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Abstract: Objective To study the sesquiterpene alkaloids from Maytenus variabilis and their cytotoxic activities. Methods The
compounds were isolated and purified by column chromatography over normal phase silica gel, preparative thin-layer chromatography
and preparative HPLC. Their structures were elucidated by means of various spectroscopic techniques including one-dimensional
nuclear magnetic resonance (1D NMR), two-dimensional nuclear magnetic resonance (2D NMR) and high resolution mass
spectrometry (HRMS). The anti-tumor activity of the compound was investigated by MTT assay. Results Two sesquiterpene alkaloids
were isolated from M. variabilis, their structures were elucidated as (1R,2S,4S5,5S,6R,7R,9R,10R)-1,2-dinicotinoyloxy-4-
hydroxy-6,15-diacetoxy-9-benzoyloxy-dihydro-B-agarofuran (¢)) and (1R,25,48,58,6R,7R,9R,10R)-1,6,15-triacetoxy-2,9-
dinicotinoyloxy-4-hydroxy-dihydro-B-agarofuran (2), respectively. Conclusion The cytotoxic activity study revealed that compounds
1 and 2 exhibited certain in vitro proliferation inhibitory activity against human gastric cancer HGC-27 cell with ICso values of 69.44,
65.74 pmol/L.
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FIZRFEEAR Maytenus variabilis (Hemsl.) C. Y.
Cheng N DRSS AR BEAMEY, L ENAGTH]
AEPEHRS WUNIZRFR D1 e m Bl ATl
F AN Z A RBEAEN ., R 25 AL, H
fRRE BN PUMIBESETIRL EERTRIT N B
ZNPN NS NI HE SRR v - [ A=y 2
FHIFRRWHZREERESABRE. =wKUL
VIR, B BUMIE . U S BE EBT,
N T SR Z G RE R A gy, ARSI
R F AR BT, IWILZERL 95% 4
REAR MUV IR SR AR AL 7 5 1 2 MK
& ¥ (1R,25,45,55,6R, 7R 9R,10R)-1,2-dinicotinoyloxy-
4-hydroxy-6,15-diacetoxy-9-benzoyloxy-dihydro-f3-
agarofuran (1) F1 (1R,25,4S,5S,6R,7R,9R,10R)-1,6,
15-triacetoxy-2,9-dinicotinoyloxy-4-hydroxy-dihydro-
B-agarofuran (2), JNHfiFidi /EWmR, Zkg LA 1,
AR A4 RFEEAR T A (1D FIEEARTH B (2).
SRR MTT YRR S VI A 2R E AT
TR, 5 R SR A 1R 2 %6\ B 40 HGC-

27 A T AE G
5? p A b,
i;w'!ii KZT&O”@ =
IIl HO O(l) <
Y

1 2

E1 &1 52 msEh

Fig.1 Chemical structures of compounds 1 and 2
1 5

Bruker AV 400 #Z W EARBAEA Giii LA & A
7] ); Bruker microToF-QII HE M 55 - DU 25 #F- % 47 it (1]
LC/MS/MS H B A (FEE A& 5 /A w]); Anton
paar MCP 5100 /=5 B & REIE AL (BLHF] Anton
paar A #]); LC-2030C 3D Plus % & S0RH (0 14X
(HA A ] ); Dionex Ultimate 3000 8 & 30K AH
A (GEETRZZ AT ); P2050 il 4 AR € 1
0 T MBENUESRHLCA R A F]D; Cosmosil MS-11
RP-Cis i FE G 7 : 250 mm X 10 mm, 10 pm;
AT 250 mm X 4.6 mm, 5pum) (HA Cosmosil

INFED ARIRAE TN (32E Labeonco A d]); 1E
A RERE RS OIS 2: TR FERT ) A (i rk A
(HA YMC AFD). MG FRME (HA=FEA
F]); Stat Fax-2100 Y g B¢ 5 9% A 4% (3£
Awareness ‘A 5] ); XDS-1B {38 B 4% (H 7S Nicon
AFD; ARIREOML (FEE Eppendorf AF]); HF
RF (LR ENBRARAFD; BisTIESG
(AL AR BRAG 7RAX 2 i A PR A F]); Sephadex LH-
20 (3£ Pharmacia A &)); mRTRAHH FEE. 2N
Bilytailial (3£ TEDIA AR, KA=HK, H
AR R A all CREERNE BRAE 22 A BR A
F); MEERIR GFss (B RBEEMAT) D MTT
(£HE Sigma AF]); 1640 353 (EE Gibeo 2
"D FAEEIME (WL RPAEDRIE AR A
&), BEAR (£E Amresco AF]); HGC-27 4
e B H ER B B A R T A, 4%
T A () R R IR TV 7%

FIZEE B AR AWALE 5 E T KA KEA G

B, GRS 1255 b TR B s e e

FRIEARBHER K EAR M. variabilis (Hemsl.)
C.Y.Cheng. H¥IFRA (2022042101) {R77T =k K
SRR T S R AR A =
2 RESNE

TERARIE (R 25 S AR R4 11.6kg, H S
fEE) 95% T (60 L) VIR HREL 3 ¥k, [,
REIRE 695.5g. KRB MAKE 3L HAE, HKIKH
Ak FEER LB A IE T EEAEHL 3 Yko R
W, 7800 TG 7 A AR E (66.4g). B
MR CBIRE (46.7g). IETEER U%oy\m%
&Ea(@zyom%&a%%uﬁgmmg,%
IEAHEER: (200~300 D FEEE, DI& . =
SR E-FIREE (1002 1,905 1.80:1.70: 1. 60 :
1. 50:1.40:1.30:1.20:1, 10: 1. 8:1.
6:1.4:1.2:0 14151, HEREREEBR, TLC #
W, GFFMERS S, 1528 18 Mt (Fr. 1~
18). Fr.9 (360.0 mg) ZIEMHEER (200~300 H)
FEERE B, DL - HEE (450 1) SN,
%Ta,W%%Wﬂmﬁﬁﬁ6Aﬁ Fr. 9.1~
9.6. Iit4r Fr. 9.4 Ziill4 % HPLC 4lith, LLZJE-/K
(50 1 50) SFREYEML (AFE 3 mL/min, i)
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£ 203nm), HEMLAEY 1 (6.2mg, rR=21.1min).
2 (32mg, ®=21.9 min).
3 ZHEE

a1 AtERm K. [a]f—4.7 (0.5,
CHCl3); HR-ESI-MS #5757l m/z 717.267 4

[M+H]" GiFHEAY 717.267 4), 454 PC-NMR #d5
5 TH-NMR ##5, #7208 CisHaoN2012,

AMIAIE 20, 'H-NMR (400 MHz, acetone-ds) %
(R D BrASAHHFEES [on 1.61 (6H, s, H-12
K H-14), 1.65 (3H, s, H-13), 2.12 (3H, s, 6-OAc), 2.29

=1 1L&41 702 B9 "H-NMR (400 MHz, acetone-ds) #1 '*C-NMR (100 MHz, acetone-ds) #1&
Table 1 'H-NMR (400 MHz, acetone-ds) and 3C-NMR (100 MHz, acetone-ds) data of compounds 1 and 2
. 1 . 2
WAL OH oc AL OH Jc
1 6.02 (d, J=3.6 Hz) 72.8 1 5.72(d, J=3.6 Hz) 71.2
2 5.99 (m) 707 |2 5.75 (m) 70.6
3 2.44 (dd, J = 15.7, 3.7 Hz) 426 |3 2.35 (m) 425
2.24 (dd, J = 15.3, 2.9 Hz) 2.15 (dd, J = 15.3, 2.9 Hz)
4 70.1 4 70.2
5 92.0 5 91.9
6 6.31 (s) 788 | 6 6.23 (s) 78.8
7 2.33 (m) 499 |7 2.32 (m) 49.9
8 2.65(ddd, J=16.7,7.445Hz) 355 |8 2.63 (M), 2.35 (m) 35.4
2.30 (m)
9 5.61 (d, J = 6.8 Hz) 703 |9 5.55 (d, J = 7.1 Hz) 70.6
10 56.2 10 56.0
11 85.5 11 85.6
12 1.61 (s) 261 |12 1.57 (s) 26.1
13 1.65 (s) 295 |13 1.62 (s) 295
14 161 (5) 263 | 14 1.56 (s) 26.3
15 5.50 (d, J =12.6 Hz) 66.4 15 5.31(d, J=12.6 Hz) 66.4
471(d, J = 12.7 Hz) 4.42 (d, J = 12.7 Hz)
OH 3.30 (s) OH 3.34 (s)
1-ONic 2 8.54 (d, J = 1.6 Hz) 1509 | 1-0Ac CHs 156 (s) 20.6
3 126.0 CO 169.9
4 7.71 (dt, J=8.0, 2.0 Hz) 137.1 2-ONic 2 9.20 (d, J=1.7 Hz) 151.6
5 7.25 (ddd, J=8.0, 4.8, 0.6 Hz) 124.0 3 126.5
6 8.61 (dd, J=4.8,1.7 Hz) 1544 4 8.43 (dt, J = 8.0, 2.0 Hz) 137.9
co 164.7 5 7.57 (m) 124.51124.7
2-ONic 2 9.14 (d,J=1.8Hz) 1515 6 8.82 (m) 154.8/154.9
3 126.3 CO 165.4
4 839(dt J=80,19 H7) 1377 | 6-0Ac CHs 2.10(s) 216
5 7.53 (ddd, J =8.0, 4.8, 0.6 Hz) 124.6 CO 170.9
6 8.81 (dd, J=4.8,1.6 Hz) 154.8 9-ONic 1
co 165.3 2 9.15(d, J = 1.7 H?) 151.9
6-OAC CHs 2.12(s) 215 3 126.3
CO 170.7 4 8.32 (dt, J =8.0, 2.0 Hz) 138.2
9-0Bz 1 130.0 5 7.57 (m) 124.5/124.7
2 7.74 (dd, J=8.5, 1.4 Hz) 130.5 6 8.82 (m) 154.8/154.9
3 7.40 (t,J=7.8 H2) 129.1 CO 164.7
4 7.60 (t, J = 7.5 Hz) 1341 | 150Ac CHs  2.26 (s) 21.2
5 7.40 (t,J=7.8 H2) 129.1 CO 171.2
6 7.74 (dd, J=8.5,1.4 Hz) 130.5
CO 165.2
15-0Ac CHs  2.29 (s) 21.2
CO 171.0
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(3H,s,15-0Ac¢)], 4 MEFIRTEES [0u6.02 (1H,
d, J=3.6 Hz, H-1), 5.99 (1H, m, H-2), 6.31 (1H, s, H-
6),5.61 (1H,d, J= 6.8 Hz, H-9)], 1 ZHi#E% H (s
5 [0u 5.50 (1H, d, J = 12.6 Hz, H-15a), 4.71 (1H, d,
J=12.7Hz, H-15b)], 1 MEMIGRIKHRE(ES 6n2.33
(1H, m, H-7), 2 A% [on2.44 (1H,
dd, J=15.7,3.7 Hz, H-2a), 2.24 (1H, dd, J= 15.3, 2.9
Hz, H-2b) #12.65 (1H, ddd, J = 16.7, 7.4, 4.5 Hz, H-
8a), 2.30 (1H, m, H-3b)], 2 ZH 3-HUfRAmEE 3R 1
=5 [0u8.54 (1H,d,J=1.6 Hz, 1-ONic-2), 7.71 (1H,
dt, J= 8.0, 2.0 Hz, 1-ONic-4), 7.25 (1H, ddd, J = 8.0,
4.8, 0.6 Hz, 1-ONic-5), 8.61 (1H, dd, J = 4.8, 1.7 Hz,
1-ONic-6) #1dy 9.14 (1H, d, J = 1.8 Hz, 2-ONic-2),
8.39 (1H, dt, J= 8.0, 1.9 Hz, 2-ONic-4), 7.53 (1H, ddd,
J=8.0, 4.8, 0.6 Hz, 2-ONic-5), 8.81 (1H, dd, J = 4.8,
1.6 Hz, 2-ONic-6)]. LAJ 1 HHHARKIA T T55
[0n 7.74 (2H, dd, J = 8.5, 1.4 Hz, 9-OBz-2 % 9-OBz-
6), 7.40 (2H, t, J = 7.8 Hz, 9-OBz-3 }% 9-OBz-5), 7.60
(1H, t, J = 7.5 Hz, 9-OBz-4)]. *C-NMR (100 MHz,
acetone-de) FH (& 1) A1, Br_IRIEHINT R
fE540, i BIR 3 MEREIE S 6c 70.1 (C-4),92.0
(C-5) #185.5 (C-11), 1 MEMIHEFRIES dc 56.2
(C-10), LK 5 ANFRIEAE S oc 164.7 (1-ONic-CO),
165.3 (2-ONic-CO), 170.7 (6-OAc-CO), 165.2 (9-
OBz-CO)#1 171.0 (15-OAc-CO). FiR ¥ 57k 1 17
ANAHRIRE, 4 3 DAMFIRE, HENALED 145

'H-'H cosY HMBC

FIHIEAAAE 3 AN LIRS 45 & SOk B 3R 10
G 1 B 2 AU SRR £ 2 i 428100,
M 'H-'H COSY W% #] H-2/H-3 Al H-6/H-7/H-
Sa/H-9 I MHNEMH A R4, M HMBC W8] [
H-1/C-2,C-10; H-2/C-3,C-10; H-3/C-1,C-2,C-4,C-
5; H-6/C-5,C-7,C-8,C-10,C-11; H-7/C-5,C-6,C-9,
C-10; H-8/C-7,C-11 Ll J H-9/C-5, C-8, C-10 [P %
XSS (2, FdREdRs— Pt e 11
2 S R R 15 -l B 42 . [ 2 BT i oA TH-
'H COSY PLK HMBC ¥(¥E R H 73 Fh 47145 2 N &
ML, 2 NI L DL K 1 AR RS . HMBC 3
H-1/C-(1-ONic-CO); H-2/C-(2-ONic-CO) Ll f H-
9/C-(9-OBz-CO) HIEFEAHIAE TR 2 AL
PLRC 1 AR FR RS A e 7 T 1 1. 24 9 ALkl
H-6/C-(6-OAc-CO)ff] HMBC ifEtH< 55 £, 1
A GBS 771 6 ALlE (Bl 2). 1ff H-15/C-(15-
OAc-CO); H-1/C-15; H-9/C-15 LK H-15/C-10 ]
HMBC IR AH AT 5 MR 57— A SR AE 7+
() 15 £ lle £ B2 3 10 7. HMBC iM% (5 5
H-12/C-11; H-13/C-11; H-14/C-3; H-14/C-4 }% H-
14/C-5 3B 3 N EEHERR] 11 A0k 4 fr. It
Hh, 0n3.30/C-4 f 6u3.30/C-14 [f) HMBC iz A0 %
FERI 1 NREEREN 4 b, B E TS
/B WEARETELT AN

NOESY i (& 2), f##F H-1/H-3a, H-1/H-9,
H-1/H-12, H-3a/OH-4, H-3b/H-14, H-6/H-8a, H-6/H-

NOESY

2 A& 1702 /EE 'H-'H COSY. HMBC #1 NOESY %
Fig.2 Key '"H-'H COSY, HMBC and NOESY correlations of compounds 1 and 2
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14, H-6/H-15a LK H-9/H-8b AHICIE, FH H-1,
OH-4, H-9 J% OAc-6 fi T2+ HF—1fl, 1M ONic-
1,H-6, H-14, OBz -9 } H-15 W47 F-2>F () 55—,
58 H-1 5 H-2 PEAFE (J12=3.6 Hz)
K H-1 5 H2 6T FrIE—MW, EiREdEE
THAEVRAER R, HETCHERTE 4 AR5
AWML A 1, 4, 5, 6, 7, 10 ALFEAF
(PRI RR RIS ), Werf e A& 1 4 i 7Y
N 1R,2SA4S,55,6R,TR9R,10R. % E, L& 1 H4EHy
Y% %€ N (1R2S4S,55,6R,7R,9R,10R)-1,2-dinicotinoyl-
oxy-4-hydroxy-6,15-diacetoxy-9-benzoyloxydihydro-
B-agarofuran. ZH(H%E (SciFinder) iR, L&Y
1 AR LAY EY), R RNEEART
kA

wEY 2: AR K. [al)-3.8 (0.5,
CHCl3); HR-ESI-MS #E7>F 50§ m/z 655.250 6
[M+H]" G5 655.249 8), 454 1BC-NMR ¥4
5 'TH-NMR %5, #E Ho 1508 C33HisN2010,
AHIFIE 15, 'H-NMR (400 MHz, acetone-ds) #(4
(R D BrA 6 MHEES [0u 1.56 (6H, s, H-14
& 1-OAc), 1.57 (3H, s, H-12), 1.62 (3H, 5, H-13), 2.10
(3H, s, 6-OAc), 2.26 (3H, 5, 15-OAc)], 4 PMEHIKH
FA55 [on5.72 (1H, d,J=3.6 Hz, H-1), 5.75 (1H, m,
H-2), 6.23 (1H, s, H-6), 5.55 (1H, d, J= 7.1 Hz, H-9)],
| HIERWHIEES [0u5.31 (1H, d,J=12.6 Hz, H-
15a), 4.42 (1H, d, J= 12.7 Hz, H-15b)], 1 Mg
WSS oy 2.32 (1H, m, H-7), 2 48N L H
FA55 [0n2.35 (1H, m, H-2a), 2.15 (1H, dd, J=15.3,
2.9 Hz, H-2b) A1 2.63 (1H, m, H-8a), 2.35 (1H, m, H-
3b)], 2 4 3-BUARBIMERERR BT (55 [0n9.20 (1H, d,
J= 1.7 Hz, 2-ONic-2), 8.43 (1H, dt, J = 8.0, 2.0 Hz, 2-
ONic-4), 7.57 (1H, m, 2-ONic-5), 8.82 (1H, m, 2-
ONic-6)H1 05 9.15 (1H, d, J = 1.7 Hz, 9-ONic-2), 8.32
(1H, dt, J = 8.0, 2.0 Hz, 9-ONic-4), 7.57 (1H, m, 9-
ONic-5), 8.82 (1H, m, 9-ONic-6)]. '3C-NMR (100
MHz, acetone-ds) #¥ (K 1) ", [ _LIRIEFIXT N
IBAS 548, EEoR 3 MEATFRIE S 6 70.2 (C-
4), 91.9 (C-5) F185.6 (C-11), 1 MaWHEEWRES
3¢ 56.0 (C-10), AL 5 MRIE(E T ¢ 169.9 (1-OAc-
CO), 165.4 (2-ONic-CO), 170.9 (6-OAc-CO), 164.7
(9-ONic-CO)AIl 171.2 (15-OAc-CO). ik 51k
A9 1 1) "H-NMR 2 BC-NMR ¥ w5 AL (%
D, fEntbEY 2 5 1 BAME R 2 E8 R Ak

R s 4, K2 fior 'H-"H COSY H & &
4L . HMBC @R AH G — il T &Y 2 11
AR AR5 i B 28 . 5HE 1ML,
a2 MEEX R 1 SROERE T 1 N4
i (1-0Ac) TARMHIEIE, 9 SRROIER: T 1 MR
£ (9-ONico) TMAEARFMEEE, FiRZ5187] HH HMBC
it H-1/C-(1-OAc-CO) [ H-9/C-(9-ONic-CO) )iz
FEARSAE SEse (B 2). mkifiE TIh&a 2 1I°F
Mg . HAIXHT T NOESY e (K 2),
NOESY i H-1/H-3a, H-1/H-12, H-3a/OH-4, H-3b/H-
14, H-6/H-8a, H-6/H-14, H-6/H-15a L }% H-9/H-8b ]
A ] H-1, OH-4, H-9 & OAc-6 fii T4 T I[H
—{llj, T OAc-1, H-6, H-14, ONic-9 &% H-15 WA T-43
FHIA—M, H-15 H-2 & HE (Ni2=3.6 H2)
KW H-1 5 H2 6T o0 7R BT 4 AL
PR AR S 1, 4, 5, 6, 7, 10 AL FHE
HHC PR 4060 A R 35 R [R] 8130, [o] AR 488 A BA ) A= U
G, B 2 XS 1A, B IR,
25,4S,58,6R,7ROR,10R . 45 L ATk, L&) 2 45
%52 N (1R2S4S,55,6R,7R,9R,10R)-1,6,15-triacetoxy-
2,9-dinicotinoyloxy-4-hydroxy-dihydro-B-agarofuran .
ZHHREE (SciFinder) f2, AW 2 &I -hE
EVIAEY), SR T B.
4 YHERETEMSEIE

¥ HGC-27 4fAE 37 “C. 5% CO SRR &
R EFET RPMI 1640 55338 (A0 2.0 g/L
HEPES. 2.0 g/L NaHCO;. 100 U/mL H#&H %. 100
ng/mL HEE A 10%G 435 ), A4 M 2 0 50
K AR, 55740 4% 1 X105 Ay/mL 1) % FE T
96 fLERHT, 37 C. 5% CO, KiF 15 7% 12h, #
FE S BCH B 4 N EIKRERREE (504 25, 12.5. 6.25
pg/mL), MIAZE] 96 fLMRkH, FEAMKEEREER 4 4
HAL, FHBEIRA CRRMRIER+DMS0) K
M (B FR+HDMS0). Zk4ER:9% 24 h J5, T
RN 20 pL ) MTT X571 (5 mg/mL), 4k%E:
BEF% 4h, WL R FRIE, TRELA I 150 uL
) DMSO, #R%#ES) 10 min, {45 7870 Vi
B FRA 492 nm B FIMIHIBOCREE (4> H, FF4%A
A EMHIZE (D,

I1=(A4 s —A 9:)/(4 s —A =11)

KA MTT VENEAEY) 1 70 2 X HGC-27 41
MU AN BETE 1t . A2 C I NBIPERT R . 45
REIR, WA 1A 2 X HGC-27 41 Bon H— %
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(IR S TR B AIHIAE o 4G4 1A 2 1) Edm |
W% (median inhibition concentration, 1Cso) 1H 4%
N (69.44+3.41). (65.74%3.64) pmol/L.
5 i

ARSI RIS 56 5 A ZE R 40 4 B AR 21 2 N
1) 22 S U SR s 2l R A S P38 R T A
K B, YHM0EEEYESCIR 45 R L TR T A )2 B
X HGC-27 IR SRS METE IR (EH . 2
AR ARG R e EE s E A Dx
BHEY, & B RHEDRRE A=, $41
ZRHED) P53 PRt B R bRl 4 H g5 1) 22 48 X
UL 28 (N SLAR R B T 1 2R & W 2 1510
PR, BRI ORI 2 AT
ZiPER AP TG TEU4 ), KRR E 7RISR
FEARIME N, AR R ER LS EARE I3
— AT ST AR A 5T R A AR KA

FBAR ALY FARGEFZFR

BE 3k
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