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MNswenainsInIuagiilaasuians 18 a1s Wnedaislua 2 ansleun toddayanin (1) uag
85-10-O-demethylbocconoline (2) Wu1a15 3 WaAIVoAULASNZL5WEIUN IEUNLAzIZIS o

Tusgauuunang

asuulelvafiurialvnlde atalantums A-G (19-25) uazansingulassadiauds 5 ans
aA1un5anenbeannUasnNaNs Ui Lﬁaﬁﬁmﬁﬂgwumiﬂmaaquéé’mmL%Wimj’lﬁ KKU-M214, KKU-
M213 uaz KKU-M156 WU31@ns 23 wanedn ICso WU 1.97 + 0.73 UM fuiwas KKU-M156 S9uss
N1815119557U ellipticine 89 4.7 Wi @15 19 LLamqu"é@JWL%aémzL%q KKU-M214 @28a1 ICso Wiy

3.06 + 0.51 UM FdlndiAeaiuansunmsgiu 5-fluorouracil

anslaluwesdadialny 3 a15léiun imonophyllines AC (31, 34 way 35) uAENUAISTNTIU
Thssad1auda 2 @3 (32 uaz 33) wuasUssiamesedlausanasss 11 @15 (36-46) anuauenldain
Srduresurunil Wenaaeunydnadinmmuiians 42, 44 uag 46 wanwyRFuadIHSY KKU-
M156 Iaedlan ICso 589319 3.39 119 4.1 pg/ml uanulwasuzi39iu (HepG2) Wanmn ICsy Sywang 1.43

84 8.4 pg/ml

Tunsuenadalunzuninvasussinnaliusenstnlnide atalantraflavone (47) wazds
WuasInsulassasay 8 @13 annsvegeugvisinueuleiesdnalrdueaesisa wulnans

lupalbigenin LanUasEuAn1sussn 79% lagpangvsanan tacrine s 1.4 1

Tunmsuenuanlnnszianuanuuy 11 @15 (59-66) ansiariluansgrsiuwasuziismeonnn

@ @ [} = g.; o . = [ [
uazuztSeavluszauUIunastan antuiats deoxypodophyllotoxin @ailuanswan wndnuUas
139851935 1uABUVSELaEY 12 auius WanedougVizn1aTInNIm Wuas 68, 74, 75 Lag
78 uannvdRoladuzls KKU-100 Lay HepG2 $aeAn 1Csy 581ane 0.42 f19 2.01 UM Fausinanans
Aaau deoxypodophyllotoxin @1%3uans 75 wansan ICs, WAy 0.75 way 0.46 UM salgas KKU-

100 wag HepG2 suasu agwiulainais 75 uragluansauwuulunmsimunduasiuuziSwiold



Abstract

Chemical investigation of the roots of Toddalia asiatica led to the isolation and
purification of 18 compounds including two new compounds, toddayanin (1) and 85-10-O-
demethylbocconoline (2). Coumarin 3 showed moderate cytotoxicity against KB, NCI-H187 and
MCF-7 cell lines.

Seven new benzoyltyramines, atalantums A-G (19-25), and five known compounds
were isolated from the peels of Atalantia monophylla. All compounds were examined for
cytotoxicity against the cholangiocarcinoma cell lines KKU-M214, KKU-M213, and KKU-M156.
Compound 23 exhibited the strongest cytotoxicity against KKU-M156 cells, with an ICsy value
of 1.97 + 0.73 UM, an approximately 4.7-fold higher activity than that of the ellipticine
standard. Compound 19 displayed strong cytotoxicity against KKU-M214 cells, with an I1Csg
value of 3.06 + 0.51 UM, nearly equal to that of the 5-fluorouracil standard.

Three new limonoids, limonophyllines A-C (31, 34 and 35), along with two known
limonoids (32 and 33) and 11 acridone alkaloids (36-46) were isolated from the stems of
Atalantia monophylla. Compounds 42, 44 and 46 displayed cytotoxicity against KKU-M156
cell line with ICsq ranging from 3.39 to 4.1 wg/ml while cytotoxicity against HepG2 cell line
with 1Cso ranging from 1.43 to 8.4 ng/ml.

A new flavonoid, atalantraflavone (47) as well as eight known compounds were
isolated from the leaves of Atalantia monophylla (L.) DC. It was found that isoflavonoid 51,
lupalbigenin, showed 79% inhibition to AChE by the modified Ellman’s method and was 1.4

fold stronger than the tacrine standard.

Eleven lignans (59-66) were isolated from the seed of Hernandia nymphaeifolia. Most
of the lignans exhibited strong to moderate cytotoxicity against cholangiocarcinoma KKU-M156
and HepG2 cell lines. Deoxypodophyllotoxin was used as the starting material for structural
modification. Twelve lignan derivatives were synthesized from deoxypodophyllotoxin.
Cytotoxicity evaluation against cholangiocarcinoma, KKU-100 and HepG2 cell lines, showed
that compounds 68, 74, 75 and 78 exhibited stronger cytotoxicity than the starting material,
56, with ICsy ranging from 0.42 to 2.01 M. Compound 75 displayed interesting activity by
showing ICsy values of 0.75 and 0.46 UM against KKU-100 and HepG2 cell lines, respectively.



From these observation, 75 seems to be useful as a lead compound for the development of

anticancer agents.



S19aLRYANANITALUIUYDILATINIG

[ [

1. dwuirmtlasanisidegTuny

1.1 n1sAniiugy M lddudunumuusuingld
1.2 s1gazduanan1saiuauvadlasing

1. d5Uda

UsZaIA

1. afinuenuasiigailaseasimiaiivesessdlsenounaaiivesivayulng ufguin In
N3EA WAz

2. vodBUgVEeTIn mvesEnsTiuenld dewes iWemande Wealse wavquiden
\HAANZLS

3. fauvadlassamaniivesansudniuenld tnelduiizemaniidunie uasnadeugys
NFININ

N3NNI

1. wonafnasulnsinufgi uzunil wazdnlnnsgas smedvinazans leniw teiia
ovfiom wazimiuea MntuinansliuiavsseiBmalasninnnil uazanudn

2. Mﬂmqa%ﬁqmqmﬁmaqmiﬁqw%{ﬁwmﬁaai‘g%mqaLﬂﬂimaiﬂ% Tawn *H NMR, *C NMR,
2D NMR, IR, MS uagdssuty nsoauasssunuiien cD

3. dauvaslassairevesdnuuuiildaninnsefsfeuiisomanidunie

4. veaounYsTsATUTgYBluNTIadur Ty unSeiothd uneen ugdadu

uz\5eeeln uavgvisAueuyadase

STULLIANNIUNIS 3 U
aa L1 =
NATURANUN nasn 3 U

1. Sombatsri, A., Thummanant, Y., Sribuhom, T., Wongphakham, P., Senawong T.,
Yenjai C. Atalantums H-K from the peels of Atalantia monophylla and their
cytotoxicity Natural Product Research, 2019, DOI:10.1080/14786419.2019.1576042

2. Posri, P., Suthiwong, J., Takomthong, P., Wongsa, C., Chuenban, C., Boonyarat, C,,
Yenjai, C. A new flavonoid from the leaves of Atalantia monophylla (L.) DC, Natural
Product Research, 2018, DOI:10.1080/14786419.2018.1457667

3. Suthiwong, J., Wandee, J., Pitchuanchom, S., Sojikul, P., Kukongviriyapan, V., Yenjai,

C*. Cytotoxicity against cholangiocarcinoma and HepG2 cell lines of lignan



NU8L1AR

derivatives from Hernandia nymphaeifolia. Medicinal Chemistry Research, 2018,
27, 2042-2049.

Sombatsri, A., Thummanant, Y., Sribuhom, T., Boonmak, J., Youngme, S., Phusrisom,
S., Kukongviriyapan, V., Yenjai, C. New limonophyllines A-C from the stem of
Atalantia monophylla and cytotoxicity against cholangiocarcinoma and HepG2 cell
lines, Archives of Pharmacal Research, 2018, 14(4). 341-347.

Suthiwong, J., Boonloh, K., Kukongviriyapan, V., Yenjai, C*. Cytotoxicity against
Cholangiocarcinoma and HepG2 Cell Lines of Lignans from Hernandia
nymphaeifolia, Natural Product Communication, 2018, 13 (1), 61-63.

Sukieum, S., Sang-aroon W., Yenjai C*. Coumarins and alkaloids from the roots of
Toddalia asiatica, Natural Product Research, 2018, 32(8), 944-952.

Sribuhom, T., Boueroy, P., Hahnvajanawong, C., Phatchana, R., Yenjai, C*
Benzoyltyramine alkaloids atalantums A-G from the peels of Atalantia monophylla
and their cytotoxicity against cholangiocarcinoma cell lines, Journal of Natural
Products, 2017, 80, 403-408.

Hirunwong, C., Sukieum, S., Phatchana, R., Yenjai C*. Cytotoxic and antimalarial
constituents from the roots of Toddalia asiatica. Phytochemistry Letters, 2016, 17,
242-245,

Phatchana, R., Thongsri, Y., Yenjai, C*. Canangalias C-H, juvenile hormone Il

analogues from the roots of Cananga latifolia. Fitoterapia, 2016, 114, 45-50.

a

$19N157 1-2 1WunauRRuwludi
5180159 3-6 WunauRRLRIuTA 2

5181157 7-9 1 HunanuARLRIUUN 1



Aanssudugiieatos
nsiWeulsamdvinsiuiinddelne

1 5A.05. 9387 MYIIUNA 1AV ALLINEMENT WNINYIRBVDULNY
2. 99ULNY

2. WALAT. HAAVTIY NO9AT NMATYUNATANITUNNE AMEAMIYANENT U TINGITUULIADT
# vilns 05104 2.7wajlan

3. /.05, 338 AAITELIUS N1ATYNEIMET ANTULNNEMERS U INgIdeYaULAY

. UVDULAU



UNUI

a

wzul \DuldBuduluaed Rutaceae wgdd (Fadlni), ngase (Fumys), uen1u (veuwnu),
a 6 a dyQy 6V Qy = a =) a oV, Y a 901 ¥ a
N3 (a51943514), IR 18 (Mewmile), Neu1and UG NgwME (n1ald) Audiearty &
pNLWAaNeINeY el Tuwes dnduwilsuusunn aends saniivangnd nausandmied
= P A a o v A a ' L 2 v A A
FIUTRIANLUUIUNIY AL8Y INATRINANADY NaLRY) giﬂfu Uanguanyueonianusy duglon
a A Y o da a v o a a | Y A A & 2 a a =
Wided Seonuniunin dedldinaTouiouns o walanwuznaunios Wunavuiaan Rnaseuidu
ATggeuniomn TvuiadurIuAugnaUsEINN 2-4 WwURWAT Hanavuiadeviawasiisenngy
] ' ~ v ~ a ] a v P AN & o
Wugavuuuy Mvaeraiimunasinelle fany wangludunduedienady meluliwdadiuiu
v Y] I3 I~ N al [ 1 = [ = N
ey dnwaizvetuanitusUidvn lngazesnnenwazilunalutiafousunaufiuiouuwiey lngas
wuldnutimema ey Uufess Uaduuds vy issduanuasisudlndssiuiimziaaut
Uszanad 800 LIRS ATINAMNINEIvaIzuIEnuIlEsnwlsagnddy 81n1sdumie diduannwald

Snwnszuumaiumela (Basa, 1975; Bunyapraphatsara, 1999; Panda, et al., 2004)

MnNsAvAUayanuesRUsEnaumGAll  wuRTnkarduremsuiusEneuluiigans
Uszunnazeslaudaniases au1su lasmnestu afesess uaznailiuess oglsimunavemzu

HElanUs189UNN5IeVDI09AUSEN B UNILAL]

T duliionsedes ddulivuny wuldialulusenalne Su Sude waswenin &
asmaninwenstindies fnwldnin tnvies wazudernsvint saldsnuldinande ufle s n
ehesvuudesoims ludiuvadu 14nwlsaven anmsdududeya nuidildvinifosdussnou
maeiifuansussonauisu lnaeslu fuuunifudanaosd uastiduvessve SAnwgws

TN NMIFTUNSIYEn U-937 griuunmmiu fueuyadass wasiuwuaiise

Tnnsehs Wuldidiuruanans g9 10-20 wns dduuanieen wWiendwmniludu lukes Ses
Heuadu sulinTaunugUanuwden dargluuvay taulunay Muluen 6-20 wudiwes Antaglau
Tuianluwsiuluidntdes peneenilute uanuvwidus aumenlaululndvennsefioen AonLanLNe

[ 1 a Ly ) ! ! [ = £ £ a A
agluteifeaiu eonlundy nduaz 3 aen assnarndunenmellsvunumenannay aoniwadled
= ) a IS [ [~ 14 I d’( U a o 13 IS
ndunendyn 4 nau Tgwusessuiuluiduguiiguaziinunnlatusessuna naganay a1 waanaudl
Wetnedneneswviy  wunaaldvedng  Yumulimemauumensevesnzkaslimelaniy

NZLAdUANLIY DONABNLAZHALNDY TUEIEU ~NEATNIE

[

Nuuaza gAY

v

[y

ayulwslnednduninensiddguontsama  uazsiludsdAyiivislunisguadng

o

[

guamvesUszansyilnsunduuusazsolies dpululagiuinisiauimamaluladednesng,



WTInvesrulnelstuiy MIsulsenuemsifseaunin  Mslasuasiynmemswasn1edon
[ 2/ £4 = o LY ¥ a a '

Juwmeliussyvudssaudymmuauainunniu dwsuussnalneewosgydotunsisinssme
Wludwauann deiidnennndsdseme agtdunsieayulnsinenniauieliduesnw
lspdsdndusawmsugiavosmmduegiunn  mnnszuanudevayulnslullagiu  dludnvazen
Snwilsa @IMTUaIATRIANETIAUA M AreRIUNTNeNWATBUMaUlng vihliasasinisAnm
AuAIMBIRANNIAWA1NY  YasaulnsiinTwnwngdy  elildeyaminenmans Feag
o v o o Y a ad a4 vy 1 Y = v vy %
U lddundngiuandiiweelavesassnameinge  vesayulnavaty  weavladawalviiinisld
ayulnsedegneies Yaeasde wnielle uazlaussleviawn naenaudwaliinisiaunayulnsine

1 I P O A
DY NADLUDILLASYIYU

N3NN8

ANSHUNEITAYAINALANLDUNTS

thasulnsliuidonmanzunil sindufgin wlalnnsyds wifu euwsts usaziBenls
Yhunudae hexane s1uau 2 ase Wunatndies 3 Su Tnadudviazansliviy ndessianuetis
arhiane thansazanefildlusemeusds ldansafnuenu hexane winnimdedne EtOAC 11w 2 Ads
Hunanafias 3 Yu thansasaneiilalussmeouris I8ansafaveny EtOAC winnfimdese MeOH
$a 2 A% dhansazanefildlusemeusts dansafinveny MeOH Tnsuanstunoulddausmunin

ANUAN

[ Air-dried sample J

hexane x 3
Crude hexane Marc
|EtOAc X3
l v
Crude EtOAc Marc
MeOH x 3

' i

Crude MeOH Marc



NSUINENAEITVDIITUAINN

lumsuenainsinduagvinidwiu 7 Alansu ledwaiane1u hexane EtOAC Uag MeOH
U 147, 89 way 121 ASUMINAIAU ansataveTuty EtOAC $11u 62 NS vieuduney
Faelud dlothansafinvenuluuendae silica gel flash column chromatography (FCC) laduann
g0y 13 d@wloun F1-F13 Wdiuges F3 Tuuansme FCC uayld hexane:EtOAC (97:3) WWusagle 15
drugey F3.1-F3.15 Jeusndiuges F3.15 tananndndae MeOH l¢ans 11 (8.5 mg, 0.0001%)
diugos F4 thamnwansie EtOAC laans 5 (340 mg, 0.0048 %) tuveaudsdinios diudoy F6
dauensenis FCC Tagld hexane:EtOAC (80:20) Wusawe lediudes 7 d@wloun F6.1-F6.7 1
g F6.5 unenseie FCC (hexane:EtOAC; 90:10) laans 4 (88.4 mg, 0.0013 %) dmsudiuges
F6.7 Ahwnuensag FCC hagvzsag CHClihexane 16 5 daudeouliun F6.7.1-F6.7.5 dutos F6.7.2
WaNRBAIY FCC wagwzse isocratic system 89 hexane:EtOAc (90:10) lai@1s 10 (4.9 mg, 0.0001
%) dunsudiuges F6.7.5 Lwﬂiﬁu'%qm'éé’w TLC using hexane:CH,Cl, (70:30) 1e@1s 14 (1.1 mg,
0.00001 %) d@ugee F7 imnene FCC (hexane:EtOAC) laduanngeoy 7 dawldun F7.1-F7.7
dlothduges F7.1 uag F7.2 uvhliuianssneds PLC Tagld hexane:CH,CL, (60:40) lians 8 (6.3
me, 0.0001 %) way 9 (68.4 me, 0.0010 %) Auasu wleth F7.7 unﬁwiﬁu%qwéé’as silica gel FCC
WAL isocratic system 989 hexane:CH,Cl:EtOAC (70:25:5) 1a@1s 3 (50.6 mg, 0.0007 %) uag
1 (3.7 mg, 0.0001 %) @ F9 Uluuenaeds silica gel FCC uagweie isocratic system Ue9
hexane:CH,Cl, (50:50) laduaingae 10 @ulawn F9.1-F9.10 dqugas F9.8 wsuensie FCC uag
WEARAIY isocratic system 909 hexane:EtOAc (80:20) 1@ 14 d@ugioy F9.8.1-F9.8.14 1dutiy
F9.8.6 1lenFiaey FCC wine hexane:CH,CL:EtOAC (30:65:5) léiansuiauis 2 (5.2 mg, 0.0001 %)
diugon F9.8.8 1lunsessie Sephadex LH-20 CC 1aa1s 16 (7.2 mg, 0.0001 %) diutos F9.8.11
ilUusnaiy TLC Tneld hexane:CH.Cl:MeOH (40:58:2) la@1s 17 (6.1 mg, 0.0001 %) duain
F9.10 1lUnseenay Sephadex LH-20 CC ¢ 8 @iuaringas F9.10.1-F9.10.8 dwsudiuanin F9.10.6
thluviliuiansse PLC Tngld hexane:CH,CL:EtOAC (45:40:15) T¢fans 7 (26 mg, 0.0004 %) du
anmgoy F9.10.8 Unluuense CC lngly hexane:EtOAC (80:20) loduaringas 5 d@aulaun F9.10.8.1-
F9.10.8.5 duain F9.10.8.4 wluuendie FCC uazwese hexane:EtOAC (70:30) Téansuigns 18
(11.6 mg, 0.0002 %) druadingae F10 WlUuenay FCC uazwsznae hexane:EtOAc (70:30) 161 16
daningey  loun  F10.1-F10.16  dwuadnges  F10.10 lduensie  FCC wazvwaig
hexane:CH,CL:ELOAC (50:40:10) Téfansu3aw 13 (16.9 mg, 0.0002 %) dauges F10.13 thluuen
¢t PLC Tngld CH,Cl:MeOH (1:99) Iéfans 12 (8.5 mg, 0.0001 %) druarin F12 thluviliuigns
A8 FCC wazazmiy CH.Cl:EtOAC Laans 15 (25.5 mg, 0.0004 %) ag 6 (26 mg, 0.0004 %)
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Tunsuenanadenuzunidaiuiy 2 Alansu laduainne1u hexane EtOAC wag MeOH
$1uay 120, 150 way 250 nSumuEy thasafnreiureUdonnanzuniitusney 1uendae
rodusilasulnsns i Ineldenwuuasioviassfinndusive  deswdwadngeslagldis TLC
(Thin Layer Chromatography) fudhdi¥n ey 6 druaingos HFL s HF9 th HF6 snuensae
silica gel FCC, 1ng/ld MeOH:CH,Cl, (1:99) \udve 19 3 duaindoy HF6.1-HF6.3 thawu HF6.2
WENFE FCC uazyzee EtOAChexanes (5:95) 19@15 29 (50.5 mg, 0.0025%) Wiloth HF7 wuuen
¢8 silica gel FCC (acetone:hexanes 5:95) ¢ 5 dawadngos HF7.1-HF7.5 daugeos HF7.4 o
wanee PLC (25:75 acetone:hexanes) 9@1s 30 (37.3 mg, 0.0019%) @uges HF7.5 wanmig FCC
(1:99 MeOH:CH,Cl,) ladiugoy HF7.5.1-HF7.5.5 11 HF7.5.3 118028 reverse phase CC (1:1
H,0:MeOH) 1¢7an5 19 (9.3 mg, 0.00046%), 20 (5.9 mg, 0.0003%) Uar 21 (4.2 mg, 0.00021%) N3
wen HF7.5.4 $1g FCC (1:99 MeOH:CH,Cly) 19 3 daugios HF7.5.4.1-HF7.5.4.3 31nn15uendiuton
HF7.5.4.2 @8 PLC (70:29:1 hexanes:actone:MeOH) 9@ 23 (15.2 mg, 0.00076%) Waz 25 (4.8
mg, 0.00024%) d@ugey HF7.5.4.3 wanee PLC (70:29:1 hexanes:actone:MeOH) laans 22 (11.1
mg, 0.00055%) W&y 24 (4.5 mg, 0.0002%) n1sikenaiuann HF8 A FCC wazazag MeOH:CH,CL
(2:98) Wagmuiag PLC (65:30:1 hexanes:acetone:MeOH) léansu3aws 27 (6.2 mg, 0.0003%).

duatnneUTuevsaesdam tauendne silica gel FCC (hexanes:EtOAC) ddudes 8
dr EFL-EF8 loth EF6 wuende silica eel FCC (acetoneshexanes) ldduainges 5 dau
TAWAEF6.1-EF6.5 91nn1suendiuaningas EF6.2 Ay reverse-phase CC (2:3 H,O:MeOH) l¢ians 28
(3.2 mg, 0.00016%) dmsuduaningey EF6.3 Wiausnseds PLC (3:7 acetone:hexanes) léans
U3avs 26 (10.3 mg, 0.0005%)

ANSHENFNAFITIINAUNSUIIN

TunsuenaiaduuzuATINIL 6 Alansu tadiuaninne1u hexane EtOAC kag MeOH 971u2U
12, 80 way 100 n3umddUthansatmmenuty FtOAC 1nuendsreduflasinlngng @ veaes
¥azany (hexane, EtOAC and MeOH) Livduaingesld 8 du (F1 8¢ F8) leth F2 wuenadnse
A8 CC (70% CH,Clyhexane) ladseos 3 @i (F2.1-F2.3) thduannges F2.3 lluunsenie FCC
(80% CH.Cly:hexane) l9ans 36 (199.8 mg, 0.0033%) Wag 44 (60.6 mg, 0.001%) d@uarintoy F3
iluuendedie CC (CH,CL) lidugos 5 dau (F3.1-F3.5) duafinges F3.2 uae F3.5 Wauansase
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CC (20% EtOAc:hexane) l9ia1s 45 (47.9 g, 0.0008%) wag 37 (167.4 mg, 0.0028%) auainy Tu
d@uved F5 wansioniy CC (CH.Cly) 19 3 daugoy (F5.1-F5.3) d@wisu F5.3 wunaie CC 1 3 @
(F5.3.1-F5.3.3) WU11813 43 (19.9 mg, 0.0003%) lsandiuges F5.3.1 Tudiuwes F5.3.2 wag F5.3.3
1uenAae Sephadex LH-20 Tngld MeOH WWudive 16ans 39 (7.9 mg, 0.0001%) wag 46 (24.1
mg, 0.0004%) MUAIRU drudes F7 wenae FCC (CH,CL) 16 2 @i (F7.1 wag F7.2) wuinans 31
(165.0 mg, 0.0027%) leann1sanuanues F7.1 dmsu F7.2 thlukensie FCC (pure CH,CL) 161 3
dugen (F7.2.1-F7.2.3) wanTinnlaludiugos F7.2.1 léunans 42 (21.7 me, 0.0004%) daugos F7.2.2
wanlaans 38 (66.0 mg, 0.0011%) way 40 (19.3 mg, 0.0003%) dugey F7.2.3 thlunsesniy
Sephadex LH-20 l9ans 35 (42.8 mg, 0.0007%) uag 41 (16.2 mg, 0.0003%) dusudrsens F8 1ty
wende CC (EtOAchexane) 18 2 du (F8.1 uag F8.2) lewsndie el filtration (Sephadex LH-20)
a5 32 (63.6 mg, 0.0011%) dwsudruges F8.2 Wlowsnde cel filtration (Sephadex LH-20) I
@13 33 (10.1 mg, 0.00017%) waz 34 (9.8 mg, 0.00016%)

ANSHENANAFITIINIUNZUIIN

ilunzuniwisiiuaasden 9.0 Alansuudlusvhazaneenauy EtOAC waz MeOH ldans
afianenu 3 dausjay 126, 174 uay 685 ndu thansataveutu EtOAC wensiesae CC Tngldianion
EtOAC uag MeOH (Judvy ladiudeos 9 d@ (F1 fis F9) tdhawuees F3 luuenmie FCC 19 3 dau
(F3.1-F3.3) ludiudes F3.2 uansonie CC loans 55 (25.7 mg, 0.0029%) idiuges F5 wense
fe CC (MeOH:CH,CLy) édmges 2 d@wm (F5.1 uay F5.2) wuindlewsnduges F5.1 Tay FCC
(CH,CL) 113 49 (12.8 meg, 0.00149%) Tuduwes F5.2 Tunianusnsiosae FCC (CH,CL) lé’aﬁu%ajwé
48 Tudmuwes F7 iWausnde FCC (100% CH,CL) I 4 dmges (F7.1-F7.4) thauges F7.2 snuen
AL Sephadex LH20 (MeOH) l¢i@1s 52 (20.2 mg, 0.0022%) taz 53 (18.4 mg, 0.0020%) d@1ugae
7 F7.3 thauengie TLC (100% CH,CL) lﬁmsu‘%qmé 47 (1.5 mg, 0.00002%), 51 (4.3 mg,
0.00005%) wag 54 (2.0 mg, 0.00002%) @1uges F9 1uuenaie FCC (5% MeOH:CH,CLly) laans
U3avs 50 (7.6 mg, 0.00008%)

NSUENENAEISAIINUAAINNTEAS

P uAalnnseAmue UnazldensnwIu 300 13U wiRlefvinazany EtOAC hasiniIuea 9

DOUNNNNDY MAIIINNITNTDILALTLABWIA MAANTANANEIU 2 @IUTIUIY 79 A 23 NSU AUAIRU

9 Y

(%
) [ o

asannveIutu EtOAC Atensioni FCC U2y hexane:EtOAC oy EtOAC:MeOH laviauun 4
dautios (EF1-EF4) dhdiugos EF3 ulensie Sephadex LH-20 (MeOH) wagmsgag CC (CH,CL) 16
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duges 2 dwlaun EF3.2.1 uag EF3.2.2 iethdiuges EF3.2.2 wnuensedie FCC (20% EtOAC-
hexane) lsfansu3ans 56 uavldduges EF3.2.2.1 uay EF3.2.2.2 Judevivisaesdiugesliuiant
NUNLAENS 66 war 59 anua1nu Tudiuvae EF4 wanlaans 58 wazdale 2 druday (EF4.1 way EF4.2)

dlevinisuen EF4.2 1ﬁu‘%@jm‘§ g8 CC way PLC leans 57, 61, 63 waz 65

ludiuvesansanaveutuumnILes Wethuweneiy CC tnduanngos 4 @ MF1-MF4 1
MF2 suenie CC ¢ 3 daugos MF2.1-MF2.3 Ui @15U3gvia 60 Wag 62 launannisuendiuges

MF2.2 uag MF2.3 anudau d1su MF3 Weuenag CC uagsany PLC laansusans 64

'
A o aaa

\laians deoxypodophyllotoxin luansaaduluniswseneyiuseine Insedeujizen
Aa a6 1 aaa Y . a v o a v a U v v 6 gj Qy
MUANBUNTY WuUisen saponification 3Antu ezwfiatu waslusiiutu laeyiusvisay 12
auUS ndInviNsvedeugvsAuNzsatAveuYad KKU-100 uazdmadouiumaduzisesiv
(HepG2) Wud ensvangouiusuanignsin laedlan 1Cs Mulwad KKU-100 aglugis 0.42 s 2.01

UM wazansuaiindaduuiliuiazilu lead compound lunswmunmsluiduenls

NANISNAADY
Ui

[V %
v a

INMsieNTINveIIUAgv Ifasuiquisvicau 18 a3 ewilassamandidneiinig
awnlpsalnd  wuinillaseadisianmdnegne asweniléun toddayanin (1) wag 85-10-O-
demethylbocconoline (2) Fuduanslml drwansiinsulassadawdadl 16 a1s 1oud artanin (3),
coumurrayin (4), toddaculine (5), toddanol (6), toddalolactone (7), isopimpinellin (8),
phellopterin (9), 5-methoxy-8-geranyloxypsoralen (10), 8-methoxydihydrochelerythrine (11), 8-
methoxynorchelerythrine (12), skimmiamine (13), norchelerythrine (14), chelerythrine (15),

oplopanone (16), nelumol (17), wag p-isopentenoxybenzenepropanoic acid (18)
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OMe
L 4
3 p N3
AcO
MeO7 " 0270
1 2
OMe OMe OMe
N SN X N
MeO O O MeO O
_ I
3 4 5
OMe OMe OCHgs
)g/m HO
A A / S
HO
HoMeo 6] MeO o) @) 070
8R = Me
9 R = isopentenyl
10 R = geranyl
40 Q8
® 0 ° e
MeO N MeO =N MeO N“ O
MeO OMe MeO OMe OMe
11 12 13
Q s
4O OO > “
() 7
MeO 2N MeO =N~ ﬁo
MeO
16
OMe
O\/W O\/\r
17 o 18

MNNIVAFBUAVENITINTINUTY @13 2 uansqvisiugaduzide KB uay NC-H187 way
AR UINA Vero cells men ICso Wiy 32.2, 5.8 uag 17.6 ug/mL @15Au73U 3 Uanan ICso og
Tude 7.4 89 31.0 pg/mL Fulwad KB, NCFH187 uag MCF-7 usians 4 lluansgw’ WoiSsuiiiou
Tassasrevesansivanii il prenylalkoxy Wagiinadensianigyns a1s 11 uansqusfiuse
foLwad NCIH187 (ICso = 0.8 pg/mL) FslndResiuansuinsgiu ellipticine usioendlsfmuansifidu

Nurowaausnd @13 5 waz 13 wansgmdmnoiwad MCF-7 saea1 ICs WNAU 23.4 waz 8.7 ug/mL
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o w M 1 & a 1 3 a v & & @ V1 1 al I
I GRIQNY) LLGIIQJLUHWUG]’E]L“UaanﬂG] mnma;{gawwmu%mulmwmi 5uae 13 AINNUAILIN GREMER

[ v o [J v < 14
Wuarsausuulunsiaunduasauuzsa

wWasnuauzunIml

dethasiuenldnniudenvomauzumiionnn  lumlasiasaomaeiliagdimeanlng
AlnTiwu IR, MS, 1D waw 2D wiewusnmausimamenimdug wuhasimuadlassaiaduanin
amdsane wazansiildiduansiml 7 a5 wazansisulaseadnuda 5 @3 fel atalantums AG
(19-25) N-{2-[4-(4,6,7-trinydroxy-3,7-dimethyl-2-octen-1-yl)oxylphenyllethylbenzamide (26) N-
{2-[4-(d-acetoxy-6,7-dihydroxy-3,7-dimethyl-2-octen-1-yl)oxylphenyllethylbenzamide (27), N-
{2-[4-(6-acetoxy-4,7-dihydroxy-3,7-dimethyl-2-octen-1-ylJoxy]phenyl}ethylbenzamide (28),
severine palmitate (29) uag severine acetate (30) Lﬁaﬁwmsﬁ”’wumlﬂwwaauqmémw%amwiums

gwaduzISwiold awsanansgvcnsTinmlanimisg

(@] O
o:( S—cHore o:( N—(CHa)s
o O o O
O e
N H
atalantum A (19)

atalantum B (20)
Q y y
o= O>\—(CH2)14 S—(cHa)s
(@]

HO)H\/H/\/O\Q\/\ 0
O
H
atalantum C (21)

/
(CH2)14

Y

OH
E B O\©\/\ i
N
Hk@

atalantum E (23

atalantum D (22)

/
Oy (CH2)14
j/ OH OH

atalantum F (24)
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atalantum G (25) (26)

=] Lo ¢ 2 1 8 a & a
A9 1 YIERIULYAANLLINDUINYBIEITIINIUADANANZUNIN (UM)*

compound KKU-M214 KKU-M213 KKU-M156
19 3.06+0.51 34.77+1.40 22.02+1.55
20 24.00+1.21 2.36+0.20 24.47+1.98
21 12.36+1.44 29.05+1.48 24.02+0.46
22 27.43+0.27 5.63+0.22 2.80+0.22
23 8.44+0.47 23.47+1.01 1.97+0.73
24 20.52+0.17 16.14+0.84 31.49+1.08
25 7.37+1.29 12.21+1.07 21.51+0.46
26 11.11+1.03 25.84+5.00 26.76+0.11
27 44.48+1.26 28.79+1.64 49.72+0.80
29 14.92+0.68 2.71+0.23 20.98+0.54
30 31.49+7.22 11.14+1.02 29.10+2.52
Ellipticine — 6.58+1.74 9.34+1.66
5-Fluorouracil 3.76+0.16 — —

*Data shown are from triplicate experiments
MnMInadeUgMsFumSwiethdviawad KKU-M213 KKU-M214 wag KKU-M156 §aeis
sulforhodamine B (SRB) assay WUT1ans 19 wansqvisiial (1ICs Wity 3.06 M) TndiAesansunsgiu
5-fuorouracil @13 20 LAAIVSAULEAG KKU-M213 ¢aee ICso Winffu 2.36 UM Basninansannsgiu

ellipticine wsidgmiuans 21 llanslglalaspsuausnindi wanagvsylaf dusialiowainanIng?

YosluianaonaiinanegnieugaaNzs
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a

dewFeuifisuansiiidu diol (22-24) ans 22 uanwdfiAsoisad KKU-M213 waz KKU-M156

1 '3

(ICso = 5.63 uag 2.80 UM) “Umz‘ﬁﬁﬁ 23 LLﬁ@QQVIéG}aL‘Uaa KKU-M214 wag KKU-M156 (ICso = 8.44

wag 1.97 UM enUaIeU wians 24 LLamqwéﬁlﬁﬁ Tupralounain Futeuaany palmitoyloxy 3
Anuddey Innsieuifieugnisewinans 19 war 22 fuiad KKU-M214 JziuIny acetoxy i
w6 azteliigrisituuszanas 9 wh wilumensedng qusfuiad KKU-M213 waz KKU-M156
i wutans 22 LARINVETILTIUTEANN 7 wae 11 Windnans 19 Tudnvesans 23 wanea 1Cs it
of 1.97 UM ffuiwad KKU-M156 Gauseninans 22 Ussanas 1.42 wih tuenvazesungldin diol 22
war 23 AwSUWEATULEd KKU-M156 anigiians 24 uansiddideusnn Wefinnsanann
Tassareo1905uneliin duisesmydaneseddniudensuanigns ilerUSouifisusmines 29
uay 30 a13 29 LLﬂ@ﬁq%éﬁLLiﬂﬂ’j’] a1 unau1anmy palmitoyloxy 7l C-4 TBvSnasie wad KKU-

M213 11nnimy acetoxy

AuuzUIIN

InMsienduNzui nuldasuiavs 16 ans 1éuA imonophyllines A-C (31, 34 uay
35) Gaduanslu uenaniseldansinsulassadiudrsiuu 13 arshéun known compounds,
7-hydroxycycloatalantin (32), cycloepiatalantin (33), N-methylatalaphylline (36), atalaphylline
(37), citrusinine Il (38), citrusinion | (39), glycosparvarine (40), citruscridone (41), buxifoliadine
C (42), atalaphyllinine (43), N-methylatalaphyllinine (44), N-methylcycloatalaphylline A (45)

Lae buxifoliadine E (46) A9uanalunIny19a14



31 R'" = OCH3, R?= OH 34R=H
32R'"=R?=0OH 35R=0H
33R'"=0H,R*=H

36 R' = prenyl, R?2=H, R® = prenyl, R* = CH;
37 R' = prenyl, R?=H, R®= prenyl, R* = H
38R"= H,R2=H, R®= OCHg, R*=CH;,4
39R"= H, R?= CHj, R®= OCHj;, R* = CH;
40 R'= OCHj, R?=H, R®=H, R*=CHj,4
41R"= OCH;, R2=H , R®=OCH3, R* = CH;
42R'= prenyl, R?=CH3, R®*=H,R*=H

JUN 1 ansiuenlaannduuzuiil

17
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A3 2 QUSAIULTAdUE

I3

Sevesansnienlaainfuuzunif (ICs, pg/ml)

18

KKU-M156
compound ICso (Lg/m!) Emax (%) ICs0 (LLg/ml) Emax (%)
31 139+ 4538 87.7£19.8 72.1 £ 20.0 54.1 £ 19.1
34 5231+ 16.1 100 172189 42173
35 83.6 £ 29.1 100 21%11 242126
36 3591+ 187 100 42.1+16.0 100
37 37t 11 703150 29.0 £ 13.1 68.4 1+ 11.8
38 99+32 91.8 £ 8.4 47.6 £ 15.0 100
39 118149 100 269168 88.81+ 7.6
40 1561 1.8 84.1+£3.0 64.6 = 21.7 100
41 60.1 £ 22.2 100 103.6 £ 51.8 100
42 41+34 100 84t42 100
44 339+ 0.24 100 1.43 £ 0.69 100
46 381072 98.4+ 56 20t 04 89.4+37
the others inactive - inactive -
Cisplatin 3.36 & 1.44 7451 14.2 0.66 = 0.21 66.8 = 3.7

*Data shown are from triplicate experiments

%

NAINAFDUYVBAIULZITMOUR (KKU-M156) Wazuzl3esiu wuinans acridone alkaloid

1%

44 wARIVsELIAAULISWIIaaslaRNgn (ICs Winfiu 3.39 waz 1.43 pg/ml) a13 36 uandnndiuwad

KKU-M156 1 ICso 91U 35.9 ug/ml faiatlowinlassadnsvaslnisuinaziduddglunisuanigns

MNA1 ICsp VOIS 38 uay 39 Auwad KKU-M156 wansivguvendisiumia 3 dndudiu

ANNENsaluMseaNgNs  uivnvigduvendeglusiuvis 4 (@13 40 war 41) aileudvan

AUAINTTAAY LEBLUSHUIBUTEWINGET 36 WAz 37 WUI1ENT 37 Lansgnsnaninhs 9.7 Juaiiou

Fmy N-CH; azangnslunisginead KKU-M156 lunstiveseaduasadiu (HepG2) lew3auiieu

5e1INENT 37 Uay 46 wudwiihusuaiieulieuddgluniseenguns
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Tunzuan

Tudhwwesdlunzumi wuiildasiay 9 a5 Juaslml 1 asléun atalantraflavone (47)
wasfiaefuansinsulaseadnouda 8 @13 1eun atalantoflavone (48), racemoflavone (49), 5,4-
dihydroxy-(3",4"-dihydro-3",4"-dihydroxy)-2",2"-dimethylpyrano-(5",6":7,8)-flavone (50),
lupalbigenin (51), anabellamide (52), citrusinine | (53), p-hydroxybenzaldehyde (54) uway

frideline (55) Aauand

OH CH3 OCHj

53

U 2 @snuenbeantuusunii

€aN
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M13199 3 grissueuleslosdfaladueamesiaa wavgnsmusyyadase

compound AChE inhibitory action Antioxidant activity
at 100 UM (% inhibition) (ABTS scavenging)

48 Inactive 13.99 + 1.33

49 Inactive 32.30 = 0.57

50 2503+ 4.17 14.18 £ 0.78

51 79.21 £ 4.79 47.64 £ 0.85

52 6.84 = 2.67 5.26 £ 0.83

53 30.41 = 1.24 90.68 £ 0.97

54 12.67 £ 4.63 3.86 £ 0.41

55 25.34 1 4.35 4.72 £ 0.89

Tacrine 54.74 * 3.42 -
Trolox (80 UM) - 64.66 £ 0.62

U

nsnaaeunnsAeulyy acetylcholine esterase wag gVsAUaYLAdATEMIETS modified

Ellman’s method wa the ABTS scavenging assay anuandiu wuinlelevanlauesd 21 uangndd

fAfan (79.21% inhibition) wakanInnSAUeULABATEUIUNA1 WialUSeuWeUsEnine Waliuews

' '
Q‘dd 1 =)
o

(2-0) wazlolawalwewn (5) wunlelewaliuounlanignsnanii WellTsuieulnssasnavedans
naunanlauesd wudmy phenolic kag hydroxyl iaudAysonsuansgns

< a
WARINNTEAY

ﬁ]qﬂﬂqiLLﬂﬂﬁﬁﬂLﬂﬁﬂIWﬂigax‘] Wqulﬁﬁqiﬂgﬂ‘Vimﬂ 11 @13 Imamimdﬂﬁﬂumiﬁmw
Tassadraudaiedy Tiwvanslmlae fidesd (-)-deoxypodophyllotoxin (56), B-apopicropodo-
phyllin (57), dehydropodophyllotoxin (58), deoxypodorhizone (59), 5-methoxyyatein (60),
podorhizol (61), bursehernin (62), (-)-maculatin (63), hernanol (64), (+)-epimagnolin (65) wag
(+)-epiaschantin (66)

7 H OH
2 i
0BALAE Y o) o)
I Hap < (L
0746 ' o -
5 12 H o z o) (e}
N g
MeO & 5 "OMe MeO OMe MeO OMe
OMe OMe OMe

56 57 58



72 (66%)
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65R1:R2:R3:R4:OMC
66 R], R2 :OCH20 5 R3 = R4:OMC

59 RI,RZZOCHzo,R3:R4 :OMC,R5: R6:H

60 Rl, R2=OCH20,R3:R4 =OM€,R5=H,R6=OMC
61 Rl,R2=OCH20,R3=R4=OMC,R5=OH,R6=H
62 Rl,RZZOCHzo,R3:H,R4:OM6,R5:R6:H
63 Rl:RZZOMG,R3:H,R4:OMC,R5:R6:H

64 Rl:OMC,RZZOH,R3:R4:OM3,R5:R6:H

UM 3 a15uenleaNUAAlNNTZA

LAH, THF H,SO4
-10 °C, 2 hrs. ' ' MeOH
or NaOH/MeOH | : reflux, 24 hrs.
reflux
67 (48%)
a) Ac,O/Py
b) BzCI/Et3N
c) MsCI/EtzN
d) CH3(CH,)3COCI/EtsN
)
73 (22%) 68 R = Ac (98%)

69 R = Bz (96%)
70 R = Ms (92%)
71 R = CO(CHy)3CH3 (96%)

JUN 4 ayiusanuuundaunsizla
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2.2 eq NBS
EtOAc
MeCN : H,O

2.2 eq NBS
EtOAc
MeCN : H,O

(28%)

JUN 4 ayiusanuuunduasievla (sde)

M19197 4 qVISFUTaANLSVIaUR (KKU-100) wazizi3aiu (HepG2) Ua3a1sanniudnlnnsshs

KKU—M156 HepG2
compound
ICs0 (LUM) Emax (%) ICs0 (LUM) Emax (%)
Crude EtOAC 8.8% 93 1.9% 62
Crude MeOH 3.6 73 5.1% 82
56 34.6 83 8.1 84
57 154 99 1.7 84
58 29.7 98 4.1 74
59 5.2 96 4.5 68
61 40.1 90 16.3 83
62 24.0 81 10.6 85
63 54 59 52 78
65 16.5 14 18.2 89
66 12.5 82 12.5 71
Cisplatin 3.3 100 5.7 100

Wiethansanwaninnszaslunegeugrsiurasuzisaiotnfuazuzi5aiu wuines 59 uaz

63 UanIqNSNANN (ICso WU 5.2 wae 5.4 uM) LilaSeuiieuseningns 59 uag 61 wuiiny
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lansondafidumds C-7' azanAuansaluniseangys eleuifiousznineas 62 uay 63

WUy OMe 7idunia 3 war 4 ddaysiennSNIFINIW

Tudruresgnssu

UNI5IFU a3 57, 58, 59 L8y 63 LLaﬂx‘if]Vl%d aun ?]'lﬂ“UE]ﬂJa“UE]\‘iﬂ’li 56 uay

57 Wuians 57 wansqysnani 919118899mY o, B-unsaturated lactone dfaysensoengns

M15199 5 qridFumaaNzISatnA (KKU-100) wasizisesiv (HepG2) vaseuiudaniuu

compound KKU-100 HepG2
56 25.78 + 1.78 8.10 + 2.00
67 1.63 +0.79 6.73 + 1.37
68 201 +£0.74 194 + 1.12
69 14.96 + 7.85 355+ 1.44
70 0.84 + 0.47 16.12 + 4.32
71 447 +1.94 41.39 + 10.49
72 9.04 + 5.70 1.50 + 0.53
73 34.58 + 10.80 14.65 + 7.20
74 1.84 £ 0.54 1.90 £ 0.77
75 0.75 + 0.52 0.46 + 0.19
76 4.82 + 2.09 5.86 + 1.88
7 22.6 + 203 14.92 + 7.37
78 1.01 £ 0.39 0.42 + 0.29

ellipticine 25.21 +0.20

cisplatin 2.2+ 0.70
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dyunan1innaes

PINMsatakensINIUAIN nuanshuiiidueyiusauniu  wazansimdueyius dinydro
chelerythrine-cadinane kazdinUaTNNIIUIATEINUAIBN 16 @13 INAIINAFBULNENNTININ
| 1 a Ao v @ oa ¢ a S ¢ <
WUENT 12 wansgydedornansena wazliiluiiwiowadusn@ a3 13 wansgvdsaiwaduzii
MCF-7 ¢8f1 ICso Winfiu 8.7 pg/mlL wazliluiivsawadusnd Gwmanisveaeile 1Wudeyai

Yraula wazenahlunaunsaganle

Pnnsatmdenuzuninuldasussian  tyramine laewduanslud 7 ans lewn
atalantums A—G uazansinsulasiad1ewda 5 a3 thasimuelunageugrssmuuzaiohasin
KKU-M214, KKU-M213 wag KKU-M156 wunas 23 LLamquéﬁﬁ Juwaa KKU-M156 a38a 1Cso
Wity 1.97 & 0.73 UM Fsdndransuimsg i ellipticine 215 19 uansgvisiowwad KKU-M214 faee
(Cso WU 3.06 & 0.51 UM dwiSuiad KKU-M213 Hu an3 20, 22 waz 29 uansqrisin lasiien
ICso iU 2.36 & 0.20, 5.63 + 0.22 wag 2.71 £ 0.23 uM AR @15 19, 23 Uay 25 uanwgws

AuLwad M214 A8AN ICse AU 3.06 £ 0.51, 8.44 £ 0.47 way 7.37 £ 1.29 suafu

Mnnswenasanduuyun wasluuruni IWansiweay 25 a1s Wuansll ¢ ans (Dula
Tuuess 3 a3 léun imonophyllines A-C uazfiunlailouses 1 @15 uenanidamuansusuam
acridone alkaloids 12 &3 WuansUsznmalauess 4 a5 wonthuduansaug luduvesude
Tnnszhaiu ansnenldifuansussinmanuuuisay sy 11 ans wiluansiinsulaseadandn

YI9RUA

INNTVAFOUBENNTINNNUIT BNUUUIINWAAINNTZAY LansgVidRuaduzi 3ot

a1

wiin KKU-M156 hagloadusiSadu HepG2 ﬁﬁqm 1A 1Cso Uszunaw 1.7 89 5.2 uM (Emax 96%) @15
42 waz 44 MnFuNUITLAnESE TSRt KKU-M156 wazwadusiseiu HepG2 e
ICso Tudag 1.43 3 8.4 pg/ml Tua'auﬁummswmaauqm%‘miﬁugﬂLauiézjﬁ acetylcholine esterase
wui lupalbigenin uansuannsalumsduds 79% wazdlAgeusyan 1.4 whiledlsuiuans
1A351U tacrine Tudumes citrusinine | wansgsdiueandndumintu 90.68% Liennaaudieis

ABTS assay.
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ABSTRACT ARTICLE HISTORY
Four new benzoyltyramines, atalantums H-K (1-4) and seven known Received 7 December 2018
compounds were isolated from the peels of Atalantia monophylia. Accepted 26 January 2019

All compounds were tested for cytotoxicity against HelLa, HCT116

and MCF-7 cell lines, as well as normal cells (Vero cells). Compound ~ KEYWORDS

5 showed cytotoxicity against HeLa, HCT116 and MCF-7 cell lines ~ Atalantia monophylla;
with ICso values ranging from 16-25 pg/mL but was inactive against atalantum; benzoyltyramine
Vero cells. Compound 6 also showed interesting results as com-

pound 5 with ICso values ranging from 15-18 pg/mL and an 1Csg

value of 80.20 pg/mL against Vero cells. This means compounds 5

and 6 can be used as lead compounds for anticancer agents.

1RI=RI=H o
2R = co(CHy ) CH,. P =H
3RS CO(CHpCH; BT =H
4R'=H, R*= CO(CH:)4CH;

Four new atalantums H-K (1-4) were 1solated from the peels of Aralantia monophyiia.

1. Introduction

Atalantia monophylla is a plant in the family Rutaceae. It is a small woody climber
which has a brown stem full of thorns. The fruits and leaves look and smell similar to
lime, although the fruits are not edible. It can be found in South India, Sri Lanka, East
Bengal, Ceylon, and Southeast Asia including Thailand, where it is called “Ma Nao
Phee” (Bunyapraphatsara 1999; Panda 2004). Various parts of this plant have been
used in traditional medicine for several purposes. For instance, this plant is used as an
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Figure 1. Structures of compounds 1-11.

antispasmodic, and is also used to cure paralysis, hemiplegia, and chronic rheumatism
(Basa 1975). Oil from the fruits can be used to treat rheumatism and respiratory dis-
eases (Basa 1975). Pathogenic fungi and itching can also be treated using the oil from
its leaves (Panda 2004). There are many groups of compounds that have been isolated
from A. monophylla comprising limonoids, acridone alkaloids, furoquinoline alkaloids
(Kumar et al. 2010), coumarins, flavonoids (Posri et al. 2018) and benzoyltyramines
(Govindachari et al. 1970; Sribuhom et al. 2017). In this study, eleven N-benzoyltyr-
amine derivatives including four new compounds (1-4) and seven known compounds
(5-11), were isolated. All isolated compounds were evaluated for cytotoxicity against
Hela (cervical cancer), HCT116 (colon cancer), MCF-7 (breast cancer), and Vero cell
lines (Kumnerdkhonkaen et al. 2018).

2. Results and discussion
2.1. Chemistry

Phytochemical investigation of the MeOH extract of the peels of A. monophylla led to
the isolation of four new benzoyltyramines, atalantums H-K (1-4) (Figure 1). Seven
known compounds including atalantums D-G (5-7, 10) (Sribuhom et al. 2017), N-{2-[4-
(4-acetoxy-6,7-dihydroxy-3,7-dimethyl-2-octen-1-yl)oxylphenyl}-ethyl  benzamide (8)
(Cerqueira et al. 2012), N-{2-[4-(4,6,7-trihydroxy-3,7-dimethyl-2-octen-1-yl)oxylpheny-
ltethyl benzamide (9) (Ghosh et al. 1994) and N-benzoyltyramine (11) (Cerqueira et al.
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2012) were also discovered. The specific rotations of 1-10 showed [oc]és + 0 which
confirmed the racemic mixture of all compounds.

Compound 1 was found as a pale yellow oil, and its molecular formula was deter-
mined as Co6H3505sN by HRESIMS data which showed a molecular ion at m/z [M +Na] "
464.2405 (calcd. 464.2413). The IR spectrum showed absorption bands of hydroxyl and
carbonyl groups at 3341 and 1736cm ™, respectively. Five aromatic protons at & 7.66
(2H, d, J=8.0Hz), 8 7.38 (2H, t, J=8.0Hz) and & 7.46, (1 H, t, J=8.0 Hz) were assigned
as H-2""/H-6", H-3"/H-5"" and H-4", respectively (Table S1). Two doublet signals at § 7.12
(2H, d, J=8.0Hz, H-3//H-5') and & 6.84 (2H, d, J=8.0Hz, H-2'/H-6') indicated a para-
substituted benzene. In the HMBC experiment, correlations between H-2''/H-6" and
amide carbonyl at 6 167.2 (C-9') indicated it contained a benzoyl moiety (Figure S1).
Two triplet signals (J=28.0Hz) at 6 2.84 (H-7) and 3.65 (H-8') correlated to carbon at &
34.1 and 3 40.6, respectively, in the HMQC spectrum. Correlation between H-8' and
amide carbonyl (6 167.2) indicated the connection of this ethyl group and the benza-
mide moiety. The 'H and '>C NMR spectra showed signals at 5,,/5c 3.20/48.6, which
were assigned to a methoxy group (Table S2). From the '3C NMR and DEPT spectra, it
was found that the remaining ten carbons signals contained three methyl, two methy-
lene, two methine, two olefinic and one quaternary carbons. The oxygenated methylene
signal at d,/d¢ 4.54/64.0 was assigned as H-1 and coupled to the olefinic proton H-2 (5
5.76, t, J=8.0 Hz). Correlations between H-1 and C-2 (120.3), C-3 (141.3) and C-1’ (156.8)
were observed in the HMBC experiment. The methyl group at 6,/6¢ 1.72/11.8 (CHs-10)
showed long range coupling with C-2 (120.3), C-3 (141.3) and C-4 (76.5) in this experi-
ment. In the HMQC spectrum, the proton signals at & 4.27 and & 3.64 connected with
carbons at & 76.5 and & 76.9, respectively, confirming the presence of dihydroxy group
at C-4 and C-6 positions. Terminal dimethyl group CH3-8 (6¢ 19.6) and CHs-9 (5¢ 18.7)
correlated with C-7 (76.5) in the HMBC spectrum. In addition, the correlation between
the methoxy proton and C-7 was observed in the HMBC experiment. Therefore,
compound 1, atalantum H, was characterized as rac-N-{2-[4-(4,6-dihydroxy-7-methoxy-
3,7-dimethyl-2-octen-1-yl)oxylphenyliethylbenzamide (Figure 1).

Compound 2 showed a molecular ion at m/z 702.4700 [M + Na] " (calcd. 702.4710)
indicative of the molecular formula C4,HgsOgN and corresponding to 11 indices of
hydrogen deficiency. The "H and '>C NMR spectra showed the same patterns as those
of 1, except for the presence of a palmitoyloxy moiety instead of a hydroxyl group at
the C-4 position. The '*C NMR spectrum also displayed an additional ester-type car-
bonyl carbon at 6 172.9 (C-1"""). In the HMBC spectrum, cross-peaks between H-4 and
C-1""" were observed. The rest of the proton and carbon signals were consistent with
the hydrocarbon [(CH,);4CHs] chain of palmitic acid. Therefore, compound 2, atalan-
tum |, was characterized as rac-N-{2-[4-(4-palmitoyloxy-6-hydroxy-7-methoxy-3,7-
dimethyl-2-octen-1-yl)oxylphenyl}ethylbenzamide (Figure 1).

The HRESIMS data of compound 3 indicated a molecular formula of C4oHg:06N (Mm/z
674.4396 [M+Na]") (calcd. 674.4397). The 'H and '>C NMR spectra displayed the
same patterns as those of 2, except for resonances reminiscent of a myristoyloxy
instead of a palmitoyloxy moiety. Thus, the structure of compound 3, atalantum J, was
identified as rac-N-{2-[4-(4-myristoyloxy-6-hydroxy-7-methoxy-3,7-dimethyl-2-octen-1-
yl)oxylphenyl}ethyl benzamide.
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The HRESIMS data indicated a molecular formula of C4HgsOsN (Mm/z 702.4703
[M +Nal]™) (calcd. 702.4710) for compound 4. The 'H and '*C NMR spectra displayed
the same patterns as those of 2, except for the cross-peaks in the HMBC spectrum.
Correlation between H-6 and C-1"" (6 173.7) was evident in this spectrum. Thus, the
structure of compound 4, atalantum K, was identified as rac-N-{2-[4-(6-palmitoyloxy-4-
hydroxy-7-methoxy-3,7-dimethyl-2-octen-1-yl)oxylphenyl}ethylbenzamide.

2.2, Biological activity

All isolated compounds were evaluated for cytotoxicity against HelLa (cervical can-
cer), HCT116 (colon cancer), MCF-7 (breast cancer) and Vero cells (normal cells) by
MTT assay. The results at 72 hr. showed compound 5 exhibited cytotoxicity against
Hela, HCT116 and MCF-7 cell lines with ICsy values ranging from 16 to 25 pug/mL
and displayed an ICs5o value of more than 100 ug/mL against normal cells (Table
S3). This indicates this compound can be used as a lead compound for an anti-
cancer agent. Comparing between 5 and 2, compound 2 showed inactivity against
these cell lines. The results indicate that the hydroxyl group may play an important
role for cytotoxicity. This evidence can be observed in the cases of compounds 6
and 4. The IC5q values of 6 were 15-18 ug/mL against HelLa, HCT116 and MCF-7 cell
lines and showed an ICsy value of 80.20 ug/mL against Vero cells. These data con-
firmed that the hydroxyl group may play an important role for cytotoxicity. In the
case of cytotoxicity against Vero cells of compounds 6 and 7, compound 7 showed
stronger cytotoxicity with an 1Cso value of 25.20 ug/mL. These results mean the pal-
mitoyloxy group at the C-7 position selected to Vero cells. Comparing between
compounds 9 and 10, compound 10 displayed stronger cytotoxicity against all cell
lines than 9. This evidence shows that the tetrahydrofuran moiety was necessary
for the activity.

3. Experimental
3.1. General experimental procedures

The NMR spectra were recorded on a Varian Mercury plus spectrometer operating at
400MHz ('H) and at 100 MHz ('3C). IR spectra were recorded as thin films, using a
Perkin Elmer Spectrum One FT-IR spectrophotometer. Mass spectra were determined
on a Micromass Q-TOF 2 hybrid quadrupole time-of-flight (Q-TOF) mass spectrometer
with a Z-spray ES source (Micromass, Manchester, UK). UV spectra were measured on
an Agilent 8453 UV-Visible spectrophotometer. Melting points were determined on a
SANYO Gallenkamp melting point apparatus and were uncorrected. Thin layer chroma-
tography (TLC) was carried out on MERCK silica gel 60 F254 TLC aluminum sheet.
Column chromatography was done with silica gel 0.063-0.200mm or less than
0.063 mm and RP-18 column chromatography was also used. Preparative layer chroma-
tography (PLC) was carried out on glass supported silica gel plates using silica gel 60
PF254 for preparative layer chromatography. All solvents were routinely distilled prior
to use.
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3.2. Plant material

The peels of A. monophylla were collected in June 2016 from Phuwieng District, Khon
Kaen Province, Thailand. The plant was identified by Prof. Dr. Pranom Chantaranothai,
Faculty of Science, Khon Kaen University, Thailand. A botanically identified voucher
specimen (KKU022015) was deposited at Faculty of Science, Khon Kaen University.

3.3. Extraction and isolation

Air-dried and finely powdered peels (2kg) of A. monophylla were sequentially
extracted at room temperature for three days with hexane (3 x 12L), EtOAc (3 x 5L)
and MeOH (3 x5L). The extracts were evaporated in vacuo to obtain three dry
extracts, crude hexane (121g), EtOAc (270g), and MeOH (220g). The crude MeOH
extract (220 g) was subjected to CC, eluted with a gradient system of hexane, hexane-
EtOAc and EtOAc-MeOH. On the basis of their TLC characteristic, the fractions which
contained the same major compounds were combined to give eight fractions, F1-F8.
Fraction F3 was purified by silica gel column chromatography and eluted with pure
CH,Cl, to get three subfractions, F3.1-F3.3. Subfraction F3.2 was purified by FCC using
20% EtOAc:hexane as eluent to afford two subfractions. Fraction F4 was purified by sil-
ica gel CC and eluted with 30% EtOAchexane to get three subfractions, F4.1-F4.3.
Subfraction F4.2 was subjected to a column of Sephadex LH-20 using MeOH as eluent
and gave three subfractions, F4.2.1-F4.2.3. Subfraction F4.2.2 was rechromatographed
on FCC, by silica gel reverse phase (RP-18) eluted with 10% H,0:MeOH to afford 1
(12.3mg, 0.00059%), 2 (18.4 mg, 0.00088%) and 3 (60.0 mg, 0.00285%). Fraction F5 was
purified by silica gel CC and eluted with 1% MeOH:CH,Cl, to give four subfractions,
F5.1-F5.4. Subfraction F5.1 was subjected to a column of Sephadex LH-20, using MeOH
as eluent and gave 9 (18.5 mg, 0.00088%). Gel filtration (Sephadex LH-20) was carried
out on subfraction F5.2, eluting with MeOH afforded 11 (12.8 mg, 0.00060%).
Subfraction F5.3 was rechromatographed on FCC by silica gel reverse phase (RP-18)
eluted with 10% H,0:MeOH to afford 5 (14.6 mg, 0.00069%), 6 (13.5mg, 0.00064%)
and 7 (15.8mg, 0.00075%). Fraction F6 was purified by silica gel CC and eluted with
1% MeOH:CH,CI, to give three subfractions, F6.1-F6.3. Subfraction F6.3 was subjected
to a column of Sephadex LH-20 using MeOH as eluent and gave three subfractions,
F6.3.1-F6.3.3. Subfraction F6.3.2 was purified by silica gel FCC and eluted with 1%
MeOH:CH,Cl, to obtain 10 (12.2mg, 0.00058%) and three subfractions, F6.3.2.1-
F6.3.2.3. Both subfractions F6.3.2.1 and F6.3.2.2 were further purified by FCC (3%
MeOH:CH,Cl,) and gave 4 (3.0 mg, 0.00014%) and 8 (17.5 mg, 0.00083%), respectively.

3.4. Spectroscopic data of compounds

Atalantum H (1): Colorless oil; UV (CHCl3) Amax (log €) 242 (3.81), 277 (3.35) nm; IR
(neat) Vyay 3341, 2926, 1736, 1641, 1511, 1237, 1073, 772cm™"; HRESIMS m/z 464.2405
[M+ Na]™" (calcd. 464.2413); 'H and '3C NMR spectroscopic data, see Tables S1 and S2.

Atalantum | (2): Colorless oil; UV (CHCl3) Amax (log €) 242 (3.71), 276 (3.24) nm; IR
(neat) vmax 3344, 2924, 1736, 1641, 1511, 1221, 772cm’1; HRESIMS m/z 702.4700
[M+ Na]™" (calcd. 702.4710); 'H and '3C NMR spectroscopic data, see Tables S1 and S2.
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Atalantum J (3): Colorless oil; UV (CHCl3) Anax (log €) 242 (4.05), 277 (3.61) nm; IR
(neat) vmax 3341, 2923, 2853, 1731, 1642, 1511, 1231, 1075, 772 cm71; HRESIMS m/z
674.4396 [M+ Na]" (calcd. 674.4397); 'H and '>C NMR spectroscopic data, see Tables
S1 and S2.

Atalantum K (4): Colorless oil; UV (CHCl3) Anax (log €) 242 (3.92), 277 (3.46) nm; IR
(neat) vmay 3344, 2924, 2853, 1732, 1642, 1511, 1237, 772 cm~"; HRESIMS m/z 702.4703
[M + Nal™ (calcd. 702.4710); "H and >C NMR spectroscopic data, see Tables S1 and S2.

3.5. Cytotoxic activity assay

Cytotoxic effect on cancer cells was evaluated by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. Cells (8 x 10% cells/well) were seeded onto 96-well
plates and incubated for 24 hours to adhere. Human cervical cancer (HelLa) cell line
was obtained from Dr. C. Pientong (Khon Kaen University, Khon Kaen, Thailand).
Human breast adenocarcinoma (MCF-7) and human colon cancer (HCT116) cell lines
were kindly provided by Dr. O. Tetsu (University of California, San Francisco, U.S.A.). A
non-cancer (Vero) cell line was kindly provided by Dr. S. Barusrux (Khon Kaen
University, Khon Kaen, Thailand), respectively. All cells were cultured in RPMI 1640
medium supplemented with 10% fetal bovine serum, penicillin (100 U/mL), and
streptomycin (100 ng/mL) (Gibco-BRL, USA) and incubated at 37°C in a humidified
atmosphere of 5% CO,. For preliminary testing, cells were exposed to the selected
compounds at a concentration of 100 pg/mL for 24, 48 and 72 hours. The compounds
that caused cell viability less than 50% were further evaluated for their half maximal
inhibitory concentration (ICso) values. To evaluate 1Csq values, cells were exposed to
increasing concentrations (10 - 100 ug/mL) of selected compounds for 24, 48 and
72 hours. Control groups were treated with a solvent (a mixture of DMSO and ethanol;
1:1). After incubation for the indicated times, the medium was replaced with 110 uL of
fresh medium containing MTT (0.5 mg/mL in PBS) (Sigma Chemical Co., St Louis, MO,
USA) and incubated for 2 h. Formazan formed after conversion of MTT was dissolved
in DMSO. The absorbance of formazan was measured with a microplate reader (Bio-
Rad Laboratories, USA) at the wavelength of 550nm using 655nm as a reference
wavelength. Each assay was replicated four times. The percentage of viable cells which
corresponds to the production of formazan was calculated as previously described
(Kumnerdkhonkaen et al. 2018):

% Cell V|ab|I|ty = [Sample (A550 - A655)/Control (A550 — A655)] x 100

4. Conclusion

Chemical investigation of the methanol extract of the peels of Atalantia monophylla
led to the isolation of four new benzoyltyramines, atalantums H-K (1-4) and seven
known compounds. Cytotoxicity against HeLa, HCT116 and MCF-7 cell lines, as well as
normal cells (Vero cells) was evaluated using MTT assay. The results showed that 5
exhibited cytotoxicity against HeLa, HCT116 and MCF-7 cell lines with 1C5y values rang-
ing from 16-25ug/mL but was inactive against Vero cells. In addition, 6 also showed
ICso values ranging from 15-18 ug/mL and an ICso value of 80.20 pg/mL against Vero
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cells. From all data, it means the hydroxyl group may play an important role for
cytotoxicity.
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5,4’-dihydroxy-(3",4"-dihydro-3",4"-dihydroxy)-2",2"-dimethylpyrano- KEYWORDS
(5",6":7,8)-flavone (4), lupalbigenin (5), anabellamide (6), citrusinine | Atalanta monophylla;
(7), p-hydroxybenzaldehyde (8), and frideline (9), were isolated from flavonoid; acetylcholine
the leaves of Atalantia monophylla (L.) DC. Focusing on Alzheimer’s esterase; antioxidant
disease, acetylcholine esterase (AChE) inhibition and antioxidant

activity were evaluated using the modified Ellman’s method and the

ABTS scavenging assay, respectively. It was found that isoflavonoid

5, lupalbigenin, showed 79% inhibition to AChE and was 1.4-fold

stronger than the tacrine standard. In addition, acridone 7, citrusinine

I, displayed 90.68% antioxidant activity.

1. Introduction

Atalanta monophylla (L.) DC belongs to the family Rutaceae and known in Thai as‘Ma Nao
Phee' It has been used to treat chronic rheumatism, paralysis, hemiplegia, and as an anti-
spasmodic (Basa 1975). Oil from the leaves is used to treat some pathogenic fungi and itching
(Panda 2004). It has been reported that the leaves of this plant contain triterpenoids, steroids,
and flavonoids (Talapatra et al. 1970; Saraswathy et al. 1998). Limonoids, acridone alkaloids,
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furoquinoline alkaloids (Kumar et al. 2010), coumarins, and benzoyltyramines have been
isolated from this plant (Govindachari et al. 1970; Sribuhom et al. 2017).

Alzheimer’s disease, a neurodegenerative disease, affects millions of elderly people
(Khoobi et al. 2015). This disease causes loss of language skills, attention, depression and
memory. It is believed that a low level of acetylcholine (ACh), deposition of B-amyloid
plaques, formation of neurofibrillary tangles containing tau protein, and oxidative stress
may cause this disease (Lan et al. 2014). The ester bond in acetylcholine can be cleaved by
acetylcholinesterase (AChE) enzyme. The inhibition of AChE results in a rising ACh level in
the brain (Anand and Singh 2013). Thus, an AChE inhibitor is one of the strategies that is
used to treat Alzheimer’s disease. Some agents such as tacrine, serine, donepezil, rivastiga-
mine, and galantamine are used to treat Alzheimer’s patients. However these agents show
side effects such as diarrhea, nausea and vomiting (Rogers et al. 1998). Thus, AChE inhibitors,
especially from natural sources, are still necessary. Nowadays, many studies have reported
therole of free radical formation and oxidative cell damage in the pathogenesis of Alzheimer’s
disease. It has been found that oxidative stress plays a key role in initiating the aggregation
of Ab and tau protein hyperphosphorylation, involved in the early stage of the pathologic
cascade. Thus, antioxidants have also been an important target for Alzheimer’s disease treat-
ment (Tan et al. 2003).

In continuation of our work on bioactive constituents from Thai herbal plants, the chemical
constituents of the leaves of A. monophylla were isolated and evaluated for their acetylcho-
line esterase inhibition, and antioxidant activities (Sribuhom et al. 2016).

2. Results and discussion

Nine isolated compounds were obtained from the leaves of A. monophylla using chromato-
graphic methods. Among these, a new flavonoid (1) and eight known compounds including
atalantoflavone (2) (Kapche et al. 2017), racemoflavone (3) (Banerji et al. 1988), 5,4'-dihy-
droxy-(3",4"-dihydro-3",4"-dihydroxy)-2",2"-dimethylpyrano-(5",6":7,8)-flavone (4) (Kassem
et al. 2000), lupalbigenin (5) (Tedasen et al. 2016), anabellamide (6) (Nwodo et al. 2014),
citrusinine | (7) (Shan et al. 2013), p-hydroxybenzaldehyde (8), and frideline (9) were identified
(Figure 1). All compounds were evaluated for acetylcholine esterase inhibition and antioxi-
dant activity.

Atalantraflavone (1) was obtained as a yellow solid and displayed a molecular formula at
m/z 337.1075 [M + H]* indicating a molecular formula of C, H, O The IR spectrum showed
the absorption bands of a carbonyl group at 1657 cm~'.The 'H and 3C NMR spectra indicated
the characteristics of flavonoid skeleton by showing 4-chromone moiety and a 1,4-disub-
stituted benzene group. The "TH NMR spectrum shows two doublet signals (/= 8.0 Hz) at &
7.68 (H-2"and 6') and at 0 6.85 (H-3' and 5') which indicates 1,4-disubstituted benzene (Table
S1). The 3C NMR spectrum displayed two overlapping resonances accounting for two car-
bons each at  128.2 (C-2" and 6') and at 6 116.0 (C-3" and 5). The HMBC spectrum showed
the correlations of H-2" and H-6" with C-2 (6 164.3) which indicated the connection of aryl
group at C-2 of chromone moiety. Two singlet signals of chromone moiety at 6 6.43 and 6.16
were assigned as H-3 and H-6, respectively, which indicated 5,7,8-trisubstituted chromone
(Banerji et al. 1988). Correlation between H-3 with C-1' (& 122.0) was observed in the HMBC
spectrum confirmed the structure of flavonoid skeleton. These two protons, H-3 and H-6,
showed correlations with C-10 (6 104.8) in the HMBC spectrum (Figure S1). In the chromone
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Figure 1. Chemical structures of isolated compounds 1-9.

moiety, three oxygenated aromatic carbons were observed at  161.2 (C-5), 6 168.0 (C-7)
and 6 153.0 (C-9). The doublet signal at 6 4.46 (J = 5.6 Hz) was assigned to an oxygenated
methine proton H-5", and correlated with carbon at & 73.1 in the HMQC spectrum. Another
doublet signal (J = 5.6 Hz) at § 2.57 belongs to H-4" and is located on a methine carbon at
0 28.7. The small coupling constant, J = 5.6 Hz, confirms the cis-orientation of these two
protons. In addition, the "H-"H COSY spectrum shows cross peaks between H-5" and H-4".
These two protons correlate with C-7 (6 168.0) in the HMBC spectrum, which indicates the
dihydrofuran moiety. Two methyl groups display signals at 6,/6. 0.66/12.6 and 6,/6.
1.07/22.6. In the HMBC spectrum, these two methyl groups correlate with C-6" (6 15), C-4"
(6 28.7),and C-5" (6 73.1), indicating the cyclopropane moiety. The NOE experiment shows
the correlations between H-4" (and H-5") and methyl proton at CH3-7" ((SH/(SC 1.07/22.6),
which indicate the same face for these groups. Thus, the structure of this compound was
identified as 5,4"-dihydroxy-6",6"-dimethyl-4",5"-dihydrocyclopropa[4”,5"] furano[2",3":7,8]
flavone which was named atalantraflavone.

Acetylcholine esterase inhibition and antioxidant activity were evaluated using the mod-
ified Ellman’s method and the ABTS scavenging assay, respectively. The results are shown in
Table S2. Among the tested compounds, isoflavonoid derivative 5, lupalbigenin, shows the
strongest inhibition to AChE (79.21% inhibition) which is about 1.4-fold stronger than the
tacrine standard. However, this compound displays moderate antioxidant activity at 47.64%.
Comparing between flavonoid derivatives (2-4) and isoflavonoid 5, it may be suggested
that the isoflavonoid structure may play an important role in AChE inhibition. These results
convinced that the effect of more phenolic groups in A and B ring of isoflavonoid 5 may be
enhance the activity. These data are similar to the results of Salah which stated that
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isoflavonoid showed higher activity than flavonoid derivatives (Salah et al. 2017). In case of
flavonoids 2 and 4, 4 showed a bit more active than 2, it may be due to dihydroxyl groups
in pyrone ring of flavonoid 4 effect to AChE inhibitory. These results showed convincingly
that phenolic or hydroxyl groups play an important role for acetylcholine esterase inhibition.
In addition, our obtained data are in agreement with the finding of Xie's data (Xie et al. 2014).
Acridone 7 exhibits the strongest antioxidant activity (90.68%) but displays weak AChE inhi-
bition (30.41%). These information implies that isoflavonoid 5 seem to be useful as a lead
compound for the development of AChE inhibitors.

3. Experimental
3.1. General experimental procedures

Melting points were determined on a SANYO Gallenkamp (Leicester, UK) melting point appa-
ratus and are uncorrected. UV spectra were measured on an Agilent 8453 UV-Visible spec-
trophotometer (Waldbronn, Germany). IR spectra were recorded as KBr disks or thin films,
using a Perkin Elmer Spectrum One FT-IR spectrophotometer (Shelton, CT, USA). The NMR
spectra were recorded on a Varian Mercury plus spectrometer (California, USA) operating at
400 MHz ('H) and at 100 MHz ('3C). Mass spectra were determined on a Micromass Q-TOF 2
hybrid quadrupole time-of-flight (Q-TOF) mass spectrometer with a Z-spray ES source
(Micromass, Manchester, UK). Thin layer chromatography (TLC) was carried out on MERCK
silica gel 60 F,, TLC aluminium sheets. Column chromatography was done with silica gel
0.063-0.200 mm or less than 0.063 mm (Darmstadt, Germany). Preparative thin layer chro-
matography (PLC) was carried out on glass supported silica gel plates using silica gel 60 PF,,
for preparative layer chromatography (Darmstadt, Germany). All solvents were routinely
distilled prior to use.

3.2. Plant material

The leaves of A. monophylla were collected in June 2016 from Phuwieng District, Khon Kaen
Province, Thailand. The plant was identified by Dr. Pranom Chantaranothai, Faculty of Science,
Khon Kaen University, Thailand where a voucher specimen (KKU022015) was deposited.

3.3. Extraction and isolation

The air-dried leaves (9.0 kg) of A. monophylla were ground and extracted with hexane (2 x 20
L), EtOAc (2 x 20 L), and MeOH (2 x 20 L) at room temperature. After evaporation, crude
hexane (126 g), EtOAc (174 g), and MeOH (685 g) extracts were obtained. The EtOAc extract
was separated by flash column chromatography (FCC) and using gradients of hexane, EtOAc
and MeOH as an elution system. On the basis of the TLC pattern, nine fractions, F1 to F9,
were collected. Fraction F3 was separated by silica gel FCC, and a gradient of EtOAc:hexane
was used as an eluent to give three subfractions, F3.1-F3.3. The further purification of F3.2
by FCC and elution with EtOAc:hexane afforded 9 (25.7 mg, 0.0029%). Fraction 5 was sub-
jected tossilica gel FCC, and a gradient system of MeOH:CH,Cl, yielded two subfractions, F5.1
and F5.2. Purification of F5.1 by silica gel FCC and using 100% CH,Cl, as eluent obtained 3
(12.8 mg, 0.0014%). Compound 2 was obtained from the purification of subfraction F5.2 by
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silica gel FCC, and 100% CH,Cl, was used as eluent. The purification of fraction F7 using silica
gel FCC (100% CH,CL) yielded four subfractions, F7.1-F7.4. Subfraction F7.2 was separated
by gel filtration (Sephadex LH20) and MeOH as eluent to obtain 7 (18.4 mg, 0.0020%) and 6
(20.2 mg, 0.0022%). Further purification of subfraction F7.3 by preparative TLC (100% CH,CI.)
yielded 1 (1.5 mg, 0.00002%), 5 (4.3 mg, 0.00005%) and 8 (2.0 mg, 0.00002%). Fraction F9
was purified by FCC (5% MeOH:CH,CL) to yield 4 (7.6 mg, 0.00008%).

3.4. Spectroscopic data of compounds

3.4.1. Atalantraflavone (1)

ayellow solid; mp 235-238 °C;[a]3' = + 86.1 (0.1 MeOH); UV (MeOH) A__ (log €) 214 (4.10),
277 (3.95),304 (3.86) nm; IR (thin film) v, cm~':3596, 2924, 1657, 1589, 1448, 1251, 770; 'H
NMR (400 MHz, CDCI3) 67.68(d,J=8.0Hz, H-2" and H-6'), 6.85, (d, J = 8.0 Hz, H-3" and H-5'),
6.43 (s, H-3),6.16 (s, H-6), 4.46 (d, J = 5.6 Hz, H-5"), 2.57 (d, J = 5.6 Hz, H-4"), 1.07 (CH,-7"), 0.66
(CH,-8"); *C NMR (100 MHz, CDCl,) & 164.3 (C-2), 103.2 (C-3), 182.6 (C-4), 161.2 (C-5), 93.9
(C-6),168.0 (C-7), 105.9 (C-8), 153.0 (C-9), 104.8 (C-10), 122.0 (C-1"), 128.2 (C-2' and C-6'), 116.0
(C- C-3" and C-5'), 160.9 (C-4), 28.7 (C-4"), 73.1 (C-5"), 15.0 (C-6"), 22.6 (C-7"), 12.6 (C-8");
HRESIMS m/z 337.1075 [M + H]* (calcd 337.1076).

3.5. Bioassay

3.5.1. Invitro cholinesterase activity assay

Acetylcholinesterase (AChE) activity was evaluated using the modified Ellman’s spectropho-
tometric method. Tacrine was used as a reference standard. The assay was performed in a
96-well plate by adding 25 pL of 1 mM acetylthiocholine iodide as substrate in the assay,
125 uL of 1 mM 5, 5'-dithiobis-(2-nitrobenzoic acid) (DTNB), 25 pL of 0.1 M phosphate buffer
pH 7.4, 25 pL of testing substance in various concentrations and 50 pL of 0.2 Units/ml AChE
from an electric eel (type VI-S). The absorbance changes at 405 nm were detected every 30
s over a period of 5 min with a microplate reader. The enzyme activity and the percentage
inhibition were determined (Ellman et al. 1961). The specific activity of enzyme AChE was
calculated as follows:

[AOD x Volume of assay (mL)]
Specific activity (Rs) =

Molar absorptivity of DTNB x mg of protien

where: Rs is the rate of enzyme activity in pmole of ATCI hydrolyzed/minute/mg of protein;
A OD is the change in absorbance per minute = Slope; The molar absorptivity of DTNB, which
is 13,600 M~" cm~'; The percentage inhibition for each test compound was then calculated
using the following equation:

%inhibition = [(Rs enzyme — Rs sample)/(Rs enzyme — Rs control)] X 100%

3.5.2. Invitro antioxidant activity assays

The radical scavenging activity of the test compounds was measured by the ABTS method.
The ABTS was dissolved in water to obtain a 7 mM concentration of ABTS stock solution.
ABTS radical cation (ABTS*) was generated by adding 2.45 mM potassium persulfate to the
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ABTS stock solution and keeping it in the dark at room temperature for 12-16 h.The ABTS™*
solution was diluted with ethanol to give an absorbance of 0.70 + 0.02 at 734 nm. Ten ml of
the test compounds were allowed to react with 990 ul of ABTS™* solution. The absorbance
was measured 15 min after initial mixing. Trolox was used as a standard (Miller and Rice-Evans
1997). The percentage inhibition of the samples was calculated by the following equation:
%Inhibition = (1 — A/A ) x 100, where A is the absorbance at 734 nm of the negative control
(Ethanol 99%), and A is the absorbance at 734 nm of the assay mixture with sample. All
determinations were carried out at least three times, and in triplicate.

4. Conclusion

Chemical investigation of the leaves of A. monophylla led to the isolation of a new flavonoid
named atalantraflavone and eight known compounds. All compounds including four flavo-
noids (1-4), a isoflavonoid (5), a dipeptide (6), an acridone (7), a benzaldehyde derivative
(8), and a triterpene (9) were isolated. The isolated compounds were measured for acetyl-
choline esterase inhibition and antioxidant activity. It was found that lupalbigenin (5) showed
79% inhibition to AChE and was 1.4-fold stronger than the tacrine standard under the mod-
ified Ellman’s spectrophotometric method. Citrusinine | (7) displayed 90.68% antioxidant
activity under ABTS assay.
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Abstract

Twelve lignan derivatives were synthesized from deoxypodophyllotoxin isolated from Hernandia nymphaeifolia.
Cytotoxicity evaluation against cholangiocarcinoma, KKU-100, and HepG2 cell lines showed that compounds 3, 9, 10,
and 13 exhibited stronger cytotoxicity than the starting material, 1, with ICs, ranging from 0.42 to 2.01 uM. Compound 10
displayed interesting activity by showing ICs, values of 0.75 and 0.46 pM against KKU-100 and HepG2 cell lines,
respectively. From these observation, 10 seems to be useful as a lead compound for the development of anticancer agents.

Keywords Hernandia nymphaeifolia - Deoxypodophyllotoxin + KKU-100 - HepG2

Introduction

Hernandia nymphaeifolia is a coastal tree that grows
throughout the tropical and subtropical areas. It is found in
the southern part of Thailand and called Pho Kra Ding. Its
seed is used as a cathartic (Kan 1970). This plant mainly
contains lignans and aporphine alkaloids (Chen et al. 1996;
Chao et al. 2002; Suthiwong et al. 2018). Several com-
pounds from this plant have shown antiplatelet aggregation
and cytotoxicity (Chen et al. 2000). It has been reported that
some compounds exhibit anticancer activity against murine
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P388 lymphocytic leukemia and human cancer, KB16,
A549, and HT-29 cell lines (Chen et al. 1997). Many lig-
nans from medicinal plants have shown anti-oxidant, anti-
estrogenic, anti-mitotic, and anti-viral activities (Pettit et al.
2004). Because of this pharmacological information, we are
interested in the structural modification of a major lignan,
deoxypodophyllotoxin, from the seeds of H. nymphaeifolia
for cancer therapy, especially for cholangiocarcinoma.
Deoxypodophyllotoxin has shown cytotoxicity against
several cancer cell lines such as KB16, A549, HT-29,
Colo205, k562, LNCaP, and PC-3 (Bogucki and Charlton
1995; Wickramaratne et al. 1995; Lim et al. 1999; Jiang
et al. 2007). In addition, this compound inhibits 12-O-
tetradecanoylphorbol 13-acetate-induced ornithine dec-
arboxylase in cultured mouse epidermal cells (Chang et al.
2000).

In Thailand, cholangiocarcinoma is the cancer of most
interest, due to its being one of the major health problems,
especially in the northeastern area (Sripa and Pairojkul
2008). It is believed that infection by the liver fluke,
Opisthorchis viverrini, is the cause of the disease (McGlynn
et al. 2006). In this country, this cancer has been found in
men more than women because of the high prevalence of
liver fluke infections. There is no effective chemotherapy
treatment with advanced cholangiocarcinoma patients
(Sampson et al. 1997). Surgical resection is the best treat-
ment and is a potentially curative therapy for this cancer.
Thus, effective therapeutic agents from natural sources are
still needed. It has been reported that KKU-100 was the
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Scheme 1 Derivatives of deoxypodophyllotoxin

least sensitive cell line which showed the highest ICs, value
of 25.21 pM to ellipticine, thus this cell line was selected for
the study (Songsiang et al. 2010).

Results and discussion
Chemistry

Deoxypodophyllotoxin (1), a lignan derivative, was isolated
using a chromatographic method from the EtOAc extract of
the seed of H. nymphaeifolia with a good yield (Suthiwong
et al. 2018). In our cytotoxicity screening, this compound
showed cytotoxicity against cholangiocarcinoma (KKU-
M100) and HepG2 cell lines, with ICsy values of 25.78 uM
and 8.10uM, respectively. To explore the structure-
cytotoxicity relationship, a series of deoxypodophyllotoxin
derivatives have been synthesized and evaluated for cyto-
toxicity to find novel compounds for cholangiocarcinoma
and HepG2 treatment. Twelve lignan derivatives were
successfully synthesized using simple organic reactions.
Treatment of 1 with conc. sulfuric acid in methanol at room
temperature yields methyl ester 2 (48%) (Scheme 1). The
stereochemistry at C-8' is still the same as the starting
material by showing a coupling constant of cis configura-
tion, J7,¢ = 5.7 Hz, while trans configuration showed J7/g
= 6.4 Hz. (Gordaliza et al. 1997). The 'H NMR spectrum of
2 showed a singlet signal at 8 3.53, indicating the presence
of a methyl ester group. Alcohol 2 was further treated with
acetic anhydride in pyridine affording 3 (98%). Lignan

c) MsCI/Et3N
d) CH3(CH;)3COCI/EtzN

3R = Ac (98%)
4R =Bz (96%)
5R = Ms (92%)
6R= CO(CH2)3CH3 (96%1)

derivatives 4, 5, and 6 were synthesized by treatment of 2
with benzoyl chloride, methanesulfonyl chloride and
valeroyl chloride, respectively, in the presence of EtN
(Scheme 1). Compounds 3—6 showed the coupling constant
of the cis configuration as J;,5 =5.7-5.9 Hz. After treat-
ment of 1 with LAH in THF at —10°C, deox-
ypicropodophyllotoxin (7) was obtained with 66% yield,
and no reduced product was obtained. This result indicates
that LAH acts as a base and abstracted acidic proton at the
alpha position leads to the epimerization of the starting
material. The 'H NMR spectrum displayed a double of
doublet signal of H-8" at § 3.34 (J=9.6, 3.0 Hz) where 1
showed a multiplet signal at 6 2.73. In addition, compound
7 showed a doublet signal of H-7" at 6§ 4.37 (/J=3.0Hz)
where 1 exhibited at 6 4.60. Further treatment of 1 with
LAH at room temperature for 68 h, interestingly, carboxylic
acid derivative 8 (22%) and epimerized product 7 (67%)
were observed. The '3C NMR spectrum of 8 displayed
signals at § 31.4 (C-7) and 6 63.8 (C-9), where 1 showed at
6 33.3 (C-7) and 6 72.2 (C-9). Bromination of 1 with NBS
in the presence of aqueous acetonitrile at room temperature
yields monobromolignan 9 (39%) and dibromolignan 10
(24%) (Scheme 2). The effect of high electron density at C-
2’ (and C-6") in 1 led to bromination at the C-2’ position.
The '*C NMR data of 9 at C-2’ (C-Br) showed a signal at 6¢
114.6 where 1 showed at 6c 108.5 and the proton signal of
H-6" changed from &y 6.34 to 6y 6.12 (Feliciano et al.
1993). It was found that the addition of the second bromine
atom at C-2 in 10 may be due to steric hindrance at C-6'.
The HMBC spectrum of dibromolignan 10 showed
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Scheme 2 Bromolignan
derivatives of

deoxypodophyllotoxin 2.2 6q NBS

EtOAc
MeCN : H,O

correlations between H-7 (67, 3.31 and 67, 2.56) and C-2 (6
103.2). The reaction of 7 with NBS in the same condition
gave monobromolignan 11 (28%), dibromolignan 12 (20%)
and tribromolignan 13 (11%). The '*C NMR signal of 11 at
C-2' changed from 6¢c 105.3 to 6¢c 110.9 where the signal of
H-6" changed from &y 6.33 to oy 6.31. In the case of 7, the
bromination of the second bromine atom occurring at C-6’
may be due to this compound being less steric than 10. The
spectroscopic data of dibromolignan 12 exhibited the con-
taining of bromine atoms at C-2" and C-6' positions, which
were different from 10. The 'H and '*C NMR of 12 showed
signals at dp/5c 6.69/108.7 (H-2) and éy/éc 6.06/106.5 (H-
5), which correlated with C-3 (6 146.1) and C-4 (6 146.9) in
the HMBC experiment. In the case of tribromolignan 13, it
showed only one aromatic proton at §p/d¢c 6.04/105.8 of the
H-5 position. Correlations between H-5 and C-3 (6 144.8),
C-4 (6 146.6), C-1 (6 127.3) and C7’ (6 45.1) were observed
in the HMBC spectrum. In this spectrum, the correlations
between H-7 and C-2 (6 103.0), C-6 (6 131.7) were also
observed in the HMBC spectrum.

Biological activity

Natural lignan from H.  nymphaeifolia, deox-
ypodophyllotoxin, was used as the starting material and 12
derivatives were synthesized. All compounds were eval-
uated for cytotoxicity against cholangiocarcinoma cells
(KKU-M100, poorly-differentiated adenocarcinoma) and
HepG2 cell lines (Tusskorn et al. 2013). KKU-100 cell is a
poorly differentiated adenocarcinoma and is the least sen-
sitive among cholangiocarcinoma cells. Most lignan deri-
vatives displayed stronger cytotoxicity against two cell
lines, KKU-100 and HepG2 cells, except compounds 8 and
12 (Table 1). In cases of KKU-100 cells, methyl ester
derivatives (2—6) showed cytotoxicity with ICsy values
ranging from 0.84 to 4.47 uM, except compound 4 (ICs,
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Table 1 Cytotoxicity of all compounds (ICsy, pM)*

Compound KKU-100 HepG2

1 25.78 +1.78 8.10+2.00
2 1.63+0.79 6.73x1.37
3 2.01+£0.74 1.94+1.12
4 14.96 +7.85 3.55+1.44
5 0.84 +0.47 16.12+4.32
6 4.47+1.94 41.39+£10.49
7 9.04+5.70 1.50+0.53
8 34.58 +10.80 14.65+7.20
9 1.84+0.54 1.90+0.77
10 0.75+0.52 0.46+0.19
11 4.82+£2.09 5.86+1.88
12 22.6 +203 14.92+7.37
13 1.01 £0.39 0.42+0.29
Ellipticine 25.21+0.20

Cisplatin 22+0.70

*Data shown are from triplicate experiments

was 14.96 uM), which is about 5-30 fold stronger than the
starting material. The results show convincingly that
polarity may play an important role in cytotoxicity. Among
the ester derivatives, 3 exhibited strong cytotoxicity against
both cells with ICsy values of 2.01 and 1.94 pM, respec-
tively. Compound 7 displayed cytotoxicity with ICsy values
of 9.04 and 1.5 pM, respectively, which were 2.8 and 5.4
fold stronger than the starting material. These results sug-
gest that the stereochemistry which led to the molecular
form may affect the activity. Comparing between com-
pounds 2 and 8, carboxylic acid, which is more polar than
methyl ester, exhibited weaker cytotoxicity (ICsy=34.58
and 14.65 uM). These results confirm that the polarity of a
compound may play an important role in activity. In cases
of bromide derivatives, they showed strong cytotoxicity,
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with the exception of compound 12, against KKU-100 and
HepG2 cell lines, with ICs5y values ranging from 0.42 to
5.86 uM. Comparing between compounds 9 and 10, the
presence of a bromine atom at the C-2 position increased
cytotoxicity. In cases of compounds 12 and 13, the bromine
atom at the C-2 position also improved the cytotoxicity
against the two cell lines. Compound 13 exhibited the
activity with ICs, values of 1.01 and 0.42 pM to KKU-100
and HepG?2 cells, respectively. These results confirm that
the bromine atom at the C-2 position can enhance the
cytotoxicity. Among all derivatives, 10 is the most active
compound, showing ICs, values of 0.75 and 0.46 uM
against KKU-100 and HepG2 cell lines, respectively.

Conclusion

Lignan derivatives were synthesized by using deox-
ypodophyllotoxin as the starting material. All compounds
were evaluated for cytotoxicity against cholangiocarcinoma
cells, KKU-100, and hepatoma carcinoma cells, HepG2.
Compounds 3, 9, 10, and 13 exhibited cytotoxicity against
the two cell lines. It is believed that polarity of these
compounds may play an important role in cytotoxicity.
Among bromide derivatives (9-13), it was found that the
bromine atom at the C-2 position was favorable for cyto-
toxicity. Compound 10 displayed highly potent activity
against the two cell lines.

Experimental part
General experimental procedures

All melting points were determined on a SANYO Gallen-
kamp (UK) melting point apparatus. Optical rotations were
identified using a JASCO P-1020 digital polarimeter. UV
spectra were recorded using an Agilent 8453 UV-Visible
spectrophotometer (Germany). IR spectra were taken as thin
films using a Perkin Elmer Spectrum One FT-IR spectro-
photometer (UK) 'H NMR spectra were determined with a
Varian Mercury plus spectrometer (UK) operating at
400 MHz (‘"H NMR) and at 100 MHz (**C NMR). Mass
spectra were recorded on a Micromass Q-TOF 2 hybrid
quadrupole time-of-flight (Q-TOF) mass spectrometer with
a Z-spray ES source (Micromass, UK). Silica gel 60
(100-200 mesh, Merck) was employed for column chro-
matography. Preparative TLC was carried out using silica
gel 60 GF254. TLC was examined on silica gel 60 F,s4
(Merck) precoated aluminum sheets. Spot on TLC were
visualized under UV light and by spraying with acidic
anisaldehyde solution followed by heating. All solvents
were distilled throughout the separation process.

Extraction and isolation of deoxypodophyllotoxin

(1

Air-dried seed (300 g) of H. nymphaeifolia were ground and
successively extracted at room temperature with EtOAc
(3x15L), and MeOH (3x1.5L). After filtration and
evaporation, the crude EtOAc (79 g) and MeOH (23 g)
extracts were obtained. The crude EtOAc extract was
separated by silica gel flash column chromatography (FCC)
and eluted with a gradient system of hexane and EtOAc to
obtain 4 fractions, F1-F4. Fraction F1 (30 g) was identified
as the natural oil. Fraction F2 was purified by silica gel
FCC, and 5% EtOAc-hexane was used as an eluent to
obtain two subfractions, F2.1 and F2.2. Further purification
of subfraction F2.2 by CC and elution with 100% CH,Cl,
afforded 1 (321 mg, 0.11%) which was used as the starting
material.

Deoxypodophyllotoxin (1)

White solid; mp 166-168 °C, [a]*p —54° (¢ 0.1 CHCl,);
FT-IR (film) vy, cm™': 2923, 1763, 1588, 1504, 1479,
1459, 1421, 1377, 1336, 1270, 1219, 1121, 1033, 997, 929;
'"H NMR (400 MHz, CDCl;) § 6.66 (1H, s, H-2), 6.52 (1H,
s, H-5), 6.34 (2H, br s, H-2',6'), 5.95 (1H, s, -OCH,0-),
5.92 (1H, s, -OCH,0-), 4.60 (1H, br s, H-7), 4.45 (1H, dd,
J=28.3, 5.4Hz, H-9), 3.92 (1H, t, J=9.0 Hz, H-9), 3.80
(3H, s, 4'—OCH3), 3.75 (6H, s, 3/,5'-OCH3), 3.07 (1H, br d,
J=11.3Hz, H-7a), 2.73 (3H, m, H-7b, 8, 8'); 3C NMR
(100 MHz, CDCl3) § 175.0 (C-9"), 152.7 (C-3', 5'), 147.2
(C-3), 146.9 (C-4), 137.3 (C-4"), 136.4 (C-1"), 130.8 (C-6),
128.4 (C-1), 110.6 (C-5), 108.6 (C-2), 108.5 (C-2’, 6"),
101.3 (-OCH,0-), 72.2 (C-9), 60.9 (4'-OCH3), 56.4 (3', 5'-
OCHj3), 47.6 (C-8'), 43.9 (C-7'), 33.3 (C-7), 32.9 (C-8);
HRESI-MS m/z 421.1277 [M + Na]" (calcd. for C»,H»,0;
+Na, 421.1263).

Preparation of lignan derivatives
Delactonization

A solution of compound 1 (172.4 mg, 0.4337 mmol) in
MeOH (3mL) was treated with conc. H,SO4 (0.2 mL) at
100 °C for about 24 h. Water was added and the mixture
was extracted with EtOAc (2x50 mL). The organic layer
was combined, washed with water, brine and dried with
anhydrous Na,SO,. Evaporation of solvent gave a crude oil,
which was purified by PLC (50 % EtOAc:hexane) to give a
semi-solid of compound 2 (89.1 mg, 48%).

Methyl deoxypodophyllate (2) White solid; mp 154—157 ©

C, [a]5 —95° (¢ 0.1 CHCls); FT-IR (film) vy cm ™' 3498,
2936, 1734, 1588, 1503, 1483, 1459, 1419, 1328, 1224,
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1123, 1035, 1005, 925, 862, 749; 'H NMR (400 MHz,
CDCl5) 6 6.58 (1H, s, H-2), 6.34 (1H, s, H-5), 6.09 (2H, s,
H-2',6), 5.83 (2H, br s, -OCH,0-), 4.32 (1H, d, J=
5.7Hz, H-7"), 3.74 (3H, s, 4-OMe), 3.70 (6H, s, 3’ and 5'-
OMe), 3.64 (1H, dd, J =10.9, 3.8 Hz, H-9a), 3.54 (1H, dd
overlap, J=10.9, 5.4Hz, H-9), 3.53 (3H, s, 9'-OMe),
3.06-2.89 (2H, m, H-8’, 7a), 2.65 (1H, dd, J=17.1,
10.8 Hz, H-7b), 2.35 (1H, m, H-8); '3C NMR (100 MHz,
CDCl3) 6 173.9 (C-9'), 152.7 (C-3',5"), 146.6 (C-4), 146.2
(C-3), 138.0 (C-4"), 137.1 (C-1"), 130.0 (C-6), 128.5 (C-1),
109.2 (C-5), 108.0 (C-2), 106.8 (C-2’ and 6'), 100.8
(-OCH,0-), 65.4 (C-9), 60.8 (4-OMe), 56.1 (3’ and 5'-
OMe), 51.5 (9’-OMe), 48.3 (C-8"), 47.8 (C-7"), 32.9 (C-8),
32.1 (C-7); HRESI-MS m/z 453.1521 [M 4 Na] " (calcd. for
Cy3Hy608+Na, 453.1525).

Acetylation

To a solution of compound 2 (15.3 mg, 0.0355 mmol) in
pyridine (1 mL) was added dropwise Ac,O (excess) at 0 °C,
and the reaction mixture was stirred at room temperature for
2 h. The entire reaction mixture was poured into the cold
water and extracted with EtOAc (2x20 mL). The organic
layers were combined, washed with water, saturated NaCl,
dried over anhydrous Na,SO, and evaporated. After
recrystallization, compound 3 was obtained as a colorless
solid (16.5 mg, 98%).

Methyl acetoxydeoxypodophyllate (3) Viscous oil; [():]ZD5
—75° (¢ 0.1 CHCLy); FT-IR (film) vy, cm 'z 2930, 1738,
1588, 1503, 1484, 1460, 1230, 1127, 1037; 'H NMR
(400 MHz, CDCl5) 6 6.62 (1H, s, H-2), 6.40 (1H, s, H-5),
6.12 (2H, s, H-2' and 6'), 5.89 (1H, s, -OCH,0-), 5.88 (1H,
s, -OCH,0-), 4.37 (1H, d, /= 5.8 Hz, H-7"), 4.21 (1H, dd,
J=11.0, 3.2 Hz, H-9a), 4.13 (1H, dd, /=11.0, 5.8 Hz, H-
9b), 3.79 (3H, s, 4-OMe), 3.74 (6H, s, 3’ and 6’-OMe),
3.54 (3H, s, 9’-OMe), 3.00 (1H, dd, /= 11.0, 5.8 Hz, H-8"),
2.98 (IH, dd, J=16.9, 5.8 Hz, H-7a) 2.70 (IH, dd, J=
16.9, 10.8 Hz, H-7b), 2.62-2.50 (1H, m, H-8), 2.05 (3H, s,
H-2"); 3C NMR (100 MHz, CDCly) § 172.6 (C-9"), 171.2
(C-1"), 1529 (C-3’ and 5), 146.8 (C-4), 146.4 (C-3), 137.8
(C-4"), 137.3 (C-1"), 130.0 (C-6), 128.0 (C-1), 109.4 (C-5),
107.9 (C-2), 106.9 (C-2' and 6'), 101.0 (-OCH,0-), 66.8
(C-9), 60.9 (4’-OMe), 56.3 (3’ and 5'-OMe), 51.5 (9’-OMe),
47.73 (C-7"), 47.69 (C-8’), 31.9 (C-7), 30.1 (C-8), 21.0 (C-
2"); HRESI-MS m/; 495.1628 [M +Na]™ (caled. for
C25H2309+Na, 495.1631 )

General procedure to prepare 4-6
To a solution of compound 2 (14.6 mg, 0.034 mmol) in

Et;N (1 mL) was added dropwise BzCl (excess) at 0 °C and
the reaction mixture was stirred at room temperature for
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30 min. The entire reaction mixture was poured into cold
water and extracted with EtOAc (2x20 mL). The organic
layer were combined, washed with water, saturated NaCl,
dried over anhydrous Na,SO, and evaporated to give a
crude oil, which was purified by PLC (20 % EtOAc:hexane)
to give 4 (17.4 mg, 96%).

The reaction of 2 with MsCl or valerory chloride was
examined in the same procedure as described above and
then 5 (92%) or 6 (96%) were obtained, respectively.

Methyl benzyloxydeoxypodophyllate (4)

White solid; mp 171173 °C; [a] —86° (¢ 0.1 CHCl3); FT-
IR (Alm) vpmax cm 'z 2934, 1718, 1587, 1503, 1483, 1454,
1271, 1222, 1123, 1036, 1005, 938, 749, 710; 'H NMR
(400 MHz, CDCl3) § 8.01 (2H, d, J=7.9 Hz, H-3"), 7.56
(1H, t, J=7.6Hz, H-5"), 7.44 (2H, t, J=7.6 Hz, H-4"),
6.63 (1H, s, H-2), 6.43 (1H, s, H-5), 6.16 (2H, s, H-2’ and
6"), 5.90 (1H, s, -OCH,0-), 5.88 (1H, s, -OCH,0-), 4.48
(1H, dd, J=11.1, 3.1 Hz, H-9a), 4.41 (1H, d, J=5.7 Hz,
H-7"), 4.39 (1H, m overlap, H-9b) 3.81 (3H, s, 4'-OMe),
3.76 (6H, s, 3/,6'-OMe), 3.55 (3H, s, 9’-OMe), 3.14 (1H,
dd, J=11.5, 5.7 Hz, H-8), 3.09 (1H, dd, /= 16.9, 5.8 Hz,
H-7a) 2.84 (1H, dd, J=16.9, 10.8 Hz, H-7b), 2.77-2.66
(1H, m, H-8); *C NMR (100 MHz, CDCl3) § 172.6 (C-9),
166.6 (C-1"), 152.9 (C-3',5), 146.9 (C-4), 146.5 (C-3),
137.8 (C-4"), 137.4 (C-1"), 133.2 (C-5"), 130.2 (C-6), 130.0
(C-2"), 129.7 (C-3"), 128.6 (C-4"), 128.1 (C-1), 109.4 (C-
5), 108.0 (C-2), 106.9 (C-2’ and 6'), 101.0 (—OCH,0—),
67.1 (C-9), 61.0 (4-OMe), 56.3 (C-3’ and 5'-OMe), 51.6
(9’-OMe), 47.9 (C-8"), 47.8 (C-7"), 32.1 (C-8), 30.4 (C-7);
HRESI-MS m/z 557.1789 [M+Na]" (calcd. for C3oH30Og
+Na, 557.1788).

Methyl mesyloxydeoxypodophyllate (5)

White solid; mp 175-177 °C; [a]3) —62° (¢ 0.1 CHCl3); FT-
IR (film) e cm™': 2935, 1733, 1588, 1503, 1483, 1460,
1420, 1352, 1331, 1223, 1172, 1124, 1035, 926, 752; 'H
NMR (400 MHz, CDCl;) § 6.63 (1H, s, H-2), 6.39 (1H, s,
H-4), 6.10 (2H, s, H-2' and 6'), 5.90 (2H, s, —OCH,O—),
442 (1H, d, J=5.9Hz, H-7'), 4.40-4.32 2H, m, H-9),
3.80 (3H, s, 4'-OMe), 3.74 (6H, s, 3’ and 5'-OMe), 3.61
(3H, s, 9’-OMe), 3.10-3.00 (2H, m, H-7a and 8'), 2.98 (3H,
s, SO,Me), 2.85 (1H, dd, J=17.1, 11.2Hz, H-7b),
2.68-2.56 (1H, m, H-8); *C NMR (100 MHz, CDCl3) &
172.3 (C-9"), 153.0 (C-3’ and 5), 147.0 (C-4), 146.6 (C-3),
137.4 (C-1’ and 4), 129.7 (C-6), 127.5 (C-1), 109.3 (C-5),
107.9 (C-2), 106.9 (C-2' and 6'), 101.1(—OCH,0—), 72.2
(C-9), 61.0 (4-OMe), 56.3 (3’ and 5'-OMe), 51.7 (9’-OMe),
47.6 (C-8), 46.8 (C-7'), 37.2 (SO,Me), 31.6 (C-8), 30.4 (C-
7); HRESI-MS m/z 531.1283 [M+Na]" (caled. for
C24H23010+Na, 5311301)
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Methyl valeroyloxydeoxypodophyllate (6)

White solid; mp 168-169 °C; [a]5 —52° (¢ 0.1 CHCl3); FT-
IR (film) gy cm ™ ': 2954, 1732, 1587, 1503, 1483, 1459,
1419, 1390, 1330, 1222, 1162, 1124, 1035, 1007, 937, 752;
'H NMR (400 MHz, CDCl;) § 6.62 (1H, s, H-2), 6.40 (1H,
s, H-5), 6.12 (2H, s, H-2' and 6"), 5.89 (1H, s, -OCH,0-),
5.88 (1H, s, -OCH,0-), 4.37 (I1H, d, J=5.7Hz, H-7"),
420 (1H, dd, J=11.2, 3.0 Hz, H-9a), 4.15 (1H, dd, J=
11.0, 5.6 Hz, H-9b), 3.80 (3H, s, 4’-OMe), 3.74 (6H, s, 3’
and 5'-OMe), 3.54 (3H, s, 9-OMe), 3.05-2.95 (2H, m, H-
7a and 8), 2.71 (1H, dd, J=16.9, 10.8Hz, H-7b),
2.61-2.51 (1H, m, H-8), 2.31 (2H, t, J = 7.6 Hz, H-2"), 1.59
(2H, m, H-3"), 1.33 (2H, m, H-4"), 0.91 (3H, t, J=7.3 Hz,
H-5"); 3C NMR (100 MHz, CDCl5) § 173.9 (C-1"), 172.6
(C-9"), 152.9 (C-3",5"), 146.8 (C-4), 146.4 (C-3), 137.8 (C-
4, 137.3 (C-1'), 130.0 (C-6), 128.1 (C-1), 109.4 (C-5),
108.0 (C-2), 106.9 (C-2’ and 6'), 101.0 (—OCH,0—), 66.4
(C-9), 61.0 (4-OMe), 56.3 (3’ and 5'-OMe), 51.5 (9’-OMe),
47.7 (C-8"), 47.7 (C-7"), 34.1 (C-2"), 32.0 (C-8), 30.2 (C-7),
27.2 (C-3"), 22.4 (C-4"), 13.8 (C-5"); HRESI-MS m/z
537.2101 [M 4 Na] " (calcd. for C,gH3409+Na, 537.2101).

Epimerization

A solution of compound 1 (46.2 mg, 0.1159 mmol) in THF
at —10 °C was treated with LAH (4.5 mmol, 1 M solution in
THF) under argon. The reaction mixture was stirred at
—10°C for 2h. The reaction mixture was quenched with
10% HCI followed by extraction of the aqueous layer with
EtOAc (2x20mL). The combined organic layers were
washed with water and brine, dried with Na,SO,, and
concentrated in vacuo. Chromatographic separation on
silica gel with EtOAc-hexane (2:3) as the eluent afforded
the epimerized product 7 (30.5 mg, 66%).

Deoxypicropodophyllotoxin (7)

White solid; mp 159-161 °C, [a]3} +61° (¢ 0.1 CHCI3); FT-
IR (flm) v cm ' 2924, 1761, 1589, 1505, 1478, 1459,
1423, 1325, 1245, 1180, 1121, 1033, 1005, 926, 791; 'H
NMR (400 MHz, CDCl;) § 6.66 (1H, s, H-2), 6.58 (1H, s,
H-5), 6.33 (2H, s, H-2', 6), 5.95 (1H, br s, -OCH,0-), 5.92
(1H, br s, -OCH,0-), 4.45 (1H, dd, J = 9.2, 7.4 Hz, H-9a),
437 (1H, d, J=3.0Hz, H-7"), 3.97 (1H, dd, J=9.2,
3.2 Hz, H-9b), 3.82 (3H, s, 4-OMe), 3.78 (6H, s, 5" and 3'-
OMe), 3.34 (1H, dd, J = 9.6, 3.0 Hz, H-8'), 3.06-2.96 (1H,
m, H-8), 2.86 (1H, dd, J = 15.4, 6.4 Hz, H-7a), 2.48 (1H,
dd, J = 15.4, 5.5 Hz, H-7b); *C NMR (100 MHz, CDCl3) &
178.5 (C-9'), 153.5 (C-3".5'), 147.0 (C-3), 146.9 (C-4),
138.4 (C-1), 130.6 (C-6), 128.4 (C-1), 110.0 (C-5), 108.9
(C-2), 105.3 (C-2"), 105.2 (C-6"), 101.1 (—OCH,0—), 72.9
(C-9), 61.0 (4-OMe), 56.4 (3',5-OMe), 46.5 (C-8'), 45.5

(C-7'), 332 (C-8), 32.2 (C-7); HRESI-MS m/z 421.1261
[M + Na] " (calcd. for C,HpyO7+Na, 421.1263).

Hydrolysation of 1

A solution of compound 1 (89.7 mg, 0.2251 mmol) in THF
at —10 °C was treated with LAH (4.5 mmol, 1 M solution in
THF) under argon. The reaction mixture was stirred at
—10°C for 2 h. and then warmed to room temperature until
the disappearance of the starting material (68 h) which was
determined by TLC. The reaction mixture was quenched
with 10% HCI followed by extraction of the aqueous layer
with EtOAc (2x20 mL). The combined organic layers were
washed with water and brine, dried with Na,SO,, and
concentrated in vacuo. Chromatography on silica gel with
EtOAc-hexanes (2:3) as the eluent afforded products 8
(20.5 mg, 22%) and 7 (60.3 mg, 67%).

Deoxypicropodophyllic acid (8)

White solid; mp 162-165 °C; [a]5 +21° (¢ 0.1 CH;OH);
FT-IR (film) v, cm ™ ': 3402, 2918, 1762, 1589, 1504,
1482, 1461, 1424, 1328, 1228, 1128, 1007, 982; 'H NMR
(400 MHz, Methanol-d4) § 6.62 (1H, s, H-2), 6.38 (2H, s,
H-2' and 6'), 6.30 (1H, s, H-5), 5.86 (1H, s, -OCH,0-),
5.85 (1H, s, -OCH,0-), 4.36 (1H, d, J=6.1Hz, H-7"),
3.75 (6H, s, 3’ and 5’-OMe), 3.73 (3H, s, 4’-OMe), 3.70
(1H, dd, J=10.9, 5.9 Hz, H-9a), 3.55 (1H, dd, J=10.9,
8.3 Hz, H-9b), 3.06 (1H, dd, J=6.1, 3.5Hz, H-8'), 2.95
(1H, dd, J=16.6, 5.5 Hz, H-7a), 2.84 (1H, dd, J = 16.6,
7.8Hz, H-7b), 2.40-2.31 (1H, m, H-8); '*C NMR
(100 MHz, CD;0D) § 176.9 (C-9’), 154.3 (C-3’ and 5),
147.8 (C-4), 147.5 (C-3), 143.4 (C-1'), 137.7 (C-4'), 131.0
(C-6), 129.9 (C-1), 110.4 (C-5), 109.3 (C-2), 107.7 (C-2
and 6'), 102.0 (-OCH,0-), 63.8 (C-9), 61.1 (4’-OMe), 56.6
(3’ and 5'-OMe), 50.6 (C-8), 47.5 (C-7’), 37.0 (C-8), 31.4
(C-7); HRESI-MS m/z 439.1372 [M + Na]™ (caled. for
C22H24O7—|—Na, 439.1 369)

Addition with N-Bromosuccinamide

To a solution of 1 (33 mg, 0.0828 mmol) in EtOAc (2 mL)
was added dropwise the solution of NBS (2.2 eq.) in
MeCN: H,O (2 mL) at 0 °C and this was stirred at 0 °C for
1 h and kept stirring at room temperature for 1 h. The entire
reaction mixture was poured into cold water and extracted
with EtOAc (2x20 mL). The organic layers were combined,
washed with water, saturated NaCl, dried over anhydrous
Na,SO,4 and evaporated to give solid products. After pur-
ification by PLC, lignan derivatives 9 (15.5 mg, 39%) and
10 (10.9 mg, 24%) were obtained.

The reaction of 7 (29.9 mg) with NBS was examined in
the same procedure as described above and then 11
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(10.2 mg, 28%), 12 (8.4 mg, 20%) and 13 (11.3 mg, 24%)
were obtained.

2’-Bromodeoxypodophyllotoxin (9)

White solid; mp 221223 °C; [a]3) —93° (¢ 0.1 CHCI3); FT-
IR (flm) v,y cm™ 'z 2927, 1779, 1563, 1480, 1389, 1334,
1313, 1283, 1224, 1197, 1164, 1103, 1037, 999, 944, 928,
872, 754; "H NMR (400 MHz, CDCl3) § 6.63 (1H, s, H-2),
6.38 (1H, s, H-5), 6.12 (1H, br s, H-6'), 5.90 (2H, s,
—OCH,0-), 5.28 (1H, d, J = 5.9 Hz, H-7"), 4.51 (1H, dd, J
= 8.6, 6.7 Hz, H-9a), 3.93 (1H, dd, J = 10.2, 8.6 Hz, H-9b),
3.91 3H, s, 3-OMe), 3.86 (3H, s, 4-OMe), 3.63 (3H, s, 5'-
OMe), 3.08 (1H, dd, J=15.5, 4.7 Hz, H-7a), 3.03-2.89
(1H, m, H-8), 2.83-2.73 (2H, m, H-7b and 8); '*C NMR
(100 MHz, CDCl3) § 173.4 (C-9'), 152.3 (C-5"), 151.0 (C-
3%, 147.1 (C-4), 147.0 (C-3), 142.7 (C-4'), 136.6 (C-1"),
131.3 (C-6), 127.6 (C-1), 114.6 (C-2"), 110.8 (C-6'), 110.4
(C-5), 108.5 (C-2), 101.3 (<OCH,0-), 71.7 (C-9), 61.2 (4'-
OMe), 61.1 (3-OMe), 56.5 (5'-OMe), 46.8 (C-8’), 41.5 (C-
7)), 34.4 (C-8), 32.9 (C-7); HRESI-MS m/z 499.0385,
501.0365 [M+Na]™ (caled. for CaH,BrO;+Na,
499.0368, 501.0348).

2,2’-Dibromodeoxypodophyllotoxin (10)

White solid; mp 225-227 °C; [al;; —84° (¢ 0.1 CHCl3); FT-
IR (film) v cm™: 2936, 1778, 1563, 1465, 1390, 1334,
1313, 1223, 1198, 1167, 1104, 1040, 1000, 932, 837, 752;
'H NMR (400 MHz, CDCl3) § 6.39 (1H, s, H-5), 6.10 (1H,
br s, H-6), 601 (IH, s, ~OCH,0-), 599 (1H, s,
—OCH,0-), 5.29 (1H, br d, J = 6.4 Hz, H-7"), 4.56 (1H, dd,
J =85, 6.8 Hz, H-9a), 3.98 (1H, dd, J=10.5, 8.5 Hz, H-
9b), 3.91 (3H, s, 5'-OMe), 3.86 (3H, s, 4-OMe), 3.66 (3H,
s, 3-OMe), 331 (I1H, dd, J=164, 50Hz, H-7a),
3.00-2.86 (1H, m, H-8), 2.75 (1H, dd, J = 14.3, 6.4 Hz, H-
8", 2.56 (1H, dd, J=16.4, 11.6Hz, H-7b); *C NMR
(100 MHz, CDCl3) § 173.0 (C-9"), 152.4 (C-3"), 151.2 (C-
5%, 146.9 (C-4), 145.8 (C-3), 142.9 (C-4'), 135.9 (C-1"),
133.5 (C-6), 127.2 (C-1), 144.7 (C-2"), 110.9 (C-6'), 109.8
(C-5), 103.2 (C-2), 101.7 (<OCH,0-), 71.7(C-9), 61.2 (4'-
OMe), 61.1 (5’-OMe), 56.7 (3'-OMe), 46.4 (C-8'), 42.0 (C-
7)., 343 (C-8), 32.5 (C-7); HRESI-MS m/z 576.9457,
578.9458, 580.9421 [M + Na]® (caled. for CyH,Br,O;
+Na, 576.9473, 578.9453, 580.9433).

2’-Bromodeoxypicropodophyllotoxin (11)

Viscous oil; [a]2'+34° (¢ 0.1 CHCI3); FT-IR (film) g cm
~1:2928, 1768, 1566, 1481, 1390, 1328, 1256, 1161, 1104,
1036, 933, 801, 756; '"H NMR (400 MHz, CDCLy) 6 6.67
(1H, s, H-2), 6.40 (1H, s, H-5), 6.31 (1H, s, H-6"), 5.93 (1H,
br s, ~OCH,0-), 5.90 (1H, br s, -OCH,0-), 4.65 (1H, d, J
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=3.8Hz, H-7"), 4.43 (1H, dd, J=9.2, 6.3 Hz, H-9a), 4.08
(1H, dd, J=9.2, 2.0 Hz, H-9b), 3.92 (3H, s, 5'-OMe), 3.89
(3H, s, 4-OMe), 3.70 (3H, s, 3’'-OMe), 3.35 (1H, dd, J=
8.8, 3.8 Hz, H-8'), 2.97 (1H, dd, J=15.4, 6.5 Hz, H-7a),
2.92-2.82 (1H, m, H-8), 2.60 (1H, dd, J =15.4, 7.8 Hz, H-
7b); 3C NMR (100 MHz, CDCl3) 6 177.7 (C-9"), 152.7 (C-
3", 151.6 (C-5'), 147.0 (C-4), 146.9 (C-3), 142.3 (C-4"),
137.1 (C-1"), 129.8 (C-6), 128.4 (C-1), 110.9 (C-2"), 110.1
(C-6), 109.2 (C-5), 108.5 (C-2), 101.1 (-OCH,0O-), 72.8
(C-9), 61.20 (5'-OMe), 61.16 (4'-OMe), 56.3 (3’'-OMe),
45.1 (C-8'), 45.0 (C-7"), 33.3 (C-8), 32.2 (C-7); HRESI-MS
m/z 499.0376, 501.0353 [M + Na]™ (calcd. for C,,H,BrO;
+Na, 499.0368, 501.0348).

2’,6’-Dibromodeoxypicropodophyllotoxin (12)

White solid; mp 220-223 °C [a]3+23° (¢ 0.1 CHCls); FT-
IR (film) vy cm™ ' 2925, 1772, 1503, 1481, 1464, 1407,
1388, 1334, 1242, 1215, 1159, 1126, 1088, 1038, 1009,
929, 837, 754; 'H NMR (400 MHz, CDCl;) § 6.69 (1H, s,
H-2), 6.06 (1H, s, H-5), 5.91 (1H, br s, -OCH,0-), 5.87
(1H, br s, -OCH,0-), 5.16 (1H, d, J = 6.4 Hz, H-7"), 4.51
(1H, dd, J=9.3, 5.6 Hz, H-9a), 4.26 (1H, d, J= 9.3 Hz, H-
9b), 3.98 (3H, s, 4-OMe), 3.96 (3H, s, 5'-OMe), 3.89 (3H,
s, 3-OMe), 3.43 (1H, t, J=7.3 Hz, H-8'), 2.90-2.80 (2H,
m, H-7a, 8), 2.62 (1H, t, J= 14.5Hz, H-7b); *C NMR
(100 MHz, CDCly) § 178.6 (C-9'), 151.6 (C-3"), 151.1 (C-
57), 146.9 (C-4), 146.9 (C-4'), 146.1 (C-3), 136.3 (C-1'),
129.8 (C-6), 128.2 (C-1), 119.5 (C-2"), 112.7 (C-6'), 108.7
(C-2), 106.5 (C-5), 101.0 (<OCH,0-), 71.9 (C-9), 61.4 (4'-
OMe), 61.2 (5'-OMe), 61.2 (3'-OMe), 46.0 (C-8'), 44.6 (C-
7, 35.9 (C-8), 32.8 (C-7); HRESI-MS m/z 576.9452,
578.9453, 580.9416 [M + Na]* (caled. for CyHaoBr,O-
+Na, 576.9473, 578.9453, 580.9433).

2,2’,6’-Tribromodeoxypicropodophyllotoxin (13)

White solid; mp 233-235 °C [a]5'+53° (¢ 0.1 CHCls); FT-
IR (film) vy cm™': 2924, 1774, 1607, 1499, 1465, 1406,
1388, 1316, 1238, 1160, 1086, 1041, 1009, 930, 837, 754;
'H NMR (400 MHz, CDCl;) 8 6.04 (1H, s, H-5), 5.99 (1H,
br s, -OCH,0-), 5.97 (1H, br s, -OCH,0-), 5.16 (1H, d, J
= 6.5 Hz,, H-7"), 4.54 (1H, dd, J = 9.4, 5.9 Hz, H-9a), 4.32
(1H, d, J = 9.4 Hz, H-9b), 3.98 (3H, s, 4-OMe), 3.96 (3H,
s, 3’-OMe), 3.89 (3H, s, 5'-OMe), 3.46-3.37 (2H, m, H-7a,
8), 2.87-2.78 (1H, m, H-8), 2.42 (1H, dd, J=15.1,
13.0 Hz, H-7b); '3C NMR (100 MHz, CDCl;) § 178.2 (C-
9%, 151.6 (C-3"), 151.1 (C-5"), 147.0 (C-4"), 146.6 (C-4),
144.8 (C-3), 135.8 (C-1"), 131.7 (C-6), 127.3 (C-1), 119.5
(C-2"), 114.8 (C-6"), 105.8 (C-5), 103.0 (C-2), 101.4
(-OCH,0-), 71.9 (C-9), 61.4 (4'-OMe), 61.3 (3’-OMe), 61.2
(5’-OMe), 45.9 (C-8'), 45.1 (C-7"), 35.5 (C-8), 30.6 (C-7);
HRESI-MS m/z 654.8581, 656.8575, 658.8549, 660.8506
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[M+Na]™ (caled. for C,H;oBr;O;+Na,
656.8558, 658.8538, 660.8518).

654.8518,

Cell culture

The human cholangiocarcinoma (CCA) cell lines; KKU-
M100 cells were routinely cultured in Ham’s F12, sup-
plemented with 10% fetal bovine serum, 12.5 mM N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid (HEPES,
pH 7.3), 100 U/ml penicillin G and 100 pg/ml gentamicin.
Human hepatoma cell line, HepG2 cells, from the Amer-
ican Type Culture Collection (ATCC HB 8065), were
grown in Dulbecco’s modified Eagle’s medium (DMEM),
supplemented with 10% fetal bovine serum (1%), MEM
nonessential amino acids (Gibco), 12.5 mM HEPES, pH
7.3, 100 U/ml penicillin and 100 pg/ml gentamicin. Cul-
tured cells were maintained at 37 °C in a humidified
atmosphere of 5% CO,. The cells were subcultured every
2-3 days before cultured cell confluence using 0.25%
trypsin—EDTA, and medium was changed after an over-
night incubation.

Cytotoxicity assay

KKU-M100 and HepG2 cells were seeded onto 96-well
plates at a density of 7.5x 10> and 1.5x 10* cells/well,
respectively. After an overnight incubation, cultured media
were changed to serum-free media. Test compounds were
dissolved in DMSO and diluted with medium to various
concentrations before use. The compounds were added into
cultured cells and incubated for 24 h. The cytotoxicity was
assessed by the sulphorhodamine B (SRB) assay as pre-
viously described (Tusskorn et al. 2013). In brief, cultured
cells were fixed with 15% trichloroacetic acid and stained
with 0.4% SRB. The protein-bound dye was solubilized
with 10 mM Tris-base solution for determination of the
absorbance at 540 nm with a microplate reader. The cyto-
toxicity was calculated as percent absorbance of controls.
The ICsy value was calculated by a non-linear curve-fitting
program.
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Abstract Three new limonoids, limonophyllines A-C (1, 4
and 5), along with two known limonoids (2 and 3) and 11
acridone alkaloids (6-16) were isolated from the stems of
Atalantia monophylla. All isolates were evaluated against
cholangiocarcinoma, KKU-M156, and HepG2 cancer cell
lines. Compounds 12, 14 and 16 displayed cytotoxicity
against KKU-M156 cell line with ICs ranging from 3.39
to 4.1 pg/mL while cytotoxicity against HepG2 cell line
with 1Cs( ranging from 1.43 to 8.4 pg/mL. The structures
of all isolated compounds were established by spectro-
scopic methods including 1D and 2D NMR, IR and mass
spectrometry.
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Introduction

As part of our ongoing research on cytotoxicity against
cholangiocarcinoma (KKU-M156) and hepatoma (HepG2)
cell lines from natural sources (Suthiwong et al. 2014;
Decharchoochart et al. 2014; Saraphon et al. 2017; Sribu-
hom et al. 2017). A. monophylla, known in Thai as “Ma
Nao Phee”, belongs to the family Rutaceae (Bun-
yapraphatsara 1999). It can be found over the Indian sub-
continent and Southeast Asia. In Thailand, this medicinal
plant has been used to treat chronic rheumatism, paralysis,
hemiplegia, and as an antispasmodic, while the oil from the
fruits has been used to treat respiratory diseases and
rheumatism (Basa 1975; Panda 2004). It was reported that
the roots of this plant contain limonoids and acridone
alkaloids while its leaves contain steroids, triterpenoids,
and flavonoids (Govindachari et al. 1970; Talapatra et al.
1970; Saraswathy et al. 1998). We report herein the iso-
lation of three new limonoids, two known limonoids, and
eleven acridone alkaloids from the stems of A. monophylla
and cytotoxicity evaluation of isolated compounds.

Materials and methods
General experimental procedures

IR spectra were obtained using a Bruker Tenser 27 spec-
trophotometer. The UV spectra were measured using a
JASCO J-810 apparatus. Optical rotations were obtained
using a JASCO P-1020 digital polarimeter. The NMR
spectra were recorded on a Varian Mercury plus spec-
trometer operating at 400 MHz ('H) and at 100 MHz (**C).
Mass spectra were determined on a Micromass Q-TOF 2
hybrid quadrupole time-of-flight (Q-TOF) mass
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spectrometer with a Z-spray ES source. Thin layer chro-
matography (TLC) was carried out on Merck silica gel 60
F»s4 TLC aluminium sheet. Column chromatography was
done with silica gel 0.063-0.200 mm or less than
0.063 mm. Preparative layer chromatography (PLC) was
carried out on glass supported silica gel plates using silica
gel 60 PF,s, for preparative layer chromatography. All
solvents were routinely distilled prior to use.

Plant material

The stems of A. monophylla were collected in June 2016
from Phuwieng District, Khon Kaen Province, Thailand.
The plant was identified by Dr. Pranom Chantaranothai,
Faculty of Science, Khon Kaen University, Thailand where
a voucher specimen (KKU022015) was deposited.

Extraction and isolation

Air-dried and finely powdered stems (6 kg) of A. mono-
phylla were sequentially extracted at room temperature for
3 days with hexane (2 x 20 L), EtOAc (2 x 20 L) and
MeOH (2 x 20 L). The extracts were evaporated in vacuo
to obtain three dry extracts, crude hexane (12 g), EtOAc
(80 g), and crude MeOH (100 g). The crude EtOAc extract
was subjected to silica gel flash column chromatography
(FCC) and subsequently eluted with a gradient of three
solvents (hexane, EtOAc and MeOH) by gradually
increasing the polarity of the elution solvents system. The
eluents were collected and monitored by thin layer chro-
matography (TLC), resulting in 8 groups of eluting frac-
tions which were designated as F1 to F8. Fraction F2 was
purified by silica gel column chromatography and eluted
with an isocratic system of 70% CH,Cl,:hexane to yield
three subfractions, F2.1-F2.3. Subfraction F2.3 was puri-
fied by FCC using 80% CH,Cl,:hexane as developing
solvent to yield 6 (199.8 mg, 0.0033%) and 14 (60.6 mg,
0.001%). Fraction F3 was purified by silica gel FCC using
pure CH,Cl, as eluent to give five subfractions, F3.1-F3.5.
Subfractions F3.2 and F3.5 were purified by FCC using
20% EtOAc:hexane as eluent to afford 15 (47.9 g,
0.0008%) and 7 (167.4 mg, 0.0028%), respectively.
Purification of FS by FCC using pure CH,Cl, as eluting
solvent gave three subfractions, F5.1-F5.3. Fraction F5.3
was purified by silica gel FCC and eluted with a gradient
system of EtOAc:hexane to give three subfractions,
F5.3.1-F5.3.3. Subfraction F5.3.1 was recrystallized to
obtain 13 (19.9 mg, 0.0003%). Subfractions F5.3.2 and
F5.3.3 were subjected to column of Sephadex LH-20 using
MeOH as eluent and yielded 9 (7.9 mg, 0.0001%) and 16
(24.1 mg, 0.0004%), respectively. Fraction F7 was purified
by FCC (pure CH,Cl,) to give two subfractions F7.1 and
F7.2. Recrystallization of solid in F7.2 yielded 1
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(165.0 mg, 0.0027%). Subfraction F7.2 was further puri-
fied by FCC (pure CH,Cl,) and gave three subfractions,
F7.2.1-F7.2.3. Recrystallization of solid in F7.2.1 yielded
12 (21.7 mg, 0.0004%). Subfraction F7.2.2 was subjected
to FCC (1% MeOH:CH,Cl,) to obtain 8 (66.0 mg,
0.0011%) and 10 (19.3 mg, 0.0003%). Further purification
of F7.2.3 with gel filtration (Sephadex LH-20) and eluting
with MeOH afforded 5 (42.8 mg, 0.0007%) and 11
(16.2 mg, 0.0003%). Purification of F8 by FCC and elution
with a gradient system of EtOAc:hexane gave two sub-
fractions, F8.1 and F8.2. Further purification of F8.1 by gel
filtration (Sephadex LH-20) gave 2 (63.6 mg, 0.0011%).
Gel filtration (Sephadex LH-20) was carried out on sub-
fractio F8.2, eluting with MeOH, and subsequent crystal-
lization afforded 3 (10.1 mg, 0.00017%) and 4 (9.8 mg,
0.00016%).

Bioassay
Cell culture

Culture media, Ham F12, Dulbecco’s modified Eagle’s
medium (DMEM) and MEM nonessential amino acids
were purchased from Gibco BRL (Grand Island, NY,
USA).  N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic
acid (HEPES) and sulphorhodamine B were from Sigma
Chemical (St. Louis, MO, USA).

The human cholangiocarcinoma (CCA) cell line, KKU-
M156, was routinely cultured in Ham’s F12, supplemented
with 10% fetal bovine serum, 12.5 mM N-2-hydrox-
yethylpiperazine-N'-2-ethanesulfonic acid (HEPES, pH
7.3), 100 U/mL penicillin G and 100 pg/ml gentamicin.
For the human hepatoma cell line, HepG2 cells were grown
in Dulbecco’s modified Eagle’s medium (DMEM), sup-
plemented with 10% fetal bovine serum (1%), MEM
nonessential amino acids (Gibco), 12.5 mM HEPES, pH
7.3, 100 U/mL penicillin and 100 pg/mL gentamicin.
Cultured cells were maintained at 37 °C in a humidified
atmosphere of 5% CO,. The cells were sub-cultured every
2 days with 0.25% trypsin~EDTA, and the medium was
changed after an overnight incubation.

Cytotoxicity assay

KKU-M156 and HepG2 cells were seeded onto 96-well
plates at densities of 7.5 x 10 and 1.5 x 10* cells/well,
respectively. After an overnight incubation, cultured media
were changed to the serum-free media. Test compounds
were dissolved in DMSO and diluted with medium to
various concentrations (1-200 pg/mL). The compounds
were added into cultured cells and incubated for 24 h. The
cytotoxicity was assessed by the sulphorhodamine B (SRB)
assay as previously described (Tusskorn et al. 2013). In
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brief, cultured cells were fixed with 10% trichloroacetic
acid and stained with 0.4% SRB. The protein-bound dye
was solubilized with 10 mM Tris-base solution for deter-
mination of the absorbance at 540 nm with a microplate
reader. The cytotoxicity was calculated as percentage
absorbance of controls. The ICs, value was calculated by a
non-linear curve-fitting program from triplicate assay of
two experiments.

Results and discussion

Chemical investigation of the stems of A. monophylla using
chromatographic methods led to the isolation of 16 com-
pounds, including five limonoids (1-5) and eleven acridone
alkaloids (6-16) (Fig. 1). Among all isolated compounds,
three new limonoids named limonophyllines A-C (1, 4 and
5), were discovered. In cases of known compounds, 7-hy-
droxycycloatalantin (2) (Bennett et al. 1994), cycloepiata-
lantin (3) (Bennett et al. 1994), N-methylatalaphylline (6)

(Shan et al. 2013), atalaphylline (7) (Chukaew et al. 2008),
citrusinine II (8) (Braga et al. 2007), citrusinion I (9)
(Braga et al. 2007), glycosparvarine (10) (Chansriniyom
et al. 2009), citruscridone (11) (Phetkul et al. 2013), bux-
ifoliadine C (12) (Wu and Chen 2000), atalaphyllinine (13)
(Kawaii et al. 1999), N-methylatalaphyllinine (14) (Auzi
et al. 1996), N-methylcycloatalaphylline A (15) (Chukaew
et al. 2008), and buxifoliadine E (16) (Chukaew et al.
2008) were isolated.

Compound 1 was found as a white solid and its
molecular formula was determined as C,7H3¢O9 by a quasi-
molecular ion peak at m/z 521.2023 [M + Na]t in the
HRESIMS. The IR spectrum showed the absorption bands
of ketone and o,f-unsaturated ketone groups at 1729 and
1688 cm ™', respectively. The '"H NMR spectrum showed
two doublet signals (J/ = 5.6 Hz) at 6 7.95 (H-1) and 6 6.19
(H-2). The small coupling constant (J = 5.6 Hz) indicated
that this moiety was a five-membered ring. The '*C NMR
spectrum confirmed the presence of «,f-unsaturated ketone
moiety at 6 171.8 (C-1), 6 130.4 (C-2) and 6 199.7 (C-3).

1 R" = OCHj;, R? = OH
2R'"=R2=0H
3R"=0H,R?=H

6 R" = prenyl, R?=H, R = prenyl, R* = CHj
7R"= prenyl, R?=H, R® = prenyl, R* = H
8R"= H,R®=H, R®= OCHg, R*=CH,
9R'= H,R?=CHj;, R®= OCH;, R* = CH,
10 R' = OCH3, R?=H, R®=H, R* = CH;4
11 R'= OCH3, R?2=H ,R®= OCHj, R* = CH,4
12 R' = prenyl, R?=CH;, R®*=H,R*=H

Fig. 1 Chemical structures of compounds 1-16

13R=H

14 R = CH,4
O OH
(L T o
N (0]
|
OH H
16 |
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The oxygenated methylene protons at ¢ 4.05 (J = 10 Hz,
H-19a) and 6 3.89 (J =10 Hz, H-19b) correlated with
carbon at ¢ 70.6 (C-19) in the HMQC spectrum, in addi-
tion, they correlated with C-1 (6 171.8) in the HMBC
spectrum (Fig. 2). The 'H-'H COSY spectrum showed
correlations for the H-9/H-11/H-12 system. A doublet of
doublet signal at 6 2.98 (J = 13.0, 6.6 Hz) was assigned as
methine proton H-9. The large coupling constant
(J = 13.0 Hz) suggested the axial orientation of this pro-
ton. Correlations of H-9 and C-1 (6 171.8), C-8 (6 47.9),
C-11 (6 18.0), and C-19 (6 70.6) were observed in the
HMBC spectrum. In this spectrum, the methyl proton,
CHs5-30, correlated with C-7 (6 99.0), C-8 (6 47.9), C-9 (¢
36.7), and C-14 (8 70.2). The '*C NMR signal of this
methyl group was shielded (6 15.2) by the epoxide oxygen
at C-14,15 position which indicated the same face orien-
tation of these groups. Epoxide lactone moiety of ring D
displayed the signals of carbons at § 70.2 (C-14), 6 57.3 (C-
15) and ¢ 170.2 (C-16). The singlet signal at 0 5.60 was
assigned to H-17 and correlated with carbon at é 79.1 in the
HMQC spectrum. A furan moiety showed the characteristic
signals at oy/dc 7.46/144.1 (H-21), dgx/dc 7.47/142.5 (H-
23) and dy/dc 6.38/110.8 (H-22). Correlations of H-17 with
C-13 (0 39.8), C-14 (6 70.2), C-18 (0 18.3), C-20 (9 121.6),
C-21 (6 144.1) and C-22 (6 110.8) were observed in the
HMBC experiment. The NOESY experiment showed
cross-peaks between H-19a (6 4.05) and CH3-29 (6 25.5),
which indicated the same face of these two groups. In
addition, correlations between CH3-30 and H-17f, and
between H-19b (6 3.89) and H-1, and between H-9 and
CHj;-18 and H-11a were observed in this experiment. The
methoxy proton showed signals at dx/dc 2.88/47.9 and
correlated with C-7 (6 99.0) in the HMBC spectrum. The
methoxy proton and H-15 were located on the same face
which was confirmed by the NOE experiment. In addition,
X-ray diffraction data confirmed the structure and stereo-
chemistry of this compound as shown in Fig. 3. From all
data, this limonoid was named limonophylline A.
Compound 4, a white solid, displayed a molecular ion at
mlz 523.1579 [M + Na]™ indicating a molecular formula,
Ca¢HagO1o. The 'H and '*C NMR spectra displayed the

Fig. 2 Key HMBC and NOESY of compound 1

@ Springer

Fig. 3 X-ray crystal structure of limonophylline A

same patterns as those of 1, except for the absence of furan
and methoxy moieties. The '"H NMR showed a singlet
signal at ¢ 7.37 (H-22), which correlated with a carbon at 6
152.9 in the HMQC spectrum. This proton showed cross-
peaks with lactone carbonyl carbon at 6 171.4 (C-21) and
at 0 99.5 (C-23) in the HMBC experiment. This informa-
tion indicated that 3 contained a y-hydroxy butylrolactone
moiety which was an oxidized form of furan. The "H NMR
showed a singlet signal at 6 3.21 which was assigned as
H-7 and located on C-7 (6 77.4). The NOE experiment
indicated the cofacial nature of H-7 and CH3-30. Thus, the
structure of compound 4, limonophylline B, was defined as
shown in Fig. 1.

Compound 5 was found as a white solid and displayed a
molecular ion at m/z 539.1524 [M + Na]" indicating a
molecular formula, C,cH»30;;. The '"H and *C NMR
spectra displayed the same patterns as those of 4, except for
the absence of proton H-7. The '*C NMR spectrum of 5
displayed a signal of C-7 at 6 99.4 while 4 showed at
77.4, which indicated the geminal diol group in this posi-
tion. Comparing between 4 and 5, the "H NMR signal of
H-15 (6 4.59) in 5 had a greater downfield shift than in 4 (6
3.81) due to the effect of the geminal diol at C-7. The
carbon signals at 6 134.2 (C-20), 171.8 (C-21), 6 152.5 (C-
22), and 0 99.4 (C-23) indicated the y-hydroxy butylro-
lactone group. Thus, the structure of compound 5,
limonophylline C, was defined as shown in Fig. 1.

All isolated compounds were evaluated for cytotoxicity
against KKU-M156 and HepG2 cell lines using a sul-
forhodamine B (SRB) assay and the results are shown in
Table 2. Acridone 14 showed strong cytotoxicity with ICs
values of 3.39 and 1.43 pg/mL against KKU-M156 and
HepG2 cell lines, respectively, and showed Emax (maxi-
mum efficacy; maximal cell killing effect) at 100%. It is
interesting to note that this compound was selective to
HepG2 cells. Compound 6 showed cytotoxicity against
KKU-M156 with an ICs, value of 35.9 pg/ml and Emax
was 100%. These results showed convincingly that the
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Table 1 'H and '>C NMR

spectral data of compoundy 1,4, Position 1 (€DCI; 4 CD,0D) 4 (CD;0OD) 5 (CD;0D)
and 5 (CDCl3, ¢ in ppm) S¢ Sy (J in Hz) dc Oy (J in Hz) dc Sy (J in Hz)
1 171.8 7.95d (5.6) 171.4 7.97 d (8.0) 172.3 7.99 d (8.0)
2 130.4 6.19 d (5.6) 130.7 6.20 d (8.0) 130.6 6.17 d (8.0)
3 199.7 202.8 200.1
4 87.0 86.6 87.1
5 73.0 734 73.4
6 198.7 202.9 198.8
7 99.0 77.4 321s 99.4
8 47.9 44.5 48.2
9 36.7 2.98 dd (13.0, 6.6) 34.2 2.95 dd (12.0, 4.0) 36.9 2.91dd, (12.0, 8.0)
10 61.7 62.4 62.0
11 18.0 2.10 m 17.2 2.18 m 18.0 2.11 m
1.84 m 1.97 m 1.90 m
12 26.8 1.76 m 26.4 1.90 m 26.4 1.83 m
1.52 t (10.8) 1.49 t (16.0) 1.42 t (12.0)
13 39.8 40.2 40.9
14 70.2 70.3 70.3
15 57.3 4.64 s 58.1 381 s 57.5 459 s
16 170.2 168.8 169.5
17 79.1 5.60 s 77.1 547 s 76.9 542's
18 18.3 1.17 s 17.6 1.20 s 17.6 1.15s
19 70.6 4.05 d (10.0) 70.9 4.05 d (12.0) 70.8 7.33 s
3.89 d (10.0) 3.89 d (12.0) 3.87 d (12.0)
20 121.6 1339 134.2
21 144.1 7.46 s 171.4 171.8
22 110.8 6.38 s 152.9 737 s 152.5 733 s
23 142.5 7.47 br d (4.0) 99.5 6.20 d (8.0) 99.4 6.17 d (8.0)
28 28.9 1.20 s 29.2 117 s 29.0 1.15s
29 25.5 1.32s 25.5 134 s 25.5 1.28 s
30 15.2 1.18 s 16.1 1.11s 154 1.16 s
OCH; 479 2.88 s

pyran ring was necessary to cytotoxicity. In the case of
HepG2 cells, compound 6 displayed weak activity with an
ICsp value of 42.1 pg/ml. Compound 12 exhibited cyto-
toxicity against KKU-M156 and HepG2 cell lines with
IC5y values of 4.1 and 8.4 pg/ml (Enux = 100%). Com-
paring between compounds 8 and 9, cytotoxicity toward
KKU-M156 cells seem nearly equal to each other
(IC50 =~ 10-11) but cytotoxicity of 9 against HepG2 cells
was about 2 times more active than 8. These results indi-
cate that the methoxy group at the C-3 position is essential
for cytotoxicity. In cases of 10 and 11, the methoxy at C-4
position seems to dramatically decrease cytotoxicity.
Compounds 16 and 7 displayed cytotoxicity against KKU-
M156 cell line with ICs, values of 3.8 pg/mL (Eq.x 98%)

and 3.7 pg/ml (E.x = 70%), respectively. On the other
hand, cytotoxicity against HepG2 cell line was different, by
showing ICs, values of 2.0 and 29.0 pg/mL for 16 and 7,
respectively. The results show the furan moiety may play
an important role in cytotoxicity against HepG2 cells. In
the cases of 6 and 7, 7 showed 9.7-fold stronger cytotox-
icity than 6 against KKU-M156 cells. The results indicate
the N-CH; group led to a reduction in potency. Unfortu-
nately, isolated limonoids showed weak cytotoxicity
against KKU-M156 and HepG2 cell lines. Limonophylline
C (5) showed strong cytotoxicity against HepG2 cells with
an ICsy value of 2.1 pg/mL but the E,.x was 24.2% which
is not suitable to develop as a cytotoxic agent.
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Table 2 Cytotoxicity of

isolated compounds (ICs, g/ Compound KKU-M156 HepG2

ml) ICs0 (ug/mL) Enmax (%) ICs0 (ng/mL) Emnax (%)
1 139 £45.8 87.7 £ 19.8 72.1 &+ 20.0 54.1 &+ 19.1
4 523 £ 16.1 100 172 £ 8.9 42 +173
5 83.6 + 29.1 100 21+1.1 242 4+ 26
6 359 £ 18.7 100 42.1 + 16.0 100
7 37+ 1.1 703 £ .0 29.0 + 13.1 68.4 + 11.8
8 99 +32 91.8 £ 84 476 £ 15.0 100
9 11.8 =49 100 269 + 6.8 888 £ .6
10 156 + 1.8 84.1 £ 3.0 64.6 + .7 100
11 60.1 £ 222 100 103.6 + .8 100
12 41+34 100 84+ 2 100
14 3.39 +£0.24 100 1.43 + 0.69 100
16 3.8 £0.72 984 £ 5.6 20+04 894 £ 3.7
the others Inactive - Inactive -
Cisplatin 3.36 = 1.44 745 £ 14.2 0.66 + 0.21 66.8 = 3.7
"Data shown are from triplicate experiments

Conclusion (Neat) vyax 3409, 2946, 1730, 1262, 1014, 929, 811 cm™';

Sixteen compounds including three new limonoids,
limonophyllines A-C (1, 4, and 5), two known limonoids,
and 11 acridone alkaloids (6-16) were isolated from the
stems of Atalantia monophylla. Cytotoxicity evaluation
against KKU-M156 and HepG2 cell lines demonstrated
that acridone alkaloids showed strong to moderate cyto-
toxicity while limonoids showed weak activity. Com-
pounds 12 and 14 exhibited cytotoxicity against KKU-
M156 and HepG?2 cell lines with ICs ranging from 1.43 to
8.4 pg/mL and showed 100% maximum efficacy. These
substances are likely to be useful as lead compounds for the
development of anticancer agents.

Spectroscopic data

Limonophylline A (1): white solid; mp. 173-175°C; [} -
40 (¢ 1.00, CH,Cl,); UV (MeOH) A.x (log ¢) 247 (3.14),
320 (2.17) nm; IR (Neat) v,ax 3395, 2950, 1729, 1688,
1259, 1059, 808 cm™'; 'H (CDCls, 400 MHz) and '*C
NMR data (CDCl;, 100 MHz), see Tables 1 and 2; HRE-
SIMS m/z 521.2023 (calcd. for C,7H3009 + Na,
521.1788).

Limonophylline B (2): white solid; mp. 241-243°C;
[a]8 41.3 (¢ 1.00, CH,Cly); UV (MeOH) /iy (log €) 217
(3.78) nm; IR (Neat) v, 3420, 1731, 1385, 1263, 1022,
772 cm™'; 'H (CDCl;, 400 MHz) and '*C NMR data
(CDCl3, 100 MHz), see Tables 1 and 2; HRESIMS m/
7 523.1579 (caled. for CrsHy3019 + Na, 523.1580).

Limonophylline C (3): white solid; []E -4.2 (c 1.00,
CH,Cly); UV (MeOH) Ay (log &) 204 (4.03) nm; IR

@ Springer

'"H (CDCl;, 400 MHz) and '3C NMR data (CDCls,
100 MHz), see Tables 1 and 2; HRESIMS m/z 539.1524
(caled. for Co6H»30,; + Na, 539.1529).
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Eleven lignans (1-11) were isolated from the seed of Hernandia nymphaeifolia. Most of the lignans exhibited strong to moderate cytotoxicity against
cholangiocarcinoma KKU-M156 and HepG2 cell lines. Compounds 4 and 8 showed cytotoxicity against the KKU-M156 cell line with ICs values of 5.2 uM
(Emax 96%) and 5.4 (Emax 59%) uM, respectively. In the cases of cytotoxicity against the HepG2 cell line, compounds 2, 3, 4, and 8 showed cytotoxicity
with ICsg values of 1.7 uM (Emax 84%), 4.1 uM (Emax 74%), 4.5 uM (Emax 68%), and 5.2 uM (Emax 78%), respectively.

Keywords: Hernandia nymphaeifolia, Cholangiocarcinoma, KKU-M156, HepG2, Lignan.

Hernandia nymphaeifolia belongs to the Family Hernandiaceae and
is an evergreen tree that grows along seashores [1]. It is widely
distributed in tropical countries such as the Maldives, Japan,
Taiwan and Thailand. The chemical investigation of the stem of this
plant led to the isolation of lignans and aporphine alkaloids [2-3].
Some lignans such as epi-aschantin, epi-magnolin, epi-yangambin,
deoxypodophyllotoxin and yatin showed strong anti-platelet
aggregation activity [4]. In addition, deoxypodophyllotoxin and
yatin displayed cytotoxicity against several cancer cell lines [2,5-
11]. It was found that deoxypodophyllotoxin inhibits 12-O-
tetradecanoylphorbol 13-acetate-induced ornithine decarboxylase in
cultured mouse epidermal cells [12-14].

In the continuation of our research on the cytotoxicity of natural
compounds, we are interested in the seed of H. nymphaeifolia which
contains cytotoxic lignans. In this work, the cytotoxicity against
cholangiocarcinoma cells (KKU-M156) and hepatoma (HepG2)
were evaluated. Cholangiocarcinoma is the most interesting cancer
in the northeast of Thailand because it is one of the major health
problems in this area [15]. This disease occurs from the liver fluke,
Opisthorchis viverrini, infection [16]. The search for active
compounds from natural sources is an attractive way to find
effective anticancer agents.

Crude EtOAc and methanol extracts from the seed of
H. nymphaeifolia were separated by column chromatography
and preparative TLC, leading to eleven lignans, (-)-deoxy-
podophyllotoxin (1) [17], p-apopicropodophyllin (2) [18],
dehydropodophyllotoxin (3) [19], deoxypodorhizone (4) [20], 5'-
methoxyyatein (5) [21], podorhizol (6) [22], bursehernin (7) [23],
(-)-maculatin (8) [24], hernanol (9) [25], (+)-epimagnolin (10) [25],
(+)-epiaschantin (11) [25]. The structure of all the isolated
compounds were elucidated by spectroscopic methods and by
comparison with those previously reported in the literature.
The isolated compounds were tested for their cytotoxicity in
both KKU-M156 and HepG2 cells using sulphorhodamine B
(SRB) assay. Deoxypodorhizone (4) and (-)-maculatin (8) showed

7 H OH
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I L dep < e (I
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4 R;,R,=0CH,0,R;=R,=OMe,Rs=Rg=H 10 R; =R, =0OMe
5 Rj,Ry=0CH,0,R;=R;=OMe,Rs=H,Rg=0Me 11 R}, Ry = OCH,0
6 R;,R,=0OCH,0,Ry;=R,=OMe, Rs=OH, Rg=H

7 Ry, Ry =0OCH,0,R;=H,R;=OMe , Rs=Rg=H

8 R;=R,=0Me,R;=H,R,;=OMe ,Rs=Rs=H

9 R;=OMe,R,=OH,R;=R,=OMe ,Rs=Rs=H

Figure 1: Structure of isolated compounds.

cytotoxicity against the KKU-M156 cell lines, with ICs, values of
5.2 and 5.4 uM, respectively. Comparing compounds 4 and 6, they
showed cytotoxicity against KKU-M156 with ICs, values of 5.2
and 40.1 uM, respectively. It is suggested that the hydroxyl group at
C-7" is dramatically detrimental to the activity. In the cases of
compounds 7 and 8, they displayed cytotoxic activity with ICs,
values of 24.0 and 5.4 uM, respectively. These results seem to
indicate that dimethoxy groups at C-3 and C-4 may be important for
cytotoxicity.

In the case of the HepG2 cell line, compounds 2, 3, 4 and 8 showed
strong cytotoxicity with ICs, values of 1.7, 4.1, 4.5, and 5.2 uM,
respectively. Comparing between 1 and 2, 2 showed stronger
cytotoxicity, about 4.8 fold, against the HepG2 cell line. This may
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Table 1: Cytotoxicity of isolated compounds.

Compds KKU-M156 HepG2
1Cso (uM) Emax (%) 1Cso (uM) Emax (%)
Crude EtOAc 8.8% 93 1.9% 62
Crude MeOH 3.6% 73 5.1% 82
1 34.6 83 8.1 84
2 154 99 1.7 84
3 29.7 98 4.1 74
4 52 96 45 68
6 40.1 90 16.3 83
7 24.0 81 10.6 85
8 54 59 52 78
10 16.5 77 18.2 89
11 12.5 82 12.5 71
Cisplatin 3.3 100 5.7 100

*ICsp expressed as ug/mL; Emax was percent of maximal cancer cell killing effect.

be due to the a,funsaturated lactone moiety necessary for the
activity. Comparing cytotoxicity between 4 and 7, 4 showed 2.4
fold stronger activity than 7. These results suggest the methoxy
group at the C-3 position may play an important role for the
activity. Cytotoxicity measurements of 7 and 8 showed ICs, values
of 10.6 and 5.2 uM.

These results indicate that the dimethoxy groups at C-3 and C-4
may enhance the activity, similarly to the results for the
KKU-M156 cell line. From all the data, compounds 4 and 2 are
interesting as lead compounds for drug development, since they
show strong cytotoxicity and also exhibit high values of Emax
(maximum efficacy) at 96% and 84%, respectively.

In conclusion, chemical investigation of the seed of Hernandia
nymphaeifolia led to the isolation of eleven lignans (1-11).
Cytotoxicity  evaluation of isolated compounds against
cholangiocarcinoma, KKU-M156, and HepG2 cell lines were
examined. It was found that compounds 4 and 8 showed strong
cytotoxicity against the KKU-M156 cell line with ICs, values of
5.2 uM (Emax 96%) and 5.4 uM (Emax 59%), respectively. In the
cases of the HepG2 cell line, compounds 2, 3, 4, and 8 showed
cytotoxicity with ICs values ranging from 1.7 to 5.2 uM.

Experimental

General experimental procedures: All melting points were
determined on a SANYO Gallenkamp (Leicester, UK) melting
point apparatus. Optical rotations were identified using a JASCO
P-1020 digital polarimeter. UV spectra were recorded using an
Agilent 8453 UV-Visible spectrophotometer (Waldbronn,
Germany). IR spectra were taken from thin films using a Perkin
Elmer Spectrum One FT-IR spectrophotometer (Shelton, CT, USA).
NMR spectra were determined with a Varian Mercury plus
spectrometer (California, USA) operating at 400 MHz (‘H)
and at 100 MHz ("*C). Mass spectra were recorded on a Micromass
Q-TOF 2 hybrid quadrupole time-of-flight (Q-TOF) mass
spectrometer with a Z-spray ES source (Micromass, Manchester,
UK). Silica gel 60 (100-200 mesh, Merck, Darmstadt, Germany)
was employed for column chromatography. Preparative TLC was
carried out using silica gel PF,s, (Merck, Darmstadt, Germany).
TLC was examined on silica gel 60 F,s4 (Merck, Darmstadt,
Germany) precoated aluminum sheets. Spots on TLC were
visualized under UV light and by spraying with acidic anisaldehyde
solution followed by heating. All solvents were distilled throughout
the separation process.

Plant materials: The seed of H. nymphaeifolia was collected in
May 2013 from Krabi province in Thailand. Voucher specimens
were deposited at the Herbarium of the Department of Chemistry,
Faculty of Science, Khon Kaen University.

Suthiwong et al.

Extraction and isolation: Extraction and isolation: Air dried seed
(300 g) of H. nymphaeifolia were ground into a powder and then
extracted successively with EtOAc (1.5 L x 3) and MeOH (1.5 L x
3) at room temperature. The filtrates were combined and the
solvents were evaporated in vacuo to yield crude EtOAc (79 g) and
MeOH (23 g), respectively. The crude EtOAc extract (79 g) was
subjected to flash column chromatography (FCC) and eluted with a
gradient system of hexane:EtOAc and EtOAc:MeOH. The fractions
which contained the same major compounds were combined to give
four fractions, EF,-EF,. Fraction EF; was chromatographed by
Sephadex LH-20 (MeOH) to remove pigments, and the residue was
subjected to silica gel FCC eluted with CH,Cl, to obtain two
subfractions EF;,; and EF;,,. Subfraction EF;,, was purified by
silica gel FCC and eluted with a gradient of 20% EtOAc-hexane to
give 1 and two subfractions, EF3,,; and EF;,,,. Further
purification of these two subfractions by preparative thin layer
chromatography (PLC), and developing with 30% EtOAc-hexane,
afforded 11 and 4, respectively. Fraction EF, was subjected to gel
filtration over Sephadex LH-20 (MeOH) to afford 3 and two
subfractions, EF,; and EF,,. Subfracttion EF,, was further purified
by silica gel FCC and eluted with a gradient of 5% EtOAc-hexane
to obtain two subfractions, EF,,; and EF,,,, which were purified
by PLC (1% MeOH-CH,Cl,) to afford compounds 10 and 8 from
EF,, and gave compounds 6 and 2 from EF,, .

The crude MeOH extract (23 g) was subjected to flash column
chromatography (FCC) and eluted with a gradient system of
hexane:EtOAc and EtOAc:MeOH. The fractions which contained
the same major compounds were combined to give four fractions,
MF,-MF,. Fraction MF, was purified by silica gel FCC, and 20 %
EtOAc-hexane was used as an eluent to give three subfractions,
MF, ;-MF, ;. Further purification of MF,, and MF,; by PLC and
developing with CH,Cl, afforded 5 and 7, respectively. Fraction
MF; was purified by silica gel FCC (CH,Cl, as eluent) to give
subfractions MF;; and MF;,. Further purification of MF;; with
PLC (50% acetone-hexane) afforded 9.

Cell cultures: The human cholangiocarcinoma (CCA) cell line,
KKU-M156 cells, was routinely cultured in Ham’s F12,
supplemented with 10% fetal bovine serum, 12.5 mM N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES, pH 7.3),
100 U/mL penicillin G and 100 ug/mL gentamicin. The human
hepatoma cell line, HepG2 cells, was grown in Dulbecco’s modified
Eagle’s medium (DMEM), supplemented with 10% fetal bovine
serum (1%), MEM nonessential amino acids (Gibco), 12.5 mM
HEPES, pH 7.3, 100 U/mL penicillin and 100 gg/mL gentamicin.
Cultured cells were maintained at 37 °C in a humidified atmosphere
of 5% CO,. The cells were subcultured every 2 days with 0.25%
trypsin—-EDTA, and the medium was changed after an overnight
incubation.

Cytotoxicity assay: KKU-M156 and HepG?2 cells were seeded onto
96 well-plates at densities of 7.5x10° and 1.5x10* cells/well,
respectively. After an overnight incubation, cultured media were
changed to serum-free media. Test compounds, dissolved in DMSO
and diluted with medium to various concentrations (1-200 ug/mL),
were added into cultured cells and incubated for 24 h. The
cytotoxicity was assessed by the sulphorhodamine B (SRB) assay as
previously described [26]. In brief, cultured cells were fixed with
10% trichloroacetic acid and stained with 0.4% SRB. The protein-
bound dye was solubilized with 10 mM Tris-base solution for
determination of the absorbance at 540 nm with a microplate reader.
The cytotoxicity was calculated as percent absorbance of controls.
The ICs, value was calculated by a non-linear curve-fitting program
from triplicate assay of two experiments.
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The EtOAc and MeOH extracts of the roots of Toddalia asiatica Received 5 June 2017
Lam. were investigated for the roots’ chemical constituents. Two  Accepted 12 August 2017
new compounds including 2'R-acetoxytoddanol (1) and 85-10-O- KEYWORDS
demethylbocconoline (3) as well as 15 known compounds were Toddalia asiatica; 2'R-
isolated. Compound 10 showed strong cytotoxicity against KB acetoxytoddanol; quinolone
cells with an IC,, value of 2.60 pg/mL, which is nearly equal to the alkaloid; phenanthridine
ellipticine standard, but showed no activity against Vero cells. Alkaloid

3 displayed weak cytotoxicity against the KB cell line with an IC,, value

of 21.69 pg/mL.
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1. Introduction

Toddalia asiatica (Linn.) Lam., a member of the Rutaceae family, is a medicinal plant widely
distributed in humid tropical areas such as east Africa, south Asia, southeast Asia and China.
It is a liana, with woody and thorny stems, and climbs on trees reaching a height of 10 m.
This plant has been used to treat chronic lumbago, scelalgia, colds, stomachache and injuries
from falls. The root bark of this plant shows some therapeutic activities such as to treat
diarrhoea, gonorrhoea, cough, influenza and for toothache (Jain et al. 2006; Hu et al. 2014).
Many compounds from this plant showed cytotoxicity against a leukaemic cell line (U-937)
(Vazquez et al. 2012). The leaves are used to cure lung diseases and for curing bowel com-
plaints (Jain et al. 2006). The EtOAc extract of the leaves has shown significant antidiabetic
and antioxidant effects in STZ-induced diabetic rats (Stephen Irudayaraj et al. 2012). The
isolation of volatile oils (Saxena and Sharma 1999), coumarins (Karunai Raj et al. 2012),
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@ Supplemental data for this article can be accessed at https://doi.org/10.1080/14786419.2017.1374264.
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phenanthridine alkaloids (Hu et al. 2014), quinolone alkaloid (Duraipandiyan and Ignacimuthu
2009) and amide from this plant (Tsai et al. 1997; Hu et al. 2015) has been reported. The
ethanol extract from the roots of this plant contain alkaloid derivatives and shows cytotoxic,
antimicrobial and antifungal properties (Hu et al. 2014). It was found that nitidine, phenan-
thridine alkaloid, inhibited human lymphoblastoid cell killing by HIV-1 (Rashid et al. 1995).
The aim of the present study was to explore the chemical constituents from T. asiatica and
to evaluate the cytotoxicity against KB, NCI-H187 and Vero cell lines of all isolated com-
pounds. It was expected that some compounds from this plant would exhibit interesting
results against KB and NCI-H187 cell lines.

2. Results and discussion

Chemical investigation of the EtOAc and MeOH extracts of the roots of T. asiatica led to the
isolation of 17 compounds, including a new coumarin, 2'R-acetoxytoddanol (1), a new alka-
loid, 85-10-O-demethylbocconoline (3) (Figure 1), and 15 known compounds. All known
compounds including 11 coumarins, (+) toddanol (2) (Tsai et al. 1996), 8-hydroxybergapten
(4) (Thompson et al. 1978), phellopterin (5) (Hirunwong et al. 2016), 10-hydroxy-8,8-dime-
thyl-2H,8H-pyranol[3,2-glchromen-2-one (6), toddanone (7) (Sharma et al. 1981), toddalol-
actone methyl ether (8) (Phatchana and Yenjai 2014), toddalenone (9) (You et al. 2014),
O-methylcedrelopsin (10) (Mulholland et al. 2002), toddaculin (11), coumurrayin (12)
(Hirunwong et al. 2016) and toddacoumaquinone (13) (Lin et al. 2014), together with 4
alkaloid derivatives, chelerythrine (14) (Ishii et al. 1983), oxynorchelerythrine (15) (Chung
et al. 2013), arnottin Il (16) (Ishikawa et al. 1995) and p-coumaroyltyramine (17) (Sun et al.
2015) (Figure 1).

Compound 1 showed the molecular formula as C,;H, O, by *C NMR and HRESIMS data
(m/z 355.1161 [M + Nal*). The IR spectrum showed absorption bands of a conjugated car-
bonyl group at 1736 and 1612 cm~". The characteristic of a,f-unsaturated lactone in a cou-
marin moiety was observed at 6 6.25 (J=9.6 Hz, H-3) and & 7.85 (J = 9.6 Hz, H-4). A singlet
signal at 6,/0. 6.60/95.4 was assigned as H-8 (Table S1). Two doublet of doublet signals at
03.04 (J=13.6,8.4Hz) and 6 2.96 (J = 13.6, 6.4 Hz) were assigned as H-1a" and H-1b’, and
these protons correlated with H-2' (0 5.52, J = 8.4, 6.4 Hz) in the 'H-"H COSY spectrum. In the
HMQC spectrum, a correlation between H-2" and oxygenated carbon (6 75.9) was observed.
The olefinic methylene proton H-4’ displayed at 6 4.84 and 6 4.82, and connected to carbon
at 6 112.4 in the HMQC experiment. The allylic methyl group, CH, 5', showed long length
correlation to the olefinic proton in the COSY spectrum.The 'H NMR spectrum exhibited an
acetoxy group at 6 1.95 and showed correlation with a carbonyl carbon at 4 170.0 in the
HMBC experiment (Figure S1). In this experiment, correlations between H-1" and C-5, C-6,
C-7, and C-2' confirmed the connection of the side chain at the C-6 position. The CH3_5’
showed correlations with C-2', C-3', and C-4' in the HMBC spectrum. The specific rotation of
this compound was[a]3'= + 90.5 (c 0.1, CHCl,) which was the same sign as (+) toddanol; []3}
+51.0 (c 2.09, CHCL,) (Tsai et al. 1996). Thus, compound 1 was identified as 6-(2"-ace-
toxy-3'-methyl-3"-butenyl)-5,7-dimethoxycoumarin and was named 2'R-acetoxytoddanol.

Compound 3 was assigned the molecular formula C,,H,;NO, by HRESIMS analysis (m/z
388.1160 [M + Na]?). The "H NMR spectrum showed two pairs of doublets and two singlet
signals in the aromatic region. Two singlet signals at & 7.57 and 7.03 were assigned as H-1
and H-4, respectively. The "TH-"H COSY spectrum showed correlations between H-5 (5 7.41,
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Figure 1. Chemical structures of compounds 1-17.

d,/=8.8Hz)andH-6 (0 7.60, d, J = 8.8 Hz), as well as between H-11 (6 6.87, d, J = 8.4 Hz) and
H-12 (6 7.39, d, J= 8.4 Hz) (Table S1). The methylenedioxy proton displayed a singlet at &
5.98, and correlated with C-2 (6 148.3) and C-3 (& 147.4) in the HMBC experiment (Figure
S1). In this spectrum, H-1 correlated with C-3 (6 147.4), C-4a (6 130.8), and C-14 (5 137.3), as
well as H-4 correlated with C-1a (6 126.9), C-2 (6 148.3) and C-5 (6 124.2). Correlations
between H-11 and C-9 (6 145.1), C-12a (6 124.2) were also observed. The methoxy proton
showed a correlation with C-9 (6 145.1). An N-methyl group showed signals at 6,,/62.65/42.5
which correlated with C-8 (6 59.6) and C-14 (6 137.3) in the HMBC experiment. The methine
proton H-8 displayed a doublet of doublet signal at $4.52 (J = 10.8, 4.8 Hz) while methylene
H-16 showed a doublet of doublet signal at 6 3.40 (J = 10.8, 4.8 Hz) and a triple signal at &
3.04 (J=10.8 Hz).The correlation between H-8 and C-9 (6 145.1) confirmed that the methoxy
group was located at the C-9 position. In addition, this compound showed the specific
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rotation as [a]f,4=—1 3.3(c0.1,CHCI,). The CD spectrum of this compound showed a negative
value at 236 nm (Fig. S16). The ECD of 8S-configuration isomer also showed the same
pattern as this compound (Figure S17). Thus, the structure of 3 was determined as
85-10-O-demethylbocconoline.

Cytotoxicity against KB and NCI-H187 cell lines was evaluated using Resazurin Microplate
Assay (REMA). Among all isolated compounds, 10 showed the most activity and was selective
against KB cells with an IC,, value of 2.60 ug/mL, which was nearly equal to the ellipticine
standard and showed no activity against NCI-H187 cells (Table 1). The results suggest that
the positions of methoxy and prenyl groups are necessary for cytotoxicity. Alkaloids 3 and
15 displayed cytotoxicity against the KB cell line with IC, values of 21.69 and 43.77 pg/mlL,
respectively. In the case of cytotoxicity against NCI-H187 cell line, compounds 5-7 and 15
exhibited weak cytotoxic activity with IC,  ranging from 21 to 35 ug/mL.

3. Experimental
3.1. General experimental procedures

Melting points were determined on a SANYO Gallenkamp (Leicester, UK) melting point appa-
ratus and are uncorrected. UV spectra were measured on an Agilent 8453 UV-Visible spec-
trophotometer (Waldbronn, Germany). IR spectra were recorded as KBr disks or thin films,
using Perkin Elmer Spectrum One FT-IR spectrophotometer (Shelton, CT, USA). The NMR
spectra were recorded on a Varian Mercury plus spectrometer (California, USA) operating at
400 MHz (H) and at 100 MHz (3C). Mass spectra were determined on a Micromass Q-TOF 2
hybrid quadrupole time-of-flight (Q-TOF) mass spectrometer with a Z-spray ES source
(Micromass, Manchester, UK). Thin layer chromatography (TLC) was carried out on MERCK
silica gel 60 F,,, TLC aluminium sheets. Column chromatography was done with silica gel
0.063-0.200 mm or less than 0.063 mm (Darmstadt, Germany). Preparative thin layer chro-
matography (PLC) was carried out on glass-supported silica gel plates using silica gel 60
PF,., for preparative layer chromatography (Darmstadt, Germany). All solvents were routinely
distilled prior to use.

3.2. Plant material

The roots of T. asiatica were collected in June 2014 from Khon Kaen Province and the plant
was identified by Dr Pranom Chantaranothai, Faculty of Science, Khon Kaen University. A

Table 1. Cytotoxicity of all compounds (IC,, ug/mL).*

Compound KB NCI-H187 Vero cells
2 1A 1A 47.53 +4.69
3 21.69+2.32 1A 1A

5 18.80 + 1.47 21.20+£2.78 1A

6 1A 34.87+4.10 73611385
7 1A 34.63+3.97 1A

10 2.60+0.12 1A 1A

15 4377 £3.11 24.84 +2.51 1A

The others 1A 1A 1A
Ellipticine 3.27 4.01 7.59
Doxorubicin 1.19 0.21 -

Note: IA = Inactive at >50 ug/mL.
*Data shown are from triplicate experiments.
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voucher specimen (KKU0042011) was deposited at the herbarium of the Department of
Chemistry, Faculty of Science, Khon Kaen University, Thailand.

3.3. Extraction and isolation

Air-dried and finely powdered roots (7 kg) of T. asiatica was sequentially extracted at room
temperature for three days with hexane (2 x 10 L), EtOAc (2 x 10 L), and MeOH (2 x 10 L).
The extracts were evaporated in vacuo to obtain three dry extracts, crude hexane (147 g),
EtOAc (89 g), and crude MeOH (121 g).The crude EtOAc extract (62 g) was subjected tosilica
gel flash column chromatography (FCC), eluted with a gradient system of hexane, hex-
ane:CH,Cl,, hexane:EtOAc, CH,CL:EtOAc and EtOAc:MeOH. On the basis of their thin layer
chromatography (TLC) characteristics, the fractions which contained the same major com-
pounds were combined to give 14 fractions, F -F, . Fraction F, (0.58 g) was purified by silica
gelflash column chromatography (FCC) and eluted with a gradient system of hexane:EtOAc
to give eight fractions, F ,-F, .. Subfraction F , was purified by FCC (hexane:EtOAc) followed
by preparative thin layer chromatography (PLC) of F_, . (hexane:EtOAc, 90:10) and gave
toddaculin (11, 32.1 mg).

Fraction Fg (3.12 g) was purified by FCC and eluted with a gradient system of hexane:EtOAc
to give eleven fractions, F, —F ... Subfraction F, , was purified by PLC (hexane:EtOAc, 70:30)
and afforded coumurrayin (12, 554mg). Subfraction F,, was purified by FCC
(EtOAc:CHZCIZ:hexane, 20:20:60) to give seven fractions, Fosi—Fgssr Subfraction Fgs; Was
purified by PLC (EtOAc:CH,Cl:hexane, 20:20:60) to afford a yellow amorphous solid of
o-methylcedrelopsin (10, 7.0 mg). Subfraction F, . , was rechromatographed on FCC, by silica
gel reverse phase (RP-18) and eluted with an isocratic system (H,0:MeOH, 30:70) to afford a
white solid of 1 (9.5 mg).

Fraction F, (3.22 g) was purified by silica gel FCC and eluted with a gradient system
(EtOAc:hexane, 15:85) to give 10 fractions, Fo1=Foior Subfraction Fye Was subjected to
Sephadex LH-20 CC and eluted with an isocratic system of MeOH to give four fractions,
Fys1~Fosa SubfractionF, ., was rechromatographed on CCand eluted with a gradient system
(EtOAc:hexane, 30:70) to give a pale yellow solid of toddanone 7 (35.5 mg). Subfraction F_,
was isolated by Sephadex LH-20 CC and eluted with an isocratic system (MeOH:CH,Cl,, 90:10)
to give a brown solid of prangenidin (5, 8.2 mg). Subfraction F, ; was isolated by Sephadex
LH-20 CC and eluted with an isocratic system (MeOH:CHzCIZ, 90:10) to give a brown solid of
6 (8.2 mg). Subfraction F,; was purified by PLC (EtOAc:CH,Cl:hexane, 40:10:50) to afford a
brown amorphous solid of (+)-toddanol (2, 34.6 mg).

Fraction F, (3.62 g) was subjected to silica gel FCC and eluted with a gradient system
(EtOAC:CH,Cl,:hexane, 25:25:50) to give eight fractions, F, . —F, .. Subfraction F, , , was puri-
fied by Sephadex LH-20 CC and eluted with an isocratic system (MeOH:CH,Cl,, 80:20) to
afford a dark yellow solid of 8-hydroxybergapten (4, 12.5 mg).

Fraction F,; (4.39 g) was purified by silica gel CC and eluted with a gradient system
(EtOAC:CH,Cl,:hexane, 10:10:80) to give nine fractions, F,, -F., ;. Subfraction F,, , wasisolated
and eluted by CC with a gradient system (EtOAc:CH,Cl:hexane, 20:20:60) to afford a yellow
solid of arnottin Il (16, 16.9 mg). Subfraction F,, . was purified by CC and eluted with a gra-
dient system (EtOAc:CH,Cl,:hexane, 30:30:40) to give a pale yellow solid of toddalenone
(9, 8.8 mg). Subfraction F,,,was purified by PLC, eluted with an isocratic system (EtOAc:CHZCIZ,

10:90) to afford a white solid of chelerythrine (14, 6.5 mq).

6.4.2
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The crude MeOH extract (200 g) was subjected to silica gel flash column chromatography
(FCC) and eluted with a gradient system of hexane, hexane:CHZCIZ, hexane:EtOAc,
CH,CL:EtOAc and EtOAc:MeOH. On the basis of their thin layer chromatography (TLC) char-
acteristics, the fractions which contained the same major compounds were combined to
give 26 fractions, MF —-MF,. Fraction F, , (1.59 g) was purified by RP-18 CC, isolated and eluted
with a gradient system (MeOH:H,0, 60:40) and further purified by PLC with an isocratic
system (MeOH:CH,Cl,, 2:98) to give a brown solid of 3 (8.5 mg). Fraction MF, (2.21 g) was
purified by RP-18 CC with an isocratic system (MeOH:H,O, 50:50) to give a yellow oil of 8
(4.3 mq).

Fraction MF . (2.30 g) was purified by FCC over silica gel, isolated and eluted with a gra-
dient system (EtOAc:CH,Cl.:hexane, 30:30:40) to give seven fractions, F,. —F,. .. Subfraction
F,s,was purified by CC, eluted with an isocratic system (EtOAc:CH,Cl,, 20:80) to give orange
crystals of toddacoumaquinone (13, 6.6 mg). Subfraction F., . was purified by FCC, eluted
with a gradient system (EtOAc:CHZCIZ, 20:80) to give 10 fractions, FiserFiseior and also a
yellow solid of trans-N-p-coumaroyl tyramine (17, 22.4 mg). Subfraction F . . . was purified
by Sephadex LH-20 CC, eluted with an isocratic system (MeOH:CH.CL,, 95:5) to give a yellow

2772
amorphous powder of oxynorchelerythrine (15, 3.0 mg).

3.4. Spectroscopic data of compounds

2'R-Acetoxytoddanol (1): a white solid; mp 93-95 °C; [a]3'=+ 90.5 (c 0.1 CHCL,); UV (CHCL,)
Amax (log €) 206 (4.27),224 (4.01), 246 (3.53), 256 (3.37), 327 (3.68) nm; IR (thin film) Vo cm™:
3081, 2923, 2850, 1736, 1612, 1458, 1376, 1239, 1201, 1131, 1100, 1020, 957,911, 825, 772;
"HNMR (400 MHz, CDCl,) 8 7.85 (d, J = 9.6 Hz, H-4), 6.60, (s, H-8), 6.25 (d, J = 9.6 Hz, H-3), 5.52
(dd,J=8.4,6.4,H-2"),4.84 (s, H-4'a), 4.82 (s, H-4'b), 3.89 (s, OCH3-5), 3.87 (s, OCH3-7), 3.04 (dd,
J=13.6,8.4,H-1),2.96 (dd,J=13.6,6.4,H-1),1.95 (s, CO§H3), 1.81 (s, H-5"); P*CNMR (100 MHz,
CDCI3) 06 170.0 (gOCH3), 161.9 (C-5), 161.0 (C-2), 156.3 (C-7), 155.2 (C-9), 143.2 (C-3'), 138.8
(C-4),116.1 (C-6), 112.5 (C-3), 112.4 (C-4'), 107.0 (C-10), 95.4 (C-8), 75.9 (C-2'), 63.2 (OCH,-7),
56.1 (OCH,-5), 27.6 (C-1'), 21.1 (COCH,), 18.1 (C-5"); HRESIMS m/z 355.1161 [M + Na]* (calcd
355.1158).

85-10-0O-Demethylbocconoline (3) was obtained as a white solid, mp 244-245 °C; [oc]é4
=-13.3,(c0.1, CHCIS),' uv (CHC|3) )\max (log€) 211 (4.02), 229 (4.15), 284 (4.24),322 (3.72), 336
(3.56),351 (3.18) nm; IR (thin film) Vi cm~':3412,3190, 2950, 2923, 2893, 1600, 1508, 1458,
1398, 1354, 1294, 1237, 1189, 1106, 1028, 989, 941, 873, 841, 802; 'H NMR (400 MHz, CDCI3)
07.60(d, J=8.8,H-7),7.57 (s, H-1), 7.41 (d, J= 8.8, H-6), 7.39 (d, J = 8.4, H-12), 7.03 (s, H-4),
6.87 (d, J=8.4, H-12), 5.98 (s, H-15), 4.52 (dd, J=10.8, 4.8, H-8), 3.85 (s, OCH,-9), 3.40 (dd,
J=10.8,4.8,H-16a),3.04, (t,/ = 10.8, H-16b), 2.65 (s, NCH3); 13CNMR (100 MHz, CDC|3) 0 149.3
(C-10),148.3 (C-2), 147.4 (C-3), 145.1 (C-9), 137.3 (C-14), 130.8 (C-4a), 126.9 (C-1a), 125.3 (C-8a),
124.2 (C-5), 124.2 (C-12a), 123.6 (C-13), 119.7 (C-6), 119.4 (C-12), 116.2 (C-11), 104.5 (C-4),
101.0 (C-15), 99.7 (C-1), 61.8 (C-16), 61.1 (OCH,-9), 59.6 (C-8), 42.5 (NCH,); HRESIMS m/z
388.1160 [M + Na]* (calcd 388.1161).

3.5. Bioassay

Cytotoxicity assay against human epidermoid carcinoma of oral cavity (KB, ATCC CCL-17),
and human small cell lung cancer (NCI-H187, ATCC CRL-5804) cell lines were performed
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employing Resazurin Microplate Assay (REMA) (Sigma-Aldrich, Dye content 75%) (O'Brien
etal. 2000). In brief, cells at a logarithmic growth phase are harvested and diluted to 7 x 10*
cells/mL for KB and 9 x 10* cells/mL for NCI-H187, in fresh medium. Successively, 5 pL of test
sample diluted in a 5% DMSO, and 45 uL of cell suspension are added to 384-well plates,
incubated at 37 °Ciin 5% CO, incubator. After the incubation period (3 days for KB and 5 days
for NCI-H187), 12.5 L of 62.5 pg/mL resazurin solution is added to each well, and the plates
are then incubated at 37 °C for 4 h. The fluorescence signal is measured using SpectraMax
M5 multi-detection microplate reader (Molecular Devices, USA) at the excitation and emis-
sion wavelengths of 530 and 590 nm. Per cent inhibition of cell growth is calculated by the
following equation: % Inhibition = [1 - (FU,/FU_)] x 100, where FU, and FU_ are the mean
fluorescent units from treated and untreated conditions, respectively. Dose response curves
are plotted from six concentration of twofold serially diluted test compounds and the sample
concentrations that inhibit cell growth by 50% (IC,) can be derived using the SOFTMax Pro
software (Molecular Devices, USA). Ellipticine (Fluka, purity = 99%) and doxorubicin (Fluka,
purity > 98%) were included as the reference substances.

3.6. ECD

The electronic structure of the molecule was computed by the single-point calculation of
the LDSA/3-21G, optimised structure using TDHF/3-21G in chloroform. The calculation was
performed by Gaussian 03 W package. The Gaussum 2.1.4 was utilised to generate the CD
spectrum.

4. Conclusion

A new coumarin, 2'R-acetoxytoddanol (1), and a new alkaloid, 85-10-O-demethyl bocconoline
(3), along with 15 known compounds were isolated from the root of T asiatica.
O-Methylcedrelopsin showed strong cytotoxicity against KB cells with an IC; value of
2.60 pg/mL, which is nearly equal to the ellipticine standard, but showed no activity against
Vero cells. New alkaloids 3 displayed weak cytotoxicity against the KB cell line with an IC,,
value of 21.69 pg/mL.
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ABSTRACT: Seven new benzoyltyramines, atalantums A—G
(1—7), and five known compounds were isolated from the
peels of Atalantia monophylla. All compounds were examined
for cytotoxicity against the cholangiocarcinoma cell lines KKU-
M214, KKU-M213, and KKU-M156. Compound 5 exhibited
the strongest cytotoxicity against KKU-M156 cells, with an
ICs value of 1.97 + 0.73 uM, an approximately 4.7-fold higher
activity than that of the ellipticine standard. Compound 1
displayed strong cytotoxicity against KKU-M214 cells, with an
ICs, value of 3.06 + 0.51 uM, nearly equal to that of the S-
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Atalantum E showed cytotoxicity against KKU-M156 with an ICs, value of 1.97+0.73 xM.

fluorouracil standard. In the case of the KKU-M213 cell line, compounds 2, 4, and 11 exhibited stronger cytotoxicity than the
ellipticine standard, with ICs, values of 2.36 + 0.20, 5.63 + 0.22, and 2.71 + 0.23 uM, respectively. Compounds 1, S, and 7
displayed cytotoxicity against KKU-M214 cells, with ICs, values of 3.06 + 0.51, 8.44 + 0.47, and 7.37 + 1.29 uM, respectively.

holangiocarcinoma (CCA) is one of the cancers that is

usually found in the northeast of Thailand." It is believed
that liver fluke infection and hepatolithiasis lead to this disease.
Opisthorchis viverrini, the endemic liver fluke in northeast
Thailand, is related to the high incidence of bile duct cancer.”
There is a poor prognosis for this tumor, so the best treatment
is surgical resection, which is a potential curative therapy for
CCA” In the case of unresectable malignancy patients,
chemotherapy has been used to control the disease and
improve the patients’ survival rates.” However, there is no
effective agent for treating CCA. Thus, medicinal plants are
interesting sources for effective and potent compounds. In
continuing research on bioactive substances from natural
sources,” Atalantia monophylla may be a source of anticancer
agents against cholangiocarcinoma cell lines, including
moderately differentiated adenocarcinoma, KKU-M214 and
KKU-M156, and adenosquamous carcinoma, KKU-M213.

A. monophylla (DC.) Corréa (Rutaceae), known in Thai as
“Ma Nao Phee”, is an evergreen shrub that grows up to 6 m
with a brown bark and thorny branches. This plant is
distributed over the Indian subcontinent and Southeast Asia
and can be found in the northeastern and southern parts of
Thailand.®” This medicinal plant has been used to treat chronic
rheumatism, paralysis, and hemiplegia and as an antispas-
modic.® The essential oil from the fruit has been used for

© 2017 American Chemical Society and
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rheumatism and to cure respiratory disease, while the oil from
the leaves is used to treat some pathogenic fungi and itching.’
The isolation of limonoids and acridone alkaloids from the
roots of this plant has been reported.” The leaves of this plant
contain triterpenoids, steroids, and flavonoids."”"" In this study,
the seven new N-benzoyltyramine derivatives, atalantums A—G
(1-7), along with five known compounds are reported.

B RESULTS AND DISCUSSION

The compounds from the peels of A. monophylla were
extracted, isolated, and characterized to obtain seven new
tyramine derivatives, atalantums A—G (1—7). Five known
compounds, namely, N-{2-[4-(4,6,7-trihydroxy-3,7-dimethyl-2-
octen-1-yl)oxy]phenyl}ethylbenzamide (8)'* N-{2-[4-(4-ace-
toxy-6,7-dihydroxy-3,7-dimethyl-2-octen-1-yl) oxy]phenyl}-
ethylbenzamide (9),"> N-{2-[4-(6-acetoxy-4,7-dihydroxy-3,7-
dimethyl-2-octen-1-yl)oxy]phenyl }ethylbenzamide (10)," se-
verine palmitate (11),'*"® and severine acetate (12),'® were
also isolated and identified (Figure 1). All compounds were
optically inactive, [a]*p +0."*"” Their racemic nature was
confirmed by electronic circular dichroism (ECD) data.
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Figure 1. Structures of compounds 1—12.

Compound 1 showed a molecular ion at m/z 730.4659 [M +
Na]* indicative of the molecular formula C,;HgO,N and
corresponds to 12 indices of hydrogen deficiency. The *C
NMR and DEPT spectra showed 43 carbon signals, including
five methyl, 18 methylene, 12 methine (two aliphatic, an
olefinic, and nine aromatic), three quaternary (one olefinic, two
aromatic), two oxygenated tertiary, and three ester/amide-type
carbonyl carbons. The '"H NMR data showed five aromatic
protons at § 7.69 (2H, d, ] = 7.6 Hz, H-2” and H-6"), 7.47
(1H, t, ] = 7.6 Hz, H-4"), and 7.39 (2H, t, ] = 7.6 Hz, H-3" and
H-5"”) (Table 1). In the *C NMR spectrum, the signal at &
167.6 was assigned to an amide carbonyl (C-9”) (Table 2). In
the HMBC spectrum, cross-peaks of H-2” and H-6" with C-9”
(6 167.6) and C-4" (131.5) were observed (Figure 2). A broad
triplet at § 6.28 was assigned to an NH proton. The 'H—'H
COSY spectrum showed the connection of two methylene
groups at § 3.66 (2H, q, ] = 6.4 Hz, H-8") and § 2.85 (2H, t, ] =
6.4 Hz, H-7"). Cross-peaks between H-8” (§ 3.66) and C-9” (&
167.6), C-4” (5 131.2), and C-7" (6 34.9) were evident in the
HMBC spectrum. A pair of two-proton doublets at § 7.13 (2H,
d, J = 8.0 Hz, H-3" and H-5") and & 6.85 (2H, d, ] = 8.0 Hz, H-
2" and H-6") in the "H NMR spectrum indicated the presence
of a 1,4-disubstituted benzene moiety. Cross-peaks between H-
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3” and C-7" (8 34.9) in the HMBC spectrum indicated the
connection of the aromatic and N-ethylbenzamide moieties.
The HMBC spectrum also showed interactions of H-3" with C-
1”7 (6 157.4) and C-2” (5 115.2). All of these data confirmed
that this molecule contains a benzoyltyramine moiety.

The remaining signals in the 'H and C NMR spectra
showed the presence of a geranyl structure. The *C NMR
spectrum also displayed two ester-type carbonyl carbons at &
172.9 (C-1') and 6 171.0 (OCOCHj;). The methylene protons
at 8y 4.55 (H,-1) correlated with the carbons at C-2 (5 124.9),
C-3 (6 136.6), and C-1” (5 157.4) in the HMBC experiment.
The olefinic proton H-2 (8y,c 5.74/124.9) displayed HMBC
cross-peaks with C-4 (§ 76.0) and C-10 (5 12.6). The *C
NMR spectrum showed three aliphatic oxygenated carbons at &
76.0 (C-4), 5 76.4 (C-6), and § 72.4 (C-7). HMBC cross-peaks
were observed between CH;-8/CH;-9 and C-7 and C-6. The
"H—"H COSY spectrum showed correlations for the H-4/H-5/
H-6 system. The HMBC spectrum displayed correlations
between H-4 and C-1', as well as between H-6 and the ester
carbonyl carbon at § 171.0 (OCOCH,). In this spectrum, the
acetoxy proton at 8y 2.07 also correlated with an ester carbonyl
carbon (OCOCH,;). The rest of the proton and carbon signals
were reminiscent of the hydrocarbon [(CH,),CH;] chain of
palmitic acid at C-1’ (8 172.9). Therefore, compound 1,
atalantum A, was characterized as rac-N-{2-[4-(4-palmitoyloxy-
6-acetoxy-7-hydroxy-3,7-dimethyl-2-octen-1-yl) oxy]phenyl}-
ethylbenzamide (Figure 1).

Compound 2, a white solid, displayed a molecular ion at m/z
702.4391 [M + Nal®, indicating a molecular formula of
C,Hg O-N, which corresponds to 12 indices of hydrogen
deficiency. The "H and *C NMR spectra displayed the same
patterns as those of 1, except for the presence of a myristoyloxy
moiety instead of a palmitoyloxy moiety. Thus, the structure of
compound 2, atalantum B, was defined as rac-N-{2-[4-(4-
myristoyloxy-6-acetoxy-7-hydroxy-3,7-dimethyl-2-octen-1-yl)-
oxy|phenyl}ethylbenzamide.

The HRESIMS data indicated a molecular formula of
CysHgO;N (m/z 7584972 [M + Na]*) for compound 3.
The 'H and *C NMR spectra displayed the same patterns as
those of 1, except for resonances reminiscent of a stearoyloxy
instead of a palmitoyloxy moiety. Thus, the structure of
compound 3, atalantum C, was identified as rac-N-{2-[4-(4-
stearoyloxy-6-acetoxy-7-hydroxy-3,7-dimethyl-2-octen-1-yl)-
oxy|phenyl}ethylbenzamide.

The HRESIMS data of compound 4 indicated a molecular
formula of C,HgO6N (m/z 688.4556 [M + Nal*). The 'H
and “C NMR spectroscopic data showed the presence of
benzoyltyramine and palmitoyloxy moieties. The signals at &
5.38 (1H, t, ] = 7.0 Hz) and 6 3.27 (1H, d, ] = 10.0 Hz) were
assigned to H-4 and H-6, respectively. These two protons
correlated with the oxygenated methine carbons at § 76.8 (C-4)
and 75.2 (C-6) in the HMQC experiment. Correlations of H-4
and C-2 (6 124.1), C-S (6 34.4), C-10 (6 12.3), and C-1’ (5
172.8) were observed in the HMBC spectrum. These data
confirmed the C-4 location of the palmitoyloxy moiety. The
'H—'H COSY spectrum showed correlation for the H-4/H-5/
H-6 system. The two methyl groups at &y 1.13 (CH;-8) and &y
1.13 (CH,;-9) showed correlations with C-6 (75.2) and C-7 (8
72.5) in the HMBC experiment. From these data, the vicinal
dihydroxy groups in this molecule are confirmed. Thus, the
structure of compound 4, atalantum D, was defined as rac-N-
{2-[4-(4-palmitoyloxy-6,7-dihydroxy-3,7-dimethyl-2-octen-1-
yl)oxy]phenyl}ethylbenzamide.
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Table 1. '"H NMR Spectroscopic Data of Compounds 1—7 (CDCl,, § in ppm)

position

[ S

6

8

9

10

2

Y

CH, (413, 15, 18")
CH, (14 or 16’ or 18')
OCOCH,

2,6

3", 58"

7

Y

2", 6"

3", 58"

4

NH

1

455, d (5.6)
5.74, t (5.6)
5.18, t (8.0)
2.01, m
1.90, m
4.69,d (92)
1.13, s

113, s

172, s

227, t (7.6)
1.59, m
1.24, m
0.87, t (7.2)
207, s

6.85, d (8.0)
7.13, d (8.0)
2.85, t (6.4)
3.66, q (6.4)
7.69, d (7.6)
7.39, t (7.6)
7.47, t (7.6)
6.28, br t (6.0)

2
4.56, d (5.6)
5.74, t (5.6)
5.19, t (8.0)
2.00, m
191, m
4.68,d (9.2)
1.13, s

1.13, s
1.72,s

223, t (7.6)
1.59, m
1.24, m
0.88, t (6.0)
2.08, s

6.85, d (8.0)
7.13, d (8.0)
2.85, t (6.4)
3.66, q (6.4)
7.69, d (7.6)
7.39, t (7.6)
747, t (7.6)
622, br t (6.4)

3

4.56, d (6.0)
5.75, t (6.0)
5.20, t (8.0)
2.01, m
1.90, m
4.69, d (8.8)
1.13, s

113, s

1.72, s

228, t (7.6)
1.60, m
125, m
0.87, t (6.2)
2.08, s

6.86, d (8.4)
7.14, d (8.4)
2.86, t (6.8)
3.67, q (6.8)
7.69, d (7.6)
7.40, t (7.6)
7.48, t (7.6)
621, br t (6.0)

4 5 6 7
4.58, d (6.0) 4.54, d (6.0) 4.55, d (6.0) 4.56,d (5.5)
5.82, t (6.0) 5.72, t (6.0) 5.77, t (6.0) 5.81, t (5.5)
5.38, t (7.0) 4.18, t (6.8) 3.93, d (10.0) 4.57, m
1.81, m 2.00, m 1.83, m 2.05, m
1.69, m 1.87, m 1.64, m
327, d (10.0) 4.76, t (6.0) 4.97,d (7.6) 4.00, t (4.4)
1.13, s 1.19, s 122, s 127, s
1.13, s 1.20, s 123, s 124, s
1.73, s 171, s 1.74, s 1.69, s
2.86, t (7.4) 233, t (7.4) 2.38,t (7.2)
1.59, m 1.62, m 1.65, m
1.25, m 124, m 125, m
0.87, t (6.6) 0.87, t (6.6) 0.87, t (6.6)
6.84,d (84) 6.84, d (8.0) 6.86, d (8.4) 6.86, d (8.4)
7.13,d (84) 7.12, d (8.0) 7.14, d (84) 7.14,d (8.4)
2.86, t (6.8) 2.85, t (6.4) 2.87,t (6.8) 2.87,t (6.4)

3.67, q (6.8) 3.66, q (6.4) 3.68, q (6.8) 3.68, q (6.4)
7.69, d (7.6) 7.68, d (7.6) 7.68, d (7.6) 768, d (72)
7.40, t (7.6) 739, t (7.6) 7.40, t (7.6) 740, t (7.2)
7.48, t (7.6) 747, t (7.6) 7.48, t (7.6) 748t (7.2)
627,brt (60) 628 brt(62) 614, brt (60) 613, brt (68)

Table 2. *C NMR Spectroscopic Data of Compounds 1—7 (CDCl;, & in ppm)

position
1
2
3
4
S
6
7
8
9
10
v
2
3
12/, 14, 17/
413, 15/, 18’
14’ or 16’ or 18’
OCOCH;
OCOCH;
1
2", 6"
3", 5"
4
o0
8"
9"
1
2", 6"
3", 58"
4"

1

64.3
124.9
136.6

76.0

32.8

76.4

724

26.0

28.3

12.6
172.9

34.6

25.0

22.8

29.3-29.8

14.2

21.2
171.0
1574
1152
129.9
131.2

34.9

414
167.6
134.8
127.0
128.6
1315

2

64.3
124.9
136.6

76.0

32.9

76.5

72.5

26.1

28.3

12.6
172.9

34.6

25.7

22.8

29.3-29.8

14.3

21.3
171.0
1574
1152
129.9
131.2

34.9

41.4
167.6
134.8
127.0
128.6
131.5

3

64.4
124.9
136.6

76.0

32.9

76.5

72.5

26.1

28.3

12.6
172.9

34.7

25.1

22.8

29.3—29.8

14.3

21.2
171.0
1574
115.3
129.9
131.3

35.0

41.4
167.6
134.9
127.0
128.7
131.5

4 S 6 7

64.0 64.6 64.7 64.8
124.1 121.7 120.7 120.9
137.2 141.5 141.8 140.2
76.8 74.2 72.5 80.7
34.4 35.4 35.9 39.4
75.2 77.3 72.2 784
72.5 72.3 77.3 83.4
25.8 26.2 26.4 28.0
23.4 25.9 25.9 21.7
12.3 12.4 13.1 12.7
172.8 174.0 174.9

34.4 34.7 34.6

24.8 25.1 258.3

22.5 22.8 22.8

29.0-29.5 29.3—29.8 29.4-29.8

13.9 14.2 14.3
1574 157.5 157.6 157.7
114.9 115.1 1153 115.8
129.6 129.9 129.9 129.9
131.1 131.2 131.2 131.0
34.7 34.9 35.0 35.0
41.1 41.4 41.4 414
167.4 167.6 167.6 167.6
134.5 134.8 134.8 134.9
126.6 126.9 126.9 126.9
1284 128.7 128.7 128.7
131.2 131.7 131.5 131.5

The HRESIMS data of compound § indicated a molecular
formula of C,;Hg;O¢N. The "H NMR spectrum was similar to
that of 4, except for the chemical shifts of H-4, H-6, CH;-8, and
CH;-9. The two one-proton triplets at § 4.76 (1H, ] = 6.0 Hz)
and 4.18 (1H, J = 6.8 Hz) were determined as H-6 and H-4,
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respectively, and two three-proton singlets at § 1.19 (CH;-8)
and § 1.20 (CH;-9) were evident. The *C NMR spectrum
displayed oxygenated carbons at § 74.2 (C-4), § 77.3 (C-6),
and 6 72.3 (C-7). Correlations between H-4 and C-2 (5 121.7)
and between H-6 and C-4 (6 74.2) and the ester-type carbonyl

DOI: 10.1021/acs jnatprod.6b00908
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Figure 2. HMBC correlations of compound 1.

carbon C-1' (6 174.0) were observed. This confirmed that the
palmitoyloxy moiety is located at C-6. Therefore, the structure
of compound §, atalantum E, was defined as rac-N-{2-[4-(6-
palmitoyloxy-4,7-dihydroxy-3,7-dimethyl-2-octen-1-yl ) oxy]-
phenyl}ethylbenzamide.

The HRESIMS data of compound 6 indicated a molecular
formula of C,;Hg;O¢N. The "H NMR spectrum was similar to
that of 5, except for the chemical shifts of H-4 and H-6 at 0 3.93
and 4.97, respectively. The '"H—'H COSY spectrum showed
correlation for the H-4/H-5/H-6 system. In the 13C NMR
spectrum, oxygenated carbons resonated at § 72.5 (C-4), 72.2
(C-6), and 77.3 (C-7). The HMBC spectrum showed cross-
peaks between H-4 and C-2 and C-10 and between H-6 and
CHj;-8 and CH;3-9. No HMBC interaction was evident between
the oxymethine proton and the ester-type carbonyl C-1’ (8
174.9). The 'H and “C NMR spectra also displayed the
palmitoyloxy moiety located at C-7. Thus, the structure of
compound 6, atalantum F, was defined as rac-N-{2-[4-(7-
palmitoyloxy-4,6-dihydroxy-3,7-dimethyl-2-octen-1-yl) oxy]-
phenyl}ethylbenzamide.

It should be noted that compound $ may be obtained from
an intramolecular trans-esterification of 4 during the isolation
process, and 6 may similarly be derived from S. However, §
showed interesting results by revealing the strongest cytotox-
icity against cholangiocarcinoma cell lines (Table 3).

Table 3. Cytotoxicity of Isolated Compounds (uM)“

compound KKU-M214 KKU-M213 KKU-M156
1 3.06 + 0.51 3477 £ 1.40 22.02 + 1.55
2 24.00 + 1.21 2.36 + 0.20 24.47 + 1.98
3 12.36 + 1.44 29.05 + 1.48 24.02 + 0.46
4 2743 + 027 5.63 + 0.22 2.80 + 0.22
S 8.44 + 0.47 23.47 + 1.01 1.97 = 0.73
6 20.52 + 0.17 16.14 + 0.84 3149 + 1.08
7 7.37 £ 1.29 1221 + 1.07 21.51 + 0.46
8 11.11 + 1.03 25.84 + 5.00 26.76 + 0.11
9 44.48 + 1.26 28.79 + 1.64 49.72 + 0.80
11 14.92 + 0.68 2.71 £ 0.23 20.98 + 0.54
12 3149 + 7.22 11.14 + 1.02 29.10 + 2.52
ellipticine 6.58 + 1.74 9.34 + 1.66
S-fluorouracil 3.76 + 0.16

“Data shown are from triplicate experiments.

The HRESIMS data of compound 7 indicated a molecular
formula of C,sH;O,N and corresponded to 11 indices of
hydrogen deficiency. The 'H NMR data showed the absence of
a palmitoyloxy, myristoyloxy, or stearoyloxy moiety, but the 'H
and *C NMR spectra displayed resonances reminiscent of a
benzoyltyramine moiety. The *C NMR spectrum showed an
additional 10 carbons representing a geranyl unit. The *C
NMR and DEPT spectra exhibited oxygenated methine
carbons at § 80.7 (C-4) and 78.4 (C-6), while there was an
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oxygenated tertiary carbon at § 83.4 (C-7). A correlation
between H-4 (8¢ 4.57/80.7) and C-2 (5 120.9) was observed
in the HMBC spectrum, and correlations between CH;-8/CHj3-
9 and C-6 and C-7 were evident. The NOESY spectrum
showed a correlation between H-4 and CH;-8/CHj;-9. These
data show the presence of a tetrahydrofuran moiety. Thus, the
structure of 7, atalantum G, was defined as rac-N-{2-[4-(6-
hydroxy-4,7-oxolane-3,7,7-trimethyl-2-octen-1-yl) oxy | phenyl}-
ethylbenzamide.

The cytotoxicity against KKU-M214, KKU-M213, and KKU-
M156 cell lines was evaluated using a sulforhodamine B (SRB)
assay. Compound 1 showed cytotoxicity against KKU-M214
(IC, value of 3.06 uM) that is nearly equal to that of the
standard drug, S-fuorouracil (Table 3). Compound 2 exhibited
stronger cytotoxicity toward KKU-M213 cells than the standard
ellipticine with an ICg, value of 2.36 uM. In contrast, 3, which
contains the longest hydrocarbon chain, showed only weak
cytotoxicity (ICso = 12 to 29 uM). These finding revealed that
the polarity of the compound is related to the cytotoxicity.
Among the diols 4—6, compound 4 displayed strong
cytotoxicity toward the KKU-M213 and KKU-M156 (ICy, =
5.63 and 2.80 uM) cell lines and § showed strong cytotoxicity
against the KKU-M214 and KKU-M156 (ICs, = 8.44 and 1.97
UM, respectively) cell lines, but 6 exhibited only weak activity
(ICsy = 16.14 to 31.49 uM for the three cell lines). These
results indicate that the position of the palmitoyloxy group
plays an important role. Comparing 1 and 4, it is believed that
the acetoxy group at C-6 resulted in a dramatic improvement,
approximately 9-fold, in cytotoxicity toward the KKU-M214
cell line. On the other hand, the 6,7-dihydroxy derivative 4
showed approximately 7- and 11-fold stronger cytotoxicity than
the 6-acetoxy derivative (compound 1) against the KKU-M213
and KKU-M156 cell lines, respectively. Compound § exhibited
the strongest cytotoxicity against the KKU-M156 cell line, with
an ICy, value of 1.97 uM, which is approximately 1.42-fold
stronger than that of 4. It should be noted that diols 4 and §
were selective for KKU-M156 cells, while diol 6 showed only
weak activity. These results seem to indicate that the position of
the hydroxy group may be critical for the cytotoxicity.
Comparing 11 and 12, 11 displayed strong cytotoxicity against
the KKU-M213 cell line, with an ICs, value of 2.71 uM. It is
suggested that the palmitoyloxy group at C-4 was more
effective against KKU-M213 cells than the acetoxy group.
Compounds 2, 4, and 11 showed stronger cytotoxicity against
KKU-M213 cells than the standard drug ellipticine, with ICg,
values of 2.36, 5.63, and 2.71 uM, respectively. Against the
KKU-M156 cell line, 4 and § also displayed stronger
cytotoxicity than the standard drug, with ICs, values of 2.80
and 1.97 uM, respectively. These results provide interesting
information that should be useful for cholangiocarcinoma
research.

In conclusion, seven new tyramines, atalantums A—G (1-7),
along with five known tyramines were isolated from the peels of
A. monophylla. Compounds 1, 5, and 7 showed cytotoxicity
against the KKU-M214 cell line, with ICs, values of 3.06, 8.44,
and 7.37 puM, respectively. Compounds 2, 4, and 11 exhibited
strong cytotoxicity against KKU-M213 cells, with IC, values of
2.36, 5.63, and 2.71 uM, higher than that of the ellipticine
standard. In addition, both 4 and $ displayed stronger
cytotoxicity than ellipticine against KKU-M156 cells, with
ICs, values of 2.80 and 1.97 uM, respectively.
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B EXPERIMENTAL SECTION

General Experimental Procedures. Melting points were
measured using a SANYO Gallenkamp (UK) melting point apparatus.
A JASCO P-1020 digital polarimeter was used to measure optical
rotations. The UV spectra were recorded on an Agilent 8453 UV—
visible spectrophotometer (Germany). IR spectra were obtained using
a Perkin—Elmer Spectrum One FT-IR spectrophotometer (UK). The
NMR spectra were recorded on a Varian Mercury Plus spectrometer
(UK) operating at 400 MHz ('"H) and at 100 MHz ("*C). The
chemical shifts 6y 7.26 and 6 77.2 using CDCl; as a residual solvent
were used as references. A Micromass Q-TOF 2 hybrid quadrupole
time-of-flight (Q-TOF) mass spectrometer (Micromass, UK) was used
to measure the mass spectra. Silica gel column chromatography was
carried out over silica gel 60 (100—200 mesh, Merck). Preparative
liquid chromatography (PLC) was conducted on silica gel 60 F,q,
(Merck). UV light at 254 and 365 nm was used to detect compounds,
and acidic anisaldehyde solution was used as spraying agent. The
organic solvents were distilled before use in the separation process.

Plant Material. The fruits of Atalantia monophylla (voucher
specimen KKUO022015) were collected locally from Khon Kaen
Province, Thailand, in August 2015. The plant was characterized by
Prof. Dr. Pranom Chantaranothai, Faculty of Science, Khon Kaen
University.

Extraction and Isolation. The air-dried peels (2.0 kg) of
A. monophylla were ground and extracted with hexanes (3 x 12 L),
EtOAc (3 X 5 L), and MeOH (3 X S L) at room temperature. After
evaporation, crude hexanes (120 g), EtOAc (150 g), and MeOH (250
g) extracts were produced. Silica gel flash column chromatography
(FCC) was used to separate the hexanes extract using an elution
gradient of hexanes and EtOAc. On the basis of the TLC pattern, nine
fractions, HF1 to HF9, were collected. Fraction HF6 was separated by
silica gel FCC, and MeOH/CH,Cl, (1:99) was used as an eluent to
give three subfractions, HF6.1—HF6.3. The further purification of
HF6.2 by FCC and elution with EtOAc/hexanes (5:95) afforded 11
(50.5 mg, 0.0025%). Five subfractions, HF7.1-HF7.S, were obtained
from the separation of fraction HF7 over silica gel FCC (acetone/
hexanes, 5:95). Subfraction HF7.4 was further purified by PLC (25:75
acetone/hexanes) to obtain 12 (37.3 mg, 0.0019%). Subfraction
HF7.S was purified by FCC (1:99 MeOH/CH,Cl,) to give five
subfractions, HF7.5.1—-HF7.5.5. Subfraction HF7.5.3 was separated
using reversed-phase CC (1:1 H,0/MeOH) to afford 1 (9.3 mg,
0.00046%), 2 (5.9 mg, 0.0003%), and 3 (4.2 mg, 0.00021%). The
purification of subfraction HF7.5.4 by FCC (1:99 MeOH/CH,Cl,)
afforded three subfractions, HF7.5.4.1—-HF7.5.4.3, and the further
purification of subfraction HF7.5.4.2 by PLC (70:29:1 hexanes/
actone/MeOH) afforded S (15.2 mg, 0.00076%) and 7 (4.8 mg,
0.00024%). Subfraction HF7.5.4.3 was purified by PLC (70:29:1
hexanes/actone/MeOH) to yield 4 (11.1 mg, 0.00055%) and 6 (4.5
mg, 0.0002%). The purification of fraction HF8 by FCC and elution
with MeOH/CH,Cl, (2:98) followed by PLC (65:34:1 hexanes/
acetone/MeOH) gave 9 (6.2 mg, 0.0003%).

The crude EtOAc extract was separated over silica gel FCC
(hexanes/EtOAc), affording eight subfractions, EF1—EF8. Subfraction
EF6 was subjected to silica gel FCC (acetone/hexanes) to yield five
subfractions, EF6.1—EF6.5. Purification of EF6.2 by reversed-phase
CC (2:3 H,0/MeOH) yielded 10 (3.2 mg, 0.00016%), and the
purification of EF6.3 by PLC (3:7 acetone/hexanes) gave 8 (10.3 mg,
0.0005%).

Cytotoxicity Assay. Cells ((1—2) X 10* cells/well) were seeded in
96-well plates at 37 °C and incubated for 24 h. Then, the cells were
treated with 0.1% DMSO (as solvent-control cells) and the
compounds by adding 10 pL/well of each concentration in triplicate
to obtain a final concentration of 0.025—20 ug/well at 37 °C. After
incubation for 1 h (starting cells) and 72 h, the determination of cell
growth was examined using the SRB assay."® The percent cell viability
was calculated as [(OD treated cells on day 3 — OD starting cells)/
(OD control on day 3 — OD starting cells)] X 100. The ICy, (50%
growth inhibitory concentration) values of the compounds on the
CCA cell lines were calculated from the dose—response curves. The
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ICy, values were calculated through computation using CalcuSyn
software.

Atalantum A (1): white, crystalline solid (MeOH); mp 94—97 °C;
[a]*p 0 (c 0.1, CHCLy); UV (CH;0H) A, (log €) 226 (4.23), 283
(3.17) nm; IR (neat) v, 3351, 2924, 2853, 1736, 1644, 1540, 1511,
1239, 1176 cm™'; 'H NMR (400 MHz) and *C NMR (100 MHz)
data (CDCl,), see Tables 1 and 2; HRESIMS m/z 730.4659 [M +
Na]* (caled for C,3HgsO,NNa, 730.4659).

Atalantum B (2): white, crystalline solid (MeOH); mp 77—80 °C;
[a]®p 0 (¢ 0.1, CHCLy); UV (CH;0H) A, (log €) 226 (4.32), 283
(324) nm; IR (neat) vy, 3355, 2924, 2853, 1735, 1645, 1539, 1511,
1239, 1176 cm™'; 'H NMR (400 MHz) and *C NMR (100 MHz)
data (CDCl,), see Tables 1 and 2; HRESIMS m/z 702.4391 [M +
Na]* (caled for C,Hg;O,NNa, 702.4346).

Atalantum C (3): white, crystalline solid (MeOH); mp 67—70 °C;
[a]*p 0 (c 0.1, CHCL,); UV (CH;0H) 4, (log €) 226 (4.34), 282
(3.29) nm; IR (neat) v, 336S, 2924, 2853, 1736, 1645, 1539, 1511,
1239, 1176 cm™'; 'H NMR (400 MHz) and “*C NMR (100 MHz)
data (CDCl,), see Tables 1 and 2; HRESIMS m/z 758.4972 [M +
Na]* (caled for C,sHgyO,NNa, 758.4972).

Atalantum D (4): pale yellow oil; [a]*, 0 (¢ 0.1, CHCL); UV
(MeOH) Ay (log €) 226 (4.35), 283 (3.31) nm; IR (neat) v, 3351,
2924, 2854, 1727, 1642, 1541, 1512, 1235, 1177 cm™; 'H NMR (400
MHz) and *C NMR (100 MHz) data (CDCL), see Tables 1 and
2;HRESIMS m/z 688.4556 [M + Na]* (calcd for C,;HgO¢NNa,
688.4553).

Atalantum E (5): pale yellow oil; [a]®y 0 (¢ 0.1, CHCL;); UV
(MeOH) 4,,,, (log €) 226 (4.22), 283 (3.02) nm; IR (neat) v,,,, 3348,
2924, 2853, 1730, 1642, 1540, 1511, 1237, 1176 cm™; 'H NMR (400
MHz) and *C NMR (100 MHz) data (CDCl;), see Tables 1 and 2;
HRESIMS m/z 688.4555 [M + Na]* (caled for C,;Hg;O¢NNa,
688.4553).

Atalantum F (6): amorphous gum; [a]**, 0 (¢ 0.1, CHCL); UV
(MeOH) Ay (log €) 226 (4.32), 284 (3.36) nm; IR (neat) v, 3348,
2923, 2853, 1731, 1642, 1541, 1511, 1239, 1177 cm™; "H NMR (400
MHz) and C NMR (100 MHz) data (CDCl,), see Tables 1 and 2;
HRESIMS m/z 688.4558 [M + Na]* (caled for C,;HgO¢NNa,
688.4553).

Atalantum G (7): pale yellow oil; [a]*, 0 (¢ 0.1, CHCL); UV
(MeOH) 4,,,, (log €) 226 (3.96), 283 (2.92) nm; IR (neat) v,,,, 3333,
2925, 2856, 1641, 1542, 1512, 1237, 1178 cm™'; "H NMR (400 MHz)
and C NMR (100 MHz) data (CDCl;), see Tables 1 and 2;
HRESIMS m/z 4322147 [M + Na]* (caled for C,sH;;O,NNa,
4322151).
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Chemical investigation of the roots of Cananga latifolia led to the isolation and purification of thirteen juvenile
hormone III analogues. Six new analogues, canangalias C-H (1-6) and a new natural product, (2E,6E,10R)-10-
acetoxy-11-hydroxy-3,7,11-trimethyldodeca-2,6-dienoic acid methyl ester (7), were isolated. In addition, six
known juvenile hormone Il analogues were isolated. Their structures were established by spectroscopic methods
including 1D and 2D NMR, IR and mass spectrometry.
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1. Introduction

Cananga latifolia Finet & Gagnep. (Annonaceae) is commonly used as
a traditional medicine in South-East Asia, such as in Thailand, Myanmar,
Laos, Vietnam and Cambodia [ 1]. The roots are used for curing infectious
diseases in early childhood [2]. The stem and stem barks are used as an
antipyretic [3], and for nasal polyposis [4], dizziness and fever [5]. The
seeds are used as antirheumatism, antimalarial and antidiarrhoeal treat-
ments [6]. It was reported that flavonoids, flavonoid glycosides, fatty
acids, alkaloids and juvenile hormone Il analogues were isolated from
C. latifolia [7,8]. In our previous study, we reported two new juvenile
hormone III analogues, a new phenylpropanoid derivative and ten
known compounds from the stem of this plant, and all isolates were
evaluated for antifungal activity against Pythium insidiosum [9]. It was
found that three juvenile hormone IIl analogues showed strong activity
against this fungus. P. insidiosum, which causes pythiosis disease, is
found in tropical and subtropical areas [9,10]. In the past this disease
has been found in cats, dogs, horses, and calves, but nowadays occur-
rence in humans has also been found [11]. Because its cell wall does
not containing ergosterol like a true fungus, the existing antifungal
agents are not effective [12]. Therefore, the search for potent com-
pounds from natural sources is still important. As part of our ongoing re-
search on antifungal activity against P. insidiosum, the bioactive
metabolites from the roots of C. latifolia have been studied. In this
work, we report the isolation of 13 juvenile hormone IIl analogues, in-
cluding six new juvenile hormone IIl analogues (1-6), a new natural
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product juvenile hormone III derivative (7), along with six known com-
pounds (8-13). Herein, we describe the isolation and structural elucida-
tion of the six new compounds and bioactivity results.

2. Experimental
2.1. General experimental procedures

IR spectra were obtained using a Bruker Tenser 27 spectrophotome-
ter. The CD and UV spectra were measured using a JASCO J-810 appara-
tus. Optical rotations were obtained using a JASCO P-1020 digital
polarimeter. The NMR spectra were recorded on a Varian Mercury
plus spectrometer operating at 400 MHz ('H) and at 100 MHz ('3C).
Mass spectra were determined on a Micromass Q-TOF 2 hybrid quadru-
pole time-of-flight (Q-TOF) mass spectrometer with a Z-spray ES
source. Thin layer chromatography (TLC) was carried out on Merck sil-
ica gel 60 Fy54 TLC aluminium sheets. Column chromatography was
done with silica gel 0.063-0.200 mm or less than 0.063 mm. Preparative
layer chromatography (PLC) was carried out on glass supported silica
gel plates using silica gel 60 PF,s, for preparative layer chromatography.
All solvents were routinely distilled prior to use.

2.2. Plant material

The roots of C. latifolia were collected in October 2013 from
Phuwieng District, Khon Kaen Province, Thailand. The plant was identi-
fied by Dr. Pranom Chantaranothai, Faculty of Science, Khon Kaen Uni-
versity, Thailand where a voucher specimen (KKU012013) was
deposited.
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2.3. Extraction and isolation

Air-dried and finely powdered roots (3.1 kg) of C. latifolia were se-
quentially extracted at room temperature for three days with hexane
(2x12L), EtOAc (2 x 10 L), and MeOH (2 x 10 L). The extracts were
evaporated in vacuo to obtain three dry extracts, crude hexane
(20.1g),EtOAc (28.9g),and crude MeOH (124.2 g). The crude EtOAc ex-
tract was subjected to silica gel flash column chromatography (FCC) and
subsequently eluted with a gradient of three solvents (hexane, EtOAc
and MeOH) by gradually increasing the polarity of the elution solvents
system. The eluents were collected and monitored by thin layer chro-
matography (TLC) resulting in 7 groups of eluting fractions which
were designated as F; to F,. Fraction F; was purified by silica gel column
chromatography and eluted with an isocratic system of 5%
EtOAc:CH,CI, to yield three subfractions, F; ;-F; 3. Subfraction F; , was
purified by PLC using 10% EtOAc:hexane as developing solvent to yield
9 (10.2 mg, 0.0003%). Fraction F, was purified by silica gel FCC using
5% EtOAc:hexane as eluent to give three subfractions, Fi-F;s.
Subfraction F,; was purified by PLC and 10% EtOAc:hexane was used
as developer to afford 10 (2.3 g, 0.0740%). Purification of subfraction
F», by PLC using 15% EtOAc:hexane as developing solvent yielded 11
(13.5 mg, 0.0004%). Fraction F3 was purified by silica gel FCC and eluted
with a gradient system of EtOAc:hexane to give eight subfractions, F5 ;-
F3 5. Subfraction F53 was subjected to a column of Sephadex LH-20,
using MeOH as eluent and then by PLC (40% EtOAc:hexane) to give 13
(15.1 mg, 0.0005%). Further purification of subfraction F5 5 with gel fil-
tration (Sephadex LH-20) and eluting with MeOH gave three
subfractions, F5 5 1—F35.3. Subfraction Fs 5 ; was purified by PLC and 50%
EtOAc:hexane was used as developing solvent to afford 12 (23.7 mg,
0.0008%). Subfractions Fs; and F3g were subjected to a column of
Sephadex LH-20, using MeOH as eluent and then by PLC (40%
EtOAc:hexane) to give 7 (22.3 mg, 0.0007%) and 8 (7.8 g, 0.25%), respec-
tively. Fraction Fs was purified by silica gel FCC and eluted with a gradi-
ent system of EtOAc:hexane to give five subfractions, F5 ;-Fs 5. Further
purification of subfraction Fs , by gel filtration (Sephadex LH-20), eluted
with MeOH, gave three subfractions, Fs 5 1-Fs > 3. Subfraction Fs ;5 was
purified by silica gel CC, eluted with an isocratic system of 20%
EtOAc:hexane and then by PLC (1% MeOH:CH,Cl,) to give 1 (21.5 mg,
0.0007%). Subfractions Fs3 and Fs4 were subjected to a column of
Sephadex LH-20, using MeOH as eluent and then purified by silica gel
CC, eluted with an isocratic system of 20% EtOAc:hexane to give 5
(10.4 mg, 0.0003%) and 6 (9.8 mg, 0.0003%), respectively. Fraction Fg
was purified by silica gel FCC and eluted with a gradient system of
EtOAc:hexane to give four subfractions, Fs 1-Fg 4. Further purification
of subfraction Fg4 with gel filtration (Sephadex LH-20) and eluting
with MeOH gave three subfractions, Fg 4.1-Fs.4.3. Subfraction Fg 41 was
further purified by silica gel CC, eluted with an isocratic system of 15%
EtOAc:CH,Cl, to give four subfractions, Fe 4.1.1—-Fs.4.1.4. Subfractions
Fe.4.12 and Fg 41,4 were purified by PLC using 10%MeOH:CH,Cl, as eluent
to give 3 (12.5 mg, 0.0004%) and 4 (11.4 mg, 0.0004%). Fraction F; was
purified by silica gel FCC and eluted with a gradient system of
EtOAc:hexane to give four subfractions, F; ;-F; 4. Subfraction F;, was
purified on a column of Sephadex LH-20, using MeOH as eluent and
then by silica gel FCC, eluted with an isocratic system of 20%
EtOAc:hexane to give 2 (14.2 mg, 0.0005%).

2.4. Antifungal activity; disk diffusion assay

All purified compounds were dissolved in CH,Cl to final volumes of
100 pL. Then 20 L of the tested compounds were impregnated on ster-
ilized discs (6.0 mm) (Whatman, England) and placed on the Sabouraud
Dextrose Agar (SDA) plate (Oxoid, UK) which had been inoculated with
an agar block of P. insidiosum (1 x 1 cm). Plates were kept at room tem-
perature for 2 h in the laminar flow cabinet, then inverted and incubat-
ed at 25 °C for 3, 6 and 9 days. Terbinafine (20 mg/100 pL; 20 pL/disk)
(Sigma-Aldrich, USA) and a disk with CH,Cl, only were used as control

discs. Inhibition of the mycelial growth of P. insidiosum compared with
the control was observed and reported as positive antifungal activity.

3. Results and discussion

Purification and isolation of the EtOAc extract of air dried roots of C.
latifolia was accomplished by repeated column chromatography and
Sephadex LH-20 followed by PLC, to obtain six new compounds,
canangalias C-H (1-6), a new natural product compound, (2E,6E,10R)-
10-acetoxy-11-hydroxy-3,7,11-trimethyldodeca-2,6-dienoic ~ acid
methyl ester (7) [13], together with six known compounds,
(2E,6E,10R)-10,11-dihydroxy-3,7,11-trimethyldodeca-2,6-dienoic acid
methyl ester (8) [14], (2E,6E)-3,7,11-trimethyldodeca-2,6,10-trienoic
acid methyl ester (9) [15], (2E6E10R)-10,11-epoxy-3,7,11-
trimethyldodeca-2,6-dienoic acid methyl ester (10) [16], (2E,6E,10R)-
10-hydroxy-3,7,11-trimethyldodeca-2,6,11-trienoic acid methyl ester
(11) [8], (2E,6E)-11-hydroxy-3,7,11-trimethyldodeca-10-one-2,6-
dienoic acid methyl ester (12) and (2E)-5-(3’-hydroxy-2'2’-dimethyl-
6’-methylenecyclohexyl)-3-methyl-2-pentenoic acid methyl ester
(13) [9] (Fig. 1). All isolated compounds were juvenile hormone Il de-
rivatives, which can be found in some plants [17,18]. The structure of
all compounds were identified on the basis of spectroscopic data, in-
cluding IR, 1D, 2D NMR experiment (COSY, HMQC and HMBC) and by
comparison with those previously reported in the literature for the
known compounds.

Compound 1 was determined as C;9H3,0¢ by a quasi-molecular
ion peak at m/z 379.2098 [M + Na]* in the HRESIMS. The IR
spectrum showed the absorption bands at 3431 and 1719 cm ™! as-
cribable to hydroxyl and «,3-unsaturated ester groups. The 'H NMR
spectrum showed a methyl ester group at 6y 3.68 (Table 1). These
protons correlated with carbon at 6 167.3 (C-1) in the HMBC spec-
trum (Fig. 2). The '*C NMR spectrum showed two carbonyl carbons
at 6¢ 167.3 (C-1) and 175.8 (C-1") (Table 2). Two olefinic protons at
6y 5.68 (1H, s, H-2) and 5.06 (1H, br s, H-6) correlated with carbons
at 6¢c 115.4 (C-2) and 6¢ 124.0 (C-6), respectively, in the HMQC spec-
trum. In the HMBC experiment, H-2 correlated with carbons at 6 18.8
(C-15) and 40.6 (C-4) and H-6 correlated with carbons C-5, C-8 and
C-14 in the HMBC spectrum. The methyl groups at CHs-12 and
CHs3-13 showed singlet signals at 6 1.19 and 1.20 and correlated
with C-10 and C-11 in the HMBC spectrum. The methine proton H-
10 (4.85,dd, ] = 10.5, 2.3 Hz) showed correlation with an oxygenat-
ed carbon at 6 80.9 in the HMQC experiment. This proton displayed
correlations with carbons at 6 35.9 (C-8) and 6 175.8 (C-1) in the
HMBC spectrum which indicated the connection of the other ester
group at this position. In this spectrum, the methine proton (q, ] =
6.9 Hz, H-2') at 61,c4.31/66.8 correlated with carbons at 6¢ 175.8
(C-1") and 20.6 (C-3"). The COSY spectrum also displayed the corre-
lation between methyl proton at 6 1.56 (d, ] = 6.9 Hz, CH3-3’) with
H-2'. These data indicated the presence of an a-hydroxy ester moiety
which was attached at the C-10 position of the methyl farnesoate
part. The absolute stereochemistry at C-10 was assumed as 10R due
to the specific rotation of this compound being [a]*®p + 1.4 (c
0.55) which has the same sign as the major component in this
plant, (2E,6E,10R)-10,11-dihydroxy-3,7,11-trimethyldodeca-2,6-
dienoic acid methyl ester ([a]p + 17.4; [8,9]). Thus, this compound
was (2E,6E,10R)-10-lactoxy-11-hydroxy-3,7,11-trimethyldodeca-
2,6-dienoic acid methyl ester, which was named canangalia C.

Compound 2 was assigned as C;oH3,07 from its a quasi-molecular
ion peak at m/z 407.2048 [M + Na]™ in the HRESIMS. The IR
spectrum showed broad absorption bands at 3464 and 1715 cm ™!
which indicated the presence of a carboxylic acid group. The '>C
NMR spectrum showed three carbonyl carbons at 6c 167.4 (C-1),
172.3 (C-1') and 176.3 (C-4’) (Table 2). The 'H and '3C NMR
spectral data of 2 are similar to those of compound 1 except that
the hydroxyl group at C-10 was acylated by a succinic acid. The 'H
NMR spectrum showed multiplet signals of methylene protons H-2’



and H-3' at 6 2.63 and 2.69 (Table 1). The '*C NMR and DEPT spectra
also exhibited two methylene carbons at 6 29.1 (C-2’) and 29.3 (C-
3’). Correlations of H-2’ and H-3’ with C-1’ and C-4’ were observed
in the HMBC spectrum. The correlation of the H-10 with carbonyl
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Fig. 1. The structures of isolated compounds (1—13).
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carbon C-1’ confirmed the linkage of a succinic moiety at the C-10
position. From the above evidence, compound 2 was determined as
(2E,6E,10R)-11-hydroxy-10-succinoxy-3,7,11-trimethyldodeca-2,6-
dienoic acid methyl ester, which was named canangalia D.

Table 1
TH NMR (400 MHz, CDCls) spectral data of compounds 1-6 (J in Hz).
Position 1 2 3 4 5 6
2 5.68, s 5.67,s 5.66, s 5.66, s 5.69, s 5.69, s
4 217, m 2.16, m 217, m 2.18, m 2.14, m H, 2.37,Hp 2.17, m
5 217, m 2.16, m 217, m 2.18, m 1.60, m H, 1.75,H, 1.49, m
6 5.06, br s 5.06, br s 5.13,brs 5.14,brs 2.18,s 217,s
8 1.97, m 1.94, m H, 2.26, Hp, 2.04, m H, 1.47,Hp 1.41, m
9 1.69, m 1.65, m H, 1.48, Hp 1.40, m H, 2.26, H, 2.05, m
10 4.85,dd (10.5,2.3) 4.84,dd (103, 2.4) 3.52,brd (10.4) 3.48, m
12 1.19,s 1.18,s 1.15,s 1.13,s
13 1.20,s 1.18,s 1.18,s 1.15,s
14 1.58,s 1.57,s 1.60, s 1.61,s
15 2.15,s 2.14,s 2.15,s 2.15,s
1 H, 4.08,d (10.5) Hy, 3.90, d (10.5) 3.48, m 0.84,t (4.4) 1.13,t (44)
2 4.31,q(6.9) 2.63, m 441,dd (7.6,3.2)
3 1.56,d (6.9) 2.69, m 435, t(5.0) H, 1.64,Hp 1.47, m H, 1.60, Hy, 1.49, m
4’ 3.69,d (5.0) 4.20,s Ha. 1.79, Hp 1.54, m H, 1.75, Hp 1.49, m
5 H, 5.18, s Hp 5.20, s H,5.17,s Hp 5.19, s 3.24,dd (11.7, 4.0) 332, m
6
7 0.92, s 0.78, s
8 0.98, s 1.02,s
9 1.17,s 1.18,s
OCH3 3.68, s 3.68, s 3.68, s 3.68, s 3.68, s 3.68, s
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Fig. 2. The HMBC and NOESY correlations of compounds 1-6.

Compound 3 was concluded to be C;1H350¢ by a quasi-molecular ion
peak at m/z 407.2428 [M + Na]™ in the HRESIMS. The 'H and '*C spec-
tra showed the same pattern as compounds 1 and 2 by showing a
3,7,11-trimethyldodeca-2,6-dienoic acid methyl ester moiety. The re-
maining '>C NMR signals displayed five carbons, including two oxygen-
ated aliphatic methylenes, an olefinic methylene, an oxygenated
aliphatic methine, and a quaternary olefinic carbon. The 'H NMR spec-
trum displayed two doublet signals (] = 10.5 Hz) at 6 4.08 and 3.90
(H-1") and correlated with a carbon at 6 62.7 (C-1') in the HMQC

Table 2

13C NMR (100 MHz, CDCls) spectral data of compounds 1-6.
Position 1 2 3 4 5 6
1 167.3C 167.4C 167.3C 1673 C 167.2C 1673 C
2 1154CH 1154CH 1153CH 1153CH 1151CH 1149CH
3 159.7 C 1599 C 160.0 C 159.9C 160.1 C 160.9 C
4 406 CH, 40.7CH, 40.8CH, 408CH, 444CH, 43.8CH,
5 258CH, 25.8CH, 258CH, 258CH, 39.1CH, 41.1CH,
6 1240CH 123.7CH 1234CH 1234CH 19.0CH; 19.0CH;
7 134.7C 135.0C 1359C 1359C
8 359CH, 359CH, 36.7CH, 36.7CH,
9 27.7CH, 281CH, 29.7CH, 29.6CH,
10 809CH 799CH 755CH 75.7 CH
11 724C 728 C 78.6 C 783 C
12 248 CH; 243CH; 20.1CH; 19.8CH;
13 264CH; 263CH; 215CH; 21.5CH;
14 159CH; 159CH; 16.0CH; 16.0CHs;
15 188CH; 18.8CH; 188CH;  18.8CHj
1 1758 C 1723 C 62.7CH, 652CH, 531CH 554CH
2 66.8CH 29.1CH, 1456C 73.1CH 723C 73.6C
3 20.6 CH; 293CH, 744CH 1474 C 239CH, 24.1CH,
4 1763 C 664CH, 643CH, 268CH, 289CH,
5 1154CH, 113.7CH, 784CH  781CH
6 403 C 403 C
7 146 CH; 14.8 CH;
8 26.9CH; 28.0CHs
9’ 304 CH; 23.2CHs

OCH;  50.8CH; 508CH; 508CH; 50.8CH; 50.8CH; 50.8CHs

spectrum (Tables 1 and 2). In the HMBC experiment, these protons
showed long range correlations with carbons at 6 145.6 (C-2’), 74.4
(C-3’), and 115.4 (C-5’), in addition, a correlation between H-1" (6
3.90) and C-11 (6 78.6) was observed, which indicated the connection
of an isoprene unit at this position. The triplet signal at 6 4.35 (1H,
J = 5.0 Hz, H-3’) correlated with a carbon at 6 74.4 in the HMQC spec-
trum. This proton correlated with a terminal olefinic carbon at 6 115.4
(C-5") in the HMBC spectrum. The oxygenated methylene proton H-4
showed a signal at 6y,c 3.69/66.4 and correlated with carbons at 6
145.6 (C-2') and 74.4 (C-3’) in the HMBC experiment. The COSY spec-
trum showed the correlation of H-3/H-4” which confirmed the struc-
ture of this moiety. Therefore, compound 3 was identified as
(2E,6E,10R)-11-(3',4’-dihydroxy-2’-methylenebutoxy)-10-hydroxy-
3,7,11-trimethyldodeca -2.6-dienoic acid methyl ester which was
named canangalia E.

Compound 4 was assigned the molecular formula C;1H3606 from
its quasi-molecular ion peak at m/z 407.2405 [M + Na]* in the
HRESIMS. The 'H and '>C NMR spectral data of 4 are similar to
those of compound 3 except for the pattern of an isoprene unit at
C-11 (Tables 1 and 2). The COSY spectrum showed the correlation
between H-1’ (6 3.48, 2H, m) and H-2' (6 4.41, 1H, dd, ] = 7.6,
3.2 Hz) and these protons connected to carbons at 6 65.2 (C-1’) and
73.1 (C-2'), respectively, in the HMQC spectrum. The 'H NMR spec-
trum showed olefinic methylene signals at 6 5.17 and 5.19 (s each,
H-5’) which correlated with carbon at 6 113.7 (C-5’) in the HMQC
spectrum. These methylene protons showed long range correlations
with carbons at 6 73.1 (C-2’), 147.4 (C-3’) and 64.3 (C-4’) in the
HMBC experiment (Fig.2). The signal at 6y,c 4.20/64.3 (H-4’) corre-
lated with carbons at 6 73.1 (C-2’), 147.4 (C-3’), and 113.7 (C-5") in
the HMBC spectrum. The connection of an isoprene unit at the C-11
position was determined from the long range correlation between
H-1’ (6 3.48) and C-11 (6 78.3) in the HMBC spectrum. From these
data, compound 4 was identified as (2E,6E,10R)-11-(2,4’-dihy-
droxy-3’-methylenebutoxy)-10-hydroxy-3,7,11-trimethyldodeca-
2,6-dienoic acid methyl ester which was named canangalia F.
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Compound 5 was assigned as C;gH»504 from its quasi-molecular ion
peak at m/z 307.1856 [M + Na| " in the HRESIMS. In the HMBC spec-
trum, correlations between methylene proton at 6 1.60 (H-5) with car-
bons at C-4 (6 44.4), C-1’ (6 53.1) and C-2’ (6 72.3) were observed. The
triplet signal at 6 0.84 (J = 4.4 Hz) was assigned as H-1" and connected
to the carbon at 6 53.1 in the HMQC spectrum. This proton showed long
range correlations with C-4 (6 44.4), C-6’ (6 40.3), C-3’ (6 23.9), C-7’ (6
14.6), and C-8’ (6 26.9) in the HMBC experiment (Fig. 2). The 'H-'H
COSY spectrum showed correlations in the aliphatic proton,
representing H-4/H-5/H-1’ and H-3’/H-4’/H-5'. Two methyl protons at
CH3-7' (81, 0.92/14.6) and CH3-8' (81,c 0.98/26.9) showed correlations
with C-1/, C-6’ and C-5’ in the HMBC spectrum. The signal at 6y,c 1.17/
30.4 was assigned as CHs-9’, and this proton showed correlations with
C-5, C-1/, and C-2’ in the HMBC spectrum. The NOESY experiment
showed correlations between H-1’/H-5’/CH5-8’/CH3-9’, which indicat-
ed that these protons are cofacial. The results indicate that H-1’ and
H-5’ are located in an a-axial orientation and CHs-9’ was in an a-equa-
torial orientation (Fig. 2). From all data, compound 5 was determined as
(rel-1'R,2'S,5'R 2E)-5-(2',5'-dihydroxy-2’,6',6'-trimethylcyclohexyl)-3-
methyl-2-pentenoic acid methyl ester which was named canangalia G.

Compound 6 was assigned as C;gH,50,4 from its quasi-molecular ion
peak at m/z307.1886 [M + Na]™ in the HRESIMS. The 'H NMR spectrum
of this compound was similar to that of 5, except for the chemical shift of
the methine proton, H-1’ (64 1.13, t, ] = 4.4 Hz) which appeared at a
slightly lower field than 5. In addition, the '>C NMR signal of CH5-9’ in
5 showed a signal at 6 30.4 but in 6 showed at 6 23.2. Consequently,
the NOESY experiment showed correlations between H-1'/H-5’/CHs-
8’, indicating that these protons are located in an o~ orientation. This
means that CHs-7" is located in an 3-axial orientation. The NOESY exper-
iment displayed the correlation between CHsz-7’ and CH3-9’, which indi-
cated the (3-axial orientation of CH3-9’. From all the data, compound 6
was determined as (rel-1’R,2'R,5'R,2E,)-5-(2’,5’-dihydroxy-2’,6',6'-
trimethylcyclohexyl)-3-methyl-2-pentenoic acid methyl ester which
was named canangalia H.

Biogenetics of cyclic derivatives 5 and 6 were produced from linear
methyl farnesoate. Epoxide derivative 10 was the key starting material.
Electrophilic addition of a double bond at C-6 with carbocation at C-11
generated carbocation at C-7. Further hydroxylation at carbocation led
to epimers 5 and 6. All isolated compounds were juvenile hormone III
derivatives which are rare in higher plants. Juvenile hormone III is an
important hormone for development from insect larvae to insect adults.
It is believed that higher plants produce juvenile hormone Il analogues
to defend themselves from insects [19].

The isolated compounds were evaluated for antifungal activity
against P. insidiosum. From our previous study, compounds 8, 10 and
11 exhibited potent antifungal activity with inhibition zones of 24, 16
and 14 mm, respectively. Unfortunately, the other compounds showed
no activity. It should be noted that compounds 1-7 were ester or
ether derivatives of 8, but only 8 exhibited strong activity. These results
suggest dihydroxyl groups at C-10 and C-11 may play an important role
in this activity.

Canangalia C (1): colorless oil; []*®, + 1.4 (c 0.55, MeOH); UV
(MeOH) Amax (log €) 218 (4.23) nm; IR (Neat) Vimax 3431, 2931, 1719,
1648, 1223, 1146 cm™'; 'H (CDCls, 400 MHz) and '3C NMR data
(CDCl3, 100 MHz), see Tables 1 and 2; HRESIMS m/z 379.2098
[M + Na] ™ (calcd. for C;9H3,06 + Na, 379.2097).

Canangalia D (2): colorless oil; [a]*®p + 5.6 (¢ 0.5, MeOH); UV
(MeOH) Amax (log €) 218 (4.23) nm; IR (Neat) Vimax 3464, 2936, 1715,
1648, 1225, 1153 cm™'; 'H (CDCls, 400 MHz) and '3C NMR data
(CDCl5, 100 MHz), see Tables 1 and 2; HRESITOFMS m/z 407.2048
[M + Na] ™ (calcd. for C;oH3,07 + Na, 407.2046).

Canangalia E (3): colorless oil; [a]*®, + 9.3 (c 0.5, MeOH); UV
(MeOH) A\max (log €) 204 (4.29), 217 (4.30) nm; IR (Neat) Vp,ax 3392,
2929, 1717, 1648, 1224, 1147 cm™'; 'H (CDCls, 400 MHz) and '3C
NMR data (CDCl3, 100 MHz), see Tables 1 and 2; HRESIMS m/z
407.2428 [M + Na]™(calcd. for C51H3606 + Na, 407.2410).

Canangalia F (4): colorless oil; [a]*®p + 10 (¢ 0.5, MeOH); UV
(MeOH) Amax (l0g €) 204 (4.21), 217 (4.22) nm; IR (Neat) Vmax 3387,
2928, 1717, 1648, 1225, 1147 cm™'; 'H (CDCls, 400 MHz) and '3C
NMR data (CDCl3, 100 MHz), see Tables 1 and 2; HRESIMS m/z
407.2405 [M + Na]*(calcd. for C19H3,0¢ + Na, 407.2410).

Canangalia G (5): colorless oil; [a]*®p + 15.5 (c 0.5, MeOH); UV
(MeOH) Amax (l0g €) 220 (4.21) nm; IR (Neat) Vmax 3428, 2943, 1700,
1645, 1226, 1150 cm™'; 'H (CDCl5, 400 MHz) and '3C NMR data
(CDCl3, 100 MHz), see Tables 1 and 2; HRESIMS m/z 307.1856
[M + Na]™*(calcd. for C;H,504 + Na, 307.1885).

Canangalia H (6) colorless oil; [a]*®, — 2.0 (¢ 1.4, MeOH); UV
(MeOH) Amax (l0g €) 220 (4.21) nm; IR (Neat) Vmax 3430, 2942, 1717,
1646, 1227, 1150 cm™'; 'H (CDCl;, 400 MHz) and '*C NMR data
(CDCl3, 100 MHz), see Tables 1 and 2; HRESIMS m/z 307.1886
[M + Na]™*(calcd. for C;gH,504 + Na, 307.1885).

4. Conclusion

Six new juvenile hormone IIl analogues named canangalias C-H (1-
6) and a new natural product juvenile hormone III, (2E,6E,10R)-10-
acetoxy-11-hydroxy-3,7,11-trimethyldodeca-2,6-dienoic acid methyl
ester (7), together with six known juvenile hormone III analogues (8-
13) were isolated from the roots of C. latifolia. Their structures were de-
fined by 1D, 2D NMR (COSY, NOESY, HMQC and HMBC).
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A rare isoprene coumarin, toddayanin (1), and a new dihydrochelerythrine-cadinane derivative,
toddayanis (2), along with 16 known compounds were isolated from the root of Toddalia asiatica Lam.
Compound 12 showed strong antimalarial activity against Plasmodium falciparum with an ICsq value of
5.4 pg/mL and was inactive against normal, Vero cells. Compound 13 showed cytotoxicity against the
MCF-7 cell line with an ICsq value of 8.7 wg/mL and was inactive against Vero cells. Alkaloid 11 displayed
cytotoxicity against KB, NCI-H187, MCF-7 and Vero cells lines with ICsq values ranging from 0.8 to 11.6 g/

© 2016 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.

1. Introduction

In the continuation of our research investigation of bioactive
compounds from natural sources, we have intensively evaluated
biological activities such as cytotoxicity, antimalarial, antifungal,
and antituberculosis properties of isolated compounds from Thai
medicinal plants (Thongthoom et al., 2011; Suthiwong et al., 2014).
In the present work, the chemical constituents from the roots of
Toddalia asiatica (Linn.) Lam. were studied. Nine coumarins, six
alkaloids, two cinnamic derivatives, and a sesquiterpene were
isolated and biological activities of all isolates were evaluated.
Cytotoxicity against KB, MCF-7, and NCI-H187 cell lines were
investigated. In addition, antimalarial activity against Plasmodium
falciparum was also evaluated.

T. asiatica (Linn.) Lam. (Rutaceae), a Thai medicinal plant, is a
woody liana with a corky, thorny stem which climbs on trees. The
root bark of this plant is used for curing diarrhea, gonorrhea, cough,
influenza and for toothache (Jain et al., 2006; Hu et al., 2014). The
fresh leaves are used to treat lung diseases and for curing bowel
complaints (Jain et al., 2006). The fruits are believed to be a
treatment for malaria and cough (Karunai et al, 2012). An
ointment of the roots and unripe fruits has been used to treat

* Corresponding author.
E-mail address: chayen@kku.ac.th (C. Yenjai).

http://dx.doi.org/10.1016/j.phytol.2016.08.008

rheumatism (Lakshmi et al., 2002). There are many reports on the
chemical constituents and biological activities of this plant such as
prenylated and geranylated coumarins, triterpenes, phenanthri-
dine alkaloids, and also volatile oils (Saxena and Sharma, 1999).
Biological activities of compounds from this plant have been
investigated including anticancer against the U-937 cell line
(Vazquez et al., 2012), antidiabetic, antioxidant (Irudayaraj et al.,
2012) and antibacterial activities (Karunai et al., 2012).

2. Results and discussion

The extraction and purification of the hexane extract from the
root of T. asiatica led to the isolation of 18 compounds. Two of them,
a rare coumarin named toddayanin (1) and a terpenealkaloid
named toddayanis (2) were new compounds. Sixteen known
compounds including artanin (3) (Wang et al., 2009), coumurrayin
(4) (Lv etal., 2015), toddaculine (5) (Vazquez et al., 2012), toddanol
(6) (Vazquez et al., 2012), toddalolactone (7) (Phatchana and
Yenjai, 2014), isopimpinellin (8) (Gao et al., 2014), phellopterin (9)
(Heinke et al, 2011), 5-methoxy-8-geranyloxypsoralen (10)
(Franke et al., 2001), 8-methoxydihydrochelerythrine (11) (Zou
et al.,, 2015), 8-methoxynorchelerythrine (12) (Hu et al., 2014),
skimmiamine (13) (Li et al., 2014), norchelerythrine (14) (Phatch-
ana and Yenjai, 2014), chelerythrine (15) (Ishii et al., 1983),
oplopanone (16) (Lukas et al., 2015), nelumol (17) (Phatchana and

1874-3900/© 2016 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. The structure of new compounds 1 and 2.

Yenjai, 2014), and p-isopentenoxybenzenepropanoic acid (18)
(Genovese et al., 2009) were also isolated (Fig. 1).

Compound 1 was found as a pale yellow oil, and its molecular
formula was determined as C;gH1505 by 13C NMR and HRESIMS
data. The IR spectrum showed absorption bands of carbonyl groups
at 1729 and 1609 cm~ . The 'H NMR spectrum showed a singlet
signal at § 9.49 indicating an aldehydic proton (H-3') (Table 1). This

Table 1
H and 'C NMR spectral data of compounds 1 and 2 (d in ppm).
position 1 (CDCl5) 2 (CDCl3)
dc, type dy (J in Hz) dc, type dy (J in Hz)

1 101.5 CH 7.60s

1a 127.5C

2 160.9C 147.3C

3 112.7 CH 6.25 d (9.6) 147.7C

4 138.7 CH 7.83 d (9.6) 104.1 CH 7.08 s

4a 130.9C

5 156.3C 123.3 CH 7.46 d (8.8)

6 116.2C 119.7 CH 7.72 d (8.8)

7 161.4C

8 95.5 CH 6.60s 56.4 CH 4,59 dd (10.2, 4.4)

8a 130.4C

9 155.2C 145.7C

10 107.0C 152.0C

11 110.9 CH 6.93 d (8.8)

12 118.6 CH 7.54 d (8.8)

12a 124.9C

13 123.7C

14 140.1C

15 100.8 CH; 6.04s
5.98s

1 30.9 CH, 2.84s 50.1 CH 1.20 br d (11.0)

2 47.1C 22.9 CH, 2.07m
2.01m

3 204.9 CH 9.49s 28.6 CH, 2.29 br d (16.0)
2.07m

4 21.5 CH3 1.03s 135.6C

5/ 21.5 CH3 1.03s 124.7 CH 492s

6 39.9 CH 1.65m

7' 46.5 CH 1.36m

8 22.0 CH, 1.50m
1.54m

9 42.2 CH, 1.79m
1.80m

10/ 72.5C

11 42.2 CH, 1.96 br d (10.2)
2.05m

12/ 25.7 CH 1.69m

13 21.3 CHs 0.74 d (7.0)

14/ 14.6 CHs 0.45 d (7.0)

15/ 20.7 CH, 1155

OCH,-5 628 CH;  3.79s

OCH5-7 55.7 CH3 3.82s

OCHs-9 55.7 CHs 3.92s

OCH5-10 60.9 CH 3.94s

N-CH3 42.8 CHs3 2.60s

Fig. 2. Key HMBC correlations of compounds 1 and 2.

proton correlated with carbon at § 204.9 in the HMQC spectrum.
Two doublet signals at § 7.83 and 6.25 (J=9.6 Hz) were assigned as
H-4 and H-3, respectively. The signal at Jy/Sc 6.60/95.5 was
assigned as H-8. In the HMBC spectrum, a correlation between H-4
and C-9 (5 155.2) was observed (Fig. 2). The methoxy protons at
Su/dc 3.79/62.8 showed the correlation with C-5 (§ 156.3) and at
Su/Sc 3.82/55.7 displayed a correlation with C-7 (§ 161.4) in the
HMBC experiment. In this experiment, H-8 displayed correlations
with C-6 (6 116.2), C-7 (6 161.4), C-9 (§ 155.2) and C-10 (6 107.0).
The signal at § 2.84 (2H, s) was assigned as H-1’ and correlated with
carbon at § 30.9 in the HMQC experiment. This methylene proton
showed correlations with C-5 (6 156.3), C-7 (6 161.4), C-3’ (§ 204.9)
and C-4'[5" (§ 21.5) in the HMBC spectrum. Two methyl groups
(CH3-4' and CHs-5') displayed the signal at §y/dc 1.03/21.5 and
correlated with C-1’ (8 30.9), C-2' (§ 47.1), and C-3' (6 204.9) in the
HMBC experiment. All these data confirmed an irregular isoprene-
coumarin, 1, which was identified as 6-(2’,2’-dimethyl-3’-propa-
nal)-5,7-dimethoxycoumarin and was named toddayanin.

Compound 2 was found as a yellow oil, and assigned the
molecular formula C36H43NOs by HRESIMS analysis. The 'H NMR
spectrum showed six aromatic protons. Two doublet signals
(J=8.8Hz)at § 6.93 and 6 7.54 were assigned as H-11 and H-12, and
correlated with carbons at § 110.9 (C-11) and & 118.6 (C-12),
respectively, in the HMQC experiment (Table 1). Another two
doublet signals (J = 8.8 Hz) at 8y/S¢ 7.46/123.3 (H-5) and 8y/8¢ 7.72/
119.7 (H-6) were also observed. Two singlet signals at § 7.60 and §
7.08 were assigned as H-1 and H-4, respectively. In the HMBC
experiment, two methoxy groups at § 3.94 and § 3.92 correlated
with carbons at § 152.0 (C-10) and & 145.7 (C-9), respectively
(Fig. 2). An N-methyl group showed signals at dy/8c 2.60/42.8
which correlated with carbons at § 140.1 (C-14) and § 56.4 (C-8) in
the HMBC experiment. A methylenedioxy group displayed signals
at § 6.04 and 5.98. These data indicated that this molecule
contained dihydrobenzo[c]phenanthridine moiety.

The remaining signals in the '>C NMR and DEPT spectra showed
15 carbon signals including, three methyl, five methylene, five
methine (four aliphatic and one olifinic), and two quaternary (one
aliphatic and one olifinic) carbons. The 'H NMR revealed signals of
an isopropyl group at § 0.74 (3H, d,J=7.0, CH3-13') and 0.45 (3H, d,
J=17.0, CH5-14') and a methine proton at § 1.69 (m, H-12’). These
two methyl protons correlated with carbons at § 25.7 (C-12’) and
46.5 (C-7') in the HMBC spectrum. The methyl group at § 1.15 (s,
CHs-15’) correlated with carbons at 6 50.1 (C-1'), § 42.2 (C-9’) and
an oxygenated carbon at § 72.5 (C-10’) in the HMBC experiment. In
this spectrum, the olifinic proton H-5' (6y/8c 4.92/124.7) showed
the correlations with carbons at § 50.1 (C-1'), 28.6 (C-3’), and 42.2
(C-11"). From these data indicated that this molecule contained
cadinane moiety. The COSY spectrum displayed a correlation
between H-8 and H-11, which indicated the connection of
cadinane sesquiterpene and phenanthridine moieties at these
points. This is the first time to find dihydrochelerythrine link with
cadinane sesquiterpene derivative in this plant. The specific
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Table 2
Cytotoxic and antimalarial activities of all compounds.

compound Cytotoxicity (ICso pg/mL) Antimalarial (ICso pg/mL)
KB NCI-H187 MCF-7 Vero cells

2 32.2 5.8 inactive® 17.6 3.8

3 31.0 7.4 254 inactive® inactive®

5 17.1 inactive® 234 inactive® inactive®

6 inactive® inactive® inactive?® 475 inactive®

9 inactive® inactive® 23.2 inactive® inactive®

10 12.3 10.5 inactive® 113 inactive®

11 2.4 0.8 11.6 49 inactive®

12 inactive® inactive® inactive?® inactive® 54

13 inactive® inactive® 8.7 inactive® inactive®

17 15.5 231 17.8 inactive® inactive®

other inactive® inactive® inactive?® inactive® inactive®

Ellipticine 13 0.7 0.4 6.5

Dihydroartemisinin 3.7nM

¢ Inactive at>50 pg/mL

rotation of this compound was [a]p?! +63.2 (¢ 0.1, CHCl5) which
was the same sign as epi-zanthomuurolanine; [a]p2° +86.9 (c 0.22,
CHCI5) (Yang et al., 2008). In addition, the CD of this compound was
similar to epi-zanthomuurolanine which showed a negative value
at 219 nm and positive values at 251 and 281 nm (Yang et al., 2008).
The specific rotation and CD results indicated that the configura-
tion of 2 was rel-85,1'S,6'S,7'S,10°S. Thus, the structure of 2, named
toddayanis was determined as shown.

Toddayanis (2) showed cytotoxicity against the KB, NCI-H187
and Vero cell lines with ICsq values of 32.2, 5.8 and 17.6 ug/mL,
respectively (Table 2). Coumarin 3 displayed cytotoxicity against
KB, NCI-H187 and MCF-7 with ICso ranging from 7.4 to 31.0 p.g/mL
while 4 showed inactive activity. The results suggest that a
prenylalkoxy group is required for the cytotoxicity. Compound 11
exhibited strong cytotoxicity against NCI-H187 (ICsp=0.8 jug/mL)
which was nearly equal to the ellipticine standard (ICso=0.7 jng/
mL). However, this compound showed cytotoxic activity against
Vero cells with ICsg value of 4.9 pg/mL while the ellipticine showed
an ICso value of 6.5 pg/mL. Compounds 5 and 13 exhibited
cytotoxicity against MCF-7 cell line with ICsg values of 23.4 and
8.7 pg/mL but showed inactive against Vero cells. These findings
reveal that 5 and 13 may be lead compounds for anticancer agents.

In addition, all compounds were evaluated for antimalarial
activity against Plasmodium falciparum (K1, multidrug resistant
strain). Compound 2 showed strong antimalarial activity with an
ICs0 value of 3.8 pwg/mL. Unfortunately, this compound exhibited
cytotoxicity against normal, Vero cells (ICso=17.6 g/mL). It is
interesting to note that alkaloid 12 showed strong antimalarial
activity with an ICsg value of 5.4 pwg/mL and displayed inactivity
against Vero cells. These results suggest that 12 is likely to be the
lead compound for the development of antimalarial agents.

3. Experimental
3.1. General experimental procedures

Melting points were determined on a SANYO Gallenkamp (UK)
melting point apparatus and are uncorrected. UV spectra were
measured on an Agilent 8453 UV-vis spectrophotometer
(Germany). IR spectra were recorded as KBr disks or thin films,
using Perkin Elmer Spectrum One FT-IR spectrophotometer (UK).
The NMR spectra were recorded on a Varian Mercury plus
spectrometer (UK) operating at 400 MHz ('H) and at 100 MHz
(*C). Mass spectra were determined on a Micromass Q-TOF 2
hybrid quadrupole time-of-flight (Q-TOF) mass spectrometer with
a Z-spray ES source (Micromass, Manchester, UK). Thin layer

chromatography (TLC) was carried out on MERCK silica gel 60 F;54
TLC aluminium sheet. Column chromatography was done with
silica gel 0.063-0.200 mm or less than 0.063 mm. Preparative thin
layer chromatography (PLC) was carried out on glass supported
silica gel plates using silica gel 60 PF,s4 for preparative layer
chromatography. All solvents were routinely distilled prior to use.

3.2. Plant material

The roots of T. asiatica were collected in June 2014 from Khon
Kaen Province. The plant was identified by Dr. Pranom Chantar-
anothai, Faculty of Science, Khon Kaen University. A botanically
identified voucher specimen (KKU0042011) was deposited at the
herbarium of the Department of Chemistry, Faculty of Science,
Khon Kaen University, Thailand.

3.3. Extraction and isolation

Air-dried and finely powdered root (7kg) of T. asiatica was
sequentially extracted at room temperature for three days with
hexane (2 x10L), EtOAc (2x10L), and MeOH (2 x10L). The
extracts were evaporated in vacuo to obtain three dry extracts,
crude hexane (147 g), EtOAc (89 g), and crude MeOH (121 g). The
crude hexane extracts (60 g) was subjected to column chromatog-
raphy on silica gel 60 and subsequently eluted with a gradient of
four solvents (hexanes, EtOAc, CH,Cl,, and MeOH) by gradually
increasing the polarity of the elution solvents system. On the basis
of their thin layer chromatography (TLC) characteristic, the
fractions which contained the same major compounds were
combined to give thirteen fractions, F;-F3. Fraction F3 was purified
by silica gel flash column chromatography (FCC) eluted with an
isocratic system of hexane:EtOAc (97:3) to give fifteen fractions,
F31-Fs15. Subfraction F3;5 was purified by crystallization from
MeOH to give 11 (8.5mg, 0.0001%). Fraction F4 was purified by
crystallization (EtOAc) to afford yellow solid of compound 5
(340 mg, 0.0048%). Fraction Fg was further purified by FCC using
hexane:EtOAc (80:20) as eluent to obtain seven fractions, Fg1-Fg7.
The purification of Fgs by FCC (hexane:EtOAc; 90:10) yielded 4
(88.4 mg, 0.0013%). Purification of Fs; was carried out on silica gel
FCC and eluting with CH,Cl,:hexane to give five subfractions Fg71-
Fs.75. Fraction Fg 75> was purified by FCC over silica gel, eluted with
an isocratic system of hexane:EtOAc (90:10) to give 10 (4.9 mg,
0.0001%). Fraction Fg;5 was purified by preparative TLC using
hexane:CH,Cl, (70:30) as developing solvent to obtain 14 (1.1 mg,
0.00001%). Further purification of F7 by FCC (hexane:EtOAc)
yielded seven subfractions, F;;-F7-. Subfractions F;; and F;, were
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purified by preparative TLC using hexane:CH,Cl, (60:40) as
developing solvent to give compound 8 (6.3 mg, 0.0001%) and 9
(68.4mg, 0.0010%), respectively. Subfraction F;; was purified by
silica gel FCC and eluted with an isocratic system of hexane:CH,Cl,:
EtOAc (70:25:5) to afford compounds 3 (50.6 mg, 0.0007%) and 1
(3.7 mg, 0.0001%). Fraction Fg was subjected to silica gel FCC, eluted
with an isocratic system of hexane:CH,Cl, (50:50) to obtain ten
subfractions, Fg;1-Fg10. Subfraction Fgg was purified by silica gel
FCC, eluted with an isocratic system of hexane:EtOAc (80:20) to
give fourteen subfractions, Fggi-Fggi14. Subfraction Fggg was
purified by silica gel FCC, eluted with an isocratic system of
hexane:CH,Cly:EtOAc (30:65:5) to afford compound 2 (5.2 mg,
0.0001%). Subfraction Fggg was subjected to Sephadex LH-20 CC
and an isocratic system with MeOH to give compound 16 (7.2 mg,
0.0001%). Subfraction Fg g 1; was purified by preparative TLC using
hexane:CH,Cl,:MeOH (40:58:2) to afford compound 17 (6.1 mg,
0.0001%). Subfraction Fg19 was subjected to Sephadex LH-20 CC,
eluted with isocratic MeOH to give eight fractions, Fg101-F910.-
Subfraction Fg 19 was purified by PLC using hexane:CH,Cl,:EtOAc
(45:40:15) to afford compound 7 (26 mg, 0.0004%). Subfraction
Fg.10.8 was subjected to PLC using hexane:EtOAc (80:20) to give five
subfractions, Fg1081-F910.85. Subfraction Fg1084 Was purified by
silica gel FCC and eluted with an isocratic system of hexane:EtOAc
(70:30) to afford compound 18 (11.6 mg, 0.0002%). Fraction Fo was
purified by FCC over silica gel, eluted with an isocratic system of
hexane:EtOAc (70:30) to give sixteen subfractions, Fig1-Fio16.
Subfraction Fyg10 was purified by silica gel FCC, eluted with an
isocratic system of hexane:CH,Cl,:EtOAc (50:40:10) to afford
compound 13 (16.9 mg, 0.0002%). Subfraction F,o 13 was purified by
PLC using CH,Cl,:MeOH (1:99) as an eluent to afford 12 (8.5 mg,
0.0001%). Fraction Fi; was purified by FCC and eluting with a
gradient system of CH,Cl,:EtOAc afforded 15 (25.5 mg, 0.0004%)
and 6 (26 mg, 0.0004%).

3.4. Spectroscopic data of compounds

Toddayanin (1): Pale yellow oil; UV (CHCl3) Anax (log €) 242
(3.92), 256 (3.83), 328 (4.09) nm: IR (neat) vmax 2964, 1729, 1609,
1461, 1382, 1131, 1084, 825 cm™'; HRESIMS m/z 2911233 [M+H]*
(calcd. 291.1232); 'H and 3C NMR spectroscopic data, see Table 1.

Toddayanis (2): Yellow oil; [a]p2! +63.2 (¢ 0.1); UV (CHCl5) Nax
(log €) 242 (4.50), 286 (4.59) nm; IR (neat) vmax 3387, 2933, 1672,
1463, 1277, 1038, 942, 756 cm~'; HRESIMS m/z 570.3217 [M+H]*
(calcd. 570.3219); 'H and 3C NMR spectroscopic data, see Table 1.

3.5. Bioassay

3.5.1. Cytotoxicity assay

Cytotoxicity assays against human epidermoid carcinoma (KB,
ATCC CCL-17), breast adenocarcinoma (MCF-7, ATCC HTB —22)
and human small cell lung cancer (NCI-H187, ATCC CRL—5804) cell
lines were performed employing Resazurin Microplate Assay
(REMA) (Sigma-Aldrich, Dye content 75%) (Brien et al., 2000) while
cytotoxicity assay against Vero cells (African green monkey kidney,
ATCC CCL—81) was performed by Green Fluorescent Protein (GFP)
based assay (Hunt et al., 1999). Ellipticine (Fluka, purity >99%) and
doxorubicin (Fluka, purity >98%) were included as the reference
substances.

3.5.2. Antimalarial assay

Antimalarial activity was performed against Plasmodium
falciparum (K1, multidrug resistant strain) which was cultured
continuously according to the method of Trager and Jensen (Trager
and Jensen, 1976). Quantitative assessment of antimalarial activity
in vitro was determined by means of the microdilution radioiso-
tope technique, based on the method described by Desjardins

(Desjardins et al., 1979). The inhibitory concentration was that
which caused 50% reduction in parasite growth as indicated by the
in vitro uptake of [>H] hypoxanthine by Plasmodium falciparum.

The standard compound was dihydroartemisinin (Sigma,
purity >97%).
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