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Synthesis and antitumor evaluation of aloe-emodin-indole hybrids
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Abstract: Objective To synthesize aloe-emodin-indole hybrids and evaluate the antitumor activities of the derivatives in vitro.
Methods Taking aloe-emodin as the starting material, the target compound was obtained by bromination reaction, azide reaction
and click reaction. The anti-proliferation activity of the synthesized target compounds on MCF-7, HepG2, AGS and other tumor cells
in vitro was investigated by MTT method. Results Seventeen aloe-emodin-indole hybrids were synthesized, and their structures
were confirmed by *H-NMR, *C-NMR and HRMS. MTT assay showed that some derivatives exhibited good antitumor activities.
Among them, compounds 5h showed the most potent antiproliferative activity against MCF-7 and SKOV3 tumor cells with 1Cso
values of 1.73 umol/L and 3.09 pmol/L, which was better than that of the positive control drug etoposide. Conclusion Some
derivatives show good antitumor activity, and compound 5h was worth further studying.
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A22097). MEWy-2-FRIIAR (5 &5 % 98%, 5
A35823) BT AL EURHE AR A ], =Rk
W OB %0 98%, b5 01005575). 3-IRAH (it
B8 98%, b5 01012761). SE4LEN UJREDH
60%, #t5 01006693) . 7-H 5| Wk ()i & 754 98%,
fit'5 01007469). 6-FMIME (JFiEsr4L 97%, #ts
01004150 ). 6-HL M| e (i & 4> $ 97%, b5
01004891). 4-H% FEmbk (i /0% 98%, b5
1004600 ) . 4-fif FEmg Wk (T &5 £ 97%, HhT
1004584 ) . 5-JR MW (i & # 9%, #t 5
01000352 ). 5- S M| Wk (i & 4> $ 97%, b5
1002294) . 6-fif HEM Mk (&= E 97%, HikT
01009719) . 5-fif B 5| Wk (Jii &= 70 F 97%, #t5
1005699) 1) B AL B S RHECA R AR 6-H
Ml (RS2 98%, fitS5 M123429). 2-Hi k|
W (% 98%, b5 M100903). 7-fiJakhs| Mk
(B 99%, 5 N111468). 7-Z =MW (i
B8 98%, b5 A124841). 5-FUIEME|ME (JF &y
#99%, b5 C101133). 5, 6- ~ &M (R ED%
98%, flt'5 D155109), —H VAKX (DMSO, Jifi &>
¥ 99.9%, #it5 D103277) T FiERTH T A4k
BHE A G RR AR HARRFIE o, W+t
FUETAE AL TAH AR . MCF-7 400, HepG2 4H
fii. AGS 4ifii. SKOV3 4iffl. HelLa 40ffil. A549
YA MGC-803 4 k4 I H [ = 2R} 2 o s
Rl 24 FE BT A V2 YR o0y s MERREE (MTT) T
Amresco A ) .
2 BREEHE

PARGI I 1a BEUAR G 1b~1q NERIEERL, 76
B2 N N-fsstb e i s ik 2a~2q. LA
PR R NG R, 7E = Z SRR DU IR AL AR 1
A N ATIRAR B, Ak 3. a5 E&EMN
W NERBENEY 4. &5, LEY 4 5l
i 2a~2q TEMBENy-2- R A {40 26 A1 N #E4T click
N3 H bRk &) 5a~5q.
2.1 B 1-WRAEMIRE S B
211 1-BRPISEEMWE(2a) A AL K5 (300 mg,
2.56 mmob) ¥ T NN-ZH R H i (5 mL) H, 0 °C
IINEALS (148 mg, 6.17 mmoD), fnkE, 0 CF
SR 30 min. K 3-EAHR (365 mg, 3.07 mmol) il
NSRS e, w30 mine TLC #ill )
NSEA G, 5 IR, K (50 mL), HEER .0 (50
mLX3) L, SIFENAHE, KRN TG, U

o, Wedn, tERAEEISaifh, BhAE AT - R
LIR30 1 D, fFEGEIENEY) 2a, 1N 50.5%.
212 1-BepyRE-2-HEEmILE (2b) AR DL 2-H
FENG AN 3-IR RN B RE, ERAETTEAR “2.1.17 T
&Y 2a KA, HHRAGBBEKLEY 2b, X
N 58.2%.

213 1-fRNEE-4-HEEMINE (200 BIER DL 4-H
FENGI AN 3-RPTHA SR, HRAE TV “2.1.17 T
&Y 2a &R, BEREAEEGED 2c, WEH
67.1%.

2.1.4  1-JRpNHE-4-FAEEENIN (2d) BIE R DL 4-
FH A RN DR 3-IR PR S5Ok, 4R Tk A “2.1.17
itk &9 2a HIA R, SR ABERLEY 2d, &
A 69.6%.

215 1-JRNEE-4-fHEEMIVE (200 HIERE LA 4-4
FENG AN 3R RE,  BRAE VAR “2.1.17 T
EY) 2a BIER, R AEERKEY 20, N
71.4%.

2.1.6  1-BREE-5-EMIVE (2f) AR LA 55
WA 3-IR RN RE, BRAETTER “2.1.17 Bifk&
W) 2a (& 1, 19 A BB G 2f, I3 50.0%.
217  1-JRINEE-5-IRIGNE (290 BIA AL LA 5-VRM|
WA 3-IR RN L, BAETTVAR “2.1.17 BifLE
Y 2a BIA . 19 A AR S 29, W N 78.3%.
2.1.8  1-JRPGEE-B-AHENIME (2h) BE R DL B-fiFdE
M5|RFN 3-IRAT B JERE, BRAETTVAR] “2.1.17 Tt &
Y 2a &R, R EY 2h, WEEH 30.2%.
219 1-BpNFE-5-EUEREIVE (2D BE R DL 5-E
WS|RFN 3-IRPIBA JERE, BRAE IR “2.1.17 Tk &
Y 2a AR, HEGERLED 21, WWER 41.7%.
2.1.10 1-BephE-6-HAEEEMI (2)) K& B
6- H S8 B Mgl W AT 3- R PN bR O TR KL, R AR U7 VA T
“2117 BMLAEY) 2a AR, 3 A EEERIGED) 2),
% 63.6%.

2111 1RGN (2k) A LL 6-505 Wk
A 3-IRPTHAE, AR “2.0.17 Difk&Y) 2a
PG FREREREEIARIL A 2k, A 61.5%.
2112 1-BRNZE-6-3R MM (2D K& B 6-7RN|
WA 3-IRIT BN ERL, AR “2.0.17 Dtk &
Y 2a & R, RER B R E4 21, Ui 50.8%.
2.1.13  1-HRpNFE-6-FH M (2m) &K DL 6-
FiF I A 3-IR BN I RE, B JTVER “2.1.17
Wit &9 2a HI& . 195 AL &7 2m, i
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N 84.4%.
2114  1-BR3E-5.6- &M (2n) BIA R DA
5,6- — F M| WA 3- 1R R, AR 7 iR )
“2.1.17ILAY) 2a BIA R 13 A AR RS 2n,
WA 77.3%.
2115 1-BRpNEE-7-HIEEm(NE (200 HIERE LA 7-
FH LIS WA 3-IR PR JEURE, #RAE TR “2.1.17
Tk &Y) 2a &K, HREREEEY 20, R
N 75.5%.
2.1.16  1-FRpNFE-7-m NI (2p) WIS L 7-
RN A 3-IR PR JEURE,  #RAE TR “2.1.17
itk &9 2a HIA R, SR GEEAEY 2p, R
N 75.2%.
2.1.17  1-JRNEE-T-EURMI (2q) WIS BL T7-
BRI 3-IR PR JERE,  BRAET VLR “2.1.17
itk &9 2a HIA R, SR AEEAEY 29, 1R
N 79.3%.
22 3-(REH)-18-THEEE-910-ZfF (3) HERK

W =2EHERE (12,13 g, 46.25 mmol) & T IUA
A (400 mL) H, 3ol DU IR Ak (15.34 g, 46.25
mmol) ISR, InkE, ZiE %A 10 min. #4
P2 KEE (5.09, 18.5mmol) AN, N
B, =R 6 he TLC Wil Mse4s, 151k,
g, VU E VYSRGS, WRARIE, R
FEEREAAY, AR - & R (10D, 5
K 5.83 g, WK 94.6%. H-NMR (600 MHz,
DMSO-dg) d: 11.92 (1H, s, OH-8), 11.91 (1H, s,
OH-1), 7.82 (1H, dd, J = 8.3, 7.5 Hz, H-6), 7.78 (1H,
d, J = 1.7 Hz, H-4), 7.72 (1H, dd, J = 7.5, 1.1 Hz,
H-5), 7.47 (1H, d, J = 1.7 Hz, H-2), 7.40 (1H, dd, J =
8.3, 1.1 Hz, H-7), 4.82 (2H, s, CH2-15).
23 3-(BRERE)-18-"HFHEE-910-—H (4
B & B

¥tk &4 3(500 mg, 1.5 mmol). & ALN (117
mg, 1.8 mmol) KX T 4 (10 mL) 1, fn#k
%60 C/M 3ho TLC Wil 584, 151k RN,
AEE R, K (50 mL), & H % (50 mLX3)
L, GIFENAE, KRBT, 38, k46,
kAR el Ay, AR A EE- & (12 D),
3B A ] 4 374.6 mg, UK 84.6%. 'H-NMR (600
MHz, DMSO-de) d: 11.92 (1H, s, 8-OH), 11.91 (1H, s,
1-OH), 7.82 (1H, dd, J = 8.4 Hz, 7.4 Hz, H-6), 7.71
(1H, dd, J = 7.4, 1.1 Hz, H-5), 7.68 (1H, d, J = 1.6 Hz,

H-4), 7.39 (1H, dd, J = 8.4, 1.1 Hz, H-7), 7.35 (1H, d,
J=1.6Hz, H-2), 4.68 (2H, s, CH2-15).

2.4 B#rtAH 5a~5q BIE R

241 WAV 5a AR KA 4 (50 mg, 0.17
mmol) & T &Mk (10 mL) 1, FHEmEIInA
tb&%) 2a (41 mg, 0.19 mmol) FBEN}-2- H R U 45
(13 mg, 0.068 mmol), = iF#i+: 6 h. TLC £l
PBiTEASE, AF IR, WG RS, R BRI
ik aifl, mBhH & - FEE (50 1 1), M
[l 4k 54 5a, W 84.4%. mp 188.9~190.4 C;
IH-NMR (600 MHz, DMSO-dg) J: 11.90~11.81 (2H,
m, 1, 8-OH), 8.18 (1H, s, H-16), 7.77 (1H, dd, J = 8.3,
7.1 Hz, H-6), 7.67 (1H, d, J = 7.1 Hz, H-5), 7.56 (1H,
d, J = 8.2 Hz, H-7"), 7.53 (1H, d, J = 1.2 Hz, H-4),
7.52 (1H, d, J = 7.9 Hz, H-4'), 7.45 (1H, d, J = 3.1 Hz,
H-2'), 7.36 (1H, d, J = 8.3 Hz, H-7), 7.18 (1H, d, J = 0.8
Hz, H-2), 7.12 (1H, t, J = 7.4 Hz, H-6"), 7.00 (1H, dd, J =
7.4, 7.3 Hz, H-5)), 6.43 (1H, d, J = 2.9 Hz, H-3), 5.71
(2H, s, CH2-15), 5.49 (2H, s, CH2-18); 3C-NMR (150
MHz, DMSO-dg) 6: 191.5, 181.1, 161.4, 161.3, 145.6,
1442, 137.4, 1355, 133.7, 133.2, 128.6, 128.2, 1245,
1239, 122.8, 121.1, 120.4, 119.4, 119.1, 118.2, 115.9,
115.6, 110.0, 101.0, 51.9, 40.8; HRMS m/z: 451.140 5,
THEAE 451.140 6, CasH19N4O4 [M+H]*.

242 &S MG LMLEY 4 Atk &) 2b
NIER, BAETEFLAEY) 5a BIE R, 3R
AL AW 5b, WK 96.0%. mp 129.7~131.4 C;
!H-NMR (600 MHz, DMSO-ds) 4: 11.90~11.83 (2H,
m, 1, 8-OH), 8.17 (1H, s, H-16), 7.77 (1H, dd, J = 8.3,
7.5 Hz, H-6), 7.67 (1H, dd, J = 7.5, 1.0 Hz, H-5),
7.53~7.50 (2H, m, H-4, 4'), 7.39 (1H, d, J = 7.7 Hz,
H-7"), 7.36 (1H, dd, J = 8.3, 1.0 Hz, H-7), 7.17 (1H, d,
J=1.4 Hz, H-2), 7.03 (1H, ddd, J = 8.1, 7.5, 1.0 Hz,
H-6"), 6.94 (1H, ddd, J = 8.1, 7.3, 0.8 Hz, H-5'), 6.20
(1H, s, H-3"), 5.69 (2H, s, CH,-15), 543 (2H, s,
CH>-18), 2.51 (3H, s, CH3-2'); *C-NMR (150 MHz,
DMSO-dg) 0: 191.5, 181.1, 161.4, 161.3, 145.6, 144 .4,
137.5, 136.6, 136.2, 133.7, 133.2, 127.7, 124.5, 123.8,
122.8,120.2, 119.4, 119.2, 119.1, 118.2, 115.9, 115.6,
109.6,99.9, 51.9, 37.8, 12.6; HRMS m/z: 465.156 3,
TH5{H 465.156 3, Co7H21N4O4 [M+H]*.

243 fbEW 5c WEH LMEEY) 4 &4 2¢
NIERL, BAETEFLEY) 5a AR, 3R
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A& 5c, YR 97.8%. mp 159.3~161.2 C;
IH-NMR (600 MHz, DMSO-de) 4: 11.86 (1H, s,
OH-8), 11.85 (1H, s, OH-1), 8.15 (1H, s, H-16), 7.76
(1H, dd, J = 8.4, 7.4 Hz, H-6), 7.66 (1H, dd, J = 7.4,
0.7 Hz, H-5), 7.53 (1H, d, J = 1.4 Hz, H-4), 7.41 (1H,
d, J = 3.3 Hz, H-2), 7.36 (1H, d, J = 8.3 Hz, H-7"),
7.35 (1H, dd, J = 8.4, 0.8 Hz, H-7), 7.17 (1H, d, J =1.2
Hz, H-2), 7.00 (1H, dd, J = 8.0, 7.4 Hz, H-6'), 6.79
(1H, d, J = 7.1 Hz, H-5'), 6.45 (1H, d, J = 2.9 Hz,
H-3"), 5.70 (2H, s, CHx-15), 5.47 (2H, s, CH,-18),
2.42 (3H, s, CHs-4"); 3C-NMR (150 MHz, DMSO-ds)
o 191.5, 181.1, 161.4, 161.3, 145.6, 144.4, 137.5,
135.2, 133.7, 133.1, 129.3, 128.1, 128.0, 124.5, 123.9,
122.8, 121.3, 119.4, 119.3, 118.2, 115.9, 115.6, 107.7,
99.6, 51.9, 41.0, 18.4; HRMS m/z: 465.156 7, %
{E 465.156 3, Ca7H21N4O4 [M—+H]*.

244 fEMSAdRIER DMLEY) 48 2d R
BAE LR EY) 5a BIERL, SR alEEiEY
5d, Ui #% 95.9%. mp 197.6~199.5 °C; 'H-NMR (600
MHz, DMSO-ds) &: 11.89~11.83 (2H, m, 1, 8-OH),
8.14 (1H, s, H-16), 7.78 (1H, dd, J = 8.4, 7.4 Hz, H-6),
7.67 (1H, d, J = 7.4 Hz, H-5), 7.54 (1H, s, H-4), 7.36
(1H, d, J = 8.4 Hz, H-7), 7.32 (1H, d, J = 3.1 Hz,
H-2"), 7.18 (1H, s, H-2), 7.15 (1H, d, J = 8.2 Hz,
H-7"), 7.03 (1H, dd, J = 7.9, 7.8 Hz, H-6), 6.51 (1H, d,
J=7.7 Hz, H-5), 6.42 (1H, d, J = 3.0 Hz, H-3), 5.71
(2H, s, CH2-15), 5.45 (2H, s, CH»-18), 3.83 (3H, s,
OCHs-4"); BBC-NMR (150 MHz, DMSO-de) d: 191.5,
181.2, 161.4, 161.3, 152.8, 145.6, 144.3, 137.5, 136.9,
133.7,133.2, 127.1, 124.5, 123.9, 122.8, 122.2, 119.4,
118.5, 118.2, 115.9, 115.7, 103.5, 99.4, 98.3, 54.9,
51.9,41.1; HRMS m/z: 481.151 4, iI-%fi 481.151 2,
Co7H21N4Os [M+H]*.

245 &Y 5e IEH LMELEY) 4 1 2e NFEL,
B E G EY) ba BIE R, 1SR &Y)
5e, % 89.5%. mp 236.3~238.1 C; *H-NMR (600
MHz, DMSO-ds) d: 12.01~11.74 (2H, m, 1, 8-OH),
8.25 (1H, s, H-16), 8.14 (1H, dd, J = 7.9, 2.3 Hz,
H-5"), 8.06 (1H, dd, J = 7.9, 3.6 Hz, H-7'), 7.90~7.85
(1H, m, H-2'), 7.80~7.73 (1H, m, H-6), 7.68~7.62
(1H, m, H-5), 7.51 (1H, d, J = 6.4 Hz, H-4), 7.39~
7.31 (2H, m, H-6', 7), 7.18 (1H, d, J = 3.7 Hz, H-2),
7.04 (1H, d, J = 3.7 Hz, H-3'), 5.72 (2H, s, CH-15),

5.66 (2H, s, CH,-18); 13C-NMR (150 MHz, DMSO-ds)
5. 1915, 181.1, 161.4, 161.3, 145.6, 143.6, 139.3,
137.8, 137.5, 134.1, 133.7, 133.2, 124.5, 124.2, 122.9,
121.9, 120.6, 119.4, 118.2, 118.1, 117.3, 115.9, 115.7,
101.1, 52.0, 41.3; HRMS m/z: 496.125 3, %1k
496.125 7, Cz6H1sNsOs [M+H]*-

246 WEMSIHIERK LUMLEY) 4 81 2f R
B E GG ba BIE R, 1SR EaEE &)
5f, Y% 89.4%. mp 186.1~188.1 C; H-NMR (600
MHz, DMSO-ds) J: 11.88~11.83 (2H, m, 1, 8-OH),
8.19 (1H, s, H-16), 7.78~7.74 (1H, m, H-6), 7.66
(1H, d, J = 7.4 Hz, H-5), 7.59 (1H, d, J = 8.8 Hz,
H-7'), 7.57 (1H, d, J = 1.9 Hz, H-4"), 7.54~7.50 (2H,
m, H-2', 4), 7.35 (1H, d, J = 8.4 Hz, H-7), 7.18 (1H, s,
H-2), 7.11 (1H, dd, J = 8.7, 2.0 Hz, H-6"), 6.43 (1H, d,
J = 3.1 Hz, H-3), 5.71 (2H, s, CH,-15), 5.51 (2H, s,
CH-18); 3C-NMR (150 MHz, DMSO-dg) §: 191.5,
181.1, 161.4, 161.3, 145.6, 144.0, 137.5, 134.1, 133.7,
133.2, 130.5, 129.4, 124.5, 124.0, 124.0, 122.8, 121.1,
119.6, 119.4, 118.2, 115.9, 115.6, 111.7, 100.9, 52.0,
41.0; HRMS m/z: 485.102 1, %14 485.101 7,
C26H13C|N404 [M+H]+o

247 {EMSgHIER  ULEY 4T 2g M )E kL
BT LFEL S ba BIE R, SRR EY
59, W% 81.2%. mp 189.8~191.3 °C; 'H-NMR (600
MHz, DMSO-ds) &: 11.88~11.83 (2H, m, 1, 8-OH),
8.19 (1H, s, H-16), 7.78 (1H, dd, J = 8.3 Hz, 7.4 Hz,
H-6), 7.71 (1H, d, J = 1.9 Hz, H-2'), 7.67 (1H, dd, J =
7.4 Hz, 0.8 Hz, H-5), 7.55 (1H, d, J = 8.7 Hz, H-7"),
7.53 (1H, d, J = 1.5 Hz, H-4), 7.51 (1H, d, J = 3.1 Hz,
H-4'), 7.36 (1H, dd, J = 8.3, 0.8 Hz, H-7), 7.23 (1H,
dd, J = 8.8, 1.9 Hz, H-6"), 7.18 (1H, d, J = 1.4 Hz,
H-2), 6.43 (1H, d, J = 3.0 Hz, H-3'), 5.72 (2H, s,
CH>-15), 5.50 (2H, s, CH>-18); 3C-NMR (150 MHz,
DMSO-dg) 0: 191.5, 181.2, 161.4, 161.3, 145.6, 144.0,
137.5, 134.3, 133.7, 133.2, 130.3, 130.1, 124.5, 124.0,
123.7, 122.8, 122.6, 119.4, 118.2, 115.9, 115.7, 112.2,
111.9, 100.8, 52.0, 41.0; HRMS m/z: 529.050 8, it
{8 529.051 1, Caz6H1sBrN4Os [M+H]*.

248 HAEMShERK  LMLEY 45 2h A E KL,
B L AL E Y ba MIE R, AR AR AT
5h, % 59.8%. mp 261.8~263.8 “C; 'H-NMR (600
MHz, DMSO-ds) &: 11.95~11.78 (2H, m, 1, 8-OH),
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8.55 (1H, d, J = 1.4 Hz, H-4'), 8.26 (1H, s, H-16), 8.02
(1H, dd, J = 9.0, 1.7 Hz, H-6'), 7.82~7.75 (2H, m,
H-7', 6), 7.72 (1H, d, J = 3.0 Hz, H-2), 7.67 (1H, d,
J=7.4Hz H-5),7.52 (1H, s, H-4), 7.36 (1H, d, J = 8.4
Hz, H-7), 7.19 (1H, s, H-2), 6.76 (1H, d, J = 2.8 Hz,
H-3'), 5.73 (2H, s, CH»-15), 5.61 (2H, s, CH-18);
13C.NMR (150 MHz, DMSO-dg) &: 1915, 181.2,
161.4, 161.3, 145.6, 143.5, 140.9, 138.5, 137.5, 133.8,
133.3, 132.6, 127.6, 124.6, 124.2, 122.9, 119.4, 118.2,
117.6, 116.6, 116.0, 115.7, 110.8, 104.1, 52.0, 41.3;
HRMS m/z: 496.125 6, 114518 496.125 7, C2sH18NsOs
[M~+H]*.

249 AW 5 KA UMLEY 4 FiEd) 2i
NIERL, EEEREGEY) 5a FIA R, 133 lE
LAY 5i, WE 71.4%. mp 263.4~264.8 C; H-
NMR (600 MHz, DMSO-ds) ¢: 11.89~11.84 (2H, m,
1, 8-OH), 8.24 (1H, s, H-16), 8.08 (1H, s, H-4'),
7.81~7.77 (2H, m, H-6, 7'), 7.68 (1H, d, J = 7.5 Hz,
H-5), 7.67 (1H, d, J = 3.4 Hz, H-2'), 7.53 (1H, d, J =
1.1 Hz, H-4), 7.49 (1H, dd, J = 8.5, 1.1 Hz, H-6"), 7.37
(1H, d, J = 8.3 Hz, H-7), 7.19 (1H, s, H-2), 6.61 (1H,
d, J = 3.1 Hz, H-3'), 5.73 (2H, s, CH,-15), 5.59 (2H, s,
CH-18); 3C-NMR (150 MHz, DMSO-ds) § 191.5,
181.2, 161.4, 161.3, 145.6, 143.7, 137.5, 137.2, 133.8,
133.3, 131.5, 128.0, 126.1, 124.6, 124.1, 124.0, 122.9,
120.6, 119.4, 118.2, 116.0, 115.7, 111.6, 102.3, 101.4,
52.0,41.0; HRMS m/z: 476.135 7, %1} 476.1359,
C27H13N504 [M+H]+o

2410 thEWSjHIEK  IMEY 4 2] NEEL
BAEE G EY) ba &R, 1SR &Y)
5j, W 93.4%. mp 149.3~150.4 ‘C; 'H-NMR (600
MHz, DMSO-ds) J 11.88~11.83 (2H, m, 1, 8-OH),
8.17 (1H, s, H-16), 7.76 (1H, dd, J = 8.4, 7.5 Hz, H-6),
7.66 (1H, d, J = 7.5 Hz, H-5), 7.53 (1H, s, H-4), 7.37
(1H, d, J = 8.5 Hz, H-4"), 7.35 (1H, d, J = 8.4 Hz,
H-7), 7.28 (1H, d, J = 3.2 Hz, H-2"), 7.18 (1H, s, H-2),
7.10 (1H, d, J = 1.7 Hz, H-7"), 6.65 (1H, dd, J = 8.5,
2.2 Hz, H-5), 6.34 (1H, d, J = 3.0 Hz, H-3"), 5.72 (2H,
s, CH»-15), 544 (2H, s, CH»>-18), 3.75 (3H, s,
6-OCHs); 13C-NMR (150 MHz, DMSO-dg) d: 191.5,
181.1, 161.4, 161.3, 155.6, 145.7, 144.3, 137.5, 136.4,
133.7, 133.2, 127.4, 124.5, 123.9, 122.8, 122.3, 121.0,
119.4, 118.2, 115.9, 115.6, 109.2, 101.1, 93.6, 55.3,

52.0, 40.8; HRMS m/z: 481.150 9, it 18 481.151 2,
C27H21N405 [M+H]+o

2411 &Y Sk G DMLED 4 F1 2k AR
Bl ETERLAEY) ba BIA K, SO E AL
&) 5k, W 95.1%. mp 205.9~207.3 C; tH-NMR
(600 MHz, DMSO-ds) d: 11.94~11.79 (2H, m, 1,
8-OH), 8.22 (1H, s, H-16), 7.77 (1H, dd, J = 8.3 Hz,
7.5 Hz, H-6), 7.67 (1H, d, J = 7.5 Hz, H-5), 7.54 (1H,
d, J = 1.1 Hz, H-4), 7.51 (1H, dd, J = 8.6, 5.5 Hz,
H-4'), 7.45 (1H, dd, J = 10.5, 2.0 Hz, H-5"), 7.44 (1H,
d, J = 3.2 Hz, H-2'), 7.36 (1H, d, J = 8.3 Hz, H-7),
7.19 (1H, s, H-2), 6.88~6.84 (1H, m, H-7"), 6.45 (1H,
d, J = 2.9 Hz, H-3'), 5.72 (2H, s, CH2-15), 5.47 (2H, s,
CH2-18); 3C-NMR (150 MHz, DMSO-dg) §: 191.5,
181.2, 161.4, 161.3, 158.7 (d, J = 234.6 Hz), 145.6,
143.9, 137.5, 135.6 (d, J = 12.8 Hz), 133.7, 133.2,
129.4 (d, J = 3.3 Hz), 124.9, 1245, 124.0, 122.9,
1215 (d, J = 10.3 Hz), 119.4, 118.3, 115.9, 115.7,
107.7 (d, J = 24.4 Hz), 101.4, 96.7 (d, J = 26.4 Hz),
52.0, 40.8; HRMS m/z: 469.131 1, i1 518 469.131 2,
Ca6H18FN4O4 [M+H]*.

2412 WEVSIMER DALEY4 021 )5k,
BAE TR EY) Ba G, 3R AR &
51, Y% 83.8%. mp 144.3~145.7 °C; 'H-NMR (600
MHz, DMSO-de) d: 11.87 (1H, s, 8-OH), 11.86 (1H, s,
1-OH), 8.21 (1H, s, H-16), 7.85 (1H, s, H-7"), 7.77
(1H, dd, J = 8.3, 7.3 Hz, H-6), 7.67 (1H, d, J = 7.3 Hz,
H-5), 7.54 (1H, s, H-4), 7.48 (1H, d, J = 8.5 Hz, H-5)),
7.47 (1H, d, J = 3.1 Hz, H-2"), 7.36 (1H, d, J = 8.3 Hz,
H-7), 7.20 (1H, s, H-2), 7.12 (1H, dd, J = 8.3, 1.3 Hz,
H-4'), 6.46 (1H, d, J = 2.9 Hz, H-3"), 5.73 (2H, s,
CH>-15), 5.50 (2H, s, CH>-18); 3C-NMR (150 MHz,
DMSO-ds) 0: 191.5, 181.1, 161.4, 161.3, 145.6, 144.0,
137.5, 136.5, 133.7, 133.2, 129.7, 127.2, 124.5, 124.0,
122.9, 122.2, 122.1, 119.4, 118.3, 115.9, 115.7, 114.2,
112.9, 101.5, 52.0, 40.8; HRMS m/z: 529.051 3, 15 {#
529.051 1, CasH1sBrN4Os [M+H]*.

2413 WAV Sm PIER  LMELEY) 4 F12m AR
kBl BAEEFEAY) 5a AR, S alE Ak
&) 5m, I 83.2%. mp 265.4~267.3 C;H-NMR
(600 MHz, DMSO-ds) 6: 11.98~11.78 (2H, m, 1,
8-OH), 8.64 (1H, s, H-7), 8.28 (1H, s, H-16), 7.95~
7.84 (2H, m, H-5', 4'), 7.80 (1H, dd, J = 7.9, 6.8 Hz,
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H-6), 7.73 (1H, d, J = 8.5 Hz, H-2"), 7.68 (1H, d, J =
6.8 Hz, H-5), 7.52 (1H, s, H-4), 7.38 (1H, d, J = 7.9
Hz, H-7), 7.19 (1H, s, H-2), 6.68 (1H, s, H-3'), 5.74
(2H, s, CH,-15), 5.69 (2H, s, CH2-18); 3C-NMR (150
MHz, DMSO-dg) 6 191.5, 181.2, 161.4, 161.3, 145.6,
143.6, 142.1, 137.5, 135.4, 134.1, 133.8, 133.2, 124.6,
124.2,122.8, 120.8, 119.4, 118.2, 116.0, 115.7, 114.4,
107.4, 102.4, 52.0, 41.1; HRMS m/z: 496.125 2, if
5HH 496.125 7, Ca26H1sNsOs [M+H]*.

2414 LAY 50 AR LAY 4 Al 2n R )5
kL, BAETIEFEGEY) Sa AR, 1B ARk
& 5n, I 96.4%. mp 112.4~114.3 C; H-NMR
(600 MHz, DMSO-ds) o: 11.87~11.83 (2H, m, 1,
8-OH), 8.22 (1H, s, H-16), 7.93 (1H, s, H-4'), 7.79~
7.73 (2H, m, H-7', 6), 7.64 (1H, d, J = 7.5 Hz, H-5),
7.56 (1H, d, J = 3.1 Hz, H-2'), 7.52 (1H, s, H-4), 7.34
(1H, d, J = 8.3 Hz, H-7), 7.18 (1H, s, H-2), 6.45 (1H,
d, J = 3.1 Hz, H-3'), 5.72 (2H, s, CH»-15), 5.52 (2H, s,
CH-18); 13C-NMR (150 MHz, DMSO-ds) &: 191.5,
181.1, 161.4, 161.3, 145.6, 143.7, 137.5, 134.6, 133.7,
133.2, 131.4, 128.1, 124.5, 124.1, 123.7, 122.9, 121.9,
121.5, 119.4, 118.2, 115.9, 115.6, 112.0, 101.2, 52.0,
40.9; HRMS m/z: 519.062 5, %4 519.062 7,
C26H17C|2N404 [M+H]+o

2415 WA 50 AR UMLEY) 4 i 20 AR
Bl BRETVERCEY) ba KA, Btk
4 50, E 83.5%. mp 195.6~197.3 °C; H- NMR
(600 MHz, DMSO-de) d: 11.87~11.82 (2H, m, 1, 8-
OH), 7.97 (1H, s, H-16), 7.77 (1H, dd, J = 8.3 Hz, 7.4
Hz, H-6), 7.66 (1H, d, J = 7.4 Hz, H-5), 7.50 (1H, s,
H-4), 7.39 (1H, d, J = 3.2 Hz, H-2"), 7.37~7.33 (2H,
m, H-7, H-4), 7.15 (1H, s, H-2), 6.87 (1H, dd, J = 7.6,
7.3 Hz, H-5'), 6.82 (1H, d, J = 7.0 Hz, H-6'), 6.43 (1H,
d, J = 3.2 Hz, H-3'), 5.69 (2H, s, CH2-15), 5.68 (2H, s,
CH>-18), 2.68 (3H, s, CH3-7"); *C-NMR (150 MHz,
DMSO-dg) 5 191.5, 181.1, 161.4, 161.3, 146.2, 145.7,
137.5, 134.2, 133.7, 133.2, 130.3, 129.4, 124.5, 124.2,
123.4,122.7, 120.8, 119.4, 119.4, 118.7, 118.1, 115.9,
115.6, 101.7, 51.9, 43.6, 19.4; HRMS m/z: 465.156 3,
THEE 465.156 3, CarH21NaO4 [M+H]*.

2416 L&Y 5p MG LMLEY) 4 Al 2p KR
Bl BRETVERCEY) ba KA, At
A0 5p, I 91.4%. mp 239.4~241.3 C; 'H-NMR

(600 MHz, DMSO-ds) 6: 11.87~11.83 (2H, m, 1,
8-OH), 8.02 (1H, s, H-16), 7.97 (1H, dd, J = 7.8, 0.9
Hz, H-6'), 7.79~7.74 (2H, m, H-6, 4'), 7.74 (1H, d,
J =3.2 Hz, H-2"), 7.66 (1H, dd, J = 7.4, 1.0 Hz, H-5),
751 (1H, d, J = 1.6 Hz, H-4), 7.35 (1H, dd, J = 8.3, 1.0
Hz, H-7), 7.18 (1H, dd, J = 7.8, 7.7 Hz, H-5"), 7.10 (1H,
d, J = 1.4 Hz, H-2), 6.77 (1H, d, J = 3.2 Hz, H-3), 5.67
(2H, s, CH,-15), 5.61 (2H, s, CH2-18); *C-NMR (150
MHz, DMSO-dg) 6: 1915, 181.1, 161.4, 161.3, 145.6,
143.6, 137.5, 136.7, 134.2, 133.8, 133.7, 133.2, 1274,
1257, 1245, 123.7, 122.8, 119.7, 119.4, 119.0, 118.3,
115.9, 115.6, 103.3, 51.9, 44.1; HRMS m/z: 496.125 8,
THHAE 496.125 7, CosH18Ns0s [M+H]*.
2417 WAV 5q &K LMLEY 4 il 2q A5
Bl BAETIEFEGEY) 5a AR 1SR ARk
AW 50, W 95.6%. mp 231.6~232.5 C; H-NMR
(600 MHz, DMSO-de) d: 11.97~11.81 (2H, m, 1, 8-
OH), 8.26 (1H, d, J = 2.9 Hz, H-4"), 8.18 (1H, s,
H-16), 7.97 (1H, d, J = 7.0 Hz, H-6"), 7.80 (1H, dd,
J =82, 7.0 Hz, H-6), 7.70 (1H, d, J = 7.0 Hz, H-5),
7.61 (1H, d, J = 3.5 Hz, H-2'), 7.56 (1H, s, H-4), 7.38
(1H, d, J = 8.2 Hz, H-7), 7.20 (1H, s, H-2), 7.10 (1H,
dd, J = 7.3, 4.6 Hz, H-5), 6.50 (1H, d, J = 2.8 Hz,
H-3"), 5.72 (2H, s, CH,-15), 5.57 (2H, s, CH2-18);
BC-NMR (150 MHz, DMSO-ds) o: 1915, 181.2,
161.4, 161.3, 146.8, 145.6, 144.3, 142.5, 137.5, 133.8,
133.3, 128.9, 128.7, 124.5, 124.0, 122.9, 120.0, 119.4,
118.3, 116.0, 115.9, 115.7, 99.7, 51.9, 38.9; HRMS m/z:
452.136 1, 1511 452.1359, CosHisNsOs [M+H]*.
3 IMRBRETE MR

KA MTT %, DMKFEEF B R 2, I
KT BHixtb &4 5a~5q £ 40 umol/L ¥R T Xt
MCF-7 4Hfid. HepG2 4 AGS 4Hfi 3 i g 4
FRL RO AA T B R ¥ 1 o BSOS E R SR AN [ e
YOt T 96 FLABffIth, AEFL 7X 103N 100
uL, 7E CO2 859746 (37 "C.5% CO,. HXTESE 90%)
HEE IR 24 ho 37 B3 e RSN 200 pL & 40 pmol/L
RrR R 7R, S AU NSRRI 2 R 77
B, W INEIL, T CO I gkal%t 48 h,
FEREEAE R, BEFLINA 5 mg/mL ) MTT %5 (20
nL/AL), TR AR E 4 h, 3 LGSR
A 150 puL DMSO. JHE TR & FiERE 10
min, {87 I 78 i id 2, 458 A B AR O E 492 nm
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PIWOERE (A fH, &I ARIHE HIRLEY) 5a~
5q X PRI AN AP0, g5 R LE 1. BB
THIFRE L R A4 Shy 5i F1 5m X} MCF-7
Y1 fiE . HepG2 41ifid . AGS 4iifiid. SKOV3 4fifid . HeLa
YU, A549 4 F1 MGC-803 i 7 Fb ik 4 i
PUMTEAER, 2R IE 2,

FOHE R =(A 20— A 2z)/A 21

MR 1A LA H, 78 40 umol/L IRIE T,
A% 5h. 5i F1 5m % MCF-7 iR 4 ak 2 80 R
T BN R A iR s EA R, TSR T B S )
FrEE R R AR RGBT . tbsh, (&
5h 7£ HepG2 11 AGS e 41 itk b 3R 30 3504 (1)
FIHIER, ST 2R R

4 g

TETENNASE R, w5l B B AN
LAY R ARG A 2 B . M5| R 5 £
A6 AL 5] NAHFEFNE I o] B B s S B
W, HiEHEM TR FEERRNAEY. M
M5l 2. 4 1 7 APV A, e REA T
IRESE, SRR RIS, RSt
B RERE, BT A& 25 K3
o LTI RIFEERIACEY) She 5i A1 5m
AT 17— MR E VY, 45 R BoR & Bh
X7 FeRT 0 M R R A TR . R,
1b&4) 5h 1£ MCF-7 Al SKOV3 2 Fhfitgagu it 231
RTINS 1ICsoE 70708 (1.7340.15). (3.09+

&1 B#rtLEY) 5a~5q BIEIMUMEIE LR

Table 1 In vitro antitumor activities of target compounds 5a—5q

e I 21%

MCF-7 HepG2 AGS
5a 47.35+1.90 43.89+3.45 44.97+2.19
5b 31.53+0.83 17.00+1.41 31.28+3.75
5¢ 39.83+3.06 40.32+1.79 33.74+3.15
5d 43.22+2.90 32.75+1.40 26.34+1.41
5e 41.97+2.09 20.24+0.67 31.33+2.07
5f 45.71+2.37 34.28+0.26 22.45+2.24
59 43.50+4.65 45.85+2.24 37.52+2.19
5h 88.17+2.14 58.43+1.58 62.27+1.92
5i 80.70+2.27 50.34+1.46 48.03+3.71
5j 45.12+3.68 39.95+2.80 30.17+2.61
5k 32.33+4.62 38.12+3.32 37.14+4.19
51 42.74+4.22 44.26+3.38 38.95+3.44
5m 88.18+0.21 47.81+2.15 4431+2.68
5n 33.68+2.84 23.70+1.57 21.36+1.19
50 34.93+3.55 24.90+1.85 40.88+2.17
5p 48.69+0.68 40.35+2.46 44.33+2.56
5q 52.38+2.14 32.16+1.96 36.97+2.66
BERER 59.45+0.49 50.41+2.15 49.67+1.37
SiRiERE) 72.46+0.73 79.83+2.42 79.43+0.76

=2 1A% 5h. 5i F15m BURSMTBNETE AR
Table 2 Invitro antitumor activities of compounds 5h, 5i and 5m
I1Cs0 /(umol/L)
&

MCF-7 HepG2 AGS SKOV3 Hela A549 MGC-803
5h 1.73+0.15 14.85+1.09 10.29+0.47  3.09+0.96 8.64+098 16.09+1.10 8.65+0.19
5i 344+0.28 359+248 2139+041 6.99+0.36 11.36+0.28 16.70+0.17 30.77+0.77
5m 2.77+0.32 >40 25.98+281 1042+149 543+090 7.91+024 16.20+1.70
FERER 21.32+1.01 34124185 52184333 2217+1.39 13.294+043 41.97+157 30.74+251
SiniERES 6.44+043 5374049 12.39+0.19 147+1.89 480+031 30.36+091  8.22+0.67
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0.96) pmol/L, HAH—ERIBFRME. ok, HE

1 5h., 5i il 5m X MCF-7 F1 SKOV3 2 Fftfifeg 41 fu ik

HITE TS RO T Hoth R dmiork, iz ay)

X AN [ P 2T ) e e A A7 A — e 1 A
FBAR TAVHEHFRARELEA R TR

SE R
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