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Abstract
Targeted isolation of diverse alkaloids fromAlchornea
rugosa, Persea americana, and Gymnema inodorum by
dereplication methods using LC-MS/MS-based molecuta

networking

Natural products (NPs) that are small moleculegsddrfrom the environment
by secondary metabolic pathways have played sogmifiroles in drug discovery,
ecology, and biotechnology. The conventional invesiby of natural products in
the early years such as “grind and find” or biodgui isolation has successfully
found important medicines including morphine (pdlek), aspirin (anti-
inflammation), digitoxin (cardiac glycoside), silynta(treatment of liver disease),
quinine, artemisinin (antimalarial), and pilocarpifieeating glaucoma). Since the
first plant-derived medicine was founded in 1803 tiumber of new natural
products reported every year has risen dramati@slynany easily accessed natural
products have been isolated for a long history, nectudies have faced a
commonplace challenge — the “rediscovery of knoeamgounds”. In this regard,
analytical tools, especially mass spectrometry (M&ye recently been efficiently
applied in the NP field for dereplication and rajdentification of new NPs in
complex mixtures.

Remarkably, a recent technique using tandem MS/M8& skets called molecular
networking (MN) has transited the traditional “gtiand find” to the hypothesis-
driven targeting isolation since its first introdion a decade ago. MN is the
computer-based approach aiming to arrange MS/M& datomatically compare it

to available databases for the identification @fcific metabolites,-and givé the best- |
i | = I



visualization of related compounds in the same gr@luster). This dereplication
technique has been widely and successfully apptiééHFs leading to the discovery
of broad types of novel secondary metabolites¢batd be promising for research
and development of new drugs.

Herein, the MN was successfully applied to targed &wlate various types of

alkaloids from different plant sources.

Part 1. Guanidine alkaloids from Alchornea rugosa and their

glucose uptake and autophagy activities

Natural guanidines that are classified as alkal@idd as unusually modified
peptides with guanidine functionalities are gengrlmund in microorganisms and
marine invertebrates but are rarely found in terasplants and animals. The
substantial hydrophilicity of guanidines makes traritable for the development of
drugs, some of which have been used clinically. itageworthy that although the
natural guanidines in plants account for only alsmamber compared to other
sources, plant guanidines have been frequently texpar some species belonging
to the genudlchorneaincludingA. floribunda A. hirtella, andA. cordifolia Based
on MS/MS-based molecular networking analysis, thrpairs of novel
configurationally semistable diastereomers featuan unprecedented 1,6-dioxa-
7,9-diazaspiro[4.5]dec-7-en-8-amine scaffold namegbmidines A-F 1-6), and
nine new guanidine-fuse catechins named rugonirék(#-15 were isolated from
Alchornea rugosaCompoundsl-6 possess a 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-
en-8-aminefused catechin skeleton that featuregtwally unique scaffold. Their

structures were elucidated by NMR spectroscopyoml@nation with quantum-
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chemical calculations. The biological activitieslets were tested in glucose uptake
levels in differentiated 3T3-L1 adipocytes usingdébxy-2-[(7-nitro-2,1,3-
benzoxadiazol-4-yl)amino]-d-glucose (2-NBDG) aslaofescent-tagged glucose
probe and compoundk-3 showed a significant increase glucose uptake devel
Structures of—15were determined by NMR, HRESIMS/MS, and CD data aisly
These guanidine-fused catechins were evaluatedthieir bioactivities in the
autophagy modulation assay. The results indicatetl ¢dompoundslO-13 had
potential autophagy inhibition effects comparedh® chloroquine which is known

as autophagy inhibitor.

Part 2: Alkaloids from Persea americana and their SIRT1
activities

Sirtuin 1 (SIRT1) is a nicotinamide adenosine dieatide (NAD)-dependent
deacetylase belonging to the mammalian sirtuinglyahmat plays important roles in
cellular and organismal processes, including meistnoland aging. Through
deacetylation of various substrates, including histproteins (acetylated histones
H4K16 and H3K56) and non-histone targets (p53) to geneiedéinamide and the
acetyl group, SIRT1 is involved in a broad rangepbiysiological functions,
including control of gene expression, metabolism,agidg. The function of SIRT1
in senescence, which leads to extending life spamliorates cellular senescence,
and consequently prevents aging-related diseasewiidy achieved by catalyzing
the deacetylation of various downstream transcriptiotofa.
Avocado seeds are the by-products of the food inglusith rich bioactive
compounds but the secondary metabolites have ot et studied and applied.

Herein, the phytochemicals in avocado seeds wereplieated by dséng'.én ILC-



MS/MS-based molecular networking. A new finding ikadoid compositions from
avocado seeds was discovered allowing the isolatioseven new quinolone-
alkaloids and two new benzoxazinone-alkaloids. Btimes of isolated compounds
were identified by NMR spectroscopy methods in coation with ECD
calculations for absolute configuration elucidatibater, the activities of isolated
compounds were tested for their SIRT1 activitieHIBK293 cells. The results
showed that compountl has the most potent effect on SIRT1 activation \aith
elevated NAD/NADH ratio and it could be a promising candidate further

investigation of anti-aging agents.

Part 3: Oleanane triterpenoids fromGymnema inodorum and

their insulin mimetic activities

The molecular networking af-hexane, EtOAc, and-BuOH fractions ofG.
inodorum was generated and showed four main clusters imgudleanane —
triterpenoids (cluster 1), flavonoids (cluster 2) tiyk anthranilate derivatives of
oleanane triterpenoids (cluster 3), and benzoyl dévies of oleanane triterpenoids
(cluster 4). Seventeen compounds including 13 nesananes 4-7), benzoyl
derivatives of oleanane3) and methyl anthranilate derivatives of oleanane
triterpenoids 1, 2, 16-18), and four known compounds were isolated and their
structures were identified by analysis of the NMiectra. Compound$—9 were
tested in an insulin-mimetic model to evaluate th@togical activities. The results
suggested that compoungis, 8, and9 showed potential stimulatory effects on the
uptake of 2-NBDG in 3T3-L1 adipocyte cells. Composifid8, 9, and10-18 were
evaluated for their effects on antimuscle atro@tvities. The results suggested

that compound 2 showed the most potent effect on muscle atropl&j;hﬂ.'l'__ate'r,:



the SAR was discussed to suggest the crucial gom@ntimuscle atrophy of

oleanane triterpenoids fro@®. inodorum

Keywords: Alchornea rugosa, Persea americana, Gymnema inodonustecular
networking, alkaloids, oleanane triterpenoids, gluagsake, autophagy inhibition,
SIRT1 activation, insulin mimetic.
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Part 1. Guanidine alkaloids from Alchornea rugosa and their

glucose uptake and autophagy activities

1. Introduction
1.1. Study background

1.1.1.Natural guanidines

Natural guanidines are classified as alkaloidsaangnusually modified peptides
with guanidine functionalities (Berlinck, 2020; Beadk et al., 2012). Guanidines
derived from natural products are generally foumanicroorganisms and marine
invertebrates but are rarely found in terrestriahts and animals (Berlinck, 2020).
Since the guanidine group has limited occurrencendture, guanidine-bearing
compounds are structurally unique and often extpbitent biological activities
(Berlinck, 2020; Berlinck et al., 2012). The substartialrophilicity of guanidines
makes them suitable for the development of drugsesof which have been used
clinically, such as streptomycin (Berlinck et al., 2D2Several guanidines from
plants have been reported to have antidiabeticlgR&rJayanty, 2013), anti-
inflammation (Song et al., 2015), antitumor (Maolet2D15), antifungal (Kohyama
& Ono, 2013), and antifeedant (Rowan et al., 1990)i¢iets. In addition to the
reported activities of natural guanidines, a maguanidine named monanchocidin
has shown potential autophagy induction and lysesamembrane permeabilization
effects (Dyshlovoy et al., 2015). In addition, metfarma well-known biguanide
that is the first-line therapy in the treatmenttyje 2 diabetes, has been found to
help attenuate hallmarks of aging by enhancingpd#tgy (Bharath et al., 2020;
Kodali et al., 2021). Moreover, guanidine hydrochlotde been used for treating
muscle weakness since the 1960s (Minot et al., 198B)reating amyotrophic
lateral sclerosis (Norris, F. H., Calanchini, P. R.l&aR. J., Panchari, S., & Jewett,
1974), and for treating infantile and juvenile spimaiscular atrophy (Angelini et
al., 1980). It is noteworthy that although the ndtgtenidines in plants account for
only a small number compared to other sources ifidriet al., 2012, 2017), plant
guanidines have been frequently reported in soreeisp belonging to the genus
Alchorneaincluding A. floribunda A. hirtella, andA. cordifolia (Berlinck et al.,
1999; Berlinck & Kossuga, 2005)



Figure 1. Alchornea rugosa (Lour.) Miill. Arg. Leaves of 4. rugosa were collected
in Quang Trung commune, Ngoc Lac district, Thanh Hoa Province, Vietnam

(20°8'3"N, 105°24'15"E) in May 2016.

1.1.2.4lchornea rugosa (Lour.) Mill. Arg.
Alchornea rugosdLour.) Mill.Arg., belonging to the family Euphorbizee,

is widespread from India to Australia and growkinland rainforests as a dioecious

shrub or tree up to 10 meters tall (Martinez et24l17; Wiart, 2007). Traditional

uses in Vietnam, Laos, and Cambodia have indicatddtb seeds &. rugosamay

be eaten to relieve the bowels from costivenessiRaod leaves are used as a

decoction to reduce fever and treat malaria (WiadQ7). Although the genus
Alchorneacomprises 55 accepted species, which occur in higirigd ecosystems
across all continents with a largely pantropicatrithution, most of the studies on
this genus focus oA. cordifolia, which grows mainly in Africa (Martinez et al.,
2017). Leaves and bark tissuesfofrugosawas first reported in 1969 to contain
alkaloids, including natural guanidines naméd,N-diisopentenylguanidine,
N%,N2,N3-triisopentenylguanidine, and two hexahydroimidazafdlpyrimidines
alkaloids (alchornine and alchornidine) (Hart et 4P69; Martinez et al., 2017).
These guanidine alkaloids have shown antibactesiatiangiogenic, and anti-
inflammatory activities in previous studies (Lamika et al., 1990; Mavar-Manga
et al., 2008).
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Figure 2. Structure and mechanisms of action of metformin in type 2 diabetes and

structures of type 1 guanidines isolated from A. rugosa.

1.1.3.Diabetes

Diabetes is a metabolic disease characterized by chronic hyperglycemia that
could lead to complications in the heart, blood vessels, eyes, kidneys, and nerves
over time (Alberti & Zimmet, 1998; Association, 2014). It is estimated that
approximately 90% of diabetes cases are type Il diabetes, which is caused by fS-cell
dysfunction and insulin resistance (Association, 2014; Harding et al., 2019).
According to the WHO, the number of cases and the prevalence of diabetes have
been steadily increasing over the past few decades, with approximately 422 million
people experiencing this disease worldwide and 1.6 million deaths directly caused
by diabetes each year (World health organisation (WHO), 2020). The first-line
therapy is a comprehensive lifestyle including weight management and physical
activities accompanied by biguanides (metformin), followed by oral
antihyperglycemic agents and insulin (Association, 2021). In addition to drug
therapy, traditional medicines have been described in pharmacopeias and well-
established documents in WHO monographs (Governa et al., 2018; WHO, 2007,
World Health Organisation, 1999; World Health Organization, 2009). A recent
review reported that 2004 plants belonging to 1112 genera and 197 families have
been reported across 92 countries worldwide for diabetes management (Aumeeruddy
& Mahomoodally, 2021). 4. cordifolia, a species belonging to the genus of
Alchornea, has antidiabetic activity associated with its n-butanol fraction

(Mohammed et al., 2012). Ad -1l
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Figure 3. Overview of the autophagic machinery. Initiationaaftophagy involves
the formation of an isolation membrane (phagophdite critical step is stimulated
by starvation or cellular stress, or some small mdés such as rapamycin. The
phagophore then sequesters cytoplasm or selecbhstraties, elongates (with the
presence of LC3-ll), and eventually matures into arnophagosome with a
completed double-membrane. The autophagosome fughsawlysosome that
contains hydrolase acids to form an autophagolysesdhe following breakdown
step results in degraded products and LC3-1l which earetycled for other cycles

of autophagy.

1.1.4.Autophagy regulator

Autophagy is an intracellular self-degradative s that eliminates
cytoplasmic materials and recycles damaged orgas)elhd nonfunctional proteins
in the lysosomes to maintain basic energy levetscilular regeneration and
homeostasis (Mizushima & Komatsu, 2011). The intiatistep of autophagy
involves the formation of a double membrane (phagog) that is regulated by
multiple signaling mechanisms. The phagophore thengates and eventually
matures into an autophagosome, which is subsequeafficked to fuse with a
lysosome (Vakifahmetoglu-Norberg et al., 2015). Mattion or overactivation of
the autophagic machinery is associated with manyamu disorders including
cardiomyopathies, infectious diseases, Crohn’'s diseand neurodegenerative
disorders (Alzheimer's, Huntington’s, and Parkinsordiseases), and cancer
(Vakifahmetoglu-Norberg et al., 2015). The hyperatibraof autopf_};jl_gy_ t1;_a_s1alﬁo_,;*i —

4 =



been found to be associated with muscle loss imwsrconditions and to induce
muscle degeneration and weakness (Sartori et al1b20Zhe importance of
autophagy in pathophysiology has drawn the attertfanany researchers in recent
decades in the search for new potential therapelutigs. Therefore, autophagy
modulators have been investigated as potentialidates$ for the treatment of
autophagy-related diseases. Many small molecubss @en reported as autophagy
activators or inhibitors (Vakifahmetoglu-Norbergagt, 2015) including curcumin,
tanshinone lla, ursolic acid, resveratrol, and gios&te 20(S) Rg-3 (enhancing
autophagy), and 6-gingerol (inhibiting autophagy)ol® & Park, 2017).
Interestingly, the guanidine derivativé? N*-dibenzylquinazoline-2,4-diamine
(DBeQ) inhibits autophagosome maturation (Choul.e2@11), and metformin, a

biguanide which induces autophagy, are undergoing clitrieds.

1.2.Purpose of Research

Inspired by the unique structure and the activibégguanidine derivatives,
molecular networking-guided isolation was appliethvestigate natural guanidines
from A. rugosa The shared guanidine moiety in the structures etfarmin and
rugonidines A—F, which contains guanidine derivatiftesed to the catechin skeleton
via 1,6-dioxaspiro linkage, and by the antidiabeffeats of a species in the same
genus, the isolated compounds were evaluated frathiédiabetic activity through
the glucose uptake assay in 3T3-L1 adipocyte cells. Eanines, the other type of
guanidines isolated fromA. rugosa their activities have been performed in an
autophagy screening to seek autophagy modulatartagkie to their structural
similarities with some autophagy activators or foitors which are under

investigation for new therapeutic medicines.



2. Targeted isolation of guanidine derivatives irA. rugosa

2.1.Targeted isolation of guanidines fraf rugosaby using LC-MS/MS-based
molecular networking

The chemical profile of the alkaloid fraction frahre A. rugosdeaf extract was
determined by UPLC-QTOF MS/MS analysis. High-regolut electrospray
ionization mass spectrometry (HRESIMS) data (Figuneete then preprocessed
via MZmine 2 software (Pluskal et al., 2010) and sgbently analyzed on the
Global Natural Products Social platform (GNPS, httpeps.ucsd.edu) hosted by
the GNPS (M. Wang et al., 2016a). The MS/MS molecwgarvarking displayed six

clusters that were over three nodes (Figure 5) dEneplication process afforded 10

hits, four of which were previously described in emusAlchornea(Figure 5 and
Table 1). The largest cluster A with 20 nodes caedisnostly of small-molecule
metabolites, some nodes of which could be assignkdawn alkaloids reported in
this genus, such as alchornim/g208, (M + HY] (Hart et al., 1969), pterogininenfz
194, (M - B+ H)'] (Barrosa et al., 2014a), pterogynidima/194, (M — H+ H)*]
(Barrosa et al., 2014a), isoalchorneing4240, (M + B+ H)*) (Khuong-Huu et al.,
1972), and alchornedinemfz 210, (M + HJ)] (Barrosa et al.,, 2014a). The
alchornealaxine with a molecular weight of 481 Dafamed by conjugation
between prenylated guanidyl and epicatechin maieti@s observed in cluster C
(Figure 6). Analysis of the MS/MS fragmentation daeealed that alchornealaxine
(black circle edge) and the other nodes in cluStginared a similar pattern of product
ions, suggesting the presence of derivatives wieimglyl moieties. Two typical ions
at m/z 262 andm/z 151, which represented guanidine-attached fragsnemtre
observed in all MS/MS patterns of the nodes intelu€ (Table 1, Figures 4, 7).
According to molecular networking-based discoveighenew guanidine-derived
derivatives {-8) were isolated. The different mass losses betwheset nodes
suggested that the loss of a hydroxyl (398.172%, an additional rhamnose sugar
(628.2881,7-8), the loss of an isopentenyl moiety (414.1670;11), a replace
isopentenyl moiety by a rhamnose unit (560.2258), In addition, clusteiD
consisted of six nodes at/z644.2815, 576.2189, 576.2211, 498.2237, 482.2289,
and 430.1604 that differed from those of the regbgieanidine derivatives (Figure
5). Subsequent fractionation of the EtOH extract d®jumn chromatography
separation, including on Daion HP-20, MPLC, Sephadejbd-IZD,_ and,
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semipreparative HPLC, allowed the isolation of thpa#s of diastereomerks-6.
Compounds1-6 possess a 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-en-8efised
catechin skeleton that features a naturally unspadfold (Figure 8). Furthermore,
eight new compounds/{14) that share a similar skeleton to alchornealaxine in
which guanidine conjugated with flavanol were dgeted and isolated, then their
structures were determined to prove that the swtgdemodes by molecular

networking were a good match (Figure 9).
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Figure 4. Base peak intensity, TOF MS/MS, and DAD chromatographies of alkaloid fraction of 4. rugosa leaves
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. Dereplicated compounds against the GNPS
O Putative compounds by literature review in the Alchornea genus
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Figure 5. Dereplicated compounds against the GNPS and literature reviews in the Alchornea genus
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Table 1. Identified nodes in the fraction AR25 using HRESI-gTORVMS/MS against GNPS libraries or literature reviews inAchornea

genus
Cluster tg mizZ[M+H]* Calcd. MassDﬁf RMD MS/MS fragments MO|€CU|:’:II’ Compound  GNPS spectral Library
groug  (min) (ppm; formuls name ID/ref.
A 2.94 208.145:i 208.145! 3.80 70C  140.082! C11H17NsO Alchornine (Hart et al., 196¢
A 3.1« 210.168 210.170! -9.0C 80z 142.098: C11H19N30 Alchornedini  (Barrosa et al., 2014
194.1657 .
A 3.85 [M-Haz+H]+ 194.1657 -0.18 853 C11H21N3 Pterogynine (Hart et al., 1969)
B 4.63 658.2983 658.2978 1.10 453123282; 218.0865, 260.1033, 328.16GJC33H43N3011
B 4.82 428.182! 428.182 0.c0 42€  164.0809, 218.0877, 242.09 260.103°  C22H25N30s
B 4.98 658.2987 658.2976 1.70 454;?‘2122;0 218.0873, 260'1041‘328'1669C33H43N3011
B 5.04 512.241! 512.239 3.50 471  218.0878, 260.1037, 328.1¢ C27H33N307
164.0771, 191.0701, 218.0882, 242.092
B 5.21 512.2401 512.2437 0.80 469260.1041, 321659, %27H33N307
154.1002, 164.0776, 218.0880, 242.092
B 5.97 496.245 496.2448 0.40 494260.1030, 328.16! ‘(:527H33N305
B 6.10 496.2454 496.2448 1.20 495%232;2? 218.0869, 242.0916, 260'102%27H33N305
163.0534, 191.0736, 218.0839, 233.081
B 6.25 496.2451 496.2448 0.60 494260.1037, 328.1644. 369.17 %27H33N306
163.0492, 191.0700, 218.0876, 233.082
B 6.48 496.2461 496.2448 2.60 496260.1039, 328.1698, 369.17 %27H33N306
151.0374, 161.0599, 178.0588, 203.064
C 2.07 414.1674 414.1665 2.20 404220.0885, 245.093:262.1190 %21H23N306
C 2.19 560.2274 560.2244 5.40 4061122229 220.0888, 245.092%2.1200 C27H33N3010
161.0631, 178.0576, 203.0616, 220.088
C 2.23 414.1647 414.1665 -4.30 398245.0914262.1189 %21H23N306
C 349 6282877 6282870 110  458.81:0575,220.0933,245.09262.2298 .\, N:046

330.1815, 482.2284, 560.2:

11 P
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(2R,3S,2"R)-1. R1= S1, R2= 32 (2R,3S,2"S)-2. R1= S1, R2= 32
(2R,3S,2"R)-3. Ri=H,R,=S, (2R,3S5,2"S)-4. Ri=H,R,= S,
(2R,3S,2"R)-5. R=H, R,= H (2R,3S,2"5)-6. R;=H, R,=H

7.R1=S4,R2=8; 8.R1=S;,R;=S, 11.R;=0H,R,=H
9. R1=S1,R2=S3 ;
10.R; = OH, Ry = H 0
12.R,=OH, R, = S, | OH OH
13.R,=S;, R, =H 0 J/ j/
14.R,=H,R,=H HN_ _NH, OH
T OH S
15 S, S, S3

Figure 9. Chemical structures of isolated compounds 7-15 #omugosaeaves
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3. Structure elucidation of 1,6-dioxa-7,9-diazaspiro[&b]dec-7-en-8-amines from
A. rugosa
3.1.Compoundl

Rugonidine A 1) was obtained as a pale-yellow amorphous powdsr. It
molecular formula was established agHz:N3O.1 based on the HRESIMS ion peak
atm/z644.2833 [(M + H), calcd. 644.2819], which accounted for 14 double bond
equivalents (DBESs). The IR spectrumlothowed characteristic absorption bands
for amine (3217 cm), oxime (1689 cr), alkenes (1523, 1647 ¢y and N-O
(800 cn1?) functionalities. ThéH NMR spectrum ofl showed two N—H protongy{
9.59 and 9.08), four hydrogen signals at aromaticsrgnd B ¢ 6.79, 6.73, 6.66,
and 5.96), an olefinic protody 5.23, H-2""), seven protons on oxygenated carbons
(6n 3.12 — 4.63 ppm) including an anomeric signal4.05, H-1""), amN-methylene
group ¢n 3.89/3.82, H-1"), one methylené,(2.78/2.53, H-4), and five methyl
groups §n 1.11-1.72 ppm). Th&C NMR spectrum ofl exhibited 32 carbons,
including a guanidine carbon signakt (159.0), twelve aromatic carbong: (89.3—
156.0), one double bondA(136.3/118.6), a signal typical of a dioxaspiro carabn
oc 108.4 (Li et al., 2014), an anomeric carbén100.1), six oxygenated carbois (
68.9—-79.1), on®&-methylene groupd¢ 45.7), one quaternary carbafx @4.2), one
methylene §c 27.7), and five methylsi¢ 17.8-25.3). The presence of a guanidine
moiety was suggested by two nitrogenated protongedisas a carbon signal &
159.0, and the molecular formula of:8,3N30- for 1 resembled those of reported
guanidine derivative@arrosa et al., 2014b; Tapondjou et al., 2016).
The HMBC correlations from H-2§ 4.63) to C-1(oc 129.5), C-2(dc 114.0), and
C-6 (6c 118.0) and from K4 (0w 2.78, 2.53) to C-105¢ 101.0) suggested a catechin
unit (C6-C3-C6). The heterocyclohexene rind. ¢ ring), which was similar to that
of 3-amino-1,2,4-oxadiazine scaffold (Tang et al., 302@s determined by HMBC
correlations from 1" (6n 3.95, 3.85) and 1"-NH§ 9.59) to the guanidine carbon
(6c 159.0) and C-2"d¢ 108.4) (Figure 12). The position of the isoprengiginent
was indicated by the correlation from-H" (0n 3.89/3.82) to C=Ndc 159.0). The
hexose sugar was recognized by an anomeric (HoL"4.056c 100.1), four
oxygenateddy 3.12 -3.48; 6c 68.9 — 71.8), and one methyk(1.116c 17.8) signals.
H-IH COSY (Figure 13) and NOESY datalofFigure 18), as well as the mass loss

of 146 Da, revealed the presence of a rhamnosdyndlee HMBC correlation from
¥ ) o 11

—
v |
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H-1"" to C-3 §c 72.6) indicated that the hexose was linked to G-the catechin
moiety and that the relative configuration was @orientation based on the
magnitude of th&lcy value (169.0 Hz) (Pretsch et al., 2009). These rescitsunted
for only 13 out of 14 DBEs df, and thus suggested the presence of one additional
ring. The HMBC spectrum dfimplied the presence of an additional furan runged

to the catechin moiety at C-7 and C-8, based on HMBC cro$s-freen H-4" and
Hs-5" to C-8 ¢c 109.6). The linkage of the D-E ring through CvZas also proven
by HMBC correlations from the 4#", Hs-5", and H-1" to the dioxospiro carbon at
C-2'. The configurations at C-2 and C-3Jivere identified asR,3S based on the
NMR doublet for H-2 §4 4.63,J = 8.1 Hz), and the carbon signals for C-2@f9.1
and C-3 atc 72.6 (Schmidt et al., 2010). The negative Cottonceff€E) in the
range 280—-290 nm of the circular dichroism (CD) expentofl (Figures 20) was
also typical for (+)-catechigKim et al., 2016; Korver & Wilkins, 1971). The
absolute configuration of the rhamnose was establishedithygdrolysis followed
by conversion to its corresponding thiocarbamoid#blidine carboxylate
derivative withL-cysteine methyl ester ar@tolyl isothiocyanate (Tanaka et al.,
2007). The consistent HPLC retention times for thgas in1 and the authentic-
rhamnose derivative confirmed that the stereocheyro$the sugar moiety was that
of L-rhamnose. To further confirm the unique 1,6-dioxaédis&aspiro[4.5]dec-7-
en-8-amine-fused catechin moietylofNIMR calculations for two possible isomers
of the core structure df, (2R,3S2'R)-1 (1) and (R,352"9)-1 (Il ), were performed
with density functional theory (DFT) at the B3LYRP3&1G (2df,2pd) level. The
calculated*C NMR data matched well with the experimental d&fa= 0.9972 for

| and 0.9967 fotl, Figure 17A). The corrected mean absolute (CMAE) raxat-
mean-square (RMSE) errors for calculdf€INMR chemical shifts of 2.32 and 2.56
() and 2.61 and 2.691(), respectively, were similar to those seen withcttrrally
well-established natural products (Hehre et al.,92QFigure 17B). The DP4+
probability ofl was 100%, suggesting thB,2S2"Rrelative configuration assigned
for 1.

15
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Figure 10. 'H and '*C NMR spectra of compound 1 (600/150 MHz, DMSO-ds)
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Figure 11. HSQC spectrum of compound 1
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3.2.Compound

The HRESIMS antNMR spectraf 2 (rugonidine B), which was isolated from
a 1:1 mixture with its diastereomér(Figure 14) by HPLC[@]3® +30 and -17,
respectively),resembled those df, suggesting that it has the same molecular
formula and planar structure a¢Tables 2 and 3). Therefor2 was assumed to be
the 2"-epimer ofl. Moreover, the*C NMR calculation for2 displayed a 99.72 %
DP4+ probability matching with the isomér (Figure 20D), suggesting the
2R,3S2'S relative configuration for2. The absolute configurations of the two
diastereomers were determined based on electrargalar dichroism (ECD)
calculations by time-dependent DFT (TDDFT). The E§ji&ctra were calculated
for two isomers ol (I andll ) using TDDFT at the B3LYP/def-TZVP level followed
by the calculated Boltzmann weighted mean, and ihe@ves were obtained from
the Gaussian output using the program SpecDislvét.(Bruhn et al., 2013a). As a
result, the experimental CD datalofvere fit to the Boltzmann-averaged computed
ECD spectrum of R3S 2"R with a negative CE at 248 nm, wh2evas confidently
assigned asR23S,2"S (Figure 24A). Interestingly, interday experimentstioa CD
spectra oflL and2 revealed thaR slowly converted td after 30 days, which was
indicated by the (=) CE at approximately 240 nm lfoth diastereomers (Figure
24B). The opposite optical rotations, which were maead directly after repurifying
[a]3® + 30 (1), and —17 2), and their CD spectra obtained after one, two, fawed
days (Figure 25), indicated that these two diasteezs were stable for five days
with (=) CE for1 and (+) CE for2 at approximately 240 nm. However, the CD
spectrum of2 in the 3("-day experiment exhibited a pattern similar to tbid,
suggesting that these compounds occurred as coatiigoially semistable

diastereomers and that the isomer Rf3%,2'R -1 was more stable.
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Figure 14. HPLC chromatography for isolation of compounds 1 and 2. HPLC Gilson
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Figure 19. NOESY spectra of compounds 1 and 2
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13C NMR (1) 13C NMR (11)
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i y = 1.0164x-1.0934

10{ ' g-osem 150 - R=0.0067
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50 1 50 -

0 0
0 50 100 150 200 0 50 100 150 200
Scaled '3C NMR calculation for 1 DP4+ probability
11 prot: d
R2 MAE MaxErr CMAE  CMaxErr rmse (all proton an
(ppm) (ppm) carbon)
I 0.9972 2.51 6.16 2.32 6.43 2.61 100.00
I 0.9967 2.64 6.41 2.56 6.67 2.69 0.00

2 . . . .
R : coefficient of determination; MAE: mean absolute error; MaxErr: maximum error;
CMAE: corrected mean absolute error; CMaxErr: corrected maximum error; rmse: root-
mean-square error

Scaled '*C NMR calculation for 2 DP4+
probability
MAE
R? (ppm) MaxErr  CMAE  CMaxErr (rmIs:):) (all proton
PP PP and carbon)
I 0.9972 2.51 6.16 2.32 6.43 2.61 0.28
I 09967 2.64 6.41 2.56 6.67 2.69 99.72

R2: coefficient of determination; MAE: mean absolute error; MaxErr: maximum error;
CMAE: corrected mean absolute error; CMaxErr: corrected maximum error; rmse: root-
mean-square error

Figure 20. ’C NMR calculation for two possible isomers of the core structure of 1
and 2. (A) Linear correlation plots of predicted versus experimental '*C NMR
chemical shifts. (B) Statistical parameters of calculated *C NMR chemical shifts
compared with experimental data of 1 and DP4+ probability for all proton and carbon

calculations.
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Isomer N° 1 2
DP4 (%) H 100.00 0.00
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The calculated ECD curves were generated by SpecDis ver. 1.71 (Bruhn et al.,

2013a). (A) Experimental data recorded directly after separating 1 and 2. (B)

Experimental data recorded 30 days after separation of 1 and 2.
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Figure 25. Inter-days experimental ECD spectra of compounds 1 and 2 by time
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3.3.Compounds 3 and 4

Rugonidines C (3) and D (4) were successfully separated by HPLC at a 1:1 ratio
([a]3® +6 and —3, respectively, Figure 26). The molecular formula of both isomers,
C27H33N3011, was established by the HRESIMS ion peak at m/z 576.2201 (M + H]",
calcd 576.2193), indicating 13 DBEs, including six rings and seven double bonds.
The loss of 68 Da in the HRESIMS data and the lack of one double bond along with
an N-methylene and two methyl groups in the NMR data (Tables 2, 3) of 3 suggested
the absence of an isoprenyl unit in 3 compared with 1. The a-rhamnosyl moiety at
C-3 of 3 was also determined by analyzing its COSY and HMBC spectra. Similar to
1, the sugar unit of 3 was assigned as a-L-rhamnose based on its 'Jen value (171.0
Hz) (Pretsch et al., 2009) and the consistent retention time in HPLC compared to that
of the authentic L-rhamnose derivative after hydrolysis of 3. The absolute
configuration of 3 was identified as 2R,35,2"R-rugonidine C by comparative ECD
and optical rotation (OR) analysis. Compounds 3 and 4 were also found as a pair of
2"-configurational diastereomers. According to the ECD and OR comparison,

compound 4 was determined to be 2R,3S,2"S-rugonidine D.

Mentes

Figure 26. HPLC chromatography for isolation of compounds 3 and 4 by 5um YMC
Phenyl Hexyl column using conditions as follows: an isocratic of 38% MeOH/Water
(0.1% TFA) in 30 min followed by 5 min of 100% MeOH and then 5 min of 38%
MeOH/Water (0.1% TFA) for re-stabilizing
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and *C NMR spectrum of compound 3 (150 MHz, DMSO-ds)
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3.4.Compounds 5 and 6

Compouncdb was obtained as pale-yellow amorphous powder axisolated
from a 1:1 mixture with its diastereonteby HPLC (a]4’ +2 and — 4, respectively)
(Figure 37). Their chemical formula,fE123N307, was deduced from HRESIMS ion
peaks atn/z430.1635 and 430.1609 [M + Hlcalcd 430.1614), implying 12 DBEs.
The HRESIMS and NMR data & and 6 suggested that they contained fewer
rhamnose units than compouriiand4 (Tables 2, 3). The planar structureofias
determined based on its NMR spectra, which shangattern similar to that of the
core skeleton of—4. The absolute configuration 6fwas assigned by the ECD and
OR data compared to those Df Therefore,5 was determined to beRABS2'R-
rugonidine E, while its diastereontewas identified asR 3S2"S-rugonidine F. The
configurationally semistable phenomenon was alseted in pairs 08 and4 as

well asb and6 after thirty days (Figure 42).

)

5 6
. AN AN

Figure 37. HPLC chromatography for isolation of compounds 5 and 6 by Sum YMC
Phenyl Hexyl column using conditions as follows: an isocratic of 36% MeOH/H-O
(0.1% TFA) in 30 min followed by 5 min of 100% MeOH and then 5 min of 36%
MeOH/ H20 (0.1% TFA) for re-stabilizing
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4. Structure elucidation of guanidine-conjugated flavonails from A. rugosa
4.1. Compound/

Compound? was isolated as an amorphous powder Withd> +54.9 € 0.2,
MeOH). The molecular formula,s&H41N3010, was deduced from its HRESIMS ion
peak ai/z 628.2859 [M + H] (calcd for GoH42N3010, 628.2865). The IR spectrum
of 7 showed absorption bands characterized by hydanxghine (3704 cr¥), C-H
in heteroaromatic rings (2967 ciy C=NH or aromatic C (1682 cm), benzofuran
(1203 cm?), and C-O (1032 cm). TheH NMR spectrum of7 showed two N-H
protons ¢n11.93, 11.65 ppm, Figure 43), four aromatic signals(76, 6.73, 6.66,
and 6.10), one olefinic proton &5.26 (t,J = 6.9 Hz), an anomeric signa@k(4.35
ppm), oneN-methylene group aiy 3.81 (d,J = 6.9 Hz), six protons on oxygenated
carbon ¢4 3.33—4.71 ppm), one methylene grodp 2.86/2.75 ppm), one methine
group ¢n 2.78 ppm), and five methyl group&+(1.73, 1.69, 1.25, 1.13, and 1.11
ppm). Thet*C NMR spectrum of showed 32 carbon signals, including a guanidine
carbon §c 147.6), fourteen aromatic signalk ©5.9-158.8), two olefinic carbons
(6c 120.1/138.5), one anomeric carbod@l02.0 ppm, six oxygenated carboas (
70.3-81.2), arN-methylene groupdc 41.9), a methylene groupd 27.3), one
methine §c 26.2), and five methyl group signaléc(17.9-25.7). The HMBC
correlations from H-2dy 4.71) to C-1'dc 131.6), C-3 §c 75.4), C-4 §c 27.3), and
C-9 (0c 155.5); from H-6 (01 6.10) to C-54c 158.8), C-7 §c 157.3), C-104c 100.8),
and C-8 §c 95.9), and from k4 (0w 2.86/2.75) to C-5, C-9, and C-10 suggested the
presence of a C6-C3-C6 unit. A hexose sugar moiag/nevealed by the mass loss
of 146 Da in HRESIMS/MS data as well as signalsrodnomericdu 4.356c 102.0),
four oxygenated methine groups 3.33-3.65; oc 70.3—73.9), and a doublet methyl
group ¢n1.25 (d,J = 6.3 Hz)bc 17.9). This rhamnose unit was proven by’théH
COSY spin system (Figure 46). The HMBC cross peainfH-1"" ¢+ 4.35) to C-3
indicated that the rhamnose was linked to the batenoiety of7 at C-3. The small
coupling constant of H-1"" (d, = 1.5 Hz), as well as the lardé (169.6 Hz),
indicated that the relative configuration of th@aumoiety was an-oriented. In
addition, the NMR data of exhibited a guanidine unit characterized by thrb@a
signal atoc 147.6 with two N-H signals aiy 11.93 and 11.65 that shared the
similarities to those of guanidine derivatives need in the Alchornea genus

(Barrosa et al., 2014a; Doan et al., 2021a; Tapondjou et al., 2016). An iSPprenyI unit
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in 7 elongated from the guanidine group was indicatedhle presence of thid-
methylene groups( 3.816¢ 41.9), a double bond{5.266c 120.1, 138.5), and two
methyl groupsdy 1.696¢ 18.0; on 1.73bc 25.7), and the HMBC cross-peaks from
H2-1" to guanidine carbordd{ 147.6). Moreover, the HMBC correlations from two
doublet methyls (g4", o 1.11, and H5", 6 1.13) to methine C-3'6¢ 26.2) and
the other olefinic carborvé 131.3, C-2"), as well as from 1"-NkKy(11.93) and
C=NH (0n 11.65) to the double bond C-1"/C-2", suggesteithigeother five-carbon
chain was linked to the guanidine moiety (Figurg 48 suggested by HRESIMS,
the molecular formula of was G2H4i1N3O10, which consisted of 14 double bond
equivalents (DBE); however, only 13 out of 14 DBsl lbeen assigned. Therefore,
an additional ring o¥ through C-8/C-1" and C-1"/7-OH was suggested uzxaf
the consistency with the conjugation reported a@nafnealaxine (Tapondjou et al.,
2016).

The relative orientations of the rhamnose moietyrewdetermined by the
coupling constantsn particular,2Ju.4 of H-1"" and H-2"" indicated the equatorial
orientation of H-2"" while the large coupling stents of H-3"", H-4"", and H-5""
suggested axial orientations of those protonsarstigar unit. Moreover, the NOESY
correlations between H-1""/H-2"", H-3""/H-5&8nd H-4""/H-6"" demonstrated the
relative configuration of rhamnose sugar ifiFigure 47). The absolute configuration
of the rhamnose was established by acid hydroliaiswed by conversion to the
corresponding thiocarbamoyl-thiazolidine carboxylaterivative withL-cysteine
methyl ester and-tolyl isothiocyanate (Tanaka et al., 2007). The caestsHPLC
retention times for the sugarTrand the authentic-rhamnose derivative confirmed
that the stereochemistry of the sugar moiety wasdfu-L-rhamnose. The absolute
configurations at C-2, C-3 df were determined to beRZS based on the large
coupling constants of H-2 (d= 7.3 Hz)/H-3 (g,) = 7.3 Hz), which suggested a 2,3-
transflavan-3-ol, and its CD data with negative CEs gfragimately 290 and 240
nm (Figure 41) (Slade et al., 2005). Hence, the strectd compound/ was
identified as (R,3S)-rugonine A.
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4.2.Compound

Compounds was isolated as an amorphous powder Withé> -78.0 € 0.1,
MeOH). The molecular formula,s&H41N3010, was deduced from its HRESIMS ion
peak at/z 628.2870 [M + H] (calcd for GzH2N3O10, 628.2865). The IR spectrum
of 8 exhibited the absorption bands of hydroxyl or an{8252 cm), C-H in
heteroaromatic rings (2976 cty) C=NH or aromatic C (1668 cf), benzofuran
(1200 cm?Y), and C-O (1072 cm). The NMR data o8 were similar to those of,
suggesting a planar structure similar to tha?.ofThe sugar moiety @ was also
determined by NMR coupling constants and NOESYedations analyses, and by
comparing the HPLC retention time with the authemtirhamnose derivative,
suggesting that the stereochemistry of the sugaetynwas that ofx-L-rhamnose.
Moreover, the 2,3rans flavan-3-ol, which was identified id, was also seen &
based on its NMR data for the same positiehs4(67, dJ = 7.3 Hzhc 81.1 for C-
2 anddn 3.93, d, 7.3 Hak 75.2 for C-3). The different features Tnand 8 were
observed in their optical rotations (+55 and —78peetively), and the opposite CE
at 290 nm in the CD spectra. The CD dat8 showed a positive CE at 290 nm and
a negative CE at 240 nm (Figure 54), indicating thatatbsolute configuration 8f
was &, 3R(Slade et al., 2005). Therefore, the structure ofpmmmd8 was identified
as (5,3R)-rugonine B.
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Figure 50. HSQC spectrum of compound 8
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Figure 54. Experimental CD spectra of compound 8
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4.3.Compound®

Compound was isolated as an amorphous powder Withd> +199.6 € 0.1,
MeOH). The molecular formula,s&H4:Nz010, was deduced from its HRESIMS ion
peak at/z 646.2974 [M + H] (calcd for GzH4aN3O11, 646.2976). The IR spectrum
of 3 displayed the absorption bands of hydroxyl or @ami@704 cmt), C-H in
heteroaromatic rings (2922 cty) C=NH or aromatic C (1682 cf), benzofuran
(1195 cm?), and C-O (1057 cm) functional groups. The NMR data ®f(Table 4)
suggested th& was similar to7 and8, excluding the lack of an olefinic bonddt
5.266c 120.1, 138.5, and the presence of an additional nesteydtn 1.756¢ 42.4,
and an oxygenated quaternary carbafz &@0.9 ppm. The COSY correlation between
H2>-1" (01 3.34) and 2™ (01 1.75), as well as HMBC cross-peaks from24' to C-
3" (0c 70.9), C-4™, and C-5"6¢ 29.5) revealed the presence of a 4-hydroxyl-4-
methyl pentyl moiety i® instead of the isoprenyl moiety T The rhamnose moiety
in 9 was also determined by the same method @s8my NMR coupling constants
and NOESY analysis, as well as comparing the HPEghtion time to the authentic
L-rhamnose derivative suggesting that the stereoslignof the sugar moiety was
that ofa-L-rhamnose. The absolute configurations at C-2, C+8 wientified based
on the large coupling constants of Hé2 4.70,J = 7.3 Hz)/H-3 ¢n 3.96,J = 7.7,
5.4 Hz) indicating a 2,8ansflavan-3-ol, and the CD data which showed a negativ
CEs at approximately 290, 240 nm similar to thos@é @figure 48).Therefore, the

structure of compound was identified as @ 39)-rugonine C.
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4.4, Compound 10

Compound 10 was isolated as an amorphous powder with [a]3® +27.5 (¢ 0.2,
MeOH). The molecular formula, C»;H23N30e, was deduced from its HRESIMS ion
peak at m/z 414.1649 [M + H]" (caled for Co1H24N3Os, 414.1665). The 'H and *C
NMR spectra of 10 showed a similar pattern to the core guanidine-fused catechin
skeleton of 7 with the absence of sugar and isopentenyl moieties. The relative
configuration of 10 at C-2/3 was identified based on its large coupling constants of
H-2 (0u4.54,J=6.9 Hz), H-3 (du 3.83,J=12.6, 6.9 Hz) indicated a 2,3-trans flavan-
3-0l as those of 7-9. The absolute configuration of 10 was determined to be 2R,3S
by experimental CD data that showed negative CEs at approximately 290 nm and
240 nm (Figure 48), which is typical for (+)-catechin (Kim et al., 2016; Korver &
Wilkins, 1971; Slade et al., 2005). Hence, compound 10 was identified as (2R,3S)-

rugonine D.
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Figure 60. 'H and '*C NMR spectra of compound 10 (600/150 MHz, DMSO-ds)
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4.5.Compound 11

Compound 11 was isolated as an amorphous powder with [a]3®> —16.4 (¢ 0.2,
MeOH). The molecular formula of 11 was the same as that of 10, C,;H23N30s, which
was deduced from its HRESIMS ion peak at m/z 414.1675 [M + H]" (calcd for
C21H24N30, 414.1665). The 'H and '*C NMR spectra of 11 shared the similarity to
those of 10 excluded signals at ou 4.79 (s) (H-2) and 4.02 (s) (K8). These features
and the opposite optical rotation betwdérand11 suggested that they might have
different orientations at @ and G3. In particular, based on the small coupling
constants at C-2 and C-3, the relative configuratibhl was identified as 2,8is
flavan-3-ol (Slade et al., 2005). The absolute comfiion of 11 was identified as
2S, 3Sby the CD spectrum, which showed negative CEs at 290 and 2@tdgqure
67) (Kang et al., 2017; Slade et al., 200&nce, the structure of 11 was determined
to be (25,39)- rugonine E.
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4.6.Compound 12

Compound 12 was isolated as an amorphous powder with [a]3° +34.1 (¢ 0.2,
MeOH). The molecular formula, C26H31N3Os, was deduced from its HRESIMS ion
peak at m/z 482.2316 [M + H]" (calcd for CasH32N3Os, 482.2291). The 'H and *C
NMR spectra of 12 shared a pattern similar to those of 7 except for the lacking of
the sugar moiety. This led to the conclusion that 12 is another derivative of
guanidine-catechin with an isoprenyl substituent that included two methyl groups at
C-4" (0u 1.64, oc 25.3) and C-5" (Ju 1.68, oc 17.8), an olefinic bond at C-3" (dc
135.0), C-2" (Ju 5.22, dc 120.2), and methylene at C-1" (du 3.75, oc 44.1). The
connection between the isopentyl group and guanidine moiety was indicated via the
HMBC correlation from H-1" (du 3.75 ppm) to dc 146.8 ppm. Similar to 7, the
absolute configurations of 12 were elucidated as 2R,3S by the large coupling
constants of H-2 (J = 5.8 Hz), H-3 (J = 6.2 Hz) indicating a 2,3-trans flavan-3-ol,
and negative CEs at approximately 280—290 nm and 240 nm in CD spectra (Figure
48). Therefore, compound 12 was determined to be (2R,3S5)- rugonine F.
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4.7.CompoundL3

CompoundL3was isolated as an amorphous powder Withg> + 47.5 € 0.2,
MeOH). The molecular formula,2&H33Nz010, was deduced from its HRESIMS ion
peak atm/z 560.2272 [M + H] (calcd for GH34N3010, 560.2244). ThéH and**C
NMR data of compound3 shared the similarity with compourfdexcluding the
absence of the isoprenyl substituent. The sugar tyneias determined by an
anomeric signal 4.30,0c99.9 ppm), four oxygenated carbotis 8.15-3.47 ppm,
anddc 69.0-72.0 ppm), and an additional methybatl.14,6c 17.9 ppm, which
indicated the presence of a rhamnose moietgimased on the HMBC correlations
from anomeric proton H-1"6§ 4.30) to C-3 §c 72.04 ppm), the sugar moiety 13
was identified as 3-O-rhamnoside. The relative gumétion of the sugar moiety
was determined by coupling constants and NOESYyaeal The small coupling
constant of H-1du 4.30, s) and larg&cw (170.0 Hz) suggested anorientation of
C-1", and the observed large coupling constiiats of H-4"" (9.1 Hz) and H-5""
(12.4, 6.1 Hz) indicated that H-3"'/H-4""/H-5%ere in axial orientation.
Furthermore, the NOESY correlations @B were confirmed for the relative
configuration in the sugar moiety as establishediaiues (Figure 75). The absolute
configuration of the rhamnose was established bg agdrolysis followed by
conversion to the corresponding thiocarbamoyl-thlidine carboxylate derivative
with L-cysteine methyl ester aradtolyl isothiocyanate (Tanaka et al., 2007). The
consistent HPLC retention times for the sugat3mand the authentic-rhamnose
derivative confirmed that the stereochemistry ef shigar moiety was that of L-
rhamnose. The absolute configurationd ®at C-2, and C-3 were determined to be
2R, 3Shbased on their large coupling constants at B2 .7 Hz)/H-30 = 12.7, 6.5
Hz), which indicated a 2,8ans flavan-3-ol, and the CD data, which showed a
negative CE at approximately 290 nm and 240 nnuf€ig8). Finally, the structure
of 13 was identified as 39)- rugonine G.
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4.8.Compoundl4

Compoundl4 was isolated as an amorphous powder Withé> +20.3 € 0.2,
MeOH). The molecular formula,@123N30s, was deduced from its HRESIMS ion
peak anvz396.1581 [M — H] (calcd. for GiH22N30s, 396.1565). ThéH NMR and
13C NMR data of14 showed similarities to those @D and11 and the mass was
different by 16 Da, suggesting that the structdrg4differed from those 010 and
11 by less than one hydroxy group. The differencesevadso indicated by the
presence of methylene & 28.66 2.00, 1.82 instead of an oxygenated group as in
10 and11, and the greater upfield shift of C-$£(18.8) in14 compared to the other
compounds. The HMBC correlations from He @.80) to C-3 §c 28.6), C-4 and
the *H-'H COSY spin system of H-24B/H,-4 suggested thadt4 contained a C6-
C3-C6 ring similar to that of luteoliflavan (Roemmelt Bt 2003). Thus, the planar
structure ofl4 was elucidated, as shown in Figure 76. The configuraf C-2 was
determined by comparing its ECD and NMR data wefkemrences. To date, there only
a few flavans have been reported to occur natugaily all of them have theR2
absolute configuration that would be expected ftbenflavanone origin (Slade et
al., 2005). Flavans showed a low specific rotatiorkingafirm conclusions difficult,
and their configuration could be determined onlyshydying their CD data (Slade
et al., 2005). Experimentally, the CD spectruiéshowed a negative cotton effect
(CE) at alL, of 285 nm (Figure 48) which indicated the @bsolute configuration
(Slade et al., 2005). Moreover, the NMR datd#4$hared a similarity with those of
luteoliflavan 5-glucoside (Roemmelt et al., 2003),gagiing a R configuration.

Therefore, compounti4 was identified as @)-rugonine H.
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4.9.Compound 15
Compound 15 was isolated as an amorphous powder. The molecular formula,
CsHi3N3. The 'H NMR and *C NMR data of 15 were identical with a compound

named galegine as compared to the literature (Monache et al., 1999).
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5. Biological activities of compounds 1-15
5.1.Biological activities of compounds 1-6
Recent studies of antidiabetic effects Af cordifolia leaf extracts (Eliakim-

Ikechukwu & Obri, 2010; Mohammed et al., 2012) suggetie evaluation 01—6
for stimulatory effects on the uptake of 2-NBDG3W3-L1 adipocyte cells. Firstly,
six isolated compounds had been screened for ghetose uptake stimulatory
activities on 3T3-L1 adipocyte cells at a conceitraof 20puM and compared to
insulin as the positive control (100 nM). The cell vidpitesult indicated that none

of those compounds showed cytotoxicity at that conciémtré-igure 81).

2-NBDG (-) 2-NBDG (+) Insulin’ldO nM
B 4 S
e,

Compd. 3

L

-

Compd. 4 Compd. 5 Compd. 6

Figure 81. Cell viability and screening of glucose uptake effects of compounds 1-6.

Cell viability (%)

(A) The cell viability of compounds 1-6 from 4. rugosa using MTT assay on glucose
uptake by 3T3-L1 adipocytes using a fluorescent derivative of glucose (2-NBDG).
The compounds were treated to differentiated cells at 20 uM directly after being
separated from the other diastereomer of each pair. Insulin (100 nM) was used as a
positive control. (B) After 1h of incubation with 2-NBDG, fluorescent signals were
measured at Ex/Em = 450/535 nm.

Compoundsl—6 (20 uM) were used to treat 2-NBDG uptake in differemtht
3T3-L1 adipocytes. As shown in Figure 82A, compouhd3 exhibited the most
potent stimulatory effects compared to insulin. Meament of fluorescent signals
after treatment was performed using fluorescenceostopy to assess the efficacy
of the transport of 2-NBDG into cells. Increasedhalgintensities after treatment
with the compounds were readily observed in ceflated withl-3 (Figure 82B).
These fluorescence intensities indicated that 2-SBiptake increased in a dose-
dependent manner for the selected compounds (Figure 82C). 2]
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Figure 82. Glucose uptake effects of compounds 1-3 in a dose-dependent manner

in differentiated 3T3-L1 adipocytes. (A) Relative glucose uptake levels with 1-6
versus glucose uptake by 3T3-L1 adipocytes using a fluorescent derivative of
glucose, 2-NBDG. The compounds were added to differentiated cells at 20 uM.
Insulin (100 nM) was used as a positive control. (B) Differentiated 3T3-L1
adipocytes were treated with compounds 1-3 at concentrations of 5, 10, and 20 pM
or insulin at 100 nM. (C) Compounds 1-3 concentrations dependently increase
glucose uptake in 3T3-L1 adipocytes. After 1 h of incubation, the fluorescent signals
were measured at Ex/Em = 450/535 nm. Data are expressed as the mean + SD (n=3),

seokok

each performed in triplicate; p < 0.05, “p < 0.01, and **p < 0.001, compared to the

control.
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5.2.Biological activities of compounds 7-15

5.2.1.Biological activities of compounds 7—15 in autophagy modulating

To screen autophagy regulatory activities of compounds 7-15, the GFP-LC3
stably expressing HEK293 cells were administrated. In the HEK293 cells, the
formation of punctuates could be observed by using chloroquine (CQ) and
rapamycin (RAPA) which were known to inhibit and induce autophagy, respectively.
In the confocal microscopic image, the tested CQ and RAPA showed the formation
of punctuates, and a GFP signal was detected in the cell cytosols. The results
indicated that the formation of punctuates in the GFP-LC3 stable expressing
HEK?293 cells reveals autophagy regulation of compounds. Nine isolated compounds
from A. rugosa (7-15) were treated at a concentration of 20 M (the concentration
that does not show cytotoxicity, Figure 83A) for 24 h the cytosols were checked
under a confocal microscope. Compared with the control groups, a significant
increase of LC3 puncta in HEK293-GFP-LC3 cells has been observed after treatment
with compounds 10-13 at a concentration of 20 uM (Figure 83B).

..
. -

(A)

200

=
a
o

Viability (%)
=
8

a1
o

MHHIIIIIs

AASSNSINNNNENNNNNNNNNNNN
AARAINNININNNRNNNG

/SIS I AT,

LT

&

o
o
%
<
%
(7
%

Figure 83. Cell viability in myoblast C2C12 cell line and screening of autophagy
regulation effects of compounds 7-15 in HEK293-GFP-LC3 cells. (A) The cell

viability of compounds 7-15 from A. rugosa using MTT assay on HEK293 cells.
Tested compounds were treated at 20 uM compared to positive control insulin at 20
nM. (B) Screening the regulation of autophagy for isolated compounds (7-15) from
A. rugosa. HEK293 cells stably expressing GFP-LC3 were treated with 20 uM of
tested compounds for 24 h, and confocal imaging was used to examine the

production of LC3-GFP punctuates.
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5.2.2.Compoundd 0-13inhibit the autophagy flux

To investigate autophagy regulation by the testechpounds, the protein
expression levels of LC3B and p62 were detected.LT2#B level was calculated
as the LC3B Il/l level, indicating the transition bE3B | to Il in autophagy. The
p62 protein level was detected to monitor the degjrad level in autophagosomes.
CQ and RAPA were used as an autophagy inhibitoaatidator, respectively. Under
the CQ treatment, both the protein levels of LC3H pf2 were increased. Since
CQ blocks the autophagic system, p62 could notdggadied, and LC3B Il and |
could notbe used properly; therefore, they accumulated in the cells. In contrast, in
the RAPA-treated group, autophagy was induced, hgath a strong LCB | to I
transition; hence, a decrease in the LC3B | level and an increase in the LC3II level
were observed in the Western blot results. Moreaber p62 level was decreased
due to the degradation of autophagolysosomes (Veéarad., 2015). As a result,
compoundslO—13at various concentrations of 5 and /2@ exhibited the same
effects in the CQ-treated group, which showed irsgedn the LC3B and p62 levels
(Figure 84A). Moreover, the protein expression lewdlp62 and LC3 Il increased
in a dose-dependent manner compared to those abtiteol group (Figure 84A).
This finding suggested that these compounds irddhjirotein degradation by the
autolysosome by blocking the fusion of autophagosomeg$yansomes.

To prove this hypothesis, GFP-mRFP-LC3 was transfectedHBK293 cells,
and autophagosomes were examined using confocabsompy. GFP-mRFP-LC3
transfected cells were treated with compoub@sl3at a concentration of 2aM,
and DAPI staining was performed on glass slides. GFP and mBFPactivated in
the autophagosome, but when the autophagosome besaagtolysosome, GFP
was deactivated due to the autolysosome's pH. Tdrereh the RAPA-treated group
in which autophagy was induced, GFP activation leas but mRFP puncta were
activated and expressed. Thus, the combined imageeshed fluorescence puncta
that indicated the increased autophagy flux anckased numbers of autolysosomes
under RAPA treatment compared to the control gréugufe 84B). In contrast, the
CQ treatment group had a higher quantity of yelppucta than the control group in
the merged image, suggesting that autophagosonvatémti was prevented by CQ
treatment, and autophagosomes accumulated in thsatytevealing a large number

of GFP- and mRFP-activated autophagosomes (Figtig¢. Based on this result,
11 Q1 &
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the effects of compoundsd-13on autophagosomes were also analyzed, and the
yellow puncta in these treatment groups appeanemhgy. According to these
findings, guanidine-conjugated catechid®<13 isolated fromA. rugosaleaves
have an inhibitory effect on autophagic flux.

Based on the structures and activitie¥-€f5, a gross SAR for this guanidine
type can be delineated as follows: (1) the cordette of guanidine-conjugated
flavan-3-ol is crucial for autophagy modulationigity since the activities were
observed inl0-13but not14, which has no hydroxy functional group at C-3 and
showed no effect in the autophagy assay (Figure);8@B the addition of one
substituent, such as one sugar moiety or a side,ctlaes not affect the activities,
but two or more substituents have an effect, asateld by the activities df2 and
13 and the lack of activities observed f@r9 (Figure 9; (3) the different
configurations at C-2 and C-3 did not affect théopbagy inhibition effects, as
shown forl0 and11, which differed in the C-2 and C-3 absolute confagions but

both showed activity.
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Figure 84. The autophagy marker protein expression level of compounds treated
cells and the GFP-mRFP-tagged LC3 punctuate images with the treatment of
compounds 10-13. (A) The level of autophagy marker protein expression in cells
treated with compounds 10-13. The LC3B was determined using the LC3B II/I ratio,
which was then standardized against the control group (non-treated group). The p62
protein level was detected, and the expression level was normalized by dividing the
protein level of the control group. (CQ: chloroquine treatment group at 25 4M, Rapa:
rapamycin treatment group at 0.25 uM). (B) The GFP-mRFP-tagged LC3 punctuates
images with the treatment of compounds. The autophagy-regulated compounds 10—
13 were treated in HEK293 cells and the LC3 puncta were detected by using confocal

microscopy.

Although guanidines have not been frequently found in natural products,
especially plant materials, in contrast to other types of alkaloids, their substantial
hydrophilicity makes them suitable for the drug development, and some have even

been used clinically, such as streptomycin (Berlinck et al., 2021). Since the guanidiney
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functional group has limited occurrence in naturegrgdine-bearing molecules are
structurally unique and often exhibit potent biotad activities (Berlinck et al.,
2012). By using HRESI-MS/MS-based molecular netwagkthe interesting cluster
of guanidines from\. rugosaeaves has been quickly investigated in ordesdtate
new natural guanidines. In addition to biologicfitets that have been reported
previously, the new finding of autophagy inhibitiaotivities in plant guanidines
(10-13) contributes to the potential activities of natupeoducts in general and
guanidine derivatives in particular. Notably, guan@iderivatives have been
reported to show autophagy regulation, both indactind inhibition, as exemplified
by metformin and DBeQ, respectively. Our results sstged that natural guanidines
(10-13) exhibited potential autophagy inhibition actiggiwhich are promising for
targeted therapy in cancer (Xie et al., 2021) and s the treatment of muscle

atrophy (Sartori et al., 2021a).
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6. Experimental Section
6.1. Materials

6.1.1.Plant material

Leaves of the plant material were collected in @Quairung commune, Ngoc
Lac district, Thanh Hoa Province, Vietnam, in May 20%&mples were identified
asAlchornea rugosdlLour.) MUll.Arg. based on morphological charactécsby Dr.
P. T.Thuong, Division of Herbal Products, Vietham-Kohestitute of Science and
Technology (VKIST), Hanoi, Vietham. A voucher specimeas deposited in the
Herbarium of VKIST under accession number VKIST-HP-01.

6.1.2.Chemicals and reagents

Column chromatography (CC) was performed by usimgjdb HP-20 resin
(250-850 um particle size, Merck, Germany), and medium-presdiqeid
chromatography (MPLC) was carried out with a Biotage Isot@me MPLC system
equipped with an RPsgcolumn (120 g, Grace), Sephadex LH-20 (Sigma-Aldrich
Inc., St. Louis, MO, USA), and RP+#£X40-63um particle size, Merck, Germany).
TLC silica gel 60 RP-¢ F254 plates (Merck, Darmstadt, Germany) were used fo
thin-layer chromatography. Industrial grades of Me@tDH, and EtOAc were used
for extraction, partition, and fractionation stepsalptical grades of MeOH, MeCN,
formic acid (FA), and trifluoroacetic acid (TFA) veeused for isolation. All solvents
were purchased from DaeJung Pure Chemical EngimeeZio Ltd. (Siheung,
Republic of Korea). Deuterated NMR solvents and tlirylesulfoxide (DMSO)

were purchased from BK Instuments Inc. (Daejeon, Repubkocda).

6.1.3.Equipment and software
Optical rotations were recorded on a JASCO P-208l@rimeter (JASCO
International Co. Ltd., Tokyo, Japan) with a 10 mmhgdangth cell at a specified
temperature. UV and ECD spectra were obtained fror@h&ascanPlus CD
spectrometer (Applied Photophysics, Leatherhead, UX¥pectra were measured
on a JASCO FT/IR-4200 spectrometer (Thermo Electtonp., Waltham, MA,
USA). NMR data were measured by using AVANCE-500 MBiker, Rheinstetten,
Germany) and JNM-ECA-600 MHz (JEOL, Tokyo, Japankspeneters coupled
with a 5 mm cryoprobe (Bruker, Germany). NMR speactiere wqpessed_.on
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MestReNova software (Mastrelab Research, USA). HREHWWS data were
collected by an UHPLC-ESI-qTOF-MS system with a&aiXevo G2 QTOF mass
spectrometer (Waters MS Technologies, UK), a Watdt BEs (100x2.1 mm, 1.7
um, Water, USA), and analyzed by MassLynx SCN 855.xs0#. The preparative
HPLC system used for isolation included a Gilsod BAmp and Gilson UV/VIS
151 detector (Gilson Inc., USA), OptimaPais €olumn (10 x 250 mm, &n particle
size, RS Tech, Seoul, Korea), and a YMC-Triart Pheolynn (250 x 10.0 mmi.d.,
5 um patrticle size, YMC Co., Ltd.). The conformationalrsbavas performed using
CONFLEX 7 Rev. (CONFLEX Corporation, Japan); ECD calculations were done
by TURBOMOLE 3.4 (COSMOlogic GmbH & Co. KG, Germanygamples
preparation for HRESI MS/MS analyses and separation wsgcasor Power Sonic
420 (Hwashin Tech Co., Ltd., Republic of Korea), evapmr EYELA KSB-202
(Eyela Singapore Pte. Ltd., Singapore), centrifuge RADA7TR (Hanil Scientific
Inc., Korea). Biological experiments used autoclaveCE32080S (DAIHAN
LABOTECH Co. Ltd., Korea), clean bench Class |l BiotmgiSafety Cabinet (Esco
Technologies, Inc., USA), microplate reader VersaMax (MdégdDevices, USA)

6.2. Extraction and isolation

Dry leaves ofA. rugosa(10.0 kg) were extracted with EtOH at room tempes
for 24 h (3 x 20 L) to obtain the EtOH extract (f)@fter freeze-drying. This extract
was subsequently suspended in distille®tdnd applied to a Diaion HP-20 column
(15 x 65 cm i.d.). The extract was eluted witsOH25%, 50%, 100% MeOH, and
acetone. The 25% MeOH fraction (AR25, 40 g) was fanttd between EtOAc and
H20. The organic layers were combined to obtain 15.0 g dEtGé\c fraction. The
aqueous layer (18.0 g) was concentrated and loadesh MPLC with a 10-50%
MeOH gradient system as a mobile phase, and 8 fractions (Elwkte obtained.
Fraction M2 (5.0 g) was separated by size-exclusibromatography using a
Sephadex LH-20d 5.0x80.0 cm i.d.) and eluted with 100% MeOH. Three
subfractions (L1-L3) were obtained. L2 (4.0 g) was repéas=parated by MPLC
using a gradient of 20-40% MeOH, which yielded eighbfractions (M1-M8).
Fraction M2 (1.0 g) was again divided into sevexttions using a Sephadex LH-20
(® 2.5x75.0 cm i.d.) by eluting with 100% MeOH. Fractich2.2 (300.0 mg) was
separated by HPLC with an isocratic mobile phase of 15% MdﬂNj(Ol.l%_TFA)_
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to obtain a mixture of compounds2 (12.0 mg), and compount? (31.6 mg).
Fraction L2.2.5 (128.0 mg) was separated by HPLCguainisocratic phase of 17%
MeCN/HO (0.1% TFA) to yield a mixture of compoungist (6.0 mg), and.1(18.0
mg). Similarly, fraction L2.2.7 (90 mg) was subjected HPLC using 15%
MeCN/HO (0.1% TFA) to obtain compounés6 (4.0 mg), an® (12.5 mg). These
mixtures were further separated by an HPLC Gilsatesy equipped with a YMC-
Triart Phenyl column using MeOH#B (0.1% TFA) to vyieldl (5.0 mg) an@® (4.0
mg) [from a gradient of 48-50% MeOHALB (0.1% TFA)],3 (2.0 mg) and! (2.5
mg) [from an isocratic phase of 38% MeORMH(0.1% TFA)], and (1.0 mg) and
6 (1.0 mg) [from an isocratic phase of 36% MeOKM0.1% TFA)]. Purification
of sub-fraction L2.5 using a semipreparative HPIod a fum Optimapak column
(15% MeCN/HO (0.1% TFA)) isocratic, flow rate: 3.0 mL/min, UV detor at two
wavelengths of 201 and 280 nm) obtained compdiB@®5.0 mg). With the same
condition on the semipreparative HPLC, fraction Liddded compoundg (31.8
mg) and10 (12.0 mg). Fraction M5 (3.5 g) was chromatographec @ephadex
LH-20 (® 5.080.0 cm i.d.) eluted with 100% MeOH to afford sub-fractions
(L1-L6). Fraction M5.2 afforded 4.5 mg of compoudlafter isolating with 35%
MeOH/H,O (0.1% TFA) and a flow rate of 3 mL/min on a serejarative HPLC
equipped with a sm Optimapak column. Fraction M5.5 was applied toHir:.C
system usingdm Optimapak column eluted with 35% MeOH@OH(0.1% TFA) at a
flow rate of 3 mL/min to give compourgd4.0 mg). Fraction M8 (2.1 g) was applied
to an LH-20 column to yield compoundd (14.1 mg).
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Leaves of A. rugosa

(10.0kg)

MeOH, sonication, 25°C
99 min x 4 times

AR_Extract
(300.09)

AR25 W

MPLC (10-50% MeOH, 35min)
Column: Revelsis C45 120g

Fr.2 (5.09) Fr.5@359) Fr.8 (2.19)

Fr. 2.2 (4.09) |

Daion HP20 chromatography

Sephadex LH-20 (100% MeOH) Sephadex LH-20 (100% MeOH)
Column: ® 5.0x 80.0cm Column: ® 5.0x80 cm

MPLC (20—40% MeOH, 40min) | Fr.5.2 | | Fr.5.5 |

| Column: Snz:p C45 60g HPLG I HPLC
|Fr.222| |Fr225]| |Fr 226 | 14@45mg) 9 (40mg)
ARO| | AR25 | | AR50 | |AR75| | AR100 | Sephadex LH-20 (100% MeOR) 0 [rric
(40.09) Column: ® 2.5x 75cm 13
I (25.0 mg) 7 (31.8 mg)
Partition Fr.2222| [Fr2225| |Fr2227| 10 (120mg)  Sephadex LH-20(100% MeOH)
Column: ® 1.5x 50 cm
15% MeCN/H,0 (0.14TFA) 17% MeCN/F#O (0.1% TFA) 15% MeCN/H,0 (0.1% TFA)
12 (31.6 mg) 11 (180mg) 8 (12.5 mg) 15 (141 mg)
AR25 EA AR25 W 1+2 (12.0mg) 3+4 (6.0mg) 5+6 (4.0mg)
(15.09) (18.0g) Phenyl triart YMC
36% MeOH/H,O (0.1%TFA, 40min)

Phenyl triart YMC
48-50% MeOH/H,0 (0. 1%TFAI 40min)

1(50mg) 2(40mg) 3 (2.0mg) 4(25mg) 5 (1.0mg) 6 (1.0mg)

Scheme 1. Isolation scheme of compounds 1-15 from A. rugosa leaves
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6.3.Physical and chemical characteristics of isolatedpmmds

6.3.1.Compoundl
Rugonidine A1)
Pale yellowish amorphous powder;
[a]Z® +30 (0.2, MeOH);
UV(MeOH) /max (109 €) 230 (0.34), 280 (0.23);
IR (KBr) vmax 3276, 3217, 2979, 2925, 2373, 2352, 2321, 2309, 1706,1697,
1617, 1648, 1637, 1523, 1454, 1314, 1201, 1135, 1046, 2067838, 800,
719 cm?;
13C and'H NMR data, see Tables 2 and 3
HRESIMSmM/z644.2833 [M + H], (calcd for GaHa2N3011, 644.2819).

6.3.2.Compounad?
Rugonidine B ®)
Pale yellowish amorphous powder;
[a]® -17 € 0.2, MeOH);
UV(MeOH) Amax (log €) 237 (0.34), 280 (0.23);
IR (KBr) vmax 3276, 3222, 2979, 2925, 2854, 2373, 2352, 2322, 2347, 17
1706, 1680, 1627, 1523, 1454, 1316, 1203, 1136, 1046, 800, 724 cm
13C and'H NMR data, se@ables 2 and 3; HRESIMSm/z644.2827 [M + Hi,
(calcd for GoHa2N3011, 644.2819).

6.3.3.Compound3
Rugonidine C3)
Pale yellowish amorphous powder;
[a]3® +20 0.2, MeOH);
UV(MeOH) Amax (log €) 215 (0.83), 281 (0.65);
IR (KBr) vmax 3244, 2929, 1706, 1679, 1626, 1527, 1456, 1442, 1201, 1136,
1046, 1019, 801, 721 cf
13C and'H NMR data, se&ables 2 and 3;
HRESIMSm/z576.2201 [M + Hj (calcd for G/H3zaN3011, 576.2193).

83



6.3.4.Compoun
Rugonidine D 4)
Pale yellowish amorphous powder;
[a]3® -5 (0.2, MeOH);
UV(MeOH) Amax (log €) 215 (0.03), 281 (0.63);
IR (KBr) vmax 3313, 3249, 2925, 2852, 2363, 2350, 2310, 1747, 1706, 168
1647, 1625, 1611, 1543, 1523, 1458, 1201, 1135, 1114, 18458863, 721
cmy;
13C and'H NMR data, se&ables 2 and 3;
HRESIMSm/z576.2201 [M + Hj (calcd for G/H3zaN3011, 576.2193).

6.3.5.Compoundb
Rugonidine E)
Pale yellowid amorphous powder;
[a]® +2 (0.2, MeOH);
UV(MeOH) Amax (10g €) 215 (0.95), 281 (0.76);
IR (KBr) vmax 3243, 2962, 2924, 2848, 1706, 1679, 1627, 1524, 1456, 1199,
1137, 1043, 843, 801, 723 tin
13C and'H NMR data, se@&ables 2 and 3;
HRESIMSm/z430.1635 [M + H]j (calcd. for GiH2aN307, 430.1614).

6.3.6.Compounds
Rugonidine F§)
Pale yellowish amorphous powder;
[a]d® -4 (0.2, MeOH);
UV(MeOH) /max (10g €) 213 (0.74), 280 (0.63);
IR (KBr) vmax 3276, 3222, 2979, 2925, 2854, 2373, 2352, 2322, 234%,174
1076, 1680, 1627, 1524, 1454, 1316, 1203, 1136, 1046, 800, 724 cm
13C and'H NMR data, se@&ables 2 and 3;
HRESIMSm/z430.1609 [M + H], (calcd. for GiH24N307, 430.1614).
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Table 2.*H NMR data forl—6 from A. rugosa(dx in ppm andl in Hz)

No. il 20 3p* 42 53 62
2 4.63,d (8.1) 4.64,d (6.1) 4.70,d (8.1) 4.6884) 4.49,d (7.1) 4.49,d (7.1)
3 3.76,td (8.1, 7.9, 5.6) 3.82,m 3.90, m 3.90(&dl, 5.6, 2.3) 3.50, m 3.50, m
a5 2.78,dd (5.6, 16.1) 2.82,dd (5.6, 16.0) 2.945R, 16.0) 2.94,ddd (16.1,7.7,5.6) 2.73, &&l{14.2) 2.73,dd (16.1, 4.2)
4 2.53, m 254, m 2.67,dd (16.0, 8.9) 2.67, dd1(186.0) 2.39,dd (16.1,8.3) 2.39,dd (16.1, 8.3)
6 5.96, s 5.97,d (2.4) 5.97,brs 5.97,s 5.94,s 5.94,s
2' 6.79,d (1.9) 6.80, d (2.0) 6.86, d (2.0) 6882.0) 6.78, brs 6.78,brs
5' 6.73,d (8.2) 6.73,d (8.2) 6.79,d (8.2) 6d93.2) 6.71, m 6.71, m
6' 6.66, dd (1.9, 8.2) 6.66, d (8.2) 6.74, dd (2.9) 6.74,dd (8.2, 2.0) 6.65, d (7.0) 6.65, d (7.0)
1"a 3.95,d (6.9) 3.96, dd (8.3, 11.9) 3.93,m 230 3.90, d (11.0) 3.90,d (11.0)
1"b 3.85,dd (6.9, 11.0) 3.86, dd (6.0, 8.3) 3deh(11.9, 5.9) 3.79,dd (11.9, 6.9) 3.74,d (11.7) 3.74,d (11.7)
4" 1.13,s 1.12,s 1.52,s 1.52,s 1.48, s 1.48,s
5" 151, s 1.51,s 1.61,s 1.61,s 1.11,s 1.11,s
1"a 3.89, dd (6.5, 8.6) 3.88,d (6.2)
1"b 3.82, dd (6.0, 8.6) 3.82,m
2" 5.23,d (6.5) 5.23,d (6.2)
4" 1.72,s 1.71,s
5" 1.67,s 1.67,s
i 4.05, s 4.06, s 4.22,s 4.22,s
2™ 331, m 3.31,t(3.9) 3.33,m 3.53,m
3™ 3.36,td (3.2, 9.2) 3.35,td (2.9, 9.3) 3.873.5) 3,57, m
4™ 3.12,td (3.2, 9.2) 3.12,td (2.9, 9.3) 3.88,9.5, 3.5) 3.58, m
5™ 3.48,dd (5.9,9.2) 3.49, td (6.0, 2.9) 38d(6.1, 3.5) 3.54, m
6" 1.11,d (6.4) 1.11, d (6.0) 1.24,d (6.1) 4.2 (6.2)
C=N
1"-NH 9.59,s 9.60, s 9.38, s 9.38, s
1"-NH 9.08, d (6.0) 9.09, q (6.0) 10.33, s 3B0s

aRecorded at 600 MH2 Recorded at 500 MHZRecorded in MeOH
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Table 3.3C NMR data forl-6from A. rugosain DMSO-Us (dc, type)

12 20 3 4° 57 6°
No. Jc, type Jc, type Jc, type Jc, type Jc, type Jc, type
2 79.1,CH 79.2,CH 79.1,CH 79.1CH 81.1CH 81.1CH
3 72.6,CH 72.7,CH 72.6,CH 72.6,CH 69.8.CH 69.8CH
4 27.7CH 27.8,CH; 27.6,CH 27.6,CH; 29.0CH; 29.0CH;
5 156.0C 156.0C 155.9C 155.9C 155.8C 155.8C
6 89.3,CH 89.4,CH 89.4,CH 89.4,CH 89.2,CH 89.2CH
7 155.5C 155.5C 155.5C 155.5C 155.5C 155.5C
8 109.6C 109.6C 109.6C 109.6C 109.4C 109.4C
9 150.5C 150.5C 150.5C 150.5C 150.7C 150.7C
10 101.0C 101.0C 100.9C 100.9C 101.4C 101.4cC
1 129.5C 129.5C 129.6C 129.6C 130.4C 130.4C
2' 114.0CH 114.0CH 114.0CH 114.QCH 114.5CH 114.5CH
3 145.0C 145.0C 145.0C 145.0C 1449C 144.9C
4 145.1C 145.2C 145.1C 145.1C 1449C 144.9C
5' 115.2CH 115.2CH 115.2CH 115.2,CH 115.1CH 115.1CH
6' 118.0CH 118.0CH 1180,CH 118.0,CH 118.2CH 118.2CH
1" 45.7,CH, 45.7,CH; 45.6,CH; 45.6,CH; 45.6.CH; 45.6 CH;
2" 108.4C 108.4C 108.2C 108.2C 108.1C 108.1C
3" 44.2C 44.2C 44.1C 44.1,C 44.2C 44.2C
4" 24 5CHs 24.5CHs 24.5CHs 24.5,CHs 24.5CHs 24.5CHs
5" 20.3,CHs 20.3,CHs 20.3.CHs 20.3,CHs 20.3CHs 20.3CHs
i 40.1,CH; 40.0,CH;
2" 118.6 CH 118.6.CH
3™ 136.3C 136.3C
4" 25.3,CHs 25.4,CHs;
5™ 17.9,CHs 17.9,CHs;
i 100.1CH 100.1CH 100.1CH 100.1CH
2 70.1,CH 70.1,CH 70.2,CH 70.2,CH
3™ 70.6,CH 70.6,CH 70.6,CH 70.6,CH
4™ 71.8,CH 71.9,CH 71.9,CH 71.9,CH
5 68.9,CH 68.9,CH 68.9,CH 68.9,CH
6" 17.8,CHs 17.8,CHs 17.8,CHs 17.8,CHs
C=N 159.0C 159.0C 160.3C 160.3C 160.5C 160.5C

aRecorded at 150 MH2,Recorded at 125 MHz
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6.3.7.Compound/
(2R,39-Rugonine A7)
Light brown powder;
[a]3® +54.9 €0.2, MecOH);
UV (MeOH) /imax (109 £) 223 (3.28), 282 (2.46);
IR (KBr) vmax 3704, 3237, 2967, 2942, 2869, 1683, 1629, 1461, 1203, 1034,
1033, 1012, 837, 800, 721 cin
H and®®*C NMR (500 and 125 MHz in methandj), see Table 4;
HRESIMSmM/z628.2859 [M + H] (calcd for GzH42N3010, 628.2865).

6.3.8.Compound
(2S3R)-Rugonine B §)
Light brown powder;
[a]3® —78.0 € 0.1, MeOH);
UV(MeOH) max (10g £) 228 (2.27), 280 (1.56);
IR (KBr) vmax 3252, 2977, 2937, 1668, 1613, 1441, 1383, 1279, 1200, 1048,
983, 841, 718 cm;
H and**C NMR (500 and 125 MHz in methand), see Table 4;
HRESIMSm/z628.2870 [M + H]j (calcd for G:H42N3010, 628.2865).

6.3.9.Compound®
(2R,39-Rugonine C9)
Light yellow powder;
[a]3® +119.6 € 0.1, MeOH);
UV(MeOH) Amax (I0g £) 228 (2.27), 280 (1.56);
IR (KBr) vmax 3305, 2972, 1676, 1618, 1443, 1384, 1200, 1140, 1076, 209},
837, 798, 724 cm;
H and®*C NMR (800 and 200 MHz in methandj), see Table 4;
HRESIMSmM/z646.2974 [M + H] (calcd for GzH44N3011, 646.2976).
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6.3.10.CompoundLO
(2R,39-Rugonine D 10)
Light brown powder;
[a]3® +27.5 € 0.2, MeOH);
UV (MeOH) Amax (log €) 225 (2.63), 280 (1.85);
IR (KBr) vmax 3705, 3194, 2977, 2934, 2864, 1683, 1613, 1530, 1456, 10986,
1028, 1009, 826 crh
'H and®™C NMR (600 and 150 MHz in DMS@), see Table 5;
HRESIMSmM/z414.1649 [M + Hj (calcd for GiH24N30s, 414.1665)

6.3.11.CompoundLl
(2R,3R)-Rugonine E11)
Light brown powder
[a]3® —16.4 € 0.2, MeOH);
UV (MeOH) Amax (log &) 223 @.49), 280 (1.70);
IR (KBr) vmax 3179, 1682, 1611, 1527, 1446, 1376, 1281, 1200, 1137, 1003,
1024, 1001, 825, 800, 766, 721¢m
H and®®*C NMR (600 and 150 MHz in DMS@e), see Table 5;
HRESIMSm/z414.1675 [M + H] (calcd for GiH24N30s, 414.1665).

6.3.12.CompoundL2
(2R,39-Rugonine F12)
Light brown powder
[a]3° +34.1 €0.2, MeOH);
UV (MeOH) Amax (log &) 225 (2.63), 280 (1.85);
IR (KBr) vmax 3705, 2972, 2923, 1678, 1619, 1205, 1136, 1058, 1033, T0&3,
cmy;
'H and®™C NMR (600 and 150 MHz in DMS@), see Table 5;
HRESIMSm/z482.2316 [M + H] (calcd for GeHs2N3Os, 482.2291).

88



6.3.13.CompoundL3
(2R,39-Rugonine G 13)
Light brown powder;
[a]3® +47.5 € 0.2, MeOH);
UV (MeOH) Amax (log €) 223 (3.28), 282 (2.46);
IR (KBr) vmax 3700, 3346, 2972, 2942, 2869, 2843, 1673, 1619, 1525, 1496,
1146, 1053, 1032, 1013, 807, 722°¢m
'H and®™C NMR (600 and 150 MHz in DMS@), see Table 5;
HRESIMSm/z560.2272 [M + H] (calcd for G/HzaN3010, 560.2244).

6.3.14.CompoundL4
(2R)-Rugonine H 14)
Light brown powder;
[a]3° +20.3 €0.2, MeOH);
UV (MeOH) Amax(log €) 212 (3.08), 280 (2.36);
IR (KBr) vmax 3173, 2967, 1692, 1623, 1461, 1383, 1348, 1284, 1161, 1023,
998, 821, 763 cm;
H and®®*C NMR (500 and 125 MHz in DMS@), see Tah 5;
HRESIMSm/z396.1581 [M - Hj(calcd for GiH22N30s, 396.1565).
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Table 4.H and®™®C NMR data for compound&-9from A. rugosain methanolds

7b g qc
Pos. o (Jin Hz) dc o (JinHz) dc o (JinHz) oc
2 4.71, d(7.3) 81.2 4.67,d (7.2 81.1 4.70,d (7.2 81.
3 3.97,q (7.2 75.L 3.93, q (7.2 75.2 3.96, td (5.4, 7. 75.%
4 2.86,dd (5.5, 16.! 27.% 2.83,dd (5.5, 16.. 27.% 2.86,dd (5.4, 16.. 27.4
2.75,dd (7.7, 16.! 2.69, dd (7.8, 16) 2.72,dd (5.4, 16.
5 158.¢ 157.2 158.7
6 6.10, 96.( 6.06, 95.¢ 6.09, 95.¢
7 157.C 155.% 157.:
8 95.¢ 95.7 95.¢
9 155.5 155.¢ 157.:
1C 100.¢ 100.5 100.¢
1 131.€ 131.5 131.¢
2' 6.76,d (2.C 115.C 6.73,d (2.0 114.¢ 6.76,d (2.1 115.(
3 146.2 146.1 146.2
4 146.4 146.% 146.¢
5' 6.73,d (7.8 116.1 6.69, d (8.1 115.¢ 6.72,d (8.1 116.C
6' 6.66, dd (2.3, 8. 119.¢ 6.62, dd (2.0, 8.. 119.t 6.65, dd (2.1, 8. 119.¢
1" 115.C 1149 114.¢
2" 131.: 131.2 131.2
3" 2.78,q (7.2 26.: 2.75,q (7.2 26.: 2.76,p (7.C 26.
4" 1.11,d (7.C 21t 1.07,d (7.1 214 1.10,d (7.C 21.t
5" 1.13,d (7.C 21.€ 1.10,d (7.1 21t 1.12,d (7.C 21.€
C=NH 11.6% 147.€ 1476 147.¢
1" 3.81,d (6.€ 41.€ 3.77,d (7.C 41.¢ 3.34,d (6.€ 40.4
2" 5.26, t (6.9 120.1 5.23,t(7.3 120.1 1.75,dd (6.9, 8.  42.
3" 138.t 138.« 70.€
4™ 1.69,: 18.C 1.66, : 17.¢ 1.23,d (5.C 29.t
5" 1.73,: 25.% 1.70, 25.€ 1.23,d (5.C 29.t
i 4.35,d (1.t 102.C 4.33, ! 102.C 4.35,d (1.7 102.C
2™ 3.54,d (34 72.C 3.51, br 71.€ 3.53,q (1.7 72.C
3™ 3.57,dd (3.4, 9.- 72.% 3.55, br 72.1 3.56,d (9.5 72.2
4™ 3.33,d (94 73.C 3.28, d(10.0; 73.¢ 3.33,d (74 73.€
5" 3.65,dq (6.3, 12.  70.: 3.62, dt (3.4, 6. 70.: 3.64,dd (6.2,9.  70.
6" 1.25,d (6.2 17.¢ 1.21,d (6.1 17.€ 1.24,d (6.2 17.¢
1NH  11.97
214 and3C NMR spectra were acquired at 500 and 125 MHpeets/ely
b14 and'3C NMR spectra were acquired at 600 and 150 MHpeetsvely
¢1H and®*C NMR spectra were acquired at 800 and 200 MHpeeis/ely
* data recorded in DMS-ds
] J 1l =1
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Table 5.*H and!*C NMR data for compound)—-14from A. rugosain DMSO-s

" 10 g 1 ks 1%
) JdH (J inH2) Jc on (J inH2) Jc on (J inH2) Jc on (J inH2) Jc JH (J inH2) Jc
2 454,d(6S 8l  4.74,: 78€  471d (5.8 81z  4.74,d (6.7 786 4.80,d (9.€ 767
2.00,d (7.3)
3 ?ig?’é‘dgg) 660  3.98 s 646 401 tlke (6.2)  66.0 (31'3.17""35) 20 182 g 9.9, 286
2.66, dd 2.60,dd 2.63, dd (12.6, 2,67, dd 250, (10.6)
(15.8, 4.7) (4.4,16.2 6.2 (163, 5.5 -54,d (10.
4 2.42, dd A e e 282 5 a1,dd@e7, 8 257 dd 25.9 18.8
6.1,7.5 46, 8.0) (16.1,7.2
5 156.¢ 157.: 156.] 157.( 156.¢
6 6.11, 1 94  6.07,: 94¢  6.10,: 947  6.15, 951  6.07,: 94.€
7 155.¢ 155.¢ 155.; 156.( 1565.4
8 94.1 942 99.1 942 95.¢
9 153.¢ 154.2 153.¢ 153.¢ 154.¢
1C 99.2 98.7 99.1 98.¢ 100.4
1 130.: 130.: 130.: 129.¢ 132
> 6.65, 1145 6.74,d (2.2 1147 673, 1146 6.66, : 1141 671 113.€
3 144.¢ 144.¢ 144.¢ 145.] 145.(
4 144.¢ 144.¢ 144.¢ 1451 1447
5 6.64, 1150  6.59,d (8.1 1146 6.60,d (8.1 1151  6.68, : 115:  6.65,d (7.C 115.
6 653.d(7.2 118  6.54.d (7.1 1180  652.d (8.1 1180  6.56,d (8.1 117.C  6.56.d (7.1 116.€
1" 112.¢ 113.( 1131 112.¢ 1127
2 128 ; 128.¢ 129.] 128.¢ 128.7
. 2.62, dd 2.62, dd
3 Gias 6 243 (360 244  2.67,d(4.6) 245  2.63,m 245  2.60, m 424,
4" 1.00, 211 1.00,d (7.0 212 1.01,: 212 1.00,d (6.€ 215 1.00,d (6.7 217
5" 0.99, 211 0.95,d (7.C 211  1.0L,: 217 1.03.d(7.C 217 1.01.d(6.7 217
C=NH  12.14, 1460  12.15, 1460 1211, 1466  12.28, 146.: 146.¢
1"NH 1159, 11.54, 9.58, : 11.70, 8.33, br s
NH 2 607 brs 7.09, s 10.34, s 7.17,s 7.46,br s
or NH2
1 3.81, 44.1
o 5.21, 120.:
3 135.(
4 153, 257
] -“'I" 1 I: -'-‘_l

91



5" 1.30,s
1
onn
g
am

g

6"
3-OH 9.52,

5- OH 3.96, ! 9.30, ! 9.26, !
3-OH 8.68, br 8.64,:
4- OH 8.80 br: 8.82

4.30, !
3.36, br
3.35, !
3.15,d (9.1
3.47,dq
(124,6.1
1.14,d (6.1

99.¢
70.5
70.7
72.C

69.0
17.¢

alH and3C NMR spectra were acquired at 500 and 125 MHpeeis/ely
b1H and*C NMR spectra were acquired at 600 and 150 Mrespectivel
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6.4.LC-MS/MS-based molecular networking

HRESI-MS/MS data were acquired from a Waters AgquiPLC system
(Waters Co.) equipped with a Waters Xevo G2 QTOEgrspectrometer (Waters
Co., Manchester, UK) and electrospray ionization (EBfigrface, operating in
positive-ion mode. A Waters Acquity UPLC BEHg&olumn (150 mm X% 2.1 mm,
1.7 um) was used with a MeCN{B gradient system (10:90 to 90:10) for 14 min.
The flow rate was set at 3QQ/min, and the injection volume was 2. The
temperatures of the autosampler and column oveea mamntained at 15 and 40 °C,
respectively. Source parameters were set as follawspillary voltage of 2.5 kV,
cone voltage of 40 V, source temperature of 120 &Splyation gas temperature of
350 °C, cone gas flow of 50 L/h, and desolvationfiges of 800 L/h. The acquisition
rate was 0.2 s. Data were centroided during acgpisiising an independent
reference lock-mass ion via the LockSpray interfa@nsure accuracy and precision.
Peak picking, chromatogram deconvolution, and otlaa grocessing of MS/MS
data were performed by MZmine2 software v32 (Pluskal., 2010) Eventually,
the .mgf preclustered spectral data file and itsesponding .csv metadata file (for
RT, areas, and formula integration) were exportedgutie dedicated “Export for
GNPS” and “Export to CSV file” built-in options. A malelar network was created
using the online workflow at GNPS_(http://gnps.ucdd)e The spectra in the

network were then searched against GNPS specdirariles. All matches kept

between network spectra and library spectra wegaimed to have a score above
0.65 and at least 4 matched peaks. The moleculaworiehy data were analyzed
and visualized using Cytoscape (ver. 3.6.0) (Shar2@e3). All of the results and

parameters can be accessed with the GNPS job mdtarcular networking feature-

based analysis at

http://gnps.ucsd.edu/ProtecSAFe/status.jsp?task=2633&a24150abb45fad3fba

59a8

6.5. Absolute configurations for sugar -4, and7-9, 13

Compoundd—4, and7-9, 13(0.5 mg) were hydrolyzed with 2 N HCI (0.5 mL)
at 100 °C for 18 h (Chaturvedula & San Miguel, 20¥djer cooling, the mixture
was evaporateith vacuoand diluted with 1 mL of distilled ¥D. After neutralization
(pH 7), the reacted mixture was extracted with Et@2c< 1.0 mL) to obtain an

aqueous layer that was dried under vacuum. Eaclolygate ofl-4, and7-9, 13
i .; L 3 11
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was then dissolved in anhydrous pyridine (0.25 mhg &eated with_-cysteine
methyl ester hydrochloride (2.5 mg) at 60 °C fort,.&nd then 0.25 mL of pyridine
containingo-tolyl isothiocyanate (2.5 mg) was added to the umixtand reacted at
60 °C for an additional 1.5 h. The reaction mixtueswanalyzed by a UPLC column
[YMC Cis 4.6 x 250 mm (5um); 10-90% MeCN/kD (0.1% formic acid); UV
detection at 250 nm; 1.0 mL/min]. The sugati#, and7-9, 13was determined to
beL-rhamnose = 21.26 for compoundsand2 and 21.27 min for compoun@s
and 4, and 7-9, 13, which was consistent with that of the derivatoantaining
authenticL-rhamnose g= 21.26 min) (Shin et al., 2015; Tanaka et al., 2083a
result, the rhamnose moiety in compouridd, and7-9, 13 was assigned the

configuration.

6.6. Computational Methods

Conformational analyses of compoundmsdil were simulated using molecular
mechanics force-field (MMFF94s) calculations witlsesarch limit of 1.0 kcal/mol
in CONFLEX 7 (Conflex Corp., Tokyo, Japan). The CONFLEearches gave 15
and 13 stable conformers for compouhdsdll , respectively. The conformers with
a Boltzmann population of over 1% were geometricafitimized at the B3LYP/6-
31g level in gas by TmoleX 4.3 and Turbomole (COSM@L GmbH, Leverkusen,
Germany) at the def-SV(P) basis set.

6.6.1.NMR Calculations

13C NMR chemical shifts for these conformers werecwdaked at the
mPW1PW91/6-311+G(2df,2pd) level after geometry mpation. Boltzmann-
weighted averages of the chemical shifts were tatled to scale them against the
experimental values. The experimental and calculdstd were analyzed with the
linear correlation coefficient8® and the probability DP4+ method for sterecisomers
(Grimblat et al., 2019). The parametarandb of the linear regressiaRaicd = adexpt
+ b; the correlation coefficienf; the mean absolute error (MAE) defined3as
|0caicd — dexpul/N; @nd the corrected mean absolute error (CMAE), defin@d s —
Jexpt|/N, Wheredeor = (dcaica — b)/a and therefore corrects for systematic errors were

presented.
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Table 6. Comparison of*C NMR experimental values fdrand calculated chemical
shifts forl

1
Carbon 5expt\ 5calcc 5corr Aécalcca Aécorlb
2 81.1 83.c 83.( 2.2 1.¢
3 69.¢ 70.% 70.€ 0.€ 0.8
4 29.C 28.¢ 29.2 0.4 0.2
5 155.¢ 157.¢ 155.¢ 1.€ 0.1
6 89.2 88.¢ 88.1 0.8 1.1
7 155.¢ 159.7 158.2 4.2 2.7
8 109.¢ 112.¢ 112.( 34 2.€
9 150.7 153.¢ 152.( 2.7 1.2
1 101.¢ 99.¢ 99.£ 1.t 2.C
1 130.¢ 133.¢ 132.¢ 3.5 2.4
2' 114.¢ 111.4 110.€ 3.1 3.6
3 144.¢ 145.; 144.¢ 0.8 0.t
4 144.¢ 145 144.( 0.4 0.€
5' 115.1 1125 111.¢ 2.4 3.2
6' 118.2 118.7 117.¢ 0.t 0.2
1" 45.¢ 42.7 43.1 2.6 2.5
2" 108.1 106.€ 106.: 1.2 1.8
3" 44.2 50.4 50.¢ 6.2 6.4
4" 20.2 18.7 19k 1.€ 0.8
5" 24t 22.F 23.2 2.C 1.2
C=N 160.f 150.( 148.5 10.5 11.€

Adcalcc = | Ocalcc - 5expt | 5 bAécorl = | Ocort - 5expt |
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Table 7. Comparison éfC NMR experimental values f@and calculated chemical
shifts forl

2
Carbon 5expt\ 5calcc 5corr Aécalcca Aécorlb
2 79.2 83.2 83.( 4.C 3.8
3 72.7 70.% 70.€ 2.C 2.1
4 27.¢ 28.€ 29.2 0.8 1.t
5 156.( 157.¢ 155.¢ 14 0.1
6 89.4 88.¢ 88.1 1.C 1.2
7 155.¢ 159.7 158.2 4.2 2.7
8 109.¢ 112.¢ 112.( 3.2 24
9 150.f 153.¢ 152.( 2.6 1.t
1 101.C 99.¢ 99.£ 1.1 1.€
1 129.f 133.¢ 132.¢ 4.4 3.2
2' 1140 111.4 110.€ 2.€ 34
3 145.( 145.; 144.¢ 0.7 0.€
4 145.2 145.% 144.( 0.1 1.2
5' 115.2 1125 111.¢ 2.5 3.2
6' 118.(C 118.7 117.¢ 0.7 0.1
1" 457 42.7 43.1 3.C 2.€
2" 108.¢ 106.¢ 106.: 1.t 2.1
3" 447 50.4 50.¢ 6.2 6.4
4" 24.F 18.7 19k 5.8 5.C
5" 20.c 22.F 23.2 2.2 2.
C=N 159.( 150.( 148.5 9.C 10.:

Adcalcc = | Ocalcc - 5expt | 5 bAécorl = | Ocort - 5expt |
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6.6.2.ECD Calculations

The conformers of compoundwrere used for ECD calculations based on the
one selected from the NMR calculation. The thecaktiomputational ECD spectra
of the optimized conformers were obtanied by tirpehdent density functional
theory (TD-DFT) at the B3LYP/def-SV(P) functionakvel according to the
Boltzmann distributions. The calculated ECD dataengegnerated using Gaussian
functions for each transitiowm (s the width of the band at a height af)1The overall
calculated ECD curve was generated using SpecDis 1.71nBtwdi., 2013a) from
dipole-length rotational strengths by applying Gaars band shapes. The two
empirical parameters used by SpecDis to optimiedittbetween the experimental
and predicted spectra were adjusted as followsh#tfewidth of the CD bands;,
was set to 0.16-0.24 eV, and the UV shifts were set to +10 meiltom.

Table 8 Gibbs free energies and equilibrium populations ofém@rgy conformers
of 2S3R2'R-1 (I).

In MeOH

Conformers A | P (%)
-1 0.0C 16.71
[-2 0.01 16.3¢
-3 -0.14 21.07
-4 0.1¢ 14.17
I-5 1.0¢ 2.6¢
-6 1.1¢ 2.2¢
-7 1.22 2.11
-8 1.21 2.1¢
-9 0.9¢ 3.12
[-10 2.0C 0.57
-11 1.1¢4 2.4F
[-12 1.22 2.1¢
-13 1.1¢ 2.2¢F
-14 1.0¢ 2.6¢
[-15 0.3t 9.22
®B3LYP/6-31g, in kcal/mol’From AG values at 298.15K
and 1 atr
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Table 9. Gibbs free energi@sand equilibrium populatiofisof low-energy
conformers of 33R,2"S1 (1)

Conformers In MeOH

AG | P (%)

-1 0.0c 5.2¢F
-2 -1.02 29.1¢
-3 -0.64 15.4:
-4 0.42 2.5¢
Il-5 -0.6( 14.4¢
Il -6 -0.57 13.7¢
-7 0.17 3.9¢
Il -8 0.2 3.5¢
Il-9 0.3¢ 2.7¢
II-10 0.6t 1.7¢
IN-11 1.3F 0.5¢
IN-12 0.21 3.6¢
I1-13 0.3(C 3.1¢

3B3LYP/6-31g, in kcal/mol’FromAG values at 298.15K and 1 ¢
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6.7.Cell Viability Assay

3T3-L1 cells were cultured and seeded in 96-weltgd at 3000 cells/well in
Dulbecco’s modified Eagle medium (DMEM) supplementdth 10% fetal bovine
serum (FBS). After 24 h of incubation, the testedpoumd was dissolved in DMSO
and treated for 24 h. Cell viability was analyzed(8y(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-H-tetrazolium bromide (MTT) (Sigma, MO, USA). Then, 20 of
the MTT solution (2 mg/mL) was added to the wellseplates were incubated at
37 °C in the dark for the MTT reaction. After 2 h of incliia, the supernatant was
removed. The formazan crystals were dissolved ind@ DMSO. The absorbance

was obtained at 570 nm using a microplate readas@axTM, Randor, PA, USA).

6.8. Differentiation of 3T3-L1 Preadipocytes

3T3-L1 preadipocyte cells were cultured with DMEMedia (HyClone, UT,
USA) with 10% calf serum, 100 U/mL penicillin, andQLéng/mL streptomycin
(HyClone, UT, USA) in 5% Cgat 37 °C. At 48 h postconfluence, differentiation
was initiated. The culture media was changed to DM&ith 10% fetal bovine
serum (FBS) (HyClone, UT, USA) containinguM dexamethasone (Sigma, MO,
USA), 0.52 mM 3-isobutyl-1-methylxanthine (Sigma, MOSA), and 1pg/mL
insulin (Roche, Germany). After 2 days, the media@utistwere changed to DMEM
with 10% FBS, Jug/mL insulin, 100 U/mL penicillin, and 100 mg/mL gttemycin.
The medium was exchanged after 2 days in DMEM supehted with 10% FBS

medium. The media was replaced every two daysthetinduction of adipogenesis.

6.9. Measurement of Glucose Uptake Level

The glucose uptake level was analyzed with a fleaeet derivative of glucose
2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-@by/glucose (2-NBDG)
(Invitrogen, OR, USA) as previously described witteiimodifications ( Pham, Ha,
et al., 2018). The 3T3-L1 cells were seeded into-awv&6 plate. After adipocytes
were fully differentiated, the media was replacethwilucose-free media with test
compounds and with or without 2 2-NBDG for 1 h. After treatment, the cells
were washed two times with phosphate-buffered sdPBS). A 7QuL of 1% Triton
X-100 in PBS and 0.1 M #Q: were added to each well for cell lysis. The 2-NBDG
fluorescence signal was obtained by a plate re@ETOR X3, Perkir}l_E:Im(_er, MA,
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USA) with 450 nm excitation and 535 nm emission.

6.10.Cell culture and viability assay for the HEK293 cellli

A Green Fluorescent Protein - Light Chain 3 (GFR3).@ansfected stable
HEK293 cell line was generously contributed by Bssbr Junsoo Park (Yonsei
University, Republic Korea), while MCF-7 and HEK298Is were obtained from
the American Type Culture Collection (ATCC, Manass#@s USA). The cells were
cultured in Dulbecco’s modified Eagsenedium (DMEM; Welgne, Gyeongsan-si,
Republic of Korea) supplemented with 10% fetal bovine serum (FBS; Gibco Island,
NY, USA), 100 U/mL penicillin, and 10@g/mL streptomycin at 37 °C and 5% €0
The cells were maintained at 70% to 80% confluency anduubed every 2 days.
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl! tetcdimm bromide (MTT) method
was applied to measure cell viability. The cells were skade 96-well plates (1 x
10 cells per well) and incubated for 24 h. After celttsached to the bottom of the
well plate, the cells were rinsed with phosphattidred saline (PBS) and treated
with 20 uM of the tested compounds-15. After 24 h of treatment, 20L of MTT
solution (2 mg/mL) was added to each well. The M®llison was incubated in the
incubator for 4 h at 37 °C before being discarded. A formargstal was dissolved
in 100uL DMSO to measure the absorbance at 570 nm of watthThe analysis
was performed to assess the % of cell viabilityMeen the control and treatment
groups. Autophagosome formation was confirmed in-GER stable HEK 293 cells.
The cells were seeded into a 6-well plate with cslygs and incubated for 24 h. The
cells were treated with a noncytotoxic concentratid isolated compounds. After
24 h of treatment, the cells were washed three timsthe PBS, then fixed with
4% paraformaldehyde, and coverslips were carefiftigd| to prepare the sliding

glass for microscopic analysis.

6.11.Protein expression analysis by Western blot

MCF-7 cells were seeded onto well plates and inetb#&or 24 h. Isolated
compounds that showed enhanced formation of autmsicanes were treated for 24
h, and the cells were harvested. The cells were itbdL50.L of lysis buffer [120
mM NacCl, 40 mM Tris (pH 8), and 0.1% NP40 (Nonidet®}4and centrifuged at

10,000 rpm for 15 min. The supernatants obtained from Ha¢dg were used as the _
2] O 11l &

100



protein extract. Protein concentrations were catedlasing the BCA protein assay
method (Bio-Rad, CA, USA). The protein extracts weitateld with 5X sample
buffer and boiled at 98C. Thirty-microgram protein samples were inject&d ieach
well and electrophoresed on 6 to 15 % gradient $bigacrylamide gels. Protein
lanes were transferred to polyvinylidene fluorit®/DF) membranes, which were
then incubated with primary antibodies (LC3B, pBa&ctin) at £C for 24 h. The
membranes were further incubated with secondary-namise or anti-rabbit
antibodies. Finally, the protein bands were detectading enhanced
chemiluminescence Western blotting detection ECHebuProtein bands were

quantified by ImageJ software.

6.12.Confocal microscopy images

HEK293 cells were seeded on sterilized glass ctiperand incubated for 24
h. GFP-mRFP-LC3 (ptfLC3) plasmid, which was kindlyoyided by Yonsei
University (Wonju, Republic of Korea), was appliedctlls for transfection using
Lipofectamine 2000 (Thermo Fisher Scientific, Walth MA, USA). After
transfection, the cells were treated with the compoandsincubated for 24 h. The
cells were fixed with 4% paraformaldehyde. Afteration, the coverslips were
washed three times with PBS and stained with DA®Ut®N. Images of the
autophagic flux induced by the test compounds wbtained with a Confocal Scope
TCS8 (LEICA, Wetzlar, Germany).

6.13. Statistical Analysis

Graphpad Prism 5 (GraphPad Sofware, La Jolla, CA, UBA$ used for
statistical analysis. Data are expressed as thesnestandard deviations (SDs) of
three independent experiments and were calculatgglatted by one-way analysis
of variance (ANOVA). Statistically significant diffences are indicated as follows:
"p <0.05,"p <0.01, and” p < 0.001
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7. Conclusions

By using the HRESI-MS/MS-based molecular networkitige interesting
cluster of guanidines from\. rugosaleaves has been quickly investigated for
targeting the isolation of the new natural guaredirBesides biological effects that
have been reported previously, the new finding atgse uptake of 1,6-dioxa-7,9-
diazaspiro[4.5]dec-7-en-8-aminek-B), as well as autophagy inhibition activities
from plant guanidineslQ—13, contributes to potential activities of naturabgucts
in general and guanidines derivatives in particutas noteworthy that guanidine
derivatives have been reported to show autophagulagon effects in both
induction and inhibition manners by metformin anBd®, respectively. Our results
suggested that natural guanidin@8-(13) exhibited potential autophagy inhibition
activities which are promising for targeted therapgancer (Xie et al., 2021) and
also for the treatment of muscle atrophy (Sartorale 2021a). In summary, the
application of molecular networking allowed us twdstigate six new guanidine
alkaloids of 1,6-dioxa-7,9-diazaspiro[4.5]dec-7-earBiine scaffold (rugonidines
A-F) and eight new guanidine-fused flavan derivegiyrugonines A—H) from the
leaves of A. rugosa The structures of all isolated compounds have been
comprehensively elucidated by NMR, HEESIMS data ym®a, and ECD antiC
NMR quantum calculations. These compounds conseguardre tested and
compoundsl1-3 showed potential effects in stimulating glucosealpt while
compoundsl0-13 exhibited potential autophagy inhibition activitiszs HEK293
cells. The results suggested the advantage of HRESF-MS/MS-based molecular
networking for targeting the isolation of guanididerivatives fromA. rugosaas
well as their inhibition activities on autophagy HEK 293 cells that could be

promising for future drug discovery of cancer and muatriephy treatment.
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Part 2: Alkaloids from Persea americana and their SIRT1
activities
1. Introduction
1.1. Study background
1.1.1.Persea americanMill. (Lauraceae)

Persea americanilill. (Lauraceae), commonly known as avocado, istavea
tree in Mesoamerica and Central America and is waltivated worldwide in
tropical and subtropical regions (Yao & Xu, 202R).americanahas eight well
identified varieties that related to geographicatgpes, of which the commercial
avocado is made up of three that are referred éoMbaxican P. americanavar.
drymifolia), the West IndianR, americanavar. americana), and the GuatemaRn (
americanavar. guatemalensis) (Ibarra-Laclette et al., 2015¢. Jdlection of these
three races and their hybrids, most frequently MaxiGuatemalan or “Hass
avocado”, are the foundation of commercial avocaddyxtion (Chanderbali et al.,
2008). The size and shape of an avocado's fruiseed can vary greatly depending
on the variety. The Hass variety's fruits have amicto pear form, and when they
are fully ripe, they have tough, leathery skin tlatark brown or black. Additionally,
compared to most other common types, it has a snsdkd (Dabas et al., 2013).
Due to the nutritional compositions and biologiaetfivities of avocado pulp, which
are rich in grease, the fruit has gained considenadgbularity in recent years (Dreher
& Davenport, 2013). Its health effects have beeitatdd through biological studies,
observation and clinical trial including reducekssof cardiovascular disease,
overweight or obese, alleviate cognitive functiand activate colonic microbiota
system (Dreher et al., 2021). The high contain of maeaturated fatty acid in
avocado mesocarp has been suggested to reductacisks for cardiovascular
disease (Pieterse et al., 2005). The pulp also ieslual variety of bioactive
phytochemicals, such as carotenoids (lutein, zeakantltarotene, and
cryptoxanthin), B vitamins, vitamins C and E, D-mangtulose, sitosterol, and
persenone A and B, which have shown to have agi#fijanticancer, and antioxidant
properties (Lu et al., 2005).

In addition to the edible portion of avocados, lasgeounts of byproducts,
including peels and seeds, are produced, which cafflett the environment

(Rodriguez-Carpena et al., 2011). According to ethaophcology, the Aztecland © '
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Mayan societies used avocado seed decoctionsdgavasite and mycotic ailments.
(Dabas et al., 2013). Additionally, seed formulatibase been suggested for use in
the treatment of diabetes and digestive disordeakebite, as well as abortive agent
and contraceptive (Duke & Martinez, 1994). It is stidt placing a portion of the
seed or the decoction into a tooth cavity may éashache. Dandruff is supposedly
treated with avocado seed powder, and skin eruptioneccasionally treated with
seed oil (Dabas et al., 2013). Avocado seed pastaaiedlly has been used to treat
arthritis, and the Nigerian added to soups or pugdm manage hypertension
(Ozolua et al., 2010). The pulverized seeds weretiwadily ingested in African
medicine to alleviate diarrhea and wheezing (Daddasl., 2013). The current
bioactive effects of avocado seeds have been igaéstl include anticancer (Lee et
al., 2008), anti-inflammatory (Rosenblat et al., 20Hr)tidiabetic (Edem et al.,
2009), hypocholesterolemic (Pahua-Ramos et al., 2@t@mnicrobial (Raymond
Chia & Dykes, 2010), insecticidal (Leite et al., 20@8)d dermatological uses
(Rosenblat et al., 2011). Avocado seed phytochemicalies have identified a
variety of natural products, including procyanidiléafig et al., 2010), acetogenins
(Rodriguez-Séanchez et al., 2013), fatty acids, am#wsrie et al., 2015), alkaloids
(Oboh et al., 2016), phenolic compouiSisavedra et al., 2017; Segovia et al., 2016),
triterpenoids (Abubakar et al., 2017) and pigmentatZbkis et al., 2019). The
presence of £sugars, such as mannoheptulose and perseitbk gsitnary phloem
transported sugars and as respiratory substratessragocados distinct from other
fruit (X. Liu et al., 1999, 2002). These C7 sugarsehbeen identified as the "tree
factor," which slows down the ripening of fruit Wdnit ripens on the tree (Bertling
& Bower, 2005) and may be related to the variatimnthe postharvest ripening
speed of fruit (Landahl et al., 2009).

Although the avocado seed accounts for up to 16¥%efotal weight of the
fruit, has a diverse phytochemical profile, and aylbistory of ethnobotanical use,
it is largely regarded as a waste product and wiitlzed resource (Dabas et al.,
2013; Otaigbe et al., 2016), modern scientific studies into phytochemicals and

avocado seed bioactivities is still in early stages.
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Figure 85. Persea americana Mill. (Hass avocado)

1.1.2.Molecular networking

Molecular networking was first introduced in 2012 (Watrous et al., 2012) and
has become increasingly popular as a dereplication strategy in the natural products
field. Molecular networking that was created on the GNPS platform
(https://gnps.ucsd.edu/, Wang et al., 2016a) can analyze MS/MS data against GNPS

libraries to match either putative analogs of known compounds or those that belong
to the same class. Moreover, based on the similarities of fragmentation patterns,
nodes that shared similar MS/MS profiles were grouped into the same cluster and
connected via the edges (cosine score) (Yang et al., 2013). Therefore, molecular
networking has been applied to natural products not only as a dereplication technique
but also for the discovery of a variety of small molecules (Ryu et al., 2021).

Recent studies that involved avocado have applied HR-MS/MS-based
techniques such as quantification or metabolomics to investigate the chemical profile
of avocado pulp, peel, and seeds. Analyzing the MS/MS fragmentations allowed to
dereplicate flavonoids and phenolic components from all parts of avocado including
the mesocarp (Di Stefano et al., 2017; Hurtado-Fernandez et al., 2011), peels
(Figueroa et al., 2018), and seeds (Do et al., 2022; Younis et al., 2022). This work
also could be done by a molecular networking-based dereplication strategy that
matches reported compounds against GNPS libraries, as well as double checking
with avocado-related studies. By providing crucial information on simil;llrities
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between the discovered peaks, this method gives effective and efficient ways to

explore phytochemicals, expediting the discovery of new metabolites.

1.1.3.SIRT1

Sirtuin 1 (SIRT1) is a nicotinamide adenosine dinucleotide (NAD)-dependent
deacetylase that belongs to the mammalian sirtuin family and plays important roles
in cellular and organismal processes, including metabolism and aging (Hall et al.,
2013; Rahman & Islam, 2011; Xu et al., 2020). Through the deacetylation of various
substrates, including histone proteins (acetylated histones H4K16 and H3K56) and
nonhistone targets (p53) to generate nicotinamide and the acetyl group, SIRT1 is
involved in a broad range of physiological functions, including controlling gene
expression, metabolism, and aging (Rahman & Islam, 2011). The function of SIRT1
in senescence, which extends life spans, ameliorates cellular senescence, and
consequently prevents aging-related diseases, is mainly achieved by catalyzing the
deacetylation of various downstream transcription factors (Brooks & Gu, 2009).

Among these factors, p53 is a crucial factor that contributes to cellular senescence

through the regulation of cell cycle arrest in response to DNA damage (Yi & Luo,
2010).

< Eyes ) { Fat ) ( Brain ) ( Liver \ CPancreas) C Muscle \

Cataract | Fatmass) 4Synchrony in 1 Release insulin ~  Muscle function
circadian rhythms f Insulin sensitivity
Fatty acid oxidation ‘
Inflammation oxidative stress‘

s

Figure 86. Role of Sirtl in mammal aging and longevity regulation. Sirtl may

establish a connection between the nutritional condition of the cell and the control
of its metabolism by decoding NAD+ changes in special tissues. Sirtl can alter the
patterns of gene expression in target organs (brain, liver, fat, pancreatic beta cells,
and muscle) via controlling transcriptional co-regulators like PGC-1 or by directly

e i

interacting with transcription factors.
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SIRT1 activity can be regulated through NARADH and nicotinamide by the
SIRT1 protein level and by phosphorylation (Haig@iSinclair, 2010). An elevated
NAD*/NADH ratio may promote cellular health through magisms related to
SIRT1 activation (Jang et al., 2012).

1.2.Purpose of Research

In this study, we aimed to apply UPLC gTOF-MS/MSdshsmolecular
networking analysis to navigate the chemical peadf secondary metabolites from
avocado seeds and to target unknown compoundsribef isolation. The isolated
compounds were extensively determined using NMRctspgcopy, chemical
reactions, and ECD calculations. Then, all isolatedpmamds were tested for their
effects on SIRT1 activity in a p53-mediated tramgmnal luciferase reporter cell-

based assay.
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2. Targeted isolation of alkaloids from avocado seeds

2.1. Targeted isolation of alkaloids froR americanaby using LC-MS/MS-based
molecular networking

The avocado seeds were extracted wittexane solvent to remove fat, and the
residue was re-extracted three times with 70% Ef0Oté. combined extracts were
dried and suspended in acetone to precipitate #rsefol sugars. Then, the
supernatant was dried under a vacuum and partitianéh EtOAc,n-BuOH, and
water. The UPLC-qTOF-MS/MS data of fractions n-hexa&tOAc, ancdh-BuOH
(Figure 87) were processed by Mzmine2 (Pluskall.e2810) and applied to the
FBMN-GNPS platform (hosted by https://gnps.ucsd.€iNgng et al., 2016a)) to
generate molecular networking. The result was vigedlithrough the Cytoscape ver.
3.6.0 (Shannon, 2003). The dereplication of secondatallites from avocado

seeds was identified against GNPS libraries anddmparison with compounds
reported in thd>. americang Scifinder) databases (Figure 88, Table 10). As shown
in Figure 88, cluster A displayed everiz nodes of 492, 496, 512, 520, and 522,
which are typical characteristics of alkaloids. ®iere, experiments were
performed to further isolate these peaks and datertheir structures. As a result,
nine new alkaloids were isolated (Figure 89), dmairtstructures were elucidated by

NMR spectroscopy in combination with chemical reactiomsBCD calculations.
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Figure 88. Molecular networking of n-hexane, EtOAc, and #n-BuOH fractions of avocado seeds in pos mode.

This network is accessible at the following address: https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=618fd6ab564f4d32ace9cb44d1fb8be7
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Table 1Q Putative compounds detected in EA fraction of Adx seeds by UPLC-

gqTOFMS/MSs in negative mode

RT m/z (('\;A;\(/;,) MF Compound name Ref
1.05 377.0824 3782770 204 ngzy iﬂ"t’:éfloglc’zgggfosa (Kawagishi et al., 2001)
1.06 211.08D 212.0896 @H1e07 Perseitol (Liu et al., 1999, 2002)
1.06 377.0835 378.2770 243804 Persenone A (Domergue et al., 2000)
115 191.0363 192.0634 K106 Quinic acid g;ig‘ﬂa"?amos etal,
1.18 341.109 342.1162 @H22011 Sucrose (Liutet al., 1999, 2002)
128 191.0238 192.0270 oGO Citric acid {Calceron-Oliver et al.
1.30  399.1463 400.1522 248207 ;gﬁg{ﬁgzaign?;:o g%zigi)erén-OIiver etal,

arabinosid

1.48  413.0853 414.3862 26500 (-)-8-Sitosterol (Berasategi et al., 2012)
1.51 315.1072 316.1158 142008 hydroxytyrosol glucoside (Aratjo et al., 2018)
159  153.0558 154.0266 78504 Protocatechuic acid (ZFézigga-Ramos etal,
1.71 353.0856 354.0951 16E11800 3-O-caffeoylquinic acid (Koéiska etal., 2012)
1.71  353.0837 354.0951 16E11800 Chlorogenic acid (Kosska et al., 2012)
1.72 353.0872 354.0951 16E11809 4-caffeoylquinic acid (Aratjo et al., 2018)
1.97 299.1166 300.0634 11O Kaempferide (Z%i';a'Ramos etal,
2.11  299.1152 300.1209 14E12007 Tyrosol glucoside (Araﬁjo et al., 2018)
222 163.0402 164.0473 o:Os Coumaric acid (Rodriguez-Carpena et al.
2.23  337.0945 338.1002 1E1180s 34p-Coumaroylquinic acid (Koéiska et al., 2012)
2.39 353.08® 354.0951 @H1809 1-caffeoylquinic acid (Araujo et al., 2018)
2.39 353.0856 354.0951 1E11809 Neochlorogenic acid (Kostka et al., 2012)
250 577.1352 578.1424 326012 Procyanidin B (Wang et al., 2010)
283 289.0715 290.0790 110s  Epicatechin (Z\gﬁ‘f Rodriguez et al.,
3.01 337.0924 338.3185 2£E14202 Docosenoic acid (Bdra et al., 2001)
303 2890715 290.0790 1105  Catechin (vila-Rodriguez et al.
3.04 337.0918 338.1002 16E1180s 5-O-caffeoylquinic acid (Kosska et al., 2012)
3.22 577.1324 578.1424 3126012 Procyanidin dimer B (Kosinska et al., 2012)
3.25 443.1542 444.1995 >{Ei3:010 Penstemide (Arauvjo et al., 2018)
3.36 329.0873 330.0951 14E11809 vanillic acid glucoside (Aratjo et al., 2018)
346  377.1824 3782770 10 poiopadecynel 240l (aghimura et al., 2001)
3.52 567.2462 568.4280 465602 Lutein A (Ashton et al., 2006)
3.57 225.1131 226.1933 14E2602 Tetradecenoic acid (Bora et al., 2001)
358 4411992 442.1839 2EisO10 g:gf{ldcrggﬁ?b“ism acif- aragjo et al., 2018)
3.63  441.1933 442.0900 218010 Catechin 3-gallate (Kosska et al., 2012)
3.67 465.1084 464.0955 2120012 Hyperoside
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Quercetin-30-

3.96 595.13® 596.1377 @H2¢016 arabinosylglucosic

(Kosinska et al., 2012)

413 575.1198 576.1268 3124012 Procyanidin A3 (Wang et al., 2010)
415 441.1769 442.0900 2£118010 Epicatechin gallate (Kosska et al., 2012)
4.16 441.17® 445.0900 &Hig013 Epicatechin gallate (Kostka et al., 2012)
4,18 575.1196 576.1268 3124012 Procyanidin A2 (Wang et al., 2010)
424  575.1192 576.1268 3124012 Procyanidin A4 (Wang et al., 2010)

2-Hydroxy-4-oxoheneicosa-
5,1z-dier-1-yl acetat

4,98 433.1121 434.0849 218011 Quercetin 3-arabinoside (Kaska et al., 2012)
5.11 551.2128 552.4331 4ElseO Cryptoxanthin (Lu et al., 2005)
1-Hydroxyheneicosa-

4,72  379.1968 380.2927 2814004 (Kawagishi et al., 2001)

5.41  319.2117 320.2715 2fE13602 212, 1%trien-4-one (Kawagishi et al., 2001)
543 535.1568 536.4382 4éElss p-Carotene (Ashton et al., 2006)
5.77  465.2127 464.0955 2{Ei20012 Quercetin hexoside (Melgar et al., 2018)
7.02 301.2018 302.0427 14811007 Quercetin (Kosiska et al., 2012)
7.07 415.2332 416.3654 (C28H4802 y-Tocopherol (Lu et al., 2005)

7.33  483.2439 485.0772 2fE21011.ClI Cyanidin 3-glucoside (Cox et al., 2004)
7.76 415.234€ 416.4018 @Hs0 Sitostanol (Berasategi et al., 2012)
8.95 327.21® 328.2614 GoHacOs fa'('jeetgf‘dece“e'l'2’4't”°" (Domergue et al., 2000)
9.05 465.1193 464.0955 2{Bi20012 Quercetin 3-glucoside (Kasska et al., 2012)
9.40 465.1191 464.0955 2120012 Quercetin 3-O-galactoside (Kosinska et al., 2012)
9.87  429.1589 430.3811 265002 (+)-a-Tocopherol (Lu et al., 2005)

1-(Acetyloxy)-2-hydroxy-  (Rodriguez-Sanchez et al.,
5,1€-nonadecadie-4-one 2013

10.83 285.2068 286.0477 1481006 Kaempferol (Pahua-Ramos etal,

10.64 351.2183 352.2614 2{El3604

2012
10.85 285.2074 286.0477 14E11006 Luteolin (Owolabi et al., 2010)
1-(Acetyloxy)-2-hydroxy-5- (Rodriguez-Sanchez et al.,
11.28 353.2338 354.2770 24E13504 nonadece-4-one 2013

1-(Acetyloxy)-2-hydroxy-  (Rodriguez-Sanchez et al.,

1146 351.2182 3522614 2@a0s 10 SR ohe 2013

12.01 353.2334 354.2770 24Ei3804 1-Monolinolein (Hashimura et al., 2001)
12.13 401.2551 402.3862 24Eis00 Campestanol (Berasategi et al., 2012)
12.66 491.2685 492.0904 2420013 Isorhamnetin glucuronide (Melgar et al., 2018)
12.90 269.2122 270.0528 14811005 Apigenin (Owolabi et al., 2010)
1321 227.1648 228.2089 1E602  Myristic acid %iﬁ‘? Rodriguez et al.,
13.68 315.2548 316.2977 14El4003 1,2,4-Nonadecanetriol (Oberlies et al., 1998)
13.92 3351068 336.3028 »Fl0:  Docosadienoic acid (vila-Rodriguez et al.,
14.36 425.1645 426.3862 3dElscO Lupeol ‘

1444 277.18® 278.2246 @sH3002 Linolenic acid (Ozdemir & Topuz, 2004)
15.73 399.2756 400.3705 24E4s0 Campesterol (Berasategi et al., 2012)
1593 439.2712 440.4018 3520 24-Methylenecycloartanol (Berasategi et al., 2012
16.49 3252372 326.2457 18BlcOs ;fe;gtHexadecanet“O" 1 (Hashimura et al., 2001)
16.52 325.2392 326.2457 14E13404 Avocadenone acetate (I?quirvn_,._:_l_;9.72_). | =1 —
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17.08

17.52
18.05
18.29
18.30
19.06

19.06
19.16
19.21

19.53

19.55

19.71
19.75

20.10
20.60
20.60
20.60
20.75

21.20
21.22
21.33

23.46

281.2112 282.2559 CigHz402

297.2444
255.1966
277.2189
311.1689
253.2175

277.2531
269.2131
253.2167

379.1586

279.23%®

241.2166
279.2326

267.2328
281.2494
381.1749
281.2485
307.2639

283.2638
283.2647
367.3605

325.1846

298.2508
256.2402

14E13403
14E13202

278.2246 CigH3002

312.3028
254.2246

278.2246
270.2559
254.2246

380.2927

2dE14002
16E13002

14E13002
1#813402
14E13002

24E14004

280.2402 CigH3202

242.2246
280.2402

268.2402

14E13002
14E13202

1#813202

282.2559 CigH3402

382.3083
282.2559
308.2715

284.2351
284.2715
368.3654

326.2457

@3H4204
14E13402
2dB13602

1#813203
14E13602
24E14802

14E13404

Octadecenoic acid

6-(12-Tridecen-1-yl)-1,3-
dioxene-4-methanc
Palmitic acid

cis-Octadecatrienoic acid
Eicosanoic acid
Hexadecenoic acid

Gamma-linolenic acid
Heptadecanoic acid

Palmitoleic acid

2-Hydroxy-4-oxoheneicosa-
12,1t-dier-1- yl acetat

Octadecadienoic acid

Pentadecanoic acid
Linoleic acid

Heptadecenoic acid

Vaccenic acid

12,15-Heneicosadiene-
1,2,¢-triol, 1-acetat

Oleic acid
Eicosadienoic acid

16-Heptadecyne-1,2,4-triol
Stearic acid

Tetracosanoic acid

16-Heptadecyne-1,2,4-triol,
1-acetat

(Villa-Rodriguez et al.,
2011

(Oberlies et al., 1998)

(Ozdemir & Topuz, 2004)

(Villa-Rodriguez et al.,
2011

(Ozdemir & Topuz, 2004)

(Villa-Rodriguez et al.,
2011

(Plaza et al., 2009)
(Bora et al., 2001)
(Ozdemir & Topuz, 2004)

(Kawagishi et al., 2001)
(Villa-Rodriguez et al.,
2011

(Bora et al., 2001)
(Ozdemir & Topuz, 2004)

(Villa-Rodriguez et al.,
2011

(Plaza et al., 2009)

(Rodriguez-Sanchez et al.,
2013

(Landahl et al., 2009)

(Villa-Rodriguez et al.,
2011

(Oberlies et al., 1998)
(Ozdemir & Topuz, 2004)
(Bora et al., 2001)

(Domergue et al., 2000)
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3. Structure elucidation of alkaloids from P. americana

3.1.Compoundl

Compoundl was obtained as a pale yellow powder and has eauialr formula
of Co4H27NO1o, which was deduced from its HRESIMS ion in positivede aim/z
472.1617 [M — Hj, (calcd. for GaH26NOg 472.1608). The IR spectrum showed
absorption bands at 3339 @nfor hydroxy or amine, 1720 crihfor carbonyl
functional groups, and 1618 and 1517-tfor aromatic rings. ThéH NMR
spectrum showed signals for eight aromatic prottds 7.24 (1H, ddJ = 10.6, 7.3
Hz, H-5), 7.18 (1H, qJ = 7.3 Hz, H-7), 7.02 (2H, dd,= 15.9, 8.3 Hz, H-2", H-6"),
6.93 (1H, m, H-6), 6.88 (1H, dd,= 7.7, 2.6 Hz, H-8), and 6.68 (2HJt= 9.1 Hz,
H-3", H-5"), an anomeric protod«(4.27 ppm, H-1"), two pairs of oxygenated
methylenes ady 4.44/4.21 (H6") andow 2.81 (H-7"), one methine groupy 3.76,
t,J = 6.4 Hz, H-4), and two methylene group$a8.07/2.84 (K43) and 3.91/3.67
(H2-8"). The®*C NMR spectrum ofl revealed the presence of 24 carbon signals,
including two carbonyl groupsi{181.1 and 172.6 ppm), 12 aromatids 110.9—
156.8 ppm), one anomerié(104.4), six oxygenatedd 65.9-77.8), one methine
(0c 43.4 ppm), and two methylené&:36.4 and 35.5 ppm) carbons. The HMBC and
H-'H COSY NMR data of indicated the presence of a salidroside moiety{m
et al., 2016; Yang et al., 2021) and an alkaloid moiety that was identified as 2-
oxindole-3-acetic acid (O-3AA) or 2-oxo-1,2,3,4-tefdioquinoline-4-carboxylic
acid (20-CA) (Liu et al., 2016). The presence of aB.Aype aromatic ring and
ethylene moiety linked to the aromatic ring at Calds demonstrated by the cross
HMBC from H-7" (61 2.81 ppm) and H8" (6w 3.91, 3.67 ppm) to C-1" (Figure 92).
The coupling constant (d,= 7.8 Hz) of the anomeric proton signal and carbon data
atoc104.4 ppm suggestegbdinked D-glucosé€Roslund et al., 2008; Tanaka, 1985).
The cross-HMBC peaks from the anomeric proton #:1'4.27 ppm) to C-8"dc
72.3 ppm) and from H6' (0w 4.44, 4.21 ppm) to the carbonyl groupall72.6 ppm
(C-9) indicated that the salidroside moiety wasnemted to the alkaloid unit through
an ester linkage (C-9). When elucidating the stmectf the alkaloid unit ofl,
HMBC correlations of the alkaloid unit could not bged to distinguish the five- or
six-member heteroring df(Figure 93). The HMBC cross-peaks from3(dn 3.07,
2.84 ppm) to C-2dc 181.1 ppm), C-4dc 43.4 ppm), C-4adc 130.6 ppm), C-95¢
172.6 ppm), and from H-%§ 7.24 ppm) to C-4 made it impossiblje_lto determine _
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structuresla (20-CA) andlb (O-3AA) (Figure 93). Previous studies on a moiety
similar tol indicated that quantum chemical calculations, idiclg**C NMR, ECD,
and ORD, could not be helpful for the identificatiohthe five- or six-membered
rings in1 (Liu et al., 2016; Zhang et al., 2014). Therefore, to confirm the alkaloid
unit in 1, a de-esterification reaction was performed viitto obtain the alkaloid
moiety. The product was compared to two authentiopmunds (O-3AA and 20-
CA) under the HPLC condition of 10-90% MeCMNOH(0.1% formic acid) for 20
min. The retention time of the reacted product suggethat the alkaloid moiety in
1 had an identity of 20-CA (Figure 94). The absolusfiguration at C-4 of was
identified by comparing the experimental data ®BCD calculation (Figure 101).
As shown in Figure 101, the experimental CD dath @%hibited (—) cotton effects
(CE) at 205, 245 nm, and (+) CEs at 220, and 280 nathencompound had similar
ECD data as that calculated fo5f41. Hence, the structure tfwas identified, and
the compound was named avoquinoside A.
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Figure 90. 'H and *C NMR spectra of compound 1 (800/ 200 MHz, methanol-ds)
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3.2.Compound 2

Compound 2 was separated from the mixture of compound 1 diastercomers by
an HPLC equipped with a YMC Triart henyl hexyl column using a gradient of 45—
55% MeOH/H,0 (0.1% formic acid) (Figure 96). The 'H and *C NMR data of 2
shared similarities to those of 1 (Tables 11, 12), indicating that 2 had the same planar
structure as 1. The difference between the two compounds was illustrated in their
CD data, which showed opposite orientations at C-4. Compared to the calculated
ECD data of (4R)-1 and (45)-1 (Figure 101), the absolute configuration of 2 was
determined to be (4R)—1, which exhibited (+) cotton effects (CE) at 205 and 245 nm
and (-) CEs at 220 and 280 nm. Therefore, the structure of 2 was identified to be
avoquinoside B. Interestingly, the interday CD experiments of 1 and 2 after re-HPLC
was performed on the 0%, 3/, 10", and 15" days showed that the CEs at the curtained
wavelengths (205, 220, 245, and 280 nm) gradually reduced and approached 0
(Figure 102). This phenomenon suggested that the two compounds tended to convert

back into a mixture of diastereomers.
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Figure 96. Re-HPLC separation of 1 and 2. The HPLC separation used a YMC
phenyl hexyl column (5um, 250 x 10 mm) in a gradient of 45-55 % MeOH/H.O
(0.1% formic acid) for 75 min, the flow rate of 2.0 mL/min coupled with UV detector
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Figure 101. The experimental spectra of 1 and 2, which were recorded directly after
the compounds were separated from their diastereomer mixtures and calculated ECD
data for (4R)—1 and (45)—1. The calculated ECD curves were generated by SpecDis
ver. 1.71.40 (Bruhn et al., 2013b)
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Figure 102. The inter-day CD data of compounds 1, 2 at 0%, 3%, 10%, 15" and 30™
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3.3.Compound3

Compound3 was obtained as a pale yellow powder with a mééedarmula of
C24H27N O, as deduced from its HRESIMS ion in positive modé&8.1518 [M —
H]~, (calcd. for GsH26NO1o 488.1557). The IR spectrum showed absorption bands
for hydroxy or amine (3345 ci) and carbonyl (1722 ct functional groups and
1607 and 1513 crhfor aromatic rings. ThéH and**C NMR spectra o8 were
similar those oflL and2 and included two aromatic rings with the presence vdrse
aromatic protonsdg 7.23, 7.17, 6.93, 6.87, 6.68, 6.66, and 6.53 ppm), as well a
twelve aromatic carbons{110.9-146.1 ppm), a sugar unit with an anomericaign
(0w 4.27; oc 104.4), and two carbonyl carbons &t181.2 and 172.6 ppm. The
difference was that i, one ABX aromatic system was present instead of t1Be-A
type aromatic ring of the salidroside moietylimnd2. The lack of one aromatic
proton signal and the presence of an additionatdxydl group in3 supported the
attachment to the salidroside moiety at C&'146.1 ppm). The experimental CD
data of3 showed a similar pattern of @1 with a (—) CE at approximately 220 nm
and (+) CE at approximately 240 nm (Figure 111).ddethe absolute configuration

of 3 was identified as @ and named avoquinoside C.
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3.4.Compound 4

Compound4 was separated from the mixture of compoG@rdiastereomers by
an HPLC equipped with a YMC Triart phenyl hexyluwoin using a gradient of 40—
45% MeOH/HO (0.1% formic acid). Compounrtlwas obtained as a pale yellow
powder that possessed the same molecular formhighwvas deduced from its
HRESIMS ion in positive mode ab/z488.1505 [M — Hj (calcd. for GsH26NO1o
488.1557), as that &f(Cy4H27NO10). The 1D and 2D NMR spectradivere similar
to those of3, suggesting that they possessed the same planatuse. The
experimental CD data @f showed a similar feature to the CEs of the EC éat
(49-1, in which a (+) CE at 220 nm and a (-) CE at 240vmene found (Figure
109). Thus, compound was determined as shown in Figure 87 and was named

avoquinoside D.

ga-N.2_0O
7
6 3
54a"
9
O (6]
.
P
HGO,

~
o

N ©
! |

g +4000
{

- < 00 Moo Nnoors ONOMY O d ~ ~<
s W €32 538_It-eed N6 - B d o @ 3000
- - T rrrrTrTTeee - MNNNNN© 4 <+ oo
I I NP SN\ e N~ N
6"
: L 2000
4a 6 5 . 5| ™
5 g -] 1 2o o
5 g 4" K:K7 5 |8 3 g 4 31000
||83 ||I I l j I \ ll
. W L LT,

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

Figure 107. 'H and '*C NMR spectra of compound 4 (800/200 MHz, methanol-dx)
3 L, =71 .-:li—|
.-'-\.\,_i-|-.|-|'.l| -\.'\i.

128 = HT )



I H L

i

Il

oo @

t100

110

11 (ppm)

F120

130

{140

{150

160

F170

{180

72 70 68 66 64 62 60 58 56 54 52 50 48 45 44 42 40 38 36
G

12 (ppm)

Figure 108. HSQC spectrum of compound 4

34 32 30 28 26

3| & i elenie
4
. ces
- bt o b mid
-
1 o
— - <y
R o PP len-
——= o c°id == =
dae———=o s = rma--ams -
82« " T oS
9 —3 . chég“..
2 =1

11 (ppm)

76 74 7.2 70 68 66 64 62 60 58 56 54 52 50 48 45 44
12 (ppm)

Figure 109. HMBC spectrum of compound 4

129

42 40 38 36 34 32 30 28 26



N.2_O
7
6
5
o J Il I ”
57 8 I 1 8"a gu ;{1
6 2" [l ea 66 47, 51| ]3a30 )
N ] 2.5
Li E i 4
Plom
) m ® 3.5
::é ®
;f
= 5
-
| o
" =
— &

ds do 35 30

—Exptl. for 3
—Exptl. for 4

T T T T T T 1
200 220 240 260 280 300 320 340
Wavelength (nm)

Figure 111. The experimental spectra of 3 and 4, which were recorded directly

after the compounds were separated from their diastereomer mixtures.

130

o

S gk

]

I

n’



3.5.Compoundb

Compouncb was obtained as a pale yellow powder with a mdéedarmula of
C24H27N O, as deduced from its HRESIMS ion in positive motien& 488.1557
[M — H], (calcd. for GsH26NO1p 488.1557). The IR spectrum showed absorption
banddor hydroxy or amine (3370 ci) and carbonyl (1722 cr) functional groups
and 1612 and 1519 chfor aromatic rings. ThéH and**C NMR spectra ob were
similar to those of and2 except for the presence of an additional quatercearyon
at oc 74.7 ppm that was oxygenated. The HMBC cross-peaks -3 (04 3.09
ppm) to C-4 §c 74.7 ppm), C-2dc 180.7 ppm), C-9dc 170.4 ppm), and C-4ad
131.6 ppm), as well as from H-5+(7.33 ppm) to C-4, suggested that the additional
hydroxy group was located on C-4. Similarltel, the anomeric signal of the sugar
unit was observed &t 4.26 (d,J = 7.8 Hz) andc 104.3 ppm, indicating the presence
of ag-linked D-glucose irb. The linkage from the salidroside moiety to theakiid
unit was indicated by the HMBC cross-peaks frosrbHow 4.20, 4.04 ppm) to C-9,
which were similar to those 4f4. The experimental CD spectrum®$howed (+)
CEs at 235-245 nm and 275-285 nm bands that waikaisto the calculated data
for (4R)-5 (Figure 120). Thus, the absolute configuration & iG@-5 was assigned

as &R, and the compoungias named asavoquinoside E.
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Figure 112. 'H and *C NMR spectra of compound 5 (800/200 MHz, methanol-dy)
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Figure 113. HSQC spectrum of compound 5
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Figure 114. HMBC spectrum of compound 5
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3.6.Compound 6

Compound 6 was obtained as a pale yellow powder and has a molecular formula
of C24H27NO1, as deduced from its HRESIMS ion in positive mode at m/z 488.1565
[M — HJ, (calcd. for CosH26NO1g 488.1557). The difference between 5 and 6 was
revealed by comparing their CD data to the calculated ECD for (4R)-5 and (4S5)-5,
which suggested that the compounds are diastereomers at C-4. As a result, the CD
spectrum of 6 was identical with the calculated ECD data of (45)-5, which showed
an (+) CE at approximately 230-240 nm and (-) CE at 275-280 nm (Figure 120).

Hence, 6 was named avoquinoside F.
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Figure 116. 'H and *C NMR spectra of compound 6 (500/125 MHz, methanol-dy)
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the compounds were separated from their diastereomer mixtures and calculated ECD

data for (4R)-5 and (45)-5. The calculated ECD curves were generated by SpecDis
ver. 1.71.40 (Bruhn et al., 2013Db). 5
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3.7.Compound/

Compound? was obtained as a pale yellow powder. Its moledolanula was
established to bexH2sNOg based on the HRESIMS datanaitz470.1440 [M — Hj,
(calcd. for G4H24NOg 470.1451). The IR spectrum showed absorption baods f
hydroxy or amine (3375 cr), carbonyl (1713 cm) functional groups, and aromatic
rings (1613 and 1514 ct). The'H and*C NMR spectra of shared similar patterns
at the salidroside moieties &6 except for the alkaloid unit. However, there were
several differences, including the disappearanem a@ikygenated quaternary carbon
(6c 74.7 ppm) in the hetero ring &fand 6 the presence of an olefinic bonddat
140.0 (C-4) andc122.1 (C3); on 6.76 (H-3) in7. The HMBC cross-peaks from H-
310 C-2 ¢c170.5 ppm), C4, and C-485(121.3 ppm), as well as HMBC correlations
from H-5 ©u 8.47 ppm) to C-4, suggested the presence of a Z-@o0
dihydroquinoline-4-carboxyl moiety (Baba et al., 2D2Uhe linkage between
salidroside and the alkaloid moiety was observeddiyelations from H6" atodu
4.60 (d,J = 11.6 Hz) and 4.51 (dd,= 11.6, 5.7 Hz) to C-9% 166.8 ppm) (Figure
123). Therefore, the structure dfwas identified as shown in Figure 121, and the

compound was named avoquinoside G.
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3.8.Compound

CompoundB was obtained as a pale yellow powder. Its moledolanula was
established to besgH29NO1; based on the HRESIMS datanatz542.1646 [M + Na
+ HJ*, (calcd. for GsH2gNOioNa, 542.1638). The IR spectrum showed absorption
bands for hydroxy or amine (3370 T carbonyl (1716 cm) functional groups,
and aromatic rings (1602 and 1519-&minterestingly, théH and**C NMR data of
8revealed an additional methoxy groupiaB.12 ¢c50.7, C-11) and a carbon signal
atoc107.0 (C-4), suggesting the presence of a dioxaspiro skelEtie positions of
the methoxy and the dioxaspiro carbon (C-4) werppsued by the HMBC
correlations from K10 ©@n 3.27/3.20 ppm) to C-4, C-444118.5), C-9 §c 169.6),
from MeO-11 §n 3.12, s) to C-4, and from H-5{7.24, t,J= 7.8 Hz) to C-4. The
upfield chemical shifts of the carbonyl group af @+ere explained by the linkage
with the methylene group (C-10). The chemical stif 152.3 (C-2) also suggested
the presence of a carbamide (NH-COQ3 lay the disappearance of thmide group
(NH-CO) in1-6. The chemical shifts of the alkaloid moietydshowed similarities
to those of the benzoxazinone skeleton that wagiquely reported in a natural
product (Gala et al., 2009) and synthetic compoKdbayashi et al., 2011; Larin
et al., 2021; Suarez-Castillo et al., 2012). The absolute configuratio@-at in8 was
determined by comparing their experimental CD spetto the calculated ECD for
two isomers (R)-8 and (£H)-8. As the CD data o8 matched the Boltzmann-
averaged computed ECD spectrum df)(with a (—) CE at 240 nm and (+) CE at

280 nm (Figure 133), the structure&ivas identified and named avoxazinoside A.
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3.9.Compound 9

Compound 9 was isolated from the mixture of compound 8 diastereomers by an

HPLC equipped with a YMC Triart phenyl hexyl column using a gradient of 45-48%

MeOH/H,0 (0.1% formic acid). The absolute configuration of the two diastereomers

was determined by comparing their experimental CD spectra to the calculated ECD

for two isomers, (4R)-8 and (45)-8. The CD data of 9 were assigned as (4R), and

the compound was named avoxazinoside B. Similar to three pairs of diastereomers

(1-6), it was observed that 8 and 9 were also slowly converted to a mixture of the

two compounds after 30 days (Figure 134).
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4. Biological activities of compounds 1-11

SIRT1 is an NAD-dependent deacetylase enzyme that removes acetysy
from specific nuclear proteins and has been lirtketie regulation of aging, cancer,
and longevity (Brooks & Gu, 2009). The function oft&iis mainly achieved by
regulating a variety of transcription factors an@nscriptional coregulators,
including p53, Ku70, FoxO1, NkB, PPARy, and p300 (Leibiger & Berggren, 2006).
Among those factors, p53 is a crucial contributimoellular senescence through the
regulation of cell cycle arrest in response to atiige stress and DNA damage (Yi
& Luo, 2010). SIRT1-mediated p53 deacetylation prévgd3-dependent cellular
senescence and has an important function in nelusomaval (Yi & Luo, 2010).
Therefore, the identification of SIRT1 activatorsymaze beneficial for the future
treatment of neurodegenerative disorders.

To check the SIRT1 activities of all isolated compds (-11), the
cytotoxicities ofl-11at 20uM were first confirmed by the MTT assay, and none of
those compounds exhibited a cytotoxic effect attdsted concentration (Figure
135A). The effects af—110on SIRT1 activity were determined using a p53-niedia
transcriptional luciferase reporter cell-basedadagarticular, a luciferase reporter
plasmid that contained upstream p53 binding sik313-luc), a mammalian p53
expression vector (myc-tagged p53), and a SIRTlesgpwn vector (flag-tagged
SIRT1) were cotransfected into HEK293 cells. Condndethat SIRT1 negatively
regulates p53, SIRT1 activators were detected toedse the expression of the
luciferase reporter in our assay, and resveratrol,iwénitivates SIRT1 botin vitro
andin vivo (Borra et al., 2005), was used as a positive corioh result, among
the eleven tested compounds,significantly reduced the luciferase activity to
approximately 45%, and its diastereomer, compdyjrahly slightly decreased the
luciferase activity to approximately 65% comparethiose of the vehicle alone and
the positive control,transresveratrol, at 20uM (Figure 135B). Then, the
concentration response was determined for compoliradsd 2, and 1 activated
SIRT1 deacetylation activity in a dose-dependentmea(Figure 135C). At 10M,
downregulated luciferase activity, which was com¢lby SIRT1 activation, was
observed after treatment with compounidut not compoun@. Therefore, a greater
potential for SIRT1 activation may occur with corapd 1 than with compoun@
(Figure 135C). Moreover, SIRT1 activity is coupledthe hydrolysjislof NAD;
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therefore, the intracellular levels of NAD" and nicotinamide play an important role
in regulating enzyme activity (Aguilar-Arnal et al., 2016). Furthermore, the NAD*
to NADH ratio in the whole cell lysate of HEK293 cells that overexpress SIRT1 was
tested to confirm the effect of 1 on SIRT1 activation. At 10 and 204M, compound 1
significantly increased the NAD*/NADH ratio in a dose-dependent manner
compared to that of the negative control treated with DMSO (Figure 135D).
Therefore, 1 could be a promising SIRT 1 activator that activates SIRT1 deacetylation
activity with an elevated NAD"/NADH ratio.
A B

-
8
]
-
a
o
I

8

1004

Cell viability (%)
3

504

Relative luciferase activity (%,

ONT ™% oA 0,0 N 0L N9 DK% Ho6A 0,00
0& éo_,e_z NV N
Q
20uM 20uM

s 3

(%
IO
NAD*/NADH Ratio

Relative luciferase activity (%)

Figure 135. Effects of isolated compounds 1-11 on SIRT1 activities in Litro.

(A) An MTT assay was performed to evaluate the cytotoxic effects of these
compounds on HEK?293 cells. The HEK293 cells were exposed to vehicle or 20 uM
1-11 for 24 h. The cell viability after the treatment was measured by the MTT assay.
(B) HEK293 cells, after 24 h of cotransfection with four plasmids (PG13-luc, myc-
pS3, flag-SIRT1, and RSV-S-gal), were treated with DMSQO, trans-resveratrol (20
LM), or the tested compounds (1-11). Compounds 1 and 2 reduced the luciferase
activity that was controlled by SIRT1 activation. (C) Compound 1 activated SIRT1
in a dose-dependent manner. (D) Compound 1 elevated the NAD" to NADH ratio in
HEK293 cells that overexpressed SIRT1. Data are presented as the mean + SD (n =

3)," p<0.05," p<0.01,and ™ p <0.001 compared to the Veh1cle—treaz% sap}plﬁs l )
10
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For the first time, the alkaloid components from@ao seeds, which is the
largest by-products of the nutrient fruit, were d@atigated and evaluated in their
biological activities. Compound, the most abundant among those alkaloids,
showed the potential effect to activate SIRT1 timaitributes to promoting healthy
aging and regulating lifespan, as well as preventoardiovascular disease,
neurodegeneration, and cancer. Thus, this findinggbnrew insight into alkaloid

types in avocado seeds and their potential for new deogery.
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5. Materials and methods
5.1.Materials

5.1.1.Plant material

Ripe Hass avocadoPé¢rsea americanMill.) were purchased from the local
grocery store in March 2020 and were authentichte®rofessor W. K. Oh. The
avocado seeds were collected after removing tlsh ffexd were stored. A voucher
specimen (SNU2020-08) was deposited at the College offlog, Seoul National
University, Seoul, Korea.

5.1.2.Equipment and software

Optical rotations were determined with a JASCO B&folarimeter (JASCO
International Co. Ltd., Tokyo, Japan). A Nicolet 6700IRTspectrometer (Thermo
Electron Corp., Waltham, MA, USA) was used to measueeR spectra. The CD
experiments were conducted using a Chirascan Clirgphotometer, and the CD
spectra were analyzed and visualized using Pro\Xdateer software version 4.4.2.0
(Applied Photophysics, Leatherhead, UK). The confoionat analysis was carried
out with a Conflex 8 instrument (Conflex Corp., Tokylapan). The molecular
geometry analysis was simulated and visualized WittoleX 4.3 and Turbomole
(COSMOLogic GmbH, Leverkusen, Germany). Calculatedtspavere plotted as
sums of Gaussians with a 0.21 eV exponential halfhwsing the program Specdis
(Bruhn et al., 2013b). The NMR data were analyzedguai JINM-ECA 800 MHz
spectrometer (JEOL Ltd., Tokyo, Japan) coupled withram CPTCI cryoprobe
(Bruker, Germany) and an AVANCE 500 MHz spectroméBzuker, Billerica, MA
USA) or a INM-ECA 600 MHz spectrometer (JEOL Ltd kyl@, Japan). HPLC was
carried out using a Gilson system with a UV dete¢20D0 and 280 nm), an
OptimaPak & column (10 x 250 mm, Am particle size, RS Tech Korea), and a
YMC Phenyl hexyl column (10 x 250 mmfn particle size, YMC Co., Ltd., Japan).

5.1.3.Chemicals and reagents

Silica gel (Merck, 63200 m particle size) and RP-18 (Merck, 7 particle
size), Sephadex LH-20 from Sigma—Aldrich (St. Loui€) MUSA), and Daion HP
20 (Merck, 256850um particle size) were used for column chromatogyaphC

was developed with silica gel 6@skand RP-18 fsaplates from Merckl All sQIve_n_tS o1
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were purchased from Daejung Chemicals & Metals Co. LtchéBirg, Korea).

5.2.Extraction and isolation

The air-dried avocado seeds (4.0 kg) were powderédlefatted by extraction
with n-hexane (2 h x 3 times). The residue was sonicatéd 0% EtOH (2 h x 3
times) at room temperature. The combined extracd.(®®g) was suspended in
acetone to generate its precipitate (perseitol sugargaution. The solution layer
was dried and suspended in water to partition ®ithAc and BuOH, respectively.
The EtOAc fraction (90.0 g) was subjected to siiecolumn chromatography, and
the elution involved a gradient mixture nfhexane/EtOAc (4:1 to 0:1) and then
EtOAc/MeOH (8:1 to 0:1) to afford ten fractions (NN10). Fraction N8 was
successfully separated with open RB&lumn chromatography using MeOHM
(20—100%) to produce 12 subfractions (R1-R12). inadt9 (8.0 g) was subjected
to RP-Gs column chromatography by a gradient system of 80%1 MeOH to
obtain nine subfractions (R1-R9). Fraction R4 (1.1vg} applied to a Sephadex
LH-20 column, which was eluted with 100% MeOH tolgisix subfractions (L1-
L6). Fraction L3 (50.5 mg), which contained a mixtoféwo diastereomers, was
further isolated by semipreparative HPLC (YMC Tri@rs, 10 x 250 mm, 45% to
50% MeOH in HO (0.1% formic acid) to yield compoundg3.0 mg) an® (2.9
mg). Fraction R5 (2.5 g) was loaded onto Sephadex2Qising 100% MeOH to
produce 10 subfractions (L1-L10). Subfraction L3.$8éhg) was separated by
preparative HPLC equipped with an OptimaPak col{hrnx 250 mm, %m particle
size, RS Tech, Korea) to obtain a mixture of compe@rahd4. The semipreparative
HPLC with a YMC Triart phenyl hexyl column (YMC Hiit Gig, 10 x 250 mm) on
two pairs of two diastereomers (compouB3dd and5-6) yielded compound3 (1.7
mg) and4 (2.0 mg), as well as compoun8g2.7 mg) ands (5.0 mg). Similarly,
fraction L4 (50.0 mg) was subjected to semiprepeeatPLC with an Optima Pak
Cis column (10 x 250 mm, pm particle size) to obtain compountiand?2 (15.4
mg) as a mixture of diastereomers. Then, this mixtwae applied to MPLC (YMC
Triart Phenyl, 45 to 55% MeOH in B with 0.1% formic acid) to produce
compoundd (5.4 mg) an@ (5.5 mg). Fraction L5 (44.0 mg) was subjected to @PL
with an Optima Pak {3 column to yield compound (3.7 mg). Fraction R8 (200.0
mg) was subjected to passage over a Sephadex Ldéi@thn using }OIO% _I\/IeC_)H p
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to produce seven subfractions. Fraction R8L3 was further purified by

semipreparative HPLC (MeCN/H;0, 25/75) to yield compound 10 (9.1 mg).

Avocado seeds
(4.0 kg)

n-hexane,

| Sonication, 99 min (x 3 times)
n-hexane Residua

extract 70% EtOH, sonication
99 min (x 3 times)

70% EtOH_Ext
(270.0 g)

Precipitated in 100% Acetone

[Soluion | I
Solution Precipitate

Dried, (120.0g)
Partition |

| Perseitol
EtOAc | [n-BuoH]| [ water | (11)
(90.0 g)

Scheme 2. Extraction scheme of avocado seeds
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Avo EA

(90.0 g)
Silica gel column chromatography
n-hexane:EtOAc (4:1 -> 0:1), EtOAc: MeOH (8:1- 0:1)
| | | |
N1 - N7 N8 N9 N10
(6.49) (8.09)
RP column chromatography,
(30-100% MeOH)
| | | | 1 1
R1-R3 R4 R5 R6-R7 R8 R9
(1.19) (2.59) (200.0 mg)
Sephadex LH-20,(100% MeOH)I Sephadex LH-20, HPLC, OptimaPak Cg
(100% MeOH) 30% ACN/H,0(0.1%FA)
| | | [ | | [ L 0%
L1-L2 L3 L4-L8 L1-L2 L3 L4 LS L6-10
(50.5 mg) (80.5 mg) (50.0 mg) (44.0 mg)
HPLC, YMC Triart phenyl HPLC, OptimaPak Cg

40-50% MeOH/H,0(0.1%FA)

8 (3.0 mg)
9 (2.9 mg)

20-25% ACN/H,0(0.1%FA)

HPLC, OptimaPak C1g HPLC, OptimaPak Cyg

20-22% ACN/H,0(0.1%FA) | 20-25% ACN/H,0(0.1%FA)

7
HPLC, YMC Triart pheny! HPLC, YMC Triart phenyl
40-50% MeOH/H,0(0.1%FA) 40-50% MeOH/H,0(0.1%FA)
3 (1.7 mg) 5(3.0mg) 1(5.4mg)
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Scheme 3. Isolation scheme of compounds 1-11 from avocado seeds
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5.3.Physical and chemical characteristics of isolatedpmamds
5.3.1.Compoundl
Avoquinoside A(1)
Pale yellowish amorphous powder;
[]Z® +71 €0.1, MeOH);
UV (MeOH) Zmax (log €) 230 (1.10), 280 (0.43);
IR (KBr) vmax 3339, 2925, 2884, 2855, 1720, 1618, 1517, 1472, 1442, 1361,
1235, 1205, 1079, 1030, 1024, 832, 756%tm
1H and®®*C NMR data, see Tables 11, 12;
HRESIMSm/z472.1617 [M — H], (calcd. for GsH26NOy 472.1608).

5.3.2.Compound
Avoquinoside B(2)
Pale yellowish amorphous powder;
[]Z® +71 €0.1, MeOH);
UV (MeOH) Zmax (log €) 230 (1.10), 280 (0.43);
IR (KBr) vmax 3339, 2925, 2884, 2855, 1720, 1618, 1517, 1472, 1442, 1361,
1235, 1205, 1079, 1030, 1024, 832, 756%cm
1H and®®*C NMR data, see Tables 11, 12;
HRESIMSm/z472.1617 [M — Hj, (calcd. for GsH26NOg 472.1608).

5.3.3.Compound3
Avoquinoside 3)
Pale yellowish amorphous powder;
[a]3’ +67 0.1, MeOH);
UV (MeOH) Zmax (log €) 220 (1.74), 280 (1.00);
IR (KBr) vmax 3344, 2887, 2357, 2312, 1722, 1607, 1512, 1473, 1269, 1235,
1205, 1076, 1036, 754 cin
!H and®*C NMR data, see Tables 11, 12;
HRESIMSmM/z488.1518 [M — Hj, (calcd. for G4H26NO10 488.1557).

5.3.4.Compound4
Avoquinoside D(4) 2]
153 :



Pale yellowish amorphous powder;

[a]3’ +67 0.1, MeOH);

UV (MeOH) imax (l0g €) 220 (1.74), 280 (1.00);

IR (KBr) vmax 3344, 2887, 2357, 2312, 1722, 1607, 1512, 1473, 1269, 1235,
1205, 1076, 1036, 754 cin

!H and®*C NMR data, see Tables 11, 12;

HRESIMSmM/z488.1505 [M — Hj, (calcd. for G4H26NO10 488.1557).

5.3.5.Compoundb
Avoquinoside H5)
Pale yellowish amorphous powder;
[]Z® +68 € 0.1, MeOH);
UV (MeOH) Zmax (log €220 (1.73), 280 (0.70);
IR (KBr) vmax 3370, 2933, 2887, 2853, 2381, 2357, 2307, 1722, 1612, 1518,
1473, 1443, 1364, 1269, 1081, 1036, 833, 749;,cm
1H and®®*C NMR data, see Tables 11, 12;
HRESIMSm/z488.1557 [M — Hj, (calcd. for GsH26NO10 488.1557).

5.3.6.Compound
Avoquinoside H6)
Pale yellowish amorphous powder;
[a]3’ +65 (0.1, MeOH);
UV (MeOH) Zmax (log €) 220 (1.73), 280 (0.70);
IR (KBr) vmax 3343, 2889, 2380, 2630, 2310, 1714, 1618, 1603, 1512, 1472,
1442, 1336, 1270, 1200, 107, 1044, 1024, 758;cm
!H and®*C NMR data, see Tables 11, 12;
HRESIMSm/z488.1565 [M — Hj, (calcd. for GsH26NO10 488.1557).

5.3.7. Compound/
Avoquinoside d7)
Pale yellowish amorphous powder;
[a]3’ +57 €0.1, MeOH);
UV (MeOH) /max (log €) 225 (1.04), 252 (1.20), 320 (0-70); ;]
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IR (KBr) vmax 3375, 2891, 2851, 2377, 2357, 2347, 2307, 1713, 1653, 1613
1558, 1513, 1464, 1439, 1359, 1324, 1200, 1079, 756 cm

!H and®*C NMR data, see Tables 11, 12;

HRESIMSm/z470.1440 [M — Hj, (calcd. for GaH24NOs 470.1451).

5.3.8.Compound
Avoxazinoside A8)
Pale yellowish amorphous powder;
[a]Z® +63 €0.1, MeOH);
UV (MeOH) Amax (l0g €) 220 (1.79), 240 (1.48), 280 (1.00);
IR (KBr) vmax 3370, 2888, 2382, 2307, 1716, 1602, 1519, 1439, 1365, 1255,
1111, 1082, 1041, 1022, 828, 759¢m
1H and®®C NMR data, see Tables 11, 12;
HRESIMSm/z542.1646 [M+Na+H], (calcd. for GsH29gNO1oNa, 542.1638).

5.3.9.Compound®
Avoxazinoside B9)
Pale yellowish amorphous powder;
[a]3’ +63 0.1, MeOH);
UV (MeOH) /max (log €) 225 (1.40), 240 (1.34), 280 (0.95);
IR (KBr) vmax 3370, 2888, 2382, 2307, 1716, 1602, 1519, 1439, 1365, 1255,
1111, 1082, 1041, 1022, 828, 759m
1H and®®C NMR data, see Tables 11, 12;
HRESIMSm/z542.1629 [M+Na+H], (calcd. for GsH2oNO1gNa, 542.1638).
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Table 11.*H NMR data of compounds-9from P. americanan methanolds (mult., J in Hz)

Pos 1 > F g 5 & 7 & 53
3.08 (ddq, 16.5, 7.9, 3.08 (ddg, 16.5, 7.9,
3 307(m) 3.07 (m) 4.2, 3.6) 4.2, 3.6) 3.09 (m) 3.09 (m) 6.76 (s)
2.84 (m 2.84 (m 284 (td, 16,5, 7.,  2.84 (td, 16.5, 7.
3.76 (t, 6.4 3.77 (1, 6.4 3.77(dd, 7.9,4. 3.7 (dd, 7.9, 4.
723(dd 106, 7244107 753 (dd,105,75)  7.23(dd, 105,75) 7.3%@)  733(d,79 847(d,76 " 724078
) ; 7.04(dd,  7.04 (dd,
6 6.93(m) 6.94 (M) 6.93 (M) 6.93 (m) 6.96(q,74) 69679 700(d.76) ;o1 G [OHG
7 7.18(q 7.3) 7.17 (4, 7.5) 7.17 (0, 7.2) 7.177@) Ig)z 7T 722079 732075 3@ 731073
6.88 (dd, 7.7, 6.86 (dd, 7.9,  6.86 (dd, 7.9, 6.88 (d,
8 S 6.88 (dd, 7.7,2.8)  6.87 (d, 7.8) 687078 5 o 6.87(A. 75 g 6.88 (d, 7.9)
0 327(m 327 (m
320(m  3.20 (m
11 312(s  3.12(s
1 427(d, 7.8) 427 (d, 7.8) 4.27 (m) 4.27 (m) 264d,78)  426(d,79) 435(d 7.5 @ 418,78
2 317(q 8.2) 3.17 (q, 8.3) 3.17 (9, 8.7) 3478(7) a7, 75, 3480496 353077 3@ 314037
3 3.33(m) 3.33 (g, 4.6) 3.34 (m) 3.34 (m) o2 @691, 358 (m) 30 (20'2' 3.28(m)  3.28 (m)
g 3200,94,94, 327(1d 8164 356 1, 9. 3.26 (t, 9.4) 320(d, 9.6)  3.2096) 3.38(d62) 3.16(m)  3.16 (m)
, ' ' 3.25(dd, 3.25 (dd,
5 3.42 (m) 3.42 (m) 3.41 (m) 3.41 (m) 3.35(rs) 3.35(brs) 3.38(d, 5.7) 2159 2159
422 (ddd,  4.60 (d,
e 4.44 (m) 4.43 (g, 12.1) 4.43 (g, 12.1) 042) 15068 2( 116 426 (m)  4.26 (m)
421 (m) 421 (m) 4.20 (m) 4.20 (m) 404 m) o9 (td, 12.0, e (gd7, 408(m)  4.08 (m)
. 7.02(dd,15.9, 7.02(dd, 159, 7.08 (dd,  7.08 (dd,
7 3 o3 6.53 (m) 6.53 (m) 708,82 70884 eem3 ;300 T
. 6.71(dd, 8.6, 6.71 (dd, 8.4, 6.71(dd,  6.71 (dd,
3" 6.68(t 9.1) 6.68 (t, 9.1) 2ot 53 6.63(d,83 St SILE
. 6.71(dd, 8.6, 6.71 (dd, 8.4, 6.71(dd, 6.71 (dd,
5" 6.68(t 9.1) 6.68 (t, 9.1) 6.66 (M) 6.66 (M) 2ot s 6.63(d,83 5L S
2 211l &
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7.02 (dd, 15.9, 7.02 (dd, 15.9, 7.08 (dd, 7.08 (dd,
8.3) 8.3) 6.68 (dd, 13.7,2.3) 6.68 (dd, 13.7, 2.3) 7.08 (d, 8.4) 6.96 (d, 8.3) 41 85 41,85
2.81 (m) 2.81 (m) 2.76 (m) 2.76 (m) é'gzs(q?d' 72 278183 282(m)  2.82(m)
3.91 (id, 9.2, 8.8, 3.92(id, 9.2, 8.6, 3.92 (ddt, 17.4, 3.92 (it, 9.8, 3.91 (dd,
6.4) 6.4) 3.91 (q, 8.4) 3.91(q, 8.4) 7.4 16.8, 8.3 3.88 (m) 3.88 (m)
3.67 (id, 9.4, 9.2, 3.67 (dt, 8.4, 3.67 (dtd, 3.69 (dd,
46) 3.67 (m) 3.67 (q, 8.4) 3.67 (q, 8.4) 16594 7.4 16.8, 8.3 3.66 (m) 3.66 (m)
aRecorded at 800 MH: Recorded at 600 MH:¢ Recorded at 500 Mt

M L-]] @
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Table 12.*C NMR data of compounds-9fromP.

americandn methanold,

Pos. 1#0 2 ¥ & 53 & P & @

2 1811 1811 1812 1811 180.7 180.7 1705 1523 152.3
3 355 354 355 354 426 426 1221

4 434 434 437 437 747 747 1400 107.0 107.0
4a 1306 130.3 130.3 130.3 131.6 1317 1213 1185 1185
5 1251 1251 1250 1250 1252 1253 129.9 126.8 126.8
6 1234 1234 1234 1234 1236 123.6 123.6 124.6 1246
7 1293 1293 1293 129.3 130.9 1309 133.9 131.8 1318
8 1109 1109 1109 1109 1114 1114 1114 1154 1154
8a 1437 1437 143.6 143.6 1434 1434 1, 137.7 1377
9 1726 1724 172.6 172.4 1704 1704 1668 169.6 169.6
10 470 47.0
11 50.7 50.7
1' 1044 1044 1044 1044 1043 1044 1045 104.3 104.3
2 750 750 750 750 749 749 750 749 749
3 778 778 779 778 778 778 719 779 779
4 716 715 715 715 715 715 724 716 714
5 752 752 752 752 750 752 752 751 751
6 651 650 651 650 650 650 653 651 644
1" 13092 1309 1314 1314 130.7 130.8 130.6 130.8 130.8
2" 130.88 130.9 1212 1212 1310 131.0 130.8 131.0 131.0
3" 1161 1161 1461 1461 1161 1162 1161 116.2 116.2
4" 1568 156.8 144.6 1446 1568 156.8 156.6 156.8 156.8
5 1161 1161 1163 1163 1161 1162 1161 116.2 116.2
6" 130.88 130.9 117.1 117.1 1310 131.0 130.8 131.0 131.0
7" 364 364 367 367 364 364 365 364 364
8 723 723 723 723 722 723 717 722 722

aRecorded at 200 MHZ;Recorded at 150 MHZRecorded at 125 MHz
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5.4.UPLC-qTOF-MS/MS analysis and molecular networking gatien

An aliguot (5.0 g) of the avocado seeds was defatiegehexane extraction and
then extracted by 70% EtOH at room temperature rugaieication (1 h, 3 times).
The aliquot of combined extracts was dried andtedlun MeOH (HPLC grade) to
a concentration of 2 mg/ml. The other extract waspsnded in water and
subsequently partitioned withhexane, EtOAc, ana-BuOH. The organic layers of
each partition were also concentrated and prepar@daicentration of 2 mg/ml in
MeOH. All samples were filtered through a @u& membrane and stored at 4 °C
before use in UPLC-gTOF-MS/MS analysis. The MS/M&deere acquired from
an Agilent 6530 Q-TOF mass spectrometer equipp#d ani Agilent 1260 Infinity
UPLC (Agilent Technologies, Santa Clara, CA, USA). A &Mriart Gg column
(150 mm x 3.0 mm i.d., ;um) was used for separation. The elution gradient
consisted of kD (A) and MeCN (B) (both were buffered with 0.1%rfoc acid) and
was increased from 10% B to 90% B in 40 min (0.3 mihj, held for 12 min (1
mL/min), returned to 10% B in 0.1 min, and then mandd for 5 min (0.3 mL/min).
Nitrogen was used as the drying gas and collisias ip the ESI source. The
electrospray ion source parameters were as follows: drying gas flow rate, 10 L/min;
heated capillary temperature, 35Q §keath gas temperature, 350 °C; flow, 12L/min;
nebulizer pressure, 30 psi; and VCap, fragmentor, skimmer, and octopole RF peak
voltages set at 4000, 180, 60, and 750 V, respectively. Thetidet was carried out
in positive and negative electrospray ionizationde®y and the spectra were
recorded by MS scanning in the rangendz 100—-1000. The MS/MS analyses were
carried out by targeted fragmentation, and thesiol energy was set at 50 eV. Data
files were converted to mzXML format by ProteoWitasoftware, version
3.0.20315-7da487568 (Chambers et al.,, 2012). Peak gickihromatogram
deconvolution, and other data processing for theM&Sdata were performed by
MZmine2 software v32 (Pluskal et al., 2010). Eventudtie.mgf clustered spectral
data file and its corresponding.csv metadata fitr @RT, areas, and formula
integration) were exported using the dedicated texfior GNPS” and “Export to
CSV file” built-in options. A molecular network waseated using the online
workflow at GNPS (http://gnps.ucsd.edu). The specirghe network were then
searched against GNPS spectral libraries. All mattleéween the network spectra

and library spectra that were retained had to laaseore above 0.7 and at least 3
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matched peaks. The molecular networking data wealyzed and visualized using
Cytoscape (ver. 3.6.0) (Shannon et al., 2003). Alhefresults and parameters can
be accessed with the GNPS job id for molecular osting feature-based analysis
at
https://gnps.ucsd.edu/ProtecSAFe/status.jsp?taskd@aidb64f4d32aee9cb44d1fb
8be7.

5.5. Deesterification reaction of compountand?2 to determine the alkaloid moiety

The mixture of compoundssand2 (1.5 mg, 1 eq) was dissolved in MeOH (200
pL) and treated with 1 M LiOH (10 eq) in THRM@ (3:1) by stirring for 1 h. The
products were neutralized by 1 N HCI to obtain ¢bheresponding alkaloid moiety
that contains carboxylic acid. After the reactedtome was dried and partitioned by
EtOAc/HO (3 times), the EtOAc layer was checked by HPLC fongarison with
two standard compounds, 2-0x0-1,2,3,4-tetrahydroquiegli-carboxylic acid (20-
CA) and 2,3-dihydro-2-oxo-1H-indole-3-acetic acid -3@A). The HPLC
conditions were set up as follows: a gradient 6fall¥% MeCN/HO (0.1% formic
acid) in 20 min, 100% MeCN in 5 min, and restabilimatin 5 min at 10%
MeCN/HO (0.1% formic acid). The UV detector was set up at feavelengths of
201, 254, 280, and 330 nm. The alkaloid moiety ahd2 was identified as 20-CA
as they shared the same retention time on the HPLC chrosuatagi8.8 min.

5.6.Computational ECD calculations

Conformational analyses of compountdss, 8, and 9 were simulated using
molecular mechanics force-field (MMFF94s) calculasiavith a search limit of 1.0
kcal/mol in Conflex 7 (Conflex Corp., Tokyo, JapanheTconformers with a
Boltzmann population of over 1% were geometricafyimized by TmoleX 4.3 and
Turbomole (COSMOLogic GmbH, Leverkusen, Germanyhatdef-SV(P) basis set
for all atoms and the B3LYP functional level in thas phase. The computational
ECD spectra of the optimized conformers were represl by time-dependent
density functional theory (TDDFT) using 6-31G/B3L#Ecording to the Boltzmann
distributions. The ECD data were generated usings&an functions for each
transition ¢ is the width of the band at a height of)1The overall calculated ECD
curve that was generated by using SpecDis 1.71ovedsi’1l (Bruhn gst_lal., 2013Db) o

.
v |
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was used for comparison to experimental data.

Table 13 Gibbs free energies and equilibrium populationswtenergy conformers

of 4R-1
Conformers In MeOH

4R-1 AG? P(%)°
| 0.00 1.16
Il 0.29 0.71
11l -2.62 95.94
v 0.25 0.76
\Y -0.13 1.43

)y
aB3LYP/6-31G, in kcal/mol,> FromAG values at 298.15K and 1 ¢

5 4208t

s
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Table 14 Gibbs free energies and equilibrium populationswfenergy conformers

of 451

Conformers In MeOH
451 AG? P(%)°

0.00 78.27
I 1.06 13.01
[ 131 8.65
v 4.14 0.07

2 B3LYP/6-31G, in kcal/mol,” FromAG values € 298.15K and 1 at

) 2
162 } ==



Table 15 Gibbs free energies and equilibrium populationswfenergy conformers

of 4R-5

Conformers In MeOH

4R-5 AG? P(%)

I 0.00 53.45
I 0.23 35.98
I 0.98 10.26
v 3.04 0.31

aB3LYP/6-31G, in kcal/mol,” FromAG values € 298.15K and 1 at

- ,aﬁ B
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Table 16 Gibbs free energies and equilibrium populationswfenergy conformers

of 4S5
Conformers In MeOH

4R -5 AG? P(%)°

0.00 95.26

Il 5.17 0.02

" 3.99 0.11

v 1.81 452

\Y 5.31 0.01

VI 4.24 0.07

aB3LYP/6-31G, in kcal/mol,” FromAG values £ 298.15K and 1 at
a £ =] —
s A=t e

T
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Table 17. Gibbs free energies and equilibrium populationswfenergy conformers

of 4R-8
Conformers In MeOH
4R-8 AG? P(%)°
0.00 87.34
1 1.18 11.92
11 4.35 0.06
v 2.88 0.68

aB3LYP/6-31G, in kcal/mol,” FromAG values € 298.15K and 1 at
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Table 18 Gibbs free energies and equilibrium populationswfenergy conformers

of 4S8

Conformers In MeOH
4S-8 AG? P(%)°

0.00 92.44
I 1.55 6.81
1 3.64 0.20
v 3.04 0.55

aB3LYP/6-31G, in kcal/mol FromAG values at 298.15K and 1 atm

; 2
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5.7.Sirtl deacetylation assay with a luciferase reportébesed assay

HEK293 cells were maintained in high glucose Dutlees modified Eagle’s
medium (DMEM; Welgene, Deajeon, Korea) supplemented with 10% fetainieo
serum (FBS; HyClone, GE Healthcare Life Sciences, UK), 100 U penicillin, and
100 ug/mL streptomycin (HyClone). The HEK293 cells (5,p@0 well) were seeded
in 48-well plates and maintained overnight. The scellere transfected with 4
plasmids, PG13-luc plasmid (wt p53 binding sitesjc#tagged p53 plasmid (myc-
p53), flag-tagged Sirtl plasmid (flag-Sirtl), and REyalactosidase plasmid as an
internal standard, to investigate SIRT1 deacetyladittivity via a luciferase reporter.
PEI transfection reagent (Polyscience, Inc., PA, USA3 employed to deliver the
plasmids into cells. At five hours posttransfectithre medium was replaced, and the
cells were treated with vehicle, resveratrol, or ¢cbepounds of interest for 24 h
before luciferase angtgalactosidase expression was analyzed by usirsivpdgsis
buffer (Promega, WI, USA) and a firefly luciferasesagkit (Promega, WI, USA).
The luciferase activity was normalizedfgalactosidase activity to obtain the final

value representative of SIRT1 deacetylation activity.

5.8.NAD*/NADH ratio measurements

For the overexpression of SIRT1, the flag-taggetl filasmid was transfected
into HEK293 cells and then treated with vehicleyegatrol, or the compounds of
interest for 12 h. The NADNADH quantification kit (Red Fluorescence, AAT
Bioquest, Inc., CA, USA) was used to measure the N®®WCNADH ratio from the
whole cell lysate according to the manufacturenstructions. The fluorescence
signal generated from the enzymatic cycling reactims monitored at excitation
and emission wavelengths of 540 and 590 nm, respectively, using a fluorescence

microplate reader (Spectra Max GEMINI XPS, Molecular iDes, CA, USA).

5.9. Statistic analyses

GraphPad PRISM (GraphPad Software, La Jolla, CA, USA3 used for
graphical representation and statistical calcutatidata are presented as the means
+ standard deviations (SDs) of three or four indelemt experiments. Multiple
comparisons were conducted with one-way analysiatg@nce (ANOVA), followed

by Dunnett’'s multiple comparison tesp (< 0.05,”p < 0.01, and™ p < 0.001
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compared to the control).

6. Conclusions

In summary, by utilizing a modern technique calleBLG-qTOF-MS/MS-
based molecular networking, the phytochemicals ataso seeds were dereplicated.
Moreover, a procedure to quickly access alkaloidsvocado seed extract was
successfully applied to isolate nine new compoumududing seven quinolone
alkaloids and two benzoxazinone alkaloids. The sires of these compounds were
reported for the first time and were fully deterednby a combination of NMR
spectroscopy analysis and ECD calculations. Alkisal compounds were tested for
their SIRT1 activities in HEK293 cells, and the flesguggested that compouthd
showed the strongest SIRT1 stimulation activityweih elevated NABNADH ratio

and could be a promising SIRT1 activator for the discoveEnew drugs.
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Part 3: Oleanane triterpenoids fromGymnema inodorum and
their insulin-mimetic and muscle cell proliferation activities

1. Introduction
1.1. Study background

1.1.1.Gymnema inodorurfLour.) Decne

Gymnema inodorurfLour.) Decne is a climbing plant with a slendet Wigorous
woody stem (Wang et al., 2008) belonging to the ffampocynaceae which
contains about 51 species distributed in Asia afnd#® G. inodorumname comes
from the Hindi word “Gurmar” which means “destroyéisugar” and it is also well-
known for its antidiabetic effect as its name eaitimethe traditional uses of their
leaves (Dunkhunthod et al., 2021) or regentitro studies(Shimizu et al., 2001;
Srinuanchai et al., 2021; Trang et al., 2021), and even in clinical trial (Anchalee et
al., 2010). In additionG. inodorumhas been known to have therapeutic effects in
curing other certain diseases, such as rheumatigtetand gout (Dunkhunthod et
al., 2021). The phytochemicals 8. inodorumhave been reported including
polyphenol and flavonoids (Dunkhunthod et al., 20®19anane triterpenoids (An
et al., 2020), pregnane glycosides (Trang et al., 202btong reported
phytochemicals fronts. inodorum methyl anthranilate derivatives that have been
considered as crucial contributors to flavor odor foods showed potential
stimulation effects on glucose uptake in 3T3-L1padite cells (An et al., 2020).
Methyl anthranilate is one of the most potent &ctigral odorants, occurring mainly
in grapes and strawberries, and has been applibd formulation of food additives
or edible flavors (Thompson & Quaife, 2001). This paund has been reported to
exhibit a flavor strong enough to exceed perceptimesholds (Zhou et al., 2019).
Therefore, it has been employed to analyze foodtgusilich as distinguishing wines
made fromVitis vinifera grapes and those made framis labruscanagrapes or

applied as a marker of the floral origin of citrus honeyr{Pet al., 2019).
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Figure 136. Gymnema inodorum (Lour.) Decne. The leaves of G. inodorum were
collected in September 2018 in Hoai Duc district, Hanoi City, Vietnam (20°59'30.6"
N 105°43'49.8" E).

1.1.2.Relative mass defect

The difference between the exact mass and nominal mass of a compound is
known as a mass defect (Sleno, 2012). High-resolution mass spectrometers, which
can measure exact mass, have become more and more common in analytical and
bioanalytical chemistry since their introduction. Since every element's isotope
produces a small amount of energy upon forming and stabilizing its nucleus, this
energy causes the phenomenon known as a mass defect (nuclear binding energy)
(Sleno, 2012). Each element has a distinct mass defect, therefore, the absolute value
of an anion's mass defect reveals the ion's elemental makeup (Ekanayaka et al., 2015).
Table 19 showed the absolute mass defects of common organic atoms in natural
products.
Table 19. Natural abundances, exact mass, and mass defects of common elements

in natural products.

Atom Isotope  natural abundance (%) Exact mass Mass defect
u 'H 99.9885 1.00783 0.00783
’H 0.0115 2.01410 0.01410
C 2C 98.9300 12.00000 0.00000
BC 1.0700 13.00335 0.00335
0 150 99.7570 15.99491 -0.00509
70 0.0380 16.99913 -0.00087
N N 99.6320 14.00307 0.00307
5N 0.3680 15.00011 0.00011

Relative mass defect (RMD) in ppm, a normalization of the absolute sséefe_[c_t 3 {f:'-l- —
PSP 8t 3
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to the mass of the anion, has been introduced alteainate and promising approach
and was calculated as (mass defect/measured muopits mass)x10Ekanayaka
et al.,, 2015). By calculation of varieties of secomdametabolites from nature,
Rubner and Intelmann provided a “molecular map't steowed a plot of RMD
versus then/zand has been useful for further analysis of naturadlucts (Rubner
& Intelmann, 2014). In particular, phenolics and flavosatowed a relatively low
RMD compared to the other type of compounds (RMD-BDO ppm), and the
higher molecularrf/? indicated the level of glycosylation in those smlles. A
similar trend at higher value of RMD was observed in taojus, triterpenoids, and
saponins. The associated between RMD maufzlin the plot of “molecular map”
enable quick and thorough overviews of secondartalmdites that can be found
using HR-MS/MS (Rubner & Intelmann, 2014).

1.1.3.Natural products and type 2 diabetes

The epidemic of diabetes mellitus and its compilicet is a major global health
problem (Chae & Shin, 2012). The global prevalenteliabetes and impaired
glucose tolerance has sharply increased recentlg [Mternational Diabetes
Federation reported the prevalence of adult digbesean estimated 425 million in
2017, with one out of 11 adults suffering from dimse(Gomes et al., 2019).
Furthermore, the number of persons with type 2 déshie expected to increase from
405 million in 2018 to 510 million in 2030 (Basu &t, 2019). With respect to
socioeconomic burden, around 12% of overall gldtelth-care expenditures are
spent on the treatment of diabetes (Bommer et al., 2018).

Insulin is a peptide hormone from pancredticells that increases glucose
uptake by playing a critical role in glucose hontass (Gomez-Huelgas et al.,
2015). Insulin binds to the insulin receptor, indgcoonformational changes and
successively resulting in autophosphorylation efriceptor (Sciacca et al., 2010).
Insulin plays a critical role to maintain glucoseneostasis by orchestrating hepatic
glucose production and peripheral glucose utilmat{Alvarez & Ashraf, 2010).
However, impaired insulin circulation reduces gleasinsportation into skeletal
muscle and adipose tissues by inducing high glueasds in the blood (Nielsen et
al., 2015). Insulin mimetics have been consideredraag candidates to treat type

2 diabetes, and they exhibit two major mechanismsviigh compoUn:ds-_act__Iil_(je
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insulin (Nankar & Doble, 2013). Insulin mimetics iaate the tyrosine kinase
domain of the insulin receptor, resulting in autogphorylation of the receptor,
activating downstream signaling pathways crucial ifsulin metabolism. These
agents are also known to inhibit protein tyrosih@gphatases to dephosphorylate
insulin receptors and insulin receptor substrateschMeffort has been made to
discover insulin mimetics from natural products,dese of their potential lesser side

effects and the possibility of penetrating the bliglorain barrier (Zhang et al., 1999).

1.1.4.Muscle atrophy

Skeletal muscles are the most abundant tissuesigtecbfor 40-50 % of the
total mass in healthy-weight individuals and are photein reservoir in the human
body (Sartori et al.,, 2021b). They not only controtdmotion but also are
fundamental for breathing, eating, energy expendiasavell as for glucose, amino
acids, and lipids homeostasis, and for maintainihigh quality of life (Sartori et
al., 2021b). Skeletal muscles are heterogeneous congdiber type and metabolic
properties and therefore they vary, often drastic@l their response to the same
stimulus (Sartori et al., 2021b). Most of the pathwaggilating muscle mass, such
as insulin/IGF1 or TGHactivin/BMP, impinge both on protein synthesis and
degradation, changes in protein turnover leadinguscle hypertrophy or atrophy,
and muscle atrophy results from decreased proygithesis and increased protein
degradation (Sartori et al., 2021b). In muscle dtypphe amino acids released by
lysosome and proteasome during protein breakdoveettl stimulate mTOR, and
therefore, protein synthesis might increase (Saetaal., 2021b). Recently, growing
evidence has shown that natural products play ar&kyin the prevention and
treatment of skeletal muscle atrophy such as rese(Momken et al., 2011; D.-T.
Wang et al., 2014a, 2014b), salidroside (X. Chen e2@16), matrine (Li Chen et
al., 2019), imperatorin (Linlin Chen, Xu, et al., 2020)tpanoclide (Quanjun et al.,
2013), ursolic acid (Yu et al., 2017), and cryptotamshé (Linlin Chen, Yang, et al.,
2020). Structurally, oleanane triterpenoids isolaten G. inodorumshared a
similar backbond to ursolic acid that showed aeafin the treatment of muscle
atrophy (Yu et al., 2017).
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1.2.Purpose of Research

Molecular networking that has been used as a deatiph strategy in the
natural products field was applied to investigatgtpchemicals inG. inodorum
Based on analyzing RMD and molecular network ag&iiPS libraries as well as
a literature review of components frédBymnemajenus, putative analogs of known
compounds or those that belong to the same classmis observed in the same
cluster were identified. Clusters of interesting commas that were not assigned by
comparison with available databases were further edgetd isolated for structure

determination and biological activities evaluation.
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2. Targeted isolation of alkaloids fromG. inodorum

2.1.Targeted isolation of alkaloids frof. inodorumby using LC-MS/MS-based
molecular networking

The aerial part of. inodorumwas extracted with 70% EtOH. Then, the crude
extract was dried under a vacuum and partitiondéd/deEn n-hexane, EtOAcn-
BuOH, and water. The UPLC-qTOF-MS/MS data of fraddioinexane, EtOAch-
BuOH, and water were processed by Mzmine2 (Plugkall ,2010) and applied to
the FBMN-GNPS platform (hosted by https://gnps.uahd.éM. Wang et al., 2016a))

to generate molecular networking. The result wasgalized through the Cytoscape

ver. 3.6.0 (Shannon, 2003). The dereplication of seegndeetabolites from
avocado seeds was identified against GNPS libraaies by comparison with
compounds reported in tii&ymnemayenus (Scifinder) databases (Figure 138). As
shown in Figure 138, four main clusters were visgaliand putatively assigned to
belong to oleanane triterpenoids (cluster 1), fl@ids (cluster 2),N-methyl
anthranilate derivatives of oleanane triterpen@itisster 3), and benzoyl derivatives
of oleanane triterpenoids. Therefore, further expartmevere performed to isolate
targeting peaks that were not reported beforearitbrature. As a result, fourteen
new alkaloids were isolated, and their structuresewelucidated by NMR

spectroscopy.
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Figure 137. Total ion chromatography (TIC) of the n-hexane, EtOAc, and n-BuOH fractions of G. inodorum aerial extract in negative and

positive modes.
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3. Structure elucidation of alkaloids from G. inodorum

3.1.Compoundl

Compoundl was isolated as a white, amorphous powder withegg> — 6.2
(c 0.5, MeOH). Its molecular formula ofs17sNO1s was suggested from a
deprotonated highresolution electrospray ionizatiass spectrometric (HRESIMS)
ion peak amm/z944.5023 [M—H7 (calcd for GoH74NO1s, 944.5007), indicating 14
degrees of unsaturation. The IR bands at 3394, 1605119 cm' were indicative
of NH stretch, olefinic group, and NH bend absorband@®eH NMR spectrum
showed signals for four aromatic protods 7.92 (ddJ = 8.0, 1.3 Hz, H-7"), 7.39
(ddd,J=7.0, 6.5, 1.4 Hz, H-5"), 6.77 (ddi= 8.1, 1.1 Hz, H-4"), and 6.64 (ddbiF
7.0, 6.4, 1.3 Hz, H-6"), one olefinic protain 6.36, br s, H-12), two anomeric protons
(0w 4.58 (d,J = 7.8 Hz, H-1") and 4.44 (d,= 7.8 Hz, H-1")], one nitrogenated
methyl group §u 2.88, s, H-8'), and seven methyl groufas¥.31, 1.11, 1.07, 1.04,
0.99, 0.98, and 0.86). TR& NMR spectrum exhibited resonances for two carbony
carbons §c 172.3 and 169.1), six aromatic carbofis151.4, 135.6, 133.1, 117.0,
113.3, and 113.1), two olefinic carbonk (142.7 and 125.0), and two anomeric
carbons §c 106.6 and 105.2), suggesting the occurrence of pgriia triterpene
aglycone with two sugar substituents. The HMBC datiens from the nitrogenated
methyl signal ady 2.88 to an aromatic carbosi:(151.4, C-3') and from the aromatic
proton signal aby 7.92 to a carbonyl carbodiq(169.1, C-1") suggested the presence
of an anthranilate group (Figure 1A). Its positicasveonfirmed based on the HMBC
correlation from H-22dy 5.63, ddJ = 12.2, 3.8 Hz) to C-1". The COSY spectrum
showed correlations for H-15{1.79)/H-16 §n 4.70) and H-21d4 1.83)/H-22 §n
5.63), indicating C-16 and C-22 to be oxygenatedufeigl44). The oxygenated
methylene group at C-17 was confirmed based on aBElkbrrelation from H-28
(0w 3.59, m) to C-17 & 46.5). The presence of a glucuronic acid moiety was
determined based on the HMBC correlation from Hfxjlucuronic acid (GIcA)du
3.81, m) to C-6"dc172.3). In the HMBC spectrum, the anomeric protonhef t
glucuronic acid unit showed a correlation with (8391.0) of the aglycone, and the
anomeric proton of glucose was correlated with'CFBe attachment of armethyl
anthranilate moiety at C-22 was deducedoawiented based on the NOESY
correlation between H-18{ 2.59, dd,JJ = 11.0, 3.0 Hz) and H-22{ 5.63, ddJ =
12.2, 3.8 Hz) (Figure 145). The NMR data observeddanmoundl Wejrgz: sir_n_ilar to,
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those of (B,165,22x)-22-(N-methylanthraniloxy)- 16,23,28-trihydroxyole&f-en-
3-yI-3-O--D-glucopyranosypB-D-glucopyranosiduronic acid, which was isolated
previously fromG. inodorum except for the absence of a C-23 hydroxy groupef
aglycone in compount(Shimizu et al., 2001). Thus, compouh@as characterized
as (P,166,22x)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-&g-3-yl-3-O-

S-D-glucopyranosyjs-Dglucopyranosiduronic acid.
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Figure 142. HSQC spectrum of compound 1
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Figure 145. NOESY spectrum of compound 1
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3.2.Compound

Compound?2 was obtained as a white, amorphous powder witficd® — 33
(c 0.1, MeOH). The molecular formulasflesNO13 was determined from the
HRESIMS ion peak am/z 814.4402 [M-Hj (calcd for G4HesNOqs, 814.4377),
indicating 13 degrees of unsaturation. The IR bat®395, 1607, and 1520 ch
were indicative of NH stretch, olefinic, and NH beatzkorbances. Thél and**C
NMR data of2 were similar to those of compoumdAnalysis of itstH and**C NMR
data with the aid of the HSQC spectrum revealedasggof four aromatic protons
[on 7.89 (ddJ = 8.0, 1.6 Hz, H-7"), 7.34 (ddd= 8.6, 7.1, 1.7 Hz, H-5'), 6.68 (dl,
= 8.4 Hz, H-4"), and 6.59 (dddi= 8.4, 7.0, 1.6 Hz, H-6"], a nitrogenated metlayl (
2.86, s, HB-8"), and a carbonyl carboic(169.6, C-1'), consistent with the presence
of a methyl anthranilate substituent in compo@drhe major difference foP
compared td was the presence of two hydroxy groups at two methyl gr(itH23
and C-29) and the absence of any glucose unit. Bars pf oxygenated methylene
groups Pn 3.63/3.30 (KF23) and 3.23/ 3.22 (29)] showed HMBC correlations
with C-4 (¢ 43.9) and C-206¢ 38.3), respectively, indicating that both C-23 and C-
29 are substituted with a hydroxy group. The carbloemical shift of C-3" was
present abc 77.8, which was relatively upfield shifted compated-3" ¢c 86.7)
in compoundl, suggesting no functional group or sugar was attciThe
configuration of C-22 was suggested based on a NQOie&elation between H-18
(0w 2.65, d,J = 12.8 Hz) and H-226( 5.63, dd,J = 12.3, 3.9 Hz). Therefore,
compound was assigned asf3.68,22x)-22-(N-methylanthraniloxy)-16,23,28,29-

tetrahydroxyolean-12-en-3-yl-@-D-glucopyranosiduronic acid.
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3.3.Compound3

Compound3, a white, amorphous powder with ]3> + 8.2 € 0.6, MeOH),
was found to possess a molecular formulaafig;0,, based on its HRESIMS peak
atm/z769.4150 [M—H7 (calcd for GsHe1012, 769.4163), which indicated 13 degrees
of unsaturation. The IR bands at 3359 and 1606 w@re indicative of the presence
of hydroxy and olefinic groups. The NMR data of gmund3 showed similar
patterns to those of compou@dexcept the absence of any signals on the methyl
amine group at C-2' of the aromatic ring and fdrydroxy group at C-29 of the
aglycone. ThéH NMR data of3 showed a typical 8B,X system in the aromatic
ring [on 8.04 (ddJ = 8.0, 1.0 Hz, H-2', H-6"), 7.57 (m, H-4"), and 7.46 (m,'H3
5']. The HMBC correlation from H-22 at; 5.64 (ddJ = 11.9, 3.8 Hz) to C-76¢
167.8) indicated the position of a benzoic acid suwent. The HMBC correlations
between two methyl groupé{1.11 (s, H-30) and 1.00 (s, ¥+29)] and a quaternary
carbon §c 32.9, C-20) suggested that neither C-29 nor C-30swuéstituted. The
proton on H-22 was determined as befrgriented based on a NOESY correlation
between H-18d4 2.56, d,J = 11.0 Hz) and H-224( 5.64, dd,J = 11.9, 3.8 Hz).
Compound 3 was characterized as f(263,22x)-22-benzoyloxy-16,23,28-
trihydroxyolean-12-en-3-yl-G-D-glucopyranosiduronic acid.
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3.4.Compound 4

Compound 4 was obtained as a white, amorphous powder with an [a]3° +51.6
(¢ 0.6, MeOH). The molecular formula Cs,HeNO;s was determined from the
HRESIMS ion peak at m/z 811.4472 [M—H] (calcd for CsH¢O15, 811.4480),
consistent with nine degrees of unsaturation. The IR bands at 3360 and 1607 cm
were indicative of hydroxy and olefinic groups. The 'H and '*C NMR data of 4 were
similar to those of compound 1. The major difference was the absence of signals for
an N-methylanthranilate group at C-22 and the evidence for a different glycosidic
linkage. The '"H NMR data of compound 4 showed six singlet methyl groups (éu 1.38,
1.10, 1.04, 1.00, 0.94, and 0.91). The HMBC correlations from H-1" (6n 5.21, d, J =
7.1 Hz) to C-3 (Jc 82.3) and from H-1" (Ju 5.46, d, J = 7.8 Hz) to C-2" (éc 83.9)
supported the glycosidic position. The carbon chemical shift of C-2" was shifted
downfield, because of the attachment of a glucopyranosyl unit at C-2". Therefore,
compound 4 was determined as (35,165)-16,23,28-trihydroxyolean-12-en-3-yl-2-O-
S-D-glucopyranosyl-f-D-glucopyranosiduronic acid.
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3.5.Compoundb

Compounds, a white, amorphous powder with §a]3° + 51.6 € 0.6, MeOH),
was found to possess a molecular formula@f§zO.3 based on its HRESIMS peak
atm/z779.4568 [M—Hj (calcd for GoHe7O13, 779.4581), indicating nine degrees of
unsaturation. The IR bands at 3361 and 1606 wrare indicative of hydroxy and
olefinic groups. Its'H and**C NMR data revealed that compouBigossesses a
similar structure to compourdlexcept for the absence of hydroxy groups at C-23
and C-28. ThéH NMR spectrum of compourfsishowed eight singlet methyl group
resonances1.23, 1.09, 1.02, 0.99, 0.92, 0.89, 0.87, and 0.79). The glucoside unit
position was established based on HMBC correlafiimm H-1" ¢n 4.46,dJ=7.8
Hz) to C-3 ¢c 91.6) and from H-1"'6; 4.69, d,J = 7.8 Hz) to C-2"dc 80.8). The
carbon chemical shift of C-2" was shifted downfield, beeadishe attachment of a
glucopyranosyl at C-2". Compoun8l was characterized as A365)- 16-
hydroxyolean-12-en-3-yl-2-@-D-glucopyranosyjs-D-glucopyranosiduronic acid.
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Figure 161. HSQC spectrum of compound 5
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3.6.Compound

Compoundé was isolated as a white, amorphous powder \itf§> —34.6 ¢
0.1, MeOH). Its molecular formula oL&6s015 was deduced from the deprotonated
HRESIMS peak ain/z811.4470 [M—Hj (calcd for G-He/O15, 811.4480) showing
nine degrees of unsaturation. The IR bands at 386Q&05 crm* were indicative
of the occurrence of hydroxy and olefinic groupse T and**C NMR data were
similar to those of compourtlexcept for the presence of hydroxy groups at C-28
and C-29. Six singlet methyl groups;(1.39, 1.28, 1.23, 1.12, 1.03, and 0.85) were
observed, and oxygenated methylene protons werergra®y 3.62 (s, 2H, K29).
Therefore, compound6 was proposed structurally as S(Bg5)-16,28,29-
trihydroxyolean-12-en-3-yl-2-@-D-glucopyranosypB-D-glucopyranosiduronic

acid.
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3.7.Compound 7
Compound 7 was isolated as a white, amorphous powder, with an [a]3° +19.8
(¢ 0.1, MeOH). The chemical formula of C4HesO14 was suggested from the
deprotonated HRESIMS peak at m/z 795.4520 [M—H] (calcd for Cs2He7O14,
795.4531), indicating nine degrees of unsaturation. The IR bands at 3358 and 1606
m ' showed hydroxy and olefinic groups to be present. The NMR spectrum of
compound 7 showed similar patterns to those of compound 5 except the presence of
a signal for a hydroxy group at C-29. Seven singlet methyl groups (du 1.40, 1.28,
1.21, 1.21, 1.17, 1.05, and 0.88) were shown, and oxygenated methylene protons
were present at ony 3.60 (s, H2-29). Compound 7 was characterized therefore as
(34,16$)-16,29-dihydroxyolean-12- en-3-yl-2-O-4-D-glucopyranosyl-f-D-

glucopyranosiduronic acid.
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Figure 165.'H and '*C NMR spectra of compound 7 (500/125 MHz, m/(tﬂan@'t—d@ ” e
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3.8.Compound 8
Compound 8 was identified as (35,160,22a)-22-(N-methylanthraniloxy)-
16,23,28-trihydroxyolean-12-en-3-yl-f-D-glucopyranosiduronic acid based on the

reported compounds in literature (Shimizu et al., 2001).
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Figure 169. 'H and *C NMR spectra of compound 8 (400/100 MHz, methanol-d)
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3.9.Compound 9

The 'H and *C NMR data of compound 9 suggested that 9 was (35,16,22a)-
22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12-en-3-yl-3-O-4-D-

glucopyranosyl-f-D-glucopyranosiduronic acid that was reported in literature

(Shimizu et al., 2001).
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Figure 170. 'H and '3C NMR spectra of compound 9 (400/100 MHz, pyridine-ds)
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3.10.CompoundLO

CompoundlOwas obtained as a white, amorphous powder withedg®> +21
(c 0.1, MeOH). The molecular formulas£ls;NO1; was determined from the
HRESIMS ion peak amn/z960.4989 [M — H], (calcd for GsHesNO11, 960.4957),
indicating 12 degrees of unsaturation. The IR bat®383, 1607, and 1514 cth
were indicative of NH stretch, olefinic, and NH beatzkorbances. Thél and**C
NMR data of10 were similar to those of the oleanane skeleta®with N- methyl
anthranilate moiety. The differences betwd&@mand8 were observed in the sugar
moiety and the position of a methylene hydroxyl the oleanane skeleton. In
particular, the downfield shifted resonance of G-8%4 ppm indicated that there
were two methyl groups located at C-4 (C-&30.98/dc 17.5 and C-24j4 1.29/oc
28.5). HMBC correlations from 29 (©n 4.13/4.03) to C-304¢ 28.8), C-20 dc
37.6), C-21 éc 35.5), and C-190¢ 41.7) suggested that the methylene hydroxy
functional group was C-29 ih0instead of at C-23 as B Moreover, the structure
of 10showed the presence of a glucose unit with an anoignal abn 5.47 0 =
7.6 Hz)/6c106.4 ppm instead of the glucuronic acid unit & ifihe large coupling
constant of the anomeric proton indicated thastigar was if-orientation, and the
absolute configuration of sugar was identified &SkD-glucose by comparing to
authentic compounds after acid hydrolysis and sdgavatizing. Therefore,0was
identified as (B,166,220)-22-(N-methylanthraniloxy)-16,28,29-trihydroxyolean-
12-en-3-yl-Op-D-glucopyranosiduronic acid.
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3.11.CompoundLl

Compoundll was obtained as a white, amorphous powder with @@’
+27.2 € 0.1, MeOH). The molecular formula{l77NO.s was determined from the
HRESIMS ion peak ain/z960.5447 [M + Hj, (calcd for GiH7eNOss, 960.5433),
indicating 13 degrees of unsaturation. The IR bat®376, 1678, and 1510 thm
were indicative of NH stretch, olefinic, and NH beatzsorbances. THél and3C
NMR data ofl1 were similar tdl except for the presence of an additional methoxy
functional group abn 3.74 (s)/oc 52.6 ppm. The HMBC correlation from the
methoxy signal dx 3.74) to C-6" §c 170.7) suggested that the additional 7"-OMe
was attached at the carboxylic group position. Add#lly, the resonance of the
anomeric proton signal of glucose moiety showeahallscoupling constant(5.37,
J = 3.4 Hz) suggesting anorientation of glucose unit ihl. Therefore, compound
11 was identified as methyl £3165,22x)-22-(N-methylanthraniloxy)-16,28-
dihydroxyolean-12-en-3-yl-3-@-D-glucopyranosy)3-D-glucopyranosiduronate.
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3.12.CompoundL2

Compound12 was obtained as a white, amorphous powder witH &R’
+12.7 € 0.1, MeOH). The molecular formula:£lssNO11 was determined from the
HRESIMS ion peak atn/z784.4612 [M + H}, (calcd for GsHesNO11, 784.4636),
indicating 12 degrees of unsaturation. The IR bat®365, 1608, and 1514 cth
were indicative of NH stretch, olefinic, and NH beatzkorbances. Thél and**C
NMR data of12 were similar to those of the oleanane skeletoh with N-methyl
anthranilate moiety. The differences betwé&@mand1 were observed in the sugar
moieties that were indicated by their NMR spectrpgctnstead of two sugar units
in 1, the structure af2was an absence of a glucose unit. Therefid®@/as identified
as (P,168,220)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-35yD-

glucopyranosiduronic acid.
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3.13.CompoundL3

Compound13 was obtained as a white, amorphous powder witH &R’
+10.6 € 0.1, MeOH). The molecular formulas{l7;7NO1s was determined from the
HRESIMS ion peak ain/z960.4907, (calcd for £H76éNO16, 960.4957), indicating
12 degrees of unsaturation. The IR bands at 33798,1&nd 1520 cm were
indicative of NH stretch, olefinic, and NH bend atiemces. ThéH and**C NMR
data of 13 were similar to those of the oleanane skeletor8 afith N-methyl
anthranilate moiety. The differences betwd&8mand8 were observed in the sugar
moiety. The structure df3 showed the presence of a glucose unit with an anomeric
signal atvny4.59 J = 7.8 Hz)/0c 150.1 ppm instead of the glucuronic acid unit as in
8. The large coupling constant of the anomeric pratoiicated that the sugar was
in p-orientation, and the absolute configuration of sugas identified to bg-D-
glucose by comparing to authentic compounds aftét hydrolysis and sugar
derivatizing.  Therefore, 13 was identified as (8165,220)-22-(N-
methylanthraniloxy)-16,23,28-trihydroxyolean-12-ey35-D-glucopyranoside.
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Figure 185. HMBC spectrum of compound 13
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3.14.CompoundL4

CompoundL4was obtained as a white, amorphous powder witfedg> +6.0
(c 0.1, MeOH). The molecular formulasdEl7;sNO17 was determined from the
HRESIMS ion peak ain/z962.5108 [M + Hj, (calcd for GoH7eNO17, 962.5113),
indicating 13 degrees of unsaturation. The IR bat®376, 1678, and 1510 ¢
were indicative of NH stretch, olefinic, and NH beatzkorbances. Thél and**C
NMR data ofl4 were similar to those of oleanane skeleton andrsopieties inl
except for the position of thd-methyl anthranilate unit and an additional hydroxy
group. The presence of the hydroxyl at C-22 wascaidd by the additional
oxygenated signal at C-225.18 0 = 10.8)/6c 71.7 ppm. And the positions of the
21-N-methyl anthranilate unit and 22-OH were revealpdhe HMBC correlations
from two methyl groups aiy 3.74 (H-29) andon 3.74 (H-30) to C-21 §c 80.1);
and from H-22 to C-165¢ 68.5) and C-28i¢ 58.6). The COSY correlation between
H-21 and H-22 was also supported for the identificaof H-21/H-22. The large
2Jun (10.8 Hz) between H-21, and H-22 suggested thattieey oriented in different
faces. Thus, 14 was identified as methyl [3165,215,220)-21-(N-
methylanthraniloxy)-16,28-dihydroxyolean-12-en-33ylD-D-glucopyranosyjs-

D-glucopyranosiduronate.
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3.15.Compound 15

Compound 15 was identified as (34,16/)-16,28-dihydroxyolean-12-en-3-yl-f-

D-glucopyranosiduronic acid based on the reported compounds in literatures (H.-T.-

T. Pham et al., 2019; Ye et al., 2000).
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Figure 193. 'H and *C NMR spectra of compound 15 (400/100 MHz, pyridine-ds)
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3.16.Compound 16

Compound 16 was identified as (34,164)-16,28-dihydroxyolean-12-en-3-yl-3-

O-f-D-glucopyranosyl-f-D-glucopyranosiduronic acid based on the reported

compounds in literature (H. T. T. Pham, Hoang, et al., 2018).
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Figure 194. 'H and '*C NMR spectra of compound 16 (400/100 MHz, pyridine-ds)
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3.17.CompoundL7

Compound17 was obtained as a white, amorphous powder witH &R’
+30.0 € 0.1, MeOH). The molecular formulas{l71NO1s was determined from the
HRESIMS ion peak atn/z960.5349 [M + Hj, (calcd for GiH71NO1e, 960.5321),
indicating 13 degrees of unsaturation. The IR bat®379, 1608, and 1525 th
were indicative of NH stretch, olefinic, and NH beatzkorbances. Thél and**C
NMR data ofL7 share a similarity to those b1 except for the presence of a coupling
constant of the anomeric proton in the glucose unit. Compbushoweda largel
couping at H-1"dn 5.29,J = 7.8 Hz) indicating that glucose was attacheg-in
orientation. Therefore,17 was identified as methyl (3165,220)-22-(N-
methylanthraniloxy)-16,28-dihydroxyolean-12-en-33yD5-D-glucopyranosyjs-

D-glucopyranosiduronate.

225



HOHO

+0.05
+0.04
+0.03

+0.0008
+0.0007
-0.0006

629\
09’9
199
€9'9

6.0

ve'L—

68°L~
LL'8
wr,wv

Methyl anthrapilate moiety

Sp-aulpuAd 051

+0.0003
+0.0002
+0.0001
+0.0000

L50
L 60
L70
L 80
L 90
L100
L110
L120
L130
L 140
L150
L160
L170

y y i ' ) y y ' 0" 15 10 05
226

w._.m:

0'€sL
Y691~
ros”

9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 8.0 25 20

1

o
Figure 195. 'H and '*C NMR spectra of compound 17 (400/100 MHz, pyridine-ds)

Figure 196. HSQC spectrum of compound 17
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3.18.Compound 18

Compound 18 was obtained as the aglycon of 1 by the acid hydrolysis reaction. The

structure of 18 was confirm based on its 1H NMR data indicated the same pattern as

1 except the absence of two sugar moiety as in 1. Hence, compound 18 was identified

as (34,164,22a)-22-(N-methylanthraniloxy)-3,16,28-trihydroxyolean-12-ene.
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4. Biological activities of compounds 1-18

4.1.Biological activities of compounds-9

To examine the glucose uptake of isolate®, the uptake of 2-deoxy-2-[(7-
nitro-2,1,3-benzoxadiazol-4-yl)amino]-D-glucose (2-DIB) in 3T3-L1 adipocytes
was measured. 2-NBDG, a fluorescent glucose analtgused for determining the
effects on glucose uptake to find insulin mimetic agerits.i$olated compounds at
a concentration of 20M were added to the differentiated 3T3-L1 adiposyéth
2-NBDG (Figure 201A). Dimethyl sulfoxide (DMSO) aridsulin were used as
negative and positive controls, respectively. An MiE§ay was carried out at 20
in advance (Figure 201A). Among all isolates, commsLB) 5, 8, and9 showed
significant 2-NBDG uptake effects at 28, and these four potential compounds
were selected to analyze their glucose uptake teftex several different
concentrations (5, 10, and 2M). Another MTT assay was performed with three
different concentrations (5, 10, and 2M) to determine a safe dose of the
compounds tested (Figure 201B). Four compouBds 8, and9) increased glucose
uptake in a dose-dependent manner (Figure 202B)préduent signals were
measured using fluorescent microscopy for analy#mgtransport efficacy of 2-
NBDG into cells. Fluorescent intensities of celesated with compound 5, 8, and
9 (20 uM) showed higher levels than a positive controlufeg202C. These results
are in good agreement with previous studies showiagextracts o6. inodorum
lowered the postprandial peak of plasma glucosd levhealthy humans (Anchalee
et al., 2010).
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(A) Stimulation effects of compounds-9 on glucose uptake in 3T3-L1 adipocytes
using a fluorescent analogue of glucose (2-NBDG)3-BI adipocytes were
exposed to 100 nM insulin and the test compoundd fb in the presence of 2-
NBDG. Glucose uptake was measured at ex/em = 450335sing a fluorescence
microplate reader. The results were calculated asrtbans + SD (n = 3). Green
fluorescent signals were measured and expressed as the means £+ SDs (n = 3); 'p <
0.05, "p < 0.01, and™p < 0.001. (B) 3T3-L1 adipocytes were exposed to
compounds3, 5, § and9 at various concentrations (5, 10, andu®0) for 1 h. (C)
The cells were examined using a fluorescence ndopmes(treated with 20M). The
green fluorescent signals significantly increasetictv indicated the successful

transport of 2-NBDG into these cells.

232



4.2.Biological activities of compounds 1, 8-18

The cell proliferation ratio of compounds 1, 8-18 was performed in
dexamethasone (Dexa) plus LPS model on myotube at a concentration of 2 uM. The
result shown in Figure 203 indicated that the cell proliferation ratios of all tested
compounds increase compared to the negative control. Furthermore, compounds 1,
8, and 12 were relatively high compared to the positive control (Figure 203). This
finding suggested further biological activity studies.
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Figure 203. Cell proliferation ratio of compounds 1, 8-18 in myoblast C2C12 cell
line

In muscle atrophy two of E3 ubiquitin ligases which are MuRF-1 (muscle ring
finger 1) and MAFbx (muscle atrophy F-box) have been reported to be increased
(Bodine et al., 2001). Therefore, to screening effects of isolated compounds on
muscle atrophy, the MuRF-1 level has been tested by PRR method in dexamethasone
(Dexa) model on myotube. The results shown in Figure 204 indicated that compound
12 displayed the best activities with the lowest level of MuRF-1 detected.
Compounds 8, 9, 15, 16, and 18 also exhibited the strongly decrease of MuRF-1.
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Figure 204. MuRF-1 expression levels of compounds 1, 8-18 in myoblast C2C12

cell line

4.3. Structure-activity relationships (SARs) discussion and further studies

G. inodorum and other species in the genus of Gymnema have been widely used
in diabetes treatment. The phytochemical and biological studies suggested that
triterpenoids from this genus may contribute to the antidiabetes effect. Herein, the
insulin-mimetic activities of compounds 1-9 that showed oleanane skeleton with
some different substituents were tested for their activities. Based on the structures of
1-9 and the better activity of 3, 5, 8, and 9 compared to the others in glucose uptake
effects, a gross SAR for this triterpenoid type can be delineated as follows:
(1) compounds 1 and 9 have the same oleanane skeleton with an N-methyl
anthranilate substituent at C-22 and 2 sugars at C-3. The only difference in both
compounds was observed at C-23 (23-Me in 1 and 23-CH,OH in 9). As shown in
Figure 201, 9 exhibited good activities compare to insulin as the positive control, but
it was not observed the same in 1. Therefore, the 23- CH,OH may be important for
activities of the oleanane skeleton in the insulin-mimetic effect; (2) Compare to 9,
compound 8 which also contains a methylene hydroxyl at C-23 in its structure has
one sugar less at C-3 but this compound also showed as good activities like 9. This
evidence suggested that the number of sugar chains may not affect the activity; (3)
Compound 3 contains one different substituent at C-22 compared to 8, however, both
compounds showed activities in the biological assay indicating that the 22-
substituent may not affect the activities of this type of compound; (4) Og_ﬁhp@llﬂ(ﬁ 2] & L =
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shared a similar structure 8dut has an additional methylene hydroxyl at C-28 an
showed no activity. This finding may suggest thatpmsof hydroxy methylene and
the number of that substituents may contribute tie tctivity. For further
confirmation of this hypothesis, the other structwith only 29-CHOH should be
evaluated togethe(5) compound 5 showed a methyl-substituted at @vitAout
any other hydroxy functional groups but the adgfivitas also seen. This result
suggested that the 17-Me may play an importantinolbe activity of the oleanane
skeleton.

A manner was applied to revise the SAR in musclepaty activities of
compoundd, 8-18. (1) the N-Mant at C-22 may contribute to the\attithat reduce
of MuRF-1 level when compared compourd@sand15, but the position of N-Mant
on C-21 or C-22 of oleanane skeleton may not afteattivity (compound4 versus
1); (2) the oleanane skeleton that contain one singavexd better activity compared
to aglycon and two-sugar glycoside (activitg > 18 > 1); (3) the 24-CH.OH
substituent may reduce the activity that were se8compared td2, however, 24-
CH2OH (13) showed better effect than 29-&bH (10) ; (4) the Glucuronic acid or
glucose moieties at C-3 may not affect to the @gtimdicated by compound (3-
GlcA) similar t013 (3-Glc).

Interestingly, the plant can produce a variety ofwdgives by itself that could
be well visualized with the aid of modern technigjgach as UPLC-qTOF-MS/MS
and molecular networking or other similar tools.SThispires us to quickly access
their phytochemicals and continue to research SidRiess and also find out more

mechanisms of activities.
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5. Experimental Section
5.1. Materials

5.1.1.Plant material

The leaves ofs. inodorumwere collected in September 2018 in Hoai Duc
district, Hanoi City, Vietham (20°530.6" N 105°4349.8' E). The sample was
identified botanically by Dr. Ha Thanh Tung Pham, Bment of Botany, Hanoi
University. A voucher specimen (SNU2018-11) was digpdsn the herbarium of

the College of Pharmacy at Seoul National University.

5.1.2.Chemicals and reagents

Column chromatography (CC) was performed by usimgjdb HP-20 resin
(250-850 um particle size, Merck, Germany), and medium-presdigeid
chromatography (MPLC) was carried out with a Biotage tsogne MPLC system
equipped with an RPsgcolumn (120 g, Grace), Sephadex LH-20 (Sigma-Aldrich
Inc., St. Louis, MO, USA), and RP+#£X40-63um particle size, Merck, Germany).
TLC silica gel 60 RP-¢ F254 plates (Merck, Darmstadt, Germany) were used fo
thin-layer chromatography. Industrial grades of Me@tDH, and EtOAc were used
for extraction, partition, and fractionation stepsalptical grades of MeOH, MeCN,
formic acid (FA), and trifluoroacetic acid (TFA) veeused for isolation. All solvents
were purchased from DaeJung Pure Chemical EngimeeZio Ltd. (Siheung,
Republic of Korea). Deuterated NMR solvents and thylesulfoxide (DMSO)

were purchased from BK Instuments Inc. (Daejeon, Repubkooda).

5.1.3.Equipment and software

Optical rotations were recorded on a JASCO P-20dl@rimeter (JASCO
International Co. Ltd., Tokyo, Japan) with a 10 mmhgdangth cell at a specified
temperature. UV and ECD spectra were obtained fror@h&ascanPlus CD
spectrometer (Applied Photophysics, Leatherhead, UX¥pectra were measured
on a JASCO FT/IR-4200 spectrometer (Thermo Electtonp., Waltham, MA,
USA). NMR data were measured by using AVANCE-500 MBiker, Rheinstetten,
Germany) and JNM-ECA-600 MHz (JEOL, Tokyo, Japankspeneters coupled
with a 5 mm cryoprobe (Bruker, Germany). NMR spectiere processed on
MestReNova software (Mastrelab Research, USA). HRESHWS, data; were =
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collected by an UHPLC-ESI-gTOF-MS system with a 8&tXevo G2 QTOF mass
spectrometer (Waters MS Technologies, UK), a Watdd BE8 (100x2.1 mm, 1.7
um, Water, USA), and analyzed by MassLynx SCN 855.xs0#. The preparative
HPLC system used for isolation included a Gilsof BAmp and Gilson UV/VIS
151 detector (Gilson Inc., USA), Optima Paks Column (10 x 250 mm, pm
particle size, RS Tech, Seoul, Korea), and a YMC-TRagnyl column (250 x 10.0
mm i.d., 5um particle size, YMC Co., Ltd.). The conformational skawas
performed using CONFLEX 7 Rev. (CONFLEX Corporation, Japan); ECD
calculations were done by TURBOMOLE 3.4 (COSMOIlo@mbH & Co. KG,
Germany). Samples preparation for HRESI MS/MS aeslyand separation used
sonicator Power Sonic 420 (Hwashin Tech Co., Ltd., Bepaf Korea), evaporator
EYELA KSB-202 (Eyela Singapore Pte. Ltd., Singaporeptgfuge MICRO17TR
(Hanil Scientific Inc., Korea). Biological experimenised autoclave LAC-5080S
(DAIHAN LABOTECH Co. Ltd., Korea), clean bench ClassBiblogical Safety
Cabinet (Esco Technologies, Inc., USA), microplate eed&rsaMax (Molecular
Devices, USA)

5.2. Extraction and isolation

The leaves o6. inodorum(5.0 kg) were extracted with 70% EtOH (15 L) three
times (1 day each) at room temperature. The cruttact320 g) was partitioned
with n-hexane (3 x 10 L), EtOAc (3 x 10 LBuOH (3 x 10 L), and kD. Then-
BuOH-soluble partition (100 g) was loaded onto aoBaHP-20 column to obtain
seven fractions. Fraction H90-1 (50 g) was chromajaiged via an MPLC equipped
with an RP-Gg column (Revelevis ® Buchi, C-18 A, 4 x 20 cm i.d.) eluting with
MeOH/H,O (10-100%, 120 min) as solvents to give nine subtmastiFraction M7
(5.4 g) was loaded to a Sephadex LH-20 using 100%HWi&r eluting to obtain
eight subfractions. Fraction L6 (100 mg) was pudifiey semipreparative HPLC to
isolate compound8 (9.0 mg) andLO (11.0 mg). Fraction L7 (85.0 mg) was further
purified by semipreparative HPLC (44% aqueous MefldNy rate 3 mL/min) to
afford compoundg (4.0 mg) and (5.0 mg). Fraction M8 (10.0 g) was also applied
to a Sephadex LH-20 with 100% MeOH to yield 7 fiauts. Fraction L4 (120.0 mg)
was further isolated by a semipreparative HPLCite gompoundg (3.5 mg) and
6 (4.0 mg). Fraction L5 (2.5 g) was loaded on MPLC pped Witr: an RPQ
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column (cm) with 40-100% MeOH to obtain thirteenbfsactions. Further
purification of fraction M2 (250.0 mg) using semipagative HPLC (33% aqueous
MeCN, flow rate 3 mL/min) yielded compoun@dg20.0 mg). Fraction M3 (200.0
mg) was subjected to semipreparative HPLC to isataimpound4.6 (62.7 mg).
Similarly, the separation by semipreparative HPL@axtion M4 (80.0 mg) yielded
compoundsl4 (5.0 mg) andl5 (20.2 mg); fraction M6 (70.2 mg) gave compound
13(5.0 mg); fraction M7 (60.0 mg) produced compounds 5 (4.0 mg), an@ (4.5 mg);
and fraction M10 (98.0 mg) yielded compout¥®(9.5 mg). Fraction M9 (2.5 g) was
the major of compountithat was purified via HPLC using 40% MeCN Further
mild acid hydrolysis ofl gave the aglycon (compouid, 12.0 mg). Fraction H90-
2 (2.0 g) was consequently loaded to an MPLC (3@6- % MeOH/HO with a
column of Watcher ® Flash Cartridge C18 4Q48133 x 14 cmi.d.)), and a Sephadex
LH-20 using 100 % MeOH to give subfraction L6 (ZBMhg) that was subsequently
separated to give compountis(19.0 mg) and 2 (15.0 mg).
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| G. inodorum (5.0 kg)

| Total Ext (320.0¢) |

Suspension in H,0
Partition (6L x 5 times)

70% EtOH, sonication
(99 min x 4 times)

n-Hexane EtOAc n- BuOH Water
(3.2g) (70g) (100¢g) (100g)
| Daion HP-20 (0-100% MeOH/H,0)
| H20 | | H40 | H60 H90-1 H90-2 H100
(50.08) (2.09) (2.0g)

MPLC (10-100% MeOH/H,0) |

M7
(9)

L6
(100.0 mg)

9 (9.0 mg)
10 (11.0 mg)

M8 1
(10.0g) (2.89)
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1 I 1 18 (12.0 mg)
L7 L4 L5
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| l | MPLC (10-100% MeOH/H,0)
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e 1T T T
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15 (20.2 mg)

Scheme 4. Isolation scheme of compounds 1-19 from G. inodorum
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5.3.Physical and chemical characteristics of isolatedpmamds
5.3.1.Compoundl
(36,166,220)-22-(N-Methylanthraniloxy)-16,28-dihydroxyolean12-&yl-3-O -
D-glucopyranosy}s-D-glucopyranosiduronic acigl)

White amorphous powder

Molecular formula: GH7zsNO1s

HRESIMS/MSm/z944.5023 [M — Hj, (calcd for GeH74NO1s, 944.5007)

'H and®*C NMR data, see Tables 20, 21

[a]3® —6.2 € 0.5, MeOH)

UV (MeOH) Amax (log €) 223 (1.70), 257 (1.24), 357 (1.10)

IR (KBr) vmax 3395, 2925, 1725, 1625 cn

5.3.2.Compound?
(38,1683,220)-22-(N-Methylanthraniloxy)-16,23,28,29-tetrahydroxgean-12-en-3-
yl-O-5-D-glucopyranosiduronic aci(R)

White amorphous powder

Molecular formula: GaHesNO:13

HRESIMS/MSm/z814.4402 [M — H], (calcd for GsHesNOi3, 814.4377)

1H and®C NMR data, see Tables 20, 21

[a]3® —33 €0.1, MeOH)

UV (MeOH) Amax (log€) 223 (1.69), 257 (1.25), 357 (1.10)

IR (KBr) vmax 3399, 2926, 1720, 1455, 1083€m

5.3.3.Compound3
(36,166,220)-22-Benzoyloxy-16,23,28-trihydroxyolean-12-en-3-y#-O-
glucopyranosiduronic acid3j

White amorphous powder

Molecular formula: GaHez012

HRESIMS/MSmM/z769.4150 [M — H], (calcd for GsHg1012, 769.4163)

'H and**C NMR data, see Tables 20, 21

[a]3® + 8.2 (c 0.6, MeOH)

UV (MeOH) Amax (log €) 216 (3.17)

IR (KBr) vmax 3403, 2920, 1720, 1620 cm ;
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5.3.4.Compount4
(35,165)-16,23,28-Trihydroxyolean-12-en-3-yl-2/9D-glucopyranosy)s-D-
glucopyranosiduronic aci4)

White amorphous powder

Molecular formula: GHegO1s

HRESIMS/MSm/z811.4472 [M — Hj, (calcd for G;HsO15 811.4480)

IH and®*C NMR data, see Tables 20, 21

[a]3® + 51.6 € 0.6, MeOH)

UV (MeOH) Amax (l0og €) 217 (3.20)

IR (KBr) vmax 3389, 2913, 1731, 1615, 1435, 1085tm

5.3.5.Compoundb
(38,165)-16-Hydroxyolean-12-en-3-yl-2-@-D-glucopyranosyl-D-
glucopyranosiduronic aci¢b)

White amorphous powder

Molecular formula: GoHegO13

HRESIMS/MSm/z779.4568 [M — H], (calcd for GHe7O13, 779.4581)

'H and®*C NMR data, see Tables 20, 21

[a]3® + 51.6 € 0.6, MeOH)

UV (MeOH) Amax (log €) 217 (2.72)

IR (KBr) vmax 3410, 2910, 1620 crh

5.3.6.Compounds
(35,165)-16,28,29-Trihydroxyolean-12-en-3-yl-2/D-glucopyranosy)s-D-
glucopyranosiduronic acib)

White amorphous powder

Molecular formula: G:HegO15

HRESIMS/MSm/z811.4470 [M — Hj, (calcd for G:He7O15, 811.4480)

IH and®*C NMR data, see Tables 20, 21

[a]3® —34.6 € 0.1, MeOH)

UV (MeOH) Amax (log €) 217 (2.78)

IR (KBr) vmax 3413, 2909, 1615 cth 3
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5.3.7.Compound/
(38,165)-16,29-Dihydroxyolean-12-en-3-yl-2-@D-glucopyranosy)s-D-
glucopyranosiduronic acigr)

White amorphous powder

Molecular formula: GoHegO14

HRESIMS/MSm/z795.4520 [M — H], (calcd for GoHe7O14, 795.4531)

IH and®*C NMR data, see Tables 20, 21

[a]3® +19.8 € 0.1, MeOH)

UV (MeOH) Amax (I0g €) 217 (2.68)

IR (KBr) vmax 3403, 2911, 1630 crh

5.3.8.Compound
(38,1683,220)-22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12-ey33-
D-glucopyranosiduronic acid

White amorphous powder

Molecular formula: GaHesNO12

HRESIMS/MSm/z798.4431 [M—H}, (calcd for GeHseOs, 798.4429)

[a]3® —4.1 € 0.1, MeOH) (Shimizu et al., 2001)

5.3.9.Compound®
(38,1683,220)-22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12-ey3-
O--D-glucopyranosy)s-D-glucopyranosiduronic acid

White amorphous powder

Molecular formula: GH7zsNO17

HRESIMS/MSm/z960.4970 [M—Hj, (calcd for GoH7zsNOs7, 960.4975)

[a]3® —7.5 € 0.1, MeOH) (Shimizu et al., 2001)

5.3.10.CompoundL0
(36,166,220)-22-(N-methylanthraniloxy)-16,28,29-trihydroxyolean-12-ewt30-
S-D-glucopyranosiduronic acid
White amorphous powder
Molecular formula: GaHszNO11 2]
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HRESIMS/MSmM/z960.4989 [M — H], (calcd for G4HesNO11, 960.4957)

'H and®®C NMR data, see Tables 22, 23

[@]25 +21.2 0.1, MeOH)

UV (MeOH) Amax (I0g €) 223 (1.71), 257 (1.25), 357 (1.11)

IR (KBr) vmax 3383, 2927, 2371, 1607, 1514, 1427, 1372, 1244, 1160, 1081
1043, 1026, 954, 752 cin

5.3.11.CompoundLl
Methyl  (38,1683,224)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-
yl-3-O-a-D-glucopyranosyjs-D-glucopyranosiduronate
White amorphous powder
Molecular formula: GH77/NOs
HRESIMS/MSm/z960.5447 [M + Hj, (calcd for GiH76NO16, 960.5433)
IH and®*C NMR data, see Tables 22, 23
[a]3® +27.2 ¢0.1, MeOH)
UV (MeOH) Zmax (log €) 223 (1.70), 257 (1.24), 357 (1.11)
IR (KBr) vmax 3376, 2945, 2906, 2376, 2356, 2307, 1743, 1678, 1516, 142
1337, 1243, 1163, 107, 1040, 1025, 956, 753 cm

5.3.12.Compoundl2
(38,168,220)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-38yD-
glucopyranosiduronic acid

White amorphous powder

Molecular formula: GaHesNO11

HRESIMS/MSmM/z784.4612 [M + H], (calcd for GsHesNO11, 784.4636)

'H and**C NMR data, see Tables 22, 23

[a]3® +12.7 €0.1, MeOH)

UV (MeOH) Zmax (log €) 223 (1.72), 257 (1.24), 357 (1.10)

IR (KBr) vmax 3365, 2941, 2873, 2356, 2312, 1751, 1672, 1608, 1514, 142

1362, 1240, 1160, 1077, 1027, 954, 752'cm

5.3.13.CompoundL3
(38,168,220)-22-(N-methylanthraniloxy)-16,23,28-trihydroxyolean-12iemgs- 1
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D-glucopyranoside
White amorphous powder
Molecular formula: €H77NOzs
HRESIMS/MSmM/z960.4907, (calcd for £H7¢NO16, 960.4957)
'H and®®C NMR data, see Tables 22, 23
[a]3® + 10.6 € 0.1, MeOH)
UV (MeOH) Zmax (log &) 223 (1.71), 257 (1.23), 357 (1.11)
IR (KBr) vmax 3379, 2951, 2381, 2356, 2317, 1682, 1608, 1520, 142D, 12
1081, 1023, 954, 752 ctn

5.3.14.CompoundL4
Methyl (35,165,215,220)-21-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-
3-yI-3-O--D-glucopyranosyp-D-glucopyranosiduronate
White amorphous powder
Molecular formula: GH7sNO17
HRESIMS/MSm/z962.5108 [M + H}, (calcd for GoH7eNO17, 962.5113)
IH and®*C NMR data, see Tables 22, 23
[a]3® + 6.0 €0.1, MeOH)
UV (MeOH) Amax (log €) 223 (1.71), 256 (1.23), 357 (1.10)
IR (KBr) vmax 3379, 2946, 2381, 2351, 2312, 1751, 1682, 1608, 15207, 14
1240, 1081, 1023, 954 ctn

5.3.15.Compoundl5
(34,165)-16,28-dihydroxyolean-12-en-3-gHD-glucopyranosiduronic acid

White amorphous powder

Molecular formula: GsHsg0q

HRESIMS/MSmM/z617.4056 [M — HO+ HJ, (calcd for GeHseOg, 617.4053)

5.3.16.CompoundL6
(34,165)-16,28-dihydroxyolean-12-en-3-yl-3-@D-glucopyranosyjs-D-
glucopyranosiduronic acid

White amorphous powder

Molecular formula:; G:HegO14
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HRESIMS/MSm/z795.4514 [M — H, (calcd for GaHeOr4, 795.4531)

5.3.17.Compoundl?7
Methyl  (38,166,220)-22-(N-methylanthraniloxy)-16,28-dihydroxyolean-12-en-3-
yl-3-O-f-D-glucopyranosys-D-glucopyranosiduronate
White amorphous powder
Molecular formula: GH71NO1e
HRESIMS/MSm/z960.5349 [M + Hj, (calcd for GiH7:NOs, 960.5321)
IH and®C NMR data, see Tables 22, 23
[a]3® +30.0 ¢ 0.1, MeOH)
UV (MeOH) Amax (log ¢) 223 (1.70), 257 (1.24), 356 (1.11)
IR (KBr) vmax 3379, 2922, 2853, 2366, 2312, 1746, 1682, 1608, 1528, 146
1377, 1244, 1165, 1077, 1032, 747tm
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Table 20.1H NMR data of compoundk-7 from G. inodorumin methanolds (mult., J in Hz)

Pos 12 2° 3 42 5° 6° 7
1 1.90, m; 1.88,1 1.66, m; 0.97,1 1.64, m; 0.98,1 1.47, m; 0.94,1 1.65, m; 1.00, 1 1.81, m; 1.38, 1 1.43, m; 0.85, 1
2 1.70, m; 1.84,1 1.89, m; 1.78,1 192, m; 1.76, r 2.82, m; 1.78, 1 1.90, m; 1.71,1 2.41, m; 1.90, 2.36, m; 1.92,1
3 3.19, dd (11.6, 4. 3.64,n 3.66, dd (11.7, 4.! 4.26,n 3.18,n 3.33,dd (11.7,4.. 3.31,brd (9.2
4
5 0.84,n 1.29,n 1.29,n 1.60, n 1.55,n 155, n 0.71, m
6 1.46, m; 1.60, 1 1.54, m; 1.45,1 1.54, m; 1.43,1 1.76, m; 1.40, 1 1.58, m; 1.44,1 1.58, m; 1.44, 1 1.49, m; 1.32,1
7 1.62, m; 1.38,1 1.74, m; 1.32,1 1.75, m; 1.34,1 1.67, m; 1.35, 1 1.74, m; 1.32,1 1.74, m; 1.32, 1 1.51, m; 1.34,1
8
9 1.59, n 1.64,n 1.65,n 1.69, n 1.55, n 1.55,n 1.57,n
1C
11 1.92, m; 1.90, 1 1.96, m; 1.94,1 1.97, m; 1.94,1 1.89, m; 1.88, 1 1.91, m; 1.90, 1 1.81, m; 1.80, 1 1.86, m; 1.85, 1
12 5.36, br 5.38, -like s 5.37, br 5.25, -like < 5.24 t-like < 5.25, ¢
13
14
1t 1.79, d (13.0); 1.38, 1.78, m; 1.38, dd (11.0, 4 1.79, d (13.0); 1.38, 2.24, m; 1.70, 1 1.72, m; 1.24,1 2.27, m; 1.79,1 2.11, m; 1.63,1
1€ 4.70, dd (11.6, 5. 4.69, dd (11.7, 5. 4.73,dd (11.7, 5) 4.64, dd (11.0, 4. 4.16, dd (11.5, 4. 4.78,dd (11.0,4. 4.69,dd (11.0, 4.
17
18 2.59, dd (11.0, 3. 2.65,d (12.¢ 2.56,d (11.C 2.40, dd (8.0, 2.( 2.14,dd (14.0, 4. 2.53,dd (13.9,4. 2.46,dd (13.4, 4.
1¢ 1.19, m; 1.94,1 2.08, t (14.0); 1.07, 1.95, m, 1.15,1 1.84, m; 1.15,1 1.73, m; 1.03,1 1.73, m; 1.03,1 2.29, m; 1.40,1
2C
21 1.83, m; 0.9, 1 1.92, m; 1.60, 1 1.84, m; 1.68,1 1.63, m; 1.30, 1 1.61, m; 1.41,1 1.61, m; 1.41,1 2.03, m; 1.39, 1
22 5.63,dd 12.2, 3.8 5.63, dd (12.3, 3. 5.64, dd (11.9, 3. 2.39, m; 2.04, 1 1.88, m; 1.14,1 1.88, m; 1.14,1 2.56, m; 1.46, 1
23 1.07,: 3.63, m; 3.30, 1 3.63,d (11.7 4.39, m; 3.78, 1.09,: 1.28,: 1.28,:
24 0.86, ! 0.73, 0.73, 1.10,: 0.87,: 1.12¢ 1.05,:
2E 0.99,: 1.02,: 1.02,: 0.94, : 0.99,: 0.85, ¢ 0.88, !
2€ 1.04,: 1.05,: 1.05,: 1.04,: 1.02,: 1.03,: 1.17,:
27 1.31,: 1.35,: 1.33,: 1.38, 1.23,: 1.39,: 1.40,:
28 3.84,d (11.8); 3.58, d 4.44, m; 3.68, d 447, m; 3.72,d
3.79, m; 3.59,1 3.83,d (11.0); 3.61, 11.7 (10.6 0.79, (11.0 1.21,:
2¢ 0.98, 3.23, m; 3.22,1 1.00, ! 0.91,: 0.92,: 3.62,: 3.60,
3C 1.11,: 1.09,: 1.11,: 1.00, ! 0.89,: 1.23,: 1.21,
1
2' 8.04, dd (8.0, 1.1
3 7.46,m
4 6.77,dd (8.1, 1.. 6.68,d (8.4 7.57,n
1] O 1l 7=



5
6
7
g
1
o
3
2
5
6
0
o
3
am
o
6"

7.39, ddd (7.0, 6.5,
1.4

6.64, ddd (7.0, 6.4,
1.3

7.92, dd (8.0, 1.
2.88,

4.44,d (7.

3.28,n

3.57,n

3.62m

3.81,n

458,d (7.
3.44,n
3.37,1(7.9
3.26,n
3.31,n

7.34,ddd (8.6, 7.1, 1.

6.59 ddd (8.4, 7.0, 1.
7.89, dd (8.0, 1.
2.86,

4.46,d (7.

3.24,n

3.37,n

3.48,n

3.73,n

7.46, n

8.04, dd (8.0, 1.

4.46,d (7.
3.24,n
3.37,n
3.48,n
3.73,n

5.21,d (7.1
3.64,n
3.52,n
3.20, n
3.72,n

5.46, d (7.€
352, n
3.34,n
3.21,n
3.25,n

4.54, m; 4.48, 1

4.46,d (7.
3.64,n
3.52,n
3.20,n
3.72,n

4.69,d (7.

3.52,1(8.6

3.34,n

3.21,n

3.25,n

3.84,dd (11.9, 2.2), 3.63,
m

4.99,d (7.5
434,n
422, n
4.10, n
4.40, n

5.44,d (7.2
4.15,1 (8.2
4.20,n
4.01,n
4.05,n

4.50, m; 4.49, 1

5.01,d (7.5
436, n
451, n
429, n
441, n

5.43,d (7.4
449, 1
417, n
4.40,n
3.96, n

4.51, m; 4.50,1

aNMR 50C MHz. ® NMR 600 MHz.c NMR 800 MH:
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Table 21.*C NMR data of compounds-7from G. inodorum

Pos 12 2 3 4 5° 6 7
1 39.8 CH; 39.6 CH; 39.6 CH, 39.1 CH; 39.9 CH; 39.8 CH; 39.1 CH;
2 26.9 CH, 26.3 CH, 26.3 CH, 265, CH, 27.1 CH; 26.9 CH, 26.9 CH,
3 91.0 CH 83.0 CH 82.8 CH 82.3 CH 91.6 CH 89.2 CH 89.3 CH
4 40.2 C 439 C 439 C 439 C 404 C 40.3 C 399 C
5 56.8 CH 47.9 CH 47.9 CH 48.3 CH 56.1 CH 56.2 CH 56.0 CH
6 19.3 CH, 18.8 CH; 18.8 CH; 18.5 CH; 19.3 CH; 19.3 CH; 18.8 CH
7 33.7 CH; 33.2 CH; 33.2 CH, 32.9 CH; 33.2 CH; 33.2 CH; 33.3 CH;
8 41.2 C 412 C 412 C 405 C 412 C 412 C 40.6 C
9 48.1 CH 48.2 CH 48.2 CH 475 CH 48.2 CH 48.2 CH 475 CH
1C 37.7 C 375, C 375 C 369 C 37.7 C 37.7 C 372 C
11 24.7 CH, 24.7 CH, 24.7 CH, 24.2 CH, 24.7 CH; 24.2 CH, 24.2 CH,
12 125.0 CH 124.9 CH 125.1 CH 122.9 CH 123.5 CH 122.9 CH 122.8 CH
13 142.7 C 1428 C 142.7 C 1443 C 1450 C 1445 C 1451, C
14 43.8 C 439 C 440 C 441 C 44.8 C 44.8 C 442 C
15 36.9 CH, 36.9 CH, 36.8 CH, 37.2 CH, 36.4 CH, 36.4 CH, 36.9 CH,
1€ 66.7 CH 66.7 CH 67.2 CH 66.9 CH 66.3 CH 67.2 CH 64.9 CH
17 46.5 C 46.7 C 46.5 C 41.4 C 385 C 385 C 38.8 C
18 44.8 CH 44.2 CH 44.9 CH 44.8 CH 50.7 CH 44.2 CH 49.4 CH
1¢ 47.0 CH, 41.1 CH; 47.0 CH; 47.3 CH; 47.9 CH; 47.9 CH, 42.2 CH
2C 330 C 383 C 329 C 314 C 37.7 C 37.7 C 371 C
21 39.7 CH, 34.5 CH, 39.7 CH, 34.6 CH, 3E.3, CH, 35.3 CH, 29.8 CH,
22 74.4 CH 73.9 CH 75.5 CH 26.4 CH; 31.6 CH 31.6 CH 31.1 CH
23 28.4 CH;, 64.6 CH, 64.6 CH, 64.6 CH, 28.4 CHs 28.5 CH; 28.5 CH;
24 16.9 CH; 13.4 CHs 13.4 CHs 13.8 CHs 16.9 CH; 17.2 CHs 17.5 CHs
2t 16.1 CH; 16.6 CH; 16.6 CH; 16.6 CH; 16.1 CH; 16.0 CH; 16.0 CH;
2€ 17.4 CH; 17.4 CHs 17.4 CHs 17.3 CHs 17.5 CH; 17.1 CHs 17.1 CHs
27 27.9 CH;, 28.0 CHs; 27.8 CH; 27.5 CH; 27.6 CHs 27.5 CH; 27.8 CH;
28 60.9 CH; 60.9 CH, 61.5 CH, 69.2 CH; 22.3, CH; 69.3 CH, 22.9 CH;
2¢ 33.5 CH; 73.7 CH, 33.4 CH; 33.7 CH; 24.4 CHs 74.3 CH, 74.4 CH,
3C 25.5 CH; 21.1 CHs; 25.3 CH; 24.4 CH, 33.8 CH; 20.5 CH; 20.5 CH;
1 169.1 C 169.6 C 132.2 CH
2' 1133 C 1121 C 130.6 CH
3 151.4 CH 151.4 CH 129.5 CH
4 113.1 CH 111.9 CH 134.0 CH
5' 135.6 CH 135.6 CH 129.5 CH
6' 117.0 CH 115.3 CH 130.6 CH
7 133.1 CH 133.0 CH 167.8 C
8' 30.7 CH; 29.7 CHs;
1" 106.6 CH 105.8 CH 105.7 CH 104.3 CH 105.8 CH 105.6 CH 105.7 CH
2" 75.5 CH 75.1 CH 75.2 CH 83.9 CH 80.8 CH 83.5 CH 83.4 CH
3" 86.7 CH 77.8 CH 77.8 CH 73.6 CH 77.9 CH 74.3 CH 76.9 CH
4" 71.8 CH 73.3 CH 73.3 CH 78.5 CH 76.3 CH 78.3 CH 78.3 CH
5" 76.3 CH 76.6 CH 76.6 CH 77.2 CH 76.9 CH 77.7 CH 78.2 CH
6" 172.3 C 173.8 C 173.8 C 174.0 C 173.8 C 1746 C 1745 C
1" 105.2 CH 106.5 CH 104.6 CH 106.6 CH 106.5 CH
2" 74.8 CH 77.3 CH 73.1 CH 73.1 CH 73.¢, CH
3" 77.8 CH 78.3 CH 77.8 CH 77.7 CH 77.6 CH
4" 71.6 CH 71.7 CH 719 CH 719 CH 71.9 CH
5™ 78.2 CH 78.8 CH 78.3 CH 78.7 CH 78.7 CH
6" 62.7 CH, 62.9 CH, 63.1 C 63.0 CH, 63.0 CH,
2NMR 125 MHz.* NMR 150 Mkz. ¢ NMR 200 MH:
3 L, 5 1l =
- ! .
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Table 22.1H NMR data of compoundk0—-14, 17rom G. inodorum(mult.,J in Hz)

Pos 1ce 11° 122 12" 142 172
137,d (5.0) 145,m 139, m 13L,m
L osen 0.87,n 0.88, n 1.3L,m 1415 0.76,n
,  158,d(105) 210, m 218 m 178, m 221, m 201, m
137.d (5.C 1.84.1n 1.88.d (2.2 1521 1.80.n 1.74.n
3 332 335 dd (11.4,3. 337 dd (116, 4. 3631 3.38, br 3.26, dd (11.4, 4.
5 076 0.77.d (7.2 0.79.d (7.2 0.87. d (4.€ 0.78, br 0.70. d (11.€
s 146s 1.50, m 1.51,d (13.0) 1.45. m 1,50, m 142, m
1.29, 1320 1.33 (br € 1.30.n 1.31n 1.24. n
. 223,d(12.4) 1.60, d (9.8) 1.34,m 1.80, m 1,55, m 152, m
1.76,d (8.7 1.36, 1.59.d (2.6 1.58.n 139, n 1.26'm
9 158 d(10: 1,60, d (9.€ 1.60, n 1631 1,59, n 151,n
11 1.76,d 8.7) 1.84, m 1.84, m 1.96, m gs.m 173, m
12 534, 5.37,1(3.8 5.36, d (4.C 5.37,1 (3.9 5.28, br 5.27,d (6.7
15 223.d(12.4) 219, d (12.8) 218, m 1.79.d (12.0) 2.08.m 2.07.d (12.4)
1.76,d (8.7 174, dd (13.1, 4. 1.74,dd (11.3, 4. 1.39.d (5.1 1.62.n 1.64. dd (13.0, 5.
16 5.21.d(11¢ 511.dd (11.2, 4. 511 dd (11.3, 5. 470, dd (11.7, 5. 523.d (107  5.09,dd (115, 5.
18 3.03.d (9.6 3.04.dd (14.7.3. 303 dd (13.9, 5. 261, dd (14.9, 3. 327.d (112  2.87.dd (14.7, 4.5 H
Lo 216.d(142) 210, m 2.10/(1H, br s) 116, m 228, m 201 m
1.87. d (14.2 1.26.n 1.23,n 1.96.n 141, 1.8, m
2.31.d (11.9) 182, m 197, m
21 Se e 1.99, m 2.00, d (10.7) N 6.00,d (108) 50T
22 6.46.d(8.€ 6.36,dd (10.5,5.  6.36, dd (10.5, 5. 5.62, dd (12.2, 3. 518,d (107 6.25 bre
452.d(7.8)
23 098 s 0.99, s 101, s Py 1.00, s 0.89,s
24 129, 1.30,: 131, 1.02.: 1.34, ¢ 1.21, ¢
26 0.79, 0.82. - 0.81 0.72.: 0.82. 0.75.
2 0.4, 0.96 - 0.95 : 1.04 0.93, 1.06. :
27 150, 1.45 147, 133 141 ¢ 1.36. :
,g 4480 (105) 450, d (10.4) 407 s 3.82. d (10.9) 477.d(106) 526, d (10.5)
403 d (10 408, d (102 451, d (10.€ 3.60, d (10.€ 413.d(10€ 480 d (10E
29 413,d(10.1) 1.30, s 1.28,'s 0.98, s 1.34,s 1.09, s
403 d (10 30, 28, 98, 34, 09,
3¢ 129, 1.01, : 1.01, : 111, 114, 0.96, :
4 666.dd(82 41 667.d(8C 6.66. dd (8.0, 5. 6.68. d (8.5 6.60.d (86 659 d(8€
5 7.38.1(7.8 7.39.d (7.2 740, ddd (8.7,7.0,1.  7.35 ddd (8.6,6.7,1.  7.43.t (7.8 7.35.dd (9.2, 6.
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NH-

2Recorded in pyridin— ds at 40( MHz. ® Recorded in methan— d, at 600 MH..

6.66, dd (8.2, 4.
8.46, d (8.2
2.77,d (4.€
5.47,d (7.6
4.03,d (10.
4.20, br

413, d (10.1
4.03,d (10.F
4.48, d (10.5)
4.34, br

8.32, !

6.67,d (8.0
8.47,d (7.C
2.80, d (4.
4.97,d (7.7
4.14,d (7.
432,

4.39,1(9.0)
4.57,1(9.4

3.74,:

5.37, (3.8
4.08,d (10.£
4.24, br
4.24, br
4.02, br
4.54, br s
4.33,:
8.37,q9 (4.€

6.66, dd (8.0, 5.
8.47,dd (8.1, 1.
2.80, :

5.03,d (7.7
4.18,d (8.4
437,d (4.
456, n

4.69,d (9.6
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6.55, t (7.5
7.88, dd (8.0, 1.
2.86,

459, d (7.
3.31,n

3.63,n

3.89, d (10.1
3.59, d (10.F
3.82, d (10.9)
3.60, d (10.

6.66, t (7.6
8.22, d (6.
2,72,

4.13,d (10.f
424, n
4.05,d (9.2
463, n

5.37, br
4.06, br
4.25, br

4.23, br
455, brs
4.33, br
8.12,:

6.63, 1 (8.7
8.17, dd (8.1, 1.
2.87, dd (14.1, 4.
4.88,d (7.

478, q (5.2
4.22,d(8.
431,d (9.1

4.46, d (10.F

3.65, !

5.29,d (7.€

3.98, br

417, br

4.15,d (9.2

3.96, br

4.45, brs

4,24,

7.90,dd (11.5, 5.



Table 23.*C NMR data of compounds)-14, 17 rom G. inodorum

Pos 10° 11° 12° 13° 14° 17@

1 39.2 CH; 39.1 CH; 39.2 CH; 39.6 CH; 39.2 CH; 39.1, CH;
2 33.5 CH; 27.0 CH; 27.0 CH; 25.6 CH; 27.0 CH; 27.0, CH;
3 89.4 CH 89.7 CH 89.7 CH 82.7 CH 89.5 CH 89.7, CH
4 46.3 C 46.7 C 46.7 C 439 C 40.0 C 39.9,C

5 56.0, CH 56.0 CH 56.0 CH 56.9 CH 56.0 CH 56.0 CH
6 18.9, CH; 18.8 CH: 19.7 CH; 18.8 CH; 18.8 CH; 18.8 CH;
7 37.5 CH; 33.3 CH; 33.3 CH; 33.2 CH; 33.3 CH; 332 C
8 40.7 C 40.7 C 40.7 C 412 C 40.7 C 40.8 C

9 475 CH 475 CH 47.5 CH 47.0 CH 475 CH 475 CH
10 378 C 376 C 376 C 375 C 372 C 371 C
11 24.2 CH; 24.3 CH; 24.5 CH; 24.7 CH; 24.3 CH; 24.3 CH;
12 123.5 CH 1245 CH 1245 CH 124.9 CH 123.1 CH 123.4 CH
13 143.0 C=C 143.0 C=C 143.0 C=C 142.8 C=C 1428 C 142.5 C=C
14 43.7 C 435 C 435 C 439 C 430 C 430 C
15 37.2 CH; 37.2 CH; 37.2 CH; 37.0 CH; 36.7 CH; 36.6 CH;
16 66.5 CH 66.0 CH 66.0 CH 66.7 CH 68.5 CH 66.7 CH
17 40.0 C 40.0 C 40.0 C 465, C 406 C 40.0 C
18 44.2 CH 445 CH 44.5 CH 44.8 CH 42.5 CH 445 CH
19 41.7 CH;, 46.4 CH; 46.4 CH; 48.2 CH; 46.8 CH;, 449 CH,
20 378 C 328 C 328 C 33.0C 372 C 326 C
21 35.6 CH; 39.8 CH; 39.8 CH; 44.9 CH; 80.1 CH 46.5 CH;
22 73.6 CH 74.1 CH 74.1 CH 74.2 CH 71.7 CH 74.6 CH
23 17.5 CHs 17.4 CHs 17.4 CHs 64.7 CH; 17.4 CHs 17.3 CHs
24 28.5 CHs 28.0 CHs 28.0 CHs 13.4 CHs 28.5 CHs 28.1 CHs
25 16.1 CHs 16.1 CHs 16.1 CHs 16.6 CHs 16.1 CHs 16.0 CHs
26 17.5 CHs 17.4 CHs 17.4 CHs 17.4 CHs 17.4 CHs 17.6 CHs
27 27.8 CHs 28.5 CHs 28.5 CHs 28.4 CHs 27.9 CHs 28.5 CHs
28 61.3 CH; 60.3 CH; 60.3 CH; 61.0 CH; 58.6 CH; 62.9 CH;
29 67.7 CH; 26.0 CHs 26.0 CHs 33.5 CHs 20.1 CHs 25.3 CHs
3C 28.8 CHs 33.7 CHs 33.7 CHs 26.3 CHs 30.1 CHs 33.8 CHs
1 168.9 COC- 168.9 COC- 168.9 COC- 169.6 COC- 169.5 COC- 169.4 COC-
2 1125 C 1126 C 1126 C 1119 C 1118 C 1111 C
3 152.4 C-NH 152.3 C-NH 152.3 C-NH 153.0 C-NH 153.0 C-NH 153.0 C-NH
4 1119 CH 111.8 CH 1119 CH 112.1 CH 1116 CH 1119 CH
5' 1352 C 135.1 CH 135.1 CH 135.6 CH 135.2 CH 1355 CH
6' 115.2 CH 115.1 CH 1151 CH 1153 CH 115.1 CH 115.2 CH
7 133.1 CH 133.4 CH 133.4 CH 133.0 CH 1324, CH 131.8 CH
8 30.0 CHs 30.1 CHs 30.1 CHs 29.7 CHs 29.9 CHs 29.8 CHs
1" 106.4 CH 107.2 CH 107.2 CH 105.1 CH 106.4 CH 107.2 CH
2" 76.1 CH 74.6 CH 74.7, CH 75.4 CH 74.8 CH 70.2 CH
3" 78.7 CH 87.8 CH 87.8 CH 77.8 CH 89.4 CH 87.8 CH
4" 74.8 CH 719 CH 719 CH 71.5 CH 78.6 CH 719 CH
5" 79.2 CH 77.1 CH 77.2 CH 78.3 CH 72.0 77.0 CH
6" 62.9 CH 170.7 COC- 170.7 COC- 62.6 CH; - COC- 170.7 COC-
7 52.6 -OCH; 52.6 OCH;
1" 106.4 CH 106.4 CH 106.4 CH
2" 76.1 CH 76.0 CH 76.1 CH
3" 78.7 CH 78.7 CH 78.7 CH
4" 72.1 CH 79.2 C 72.1,CH
5" 79.2 CH 72.0 CH 79.2,CH
6" 62.9 CH; 62.9 CH, 62.9, CH;

2Recorded in pyridin— ds at 100 MHz® Recorded in methan— d, at 150 MHz
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5.4.LC-MS/MS-based molecular networking

HRESI-MS/MS data were acquired from a Waters AgquiPLC system
(Waters Co.) equipped with a Waters Xevo G2 QTO#&ssnspectrometer (
Waters Co., Manchester, UK) and electrospray ionima(ieSl) interface, ope
rating in positive-ion mode. A Waters Acquity UPLCEB C;s (150 mm X
2.1 mm, 1.7um) was used with a MeCN/ gradient system (10:90 to 90
:10) for 14 min. The flow rate was setat 300/min, and the injection volu
me was 2.0uL. The temperatures of the autosampler and colunen overe
maintained at 15 and 40 °C, respectively. Sourcampeters were set as fo
llows: a capillary voltage of 2.5 kV, cone voltage 48 V, source temperatu
re of 120 °C, desolvation gas temperature of 350 ¢@he gas flow of 50
L/h, and desolvation gas flow of 800 L/h. The acdigri rate was 0.2 s. D
ata were centroided during acquisition using arefreshdent reference lock-m
ass ion via the LockSpray interface to ensure aoguland precision. Peak
picking, chromatogram deconvolution, and other datacessing of MS/MS d
ata were performed by MZmine2 software v32 (Pluskialal., 2010).Eventu
ally, the .mgf preclustered spectral data file arsddbrresponding .csv metad
ata file (for RT, areas, and formula integration) evexxported using the ded
icated “Export for GNPS” and “Export to CSV file"ulit-in options. A mol
ecular network was created using the online wovkflat GNPS (http://gnps.
ucsd.edi The spectra in the network were then searcheithstg&NPS spe
ctral libraries. All matches kept between networledm and library spectra
were required to have a score above 0.65 and at #eanatched peaks. Th
e molecular networking data were analyzed and lrimadh using Cytoscape (
ver. 3.6.0) (Shannon, 2003). All of the results ardameters can be access
ed with the GNPS job id for molecular networkingatigre-based analysis at
https://gnps.ucsd.edu/ProteoSAFe/status.jsp?tasksdpa 2476435cad4a0c803a7d
acdod

5.5. Acid Hydrolysis

Compoundsl0-17(2.0 mg) was hydrolyzed with 2 mL of 1 N HCI®fethylene
oxide, 1:1) at 100 °C for 4 h. The solution was tdgad and suspended in® and
partitioned with EtOAc. The EtOAc layers were cortcated and thejrqsidualzﬂ _
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layer was dissolved in pyridine (1.0 mL), and 1.5 ofid--cysteine methyl ester
hydrochloride was added. The mixture was kept foa 60 °C, and then added 0.2
mL of trimethylsilylimidazole. After incubation fd@ h more at 60 °C, the mixture
was dried and partitioned betwees(H2.0 mL) andh-hexane (2.0 mL, x 3 times).
The concentrated-hexane layers were analyzed further by UPLC (YM&tiCis,

4 x 250 mm i.d.) under condition as follows: 27% Me&BpD (0.1 % FA) in 60 min
at flowrate of 0.6 mL/min. The sugar derivatives saduhe retention times at 23.84
and 23.44 min and were identical to the trimethylsilcysteine derivatives of

authentic D-glucuronic acid and D-glucose, respebtiv

5.6. Cell Viability Assay

C2C12 myaoblast cells were cultured and seeded mwelbplates at 3000 cells/well
in Dulbecco’s modified Eagle medium (DMEM) supplertedd with 10% fetal
bovine serum (FBS). After 24 h of incubation, thegdsompound was dissolved in
DMSO and treated for 24 h. Cell viability was analyzby (3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-Bi-tetrazolium bromide (MTT) (Sigma, MO, USA). Then,
20 uL of the MTT solution (2 mg/mL) was added to thella:eThe plates were
incubated at 37 °C in the dark for the MTT reactidfter 2 h of incubation, the
supernatant was removed. The formazan crystalsdiggelved in 10@L of DMSO.
The absorbance was obtained at 570 nm using a phateoreader (VersaMaxTM,
Randor, PA, USA).

5.7.Differentiation of 3T3-L1 Adipocytes

3T3-L1 preadipocyte cells were maintained with DMEMdium (Hyclone, Logan,
UT, USA) with 10% calf serum, 100 U/mL penicillin, ah@0 mg/mL streptomycin
(Hyclone) in 5% CQat 37 °C. After 2 days of incubation, the growth oedwas
changed to DMEM medium with 10% fetal bovine ser@RBS) (Hyclone)
containing 1uM of dexamethasone (Sigma-Aldrich), 0.52 mM 3-isobdty
methylxanthine (Sigma-Aldrich), andi@/mL insulin (Roche, Germany). After 48
h, the cells were maintained in DMEM medium with 1B%&S, 1ug/mL insulin, 100
U/mL penicillin, and 100 mg/mL streptomycin for 2yda The medium was
exchanged to DMEM supplemented with 10% FBS mediuary 2 days until the

induction of adipogenesis.
3]
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5.8. Glucose Uptake Assay

A glucose uptake assay was performed with a fleemtsderivative of glucose, 2-
NBDG (Invitrogen, Carlsbad, CA, USA). The 3T3-L1 cellsre seeded onto a 96-
well plate. After the cells were induced to undedifterentiation, the medium was
replaced with a glucose-free medium with insuli@QhM) and test compounds (20
uM) with 50 uM 2-NBDG for 1 h. Then, the cells were washed twoeSnusing
phosphate-buffered saline (PBS). Cell lysis wasgperéd by treating 7oL of 1%
Triton X-100 (Nacalai Tesque, Kyoto, Japan) in PB8 Arl M K3PO4 (Junsei
Chemical, Tokyo, Japan) for 10 min. The fluorescengeas was measured on a
plate reader (VICTOR X3, PerkinElmer, Waltham, MA, USA%&0 nm excitation
and 535 nm emission.

5.9. Statistical Analysis

All data were calculated as the means + SD of timdependent experiments. The
significant differences between groups were deteethiusing one-way analysis of
variance (ANOVA). Statistical significance was detared afp < 0.05,"p < 0.01,
and™ p < 0.001.
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