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MsfnwosdUszneumMaAiinaraseengns1eTInmaINAsesuyL (Artocarpus
heterophyllus) wazwyui (A. lakoocha) mewALiAN1ATIINATIALUUAINY @1anTauen
asuavdlaianun 35 ans leeiuanslud 5 ans (14 uax 26) wazansiidinnssea
Tassadraudadiuau 30 ans vhnsieseilassadsvosansudaninomnilddedogana
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Abstract

The investigation of the methanolic extracts from the twigs of Artocarpus
heterophyllus and A. lakoocha led to the isolation of 35 compounds including 5 new
compounds (1-4 and 26) together with 30 known ones. Their structures were
determined by spectroscopic data, especially 1D and 2D NMR spectroscopy. Their
cytotoxic activity against lung cancer, oral cancer and breast cancer cell lines were

evaluated.
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2. unagUguIug (Executive summary)
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mswémm%ﬁiimmwLLEJﬂim'1ﬂﬁw‘%a?aﬁ%ﬁmﬁwmwéﬁfﬂuﬂwﬁu ralugnu
WNEIveT 1ASesdEen se MuNYAINTIU asnandueisssurRnaefgniulddueans
oongvislumsinuidouuaiise Wolda Musyyadasy vide Muwaduzeuingg Seilians
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WU (Artocarpus  heterophyllus) wag vyu (A, lakoocha) \HudiaTuaed
dausinee vesvyukaryuiilagniunlduselevivainvaie wu arauldiy
wasiines adrethudeu waldsudseniu venanidlétinnsihdnluvesyualdiduen

nutlunmssnulsaneuitn ieude uay widhiau Wusu annisdudugiudoyanuiniy

Moraceae

wianinanansldnateUssny 1wy chalcone, flavone, stilbene tag phenol Faansianis
qw%‘mﬁamwﬁmau% LU @15 artocarpesin a3
cycloartomunin mqwﬁmumiama‘u &19 artocarpaone LLamzZ]WﬁmuLﬁuaLLUﬂVILiEJ ATENT
lakoochin wanspauluiivdeoiwad Uusu

Tulasan3feiidunisatn uen uasiinszilasadreesesduseneumaniiidgns
st mandauisresiyusazayut Wesnmsfnuilududdadlainntn seneuiy

wuqmﬁmmau%u tyrosmase

MnmsEnsgrsmatinmdesdiunuin dauatanenunmueaniwesiivwariuansgns
Fudeuuafide Wosalse WornaSe waziwadusibeing fuandumsiei 1 adidauls
fio druafamenuanisyuuassyuians e demaduzideesunuazuzidadm
mmﬁwéfu et msﬁﬂmaqﬁﬂisﬂawmﬁﬁmﬂﬁﬁumdwﬁﬁdmaﬂa Tnepainnisazldansd
uqmamqmmwm Lwawmuﬂﬂa%Lﬂuwahﬂuamﬂm

A19199 1 qmsmqmmwwmmwaamuanmnmuLwnuaamnm‘uuul,tawuum

Antibacterial Anti-TB Antimalaria .
Cytotoxicity (ICso, pg/mL)
Sample (MIC, pg/mL) (MIC, pg/mL) (ICs0, pg/mL)
SA | MRSA M. tuberculosis | P. falciparum KB MCF-7 |NCI-H187 Vero
AH-T 64 128 50.0 213 8.03 / 19.19 48.56
AL-T 64 128 25.0 11.9 / 19.94 1.86 29.51
Isoniazid” - - 0.17-0.34 - - - - -
Doxorubicin’ | - . . - 088 | 1317 | 014 -
Ellipticine” ; ; ; - 2.23 . - 1.60
Mefloquine” - - - 0.0034 - - -
Vancomycind 1 1 - - - - - -

AH-T = The crude methanol extract from the twigs of A. heterophyllus

AL-T = The crude methanol extract from the twigs of A. lakoocha,

SA = Staphylococcus aureus, MRSA = Methicillin-resistant S. aureus,

KB = Oral human carcinoma cells, MCF-7 = Human breast cancer cells,




NCI-H187 = Small lung cancer cells, Vero = African green monkey kidney fibroblast,
/ = Inactive. — = No test performed.
“ Standard antimycobacterial drug. ® Standard compounds for cytotoxic assays.

“Standard antimalarial drug. ?Standard compound for antibacterial assays.
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suryulazyuUiimInsgneimuaunziusenideddivemiviods  81ualTe
wasnemeuwileveding  feindnansiiflasaseiinannvansuasignimetiam e
giuteya SciFinder nuhiimsnenunsinwesduszneumaaiiifqrmatinmaindiu
Awwawiuyuiazayuiildnin shlinsdnuiludwiifanuauls

Sepicanin A (1) wenlgainaiuluvessiu A sepicanus miﬁfﬁqw'éﬁmﬁ?ﬁ]umﬁﬁa
Staphylococcus aureus finoseeasdadu (methicilinresistant S. aureus, MRSA) @
A1 MIC WU 2.9 M (Radwan et al, 2009) wenainiansiualungy xanthone,
pyranocycloartobiloxanthone A (2), fuenléanndu A. obtusus LLﬁ@QQWéﬁWUL%@LLUﬂﬁ@H
MRSA ua 1% Bacillus subtilis 18 inhibition zone Winfu 20 uay 12 fadwns Auady
(Hashim et al., 2012) artocarpin (3), cudraflavone C (4) wag artocarpanone (5) ﬁLLEJﬂléf
PN A integer ﬁqm‘éé’mr’zﬂ?@uuﬂﬂﬁa Propionibacterium bacterium @1 MIC
WiNAU 2, 4 way 2 pg/mL Muaeu (Dej-adisal et al., 2013) wonanians 3 Saenldann
druunuldvesiu A heterophyllus %ﬂmeqwéﬁ’lmsﬁaLLUﬂﬁﬁa Streptococcus mutans,
S. pyogenes Way Bacillus subtilis awA1 MIC WU 4.4, 4.4 uaz 17.8 yg/mL auaIsu
(Septama et al., 2015)

3R =R, = EA)\ , Rz =OMe
4R =Ry = §A)\ , R3=OH

5:R1=R2=H,R3=OH

Artocarpusin A (6) wenldanndiuiesdu A heterophyllus LLamﬂqwéﬁﬂu
waduzi5aald (PC-3 cell line) warugiSaUan (NCI-HA60 cell line) semn ICs, Wity 14.1
war 162 uM eudwu (Di et al, 2013) dihydroartoindonesianin C (7) Way
pyronocycloartobiloxanthone B (8) a7nadiutUannvasaifuvessu A obtusus meqmé
AumaanziSudndonu1d (HL-60 cell line) seAn ICs, WU 26 wag 27 pg/mL MNa1nu
waruES LAY (MCF-7 cell line) M8An ICs, WU 27 way 23 pg/mL Mua1su (Hashima

et al., 2012) artochamin B (9) LLaﬂlﬁﬁlﬂﬂd?uﬁwaﬂﬁu A. nigrifolius Wwag artocarmin F



(10) wag artocarmins I-K (11-13) 91N@IUTINVOIHU A. chama LEASVBAULTAALZIIFU

] '
Q‘ddd

(HepG2 cell line) Ingans 11 wanignsnafgaaea ICs WU 3.60 pg/mL (Wang et al.,

[

2006) uonnifanigvsduduraduziiaiiuy (MCF-7 cell line) way wzi5eoUin

(KB cell line) MuA ICs WinAU 4.59 Way 20.00 pg/mlL auasu (Hoi et al., 2013)
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Artoindonesianins A2 (14) uwaz A3 (15) uwenldgendunnulduedu
A. champeden (Syah et al., 2006), artoindonesianins B (16) waz E1 (17) wenleanaIy
dlolsvesdiu A elasticus (Musthapa et al., 2009), artoindonesianins G-I (18-20) uag
arteasticin (21) 3nduunulidussdu A lanceifolius (Syah et al., 2001), artoindonesianin
L (22), artonins M (23), E (24) waz O (25) 3nngulaansinvesnu A. rotunda (Suhartati
et al, 2001) uay artoindonesianins U (26) way V (27) andwuunuldvssiu A
champeden (Syah et al., 2004) @swaTiuanssiuadusSudaidensn (P-388 cell

line) Ineans 14 wansgnSNANEAAILe ICs, WU 3.66 UM



R, R1

16: R, = Me, R, = OH
17: R1+Ry = =CH>

19: R;+R, ==CH,
20: Ry =Me, R, = OH
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1 Lﬁav‘hﬂmwﬂLLazﬁﬂmmﬁUizﬂaWNLﬂﬁmﬂﬁwaaﬁuwu (A. heterophyllus) wag
Ul (A. lakoocha)
2. Anrwilasaavesansuigniiuenldanisesiuayu (A heterophyllus) uag
YUt (A. lakoocha) medeyanisauninsalny
3. MadounYENNTININ (qududeuuaiife fudes Musyyadasy uiaduns)
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3. maaquﬁmmmwLuawumaqmuaﬂwmu LU qwﬁmummwﬂmiﬂ S. aureus
(SA), WeluATSaNnenaewusTady (methicillin-resistant S, aureus, MRSA),



qw‘éﬁwm%@mmﬁa (Plasmodium  falciparum K1), qwéé’fwﬁai’mlm
(Mycobacterium tuberculosis, Hs;Ra) qwéé’mmaa‘mﬁasﬁmmﬂ (KB), 1bSaAul
(MCF-7), ugiSeuan (NCI-H187) wazanuduiiwsawadun@ (Non-cancerous Vero
cells)
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3. HANNTNNADY

1. M3An¥18IAUsENaUNIBATINAUYY (A. heterophyllus)

(%
o t

Urdruannnervveafsvyuiintn 50.0 n$U Uwenele quick column

chromatography ~ (QCC)  #silfegiuudaniag vesig  hexane L9228

Y

=2

dichloromethane wag methanol auds 100 % MeOH l@dudesviaun 8 @ (AHT-
1-AHT-8)

Crude MeOH from the twigs of A. heterophyllus
500¢g

QCC, Hex - CH,Cl, - MeOH

AHT-1 AHT-2 AHT-3 AHT-4 AHT-5 AHT-6 AHT-7 AHT-8
5.12¢ 480¢g 225 158 g 149 ¢ 3.08¢g 648 g 6569

o 1 |

ndiugay AHT-2 (veaninduinia, 4.80 n5U) U LeNAl8AaUtlASUINNSIANL

T A

wegfiulu@dniag weie 15 % EtOAc/light petroleum ether lgidugey 3 dugey
(AHT-21-AHT-23) thautes AHT-22 (vewmilndthana, 182.9 fadn3) wuendnadade
Fanwaa meduullasunns @l leeld 20 % EtOAc/light petroleum ether Hudve
Iéidugion 3 dautey (AHT-22A-AHT-22C) druges AHT-22C uasuiqus 22 (veawila
fihana, 17.9 fadndu) dwsuans 24 @ewiladiima, 3.5 fadnsy) dulfinniduges

AHT-22B (vaswilad@unia, 32.8 fiadnsy) wwhliusgrsmeneduillasuninnsitnisieg

fuiidudaniea uwazld 15 % EtOAc/lisht petroleum ether LHufase

AHT-2
480 ¢

CC, 15% EtOAc/Petrol

AHT-21 AHT-22 AHT-23
2.16¢g 182.9 mg 117.5 mg

CC, 20% EtOAc/Petrol

AHT-22A AHT-22B AHT-22C
54.1 mg 32.8 mg

CC, 15% EtOAc/Petrol
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daugey AHT-4 (voswilndinia, 1.58 n3u) gnihwvinlidudiugessedaniiag
AedullAsU NN A Tnefdvedu MeOH/CH,CL, levianun 5 d@iugas (AHT-41-AHT-45)

o

1duge8 AHT-42 (W9uiladuinig, 701.9 Jaansy) W1uwenmieaeauulasunns WAL

to A

pgufildu Sephadex LH-20 Taeildwzidu 100 % MeOH lavisnun 4 drugos (AHT-

Y

A A

A42A-AHT-42D) thauges AHT-42B (vesvilndtnnia, 190.5 fadniu) uviilvuiansan

Aa o o A

AsseAaNlasINnnANTdegiuMluganiaa veame 30 % EtOAc/ight petroleum

A A

ether laansu3ans 2 a1 Ae @15 14 (vewileduinna, 3.2 1adnsu) uag a13 25 (Vowilnd

a o

Wiaedeey, 15.2 4aansy) uwendiuges AHT-42C  (Vesnlladuinia, 43.3 daansy)
Pedan1aa redullasulnnsd Ineddveidu MeOH/CH,CL,  Tovanun 3 dludos
(AHT-42C1-AHT-42C3) @15 1 (Vesnilndidssesy, 5.8 Jaansy) wag @15 21 (Vonlad

o 1 1

wides, 3.2 §aansy) teannisinaiugey AHT-42C2 (vesniladiisna, 13.3 Tadnsy)

wwenmeneduilasuinnsinddegiundudanieanazil 30 % FtOAc/light
petroleum ether Jusae diudes AHT-42D (vesnilndinia, 35.6 Naansu) Wil

2
a v v a

U3ansenasanedaniea meauulasulnns il Tnafiduzidu MeOH/CH,CL, laasu3ans 2

Doy

d15 AD @15 2 (VoMNUAELVARIBaY, 1.3 Uadnsy) way @15 16 (Veaniaduaniasy, 4.6

[

Jaansy)

AHT-4
158¢g
CC, MeOH/CH,Cl,
I I I |
AHT-41 AHT-42 AHT-43 AHT-44 AHT-45

124.5 mg 701.9 mg 158.3 mg 76.0 mg 92.7 mg

Sephadex LH-20, 100% MeOH

AHT-42A AHT-42B AHT-42C AHT-42D
432.5 mg 190.5 mg 43.3 mg 35.6 mg

CC, MeOH/CH,Cl, CC, MeOH/CH,Cl,
CC, 30% EtOAc/Petrol | | |

HQ

AHT-42C1| |AHT-42C2| | AHT-42C3 O \\ O OH
23.0 mg 13.3 mg 5.6 mg HO

CC, 30% EtOAc/Petrol
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daudey AHT-5  (vewileduinia, 149 ndn) gnvitlidudiugeslneldnodul

' '
aa v v A

Tasulnnsiifidegiunduddnieg uazvzy MeOH/CH,CL lodugoeiaun 5 diutoy

o 1 ]

(AHT-51-AHT-55) 1hamutos AHT-52 (vesiindiingna, 490.0 fadnu) suondioneduil
TassnnnsiisisegAuiidu Sephadex LH-20 Taedifvzidu 100 % MeOH 1¢ 4 dugen
(AHT-52A-AHT-52D) daugos AHT-528  \ua1suiqnine a13 18 (vewiledvdessou,
4.2 fiadn3u) dauges AHT-53 (veawiladiinia, 511.0 fadndi) gniunuondenedul

Iﬂiu’ﬂ'mﬂiﬂﬁﬁﬁﬁ"aa@jﬁ%ﬁﬂu%mma Tngld 20 % EtOAc/light petroleum ether Wuday

1§ 3 drudes (AHT-53A—AHT-53C) thauges AHT-53C (vaswilndinana, 16.8 Jaandal)

Aa o

wwendnasimenedutlasuninddegduiidusnesama 3anaa laedl 75 %

(%
o

f
MeOH/H,0 iz lsas 6 (veaniladuinia, 7.5 fadnu) 1Wuasu3and

AHT-5
149¢

CC, MeOH/CH,CI,

I I I I
AHT-51 AHT-52 AHT-53 AHT-54 AHT-55
140.1 mg 490.0 mg 511.0 mg 161.2 mg 198.0 mg

Sephadex LH-20, 100% MeOH CC, 20% EtOAc/Hex

AHT-52A| |AHT-52B| [AHT-52C| [AHT-52D| [ AHT-53A | | AHT-53B AHT-53C
199.9 mg 42 mg 21.6 mg 27.9mg 32 mg 12.3 mg 16.8 mg

OH

RPCC, 75% MeOH/H,0
H,CO o VeV I

OH
(0]
HO OH
6

diudos AHT-6 (vewilinduinia, 3.08 nsw) gniwuendis QCC lnedfaveidy
hexane L4288 dichloromethane uay methanol aufs 100 % MeOH l@daugos
NINUA 6 dueey (AHT-61-AHT-66) Wdrugey AHT-62 (vasnindunia, 536.9 Taansy)

WMBNAY  Sephadex LH-20 padusllasunlnns il lagld 100 % MeOH Hudwe 1d 4

o 1 1

@780y (AHT-62A-AHT-62D) 9 ntULdWEny  AHT-62B  (veendaduinia, 162.5

Y o A

Jaansu) muaadullasuilnns dinddedfundudaniaa lnedidvedu 30 %

Y
(%

EtOAc/light petroleum ether l¢ians 23 (voswilnduinia, 4.2 Jadnsu) 1Wuasusgus a3

o ]

10 (voaniindwmandsay, 6.5 Tadnsy) lWu1annsiidluges AHT-62C (vaeniindiisa,

Y

92.8 fiadinsu) wuendigmeauillasiiunindidegiuilu Sephadex LH-20 @il 50 %
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MeOH/CH,Cl, sy drudes AHT-64 (veaniladwmdessew, 354.1 Tadnsu) gnuiun
wenlmdudiudesmiedan 1a reduilasunlnns il Inedifvgidu MeOH/CH,CL 1a 3
dueas (AHT-64A-AHT-64C) @15 19 (Voanilindndesesy, 5.8 Nadnsy) leu1ainin
dudey AHT-64B (vamindtiana, 198.0 fadndy) wuendedaniea roduflasuiinn

=

577 G381 40 % EtOAC/hexane Wushay

AHT-6
3.08¢g

QCC, Hex/CH,Cl,/MeOH

[ [ | | |
AHT-61 AHT-62 AHT-63 AHT-64 AHT-65 AHT-66
1.62¢g 536.9 mg 1.04 mg 354.1 mg 382.0 mg 546.9 mg

Sephadex LH-20, 100% MeOH

AHT-62A AHT-62B AHT-62C AHT-62D
2229 mg 162.5 mg 92.8 mg 149.0 mg

CC, MeOH/CH,Cl,
| |

30% EtOAc/Petrol
AHT-64A AHT-64B AHT-64C
102.9 mg 198.0 mg 60.5 mg

Sephadex LH-20,
50% MeOH/CH,Cl, CC, 40% EtOAc/Hex
2tk OH OH

daugos AHT-65 (vowiindtnna, 382.0 fadndw) gnihanuendie Sephadex LH-
20 aedulasuvng @ 14 100 % MeOH Wudwe 16 5 diudes (AHT-65A-AHT-65E)

[
[ 4 [y

dugay AHT-65B (ventinduinia, 162.1 Tadnsu) gninuuendnasamensauilasuiivn

=

sifiegiumdudanaa 19 EtOAc/hexane Wiy Tdansuians 1 ans fe a1 9

(VoInUAAWARIBRY, 7.3 Uadn5Y) d@nsuans 7 (Vesniaduinng, 6.3 daansy) kay @15 20

A A

(ewilnduinna, 2.0 Jadnsy) lRanmsihdiuges AHT-65D (vaswiinduinna, 44.8
fiadn3w) wviliusanseedaniea reduilasuilnns il Fald 50 % EtOAc/hexane Ludn

P wazwandIugay AHT-65E (Vasniaduinng, 17.6 Jaansy) cmemoduillasu nns Wnia

I I

anaa Wusiediuiuassl 5 % MeOH/CH,CL, Wudwelaas 17 (vewiladiinng, 3.2

Y
'3
[ a

a a <@ a
Haansy) Wuansusans

9
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AHT-65
382.0 mg

Sephadex LH-20, 100% MeOH

AHT-65A AHT-65B AHT-65C AHT-65D | | AHT-65E

106.5 mg 162.1mg 69.8 mg 44.8 mg 17.6 mg
CC, EtOAc/Hex l lcc, 5% MeOH/CH,Cl,
OH HO OH
cc, H3;CO
50% EtOAc/Hex
X
OH
/ 0”0
HO 0
7 OH

daudoy AHT-7 (voswilnduinia, 6.48 nsu) gnyibidudiugasrieisnisiieaiu
dugas AHT-6 laaiugpevianun 5 @ (AHT-T1-AHT-75) Wdiugey AHT-72 (veaniad

iwa, 106 A%y)  wwendednasacedaniiaa redullasunlnns il Fedldvzdu

o ! I

EtOAC/CH,Cl, o 5 drutes (AHT-T2A-AHT-72E) ¥n1suendiuges AHT-728

]
[ =]

(ewdadinnia, 116.2 Taansy) measdudlasulnnsAndsedtundudaniaa laans

Y

1
o

U35 3 a1 Ao a5 5 (Vemiladunig, 3.6 1adnsw), 12 (vewilladu1nia, 6.3 Tadniy)

(% (%
a o

WaY 13 (VIUAFUIANE, 7.3 Taansy) d@ugey AHT-72C (Weaviaduinia, 238.3 Jaansy)

{

g uliuIgnsanaTmedaniaa Asdudlasuiunsdl @9 20 % EtOAc/light
petroleumn ether \udve lia15u3ans 1 a5 A @13 11 (vewmileduina, 3.5 Jadnsu)

1d1utey AHT-72D (Voaniaduiana, 224.0 Jaansy) uwenliidudiudesmenaduilas

1nnsinTsegiundudaniaa Inell MeOH/CH,ClL,  WHudive 19 4 drudes (AHT-

Y

72D1-AHT-72D4) @uginy AHT-72D2 Lﬂumw%qmé Ao @15 3 (VeInllndLndesvey,
1.9 fiadnfu) Whdauges AHT-72D3 (vowilndiiaa, 34.5 faaniu) wwhliusandees

nasaa 8an1519a AeauulasnNsI T F9il 60 % acetone/H,0 Wudwe loas 15 (Va9

A oo a a o < a £
NUAAUINIG, 5.6 UAANTY) L“LJ‘Llﬁ'ﬁ‘Ui?!Vlﬁ



AHT-7
648 ¢

QCC, Hex/CH,Cly/MeOH

AHT-71 AHT-72 AHT-73 AHT-74 AHT-75
106.0 mg 1.06 g 1.01¢g 50.0 mg 243 mg
CC, EtOAC/CH,Cl,
I I I I
AHT-72A AHT-72B AHT-72C AHT-72D AHT-72E
159 mg 116.2 mg 2383 mg 224.0 mg 4273 mg

CC, 40% EtOAc/Hex
RPCC, 70% acetone/H,0

CC,
20% EtOAc/Petrol

CC, MeOH/CH,Cl,

AHT-72D1 | |AHT-72D2 | | AHT-72D3 | | AHT-72D4
8.0 mg 1.9 mg 345 mg 181.9 mg

HO o}

OH O

OH
OH OH
o
HO o OH RPCC, 60% acetone/H,0
OH
3

HO

o

15

dugpy AHT-73 (vawitlndu1nia, 1.01 N51) LLenmeTaniae Asaullasunns il

F91l MeOH/CH,CL, Wushus 1ddudessionun 4 d@ugey (AHT-T3A-AHT-73D) diugos

AHT-73B (voswilad@uena, 82.3 fiadniu) gniwvihlviuSansmesiesamla Fdnaa

AoduLlATNIWMNG T Fail 50% acetone/H,0 1Wusiave laansu3ans 2 a15 Ae @15 4 (Veq

MURALADY, 2.3 Tadn5y) kay 8 (Veanlndnaneesy, 8.3 Naansy)

AHT-73
1.0l g
CC, MeOH/CH,Cl,
AHT-73A AHT-73B AHT-73C AHT-73D
9.6 mg 82.3 mg 399.8 mg 517.4 mg

HsCO N
S

l RPCC, 50% acetone/H,O

O OH
HO

0}
48
OH O

8

HOOH
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2. MsfneaAUsEnaumMaAliannneuyull (A. lakoocha)

Wndruadaveivvesisyuliinin 45.0 n5U WuenalY quick column

Y lo A

chromatography ~ (QCC)  #silfegdumiudaniaa veaie  hexane WiNdI02e

Y

dichloromethane wag methanol aufa 100 % methanol tnaiugaevianun 6 @7y (ALT-

1-ALT-6)

Crude MeOH from the twigs of A. lakoocha
450¢

QCC, Hex/CH,Cly/MeOH

ALT-1 ALT-2 ALT-3 ALT-4 ALT-5 ALT-6
256¢g 625¢ 385¢g 459¢ 236¢ 645¢g

o | 1

dugey ALT-2 (eawmidediinig, 6.25 nsu) wvldmdudiugesmenaduillas

' '
aa v T A

wnnsindfmedfuniluiddnien ¥z hexane Liiwdae dichloromethane  wa
methanol 9y 100 % MeOH lafanun 5 diueos (ALT-2A-ALT-2E) 1dutos ALT-28B
(Fpenilnduinia, 1.02 n31) W endnAsIAIY Sephadex LH-20 Aoauudlasulnns il Inydl

fraeidu 100 % MeOH léwianun 4 dugos (ALT-2B1-ALT-2B4) thduges ALT-2B3

Aa o {

(womiladmdos, 1002 Fadn3u) unhlsdavdseasduilasuninnsfiddsegiuiiiu
Sephadex LH-20 Tagld@wzidu 50 % MeOH/CH,CL, loans 29 (vowilndividesseay,
10.2 {aansy) L‘fJumsU'%fjwé U1dugey ALT-2D (mawﬁmﬁﬁwma, 2.36 n¥u) Wi lmdu
a"su*a'aEJG’T%ﬂﬂaé’mﬁimmimﬂiﬁ\lﬁﬁﬁaa@:ﬁuﬁﬂu%amwa YrA18 MeOH/CH,CL,
19 3 diuges (ALT-2D1-ALT-2D3) @15 30 (vesnilndinaesesy, 12.3 Jaansu) lhuain
Maihdugos ALT-2D2 (vewilndinana, 2483 fadn) mv‘iﬂﬁu’%qwéﬁw%ﬁmma

AoauulAsI NN Taels 2 % MeOH/CH,CL, [Wudwe

ALT-2
6.25¢g

CC, Hex - CH2C|2 - MeOH

ALT-2A ALT-2B ALT-2C ALT-2D ALT-2E
23609 1.02¢g 0.869 2369 132¢9
Sephadex LH-20, 100% MeOH CC, CH,CI; - MeOH
| | | [ | |
ALT-2B1 ALT-2B2 ALT-2B3 ALT-2B4 ALT-2D1 ALT-2D2 ALT-2D3
532.3 mg 246.3¢ 100.2 mg 1153 ¢ 1.32g 248.3 ¢ 598.3 mg
Sephadex LH-20,
l 50% MeOH/CH,Cl, l CC, 2% MeOH/CH,Cl,
OH

OH
HO\Q/\O):@
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ALT-2
625¢g

CC, Hex/CH,Cl,/MeOH

ALT-2A ALT-2B ALT-2C ALT-2D ALT-2E
236¢ 1.02¢g 0.86 g 236¢ 132¢
Sephadex LH-20, 100% MeOH CC, MeOH/CH,Cl,

ALT-2B1 ALT-2B2 ALT-2B3 ALT-2B4 ALT-2D1 ALT-2D2 ALT-2D3

5323 mg 2463 g 100.2 mg 1153 ¢ 132¢g 2483 g 598.3 mg
Sephadex LH-20,
50% MeOH/CH,Cl, CC, 2% MeOH/CH,Cl,
OH

\ OH
OH
HO O\
\@/\l HO o\
(¢] CH. OH o CH
29 ﬁ/goﬁ&4 o O

OH 30 oH

thauges ALT-3 (wemindiinna, 3.85 nfa) uuendae Sephadex LH-20 aAaduil
Tasunlnns il Tnedl 100 % MeOH (Judvy 1 5 diudoy (ALT-31-ALT-35) wundiuges
ALT-32 (vaswiindthma, 236.6 Tadndy) fredaniea aeduillasinlnns @ wede 15 %
acetone/hexane Mgavun 4 daugon (ALT-32A-ALT-32D) thdutos ALT-328B (vomiln

dma, 38.5 Taansu) wwilviuSanssnasaing Sephadex LH-20 maduulasuilnns il

De

Wee 100% MeOH lians 27 (voswilndimassgew, 10.2 fadnsu) Wuasuians wenainil

dl' o 1 1

Wathdiugay ALT-32D (Wasiladuinng, 72.3 1aansy) dkennlgnaauilasuninns ing

Y T A

sagiuiiudaniaa deliduzilu 5 % MeOH/CH,CL laasuigns 1 @13 fie @15 26 (vas

Y

) o

nipdEnaoesy, 2.3 Jaansy) @MU a15 28 (veswnilndivaeseey, 14.2 Taansy) lwa1nnis
ndiugey ALT-33 (veantadiinig, 152.0 3a8n5u) W1uenmigsiesdusla aniaa aaaul
Tasunns il el 50 % MeOH/H,O Wudwy 1hdiuges ALT-35 (vawmilndtinia, 1.32

n%)  wwhnswendnAsIeie  Fanea eedullasulnns il Ieedidweldu 15 %

MeOH/CH,Cl, lonaviun 4 diugoy (ALT-35A-ALT-35D) 1dugey ALT-35C
(VoIuUadtIna, 26.3 daansy) uwﬁﬂﬁﬁqwéﬁﬂﬂ%’aé’a8§Laa§aw\la Fanaa

AeaulAsIN NS 1eedl 40 % MeOH/H,O Wushae lhans 32 (veawnilndudedsay, 3.6

[

A a < a £
fadnw) Wuensuignd
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ALT-3
385¢g
Sephadex LH-20,
100% MeOH
[ [ | | |
ALT-31 ALT-32 ALT-33 ALT-34 ALT-35
982.3 mg 236.6¢g 152.0 mg 236¢ 132¢
CC, 15% acetone/hexane l PRCC, 50%
| | | I o MeOH/H,0
ALT-32A | |ALT-32B| [ALT-32C| |ALT-32D Hg%o CC. 15% MeOH/CH,Cl,
25.6 mg 38.5 mg 75.6 mg 723¢ P @ o
Sephadex LH-20,
100% MeOH CC, 5% MeOH/CH,Cl,
HO\@( OH o oH I I | |
o Q ALT-35A | |ALT-35B| |ALT-35C | |ALT-35D
I HoxCX0n o O O 5263mg | [2365mg| | 263 mg 4855 ¢
27 HHO(&\\/O Y OH
HO 5 PRCC, 40% MeOH/Hzol Ho OH

1%
a o

daudos ALT-5 (veandadunnia, 2.36 nsu) gnihuvinbidudiugesmenisiun

Y o oA

wendenedulasunnsfifidsegfuiiidu Sephadex LH-20 ¥¢fe 100 %  MeOH

[

16 5 d@ugoy (ALT-51-ALT-55) Londiugas ALT-52 (vaelinduinig, 112.3 fadnsy)
PeBaNLaa AedNlsUNNI W Tvedu 10 % MeOH/CH,CL, 1@ 4 dudey (ALT-

52A-ALT-52D) 1ndugas ALT-52C (voaniladuinia, 24.5 Jaansy) mv‘iﬂﬁu%qw%’w

Ao A

ADRLY lasuvnsaindidaegiuiiiiu Sephadex LH-20 w6 100 % MeOH lans

34 (Vasntledwidnsy, 8.3 Naansu) L‘flumiﬁqwé d115uans 35 (eanlindnany, 2.1

faansa) T Thunnnisthaiugos ALT-54 (vesvilndtimna, 215.3 fadndu) iuende

Fre3anea Aoauy  TasunTnnsAi9id 15 % MeOH/CH,CL, Wushus 1§ 3 dudos (ALT-

541-ALT-543) udthdugos ALT-542 (vemilndtima, 9.8 Taanfa) mﬁﬂﬁu‘%qw%ﬂ
v e A

asahonedutlasin  Inns1ifidnegiuidu Sephadex LH-20 udiwwde 50 %
MeOH/CH,Cl,
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ALT-5
236¢
Sephadex LH-20,
100% MeOH
| | | | |
ALT-51 ALT-52 ALT-53 ALT-54 ALT-55
1.03¢g 1123 g 253.0 mg 2153 mg 850.3 mg
CC, 10% MeOH/CH,Cl, CC, 15% MeOH/CH,Cl,

ALT-52A | | ALT-52B ALT-52C | |ALT-52D ALT-541 ALT-542 ALT-543
36.5mg 223 mg 24.5 mg 503 g 112.3 mg 9.8 mg 85.3 mg

l Sephadex LH-20,

Sephadex LH-20,
100% MeOH|  oH 50% MeOH/CH,Cl,
OH
OH

N
OH « on
HO 34 HO O

35
Mnsuendiugoy ALT-6 (vosulladuinia, 6.45 Asu) ¢ Sephadex LH-20
aosuillasutlnsns il Feishesdu 100 % MeOH lddudesvianun 5 diugey (ALT-
61-ALT-65) @wugoy ALT-62 (vowiladuinia, 1653 fadnsy) gninuuendnasanie

podulasuv neAnddediuniuadniea 19 10% MeOH/CH,CL, WWusiave levisvun 4

dugay (ALT-62A-ALT-62D) thdrutes ALT-628 (vasuilndiiinia, 20.3 fiadnu)
uiluigvdseinesana danuaa reduillsinlnne il 19 50 % MeOH/H,0 Wudu
VL@w’miU'%qwé 1 @15 Ao ans 33 (Veawiindtea, 4.6 Hadndy) duees ALT-64 (eq
uiiadtnnng, 78 5 fadn3u) gnihuenseneduilasunlnnsitifdedunidua

g lneiisveidy 30 % acetone/CH,CL 1@ 3 d@udes (ALT-64A-ALT-64C) @15 31
(VDINTUAALNRDIDDY, 3.6 §aansy) lWu1a1nnistnduges ALT-64B (Wasuilnduimia,
14.2 fiadn3u) Wuenedie Sephadex LH-20 aaduillasunlnsns il dsdidhvsdu 50%

I\/\eOH/CH2Cl2
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ALT-6
645 g

| Sephadex LH-20, 100% MeOH

ALT-61 ALT-62 ALT-63 ALT-64 ALT-65
356¢g 165.3 mg 1.02g 78.5 mg 2.30 mg
CC, 10% MeOH/CH,Cl, CC, 30% acetone/CH,Cl,

ALT-62A | |ALT-62B | |ALT-62C | |ALT-62D ALT-64A | | ALT-64B | | ALT-64C

112.0 mg 20.3 mg 12.3 mg 102 ¢ 32.6 mg 142 mg 123 mg
RPCC, 50% MeOH/H,0 Sephadex LH-20,
OH 50% MeOH/CH,Cl,
Ho O ° O HO OH
Y "OH HO (0] 0
OH OH
33 OH
OH O

31

Heterophyllene A (1): pale yellow gum; UV (MeOH) A, nm (log &) 224 (3.67), 245
(3.21), 275 (2.56), 310 (2.01); IR (neat) Vyax Cm_1: 3420, 1645; 6, (400 MHz, CDCls) 7.38
(1H, d, J = 8.4 Hz), 6.97 (1H, s), 6.87 (1H, s), 6.85 (1H, s), 6.81 (1H, d, J = 2.0 Hz), 6.76
(1H, dd, J = 8.4, 2.0 Hz), 6.64 (1H, d, J = 10.0 Hz), 5.64 (1H, d, J = 10.0 Hz), 1.40 (6H, s);
6c (100 MHz, acetone-dg) 155.6, 154.7, 154.1, 154.0, 153.6 (2C), 151.5, 129.6, 122.8,
121.2, 116.2, 113.8, 112.1, 105.6, 103.9, 101.6, 101.2, 98.2, 76.3, 27.8 (2C)

Heterophyllene B (2): pale yellow gum; UV (MeOH) A, nm (log €) 226
(2.47), 248 (2.21), 265 (2.01); IR (neat) Vyay cm’ 3400, 1667; 6y (400 MHz, acetone-dy)
7.39 (1H, d, J = 8.4 Hz), 6.96 (1H, d, J = 2.0 Hz), 6.95 (1H, s), 6.93 (1H, d, J = 2.0 Hz),
6.90 (1H, d, J = 2.0 Hz), 6.81 (1H, dd, J = 8.4, 2.1 Hz), 6.72 (1H, d, J = 16.4 Hz), 6.71
(1H, dd, J = 16.4, 6.4 Hz), 2.44 (1H, m), 1.09 (6H, d, J = 6.4 Hz); 6. (100 MHz, acetone-
de) 157.4 (2C), 156.8 (20), 155.4, 142.1, 130.0, 122.7 (20), 122.0, 119.1, 113.3, 104.1
(20), 102.1, 98.5, 34.0, 23.3 (20)

Heterophyllene C (3): pale yellow gum; [a]ZSD +48.2 (c 0.53, CHCLy), UV
(MeOH) Ana nm (log €) 232 (2.41), 252 (2.31), 271 (2.01), 313 (1.89); IR (neat) v ax cm’:
3410, 1677; &4 (400 MHz, acetone-d,) 7.39 (1H, d, J = 8.4 Hz), 6.98 (1H, s), 6.97 (1H, d,
J =21 Hz), 691 (2H, s), 6.80 (1H, dd, J = 8.4, 2.1 Hz), 3.63 (1H, dd, J = 9.6, 2.0 Hz),
3.24 (1H, dd, J = 14.0, 2.0 Hz), 2.57 (1H, dd, J = 14.0, 9.6 Hz) 1.26 (3H, s), 1.25 (3H, s);
6¢ (100 MHz, acetone-dg) 157.2 (2C), 155.9 (20), 155.3, 130.1, 121.9, 120.0, 113.1 (20),
104.6 (20), 101.7, 98.4, 81.2, 72.6, 26.8, 26.0, 25.0
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Heterophyllene D (4): yellow gum; UV (MeOH) A, nm (log &) 228 (3.24), 300
(2.76), 334 (2.21); IR (neat) Vyax cm’: 3389, 1640; 6, (400 MHz, acetone-dy) 7.43 (1H, d,
J=88Hz),7.42 (1H,d, J = 17.2 Hz), 7.01 (1H, d, J = 17.2 Hz), 6.69 (2H, d, J = 2.4 Hz),
6.45 (1H, d, J = 2.4 Hz), 6.40 (1H, dd, J = 8.8, 2.4 Hz), 6.35 (1H, d, J = 2.4 Hz), 3.80 (6H,
s); &¢ (100 MHz, acetone-d,) 162.1 (20), 159.2, 157.0, 141.7, 128.6, 126.3, 125.1, 117.1,
108.4, 104.8 (2C), 103.5, 117.1, 99.8, 55.6 (20)

Demethylmoracin | (5): brown gum; UV (MeOH) A, nm (log €) 212 (4.13),
310 (3.56); IR (neat) Vyax cm 3388, 2918, 1614; &, (400 MHz, acetone-d,) 7.42 (1H, d,
J=8.4Hz), 698 (1H, d, J = 2.4 Hz), 6.81 (1H, dd, J = 8.4, 2.4 Hz), 6.79 (1H, s), 6.74 (1H,
d,J=24Hz),650(1H,d, J=24Hz),518 (1H,t, J = 5.6 Hz), 3.50 (2H, d, J = 5.6 Hz),
1.67 (3H, s), 1.64 (3H, 3)

Moracin C (6): brown gum; UV (MeOH) A, nm (log €) 214 (4.42), 319 (4.38),
IR (neat) Vyax Cm_l: 3329, 2912, 1622; 6, (400 MHz, MeOD-d,) 7.33 (1H, d, J = 8.4 Hz),
6.87 (1H, d, J = 2.0 Hz), 6.83 (1H, d, J = 0.8 Hz), 6.77 (2H, brs), 6.72 (1H, dd, J = 8.4, 2.0
Hz), 5.26 (1H, t, J = 7.2 Hz), 3.32 (2H, d, J = 7.2 Hz), 1.78 (3H, s), 1.67 (3H, s)

Moracin M (7): brown gum; UV (MeOH) A.... nm (log €) 214 (4.12), 316 (3.97),
IR (neat) Viax cm’: 3427, 2916, 1629; 6, (400 MHz, acetone-d) 7.41 (1H, d, J = 8.4 Hz),
7.04 (1H, d, J = 2.0 Hz), 6.98 (1H, s), 6.85 (2H, d, J = 2.4 Hz), 6.81 (1H, dd, J = 8.4, 2.0
Hz), 6.36 (1H, t, J = 2.4 Hz)

Norartocarpetin (8): pale yellow gum; UV (MeOH) A, nm (log €) 214 (4.25),
259 (3.91), 285 (3.85), 350 (3.99); IR (neat) Vyax Cm—l: 3141, 2918, 1606; 6y (400 MHz,
acetone-dy) 13.14 (1H, s), 7.83 (1H, d, J = 8.8 Hz), 7.07 (1H, s), 6.62 (1H, d, J = 2.4 Hz),
6.56 (1H, dd, J = 8.8, 2.4 Hz), 6.50 (1H, d, J = 1.8 Hz), 6.23 (1H, d, J = 1.8 Hz)

Albanin A (9): pale yellow gum; UV (MeOH) An.c nm (log €) 214 (3.95), 264
(3.59), 281 (3.55); IR (neat) Viay cm’: 3321, 2914, 1635, 1014; 6, (400 MHz, acetone-dy)
13.16 (1H, s), 7.19 (1H, d, J = 8.4 Hz), 6.56 (1H, d, J = 2.4 Hz), 6.51 (1H, dd, / = 8.4, 2.4
Hz), 6.32 (1H, d, J = 2.2 Hz), 6.24 (1H, d, J = 2.2 Hz), 5.11 (1H, t, J = 7.0 Hz), 3.10 (1H,
d,J=7.0 Hz), 1.56 (3H, s), 1.42 (3H, s)

Licoflavone C (10): pale yellow gum; UV (MeOH) A, nm (log €) 214 (3.89),
276 (3.55), 332 (3.57); IR (neat) v, cm : 3365, 2918, 1602, 1454; &, (400 MHz,
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acetone-dy) 13.40 (1H, s), 7.94 (2H, d, J = 9.0 Hz), 7.04 (2H, d, J = 9.0 Hz), 6.65 (1H, s),
6.63 (1H, s), 5.29 (1H, t, J = 7.0 Hz), 3.37 (1H, d, J = 7.0 H2), 1.79 (3H, s), 1.66 (3H, s)

Artocarpesin (11): brown gum; UV (MeOH) A, nm (log €) 212 (4.33), 271
(3.79), 331 (3.84); IR (neat) V. Cm_l: 3332, 2904, 1608, 1577; &4 (400 MHz, DMSO-dy)
13.30 (1H, s), 7.73 (1H, d, J = 8.8 Hz), 6.98 (1H, s), 6.48 (2H, s), 6.43 (1H, d, J = 8.8 Hz),
518 (1H,t, J = 6.4 Hz), 3.21 (1H, d, J = 6.4 Hz), 1.72 (3H, s), 1.62 (3H, s)

Norartocarpin (12): brown gum; UV (MeOH) .., nm (log &) 211 (4.30), 270
(4.25), 319 (3.94); IR (neat) Vyay cm 3340, 2912, 1614, 1562; 6, (400 MHz, acetone-dy)
14.11 (1H, s), 7.23 (1H, d, J = 8.4 Hz), 6.80 (1H, dd, J = 16.0, 6.8 Hz), 6.67 (1H, d, J =
16.0 Hz), 6.60 (1H, d, J = 2.4 Hz), 6.55 (1H, dd, J = 8.4, 2.4 Hz), 6.44 (1H, s), 5.16 (1H, t,
J=70Hz),3.15(1H, d, J = 7.0 Hz), 2.48 (1H, m), 1.60 (3H, s), 1.46 (3H, s), 1.13 (6H, d, J
= 6.8 Hz)

Cudraflavone C (13): brown gum; UV (MeOH) A, nm (log €) 212 (4.32), 258
(3.96), 312 (3.69); IR (neat) Viax e’ 3313, 2914, 1612, 1566; 6, (400 MHz, acetone-dg)
13.44 (1H, s), 7.17 (1H, d, J = 8.4 Hz), 6.56 (1H, d, J = 2.0 Hz), 6.50 (1H, dd, J = 8.4, 2.0
Hz), 6.39 (1H, s), 5.27 (1H, t, J = 7.0 Hz), 5.12 (1H, t, J = 6.8 Hz), 3.35 (1H, d, J = 7.0 H2),
3.10 (1H, d, J = 6.8 Hz), 1.77 (3H, s), 1.64 (3H, 5), 1.56 (3H, s), 1.42 (3H, s)

Artocarpin (14): brown gum; UV (MeOH) A.., nm (log &) 200 (4.33), 267 (4.07),
330 (3.80); IR (neat) v, cm : 3369, 2951, 1631, 1614; &, (400 MHz, CDCL,) 13.49 (1H,
s), 7.13(1H, d, J = 8.0 Hz), 6.63 (1H, dd, J = 18.0, 6.8 Hz), 6.51 (1H, d, J = 18.0 Hz), 6.51
(1H, d, J = 2.0 Hz), 6.50 (1H, dd, J = 8.0, 2.0 Hz), 6.32 (1H, s), 5.10 (1H, t, J = 6.0 H2),
3.83 (3H, s), 3.10 (1H, d, J = 6.0 Hz), 2.43 (1H, m), 1.57 (3H, s), 1.39 (3H, s) 1.07 (6H, d, J
= 6.8 Hz)

Steppogenin (15): brown gum; [a]27D -21.6 (c 0.13, MeOH); UV (MeOH) Aqax
nm (log &) 211 (4.22), 288 (3.98); IR (neat) Vpax cm’ 3325, 2912, 1622, 1519; 6, (400
MHz, acetone-dy) 12.22 (1H, s), 7.22 (1H, d, J = 8.4 Hz), 6.48 (1H, d, J = 2.0 Hz), 6.43
(1H, dd, J = 8.4, 2.0 Hz), 5.97 (1H, d, J = 1.6 Hz), 5.95 (1H, d, J = 1.6 Hz), 5.71 (1H, dd, J
=12.8,2.8 Hz), 3.18 (1H, dd, J = 17.2, 13.8 Hz), 2.71 (1H, dd, J = 17.2, 2.4 Hz)

Artocarpanone (16): pale yellow gum; [a]27D -5.4 (c 0.19, Acetone); UV
(MeOH) A N (log €) 211 (4.36), 286 (4.10); IR (neat) vy, cm : 3305, 2916, 1631,
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1452; 6, (400 MHz, acetone-dg) 12.17 (1H, s), 7.31 (1H, d, J = 8.4 Hz), 6.47 (1H, d, J =
2.4 Hz), 6.43 (1H, dd, J = 8.4, 2.4 Hz), 6.05 (1H, d, J = 2.0 Hz), 6.02 (1H, d, J = 2.0 Hz),
572 (1H, dd, J = 13.2, 2.8 Hz), 3.84 (3H, s), 3.20 (1H, dd, J = 17.2, 2.8 Hz), 2.73 (1H, dd,
J=17.2,28 Hz)

Isogemichalcone C (17): brown gum; UV (MeOH) A,.., nm (log &) 215 (4.02),
322 (3.80), 385 (3.65); IR (neat) V.., cm : 3329, 2916, 1679, 1597; & (400 MHz,
acetone-dy) 14.23 (1H, s), 8.23 (1H, d, J = 15.6 Hz), 7.92 (1H, d, J = 9.0 Hz), 7.80 (1H, d,
J=15.6 Hz), 7.69 (1H, d, J = 8.8 Hz), 7.62 (1H, d, J = 16.0 Hz), 7.36 (1H, d, J = 2.0 Hz),
7.16 (1H, dd, J = 8.0, 2.0 Hz), 6.87 (1H, d, J = 8.8 Hz), 6.87 (1H, d, J = 8.0 Hz), 6.52 (1H,
d,J=9.0Hz), 6.46 (1H, s), 6.44 (1H, d, J = 16.0 Hz), 5.58 (1H, t, J = 7.6 Hz), 3.91 (3H, s),
3.51(2H, d, J = 7.6 Hz), 4.96 (2H, s), 1.75 (3H, s)

Artocarmitin B (18): pale yellow gum; UV (MeOH) A, nm (log €) 210 (4.67),
335 (4.54), 362 (4.50); IR (neat) Vi Cm—lz 3361, 2914, 1597, 1510; 6y (400 MHz,
acetone-dy) 14.08 (1H, s), 8.01 (1H, d, J/ = 8.8 Hz), 7.84 (1H, d, J = 15.0 Hz), 7.80 (1H, d,
J=15.0Hz), 7.73 (2H, d, J = 8.4 Hz), 7.62 (1H, d, J = 15.6 Hz), 7.37 (1H, d, J = 1.6 Hz),
7.16 (1H, dd, J = 8.4, 1.6 Hz), 6.93 (2H, d, J = 8.4 Hz), 6.87 (1H, d, J = 8.4 Hz), 6.56 (1H,
d,J=8.8Hz), 6.44 (1H, d, J = 15.6 Hz), 5.58 (1H, t, J = 7.5 Hz), 4.95 (1H, s), 3.92 (3H, s),
350 (1H, d, J = 7.5 Hz), 1.75 (1H, s)

Artocarmin B (19): pale yellow gum; UV (MeOH) A, .., nm (log €) 213 (4.53),
272 (4.07), 316 (4.12); IR (neat) v, cm : 3425, 2916, 1620, 1082; &, (400 MHz,
acetone-dy) 13.35 (1H, s), 7.92 (2H, d, J = 8.8 Hz), 7.59 (1H, d, J = 16.0 Hz), 7.54 (2H, d,
J =84 Hz),7.01(2H,d, J=8.8Hz), 6.87 (2H, d, J = 8.4 Hz), 6.63 (2H, s), 6.35 (1H, d, J
= 16.0 Hz), 5.67 (1H, t, J = 7.2 Hz), 4.54 (2H, s), 3.44 (2H, d, J = 7.2 Hz), 1.81 (3H, s)

Morachalcone A (20): brown gum; UV (MeOH) A, nm (log &) 212 (4.50), 306
(3.91), 382 (4.06); IR (neat) V., cm : 3400, 2916, 1604, 1458; &,, (400 MHz, acetone-dy)
14.19 (1H, s), 8.21 (1H, d, J = 15.4 Hz), 7.88 (1H, d, J = 9.0 Hz), 7.80 (1H, d, J = 15.4
Hz), 7.66 (1H, d, J = 8.6 Hz), 6.55 (1H, d, J = 2.0 Hz), 6.52 (1H, d, J = 9.0 Hz), 6.43 (1H,
dd, J = 8.6, 2.2 Hz), 5.26 (1H, t, J = 7.2 Hz), 3.35 (1H, d, J = 7.2 Hz), 1.74 (3H, s), 1.64
(3H, s)

Brosimone | (21): yellow gum; [o]" p +144.9 (c 0.15, MeOH); UV (MeOH) Ay
nm (log &) 214 (4.37), 266 (4.11), 368 (4.11); IR (neat) vy, cm : 3269, 2918, 1614, 1560,
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1454; 6 (400 MHz, CDCl;) 13.27 (1H, s), 7.64 (1H, d, J = 8.4 Hz), 6.56 (1H, brd, J = 8.4
Hz), 6.49 (1H, s), 6.40 (1H, d, J = 17.0 Hz), 6.38 (1H, brs), 6.24 (1H, d, J = 9.6 Hz), 6.21
(1H, dd, J = 17.0, 7.0 Hz), 5.42 (1H, d, J = 9.6 Hz), 2.20 (1H, m), 1.95 (3H, s), 1.68 (3H,
s,), 1.14 (6H, d, J = 6.4 Hz)

Cycloartocarpin (22): brown gum; [a]ng +125.0 (¢ 0.32, MeOH); UV (MeOH)
Ao N (LOg E) 212 (4.36), 269 (3.98), 369 (3.98); IR (neat) v, cm : 3377, 2918, 1697,
1610, 1548, 1442; &, (400 MHz, CDCl;) 13.42 (1H, s), 7.64 (1H, d, J = 8.4 Hz), 6.70 (1H,
dd, J = 16.2, 7.0 Hz), 6.57 (1H, d, J = 16.2 Hz), 6.53 (1H, dd, J = 8.4, 2.4 Hz), 6.44 (1H,
s), 6.42 (1H, d, J = 2.4 Hz), 6.26 (1H, d, J = 9.2 Hz), 5.42 (1H, d, J = 9.2 Hz), 3.93 (3H, s),
2.47 (1H, m), 1.95 (3H, s), 1.68 (3H, s), 1.11 (6H, d, J = 6.4 H2)

Cudraflavone A (23): brown gum; [a]ng +172.8 (c 0.11, MeOH); UV (MeOH)
Amax M (log €) 213 (4.57), 293 (4.36), 368 (4.27); IR (neat) Vpax cm 3350, 2916, 1618,
1558, 1456; 6, (400 MHz, CDCl3) 13.03 (1H, s), 7.65 (1H, d, J = 8.4 Hz), 6.71 (1H, d, J =
8.4 Hz), 6.70 (1H, d, J = 10.0 Hz), 6.41 (1H, brs), 6.37 (1H, s), 6.25 (1H, d, J = 9.9 Hz),
5.60 (1H, d, J = 9.9 Hz), 5.42 (1H, d, J =10.0 Hz), 1.97 (3H, s), 1.70 (3H, s), 1.46 (6H, s)

Cudraflavone B (24): brown gum; UV (MeOH) A« nm (log €) 212 (4.68), 280
(4.49), 336 (4.15); IR (neat) Viay cm’: 3400, 2916, 1610, 1456; 6, (400 MHz, acetone-dy)
13.57 (1H, s), 7.20 (1H, d, J = 8.4 Hz), 6.67 (1H, d, J = 10.0 Hz), 6.56 (1H, d, J = 2.4 Hz),
6.51 (1H, dd, J = 8.4, 2.4 Hz), 6.27 (1H, s), 5.74 (1H, d, J = 10.0 Hz), 5.11 (1H,t, J = 7.0
Hz), 3.11 (1H, d, J = 7.0 Hz), 1.57 (3H, s), 1.45 (6H, s), 1.42 (3H, s)

Artogomezianone (25): pale yellow gum; [a]ZQD +6.3 (c 0.16, MeOH); LV
(MeOH) Amax NM (log €) 210 (4.45), 275 (4.36), 318 (4.02); IR (neat) Viax cm’: 3282,
2929, 1633, 1610, 1448; 6, (400 MHz, acetone-ds) 13.82 (1H, s), 7.31 (1H, d, J = 8.0
Hz), 6.72 (1H, dd, J = 16.0, 7.2 Hz), 6.66 (1H, s), 6.54 (1H, dd, J = 16.0, 2.4 Hz), 6.53
(1H, dd, J = 8.0, 2.4 Hz), 6.52 (1H, d, J = 2.4 Hz), 4.81 (1H, s), 4.67 (1H, s), 4.38 (1H, m),
3.96 (3H, s), 2.78 (1H, dd, J = 13.8, 5.0 Hz), 2.58 (1H, dd, J = 13.8, 8.4 Hz), 2.43 (1H, m),
1.57 (3H, s), 1.08 (6H, d, J = 8.6 Hz)

Compound 26: pale yellow gum; UV (MeOH) A, nm (log &) 224 (2.23), 235
(2.20), 243 (1.69); IR (neat) V., cm : 3400, 1671; & (00 MHz, MeOD-d,) 7.08 (2H, d, J
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= 8.6 Hz), 6.70 (2H, d, J = 8.6 Hz), 6.14 (1H, d, J = 2.0 Hz), 5.93 (1H, d, J = 2.0 Hz), 5.06
(1H, d, J = 7.2 Hz), 3.92 (1H, dd, J = 12.2, 2.0 Hz), 3.74 (1H, dd, J = 12.0, 5.2 Hz), 3.48
(1H, dd, J = 7.2, 6.4 Hz), 3.47 (1H, dd, J = 7.0, 6.4 Hz), 3.44 (1H, m), 3.42 (1H, dd, J =
7.2, 7.0 Hz), 2.88 (2H, brd, J = 1.2 Hz); 6 (100 MHz, MeOD-d,) 206.1, 168.1, 162.4 (3C),
134.0, 130.4 (20), 116.1 (20), 102.0, 97.9, 97.6, 96.4, 78.5, 78.4, 74.8, 71.1, 62.4, 31.0

Breynioside A (27): pale yellow gum; UV (MeOH) A.x nm (log &) 229 (3.12),
230 (2.25), 241 (1.13); IR (neat) Vyax cm_1: 3411, 1674; 6, (400 MHz, acetone-dg) 7.94
(2H, d, J = 8.8 Hz), 6.96 (2H, d, J = 8.8 Hz), 6.93 (2H, d, J = 8.8 Hz), 6.70 (2H, d, J = 8.8
Hz), 4.82 (1H, d, J = 7.6 Hz), 4.72 (1H, dd, J = 11.7, 2.2 Hz), 4.31 (1H, dd, J = 11.7, 7.6
Hz), 3.81 (1H, m), 3.56 (1H, m), 3.52 (1H, m), 3.47 (1H, m)

Arbutin (28): pale yellow gum; UV (MeOH) A, nm (log &) 223 (2.32), 235
(1.36); IR (neat) v, cm : 3420, 1600, 1512; 8, (400 MHz, MeOD-d,) 6.98 (2H, d, J = 9.2
Hz), 6.71 (2H, d, J = 9.2 Hz), 4.75 (1H, d, J = 7.2 Hz), 3.90 (1H, dd, J = 12.0, 1.2 H2),
371 (1H, dd, J = 12.2, 4.4 Hz), 3.44 (1H, brd, J = 4.4 Hz), 3.43 (1H, brs), 3.42 (1H, brs),
3.39 (1H, d, J = 3.2 Hz)

(+)-Afzelecchin-3-O-a+L-rhamnopyranoside (29): pale yellow gum; A NM
(log &) 223 (1.89), 237 (1.42); IR (neat) V., cm : 3390, 16140, 1533; &, (400 MHz,
acetone-dg) 7.27 (2H, d, J = 8.4 Hz), 6.85 (2H, d, J = 8.4 Hz), 6.05 (1H, d, J = 2.4 Hz),
590 (1H, d, J = 2.4 Hz), 4.70 (1H, d, J = 8.0 Hz), 4.28 (1H, d, J = 1.2 Hz), 3.99 (1H, dd, J
= 8.2, 2.6 Hz), 3.69 (1H, dg, J = 9.4, 6.2 Hz), 3.57 (1H, dd, J = 9.6, 3.2 Hz), 3.49 (1H, dd,
J=32,12 Hz), 3.33 (1H, t, J = 9.6 Hz), 2.96 (1H, dd, J = 16.0, 8.8 Hz), 2.65 (1H, dd, J =
16.0, 5.6 Hz), 1.21 (3H, d, J = 6.2 Hz)

(+)-Catechin-3-O-a-L-rhamnopyranoside (30): pale yellow gum; Aq.c nM
(log €) 225 (2.02), 235 (1.56); IR (neat) Vyu cm : 3391, 1610, 1523; 6, (400 MHz,
acetone-dy) 6.93 (1H, d, J = 1.8 Hz), 6.82 (1H, d, J = 8.0 Hz), 6.77 (1H, dd, J = 8.0, 1.8
Hz), 6.04 (1H, d, J = 2.4 Hz), 5.90 (1H, d, J = 2.4 Hz), 4.67 (1H, d, J = 8.4 Hz), 4.34 (1H,
brs), 3.98 (1H, dd, J = 8.0, 2.4 Hz), 3.69 (1H, dd, J = 9.2, 6.0 Hz), 3.59 (1H, brs), 3.57
(1H, brs), 3.34 (1H, t, J = 9.4 Hz), 2.92 (1H, dd, J = 16.0, 5.6 Hz), 2.65 (1H, dd, J = 16.0,
8.4 Hz), 1.21 (3H, d, J = 6.0 H2)



26

Dihydromorin (31): pale yellow gum; A, nm (log €) 230 (2.85), 241 (1.63); IR
(neat) Viay cm’ 3401, 1635; 64 (400 MHz, acetone-d,) 11.74 (1H, s), 7.32 (1H, d, J =
8.4 Hz), 6.47 (1H, d, J = 1.2 Hz), 6.43 (1H, dd, J = 8.4, 1.2 Hz), 5.98 (1H, d, J = 2.4 Hz),
593 (1H,d,J = 24 Hz), 5.49 (1H, d, J = 11.6 Hz), 4.87 (1H, d, J = 11.6 Hz)

Norartocarpetin (32): pale yellow gum; UV (MeOH) A, nm (log €) 214 (4.12),
270 (3.36), 320 (3.01); IR (neat) vy, cm = 3300, 2945, 1633, 1610; 8, (400 MHz, MeOD-d,)
7.78 (d, J = 8.8 Hz), 7.14 (1H, s), 6.46 (1H, dd, J = 8.8, 2.4 Hz), 6.42 (2H, d, J = 2.4 Hz),
6.19 (1H, d, J = 2.4 Hz)

(+)-Leucopelargonidin (33): brown gum; UV (MeOH) A, nm (log &) 211
(4.22), 288 (3.98); IR (neat) Vpay cm 3325, 2912, 1622; 6y, (400 MHz, acetone-dy) 8.33
(1H, s), 8.16 (1H, s), 7.87 (1H, s), 7.28 (2H, d, J = 8.6 Hz), 6.77 (2H, d, J = 8.6 Hz), 6.03
(1H, brs), 5.95 (1H, brs), 5.13 (1H, brs), 4.70 (1H, brs), 3.98 (1H, brs)

Oxyresveratrol (34): yellow gum; UV (MeOH) A., nm (log &) 230 (3.12), 308
(2.45), 335 (2.01); IR (neat) Viax cm’ 3375, 1629; 6y (400 MHz, acetone-d) 7.40 (1H, d,
J=88Hz),7.33 (1H, d, J = 16.4 Hz), 6.89 (1H, d, J = 16.4 Hz), 6.53 (2H, d, J = 2.4 Hz),
6.44 (1H, d, J = 2.4 Hz), 6.39 (1H, dd, J = 8.8, 2.4 Hz), 6.25 (1H, t, J = 2.4 Hz)

Trans-resveratrol (35): yellow gum; UV (MeOH) A, nm (log €) 232 (3.22),
310 (2.32), 337 (1.89); IR (neat) Vynax cm_l: 3305, 1613; 64 (400 MHz, acetone-dy) 7.41
(2H, d, J = 8.6 Hz), 7.01 (1H, d, J = 16.0 Hz), 6.88 (1H, J = 16.0 Hz), 6.84 (2H, d, J = 8.6
Hz), 6.53 (2H, d, J = 2.0 Hz), 6.27 (t, J = 2.0 Hz)
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4. A3ULBEITAINANITNAGDY

mﬁﬂmaﬂﬁﬂimaumﬂLﬂﬁLLazmiaaﬂqwémﬁamwmﬂﬁ'wawuu (Artocarpus
heterophyllus) wazvyui (A. lakoocha) MmewAlAnATUINATILUUAINGY @1nTauen
ansuTavsanduRsvesgy (A heterophyllus) Wi 25 @13 Tasduaslyal 4 ans
1#un  heterophyllenes A-C (1-4) wazgansfifinssonulasadudidiuay 21 a3
A9 demethylmoracin | (5), moracin C (6), moracin M (7), norartocarpetin (8), albanin A
(9), licoflavone C (10), artocarpesin (11), norartocarpin (12), cudraflavone C (13),
artocarpin (14), steppogenin (15), artocarpanone (16), isogemichalcone C (17),
artocarmitin  (18), artocarmin B (19), morachalcone A (20), brosimone | (21),
cycloartocarpin (22), cudraflavones A (23) waz B (24) waz artogomezianone (25)

ﬁ’]“ﬁ%‘UmiU%E‘jW%“ﬁlLLBﬂIﬁﬁ]’lﬂﬁIWQW‘QuﬂW (A lakoocha) aunsausnldvian
10 a3 Tnewduanslval 1 a1s fe a5 26 way asiifinissenulasaiwddn 9 as e
breynioside A (27), arbutin (28), (+)-afzelecchin-3-O-a-L-rhamnopyranoside (29),
(+)-catechin-3-O-a-L-rhamnopyranoside (30), dihydromorin (31), norartocarpetin (32),
(+)-leucopelargonidin (33), oxyresveratrol (34) Wag trans-resveratrol (35) A%

lassaivesansusgrsviuailasmeteyaniauninsalnllaeanie 1D uaz 2D NMR

|
awnlnsalnd
OH R1 R2
Z O \ O OH S RS
o o \‘ Ho R® R
1
oH 2:R1=R3=0H,|=12=R“=H,R5=%21A\/L
OH
HsCO § O 3 R'=RS=H,R2=R* = OH, R® =%
O OH
OH 5:R1=R3=H,R2=R4=OH,R5=‘1{\)\
OCHjy
4 6:R'=R°=H R?2=R*=0H,R*= 3y ™~

. R1=R3=R5 = 2 R4 -
. R oH 7:R'=R®=RS=H,R?=R*=OH
R HO OH
R? 0.
O ] RO O
® * m

OH O

o N OH O
8 R'=R*=OH, R2=R®=RS=H
9 R'=R*=OH,R3=RS=H R2=%,‘V\ 15:R=H
' ' ’ 16:R = CH3

10:R'=R?=R%=H,R*= OH, R® =y

11:R'=R%= OH,RZ=R¥= H, RE = 7 HCO
12:R1=R"=0H,R3=H,R2=z§% ) R5=H/\/K
13;R'=R*=OH, R®=H, R? = R® =3, "\~

oo
14:R" = OH, R® = H, R* = OCHj, R? =HAA . RS =HA\)\

OH
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HO OH
HO \©/ HO o O
jees T, CO
W OH O OH O

20:R=H

30: R=0H OH 31 32
OH

HO O i'ﬂ
» o

OH OH 4 R = OH
5 R=H

IINUWIAIIUSgNsNRenlanagaugvamsTinanlann grdauraduzisteUin
(KB), waauzi3adiuy (MCF-7), waauziielen (NCI-H187) wazanuduiiviowadund

(Vero cell) @slvnanisnaaauidulusanandunisien 2

$ o

M19197 2 HANTNAFDUANINITININYBIETUTgNSNUeNn AN syuwazayul

Compound Cytotoxicity (ICso, UM)

KB MCF-7 NCI-H187 Vero
1 30.77 + 032 — 1873 £ 043  9.62 + 1.70
3 — 1256 + 1.45  — 38.45 + 3.56
6 — — 2867 +0.49  —
10 — — 3173+ 1.01 3824+ 0.32
12 1845 +3.78 1004 +1.02 1478 £321  9.95+ 0.23
14 1357 £0.12 1756 £ 0.03 1421 +221  14.19 + 2.38
16 — — — 49.72 + 2.32
17 1667 £0.21 2852 +251  29.84+201  15.16 + 0.11
18 3359 +432 2189 +232 3131455  11.31+0.18
19 — — 3745+ 212 3251+ 023
21 2230+ 020 37.91+031  2340+123 2349 + 1.10
22 — — 44.20 + 223  —
24 2578 + 0.02  34.65+ 034 3551+ 123  29.32 % 1.12
25 1939 £ 021  — 2112+ 034  37.02 + 1.00
Ellipticine” 13.48 / 10.96 2.85
Doxorubicin” 1.95 15.44 0.15 /
Tamoxifen” / 23.12 / /

* Reference compounds for cytotoxicity assay. —

= Inactive. / = No test performed.
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INNSNAABU @15 1, 12, 17, 18, 21, 24 uay 25 LLamqawéﬁwuL%aéusL%tiaamﬂ
(KB cell line) Tusgsiuununatsdiesou Aee ICy, U 16.67-33.59 UM YuzTians 14

LARIENEAIBAT ICs LAY 13.57 uM FalndiAsiuansuinggiu ellipticine @13 3 wag 12

& o
a2 v

fgmddudawaduziiaiuy (MCF-7  cell line) AeAn ICs, LAy 12.56 waz 10.04 M
U SeliuszansnimAndnansuinsgiu doxorubicin uBNANTUANS 6 WAy 22 Wang
uisselwaduiieuon (NC-H187 cell line) Wisawdaifen daer ICs, Windu 28.67 uay
44.20 pM aud1eu waglduansanuduivreiwaalni duduanuduiivieaduniiy
a5 1 uag 12 wansruduiivsowadun®d eea ICs, WU 9.62 wag 9.95 UM AuERy

Turaugfansouy uansmnulufivaowaaun@ e ICs Ture 11.31-49.72 pM

JaiduanuzdnsuuIdeiusuian
N13AN®199AYITENBUNINATLALYNENIITININAIINAIVBIVYY (Artocarpus
heterophyllus) uagayutn (A. lakoocha) Juafin uen uagdmsgiilasiaiieasuignsn

a

wonlddemaiamaaninsalnd andutharsuianifuenlfumegeuquinisdanni
aulafinw 1dun qvdiuisaduziSewenin (KB), waduziSadus (MCF-7) uay lwaduzise
Jan (NCI-H187) wuansuavauisansfiuenldtu uansmvisumadusdeineg lussduiidou
fetunans Ssenaaglifoyamaniidudoyaiiugnilunsiaunansiifiassadidlndifsaty
UunAsumiterdu vieduaszimslmifiilasaieiugiuananssmant dolfiduansds

sunsaduslunssnulsaseld
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5. 7ANUIN

'
a

1 a £ PR
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\ L
% I—Wl spec rum of Deme y moracin I (5 acetone d6, 400

Ao
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Four new natural products, including three arylbenzofurans named heterophyllenes A-C (1-3), and one
stilbene named heterophyllene D (4), together with twenty-one known compounds were isolated from
the twigs of Artocarpus heterophyllus and their structures elucidated by spectroscopic methods, mainly
1D and 2D NMR spectroscopy. The cytotoxic activity of selected compounds against KB, MCF-7 and

NCI-H187 cell lines was evaluated. Heterophyllene C (3) exhibited cytotoxicity against the MCF-7 cell line
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with an ICsp value of 12.56 pM. Additionally, the known compounds norartocarpin and artocarpin
showed cytotoxic activity against MCF-7 and KB cell lines with ICsp values of 10.04 and 13.57 uM, respec-
tively. Both compounds also displayed cytotoxicity against the NCI-H187 cell line with values of 14.78
and 14.21 pM, respectively.

© 2017 Elsevier Ltd. All rights reserved.

Artocarpus heterophyllus (jackfruit), belonging to the family
Moraceae, is widely distributed in tropical regions of Asia including
Thailand, Sri Lanka, China and Vietnam. Many parts of A. hetero-
phylius have been used as traditional medicines for alleviating
asthma (roots), diarrhea (seeds), and relieving wounds (leaves).'?
A. heterophyllus is a rich source of phenolic compounds, flavonoids,
stilbenoids and arylbenzofurans possessing antibacterial, anti-
malarial and anti-inflammatory activities."> Herein, we describe
the isolation and structural determination of chemical constituents
from the methanol extract of twigs from A. heterophyllus which
exhibited cytotoxic activity against oral human carcinoma (KB),
human breast cancer (MCF-7) and lung cancer (NCI-H187) cell
lines with ICs, values of 20.3, 21.5 and 34.4 pug/mL, respectively.
Purification of the methanol extract led to the isolation of four
new natural products; three arylbenzofurans, heterophyllenes A
(1), B (2) and C (3), and one stilbene, heterophyllene D (4), along
with twenty-one known compounds, demethylmoracin I (5),* mor-
acin C (6),°> moracin M (7),° norartocarpetin (8), albanin A (9)°
licoflavone C (10)° 5,7.2".4'-tetrahydroxy-6-[3” -methylbut-3"-
enyl]-flavone (11),'° norartocarpin (12),'' cudraflavone C (13),'2
artocarpin (14),'* steppogenin (15),'* artocarpanone (16),'* iso-
gemichalcone C (17),* artocarmitin (18),'® artocarmin B (19),'¢
morachalcone A (20),'” brosimone 1 (21),'"® cycloartocarpin

* Corresponding author.
E-mail addresses: kongkiat.t@cmu.ac.th, kongkiat.t@hotmail.com (K. Trisuwan).

http://dx.doi.org/10.1016/j.tetlet.2017.03.020
0040-4039/© 2017 Elsevier Ltd. All rights reserved.

(22),"* cudraflavones A (23)'> and B (24)' and artogomezianone
(25)."* The cytotoxic activity of selected compounds was evaluated
against KB, MCF-7, NCI-H187 and non-tumorigenic Vero (African
green monkey kidney fibroblast) cell lines.

The isolated compounds 1-25 (Fig. 1) were purified from the
methanolic crude extract using various chromatographic tech-
niques (ESI) and their structures determined by spectroscopic data
(IR, UV, 1D and 2D NMR, and MS). For known compounds, the
structures were confirmed by comparison of their 'H and '3C
NMR data with those previously reported in the literature.

Heterophyllene A (1) was obtained as a pale yellow gum with
the molecular formula C;H60s assigned from HRESI-TOFMS.
The UV spectrum displayed maximum absorption bands at Anax
224, 245, 275 and 310 nm, suggesting the presence of a benzofuran
chromophore,'? while the IR spectrum showed absorption bands
for hydroxy and double bond functional groups at 3420 and
1645 cm™!, respectively. The '"H NMR spectrum (Table 1) showed
signals for the three aromatic protons of a 1,2,4-trisubstituted ben-
zene ring [dy 7.38 (d, ] = 8.4 Hz, 1H), 6.81 (d, J=2.0 Hz, 1H), 6.76
(dd, J=8.4, 2.0 Hz, 1H)], three singlet aromatic protons [éy 6.97,
6.87, 6.85, each s, 1H})] and a dimethylchromene ring [y 6.64
and 5.64, each d, /= 10.0 Hz, 1H), 1.40 (s, 6H)]. Compound 1 dis-
played carbon resonances for eleven quaternary (¢ 155.6, 154.7,
154.1, 154.0, 153.6 (2C), 151.5, 122.8, 113.8, 101.2, 76.3), eight
methine (¢ 129.6, 121.2, 116.2, 112.1, 105.6, 103.9, 101.6, 98.2)
and two methyl [6c 27.8 (2C)] carbons in the '*C NMR and DEPT
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Fig. 1. Structures of compounds 1-25 isolated from the twigs of Artocarpus heterophyllus.
Table 1 135 spectra (Table 1). Three aromatic protons resonating at éy 7.38,
'H (400 MHz, €DCl3) and *C NMR data (100 MHz, CDCl3) of heterophyllene A (1). 6.81 and 6.76 were assigned as H-4', H-7' and H-5', respectively, on
Position #u (] in Hz) éc (type) HMBC the basis of their multiplicities and coupling constants. H-4'
g 1541 (© showed HMBC correlations (Fig. 2) with C-3' (3¢ 98.2), C-3a’ (&c
3 6.87.s 105:5 (CH) 2,32,4,9,2 ]218). C-6' (5(‘ 1556) and C-7a' (5(_‘ 1536)‘ H-7' was correlated
3a 1138 (C) with C-3, C-6’ and C-7a’, and H-3' showed HMBC correlations
4 151.5 () with C-2' (6c 153.6), C-3a’ and C-7a'. These data together with
‘;a R :?{‘;; Egﬂ PP the chemical shifts of C-2a', C-6' and C-7a’ helped construct a
6 564 d(m:()] 1296 (CH) 710 2-substi_tuted benzofuran moiety with a hydroxy group at C-6',
7 763 (C) supporting the benzofuran chromophore observed in the UV
8a 154.0 () spectrum. The aromatic proton resonating at éy 6.87 was assigned
g 6385, s :{5}1{3 {gﬂ 33,42, 9a as H-3 and showed HMBC cross peaks with C-2 (§¢ 154.1), C-3a
a 3
10 140, s 27.8 (CHs) 6,711
11 140, s 27.8 (CHs) 6,7.10
2 153.6 (C)
¥ 697, s 98.2 (CH) 2,32, 72
3’ 1228 (C)
Y 7.38,d(8.4) 121.2 (CH) 3,34, 6, 7a'
5 6.76, dd (8.4, 2.0) 112.1 (CH) 32,6, 74
[ 1556 (C)
7 6.81,d(2.0) 103.9 (CH) 32,5, 6,74
7’ 153.6 (C)

Fig. 2. Selected COSY (bold line) and HMBC () correlations for 1.
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(6c 113.8), C-4 (8¢ 151.5) and C-9a (éc 154.7). The remaining singlet
aromatic proton at dy 6.85 was then assigned as H-9 on the basis of
HMBC correlations with C-3a, C-4a (éc 101.2) and C-9a. The lower
field olefinic proton of the dimethylchromene ring, H-5 (y 6.64),
displayed HMBC correlations with C-4, C-4a and C-8a (5¢ 154.0).
These data established the 2-substituted benzofuran subunit with
a hydroxy group at C-4 and a dimethylchromene ring which was
fused to C-4a and C-8a with an ether linkage at C-8a. The HMBC
correlation between H-3 of this benzofuran subunit and C-2' of
the other benzofuran moiety indicated that the two benzofuran
subunits were linked between C-2 and C-2'. Therefore, heterophyl-
lene A was identified to have structure 1.

Heterophyllene B (2) was isolated as a pale yellow gum with the
molecular formula C,gH,30,4 from HRESI-TOFMS. The UV spectrum
displayed absorption bands at Amax 226, 248 and 265 nm whereas
the IR spectrum showed hydroxyl and double bond functional
groups at 3400 and 1667 cm™', respectively. The 'H and *C NMR
spectral data of 2 (Table 2) consisted of signals for a 2-substi-
tuted-6-hydroxy benzofuran moiety [oy 7.39 (d, J=8.4Hz, 1H),
6.93 (d, ]=2.0Hz, 1H), 6.81 (dd, /=84, 2.0Hz, 1H), oc 1574,
156.8, 155.4, 122.7, 122.0, 113.3, 104.1, 102.1]. Additionally, the
'H NMR spectrum showed signals for a trans-3-methyl-1-butenyl
subunit [6y 6.72 (d, J=16.4Hz, 1H), 6.71 (dd, =164, 6.4 Hz,
1H), 2.44 (m, 1H), 1.09 (d, J = 6.4 Hz, 6H)] and two meta-coupled
aromatic protons (Jy 6.96 and 6.90, each d, J=2.0Hz, 1H). The
presence of the trans-3-methyl-1-butenyl subunit was confirmed
by 'H-"H COSY correlations (Fig. 3) between the methine proton,
H-16 (éy 2.44), the methyl groups, H3-17 and H;-18 (84 1.09),
and one of the trans-coupled olefinic protons, H-15 (éy 6.71). The
trans-3-methyl-1-butenyl subunit was attached at the C-9 (dc
130.0) position of the benzene ring according to HMBC correlations
(Fig. 3) of the butenyl subunits trans-olefinic proton, H-14 (dy
6.72), with C-8 (6¢ 122.7), C-9 and C-10 (3¢ 98.5). The meta-coupled
aromatic proton resonating at y 6.96 was assigned as H-10 due to
its HMQC correlation with C-10. Thus, the remaining meta-coupled
aromatic proton at éy 6.90 was attributed to H-12 which displayed
HMBC correlations with C-11 (6¢ 156.8) and C-13 (¢ 157.4). The
hydroxy groups were identified as substituents at C-11 and C-13
according to their chemical shifts. The HMBC correlation between
H-3 (8y 6.95) of the benzofuran subunit and C-8 of the tetrasubsti-
tuted benzene ring was used to construct the 2-arylbenzofuran.
Consequently, compound 2 was identified as a new arylbenzofuran
derivative,

Fig. 3. Selected COSY (bold line) and HMBC () correlations for 2 and 3.

Heterophyllene C (3) was isolated as a pale yellow gum with the
molecular formula C,4H,00¢ from HRESI-TOFMS. The UV, IR and 'H
NMR spectra of 3 were similar to those of moracin C (6)® except for
the replacement of signals for the 3-methyl-2-butenyl subunit in 6
with those of a 2,3-dihydroxy-3-methylbutyl subunit [d;; 3.63 (dd,
J=9.6, 2.0Hz, 1H), 3.24 (dd, /] = 14.0, 2.0 Hz, 1H), 2.57 (dd, ] = 14.0,
9.6 Hz, 1H), 1.26 and 1.25, each s, 3H| in 3 (Table 2). This subunit
was confirmed by 'H-'H COSY correlations (Fig. 3) between the
nonequivalent methylene protons, Hy,-14 (dn 3.24 and 2.57), and
the oxymethine proton, H-15 (64 3.63), as well as HMBC correla-
tions (Fig. 3) of the methyl groups, H3-17 (éy 1.26) and H3-18 (dy
1.25), with C-15 (8¢ 81.2) and C-16 (éc 72.6). Attachment of the
2,3-dihydroxy-3-methylbutyl subunit at C-11 (éc 113.1) was sup-
ported by HMBC cross peaks of H,,-14 with C-10 (¢ 157.2), C-11
and C-12 (4¢ 157.2). Consequently, 3 was identified as a new aryl-
benzofuran derivative.

Heterophyllene D (4) was obtained as a yellow gum with the
molecular formula C;gH;604 from HRESI-TOFMS. The UV spectrum
displayed absorption bands at A, 228, 300 and 334 nm while the
IR spectrum showed hydroxy (3389cm™') and double bond
(1640 cm™") functional groups. The 'H NMR spectrum displayed
characteristic signals for the three aromatic protons of a 1,2,4-
trisubstituted benzene ring [oy 7.43 (d, J=8.8 Hz, 1H), 6.45 (d.
J=2.4Hz, 1H),6.40(dd, ] = 8.8, 2.4 Hz, 1H)], three aromatic protons
of a 1,3,5-trisubstituted benzene ring |6y 6.69 (d, /=2.4 Hz, 2H),
6.35 (d, J=2.4Hz, 1H)], trans-coupled olefinic protons (éy 7.42
and 7.01, each d, J=17.2Hz, 1H) and two methoxy groups (du
3.80, s, 6H). The '>C NMR and DEPT 135 spectra showed thirteen
carbon signal resonances for sixteen carbons; six quaternary (d¢
162.1 (2C), 159.2, 157.0, 141.7, 117.1), eight methine (5c 128.6,
126.3, 125.1, 108.4, 104.8 (2C), 103.5, 99.8) and two methoxy [dc
55.6 (2C)] carbons. Three aromatic protons resonating at oy 7.43,

Table 2
'H (400 MHz, acetone-dg) and '*C NMR data (100 MHz, acetone-dg) of heterophyllenes B (2) and C (3).

Position 2 3

oy (J in Hz) dc (type) dy (J in Hz) dc (type)
2 155.4 (C) 1559 (C)
3 6.95, s 102.1 (CH) 6.98, s 98.4 (CH)
3a 122.7 (C) 120.0(C)
4 7.39,d (84) 122.0 (CH) 7.39,d (8.4) 121.9 (CH)
5 6.81, dd (8.4, 2.0) 113.3 (CH) 6.80, dd (8.4, 2.1) 113.1 (CH)
6 1574 (C) 1559 (C)
7 6.93,d(2.0) 104.1 (CH) 6.97.d (2.1) 101.7 (CH)
7a 156.8 (C) 1553 (C)
8 122.7 (C) 130.1 (C)
9 1300 (C) 691, s 104.6 (CH)
10 6.96, d (2.0) 98.5 (CH) 1572 (C)
11 156.8 (C) 113.1(C)
12 6.90, d (2.0) 104.1 (CH) 157.2 (C)
13 157.4 (C) 691, s 1046 (CH)
14 6.72,d (164) 119.1 (CH) a: 3.24, dd (14.0, 2.0) 26.8 (CH,)

b: 2.57, dd (14.0, 9.6)

15 6.71,dd (16.4, 6.4) 142.1 (CH) 3.63, dd (9.6, 2.0) 81.2 (CH)
16 244, m 34.0 (CH) 726(C)
17 1.09,d (64) 23.3 (CH;) 1.26, s 26.0 (CH,)
18 1.09,d (6.4) 23.3 (CH3) 1.25, s 25.0 (CH3)
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Table 3
Cytotoxic activity of selected compounds.

Compound Cytotoxicity (ICsp, tM)

KB MCF-7 NCI-H187 Vero
1 30.77+0.32 - 18.73 £ 0.43 962+1.70
3 - 12.56 + 1.45 - 38.453.56
6 - - 28.67£0.49 -
10 - - 31.73+£1.01 38.24:0.32
12 18.4513.78 10.04 £ 1.02 14.78 £ 3.21 995+0.23
14 13.57+0.12 17.56 £ 0.03 14.21£2.21 1419238
16 - - - 49.72£232
17 16.67 £0.21 28.52+251 29.84+2.01 15.16+0.11
18 33.59+4.32 21.89+232 31.31+4.55 11.31£0.18
19 - - 37.45+2.12 3251023
21 22.30+0.20 3791+031 23.40+1.23 2349+1.10
22 - - 4420+223 -
24 25.78+0.02 3465+0.34 3551+£1.23 2932+1.12
25 19.39+0.21 - 21.12+0.34 37.02+£1.00
Ellipticine® 13.48 i} 10.96 2.85
Doxorubicin® 1.95 15.44 0.15 !
Tamoxifen” ! 23.12 i} !

* Reference compounds for cytotoxicity assay. — = Inactive. [ = No test performed.

6.45 and 6.40 were assigned as H-6, H-3 and H-5, respectively,
according to their multiplicities, coupling constants and HMBC cor-
relations; H-3/C-1 (6¢ 117.1), C-2 (d¢ 157.0), C-4 (é¢ 159.2) and C-5
(8¢ 108.4); H-5/C-1, C-3 (6c 103.5) and C-4; H-6/C-1 and C-4. The
substituents at C-2 and C-4 were identified as hydroxy groups on
the basis of their chemical shifts. One of the trans-olefinic protons,
H-7 (8 7.42), showed HMBC cross peaks with C-1, C-2 and C-6 (o¢
125.1) of the 1,2 4-trisubstituted benzene ring while the other one,
H-8 (éy 7.01), was correlated with C-1' (oc 141.7), C-2' (6c 104.8)
and C-6' (oc 104.8) of the 1,3,5-trisubstituted benzene ring. Two
equivalent aromatic protons (dy 6.69) were attributed to H-2’
and H-6' according to their HMQC correlations with C-2' and
C-6". Accordingly, the remaining aromatic proton (dy 6.35) was
assigned as H-4' on the basis of the coupling constants. Thus, the
equivalent methoxy groups, H3-7' and H3-8' (& 3.80), were located
at C-3' (6¢ 162.1) and C-5' (d¢c 162.1). Consequently, 4 was identi-
fied as 3',5'-dimethoxy-2,4-dihydroxystilbene,?® a 3',5'-dimethyl
ether derivative of oxyresveratrol?! which was previously obtained
by synthesis.

All of the isolated compounds, except for 4, 8, 13 and 23 which
were obtained in insufficient amounts, were tested for cytotoxic
activity against KB,22 MCF-7,22 NCI-H187?? and non-tumorigenic
Vero cells*® (Table 3). Compounds 2, 5, 7, 9, 11, 15 and 20 were
inactive against all cell lines. Compounds 1, 12, 17-18, 21 and
24-25 displayed moderate to weak cytotoxic activity against the
KB cell line with ICsp values in the range of 16.67-33.59 uM, while
compound 14 with an ICsq value of 13.57 uM showed comparable
activity to that of the standard drug ellipticine. Compounds 3 and
12 exhibited cytotoxicity against the MCF-7 cell line with ICsq val-
ues of 12.56 and 10.04 uM, respectively, whereas the other com-
pounds showed weaker activity with ICsp values in the range of
17.56-37.91 uM. Most of the tested compounds were weakly
active against the NCI-H187 cell line (18.73-44.20 pM) whereas
compounds 12 and 14 displayed moderate activity with [Csg values
of 14.78 and 14.21 pM, respectively. Furthermore, compounds 6
and 22 showed selective cytotoxicity against the NCI-H187 cell line
with ICsp values of 28.67 and 44.20 uM, respectively, and were
noncytotoxic to the Vero cell line. Regarding cytotoxicity against
the Vero cell line, compounds 1 and 12 displayed moderate activity
with ICsq values of 9.62 and 9.95 1M, respectively, while the other
compounds were inactive with ICsy values in the range of
11.31-49.72 uM.

The major components isolated from Artocarpus heterophyllus
were flavonoids and stilbenoids which are common metabolites

produced by Artocarpus plants.® Four new natural products, three
arylbenzofurans and one stilbene, together with twenty-one
known compounds were isolated from the twigs of A. heterophyllus.
The isolated compounds exhibited cytotoxicity against KB, MCF-7,
NCI-H187 and Vero cell lines.
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