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Design, synthesis and anti-tumor activity studies of oleanolic acid
derivativesusing VEGFR as target
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Abstract: In this study, twenty containing ethylenediamine groups derivatives of oleanolic acid (OA) were
synthesized, their structures were determined by 'H NMR, ¥C NMR and HR-MS. The anti-tumor activitiesin
HepG2 and SGC7901 cells were evaluated by MTT assay. The results showed that all compounds exhibited
anti-tumor activity, compounds |, |s and |4 exhibited significant anti-tumor activities with 1Cs, values of 16.7,
9.8 and 6.3 umol-L ", respectively. Molecular docking studies showed that compounds |-l produce higher
combining ability with VEGFR. Compound |¢—Ilo were further evaluated for the inhibitory activity against
VEGFR-2, the result showed | had a strong inhibitory effect on VEGFR with |Cs, values of 0.56 umol -L ™.
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Figurel Binding of sunitinib to the active site of vascular endothelial growth factor receptor (VEGFR)

Figure2 Thedesign of oleanolic acid (OA) derivatives
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Reagent and conditions:. (a) Jon€e's reagent, 0 C, 2 h; (b) (COCI),, CH.Cl,, 40 ‘C, 2 h; (c) NH2CH2,CH2NH,, CHCI3, Py, DMAP, rt, 3 h;
(d) RCOCI, CHCl3, Py, DMAP, 60 C, 3 h; (e) (CH3CO),0, Py, DMAP, rt, overnight; (f) (COCI),, CH.Cl,, 40 C, 2 h; (g) NH2CH,CH,NH,,
CHCl3, Py, DMAP, 60 C, 3 h; (h) RCOCI, CHCl3, Py, DMAPR, 60 ‘C, 3 h

Schemel Synthetic route of target compounds
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2.3 VEGFR-2 fIHIsELe  EHED 16~1g HEAT
VEGFR-2 #5255, SIS Invitrogen A &) 58 .
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B AR AR
3 NG

ASCLL OA Mg af A, @it 7E OA-28 1151 N 2,
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Table1l Anti-tumor activity of the target compounds on HepG2
and SGC7901 cell lines. ®Inhibitory percentage of cells treated
with each compound at a concentration of 10 pmol-L™* for 72 h;
®The agent concentration that inhibited SGC7901 and HepG2
cells growth by 50%

Inhibition rate/%? ICso/umol -L 1P
Compd.
HepG2 SGC7901 HepG2 SGC7901
OA 175 12.6 >50 >50
I 29.6 19.3 353 >50
I 325 223 30.4 >50
I3 403 326 26.1 35.6
la 365 26.3 30.3 40.0
Is 357 25 332 >50
Is 46.2 37.9 16.7 236
17 41.9 26.8 241 325
Ig 51.1 39.6 9.8 20.8
lo 59.9 46.7 6.3 235
110 24.9 17.8 415 >50
Iy 271 19.9 >50 >50
I, 295 232 45.0 >50
I3 385 337 38.7 >50
14 345 281 48.0 >50
Is 315 321 421 >50
e 44.6 355 29.0 325
Iy 386 315 356 455
Ig 48.6 375 21.8 295
Ig 50.6 415 20.8 276
110 229 17.1 >50 >50
Sunitinib 62.4 59.7 315 175
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Figure3 Binding of | to the active site of VEGFR

Table 2 Energy scores for different compounds with VEGFR
(PDB: 5ew3)

MolDock Number of Hydrogen-interacting
Compd. Score hydrogen .
Ikcal -mol ™ bonds residues
Iy —138.526 0 -
[Py -145.263 0 -
I3 —145.046 0 -
lg —147.628 0 -
Is —149.803 2 Cys1045, Glugss
le —151.513 1 Aspl046, Cys1045
I7 —154.871 1 Aspl046
lg —164.439 1 Glug85
lo —142.675 2 Aspl046
l10 -121.375 2 111025
11 —121.398 2 Argl027
15 —128.294 2 Alag81, Agr1032
I3 —131.439 2 Argl1027, 11€1025
(I —130.004 2 Glu885, Arg1027
15 —137.42 1 Glug85
I —134.693 2 Argl027
117 —132.446 1 Argl027
Ig -141.63 2 Glu8s5s, Arg1027
Io -126.145 2 Asp1046, Arg1027
1110 —120.029 1 Argl027
Sunitinib —154.827 2 Aspl046
OA —93.4356 1 11e1044
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Biichi B-540 ## mill & 1 (I FE i R &K 1E);
ARX-400 B HEALIRAC (TMS SN #5R); Autospec
Ultima-TOF S 1% 2 1%, WZZ-1S (2s) HshjieJeiX;
FEURIR (FiER % >98%) WT Bk 2 & MR
HIRAF, #HEGOIERER GF254 (FBiHELT) ),
2R 10% 5 FE LB W RPMI-1640 B398 38 (&
10% fi 2 IfL 375, 100 ug-mL 75 % %, 100 pg-mL 4%
). ALY E AR (MTT). BEE AR (Trypsin) Al
FRUERR A IS (FBS). SGC7901 4 fifd il HepG2 4 Jifd
FH L BH 24 RF K 5 260 B 00T = 3R 40k S5 i A 5 38
R4l
1 EEM
11 3HEFHRER (2 BFE HEWw 1 (0A,
259, 5.47 mmol) ¥ T 25 mL Flidt, vkEhisA A
-10°C, 22183 28.9 mmol Jones X5, B & RN
WA OAEHR, e, SHE P48 &M 2h TLC I
M BERR . ONSERE, N 75 mL A EE, KR
.30 min. JHUEBEZE, BREMAIER, INIEEKH
FE, CIRCBEZEHL, Kk, BIFEHUH, T7K NaSO,
TR R, IR, BRE, DR NEZK, 13k Ak g,
50 CEA . HE/ & H Lk (1:10) ELMm, 5
L&Y 2 1.92 g, I 97%, mp 218.1~
220.7 °C (CHERE mp 220.3~222.1°C)*,
12 3HEFHREME (3) MFlE Kiah 2
(3.50 g, 7.69 mmol) ¥ T 40 mL oK & HEEH,
A 40 C, SN EBEA (4.2 mL, 49.63 mmol),
WHe, R 2 h, TLC WM e, R SE4)E, IR
JEZE T AR B Ao R, &R .
13 K& (9 WFlE HiET 25mL oAK=EH
e 4k &4 3 (1.5 g, 3.17 mmol) ZZ18 s 2 —
fi& (2.12mL, 31.7 mmol) &+, i\ DMAP (0.019
g, 0.16 mmol) FF/KMERE (1.27 mL, 15.85 mmol) .
FRS 3 h, TLC Ml & B, RBLZ5 R 5, 10 mL
Mith R (5%) Weuk, SR, Kk, GIFAN
HH, To7K NapSO, T I, ik, ek, Tezbr i
A, AR A, 50 C E AT, RERAE (R 4 5,
B & e (1:150) Pelt, HA@mREy 4
1.26 g, Y% 80%. mp 149.5~150.3°C; HR-MS m/z
497.4028 [M+H]*; 'H NMR (400 MHz, CDCl3) ¢ 6.60
(1H, d, J = 5.1 Hz, CONH), 5.40 (1H, d, J = 15.1 Hz,
H-12), 3.51 (1H, dd, J = 13.7, 5.8 Hz, CONHCH,CH,),
3.22 (1H, dd, J = 13.9, 5.6 Hz, CONHCH,CH,), 3.07
(2H, s, CONHCH,CH,), 2.94 (2H, t, J = 5.4 Hz, NH,),

2.63 (1H, d, J = 9.4 Hz, H-18), 2.55 (1H, m, H-2), 2.37
(1H, m, H-12), 2.55 (1H, ddd, J = 15.9, 11.1, 7.3 Hz,
H-2), 2.37 (1H, ddd, J = 15.7, 6.5, 3.5 Hz, H-2), 1.17,
1.09, 1.05, 0.92, 0.91, 0.81 (3H, s, CH5)-

14 EW 1~ H&

e, BFlIE Kk 59 4 (0.497 g, 1.0 mmol)
BT 10mL eAK=EHEH, IAZRHF B (0.71 g,
5.0 mmol). JE/KMERE (0.41 mL, 5.0 mmol) 1 DMAP
(0.006 g, 0.05 mmol), FHiEk% 60 C, Fr&:[Rly &N
3 ho TLC Wl =M, RMEHE, H 10 mL 7 g
(5%) Peik, MANGEREKMBE, &R, Kk,
HIFANAE, oK NagSO, TH, HililE, BE¥k, hezkR
FUF, R AR, 50 C H A TR, mERAE
ks, Wl 8/ (0~10%) Wik, FHa¢
BRI A 1,042 g, Y& 70%. mp110.2~112.0 C;
[a] % +36.5 (c 0.40, CHCl3); HR-MS m/z: 601.429 0

[M+H]"; '"H NMR (400 MHz, CDCl;) 6 7.86~7.80
(2H, m, ph-H-2', H-6"), 7.60 (1H, dd, J = 15.1, 7.6 Hz,
CONHCH,CH,NH), 7.45~7.40 (2H, m, ph-H-3', H-5"),
6.48 (1H, d, J = 5.7 Hz, CONH), 5.42 (1H, t, J= 3.5 Hz,
H-12), 3.66~3.35 (4H, m, CONHCH,CH,), 2.63~
2.57 (1H, m, H-18), 2.54 (1H, ddd, J = 15.9, 11.3, 7.Hz,
H-2), 2.35 (1H, ddd, J = 15.8, 6.6, 3.Hz, H-2), 1.17,
1.07, 1.02, 0.97, 0.89, 0.87, 0.75 (each 3H, s, CHy);
3CNMR (101 MHz, CDCl3) 6 217.63, 180.55, 166.46,
165.92, 163.52, 144.45, 132.61, 130.29, 129.40, 115.67,
115.58, 115.12, 115.36, 55.24, 47.46, 46.73, 46.59,
46.42, 42.28, 41.90, 39.54, 39.20, 39.23, 36.76, 33.09,
32.95, 32.67, 31.85, 30.60, 29.65, 27.25, 26.36, 25.60,
23.68, 23.37, 21.48, 19.39, 16.68, 14.97 .

Eiﬁéﬁk I,~119

lo, AEEAE, R 70%. mp 99.5~101.7 C;
[a]® +42.3 (c 0.55, CHCl3); HR-MS nvz: 615.444 8
[M+H]*; '"HNMR (400 MHz, CDCl3) 6 7.72 (2H, d, J =
8.1 Hz, ph-H-2', H-6"), 7.46 (1H, s, CONHCH,CH,NH),
7.22 (2H, d, J = 8.0 Hz, ph-H-3, H-5), 6.50 (1H, t, J =
5.3 Hz, CONH), 5.42 (1H, t, J = 3.5 Hz, H-12), 3.65~
3.37 (4H, m, CONHCH,CH,NH), 2.62~2.58 (1H, m,
H-18), 2.57~2.49 (1H, m, H-2), 2.39 (3H, s, ph-CH3),
2.37~2.32 (1H, m, H-2), 1.15, 1.09, 1.03, 0.97, 0.89,
0.87, 0.75 (each 3H, s, CHz); *CNMR (101 MHz,
CDCls) ¢ 217.56, 180.68, 166.68, 166.12, 163.45,
144.28, 141.15, 132.65, 130.03, 129.38, 115.58, 115.36,
55.64, 48.46, 47.83, 46.59, 45.37, 42.08, 41.95, 39.44,
39.29, 39.11, 36.66, 34.08, 32.92, 32.67, 31.81, 30.69,
29.70, 27.20, 26.46, 25.65, 23.72, 23.28, 21.58, 20.93,
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19.41, 16.70, 14.95.

ls, AEEE, WX 61%. mp 102.3~103.5 C;
[a] #+40.6 (c 0.45, CHCl3); HR-MS m/z: 619.419 8
[M+H]*; *"HNMR (400 MHz, CDCl3) 6 8.13 (2H, dd,
J = 83, 55 Hz, ph-H-2', H-6), 7.89 (1H, dd, J = 8.2,
5.7 Hz, CONHCH,CH,NH), 7.13 (2H, dt, J = 16.7, 8.5
Hz, ph-H-3, H-5), 6.56 (1H, d, J = 5.3 Hz, CONH),
5.43 (1H, s, H-12), 3.54 (4H, m, CONHCH,CH,NH),
2.60 (1H, dd, J = 15.9, 8.7 Hz, H-18), 2.37 (1H, m,
H-2), 1.16, 1.09, 1.04, 0.99, 0.91, 0.87, 0.76 (each 3H,
s, CHz); ®CNMR (101 MHz, CDCl3) 6 217.68, 180.99,
166.77, 166.02, 163.52, 144.40, 132.69, 130.00, 129.48,
115.70, 115,58, 115.48, 115.36, 55.24, 47.46, 46.73,
46.59, 46.47, 42.08, 41.95, 39.44, 39.29, 39.11, 36.66,
34.08, 32.92, 32.67, 31.81, 30.69, 29.70, 27.22, 26.36,
25.64, 23.73, 23.49, 21.48, 19.47, 16.72, 14.97 .

Lo, E R AR K, % 56%. mp 985~
102.2 'C; [a]Z? +45.6 (c 0.55, CHCl3); HR-MS nmvz
619.4198 [M+H]"; 'H NMR (400 MHz, CDCl5) 6 8.20
(1H, ph-H-2), 7.60 (1H, dd, J = 151, 7.6 Hz
CONHCH,CH,NH), 7.38~7.12 (3H, m, ph-H-4', 5, 6),
6.56 (1H, d, J = 5.3 Hz, CONH), 5.43 (1H, s, H-12),
3.54 (4H, m, CONHCH,CH,NH), 2.60 (1H, dd, J =
15.9, 8.7 Hz, H-18), 2.37 (1H, ddd, J = 15.7, 6.2, 3.3
Hz, H-2), 1.16, 1.09, 1.04, 0.99, 0.89, 0.85, 0.75 (each
3H, s, CH3); ®C NMR (101 MHz, CDCl3) § 217.65,
180.86, 166.67, 166.01, 163.50, 144.42, 132.67, 130.05,
129.46, 115.72, 115.58, 115.48, 115.38, 55.25, 47.46,
46.74, 46.60, 46.47, 42.10, 41.93, 39.45, 39.29, 39.11,
37.66, 34.10, 32.93, 32.68, 31.81, 30.65, 29.72, 27.23,
26.35, 25.64, 23.74, 23.47, 21.46, 19.45, 16.74, 14.95 .

Is, FERARBEMA, R 91%. mp 159.6~162.8 C;
[a] Z +41.8 (c 0.50, CHCl3); HR-MS m/z: 631.439 8
[M+H]"; *H NMR (400 MHz, CDCl3) 6 7.82 (2H, d,
J = 8.7 Hz, ph-H-2', H-6), 7.63 (1H, d, J = 12.0 Hz,
CONHCH,CH,NH), 6.91 (2H, dd, J = 85, 2.9 Hz,
ph-H-3', H-5), 6.63 (1H, s, CONH), 5.41 (1H, s, H-12),
3.85 (3H, dd, J = 10.8, 3.1 Hz, ph-OCHs), 3.56~3.11
(4H, m, CONHCH,CH,NH), 2.70~2.59 (1H, m, H-18),
2.53 (1H, dt, J = 11.8, 7.8Hz, H-2), 2.40~2.28 (1H, m,
H-2), 1.14, 1.07, 1.02, 0.96, 0.92, 0.83, 0.74 (each 3H,
s, CHs); ®C NMR (101 MHz, CDCl3) 6 217.69, 180.43,
167.50, 162.15, 144.35, 128.94, 126.23, 122.81, 113.63,
55.38, 55.22, 47.43, 46.75, 46.59, 46.37, 45.91, 42.03,
41.82, 41.46, 39.82, 39.27, 39.10, 36.64, 34.10, 32.96,
32.74, 31.80, 30.69, 29.69, 27.26, 26.38, 25.66, 23.64,
23.52, 21.47,19.49, 16.71, 14.96 .

le, FI Ky R AA&, W 91%. mp 167.2~
1705 C; [a] © +38.6 (c 0.45, CHCl3); HR-MS m/z
646.4142 [M+H]"; '"H NMR (400 MHz, CDCl5) § 8.40
(1H, s, CONHCH,CH,NH), 8.06 (2H, d, J = 8.4 Hz,
ph-H-2', H-6), 7.82 (2H, t, J = 7.5 Hz, ph-H-3', H-5),
6.56 (1H, s, CONH), 5.45 (1H, s, H-12), 3.7 ~3.41 (4H,
m, CONHCH,CH,NH), 2.61 (1H, d, J = 9.7 Hz, H-18),
2.42~2.31 (1H, m, H-2), 1.18, 1.09, 1.04, 0.99, 0.93,
0.89, 0.76 (each 3H, s, CH3); ®*C NMR (101 MHz,
CDCl;) § 217.50, 181.77, 165.33, 148.45, 144.47,
144.41, 137.33, 130.91, 128.32, 124.29, 123.71, 123.43,
123.03, 55.21, 47.45, 46.69, 46.57, 43.15, 42.16, 42.09,
39.30, 39.20, 39.10, 36.65, 34.09, 34.00, 32.87, 32.66,
31.80, 30.69, 27.18, 26.35, 25.61, 23.83, 23.53, 23.46,
21.48, 19.45, 16.75, 14.97 .

l7, @R ARE K, % 88%. mp 1585~
160.4 C. [a]® +32.8 (c 0.35, CHCl3); HR-MS m/z

646.4142 [M+H]": *"H NMR (400 MHz, CDCl3) ¢ 8.42
(1H, s, CONHCH,CH,NH), 8.25 (1H, m, ph-H-2), 7.82 ~
7.39 (3H, m, ph-H-3', 4, 5), 6.76 (1H, s, CONH), 5.39
(1H, s, H-12), 3.60~3.28 (4H, m, CONHCH,CH,NH),
2.76 (1H, d, J = 9.7 Hz, H-18), 2.39~2.18 (1H, m,
H-2), 1.18, 1.09, 1.04, 0.99, 0.94, 0.90, 0.76 (each 3H, s,
CHs); °C NMR (101 MHz, CDCls) ¢ 217.49, 181.76,
165.31, 147.45, 145.46, 143.42, 137.34, 130.95, 128.35,
124.25, 123.73, 123.45, 123.05, 55.23, 47.43, 46.68,
46.57, 43.14, 42.16, 41.95, 39.32, 39.20, 39.08, 36.64,
34.09, 34.02, 32.85, 32.65, 31.80, 30.65, 27.18, 26.34,
25.62, 23.82, 23.54, 23.45, 21.48, 19.46, 16.76, 14.96 .

lg, FIERARE A, % 73%. mp 180.2~182.1°C;
[a]® +39.8 (c 0.45, CHCIl3); HR-MS nv/z: 659.434 6
[M+H]"; "H NMR (400 MHz, CDCl3) 6 7.81 (2H, d, J =
8.5 Hz, ph-H-2', H-6), 7.72 (1H, s, -CONHCH,CH,NH),
7.10 (2H, dd, J = 16.5, 8.4 Hz, ph-H-3, H-5), 6.52
(1H, s, CONH), 5.34 (1H, s, H-12), 3.58 ~3.29 (4H, m,
-CONHCH,CH,NH), 2.58~2.50 (1H, m, H-18), 2.25
(3H, d, J = 7.0 Hz, ph-OAc), 1.07 (3H, s, CHs), 1.00
(3H, s, CH3), 0.95 (3H, s, CH3), 0.89 (3H, s, CHy), 0.83
(3H, s, CH3), 0.79 (3H, s, CH3), 0.67 (3H, s, CHa);
3C NMR (101 MHz, CDCl3) § 217.85, 180.90, 179.58,
169.00, 153.19, 144.35, 131.72, 131.28, 128.60, 122.97,
121.68, 55.25, 47.47, 46.75, 46.60, 46.47, 42.08, 41.95,
41.89~41.85, 39.60, 39.30, 39.10, 36.66, 34.14, 34.03,
32.93, 32.68, 31.80, 30.69, 29.70, 27.24, 26.37, 25.66,
23.69, 23.49, 21.49, 21.16, 19.48, 16.73, 14.96 .

lo, AR RBEE, WE 69%. mp 124.2~125.9C;
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[¢] % +46.8 (c 0.55, CHCl3); HR-MS m/z: 651.411 8
[M+H]"; *"H NMR (400 MHz, CDCl3) 6 7.74 (2H, d, J =
8.3 Hz, ph-H-2', H-6"), 7.30 (2H, d, J = 8.0 Hz, ph-H-3,,
H-5Y, 6.33 (1H, t, J = 5.4 Hz, CONH), 5.44 (1H,t, J= 35
Hz, H-12), 5.31 (1H, d, J = 8.6 Hz, CONHCH,CH,NH),
3.51~3.00 (4H, m, CONHCH,CH,NH), 2.55 (1H, m,
H-18), 2.55 (1H, m, H-2), 2.42 (1H, s, ph-CH3), 2.37
(1H, m, H-2), 1.17 (3H, s, CH3), 1.09 (3H, s, CH,),
1.05 (6H, s, 2CHs), 0.93 (3H, s, CH3), 0.89 (3H, s,
CH,), 0.76 (3H, s, CH3); *CNMR (101 MHz, CDCl3) §
217.75, 180.63, 166.58, 166.42, 163.39, 142.38, 140.19,
132.63, 130.83, 129.35, 115.53, 115.38, 55.64, 48.46,
47.83, 46.59, 45.37, 42.08, 41.95, 39.44, 39.29, 39.11,
36.66, 34.08, 32.92, 32.67, 31.81, 30.69, 29.70, 27.20,
26.46, 25.65, 23.72, 23.28, 21.58, 20.67, 19.41, 16.70,
14.95.

l1o, AR ARE A, UK 64%. mp 123.4~1252°C;
[¢]® +34.5 (c 0.35, CHCl3); HR-MS m/z: 575.380 4
[M+H]*; '"H NMR (400 MHz, CDCl5) 6 6.35 (1H, d, J =
5.3 Hz, CONH), 5.44 (1H, t, J = 3.5 Hz, H-12), 5.05
(1H, s, 1H, CONHCH,CH,NH), 3.60~3.16 (4H, m,
CONHCH,CH,), 2.98~2.95 (3H, m, S-CHj), 2.67 (1H,
m, H-18), 2.56 (1H, m, H-2), 2.36 (1H, m, H-2), 1.24,
1.17, 1.13, 1.09, 1.01, 0.91, 0.82 (each 3H, s, CHy);
3C NMR (101 MHz, CDCl3) 6 217.65, 180.65, 166.56,
163.39, 129.35, 11553, 55.64, 48.46, 47.83, 46.59,
45.37, 42.08, 41.95, 39.44, 39.29, 39.11, 36.66, 34.08,
32.92, 32.67, 31.81, 30.69, 29.70, 27.20, 26.46, 25.65,
23.72, 23.28, 21.58, 20.67, 19.41, 16.70, 14.95 .
15 3-ZEBEEFTHREBEMHE 6 BHF&E Kb
4% 1 OA (4.16 g, 11.12 mmol) ¥ T 30 mL F& 7K Ak g
KR AR 0°C, g REr (1052 mL,
111.2 mmol), 5, i\ DMAP (0.052 g, 0.42 mmol),
BRI, TLC WM. RN R G, BB
AT 200 mL SKZK T, AN 3 £ B4 A4 42 AT H
THETREAEL, MR (5%) ¥, K¥E, TEK NaSO,
THE, HUE, Ve, ZATVER, SR ENIRY, 50 C
AT, AR B/ AR ELS SO AR R
th&M 5499, WK 88%, mp 268.1~270.8°C. (3CHk
fti: mp 269~271C)1*¥,
16 3-CEEEFTHREMSE (6) WHl&E KiLd
Y5 (259,502 mmol) T 25 mL /K ZEH ki,
In#Es 40°C, HiFE N2 N B (2.5 mL, 29.25
mmol), B 2 h TLC Wl s, KM 5E4)E, i
JEZETIEA, R TR O E A R, % &H.
17 &Y (7) WHlE HET 30mL LK =EH

B a6 (2.5 g, 4.84 mmol) g INE 2 —
f& (2.5 mL, 37.4 mmol) ¥, A\ DMAP (0.02 g,
0.16 mmol) Ak EE (1.5 mL, 18.63 mmol), F+
% 60 C, FFEM M 3 he iR 3 h, TLC
W R, R 4EHRE, 10 mL #EhiR (5%) ¥
o, R, KR, AIFAPAE, oK NapSO,
TR, HhUE, Yedk, BEZERR LS, AR A
WA, 50 CHT T, RO, FEE/ &
gt (1:50) v, MOt mRHEyw 7 (235 g,
4.35 mmol), Y% 90%. mp 198.7~201.3°C; HR-MS
m/'z. 541.4290 [M+H]"; '"H NMR (400 MHz, CDCl5)
4 6.38 (1H, t, J = 5.4 Hz, CONH), 5.39 (1H, t, J = 3.4
Hz, H-12), 4.48 (1H, dd, J = 10.0, 5.9 Hz, H-3), 3.45
(1H, dg, J = 12.0, 6.0 Hz, NHCH>), 3.15~3.04 (1H, m,
NHCH,), 3.02 (2H, s, NH,), 2.85~2.78 (2H, m,
NHCH,CH,), 2.56 (1H, dd, J = 12.8, 3.3 Hz, H-18),
2.05 (3H, s, 3-COCH35), 0.91 (6H, s, 2CH3), 1.16, 0.93,
0.87, 0.85, 0.78 (each 3H, s, CH3)-
1.8 A I~ BE&E

®wEH 1, BElE KA 7 (050 g, 0.925
mmol) ¥ T 10 mL /K =& H ke, MAEFBEA
(0.63 g, 4.65 mmol). F/KMLRE (0.37 mL, 4.65 mmol)
Al DMAP (0.011 g, 0.093 mmol), FHii % 60°C, Hr4t
AR 3 he TLC Wil s B, e Migh sl fa, F 10 mL
iR (5%) Ve, MAERKMRE, & HF AL,
KB, EFHAHA, K NaSO, T-H¢, e, Bk,
WEZEBR 2, 15k AR, 50 C B S T
TR A (i 8, R S B (0~ 10%) G i,
B A RE RIS 11,0423 g, HE 71%. mp
167.1~168.9°C; [¢] & +62.8 (c 0.95, CHCl3); HR-MS
m/'z. 645.4554 [M+H]*; '"H NMR (400 MHz, CDCl5)
5 7.88~7.78 (1H, m, 1H, ph-H-2', H-6"), 7.61 (1H, d,
J = 14.8 Hz, CONHCH,CH,NH), 7.51~7.40 (3H, m,
ph-H-3', H-4', H-5"), 6.47 (1H, d, J = 5.7 Hz, CONH),
5.40 (1H, t, J = 3.4 Hz, H-12), 4.47 (1H, dd, J = 10.3,
5.9 Hz, H-3), 3.75~3.21 (4H, m, CONHCH,CH,), 2.56
(1H, dd, J = 12.8, 3.3 Hz, H-18), 2.04 (3H, 5, 3-OCOCH 3),
1.14, 0.89, 0.87, 0.86, 0.85, 0.84, 0.70 (each 3H, s,
CHs); *C NMR (101 MHz, CDCl3) ¢ 180.55, 169.25,
165.92, 163.52, 162.59, 147.45, 133.63, 131.23, 129.40,
115.67, 115,58, 115.12, 114.59, 55.24, 47.46, 46.73,
46.59, 46.42, 42.28, 41.90, 39.54, 39.20, 37.23, 36.76,
33.09, 32.95, 32.67, 31.85, 30.60, 29.65, 27.25, 26.36,
25.60, 23.68, 23.37, 22.32, 21.48, 19.39, 17.38, 16.68,
14.97.
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[, EEEREAR, I 70%.mp 161.1~163.7 C;
[¢] % +40.6 (c 0.52, CHCl3); HR-MS m/z 659.471 2
[M+H]*; 'H NMR (400 MHz, CDCl3) ¢ 7.72 (2H, d,
J = 8.2 Hz, ph-H-2, H-6), 7.49 (1H, d, J = 8.1 Hz,
CONHCH,CH,NH), 7.23 (2H, dd, J = 14.3, 7.9 Hz,
ph-H-3', H-5), 6.26 (1H, t, J = 5.4 Hz, CONH), 5.38
(1H, dt, J = 12.6, 3.3 Hz, H-12), 4.48 (1H, dt, J = 8.1,
6.8 Hz, H-3), 3.71~3.16 (4H, m, CONHCH,CH,), 2.54
(1H, dd, J = 10.1, 3.4 Hz, H-18), 2.46 (3H, s, ph-CH3),
2.05 (3H, s, 3-OCOCH,), 1.15, 0.92, 0.90, 0.86, 0.84,
0.73, 0.70 (each 3H, s, CHj); “CNMR (101 MHz,
CDCl;) 6 180.54, 169.26, 165.93, 163.48, 162.59,
148.35, 132.96, 131.35, 129.45, 115.61, 115.25, 115.22,
114.59, 57.14, 49.46, 47.78, 46.59, 45.42, 42.38, 41.95,
39.56, 39.25, 38.25, 36.83, 33.15, 32.75, 32.53, 31.85,
30.44, 29.65, 28.15, 26.56, 25.36, 23.65, 23.35, 22.34,
21.56, 21.02, 19.16, 17.37, 16.57, 14.65 .

g, AR AR E 4, WE 75%, mp 170.8~
173.2°C; [a]® +58.6 (c 0.85, CHCl3); HR-MS m/z
663.445 8 [M+H]"; 'H NMR (400 MHz, CDClj) ¢
7.91~7.84 (4H, m, ph-H-2, 3, 5, 6), 6.48 (1H, t,
J = 5.8 Hz, CONH), 540 (1H, t, J = 3.3 Hz, H-12),
4.47 (1H, dd, J = 10.8, 5.3 Hz, H-3), 3.39 (4H, m,
CONHCH,CH,), 2.63~2.51 (1H, m, H-18), 2.05 (3H,
s, 3-OCOCHj), 1.14, 0.91, 0.88, 0.87, 0.85, 0.76, 0.65
(each 3H, s, CHs3); *C NMR (101 MHz, CDCly) §
180.56, 169.45, 165.76, 163.52, 147.37, 134.58, 131.23,
129.40, 119.05, 116.59, 115.12, 55.24, 47.46, 46.73,
46.59, 46.42, 42.28, 41.90, 39.54, 39.20, 38.13, 36.76,
33.09, 32.95, 32.67, 31.85, 30.60, 29.65, 27.25, 26.36,
25.60, 23.68, 23.37, 19.11, 17.45, 16.65, 14.95 .

g, B ERARE A, WE 65%. mp 162.1~
164.2 C; [a]Z? +30.6 (c 0.43, CHCl3); HR-MS nmvz
663.445 8 [M+H]"; 'H NMR (400 MHz, CDClj) ¢
8.03~7.64 (4H, m, ph-H-2', 4, 5, 6), 6.40 (1H, t,
J = 5.8 Hz, CONH), 5.36 (1H, t, J = 3.3 Hz, H-12),
451 (1H, dd, J = 10.8, 5.3 Hz, H-3), 3.45 (4H, m,
CONHCH,CH,), 2.76~2.41 (1H, m, H-18), 2.15 (3H,
s, 3-OCOCHj), 1.10, 0.89, 0.87, 0.86, 0.85, 0.76, 0.67
(each 3H, s, CH); ®C NMR (101 MHz, CDCls) 6
180.57, 169.44, 165.77, 163.54, 147.35, 137.28, 135.21,
130.40, 121.25, 116.28, 115.02, 54.24, 47.46, 46.28,
46.53, 46.19, 42.18, 41.56, 39.53, 39.58, 39.23, 36.76,
33.09, 32.95, 32.67, 31.85, 30.60, 29.65, 27.25, 26.36,
25.60, 23.68, 23.37, 19.23, 17.47, 16.68, 14.96 .

s, [ 7R AROIR B A&, U# 75%. mp
153.2~155.1°C; [a] ® +42.5 (c 0.50, CHCl3); HR-MS

m/'z: 675.4658 [M+H]*; '"H NMR (400 MHz, CDCl3) §
7.79 (2H, d, J = 8.8 Hz, ph-H-2', H-6'), 7.48 (1H, s,
CONHCH,CH,NH), 6.91 (2H, d, J = 8.8 Hz, ph-H-3,,
H-5'), 6.48 (1H, d, J = 5.7 Hz, CONH), 5.40 (1H, t, J =
3.4 Hz, H-12), 4.47 (1H, dd, J = 10.4, 5.8 Hz, H-3), 3.82
(3H, s, ph-OCH3), 3.40~3.33 (4H, m, CONHCH,CH,),
2.67 (1H, dd, J = 10.2, 3.4 Hz, H-18), 2.05 (3H, s,
3-OCOCH3), 1.14, 0.89, 0.87, 0.86, 0.85, 0.84, 0.70
(each 3H, s, CHj); ®*CNMR (101 MHz, CDCly) 6
180.65, 169.37, 165.86, 162.42, 148.57, 135.26, 132.25,
127.44, 118.09, 115.65, 114.12, 56.28, 53.87, 47.46,
46.73, 46.59, 46.12, 42.38, 41.95, 39.55, 39.20, 38.13,
36.76, 33.09, 32.95, 32.67, 31.85, 30.60, 29.60, 27.23,
26.35, 25.60, 23.18, 22.37, 19.13, 17.45, 16.65, 14.95 .
e, HEEMAEE AR g, 7% 80%. mp 1616~
163.7 'C; [a]Z +29.6 (c 0.40, CHCl3); HR-MS mvz

690.4402 [M+H]"; '"H NMR (400 MHz, CDCl5) § 8.39
(1H, s, CONHCH,CH,NH), 8.28 (2H, d, J = 8.8 Hz,
ph-H-2', H-6"), 8.03 (2H, d, J = 8.8 Hz, ph-H-3', H-5),

6.51 (1H, t, J = 5.8 Hz, CONH), 5.41 (1H, t, J = 3.3 Hz,
H-12), 4.47 (1H, dd, J = 10.8, 5.3 Hz, H-3), 3.57 (2H,

dd, J = 10.0, 4.3 Hz, CONHCH,CHy), 3.44 (2H, dd, J =
10.4, 5.3 Hz, CONHCH,CH,), 2.59 (1H, dd, J = 10.2,
3.4 Hz, H-18), 2.05 (3H, s, 3-OCOCHj), 1.15, 0.91, 0.88,
0.84, 0.86, 0.69, 0.58 (each 3H, s, CH3); *C NMR (101
MHz, CDCl,) 6 180.75, 169.45, 165.33, 148.45, 144.47,

144.41, 137.33, 130.91, 128.32, 124.29, 123.71, 123.43,
123.03, 55.21, 47.45, 46.69, 46.57, 43.15, 42.16, 42.09,

39.30, 39.20, 39.10, 36.65, 34.09, 34.00, 32.87, 32.66,

31.80, 30.69, 27.18, 26.35, 25.61, 24.13, 23.53, 23.16,

21.48, 19.45, 16.75, 14.97 .

o, E &R ARAREE, ZE 70%. mp 155.2~
157.1°C; [a]Z +30.4 (c 0.45, CHCl3); HR-MS m/z
690.4402 [M+H]*; *H NMR (400 MHz, CDCl;) 6 8.41
(1H, s, CONHCH,CH,NH), 8.33 (1H, m, ph-H-2),
7.98~7.82 (3H, m, ph-H-3, 4, 5), 6.65 (1H, t, J =
5.8 Hz, CONH), 5.39 (1H, t, J = 3.3 Hz, H-12), 4.49
(1H, dd, J = 10.8, 5.3 Hz, H-3), 3.52 (2H, dd, J = 10.0,
4.3 Hz, CONHCH,CH,), 3.45 (2H, dd, J = 10.4, 5.3
Hz, CONHCH,CH,), 2.52 (1H, dd, J = 10.2, 3.4 Hz,
H-18), 2.10 (3H, s, 3-OCOCHj), 1.16, 1.10, 0.93, 0.89,
0.86, 0.72, 0.60 (each 3H, s, CH3); ®*CNMR (101 MHz,
CDCl;) & 180.76, 169.25, 165.31, 147.45, 145.46,
143.42, 137.34, 130.95, 128.35, 124.25, 123.73, 123.45,
123.05, 55.23, 47.43, 46.68, 46.57, 43.14, 42.16, 41.95,
39.32, 39.20, 39.08, 36.64, 34.09, 34.02, 32.85, 32.65,
31.80, 30.65, 27.18, 26.34, 25.62, 24.82, 23.64, 23.13,
21.48, 19.16, 16.80, 14.86
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g, [ &K K, W% 65%. mp 130.3~
131.4°C; [a] ® +48.6 (c 0.55, CHCl3); HR-MS m/z
703.460 8 [M+H]*; 'H NMR (400 MHz, CDCls) &
7.89~7.84 (2H, m, ph-H-2', H-6'), 7.16 ~7.14 (2H, m,
ph-H-3', H-5, 6.49 (1H, t, J = 5.6 Hz, CONH), 5.40
(1H, t, J = 3.4 Hz, H-12), 447 (1H, dd, J = 10.0, 6.1
Hz, H-3), 3.66~3.30 (4H, m, CONHCH,CH,), 2.58
(1H, dd, J = 10.2, 3.4 Hz, H-18), 2.36 (3H, s, ph-OAc),
2.05 (3H, s, 3-OCOCHj), 1.143 (3H, s, -CH3), 0.87 (6H,
s, 2CHz), 0.90, 0.85, 0.84, 0.71 (each 3H, s, CHy);
3C NMR (101 MHz, CDCl;) 6 180.54, 179.62, 169.20,
165.92, 163.52, 153.19, 147.35, 131.75, 131.28, 128.60,
122.97, 121.68, 147.45, 133.63, 131.23, 129.40, 115.67,
115.58, 115.12, 55.24, 47.46, 46.73, 46.59, 46.42, 42.28,
41.90, 39.54, 39.20, 39.23, 36.76, 33.09, 32.95, 32.67,
31.85, 30.60, 29.65, 27.25, 26.36, 25.60, 23.68, 23.37,
21.48,19.39, 17.38, 16.68, 14.97 .

g, E M AIRE A&, % 60%. mp 127.3~
129.6 C; [a] ® +52.1 (c 0.65, CHCl3); HR-MS m/z
695.437 8 [M+H]*; 'H NMR (400 MHz, CDCly) §
7.73 (2H, d, J = 8.2 Hz, ph-H-2', H-6"), 7.29 (2H, d,
J = 81 Hz, ph-H-3, H-5), 6.32 (1H, t, J = 5.5Hz,
CONHCH,CH,NH), 5.41 (1H, d, J = 3.4 Hz, H-12),
4.49 (1H, dd, J = 10.2, 5.7 Hz, H-3), 3.46 ~3.05 (4H,
CONHCH,CH,), 2.51 (1H, d, J = 9.8 Hz, H-18), 2.42
(3H, s, ph-CH3), 2.05 (3H, s, 3-OCOCH;), 1.15, 0.93,
0.91, 0.90, 0.87, 0.86, 0.68 (each 3H, s, CH3); *C NMR
(101 MHz, CDCl3) ¢ 180.65, 169.25, 166.59, 163.52,
142.45, 132.63, 131.23, 129.40, 115.67, 115.58, 115.12,
55.24, 47.46, 46.73, 46.59, 46.42, 42.28, 41.90, 39.54,
39.20, 39.23, 36.76, 33.09, 32.95, 32.67, 31.85, 30.60,
29.65, 27.25, 26.36, 25.60, 23.68, 23.37, 21.48, 19.39,
17.38, 16.68, 14.95.

11y, FGREAEK, E 51%. mp 127.2~130.2 C;
[a]Z +48.3 (c 0.55, CHCl3); HR-MS mVz: 619.406 4
[M+H]*; *"HNMR (400 MHz, CDCl5) 6 6.35 (1H, d, J =
5.3 Hz, CONH), 5.45~5.37 (1H, d, J = 3.4 Hz, H-12),
4.49 (1H, dd, J = 10.2, 5.7 Hz, H-3), 3.57~3.10 (4H,
m, CONHCH,CH,), 2.96 (3H, m, S-CHs), 2.54 (1H,
m, H-18), 2.15 (3H, s, CH5), 1.83~1.66 (1H, m, H-2),
1.65~1.31 (1H, m, H-2), 1.19, 1.11, 0.96, 0.92, 0.88,
0.75 (each 3H, s, CH3); *C NMR (101 MHz, CDCl3) ¢
181.55, 169.25, 165.92, 163.52, 147.45, 129.40, 115.67,
55.24, 47.46, 46.73, 46.59, 46.42, 42.28, 41.90, 39.54,
39.20, 38.25, 36.76, 33.12, 32.75, 32.67, 31.25, 30.45,
29.65, 27.25, 26.36, 25.60, 24.12, 23.52, 21.58, 19.52,
18.02, 16.85, 14.97 .

2 ¥HUSNEBREE MR

HtH 2 K300 A 45 R 40 LR £ 5x20° AN 45
T 96 fLIR A, M 3NME AL, CO, TR K% 24 h
JE % RSB S, A3 IR AL A V) R8T e
B, Zi5IRIE D 10 pmol LY, & L2 A It HE A,
S JEE R N PE XS IR . R IR A T kSR 9% 72 he
AN MTT ¥ (5 mg-mL ™, 20 L), 4k8:559% 4 h,
FARFLEIEWR, A ZH O 200 L, &% as bR
% 5min, 25 FHEEAR{X T 570 nm &1 OD {H, ER
3L, WCPIME, &AM 1Cso, 3=
(4 IEZH OD {24540 OD {H)/%} & 41 OD 1 x100%.
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