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Abstract: Three limonoids were isolated and purified from the 95%, 85% ethanol extracts of Melia azedarach
using silica gel column chromatography, Sephadex LH-20 column chromatography, MCI column chromatography,
and preparative RP-HPLC. Their structures were determined based on physicochemical properties and spectral
data, and they were identified as 29-O-ethyl neoazedarachin D (1), 29-O-meliarachin G (2), toosendanin (3).
Compound 1 is a new limonoid, while compound 2 is a new natural product isolated from plants for the first time.
The in vitro anti-hepatocarcinoma activities of compounds 1-3 were evaluated by MTT assay. The results showed
that compounds 1-3 exhibited different degrees of inhibitory effects on both HepG-2 and Hep3B cell lines, and the
inhibitory effect of compound 3 on HepG-2 cells was comparable to that of the positive drug cisplatin. In addition,
compounds 1-3 exhibited IC,, values of 38.67 = 1.336, 28.21 = 1.028 and 8.21 + 1.231 pg-mL" against HepG-2
cells, and 47.36 + 1.008, 35.69 = 1.217 and 15.10 + 1.017 pg-mL" against Hep3B cells, respectively.
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1.217.15.10 £ 1.017 pg'mL",
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Figure 1 Chemical structures of compounds 1-3

PR BRI R E AL, 16 1 644 cm™ AbAG B by DU
[ 45 4R ) .  HR-ESI-MS & 7 WE 2> T 8 1 1§ m/z
559.255 3 [M—H]™ (it5{f: 559.254 9), i€ o TN
C,H, 0, AAIE A 11. 7E'H NMR B, 37X 2
IR SAN LA T HIE (S 5 5, 0.83 (3H, s), 0.91 (3H,
s), 1.13 (3H, s), 1.17 (3H, t, J = 7.1 Hz), 2.04 (3H, s), fik
W IX 0 oR 14 AN 8 Gk L B AR TE 5 6,
2.52 (1H, dd, J = 10.9, 2.0 Hz), 2.70 (1H, m), 3.40 (1H,
brs), 3.44 (1H, d, J = 10.6 Hz), 3.45 (1H, m), 3.46 (1H,
dd, J=9.3, 7.1 Hz), 3.67 (1H, s), 3.82 (1H, dd, J = 9.7,
7.1 Hz), 4.06 (1H, br s), 4.14 (1H, d, J = 10.6 Hz), 4.23
(1H, s), 4.54 (1H, d, J = 4.3 Hz), 4.57 (1H, s), 5.11 (1H,
d, J=3.9 Hz), LA J 3ANBRIR 3R B R T R IE(E 5 5,
6.36 (1H, s), 7.35 (1H, s), 7.43 (1H, s). 454 "C NMR
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LA AH G HEAT TR A U 8, R I R AR S S
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L AFZ ETFEWLZ T — AW HE. il
HMBC i # H-19 [4.14 (1H, d, J = 10.6 Hz)].H-28 [4,,
0.83 (3H, s)] 5 C-29 (6. 103.5) #1 %, H-29 [4.57 (1H,
)] M8, 1.17 56, 66.1 5%, BEUEW 112968 &
SHBLIUAR

U4, 7 HMBC 3 1 (1 2), H-9 [6,, 3.67 (1H, s)]
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A7 A FR LU HA-28 [6,, 0.83 (3H, s)] 5 C-3 (J,. 75.3)-
C-4 (0, 40.8).C-5 (6. 29.2) #1FK LA K 5, 2.04 3H, 5) 5
3 172.8 K, $27R 340 | L HUAR; H-30 [0, 1.13
(3H, s)] 55 C-7 (6, 70.6)~C-8 (6, 42.7)~C-9 (6, 49.0)-C-
14 (6. 59.4) #%, 278 700 = 5 B0 H-18 [4, 0.91
(3H, 5)] 5 C-12 (J, 78.8).C-13 (3. 47.5)~C-14 (5. 59.4).
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4.23 (1H, s)] f1H-9 [4,, 3.67 (1H, 5)] 5 . 214.0 155 LA
S H-14 [§, 3.39 (1H, s)] f1H-16a [6, 2.70 (1H, m)] 5
d. 220.6 H1%, $E8 12 7 A1 15 A1 A $RIEEEUR; 72 'H-"H
COSY i+ (K2), H-2 4375 H-1.H-3 /1%, H-6 751l 5
H-5.H-7 #15%, H-16 5 H-17 # 2%, H-22 55 H-23 #5% DA
J%29-OCH,CH, 5 29-OCH,CH, 1. [RIIfifid NOESY
TE (P 3) s BOIRZE A 6 A B, H-19 [6,, 4.14 (1H,
m)] 5 H,-30.H-1 #5¢, H-2 [d,, 2.69 (1H, m)] 55 H-1.
H-3 4158, BLA H-7 FTH-12 5 H,-30 A1, B8] C-3 fr b
1) Z.EHE LL S C-1.C-7.C-12 K7 _EBUACHI IR N o i)
B, BbAh, H-3 k205 8 5.11 (1H, d, J = 3.9 Hz), &
B C-29 A7 U BUARFE N endo /LTS, BeAb, (b &1 5
LA ) neoazedarachin D A AL B AL 22 AL L i
T #h A BRI NOESY #H 9%, LA K 2 751X 28 trichilin-
type F7 & AE B AR S A& s 420, HED AL
AW 4 0k K 7 Ry 1S, 3R, 4R, SR, TR, 8S, 98, 108,
12R, 138, 14S, 17R.

Figure 2 Key HMBC () and 'H-"H COSY () correla-

tions of compounds 1 and 2
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i - &R 7155 6, 2.60 (1H, d, J = 8.9 Hz), 2.67
(1H, d, J = 10.3 Hz), 3.37 (1H, t, J = 9.5 Hz), 3.44 (1H,
s), 3.78 (1H, m), 3.93 (1H, br s), 4.08 (1H, s), 4.47 (1H,
d, J=14.1 Hz), 4.84 (1H, m), 4.84 (1H, s), 5.07 (1H, d,
J =14.0 Hz), PA J2 3 DRI 36 b A1 BIE {5 5 6,
6.42 (1H, s), 7.45 (1H, s), 7.48 (1H, s). %54 "C NMR
FIDEPT135°1% R B, %L & 93645 30 M55, Hp
BLFE S AMATE AP 1 AD R 10N TR . B
WX B S A H BB AE 5 6. 19.9.20.0.20.7. 211,
21.6, k37 X &7 5 DN HEEBR(E 5 0. 69.7.71.3.74.2.
75.3.80.1, 1 ZHIRIMG A BB AE 5 0. 111.8.123.8.142.2,
144.6, 3 MG HE B AE 5 0. 172.0.172.2.175.9 B J 24>
B ILTRAS 5 0. 209.9.218.9. i i HSQC & xf 1k &
Y2 BR A B AR SCHEAT T WERA T R, R I RE S
P& 5 SCERT R E A 2L A4k & ) meliarachin G %
H AL, AR ZATET AW 2/ T —AHAE, i
HMBC ¥ #1 H-19 [0, 4.47 (1H, d, J = 14.1 Hz), 5.07
(1H, d, J = 14.0 Hz)].H-28 [J, 1.13 (3H, 5)] 5 C-29 (.
175.9) A2, Ui AL A4 2 119 29 A7 A i 2 AR

Ib 4k, /£ HMBC i (14 2), H-9 [, 4.08 (1H, s)]
MIH-19 [, 4.47 (1H, d, J = 14.1 Hz), 5.07 (1H, d, J =
14.0 Hz)] 5 C-1 (6. 71.3) #HE, $&7n 1 0 45 F FEHUAR
H-30 [d, 1.20 (3H, s)] 55 C-7 (J. 69.7)~ C-8 (. 47.5)+
C-9 (5. 48.3)~C-14 (6. 59.9) # %, #&/n 7 A = FEHL
&; H-18 [4,, 1.03 (3H, s)] 5 C-12 (5. 80.1). C-13 (J
49.7).C-14 (8, 59.9).C-17 (9, 38.8) #5%, H-12 [9, 4.84
(1H, s)] #1 6, 2.10 (3H, s) 5 6. 172.0 # 3¢ LA & H-28
[0, 1.13 (3H, s)] 5 C-3 (J,. 75.3)C-4 (5. 47.3)~C-5 (6
28.9), H-3 [6,, 4.84 (1H, m)] F16,,2.09 (3H, s) 156, 172.2
FHOG, 3o 300 A 12 A7 A7 £ B S 2 BUAR; H-9 [0, 4.08

Figure 3 Key NOESY (» ) correlations of compounds 1 and 2
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Table 1 'H NMR (500 MHz) and °C NMR (125 MHz) data in CD,0D for compounds 1 and 2

Position ! 2
6” 6(‘ 6” 6(‘
1 4.54 (1H, d, J=4.3 Hz) 71.3 3.78 (1H, m) 71.3
20 1.80 (1H, m) 37.0 1.98 (1H, m) 329
28 2.69 (1H, m) 2.06 (1H, m)
3 5.11 (1H,d,J=3.9 Hz) 75.3 4.84 (1H, m) 75.3
- 40.8 - 47.3
2.76 (1H, m) 29.2 2.93 (1H, dd, J=13.7,3.6 Hz) 28.9
6a 1.70 (1H, m) 24.2 1.68 (1H, m) 27.3
6B 2.09 (1H, m) 1.84 (1H, m)
7 4.06 (1H, br s) 70.6 3.93 (1H, br s) 69.7
8 - 42.7 - 47.5
9 3.67 (1H, s) 49.0 4.08 (1H, s) 483
10 - 43.7 - 40.8
11 - 214.0 - 209.9
12 4.23 (1H, s) 78.8 4.84 (1H, s) 80.1
13 - 47.5 - 49.7
14 3.40 (1H, br s) 59.4 3.44 (1H, s) 59.9
15 - 220.6 - 218.9
16a 2.52 (1H, dd, J=10.9, 2.0 Hz) 46.3 2.60 (1H, d, J = 8.9 Hz) 44.6
168 2.70 (1H, m) 2.67 (1H, d,J=10.3 Hz)
17 3.45 (1H, m) 39.7 3.37 (1H, t,J=9.5 Hz) 38.8
18 0.91 (3H, s) 22.2 1.03 (3H, s) 21.6
19a 3.43 (1H,d,J=10.6 Hz) 64.9 4.47 (1H, d, J = 14.1 Hz) 74.2
198 4.14 (1H, d, J= 10.6 Hz) 5.07 (1H, d, J= 14.0 Hz)
20 - 126.4 - 123.8
21 7.35 (1H, s) 141.5 7.48 (1H, s) 144.6
22 6.36 (1H, s) 111.9 6.42 (1H, s) 111.8
23 7.43 (1H, s) 144.2 7.45 (1H, s) 142.2
28 0.83 (3H, s) 19.8 1.13 (3H, s) 20.0
29 4.57 (1H, s) 103.5 - 175.9
30 1.13 (3H, s) 22.0 1.20 (3H, s) 20.0
3-OCOCH, 2.04 (3H, s) 21.3 2.09 (3H, s) 20.7
3-OCOCH, - 172.8 - 172.0
12-OCOCH, - - 2.10 (3H, s) 21.0
12-OCOCH; - - - 172.2
29-OCH,,CH, 3.46 (1H, dd, J=9.3,7.1 Hz) 66.1 - -
29-OCH, ,CH, 3.82(1H,dd,J=9.7,7.1 Hz) - -
29-OCH,CH, 1.17 (3H, t,J=7.1 Hz) 15.5 - -

(1H, s)] FTH-12 [0, 4.84 (1H, s)] 5 0. 209.9 #15%, H-14
[0, 3.44 (1H, s)] A1 H-16 [J, 2.60 (1H, d, J = 8.9 Hz),
2.67 (1H,d,J=10.3 Hz)] 5. 218.9 4K, $&/x C-11 F
C-15 APIEEUA . 7€ 'H-"H COSY i+ (8 2), H-2 %
A5 H-1.H-3 #15¢, H-6 737l 5 H-5 H-7 # 5%, H-16 5
H-17 #H% PL Je H-22 5 H-23 1 5%. [A] 3@ i NOESY
T (B 3) e B2 1A A L, H-19 [0, 5.07 (1H,
d,J=14.0 Hz)] 5 H,-30 #i%, H-19 [6,, 4.47 (1H, d, J =
14.1 Hz)] 5 H-2 [6,, 1.98 (1H, m)] #H 3¢, H-2 [, 2.06
(1H, m)] 5 H-1.H-3 #15% L}z H-7 M1 H-12 5 H,-30 #f]
5%, Vi C-3.C-12 07 - 1) k% LA K C-1.C-7 Az L
REVREEI N o i B . TR R I, a2 18
2023 SE R IE 2 )V R S5 B IS 13 B e, i
— DL AR, P &Y B 4a it F Bk 1S, 3R,
4R, 5R, 7R, 8S, 95, 10S, 12R, 135, 148, 17R.

R LRI, AW 2 S5 K 4 N (1S,3R,4R,5R,

7R,88,9S5,108,12R,13S5,14S,17R)-19,29-epoxy-29-ester-
la, 7o -dihydroxy-3a, 12a -O-diacetyl-meliacane-11, 15-
dione, H—ANHI I RIR W 7479 29-O-meliarachin
Go AR ZAL &IPS Bt BEAT 1 BN VEAR R A
J&, WA 1,
2 WEYIRIRATEEY

K H MTT i 5546 & 7 1~3 8E 47 N e 40 i
(HepG-2Hep3B) (14 i 25 7 P4 S 5%, I LAIUEH Ay BH 14
XFIRAEAT RO . 45 SRR WAL & 1~ 3 30 N JH- e 40 7
HEAT A R 4 45 ), H A 54 3 %) HepG-2
R A A P 5 B 25 UEA AR 2 (R 2).
3 g

R IS A 2 g s, AT R T R 2R R
— Bl E 7R R A I DU R =k A5 A, e AT R B
e A AT AR, B SR 2 FE AN (0 AR
P, A B R PR R AL A 2 20 R T 2 R ) B A
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Table 2 Cytotoxicities of compounds 1-3 (IC,,, pg'mL™"). n =3,

x£s
Compound HepG-2 Hep3B
1 38.67 +1.336 47.36 +1.008
2 28.21+1.028 35.69+1.217
3 8.21+1.231 15.10+1.017
Cisplatin 8.97 +1.062 536+ 1.158

Bite ASHIEFE M B B v o3 B A5 B 3 MR R K
oy, FeA A G S, S 2 T R AR
FEY, IR T U RS . B R R EY
1~3 X AT 40 (HepG-2Hep3B) #f B A [F] f1) #1 1l)
YER . M2 T LUE H 3 AN AP 1 B AT s 3 1k o
FHMBUT R A G 3 > a2 > a1, iR HETE
72 S 1 R DR HE U FT B Ak &) C-12 -0 Ac BUAR AL
75 35 PR AR T -OH BUAR; C-29 B 51 N -OH I i P AR
=0, 1fi=0 AL fk T -OCH,CH, B AX; C-14/C-15 -
MR E I A R T ARG . A BB IGIE 71X
—HEIN . BB AN, A TS R M G C-1 A C-T
SN-OH HUAR B 2 $2 e % M 1) O B, 3 00 T 5 B T 4k
B~ EAA SR R B . 1fi 2 C-15 =0
AR B v 1 e . 6 T DL b2 by S 2 B 4 SR SR A, Mk
SV 3 BA B e YE, B HepG-2 40 i i) 4
i) FH 5 BH A 24 I AR 24

LI ER ST

Bruker AV 1T 600 8 % JL 4R % 154X (4% [F Bruker
> #); Agilent 1260 Infinity ITH1] £ 4 57 250 AH €3 A%
(% [ Agilent 24 7]); SCIEX/AB Sciex X500R = 43 HF il
J B A [T n 3 AB SCIEX (Distribution) Pte. Ltd.];
EYELA % Jig % 78 KA (Lg% B A BR 2 \));
Spectrum TWO {8 B 21 7} 4 1% 4% (3% [E PerkinElmer
A ), BEFR AL A B KE 77 46 Sorvall ST 16 Kid &
> ML (3£ E Thermo Fisher Scientific A &); OLYMPUS
CKX41 {8 B & 8% (H A Olympus 2 #); ESCO £4)
A RTINS Z B IR A | ); HH-6 $UR 5 iR
K AR (M R g A IR A A PR (HepG-2.
Hep3B, ™ [E Bl 2% B b i 4= &y B 22 0F 70 b 48 i 55 U8
Hi.»); COSMOSIL Packed Column 5C, -MS-1T 4 % Fi:
(10 mm x 250 mm, 5 pm, H A& COSMOSIL 2 &]); MCI
GEL (CHP20/P120) (H 7% Mitsubishi Chemical Corpora-
tion); Sephadex LH-20 (3£ [# Cytiva A &]); A B RE K
R IR (F B L), O VR (B, b
R T AR B AR A PR 2 ), He Al 4y [
43 #14l; FBS.DMEM £ 37 JE . Pen Strep (5 5 % -1 %
FE P, 2 1H Gibeo 2 7); 3-(4,5- . H KL mEME2)-

2,5- ORI DU ML AR (MTT, ZEEAFA).

T 2024 425 AT PEEERR, HHEEMR =&
A B A ] BN i B AT 25 00 48 58 D B Melia aze-
darach L. I\ K7 . FHPIFEA (202405MA) /778178
HH 2 24 K 25 R R 2 B IS 2 0T TR
1 E#BSSE

R B (45 k) TIRZGA, M e R B, F 95%
MBI R PR E 2 K, BFIR 2 h, J5 B 85% LB
HULIR, B 2 h, & H 3R BUR F R R 46 15 2 20R B
(2.5kg). ERE HKSBUGS, WK A — &
Bt LR S BB IEAT BRI, 980 RSO 7, 45 3] =S AF)
WPk BB A - A KB A7 (450 g) G EEER AL (75 g)-
LR CTEHBAL (290 g)o

B 50 e 8 2 2 ek JiE (100~200 H ) #: (533 43
B, AW BT (100:0.100:1.80:1.50:1.30: 1
20:1.10:1.5:1.2:1.0: 1) BEEESR i, 15 10 4N 7 Fs.
A~T; Fs. D@ fE g (200~300 H) H:EiE 05, 1
M- 2R 208 (2001.10:1.5:1.2:1.1:1.0: 1) BHE ¥
i, 3 6 M7 Fs. D.1~6; Fs. D.5 i /3 4 MCLA: (3% 43
B9, 30%+50%+70% 80%+ 90% 100% . B /K B & Ve it
1386 ™ML/ Fs. D.5.1~5.6; ¥4 Fs. D.5.2 4 Sephadex
LH-20 #F 3 73 85, DL BEAE R, Frfsim 2 it
TLC & J 48 [A % P B, 3 2] 7 AN i 4 Fs. D.5.2.1~
5.2.7; Fs. D.5.2.2 i 73 2 ffil] % 4 HPLC (COSMOSIL
Packed Column 5C -MS-1I, 10 mm x 250 mm, 5 um; i
SHNH EE-IK, 30270, i3 3 mL-min™") 4r 2544k, 4 &
BEML AP (t,= 52.51 min, 4.5 mg)2 (¢, = 46.59 min,
6.5 mg).3 (¢, = 43.47 min, 21.0 mg).

2 KT

EW1 BERK; IR (KBr) v,,: 3 443, 2 963,
2930,1730,1644,1382,1257,1179,1068,1025cm™;
'H NMR (CD,0OD, 500 MHz) #1"”C NMR (CD,OD,
125 MHz) %4 L% 1; HR-ESI-MS m/z 559.255 3 [M-
H]” (11518 559.254 9, C, . H,,0,,)-

&2 EERK; IR (KBr) v, : 3 456, 2 985,
2943,1730, 1639, 1385,1241,1175,1058,1027 cm™;
'H NMR (CD,0D, 500 MHz) #1"”°C NMR (CD,OD,
125 MHz) ¥4 W% 1; HR-ESI-MS m/z 573.233 1 [M+
H]" (514 573.232 0, C, H,.0,))-

&3 AEFR; 'HNMR (500 MHz, CD,0D)
0 7.40 (1H, s, H-21), 7.19 (1H, s, H-23), 6.16 (1H, s, H-
22), 5.33 (1H, s, H-12), 5.18 (1H, t, J = 9.4 Hz, H-3),
4.83 (1H, s, H-29), 4.70 (1H, s, H-9), 4.31 (1H, d, J =
12.6 Hz, H-198), 4.26 (1H, d, J = 12.6 Hz, H-19a), 4.26
(1H, m, H-1), 3.81 (1H, br s, H-15), 3.55 (1H, m, H-7),
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2.88 (1H, m, H-17), 2.78 (1H, m, H-5), 2.06 (3H, s, 3-
OAc), 1.95 (3H, s, 12-OAc), 1.38 (3H, s, H-18), 1.12
(3H, s, H-30), 0.84 (3H, s, H-28); "C NMR (125 MHz,
CD,0D) § 70.9 (C-1), 37.2 (C-2), 74.8 (C-3), 41.2 (C-4),
29.6 (C-5), 26.2 (C-6), 70.8 (C-7), 42.9 (C-8), 50.1 (C-
9), 43.9 (C-10), 209.1 (C-11), 79.7 (C-12), 46.9 (C-13),
73.6 (C-14), 59.9 (C-15), 34.8 (C-16), 39.8 (C-17), 20.9
(C-18), 65.4 (C-19), 124.2 (C-20), 143.7 (C-21), 113.0
(C-22), 142.0 (C-23), 20.0 (C-28), 97.3 (C-29), 15.8 (C-
30), 172.8 (3-OAc), 23.1 (3-OAc), 172.2 (12-OAc), 21.4
(12-OAc). UL b Hds 5 SCmkl 4 0 i B A — 3, %
EWAP )RR (toosendanin).
3 mBFREEMTGE

SR MTT SR HEAT N Je 200 it 435 3 400 1) 3 0
53 ¥ HepG-2 . Hep3B 41 it 55 7% T & 10% A 4 1ML 7 -
1% 75 8 R M55 2K I DMEM 85 9% 56w . BB KRS
R AT H AR T X A K T 0 4 i DLRE = T 1 10° 1) 3% %
BeFpF 96 FLAR (BF4L 100 uL) H, F 37 °C.5% CO, K%
FEAE T E 24 h S IR RS f (25 & E N 200
100.50.25.12.5.6.25.3.125 pg-mL™"), 4k £: 55 9% 48 h
Ja, BEFLIIN 10 uL MTT (WK N 5 mg-mL™") A, 4k
BifE 37 °C5% CO, MG 4 h 5 MLl FHF 2% B
TE W, BEFLINN 150 uL DMSO, #& K #% 7% 10 min, FH i
P AL TE 570 nm 3 K 4 K I W % B (OD) i, 1 A
GraphPad Prism 8 11 5H H AR B iE IR (1C,,)!™ '

e Sk S0 615 A 4 B S S R SO S;
R B B R 2B 5 2 AR AR TSR R 4R S AR 1
e PN S 5 SE 0 T FI R RS B

FEMIE: FrA 1EE B AR 20 R
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