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Abstract

In this research, the apical buds or exudate collected from the apical buds of 3 species
of Thai Gardenia including G. obtusifolia, G. thailandica and G. collinsae were chosen for
isolation, purification and characterization of their triterpene constituents. The chromatographic
separation of apical buds of G. obtusifolia led to the isolation of three new cycloartane
triterpenes, namely gardenoins E-H (41-44), together with five known compounds, secaubryenol
(27), dikamakiartanes A, C and D (45-47), and 5a-cycloart-24-ene-3,16,23-trione (48). The
similar treatment with G. thailandica yielded two additional new cycloartanes, namely
gardenoins | and J (49-50), along with two known derivatives, sootepin E (34) L&z coronaloic
acid (51), other than secaubryenol (27). Unlike other species, the isolation of G. collinsae apical
buds provided two new dammarane triterpenes, (20R,24R)-epoxy-3-oxo-dammarane-25&,26-
diol (52) and (20R,24S)-epoxy-3-oxo-dammarane-25&,26-diol (53), as well as one known
compound (20R,24R)-ocotillone (54). All isolated compounds were evaluated for their
cytotoxicity toward five cancer cell lines. Generally, 3,4-seco-cycloartane type triterpenes with
exomethylene )-lactone moiety displayed broad cytotoxicity on all cell lines tested. Chemical
modification of C-1 and C-26 position of this type compound was further carried out. However,
all semi-synthetic ester and amide analogs did not give any improved result, but they gave the
better selectivity. In addition, some naturally occurring 3,4-seco-cycloartane triterpenes and
semi-synthetic analogs were tested for their antiangiogenic activity on a rat aortic sprouting
assay, an ex vivo model angiogenesis. Among these compounds, a naturally occurring 3,4-
seco-cycloartane triterpene, sootepin B (31) obtained from G. sootepensis, displayed the most
potent activity in terms of the inhibition of microvessel sprouting from rat aortic rings in a dose-
dependent manner with 1C5, value of 4.46 uM and the complete inhibition was observed at a
dose of 20 uM. Its angiogenic effect was found to occur via suppression of endothelial cell
(HUVEC) proliferation and tube formation, and was likely mediated by regulation (inhibition) of

the Erk1/2 signaling pathway.

Keywords : Gardenia, cycloartane triterpene, cytotoxicity, antiangiogenesis
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1R=H, 3 4 R'=R*=H,R?=R*=0H

ZR=0 5 R'=H,R2=R*=OH, R®= OMe

6R'=0Me, R?=R*=0H,R®=H
7R'=R%=0Me, R®=H, R* = OH
8R'=R?=R*=0Me, R®*= OH
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sialn wazthamswatuneseuanuiduiudaimasuziSsuazantan HIV

Rz

9 R1 = CH3, R2 = CH3
10 Ry = CHz, R, = CHO
11 Ry = H, R, = CHO

OH O

13 R'=R°=H, R?=R*= OMe, R®=R® = OH
14 R'=R%?=R*=R®= OMe, R® =R%=0OH

15 R'=0Me, R2=R*=0H,R®*=R?=RO=H
16 R'=R*=R%=0Me, R?=R®*=0H, R =H
17 R'=R®=H, R?=R*=R® = OMe, R®= OH
18 R'=R2=R*=R%*=0Me, R®*=0OH, R%=H
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19 R' = OH, R? = CH3 HOC 21R=0 23R'=R?=OMe

20 R" = H, R? = COOH 22R=H, 24R'= OH, R? = OMe
25R'=0OMe, R?=H
26 R'=0H,R?=H
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30 R; = CHy, Ry = CH,0H 27 Ry=H, Ry=CHj R3=OH 38 Ry=H, R,=H
31 Ry=H, R;=CHj, 32 R; = CHg, Ry = CHs, Ry=OH 39 Ry=CHs Ry =H
35 R; = CHs, Ry = CHj 33 Ry = CHs, Ry = CHO, Ry = OH 40 Ry =CHs, Ry = OH
36 Ry=H, R,=CHO 34 Ry=H, R;=CHz Ry=H

37 Ry = CHj3, Ry = CHO
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1.1 NMTENAULNAIIINAINLDAVDY G. obtusifolia

laviausanaa (fresh apical bud) Y84 G. obtusifolia 400 N3 ARNAAILLNTIUER (2

2
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80T X 2, ASIAT 2 TW) UAITHIMEITNATANE0N NNWINEIURHAT I ATz I3
(300 fadaas) futaTauafinn (300 285803 x 3) ldsuanane1y EtOAC 80 n3u @9ldinany
mMIusnmsunaTaaanilasi nnd (@Fanaa) lauld hexane-EtOAC waz EtOAc-MeOH WuU
wnseeuiidualre waz¥inn1ssiw fraction I@Umé’ymigaaﬁﬂi:ﬂauﬁﬂé’wﬁ'u@i”aﬂmﬂﬁﬂ thin-
layer chromatography (TLC) vl,é"‘(i‘i%ll@ 13 &% (1-13)

ihdmd 5 svhmsnendedsmnainaesuilasanlnnail @an1a8) wazlt acetone-
hexane ludamaiuasud 1:9 89 1:4 udse "L@Tmm’%qﬂ%{ 4 hafa 13 8 (53.9 FaanIw),
a3 1 (17.4 §88n30), 813 2 (37.8 Daan3V) Uazas 4 (10.5 Daan3u) uaziilovnsnd 6 wvh
msusndademaiindniulasls acetone-hexane lusamaiuaoud 1:9 89 3.7 uease 1o
8§17 9 (22.6 AaANIN)

a9 avnsugndemedinaasuilasinlnnn? (Gan1es) wazld acetone-
hexane Mudasndiuaous 1:4 A9 1:1 1Wudame Iddndosrianun 14 2 (9.1-9.14) Wazwu
gaudaufl 8 uaz 14 Lflumsu%qﬂ%rﬁa §135 7 (10 088n5) uazans 6 (55 Hadn3y) antwldiin
saugond 9.11 mﬁﬂﬁu’%qw%ﬁﬂLﬂﬂﬁnLamﬁ'uIQUW MeOH-CH,Cl, (1:99) 1Judawe laans 3
(70 FaanTW)
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(fresh apical buds)

G. obtusi olia
‘ 400 g

- extracted with MeOll
- partitioned between ErOAc and HoO

EtOAc crude extract

(80 g)
lash column chromatography (CC)
hexane-EtOAc (1:0to 0:1)
EtOAe-MeOH (9.5:0.5 to 7:3)
fracion | 2 3 4 (5 (6 7 8 9 10 (1l 12 13
| cC cC
- acetone-hexane : P
c R MeOR CHC
acetone-hexane (3:97 to 8:92)
(1910 1:4) 27 45
‘ ‘ ‘ (22.6 mg) (748.5 mg)
48 41 42 44

(53.9mg) (17.4mg) (37.8 mg) (10.5 mg)

0

1 2 3 4 5 47 9 10 (11 12 130 46
(10.0 mg) (55.0 mg)
[
MeOH-CHACl4
(1:99)
(70.0 mg)

dl o 1 . .
LAWAINN 1 LFAINIIRNALYNRITINNRINL DAV G. obtusifolia

1.2 MIENAULNFITINNLITWVAY G. thailandica

I13%% (exudate) Alfivanadiusanuas G. thailandica 10 n3u wazansludarinazans
nauzniwsmeanvlansslsimulusandin 11 (20 Jadans) aniuansazansdilaanyi
msusnaanduding momainaeanilasinlnan® @anwaa) lasld acetone-hexane lu
Sasndinaoud 1:4 89 1:0 1Hueawe uasyinsTn fraction IG]Uﬂﬂﬁﬂﬂ’li(ﬂﬁ]dﬁﬂi:ﬂauﬁﬂﬁ’mﬁu
femadin TLC levianua 11 & (1-11)

ihdmdl 3 wvhmauendedoimainaasuilesanlnnn® (@anas) uazld acetone-
hexane Tusamaiuasus 1:4 udame "loﬁ’aﬁiu%qﬂ'§1 ghada #1310 (53.0 Dasn3) uaztiiown

w6 AviNsuandamsmainiauInwlayl Tz uLAITLUULALIN WA acetone-hexane b
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qumafindeinulasld acetone-hexane ludasnaiuasud 1:9 89 3:7 Huarve 1dz15 10 (22.6
JaanIw)

s 6 uinmsusndasiamefinaesuiilasuilnnil @an138) wazld acetone-
hexane lusamaiussud 1:2 udve Vlﬁmsu‘%q‘ﬂ%{ 2 shefas1y 9 (255.6 [AANIW)
udeatufinulusiueaauas G. obtusifolia uazas 13 (29.2 Fadn3y)

Gatdmfi 7 svimsusndediamefinaesuiilasunlnnail @anaa)  wasld
acetone-hexane Tusanadmwasud 1:3 1udse "l@?m‘m’%qﬂ%{ﬁﬂ%ﬁwﬁ@ﬁams 11 (10.0
aanIw)

o A £ ' ; ; (% [ d
MIANAKENANIUIFNTNEIULATBY G. thailandica Vlmaﬁ;ﬂvlmal,l,aﬂﬂul,mﬂﬁwﬁ 2

. thailandica
{exudate)

10 g

- dissolved in MeOH:CH2Cla (1217

- column chromatography (CC)
acetone-hexane (1:4 o 1:0)

fraction | 2 3 4 3 6 7 8 cc 9 10 11
CC CiC acetone-hexane
acetone-hexane acetone-hexane (1:3)
i1:4) i1:4)
34 49 CC
[53]’_‘] I]‘lg} [i}.ﬂ I]'lg) acetone-hexane
(1:2)
50
‘ (10.0 mg)
27 51
(255.6 mg) (29.2 mg)

LABATNN 2 LEAINIIRNALSNENTINNLITY (exudate) INFINYDAVDY G. thailandica

1.3 NMIENAULNAIIINAINLDAVDI G. collinsae

INFIULAARA (fresh apical bud) ¥8d G. collinsae 53 N3 ARNAAILLUTIBER (500
183507 x 2, A3982 1 M) LRITTREGIINazagaan nniwhdnanafldunm fituszniiei
(200 H8a5A3) AULETaLTINT (200 Haaas x 3) lddnananeny EtOAC 11 nsu S9ldvianth
mMIusnmsnaavitlasinnn® (@Eanea) lauld hexane-EtOAc wuuLnS@aUiduaITe LAz



ANNN93IN  fraction I@ﬂaﬂﬁ'ﬂﬂ’li@adﬁﬂizﬂauﬁﬂﬁ’lElﬁ'uﬁ’mmﬂﬁﬂ thin-layer chromatography
(TLC) 'leisnaa 25 &% (1-25)

Wdmd 10 waz 11 Imuiwiiesnniosdlsznaunanindantu ansuwinanankan
MUMITNAZANENFNTEWING acetone NU hexane WaaTdw 1:4 laan3basnasAudszian
dammarane u‘%qﬂn%( 1 gfiafa &3 16 (950 HadnIN) uazdIui 21 wuhimianaznansanan
Huvesudedunn Sadarhnmsnsasuazanadodrazae '1@Tmm’%qw‘§ﬂizmmﬁmﬁ'u?m%ﬁa
siafaas 14 (35.2 Nadniv)

ihdmdl 22 invnsugndadomedinaasuilasutlnnd (@AmMaa) wazlt acetone-
hexane lusaanasud 1:3 uize ldaslasinesAulszian dammarane u’%qﬂ’ﬁf 1 safa
817 15 (8.0 AadnIW)

o a £ ' . (Y v o {
MIANAKENANILIFNTINEINLATBY G. collinsae Vl,mgﬂvbml,l,a@ﬂuu,wumwﬁ 3

. conllinsae
(fresh apical buds)
g

- extracted with MeOH
- partitioned between Et0OAc and Hz0

EtOQOAc crude extract
(11 g)

column chromatography (CC)
hexane-EtCrAc (1:5 to 0:1)

| IRRSRARERAD N

fraction | 2 3 4 5 6 7 8 9010 11121314 151617 1819 20 (21 (22 23 24 25

- pooled together - precipitaiton
- recrysallized with = filtration
acetone-hexanes (1:4)
54 52
(950 mg) (35.2 mg)

I 2 34 5 6 7T & 9

[
acetone-hexane
(1:3)

53
(8.0 mg)

LABATNN 3 LFAINIIRNALSNENITIMNEIBLAAVY G. collinsae



A 2: N1IHILATIZADRNUEVDIFTS 3.4-seco-lalaaasinuiuanle
2.1 Uf)3ea1v09 3,4-seco-lnlaaarsinuwnuiiailalndursnite

2.1.1 1§ji381va9 tubiferolide methyl ester (35) nuasilsznaudaiasuazuaiin
AzA1Y tubiferolide methyl ester (35) 20.0 mg, 0.04 mmol) uazauwusdaiWainTauaiin (2-
mercaptoethanol %30 morpholine, 0.04 mmol) lutanuea (0.5 mL) uar CH,Cl, (2.0 mL)

a v

& { < o o ) a Y a 1
"ﬂ’]ﬂuuﬂuﬁqm%ﬂ“u%aﬁ 24 °IT’JI§J\3 FCLRUAINIRCRIU BN LLa'Ju’]ll']')Lﬂi’]zﬁ@'gﬂL‘ﬂﬂuﬂ H NMR

2.2 N3FIATRBUNKS 3,4-seco-lnlaaasinuens 9

2.2.1 msﬁamﬁzﬁa%ﬁuﬁ‘néuﬁ 1 289 coronalolide (11)

WRY coronalolide (11) (50 mg, 0.10 mmol), LaANDTOANRIBLENY (0.16 mmol), DCC
(25.0 mg, 0.12 mmol), HOBt (17.0 mg, 0.13 mmol) L&z triethylamine (100 pL, 0.60 mmol) a9lu
CH,Cl, (3.0 mL) mnﬁf’muﬁqm%gﬁﬁauﬂumm 1 &% L@n CH,CN tiuadluazlaaznauan
2any1 NIBIRTNanBaNLIEIMlRINITTIREAYNAzALBEN ﬁﬁﬁ?%ﬁiﬁ%ﬁﬁﬁlﬁﬂ%qﬂ%{ﬁ’mL‘Ylﬂ
finaasuilasunlnnAdafaneadsmeiodrasaunauTeninseTaLeSnmiuLanamL
NIz IS0 INUALLENLTYH

a‘vyﬁuﬁd 56 : §ILATIZRAN coronalolide N phenol ¢ 30.3 mg; 54% yield; 1H NMR

(400 MHz, CDCly); 5H 942 (s, 1H), 7.41 (t, J = 7.7 Hz, 2H), 7.28 (m, 1H), 7.92 (d, J = 7.7, 2H),
6.51 (t, J = 7.2, 1H), 6.38 (br s, 1H), 5.81 (br s, 1H), 4.80 (dd, J = 14.4, 7.4 Hz, 1H), 3.33 (d, J
= 8.2, 1H), 2.84-1.90 (m, 11H), 1.86-1.20 (m, 15H), 0.97 (m, 9H), 0.49 (d, J = 5.2 Hz, 1H), 0.27
(d, J = 5.2 Hz, 1H); C NMR (100 MHz, CDCl,); 50 195.3, 171.5, 170.6, 155.2, 150.5,
139.2X2, 129.5X2, 126.0, 123.2, 121.4X2, 74.4, 51.4, 48.6, 45.7, 39.1, 38.3, 36.0, 34.8, 34.7,
33.0, 31.6, 30.9, 28.2, 27.8, 27.2, 26.6, 26.0, 25.2, 24.9, 23.4, 20.1, 18.2, 9.1; HRESIMS m/z
[M+Na]+ calcd for C35H,605Na, 581.3243, found 581.3234

a%ﬁ%ﬁg 59 : §9LAT1ZARIN coronalolide AU L-phenylalanine methyl ester & 14.0 mg;

21% vyield; 'H NMR (400 MHz, CDCL); &, 9.39 (s, 1H), 7.27 (m, 3H), 7.07 (d, J = 7.2 Hz, 2H),
6.49 (t, J = 7.1 Hz, 1H), 5.92 (d, J = 7.4 Hz, 1H), 5.73 (br s, 1H), 4.88 (dd, J = 13.2, 6.0 Hz,
1H), 4.71 (dd, J = 14.3, 7.3 Hz, 1H), 3.74 (s, 3H), 3.22 (m, 1H), 2.42-1.80 (m, 10H), 1.78-1.20
(m, 16H), 0.92 (m, 9H), 0.40 (d, J = 5.0 Hz, 1H), 0.16 (d, J = 5.0 Hz, 1H); "C NMR (100 MHz,
CDCly) O, 195.4, 172.2, 171.7, 170.8, 155.3, 139.2, 139.1, 135.8, 129.2X2, 128.6X2, 127.2,
123.3, 74.5, 53.0, 52.5, 51.4, 48.6, 45.8, 39.0, 38.3, 37.8, 36.0, 34.8, 34.7, 33.9, 33.0, 31.3,
28.4, 27.8, 27.3, 26.6, 26.0, 25.1, 23.4, 20.1, 18.3, 16.0, 9.2; HRESIMS m/z [M+Na] calcd for
CaoHssNOgNa, 666.3771, found 666.3811



auW®s 60 : §ILATIZWAN coronalolide MU benzylamine 'le 12.2 mg; 22% yield; "H
NMR (400 MHz, CDCly) O, 9.39 (s, 1H), 7.29 (m, 5H) 6.49 (t, J = 7.0 Hz, 1H), 6.33 (s, 1H),
5.86 (s, 1H), 5.78 (s, 1H), 4.71 (dd, J = 14.6, 7.8 Hz, 1H), 4.44 (m, 2H), 2.44-1.26 (m, 24H),
3.26 (d, J = 8.2 Hz, 1H), 0.94-0.90 (m, 9H), 0.41 (d, J = 5.0 Hz, 1H), 0.19 (d, J = 5.0 Hz, 1H);
"C NMR (100 MHz, CDCly) &, 195.4, 171.9, 170.8, 155.3, 139.2X2, 138.1, 128.8X2, 128.0X2,
127.7, 123.3, 74.5, 51.4, 48.7, 45.8, 43.8, 39.2, 38.4, 36.0, 34.8, 34.8, 33.6, 33.0, 31.6, 28.5,
27.8, 27.3, 26,6, 26.0, 25.1, 23.3, 20.2, 18.3, 16.0, 9.2; HRESIMS m/z [M+H] calcd for
Cs7HsoNO,, 572.3740, found 572.3755

auN®s 61 : FIATIMHIIN coronalolide MU decylamine I 10.0 mg, 16% yield; "H NMR
(400 MHz, CDCLy); O, 9.39 (s, 1 H), 6.48 (t, J = 7.2 Hz, 1H), 6.33 (s, 1H), 5.78 (s, 1H), 5.48
(m, 1H), 4.73 (q, J=7.4, 7.6 Hz, 1H), 3.24 (m, 3H), 2.41-1.25 (m, 40H) 0.94-0.86 (m, 12H),
0.41 (d, J = 5.1 Hz, 1H), 0.19 (d, J = 5.1 Hz, 1H); "C NMR (100 MHz, CDCl;) O, 195.4, 172.0,
170.8, 155.2, 139.3, 139.2, 123.3, 74.6, 51.5, 48.7, 45.8, 39.7, 39.2, 38.4, 36.1, 34.8, 34.8,
33.7, 33.0, 31.9, 31.6, 29.6, 29.5X2, 29.3X2, 28.5, 27.8, 27.4, 26.9, 26.6, 26.0, 25.2, 23.4,
22.7, 20.2, 18.3, 16.0, 14.1, 9.2; HRESIMS m/z [M+H]+ calcd for C,yHgsNO,, 622.4835, found
622.4812

a%ﬁuﬁg 62 : §9LATIZHIN coronalolide AU heptylamine & 11.0 mg, 19% vyield; 1H
NMR (400 MHz, CDCly); O, 9.40 (s, 1 H), 6.49 (t, J = 6.5 Hz, 1H), 6.34 (s, 1H), 5.79 (s, 1H),
5.45 (m, 1H), 4.74 (q, J = 6.5, 6.4 Hz, 1H), 3.25 (m, 3H), 2.41-1.30 (m, 34H), 0.95-0.88 (m,
12H), 0.42 (d, J = 4.0 Hz, 1H), 0.20 (d, J = 4.0 Hz, 1H); "C NMR (100 MHz, CDCL,); O, 195.3,
172.0, 170.8, 155.2, 139.3, 139.2, 123.3, 74.6, 51.5, 48.8, 45.8, 39.8, 39.3, 38.4, 36.1, 3495,
34.8, 33.7, 33.1, 31.7, 31.6, 29.7, 28.9, 28.5, 27.8, 27.4, 26.9, 26.6, 26.1, 25.2, 23.4, 22.6,
20.2, 18.3, 16.1, 14.1, 9.2; HRESIMS m/z [M+H] calcd for CsHsNO,, 580.4366, found
580.4298

auNKs 63 : J9AI1LHIMN coronalolide AU n-butylamine lei 10.0 mg, 19% yield; "H
NMR (400 MHz, CDCl,); 5H 9.40 (s, 1H), 6.49 (t, J = 6.9 Hz, 1H), 6.33 (br s, 1H), 5.79 (br s,
1H), 4.74 (m, 1H), 3.26 (m, 3H), 2.47-1.67 (m, 14H), 1.66-1.16 (m, 17H), 0.97-0.89 (m, 9H),
0.41 (d, J = 3.6 Hz, 1H), 0.19 (d, J = 3.6 Hz, 1H); "C NMR (100 MHz, CDCly) &, 195.3, 172.0,
170.8, 155.2, 139.3, 139.2, 123.3, 74.6, 51.5, 48.7, 45.8, 39.4, 39.3, 38.4, 36.1, 34.9, 34.8,
33.7, 33.0, 31.7, 31.6, 28.5, 27.8, 27.4, 26.6, 26.1, 25.2, 23.4, 20.2, 20.1, 18.3, 16.0, 13.7, 9.2 ;
HRESIMS m/z [M+H]  calcd for C4Hs,NO,, 538.3896, found 538.3844

- Qs Qs U 1
a‘vgwuﬁg 64 : RILATIZHIN coronalolide AU sec-butylamine & 12.0 mg, 22% yield; H

NMR (400 MHz, CDCly); O, 9.39 (s, 1H), 6.48 (t, J = 6.8 Hz, 1H), 6.33 (br s, 1H), 5.78 (br s,



1H), 5.52 (m, 1H), 4.73 (dd, J = 14.6, 7.8 Hz, 1H), 3.27 (d, J = 7.8 Hz, 1H), 3.07 (t, J = 6.0 Hz,
2H), 2.39-1.44 (m, 25 H), 0.92 (m, 15H), 0.48 (d, J = 5.4 Hz, 1H), 0.18 (d, J = 5.4 Hz, 1H); " C
NMR (100 MHz, CDCl;) O, ; 195.4, 172.1, 170.8, 155.3, 139.3, 139.2, 123.3, 74.6, 51.5, 48.7,
47.0, 45.8, 39.2, 38.4, 36.1, 34.8, 34.8, 33.7, 33.0, 31.7, 29.7, 28.5, 27.8, 27.3, 26.6, 26.1,
252, 23.4, 20.2, 20.2, 20.1, 18.3, 16.0, 9.2; HRESIMS m/z [M+H] calcd for Ca4HsNO,,
538.3896, found 538.3842

a%ﬁ%ﬁ( 65 : §3LAT1ZHAN coronalolide U tert-butylamine 'lef 14.0 mg, 16% yield: H

NMR (400 MHz, CDCl,); O, 9.40 (s, 1H), 6.49 (t, J = 7.4 Hz, 1H), 6.34 (br s, 1H), 5.80 (br s,
1H), 5.30 (br s, 1H), 5.26 (br s, 1H), 4.74 (dd, J = 14.7, 7.6 Hz, 1H), 3.27 (d, J = 9.0 Hz, 1H),
2.41 (m, 1H), 2.35-1.87 (m, 7 H), 1.82-1.45 (m, 12H), 1.41-1.18 (m, 12 H), 0.94 (m, 9H), 0.41
(d, J = 5.1 Hz, 1H), 0.19 (d, J = 5.1 Hz, 1H); 'C NMR (100 MHz, CDCL); &, 195.3, 171.4,
170.8, 155.2, 139.24, 139.20, 123.3, 74.5, 51.5, 51.4, 48.7, 45.8, 39.3, 38.4, 36.1, 34.9, 34.8,
345, 33.0, 31.7, 29.7, 28.8X3, 28.6, 27.8, 27.4, 26.6, 25.2, 23.4, 20.2, 18.3, 16.0, 9.2;
HRESIMS m/z [M+H]  calcd for C4qHs,NO,, 538.3896, found 538.3850

auN®s 70 : §1ATIzWAN coronalolide T pyrrolidine 16 12.3 mg, 23% yield; "H NMR

(400 MHz, CDCly); O, 9.38 (s, 1H), 6.48 (t, J = 7.2 Hz, 1H), 6.31 (s, 1H), 5.79 (s, 1H), 4.75
(dd, J = 125, 6.3 Hz, 1H), 3.45 (s, 4H), 3.30 (d, J = 7.7 Hz, 1H), 2.47-1.19 (m, 28H), 0.94 (m,
9H), 0.39 (d, J = 5.0 Hz, 1H), 0.20 (d, J = 5.0 Hz, TH); 'C NMR (100 MHz, CDCly) O, 195.4,
171.1, 170.9, 155.3, 139.3, 139.2, 123.2, 74.6, 51.5, 48.7, 46.8, 46.0, 45.8, 39.2, 38.5, 36.1,
34.9, 34.8, 33.0, 31.8, 31.0, 28.6, 27.8, 27.4, 26.6, 26.1, 25.2, 24.4, 24.4, 23.6, 20.2, 18.3,
16.1, 9.2; HRESIMS m/z [M+H]  calcd for C44HsoNO,, 536.3740, found 536.3725

auN®s 71 : §9ATHIIN coronalolide T piperidine l¢ 12.0 mg, 22% yield; "H NMR
(400 MHz, CDCl3) 0, 9.40 (s, 1H), 6.49 (t, J = 7.2 Hz, 1H), 6.33 (s, 1H), 5.78 (s, 1H), 4.76 (dd,
J =143, 7.3 Hz, 1H), 3.56 (m, 2H), 3.41 (m, 2H), 3.30 (d, J = 8.0 Hz, 1H), 2.49-1.22 (m, 30H),
0.95 (m, 9H), 0.41 (d, J = 5.1 Hz, 1H), 0.22 (d, J = 5.1 Hz, 1H); "C NMR (100 MHz, CDCl,) O,
195.4, 170.9, 170.5, 155.3, 139.3, 139.2, 123.2, 74.6, 51.5, 48.7, 46.8, 45.8, 42.8, 39.3, 38.5,
36.1, 34.9, 34.8, 33.0, 31.6, 30.4, 28.6, 27.8, 27.4, 26.7, 26.6, 26.0, 25.5, 25.2, 24.5, 23.6,
20.2, 18.3, 16.1, 9.2; HRESIMS m/z [M+H]  calcd for CasHs,NO,, 550.3896, found 550.3903

2.2.2 NM3F9LAIZROUNKENANT 2 D23 coronalolide (11)
WRAU coronalolide (11) (50 mg, 0.10 mmol), N-hydroxysuccinimide (17.4 mg, 0.15 mmol),

EDC-HCI (31.5 mg, 0.15 mmol) 84l% CH,Cl, (2.0 mL) 2 nuuaulfiia udiidnansazaneaiue
% (0.15 mmol) Uaz K,CO, (100 mg, 0.80 mmol) L1 (2.0 mL) a&n9th 9 ﬂuﬁ'qmﬂﬂﬁﬁauﬂu



a1 3 1l mnffmq@ﬂﬁﬁ%mﬁm IN HCl INEIUENTasa8ad nTIuLENLEI&Nae 8
EtOAC (x2) Wazdn9eas sat. NaHCO, uaz brine annswinldeanings MgSo, nsaduas
T REAIaza8aan ﬁwd’mﬁ"ﬁmﬁﬂﬁﬁqﬂ?ﬁaULwﬂﬁﬂﬂaé'uﬂﬂiuﬂﬂﬂmﬂﬁasls'?j'ﬁmma%a
TLAILAIN AT UNFNTZA IO TALETINNALL TN TURI BTz RIS InunULanLTY

a%ﬁ’%ﬁ( 57 : §9LATILRAN coronalolide NU N-hydroxysuccinimide & 175 mg, 30%

yield; 'H NMR (400 MHz, CDCly); &, 9.40 (s, 1H), 6.49 (t, J = 6.8 Hz, 1H), 6.35 (br s, 1H), 5.75
(br s, 1H), 4.77 (m, 1H), 3.26 (d, J = 7.7 Hz, 1H), 2.93-2.67 (m, 6H), 2.47-2.24 (m, 2H), 2.16-
1.87 (m, 2H), 1.85-1.43 (m, 14H), 1.41-1.16 (m, 4H), 0.95 (m, 9H), 0.47 (d, J = 5.0 Hz, 1H),
0.27 (d, J =5.0 Hz, 1H); "'C NMR (100 MHz, CDCl;) &, 195.3, 170.5, 169.0, 168.2, 155.2,
139.2, 139.1, 123.2, 74.4, 51.5, 48.6, 45.7, 39.1, 39.2, 38.2, 36.0, 34.9, 34.8, 33.0, 30.8, 28.4,
28.1, 27.8, 27.2, 26.6, 26.0, 25.6X2, 25.3, 23.8, 20.1, 18.3, 16.2, 9.2; HRESIMS m/z [M+H]'
calcd for Ca,HagNO;, 580.3274, found 580.3336

awﬁ%ﬁ( 58 : §ILATILHAN coronalolide NU N-hydroxysuccinimide & 175 mg, 30%

yield; 'H NMR (400 MHz, CDCly); &, 9.39 (s, 1H), 7.16 (br s, 5H), 6.48 (t, J = 6.9 Hz, 1H), 6.17
(br's, 1H), 5.56 (br s, 1H), 4.57 (br s, 2H), 3.22-2.89 (m, 4H), 2.41-1.25 (m, 23H), 0.92-0.79 (m,
9H), 0.25 (br s, 1H), - 0.06 (br s, TH); 'C NMR (100 MHz, CDCl) &, 195.3, 173.8, 171.2X2,
155.3, 139.2X2, 137.5, 129.1X2, 128.5X2, 126.8, 123.4, 74.8, 51.4, 50.7, 48.6, 45.7, 39.0,
38.3, 37.4, 36.1, 34.8, 33.3, 32.9, 31.5, 30.8, 28.2, 27.8, 27.2, 26.4, 26.1, 25.0, 23.4, 201,
18.3, 15.9, 9.2; HRESIMS m/z [M+H]" calcd for CaHs;NOg, 630.3795, found 630.3805

amgﬁ’uﬁ‘ 66 : §9LA312%597N coronalolide MU diethylamine 'l& 21.0 mg, 19% yield; 'H
NMR (400 MHz, CDCls); O, 9.40 (s, 1H), 6.49 (t, J = 7.0 Hz, 1H), 6.34 (s, 1H), 5.80 (s, 1H),
476 (dd, J = 14.4, 7.4 Hz, 1H), 3.40-3.29 (m, 5H), 2.46-1.10 (m, 30H), 0.95-0.93 (m, 9H), 0.42
(d, J = 4.96 Hz, 1H), 0.21 (d, J = 4.96 Hz, 1H); 'C NMR (100 MHz, CDCl3) &, 195.3, 171.3,
170.8, 155.2, 139.3, 139.2, 123.2, 74.5, 51.5, 48.8, 45.8, 42.2, 40.3, 39.4, 38.5, 36.1, 34.9,
34.8, 33.0, 31.6, 30.2, 28.7, 27.8, 27.4, 26.7, 26.1, 25.1, 23.4, 20.2, 18.3, 16.0, 14.5, 13.1, 9.2;
HRESIMS m/z [M+H]  calcd for Cs4Hs,NO,, 538.3896, found 538.3886

a‘»g‘ﬁ%ﬁg 67 : §9LA31ZHAN coronalolide NU 3-bromopropylamine HCI & 10.2 mg, 17%
yield; 'H NMR (400 MHz, CDCly) &, 9.40 (s, 1 H), 6.49 (t, J = 6.7 Hz, 1H), 6.34 (s, 1H), 5.78
(s, 1H), 5.74 (s, 1H), 4.75 (dd, J = 13.7, 6.5 Hz, 1H), 3.43 (m, 4H), 3.27 (d, J = 8.0 Hz, 1H),
2.41-1.26 (m, 26H), 0.95-0.93 (M, 9H), 0.42 (d, J = 4.0 Hz, 1H), 0.20 (d, J = 4.0 Hz, 1H); " C
NMR (100 MHz, CDCl;) O, 195.3, 172.3, 170.7, 155.2, 139.2, 139.2, 123.2, 745, 51.4, 48.7,
45.8, 39.2, 38.4, 38.3, 36.0, 34.8, 34.8, 33.5, 33.0, 32.1, 31.5, 30.8, 28.5, 27.8, 27.3, 26.6,



26.0, 251, 23.3, 20.2, 18.3, 16.0, 9.2; HRESIMS m/z [M+H] calcd for C33H497gBrNO4,
602.2845, found 602.2855

a%ﬁut‘f 68 : F9LATIZHAN coronalolide AU 3-methoxypropylamine & 15.0 mg, 27%
yield; 'H NMR (400 MHz, CDCl;) O, 9.40 (s, 1H), 6.49 (t, J = 6.9 Hz, 1H), 6.33 (s, 1H), 6.11 (s,
1H), 5.78 (s, 1H), 4.74 (dd, J = 13.7, 6.1 Hz, 1H), 3.50 (m, 2H), 3.35 (s, 5H), 3.28 (d, J = 7.7
Hz, 1H), 2.41-1.22 (m, 26H), 0.95-0.93 (m, 9H), 0.42 (d, J = 3.3 Hz, 1H), 0.19 (d, J = 3.3 Hz,
1H); “C NMR (100 MHz, CDCly) 5C 195.3, 171.9, 170.8, 155.2, 139.3, 139.2, 123.1, 74.5,
72.1, 58.8, 51.4, 48.7, 45.8, 39.1, 38.5, 38.4, 36.0, 34.8, 34.8, 33.7, 33.0, 31.6, 29.0, 28.5,
27.8, 27.3, 26.5, 26.0, 25.1, 23.4, 20.1, 18.3, 16.0, 9.1; HRESIMS m/z [M+H]+ calcd for
Ca4H5,NO5, 554.3845, found 554.3830

a‘vyﬁ%ﬁ‘ 69 : FILATIZRINN coronalolide NU cyclohexylamine & 11.3 mg, 20% yield; 'H
NMR (400 MHz, CDCI5) §H 9.40 (s, 1H), 6.49 (i, J = 6.8 Hz, 1H), 6.34 (s, 1H), 5.80 (s, 1H),
5.34 (d, J = 7.4 Hz, 1H), 4.74 (q, J = 6.9, 6.8 Hz, 1H), 4.12 (dd, J = 13.6, 6.8 Hz, 1H), 3.29 (d,
J =7.8 Hz, 1H), 3.74 (m, 1H), 2.43-1.10 (m, 33H), 0.95-0.93 (m, 9H), 0.41 (d, J = 4.0 Hz, 1H),
0.20 (d, J = 4.0 Hz, 1H): "C NMR (100 MHz, CDCl) &, 195.3, 171.1, 170.8, 155.2, 139.3,
139.2, 123.3, 74.6, 51.5, 48.7, 48.4, 45.8, 39.2, 38.4, 36.1, 34.8, 34.8, 33.8, 33.2X2, 33.0, 31.6,

28.6, 27.8, 27.3, 26.6, 26.0, 25.5, 25.2, 24.9X2, 23.4, 20.2, 18.3, 16.0, 9.2; HRESIMS m/z
[M+H] " calcd for CaHssNO,, 564.4053, found 564.4012

2.2.3 msﬁamsﬁ:ﬁm&ﬁuﬁ‘n@:uﬁ 1 289 sootepin A (30)

8818 sootepin A (30.0 mg, 0.06 mmol) Tu CH,CI, (3.0 mL) ﬁ]’mﬁ?ul,au triethylamine
(100 pL, 0.60 mmol) waz acid chloride (0.2 mmol) ﬂu‘ﬁ'qmﬁgﬁﬁaamu 30 W Lﬁaﬂﬁ'ﬁ%mlﬁ@
suyIol szmo@viazaiuean ﬁﬂdl%ﬁiﬁ&l’]ﬁﬂﬁﬂ%ﬁiﬂ%ﬁ’)ﬂLﬂﬂﬁﬂﬂ@§Nﬂﬂ‘iN’]Tﬂﬂ‘i’]‘Wﬁ’]U‘Tia
M TITER BTN arMENENTTINseTaLe MR LI TY

a%ﬁuﬁg 72 : FIATIEHANN sootepin A Ay acetyl chloride & 15.6 mg, 48% vyield; 1H
NMR (400 MHz, CDCl;) O, 6.33 (s, 1H), 5.73 (s, 1H), 5.45 (t, J = 6.8 Hz, 1H), 4.74 (dd, J =
14.7, 7.6 Hz, 1H), 4.45 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 8.3 Hz, 1H), 2.56-1.06 (m, 27H), 0.93-
0.89 (m, 9H), 0.42 (d, J = 5.1 Hz, 1H), 0.17 (d, J = 5.1 Hz, 1H); "C NMR (100 MHz, CDCly) O,
173.5, 171.0, 170.7, 139.2, 130.4, 129.7, 123.1, 74.5, 70.4, 51.8, 51.4, 48.7, 45.7, 39.1, 384,
35.9, 35.7, 34.8, 33.0, 31.3, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.2, 21.0, 20.1, 18.4,
15.9, 13.9; HRESIMS m/z [M+H '] calcd for Cy3Hus0s, 541.3529, found 541.3553

auN®s 73 : §9LA312%N sootepin A U isobutyryl chloride 'lef 25.5 mg, 73% yield; "H

NMR (400 MHz, CDCl3) O, 6.33 (s, 1H), 5.73 (s, 1H), 5.43 (t, J = 6.5 Hz, 1H), 4.74 (m, 1H),



4.45 (s, 2H), 3.68 (s, 3H), 3.23 (d, J = 7.8 Hz, 1H), 2.67-1.06 (m, 33H), 0.93-0.89 (m, 9H), 0.42
(d, J = 45 Hz, 1H), 0.17 (d, J = 4.5 Hz, 1H); “C NMR (100 MHz, CDCl,) 50 177.0, 173.4,
170.7, 139.2, 130.0, 129.8, 129.8, 123.0, 74.5, 70.0, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9,
35.8, 34.8, 34.1, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.2, 24.6, 23.2, 20.1, 19.0, 184,
18.3, 15.9, 13.8; HRESIMS m/z [M+H]+ caled for C35Hs,04, 568.3764, found 568.3759

a%ﬁ%ﬁg 74 : §IATIERIN sootepin A AL benzoyl chloride & 25.5 mg, 73% yield; 1H
NMR (400 MHz, CDCl,); 8.06 (d, J = 7.7 Hz, 2H), 7.45 (m, 2H), 7.38 (m, 1H), 6.34 (br s, 1H),
5.74 (br s, 1H), 5.55 (m, 1H), 4.71 (s, 2H), 3.70 (s, 3H), 3.23 (d, J = 8.2 Hz, 1H) 2.57-1.05 (m,
25H), 0.92 (m, 9H), 0.43 (d, J = 4.1 Hz, 1H), 0.18 (d, J = 4.1 Hz, 1H); C NMR (100 MHz,
CDCls,) 5C 173.5, 170.7, 166.5, 139.2, 133.6, 132.9, 130.2, 129.6X2, 128.3X2, 126.3, 123.1,
74.5, 70.7, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0, 31.3, 30.9, 28.3, 27.8,
27.3, 26.6, 25.2, 24.7, 23.2, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z [M+Na]+ calcd for
CasHs5006Na, 625.3505, found 625.3542

2.2.4 n’né’fumnﬁmgﬁ'u%néuﬁ 2 229 sootepin A (30)

@3 N,N-dimethylformamide (DMF, 0.5 mL) RILURIITRZAEVI carboxylic acid (0.25
mmol) Tu CH,Cl, (2.0 mL) wtuea ﬁ]’m‘lfmau oxalyl chloride (85 pL, 1.0 mmol) LLazﬂuﬁ
gunniraau 30 Wil nasnujisoufasuysnl szmodvinazaoeanlddustioneved
acid chloride ﬁ]’mﬁ?ul,allmmzmwad sootepin A (30.0 mg, 0.06 mmol) L.az triethylamine (100
ul, 0.6 mmol) 1u CH,CI, (1.0 mL) a9lUlu acid chioride 7l wasanAR 30 Wi wyaL iz
#18 10% NaHCO, ufianadln EtOAc nsusna EtOAc fildunsznadainazangoan uan
ﬁwmﬁﬂﬁu’%qﬂ%{ﬁasJmﬂﬁﬂﬂaé’uﬂmmiﬂmﬂﬂﬁaﬂ%ﬁﬂm}a%wzﬁaUé’dﬁwa:mwamzmw
lbauaTINNNULENLTY

a%ﬁ%ff 75 : §9LATIZARIN sootepin A AU 4-fluorobenzoic acid @ 20.8 mg, 56% yield;

"H NMR (400 MHz, CDCl,) &, 8.06 (m, 2H), 7.10 (t, J = 8.6 Hz, 2H), 6.33 (s, 1H), 5.73 (s, 1H),
5.53 (t, J = 6.9 Hz, 1H), 4.73 (dd, J = 15.0, 7.6 Hz, 1H), 4.69 (s, 2H), 3.68 (s, 3H), 3.23 (d, J =
8.2 Hz, 1H), 2.52-1.08 (m, 24H), 0.92-0.90 (m, 9H), 0.42 (d, J = 5.2 Hz, 1H), 0.17 (d, J = 5.2
Hz, 1H); "C NMR (100 MHz, CDCly) O, 173.5, 170.7, 167.0, 165.5, 164.5, 139.2, 132.2, 132.1,
130.5, 129.7, 123.1, 115.6, 115.4, 74.5, 70.9, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7,
34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.1, 20.1, 18.4, 15.9, 14.0; HRESIMS
m/z [M+H]+ calcd for C3gH5oFOg, 621.3591, found 621.3585

a%ﬁuﬁ‘ 76 : §9LAT1ZRINN sootepin A NU 4-chlorobenzoic acid bé 11.1 mg, 29% vyield:
"H NMR (400 MHz, CDCly) &, 7.98 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 6.34 (s, 1H),
5.74 (s, 1H), 5.53 (t, J = 6.9 Hz, 1H), 4.75 (m, 1H), 4.70 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 7.9



Hz, 1H), 2.52-1.09 (m, 24H), 0.93-0.91 (m, 9H), 0.43 (d, J = 5.1 Hz, 1H), 0.17 (d, J = 5.1 Hz,
1H); "°C NMR (100 MHz, CDCl3) &, 173.5, 170.7, 165.6, 139.3, 139.2, 131.0X2, 130.6, 129.6,
128.7X2, 128.9, 123.1, 74.5, 71.0, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0,
31.3, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.1, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z
[M+H]" calcd for CagHs, ClOs, 637.3296, found 637.3310

m&ﬁ’%ﬁ( 77 : §9LA31ERN sootepin A AU 4-bromobenzoic acid & 11.0 mg, 27% yield;

"H NMR (400 MHz, CDCl3) J, 7.91 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 6.34 (s, 1H),
5.74 (s, 1H), 5.53 (t, J = 7.0 Hz, 1H), 4.75 (m, 1H), 4.70 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 8.2
Hz, 1H), 2.56-1.08 (m, 24H), 0.92-0.91 (m, 9H), 0.43 (d, J = 5.1 Hz, 1H), 0.17 (d, J = 5.1 Hz,
1H); °C NMR (100 MHz, CDCl;) O, 173.5, 170.7, 165.7, 139.2, 131.7X2, 131.1X2, 130.6,
129.6, 129.4, 128.0, 123.1, 74.5, 71.0, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0,
31.3, 31.0, 28.3, 27.8, 27.3, 26.6, 25.1, 24.7, 23.1, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z
[M+H] " calcd for CagHsy BrOg, 681.2791, found 681.2795

m&ﬁ%ﬁg 78 : FIATIZRIN sootepin A AU 4-nitrobenzoic acid t¢ 14.4 mg, 37% yield;
"H NMR (400 MHz, CDCl3) &, 8.28 (d, J = 8.2 Hz, 2H), 8.21 (d, J = 8.2 Hz, 2H), 6.33 (s, 1H),
5.73 (s, 1H), 5.57 (m, 1H), 4.76 (s, 2 H), 4.72 (m, 1H), 3.69 (s, 3H), 3.23 (d, J = 7.7 Hz, 1H),
2.52-1.22 (m, 24H), 0.93-0.92 (m, 9H), 0.42 (d, J = 4.0 Hz, 1H), 0.18 (d, J = 4.0 Hz, 1H); C
NMR (100 MHz, CDCls) O, 173.4, 170.7, 164.6, 150.6, 139.3, 135.8, 131.4, 130.7X2, 129.2,

123.5X2, 123.0, 74.5, 71.7, 51.8, 51.5, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.9, 33.0, 31.3, 31.0,
28.3, 27.8, 27.3, 26.6, 25.2, 24.7, 23.3, 20.1, 18.4, 16.0, 14.0; HRESIMS m/z [M+H]+ calcd for
C3sH50NO7, 648.3536, found 648.3540

a%ﬁ%ﬁg 79 : §9LA31=RIN sootepin A A 4-methylbenzoic acid & 17.0 mg, 46% yield;
"H NMR (400 MHz, CDCly) 5H 7.94 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 6.33 (d, J =
2.1 Hz, 1H), 5.73 (d, J = 2.1 Hz, 1H), 5.52 (t, J = 6.8 Hz, 1H), 4.74 (dd, J = 14.7, 6.9 Hz, 1H),
4.69 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 8.3 Hz, 1H), 2.56-1.08 (m, 27H), 0.92-0.90 (m, 9H), 0.42
(d, J =5.2 Hz, 1H), 0.16 (d, J = 5.2 Hz, 1H); “C NMR (100 MHz, CDCl3) §c 173.5, 170.7,
166.5, 142.7, 139.2, 130.5, 129.5X2, 128.7X2, 128.5, 127.1, 123.1, 74.5, 70.7, 51.8, 51.4,
48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7,
23.1, 21.3, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z [M+H]+ calcd for C3gHs5306, 617.3842, found
617.3855

a%ﬁ%§ 80 : FILATIZHAN sootepin A AL 4-phenoxybenzoic acid 1o 21.3 mg, 51%
yield; "H NMR (400 MHz, CDCly) 5H 8.01 (d, J = 8.8 Hz, 2H), 7.38 (t, J = 7.0 Hz, 2H), 7.18 (t, J
= 6.9 Hz, 1H), 7.06 (d, J = 8.3 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 6.33 (s, 1H), 5.73 (s, 1H),



5.52 (t, J = 6.5 Hz, 1H), 4.74 (dd, J = 15.0, 7.3 Hz, 1H), 4.68 (s, 2H), 3.69 (s, 3H), 3.23 (d, J =
8.0 Hz, 1H), 2.52-1.08 (m, 24H), 0.92-0.90 (m, 9H), 0.42 (d, J = 5.1 Hz, 1H), 0.16 (d, J = 5.1
Hz, 1H); "C NMR (100 MHz, CDCl,) &, 173.5, 170.7, 166.0, 161.8, 139.2, 131.7X2, 130.2,

130.1, 130.0X2, 129.9, 124.8, 124.5, 123.1, 120.1X2, 117.3X2, 74.5, 70.6, 51.9, 51.4, 48.7,
457, 39.1, 38.4, 35.9, 35.8, 34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.0,
20.1, 18.4, 15.9, 14.0; HRESIMS m/z [M+H]+ calcd for Cy4H550,, 695.3948, found 695.3920

a‘vg‘ﬁ%ff 81 : FaLATIEHIN sootepin A AU isonicotinic acid L& 19.9 mg, 55% yield; 1H
NMR (400 MHz, CDCly) O, 8.77 (d, J = 3.7 Hz, 2H), 7.85 (d, J = 4.8 Hz, 2H), 6.33 (br s, 1H),
5.73 (br s, 1H), 5.55 (t, J = 6.9 Hz, 1H), 4.74 (s, 2H), 3.68 (s, 3H), 3.23 (d, J = 8.3 Hz, 1H),
2.56-1.09 (m, 25H), 0.91 (m, 9H), 0.42 (d, J = 5.2 Hz, 1H), 0.17 (d, J = 5.2 Hz, 1H); 'C NMR
(100 MHz, CDCl;) 50 173.5, 170.7, 164.9, 150.5X2, 139.2, 137.7, 131.3X2, 129.2, 123.1,
122.9, 74.5, 71.6, 51.9, 51.4, 48.7, 45.7, 39.1, 38.3, 35.9, 35.7, 34.8, 33.0, 31.2, 31.0, 28.2,
27.8, 27.3, 26.6, 251, 24.7, 23.2, 201, 18.4, 15.9, 14.0; HRESIMS m/z [M+H]+ calcd for
C37H50NOg 604.3638, found 604.3560

m&ﬁ%ﬁg 82 : FILATIZHRIN sootepin A AU quinoline-2-carboxylic acid & 20.0 mg, 51%

yield; 'H NMR (400 MHz, CDCl;) &, 8.30 (m, 2H), 8.16 (m, 1H), 7.88 (m, 1H), 7.78 (m, 1H),
7.64 (m, 1H), 6.33 (br s, 1H), 5.72 (br s, 1H), 5.59 (m, 1H), 4.88 (s, 2H), 4.72 (m, 1H), 3.68 (s,
3H), 3.21 (d, J = 8.1 Hz, 1H), 2.46-1.01 (m, 24H), 0.88 (m, 9H), 0.40 (d, J = 5.1 Hz, 1H), 0.15
(d, J = 5.1 Hz, 1H); "C NMR (100 MHz, CDCl,) &, 173.5, 170.7, 165.2, 148.2, 147.7, 139.2,
137.2, 130.9, 130.8, 130.2, 129.4, 129.3, 128.5, 127.5, 123.1, 121.0, 74.5, 71.7, 51.8, 51.4,
487, 45.7, 39.1, 38.3, 35.9, 35.7, 34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.2, 26.6, 25.1, 24.7,
23.1, 20.1, 18.4, 15.9, 14.1; HRESIMS m/z [M+H] calcd for C,Hs,NO,, 654.3795, found
654.3715

daufl 3: manasauanaduinaaimasuzs (Cytotoxic assay)

luﬂﬂsmaaufﬁ‘ﬁ% MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
laayinmInasaunuLsaaNsisd 5 wiia leuA Hep-G2 (hepatocarcinoma), SW620 (colon
adenocarcinoma), Chago (undifferentiated lung carcinoma), KATO-3 (gastric carcinoma) L&
BT474 (breast ductal carcinoma)

TsasuzSefinasauadls 96-well plate WaNaE 1 x 10° cells udvinf 37 °c mold
U33ENMIE CO, 5% i 24 1alusg mﬂﬁf’ug@ media 719 uf1LAN media lnuRTandasms
nagoULas DMSO #%35U blank udatiuft 37 °C meldussenme CO, 5% 8n 72 52 lad 9Nt
\fua1Iaza1y MTT (5 mg/mL in PBS) aslunnwaue az 10 pL Ui 37 °c moldussenme



& {a £ o . v o
CO; 5% 80 4 TN ATABNAN formazan MAAIUAI8 0.4N HCI lu isopropanol LLRIINA

absorbance @18 microplate reader 1 540 nm

?hwﬁ 4: n1swmaaqu§€fné'?am‘sa%"lmaamLﬁaﬂ‘lmj (Anti-angigenic assay)
4.1 MINAFIUAY ex vivo model (rat aortic sprouting assay)

dannaniiaauadlnn(aorta) va9ny Wistar 1Wiianuenn 1 mm udanhunnalu 6-well
plate ﬁl’mﬁ?uﬁﬂa@miazma gel matrix (porcine tendon collagen solution 8 volumes, 10x
Eagle’s MEM 1 volume &< reconstitution buffer 1 volume) 83U% aortic ring A8uaz 0.5 mL Lfia
gel uTod 1&w RPMI 2 mL AXs1sfidasnsnagaunsa DMSO fWILRQUAILAY MnuuLuf
37 °Cc moldussenme COo, 5% Lluan 7 uwiegddandasaanssad uazinan
f e NuEMTsInaanLEannziaa3fsenaanilagiaanvautesdaraivas Al onaud g
ﬁ;@ﬁaﬂmwaammm'ﬂmm’ﬁ'ﬂ
4.2 MSNAFBUAY in vitro model

mimaaﬂuﬁhuiﬂumigwammm?ﬁ'maamiaLéﬁaﬁLﬁaqwﬁfmaamﬁa@ (Human
umbilical vein endothelial cells, HUVEC) %Gﬁlzﬂixﬂauﬁ’m 3 NMINARAILBY LATANIWN target
protein ﬁd'ﬁ

4.2.1 wasan1ssadulauas HUVEC (HUVEC proliferation assay)

& HUVEC suspension 14 HuMedia EG2 (1.5 x 10 cells/mL) aalu 96-well plate nauas
100 pL dnft 37 °C nuldussenna CO, 5% 1w 24 Tlua mﬂuumcﬂ media 719 u§LGY
media lnifidasiidasnnagaunsa DMSO §%5U blank uglvufi 37 °C meldussennie
CO, 5% n 72 T2l wirthaanvianaaiyidvlavesaslaon1adis WST-8 reagent naa
8z 10 pL WA2INNIAAT absorbance @28 microplate reader

4.2.2 ua@an13tNAlATIAI 19U tube W29 HUVEC (HUVEC tube formation assay)

MInAaeddild BD Matrigel Taswgaaianaslu 96-well plate wawaz 50 pL Uufl 37 °c
moldussenmea Co, 5% 1w 30 wift telwaaudeds ansiwdin HUVEC suspension 1w
HuMedia EG2 (1 x 10° cells/mL) fidssfidasmnagauauanududuiidasniswis DMSO
§M3U blank nauaz 100 pl wdtwded 37 °C muldussenme CO, 5% Bn 12-16 Talug
mﬂuummmmﬂmm‘l@ﬂaawamiﬂmm ihanwanuglesnuvessnsmandn  tube 7
AaTn

4.2.3 Ha®an13luLNINVa9 HUVEC (HUVEC migration assay)

4 insert ﬁﬁ microporous membrane IW1G 8 um adlu 24-well plate L&LAA 0.1%
(wiv) gelatin adlu insert az 300 puL ﬂﬁamlﬁmm@aé’uﬁqmwgﬁﬁao niweN HUVEC

Aa

suspension lu MEM 199 93l 0.1%(w/v) bovine serum albumin (2.5 x 105 cells/mL) AILHLIA LY



insert uA8za% wAZLALN MEM 199 718 0.1%(w/v) bovine serum albumin, VEGF (10 ng/mL) uazdl
v.%a"l,&iﬁmsﬁmaaumlmlﬁiamqm (FUa19 insert) Wauaz 400 plL wdatnd 37 °c mald
U338 CO, 5% unan 6 alug L%maﬁﬁvl,&iLﬁ@mi"lwm‘m%aa:agjié]”mumaammmua
anee cotton swab 31NUW fix 1Tas7 NI UaALAL TNTE Diff-quick stain WRzHU
Fuwaasnoldndesganyset

4.2.3 N1711 target protein (Western blot analysis)

v3n HUVEC @ss1sfidasminagaunsa DMSO & wsy control 1waan 60 wifl
mnf?um:éjuﬁm VEGF (10 ng/mL) 1Juiia1 10 w1l araiwaaeqs PBS Bugasnss udavn
M7 latan (lysate) @28 mammalian protein extraction mnﬁuﬁwmmuﬁﬂaéﬂunm 15 Wl ﬁ
12000 rpm 7 4 °C udviamLSIN A UeE microBCA protein assay kit lagil BSA 1uss
e hlusauilddniuudas sample (50 pg) wuendan SDS polyacrylamide gel
electrophoresis WA transfer 89U nitrocellulose membrane WAJINNYINNNTUAEN LL"ﬁLaJsJLmuﬁ
'l&etae primary antibody figwla 71 4 °C Thufnd1sy phosphorylated antibody uaz 1 Talug 7
QRIVEEV R RE QRS total antibody ﬁ]’m‘lfu(ﬂi’sﬁ]@LLuuﬁTaGIﬂiauLLﬁa:ﬁﬁﬂﬁ’JEl

chemiluminescence laelt WesternBreeze (Invitrogen) i ChemiDoc XRS (BIO-RAD)

Nan1InaaadilazanilIguanIInaass
P a ¥ a 1'%
fnann 1. ﬂ'l‘inﬁ)%TﬂiGﬂi’]d?.lEldﬁ’ﬁﬂ Ll,ﬂﬂv[ﬂ

ﬂ']‘iﬁg%%ﬁﬂ‘mﬁ%"]ﬂil@dﬁﬁiﬁllﬂﬂlﬁ%ﬁﬂd’]%ﬂaﬂﬂad G. obtusifolia

-H Gardenoin E (41) R=H R4 Gardenoin G (43) R4
28 <28 Gardenoin F (42) R = OH % Dikamakiartane A (45) R, R,
Dikamakiartane C (46) R, =H, R,

5a-Cycloart-24-ene-3.16,23-trione (48) Secaubryenol (27)

51U 1 usaslasiafavassnslolasarsinulannesfiunuenladannsiunaavas G. obtusifolia



ﬁana%la HRESIMS WUI&T 41 ﬁgmsIuLaqaLﬂu CaoHaoOs (m/z 477.3341 [M+Na]
S A | @
calcd 477.3345) TILRAIINY degree of unsaturation tnN1NY 8
nndays H NMR (03197 1) ugasliiiuines 41 Jussdssnnlalaserdinulas

NN LTI NI N LT UR N B IRELANIZUEI C-19 Lu‘ﬁaﬂﬂmaumamdvlﬁﬂﬂaiwnwmﬂugi

v v

doublet A1 O, 0.58 uaz 0.79 (J = 4.1 Hz)
o 13 { ' )
nndaya  C NMR (15199 2) Uaz HSQC Wuians 1 Usznaudisasuau 30 ansuan
2 = A A A ' @ A A ' aa ) & . A = Y
doudunafiTeiuta 6 wy, [wauaawBa 1wy, WA 9 wy, wilsil 6 Wi Danikangdany
A A A | & [ ' .. & ¢ A & & A a
28nGLa% (oxygenated) UazBnnikinyiluwusze (olefinic), mafinaiwiniuan 6 ATUaudil
A & < L. A '
WAL BULL Y olefinic carbon, LLanﬂI‘nu 2 wy
nndaya  NMR iﬂaﬁuﬁaagﬂﬁdmﬁ 41 uwr1TleanesAnasalIslAn  normal
a o 1 1
cycloartanone LL&tﬁ]’]ﬂﬂ’]i’JLﬂi’]zﬁ‘UE‘laﬁla 2D NMR lagiawiz H- H COSY, HMBC uaz NOESY
é’aua@ﬂugﬂﬁ 2 WaT 3 ANAAU ?iaawwna@ﬁﬁms 41 Jla39a9uas  relative

stereochemistry A4uaa3lUIUN 1 dartuans 41 JudumyviialwinazasTain gardenoin E

- COSY
+—~ HMBC

311 2 usas "H-"H COSY Wz HMBC correlation fidnfayuasany 41-44



@13197 1 Taya "H (400 MHz) NMR 284813 41-44

a) b)

position 1 2 3 4
1 1.22 (m) 1.55 (m) 1.30 (m) 1.35 (m)
1.87 (m) 1.86 (m) 2.11 (m) 2.07 (m)
2 2.31 (m) 2.31 (m) 2.32 (m) 2.31 (m)
2.70 (m) 2.70 (m) 2.53 (m)
3
4
5 1.72 (m) 1.74 (m) 2.55 (m) 2.42 (m)
6 0.92 (m) 0.99 (m) 3.96 (br s) 1.08 (m)
1.57 (m) 1.59 (m) 1.51 (m)
7 1.18 (m) 1.19 (m) 1.31 (m) 1.08 (m)
1.36 (m) 1.39 (m) 1.97 (m) 1.31 (m)
8 1.53 (m) 1.50 (m) 2.07 (m) 1.57 (m)
9
10
11 1.17 (m) 1.19 (m) 1.08 (m) 1.31 (m)
2.11 (m) 2.12 (m) 2.20 (m) 2.06 (m)
12 1.72 (m) 1.86 (m) 1.59 (m) 1.64 (m)
13
14
15 1.43 (m) 1.52 (m) 1.25 (m) 1.31 (m)
1.88 (m) 1.85 (m)
16 4.00 (m) 4.25 (dd, 5.7, 8.2) 1.17 (m) 1.91 (m)
1.89 (m)
17 1.74 (m) 2.07 (m) 1.60 (m) 1.59 (m)
18 1.05 (s) 1.08 (s) 0.97 (s) 0.98 (s)
19 0.58 (d, 4.1) 0.57 (d, 4.0) 0.42 (d, 3.0) 0.40 (d, 4.3)
0.79 (d, 4.1) 0.79 (d, 4.0) 1.11 (d, 3.0) 0.73 (d, 4.3)
20 2.16 (m) 2.10 (m) 1.64 (m) 1.46 (m)
21 0.97 (d, 6.7) 0.68 (d, 5.8) 0.75 (d, 6.0) 0.86 (d, 6.4)
22 2.41 (dd, 7.4, 15.0) 444 (d,4.2) 2.16 (m) 1.75 (m)
2.83 (dd, 4.0, 15.0) 2.60 (m) 2.19 (m)
23 5.60 (brs)
24 6.11 (br s) 6.16 (s) 5.80 (br s) 5.60 (br s)
25
26 2.16 (s) 2.23 (s) 7.02 (brs) 1.31 (br s)
27 1.90 (s) 1.99 (s) 1.83 (s) 1.31 (br s)
28 1.05 (s) 1.04 (s) 5.08 (brs) 4.73 (br s)
5.14 (br s) 4.81 (br s)
29 1.10 (s) 1.09 (s) 4.14 (d, 13.0) 1.69 (s)
3.94 (d, 13.0)
30 1.15 (s) 1.17 (s) 0.91 (s) 0.92 (s)

® recorded in CDClg3; ® recorded in acetone-dg



= Y
MN13N 2 °ll83q\llﬂ

3111 3 U§aI NOESY correlation NiénAnj189817 41

"°C (100 MHz) NMR 2898135 41-44

a)

a)

b)

a)

position 1 2 3 4

1 33.3, CH, 33.3, CH, 30.7, CH, 28.8, CH,
2 37.4, CH, 37.4, CH, 31.3, CH, 31.3, CH,
3 216.4, qC 216.5, qC 173.5,qC 179.1, qC
4 50.2, qC 50.2, qC 149.7, qC 149.4, qC
5 48.4, CH 48.4, CH 45.8, CH 45.9, CH
6 21.4, CH, 20.8, CH, 67.4, CH 27.7, CH,
7 26.7, CH, 26.7, CH, 27.6, CH, 25.0, CH,
8 47.5, CH 48.1, CH 38.8, CH 47.7, CH
9 20.4, qC 20.4, qC 20.7, qC 214, qC
10 26.1, qC 26.1, qC 24.8, qC 27.0, qC
11 26.0, CH, 26.0, CH, 25.9, CH, 27.0, CH,
12 32.5, CH, 32.7, CH, 32.5, CH, 32.9, CH,
13 47.2,qC 47.0, qC 449, qC 451, qC
14 475, qC 47.7, qC 47.9,qC 49.0, qC
15 47.9, CH, 46.1, CH, 35.3, CH, 35.6, CH,
16 77.5, CH 76.5, CH 29.3, CH, 28.0, CH,
17 61.2, CH 59.3, CH 51.9, CH 52.0, CH
18 19.1, CH3 19.8, CH,3 18.0, CH; 18.1, CH,3
19 29.9, CH, 29.9, CH, 32.1, CH, 29.7, CH,
20 32.0, CH 36.4, CH 35.8, CH 36.4, CH
21 19.9, CH3 12.7, CH; 17.6, CH3 18.3, CH;3
22 50.4, CH, 78.7, CH 34.2, CH, 39.0, CH,
23 202.6, qC 200.2, qC 154.8, qC 125.7, CH
24 125.1, CH 118.8, CH 108.4, CH 139.3, CH
25 155.7, qC 160.2, qC 119.7, qC 70.9, qC
26 20.8, CH,3 21.5, CH; 136.9, CH 29.9, CH,3
27 27.8, CH3 28.2, CH; 8.4, CH; 29.8, CHj;
28 22.2, CH,3 22.2, CH; 113.6, CH, 111.6, CH,
29 20.8, CHj; 21.4, CH; 63.5, CH, 19.7, CH;3
30 20.1, CH,3 20.0, CH; 18.8, CH3 19.3, CH,3

®recorded in CDCly; ® recorded in acetone-dg



§1mIuaT 42 wudd 'H uaz °C NMR spectrum (@17197 1 waz 2) Ad1BiuanT 41 0N
uazandaya HRESIMS Jgasluianaiii CoHeeOs (m/z 493.3289 [M+Nal', calcd 493.3294) 9
ANNTE1T 41 16 mass units Indayatedudsduiivguldims 2 (ueunusvasans 41 h
w4 OH \Ruduan 1 Wy

nnmsRasondeya HSQC, 'H-H COSY uaz HMBC wuinans 42 & —CH-OH (J

444, s; O 78.7) unwatauludiumisii 22 luss 41 é’am@ﬂugﬂﬁ 2 uazdl relative
stereochemistry WULLEENAUENT 41 18991l NOESY correlation Tudnwosstfieniv aasiwans
42 3o duansrialwinazaiein gardenoin F

a3 43 nuhilgasluanaidu CyHuOs (HRESIMS m/z 507.3087 [M+Na]', calcd
507.3086) usz 'H NMR (a131971 1) uwaasANBzanIzrasmIngy iolaaariinulasinaiiu
wuin Sefldyanadisaawiug doublet 1 8 0.42 waz 1.11 (J = 3.0 Hz) 289 C-19 WFaAn
Tsnauvandlolaalwaini wazfsnudyanmuas terminal alkene AiNaN®IMzLI broad singlet
i 3, 508 usz 514 nndeystdsduiiuguldinms 43 (usslalaserfinulasnnasin
1sz1An 3,4-seco cycloartane uaﬂﬁnﬂf:‘*ﬁaya 1D usz 2D NMR QG%IﬁLﬁmﬂﬁmg 2,4-
disubstituted furan ring (5H 5.80, 7.02; 50 108.4 CH, 119.7 qC, 136.9 CH, 154.8 qC) agl;ﬁﬁ’m
side chain @28 Lﬁ'aﬁwmﬁmﬁ:ﬁﬁa;&a NMR atndazidaa wuinans 43 dlassasaananuans
fepfimInoeuantous dikamaliartane A (45) @supnldainuaeuas G. obtusifolia §g
I TUA% LALANAIINUATINiaT 43 ﬁm&'m%ﬁmmuﬁ oxygenated methine Tudnuniisfl 7 209813
45 %aﬁuﬂ'ﬂﬁﬁnﬂﬁaga HMBC ﬁLLﬁ@]\ﬂuEﬂ‘ﬁ 2 Wazdl relative stereochemistry LUULAEINURNT
45 1§189971n8 NOESY correlation lusnmasidsnin aninans 43 salumisialnivazaitoi
gardenoin G

813 44 wuhifigaslaanaii CoHegO; (HRESIMS m/z 479.3496 [M+Na], calcd
479.3501) uafidynoe 'H NMR filludnsmsanzaadlslasanfinulannesfulszinn 34-
seco cycloartane fia ¢ doublet i &, 0.40 uaz 0.73 (J = 4.3 Hz) 189 C-19 WianlUTnauva99
lslaalwsinn uas singlet 71 O 4.71 ua 4.73 uanﬁnnf:‘*ﬁa;ila 1D uaz 2D NMR £33 1¥ifining
disubstituted double bond [5; 5.60 brs (2H); 5(; 125.7 CH, 139.3 CH] a%i“?‘id’m side chain ff}d
i:qvlﬁiﬁLﬂu@‘iﬁLLmioﬁ 23 18z 23 910 HMBC correlation (gﬂﬁ 2) Lﬁaﬁﬁmﬁmﬁzﬁfﬁaga NMR
aedazldne WUINEnT 43 ﬁimoﬁwﬂﬁwmﬁ'umiﬁQﬁ%’ﬂmmmnvlﬁmmhuﬂamao G. turbifera
fa gardenoin D LALANEIUATINENS 44 sdmyj' vinylic methyl Wi oxygenated methylene 11
fumisf 29 w89 gardenoin D Fsduduldandeys HMBC fuamslugui 2 uszdl relative
stereochemistry WULLABND gardenoin D Lﬁa\‘iﬁl’mﬁ NOESY correlation luansmsifieInm

A9nuanT 44 JadussvialriuaraiBain gardenoin H



§MIUAT 27 uar 45448 nmaUTpuifisudaya NMR Autayalunsansidaedneg
(iterature) WuInduansnlainmIneanuuuaife dikamakiartane A, C Wz D (45-47), 5a-
cycloart-24-ene-3,16,23-trione (48) LAz secaubryenol (27) ANEAL s‘i?ommmﬂvlﬁmﬂﬁmqa

Gardenia LTWLA8INY LLazﬁImm%a@ﬁLLa@olugﬂﬁ 1

A v P v . P
ﬂ’l‘iWQﬁJ%‘Tﬂidﬁi’N‘ﬂadﬂ'ﬁﬂ LLﬂﬂvLﬂﬁl'lﬂLi%%‘llad G. thailandica

Gardenoin J (50)

‘s

Sootepin E (34) Coronaloic acid (54)

317 4 usaslassafovasanslalasarsinulannesiuiuenldanisBures G. thailandica

ndaya HRESIMS wuians 49 figasluanaidu CyHsOs (m/z 481.3655 [M+Nal |

calcd 481.3658) Uazldny sk H NMR (aaf 3) Midludnwasianizvadlalasarsinwlas

\naidulszLAn 3,4-seco cycloartane fia ¢ doublet 7 &, 0.36 uaz 0.61 (J = 4.2 Hz) 189 C-19

a1

witnlusaauvasrdlolaalwsins uazll H uaz C NMR spectrum As18nL secaubryenol (27)
[y ' o { 1 ' [
an anriwldnusyuIMed exomethylene f1 Oy Uszanms 5 1w H NMR u@wusanmad

secondary methyl Lﬁmaﬂ%ﬁmgﬁ O, 0.81 (d, J = 7.0 Hz) uazwad methine Sﬂ%ﬁdm;j‘ﬁ O, 2.15

o 13 = o A o o A ) ' . ad a
LLaz"Ua%la C NMR NLLEAIANB U RDANIDINUAD ﬂ']svnUiﬂmaﬂW%fz@Taﬁﬁ%ﬂLwﬁau LLAENIId

€

a £ a4 o g o9 o A = v
RYUIWVBILNDRLRE methane YUNILNUN m"ua;&aumiwmwmmmimayuu,ﬂmma\ﬂ:maama

NEURIUS 4 waz 28

=y

{ o a v 1.1 . @
LflE]Y]’]ﬂ’ﬁ’]LﬂiﬁZﬁ“llai‘ﬁlﬂ H-H COSY sz HMBC wWulI1e1T 49 ﬁIﬂix‘iﬁi’N(ﬂ’]&l

fuflugufaiduayWusues secaubryenol (27) Nwuszeludiunian 4 uaz 28 gnidadiduny

2

LWTALaz methine W% Wazdl relative stereochemistry WULLABINY secaubryenol (27) Wasanil



NOESY correlation TWan= L8N é’ummlugﬂﬁ 6 AILLEIT 49 9T ua1 TR InNLazaITa

71 gardenoin |

- COSY
+—~ HMBC

37 5 usas 'H-'H COSY waz HMBC correlation fid1fay8413 49 Uaz 50

21
A TN
. N2 |
LTS |
W. l'\.-‘ f1s /A \‘P T
y \A > a7
/" ! § I |
N, -+ PR &
# 4 - IM'LH 7

3111 6 U§AI NOESY correlation idARyu8I817 49

§11IUsT 50 ﬁnﬂﬁaga HRESIMS Wmﬁﬁgj@ﬂmaqa CaoHagOs (m/z 511.3403 [M+Na] ,
caled 511.3399) uazfida o 'H NMR fiudnsazamzveslalasonsimwlannefiudszian
3,4-seco cycloartane LEN% Aagl broad singlet 7 O, 0.54 Uz 0.56 Vo9 C-19 Wiawllsnanva
ndlalaalwsiwn wonannitganuing 'H usz °C NMR spectrum (anv97 3) adenuans 49
0N udilfyanvesmydadladn 8, 9.38 uasdymwaIny vinylic methyl wiglunilony B
NNMIIATMARTaYA HMBC sansnduduldin a1 50 finadad ladunung vinylic methyl fiwy
Tuans 49 a’%aé’mamlugﬂﬁ 5

wonNINNHAIALANGIBNEIwnilade wuiians 50 4 oxygenated quaternary carbon L
WAiIANSUaN uAFLIMIBI C-4 methine Tawuluans 49 wn'ly Lmzl,fiaﬁmimwmﬂ‘*ﬁa%m
HMBC (gﬂﬁ' 5) wuiniing OH seagiu C-4 unu H lums 49 Gariuans 50 Sofuanyvialn
LLazé?d%a’h gardenoin J %dﬁ relative stereochemistry WULLABINURNY 49 Lﬁaomﬂﬁ NOESY

correlation luﬁﬂwmua PN



@15799 3 'H (400 MHZ) uaz "°C (100 MHz) NMR 284813 49 uas 50 (CDCly)

49 50
Position
Oc Oy (Jin Hz) Oc Oy (Jin Hz)
1 27.9 CH, 1.34m 29.9 CH, 137 m
251 m
2 31.8 CH, 2.32m 31.9 CH, 2.28m
249 m 2.68'm
3 179.2 C - 178.7 C -
4 36.6 CH 2.15m 783 C -
5 35.3 CH 1.94 m 42.9 CH 2.08 m
6 25.2 CH, 1.01m 24.8 CH, 1.79 m
1.28 m 2.06 m
7 25.0 CH, 1.28 m 25.8 CH, 127 m
8 48.4 CH 142 m 48.7 CH 129 m
9 213C - 235C -
10 272C - 297 C -
1 27.0 CH, 117 m 26.5 CH, 114 m
241 m 2.12m
12 33.1 CH, 1.65 m 33.1 CH, 1.65m
13 450C - 449C -
14 489 C - 479C -
15 35.9 CH, 139 m 35.9 CH, 1.30 m
16 28.1 CH, 1.28 m 28.2 CH, 127 m
1.91m
17 52.3 CH 1.58 m 52.2 CH 1.60 m
18 18.3 CH; 0.95s 18.6 CH, 0.94's
19 30.3 CH, 0.61d (4.2) 31.1 CH, 0.54 br s
0.39d (4.2) 0.56 br s
20 35.8 CH 1.28 m 35.9 CH 1.42'm
21 18.2 CH, 0.88 d (6.3) 18.0 CH, 0.91m
22 36.3 CH, 1.03 m 34.7 CH, 122 m
142 m 1.60 m
23 24.9 CH, 1.86 m 26.1 CH, 2.27m
2.04m 2.40 m
24 125.2 CH 5.10 t (6.9) 155.8 CH 6.50 t (7.1)
25 130.9 C - 139.1 C -
26 25.7 CH, 168's 195.6 CH 9.38's
27 17.6 CH, 1.60 s 9.2 CH, 174's
28 11.8 CH, 0.81d (7.0) 24.4 CH, 122's
29 66.7 CH, 3.48 d (7.1) 67.6 CH, 3.46 d (11.0)
3.88d (11.0)
30 19.4 CH, 0.91s 19.5 CH, 0.90 s




fmIuaT 27, 34 war 54 anmalIsuifisudays NMR Audayaluinsansiduedngg
(iterature) WuINLDuanIN ladnIeuanLiIfa secaubryenol (9), sootepin E (12) Wae
coronaloic acid (13) au§GL Tiasuanlaanfizana Gardenia [TwAIny wazllassaineds

LLamlugﬂﬁ 1 uaz 4

ﬂ’l‘iﬁgﬁ]%ﬁﬂidﬁ%’]dﬂﬂdﬂﬁiﬁltﬂﬂlﬁﬁ]'\ﬂd?%ﬂaﬂ'ﬂad G. collinsae

ZOR,24R-epoxy-3-9xo-dammarane- 20R,24S-epoxy-3-oxo-dammarane-
25¢,26-diol (52) 25¢,26-diol (53)

20R,24R-ocotillone (54) 208S,24R-epoxy-3-oxo-dammarane-
25¢,26-diol (55)

A o e A o ' .
E‘.I.I‘Yl 7 LLﬁ@GIﬂNﬁi’]\ﬂlE]Gﬁ’]iLL@]&IZJ’]LiuvlﬂﬂimE]iW%Y]LLEJﬂle]ﬁ]’mﬁ’JuEJE]@TEN G. collinsae

813 52 meﬁqmimaqa CaoHsoO4 9MNGBYA HRESIMS (m/z 497.3609 [M+Na]’, calcd

Y = v 13 ' =
497.3607) LLazﬂ‘Jzﬂaumﬂﬂﬁuau 30 mﬁlau Gﬁﬁ'ﬂqﬂmaaﬁ C NMR uag HSQC WU'J']ﬁ'ﬂNﬂ

U
=

. & A a ' = S A & s & =
Inu 1wy, nadiBsiwda 7 wy, wian 11 nydelnilangiduuuy oxygenated, 1'lsil 5 niidad
~ | & & & A & & = & &
wilanyiduluy  oxygenated uazAlafinatuIANIuen 6 aFuauDIREIANITUKIuLDL
v 1 { [ . ' Aa A
oxygenated UazaNTaya H NMR (13191 4) WuFaN M singlet 2a9najinasieTiasa 7 nyh
lé U 1 ¥ v L
O4 0.87, 0.93, 0.99, 1.01, 1.03, 1.08 uaz 1.16 Tifayawfisanadasnuaslasinaifiu
YaztnnuauuLIn (dammarane-type triterpene)
a @ 1 1 ' o
NNMIAATIHRTaYA 2D NMR (‘H-'H COSY, HSQC, HMBC) wuiians 52 Hlasatni

(planar structure) WA BUNUENINLAL BB a%AD (20S,20R)-epoxy-3-oxo-dammarane-

25&,26-diol (55) Auen l@ann Mangifera indica WaFINGNINUAD "°C resonance 189 Me-21 @9lu



13 52 fen 26.7 wazluans 55 fen 22.5 uaz C resonance Uad oxygenated carbon U3
tetrahydrofuran ring &sluans 55 fien 87.8 (C-20) uaz 86.3 (C-24) vausTiluans 55 flen 86.4 (C-
20) Uz 82.7 (C-24) GITuUEAIINET 52 uaz 55 1ilu diastereomer S9ruuaziuiil relative
configuration 71 C-20 uaz C-24 uanansnu WelSuuifisudeys °C NMR i C-20 usz C-24
289813 52 iU 54 (20R, 24R-ocotillone) wuinlndtdssrin wananitdsliny NOESY correlation
32%319 Me-21 Uz H-24 (gﬂﬁ' 9) F9ayulei1a13 52 § configuration uuY 20R, 24R uaziuans
sialride (20R, 24R)-epoxy-3-oxo-dammarane-25 &,26-diol

§mIuany 53 9ndaya HRESIMS, 1D uaz 2D NMR wuidigasluanauszlasiashs
(planar structure) WANBUNUANT 52 LL@i@i’l\‘lﬁIu‘ﬁI‘ﬂ/%m NOESY mdmu NOESY spectrum 183813
15 WU correlation 32%319 Me-21 Uuaz H-24 (gﬂ‘ﬁ' 9) 9t ITALIN é’aﬁ?u?iaagﬂvlﬁiﬂ 817 52 \Ju

. a A . . & A '
diastereomer NU&1S 52 uaz 55 @9l configuration WUU 20R, 24S waztduansviialnaife

(20R, 24S)-epoxy-3-oxo-dammarane-25 &£,26-diol

311 8 uga9 'H-"H COSY uaz HMBC correlation fifnfau84a3 52

fmiuas 54 nmudSpuifisudays NMR Autayaluinsansidbensg (literature)

wudndumanldiiminenuinudifia (20R, 24R-ocotillone) uaziilassaisasuaadlugua 7

3111 6 U§AI NOESY correlation NdAQJv8I817 52 Uaz 53



@159 4 'H (400 MHZ) uaz "°C (100 MHz) NMR 2898135 52 waz 53 (CDCl,)

52 53

position
Oc Oy (Jin Hz) Oc Oy (Jin Hz)

1a 39.9 CH, 1.91m 39.9 CH, 1.91 m
1b 1.45m 1.44 m
2 34.1 CH, 2.46 m 34.1 CH, 2.46 m
3 218.0 C - 218.1 C -
4 474C - 474 C -
5 55.3 CH 1.36 m 55.3 CH 137 m
6a 19.6 CH, 1.55 m 19.7 CH, 1.55 m
6b 1.45m 1.46 m
7 34.5 CH, 1.30 m 34.6 CH, 1.31m

1.56 m 1.56 m
8 402C - 403C -
9 49.9 CH 141 m 49.7 CH 142 m
10 36.8C - 36.9C -
11a 22.1 CH, 152 m 22.3 CH, 1.51 m
11b 1.25m 1.24 m
12a 25.7 CH, 1.75m 25.8 CH, 1.76 m
12b 1.33m 1.29 m
13 43.1 CH 161 m 43.0 CH 1.64 m
14 50.0 C - 50.0 C -
15a 31.3 CH, 147 m 31.4 CH, 1.46 m
15b 110 m 1.09 m
16 26.1 CH, 1.80 m 27.1 CH, 1.82 m
17 50.0 CH 1.85m 50.1 CH 1.86 m
18 16.0 CH, 0.99 s 16.1 CH, 0.99 s
19 15.1 CH, 0.93s 15.2 CH, 093 s
20 87.8C - 86.8 C -
21 26.7 CH, 116's 26.7 CH, 1.16's
22a 34.4 CH, 1.78 m 34.7 CH, 1.88 m
22b 1.68 m 1.70 m
23a 26.2 CH, 2.08 m 27.1 CH, 1.81 m
23b 1.81m 123 m
24 86.3 CH 3.82 dd (4.9, 10.4) 86.3 CH 3.83 dd (4.7, 10.2)
25 706 C - 725C -
26a 71.3 CH, 3.67 1 (10.8) 67.5 CH, 3.73 d (11.0)
26b 3.37.d (10.8) 3.39t (11.0)
27 20.0 CH; 1.01s 21.4 CH, 1.11s




@159 4 'H (400 MHZ) uaz "°C (100 MHz) NMR 289813 52 uaz 53 (CDCly) (fa)

52 53
position
Oc Oy (Jin Hz) Oc Oy (Jin Hz)
28 27.0 CH, 1.08 s 26.9 CHj 1.07 s
29 21.0 CH, 1.03s 21.0 CH, 1.04 s
30 16.2 CH, 0.87 s 16.3 CH, 0.87 s
26-OH 3.21 br d (10.56)

P & Aa 1 ¢ < = [y
Aani 2 HaaNNnisaalrasuziSsasasnuanla
ssnuenlensnue larhumasauanuduindoioasnzis 5 vHafe i waauziSIeuy
(BT474), \waanzi59Uaa (CHAGO), LTRaNziSIAU (Hep-G2), LUaaNzisInIziniza1nns (KATO-
3) waslTaaNziSIE & (SW-620) G183 MTT
nnuanInasasngidnlamandewnitusznuidbluaisiizeandasiude  aahaz
& a 4da & = I | i A A o
uwaasanuduinnddeaduiandumngy 3 4-seco-cycloartane triterpene  Niilasians
{ « \ . . o Y £
gauiiu exomethylene J}-lactone ring w@n13839 furan 4 side chain (C20-C27) %:Yl’ﬂmmh‘
aaasataann wishiilassashaiu exomethylene Aidumniis 29 luifing OH asuaasluasnh 4
é’aﬁuﬁﬂﬁﬁwmsﬁgaﬁ’jmg exomethylene Jtlactone ring AWadamIuEaInNNTUN LG
6 I3 a A 1 o AaA qu/ o aaa a e . v A A 6
iraauztI9IInIe il lapthanindnyfanvid §isenady (addition reaction) riufiaadlalWd
a ¥ o a o {d‘ v < a 1 [ = 2 dldyd v . .
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A13197 4 LT uN e alTaaNsISIUaIRNT 41-54

. ICso (LM)*
BT-474 KATO-3 CHAGO SW-620 Hep-G2

41 >20 7.24 5.51 5.58 >20
42 >20 >20 >20 >20 >20
43 >20 >20 >20 >20 >20
44 >20 >20 >20 >20 >20
45 >20 >20 >20 >20 >20
46 >20 >20 >20 >20 >20
47 >20 >20 >20 >20 >20
48 >20 >20 >20 >20 >20
49 >20 >20 >20 >20 >20
50 >20 >20 >20 >20 >20
51 >20 >20 >20 >20 >20
52 >20 >20 >20 >20 >20
53 >20 >20 >20 >20 >20
54 >20 >20 6.25 6.25 >20

*

>20 UM = inactive



(a)

T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)

(b)
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o 1 a o i o aaa ' " .
35U 7 ugaImiUnasy H NMR 2asnfanmsinladandisenszning tubiferolide methyl ester

(35) 1y 2-mercaptoethanol L8z morpholine
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: <
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[ A o v & & o o ¢ o ¢
nmyanaugnastiiewanlzduarsasanlunisdsianziounns
o A v o A & A Aa . & = & '
asnnandedn  ssiusasanuduisnadaimadusdaziduaingy  3,4-seco-
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cycloartane triterpene nilasemsanin exomethylene J}~lactone ring W b9 furan lu
side chain (C20-C27) asuugidvdsldidonans 2 slaeihulfidumasdulunmidaased
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(Y ' = a ' @
wonldanausanuad G. sootepensis TIa1T 11 sunsauen laludSunmaaudnsunnda 0.02%
yield vuzfians 30 uonldlulSunaiasann udiTowudaansnuenas coronalolide methyl

ester (10) 'la lut/Su1muun (2% yield) 393a15HhaNinn33aSaae NaBH, 326 sootepin A (20)

v
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G. sootepensis
(apical buds)

- extracted with MeOH
- partitioned with EtOAc and H,0O

EtOAc extract

cc, sio,

(0.02% yield) (2% yield)

Coronalolide (11) Coronalolide methyl ester (10)

NaBH, (55% yield)

Sootepin A (30)

a o = A Y & & o g 6
LLAWBATINN 4 LRAINIIRNALRSLATILNURIT 11 LR 34 LWQI’HLﬂ%ﬁ’]i@G@%I%ﬂ']SﬁGLﬂ‘i’]:%

[ I3 o 3 .
NIFILAINEHAUNWD 3,4-seco-cycloartane triterpene
lunsxaaszin laiRenansaessiia Aa coronalolide (11) Waz sootepin A (30) tuans
E o o o [ & o & [ A Y & ° [ A A .
MdumIuNMIFIeNzRayRutdng g lasnsUiuasulasafanuazyihnsdiuasunng
Auandan (COOH) NéunuIN 1 vad coronalolide (11) uazwylansandafiagndunin 26
284 sootepin A (30) Niikiiailunsgrazaslasiaiuaswlinidudrouazsnvassanguii

£
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Coronalolide (11) Sootepin A (30)
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msﬂ%’uL1J§mulmaa%’wwam%iﬂﬁuan%ﬁnﬁ@‘hLmu',aﬁ 1 2989 coronalolide (11) U7A3eN
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doiaduzing 5 afialdusasltiluasen 5 dwmiumadiudsulesseiisesmylneani
LOANBFOANEIUAUIT 26 189 sootepin A (30) LUutasinaswiiasngg wvilfiseny acid
chioride Tiad199 luanziiduus Sauaaslanaivvesndanmsililuzlfn 10 uazwany
HuRsdairasuziTalduaas B lua1en 6
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A & ¢ A A o & o a o v ¢ &
1) pnidswduueludazlionufendumzgsdn  uazluiuenduinuayiusiamnaives

. <6 a ' { o &
sootepin A (30) AlHanNUluRudatTaaNdand LA

0]
o7 Qe
(0]
56 57

61

>LH:\ \)4\/ Br/\/\ﬁj‘\ Meo/\/“ﬁ}\ ON)R

H
65 66 67 68 69
N/\"“
Ol C
70 71

A o

311 9 usAsauWUTVAI coronalolide (11) NFILATIEA |6



A & A | & < . v ¢d o o
M1319N 5 ANV uN 6oL TaaNslI9UBd coronalolide (11) LLﬂZﬂT&W%ﬁV]aGLﬂTT:ﬂwL@

a3 IG5, (M)
BT-474 KATO-3 CHAGO SW-620 Hep-G2
1 13.65 1212 11.23 10.32 13.28
56 >20 >20 9.65 12.21 8.21
57 >20 >20 >20 >20 >20
58 >20 >20 7.84 10.51 9.73
59 >20 >20 7.55 10.05 >20
60 >20 16.16 10.27 12.05 10.63
61 >20 >20 >20 >20 >20
62 >20 >20 10.71 13.40 7.52
63 >20 >20 10.19 11.55 >20
64 >20 >20 8.37 10.47 >20
65 >20 >20 10.06 10.92 >20
66 >20 >20 12.58 12.63 11.53
67 >20 >20 13.42 10.37 >20
68 >20 >20 12.64 11.07 15.75
69 >20 >20 7.09 12.52 >20
70 >20 >20 15.19 9.95 16.26
71 >20 14.13 14.04 11.17 >20

*

>20 UM = inactive

f”“oj\ f“o%/ f‘oj@ /“oi@F /~o/i©\0 f*oj)\@\&
72 73 74 75 76 77

o) 0 o 0 o
saoWisa oWLe oWl o BAa 6 &
NO, CHs OPh N Z
78 79 80 81 82
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@139 6 anuduisdaimaduziTives sootepin A (30) uazauRusNFIATZA LG

d13 IG5, (M)
BT474 KATO-3 CHAGO SW-620 Hep-G2
34 11.80 4.21 7.96 3.61 5.82
72 >20 >20 15.05 7.84 8.91
73 >20 >20 14.31 4.34 712
74 >20 >20 11.99 5.08 9.65
75 >20 13.69 8.75 5.82 5.62
76 >20 14.45 10.18 8.13 8.46
77 >20 >20 >20 11.02 >20
78 >20 >20 12.98 10.81 12.69
79 >20 >20 11.30 12.45 14.79
80 >20 >20 11.83 7.47 8.76
81 >20 >20 11.35 12.01 11.89
82 >20 >20 9.54 11.18 9.79

*

>20 UM = inactive
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Twnuwisoiinenanmmeseuanulufisdomssunsoriiasnsg ui ARandaaularh
mInageUnnIsudImMIsianaaalnd  (antiangiogenesis) tissanmsaivaanidanlnaiiin

NIzLIUNIN I WRAAYsaszSmnriaeneIgaulauazmIunInIzedin - 59

'
a A ;s

a e dq, Y o . A v Al . &z
luuispitlesinans 3,4-seco-cycloartane triterpene Nkan'l@annie Gardenia N9 5 sfafigIae

U

Lad

VL@TﬁwmﬁéTﬂmﬁgmmLLa:mgﬁufﬂTﬁaﬁuﬁﬁ%Lmﬂ:ﬁﬁumwﬁ@mﬁ@maommsﬁlﬁqqu@
laeld ex vivo model ?ﬁoLﬂumsgmiﬁuiﬁamsaaﬂlmjmawaamﬁaw% (rat aortic ring sprouting
assay) WLUINRIINAAAUNTIINTG sootepin B (31) lﬁqw?;msﬁ'ugaﬁﬁﬁqﬂiﬂmawwﬁsnﬁufaﬂWi
aﬁ*'mma@l,ﬁa@lmi"l,ﬁaamauylmiﬁmﬂmﬁmm 20 pM Uazdlen ICs = 4.46 pM é’ummlugﬂﬁ
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Effect of 31 on the ex vivo rat aorlic ring sprouling assay
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2841088 HUVEC (human umbilical vein endothelial cell) Iuﬁoﬁfu@h\‘]ﬂ laun proliferation, tube
formation L8z migration WU71 sootepin B (31) Lm@mﬂ'ﬁgﬁuﬂg\‘lmsa%ﬁmaamﬁa@sl,mﬂ@mhu
TSI proliferation (ICs, = 1.20 uM) W@z tube formation (ICs, = 11.20 puM) uaunu'liinade
migration 183 HUVEC Lag ﬁdLLa@]ﬂuEﬂﬁ 12
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(c)

control 2.5 UM 5 uM 10 pM 20 UM
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20
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Y o . 3 ‘=6l .
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v ad . 1 . A"‘W & ¥
action) #7873 western blot analysis WU sootepin B LLammiaaﬂqmwmmsmwmaamﬁa@
1 1 o & . A &’ s 2
lﬂwiﬂﬁlw’luﬂavlﬂﬂUEldﬂ’]i phosphorylation w8y Erk %2 TIUWNUANVULTNVBYBIRT (dose

dependent manner) U@ liiNasians phosphorylation 289 Akt ﬁ’\‘lLLaquEﬂﬁ 13
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Figure S1. 1H NMR spectrum of gardenoin E (41) (CDCl;, 400 MHz)
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Figure S2. 1SC NMR spectrum of gardenoin E (41) (CDCl;, 100 MHz)
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Figure S3. 'H-'H COSY spectrum of gardenoin E (41) (CDCl,)

A
- e
» a
) ® ..
¥ pwsp
a m
C @ W
p =
L)
— [}
‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t2)

Figure S4. HSQC spectrum of gardenoin E (41) (CDCly)
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Figure 85. HMBC spectrum of gardenoin E (41) (CDCl,)
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Figure S6. 1D NOE spectrum of gardenoin E (41) (CDClI5)
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Figure S6. 1D NOE spectrum of gardenoin E (41) (CDCI;) (continue)
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Figure S7. 1H NMR spectrum of gardenoin F (42) ((I“,_IIICIs, 400 MHz) O
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Figure S8. ''C NMR spectrum of gardenoin F (42) (CDCls, 100 MHz)
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Figure $10. HSQC spectrum of gardenoin F (42) (CDCl5)
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Figure S11. HMBC spectrum of gardenoin F (42) (CDClI5)
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Figure S12. 1D NOE spectrum of gardenoin F (42) (CDCl,)
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Figure S12. 1D NOE spectrum of gardenoin F (42) (CDCl;) (continue)
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Figure S13. "H NMR spectrum of gardenoin G (43) (acetone-dg, 400 MHZz)
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Figure S14. 1SC NMR spectrum of gardenoin G (43) (acetone-dgs, 100 MHz)
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Figure S15. 1H-1H COSY spectrum of gardenoin G (43) (acetone-dg)
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Figure S16. HSQC spectrum of gardenoin G (43) (acetone-dg)
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Figure S17. HMBC spectrum of gardenoin G (43) (acetone-dg)
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Figure S18. 1D NOE spectrum of gardenoin G (43) (acetone-dg)
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Figure S18. 1D NOE spectrum of gardenoin G (43) (acetone-dg) (continue)
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Figure S19. H NMR spectrum of gardenoin H (43) (CDCl3;, 400 MHz)
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Figure S20. 13C NMR spectrum of gardenoin H (43) (CDCl;, 100 MHz)



