B34 5% oM T HL ik 2% 2 Eird Vol.34 No.9
2018 4£ 9 /1 CHINESE JOURNAL OF INORGANIC CHEMISTRY 1649-1654

IABERR — SR 0 5 1m] EC AR BO SHAV BT 25 ROt | & AUAN i Al

SmEwm ! ORKRF! F O & Y AW xR
(AR LRI ARSI A HRARABRELERE LYW 650106)
CrEHAFRLLEHWHTIIBHEFLE, L 201203)

FEE . LIBHURIR DRS00 R 2 AT 2 R LABERR — S0 R IR 9 H1V) AT 25 (105 . CPL-1501 #1 CPL-1504), 2K AU 401 40
AN R R AR FAE T AL 2= 4540 | 38 S AR SRR e T DN 2 T B AT A3 SR LAY, R F R o MITT 3 W00 T3 2 RV R 25 %) £
Tl N9 200 R A R B MR 1 L S5 SR ER BT CPL-1501 AR 9 IUSA I T 24, KV PEAF (10 mg-mL) F2E JE, (H 2350 0.16 F1-0.52
V., AR R, 5 st e A R A e 4R TP 5 P 5 B JERG . CPL-1501 X 22 i 240 Jf ik 1) A= 4 35 B3 Il 1 3100 1 4
FH PO S UAAR 2 B S TRV PUDPCRE 25— R 81, CPL-1504 BLARKIEPE(50 mg- mL") i T B YD FIHA A R R 3
B A 0 M 3R] AR 5 L AR Y 3 I L O (e, R30S —0.51 FI-0.76 VYA OE,

KW . MWECEY 5 &R RAE; DU T
HESES . 0614.826 CEAARIRAD . A MEHS: 1001-4861(2018)09-1649-06
DOI:10.11862/CJIC.2018.211

Design, Syntheses and Anticancer Activities of Platinum(V) Prodrugs
with Dihydrogen Phosphate as an Axial Ligand
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Abstract: CPL-1501 and CPL-1504, two platinum(lV) prodrugs with dihydrogen phosphate as one axial ligand, were
synthesized from cisplatin and oxaliplatin, respectively, as the starting material, and characterized by elemental
analysis, IR as well as “C and *P NMR. Their reduction potential was measured via the cyclic voltammetry. The
standard MTT was used to evaluate anticancer activity of the two prodrugs against several human cancer cell lines.
CPL-1501 has a good water-solubility (10 mg-mL™) and water-stability. With the favorable E, values, it can be
readily reduced to an active prototype cisplatin in the oxygen-deprived micro-environment of cancer cells. The
biological tests reveal that CPL-1501 is able to inhibit the growth of cancer cells and its anticancer activity is
comparable to that of cisplatin but much greater than that of carboplatin, whereas CPL-1504 does not show

significant activity, probably due to its lower £, values.
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Fig.1 Reductive activation of platinum(V) prodrugs
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Fig.2 Chemical Structures of platinum(lV) agents that have undergone clinical trials
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Fig.3 Design concept of platinum(V) prodrugs with dihydrogen phosphate as axial ligand
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1.2.1  CPL-1500 " [a] 44 (1) 75 A%

HHEMA cis ,trans , cis-[PY(NH3),(OH),CL#& I &%
SCHERUSIG L, BIAE 60 °CF i 4 AL = (30% , 252
ml) T ANAMIEA (8.401 g,27.93 mmol) /K&K h
(252 mL), $EFERN 4 h J5 RSB0 S B AR A
R B, F 8 o0, B i i A, Bl
I FHVOKBES BAs TR B TR S 0 6 K
K it — 25 A SR AL S, A9 B 5L B A R
477 ¢, 77N 51% ., 1% HS 3R i A s (P L 24
B 2015 4 M)W 5E 4 8 A0 10 1k 58.2% , 5t
1F(58.38%)— %L,

1.22  CPL-1501 FC& ¥ 094 B

HERHPREL 2.061 g(6.17mmol) ¥ cis ,trans ,cis-[Pt
(NH3),(OH),CL,], T A 85%W FR AR I WK 0.678 g(5.88
mmol , 1  T AL 22T 1Y 95%) , T HEIR & 5, A
50 mL 7K, 7£ 60 °C N HiFE I 20 h, I8V 45 £ 5
T A 100 mL K@ 2R 4 ¢, i uEBR &
RN A ARIEYD cis | trans ,cis-[Pt(NH;),(OH),Cl,],
IR TR T, MRS AFRE KR 236 g, WERN
93% ., *P NMR (D,0,500 MHz):6 2.92 (H,P0,);IR
(KBr):3443(s,vo1),3 265,3 176(s,vay), 1 632,1 564
(m,8,(NHy)), 1 321(m,vp0),1 040,1 009(m,vp0),558,
537,521(W ,¥nn, Vo) o TG R 2P HTHE NHPOSCLPt 1153
(%):N 6.76 ,H 2.17,Pt 47.1; WA (%):N 6.68,H
2.16,Pt 47.3, Ho 4 Ja 50 0 1 ok I 28 M 1) 38 i o i
E
1.2.3  CPL-1503 " [A4A 1) A Bl

W AR cis , trans ,cis-[Pt (1R ,2R)-DACH) (OH),
(CL0,) % BEZ 25 SCHRIVE B, RIVKE BV F 5 (6.001 ¢,
15.11 mmol) /il A7K (600 mL) i 4 I 7t ik 229 W
VY AR SR FE 30 min, A5 ARV H EERIR, A
i AL E(30%,21.52 mL), A SESE G | & il N fi
JRE S h SO i AR A T e E AT g s
WA T UKOKGE S B2 T 0 T 485 iy [ A
FEW K 2 Al 15 3] gl SR R 575 g,
FEEEN 88.329%  Fi MR SR ik v A A v 2 4 A A 1Y
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1.2.4 CPL-1504 B & 906 1
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WA 20T A 50 mL PR A E 4
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NMR(D,0,500 MHz):8 2.91(H,P0,), IR(KBr,cm™):
3 434(s,von),3 201,3 092(m,vxy),2 940,2 865(w,ve),
1 721(vs,v.(CO0Y),1 372(s,v,(COO7)),1 021,981 (m,
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SR FH v [ 24 i rblie SR A3 28 i A R I T vk
7 VS AR BB 7K TR P R P A G iR 33 1) 7 v
D 7E L2 mg FESL VT 0.5 mL DO Y, S RCE |
ANTA) I 1] 552 5% F Bruker DRX-500 1l %€ 3'P NMR,
B4 AN B[] 2 I A5 Y 'P NMR 5 46 19 P NMR
Ak
1.4 fERKZNE

FHEAWMV AT 257 T E2 B K H A% 1.0 mmol -1,
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Fig.4  Synthesis routes of the target compounds
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Table 1 Chemical shift of *'P NMR tested of each time with respect to phosphoric acid
Time / h 0 1 2 4 8 24 48
Chemical shift 2.920 6 2.920 6 2.920 6 2.920 7 29203 29203 29203

2.2 ESMREEN
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(SW480) . A JE /I~ 4t i fii 9 240 s 1k (A-549) N\ FL 9
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Xof 2K 245 0 L A SRR o R ke, R L R FRATT S
UL 22 R (R IR DAV B — 40 R T R i R
THE Hh 2454 ) 958 200 6 A= K 1 2 B0 VR B TCo(3
2), ATLLE Y, CPL-1501 1R &1 8 4 B bk A= K 39
WY A AR, B AR S M S A AR W
W TR, mH A E AR CPL-1500 &MU A
A AL A A KA R m i e, X HAh 3
R iR SR RTA U RER RS B i T ST /N
— AR AR, R LU V) R 24 0 PT T

LT LAEUAS 5 000 1R 088 5 A s SR

T i — LI BL A Y CPL-1501 () 41 % 1
A, FRATEA R MTT 238t 4 T X iiif 52 )i
BRI BN S0 6 40 O AR  (SKOV3/DDP) A= K4 ] 1%
P, SR FEWIER 3), %7 T SKOV3/DDP, CPL-1501 #i
TG T R T 24 48 B0 IR 45 $27R CPL-1501
54 2Z 18147 A 28 ST 24, 33 55 11\ B A8 K 1id 245 41
il = AR S S5 IR AHAT B CPL-1501 4R 5 96
40 Y DNA FE I ZE BT 4549 58 & —FE & 9
cis-(H3N),PUDNA | §70 9 M o7 — 3520
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Table 2 In vitro anticancer activity of CPL-1500 and CPL-1501

ICs / (pumol - L)

Compound

SMMC-7721 A549 MCF-7 SW480 SKOV3
CPL-1500 11.25+0.92 >50 >50 14.73+0.42 >50
CPL-1501 9.88+0.38 15.83+0.61 16.43+2.13 10.55+0.46 4.94+1.61
Cisplatin 11.55+072 14.62+0.57 9.19+0.34 15.97+0.50 2.38+0.25
Carboplaitin 36.57+3.78 49.93+5.24 46.86+2.73 69.57+6.92 30.72£2.99

% 3 CPL-1501 & 5b 3 iy 24 40 B #k 40 0 e i 14

Table 3 In vitro anticancer activity of drug-resistant cell lines of CPL-1501

ICsy / (pumol - L)

Compound RI
SKOV3 SKOV3/DDP

CPL-1501 3.98+0.11 9.39+0.37 2.35

Cisplatin 3.56+0.12 8.55+0.82 2.40

Resistance Index (RI)=ICs(SKOV3/DDP)/1Cs(SKOV3)

2.2.2  CPL-1504 My vk

DAL By R 40 S BEAE X B R )R 1
MTT 7 38 T A [ V& 19 CPL-1504 LA & o [ {4
CPL-1503 %I 3 Ff A g8 240 Jfd bk 0 40 046 T, 35
ICso, L5 A (R 4) .2 i PH A 24 W o) 9 A i 1 2

#2230 B A 0TS M 1Cs, #RAE~120 pumol - L
JLREIN, {H CPL-1504 DL & A& CPL-1503 %fiX 3
R 96 200 0 VA2 A B S 0 0 o 9 e T B AR
25 BLYD R 3k 1d B 2 e Sk I T B VD R A A9 11V i

%4 CPL-1503 #1 CPL-1504 KIfK 5L i 1
Table 4 In vitro anticancer activity of CPL-1503 and CPL-1504

ICsy / (pumol - L)

Compound

SW480 A-549 SKOV3
CPL-1503 >50 >50 >50
CPL-1504 >50 >50 >50
Cisplatin 7.49+1.08 4.98+0.26 2.74+0.72
Oxaliplatin 0.86+0.19 1.10+0.17 17.80+0.63

23 EHRRZNE
WnlEl 5 Pz 2 FEAV) A28 ) AL Id o A 4
s AN ] PR OUH 3 DL A DRI o D e O O

] % A (E,) . F B B AR 42 45 CPL-1501 (14 2
A~ E B4 514 0.16 V F1-0.52 V,CPL-1504 9 2 4
E 8535 7-0.51 F1-0.76 V., iE B0 E, (6T
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Fig.5 Cyclic voltammograms of CPL-1501 and CPL-1504
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Supporting information is available at http://www.wjhxxb.cn
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