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1 SLIGERSY

1.1 UHE5iH

Varian UNITY -plus 400 MHz & @ H4RIE{Y , Perkin Elmer 240C JGZE /MY, Nicolet 170 SX {# HLnf:
AR I GTE I (KBr JE A7), Beckman DU-8B 484h-F] WOGIEAY , Hitachi 23 H] F-3010 265X

AL EE(EB, A, R. 2%, Fluka AW, i), /NFHGRR DNA(Sigma A H], EE), = (FH ) &
SEFE (Tris, B. R. 9%, Sigma W], EE), 1,10-FEmEmk-2-FEES IO [ 9 ) ik G A HE iRy
J3Hr4li. Tris-HCl 28 AW (& Tris 50 mmol/mL, NaCl 10 mmol/mL, pH {4 7. 00) . 43 & /N4 iy i
DNA ¥ T Tris-HCl 28 wh i e b, Hov B 260 nm Ak (W 5% FE 4 52 ( OD,gp/ODgy > 1.86, €0 o =
6 600 mol ' + mL + cm '),
1.2 BEWMER

BCAR S BC S W L% 2R A Scheme 1 7.
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(Q:\z Sc0z N (1) RNH, -N N7 LacCloos
=N N= =N N-= .
NN HO (2) NaBH, \H

N 3 L', L'Lal!: R=CHg;

_ H~:i:'«‘i:’-~H\’1R (Cl0)3 + zH:0 L% L*Lal?: R=CHsCHy;

RN\ 1.3, L3Lal?; R=CHsCH.CH,;

(H0), 7N N= LY, LiLaL!,; R=CH3CH;CH:CHz;
= L%, L°LaL%; R=CsH;CH;

LLal.

Scheme 1 Synthetic routes of the ligands and the La( Il ) complexes

1.2.1 EARey AR DA L G 06, Harg s 3T . 8% 10 mmol 1, 10-FEMEIR-2-FH BEE T
50 mL ZEEH, FERESIHEEE T2 N 10 mmol FHRZERARER 1Y 50 mL LA W, EH T TR PR
I 10 h, LA 2.5 ¢ NaBH,, kZedidf )i 10 h, $hig, ez k2 @A D8R, A 50 mL /K, H
FADIAERL(30 mL x3), PR, HIJOK Na,SO, T4, i, 2R84, Has T, i aBEik L, &
65% . JCEIIHISEMIE (C,H 3N, - 2HCL - 0. 67H,0 T4, %): C 54.21(54.55), H 5.38(5.30),
N 13.49(13.64). "H NMR(CDCI,, 400 MHz, Lk TMS }N45), 8: Phen-ring 9. 06 (m, 2H) , 8.49(d,
1H), 8.11 (m, 3H), 7.77(d, 1H); CH,-phen 4.64 (s, 2H); N—CH, 2.81 (s, 3H). IR (KBr),
v/cm ' 3438(NH) ; 1 596, 1 350, 860 ( phen-ring). [FI¥EA M2 AERAR 12 ~ 12
1.2.2 BE4Hihd Rk VUBEY L'Lal' &AL K2 mmol La(ClO,),. 6H,0 Y 10 mL Jo/K
WA IMAZE] 4 mmol L' 195 mL HEEW T, FEBR FEASSTHFERI 10 h, A 10 mL JE/K
Sk, uE, HWPEE ORECARFIL 1:1) EEE &, A EAEAY L'Lal'. 73 65%. JCR M L i{E
([La(C,H;N;),H,0),]1(ClIO* ), « 2H,0 3T5{H, % ). € 33.89(33.94), H 3.84(3.87), N 8.45
(8.49), La 14.23(14.03). '"H NMR(CDCl,, 400 MHz, UL TMS N#5), 8; Phen-ring 9. 18 (m, 4H) ,
8.62(d, 2H), 8.19(m, 6H), 7.84 (d, 2H); CH,-phen 4.71 (s, 4H); N—CH, 2.88 (s, 6H).
IR(KBr), #/ecm™": 3450 (NH); 1 599, 1 358, 864 ( phen-ring) ; 210 (La—N); 481 (La—NH) ; 407
(La—0); 1 105, 627(ClO*" ). FABMS, m/z: 657.2[M], 585.2[ M —4H,0]. A /(S +cm™" « mol™")
(CH,OH) : 320.6. [AiEAHIFRMERAY 12 Lal?, L'Lal’, L*Lal’ fl L Lal’.
1.3 BEYREIMTBEE Y

Be A%t A I HL-60 F1AFLAR I MDA-MB-435 (RSN IR 1% A MTT gl 2, % A RT3
g PC-3MIES | AR Bel-7402 . A EF 301 Hela A B GC-823 AYMRANIL IR 1% P SRB 751 %E.
HIC MW 1, F 1 PRSI T % WA 25400 AH R AR A 1C,, B ).

Table 1 IC,, values( pg/mL) of complexes and some drugs against different cell lines

Cell line

Complex

HL-60 PC-3MIES BGC-823 MDA-MB-435 Bel-7402 Hela
L'Lal! 48. 89 20. 43 49. 34 96. 60 30.45 44. 54
L*La 12 33.97 13.98 46. 08 95.53 14.77 24.63
L’Lal? 23.47 12.21 36. 11 77. 89 13.38 22. 14
L4Lal* 16.29 12.05 23.70 66. 58 12.07 20. 96
L3 LaL? 14. 49 11.79 21.20 7.47 4.75 18. 09
Cisplatin 6.00 4.66 7.70 4.63 6.80 30. 00
Melatonin 1200
Aclarubicin 8.41
Pingyangmycin 771.00
Adriamycin 560. 00
Arc-C 89 000. 00

1.4 BE&%W5 DNA HEEEHR
1.4.1 FAM5 DNA &t £t LAh-n] WA 6 TR HE R 7 =0, K Ve Rl 200 ~
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350 nm. ERT, [8]Z: LI AURE S oA AT 22 b s i A BE & PP T (8 pmol/L) , 1 s HE
WOTE , SR REU A 2 LU A i s rhrs AR R ACRR B /N4 g i DNA, filf DNA 5 BC& 90V B LU AS
Wik, ELEMA, WRISOEREAS FEAR L.

1.4.2 E4A45 DNA 1E A B 7 8 Scatchard B 28 6 2 3 & P 550 nm, &K 590 nm, #&k
BEES nm, K HTPRAE 10 nm. JERT, «tDNA % (44. 2 wmol/L, FH 50 pmol/L pH =7. 0 f Tris-HCI £&
MRECH)3 mL, FE RN EZOEHERE (M 2 ), FLLEB W TR, MU E 1 pL, #FE 3 min
JE e HAE G BE , BRI, 235 R Hl— RIS Y -ctDNA W ([ DNA | =44.2 pmol/L,
R=[LLaL]/[DNA] =0 ~0.5), T FRGCN 12 h )5, #% FRME 7L EB ISR e, B
B ICREAA A 1.

1.4.3 DNA R ek A 2 KSR AKIEL (25 £0. 1) C . B 58 %E 2% vh a0 i 3
BFIR] ¢, SR I AN AR BE BC 5 W00 J5 DNA WA T sliBs ] . 1.0 mmol/L DNA mI i R 3 sl fisf
] >90 s. SCHR A VLT, W58 DNA WA TS 815, FH G VR 58 28 43 DI AAS 45 f2: 1) i
HYIEW, IRAA, MEmshRtE, HE 3 W(IRERN £0.1s), BOFA.

2 BRI

2.1 BEREEWHER

P AT LR B e ARG IR S0 | JT R o LA RAE, BCE WL TR i, L0500 | #1
OIHT . BEIRHL SR RAE, 5 EoT RS H EDTA Ji5 a2 50 E .

2.2 EEYMREENE

1 LI AT UL RSN BCA Y% S50 AR 1Y 6 FloRa Rk 2 3 B0 AS [R) R 1% A R I A
5 FRECE Y% PC-3MIES J 4% 17 14 £ /5 T Melatonin, XJ Bel-7402 8 £ %) 1% 4 34 % F Pingyangmycin,,
Adriamycin Fl Are-C, HHHC &Y LLal’ %F MDA-MB435 A FL 9 F Bel-7402 A9 SOR B 4, X
Bel-7402 A A Hela N5 2008 FRCRAE T 040, T MDA-MB-435 AFLARJE B RCRIE T Aclarubicin,
Al WAZZA A WA BT RO — B BT R 259
2.3 EEYWE DNAER
2.3.1 WAL DNA A i F 3ok 4 A DNA J5, SFIEME RIS &9 1Y F 4510 2 32 31|
DNA (sl , FCAR A b IREE 2 A oAy, FE5R M Xl P 2 A T A8 Ak BT H B A sk £ 2T B 300 T A
NREBA Y DNA R AR A IEdE 2 —1.

SANGE T 5 AL AYIAE DNA Tris 28 0P 00H A OBOERE. & 1 2RS4 L' Lal' 78 DNA Tris 2%
VAT T RSO S50 R AE 270 AT 230 nm T HER T 2 SR A I, B DNA AN,
HW T A T B AR SO, ELISL U RE R B DNA Y BE R3S Rk, Rl PR A R 2L R B4
KA, XRMEAEY S DNA KA T RN, ATREC A DNA M8 % -, PUSH AR5 DNA fEH.
DNA X HE 4 ANECAPRMOETE RS2 AR L, 6 W HAE R SRR B BROFQ R B 3 il 3%

IV AR DN 0.6

2.3.2 B4A45 DNA 1€ A 8 7% K Scatchard B 0.5 T

R S 6 00 45 1) 2 S 58 B AE 1 Scatchard 17 o4 ¢ .

SR Tris-HCL ZE0irh 20 CHE EB XT40 DNA 9% 2 o '

WRZE AR B0k 2. 028 x 10° L/mol, P34 407 sk S o

90.198, 55 3CHR[ 19 ] il i BEAHAT, BEUTSE 5 o1 e

iR REY. RERARIR 1 5 A A AT ol N

76 F EB % DNA BIZE S5 4803 2). 200 220 240 2603/:::) 300 320 340
SRR , TEAS TR MR B Y BEEMAATET , EB  Fig.1 Effect of ctDNA on the electronic absorption

4 DNA 19245 Scatchard & (18] 2) i L RPR L spectra of complex L'LaL'

A HAE B R e Ay, BBV, a—e. n(DNA)/n(L'LaL'): 0, 20, 40, 60, 80.
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Table 2 The apparent conjunction constants( K) and average inherent conjunction site numbers(7n) of EB to DNA

in the presence of increasing concentrations of complexes

LML R 10 K/(L - mol ') n LML R 10 K/(L - mol ™) n
L!'LaL! -0. 000 2.028 0.198 LLal? 0.226 1. 447 0. 166
0.113 1.631 0.183 0.339 0. 854 0. 156
0.226 1. 521 0.171 L*Lal? 0.113 1. 502 0. 169
0.339 0.993 0. 164 0.226 1.395 0.161
L?Lal? 0.113 1.594 0. 180 0.339 0.790 0. 149
0.226 1. 489 0. 169 L’Lal’ 0.113 1.411 0. 160
0.339 0. 899 0. 160 0.226 1. 320 0.151
[3Lal? 0.113 1.550 0.174 0.339 0. 699 0. 140
AHAET r i AR — . 22 MBERFFE R R, BERLS YR IEIN, EB S5 DNA MRS G

BRAR, A 45507 S/, B LABE S 45 DNA A4 BE IR ML) 19 55 e ) EB 5 DNA 45
&, CIESR A IR T A PEH] EB 5 DNA 94541, T EB 5 DNA Y454 2 18 i 380 (g4 A 7 =X
SERLAY, PTLAHS DNA /R FHA ) e i i o 4 A SO SE Iy, Bl P QIR Bl (K B2 n, EB
L5 DNA (WL G H BUMZE G0 S 8000, BVECE405 DNA VERI G, XF EB 5 DNA 454

RIS R
35 a
sk [ML]/[DNA],
= ) a. 0
25 b. 0.113
g c. 0.226
A d. 0.339 3
o 3
< 15fF d ~
-2
Bl il
=
5 =
U '}
0. 00 0.05 0.10 0.15 0.20 0.25 0.00 0.01 0.020.030.04 0.05 0.06 0.07
r [ML]/[DNA]
Fig.2 Fluorescence Scatchard plots for the binding of Fig.3 Effect of complex concentration on the length
EB to DNA in the absence and the presence of of ctDNA
increasing concentrations of complex L'LaL’ a: EB; b: Hoechst 33258 c: L'laL'; d; L*Lal?;
[DNATJ =44.2 mol/L. [EB] =1.67—16.7 mol/L. e: L3Lal’.

2.3.3 WA DNA B AR E Wm0 E AR Bk FE R S5 A B R IR B A IS L T
R R R WORAS F LA 95 DNA ERIBG R ST B, nl DLd a2 n A B A P05 DNA %
TR FE AL RS BB 405 DNA B AH ELAE . AR B8 S 46 0 45 19 98 sl sk 18] 31380 1 A5 9 i 5
DNA W AR RS BE mg S m, #EMIHE B INA RS WHT 5 DNA KEELG L/L,, #4H %[ ML]/[ DNAJ{E
IR L 3. K 3 1L ¢ ~ e WTLAE Y, FCAPIEREET DNA AR EE AR, B HLS DNA
AR FH O 2C RIS R (Y 58 44l A 2, iR LR 9 T 25 4 XY Xl B T AT
La’* LB 1 55 5 DNA (B IR SR IL EELA7 , AT 9 1E F L B 55 DNA A B IR 420 9r iy 119 £
faf R AE AR, NI EC A9 00 60 B 18, T T8 5 B A 0 i RO A R, P b e B K
()23 I BHA , ARESEAIE A, 1 RAET /0 A DNA S BErh | MRk DNA 21 (1 XU iE 45 44
KA IS, AR A, IR BORE BE AR, RO BC A I WO FE (B0, DNA Y 7 1 KG B
X, MECA DA RN B —E RS, DNA VARG AN PR AG. BRI ARAE 1 BEE RN, DNA %
TR B2 AR B 1S K.

ARSCA B B A ) A B BRI, B8 AR A4 A SR RE I 1 F R VR FH S DNA 25
B (B 035 K s sUSe BBk st 17X — i), AR BT LA DNA S $E R8T BT IR 259 .
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Synthesis and Antitumor Activity of Lanthanum( Il ) Complexes to
N-AlKkyl-1,10-phenanthroline-2-methanamine

LI Feng-Hua'*" , WU Hong-Xing”, LIN Hua-Kuan®
(1. College of Chemistry and Molecule Engineering, Qindao University of Science and Technology, Qingdao 266042, China;
2. College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract Five lathanum( Il ) complexes containing 1,10-phenanthroline units were synthesized and charac-
terized by elemental analyses, 'H HMR and IR spectra. All complexes were assayed for antitumor activity in
vitro against HL-60 (human leukocytoma) cells, PC-3MIE8 ( human prostate carcinoma) cells, BGC-823 (hu-
man stomach carcinoma) cells, MDA-MB-435 (human galactophore carcinoma) cells, Bel-7402 (human liver
carcinoma) cells and Hela( human cervix carcinoma) cells. The results show that the complexes exhibit good
growth inhibition against different cell lines in general. DNA binding studies indicate that the complexes possi-
bly interact with ¢tDNA by part intercalative, covalent binding and electrostatic effection.

Keywords Phenanthroline; La( I ) complex; Antitumor activity; DNA
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