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Abstract

Three new protolimonoids, protoxylocarpins F-H (XG-4, XG-14 and XG-10), along with
ten known limonoids and catechin, were isolated from the kernel seeds of Xylocarpus
granatum. In addition, three new phragmalin limonoids, moluccensins H-J (XM-1, XM-2 and
XM-3), were isolated from the seed kernels of the cedar mangrove, Xylocarpus moluccensis
(Lamk.) Roem. Their structures were elucidated on the basis of extensive spectroscopic
data analysis. All compounds isolated were evaluated for cytotoxic activity against five
human tumor cell lines: breast (BT474), lung (CHAGO), gastric (KATO-3), colon (SW-620)

and liver (Hep-G2) cancer cell lines.



Executive Summary
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uanmnﬁ?mﬁaﬁﬁmuaﬁwmuua%mm%mmaaL;J5@mgmﬁmv‘hmnmﬂﬁﬁqﬂ%{ EIWL
snsdluuandnga phragmalin sfialmaidn 3 sfiafia moluccensin H-J (XM-1, XM-2 uaz XM-
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#wluana Xylocarpus Lﬂuﬁ"ﬁﬂﬂmmauﬁﬁ'@aglmaﬁ Meliaceae @slutlszinelngd
Wed 3 viia ﬁamyum’]’s (Xylocarpus granatum), mylu@‘h (Xylocarpus moloccensis) LR
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(A.91. 2005) (A.71. 2007)
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1: R=0{0CH; Ry=H
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3 Ry=0C0CH: Ry=0H

4: Ry=0H R,=0H

S0 Ryl R0
6 R,;=0H R.=H

T: Ri=H B=0H

8 R=U Ba=0C0CT:
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U @.¢. 2007 Wenhan Lin uazame” HMmMausnansamnaindfionnasainzyuun Wy
ssflunendriialnd 10 ofia uazwudiansdluussdlungu phragmalin orthoester (10)
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ULRAIONTANWNIINANWILNNI Mythimna separate funn

H i
OAc OR,
1.Ry =Ry = OAc, Ry =H 7T.Ry=Ry=Ac
2.R;=0Ac, R;=R;=H 8.Ry=0Ac, Ry =Tig

3.R;=0OH, Ry = H, Ry = OAc _
4.R; = Ry = OAc, Ry = OH Tig = .
5.R; = R; = OAc, Ry = OH

6.R; =Ry =0Ac, Ry =H o
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luuandngy phragmalin sfialna 7 5fla dauaastnasng

:R'=isobutyryl R®’=H  R’=isobutyryl R'=H
: R! = 2S-methylbutyryl R*=H R®=isobutyryl R'=H
:R' =isobutyryl R®*=H R®=2S-methylbulyryl R*=H
: R' = 2S-methylbutyryl R*=H R’=isobutyryl R'=OH
:R' =isobutyryl R*=H R?*=2S-methylbutyryl R*=OH
:R!' =isobutyryl ~ R*=isobutyryl R’=H R'=H
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1. WRAAZLWINI

'111L&Jﬁ@mgumnmmﬁaﬂi:mm 2 Alansy wualdazidoa  wazthuwslualvin
ATANULUTINER 5 8AT (3 1 x 3) INEIUSRATIREaTN IRuIREaITNaT M BaaNawnae
Uszanm 1/3 udshanmnsitusninaiussiatatadmnlusansiu 1:1 3 a39) a=lddm
shaedaLeTny Harmsdiinazaiseanaz ldsuananenuasaLeTinnlszanm 50 n3y

YUADUNITING LALFAI LT TN UNINT 1

dried, ground kernel seeds of
Xylocawpus granatum (2 kg)

-soaked in MeOH (5L)
3 days x3

-filtered

-evaporated

MeOH crude extract

-partitioned between EtOAc and H,0
-evaporated

EtOAc crude extract
(~50 g)

UABATNN 1 LFAITUADUNIRNAFIBEFNARLIL La%aLLB%L“/W]’%’WT’]L&I&@@]&H%‘IJ’]’J

insnatanenueatednnile (50 n3w) m‘v‘hmmwnlﬁ”lﬁmm%qﬂ%ﬁ@slmé'l'zl
mafiamslasunlnnndlensg  loud  wesda-aeanstlasunlninnd,  Seiz-aeanilas
A, s in unaslasunlnnnil Wueu ?ﬁavlﬁmsu‘%qﬂ?ﬁ”‘wm 14 wiia Faiu
g3lval 3 Ta A9 XG-4, XG-10 Uz XG-14 UazanINININBIUINTan 11 Tiia Tunau
msugnldusasHluwnunnd 2usr 3 ewdey wazlSunawesansiuenld waaslilu

AI9T9RN9



a@1sisznay U3 (W) a@1vilsznay USaoe
XG-1 2.245 XG-8 0.014
XG-2 0.514 XG-9 0.015
XG-3 0.362 XG-10 0.166
XG-4 0.171 XG-11 0.022
XG-5 0.020 XG-12 0.025
XG-6 0.005 XG-13 0.033
XG-7 0.007 XG-14 0.086
crude EtOAc
(50 g)
cc, sio,

acetone-hexane

I I I v v VI vl Vil IX

| —
recryst.
recryst. from MeOH
CC, sio, from EtOAc

11\/.Ile;)H-DCM ' XG-2

l-a IHI-b MI-c IHI-d I-e II-f IlI-g II-h 14 14

CC, SiO,
T:;tone-hexane CC, SiO,
: EtOAc-hexane
1:3to 1:1

Godeed [ ] [ ] ] |

HI-f.1 OI-f.2 1I1-f.3 1.4 1I-£.5 111-f.6 1I-f.7 III-f.8 III-f.9

CC, SiO, prep TLC
acetone-benzene EtOAc-benzene
19to 1:8 1:8

XG-5 XG-6

{ a Qr U et = a
LATATNN 2 LL&@]Gﬂ’]iLLUﬂ&’ﬁUSQY}'ﬁﬁ]’mEﬂ%ﬁﬂ@]‘ﬁ UL TR TINNY aamﬁ@mﬁ%wun




crude EtOAc

(50 2)
CC, SiO
acetone-hexane
\'% v
CC, Si0, CC, Si0,
MeOH-DCM EtOAc-hexane
2:98,3:97, 5:.95 1:2to 1:1
V-a Vb V¢ V-d Ve V-of V-g V-h IV-a IV-b IVc IV-d IV-e IV IV-g
CC, Si0, C18 CC, Si0, CC, Si0,
EtOAc-hexane] MeOH-H,0 EtOAc-benzene MeOH-DCM
12 ‘ o 1:6 298
CC, SiO,
MeOH-CHCI
XG-7 1:?9 ’
xa1) (a1 (o) x613) ka3 (xo-1q
XG-8 XG-9

{ = Q( 1 et = a 1
UHBATNN 3 LLﬁ@Gﬂ’]iLLﬂﬂﬁ’ﬁUﬁjﬂ‘ﬁ%’mﬁ’]%ﬁﬂ@‘ﬁ&I’TLILﬂ'ﬁﬂLLﬂ‘ﬁWWl‘UﬂdL&lfﬂ#@]@]ﬁq_lluﬂ.l’]’) ()
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AaazyusIemnuisdszinn 1 Alandu sualiszidee wezvinssiauazuen
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MuTwAzAUWiaazyue1 Susawenasuignisialndldniue 3 ofia fa Xm-1,
XM-2, a2 XM-3 (81%30 XM-4 a%is:mnmsﬂgaﬂmmi”n) PUADWNIFNAURZNITULNFT

a L0 o P a P o o '
ngﬂ'ﬁvl,mamvlﬂmmumww 4 18z 5 uazdSunnasgnInuenle waadliluansetneans

dried, ground kernel seeds of
Xylocampus moloccensis (1 kg)

-soaked in MeOH (3L)
3 days x3

-filtered

-evaporated

MeOH crude extract

-partitioned between EtOAc and H,O
-evaporated

EtOAc crude extract
(~30¢g)
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a1sdsznay 3o (nNFN)
XM-1 0.061
XM-2 0.128
XM-3 0.156
crude EtOAc
(30g)
CC, si0,

acetone-hexane

I II I v v VI Vil

C¢, Sio,
acetone-benzene
19to1:0

IV-a Vb IVc IV-d IV-e IV [V-g IV-h IV IV4 IVk IV IV-m [Van IV-0

. prep TLC
CC, Si0, MeOH-DCM
acetone-benzene 5:95

1:2

IV-h.1 TV-h.2 1V-h.3 IV-h4 IV-h.5 IV-h.6 IV-h.7 IV-h.8 IV-h.9

CC, 8i0, CC, 8i0,
acetone-hexane MeOH-DMC
12 3:97

' XM-1

XM-2 XM-3

{ = Qr U et = a o
UABATNN 5 LL&@]GﬂWSLLUﬂ&’]iUSEﬁﬂ‘Eﬁ]’mf;ﬁ%ﬂﬂ@]% HIUL TR TINNY aamﬁ@mgum




@) a 1 (4
mMInagauaMNniisaaisaasziSe (Cytotoxic Assays)

2n A = A ' & = £ & = A =
1935 MTT lunmimeasauanuid wNe6aloasuziss SaaaanztSInltiwmImagayil
NINUA 5 LTaa lath e

BT-474 LTRANZLSILA 13
SW-620 LTRRNZLSIAN &
Hep-G2 LIRANLLSIAU
KATO-3 LTRANZLSINTZLNIZ DAY
CHAGO LraaNzLSItan
= 6
MILGTUNLTAR

1. WLLTaA LY tissue culture flask FR8@1MITINNLLRBITIUTENBLMIY RPMI 1640 LAz

fetal craft serum 5% Wa¥INLNN 37 °C 5%CO, tJuwian 3 11 anlaanuidudu
& 6 & &z, : a A @ &

Y ITRRLUITNH 2-4 x 100 L TRaaa2Ia NI Twmlsaie lFioasanaznay
usgasdiulaiia

2. L&Y 0.05% trypsin Laz EDTA 2 Radans Aelivszana 2-5 Wi aa trypsin N9 16

& Y o & A val v o &

amnInziansln udueanzlfiaadnga 3anamadliianududu 25,000 iwadee
A Aaa A ° o v .
83803 T9vinsvulasld counting chamber

3. @uwaan ldasly microtiter plate Ly 96 gy 9 8z 200 lulaidas

ﬂ']iL@%ElﬂJﬁ’ﬁéf'Jaf_i”lx‘]ﬂﬂﬁaU

m’%wmséﬁasiwmaaﬂﬁﬁmmmﬁnﬁugaqm 1 JafnIusialafaas luw DMSO

MINAFOL
1. dasanesorlanmaessuaasiude 3 wufusssragraissaiotinagoy
2 lwlasaas Un'lsh 37 °c 5%C0, tluian 3 5%
2. @usnIazans MTT 10 lulasfassengn wazshanUufi 37 °C 5%C0, 8n 4 T2 lug
3. \din DMSO 150 lulasRasdangy uazshuiue 1w plate mixer 1w 5 w1l
4. \@n 0.1 M glycine (pH 10.5) 25 lulasfasdangu 1wdwu 5 wifl
5. fmﬂ'wmsgﬂﬂﬁmmaﬁ 540 W LULNAT
NIAUI T
% cell survival (PS) = ODes X100
ODcontrol
ODjeqt AIBAINIIQANAULEIVBITAN + F1INAROL

ODgonres ABANNIAANALULEIVES DMSO control



N13INAN ICsp
Wasnagaulan % cell survival <50% azRNTANINETUBLEAIANNLT BRBGD
LIRRNZITINL Y TIFTHBAztinu N InasastiNda U wE 9 Lﬁawmfnwlfﬁuiu@hq@

{ o @ < '
AR Lmasane 50% Tafadn IC,

NanNIINAaILazn1IaNlINYNaNIINARDY

1 o a A [
NAaNIILLENFENIINNFAINdNAIUIULDSALLIDLNNYDY L&Iaﬂ(ﬂzy%‘lﬂ')

Lﬁ'aﬁflmuaﬁ'@%muLa%aLLas’fimmaaLuﬁﬂmzymnﬂszmm 50 N3N WNTUEN
msu‘%qﬂ"ﬁfﬁ’aﬂmﬂﬁﬂﬂaé'mﬂmmiﬂm’]%mGJ laun wasua-aaauilasinlnnai, sness-
aaauilasinInnd, wImnfin Suuaslasanlnan® udu laasdluaesdoiialna 3
1iafa XG-4, XG-10 LAz XG-14 %uﬂumsﬁiuuaU@Tﬁ%’@aglumju protolimonoid 394398
1w protoxylocarpin F (XG-4), G (XG-14) L.z H (XG-10) LLazwumiﬁlﬁmﬁ’]Ud’mmﬁauaﬂ
11 7fia 49 10 whaduasalunesd fa xyloccensin K (XG-1), O (XG-8) uaz P (XG-9),
proceranolide (XG-3), 7-deacetylgenudin (XG-5), chisocheton F (XG-6), mexicanolide (XG-
7), 7-oxo-7-deacetoxygenudin (XG-11), xylogranatin C (XG-12), waz methyl angolensate

& 1 a ‘= & a . ﬁ v 1 dq,
(XG-13) uaza3Td lilralunasaannilsziinfa catechin (XG-2) BT9lATIRIIIVBIRNTIAGNT

i1 LLa@o"Li’LugiJﬁ 1

OAc
XG-1: xyloccensin K XG-8: R=H, xyloccensin O XG-3: proceranolide

XG-9: R= OAc, xyloccensin P

,2/ ¥

T

-

XG-5: 7-deacetylgenudin XG-6: chisocheton F XG-7: mexicanolide



CO,Mé

a

pd

XG-11: 7-oxo-7-deacetoxygenudin XG-12: xylogranatin C XG-13: methyl angolensate

A v a e A '
Elh’l1 LLﬁ@GIﬂ?Gﬁ‘NGT@GﬁWiNI&J%Qﬂ NUNMINLINBRUINDY

f11TulaTIasIaIsN IR IR IGTRAlRANS 3 Tha VL@TLLam"Li’Lugﬂﬁ 2 &Ny

Agatlavsaivldlasarduinaiin 1D uaz 2D NMR spectra

XG-4: R = $-OH, protoxylocarpin F
XG-14: R = a¢-OH, protoxylocarpin G

XG-10: protoxylocarpin H

ni U a 6 a |d' £ =3
31N 2 Lm@ﬂmamﬁwaamsahuaUmu@lmmmﬂ"lmmmmmyum’;

Protoxylocarpin F (XG-4): nulalui#;
25

[0 -57.0 (¢ 0.1, MeOH);

UV (MeOH) A, (log &) 235 (4.10);

IR (KBr) Viax 3453, 2937, 1733, 1668, 1458, 1381, 1250, 1058, and 732 cm_1;



'H uaz "°C NMR (CDCly), gan397l 1;
HRESIMS m/z 531.3348 (calcd. for CyHas06 + Na, 531.3349)

1a39&319289 protoxylocarpin F snansnigalalasld COSY uaz HMBC (Junands

LLa@aiugﬂﬁ 3 LLamma‘ﬂamﬁmmmﬁgﬁlﬂeﬂm NOESY é’mamiugﬂﬁ 4

517l 3 UFAI COSY uaz HMBC correlation 31l 4 UFAI NOESY correlation

§M3U absolute stereochemistry 284 OH ludnunien 24 wudniu FOH 91035

Mosher esterification ﬁ\‘lLLamlugﬂﬁ 5

(R)-MTPA
(S)-MTPA

aR
bR

;sﬂﬁ 5 LRAIA1 AS (in ppm) = — Ok fléan (S)- uaz (R)-MTPA Lasinas 1b uas 1a

Protoxylocarpin G (XG-14): ﬁ'wiavlsjﬁﬁ;
25
[O] p +38.0 (c 0.1, MeOH);

UV (MeOH) A,.., (log &) 215 (4.08);



IR (KBr) Vi 3460, 2950, 1728, 1460, 1437, 1381, 1255, 1170, 1026 w8z 732 cm-1;
'H uaz "°C NMR (CDCIy), gane9fl 1;
HRESIMS m/z 531.3345 (calcd. for Cy,H.s0g + Na, 531.3349)
ndaya NMR WU protoxylocarpin G filassashaindauniy protoxylocarpin F uaz
1w Cc-24 epimer V83 protoxylocarpin F %dg}vlﬁﬁnﬂﬁﬂ specific rotation ﬁﬁm’%ammﬂmdﬁu

73

Protoxylocarpin H (XG-10): ﬁula‘l&iﬁﬁ;
25
[0 p +13.0 (c 0.1, MeOH);
UV (MeOH) A,.., (log &) 230 (4.09);
IR (KBr) V. 3454, 2941, 1736, 1667, 1461, 1381, 1250, 1028 waz 826 cm :
'H uaz "°C NMR (CDCly), gan3197 1;
HRESIMS m/z 549.3190 (calcd. for Ca,Hs06 + Na, 549.3192)
ln39si19289 protoxylocarpin H snanInfigastidlasld COSY uaz HMBC (gﬂ‘ﬁ' 6)
W UARNLTUNWBUAZNLING1991N priotoxylocarpin F Waz G Law1zeL3LItk side chain a3

a £ a o . ¢ [%
acetal carbon (C-24) NN uazaiaeIlainfifinlauny priotoxylocarpin F uaz G 44q'ld

27N NOESY 131N

gﬂﬁ' 6 LRAYI COSY ez HMBC correlation 183 XG-10



@13197 1 usastoys "H uaz °C 189 XG-4, XG-10 Laz XG-14

XG-4 XG-14 XG-10

position O, (Jin Hz) PO O, (Jin Hz) O O, (Jin Hz) o

1 7.10 d (10.0) 158.5 7.14d (10.4) 158.5 7.14 d (10.0) 158.3
2 5.97 d (10.0) 125.4 580d (10.4) 1255 5.83 d (10.0) 125.4
3 - 204.8 - 204.8 - 204.8
4 - 44.1 - 442 - 44.1
5 210 m 46.2 2.16 m 46.4 214 m 46.1
6 1.64 m; 1.70 m 238 1.80 m; 1.90 m 24.0 1.76 m 23.8
7 5.16 br s 74.7 520 br s 74.8 519 br s 74.6
8 - 427 - 4238 - 426
9 213 m 385 2.20m 38.7 216 m 38.4
10 - 39.8 - 39.7 - 39.8
11 1.58 m; 1.83 m 16.7 1.55 m; 2.00 m 16.8 149 m, 1.73 m 16.7
12 1.60 m; 1.83 m 34.0 2.26 m 34.9 1.92 m, 2.16 m 33.9
13 - 46.3 - 46.2 - 46.5
14 - 159.2 - 159.0 - 158.7
15 5.23 br d (2.4) 119.0 5.30 br d (2.4) 119.6 5.25 br s 119.2
16 1.93 m; 221 m 35.0 2.26 m 35.0 214 m 29.8
17 1.84 m 54.2 2.00m 52.3 1.40 m 57.1
18 0.91s 20.0 0.90 s 20.4 1.04 s 20.4
19 1.09s 19.0 1.14's 19.1 1.13's 19.0
20 1.84 m 36.3 1.88'm 35.8 1.76 m 345
21 3.44 dd (2.8, 13.6); 64.2 3.42 dd (2.0, 12.0) 70.0 3.60m, 3.79 m 65.3

3.54 brd (12.4) 3.98 br d (11.6)

22 1.55 m; 1.91 m 37.9 1.52 m; 2.04 m 36.2 1.69 m 32.8
23 3.74 ddd (2.4, 8.8, 10.4) 68.0 3.86 ddd (2.8, 8.8, 13.2) 64.4 3.85m 67.5
24 3.36 d (8.8) 80.7 2.98 d (8.8) 86.5 - 95.5
25 - 76.2 - 743 - 76.3
26 124's 26.3 1.30's 28.6 1.39's 243
27 1.10's 224 125's 238 125s 23.1
28 1.00 s 213 1.05s 213 1.04 s 21.2
29 1.00's 27.0 1.05 s 27.0 1.04 s 27.0
30 1.12's 27.4 1.18's 27.3 1.13's 27.3
7-OCOCH, 1.88's 21.2 1.92's 21.2 1.92's 21.1

7-OCOCHj, - 170.2 - 170.2 - 170.2
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1.67 (br m) 1.49 (m) 1.52 (m)
13 36.4 40.8 40.4
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15 7.00 (s) 115.2 3.75 (m) 33.0 3.37 (d, 19.2) 35.3
3.89 (d, 19.2)
16 165.5 169.9 171.0
17 5.02 (s) 80.4 5.17 (s) 80.2 5.17 (s) 80.9
18 0.99 (s, 3H) 15.7 1.00 (s, 3H) 17.1 0.97 (s, 3H) 17.0
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20 119.9 120.4 120.4
21 7.49 (s) 1413 7.45 (s) 1412 7.43 (s) 1412
22 6.45 (s) 110.0 6.40 (s) 110.0 6.39 (s) 110.1
23 7.44 (s) 143.1 7.40 (s) 143.0 7.38 (s) 142.9
28 0.97 (s, 3H) 16.7 0.96 (s, 3H) 19.7 0.94 (s, 3H) 19.1
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1.94 (d, 11.2) 2.20 (d, 13.2) 2.12 (br s)
30 194.6 203.5 205.1
7-OCH,  3.70 (s, 3H) 52.2 3.65 (s, 3H) 51.8 3.63 (s, 3H) 51.7
3-OAc 169.5 170.1 170.5
1.96 (s, 3H) 20.6 2.15 (s, 3H) 20.5 2.10 (s, 3H) 20.6
2-OCH, 3.40 (s) 55.1
2-OH 4.95 (s)
1-OH 2.88 (br s) 2.93 (br s)
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ICsq/cell line
d1513znay | KATO-3 | CHAGO | SW-620 | Hep-G2 | BT-474
XG-1 >10 >10 >10 >10 >10
XG-2 >10 >10 >10 >10 >10
XG-3 >10 >10 >10 >10 >10
XG-5 9.99 7.05 >10 >10 >10
XG-6 >10 >10 >10 >10 >10
XG-7 >10 >10 >10 >10 >10
XG-8 >10 >10 >10 >10 >10
XG-9 >10 >10 >10 >10 >10
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XM-2 >10 >10 >10 >10 >10
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Figure S1. 1H NMR spectrum of XG-1 in CDCls.
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Figure S2. 13C NMR spectrum of XG-1 in CDCls.
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Figure S3. 1H NMR spectrum of XG-2 in DMSO.
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Figure S4. 13C NMR spectrum of XG-2 in DMSO.



XG-3: proceranolide

Figure S5. 1H NMR spectrum of XG-3 in CDCls.
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Figure S6. 13C NMR spectrum of XG-3 in CDCls.
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Figure S7. 1H NMR spectrum of XG-4 in CDCls.
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Figure S8. ''C NMR spectrum of XG-4 in CDCl.
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Figure S9. COSY spectrum of XG-4 in CDCl,.
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Figure S10. HSQC spectrum of XG-4 in CDCls.
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Figure S11. HMBC spectrum of XG-4 in CDCls.
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Figure S12. NOESY spectrum of XG-4 in CDCl,.
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Figure S13. 1H NMR spectrum of XG-5 in CDCls.
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Figure S14. 13C NMR spectrum of XG-5 in CDCls.
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Figure S15. 1H NMR spectrum of XG-6 in CDCl,.
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Figure S16. 130 NMR spectrum of XG-6 in CDCls.
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Figure S17. 1H NMR spectrum of XG-7 in CDCl,.
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Figure S18. °C NMR spectrum of XG-7 in CDCl,.
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Figure S19. 1H NMR spectrum of XG-8 in CDCl,.
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Figure S20 13C NMR spectrum of XG-8 in CDCls.



