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Synthesis and Cytotoxic Activities of the Amino
Acid-Conjugates of 10-Hydroxycamptothecin
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Abstract A series of amino acid-conjugates of 10-hydroxycamptothecin and 9-nitro-10-hydroxycamptothecin were synthe-
sized by means of a two-carbon side chain from 10-hydroxycamptothecin. The cytotoxic activities of all the synthetic com-
pounds on KB, HepG2 and C26 in vitro were evaluated by CCK-8 assay. The results revealed that part of the conjugates ex-
hibit potent anti-proliferative activities against selected tumor cell lines. Among them, the amino acid-conjugates of
10-hydroxycamptothecin show more potent activities than those of 9-nitro-10-hydroxycamptothecin in vitro as antitumor
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Figure 1 Design of amino acid-conjugates of camptothecin
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AR, 10-FRIE =M 1,2- IR AKX
VAR 10-(2-VR L) FMIR(2), a2 7005 I
. BEIRFES. AHNER. FRER. FER. XN
R T DA S H 2R BRI 238 R AR SR AR AR R N, AR
I Hb R Rl da~dg 5 7 AN 10-F2 25 5 WA 1 Z LR 2 5 4,
10-(2-1R L5HE) F IR Q) IR ERAE R, BIN 9-TiHE,
Ol FH-10-(2-VR £ 58355 =B B (3) 2 A1) -5 il 4 I R 7 2
TR a4 A, 42K Sa F1 5b (Scheme 1).

ey B AAiA AL &) 4a, de~4de (KRS, BN
B R T IX BBV IR IR 10-Q2-F S48 HE) H R
Bol(6). FATHEMIIL SR, N 5 &R v B LA 2K
FEAEAR DG, ZUIE B 7 I T8 R I 7 i 0B I 24 1 ] g

P, IR EE T K AR s B R AR, 3 BOX b A4 e
e 3 A

X TR IL BN &) 4b, 4f, 4g LIS b, it
P b I AR IRAF K AR 7=, S N R A AR O 5 v (19% ~
40%), MITHEE— LI UF T 2388 F By 5t ik & &
S PE S I (A

AR Molinspiration A48 )N % BT 13
F bR S0 I57K 3 Tic R E(LogP)EAT T F00I, THEAH
W AR EOR, (O)HARS T, R S E
TRZE S Log P34)/NT 10-F2 58 S M8 Log PAH, Tt
U SE R IR 5 1N AT DA S 385 2R Ak B W (R Kk, X
L BRAE S0 1 i R AL A AR — B0, (2)
Yo I A v TR 1A = SRR ZE S WK Log P W] i KT 2300
BEFERE A, IR KT 10- 25500k, il
PR A ity R I 1] BE S PR RAL S K . (3)ilTd Sa
5 4a, 5b 5 4b FFINE XS LE AT BUK IR, 9 SEAHFERSIN,
A REXHLA P IR S AN K.

PL 10-F2 IS Bl ok BHAE XS IR, 23l 7 9 AN H
FR23T 2 AR LB AL S 6 (IR ST i RE 4 i 43
B PE( AR 2). 1Cso Hdl o, (1) 10-(2-1R L5 5 0
B(2)H1 10-(2-F% LAk S Bif(6) IR SME VE 5 10- 52k 5

Reagents and conditions: (i) BrCH,CH,Br, K,CO3;, DMSO, MW, 60 °C, 52.8%; (ii) H.SO, (98%), HNO; (65%), 60.9%; (iii) Amino acid, DMSO,

80 °C, 6.5%~40.2%.

Scheme 1
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Figure 2 Hydrolysis of amino acid-conjugates of 10-hydroxycampothecin

R N10-FRIE T - TR A Log P -HAE
Table 1 Calculated Log P for amino acid-conjugates of 10-hydroxycamptothecin
Compd. HCPT 2 4a 4b 4c 4d 4e 4f 4g 3 Sa Sb 6
Log P 1.53 2.80 0.27 3.02 1.43 0.42 0.74 3.50 1.73 2.99 0.46 3.02 1.43

PBRAR 5 (2) 10-FRFE BTN 2 TR IR S 5 1) 4a~4g 1)
OREF T SRR 590 35 IO PUMR e E, L rp Rk
25 PR IR 25 ) P 3 P v TR I ) S R
EMrEE, TSR IR EY) 4e TEVEART 10-
FRFE R BAHILT; (3) 9-BL 5 I NAHEE AL S TE VX A 4
K, X C26 4O pR MG TE, 3 T 2 PR T3 8 1%,
1) 5a /1 5b 55 10-F2IL Bk ELEE, 3 PEFRFAR T3 100
¥, NI BEIAEZIRE T, 9 ALAHEEXS H A &Y
S T2 A O B AN
K2 10-FRIET IR SRR S W RSN R

Table 2 Cytotoxic activities of the amino acid-conjugates of
10-hydroxycamptothecin in vitro

ICs¢/(umoleL™")

Compd.
C26 HepG2 KB

HCPT 0.042 0.553 1.475
2 0.079 0.544 6.656
4a 0.101 0.883 3.670
4b 1.636 4514 2416
4c 0.138 0.813 4.069
4d 0.155 1.109 1.947
4e 0.076 0.580 1.388
4f 0.950 3918 5.556
4g 0.438 2.694 4.760
3 0.664 2.499 10.659
5a 6.065 85.90 71.02
5b 6.719 60.45 29.62
6 0.095 0.395 1.506

2 &g

M 10-FRHREBEA L KT PR ILBE, R 10-F2 52
BRAAN R Z IR SRR, AT — RS 10-F2 55 W
TR G S AN 9-fi KL -10-F2 1 o W il 2 S IR 48 5
Y. WA HEW RN TS N DS KB A
AN HepG2 A/ B 5 i 411 C26 525 1 ilG
P, AR Y 10- 5 SRR 54 4e ALIREF
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T 5 10-F2 3 SR 2 R0 e 14 G R, A I
KRR 1023 MA T W] B s, (E75E—
HARAWIST.
3 ZREH
& 5
10-F2 35 37 B B ) 11 s 8 R R AR = ) A PR A+,
FCAt BT A s it FHAR 38 0 T 5 [ 2= 40 M, "TH O NMIR %
H Bruker-DPX 400 MHz %A= A E (L) DMSO-d
HEEF, LLTMS R INAR); ik ] Agilent G1946D Jiiifh
A 52 5 w4 % B ] Bruker APEXII 7.0 TESLA
FTMS 5 %5 51 SGW X-4 S A4« ; TLC
BT B HEE 0.2 mm GF254 m 808 2 RN REIRI 1
WA R A XH-100B B3 HEAL 2 A
32 UEMEK
32,1 10-(2-i% TR EATA(2) 896 A%,

10-F2 535008 50 mg T 10 mL A% S N, TN
2 mL DMSO Fn#assis, MmN 3 5 & LK kiR ep
A7 5 1,2- VR OHE, BT OV A [
FF-600 W 160 C RN 5 min, HARAHIEE, ¥
SN i 02 40 mL PKAKH, ok 1S 30 9% 5 ([ 4
FH . R R I/ S0 TR 5 S R i, AR 2 B [Sillica
Gel H, Ve WM& W L) © V(TEE)=35 1 1], 7015
BE O AR A 2 34.1 mg, m.p. 262~264 C, W%
52.8%!". '"H NMR (DMSO-d,, 400 MHz) J: 0.86 (t, J=
7.24 Hz, 3H, 18-CH3), 1.84~1.86 (m, 2H, 19-CH,), 3.90
(t, J=5.28 Hz, 2H, Br-CH,), 4.49 (t, J=5.28 Hz, 2H,
10-O-CH,), 5.23 (s, 2H, 5-CH,), 5.40 (s, 2H, 17-CH,),
6.50 (s, 1H, 20-OH), 7.26 (s, 1H, 14-CH), 7.51 (dd, J=
9.39, 2.74 Hz, 1H, 11-CH), 7.54 (d, J=2.74 Hz, 1H,
9-CH), 8.12 (d, J=9.39 Hz, 1H, 12-CH), 8.50 (s, 1H,
7-CH); ESI-MS m/z: 471.0 (M+H"), 473.0 M+2+H").

3.1
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322 9-FHHA-10-(2-1& TEI)EH(3) 494 A

VKAGHE AR, 100 mg (0.21 mmol) 2 228 IN% 4
mL 98%fR IR, HidE 15 min J5 WIS, S8R
HIMIEIR 0.8 mL [M(98%HmIR) & V(65%AiR)=1: 11"
25 min Ji5 B S VR INE] 40 mL VKK ORI B RE. &
U5/ BRI, A HUHKTEE P WAE kg, L
IKERER AN T, bk, JEMZERRE )G, 1351 98.3 mg H
it R P R/ ST TR A BRI, A JZ AT [Silica: Gel
H, JElis): M T ) @ FEH=40 : 1], 7135
Y3, FOEAE, mp. 270~273 C, WFE 60.9%. 'H
NMR (DMSO-ds, 400 MHz) d: 0.86 (t, J=7.14 Hz, 3H,
18-CH3), 1.82~1.89 (m, 2H, 19-CH,), 3.84 (t, J=5.16
Hz, 2H, Br-CH,), 4.74 (t, J=4.96 Hz, 2H, 10-OCH,), 5.26
(s, 2H, 5-CH,), 5.42 (s, 2H, 17-CH,), 6.54 (s, 1H, 20-OH),
7.32 (s, 1H, 14-CH), 8.03 (d, J=9.51 Hz, 1H, 11-CH),
8.42 (d, J=9.52 Hz, 1H, 12-CH), 8.46 (s, 1H, 7-CH);
ESI-MS m/z: 514.1 (M—H"), 516.1 M+2—H")
323  10-EMBEIEL LAY da—4g 496

100 mg (0.21 mmol)ft. 54 2 TR LENi+, #+ 2
mL DMSO, I 1.5 58 L-ZFEmRAAF], 4ME 80 C
NN, VISR 3~8 h REE RN SEA I, FARAA
ZE, POV IR N E] 40 mL kKA, o g #)
T [ AR LS ) R G TR A W T, R 2T
[Silica Gel H, ¥EBF: M & F ) @ M(FEH=30: 1],
I HERMEEY) 4a~4g.

10-F2 5L =Bl I 2 R 25 5 W) (4a): 3 €0 [ 44, mup.
227~230 C; W& 22.20%. 'H NMR (DMSO-d,, 400
MHz) 6: 0.87 (t, J=7.24 Hz, 3H, 18-CH3), 1.80~1.92 (m,
4H, 19-CH, and 4'-CH,), 1.94~1.99 (m, 1H, 3'-CH,),
2.17~2.25 (m, 1H, 3'-CH,"), 3.06~3.34 (m, 2H, 5'-CH,
and OCH,CH.,), 4.30 (t, J=7.82 Hz, 1H, 2'-CH), 4.43 (brs,
2H, 5-CH, and O-CH,CH,), 4.55 ~ 4.63 (m, 2H,
OCH,CH,), 5.26 (s, 2H, 5-CH,), 5.41 (s, 2H, 17-CH,),
6.52 (s, 1H, 20-OH), 7.27 (s, 1H, 14-CH), 7.50 (d, J=9.39
Hz, 1H, 11-CH), 7.58 (s, 1H, 9-CH), 8.08 (d, J=9.39 Hz,
1H, 12-CH), 8.53 (s, 1H, 7-CH); ESI-MS m/z: 506.0 (M+
H'); HRMS caled for CpHxN;0; [M+H]" 506.1922,
found 506.1940.

10~ 75 7 W0 i 1 20 18 FH R 45 ) (4b): o £ [ 4,
m.p. 128~132 °C; W% 30.40%. '"H NMR (DMSO-d,,
400 MHz) : 0.86 (t, J=7.24 Hz, 3H, 18-CHs), 1.81~1.88
(m, 2H, 19-CH,), 2.21 (brs, 1H, NH), 2.76 (brs, 2H,
NHCH,), 2.87 ~2.95 (m, 2H, PhCH,), 3.52 (s, 4H,
NHCH- COOCHs), 4.13 (brs, 2H, 10-OCH,), 5.24 (s, 2H,
5-CH,), 5.40 (s, 2H, 17-CH,), 6.49 (s, 1H, 20-OH), 6.62
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(d, J=822 Hz, Ph-3'5-CH), 6.94 (d, J=822 Hz
Ph-2',6-CH), 7.26 (s, 1H, 14-CH), 7.43-7.47 (m, 2H,
11-CH and 9-CH ), 8.04 (d, J=9.39 Hz, 1H, 12-CH), 8.50
(s, 1H, 7-CH), 9.18 (s, 1H, Ph-OH); ESI-MS m/z: 586.2
(M +H"); HRMS caled for C;H;N;05 [M+H] '
586.2184, found 586.2175.

10-F28 ik 5 B4 B R A 2 BR 5 W) (de): 1% v 0 [ 44
m.p. 178~181 C; WF: 27.15%. 'H NMR (DMSO-d,
400 MHz) §: 0.83 (t, J=7.05 Hz, 3H, 18-CHj3), 1.81~1.90
(m, 2H, 19-CH,), 2.31 (brs, 1H, NH), 2.81~2.84 (m, 2H,
NHCH,), 4.16 (t, J=5.08 Hz, 1H, NHCH), 4.30~4.32
(m, 2H, PhCH,), 4.40~4.42 (m, 2H, 10-OCH,), 5.25 (s,
2H, 5-CH,), 5.40 (s, 2H, 17-CH,), 6.50 (s, 1H, 20-OH),
7.10~7.13 (m, 5H, CH,Ph), 7.27 (s, 1H, 14-CH), 7.48~
7.52 (m, 2H, 9-CH, 11-CH), 8.06 (d, J=9.00 Hz, 1H,
12-CH), 8.52 (s, 1H, 7-CH); ESI-MS m/z: 556.2 (M+H");
HRMS caled for C3HiN;0; [M+H]" 556.2078, found
556.2076.

10- 4 5 5 W0 6k Y 0 1R 4% 5 0 (4dD): £ ] A
m.p. 175~178 C, WH 18.80%. 'H NMR (DMSO-d,
400 MHz) J: 0.86 (t, J=7.04 Hz, 3H, 18-CH;), 1.81~1.88
(m, J=7.05 Hz, 2H, 19-CH,), 1.96 (brs, 2H, S-CH,CH,),
2.02 (s, 3H, SCH;), 2.48 (brs, 4H, S-CH,, NHCH,), 4.14
(t, J=6.26 Hz, 1H, NHCH), 4.58~4.64 (m, 2H, 10-
OCH,), 5.27 (s, 2H, 5-CH,), 5.41 (s, 2H, 17-CH,), 6.52 (s,
1H, 20-OH), 7.27 (s, 1H, 14-CH,), 7.46~7.50 (m, 2H,
9-CH, 11-CH), 8.09 (d, J=9.39 Hz, 1H, 12-CH), 8.54 (s,
1H, 7-CH); ESI-MS m/z: 540.2 (M+H"); HRMS calcd for
C,7H30N;0,S [M+H]" 540.1799, found 540.1802.

10- 525 5 W IR A 2 IR 28 5 W) (de): B EA B4, mup.
209~211 C, W% 11.12%. 'H NMR (DMSO-d,, 400
MHz) 6: 0.84~0.88 (m, 9H, 18-CH;, CH(CHj,),), 1.81~
1.88 (m, 2H, 19-CH,), 2.04~2.07 (m, 1H, (CH;),CH),
3.80 (t, J=4.70 Hz, 2H, NCH,), 4.15 (t, J=4.69 Hz, 2H,
OCH,), 4.97 (t, J=5.09 Hz, 1H, NHCH), 5.26 (s, 2H,
5-CH,), 5.40 (s, 2H, 17-CH,), 6.51 (s, 1H, 20-OH), 7.27 (s,
1H, 14-CH,), 7.51~7.54 (m, 2H, 9-CH, 11-CH), 8.07 (d,
J=9.00 Hz, 1H, 12-CH), 8.52 (s, 1H, 7-CH); ESI-MS m/z:
508.2 (M+H"); HRMS calcd for C;H,0N;0; [M+H]"
508.2078, found 508.2079.

10-F28 HE =R AR PN 22018 PP R85 A (4f): 1% o ]
&, m.p. 186~189 C, W% 40.17%. '"H NMR (DMSO-
ds, 400 MHz) ¢: 0.86 (t, J=7.24 Hz, 3H, 18-CH;), 1.81~
1.88 (m, 2H, 19-CH,), 2.31 (brs, 1H, NH), 2.84~2.88 (m,
4H, NHCH,, PhCH.), 3.53 (s, 3H, COOCH3), 3.61 (brs,

Chin. J. Org. Chem. 2014, 34, 155~160
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1H, NHCH), 4.14 (brs, 2H, 10-OCH,), 5.25 (s, 2H,
5-CH,), 5.40 (s, 2H, 17-CH,), 6.53 (s, 1H, 20-OH), 7.17~
7.25 (m, 5H, CH,Ph), 7.26 (s, 1H, 14-CH), 7.44~7.48 (m,
2H, 9-CH, 11-CH), 8.05 (d, /=9.00 Hz, 1H, 12-CH), 8.51
(s, 1H, 7-CH). ESI-MS m/z: 570.2 (M+H"); HRMS calcd
for C3,H3,N;0, [M+H]" 570.2235, found 570.2230.

10- ¥ I =M H 2R SR 5 1 (4g): TR o £ ]
&, m.p. 168~170 C, W% 19.40%. '"H NMR (DMSO-
ds, 400 MHz) 6: 0.86 (t, J=7.24 Hz, 3H, 18-CH3), 1.82~
1.86 (m, 2H, 19-CH,), 2.99 (t, J=5.28 Hz, 2H, NHCH,),
3.43 (s, 2H, NHCH,CO), 3.53~3.57 (m, 3H, COO-
CH,CH3), 4.04~4.10 (m, 2H, COOCH,), 4.18 (t, J=5.29
Hz, 2H, 10-OCH,), 5.25 (s, 2H, 5-CH,), 5.41 (s, 2H,
17-CH,), 6.52 (s, 1H, 20-OH), 7.26 (s, 1H, 14-CH,),
7.47~7.51 (m, 2H, 9-CH, 11-CH), 8.06 (d, J=9.00 Hz,
1H, 12-CH), 8.52 (s, 1H, 7-CH); ESI-MS m/z: 494.1 (M+
H"); HRMS calcd for CosHpsN:O; [M+H]" 494.1922,
found 494.1930.

324 9-FHA-10-Z A SRR EILR LS 5a~5b
895 A%,

100 mg (0.19 mmol)fb. &4 3 T-[E KM, T 3
mL DMSO, A 1.5 fis L-Z AR IR, 4hi 80 C
TN 8 h. RNIEAJE, HIRAHE R, ¥RV
P2 N E] 40 mL vKKH, I8 B B ([ AR . KL
F R/ ARG W RIS, A5 Z8T[Silica Gel H, Pl
) VA - VFEDH =30 : 1], 28 HAsb 59 5a
H1 5pt31,

- K5 - 10- 54 Jk 25 B I 28 R 4 5 P (Sa): IR B (1
i 44, m.p. 229~232 C, ¥ 6.50%. 'H NMR (DMSO-
ds, 400 MHz) 6: 0.86 (t, J=7.24 Hz, 3H, 18-CHj;), 1.80~
2.20 (m, 6H, 19-CH,, 4'-CH, and 3'-CH,), 3.11~3.23 (m,
2H, 5-CH, and OCH,CH,), 4.30 (t, J=7.82 Hz, 1H,
2'-CH), 4.48~4.66 (m, 2H, 5'-CH,' and OCH,CH,"), 4.68
(brs, 2H, OCH,CH,), 5.25 (s, 2H, 5-CH,), 5.41 (s, 2H,
17-CH,), 6.54 (s, 1H, 20-OH), 7.32 (s, 1H, 14-CH), 8.07
(d, J=9.78 Hz, 1H, 11-CH), 8.44 (d, J=9.39 Hz, 1H,
12-CH), 8.44 (s, 1H, 7-CH), 8.95 (brs, 1H, COOH);
ESI-MS m/z: 5518 (M + H "); HRMS caled for
C,7sH»7N4O9 [M+H]" 551.1773, found 551.1775.

O- i 5 - 10- 0 i - 6 ok 6 2 PR IR 485 0 (Sb): %
WO [ 44, mop. 137~143 C, W% 26.30%. 'H NMR
(DMSO-ds, 400 MHz) 6: 0.86 (t, J=7.04 Hz, 3H,
18-CHj3), 1.83~1.87 (m, 2H, 19-CH,), 2.21 (brs, 1H, NH),
2.72 (brs, 2H, NHCH,), 2.77~2.91 (m, 2H, PhCH)), 3.51
(s, 4H, NHCHCOOCHj;), 4.37 (brs, 2H, 10-OCH,), 5.25
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(s, 2H, 5-CH,), 5.41 (s, 2H, 17-CH,), 6.54 (s, 1H, 20-OH),
6.59 (d, J=7.82 Hz, Ph-3',5-CH), 6.91 (d, J/=8.21 Hz,
Ph-2,6-CH), 7.31 (s, 1H, 14-CH), 7.99 (d, J=9.39 Hz,
1H, 11-CH), 8.39 (d, J=9.39 Hz, 1H, 12-CH), 8.43 (s, 1H,
7-CH), 9.15 (s, 1H, PhOH); ESI-MS m/z: 631.3 (M+H");
HRMS caled for C;H3N4NaO;, [M+Na]  653.1854,
found 653.1841.
3.3 HWiEMENR

DL 10-F85E =M A VR A BH X B, SR CCK-8 V2,
AR T 10-FR T M2 SR S ) 4a~4g FT 9-
fiffFE-10- 325 M I Z IR A1) Sa~5b X A 1 s fi
FEAN M KB AN HepG2 A/ 45 79 41 i C26
— AN AR A KA .

IO HCA K IIR BhRE 4 e, B 0.25%BREE 1k, 25
O Ja N FRIE RN IR R 4 TTAY/mL, R HFIAN
96 FLETFEM, HEFL 100 uL. FFiL &4 DMSO Fikk,
B 1 ul A 96 FLES1S LR ERFEHREE: 50000, 5000,
500, 50, 5 F1 0.5 nmol/L 25 6 N2, FEANMR Y B
3 ANEAL, B O EARI(1 wL) 259)%5 711 (DMSO),
[ e AL IR, A TEeRl 12 h el iRE 5 n 24,
AL 1 pL(F o U R 2410 1 ul DMSO). i 5
M 37 C, 5% CO,. WG RS 48 h, RJGHE4LIn
A 10 uL CCK-8 k7l G4k 45597 4 h. BEARACR I #%-FL
7 450 nm ACWROGRE Agso. $ AT 200 1Y GE A ]
(%)= Auso— B2 Aus/ ST IHEAL Ayso) X 100%,
[ FH SPSS A 5 HA A 5 (1Cs0 W3 1).

References

[1] Wall, M. E.; Wani, M. C.; Cook, C. E. J. Am. Chem. Soc. 1966, 88,
3888.

[2] Bart, L. S.; Kathryn, H.; Michael, D. F.; Craig, A. B.; Alex, B. B,;
Lance, S. Proc. Natl. Acad. Sci. U. S. 4. 2002, 99, 15387.

[3] Raffaella, C.; Loana, M.; Sabrina, D.; Roberto, A.; Stella, T.; Do-
nato, C.; Franco, Z.; Michelandrea, D. C.; Giovanni, L. B.; Nadia,
Z. Eur. J. Med. Chem. 2013, 63, 387

1 Inhee, C.; Choonmi, K.; Sun, C. Arch. Pharm. Res. 2007, 30, 1526.

1 John, E. K.; Daniel, S. P. Biochemistry 2001, 40, 9792.

1 Fan, Y.; Weinstein, J. N.; Kohn, K. W.; Shi, L. M.; Pommier, Y. J.
Med. Chem. 1998, 41, 2216.

[7] Chu, W. China New Med. 2003, 2, 76 (in Chinese).
(R4, B E 25,2003, 2, 76.)
[8] William, G.; Vishal, P.; Joshua, C. C.; Li, P. Y.; Rebecca, H.;
Adegboyega, K. O. Bioorg. Med. Chem. Lett. 2013, 23, 3283.
[91 Yang, C. H.; Schneider, E.; Kuo, M. L.; Volk, E. L. Biochem.
Pharmacol. 2000, 60, 831.
[10] Ye, D. Y.; Shi, Q.; Leung, C. H.; Kim, S. W.; Park, S. Y.; Eliza-
beth, A. G.; Jiang, Z. L.; Zhu, H.;. Morris-Natschke, S. L.; Cheng,
Y. C.; Lee, K. H. Bioorg. Med. Chem. 2012, 20, 4489.
[11] Song, Y. L.; Zhang, W. N.; Ji, H. T. Chin. Phim. J. 2002, 37, 646
(in Chinese).
Rz, KT, g, ¥ EHF LA, 2002, 37, 646.)

http://sioc-journal.cn/ 159



MRIEX

(Zhao, X.)

B
[12] Venditto, V. J.; Simanek, E. Mol. Pharm. 2010, 7, 307. [17] Penta, A.; Ganguly, S.; Murugesan, S. Inter. J. Pharm. Pharm. Sci.
[13] Joan, B.; Tomas, R.; Josep, D. Bioorg. Med. Chem. Lett. 1999, 9, 2013, 5, 659.

1859. [18] Meng, G. R.; Li, J. J.; Zhang, Q.; Ma, H. M. Chin. J. Org. Chem.
[14] Stella, V. J.; Himmelstein, K. J. J. Med. Chem. 1980, 23, 1275. 2012, 32,2378 (in Chinese).
[15] Naka, T.; Kubo, Y.; Nishikawa, K. Drug Des. Discovery 1999, 16, (FTeoe, 23R, kM, DM, AAkE, 2012, 32,2378.)

95. [19] Wani, M. C.; Nicholas, A. W.; Wall, M. E. J. Med. Chem. 1986, 29,
[16] http://www.molinspiration.com/cgi-bin/properties 2358.
160 http://sioc-journal.cn/ © 2014 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2014, 34, 155~160



