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Abstract: Objective To study the chemical constituents and their biological activities of the seeds of Clausena lansium. Methods
The compounds were isolated by various column chromatographic techniques including silica gel, Sephadex LH-20, semi-preparative
HPLC, et al., and their structures were identified through a combined analysis of physicochemical properties, as well as NMR and MS
data. The in vitro a-glucosidase inhibitory activity and nematicidal activity against Panagrellus redivivusl were screened by PNPG and
Berman funnel methods, respectively. Results Eleven compounds were isolated and identified as (4R",6R")-6-hydroxypiperitone (1),
(4S*,6R*)-6-hydroxypiperit0ne 2), (lS*,ZS*,4R*)-1-methyl-4-(prop-l-en-2-y1) cyclohexane-1,2-diol (3), subamone (4), methyl
(1R" 2R’ ,2'Z)-2-(5"-hydroxy-pent-2'-enyl)-3-oxo-cyclopentane acetate (5), 5-hydroxy-4-phenyl-5H-furan-2-one (6), loliolide (7),
xylogranatinin (8), 2,6-dihydroxyhumula-3(12),7(13),9(E)-triene (9), xanthoxol (10), and ligballinol (11). Conclusion Compounds
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1—8 are isolated from the genus for the first time, and compound 9 is first isolated from this species. Compound 8 showed strong

a-glucosidase inhibitory activity, and compound 5 exhibited potent nematicidal activity.

Key words: Rutaceac; Clausena lansium (Lour.) Skeels; (4R",6R")-6-hydroxypiperitone; a-glucosidase inhibitory activity; nematicidal

activity against Panagrellus redivivusl

% Clausena lansium (Lour.) Skeels NZE#F}
R, 1E7R T B RE. s,
WS AT I R B R P SR R E A
EIA) 2 H a7 B AR « I ISR s e JRIR.
e SR . SCRRIRIE B R b T e
BRI Al R E B R, mE DRI, K
JEZR. FKNRSE. DRAGEFI AR, ZEWEA
fRAT D R, pampE 0 R o e 2
SEZ IS EETE . AT SR o0 ) 0) B R SR Bz A
T 71 SRR AT T A gE, R T K
B U RIREMRI G i
TR A2 O S LA, ARAIT 9 4k B0 B B
i1~ A 27 i o BEAT B I, 300 B 45 3 8 MEE Y,
55 9 N (4R 6R)-6- # K& W HUEH  [(4R7,6R")-6-
hydroxypiperitone , 1] (45 ,6R")-6- & %= ] H Fi{
[(4S" ,6R")-6-hydroxypiperitone, 2]. (15,25 ,4R*)-1-
methyl-4-(prop-l-en-2-yl)cyclohexane-1,2-diol  (3).
subamone (4). methyl (1R",2R",2'Z)-2-(5"-hydroxy-
pent-2'-enyl)-3-oxo-cyclopentane acetate (5) . 5-
hydroxy-4-phenyl-5H-furan-2-one (6). & N5
(loliolide, 7). xylogranatinin (8). 2,6-dihydroxy-
humula-3(12),7(13),9(E)-triene (9). xanthoxol (10)
Al ligballinol (11D, H&H) 1~8 N E IR MIZIEHEY)
AR, A 9 N E IRMNIZAE T AT
2o IFRIMEY 8 BABGRI B EE, Ha
Y 5 BA BRI AR L .

1 E5H

Brucker AV-500 #% kIR TEAL(TMS I AR,
Hfi - Brucker A ] ); Micromass Autospec-Uitima-
TOF [ A% (£ [E Waters 2 7)) 2248 1260 4347
RS BOBAR 8 A (e E 2 FE BB R AR W
% SUMMITP680A fffill & e RUH i A (S[R3
ZNTE]D; e A RAX (P8 Heidolph A 7]); 7y
BT b2 MR IR AR, ik
FE (ENSERKA B ARF IR AR B TR
& (RERIDEARAFD.

TRRSET 2011 4 5 A HEE AN, &
o [ Fvs AP R e R A PR B 7T T £ A

Y8 NTE Y Clausena lansium (Lour.) Skeels. b
(CL20110501) FAF T B iy folb R} 2% B vty
IR AR T -
2 ik
21 RERESNE

TR - I A 4 S TE =R T 95% LR IR 3
3, WK T de FTHRIRIE 5 SRR 413 £,
RERHIRE, B BT K R, AR
Al BEIR CBE. IETEEAHG A BRI GRS
FIA MBI BEIR OB REH) . IE T BRI
FKAH 4 AR5 o

Bt e ALY (84.6 g) E LG K EHE
i E, AR AR S S RKFLIR B B A LR - K
(40%~100%) HITA R e f5 #EAT VM, 70 BOllceE,
Wik TLC EE SN, &M ERE, 135
13 N4 Fr. 1~13. Fr.2 (7.6 g) £ RP-18 JAl#E
i, DLFFEE-/K (30%~100%) NI BhAHRE T 86
VeMAE R 13 AN Fr. 2.1~2.13. 374 Fr. 2.4(520.6
mg) SRERAE A, USEP-HEE (0 1—-1:0)
RS AT MAS 2] 9 M Fr. 241~
2.4.9. sy Fr. 2.4.1 (50.8 mg) £ % i B0
il (30% LM s 2 ERRNEY 4 (9.6
mg, (k=8.6 min), i Fr. 2.4.3 211l 4% = G AH
i (20% M N 7 EARLEY 1 (6.3
mg, xR=18.8 min) M2 (44 mg, r=15.9 min),
WA Fr. 2.4.4 (138.6 mg) £l 4% m R ta ik
(20%ZIE NI 7 ERRENEY 3 (3.0 mg,
®r=13.9 min) 6 (2.4 mg, r=17.4 min), 7
Fr. 2.4.7 (22.8 mg) &Pl % @GR AH B (15%
LGN 7 SR BN AEY) 5(5.7 mg, r=37.4
min), Vi Fr. 2.4.8 £ & = A0AH A1 (15%
LIENTRAAED 4 SRR AEY) 8 (0.8 mg, r=19.3
min). i Fr. 1| RERAEGRE (FEONRSIHED 7
B3 Fr. 1.3 (20.8 mg), JaZ- 4w RopAH
W (15% NG RRENHD 2 ERRNEY) 7 (2.6 mg,
k=242 min). Fr.4 (1.5g) % Sephadex LH-20
IAE e (R 7> 2438 18 ANy
Fr. 4.1~4.18. Jii7r Fr. 4.5 (96.0 mg) &AM
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i, DASAT-FIEE (80 : 1~10: 1) BAFEEWEML, 153
13 N4> Fr. 4.5.1~4.5.13. Fr. 4.5.2 281 & =5
WARERE (65% I AN itk 53 EY 9
(5.0 mg, _R=25.6 min). 5> Fr. 4.12 &&=
ROmAR L (DL 30% 5 N s 7> B 152 Fr.
4122, ARG (DLED-FEE 20 0 1 N
A ik 55 310 490 11(10.3 mg) . i 2> Fr. 4.13
I A AR A 10 (9.9 mg).
2.2 o-EEVEEERINEIEN

K PNPG R 5 BAR AL A W o- T AR
HEGHNHIGEE . SefHILF PBS Z2MVE (pH 6.8,
0.2 mol/L) KAFAEWIEM (H 20 pL ) DMSO
¥ 1 mg BIFFIIAL SV, B S pL iZIE BN 45
uL PBS VAW, JRAHIAE N 5 mg/mL AL &
WIEHD . KLU RS EIT 96 FLEFARBURS) G B T
BEFRACH: 10 pL RR A A+ 70 uL PBS I+
20 pL PBS IERVAMEI 2 U/mL o~ %6 B VA
(525620, 10 uL 10%f) DMSO-PBS ¥k +70 uL
PBS ¥ +20 pL PBS VAR 1) 2 U/mL o %) 4
HEEAW CFHPEXT IR, 10 pL A 5 mg/mL B -3 bk
W+ 70 uL PBS ¥ +20 pL PBS A AR 2
U/mL o~ & BEF A CBHPEXTIED, 10 pL £l
FERE 490 uL PBS ¥ (5 54D, 10 uL 10%
f) DMSO-PBS ¥ +90 pL 1) PBS &l (% X}
DL 96 FLIR T 37 C LB 15 min, Z 57
BN 20 uL PNPG ¥ (2.5 mmol/L); ¥ 96 FLI T
37 C ¥ E 30 min, 1A 80 uL Na,CO; £ 117 (0.2
mol/L), FEgFRAC CISE A 405 nm) I 5E FFid 3%
AL (O EH, BEE 3 RECFSME. %7
AT EAA YIRS o= %5 B B 00 30 7 1

I =[(4 me—A we)— (A s A4 5) /(A e —A 2r)
23 2EEEZRBILIEMHAR

SRR IELRESEEN AR E &
I Tk . A LR B R T SR 1,
28 T4 FEFR 7~10 do %ISR, FIHZ
FEERT IR/ 2 d 3 Wk, RIGLHET
Mo 1 mg FRIAE AT 20 pL DMSO A B il %
RFFESL . T 96 FLAR T 2 B BCHI LA N ROBAA &R 5
ul REIRE & (R ERE N 2.5 mg/mL) +30 L
2 BRI (200~300 2645 ) +TEEEK 65 uL AE
SIS 5 uL DMSO30 pL 28 BV (200~
300 22k 1) + K 65 uL AF AT IR, 5 uL
Bkt (AR EWE AN 2.5 mg/mL) +30 uL £ &

I (200~300 252k ) + T EK 65 pL /E AP PE
XTHRAH, RIS T ZiR A N E9E 24 h, 1EARIEE
RIS HIET H, SRt R EA DT
100 %%. BEANGERIYE 3 IXEH .

2R BB T B8 = BB T 2R BB VR U

2R R IEFE T % = (A FR LR BB T % — X IR 28 BB T
LY/(1— SR BT %K)

3 #R
31 HHWERE

& 1: EEHIRY) (CH;0H); ESI-MS m/z:
191.3 [M+Na]"; 4 F 3N CioHi6025 'H-NMR (500
MHz, CDCl;) 6: 5.85 (1H, s, H-2), 4.47 (1H, dd, J =
10.6, 4.5 Hz, H-4), 2.53 (1H, m, H-7), 2.26 (1H, m,
H-5a), 2.19 (1H, m, H-6), 2.03 (3H, s, 3-CH3), 1.73
(1H, m, H-5b), 0.96 (3H, d, J = 7.1 Hz, 7a-CH3), 0.80
(3H, d, J = 6.8 Hz, 7b-CH;); "C-NMR (125 MHz,
CDCl;) d: 199.8 (C-1), 127.6 (C-2), 163.2 (C-3), 70.6
(C-4), 32.7 (C-5), 51.1 (C-6), 25.7 (C-7), 20.5
(3-CH3), 19.6 (7a-CH3), 17.6 (7b-CHj). #R¥ELL_E¥
RS AL SRR, 45 ettt %
ENAY 1R (AR ,6R)-6-F L EHHIN .

&Y 2: TEEIMIRY) (CH;0H); ESI-MS m/z:
191.3 [M+Na]"; 2T 3N CioHis0,: "H-NMR (500
MHz, CDCLy) &: 5.81 (1H, s, H-2), 4.36 (1H, t, J = 4.9
Hz, H-4), 2.37 (1H, m, H-6), 2.26 (1H, m, H-7), 2.16
(1H, m, H-5a), 2.05 (1H, m, H-5b), 2.03 (3H, s,
3-CHj3), 0.94 (3H, d, J = 6.9 Hz, 7a-CH;), 0.89 (3H, d,
J=6.8 Hz, 7b-CHs); "“C-NMR (125 MHz, CDCL;) ¢:
200.8 (C-1), 127.6 (C-2), 159.0 (C-3), 67.5 (C-4), 32.5
(C-5), 48.5 (C-6), 26.5 (C-7), 21.1 (3-CHj), 20.8
(7a-CHj), 19.2 (7b-CHs). R4 LA il Bodls Stk &
VI ERALTE SR, 254 SCmRELxS, Stk a2 N
(45" ,6R")-6- 2 I WA B «

&) 3: EHIRY) (CH;0H); ESI-MS m/z:
193.4 [M+Na]"; 4 F 3N CioHi3025 'H-NMR (500
MHz, CDCls) d: 4.73 (2H, brs, H-9), 3.64 (1H, d, J =
2.9 Hz, H-2), 2.26 (1H, m, H-4), 1.93 (1H, ddd, J =
13.7, 11.7, 2.9 Hz, H-3a), 1.76 (1H, m, H-6a), 1.73
(3H, s, 7-CH3), 1.68~1.67 (2H, m, H-3b, 5a), 1.56
(2H, m, H-5b, 6b), 1.27 (3H, s, CH;-10); "*C-NMR
(125 MHz, CDCLy) &: 71.4 (C-1), 74.1 (C-2), 34.2
(C-3), 37.6 (C-4), 26.4 (C-5), 33.8 (C-6), 26.9 (C-7),
149.5 (C-8), 109.2 (C-9), 21.2 (C-10). R4 LA J %
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Ml B AL AR AT, g5 S ck s, g
& 3 (1S 28 4R")-1-methyl-4-(prop-1-en-2-yl)
cyclohexane-1,2-diol.

AW 4: LmikY) (CH;O0H); ESI-MS m/z:
191.3 [M+Na]"; 273N CioHi02; 'H-NMR (500
MHz, CD;0OD) 8: 6.72 (1H, s, H-2), 429 (1H, d, J =
9.8 Hz, H-7), 2.37 (1H, dd, J = 16.0, 3.7 Hz, H-5b),
2.20 (1H, m, H-4, 5a), 1.91 (1H, m, H-6), 1.74 (3H, s,
3-CH3), 0.96 (3H, d, J = 6.9 Hz, 6-CH3), 0.90 (3H, d,
J=6.9 Hz, 4-CH3); "*C-NMR (125 MHz, CD;0D) ¢:
202.4 (C-1), 135.4 (C-2), 152.0 (C-3), 27.3 (C-4), 37.2
(C-5), 512 (C-6), 69.4 (C-7), 15.4 (3-CH3), 16.7
(4-CH3), 20.9 (6-CH3). R¥E LA FEHdE b &4
MFRALPERR, 254 SCiREExt™, et e 4 N
subamone .

&Y 5: LEIMIRY) (CH;OH); ESI-MS m/z:
263.3 [M+Na]"; 473N C13H 1304 'H-NMR (500
MHz, CDCLy) §: 5.51 (1H, m, H-2"), 5.47 (1H, m,
H-3"), 3.72 (3H, s, 8-CH3), 3.68 (2H, t, J = 6.3 Hz,
H-5"), 2.71 (1H, dd, J = 19.0, 8.5 Hz, H-6a), 2.45~
2.13 (8H, m, H-4a, 4b, 1'a, 1'b, 4a, 4'b, 5b, 6b), 1.94
(1H, m, H-2), 1.52 (1H, m, H-5a); “C-NMR (125
MHz, CDCL3) d: 37.9 (C-1), 54.2 (C-2), 219.4 (C-3),
37.9 (C-4), 27.4 (C-5), 39.0 (C-6), 172.9 (C-7), 51.9
(C-8), 25.5 (C-17), 128.7 (C-2'), 128.5 (C-3"), 31.1
(C-4"), 62.2 (C-5") MRHE LA btk B JeAb &4 )3
MR, A SR, %5 (A 5 A methyl
(1R*2R"2'7)-2-(5"-hydroxy-pent-2'-enyl)-3-oxo-cyclo
pentaneacetate.

A& 6: TLEMIRY) (CH;0H); ESI-MS m/z:
199.2 [M+Na]"; 7 T34 CoHs03; 'H-NMR (500
MHz, CDCls) 6: 7.70 (2H, m, H-2, 6), 7.49 (3H, m,
H-3', 4, 5'), 6.52 (1H, s, H-4), 6.40 (1H, s, H-2);
BC-NMR (125 MHz, CDCLy) &: 170.7 (C-1), 115.2
(C-2), 162.7 (C-3), 97.9 (C-4), 129.1 (C-1"), 128.1
(C-2', 6"), 129.3 (C-3, 5'), 132.0 (C-4"). H#E LA LU
R S A S B PRI, 454 STk B, %
EW AW 6 4 5-hydroxy-4-phenyl-5H-furan-2-one.

th&Y) 7. TEEEHT (CH;OH); ESI-MS m/z:
219.3 [M+Na]"; 2 T2~ € H1403; 'H-NMR (500
MHz, CD;OD) 6: 5.77 (1H, s, H-3), 423 (1H, m,
H-6), 2.44 (1H, dd, J = 14.0, 4.0 Hz, H-7a), 2.01 (1H,
dd, J=14.5, 3.5 Hz, H-5a), 1.78 (3H, s, 7a-CH3), 1.76

(1H, dd, J = 14.0, 4.0 Hz, H-7b), 1.55 (1H, dd, J =
14.5, 3.5 Hz, H-5b), 1.49 (3H, s, 4-CH3), 1.29 (3H, s,
4-CH;): “C-NMR (125 MHz, CD;0D) J: 185.7 (C-2),
113.3 (C-3), 174.4 (C-3a), 37.2 (C-4), 46.4 (C-5), 67.2
(C-6), 48.0 (C-7), 89.0 (C-7a), 31.0 (7a-CH3), 27.4
(4-CH), 27.0 (4-CHs). HRHE LA EBEHERE b &
PIFRALIE T, 54 ik, Stk & 7 B
g AP

&) 8: FEHRY) (CH;0H); ESI-MS m/z:
215.2 [M+Nal"; 20 73RN CoHgN,O3; 'H-NMR (500
MHz, CD;0D) ¢: 7.84 (1H, d, J = 9.3 Hz, H-8), 7.05
(1H, s, H-5), 6.70 (1H, s, H-2), 6.12 (1H, d, J = 9.3
Hz, H-7), 3.89 (3H, s, 3-OCH3): *C-NMR (125 MHz,
CD;0D) 6: 104.2 (C-2), 148.1 (C-3), 109.2 (C-5),
164.6 (C-6), 111.1 (C-7), 146.4 (C-8), 152.3 (C-9),
155.1 (C-10), 56.7 (3-OCH3). ARH LA L3 i H s A
WAV R, 458 SRR, et &9
8 4 xylogranatinin.

&Y 9: B EIMIRY (CH;0H) ; ESI-MS m/z:
2453 [M+Nal"; 273N C14H0,; "H-NMR (500
MHz, CD;OD) d: 5.41 (1H, d, J = 16.0 Hz, H-10),
5.33 (1H, m, H-9), 5.11 (1H, s, H-12a), 5.09 (1H, s,
H-13a), 4.94 (1H, s, H-12b), 4.84 (1H, s, H-13a), 3.99
(1H, dd, J = 8.3, 5.1 Hz, H-6), 3.91 (1H, dd, J = 4.5,
1.2 Hz, H-2), 2.90 (1H, dd, J = 13.7, 7.0 Hz, H-8a),
2.68 (1H, dd, J = 13.7, 5.7 Hz, H-8b), 2.03 (2H, m,
H-4), 1.82 (1H, m, H-5a), 1.76 (1H, m, H-la), 1.52
(1H, m, H-5b), 1.46 (1H, dd, J = 14.1, 2.7 Hz, H-1b),
1.12 (3H, s, H-14), 1.00 (3H, s, H-15); “C-NMR (125
MHz, CD;0D) 6: 51.8 (C-1), 69.5 (C-2), 153.7 (C-3),
31.8 (C-4), 34.6 (C-5), 75.5 (C-6), 150.9 (C-7), 36.4
(C-8, 11), 125.7 (C-9), 142.5 (C-10), 109.7 (C-12), 114.6
(C-13),31.3 (C-14), 24.1 (C-15). H4fE LA iR it Hedis &
WAEYIEE IR, 454 SCIREERT™), St 9
°N 2,6-dihydroxyhumula-3(12),7(13),9(E)-triene

A4 10: FE T AR, & (CH;0HD ; ESI-MS
m/z: 2253 [M+Na]"; 273N C1H¢Os: 'H-NMR
(500 MHz, DMSO-ds) &: 10.6 (1H, brs, OH), 8.11
(1H, d, J=9.6 Hz, H-4), 8.08 (1H, d, J = 2.8 Hz, H-9),
7.44 (1H, s, H-5), 7.03 (1H, d, J = 2.2 Hz, H-10), 6.40
(1H, d, J = 9.6 Hz, H-3); "C-NMR (125 MHz,
DMSO-ds) d: 160.1 (C-2), 113.8 (C-3), 145.6 (C-4),
116.3 (C-4a), 110.2 (C-5), 125.2 (C-6), 145.4 (C-7),
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130.1 (C-8), 139.7 (C-8a), 147.5 (C-9), 107.1 (C-3').
AR DL s e A S B A e B, 454 SOk
x4, %5 A4 10 2 xanthoxol.

& 11 FEHR (CH;0H); ESI-MS m/z:
321.5 [M+Na]"; 2734 CisH 15045 'H-NMR (500
MHz, DMSO-dq) 6:9.41 (2H, brs, 2 X OH), 7.15 (4H,
d, J=8.5 Hz, H-2, 6, 2', 6'), 6.72 (4H, d, J = 8.5 Hz,
H-3, 5, 3", 5'), 4.59 (2H, d, J = 4.2 Hz, H-7, 7'), 4.07
(2H, dd, J = 9.0, 6.9 Hz, H-9a, 9'a), 3.69 (2H, dd, J =
9.0, 3.6 Hz, H-9b, 9'b), 2.99 (2H, dd, J = 6.4, 4.6 Hz,
H-8, 8"); “C-NMR (125 MHz, DMSO-dq): d¢ 131.5
(C-1, 1), 127.5 (C-2, 6, 2', 6"), 115.0 (C-3, 5, 3, 5'),
156.8 (C-4, 4", 85.0 (C-7, 7), 53.6 (C-8, 8'), 70.8
(C-9, 9" AR LA i Eds S A& ERALPE T,
ZE 4 SCHREEAY, %5k &9 11 4 ligballinol.

3.2 JEMMREER

321 o B AHEF R HIE R R e E Y
1~9 AT o5 A EE BRI MR, 45 R EoR,
AW 8 HARKSRIANGEY:, EREKRE 0.25
mg/mL ~, FHHNHIFRN 93.5%, 55T BHPEXTREFT R
P (FHIRN 54.2%), LAY 9 BA S IIHIE
P, HIZEN 40.5%.

322 SWEIELRBULEHENRE R SHeay
1~8 AT A E G L BRI, 45 R IR,
&Y 5 HARMEMBOLE M, fERERE 2.5
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