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Abstract: Objective To study the water soluble chemical constituents of A/hagi sparsifolia. Methods A variety of chromatographic
techniques were used to separate and purify, and the structure of the compounds was identified by physicochemical properties, spectral
data and X-single crystal diffraction, and the cytotoxicity of each compound to HeLa cells was tested. Results Twenty-one water-
soluble compounds were isolated from the above-ground parts of A. sparsifolia after the process of extraction and were identified as
drummondone A (1), drummondone B (2), callyspongidipeptideA (3), cyclo(Pro-Leu) (4), 4-(hydroxymethyl)phenol (5), cyclo(D)-Pro-
(D)-Val (6), cyclo(L-pro-L-Leu) (7), blumenol A (8), (3S,4R)-3,4-dihydroxy-3-methyldihydrofuran-2(3H)-one (9), Isololiolide (10),
dehydrovomifoliol (11), N-phenethylformamide (12), 3-hydroxy-f-damascone (13), 3,4-dihydroxy-3-methyldihydrofuran-2(3 H)-one
(14), cyclo(L-Pro-L-Ala) (15), proline (16), blumenol B (17), grasshopper ketone (18), N-(p-hydroxyphenethyl) (19), N-acetyltyramine

(20), (+)-syringaresinol O-B-D-glucopyranoside (21), and compounds 1 — 21 were screened for anti-cervical cancer activity.
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Conclusion Compounds 1—7, 9—20 were the first known compounds within the genus, and compounds 4, 7 and 15 showed
potential antitumor activity with median inhibition concentration (ICso) of (29.09 =0.99), (31.51 £1.89) and (28.25+0.65)

umol/L, respectively.

Key words: Alhagi sparsifolia Shap; water-soluble constituent; alkaloids; antitumor activity; cyclo(Pro-Leu); cyclo(L-Pro-L-Ala)
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Fig.1 Chemical structures of compounds 1—21 (chiral carbon is * labeled)
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oA E]D); FEBR K (Thermo Fisher) LTQ-Obitrap X
B e FFAX (3% [E Thermo Fisher /A & ); KH-700DB
&R BB a2 FEAEERA
&]); DLSB-5/10 BUEHE A HIAEAFE GBI
THAMRAT); BYLABUVII B 4T GBSk
BHEABR AT ol 28 B sk A CREACAEAL R
HAERARD; L8 HEE. A, & F b (B
B TAHRATD: iR R CZEETHR
FHRATD; HEEER (RIS TERARD;
2 BAGAE R HF2se GREEERHE AR AFD; RP-
Cis CIERIE AR A R A E]D; EERI57K; HeLa
Y1 CHp [ RSB 4R BT TR s 4 ( Sigma-
aldrich A #]).

IRUEH| 2022 4 8 K BRI & A X
A, SR 2 OB 2GR T BT SR A S
N SRS A6 R} 5% e & S8 BE I 4. sparsifolia
Shap, FiFFrAS (652101190529002 LY) {#7% T
HEREE R IR X P4 RIEA AT A = .

2 RESSE

BB B 4 B354 100 kg, BT,
F 10 f5 8 95% LB RRAREL 3 X, K 1.5 h, &
TR, WUERGTRERISRE. SEEN
KRR SE, FSAEFA BT, 15 204 i
#hA7 90 L FIKE . K/KZEH HCL A% pH A 1~2,
TR SRR BSTR LB AT 0L, 15 BIFE TR .15
f739 L #I7KJZ. K 7KJZH NaOH % pH fH 9~
10, FHSEARFR & B bedb AT A0, R3] &
AL 52 L (43 ).

B S BB Ar 43 g RER (200~300 H) #E
R B, AR & H fe-H EE (100 1 0~0 © 100D
BEEEVER, &R 10 AN Fr. 1~10. Fr. 1
(7.1g) &hEkE (200~300 H) FEAisn 5, Aimb-
BEHR 2.6 (10 © 1~5 ¢ D LUK & H ke-HEE 100 :
1~0 : 1 BREESEL, &I SRS 7 ANH
2% Fr. 1-1~1-7. Fr. 1-5 (169.5 mg) ZF445 A
Bl (HEE-7K 30 1700 EsaifbBey 3 (4.8
mg, ®R=19.7min). 4 (5.1mg, ®xR=21.8min) F15
(3.7mg, trR=43.2min); Fr.1-6 (823.0mg) £ }:iil
VAR (0.1% F G I EZ-7K 20 @ 80) 4 4k
&) 6 (1.0mg, £R=20.9min). 7 (1.6 mg, r=56.9
min) f18 (1.0mg, ®r=61.9min); Fr2 (29g) &
fERE (300~400 H) FEEE 55, —&H b-H i
(1:0~0: 1) BREEUEML, &IFARLIBENBIE133] 4

ANHS) Fr.2-1~2-4, Fr.2-1 (1.6g) £ ODS F:fail:
Iy, HEE-K (301 70~100 : 0) BRELLML, 7535
7 AN Fr. 2-1-1~2-1-7, Fr. 2-1-1 (481.2 mg) £
il VA L CHEZ-ZK 20 1 80) A Esalifh 34k
A9 (7.0mg, rR=7.1min); Fr.2-1-2 (451.6 mg)
25 2 1] 55 VR (1 CHREE-/K 20 © 80) 4 B 4lifh/34k
AWY10 (23 mg, ®R=57.2min). 11 (3.8 mg, K=
60.4 min) A1 12 (10.0 mg, %x=68.9 min); Fr. 2-1-
3 (1749 mg) &Pl s il (il (FAEE-7K 45 1 55)
Sy Btk B & 13 (2.7 mg, ®=26.7 min); Fr.
22 U EEFMAY) 14 (48 mg); Fr.4 (2.1
2 ODS /5, HEE-/K (10 1 90~100 : 0)
BEEEVEML, 155 8 NS> Fr.4-1~4-8. Fr. 4-1 (483.9
mg) LA A (FREE-/K 10 2 90) 7 B4l
itk &9 15 (4.1 mg, ®=26.7 min); Fr. 4-1-5
(15.0 mg) &Ml & MAHEE (FHEE-K9 191D 4
HAEL A 16 (3.9 mg, ®R=30.6 min); Fr. 4-
2 (264.8 mg) LA AT 5, 53] 9 NS Fr.
4-2-1~4-2-9, Fr.4-2-3 (38.8mg) &4
W CHEE-/K 30 1 700 73 B AL 340 &4 17 (1.0 mg,
®R=21.7 min) F118 (1.0 mg, ®rR=25.6 min), Fr.5
(1.4g) LLHIZ WA A (FFEE-/K 20 0 80) 7
Atk B A1 (100 mg, wrR=11.4min). 2 (10.0
mg, R=11.4min). 19 (7.0mg, &x=19.6 min) Fl
20 (7.0 mg, ®=22.8min); Fr. 6 (12.5g) £ ¥
B A CFREE-/K 30 & 70) 73 B 4ifb 54 &4 21
(5.6 mg, ®R=59.3 min).
3 HEE

WE 1. AEERRE & GEE-IEE 12 1.
ESI-MS m/z: 241.14 [M+H]*, 4 F30H Ci3H20040
'H-NMR (600 MHz, DMSO-ds) 6: 3.49 (1H, d,J=12.6
Hz, H-7), 3.22 (1H, d, J=12.6 Hz, H-7), 2.94 (1H, ddd,
J =109, 6.5, 1.9 Hz, H-2"), 2.14 (3H, s, 3-Me), 2.09
(1H,d, J=4.9 Hz, H-4), 1.91 (1H, dd, J = 14.0, 6.5 Hz,
H-2), 1.75 (2H, m, H-1"), 1.55 (1H, d, J= 2.5 Hz, H-2),
1.38 (1H, m, H-4), 1.07 (3H, s, 5-Me), 0.91 (3H, s, 1-
Me); *C-NMR (150 MHz, DMSO-ds) d: 210.7 (C-3"),
83.6 (C-8), 78.3 (C-7), 76.0 (C-5), 67.8 (C-3), 55.0 (C-
2", 53.4 (C-2), 46.3 (C-4), 43.8 (C-1), 33.4 (3-Me),
25.6 (C-1",20.2 (5-Me), 17.4 (1-Me). LA E%#E 53
R TE e R B A — ), MUS AT 1 N
TR, RERAE 1986 EHE B RIZILEY,
{HE LA B 2 4 R AF B X-S 28 5 i AT SR 1)
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ik, AT X-5 2 B AR AT SHER A T i &
Mgty (B 20, REHETT: PR R,
AR P21, M a=1.189 33 (2) nm, a=
90°; b=0.708 55 (1)nm, B=90.738(1)°; c=1.44872
(2)nm, y=90°, Af1=1.22074 (3)nm’, Z=4, il
HAE=1.308 g/m’.

&Y 2. BEEPIRG & (G- 12 1D,
ESI-MS m/z: 241.14 [M+H]*, 4 F30H Ci3H20040
'H-NMR (600 MHz, DMSO-ds) d: 3.50 (1H, d, J=12.6
Hz, H-7),3.25 (1H, d, J= 12.6 Hz, H-7), 2.87 (1H, ddd,
J=112,49, 2.0 Hz, H-2'), 2.15 (3H, s, 3-Me), 2.07
(1H.d, J=4.9 Hz, H-1'), 1.77 (1H, d, J=2.7 Hz, H-2),
1.70 (2H, m, H-4), 1.58 (1H, m, H-1"), 1.46 (1H, dd,

J=14.0, 11.1 Hz, H-2), 1.06 (3H, s, 5-Me), 0.93 (3H,
s, 1-Me); '*C-NMR (150 MHz, DMSO-ds) 5: 210.7 (C-
3", 83.3 (C-8), 78.8 (C-7), 75.9 (C-5), 67.7 (C-3), 55.7
(C-2), 54.8 (C-2), 45.2 (C-4), 43.3 (C-1), 33.2 (2-Me),
25.2(C-1'),21.0 (5-Me), 16.2 (1-Me). LA % 53k
FREPEHIEIEA ), M EEY 2 AET L
M. JERAE 1986 FHA T ERRZNEY), (HE
(LRI 22 4 RAT ) X-S 26 B AT IIaIN, A&
WFFTEE XSRS ARRTENEA TiZ b A 4axt 1)
B (E 2, pidEur: BRNRR, TR P21,
r S8 a=1.18953 (2)nm, a=90°; b=0.708 71 (2)
nm, p=90.749(2)°; c=1.44845(2)nm, y=90°, {&
M=122099 3)nm?, Z=4, IHHZEHE=1307 gm’.

2

2 LAY 102 B9 X-BHekRIALEH

Fig.2 X-ray crystal structures of compounds 1 and compound 2

&M 3: AN K. ESI-MS m/z: 227.14 M+
H]", ¥~ CiHisN203. 'H-NMR (600 MHz,
DMSO-de) d: 4.11 (1H, ddd, J= 8.7, 6.5, 1.7 Hz, H-9),
3.95 (1H, d, J = 2.2 Hz, H-6), 3.77 (1H, m, H-3), 3.70
(1H, m, H-3), 2.11 (1H, m, H-5), 2.01 (1H, m, H-10),
1.82 (3H, m, H-4, 5), 1.32 (2H, m, H-11), 0.97 (3H, d,
J=17.1Hz, H-13),0.82 3H, t,J=7.5 Hz, H-12); 3C-
NMR (150 MHz, DMSO-ds) J: 170.2 (C-1), 165.3 (C-
7), 59.2 (C-6), 58.2 (C-9), 44.7 (C-3), 34.9 (C-10), 28.0
(C-11), 23.9 (C-5), 22.1 (C-4), 15.0 (C-13), 12.3 (C-
12)0 DA B8 5 SCHR R I8 I A S A — SO, i
LEMAEY) 3 4 callyspongidipeptide A .

th&W 4: AR K. ESI-MS m/z: 211.14 [M+
HI*, 473N CiHisN202. 'H-NMR (600 MHz,
DMSO-ds) 6: 8.03 (1H, s, N-H), 4.19 (1H, dd, J = 8.9,
7.3 Hz, H-6), 4.00 (1H, m, H-9), 3.37 (2H, m, H-3),
2.11 (1H, m, H-5), 1.83 (4H, m, H-4, 5, 10), 1.34 (1H,

ddd, J=13.7, 7.6, 5.9 Hz, H-11), 1.23 (1H, m, H-10),
0.86 (3H, d, J= 6.0 Hz, H-13), 0.85 (3H, d, J= 6.0 Hz,
H-12); 3C-NMR (150 MHz, DMSO-ds) 6: 170.4 (C-
1), 166.6 (C-7), 58.5 (C-6), 52.6 (C-9), 44.9 (C-3), 37.8
(C-10), 27.5 (C-5), 24.1 (C-11), 22.9 (C-12), 22.5 (C-
4),21.9 (C-13). LL_E3¥m55 SOk TiE I il Fopim J A
— 0, MR EY) 4 NIR(HRIR-ER).

EY) 5: B AR CHEE . ESI-MS m/z: 125.06
[IM+H]", 7T~ C7HgO2. 'H-NMR (600 MHz,
DMSO-ds) 8: 7.87 (1H, s, 4-OH), 7.00 (2H, m, H-2, H-
6), 6.66 (2H, dd, J = 8.4, 1.6 Hz, H-3, 5), 4.11 (2H, s,
H-7), 4.03 (1H, s, 7-OH); '3C-NMR (150 MHz,
DMSO-d) 5: 155.9 (C-1), 134.2 (C-4), 129.9 (C-3, C-
5), 115.2 (C-2, 6), 60.7 (C-7). LA _EEdE 5 CHRRiE
WREHHE A —F), W EY 5 xR ER
HE

&) 6: FATEHIA . ESI-MS m/z: 197.13 [M+H]*,
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I FRA CioHi1gN202. 'H-NMR (600 MHz, DMSO-ds)
9:7.99 (1H, s, N-H), 4.11 (1H, m, H-6), 3.92 (1H, t, J=
2.1 Hz, H-9), 3.37 (2H, s, H-3), 2.63 (1H, m, H-10),
2.34 (1H, m, H-5), 2.12 (2H, m, H-4a, 5), 1.84 (1H, m,
H-4b), 1.01 (3H, d, J = 7.2 Hz, H-11), 0.84 (3H, d,
J=6.9 Hz, H-12); '3C-NMR (150 MHz, DMSO-ds)
8: 170.4 (C-1), 165.3 (C-7), 59.5 (C-9), 58.3 (C-6),
44.7 (C-3), 27.9 (C-5), 27.7 (C-10), 22.1 (C-4), 18.4
(C-11), 16.4 (C-12). LA EudE 5 Sk 4R I8 37 3 £
P AR — ), HUE B EY) 6 A D- %R -D-
TN

&Y 7. AR K. ESI-MSm/z: 211.14 [M+
HI*, 43 T3N CiHisN202. 'H-NMR (600 MHz,
DMSO-de) 5: 8.03 (1H, s, N-H), 4.19 (1H, dd, J = 8.9,
7.2 Hz, H-6), 4.00 (1H, m, H-9), 3.36 (2H, s, H-3), 2.11
(1H, m, H-5), 1.89 (2H, m, H-4a, 5), 1.83 (1H, m, H-
4b), 1.77 (2H, m, H-10), 1.34 (1H, ddd, J = 13.7, 7.6,
5.9 Hz, H-11), 0.86 (3H, d, J= 6.0 Hz, H-12), 0.85 (3H,
d,J=6.0Hz, H-13); 3C-NMR (150 MHz, DMSO-ds)
5:170.4 (C-1), 166.6 (C-7), 58.5 (C-6), 52.6 (C-9), 44.9
(C-3), 37.8 (C-5), 27.4 (C-4), 24.1 (C-11), 22.9 (C-12),
22.5 (C-10), 21.9 (C-13). VA -Z 5 SCk s 3%
AR IR 00, HEEEEY T A HAR -
RAIR) k.

&Y 8: EEMIRY). ESI-MS m/z: 225.15
[IM+H]", 4T3 Ci3H0;. 'H-NMR (600 MHz,
DMSO-ds) d: 5.78 (1H, t, J= 1.3 Hz, H-4), 5.69 (1H, d,
J=15.6 Hz, H-8), 5.65 (1H, d, J = 15.6 Hz, H-7), 4.18
(1H, m, H-9), 2.40 (1H, d, J= 16.8 Hz, H-2), 2.05 (1H,
d, J=16.8 Hz, H-2), 1.81 (3H, d, J = 1.4 Hz, H-13),
1.11 (3H, d, J= 6.4 Hz, H-10), 0.93 (3H, s, H-12), 0.90
(3H, s, H-11); BC-NMR (150 MHz, DMSO-ds) o:
197.4 (C-3), 164.5 (C-5), 135.8 (C-7), 128.0 (C-8),
125.5 (C-4), 77.8 (C-6), 66.2 (C-9), 49.4 (C-2), 41.0 (C-
1), 24.1 (C-10), 24.0 (C-12), 23.1 (C-11), 19.0 (C-13).
DA b 2504 5 SRR S R B AR — B Y, i
&Y 8 A FFURRE A

WEY9: FEREEMIRY). ESI-MS m/z: 133.05
[M+H]", 7+ TN CsHsO4o 'H-NMR (600 MHz,
DMSO-de) 0: 5.50 (1H, s, 4-OH ), 4.60 (1H, m, H-4),
437 (1H, dd, J= 9.8, 4.2 Hz, H-5), 4.00 (1H, dd, J =
9.8, 2.2 Hz, H-5), 3.92 (1H, d, J= 3.3 Hz, 3-OH), 1.26
(3H, s, 3-Me); 'BC-NMR (150 MHz, DMSO-ds) &:

176.7 (C-2), 80.3 (C-4), 72.6 (C-3), 71.4 (C-5), 21.1 (3-
Me). DL 5 S0k I 1 o B A — 202,
WS EEY) 9 N (3S4R)-3,4-—FIE3-H I —H
W -2(3 H)-1i

A& 10 TEERY . ESI-MS m/z:197.12
[M+H]", 4T3 CiHi03. 'H-NMR (600 MHz,
DMSO-ds) d: 5.81 (1H, s, H-3), 3.98 (1H, t, J = 11.5
Hz, H-6), 2.34 (1H, ddd, J = 11.6, 4.1, 2.2 Hz, H-7),
1.88 (1H, ddd, J = 12.8, 4.2, 2.2 Hz, H-5), 1.50 (3H, d,
J=0.8 Hz, H-8), 1.27 (1H, t, J= 11.8 Hz, H-7), 1.22
(3H, s, H-9), 1.19 (3H, s, H-10), 1.15 (1H, t, J = 12.1
Hz, H-5); BC-NMR (150 MHz, DMSO-ds) 0: 181.8 (C-
3a), 171.0 (C-2), 112.3 (C-3), 86.4 (C-7a), 63.0 (C-6),
49.7 (C-5), 47.9 (C-7), 34.8 (C-4), 29.8 (C-10), 25.3 (C-
8),24.6 (C-9). LA % 5 SCHRFiE i e Hidfs S AR —
H3, WMUEEENAY) 10 24 isololiolide.

&Y 11: AR . ESI-MS m/z: 223.13
[M+H]", 7T N CisHis03. 'H-NMR (600 MHz,
DMSO-de) J: 6.98 (1H, d, J= 15.8 Hz, H-4), 6.27 (1H,
d,J=15.8 Hz, H-3), 5.86 (1H, t,J= 1.3 Hz, H-3"), 2.65
(1H, d, J=16.9 Hz, H-5"), 2.26 (3H, s, H-1), 2.16 (1H,
d,J=16.9 Hz, H-5"), 1.80 (3H, d, J= 1.4 Hz, H-9), 0.96
(3H, s, H-7), 0.91 (3H, s, H-8); 3C-NMR (150 MHz,
DMSO-ds) d: 198.3 (C-2), 197.1 (C-4"), 161.7 (C-2,
147.2 (C-4), 130.5 (C-3), 126.6 (C-3"), 78.2 (C-1"), 49.3
(C-5"), 41.2 (C-6"), 27.2 (C-7), 24.2 (C-1), 23.2 (C-8),
18.6 (C-9). LA b HHf 5 SCHh i i 5k 135 24l e A —
04, e 4% 11 4 dehydrovomifoliol.

&Y 12: BETERKH K. ESI-MS miz:
150.09 [M+H]*, 713N CoHiINO. 'H-NMR (600
MHz, DMSO-ds) d: 8.08 (1H, s, H-1), 7.98 (1H, d, J =
1.7 Hz, N-H), 7.29 (2H, d, J = 8.4 Hz, H-2', 6'), 7.21
(3H, t, J = 8.4 Hz, H-3'~5"), 3.31 (2H, m, H-2), 2.72
(2H,t,J=7.4Hz H-3); '3C-NMR (150 MHz, DMSO-
ds) 0: 161.1 (C-1), 139.3 (C-1"), 128.7 (C-3", 5'), 128.4
(C-2',6"),126.2 (C-4"),38.7 (C-2),35.0 (C-3). LL %k
P15 SCRRRTE P i FE AR — 205, WS e &)
12 N N-2K 23 R

&Y 13: TLEERY) . ESI-MS m/z:209.15
IM+H]", 73738 Ci3H2002. 'H-NMR (600 MHz,
DMSO-ds) d: 6.70 (1H, dq, J = 15.7, 6.6 Hz, H-9), 6.09
(1H, d,J=15.7, Hz, H-8), 3.85 (1H, m, H-3), 2.24 (1H,
m, H-4), 2.03 (1H, m, H-4), 1.88 (3H, dd, J=6.9, 1.7
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Hz, H-10), 1.59 (1H, ddd, J = 12.2, 3.7, 1.6 Hz, H-2),
1.43 (3H, d, J= 1.0 Hz, H-13), 1.34 (1H, d, J = 12.0
Hz, H-2), 1.04 (3H, s, H-12), 0.87 (3H, s, H-11); 13C-
NMR (150 MHz, DMSO-ds) &: 201.2 (C-7), 147.1 (C-
9), 139.4 (C-5), 134.4 (C-8), 128.6 (C-6), 63.1 (C-3),
48.1(C-2),41.2 (C-4),36.2 (C-1),30.0 (C-11),29.4 (C-
12), 21.3 (C-13), 18.6 (C-10). VL _E#¥E 5 CiikiikiE
PG BE A — 0, M EAEY 13 8 3-
hydroxy-p-damascone.

&) 14: FREERY) . ESI-MS m/z: 133.05
[M+H]", 7T AN CsHsO4o 'H-NMR (600 MHz,
DMSO-ds) d: 5.49 (1H, d, J = 4.2 Hz, 4-OH ), 4.37
(1H, dd, J=9.8, 4.2 Hz, H-5 ), 4.00 (1H, dd, J = 9.8,
2.2 Hz, H-5), 3.92 (1H, m, 3-OH), 3.74 (1H, m, H-4),
1.26 (3H, s, 3-Me); 3C-NMR (150 MHz, DMSO-dj)
5:178.2 (C-2), 72.8 (C-3), 72.7 (C-4), 71.6 (C-5), 21.3
(3-Me)o Lh_FH4i 55 SRR TE I 1 B 2 AR — 012,
S EEY 14 4 3,4- FRIE-3-F1 L — S IR IR -
2(3H)-Hi »

&P 15: B EaEHIRES & (FEE) . ESI-MS m/z:
169.10 [M+H]", 7> T3 A CsHi2N202. 'H-NMR (600
MHz, DMSO-ds) 6: 8.16 (1H, s, N-H), 4.16 (1H, m, H-
6), 4.08 (1H, m, H-9), 3.35 (2H, s, H-3), 2.12 (1H, m,
H-5), 2.04 (1H, m, H-5), 1.88 (1H, m, H-4), 1.79 (1H,
m, H-4), 1.21 (3H, d, J= 6.9 Hz, 9-Me); 3C-NMR (150
MHz, DMSO-ds) d: 170.0 (C-1), 166.6 (C-7), 58.7 (C-
6), 50.1 (C-9), 44.9 (C-3), 27.7 (C-5), 22.4 (C-4), 15.3
(9-Me).o LA FH4i 55 SCHlR T8 i 1 B 2 AR — 07,
M B A 15 NIR(NETR-IHZR)-

& 16: HERAK. ESI-MS m/z: 116.07 [M+
HI", 513N CsHoNO, . 'H-NMR (600 MHz, DMSO-
ds) 0: 4.28 (1H, dd, J = 8.8, 7.3 Hz, H-2), 3.35 (2H, d,
J=3.2Hz H-5), 2.12 (1H, m, H-3), 1.87 (3H, m, H-3,
H-4); 3C-NMR (150 MHz, DMSO-ds) d: 166.0 (C-1),
59.8 (C-2), 44.6 (C-5),27.3 (C-3), 22.9 (C-4). Ll L%k
W5 SCHR RIS PSR AR — 208, SR A
16 N2 -

EW 17 EEMIRY) . ESI-MS m/z: 227.16
[M+H]", 7373 A CisH2203. 'H-NMR (600 MHz,
DMSO-ds) 6: 5.73 (1H, t, J = 1.3 Hz, H-4), 4.37 (1H,
m, H-9), 2.46 (1H, d, J = 17.9 Hz, H-2), 2.05 (1H, dd,
J=179, 1.3 Hz, H-2), 1.92 (3H, d, J = 1.4 Hz, H-13),
1.83 (2H, m, H-7), 1.62 (2H, m, H-8), 1.03 (3H, d, J =

6.2 Hz, H-10), 0.99 (3H, s, H-11), 0.91 (3H, s, H-12);
13C-NMR (150 MHz, DMSO-ds) J: 197.1 (C-3), 168.9
(C-5), 125.0 (C-4), 77.0 (C-6), 66.8 (C-9), 49.8 (C-2),
41.5(C-1), 34.4 (C-7),34.3 (C-8),24.2 (C-11),23.9 (C-
10), 23.5 (C-12), 21.3 (C-13). LL_E#¥E 5 CikiikiE
BRI A ), MU A 17 A S
fiZ Bo

& 18: FHERAR, ESI-MSm/z: 225.15[M+
HI*, 513N Ci3H2003. 'H-NMR (600 MHz, DMSO-
ds) 5:5.75 (1H, s, H-8), 4.99 (1H, m, H-3), 2.11 (3H, s,
H-10), 2.06 (1H, m, H-2), 1.93 (1H, m, H-4), 1.81 (2H,
m, H-2, H-4), 1.30 (3H, s, H-13), 1.26 (3H, s, H-12),
1.05 (3H, s, H-11); '*C-NMR (150 MHz, DMSO-d) 5
209.2 (C-9), 198.0 (C-7), 118.7 (C-6), 99.6 (C-8), 70.6
(C-5), 62.0 (C-3), 49.6 (C-2), 49.3 (C-4), 35.6 (C-1),
31.6 (C-12), 30.4 (C-13), 28.7 (C-11), 26.2 (C-10). LA
B 5 SRR TE T B S AR — R, W E AL
H ) 18 MR .

A& 19: KEEHIRY) . ESI-MS m/z: 166.09
[M+H]", %73~ CoHiNO,. "H-NMR (600 MHz,
DMSO-ds) 8:9.24 (1H, s, 9-CHO), 7.97 (1H, d, J=1.9
Hz, N-H), 6.98 (2H, dd, J = 8.3, 6.5 Hz, H-2, 6), 6.67
(2H, dd, J= 8.6, 2.7 Hz, H-3, 5), 3.24 (2H, td, J = 8.5,
4.3 Hz, H-8), 2.59 (2H, t, J= 7.4 Hz, H-7); '3C-NMR
(150 MHz, DMSO-ds) 6: 161.0 (C-9), 155.7 (C-4), 129.5
(C-2, 6), 129.3 (C-1), 115.1 (C-3, 5), 42.9 (C-8), 34.3 (C-
7)o LA B SCHRIRGE B i AR AR — 3, i
TENAT 19 2 N-GHHFRHEIR 205 R .

&) 20: AEEHARY) . ESI-MS m/z: 180.10
[M+H]", 43 F 3N CioH13NO2. 'H-NMR (600 MHz,
DMSO-de) 6: 7.89 (1H, t, J = 5.6 Hz, N-H), 6.97 (2H,
d, J=8.4 Hz, H-2, 6), 6.67 2H, d, J= 8.4 Hz, H-3, 5),
3.16 (2H, dt, J= 7.9, 5.8 Hz, H-8), 2.56 (2H, t,J= 7.5
Hz, H-7), 1.77 (3H, s, H-10); *C-NMR (150 MHz,
DMSO-ds) 0: 169.1 (C-9), 155.7 (C-4), 129.6 (C-1),
129.5 (C-2, 6), 115.1 (C-3, 5), 40.6 (C-8), 34.5 (C-7),
22.7 (C-10). LA - E¥s 5 SOk T8 i 1 Kt S A —
22, WA EED 20 A N-L R

&Y 21: BBk K. ESI-MS m/z: 582.23
[M+H]*, 43 F 3N CsH37013. 'H-NMR (600 MHz,
DMSO-ds) J: 6.65 (2H, s, H-2', 6'), 6.60 (2H, s, H-2,
6), 5.11 (1H, s, H-1"), 5.04 (2H, d, J = 20.4 Hz, H-7,
7', 4.63 (2H, dd, J=32.2, 4.6 Hz, H-9a, 9a’), 4.18 (2H,
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m, H-9b, 9b"), 3.79 (2H, dt, /= 9.0, 2.6 Hz, H-6"), 3.76
(6H, s, 3, 5-OMe), 3.75 (6H, s, 3", 5-OMe), 3.58 (1H,
d, J=11.6 Hz, H-2"), 3.15 (3H, m, H-3"~5"), 3.06
(2H, m, H-8, 8'); BC-NMR (150 MHz, DMSO-ds) J:
152.6 (C-3", 5", 147.9 (C-3, 5), 137.2 (C-1"), 134.8 (C-
4),133.6 (C-4'), 131.3 (C-1), 104.2 (C-1"), 103.6 (C-2,
6", 102.6 (C-2, 6), 85.4 (C-7'), 85.1 (C-7), 77.3 (C-3"),
76.5 (C-5"), 74.2 (C-2"), 71.3 (C-9'), 71.2 (C-9), 69.9
(C-4"), 60.9 (C-6"), 56.4 (3", 5-OMe), 56.0 (3, 5-OMe),
53.7(C-8), 53.6 (C-8". LA L Hdi 5 SClikHRaE i it %
PHEAR—F2), WS EMEY 218 (+)-THNE
K -O-B-D-F & HETr .

4 RIMBREIE M

K MTT R A4 1~21 4R 517T HeLa
SRS, I FH IR A PE VX R 2. K B K
WY HeLa iR JEMREAZ N 6X10* /NM/mL,
MKRERE 3 MRS, BT 96 Lk, 7537 C%
fEREFE 24 h, A BIIDNECHIGF AL &9 1~21 Fl
4. 8 48h, M 20 uL MTT PBS ¥R 4L,
5 3.0~4.0h, EEREEFEM, M DMSO, 1BE
51, T 570 nm B ROEE (4D EH, RIEA
A TH A0 B R

FIHIZE =(A4 wu—A 56)/(A ww—A 2r1)

SKH SPSS 22.0 it A A FR AR, TR AL
G ICso fH. ZERERW, (a4, 7. 15 X
HeLa 41 i KA I 1E I, 1Cs0 8 8(29.094£0.99)
(31.51+1.89). (28.2540.65) pmol/L, HAtb&W)
ARF T B A v
5 g

AW TR FRE A (i . B, el
o BSCBAE N X B E AT S S AR M B T 43 4
BAE T 21 MEEY, HbasE o MERETER
MAEY . 6 MEEmE R &GP 6 AN HARE
Y, HALEM 1~7. 9~20 NE N E L& . 1k
AW 4. 7. 15 %F HeLa 40 A MHI/EH, £
% e ) H A= W B S A0 A P B AW TR B R R
PEo HAT, X% D64k 2 o (1 3R 1E 2 8 TR 2
JE VR A0 TR 5 B il 7 1 s 43 B 9 AR TE R
Mo KRBT B EY S H 2 A RE. d%
SRS PERR R A, 2P e T IR B R KA
VRO I A, DN IRTERIE Y TR RS
FERSEHE T BEE R

RBAR FIAEHHERRGEEHBA R
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