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Abstract

The investigation of chemical constituents and biological activity compounds
from Dasymaschalon yunnanense, Miliusa cuneata and Garcinia mckeaniana let to
the isolation of 55 compounds including 11 new compounds (M1-M5, G12, G14,

G17-G18, G20 and G27) together with 44 known compounds using

chromatographic techniques. Their structures were elucidated by 1D and 2D NMR

spectroscopic  data. Their antimalarial and cytotoxic activiies were
evaluated.
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sluymmaﬂuﬁm”mﬂw?;uﬁﬂ6] (1.6 Alansu) anasy MeOH 15 aas 3 A33 98
3 5 szmpdarinazans ldduananenuinntn 1104 n3u anwoeiduvsmiiamniiens
Fedy thdmananunsnuaazanslu EtoAc lasuanansuiazansle siawin
66.48 3N anwuciduvrssniieddedy vinsuendameonaaniilasunlnnnfatng
790157 lag e hexanes:EtOAc:MeOH (9:1:0 §19 0:4:1) tDusse lasiutas10 du (A-J)
audas B (740.1 mg) 3uunee Sephadex LH-20 lasld 100% MeOH usan: 6
fIuay 3 8§ (B1-B3) Anwdindasfizes (206.0 mg) uuNAaRILTANLIAARANIELAT
W Inn i lasld CH,ClL:EtOAC (99:1 B9 19:1) iHuaraeldsiutes 3 & (B2A-B2C)
saugontl B2B (43.0 mg) uunee Sephadex LH-20 lagld 100% MeOH iudazs 'lef
fAueoy 2 81 (B2B1 uaz B2B2) Dehduigesuuenasdanies aosuilasuilnn



W @78 hexanes:acetone (9:1) vl,@i"mm%qwﬁ( 1§13 @8 trans-5,6-Diacetoxy-1-
(benzoyloxymethyl)-1,3-cyclohexadiene (D1) (Kodpinid, M., et al., 1983) ftﬁﬂﬁﬂ 2.2 mg
Wuvasnila i aautes D (2.30 g) wonidusiutdasdiodaniaa asanitlasunlng
5797 Tawld hexanes:EtOAc (7:3) \ludame lasugos 3 sw (D1-D3) saugasi D2
(150.3 mg) ﬁﬂﬁﬁqwﬁmw Sephadex LH-20 ¢28 100% MeOH VL@T&’]SU%@Y]'§1 813
Aa (—)-Desoxypipoxide (Schulte, G.R., et al., 1982) (D2 #%in 5.5 mg) anwmziduves
nhafmnied a3 Corydaldine (Oliva-Madrid, M.J., et al., 2012) (D3 ﬁﬁ%ﬁﬂ 3.2 mg)
snwuciduvsiniiafndas wonlaandiutas E (363.0 mg) laglddanaanaauiilas
NN @1vzAa hexanes:acetone:MeOH (9:1:0 §19 0:9:1) &utiay G (1.20 g) Wen
¢18 Sephadex LH-20 ¢z 100% MeOH ladiutias 3 11 (G1-G3) aautan G2 (273.9
mg) ﬁﬁmﬁﬂﬁﬁqwﬁ%Uﬂaé'uﬂmmimﬁﬂ lopdganuaadunansnt  lagld
hexanes:acetone (9:1 4 3:2) \Juaase "l@Tmsﬁqwﬁgﬁa (—)-Sinactine (Seger, C., et al.,
2004) (D4 viwiin 3.7 mg) anwnsiduvasudfidusan sudan | (5.85 g) DNUENEIBEA
miaa AeaNtilasanlnnfesimiaisy lauld CH,ClL:EtOAc:MeOH (1:0:0 §9 0:4:1)
uarae lddiudes 10 @ (11-110) &uday 12 (29.9 mg) wundaal8dan1Laa Aaaih
lasunlnnnA lagld hexanes:acetone (7:3 ©9 1:1) (Judaae vlﬁmm%zim%g &3 (+)-
Crotepoxide (Nazir, N., et al, 2009) (D5 #wiin 62.3 mg) \dundngidula’lliis
futey 14 (35.0 mg) wonadludanaa asanitlasunlnnnA lasld CH,Cl:MeOH
99:1) \Juarze lagiutas 3 &% iaiutey 14B (18.5 mg) LLUﬂiﬁU%tﬁﬂﬁgﬁ’JE}LWaﬂﬂﬁ
Ao Sephadex LH-20 lawld 100% MeOH Liuarw: "L@Tmsu’%qn%g fa (—)-Arcabucoine
(Corredor, B. and Cuca, S. 2011) (D6 #%sin 10.7 mg) Wnvesniiamiiendindasinea
N §audan 15 (55.7 mg) kunaludanaa aaaniilasuninns A lauld hexanes:EtOAC
(3:2) uaawy LLa:LLUﬂ@ialﬁu'%qw%%ﬂﬂ%ﬁm Sephadex LH-20 laglt 100% MeOH ilu
AT "L@Tmsu%qw%gﬁa Goniopedaline (Yang, X.N., et al., 2010) (D7 ¥ %%in 1.1 mg) 1w
2a9udefinies @utas 16 (220.3 mg) uunmeadaniaa aaautlasunlnni lasld
hexanes:acetone (9:1) \ualzy lagutas 3 831 (16A-16C) ihdudanl 168 (27.1 mg)
woNAadle Sephadex LH-20 lagld 100% MeOH \duaiw: lasutas 5 & (16B1-
I6B5) ®&13 3,5-Dihydroxy-2,4-dimethoxyaristolactam (Chanakul, W., et al., 2011) (D8
dwin 23 mg) Wwvesuds@indes ldendaugos 1683 luwmefians  trans-N-
Cinnamoyltyramine (Le Thi, H., et al., 2014) (D9 ﬁﬁ%ﬁﬂ 3.0 mg) WDuzasnhatnhaa
WiRed leanmIuenalIneey 16B1 (7.9 mg) dudanaa asanitlasunlnnnd lasls
CH,Cl,:MeOH (49:1) 1iudame dauton 17 (334.1 mg) Sephadex LH-20 lagl 100%
MeOH Jusatz |ladiutes 5 &u (I7AI7E) &udas 7B (110.7 mg) Lundaels
Sephadex LH-20 lagld 100% MeOH uaine ¢ 3 aautas (1I7B1-17B3) sutiay 1782



(62.4 mg) Qﬂﬁ’]lﬁﬂ%ﬁ!ﬂﬁg aganaa aeauilasunlnnA laslsd hexanes:acetone
(7:3) \Huaas VL@TET’]?U%EIW?Z 813 A8 (+)-Senediol (Starks, C.M., et al., 2012) (D10
ﬁﬁ%ﬁfﬂ 39.8 mg) uaz 1S,2R,3R,4S-2-[(Benzoyloxy)methyl]cyclohex-5-ene-1,2,3,4-tetrol
4-acetate (Starks, C.M., et al., 2012) (D11 WwM%in 2.0 mg) omasansdanwme uves
witaluT§ ndmdousaun 2 uazd mwsau nsAnssmges 17D (20.7 mg) 1A
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(I8A-18C) &3utiay 18B (105.9 mg) INLENGamMuTaNILIA AsaNtlaulnnA /a4
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sIneine (I8B2A-18B2C) sautiae 18B2B (27.9 mg) v‘iﬂﬁu‘%qnﬁ%‘”’mnmmnﬁu Sephadex
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1998) (D13 sinwiin 18.8 mg) uvasnilafindas srudas 19 (2.05 g) shanusndda
Miaa AeaNslasunInnRee9sias? lagld CH,ClL:MeOH (49:1 89 9:1) iduarae e
3 §aueay (19A-19C). &1uting 19B (444.1 mg) NLENG28 Sephadex LH-20 LaZTBANILIA
aaaNtilasanlnnTA 628 100% MeOH WAz hexanes:acetone (3:2 89 1:4) Juaiae
anwdey 16 3 dantey (1I9B2A-19B2C) dnsasfians tinwiin 16.1 mg V‘iﬂﬁﬁqwﬁiﬁw
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Corydalmine (Ingkaninan, K., et al., 2006) (D14 fiwin 6.5 mg) anwaiduvaswile

= a = ¥ N
FABEIRLARDIRY (ALLNWATIN 1)



Crude MeOH Extract of the Leaves of D. yunnanense 110.4 ¢

— Dissolved with EtOAC

I
Residue 32.46 g

EtOAc soluble 66.48 g

— QCC, hexanes:EtOAc:MeOH (9:1:0 to 0:4:1)

| T T
A B C

7499 740.1 mg 5.069g

Sephadex LH-20, MeOH
|

1
B2

Bl B3
637.4 mg 206.0 mg 102.7 mg
CC, CH2CI;:EtOAC
(99:1t0 19:1)
| | |
B2A  B2B B2C

394mg 43.0mg 34.8mg

Sephadex LH-20, MeOH

|
B2B2
24.7 mg

|
B2B1
18.0 mg

l; CC, hexanes:acetone (9:1)

2.2mg

T T T
D E F
2.30¢g 363.0 mg 861.0 mg

— CC, hexanes:acetone:MeOH
(9:1:0t0 0:9:1)

G H | J
1209

5.94 g 5.85¢ 2.60 g

— Sephadex LH-20, MeOH

|
Gl

— CC, hexanes:EtOAc (7:3)
| |

G2 G3 Further separation on next page
3.2mg 710.1mg 2739mg 187.4mg

— FCC, hexanes:acetone (9:1 to 3:2)

D1 D2 D3
1549 150.3mg 347.3mg
3.7mg

Sephadex LH-20, MeOH

<7

N

ol

.5 mg

a Q€ 1
LLNBNIN 1 ﬂ'ﬁLLElﬂﬁ']T]Ji’sleﬁ'ﬂ"lﬂE‘T’J%Ill“lla\‘]‘]%ﬁﬁx‘i@a ]
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5.85¢
QCC, CH:Cl»:EtOAc:MeOH (1:0:0 to 0:4:1)
| T | | 1 | | | | I
11 12 13 14 15 16 17 18 19 110
68.4 mg 29.9 mg 151.1 mg 35.0 mg 55.7 mg 220.3 mg 334.1 mg 489.6 mg 2.05¢ 609.6 mg
CC, hexanes:acetone — CC, CHJCly: CC, hexanes: Further separation on next page
(7:3t0 1:1) MeOH (99:1) EtOAC (3:2)
| T 1 Sephadex LH-20, MeOH
I5A I5B  I5C | | | | !
62.3 mg 21.0mg 62mg 27.4mg I7A I7B I7C 17D I7TE
i T 69.2mg 110.7mg 89.7mg 20.7mg 3.8mg
14A 14B 14C Sephadex LH-20, —CC, hexanes: D12
120mg 185mg  3.8mg MeOH acetone (9:1) Sephadex LH-20, MeOH
| | | | |
Sephadex LH-20, MeOH i I6A 16B 16C 17B1 I7B2  17B3
1.1mg 1451mg 27.1mg 40.2mg 38.6 mg 62.4 mg 8.7 mg
10.7 mg Sephadex LH-20, MeOH CC, hexanes:acetone (7:3)
| T T | | | | | |
16B1 16B2 16B3 16B4 16B5 I7TB2A  17B2B 17B2C 17B2D
7.9mg 15.2 mg 2.1mg 0.4 mg 18.4 mg \l/ 0.2mg

CC, CH.Cl:MeOH (49:1)i D10 D11
2.3mg 39.8 mg 2.0mg

a Qg 1 1
LAHWATIN 1 ﬂ’]iLLEIﬂﬁ’]SﬁJSEjY]ﬁﬁ]’]ﬂ&’J%IUTadﬁ_‘!%‘id(ﬂaﬂ (a8)



18 19
489.6 mg 2.05¢
Sephadex LH-20, MeOH QCC, CHCI;:MeOH (49:1 t0 9:1)
| | | | | |
I8A 18B 18C 19A 19B 19C
367.0 mg 105.9 mg 16.5 mg 4.3 mg 444.1 mg 142¢
CC, CH.Cl;:MeOH (24:1) — Sephadex LH-20, MeOH
| | | | |
18B1 18B2 18B3 19B1 19B2 19B3
7.1 mg 58.9 mg 35.3mg 391.2 mg 37.1mg 4.9 mg
— CC, hexanes:acetone (3:2 to 2:3) — CC, hexanes:acetone (3:2 to 1:4)
| | | |
I8B2A 18B2B 18B2C 19B2A 19B2B 19B2C
2.8 mg 27.9mg 28.0 mg 7.2 mg 16.1 mg 13.0 mg
— Sephadex LH-20, MeOH — Sephadex LH-20, CH2Cl2:MeOH (1:4)
D13 D14
18.8 mg 6.5 mg

a Qg 1 1
LAWAIN 1 ﬂ’]iLLUﬂﬁ'ﬁlﬁqﬂﬁ'ﬂ’]ﬂﬁ’l‘lﬂU"ﬂﬂ\‘ﬁ_ql‘lﬁix‘](ﬂﬂﬂ (918)
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503 3 A319a2 3 T smmedharae ldsnananeuiwin 88.4 n$u sneoazduzas
TSI (RTHE IS EY dfmaﬁ'@ﬂmuﬁmu@]gmmﬂmuﬂaﬂ@hﬂ%ﬁmma naaNitlas
anlnnflagemasy Tagld hexanes waziutaeae acetone 9ufl9 hexanes:acetone
(2:3) \uarze 16 7 dautas(A-G) dmeas B (603.1 mg) wanee Sephadex LH-20 lag
1% CH,Cl:MeOH (1:4) (lludane Id 2 daudes (B1 uaz B2) drudasgaring (31.6 mg)
wan@asIe Sephadex LH-20 lagld 100% MeOH Jusanz laaiutas 3 &% (B2A-
B2C) &utiay B2B (7.0 mg) gﬂﬁﬂlﬁﬂ%iﬁﬂf%ﬁﬂ‘?ﬁﬂ%ﬁ]ﬂ aaaNtlasanlnni lagld
hexanes:EtOAc (9:1) tJuaawe vlﬁa’]ill%q‘ﬂfw 813 A 5-Hydroxy-3,7-dimethoxy-3',4'-
methylenedioxyflavone (Higa, M., et al., 1990) (M6 ﬁﬁ%ﬁﬂ 2.5 mg) AN DUV ILTIR
waasinaaly §mgos D (1.30 g) fhandasasazdlan uazhexanes awdnan 1w
maaLLﬁou§qw%§Lﬁ§aa #36a Pachypodol (Sy, LK., and Brown, G.D., 1998) (M7 #1%sin
140.0 mg) Ynmsuendugas E (10.73 g) dradaniaa asavitlasunlnnnd lagls
CH,Cl,:MeOH (1:0 fi1 9:1) ifludae 16 5 dauton (E1-E5) dautas E2 (20.0 mg) gnvi
1%mammm Sephadex LH-20 lag/l4 100% MeOH Lﬁumm I%msma‘ﬂﬂm 2 815
"meiﬂsmuimaaﬁdmr]au &A@ Miliusacunine E (M5 1inwtin 2.3 mg) snwaeiiuaas
wila@naes uas Miliusacunine B (M2 $inwtin 9.7 mg) Winwesudsfimdasanndindosd
2 unzfl 4 AWENAU §ngey E4 (402.5 mg) ugneas Sephadex LH-20 lasld 100%
MeOH Juaaeld 3 fiutias (E4A-EAC) dutias E4B (286.5 mg) wandaal8dan1iaa
aaautilasanlnnf lauld hexanes:acetone (7:3) iuaaae Vl,ﬁmiu%qwﬁﬁ {1308 (+)-
Miliusol (Huong, D.T., et al., 2004) (M9 #%in 149.4 mg) Wnwesnitamndes drusos
F (7.82 g) tanuaneraganiiaa asastlasunlnnnfednssiast lagld CH,Cl:MeOH
(1:0 §9 9:1) Juewe o 3 dutes (F1-F3) sutay F2 (408.2 mg) anuendae e
Sephadex LH-20 lagld 100% MeOH uaawz ladiutas 4 & (F2A-F2D) futas
F2B (18.6 mg) wondaal8 Sephadex LH-20 laslt 100% MeOH iduaqny VL@i”msu%q‘vﬁf
Twai 1 a5 Alifnsnenulasseioannen @ Miiusacunine D (M4 iwmin 4.4 mg)
Wwaswilamiienfimdosinanady  dwgey F2D (280 mg) wondasedaniiea
aaauitlasinlnnA lawld hexanes:EtOAc (7:3) iuarve ¢ m‘m%qw%‘l,mj 183
ligmsnenulasiaiounton da Miiusacunine A (M1 snw%in 8.1 mg) anwasiiln
vasudiFouy dutes G (5.96 g) Muundiudaniaa aeduilasanlnnnfetneais
lagld CH,Cl:MeOH (1:0 9 9:1) udlwe 16 3 dutes (G1-G3) dutas G2 (111.4
mg) ﬁﬂmﬁﬂﬁﬁqﬂﬁ%m Sephadex LH-20 lauld 100% MeOH fualzy "L@Tmsu%qﬂ%:
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2 813 Ao 4'-Hydroxy-3,5,7,3’-tetramethoxyﬂavone (Likhitwitayawuid, K., et al., 2006) (M8
Wmsn 10.1 mg) luvenitanitorfinges uaz Miiusacunine C (M3 $nwiin 3.7 mg)
uvssnitamigfuasinanady  Tagaslwifsslignsnenulasseioantden an
FudoudaLi 3 wasfl 5 aNEeU Vmefigiuden G2B (20.3 mg) ﬁwmﬁﬂﬁu?qﬂ%{
aganaa aeaNtlasanlnnA lasld hexanes:EtOAc (2:3) 1duane Vl,ﬁmiufsqwﬁf
1 ®1308 (+)-Syringaressinol (Monthong, W., et al., 2011) (M10 f:’mffﬂ 2.8 mg) AN

Wupsntafinaes (AILNBAN 2.1)

2.2 danhe

ﬁmﬁaé’mﬂwﬁymﬁﬂs] Ypsduseaadsn (2.2 Alansy) anaeuezd
Taw 15 505 3 A3I9az 3 1% suwedrhasae lesuananeiuiivin 350 nsw
snwauvsmiiamitoafiines idnanannuazslanrinuaugnesdanies
aaaNtlasanlnnAeneiasy lauls hexanes:CH,Cl:MeOH (1:0:0 89 0:4:1) 1duan
a2led 108meas (A-J) @ndas B (860.0 mg) wanemadaniaa aaavitlasuilnnnd
lagld 100% CH,Cl, lasautas 3 & (B1-B3) &utay B2 (46.0 mg) Lun@ae
Sephadex LH-20 Tagl% 100% MeOH iudas ldmsusans o M6 (1.1 mg) Famnriu
luguly swmtes D (2.79 g) wuwenidudingdadiadaniaa aasuilasanlnnii
atanaTilasld hexanes:EtOAc (7:3 f49 1:1) (Juawzldsiutes 3 &u (D1-D3)
fugas D2 (149.2 mg) an‘iﬂﬁu%qw%%”w%ﬁmma aaaNtilasanlnn lagls 100%
CH,Cl, Li‘jum"'wzslﬁmiu%qwﬁg M7 (40.0 mg) Fewuluswlumuni sudos F (556.3
mg) QnuuneIy Sephadex LH-20 lasld 100% MeOH Liludane Vlﬁm5u§qw§1 81308
Chrysoplenetin (Sy, LK., and Brown, G.D., 1998) (M11 ##sin 1.2 mg) iiluvasnitad
wastnaay dauson H (1.25 g) gﬂﬂwml,mﬂ@i”w Sephadex LH-20 uaz GANILIA
aaauilasinlnnA lasld 100% MeOH Waz CH,CL:EtOAc (1:9) MufeL lasns
U%g‘ﬂ%ﬁ 81308 trans-N-Feruloyltyramine (Al-Taweel, A.M., et al., 2012) (M12 (Juwa9
WHAREN (17.7 mg) &Iugay | (1.40 g) gﬂﬁm'nwﬂﬁ’m Sephadex LH-20 W&z GANILIA
aaauitlasinlnnf lagld 100% MeOH uag hexanes:acetone (7:3) iuarvzausIaL
lasutdas 3 @1u (12A-12C) ¥inmsuundiutiay 12B (24.0 mg) @78 Sephadex LH-20 lag
1% 100% MeOH vl,ﬁm‘ill%qwﬁ‘g fa trans-N-Caffeoyltyramine (Han, S.H., et al., 2002),
M13 (upaswiiamitondinaasdu (2.7 mg) lusmeAians trans-N-Coumaroyltyramine (Al-
Taweel, AM., et al., 2012) M14 (9.7 mg) Juvasudsdrn ledanmsuenaiutey 12C

(19.0 mg) @28 Sephadex LH-20 lagld 100% MeOH Liuaats (AILHBAN 2.2)
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Crude Acetone Extract of the Leaves of M. cuneata 88.4 g

QCC, hexanes:acetone (1:0 to 2:3)

|
A B C D E F G
5.63¢g 603.1 mg 13.50 g 1.30¢g 10.73 g 7.82¢g 5969
Sephadex LH-20, — \l/— washed with acetone, QCC, CH.Cl,:MeOH QCC, CH,Cl;:MeOH
CH2Cl,:MeOH (1:4) hexanes (1:0t0 9:1) (1:0t0 9:1)
] | i | | . .
Bl B2 140.0 mg F1 F2 F3 Gl G2 G3
570.2 mg 31.6 mg QCC, CH.CI>:MeOH (1:0to0 9:1) — 606.3mg 4082mg 1.964¢ 95.8mg 111.4mg 4.00¢g
| | | | |
Sephadex LH-20, — El E2 E3 E4 E5 Sephadex LH-20, MeOH
MeOH 50.2mg 20.0mg 184.7mg 4025mg 3.03¢g | I I |
| | F2A F2B F2C F2D
B2A B2B B2C — Sephadex LH-20, Sephadex LH-20, 349.3mg  18.6 mg 240mg 28.0mg
10.3 mg 7.0 mg 3.7mg MeOH MeOH

Sephadex LH-20, MeOH —| CC, hexanes:EtOAc (7:3) —
CC, hexanes:EtOAc I ] T i T T I

(9:1) E2A E2B E2C E2D E4A E4B E4C — Sephadex
2.6 mg 3.0mg \l/ 449mg 286.5mg 6.3mg 4.4 mg 8.1mg LH-20, MeOH
| | | | | |
2.5mg CC, hexanes: G2A G2B G2C G2D G2E G2F
2.3mg 9.7mg acetone (7:3) 40.0mg 20.3mg 23.7mg 7.9 mg
CC, hexanes:EtOAc (2:3)
149.4 mg
2.8 mg 10.1 mg 3.7mg

a Qg U L
LNWAIN 2.1 ﬂ?ﬁLLElﬂ&’liUiijﬂﬁﬁ]’]ﬂﬁ’)%lUﬂl 293298
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Crude Acetone Extract of the Twigs of M. cuneata 35.0 g
QCC, hexanes:CH,Cl;:MeOH (1:0:0 to 0:4:1)

A B C D E F G H | J
4379 0.86¢g 1.45¢g 2.79¢ 8.08 ¢ 556.3 mg 4219 1.25¢g 135¢g 1.58¢g
CC, CHCI, QCC, hexanes:EtOAc — Sephadex Sephadex Sephadex
| | | (7:3t0 1:1) LH-20, MeOH LH-20, MeOH | LH-20, MeOH
Bl B2 B3 | [ | | | | | ' |
2847mg 460mg 3840mg D1 D2 D3 H1 H2 H3 11 12 13
1.70g 1492mg 67.9mg 1.2mg 622.1mg 4252mg 1480mg 306.1mg 1946 mg 184.3mg
Sephadex LH-20
MeOH CC, CHCI, CC, CH,CI,:EtOAC (1:9) CC, hexanes:acetone (7:3)
| |
12A 12B 12C
1.1mg M12 1029mg 240mg 19.0mg
40.0 mg 17.7 mg
Sephadex LH-20+
CHCl;:MeOH (1:4)

2.7 mg

Sephadex LH-20, MeOH-

9.7 mg

a nf ! n’ bd
LNWAIN 2.2 ﬂ']ﬁLLElﬂﬁ']‘iU‘iq‘ﬂﬁﬁ]']ﬂﬁ')%ﬂ(]“ll a\‘]i&’%\‘]Lﬁﬂl'J
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3. MsanALAzLENaIflTENaUNILANVBIA WNEAL

3.1 dwdfananan

Wasnduuzazukanmduiwang min 2.50 Alansn anadazasdlan
8 803 3 % $1WIn 3 A%3 aTIazans lesuananeusnwaiduueiniamiiond
ey snwin 56.6 n3u Thsustangueslawnimuausndiedanies noswil
lasunlnnnfagnesiasy lauld hexanes:CH,Cl,:MeOH (1:0:0 9 0:0:1) tDusrwzle 11
fauday (A-K) fugos B (268.3 mg uvasniiafminena) suendiedanian noswil
lasunInnA dre:hexanes:EtOAc (19:1) lasutas 3 15 (B1-B3) &utiay B2 (21.3
mg) Qﬂﬁﬁlﬁﬂ%@ﬂ%&’m Sephadex LH-20 lagld 100% MeOH duaae "L@Tmm%qﬂ§1
30 R-(—)-Mellien (G1) (Efdi, M., et al., 2007) finwiin 3.0 mg [unsdinaas srudas
D (419.0 mg usasmitedinana) shausndedanies aesuilasunlnnsd lagld
hexanes: acetone (9:1) léi 3 &ution (D1-D3) dwution D2 (13.2 mg) anthwvhld
u’%zgw%?ﬁw Sephadex LH-20 lagld 100% MeOH "L@Tmm’%q‘n§1 f13fa Cotoin (G2)
(Gottlieb, O.R., et al., 1958 and Mitasev, B., et al., 2009) $wiin 10.0 mg (Twvasuded
Wwaas dmeey F (1.02 g tugns@inanaidy) shanusnds Sephadex LH-20 lagld
100% MeOH 1ugaws §a3aa ”Lﬁawsu’%qw§1 81378 Pancixanthone A (G4) (lto, C., et
al, 1996) win 9.3 mg uvaswilafindos dugos H (489.1 mg (uvosnited
#ena) anuendodinien aasuitlasunlnnsd dn hexanes:acetone (4:1) idudss
\@sautas 5 @31 (H1-H5) d1ueas H2 (87.4 mg) gmmﬂﬁﬂﬂ%ﬁm%ﬁmwa AOANTLAT
1NN d18 hexanes:EtOAc (17:3) iuarzele 3 fautes (H2A-H2C) sutiay H2B
(13.1 mg) Qﬂﬁﬂﬁu%qﬂﬁ%ﬂ Sephadex LH-20 laglt 100% MeOH "L@Tmsu%qw%ﬂ a3
Ao 1,3,7-Trihydroxy-2-(3-methylbut-2-enyl)-xanthone (G6) (Garcia Cortez, D.A., et al.,
1998) %N 6.7 mg Wluvasude@nias a3 Assiguxanthone A (G5) (lto, C., et al,
1997) $win 2.0 mg (uwneFindns Idannsiutas H4 (205 mg) Aiuenee Sephadex
LH-20 Tagld 100% MeOH udane smdas J (4.71 g iuenafinenaudy) anuenea
Fanaa feantilasulnnii lasld CH,ClL:MeOH (99:1 9 9:1) ladutias 9 eutan
(J1-J9) &utiay J2 (329.6 mg) Qﬂﬁ’]ﬁJ’]LLUﬂlﬁﬁJ%Eﬁﬂ#Z asIepdanen aosuillas
I uaz Sephadex LH-20 lauld hexanes:acetone (4:1) uaz 100% MeOH
ANRIAL FIutios J2B ﬁamsu’%qw? Montixanthone (G11) (Ngouela, S., et al., 2005)
fiwin 3.7 mg wesudeindas srudey J4 (762.6 mg) anusnlfidudiugarndin
198 eesuilasininnnflagemeass aold hexanes:CH,Cl, (1:4) WiuG9uAs 100%
CH,Cl, wazLNTdadae MeOH aufs CH,Cl,:MeOH (19:1) 'lagutias 4 &1 (J4A-J4D)
817 1,3,7-Trihydroxyxanthone (G9) (Zuo, J., et al., 2014) ﬁﬂ%ﬁﬂ 2.0 mg Wuvasudi

waes ledangiudan J4B (99.0 mg) AHIRMILLNAIY Sephadex LH-20 lagld 100%
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MeOH 1Judz §autas J4C (145.6 mg) ¥auuenels Sephadex LH-20 laslt 100%
MeOH 'l@" 3 gutias (J4C1-J4C3) autiay J4C3 (30.2 mg) gnﬁﬂﬁu’%qwﬁ%se’ﬁﬁmm
aaaNtlasanlnnd lawld CH,CL:MeOH (97:3) Vlﬁmiu?qwﬁf 1 s13he 1,35
Trihydroxyxanthone (G8) (linuma, M., et al., 1997 and Helesbeux, J.J., et al., 2004)
Wwmen 6.3 mg (uwosudsinaas a3 Assiguxanthone B (G7) (Ito, C., et al., 1997)
Wwmin 4.8 mg wvasudeFindes Idansiudes J6 (341.1 mg) ﬁﬂﬁufsqwﬁ%ﬂ
Sephadex LH-20 latld 100% MeOH dusate dudas J8 (987.5 mg) gnuanidu
futandls Sephadex LH-20 lagld 100% MeOH Judiae laaiutas 5 du (JBA-
JBE) &autiay J8B (20.0 mg) gmmﬂﬁgﬂﬁw Sephadex LH-20 lag/ld 100% MeOH 1Juan
gy 'lo 3 sudan (JBB1-J8B3) autiay J8B2 (12.6 mg) gnﬁﬂﬁu’%qwﬁ%‘”w%ﬁnma
aaaNtlasanlnnd laslt hexanes:acetone (7:3) "L@Tmm%qw§1 f3he 2,3',4,6-
Tetrahydroxybenzophenone (G3) (Jamila, N., et al., 2014 and Peters, S., et al., 1998)
Wwmen 6.7 mg [wasudefindes drudes J8D (374.9 mg) anuen 2 avITuganIas
AaaNitlasu N uaz Sephadex LH-20 laold hexanes:acetone (7:3) ez 100%
MeOH Ju@ Tz aus1aLu a19 Norathyriol (G10) (Locksley, H.D., et al., 1966 and
Fromentin, Y., et al., 2012) #win 4.4 mg 1unadimdas wonldansiudas J8D2 (12.4
mg) AILHHATN 3.1

3.2 @iy

Tunzasudonmdududng dwin 0.7 Alansy anadsdrhszavezd
Taw 8 805 3 S $1Wn 3 A3 TweIazany Iddnananeny nin 956 niu
snwaeiuens@inaady dhduatanouesglaninuausndiadanies aasuiilas
nlnnslaseTiaisy lasld hexanes:acetone:MeOH (1:0:0 99 0:0:1) (Judwle 8
fautan (A-H) saudas B (3.08 g Wnvaswiladinena) uondadedanies aesuilas
I lnnsateTiais lagld hexanes:acetone (1:0 ©14 0:1) ledutias 5 & (B1-B5)
sautas B2 (739.0 mg) nuunedly Sephadex LH-20 lu 100% MeOH iiludaze 14 3
faueiay (B2A-B2C) sautiny B2B (482.0 mg) gﬂﬁﬂﬁﬁqﬂﬁ%ﬁﬂsﬁﬁmma Aaauiilas
lnnA lasld 20% hexanes:acetone (4:1) Vl,@i”msu%qw%( Mckeanianone A (G12)
fiwiin 28.9 mg, Wuvasudsdndes Gouduanslna 13 Bannaxanthone | (G13) (Na, Z.,
et al., 2010) $nwin 7.0 mg Wnwasudsdndas Idannsusnds Sephadex LH-20 lag
15 100% MeOH Hudlwe ndutas B4 (258.1 mg) &wmtas C (2.61 g (Due9i
iem) weniusiudaslasld Sephadex LH-20 luw 100% MeOH usame & 3
fautan (C1-C3) dutay C2 (311.8 mg) ianuanes Sephadex LH-20 lawld 100%
MeOH LHualze e 3 dutas (C2A-C2C) &autias C2B (23.3 mg) Qﬂﬁﬂﬁﬁqwﬂﬁ%s
Fanaa aeantlasunInni lauld hexanes:EtOAc (17:3) \uaawe "L@Tmsu'%qﬂ%:ﬁa
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817 Mckeanianone B (G14) ‘L{’mﬁfﬂ 2.1 mg ez 813 Bannaxanthone E (G15) (Han,
Q.B., et al., 2008) $nw¥n 7.1 mg anwnziduawilafindosfigasans santas E (5.50
9 Wuensdinmady  danugndsdanies  eesuilasinInnmflegenaiidas
hexanes:CH,Cl,MeOH (1:4:0 A9 0:9:1) lagutias 3 dutias (E1-E3) sawutas E2 (1.40
g) fhauaney Sephadex LH-20 laslt 100% MeOH dudawe 16 5 aautay (E2A-
E2E) suday E2B (188.2 mg) $hanuendnes Sephadex LH-20 lagld 100% MeOH
udane Iddiudas 3 @ (E2B1-E2B3) §aufl E2B2 (69.3 mg) ¥hliySgniaag
hexanes:EtOAc (4:1) 1w Vlﬁmsu%qﬂ%{ﬁa Vomifoliol (G16) (Hammani, S., et al.,
2004) inwin 17.5 mg uvaswiladinados srudas E2D (700.0 mg) anshauenee
Sephadex LH-20 uas@anaa  aaauitlasunlnnnd lagld 100% MeOH uas
hexanes:EtOAc (4:1) 1w @n&lﬁ’l@]vuvlﬁa’mﬁﬁimfchkeanianone C (G17) (37.7 mg)
nvasnitednassusziumslvg dautos G (5.27 g) snwastinensdinaady tian
wonidudIntasmugan1aa aeanitlasunlnnii @as CH,ClL:MeOH (1:0 §14 9:1) 16 5
futey (G1-G5) dutiay G2 (187.6 mg) TN WaNFIUAaaIt Sephadex LH-20 laels
100% MeOH LJuaiwe lasgiutas 3 &1 (G2A-G2C) siutas G2B (34.4) lﬁmsuéqw?
&8 Mckeaniabiflavone (G18) $nwin 18.1 mg uvasudsdinaasdaiuusndiodam
e Aeadtlasanlnn laslt hexanes:EtOAc (7:3) 11wz &5 Amentoflavone
(G19) (Carbonezi, C.A., et al.,, 2007) $n#¥in 9.0 mg (uvasudsmngas ldnnsuen
futiey G4 (449.3) mudanuaa AaaniilasanlnniA uaz Sephadex LH-20 lawld
CH,Cl,:MeOH (97:3) uaz 100% MeOH Liua 1wz ausau

3.3 gawholng

Adlwguzazuiaimdutubng dwin 7.0 Alansu  sfadawearh
aeauozdlan 15 A3 3 39 W% 3 A39 sreTazany IdFuataneny tiwin
225.8 n3u snwadugsiinanady indmanansuezslauninuauendisdaniies
aaaNtlasunlnnAenesiasy lauls hexanes:CH,Cl::MeOH (1:0:0 9 0:0:1) 1duan
a2ld 8 §utas (A-H) §utay B (5.15 g) tuwanmuganiaa asavitlasunlnnd
lagld hexanxes:EtOAc (8.5:1.5) (dudiae lagiutas 3 &w (B1-B3) dutiay B2
(385.2 mg) Qﬂﬁﬂﬁu?qwﬁ%m Sephadex LH-20 laslt 100% MeOH iduaize laans
u%s;m%?ﬁ'a G4 Gadussfinuludiniden tniin 22.6 mg wsasudsfinias srudas
D (4.17 g) wundadiudaniaa asauilasunlnnA lauld hexanes:acetone (8.5:1.5
89 1:1) ldsugas 10 &1 (D1-D10) utias D2 (38.9 mg) wangase Sephadex LH-
20 lag/lF 100% MeOH Lﬁuﬁm‘;vl,@i”aﬁu‘%qﬂ%:ﬁoLﬂumﬂmj f@ Mckeanianone D (G20)
ﬁﬁ%ffﬂ 6.9 mg \JuvasudiFinies a3 Neriifolone A (G21) (Nuangnaowarat, W., et al.,

2010) #wHn 11.5 mg Duvasudefnies ldanautas D4 (385.2 mg) laumIvnga
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M aeautlasunlnnA ¢ae hexanes:acetone (4:1) \duaae &utoy D6 (59.1 mg)
ﬁwmﬁﬂﬁu?qw%r@”w Sephadex LH-20 lagld 100% MeOH Lﬂ%ﬁ?‘ﬁﬂﬁﬁ’]iﬂ‘?qﬂ%{ﬁa
1,3,5-Trihydroxy-2-(3-methylbut-2-enyl)-9H-xanthen-9-one (G22) (Helesbeux, J.J., et al.,
2004) Hwtin 3.6 mg Wuwesudsinias suton D8 (89.7 mg) Wanugneradaniias
aaauttlasanlnnf lagld hexanes:EtOAc (7:3) l@aiuties 3 &% (DSA-DSC)
f1utias D8B (16.5 mg) gnﬁwlﬁu‘%&;m%%ﬁ”fm Sephadex LH-20 lagld 100% MeOH 1iu
a7 "L@Tmm‘%qn%ﬂ f3fA0 G8 Hmin 3.7 mg uvesudsdnges Femuudaludin
wWaenseuw a1s 1,3,6-Trihydroxy-7-methoxyxanthone (linuma, M., et al.,1997) (G23)
uvesudsimndos imin 4.0 mg ldannmiuanaiutasgarine D10 (71.6 mg) dan
Sephadex LH-20 laglt 100% MeOH uawe wonaiwtas E 4R 15.0 g 310 100 g
feudamiaa aeauilasanInni@ @28 hexanes (100%) LRRGA9UAS CH,Cl, (100%)
WazIRNGAdoauAs MeOH (100%) 'leans 10 sutay (E1-E10) sautas E2 (51.1 mg)
Lwﬂ‘lﬁu%qﬂf%hﬂ Sephadex LH-20 lagld 100% MeOH iduawe "L@Tmm%qw%%a
Pancixanthone B (G26) (Ito, C., et al., 996) #wiin 8.4 mg [uasudefindos auton
E3 (105.5 mg) LLﬁlﬂa’ﬁU%ijﬂﬂﬁ 2 81378 Buchanaxanthone (G24) (Jackson, B., et al.,
1968) ez 5-O-Methyl-2-deprenylrheediaxanthone B (G25) (Rath, G., et al., 1996)
WMIN 3.0 Waz 3.6 mg Lﬂumamﬁaﬁmﬁamﬁa@; ANENAL NMIVNTANLAR AaaNtilas
1NN G218 hexanes:CH,Cl, (3:2) wazdiutay E3B wundasis hexanes:CH,Cl,
A1) dudame ldas 625 wmeil G26 ldandiudes E3D (240 mg) wonaaw
Sephadex LH-20 laslt 100% MeOH iduaawe &utas E5 (135.1 mg) Lmnmsu’%qwﬁ
16t 1 ss@aduaslna @o Mckeanianone E (G27) #wsin 3.1 mg wluvesudsfinias
ldnnmsuondlediniiea aeautlasanlnand  uas Sephadex LH-20 @

hexanes:EtOAc (8.5:1.5) a2 100% MeOH tJ%a11e aus1au
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Crude Acetone Extract of the Stem Bark of G. mckeaninana (56.6 Q)

‘ QCC, hexanes:CHzCl:MeOH (1:0:0 to 0:0:1)

A B C D E F G H I-K
1329 268.3 mg 621.3 mg 419.0mg 16449 1.02¢g 2.65¢ 489.1 mg 3112 g
‘ CC, hexanes:EtOAC (19:1) ﬁﬂxgephadex LH-20, CC, hexanes:acetone (4:1)
| | | CC, hexanes:acetone eOH
B1 B2 B3 (o:1)
315mg  2l3mg  66.2mg
.3mg
Sephadex LH-20,
MeOH | | | | |
| | H1 H2 H3 H4 H5
3.0 mg D1 D2 D3 214mg  874mg 637mg  205mg 211.5mg
41.9 mg 132mg 135.2mg
‘ CC, hexanes:EtOAc (17:3) | Sephadex LH-20, MeOH
Sephadex LH-20, | | |
MeOH
H2A H2B H2C
131mg 131mg 131mg 2.0mg

10.0 mg Sephadex LH-20, MeOH

6.7 mg

a Qf 1 o v
LLNWAIN 3.1 ﬂ'ﬁLLUﬂﬁﬂiﬂiqﬂﬁﬁ]ﬂﬂﬁ’)%Lﬂaaﬂaﬁ@luﬂl (ANFN\IAO
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J
471g

| CC, CH,Cl:MeOH (99:1 to 9:1)

J1 J2 J3 J4 J5 16 J7 J8 J9
CC, hexanes:acetone (4:1) QcCC, Sephadex LH-20, Sephadex LH-20,
| hexanes:CH2Cl2:MeOH MeOH MeOH
J2A J2B J2C (1:4:0 t0 0:9.5:0.5)
85.6 mg 9.2 mg 68.5 mg
Sephadex LH-20, | | ) | | 4.8 mg | | | | |
MeOH
J4B J4B J4C JaD J8A J8B J8C J8D J8E
G111 151.6mg  99.0 mg 145.6 mg 260.1 mg 68.3 mg 20.0mg 51.0 mg 374.9 mg 239.8 mg
3.7mg Sephadex LH-20, : :
Sephadex LH-20, Sephadex LH-20, MeOH FCC, hexanes:acetone (7:3)
MeOH MeOH | | | | | |
Go) 081 B2 - J8B3 J8D1  i8D2  J8D3
-2 Mg .0 Mg .6 mg 135.5 mg
2.0 mg ¢ 124mg 201.0mg
J4aC1-C2 J4C3 FCC, hexanes:acetone
30.2 mg 30.2 mg (7:3)
| Sephadex LH-20, MeOH
FCC, CH2Clo:MeOH (9.7:0.3)
6.7 mg G10
4.4 mg

6.3 mg

a Q€ 1 o v !
LLNWATIN 3.1 ﬂ"liLLEIﬂﬁ’ﬁllﬁquﬁ'ﬂ’]ﬂﬁ'JuLﬂﬁﬂﬂﬂ']@]W‘llQGN$@$ (98)



Crude Acetone Extract of the Leaves of G. mckeanina (95.6 g)

QCC, Hexanes:Acetone:MeOH (1:0:0 to 0:0:1)

B
521¢g 3.08¢
QCC, hexanes :acetone
(1:0t0 0:1)
Bl B2 B3 B4 B5
216.3 mg 739.0 mg 100.5 mg 258.1 mg 513.3mg
Sephadex LH-20, Sephadex LH-20,
MeOH MeOH
| | |
B2A B2B B2C G13
82.0 mg 482.0 mg 160.5 mg 7.0 mg

‘ CC, hexanes:acetone (4:1)

G12
28.9 mg

|
|
C D
2.

E G
619 8.21¢ 5.50 g 5279
Sephadex LH-20,
MeOH
Cl 432 43
335.3mg 311.8 mg 438.6 mg
Sephadex LH-20,
MeOH
C2A C2B C2B
41.6 mg 23.3mg 71.7mg
FCC, hexanes:EtOAc (17:3)
G14 G15
2.1 mg 7.1mg

a Qf 1
LNWAIN 3.2 ﬂ'ﬁLLElﬂﬁ'ﬁUﬁiinﬁ’i]"lﬂﬁ’)%lU“ll ANENAG I

20.23 g

22
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E

G
550 g (5.270)
| QCC, hexanes: CHzCl, : MeOH (1:4:0 to 0:9:1)

FCC [CH.Cl,:MeOH (1:0-9:1)]

El E2 E3
960.5mg 1.40g 2369 | | | |
Sephadex LH-20, MeOH
G1 G2 G3 G4 G5
| 2136mg  187.6mg  391.6mg  4493mg  2.91g
E2A E28B E2C E2D E2E
1082mg  188.2 mg 65.6 mg 700.0 mg 256.0 mg iﬂepgt:'ex LH-20, ‘ FCC, CH.Cl, :MeOH (9.7:0.3)
(5]
i Sephadex LH-20, | | |
Sephadex L-20. ‘ MeOH | | G4A  G4B  GAC
| ) | | 65.1 mg 321mg 171.0mg
G2A G2B G2C
| | E2D1 554%22 E2D3 544.4mg 344mg  63.7mg Sephadex LH-20,
34.5m S5m 71.6m
E2B1  E2B2  E2B3 0 J g FCC, hexanes:EtOAC MeOH
403mg  693mg  53.6mg FCC, hexanes:EtOAc (7:3) &16
FCC, hexanes,EtOACc (4:1) 9.0 mg
(4:1) G18 '
G17 18.1 mg

G16 37.7mg
17.5mg

a Q€ 1 1
LLNWBNIN 3.2 ﬂ"l‘.iLLElﬂﬁ'ﬁiJﬁ’sTYlﬁ'ﬂ']ﬂﬁ'J%iU‘llaﬂlﬂ(ﬂz (98)



Crude Acetone Extract of the Braches of G. mckeaninana (225.8 g)

QCC, Hexanes:CH,Cl>:MeOH (1:0:0-0:0:1)

Bl
2.36 ¢

24

A B C D E F-H
3.61g 5159 6.39 ¢ 4179 100.0 g 4359
‘ CC, hexanes:EtOAc (8.5:1.5) CC, hexanes:acetone
| (8.5:1.5t01:1)
B2 }33
385.2 mg 1319
‘ Sephadex LH-20, MeOH
| | | | | | I ] L
226 mg D1 D2 D3 D4 D5 D6 D7 8 9 10
2156 mg 389 mg 3163 mg 3852 mg 2253 mg 591 mg 1165 mg 89.7 mg 239.7 mg 71.6 mg
Sephadex LH-20, FCC, hexanes:acetone Sephadex LH-20, Fg? hexanes:acetone
MeOH (4:1) MeOH (4:1)
| | |
G20 G21 G22 D8A D8B D8C
6.9 mg 115 mg 3.6 mg 256 mg 165 mg 32.0 mg
Sephadex LH-20, Sephadex LH-20,
MeOH MeOH
WHBATIN 3.3 miu,ammsﬁqw%mﬂmuﬁﬂmjma\‘lm@: G8 G23
3.7 mg 4.0 mg



E

100.0 g

‘ Separated

E

15049

QCC, Hexanes:CH2Cl,:CH30H (1:0:0 to 0:0:1)

| !
El E2
310.1 mg 51.1 mg

Sephadex LH-20,
MeOH

G26
8.4 mg

| |
E3 E4
105.5 mg 371.5mgh

FCC, hexanes:CHCl,

| | | |
E5 E6 E7 E8-10

135.1mg  355.0 mg 1919 5319

CC, hexanes:EtOAc

I [ I
E3A E3B E3C

326mg 9.8mg 21.1mg

CC, hexanes:CH.Cl,

(1:1)

G24
3.0 mg

(3:2) (8.5:1.5)
| |
E5A E5B ESC
105mg 105mg  10.5mg
1 Sephadex LH-20,
E£3D E3E MeOH
105mg  33.5mg
Sephadex LH-20, G27
MeOH 3.1mg
G25
3.6 mg

a Qf 1 QI + 1
LNWAIN 3.3 ﬂ'ﬁLLElﬂﬁﬂiﬂiﬁzﬂﬁ’ﬂﬂﬂﬁ?%ﬂ\ﬂ‘ﬂm‘,ma@&lz(ﬂt (D)
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as;ﬂwaua:aﬁﬂ‘swwa

anUIgNaNIINAADI

1. Ywniinay (Dasymaschalon yunnanense)
%Wﬂﬂ’liﬁﬂiﬂﬁﬂﬂﬁﬂizﬂauqﬁlx‘]Lﬂﬁl%ﬁhulﬂ‘ﬂ@dﬁ%q%ﬁ@laﬂ E‘T’]&J’]iﬂLLﬂﬂa’ﬁU%qﬂ%VL@T
14 @15 A8 trans-5,6-diacetoxy-1-(benzoyloxymethyl)-1,3-cyclohexadiene (D1), (—)-
desoxypipoxide (D2), corydaldine (D3), (—)-sinactine (D4), (+)-crotepoxide (D5), (—)-
arcabucoine (D6), goniopedaline (D7), 3,5-dihydroxy-2,4-dimethoxyaristolactam (D8),
trans-N-cinnamoyltyramine (D9), (+)-senediol (D10), 1S,2R,3R,4S-2-
[(benzoyloxy)methyl]cyclohex-5-ene-1,2,3,4-tetrol-4-acetate (D11), piperolactam A (D12),

uvaribonol G (D13), (—)-corydalmine (D14)

H;CO
Ry OBz H3COJ<)?
Ry

o

D1: R, =R, =OAc D3
D2: R, =OH, R, = OBz

O
O
ACO\‘ "///OBZ
OAc

D4: R,=R,=-CH,-
D14: R,=CHy, R,~H
R,

O

D5 .
D7: R,=R;=OCH; R,=OH,R,=Rs=H
D6 D8: R, =R;=OCH;, R,=R,=O0H,Rs=H
DI2: R, =R, =Rs=H, R, = OCHj, R; = OH
OH
o HO —OAc
©/\)J\N ‘\\OH HO\©‘\\OBZ
H OOH
2 OB -
AcO” R AcO'
D9 -
R D13
D10: R = OAc
D11: R = OH

['Y] A £ a v ¥
las9a319209813034N5 (D1-D14) fiuanlavnluzasauymssnas
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2. S9N (Miliusa cuneata)

MnMIAnEasilsznaumetainnduwsaadon mansausnaslanvua 14 a3
Fadusslug 5 a5 lasudadulusiwluvesduszsiagen E*T’]&J’]SﬂLLEJﬂET’]SU%EIWEVLﬁ 10
g3 lasduaslnd 5 §15 Ao miiusacunines A-E (M1-M5) WasansNINs31891%
lassanauan 5 &3 Ao 5-hydroxy-3,7-dimethoxy-3',4'-methylenedioxyflavone (M6),
pachypodol (M7), 4'-hydroxy-3,5,7,3'-tetramethoxyﬂavone (M8), (+)-miliusol (M9) ez (+)-
syringaressinol  (M10)  An4fin13An®asfilsznoumatafana i sasaugnans
U%qwﬂd’ 6 13 uazdnudmly 2 a3 lesmsranualuansfimInenula e
us? fa M6, M7, chrysoplenetin  (M11), trans-N-feruloyltyramine (M12), trans-N-

caffeoyltyramine (M13) a2 trans-N-coumaroyltyramine (M14)

OCH,

Ml: R, = OCHj, R, =OH
M2: R, = OCHj, R, = OCH,
M3: R, =OH, R, = OCH,

H;CO

M7: R,=OH,R,=H
MS8: R, =OCH; R,=H
MI1: R, = OH, R, = OCH,

OH
o] AN

‘.

H
= 3CO, Hor ....QOH H
- HO - ""H ocH HO
o} o) 3 R MI2: R=0CH,

N H;CO M13: R = OH
M9 M10 Ml4: R=H

[% a £ q' [ a o o o
‘[ﬂidai’mwada’liuiﬁmﬁ (M1-M14) ﬂllﬂfﬂaﬂ%'\fﬂﬂLlagﬂﬂﬂaﬂm%‘izmﬂlﬂﬂ?

#1979 M1

a3 M1 SanwusiduwsesudsFouyla danaeunad 218-220 °C gasluiana
CioH1sNO, WUS1 m/z 356.1136 [M+H]" (calcd. 356.1134) 3ndayn UV wumsganaw
WRIT A... 224, 338, 371 uaz 389 nm LLaziaga IR stUnasy ﬂiﬁﬂgé’tymﬂmmaamg
Wortulaasanda (3419 em™) enfuafiatelud (1649 cm™) uaz 29aslsanén (1584 uaz

1504 cm™) annwaya UV usz IR LEAIAN MU IATIRIIINANVEY oxoprotoberberine AN
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v

Taya "H-NMR 2248135 M1 Unnpdynnaesfianlansandadi 8, 13.17 (brs, 1H) wu
2 dyanaweseslsndnfigaauiuy ortho 71 3,7.25 (d, J = 8.4 Hz, 1H) waz 7.02 (d, J =
8.4 Hz, 1H) azlsan@n 1 swanm 7 &, 7.12 (s, 1H) ledAifia 1 swanm 7 O, 7.24 (s,
1H) wnfiaufigniuiu 2 dyana A 8,4.24 (t, J = 6.2 Hz, 1H) uaz 2.96 (4, J = 6.2 Hz,
1H) uaz Wnnand 2 R Al 0, 3.95 (s, 3H) unz 3.84 (s, 3H) nnUaya °C-NMR
uaz DEPT WSAISQQILAIILOUYDS m‘fuaﬁamamyjl,avl,mﬁﬁ O 165.8 A18LNa3U13 10
é’tytywmﬁ 50 152.9, 148.1, 147.5, 143.2, 137.7, 135.0, 130.6, 126.1 116.2 uax 111.6,
w4 sanm 7 6 123.1, 116.7, 104.9 uaz 100.7, wnfidu 2 syl O 39.4
WAZ 21.4 UaKIUNNENT 2 Ao Al O 60.8 uaz 56.2 nTaya 2D-NMR fanlansan
Faldsaoudl O, 13.17 aHuUAITUEU C-9 (O, 148.1) dasandmshanus:lalasian
Auensuafisveaaludi c-8 (& 165.8) a:‘[sm@m‘[ﬂmauﬁﬂmmmu ortho 2 ST
7 0,725 usz 7.02 Wulusaan H-11/0, 123.1 uaz H-12/0% 116.7 MugaL A GHE
HMBC ®Un@asi H-11 WEAIANNENWUEAL C-9, C-10 (O 143.2) uay C-12a (O
130.6) WAz H-12 WRAIAMNIFNAUSAL C-8a (O 111.6), C-10 Waz C-13 (O 104.9)

= a ot { U & Lo v
lihaauledffiadnngsyyio 1 &, 7.24 wodndu H-13 Saduduantdaya HMQC uaz
HMBC uazandayansnfifudulain c-9 uaz C-10 Mlnnglusuudniinglaasada

Lﬂwy}mu‘ﬁ' Iﬂmamwﬁﬁuﬁﬂmﬂgluauﬂm‘ﬁﬁ' O 4.24 o wnfisn (Hy-6) Litagann
ld3uanTwa (inductive effect) nazaawlulasauvamyialud uazanANUFINUS
HMBC Ay C-4a (O 116.2), C-5 (O; 21.4), C-8 (O 165.8) ua C-13a (Oz 135.0)
T Iﬂwaumwﬁﬁuﬁmﬁaﬁ@jmuﬁu Oy 2.96 Safialdinan H-5 dumbs C-4 Fagn
Lmuﬁ@ﬁwgvlamaﬂ%a Togsafaadninsuanst & 147.5 U8z MANMNFNNUE
HMBC 321314 H,-5 Uaz C-4 %yjmﬂmnfﬁl 2 Wy 7 8, 3.95 uaz 3.84 WWanny C-2 (&
152.9) Uaz C-3 (O 137.7) MUAGU lasduduannanusuwus HMBC uazftaiaa
Fwriwasansuouil C-3 ﬁ'ﬂﬁﬂgluaumga (0z 137.7) Lﬁaaafmwamawy}muﬁmad

20NTLAUATIGIUAUI ortho 1IxITN9 T4 singlet lUsaaueslsandnn O, 7.12 @

Tiveaw H-1 laoduduainanuguwus HMBC nu C-2, C-3 uaz C-13a a9tuans M1

(miliusacunine A) Ao 8-0x0-4,9,10-trihydroxy-2,3-dimethoxy-5,6-dihydroberberine
O OH
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Miliusacunine A (M1): bright pink solid; mp 218—220 c>C; UV (MeOH) ﬂmax nm (log &)
224 (4.5), 338 (4.2), 371 (4.1) and 389 (4.1); IR (neat) V., 3419, 1649, 1617, 1584,
1504, 1463, 1278 and 1126 cm™; '"H NMR (acetone-d;, 400 MHz) and "*C NMR
(acetone-d;, 100 MHz) data, see #1319 1; HRESIMS m/z 356.1136 [M+H]" (calcd for
C1gH1sNOg, 356.1134).

813 M2
= o ~ A =1 a

g3 M2 fanwnzduvesudefindes yansenmad 217-218 °C laofidn miz
[M+Na]" 310 HRESIMS 7 392.1112 uazligasluanaidu CyHgNOgNa landaya

Q v Q U 1 & ] { {
mUneuLeIans M2 AdLAUMT M1 andu a3 M2 61990 M1 SIWUnyiunnandn
o - - L X4 o
WANTUIN 1 Fyanmd O, 3.89 lanwmnandwyfifenriuanivan C4 (O 151.1) uaz
s InHugudUnIITIMINNNangRINANUFNRUT HMBC 3219 T saauamiia
(Hy5) 71 O, 2.98 (¢, J = 6.2 Hz) AU C-4 @91 &13 M2 (miliusacunine B) fia 4-O-methyl

ether ¥a4817 M1

OCH,

Miliusacunine B (M2): yellow solid; mp 217—218 °c; uv (MeOH) ﬂmax nm (log &) 224
(4.6), 341 (4.2), 371 (4.2) and 389 (4.1); IR (neat) V. 3388, 1648, 1586, 1494, 1461,
1280 and 1032 cm™; 'H NMR (acetone-d,, 400 MHz) and "°C NMR (acetone-d,, 100
MHz) data, see @1319 1; HRESIMS m/z 392.1112 [M+Na]" (calcd for C,yH;gNOgNa,
392.1110).

813 M3
815 M3 Janiastdwtadnibamianfinaianas 4 UV way IR aanunus1s M1
mﬂ“ﬁvaga "H-NMR  waz "*C-NMR wudmyjmwmﬂ% 1 wavas M3 VAN NUALALS

asuanlulasiaiiedsanas M1 Saunnandnii O, 3.91 UsAIANTNNUT HMBC

U C-4 (O 143.8) mizfiaMUSFURHE HMBC 32w lsaamaniian H-5 71 &, 2.98 (1,

J = 5.8 Hz) uaz C-4 Mndayaiiiuduitannandnyihannuanivan C-4 uaziumnan



30

A O, 4.00 Wannuauaw C2 (8 147.2) laadutaya HMBC iU C-2 @”ﬂifu%yj
UNUANEURIS C-3 Ao wyjlaasanda aduwusnuALadnaTwiues C3 1 O, 139.8
Lﬁaqﬁ]’mwamamy}muﬁ ortho oxygen satudunTsasunnanduaslansandasodon
Auaiuan C-2 usr C-3 awiay Fefudulasarduenudunng HMBC sewinvazls
an@nlusaen H-1 (O, 7.04/0, 103.0) AU C2 uaz C-3 eanulasosinevasans M3

(miliusacunine C) fa 8-0x0-3,9,10-trihydroxy-2,4-dimethoxy-5,6-dihydroberberine
O OH

OCH,

Miliusacunine C (M3): brownish-red gum; UV (MeOH) ﬂmax nm (log &) 225 (4.3), 340
(4.0), 372 (3.9) and 389 (3.9); IR (neat) V. 3421, 1648, 1611, 1583, 1502, 1463,
1278, 1126 and 1093 cm™; "H NMR (CDCl;, 400 MHz) and "*C NMR (CDCl,, 100 MHz)
data, see @137 1; HRESIMS m/z 378.0958 [M+Na]" (calcd for CigH;;NOgNa,
378.0954).

817 M4

713 M4 fansunduramilafindosinaia 61 specific rotation [et]5° -175 (c
0.07, MeOH) lag "H-NMR s1Unasuuossns M4 asanuans M3 uafuandisasnadule
Fado M4 Urngdyunmiisduinues Tseewanlng A &, 3.14 (brd, J = 15.3 Hz)
sy Usaamuniiand 2.89 (br t, J = 15.3 Hz) ‘ﬁ'ﬁjmuﬁ'u %aiﬂsmaumﬁﬁuﬁaguu
milau C-13 (& 37.1) lapwudygimanuduwuiandaya HMQC usz HMBC
3239 H-13 AU C-1a (O 126.7), C-8a (O 111.2), C-12 (O 116.8), C-12a (O 128.2)
Wwae C-13a (O 55.7) wazsenitgeslsunanlusaon H-12 71 3, 6.61 (d, J = 8.0 Hz) iU C-
13 Tdsmawaninid 7 (5, 4.83) aguuAITUaY C-13a nTaya HMBC mnaiu T
1A398319009815 M4 (miliusacunine D) Ao (-)-(S)-8-0x0-3,9,10-dihydroxy-2,4-dimethoxy-
5,6,13,13a-tetrahydroberberine ldanmaSeuifisudn specific rotation AURIT (S)-(-)-

2,3-dimethoxy-8-oxoberberine, [A]p -413.8 (c 0.36, CHCl,) lasasidudulasinadia

X-ray a8
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OCH;,
Miliusacunine D (M4): brownish-yellow gum; [a]zns —175 (¢ 0.074, MeOH); UV

(MeOH) Ao nm (log €) 218 (4.5), 262 (4.0) and 341 (3.8); IR (neat) Vi, 3421, 1636,
1615, 1584, 1459, 1267, 1120 and 1091 cm™; "H NMR (CDCl;, 400 MHz) and "*C NMR
(CDCl;, 100 MHz) data, see @199 2; HRESIMS m/z 380.1104 [M+Na]" (calcd for
C1oH1gNOgNa, 380.1110).

813 M5
o 28 4 o
13 M5 Janwozidusanilafinias [a]5” 93 (c 0.02, MeOH) iaifiuuTays
) o A A X ' A o a
NMR fil&13 M4 WudtyanuiiAiuanasniiunnand 1 ayanmi O, 3.89 lua1s M5

A 2 , o o { o @ %
Taannandiaguuaiven C-3 drudaya HMBC NUIAIANMNENNUTAL C-3 (O 140.9)
A e o . Ad A & v o ¢ a
WaLHREUG LRIV NNNONTNA VD BINNANMNFUWUS HMBC vadazlsandnlusaan
H-1 (O, 6.53) NU C-3 a9ulaTaa319U89813 M5 (miliusacunine E) fa (=)-(S)-3-O-

methyl ether 283817 M4

OCH;4

Miliusacunine E (M5):  yellow viscous oil; [a@]5® —93 (c 0.024, MeOH); UV (MeOH)
Amax N (log E) 218 (4.4), 265 (3.8) and 325 (3.5); IR (neat) Vi, 3421, 1635, 1590,
1459, 1271, 1121, 1097 and 1029 cm™; 'H NMR (CDCl;, 400 MHz) and "*C NMR
(CDCl;, 100 MHz) data, see @151 2; HRESIMS m/z 372.1454 [M+H]" (calcd for
CaoH2oNOg, 372.1447).



®19139 1 NMR Spectroscopic Data of M1 and M2 in Acetone-ds and M3 in CDCl;

M1 M2 M3
Position HMBC HMBC HMBC
O (Ctype) O (mult., J in Hz) O (C-type) Oy (mult., J in Hz) Oy (C-type) Oy (mult., J in Hz)
('"H — 3C) ('"H — 13C) ("H — 13¢)
1 100.7 (CH)  7.12 (s) C-1a,C- 2, 1053  (CH) 7.34 (s) C-1a, C-2, C- 103.0 (CH) 7.04 (s) C-2, C-3,
C-3, C-4a, 3, C-4a, C-13a C-4a, C-13a
C-13a
1a 126.1 (C) - 1263 (C) - 1215 (C) - -
2 152.9 (C) - 1540 (C) - 1472 (C) - -
3 137.7 (C) - 1441 (C) - 1398 (C) - -
4 1475 (C) - 1511 (C) - 1438 (C) - -
4a 116.2 (C) - 1225 (C) - 1221 (C) - -
5 214 (CH,) 296 (t,6.2) C-1a, C-4, 220  (CH, 2.98 (t, 6.2) C-1a, C-4, C- 216 (CH,) 2.98 (t, 5.6) C-1a, C-4,
C-4a, C-6 ) 4a, C-6 C-6, C-4a
6 394 (CH,) 4.24(t 62) C-4a, C-5, 39.7  (CH, 4.23(t,6.2) C-4a, C-5, C- 39.0 (CH,) 4.25 (t 5.6) C-4a, C-5,
C-8, C-13a ) 8, C-13a C-8, C-13a
8 165.8 (C) - 166.1° (C) - - 1650 (C) - -
8a 1116 (C) - 119 (C) - - 1099 (C) - -
9 148.1 (C) - 148.3° (C) - - 1468 (C) - -

@ Observed by HMBC data.



®1919 1 (Continued)
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M1 M2 M3
Position HMBC HMBC HMBC
O; (C-type) Oy (mult., J in Hz) (H —> ) O (Ctype) O (mult,, J in Hz) (H > ) O; (C-type) Oy (mult,, J in Hz) (H —> )
10 1432 (C) - 1434 () - - 1418 (C) - -
11 1231 (CH) 7.25(d, 8.4) C-9, C-10, C- 1225 (CH) 7.26(d, 8.4) C9,C-10,C- 1216 (CH)  7.28(d, 8.2) C-9, C-10, C-12a
12a 12a
12 116.7 (CH) 7.02(d, 8.4) C-8a,C-10,C-  117.0 (CH) 7.03 (d, 8.4) C-8a,C-10,C- 1160 (CH)  6.97 (d, 8.2) C-8a, C-10, C-13
11,C-12a, C-13 13, C-11
12a 1306 (C) - 1308 (C) - - 1302 (C) - -
13 104.9 (CH) 7.24(s) C-1a,C-8a,C- 1052 (CH) 7.25(s) C-1a,C-8a,C- 1038 (CH)  6.86 (s) C-1a, C-8a, C-11,
12, C-12a, C- 12, C-13a C-13a
13a
13a 1350 (C) - 1347 (C) - - 1347 (C) - -
2-0CH; 562 (CH;) 3.95(s) C-2 56.6  (CH;) 3.95(s) C-2 56.7 (CH;)  4.00 (s) Cc2
3-OCH; 608 (CH;) 3.84(s) c3 613  (CH;) 3.88(s) Cc-3
4-OCH, - - - 61.1  (CHy) 3.89 (s) C-4 61.0 (CHy) 3.91(s) c-4
9-OH - - 13.17 (br s) - - - 13.15 (br s) - - - - -

@ Observed by HMBC data.



®1919 2 NMR Spectroscopic Data of M4 and M5 in CDCl,

M4 M5
Position
O (C-type) 0. (muit., J in Hz) HMBC ('H — '3C) O (C-type) O, (mult., J in Hz) HMBC ('H — '3C)
1 103.8  (CH) 6.52 (s) C-1a, C-2, C-3, C-13a, C-4a 104.9 (CH) 6.53 (s) C-1a, C-2, C-3, C-4a, C-13a
1a 126.7 (C) - - 1311 (C) - -
2 146.8 (C) - - 152.7  (C) - -
3 1373 (C) - - 140.9° (C) - -
4 1443 (C) - - 151.0 (C) - -
4a 1213 (C) - - 1214  (C) - -
5 23.0 (CH,) 3.05 (br d, 15.7) C-1a, C-4, C-4a, C-6 23.0  (CH,) 3.03 (br d, 16.2) C-1a, C-4a, C-6
2.70 (m) C-1a, C-4, C-4a, C-6 2.70 (m) C-1a, C-4, C-4a, C-6
6 38.0 (CH,)  4.88 (br d, 13.2) C-4a, C-5, C-8, C-13a 38.2  (CHy 4.87 (br d, 13.0) C-4a, C-5, C-13a
2.86 (br d, 14.1) C-4a, C-5, C-13a 2.85 (br d, 12.2) C-4a, C-5, C-13a
8 168.5 (C) - - 168.6  (C) - -
8a 1112 (C) - - 1113  (C) - -
9 1486 (C) - - 148.7 (C) - -

? Observed by HMBC data.” Signal partially obscured.
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®1919 2 (Continued)
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M4 M5
Position
O (C-type) O, (mult., J in Hz) HMBC ('"H — 3C) O (C-type) O, (mult., J in Hz) HMBC ('"H — 3C)
10 1439 (C) - - 1441 (C) - -
11 118.2  (CH) 6.99 (d, 8.0) C-9, C-10, C-12a 1184  (CH) 6.99 (d, 7.7) C-9, C-10, C-12a
12 116.2  (CH) 6.61 (d, 8.0) C-8a, C-10, C-11, C-13 116.9  (CH) 6.61 (d, 7.7) C-8a, C-10, C-11, C-13
12a 1282  (C) - - 1282  (C) - -
13 37.1 (CH,)  3.14 (br d,15.3)° C-1a, C-8a, C-12, C-12a, 371 (CHy) 3.15 (br d, 15.2)° C-8a, C-12, C-12a, C-13a
C-13a
2.89 (br t, 15.3)° C-1a, C-8a, C-11, C-12, 2.91 (br t, 15.2)° C-1a, C-8a, C-11, C-12,
C-12a, C-13a C-12a, C-13a
13a 557  (CH) 4.83 (br d, 13.2)° C-1, C-1a, C-4a, C-13 559  (CH) 4.82 (br d, 13.5)° C-1, C-1a, C-4a, C-13
2-OCH, 56.4  (CHy)  3.92(s) c-2 56.4  (CH,) 3.92 (s) c-2
3-OCH, - - - - 61.0  (CHa) 3.89 (s) c-3
4-OCH, 606  (CH;)  3.89 (s) C-4 61.1  (CH,) 3.89 (s) C-4
9-OH - - 12.75 (br s) - - - 12.74 (br s) -
10-OH - - 5.59 (br s) - - - - -

? Observed by HMBC data. ® Signal partially obscured.
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3. NzA
= & a ) o & &
ANNIIANEIA9AUTZNA LN AT INNA UL ALFINITOULNRITIANIANG 27 ’1T DI
g3nd 6 &3 lagutaduluainilfansduraiduuzas mmsmwnmsu%qwﬂﬁ 11

715 lasduasninsnenulaseginausinimua fa R-(—)-mellien (G1), cotoin (G2),

2,3',4,6-tetrahydroxybenzophenone (G3), pancixanthone A (G4), assiguxanthones A
and B (G5 and G7), 1,3,7-trihydroxy-2-(3-methylbut-2-enyl)-xanthone (G6), 1,3,5-
trihydroxyxanthone (G8), 1,3,7-trihydroxyxanthone (G9), norathyriol (G10) and
montixanthone (G11) yugimIfnenasslszneumaadanginly swnsousnssle 8
815 lasduanslnd 4 a3 A8 mckeanianones A-C (G12, G14 and G17) waz&15U3z1Am
biflavone 1 813 mckeaniabiflavone (G18) LLa:miﬁﬁmiﬁmmiﬂida%”ﬁmé"a 4 §13 fa
bannaxanthones | and E (G13 and G15), vomifoliol (G16) LLazamentoflavone (G19) &%
mifnasdlszneumaafludiuislng sansouenaslddmam 10 s laoduas
Iwal 2 813 A8 mckeanianones D-E (G20 uas G27) wazssnInIIslaseaiues 8
81308 neriifolone A (G21), 1,3,5-trihydroxy-2-(3-methylbut-2-enyl)-9H-xanthen-9-one
(G22), 1,3,6-trihydroxy-7-methoxyxanthone (G23), buchanaxanthone (G24), 5-O-methyl-
2-deprenylrheediaxanthone B (G25) LL8s pancixanthone B (G26) I@Umiwumifﬂumu

1Waanaew 2 813 Ao G4 LAz G8



OH O

G1

G2: R'=OCH;, R =H |
G3:R'=R2=0H

o R

R4
R3OOH

R2
G8:R'=R2%=0OH;R¥=R*=H
G9:R'=R*=0OH;R2=R%=H
G10:R'=R%=R*=0H, R2=H
G11: R'= OCH3; R2=H; R®=R*=OH

RO SN
R? (o] OH

G22:R'=OH;R?=R%®=H
G27: R' = H; R? = OH; R® = OCHj4

o OH O OH
@é Riﬁil N
7 (T 10 (L0
HO R R2 o) OH R
R1
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G4:R'=0H,R?=H
G5:R'=R?=0OH
G21: R' =OCH3, R? = OH

R® O OH
BOSSS
HO o 0
R? R’
1 3 SJJ N 2
G12R'=R3< Y ;R2=0OH
G13:R'= és\/Y ;R2=H;R3=°§\/\<
AN OAc
G14:R'=H; R?= R3 =\/\(
OHg OH
G15:R' = “SXVY JR2=H; R3=\/\(
B OH
G17:R'=H; R?= ‘JS\/\( R3= \/\(
OAc OH

O OH HO
L L on
=
o 0 OH O
OH G19
G20
O OH O OH

R4
SO,

R2 R

G23: R' =R%=0OH; R? = H; R* = OCHj,4
G24: R' = R* = H; R = OCHj; R® = OH

G25: R' = OCHj; R = OH
G26: R' =OH; R = H

[y a £ P> Y a o W a ' Y
lassas1920981303gN5 (G1-G27) fiuanlaoimilfanaiaw lu waznlngvesan

EA

#1737 G12

AN NIINIATNLT UVBILTIRLAAD ﬁ;ﬂ%aaummﬁ 187-189 °C fiu1a

luianainiy 479.2063 (cacld. 479.2070) [M+H]" uazgasluianaidu CpCe0; 31N

- ' - 4
flnasuves UV LLﬁ@Nﬂ'ﬁ@@lﬂﬁ%LLﬁx‘iﬁﬂ?ﬁﬂJﬂﬂ?ﬂﬁ%ﬁ 217, 295, 337 LLaz 384 nm T

aa@ﬂﬁadﬁ'umiﬂ@;mvﬁuiwu muUnaTuvad IR wmmumiﬁ%'wawgmﬁfuvlamaﬂ%aua:

ASUaRaNaTAAY 3418 uaz 1648 cm” @ 1W&1AL 'H NMR SLUNasuwUniIa e
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vasfitanlaasendaldsnoud &, 13.97 (1H, s) wibgadyaimvestlawnialasiud
8, 6.69 (1H, d, J = 10.0 Hz, H-11) 5.69 (1H, d, J = 10.0 Hz, H-12) W8z 1.47 (6H, s, H-
14 oz H-15) UAz 2 TAFYQIMVEIRY prenyl 71 0, 5.31 (brt, J = 6.2 Hz, H-22), 4.17
(2H, d, J = 6.2 Hz, H-21) 1.86 (3H, s, H-25) W&z 1.64 (3H, s, H-24) uaz 5.21 (1H, brt, J
= 6.8 Hz, H-17) 3.42 (2H, d, J = 6.8 Hz, H-16) 1.83 (3H, s, H-20) uaz 1.63 (3H, s, H-
19) MINANNFUNHE HMBC 209611 1-OH 7 O, 13.97 1 C-1 (. 156.7) Uaz C-9a
(O 104.1) ﬁuﬂ'u"l,ﬁ’jmylvlamaﬂ%aL%amagjﬂ”ﬂﬂiaa%”wmé'ﬂﬁ@‘iwumtaﬁ 1 79lanale
sﬁuaum:agﬁ@‘mmuﬁ C-2 (O 104.7) uae C-3 (O 157.7) uwuszdinas NNTaya
139 HMBC wasladfifialusaanflauiudn H-11 (5, 6.69) U C-1 uaz C-2 wyj prenyl
niligadyuImil & 5.21, 3.42, 1.83 uax 1.63 danulassairswanuaulnu 1 C-4 (&
106.9) 81FEANUFNWUTVEI HMBC 2astunfiawlisaan H-16 (O 3.42) nu C-3, C-4
LAz C-da (O 154.3) vaui 8Ny prenyl aziFanagAdiuniksn C-8 (& 129.0) Tadugu
INAMUFUN ST HMBC vagtunianllsaauilauingr H-21 (5, 4.17) nusadaiua
A1TUaK C-7 (O 141.8), C-8 WAz C-8a (O 111.8) lauduniks C-5 (O 152.5) Laz C-6
(O 152.6) a:gmmuﬁd’a mﬂamans’fm fasandnedaainruesasuauiawiuen

AIBWBHEIT G12 A @ mckeanianone A %38 1,5,6,7 -tetrahydroxy-6 ,6 '-dimethyl-2 H-

pyrano(2',3':3,2)-4,8-di(3-methylbut-2-eny|)-xanthone

Mckeanianone A (G12): Yellow solid; mp 187-189 °c; uv (CH3;0H) ﬂmax nm (log
&): 217 (4.39), 295 (4.61), 337 (4.04), 384 (3.79); IR (neat) V. 3418, 1649, 1610,
1463, 1285 cm™; "H NMR (400 MHz, Acetone-dg) and >C NMR (100 MHz, Acetone-ds)
spectral data see @1519 3; HRESI-TOFMS m/z 479.2063 [M+H]"(calcd for 479.2070,
CagH3107).

d13 G14
fanwaenemaoniwdusoswiiadinaas wu m/z 71 517.1839 (caled. 517.1836)

[M+Na]" LLazgmstLaqaLﬂu C6C300s TOWAMNAUNATH UV Uz IR UEAINITYANAL
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LLENLLNZLLﬂUﬂ’ﬁé’lu?Ja\my;Wvﬂﬁfuﬂﬁ’]EJTTSIJE(’]S G12 f9n11n 'H NMR sidnasuuans
Fuanmvedianlansendalusaeu (5, 13.78, brs) 1 2dlawmdialasiiui &, 6.69 (1H,
d, J =10.0 Hz, H-11), 5.54 (1H, d, J = 10.0 Hz, H-12) W8z 1.44 (6H, s, H-14 L8z H-15)
wu 1 gadygimezlandnliinamu (O, 6.25, s, H-4) uaz 2 wijadoxygenated prenyl 7
0.,5.40 (1H, t, J = 8.0 Hz, H-17) 4.30 (2H, s, H-20) 3.60 (2H, d, J = 8.0 Hz, H-16) &z
1.73 (3H, s, H-19) a2 5.50 (1H, t, J = 7.8 Hz, H-22), 4.26 (2H, s, H-25), 4.13 (2H, d, J
= 7.8 Hz, H-21) 8z 1.73 (3H, s, H-24) :1nTays 2D NMR ihiguaings G14 Janwae
1a398319289 pyrano-xanthone Lilaua1s G12 lasdidiaa lansanda (O 13.78) ag}'ﬁl
funig C-1 (3 157.7) wazavlawniialasfudoniulassaiisnanieiunis C-2 (O
104.3) uaz C-3 (O 159.7) wananii axzlsundnlusnauit O, 6.25 agjei’n,mm“?i 4 U4
Tas9a9nan 1599 INUEAIANUFUWUE HMBC 11U C-2, C-3, C-4a (Op 156.3) uaz C-9a
(0 103.8) Lunfianlsnauvasny oxygenated prenyl nanitad (5 4.13, H-21) i
ANNFNAWS HMBC ludsaandiimanisuan C-7 (O 139.1), C-8 (O 124.2) uaz C-8a
(Oc 111.3) dmTaiunfidullsaauvaany prenyl BN W (O 3.60, H-16 LFAY
ANMNFNNUS HMBC nuazlsun@naisuau C-5 (O 112.2), C-6 (O 151.0) waz C-10a

(Oc 149.7) ndayafindIun1aduaanyvad oxygenated prenyl L%awayjﬁ'ﬂmaaéﬁa

WANOIULTUING NEWRATI C-8 LAz C-5 AWEIAD lAUFInLanAUYD oxygenated
prenyl §3151918u ZZA""® and A% lasandutayazas NOESY AWDANMUTURUT
289 H-16 (O 3.60) AU H-20 (O 4.30) uaz H-17 (S 5.40) fiu H-19 (O 1.73) Anwite
Wszg H-21 (04 4.13) iU H-25 (O} 4.26) uaz H-22 (04 5.59) il H-24 (O, 1.73) Fonn
817 G14 an L%‘Uﬂ%a 111 mckeanianone B %38 1,6,7 -trihydroxy-6 ,6'-dimethyl-2 H-

pyrano(2’,3':3,2)-5,8-di(4-hydroxy-3-methylbut-2-enyl)-xanthone

Mckeanianone B (G14): Yellow viscous oil; UV (CH;OH) ﬂymax nm (log &): 218 (4.49),
292 (4.57), 338 (4.18), 379 (3.96) ; IR (neat) V.. 3447, 1704, 1650, 1611, 1446, 1288
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cm™; "H NMR (400 MHz, CDCl;) and *C NMR (100 MHz, CDCls) spectral data see
1319 3; HRESI-TOFMS m/z 517.1839 [M+Na]" (calcd for 517.1838, C,gH3,05Na).

#1393 G17

fanwaemimamwiluvosnilafinass anuussdnasiny [M+Na]* fidn m/z
7 559.1945 (calcd. 559.1944) LLa:ﬁqmﬂmaqmﬂu CaH3,05 1INTBYA UV, IR, 'H Uaz
B¢ NMR fansaefiadoasinuas G14 sniudinmsinduussmitsunumsauiiauain
1763 cm”" Gaiduvasasuefiaieainas %aaa@ﬂﬁaoﬁuﬁaga 'H NMR AInu§ 1 mad
%yjaz%waﬂ%ﬁ O, 2.12 (3H, s) Im%yja:%mn%ﬁau%awagﬁ C-20 (& 63.6) a1diudaya
91 HMBC snasy Gowwniianlilsnan H,-20 (S 4.87) uaaanusunusiueniuadis
pa3nyardnand (O 171.7) andayatiadu a13 G17 {19891 mckeanianone C %38
1 ,6,7-trihydroxy-6,6'-dimethyl-2H—pyrano ( 2' 3" 3,2) -5-( 4-acetoxy-3-methylbut-2-enyl) -8-
(4-hydroxy-3-methylbut-2-enyl)-xanthone

Mckeanianone C (G17): Yellow viscous oil; UV (CH;0H) ﬂmax nm (log &): 217 (4.27),
295 (4.40), 338 (3.84), 383 (3.61); IR (neat) Vi,.: 3418, 1736, 1650, 1597, 1448, 1244
cm™; '"H NMR (400 MHz, CDCl;) and *C NMR (100 MHz, CDCl;) spectral data see
@159 3; HRESI-TOFMS m/z 559.1945 [M+Na]" (calcd for 559.1944, C;,H;,04Na).



"1919 3 NMR spectroscopic data (400 MHz, CDCl;) for mckeanianones A-C (G12, G14 and G17)

41

G12 G14 G17
Position
O, (Jin Hz) O (type) HMBC O, (Jin Hz) O (type) HMBC O, (Jin Hz) O, (type) ~ HMBC
1 156.7 (C) 157.7 (C) 158.0 (C)
2 104.7 (C) 104.3 (C) 104.5 (C)
3 157.7 (C) 159.7 (C) 159.7 (C)
4 106.9 (C) 6.25, s, 1H 941 (CH)  2,3,4a, 9 9 6.31, s, 1H 942 (CH)  2,3,4a, 9
4a 154.3 (C) 156.3 (C) 156.3 (C)
5 152.5°(C) 112.2 (C) 112.2 (C)
6 152.6°(C) 151.0 (C) 151.3 (C)
7 141.8 (C) 139.1 (C) 139.4 (C)
8 129.0 (C) 124.2 (C) 124.0 (C)
8a 111.8 (C) 111.3 (C) 111.3 (C)
9 183.5 (C) 182.8 (C) 182.9 (C)
9a 104.1 (C) 103.8 (C) 103.9 (C)
10a 153.6 (C) 149.7 (C) 150.0 (C)
11 6.69, d (10.0), 1H  116.5 (CH) 2, 3,13, 14 6.69, d (10.0), 1H 1158 (CH) 1,2,3,13, 14,15  6.73,d (10.0), 1H 1159 (CH) 1,2, 3, 13
12 5.69,d (10.0), 1H  128.0 (CH) 2, 13, 14 5.54,d (10.0), 1H 127.2 (CH) 2,13, 14, 15 5.56, d (10.0), 1H 127.2 (CH) 2, 13, 14, 15
13 78.5 (C) 78.0 (C) 78.0 (C)
14 1.47, s, 3H 28.4 (CHy) 12,13 1.44, s, 3H 28.4 (CH,) 12, 13,15 1.47,'s, 3H 285 (CHy) 12,13, 15
15 1.47, s, 3H 30.6 (CH;) 12, 13, 14 1.44, s, 3H 28.4 (CHy) 12,13, 14 1.47,'s, 3H 285 (CH,) 12, 13, 14
16 342,d(6.8),2H  21.9(CH,) 3,4, 4a, 17, 18 3.60,d (8.0),2H  22.4 (CH,) 5,6, 10a 3.67,d (7.4),2H 224 (CH,) 5,6, 10a, 17, 18
17 521, brt (6.8), 1H 1233 (CH) 4, 16 5.40,t(8.0), 1H 1254 (CH) 19,20 5.52,t(7.4), 1H 1275 (CH) 19, 20
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18 131.4 (C) 134.7 (C) 130.8 (C)
19 1.63, s, 3H 259 (CH,) 17, 18, 20 1.73, s, 3H 22.6 (CH,) 17, 18, 20 1.73, s, 3H 215 (CH,) 17, 18,20

20 1.83, s, 3H 18.1 (CH;) 17,18, 19 4.30, s, 2H 62.1 (CH,) 17,18, 19 4.87,s, 2H 63.6 (CH,) 17, 18, 19, CO(Ac)
21 417,d(6.2),2H 263 (CH,) 7,8, 8a,22 413,d(78),2H 261 (CH,) 7,8, 8a, 22, 23 421,d(8.0), 2H 265 (CH,) 7,8, 8a, 22, 23
22 531, brt (6.2), 1H  124.4 (CH) 8,21 559,t(7.8), 1H 1275 (CH) 8, 24,25 5.73,1(8.0), 1H 1285 (CH) 24,25

23 131.5 (C) 133.7 (C) 132.9 (C)

24 1.64, s, 3H 26.0 (CH,)  22,23,25 1.73, s, 3H 22.9 (CH,) 22,2325 1.79, s, 3H 234 (CH,) 22, 23,25

25 1.86, s, 3H 18.3 (CH,) 22, 23, 24 4.26, s, 2H 62.3 (CHy,) 22, 23,24 4.37,s, 2H 63.2 (CH,) 22, 23, 24

OH-1 13.97, s, 1H 1, 9a 13.78, brs, 1H 13.80, brs, 1H

CO(Ac) 171.7 (C)

CHa(Ac) 2.12,’s, 3H 212 (CH;) CO(Ac)

®Measured in acetone-dg, “These assignments could be interchanged.
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#1939 G20

anwmenInunwidusasudifinaes ﬁg@mawmmﬁ' 206-207 °C figasluiana
\I% CygH1e0s 1AUWY m/z 7i 312.09995 M]* Toya UV, IR uaz NMR Asnanuas 1,35
trihydroxyxanthone (G8) ANLI% MUY isoprene ﬁLﬂlsJ%u ‘ﬁ du 5.51 (1H, t, J = 6.6 Hz,
H-12), 4.72 (2H, d, J = 6.6 Hz, H-11), 1.80 (3H, s, H-15), 1.79 (3H, s, H-14) % ¢
isoprene Wi piidaurulassaPananaasuswlnuiidiunis c-3 (9, 167.2) 21duTaYa
HMBC fudu lapflugasnnusunutvaswniiaullsaan H-11 (3, 4.72) 7L C-3, C-12
(% 120.0) uaz C-13 (O 139.2) e91nans G20 391%3aidlu mckeanianone D %38 1,5-

dihydroxy-3-0O-(3-methylbut-2-enyl)-xanthone

OH
Mckeanianone D (G20): Yellow solid; mp 206-207 °C; UV (MeOH) ﬂmax (log &) 252

(4.20), 312 (3.85), 369 (3.18) nm; IR (neat) Vi.x 3385, 1653, 1569, 1456 cm™; "H NMR
(400 MHz, acetone-ds) and *C NMR (100 MHz, acetone-des) spectral data see ®11319 4;
HRMS (El): m/z 312.09995 [M]" (calcd for 312.09977, C4gH1605)

d17 G27

anwuznengiduyesudifinaes amﬂéﬁﬁqm%nﬁmnn’h 129 °C andaya
UWNRRLUNATUNURTY U1 wvad [M+H] Al m/z 343.1179 LLazqmﬂmLaqaLﬂu C19H1505
Toyar89 UV, IR Laz NMR ad18AURT 1,3,6-trihydroxy-7-methoxyxanthone (G23) Uil
AuanaaiuasIRInTR N uYa R isoprene 7 O, 5.30 (1H, t, J = 7.2 Hz, H-12),
3.37 (2H, d, J = 7.2 Hz, H-11), 1.80 (3H, s, H-15), 1.66 (3H, s, H-14) mﬂ‘*ﬂ“aga HMBC
WU BUIY isoprene ﬁLﬁm{m:L%auagﬁ'ﬂmaaéﬁwé’ﬂmaal,vmiﬂuﬁ@mmm C-2 (04
110.4) lagTaya HMBC wnfifuluinan H-11 (O 3.37) URAIANFNRUIAY C-1 (Op
161.2), C-2, C-12 (% 123.4) uaz C-13 (% 1315) Gsfudulassas19v09813
mckeanianone E 1 % 1,3,6-trihydroxy-7-methyoxy-2-( 3-methylbut-2-enyl)-xanthone ‘% J

AN va o 6 ' ' = v
ﬁ’]i%vL@]ﬂJﬂ’li‘i’] mmlumsaomsw:%mnammvlwmﬁ mmmagamomﬂﬂimﬂﬂﬂ
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Mckeanianone E (G27): Yellow solid; mp decomposed >129 °C; UV (MeOH) ﬂmax (log

&) 258 (4.41), 320 (4.18), 366 (3.98) nm; IR (neat) V. 3269, 1647, 1559, 1482 cm™;
'H NMR (500 MHz, acetone-ds) and *C NMR (125 MHz, acetone-ds) spectral data see
13719 4; HRESI-TOFMS: m/z 343.1179 [M+H]" (calcd for 343.1182, C4gH1405).

®1919 4 NMR spectroscopic data of mckeanianones D (G20) and E (G27)

G20 G27
Position
. (J in Hz) O (type) ~ HMBC O, (Jin Hz) O, (type) ~ HMBC?
1 164.4 (C) 161.2 (C)
2 6.35, d (2.2), 1H 98.4 (CH) 1,3,4,9a 110.4 (C)
3 167.2 (C) 163.2 (C)
4 6.57, d (2.2), 1H 941 (CH) 2, 3,4a,9, 9 6.49, s, 1H 939 (CH)  2,3,4a,9 9
4a 158.5 (C) 156.6 (C)
5 147.0 (C) 6.92, s, 1H 103.5 (CH) 7, 8a, 9, 10a
6 7.36,dd (7.9, 1.5), 1H 121.5 (CH) 8, 10a 155.0 (C)
7 7.29,t(7.9), 1H 125.0 (CH) 5, 8a 146.6 (C)
8 7.67,dd (7.9, 1.5), 1H 116.3 (CH) 6,9, 10a 7.56, s, 1H 105.7 (CH) 6,7, 9
8a 1225 (C) 113.1 (C)
9 182.0 (C) 180.5 (C)
9a 104.2 (C) 103.2 (C)
10a 146.1 (C) 153.3 (C)
11 4.72, d (6.6), 2H 66.4 (CH,) 3,12, 13 3.37,d(7.2),2H 220 (CH,) 1,2, 12, 13
12 5.51, t (6.6), TH 120.0 (CH) 14, 15 5.30,1(7.2), 1H 1234 (CH) 14,15
13 139.2 (C) 1315 (C)
14 1.79, s, 3H 25.8 (CH,) 12, 13, 15 1.66, s, 3H 259 (CH;) 12,13, 15
15 1.80, s, 3H 18.3 (CHy) 12, 13, 14 1.80, s, 3H 17.9 (CH,) 12, 13, 14
OH-1  12.91, brs, 1H 13.45, brs, 1H
OMe-7 3.99, s, 3H 56.6 (CHy) 7

@ Recorded at 500 MHz

817 G18

JanumetduyaIndIRnaa ﬁ;@mawmmﬁ 237-239 °C ﬁgmimaqmﬂu
CatHp0010 TIURAI m/z 71 553.1155 (caled. 553.1135) [M+H]" UV siUnasuuaaddInig

g@ﬂﬁmmamnﬁq@luﬁ 218, 269 LAz 331 nm 1upmeN IR RIUNATULRAILDUNITIUDD

W3 hydroxyl L& ﬂaugmmmﬁ?uaﬁaﬁmwﬁu 3444 uaz 1650 cm™” @ UR1AL 97N

s1Unasuved 'H NMR uaad sesdyanmvedfaalansendadi O, 13.09 uaz 12.97 (1H,

brs) 2 TadyIvad 4 azxlaundnliinau 183 89924 p-substituted aromatic 7i O 7.49
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(2H, d, J = 8.4 Hz, H-2", H-6"), 6.76 (2H, d, J = 8.4 Hz, H-3", H-5"); w8z 7.74 (2H, d, J

’

= 8.4 Hz, H-2""', H-6"""), 6.97 (2H, d, J = 8.4 Hz, H-3""", H-5""" Galupasiseslsundn
B uwaz E @NEAL WU 4 §ynoevad Singlet azlvan@nldaau Al &, 6.63, 6.57, 6.33
ez 6.33 waaz 1H Aadiunibafi H-8, H-3", H-6 uaz H-6" auseL LazwylunNnand 7
O, 3.82 (3H, s) :naLUnasuaad °C NMR waz DEPT135 WU 27 Sy thUay 31

A1suaw wuadn 18 @ratnasuiInsuen (0:183.3, 182.1, 165.2, 165.1, 164.7, 163.6,
163.5, 163.1, 163.0, 160.8, 158.9, 156.4, 124.8, 124.2, 111.2, 105.6, 104.7 W8z 100.5)

12 lwn'lnitansuan (% 130.9 (2C), 128.8 (2C), 116.1 (2C), 115.4 (2C), 104.5, 99.9,
99.8 UAz 94.7) WAz WHIWARATLEU (O 55.9) nTaya 2D NMR wud Aaalaasen
FaN %, 12.97 UFAIAMUFUNHE HMBC AU C-5 (O 163.1), C-6 (O 99.8) Uz C-10 (O
104.7) azlsun@nTdsaend 3, 6.33 agjﬁﬁumﬂaﬁ 6 lavandudays HMQC uazuaad
ANMUFUWWERD C-7 (O 165.2) uaz C-8 (O, 94.7) Fsazlsundnlisaomn H-6 LFAIFAIL
AU H-8 (O, 6.57) lumiUnasy COSY wazlUsnat H-8 LRAIAMUTFNWUSIAL C-4 (O
182.1), C-6, C-7, C-9 (% 158.9) uaz C-10 lualnasy HVMBC #anainianusuwus

HMBC 2adazlsundnlusaaw H-2" (O 7.49 28979 p-substituted aromatic) kaz C-2 (Op
165.1) LRAILALANING p-substituted aromatic L%auagﬁ@mmm C-2 a4lATIRIINAN
FANEIURIIT C-4" 28979 p-substituted aromatic gmmuﬁiﬂwg hydroxyl asandn
ﬁﬂ”a%ﬂﬁﬁﬂﬁngﬁamm"h mﬂ"ﬁ’agaﬁauwﬁﬁiﬁm%@htmﬁ@”a%ﬂﬁmm C-3 (0 111.2),
C-5 uay C-7 ¥l laduvad 3-substitued-5,7-dihydroxy-(4-hydroxyphenyl) flavone i
sauvasvalandnwing wud Aaalaasendad O, 13.09 L%awagﬁ@‘inmm c-5" (O
163.0) NANNFNANUT HMBC nu C-5", C-6" (O 99.9) uaz C-10" (O 105.6) ladiiia
Tsaaudi &, 6.63 (H-3") uaaIATY ™ cross peak U C-2" (& 164.7), C-4" (&, 183.3),
C-10" uaz C-1""" (S 124.2) 28979 p-substituted aromatic wanwiiaaniii c-4"" va4
’mﬁﬂ'&gmmuﬁﬁawg hydroxyl aandLafiaadwWriaasarfuaniiguindn (O 163.6)
gmsuaslsundnldsnend O, 6.33 agun c-6" 91ndaya HMQC LAZIAMNENNUT L1
f1Unasu HMBC nu C-3, c-4", c-5", c-7" (O 163.5), C-8" (O 100.5) uaz C-10" a1n
AMUFURUT HMBC 289 H-6" 11y C-3 uaasldifuiinalougasniig andanud
Gunig C-3 uaz c-8” I@Uaa@ﬂéfaaﬂ”u*’ffayjamﬂﬂimﬂﬂﬁmaam'ﬁﬁ'ﬁmsswmmﬁau
%1 biapigenin wae 4'"'-O-methyl-biapigenin Sfjoﬁﬁaga 'H uaz °C NMR aangafsny

o ' { o~ & v & § . i .
ﬂﬂnuﬁgmwwans‘ﬁﬁl,wwum AJbUE1T G18 U%a31 mckeaniabiflavone n3a 7”-

methoxy—4' ,4' " ,5,5",7-pentahydroxy-[3—)8"]-biﬂavone
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Mckeaniabiflavone (G18): Yellow solid; mp 237-239 °C; uv (CH3;0H) ﬂmax nm (log &):

218 (4.57), 269 (4.51), 331 (4.30); IR (neat)

3444, 1650, 1608,1508, 1178 cm™;

'H NMR (400 MHz, Acetone-dg) and *C NMR (100 MHz, Acetone-d;) spectral data see
®1319 5; HRESI-TOFMS m/z found 553.1155 [M+H]" (calcd for 553.1135, C31H1O4o).

®1919 5 NMR (400 MHz) Data of G18 in Acetone-dg

Position O, type

O, (mult., J in Hz)

HMBC ('H—"C)

2 165.1
111.2
182.1
163.1

3

4

5

6 99.8
7 165.2
8 94.7
9 158.9
10 104.7
1! 124.8

2! 130.9

~

116.1

~

160.8

~

116.1

<

130.9

~
I

164.7

~
N

104.5

-
N

183.3

~
I

163.0

>
N

99.9

~
N

163.5

~
I

100.5

o N o o A W N OO 0 b~ W

O O O o

CH

CH
CH

CH
CH

CH

6.33 (brs)

6.57 (brs)

7.49 (d, 8.4)
6.76 (d, 8.4)

6.76 (d, 8.4)
7.49 (d, 8.4)

6.63 (s)

6.33 (brs)

7,8

4,6,7,9,10

, 107,

n

3’ 4!1’ 5H’ 7H’ 8”, 10




9" 156.4
10" 105.6
1" 124.2
2" 128.8
3'" 115.4
4" 163.6
5'" 115.4
6"’ 128.8

7"-0CH, 559

CH
CH

CH
CH

7.74 (d, 8.4)
6.97 (d, 8.4)

6.97 (d, 8.4)
7.74 (d, 8.4)
3.82 (s)

12.97 (br s)
13.09 (br s)

e e

3,4
111 4"
114
4" 5"
7"

5,6, 10
5!1’ 6" 10"

°q: ) a A(dl n€ A
N IyIgndnld lunaseugniniedinin
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Q€9/
ANdaU

[~ . . . N &
418138 (Antimalaria, P. falciparum), tm'ﬁmw,enaﬁmnwaamﬂ (KB) uae

=y & A A o A A o ¢ i
ﬂﬂﬁ@nuLﬁaLLUﬂ‘ﬂLjﬂvL@LLﬂ RUANLIYLNINUIN 4 ﬁflﬂwu‘q; Bacillus cereus

TISTR 688, B. subtilis TISTR 008, Micrococcus luteus TISTR 884

bR

Staphylococcus aureus TISTR 1466 WAZLWUATILIOWATNAL 4 &IUWUS;

Escherichia coli TISTR 780, Pseudomonas aeruginosa TISTR 781, Salmonella

typhimurium TISTR 292 W&z Staphylococcus epidermidis ATCC 12228 WTNI 3

A o e Aa A a5 ~
TUA vL@V]@ﬁE]UE]Y]ﬁ@]’]uLLUﬂV]LiEI ﬁﬁdﬁﬁiqﬂﬁﬂd‘lﬁummﬂdf}ﬂﬁ MIC > 100 /Jg/mL

v Qg { U
pniiu 13 D7 usednniangalumsduuuafiss B subtiis, E. coli uaz P.

H { Qg { v
aeruginosa s MIC 32 UgimL Il anin1sTrnwans lanamnasauids

AIMI519 6-8.
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£ a L4
M1319 6 Nﬁﬂ']i‘ﬂﬂﬁﬂﬂi]ﬂﬁﬂ'l\‘l%?ﬂﬁw?c]'lﬂﬁ'l?ﬂﬁi‘!ﬂﬁﬁuﬂﬂlﬁ mniumaaﬁuqma

AaY (ICs, Ma/mL)

Cytotoxic activities Antimalarial activity against

Compounds P. falciparum (ICsy, dg/mL)
KB Vero cells TM4 K1

D1 = - 11.7+5.07 12.8+8.10
D2 = = & 16.1£0.15
D4 - - 18.218.93 27.248.09
D6 - 7.99+2.84 2.04£0.20 1.8410.48
D7 - 44.016.70 33.217.41 27.917.38
D14 = - 1.82 + 0.66 3.12£0.38
Doxorubicin® 0.56
Ellipticine® 0.093
Chloroquine’ 0.0096 0.08910.012
Cycloguanil’ 0.009510.003 0.81+0.19
Pyrimethamine? 0.01910.003 7.712.1

®Inactive > 20 Ug/mL. ®Inactive > 50 MUg/mL. “Positive control for cytotoxic assay. “Reference drugs

for antiplasmodial activity. Compounds D3, D5 and D8-D13 were inactive to all assays.
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£ a L4 a
1319 7 Naﬂ']i‘nG’lﬁani]‘ﬂﬁﬂ'l\‘l%')ﬂ']ﬂﬁ]"lﬂﬁ'lﬁﬂﬁi‘!ﬂﬁﬁuﬂﬂlﬁ '1]'1ﬂ1‘]JLLa$ﬂ\‘i°llﬂ\‘l(§gf%

NI (ICs, Mg/mL)

Cytotoxic activity

Antimalarial activity against

Compounds P. falciparum

KB Vero cells TM4 K1
M1 - - 6.86 £ 1.19 9.33 £ 3.40
M2 - = 9.44 £ 0.45 3.97 £ 1.52
M3 . - 14.7 + 0.36 11.5 + 3.54
M4 . - 13.6 £ 1.64 9.32 +4.98
M5 . - - 10.8 + 1.16
M8 . - 11.3 £ 6.54 10.0 £ 4.22
M9 3.10 £ 0.03 411 £0.15 3.39 £ 0.62 277 £0.29
M11 & -2 14.8 + 2.45 4.65 + 1.38
M12 A - - 17.2 £ 1.84
M13 > - 2 7.12 £ 0.62
Doxorubicin® 0.56
Ellipticine® 0.093
Chloroquine’ 0.0096 0.089 & 0.012
Cycloguanil® 0.0095 T 0.003 0.81 £ 0.19
Pyrimethamine® 0.019 £ 0.003 7.7 121

“Inactive > 20 Ug/mL. “Inactive > 10 g/mL. °Positive control for cytotoxic assay.

Reference drugs for antiplasmodial activity. Compounds M6, M7, M10 and M14 were inactive to all

assays.
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:ﬁ} = a tfd‘ v = o Y
M1319 8 Naﬂ'ﬁ‘nﬂﬁaﬂi]ﬂﬁﬂ’]d’li']ﬂ'lﬂﬁ]’]ﬂﬁ’]iﬂiﬁ!‘ﬂﬁﬂLLEJf’IlG’I Nntlaananan 11J

uaznalnaiaasannzaz (ICs, Um)

Antimalarial activity against

Cytotoxicity

Compounds P. falciparum

KB Vero cells TM4 K1
G4 - 36.518.0 13.714.5 19.812.0
G5 -* 31.3126 39.116.3 32.715.99
G6 2 =P 14.912.0 14.913.3
G7 -b 22.931.0 10.411.9 11.512.0
G12 2.3 5.1 6.210.4 5.210.4
G13 7.6 6.9 8.511.2 3.6X1.7
G14 26.913.6 12.610.9 6.710.6 6.410.5
G15 17.5 13.214.6 8.310.9 7.311.2
G17 -? 295139 6.011.1 6.610.7
G20 -? -2 15.1.013.9 14.3X1.8
G21 -2 -? 22.1%0.7 19.5%1.0
G26 -? 25.311.4 10.810.7 15.412.6
G27 -2 -@ 27.713.4 25.712.3
Chloroquine® 0.03 0.310.04
Cycloguanil® 0.0410.01  3.210.8
Pyrimethamine® 0.08+0.01  31.0t84
Doxorubicin® 1.0 -
Ellipticine? - 0.4

" Concentration in Ma/mL. ?Inactive >50 fig/mL."Inactive >20 L. “Standard compound for
antimalarial activity. “Standard compound for cytotoxicity. Compounds G1-G3, G8-G11, G16, G18-

G19 and G22-G25 were inactive to all assays.

g3duaniInnaas

mﬂmiﬁm:maoﬁﬂszﬂaumamﬁmnﬁuqma@aalzhu‘lu LENEINEMITNNG
Tassgoud 14 &3 (D1-D14) sawluuazionasduizaiaden smansousnasdlsznay
maadl 14 ssauni laswusslng 5 a3 @e miliusacunines A-E (M1-M5) uazan3nid
mMsneulaeenudlin 9 ;3 (Me-M14) luvmsidunza: srudfandu lu uasis
T wuasdtsznoumaedfuenldiwin 27 a3 wiadusslwi 6 a3 Ao
mckeanianones A-E (G12, G14, G17, G20 .8z G27) LLaz mckeaniabiflavone (G18) Liag
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NI EUlasaiI9ua? 21 813 (G1-G11, G13, G15-G16, G19 uaz G21-G26) 6
yW3IAay 13 D14 uFAInNTEuINaLSy Tfla TM4 Aligafien 1.82:0.66 UgmL uala
HwRuruasng vafians D1-D2, D4 \.ax D6-D7 LLa@]mﬂﬁumsﬁmmmL‘%ﬂ Tuga9
ICs0 2.04 - 33.2 U8z 1.84 - 27.9 Ug/mL Aol TM4 uaz K1 audney duszaiadon ans
M9 LL&@Nqw%‘Luﬂﬁi@T’luLsﬁaﬁuzﬁoﬂiaamﬂ (KB) @181@1 ICs LYINNU 3.10+0.03 g/mL
LL&:LL&NQ%%%%L%@mmf%'smgoaaaﬁﬁq@ @286 1Csy LYY 3.39+0.62 WAz 2.77+0.29
Ug/mL daziia TM4 uaz K1 ausiaw LASILRAIgNIRBLTRSUNGT 1Cs, MY of
4.11:0.15 Ug/mL Vmzfi M1-M5, M8, uaz M11-M13 ugaignilunisduanaisoiasnda
M9 laefiFn ICs w329 6.86 - 14.8 uaz 3.97 - 17.2 Ug/mL davlia TM4 uaz K1
audey warsnueliiduisdomadng lasas M1 dunaisoria TM4 ﬁﬁqm‘f’m
A ICso NNL 6.86+1.19 Ug/mL fMILAMUIANIHTHA K1 813 M2 LRI ICs
WiNNU 3.97+1.52 Ug/mL duNzaz 817 G12-G15 waeIgNBlunsEwITaa NS TN
UaZLTasUNE GueN ICs 1WT9 2.3 - 26.913.6 Uaz 5.1 - 13.214.6 UM w6 813
G4 usasgnilumsswassunSitasnauiwudsmassundladie  dugns
W8Sy 813 G12-G15 uaz G17 URAIONINGIWNIIEIRINE1NSS @861 ICs, TWTs
6.0£1.1 - 8.511.2 uaz 3.611.7 - 7.311.2 UM davfia TM4 uaz K1 ewiau lasans
G17 duIaIuTia TM4 ﬁ‘ﬁq@ﬁ’mm ICso LYINNL 6.0+1.1 UM S1WILGBINANILTHA
K1 813 G13 L&AIAT ICs ﬁ‘ﬁ'q@mﬂﬁ'u 3.6+1.7 UM Twsmeiansuswlnuannivaiiuges

gnBlumsduan ssududinlng

a A A A o
NINIIINDW JNLNYIVDY

laidi

Januazalasia

i

&
AINLARWLIA z?ffa Ldallie

i
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© Supporting Information

ABSTRACT: Five new oxoprotoberberine alkaloids, milinsa-
cunines A—E (1—S§), along with nine known compounds, 6—
14, were izolated from an acetone extract of the leaves and
twigs of Miliusa cuneata. Their structures were elucidated by §
spectroscopic analysis. All isolated compounds were evaluated
for their cytotoxicities against the KB and Vero cell lines and
for antimalarial activities against the Plasmodium falciparum
strains TM4 and K1 (a sensitive and a multi-drug-resistan
strain, respectively). Compound 1 showed in vitro anti i
activity against the TM# strain, with an IC¢; value of 19.3 +
34 pM, and compound 2 demonstrated significant activity against the K1 strain, with an IC;; velue of 10.8 + 4.1 M. Both
compounds showed no discernible cytotoxicity to the Vero cell line at the concentration levels evaluated.

OCH;
1R, =0CHy, Ry = OH 4R=0OH
2R, = OCHy, R, = OCH; SR =0CH;
3R, =O0H, R, = OCH,

he plant genus Miliuse (Annonaceae) comprises about 50 B RESULTS AND DISCUSSION

species and is distributed from the Indian subcontinent to Column chromatographic separation of an acetone extract of
Indochina, the Malaysia Peninsula, and the Southeast Asian the leaves of M. cuneata afforded five new alkaloids,
islands, to New Guinea and northern Australia.' Some species mﬂiu;ym;i;es A-E 3(’},—5). along v;igt:'ﬁve known compounds,
ilized i - s namely, S-hydroxy-3,7-dimethoxy-3/,4’-methylenedioxyflavone
. v s oum s 3 toni nd phoodia g (O Bacypodol ()% 4y 3575 ;
P A flavone (8),"® (+)-miliusol (9),'® and (+)-syringaresinol (10)."
M. balansae for gastropathy and glomerulonephropathy.” The Also, an acetone extract of the twigs of M. cuneata was
plants from this genus are reported to contain secondary subjected to column chromatography over silica gel and
metabolites inclusive of alkaloids," acetogenins,” homoge-  Sephadex LH-20 to provide six known substances, compounds
ntisic acid derfvatives,”'° flavonoids,”*"* dihydrochalcones,” 6 and 7, chrysoplenetin (11),” N:trans-feruloyltyramine
neolignans and lignans,"' and terpenoids.® Several of these (121 ) N'mfﬁfﬁme (13)," and N-frans-coumar-
chemical mm‘;ﬁ’sts ex?n'b-lted antibacterial,” cytotoxic, ™™ ™* Compound 1 was isolated as a bright pink solid with mp
and antiherpetic™"" activities. 218-220 °C and demonstrated a molecular formula of
Miliusa cuneata Craib is Imown locally in Thailand as “Ra- C1oHsNOy, as assigned from the HRESIMS ion peak at m/z
Khang-Khieo", Recently, two new isoquinoline alkaloids and 13 356.1136 [M + H]" (caled 356.1134). The UV spectrum
known alkaloids were isolated from the stems and leaves of gﬂglayedm;xti:i:ltébwmﬂonbmds at)-ti:m, 33&;71, and
M. cuneata.* Herein are reported the isolation and structure e, an spectrum revealed the presence of one or
elucidation of five new rel’l'ot:obetbm’ineﬁ miliusacunines A— o hydrfxy groups (3419 c'.n_l)’ X cnjagated amld._e S
W OXOp! ! (1649 cm™), and an aromatic (1584 and 1504 cm™) ring
E (1—5), togetherwuh nine known compounds (6—14), from system, mdunhng the presence of ian oxoprotoberberine
an acetone extract of the leaves and twigs of M. cuneate as well nuclens.** The 'H NMR spectrum (Table 1) displayed
as an evaluation of their in vitro biological activities against the
Plasmodium falciparum strains TM4 and K1 and the human oral Received: November 27, 2015

epidermal carcinoma (KB) cell line. Published: March 1, 2016

E - © 2016 American Chemica| Saclety and
American Soc of Pha 978 DOt 10,1021/ .5h01054
<7 ACS Publications ety of Pharmacognosy % 101021/ utprod
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Chart 1

OCH;

1 R, = OCHj, R, = OH
2 R, = OCHj, Ry = OCH; 5 R=0CH;

3 R, =OH, R, = 0OCH; =
OH
=
0
0
0
6 7 R;=OH,R,=H 9
8 R,=O0CH;,R,=H
11 R, =OH, R, = OCH,
OCH; P /\/©/OH
0,
H,CO - OH NNy
“H H
HO ' ocH,  HO
(0] R 12 R=OCH,
H;CO 10 13 R=0H
14 R=H

Table 1, "H NMR {400 MHz) and *C NMR (100 MHz) Data of Miliugacunines A and B (1 and 2) in Acetone-dy and
Miliusacunine C (3) in CDCl,

1 2 3

position d¢, type 3y UinHz}  HMBC® ég type 3y (JinHz) HMBC® Oc type &y (finHz) HMBC®

1 107, CH 71%a 13,2,3,45,13a 1053, CH 734,a mi :’. 3,48, 1030, CH 704 2,3,49, 132

1a 1261, C 1263, C 1215, C

2 1529, C 1540, C 1472, C

3 1377, C 441, C 1398, C

4 1475, C 5L, C 1438, C

4 1162, C 1225, C 1221, cC

s 214, CH, 2961t(62) 134,486 220, CH, 298,¢(62) 1a4486 216 CH, 298t(56) 1a4,4%6

6 ¥4 CH, 424,t(62) 45,58 13 397, CH, 423,t(62) 49,5813 390, CH, 425t(56) 45,58 1%

8 1658, C 1661%, C 1650, C

8a 1116, C 1119, C 1099, C

9 1481, C 1483°%, C 1468, C

10 1432, C 1434, C 1418, C

11 1231, CH 725d(84) 9,10, I2a 1225, CH 726d4(84) 91012 1216, CH 728, d(82) 910,12

12 1167, CH 702,d(84) s-ism, 11, 123, 1170, CH 703,d(B4) 83, 1011,13 1160, CH 697, d4(82) 810,13

12a 1306 C 1308, C 1302, C

13 1049, CH 7243 1a 83, 12,122, 1052, CH 7253 13, 83, 12, 1038, CH 6863 Ia, 84, 11,
132 13 13

13a 1350, C 1347, C 147, C

o(czgx, 562, CH; 3953 2 566, CH, 3953 2 567, CH; 4005 2

O(Ci‘lilg 608 CH, 384,s 3 613, CHy 3883 3

ogl)i, 611, CH, 389 4 610, CH, 39Ls 4

OH (9) 13.17,brs 13.15,brs

“HMBC correlations are from proton(s) stated to the indicated carbon. *Observed from the HMBC spectrum.

resonances for a chelated hydroxy group (8 13.17, 1H, br s),
two ortho-coupled aromatic protons [8y 7.25 (1H, d, ] = 84

979

Hz) and 7.02 (1H, d, J = 8.4 Hz)], a singlet aromatic proton
(8 7.12), a singlet olefinic proton (8y 7.24), a set of coupled

DOk 10.1021/acs )natprod Sb01054

L Nat. Prod. 26, 79, 97893
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Table 2. '"H NMR (400 MHz) and *3C NMR (100 MHz) Data of Miliusacunines D and E (4 and §) in CDCl,

4 5
position 8¢, type 8 (J in Hz) HMBC* 8¢, type 8 (J in Hz) HMBC*

1 103.8, CH 652, s 1a,2, 3, 4a, 132 1049, CH 653, s 13,2, 3, 43, 132
la 1267, C 1311, (of
2 146.8, C 1527, C
3 1373, C 1405°, Cc
4 1443, C 1510, C
4a 1213, C 1214, C
5 23.0, CH, 3.05, brd (15.7) 1a,4,4a, 6 23.0, CH, 3.03, brd (162) la, 42, 6

270, m 13, 4,44, 6 2.70, m 1a, 4,49, 6
6 8.0, CH, 4.88, br d (13.2) 43, 5,8, 13a 382, CH, 4.87, br d (13.0) 49,5, 13a

2.86, brd (14.1) 4a, 5,13 2.85, brd (12.2) 49,5, 13a
8 168.5, C 168.6, C
8a 1112, C 1113, C
9 148.6, C 1487, C
10 1439, C 144.1, C
11 1182, CH 699, d (8.0) 9, 10, 12a 1184, CH 699,d (7.7) 9, 10, 12a
12 116.8, CH 661, d (8.0) 83, 10, 11, 13 1169, CH 661,d (7.7) 83, 10, 11, 13
12a 1283, (03 1283, (o}
13 371, CH, 3.14, brd (153)* 1a, 8a, 12, 371, CH, 3.15, brd (152)* 83, 12, 122, 13a

12a, 13a

2.89, br t (15.3)° 1a, 8a, 11, 12, 123, 13a 291, br t (152)° 1a, 82, 11, 12, 12a, 13a
13a 55.7, CH 483, br d (132)” 1, 1a, 4a, 13 559, CH 482, br d (135)* 1, 1a, 4, 13
OCH;, (2) 56.4, CH, 392, 2 564, CH, 392, s 2
OCH; (3) 610, CH; 3.89, s 3
OCH; (4) 60.6, CH, 3.89, s 4 61.1, CH, 3.89, s 4
OH (9) 12.75, br s 12.74, br s
OH (10) 5.59,brs

“HMBC correlations are from proton(s) stated to the indicated carbon. Signal partially obscured. “Observed from the HMBC spectrum.

methylene protons [8 424 (2H, t, J = 6.2 Hz) and 2.96 (2H, ¢,
J = 62 Hz)], and two methoxy groups at 8y 3.95 and 3.84
(each, 3H, s). Compound 1 showed resonances for an amide
carbonyl (6 165.8), 10 quaternary carbons (8¢ 1529, 148.1,
147.5, 1432, 137.7, 135.0, 130.6, 126.1, 116.2, and 111.6), four
methines (6 123.1, 116.7, 104.9, and 100.7), two methylenes
(8¢ 39.4 and 21.4), and two methoxy groups (5 60.8 and 56.2)
in the 3C NMR and DEPT spectra (Table 1). The chelated
hydroxy proton at &y 13.17 was located at C-9 (¢ 148.1) due
to being hydrogen bonded to the amide carbonyl carbon at C-8
(6c 165.8). Two ortho-coupled aromatic protons at 8y 7.25 and
7.02 were assigned to H-11/5¢ 123.1 and H-12/8; 116.7,
respectively, on the basis of the correlations of H-11 with C-9,
C-10 (5 143.2), and C-12a (8 130.6) and H-12 with C-8a (5¢
1116), C-10, and C-13 (8¢ 104.9) in the HMBC spectrum.
The olefinic proton resonating at &y 7.24 was assigned as H-13
based on HMQC and HMBC correlations. These data together
with the carbon chemical shifts of C-9 and C-10 confirmed the
presence of the hydroxy groups at C-9 and C-10. The low-field
methylene protons at & 4.24 were assigned to H-6 due to the
inductive effect of the N atom of the amide group and HMBC
correlations with C-4a (8 1162), C-5 (5; 214), C-8 (¢
165.8), and C-13a (8c 135.0). The remaining coupled
methylene protons at 8y 2.96 were attributed to H-5. The
substituent at C4 was identified as a hydroxy group from its
3C NMR chemical shift (8¢ 147.5) and the HMBC correlation
between H-5 and C-4. The two methoxy groups (& 3.95 and
3.84) were located at C-2 (6c 152.9) and C-3 (¢ 137.7),
respectively, on the basis of HMBC correlations and their *C
NMR chemical shifts. The resonance for C-3 appeared at a high
field (6c 137.7) due to the occurrence of two ortho oxygen

substituents. The singlet aromatic proton resonance at 8y 7.12
was assigned to H-1, on the basis of the HMBC correlations
with C-2, C-3, and C-13a. Consequently, compound 1
(miliusacunine A) was elucidated as 8-0x0-4,9,10-trihydroxy-
2,3-dimethoxy-3,6-dihydroberberine.

Compound 2 was obtained as a yellow solid (mp 217—218
°C), which showed a [M + Na]* ion at m/z 392.1112 in the
HRESIMS, consistent with a molecular formula of
CyH;sNOgNa (caled 392.1110). The spectroscopic data of
compound 2 were similar to those of 1, except that compound
2 displayed an additional methoxy group resonance at &y 3.89.
This methoxy group was located at C-4 (8¢ 151.1) based on
the HMBC correlation with C4. This assignment was further
supported from the HMBC correlation between the methylene
protons H-S [8y 2.98 (t, ] = 62 Hz)] and C4. Therefore,
compound 2 (miliusacunine B) was characterized as the 4-O-
methyl ether of compound 1.

Compound 3 was obtained as a brownish-red gum, and its
UV and IR data were similar to those of compound 1. Its 'H
NMR and *C NMR data indicated one of the methoxy groups
in 3 to be located at a different position from that found in 1.
The methoxy group resonance at 8y 3.91 showed a HMBC
correlation to C-4 (§; 143.8), while a HMBC correlation
between the methylene protons H-§ [y 2.98 (t, ] = 5.6 Hz)]
and C-4 was also observed. This indicated that the methoxy
group is located at C-4. The other methoxy group (5 4.00)
was located at C-2 (8 147.2), according to its HMBC
correlation with C-2. The substituent at C-3 was assigned as a
hydroxy group by the relative high field *C NMR chemical
shift of C-3 at 8¢ 139.8 due to its two ortho oxygen substituents.
The locations of the methoxy and hydroxy groups attached at
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Table 3. Cytotoxic and Antimalarial Activities of Compounds 1—14 (IC,, #M)

cytotoxic activity antimalarial activity against P. falciparum

compound KB Vero cells TM4 K1
1 ® * 193 + 34 263 + 96
2 = * 256 + 12 10.8 + 4.1
3 ¥ e 414 £ 10 324 x 100
4 o i 38146 26.1 £+ 139
5 o o * 29.1 £3.1
6 a = a a
7 a = a @
8 o = 315 + 183 279 + 118
9 102+ 0.1 135 £ 0.5 111 +£ 2.0 91+10
10 a a a =
1 “ * 395 + 65 124 + 37
12 = = = 549 + 59
13 i ¥ B 238 +21
l 4 “- a - a
doxorubicin® Lo
ellipticine® 04
chloroquine® 0.03 0.3 + 004
cycloguanil® 0.04 + 001 32+08
pyrimethamine® 0.08 + 001 310 + 84

“Inactive at ICs, > 47.8 M. “Positive control for cytotoxic assay. “Reference drugs for antiplasmodial assays.

C-2 and C-3, respectively, were also confirmed by the HMBC
correlations between the aromatic proton H-1 (8y 7.04/8.
103.0) and C-2 and C-3. Thus, the structure of 3
(miliusacunine C) was assigned as 8-oxo0-3,9,10-trihydroxy-
2,4-dimethoxy-5,6-dihydroberberine.

Compound 4 was obtained as a brownish-yellow gum and
gave a specific rotation of [@]®, —175 (¢ 0.07, MeOH). The
'H NMR spectroscopic data of 4 were similar to those of 3.
The main differences found were the additional methine 'H
NMR signal [8y 4.83 (1H, br d, J = 13.2 Hz)], which was
coupled to two diastereotopic methylene protons (8 3.14 (1H,
br d, J = 153 Hz) and 2.89 (1H, br t, J = 153 Hz)] for
compound 4. This methylene group was situated at C-13 (6¢
37.1) by the observation of its HMQC cross-peak and the
HMBC correlations of H-13 to C-1a (§c 126.7), C-8a (6¢
111.2), C-12 (8; 116.8), C-12a (5 128.2), and C-13a (5,
55.7) and between the aromatic proton H-12 [8y 6.61 (d, J =
8.0 Hz)] and C-13. The methine proton (8 4.83) was located
at C-13a (§c 55.7) from the correlation between the singlet
aromatic proton at 8y 6.52 (H-1) and C-13a in the HMBC
spectrum. Therefore, the structure of 4 (miliusacunine D) was
analyzed as (—)-(S)-8-0x0-3,9,10-trihydroxy-2,4-dimethoxy-
5,6,13,13a-tetrahydroberberine. Its configuration was assigned
based on the sign of its specific rotation when compared to that
of the related compound (8)-(—)-2,3-dimethoxy-8-oxoberbine,
[alp —413.8 (¢ 0.36, CHCl,),>* for which the structure was
assigned using X-ray crystallography.

Compound § was obtained as a yellow gum with a specific
rotation of [a]®, —93 (c 0.02, MeOH). Comparison of its
NMR data with those of 4 showed the presence of an additional
resonance for a methoxy group (8y 3.89) in S, which was
located at C-3 on the basis of its HMBC correlation with C-3
(6¢ 140.9). The aromatic proton H-1 (8 6.53) correlated to
C-3 in the HMBC spectram, further supporting the location of
the additional methoxy group. Thus, the structure of §
(miliusacunine E) was assigned as the (—)-(S)-3-O-methyl
ether of compound 4.

981

All of the isolated compounds were evaluated for their
cytotoxic activities against the KB (human oral epidermoid
cancer cell line) and a noncancerous cell line (African green
monkey kidney cell line) as well as for antimalarial activity
against the P. falciparum strains TM4 and K1 (multi-drug-
resistant strains) (Table 3). Compound 9 exhibited cytotoxic
activity against the KB cell line with an ICy, value of 10.2 + 0.1
H#M and showed antimalarial activity against both strains with
ICso values of 11.1 + 2.0 and 9.1 + 1.0 M, respectively.
However, this compound was relatively cytotoxic, with an ICy,
value of 13.5 + 0.5 uM against the Vero cell line. In earlier
work, compound 9 was isolated from the leaves, twigs, and
flowers of Miliusa sinensis and was demonstrated as being
cytotoxic to the human oral epidermoid carcinoma (KB),
human prostate carcinoma (LNCaP), human lung carcinoma
(Lu-1), human colon carcinoma (Col-2), and human umbilical
vein endothelial (HUVEC) cell lines.” Compounds 1-S, 8,
and 11-13 displayed weaker antimalarial activity than
compound 9, with ICy, values ranging from 19.3—414 and
10.8—54.9 uM against the TM4 and Kl strains, respectively.
None of these were cytotoxic for the Vero cell line. Among
these, compound 1 showed antimalarial activity against the
TM4 strain with an ICgy value of 19.3 + 34 uM, and
compound 2 demonstrated significant activity against the K1
strain with an ICg, value of 10.8 + 4.1 M.

B EXPERIMENTAL SECTION

General Experimental Procedures. Melting points were
measured with a Sanye Gallenkamp melting point apparatus and are
uncorrected, Optical rotation values were determined on a Bellingham
and Stanley APD440 polarimeter. The UV spectra were recorded with
a PerkinBlmer UV—vis spectrophotometer, whereas the IR spectra
were obtained using a Bruker Tensor FT-IR spectrophotometer. NMR
spectroscopic data were obtained on a 400 MHz Bruker Ultra Shield
FT-NMR and a 500 MHz Varian Unity INOVA NMR spectrometer.
Chemical shifts (5) are recorded in parts per million in CDCl; (64
7.26 and 8 77.2) and/or acetone-dg (8y; 2.05 and & (CO) 206.2 and
(CHj,) 29.8), with TMS as an internal reference. Mass spectrometric
data were obtained on a Micro TOF, Bruker Daltonics mass
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spectrometer. Thin-layer chromatography (TLC) was performed on
silica gel 60 GF,5, (Merck). Column chromatography (CC) was
performed on Sephadex LH-20 and silica gel (Merck) type 100 (63—
200 um) and type 60 (5—40 um for quick column chromatography;
QCC). All solvents for extraction and chromatography were routinely
distilled prior to use.

Plant Material. The leaves and twigs of M. cuneata were collected
at Doi Tung, Chiang Rai Province, Thailand, in September 2013, The
plant was identified by Mr. James F. Maxwell from the CMUB
Herbarium, Chiang Mai University, where a voucher specimen has
been deposited (specimen no. Martin van de Bult 1328).

Extraction and Isolation. The air-dried leaves (0.60 kg) of
M. cuneata were extracted with acetone (15 L) over a period of 3 days
for three times at room temperature. Removal of the solvent under
reduced pressure provided an acetone extract (88.41 g) as a dark green
gum. The crude extract was separated by QCC over silica gel, eluting
with a gradient of hexanes and acetone (1:0 to 2:3), to give seven
fractions (L1-L7). Fraction L2 (603.1 mg) was separated over
Sephadex LH-20 with CH,Cl,—MeOH (1:4) to afford two
subfractions (L2A and L2B), and the latter subfraction (31.6 mg)
was fractionated further over Sephadex LH-20 with MeOH to provide
three subfractions (L2B1-L2B3). The second subfraction (7.0 mg)
was purified by CC over silica gel using EtOAc—hezanes (1:9) as
mobile phase to afford compound 6 (2.5 mg) as a brownish-yellow
solid, mp 181—183 °C, lit. 182—183 °C.® Fraction L4 (1.30 g) was
washed with MeOH and then hexanes, and the remaining solid was
dried under vacuum to give compound 7 (140 mg) as a yellow solid,
mp 173—174 °C, lit. 171172 °C.*” Separation of fraction LS (10.73
) by QCC over silica gel, with gradient elution using CH,Cl,—MeOH
(1:0 to 9:1), gave five subfractions (LSA—LSE). Purification of
subfraction LSB (20.0 mg) over Sephadex LH-20 with MeOH gave
compound § (1.3 mg) as a yellow gum and 2 (9.7 mg) as a yellow
solid, respectively. Subfraction LSD (402.5 mg) was separated over
Sephadex LH-20 with MeOH to produce three subfractions (LSD1—
LSD3). Subfraction LSD2 (286.5 mg) was further purified by CC with
acetone—hezanes (3:7) to yield compound 9 (149.4 mg) as a yellow,
viscous oil. Fraction L6 (7.82 g) was separated over silica gel by QCC
with a gradient of CH,Cl,—MeOH (1:0 to 9:1) to afford three
subfractions (L6A—L6C). Subfraction L6B (4082 mg) was further
separated over Sephadex LH-20 with MeOH to provide four
additional subfractions (L6B1—L6B4). The second subfraction, L6B2
(18.6 mg), was further purified over Sephadex LH-20 with MeOH to
afford compound 4 (4.4 mg) as a brownish-yellow gum. Subfraction
L6B4 (280 mg) was further separated by CC over silica gel with
EtOAc—hexanes (3:7) to provide compound 1 (8.1 mg) a5 a bright
pink solid. Fraction L7 (5.96 g) was separated over silica gel by QCC
with a gradient of CH,C,—MeOH (1:0 to 9:1) to afford three
subfractions (L7A—L7C). Subfraction L7B (111.4 mg) was separated
over Sephadex LH-20 with MeOH to obtain compound 8 (10.1 mg)
as a yellow gum and compound 3 (3.7 mg) as a brownish-red gum.
Subfraction L7B2 (20.3 mg) was further purified by CC over silica gel
using EtOAc—hexanes (3:2) as mobile phase to afford compound 10
(2.8 mg) as a yellow, viscous oil.

The air-dried twigs (221 kg) of M. cunesta were macerated with
acetone (1S L) over a period of 3 days (three times) at room
temperature. The combined extracts were evaporated under reduced
pressure to afford an acetone extract (35.0 g) as a dark brown gum.
The crude extract was separated by QCC over silica gel and eluted
with a gradient of hexanes—CH,Cl,—MeOH (1:0:0 to 0:4:1) to give
nine fractions (T1—T9). Fraction T2 (860.0 mg) was separated by CC
over silica gel eluting with CH,Cl, to give three subfractions (T2A—
T2C). Subfraction T2B (46.0 mg} was purified over Sephadex LH-20
with MeOH to provide compound 6 (1.1 mg). Fraction T4 (2.79 g)
was fractionated by QCC using EtOAc—hexanes (3:7 to 1:1) for
elution to give three subfractions (T4A—T4C). Subfraction T4B
(1492 mg) was further purified by CC with CH,Cl, to provide
compound 7 (40.0 mg). Fraction T6 (556.3 mg) was purified over
Sephadex LH-20 with MeOH to afford compound 11 as a brownish-
red gum (1.2 mg). Praction T8 (1.25 g) was separated over Sephadex
LH-20 with MeOH to provide three subfractions (T8A—TSC).

Subfraction T8B (425.2 mg) was purified by CC with EtOAc—CH,Cl,
(9:1) to give compound 12 as an orange gum (17.7 mg). Fraction T9
(1.40 g) was separated over Sephadex LH-20 with MeOH to give three
fractions (T9A—T9C). Subfraction T9B (194.6 mg) was further
fractionated by CC with acetone—hexanes (3:7) to yield three
fractions (T9B1—T9B3). Separation of subfraction T9B2 (24.0 mg)
over Sephadex LH-20 with MeOH provided compound 13 as an
orange-yellow gum (2.7 mg). Purification of subfraction T9B3 (19.0
mg) over Sephadex LH-20 with MeOH furnished compound 14 (9.7
mg) as a white solid, with mp 247—249 °C, lit. 248 °C.*

Miliusacunine A (1): bright pink solid; mp 218—220 °C; UV
(MeOH) A, (log ) 224 (4.5), 338 (4.2), 371 (4.1), 389 (4.1) nm;
IR (neat) v,, 3419, 1649, 1617, 1584, 1504, 1463, 1278, 1126 cm™;
'H and "*C NMR data, see Table 1; HRESIMS m/z 356.1136 [M +
HJ*, caled for C gH,gNOg, 356.1134.

Miliusacunine B (2): yellow solid; mp 217—218 °C; UV (MeOH)
Amax (log €) 224 (4.6), 341 (4.2), 371 (4.2), 389 (4.1) oro; IR (peat)
Vs 3388, 1648, 1586, 1494, 1461, 1280, 1032 cm™; 'H and *C
NMR data, see Table 1; HRESIMS m/z 392.1112 [M + Na]*, calcd
for CyoH gNOGNa, 392.1110,

Miliusacunine C (3): brownish-red gam; UV (MeOH) 4., (log &)
225 (4.3), 340 (4.0), 372 (3.9), 389 (3.9) nm; IR (neat) ,,, 3421,
1648, 1611, 1583, 1502, 1463, 1278, 1126, 1093 cm™; 'H and *C
NMR data, see Table 1; HRESIMS m/z 378.0958 [M + Na]*, calcd
for CyoH;NO¢Na, 378.0954.

Miliusacunine D (4): brownish-yellow gum; [a]®, —175 (c 0.07,
MeOH); UV (MeOH) A, (log £) 218 (4.5), 262 (4.0), 341 (3.8)
om; IR (neat) v, 3421, 1636, 1615, 1584, 1459, 1267, 1120, 1091
em™); 'H and ®C NMR data, see Table 2; HRESIMS m/z 380.1104
[M + NaJ*, caled for C,gH;sNOgNa, 380.1110.

Miliusacunine E (5): yellow gum; [@]*}, —93 (c 0.02, MeOH); UV
(MeOH) A, (log €) 218 (4.4), 265 (3.8), 325 (3.5) nm; IR (neat)
Vonse 3421, 1635, 1590, 1459, 1271, 1121, 1097, 1029 cm™; "H and *C
NMR data, see Table 2; HRESIMS m/z 372.1454 [M + H]", calcd for
CyoH,NO,, 372.1447.

Cytotoxicity Assays. KB cells (human oral epidermal carcinoma
cells) and normal Vero cells (kidney epithelial cells of the African
green monkey, Cercopithecus aethiops)™® were obtained from the
Bioassay Laboratory, BIOTEC, NSTDA, Pathumthani, Thailand. Vero
cells were maintained and cultured in MEM/EBSS supplemented with
heated fetal bovine serum (10%), NaHCO; (2.2 g/L), and sodium
pyruvate (1%). KB cells were cultured in DMEM/low glucose
supplemented with heated fetal bovine serum (10%), NaHCO, (3.7 g/
L), and NEAA (1%). Cytotoxicity was evaluated using the sulforhod-
amine B assay.”” Ellipticine and dozorubicin were used as the standard
compounds.

Antimalarial Assay. The in vitro antimalarial activity against two
strains of Plasmodium falciparum (TM4, a wild-type chloroquine and
antifolate-sensitive strain, and K1, a multi-drug-resistant strain},
obtained from Prof. S. Thaithong, Department of Biology, Faculty of
Science, Chulalongkom, Bangkok, Thailand, was luated. The
parasites were maintained in human. red blood cells in RPMI 1640
medium supplemented with HEPES (25 mM), sodium bicarbonate
(0.2%), and human serum. (8%) in a carbon dioxide (3%) incubator
maintained at 37 °C. The test samples were made up in DMSO
solution (25 uL, diluted in the culture medium) and placed in
triplicate in a 96-well plate where parasitized erythrocytes (200 xL)
with a cell suspension (1.5%) of parasitemia (0.5—1%) were then
added to the wells. The culture was incubated (18—20 h). The
antiplasmodial activity testing was carried out using the microdilution
radioisotope technique as described by Yuthavong et al®’
Chloroquine, cycloguanil, and pyrimethamine were used as reference
substances.’’ Human erythrocytes and serum were obtained from
donors after providing informed consent, following a protocol
approved by the NSTDA Ethics Committee for Human Research,
document no. 0007/2557.
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ARTICLE INFO ABSTRACT

Article history: The first phytochemical investigation of the leaf and branch extracts of Garcinia mckeaniana has led to the
Received 13 July 2016 isolation and characterization of five new polyoxygenated and prenylated xanthones, mckeanianones A-E
Received in revised form 29 August 2016 (1-5), and one new biflavone, mckeaniabiflavone (6), together with 13 known compounds (7—19). The

Accepted 9 September 2016

Available online 10 September 2016 diprenylated pyrano-xanthones (1-3) and the biflavone (6) were isolated from the leaves while the mo-

noprenylated xanthones (4 and 5) were isolated from the branches. The structures of all isolated com-
pounds were elucidated based on spectroscopic methods and were evaluated for their antimalarial

Key“.'m..dg: ¢ activities against the Plasmodium falciparum strains, TM4 (drug sensitive strain) and K1 (a multidrug re-
Garcinia mckeniana - 7 e : - 3 " g %
Clatsisceaa sistant strain), and cytotoxicity against a Vero cell line (African green monkey kidney epithelial cells). The

Pyrano-xanthone pyrano-xanthones (1-3, 7 and 8), having two isoprene units, were generally the most active compounds
Antimalarial activity with [Csg values in the range of 6.04+1.1 -8.5+1.2 and 3.6+1.7 - 7.3+ 1.2 uM, respectively against the TM4 and
K1 strains. Of these compounds 2, 3 and 8 were 2—5 times less cytotoxic against a Vero cell line (ICsq values

of 12.640.9, 29.5+3.9 and 13.24+4.6 uM, respectively) in comparison with their antiplasmodial activities.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction falciparum strains, TM4 and K1 and their cytotoxicities against a Vero
cell line are reported.

Garcinia plants (Clusiaceae) are well documented for producing
a variety of secondary metabolites, especially xanthones,'® ¢ fla-
vonoids,'¢ benzophenones2 and terpenoids.® These plants have
been used in traditional medicines'?** ¢ and some of the com-
pounds isolated from these plants have shown noteworthy phar-
maceutical activities, including antimalari.a\l,4 antimicrobial,”® ¢
antioxidant®® and cytotoxic activities.” Thus Garcinia plants are an
outstanding source of bioactive phytochemicals and therefore an
important species to investigate for new bioactive compounds. In
our continuous research for new bioactive metabolites from Garcinia

2. Results and discussion

The concentrated acetone extract of the air dried leaves of G.
mckeaniana was subjected to column chromatography and afforded
three new xanthones, mckeanianones A—C (1-3), and one new
biflavone, mckeaniabiflavone (6), together with three known
compounds, bannaxanthones I (7)° and E (8),° and amentoflavone
(9).7 The crude acetone extract of the air dried branches of G.
mckeaniana was separated by column chromatography resulting in

5a-b,7a-t : ;
plants_." . - we .herem report our results from the first PhY“?' the isolation of two new natural xanthones, mckeanianones D—E
chemical investigation of the leaf and branch extracts from Garcinia (4—5) along with 10 known compounds, pancixanthones A and B

mckeaniana Craib. This plant is locally named ‘Ma da’ and is found in 10/ ocas 11 : :
10 and 17), folone A(11)," 1,3,5-trihyd -2-(3-methylbut-
the North of Thailand. This study resulted in the isolation of six new (10an )~ perilfalane A(TL) tihydreny-2-(3-methylbu

natural products (1-6), together with 13 known compounds (7—19).
The biological activities of these compounds against the Plasmodium

2-enyl)-9H-xanthen-9-one (12),' 1,3,6-trihydroxy-7-methoxyxant
hone (13),® 1,3,5-trihydroxyxanthone (14),'* buchanaxanthone
(15)," 5-0-methyl-2-deprenylrheediaxanthone B (16),'° assigux-
anthone A (18)" and 1,3,7-trihydroxy-2-(3-methylbut-2-enyl)-

* Corresponding author. E-mail addresses: thunwadee.r@cmuac.th, othunwadee  Xanthone (19)'® (Fig. 1). Full experimental information is provided
@gmail.com (T. Ritthiwigrom). in the Supplementary data.

http://dx.doi.org/10.1016/j.tet.2016.09.018
0040-4020/@ 2016 Elsevier Ltd. All rights reserved.
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5. R'=

7:R'= \/Y R?=H; R®= \/\(
OAc
8:R1=TYYVY;R2=H;R3= éJ\A\E

OH

O OH O OH
XX, °
R! = R2

=OH; R2=H;R*=OMe 16:R'=

10:R'=0OH; R2=H 13:R'=
11:R'=OMe; R2=OH 14:R'=R2=0OH: R®=R*=H
18:R'=R?=0OH 15:R' = R4 H; R?2 = OMe; R3 =

H;R2=
12:R'=0OH; RZ=R%®=H
19:R'=R2=H; R®=OH

OH: R® = OMe

HO

OMe; R2= OH
17:R'=0OH; RZ2=H

Fig. 1. Structures of compounds 1-19.

Mckeanianone A (1) was obtained as a yellow solid (mp
187—189 °C), whose molecular formula was determined to be
C,gH307 from the positive ion HRESI-TOFMS [found m/z 479.2063
(calcd for 479.2070) [M+H]']. The UV spectrum displayed ab-
sorption bands at Apa (MeOH) 217, 295, 337 and 384 nm, sug-
gesting the presence of a xanthone chromophore.!® The IR
spectrum showed hydroxy and xanthone carbonyl functional group
stretching bands at 3418 and 1649 cm !, respectively. The 'H NMR
spectrum (Table 1) displayed resonances for a chelated hydroxy
proton at 6y 13.97 (1H, s), a dimethylchromene unit [y 6.69 (1H, d,
J=10.0Hz, H-11), 5.69 (1H, d, /=10.0 Hz, H-12} and 147 (6H, s, H-14,
H-15)] and two sets of prenyl units [dg 5.31 (1H, br t, j=6.2 Hz, H-
22),4.17 (2H, d, J=6.2 Hz, H-21), .86 (3H, 5, H-25) and 1.64 (3H, s, H-
24); and 5.21 (1H, br t, j/=6.8, H-17), 3.42 (2H, d, /=6.8 Hz, H-16),
1.83 (3H, s, H-20) and 1.63 (3H, s, H-19)]. The HMBC correlations
between the 1-OH resonance (ég 13.97) and those of C-1 (6¢ 156.7)
and C-9a (6c 104.1) confirmed that the chelated hydroxy group (éu
13.97) was attached at C-1. The dimethylchromene ring was located
at C-2 (6¢c 104.7) and an ether linkage at C-3 (6¢ 157.7) on the basis of
the HMBC correlations of the lowerfield olefinic proton resonance
at éy 6.69 (corresponding to H-11} to C-2 and C-3. One of the prenyl
units (6y 5.21, 3.42, 1.83 and 1.63) was assigned to position C-4 (éc
106.9), according to the HMBC correlations of the methylene pro-
tons, H-16 (6y 3.42), of this prenyl unit with C-3, C-4 and C-4a (¢
154.3). The other prenyl unit was located at C-8 (éc 129.0) as sug-
gested from the HMBC correlations between the methylene pro-
tons, H-21 {6y 4.17) with the oxygenated carbons C-7 (¢ 141.8), C-8
and C-8a (6c 111.8). The substituents at C-5 (éc 152.5) and C-6 (éc
152.6) were assigned as hydroxy groups on the basis of their
chemical shifts. These correlations established mckeanianone A as
1,5,6,7-tetrahydroxy-6,6'-dimethyl-2H-pyrano(2’,3':3,2)-4,8-di(3-
methylbut-2-enyl)-xanthone (1).

Mckeanianone B (2) was obtained as a yellow viscous oil and the
molecular formula, C3gH300s, was determined by HRESI-TOFMS

[found m/z 517.1839 (calcd for 517.1838) [M+Na]*]. A careful anal-
ysis of its UV and IR spectra showed absorption bands similar to
those of compound 1. Furthermore, the 'H NMR spectrum (Table 1}
displayed resonances for a chelated hydroxy proton (éy 13.78, brs),
a dimethylchromene ring [éy 6.69 (1H, d, }=10.0 Hz, H-11), 5.54
(1H, d, j/=10.0 Hz, H-12) and 1.44 (6H, s, H-14, H-15)], one single
aromatic proton (ég 6.25, H-4) and the two sets of oxygenated
prenyl units [éy 5.40 (1H, t, /=8.0 Hz, H-17), 4.30 (2H, s, H-20), 3.60
(2H, d, j=8.0 Hz, H-16), 1.73 (3H, s, H-19) and 5.59 (1H, t, ]=7.8 Hz,
H-22),4.26 (2H, s, H-25), 413 (2H, d, ]=7.8 Hz,H-21)and 1.73 (3H, s,
H-24)]. 2D-NMR Data analysis of compound 2 suggested the same
pyrano-xanthone structure as compound 1 with the chelated hy-
droxy proton attached at C-1 (éc 157.7) and the dimethylchromene
ring fused to C-2 (6¢ 104.3) and C-3 (6¢ 159.7). In addition, the ar-
omatic proton resonating at éy 6.25 was assigned to H-4 due to its
HMBC correlations with the 13C NMR resonances for C-2, C-3, C-4a
{6c 156.3) and C-9a (6c 103.8). The methylene proton resonances of
the oxygenated prenyl, H-21 (éy 4.13}, showed HMBC correlations
to the oxygenated aromatic carbon C-7 (6¢c 139.1) and with C-8 (6c
124.2) and C-8a (6c 111.3). The methylene proton resonances for H-
16 (6y 3.60), of the other oxygenated prenyl unit, showed HMBC
cross peaks with the resonances of the aromatic carbons C-5 (¢
112.2), C-6 (6c 151.0) and C-10a (6c 149.7). These data established
the location of these oxygenated prenyl units at C-8 and C-5, re-
spectively. The configuration of the oxygenated prenyl units at their
alkene moieties were assigned as Z-A'"'® and Z-A%>? on the basis
of the NOESY correlations that were observed between H-16 (éy
3.60) and H-20 (éy 4.30); H-17 (64 5.40) and H-19 (éy4 1.73); H-21
(6y4.13) and H-25 (6y 4.26); and H-22 (6y 5.59) and H-24 (6y 1.73).
Therefore, mckeanianone B was determined to be 1,6,7-trihydroxy-
6,6'-dimethyl-2H-pyrano(2',3':3,2)-5,8-di(4-hydroxy-3-
methylbut-2-enyl}-xanthone (2).

Mckeanianone C (3) was obtained as a yellow viscous oil, that
gave a [M+Na]" ion at m/z 559.1945 in the HRESI-TOFMS which
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Table 1
NMR spectroscopic data (400 MHz, CDCl3) for mckeaniancnes A—C (1-3)
Pesition  1° 2 3
dy, (Jin Hz) éc (type) HMBC dy, (J in Hz) ¢ (type) HMBC éy, (J in Hz) dc (type) HMBC
1 156.7 (C) 157.7 (C) 158.0 (C)
2 104.7 (C) 1043 (C) 104.5 (C)
3 157.7 (C) 159.7 (C) 159.7 (C)
4 106.9 (C) 6.25,s, 1H 94.1(CH) 2.3,4a,9,9 6.31,s, 1H 94.2 (CH) 2,3,4a 9
4a 154.3 (C) 156.3 (C) 156.3 (C)
5 152.5° (C) 112.2 (C) 112.2 (C)
6 152.6° (C) 151.0 (C) 1513 (C)
7 141.8 (C) 139.1 (C) 1394 (C)
8 129.0 (C) 1242 (C) 124.0 (C)
8a 111.8 (C) 1113 (C) 1113 (C)
9 1835 (C) 1828 (C) 1829 (C)
9a 104.1 (C) 103.8 (C) 103.9 (C)
10a 153.6 (C) 149.7 (C) 150.0 (C)
11 6.69,d(100),1H 1165(CH) 2,3,13, 14 6.69,d(100),1H 1158 (CH) 1,2,3,13,14,15 6.73,d(100),1H 1159(CH) 1,2,3,13
12 5.69,d(100),1H 128.0(CH) 2,13, 14 554,d(100), 1H 127.2(CH) 2 13,1415 556,d(10.0), 1TH 1272 (CH) 2 13,14 15
13 785 (C) 78.0 (C) 78.0 (C)
14 147,55, 3H 284 (CH3) 12,13 144, s, 3H 28.4(CHs) 12,13,15 147, s, 3H 28.5(CHs) 12,13,15
15 147,s,3H 306 (CHz) 12,13,14 144, s, 3H 28.4(CH3) 12,13,14 147, s, 3H 28.5(CH3) 12,13,14
16 342,d(6.8).,2H  219(CH;) 3.4, 4a 17,18 360,d(8.0.,2H 224(CH;) 5.6, 10a 367.d(74),2H 224(CH;) 5.6,10a, 17,18
17 521, brt(6.8),1H 1233 (CH) 4,16 540, £(8.0), 1H 1254 (CH) 19,20 5.52,t(7.4), 1H 127.5(CH) 19,20
18 1314 (C) 134.7 (C) 130.8 (C)
19 1.63,s 3H 259(CHs) 17,18,20 1.73,s 3H 22.6(CH3z) 17,18,20 1.73,s,3H 21.5(CHsz) 17,18,20
20 1.83,s, 3H 18.1(CHs) 17,18,19 430, s, 2H 62.1(CHp) 17,18,19 487, s, 2H 63.6 (CH;) 17, 18, 19, CO(Ac)
21 4.17,d(6.2), 2H 26.3(CH) 7.8,8a 22 4.13,d(78).2H 26.1(CH;) 7.8,8a 2223 421,d(8.0).2H 265(CH;) 7.8,8a22 23
22 531,brt(6.2), 1H 1244 (CH) 8,21 559,t(7.8), 1H  1275(CH) 8,24, 25 573, t(8.0),1H  1285(CH) 24,25
23 131.5(C) 133.7 (C) 1329 (C)
24 1.64, s, 3H 260 (CH3) 22,23,25 1.73, s, 3H 22.9(CH3) 22,23.25 1.79, s, 3H 234 (CHs) 22,23,25
25 1.86, s, 3H 183 (CHs) 22,23,24 426, s, 2H 623 (CHy) 22,23,24 4378, 2H 63.2 (CH;) 22,23,24
OH-1 13.97,s, 1H 1,9 13.78, brs, 1H 13.80, brs, 1H
CO(Ac) 171.7 (C)
CHs(Ac) 2.12,5,3H 21.2 (CH3) CO(Ac)

2 Measured in acetone-ds.
b These assignments could be interchanged.

corresponded to the molecular formula C3gH3;09 (calcd for
C30H3,09Na, m/z 559.1944). The UV, IR, 'H and '3C NMR spectra
indicated that compound 3 was closely related to compound 2,
except the IR spectrum showed an additional band at 1736 cm |,
which indicated the presence of an ester carbonyl functional group.
In conjunction with this, the 'H NMR spectrum also contained an
additional resonance for an acetoxy group at éy 2.12 (3H, s). The
location of the acetoxy group at C-20 (éc 63.6) was based on
the HMBC correlation between the resonance for Hy-20 (én 4.87)
and that for the acetoxy carbonyl (6c 171.7). This identified

mckeanianone C as 1,6,7-trihydroxy-6,6'-dimethyl-2H-pyrano{2’,
3':3,2)-5-(4-acetoxy-3-methylbut-2-enyl}-8-(4-hydroxy-3-
methylbut-2-enyl)-xanthone (3).

Mckeanianone D (4) was isolated as a yellow solid (mp
206—207 °C). The molecular formula C1gH;05 was indicated from
the mass ion peak at m/z 312.09995 [M]" in its HREIMS spectrum.
The UV, IR and NMR spectra were similar to those of compound 14,
except for the additional isoprene unit resonances [dy 5.51 (1H, t,
J=6.6 Hz, H-12), 4.72 (2H, d, /=6.6 Hz, H-11), 1.80 (3H, s, H-15), 1.79
(3H, s, H-14)] in the 'H and *C NMR spectra (Table 2). This isoprene

Table 2
NMR spectroscopic data (400 MHz in acetone-ds) of mckeaniancnes D (4) and E (5)
Position 4 5
dy, (J in Hz) dc (type) HMBC &y, (J in Hz) &c” (type) HMBC*
1 1644 (C) 1612 (C)
2 6.35,d(2.2), 1H 98.4 (CH) 1,3.4,9 1104 (C)
3 167.2 (C) 163.2 (C)
4 6.57, d (2.2), 1H 94.1 (CH) 2,3,4a,9,9 649, s, 1H 93.9 (CH 2,3,4a,9, 9
4a 1585 (C) 1566 (C)
5 147.0 (C) 6.92, s, 1H 103.5 (CH) 7.8a,9 10a
6 7.36,dd (7.9, 1.5), 1H 1215 (CH) 8.10a 155.0 (C)
7 7.29,£(7.9), 1H 125.0 (CH) 5,8a 1466 (C)
8 7.67,dd (7.9, 1.5), 1H 1163 (CH) 6,9,10a 7.56, s, 1H 105.7 (CH) 6.7,9
8a 1225 (C) 1131 (C)
9 1820 (C) 1805 (C)
9a 1042 (C) 103.2 (C)
10a 146.1 (C) 1533 (C)
11 4.72,d(6.6), 2H 66.4 (CHy) 3.1Z 13 337.d(7.2). 2H 22.0 (CHy) 3:2:12.13
12 551, t(66), 1H 120.0 (CH) 14,15 530, t(7.2), 1H 1234 (CH) 14,15
13 1392 (C) 1315 (C)
14 1.79, s,3H 25.8 (CHs) 12,13,15 1.66,s,3H 25.9 (CHs) 12,13,15
15 1.80, s, 3H 18.3 (CH3) 12,13, 14 1.80, s, 3H 17.9 (CHs) 12,13, 14
OH-1 12.91, brs, 1H 13.45, brs, 1H
OMe-7 3.99,s,3H 56.6 (CHs) 7

2 Recorded at 500 MHz.
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unit was at C-3 (6c 167.2) based on the HMBC correlations between
H-11 (6y 4.72) and the '3C NMR resonances for C-3, C-12 (4c 120.0)
and C-13 (¢ 139.2). Therefore, mckeanianone D was determined to
be 1,5-dihydroxy-3-0-(3-methylbut-2-enyl)}-xanthone (4).

Mckeanianone E (5) was isolated as a yellow solid (decomposed
>129 °C). Its HRESIMS displayed a positive molecular ion [M+H]*
at m/z 343.1179, which was consistent with the molecular formula
of Cy9H1306. The UV, IR and NMR spectra were similar to those of
compound 13, with the only difference being an additional iso-
prene unit resonances [éy 5.30 (1H, t, j=7.2 Hz, H-12}, 3.37 (2H, d,
J=7.2 Hz, H-11), 1.80 (3H, 5, H-15), 1.66 (3H, s, H-14)] in the 'H and
13C NMR spectra (Table 2). This isoprene unit was at C-2 (5c 110.4)
on the basis of the HMBC correlations between H-11 (éy 3.37) and
the >C NMR resonances for C-1 (6c 161.2), C-2, C-12 (6¢ 123.4) and
C-13 (6c 131.5). The structure of mckeanianone E was therefore
confirmed to be 1,3,6-trihydroxy-7-methyoxy-2-(3-methylbut-2-
enyl}-xanthone (5). This compound was synthesized earlier how-
ever its spectroscopic data was not reported.”’

Mckeaniabiflavone (6) was obtained as a yellow solid (mp
237-239 °C). The molecular formula, C31H30019, was deduced from
the HRESI-TOFMS which show a pseudomolecular ion at m/z
553.1155 (caled 553.1135) [M+H]*. The UV spectrum of compound
6 showed maximum absorption bands at Apax (MeOH) 218, 269 and
331 nm while the IR spectrum showed absorption bands for a hy-
droxy group and a conjugated carbonyl group at 3444 and
1650 cm !, respectively. The 'H NMR spectrum (Table 3) displayed
resonances for two chelated hydroxy protons (éy 13.09 and 12.97,
each 1H, br s), two sets of four-aromatic protons for two p-di-
substituted aromatic rings [y 7.49 (2H, d, }=8.4 Hz, H-2/, H-6'}), 6.76
(2H, d, j=8.4 Hz, H-3', H-5'); and 7.74 (2H, d, /=8 .4 Hz, H-2"", H-6"'),
6.97 (2H, d, J=8.4 Hz, H-3", H-5"")] which were assigned to the
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with C-6 as well as the HMBC correlations with C-7 (é¢ 165.2} and
C-8 (8¢ 94.7). The aromatic proton H-6 correlated with H-8 (6y 6.57)
in the '"H—"H COSY spectrum which correlated with C-4 (6¢ 182.1),
C-6, C-7, C-9 (6¢c 158.9} and C-10 in the HMBC spectrum. The HMBC
correlations between the aromatic protons H-2 (éy 7.49, of the p-
disubstituted aromatic ring) and C-2 (4c 165.1) established the at-
tachment of this aromatic unit at C-2. The substituent at C-4' (éc
160.8) of the p-disubstituted aromatic ring was assigned as a hy-
droxy group on the basis of its chemical shift. Consequently this
data together with the chemical shifts of C-3 (é¢ 111.2), C-5 and C-7
suggested a 3-substitued-5,7-dihydroxy-(4-hydroxyphenyl) fla-
vone moiety. In the other flavone unit, the chelated hydroxy proton
{6y 13.09) was located at C-5” (6¢c 163.0) due to its HMBC correla-
tions to C-5", C-6" (6¢ 99.9) and C-10" (6¢ 105.6). The olefinic proton
at 6y 6.63 (H-3"") showed cross peaks in the HMBC spectrum to C-2"
(6c 164.7), C-4" (6c 183.3), C-10” and C-1" (éc 124.2) of the p-di-
substituted aromatic ring. In addition, C-4” of this aromatic ring
was substituted by a hydroxy group due to its low field chemical
shift (6c 163.6). The aromatic proton resonating at y 6.33 was lo-
cated at C-6” from the HMQC spectrum as well as the HMBC cor-
relations between H-6" and C-3, C-4", C-5", C-7" (6¢ 163.5), C-8" (¢
100.5) and C-10". The HMBC correlations between H-6" and C-3
indicated that the two flavone units were linked between C-3 and
C-8". This was further supported by a comparison of the NMR
spectroscopic data of 6 with those of the related biflavones, biapi-
genin (the de-O-methyl derivative of 6)*' and its constitutional
isomer, 4'“-0-methyl-biapigenin.>> These three compounds had
very similar 'H and 3C NMR spectroscopic data, except for the
resonances associated with the presence or absence of the methoxy
group. Thus compound mckeaniabiflavone was identified as 7/-
methoxy-4'4",5,5",7-pentahydroxy-[3 — 8"]-biflavone (6).

Table 3
NMR spectroscopic data (400 MHz, acetone-dg) for mckeaniabiflavone (6)
6
Position &y, (J in Hz) éc (type) HMBC Position 8y, (J in Hz) dc (type) HMBC
2 165.1 (C) 1] 164.7 (C)
3 111.2 (C) a3 6.63, s, 1H 1045 (CH) 28 8100 1
4 182.1 (C) g 1833 (C)
5 163.1 (C) - 163.0 (C)
6 6.33, brs, 1H 99.8 (CH) 7.8 6" 6.33, brs, 1H 99.9 (CH) 3,4, 5", 7", 8,10
7 165.2 (C) R 163.5 (C)
8 6575, 1H 94.7 (CH) 4,6,7,9,10 8" 100.5 (C)
9 158.9 (C) 9 156.4 (C)
10 104.7 (C) 10” 105.6 (C)
: 124.8 (C) Jw 124.2 (C)
2 749, d (8.4), 1H 130.9 (CH) 2,34 el 7.74,d (8.4), 1H 128.8 (CH) g
4 6.76,d (84), 1H 116.1 (CH) 2,1,2,4 3% 6.97,d (8.4), 1H 115.4 (CH) 17, 4"
4 160.8 (C) 4 163.6 (C)
5 6.76, d (8.4), 1H 116.1 (CH) 2,124 o 6.97,d (8.4), 1H 115.4 (CH) g L
& 749, d (8.4), 1H 130.9 (CH) 2,3.4 6" 7.74,d (8.4), 1H 128.8 (CH) 4 50
OH-5 12.97, brs, 1H 5,6, 10 OH-5" 13.09, brs, 1H 55810
OMe-7" 3.82, 5, 3H 55.9 (CH3) v

aromatic protons of rings B and E, respectively, four uncoupled
(singlet) aromatic protons {4y 6.63, 6.57, 6.33 and 6.33, each 1H, H-
3", H-8, H-6 and H-6", respectively} and one methoxy group (éy
3.82). The >C NMR and DEPT 135 spectra of 6 displayed only 27
resonances for the total of 31 carbons; 18 quaternary carbons (¢
183.3,182.1,165.2,165.1,164.7,163.6,163.5,163.1, 163.0, 160.8, 158.9,
156.4, 124.8, 124.2, 111.2, 105.6, 104.7 and 100.5), 12 methine car-
bons [é¢c 130.9 (2C), 128.8 (2C), 116.1 (2C), 115.4 (2C), 104.5, 99.9,
99.8 and 94.7] and one methyl (éc 55.9) carbon. The chelated hy-
droxy proton at ég 12.97 showed HMBC correlations to C-5 (éc
163.1), C-6 (6c 99.8) and C-10 (¢ 104.7). The aromatic proton res-
onating at oy 6.33 was assigned to H-6 due to its HMQC cross peak

All of the isolated compounds were tested for their antimalarial
activities against the P falciparum strains, TM4 (drug sensitive
strain) and K1 (a multidrug resistant strain)>> and their cytotoxic
activity against a Vero cell line (African green monkey kidney epi-
thelial cells)** (Table 4). The five pyrano-xanthones 1-3,7 and 8, all
isolated from the leaves and having two isoprene substituents, were
generally the most active compounds and showed significant ac-
tivities against the TM4 and K1 strains with ICsg values in the range
of 6.0+11-8.54+1.2 and 3.6+1.7—-73+12 uM, respectively. Only
compounds, 1 and 7, were not tested against Vero cells (Table 4).

Compounds 2, 3 and 8 were 2—5 times less cytotoxic against
Vero cells (ICsp values of 12.6+0.9, 29.5+3.9 and 13.2+4.6 pM,
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Table 4
Antimalarial and cytotoxic activities (ICsg, pM)

Compounds® Antimalarial activity against P. falciparum Cytotoxic activity
TM4 K1 Vero cells

1 6.2+04 5.2:+04 —°

2 6.7+0.6 6.4+0.5 12.6+0.9

3 6.0+1.1 6.64+0.7 29543.9

4 1514389 143+18 —<

5 27.7+34 25.7+23 —£

7 8.5+1.2 36417 —b

8 8.3+09 7.3+1.2 13.2+4.6

10 13.74+4.5 19.8+2.0 36.5+8.0

11 22.1+0.7 19.5+1.0 —F

17 10.8+0.7 154426 25314

18 39.146.3 32.7+£5.99 313+26

19 31.5+2.0 25.1+21 -

Ellipticine” 04

Chloroquine® 0.03 0.3+0.04

Cycloguanil® 0.04+0.01 3.240.8

Pyrimethamine® 0.08-+0.01 31.0+84

2 Compounds 6, 9 and 12—16 were inactive in all assays.

® Due to insolubility problems an accurate value could not be obtained.
¢ Inactive at ICsp>50 pM.

9 Positive control for cytotoxic assay.

¢ Reference drugs for antiplasmodial activity.

respectively) in comparison with their antiplasmodial activities.
The xanthones, 4, 5, 10, 11 and 17—19, having one free or cyclized
isoprene substituent had significantly weaker antiplasmodial ac-
tivities and cytotoxicities. The xanthones 12 and 16, the xanthones
(13—15), having no isoprene substituent, and the biflavones, 6and 9
were inactive in all assays. Other Garcinia species containing xan-
thones have been documented to have antiplasmodial
activities.””® © Some of these xanthones have the 9-xanthone
structure related to compounds 4, 5,10, 11 and 1719 while three
others (isolated from the stem bark of G. vieillardii, demethylcala-
baxanthone, dombakina-xanthone and macluraxanthone) have the
pyrano-xanthone structure found in compounds 1-3, 7 and 8 that
were isolated here, but having one or two isoprene substituents.
These three compounds had antiplasmodial activities with ICsg
values in the range of 0.9—1.9 pg/mL, however their cytotoxic ac-
tivities were not reported.>>°

3. Conclusions

Six new natural products and 13 known compounds was the
first report that isolated from G. mckeaniana. The isolated com-
pounds showed antimalarial activities against the P. falciparum
strains, TM4 and K1, and cytotoxic activities against a Vero cell line.
The isolated xanthone compounds, having a pyrano ring and two
isoprene units, showed the highest antimalarial activities against
the P. falciparum strains, and cytotoxic activities against a Vero cell
line than those with only one isoprene unit. While the xanthones
and biflavanoids, without an isoprene unit, were inactive in all
assays.

4. Spectral data of new compounds
4.1. Mckeanianone A (1)

Yellow solid; mp 187—189 °C; R¢(20% acetone/hexanes)0.29; UV
{MeOH) Amax (log ¢) 217 (4.39), 295 (4.61), 337 (4.04), 384 (3.79)
nm; IR (neat) vy« 3418, 1649, 1610, 1463 cm 1 8y (400 MHz, ac-
etone-dg) 13.97 (1 H, s, OH-1), 6.69 (1 H, d, J 10.0 Hz, H-11), 5.69
{(1H,d,]10.0 Hz, H-12),5.31 (1 H, brt, ] 6.2 Hz, H-22), 5.21 (1 H, br t,
] 6.8 Hz, H-17),4.17 (2 H, d, ] 6.2 Hz, H-21), 3.42 (2 H, d, ] 6.8 Hz, H-
16),1.86 (3 H, s, H-25), 1.83 (3 H, s, H-20), 1.64 (3 H, 5, H-24), 1.63

(3 H, s,H-19),1.47 (6 H, s, H-14 and H-15); 6c (100 MHz, acetone-ds)
183.5,157.7,156.7,154.3,153.6,152.6,152.5,141.8,131.5, 1314, 129.0,
128.0, 1244, 123.3, 116.5, 111.8, 106.9, 104.7, 104.1, 78.5, 30.6, 28.4,
26.3, 26.0, 259, 219, 18.3, 18.1; HRESI-TOFMS: m/z 479.2063
[M+H]+, caled for 479.2070, CygH3,07.

4.2. Mckeanianone B (2)

Yellow viscous oil; Ry (30% acetone/hexanes) 0.30; UV (MeOH)
Amax (log ) 218 (4.49), 292 (4.57), 338 (4.18), 379 (3.96) nm; IR
{neat) ¥max 3447, 1650, 1611, 1446, 1288 cm. '; &y (400 MHz, CDCl3)
13.78 (1 H, 5, OH-1), 6.69 (1 H, d, ] 10.0 Hz, H-11), 6.25 (1 H, 5, H-4),
5.59 (1 H, t,] 7.8 Hz, H-22),5.54 (1 H, d, ] 10.0 Hz, H-12), 540 (1 H, t, ]
8.0 Hz, H-17), 4.30 (2 H, s, H-20), 426 (2 H, s, H-25), 413 (2H, d, J
7.8 Hz, H-21), 3.60 (2 H, d, J 8.0 Hz, H-16), .73 (6 H, s, H-19 and H-
24),1.44 (6 H, s, H-14 and H-15); éc (100 MHz, CDCls) 182.8, 159.7,
157.7,156.3,151.0,149.7,139.1,134.7,133.7, 127.5,127.2,125.4,124.2,
115.8,112.2,111.3, 104.3, 103.8, 94.1, 78.0, 62.3, 62.1, 28.4 (2C), 26.1,
22.9, 22.6, 22.4; HRESI-TOFMS: my/z 517.1839 [M+Na]*, calcd for
517.1838, C23H3008Na.

4.3. Mckeanianone C (3)

Yellow viscous oil; Ry (20% acetone/hexanes) 0.31; UV (MeOH}
Amax (log ¢€) 217 (4.62), 292 (4.70), 338 (4.09), 382 (4.04) nm; IR
(neat) vmax 3418, 1736, 1650, 1597, 1448, 1244 cm !; 6y (400 MHz,
CD(l3) 13.80(1 H, brs,OH-1),6.73(1H,d,J 10.0 Hz, H-11), 6.31 (1 H,
s,H-4),5.73 (1 H,tj8.0Hz, H-22),5.56 (1 H, d,  10.0 Hz, H-12), 5.52
(1H,t J74Hz, H-17), 487 (2 H, s, H-20), 437 (2 H, s, H-25), 4.21
(2 H, d, ] 8.0 Hz, H-21), 3.67 (2 H, d, ] 74 Hz, H-16), 212 (3 H, s,
CH3(Ac)),1.79 (3 H, s,H-24),1.73 (3 H, s, H-19), 1.47 (6 H, s, H-14 and
H-15); 4c (100 MHz, CDCl3) 182.9, 171.7, 159.7, 158.0, 156.3, 151.3,
150.0,139.4,132.9,130.8,128.5,127.5,127.2,124.0,115.9,112.2, 111.3,
104.5, 103.9, 94.2, 78.0, 63.6, 63.2, 28.5 (2C), 26.5, 234, 224, 21.5,
21.2; HRESI-TOFMS: m/z 559.1945 [M+Na]™, calcd for 559.1944,
C30H3209Na.

4.4. Mckeanianone D (4)

Yellow solid; mp 206—207 °C; Rf(20% EtOAc/hexanes) 0.35; UV
{MeOH) Amax (log €} 252 (4.20), 312 (3.85), 369 (3.18) nm; IR (neat)
Pmax 3385, 1653, 1569, 1456 cm 1; éy (400 MHz, acetone-dg) 12.91
{1H, brs, OH-1), 767 (1 H, dd, J 7.9, 1.5 Hz, H-8), 7.36 (1 H, dd, J 7.9,
1.5 Hz, H-6), 7.29 (1 H, t, ] 7.9 Hz, H-7), 6.57 (1 H, d, ] 2.2 Hz, H-4),
6.35(1 H,d,j2.2 Hz, H-2), 5.51 (1 H,t,] 6.6 Hz, H-12), 472 (2 H, d, ]
6.6 Hz, H-11), 1.80 (3 H, s, H-15), 1.79 (3 H, s, H-14); éc (100 MHz,
acetone-dg) 182.0, 167.2, 164.4, 158.5, 147.0, 146.1, 139.2, 125.0,
122.5, 121.5, 120.0, 116.3, 104.2, 984, 94.1, 66.4, 25.8, 18.3; HRMS
(EI): m/z 312.09995 [M]* (calcd for 312.09977, C1gH1605).

4.5. Mckeanianone E (5)

Yellow solid; mp decomposed >129 °C; Ry (30% EtOAc/hexanes}
0.28; UV (MeOH) Anax (log ¢) 258 (4.41), 320 (4.18), 366 (3.98) nm;
IR (neat) »nax 3269, 1647, 1559, 1482 cm L. &y (400 MHz, acetone-
ds) 1345 (1 H, br s, OH-1), 7.56 (1 H, s, H-8), 6.92 (1 H, 5, H-5), 6.49
{1H,s, H-4), 5.30 (1 H, t, ] 7.2 Hz, H-12), 3.99 (3 H, 5, OMe-7), 3.37
(2 H, d, j 7.2 Hz, H-11), 1.80 (3 H, s, H-15), 1.66 (3 H, s, H-14); 6¢
(125 MHz, acetone-dg) 180.5,163.2, 161.2, 156.6, 155.0, 153.3, 146.6,
1315, 123.4, 113.1, 110.4, 105.7, 103.5, 103.2, 93.9, 56.6, 25.9, 22.0,
17.9; HRESI-TOFMS: m/z 3431179 [M+H]" (calcd for 343.1182,
C19H1906).
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4.6. Mckeaniabiflavone (6)

Yellow solid; mp 237-239 °C; Ry (5% MeOH/CH,Cly) 0.45; UV
(MeOH) Amax (log €) 218 (4.57), 269 (4.51), 331 (4.30) nm; IR (neat)
Vmax 3444, 1650, 1608, 1508, 1178 cm !; &y (400 MHz, acetone-dg)
13.09 (1 H, br s, OH-5"),12.97 (1 H, br s, OH-5),7.74 (2 H, d, 8.4 Hz,
H-2"" and H-6""), 749 (2 H, d, f 8.4 Hz, H-2' and H-6'),6.97 (2 H, d, ]
8.4 Hz, H-3" and H-5"), 6.76 (2 H, d, ] 8.4 Hz, H-3' and H-5'), 6.63
(1H, s, H-3"), 6.57 (1H, s, H-8), 6.33 (2 H, br s, H-6 and H-6"), 3.82
(3 H, s, OMe-7"}; 6 (100 MHz, acetone-dg) 183.3,182.1,165.2, 165.1,
164.7,163.6, 163.5,163.1, 163.0, 160.8, 158.9, 156.4, 130.9 (2C), 128.8
(20), 1248, 124.2, 1161 (2C), 1154 (2C), 111.2, 105.6, 104.7, 104.5,
100.5, 99.9, 99.8, 94.7, 55.9; HRESI-TOFMS: m/z 553.1155 [M+H]*,
caled for 553.1135, C31H31010.
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