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Syntheses, Crystal Structures and Biological Activity of 2-Oxo-3-phenylpropionic
Acid Aroyl Hydrazone Di-2,4-dichlorobenzyltin Complexes

JIANG Wu-Jiu TAN Yu-Xing YU Jiang-Xi ZHU Xiao-Ming ZHANG Fu-Xing KUANG Dai-Zhi*
(Key Laboratory of Functional Organometallic Materials of Hengyang Normal University, College of Hunan Province, College
of Chemistry and Material Science, Hengyang Normal University, Hengyang, Hunan 421008, China)

Abstract: Two substituted benzyltin complexes has been synthesized via the reaction of 2-oxo-3-phenylpropionic
acid aroyl hydrazone with di-2,4-dichlorobenzyltin dichloride. The complexes C1 and C2 have been characterized by
IR, UV-Vis, 'H NMR, “C NMR '"°Sn NMR spectra, elemental analysis and the crystal structures have been
determined by X-ray diffraction. In vitro antitumor activities of both complexes were evaluated by 3-(4,5-
dimethylthiazoly-2-yl)- 2,5- diphenyltetrazolium bromide (MTT) assay against five human cancer cell lines (Hela,
MCF7, HepG2, Colo205, NCI-H460) and two human cell lines (HEK293, HL.7702). Two Complexes exhibited strong
antitumor activity. Moreover, C2 less toxic than C1. The interaction between complexes and calf thymus DNA were
studied by EB fluorescent probe. The results show that the interaction of C1 with calf thymus DNA were intercalation
and electrostatic attraction. However, the C2 were intercalation. CCDC: 1452066, C1; 1452067, C2.
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WAL G R REPERCR, ™ HE S R e
FEZR G AT I A1 38 KA DL AL & W i s R A I
I, Sherman 573 R FH A5 A B9 A HLE 108 /N 43
TREREY T A R CNEMFC S HEN
Y A BB A W ] B8 HLAT B AR A B 1 A B
AOPTIRE TG M, FRATTA R R I o — 2 T (U R ) B
WY, BA B RSN S PR R PTERR A
PR IR AR TN AR AR R W) =, A
BAELF 505 B 455 7 ) 2- IR BE 3R E N R
77 W BE IR B BREESS 8, BRI & 0, N & 2 L
AL, XA 4 R B B A AR AR AR SCRA
(2,4- "GN ZE8 5 2- 3R BN IR Y
MR SO, & T 2 NN BB LA W, WD 5T
TC A W R i A B TE N AR 8 B B A S 4 T
PE, VLSS /A= i DNA RIAE BAE T

1 SEWHES

1.1 ANk

IR FFJ H 7 5 1 Prestige-21 ZL4MEEAL (4 000~
400 em™, KBr J& fr) W% ;'"H #l °C NMR H Bruker
AVANCE-500 #% @ 2940 & ; T & 53 #r F PE-
2400(INTT 2 43 B AL 22 5 AR Z5 44 F Bruker SMART

@;( Lﬁ e

Cl

X= H(C1), OH(C2); R=—CH, Oa

1
Fig.1

B CL: ik 0.627 ¢, 77 % 82%, m.p. 116~
119 °C (dec), TGZ 5 M1 (CoHseClgN,OSn,): SEMAE (T
AE, %): C, 5021 (50.23); H, 3.63 (3.69); N, 3.62
(3.66), IR (KBr, cm™): 3 084, 3 059, 3 030 v(Ar-H),
2067 (C-H), 1 632 (C=N), 1 612, 1 385 »(COO0),
1 585 (C=N-N=C), 1 219 »(C-0), 588 v(Sn-0), 554 v
(Sn-0-Sn), 511 v(Sn-N), 447 v(Sn-C), 'H NMR (500
MHz, CDCly) : 6 7.92 (dd, J=8.2, 1.2 Hz, 4H), 7.56 (1,
J=7.4 Hz, 2H), 7.50~7.43 (m, 8H), 7.35~7.27 (m, 6H),

37 F-7000 2G0T E ; 4 E S [E NETZSCH
TG 209 F3 #E 434X, #5 s FH AL 50248 58 X-4 XH
AR 08 B S S o (L B TR AL OE)

QPR3- LR JF W BE AR AN (2, 4- R

B &AL 2% SCER O s i, IRAE S BE(EB)

/N TR DNA | =5 YRR 20 T 65 (Tris) 4 Sigma-
Aldrich 2 877 & H e il R 5 8 - Hr 2l i 0 =%
SCHRMT 2 4lifk | K B 4liK  Tris-HC1(0.01 mol - 17
2% P W B PR — 5 1 Tris FH 0.1 mol - L™ (9 4R
PR AWM 2 pH {0 7.40, (HFHATECH] ; /NAF B A
DNA 140 338 5 FL A 260 F1 280 nm Ab 1) W i ok
11 7 (A /A 250=1.8~1.9), T 7 pH E A N & i
WEBCH, e B AE L U E 260 nm Ak YO FE TR
% (£20=6 600 Lemol™-cm™), HA#A W E T 4 CH
FE 5 TRAL 58 5 0E 2 FR IBUE TR A6 258 A
pH=7.40 1 Tris-HCI (0.01 mol - L)Z% Wi W e i
1.2 BREYHENK

T 50 mL BEEEH S, A 1T mmol 2-Fk k-3-
R HE T R R P B IR B 2- -3 OR B TN R K A T I
I mmol = (2, 4- & R &) &8 25 mL K
BE PEFEIEIE 12 h, Vi) Uk R BRI H, H S
P T 45 5 AR O R C1 5 €2,

/
-N
X

Ph Et

{( o YoM

N/ ,{//
/ \/ /\

_—Sn -y
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e M
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Syntheses of complexes

7.10 (d, J=2.1 Hz, 4H), 6.93 (d, J=8.3 Hz, 4H), 6.88
(dd, J=8.3, 2.1 Hz, 4H), 429 (s, 4H), 3.73 (g, J=7.0
Hz, 4H), 3.17 (d, J=12.1 Hz, 4H), 3.07 (d, J=12.1 Hz,
4H), 129 (s, 2H), 1.25 (1, J=7.0 Hz, 6H), “C NMR
(125 MHz, CDCL): & 174.74, 163.43, 155.00, 134.34,
133.28, 132.74, 132.71, 132.14, 131.92, 130.77,
130.14, 128.82, 128.73, 128.52, 128.34, 127.29,
127.20, 58.50, 32.82, 28.17, 18.44, '"Sn NMR
(Me.Sn, 187 MHz, CDCLy): § —253.49,



%8

T IASE 2B 33 3T 35 PP BRI (2,4 S0 ) B TC 4 W0 1 40 1 25 0 S 2 3 1385

BeA Y C2. ik 0.555 ¢, 7" % 71%, m.p. 135~
137 °C (dec), JCZE 53 T(CoHseClN,0108n,): SEME (7
BAH, %): C, 49.19 (49.21); H, 3.63 (3.61); N, 3.51
(3.59), IR (KBr, cm™): 3 451 »(-OH), 3 059 v(Ar-H),
2968, 2 918 v (C-H), 1 635 v (C=N), 1 625, 1 381
(COO0), 1 587 v(C=N-N=C), 1 215 »(C-0), 592 v(Sn-
0), 561 v(Sn-0-Sn), 509 »(Sn-N), 446 v(Sn-C), 'H
NMR (500 MHz, CDCLy) : 6 11.12 (s, 2H), 7.62 (dd,
J=7.9, 1.5 Hz, 2H), 7.46~7.32 (m, 12H), 7.04 (d, J=
2.1 Hz, 4H), 6.96 (d, J=8.3 Hz, 2H), 6.92~6.89 (m,
6H), 6.78 (dd, J=8.3, 2.1 Hz, 4H), 4.15 (s, 4H), 3.74
(q, J=7.0 Hz, 4H), 3.28 (d, J=12.0 Hz, 4H), 3.18 (d,
J=12.0 Hz, 4H), 1.50 (s, 2H), 1.26 (1, J=7.0 Hz, 6H),
BC NMR (125 MHz, CDCly) : & 175.35, 164.51,
160.46, 153.36, 135.17, 133.37, 133.27, 132.62,
132.36, 130.99, 129.83, 129.65, 129.08, 128.82,
127.55, 127.21, 119.23, 117.54, 114.51, 58.53, 33.19,
30.89, 18.42, ""Sn NMR (Me,Sn, 187 MHz, CDCL):

1.3 BELEHNE

PEHUR SR 0.21 mmx0.20 mmx0.20 mm(C1) 7!
0.20 mmx0.19 mmx0.19 mm (C2) WGP dbiA 78
Bruker SMART APEX Il CCD &g I, RH
2B E Mo Ka 948 (A=0.071 073 nm), LA
o~ T A WCERTT GBS . BCA Y C1 7E 2.39°~
25.10°75 Bl N LIS 16 761 ST, Horpoh S 4
455 739 4N (R.,=0.018 3), FH T 45 K5 & 11 n] W 5%
o 85 262 4~ [I>20 (D)]; FC&% C2 1E 2.41°~
25.09°3t il LI AE 15 939 TS i, Horbph vy Al
455 536 N (R.,=0.022 5), F T 45 # RS & 11 m] W 5%
RIS R0 5 121 D20 (D), s Lp N2
AR ISCR IE SRS A i B AR R
JiF K C1 " H4A .C2 1 HSA it ¥ 4 b5 78 22 {H
Fourier 73 5 7 Bl 228 | Ho Ay &5 F i BLS In | ik
2 A A P R AL B AR AR, X U T R SR T
SR FH 45 1o ] 05 1) S A S B A T 4 o e s
TIHRIEBIE R ERAE R 43 A AR Shelxtl 72

§ -314.76, Fe e i,
x1 BEFHE
Table 1 Crystallographic Data
Complex c1 2
Empirical formula CeHs6CIsN,O5Sn, CeHs6ClsNLO10Sn,
Formula weight 1 530.11 1562.11
T/K 293(2) 293(2)
Crystal system Triclinic Triclinic
Space group Pl P1
a/ nm 0.998 31(5) 1.004 80(14)
b/ nm 1.121 03(6) 1.124 81(16)
¢/ nm 1.458 64(7) 1.4402(2)
al () 93.726(1) 92.734(2)
B/ 93.394(1) 93.484(2)
v 1) 96.579(1) 96.499(2)
V / nm? 1.614 6(1) 1.611 8(4)
A 1 1
D,/ (Mg-m") 1.574 1.609
Absorption coefficient / mm™ 1.162 1.168
F(000) 768 784

Limiting indices

Reflections collected, unique

Completeness 0.997

Max. and min. transmission 0.800 9 and 0.792 5
Data, restraints, parameters 5739, 3,393
Goodness-of-fit on F* 1.059

-ll<h<11-13<k<13, -l6=<i<17
16 761, 5 739 (R,,=0.018 3)

-ll<sh<11-13<k<13, -17<I<17
15 939, 5 536 (R;,=0.022 5)

0.966

0.808 6 and 0.800 O

5536, 21, 404

1.055
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Continued Table 1

Final R indices [[>20(])]
R indices (all data)

(AP)uss (AP)uin / (€-nm™) 1019, -618

R,=0.027 3, wR,=0.071 4
R=0.031 0, wR,=0.073 7

R,=0.056 9, wR,=0.173 7
R=0.060 3, wR=0.175 4
3779, -964

2 BEEYNBIBKNER
Table 2 Selected bond lengths(nm) and bond angles(°) for complexes C1 and C2

c1

Snl-C17 0.214 8(3) Sn1-01 0.216 9(2) Sn1-02 0231 1(2)

Snl-C24 0.215 5(3) Snl-N2 0.221 9(2) Sn1-04 0.249 9(2)

Sn1-02 0271 7(2)
C17-Snl-C24 161.89(11) 01-Snl1-N2 70.85(7) C17-Sn1-04 83.75(10)
C17-8n1-01 93.60(9) C17-8n1-02 91.80(9) €24-Sn1-04 81.13(10)
€24-8n1-01 92.39(9) €24-Sn1-02 94.12(9) 01-Sn1-04 76.09(7)
C17-8n1-N2 100.10(9) 01-Sn1-02 141.47(7) N2-Snl-04 146.88(8)
€24-8n1-N2 98.01(10) N2-Snl-02 70.64(7) 02-Sn1-04 142.44(7)
02-8n1-02’ 64.71(6) C17-8n1-02 83.13(9) €24-Su1-02 83.98(9)
Snl-02-Snl' 115.29(7) 04-Sn1-02' 77.73(7)

c2

03-Snl 0.231 2(5) 02-Snl 0.213 9(4) C17-Snl 0.213 8(7)

N2-Snl 0.223 0(5) 05-Snl 0.248 3(6) €24-Sn1 0.215 3(7)

03-Snl 0.271 8(5)
€17-8n1-02 91.9(2) €24-Sn1-N2 100.4(2) C17-8n1-05 81.6(3)
C17-Sn1-C24 162.7(3) C17-Sn1-03 94.5(2) 02-Sn1-05 77.46(18)
02-Sn1-C24 94.0(2) 02-8n1-03 139.50(15) €24-Sn1-05 83.9(2)
C17-Sn1-N2 96.9(2) €24-Sn1-03 91.6(2) N2-Sn1-05 146.81(19)
02-Sn1-N2 69.42(17) N2-Sn1-03 70.11(17) 03-Sn1-05 143.02(17)
03-8n1-03' 65.23(15) 03-8n1-05 77.09(17) €24-Sn1-03' 83.50(19)
Sn1-03-Snl’ 114.77(18) C17-8n1-03 84.38(22)

Symmetry codes: ' 1-x, 1-y, 1-z for complex C1; ' 1-x, 1-y, 1-z for complex C2

CCDC: 1452066, C1; 1452067, C2.
1.4 @SMEE N E

W25 W% F /b i DMSO, FH/KH6 B 2 i il
WS PR FF R 2 DMSO W /N T 0.1%, MCF7(AHL
JR 9 40 L) . Colo205 (N 45 i 96 2 Bf) (NCI-H460( A Jifi
P 4 M) Hela (N B 39098 48 i)  HepG2 (A JHF 48 41 Jid)
DL K HEK293 (1E # AR IR ¥ 40 i) HL7702(1E % A
AT 240 ) 40 B B B 98 B 2R B 3R 5 (ATCC) . A
10%J16 4= 1L 19 RPMI 1640 (GIBICO 2 wl) 55 97 2k |
T 5% (53 50)C0, 37 °CHL N BE B 3246 W 2E AT
RSN PRI 25 B0 50 28 i MTT 005 |
B4 Ab Hf F Graph Pad Prism version 5.0 7, fk

G 1Cs, BT HA S

BT IS A5 5

1.5 5 DNA HE/ERAXLR
TE 5 mL 2 5 4 B m AN BB DNA EB

FASTRI e BE (LA 0 v IR AT ICE 3.5 h, 4 il

OIS WO IR 258 nm, & ST L

PR AR ST H e 2 SR 4R 5.0 nm,

31 kw7 ) A 2 e [m]

2 HR5WR
2.1 EFEHR

BC A 2% B -3- 24 3 A i 2K HY B s 1) (C=N) ) R
TE 1 663 em™ Mt , WES58ENIERAESY C1
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5 H p(C=N)ZLFF 1 632 cm™ BT, & W A4 rh
B e 2 5 T AL 03 R 1) R A 45 4R B i A
1612 em™, TWIXTFRAPAG IR BNIELE 1 385 em™ AL, 2
Xof R A 4 41 20 430 30 0 08 BR A 4 iR sh T3 2 25 Ty 227
em™, RUIEC G W) R BE AR LU IE XS Sn BT
i, —Q4- A FE) ZFAE M Sn-C ¥k 3 g 1E
440 em™, FLAY) C1 b B0 0 ) @& 00 X B8 8l & 447
em™, 35000 F 588 em™ (#(Sn-0)) 554 ¢cm™ (¥(Sn-O-
Sn)) 1511 em™ (v (Sn-N)) Ak i BRI B e B2 1) e A
U181

BLAY C2 H S C1 R LM EIEAE | 2 ik
r(C=0) 1 625 em™, v,(C=0) 1 381 em™  JHHZ 2N
244 cm  WARLIBGIE S Sn By, HFEC 1Y RRAE
I »(Sn-0) . (Sn-0-Sn) v (Sn-N) Fl v(Sn-C) 73 5 £ T
592,561,509 Fil 446 cm™ &b, F B C2 1 C1 £ & HH
I EEH

£ 'H NMR i, AN mRZ S
U245 4 1) 45 20 I BSOHI X g 0020 7 L (2,4-
RO ERE T, 5 R AHE R 2,4- RN B
P TP WA SR F 1 A TR Y B A — X /) T
LR, XS T 1OSn-H R G 0 45 SR 2 T AE TR G
G c1.Cc2)E, T HiaOIE R Sn0, It
H5 Sn PR 2,4- S A ()47 PSR 3L
fiff 2,4- "SR EEANRE Al ey, W R 2 T
B F A 22 A 30E BB A Y C1.C2
SFFIERRCRS T Sn0, WL R K AT, 5
PAORZS N A B AR AT S 45 SR — 3, 7E “C NMR 3
LA 21 U 55 3 4R I 25 K i SR B ) A0 5 X

SR PR AT S AR 3,
22 BE4EH

BC & W00 3 BB R s 9 TR 2, AT
S W 2 3, ¥R AAE 1 Sny0,
T G DU TTER | PR G SR A T R RR G DU T
IR B AR F DA 2B BRBC A Sn B 7, HE 24
B R R ASE Hh C1 1 Snl-02: 0.231 1(2)
nm,C2 "' Sn1-03: 0.231 2(5) nm, ¥ J& T IE# Sn-0
A, T C1 H Sn1-02t 0.271 7(2) nm,C2
Sn1-03': 0.271 8(5) nm, KT Sn-O A H 2/
TH T 5EE TR, b SRk B 17224
AL A 01 Sn-0 W&

LAY C1 2549 Snl 53k A R Y 2 4
AJRT 01 F1 02,1 M SEEAEREF N2, 1 AL 4
BEEEF 04,28 H 24 2,4- 5% 3 A (10 30 H L
JRF C17 F €24 LLECEH I3 1 ANEAR S 1 ) 02
SRR TR -L A A SRS AL 01 .,02.04 N2,
02 i 1 ARIEF T Y 5 A2 A R
C17 F1.C24 W) 3 458 1 32 1o 00 1%l 1) 52, il 1)
C17-Sn1-C24 $ A4 161.88 (11)°, 5 180°0W &5 T
18.12°, HRE FE Y 5 5 8 5 1 i
KA, RGBS Y b0 8 e e 8
LA AR R BEA ) C2 5 C1 3 F A2
o, 58 S H022 R K ol 8 et S e A L TG T
FRHER AL ) FE 2 DA WA H , Sn-N BEK R .
C1: 0.221 9(2) nm, C2: 0.223 0(5) nm , 5 SCHk A AH
{u [15.25-27] .

Symmetry codes: ' 1-x, 1-y, 1—z

K2 BLEY C1 T 450 K (W3R R 309%)
Fig.2  Molecular structure of complex C1 with 30% probability ellipsoids
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Symmetry codes:  1-x, -y, 1-z
B3 BLAY C2 05 T45 H FE (k% 309%)
Fig.3  Molecular structure of complex C2 with 30% probability ellipsoids

23 ABEMMR

T WL R AR E Y, R NETZSCH ~
TG 209 F3 MBS HHL, 162 VR T, I
20 °C-min”', AR H 20 mL+min!, 7E 40~800 C 2 3
S0 FET P B 2 030 A AT, W0 P 45 S, B £
FE 6 TH 8 A 4 2 A MR B e T o R R 3 A
KHE B, VI B 40~170 C, BL &Y C1 K H

M 5.77% (B ME .6.02%),C2 N 6.03% (F it 14 .
5.90%) , 53 IR L BL G W) Kk 25 2 B LB SR 5 BT
H C1,C2 BYSE W B 55 = Wi Be S R 349 41 X 45
B, 7E 170~800 °CYE [ R 5, %0 Be &5 4 43 F 2k 2%
2 A 29k HE-3- ORI TN R O W R R AR & 4 4> 2,4-—
SR AR EAEL 20.37% (C1)F1 21.76 % (C2),
B Sno, MiHE & & 19.70% (C1) /2 19.30%
(C2) Wi f; LR AHra REWEAY C1 45171
119 CZHi, BLA Y C2 SR 137 CZHI A F2 € 17
1E

100 0 -
K
£
. 8or 14 &
® I
z 5
= B
.%n 60 s g
B 2
40t £
12 3

20F ) . . . . )

100 200 300 400 500 600 700 800
Temperature / C
K4 FAY C1HAEI T
Fig4 Thermogravimetric analysis curves of complex C1

100 200 300 400 500 600 700 800
Temperature / ‘C

K5 BAY C2 EE ST
Fig.5 Thermogravimetric analysis curve of complex C2
24 RIMREEEHAR
T3 TR A C1,C2 XF RSk 5% 5+ 9 4 i
MCF7 Col0205 NCI-H460 Hela HepG2 L4 & HEK293,
HL7702 B30 H1EvE, IR B vl 54 C1,
C2 X} 5 i 4 i #5458 S i i 4E R, X MCF7,
NCI-H460 Hela B4l 1 I8 T R4, XF HepG2
(MR 5 R A MY, X Colo205 Y1 IR FH 55
TR X EH AR 5 B A CL
C2 X} HEK293 K& HL7702 g &K R4, 1
it &4 C2 Xt HEK293 \HL7702 11 40 fifs 8 4 3 /N F
Cl, WEAY C2 i ik — b F A VE NP 2
P A 590 5 4 e & %) €1, C2 TE IE 5 AR 40
i 2 1 a6 Hh 25 5 PR RT 5 AR 40 1 R 2R IR AR
TR LA K
2.5 BEEY5S DNA-EB 1EF R %K RIEH 5
EB J&— ROt Y Rt (HHA B 9O RRES 78
DNA 1 EB fe-F-47 Hb e A B BURBE DNA N #8
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Table 3 Inhibition activity of complexes to cancer cell in vitro(ICs) pmol-L™
MCE7 Colo205 NCI-H460 Hela HepG2 HL7702 HEK293
C1 1.447 2.676 2.452 8.947 1.199 3.660 3.215
C2 3.150 4.891 13.92 8.167 2.683 31.06 26.54
Carboplatin 54.71 0.6247 63.34 42.94 1.349 67.87 57.31

AIBRAEERT Z [0) AT 2E 00 i g 5R , B G0 S
EB ) DNA ¥ A7 I il 23 & A2 554 U, iR 64
A ESE EB A\ DNA SUEJE 455 i | S 800 o B &
AEPER IR EB AT HIAPE DNA 2549 1 9 L EH
Bl 6.7 435I AR BE L& 9 C1 K& C2 &
EB-DNA & &R R W26 KMk . AR A C1
5 C2 J& ,DNA-EB & & 928 63 W] 5 B A% | d B 1ic
G C1 3 C2 WAFTEE DNA-EB 14 £ 19 2¢ 677 A=
THXR, BLAY C1 5 EB-DNA & &K R 1E AR
P& Stern-Volmer 1% 1E J7 #2132, 1 /1=1 +H(Ksy+K)C complen +
KoK (C oompies)?, BT T AU 5 48 T FEAE TR T 30 285 e
BBATEXR  RUIBCAY C1EAT LIS DNA 28§
(A TR Sk A L 45 6, 1 DNA 43 Tl i s | 8 EB
M DNA 3 0y 5 X b 8% 1, AT LLS DNA 4+
H ) B 3 3 A A 45 BRI DNA 20 T8 38 X rh iy
EB, X MFEH#RE DNA-EB & RPOGHREK
5 SCHER i EPIAH L B 5 C2 5 EB-DNA & & 1K
Z W E R ¥ 42 88 Stern-Volmer 7 F2 P4, [/T=1 +
KS\Coomplex»  F TR AL HE BT AR 8 TS0 K 3t
BAEC S Y5 DNA FE R BYPE KH 8 Koy A 1.2x10°

a
600 | 1
h

400

9
6

0 20 40 60
— / (umol-L"")

Intensity / a.u.

200

560 600 640
Wavelength / nm
eona=30 pmol - L™ ¢p=3 pmol -L7; from a to h, ¢ =0, 10, 20,
30, 40, 50, 60, 70 pmol -L™, respectively; Inset: plot of Iyl vs
Coomplexs; Ao=258 nm
K6 MEY C1SEB-DNA AR 2L
6T
Fig.6  Effects of complex C1 on the fluorescent spectra of
EB-DNA system
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