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Review on Development of New Camptothecin Derivatives as Antitumor Agents
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Abstract : Camptothecin is an important antitumor product from Camptotheca acuminata , however, the disadvantages,
such as poor solubility, toxicity and metabolic inactivation, block its application as antineoplastic agent. Over the past few
decades , the modifications of camptothecin have been carried out by numerous researchers to conquer its drawbacks,and

many excellent camptothecin derivatives were developed, including topotecan and irinotecan. This review will highlight

recent advances (2013-2016) in the development of new camptothecin derivatives as potential anticancer agents.
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Fig. 1 Chemical structures of camptothecin and its derivatives
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Fig. 2 Chemical structures of A ring modified camptothecin analogs

2 BINGHIE

EARTE B PR RS EEAE TR T AL, SIS
A IBCFRIE R 7 {37 BE RS B2 o5 10T A2 W O BUA R T 1, A

B 2B A 2

AR 25 %50 141 BF G 10 Jt B3 DA K i 38 20 5 ) 42
¢, Cincinelli 558 NI 0T 45 F4 7 0 14 A ok -
FISA Y AN i PR SR LA 16



Vol. 28 A ERIRAT A W R TR I S 1833

F 17 X5 Zo P U A B ik S Tt 24 200 AR 35 A S )
PUGTEAE N, Horp 17 (IS PR T O 18 2, HOE U208
F1 U20S/Pt (4 1C, B 435124 1.09 0. 54 F10. 82 =
0.25 pM, Ui W HAE A 5 U20S/ Pr 4 Jf (4 i 2454
RO R R 6o T Z A B KR B
M) 1Ak A LI T 1 L YRR R 6 Al R T
F A PTG PR SR T 18 2 NIRRT IR A
Yo RSN R, 06 IR 48 T8 UA-DNA in &
Yy, Imlest, 5 SN-38 25400, HILRED| & Topo 14131y
DNA #5653, ULAh, # kS 17 (25 mg/kg) BEMS /R
B SRS AR Y, I8 T IR A A PR L e T
[ B W B RIVE .
T2 AT A Y B RS 2R
I OB HE 1Y Suzuki fHIK SN, Huang %5 A TE 5
WIS 7 42 T Z2 B A [R) 25 Y 19 5 5 24 A HUAR
HRE T EM AT e Y . MRS
PSR, 1% R AT % AS49 (HCT-116 A1 HT-29
S 6L 2 A AN R R ) 348 AT o 3 e, b 1-H it
W4 -JEATA ) 18 A MR R s, X b 3R = R 4
JHLRR ) 1C, (B4 5 9 2. 85 .3.51 F121.79 nM, H: X}
HCT-116 1 HT-29 4 Jiftd (% 1% P4 5 T PH 1 25 SN-38,
PR R R, BB 7 A7 I 0 7 2% A 1A R fi%
HOMArFROdn M s . BRI SE 5 oK, 5 EAR
AL, fb A 9 18 BENS W 25 0 ] TOPO T % 1 £
RT R BB R O UL R B 258, 38 A B

B 7 AEBIA T Z R0 A, 15 2 T 450 8T R B
-7~ = A A4 Xk 22 Al R 4T B ( AS49
HCT-116 \HT-29 . LoVo 1 MDA-MB-231) ({4 M i
SEER AR R T (R N R BRI, A
PR TG P A AT 5 T R AR B AT A ) s S A
SR 1) 20 M EE TR P 5 T PR 2 SN-38 il 5 HAR Y, L
H 7-E T SR E R AT A= 4 19 B4R T 1 B
5, H IC, HIE M 0.081 ~ < 0.01 pM, FRLK
N T AN=R N VDN & X AN B S 1 P
BRI AR T s g sk . 2B
FEIR LRI E AT A W) AR EE T Topo 1 (1)
TS . Hor (RSP A M BE T M R A 4 19
FEAR R 1 B 1Y Topo T HIHITEYE , KUIMEL G W) 19
BT TG AL S Topo 1A ¢, AT REIA A HE /Y
I3 FAILH

Lee 58 NG T — RN B A 1G 7-( N-HAR-H
) -EAERAT A . RSN EE IR I % R
G B XF = Fh N Jg8 20 i #k ( A-549 . MDA-MB-
231 Fi KB) FIifis 25 28 ffi ik KBvin 3547 45 58 04 410 1) 0
P, ICs (EYERTZ 0.0023 ~ 1.11 pM, HA k&9
20 121 B35 M W AR T BH M 2 N R R
& 20 XF A-549 MDA-MB-231 Fl KB 4l Jifl # i)
IC,, {4314 0.0023 = 0.0024 0264 + 0.0125 A
0.0046 + 0.0032 puM;21 % KBin 4 il % 1) 1C,, (&
$70.0132 + 0.0055 pM, FRLC R W, BR 7
3 N-J5 75 FE RN N-Jot Fe 3545 T 53 B P 16 1

[ Jr
/2

HN

(o]
N

Pz

\_/
0

HO":

20 R, = 2-0CH; \
21Ry=4F

B3 E#E B IMSIEYEA

Fig. 3 Chemical structures of B ring modified camptothecin analogs
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Fig. 4 Chemical structures of E ring modified camptothecin analogs

4 ZINGEHIEH
T BRI EEER G R :, Miao 45 A1 A

T—ANHIHEmE ) b TR SS R A W T HER
o- IR E A, TG L T — & 51 (208,218) -21-5§)
ERRAT A . R BOR Z RIS EA B
1 Topo LIPHITEME, Hod 21R ARG PEAR T
218 A, 3 5 AR A1 40 M B3 05 T 45 R — 3. i —
AT KB, T A QIR B AT AR 32 Bk
B R K R I, UEBH 21-S SR 51 A RRHS B3
s ST E SRR E M. A1, 32 X AS49
MDA-MB-435 F1 HCT116 = 4 it bkt 2 A 4508 1
PG T, 1C, {43 % 0. 71.,0. 41 F10.07 uM,
Hrp A549 F1 HCTI16 (14 20 it 75 05 P i 1 254 il o
S FHLEIOF SR B, 32 BEAE 2 i Topo I /Y7

ri 1M X} Topo IT 436 P VA 5 M, 3 b 5 43 X 2
S50 —3,32 figfg 5 DNA W 2407 A B AR, [R] A
B I AR TR E B ¥R L BE 535 Topo 1 1
Arg364 il Asp533 JE LA, ILAh, C-7 7 A 3R O 5
REBEIR A B 25 7 5 Ala351 5% I8 i 7K A B A
Mo 5% o, 32 REUS 5T A549 AN T
FS WARH . /N BRAK IR R A 0 O 2 mg/
ke F14 me/ke 32 FYHNIRE RSk 34% F1 63% , H
H1 4 mg/kg 32 AR % 5 B K 52 71 & (0. 5 mg/
k) A FNEE HEA M. [T, 32 45 25 4 i /N Bl A
B BRI, 2 I R E IR
Wang 55 A\ AT — 28 590 25 46 38 485 1) 1 ) Ak
WY HE RS T AT a-OMe 5§ a-OAc
FEMT, ARSNEE BoR, HAR ¥ %) HCT-116 Fl HT-
29 21 AR A A R A IS P ICS, (HYE I E 0.2 ~



1836 KIRF=YIBE R 5T K

Vol. 28

63.7 nM, 5 SN-38 AH 4 a7 T SN-38, ¥ B L T
MR E AR T S he s sk . Hord &4 33
PR U R S 3, X6 A 7 A 4 e A 1) 1C, 1853 5]
290.2 #10.3 nM, WIEMROCHE WoR , NEEA T
A a-OMe B, fbA& PP TG AR T a-OAc, [A]
BF, AR 7 57 PR I e 356 1A AR s, e e g v
PRS2 A, S 057 B B A U, 43 BT %
PRSI Ko 3 FALHIAF SR B, 76 10 uM ¥ 3
T, K5 Binfb & fets o 58 T SN-38 114 To-
po LHNHITENE . BARIL G 33 ARSI T3¢
R 9E AR BE T M (ER AT A LKA R RAIR
XWiG T B MR NI . RN R
B, RS A0 B 1S S R BN, T AL 5] AL RE 4544
Ja ACE P BTTIRR TG PR A 2 PR ALR , 17 M P 245
¥4 B BB TR 25 UK R e 2 IR, i
P BAIE—2E A 0 T $hBe £ 34, RSN b Jgg 16 1
7,34 TGS 33 MY, 58 T SN-38, [A] A, 34 2
— LAY Topo T #HI ], & GBI survivin [ 3%
£, I s I BeR AR E M. #R Ik 34 (0.5
mg/kg) IR P340 I 968 0 4 55 D 37 B BRE (15 mg/kg)

32 33

M, H A B FEIER

R T 2T AT AR 30 B R 0
P, Liu 25 A5 SRR 96 I 245 380 P 32 2 540 T 254
il T — RAH N E R AT AR . X AS49
KB Fifit 24 KB 4l a1 70t e i & 30, 3 4017 A= 4
JRBLH T 5 PR 24 5 A Bl P 7 25 R AH Y B3 B i 1Y)
M RETEYE, LR Z R A X 2 KB 41
V1R U0 S5 e S 3 T R R P S BRI A, A
HbroF 4k &% 35 9B e o v fe o B &, X
A-549 KB 1 KBvin = Fh 40 it #k i) 1C, {8 23 51
0.0068 + 0.0001.0.0094 + 0.0015 F10.0101 +
0.0026 M, 5T B A Bk 7 B RN 30, 43X 4%
e B R, 459 35 #1130 5 Topo I-DNA [I4E 7
5 BB AN LB AN TR, 35 1 30 110 fth 1k Jok 245
I E 45 Topo 1 JE L EUSEVE FH 71, 10 Topo 1 5 BUEE
DNA Z [A] ) - HE A5 B /K AH B FH A 4 iF 5 2
SIS . AR SRRSO R AT 4 R —
B, RFE R SE A 51 A 20 7R 2As o1
5 Topo 1 &&=

Bs5 ENESIMEGNENR

Fig. 5 Chemical structures of multiple rings modified camptothecin analogs

5 H%iE

FLRI A8 2\ 2JS felt B T M ) 7™ R PR K, TR
B ARRE U 2SI R 2R TR . B
B Ry — R A R AR =), AR S 59, S 0m
A Z BRI DTIE 25 C A IR RAEHT . HE,
X LG YTEIRATAE T RIAE B 2y 1 Qs 5 = A i
LYAFNIRR, Ry T TR B R R, B B 45 R B M 4
TEATIER I [ P SN IR 25 B F 5 sk s H
AT, B ST AL 1 2R e BB A (B HI E 35,
T 2R DE G ATy AR P4 S,
ATF S AR Bk P AL 1) B TR L 8 R T B R O R PR R E
PR AR 45 48 1) AR P LA B B8 Tk v 1 455 T A
7 AR T — O R A2

WETEHHERIRTLEY , FF X BT o HLH AT T
TR, N EM B GTIR 25 W R IR AT AR T A
i (3 Bl o

S 30k

1 Wall ME, et al. Plant antitumor agents. I. The isolation and
structure of camptothecin, a novel alkaloidal leukemia and
tumor inhibitor from camptotheca acuminata. J] Am Chem
Soc,1966,88 :3888-3890.

2  Verma RP,et al. Camptothecins: A SAR/QSAR Study. Chem
Rev,2009,109:213-235.

3 Hsiang YH, et al. Camptothecin induces protein-linked DNA
breaks via mammalian DNA topoisomerase 1. J Biol Chem,
1985,260:14873-14878.

4 de Lucas Chazin E et al. An overview on the development of



Vol. 28 ik

A TR A ) B MR BT 7

1837

10

11

12

13

14

15

16

17

new potentially active camptothecin analogs against cancer.
Mini-Rev Med Chem ,2014,14.953-962.

Liu YQ,et al. Perspectives on biologically active camptothe-
cin derivatives. Med Res Rev,2015,35.753-789.

Guerrant W, et al. Dual-acting histone deacetylase-topoi-
somerase | inhibitors. Bioorg Med Chem Lett,2013,23 .3283-
3287.

Chevalier A et al. Synthesis, biological evaluation,and in vi-
vo imaging of the first Camptothecin-Fluorescein conjugate.
Bioconjugate Chem ,2013,24:1119-1133.

Rodriguez-Berna G, et al. Semisynthesis, cytotoxic activity,
and oral availability of new lipophilic 9-substituted camptoth-
ecin derivatives. ACS Med Chem Leit ,2013 ,4.651-655.
Rodriguez-Berna G, et al. A promising camptothecin deriva-
tive ; Semisynthesis, antitumor activity and intestinal permea-
bility. Eur J Med Chem ,2014,83.366-373.

Meng G,et al. Synthesis and cytotoxic activities of the amino
acid-conjugates of 10-hydroxycamptothecin. Chin J Org
Chem 2014 ,34 :155-160.

Tan H,et al. Synthesis of novel 10-hydroxycamptothecin de-
rivatives utilizing topotecan hydrochloride as ortho-quinon-
emethide precursor. Bioorg Med Chem ,2015,23:118-125.
Westover D, et al. FL118, a novel camptothecin derivative, is
insensitive to ABCG2 expression and shows improved efficacy in
comparison with irinotecan in colon and lung cancer models
with ABCG2-induced resistance. Mol Cancer ,2015,14.92.
Wang L, et al. 10-Boronic acid substituted camptothecin as
prodrug of SN-38. Eur | Med Chem ,2016,116.84-89.
Cincinelli R, et al. Design, modeling, synthesis and biological
activity evaluation of camptothecin-linked platinum antican-
cer agents. Eur J Med Chem ,2013 ,63 .387-400.

Wang L, et al. Suzuki coupling based synthesis and in vitro
cytotoxic evaluation of 7-heteroaryl-substituted camptothecin
analogs. Bioorg Med Chem Lett,2014,24 .1597-1599.

Wang L, et al. Synthesis of 7-triazole-substituted camptothe-
cin via click chemistry and evaluation of in wvitro antitumor
activity. Chin J Chem ,2014,32.157-162.

Zhao XB, et al. Design and synthesis of new 7-( N-substitu-

(L% 1815 )

17

18

Chen Y(BRF) , Wang QZ( £ &), Feng X (V). Re-
search progress in triterpenoid saponins in plants of Lonicera
L. . Chin Tradit Herb Drugs( r%iz4) ,2013,12:1679-1686.
Shi JZ(BF5E¥) , Liu GT(XI#EF ). Protective effect of the
fulvotomentosuoes on paracetamol-induced hepatotoxicity in

mice. Acta Pharm Sin( 252#5%3%) ,1995,30.311-314.

18

20

21

22

23

24

25

26

27

28

19

20

ted-methyl ) -camptothecin derivatives as potent cytotoxic a-
gents. Bioorg Med Chem Lett 2014 ,24 .3850-3853.

Xu Z,et al. Synthesis and optimization of a bifunctional hya-
luronan-based camptothecin prodrug. Arch Pharm Chem Life
Sei,2013,347 .240-246.

Henne WA et al. Synthesis and activity of a folate targeted
monodisperse PEG  camptothecin conjugate. Bioorg Med
Chem Lett,2013,23:5810-5813.

Borrelli S, et al. New class of squalene-based releasable
nanoassemblies of paclitaxel, podophyllotoxin, camptothecin
and epothilone A. Eur J Med Chem,2014,85:179-190.

Li X, et al. Synthesis and biological activity of some bile
acid-based camptothecin analogues. Molecules, 2014, 19.
3761-3776.

Li Q,et al. The biological characteristics of a novel camptoth-
ecin-artesunate conjugate. Bioorg Med Chem Leit,2015,25 .
148-152.

Zhao XB, et al. Design and synthesis of novel spin-labeled
camptothecin derivatives as potent cytotoxic agents. Bioorg
Med Chem ,2014,22.6453-6458.

Wang MJ,et al. Design, synthesis, mechanisms of action,and
toxicity of novel 20 (s ) -sulfonylamidine derivatives of camp-
tothecin as potent antitumor agents. J Med Chem ,2014,57 .
6008-6018.

Song ZL, et al. Design and synthesis of novel PEG-conjugated
20( S ) -camptothecin sulfonylamidine derivatives with potent
in vitro antitumor activity via Cu-catalyzed three-component
reaction. Bioorg Med Chem Lett ,2015,25.2690-2693.

Miao Z,et al. A new strategy to improve the metabolic stabili-
ty of lactone; Discovery of (20S,21S)-21-fluorocamptoth-
ecins as novel, hydrolytically stable topoisomerase I inhibi-
tors. J Med Chem ,2013,56.7902-7910.

Wang L, et al. Design, synthesis and biological evaluation of
novel homocamptothecin analogues as potent antitumor a-
gents. Bioorg Med Chem ,2015,23:1950-1962.

Song ZL, et al. Design, synthesis, cytotoxic activity and mo-
lecular docking studies of new 20( S) -sulfonylamidine camp-

tothecin derivatives. Eur | Med Chem ,2016,115:109-120.

Shi JZ, Liu GT. Effect of alpha-hederin and sapindoside B on
hepatic microsomal cytochrome P-450 in mice. Acta Pharm
Sin ,1996,17 :264-266.

Wang TZ( £K&) ,Li YM(ZE/K#F). Research progress of
honeysuckle. West China J Pharm Sci (184 22223,
2000,4 :292-294.



