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Syntheses, Crystal Structures and Biological Activity of
N-(2-Propionic acid)-aroyl Hydrazone Di-p-methylbenzytin Complexes
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Abstract: Two substituted benzyltin complexes (C1, C2) has been synthesized via the reaction of N-(2-propionic
acid)-aroyl hydrazone with di-p-methylbenzytin 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 the 3-(4,5-
dimethylthiazoly-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay against three human cancer cell lines(H460,
HepG2, MCF7) and a human cell line(HL7702). Two complexes exhibit strong antitumor activity, moreover, C2 is

less toxic than C1. The result of EB fluorescent probe shows the interaction between complexes and calf thymus

DNA is intercalation. CCDC: 1547502, C1; 1547503, C2.
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EB A G Wil B A PR e Uk R
FH LA A 306 e i AL 1% A ) 0 S5 ) I o ol %
B AL I A W IR o L PUE TR M X — TR
WA INEE

T B 25 1k 5 0 2 vy T JU R 5 ) 4 45 G A 1
Yy, 0 A T R I e 5 ZRURI L il AR i
e JE -, FLH T o s 35 A A A ) R A e = il
e i Ak A5 4 26 30 M 22 R 9 T A7 T R0 45 1) 2B
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R HLA 2 W A i DL OB A Rk AR
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1.1 {UEEMIKF
IR F H A 5 3t Prestige-21 £ZLAMETEAL (4 000~
400 em™,KBr J f) W€ ;'H . BC A1 '""Sn NMR H

X
e SnCl
N. Ao Rl
~ N MeOH
OH OH

X =-NO, (1), #Bu (2);

R =—CH2OMe

PE-2400(I) JC 2 43 B A0 %2 5 & AR 45449 A Bruker
SMART APEX I CCD H.Ea AT HHGI % ; 2060615
FHH A H 57 F-7000 260G E 5 5250615
H 7% 5 HE2S 7] UV-2550 18 28 40— ] 0L G 3540 22 |
P % [E NETZSCH TG 209 F3 #H 43 Hr X ; 1%
AL AR T X-4 R0 H AR AL B0 a5 A3
(R R 2 1)

N-(2-TATR)-35 FF I o 0 — 6 FY L8 3 — b )
227 SCERISJ5 V6 A, IR CBE (EB) /4 i i
DNA | =58 1 BE 2 W 45 (Tris) A Sigma-Aldrich 23 7
= HE IR R T Al R S 2 SCER )y ik Al
b, 7K A 47K | Tris-HC1(0.01mol - L) 2% i i i 1ok
FREL— 7€ 5t Tris H 0.1 mol - L™ (YR RV WM &2 pH
{E 4 7.40 , fd HETEC 6] 5 /N2 B AR DNA 9 26 B2 58 i
FL 2 260 1 280 nm Ak Y IR J3 R A 5 (A s6/A 530=1.8
~1.9), FHFFR5 pH (B 4518 22 s s W e i, e 2 3 ik
W 5E 260 nm Ak 1 WG B T 53 1 5 (£26=6 600 L -
mol ™ em™), HAE R W E T 4 CIRAF IR 58V W
3 o BRI AL BE R, ) pH=7.40 19 Tris-
HCI(0.01 mol - L™")Z% i W Be
1.2 mEHMHER

T 50 mL BEREEE S, IIA 1 mmol N-(2-INFR)-
Xof il 2 I m IV-(2- T ) R T 3R Y R
1 mmol X H BRI Z &4k 30 mL W, fiEdk
M1 10 h, ¥4 bl ZEBRVAE R B B 4G i L 15
W IR C1Ek C2,

B A4 C1: 7 % 75% ,m.p. 118~120 °C(dec), G
F T (CsHsgNeO Sny) : L MIME (TH 54, %) . C,53.21
(53.14);H,4.73 (4.79);N,6.92 (6.89), IR (KBr,cm™);
3 084,3 022 v(Ar-H),2 920 »(C-H),1 637 v(C=N),
1 616,1 327 »(CO0),1 527 »(C=N-N=C), 1 209 »(C-

Me\

Me 0 o-H

N—N/ o] 2/’/0
L o
—51=—q_ N-N

R
-0 Me
H ~
Me

O

C1,C2

I e S /LR
Fig.1 ~ Synthesis of the complexes
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0),590 »(Sn-0),555 v(Sn-0-Sn), 503 »(Sn-N),460v(Sn
-C), 'H NMR(500 MHz,CDCl;):6 8.28(d,J=8.7 Hz,
2H),8.10(d, J=8.7 Hz,2H),6.83~6.77(m,8H),3.28 (s,
4H),2.15 (s,6H),2.07 (s,3H), C NMR (125 MHz,
CDCly):6 172.65,169.20,153.66,149.85,139.14,135.15,
133.15,129.63,128.91,128.21,123.21,50.82,36.43
20.86,12.94, "Sn NMR (Me,Sn, 187 MHz,CDCly):6
-636.40,,

BL&% C2:7 % 71 %, m.p. 118~120 °C(dec),
JC R 78 BT (CyHyN,0,8n) . SE A (3 51E , %) C,
59.89(59.92);H,6.17(6.16);N,4.51(4.51), IR(KBr,cm™):
3 045,3 020 v(Ar-H),2 960,2 866 v(C-H),1 666 v(C
=N),1 606,1 392 »(CO0),1 581 »(C=N-N=C),1 205
v (C-0),596 v (Sn-0),540 v (Sn-0-Sn),503 v (Sn-N),
460 v(Sn-C), 'H NMR(500 MHz,CDCly):8 7.95(d, J=

8.3 Hz,2H),7.47(d,/=8.3 Hz,2H),7.29(d,J=7.8 Hz,
1H),7.19(d,J=7.8 Hz,1H),6.87 (m,6H),3.10(s,4H),
2.20 (s,6H),2.11 (s,3H),1.38 (s ,9H), “C NMR (125
MHz,CDCly):8 174.71,155.83,138.48,135.03,132.65,
129.27,129.23,129.10,128.40,127.96,125.20,50.89,
35.09,31.20,21.24,20.91,13.06, "*Sn NMR (Me,Sn,
187 MHz,CDCL,):8 -509.34
1.3 BREEHNE

PRI 0.20 mmx0.18 mmx0.18 mm(C1) 7l
0.23 mmx0.21 mmx0.21 mm(C2) "B & ¥ & 4 78
Bruker SMART APEX I CCD L gafii 4% 1, >R H
21 s AT Mo Ka $746(1=0.071 073 nm), LA
o~ AT ABCEGTHBE . 28R4 1p W F
M2 EHWAMRLE, SRS R B 2
TR AE &R AL bR AE 22 {H Fourier & 1 H Bl 22 1 22 |

x1 BREEVHNREFHIE
Table 1 Crystallographic data of complexes C1 and C2

Complex C1 C2
Empirical formula Cs,HssNgO 12Sn, C3HN,O,Sn
Formula weight 1 220.44 621.32
T/K 296(2) 296(2)
Crystal system Triclinic Monoclinic
Space group Pl P2/n
a/ nm 1.074 53(7) 1.829 97(7)
b / nm 1.130 91(8) 0.870 01(3)
¢/ nm 1.301 50(9) 1.929 44(7)
al (%) 93.612 0(10) 90
B1(° 100.471 0(10) 90.596 0(10)
v /(% 116.373 0(10) 90
Volume / nm® 1.374 70(16) 3.071 68(19)
A 1 4
D./ (Mg-m™) 1.474 1.344
Absorption coefficient / mm™ 0.974 0.867
F(000) 620 1280
0 range / (°) 2.61~25.10 3.05~25.10

Limiting indices

Reflection collected, unique
Completeness

Max. and min. transmission
Data, restraint, parameter
Goodness-of-fit on F*

Final R indices [I>20(])]

R indices (all data)

(Ap),,w (Ap)min / (B‘nmﬁ)

S2<h<12,-13<k<13,-15<[<15
12 667, 4 870 (R,=0.015 4)

0.994

0.844 2 and 0.829 1

4 870, 0, 342

1.027

R=0.020 7, wR=0.053 5

R=0.023 0, wR=0.054 6

397, -259

2lsh<21,-10<sk<10,-23<[=<23
38 638, 5 463 (R;,=0.044 7)

0.999

0.838 9 and 0.825 5

5463, 31, 354

1.087

R=0.040 8, wR,=0.110 8

R=0.047 6, wR,=0.114 1

1 136, -456
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5T HOA(C1), H4(C2)H 2 {H Fourier 7 145 A
JE 7 & B 0 07 B AR A | LAY Sy R I AT 4
S AR A R AR AR X U AR SR T
53 51 2R 4% 1] 7] 1 R0 25 1] S5 1k A 2 B0 AT 4 o P
/N T REBIE, A it E TR R
SHELX-97 27 £ 4t 56 ™,

CCDC:1547502,C1;1547503,C2.,
1.4 £ HENE

fEZ T, DMSO 43 Al e & v 28 1x10
mol - L™ Y C1.,C2 %W ,25 °C T 435l Wik & A1 1 4%
Hb—n] WL | R I 3 I F A S
] UV-2550 F28 40— LG
1.5 @S EiE N E

Y15 0 25 8% T /0 5 DMSO , FH /K B B 2 T 75
WRE | RFF IR 10,0<0.1% , MCF7 . HepG2 H460 4
MR EL [ 38 E AL 8L 55 (ATCC), HL-7702 21 Mtk
WA A R 2 e A Ak 2 5 A0 i AR ) 2R B AR T
HL-7702 248 M #k FH & 10% 16 24 1L0F ,2% L-4% 2 Bt
Jfie 1Y) RPMI 1640 (GIBICO 72~ wl) K% 3% %k  MCF7,
HepG2 H460 4 i ¥k H] & 10% it 4 178 9 RPMI
1640(GIBICO 2 m)) 15 #2478 5% (41 %0)C0, .37
CHLFIE BE G SR N AT IR AP B 3% RSB 24 1
I R MTT 3200 | £ 8 40 35 Graph Pad
Prism version 7.0 &% s &Y 1Cso SEPUR I a s e
S T 1) o W 7 ) A £ P T U TR 0 A 4L A A 3
1.6 5 DNA HE(EAXE

1E 5 mL A w3 5 A NE i DNA (EB
RN TR e BE B S v W, TR 2D ,25 CRE 3.5
h, A3 DS | PR I KN 258 nm, & 9K
UL 3, R RN K B O i Ak A E R A R
5.0 nm,

2 GRS

2.1 IEEMR

ML E4) C1 M C2 WL Ak R ] LUA
C1 Fll C2 HR BE i 5 X % A 4 4 2l e F1 0T FR A 4
PR h 0 53 0 HE 1 616,1 385 em™ Hl 1 606,1 392
em™ Ak X FRA 4 4 20 50 23 0 X B A 4 i 20 0 3
Z2E0 510 231 F1 214 em™, R 2 AEEW T
R R DV IE S Sn BCAZPY, AN, C1 FI
C2 ML A3 B 1) F¢AiF 1% 2 (Sn-0) .v(Sn-0-Sn) .»(Sn-N) I
v (Sn-C) 43 il 7 F 590,555,503 460 cm ™" F1 596,
540,503 460 cm™ 422 R UG P B A Y IE

BT BAHIEAESE 2 A BEG Y0 B AL fb 2= 254

FE 'H NMR 385 v | Be 5 4 4% 41w i LU0 1 FL
FL 5 003 445 A 119 45 4L 5 BIOH X g 4525 DA R v
ATAES, BAY C1 A C2 1548 I A & i %t
LR L A W HR R o 3l o 0 A 8=3.28,3.10, 3
WA T 2 R — A T 8 19 BRI — X /N TR W A, 5
HFEH Xt d T 19Sn-H #4125 312 ol & %
B Jo 2350 111.0 1 89.7 Hz;2 NG YIHIHE
SR TG RIS — 2, 2 T 2 AN
Y EA ML E L5, 78 °C NMR 3§, H 4
2 I 55 BT T 00 45 AL B DL T B ) B0 5 X TR
AT A R — B, 7E ""Sn NMR 3 C1 Fil C2
53 FE-636.40 F1-509.34 4b 2B —A-FlE - K 2
AN AP T AR —FP B — I A LB G
22 BREgH

e G P 3 B RS A R 51 TR 2, T
SR ULIE 2 3, 2 ANECA Y S T R E
A Sn,0, F IR T IC IR | PR e 2 4 1 X
FRefty, PUTTER iR 3L SR F LA u-HF BRI A7 Sn B

Symmetry codes: ' 2-x, 1-y, 1-z
B2 BEAH C1HAT55 I (R % 30%)
Fig.2 Molecular structure of complex C1 with 30%
probability ellipsoids

Symmetry code: ' 1-x, —y, 2-z

K3 BaY C2 W T 45 E (IR % 30%)
Fig.3 Molecular structure of complex C2 with 30%

probability ellipsoids
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Table 2 Selected bond lengths (nm) and bond angles (°) of the complexes
C1
Snl-C19 0.214 2(2) Snl-C11 0.214 4(2) Snl-01 0.216 66(13)
Snl-N1 0.223 82(16) Sn1-02 0.234 20(14) Snl-06 0.242 26(17)
C19-Sn1-C11 164.55(8) C19-Sn1-01 96.42(7) C11-Sn1-01 92.01(7)
C19-Sn1-N1 96.71(8) C11-Sn1-N1 98.29(7) 01-Sn1-N1 70.56(6)
C19-Sn1-02 91.26(7) C11-Sn1-02 90.52(7) 01-Sn1-02 140.14(5)
N1-Sn1-02 69.71(5) C19-Sn1-06 86.38(9) C11-Sn1-06 82.83(8)
01-Sn1-06 77.53(6) N1-Sn1-06 148.08(6) 02-Sn1-06 142.15(5)
C2
Sn1-C23 0.213 9(4) Sn1-01 0.214 1(2) Sn1-C15 0.214 6(4)
Snl-N1 0.223 0(3) Snl1-02 0.232 2(2) Snl1-04 0.239 4(3)
(C23-Sn1-01 97.71(12) (C23-Sn1-C15 164.08(16) 01-Snl-C15 93.66(14)
(23-Snl-N1 97.43(16) 01-Snl-N1 71.04(10) €15-Snl-N1 96.78(13)
(23-Sn1-02 88.94(14) 01-Sn1-02 141.09(9) €15-Snl1-02 89.17(13)
N1-Sn1-02 70.09(9) €23-Snl1-04 85.26(17) 01-Sn1-04 78.98(10)
C15-Sn1-04 86.03(14) N1-Snl1-04 150.00(10) 02-Sn1-04 139.91(9)

¥, B 2 RN SE P C1 P Snl-02
0.234 20(14) nm,C2 ' Sn1-02 0.232 2(2) nm, ¥ )&
TIEH Sn-0 A HE T C1 P Sn1-027 0.270 3(15)
nm,C2 "' Sn1-02' 0.283 51(25) nm, KT Sn-0 A
R, RN THEF SR FERERZA,
SCHR BP0 Sn-0 IS |

LAY C1 454 Snl 52k A ECAR Y 2 4
AJEF 01 #1 02,1 MW EFEE T N1, 1 A EAH
BEAUR T 06,28 H 2 /% B L8 5L b () S B ik IR
F C11 M C19 LARK A O3 —A B 57 i 021 5%
BEAz B L BE A M AUHER AL 01,02 ,06 N1 ,02
A T R TS AL E 2 R T
C11 AT C19 W) o 48 132V~ 1o w00 %y g 1) 52, i)
C11-Sn1-C19 ## 1k 164.55(8)°, . 180°/N T 15.45°,
HARE 1 m 5 AR5 do 8 s 1 m K
AN (ds.n=0.216 66(13) nm ;ds,1.0,=0.234 20(14) nm;
dsy.06=0.242 26(17) nm;ds,=0.223 82(16)nm;d,,
=0.270 3(15) nm), H 22 {4 0.007 16~0.053 64 nm,
HHE A WAL 01-Sn1-06=77.53(6)°; £ 01-Snl-
N1=70.56(6)°; £N1-Sn1-02=69.71(5)°; £ 02-Snl-
02'=65.27°; £ 06-Sn1-02'=76.95°), K It iZ% Bl & 9 h
OB ST S B T Ao MR A8 L DUEEA TR it 9 €2
5 C1 o> 783l S RO e A K hao B a1
Ay T A W 78 AR AUER B TE 2 DL A A

1.Sn-N #1428 C1.:0.223 82(16) nm,C2:0.223 0(3)
nm , 5 SCHRHR 1E AH L2
23 HIBEMHAR

h TR G Y R AERE T, R NETZSCH
TG 209 F3 #E 1AL, FEZ AT, A
20 °C-min™, ARG H A 20 mL-min™', 7 40~800 C
10 [ A 5 AT I, ANl 4.5 BoR B
T TR LA R AR R R AR IR
BB 40~170 °C, BLEY C1RE N 5.52%((FHib(H .
5.24%),C2 N 5.26%(FRIEAH : 5.15%) , 53 550 %) i Bie
Yok k2 B BE S5 AW C1.C2 /i)
2 B B ¥ JC WL W o7 62 B B 7R 170~800 G il
WL R E XG0Tk 25 2 A N--INTR)-

100
&
80 g
g
X =
= 5
5 60 3
U
2
40 j
g
[a]
20F .
100 200 300 400 500 600 700 800

Temperature / 'C

K4 WA C1RHEDHT

Fig.4 Thermogravimetric analysis curve of complex C1
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100
8o}
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S 60 5

2 <
40t
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1 1 1 1 1 1 1 -16
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Temperature / ‘C

Bl 5 Bla Y C2 BT ST
Fig.5 Thermogravimetric analysis curve of complex C2

75 WL RR O S 4 X HBER I A RE Y
24.55%(C1)H1 24.23%(C2) , 2R Y5 Sn0O, MTHA 5
it 24.58%(C1) % 24.14%(C2)W) 4, LR I #4521
KRS C1.C2 43 HI7E 120,135 CZHI Al 2
FAAE
24 EIEiE

BL5 91 C1.C2 19 58 4h— Al WL ot 3% n &l 6
Fiis . BLE Y C1,.C2 73l 4E 348 H1 326 nm Ab A #K
R A L & R TRCA ) C1 PR 3E B
BRUAR I (il 6 ) 02 2 0 KR AT 75 i s e ) 4 0
A S C2 RN PR T E) P c-H Y
ARIRFE AR, | AL IR IR R W 2 |
WAL 8 448 R 2 K o B A FH A X 4 551901

Wavelength / nm
E 6 BAY C1.C2 %4 —TT Wi
Fig.6 UV-Vis of the complexes

2.5 EOMABEMEMR

R 3G TEAY C1.C2 FR B A Sb 5 %
J& 20 NCI-H460 (A& 240 i) HepG2 (A -4 41
JiL) MCF7(NZL MR 9 40 i) LA B2 HL7702(1E & A A4
S H) A RIS P L SR B TR A C1LC2
XT3 ol A B AR AT B AE IR R LA
C2 X H460 1 MCF7 094 il /5 FH ¥ 408 T R 50, %t
HepG2 WM EIAEF 5 R EAE Y 5 76 X 1E 5 1 20 it
BT BCA Y C1.C2 X HL7702 40 i #5141
KFRE, ABEAY C2 X HL7702 1) 20 i 55 1 i
INTFCL A Y C2 A Bt — b a2 A At
TR IR S Y AT BC AW C1.C2 TEIEH A
A 44t e 2 1 v 2 R D IR ) B S AR 4 R
I B A B

®3 BT E AR AR SN D E

Table 3 Inhibition action of complexes to cancer cell in vitro

ICs / (pmol - L)

Complex
H460 HepG2 MCF7 HL7702
C1 8.18+0.39 5.89+0.17 10.23+0.92 11.73+1.09
C2 4.18+0.13 1.89+0.55 2.41+0.51 6.61+0.33
Carboplatin 6.26+1.02 1.70+0.32 8.22+1.29 21.38+2.41

2.6 BEEYWE DNA-EB 1E AR HHIGH R

IR 2 58 (EB)J& —Fh 5 St Y b} | (0 LA B 1y 28
JEARES . F DNA WD EB 847 b i A £ SUR
JRE DNA PN (14 B 35 Xk =2 ], DT 5 25 ol i 2 348 e
MECEW S EB 19 DNA WA | i 25 A 3 4
KR, FCA Y rT REHE EB N DNA BUBE 4 i | &
SR E R AR K T EB AT FAE DNA 25911
PEIRE

Bl 7.8 43l AN TRk FE I L& 9 €1 B €2 %
EB-DNA & SR R ZO6H K4 ImAB &9 C1
5% C2 J&5 ,DNA-EB 14 & 192 63 B 5 B A% | 15 B i

AW C1 3% C2 IWAF7Eff DNA-EB & & 1925 6 = E
THER, MRIEZ I Stern-Volmer 77 F3, [ /I=1+K
F T 2 40065 HE T LA s T i A KBSy i) A
HBC A% C1.C2 5 DNA 1E B 25 K w80 K, M
3.16 F1 1.99, Lt SCHRIPSH 3E (19 45 & 5 HOR | RN
JE T LS B G 1 S DNA Hfl AYE R RE T, 38
IR G EHATUAEHNEASY C1.C2 5 DNA
FETE BSR4 AAE R 400 AT 582 Be & 9 iy oo 8
JEF 5 DNA 20 Fh s L A B 25 6, LA
r I St I P A D5 P B DNA BB SEXT | S5 4
T EB 5 DNA W45 4, 2 EB M\ DNA 45— 19 s &
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55 N7 R )35 T P 64 6400 0 4 0 00 2 R AR 22 B 3 1609

X BT 2 TC A W X 20 B A A 3 )
Br,BEA Y CL.C2 IFLIMIRE G 5 DNA 1945 & fe
FIAH & | AR FE b I3 40 AR 1T RE 2 3 o e (R RN AL
) PRI 5N PS5 DNA AH BB G T S0

(@)

9

400

300

200

Intensity / a.u.

100

L
600 650 700
Wavelength / nm

1
550

epi=30 pmol - L™, ¢=3 pmol - L7; from (a) to (i), ¢=0, 10, 20, 30, 40,
50, 60, 70, 80 pmol - L, respectively; Inset: plot of /I vs r (r=c/cp);
Aw=258 nm
7 TEY C15 EB-DNA R A0 AR Y 2266 1 14
Fig.7 Effect of complex C1 on the fluorescent spectra of
EB-DNA system

(@) 6
400

300

200

Intensity / a.u.

100

1 1
600 650 700
Wavelength / nm

1
550

=30 pmol - L™, ¢g=3 pmol - L; from (a) to (i), ¢=0, 10, 20, 30, 40,
50, 60, 70, 80 pwmol - L™, respectively; Inset: plot of Io/I vs r (r=c/cpny);
Ae=258 nm

K8 Mo &# C2 5 EB-DNA & AH LA T 9O 6 1 14
Fig.8 Effects of complex C2 on the fluorescent spectra of
EB-DNA system

3 & it

O R L AR B Al S N-2-I TR R
it 5 2% P R e IN-(2- P TR )- X 5L T i 2% R gk i S
BE AT 2 AN BUCR RS LA H)(CL.C2)., Zitl o
P W], WA~ BE A W 5+ 3 XU 53 F |, B Sny0,
VU ICER Sy O AR, HL8 T 5 AR TR L
S W A8 T DUHERG B R A & 2R 3R] 7 25 UK

T, BCAEY C1AE 120 °C .C2 7E 135 CLA N Al fa
fEAE, W5 T EC& % C1.C2 X ¥ 4 ffd H460 .,
HepG2 MCF7 VLK IE 5 AT 40 i HL7702 (451
IfEYE, S5 RRVIEEGY C1.C2 X 3 Fi 4 i
FBA B EIVE A, I H €2 X HL7702 )40 il
FEPEIZ/NT C1 G C2 A BAE it 4
Bk B 10 5 7E Tris-HC1 2 MW T LA EB 1E %8
JEERER PG AW U5 T L& 9 5 /N F
it DNA M EAER 2R R AP C1.C2 5/
A= MR DNA VE 2 9m AL G /E Ik,

Supporting information is available at http://www.wjhxxb.cn
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