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Abstract

The phytochemical investigation and biological activity of the extracts from Uvaria
cherrevensis and Lagerstroemia macrocarpa led to the isolation of 41 compounds including 19 new
(F1-F4, L1-L12 18 L19-L21) and 22 known compounds by using chromatographic techniques. The
structures of isolated compounds were characterized by spectroscopic techniques especially 1D and
2D NMR. Some of these compounds exhibited antimalarial activity and cytotoxicity against oral

cancer cell line.
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Dried fruit of U. cherrevensis (306.6 g)
MeOH

Crude MeOH extract (37.36 g)

QCC (hexane/acetone/MeOH)
A B C D* E F G** H
(654.7 mg) (394.2 mg) (1.85 @) (563.5 mg) (1.16 ) (1.11g) (674.1mg) (530.0 mg)
(S,\jsgﬁ)ex LH-20 Sephadex LH-20 cc o Sephadex LH-20 (sh:sgi"’)ex LH-20
Sephadex LH20 | (MeOH) (1% MeOH/CH:Cly) (MeOH)
(MeOH) c2 | | | | F2
A2 Ad F6 (48.3 mg) E2 Ea 6 E8 Eo (34.3 mg) H2 Ha
19.6 m F1
(196 mg) g 42™9 . (10.4 mg) (285.7 mg) 466mg) (6.2 mg) (47.1 mg) o (615mg) (16780 ivz0
(15% EtOAc/Hexane) (20% EtOAC/Hexane) (S’\jggﬁex LH-20 (s’;sgﬁex LH-20 (S,jsgﬁex LH-20 | (504 EtOAC/CH2Cl) (MeOH)
F5 cc Sephadex LH-20
(10.0 mg) F7 F8 (1% MeOHICHCL) | (eoH) ESB F13 e 5F2 \ ae .
12.7m (7.5 mg) 25.5m 2.1m -2 Mg
( 9 ( 9 (21 mg) cc| (255 mg) (13.1 mg)
3 9 |——| (2% MeOH/CH2Clz) cC
F F (2% MeOH/CH:Clz)
(11.5mg) (23.9mg) E6B E6C cc F14
(215 mg) F11 (1% MeOH/CH2Cly) (13.5mg) F15
cc (10.6 mg) (3.5mg) cc
(1% MeOH/CH2Clz) @ '212 ) (1% MeOH/CH2Clp)
4m
F10 9 F4
(6.5 mg) (1.3 mg)
* Fraction D was a mixture of fractions C and E
** Fraction G was a mixture of fractions F and H
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al., 2016) &ueiay 4D3 (72.0 HadanIw) huwanmunaanilasunlnnf s=dis 1% wnmuaals
laaaalsfiinu VL@Tmiu%qw%i{hmu 1813 @a cherrevenol B (L2) tinwiin 17.2 fadnsu Janwmiu
YadNAN LR ISR &1 5 (1.45 NTU) WENA28 RPCC TedeiunIunan 16 6 §udas (5A-5F) dautas
5B (104.2 §iadnid) YinlRuendadis Sephadex LH-20 D@18t UN%aa b6 3 #3utat (5B1-583)
futas 5B2 (21.7 JadanIN) wuna28aaautlasinlnniR vzads 15% tefinasdiaaluianioy la
awu%qw%%wmu 1 815 @ cherrevenol E (L5) wiin 7.4 §adnsu Janwmetiuaosudafionn
fiugay 5C (715.5 JadnTv) innusnamsaaanitlasinlnnid s=a1s 1% twnuealulaaasals
finu e 3 frutas (5C1-5C3) drutiay 5C2 (589.3 adnIN) ﬁﬂﬁu‘%qw%’m Sephadex LH-20 ¢
AALUNIUDA VL@Tmsu%qw%iﬁm’m 1 815 @@ cherrevenol | (L) w%in 5.7 Saansy fanwmeiin
23udIFInA09 dIutias 5E (296.4 AafnIN) WUNAI8 Sephadex LH-20 TL@18LUNUER ARIT
u%qw%i{i']mu 1813 @8 cherrevenol K (L11) sinwiin 4.3 Sadnsy Sanwasiduvesudsdinies dau
7 (1.08 n3¥) shanuenmunaaNilasannn® aeals 1% wnuaalulanaalsimu 16 5 dutas
(TA-TE) autias 7B (160.1 §adnIW) wanee Sephadex LH-20 T=aeiaunuea b6 5 aiutiay (7B1-

a A s o o Y Aa QKQI a v a a
7B5) gRueae 7B2 (38.7 URANIN) %WN'W]']I%U?ETYIIT@'Jﬂﬂaﬂwﬂﬂiwﬁi‘ﬂﬂiﬁﬂ 2028 30% LAaNRDED
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2

v ~ Qfa o =) =)
LA9 L NLTY "I,@mimqmmmu 2 817 @@ cherrevenol H (L8) #11ihn 18.6 Uadniw Uanwmeiin

s a

nanla & waz (—)-6-acetylzeylenol (L17) 1ritin 2.0 Aafinsy anwaziduvasniladiiaa

(Stevenson, P., et al., 2007) &utay 7B4 (26.9 afny) uunaluaaauilasaninnnd vzl 1%

a o

winmuaabwlanaalsiitnu 16 3 d1utas (7B4A-7B4C) eutias 7B4B ¥inlwuSandeiy Sephadex

q

A A et =

LH-20 T2@8Lun1uaa Vl,ﬁmiﬁqwﬁ?hmu 1 813 @8 ferrudiol (F7) Winwin 4.7 Sadnsu fanwme

\Inwasnitadinnna (Wirasathien, L., et al., 2006) §2ugas 7D (115.0 §adnsu) wondasiy

Sephadex LH-20 T=@28LuN1%a 8 VL@Ta’]iu?quf%’lu’m 1 &1 fa cherrevenol J (L10) ﬁ’mﬁfﬂ 98.2

fadnsu anvmsidundnlalifd dau 9 (4.64 nTu) Nuenea8 RPCC e 3 #utias(9A-9C)

fautiay 9B (590.6 AadnIv) ﬁwmﬁwlﬁu‘%qﬂﬁ%ﬁmaé’uﬂmmimﬁﬂ Te@8 50% LainazTLaa
a s Y

Twaniou a7 daudas (9B1-9B7) rutas 982 (29.7 adnsu) v lwuSandene éae Sephadex

q

a A v a

LH-20 T=@28Lunues VI,@Tmsu‘%qﬂ%%ﬁmu 1813 @a zeylenol (F13) tinwtin 24.9 fadnsy Janwus
Wuaesnilafinied (Kijoa, A., et al,, 2007) &Iutias 9B4 (46.1 JadnIN) WuNdaaIunaaNtlaAT
N vede 50% Lafinazdiaaluianian "L@i”miu%qﬂ%%ﬁmu 1 813 fa piperenol A (L18)
Wnein 14.6 Saansy fanwaidurainiiadinies (Taneja, S. C., et al, 1991) §1utas 9B6 (50.3
fadniv) ihauandameonaauilasanlnnnd szee 3% wnmuaalulaasalsding 16 3 dudes
(9BBA-9B6C) daueint 9B6B (38.7 Uainid) ﬁw‘lﬁu‘%qﬂﬁfﬁ’m Sephadex LH-20 T=@28L8N11%a8 b6
msu‘%a;ﬂ%%wmu 1 813 @8 cherrevenol G (L7) Winwiin 14.9 fadnsu danwaziuveinitediias
&% 10 (2.45 N3X) LENE RPCC Tealuniuaa b6 3 §utas (10A-10C) diutay 10B (727.6
fiadnsu) wuendrunaauilasanInni® vedrs 80% tafinezdiaaluianian 1o 3 arudas
(10B1-10B3) &1ugias 10B2 (19.1 AaanIw) ﬁmw‘iﬂﬁu%qw%%‘”w @18 Sephadex LH-20 Tz@8lun
Waa vlﬁaﬁu'%qﬂ%z‘hmu 1§15 @8 cherrevenol F (L6) wwein 9.1 Sadnsy Sanwoidundnlalaid

8 (ATUNBNIN 2-3)
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Crude Acetone Extract (126.8 g)
| QCC (hexanes-acetone-MeOH)

1(1.76 g) 2 (754.0 mg) 3(4.339) 4(5.089) 510

| RPCC (MeOH) cc , | RPCC (MeoH ’—L(ﬁgxcanew\e)
(15% aetone:hexanes) | ]
| | 2B (224.3 mg) 3B (410.0 mg) 3C (282.3 mg)
cc

4B (31.3 mg) 4D (650.6 mg)

18 (201;' 1h ngH 20 1c (SOCS mg) (Sl\jggﬁex Ko (1% MeOH:CH2Cly) Sephadex LH-20 Sephadex LH-20
(MSOH) (1% MeOH:CHzCly) | Ll(geOH) (MeGH)
1B2 (27.6 mg) 1C2 (10.2 mg) 12.9mg) 3B2(99.8mg) 3B4(18.1mg) 3B6 (14.6 mg)
cc Sephadex LH-20 ( 9 Sephadex LH-20 Sephadex LH-20 cc (2.1 mg) 4D2 4D3 (72.0 mg)
(1% MeOH:CH2Clz) (MeOH) (MeOH) (MeOH) (20% EtOAc/hexafes) cc
L1 L12 | a1 ;4 \ E12 16 L2(1% MeOH:CH2Cl)
3B2B (62.7 mg) -5 Mg 99m
(3.3 mg) (2.2 mg) P 3B2D (16.0 mg) ( 9 (141.1mg) (17.2 mg)
(20% EtOAc/hexanes) cc
2:2(30/ EtOAhexanes) (20% EtOAc/hexanes)
(1.2 mg) L14 | |
(1.7 mg) 3C3(31.0mg) 3C4 (61.6 mg)
cc 1:99) Sephadex LH-20
(CHaOH/CH,Cly' (CH3OH)
3C2 L21 3C4B (25.9 mg)
L22 (24.8 mg) cc

(1% CHsOH:CH,CI,”

(32.9 mg)

L19 L20
(7.2mg)  (10.7 mg)

a Qg v 1|
WNWNIN 2 ﬂ’]iLLf;lﬂﬁ?iﬂigﬂﬁﬁ]?ﬂlﬂ%@d@]%%&lLLJJ’J‘]_I’]
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Crude Acetone Extract (126.8 g)

| QCC (hexanes-acetone-MeOH)

1-4 5(1.45 @) 7 (1.08 g) 9 (4.64 g) 10 (2.45g)
RPCC (MeOH) (le/n MeOH,CH:Ch) RPCC (MeOH) | RPCC (MeOH)
| | | | | 9B (590.6 mg) 10B (727.6 mg)
cc
5B (104.2 mg) 5C (715.5 mg) 5E (296.4 mg) 7B (160.1 mg) 7D (115.0 mg) 50% EtOAc/hexanes |(°a%% EtOAc/hexanes)
Sephade(x ML:Oa[; (19 MeOH G é?lzc) Sephade(x NII_:Oig Sephaue(x J!'(;.Z..‘i Sephade(x ML:OES 084 46.1mg) 10B2 (19.1 mg)
B2 (29.7 .1Img) 9B6 (50.3m Sephadex LH-20
5B2 (21.7 mg) 5C2 (589.3 mg) L1l Lio 9B2(Z37ma) "E% e ( 9 (eor)
cc Sephadex LH-20 (43 mg) 7B2 (387 mg) 7B4 (269 mg) (982 mg) (MeOH) |(;O% EtOAc/hexanes) (3% MeOH,CHzClz) L6
(15%EtOAc/hexanes) (MeOH) cc cc F13 L1 9B6B (38.7 mg) (9.1 mg)
(30% EtOAc/hexanes) (1% MeOH,CHzCl) -/ Mg Mg
L5 ] |7_9 c/hexanes, 1% M H7?34B (19.1 mg) (24.9 mg) (14.6 mg) (S,\;epg:d)ex LH-20
7.4 m ephadex LH- °
(7.4 mg) ( g) L8 L17 (SMESJ') LH-20
(18.6 mg) (2.0 mg) F7 (14.9 mg)
(4.7 mg)

a Q; v 1| 1
WNWNIN 3 mmammimqﬂﬁmﬂwamuuuLLmiJ'] (8)
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2. MIRNALAZLENBIRUITZNaUMIATVBIARAUNANUN
2.1 §aunazilaan

AsuazilfendunfaunuisaaiduTuians (1.5 kg) HMINENARILLUNIKER 6 AT 3

& %} & o o @ v ?,’ a %) % = A A
A998 3 % MNBUITRIAVRzANY lasIuananeuiinin 68.22 n3u anwmsduveiniiaf
WAATY  GaNNTNEIRENARIILTIRNANILENGIE Reverse Phase Column Chromatography
(RPCC) Teasiuniuaauasiin (1:1 014 1:0) lasiutas 9 &1 (A) shdm A (21.48 n3¥) uas B
(3.30 NTV) WTINABUAZAZANLAILIN LAzLANNIA bEasAaasn (pH 3) a9kl NnuuhEIuanaazane
A ANENALLLLENTY (partition) dRa@IazasefinasBiaa 100 SaRAT 31U 3 A9 LAEIU

RNARLNLTUWIUNIE (AE) Wibn 1.77 AW dauaﬁa%’uﬁﬂgﬂmmamﬁmﬁUmsazmmaﬂmﬁﬂﬂaﬂ

(7 [
04

Jon 16 (pH 9) IMNBUININFNALLLLENTUABAILLARB=TIAA 100 TadaT $1UIu 3 as1 lasuana
RNUTUAUNSE (BE) 11in 59.2 A8An3u sausnane1u EA Wanugndedasaasuiilasanlnnsl o
M8 4% Lunmuaalulanaalsiiny laaiutdas 8 811 (AE1-AE8) Anwmaiutas AE4 (104.2 IadnI)
WoN@adie Sephadex LH-20 sedisiumuan laauneas 6 81 (AE4A D9 AE4F) ihautas AE4B
(41.8 dadniw) WLENAI8 RPCC P LT WD AU (0:1 ©14 1:0) l@dutas 12 &2 (AE4B1 14
AE4B12) sangionfl AE4B4 (10.8 §adn3) wundameounazaaanilasanlnan® szey 4% Lm
uaalulanaalsiiinu "I,@Tmsu%a;w%;z 13 @0 3-hydroxy-4-methoxybenzoic acid (M1) iwin 1.0
fadniw) danwusidurasnbadinies (Yang, Y., et al., 2017.) Uaz 4-methoxybenzoic acid (M2)
iwin 2.3 mg) snwaiuvaswiladindas (Tada, N., et al., 2011.) §ugioy AE6 (105.2 Hadnsw)
woniudingassie RPCC mxsatumuaauazin (0:1 A9 1:0) lasudas 12 §2u (AE6A- AE6L)
sangaufl AE6H (13.5 Jaansw) ﬁﬂﬁﬁﬁgﬂﬁ@ﬂ% Sephadex LH-20 T=ielaunuas aaintay 4
&% (AE6H1 019 AE6H4) dautias AE6H2 (9.2 adn3d) ﬁﬂﬁu?qw%?ﬁa aGaanitlasinlnnsil sz

4% muaalulaaaalsiing "l@”msu%s;m%ﬂ 815 A8 3,5-dihydroxy-4-methoxybenzoic acid (M3)

RN 4.0 adnin Janwuztduvasuds®u (Oladimeji A. O., et al., 2017) (ASUHBATN 4)
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iviethanoliC crude extract or twigs anda barks ot L. macrocarpa
(68.22 g)

RPCC (MeOH:HZO)

Ao s o

(21.48 g) (3.30 g) (5.49 g)

I

H,0, HCI (pH 3)

ag. crude

EtOAc 100 mL x3

aq LCid layer EtOAc layer (AE)
NH OH (pH 9) (organic layer)
) (1.7 g)

EtOAc 100 mL x3

cc
(4% MeOH:CH.CL.)
aq. layer EtOAc layer (BE)
(organic layer) J (1L4 2m L IJ
) 2 mg) -
(592 ma) AE1-3 AE4 AES  AE6 (1052mg) AE7-8
RPCC
Sephadex LH-20 (MeOH) (MeOH:H.O )

AEaA AE4B (|41_8 ma) aEdc AEeL-G AEBH (135 mg) AEBIL

RPCC Sephadex LH-20
(MeOH:H,0) (MeOH)

AE4|B1—3 AE4B4 (10 8 mg) AE4£5-12 AEEH1 AEBH2' (g g mg) AE6l-|3-4

o cl cc
4% MeOH:CH
% 2% (4% MeOH:CH,Cl )

| e 3

M1
(1.0 mg) (2.3 mg) (4.0 mg)

LNWATNW 4 ﬂﬁiLLUﬂﬁ?iUﬁﬁi‘ﬂ'ﬁ‘mﬂﬂd uazilfonvesauduninwun

2.2 @I
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Tusasdudunitaun (213.2 n3u) aNaIEMTAZABITUER 3 AT 3 A9 982 1o
fuananenululanumstJuwesniafenin 23.4 150 AILHBAN TNEIURNARLILLNNIKEANT
wonalelasinlnnAuuuTIais?  (Quick Column  Chromatography) Ted8@IvNazANLENLT
nnwmAvmsazslanuaziunuasnnday 16 9 & (A) nnlasnlnunIunatsIzuvaImn
fIntiag vosliiumsuonfitaamitosandasalsfaiwosuazasaadaniiaad Baseline
Aouthounn seinsnges D E uaz H inanaadumsusnlusi 'H NMR lunsalswasunusiunan
Lﬂumw‘gw‘%ﬂ@uwué’ryryﬁmﬁamuga Nawﬁumia%w”uﬁﬂmﬂﬁuan%ﬁn%a%ﬁﬁumuﬁaLLa:Lﬂﬁaﬂ

= 1 o = 1
39ldvinnfnesie
2.3 FIBNA

HauRIBUNTaUN (600 N3) aNAMILIUMNUDS 1 AT 3 A9 982 3 1% MNUUILRY
vazangaen lasuatanenuimin 12.37 n3u snwaiiuwrasmiladiimna I@ﬂgﬂﬁﬁmaﬁ'@uuu
WoND (partition) AA8EAYINAZANLLNNIWEN 50 UAAANT 1IN 3 a3s ldsnuataneny 7.95 n3u i
sauanangufildnugnsdasis RPCC axdoiumuaauaziin (1:1 89 1:0) lasiudasnanue 5 1%
(A-E) &% B (3.52 N3¥) ¥uuenee Sephadex LH-20 Tednaunuea Loaueas 8 &3 (B1- BS)
fautian B4 (264.3 Uafiniv) waneasie Sephadex LH-20 Te@I8LUNIUOR ORIBEDY 5 &1 (B4A -
B4E) &wtiny B4B (179.4 Uadniw) ﬁﬁmﬁﬂﬁﬁqﬂ%?ﬁw RPCC 7=628lnmuaaiaztin (5:95 119
1:0) "L@Tmm%qn%ﬂ a3 8 3,4-dihydroxybenzoic acid (M4) #miin 10.6 fadnsu iuwvesnilefinaas

(Meng, A. P., et. al., 2018) (AJULNBATN 5)



vieudinolic cruue exudcot Ol 1TuUIls Ol L. riiderocdr pd

(12.37 g)

methanolic crude Residue

(7.95 g) (4.53 9)
RPCC

(MeOH:H,0 (1:1 to 1:0))

B C-E

(3.52 g)

Sephadex LH-20 (MeOH)

B1-3 B4 (2643 mg) Bl-s

Sephadex LH-20 (MeOH)

BhA B4BB (179.4 mg) B4LS-E

RPCC (MeOH:HZO (5:95-1:0))

M4 (10.6 mg)

a Q€ v a a
LNWATIN 5 mmmmsmqmmn NRUBIAUDUNWULN
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1. dunuLN2 (Uvaria cherrevensis)
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MIANEN8IRLIZNaUNILARNNEIUENALNNIBEAVBINAA UL LLUﬂﬁ’]i‘U%ﬁ;ﬂ%ﬁLﬁ 15

a3 lasiduaslnsilunduanluanddiuiu 4 a3 Aa cherrevenones A-D (F1-F4) uazan3fidinis

718911lATIFIIILEL 11 813 fa uvarindoles C, D and A (F5, F10, F11) , cardamonin (F6) , ferrudiol

(F7) , 2' 4'-dihydroxy-3'-(2-hydroxyphenyl)-6'-methoxychalcone (F8) , 5-O-methoxydichamanetine

(F9), ellipeiopsol B (F12), zeylenol (F13), 7-O-methylisochamanetine (F14) LLas epi-methylphelligrin

{ 1 >3 a £3 1 a a Yo A g/ s
A (F15) Iummzﬁmuaﬂ@%muazﬂmumaﬂmuummm LLEJﬂﬁ’]‘JUﬁﬁ;V]'ﬁVL@]"m%'J% 25 ®13 TIDINY

FIUNS 3 &9 I(ﬂmﬂumﬂmﬂumjuwaﬁaaﬂ%mmvleﬂﬂmaﬂ%u 14 813 A8 cherrevenols A-K L&

cherrevenols M-O (L1-L11 uaz L19-L22) uazaslnalunguislalolaaiandu 1 a3 Aa cherrevenol

L (L12) uazs3fidnsmolassasnoudasn 10 a1 fia uvamalol F (L13), (<)-1,6-desoxypipoxide (L14),

uvaridapoxide A (L15), (1R,2R,3R,6S)-pipoxide (L16), (—)-6-acetylzeylenol (L17), piperenol A (L18),

dulcisene A (L22), F7, F12 L8z F13

F4: R1= OMe, Rz~ Ra = OH Ry :{j©
HO

Fo: R1 = OMe, R, = OH, Ry = ,R,=H
_ _ _Ho
OH, R, = OMe, R, =R,
R

Fl4:R1™ O™ '€
F15: Ri=R4 - OHh Ry = OMe,

H
,=H



= OH, R, = OAc [X-ray]

L6: R
L1 h -
L7:RL _Rz OH
L2: R = OMe [X-ray] F13: R1 -OBZ R, = OH
L3 R=H
OBz OBz OH
HO | HO, |
v, U BZOMOBZ
HO,, ‘R HO ‘R y N
s . ) . L12
RY R OH
= 0Bz, R, = OAc X =0Ac, R, =CI R
L8: R 2~ "% Ixray] L10: R 27 Cixray] BO AN OBZ
= 0Bz, R, =Cl ,=0OH,R,=Cl
Lo R1™ o4 T2 LR T2 L13
FTiRI=R2 oBz - o Li7:RLT Do R PR
F12:R1 - OB% R, =OH
BzO BzO 0Bz BzO
\
HO:E) Aco,;gj o 0 HO
] : BzO™ OH
BzO BzO z
o B0 OH
L14 L15 L16 L18
HO_ _O HO_ _O
HO OH
RZ
R? CHsq
wiz: R1 = OMe, R, = OH
V- R1 = OMe, R, = H M3
=R, =OH

20
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A £ 4 '
Tmaa%’wwaamsmqﬂﬁ (F1-F4, L1-L12 uaz L19-L21) fingnlaanwanazluzasdwwauniii
#1719 F1

813 F1 dansmsiduvasudifiinasy ﬁﬁ;@maummﬁ' 224-226 °C uugatlaasulIng
Fanoe m/z 1l 473.1355 [M+Na]’, A191NNNIAUIG 473.1365 CgH 05 Lﬂugmﬂmaqamaamsﬁ
Twamedi uv mﬂﬂ@ﬁ&lLLﬁ@Gﬂ’]‘i@@]ﬂﬁuLLmﬁ Jmax 215 282 uaz 355 nm Twamedl IR muaasu dang
é’tyty']mmamijl,amaﬂ%aﬁl,amﬂﬁu 3241 cm™ %y a,Bunsaturated carbonyl fiauadn 1627 cm”
waza9aslsun@ndl 1608 fu 1490 cm” Gaiduanvmzvailasiaemalan P38 'H NMR a1naau
289 F1 (0134 1) dnngayanawesfinnlantandllsaaud o, 14.35 (1H, s) fyamvedladia
lUsnauval (E)-a f-unsaturated ketone 2 é’rytyﬁmﬁ' Oy 8.16 (1H, d, J = 15.6 Hz) ua 7.83 (1H, d,

%

J=15.6 Hz) qmatytyﬁmmamaaziﬁtmaﬂﬁﬁﬁ@,mu‘ﬁ' 1 mj‘ﬁl dy 7.82 (2H, d, J = 7.6 Hz), 7.50 (2H,
d, J=7.6 Hz) laz 7.48 (1H, t, J = 7.6 Hz) ni1tiae 2 lgasonFrundan Oy 7.44 (1H,d,J=75
Hz), 7.07 (1H, t, J = 7.5 Hz), 6.93 (1H, d, J = 7.5 Hz), 6.84 (1H, t, J = 7.5 Hz) L&z 3.98 (2H, s) WAz
sudonadelaasandiuugs (C-1"-C-6" uaz C-8') Alugruvas xanthen ﬂi'mgﬁ Sy 7.30 (1H, d,
J=T7.4Hz),7.25 (1H, t, J= 7.4 Hz), 7.11 (1H, d, J = 7.4 Hz), 7.05 (1H, d, J = 7.4 Hz) uaz 3.91 (2H,
s) T9AR1BAUANT isochamuvaritin °C NMR slUna$u wudymim 29 sygim Usznaudis af
unsaturated carbonyl carbon 1 WM (Jc 193.6) MaaswTozlsundinaiiuaw 11 FWLIm (J¢
164.0, 160.6, 153.7, 152.7, 151.4, 136.4, 127.8, 121.2, 110.2, 105.6 .8z 101.2) azlsundniun’init
ANsUBaw 13 5tytyﬁm (0c 131.9, 131.2, 130.4, 130.0 (2C), 129.3 (2C), 128.8, 128.3, 125.0, 121.7,
116.8 WAz 115.7) LaaAWAN NG 2 ST (Jc 142.9 UA2 128.7) LAZINARWANITUOK 2 R (Oc
22.8 WAz 22.7) 310 HMBC stUaasuNLAMNNTNWUEVEI H-7 (Jy 7.83/ I 142.9) AU C-2/C-6 (I
130.0) Uaz C-9 (J¢ 193.6) wananitdidnuausunusvaslodfifialisaan H-8 (5, 8.16/5128.7)
MU C-1 (94 136.4) 3nTayaduduldd119 mono-substituted benzene (14 B) usgrunitsvas
lassaavanalaadianlaasanlusaau (6, 14.35) LRAIAMNFUWKS HMBC AU C-1' (J¢ 105.6),
C-2' (5; 164.0) uaz C-3' (J; 110.2) tufiadwldsnau H-7' (5, 3.98) maawgﬁ'ﬂﬁwﬁu 2-
hydroxybenzyl LRAIAMUIFNNUS HMBC fiu C-2, C-3', C-4' (6¢ 160.6), C-1"" (5 127.8), C-2" (J¢

4 o

153.7) uaz C-6" (¢ 131.9) wiNAsnuny 2-hydroxybenzyl fazidud1up0929 xanthene L%aua%iﬁ'u
WWTZA1UDULAZAISUAW (C-C) MATUNIUI C-5 (0c 101.2) waz C-8' (Jc 22.8) WONINNANUTY

ASUBnLAZEaNTLAU (C-0) S9LTawui C-6' (9. 152.7) laganduainugunus HMBC 209 H-8' (J,
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n

3.91) i C-4', C-5', C-1"" (6 121.2), C-2""" (5¢ 151.4) uaz C-6"" (6c 130.4) andIuaazlsnnén
A13uan C-2' uaz C-4' ﬁ@iaﬁ'uwvlamaﬂ%a fiaanndafidadnuas °C NMR ﬂswﬂg‘ﬁ'amm‘%ﬁ
NRINBUANTAN AIBWa1T F1 Qe (E)-1-(1,3-dihydroxy-2-(2-hydroxybenzyl)-9H-xanthen-4-yl)-3-

phenylprop-2-en-1-one %38 cherrevenone A

AMUFNNUINEATY HMBC ("H — °C)

@379 1 7aya 'H (500 MHz) uaz °C (125 MHz) NMR 289 F1-F3 14 acetone-ds

F1° F2 F3
Position

On, (JinHz) O, type On, (Jin Hz) Oc, type Ou, (Jin Hz) Oc, type
1 1364 C 1281 C 1364 C
2 750d(7.6) 1300 CH 7.59 d (8.6) 131.3 CH 7.46 m 1299 CH
3 782d(76) 1293 CH 6.90 d (8.6) 116.8 CH 7.74dd (8.0,1.4) 1292 CH
4 7.48 t (7.6) 1312 CH 160.8 C 7.45m 1311  CH
5 782d(76) 1293 CH 6.90 d (8.6) 116.8 CH 7.74dd (8.0,1.4) 1292 CH
6 750d(7.6) 1300 CH 7.59 d (8.6) 131.3 CH 7.46 m 1299 CH
7 7.83d(15.6) 1429 CH 7.72 d (15.5) 1436 CH 7.85d (15.7) 1434  CH
8 8.16d (15.6) 1287 CH 7.90 (15.5) 1279 CH 8.03d (15.7) 1273 CH
9 1936 C 1935 C 1930 C
1! 1056 C 1062 C 1085 C
o' 1640 C 165.3 C 1646 C
3’ 1102 C 108.1 C 1121 C
4' 160.6 C 1632 C 1611 C
5' 1012 C 6.14 br s 922 C 1151 C
6’ 1527 C 1625 C 1609 C
7' 3.98s 227 CH, 3.88's 22.8 CH, 3.96 s 23.7 CH,
8’ 391s 228 CH, 3.96s 244  CH,
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@379 1 7aya 'H (500 MHz) uaz °C (125 MHz) NMR 289 F1-F3 144 acetone-dg (¢ia)

F1° F2 F3
Position

Ou, (JinHz) O, type O, (Jin Hz) Oc, type O, (Jin Hz) Oc, type
1" 1278 C 1278 C 1283 C
2" 1537 C 1550 C 1553 C
3" 6.93d(75) 1157 CH 6.78 dd (7.6,1.8) 1159 CH 6.83dd (7.51.6) 116.0 CH
4" 7.07 t (7.5) 1283 CH 6.97td (7.6,1.8) 1279 CH 6.98td (7.51.6) 1277 CH
5" 6.84 t (7.5) 1217 CH 6.70td (7.6,1.8)  120.7 CH 6.75td (7.5,1.6) 120.8  CH
6" 744d(75) 1319 CH 7.24 dd (7.6,1.8) 1312 CH 7.36dd (7.5,1.6) 1317 CH
1" 1212 C 1281 C
2! 1514 C 1557 C
3" 705d(74) 1168 CH 6.83dd (7.9,1.6) 1159  CH
4" 7.251(7.4) 1288 CH 7.02td (7.9,16) 1280 CH
5" 7.11t(7.4) 1250 CH 6.70td (7.9,1.6) 120.3  CH
6" 730d(74) 1304 CH 7.08dd (7.9,1.6) 1307 CH
2'OH 14.35s 1417 s
6’-OMe 391s 56.3 CH, 3.68s 63.6 CH3

“Measured at 400 MHz ('"H NMR) and 100 MHz (*C NMR)

d19 F2

813 F2 Sanuaidusasnitafdinied ﬁg@ﬂmaqmﬂu CusHpO0p bENINNLUFFLUNATUN

v

WU m/z 71 391.1189 [M-HT™ (fnaNN138 1w T4 391.1182) Taya UV IR uaz NMR 289 F2 (01319 1)

a

asnanuans 2’4" -dihydroxy-3'-(2-hydroxyphenyl)-6'-methoxychalcone (F8) #intiu s 'H NMR
779 B luans F8 gnunufidagadygomwes p-substituted benzene [0y 7.59 (2H, d, J = 8.6 Hz Uz
6.90 (2H, d, J = 8.6 Hz)] azlsun@nlusaaw H-2/H-6 (5, 7.59/ 6¢ 131.3) LAAIANNFNWUT HMBC
U C-4 (Jc 160.8) Uaz C-7 (dc 143.6) wasfidunisaslsundnansuan C-4 gmmuﬁ@i”’sw%i"l,aman
Fa 1ilosandaiaadnaas 1°C NMR ﬂiwﬂgﬁlammﬁ’] 817 F2@a 4,2" 4 -trihydroxy-3'-(2-

hydroxybenzyl)—6'-methoxychalcone %38 cherrevenone B
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AMAFENNUETEE HMBC ('H — )
d19 F3

a5 F3 danwmziduosniiadinaa snuuasidaasunwy mz # 505.16209 [M+Na]® (f1
AMNNITAIWI T 505.16216) %aaa@ﬂﬁaaﬁ'ﬂg@ﬂmaqa CaoHzs06 TaYA NMR Aauaasluansng 1
AdenUaNT F8 nuiu nsindudn 1 Wa2849 2-hydroxybenzyl ﬁﬂﬁﬂm@é}yty'}m NMR 71 [0,
7.08 (1H, dd, J= 7.9, 1.6 Hz), 7.02 (1H, td, J = 7.9, 1.6 Hz), 6.83 (1H, dd, J = 7.9, 1.6 Hz), 6.70 (1H,

I e

td, J= 7.9, 1.6 Hz), 3.96 (2H, s)] waznwuindryeurned H-5" el wiladnldsaan H-8" (5, 3.96/

A a X o o o
Jc 24.4) VOINYNANTU URAIAMUFNAUT HMBC il C-4' (J¢ 161.1), C-5" (9¢ 115.1) uaz C-1""
(0c 128.1) TeBududn wy 2-hydroxybenzyl daatinulasiaiisnaniidiunis C-5" danuans F3 fa

2',4'-dihydroxy-3',5'-di(2-hydroxybenzyI)—6'-methoxychaIcone %38 cherrevenone C

AMNFENNUETEE HMBC ('H — )
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d13 F4

13 F4 fanwunduramilafinias dgasluanaidu CaoHa0; ldnnuuamunaiy laswy
Sk [M+H]" 71 m/z 499.1743 (AN19NNNIAMIE 499.1757) snasu UV WUMNTQanAuasn

d v s U s a -
Amax 214, 280 WAz 328 nm T9800aa0INULATIETRAN WA luk s1Unasy IR WULDUS QI
mawgvl,amaﬂ%a (3339 cm™) %%im{uaﬁa (1643 cm™) wazi9azl5u16n (1585 waz 1460 cm™)
fays NMR a3usadluansns 2 asaniuans 5-O-methoxydichamanetine (F9) it WuaaTy oo

u

284 p-disubstituted benzene [dy 7.43 (2H, d, J = 8.2 Hz), 6.92 (2H, d, J = 8.2 Hz)] Lmuﬁegmé@cywm

% o

289 mono-substituent benzene 1% F9 azlsundnlusaanu H-2'/H-6" (5, 7.43) UEFAIANNFNNUT
HMBC nu C-2 (d¢ 79.7) uaz C-4' (J¢ 158.6) Lhasanaaiinatwues °C NMR dsngnaninen
YRIAURAUI C-4 med'}gmmuﬁ@ﬁwyﬂaman%& z%m%’uuyj methoxy (0 3.78) agjﬁ@i'u,mm C-5

(On

n

(6c 159.3) NTaYAANNFUWUE HMBC Uazwandanidoya 1D NOE wuindnygimwed H-6

A X A \ o o
7.10) W8z CH»-12 (dy 3.92) \WNTWLNBNINNT irradiate K4 methoxy (dy 3.78) 113U configuration
284813 FASLaT1eRlasnisiUSouifioy specific rotation ([0,%°-52.2 (¢ 0.07, acetone)) AU

dichamanetin ([(]p?' -9 (c 2.3, acetone)) Fa'lddu 25 ﬁﬁlﬁ'agﬂ’i’l 813 F4 fia 25-7,4"-dihydroxy-

6,8—di(2-hydroxybenzyl)-5-methoxyflavanone %38 cherrevenone D

AMNFENNUITEE HMBC ('H — C)



@379 2 Taya 'H (500 MHz) uaz °C (125 MHz) NMR 2183 F4 14 acetone-dg

F4

Position &, (J in Hz) Oc, type Position &y, (Jin Hz) O, type
2 5.42 dd (13.2,2.8)  79.7 CH 1" 128.0
3 2.99 dd (16.6,13.2) 46.1 CH, 2" 155.0

2.64 dd (16.6,2.8) 3" 6.80d(7.5) 1162 CH
4 189.0 C 4" 6.99 t (7.5) 1279 CH
5 1593 C 5" 6.67t(7.5) 1207 CH
6 1165 C 6" 714d(75) 1317  CH
7 1615 C 4" 128.3
8 1122 C 2! 155.6
9 1585 C 3! 6.80d(7.5) 1160 CH
10 1109 C 4" 6.98 1 (7.5) 1277 CH
11 3.90 brs 24.3 CH, 5" 6.69t(7.5) 1203 CH
12 3.92brs 24.2 CH, 6" 710d(75) 1314 CH
1’ 131.1 5-OMe 3.78's 61.9 CH,
2' 7.43d (8.2) 129.0 CH
3/ 6.92 d (8.2) 1159 CH
4 158.6
5 6.92 d (8.2) 1159 CH
6' 7.43d (8.2) 129.0 CH
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#13 L1

a3 L1 danwaiiluvaimitadinies fdn specific rotation ([0p* +41 (¢ 0.1, CHCI3)) dgas
lutanaidu CygH1605 teannuuaslaaiulasny m/z 7 311.0900 (A191NN13E1WI T4 311.0895)
[M+Na]* aldnasu UV u,amm‘sg@ﬂﬁuuaamﬂﬁq@ﬁmwmmﬁﬁ 228 nm uazaldnasy IR LEa9
wnuayIMueIny laasenda uaznyariveila fLauadn 3340 uaz 1721 cm™ audau Ty 'H
NMR @auaadlua1and 3 uaaIgaatyImuadng benzoate [0y 8.04 (2H, d, J = 7.8 Hz), 7.58 (1H, t,
J=7.8Hz), 7.45 (2H, t, J = 7.8 Hz)], Ry 184 (Z)-olefinic protons 4 F w1 [0} 6.08 NU 6.07
(8898 1H, t, J = 10.5 Hz) uaz 5.87 NU 5.84 (88198 1H, d, J = 10.5 Hz)] S LUOI8ONTLUN
Inifldsnan 1 Fyanmfiawudn [0, 5.74 (1H, br s)] wiiadulusaeuiliauanas 2 sy [0,
4.54 unz 4.45 (881982 TH, d, J = 11.5 Hz)] uazwyazdnand 6, 2.05 (3H, s) Taya °C NMR a9
uEaIlUANTN 3 WA MEINA benzoate 1 13 [ 166.7, 133.4, 129.9 (2C), 128.7, 128.6 (2C)]
symvadlodfiiinaniuan 4 Fywam [Oc 129.8, 126.5, 125.4, 125.3] Ay mvasnyazdnand
[0c 171.3, 21.1] sanGauainatfiasansuan (O 73.1) aandiun niansuan (e 75.7) WaslNfian
A1SUaU (O 66.3) INNTAYAANNFNNUTVES COSY WU H-2 (Oy 5.84/0c 129.8), H-3 (O 6.08/0;
125.4), H-4 (3, 6.07/ 0% 125.3), H-5 (O} 5.87/0 ¢ 126.5) uaz H-6 (O, 5.74/0 75.7) \udufitvonda
fin ToaAAnTUsanau H-3 ugaInnuguwus HMBC il C-1 (O 73.1) Uas C-5 Uteil H-4 SUWWENL
C-2 uaz C-6 LWAANIUIABY CH,-7 L%"auagjizmw C-1 uazhy benzoate ﬁuﬂ'ﬂﬁmnﬁaga HMBC
wwivllinawaiduny c-1 uaza1iuaiiazainy benzoate (O 166.7) a%m%’umgaze?maﬂ&%auﬂ”u
TaMEINANTAIUAI C-6 FaAARBINLAMUFNWAT HMBC 35919 H-6 nuaniusfiaasuanyas
%yj’a:éﬁmﬂ% (O 171.3) andiuanalfisIansuan C-1 @iaagjﬁ'uwjvl,amaﬂ%a lasanduaines
FWw04 °C NMR Ungfiguas 91n NOESY aiunasulinuanudumiusszwing H-6 waz CH,-7
Fougasnnusunuiszninlusaaunaniuanusunwia 9w (antirelationship) 1ila

W3suiiey specific rotation wad L1 ((Qp2° +41 (¢ 0.1, CHCI,)) NUEIITRILATIZH (+)-(1S,25)-1-

methyl-3,5-cyclohexadiene-1,2-diol ([(]p2° +45 (c 0.6, CHCl5)) @swuans L1 §49071 cherrevenol A

configuration v 1R, 6S
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L1

@379 3. 1ay8 'H (500 MHz) uaz °C (125 MHz) NMR 289 L1 uas L4 lu cbcl,

L1° L4
position
§H, (Jin Hz) 50 type 5H (Jin Hz) 50, type
1 731 C 1352 C
2 5.84,d (10.5) 129.8 CH 4.52,d (7.5) 703 CH
3 6.08,t(10.5) 1254 CH 5.54, ddd 752 CH
(7.5, 3.9, 1.5)
4 6.07,t(10.5) 1253 CH 5.85, td (9.3, 3.9) 1229 CH
5 5.87,d (10.5) 126.5 CH 6.08, td (5.5, 1.5) 1256 CH
6 5.74, br s 75.7 CH 6.12, ddd (9.3, 5.5, 1.5) 1252 CH
7 4.54,d (11.5) 66.3 CH, 5.09, d (13.4) 64.8 CH,
4.45,d (11.5) 4.95,d (13.4)
1! 128.7 C 1299 C
2'6 8.04,d (7.8) 1299 CH 8.05, dd (8.4, 1.3) 129.8 CH
3’5 7.45,1(7.8) 1286 CH 7.45,t(8.4) 128.6 CH
4' 7.58, 1 (7.8) 1334 CH 7.56, dd (8.4, 1.3) 133.4 CH
1-OCOMe 1712 C
1-OCOMe 2.09, s 213 CH;
6-OCOMe 1713 C
6-OCOMe 2.05, s 211  CH;
7-CO 166.7 C 166.6 C

®'H NMR determined at 400 MHz

d19 L2

=

717 L2 fanwaziduninla'laidd ddn specific rotation ((a]p™ -30 (c 0.1, CHCLy)) 34
WRONLWAIT 132-134 °C LLa:ﬁgmﬂmaqaLﬂu CoHpO, IINUNERLUNATHTAWY m/z 71 509.1578 (¢
1NN13AUIT 509.1576) [M+Na]” Taya NMR 289817 L2 dauaadlua1ing 4 BI0d18RUET
cyathostemmine [ent-L2a] Fawuluen Cyathostemma viridiflorum Uﬂquﬂgazﬁﬂaﬂ%ﬁ@ﬁme C-2
284817 ent-L2a Qmmuﬁﬁ’smgvlamaﬂ%a Hemaandainudnafisainuas 'H uaz °C NMR Unng

{ s & ' o o o o
NEWINAITWNINVBINT ent-L2a ‘i]']ﬂ‘llﬂﬂﬁ‘llax‘] NOESY &LUna3y WU@]'J’]&JE‘TNW%‘D'&‘IJQGLN‘Y]VL‘Y]ﬁ

lUsaau H-4 (O, 2.88) uaz H-5 (O, 4.97) uaaslAAnindnmsiiauniaadnd 2 WUUY cis TIAREAL
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C%

snwmeAinulu cyathostemmine (ent-L2a) #anaNNASINLAINUFUNUE NOESY H-2 (O 4.57) Uas
wianldsnand c-8 (8,2.77) agdmAnInuunlasIaTIIuDY cis INA1 specific rotation ([p* -
30 (¢ 0.1, CHCl,)) 789 L2 fenasstauniuans cyathostemmine Gsanddlu ((ap +35 (¢ 0.1, CHCI,)
813 L2 sy jisen acetylation lananmeiiin L2a S’i’éaﬁﬁaga NMR @391U&"3 cyathostemmine

wed e specific rotation A39T14 ([Ap2® =51 (c 0.1, CHCl,)) &1 TUabsolute configuration 289 L2
VL@TmmﬂiTaﬂa X-ray crystal analysis @91 L2 fa enatiomeric O-deacetyl of cyathostemmine )

91 cherrevenol B & configuration v 2R,3R,4AR,5R

Bfekb

Pyridine

N13%11 acetylation Va9 L2 Single crystal X-ray structures 183 L2

WRZANFNNUS NOE (<)

#1397 L3

a3 L3 Janwaziduaainitadinana S specific rotation (o2 —26 (¢ 0.1, CHCly)) Wul
NI WU m/z 7\ 479.1476 (AN191NNIIAIUII 479.1471) [M+Na]" s‘ﬁaaaﬂﬂﬁaaﬁ'ﬂqmimaqa
C2sH2405 3NTBUA UV IR uaz NMR 289815 L3 aauaasluasng 4 Ssndronuss L2 snidu H
NMR 2831y \nandi c-13 QﬂLmuﬁﬁwa:Em@ﬂIﬂmau sfiaﬂmﬂgq@é'fyry’lmmad 1,2-
disubstituted benzene [d 7.07 (1H, brt, J=7.4 Hz), 7.01 (1H, brd, J= 7.4 Hz), 6.85 (1H, dd, J =
7.4,1.0 Hz), 6.80 (1H, td, J = 7.4, 1.0 Hz)] 9:1nTayannudunuiuas NOESY 121319 H-2 (O 4.58)
Aulanaullsnauil C-8 (O 2.77) uaz3zning H-4 (O, 2.89) iU H-5 (S 5.01) ¥lvnsuda L3 §
relative configuration AR18NU L2 Wwae absolute configuration 923 L3 v 2R,3R,4R,5R laa1nnnsg
WWIsuLney specific rotation ([Qp?® —26 (¢ 0.1, CHCl,)) NUR1Y L2 ([Ap® -30 (c 0.1, CHCL,)) 813

L3 U987 cherrevenol C



@379 4. T8y8 'H (400 MHz) uaz "°C (100 MHz) NMR 284 L2 L2a uaz L3 lu cbcl,

L2 L2a L3
position
5H, (Jin Hz) 50, type §H (Jin Hz) 50 type §H (Jin Hz) 50 type
1 1355 C 1295 C 1354 C
2 4.57,t(4.4) 679 CH 6.08, d (7.0) 68.4 CH 4.58,d (5.7) 67.8 CH
3 542,dd (5.9,3.6) 774 CH 5.53, dd (7.0, 3.1) 74.1 CH 5.43,dd (5.7,3.6) 774 CH
4 2.88, m 337 CH 2.94, m 34.5 CH 2.89, m 33.6 CH
5 497, brs 704 CH 5.05, br s 70.4 CH 5.01, brs 70.4 CH
6 6.14, br s 1296 CH 6.23, br s 1317 CH 6.16, br s 1292 CH
7 5.15, d (13.3) 649 CH, 4.89, d (13.8) 64.1 CH, 5.14, d (13.3) 64.9 CH,
4.81,d (13.3) 4.76,d (13.8) 4.83,d (13.3)
8 2.98,dd (15.8,6.3) 238 CH, 2.94, m 23.3 CH, 3.03, dd (15.5, 6.0) 23.5 CH,
2.77, dd (15.5, 8.5) 2.77, dd (15.5, 8.6)
9 1211 C 1208 C 1204 C
10 147.5 147.3 1536 C
11 6.77, d (8.9) 117.5 CH 6.76, d (8.9) 1175 CH 6.85,dd (7.4,1.0) 1168 CH
12 6.65,dd (8.9,3.0) 113.8 CH 6.63,dd (8.9,3.0) 113.8 CH 7.07, br t (7.4) 1276 CH
13 1537 C 1537 C 6.80,td (7.4, 1.0) 1207 CH
14 6.56, d (3.0) 1139 CH 6.56, d (3.0) 1139 CH 7.01, brd (7.4) 1294 CH
1 1297 C 1322 C 1297 C
2'6'"  7.92,d(82) 1299 CH 7.96,dd (8.4,1.4) 1299 CH 7.89,dd (8.0,1.2) 1299 CH
3’5  7.39,t(8.2) 1285 CH 7.41,1(8.4) 1286 CH 7.38, t (8.0) 1285 CH
4'° 7.54,1(8.2) 1334 CH 7.55, m 1334 CH 7.54, 1t (8.0, 1.2) 1334 CH
4" 1298 C 132.2 C 129.8 C
2"6"" 8.02d(8.2) 130.0 CH 8.01,dd (8.4, 1.4) 1300 CH 8.02,dd (8.0,12) 130.0 CH
3" 5"" 743,t(8.2) 1286 CH 7.43,1(8.4) 1286 CH 7.42,, (8.0) 1286 CH
4"t 7.58, t (8.2) 1334 CH 7.55, m 1335 CH 7.56, tt (8.0, 1.2) 1334 CH
2-COMe 1703 C
2-COMe 2,02, s 21.0 CHj
3-CO 166.8 C 166.1 C 1668 C
7-CO 166.7 C 1659 C 166.7 C
13-OMe 3.70, s 559 CH;, 3.69, s 55.8 CH;

? Aromatic carbons at C-7 OBz

® Aromatic carbons at C-3 OBz



31

#7137 L4

a5 L4 Sanwasidusosniladinaa J61 specific rotation ([ +288 (¢ 0.1, CHCIy)) &
gasluanaiu C1eH1e0s INUNFFLUNATUAWY m/z 7 311.08901 (A121NN1T8§ 1 WI s 311.08899)
[M+Na]" Taga UV mﬂnm%’uLLammi@ﬂﬂﬁmLmmﬂﬁqﬂﬁmmmmﬁﬁ 237 nm uag IR tUnasu
uaaIFTy I MYaInY laasandauazanivaila 7l 3456 unz 1718 cm™ audeL Toya 'H NMR 284

813 L4 9uFAIUANTI9 3 AANUALRITFILATIZY (2R)-trans-3-acetoxy-2-hydroxy-1-[(benzoyloxy)-

methyl]cyclohexa-4,6-diene L6 Jein specific rotation #3371 (o> =132 (c 0.6, CHCI,)) %G‘ﬁﬂﬁ

NT1U77 L4 1% enantiomer 2a981389LAINTAULALLSHNTAI cherrevenol D

BzO

d19 L5

717 L5 danwasiduvaud i dedn specific rotation ([0p* 134 (¢ 0.1, CHCIy)) {30
WRANLAAIT 92-94 °C wazdgasluanaidu CpH,lO; PNUAREUNASUTANY m/z 7i 447.1422 (drann
Ik 477.1420) [M+Na]" Faya UV mﬂnm%’uLtammig@ﬂﬁuuaamnﬁq@ﬁmmmmﬁu 230
nm uaz IR sulnasuuaassyyImuesnylansanda (3475 cm™) uazanivadia (1722 cm™) Taya 'H
NMR 284817 L5 Guaasluanad 5 WU 189wy benzoate 2wy [0y 8.08 (2H, d, J = 8.2 Hz),
7.59 (1H, t, J= 8.2 Hz), 7.48 (2H, t, J = 8.2 Hz) uaz O, 8.05 (2H, d, J = 8.2 Hz), 7.59 (1H, t, J =
8.2 Hz), 7.45 (2H, t, J = 8.2 Hz)], lsaauuay (2)-olefinic 2 Sy [0 6.04 (1H, d, J = 10.4, 4.1
Hz) waz 5.98 (1H, d, J = 10.4 Hz)] sanFiun Inillinaw 3 swy1m [0 5.82 (1H, d, J = 9.2 Hz),
4.76 (1H, d, J = 4.1 Hz) U8z 4.27 (1H, d, J = 9.2 Hz)] widulusaeudiliaunias 2 sygim (O
4.80 UAZ 4.64 (881982 1H, d, J = 11.9 Hz)] uaznaluiia 2 ny [0y 1.59 Uaz 1.46 (881982 3H, s)]
Taya °C NMR 284817 L5 (@1314 5) WUFTYQ 1o 270V89%y benzoate (O 166.8, 133.5, 130.0
(2C), 129.8 uaz 128.7 (2C) Bz 166.3, 133.4, 129.9 (2C), 129.7 uaz128.6 (2C)) ladAAna1fuan 2

N (O 131.2 Uaz 125.3) laaandiuarmakaiianiuan 1 Suam (O 111.4) aandliuwamnae

WisSensuan 1 sy (O 82.4) sandiuniniaivan 3 sywm (O 74.6, 74.1 Uaz 73.4) UazL
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fifuaTuan 1 Fyns (O 62.4) Toyalusnau H-2 (0,4.27/0 74.1), H-3 (0,5.82/0; 73.4), H-4
(04 5.98/0 131.2), H-5 (O 6.04/O 125.3) Waz H-6 (O, 4.76/0; 74.6) L%auﬁuagiﬂmawﬁ'ﬂ%ga

a

ANMUFUAUT COSY LAZROAARBINUANMNFUWUS HMBC 2849 H-4 AU C-2 wag H-5 AU C-1 (O 82.4)

Waz C-3 Iﬂwg benzoate nyjuIndaadNdunis C-3 209lATIRIIIVAN I@mﬁuﬂ'u"lﬁﬁnﬂiaya
AUANNUT HMBC 284 H-3 nuaiuafianadny benzoate (O, 166.8) aanFiuninilsnau H-6

LFAIAINFUWUE HMBC fiU C-4 uaz C-7 (0 62.7) lufinduanivau C-7 1Tanagzning C-1 uaz

@ v

1 é 1 s a %]
Wil benzoate ﬁ'ﬂ'ﬂuaw ﬁuﬂuvl,@“’l@smﬂwa;ga HMBC 2ad.87iaanllsaan CH,-7 AU C-1 wazans
uaiiavainy benzoate (O 166.3) najlufianizad (0, 1.59 uaz 1.46) daatinulasandiiuaimaual
a 6 [ 5 fn:i ] U % & ' A v A = = [
FaN5uaU C-8 (O 111.4) MNANNFUWUINAAMNIT G UTINNIALARAaTN Ve C-8 Taduanimous
THhAUDY acetonide @9 acetonide N1ANE1INT 81992 AAINNNTLLIBNNIANGA lasdiniTlTazdlan

relative configuration 184 C-2 L8 C-3 LRAIANLD Y trans 1,2-diaxial like mn@hmﬁ'ms@;mu 9.2
Hz ﬁaya 1D NOE difference Ltammﬂﬁu%maaé‘tyzywmmaa H-3, CH,-7 W& CH,-10 (O, 1.46) il
iradiate H-6 luwmzfiile iradiate H-2 ¥inlWiAan siinweIsywImfi CHa-9 (5, 1.59) 910 ECD
fUNaTN uxas negative cotton effect ([A&]m —11.8) %GLLamﬁdﬁﬂW}wadﬁyj benzoate ﬁﬁﬁﬁﬂ’m

agluduntaniwduuw®ng a3iuans L5 3aiiTaidu cherrevenol E laufiil absolute configuration

fa 1R,2S,3R,6S

Wavelength (nm)

ANMURUNUT NOE («>) 33414 exciton chirality model waz ECD sUnasuuad L5 (structure was

generated in SPARTAN (MMFF) with the lowest energy conformer shown)



@1319 5. 'H (400 MHz) and "*C (100 MHz) NMR a9 L5 uaz L12 1% CDCl;

L5° L12
position
5H, (Jin Hz) 50 type 5H (Jin Hz) 50 type
1 82.4 o] 4.40, dd (11.5, 3.2) 69.2 CH,
4.25, dd (11.5, 6.9)
2 4.27,d (9.2) 74.1 CH 4.02, m 69.7 CH
3 5.82, d (9.2) 73.4 CH 1.70, q (7.3) 32.7 CH,
4 5.98, d (10.4) 1312 CH 2.33, dt, (13.6, 6.5) 28.4 CH,
2.26, dt, (13.6, 6.5)
5 6.04, dd (10.4, 4.1) 1253 CH 5.90, dt (13.6,6.6) 1352 CH
6 4.76, d (4.1) 74.6 CH 5.77,dt (15.4,6.1) 1251 CH
7 4.80, d (11.9) 62.4 CH, 4.78,d (6.1) 65.6 CH,
4.64,d (11.9)
8 1114 C
9 159, s 28.7 CH;
10 1.46, s 26.7 CHj
1 1297 C 1300 C
2’6" 8.05d(8.2) 1299 CH 8.05, d (7.8) 129.8 CH
3’5" 7.45t(8.2) 1286  CH 7.45, d (7.8) 1286  CH
4'° 7.59, 1 (8.2) 1334  CH 7.58, 1 (7.8) 1334  CH
nx 129.8 C 129.9 C
2"6"° 8.08,d(8.2) 130.0 CH 8.05, d (7.8) 129.7 CH
3" 5"° 7.48,t(8.2) 1287 CH 7.43,d (7.8) 1285 CH
4" 7.59, 1 (8.2) 133.5 CH 7.55, 1 (7.8) 133.1  CH
1-CO 166.9
3-CO 1668 C C
7-CO 166.3 C 166.6

*13C NMR determined at 125 MHz
® Aromatic carbons at C-7 OBz

° Aromatic carbons at C-3 OBz of L5 and C-1 OBz of L12
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d197 L6

813 L6 anwnzidunanla’laild a1 specific rotation ([(]p™ 65 (c 0.1, CHCLy)) §3a
naauwmafl 156-158 °C uaziigaslaanatin CigHi,O; nuuEsLN@SUTNY m/z 11 345.00433 (61
NMIAIUIIE 345.09447) [M+Na]” Taya UV IR uaz NMR 289817 L6 aauaadluasng 6-7 Bease

U ellipeiopsol D Gowvlusnaasduuuuuith anciuiduns C-3 ﬂ%ia:%mﬂe?ja‘l,u ellipeiopsol D
gnunuiishenylaasandalu L6 SeUsingdyyioe 'H NMR 11 (8,4.32/8; 70.8) wannitledd
Anlusaaw H-4 (O, 5.90/0 135.8) LFAIANNFNNUS HMBC AU C-2 (O 74.4) LLAZ C-6 (O 71.4)
%yja:éfman%ﬁauagj’ﬁ'ﬂmaa{'}mé’ﬂﬁ C-6 9MnTaya HMBC 324 H-6 (O, 5.41) nuaniuaiavas
wyardnand (O;170.0) #1%TU relative configuration Aduniy C2 uaz C-7 ldandaya
ANMNFUNUT NOESY uae configuration 284 L6 aa18ny ellipeiopsol D Lﬁam%mﬁmummﬁmi@j

A7 720749 ECD sUnasy Tauaad negative cotton effect ([A &y, —0.42) 813 L6 Uanmasidunan
WEy uazd relative configuration L 15,25,3R,6S 11813 L6 LUvin1 AT acetylation uazin
HAAA YN b6 ldusnaae chiral HPLC wu 31t scalemic mixture (ee 23%) laal#h T a1

cherrevenol F

OBz
AcO,
Aco, X OAc
Ac,0, DMAP
Pyridine
OAc
L6a
L6
N13¥11 acetylation a4 L6 Single crystal X-ray structures 984 L6 WALANMNURUNUS

NOE (<)



@137 6. Taya 'H NMR (500 MHz) 289 L6-L11 lu cbcl,

6°° 6a 7 8° 9° 10 11°
position
O, (Jin Hz) Ou, (Jin Hz) Ou, (Jin Hz) O, (Jin Hz) O, (Jin Hz) Ou, (Jin Hz) Ou, (Jin Hz)
2 3.79, d (7.5) 5.79, d (7.4) 3.77, d (7.6) 421, dd 416, d (8.3) 4.19, d (7.3) 3.89, d (7.9)
(8.6, 3.5)
3 432, d (7.5) 5.67, d (7.4) 4.27,d (7.6) 5.81, dd 5.87, m 5.54, d (7.3) 4.32, dd (7.9,
(8.6, 2.4) 1.5)
4 5.90, dd 5.89, dd 5.71, br s 5.94, dt 5.90, dd 5.73, dd 5.80, dd
(10.0, 2.1) (10.0, 2.3) (10.4, 2.4) (10.8, 1.9) (10.0, 2.5) (10.0, 1.5)
5 5.65, ddd 5.93, ddd 5.71, br s 5.73, dt 5.93, dd 5.95, ddd 5.84, ddd
(10.0, 4.4, 2.1) (10.0, 4.3, 1.6) (104, 2.5) (10.8, 2.5) (10.0, 4.5, 2.5) (10.0, 4.2, 1.6)
6 541, d (4.4) 6.13, d (4.3) 4.26, brs 5.58, q (2.5) 4.94, q (2.5) 4.59, d (4.5) 4.66, dd (4.2,
1.6)
7 475, d (11.6) 5.05, d (12.1) 4.72,d (11.2) 471,d (11.9) 469, d (11.4) 4.96, d (12.4) 4.72,d (11.8)
4.46, d (11.6) 4.75,d (12.1) 4.58,d (11.2) 4.65,d (11.9) 462, d (11.4) 4.68, d (12.4) 4.63,d (11.8)
2'6'¢  8.04,dd 8.03, dd 8.09, dd 8.07, dd 8.06, d (7.8) 8.06, dd 8.10, dd
(7.6, 1.4) (8.4,1.3) (7.7, 1.4) (7.4,1.5) (7.7, 1.3) (7.8, 1.3)
3'5'¢  7.51,t(7.6) 7.46,1(7.8) 7.50, t (7.7) 7.46, 1 (7.4) 7.48,1(7.5) 747, tt 7.50, t (7.8)
(7.7, 1.3)
4 7.63, 1t (7.6, 1.4) 7.58,1(7.8) 7.62, tt 7.59, 1 (7.4) 7.61,1(7.5) 7.60,t(7.7) 7.62, tt (7.8,
(7.7, 1.4) 1.3)
2" 6" 8.04, dd 8.06, d (7.8)
(7.4,1.6)
3" 5" 747, (7.4) 7.51,1(7.8)
4Me 7.59, t (7.4) 7.63,1(7.8)
1-OH 419, brs
1-COMe 2.10, s
2-OH 3.01, brs
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@1379 6. ToyA 'H NMR (500 MHz) 184 L6-L11 lu cDCl, (da)

6”° 6a 7’ 8° 9° 10 1°
position
Ou, (Jin Hz) O, (Jin Hz) O, (Jin Hz) Ou, (Jin Hz) Ou, (Jin Hz) O, (Jin Hz) O, (Jin Hz)
2-COMe 2.01,s
3-COMe 2.06, s 213, s
6-COMe 1.94, s 1.99, s 2.03,’s

° Recorded on 400 MHz
®Measured in acetone-dg

° Measured in methanol-d,

? Aromatic protons at C-7 OBz

° Aromatic protons at C-3 OBz

36



@379 7. 1ay8 °C NMR (125 MHz) 984 L6-L11 lu cbcl,

37

positon ~ 6%” 6a 7*° 8 9° 10 11°

1 751 81.5 76.2 76.0 77.3 76.4 76.9

2 74.4 711 73.9 75.7 76.4 70.8 73.4

3 70.8 70.3 69.8 731 75.5 741 71.6

4 135.8 130.0 132.5 127.8 132.0 127.2 133.5
5 123.2 125.6 127.8 128.5 127.7 128.1 126.6
6 71.4 68.0 71.2 76.4 64.5 56.3 58.4

7 67.9 63.2 68.4 63.0 64.2 68.0 69.4

1'e 131.3 129.6 131.6 129.8 1314 129.6 131.4
2',6'” 130.4 129.8 1304 129.9 130.7 130.0 130.7
3’,5'0 129.3 128.7 129.2 128.6 129.6 128.7 129.6
4'c 133.9 133.5 133.6 133.5 134.4 133.7 134.3
14 129.7 131.1

2" 6" 130.0 130.8

3" 5" 128.7 129.6

4" 133.6 134.4

1-COMe 169.4

1-COMe 218

2-COMe 170.1

2-COMe 20.9

3-CO 166.8 167.8

3-COMe 170.5 172.1

3-COMe 211 21.2

6-COMe  170.0 169.6 172.0

6-COMe  20.9 20.9 211

7-CO 166.8 165.6 167.0 166.6 167.5 167.6 168.1

# Recorded on 100 MHz
®Measured in acetone-dj

¢ Measured in methanol-d,

¢ Aromatic carbons at C-7 OBz

? Aromatic carbons at C-3 OBz
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#1373 L7

a15 L7 Sanwmeiuvasniiadinaia 0 specific rotation (0,2 -39 (¢ 0.1, CHCI),
(A &lpyy —1.11)) MNUNFFUNATY NUFUL ™ m/z 7 303.08391 (A19INNTITAIWI T4 303.08391)
saaadasnugasluianaidn CuHO; Toya NMR 289817 L7 AIuaaIlua1ing 6-7 SN
AMUFUNUT NOESY 32%I9 H-2 (043.77) uaz CH,-7 (04 4.58) Adunua1T L6 uniiundazdnan
Fhdumibs -6 1u L6 Qmmuﬁ@ﬁwyﬂamaﬂeﬁa Unngf (542600 71.2) Tu L7 \ilash L7 luvi
U381 acetylation lanAanmaiaatdnanuas L6 Ga10u scalemic mixture (ee 24%) 3INNITHELN

@28 chiral HPLC waztlatdSoutfisy specific rotation vadlalaiuasnan wuirdfnanialnig

LW@BINUVBINY L6 Wae L7 @91 L7 3 configuration LT 15,2S,3R,6S waziiTain cherrevenol G

L7

#1717 L8

=

717 L8 danwmzidunanlaludd ddq specific rotation ([0, ~114 (c 0.1, MeOH)) {34
waaNmadfl 112-114 °C uasligaslauanaidu CogHy,0p MNUNERUNATUANY m/z 11 449.12056 (f1

NNNIAWIT 449.12069) [M+Na]” Taya UV IR uaz NMR 189817 L8 aouaasluang 6-7 Fense

o % A & a . a
nu L6 UﬂL’JuWUﬂ’]jLWNmuaﬂ'ﬁﬁ\‘]V\Hma\‘] benzoate 1N [5H 8.04 (2H, dd, J=7.4,1.6 HZ), 7.59 (1H,

t,J = 7.4 Hz) and 7.47 (2H, t, J = 7.4 Hz)] nyfiinduifanagiu -3 (5 73.1) laganaduwus
HMBC 321314 H-3 (0, 5.81) ﬁ'um%aﬁamamyj benzoate (O 166.8) #1%3U relative configuration
maammﬁmi@;mu Jr3 411N 8.6 Hz Sigoaa&adny trans 1,2-diaxail like LazWonaNil
ANMUFUWUS NOESY 321314 H-2 (O 4.21) AU H-6 (O 5.58) uaz H-3 AU CH,-7 910 ECD sUnasu

WRAY negative cotton effect ([A &y —7.11) ﬁﬂﬁmwims&' benzoate NIXBI I L%‘ﬂaagﬂm:mu
MwNUIRA1 90 exciton coupling vadlasluwasnimad absolute configuration 2a4&ns L8 laan
X-ray crystal analysis lald% 1R,2S,3R,6R T9tlatdIuuifisy ECD mnasuuas L8 wuindu

diasteroisomer U84 (—)-6-acetylzeylenol waziT831 cherrevenol H
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L8 L8
Single crystal X-ray structures 284 L8 LALAMNFUWUS NOE (<)

d17 L9

#13 L9 danwasziuvasudsmnies 61 specific rotation ([Ap>* ~133 (c 0.1, CHCly)) &30
WRONINAIN 124-126 °C uazligasluanaidu CyHClOs 1MINMIIWY m/z fi 425.07627 (f1a1NN13
A0k 425.07624) 3NTBYA UV IR Uaz NMR 289 L9 AGNEAY L8 (A1374 6-7) UNLIUA QMU0 4
mga:%ﬂaﬂ%mﬂvlﬂ s’fjdgmmuﬁﬁwﬂaa?uamaw figunis C-6 Gagsnarilwiafnadnuas °c
NMR ﬂi’mgﬁamugaﬁu C-6 (O 64.5) LAzHIRBAARBINU low resolution LUFRLUNATN LRA
anwmslan1zradgdsznauaaaIw tJuw (m/z 425 [M]" uaz 427 [M+2]" (8@3183% 3:1)) §1ATL
9:ABNVBIANDIUAL UL C-6 %oiﬁunawnﬁagammé’uﬁuf HMBC 284 H-2 (0 4.16/0; 76.4) Lay
CH,-7 (0, 4.69 unz 4.62/0,64.2) 68 C-6 §1%84 relative configuration fi C-2 uaz -3 'leann
@hmﬁ'ms@;mu 8.3 Hz G9maanaadny trans 1,2-diaxail like a'm"ﬁaga 1D NOE difference wuiniila
irradiation H-2 &z H-3 i lAsQ 189 H-6 Waz CH,-7 Wiaduauiay andinsanrlinmy
41 L9 § relative configuration tilauss L8 SaiatSoufisu ECD sunasuudinuindsnumain
negative cotton effect ([A6]227 —24 .4) [ilaw L8 @y\‘lifu L9 Aa cherrevenol | uazil configuration W
1R,2S,3R,6R

OBz

1\\\\|7 CI

s\\

L9
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#13 L10

813 L10 danwuzidunanlalaidd ddq specific rotation ([0,'°-84 (c 0.2, MeOH)) H3a
naauLHaIN 118-120 °C uazdgaslutanaidu CyeHy,CIO, MNUUFELUNATUANY m/z 71 363.0609
(A19INN13EIWIT 363.0611) [M+Na]” Taya NMR 283813 L10 a3uaadlua1ing 6-7 as1uiu L9
oniiuny benzoate lu L9 Qmmuﬁﬁwﬁga:%waﬂ% A s c-3 ladRdfinlusaon H-5 (O,
5.95/0 128.1) UFAIAINNFUWUT HMBC 11U C-1 (O, 76.4) Uaz C-3 (O, 74.1) nyjazdnandaguu
dunia C-3 andaya HMBC fAWUIEHINg H-3 (5, 5.54) nuaiuaiiazasazdnand (O 172.1)
§1%3U relative configuration 284 C-2 uae C-3 Vlﬁmﬂmmﬁm‘sgmu 7.3 Hz Gaidusnumeaas
trans 1,2-diaxail like uanmnftﬁaga 1D NOE difference wuinLila irradiation aandiunlnilysaau
H-2 (Oy 4.19) MRS WV89 CH,-7 (O 4.68) fmadndu vinlvnsoin ldsaauasnanagain
\dranuvastlolaaiandu absolute configuration 184 L10 ldainmisdiaszidaya X-ray leidu

1R,2R,3S,6R #9vT1 diastereomer U cleistenechlorohydrins A Lae B FInulndn Cleistochlamys

krikii Yoeil%Ta31 cherrevenol J

OBz
HO_ I,
HO il .Cl
3 5 H-7
AcO™ \___#H2
L10 L10

Single crystal X-ray structures 283 L10 LRTANFNNWS NOE (<)

#13 L11

#13 L1 anwaiziiluvasundsmnies Je specific rotation ([(]p> ~112 (¢ 0.1, CHCI3)) {134
WABNLWAIN 120-122 °C LLazﬁgmimaqaLﬂu C14H15C|O5s‘i?a"l,@'fmmmamﬂﬂm{wﬁwu miz
321.0516 (A191nN13ATWITH 321.0506) Aaya UV IR uaz NMR 189815 L11 AIURAIlUAINS 6-7
ARBNLUATT L10 LL@iLLmﬂ@mﬁ'uﬁ%%iaz%mﬂ%lu L10 gmmuﬁ@hwgvlamaﬂ%lu L11 lapwuinle
aAfinlusman H-5 (O, 5.84) LFAIANNFUWUE HMBC 11U C-1 (O, 76.9) Uaz C-3 (Op 71.6) Tarisaas

arsuewTanagnunylaasangas thasnnduaddadnues °c NMR dsngfiauiusn NOESY
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AUNATUUEAIANNFUNUTIZTHING H-2 Uz CHp-7 uanmnftﬁwmﬁmsﬂmm:ﬂmha H-2 w8z H-3
frue1097 7.9 Hz B dusnumzans trans 1,2-diaxail like LEuLA8210 L10 LaSouifisudn
specific rotation T84 L11 ([Qp?2 =112 (c 0.1, CHCl3)) N'U L10 ([p'® -84 (¢ 0.2, CHCI,)) AU
ECD sunasufianuasnaadsni vinl¥nsiudn L11 § configuration widlaunis L10 1Ju 1R,2R,3S,6R
wasfi4a9 cherrevenol K

OBz
HO

1\\|7
Ho_ "¢l
HO"

L11

#1713 L12

817 L12 Sanwmctduvainiiadinias da1 specific rotation ([p2° =3 (¢ 0.1, CHCI3)) 91N
LuEEIUNATY WURTY oL m/z A1 377.1361 (A1INNNIEUITA 377.1365) FaaARBINUFATLULATA

1% CpiH.0s Taya UV IR Uaz NMR 289877 L12 AILEAILUATTIS 5 AR18AY uvamalol F (L13)

SNLIUNU S QU AVDIR A C-3 (O 1.70/0; 32.7, H-3/C-3) WAz C-4 (0,2.33, 2.26/0 28.4, H-

4/C-4) P lANTUINWusz AN IwAd C-3 ez C-4 1w L13 wisldnarordunwuszidsd dnsy

U

absolute configuration w83 L12 laannmadSoufieu specific rotation V84 L12 ([Xp® -3 (¢ 0.1,

v
o o

CHCLy)) NURIITHILATIZH (+)-(2S,3E,5E)-nona-3,5-diene-1,2-diol ([p?> +10 (c 0.5, CHCIl;)) 9%
13 L12 1ilu R configuration uazi%a41 cherrevenol L waitasanfusunaldnan 59lsinwaiiies

FMITUNTAATEA absolute configuration @28 Mosher ester method

OH OH
7 5 3 1
L12 L13

#17 L19

715 L19 anwmsiduvasudsfuna den specific rotation ([>* -90 (¢ 0.1, MeOH)) &3
waauRaIN 70-71 °C uazdgasluanaidu CyHs,0; S9ldannuuasdnasufing m/z Nl 595.3615
(FNNMIAITE 595.3611) IMNTBYA UV SLUNATULEAINIIQANAULEIN 207, 229 WAz 278 nm

Peh IR mﬂﬂm%‘&lﬁmma@aLmum‘igﬂﬂﬁumamyﬂaman%& uazAsUatia 7 3454 waz 1722 cm’
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aua1ay Taya 'H NMR 224813 L19 ad1unl ellipeiopsol A Fanvludunauath @39 8) sniiu
maRndusanmamiie O-(2)-octadeca-9-enyl Tasiufisulysnoudilisuunns CHyo1" (O, 3.65
8T 3.47) URAIANANNUT HMBC NU C-6 (O 75.9) vaslassaianan ilinauiimg 6-0-(2)-
octadeca-9-enyl 61888 UUAULNII C-6 284lATIRIINAN LLa:@%LLmeaaw”uﬁ:@;mawgﬁﬁmgu
Jianziilasldinadia 0zID mnmﬂnm%’uwué’tytywmmaauaaiuLaqaﬁ 595.3605 [M+Na]"* ﬁgﬂﬁ'ﬂvﬁﬁ
ion trap uazgnyifAsenulalauduiin 4 Juf vildifa ozonide intermediate (m/z 643.3470,
[M+Na+0,]") LAz oxidative cleavage product Gﬁdﬂizﬂauéﬁﬂ aldehyde (m/z 485.2146) L.az Criegee
ion (m/z 501.2091) @931 1 uaz 2 %“qﬁﬂﬁmm*hw”uﬁ:@;a%iﬁ@hl,mm c-9" nananiteainadn
289 13C NMR fighunsis C-8"1C-11" (O 27.37 uaz 27.35) C-9” (Jc 130.0) uaz C-10" (J¢ 130.1)
HOAASEINUSNMMIAZBY (2)-configuration MU relative configuration 189 L19 &91U5uuifinuann
fhmﬁ'ms@jmu 6.3 Hz GavilWnauinf H-2 uaz H-3 Sanwmziin trans 1,2-diaxail like §1%35U
NOESY stUnasuuansnnuaunuiszning wiawldsaendiliaunias CHy7 (O, 4.79 uaz 4.60)
AU H-2 (O 4.04) luamazifani lINLANURNANBEIERING H-6 (O 3.94) NU CH,-7 K38ANNURUNUT
WM H-6 U H-2 Flwnaudn CH,-7 agdwdednuny H-2 maafmvl,sﬂﬂaLans‘fmua:agmﬁmﬁu
H-6 thlassasvasans L19 luvinnmiaeziensldsunsu Gaussian 09 drawidiaas [B3LYP/6-
31G(d)] NU31I282HI9IT2RT19 H-2 Wae CH,-7 1w 2.58 A aa@ﬂﬁaaﬁuﬁagamﬁam NOESY

fLUna3u 37NN specific rotation w23 L19 Jfienanaanany cherrevenol J (L10) ([p** —90 (c 0.1,

MeOH) uaz [Op'® —84 (c 0.2, MeOH)) s7uv9sLUnasu ECD fiugad negative cotton effect i 207

W8z 203 nm ANAIGL A9%UENT L19 A configuration 1% 1R,2R,3S,6R uazliai1 cherrevenol M




o
O)J\Ph
HO
HO O. R
N
(£
AcO
L19

%

ANFURUTA&1A HMBC ("H —> '3C), COSY (bold line)

minimized molecular models [B3LYP/6-31G(d)] 284 L19 (fwrmwlasliaals (R) 1w wiladinas)

L19

AcO

Ellipeiopsol A

HO

@1319 8. Toua 'H (400 MHz) uaz "°C (125 MHz) NMR 24 L19 lu cbel,

HO

AcO™
Cherrevenol J

43

OBz
‘\\CI

LAY AINUFNNWS NOE 62835 DFT

[

L19

Position 5H (Jin Hz) 50 type Position 5H (J in Hz) 50, type

1 75.9 o} " 3.65, dt (9.0, 6.4) 70.8 CH,

2 4.04,d (6.3) 715 CH 3.47, dt (9.0, 6.4)

3 5.43, m 74.0 CH 2" 1.53, m 30.2 CH,

4 5.74, dd (10.2, 2.7) 1269 CH 3" 1.26, m 26.3 CH,

5 6.03, ddd (10.2,3.9,1.8) 1282 CH 4"7" uay 1.26,m 29.92,29.9, 29.85,29.7, CH,

12"15" 29.6, 29.5, 29.47, 29.4

6 3.94, d (3.9) 75.9 CH 8" 2.00, m 27.37° CH,

7 479, d (12.0) 67.1 CH, 9" 5.34, m 130.0 CH
460, d (12.0) 10" 5.34, m 130.1 CH

' 1299 C 11" 2.00, m 27.35° CH,

26 8.05, dd (7.6, 1.5) 1298 CH 16" 1.26, m 32.1 CH,

3'5' 7.46, t (7.6) 1287 CH 17" 1.26, m 22.8 CH,

4! 7.59, tt (7.6, 1.5) 1334 CH 18" 0.88, t (6.9) 14.3 CH;

3-0C(O)Me 1719 C 7-0C(0) 167.3 c

3-0C(O)Me 2.07, s 21.3 CH;

? exchangeable carbons



Na
O\O/\/\/V\/W

a. m/z 595.3605

b m/; 701.4024 | Os

657.3761
le]

Na [egie}

{ a \O/VVV\)—W/]

Primary ozonide

. / \ 6/0_
Na O Na"
(0]
Aldehyde ion
a. m/z 485.2146

b 591.2566
m/% 547.2302

Criegee ion
a. m/z 501.2091
b m/; 607.2517
563.2248

44

. {azwow

Secondary ozonide

a. m/z 643.3470
b m/% 749.3872
705.3600

O% = Substituted cyclohexene

si 1. anudulyldvasnalnnisuanidusiugesain OzID 289813 L19-L21 (a-c) [Criegee ion

(representative structure shown but isomers of the carbonyl oxide cannot be excluded)]

" 25x | |595.3605
485.2146
| 50x |
501.2091 643.3470
.2“‘ 1 | .
2 | 25x | [701.4024
g b 591.2566
E | 50x |
()
Z 607.2517 749.3872
@ I
m " "
25% | [657.3761
C
50x
547.2302 |
563.2248 205.3600
| |
[ [ [ [ [ [ [ [ |
400 450 500 550 600 650 700 750 800
m/z

31 2. s1naTuvad OzID 9N sodium adducts 184 L19-L21 (a-c).
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d17 L20

815 L20 fanwaziduvanitalalaidd den specific rotation ([Qp2° =57 (c 0.1, MeOH)) 31N
LWNRRLUNATUNY m/z 1 701.4019 (A191NNNTAIWI T 701.4029) aaﬂﬂﬁaaﬁugmﬂmaqa CasHs505
nngaya UV mﬂnm%’mﬁms@@ﬂﬁmmﬁ 203 230 WAL 275 nm %30 IR mﬂnm%’uﬁumﬂ'ﬁ@@ﬂﬁu

LL&QTQG%%]VLEI@]‘SQT’]‘%N (3437 cm’™") uazasuadia (1723 cm™) Taua NMR 2849 L20 As18nUans L19

U

(913719 9) Um'?uwué‘tyzywmmaamhﬂ 2-hydroxyphenylmethanol Lﬁlw [5H 7.32 (1H,dd, J=7.5, 1.8
Hz), 7.26 (1H, td, J = 8.2, 1.8 Hz), 6.99 (1H, td, J = 7.5, 1.8 Hz), 6.96 (1H, d, J = 8.2 Hz), 4.81 Lla¢

4.28 (88982 1H, d, J = 11.9 Hz)] eanGu Inilusaan H-6 (O 4.97) LFAIANNFNNWS HMBC AU

n

C-1" (0 157.3) Tuvmaidioanu CH-1""" (0 3.49 uaz 3.46) fiu C-7" (0¢69.0) lknmuding 2-
hydroxyphenylmethanol ﬁLﬁluﬁuL%amagi:ij C-6 28979 lwlaaianduuazdiuniis C-1"" vainy
(2)-octadeca-9-enyl #1%3U °C NMR 289 C-8"" C-9" € -10" uaz c-11" dnnpfafiaadu Jc
27.4 130.0 130.1 Ua 27.4 HIROAAKDINLAN MU Z-olefinic configuration §1M3U OzID sinasy
WURTY T HVDILDaG bae m/z 7l 591.2566 waz Criegee ion 7 607.2517 as3d 1 uaz 2 ilwnsud

o 6

o ! v A o . o @ . . . Y Y A o
Wiszda g AdTLrI C-9" #1113V relative configuration Vlﬂmﬂmaga NOESY TIWLAMUTUN WD
, ) ! @ n =
321919 H-2 (0 4.29) AU CH,-7 (04, 4.87 WAz 4.72) WazIeWINg H-6 (04 4.97) AU H-6' (O 6.96) T
aa@mi”aaﬁ'uﬁagaﬁ"l,@'fﬁ]'mm‘sﬁ']mm Ao 2.52 A uay 2.00 A aud1ay Iun19aseta H-6 lauaad
ANMNFNNUSAL CHy-7 ﬁ’]lﬁﬂﬁudﬂﬂimau@”aﬂm’sa%iﬂ“amaﬁmﬁ'u fMWIUANAINNIGAILVDI H-2

Waz H-3 danen 3.5 Hz Gaidusnumzuas 1,2 equatorial-axial like tiiaLSauifisudn specific rotation
P48 L20 ([ =57 (c 0.1, MeOH)) WL @T3T10N Y cleistenediol A ([p° +190 (¢ 0.3,
MeOH)) Fawu'lw Cleistochlamys kirlii 63%w L20 & configuration @3937147 1 cleistenediol A 13w

1R.2R.3R.6R Wazii#ai1 cherrevenol N
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O
L 0Bz
HO O) Ph O\/R Hq
o /PG HO, < __OMe
ACO g ( AcO™
Cleistenediol A
L20

0/

ANFURUTAGIA HMBC ("H —> '3C), COSY (bold line) Waz AIMNENNHE NOE ¢28435 DFT

minimized molecular models [B3LYP/6-31G(d)] 284 L20 (fnwiawlaslizela (R) iu wwiiadines).

1319 9. ﬁaga '"H (400 MHz) uae °C NMR 284 L20 uaz L21 lu CDCl,

L20° L21°
Position
O, (Jin Hz) O, type O, (Jin Hz) O, type
1 754 C 135.2 C
2 4.29, d (3.5) 712 CH 452, d (4.8) 67.7 CH
3 5.46, m 72.1 CH 5.50, dd (4.8, 2.4) 76.1 CH
4 5.84, dddd (10.2, 3.3,1.5,0.8) 1271  CH 4.31,dd (6.5, 2.4) 69.2 CH
5 6.14, ddd (10.2, 2.9, 1.5) 1289 CH 4.13,dd (6.5, 2.9) 7638 CH
6 497, m 78.2 CH 6.09, d (2.9) 127.3 CH
7 4.87,d (12.3) 66.5 CH, 5.09, d (13.1) 65.2 CH,
472, d (12.3) 4.88,d (13.1)
1 754 C 135.2 C
2 4.29, d (3.5) 712 CH 452, d (4.8) 67.7 CH
3 5.46, m 72.1 CH 5.50, dd (4.8, 2.4) 76.1 CH
4 5.84, dddd (10.2, 3.3,1.5,0.8) 1271  CH 4.31,dd (6.5, 2.4) 69.2 CH
5 6.14, ddd (10.2, 2.9, 1.5) 1289 CH 4.13,dd (6.5, 2.9) 7638 CH
6 497, m 78.2 CH 6.09, d (2.9) 127.3 CH
7 4.87,d (12.3) 66.5 CH, 5.09, d (13.1) 65.2 CH,
472, d (12.3) 4.88, d (13.1)
1! 129.82 C 12088 C
2’6" 7.93,dd (7.8 1.4) 129.76 CH 8.04,dd (7.8, 1.4) 12994  CH

3’5 7.40,t(7.8) 1286 CH 7.42,(7.8) 12861  CH




@1379 9. Taya 'H (400 MHz) uaz °C NMR 284 L20 uaz L21 lu cbcl, (da)

L20" L21°
Position
0., (Jin Hz) O, type 0., (Jin Hz) O, type
4 7.55, 1t (7.8,1.4) 1334 CH 7.59, 1t (7.8,1.4) 1335 CH
1" 157.3 129.88 C
2" 127.8 8.02, dd (7.6, 1.2) 129.82 CH
3" 7.32,dd (75, 1.8) 1305 CH 7.45,t (7.6) 128.58 CH
4" 6.99,td (7.5,1.8) 1220 CH 7.57,t(76,12) 1334 CH
5" 7.26,td (8.2,1.8) 1296 CH 7.45, 1 (7.6) 128.58 CH
6" 6.96, d (8.2) 1143 CH 8.02, dd (7.6, 1.2) 129.82 CH
7" 4.81,d (11.9) 69.0 CH,
4.28,d (11.9)
1" 3.49,dt (9.0,7.0) 713 CH, 3.69, dt (9.3,6.8) 704 CH,
3.46, dt (9.0, 7.0) 3.63, dt (9.3, 6.8)
2" 1.56, dt, m 296  CH, 1.64, m 303 CH,
3" 1.26, m 262 CH, 1.29, m 263 CH,
4" 7" uaz 126, m 29.92, CH, 1.29, m 299, CH,
12"15" 29.9, 29.9,
29.7, 29.85,
29.6, 29.7,
29.57, 29.6,
29.47, 295,
29.47, 295,
29.4 29.45
8" 1.99, m 274  CH, 2.03, q (6.5) 274  CH,
9" 5.34, m 130.0 CH 5.36, m 130.0 CH
10" 5.34, m 130.1 CH 5.36, m 130.1 CH
11" 1.99, m 274  CH, 2.03, q (6.5) 274  CH,
16" 1.26, m 321  CH, 1.29, m 321  CH,
17" 1.26, m 228 CH, 1.29, m 228 CH,
18" 0.88, t (6.9) 143  CH, 0.90, t (6.8) 143 18"

47
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1379 9. ﬁ'aga 'H (400 MHz) uaz "*C NMR 284 L20 uaz L21 1w CDCl; (da)

L20° L21°
Position

0., (Jin Hz) O, type 0., (Jin Hz) O, type
3-0C(O)Me 1701 C
3-OC(O)Me 1.95, s 210 CH,
3-0C(0) 166.64
7-0C(0) 1671 C 166.60

213C NMR recorded at 100 MHz, ®*C NMR recorded at 125 MHz

d19 L21

1A

715 L21 danwoiduvasniialaliid J61 specific rotation ([(p> —44 (c 0.1, CHCIy)) law
ﬁgmﬂmaqalﬂu CaoHssO; DILNFRIUNATUNWY m/z 7i 657.3770 (fnannm 3wtk 657.3767) luamie
7l uv mﬂnm%’uwumi@@ﬂﬁuuaaﬁ 234 U8z 274 nm uaz IR mﬂnm%’uﬂﬁngLmumsg}@ﬂﬁuﬁ 3423
Waz 1722 cm™ eﬁaL'ﬂwnamyﬂaman%aua:ﬂﬁuaﬁa MUAOU 1NTaYa NMR 289815 L21 AILFA
lua1s9 9 %aﬂﬁﬂﬂﬁu Piperenol A (L18) smﬁuﬁé’zytyﬁmmam%i (Z)-octadeca-9-enyl Lﬁ&l“llgu pang
wn'lnitlusaan H-5 (9, 4.13/0¢ 76.8) uaziuianlisaaud liauanas CHy-1"" 289 octadeca-9-enyl
(0 3.69 U8 3.63/0; 70.4) UFAIAMNFURUE HMBC Terinuaznion linIuiny octadeca-9-enyl
L%aua%iﬂvuaanﬁ?mua:@lawﬁ c-5 va99lolanandu §1wsuen °C NMR adaadufidiuniis c-
8""1c-11"" (9c 27.4), C-9 (35 130.0) W&z C-10 (5 130.1) TigoansaInLaN M8 Z-olefinic
configuration ﬁﬂLLﬂﬂG‘DaGWu%ﬁzﬂ%GVlﬁﬁﬂﬂ 0zID s1UnaSNANUF Y1 MVa ozonide ion 7 m/z
705.3600 [M+Na+O,]" 77031aad laduas Criegee ion 7l miz 547.2302 uas 563.2248 ANEGL 09
U 1 uaz 2 LLa@ddﬁw”uﬁ:@;a%iﬁ c-9"" relative configuration U84 L21 Vl,si”mﬂmmﬁms@jmu Jr34.8
Hz uae J,56.5 Hz aa@ﬂﬁaaﬁummﬁ'mi@jmu 1,2-diequatorial-like W&z 1,2-diaxial-like @1u81AU
ANMUFNNUTVDS H-3 (5, 5.50) AU H-4 (Jy 4.31) LAZI=®319 H-3 AU H-2 (O, 4.52) 11 NOESY
sinasusannsasnuannIsEwImitdu 2.52 A uaz 2.54 A luamsiioaniu ECD muUnasuaas
L21 A& 87 Uv89 Piperenol A TILFAISNHMZUBI negative cotton effect A1 234 Uaz 235 nm
REERERT mﬂ‘*ﬁagaﬁﬂm’sm"ﬁwﬁu L21 § configuration 1% 2R 3R.4S,5R uazi3anain

cherrevenol O



49

Piperenol A

%

AMNFNWUI A6 HMBC ('H —> °C), COSY (bold line) WAz AIMUANWUT NOE 62835 DFT

minimized molecular models [B3LYP/6-31G(d)] 284 L21 (fnwraslaslizels (R) 1w iwiadnes).
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2. Andwnwaun (Lagerstroemia macrocarpa)

nmsfnsnasdlsznaumaadludinis waen luwssnavasduduniiaun s1unsnuensIng
minonulanaiaudalunduraniaulsdnld 4 a3 fa 3-hydroxy-4-methoxybenzoic acid (M1),
4-methoxybenzoic acid (M2), 3,5-dihydroxy-4-methoxybenzoic acid (M3) a8z 3,4-dihydroxybenzoic
acid (M4)

mmfuﬁﬁmsu?qw%ﬁvlmﬂw@aaquﬁ%ﬁa%amw leun qn%%umaﬁmﬁyﬁaamﬂ (KB)
Waz qNINIsEIWIa N3 (Plasmodium falciparum) I@ﬂwmﬁmsﬁqﬂﬁﬁvﬁmnﬁuumLLmﬂw Ao
813 F1-F3 F5 F7 F10 F11 F14 F15 L1-L11 L13 L16 L18-L22 \{ovinlunaseugninisdamunuin
ﬁnﬁmmsu'%qw%vﬁLLsmﬁVL@TarmwaéTuuuu,mﬂwﬁuamqmﬁumsﬁmmaﬁmL%Maammmwﬁa
U1R1L38 WUIIES F1 Uuaz F5 LaaInqna e sdnwidana1isonia TM4/8.2 fien 1C, 21.0 £ 3.10
way 33.7 £ 7.69 uM a1ud1e lusmsfians F1 F3 uaz F5 daufonnanisoniia KICB1 fien ICs,
521379 21.0 £ 5.44 uaz 435 £ 11.9 uM a3uaaslua1g 10 FMSLONIlumITuTasuZISITas
110 Sawudnans F1 F2 F5 F10 uaz F11 Sanuduiuaarmssuzi5oaanaifian IC, 1wt 0.6 £
0.17 — 4.91 £ 2.69 pM ualuams@oINUaNT F1 F2 F10 waz F11 insnoauanddunedaisas

Uné fifn ICs 3291379 0.61 £ 0.04 — 5.67 = 2.73 uM ﬁws%'umifﬁiuﬁ"lﬁﬁwmimaauﬁuamqwﬁiu

MITUEIRBNINARBLNIFDIAILAT ICso 50 UM AILFAILUAITS 10

Q€ =) A€. v v 1
1379 10. wamimaaquﬁma%amwmaamsmqmﬁ"lmwrmuuuLLamJ'] (ICso, HM)

Antimalarial activity against P. falciparum Cytotoxic activity
Compounds
TM4/8.2 K1CB1 KB Vero cells

1 21.0£3.10 21.0£5.44 0.60+0.17  0.61+0.04°
2 L L 2.76+0.22  3.341+0.40
3 S 43.5£11.9 S L
5 33.7+7.69 28.3+0.76 4914269  -°
10 L 2 4.07¢1.64  567+2.73
11 26.1+5.80 29.3+5.09 4.72+2.47 5.18+2.27
Cycloguanil’ 0.069+0.01 10.2+2.39 i -
Pyrimethamine’ 0.16+0.04 46.2+14.3 63.4+7.76  32.24+12.1
Ellipticine® 15.04¢1.63  15.6+0.85

@ Assays run in duplicate (all other in triplicate).
® Inactive at >50 uM. °Inactive at >100 pM.

? Reference drugs for antiplasmodial activity.® Reference drugs for cytotoxic assays.
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g3duan1Inanass

MIANENBIALITNOUNMIATINEIUNATBIAUUILIITN  WUENTIEdWIw 4 a3 fe
cherrevenones A-D (F1-F4) FINNIEN AT NBBLEIEN 11 &5 (F5-F15) Tupmengruluwuans
Iwaid I 15 &13 A cherrevenols A-O (L1-L12 uay L19-L21) HunsmIiimsnenulasiai
LR8N 10 &3 (L13-L18 uaz L22) ugnAasRuen i nuas wIn 3 a3 dmsunsanenlugini

WRBNUAZNG VIFUUNAULA &ITTALENFIINTNITTNBNUIATIFIUAITIWIN 4 &5 (M1-M4)

Sl &

) le v v 1 =) v ¥ . .
sIuIgndinuonldnnuazasdunuuait usasgninaludusonnass (Plasmodium falciparum)
=) ] 1 Q(. { v ¥ v 1
7Ha TM4/8.2 uaz K1ICB1 TIwuinas F1 ugadqnindngalunisdrwdannaniis daue 1Cs 21.0
1 3.10 uaz 21.0 = 5.44 pM dalTaTha TM4/8.2 Laz KICB1 @ua1ay waniniaanhans F5 Laas

qwﬁiumiéﬁwﬁaﬁu:ﬁa"ﬁaamﬂﬁﬁﬁq@@hmh ICs 4.91 T 2.69 pM uazed luaasaNudunuee

WIaaUnd &MIURIT F1 F2 F10 was F11 ALEaInsoUSITas Nzt 59789 Nt g uAue8en 1Cs,
35M319 0.60 £ 0.17 — 4.72 £ 2.47 uM wadlenuduRseaasUndf 1C, 14119 0.60 £ 0.04 — 5.67

+2.73 uM

a 4 A
NINIINBW JNLNYIVDY

13

davuazaglassa

aidd

&
AN Lﬁ%tlﬁ%%ﬂ Ldnallibe

Taidl
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ARTICLEINFO ABSTRACT

Keywords:

Uvaria cherrevensis
Annonaceae
Flavonoids
Antiplasmodial activity
Cytotoxic activity

The phytochemical investigation of the fruit extracts of Uvaria cherrevensis led to the isolation and character-
ization of four new C-benzyl flavonoids; cherrevenones A-D (1-4) together with 11 known compounds. The
isolated compounds were characterized using spectroscopic techniques. Compounds 1, 3, 5 and 11 showed
moderate inhibitory activities against the P. falciparum strains TM4,/8.2 and K1CB1 with ICs, values ranging
from 21.0 = 3.10-33.7 %= 7.69and 21.0 + 5.44-43.5 = 11.9 uM, respectively. Compounds 1, 2, 5, 10 and
11 exhibited strong cytotoxic activities against KB cells with ICs, values ranging from 0.60 = 0.17 -

4.91 = 2.69 pM which were similar to their cytotoxic activities found against Vero cells, except for compound
5, which was non-toxic to Vero cells.

1. Introeduction

Uvaria cherrevensis, also known as “Nom Meaw Pa” in Thai, with the
synonym of Ellipeiopsis cherrrevensis, is a monotypic species in the
Annonaceae family [1,2]. This plant is a shrub which is distributed
throughout the forests of Thailand [1]. The roots of this plant have been
used in traditional medicine to treat urinary disorders [3]. Previous
phytochemical studies of this plant reported the isolation of alkaloids,
flavonoids, naphthalene derivatives, polyoxygenated cyclohexenes and
terpenoids [3-6]. Some of these compounds were reported to have
antimalarial, antimicrobial and cytotoxic activities [3,5,6]. In a pre-
vious report, we found 2-phenylnaphthalene derivatives, poly-
oxygenated cyclohexenes and flavonoids from the stems and roots ex-
tracts of this plant [5]. Herein, we report the results of a phytochemical
investigation of the fruit extracts of U. cherrevensis which resulted in the
isolation and identification of four new C-benzyl flavonoids (1-4) to-
gether with 11 known compounds. The antimalarial and cytotoxic ac-
tivities of these compounds, against KB and Vero cells, are also re-
ported.

*Corresponding author.
E-mail address: thunwadee.r@cmu.ac.th (T. Limtharakul).

https://doi.org/10.1016/j.fitote.2018.08.020

2. Experimental
2.1. General experimental procedures

Melting points were determined on a Stuart SMP10 melting point
apparatus and are uncorrected. Optical rotations were measured in
acetone at the sodium D-line on a Rudolph Research Analytical Autopol
I polarimeter. UV-vis absorption spectra were measured in MeOH with
a Thermo Scientific Evolution 210 UV-vis spectrophotometer. The in-
frared (IR) spectra were recorded on a Bruker Tensor 27 FT-IR spec-
trophotometer. The NMR spectra were recorded on either a 400 MHz or
a 500 MHz Bruker NMR spectrometer. Chemical shifts were recorded in
parts per million (8) in CDCl; (8y 7.26 and 8¢ 77.0 ppm) and/or acet-
one-dg (8 2.05 and §¢ (CO) 206.2 and (CH3) 29.8 ppm) with TMS as
internal standard. The HRESIMS data were obtained on a Bruker
Daltonics and Thermo Fisher mass spectrometer. Thin-layer chroma-
tography (TLC) was performed on silica gel 60 GFzs4 (Merck). Column
chromatography (CC) was carried out on Sephadex LH-20 or silica gel
(Merck) type 100 (62-400pm). Silica gel type 60 (5-40 pm) was used
for quick column chromatography (QCC). Solvents for extraction and
chromatography were distilled prior to use.

Received 2 August 2018; Received in revised form 24 August 2018; Accepted 24 August 2018

Available online 27 August 2018
0367-326X/ © 2018 Elsevier B.V. All rights reserved.
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Table 1

1H (500 MHz) and '3C (125 MHz) NMR spectroscopic data of cherrevenones A - C (1-3) in acetone-d.
Position 1 2 3

8, (J in Hz) 5, type 8., (J in Hz) 8, type Sy, (J in Hz) e, type

1 136.4 Cc 128.1 C 136.4 c
2 7.50 d (7.6) 130.0 CH 7.59 d (8.6) 131.3 CH 7.46m 129.9 CH
3 7.82 d (7.6) 129.3 CH 6.90 d (8.6) 116.8 CH 7.74 dd (8.0,1.4) 129.2 CH
4 7.48t (7.6) 131.2 CH 160.8 C 7.45m 1311 CH
5 7.82 d (7.6) 129.3 CH 6.90 d (8.6) 116.8 CH 7.74 dd (8.0,1.4) 129.2 CH
6 7.50 d (7.6) 130.0 CH 7.59 d (8.6) 131.3 CH 7.46m 129.9 CH
7 7.83 d (15.6) 142.9 CH 7.72 d (15.5) 143.6 CH 7.85d (15.7) 143.4 CH
8 8.16 d (15.6) 128.7 CH 7.90 (15.5) 127.9 CH 8.03 d (15.7) 127.3 CH
9 193.6 c 193.5 [ 193.0 c
1’ 105.6 c 106.2 [ 108.5 c
2 164.0 c 165.3 [ 164.6 c
3 110.2 c 108.1 [ 1121 c
4 160.6 Cc 163.2 C 161.1 Cc
5 101.2 Cc 6.14 brs 92.2 C 115.1 Cc
6" 152.7 Cc 162.5 C 160.9 Cc
7 3.98s 22.7 CHy 3.88s 228 CHz 3.96s 237 CHy
8 391s 228 CH, 3.96s 24.4 CH,
1 127.8 Cc 127.8 C 128.3 Cc
2" 153.7 C 155.0 C 155.3 C
3" 6.93 d (7.5) 115.7 CH 6.78 dd (7.6,1.8) 115.9 CH 6.83 dd (7.5,1.6) 116.0 CH
4" 7.07t (7.5) 128.3 CH 6.97 td (7.6,1.8) 127.9 CH 6.98 td (7.5,1.6) 127.7 CH
5% 6.841t (7.5) 121.7 CH 6.70 td (7.6,1.8) 120.7 CH 6.75 td (7.5,1.6) 120.8 CH
6" 7.44 d (7.5) 131.9 CH 7.24 dd (7.6,1.8) 131.2 CH 7.36 dd (7.5,1.6) 131.7 CH
1 121.2 c 128.1 c
i 151.4 Cc 155.7 Cc
3 7.05d (7.4) 116.8 CH 6.83 dd (7.9,1.6) 115.9 CH
4 7.25t (7.4) 128.8 CH 7.02 td (7.9,1.6) 128.0 CH
5% 7.11t (7.4) 125.0 CH 6.70 td (7.9,1.6) 120.3 CH
6" 7.30 d (7.4) 130.4 CH 7.08 dd (7.9,1.6) 130.7 CH
2-0H 14.35s 14.17s
6°-0OMe 3.91s 56.3 CHs 3.68s 63.6 CHs

2 Measured at 400 MHz ('"H NMR) and 100 MHz (**C NMR).
2.2. Plant material

The fruit of Uvaria cherrevensis were collected from Doi Suthep
National Park, Chiang Mai, Thailand in August 2015. This plant was
identified by Dr. Tanawat Chaowasku from the CMUB Herbarium,
Chiang Mai University, Thailand, where a voucher specimen has been
deposited (specimen no. T. Ritthiwigrom 5).

2.3. Extraction and isolation

The air dried fruit of U. cherrevensis (306.6 g) was extracted with
MeOH (3 L) at room temperature over a period of 3 d. Removal of the
solvent under reduced pressure afforded a brown viscous oil (37.36 g).
The oil was separated by QCC over silica gel. The column was eluted
with a solvent gradient from hexane (100%) to acetone (100%) to
MeOH (100%) to provide eight fractions (Fractions A-H, see the
Supplementary Information for a flow chart of the isolation procedure).
Fraction A (654.7 mg) was separated by CC over Sephadex LH-20 with
MeOH elution to give four subfractions (Al-A4). Subfraction A2
(19.6 mg) was further purified by CC over silica gel by elution with
EtOAc/hexane (15:85) to give compound 5 (10.0 mg) as a yellow vis-
cous oil. Compound 1 (11.0mg), as a yellow solid, mp 224-226 °C, was
obtained from subfraction A4 after evaporation. Fraction B (394.2 mg)
was purified by CC over Sephadex LH-20 with MeOH elution to provide
compound 6 (1.2mg) as a yellow solid. Fractionation of Fraction C
(1.85g) by CC over Sephadex LH-20 with MeOH elution gave three
subfractions (C1-C3). Subfraction C2 (48.3 mg) was purified by CC over
silica gel by elution with EtOAc/hexane (1:4) to give compound 7
(12.7 mg) as a white solid, mp 195-197 °C, lit. 182-183 °C [3]. Fraction
E (1.16 g) was separated by CC over silica gel by elution with MeOH/
CH,ClI; (1:99) to give ten fractions (E1-E10). Compound 8 (7.5 mg), asa
yellow solid, mp 146-147 °C, lit. 179-181 °C [3], was obtained from
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subfraction E2 (10.4 mg) by CC over Sephadex LH-20 with MeOH elu-
tion. Subfraction E4 (285.7 mg) was separated by CC over silica gel by
elution with MeOH/CHCl, (1:99) to provide compounds 3 (11.5mg)
and 9 (23.9 mg) as a yellow viscous oil and a brown solid (mp 204-205
°C, lit. 203.5-204.5 °C [7]), respectively. Subfraction E6 (46.6 mg) was
separated by CC over Sephadex LH-20 with MeOH elution to give four
subfractions (E6A-E6D). Subfraction E6B (21.5 mg) was purified by CC
over silica gel by elution with MeOH/CH,Cl, (1:99) to provide com-
pound 10 (6.5 mg) as a yellow viscous oil. Compound 11 (10.6 mg), asa
yellow viscous oil, was obtained from subfraction E6C after evapora-
tion. Subfraction E8 (46.2 mg) was separated by CC over Sephadex LH-
20 with MeOH elution to give three subfractions (E8A-E8C). Subfrac-
tion E8B (25.5mg) was purified by CC over silica gel by elution with
MeOH/CH,Cl, (1:99) to give compound 12 (7.4 mg) as a yellow solid,
mp 99-100 "C (mp not reported in the literature). Subfraction E9
(47.1 mg) was separated by CC over Sephadex LH-20 with MeOH elu-
tion to give compound 13 (2.1 mg) as a brown viscous oil. Fraction F
(1.11 g) was separated by CC over Sephadex LH-20 with MeOH elution
to give three subfractions (F1-F3). Subfraction F2 (34.3 mg) was sepa-
rated by CC over silica gel by elution with EtOAc/CH,Cl, (5:95) to
provide compound 2 (2.5mg) as a yellow viscous oil. Fraction H
(530.0 mg) was separated by CC over Sephadex LH-20 with MeOH
elution to provide four subfractions (H1-H4). Compound 14 (13.5 mg),
as a yellow solid, mp 225-227 °C (mp not reported in the literature),
was isolated from subfraciton H2 (81.5 mg) by CC over silica gel by
elution with MeOH/CH,Cl; (2:98). Subfraction H3 (167.6 mg) was se-
parated by CC over Sephadex LH-20 with MeOH elution to give five
subfractions (H3A-H3E). Subfraction H3B (25.5 mg) was further pur-
ified by CC over silica gel by elution with MeOH/CH,Cl, (2:98) to give
compound 15 (3.5 mg) as a yellow viscous oil. Compound 4 (1.3 mg), as
a yellow viscous oil, was obtained from subfraction H3D (13.1 mg) by
CC over silica gel by elution with MeOH/CH,Cl, (1:99).

56



C. Auranwiwat et al

Table 2
'H (500 MHz) and '*C (125 MHz) NMR spectroscopic data of cherrevenone D
(4) in acetone-ds.

4
Position &y, (J in Hz) B¢, type Position &y, (J in B¢, type
Hz)
2 5.42dd (13.2, 79.7 CH 17 1280 C
2.8)
3 2.99 dd 46.1 CH, 2% 155.0 C
(16.6,13.2)
2.64 dd (16.6, 3”7 6.80 d 116.2 CH
2.8) (7.5)
4 189.0 C 4 6.99t (7.5) 127.9 CH
5 1593 C 5% 6.67t(7.5) 1207 CH
6 1165 C 6" 7.14d 131.7 CH
(7.5)
7 1615 C 1" 1283 C
8 1122 C 2% 1556 C
9 1585 C 37 6.80 d 116.0 CH
(7.5)
10 1109 C 4" 6.98t (7.5) 127.7 CH
11 3.90brs 24.3 CH, 5" 6.69t (7.5) 120.3 CH
12 3.92brs 242 CH: o™ 7.10 d 131.4 CH
(7.5)
1 131.1 5-OMe 3.78s 61.9 CH,
2! 7.43d(8.2) 129.0 CH
3 6.92d (8.2) 1159 CH
4 158.6
5 6.92d (8.2) 1159 CH
6" 7.43d (8.2) 129.0 CH

Cherrevenone A (1): yellow solid; mp 224-226 °C; UV (MeOH) Apax
(log £) 215 (4.54), 282 (4.20), 355 (4.27) nm; IR (neat) vy, 3241,
1627, 1608, 1490 cm ™~ ; '"H NMR (400 MHz, acetone-dg) and °C NMR
(100 MHz, acetone-ds) see Table 1; HRESIMS m/z 473.1355
[M + Na]™*, caled 473.1365, CagH2,05Na.

Cherrevenone B (2): yellow viscous oil; UV (MeOH) A .y (log £) 220
(4.18), 281 (3.63), 370 (4.07) nm; IR (neat) vma 3243, 1619, 1604,
1513 em™!; 'H NMR (500 MHz, acetone-dg) and °C NMR (125 MHz,
acetone-dg) see Table 1; HRESIMS m/z 391.1189 [M - H]~, caled
391.1182, CpzH 06,

Cherrevenone C (3): brown viscous oil; UV (MeOH) A, (log ¢) 211
(4.46), 281 (3.85), 400 (3.59) nm; IR (neat) vma 3231, 1628, 1595,
1489 em™'; '"H NMR (500 MHz, acetone-dg) and *C NMR (125 MHz,
acetone-dg) see Table 1; HRESIMS m/z 505.16209 [M + Na]™, caled
505.16216, CyoH06Na.

Cherrevenone D (4): yellow viscous oil; [alp®®—52.2 (¢ 0.07,
acetone); UV (MeOH) Apax (log £) 214 (4.37), 280 (3.93), 328 (3.87)
nm; IR (neat) vma, 3339, 1643, 1585, 1460 cm ™~ !; 'H NMR (500 MHz,
acetone-ds) and '*C NMR (125 MHz, acetone-d) see Table 2; HRESIMS
m/z 499.1743 [M + H] 7, caled 499.1757, CzoHo705.

2.4. Bioactivity assays

The antimalarial activity testing against Plasmodium falciparum
(TM4/8.2, a wild type sensitive strain and K1CB1, a multidrug resistant
strain) was carried out using the Malaria SYBR Green I-base fluores-
cence (MSF) assay [8]. Briefly, following incubation of parasites (90 uL
of 1% ring stages at 2% haematocrit) with serial dilution of compounds
(10pL in 0.1% DMSO containing RPMI media) in black 96-well plate
for 48h in a 3% CO, incubator at 37 °C, 100uL SYBR Green I dye
(0.2 L of SYBR Green I/mL of in lysis buffer pH 7.5 (20 mM Tris con-
taining 5mM EDTA, 0.008% saponin, and 0.08%Triton X-100)) was
added and mixed well. After 1 h incubation in the dark at 25 °C, the
fluorescence signal of the treated and untreated control was measured
with a fluorometer with excitation at 435 nm and emission at 535 nm.
The 50% inhibition concentration (ICsp) was calculated from the sig-
moidal dose-response curve. Cycloguanil and pyrimethamine were
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Fig. 1. Isolated compounds from the fruit of U. cherrevensis.

included as the reference compounds [9]. Cytotoxic assays against KB
cells (human mouth epidermal carcinoma cells) and normal Vero cells
(kidney epithelial cells of African green monkey, Cercopithecus aethiops)
[10] were evaluated using the sulforhodamine B (SRB) assay [11]. El-
lipticine was included as the reference compound.

3. Results and discussion

The crude MeOH extract of the fruit of U. cherrevensis was separated
by column chromatography resulting in the isolation of four new C-
benzyl flavonoids, cherrevenones A-D (1-4), together with 11 known
compounds; uvarindoles C, D and A (5, 10, 11) [12], cardamonin (6)
[13], ferrudiol (7) [3], 2’,4-dihydroxy-3"-(2-hydroxyphenyl)-6’-meth-
oxychalcone (8) [3], 5-0-methoxydichamanetine (9) [7], ellipeiopsol B
(12) [4], zeylenol (13) [3], 7-O-methylisochamanetine (14) [14] and
epi-methylphelligrin A (15) [15] (Fig. 1). The structures of the isolated
compounds were elucidated by spectroscopic techniques including UV,
IR, NMR and MS analysis. Of these compounds, only compounds 8, 9,
12 and 13 were also isolated from the stem and root extracts of this
plant [5].

Compound 1 was obtained as a yellow solid, mp 224-226 °C. The
HRESIMS exhibited an ion peak at m/z 473.1355 ([M + Na] *, caled for
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CaoH3,05Na, 473.1365), indicating the molecular formula of Cygl»;05.
The UV spectrum showed absorption bands at Ap,, 215, 282 and
355 nm and the IR spectrum indicated stretching bands for a hydroxy
group (3241 cm™'), an a,f-unsaturated carbonyl functional group
(1627cm™') and an aromatic ring (1608 and 1490 cm™") that in-
dicated a possible chalcone structure [16]. The "H NMR spectrum of 1
(Table 1) displayed resonances for a chelated hydroxy proton (§y 14.35,
1H, s), two olefinic protons of an (E)-a,f-unsaturated ketone [§y 8.16
and 7.83 (each 1H, d, J = 15.6 Hz)], a mono-substituted benzene [y
7.82 (2H, d, J=7.6Hz), 7.50 (2H, d, J=7.6Hz), 7.48 (1H, t,
J =7.6Hz)], a 2-hydroxybenzyl moiety [y 7.44 (1H, d, J = 7.5 Hz),
7.07 (1H, t, J=7.5Hz), 6.93 (1H, d, J=7.5Hz), 6.84 (1H, t,
J = 7.5Hz), 3.98 (2H, s)] and a hydroxybenzyl-like moiety (C-1” - C-6”
and C-8) forming part of a xanthene skeleton [dy 7.30 (1H, d,
J=7.4Hz), 7.25 (1H, t, J = 7.4Hz), 7.11 (1H, d, J = 7.4Hz), 7.05
(1H,d, J = 7.4 Hz), 3.91 (2H, s)] as found in isochamuvaritin [13]. The
13C NMR spectrum of 1 (Table 1) showed resonances for 29 carbons
including an a,f-unsaturated carbonyl carbon (§: 193.6), eleven qua-
ternary aromatic carbons (8¢ 164.0, 160.6, 153.7, 152.7, 151.4, 136.4,
127.8, 121.2, 110.2, 105.6 and 101.2), thirteen aromatic methine
(ArCH) carbons (8 131.9, 131.2, 130.4, 130.0 (2C), 129.3 (2C), 128.8,
128.3, 125.0, 121.7, 116.8 and 115.7), two alkene methines (§; 142.9
and 128.7) and two methylene carbons (8¢ 22.8 and 22.7). The HMBC
spectrum showed correlations between H-7 (8 7.83/8¢ 142.9) and C-
2/C-6 (8¢ 130.0) and C-9 (8 193.6) and between the olefinic proton H-
8 (8y 8.16/d8: 128.7) and C-1 (8¢ 136.4) which confirmed that the
mono-substituted benzene (ring B) was part of the chalcone core
structure. The chelated hydroxy proton (8y; 14.35) showed HMBC cor-
relations to C-1’ (8¢ 105.6), C-2’ (8¢ 164.0) and C-3’ (8¢ 110.2). The
methylene protons H-7" (8y; 3.98) of the 2-hydroxylbenzyl group dis-
played HMBC correlations to C-2/, C-3', C-4’ (8¢ 160.6), C-1” (8¢ 127.8),
C-2” (8¢ 153.7) and C-6” (8¢ 131.9). The 2-hydroxybenzyl group-like
structure, that formed part of the xanthene ring, was attached through a
C—C bond between C-5 (8¢ 101.2) and C-8’ (8 22.8) and a C—O bond
at C-6" (8¢ 152.7) from the HMBC correlations of H-8' (8 3.91) with C-
4, C-5, C-1" (8¢ 121.2), C-2" (8¢ 151.4) and C-6"" (§; 130.4). The
oxygenated aromatic carbons C-2" and C-4" were substituted with hy-
droxy groups due to their low field '*C NMR chemical shifts. Thus,
compound 1 (cherrevenone A) was identified as (E)-1-(1,3-dihydroxy-2-
(2-hydroxybenzyl)-9H-xanthen-4-yl)-3-phenylprop-2-en-1-one, which
is the 7,8-didehydro analogue of isochamuvaritin [17].

Compound 2 was isolated as a yellow viscous oil and its molecular
formula was deduced to be Co3Hoo0g based on the molecular ion peak
at m/z 391.1189 [M - H] ™ (caled for Cy3H,506, 391.1182) in the ne-
gative ion HRESIMS. The UV, IR and NMR spectroscopic data of 2
(Table 1) were similar to those of 2’,4-dihydroxy-3’-(2-hydro-
xyphenyl)-6"-methoxychalcone (8) [3], except that the NMR resonances
for the Bring in 8 were replaced by resonances for a p-substituted
benzene [§y 7.59 (2H, d, J = 8.6 Hz and 6.90 (2H, d, J = 8.6 Hz)]. The
aromatic proton resonances for H-2/H-6 (§y 7.59/8¢ 131.3) showed
HMBC cross peaks with C-4 (5 160.8) and C-7 (8. 143.6). The aromatic
carbon C-4 was substituent with a hydroxy group due to its low field "*C
NMR chemical shift. Thus, compound 2 (cherrevenone B) was de-
termined to be 4,2,4-trihydroxy-3’-(2-hydroxybenzyl)-6"-methox-
ychalcone (Fig. 2).

Compound 3 was obtained as a brown viscous oil and displayed a
[M + Na]* ion peak at m/z 505.16209 (caled for CsoHasO¢Na,
505.16216) in the HRESIMS, corresponding to a molecular formula of
C3pHz506. The NMR spectroscopic data of 3 (Table 1) were similar to
those 2',4’-dihydroxy-3"-(2-hydroxyphenyl)-6"-methoxychalcone (8)
except for the additional resonances for a second 2-hydroxybenzyl
moiety [§y 7.08 (1H, dd, J=7.9, 1.6 Hz), 7.02 (1H, td, J=7.9,
1.6 Hz), 6.83 (1H, dd, J = 7.9, 1.6 Hz), 6.70 (1H, td, J = 7.9, 1.6 Hz),
3.96 (2H, s)] and the lack of a resonances for H-5". The benzylic me-
thylene protons CH,-8 (8y; 3.96/8¢ 24.4), for this 2-hydroxybenzyl
group showed HMBC correlations with C-4’ (8 161.1), C-5" (§; 115.1)
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Fig. 2. Selected HMBC correlations (H — C) of compounds 1-4.

and C-1" (§; 128.1) which confirmed placement of the 2-hydro-
xybenzyl group at C-5". Therefore, compound 3 (cherrevenone C) was
identified as 2',4’-dihydroxy-3,5"-di(2-hydroxybenzyl)-6’-methox-
ychalcone.

Compound 4 was obtained as a yellow viscous oil. Its molecular
formula, CyoH20; was deduced from HRESIMS which showed a
[M + H]™ ion peak at m/z at 499.1743 (calcd C3H4, 0, for 499.1757).
The UV spectrum showed maximum absorption bands at Amayx 214, 280
and 328 nm which were consistent with a flavanone structure [12]. The
IR spectrum displayed stretching bands for a hydroxy group
(3339cm™ "), a carbonyl group (1643cm™') and an aromatic ring
(1585 and 1460 cm ™). The NMR spectroscopic data of 4 (Table 2)
were similar to those of 5-O-methoxydichamanetine (9) except for the
presence of resonances for a p-disubstituted benzene [y 7.43 (2H, d,
J =8.2Hz), 6.92 (2H, d, J = 8.2Hz)] instead of those for a mono-
substituent benzene in 9. The aromatic proton resonance for H-2"/H-6"
(8y 7.43) showed HMBC correlations to C-2 (8¢ 79.7) and C-4' (8¢
158.6). The low field chemical shift of C-4’ suggested it was substituted
with a hydroxy group. The methoxy group (8, 3.78) was located at C-5
(8¢ 159.3) from their mutual HMBC correlation. This was further sup-
ported from a 1D NOE difference experiment which showed an en-
hancement in the signal intensities of the resonances for H-6"" (8 7.10)
and CHp-12 (8 3.92) upon selective irradiation of the methoxy group.
The configuration of 4 was assigned as 25 from a comparison of the sign
of its specific rotation ([a]p™ —52.2 (¢ 0.07, acetone)) with that of
dichamanetin ([a]p*' =9 (¢ 2.3, acetone)), the O-demethyl analogue of
4 [18]). Thus, compound 4 (cherrevenone D) was determined as 25-7,4"-
dihydroxy-6,8-di(2-hydroxybenzyl)-5-methoxyflavanone.

Compounds 1-3, 5, 7, 10, 11, 14 and 15 were screened for their
antimalarial activities against the Plasmodium falciparum strains, TM4/
8.2 and K1CB1 (wildtype and multidrug resistant strains, respectively).
Compounds 8, 9, 12 and 13 were tested earlier [5]. Compounds 1, 3, 5
and 11 showed moderate antimalarial activities with ICs, values ran-
ging between 21.0 to 33.7 uM and 21.0-43.5 uM against the TM4/8.2
and K1CB1 strains, respectively (Table 3). Compounds 2 and 10, were
not active at 50 uM. By comparing the antimalarial activities and the
cytotoxicities of these compounds against noncancerous Vero cell lines,
representing normal mammalian cells, these compounds, except for 3
and 5, are quite toxic with selectivity ratios (ICs, ratios of Vero cells:
K1CB1 cells) much < 1 (0.02-0.3). Derivatization of these compounds
in the future may improve antimalarial activity with reduced cyto-
toxicities. These compounds were also tested for their cytotoxicity
against KB cells (Table 3). Alkaloid 5 showed significant cytotoxicity
against KB cells with an ICg, value 4.91pM and had no cytotoxicity
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Table 3
Antimalarial and cytotoxic activities of the isolated compounds (ICs,, pM).

Fitoterapia 130 (2018) 198-202

Compounds Antimalarial activity against Cytotoxic activity
P. falciparum
T™M4/8.2 KICB1 KB Vero cells
1 21.0 = 3.10 21.0 = 5.44 0.60 = 0.17 061 = 0.04°
2 - & 276 + 0.22 3.34 + 0.40
3 - 435 + 11.9 - -
5 33.7 £ 7.69 283 = 0.76 491 = 269 -
10 - » 4.07 = 1.64 5.67 + 2.73
11 26.1 + 5.80 20.3 + 5.09 472 + 247 5.18 + 2.27
oguani . = 0. .2 £ 2 - -
d, il 0.069 = 0.01 10.2 = 2.39 - -
Pyrimethamine” 0.16 = 0.04 46.2 = 14.3 63.4 = 776 32.24 = 121
Ellipticine® 15.0 + 1.63 15.6 + 0.85

Compounds 7, 14 and 15 were inactive in all assays.
? Assays run in duplicate (all other in triplicate).
" Inactive at 50 pM.
© Inactive at 100 pM.
4 Reference drugs for antiplasmodial activity.
“ Reference drugs for cytotoxic assays.

against Vero cells at 50 pM with a selectivity ratio of > 10. The chal-
cone 1 exhibit strong cytotoxicity against KB cells but was equally toxic
to Vero cell with ICs, values of ca 0.6 pM. Chalcone 2 and the alkaloids
10 and 11 were also toxic against KB and Vero cells with IC5y values in
the ranges of 2.76-4.72 and 3.34-5.67 pM, respectively. In contrast, the
compounds 3,7, 14 and 15 were not cytotoxic against either cell line at
50 pM. Overall, most of these compounds were more cytotoxic than
those previously isolated from the stem and root extract of this plant
[5].

In conclusion, four new C-benzyl flavonoids (1-4) have been iso-
lated, with compounds 1 and 2 showing significant cytotoxicities
against KB and Vero cells. While C-benzy] flavonoids are known [3,5,7]
these are a relatively rare subset of flavonoid natural products. Com-
pared with our earlier study [5], on the stem and root extracts, only
compounds 8, 9, 12 and 13 were found to be in common.
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ABSTRACT: The chemical study of leaf extracts from Uvaria
cherrevensis resulted in the identification of 11 new
polyoxygenated cyclohexenes, cherrevenols A—K (1—11),
and a new seco-cyclohexene derivative, cherrevenol L (12).
Nine known compounds (13—21) were also isolated. Three
of the isolated compounds are chlorinated polyoxygenated
cyclohexenes. The structures of these compounds were
determined using spectroscopic methods and, in some cases
(compounds 2, 6, 8, and 10), single-crystal X-ray crystallo-
graphic structural analysis or chemical correlation (com-
pounds 6 and 7). Compounds 6 and 7 were both isolated as scalemic mixtures (ee 23—24%).

lants in the Uvaria genus belong to the Annonaceae zeylenol (20),* and piperenol A (21)'* (Chart 1). The
family, with 26 species found in Thailand." The roots of structures of these compounds were established by spectro-
Uvaria cherrevensis, having the local name “Nom Meaw Pa”, scopic techniques and, in some cases, by single-crystal X-ray
have been used to treat kidney disorders and ailments of the crystallography.
blood system and the small intestine.” Previous studies on this Compound 1 {[a]*p +41 (c 0.1, CHCl;) } was obtained as a
species have resulted in the identification of flavonoids, yellow oil. Its molecular formula, C;¢H, 405, was deduced from
alkaloids, naphthalenes, terpenoids, and polyoxygenated cyclo- the HRESIMS data that showed an [M + Nal* ion at m/z
hexenes,” % with some of these having antimalarial, anti- 311.0900 (caled for C,¢H,;4OsNa, 311.0895). The UV
bacterial, and cytotoxic activities.”** In our previous report, spectrum showed an absorption maximum at 228 nm, and
the isolation of naphthalenes, flavonoids, and polyoxygenated the IR spectrum displayed bands for hydroxy and carbonyl
cyclohexenes from the stem, root, and fruit extracts of U. functional groups at 3340 and 1721 cm™!, respectively. The 'H
cherrevensis was described®® In this paper, the structural NMR data (Table 1) showed resonances for a benzoate group
identification of 12 new and nine known compounds from the [y 8.04 (2H, d, J = 7.8 Hz), 7.58 (1H, t, J = 7.8 Hz), 7.45
extract of the leaves of U. cherrevensis is reported. (2H, t, J = 7.8 Hz)], four (Z)-olefinic protons [Jy 6.08 and
6.07 (each 1H, t, ] = 10.5 Hz) and 5.87 and 5.84 (each 1H, d, |
W RESULTS AND DISCUSSION = 10.5 Hz)], a deshielded oxymethine proton & 5.74 (1H, br

s), two diastereotopic methylene protons [y 4.54 and 4.45
(each 1H, d, ] = 11.5 Hz)], and an acetoxy group [y 2.05
(3H, s)]. The *C NMR data (Table 1) exhibited resonances
for a benzoate moiety [d; 166.7, 133.4, 129.9 (2C), 128.7,

The acetone leaf extract of U. cherrevensis was separated by
column chromatography to provide 11 new polyoxygenated
cyclohexenes, cherrevenols A—K (1-11), and a new seco-
cyclohexene, cherrevenol L (12), together with nine known
compounds: uvamalol F (13),” (=)-1,6-desoxypipoxide (14),°
ellipeiopsol B (15),* uvaridapoxide A (16),° (1R2R,3R,6S)- Received: September 18, 2018
pipoxide (17),"" (—)-6-acetylzeylenol (18),"" ferrudiol (19),° Published: January 4, 2019

© 2019 American Chemical Society and

ACS Publications  American Society of Pharmacognosy 101 DOE 101021 /acs,jnatprod 8600794
h J. Nat. Prod. 2019, 82, 101110
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Chart 1

6: R' = OH, R? = OAc [X-ray] 8: R'= 0Bz, R? = OAc [X-ray]

7:R'=R%Z=0H 9:R'=0Bz,R?=Cl

20: R' =OBz, R? = OH 15:R' = 0Bz, R? = OH
19:R'=R?=0Bz

OBz
Ho. . J.
HO. WR?
RW\}l 5

10: R' = OAc, R? = CI [X-ray]
11:R'=0H,R2=CI
18: R' = OBz, R? = OAc

OH OH

BZOMOBZ BZOM\/OBZ

7 5 3 1

12 13
OBz

128.6 (2C)], four olefinic carbons [6c 129.8, 126.5, 125.4,
125.3], an acetoxy group (dc 171.3, 21.1), an oxygenated
tertiary carbon (8¢ 73.1), an oxymethine carbon (5 75.7), and
a methylene carbon (5 66.3). The protons H-2 (5 5.84/6
129.8), H-3 (&} 6.08/5: 125.4), H-4 (8 6.07/6¢ 125.3), H-5
(8 5.87/8¢ 126.5), and H-6 (6y; 5.74/ 8¢ 75.7) formed part of
a contiguous spin system from their COSY correlations. The
olefinic proton H-3 showed HMBC correlations to C-1 (8¢
73.1) and C-5, while H-4 showed HMBC correlations to C-2
and C-6. The methylene group CH,-7 was linked to C-1 and
the benzoate group from its HMBC correlations to C-1 and
the benzoate carbonyl carbon (§: 166.7). The acetoxy group
was attached at C-6 from the HMBC correlation of H-6 to the
carbonyl carbon of the acetoxy group (8 171.3). The
oxygenated tertiary carbon C-1 was attached to a hydroxy
group from its low-field 13C NMR chemical shift. The lack of a
NOESY correlation between H-6 and CH,-7 was consistent
with the anti-relationship between these protons. A compar-
ison of the specific rotation of 1 {[a] % +41 (c 0.1, CHClL)}
with that of the related synthetic compound (+)-(18,2S)-1-

102

Table 1. '"H (500 MHz) and “*C (125 MHz) NMR
Spectroscopic Data of Compounds 1 and 4 in CDCI;4

1“ 4
8y (J in
position Hz) J¢, type &y (J in Hz) Je, type
1 73.1 C 1352 C
2 5.84,d 1298 CH  452,d 70.3 CH
(10.5) (7.5)
3 6.08, t 1254 CH  5.54,ddd 752 CH
(10.5) (7.5, 3.9,
1.5)
4 6.07, t 1253  CH 585, td 1229 CH
(10.5) (9.3, 3.9)
5 5.87,d 1265 CH 608, td 1256 CH
(10.5) (5.5, 1.5)
6 5.74,br s 75.7 CH  6.12,ddd 1252 CH
(93,55,
1.5)
7 4.54,d 66.3 CH, 509,d 64.8 CH,
(11.5) (134)
4.45,d 4.95,d
(11.5) (13.4)
v 1287 C 1299 C
2,6 8.04, d 1299 CH  80s,dd 1298 CH
(7.8) (84, 1.3)
3,5 745, t 1286 CH  745,t(84) 1286 CH
(7.8)
& 7.58,t 1334 CH  7.56,dd 1334 CH
(7.8) (84, 1.3)
1- 1712 C
OCOMe
1- 2.09, s 213 CH,
OCOMe
6 1713 C
OCOMe
6- 2,05, s 21.1 CH,
OCOMe
7-CO 1667 C 1666 C

“'H NMR determined at 400 MHz.

methyl-3,5-cyclohexadiene-1,2-diol'* {[a]*’, +45 (¢ 0.6,
CHCly)} suggested that compound 1 (cherrevenol A) had
the (1R,6S) configuration.

Compound 2 {[a]**, =30 (¢ 0.1, CHCl,)} was isolated as
white crystals, mp 132—134 °C. Its molecular formula,
Cy9H3605, was deduced from the HRESIMS data, which
showed an [M + Nal]* ion at m/z 509.1578 (calcd for
C,oH,60;Na, 509.1576). The NMR spectroscopic data of 2
(Table 2) closely matched those of cyathostemmine [ent-2a,
Scheme 1(a)] isolated from Cyathostemma viridiflorum'
except that the acetoxy group at C-2 in ent-2a was replaced
by a hydroxy group in compound 2, which was evidenced by
the more shielded 'H and *C NMR chemical shifts of H-2/C-
2 in 2. NOESY correlations were used to determine the relative
configuration of 2. The methine protons H-4 (5} 2.88) and H-
5 (8y 4.97) exhibited a correlation in the NOESY spectrum
indicating a cis-fused bicyclic ring, similar to that found in
cyathostemmine (ent-2a). A NOESY correlation between H-2
(8,1 4.57) and one of the C-8 methylene protons (& 2.77) was
also observed, consistent with the cis-fused ring structure of 2
(Figure 2). The specific rotation of 2 {[a]®, =30 (¢ 0.1,
CHCI,)} was opposite in sign to that of cyathostemmine {[a],
+3S (¢ 1.0, CHCL,)}. Acetylation of 2 afforded 2a [Scheme
1(a)], which had identical NMR spectroscopic data to those of
cyathostemmine (ent-2a) but had a specific rotation of
opposite sign {[a]*py =51 (c 0.1, CHCL)}. The absolute

DOIL: 10.1021/acs.jnatprod. 800794
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Table 2. "H (400 MHz) and "*C (100 MHz) NMR Spectroscopic Data of Compounds 2, 2a, and 3 in CDCl,

2 2a 3
position 8y (J in Hz) J¢, type 8y (J in Hz) 8¢, type 8y (J in Hz) 8¢, type
1 135.5 C 129.5 C 1354 C
2 4.57, t (4.4) 67.9 CH 6.08, d (7.0) 68.4 CH 4.58, d (5.7) 67.8 CH
3 542, dd (5.9, 3.6) 77.4 CH 5.53, dd (7.0, 3.1) 74.1 CH 5.43, dd (5.7, 3.6) 774 CH
4 2.88, m 337 CH 294, m 34.5 CH 289, m 33.6 CH
5 497, brs 70.4 CH 5.05, br s 70.4 CH 5.01, br s 70.4 CH
6 6.14,br s 129.6 CH 623, brs 1317 CH 6.16, br s 129.2 CH
7 5.15,d (13.3) 64.9 CH, 4.89, d (13.8) 64.1 CH, 5.14, d (13.3) 64.9 CH,
481,4d (13.3) 4.76,d (13.8) 483, d (13.3)
8 2,98, dd (158, 6.3) 238 CH, 2.94, m 233 CH, 3.03, dd (15.5, 6.0) 235 CH,
277, dd (15.5, 8.5) 2.77, dd (15.5, 8.6)
9 121.1 C 120.8 C 1204 C
10 147.5 C 147.3 C 153.6 C
11 6.77,d (8.9) 117.5 CH 6.76, d (8.9) 117.5 CH 6.85, dd (7.4, 1.0) 1168 CH
12 6.65, dd (8.9, 3.0) 113.8 CH 6.63, dd (8.9, 3.0) 113.83 CH 7.07, br t (7.4) 127.6 CH
13 153.7 C 153.7 C 6.80, td (7.4, 1.0) 120.7 CH
14 6.56, d (3.0) 1139 CH 6.56, d (3.0) 1139 CH 7.01, br d (7.4) 129.4 CH
e 129.7 C 1322 C 129.7 C
2,6 7.92,d (82) 129.9 CH 7.96, dd (8.4, 1.4) 129.9 CH 7.89, dd (8.0, 1.2) 129.9 CH
3,8 7.39,t (8.2) 1285 CH 741, t (8.4) 128.6 CH 7.38, t (8.0) 1285 CH
4 7.54,t (8.2) 133.4 CH 7.55, m 1334 CH 7.54, tt (8.0, 1.2) 1334 CH
17t 1298 C 1322 C 1298 C
2", 6" 8.02,d (8.2) 130.0 CH 8.01, dd (8.4, 1.4) 130.0 CH 802, dd (8.0, 1.2) 130.0 CH
37, 570 743, t (8.2) 128.6 CH 743, t (8.4) 128.6 CH 742, t, (8.0) 128.6 CH
4t 7.58,t (8.2) 133.4 CH 7.55 m 1335 CH 7.56, tt (8.0, 1.2) 1334 CH
2-COMe 170.3 C
2-COMe 2,02, s 21.0 CH;
3-CO 166.8 C 166.1 C 166.8 C
7-CO 166.7 C 165.9 C 166.7 C
13-OMe 3.70, s 55.9 CH;, 3.69, s 55.8 CH,

“Aromatic carbons at C-7 OBz. "Aromatic carbons at C-3 OBz.

Scheme 1. Acetylation of Compounds 2, 6, and 7

[elb™ 51 (c 0.1, CHCls)
[Cyathostemmine, ent-2a,
[e]o +35 (¢ 1.0, CHCl3)]

OBz

AcO,
- OAc

AcOr,,

AcO

6a

configuration of 2 was established by a single-crystal X-ray
structural analysis (Figure 2) using Cu Ko radiation with the
Flack parameter = 0.03(20). Thus, cherrevenol B (2) was the

103

enantiomeric O-deacetyl analogue of cyathostemmine possess-
ing the (2R,3R,4R,5R) absolute configuration.

Compound 3 {[a]®p =26 (c 0.2, CHCl,)} was obtained as
a brown, viscous oil. The HRESIMS data exhibited an ion at
m/z 479.1476 ([M + Na]*, caled for C,3H,,0¢Na, 479.1471),
indicating the molecular formula of CygH,,04 The UV, IR,
and 'H and "*C NMR spectroscopic data of 3 (Table 2) were
similar to those of 2. The main difference was that the 'H
NMR resonance for the C-13 methoxy in 2 was substituted by
an aromatic proton resonance in 3 which formed part of a 1,2-
disubstituted benzene moiety [8y 7.07 (1H, br t, J = 7.4 Hz),
7.01 (1H, brd, J=7.4 Hz), 6.85 (1H, dd, J = 7.4, 1.0 Hz), 6.80
(1H, td, J = 7.4, 1.0 Hz)]. The NOESY correlations between
H-2 (8 4.58) and a C-8 methylene proton (& 2.77) and
between H-4 (y 2.89) and H-5 (8 5.01) indicated 3 had the
same relative configuration as 2. The (2R,3R,4R,SR) absolute
configuration of cherrevenol C (3) was assigned from
comparison of its specific rotation value {[a]*y =26 (¢ 0.2,
CHCl;)} with that of 2 {[a]* —30 (c 0.1, CHCly)}.

Compound 4 {[aT*, +228 (c 0.1, CHCI,)} was obtained as
a brown oil. The molecular formula was C,4H,405, based on
the molecular ion at m/z 311.08901 [M + Nal]* (caled
311.08899) in the HRESIMS data. The UV spectrum showed
Amax at 237 nm, and the IR spectrum exhibited bands for
hydroxy and carbonyl groups at 3456 and 1718 cem™,
respectively. The 'H NMR spectroscopic data of 4 (Table 1)
were highly similar to those of the synthesized compound
(2R)-trans-3-acetoxy-2-hydroxy-1-[ (benzoyloxy)methyl]-

DOI: 10.1021/acs jnatprod.8b00794
J. Nat. Prod. 2019, 82, 101-110
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-10
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Wavelength (nm)

Figure 1. NOE correlations (<), exciton chirality model, and ECD

spectra for compound 5 (structure was generated in SPARTAN

(MMFF) with the lowest energy conformer shown).

cyclohexa-4,6-diene, which had a specific rotation of opposite
sign {[a]*, —132 (¢ 0.6, CHCl;) }."® Thus, cherrevenol D (4)
is the enantiomer of the aforementioned synthesized
compound.

Compound 5 {[a]*y —134 (c 0.1, CHCI,)} was isolated as
a white, amorphous solid, mp 92—94 °C, and its molecular
formula was shown to be C,,H,,0,, based on the molecular
ion peak at m/z 447.1422 [M + Na]" (caled for Co,H,,0,Na,
447.1420) in the HRESIMS data. The UV spectrum exhibited
Apax at 230 nm, and the IR spectrum displayed bands for
hydroxy (3475 em™) and carbonyl (1722 em™) groups. The
"H NMR spectroscopic data (Table 3) displayed resonances
for two benzoate groups [§y 8.08 (2H, d, J = 8.2 Hz), 7.59
(1H,t, ] = 8.2 Hz), 7.48 (2H, t, ] = 8.2 Hz) and &, 8.05 (2H,
d, J =82 Hz), 7.59 (1H, t, ] = 8.2 Hz), 7.45 (2H, t, | = 8.2
Hz)], two mutually coupled (Z)-olefinic protons [y 6.04 (1H,
d, ] = 104, 4.1 Hz) and 598 (1H, d, ] = 10.4 Hz)], three
oxymethine protons [§y 5.82 (1H, d, J = 9.2 Hz), 4.76 (1H, d,
J =4.1 Hz), and 427 (1H, d, ] = 9.2 Hz)], two diastereotopic
methylene protons [§y 4.80 and 4.64 (each 1H, d, J = 11.9
Hz)], and two methyl groups [y 1.59 and 1.46 (each 3H, s)].
The “C NMR spectroscopic data (Table 3) exhibited
resonances for two sets of benzoate groups (¢ 166.8, 133.5,
130.0 (2C), 1298 and 1287 (2C) and 166.3, 133.4, 1299
(2C) and 129.7 and 128.6 (2C)), two olefinic carbons (¢
131.2 and 125.3), a dioxygenated secondary carbon (&
111.4), an oxygenated tertiary carbon (J§: 82.4), three
oxymethine carbons (3¢ 74.6, 74.1, and 73.4), and a methylene
carbon (8 62.4). The protons H-2 (6, 4.27/8¢ 74.1), H-3 (dy
5.82/8c 73.4), H4 (8 5.98/6. 131.2), HS (5, 6.04/5
125.3), and H-6 (5 4.76/8¢ 74.6) formed part of a contiguous
spin system from their COSY correlations. This was supported
by the HMBC correlations of H-4 with C-2 and H-5 with C-1

104

H-2 H7

H-3

Figure 2. Single-crystal X-ray structures of compounds 2, 6, 8, and 10
with key NOE correlations (<) indicated from solution 1D NOE
NMR experiments. Interhydrogen distances were <3 A for all pairs of
hydrogens showing the indicated NOE correlations.

(8¢ 82.4) and C-3. One benzoate group was located at C-3
from the HMBC correlation of H-3 with the carbonyl group of
the benzoate (5 166.8). HMBC correlations were observed
between the oxymethine proton H-6 and C-4 and C-7 (5
62.4). The C-7 methylene carbon was linked to C-1 and was
connected to the other benzoate group from the HMBC
correlations of H,-7 with C-1 and the carbonyl of the benzoate
(dc 166.3). Both methyl groups (dy 1.59 and 1.46) showed
HMBC correlations with the dioxygenated secondary carbon
C-8 (8¢ 111.4). These correlations along with the chemical
shift of C-8 indicated an acetonide-type moiety. The acetonide
feature found in 5 has not been found in related natural
products.'® Thus, 5 is likely an artifact formed during the
extraction process using acetone. However, the putative 1,6-
diol precursor could not be isolated to test this possibility. The
C-2 and C-3 relative configurations were determined from the
Jo3 value of 9.2 Hz, which corresponds to frans 1,2-diaxial
protons (Figure 1). 1D NOE difference NMR experiments
showed significant increases in the intensity of the resonances
of H-3, CH,-7, and CH;-10 (6 1.46) after irradiation of H-6,
while irradiation of H-2 caused an enhancement of signal
intensity of the resonance for CH3-9 (& 1.59) (Figure 1). A

DOI: 10.1021/acs. jnatprod.8b00794
J. Nat. Prod. 2019, 82, 101-110
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Table 3. '"H (400 MHz) and '*C (100 MHz) NMR
Spectroscopic Data of Compounds 5 and 12 in CDCl,

5 12
position &y (J in Hz) d¢, type 8y (J in Hz) J¢, type
1 824 C 440, dd 69.2 CH,
(115, 3.2)
4.25,dd
(115, 6.9)
2 427,d (92) 741 CH 402, m 69.7 CH
3 5.82,d (9.2) 734 CH 170,q (7.3) 327 CH,
5.98,d 1312 CH 233, dt 284 CH,
(10.4) (13.6, 6.5)
226, dt,
(13.6, 6.5)
5 6.04, dd 1253  CH  590,dt 1352 CH
(104, 4.1) (13.6, 6.6)
6 476,d (41) 746 CH 577, dt 1251 CH
(154, 6.1)
7 4.80, d 62.4 CH, 4.78,d(6.1) 656 CH,
(11.9)
4.64,d
(11.9)
8 1114 C
9 159, s 287 CH;
10 146, s 26.7 CH;
14 1207 C 1300 C
2, 6" 805d(82) 1299 CH 805,d(78) 1298 CH
3,5" 745t(82) 1286 CH 745,d(78) 1286 CH
4 7.59,t(82) 1334 CH  7.58,t(78) 1334 CH
17 1298 C 1299 C
27,6"° 8.08d(82) 1300 CH 805,d(78) 1297 CH
3",5" 748,t(82) 1287 CH 743,d(78) 1285 CH
4t 7.59,t(82) 1335 CH  755t(78) 1331 CH
1-CO 1669 C
3-CO 1668 C
7-CO 1663 C 1666 C

413C NMR determined at 125 MHz. ®Aromatic carbons at C-7 OBz.
“Aromatic carbons at C-3 OBz of 5 and C-1 OBz of 12.

negative Cotton effect ([Ag],3, —11.8) was observed in the
ECD spectrum of 5 that indicated the orientation of the
electronic transition for the two benzoate groups was
anticlockwise (Figure 1).17‘18 Thus, cherrevenol E (5) was
assigned the (1R,28,3R,6S) absolute configuration.
Compound 6 {[a]*, =65 (¢ 0.1, CHCL,)} was isolated as
white crystals, mp 156—158 °C. Its molecular formula,
C6H, 505, was deduced from its HRESIMS data that showed
an [M + Na]" ion at m/z 345.09433 (caled for C,4H 3O;Na,
345.09447). The UV, IR, and NMR spectroscopic data
(Tables 4 and S) were similar to those of ellpeiopsol D (the
3-O-acetyl derivative of 6) isolated from the roots of this plant4
except that the C-3 acetoxy group was replaced by a C-3
hydroxy group (8 4.32/8. 70.8) in 6. The olefinic H-4 (&
5.90/5- 135.8) showed HMBC correlations with C-2 (6
74.4) and C-6 (8¢ 71.4). The acetoxy group was located at C-6
from the HMBC correlation of H-6 (8y 5.41) to the acetyl
carbonyl carbon (§c 170.0). The C-2 and C-7 relative
configurations were indicated from their NOESY correlation
(Figure 2). The configuration of 6 was similar to ellpeiopsol D
from a comparison of its 'H NMR coupling constants and its
ECD spectrum, which also showed a negative Cotton effect
([Ae]y, —0.42). Compound 6 (cherevenol F) crystallized as a
racemate, and the single-crystal X-ray structure indicated its
relative configuration as (18%28%3R*,65%) (Figure 2).
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Compound 6 was acylated to afford the tetraacetate 6a
[Scheme 1(b)]. Analysis of 6a by chiral-phase HPLC indicated
that it was a scalemic mixture, with an ee of 23%.

Compound 7 {[a]®}, =39 (¢ 0.1, CHCL,) ([Ag],,, —1.11)}
was obtained as a brown, viscous oil. Its molecular formula,
C14H 504, was deduced from the HRESIMS data that showed
an [M + Nal* ion at m/z 303.08391 (caled for C4H ¢OgNa,
303.08391). The NMR spectroscopic data of 7, including the
NOESY correlation between H-2 (8 3.77) and H-7 (§;; 4.58)
(Tables 4 and 5), showed that it had a similar structure to that
of 6 except that the C-6 acetoxy group was replaced by a
hydroxy group (6 4.26/8¢ 71.2) in 7. When compound 7 was
acetylated, it afforded 6a, which was also a scalemic mixture
with an ee of 24% [Scheme 1(b)]. From chiral-phase HPLC
analysis and the signs of their specific rotations, the major
enantiomer of this tetraacetate was the same as that obtained
from 6; thus the major enantiomers of 6 and 7 have the
identical absolute configurations. Thus, cherrevenol G (7) was
assigned the relative (15%,28%3R*,65%) configuration.

Compound 8 {[a]*y —114 (c 0.1, MeOH)} was isolated as
white crystals, mp 112—114 °C. The HRESIMS data exhibited
an ion at m/z 449.12056 ([M + Nal*, caled for C,3H,,04Na,
449.12069), corresponding to a molecular formula of
Cy3H,,0q. The UV, IR, and 'H and "*C NMR spectroscopic
data (Tables 4 and 5) were similar to those of 6 except for an
additional set of benzoate group resonances at [dy 8.04 (2H,
dd,J=74,1.6Hz),7.59 (1H, t, J= 7.4 Hz), and 7.47 (2H, t, ]
= 7.4 Hz)]. This benzoate group was attached at C-3 (8¢ 73.1)
based on the HMBC correlation of H-3 (& 5.81) with the
carbonyl carbon of this benzoate (8: 166.8) moiety. The
relative configuration of 8 was determined from the magnitude
of J, 5 (8.6 Hz), which corresponded to a trans 1,2-diaxial-like
coupling, and from the NOESY spectrum, which showed
correlations between H-2 (8 4.21) and H-6 (8 5.58) and H-
3 and CH,-7 (Figure 2). The ECD spectrum displayed a
negative Cotton effect ([A¢],3, —7.11) that indicated that the
two benzoate groups were oriented in an anticlockwise
arrangement based on the exciton coupling of these
chromophores.'”'® The absolute configuration of cherrevenol
H (8) was defined as (1R,28,3R,6R) from a single-crystal X-ray
structural analysis {Figure 2, Cu Ka radiation, Flack parameter
=0.16(10)}, which also validated the above ECD analysis and
indic;}tled that 8 was a diastereomer of (—)-6-acetylzeylenol
(18).

Compound 9 {[a]?, =133 (¢ 0.1, CHCl,)} was isolated as
a yellow, amorphous solid with mp 124—-126 °C and showed
an [M + Nal]® ion at m/z 425.07627 (calcd for
CyH,g*ClO¢Na, 425.07624) in the HRESIMS data, corre-
sponding to a molecular formula of C,,H,5*CIOg The UV, IR,
and '"H and “C NMR spectroscopic data (Tables 4 and 5)
were similar to those of 8 except that the resonances for the
acetoxy group were absent. The C-6 acetoxy group was
replaced by a 6-chloro substituent in 9, resulting in a higher
field chemical shift in the *C NMR spectrum for C-6 (¢
64.5). The low-resolution MS data showed the characteristic
isotope peaks for a molecule having a chlorine substituent (m/
z 425 [M]" and 427 [M + 2]" (ratio 3:1)). The chlorine
substituent was at C-6 from the HMBC correlations of H-2
(6 4.16/5¢ 76.4) and CH,-7 (84 4.69 and 4.62/5 64.2) to
C-6. The relative configurations of C-2 and C-3 were assigned
from the J, 5 value of 8.3 Hz, which indicated that these had a
trans 1,2-diaxial-like relationship. In the 1D NOE difference
NMR experiment H-2 and H-3 were sequentially irradiated,
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Table 4. "H NMR Spectroscopic Data (500 MHz) of Compounds 6—11 in CDCl,

position

2

2»} 6:(1
¥, 5.(1
4;‘1‘

2, 6"

¥, 5

4

1-OH

1-
COMe

2-OH

2-
COMe

3-
COMe

6-
COMe

64 6a 7%k 8 9 10 11¢
6y (J in Hz) &y (J in Hz) 8y (J in Hz) 6y (J in Hz) &y (J in Hz) &y (J in Hz) &y (J in Hz)
3.79, d (7.5) 5.79, d (7.4) 3.77, d (7.6) 4.21,)&& (8.6, 4.16,d (8.3) 4.19,d (7.3) 3.89,d (7.9)
3.5
4.32,d (7.5) 5.67,d (7.4) 4.27, d (7.6) 5.81,)&& (8.6, 5.87, m 5.54, d (7.3) 4.32, dd (7.9, 1.5)
24
5.90, dd (10.0,2.1)  5.89, dd (10.0,2.3)  5.71,brs 594, dt (104,  590,dd (108,  5.73, dd (10.0,2.5)  5.80,dd (10.0, 1.5)
24) 19)
5.65, ddd (10.0, 44, 5.93, ddd (100, 4.3, 5.71,brs 5.73,dt (104, 593, 4dd (108, 595 ddd (10.0, 4.5, 5.84, ddd (10.0, 4.2,
2.1 1.6) 2.5) 2.5) 2.5) 1.6
541, d (4.4) 6.13,d (4.3) 4.26,br s 5.58,q (2.5) 4.94, q (2.5) 4.59, d (4.5) 4.66, dd (4.2, 1.6)
4.75,d (11.6) 5.05, d (12.1) 472,d (112)  4.71,d (11.9) 4.69,d (11.4) 4.96,d (12.4) 4.72,d (11.8)
4.46, d (11.6) 4.75,d (12.1) 4.58,d (11.2)  4.65,d (11.9) 4.62,d (11.4) 4.68,d (12.4) 4.63,d (11.8)
8.04, dd (7.6, 1.4) 8.03, dd (8.4,1.3) 8.09,dd (7.7,  8.07,dd (74, 8.06,d (7.8) 8.06, dd (7.7, 1.3) 8.10, dd (7.8, 1.3)
14) 1.5)
7.51, t (7.6) 7.46, t (7.8) 7.50, t (7.7) 7.46,t (7.4) 7.48,t (7.5) 747, tt (7.7, 1.3) 7.50, t (7.8)
7.63, tt (7.6, 1.4) 7.58, t (7.8) 7.52,)& (7.7, 7.59,t (7.4) 7.61,t (7.5) 7.60, t (7.7) 7.62, tt (7.8, 1.3)
1.4
8.04, dd (7.4, 8.06,d (7.8)
1.6)
747, t (7.4) 7.51,t (7.8)
7.59,t (7.4) 7.63,t (7.8)
4.19,br s
2.10, s
3.01, brs
201, s
2.06, s 2.13, s
1.94, s 1.99, s 2.03, s

“Recorded at 400 MHz. "Measured in acetone-d,. “Measured in methanol-d,. 9 Aromatic protons at C-7 OBz “Aromatic protons at C-3 OBz.

Table 5. *C NMR Spectroscopic Data (125 MHz) of Compounds 6—11 in CDCl,

position 6
75.1

2 74.4

3 70.8

4 135.8

5 1232

6 714

7 67.9

1" 131.3

2,6 130.4

3, 8¢ 129.3

4'¢ 133.9

174

27,674

37, 5"

474

1-COMe

1-COMe

2-COMe

2-COMe

3-CO

3-COMe

3-COMe

6-COMe 170.0

6-COMe 209

7-CO 166.8

6a
815
711
70.3
130.0
125.6
68.0
63.2
129.6
129.8
128.7
133.5

169.4
218
170.1
209

170.5
211
169.6
209
165.6

b

76.2
73.9
69.8
132.5
127.8
71.2
68.4
131.6
1304
129.2
1336

167.0

82
76.0
757
73.1
127.8
128.5
76.4
63.0
129.8
1299
128.6
133.5
129.7
130.0
128.7
133.6

166.8

172.0
21.1
166.6

77.3
76.4
755
132.0
127.7
64.5
64.2
131.4
130.7
129.6
134.4
1311
130.8
129.6
134.4

167.8

167.5

10
76.4
70.8
74.1
1272
128.1
56.3
68.0
129.6
130.0
128.7
133.7

172.1
212

167.6

11°
76.9
734
716
1335
126.6
584
69.4
1314
130.7
129.6
1343

168.1

“Recorded at 100 MHz. “Measured in acetone-dy. “Measured in methanol-d;. “Aromatic carbons at C-7 OBz. “Aromatic carbons at C-3 OBz
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resulting in an increase in intensities for the H-6 and CH,-7
signals, respectively (Supporting Information), indicating they
had the same relative configuration as in 8. The ECD spectrum
of 9 showed a negative Cotton effect ([Ag],y; —24.4), similar
to that of 8. Thus, cherrevenol 1 (9) was assigned the
(1R,28,3R,6R) absolute configuration.

Compound 10 {[a]'’, —84 (¢ 0.2, MeOH)} was obtained
as white crystals, mp 118—120 °C, and its molecular formula
was assigned as C;sH,;>°ClO;, based on the ion at m/z
363.0609 [M + Na]" (caled for C,4H ,*ClO4Na, 363.0611) in
the HRESIMS data. The NMR spectroscopic data of 10
(Tables 4 and 5) were similar to those of 9 except that
resonances for a benzoate group were replaced by those of an
acetoxy group in 10. The olefinic H-5 (8 5.95/5; 128.1) in
10 showed HMBC correlations to C-1 (8¢ 76.4) and C-3 (6
74.1). The acetoxy group was located at C-3 from the
correlation of H-3 (8 5.54) to the acetoxy carbonyl group (6
172.1). The relative configurations at C-2 and C-3 were
deduced from [, (7.3 Hz), which established their trans 1,2-
diaxial relationship. The 1D NOE difference NMR experiment
showed an enhancement of the intensity of one of the
diasterotopic CH,-7 protons (8 4.68) after irradiation of the
oxymethine H-2 (§y 4.19), which demonstrated that these
protons were located on the same face of the cyclohexene ring
(Figure 2). The absolute configuration of 10 was determined
by a single-crystal X-ray structural analysis {Figure 2, Cu Ka
radiation, Flack parameter = —0.02(3)}. Thus, cherrevenol |
(10) had the (1R,2R,3S,6R) absolute configuration, indicating
that it was a diastereomer of cleistenechlorohydrins A and B
isolated from Cleistochlamys kirkii."”

Compound 11 {[a]**, =112 (¢ 0.1, MeOH)} was obtained
as a yellow, amorphous solid, mp 120—122 °C. Its molecular
formula was defined as C 4H,**ClO; from the HRESIMS data
([M + Na]® m/z 321.0516, caled for C,,H,**CIONa* m/z
321.0506). The UV, IR, and 'H and *C NMR spectroscopic
data (Tables 4 and 5) were similar to those of 10 except that
the resonances for the C-3 acetoxy group were replaced by
those for a C-3 hydroxy substituent. The olefinic H-S (dy
5.84) showed HMBC correlations to C-1 (8¢ 76.9) and C-3
(8¢ 71.6), which were both substituted with a hydroxy group
based on their low-field *C NMR chemical shifts. The NOE
enhancements were observed between H-2 and CH,-7
(Supporting Information), and the value of J,; (7.9 Hz)
corresponded to a frans-1,2-diaxial-like coupling, as was
observed in 10. A comparison of the specific rotation of 11
{[a]* =112 (c 0.1, MeOH)} with that of 10 {[a]",, =84 (c
0.2, MeOH)} and their similar ECD spectra (Figure S113,
Supporting Information) indicated that cherrevenol K (11)
had the same (1R2R,35,6R) absolute configuration as 10.

Compound 12 {[a]**;, =3 (¢ 0.1, CHCl;)} was obtained as
a yellow, viscous oil. Its molecular formula was C;;H,,05 from
the ion at m/z 377.1361 [M + Nal]" (caled for C;H,,O;Na,
377.1365) in the HRESIMS data. The UV, IR, and NMR
spectroscopic data of 12 (Table 3) were similar to those of
uvamalol F (13), except for the resonances for C-3 (8y 1.70/
e 327, H-3/C-3) and C-4 (3 2.33, 2.26/ 6. 28.4, H-4/C-4),
which indicated the absence of the C-3/C-4 double bond in
13. The absolute configuration of 12 was assigned via an
appraisal of the sign of its specific rotation {[a]*, =3 (c 0.1,
CHCly)} with the related synthesized compound
(+)-(28,3E,5E)-nona-3,5-diene-1,2-diol {[a]*; +10 (¢ 0.5,
CHCI;)}.*" Therefore, cherrevenol L (12) was tentatively
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assigned the R conﬁguration. However, an insufficient amount
of 12 was available for Mosher ester analysis.

Polyoxygenated cyclohexenes, and their chlorine-containing
derivatives, have been isolated from other Uvaria spev:iesn'22
and other plant species (e.g, Cleistochlamys kirkii'® and
Dasymaschalon suﬂfepense).lg A putative biosynthetic scheme
for compounds 4, 10, and 11, starting from the known
carboxylic acid A from the shikimate pathway,14 is shown in
Scheme 2(a). This proposed biosynthesis involves the

Scheme 2. Putative Biosynthetic Pathway for Compounds 4,
6—11, 14, 15, 19, and 20

(a) OBz
COOH
HO. Ho,
Shikimate — " 7 p— .
HO' A AcO’ A
OBz OBz l
HO HO OBz
HO. € HO .l _Ho, )
‘ cl
HO' AcO" AcO™
11 10 B
b)
® 14

path A ‘ path B

hypothetical epoxide B, which upon enzyme-assisted ring
opening by chloride, at the sterically and electronically favored
allylic epoxide carbon, would give the trans-chlorohydrin 10
and then compound 11 by acetate hydrolysis. A related
biosynthetic pathway starting from the isolated compound 14
and involving hypothetical epoxide C would lead to
compounds 8, 9, 15, and 19, as shown in Scheme 2(b)
[path A]. Epoxidation of 14 at the least substituted olefinic
moiety and O-acetylation could provide the isolated epoxide
16 (Chart 1), while epoxide D may serve as intermediate in the
biosynthesis of compounds 6, 7, and 20 [Scheme 2(b), path
BJ.

Based on previous reports on the bioactivity of related
cyclohexene natural productsﬁ‘w‘z“ the isolated compounds,
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except 12, 14, 16, and 18, which were not available in sufficient
quantities, were tested for their antimalarial activities against
two P. falciparum strains (TM4/8.2 and K1CB1) and their
cytotoxic activities against human mouth epidermal carcinoma
(KB cells) and normal kidney epidermal cells of African green
monkey (Vero cells). However, these compounds were found
to be inactive (ICg > 50 uM) in all of the above assays (see
Supporting Information for specific details).

In conclusion, the chemical study of the leaf extracts of U.
cherrevensis resulted in the isolation and characterization of 11
new polyoxygenated cyclohexenes, of which three compounds
were cyclohexene chlorohydrin derivatives, and a new related
seco-cyclohexene. Nine known phytochemicals were also
isolated. The structures of the isolated compounds were
determined by spectroscopic techniques: in four cases by
single-crystal X-ray structural analysis and in two cases by
chemical correction. Compounds 8 and 10 are new
diastereomers of known natural products whose structures
were confirmed by single-crystal X-ray analysis, while
compounds 6 and 7 were both isolated as scalemic mixtures
(ee 23—24%).

B EXPERIMENTAL SECTION

General Experimental Procedures. These were identical to
those previously reported.” The enantiomeric access of 6a was
determined by UHPLC on a Shimadzu Nexera X2 using a Daicel
Chiralpak IA-U column (30 X 100 mm).

Plant Material. The plant material was collected and identified as
described earlier.”?

Extraction and Isolation. The leaves of U. cherrevensis (1.30 kg)
were extracted with MeOH (3 X 3 L), and the extracts were
evaporated. To the residue was added acetone (500 mL), and the
mixture was filtered to give the crude acetone extract (126.8 g). The
resulting dark brown gum was separated by quick column
chromatography (QCC) using hexanes to acetone to MeOH to
give 10 fractions (1—10). Fraction 1 (1.76 g) was fractionated by
reverse-phase column chromatography (RPCC) by elution with
MeOH to give three subfractions (1A—1C). Fraction 1B (201.1 mg)
was fractionated by CC over Sephadex LH-20 (MeOH elution) to
give three subfractions (1B1—1B3). Subfraction 1B2 (27.6 mg) was
purified by CC [silica gel, MeOH/CH,Cl, (1:99)] to give compound
1 (3.3 mg) as a yellow oil. Fraction 1C (50.1 mg) was purified by CC
[silica gel, MeOH/CH,CL, (1:99)] to provide three subfractions
(1C1—1C3). Subfraction 1C2 (10.2 mg) was purified by CC over
Sephadex LH-20 (MeOH elution) to give compound 12 (2.2 mg) as
a yellow, viscous oil. Fraction 2 (754.0 mg) was fractionated by CC
[silica gel, acetone/hexanes (15:85)] to afford three subfractions
(2A—2C). Subfraction 2B (224.3 mg) was further purified over
Sephadex LH-20 (MeOH elution) to furnish compound 3 (12.9 mg)
as a brown, viscous oil. Fraction 3 (4.33 g) was subjected to RPCC
(MeOH elution) to give three subfractions (3A—3C). Subfraction 3B
(410.0 mg) was separated by CC [silica gel, MeOH/CH,CL, (1:99)]
to give seven subfractions (3B1—3B7). Subfraction 3B2 (99.8 mg)
was separated by CC (Sephadex LH-20, MeOH elution) to provide
five subfractions (3B2A—3B2E). Subfraction 3B2B (62.7 mg) was
purified by CC [silica gel, EtOAc/hexanes (1:4)] to afford compound
13 (1.2 mg) as a brown, viscous oil. Subfraction 3B2D (16.0 mg) was
purified by CC [silica gel, EtOAc/hexanes (1:4)] to afford compound
14 (1.7 mg) as a brown, viscous oil. Compound 4 (11.3 mg), a brown
oil, was obtained from subfraction 3B4 (18.1 mg) after Sephadex LH-
20 CC (MeOH elution). Subfraction 3B6 (14.6 mg) was separated by
CC [silica gel, EtOAc/hexanes (1:4)] to give compound 15 (9.9 mg)
as a brown, viscous oil. Fraction 4 (5.08 g) was separated by QCC
(silica gel, hexanes to acetone) to give five subfractions (4A—4E).
Compound 16 (2.1 mg), a brown viscous oil, was obtained from
fraction 4B (31.3 mg) by Sepahadex LH-20 CC (MeOH elution).
Fraction 4D (650.6 mg) was separated by CC over Sepahadex LH-20
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(MeOH elution) to give four subfractions (4D1—4D4). Compound
17 (141.4 mg), a yellow, viscous oil, was obtained from subfraction
4D2 after evaporation. Subfraction 4D3 (72.0 mg) was separated by
CC [silica gel, MeOH/CH,CI, (1:99)] to give compound 2 (17.2
mg) as white crystals. Fraction 5 (1.45 g) was separated by RPCC
(MeOH elution) to give six subfractions (SA—5F). Subfraction 5B
(104.2 mg) was separated over Sephadex LH-20 CC (MeOH elution)
to give three subfractions (SB1—5B3); then subfraction 5B2 (21.7
mg) was purified by CC [silica gel, EtOAc/hexanes (15:85)] to give
compound 5 (7.4 mg) as a white solid. Subfraction 5C (715.5 mg)
was separated by CC [silica gel, MeOH/CH,Cl, (1:99)] to afford
three subfractions (5C1—5C3). Subfraction SC2 (589.3 mg) was
separated by CC over Sephadex LH-20 CC (MeOH elution) to give
compound 9 (5.7 mg) as a yellow solid. Compound 11 (4.3 mg), a
yellow solid, was obtained from subfraction SE (2964 mg) by CC
over Sephadex LH-20 (MeOH elution). Fraction 7 (1.08 g) was
separated by CC [silica gel, MeOH/CH,Cl, (1:99)] to provide five
subfractions (7A—7E). Subfraction 7B (160.1 mg) was fractionated by
CC over Sephadex LH-20 (MeOH elution) to provide five
subfractions (7B1—7BS). Subfraction 7B2 (38.7 mg) was purified
by CC [silica gel, EtOAc/hexanes (3:7)] to give compounds 8 (18.6
mg) and 18 (2.0 mg) as white crystals and a brown, viscous oil,
respectively. Subfraction 7B4 (26.9 mg) was fractionated by CC
[silica gel, MeOH/CH,Cl, (1:99)] to give three subfractions (7B4A—
7B4C). Compound 19 (4.7 mg), a brown, viscous oil, was obtained
from subfraction 7B4B (19.1 mg) by CC over Sephadex LH-20
(MeOH elution). Subfraction 7D (115.0 mg) was purified by CC
over Sephadex LH-20 (MeOH elution) to give compound 10 (98.2
mg) as white crystals. Fraction 9 (4.64 g) was separated by RPCC
with MeOH elution to give three fractions (9A—9C). Subfraction 9B
(590.6 mg) was separated by CC [silica gel, EtOAc/hexanes (1:2)] to
afford seven subfractions (9B1—9B7). Subfraction 9B2 (29.7 mg) was
purified by CC over Sephadex LH-20 (MeOH elution) to give
compound 20 (24.9 mg) as a yellow, viscous oil. Subfraction 9B4
(46.1 mg) was purified by CC [silica gel, EtOAc/hexanes (1:2)] to
give compound 21 (14.6 mg) as a yellow, viscous oil. Subfraction 9B6
(50.3 mg) was fractionated by CC [silica gel, MeOH/CH,CL, (3:97)]
to give three subfractions (9B6A—9B6C). Subfraction 9B6B (38.7
mg) was purified by CC over Sepahadex LH-20 (MeOH elution) to
give compound 7 (14.9 mg) as a brown, viscous oil. Fraction 10 (2.45
g) was subjected to RPCC (MeOH elution) to give three fractions
(10A—10C). Subfraction 10B (727.6 mg) was separated by CC [silica
gel, EtOAc/hexanes (4:1)] to provide three fractions (10B1—10B3).
Compound 6 (9.1 mg), as white crystals, was obtained from
subfraction 10B2 (19.1 mg) by CC over Sephadex LH-20 (MeOH
elution).

Cherrevenol A (1): yellow oil, [«]**, +41 (¢ 0.1, CHCL); UV
(MeOH) Ay, (log €) 228 (1.86); ECD (c 0.15 mM, MeOH) A,
(Ag) 256 (8.26); IR (neat) v, 3340, 1721, and 1274 cm™'; 'H
NMR (CDCl, 400 MHz) and °C NMR (CDCl,, 125 MHz) data,
see Table 1; ESITOEMS m/z 311.0900 [M + Na]® (caled for
C¢H 405Na, 311.0895).

Cherrevenol B (2): white crystals (Et,0/CH,CL); mp 132—134
°C; [@]®p —30 (¢ 0.1, CHCly); UV (MeOH) A, (log €) 230 (3.79);
ECD (c 0.38 mM, MeOH) A, (Ag) 215 (=1.34) and 237 (+1.51);
IR (neat) v, 3462, 1720, and 1315 cm™'; '"H NMR (CDCL, 400
MHz) and “C NMR (CDCly, 100 MHz) data, see Table 2;
ESITOFMS m/z 509.1578 [M + Na]® (caled for CyH,O-Na,
509.1576).

Cherrevenol C (3): brown, viscous oil; [a]**, —26 (¢ 0.2, CHCL,);
UV (MeOH) Ay, (log €) 228 (3.72); ECD (c 0.35 mM, MeOH) A,
(Ag) 216 (—2.85); IR (neat) vy, 3442, 1714, and 1270 cm '} 'H
NMR (CDCI,, 400 MHz) and °C NMR (CDCl,, 100 MHz) data,
see Table 2; ESITOFMS m/z 479.1476 [M + Na]® (caled for
CysHyOgNa, 479.1471).

Cherrevenol D (4): brown oil, [a]* +228 (¢ 0.1, CHCL); UV
(MeOH) Ay, (log €) 237 (3.91); ECD (c 0.26 mM, MeOH) A,
(Ae) 208 (—10.3), 237 (+14.6), and 261 (+11.1); IR (neat) vy,
3456, 1718, and 1271 ecm™'; '"H NMR (CDCl,, 500 MHz) and C
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NMR (CDCl;, 125 MHz) data, see Table 1; ESITOFMS m/z
311.08901 [M + Na]* (caled for Cy¢H 40:Na, 311.08899).

Cherrevenol E (5): white, amorphous solid; mp 92—94 °C; [a]*,
—134 (¢ 0.1, CHCLy); UV (MeOH) A, (log £) 230 (3.82); ECD (¢
0.35 mM, MeOH) A,.... (Ae) 230 (—11.8); IR (neat) ., 3475, 1722,
and 1270 cm™"; 'H NMR (CDCl,, 400 MHz) and *C NMR (CDCI,,
125 MHz) data, see Table 3; ESITOFMS m/z 447.1422 [M + Na]®
(caled for C, H,,0,Na, 447.1420).

Cherrevenol F (6): white crystals (Et,0/CH,CL); mp 156—158
°C; [a]*®p —65 (¢ 0.1, CHCL); UV (MeOH) 4., (log £) 226 (3.45);
ECD (c 0.47 mM, MeOH) 4, (Ae); 222 (—0.42); IR (neat) v,
3398, 1718, and 1279 cm™ Y 'H NMR (acetone-dy, 400 MHz) and *C
NMR (acetone-dg, 100 MHz) data, see Tables 4 and 5; ESITOFMS
m/z 34509433 [M + Na]* (calcd for C,(H,,0,Na, 345.09447).

Cherrevenol G (7): brown, viscous oil; [@]*p —39 (¢ 0.1, CHCly);
UV (MeOH) 4., (log €) 227 (3.53); ECD (¢ 0.71 mM, MeOH) 4.
(Ag) 227 (—1.11); IR (neat) v, 3378, 1701, and 1281 eam™; 'H
NMR (acetone-dg, 400 MHz) and *C NMR (acetone-dg, 100 MHz)
data, see Tables 4 and 5; ESITOFMS m/z 303.08391 [M + Na]*
(caled for C;H,404Na, 303.08391).

Cherrevenol H (8): white crystals (CH,Cl,/hexanes); mp 112—114
°C; [a]®, —114 (c 0.1, MeOH); UV (MeOH) 4. (log €) 229
(3.43); ECD (¢ 1.1 mM, MeOH) A,.. (Ae) 202 (—12.7), 230
(=7.11); TR (neat) v, 3460, 1719, and 1271 ecm™’; 'H NMR
(CDCly, 400 MHz) and *C NMR (CDCl;, 100 MHz) data, see
Tables 4 and 5; ESITOFMS m/z 449.12056 [M + Na]* (calcd for
C,,H,,0,Na, 449.12069).

Cherrevenol | (9): yellow, amorphous solid; mp 124-126 °C;
[a]**y =133 (¢ 0.1, CHCL); UV (MeOH) 4, (log £) 227 (3.93);
ECD (c 0.05 mM, MeOH) 4., (Ag) 227 (—24.4); IR (neat) v,
3445, 1722, and 1271 em™'; '"H NMR (methanol-d,, 500 MHz) and
BC NMR (methanol-d, 125 MHz) data, see Tables 4 and §;
ESITOEMS m/z 425.07627 [M + Na]* (caled for CyyH,,¥ClO,Na,
425.07624).

Cherrevenol J (10): white crystals (CH,Cl,/hexanes); mp 118—
120 °G; [a]"p —84 (c 0.2, MeOH); UV (MeOH) A, (log €) 230
(3.27); ECD (c 0.89 mM, MeOH) A,.... (Ag) 203 (—4.36); IR (neat)
Ve 3448, 1719, and 1275 cm™'; 'H NMR (CDCly, 500 MHz) and
BC NMR (CDCly, 125 MHz) data, see Tables 4 and 5; ESITOFMS
m/z 363.0609 [M + Na]* (caled for C¢H,,ClO¢Na, 363.0611).

Cherrevenol K (11): yellow, amorphous solid; mp 120-122 °C;
[a]?y =112 (c 0.1, MeOH); UV (MeOH) 4, (log £) 224 (1.88);
ECD (c 0.24 mM, MeOH) A, (Ag) 206 (—6.43); IR (neat) vy,
3341, 1698, and 1283 cm™'; 'H NMR (methanol-d,, 500 MHz) and
BC NMR (methanol-d, 125 MHz) data, see Tables 4 and 5;
ESITOFMS m/z 321.0516 [M + Na]* (caled for C,H,5**CIO5Na,
321.0506).

Cherrevenol L (12): yellow, viscous oil; [@]**, =3 (¢ 0.1, CHCL);
UV (MeOH) 4,,,, (log €) 224 (2.20); IR (neat) v,,,, 3489, 1718, and
1273 cm™'; '"H NMR (CDCl;, 400 MHz) and "*C NMR (CDCI,, 100
MHz) data, see Table 3; ESITOEMS m/z 377.1361 [M + Na]* (caled
for CyH,,0:Na, 377.1365).

X-ray Crystallographic Analysis. Diffraction images were
collected on a Rigaku SuperNova CCD diffractometer (Cu Ka,
graphite monochromator, 4 = 1.541 84 A) and data extracted using
CrysAlis PRO. Structure solution was by direct methods (SIR92).**
The structures of compound 2, 6, 8, and 10 were refined using the
CRYSTALS program package.z(’ The graphics of molecules were
performed by PLATON. Atomic coordinates, bond lengths and
angles, and displacement parameters have been deposited at the
Cambridge Crystallographic Data Centre (CCDC deposition
numbers 1857707—1857710, respectively). These data can be
obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.

Acetylation of 2, 6, and 7. A mixture of compound 2 (2.0 mg),
Ac,O (4.0 pL), and DMAP (1 crystal) in pyridine (3.5 gL) was
stirred at room temperature for 12 h. The reaction was quenched with
saturated aqueous NaHCO; and then extracted with EtOAc. The
crude mixture was purified by CC over silica gel with EtOAc/hexanes
(1:4) to yield 2a (1.5 mg, 69%) as a yellow, viscous oil: [a]*p =51 (c
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0.1, CHCL); 'H NMR (CDCI,, 400 MHz) and *C NMR (CDCI,,
100 MHz) data, see Table 2.

Compound 6 (3.0 mg) was acetylated using the aforementioned
experimental procedure using Ac,O (26.5 pL), DMAP (1 crystal),
and pyridine (22.5 pL). Purification by CC over silica gel (EtOAc/
hexanes, 1:2) yielded 6a (2.3 mg, 55%) as a yellow, viscous oil: [a]**,
—32 (¢ 02, CHCL); '"H NMR (CDCl;, 500 MHz) and “C NMR
(CDCl;, 125 MHz) data, see Tables 4 and 5.

Compound 7 (3.6 mg) was acetylated using Ac,0 (48.5 uL),
DMAP (1 crystal), and pyridine (41.5 uL). Purification by CC over
silica gel (EtOAc/hexanes, 1:2) yielded 6a (1.9 mg, 33%) as a yellow,
viscous oil: [a]*'y —46 (¢ 0.1, CHCl;); 'H NMR (CDCl;, 500 MHz)
and C NMR (CDCl,, 125 MHz) data, see Tables 4 and 5.

Analysis of 6a by Chiral-Phase HPLC. The enantiomeric excess
of 6a was determined by chiral-phase HPLC using a Daicel Chiralpak
IA-U column (30 X 100 mm), hexanes/i-PrOH (98:2), flow rate 0.1
mL/min with detection at 228—229 nm. The retention times of the
major and minor enantiomers were 4.92 and 5.81 min for the
tetraacetate from 6 and 4.92 and 5.62 min for the tetraacetate from 7.

Bioactivity Assays. Testing for antimalarial activity against
Plasmodium falciparum TM4/8.2 (a wild-type sensitive strain) and
KICB1 (multidrug-resistant strain) was carried out as described
I:aro:vious]y3 using standard protocols.” The cytotoxicity assay against
normal Vero cells (kidney epithelial cells of African green monkey,
Cercopithecus aethiops) and KB cells (human mouth epidermal
carcinoma cells) was carried out as described in the previous roz:port3

using standard I:aroton::o]s:.m_‘m These assays were performed at
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The phytochemical investigation of the leaf extract of Uvaria cherrevensis (Annonaceae) yielded three
new cyclohexene (92)-octadec-9-enyl ethers, cherrevenols M-O (1-3), and a known fatty ester derivative
(4). The structures of the isolated compounds were elucidated by spectroscopic and computer-aided
molecular modelling methods. Ozone Induced Dissociation (OzID) mass spectrometry was employed
to determine the C-9 position of the side chain olefinic double bonds, while *C NMR spectroscopy

indicated their (Z)-configurations. All isolated compounds were evaluated for their antimalarial and

Keywords:

Uvaria cherrevensis

Cyclohexenes

Ozone Induced Dissociation (0zID)

cytotoxic activities; all were inactive.

Crown Copyright © 2019 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Cyclohexene long-chain saturated fatty esters were isolated in
earlier studies from two species of Uvaria, U dulcis and U. dac | 1,2].
These compounds exhibited cytotoxic activities [2]. Previous
studies on U. cherrevensis, Annonaceae family, found various types
of secondary metabolites, including alkaloids, cyclohexenes, flavo-
noids, naphthalene derivatives, and terpenoids [3—8]. We report
here the first isolation of cyclohexene (9Z)-octadec-9-enyl ethers,
cherrevenols M-O (1-3), from the leaf extracts of U. cherrevensis.
The application of *C NMR and Ozone Induced Dissociation (0zID)
mass spectrometry were used to determine the (Z) configuration

* Corresponding author.
** Corresponding author. Department of Chemistry, Faculty of Science, Chiang Mai
University, Chiang Mai, 50200, Thailand.
E-mail addresses: spyne@uow.edwau (S.G. Pyne), thunwadeer@cmu.ac.th,
othunwadee@gmail.com (T. Limtharakul).
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and C-9 position of the olefinic moiety of the C-18 ether side chains,
respectively. The latter would otherwise be difficult to determine
because of the lack of 2D NMR correlations due to overlapping of
the side chain 'Hand >C NMR resonances. The isolated compounds
were evaluated for their antimalarial and cytotoxic activities.

2. Results and discussion

The leaf extracts of U. cherrevensis were subjected to chro-
matographic separation techniques which led to the isolation and
characterization of three new compounds, cherrevenols M-0 (1-3),
and a known compound, dulcisene A (4) (Fig. 1) [2].

Cherrevenol M (1) was obtained as a white amorphous solid. Its
molecular formula, C34Hs207, was deduced from its HRESIMS data,
which showed an [M+Na]® ion at mfz 595.3615 (calcd. for
C34H5209Na, 595.3611). The UV spectrum exhibited a maximum
absorption band at 207, 229, and 278 nm while the IR spectrum
showed bands for hydroxy and carbonyl groups at 3454 and
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Fig. 1. The structures of isolated compounds from the leaves of U cherrevensis.

1722 cm™!, respectively. The 'H NMR spectroscopic data of 1
(Table 1) was very similar to that of ellipeiopsol A (Fig. 2, see
Supporting Information (Table 51) for details) previously isolated
from this plant [3]. The main difference was the addition of reso-
nances for an 0-(Z)-octadec-9-enyl moiety. The diasterotopic oxy-
methylene protons CHz-1" (dy 3.65 and 3.47) showed HMBC cross-
peaks to C-6 (6¢ 75.9) and thus the 6-0-(Z)-octadec-9-enyl moiety
was attached to the C-6 oxygen substituent. The position of the
double bond in the C-18 side chain was determined by OzID mass
spectrometry [9,10]. In this experiment, the sodiated molecular ion
(myfz 595.3605) was isolated in an ion trap and exposed to ozone for
4s. This produced the ozonide intermediate (m/z 643.3470
[M + Na + 03]*) and its oxidative cleavage products corresponding
to aldehyde (m/z 485.2146) and Criegee ions (m/z 501.2091) (Figs. 4
and 5). These results allowed us to unequivocally assign the double

Table 1

'H (400 MHz) and ™C (125 MHz) NMR spectroscopic data of cherrevenol M (1) in CD,.

Cleistenediol A Piperenol A

O
O Ph
HO
HO o._R
HO OBz
A
T HO., OH HO .cl
L
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HO o pelop
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Fig. 2. Selected keys HMBC('H— C) and COSY (bold line) correlations for compounds
1-3 and the structures of known natural products.

bond at C-9”[11,12]. The *C NMR chemical shifts for C-8"/C-11" (é¢
27.37 and 27.35), C-9" (#¢ 130.0) and C-10" (¢ 130.1) indicated that
double bond had the (Z)-configuration [12]. The relative configu-
ration of 1at C-2 and C-3 was assigned from the J 3 value of 6.3 Hz
which indicated that H-2 and H-3 had a trans 1,2-diaxial-like
relationship [8]. The NOESY spectrum showed a correlation be-
tween the diasterotopic CHz-7 (dy 4.79 and 4.60) resonances and
the resonance for H-2 (éy 4.04) and no correlations between H-6
(6y 3.94) and CH,-7 or between H-6 and H-2. This indicated that
CH»-7 and H-2 were on the same face of the cyclohexene ring
structure, while H-6 was on the opposite face of the ring to H-2 and
CH»-7. When the proposed structure of 1 was generated compu-
tationally, [B3LYP/6-31G(d)] using the Gaussian 09 basis set. (Fig. 3),
the distance between H-2 and CH>-7 was calculated to be 2.58 A,
which correlated well with the experimental findings from the
NOESY study. The specific rotation of 1 was of the same sign as that
of cherrevenol ] (Fig. 2), which was also isolated from this plant [8],
{[a]3* —90 (¢ 0.1, MeOH) and [«]5 —84 (c 0.2, MeOH), respectively].
In additional to this, the ECD spectra of these compounds exhibited
similar negative Cotton effects at 207 and 203 nm, respectively.
Therefore, 1 (cherrevenol M) was assigned as having the 1R,2R,3S,

Position dy, (J in Hz) dc, type Position dy, (J inHz) de, type
1 759 C 1" 3.65,dt (9.0,64) 70.8 CH»
2 404,d(6.3) 715 CH 347, dt(9.0,64)
3 543, m 74.0 CH 2" 153, m 30.2 CH,
4 5.74,dd (102, 2.7) 126.9 CH 3" 126, m 263 CH,
5 6.03, ddd (10.2, 3.9, 1.8) 128.2 CH 47-7"and 12"-15" 1.26, m 2992, 29.9, 29.85, 29.7, 29.6, 29.5, 29.47, 294 CH»
6 394,d(3.9) 759 CH 8" 2.00, m 2737 CH»
7 4.79,d (12.0) 67.1 CH» 9" 534, m 130.0 CH
4.60,d (12.0) 10" 534, m 130.1 CH
1 129.9 c 1" 2,00, m 27.35° CH,
2’6 8.05,dd (76, 1.5) 129.8 CH 16" 1.26, m 321 CH»
3.5 746, t(7.6) 128.7 CH 17" 1.26, m 228 CH»
4 7.59,tt (7.6, 1.5) 133.4 CH 18" 0.88,t(69) 143 CH3
3-0C(0)Me 171.9 C 7-0C(0) 167.3 C
3-0C(0)Me 207, s 213 CH,

* Exchangeable carbons.
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6R configuration.

Cherrevenol N (2) was isolated as a colourless oil and showed an
HRESIMS [M + Na| " ion at m/z 701.4019 (calcd for CqHsgOgNa,
701.4029). The UV spectrum showed absorption bands at 203, 230,
and 275nm and the IR spectrum showed bands for hydroxy and
carbonyl functionalities at 3437 and 1723 cm ', respectively. The 'H
and C NMR spectroscopic data were similar to those of 1 except
for  additional  resonances  characteristic of a 2-
hydroxyphenylmethanol moiety [éy 7.32 (1H, dd, =75, 1.8 Hz),
726 (1H, td, J=8.2, 1.8 Hz), 6.99 (1H, td, J= 7.5, 1.8 Hz), 6.96 (1H, d,
J=8.2Hz), 481, and 4.28 (each 1H, d, =119 Hz}] in 2. The oxy-
methine proton H-6 (éy 4.97) showed a HMBC cross-peak to C-1"
(6c 157.3) while CHa-1"" (6y 3.49 and 3.46) correlated with C-7" (dc
69.0) indicating that the 2-hydroxyphenylmethanol moiety was
linked between C-6 of the cyclohexene ring structure and C-1" of
the (Z)-octadec-9-enyl substituent (Fig. 2). The 13¢ NMR chemical
shifts of C-8”, C-9”, C-10"" and C-11" at éc 27.4, 130.0, 130.1, and
274, respectively were characteristic of a (Z)-olefinic configuration
[12]. The OzID mass spectrum of 2 exhibited aldehyde and Criegee
ions at m/z 591.2566 and 6072517, respectively that indicated the
alkene was located at C-9" as shown in Figs. 4 and 5. The relative
configuration of 2 was determined from the examination of the
NOESY spectrum. Key correlations were observed between H-2 (dy
4.29) and CH-7 (dy 4.87 and 4.72), and between H-6 (dy 4.97) and
H-6" (dy 6.96) which validated the optimized molecular model as
the calculated distance between these protons were 2.52A and
2.00 A, respectively. In contrast, H-6 showed no NOESY correlations
to CH-7, indicating that these protons were on the opposite face of
the ring structure. In addition, the coupling constant value between
H-2 and H-3 was 3.5Hz which indicated their relative 12
equatorial-axial like relationship (Fig. 3). The specific rotation of 2
{[a]&’ =57 (¢ 0.1, MeOH) was opposite in sign to that of cleistenediol
A {[a]8 +190 (c 0.3, MeOH)} (Fig. 2), isolated from Cleistochlamys
kirkii [13], and so suggests an opposite configuration of the known
compound. Therefore, the configuration of cherrevenol M (2) was
assigned as 1R,2R,3R,6R.

Cherrenvenol O (3) was isolated as a colourless oil. Its molecular
formula, C3gHs5407, was deduced from its HRESIMS data, which
showed an [M +Na|™ ion at ny/z 657.3770 (calcd for C3gHs407Na,
657.3767). The UV spectrum exhibited adsorption bands at 234 and
274 nm, and the IR spectrum showed bands at 3423 and 1722 cm ™!
that corresponded to hydroxy and carbonyl groups, respectively.
The NMR spectroscopic data of 3 were similar to those of piperenol
A(Fig. 2), isolated from Piper cubeb [ 14], except that 3 contained 'H

1%

+
Na 0-0
o o]
Secondary ozonide

a. m/z 643.3470
b. m/z 749.3872
©. m/z 705.3600

Q‘% = Subslituted cyclohexene

Fig. 4. Proposed mechanism for OzID fragmentation of 1-3 (a—c) [Criegee ion (representative structure shown but isomers of the carbonyl oxide cannot be excluded)).
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Fig. 5. The OzID spectra from sodium adducts of 1-3 (a—c).

and 3C NMR resonances characteristic of a (Z)-octadec-9-enyl
moiety. The oxymethine proton H-5 (dy 4.13[6¢ 76.8) and the dia-
sterotopic oxymethylene protons CHz-1"of the octadec-9-enyl
moiety (6y 3.69 and 3.63/dc 70.4) showed HMBC cross-peaks to
each other which indicated that the (Z)-octadec-9-enyl moiety was
attached to the C-5 oxygen substituent of the cyclohexene ring
(Fig. 2). The *C NMR chemical shifts for C-8"[C-11"" (i 27.4), C-9
(6c 130.0), and C-10 (é¢c 130.1) corresponded to the (Z)-olefinic
configuration [ 12]. The double bond position of the long chain unit
was determined by the OzID method. More specifically, the OzID
spectrum showed an ion at m/z 705.3600 [M + Na + O3] for the
corresponding ozonide. The corresponding aldehyde and Criegee
ions were observed at m/z 547.2302 and 563.2248, respectively
which indicated that the double bond was at C-9" as shown in
Figs. 4 and 5. The relative configuration of 3 was assigned on the
basis of the J23 value of 4.8 Hz and Js 5 value of 6.5 Hz which indi-
cated 1,2-diequatorial-like and 1,2-diaxial-like couplings, respec-
tively [8]. The correlations between H-3 (6y 5.50) and H-4 (6 4.31),
and between H-3 and H-2 (éy 4.52) in the NOESY spectrum, were
consistent with the calculated inter-proton distances of 2.52 A and
2.54 A, respectively from the optimized structure (Fig. 3). These J
values, NOESY correlations and molecular modelling results fully
supported the proposed structure of 3. The ECD spectrum of 3 was
similar to that of piperenol A [ 14] which exhibited negative Cotton
effects at 234 and 235 nm, respectively. This in combination with
the above data led to the assignment of the configuration of 3
(Cherrevenol O) as 25,3R,4S5,5R.

These polyoxygenated long-chain cyclohexene compounds
(1-4) were examined for their antimalarial activities against
P falciparum strains (TM4/8.2 and K1CB1) and for cytotoxicity
against human mouth epidermal carcinoma (KB cells) and normal
kidney epidermal cells of African green monkey (Vero cells). All
compounds were inactive (ICsg > 50 pM).

3. Conclusions

A phytochemical studied of the leaf extracts of U. cherrevensis
led to the isolation and characterization of three new cyclohexene
(9Z)-octadec-9-enyl ethers (1-3), and a previously reported com-
pound (4). While long chain ester derivatives are known (e.g. 4),

this is the first report of analogous ether derivatives. The structures
of these compounds were characterized using spectroscopic tech-
niques. Ozone Induced Dissociation (OzID) mass spectrometry
proved critical in determining the double bond position of the
octadec-9-enyl side chain. Importantly, ozonide formation was
chemoselective for the less hindered side chain double bond. This
method has been successful in the determining the double bond
position of natural fatty esters [15,16], but to the best of our
knowledge, this is the first example of the application of OzID to
naturally occurring long chain ethers.

4. Experimental section
4.1. General

Optical rotations were measured at the sodium D-line (590 nm)
on a Jasco 2000 series polarimeter. Melting points were determined
on a SANYO Gallenkamp melting point apparatus and are uncor-
rected. The UV—vis absorption spectra and circular dichroism (CD)
were measured with a Jasco J-180 spectrophotometer. The infrared
(IR) spectra were recorded on a Bruker Vertex 70 FI-IR spectrom-
eter. The NMR spectra were recorded using both a 400 MHz or a
500MHz Bruker NMR spectrophotometer. Chemical shifts were
recorded in parts per million (§) in CDCls (6n 7.26 and éc 77.0 ppm)
with TMS as an internal reference. High Resolution Electrospray
lonization Mass Spectra (HRESIMS) were recorded on a Waters
Xevo™ QTof mass spectrometer in positive ionization mode using
the following conditions: 3kV, 40V, and 4V applied to the ESI
probe, sample, and extraction cone, respectively; cone and des-
olvation gas flows of 50 and 300 L/hour, respectively. Spectra were
corrected using leucine enkephalin reference peaks from ESI on a
200 pg/uL solution in 1:1 water:acetonitrile with 0.1% formic acid
infused through the LockSpray™ source. Ozone-Induced Dissocia-
tion (0zID) mass spectrometry was performed on a modified
Thermo Fisher Scientific Orbitrap Fusion mass spectrometer. Thin-
layer chromatography (TLC) was performed on silica gel 60 GFas4
(Merck). Column chromatography (CC) was carried out on silica gel
(Merck) type 100 (62—400 pm) and type 60 (5—40pum) for quick
column chromatography (QCC), and Sephadex LH-20 with MeOH
elution. All solvents for extraction and chromatography were
distilled or purchased in high purities prior to use.
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4.2. Plant material

The leaves of Uvaria cherrevensis were collected from Doi Suthep
National Park, Chiang Mai, Thailand in August 2015. This plant was
identified by Dr. Tanawat Chaowasku, CMUB Herbarium, Chiang
Mai University, Thailand, where a voucher specimen has been
deposited (specimen no. T.Ritthiwigrom 5).

4.3. Extraction and isolation

The leaves of U. cherrevensis (1.30 kg) were extracted with MeOH
(3x3L) and the extracts were evaporated. The residue was
extracted with acetone (500mL) and concentrated to give the
crude acetone extract (126.8 g) as a dark brown gum. The extract
was separated by Quick Column Chromatography (QCC) using
hexanes to acetone to MeOH to give ten fractions (1—10). Fraction 3
(4.33 g) was subjected to Reversed Phase Column Chromatography
(RPCC) by elution with MeOH to give three subfractions (3A-3C).
Subfraction 3C (282.3 mg) was separated by CC over silica gel by
elution with EtOAc/hexanes (1:4) to provide five subfractions (3C1-
3C5). Compound 4 (39.2 mg) as a white amorphous solid, was ob-
tained from subfraction 3C2 after evaporation. Subfraction 3C3
(31.0mg) was purified after CC over silica gel by elution with
MeOH/CH5Cl; (1:99) to provide compound 3 (24.8 mg) as a col-
ourless oil. Subfraction 3C4 (61.1 mg) was isolated by Sephadex LH-
20 CC after elution with MeOH to give three subfractions (3C4A-
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3C4C). Subfraction 3C4B (25.9 mg) was isolated by CC over silica gel
by elution with MeOH/CH2Cl (1:99) to give compound 1 (7.2 mg)
and 2 (10.7 mg) as a white amorphous solid and colourless oil,
respectively.

4.3.1. Cherrevenol M (1)

White amorphous solid, mp. 70—71°C; [a[3* =90 (¢ 0.1, MeOH);
UV (MeOH) Amax (log £) 207 (2.88), 229 (2.93), and 278 (2.55); ECD
(c3.22 mM, MeOH) Amax (Ae); 207 (—=1.19) and 229 (0.04); IR (neat)
vmax 3454, 1722, 1276, and 1248 cm™'; "H NMR (CDCls, 400 MHz)
and *C NMR (CDCls, 125 MHz) data, see Table 1; HRESIMS mj/z
595.3615 [M + Na]™ (calcd for C34Hs07Na, 595.3611).

4.32. Cherrevenol N (2)

Colourless oil; [rx]%')5 —57 (c 0.1, MeOH); UV (MeOH) Amax (log £)
203 (4.17), 230 (3.96), and 275 (3.59); ECD (c 0.33 mM, MeOH) Amax
(Ae): 203 (=72.1) and 230 (—41.3); IR (neat) rmax 3437, 1723, 1274,
and 1233cm™; 'H NMR (CDCls, 400 MHz) and >C NMR (CDCls,
100 MHz) data, see Table 2; HRESIMS my/z 701.4019 [M + Na|~
(calcd for CqHsgOgNa, 701.4029).

4.3.3. Cherrevenol O (3)

Colourless oil; [a]§" =44 (c 0.1, CHCl3); UV (MeOH) Amay (log £)
234 (3.61) and 274 (3.34); ECD (c 0.53 mM, MeOH) Ay (Ac); 234
(—2.62); IR (neat) rmax 3423, 1722, and 1272 cm™'; 'H NMR (CDCls,
400 MHz) and '3C NMR (CDCls, 125MHz) data, see Table 2;

Table 2
'H (400 MHz) and "¥C NMR data spectroscopic data of cherrevenols N andO (2—3) in CDCls.
Position 2% 3b
dp, (J in Hz) de, type Oy, (J in Hz) de, type
1 754 C 1352 c
2 4.29,d(35) 72 CH 452,d(4.8) 67.7 CH
3 5.46, m 721 CH 5.50, dd (48, 2.4) 76.1 CH
4 5.84, dddd (102, 3.3, 1.5,08) 127.1 CH 431,dd (65, 2.4) 69.2 CH
5 6.14, ddd (102, 2.9, 1.5) 128.9 CH 4.13,dd (65, 2.9) 76.8 CH
6 497, m 782 CH 6.09,d(2.9) 1273 CH
7 4.87,d(12.3) 66.5 CH,  500,d(13.1) 65.2 CH,
472,d(12.3) 488,d(13.1)
1 129.82 C 129.88 C
26 7.93,dd (7.8, 14) 129.76 CH 8.04,dd (78, 14) 12094 CH
3.5 7.40,t(7.8) 128.6 CH 742, t(7.8) 128.61 CH
4 7.55,tt(7.8.14) 1334 CH 759, tt (7.8, 14) 1335 CH
1 157.3 C 129.88 C
2 127.8 C 802 dd (76, 1.2) 120.82 CH
3" 7.32,dd (7.5, 1.8) 130.5 CH 745, t(7.6) 128.58 CH
4" 6.99,td (7.5, 1.8) 122.0 CH 757,10 (7.6,1.2) 1334 CH
5" 7.26,1d (8.2, 1.8) 129.6 CH 745, t(7.6) 128.58 CH
6" 6.96,d(8.2) 114.3 CH 802 dd (76, 1.2) 12082 CH
7 481,d(11.9) 69.0 CHa
428,d(11.9)
1 3.49, dt(9.0, 7.0) 73 CH»  369,dc(93,68) 704 CHy
3.46, dt (9.0, 7.0) 363, dc(9.3,68)
2" 1.56, m 296 CH., 164, m 303 CH,
37 1.26, m 262 CH: 129, m 263 CH2
4777 and 127-15"  1.26, m 2992,29.9,297, 296,2957, CH, 129, m 299,299, 2985, 29.7, 296,295,  CHa
29.47,29.47,294 295, 2945
g 1.99, m 27.4 CH, 203 q(65) 27.4 CH,
97 534, m 130.0 CH 536, m 130.0 CH
10" 534, m 130.1 CH 536, m 1301 CH
117 1.99, m 274 CH: 203, q(6.5) 274 CH2
16" 1.26, m 321 CH; 129 m 321 CHy
17" 1.26, m 228 CH: 129, m 228 CH:
187 0.88, t (6.9) 143 CH,  090,t(68) 143 CH,
3-0¢0)Me 170.1 C
3-0C(0)Me 1.95, s 210 CHs
3.00) 166.64 c
7-0C0) 167.1 C 166.60 C

@ *C NMR recorded at 100 MHz.
b 3¢ NMR recorded at 125 MHz.
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HRESIMS myjz 657.3770 [M + Na] * (calcd for CsgHs407Na, 657.3767).

4.4. Ozone Induced Dissociation (OzID) mass spectrometry

0zID was performed using a modified Thermo Fisher Scientific
Orbitrap Fusion mass spectrometer. Compounds 1-3 were sepa-
rately dissolved in MeOH to 100 uM and then diluted to produce
10 pM analyte in MeOH with 90 uM sodium acetate. Infusion via
syringe pump at 5 pL/min through an EASY-Max NG source under
the following conditions produced an adequate sodium adduct
signal: +4.5 kV spray voltage, values of 4, 5, and 1 for sheath,
auxiliary, and sweep gas (nitrogen), respectively, 300 and 30 °C ion
transfer tube and vaporizer, respectively. The RF lens was set to 60%
to transmit ions through the front of the instrument. This mass
spectrometer has recently been modified in a manner similar to
that reported recently by Paine et al. [ 17] Oxygen with 0.5% nitro-
gen (Coregas, New South Wales, Australia) was supplied at 20 psig
and 0.2 Standard liters per through a Titan 30 ozone generator
(Absolute Ozone, Alberta, Canada) producing 225g/Nm® ozone
(10.5% by volume in oxygen) as measured in a MiniHICON analyzer
(Teledyne AP, California, USA). Gas flow was directed through a
destruct catalyst (Teledyne API) before expulsion from the labora-
tory however, prior to destruction, a portion was split-off through a
25um ID/10cm length PEEKsil restriction (Trajan Scientific
Australia, Victoria, Australia) into a flow of helium determined by a
regulator upstream of a 50 um ID/10 cm length of PEEKsil (Trajan).
Under normal operating conditions e.g. in the absence of ozone, the
regulator is set such that the ion gauge reads ca. 6 x 1072 Torr near
the ion trap region. The mixture of ozone, oxygen and helium
traveled to the ion trap through a 1.4 m length of grey PEEK tubing
(381 um ID) which bypasses the helium open split inlet. In an MS
[3] experiment sodiated precursor ions were isolated through the
quadrupole with a 0.8 Da window and allowed to pass into the HCD
cell (zero setting on the collision energy) followed by reisolation in
the ion trap (2.0 Da window) for 4 s in the presence of ozone. Mass
analysis was then performed in the orbitrap analyzer at a 50,000
resolution setting (specified at m/z 200) and a 10000 AGC target.
Spectra reported here represent the average over a 1 min acquisi-
tion time. The fluoranthene internal calibrant option was used to
improve mass accuracy. We note the ozone generator is interlocked
to a model 106-L ambient ozone monitor (2B Technologies, Colo-
rado, USA) for safety such that ozone production ceases at or above
GO0 ppbv laboratory ozone concentration.

4.5. Computational methods

The 3D structures generated were prepared with ChemDraw
17.0 and Avogadro: an open-source molecular builder and visuali-
zation tool, Version 1.2.0.61 [18]. The Density Functional Theory
(DFT) used to minimize the three-dimensional structures was
calculated with B3LYP/6-31G(d) [19—21] using the Gaussian 09
basis set [22].

4.6. Bioactivity assays

Antimalarial activity against Plasmodium falciparum TM4/8.2 (a
wild type sensitive strain) and K1CB1 (multidrug resistant strain)
was carried out as described in a previous report [6]. The cytotox-
icity against normal Vero cells (kidney epithelial cells of African
green monkey, Cercopithecus aethiops) and KB cells (human mouth
epidermal carcinoma cells) were also carried out as previously
described [6].
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