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Synthesis and Antitumor Activity of Dinuclear Platinum Complexes with (1'R, 1°R, 2'R, 2°R)-
N, N'-(1, 3-Phenylenebis(methylene))dicyclohexane-1, 2-diamie as the Ligand
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Abstract: Seven diculear platinum complexes with the new chiral ligand, (1'R,1'R,2'R,2"R)-N',N'~(1,3-
phenylenebis(methylene))dicyclohexane-1,2-diamine (HL), were designed, synthesized and spectrally characterized
by IR, 'H NMR, “C NMR, ESI-MS and microanalyses. The cytotoxicities of targeted dinuclear platinum
compounds against human HepG-2, A549, HCT-116 and MCF-7 cell lines were evaluated by MTT assay. Results
indicated that all compounds exhibited positive activity to HepG-2, A549 and HCT-116 cell lines, but none of
them showed activity to MCF-7 cell line. Among them, compound P7, owing to 3-hydroxycyclobutane-1,1-
dicarboxylate as the leaving group, gave better antitumor activity than carboplatin against HepG-2 and A549 cell

lines, and close cytotoxicity to oxaliplatin against HCT-116 cell line.
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AYE R R UL Scheme 2.

1.3.1 hEfk 1

¥ 10.7 g 5 Boc R HY I -(1R,2R)-1,2- 3 C
TR 4.0 g AR ZEE A F] 100 mL B AR
110 CIRUF I 5 h, 980 v 46 520, £ 14 a4
T R BE A e A AR R AR AR
A B EA 1,773 92.5% , TEER 3BT CapHueN,O, 1
THRE (%): C 68.41, H 8.80,N 10.64; XM {H (%)
C 68.32,H 8.69,N 10.74, IR (KBr,cm™): »(NH)br
3 380,v(=CH) 3 038,r,(CH),»..(CH) 2 947, 2 820,
v(C=0) 1 651, »(C=N) 1 413, (CcH,) 1 563,1 513,
v(CsH,) 865,y (NH) 547,440, 'H NMR(400.1 MHz,
DMSO,TMS): 6 1.15~1.23 (m, 8H of C3-CH,, C3'-
CH,,C4-CH,,C4"-CH,), 1.37(s, 18H of 2C(CH,);) 1.47~
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Scheme 1 Structures of targeted dinuclear platinum complexes
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Scheme 2 Synthetic scheme for ligand HL

1.88 (m, 8H of C2-CH,, C2-CH,, C5-CH,, C5"-CH,),
3.58~3.65 (m, 4H of C1-CH, C1*-CH, C6-CH, C6'-
CH), 8.30(s, 2H, 2CH=N), 7.76~8.13(s, 4H, C,H.). *C-
NMR (100.6 MHz, DMSO-dy): 8 24.7 (C3, C37), 24.9
(C4i, C4i, 27.7 (C2, C27), 28.2 (C of 2C(CH,)y), 30.2

(C5', €5, 53.8 (C6, C6%), 62.8 (C1', C17), 81.5 (C of
2C(CHy)y), 128.8 (C-a), 129.3(C-d), 132.9 (C-c), 143.4
(C-b), 158.1 (C of NHCOOC(CH,),), 167.3 (C of CH=
N). ESI-MS: m/z [CyHN,O, +H] *=527.3 (100% ),
[Co N0, +Na]'=549.3(80%) .
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1.3.2 ik 2 At HCY/Z R SR (5 mol - L), # B FE 6 h,

B PR 1% T 200 mL HEEH, vKIG&MT
St A 100 mmol NaBH,, MEE |40 °C IRl S i
1 h, WSS, LR CERI/KFER BUA HUHE A
ERIK P 2 WK, TCAK B IR B T M 8, 2o I O ol 1 vk
a4 A A B E AR 2, 7% R 94.0%, TR GF
B C3HuN,O, BT AH (%): C 67.89, H 9.50,N
10.56; 115 {H (%):C 67.93,H 9.44, N 10.53,, IR
(KBr, em™): »(NH)br 3 180, »,(CH), ».(CH) 2 924,
2 811, »(C=0) 1 514, v(CH,) 1 563, 1 510, v(C-C)
1 045, y(CeH,) 863, y(NH) 546, 'H NMR(400.1 MHz,
DMSO,TMS): 8 1.01~1.21 (m, 8H of C3-CH,, C3i-
CH,, C4-CH,, C4"-CH,), 1.38 (s, 18H of 2C(CHy);) 1.49
~1.74 (m, 8H of C2-CH,, C2-CH,, C5-CH,, C5"-CH,),
3.23~3.75 (m, 4H of C1-CH, CI°-CH, C6-CH, C6'-
CH), 3.82~3.97 (s, 2H, 2CH=N), 7.01~7.48 (s, 4H,
CeH,), BC NMR (100.6 MHz, DMSO-d): 6 24.7(C4',
C47), 25.0 (C3!, C37), 28.2 (C of 2C (CHs)y), 29.7(C2',
C27), 36.2(C5', C5%), 53.6(C of CH,NH), 58.3(C6', C6Y),
59.8(C1, C1%), 81.5(C of 2C(CHs)s), 126.8(C-c), 128.1
(C-d), 128.9 (C-a), 139.4 (C-b), 158.0 (C of NHCOOC
(CH3)y), ESI-MS: m/z [C3HsN,0,+H]*=531.5(100%),
[C3H5oN,0,4+Na]'=553.4(60%).,
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B PRk 2 % T 100 mL LR L BE SR 5T

Method 1

K,P(Cl,

Method 2

K,P(Cl,

HN I NH
KI HL S g I,
K,PtI, —_— Pt Pt —_— p1
N/ b I N,

HN
HL i
[ o, | Q
N
(0) (0]
(o] O- O- -
Z:
0 3 O (0N
(6] (0]

P55 1R SO BN BT R IR B € [ A B h HL ) AR R
£ 24 Na,CO, KIEW AL A3 HL, 2 %0 65% ,70%
3BT CoHaN, W35 (%): C 72.68,H 10.37,N
16.95; SLMME (%):C 72.56,H 10.46, N 16.98, IR
(KBr, ecm™): »(NH)br 3 201, »,(CH), v..(CH) 2 958,
2 821, 8(CH) 1472, v(CH,) 1 571, 1 518, v(C-N)
1 032, v(C-C) 948, y(C4H,) 804, y(NH) 547, 440, 'H
NMR (400.1 MHz, DMSO,TMS): 1.15~1.23(m, 8H of
C3-CH,, C3"-CH,, C4-CH,, C4"-CH,), 1.37~1.76 (m,
8H of C2-CH,, C2%-CH, C5-CH, C5-CH,), 3.58 ~
3.65 (m, 4H of CI-CH, CI-CH, C6-CH, C6™CH),
4.11 ~4.53 (m, 4H, 2CH,CH,), 7.47 ~7.63 (s, 4H,
CeH,). “C NMR (100.6MHz, DMSO-dy): & 24.7 (C4',
C4%), 25.0 (C3', C3%), 29.7 (€2}, C2%), 36.2 (C5', C5%),
57.5 (C of CH,NH), 58.3 (C6, C6%), 63.2 (CI', C1%),
126.8(C-c), 128.1(C-d), 128.9(C-a), 139.4(C-b), ESI-
MS: m/z [CxHuN,+H]*=331.0(100%), [CoHsN,+Na]*=
354.020%),
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Scheme 3 Synthetic scheme for dinuclear platinum(Il) compounds P1~P7
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%31 4%

#o% 4R

K,PU, %W . 554 10 mmol B HL FLAA%S T 10 mL
K H I B AR RN 25 °C kG
24 h ARREE A PIE , TS IEIFR O 261K (10 mL)
(5 mL) A k(5 mL)BEIRUTTE | 25 T8 )5 14 I
B ER 7 F R 95%, TCER T CoHy NP, (31
BAH (%): C 19.56,H 2.79,N 4.56, SLM{E (%): C
19.68; H, 2.86; N, 4.51. IR (KBr, cm™): v (NH)br
3 164, v(CH), v, (CH) 2 934, 2 858, v(C¢H,) 1 574, 6
(NH) 1 448, 8(CH) 1 172, »(C-N) 1 127, »(C-C) 1 066,
yCeHy) 970, y(NH) 443. 'H NMR(400.1 MHz, DMSO,
TMS): 6 1.01~1.18 (m, 8H of C3-CH,, C3"-CH,, C4-
CH,, C4"-CH,), 1.33~1.69(m, 8H of C2'-CH,, C2-CH.,,
C5-CH,, C5"-CH,), 2.96~3.08 (m, 4H of C1-CH, C1-
CH, C6-CH, C6™-CH), 4.56~5.03(m, 4H of 2CH,CsH.),
5.68~6.35 (m, 6H of 2NH, and 2NH), 7.57~7.80(m,
4H of CgH,), C NMR(100.6 MHz, DMSO-dy): & 24.6
(C4, C4%, 25.1 (C3', C3%), 27.4 (C2', C27), 29.8(C5',
C5%, 56.3 (C-6, C-6"), 61.1 (C1\, C1%), 47.2 (C of
CH,NH), 126.8(C-c), 128.1(C-d), 128.9(C-a), 139.4(C-
b), Caled. m/z 1 228.8 (76.6%),1 226.8 (100%),
1 227.8 (21.6%),1 229.8 (21.2%)), ESI-MS: m/z
[CooHaLNPL-1]'=1 101.1 (100%, 1 100 (31%), 1 101
(35%),1 102(26%)),[CoHyLN,PL+Na]'=1 251.0(30%),
135 k&EwP1

0.5 mmol PtLI ¥ T 100 ml /K F1 & B A9 R
HWHNV V=11 IF T EREW T IMA 0.1
mol « L~ 381 FE il (4 % iR SR %5 W 20 mL, 50 °CkEE 2 Nif
24 h JF L B R LB MR DITE , BB TTINA 3.0
mmol ML EIGE BT 50 CHEC N 24 h, L%
WA AT B AR R BRI 86K (5 mlL) G
K CBEQ2 mL)FI STk (2 mL)BE s, & B2 TS 15 5
R 775 R 37%, TCR ST : CoHaCLN,P, BT
FAH (%): C 27.85,H 3.97,N 6.50, LMAE (%):C
27.89,H 4.01,N 6.56, IR (KBr, cm™): v (NH)br
3 344, v,(CH), v.(CH) 2 938, 2 861, v(C¢H,) 1 649, &
(CH) 1 450, »(C-N) 1 384, »(C-C) 1 129, y(C¢H,) 563,
'H NMR (400.1 MHz, DMSO,TMS): 6 1.13~1.16(m,
8H of C3-CH,, C3"-CH, C4-CH, C4'-CH,), 1.31~
1.66 (m, 8H of C2-CH,, C2'-CH,, C5-CH,, C5"-CH,),
3.35~3.66 (m, 4H of C1'-CH, CI1*-CH, C6-CH, C6'-
CH), 4.21~4.62(m, 4H of 2CH,C¢H.), 5.56~6.22(m, 6H
of 2NH, and 2NH), 7.58~7.66 (m, 4H of C¢H,), “C
NMR (100.6 MHz, DMSO-d): 6 24.7 (C4, C4%), 25.1

(C3', €37, 28.7 (C2\, C2%), 30.2 (C5', C5%), 45.5(C6),
C6", 54.3 (C1', C1%), 36.8 (C of CH,NH), 126.8(C-c),
128.1(C-d), 128.9(C-a), 139.4(C-b), Calcd. m/z 862.1
(100%), 861.1 (85.7%), 863.1 (82.4%), ESI-MS: m/z
[CooHyuCLN,PL+H]'=863.3 (100%, 862.3 (75%), 864.1
(73%)), [C2oHCLN,Pi,+Na]'=885(20%) .,
1.3.6 EHEY P2

0.5 mmol PtTT Al 1 mmol 2 5 7% F 100
mL K FHEEAIR SV Vo we=1:1)0  JF T 50
CHEIGIZ N 24 45 1k S0, 3o BB 25 B A ik AR 17T
UE , UE VR 5 08 v 4 I A5 1 G TRMA K iz AR Y
47K (S ml), & BE(2~3 mL) il SRk (2~3 mL)VE % ,
ZHS TIREIRRE O ER 7R 2%, TR
B CouHyN,OsPL, I3 MH (%): C 32.15,H 3.82,N
6.25, SL{H (%):C 32.16,H 3.80,N 6.23, IR(KBr,
em™): »(NH)br 3081, v.(CH), v.(CH) 2 938, 2 862,
v(C=0)sh 1 677, 8(CH) 1 452, v(C-N) 1 296, »(C-C)
1 068, y(C¢Hy) 809, 777, 707, y(NH) 566, 'H NMR
(400.1 MHz, D,0/TMS): 6 1.22~1.29 (m, 8H of C3-
CH,, C3"-CH,, C4-CH,, C4"-CH,), 1.34~1.70(m, 8H of
C2-CH,, C2'-CH,, C5-CH,, C5"-CH,), 3.16 ~3.40 (m,
4H of C1-CH, CI'-CH, C6-CH, C6°-CH), 3.65~3.98
(m, 4H of 2CH,C¢H,), 7.51~8.18 (m, 4H of CH,), °C
NMR (100.6 MHz, D,0): 6 24.7 (C4', C4%), 25.1(C3},
C37%), 29.4 (C2, €21, 31.2 (C5', C5%), 44.1 (CH, C6Y),
52.9(C1%,C1%), 35.8(C of CH,NH), 126.8(C-c), 128.1(C-
d), 128.9 (C-a), 139.4 (C-b), 162.6 (C of (COO7),),
Caled. m/z 896.2 (100% ), 897.2 (75.0% ), 895.2
(72.7%) . ESI-MS: m/z[Co,HuN,O5Pt,+H]'=897.4(100%,
898.4(86%), 896.4(20%)), [CxHCLN,PL,+Na]*=919.4
(18%).

BL& Y P3~P7 45 )5 26 P2 2510,
1.3.7 BAEY P3

Tl 4 77 R P2, LATA TRR AR B e R R AR, D
4 mmol T4 FRERF1 2 mmol PELI SR |, 153K % {6, [&
7734 39% , TEE I3 HT CogHygN,OgPL TR H (%):
C 33.77,H 4.14,N 6.06,, SZMI{E (%):C 33.86,H 4.17,
N 6.10, IR(KBr, em™): »(NH)br 3 444, v (NH) 3 134,
v(CH), v(CH) 2 943, 2 858, »(C=0)sh 1 661, §(CH)sh
1 419 em™, 8,(C¢H.), v(CeHy) 749, 717, y(NH) 566,'H
NMR (400.1 MHz, D,0,TMS): 6 0.86~1.03 (m, 8H of
C3-CH,, C3'-CH,, C4-CH,, C4"-CH,), 1.22~1.29 (m,
8H of C2-CH,, C2%-CH, C5-CH, C5-CH,), 3.16 ~
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3.23 (m, 4H of CI1-CH, CI-CH, C6-CH, C6'-CH),
3.38~3.44(m, 4H of 2CH,(C0O0),), 3.67~3.94(m, 4H of
2CH,C¢H,), 7.58~8.20(m, 4H of C¢H,),"C NMR(100.6
MHz, D,0): 6 24.7(C4, C4%), 25.1(C3', C3%), 29.3(C2),
C27), 31.2(C5', C5%, 35.8(C of CH,NH), 37.9(C of CH,
(CO0),), 44.1 (CE, C6Y), 52.8 (C1', C1%), 126.8(C-c),
128.1 (C-d), 128.9(C-a), 139.4(C-b), 170.8 (C of CH,
(CO0")), Caled. m/z 924.2 (100%), 925.2 (76.0%),
923.2(72.2%)., ESI-MS: m/z [CoxHysN,O5PL,+H]*=925.1
(100%, 926.0(65%), 924.0(94%)), [CopHyuCLNPL,+K]'=
963.1(41%).,
1.3.8 LAY P4

il & 7 e P2, DL 2-H BE P R AR 2 i BE R
R OBD 4 mmol 2-H FETA IR AR T 2 mmol PtLI %
N, 773 27% , JTCFRGIHT CosHoN,OP B THEAE (%):
C 35.30,H 4.44,N 5.88, J2MIE (%):C 35.36,H 4.46,
N 5.95, IR(KBr, cm™): »(NH)br 3 438, v,(CH), v..(CH)
2938, 2862, v(C=0)sh 1647, 8(CH) 1453, v(C-N)
1 270, »(C-C) 1 068, y(C¢H,) 703, y(NH)br 568, 'H
NMR  (400.1MHz, D,0,TMS): 8 0.98~1.06 (m, 6H of
2CH;CH (COO0),), 1.11~1.18 (m, 8H of C3-CH,, C3™-
CH,, C4-CH,, C4"-CH,), 1.20~1.26(m, 8H of C2-CH,,
C2i-CH,, C5-CH,, C5"-CH,), 3.11~3.17(m, 4H of C1-
CH, C1'-CH, C6-CH, C6'-CH), 3.36~3.43 (m, 2H of
2CH,CH (CO0),), 3.58~3.98 (m, 4H of 2CH,CH.,),
7.56-8.17(s, 4H of C¢Hy), “C NMR(100.6 MHz, D,0):
8 15.2(C of CH;CH(COO"),), 24.7(C4%, C4"), 25.1(C3',
C37), 29.4(C2/, C27), 31.2(C5', €57, 35.8(C of CH,NH),
44.1 (C6, C6%), 51.5 (C of CH,CH (CO0),), 52.8(CI,
C1%), 126.8(C-c), 128.1(C-d), 128.9(C-a), 139.4(C-b),
173.2(C of CH;CH(COO"),), Caled. m/z 952.2(100%),
953.2(77.0%),951.2(71.8%) , ESI-MS: m/z [CosH,oN,O5
P1,+H]'=953.0(100%),954.0(26%),952.3(34%), [CasH.,
N,OsPt,+Na]'=975.3(80%).
1.3.8 BLEY PS5

Tl &L P2, LA 2-Z0FE T IR R R e R
RBP4 mmol 2-4FETH ERHR A1 2 mmol PtLI %
N, AR K, 7 37% , JT R AT
CaoHaNOsPL T HAA (%): C 36.74,H 4.73 N 5.71,
SEAE (%): C 36.77,H 4.73,N 5.72, IR(KBr, cm™): v
(NH)br 3 431, v(CH), v(CH) 2 939, 2 864, v(C=0)sh
1 578, 8(CH) 1 452, »(C-0) 1 387, »(C-N) 971, »(C-C)
893, y(CeHy) 760, y(NH) 566, 'H NMR (400.1 MHz,

D,0,TMS): 8 0.96~1.02(m, 6H of 2CH;CH,CH(C00),),
1.11~1.18 (m, 8H of C3-CH,, C3"-CH,, C4-CH,, C4'-
CH,), 1.20~1.26(m, 8H of C2-CH,, C2"-CH,, C5-CH,,
C5'-CH,), 1.98~2.11 (m, 4H of 2CH,CH,CH (COO0),),
3.10~3.15 (m, 4H of C1-CH, CI*-CH, C6-CH, C6'-
CH), 3.36~3.40(m, 2H of 2CH;CH,CH(COO0),), 3.56~
3.91(m, 4H of 2CH,CeH,), 7.53~8.15(s, 4H of C¢H,),
BC NMR (100.6MHz, D,0): 8 11.7 (C of CH:CH,CH
(CO0"),), 22.3 (C of CH;CH,CH (COO"),), 24.7 (C4',
C4"), 25.1 (C3', C3%, 29.4 (C2), C27), 31.2 (C5', C5%,
35.9(C of CH,NH), 44.3(C6', C6%), 52.8(C1', C1%), 56.0
(C of CH:CH,CH (COO7),), 126.8 (C-c), 128.1(C-d),
128.9(C-a), 139.4(C-b), 173.8(C of CH;CH,CH(COO")
). Caled: m/z 980.3 (100%), 981.3 (78.0%), 979.3
(71.4%), ESI-MS: m/z [C3HiN,05Pt,]*=980.1(100%,
981.0 (33%), 979.2 (63%)), [CxHiN.OsPt, +Na] =
1 003.3(40%).,
1.3.9 BEY P6

il & A P2, DL 1 1-38 T Be ik AR IR AR B 46
FRE B 4 mmol 1,1-28 T B3k R A1 2 mmol
PtLI S, IR 8 @ R 775 38%, JLE AT
CHyNOsPL FIITAA (%): C 38.25,H 4.61,N 5.58,
SEMAE (%):C 38.34,H 4.66,N 5.61, IR(KBr, cm™): v
(NH)br 3 444, v (CH), v(CH) 2 944, 2 860, v(C=0)sh
1 629, §(CH) 1450, »(C-N) 1142, »(C-C) 1068, 'H
NMR (400.1 MHz, D,0,TMS): 8 1.02~1.06 (m, 8H of
C3-CH,, C3"-CH,, C4-CH, C4"-CH,), 1.18~1.22 (m,
8H of C2-CH,, C2%-CH, C5-CH, C5'-CH,), 1.98 ~
2.03(m, 4H of 2CH,(CH,),C(C00),), 2.60~2.66(m, SH
of 2CH,(CH,),C(C00),), 3.40~3.47 (m, 4H of C1-CH,
CI'-CH, C6-CH, C6"-CH), 3.66 ~3.98 (m, 4H of
2CH,C¢H,), 7.66~8.19(s, 4H of C¢H,), “C NMR(100.6
MHz, D,0): 8 17.7(C of CH5(CH,),C(CO0"),), 24.7(C4',
C4%), 25.1 (C3', €37, 29.4 (C2), C2%), 30.1 (C of CH,
(CH,),C(CO0"),), 31.5 (C5, C5%, 35.9 (C of CH,NH),
44.1(C6, €6, 52.8(C1', C1%), 57.3(C of CH,(CH,),C
(COOY),), 126.8(C-c), 128.1(C-d), 128.9(C-a), 139.4(C-
b), 178.4(C of CH,(CH,),C(CO0Y),), Caled. m/z 1 004.3
(100%), 1 005.3(78.9%), 1 003.3(70.9%)., ESI-MS: m/
z [CxHuNOsPL+H] = 1 005.3(40%), [CxHyN,O5Pt+
Nal'=1 027.4(100%, 1 028.5(40%), 1 026.4(31%)).
1.3.10 BEY P7

il & 77 W P2, LA 3-F2 -1, 1- 38 T e Jk —FR R
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%31 4%

#o% 4R

R R IR A HD 4 mmol 3-8 -1, 1-38 T e B R
FRAR A1 2 mmol PELI JZ I, 53R ¥ {6 [E & | =%
31% TG R BT C3HeN,O 6P HITTHRAE(%): C 37.07,
H 4.47 N 5.40, SZ9{E (%): C 37.10,H 4.56 N 5.48,
IR(KBr, cm™): »(NH)br 3 381, »,(CH), v.(CH) 2 936,
2 859, »(C=0)sh 1 633, 8(CH) 1 453, »(C-N) 1 139, v
(C-C) 1 066, 'H NMR(400.1 MHz, D,0,TMS): 8 0.99~
1.02 (m, 8H of C3-CH,, C3'-CH,, C4-CH,, C4"-CH,),
1.26~1.32 (m, 8H of C2-CH,, C2"-CH,, C5-CH,, C5'-
CH,), 2.62~2.96 (m, 8H of 2CH (OH)(CH,),C(CO0),),
3.36~3.41 (m, 4H of C1-CH, CI"-CH, C6-CH, C6'-
CH), 3.63~3.96 (m, 4H of 2CH,CcH, and 2H of 2CH
(OH)(CH,),C (COO0),), 7.68~8.18 (s, 4H of C¢H,), “C
NMR (100.6 MHz, D,0): 6 24.8 (C4, C4"), 25.1(C3},
C37), 29.4(C2, €27, 31.5(C5', C5%, 33.2(C of HOCH
(CH,),), 35.9 (C of CH,NH), 44.3 (C6', C6"), 52.9(C1,
C1%, 57.3 (C of HOCH(CH,),C(COO"),), 63.3 (C of
HOCH (CH,),C(CO0"),), 126.8(C-c), 128.1(C-d), 128.9
(C-a), 139.4(C-b), 178.3(C of HOCH(CH,),C(COO"),),
Caled. m/z 1 037.3 (100%), 1 035.3 (77.3%), 1 036.3
(70.2%)., ESI-MS: m/z [CxHgN0PL+H] =1 037.9
(100%, 1 036.9(80%), 1 038.9(70%)), [C5H.sN,OoPto+
Na]*=1 059.9(90%).
1.4 KBMENE

>R FH 7K v R R T T T kT S K
P, Kl IS Y P1-PT 451 T 5 mL Z8180K
t,25 CHEOGHE S 10 min, 25 H 0.45 wm AL UG
ITUEBR S ANEY | DRIV ZE R A B T 0 A T
B W R FLHEAT R Bk, B R] A5 2 C A W 0 T A B
1.5 ZHAEEE

PEHL HepG-2 . A549 .HCT-116 1 MCF-7 PU A
[Fi) F 98 200 L &%, 4 00 R T 10%(VIV) R A 1
100 wg-mL™" 7 % R F1 100 pg-mL™" 15 5 R 1Y
RPMI-1640 3553 40l E 37 °C &% 5%C0,.95%
25 SR 10096 AH X8 B 1 B 58 P s 5%
1.6 &iKEH

B & % P1~P7 & T DMSO ', JE Bk B
100 mmol - L™ A9 JEL IR, A | FH 055 7 SR 7 o i vk
27 0.0.1.0.10.0,20.0.50.0 1 100.0 pmol- L™ # T-AE
W, b T HERE DMSO X 48 i B 1 1 52 | 7E BT AT S
55 DMSO Mk EEARRER T 0.1%(V/V),
1.7 “HRFESH

K H Alley MC %5 A48 A9 MTT #6005k 128 H A5

MURZHATE A PR 4 Fh e 40 i 2 g R S0 G PE 02 e
X H30AE K BT A i g 4 E2 A T 96 FL G TR 8 R AR
i35 4L 100 mL F5FEEE P & 4x10°~8x10° 4ii Y, &
T 37 C.5%CO, WIEFRA N TR 24 h, BCHHR >
510 ~100 pmol - L' B L& 4 P1~P7 4 K 1L
KRV R W, HIMARE IR, 48 h 5,
50 wmol - L™ MTT 4 PBS(5 mg-mL ") ¥ N 2 &4
L ,37 CilRE 3 h, WliIF AL R, &5
A DMSO(HPLC 25100 L, ¥ 37 15 7% A fiff H 2%
rn R T o A T BB AR AAE 490 nm P AL E2HL OD
B, FrA B4 st i X AT 1T 3 ATl
1Cso 1 A2 38 32 41 L7715 52 (%) AL G 0 R BE (ol -
L) e & il vy il T 3145

2 RIS

21 BRI

T TR C R 2 S5 A AL B
TEE AR ME B AR 23R C e i B B CATT A B, BT L
H-Boc PR3 DACH J A 46 B4k LA i #8 e A6 44
1) HL(E7R 2), FeATRA 2 Fh7 2 (R 3) il & 1 3L
EAIBC A Y P1-PT, J5ik 1 TRl LA 1ER
BRI MG Y PL, T 2 F T4 DL R AR
B KA BB E Y P2-PT,

FATE T TR '"H NMR, °C NMR ESI-MS f1G &
ST AE DT XS R AR 1 b ElA 2 BCAR HL R
PtLI LAY P1~P7 #6417 T RAE  JT R - Hr s %
W, SEg e S BB (A AT R WS i oA, BT A7
1 XU ANDEL A 9 o 1 A EE 2 AN M+ =]
[M+Na]" [M+K]" . [M-I]"FI[M-H]") , 3 F1 Fil i1 53+ 5 —
., HTHITER 3 A FALE " Pu(33%) . "Pr(34%)
1 1Py(25%) , Kt BE G 9 P1~P7 1Y BT % 8048 1
L3 AN AHN A R 2806 | BT REARC A P TS Y
fIEVE il B A9 PSS T 5B 2 861.1 .862.1
1 863.1, 1H[CooHy,CLN,PL+H] A 55 {4 862.3 .863.3
F1 864.1, [CxH3CLN P, +Na]* 55 5 {8 57 884.1.885.0
1 886.5, TELLAMIGHE X e fb 5 W) B L1 A K]
AHAL 500 B9 2 S A L 3, 5 Pr()IE B C A7 S S 1)
G2 W AT Vg S S 1) IR PR 23 S Pl 22 1) B A7
AL DL 2o 63X 2e 40 A W o (NH)/v(NH )R §(NH,)/
S(NH) 1A 6 I SF ff 5 5 e 15 1 FR R 1Y) C=0 W Wi i hy
1 700 em™, T 7E4L G W P2~P7 9 W Wi 04 57
1 677~1 578 em™ b, WEHA T PSR IEH] & F R,
X S 05 25 LR A D IX L0 P A6 R A AR AL T



EEAE SR (IR, 1R 2R ,2°R)-N', N'-(1,3- 7. 24 He SO Y 36 ) 38 e -1,2- e

%113

A2 11 URZ TTIE 5 0 19 5 1 S o 1 2195

A HWUESE 7 FEADECS P09 'TH NMR #1°C NMR
(A2 B 5 U R 7 i Al — 3%,
22 KBFMMR

K P A 25 1) s DR S v 493 3 T AR 2
() —> f £ 55U R0 B VD FIATAR L, A I BE S 4
HEA RAF B KBV Y m T4 (1.0 mg-mL), {2
= HABAY PT(13.1 mg-mL™) A KM & B
FIF(7.0 mg-mL™), % 1 ALY P1~P7 HKIEE,
HIGF K P7 (13.1 mg-mL™")>P2 (4.6 mg-mL™")>P3
(3.7 mg-mL™")>P5(3.5 mg-mL")>P4(3.3 mg-mL™")>P6
(2.6 mg-mL")>P1(1.5 mg-mL™"), 3 {7 HATFE I
IR T BE-1,1- R RARAE N B L IEH &) P7
(13.1 mg-mL™) MKEMERE 3 MRARENTLEGY
P6(2.6 mgmL. 1 5 %,
2.3 MESHEHRR

FRATIEHT 4 Fp ARSI 40, R MTT 32 %5 i
P A W AT T RSME PRI, JF LI R
BB FIAANE Ry BHPE T B 5 2R an e 1 o AR 1 AT
LA A LA Y% HepG-2 . A549 #1 HCT-116
A S TR A A A B M R MCF-7 48 i R
TEIEPE(ICs>50 wmol - LY, Z5 R EH] | HARHIRC &)
XA TR N e 0 i B — s ek, Hoh DA
3FREEI T SE-1,1- R AR S B LA &)
P7 X} HepG-2 1 A549 40l & (9 1% PO T K 40, %t
HCT-116 40 5 M35 M3 T By 140

T FRATAT AR IR, AS [ 14 88 25 5L A G 2% b
SR BC A YR TR s DL 3R R T e -1,1-

TR IRARAE R B L P TCA Y) PT XF HepG-2 . A549
FIHCT-116 40 BA U R (Pe b i vE . SECEY
P6 M H RS P HA ML  H 2 2 RIS
AF P78 LR A5 H B R 20 ik
PPN | B I Y 2 A RIS R N A
Y1 P7 WK (13.1 mg-mL?), —MEIEOL T, B4
KV P S 1R — A B B8 B S 98 245 ) B — A4 i
P, 00— R LGRS 5 DNA BT il AU | 3 0
Pt 51705 DNA XU JE 4548 Z 8] A i AAE T, AT
FZIEE A0 DNA 19 1E 5 & il #2

FOL b, R 1 RGO FRATAT LA R
— AL R B LA 4 B K T PR | AT B
PRGBS WK BT N . PT>P2>P3>P4>
P5>P6>P1, BL& W% HepG-2 Fl AS49 4 it %) 41 it
BT B . PT>P2>P3~P4>P5>P6>P1 [H )2 Xt
F HCT-116 4088 X R R ARG 1,

5K 4 6 S A T — S ELA IR N RN 2 B R
B F FCAR A 8T An(DBC & 9, b —3 4B &9
Xof BT I S 17 e 400 R ) A PR LA i R X
FEH T AR AR AL L A B S R AN M R, B
Py 114 240 60 25 P A 5 R 40 L 1) b S 5G9 Enos
SEHRIE T — R LA R AR A e A B A B A
BeA W, i 43 B A W x BT I3 i) T fiek 968 240 i
WoR T —E s, AW Em SR rikE
SERARL, AT A 5T 45 R AR R T | 2R L A A 25 )
AL BELARL T S 42 il WA B () BC & 0 e i 9 19 12 ) 32 22
PRI,

R1 BEYPI-PTHKBERT LM ALXERABAEANEIMERESE

Table 1 Aqueous solubility and in vitro cytotoxicities against selected human tumor cell lines of complexes P1 to P7

Solubility (25 °C) /

ICs* / (pmol - L)

Complex

(pmol - L") HepG-2" AS549° HCT-116" MCF-7¢
1.5 P1 31.6 39.8 44.0 >50
4.6 P2 14.4 18.6 36.6 >50
3.7 P3 19.1 23.1 29.1 >50
35 P4 21.0 22.8 35.2 >50
33 P5 33.7 31.8 28.9 >50
2.6 P6 39.8 40.1 18.3 >50
13.1 P7 6.6 10.1 5.8 >50
17.0 carboplatin 9.7 11.2 >50 15.3
7.0 oxaliplatin 750 >50 4.3 >50
1.0 cisplatin 0.6 1.6 >50 1.1

*All 1Cs values (drug concentration giving 50% survival) calculated based on the Pt content are means +SD(SD<12% of the mean value)

from at least three separated experiments; "Human hepatocellular carcinoma cell line; ‘Human non-small-cell lung cancer cell line; ‘Human

colorectal cancer cell line; “‘Human breast carcinoma cell line.
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%31 4%

#o% 4R

3 & it

PL(I'R ,1'R ,2R', 2"R)-N1', N17-(1,3-30. 2 3 XL (.
) BR O oE-1,2- B (HL)FE W BCAR | A S i IR
BT 7 AR TR B B AU AR G, X
MDA A A E A FHEdoG R T —Fp
B RAUL S, A A] RE BT 1Y S IR 28 MR S BT
i I8 24540y B4 it 245 1 R 24 22 T) 3¢ S 24 P ),
SN FE MR AR, B 2 i A 1 45 R R AT M A
R b 5 W 12 28 XU AT 5 0 A e b g T L v
3R T HE-1,1- R AR Ry B L B MBI S
P7 HA B (K ETE . BN HepG-2 Hl A549
I i ZR B PEOL TR, 0 ELXY HCT-116 40 i & 1Y
TR TRV RN, BRI SABC G Y PT A LR
— N EAWRAW N E B e G,

SE k.
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