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 E AT = (AR SmAOKHRRER G (1) F—ZE 5k = (MU 3R ) G A OK R BRI &
W(2),4I0FE 40T IR NMR X ST SR AR T BRI T KL, BLAYW 18 =R R, I P, mik:
% B a=1.00221(5) nm, b=1.48934(8) nm, c¢=1.71789(9) nm, «=78.3120(10)°, B=85.6560(10)°,
v =80.2580(10)°, V=2.4725(2) nm’, Z=2, D, =1.371 g/ecm’, u(MoKa) =10.91 em™", F(000) =1040,
R, =0.0439,wR, =0. 1119, B &% 2 BRI MR, 2B #HE N P2/n, B ¥% S 8. a=1.17827(5) nm,
b=2.11945(9) nm, ¢ =1.55970(7) nm, B=93.4510(10)°, V=3.8880(3) nm’, Z=4, D, =1.671 g/cm’,
w(MoKa) =14.53 em ™, F(000) =1936,R, =0.0323 ,wR, = 0.0927, B4 1 45 7 5 PO T (o7 I 25 Y 1 4
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"), TGA Q50 YA /Al (E[E TCA UAFAF])
1.2 BEYNENR

FC5 9 14 50 mL (B REEHT A 0. 939 g(2mmol) = (4B H AL 2k ) S 4E45 0. 154g(1mmol ) fit
FOKIR A0 mL Jo/K ZFEEA 2 mmol = Z e, 76 RLBESEFE T I ulift S 10 b ARG IR 2L AN [
R, DERTEHE 2 K R 25 8B o501 WCE M R B G A, FITOK SR B 45 RS A3 B (R 1K 0. 694 g, 7 %
68.04% , mp 210 ~211 °C, £I4MG3% 3 g g IR (KBr) ,o'/cmf1 :3016.7(w) ,2926.0(w) ,1695. 43
(m), 1568. 1(m), 1519.9((m),1388.8(s),613.4 (m),495.7(w); 'H NMR ( CDCl,, 500 MHz) , §:
6.65~7.10 (m,28H, Ph—H ), 2.56 (s, 12H, SnCH,—),2.04 (s, 18H, CH,—) ; “C NMR ( CDCl,,
125 MHz) ,6:20. 14 (CH,—),24.26 (SnCH,—), 125,30, 125.98, 126. 49, 128. 20, 128.95, 130. 38,
130. 56, 131. 80, 133.35, 134.49, 136.60, 137.86 ( Ph—C ), 171.24 ( —COO ) ; "“Sn NMR ( CDCl,,
186 MHz) ,5:67.40; JC % 73 #7 ( C5sHss0,88n, ) i+ A/ % : C 64.73 , H 5.73; SLA{E/ % : C 64. 48,
H5.65,

FEA4) 2. 48 50 mL [EERBEHH A 0. 815 ¢(2 mmol) — (A JR-F 2 ) — 5 f£#5 .0. 308 (2 mmol)
FAUKZ IR 40 mL Jo/K ZEEAHI 4 mmol = Z e, fEHLBESEFE T MBI SN 10 he G IEER LA
[ A, 0 RUTE 2 25 R ok 25 B R, JCE T B G T A, FHJC /K SR B A5 A5 3 0 R 1R 0. 586 g, 7 ¢
59.92% ,mp 247 ~249 C, 21483 32 20 YR i . 3061. 0 (w) ,2931.8 (w) ,1683.9 (w),1587.4(s),
1531.5(m) ,1491.0(s),1398.39(m) ,611.4(w), 489.2(w) em™! ;'H NMR ( CDCl,,500 MHz) ,8:6. 97
~7.44(m,24H,Ph—H) ,4.77(s,8H,SnCH,—) ;13C NMR ( CDCl,,125 MHz) ,5:59. 48 (SnCH,—) , 115,
20,115.37,124.25,127.70,127. 82,129. 31,129. 36,129. 43 ,136. 34 ,136. 41,159. 65,161. 61 (Ph—C) ,
187.29(—CO0O0) ; "”Sn NMR ( CDCl,, 186 MHz) , 8 :64. 18; 3¢ % 4> # ( C,,H,,F,0,S,Sn, ) & {8/ % :
C51.57,H 3.30;3EM{H/% :C 51. 28 ,H 3. 36,

1.3 BREEHSH

SRR /N A 0.21 mm x 0. 17 mm x 0. 12 mm F10.35 mm x0.21 mm x 0. 18 mm [ 514, £
Bruker SMART APEX I CCD BA AT S b, R A& A B0 b i) MoK 514 (A =0.071073 nm) , T
296(2) K,k ¢ ~o F1l07 NSRS . TSR AT R0 5000 7736 A1 6104 [ 1 >20 (1) | T 4544
TGS . RAREIEE Lp AWK E . SRS th B e i, AR U5 A prod o Hcke 22
{E Fourier 2 HUBFSET5E , BV 05 40 11 20T AR ML 0 G A b0 IR0 AR A% S
IBBIAT IR/ N BB IE . ST TAER A SHELX-97'" ¥ RAE . fhik
FE1EILFE 1, CCDC ;1454702 ,1;1454703 ,2

R1 RAMNBELBIE
Table 1 Crystallographic data of the title complexes

Compounds 1 2
Empirical formula Cs5Hs30,SSn, CypH5F,048,5n,
Formula mass 1020.45 978.18
Temperature/K 296(2) 296(2)
Crystal system Triclinic Triclinic
Space group Pl P2,/n
a/nm 1.00221(5) 1.00221(5)
b/nm 1.48934(8) 1.48934(8)
¢/nm 1.71789(9) 1.71789(9)
a/(°) 78.3120(10) 90
B/(°) 78.3120(10) 93.4510(10)
v/(°) 80.258 0(10) 90
Volume/nm® 2.4725(2) 3.8880(3)
A 2 4
D,/ (Mg-m~?) 1.371 1.671

Continued on next page
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continued from previous page

Compounds 1 2
F(000) 1 040 1936
Crystal size/mm 0.24 x0.19 x0.17 0.29 x0.251 x0.23
0 range for date collection/(°) 2.35<0<27.48 1.62<6<25.00
Limiting indices -13<sh<12, -18<k<19, -22<I<22 -10sh<l4, -25<k<22, -18=<i<l
Reflections collected/unique(R;,, ) 11183(0.0263) 11183(0.0263)
Goodness-of-fit on F? 1.039 1.055
Final R indices [ 1>258(1) ] 0.0439,0.1119 0.0323, 0.0927
R indices( all data) 0. 0692, 0.1275 0.0370, 0.095 4
Largest diff. peak and hole/(e-nm~3) 1076 and - 811 1853 and - 522

1.

4 ESMLEEENE
R AL 2 30 5k (MTT 3% ) 0 BL A W0 A 4R i Colo205 \HepG2 \MCF-7 ,Hela ,NCI-H460

SEFE A 1 o S5 73 D 25 AR 2H (3 IS [R) e B a2y ) 3k BRZEL (UG R o An i, A
IRy ) A E AL CROMEE IR, A AR AT 2 ) o AR T %o B A < 30T B T e 4 L, o A Y
Trypsin 4k, {505 BE AN i v , % 10% (HERZ2 %80 B /4 13 A9 RPMI-1640 15 3R AE 5 5% (1A B

B0 CO, MORREEREFRAN T 37 C R IEFR o B 96 LA, B Il i He e BE AR JEE 70 S IMA 24 AL, 45
AWRPEBE 6 AFATHL, THIRREIRAG 2 1F T 1SR 72 h, SR )5 AL MTT 40 wL (] D-Hanks 2% i e A%

4

g/L) RZEli9R 4 h, 8 25 L3S W, B AL DMSO 150 wL, 4R % 5 min, (45 & 5570 1% %, FI T Ap22

Speedy 4= H BB T RGUAE ST0 nm PR ALK A FLIOEH L . LR AR ] Graph Pad Prism 5.0
G AE o M , 38 A 5 T 23 LU AR 0 T 25 W0k BE AR LA (sl VA 20 A (R AU ) S JE 0]
I (Ag i) T AR 2 1Cs fEL.

2

2.

iR Hite
1 @S F L
LA 00 2 R U A 0091 2 2 4 3, LA D 5y T4 LI 1 2.
R2 BEEWI2HEEER(nm) A (°)

Table 2 Selected distances(nm) and angles(°) of complexes 1 and 2

1
Snl—Cl5 0.2163(4) Snl—Sl1 0.24324(12) Smi2—C36 0.2155(4)
Snl—Cl 0.2170(5) Sn2—01 0.2063(3) Sn2—C43 0.2160(4)
Snl—C8 0.217 1(4) Sn2—C29 0.2145(5)
C15—Snl—Cl 111.9(2) C1—Snl—S1 105.68(18) €29—Sm2—C36 111.6(2)
C15—Sn1—C8 112.45(18) €8—Sn1—S1 111.67(13) 01—Sn2—C43 112.45(17)
C1—Sn1—C8 107.9(2) 01—Sn2—C29 104.24(15) €29—Sn2—C43 115.8(2)
C15—Snl—S1 107.09(13) 01—Sn2—C36 98.31(15) €36—Sm2—C43 112.77(18)
2
Snl—(C22 123.25(18) Snl—SI 0.23963(11) Sm2—02' 0.2231(3)
Snl—Cl5 0.2147(4) Sm2—C36 0.2140(4) Sm2—04 0.226 1(3)
Snl—01 0.2232(3) Sm2—C29 0.2144(4) Sm2—S2 0.24045(11)
Snl—03 0.2241(3)
€22—Sn1—C15 123.25(18) C15—Sn1—S1 113.28(13) €29—Sn2—04 87.85(13)
€22—Sn1—O01 87.17(15) 01—Snl—S1 85.20(8) 02i—Sn2—04 169.90(11)
C15—Sn1—O01 95.33(14) 03—Snl—S1 91.05(8) €36—Sn2—S2 115.79(14)
€22—Sn1—03 91.02(15) €36—Sn2—C29 121.87(18) €29—Sm2—S2 122.33(12)
C15—Snl—03 90.43(14) €36—Sn2—02" 92.76(14) 02i—S8n2—S2 93.56(8)
01—Snl—03 174.03(10) €29—Sn2—02' 84.95(14) 04—Sm2—S2 84.33(7)
€22—Sn1—S1 123.41(13) €36—Sn2—04 97.06(14)

Symmetry codes:' —x +0.5, —y+0.5, z+0.5
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K1 BCAEY 114 (HEER I 20% ) K2 BLEY2 W0 T4 B (REERBER 20% )
Fig. 1~ Molecular structure of complex 1 with the Fig. 2 Molecular structure of complex 2 with the
ellipsoids drawn at the 20% probability level ellipsoids drawn at the 20% probability level

Symmetry codes:' —x +1/2, y=1/2, —z+1/2

FL5 4 12 B2 S5 K B NS A 2 50mT 260, B0 45 90 o 3 3 B A QK A R S B O U % 40, B D1
P18 DU LA P DU T (R A Y, Fe Snl B 3 A& 9 R 1 3 FHE SRl i R0 1ok B O AR A9 B i AR
Sn2 55340 3 ANGFH R A B SRR TR 1 Aok A BCAR R B AR T ARE . PO B R S R R
Z AR AR SE L3 4> Snl —CHERE 4371 24 0. 2163 (4) 0. 2170(5) A1 0. 2171 (4) nm, HoF 5K
0. 2168 nm, Snl—S1 84 K 250. 24324 (12) nm;3 >Sn2—CEERE K435 0. 2145(5) 0. 2155 (4) Fl
0.2160(4) nm, H P54 50, 2153 nm, Sn2—O01 f# 5 K 250, 2063 (3) nm, F.08 R T 56 R T2
TEI) P A 57 0 B T 109°28 (14 1 DU T A4 A o DAY L83 i 359 DA i A8 ) DU T AR H Y, 43 F- v Sl —C ) °F-
PR e Sn2—CAfE [ 48K 4K, Snl —STE#RBEK HSn2—O 1A B, 1B Snl Sy 0 i) DU ] AL L Sn2
A HR O B DY TR R, 2R T E AR B O A AL B 4 R

BB 2 o325 A0 R RN S5 R ST AT, — (TR R L ) 4 0 B Ak A IR AT P i — R 4 IR &5
o 25K o B AR K 4 BR 4y F LABR JR F R 1 AR 3 R AUE B X5 W — 8 R 1 07 B R — A4
—S—Sn—0—C,— /N TCIIGE R EEN I — 8 5 7 — B IR AL, B AU A% S T 45 BT . 1
TR R R FLBECAS ) = AR RS A8, 2 A [B) R0 B3I H 3B S~ 1 AN BR o5 s T = AR N AR
ST 3 ALE L2 AR AAS [ BC AR 2 3 48U 7 o5 90 1 2R T ST e A0 P ) A7 Ak R e 7 ) R
5 Ab T AR A B R A B AR R 25 90° , A Tl 1) 457 B Y - B N 25 180°, bl L R HIEL A 4
) - A IR AR 1 = A RUE 2544

SRR ECAR LR 2 AR T DA B 20515 2 AN A 85 i s, FLEE 43 3112 < Snl—O01
0.2232(3) nm.Sn1—O03 0.2241(3) nm,Sn2—04 0.2261(3) nmFISn2—02' 0.2231(3) nm, HAGH 5

¢
@ m-fluorobenzyl

K3 BLAEY 2 M—4EERIRE5

Fig.3  One-dimensional chain structure of complex 2
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Sn 1 O WRR A SLAN AR Z 1 (0. 216 nm) $E3T, Yd Wm0 8 I M A1 [R) B iy st & AR T B
YERT, th BT B 1 —HERR 1 204540, A 3 R
2AEE VIR R PR RS ], SESEEI TS,
®3 EAW1M2HSEYIE

Table 3 Parameters of hydrogen bonding interactions in complexes 1 and 2

Entry D—H-+A d(D-+H)/nm d(H-+A)/nm d(D-+-A)/nm £ D—H-+A/(°)
Complex 1 C4—H4+F1' 0.092 93 0.2475 0.32472 140.613
Complex 2 C50'—H50C!-++-Cgl 0.0930 0.301 87 0.368 69 127.877

C5'—H5"-Cg2 0.9296 0.291 37 0.38098 162.290
C28"—H28---Cg3 0.092 93 0.27516 0.35126 139.759
€555 —HS55CH--02 0.09595 0.2500 0.33743 151.480

(36" —H36B----01 0.096 99 0.260 03 0.35322 161.158
C16—H16B---02 0.0970 0.2592 0.35329 163.56

Symmetry codes:1' 1 +x, y, z; 2" —x, —y, —z; "1 -x, —y, 1 —z; "1 4x, y, z

W 4 Fos  Bea Y 1 s IARAR” 27 T4k A], 26 fOUK IR YRR He 5 55 B ) 90N R 1Y
F1' 2 ] i S A, 2 R

K4 SIS Y 1 44 Ks SIS &) 2 — 4E4h s
Fig.4 2D structure of complex 1 by hydrogen bonding Fig.5 2D structure of complex 2 by weak interactions
interactions Symmetry codes:' —x, —y, —z; "1 —x, —y, 1 —z; Tl +x,
Symmetry code:'l +x, y, z; Some atoms are omitted for clarity ¥, z; Some atoms are omitted for clarity

FLE 2 I S A B W SRR, — 20 TRk i R i R 38 H28"™ 5 4035 il 45 4 43 11
IR K C—Heeom 1R T, AL MR 6 SRR IR , R AFAE 2540 FR R 3L 1 F 3 HS5CT 55 )
—FELA Y5y T ERIE 02 Z R H SSENE R o PAHSR I Rk a] 38 3R 3F HS' 5 5 — R IR 3%
SRIR[EN) C—Hee-emr R A8 FF BRI 19 H 56 H50C 5 55 — IR F SRR 3R o) 1) C—He-om /EF L 9 R
B—ZETCRREEIR o 6 25 HH A1 A B H] , T2 3R A0 F 3% H36B" 5 S i |- AR % 01" & A4 C—H--0 fE
B LIE L — HEB F458 , N 5 775 . Cgl (Centroid ; —0. 10235,0. 13307, —0. 01182) %3 i J5i 7
C2.C3.C4 . C5.C6.CT 4% 1 2K 3 1 i oL 5 Ce2 ( Centroid : 0. 47807, —0. 17292, 0. 21062 ) 1% 3¢ iy Jii 7
C30,C31,C32,C33,C34 ,C35 4 { A A F Y 50> ; C3 ( Centroid ;0. 51397, —0. 30337,0. 51190 ) %2 &
T C44 C45 C46 CAT .CA8 .CA9 4K I A SR I T 0o
2.2 EEYHBLFEEEE

R = AR A 2R - B A Ry AR AR, S AR Oy i B AR, M RD TR F R 2 LA, LR
Pk 102 (9 S/ BERR 2 ol (pH = 3. 6) S ) T2 iR N T Ak 2= M il e . 78 - 1.2 ~ 1.0 Vi
WL A0 T V/sHEEHFATIREMA T4, ris g R an &l 6 A 7 fis o WEIRTLUE Y, = (B FPEER3E) )
T AR BRI & WA —4E SRR — (TR] 50N 58 B K R BRIC & W XA 1 A58 5t FoUg £ oy
—0. 809F1 —0. 745 V, [A] I PHFEC A W) oK H LA AL, BRWTHAE il B M PR A AT i # . e
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P11 2 38 g rTREXS T Sn (V) /Sn( 1) A 75645 , 5 3CHR( 20 HGE A LS R IR s L Ak~ 1 56
Lo

I/BA
I/BA

1 1 1

—1.2 —0.6 0{0 ' 0.6 —1.2 ' *(‘)‘6 ' 0?0 ' 0.‘6
E/NV E/V
G e/ B LTINS B2 K7 BEY2 R
Fig.6  Cyclic voltammogram of the complex 1 Fig.7 Cyclic voltammogram of the complex 2

2.3 HEEMSH
FIF TG209F3 H AR 7 {5, 157 Aot W14 FE 9 20 C/min, 928 % 20 ml/min, 76 40 ~
700 °C 4 1PV B A A AT L, S5 SR 8 P 9 .

100 100

80

Mass / %

60

40 40

20

20

IOIO I 360 ' 5(I)0 I 760 I(I)O I 3I00 I 5(I)0 I 7(;0
Temperature / °C Temperature / °C
K8 MWl TG Hhzk K9 HAEY 2K TG ik
Fig.8 TG curve of complex 1 Fig.9 TG curve of complex 2

8 M, FEA W 1 B AT, A AR EE RN DL - 7E 40 ~ 152 CZ ], FiE S LT B R 5
TE 152 ~420 CZ[A], Bo W)oKk B B AR s 75 420 ~ 590 °C 2 [a], ie & ok B B8 5%, 78 590 “C LU L
FRA PR, MR 70.86% , XN TRCE W50 12Kk KHCR AR BN 25 i SR SR R AR EFE 2
29. 14% FRAYIATHABE 9 Sn0,, 55 29. 54% WY FAEMI & o IR B A7 45 R R W% & W 45 F e
152 °C Z i Al ARG E FETERY

9 R, BB 2 BEIEE AT, A AR I RS DL - 75 40 ~ 195 CZ ], L & W LT B R 5
15195 ~410 CZ[A], Bk Bk B AR s 7 410 ~ 628 C 2 [A], ie Gk B RE 8 5%, 78 628 “C LU L
FRAHBKTE ., BITHKRTE 69. 64% XN TRCEWI50 12K LEC RN RN 25 i R R AR AR EFE 2
30.36% , Gk W)l BB E N Sn0,, 5 30. 81% HYTHFAEM) & 5 LIk A& R R W], LB & P 25 7
195 °C Z i Al AR E FETERY
2.4 L&Y XRD 47

10 JEFH ANV LA SR A1 1 A 2 BOARiE XRD [ 35 AR X L S2 56 5 ) XRD [ 38, Horp
THER b S XRD K3, 1Lk o o W BUIAT I o da P 1O TR, A DR AT S e F) 07 A R R AR 45
— 2, IR A G R EE AR G 1 MBS G 2 i Al i
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J MJJ—JJM esenieestoom - i

5 10 15 20 25 30 35 5 10 15 20 25 30 35
20/(°) 20/(°)

B 10 FiAY 1(A)F12(B) 1) XRD Bl
Fig. 10 XRD patterns of complexes 1(A) and 2(B)
2.5 EWEWHEIMUERMGE
B & 15t ARTE 4 Colo205 HepG2 \MCF-7 .Hela NCI-H460 [ 2 .35 4,

x4 AW HRE LR E) 10 K E IC, (mmol/L)

Table 4 IC,, of complexes on tumor cells( mmol/L)

Intensity
; :z
Intensity

Complex Hela MCF-7 HepG2 Colo205 NCI-H460
1 86.76 75.65 72.31 95.79 47.39
2 12.15 4.40 21.86 1.27 3.17

H1Z% 4 T LIE 2 A ECE YN AR 40 Colo205  HepG2 \MCF-7  Hela \NCI-H460 3 58 i) 41 il fiE
TIAEIRBIZE0], BLA ) 1 Xk b A AP 200 i B 100 o R 1 #RAR 55 B LB SR BE T, TG &4 2 % 1
IR N A A AR A B B A BE T, Fe & X Colo205 \NCI-H460 il MCF7 4l GE /1 45 Bea9 1.
2 FEPUR TG BRI E S AT AR S B AR M 2 A S BRI P
A B IRANITE

3 4 %

FT BCE Y = (RB LR IE ) B A R R (1) A — (TR] 9 2% ) B A AR A I B (2) , HE P
Y1 BT O RS A DY T AL L S 2 B I R WA F) = A SUHE LA X R B R T = (R P
N B A IR T (TR 5L B S I BT S Be A 1 A0 2 Jdl e 152 A1 195 °C Z RiTRER E
FAAE o PROMURE TS PSR, e 4 1A 2 B A —E A Dis 18 (HIBC A4 2 I RSN 6 PR T
BCEY 1 BRSNS E . 550, A = IR W59 1 A0 2 954 - 0. 809 FlI 0. 745 V Hi Blid it
WL, [T 2R th B AR A e , SR WTHCAE A b ey T A e AN ] i 7
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Synthesis, Structures and Properties of
Tris ( 0-methylbenzyl ) tin Thiosalicylate and
Di( m-fluorobenzyl ) tin Thiosalicylate

ZHANG Fuxing”® , KUANG Daizhi, LI Xuanjie, FENG Yonglan, WANG Jiangiu,
YU Jiangxi, JIANG Wujiu, ZHU Xiaoming
(Key Laboratory of Functional Organometallic Materials of Hengyang Normal University ,
College of Hu'nan ProvinceDepartment of Chemistry and Material Science,

Hengyang Normal University ; , Hengyang , Hu'nan 421008 , China)

Abstract Tris( o-methylbenzyl ) tin thiosalicylate(1) and di( m-fluorobenzyl) tin thiosalicylate (2) have been
synthesized. Crystal structures of the complexes were determined by X-ray diffraction. Crystal 1 belongs to the
triclinic space group Pi  with «=1.00221(5) nm, b =1.48934(8) nm, ¢=1.71789(9) nm,
«=78.3120(10)°, B=85.6560(10)°, =80.2580(10)°, V=2.4725(2) nm’, Z=2, D, =
1.371 g/em’, w(MoKa) =10.91 em ™", F(000) =1040, R, =0.0439, wR, =0.1119. Crystal 2 belongs to
the monoclinic space group P2,/n with a =1.17827(5) nm, b =2.11945(9) nm, ¢ =1.55970(7) nm,
B=93.4510(10)°, V=3.8880(3) nm’, Z=4, D ,=1.671g/cm’, u(MoKa) =14.53 cm™',
F(000) =1936,R, =0.0323 ,wR, = 0.0927. The tin atoms in complexes 1 and 2 have four coordinates in a
distorted tetrahedral configuration and five coordinates in a distorted trigonal bipyramidal configuration,
respectively. Further more, the thermal stability and electrochemical and anticancer activity of the complexes
were tested. The results show that complexes 1 and 2 are stable below 152 °C and below 195 °C, respectively,
and show irreversible redox process. Complexes 1 and 2 display in vitro anti-tumor activity against five human
tumor cell lines Colo205, Hep G2, MCF-7, Hela and NCI-H460, and the anti-tumor activity of complex 2 is
higher than that of complex 1.

Keywords tris ( o-methylbenzyl ) tin thiosalicylate ; di ( m-fluorobenzyl ) tin thiosalicylate ; crystal structure ; in

vitro anticancer activity
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