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Chapter 1

Introduction



Inflammation is an immune response to the living and non-living substances
such as viruses, bacteria, and fungi, as well as chemical components, toxins, and drugs
that occur in the body to repair the damaged tissues and maintain homeostasis.! Various
biomolecule and cellular signal pathways are involved in the process leading to
inflammation, resulting in clinical symptoms such as pain, edema, fever, and redness.??
Inflammation can be classified into two types, acute and chronic. Acute inflammation is
the initial, rapid response to pathogens, such as infections, toxic compounds, irritants,
and tissue damage.*® This process starts within minutes or hours and is of short duration,
lasting for several hours or a few days. The vascular reactions of acute inflammation
results in changes in the affected area, such as vasodilation, increased blood flow,
exudation of fluid-containing proteins exemplified by antibodies, and migration of
several different types of leukocytes, including granulocytes, monocytes, and
lymphocytes.®” In inflammatory response, endothelial cells are activated, and
leukocytes migrate through the wvessel wall. The principal leukocytes in acute
inflammation are neutrophils, followed by macrophages. Activated macrophages
produce a variety of inflammatory mediators, such as nitric oxide (NO), prostaglandins,
and pro-inflammatory cytokines. The balance of pro-inflammatory and anti-
inflammatory functions in macrophages is one of the critical regulatory factors for
maintaining cell and tissue homeostasis. For example, in the macrophages, the inducible
nitric oxide synthase plays a central role in producing a significant amount of NO.
However, excessive NO production can be detrimental to homeostasis. The controlled
inflammatory action is particularly beneficial, and it protects the body from infectious
organisms, including mycobacterium tuberculosis, protozoa, fungi, and other parasites.
In contrast, chronic inflammation derives from acute inflammation and is not beneficial
to the body. Chronic inflammation is associated with many pathophysiologic processes
and diseases, including asthma, Crohn’s disease, rheumatoid arthritis, rheumatoid
polymyalgia, tendonitis, bursitis, laryngitis, gingivitis, gastritis, otitis media, celiac
disease, diverticulitis, and inflammatory colitis.*®! Furthermore, it is clear that chronic
inflammation plays an essential role in the initial or progression of several age-related
diseases, such as atherosclerosis, obesity, diabetes, cancer, and Alzheimer’s disease.!?14
The detailed biomechanism of chronic inflammation leading to these diseases has not

yet been fully understood. However, due to the relationship between chronic



inflammation and diseases, treatments of inflammation, especially chronic inflammation,
have been recognized to be an important factor in elevating human quality of life.®

Several non-steroidal anti-inflammatory drugs (NSAID’s) such as aspirin,
clinoril, diclofenac, ibuprofen, ketoprofen, and naproxen have been approved for the
treatment of inflammatory diseases (Figure 1.1).16-% Although their structures are
wildly different, they have similar antipyretic, analgesic, and anti-inflammatory
properties by mitigating pain and delaying inflammatory reactions.?> Nevertheless,
the administration of these drugs for a long time might cause several side effects, which
can be determined to be highly risk of stroke, kidney problems, and heart attack
especially used in a higher dose, together with ulcers, upset stomach, and bleeding in
the intestine.?*?® Several medicinal plants have long been used in folk medicine to treat
inflammatory conditions including fevers, pain, migraine, and arthritis.>* ! Previous
studies have proven that various types of natural substances such as alkaloids,
diterpenoids, flavonoids, polyphenols, terpenoids, isolated from these medicinal plants
exhibit potential anti-inflammatory properties and insignificant detrimental impacts
(Figure 1.1).323 Thus, continuous searches for the natural anti-inflammatory inhibitor
from medicinal plants would be of interest for not only further discovering of promising
anti-inflammatory agent, but also providing traditional usages of the medicinal plants in
inflammatory-associated diseases.

Vietnam’s territory stretches from North to South, with a diversity of terrestrial
and aquatic ecosystems, including inland wetlands and marine ecosystems. It is
estimated that more than 12,000 plant species were found in Vietnam, and about one-
third of them (3,948 species) have been applied as medicinal plants in traditional
medicine.3*3" However, scientific evidences for the traditional usages of the most
medicinal plants, including their active components, has been not yet fully elucidated.
Identifying anti-inflammatory constituents in the medicinal plants that have been
traditionally used for the inflammatory-associated diseases might lead to the discovery
of novel anti-inflammatory agents. Thus, in this study, six species of plants, including
Boesenbergia pandurata (Zingiberaceae), Crinum asiaticum. L. var. anomalum Baker
(Amaryllidaceae), Curcuma sahuynhensis (Zingiberaceae), Globba pendula Roxb
(Zingiberaceae), Kaempferia champasakensis (Zingiberaceae), and Kaempferia

marginata Carey ex Roscoe (Zingiberaceae) were collected from Vietnam, and their



methanol, EtOAc, CHCl3, and n-hexane extracts with the five different concentrations
were tested for the NO production inhibitory activity against lipopolysaccharide (LPS)-
stimulated RAW264.7 macrophage cells. The assay revealed that the CHCI3 extract of
C. asiaticum showed the most potent NO production inhibitory activities [ICso: 30.89 +
0.62 (ug/mL)], followed by the n-hexane extract of K. marginata [ICso = 54.18 + 0.61
(ug/mL)]. The n-hexane and EtOAc extract of C. sahuynhensis and the CHCIs extract of
G. pendula showed moderate NO inhibitory activities with the 1Cso values 74.58 + 1.43,
72.84 + 0.67, and 87.52 + 4.87 (ug/mL), respectively. In contrast, the remaining extracts
of B. pandurata, C. asiaticum, C. sahuynhensis, G. pendula, K. champasakensis, and K.
marginata were not tested due to the cytotoxic effects (Table 1 and Table S1,
Supplementary data). Based on these observations, this study aims to isolate and
characterize potent compounds with the NO production inhibitory activities from the
two Vietnamese medicinal plants, K. marginata and C. asiaticum. As a result, this
chemical investigation led to the isolation of 36 compounds, including 15 unreported
compounds (1-12 and 32—34) and 21 known compounds (13—31, 35 and 36). The NO
production inhibitory assay revealed that ent-pimarane and isopimarane, together with
the 9,10-seco-isopimarane diterpenoids, showed moderated NO inhibitory activities.
Further investigation of the detail mechanism of the inhibitory activities of the isolated
flavan and flavan-3-ol revealed their effects on NF-xB signaling pathway through the
inhibition of LPS-induced IL6 production and p65 subunit phosphorylation of NF-kB.
Chapter 2 will discuss the isolation and structure elucidation of new compounds (1-12)
from the K. marginata rhizomes and the NO production inhibitory activities of all
isolated compounds. Finally, the isolation and structure elucidation of new compounds
(32—34) from C. asiaticum and their NO inhibitory activities will be discussed in
Chapter 3.
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Table 1. Inhibitory effects of different extracts on NO production in LPS-induced
RAW264.7 cells

Extracts ICs0® (ng/mL) Extracts ICs0® (ng/mL)
B. pandurata G. pendula

MeOH NT® MeOH > 100

EtOAC NT® EtOAC > 100

CHCl; NT® CHCl; 87.52 + 4.87°
n-Hexane NT® n-Hexane NT®

C. asiaticum K. champasakensis

MeOH 36.16 + 0.28° MeOH NT®

EtOAC NT® EtOAC NT®

CHCIs 30.89 £ 0.62° CHCIs NT®
n-Hexane NT® n-Hexane NT®

C. sahuynhensis K. marginata

MeOH > 100 MeOH > 100
EtOAC 72.84+0.67° EtOAC 86.63 + 2.03°
CHCIs NT® CHCIs NT®
n-Hexane 7458 £ 1.43° n-Hexane 54.18 + 0.61°
L-NMMA? 40.73 + 0.60°

& |Cso, half-maximal inhibitory concentration

® NT not tested due to the cytotoxicity

¢ Data are presented as mean + SD of three independent experiments performed in duplicated
¢ L-NMMA was used as a positive control
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Chapter 2

Constituents of the Kaempferia marginata Carey ex Roscoe

collected from Vietnam and their NO inhibitory activities
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2.1 Introduction

Kaempferia marginata Carey ex Roscoe is a small ginger of the Zingiberaceae
family. In Asian countries, K. marginata can be found in China, India, Myanmar, and
Thailand.®®° In Vietnam, K. marginata has been called K. galanga for a long period
due to their similar characteristics. Recently, a taxonomic analysis identified K.
marginata as a new record for the flora of Vietnam (Figure 2.1).*° The K. marginata
rhizomes have been locally used as an herb in food and a folk medicine for a long time.
For example, local people in Thailand use the roots and leaves of K. marginata for
curries as a flavoring, while they use the rhizomes as a medicine for treating allergy
symptoms, fevers, and swollen legs.** Chinese traditional medicine utilizes rhizomes to
cure abdominal pains, toothaches, coughs, and inflammatory tumours. In Vietnam, the
local people used tubers as a food spice, while they applied the rhizomes-alcohol
infusion for the relief of muscle aches and backaches.*?

Previous phytochemical investigations of the K. marginata rhizomes collected
from different locations detected isopimaradiene diterpenoids in extracts of this species
as major components. For example, the Thailand K. marginata rhizomes contain
pimarane diterpenoids with more than 30 sandaracopimaradienes, together with one
kavalactone, one diarylheptanoid, and three sterols.3®3%4® Meanwhile, cinnamate
derivatives, monoterpenes, sandaracopimaradienes, and steroids were isolated from the
Chinese K. marginata rhizomes.** Among these isolated compounds, pimarane
diterpenoids showed antiplasmodial, anti-tuberculosis, antifungal,*® and anti-
inflammatory activities.***> In contrast, the biological and chemical properties of the
Vietnamese K. marginata have not yet been fully elucidated, except for the isolation of
ethyl p-methoxycinnamate the Vietnamese K. galanga L. rhizomes (with the previous
botanical name).*®

As mentioned in Chapter 1, the n-hexane extract of the K. marginata rhizomes
showed the NO production inhibitory activity. Thus, the isolation of the active
compounds with the NO production inhibition activity from the rhizomes of K.

marginata was performed.
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2.2.  Extraction and isolation

The K. marginata rhizomes dried powder (1.5 kg) was macerated with methanol
under sonication (4 L, 90 min, x 4) at 30 °C. The methanol extract (30.3 g) was
triturated in water and successively partitioned with n-hexane, CHCIs, and EtOAc to
obtain the n-hexane (13.6 g), CHCIs (8.4 g), and EtOAc (3.1 g) extracts after removal of
the solvents using a rotatory evaporator. The n-hexane extract was further subjected to
silica gel column chromatography (C.C), eluting with n-hexane:EtOAc (95:5 to 0:100,
v/v), to give nine fractions F1—Fg. These fractions were further subjected to a series of
chromatographic separations, which led to the isolation of 31 compounds including
twelve new diterpenoids, marginols A-K (1-11), 14-epi-boesenberol F (12), and
nineteen known diterpenoids, boesenberol F (13), boesenberol J (14), kaemgalangol A
(15), kaemgalangol C (16), kaempulchraols B—D (17-19), kaempulchraols E, K, L, and
W (20-23), (569410c,13x)-pimara-6,8(14)15-trien-18-oic  acid  (24), 6-
actetoxysandaracopimaradien-9-ol-1-one (25), 6-acetoxysandaracopimaradien-1,9-diol
(26), sandaracopimaradien-1,9-diol (27), sandaracopimaradien-64,9/-diol-1-one (28),
sandaracopimaradien-1,6,9-triol (29), virescenol B (30), and virescenol C (31) (Figures
2.2, 2.3, and 2.4). Analyses of the 1D and 2D NMR and HRESIMS data elucidated the
chemical structures of all new compounds, and based on CD spectroscopic data, the
absolute configurations of 1-3, 8, and 9-12 were determined. Furthermore,
comparisons of NMR data with the literature previously reported identified the

structures of known compounds.

Figure 2.1 K. marginata from Vietnam
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K. marginata rhizomes (1.5 kg)

Methanol extract (30.3 g)

n-hexane extract (13.6 g)
‘ SiO, C.C [n-hexane (A)-EtOAc (B)]

Macerated with MeOH at 30 °C (4.0 L x 4)
Concentrated by rotary evaporator

Partitioned with n-hexane, CHCl,, EtOAc
at30°C (1.0L x 4)
Concentrated by rotary evaporator

95%A: 90%A: 90%A: 80%A: 70%A: 70%A: 50%A: 100% B
5% B 10% B 10% B 20% B 30% B 30% B 50% B
Fr1land2 Fr3 Fr4 Fr5 Fr 6 Fr7 Fr8
(1.80g) (0.62g) (1.409) (1.60 @) (2.419) (1.98 g) (1.46 g)

Sio,C.C Sio,C.C Sio,C.C ‘ sio,c.Cc | Sio,C.C Sio,C.C

17 (50 mg) 1(5.0mg) 3(10mg) 6(10mg) 2 (5.0mg)

21 (2.0 mg) 14(40mg) 7(5.0mg) 19(15mg) 9 (4.0 mg)

22 (30 mg) 20(2.0mg) 8(2.0mg) 26 (50 mg) 10 (2.0 mg)

24 (3.0 mg) 25(5.0mg) 28(30 mg) 11 (5.0 mg)

27 (6.0 mg) 15 (6.0 mg)

18 (20 mg)

29 (22 mg)

New compounds 30 (20 mg)

31 (20 mg)

Fr9
(2.390)

4 (6.0 mg)
5 (2.0 mg)
12 (2.5 mg)
13 (20 mg)
16 (5.0 mg)
23 (3.0 mg)

Figure 2.2 Extraction and isolation of compounds (1-31) from the n-hexane extract of

the K. marginata rhizomes
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the K. marginata rhizomes
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Figure 2.4 Structures of known compounds (13—31) isolated from the n-hexane extract

of the K. marginata rhizomes
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2.3 Structure elucidation of new compounds

2.3.1 Marginol A (1)

Compound 1 was isolated as a colorless oil. The molecular formula of 1 was
determined as Cz0H300-, indicating six degrees of unsaturation, based on a cationized
molecular ion peak at m/z 325.2134 [M + Na]* (calcd. for C2oH3002Na, 325.2138) in
HRESIMS, in conjugation with 1*C NMR data. Its IR spectrum showed the presence of
hydroxy (3468 cm™), carbonyl (1710 cm™?), and olefinic (1646 cm™?) functionalities.
The 'H NMR spectrum (Figure 2.5) displayed resonances, due to the terminal vinyl
protons (H-15, H-16ab), an olefinic proton (H-7), three methines including an
oxygenated proton (H-3, H-5, H-9), six methylene protons (H-1af, H-2af, H-6af, H-
11lap, H-12af, H-14ap), and three tertiary methyl singlet protons (Hsz-17, Hz-18, Hs-
20). The *C NMR spectrum (Figure 2.6) revealed 20 carbon resonances, which were a
carbonyl carbon (C-19), four sp? carbons (C-7, C-8, C-15, C-16), three methines (C-3,
C-5, C-9), three sp® quaternary carbons (C-4, C-10, C-13), six methylenes (C-1, C-2, C-
6, C-11, C-12, C-14), and three tertiary methyls (C-17, C-18, C-20). These NMR
spectroscopic data (Table 2.1) were highly similar to those of the ent-pimaradiene
diterpenoid, (4R,5S,9R,10S,13S)-ent-pimara-7,15-dien-19-oic acid (1').*" Isolation of
ent-pimarane diterpenoids have never been reported from the Thai and Chinese K.
marginata rhizomes. The significant differences were the presence of the resonances of
one oxygenated methine [43.74 (dd, J = 11.9, 4.0 Hz)/5c 76.9] and a formyl group [ 6
10.61 (s)/oc 207.9] in 1, instead of the methylene and carboxylic group resonances in 1',
suggesting 1 to be a substituent analog of 1' with the hydroxy and formyl groups. The
'H-'H COSY correlations, together with the HMBC correlations from Hsz-18/H3-20 to
C-5, from H2-6/H,-11 to C-8, from H-7 to C-9, and from H-7/Hs-17/H-15 to C-14,
confirmed that 1 was a pimarane diterpenoid with a A’-double bond (Figure 2.7a).
Furthermore, the HMBC correlations from Hs-18 to C-3/C-4/C-5/C-19 revealed the
attachment of the hydroxy and formyl groups at C-3 and C-4 in the structure of 1,
respectively. The coupling constant and the analysis of its NOESY spectrum supported
the relative configuration of 1 as follows (Figure 2.7b). The large coupling constant
value of 12.4 Hz at H-5 suggested the axial orientation of H-5. Furthermore, the
presence of NOESY correlations from H-5 to H-34/Hs-18/H-14/H-9/H-14 5/Hs-17/H-
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12/ indicated the g orientations of H-5, H-9, and the methyl groups at C-17 and C-18,
respectively. In contrast, the hydroxy group at C-3, the formyl group at C-4, and the
vinyl group at C-13 were assigned as a-orientation. Similarly, the methyl group at C-10
adopted a-orientation due to the NOESY correlation from H-19 to Hs-20. Thus, the
structure of 1 was confirmed to be the ent-pimara-7,15-diene type of diterpenoid,
mainly derived from ent-copalyl diphosphate via catalysis by an as-yet unidentified
diterpene synthase. The comparisons of its experimental and calculated CD spectra
determined the absolute configuration of 1 as follows. The CD spectrum of 1 showed a
negative Cotton effect value at 266 nm and a positive Cotton effect value at 303 nm due
to the presence of a formyl moiety at C-4, in good agreement with the calculated CD
spectrum from the model of (3R,4S,5S5,9R,10S,13S)-1 (Figure 2.8). Thus, 1 was
determined to be (3R,4S,5S,9R,10S,13S)-ent-pimara-3-hydroxy-7,15-dien-19-al, and

was named marginol A.

18
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Figure 2.5 'H NMR spectrum (400 MHz) of 1 in pyridine-ds
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Figure 2.6 1*C NMR spectrum (100 MHz) of 1 in pyridine-ds
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Figure 2.7 *H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 1 (b)

Exptl. 1
Calc. (3R,4S,55,9R,10S,13S)-1
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Figure 2.8 Experimental and calculated CD spectra of 1
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Table 2.1'H (400 MHz) and 3C (100 MHz) NMR spectroscopic data for 1 in pyridine-
ds [o'in ppm and J value in (Hz) in parentheses]

N 1

Position

OH oc
la 1.91 (dt,13.3. 3.4) 37.5
153 1.23 (m)
2a 2.30 (m) 29.0
2/3 2.10 (m)
30 3.74 (dd, 11.9, 4.0) 76.9
4 54.1
504 1.43 (dd, 12.4, 4.6) 52.9
6a 2.22 (m) 24.5
6/ 1.97 (m)

5.35 (br d, 3.6) 121.9

135.8

9 1.67 (m) 51.0
10 35.7
lla 1.29 (m) 22.2
1153 1.54 (m)
12 1.33 (m) 36.7
123 1.47 (m)
13 37.8
14 1.94 (m) 46.6
145 2.04 (m)
15 5.88 (dd, 17.4, 10.5) 150.9
16a 5.04 (dd, 17.4,1.4) 110.2
16b 4.98 (dd, 10.5, 1.4)
17 0.89 (s) 21.5
18 1.49 (s) 22.1
19 10.61 (s) 207.9

20 0.82 (s) 17.1
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2.3.2 Marginol B (2)

Compound 2 was isolated as a colorless oil. Its HRESIMS indicated an
anionized molecular ion peak at m/z 317.2124 [M — H] (calcd. for C20H2903, 317.2122)
assignable to the molecular formula C20Hz003, with an increase of 16 mass units over
that of 1. The IR spectrum of 2 displayed an absorption band at 1689 cm™ assignable to
the carbonyl group. In addition, it also showed a stronger and broader absorption band
than that of 1 at 3440 cm™ corresponding to the hydroxy group. No absorption bands
corresponding to ether group(s) were observed in the IR spectrum. This information
suggested that 2 could be an analog of 1 with either a carboxylic group instead of the
formyl group or one more hydroxy group on the main skeleton. 1D, 2D NMR, and CD
spectra analyses further proved the possibility of 2 being a structural analog of 1
(Figures 2.9 and 2.10). The 1D NMR data of 2 in conjugation with the HMQC data
showed the close structural resemblance between 2 and 1 (Table 2.2), suggesting that 2
shared the ent-pimara-7,15-diene type of skeleton observed in 1. The significant
difference was the absence of the formyl proton as well as the change in the chemical
shift at C-19, where the signal was shielded from oc 207.9 in 1 to &c 183.9 in 2. Another
difference was the presence of a singlet oxygenated methine proton signal at o4 3.62 in
2, instead of the methylene resonance [on 2.04/1.94 (each m)/&c 46.6] at C-14 of 1.
These differences suggested that 2 is not only the substituent analog of 1 with the
carboxylic moiety at C-4, but also the regioisomer of 1 that shifted the hydroxy group at
C-3to C-14. The carboxylic group was attached at C-4 based on the HMBC correlations
from Hs-18 to C-3/C-4/C-5/C-19. Furthermore, the HMBC correlations from H-7/Hs-
17/H-15 to C-14 indicated that the hydroxy group was located at C-14 (Figure 2.11a).
Therefore, the planar structure of 2 was assigned, as shown in Figure 2.3. The relative
configuration of 2 was established in the same way as those of 1, based on the coupling
constant (Table 2.2) and NOESY correlations as mentioned in Figure 2.11b. Compound
2 was thus supported to be an ent-pimarane diterpenoid. Furthermore, the NOESY
correlations from H-5 to H-3/H3-18 and from H-14 to Hs-17 suggested «-orientations of
the carboxylic and hydroxy groups at C-4 and C-14 (Figure 2.11b). In addition, ECD
spectrum of 2 was consistent with the calculated one of the (4R,5S,9S,10S,13R,14S)-2
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model (Figure 2.12). Hence, 2 was established as ent-pimara-14-hydroxy-7,15-dien-19-

oic acid with these absolute configurations and was named marginol B.
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Figure 2.10 *C NMR spectrum (125 MHz) of 2 in CDCls;
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() (b)

Figure 2.11 'H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 2 (b)
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Figure 2.12 Experimental and calculated CD spectra of 2
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Table 2.2 'H (500 MHz) and $3C (125 MHz) NMR spectroscopic data for 2 in CDCls [¢
in ppm and J value in (Hz) in parentheses]

N 2

Position

OH oc
la 1.88 (m) 39.8
153 1.11 (dd, 14.0, 4.3)
2a 1.87 (m) 19.7
2/3 1.47 (m)
3a 2.17 (d, 12.3) 38.1
30 1.06 (m)
4 43.9
54 1.48 (dd, 12.3, 4.3) 51.2
6a 2.48 (m) 24.4
6/ 2.24 (m)

5.73 (brd, 5.7) 127.5

136.2

9 2.10 (m) 46.2
10 35.6
lla 1.35 (m) 20.3
1153 1.62 (m)
12 1.93 (m) 27.5
123 1.33 (m)
13 41.3
145 3.62 (s)
15 5.87 (dd, 17.8, 10.9) 146.5
16a 5.11 (dd, 17.8,1.1) 114.1
16b 5.16 (dd, 10.9, 1.1)
17 0.88 (s) 22.3
18 1.24 (s) 29.1
19 183.9
20 0.76 (s) 14.4

OH-14 3.48 (s)
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2.3.3 Marginol C (3)

Compound 3 was obtained as a colorless oil with a molecular formula of
C22H3404, 42 mass units higher than that of 2, based on the HRESIMS analysis in
conjugation with the 3C NMR data, suggesting that 3 was an acetylated analog of 2.
The 1D NMR data of 3 (Table 2.3, Figures 2.13 and 2.14) was similar to those of 2,
except for the presence of resonances for the acetyl group [on 2.06/6c 20.8 (MeCOO-
14); 6c 170.4 (MeCOO-14)]. The HMBC correlations from H-14 to MeCOO-14/C-7/C-
9/C-15 allow us to locate the acetoxy moiety at C-14 (Figure 2.15a).

NOESY and CD spectrum analyses in the same way as those of 2 confirmed the
relative and absolute configurations of 3 as shown in Figures 2.15b and 2.16. Hence, 3
was determined to be (4R,5S,9S,10S,13R,14S)-ent-pimara-14-acetoxy-7,15-dien-19-oic

acid, and was named marginol C.
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Figure 2.13 *H NMR spectrum (400 MHz) of 3 in pyridine-ds

25



3, 11,
13 12, 17

18 \l,
1v10 16 2 20

7 5 9 4
] ] J I O T T [

] 1 J

LI L L B L B B

T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
ppm

Figure 2.14 *C NMR spectrum (100 MHz) of 3 in pyridine-ds
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Figure 2.15 'H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 3 (b)
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Figure 2.16 Experimental and calculated CD spectra of 3

26



Table 2.3 'H (400 MHz) and *C (100 MHz) NMR spectroscopic data for 3 in pyridine-
ds [o'in ppm and J value in (Hz) in parentheses]

N 3

Position

OH oc
la 1.91 (d, 14.2) 40.5
15 1.14 (m)
2a 2.30 (dt, 14.2, 3.7) 20.7
2/3 1.56 (dt, 13.7, 3.3)
3a 2.44 (m)
34 1.07 (m) 39.3
4 44.4
54 1.49 (dd, 12.1, 4.4) 51.5
6a 2.94 (dddd, 18.5,12.1,4.4,1.8) 25.5
6/ 2.39 (m)

6.05 (dd, 3.9, 2.1) 130.3

134.2

9 2.23 (m) 47.6
10 36.4
lla 1.39 (m) 21.9
1153 1.64 (m)
12 2.00 (dd, 14.0, 4.8) 29.8
123 1.42 (m)
13 39.3
145 5.40 (s) 81.2
15 5.98 (dd, 17.6, 10.8) 146.7
16a 5.11 (dd, 17.6, 1.4) 112.8
16b 5.07 (dd, 10.8, 1.4)
17 0.95 (s) 22.1
18 1.27 (s) 29.8
19 180.5
20 1.00 (s) 14.9
MeCOO-14 2.06 (s) 20.8

MeCOO-14 170.4
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2.3.4 Marginol D (4)

Compound 4 was obtained as a colorless oil. HRESIMS and 1D NMR deduced
the molecular formula to be CzH300s. The IR spectrum showed 3407 and 1706 cm™!
absorption bands, corresponding to hydroxy and carbonyl groups. The 1D NMR data of
4 (Table 2.4) were similar to those of the isopimara-8(9),15-diene type of diterpenoids,
which have also never been isolated from the China and Thai K. marginata species. In
particular, the 1D NMR (Figures 2.17 and 2.18) data of 4 was similar to those of
kaempulchraol D (19),*® which was also isolated in this study. However, the presence of
the carbonyl resonance (oc 215.1) in 4, instead of the absence of the methylene signal
[on 1.03, 1.67 (each m)/oc 39.7] at C-1 of 19 were observed as significant differences
between 4 and 19, indicating that 4 is a substituent analog of 19 with the keto group at
C-1. The 'H-'H COSY and HMBC correlations shown in Figure 2.19a established the
planar structure of 4 with the keto group at C-1. The relative configuration of 4 was
established in the same way as those of 19, based on the NOESY cross peaks of H-5/Hzs-
19/H-7 a/H-6 ¢, H3-18/H3-20, and H-74/H-14/Hs-17 (Figure 2.19b). Thus, the structure
of 4 was established as 64,14 «a-dihydroxyisopimara-8(9),15-diene-1-one, and named

marginol D.
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Figure 2.17 *H NMR spectrum (400 MHz) of 4 in CDCls
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Figure 2.18 *C NMR spectrum (100 MHz) of 4 in CDCls
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Figure 2.19 'H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 4 (b)
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Table 2.4 'H (400 MHz) and *3C (100 MHz) NMR spectroscopic data for 4 in CDCls [¢
in ppm and J value in (Hz) in parentheses]

N 4
Position
OH oc
1 215.1
2a 2.27 (m) 36.7
2/3 2.70 (m)
3a 1.62 (td, 9.3, 4.6) 40.3
30 1.88 (m)
4 334
S5a 1.54 (s) 53.0
6a 444 (t,2.1) 66.5
Ta 2.66 (m) 40.3
0 2.08 (m)
127.0
136.1
10 52.8
lla 2.75 (m) 22.5
1153 2.05 (m)
12 1.75 (dt,13.3, 5.7) 31.6
123 1.48 (m)
13 40.5
145 3.58 (s) 78.0
15 6.07 (dd, 17.4, 11.0) 142.3
16a 5.16 (dd, 17.4, 1.6) 115.9
16b 5.22 (dd, 11.0, 1.6)
17 1.06 (s) 23.1
18 1.37 (s) 25.6
19 1.01 (s) 32.3

20 1.66 (3) 21.3
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2.3.5 Marginol E (5)

Compound 5 was obtained as an amorphous solid. HRESIMS in conjugation
with 1D NMR data revealed its molecular formula to be CxoH3203. The IR spectrum
showed a characteristic absorption band indicative of the presence of the hydroxy group
in 5. The planar structure of 5 was established to be 7,11,14-trihydroxyisopimara-
8(9),15-diene, based on the 1D and 2D NMR data (Table 2.5, Figures 2.20, 2.21, and
2.22a). lts structure was similar to the sphaeropsidin E.*°® Particularly remarkable
differences were observed at C-7 and C-11 in the **C NMR data of 5, where the signals
for C-7 in 5 was deshielded from oc 65.5 in sphaeropsidin E to oc 69.9, while the signal
for C-11 was shielded from ¢c 65.5 in sphaeropsidin E to &c 63.7 in 5, suggesting that 5
is a stereoisomer of sphaeropsidin E at both C-7 and C-11 (Figures 2.20 and 2.21). The
coupling constant values of 13.0 Hz and 10.1 Hz were observed at H-5 and H-7,
respectively, and the NOESY correlations of H-5 to H-7 (Figure 2.22b) suggested that
the hydroxy group at C-7 was p-oriented in the equatorial form. In contrast, the
coupling constant values of 4.8 and 1.6 Hz between H-11 and H>-12 and the NOESY
correlations of H-5/Hs-19 and Hs-18/H3-20/H-11 indicated the «-orientation of the
hydroxy group at C-11 in the equatorial form. The a-orientation of the C-14 hydroxy
group was established based on NOESY correlation between H-14 and H-74. Hence, 5

was determined to be 7411a,14a-trihydroxyisopimara-8(9),15-diene, and named

marginol E.
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Figure 2.20 *H NMR spectrum (400 MHz) of 5 in CDCls
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Figure 2.21 *C NMR spectrum (100 MHz) of 5 in CDCls
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Figure 2.22 'H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 5 (b)
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Table 2.5 'H (400 MHz) and *3C (100 MHz) NMR spectroscopic data for 5 in CDCls [¢
in ppm and J value in (Hz) in parentheses]

- 5
Position
OH oc
la 1.49 (m) 36.7
153 1.80 (d, 12.7)
2a 1.58 (m) 18.8
2/3 1.52 (m)
3a 1.43 (d, 14.7) 41.5
30 1.20 (m)
4 33.2
S5a 1.33 (dd, 13.0, 1.6) 49.6
6a 2.15 (m) 28.9
6/ 1.50 (m) 69.9
Ta 450 (dd, 10.1, 7.3)
135.0
145.0
10 39.0
1153 4.23 (dd, 4.8, 1.6) 63.7
12 2.09 (dd, 14.7, 1.6)
123 1.66 (dd,14.7, 4.8) 43.4
13 40.3
145 4.19 (s) 74.6
15 6.22 (dd, 18.3, 10.5) 143.8
16a 5.25 (dd, 18.3,1.2) 116.0
16b 5.26 (dd, 10.51.2)
17 1.10 (s) 26.7
18 0.91 (s) 33.2
19 0.87 (s) 21.8

20 1.03 () 20.9
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2.3.6 Marginol F (6)

Compound 6 was isolated as an amorphous solid. Its molecular formula was
deduced to be C20H3004 with six degrees of unsaturation, based on a cationized
molecular ion peak at m/z 357.2026 [M + Na]* (calcd. for C22H3004Na, 357.2036) in the
HRESIMS and NMR data. The IR spectrum showed absorption bands at 3654 and 1710
cmL, indicating the presence of hydroxy and carbonyl groups, respectively. The *H and
3C NMR data of 6 (Table 2.6) were similar to those of the 9o-
hydroxysandaracopimarane type of diterpenoids.®® In particular, the 1D NMR spectra
(Figures 2.23 and 2.24) were similar to those of sandaracopimaradien-64,9a-diol-1-one
(28). However, the presence of an oxygenated carbon (¢ 79.2) at C-7 in 6 instead of the
methylene (oc 42.3) of 28 was observed, suggesting that 6 is a hydroxy derivative of 28
at this position. The *H-*H COSY and HMBC correlations (Figure 2.25a) confirmed the
attachment of the hydroxy group at C-7 in 6. Furthermore, the broad singlet methine
signal at H-7 suggested the axial/axial relationship between the C-5 and C-6 hydroxy
groups. This allowed us to establish their relative configurations as « and g,
respectively. The a-orientations of the hydroxy groups at C-9 and H-5 were established
based on NOESY correlations from the hydroxy proton at C-7 to the hydroxy proton at
C-9 via H-5, respectively (Figure 2.25b). Therefore, 6 was determined to be 64,7,9a-

trihydroxysandaracopimaradien-1-one and was named marginol F.
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Figure 2.24 3C NMR spectrum (100 MHz) of 6 in CDCls;
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Figure 2.25 'H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 6 (b)
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Table 2.6 *H (500 MHz) and 3C (125 MHz) NMR spectroscopic data for 6 in CDClz [&
in ppm and J value in (Hz) in parentheses].

Position 6

oM oc
1 218.9
2a 2.20 (ddd, 12.5, 4.6, 3.8) 37.6
2/3 2.91 (ddd, 13.5, 12.5, 4.6)
3a 1.70 (dd, 13.5, 3.8) 43.5
30 1.81 (dd, 10.0, 4.6)
4 34.1
5a 2.49 (d, 1.7) 45.4
6a 4.22 (brs) 73.6
0 3.81 (brs) 79.2
8 131.9
9 77.2
10 56.4
lla 2.08 (m) 28.5
1153 2.13 (dd, 14.9, 3.8)
12a 1.77 (dd,4.7, 2.1) 31.7
123 1.43 (m)
13 38.1
14 5.84 (br s) 142.6
15 5.85 (dd, 17.5, 10.5) 146.7
16a 5.06 (dd, 17.5,1.1) 112.2
16b 5.01 (dd, 10.5,1.1)
17 1.08 (s) 24.6
18 1.48 (s) 24.9
19 1.11 (s) 32.6
20 1.46 (s) 19.8
OH-7 4.13 (s)

OH-9 3.85 (br s)
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2.3.7 Marginol G (7)

Compound 7 was obtained as a colorless oil, with a molecular formula of
Ca2H3404 based on the HRESIMS and ¥C NMR data analyses. The IR spectrum
showed absorption bands indicative of hydroxy (3654 and 3436 cm™?) and carbonyl
(1713 cm™) groups. The 1D NMR data of 7 (Table 2.7, Figures 2.26 and 2.27) were
similar to those of 6. Notable differences between 6 and 7 were the appearance of
resonances for a non-oxygenated methylene [on1.81, 1.73/6c 27.7] at C-6 and the acetyl
group [on2.06/6c 21.8 (MeCOO-7); o&c 170.1 (MeCOO-7)] in 7, in which C-6 in 6 was
observed as the oxygenated methine (o1 4.22/6c 73.6). Furthermore, the signal for H-7
in 6 was deshielded from o+ 3.81 to o1 5.38 in 7, suggesting that 7 was an analog not
only with an acetoxy group at C-7, but also without the hydroxy group at C-6 of 6. The
'H-H COSY spin system of C(5)H-C(6)H2-C(7)H, as well as the cross peaks observed
in the main skeleton of 7, supported the absence of the hydroxy group at C-6 in 7. The
HMBC correlations from H-7/MeCOO-7 to MeCOO-7 confirmed the attachment of the
acetoxy group at C-7 (Figure 2.28a). The relative configurations of 7 were determined
by the same way as those of 6, where H-5 and the acetoxy group at C-7 adopted axial
form, while H-7 was an equatorial form. Furthermore, the «-orientations of H-5, the
hydroxy group at C-9, and the acetoxy moiety at C-7 were deduced from the NOESY
correlations from H-5 to the hydroxy proton at C-9, in conjunction with the absence of
the NOESY cross peak between H-5 and H-7 (Figure 2.28b). Consequently, 7 was
identified as 7a-acetoxy-9a-hydroxysandaracopimaradien-1-one and was named

marginol G.
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Table 2.7 H (500 MHz) and *C (125 MHz) NMR spectroscopic data for 7 in CDClz [&
in ppm and J value in (Hz) in parentheses]

- 7
Position
OH oc

1 217.4

2a 2.43 (m) 38.1

2/3 2.52 (m)

3a 1.77 (m) 39.2

30 1.65 (m)

4 32.2

S5a 2.74 (dd, 14.5, 3.7) 40.2

6a 1.81 (m) 271.7

6/ 1.73 (m)

0 5.38 (t, 2.9) 76.0
131.8
75.6

10 54.4

lla 2.15 (dt, 14.5, 3.7) 27.5

1153 1.99 (td 13.9, 3.2)

12 1.78 (m) 30.5

123 1.42 (m)

13 38.3

14 5.86 (d, 1.7) 144.5

15 5.78 (dd, 17.5, 10.5) 146.9

16a 5.00 (dd, 17.5, 1.0) 111.7

16b 4.96 (dd, 10.5, 1.0)

17 1.03 (s) 23.6

18 1.00 (s) 24.0

19 1.02(s) 315

20 1.12 (s) 17.3

OH-9 2.92 (br s)

MeCOO-7  2.05(s) 21.8

MeCOO-7 170.1
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2.3.8 Marginol H (8)

Compound 8 was obtained as an amorphous solid, and HRESIMS and 1D NMR
data deduced the molecular formula as CaoH2sO2, indicating seven degrees of
unsaturation. The IR spectrum indicated the presence of hydroxy and carbonyl groups in
8, based on the observations of absorption bands at 3482 and 1664 cm™?, respectively.
The 'H and 3C NMR data of 8 (Table 2.8, Figures 2.29 and 2.30) were similar to those
of (9R,10R,13R)-isopimara-5,8(14),15-trien-7-one (8").>° The significant difference in 8
was the presence of the oxygenated methine resonance (Jc 74.6), instead of the
disappearance of the methine resonance (dn 2.54/6c 44.6), which is consistent with the
16 mass unit higher molecular weight of 8 than 8'. Based on the HMBC correlations
from Hz-20 to C-9, from H-14 to C-9, and the other observed correlations, the location
of the hydroxy group was confirmed to be at C-9 (Figure 2.31a). Furthermore, the
NOESY correlations of H3-20/H-114/Hs-17 determined the f-orientations of the C-10
and C-13 methyl groups, while it allow us to assign the vinyl group at C-13 as an a-
orientation (Figure 2.31b). Considering the aforementioned relative configurations and
the structural features of 8 with a hydroxy group at C-9 and the double bond between C-
8 and C-14, 8 is considered to be a 9-hydroxysandaracopimarane derivative with an
additional double bond between C-5 and C-6. Therefore, | considered the relative
configuration of the hydroxy group at C-9 as «-orientation, as in the case of the
previously reported sandaracopimaranes. A comparison of the experimental and
calculated CD spectrum of 8 suggested the 9S, 10S, 13R-configurations (Figure 2.32).
Hence, the structure of 8 was established as (9S,10S,13R)-9-hydroxyisopimara-

5,8(14),15-trien-7-one, and 8 was named marginol H.
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Figure 2.30 1*C NMR spectrum (125 MHz) of 8 in CDCls
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Figure 2.31 *H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 8 (b)
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Table 2.8 H (500 MHz) and *C (125 MHz) NMR spectroscopic data for 8 in CDClz [&
in ppm and J value in (Hz) in parentheses]

N 8

Position
OH oc

la 2.10 (td, 12.9,5.3)
153 1.56 (m) 30.0
2a 1.68 (m) 175
2/3 1.73 (m)
3a 1.55 (m) 38.6
30 1.45 (td, 12.7, 4.3)
4 36.9
5 177.4
6 6.22 (S) 123.9
7 186.5
8 135.0
9 74.6
10 45.4
lla 1.76 (m) 25.0
1153 1.98 (td, 12.9, 3.4)
12 1.84 (m) 29.8
123 1.57 (m)
13 38.6
14 6.95 (d, 1.4) 145.9
15 5.87 (dd, 17.4, 10.6) 145.8
16a 5.08 (dd, 17.4, 0.9) 112.5
16b 5.04 (dd, 10.6, 0.9)
17 1.10 (s) 23.6
18 1.19 (s) 31.2
19 1.24 (s) 32.1

20 1.20 () 27.0
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2.3.9 Marginol I (9)

Marginol I (9) was isolated as a colorless oil with negative optical rotation
([e]??n —=32.5 in CHClI3). The molecular formula of 9 was established to be C20H3003 by
a cationized molecular ion peak at m/z 341.2090 [M + Na]" (calcd. for C20H300sNa,
341.2087), implying six degrees of unsaturation in the HRESIMS analysis. The IR
spectrum of 9 displayed absorption bands at 3419 cm~!, 1673 cm™, and 1114 cm™,
corresponding to the hydroxy group, a carbonyl group in an «,f-unsaturated six
membered ring, and an ether group, respectively. The *H NMR spectrum of 9 (Table 2.9,
Figure 2.33) indicated the presence of terminal vinyl protons (H-15, H-16ab), an
olefinic proton (H-14), an oxygenated methine proton (H-6), two non-oxygenated
methine protons (H-5, H-10), five methylene protons, three singlet methyl protons (H-
17, H-18, H-19), and one doublet methyl proton (H-20). The *3C NMR spectrum of 9
(Figure 2.34) in conjugation with the HMQC spectrum indicated 20 carbon resonances
assignable to one carbonyl carbon (& 199.1), four sp? carbons (& 114.9, 136.3, 143.9,
and 153.7), three quaternary carbons including a ketal or hemiketal carbon (oc 107.9),
three methine carbons including an oxygenated one (oc 77.3), five methylene carbons,
and four methyl carbons (& 15.9, 27.0, 27.7, and 29.3) (Table 2.9). The *H-'H COSY
spectra disclosed four partial structures, -C(2)H2-C(3)H2-, -C(20)H3-C(10)H-C(5)H-
C(6)H(0O)-C(7)H2-, -C(11)H,-C(12)H.-, and -C(15)H=C(16)H>, in 9 (Figure 2.35a). The
HMBC correlations from H»-2 to C-10, from H2-3 to C-18, from H-5, Hz-20, and the
hydroxy proton at C-1 (o4 7.74, OH-1) to C-1, from H-10 to C-4, from Hz-18 to C-3/C-
4/C-5/C-19, and from Hz-19 to C-3/C-4, C-5/C-18 indicated the presence of a 3-(1-
oxygenated-2-substituted-ethyl)-2,4,4-trimethylcyclohexane-1-oxygenated-1-ol ring in
9 (Figure 2.35a). The HMBC correlations from H»-11 to C-8/C-13 and from H-14 to C-
9/C-12 supported the presence of a 2,4-disubstituted cyclohex-2-en-1-one ring.
Meanwhile, the methyl and terminal vinyl groups were located at C-4, based on the
HMBC correlations from H-16 to C-13/C-15 and from Hz-17 to C-12/C-14. The HMBC
correlations from Hx-7 to C-9/C-14 allowed us to connect two partial structures, the
cyclohexane-1-oxygenated-1-ol ring and the cyclohex-2-en-1-one ring, via C-2 of the
ethyl moiety. The structure of 9 was similar to 15, except a C-1 dioxygenation,

suggesting that 9 is a 9,10-seco-isopimarane diterpene. Thus, the remaining HMBC
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correlations from H-6 to C-1 and C-10 allowed us to determine the 6-
oxabicyclo[3.2.1]octane-5-0l ring, including the aforementioned cyclohexane-1-
oxygenated-1-ol ring of 9.

The NOESY correlations between H-124 and Hs-17 determined the relative
configuration of 9 (Figure 2.35b). The p-orientations of H-124 and Hs-17 were
established from the NOESY correlations between H-124 and Hz-17. In contrast, the
NOESY correlations between H-12¢ and H-15 confirmed a-orientations of H-12« and
the vinyl group on the cyclohex-2-en-1-one ring. Meanwhile, the exo configuration at
C-6 on the 6-oxabicyclo[3.2.1]octane-5-0l ring was deduced from the NOESY cross
peaks of H-6/H-3/4/H3-19. Furthermore, the NOESY cross peaks from OH-1 to H-2,
from H-2¢ to H-10, and from H»-7 to Hz-20 indicated the anti configuration of C-10. A
comparison of the experimental and calculated CD spectrum of 9 suggested the
1R,5R,6R,10S,13R-configurations (Figure 2.36). Therefore, 9 was determined to be
(1R,5R,6R,10S,13R)-1-hydroxy-4,4,10-trimethyl-6-oxabicyclo[3.2.1]octane-9-0x0-9,10-
seco-isopimarane diterpene and was named marginol 1. To the best of our knowledge,
only artemilavanolides A and B were reported to have the 6-oxabicyclo[3.2.1]octane-5-
ol ring as the scaffold.>! Presumably, 9 could be biogenetically derived from the
sandaracopimaradien-6p,9a-diol-1-one, (28)°2 by a retro-aldol reaction and the
subsequent nucleophilic attack of the hydroxy oxygen at C-6, leading to the C-9-C-10
bond cleavage and ether bond formation between C-1 and C-6, respectively (Figure
2.37).
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— 9a (1R,5R,6R,10S,13R, calcd)
-------- 9b (1S,5S,6S,10R,13S, calcd)
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Figure 2. 36 Experimental and calculated CD spectra of 9
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Figure 2. 37 Plausible biosynthetic pathways of 9-11
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Table 2.9 H (400 MHz) and *C (100 MHz) NMR spectroscopic data for 9 in pyridine-
ds [o'in ppm and J value in (Hz) in parentheses]

N 9
Position
OH oc
1 107.9
2a 2.06 (m) 37.7
2/3 2.04 (m)
3a 1.18 (m) 34.1
30 1.69 (ddd, 19.2, 14.8, 7.3)
4 34.8
S5a 1.59 (d, 1.4) 58.1
6 4.32 (dd, 7.3, 7.2) 77.3
7a 2.88 (ddd, 13.1, 7.3, 0.8) 38.5
7b 2.77 (ddd, 13.1, 7.1, 0.6)
136.3
199.1
10 2.27 (9, 7.2) 40.9
lla 2.50 (ddd, 16.5, 10.1, 6.5) 35.5
1153 2.41 (m)
12 1.80 (m) 35.5
123 1.78 (m)
13 40.7
14 6.57 () 153.7
15 5.75 (dd, 17.4, 10.5) 143.9
16a 5.27 (dd, 17.4, 1.4) 114.9
16b 5.06 (dd, 10.5, 1.4)
17 1.13 (s) 27.0
18 1.00 (s) 27.7
19 0.89 (s) 29.3
20 1.43(d, 7.2) 15.9

OH-1 7.74 (s)
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2.3.10 Marginol J (10)

Marginol J (10) was obtained as a colorless oil with negative optical rotation
([a]%b —77.5 in CHCI3). A cationized molecular ion peak at m/z 355.2239 [M + Na]*
(calcd. for C21H3203Na, 355.2244) with 14 mass units higher than that of 9 was
observed in the HRESIMS of 10. Thus, | determined the molecular formula of 10 to be
C21H3203. The IR spectrum showed absorption bands at 1676 cm™ and 1119 cm!
corresponding to carbonyl and ether groups, respectively, while it lacked any bands
assignable to a hydroxy group, in contrast to the case of 9. The 1D NMR data of 10
(Table 2.10, Figures 2.38 and 2.39) was similar to those of 9. The only difference was
the presence of the methoxy group [dx 3.39 (S), oc 48.9, OMe-1] in 10 instead of the
hydroxy group at C-1 in 9. The presence of the methoxy group at C-1 in 10 was in
agreements with its HMBC correlations from H>-2 to C-1/C-4/C-10, from H»-3 to C-
1/C-18, from Hz-20 to C-1/C-5, and from the methyl proton of OMe-1 to C-1(Figures
2.40a). Based on NOESY correlations and comparison of the calculated ECD spectra,
the relative and absolute configurations of 10 were determined (Figures 2.40b and 2.41).
Thus, 10 was elucidated as 1-methoxy-4,4,10-trimethyl-6-oxabicyclo[3.2.1]octane-9-
0x0-9,10-seco-isopimarane, which is biogenetically derivable from 9 and was named
marginol J (Figure 2.37).
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Figure 2.38 'H NMR spectrum (500 MHz) of 10 in pyridine-ds
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Figure 2. 41 Experimental and calculated CD spectra of 10
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Table 2.10 *H (400 MHz) and 3C (100 MHz) NMR spectroscopic data for 10 in
pyridine-ds [&in ppm and J value in (Hz) in parentheses]

N 10
Position
OH oc
1 109.4
2a 1.89 (dd, 15.3, 6.2) 29.2
2/3 1.64 (m)
3a 1.20 (m) 34.5
30 1.60 (m)
4 335
S5a 1.53 (dd, 4.4, 1.6) 53.7
6 4.31 (dd, 7.4, 6.4) 76.9
7a 2.68 (dd, 12.4, 6.4) 37.9
7b 2.55 (m)
135.8
199.1
10 2.58 (m) 35.9
lla 2.47 (dd, 10.3, 3.4) 35.3
1153 2.41 (m)
12 1.80 (m) 35.5
123 1.78 (m)
13 40.5
14 6.56 (S) 153.8
15 5.78 (dd, 17.4, 10.5) 144.0
16a 5.25 (dd, 17.4,0.9) 114.9
16b 5.06 (dd, 10.5, 0.9)
17 1.15(s) 27.8
18 0.99 (s) 28.7
19 0.88 (s) 30.9
20 1.17 (d, 7.3) 13.2

OMe-1 3.39 48.9
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2.3.11 Marginol K (11)

Marginol K (11) was obtained as an amorphous powder. Its molecular formula
was established as C20H2804, accounting for seven degrees of unsaturation, based on a
cationized molecular ion peak at m/z 355.1881 [M + Na]" (calcd. for C2oH280sNa,
355.1880) in HRESIMS, in conjugation with 3C NMR data. Its IR spectrum displayed
absorption bands at 1739, 1712, 1673, and 1152 cm™2, in which the first three and the
last one suggested the presence of carbonyl and ether groups in 11, respectively. The
spectroscopic data of 11 was similar to those of 9 (Table 2.11, Figures 2.42 and 2.43).
The notable differences in these spectra were the appearances of resonances assignable
to lactone [oc 173.9 (C-1)] and acetyl [+ 2.22 (s, H-20)/6c 35.9 (C-20), &c 207.7 (C-10)]
moieties in 11, instead of the disappearances of those of the C-1 hemiketal and C-10
methine groups in 9. The presence of a 4-methyl-2-methylene-4-vinylcyclohex-2-en-1-
one ring in 11 was established based on *H-'H COSY and HMBC correlations, as in the
case of 9 and 10 (Figure 2.44a). Moreover, the NOESY correlations between H-124 and
Hs-17 revealed the p-orientations of H-124 and Hs-17. In contrast, the NOESY cross
peak between H-12« and H-15 suggested the «-orientations of H-12« and the vinyl
group at C-13 of the cyclohex-2-en-1-one ring (Figure 2.44b). These data suggested that
11 was a bicyclic ring-rearranged analogue of 9, and were further supported by the
observation of a linear spin system between Hz-2 and H2-3 in the H-'H COSY
spectrum and cross peaks from H>-2 to C-1 and C-4, from H»>-3 to C-1 and C-5, and
from H-6 to C-1 and C-4. The rearranged ring in 11 was thus determined to be the
oxepan-2-one ring. Furthermore, the attachment of the germinal methyl groups at C-4
and acetyl moiety at C-5 were established from the HMBC correlations from H-3 to C-
18/C-19, from Hs-18 and Hz-19 to C-3/C-4/C-5, from H-6 to C-10, and from Hs-20 to
C-5. The NOESY correlations between H-6 and Hz-19 and between Hs-18 and H3-20
suggested the p-orientations of H-5, H-6, and Hz-19. The absolute configuration of 11
was assigned as shown in Figure 2.45. Based on these results, the structure of 11 was
confirmed as (5R,6R,13R)-4,4,10-trimethyl-1-oxepanone-9,10-diketo-9,10-seco-
isopimara-8(14),15-diene with the rare oxepanone ring and 11 was named marginol K.
Presumably, 11 could be a biogenetical product obtained via hydroxylation of 9 at C-20
or, as in case of 9, via 9,10-bond cleavage bicyclic ring formation of A to form B,
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followed by 1,10-Grebe-type bond cleavage of B and oxidation of the resulting olefin
(Figure 2.37).
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Figure 2.44 'H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 11 (b)
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Figure 2. 45 Experimental and calculated CD spectra of 11
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Table 2.11 *H (400 MHz) and $3C (100 MHz) NMR spectroscopic data for 11 in CDCls
[0in ppm and J value in (Hz) in parentheses]

N 11
Position
OH oc
1 173.9
2a 2.45 (m) 30.6
2/3 2.58 (td, 13.9, 2.2)
3a 1.28 (m) 32.1
30 2.16 (m)
4 34.6
50 2.64 (br s) 62.4
6 4.66 (dd, 9.8, 3.9) 72.5
7a 2.68 (ddd, 13.5, 3.9, 1.0) 37.0
7b 2.28 (m)
133.6
199.6
10 207.7
lla 2.41 (m) 35.0
1153 2.33 (m)
12 1.87 (m) 35.0
123 1.85 (m)
13 40.1
14 6.55 (S) 1156.1
15 5.67 (dd, 17.4, 10.5) 142.1
16a 5.05 (dd, 17.4, 1.0) 115.2
16b 5.02 (dd, 10.5, 1.0)
17 1.17 (s) 27.7
18 0.89 (s) 29.3
19 1.04 (s) 27.2

20 1.22 (s) 35.9
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2.3.12 14-epi-boesenberol F (12)

Compound 12 was obtained as a white powder, and its molecular formula was
assigned to be C»1H3403 on the basis of HRESIMS. The IR spectrum of 12 displayed
absorption bands at 3331, 2925, and 1460 cm™, indicative of hydroxy and olefinic
groups in 12. The planar structure of 12 was similar to that of boesenberol F (12’)%* as
supported by the *H and *C NMR data (Table 2.12, Figures 2.46 and 2.47) and the
cross peaks observed in the 'H-'H COSY and HMBC spectra (Figure 2.48a). The
hydroxy group at C-7 was deduced as the a-orientation, based on the NOESY cross
peaks from H-5« to H-1a, H-3¢, and the hydroxy proton of OH-7. Similarly, the
methoxy group at C-14 was adopted as «a-orientation due to the NOESY correlations
from H-1to Hs-20 and from H-74to H-144, as well as from H-144 to Hz-17 (Figure
2.48b). Thus, 12 was determined to be 14-epi-boesenberol F.

The previous study successfully determined the absolute configuration of the
isopimarane diterpenoid without significant chromophore, by using acetonitrile with
lower absorption as the solvent.>® Accordingly, the absolute configuration of 12 was
determined by comparing the ECD spectrum measured in acetonitrile with the
calculated CD spectra of models of 5S,6S,7S,10S,13R,14S (12a) and its enantiomer
(12b). The calculated spectrum of 12 showed the negative Cotton effect on the short-
wavelength side, consistent with the calculated CD curve for 12a (Figure 2.49).
Therefore, 12 was determined to be (5S,6S,7S,10S,13R,14S)-14-methoxyisopimara-

8,15-dien-6,7-diol, and was named 14-epi-bosenberol F.
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Table 2.12 H (400 MHz) and $3C (100 MHz) NMR spectroscopic data for 12 in CDCls
[0in ppm and J value in (Hz) in parentheses]

12
Position
OH oc

la 1.13 (m) 39.2

18 1.65 (m)

2a 1.51 (m) 19.2

23 1.69 (m)

3a 1.29 (m) 42.9

3 1.40 (m)

4 33.8

S5a 1.56 (d, 1.4) 48.8

6a 4.26 (br s) 70.7

78 3.75 (br s) 74.2
125.4
146.5

10 385

1lla 2.19 (m) 21.0

115 1.99 (td, 12.9, 3.4)

12a 1.67 (m) 33.1

128 1.47 (m)

13 40.6

145 3.59 (br s) 91.2

15 6.07 (dd, 18.1, 10.8) 142.6

16a 5.12 (dd, 18.1, 1.7) 113.4

16b 5.08 (dd, 10.8, 1.7)

17 1.10 (s) 24.3

18 1.03 (s) 335

19 1.22 (s) 245

20 1.34 (s) 22.1

OH-7 3.72 (brs)

OMe-14 3.58 (s)
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2.4  Contents of isolated compounds 9—-11 and 15 in extracts

It is noted that the 9,10-seco-isopimarane diterpenoids 9—-11 and 15 have never
been isolated from the K. marginata species in the world. To confirm that these isolated
compounds were not artificial, the LC-MS analysis of the n-hexane, CHClI3, and EtOACc
extracts of the rhizomes of the K. marginata were performed. The results showed that
9-11 and 15 were found in three extracts (Figures S1 and S2). The qualifications and
contents of these isolated compounds in the extracts are summarized in Table S2.
Namely, compounds 9—-11 were mainly found in the n-hexane extract, with amounts of
6.63 = 0.04 mg/g, 0.78 + 0.02 mg/g, and 6.78 + 0.10 mg/g, respectively. Compound 15
was found to be mainly distributed in the CHCIz extract at 5.38 = 0.10 mg/g, in the
EtOAcC extract at 4.15 + 0.08 mg/g, and the n-hexane extract at 3.50 + 0.13 mg/g.

2.5  NO production inhibitory activities of isolated compounds from the K.
marginata rhizomes

To evaluate the NO production inhibitory activities, all of the isolated
compounds were tested for the cytotoxic effects on RAW264.7 macrophage cells. The
isolated compounds 2, 4-7, 9-12, 15, 16, 20, 21, 25, 27, and 28 without showing
cytotoxicity against the RAW?264.7 cells (Table S3, Supplementary data) were further
investigated for the NO production inhibitory activities against LPS-stimulated
RAW274.7 cells. L-NMMA was used as a positive control (ICso = 40.73 + 0.60 uM). As
shown in Table 2.13, compounds 2, 4-7, 9, 11, 12, 15, 25, and 28 exhibited potent
activities for the NO production inhibitory in LPS-stimulated RAW264.7 cells, with the
ICso values ranging from 65.04 to 96.10 uM. In contrast, 10, 16, 20, 21, and 27 did not

show any NO production inhibitory activity.
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Table 2.13 Inhibition of NO production of 1-31 from the K. marginata rhizomes and
positive control, L-NMMA

Compounds ICs0? (uM) Compounds ICs0? (UM)

1 NTP 17 NTP

2 86.59 + 1.93¢ 18 NTP

3 NT 19 NTP

4 89.02 + 2.13° 20 > 100

5 96.10 + 4.64° 21 > 100

6 68.51 + 1.86° 22 NTP

7 74.97 £0.73¢ 23 NTP

8 NTP 24 NTP

9 81.93 + 0.58° 25 78.03 + 1.13°
10 > 100 26 NTP

11 87.70 + 3.38¢ 27 > 100

12 65.04 + 0.76° 28 86.63 + 2.03°
13 NTP 29 NTP

14 NTP 30 NTP

15 84.97 + 1.74° 31 NTP

16 > 100 L-NMMA® 40.73 + 0.60°

2 1Cso, half-maximal inhibitory concentration

b NT not tested due to the cytotoxicity

¢ Data are presented as mean + SD of three independent experiments performed in
duplicated

4 L-NMMA was used as a positive control
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2.6 Summary of chapter 2

Twelve undescribed diterpenoids, including eight isopimarane diterpenoids,
marginols A—H (1-8), three 9,10-seco-ispimarane diterpenes, marginols I-K (9-11),
and one isopimara-8(9),15-diene diterpene, 14-epi-boesenberol F (12), together with 19
known diterpenoids (13—31) were isolated from the n-hexane extract of the Vietnamese
K. marginata rhizomes. The isolated compounds 2, 4-7, 9, 11, 12, 15, 25, and 28
displayed potent NO production inhibitory activity against LPS-stimulated RAW264.7
cells, with the 1Cso values ranging from 65.04 to 96.10 uM. These findings shed light on
the chemodiversity of the K. marginata rhizomes in Vietnam and their traditional use in

the treatment of inflammatory-associated diseases in terms of chemical compositions.

62



Chapter 3

Constituents of the Crinum asiaticum L. var. anomalum Baker

collected from Vietnam and their NO inhibitory activities
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3.1 Introduction

Crinum asiaticum L. var. anomalum Baker is a perennial plant that belongs to
the genus Crinum (Figure 3.1).°® Vietnamese C. asiaticum was known as “Ngai to” or
“Nang”, and the local people use the leaf extracts for the treatment of coughs, fevers,
and inflammation, without scientific evidence.®®” The genus Crinum has been
investigated due to their alkaloid components with various biological activities,
including antiplasmodial,>® antibacterial, > antiviral,®® anti-malarial ®* and cytotoxic
activities.®> However, to the best of our knowledge, the chemical constituents and
biological activities have never been reported for any parts of C. asiaticum var.

anomalum.

3.2 Extraction and isolation

The dried powder of C. asiaticum (0.5 kg) was sonicated in methanol for 48 h
(4.0 L x 3) (Figure 3.2). Then, the methanol extract (32.8 g) was suspended in distilled
water, and partitioned successively with n-haxane (500 mL x 4), CHClz (500 mL x 4),
and EtOAc (500 mL x 4), to give 4.95, 12.8, and 3.5 g of the n-hexane, CHCIs, and
EtOAcC extracts, respectively. Open silica gel C.C of the CHCIs extract, eluted with
CHCI3:MeOH (100:0 to 60:40, v/v) afforded 21 fractions (500 mL each), and the
fractions were combined, based on the TLC profiles. As a result, eleven fractions F1—F11
were obtained. Serial chromatographic separations from these fractions led to isolation
of five compounds, including three new flavanols, (2R,3S)-7-methoxy-flavan-3-ol (32),
(2R,3S)-7-hydroxy-flavan-3-ol (33) and (2R,3S)-2'-hydroxy-7-methoxy-flavan-3-ol (34),
and two known flavans, (2S)-4'-hydroxy-7-methoxyflavan (35) and (2S)-7,4'-
dihydroxyflavan (36). Structure elucidation of new compounds 32—34 were achieved by
analyses of 1D and 2D NMR and HRESIMS data, in conjunction with the CD spectra
analysis. Meanwhile, comparisons of their spectroscopic data with those reported in

literatures identified structures of the known compounds 35 and 36.
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Figure 3.1 Crinum asiaticum L. var. anomalum Baker

C. asiaticum (0.5 kg)

Macerated with MeOH at 30 °C (4.0 L x 3)
Concentrated by rotary evaporator

MeOH extract (32.8 g)

Partitioned with n-Hexane, CHCI;, EtOAc at 30 °C
(500 mL x 4)
Concentrated by rotary evaporator

CHCI, extract (12.8 g)

Sio,C.C
[CHCI, (A)-MeOH (B)]
100% A 100% A 95% A: 90% B: 70% B: 60% B:
5% B 10% C 30% C 40% C
Fr.1 Fr. 2 Fr. 3 Fr. 4-6 Fr. 7 and Fr. 8 Fr. 9-11
(1.50 g) (1.60 g) (1.03 g) (4.19 g) (1.92 g) (2.41 g)
‘ Sio,C.C ‘ Sio,C.C
32 (5.9 mg) 34 (6.8 mq) New compounds
33 (1.8 mg)
35 (2.1 mg)
36 (5.6 mg)

Figure 3.2 Extraction and isolation procedure of compounds from CHCIs extract of C.

asiaticum
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Figure 3.3 Structures of new compounds (32—-34) and known compounds (35 and 36)
isolated from the chloroform extract of C. asiaticum
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3.3 Structure elucidation of new compounds
3.3.1 (2R,3S)-7-Methoxy-flavan-3-ol (32)

Compound 32 was obtained as a colorless oil, with a negative optical rotation
[]?*0 —26.5 (¢ 0.1, MeOH). The IR spectrum indicated the presence of the hydroxy
group (3428 cm™t) and the aromatic ring (1624 and 1588 cm™) in 32. The UV spectrum
showed absorption maxima at 209, 218, and 282 nm, which are characteristic of the
flavan skeleton. The molecular formula of 32 was determined to be Ci6H1603, on the
basis of the quasi-molecular ion peak at m/z 279.0984 [M + Na]* (calcd. for
Ci6H1sNaO3, 279.0992) observed in the HRESIMS and *C NMR data. The *H NMR
spectrum displayed signals corresponding to a methoxy group (OMe-7), a methylene
group (H-4ax and H-4eq), two oxygenated protons (H-2 and H-3), and eight aromatic
protons (H-5, H-6, H-8, H-2', H-3', H-4', H-5", H-6") (Figure 3.4). The *C NMR and
HMQC spectra indicated 16 carbon resonances, which are a methoxy (OMe-7), a
methylene (C-4), two oxygenated methines (C-2 and C-3), and twelve aromatic carbons
including four non-protonated carbons (C-7, C-9, C-10, and C-1') and eight methine
carbons (C-5, C-6, C-8, C-2', C-3', C-4', C-5', C-6") (Figure 3.5). The 1D NMR data of
32 (Table 3.1) were similar to those of (2R,3R)-7-methoxy-flavan-3-ol (32').8* The
COSY correlations between H-5 and H-6, in conjunction with the correlation of the
methoxy protons (o4 3.73) to C-7 (&c 160.9) in the HMBC analysis, indicated that the
methoxy group was attached to C-7 (Figure 3.6a). Significant differences were the
changes in the chemical shifts at C-2 (¢c 83.1) and C-3 (&c 68.7) in 32, as compared
with those of C-2 (& 80.4) and C-3 (& 67.7) in 32', suggested that 32 was a
stereoisomer of 32'. The relative configuration of 32 was assigned via the coupling
constant values, in conjunction with the NOSEY correlations. The coupling constants
between H-3 and H-4eq (J = 5.1 Hz) and between H-3 and H-4ax (J = 8.0 Hz)
suggested that H-3 was a pseudo-equatorial orientation. In contrast, the coupling
constant between H-2 and H-3 (J = 7.2 Hz) and the NOESY correlations between H-2
and H-4ax suggested that H-2 was a pseudo-axial orientation (Figure 3.6b).%-% The CD
spectrum analysis of 32, which showed positive and negative Cotton effects at 241 and
285 nm, similar to those of (2R,3S)-catechin-7-O-4-D-glucopyranoside, respectively,
suggested the absolute configurations of C-2 and C-3 in 32 to be R and S, respectively

67



(Figure 3.7).% Thus, structure of 32 was determined to be (2R,3S)-7-methoxy-flavan-3-

ol.
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Figure 3.4 *H NMR spectrum (500 MHz) of 32 in methanol-da
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Figure 3.5 *C NMR spectrum (125 MHz) of 32 in methanol-da
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(a) (b)

Figure 3.6 *H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 32 (b)
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Figure 3.7 Experimental CD spectra of 32—-34
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Table 3.1H (500 MHz) and *C (125 MHz) NMR spectroscopic data for 32 in
methanol-d4 [6in ppm and J value in (Hz) in parentheses]

N 32

Position

OH oc

4.82,d (7.2) 83.1

4.08, ddd (8.0, 7.2,5.1) 67.1
Aax 2.73,dd (15.8, 8.0) 33.2
deq 2.90, dd (15.8,5.1)
5 6.96, d (8.4) 131.3
6 6.48, dd (8.4. 2.4) 108.5
7 160.9
8 6.42,d (2.4) 102.1
9 156.1
10 113.6
1 140.8
2' 7.39%, m 128.1
3 7.39%, m 129.3
4 7.30, m 129.0
5 7.39%, m 129.3
6’ 7.39%, m 128.1
OMe-7 3.73, s 55.7

& Qverlapping resonances within the same column
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3.3.2 (2R,3S)-7-Hydroxy-flavan-3-ol (33)

Compound 33 was isolated as a colorless oil, with a negative optical rotation
[a]**0 -51.0 (c 0.1, MeOH). Its IR spectrum indicated the presence of the hydroxy
(3436 cm™) group and an aromatic ring (1627 and 1512 cm™) in the molecule. Its
molecular formula was assigned as Ci1sH1403, on the basis of the quasi-molecular ion
peak at m/z 241.0867 [M — H] (calcd. for Ci5H1303, 241.0870) observed in the
HRESIMS and *C NMR data. The H and 3C NMR data of 33 recorded in DMSO-ds
(Table 3.2, Figures 3.8 and 3.9) showed similar patterns to those of 32. The significant
difference was the presence of the hydroxy group [ 9.20 (br s, OH-7); éc 156.7 (C-7)],
instead of the methoxy group.

The HMBC correlations from the hydroxy proton to C-6/C-7/C-8 indicated the
location of the hydroxy group at C-7 (Figure 3.10a). The observation of the coupling
constant of 7.6 Hz between H-2 and H-3 in the 'H NMR data and the NOESY
correlations determined the same relative configurations at C-2 and C-3 of 33 as those
of 32 (Figure 3.10b). The CD spectrum of 33 showed similar Cotton effects to those of
32, indicating that both compounds shared the same absolute configuration (Figure 3.7).

Consequently, 33 was determined as (2R,3S)-7-hydroxy-flavan-3-ol.

ppm
Figure 3.8 'H NMR spectrum (400 MHz) of 33 in DMSO-ds
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Figure 3.9 13C NMR spectrum (125 MHz) of 33 in DMSO-ds
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Figure 3.10 *H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 33 (b)

72



Table 3.2H (400 MHz) and *C (100 MHz) NMR spectroscopic data for 33 in DMSO-
ds [0'in ppm and J value in (Hz) in parentheses]

33
Position

OH oc
2 4.77,d (7.6) 81.2
3 3.98, ddd (8.1, 7.6, 5.0) 66.4
4ax 2.66, dd (15.8, 8.1) 325
deq 2.74,dd (15.8, 5.0)
5 6.86, d (8.2) 130.2
6 6.31, dd (8.2. 2.5) 108.3
7 156.7
8 6.21, d (2.5) 102.3
9 154.5
10 111.0
1 139.7
2! 7.39%, m 128.1
3 7.39%, m 127.2
4' 7.32, m 127.7
5 7.39%, m 127.2
6’ 7.39%, m 128.1
OH-7 9.20, brs

& Qverlapping resonances within the same column
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3.3.3 (2R,35)-2'-hydroxy-7-methoxy-flavan-3-ol (34)

Compound 34 was obtained as a colorless oil, with a negative optical rotation
[]?%0 —42.0 (c 0.1, MeOH). Its molecular formula was deduced as C16H1604 from the
NMR and negative-ion HRESIMS data (m,z 271.0972 [M — HJ, calcd. for C16H150s4,
271.0976), and was 16 amu higher than that of 32. The NMR spectroscopic data (Table
3.3) (Figures 3.11 and 3.12) were similar to those of 32, except for the appearance of an
additional hydroxy group [+ 9.60 (br s, OH-2'); C-2' ¢&c (154.5)]. The HMBC
correlations from H-2 to C-2 and from H-4' and H-6' to C-2’ indicated that an additional
hydroxy group was attached at C-2" (Figure 3.13a). The relative configuration of 34 was
assigned to be the same as those of 32, based on the *H NMR and the NOESY
correlations (Figure 3.13b). The CD spectrum of 34 was also quite similar to those of 32
and 33 (Figure 3.7). Thus, 34 was determined to be (2R,3S)-2’'-hydroxy-7-methoxy-

flavan-3-ol.

Figure 3.11 *H NMR spectrum (400 MHz) of 34 in DMSO-ds
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Figure 3.12 1*C NMR spectrum (100 MHz) of 34 in DMSO-ds

(@) (b)

Figure 3.13 'H-'H COSY correlations (bold lines) and key HMBC (arrows) (a) and
NOESY (dashed arrows) correlations of 34 (b)
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Table 3.3H (400 MHz) and *C (100 MHz) NMR spectroscopic data for 34 in DMSO-
ds [0'in ppm and J value in (Hz) in parentheses]

N 34

Position
OH oc

2 5.24,d (5.5) 76.2
3 4.21, ddd (6.2, 5.5, 4.4) 64.0
dax 2.61, dd (15.9, 6.2) 30.7
4eq 2.68, dd (15.9, 4.4)
5 6.94, d (8.5) 130.4
6 6.45, dd (8.5. 2.5) 106.7
7 158.8
8 6.39, d (2.5) 100.5
9 154.9
10 112.3
1 125.9
2' 154.5
3 6.84,dd (8.1, 1.1) 115.2
4 7.08, m 128.5
5 6.76,td (7.4, 1.1) 118.8
6’ 712, m 126.8
OMe-7 3.69, s 55.0

OH-2' 9.60, brs
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3.4  Contents of isolated compounds in extracts

The LC-MS/MS analysis determined the presence of the isolated compounds
32-36 in the extracts. The results indicated that 32—36 were distributed in the CHCIs
extract. In contrast, only trace amounts of 32 and 33 were found in the EtOAcC extract,
confirming the good extraction with the CHCIs during the liquid/liquid partition process
(Figure S3, Supplementary data). MRM method determined the contents of each
compound in the CHCI3 extract, which showed contents of 1.23 + 0.01 mg/g (32), 1.01
+ 0.07 mg/g (33), 0.85 £+ 0.02 mg/g (34), 1.44 + 0.01 mg/g (35), and 1.09 + 0.01 mg/g
(36) (Table S4, Supplementary data).

3.5  NO inhibitory activities of isolated compounds from C. asiaticum

The isolated compounds, except 33 due to low amount, were investigated for
NO production inhibitory activity against the LPS-stimulated RAWZ264.7 cells.
Compounds 32 and 34-36 showed significant inhibitory effects on NO production with
ICso values ranging from 11.15 uM to 12.43 uM, as compared to the positive control L-
NMMA (ICso: 39.30 uM) (Table 3.4). Meanwhile, 35 did not exhibit any cytotoxicity
against the RAW264.7 cells at 3.13 uM (Table S5, Supplementary data). Furthermore,
these active compounds were tested for their inhibition of specific cytokine production
IL-6 using immunosorbent assay. The result indicated that compounds 32 and 34-36
inhibited the IL-6 production at 10 uM (Figure 3.14). In addition, 32 and 34-36
suppressed the LPS-induced phosphorylation of the p65 subunit of NF-xB in
RAW264.7 cells at 10 uM, without significantly affecting the phosphorylation status of
p65 under the unstimulated conditions (Figures 3.15a and 3.15b). These results
suggested that 32 and 34—36 have potential anti-inflammatory effects by inhibiting the

activation of the NF-kB signaling pathway toward LPS-stimulation.
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Table 3.4 Inhibition of NO production of 32 and 34-36 from the C. asiaticum

Compounds ICs0? (uM)

32 11.60 £ 0.27°
34 12.33 + 0.40°
35 12.43 +0.16°
36 11.15 + 0.69°
L-NMMA® 39.30 +2.23°

2 1Cso, half-maximal inhibitory concentration

b Data are presented as mean + SD of three independent experiments performed in
duplicated

¢ L-NMMA was used as a positive control

300 -
250
200
150

100

IL-6 production (pg/mL)

50

0

32 34 35 36

LPS (100 ng/mL)

Figure 3.14 Inhibitory effects of 32 and 34-36 on IL-6 production. RAW264.7 cells
were treated with 10 uM of 32 and 34-36 for 1 h, then stimulated with LPS (100 ng/mL)
for 24 h, supernatants were collected, and IL-6 levels were measured by ELISA as
described in materials and methods. Data are expressed as mean = SD of three
independent experiments. *p <0.05 as compared with LPS alone
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Figure 3.15 Inhibitory effects of 32 and 34-36 on NF-«B pathway. RAW264.7 cells
were pre-treated with 10 uM of 32 and 34-36 for 1 h and stimulated with or without
LPS (100 ng/mL) for 15 min. Western blot analysis was performed using antibodies
against phospho-NF-kB p65 (a). The relative expression of phospho-NF-kB p65 (b).
The data are expressed as the means + SD of three independent experiments. #p < 0.05
as compared with untreated group, *p <0.05 as compared with LPS alone
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3.5  Summary of chapter 3
Phytochemical investigation of the CHCIs extract of C. asiaticum resulted in the

isolation of three new flavanols (32—-34) and two known flavans (35 and 36). Further
investigation of the anti-inflammatory effects of the NF-kB pathway showed that 32 and
34-36 inhibited the LPS-induced NO production and IL-6 expression, as well as
phosphorylation of p65. Thus, this study provides new insight into the chemical
constituents of C. asiaticum and the biological activities of flavanols and flavans. It was
also suggested that flavanols (32—34) and flavans (35 and 36) exhibit anti-inflammatory

effects by suppressing LPS-induced NF-kB activation and IL-6 cytokine expression.
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Conclusion

In this study, the chemical investigation of the active n-hexane and CHCI3
extracts of the K. marginata rhizomes and the C. asiaticum whole plants led to the
isolation of 36 compounds including 15 new ones, marginols A-K (1-11), 14-epi-
boesenberol (12), (2R,3S)-7-methoxy-flavan-3-ol (32), (2R,3S)-7-mydroxy-flavan-3-ol
(33), and (2R,3S)-2'-hydroxy-7-methoxy-flavan-3-ol (34), and 21 known compounds
13-31, and 35 and 36.

Furthermore, isolation of the ent-pimaranes, marginols A—C (1-3), together with
the 9,10-seco-isopimarane diterpenes, marginols I-K (9—11) makes a great contribution
to the chemodiversity of the K. marginata species. In addition, the isolation of flavanols
(32—34) and flavanes 35 and 36 were reported for the first time from the C. asiaticum L.
var. anomalum Baker.

The isopimarane and 9,10-seco-isopimarane diterpenoids isolated from the K.
marginata rhizomes, especially compounds, 2, 4-7, 9, 11, 12, 15, 25, and 28 showed
potent NO production inhibitory activities. On the other hand, the flavanols 32 and 34,
together with flavanes 35 and 36 showed significant NO production inhibitory activities
as compared to the positive control, L-NMMA.

These findings provide insights into not only the chemodiversity of the
diterpenoid and flavonoid skeletons, but also the anti-inflammatory effects of the two
Vietnamese plants, K. marginata and C. asiaticum, in their traditional usage for

treatment of inflammatory-associated diseases.
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Experimental

l. Chemicals and reagents

RAW264.7 macrophage cell line (RCB 0535) was obtained from the RCB. L-
NMMA was obtained from Enzo. LPS from E. coli, a-MEM with L-glutamine and
phenol red, N-1-naphthylethylene diamine dihydrochloride, penicillin—streptomycin
solution, and sulfanilamide were obtained from Wako. Phosphoric acid was purchased
from Nacalai Tesque. MTT was purchased from BLDpharm. ELISA MAX Standard Set
Mouse IL-6 kits were purchased from BioLegend. The primary antibodies used in
western blotting analysis were obtained from Cell Signaling Technology. The f-actin

antibodies were obtained from Santa Cruz Biotechnology.

1. General experimental procedures

NMR spectra were recorded on ECX-400P and ECA500I1 spectrometers (JEOL)
in CDCl3, DMSO-ds, methanol-ds, and pyridine-ds. HRESIMS data were obtained on a
LCMS-IT-TOF spectrometer (Shimadzu). Optical rotations were measured on a P2100
polarimeter (JASCO). UV spectra were measured on a NanoDrop 2000c
spectrophotometer (Thermofisher). IR spectra were recorded as KBr pellets on an FTIR-
460 Plus spectrometer (JASCO). CD spectra were recorded on a J-805
spectropolarimeter (JASCO). Open C.C was performed with silica gel 60N (40-50 uM)
(Kanto Chemical). TLC was performed using silica gel GF2ss precoated plates, spot
detection by visualization under UV, spraying with Ce(SOa)2 stain, and heating at 120

°C for 10 min in a drying cabinet.

Cell culture

RAW264.7 macrophage cells were grown in o-MEM including 1% penicillin-
streptomycin and 10% FBS. The cells were collected when cell confluence was about
70% and seeded in 96 well plate at a density of 4 x 10* cells/well. After 24 h of
incubation, the samples were treated with various concentrations for 1 h, then
stimulated with LPS (400 ng/mL) at a final volume of 50 pL/well and incubated for
another 24 h.
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Cell viability assay

MTT assay performed cytotoxicity of the test samples to RAW264.7 cells.®” In
detail, the remaining cells in the 96-well plate were washed with PBS (100 uL/well). A
solution of 10% MTT (5 mg/mL) was then added to each well (100 uL) and incubated
for 3 h. After removing the supernatant, 100 uL of DMSO was added to each well and
incubated for another 15 min. The absorbance at 570 nm was measured using a
microplate reader SH-1200 (Corona).

The percentages of cell viability were calculated using the following formula:

% cell survival (A) = 100 x [Abs (treated cell + LPS)/Abs (control cell + LPS)].

NO production inhibitory assay

Griess assay determined the nitrite concentration in the supernatant layer.%® 100
uL of the Griess reagent containing 0.5% sulfanilamide and 0.05% naphthalenediamide
dihydrochloride in 2.5% H3PO4 was added to each well and incubated for 15 min. The
coloration corresponding to NO concentration was recorded at 540 nm.

The percentages of NO inhibition were calculated using the following formula:

% NO inhibition = 100 x [Abs (control cell + LPS) — Abs (treated cell +
LPS)]/Abs (control cell + LPS) x [Abs (treated cell + LPS)/Abs (control cell + LPS)].

ELISA

The supernatants of RAW264.7 cells (5 x 10° cells/well) seeded in 12-well
plates were collected. The ELISA MAX Standard Set Mouse IL-6 kit, was used for
determining the IL-6 production, according to the manufacturer’s instructions. The

absorbance was recorded at 450/570 nm using an SH-1200 microplate reader.

Western blotting

RAW264.7 cells were seeded in 12-well plates and incubated for 24 h, then
treated cells stimulated with LPS (100 ng/mL) for 15 min (10 uM compounds), and
unstimulated treated cells. After stimulation, the treated cells were collected and lysed
in whole-cell lysis buffer. 10% Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) separated cell lysates and proteins were transferred to
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polyvinylidene difluoride (PVDF) membranes. Membranes were blocked with Block
Age for 2 h and immunoblotted at 4 °C with primary antibodies specific for phospho-
NF-kB p65, NF-xB phospho-p65, and f-actin. Before using for immunoblotting,
primary antibodies were diluted in 103 folds (v/v) with PBS containing 0.1% Tween 20
(PBST). After incubation for 24 h, the membrane blots were further incubated with
horseradish peroxidase (HRP)-conjugated secondary antibody diluted 2 x 10° folds in
0.1% PBST for 1 h at room temperature, washed with PBST, and the bands were
detected using the Pierce ECL Western Blotting Substrate to detect bands.
Immunoreactive proteins were visualized on X-ray film. After scanning, the protein
bands were quantified with ImageJ software. Equal loading of proteins was confirmed

with g-actin.
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Experimental detail of chapter 2

Plant material

Rhizomes of Kaempferia marginata Carey ex Roscoe were collected from Dong
Nai Province, Vietnam during the rainy season in September 2020. Dr. Dang Van Son,
botanist at the Institute of Tropical Biology, Vietnam performed identification of the
specimens. The voucher specimens (20605) are kept in the Museum for Materia Medica,
Analytical Research Center for Ethnomedicines, Institute of Natural Medicine,

University of Toyama, Japan.

Extraction and isolation procedure

Dried powder (1.5 kg) of the K. marginata rhizomes was macerated in MeOH
under sonication (4 L, 90 min, x 4) at 30 °C. The extract was evaporated under vacuum
and the remaining aqueous residue was successively partitioned with n-hexane, CHClI3
and EtOAc. The n-hexane extract (13.6 g) was subjected to silica gel C.C and eluted
with n-hexane:EtOAc (from 95:5 to 0:100, v/v) to yield nine fractions, F1 (869 mg), F2
(939 mg), Fs (618 mg), F4 (1.40 g), Fs (1.60 g), Fs (2.41 g), F7 (1.98 g), Fs (1.46 g), and
Fo (2.39 g). Fraction F3 (618 mg) was loaded on open silica gel C.C and eluted with n-
hexane:EtOAc (95:5 to 85:15, v/v) to yield three subfractions, F3-1 (196 mg), F3-> (240
mg), and F3-3 (176 mg). n-Hexane:EtOAc isocratic system (90:10, v/v) was used to
purify subfraction Fs-; (196 mg) on an open silica gel C.C to separate 21 (2.0 mg) and
22 (30 mg). Subfraction F;-> (240 mg) was further purified with open silica gel C.C [n-
hexane:EtOAc (90:10 to 85:15, v/v)] to give 24 (2.0 mg) and 17 (50 mg). Fraction Fs
(1.60 g) was fractionated on an open silica gel C.C and eluted with n-hexane:EtOAc
(90:10 to 70:30, v/v) to obtain four subfractions, Fs-i (200 mg), Fs-» (160 mg), Fs-3 (900
mg), and Fs-4 (240 mg). Subfraction Fs—> (160 mg) was separated via open silica gel
C.C using an n-hexane:EtOAc isocratic system (90:10, v/v) to separate 1 (5.0 mg), 25
(5.0 mg), and 27 (6.0 mg). Compounds 14 (4.0 mg) and 20 (2.0 mg) were separated
from fractionton Fs-3 (900 mg) using the n-hexane:EtOAc isocratic system (80:20, v/v)
via open silica gel C.C. Fraction Fs (2.41 g) was fractionated on open silica gel C.C,
eluting with n-hexane:EtOAc (from 80:20 to 60:40, v/v) to yield six subfractions, Fs-1
(340 mg), Fs—2 (720 mg), Fs-3 (410 mg), Fs-4 (210 mg), Fs-s (523 mg), and Fs- (200
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mg). Subfraction Fs-1 (340 mg) was purified on open silica gel C.C with n-hexane:
EtOAc (80:20, v/v) to give 3 (10.0 mg) and 7 (5.0 mg). Using the same method for
subfraction Fe-—4 (210 mg), compounds 8 (3.0 mg) and 28 (30.0 mg) were isolated.
Fraction F7 (1.98 g) was rechromatographed on open silica gel C.C and eluted with n-
hexane:EtOAc (70:30 to 50:50, v/v) to yield five subfractions, F7-1 (260 mg), F7-» (311
mg), F7—3 (408 mg), F7-4 (270 mg), and F7-s (721 mg). F7—3 (408 mg) was purified on
open column C.C and eluted with an n-hexane:EtOAc isocratic system (60:40, v/v) to
isolate 6 (10.0 mg), 19 (15.0 mg), and 26 (50.0 mg). Fraction Fg (1.46 g) was subjected
to open silica gel C.C eluting with n-hexane:EtOAc (70:30 to 40:60) to yield five
subfractions, Fs-1 (376 mg), Fs— (216 mg), Fs-3 (431 mg), Fs-4 (266 mg), and Fg-s (158
mg). Subfraction Fs-1 (376 mg) was separated on open silica gel C.C and eluted with an
n-hexane:EtOAc isocratic system (70:30, v/v) to give 2 (2.0 mg), 30 (20.0 mg), and 31
(20.0 mg). Subfraction Fg» (216 mg) was separated via open silica gel open C.C using
the n-hexane:EtOAc isocratic system (60:40, v/v) to yield 9 (10.0 mg) and 10 (2.0 mg).
Further purification of subfraction Fs-3 (431 mg) with n-hexane:EtOAc (60:40 to 50:50,
v/v) gave 29 (22.0 mg) and 18 (20.0 mg). Using the same method for subfration Fs-4
(266 mg), compounds 11 (20.0 mg) and 15 (15.0 mg) were isolated. Fraction Fg (2.39 Q)
was separated on an open silica gel C.C performed in n-hexane:EtOAc (60:40 to 30:70,
v/Vv) to give five subfractions of Fo-; (430 mg), Fo— (310 mg), Fo—3 (512 mg), Fo-4 (576
mg), and Fo-5 (560 mg). Subfraction Fo-1 (430 mg) was further purified with a mixture
of n-hexane:EtOAc (50:50, v/v) to give 4 (6.0 mg) and 5 (2.0 mg). Subfraction Fo-3 (512
mg) was rechromatographed on an open silica gel C.C and eluted with an isocratic
system of n-hexane:EtOAc (40:60, v/v) to give 13 (14.0 mg), 23 (3.0 mg), and 16 (3.0
mg). Normal phase silica gel C.C of subfraction Fo4 (576 mg), eluting with n-
hexane:EtOAc isocratic system (40:60, v/v), gave 12 (2.5 mg).
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Marginol A (1): Colorless oil; [a]*?p —114.0 (¢ 0.1, CHCI3); UV (MeOH) Amax
260, 214, 212, and 207 nm; CD (c 0.01, MeOH) (4¢) 303 (1.87), and 266 (—2.95) nm:
IR (KBr) 3632, 3468, 2948, 1887, 1710, 1646, and 1090 cm™%; H and *C NMR data,
see Table 2.1; HRESIMS m/z 325.2134 [M + Na]* (calcd. for C20Hz002Na, 325.2138).%2

Marginol B (2): Colorless oil; [a]?p —22.5 (¢ 0.06, CHCIs); UV (MeOH) Amax
240, 218, and 211 nm; CD (c 0.01, MeOH) (4¢) 226 (—2.47), and 211 (1.34) nm; IR
(KBr) 3440, 2942, 1689, 1637, and 1007 cm™*; *H and *C NMR data, see Table 2.2;
HRESIMS m/z 317.2124 [M — H]™ (calcd. for CaoHze03, 317.2122).%

Marginol C (3): Colorless oil; []*’p —16.5 (¢ 0.05, CHCI3); UV (MeOH) Amax
248, 211, and 208 nm; CD (c 0.01, MeOH) (4¢) 220 (—3.94), and 203 (1.72) nm; IR
(KBr) 3450, 2390, 1731, 1693, 1370, and 1239 cm™?; *H and 3C NMR data, see Table
2.3; HRESIMS m/z 383.2193 [M + Na]* (calcd. for C22HssOsNa, 383.2193).52

Marginol D (4): Amorphous solid; [a]??o —29.6 (c 0.1, MeOH); UV (MeOH)
Amax 213, 209, and 205 nm; IR (KBr) 3424, 3336, 2925, 1704, 1462, 1372, and 1081
cm!; *H and 3C NMR data, see Table 2.4; HRESIMS m/z 341.2092 [M + Na]* (calcd.
for C20H3003Na, 341.2087).52

Marginol E (5): Amorphous solid; [a]*’0 —8.4 (¢ 0.1, MeOH); UV (MeOH)
Amax 263, and 208 nm; IR (KBr) 3408, 3336, 2948, 2360, 1706, 1665, 1460, 1383, and
1062 cm™*; *H and *C NMR data, see Table 2.5; HRESIMS m/z 343.2227 [M + Na]*
(calcd. for C20Hs203Na, 343.2244).52

Marginol F (6): Amorphous solid; [e]?*p —125.0 (¢ 0.1, MeOH); UV (MeOH)
Amax 271, 218, and 211 nm; IR (KBr) 3654, 3523, 2958, 1890, 1710, 1642, and 1089
cmt; H and 3C NMR data, see Table 2.6; HRESIMS m/z 357.2026 [M + Na]* (calcd.
for C20Hz004Na, 357.2036).52
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Marginol G (7): Amorphous solid; [a]**0 —9.3 (¢ 0.1, MeOH); UV (MeOH)
Amax 213, 210, and 206 nm; IR (KBr) 3654, 3436, 2964, 2365, 1713, 1371, and 1242
cmL; 1H and 3C NMR data, see Table 2.7; HRESIMS m/z 383.2194 [M + Na]* (calcd.
for C22H3204Na, 383.2193).%

Marginol H (8): Amorphous solid; [a]*’0 —44.4 (c 0.1, MeOH); UV (MeOH)
Jmax 263, and 208 nm. CD (c 0.01, MeOH) (4¢) 369 (—2.21), 294 (3.09), and 267 (=6.99)
nm; IR (KBr) 3482, 2965, 1664, 1615, 1294, and 1062 cm™*; *H and **C NMR data, see
Table 2.8; HRESIMS m/z 323.1983 [M + Na]* (calcd. for C2oH2s02Na, 323.1982).%

Marginol 1 (9): Colorless oil; [¢]*p —32.5 (¢ 0.1, CHCIz); UV (MeOH) Amax
239 and 284 nm; CD (c 0.1, MeOH) (4¢) 350 (-2.78), 276 (4.57), and 258 (~5.00) nm:;
IR (KBr) 3419, 2931, 1673, and 1114 cm%; *H and *C-NMR data, see Table 2.9;
HRESIMS m/z 341.2090 [M + Na]* (calcd. for C20Hz003Na, 341.2087).5

Marginol J (10): Colorless oil; []?p —77.5 (c 0.1, CHCl3); UV (MeOH) Amax
211, 232, and 243 nm: CD (c 0.1, MeOH) (4¢) 336 (- 3.29), 270 (1.13), and 256 (~2.20)
nm; IR (KBr) 2952, 1676, 1119 cm™%; *H and *C-NMR data, see Table 2.10; HRESIMS
m/z 355.2239 [M + Na]* (calcd. for C21H3,03Na, 355.2244).%

Marginol K (11): Amorphous powder; [e]?’0 —27.5 (¢ 0.1, CHCl3); UV (MeOH)
Amax 233 and 285 nm; CD (c 0.1, MeOH) (As) 346 (—3.82), 282 (2.48), and 261 (—8.62)
nm; IR (KBr) 2958, 1739, 1712, 1673, and 1152 cm™%; *H and *C-NMR data, see Table
2.11; HRESIMS m/z 355.1881 [M + Na]* (calcd. for C2oH2s04Na, 355.1880).

14-Epi-boesenberol F (12): Amorphous powder; [¢]?o —22.6 (¢ 0.1, CHCIy);
UV (MeCN) Amax 204, 208, and 212 nm; CD (c 0.1, MeCN) (4¢) 218 (—3.81) nm, IR
(KBr) 3331, 2925, 1460, and 1084 cm™; 'H and ¥C-NMR data, see Table 2.13;
HRESIMS m/z 357.2401 [M + Na]* (calcd. for Co1Ha4OsNa, 357.2400).5°
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Boesenberol F (13): An amorphous solid; tH NMR (400 MHz, CDCls) 64 1.03
(m, H-1¢),1.66 (m, H-1/), 1.50 (M, H-2¢), 1.70 (m, H-2/9), 1.16 (m, H-3¢), 1.40 (m, H-
3/), 1.29 (d, J = 1.8 Hz, H-50), 4.29 (t, J = 1.8 Hz, H-6¢), 3.99 (br s, H-7/), 1.97 (m,
H-11q), 1.97 (m, H-117), 1.65 (M, H-124), 1.40 (m, H-12/), 3.51 (s, H-14¢), 5.74 (dd,
J=17.4,11.0 Hz, H-15), 5.06 (dd, J = 17.4, 1.4 Hz, H-16a), 4.99 (dd, J = 11.0, 1.4 Hz,
H-16b), 1.11 (s, Ha-17), 1.23 (s, Hz-18), 1.01 (s, H3-19), 1.34 (s, H3-20), 3.56 (s, OMe-
14); &39.2 (C-1), 19.2 (C-2), 42.9 (C-3), 33.8 (C-4), 49.3 (C-5), 71.9 (C-6), 71.7 (C-7),
125.7 (C-8), 147.1 (C-9), 38.2 (C-10), 21.5 (C-11), 29.9 (C-12), 40.2 (C-13), 81.9 (C-
14), 144.1 (C-15), 112.9 (C-16), 23.8 (C-17), 24.2 (C-18), 33.6 (C-19), 22.0 (C-20),
62.2 (OMe-14). The above data and those of boesenberol F in the literature are

identical .

Boesenberol J (14): An amorphous solid; *H NMR (400 MHz, CDCls) & 1.70
(m, H-1q), 1.34 (m, H-1/), 1.55 (M, H-2¢), 1.45 (m, H-2), 1.35 (M, H-3c), 1.20 (m,
H-34), 1.78 (d, J = 1.8 Hz, H-5q), 4.30 (br s, H-6@), 2.72 (ddd, J = 14.9, 4.0, 2.7 Hz, H-
70), 2.05 (m, H-78), 1.52 (m, H-11¢), 2.04 (m, H-11/), 1.48 (m, H-12¢), 1.53 (m, H-
12/),5.44 (d, J=1.2 Hz, H-14), 5.78 (dd, J = 17.4, 10.5 Hz, H-15), 4.96 (d, J = 17.4 Hz,
H-16a), 4.92 (d, J = 10.5 Hz, H-16b), 1.05 (s, H3-17), 1.24 (s, H3-18), 1.00 (s, H3-19),
1.22 (s, H3-20); 3C NMR (100 MHz, CDCls) & 34.3 (C-1), 18.9 (C-2), 43.6 (C-3), 34.3
(C-4), 48.0 (C-5), 68.4 (C-6), 41.9 (C-7), 134.3 (C-8), 75.0 (C-9), 42.5 (C-10), 27.2 (C-
11), 32.0 (C-12), 38.1 (C-13), 134.8 (C-14), 148.1 (C-15), 110.9 (C-16), 24.3 (C-17),
24.6 (C-18), 34.0 (C-19), 22.2 (C-20). The above data and those of boesenberol J in the

literature are identical.”*

Kaemgalangol A (15): White crystals; *H NMR (400 MHz, CDCls) 64 2.27 (m,
H-2a), 2.48 (m, H-2/), 1.56 (td, J = 13.5, 4.7 Hz, H-3a), 1.74 (qd, J = 6.6, 3.4 Hz, H-
3/), 1.30 (d, J = 11.0 Hz, H-5¢), 3.92 (g, J = 4.6 Hz, H-6c), 2.58 (dd, J = 13.5, 9.4 Hz,
H-7@), 2.21 (dd, J = 13.5, 4.6 Hz, H-7p), 2.73 (dd, J = 10.5, 6.4 Hz, H-11¢), 2.38 (m,
H-117), 1.92 (m, H-12q), 1.90 (m, H-12/), 6.42 (s, H-14), 5.78 (dd, J = 17.4, 10.5 Hz,
H-15), 5.01 (dd, J = 17.4, 0.9, H-16a), 5.09 (dd, J = 10.5, 0.9 Hz, H-16b), 1.23 (s, Ha-
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17), 1.10 (s, Hs-18), 0.93 (s, H3-19), 1.20 (s, H3-20); *C NMR (100 MHz, CDCls) &
215.1 (C-1), 37.6 (C-2), 40.9 (C-3), 34.2 (C-4), 57.7 (C-5), 70.5 (C-6), 41.5 (C-7), 136.2
(C-8), 201.2 (C-9), 42.2 (C-10), 34.6 (C-11), 34.8 (C-12), 39.9 (C-13), 154.5 (C-14),
142.8 (C-15), 114.4 (C-16), 27.5 (C-17), 21.1 (C-18), 30.1 (C-19), 15.3 (C-20). The

above data and those of kaemgalangol A in the literature are identical. '

Kaemgalangol C (16): White amorphous powder; *H NMR (400 MHz, CDCls)
&4 3.75 (d, J = 3.2 Hz, H-1/9), 1.60 (ddd, J = 14.5, 7.7, 3.3 Hz, H-2¢), 1.85 (m, H-2p),
1.67 (m, H-3a), 1.13 (m, H-3/), 1.67 (M, H-5a), 4.58 (d, J = 4.6 Hz, H-6a), 2.76 (dt, J
=17.9, 1.7 Hz, H-7¢), 1.97 (d, J = 18.3 Hz, H-7/), 2.12 (m, H-11¢), 2.07 (m, H-117),
1.78 (9, J = 6.6 Hz, H-12¢), 1.44 (m, H-12/), 3.22 (s, H-14/), 6.03 (dd, J = 17.4, 11.0
Hz, H-15), 5.10 (dd, J = 17.4, 1.6 Hz, H-16a), 5.06 (dd, J = 11.0, 1.6 Hz, H-16b), 1.07
(s, H3-17), 1.20 (s, Hs-18), 1.01 (s, H3-19), 1.36 (s, H3-20), 3.48 (s, OMe-14); & 73.0
(C-1), 24.6 (C-2), 35.9 (C-3), 33.8 (C-4), 46.4 (C-5), 66.0 (C-6), 40.2 (C-7), 129.5 (C-8),
136.9 (C-9), 43.1 (C-10), 20.0 (C-11), 31.3 (C-12), 40.6 (C-13), 89.0 (C-14), 143.5 (C-
15), 112.7 (C-16), 24.2 (C-17), 24.0 (C-18), 33.7 (C-19), 21.7 (C-20), 62.2 (OMe-14).

The above data and those of kaemgalangol C in the literature are identical.”

Kaempulchraol B (17): A colorless needles; *H NMR (400 MHz, CDCls) &4
1.01 (m, H-1@), 1.66 (dd, J = 14.4, 3.4 Hz, H-1/), 1.46 (m, H-2q), 1.66 (dd, J = 14.4,
3.4 Hz, H-2p), 1.14 (m, H-3c), 1.38 (M, H-3/), 1.14 (m, H-5¢), 4.48 (d, J = 4.6 Hz, H-
6), 2.32 (m, H-7¢), 2.32 (m, H-74), 1.96 (m, H-11q), 1.96 (m, H-11/), 1.60 (m, H-
12d), 1.38 (m, H-12p9), 2.92 (br s, H-14q), 5.74 (dd, J = 17.4, 11.0 Hz, H-15), 4.96 (dd,
J=11.0, 1.4 Hz, H-16a), 4.92 (dd, J = 17.4, 1.4 Hz, H-16b), 1.09 (s, H3-17), 1.22 (s, Ha-
18), 0.97 (s, Hz-19), 1.35 (s, H3-20), 3.50 (OMe-14); & 39.7 (C-1), 19.2 (C-2), 43.2 (C-
3), 34.2 (C-4), 53.9 (C-5), 65.9 (C-6), 40.7 (C-7), 122.7 (C-8), 141.5 (C-9), 37.4 (C-10),
21.2 (C-11), 30.4 (C-12), 40.5 (C-13), 85.2 (C-14), 144.4 (C-15), 112.2 (C-16), 23.3 (C-
17), 23.8 (C-18), 33.7 (C-19), 21.4 (C-20), 61.8 (OMe-14). The above data and those of

kaempulchraol B in the literature are identical.*®

90



Kaempulchraol C (18): A colorless needles; *H NMR (400 MHz, CDCls) &4
1.15 (t, J = 3.9 Hz, H-1a), 1.64 (m, H-1/), 1.44 (m, H-24), 1.64 (m, H-2/), 1.09 (dd, J
=16.3, 3.4 Hz, H-3q), 1.44 (m, H-38), 1.20 (m, H-5¢), 4.47 (d, J = 5.0 Hz, H-64), 2.68
(m, H-7@), 1.93 (m, H-75), 2.11 (m, H-11a), 1.97 (M, H-117), 1.65 (M, H-124), 1.45
(m, H-12/9), 3.57 s, H-14/), 5.94 (dd, J = 17.4, 11.0 Hz, H-15), 5.14 (dd, J = 11.0, 1.4
Hz, H-16a), 5.10 (dd, J = 17.4, 1.4 Hz, H-16b), 1.00 (s, Hs-17), 1.18 (s, Hs-18), 0.93 (s,
Hs-19), 1.34 (s, H3-20); 3C NMR (100 MHz, CDCls) & 39.9 (C-1), 19.2 (C-2), 43.0
(C-3), 34.0 (C-4), 53.5 (C-5), 65.4 (C-6), 40.2 (C-7), 123.8 (C-8), 140.5 (C-9), 37.5 (C-
10), 20.2 (C-11), 30.7 (C-12), 40.1 (C-13), 77.3 (C-14), 142.7 (C-15), 115.2 (C-16),
22.9 (C-17), 23.9 (C-18), 33.5 (C-19), 21.4 (C-20). The above data and those of
kaempulchraol C in the literature are identical.*®

Kaempulchraol D (19): A colorless needles; *H NMR (400 MHz, CDCls3) &4
1.03 (m, H-1q), 1.71 (m, H-1p), 1.46 (m, H-2a), 1.72 (m, H-2), 1.16 (M, H-3c), 1.34
(m, H-34), 1.13 (m, H-5¢), 4.48 (d, J = 4.9 Hz, H-64), 2.26 (m, H-7q), 2.51 (m, H-7/),
2.02 (m, H-11¢@), 2.02 (m, H-114), 1.46 (m, H-12¢), 1.58 (m, H-124), 3.33 (br s, H-
14/), 5.72 (dd, J = 17.5, 11.2 Hz, H-15), 4.95 (dd, J = 17.5, 1.4 Hz, H-16a), 4.92 (dd, J
=11.2, 1.4 Hz, H-16b), 1.04 (s, H3-17), 1.19 (s, H3-18), 0.97 (s, H3-19), 1.33 (s, H3-20);
& 39.5 (C-1), 19.1 (C-2), 43.1 (C-3), 34.1 (C-4), 53.9 (C-5), 65.5 (C-6), 40.2 (C-7),
123.3 (C-8), 141.6 (C-9), 37.5 (C-10), 20.9 (C-11), 29.0 (C-12), 39.6 (C-13), 74.3 (C-
14), 144.0 (C-15), 112.4 (C-16), 23.8 (C-17), 23.9 (C-18), 33.7 (C-19), 21.3 (C-20). The
above data and those of kaempulchraol D in the literature are identical.*®

Kaempulchraol E (20): A colorless oil; *H NMR (500 MHz, CDCls) 64 3.64 (t,
J = 2.9 Hz, H-1q), 1.56 (m, H-2q), 1.93 (g, J = 2.9 Hz, H-2), 1.70 (d, J = 3.4 Hz, H-
30), 1.14 (m, H-3/), 1.48 (t, J = 1.7 Hz, H-5¢), 4.37 (d, J = 1.7 Hz, H-6c), 2.33 (t, J =
1.7 Hz, H-7d), 2.24 (dd, J = 14.3, 2.9 Hz, H-7/), 1.67 (m, H-11¢), 1.62 (m, H-11p),
1.41 (m, H-12@), 1.51 (td, J = 8.3, 4.0 Hz, H-12/3), 5.43 (br s, H-14), 5.78 (dd, J = 17.8,
10.3 Hz, H-15), 4.93 (dd, J = 17.8, 1.7 Hz, H-16a), 4.90 (dd, J = 10.3, 1.7 Hz, H-16h),
1.10 (s, H3-17), 1.26 (s, H3-18), 1.03 (s, H3-19), 1.10 (s, H3-20); 3C NMR (100 MHz,
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CDCls) & 73.4 (C-1), 26.1 (C-2), 35.9 (C-3), 34.1 (C-4), 50.1 (C-5), 68.9 (C-6), 45.8
(C-7), 133.9 (C-8), 43.0 (C-9), 42.7 (C-10), 17.9 (C-11), 34.2 (C-12), 37.8 (C-13), 133.0
(C-14), 148.4 (C-15), 110.9 (C-16), 26.8 (C-17), 24.4 (C-18), 33.9 (C-19), 19.0 (C-20).

The above data and those of kaempulchraol E in the literature are identical.*®

Kaempulchraol K (21): An amorphous solid; *H NMR (400 MHz, CDCls) &4
1.71 (dd, J = 12.4, 4.1 Hz, H-10), 1.38 (m, H-1/), 1.55 (M, H-2c), 1.55 (M, H-2/3), 1.26
(dd, J = 12.8, 3.7 Hz, H-3@), 1.38 (m, H-3/), 2.00 (d, J = 3.7 Hz, H-5a), 5.36 (M, H-
6a), 2.66 (dg, J = 15.5, 2.1 Hz, H-7a), 2.19 (dd, J = 15.5, 2.3 Hz, H-7), 1.57 (m, H-
11¢), 2.11 (m, H-11p), 1.57 (m, H-124), 1.51 (m, H-12/), 5.34 (d, J = 1.8 Hz, H-14),
5.80 (dd, J =17.6, 10.8 Hz, H-15), 4.97 (dd, J = 17.6, 1.6 Hz, H-16a), 4.93 (dd, J = 10.8,
1.6 Hz, H-16b), 1.07 (s, Hs-17), 1.01 (s, Ha-18), 0.9 (s, H3-19), 1.20 (s, H3-20), 2.00 (s,
MeCOO-6); 3C NMR (100 MHz, CDCl3) & 33.4 (C-1), 18.6 (C-2), 43.6 (C-3), 34.1
(C-4), 46.5 (C-5), 70.1 (C-6), 37.8 (C-7), 133.9 (C-8), 74.5 (C-9), 42.7 (C-10), 26.9 (C-
11), 32.0 (C-12), 37.8 (C-13), 133.8 (C-14), 147.6 (C-15), 110.9 (C-16), 24.2 (C-17),
23.6 (C-18), 33.6 (C-19), 21.1 (C-20), 21.6 (MeCOO0-6), 170.4 (MeCOO-6). The above
data and those of kaempulchraol K in the literature are identical.”

Kaempulchraol L (22): A colorless oil; *H NMR (400 MHz, CDCl3) 4 1.82
(m, H-1q), 1.29 (m, H-1p), 1.45 (dt, J = 13.7, 3.4 Hz, H-2q), 1.58 (m, H-2/), 1.21 (m,
H-3¢), 1.29 (m, H-3/), 1.88 (M, H-5c), 4.28 (br s, H-6c), 2.44 (dd, J = 13.7, 2.3 Hz, H-
70), 2.02 (dd, J = 13.7, 2.3 Hz, H-7/), 1.66 (m, H-11¢), 1.82 (m, H-11/), 1.58 (m, H-
120), 1.62 (q, J = 4.4 Hz, H-12/), 5.70 (br s, H-14), 5.81 (dd, J = 17.5, 10.3 Hz, H-15),
4.97 (dd, J = 17.5, 1.6 Hz, H-16a), 4.94 (dd, J = 10.3, 1.6 Hz, H-16b), 1.07 (s, Hs-17),
1.22 (s, H3-18), 1.00 (s, H3-19), 1.23 (s, H3-20), 3.09 (s, OMe-9); 3C NMR (100 MHz,
CDCls) & 33.8 (C-1), 19.0 (C-2), 43.7 (C-3), 34.3 (C-4), 48.2 (C-5), 68.9 (C-6), 42.6
(C-7), 132.4 (C-8), 79.5 (C-9), 44.5 (C-10), 22.3 (C-11), 34.7 (C-12), 37.6 (C-13), 138.0
(C-14), 147.7 (C-15), 111.3 (C-16), 26.9 (C-17), 22.3 (C-18), 34.1 (C-19), 24.5 (C-20),
51.0 (OMe-9). The above data are identical and those of kaempulchraol L in the

literature are identical.”
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Kaempulchraol W (23): An amorphous solid; *H NMR (400 MHz, CDCls) &4
1.78 (dd, J=13.1, 3.9 Hz, H-1¢), 1.35 (m, H-1/), 1.50 (m, H-2a), 1.61 (m, H-2/4), 1.35
(m, H-3q), 1.42 (m, H-3/), 1.96 (d, J = 1.8 Hz, H-5), 4.26 (br s, H-6c), 3.95 (d, J =
2.7 Hz, H-7@), 1.50 (m, H-11@), 2.01 (m, H-114), 1.71 (m, H-124), 1.50 (m, H-12p),
5.79 (d, J= 1.4 Hz, H-14), 5.85 (dd, J = 17.6, 10.8 Hz, H-15), 5.05 (dd, J = 17.6, 0.9 Hz,
H-16a), 5.00 (dd, J = 10.8, 0.9 Hz, H-16b), 1.08 (s, H3-17), 1.29 (s, Hz-18), 1.06 (s, Ha-
19), 1.21 (s, H3-20), 2.92 (s, 9-OH); 3C NMR (100 MHz, CDCls) & 34.4 (C-1), 18.8
(C-2), 43.8 (C-3), 34.1 (C-4), 43.1 (C-5), 72.8 (C-6), 79.5 (C-7), 134.5 (C-8), 76.5 (C-9),
42.8 (C-10), 26.8 (C-11), 31.5 (C-12), 38.4 (C-13), 140.7 (C-14), 147.5 (C-15), 111.6
(C-16), 23.7 (C-17), 25.0 (C-18), 34.0 (C-19), 21.7 (C-20). The above data and those of

kaempulchraol W in the literature are identical.”

(58,98,10,13a)-pimara-6,8(14)15-trien-18-oic acid (24): While amorphous
powder; '"H NMR (400 MHz, CDCls) &4 1.75 (d, J = 12.8 Hz, H-1a), 1.03 (m, H-1/),
1.53 (m, H-2¢), 1.43 (m, H-2/9), 2.21 (d, J = 13.3 Hz, H-30), 1.11 (m, 3/), 2.17 (m, H-
54), 6.06 (dd, J = 10.1, 1.8 Hz, H-6), 5.98 (dd, J = 10.1, 2.7 Hz, H-7), 1.98 (d, J = 8.7
Hz, H-94), 1.84 (m, H-11¢), 1.60 (m, H-11/), 1.66 (m, H-12¢), 1.43 (m, H-12/), 5.32
(s, H-14), 5.82 (dd, J = 17.6, 10.8 Hz, H-15), 4.96 (dd, J = 17.6, 1.4 Hz, H-16a), 4.90
(dd, J = 10.8, 1.4 Hz, H-16b), 1.07 (s, H3-17), 1.32 (H3-18), 0.64 (H3-20); 3C NMR
(100 MHz, CDCls) & 37.2 (C-1), 18.9 (C-2), 37.8 (C-3), 43.4 (C-4), 55.5 (C-5), 127.6
(C-6), 128.4 (C-7), 134.7 (C-8), 49.2 (C-9), 37.8 (C-10), 19.6 (C-11), 34.9 (C-12), 38.3
(C-13), 132.7 (C-14), 148.8 (C-15), 110.3 (C-16), 26.5 (C-17), 28.3 (C-18), 182.8 (C-
19), 11.9 (C-20). The above data are identical with those of (54,94,10,13a)-pimara-
6,8(14)15-trien-18-oic acid in the literature.”

64-acetoxysandaracopimaradien-9a-ol-1-one (25): An amorphous solid; 'H
NMR (400 MHz, CDCls) &4 2.09-2.29 (m, H-2¢), 2.77 (td, J = 14.9, 5.0 Hz, H-27),
2.09-2.29 (m, H-3¢), 2.09-2.29 (m, H-3/), 2.48 (d, J = 1.7 Hz, H-5¢), 5.32 (M, H-64),
2.66 (ddd, J = 14.9, 3.3, 2.3 Hz, H-7a), 1.71 (m, H-78), 2.09-2.29 (m, H-114),
2.09-2.29 (m, H-114), 2.09-2.29 (m, H-12q), 2.09-2.29 (m, H-12/), 5.38 (s, H-14),
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5.78 (dd, J = 17.5, 10.6 Hz, H-15), 4.97 (dd, J = 17.5, 1.1 Hz, H-16a), 4.94 (dd, J = 10.6,
1.1 Hz, H-16b), 1.07 (s, H3-17), 1.43 (s, H3-18), 1.18 (s, H3-19), 1.07 (s, H3-20), 2.03 (s,
MeCOO0-6), 2.93 (s, 9-OH); *C NMR (100 MHz, CDCls) & 218.0 (C-1), 37.9 (C-2),
37.8 (C-3), 31.8 (C-4), 48.7 (C-5), 71.0 (C-6), 41.9 (C-7), 131.8 (C-8), 75.0 (C-9), 56.5
(C-10), 28.4 (C-11), 37.7 (C-12), 33.8 (C-13), 136.3 (C-14), 147.4 (C-15), 111.4 (C-16),
24.7 (C-17), 32.4 (C-18), 20.3 (C-19), 24.4 (C-20), 21.8 (MeCOO-6), 170.4 (MeCOO-
6). The above data and those of 6/-acetoxysandaracopimaradien-9«-ol-1-one in the

literature are identical.””

65-acetoxysandaracopimaradien-1a,9a-diol (26): An amorphous solid; 'H
NMR (400 MHz, CDCls) &4 4.00 (d, J = 2.7 Hz, H-1/), 1.80 (m, H-2¢), 1.48 (m, H-29),
2.02 (m, H-3a), 1.35 (M, H-3/), 2.40 (d, J = 2.3 Hz, H-54), 5.40 (q, J = 2.3 Hz, H-64),
2.73 (dg, J = 15.2, 2.3 Hz, H-7a), 2.12 (m, (m, H-7/), 2.16 (dq, J = 13.3, 3.7 Hz, H-
11¢), 1.80 (m, H-117), 1.67 (td, J = 13.3, 3.7 Hz, H-124), 1.48 (m, H-127), 5.29 (br s,
H-14), 5.79 (dd, J = 17.4, 10.5 Hz, H-15), 4.96 (dd, J = 17.4, 1.4 Hz, H-16a), 4.92 (dd, J
=10.5, 1.4 Hz, H-16b), 1.02 (s, H3-17), 1.11 (s, H3-18), 1.04 (s, H3-19), 1.06 (s, H3-20),
1.99 (s, MeCOO-6); 3C NMR (100 MHz, CDCls) & 74.0 (C-1), 26.4 (C-2), 37.3 (C-3),
33.7 (C-4), 42.1 (C-5), 70.7 (C-6), 35.7 (C-7), 133.6 (C-8), 77.3 (C-9), 44.0 (C-10), 26.9
(C-11), 31.5 (C-12), 37.8 (C-13), 133.5 (C-14), 148.0 (C-15), 110.9 (C-16), 24.7 (C-17),
21.7 (C-18), 33.7 (C-19), 24.0 (C-20), 22.0 (MeCOO-6), 170.7 (MeCOO-6). The above
data and those of 6/-acetoxysandaracopimaradien-la,9a-diol in the literature are

identical.”’

Sandaracopimaradien-1a,9a-diol (27): An amorphous solid; *H NMR (400
MHz, CDCls) &4 4.03 (m, H-18), 1.40-1.90 (m, H-2), 1.40-1.90 (m, H-2p),
1.40-1.90 (m, H-3a), 1.13 (m, H-3/), 2.23 (dd, J = 12.7, 3.1 Hz, H-5c), 1.40 — 1.90 (m,
H-6c), 1.36 (M, H-6/), 2.51 (m, H-7a), 2.08 (m, H-7p), 1.40-1.90 (m, H-11¢), 2.02
(dd, J =14.2, 3.7 Hz, H-11/9), 1.40-1.90 (m, H-12¢), 1.40—1.90 (m, H-12/9), 5.28 (t, J =
1.8 Hz, H-14), 5.80 (dd, J = 17.5, 10.5 Hz, H-15), 4.97 (dd, J = 17.5, 1.3 Hz, H-16a),
4.92 (dd, J = 10.5, 1.3 Hz, H-16b), 1.03 (s, H3-17), 0.90 (s, H3-18), 0.85 (s, H3-19), 0.97
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(s, H3-20); **C NMR (100 MHz, CDCls) & 74.0 (C-1), 26.4 (C-2), 33.9 (C-3), 32.9 (C-
4), 39.8 (C-5), 22.3 (C-6), 31.2 (C-7), 136.9 (C-8), 77.5 (C-9), 43.6 (C-10), 27.0 (C-11),
31.6 (C-12), 37.8 (C-13), 131.5 (C-14), 148.5 (C-15), 110.6 (C-16), 23.7 (C-17), 33.7
(C-18), 18.7 (C-19), 22.8 (C-20). The above data and those of sandaracopimaradien-

1a,9a-diol in the literature are identical.”’

Sandaracopimaradien-68,9a-diol-1-one (28): A white amorphous powder; 'H
NMR (400 MHz, CDCls) &4 2.17 (m, H-2¢), 2.84 (m, H-2/), 1.64 (dd, J = 13.3, 3.7 Hz,
H-3q), 1.74 (m, H-3/), 2.25 (d, J = 1.8 Hz, H-5¢), 4.28 (d, J = 1.8 Hz, H-64), 2.80 (m,
H-7a), 2.06 (m, (m, H-7p), 2.11 (m, H-11a), 2.15 (m, H-11), 1.41 (m, H-124), 1.69
(m, H-12/), 5.47 (s, H-14), 5.79 (dd, J = 17.4, 10.5 Hz, H-15), 4.98 (dd, J = 17.4, 1.4
Hz, H-16a), 4.94 (dd, J = 10.5, 1.4 Hz, H-16b), 1.06 (s, H3-17), 1.43 (s, Hz-18), 1.08 (s,
Hz-19), 1.45 (s, H3-20), 3.17 (br s, 9-OH); **C NMR (100 MHz, CDCls) & 37.7 (C-1),
42.8 (C-2), 33.9 (C-3), 34.4 (C-4), 50.4 (C-5), 68.9 (C-6), 42.3 (C-7), 132.0 (C-8), 75.2
(C-9), 56.4 (C-10), 28.5 (C-11), 32.0 (C-12), 38.0 (C-13), 136.9 (C-14), 147.5 (C-15),
111.3 (C-16), 24.8 (C-17), 24.7 (C-18), 32.6 (C-19), 20.7 (C-20). The above data and

those of sandaracopimaradien-64,9a-diol-1-one in the literature are identical.”’

Sandaracopimaradien-1a,689a-triol (29): An amorphous powder; *H NMR
(500 MHz, CDCl3) & 3.95 (d, J = 3.8 Hz, H-1/), 1.47 (d, J = 3.8 Hz, H-2¢), 1.68 (td, J
=13.2, 3.8 Hz, H-2p), 1.79 (dt, J = 14.5, 3.8 Hz, H-3a), 1.39 (d, J = 14.5 Hz, H-3p),
2.21 (br s, H-50), 4.38 (d, J = 1.5 Hz, H-60), 2.86 (dq, J = 14.5, 1.5 Hz, H-7¢), 2.13 (m,
(d, J =13.8, 3.6 Hz, H-7p), 2.03 (dd, J = 14.5, 2.3 Hz, H-11¢), 1.86 (m, H-11/5), 1.87
(m, H-12¢0), 1.49 (m, H-12/9), 5.41 (br s, H-14), 5.81 (dd, J = 17.2, 10.3 Hz, H-15), 4.98
(dd, J=17.2, 1.4 Hz, H-16a), 4.94 (dd, J = 10.3, 1.4 Hz, H-16b), 1.07 (s, Hs-17), 1.28 (s,
Hs-18), 1.08 (s, Hz-19), 1.13 (s, H3-20); *C NMR (125 MHz, CDCls) & 75.8 (C-1),
26.7 (C-2), 35.6 (C-3), 34.0 (C-4), 43.3 (C-5), 68.4 (C-6), 41.5 (C-7), 133.9 (C-8), 77.6
(C-9), 43.8 (C-10), 27.1 (C-11), 31.5 (C-12), 38.0 (C-13), 134.4 (C-14), 148.2 (C-15),
110.9 (C-16), 25.3 (C-17), 22.2 (C-18), 34.0 (C-19), 24.0 (C-20). The above data and

those of sandaracopimaradien-1a,639a-triol in the literature are identical.”’
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Virescenol B (30): An amorphous solid; *H NMR (400 MHz, CDCls) &4 1.25
(dd, J = 12.6, 4.2 Hz, H-1¢), 1.80 (dd, J = 13.8, 11.5 Hz, H-1/), 1.72 (qd, J = 8.3, 3.6
Hz, H-2c), 1.72 (qd, J = 8.3, 3.6 Hz, H-2), 4.32 (d, J = 10.7 Hz, H-3¢), 1.15 (td, J =
13.4, 3.8 Hz, H-5@), 1.97 (m, H-60), 1.97 (M, H-6/), 5.33 (d, J = 5.4 Hz, H-7), 1.61 (br
s, H-9¢), 1.53 (m, H-110), 1.32 (t, J = 8.4 Hz, H-11), 1.32 (t, J = 8.4 Hz, H-12q), 1.45
(d, J = 8.4 Hz, H-123), 1.88 (m, H-140), 1.88 (m, H-14/), 5.77 (dd, J = 17.6, 10.7 Hz,
H-15), 4.90 (d, J = 17.6 Hz, H-16a), 4.85 (d, J = 10.7 Hz, H-16h), 0.79 (s, Hs-17), 1.21
(s, Hs-18), 3.89 (s, H-19a), 3.44 (q, J = 5.4 Hz, H-19b), 0.83 (s, H3-20); 3C NMR (100
MHz, CDCls) & 37.8 (C-1), 27.9 (C-2), 81.2 (C-3), 42.0 (C-4), 51.2 (C-5), 23.0 (C-6),
121.3 (C-7), 135.6 (C-8), 51.9 (C-9), 35.1 (C-10), 20.4 (C-11), 36.1 (C-12), 36.9 (C-13),
45.9 (C-14), 150.2 (C-15), 109.4 (C-16), 21.6 (C-17), 22.8 (C-18), 64.6 (C-19), 16.3 (C-

20). The above data and those of virescenol B in the literature are identical.”®

Virescenol C (31): An amorphous solid; *H NMR (400 MHz, CDCls) &4 1.50
(td, J = 5.7, 2.5 Hz, H-1@), 1.38 (m, H-1p), 2.56 (m, H-2), 2.42 (dq, J = 16.4, 3.1 Hz,
H-2/), 1.76 (dd, J = 12.2, 3.8 Hz, H-5¢), 2.08 (dq, J = 6.6, 3.8 Hz, H-6a), 1.96 (M, H-
6/, 5.38 (0, J = 2.5 Hz, H-7), 1.76 (dd, J = 12.2, 3.8 Hz, H-9¢), 1.62 (m, H-11q), 1.62
(m, H-117), 2.08 (dg, J = 6.6, 3.8 Hz, H-124), 1.38 (m, H-12/), 1.96 (M, H-14¢), 1.96
(m, H-14/4), 5.79 (dd, J = 17.6, 10.7 Hz, H-15), 4.93 (dd, J = 17.6, 1.5 Hz, H-16a), 4.87
(dd, J = 10.7, 1.5 Hz, H-16b), 0.86 (s, H3-17), 1.17 (s, Hs-18), 3.95 (d, J =11.5 Hz, H-
19a), 3.59 (d, J = 11.5 Hz, H-19b), 0.97 (s, H3-20); *C NMR (100 MHz, CDCls) &
36.1 (C-1), 35.2 (C-2), 218.2 (C-3), 52.3 (C-4), 51.9 (C-5), 23.9 (C-6), 121.4 (C-7),
135.8 (C-8), 50.4 (C-9), 35.1 (C-10), 20.8 (C-11), 36.0 (C-12), 37.0 (C-13), 46.0 (C-14),
150.1 (C-15), 109.6 (C-16), 21.6 (C-17), 22.5 (C-18), 66.2 (C-19), 15.6 (C-20). The

above data and those of virescenol C in the literature are identical.”®

Conformational analyses and ECD calculations

The conformational analysis was performed in the same way as for conventional
methods.%® The molecular force field MMFF94 was applied using the Avogadro 1.2
program. The selected conformers were optimized at the B3LYP level of theory using
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the 6-31G(d) basis set. Optimized geometries were calculated to minimum the energy of
the structure. The geometry used for the ECD calculations was Gaussian 16 at the
B3LYP/6-31G(d) level; GaussSum generated the ECD curve with a width at half
maximum of 0.2 eV. All spectra of the lowest energy conformations were averaged. The
final ECD spectra were compared to the CD experimental spectra.

LC-MS/MS instrumentation and chromatographic conditions

The concentrations of isolated compounds were adjusted to 9 (200 ug/mL), 10
(200 pg/mL), 11 (200 pg/mL), 15 (400 ug/mL), and each extract (10 mg/mL) using a
mixture of MeOH:H.O (80:20, v/v). Calibration curves for all compounds were
prepared for concentrations ranging from 200 to 6,000 mg/L. LC-MS/MS analyses of
compounds 9-11 and 15 and extracts were performed according to conventional
methods with some modifications.”® The LC-MS analyses were performed on a 6420
Triple Quad LC/MS spectrometer (Agilent) with a Discovery C-18 5um column (4.6
mm x 250 mm). The compounds were separated using mobile phases A (H20 and 0.1%
HCOOH) and B (MeOH and 0.1% HCOOH) at a flow rate of 0.5 mL/min with the
following gradient program: solvent B: 0-5 min, 75-80%; 5-20 min, 80-90%; 25-30
min, 90-100%. The injection volume settled at 5 uL, and the column temperature was
maintained at 40 °C.

The MRM and ESI positive mode were performed as previous literature.”® In
detail, the precursor to product ion of each compound was: m/z 341 — m/z 136 for 9
and 11, m/z 333 — m/z 137 for 10 and 15. Quantifications of 9-11, and 15 in the
extracts was determined from retention time, precursor-to-product ions, and peak area.

The content of the quantified compounds is expressed in mg/g of dry weight.
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Experimental detail of chapter 3

Plant material

The C. asiaticum whole plants (10.0 kg) were collected from Dong Thap
province, Vietnam, in May 2019, and Dr. Dang Van Son, botanist at the Institute of
Tropical Biology, Vietnam identified the sample. The voucher specimens (TMPW
30719) were deposited at the Museum for Materia Medica, Analytical Research Center

for Ethnomedicines, Institute of Natural Medicine, University of Toyama, Japan.

Extraction and isolation procedure

Dried powder of C. asiaticum (0.5 kg) was extracted with MeOH for 48 h (4 L x
3) and the solvent was evaporated under reduced pressure to obtain a methanol extract
(32.8 g). The extract was triturated with water and sequentially partitioned with n-
hexane, CHCIs, and EtOAc to give 4.95, 12.8, and 3.5 g of n-hexane, CHCI3, and
EtOAcC extracts, respectively. The CHCIs extract (12.8 g) was fractionated on open
silica gel C.C using CHCI3:MeOH (100:0 to 60:40, v/v) as solvent to yield 21 fractions
(500 mL each). Similar fractions were combined based on TLC profiles to obtain, F1
(1.50 g), F2 (1.60 g), F3 (1.02 g), F4 (1.68 g), Fs (1.25 g), Fs (1.26 @), F7 (1.10 g), Fs
(0.82 g), Fo (0.41 g), F10 (0.68 g), and F11 (1.32 g). Fraction F1 (1.50 g) was separated on
an open silica gel C.C using n-hexane:EtOAc (95:5 to 70:30, v/v) solvent system and
four subfractions, F1-1(146.0 mg), F1-2(250.0 mg), F1-3(580.2 mg), and F1-4 (519.5 mg)
were obtained. Open silica gel C.C of subfraction F1-1 (146.0 mg) using the isocratic
solvent system n-hexane:EtOAc (80:20, v/v) afforded 32 (5.9 mg) and 35 (2.4 mg).
Purification of subfraction Fi1—> (250.0 mg) by open silica gel C.C eluting with n-
hexane:EtOAc (90:10 to 70:30, v/v) gave 33 (1.8 mg) and 36 (5.6 mg). Open silica gel
C.C of the fraction F3 (1.02 g) using a gradient system of of n-hexane:EtOAc (80:20 to
40:60, v/v) yielded five subfractions Fz-1 (81.0 mg), Fz—2 (380.6 mg), Fz-3 (165.2 mg),
Fs-4 (240.0 mg), and Fz—5 (140.8 mg). Subfraction Fs-» (380.6 mg) was further separated
on open silica gel C.C using n-hexane:EtOAc (70:30 to 50/50, v/v) to give 34 (6.8 mg).
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(2S,3R)-7-methoxy-flavan-3-ol (32): colorless oil; [@]*>0—26.5 (¢ 0.1, MeOH);
UV (MeOH) Amax 209, 218, and 282 (3.45) nm: IR (KBr) 3428, 2925, 2860, 1624, 1588,
1507, 1446, 1390, 1158, 1119, 1034, and 843 cm™; CD (c 0.1, MeOH) (A¢) 241 (1.39),
285 (—3.14) nm; H and *C NMR data (500 MHz, methanol-ds), see Table 3.1;
HRESIMS m/z: 279.0984 [M + Na]* (calcd. for CisH10sNa, 279.0992): *H NMR (400
MHz, DMSO-ds) & 4.82 (d, J = 7.4 Hz, H-2), 4.01 (ddd, J = 8.1, 7.4, 5.1 Hz, H-3), 2.71
(dd, J=15.8, 8.1 Hz, H-4ax), 2.81 (dd, J = 15.8, 5.1 Hz, H-4eq), 6.99 (d, J = 8.3 Hz, H-
5), 6.48 (dd, J = 8.3, 2.5 Hz, H-6), 6.41 (d, J = 2.5 Hz, H-8), 7.38 (M, H-2', H-3", H-5/,
H-6'), 7.35 (m, H-4), 3.69 (s, OMe-7): 13C NMR (100 MHz, DMSO-ds) & 81.3 (C-2),
66.2 (C-3), 32.4 (C-4), 130.3 (C-5), 107.2 (C-6), 158.8 (C-7), 100.8 (C-8), 154.6 (C-9),
112.7 (C-10), 139.6 (C-1), 127.1 (C-2’ and C-6"), 128.1 (C-3' and C-5'), 127.8 (C-4'),
55.1 (OMe-7).7°

(2S,3R)-7-hydroxy-flavan-3-ol (33): colorless oil; []?p —51.0 (¢ 0.1, MeOH);
UV (MeOH) Amax 207, 219, 228, and 282 nm; IR (KBr) 3436, 2926, 2848, 1627, 1512,
1457, 1159, 1390, 1119, 1029, 850, and 700 cm % CD (c 0.1, MeOH) (4s) 233 (2.87),
282 (-3.96) nm; H and ¥C NMR data (400 MHz, DMSO-ds), see Table 3.2;
HRESIMS m/z: 241.0867 [M — H]™ (calcd. for C15H1503, 241.0870).7°

(2S,3R)-2'-hydroxy-7-methoxy-flavan-3-ol (34): colorless oil; [a]??p —42.0 (c
0.1, MeOH); UV (MeOH) Amax 208, 218, and 280 nm; IR (KBr) 3507, 3436, 2931, 1622,
1591, 1507, 1157, 1122, 1036, 947, 843, and 758 cmX. CD (c 0.1, MeOH) (4¢) 236
(1.95), 278 (—2.94) nm; H and *C NMR (400 MHz, DMSO-ds), see Table 3.3;
HRESIMS m/z: 271.0972 [M — H]™ (calcd. for C16H1504Na, 271.0976).7

(2S)-4'-hydroxy-7-methoxyflavan (35): colorless crystals; *H NMR (400 MHz,
Acetone-ds) &4 4.97 (dd, J = 10.2, 2.4 Hz, H-2), 2.15 (m, H-3), 2.93 (m, H-4), 6.96 (d, J
=8.2 Hz, H-5), 6.43 (dd, J = 8.2, 2.5 Hz, H-6), 6.36 (d, J = 2.5 Hz, H-8), 7.28 (m, H-2’,
H-6'), 6.88 (m, H-3', H-5), 8.36 (s, OH); 13C NMR (100 MHz, Acetone-ds) & 78.4 (C-
2), 25.1 (C-3), 30.8 (C-4), 130.7 (C-5), 107.8 (C-6), 160.2 (C-7), 102.3 (C-8), 156.9 (C-
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9), 114.8 (C-10), 133.8 (C-1'), 128.2 (C-2' and C-6"), 115.9 (C-3' and C-5"), 157.9 (C-
4"). The above data and those of (2S)-4'-hydroxy-7-methoxyflavan in the literature are

identical &

(2S)-7,4'-dihydroxyflavan (36): colorless crystals; 'H NMR (500 MHz,
Acetone-ds) ou 4.95 (dd, J = 10.4, 2.1 Hz, H-2), 2.12 (m, H-3), 2.83 (m, H-4), 6.85 (d, J
= 8.2 Hz, H-5), 6.33 (dd, J = 8.2, 2.4 Hz, H-6), 6.27 (d, J = 2.4 Hz, H-8), 7.25 (d, J =
8.5 Hz, H-2', H-6"), 6.82 (d, J = 8.5 Hz, H-3', H-5'); 3C NMR (125 MHz, Acetone-ds)
oc 78.4 (C-2), 25.2 (C-3), 31.0 (C-4), 130.8 (C-5), 108.8 (C-6), 157.0 (C-7), 104.1 (C-8),
157.6 (C-9), 113.8 (C-10), 134.0 (C-1), 128.4 (C-2' and C-6'), 115.9 (C-3' and C-5'),
157.9 (C-4'). The above data and those of (2S)-7,4'-dihydroxyflavan in the literature are

identical.8°

Quantitative analysis of C. asiaticum extracts

The isolated compounds 32—36 were prepared in MeOH:H>O (80:20, v/v) at
concentrations ranging from 0.02 to 0.80 mg/mL to obtain a five point calibration curve.
The CHCIs and EtOAc extracts were then dissolved in the same solvent at a final
concentration of 10 mg/mL. The each sample (5 uL) was injected on a 6420 Triple
Quad LC/MS spectrometer with an Union US-C18 5 um (4.6 x 150 mm) column. The
mobile phase consisted of H,O and MeOH, both containing 0.1% HCOOH. Parameters
were set as follows: flow rate of 0.5 mL/min: 0—10 min, 60-70% MeOH; 10—-30 min,
70—100% MeOH. The separation temperature was maintained at 28 °C. Detection was
performed in ESI positive ion mode [drying gas (N2) flow rate, 12 L/min; drying gas
temperature, 350 °C; nebulizer, 55 psi; capillary voltage, 3,500 V; fragmentor, 135 V;
collision energy, 20 eV]. MRM was applied for the quantification of 32-36. The
monovalent precursor and product ion pairs were m/z 257 and 137 for 32, m/z 243 and
123 for 33, m/z 273 and 131 for 34, m/z 257 and 133 for 35, and m/z 243 and 133 for 36.
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Table S1. Viability of RAW264.7 cells treated with the different extracts during LPS-
induced NO production

% Cell survival

Extracts

6.25 (ug/mL)  12.5 (ug/mL) 25 (ug/mL) 50 (ng/mL) 100 (ng/mL)
B. pandurata
MeOH 7526 +1.00 67.75+2.15 66.04 +£0.70 65.15+2.15 48.31£0.94
EtOACc 74.02+280  7851+222 75.42 £ 0.96 69.20 +£2.03 23.29+1.43
CHCIs 8253+1.00 68.06 +3.03 44.03 +3.72 8.27 £0.10 4.09+0.14
n-Hexane 77.28+2.54 68.79 £ 0.86 31.62 +£0.86 5.82+0.49 3.27 £ 0.05
C. asiaticum
MeOH 146.15+1.30 127.35+0.46 118.07+3.34 106.76+2.22 73.98+1.66
EtOAC 108.38 £5.49 106.85+3.00 109.58+5.27 101.05+3.08 47.57+0.38
CHCIs 148.49+4.46 123.89+5.75 113.28+3.04 112.67+1.97 64.60+3.41
n-Hexane 88.51+397 7190+1.74 63.81+0.76 60.85+1.31 23.78+1.73
C. sahuynhensis
MeOH 79.01+268  76.20+3.28 89.36 +3.94 10296 +191 84.72+1.75
EtOACc 76.82+1.81  81.49+0.32 81.97+2.19 101.94+152 119.45+3.13
CHCls 68.02+0.65 6891+1.79 87.00 +4.03 100.12+4.65 12.02+0.20
n-Hexane 83.41 +£0.68 87.60 + 3.92 91.47 £0.87 106.32 £ 0.92 120.15+2.94
G. pendula
MeOH 57.25+0.93  55.34+4.60 60.22 +2.01 68.00 +4.48 73.87£2.05
EtOAC 53.09+4.16  65.50+4.08 66.71 +2.52 78.42 £4.27 110.80 £ 4.75
CHCIs 7222+3.68  69.42+2.38 76.66 +£2.21 94.39 £0.91 114.43 £ 2.07
n-Hexane 7299+181  71.13+1.80 78.18 +£2.49 95.19 +4.89 31.74+£0.81
K. champasakensis
MeOH 78.52 +1.98 74.78 £ 1.96 55.65+ 1.69 5.56 +0.18 3.82+0.19
EtOAC 67.64 +0.47 70.18 +£ 3.07 72.46 + 3.65 75.81+£2.90 39.53+2.90
CHCIs 81.51+1.88 75.30+0.79 68.14 £ 0.32 15.66 £ 0.44 10.09 £0.63
n-Hexane 70.85+450  59.27+4.10 12.74 £ 0.84 3.94+0.18 3.14+0.36
K. marginata
MeOH 76.72+321  74.81+0.46 73.89 +2.47 68.04 +2.42 21.48+0.19
EtOAC 83.21+3.00 84.62+2.30 89.76 + 2.35 95.91+4.71 102.49+1.91
CHCl; 97.62 £ 1.56 90.48+1.42 88.06 £ 0.16 83.29+1.21 44.35 + 0.86
n-Hexane 108.71+0.94 96.56 +2.26 94.90 + 2.88 74.17 £ 1.17 7240+ 1.71

The data are presented as mean value = SD forn=3
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Table S2. Identification and qualification of 9-11, and 15 from extracts of K. marginata
rhizomes

Qualification (mg/g extract + SD)

Compounds

Parent ion MS/MS n-Hexane CHCl; EtOAC
9 3412 136 6.63+0.04 0.12+0.01 0.11+0.01
10 333° 137 0.78+0.02 0.08+0.01 0.29 £0.01
11 3412 147 6.78 £ 0.10 0.89+£0.04 0.27+£0.04
15 333° 137 3.50+0.13 5.38 £0.10 4.15+0.08

2 Parent ion: [M + Na]*. ® Parent ion: [M + H]*. SD: standard deviation. NT: not detect.
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Table S3. Viability of RAW264.7 cells treated with the isolated compounds 1-31 of K.
marginata rhizomes during LPS-induced NO production

% Cell survival

Compounds

6.25 (uUM) 12.5 (uM) 25 (uM) 50 (uM) 100 (uM)
1 92.27 £0.89 79.88 £ 2.95 2597+126  12.73+040  4.43+0.03
2 95.34 +£0.49 98.05 + 1.56 98.26 £1.67 99.68+220  104.66 +1.30
3 101.77 £4.37 91.26 +1.67 90.62+254  7352+042  40.81+151
4 92.71+0.84 99.42 +2.95 98.53+2.09 9899+216  104.88+2.71
6 96.15 + 3.47 96.89 + 4.04 99.51+0.93  101.99+2.64 103.94+3.40
7 9559 +2.71 96.60 + 1.99 97.94+4.03 101.46+241 104.06+1.61
8 97.60 +0.37 97.86 +0.27 93.86+2.41 86.65+4.15 29.09+1.75
9 101.53+3.12 103.34+3.25 109.04+211 117.16+2.87 117.26+2.09
10 88.97 £2.31 88.50+2.94 90.07+3.82 97.01+287 84.35+1.30
11 94.00 + 0.96 93.74 +£3.92 99.76 +4.14  113.37+2.34 116.05+4.17
12 101.87+2.16 107.75+6.99 107.78+159 115.18+2.95 116.33+3.34
13 79.43 +£2.90 69.56 + 4.62 62.49+239  46.86+0.77 18.40+0.34
14 111.55+0.89 97.52+1.94 92.17+1.29 91.36 +4.59 23.15+4.82
15 102.98+5.40 108.03+1.16 107.07+3.51 11359+3.00 114.48+1.34
16 92.40£0.83 9540+ 1.72 95.67+298 9598+144  100.38+0.55
17 113.04+0.74 110.21 + 3.60 102.63+0.75 97.33+1.26 12.77+£0.34
18 10046 £0.49  100.59+0.88 98.98+250 92.06+2.31  7.32+0.05
19 11253+2.69 108.85+0.36 105.60+8.09 23.60+3.43  6.14+0.05
20 98.05 +4.29 98.05 +4.29 9532+135 9519+126 92.15+1.07
21 99.15+5.16 95.84 + 1.60 9532+135 9519+126 92.15+1.07
22 105.64 + 3.04 106.28 + 3.69 103.87+3.91 98.13+2.50 23.62+£0.21
23 103.55+1.52 103.28+0.96  99.98 £5.49 76.09 + 2.57 17.32 £0.59
24 99.48 £2.49 98.91+2.04 83.15+1.69 73.42 £ 1.27 31.58 +5.22
25 103.60 £3.00  98.50 +£0.89 97.78+2.00 9342+377  70.86+3.40
26 94.54 +1.96 91.62 + 3.55 9249+228  4575+344  20.08+1.25
27 82.80 +2.36 82.29+2.03 86.97+2.86  95.55+0.30 104.60+2.25
28 88.54 + 2.60 89.98 +0.85 90.98+0.98 91.74+165  94.38+0.54
29 99.48 +2.49 98.91 +2.04 83.15+169 7342+127 31.58+5.22
30 97.01 +1.07 91.84+3.05 71.80+0.47 24.68 £ 0.77 9.85+1.24
31 96.14 + 3.45 88.86 +1.16 52.86 + 0.87 13.17£0.18 477 +£0.20
L-NMMA 104.88 + 2.89 114.35+1.43 118.27+2.20 126.11+0.25 135.79+2.01

The data are presented as mean value = SD for n=3
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Table S4. Contents of the isolated compounds 32—-36 in CHCI3z and EtOAc extracts of C.

asiaticum
Concentration of the isolated compounds
Compounds (mg/g dry plant material weight + SD)
CHCI3 EtOAC
32 1.23+0.01 <LOQ
33 1.01+0.07 <LOQ
34 0.85+0.02 ND
35 1.44+0.01 ND
36 1.09 £ 0.01 ND

LOQ: Limit of quantitation. ND: Not detect. SD: Standard deviation

Table S5. Viability of RAW264.7 cells treated with the isolated compounds 32, and
34-36 of C. asisticum during LPS-induced NO production

% Cell survival

Compounds

3.13 (uM) 6.25 (uM) 12.5 (uM) 25 (uM) 50 (uM)
32 82.00+176 7854+562 76.39+512 71.85+0.29 8.78+0.44
34 84.05+134 80.24+350 76.67+5.90 69.62+510 11.00+1.80
35 103.41+6.80 87.89+393 8514+6.35 7250+3.88 1241+252
36 73.00+1.72 72.23 £0.56 69.62 + 2.63 57.16 £ 1.76 10.38+£2.34
L-NMMA 7758+538 8540+370 87.00+4.65 89.82+3.54  101.80+6.80

The data are presented as mean value = SD for n=3
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Figure S1. LC-MS total ion chromatograms of 9-11, and 15, and n-hexane, CHCls3, and
EtOAcC extracts
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Figure S2. MRM chromatograms of 9—11, and 15, and n-hexane, CHCls, and EtOAc
extracts corresponding to precursor-to-product ion transition

121



CHCI, extract 33 3% 34 /\ R +TIC MRM
EtOAcC extract + TIC MRM
Compound 32 /\ + MRM 257 — 137
Compound 33\ _ +MRM 243 — 123
Compound 34 A + MRM 273 — 131
Compound 35 /\ + MRM 257 — 133
Compound 36 N + MRM 243 — 133
& 10 14 18 22 2

Retention time (min)

Figure S3. Chromatogram of MRM transitions of CHCIs, EtOAc extracts, and
compounds 32-36
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Figure S4. 'H NMR spectrum (pyridine-ds, 400 MHz) of 1
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Figure S5. 3C NMR spectrum (pyridine-ds, 100 MHz) of 1
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Figure S6. *H-H COSY spectrum of 1 in pyridine-ds
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Figure S8. HMBC spectrum of 1 in pyridine-ds
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Figure S10. HRESIMS of 1
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Figure S23. NOESY spectrum of 3 in pyridine-ds
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Figure S25. 'H NMR spectrum (CDCls, 400 MHz) of 4
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Figure S26. 13C NMR spectrum (CDCls, 100 MHz) of 4
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Figure S28. HMQC spectrum of 4 in CDCl3
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Figure S30. NOESY spectrum of 4 in CDCls
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Figure S54. 3C NMR spectrum (CDCls, 125 MHz) of 8

150



T
1= il
SEGE b
gx—i . i
= | l l . - i
3 g HH
] N T-:? '; E
] ”n ‘e
<E EE
] '
o .
3 . : -
Sk . ik
< 7 ’l
5 ] i
S _ 1 '
e - - i: S
- ] t.
S 1 .
goé - - :.: —
"Rk I ‘-
a !
s I - i e
> N FrE | —
7.0 6.0 5.0 4.0 3.0 2.0 1.0(0 1.0 2.0
X : parts per Million : Proton abundance
Figure S55. *H-'H COSY spectrum of 8 in CDCls
8 7 it
So]
c g .
> 4
2.1 | | Il . -
gé wp —
N .y # =
E " 9 O =]
g; w —
< -
=E
oo
© 3
=i -
G
98-
S=1
£ 2] - —
o4
R E 4 -
o -
o 3 —
=S4
ERE ¢ - _
= Q]
824
© -
s o
Qo‘j -
700 3
> 3 =
“““ UL U L L DL rrrTTTTTTTTT
7.0 6.0 5.0 4.0 3.0 2.0 1.0 |0 0.1
X : parts per Million : Proton abundance

Figure S56. HMQC spectrum of 8 in CDCl3

151




3 Og . ™
S ‘—i| .
£ I
34 " I L :
j —
: o~ =
E . ® o "t- =
21 . L4 N - . =
oF . ¢ |
=E
o
© 3
O.E ° . 5
o
®3
- 21
o4
it
294 —
8 &7 . -
..o
s QE ° L
= o
=< g
= '3 * g - L
= ’
A
5 o]
E=E ¢ |}
>8] °
T T L T T T [
7.0 6.0 5.0 4.0 3.0 2.0 1.0 |0 0.1 0.2
X : parts per Million : Proton abundance
Figure S57. HMBC spectrum of 8 in CDCl3
8 -
j
ot :
>
2 J | w I . -
o 4 .
i . . Sy o
E ?. ome ’ -f
Zi -." s v
o]
™ 7
o] L
<]
= ]
S ]
SR
T - —
c ]
L2 1 .
S o - :
e - -
%] ]
& o ] - S
S~ ¥
>_ | B
IR L L D L L L LR A | AR rorrrrTTT T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 1.0 2.0
X : parts per Million : Proton abundance
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154



c <] .11 .
s N el N
< s e -
-] _-ai
] Y . -
o . - “u & o T
N gl
] s a - ce &
™
o] -
<
] L - . p—
] . * - S
§°1 2 &% =
g o] - eow -
.- ©
o 4 -
L2 - - - —
= Q] °
> ™~ _.' —
8 o] -® =
P
s 1 . L
Tol e - c
> o]
T UL D L A DL DL L DL RS B BRRRE BRRRE
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 |0 1.0 2.0 30
X : parts per Million : Proton abundance

Figure S62. *H-'H COSY spectrum of 9 in pyridine-ds

a8 ] -v-u—_"
S o]
2 - Hl -
N I S B B \
E e © L
o] . b
=E ,""ﬂ“";
o3 e i
B3 -
o}
oo
~ 3 - 3
o]
o
S
™M o7
E=I=i L
ga? < -
o i3
52 . —
PR .
E=E e -
=87 - —
237
51
m":',:
T of
=
et
1 LI L N L L L L L L L L L L L L) L L L L L L L L L L L L L L L L L L L L L LR B LR R
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 1.0 2.0 3.0
X : parts per Million : Proton abundance

Figure S63. HMQC spectrum of 9 in pyridine-ds

155



m -
£ o3 R
BN
-‘%O | ol | \ ul lllll 4 PR A B W W | . :_-.
L L] —
[ ] o - . o =
t i oee ¢ = sy B
- - . 0.“ L
- - L J —
o
3 g
51 . ~ - |
[
O .
é ® ] -
= - L] - -
S . o o L ) - [ 3 t —
g ;
2
g
> A 4 - o -
“““““ T T T e e e Heeee e
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 |0 1.0
X : parts per Million : Proton abundance
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Figure S67. *H NMR spectrum (pyridine-ds, 400 MHz) of 10
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Figure S68. 13C NMR spectrum (pyridine-ds, 100 MHz) of 10
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Figure S70. HMQC spectrum of 10 in pyridine-ds
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Figure S71. HMBC spectrum of 10 in pyridine-ds
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Figure S72. NOESY spectrum of 10 in pyridine-ds
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Figure S74. *H NMR spectrum (CDCls,

5] a4
91L'L2
¥29'0€
4
619'vE
6¢0'GE
8G8'GE

Y

16229

66v'¢L
9/8'9L
00¢'LL
S16°2L

N4

EreSTT ——

YSy'eeT ——

ovTerT ——

T90°9ST ——

616'€LT —

9/9°66T ——

28900 ——

L L I B B B L L L L L L L IO L L L B B

L

T

0L 09

0's

oy

0¢

0¢

R RARRRRESS
01 0

aouBpuUNQe

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0

X : parts per Million : Carbon13

100 MHz) of 11

Figure S75. 3C NMR spectrum (CDCls,

162



8 : " v
g
5 1| .-
% o | L '] P e N n . -
O'; . R y" .
™3 - = s
o] - o =
R u - -
] . 8 [ ] @ 3
] - ’ - —
o 4
™
£
a ]
£ - - I
£3 - - —
=
213_ E - S -
PECE
8¢9
> ] - - - L
——— T T T T T —
6.0 5.0 4.0 3.0 2.0 1.0 0 2.0 40 6.0
X : parts per Million : Proton abundance
Figure S76. *H-H COSY spectrum of 11 in CDCls
o spe W
£o] -
R -
o “w o # %—
o —
hE
=E
g1 2 -
o3 @ i
83
o3
o4
=k
RS o -
sS4
2«1
T o -
O 31
- 23 ™
S of
EP=ER —
R
R=f i
831
L R=E
= L
=5
>. Né ’
— ‘ | T ——r
6.0 5.0 4.0 3.0 2.0 1.0 0 2.0 40 6.0
X : parts per Million : Proton abundance
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Figure S79. NOESY spectrum of 11 in CDCl3
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Figure S85. HMBC spectrum of 12 in CDCl3
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Figure S86. NOESY spectrum of 12 in CDCl3
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Figure S100. NOESY spectrum of 33 in DMSO-ds
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Figure S102. *H NMR spectrum (DMSO-ds, 400 MHz) of 34
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Figure S103. *3C NMR spectrum (DMSO-ds, 100 MHz) of 34
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Figure S106. HMBC spectrum of 34 in DMSO-ds
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Figure S107. NOESY spectrum of 34 in DMSO-ds
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Figure S108. HRESIMS of 34
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