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Abstract: Two benzyltin complexes has been synthesized via the reaction of substituted benzoyl hydrazine-pyruvic
acid with dibenzyltin dichloride. The complexes C1 and C2 have been characterized by IR, '"H NMR, “C NMR '“Sn
NMR spectra, elemental analysis, HRMS and the crystal structures have been determined by X-ray diffraction.
Crystallographic data show that C1 forms a one-dimensional chain structure, C2 is a centrosymmetric dimer, and
there is a Sn,0, four-membered ring in the middle of the molecule. In vitro antitumor activities of both complexes
were evaluated by MTT against three human cancer cell lines (H460, HepG2, MCF7). The interaction between
complex C1 and calf thymus DNA were studied by EB fluorescent probe, and the ability of complex C1 to cleave
plasmid DNA pBR322 was investigated by gel electrophoresis. The results show that the complexes C1 and C2 have
good inhibitory effects on three kinds of cancer cells, but C1 is better than C2. The interaction of C1 with calf
thymus DNA are intercalation, and it can effectively cleave DNA pBR322. CCDC: 1895352, C1; 1895353, C2.
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S W, R WEE T BC A 05 40 A A 400 5
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DNA H/EHITE &L

1 SEWHES

1.1 EEFK

IR JH H A 2 Prestige-21 £L4MEHE1X (4 000~
400 ¢m™ ,KBr JE J) W% ;'H . ®C 1 "“Sn NMR H
Bruker AVANCE-500 #% 1 241z A 5 5 50 % 439
PE-2400(I) JC % 43 A 43000 % 5 &% 4K 45 44 ] Bruker
SMART APEX II CCD & i1 S0 % ; HRMS H]
Thermo Scientific LTQ Orbitrap XL(ESI )il % ; 9¢
JEGIEFH H AR H 57 F-7000 98 GG AN 22 5 5 e
KA R S — R DYY-6C B H Pk A0 7, #A
FHAEE NETZSCH TG 209 F3 #4314 ; 4 £ AL
5UZE 50 X4 B H PR S AORS S G (T
KEKIE),

SCHRUS7 A i IR A Z BE(EB) /NF B BR DNA L —
2 TP L S B W 65 (Tris) 4 Sigma-Aldrich 23 7 7 i, BT
ki pBR322 DNA & il F LA TAY TEAHR, H
B R o Al VR S5 ORI i gliAk oK R
2K, Tris-HCI(0.01 mol - )22 75 W 38 4o B L —
FE i Tris H 0.1 mol - L™ BYFh MR ¥ WA 2 pH (E N
7.40, fF FITTECH] /N BB DNA B 400 B2 38 2o L 38
260 Fl1 280 nm Ab 1 W S FE K B 2 (A /A 250=1.8 ~
1.9), FIFT 35 pH {E 4 15T 9% vh i 0 e i, vik 2 3 ok
W 7E 260 nm AL 19 W6 BE 57 110 15 (£260=6 600 L -
mol ™ -em™), HAH W E T 4 CORAE ;1R LB W
I A FR OGE TR AL CBE R, 1T pH=7.40 B9 Tris-
HC1(0.01 mol - L)Z% w75 Wik il
1.2 BREWMHER

T 50 mL ERBEREF, A 1 mmol X H 48 5
2R FE T 0k 46 VAT T 7R 86T i 5 O FR T R 48 T TR TR 1
mmol NI LD 25 mL R, BEFERNA 6 h,
P, U8 e ZE BRI R B 4 TR B
m ik C1 5 C2,

BeE ¥ C1." % 78.3% ., m.p. 189~191 C, JLR
53 M1 (CagHasN,OsSn) ZE MHE (45 5 W i 5EE %) . C,
55.11(55.05);H,4.93(4.98);N,4.92(4.94), IR(KBr,cm™) ;
3419,3078,3020,2935,2835,1 633,1602,1 581,
1 490,1 390,1 334,1 251,1 172,1 211,1 082,1 029,
921,842,758,696,638,624,590,551,514,459 . '"H NMR
(500 MHz,CDCly):8 7.98(d,J=9.0 Hz,2H),6.893~7.01
(m,12H),3.90(s,3H),3.25(s, 4H),2.04(s, 3H) . *C NMR
(125 MHz,CDCly):6 174.49,168.33,162.89,151.13,
136.41,130.73,128.31,128.24,125.40,125.34,113.50,
55.43,50.85,34.30,12.77, "Sn NMR(Me,Sn, 187 MHz,
CDCly):8 —606.55, HRMS(ESI) m/z #& CsHysN,0,Sn*
[M—CH;OH+H]45H:537.083 08,3l {H:537.082 46,

BL G C2.77 % 74.6%., m.p. 118~120 °C(dec).
JCRIIHT (CosHusN;OSn): SEMAH (45 5 N it 5
{8 ,%):C,51.59(51.58); H,4.37(4.33);N,7.21(7.22),
IR (KBr,cm™):3 404,3 080,3 057,3 024,2 937,1 678,
1620,1598,1529,1492,1452,1384,1338,1292,1205,
1 157,1 105,1 068,1 014,921,858,759,719,696,592,
553,536,459, '"H NMR(500 MHz,CDCly):6 8.29(d, J=
8.4 Hz,2H),8.21(s,1H),8.13(d,/=8.8 Hz,2H),6.94~
6.99 (m,9H),3.33 (s,4H),2.07 (s,3H), “C NMR (125
MHz,CDCly):6 172.58,162.19,149.90,138.66,129.59,
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128.98,128.61,128.39,128.16,125.70,123.36,50.90,
40.84,13.05, '"°Sn NMR (Me,Sn, 187 MHz,CDCl,):8
-634.61, HRMS(ESI) m/z % C5,H,,N;05Sn[M-CH;0H
+H|9H51A . 552.057 59, S2{H . 552.057 50,
1.3 BRESERNE

FEIOR S8 0.26 mmx0.24 mmx0.23 mm (C1) 7l
0.22 mmx0.20 mmx0.18 mm (C2) Bl & ¥ fh ik | 78
Bruker SMART APEX II CCD S fif 4% I, R
A7 S ALY Mo Ko 514 (1=0.071 073 nm), L

Synthetic routes of the complexes
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S, LS TS TR SHELX-97 #)¥ %
55 52 el
CCDC:1895352,C1,;1895353,C2,
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Table 1 Crystallographic data of the complexes

C2

Complex C1
Empirical formula CaxHxN;0sSn
Formula weight 567.19
T/K 296(2)
Crystal system Monoclinic
Space group P2i/n
a/ nm 1.223 57(9)
b/ nm 0.928 38(7)
¢/ nm 2.238 11(17)
al()

B/ 91.687 0(10)
v/ ()

Volume / nm* 2.541 3(3)
Z 4

D./ (Mg-m?) 1.482
Absorption coefficient / mm™ 1.043
F(000) 1152

6 range / (°) 1.82~25.10

CosHasN;06Sn
582.17
293(2)
Triclinic

P1

1.034 59(3)
1.154 04(3)
1.300 00(4)
68.311 0(10)
70.729 0(10)
63.924 0(10)
1.269 07(6)
2

1.524

1.051

588
1.72~25.10
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Limiting indices

12 450, 4 521 (R,=0.015 6)

Reflection collected, unique

Completeness 0.999
Max. and min. transmission 0.795 4 and 0.773 1
Data, restraint, parameter 4521, 0, 314

Goodness-offit on F? 1.099

Final R indices [[>20(])] R=0.024 9, wR=0.061 6
R indices (all data) R=0.027 7, wR=0.062 7
(Ap)uss (Ap)in / (e nm”) 422, -555

-ldsh<9-ll<k<11,-23<[<26

“2<sh<12,-3<k<I1l,-15<(< 14
8 316, 4 506 (R,,=0.015 5)

0.996

0.833 4 and 0.801 8

4506, 0, 322

1.078

R=0.024 1, wR=0.061 9

R=0.026 1, wR,=0.063 2

716, =370

1.4 HSMEEENE

2% F /> & DMSO, FH/KH6 B 2 i il
W, PR HF I 2 DMSO W% /N F 0.1% ., MCF7,
HepG2 \H460 40 ig ¥k M [ 2& [ 4 2155 37 % (ATCC),
MCF7 .HepG2 .H460 4 ifd ¥k F & 109% i 4= 1l 1% 1)
RPMI 1640(GIBICO 2\ m)) 35 37 5 | 78 5% (1A FL53%0)
CO,.37 CHURI LR FEA0 N AT IR SN B 5% (RSN
I 24 OB S T MTT 3600 e B0 b 2l
Graph Pad Prism version 7.0 By, (&Y 1C, it
FEF AT S T8 7 62 e 0 f Al 6 [l A RS 78 34 7 401
H153
1.5 E&%5 DNA-EB fEAR RGN E LR

£ 5 mL 25 20 3 AN 4 i i DNA JEB
BN ) vl B2 (Y IBC & DV W TR T, 25 CR & 3.5 h,
ARG ORI 258 nm, &SI L
IR Wk AR S R e SE SEFE 10 5.0 nm,
1.6 FREY5 AL pBR322 DNA 1E F A8 B B ik

SRR

T B i HL VK S S A TAE (pH=8.0) 2% i
193 NE T 25 BEE , F Goldview B0, K A [R] ik
JE LA Y0¥ W5 BORL pBR322 DNA (0.5 g+ pL7)ik
H5) IFE 25 CWEE 1 h, SRk A
TE 150 V 1Y FL KA L TK 45 min, FLUK 45 S 7
UV LN AT

2 HR5TR

2.1 EEHR

RS Y C1 A C2 BILTAME B C1 Al €2
ic A7 8 (1) R AIF 0 1(Sn-0) . »(Sn-0-Sn) .»(Sn-N) 1 »(Sn-
C) 4+ » LT 590,551,514 459 ¢cm™ F1 592 553,
536,459 cm™ Ak, 5 SCHERI2R GE 092 RUE G P
W 7 B — 35, it R WA ML IS W B I,

f£ 'H NMR i, HAAEmRomiRz s

T 48 A ) 4% 4 BEORE X W 20 A3 P ] L
B LAY C1 M C2 HIy ¥ &5 11y g
S3AE 7.01~7.98 F1 6.99~8.29; Ik [ W7 H Ik &
TorAE 3.25 A1 3.33 HilE  N-(2-INTR)-J5 HY I Jh i
A b H RS0 T4 0 U AE 2.04 F1 2,07 ,2 LA
Py ST A SR — 3, B 2 A
AL AXTFRES M FLIT . 7E BC NMR 3§ H &
2 0 5 T 00 45 A e ST B W 520 5 X TR
n AT A R —F, 1E °Sn NMR 5%, C1 #1 C2 43

S TE-606.55 F1-634.61 4b 2 Bl — >l L8 2 4>
e & ) h AR — Rl s — A I LB
22 A4

B A4 C1,C2 ) 3 25 It £ 2 51 1 3%
2, FHMWE 2 3 LAY C1LP BLEH) C1 1Y
ANKE FR &5 44 B TCE i Sn-O' HE A FH A4 B — 4 B2 B
AREER N 4 FroR | Sn-O' Bl 0.261 58(18)
nm, KT Sn-0" I H 2/ T8 7 7 5 U
TR 2 A HH SR i 8 22 AL B A
Sn-O' W& S5, e AL 5 4 C1 1 — 4k 258 B IR 25 40
H B3R 1 Sn-O" BEAVE A B, S8 & 1 A 1R iE
H 2 N[ p-MeO-CeH;(0)C=N-N=C (Me)COO](CH;OH)
(CHsCH,),Sn FIc 4 B, HAK B2 0.928 38(27) nm,
I HAHSR (48 5 2Z (8] (1) #5254 0.606 06(4) nm , I
7 99.997(4)°,

BL&Y C1 OB R Snl 5ok A B Y
2 MEJEF 01 A1 02,1 DA B AR F N2, 1 ML
A F B AU T 05, 2K A 2 Aokl Y9 B v i S HY
I+ C12 #1 C19 LA Kk A 55 1 AR+ i
03" SF BT, JE B e 7 A WA L, 01.02.05,
N2.03" (54 T AR 8T H A 5 AL E 2 A H SRk
SR C12 F1 C19 W o5 H8 1 32~ e v ) iy A 1o 7
i) C12-Snl-C19 £ 4 158.85(10)°, 5 180° 1 5
T 21.15°, HAREFEE S AT 508 71
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Table 2 Selected bond lengths (nm) and bond angles (°) of the complexes
C1

Snl-C12 0.213 5(3) Snl-C19 0.214 4(3) Snl1-01 0.218 20(16)

Sn1-N2 0.224 65(19) Sn1-02 0.226 86(17) Sn1-05 0.252 5(2)

Sn1-03! 0.261 58(18)
C12-Sn1-C19 158.85(10) C12-Sn1-01 96.94(9) C19-Sn1-01 95.36(9)
C12-Sn1-N2 102.48(9) C19-Sn1-N2 97.87(9) 01-Sn1-N2 70.03(7)
C12-Sn1-02 89.79(10) C19-Sn1-02 91.80(10) 01-Sn1-02 139.93(6)
N2-Sn1-02 69.95(6) C12-Sn1-05 85.57(10) C19-Sn1-05 81.30(10)
01-Sn1-05 74.24(7) N2-Sn1-05 144.04(7) 02-Sn1-05 145.81(6)
C19-Sn1-03' 82.555(90) C12-Sn1-03' 78.122(90) 02-Sn1-03' 70.486(56)
05-Sn1-03 75.413(64)

C2

Snl-C18 0.214 5(3) Snl-C11 0.214 6(3) Snl1-01 0.215 56(16)

Snl-N1 0.223 23(19) Snl-02 0.231 14(16) Snl-04 0.235 8(2)

Snl-02 0.276 50(15)
C18-Sn1-C11 165.49(11) C18-Sn1-01 93.79(9) C11-Sn1-01 96.91(9)
C18-Sn1-N1 97.64(8) C11-Sn1-N1 95.14(10) 01-Sn1-N1 70.70(7)
C18-Sn1-02 89.18(8) C11-Sn1-02 88.61(9) 01-Sn1-02 141.21(6)
N1-Sn1-02 70.57(6) C18-Sn1-04 87.68(10) C11-Sn1-04 84.87(11)
01-Sn1-04 78.56(7) N1-Sn1-04 149.05(7) 02-Sn1-04 140.23(6)
C11-Sn1-02' 83.145(103) C18-Sn1-02' 82.739(79) 02-Sn1-02’ 67.667(55)
04-Sn1-03' 72.616(66)

Symmetry codes: ' 0.5-x, 0.5+y, 0.5-z for C1; ' —x, 1-y, 1—z for C2.

Hydrogen atoms are omitted for clarity; Ellipsoids probability: 30%; Symmetry codes:' 0.5-x, 0.5+y, 0.5—z

K2 WEY C1EDT4HE

Fig.2 Molecular structure of complex C1
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Hydrogen atoms are omitted for clarity; Ellipsoids probability: 30%; Symmetry codes: ' —x, 1-y, 1-z

K3 WAy C2mn e
Fig.3 Molecular structure of complex C2
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Symmetry codes: ' 0.5-x, 0.5+y, 0.5-z; " 0.5-x, —0.5+y, 0.5—z
4 FLAY C1 — Yt IR iEsE R 25 1

Fig.4 One dimensional infinite helical chain structure of C1

AR A G (dgn.0i=0.218 20(16) nm ;ds,1.0=0.226 86(17)
nm;dsn1_05=0.252 5(2) nm;dgnl_y220.224 65(19) nm;d

Sn1-03'

=0.261 58(18) nm), H: 22{E°4 0.002 21~0.043 38 nm,
LB A R AHAE (£ 01-Sn1-05 74.24(7)°; £.01-Snl-
N2 70.03(7)° ; 2 N2-Sn1-02 69.95(6)°; £ 02-Sn1-03i
70.486(56)° ; £ 05-Sn1-03' 75.413(64)°), A It | 1% B
B b T A L A I AR A SRR R
&Y C2 AT, 7T O AFE 1A
Sny0, VT H PUTT I R B H0 B 2 43 6 R o
O, PUTT IR R B AR T DA - M BRI A Sn J T, HL
S22 MBI FIERASE K d,.0=0.231 14(16)
nm, J& T IEH Sn-0 M ;M0 d | ,=0.276 50(15)
nm, B/N T8 T 585 TR R Z M B2 K
THAY C1 1Y Sn-O B, BEUTZ Sn-O' 1Y
TERILIC S C1 s, SECEY C1 AL B G
Y C2 WO B R Snl A2 TE b LA AR R
FRY ) C11-Snl-C18 B4 165.49(11)°, 15 180°

e 7 14.51°, WG9 C1 D 25 B /N TR fe &
Y2, ARESEIEE S AR5 08 R R
KW, Wi, BEE% C2 hb 8 Fi b
Fic {7 A5 2% L 1 URE AR R
23 ABREMHAR

TR B Y AR E M, R NETZSCH
TG 209 F3 H /AT, 722 AT In#GE 2 Ry 20
°C-min”, AR K 20 mL-min™', 7E 40~800 °Cil
Bl A X B & A T IR IR AN 1RT S 6 BT | Bl IR
TtEr, BCEWRAAPIY R FE R FERIIE B B
40~180 °C,FiL 5% C1 K HE N 5.54%(FLiL(H:5.64%),
C2 H 5.22%(FHiB1H . 5.50%), 435 %F b Be & 90 2k 25
Be o7 1 HY RS 23 BE & 90 €1 C2 1 ) 2% 3 B B 2y
AHXF B 7E 170~800 °CH [l A 2 5, % iy e & 40 73
T F IR F Mok k400 D T R AR B B AR
FETEZ 26.43%(C1) F1 26.58%(C2), 4% 5 Sn0,
M5 B 26.57%(C1) & 25.89%(C2)W) & 5 L ik #4
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Fig.5 Thermogravimetric analysis curve of complex C1
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Fig.6 Thermogravimetric analysis curve of complex C2
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3G TR A C1.,C2 FREXS RS 5 57
Pt 4 I NCI-H460 (W9 40 i) HepG2 (A 41
JEL) \MCF7 (N LR A5 40 R A 400 1 3% 1, 36 v 25l
FAL LA C1LC2 X 3 ol 40 M #0A47 — s i 1 )
EH, BLAE% C1 X NCI-H460 & H U, H 1Cs=
(4.66+0.27) wmol - L', 7E HepG2 F1 MCF7 Wi i3 4
Ji 1 ,C2 BP0 IS A 2 7F NCI-H460 & 40 i
L C1 ARSI PR T R A, C2 WS AR R,
AW EYEMIETH T LRI, iAW
C1.C2 fhIRSE T B AR ANTR] | AF ARV W b 1 77

16 25 K8 R ARL (755 0 B J0T 135 B A il e e 45 R R W L A
VSR 2 AT DL G IR AR AR 1 D TC A 1 k5 34
XS AN ] F, 2 70 g B 6 X6 T 5 40 ) 0 s % M 52
M A5 /0N . P AH 0D TS B 8 4 B % A6 JBCA R L TT A
AR, H—hm, ZFESRAYH—
SEWIPURETEYE | X nT BB A S A HL Y I R AR
ﬁa‘émzﬂo
2.5 BEEYS DNA-EB 1E AR AR

Kl 7 RS EE L G4 C1 %) EB-DNA & &
R TV R ML, MABLAY C1,DNA-EB &
RPN B REAL, UL G Y C1 WAL (i DNA-
EB K & M 5= TR0 Ry T A i HUE 5T
BL 495 DNA B45 G RN, IR P52 81 Stern-Volmer
T AR [ /=1 4K € complen » FY I AU HE W AR R
TERSK RIS Y C1 5 DNA FEH MK
HHL Kgy 7 7.0x10* L-mol™, L SCRRPOH I8 1 25 &
HROR , HoR/ e 2 e LA 05 DNA i AR
Hae S, B RS & BT UEHREAY C1
55 DNA A7 B8 40 AAE T, #EN AT e 2 e & 9 /Y
FLOB R T 5 DNA 40 P i B 5L A RO 25 4 T

600 - 8

6

~
-
-

4

E} 400+ 2

<

=

2 0 20 40 60 80
Z C s (40T

8

=200

550 600 650 700
Wavelength / nm

=30 pmol - L™ ¢=3 pmol -L™; From a to i, ¢=0, 10, 20, 30,
40, 50, 60, 70, 80 pmol -L, respectively; Inset: plot of Io /I vs
Ceomlers Aen=594 nm
K7 BEYCL S EB-DNA R M AR HOEE
A
Fig.7 Effect of complex C1 on the fluorescent spectra of
EB-DNA system

F 3 AT REE RS EE

Table 3 Inhibition action of the complexes to cancer cell in Vitro

ICs / (pmol - L)

NCI-H460 HepG2 MCEF7
C1 4.66+0.27 5.54+0.21 6.70+0.33
C2 8.66+0.31 5.74+0.14 6.71+0.18
Carboplatin 7.26+0.32 7.70+0.25 8.22+0.41
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AW i it SE C AR 0T P45 A B DNA BB BE XS | 58
47 EB 5 DNA WI454 38 EB M DNA 45 1 fis 5
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respectively
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Fig.8 Agarose gel electrophoresis of pBR322 treated with

different concentrations of C1
3 & it

TR AR B 4 ) 5 AU R R T U 4
TR 722 o Xof T 5 4 P T R 4 DN T R S g, A A T 2
FRBEAYI(C1.C2), it C1 il Sn-
O S B — 2t JIC B R e 4 R 45 4, €2l XU % 4
¥, LA Sn,0, TUTCER Ry e X AR 2 ANBE A9 19 H e
By I 5 BE AV SR 308 B T A7 1R AR A LA A
R RO A R R RSN AW CLALE 90
°C.C2 7E 118 CLA T A RRSEAFAE, P PR Rk
B C1.C2 X HepG2 F1 MCF7 W4 Ffr 95 200 Jia v 41 46 1
FHICHA & X 50, AU F NCI-H460 FE 40, F A9
ClILTEAY C2, 7€ Tris-HCl Z #hiE W, LA EB
VER D CRE , P OGIEEI 58 T RC &%) C1
5/NERaRE DNA (A BEAER  BE G % C1 5 /041
i DNA VE R4 A 256 4F T80, IF H R SR H vk
EAESE T ECE Y C1 P #I Bk DNA pBR322 1Y fig
71, SRFWE AW C1 BEA & HK 12 E DNA

pBR322 VI HI ik Z1 % DNA
Supporting information is available at http://www.wjhxxb.cn
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