep brown colored
components were concentrated in bulk fractions G-K and these fractions were selected for further
chromatographic separation.

Starting with bulk fraction G, it was further subjected to NP-VLC 2 which yielded G/a—c, fractions
(Figure 3b). Purification of G/b and G/c were made on RP-VLC 2 and RP-VLC 1, respectively. G/b
afforded G/b/I-lIl fractions while G/c afforded G/c/I-Il. Further purification of G/b/Il by PLC A resulted
in the isolation of ED-1 (28) (8.4 mg). On the other hand, G/b/IIl was purified by RP-HPLC 1 and
afforded ED-9 (12) (52.3 mg) and G/b/Ill/2—4. Further purification of G/b/l11/3 by PLC B led to the
isolation of ED-7 (10) (6.3 mg, R¢ 0.33) and ED-8 (11) (35.9 mg, R¢ 0.25). Meanwhile, G/b/111/2 and
G/B/1I/4 were purified by NP-HPLC 1 and NP-HPLC 2, respectively and resulted with the isolation of
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ED-42 (17) (17.5 mg) and ED-45 (27) (2.4 mg) respectively. Similarly, G/c/Il was purified by RP-HPLC 2
and afforded ED-12 (13) (18.9 mg), ED-16 (14) (25.5 mg), ED-17 (15) (11.0 mg), and fractions G/c/Il/2,
G/c/Il/3, and G/c/Il/7. Further purification of G/c/ll/2 and G/c/Il/7 by NP-HPLC 3 and NP-HPLC 4
afforded isolation of ED-58 (2) (1.1 mg) and ED-54 (21) (2.6 mg), respectively. Meanwhile, G/c/Il/3 was
purified by PLC C and gave G/C/Il/3-A. Further purification of G/c/l1/3-A by NP-HPLC 5 resulted in the
isolation of ED-52 (20) (3.0 mg). Bulk fraction H was subjected to NP-VLC 3 and gave H/I-Il. Separation
of H/Il by RP-VLC 3 afforded subfractions H/ll/a—d. Purification of H/Il/c by RP-HPLC 3 led to isolation
of ED-27 (16) (3.5 mg) and ED-29 (1) (3.4 mg). Purification of H/ll/d by RP-HPLC 4 gave H/Il/d/1-7.
H/1/d/2, H/1/d/4, and H/1lI/d/7 were purified by NP-HPLC 6, NP-HPLC 7, and NP-HPLC 8 respectively
which led to the isolation of ED-46 (18) (2.2 mg), ED-48 (19) (1.6 mg) and ED-71 (3) (1.0 mg)
respectively.

The bulk fraction | was subjected to NP-VLC 4 which gave fraction I/l which was further separated by
RP-VLC 4 and afforded I/I/a—f. Purification of I/1/b by RP-HPLC 5 produced I/I/b/5 which was further
purified by NP-HPLC 9 and resulted in the isolation of ED-79 (4) (1.2 mg). Similarly, I/1/f was purified
by RP-HPLC 6 which afforded ED-36 (33) (5.1 mg), and I/I/f/1. Further purification of I/1/f/1 was
conducted on PLC D and resulted in the isolation of ED-33 (32) (14.2 mg R¢0.29).

The bulk fraction J was subjected to NP-VLC 5 which gave J/I-II (Figure 3c). J/I and J/Il were separated
on RP-VLC 5 and RP-VLC 6, respectively with gradient mixtures of MeOH-H,0 as eluent and afforded
1/I/a—c and J/Il/a—e, respectively. J/I/a, J/1/b, J/I/c and J/Il/e were purified by RP-HPLC 7, RP-HPLC 8,
RP-HPLC 9 and RP-HPLC 10, respectively and afforded J/1/a/1-7, J/1/b/1-6, J/1/c/1-4, and J/Il/e/1-6,
respectively. J/1/a/3, J/\/a/5, J/\/a/6, J/\/a/7, J/\/b/3, J/1/b/5, }/1/b/6, J/1/c/4 and )/1I/e/6 were further
purified by NP-HPLC 10, NP-HPLC 11, NP-HPLC 12, NP-HPLC 13, NP-HPLC 14, NP-HPLC 15, NP-HPLC 16,
NP-HPLC 17 and NP-HPLC 18, respectively. As a consequence, J/1/a/3 resulted in the isolation of ED-
89 (22) (1.6 mg), J/1/a/5 resulted in the isolation of ED-91 (5) (4.8 mg), J/1/a/6 resulted in the isolation
of ED-92 (23) (10.9 mg) and ED-93 (6) (1.0 mg), J/1/a/7 resulted in the isolation of ED-94 (24) (4.8 mg),
1/1/b/3 resulted in the isolation of ED-102 (25) (2.7 mg), J/I/b/5 gave J/I/b/5-A, J/1/b/6 affording ED-
109 (8) (0.9 mg), ED-110 (26) (2.1 mg), and J/1/b/6-A, while J/I/c/4 resulted in the isolation of ED-112
(9) (1.2 mg) and J/I1l/e/6 afforded the isolation of ED-116 (1) (1.7 mg). Further purification of J/I/b/5-A
on PLCE led to the isolation of ED-98 (7) (10.6 mg) while further purification of J/I/b/6-A by
NP-HPLC 19 resulted in the isolation of ED-141 (30) (2.1 mg). The bulk fraction K was subjected to NP-
VLC 6 and produced K/I-ll fractions. K/l and K/Il were further separated by RP-VLC 7 and RP-VLC 8,
respectively and gave K/I/a—c and K/Il/a—f, respectively. K/I/a was purified by RP-HPLC 11 affording
K/I/a/1-2. K/1/a/2 formed precipitate when dissolved with n-hexane—EtOAc mixture. The insoluble
portion (K/l/a/2-B) was purified by PLC F and afforded in the isolation of ED-105 (37) (9.3 mg R¢ 0.5).
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Crystallization was also applied on K/I/c by checking for its solubility in n-hexane—EtOAc mixture.
Purification of the insoluble portion (K/I/c/A) by PLC G afforded ED-134 (29) (9.0 mg, Rt = 0.37).
Purification of the soluble portion K/I/c/B by NP-HPLC 20 led to the isolation of ED-119 (34) (1.4 mg),
ED-120 (35) (1.0 mg), and ED-121 (36) (0.9 mg). Crystallization was conducted on K/II/f using MeOH.
The MeOH-insoluble portion (K/II/f/A) was soluble only in DMSO. NMR analysis confirmed its purity
and was named ED-86 (38) (4.3 mg).

4.4. Isolation of compounds from C. pauciflorus

Extraction, solvent-solvent partitioning, and polyamide OCC were made as described in section 3.3. (
Figure 4a). The pharmacologically active fraction, MeOH-H,0 (3:2) (14 g) was separated by NP-VLC 7
yielding 109 fractions (109 x 55 ml). Fractions with similar profiles were combined, thus affording nine
bulk fractions namely A-l. Among these bulk fractions, A—C displayed significant and well separated
spots on TLC plates and were chosen for further chromatographic purification.

Bulk fraction A was subjected to NP-VLC 8 and yielded A/I-II (Figure 4b). Two step purification of A/l
by RP-HPLC 27 and NP-HPLC 36 resulted in the isolation of VP-137 (60) (1.2 mg) and VP-138 (61) (1.1
mg). On the other hand, A/Il was chromatographed by RP-HPLC 12 and afforded VP-140 (63) (6.9 mg)
and A/Il/1-3 and 5. Further purification of A/Il/3 by NP-HPLC 37 resulted in the isolation of VP-145
(62) (1.1 mg). Similarly, purification of A/Il/5 by NP-HPLC 21 resulted in the isolation of VP-146 (39)
(1.8 mg) and VP-147 (40) (1.3 mg). Bulk fraction B was subjected to RP-VLC 9 which gave B/I-III.
Separation of B/Il and B/Ill were conducted by NP-VLC 9 and NP-VLC 10, respectively and afforded
B/11/1-2, B/11I/1-2 accordingly. B/Il/2 was chromatographed by NP-VLC 13 and produced B/II/2/A-B.
Purification of B/Il/2/A was made by NP-HPLC 22 and RP-HPLC 13, respectively, and yielded the
isolation of VP-153 (55) (2.4 mg). Similarly, B/IIl/2 was fractionated by NP-HPLC 23 and B/Ill/2-A-D
were collected. RP-HPLC 14 and NP-HPLC 24 were consecutively applied on B/I1I/2-A and resulted in
the isolation of VP-122 (58) (4.2 mg).

The largest bulk fraction C was subjected to RP-FLC 1 and yielded fractions C/I-V. Additionally, some
white crystals were observed in three test tube fractions. They were carefully taken into a beaker. TLC
analysis of solved crystals turned out to be mixture of two compounds with slightly different R¢ values.
They were subsequently purified by NP-HPLC 25 and led to the isolation of VP-5 (48) (20.6 mg) and
VP-6 (49) (15.6 mg).

C/lll was separated by NP-VLC 11 and afforded C/I1I/1-5 (Figure 4c). C/11l/1 was separated by NP-VLC
14 and afforded C/Ill/1/A-G. Subsequently, C/Ill/1/B, C/Il/1/C, C/I/1/E, C/II/1/F, and C/III/1/G
fractions were purified by NP-HPLC 26, NP-HPLC 27, NP-HPLC 28, NP-HPLC 29 and NP-HPLC 30,
respectively and afforded C/1ll/1/B/1-2, C/ll/1/C/1-2, C/llI/1/E/1-2, C/III/1/F/1-3, and C/IIl/1/G/1-
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Figure 4. Isolation of compounds C. pauciflorus. 4a: Extraction, solvent—solvent partition, OCC, and VLC 1; 4b: Isolation of compounds from bulk fractions A—C; 4c: Isolation of compounds from subfractions C/lll and CV.
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2, respectively. Further purification of C/1ll/1/B/1 and C/Ill/1/B/2 by RP-HPLC 15 and RP-HPLC 16,
respectively, afforded VP-8 (56) (1.1 mg) and VP-55 (43) (156.7 mg), respectively. C/Il/1/C/2 was
purified on PLC H which gave C/llI/1/C/2/I-Il. Further purification of C/I1I/1/C/2/1l by RP-HPLC 18
resulted in the isolation of VP-160 (53) (15.2 mg) and VP-161 (54) (9.6 mg). C/Ill/1/E/2 was purified by
RP-HPLC 17 and gave C/IlIl/1/E/2/I. Further purification of this fraction by RP-HPLC 19 led to the
isolation of a pair of inseparable stereoisomers VP-67 (44) and VP-68 (45) (44.8 mg). Efforts were made
to separate 44 and 45 by HPLC using chiral column, but after separation both compounds transformed
to a mixture of the stereoisomers again. RP-HPLC 20 on C/IllI/1/F/3 led to the isolation of VP-90 (57)
(17.4 mg) while RP-HPLC 21 on C/111/1/G/2 yielded C/Il/1/G/2/a. Further purification of C/IIl/1/G/2/a
by NP-HPLC 31 afforded a pair of inseparable isomers VP-158+VP-159 (51+52) (1.6 mg) and
C/IN/1/G/2/a/l. PLC1on C/lII/1/G/2/A/! resulted in the isolation of VP-172 (50) (5.2 mg).

After storage in the refrigerator, in C/llI/2, C/Ill/3 and C/lll/4, white crystals were formed.
Recrystallization resulted C/Ill/2-A and C/Ill/2-B, C/llI/3-A and C/III/3-B, C/lll/4-A and C/I11/4-B, those
with suffix -B formed crystals and were MeOH insoluble, while those with suffice -A were MeOH
soluble. The purification of C/IlI/3-A by NP-HPLC 32 gave C/Ill/3-A/1-3. Purification of C/Ill/3-A/1 by
RP-HPLC 26 resulted in the isolation of VP-54 (59) (6.1 mg). Purification of C/Ill/3-A/3 followed three
steps process namely, RP-HPLC 22, NP-HPLC 33 and RP-HPLC 23, respectively, and resulted in the
isolation of VP-176 (46) (39.9 mg) and VP-177 (47) (10.5 mg), a pair of isomers that even though well
separated on HPLC, are unstable and easily converts to the mixture of both isomers again as indicated
by the NMR results, in the ratio of 2:1. Meanwhile, C/IlI/5 was purified by NP-HPLC 34 which gave
C/11/5-A—C. Further purification of C/1lI/5-C by RP-HPLC 24 afforded the isolation of VP-27 (42) (0.7
mg). Purification of C/V followed three steps process namely, NP-VLC 12, NP-HPLC 35 and RP-HPLC 25
and resulted in the isolation of VP-113 (41) (4.8 mg).

4.5. Structure determination of the isolated compounds
4.5.1. Structure determination of compounds from E. deightonii

ED-29 (1) was isolated as a white amorphous powder with an optical rotation of [a]p +9 (c 0.2, CHCIs).
The molecular formula of ED-29 (1) was shown to be CxHsO9 based on the high-resolution
electrospray ionization mass spectrometry (HRESIMS) peak at m/z 555.2571 [M+Na]* (calcd for
555.2565, Ca9H1009Na). The H and 3C J-modulation nuclear magnetic resonance (JMOD NMR) spectra
contained characteristic resonances of a macrocyclic diterpenoid core esterified with two acetyls (6x
2.07 sand 2.02 s; 6c 170.8, 170.7, 21.2, and 20.6) and a tigloyl group (6. 6.88 q, 1.87 s, and 1.84 d; 6c
166.8, 138.0, 128.8, 14.6, and 12.3) (Annex 3 and 4). The *H-'H correlation spectroscopy (COSY)

spectrum afforded two sequences of correlated skeletal protons, namely a —-CH,—CH(CH3)—CH(OR)— (6w
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2.72m,1.71d,2.48 m,0.94 d, 5.25 d) [A] and —CH(OR)—CH(OR)-CH-CH—-CH(OR)—-CH(CH3)— (61 5.12 br
s,4.51brd, 1.23 m,0.76 t, 3.24 dd, 2.71 m, 1.25 d) [B] structural fragments. Furthermore, a weak W-
type (Yu,n) COSY cross-peak between a methyl resonating at &4 2.10 and a lone olefinic methine at 6y
5.59 indicated the presence of a trisubstituted double bond in ED-29 (1). The connections between the
aforementioned structural fragments were determined using relevant heteronuclear multiple bond
correlation (HMBC) interactions. Heteronuclear correlations of the oxygen-attached non-protonated
carbons C-4 and C-15 (6c 74.1 and 71.1, respectively) to H-1 (éx 1.71 and 2.72) and H-2 (64 2.48)
established an epoxy cyclopentane ring that occurs mostly in the ingol-type class of Euphorbiaceae
diterpenoids. The downfield shifted Hs-17 methyl (64 2.10) yielded two- and three-bond correlations
with the unsaturated methine carbon C-5 (6¢ 117.2), C-6 (6c 140.5), and the oxymethine carbon C-7
(6¢c 77.3), while additional HMBC interactions between H-5 (64 5.59), C-4, C-6, and C-7 confirmed the
attachment of subunits A and B through a A®® trisubstituted olefinic bond. A keto group was placed
onto C-14 (6¢ 213.2) using its HMBC with H-12 (64 3.24), H-13 (64 2.71), and H3-20 (64 1.25); thereafter,
the eleven-membered macrocycle containing the A®® bond and COSY spin system [B] was finally
assembled using the H-13/C-15 correlation. The fourth ring within the scaffold, a cyclopropane moiety,
was determined by the HMBC of geminal methyl groups Hs-18 (én 1.17) and Hs-19 (64 0.98) with C-9
(6c 25.3), the quaternary C-10 (6c 19.0), and C-11 (6c 34.3). The positions of the ester groups were
unambiguously shown by the 3Jc heteronuclear correlations of skeletal oxymethines H-3 (64 5.25), H-
7 (6n 5.12), and H-8 (&4 4.51) with respective carbonyl carbons at &c 170.7 (acetoxy), 6c 166.8
(tigloyloxy), and é6c 170.8 (acetoxy). The upfield-shifted H-12 (6x 3.24), with the molecular formula,
implied that the diterpenoid was substituted with a C-12 hydroxy group.

The relative configuration of the chiral centers was investigated through diagnostic nuclear Overhauser
effect spectroscopy (NOESY) cross-peaks. The Overhauser effects H-168 (&4 1.71)/Hs-16 (64 0.94), H-
7/H-8, H-8/H-12, H-8/H-13, and H-12/H-13 dictated the Hs;-16 methyl to be B-oriented, and the 7-0-
tigloyl, 8-O-acetyl, 12-OH, and Hs3-20 groups were a-oriented. A strong NOESY cross-peak between
vicinal hydrogens H-2 and H-3 revealed the 8-orientation of the 3-O-acetyl substituent. NOESY cross-
peaks H-3/H-5, H-5/H-9, H-7/Hs-17, and H-8/Hs-17 suggested that the sp? methine H-5 and Hs-17 were
located on the opposite side of the mean plane of the 11-membered macrocycle; thus, the A®® double
bond had an E-configuration. Considering the H-9/H-11 cross-peak, it was observed that these adjacent
protons had a cis-relationship. According to the NOESY correlations H-11/H5-18, H-8/H3-19, as well as
H-12/H5-19, the Hs-18 methyl group must be a and H3-19 8. The above findings were consistent with

the proposed structure of 1.
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R! R? R3 R* R® R! R? R® R* R®
1 (ED-29) Ac Tig Ac H H 14 (ED-16) Ac Ac Tig H Ac
2 (ED-58) Ac i-Bu Ac H Ac 15 (ED-17) Ac 2-MeBu Ac H Ac
3 (ED-71) Ac Ac Sal H Ac 16 (ED-27) Ac Ac Ac H Ac
4 (ED-79) Ac Ang Ac Ac Ac 17 (ED-42) Ac Tig Ac H Ac
5 (ED91) H Tig Ac H Ac 18 (ED-46) Ac Bz Me H Ac
6 (ED-93) Ac Bz H H Ac 19 (ED-48) Ac Bz Ac H Ac
7 (ED98) Ac Ac Bz Ac Ac 20 (ED-52) Ac Ang Me H Ac
8 (ED-109) Ac Tig Tig Ac H 21 (ED-54) Ac i-Val Ac H Ac
9 (ED-112) Ac Ang Bz OH Ac 22 (ED-89) H Tig Me H Ac
10 (ED-7) Ac Ac 2-MeBu H Ac 23 (ED-92) Ac Tig H H Ac
11 (ED-8) Ac Ac Bz H Ac 24 (ED-94) Ac Ang H H Ac
12 (ED-9) Ac Ang Ac H Ac 25 (ED-102) Ac H Tig H Ac
13 (ED-12) Ac Ang Me H Ac 26 (ED-110) Ac Tig Tig OH Ac

o Ang:jk% *@ BJOK(
- )‘\©

o 0
i-VaI— 2-MeBu = )5/ S Tig = )H/\

ED-58 (2) was isolated as a white amorphous powder with an optical rotation of [a]p?® -6 (¢ 0.1, CHCls).
The molecular formula of ED-58 (2) was calculated as CsoH4;010 by its sodium adduct ion at m/z
585.2676 [M+Na]* (calcd for 585.2670, C3oH1,010Na) in the HRESIMS. Comparing the *H NMR and JMOD
13C NMR spectral data of ED-58 (2) with those of ED-29 (1) revealed that both compounds comprised
the same ingol diterpene polyol structure. However, two differences were observed; one is the
replacement of the tigloyl group with isobutyryl group (6 2.66 m, 2 x 1.20d; 6. 175.9, 34.1, 18.6, 18.9)
at C-7, as shown by the HMBC between H-7 (s 5.12) and isobutyryl carbonyl (6c 175.9). The second
difference is the replacement of the hydroxyl group at C-12 with an acetyl group (6x 2.10; 6. 170.6,
21.1) in ED-58 (2), as indicated by the HMBC of H-12 (64 4.87) with AcCO (6. 170.6). The structure of
ED-58 was established as 2. The 2-epi derivative of ED-58 (2) was described by Morgenstern et al.®.
The presence of a 2a-CHs group resulted in the appearance of H-1 methylene as a doublet at 64 2.09

(2H) (Annex 3 and 4).
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ED-71 (3) was isolated as a white amorphous powder with an optical rotation of [a]p?® -31 (c 0.1,
CHCls3). The HRESIMS ion at m/z 635.2475 [M+Na]* (calcd for 635.2463, C33H4101:Na) showed a
molecular formula of C33Ha0011 for ED-71 (3). Its *H NMR spectrum was similar to that of ED-58 (2);
however, an acetyl signal was replaced in a cluster of aromatic hydrogen resonances (én 7.78, 7.47,
6.98, and 6.88) (Annex 3 and 4) The splitting pattern, mutual *H-'H COSY interactions, and appearance
of a sharp singlet peak at 64 10.51 (3'-OH), forming an H bond with the nonbonding electron pair
belonging to one of the nearby carbonyl moieties, are characteristic features of a salicylic acid moiety.
The HMBC from that particular hydroxy proton to C-2' (6¢c 112.2), C-3' (6¢ 162.1), and C-4' (6¢ 118.0)
and from H-7' (6x 7.78) to C-1' (6¢c 169.4) and C-3’ corroborated this conclusion. The HMBC from C-1'
to H-8 (&4 4.84) puts the salicylic acid onto C-8 (6¢ 72.7), and the presence of the salicylic acid in a
Euphorbia diterpenoid is considerably unique. The three acetyl groups were placed onto C-3, C-7, and
C-12 using the heteronuclear correlations of H-3 (6u 5.37), H-7 (64 5.18), and H-12 (64 4.92) with the
corresponding carbonyl atoms at &c 170.9, 169.9, and 170.6. The NOE experiment permitted the
assignment of the same configurations of stereogenic centers as for ED-29 (1) and ED-58 (2).

ED-79 (4) was isolated as a white amorphous powder with an optical rotation of [a]p® -10 (c 0.1,
CHCls). It has the molecular formula of C33Hs401, derived from the HRESIMS molecular ion at m/z
655.2741 [M+Na]* (calcd for 655.2725, C33Has012Na). Its 1D NMR spectra displayed the resonances of
five ester functionalities, including four acetyls (6n 2.12, 2.07, 2.05, and 1.99; 6 170.8, 170.7, 2 x 170.4,
2 x21.2,20.9, and 20.7) and one angeloyl (6x 6.12, 1.98, 1.93; 6c 166.5, 139.1, 127.6, 20.7, and 15.9)
(Annex 3 and 4). The absence of a methyl group in the diterpenoid backbone, as well as an
oxymethylene (én 4.27 and 3.53; 6c 64.5), affording HMBC with one of the carbonyls (6¢c 170.7),
dictated that compound ED-79 (4) bears an acyl side chain at position C-19 instead of a 19-methyl. The
downfield shifted C-10 (6¢ 22.3) and H-11 (&4 1.35) in ED-79 (4) compared to those in ED-71 (3) (6cio
19.8 and 6u11 1.19) were in line with the above-discussed structural difference. The diterpenoid
scaffold of ED-79 (4) further contained acetoxy groups on C-3, C-8, and C-12 according to the HMBC
interactions of H-3 (6x 5.25), H-8 (6 4.60), and H-12 (&4 4.94) with acetyl carbonyls. The HMBC of H-7
(61 5.27) with the carbonyl carbon at 6c 166.5 revealed the location of the angeloyloxy residue on C-7
(6¢c 76.2). The relative configuration of ED-79 (4) was evaluated using a set of NOE cross-peaks and was
found to be identical to that of ED-29 (1) and ED-58 (2) and ED-71 (3).

ED-91 (5) was isolated as a white amorphous powder with an optical rotation of [a]p® +14 (c 0.2,
CHCI3). The molecular formula of Ca9H4009 was assigned to compound ED-91 (5) by its HRESIMS peak
at m/z 555.2570 [M+Na]* (calcd for 555.2565, Ca9H400sNa). Although no hydroxy proton was observed
in the *H NMR and heteronuclear single quantum coherence (HSQC) spectra, the markedly upfield-
shifted H-3 (6n 4.28) with no HMBC with any of the carbonyl carbons suggested that ED-91 (5)

possessed an —OH group at C-3 (6¢c 76.3) (Annex 3 and 4). The positions of the two acetyloxy and one
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tigloyloxy groups, which were evident from the NMR spectra, were deduced from the HMBCs on C-8,
C-12, and C-7, respectively.

ED-93 (6) was isolated as a white amorphous powder with an optical rotation of [a]p?® +15 (c 0.1,
CHCls). The molecular formula of C3;H3309 was determined for ED-93 (6) using an HRESIMS peak at m/z
577.2419 [M+Na]* (calcd for 577.2408, C31H3sOsNa). Its *H NMR spectrum contained the distinctive
signals of one benzoyl (s 8.03, 7.60, and 7.47) and two acetyl groups (64 2.13 and 2.05). The HMBCs
of acyl carbonyls with H-3 (64 5.19), H-7 (6x 5.31), and H-12 (6x 4.94) (Annex 3 and 4) revealed the
locations of the ester residues on C-3 (acetoxy), C-7 (benzoyloxy), and C-12 (acetoxy). Moreover, the
shielded nature of H-8 [6x 3.63 in ED-93 (6) vs. 61 4.61 in ED-91 (5)] indicated that C-8 was attached to
a hydroxy group instead of an acyl moiety.

ED-98 (7) was isolated as a white amorphous powder with an optical rotation of [a]p?® -20 (c 0.1,
CHCI3). The molecular formula of ED-98 (7) was identified as CssH4,01, via its HRESIMS peak displayed
at m/z 677.2589 [M+Na]* (calcd for 677.2569, CssHs,01:Na). Its *H NMR data showed similarities to
those of ED-79 (4), such as the presence of five esters, including four acetyls (64 2.14, 2.11, 2.08, and
1.68) and an oxymethylene H>-19 (61 4.09 and 3.72) (Annex 3 and 4). The lack of signals of an angeloy!
moiety and the additional protons at 64 8.00, 7.56, and 7.44 attributed to a benzene ring demonstrated
that these diterpenoids differ in one acyl substituent. After constructing the planar structure of ED-98
(7), the four acetyls were placed onto C-3 (6¢ 76.4), C-7 (6¢c 76.9), C-12 (6c 69.4), and C-19 (6¢c 64.4)
using 3Jcn correlations between respective skeletal oxymethines and carbonyl carbons. The HMBCs
recorded between H-8 (6x 4.89), sp? methines at 6, 8.00, and the remaining ester carbonyl at ¢ 165.7
led to the conclusion that a benzoyloxy unit resides on C-8 (6¢ 70.9).

ED-109 (8) was isolated as a white amorphous powder with an optical rotation of [a]p?® -13 (c 0.075,
CHCIs). Its molecular composition, C34H46011, was determined using the HRESIMS peak at m/z 653.2938
[M+Na]* (calcd for 653.2932, C34Ha6011Na). This compound was esterified with two acetic and two tiglic
acids, as shown by its 1D NMR spectra. Based on relevant heteronuclear correlations, acetoxy groups
were assigned to C-3 (6¢ 76.7) and C-19 (8¢ 65.1), while the two tigloyloxy groups were attached to C-
7 (6c 76.8) and C-8 (6c 70.6) (Annex 3 and 4) Like ED-29 (1), the oxymethine H-12 of ED-109 (8)
resonated upfield at 4 3.35, which indicated the presence of a hydroxy substituent at that position.
ED-112 (9) has an optical rotation of [a]p?® =40 (¢ 0.1, CHCl3) and molecular formula of CssHasO11
[HRESIMS m/z 675.2795 [M+H]* (caled for 675.2776, Cs¢Hs4011Na)] contained two acetoxy, an
angeloyloxy, and one benzoyloxy functions. The acetoxy groups were connected to C-3 (6¢ 76.7) and
C-12 (6¢ 70.6) by the HMBC correlations of the acetyl carbonyls at 6c 170.7 and 172.4 with H-3 (64 5.28)
and H-12 (64 5.08) (Annex 3 and 4), respectively. The HMBC correlations between H-7 (64 5.33) and éc

166.5, as well as between H-8 (&4 4.94) and &c 165.6, guided the placements of angeloyloxy and
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benzoyloxy units onto C-7 and C-8. Additionally, the upfield-shifted H»-19 (én 3.57 and 3.41)
substantiated the presence of an oxymethylene moiety in the cyclopropane ring of ED-112 (9).
Furthermore, eighteen ingol diterpenoids previously known were isolated from the extract of E.
deightonii for the first time. The ingol esters which were previously isolated from E. antiquorum [(10),
(11), (13), (14), (17), (18), (20), (23), (27)],*+4>114 118 £, cornigera [ (10), (15)],*’ E. tirucalli [(10), (16)],%¢
E. royleana [(11), (16), (19)],*1"*° E. nivulia [(11), (13), (20), (24)],33%° E. hermentiana [(11), (13), (14),
(18), (20), (22), (23)1,* E. kamerunica [(11), (12), (14), (18), (20), (22), (23)],3>%21 E. acrurensis [(12),
(17), (21), (26)],** E. ingens [(14), (16)],%* E. portulacoides [(15), (16), (19)],%® E. canariensis (27),*?* E.
neriifolia [(17), (19)]*%, and E. lactea (25).1*

Based on their NMR data, ED-1 (28) and ED-134 (29) were proven to be ent-atisane diterpenoids known
metabolites of Euphorbiaceae species. ED-1 (28) was isolated from E. pilosa,*?® E. ebracteolate,**® E.

130 and E. fidjiana. Previously,

fischeriana,*?’ E. yinshanica,*?® E. characias,*?® Stillingia sanguinolenta,
ED-134 (29) was isolated from E. fidjiana.*®! The stachane diterpenoid derivative ED-141 (30) was
isolated from Ptychopetalum olacoides.*3?

o : OAc

AcC:)

27 (ED-45) 28 (ED-1) R=H 30 (ED-141)

29 (ED-134) R = OH

ED-116 (31) was isolated as a white amorphous powder. The protonated molecular ion at m/z
471.3844 [M + H]* (calcd for 471.3833, C31Hs103) in the HRESIMS spectrum provided the molecular
formula C31Hs003. The *H NMR spectrum displayed the resonances of five tertiary (64 0.85, 0.92, 1.01,
1.05, and 1.17, each 3H, s) and three secondary (6x 0.92, d, J = 6.5 Hz; 6s 1.02 and 1.03, each d, /= 6.7
Hz, 3H) methyl groups, two oxymethines (6n 3.32, dd, J = 11.2 and 5.0 Hz; é4 4.27, br s), and an
exomethylene (61 4.73, br's; 614 4.66, d, J = 1.2 Hz). The presence of a tetrasubstituted olefin bond was
apparent from the nonprotonated sp? carbon signals at &c 141.6 and 157.3. The 1D NMR data
suggested that ED-116 (31) is a tetracyclic triterpene with an exomethylene-containing side chain,
similar to that of euphorbol-7-one 33 (ED-36) and its derivatives previously isolated from Polyalthia
oblique. 33 The planar structure of ED-116 (31) was assembled with the aid of HSQC, *H-'H COSY, and
HMBC data. It was found that two hydroxy-groups are located at C-3 (61 3.32, 6 78.8) and C-7 (61 4.27,
Oc 65.6), while a keto substituent was placed onto C-11 (6¢ 200.4), which formed a conjugated enone
with a A®® double bond. The relative configuration of ED-116 (31) was established based on relevant

NOE correlations and coupling constant values. The large J value of H-3 (11.2 Hz) dictated that 3-OH is
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oriented equatorially, thus occupying a B8-position **. This conclusion agreed with NOE correlations
between H-3, H-5, and H3-29. Considering a strong NOE between H-7 and Hs-30, the 7-hydroxy group
must be in an B-position. Furthermore, in the H-17a/H3-21, H-20/H3-18, and H-12a/Hs-21 NOESY
correlations, the chemical shift of H3-21 (64 0.92, d, J = 6.5 Hz) (Annex 5a) was consistent with literature
data reported for lanostane-type triterpenes!®. Accordingly, ED-116 (31) was identified as 38,76-
dihydroxy-24-methylenelanosta-8-ene-11-one.

Two further triterpenes, ED-33 (32) (kansenone) and ED-36 (33) (euphorbol-7-one) were isolated from
E. deightonii. Kansenone (32) was reported from Euphorbia kansui,*** (euphorbol-7-one) (33) was

isolated from E. sapinii**® and Polyalthia oblique.*3?

31 (ED-116) 32 (ED-33) 33 (ED-36)

ED-119 (34) was obtained as a colorless oil. The molecular formula C;3H260; was assigned for ED-119
(34) based on its molecular ion peak at m/z 415.1757 [M+H]* (calcd for 415.1751, Cy3H,705) in the
HRESIMS spectrum. Its *H NMR spectrum showed characteristic signals of a neolignane, including a
1,3,4-trisubstituted benzene and a dihydrobenzofurane ring. Comparison of the 1D NMR data with
literature data revealed that ED-119 (34) is similar to dihydrocarinatinol previously reported from
Virola carinata. 3® However, unlike in dihydrocarinatinol, the allyl side chain of ED-119 (34) is
substituted with a methoxy group, as shown by the HMBC correlations of C-7’ (6¢c 84.8) with H-9’ (&u
5.23 and 5.29) and 7’-OCHjs (64 3.34), while the hydroxymethyl moiety is acetylated, as suggested by
heteronuclear correlations between the acetyl carbonyl (6¢c 170.9) and H,-9 oxymethylene protons (&u
4.29 and 4.47) (Annex 5b). The vicinal coupling constant value of 7.6 Hz between H-7 and H-8 dictated
their trans relationship.'® Trivial name deightonin was given to ED-119 (34); its chemical name is trans-
(2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-5-(1-methoxyallyl)-2,3-dihydrobenzofuran-3-yl) methyl
acetate. Although the absolute configuration has not been determined, ED-119 (34) is most likely a
mixture of C-7' epimers, as indicated by the duplicated proton and carbon signals at and around C-7".
Chromatography of ED-119 (34) on chiral HPLC column afforded 4 peaks in an approximately 1:1:5:5
area % ratio, indicating four stereoisomers. 75,8R or 7R,8S of trans-oriented H-7/H-8, and R/S

configuration of C-7'.
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34 (ED-119) 35 (ED-120) 36 (ED-121)

ED-120 (35) and ED-121 (36) were identified as dehydrodiconiferyl-diacetate and marylaurencinol
based on the literature data. Dehydrodiconiferyl-diacetate (35) was isolated from Chilean propolis,'®
marylaurencinol (36) was reported from cultivated plant, Cymbidium Great Flower ‘Marylaurencin’.1¥
Structures of two further phenolic compounds were established; ED-105 (37) was identified as
scoparon (syn. esculetin) 6,7-dimethoxycoumarin isolated from Skimmia laureola**® and the structure

of ED-85 (38) was identified as that of 3,4,3’-tri-O-methylellagic acid isolated from many other plants,

e.g. in Lagerstroemia speciosa.'*!

H,CO o o
37 (ED-105) 38 (ED-85)

In summary, thirty eight compounds were isolated from E. deightonii. These included thirty
diterpenoids [ingol derivatives (1-27), ent-atisane (28—29), and stachane types (30)], three triterpenes

(31-33), two lignans (34-35), one neolignan (36), coumarin (37) and ellagic acid derivative (38).

4.5.2 Structure determination compounds isolated from C. pauciflorus

VP-146 (39), named as centrapalus coumarin A, was isolated as a colorless oily material with optical
rotation of [a]p?® +68.0 (c 0.1, CHCls). The molecular formula of VP-146 (39) was found to be CyoH2,0s
based on the HRESIMS peak at m/z 311.1634 [M+H]* (calcd for CyH2303 311.1642). The *H NMR and
13C JIMOD spectra of VP-146 (39) indicated the presence of one vinyl [64 4.95 d (17.2 Hz), 5.18 d (11.3
Hz), 6.00 dd (17.2, 11.3 Hz); 6c 114.3, 144.6], one 2-methyl-1-propenyl [64 5.36 d (8.1 Hz), 1.82's, 1.71
s; 6c 122.7,138.5, 25.8, 18.6, 26.1], two methyl groups (61 2.64 s, 1.58 s; 6¢ 23.8, 26.1], and a skeleton
consisted of 7 quaternary carbons (6c164.2, 160.8, 154.1, 137.2, 114.8, 105.1, and 38.0), 4 methins (&u
7.32t(8.1Hz),7.14d (8.1 Hz), 7.00 d (8.1 Hz), and 4.83 br t (10.2 Hz); 6c127.4, 130.8, 114.9, 72.0), and
1 methylene group (éx 1.78 dd (14.2, 2.1 Hz), 1.88 dd (14.2, 2.1 Hz); 6c 42.4). The NMR spectroscopic
data were very similar to those of VP-147 (40) (preethulia coumarin)®¥!*2, and clearly showed that
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compound VP-146 (39) is a 5-methylcoumarin derivative connecting with a monoterpene unit. The
monoterpene part was elucidated by means of H-'H COSY and HMBC correlations. The *H-'H COSY
spectrum afforded sequences of correlated protons: —CH,—CH(OR)-CH= (61 1.78 dd, 1.88 dd, 4.83 br t
and 5.36 d), and a vinyl group CH,=CH- (64 4.95 d, 5.18, d and 6.00 dd). The connections of these
structural fragments were determined based on the HMBC correlations of C-3’ (6¢ 38.0) with H-10" (6w
1.58), H-2’ (61 6.00), and H-4’ (61 1.78, 1.88); and C-7’ (6¢ 138.5) with H-6' (64 5.36), H-8 (61 1.82), and
H-9’ (6n 1.71) (Annex 6 and 7). From these data it could be concluded that VP-146 (39) and VP-147 (40)
are stereoisomers. The configuration of the compounds was solved using the NOESY spectra. Key
NOESY correlations of VP-146 (39) were observed between H-6" and H-4’ at 6,4 1.78 (a), and between
H-4’ at 64 1.88 (8) and H-5’, confirming the opposite orientation of the vinyl and the 2-methyl-1-
propenyl groups. In the NOESY spectrum of VP-147 (40) Overhauser effect between H-5' and H3-10'
was detected which indicates that these protons have the same orientation, most probably axial

position on the ring with chair conformation.

39 (VP-146) R=H 40 (VP-147) 42 (VP-27) 43 (VP-55)
41 (VP-113) R = OH

VP-113 (41) named as centrapalus coumarin B, was isolated as colorless oily compound with optical
rotation of [a]p?® +160.7 (¢ 0.1, CHCIs). The molecular formula of VP-113 (41) was shown to be CH2,04
based on the HRESIMS peak at m/z327.1592 [M+H]* (calcd for CaH2304 327.1591). Comparing *H NMR
and 3C NMR JMOD spectral data of VP-113 (41) with those of VP-149 (39) reveal that both compounds
are based on 5-methylcoumarin structure substituted with a monoterpene unit. The monoterpene
part of VP-149 (39) and VP-113 (41) is the same as indicated by the good agreement of the H and *3C
NMR data, the difference between the two compounds lies in the aromatic ring, which in case VP-113
(41) contains an additional hydroxyl group at C-6, and NOE correlations of 6-OH with protons at 6y 2.55
(H3-9) and 6.99 (H-7). This was demonstrated by the ortho coupled doublet protons at 6, 6.99 d (8.8)
(H-7), 7.03 d (8.8) (H-8), carbon resonance of C-6 at 6c 150.3 [for VP-149 (39) &c 127.4], and OH singlet
at 64 5.05 (6—0H) (Annex 6 and 7). which showed HMBC correlation with C-6. The stereochemistry of
VP-113 (41) was analyzed by NOESY spectroscopy and found that the configuration of C-3’ and C-5’ is
identical with those of VP-149 (39) regarding the H-2’/H-4’8, H-4’a/H-6" and H-5’/H-4’8 correlations.

VP-147 (40) was previously reported from Vernonia cinarescens.5
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VP-27 (42), named as centrapalus coumarin C, was isolated as a colorless oily compound with optical
rotation of [a]p?®> +29.6 (c 0.05, CHCI3). It was shown by HRESIMS to have the molecular formula of
C21H2406 according to the quasi-molecular ion peak at m/z 373.1642 [M+H]* (calcd for Cy1H2s06
373.1646). 'H NMR and 3C JMOD NMR spectral data of VP-27 (42) showed similar 6-hydroxy-5-
methylcoumarin core as compound VP-113 (41). For the monoterpene part the *H-'H COSY spectrum
suggested structural fragments with correlated protons: —CH,-CH(OR)-CH,—CH(CHs)- (6 1.83 d, 1.68
d, 4.38m, 2.26 m, 1.74 m, and 1.28 d) (C4’—C8’) and —CH=CH, (61 6.15 dd, 5.11 d, 5.08 d) (vinyl group)
(Annex 6 and 7). These structural parts, together with a quaternary carbon connecting methyl (6n 1.56
s), quaternary carbons (6c 36.6, 176.7) were connected by inspection of the long-range C-H
correlations observed in the HMBC spectrum between C3’ and H-1’, H-2’, and H-10’; C-10’ and H-4'q,
and H-2’, and C-9’ and H-6’, H-7’, H-8’, and OCHs; group. These data established the planar structure of
this compound as depicted in structural formula 42. The relative configurations of the chiral carbons
C3’ and C-5’ were defined by NOESY correlation between H-5" and H-10’.

Spectral data of VP-55 (43), VP-67 (44), and VP-68 (45) confirmed that the structure of these
compounds is identical to three known 5-methylcoumarins. VP-55 (43) was previously isolated from

143 3nd Vernonia

Ethulia conyzoides,®® Bothriocline ripensis,’® Bothriocline amplifolia,®® Conyza bovei,
brachycalyx.*** VP-67 (44) and VP-68 (45) were previously reported as a mixture of two inseparable
isomers in Ethulia conyzoides.>®

VP-176 (46), (centrapalus coumarin D) and VP-177 (47) (centrapalus coumarin E) were isolated as a
mixture of two stereoisomers in ratio 2:1 whose components quickly transform into each other when
separated on HPLC. Fortunately, it was possible to solve the structure of both compounds as a mixture.
The protonated molecular ion of VP-176 (46) and VP-177 (47) at m/z 357.1329 [M+H]* (calcd for
C20H2106 357.1333) in the HRESIMS spectrum offered the molecular formula CssHss0s. *H NMR and 3C

NMR JMOD spectral data indicated similar 3'-methly-3'-vinyl substituted A/B/C ring system as that of

44 (VP-67) R = B0H 46 (VP-176) R = B0H 48 (VP-5) 49 (VP-6)

45 (VP-68) R = aOH 47 (VP-177) R = aOH
VP-146 (39) with only difference of C-5’ which is a quaternary carbon in case of VP-176 (46) and VP-
177 (47) (6c 105.1 and 103.6), while a methine in case of VP-146 (39) (6c 72.0, 61 4.83). The HMBC
correlations between C-5' and proton signals at 6y 5.39 [VP-176 (46)] and 5.31 [VP-177 (47)] (H-8)
suggested that the C-6'—C-9’ part of the molecule is cyclized in VP-176 (46) and VP-177 (47) by
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connecting to C-5' through an oxygen linkage, thus forming ring D and resulting a tetracyclic coumarin
structure. Ring D is substituted with a hydroxy and an epoxy group as proved by the HMBC correlations
of C-6’ (VP-176: 6¢ 62.7; VP-177: 6¢ 63.6), C-7' (VP-176: 6¢ 64.0; VP-177: 6¢ 63.5), and C-8' (VP-176: b¢
98.4; VP-177: 6¢ 98.3) with 8'-OH (VP-176: 6y 3.19 d; VP-177: 64 3.02 d), C-6' with H-9’ (VP-176: 6 1.65
s; VP-177: 614 1.63 s), and C-5' and C-7' with H-8' (VP-176: 6, 5.39 d; VP-177: 64 5.31 d). The coupling
constant of H-8'/8'-OH is different for VP-176 (46) and VVP-177 (47) (VP-176:J=4.4 Hz; VP-177: /= 11.6)
(Annex 6 and 7)., which demonstrate the opposite configuration of VP-176 (46) and VP-177 (47) in this
position. NOESY correlations provided further evidence for the stereochemistry of the compounds.
The key Overhauser effect of VP-176 (46) was observed between 8'-OH group and H-9, which was
possible only when spiro structure and 8'6-OH exists as depicted structure 46. For all other isomers,
the distance between the H-9 and the hydroxyl group is greater than 3 A. NOE correlation of H-8' with
H-9' indicated their a orientations. Overhauser effect between H-6' and H-2' indicate that the vinyl
group is B-oriented, and 10’-methyl group occupies the a orientation. Accordingly, NOESY cross-peaks
between 10-methyl/H-4'a and H-4'6/H-6" were detected. In case of compound VP-177 (47), strong
NOESY correlation was found between H-9 and H-8' which confirmed that the C-8' configuration is
reversed in this compound. Other NOE correlations correspond to the NOE correlations of the major
isomer.

VP-5 (48) and VP-6 (49) could be separated, even though they are also stereoisomers. The difference
between them is only in the stereochemistry of C-5'. VP-5 (48) and VP-6 (49) were previously reported

in Ethulia conyzoides.>®>°

50 (VP-172) 51 (VP-158) H-6'a 53 (VP-160) 54 (VP-161)

52 (VP-159) H-6'6

VP-172 (50), named as centrapalus coumarin F, was obtained as a white amorphous powder with
optical rotation of [a]p?” =70.1 (¢ 0.1, CHCls). Its molecular formula was deduced to be CxH200s from
the protonated molecular ion at m/z 341.1381 [M+H]" (calcd for CyH210s 341.1384) detected in the
HRESIMS spectrum. *H NMR and *C NMR JMOD spectral data of VP-172 (50) showed similar A, B, and
Crings as those of VP-146 (39). The linkage of C-10" methyl group at C-3’ in VP-172 (50) was also evident
regarding its cross-peaks with C-3, C-3' and C-4' in the HMBC spectrum. However, further parts of the
monoterpene unit were found to be different. The connected structural parts were CH3—CH< (64 1.43

d, and 4.80 q; 6¢ 15.6, and 93.0) (C-1'-C-2') and CHs—CH=C-C(O)- (61 1.84 s, 7.00 brs; 6c 10.5, 149.3,
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129.6, and 174.0) (C-8'—C-7'—C-6'-C-9') (Annex 6 and 7). The first one is linked to C-3’ because the
proton at &4 4.80 (H-2') gave HMBC correlations with C-3, C-4' and C-10’, while the second one bound
to C-5" according to the HMBC cross-peak between H-7' (64 7.00) and C-5'. The chemical shift value of
C-9' (6¢c 174.0) indicated the presence of a lactone ring, and thus the elucidated structure VP-172 (50)
corresponds to the molecular composition. NOESY correlations between H-1'/H-10" and H-10'/H-4’
revealed the a orientation of 10’- and 1’-methyl groups, and H-5".

VP-158 (51) (centrapalus coumarin G) and VP-159 (52) (centrapalus coumarin H) were isolated as
mixture of two isomers. The molecular formulas of VP-158 (51) and VP-159 (52) were shown to be
Ca0H2,05 based on the HRESIMS peak at m/z 343.1537 [M+H]" (calcd for CyH230s 343.1540). *H NMR
and *C NMR JMOD spectra of VP-158 (51) and VP-159 (52) showed two very close set of *H and 3C
signals suggesting the presence of a stereoisomer pair in about 1:1 ratio. The aromatic range of the
spectra allowed to assign a 5-methylcoumarin structure for VP-158 (51) and VP-159 (52). However, it
was found to have an interesting arrangement of the monoterpene component that differs
substantially to those described before. The vinyl group and methyl group previously seen to attach to
ring C at C-3’ was absent, but the 'H-H COSY spectrum of the monoterpene part showed structural
fragment of —CH,—CH>— (61 2.60 m, 1.98 dd/2.03 dd and 2.10 dd/2.13 dd; éc 17.4, 29.7/29.8). HMBC
correlation of the monoterpene component revealed the —CH,—CH,—C(CHs)(OR)—CH,—CO-
CH(O)C(CHs); structure (61 2.60 m, 1.98 dd/2.03 dd, 2.10 dd/2.13 dd, 2.91 d/2.94 d, 3.05 d/2.99 d, 3.36
s/3.38 s, 1.41 s/1.43 s, 1.27 s and 1.60/1.57, s; CyH2,0s 7.4, 29.7/29.8, 78.8/78.9, 48.3/48.5,
203.2/203.0, 65.9/66.0, 61.6/61.7, 24.8/24.9, 18.5/18.7 and 24.7/25.0) (C-1'-C-9') (Annex 8 and 9).
This unusual monoterpene segment was corroborated by HMBC correlations observed between H-
1'/C-3,C-4,C-3',H-10'/C-2',C-3', C-4', H-4'/C-5', H-6'/C-5', C-7’, C-8’, and H-8'/C-9'. The stereochemistry
of the two stereoisomers was investigated by NOESY spectroscopy. H-10’ showed correlations with H-
9, H-2'a, H-2'b in case of both compounds, which suggested that they have the same configuration at
C-3' and the difference lies in the configuration of C-6'.

VP-160 (53), named as centrapalus coumarin |, was isolated as a white amorphous powder with optical
rotation of [a]p?” +111.8 (c 0.05, CHCl3). The molecular formula of VP-160 (53) was determined as
Ca20H2205 by analyzing the prominent ion peak at m/z 343.1540 [M+H]* (calcd for C0H2305 343.1540) in
the HRESIMS. H NMR and 3C NMR JMOD spectral data of VP-160 (53) showed similar pattern
characteristic to 5-methylcoumarin derivatives like compounds discussed previously. The same methyl
and vinyl groups were identified at position C-3’ as in case of 39-49, which was displayed by the NMR
signals at 6y 1.66 s and 6¢ 30.2 (C-10), and 614 5.22 d, 5.10 d (H-1"), and 6.19 dd (H-2’) and 6¢ 115.1 (C-
1'), and 141.0 (C-2'), and HMBC cross-peaks between C-3’/H-1', H-2' and H-10' (Annex 8 and 9).
However, substantial difference was found in its ring C which contains a seven membered ring in

contrast to six membered ring C seen in compounds 39-52. The C-4-C-9 part of the molecule was
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composed of a keto group (6c 208.4), an O-substituted quaternary carbon (6¢c 72.0), an O-substituted
methine (6n 4.30 s; 6¢ 93.7), a methylene (6n 3.45 d, 2.68 d; 6c 53.4), and two tertiary methyls (64 1.41
s, and 1.27 s; 6c 24.9, and 26.9). The long-range heteronuclear correlations between C-3’/H,-4’, C-
5'/H,-4’, H-6’, C-6’/H,-4’, H-7’, H-8’ and C-7’/H-6’, H3-8" and Hs-9’ enabled to elucidate an oxepane ring
C substituted with keto group at C-5’ and 1-hydroxyisopropyl group at C-6’). The stereochemical
assignment was determined by a set of NOESY cross peaks between H-9/H-8’, OH/H-10’, H-10'/H-4’«,
H-4’8/H-2’, H-4’6/H-1’, H2’/H-6, indicating a-orientation of 1-hydroxyisopropyl group, H3-10’, and H-
4’ (64 3.45 d), and B-orientation of H-4’8 (6x 2.68 d), H-1’ (61 5.10 d), H-2’, and H-6'.

55 (VP-153) 56 (VP-8) 57 (VP-90) 58 (VP-122)

VP-161 (54), named as centrapalus coumarin J, was obtained as a white amorphous powder with
optical rotation of [a]p?’ -186.0 (c 0.05, CHCls). The molecular formula of VP-161 (54) was calculated
as CyH2,0s by its quasi-molecular ion peak appeared at m/z 343.1540 [M+H]" (calcd for CyoH230s
343.1540) in the HRESIMS. Evaluation of its *H NMR and *C NMR JMOD spectral data allowed the
elucidation of the same planar structure as VP-160 (53). Difference was found in chemical shift values
of C-1'-C-3’, C-10" and H-1" and H-4’, and NOESY correlations suggesting their opposite stereochemistry
at C-3' (Annex 8 and 9). In the case of VP-161 (54), H-6' and Hs-10' showed NOESY cross-peaks, from
which the 8 position of 10’-methyl group was concluded.

VP-153 (55), with trivial name of centrapalus coumarin K, was isolated as a colorless oily compound
with optical rotation of [a]p*” +31.7 (c 0.05, CHCIs). The molecular formula of VP-153 (55) was shown
to be CyH2004 based on the HRESIMS peak at m/z 325.1434 [M+H]"* (calcd for CyoH»104 343.1440). H
and 3C NMR JMOD spectroscopic data of compound VP-153 (55) showed similar structural pattern as
VP-160 (53). The main difference was observed in chemical shifts of C-6' and C-7’. The deshielded
signals of C-6' (VP-153 (55): 6¢ 147.8; VP-160 (53): 6¢ 93.7) and C-7' (VP-153 (55): 6¢ 137.5; VP-160 (53):
6c 72.0) (6¢) suggested the presence of C-6'/C-7' olefin bond in VP-153 (55) instead of H-6’ and 7’-OH
in 53 (Annex 8 and 9). HMBC correlations of H-8' and H-9" with C-5' (weak J), C-6', and C-7’ also support
the isopropylidene group at C-6'. The configuration of the chiral carbon, C-3’, could not be determined.
Interestingly, the 4’-methylene protons were not visible as two doublets in the *H NMR spectrum
similar to 51-54, and and subsequently, VP-8 (56). The signals of this methylene group were located
in the *H NMR spectrum in in the range of 2.80 to 3.25 ppm. On the other hand, the 4’-methylene

carbon (6¢ 53.5) was clearly visible in the JMOD spectrum. 'H NMR spectra were recorded under
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different conditions to detect the missing protons. *H NMR spectrum was measured in benzene-ds at
328 K affording the appearance of doublet pairs with J = 13.7 Hz coupling constant at 2.91 and 2.74
ppm. These protons show mutual coupling in the *H-'H COSY spectrum recorded at 328 K, and
therefore these signals were assigned to H,-4'. Another unexpected observation during determination
of the structure of VP-153 (55) was defining C-10'. Protons of this methyl group in the HSQC spectrum
don’t show the HSQC correlation with the corresponding carbon. This behavior is probably related to
the presence of a double bond in C-6'-C-7' position, which is in conjugation with the keto group C-5’,
causing anisotropy around carbons C-4' and C-10'.

VP-8 (56), named as centrapalus coumarin L, was isolated as a white amorphous powder with optical
rotation of [a]p?’ +45.4 (c 0.05, CHCl3). Its molecular formula C17H1604 was obtained from the quasi-
molecular peak at m/z 285.1114 [M+H]* (calcd for C17H1704 285.1121) in the HRESIMS. *H and 3C NMR
signals of VP-8 (56) showed similar 5-methylcoumarin structure substituted with seven membered ring
C as seen in compounds 53-55. However, the monoterpene component of VP-8 (56) is composed only
of seven carbons in contrast to ten in 53-55. The seven-membered ring was substituted with methyl
and vinyl groups at C-3' as proved by the long-range heteronuclear correlations of C-3 and C-3’ with
H,-1’, H-2" and Hs-10". The presence of a 5’-keto group (6c 207.4) was suggested by the isolated 4’- and
6'-methylenes (6u.4 3.19 d, 3.03 d, each 13.2 Hz; éu¢ 4.55 d, 4.51 d, each 17.3 Hz), and further
confirmed by the HMBC correlations between C-5" and H;-4’, H>-6' (Annex 8 and 9).

Based on the NMR data, it was revealed that the monoterpene part of VP-90 (57) forms a lactone ring.
This compound has the name Hoehnelia coumarin and it was isolated from Ethulia vernonioides.5?
VP-122 (58), with trivial name of centrapalus coumarin M, was isolated as a white crystalline powder
with optical rotation of [a]p +76.6 (c 0.05, CHCIs). Its molecular formula of was shown to be C30H2004
based on the HRESIMS peak at m/z 325.1431 [M+H]* (calcd for CaoH210s 325.1434). *H and *C NMR
data of VP-122 (58) displayed an unusual complex pentacyclic coumarin structure. Although rings A
and B are similar to those of previously described compounds, the methyl group at C-5 is replaced by
a methylene (6n 2.82 m, 3.31 dd; 6c 34.2). Ring C and D were elucidated as 5-membered rings while
ring E formed a 10-membered macrocycle. The H-'H COSY spectrum revealed the presence of
structural parts A >CH—CH(CHs)-CH,— (61 3.50 d, 2.68 m, 3.54 d, 4.27 d and 1.14 d; 6c 51.1, 37.3, 76.3
and 12.2) [C-6'-C-7'(C-9')—C-8'] and B —CH,—CH>—CH= (612.82 m, 3.31 dd, 1.77 m, 2.33 m, 5.70 dd; éc
34.2,33.1, 128.8) (C-9-C-1-C-2') (Annex 10). HMBC correlations between H-6' (64 3.50 d) and C-3 (6c
103.8) and C-4 (6c 167.6), and H-8' (6n 4.27 d) and C-5' (6c 129.9) revealed the existence of five-
membered rings C and D. The macrocyclic ring is formed between C-5 and C-5' with participation of
structural part B and quaternary carbon C-3’ (6c 130.4), a methylene C-4' (61 2.17 m, 3.03 d, 6c 37.6)
and methyl group C-10’ (61 1.98 s, 6c 26.9). Their connection was verified by HMBC correlations of C-
5/H-9, C-4'/H-2', C-4'/H-10", C-5'/H-4', and C-10’/H-2'. Information obtained from NOESY spectrum
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showed that H-6, H-7’ and C-4' are in a-orientation while C-9' is 8-oriented. This was proved by
Overhauser effects observed between H-4'/H-6', H-6'/H-8'a, H-8'6/H-9’, H-8'at/H-7'. In VP-122 (58) the
5-methylcoumarin part is condensed with a head-to-tail coupled monoterpene unit in an unusual way.
Instead of C-3/C-3' connection, C-3/C-6" and C-9/C-1' was formed, resulting a new macrocyclic carbon

skeleton.

59 (VP-54) 60 (VP-137) 61 (VP-138)

VP-54 (59) named pauciflorin A, was isolated as a colorless oily material with optical rotation of [a]p
-157.8 (c 0.1, CHCIs). The molecular formula of VP-54 (59) was shown to be Ci9H,404 based on the
positive-ion HRESIMS peak at m/z 339.1567 [M+Na]* (calcd for CisH2404Na* 339.1567). The H and *3C
NMR JMOD spectra showed characteristic resonances of a 4 methyl, 2 methylene, 6 methine and 7
quaternary carbon containing compound. The aromatic *H resonances at 64 6.71 d (8.0 Hz), 7.20 t (8.0
Hz), and 6.78 d (8.0 Hz) indicated an 1,2,3-trisubstituted aromatic ring, which was substituted with a
methyl (6n 2.39 s, 6c 21.5), a hydroxyl, and a keto group (8¢ 205.9). The position the methyl group at
C-5 was showed by the HMBC correlations between H-9 (64 2.39) and C-5 (6¢ 137.5), C-4a (6¢ 127.3),
and C-6 (6¢ 123.4). The connection of the keto group at C-4a was proved by the weak *Jc 4 correlation
between H-9 and C-4 (6¢ 205.9) detected in the HMBC spectrum of VP-54 (59). A monoterpene part
was elucidated as 2-(1-hydroxyisopropyl)-4-methyl-4-vinyl-1-cyclopentanone coupled with the
aromatic part in position C-3. The monoterpene fragment was displayed by *H-'H COSY correlations of
H-3 [6n 4.15 d (11.3 Hz)] with H-6" (6¢ 59.7), and H,-1' [6n 4.89 d (17.2 Hz), 4.78 d (10.6 Hz)] with H-2’
[6n 5.65 dd (17.2, 10.6 Hz)], and by HMBC correlations of H-10 (6x 1.04 s) with C-3 (8¢ 59.2), C-2' (6¢c
143.1), C-3' (6¢ 43.9), C-4" (6¢ 55.7); C-6" (6¢ 59.7) and C-7' (6¢ 73.1) with H-3, H-8' (6 1.56 s) and H-9’
(61 1.23 s). The C-4 keto group (6¢c 205.9) connected the aromatic ring and monoterpene unit, this was
confirmed by the long-range heteronuclear correlations of C-4 with H-3 (64 4.15 d), H-6" (6x 3.43 d)
and H-6 (64 6.71 d) (Annex 11a and 12). The stereochemistry of VP-54 (59) was investigated by NOESY
spectroscopy. Overhauser effects were observed between H-3/H-8', H-3/H-9’, H-2'/H-4'at and H-6'/H-
10’, which were indicative for a-oriented H-3, and vinyl group and 8 position of H-10" and H-6'. The
absolute configuration was determined by X-ray crystallography (Figure 6). The colorless, chunk single
crystals grown from a mixture of methanol and ethyl acetate at -5°C are light and thermally sensitive.
They crystallize in the trigonal system, space group P3:2;. The absolute configuration of the chiral

atoms was C-3 (R), C-3’ (S) and C-6’ (S), Flack x= 0.11(5), Parsons z = 0.09(5). Details on molecular
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conformation, intra- and intermolecular interactions and packing arrangement can be found in the
Supplementary Information. The carbon skeleton of VP-54 (59) has a 2-norchromone monoterpene

origin, it was not described previously.

Figure 6. Molecular structure ORTEP presentation of VP-54 (59) showing atom labelling.
The chiral centres are highlighted by yellow. Hydrogen atoms are omitted for clarity.

VP-137 (60) named as pauciflorin B, was obtained as a white amorphous powder with optical rotation
of [a]p?” —270.8 (¢ 0.1, CHCI3). The molecular formula of VP-137 (60) was assigned as Ci19H2,03 from the
protonated molecular ion at m/z 299.1641 [M+H]* (calcd for Ci9H2303 299.1642) observed in the
positive-ion HRESIMS spectrum. *H NMR and *C NMR JMOD spectroscopic data of VP-137 (60)
revealed the presence of a 1,2,3-trisubstituted aromatic ring [6n 6.71 d (8.0 Hz), 7.20 t (8.0 Hz), and
6.78 d (8.0 Hz); 6c 123.5, 128.5, 2X132.2, 140.0, 154.4], four tertiary methyls (64 1.12s,1.34s,1.51 s,
2.43s, 6¢ 20.6, 20.7, 22.4, 26.1), and a vinyl group [én 5.12 d (17.5 Hz), 5.17 d (11.0 Hz), 6.51 dd (17.5,
11.0 Hz); 6¢ 112.1, 145.7]. Two carbonyl functionalities were evident from carbon resonances at ¢
204.5, and 213.4. These structural parts were built together with two quaternary carbons (6¢c43.7,
80.5), two methines [6n 3.21 d (11.6Hz), 2.73 d (11.6 Hz); 6 58.4, 56.3] and one methylene [6x 2.27 d
(18.0 Hz), 2.51 d (18.0 Hz); 6c 54.4] yielding a tricyclic compound, that can be originated from VP-54
(59) by loss of H,0. The HMBC correlations that verified the structure of VP-137 (60) were observed
between C-4/H-3, and H-6'; C-8a/H-7, H-8, H3-8'; C-7'/H-3, H-6', H3-8, and H3-9; C-5'/H-6', and H,-4; C-
3'/H-3, H-1', H-2', H-10' and H»-4'. After determination of the planar structure, the relative
configuration was analyzed by the NOESY spectroscopy. Starting from B-oriented H-6’, the position of
Hs-10, H3-9’, and H-4'6 was found to be in 6, and H-3, H3-8' and H-4a in a-position according to the
NOESY cross-peaks detected between H-6'/H3-8', H-6'/H3-10', H3-10/H-4'6, H-3/H3-9', H-3/H-4a. The
absolute configuration of C-3, C-3' and C-6' were proposed as (R), (S) and (S), respectively, after
considering the structural similarity of VP-137 (60) with VP-54 (59).

VP-138 (61) trivial name pauciflorin C, was a white amorphous powder with optical rotation of [a]p?’
+67.6 (¢ 0.05, CHCI3). It had the molecular formula of C19H,,05 based on the positive-ion HRESIMS peak
at m/z 299.1646 [M+H]* (calcd for CioH2303 299.1642). 1D (*H NMR and JMOD) and 2D NMR (*H-'H
COSY, HSQC, HMBC) data showed that VP-138 (61) is a diastereomer of VP-137 (60). Different *H and
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13C NMR chemical shift of H-3, H-1', H,-2’, Hs-10’, C-4, C-1', C-2’, C-10’ suggested that VP-137 (60) and
VP-138 (61) differ in the stereochemistry of C-3' (Annex 11a and 12). This was corroborated by the key
NOESY correlations between H-3/Hs-10’, H-3/H3-9’, and H-6'/H3-8'. The absolute configuration of 3R,
3'R and 6'S can be accordingly proposed for VP-138 (61).

VP-145 (62), named pauciflorin D, was a colorless oily material with optical rotation of [a]p?® +6.9 (¢
0.05, CHCIs). Its molecular formula was identified as Cx0H220s by the positive ion HRESIMS spectrum
with an molecular ion peak at m/z 343.1539 [M+H]* (calcd for CxH230s 345.1540) indicating 10 degrees
of unsaturation. NMR data showed the clear chromone-monoterpene hybrid motif of VP-145 (62). The
5-methylchromone part of VP-145 (62) is the same with the (C-3—C-9) part of 59—61, in addition, VP-
145 (62) contains a further quaternary carbon (C-2, 6c 123.8). The C-1'-C-5' monoterpene part of VP-
145 (62) was also similar to those of 5961, the difference lies in the C-2, C-6'-C-9’ parts of the
molecules. This structural part of VP-145 (62) was elucidated from the presence of two additional
oxygen atoms related to VP-137 (60) and VP-138 (61) (as shown by the HRESIMS), HMBC correlations
between C-2/H-3, C-2/H-6’, C-6'/H-4'b, C-6'/Hs-8', C-6'/H3-9’, C-7'/H3-8', and C-7'/Hs-9’, and O-bearing
guaternary carbons at 6c 158.3 (C-8a), 123.8 (C-2), 87.0 (C-6'), 85.1 (C-7') were considered. With regard
to the two keto groups (6¢ 191.7, 211.0), one vinyl group [én 5.17 d (18.0 Hz), 5.11 d (11.0 Hz), 6.26 dd
(18.0, 11.0 Hz); 6¢ 114.3, 142.3] and the aromatic ring [6n 6.88 d (7.8 Hz), 7.35 t (7.8 Hz), and 6.90 d
(7.8 Hz); 6c 119.0, 142.4, 126.1, 134.8, 115.8, 158.3] (Annex 11b and 12), a tetracyclic ring system was
required to satisfy the remaining four degrees of unsaturation. Analysis of *H-'H COSY, HSQC, and
HMBC spectra afforded the elucidation of the planar structure of VP-145 (62). A NOESY experiment
was performed to assign the relative configuration of VP-145 (62). NOESY cross-peaks were observed
between H-3/Hs-10’, H3-10'/H-4'a pointing to a-oriented 10’-methyl group and H-3, and on the other
hand 8-oriented vinyl group, and gem-dimethyl substituted —C-7'-O— bridge was shown byNOESY
correlationsbetween H-4'6/H-2', H-2'/H-9'. The other O-bridge between C-2—C-6' must have
accordingly a-orientation. Consequently, VP-145 (62) was identified to have an unprecedented

tetracyclic heterocyclic ring system.

62 (VP-145) 63 (VP-140)
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VP-140 (63), named as pauciflorin E, was isolated as a colorless oily material with optical rotation of
[a]p¥ +21.9 (c 0.1, CHCI3). The molecular formula was established as C2H2,05 based on the positive ion
HRESIMS peak at m/z 343.1546 [M+H]* (calcd for CyoH2305 345.1540). The 1D NMR data of VP-140 (63)
showed striking similarities to those of VP-145 (63) except for the chemical shifts of C-10’ (VP-140 (62):
61 1.37, 6¢ 20.0; VP-145 (62): 6x 1.60, 6c 32.2) and C-2’ (VP-140 (63): 6c 148.6; VP-145 (62): 6c 142.3)
(Annex 11b and 12). The stereochemical differences were studied by NOESY experiment. Key
Overhauser effects between H-3/H-2’, H-3/H-1'a, H-3/H-4' indicated H-3 and the vinyl group in
position, and NOESY cross-peaks between H-4'6/Hs-10" implied the B-orientation of the 10’-methyl
group. Therefore, VP-140 (63) was identified as a diastereomer of VP-145 (62) differing in positions C-
3.
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5. Discussion

All through human history, natural products (from plants and animals) have been recognized and used
as a source of remedies and treatments for various diseases.’**% It was natural products that
provided the source and raw materials for the first conventional drugs. Despite great scientific and
technological advances in combinatorial chemistry, drugs derived from natural product still make an

148-151 Natural products of plant origin will continue to

enormous contribution to drug discovery today.
play significant roles in discovery and development of drugs for the foreseeable future. Tropical Africa
is home to some important species-rich biodiversity regions in the world.'®? Our investigations aimed
to find new bioactive compounds from two African plant species, and contribute to recognise the value
of the African flora to drug discovery.

For quality research outcome and to enhance maximum yield quantity of E. deightonii and C.
pauciflorus extracts, each of the freshly collected plant materials were washed with water to remove
unwanted soil particles, thus, preventing adulteration. Drying of plant samples were done in the
absence of sunlight because sunlight can denature the bioactive compounds present in the plant.
Lastly, the dried plant materials were grinded into powdered form to increase its surface area, thereby
enhancing maximum extraction. The importance of quality control of plant sample has been
emphasized to prevent adulteration and is also critical to the quality and quantity of the targeted
result, 153156

Research on E. deightonii was chemistry-guided. It was done with the goal of isolating diterpenoid

compounds. Diterpenes have been isolated from most parts of plants belonging to Euphorbiaceae;

157 158 159

these parts include, the seeds,®™ latex,'*® roots,*® and aerial parts.’® In this research, we collected
only aerial parts of the plant since it is the most abundant part of the plant. Diterpenes are usually
occuring in low quantity in plant materials, and this makes it impossible to detect them directly from
an extract. Compounds easily detectable from an extract like phenols, triterpenes, alkaloids, sugars are
often present in large amounts in the plants, this makes it easier to develop their detection methods.
In order to detect diterpenes, the plant materials needed to be extracted, partitioned and subjected
to OCC with polyamide as stationary phase. The plant material was extracted by an amphipolar solvent
(e.g. methanol) which has the capacity for extraction of lipophilic and polar components from the
plant. The concentrated extract was partitioned with CHCI; using liquid—liquid partitioning. The
resulting CHCI; soluble phase was subjected to polyamide OCC and various mixtures of methanol—
water as eluents (1:4, 3:2, 4:1 and 5:0) were used. Previous studies as well as TLC analysis of the
polyamide fractions from this research showed that fractions from methanol-water 3:2 are rich in
diterpenoids. These three steps were necessary to remove polysaccharides, proteins, chlorophyll, and
other substances present in large quantities in the extract and therefore, with each step, the

diterpenes becomes increasingly visible in the fraction, thus, enabling its detection. Literature have
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shown that fractions eluted with methanol-water 2:3 and 3:2 from polyamide OCC are rich in
diterpenoids rich in E. taurinensis,*®* E. dulcis,*®* E. guyoniana.'®

Study conducted on C. pauciflorus followed partly bioassay-guided, i.e., pharmacologically guided.
After extraction, partitioning and polyamide OCC, the resulting polyamide fractions were evaluated for
their antiproliferative effect on cervical, ovarian and breast cancer cell lines. Fraction obtained from
methanol-water 3:2 elution showed potent and better antiproliferative effect than the other four
polyamide fractions and it also displayed significant cytotoxic effect on all cancer cell lines evaluated.
Chromatographic purification of the most potent fraction (methanol-water 3:2) led to the isolation of
a rare group of compounds called 5-methylcoumarin— and chromone-monoterpene-derived
meroterpenoids. Only few compounds beloonging to these groups have been reported in the
literature, mainly from Ethulia conyzoides,*®>° E. vernonioides,®? Bothriocline ripensis,’® B. amplifolia,®

143 and Vernonia brachycalyx,*** V. cinarescens,* Gerbera hybrida®® and a few others.

Conyza bovei,
Isolation of natural products are usually tedious task and requires well thought procedure. This is so
because many compounds may have very similar chemical structure and physical properties, thus,
forming complex mixtures. For instance, in this research, ingol-type diterpenes from E. deightonii had
the same skeletal core and differ only in the ester groups attached to the skeleton. The extent of the
complexity was even greater in C. pauciflora where some compounds had same planar structure but
differ only in stereochemistry. Therefore, isolation of compounds required a well thought, carefully
planned, multi-step chromatographic methods with maneuvering tactics that involved the use of
various stationary and mobile phases.

In both experiments, the chosen polyamide fraction were separated first by VLC. Fractions collected
were monitored on TLC and similar fractions were combined to form bulk fractions. These bulk
fractions were then monitored on TLC using different solvent systems on different stationary phases
(NP and RP). In each case, the solvent system along with the stationary phase that showed better
selectivity of the constituents guided the choice of the next method to be used. In every case, after
exhausting the options of VLC, FLC and PLC, we used HPLC (NP, RP, and chiral columns) to purify
compounds. As a consequence, 38 compounds were isolated from E. deightonii, and 25 compounds

were isolated from C. pauciflorus.

5.1 Structural characteristics of the isolated compounds

The structures of isolated compounds were established using advanced spectroscopic analysis; 1D and
2D NMR and HRESIMS. Furthermore, compounds isolated from E. deightonii can be grouped into;
diterpenoids (compounds 1-30), triterpenoids (31-33), lignans (34 and 35), neolignan (36), coumarin

(37) and ellagic acid derivative (38). Compounds 1-27 are lathyrane type diterpenoids. They have the
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same ingol parent core, however, differ in the type and position of the ester moieties. The compounds
are esterified with acetic, benzoic, tiglic, angeolic, 2-methyl butyric, isobutyric, isovaleric and salicylic

acids. Four compounds (13, 18, 20, 22) have a methoxy group on C-8. (Annex 1). These ester groups

164 163,165,166

form the bulk of esters in macrocyclic diterpenoids as seen in ingols,’* jatrophanes,
segetanes,’®! and ingenanes.®* The frequency of the ester groups varies, the acetyl group is by far the
most prevalence ester group, it appeared sixty-six times; tigloyl appeared eleven times ; benzoyl, seven
times; angeloyl, six times; 2-methyl butyl, two, times while i-valeryl, i-butyryl and salicylyl appeared
one times. The positions of these ester moieties are usually at C-3, C-7, C-8, C-12, and C-19. The
angeloyl, isobutyryl, isovaleryl groups were found exclusively attached to C-7, while methoxy group
and salicylic acid were found exclusively attached at C-8. Tigloyl, 2-methyl butyl and benzoyl were
found exclusively attached to C-7 and C-8. The acetyl group was more versatile and could be found
attached to all position of ester linkage at C-3, C-7, C-8, C-12 and C-19. Unlike other ingols isolated,
compound 26 have a 8-oriented methyl group at C-2 and by virtue of that, compound 26 is a
stereoisomer of compound 11 which have a-oriented methyl group at same position. Compounds 31—
33 are triterpenoids. Triterpenoids with similar skeletal core have been reported in several Euphorbia

1 and many other

species like E. lathyris,*®” E. rigida,*®® E. hirta,'®® E. resinifera,*’® E. maculata,'’
Euphorbia species.}”?

Compounds isolated from C. pauciflorus included twenty of 5-methylcoumarin meroterpenoids (39—
58) and five chromone meroterpenoids (59—63). The 5-methylcoumarins are a rare type of coumarines
and are formed via polyketide synthases.'’®. 5-methylcoumarin meroterpenoids are constructed of
two main components: the parent 5-methylcoumarin core and the terpene part. While all have same
5-methylcoumarin core, the terpene component is primarily responsible for most of the variation. The
terpene component varied in the number of carbons, the number of ring system, ester moieties, epoxy
formation and the configuration of its stereocenters. The same is true for the isolated chromones. The
terpene component in the isolated compounds from this research are mainly C;o0 monoterpene in all
the coumarins except compound 57 which contains a modified dinormonoterpene unit with 8 carbons.
Isolated 5-methylcoumarins varied in the number of ring system formed namely, 6-6-6 (39-52) and 6-
6-7 (53-56) tricyclic, 6-6-5-5 (57) tetracyclic, 6-6-5-5-10 pentacyclic (58) ring systems. 5-
methylcoumarins have been reported in Vernonieae, Mutiseae, Nasauvieae, and Onoserideae tribes
of Asteraceae family.* The number of carbons in ring C varies as well. Compound 42 was esterified
with methanol at C-9’. Compounds 43, 46, 47, 51 and 52 have an epoxy group at C-6' and C-7'. 5-
methylcoumarins from C. pauciflorus showed high occurrence of stereoisomeric compounds. Their
configuration differs due to stereochemistry of carbons C-3' and C-5'. In this regard, compounds 39
and 40, compounds 48 and 49, and compounds 53 and 54 are diastereomeric pairs. Furthermore, some

stereoisomers were unstable in individual form and readily converts to a mixture of both
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stereoisomers, for example, compounds 44 and 45, compounds 46 and 47, and compounds 51 and 52
are inseparable and interconvertible diastereomers. The complex pentacyclic structure of compound
58 is particularly interesting and unprecedented. Concerninging chromones, compounds 60 and 61

and compounds 62 and 63 are diastereomers.

5.2 Chemotaxonomy of investigated species

The occurrence of macrocyclic diterpenoids are restricted to Euphorbiaceae and Thymeleaceae
families in the plant kingdom and are the major diterpenoid constituents of Euphorbia genus. This
makes them a significant chemotaxonomic marker in delimiting Euphorbia species. Ingols have been
isolated from E. trigona,*®* E. antiquorum,**>11® E. lactea,*** E. royleana,'""1*81% E, kamerunica,3>®
E. ingens,** E. hermentiana® and others. This isolated compounds evidenced chemotaxonomically that
the E. deightonii was rightly placed in the taxonomic order.

5-methylcoumarins and 5-methylchromones derived meroterpeoids have restricted occurrence in few
tribes of Asteraceae family namely, Vernonieae, Nassauvieae, Onoserideae and Mutisieae and this
makes them a vital chemotaxonomic marker. In Onoserideae and Nassauvieae tribes mainly
sesquiterpenes occur. Mutisieae and Vernonieae tribes have monoterpenes as their terpene
components.>*¥%2 Fyrthermore, based on available data on 5-methylcoumarins, the presence of the
vinyl group in the monoterpene part is common among Vernonieae and Nassauvieae tribes. Since all
5-methylcoumarins and 5-methylchromones derived meroterpeoids isolated have monoterpene
component and fifteen of them have a vinyl group, we have thus established that C. pauciflorus is well

placed in the Vernonieae tribe of Asteraceae family.

5.3 MDR-reversing and cytotoxic activities of diterpenoids isolated from E. deightonii

MDR proteins are member of the ATP-binding membrane transporter superfamily and are present in
a majority of human tumors.?”* Rise of MDR is a serious challenge to human health globally and has
increased morbidity, mortality and healthcare cost.”>"*”7 Any compound that can inhibit the function
of MDR protein may likely possess anti-MDR properties.}’* Euphorbia diterpenoids have been reported
to inhibit the P-glycoprotein (P-gp) in different tumor cell lines, thereby increasing the intracellular
accumulation of antitumor agents.'®6174178 The first documented diterpenoids with MDR reversal
effect was described by our research team in 2002.1° Many macrocyclic diterpenoids such as
ingenane, segetane and jatrophane have shown significant anti-MDR effects. 161,180,181

Thirteen diterpenes (5, 7, 10-15, 17, 23, 24, 28, and 29) were evaluated for their cytotoxicity and anti-
MDR effects to establish their structure activity relationship. Inhibition of the efflux pump was

evaluated by flow cytometry measurement of the retention of rhodamine 123 in drug-resistant mouse

T-lymphoma cells. The cytotoxicity of the thirteen purified diterpenoids were tested on parental and
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human MDR1-gene transfected mice T-cell ymphoma cells, and the obtained experimental results are
summarized in Table 8. The activity was presented as a fluorescence activity ratio (FAR), and the P-gp
modulator, tariquidar, was used as a positive control at a concentration of 0.2 uM. In the cytotoxicity
assay, MDR cell line proved to be more sensitive than the parental cells. Ingol esters 11-13 and 15
exhibited moderate cytotoxic activity with ICso values of 27.8-85.7 uM against MDR cells, and only

compound 13 was toxic to the parental cells (ICsp 41.9 uM).

Table 8. P-gp efflux pump inhibitory activity of compounds 5, 7, 10-15, 17, 23, 24, 28, and 29
against L5178Y mouse T-cell lymphoma cells

Concentration (uM) FSC SSC FL-1 FAR

Tariquidar 0.2 2136 1332 165.0 73.7
5 20 2312 1471 17.7 7.9
7 20 2266 1494 74.7 33.4
10 20 2287 1486 122.0 54.5
11 2 2224 1463 157.0 70.1
20 2211 1864 157.0 70.1

12 2 2271 1535 44,7 20.0
20 2262 1592 178.0 79.5

13 2 2167 1431 8.6 3.9
20 2233 1411 136.0 60.7

14 20 2273 1536 159.0 71.0
15 20 2315 1524 147.0 65.6
17 20 2311 1544 22.2 9.9
23 20 2372 1477 27.0 12.1
24 20 2197 1661 47.0 21.0
28 20 2231 1550 19.4 8.7
29 20 2253 1494 6.80 3.0

FSC: forward scatter count; SSC: side scatter count; FL-1: mean fluorescence
intensity of the cells; FAR: fluorescence activity ratio

As indicated by FAR values, ingol esters 11-15 demonstrated high P-gp inhibitory effect at
concentration of 20 uM, while the ent-atisane diterpenoids (28, 29) showed considerably low activity
at the same concentration. Regarding the preliminary structure—activity relationships, a decrease in
esterification degree of ingol derivatives can cause a decrease in efflux pump inhibition, as
demonstrated by compounds 5 (3-OH), 23, and 24 (8-OH). The presence of a 19-CH,0R group instead
of a 19-methyl group seemed to decrease the P-gp inhibitory activity, as observed for compounds 7
and 11. The influence of the aromatic ester group (benzoyloxy) instead of aliphatic esters (tigloyl or 2-
methylbutyrate) can be evaluated by comparing the activities of 11 vs. 14 and 11 vs. 10, whose
esterification was different at C-8. The MDR modulating activity of compound 11 was slightly enhanced
with an aromatic ester function. For the ingol esters 14 and 17, differing in the position of tigloyl and

acetyl groups at C-7 and C-8, the FAR values (14: 71.0 vs. 17: 9.9 at 20 uM) suggested that C-8 tigloyl
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and C-7 acetyl moieties (14) can lead to a drastic increase in activity, in relation to 8-acetyl and 7-tigloyl
(17). Additionally, the comparison of the P-gp inhibitory activity of compounds 15 and 17 suggested
that the presence of a C-7 tigloyl ester was undesirable for the anti-MDR effect of ingol polyesters (FAR
in 20 uM 15: 65.6 versus 17: 9.9).

5.4 Cytotoxicity and anti-HSV-2 activity of the compounds isolated from E. deightonii

Herpes simplex virus (HSV) causes one of the most common viral infections in humans. It is estimated
that more than two-thirds of population under the age of 50 are infected with either HSV-1 or HSV-2.
Two different types of HSV are distinguished: HSV-1 and HSV-2; the former is primarily responsible for

oral herpes cases, while the latter causes genital herpes. Our research focused on the latter.

Table 9. Cytotoxic (CCso) and antiviral activity (ICso) of compounds 31-38.
For determination of CCso concentration, Vero cells were seeded at a density of 4 x 104/well.

Compound Cytotoxicyty Cso (WM) | Anti-HSV-2 ICsp) (LM) I1Cso Selectivity Index
31 35.49 £ 1.62 7.05+0.25 5.03

32 52.14+2.21 inactive -

33 7.84+£0.96 2.42 £ 0.06 3.23

34 39.76 £ 4.73 11.73+0.79 3.389

35 82.533 +8.94 inactive -

36 71.64 +5.83 inactive -

37 0.35+0.016 0.032 £+ 0.0021 10.923

38 25.74+1.84 inactive -

Acyclovir 100 £ 6.15 0.77 £0.032 129.87

First, the CCso concentration of the compounds (31-38) (Table 9) was determined by MTT assay on
Vero cells; then the possible antiviral effects of the substances were measured. 36,78-dihydroxy-24-
methylenelanosta-8-ene-11-one (31), euphorbol-7-one (33) deightonin (34), and scoparon (37)
exhibited an anti-HSV-2 effect. Furthermore, 1Cso values of compounds 31, 33, 34, and 37 were 7.05,
2.42, 11.73, and 0.032 uM, respectively. Among the tested triterpenes, the lanostane (31) and 24-
methylenelanostane (33) proved to be effective, while among the neolignans, only deightonin (34)
with the methoxylated allyl group showed an antiviral effect. The most pronounced activity was
exerted by the coumarin scoparon (37); its effect (ICsp 0.032 uM) was better in comparison to that of
acyclovir (ICs00.77 uM). However, selectivity index (SI) of 37 (SI 10.923) was lower than that of acyclovir
(S1129.87).
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5.5 Anti-proliferative effects of compounds isolated from C. pauciflorus

Cancer is the second largest cause of death after cardiovascular disease, it accounts for nearly 10
million deaths annually i.e. one in every six deaths is caused by cancer.®®3 Top among the most
prevalence cancer are breast cancer, cervical cancer and ovarian cancer.®* The effects of the isolated
compounds on the growth of a panel of human adherent cancer cell lines were determined by MTT [3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.'®

Twenty one of the twenty-five isolated compounds from C. pauciflorus were investigated to describe
their antiproliferative properties against a panel of human adherent cell lines of gynecological origin.
Generally, Hela cells (cervical cancer) seems the most sensitive, while MDA-MB-231 cells (triple-
negative breast cancer) show the least sensitivity. 5-methylcoumarin derivatives with 2-methyl-1-
propenyl group on ring C (39-41) exhibited similar antiproliferative effects; their activity against HelLa
cells was comparable to that of cisplatin, but the other cell lines were less sensitive. The structurally
closely related 44+45 was ineffective, which may be the consequence of the changed orientation of
the substituents of ring C at C-3’. The presence of a five-membered ring D (46+47, 44, and 45) is not
advantageous, especially when it bears an epoxy group (46 and 47). The 5-methylcoumarin derivatives
with a seven-membered ring (50) proved to be the most potent compound; its action on MCF-7 cells
was similar to that of cisplatin, while it was substantially more effective against Hela cells. The cancer
selectivity of this compound was additionally determined using the same assay against intact murine
fibroblasts (NIH-3T3) cells. Treatment with 50 resulted in an inhibition of 30.72 + 1.29% and 52.59 +
0.92% at 10 and 30 puM, respectively, while the reference agent cisplatin caused 73.88 + 1.63% and
97.10 £ 0.15% inhibition, at the same concentrations. The calculated ICso values against NIH-3T3 cells
were 25.42 uM and 5.19 uM for 50 and cisplatin, respectively, indicating an improved cancer selectivity
of 50. Selectivity index (SI) is the ratio of the toxic concentration of a drug to its bioactive concentration.
An ideal drug should have high Sl value i.e. a high toxic concentration and a lower bioactive
concentration.!®18 pena-Moran et al. suggested that a potential anti-cancer sample should have an
SI of > 10.'% Weerapreeyakul et. al. suggested a lesser Sl of > 3.1 The effect of the mixture of 51 and
52 was the most pronounced against SiHa cervical cancer cells, but the growth inhibition was less than
50% at 30 pM. Compounds with seven-membered ring C (53 and 54) elicited no relevant actions, and
the molecules containing five-membered ring C (57 and 58) exhibited only modest activities. All five

chromones (dihydro chromones and 2-nor chromones) (59-63) exhibited low activity.
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Table 10. Calculated ICso values (UM of antiproliferative properties of some isolated compounds

Compound

Breast cancer
cell lines

Cervical cancer
cell lines

Ovarian cancer
cell lines

Intact murine
fibroblast

MCF-7 MDA-
MB-231

Hela SiHa

A2780

NIH-3T3

39

9.21 -

19.65

40

9.58 -

26.50

41

8.44 -

27.29

43

44+45

46+47

48

49

50

25.42

51+52

53

54

57

58

59

60

61

62

63

Cisplatin

5.78 19.13

12.43 7.84

1.30

5.19

—: Cell growth inhibition values less than 20% were considered negligible and

are not given numerically

45




6. Summary

The scope of this study covered the phytochemical and pharmacological investigations of two African
plant species, namely, E. deightonii and C. pauciflorus. The isolation procedure involved multi-step
chromatographic methods that included polyamide OCC, NP and RP VLC, NP and RP FCC, NP and RP
HPLC, PLC and crystallization techniques. Structural elucidation were done by use of advanced
spectroscopic methods: 1D (*H, JIMOD) and 2D (HSQC, HMBC, *H-'H COSY, NOESY) NMR, and HRESIMS.
Interpretation of the spectral data allowed the complete and unambiguous *H- and *3C assignments of
the novel compounds which were then confirmed by means of HRESIMS. In addition, the absolute
configuration of compound 59 was determined by single-crystal X-ray diffraction.

Phytochemical investigation of MeOH extract of E. deightonii yielded thirty-eight compounds (1-38);
of which thirty are diterpenes 1-30 (1-9 are novel), three triterpenes 31-33 (31 is novel), three lighans
or neolignans 34-36 (34 is novel), one coumarin (37) and one ellagic acid derivative (38). 1-27 are ingol
type diterpenoids, all of which possess A®® double bond, and are highly esterified with acetic, benzoic,
angeloic, tiglic, i-valeric, isobutyric, and salicylic acids. Particularly interesting is the presence of salicylic
acid ester in compound 3. Only compound 27 has 8-orientation of methyl at C—16. 28 and 29 are ent-
atisane diterpenoids while 30 belongs to the rare stachane diterpenoid group. The pharmacological
investigation on MDR-reversing activities in an L5178 mouse lymphoma cell line of thirteen
diterpenoids (5, 7, 10-15, 17, 23, 24, 28, and 29) revealed that ingols derivatives 11-13 and 15
exhibited moderate cytotoxic activity with ICso values of 27.8-85.7 uM against MDR cells, and only
compound 13 was toxic to the parental cells (ICsp 41.9 uM). Ent-atisane diterpenoids were ineffective
in the cytotoxicity assay. Ingol diterpenoid esters 11-15 demonstrated a high P-gp inhibitory effect at
a concentration of 20 uM, while the ent-atisane diterpenoids (28, 29) showed considerably lower
activity at the same concentration when compared to the positive control tariquidar. Anti-HSV-2
studies of compounds 31-38 showed that 31, 33, 34 and 37 exhibited antiviral activities.
Phytochemical investigation of the MeOH extract of C. pauciflorus yielded twenty 5-methylcoumarin
based meroterpenoids 39-58 (thirteen 39, 41, 42, 46+47, 50-56 and 58 are previously undescribed
compounds) and five 5-methylchromone based meroterpenoids 59-63 (all five are previously
undescribed compounds). The monoterpene component is responsible for the structural variability of
the compounds. Additionally, the monoterpene part contained chiral carbons C-3’, C-5’ and C—6’ and,
eight pairs of diastereomers were isolated including three inseparable pairs. Anti-proliferative
activities of twenty-one compounds were tested on cervical (HeLa and SiHa), breast (MCF-7 and MDA-
MB-231) and ovarian (A2780) cancer cell lines. Among the cell lines, HeLa were the most sensitive.
Compounds 39-41 showed comparable antiproliferative effects with the positive control cisplatin on

Hela cells. However, 50 was the most potent, its activity on MCF-7 was comparable with that of
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cisplatin, while its effect on Hela cells was much higher than those of cisplatin. Testing on normal cell
line murine fibroblast (NIH-3T3) revealed that it has better cancer selectivity than cisplatin.

In summary from the two plant species, sixty-three compounds were isolated, of which twenty nine
are novel compounds. Our work on C. pauciflorus indicated that pauciflorins A—E (59—-63) are the first
examples of hybrid molecules of chromone—monoterpene origin with unprecedented carbon
skeletons. Pauciflorins A—C (59-61) can be derived by the connection of a 2-nor-chromone and a
monoterpene unit, while pauciflorin D (63) and E (62) are dihydrochromone-monoterpene adducts
with a rarely occurring ortho ester functionality. Pauciflorin A (59) can be a precursor of pauciflorin B
(60). Additionally, our findings indicated that C. pauciflorus is an excellent source of structurally diverse

meroterpenoids; the discovery of their pharmacological potential will be needed in the future.
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Annex 2

Structures of compounds 39-63 isolated from C. pauciflorus
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Annex 3

IH NMR spectroscopic data of compounds 1-9 [ ppm (J =Hz), CDCls, 500 MHz (*H)]

Position 1 2 3 4 5 6 7 8 9
la 2.72 dd (overlap) 2.80 dd (9.05, | 2.80dd (15.0;9.0) | 2.80dd (15.0;9.1) | 2.78 dd (15.0;9.3) | 2.80 dd (15.0;9.0) | 2.79 dd (15.0; 9.0) 2.75dd (15.0; 9.0) 2.82 dd (15.0; 9.0)
15.0)
1b 1.71d (15.0) 1.70 dd (0.9, 15) 1.72 d (15.0) 1.70 br d (15.0) 1.64 dd (15.0; 2.0) | 1.68 dd (15.0;0.6) | 1.72 brd (15.0) 1.72 brd (15.0) 1.72 brd (15.0)
2 2.48 m 249 m 247 m 2.51m 2.40m 2.46m 249 m 249 m 2.52m
3 5.25d (8.5) 5.28 d (8.6) 5.37d(8.6) 5.25d (8.6) 4.28 d (8.5) 5.19d (8.6) 5.36d (8.5) 5.25d (8.6) 5.28 d (8.5)
5 5.59 brs 5.57 brs 5.64 brs 5.56 brs 5.66 brs 5.66 brs 5.63 brs 5.57 brs 5.63 brs
7 5.12 brs 5.15brs 5.18 brd (1.6) 5.27 brd(1.2) 5.35brs 5.31brd(1.8) 5.23 brs 5.17 brd (1.3) 5.33 brs
8 4.51 brd(10.8) 4,58 dd (10.8,1.9) | 4.84dd (10.9;1.9) | 4.60dd (10.6; 1.7) | 4.61dd (10.6;1.8) | 3.63dd (10.3;2.1) | 4.89 br dd (10.7; | 4.65dd (10.7; 1.7) 4.94 dd (10.7; 1.8)
0.8)
9 1.23m 1.25 dd (8.65) | 1.44dd (10.9;9.1) | 1.46m 1.25dd (10.6;9.2) | 1.31dd (10.3;9.3) | 1.63 br dd (10.7; | 1.51dd (10.7;9.2) 1.58 dd (10.7;9.2)
overlap 9.4)
11 0.76 t (9.7) 1.12dd (9.15;3.4) | 1.19dd (11.1;9.1) | 1.35dd (11.1;9.2) | 1.16dd (10.9;9.2) | 1.11dd (11.0;9.3) | 1.37 dd (11.0; 9.4) 1.09m 1.36 dd (10.9; 9.2)
12 3.24dd (10.6; 2.1) | 4.87dd (11.1,4.0) | 4.92dd (11.1;4.0) | 4.94dd (11.1;3.9) | 4.88dd (10.9; 4.0) | 4.94 dd (11.0; 4.0) | 5.00dd (11.0; 3.7) 3.35 ddd (11.1; 8.4; | 5.08 dd (10.9; 3.7)
3.2)
13 2.71m 2.93m 2.97 m 2.93m 2.94m 2.98 m 2.99m 2.78 m 3.00m
16 0.94d(7.4) 0.94d(7.5) 0.99d(7.4) 0.94d(7.4) 1.03d(7.5) 0.93d(7.5) 0.99d (7.4) 0.95d(7.5) 0.96d (7.4)
17 2.10s 2.10s 2.15d(1.3) 2.13d(1.2) 2.13d(1.2) 2.14d(1.2) 2.16 brs 2.13d(1.3) 2.20d (1.1)
18 1.17s 1.18s 1.16s 1.12s 1.09s 1.15s 1.19s 1.23s 1.23s
19a 0.98s 0.85s 0.84s 4.27d(12.1) 0.86s 1.11s 4.09d(12.2) 4.11d(12.1) 3.57dd (12.1; 5.8)
19b 3.53d(12.1) 3.72d(12.2) 3.92d(12.1) 3.41dd (12.1;5.7)
20 1.25d(7.3) 1.07d (7.6) 1.09d (7.3) 1.08d (7.3) 1.08d (7.3) 1.07d 1.09d (7.3) 1.28d (7.4) 1.13d(7.3)
Acetyl
3-0OAc 2.07 s 2.01d (4.35) 2.08s 2.07 s - 2.05s 2.08s 2.07 s 2.08s
7-OAc - - 2.13s - - - 2.14s - -
8-0OAc 2.02s 2.08s - 2.05s 2.00s - - - -
12-OAc | — 2.10s 2.10s 2.12s 2.10s 2.13s 2.11s - 2.12s
19-OAc | — - - 1.99s - - 1.68s 2.00s -

1 Compound 1: 7-O-Tigloil 6.88 (1H, g, J = 7.0 Hz, H-3), 1.84 (3H, d, J = 7.0 Hz, H-4), 1.87 (3H, brs, H-5); Compound 2: 7-0-i-Bu 2.66 (1H, m, H-2), 1.20 (6H, d, J = 6.7 Hz, H-3, H-4); compound 3: 8-O-
Sal 6.98 (1H, dd, J = 8.4; 0.9 Hz, H-4), 7.47 (1H, dd, J = 8.4; 1.7 Hz, H-5), 6.88 (1H, ddd, J = 8.4; 8.0; 1.7 Hz, H-6), 7.78 (1H, dd, J = 8.0; 1.7 Hz, H-7), 10.51 (1H, s, OH); Compound 4: 7-O-Angeloyl 6.12
(1H, dq, J=7.2; 1.4 Hz, H-3), 1.98 (3H, dd, J = 7.2; 2.9 Hz, H-4), 1.93 (3H, br t, J = 1.5 Hz, H-5); Compound 5: 7-O-Tigloyl 6.91 (1H, dq, /= 7.1; 1.4 Hz, H-3), 1.83 (3H, dd, /= 7.1, 1.0 Hz, H-4), 1.87 (3H,
brt, J=1.1 Hz, H-5); Compound 6: 7-OBz 8.03 (2H, dd, J = 8.4; 1.3 Hz, H-3, H-7), 7.47 (2H, br dd, J = 8.0; 7.4 Hz, H-4, H-6), 7.60 (1H, dt, J = 7.5; 1.3 Hz, H-5); Compound 7: 8-OBz 8.00 (2H, d, J = 7.5
Hz, H-3, H-7), 7.44 (2H, t, J = 7.7 Hz, H-4, H-6), 7.56 (1H, t, J = 7.4 Hz, H-5); Compound 8: 7-O-Tigloil 6.86 (1H, dq, J = 7.1; 1.3 Hz, H-3), 1.84 (3H, dd, J = 7.1; 1.1 Hz, H-4), 1.86 (3H, brt, /= 1.2 Hz, H-
5), 8-O-Tigloyl 6.82 (1H, dq, J = 7.3; 1.6 Hz, H-3), 1.79 (6H, m, H-4, H-5), 12-OH 2.80 br s; Compound 9: 7-O-Angeloyl 6.10 (1H, m, H-3), 1.95 (6H, m, H-4, H-5), 8-OBz 7.68 (2H, d, J = 8.1, 1.3 Hz, H-3,
H-7), 7.44 (2H, dd, J = 8.1; 7.6 Hz, H-4, H-6), 7.57 (1H, dt, J = 7.6; 1.3 Hz, H-5) , 19-OH 1.9 (1H, br t, J = 5.8 Hz).




Annex 4

13C NMR data of compounds 1-9 [6 ppm (J = Hz), CDCls 125 MHz (*3C)]

Position 1 2 3 4 5 6 7 8 9
1a 31.1 316 |315 |31.7 320 |316 |316 |314 | 31.7
2 29.4 1296 |29.6 |29.7 |322 |296 296 |294 | 29.7
3 76.7 |76.7 | 763 |76.7 | 763 |76.8 |76.4 |76.7 | 76.7
4 741 | 735 | 736 (736 | 759 |73.6 |73.6 |739 | 736
5 117.2 | 117.1 | 117.5 | 117.1 | 117.5 | 117.0 | 117.2 | 116.9 | 117.0
6 140.5 | 140.0 | 139.6 | 140.1 | 139.7 | 140.1 | 140.0 | 140.5 | 140.3
7 773 |764 |77.1 | 76.2 | 765 |80.7 |769 |76.8 | 76.8
8 717 |71.7 |727 710 |720 |70.1 |709 |706 | 719
9 25.3 | 25.0 | 25.0 | 255 |250 |29.0 256 |26.3 | 254
10 19.0 | 19.0 |19.8 | 223 194 |19.2 | 225 |221 |256
11 343 |308 |31.2 313 |30.8 | 31.2 |314 |349 | 315
12 716 | 708 |70.7 /693 | 708 |71.0 (694 |704 | 70.6
13 434 | 43.2 432 | 435 |433 43.2 | 435 433 | 436
14 213.2 | 207.8 | 207.6 | 207.6 | 208.0 | 207.8 | 207.5 | 211.8 | 207.3
15 711 | 713 | 713 714 |731 713 |713 |712 | 713
16 171 | 171 171 171 [ 163 | 171 |17.1 |171 171
17 178 | 176 |175 |17.7 |17.7 | 180 |17.6 |17.7 | 17.6
18 29.6 1296 |29.3 | 246 |29.3 |29.7 247 |252 | 246
19 15.7 | 16.2 |163 | 645 | 163 |16.8 |64.4 |651 |62.6
20 14.7 | 135 |13.6 | 135 | 134 | 135 | 135 |145 | 136
Acetyl

3-OAc 170.7 | 170.5 | 170.9 | 170.8 | — 170.6 | 170.9 | 170.8 | 170.7
3-OAcMe | 20.6 | 20.7 | 20.7 | 20.7 |- 20.6 | 20.7 | 20.7 | 20.7
7-OAc - - 1699 | — - - 169.7 | — -
7-OAcMe | — - 21.1 | - - - 21.2 | - -
8-OAc 170.8 | 170.7 | - 170.4 | 170.6 | - — - -
8-OAcMe | 21.2 |21.2 |- 21.2 | 211 | - - - -
12-OAc - 170.6 | 170.6 | 170.4 | 170.5 | 170.8 | 170.3 | — 172.4
12-OAcMe | - 21.1 218 | 212 212 |212 |21.2 |- 21.3
19-OAc - - - 170.7 | - - 170.6 | 170.8 | -
19-OAcMe | — - - 209 | - - 205 210 | -

Compound 1: 7-O-Tigloyl 166.83 (C-1), 128.77 (C-2), 137.96 (C-3), 14.64 (C-4), 12.29 (C-5); Compound 2: 7-0-i-Bu
175.89 (C-1),34.13 (C-2), 18.60 (C-3), 18.94 (C-4); Compound 3: 8-0-Sal 169.4 (C-1), 112.2 (C-2), 162.1 (C-3), 118.0
(C-4), 136.2 (C-5), 119.4 (C-6), 129.8 (C-7), 162.1 (C-8); Compound 4: 7-O-Angeloyl 166.45 (C-1), 127.60 (C-2),
139.07 (C-3), 15.94 (C-4), 20.71 (C-5); Compound 5: Compound 6: 7-OBz 165.95 (C-1), 130.06 (C-2), 129.73 (C-3,
C-7), 128.72 (C-4, C-6), 133.51 (C-5); Compound 7: 8-OBz 165.65 (C-1), 129.68 (C-2), 129.85 (C-3, C-7), 128.66 (C-
4, C-6), 133.53 (C-5); Compound 8: 7-O-Tigloyl 166.61 (C-1), 128.65 (C-2), 137.98 (C-3), 14.70 (C-4), 12.32 (C-5),
8-O-Tigloyl 167.10 (C-1), 128.30 (C-2), 138.60 (C-3), 14.63 (C-4), 12.09 (C-5); Compound 9: 7-O-Angeloyl 166.47
(C-1), 127.66 (C-2), 138.70 (C-3), 15.89 (C-4), 20.69 (C-5), 8-OBz 165.62 (C-1), 129.62 (C-2), 129.73 (C-3, C-7),
128.74 (C-4, C-6), 133.58 (C-5).



Annex 5a

'H (500 MHz) data of compound 31

in CDCls (6 in ppm, J in Hz)

Annex 5b

13C NMR (125 MHz) data of compound 34

in CDCl3 (6n in ppm, J in Hz)

Position | 'H 3¢ Position H 3¢

1a 1.02, m 33.9 1 - 132.7
1b 2.56, m 2 6.91, m 108.9

2 1.66-1.72, m (2H) 28.0 3 - 146.9

3 3.32,dd (11.2, 5.0) 78.8 4 - 146.0

4 - 38.5 5 6.88*, m 114.5

5 142, m 455 6 6.88*, m 119.7
6a 1.69, m 28.6 7 5.46,d (7.6) 88.9

6b 1.83,d (13.8) 8 3.78, m 50.7

7 4.27,brs 65.6 9a 4.47,dd (11.2, 5.4) 65.7

8 - 157.3 9b 4.29, dt (11.2,7.8)

9 - 141.6 1 - 134.93%,
10 - 38.6 134.96"
11 - 200.4 2 6.79%, m 111.19%,
12a 2.42,d (16.7) 51.6 112.23%
12b 2.58,d (16.7) 3 - 127.5
13 - 443 & - 147.8
14 - 50.9 5 - 144.6
15a 1.39, m 29.8* 6 6.79%, m 115.27%,
15b 2.37, m 115.35%
16a 1.43, m 29.8% 7 4.56, br d (7.0) 84.76,
16b 2.05,m 84.87"
17 1.69, m 50.7 8 5.93%,ddd (17.1, 10.3, 7.0) 138.907,
18 0.92, s (3H) 1811 5.92* ddd (17.1,10.3,7.0) | 138.95%
19 1.17's (3H) 1812 9a 5.29, dd (17.1, 1.2) 116.5
20 1.43, m 36.4 9’b 5.23,dd (10.3, 1.6)

21 0.92, d (6.5) (3H) 18.5 4-OH 5.61,s -

22a 1.16. m 34.7 3-OCH3s 3.87,s (3H) 56.2
22b 1.58’ m 5’-OCHs 3.90, s (3H) 56.3
23a 1_90’ m 313 7’-OCH: 3.34, s (3H) 56.5
23b 2_12’ m 9-Ac Me 2.01, s (3H) 20.9

24 _ : 156.7 9-Ac CO - 170.9
25 2.23 sept (6.7) 34.0 * overlapping signals; * interchangeable signals

26 1.03*,d (6.7) (3H) | 22.0

27 1.02*,d (6.7) (3H) | 22.1

28 1.05, s (3H) 28.3

29 0.85, s (3H) 16.2

30 1.01, s (3H) 25.9

1’a 473, brs 106.3

1’b 4.66,d (1.2)

* overlapping signals



'H NMR spectroscopic data of compounds 39, 41, 42, 46, 47 and 50 [& ppm (J =Hz), CDCls, 500 MHz (*H)]

Annex 6

Position 39 41 42 46 47 50

6 7.00, d (8.1) - - 7.02,d (7.6) 7.03,d (7.6) 7.04,d (8.0)

7 7.32,t(8.1) 6.99, d (8.8) 7.07,d (8.7) 7.34,1t(7.6) 7.36,1(7.6) 7.40,t (8.0)

8 7.14,d (8.1) 7.03,d (8.8) 7.05,d (8.7) 7.13,d (7.6) 7.16,d (7.6) 7.20,d (8.0)

9 2.64,s 2.55,s 2.77,s 2.73,s 2.64,s 2.66, s

1'a 4.95,d (17.2) 4.94,d (17.4) 5.11, d (16.9) 5.16, d (9.5) 5.16, d (9.5) 1.43,d (6.5)

1'b 5.18, d (11.3) 5.18,d (10.5) 5.08,d (10.1) 5.11,d (17.7) 5.11,d (17.7)

2' 6.00, dd (17.2, 11.3) 6.02, dd (10.5, 17.4) 6.15,dd (16.9, 10.1) | 6.16,dd (17.7,9.5) | 6.16,dd (17.7,9.5) | 4.80, q (6.5)

4'a 1.78,dd (14.1, 11.5) 1.78,dd (14.1, 10.6) 1.83,dd (14.1,12.2) | 2.08,d (14.0) 2.14,d (14.2) 2.54% dd (15.2, 2.5)
4' 1.88,dd (14.1,1.7) 1.89, dd (14.1, 1.6) 1.68, br d (14.1) 2.31,d(14.0) 2.37,d(14.2) 1.782dd (15.2,9.2)
5' 4.83,ddd (11.5,8.3,1.7) | 4.83,ddd (10.6,8.2,1.6) | 4.38, m - - 5.27, br d (9.2)

6' 5.36, d (8.3) 5.38, br d (8.2) 1.74, m, 2.26, m 3.69, s 3.68, s -

7 - - 2.81m 7.00, brs

8' 1.82,s 1.82,s 1.28,d(7.1) 5.39,d (4.5) 5.31,d(12.2) 1.84,s

9' 1.71,s 1.72,d (0.6) - 1.65, s 1.63,s -

10' 1.58,s 1.58,s 1.56, s 1.62,s 1.61,s 1.58,s

11’ - - 3.74,s - -

6(OH) - 5.05,s 4.85,s - -

8'(OH) - - 3.19,d (4.5) 3.02,d(12.2)

2 Signals may be reversed.



Annex 7

13C NMR data of compounds 39, 41, 42, 46, 47, and 50 (125 MHz, CDCls, 6 ppm)

Position 39 41 42 46 47 50
2 160.8 164.2 162.4 160.5 160.3 160.9
3 105.1 105.1 103.4 107.2 106.9 108.9
4 164.2 l61.1 167.4 160.1 160.0 167.4
4a 114.8 115.6 115.4 114.3 114.2 112.1
5 137.2 121.4 123.8 137.3 136.5 136.7
127.4 150.3 150.7 127.7 127.8 126.4
7 130.8 115.0 115.4 131.2 131.3 131.9
8 114.9 119.2 120.2 115.0 115.3 114.8
8a 154.1 148.5 148.7 154.1 154.2 156.1
9 23.8 13.8 12.6 24.0 23.8 21.3
1 114.3 114.2 111.6 113.1 113.3 15.6
2 144.6 144.7 145.8 144.5 1441 93.0
3' 38.0 38.1 36.6 36.3 36.6 45.4
4 42.4 42.5 43.5 39.3 39.3 36.3
5' 72.0 72.1 74.5 105.1 103.6 78.4
6' 122.7 122.8 38.7 62.7 63.6 129.6
7' 138.5 138.6 35.9 64.0 63.5 149.3
8' 25.8 25.8 17.3 98.4 98.3 10.5
9' 18.6 18.6 176.7 12.0 12.4 174.0
10' 26.1 26.2 24.8 25.3 25.8 23.2

11’ - - 52.0 - -



Annex 8

'H NMR spectroscopic data of compounds 51-56 [500 MHz, CDCls, 6 ppm (J =Hz)]

Position 51+52 53 54 55 56

6 7.01,d (8.0)/7.02d (8.0) 7.10,d (7.8) 7.10,d (8.0) 7.11,d(7.9) 7.08, d (8.0)

7 7.33, brt(8.0) 7.39,t(7.8) 7.38,t(8.0) 7.38,t(7.9) 7.38,t(8.0)

8 7.17,d (8.0) 7.19,d (7.8) 7.17,d (8.0) 7.18,d(7.9) 7.18,d (8.0)

9 2.68, s 2.72,s 2.74, s 2.74, s 2.67,s

1’a 2.60, m (2H) 5.22,d (17.5) 5.06,d (17.3) 4.96,d (17.4) 5.06,d (17.4)

1'b 1.98,dd (13.4,6.2) /2.03,dd (13.4,6.2) | 5.10,d (10.3) 5.09, d (10.5) 5.09, d (10.8) 5.14, d (10.6)

2’ 2.10,dd (13.4,6.2) /2.13,dd (13.4,6.2) | 6.19,dd (17.5,10.3) | 6.18,dd (17.3, 10.5) 6.02, dd (17.4, 10.8) 6.11, dd (17.4, 10.6)

4a 3.05, d (16.0)/2.99, d (16.6) 3.45,d (15.3) 3.61,d (14.0) 2.91d (13.7)*° 3.19,d (13.2)?

a'p 2.91,d (16.0)/2.94, d (16.6) 2.68, d (15.3) 2.41,d (14.0) 2.74d (13.7)%0 3.03,d(13.2)?

6’ 3.36,5/3.38, s 4.30, s 4.29,s - 4.55,d (17.3)®
- 4.51,d (17.3)®

8’ 1.41,s/1.43 s 1.41,s 1.44, s 2.06, s -

9’ 1.27,s 1.27,s 1.31,s 1.70, s -

10’ 1.60, s/1.57, s 1.66, s 1.65, s 1.57,s 1.66, s

7’-OH 3.54,s 3.86, brs - -

2 signals may be reversed

b data obtained from *H NMR record in benzene-ds at 328 K



Annex 9

13C NMR data of compounds 51-56 [125 MHz, CDCls, § ppm]

Position 51+52 53 54 55 56
2 162.8 161.1 161.1 161.1 160.9
3 161.2 114.2 116.4 109.6 116.6
4 99.98/99.95 168.9 168.2 166.1 167.0
4a 114.6/114.7 116.6 116.6 116.4 114.

5 136.59/136.61 | 135.4 135.3 135.9 137.1
6 127.6/127.7 128.1 128.1 128.3 128.3
7 130.7/130.8 131.2 131.1 131.2 131.6
8 115.3 114.8 114.8 114.9 115.0
8a 153.8 152.6 152.4 152.9 153.5
9 23.7/23.8 23.8 23.5 23.9 23.9

1 17.4 115.1 113.4 113.6 113.9
2 29.7/29.8 141.0 145.7 143.4 144.0
3’ 78.8/78.9 44.2 42.4 42.9 42.8

q 48.3/48.5 53.4 53.7 53.5 53.3

5’ 203.2/203.0 208.4 210.6 196.3 207.4
6’ 65.9/66.0 93.7 94.9 147.8 78.3

7’ 61.6/61.7 72.0 72.5 137.5 -

8’ 24.8/24.9 24.9 24.8 19.6 -

9’ 18.5/18.7 26.9 27.1 20.3 -

10’ 24.7/25.0 30.2 23.2 23.9 27.0



Annex 10
'H and *C NMR data of compound 58 [500 MHz (*H), and 125 MHz (*3C), CDCls, § ppm (J = Hz)]

Position | 'H NMR 13CNMR | Key HMBC correlations
2 - 161.0
3 - 103.8 H-6’
4 - 167.6 H-6
4a - 111.2 H-6, H-8, H-9
5 - 142.2 H-7, H-9, H-1’
6 7.00, d (7.8) 124.9 H-9
7 7.38,1(7.8) 132.2
8 7.20,d (7.8) 115.2
8a - 157.2 H-7, H-8
9 2.82, m 34.2 H-6
3.31, dd (13.2, 7.5)
1' 1.77, m 33.1
233, m
2' 5.70,dd (12.4,5.1) | 128.8 H-10’
3 - 1304 H-10’
4' 2.17,d (13.5) 37.6 H-2’, H-10’
3.03,d (13.5)
5' - 129.9 H-4’, H-8’
6' 3.50,d (10.1) 51.1
7' 2.68, m 37.3
8'B 3.54, d (10.5) 76.3
8'a 4.27,d (8.3)
9' 1.14, d (7.0) 12.2 H-8’

10' 1.98, s 26.9 H-2’, H-4’



Annex 11a

'H NMR spectroscopic data of compounds 59-61 [500 MHz, CDCls, 6 ppm (J =Hz)]

Position 59 (VP-54) 60 (VP-137) 61 (VP-138)
3 4.15,d (11.3) 3.21,d (11.6) 3.10,d (11.6)
6 6.71, d (8.0) 7.05, d (8.0) 7.04, d (8.0)
7 7.20, t (8.0) 7.30, t (8.0) 7.28,1(8.0)
8 6.78, d (8.0) 6.83, d (8.0) 6.80, d (8.0)
9 2.39,s 2.43,s 2.39,s
1'a 4.89,d (17.2) 5.12,d (17.5) 4.98,d (17.5)
1'b 4.78, d (10.6) 5.17,d (11.0) 5.04,d (11.0)
2' 5.65, dd (17.2, 10.6) 6.51, dd (17.5, 11.0) 5.90, dd (17.5, 11.0)
4'a 2.42,d(17.1) 2.51,d (18.0) 2.27,d (18.0)
4'g 2.23,d(17.1) 2.27,d (18.0) 2.60, d (18.0)
6' 3.43,d (11.3) 2.73,d (11.6) 2.72,d (11.6)
8' 1.56, s 1.51,s 1.50, s
9' 1.23,s 1.34, s 1.34, s
10' 1.04,s 1.12,s 1.73,s
Annex 11b

'H NMR spectroscopic data of compounds 62 (VP-145) and 63 (VP-140)

[500 MHz, CDCls, 6 ppm (J =Hz)]

Position 62 (VP-145) 63 (VP-140)
3 3.53,s 3.50, s

7 6.88, d (7.8) 6.87,d (7.8)

8 7.35,1(7.8) 7.34,1(7.8)

9 6.90, d (7.8) 6.90, d (7.8)

11 2.64,s 2.63,s

1a' 5.11,d (11.0) 5.09,d (17.4)
1b' 5.17,d (18.0) 5.05, d (10.7)

2' 6.26, dd (18.0,11.0) | 6.20,dd (17.4, 10.7)
4'a 2.50,d (13.0) 3.39,d (12.5)
4's 3.36,d (13.0) 2.18,d (12.5)

6' 4,19, s 4.22,s

8' 1.54,s 1.56, s

9' 1.29, s 1.37,s

10' 1.60, s 1.37,s



Annex 12

13C NMR data of compounds 59-63 (125 MHz, CDCls, § ppm)

Position 59 60 61 62 63
2 - - - 123.8 123.7
3 59.2 58.4 59.1 63.3 62.7
4 205.9 204.5 205.9 191.7 191.1
54a 127.3 132.2 132.7 119.0 119.1
65 137.5 140.0 139.6 142.4 142.5
76 123.4 128.5 128.4 126.1 126.3
87 132.6 132.2 132.0 134.8 134.7
98 116.4 123.5 123.3 115.8 115.9
108a 156.4 154.4 154.0 158.3 158.4
119 215 20.6 20.1 23.0 23.1
1 113.4 112.1 115.0 114.3 111.3
2' 143.1 145.7 140.8 142.3 148.6
3' 43.9 43.7 44.0 41.0 40.6
4 55.7 54.4 53.8 57.2 56.2
5' 214.4 2134 213.5 211.0 211.8
6' 59.7 56.3 56.8 87.0 86.7
7' 73.1 80.5 80.6 85.1 84.9
8' 30.4 26.1 26.1 27.8 27.6
9' 23.8 224 22.3 211 21.2
10' 20.4 20.7 27.3 32.2 20.0



