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Syntheses, Crystal Structures and in Vitro Antitumor
Activity of Two Organotin Hydroxybenzoate
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(Key Laboratory of Functional Metal-Organic Compounds of Hunan Province, Key Laboratory of Functional Organometallic
Materials of Colleges of Hunan Province, Department of Chemisiry and Material Science,
Hengyang Normal University, Hengyang, Human 421008, China)

Abstract: Di( p-chlorobenzy)tin 2-hydroxybenzoate with ladder-like framework [(u;-O)(u,-OH)( p-Cl-CsH,CH,Sn),
(0,CC¢H,-OH-0)], (1) and triphenyltin 4-hydroxybenzoate (2) have been synthesized. The complexes were chara-
cterized by elemental analysis, IR spectroscopy, thermogravimetric analysis and single-crystal X-ray diffraction.
Quantum chemical ab initio calculation as well as in vitro anticancer activity test have been carried out for the
complexes. The results showed that complex 1 forms a structure containing Sn,0, ladder-like skeleton and the
complex 2 forms a nuclear tin structure. The tin atoms in the complexes all are five-coordinated with distorted
trigonal bipyramid geometry. The antitumor activity showed that complexes 1 and 2 have higher activities than
cisplatin to HT-29, HepG2, MCF-7, Hela and A549 cell line in wvitro. Their thermal stabilities were further
investigated, and the results showed that complexes 1 and 2 were stable below 90 °C and below 120 C,
respectively. CCDC: 1900158, 1; 1900157, 2.
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1.1 KA 5EE

B R AFE WA HL A LR 8 (Micro SYNT
Labstation for Microwave assisted,f%'fj(ﬂ)qj%ﬁio i}
B WIHLLA 6% Shimadzu FTIRS8700 (KBr & |
400~4 000 cm™) G &, JCEA KA PE-2400
RIGCE S A 5, S AR o3+ 4589 D1 %€ FH Bruker
Smart Apex 11 CCD AT, Bl A 0 k6 & AL
5UZE 50 XT-4 B H PR S A0 s A0 7 (TR Tk 22
KR, B R A o At
1.2 BEEVHER

Be 54 1, 6 2R DU 9 0 S0 O e v A 30
mL I EE0.386 g(1 mmol) — (% 58~ 55)A L8 ,0.138
g(1 mmol) &R A F R W i o 2% B 47 | B T 3 S

L e BB O A LA R SR 120 °C, T
SR 2 b, Y E Ik B 2 AN I M [ A R e A 7%
KR FH v 0 CE AT AR T A e
B 25 A T MK 0312 ¢, 7% 67.39%, I
&0:>300 °C, ZEAMGTE FEZMRIE KB, em™) ;3 318
v(0-H),3 026,2 956,2 912 »(C-H),1 589 »,(CO0"),
1 389 v, (CO0),626 v (Sn-0-Sn),554 v(Sn-C),480
v(Sn-0), JCE M1 #% C,HeuCl0,,Sn, T HME (%) C,
46.01;H,3.45, SEM{E(%).C,46.23;H,3.41,

BeA W 2. 4% B iR 75k 11 0.356 g(1 mmol) —
REEFAIHARE = (AR EE) Ak ,0.276 g2
mmol ) X ¥ 5 A% F i A6 85 41 ¥ S R Y g | 45 TC (2 3% B
iR =R B T O R R R BRI S ) 0.476 g,
FEHT6.16% , K65 1 162~164 C, LLAMETE 32 2Lk
W (KBr,em™):3 410 »(0-H),3 071,3 049,2 905 »(C-
H),1 607 v,(COO7),1 369 »,(CO0"),550 v(Sn-C),55
»(Sn-0) , TCE 43 M1 4% C3Hy0,8n TH51E (%) : C,60.30;
H,4.60, SXE(%):C,60.64;H,4.53,
1.3 BRESEHRNE

A3 E IRV 0.24 mmx0.23 mmx0.21 mm (1)
F10.20 mmx0.19 mmx0.17 mm (2)# fu & | 7€ Bruker
SMART APEX Il CCD H@fir g I, RHZ A &
HA A Mo Ko $74:(1=0.071 073 nm), T 296(2)
K, LA @~a 3398 75 AOUCHE EHIE | T WLGEATT 3 250 301l Ry
9 974 A~(1)F1 3 318 ~(2)(I>20 (1) H T 454 53 17 Fik
16 A7 55 5 5 ROHIE 42 22 T R RIACR IF | b AR 6 A
RER 3 AR FUR T B TR A s A oy AR SR
FAEBES 1 22 (E 7 A B G2 e, XA Ak
R AL bR B FL I BE DR SR A B B /N e kG
18 1 B NS00 45 1 U7 b B AR A
Xt & i R AR U 2 50l SR FH A% 1o ] 2 R A ) S
IMSH G |, 2 AR 1 T4 SHELXL-2016
JP SR e A W R B S TR 1,

CCDC:1900158,1;1900157,2,

x1 BREVHNREFHIE
Table 1 Crystallographic data of the titled complexes

Complex 1 2
Empirical CrHgCls0,05n,- CH;OH CiHy06Sn+ CH;0H
Formula weight 1 819.54 625.22
Crystal system Triclinic Orthorhombic
Space group Pl Fdd2
a/ nm 1.329 2(2) 3.742 0(3)
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b/ nm 1.522 2(2) 1.065 10(7)

¢/ nm 2.190 6(3) 1.752 26(12)

al(®) 106.422(2)

B/ 91.170(2)

v /(%) 111.256(2)

V/nm? 3.924 8(10) 6.983 8(8)

A 2 8

D,/ (g-em™) 1.540 1.189

u(Mo Ka) / em™ 15.81 7.66

F(000) 1972 2528

0 range for data collection / (°) 2.386~24.999 2.117~27.597

Index range 15 <h <15, 48 < h < 47,
-8 =<k <17, -10 <k < 13,
26 <1<25 -22=<1[<21

Reflection collected 38 246 10 557

Unique reflection 13 691 (R;,=0.037 5) 3 573 (R;,=0.015 0)

Goodness-of-fit on F 1.089 1.098

Final R indices R, wR, [I>20(])]
R indices (all data)

Largest diff. peak and hole / (e*nm™)

0.051 7,0.118 9
0.078 0, 0.139 0
1 262 and -626

0.020 4, 0.048 1
0.022 9, 0.049 2
530 and -147

1.4 EEYRESMREEENE

HT-29 ,HEPG2,MCF-7,Hela 1 A549 41 Jifd Bt
REALIE T, HE 10%4 16 035 1) RPM11640
(GIBICO, Invitrogen) 3% 72 W , £ & 5% (V/V)CO, 1Y $4
FAAN T 37 CC N KGR, I MTT A5 00 20 14 5 5
ARG B, R S 06 4 i A FE 570 nm 3R
3 1.3~2.2 BIWOGEE B A P 25 9.(0.1 nmol -
L'~10 wmol - L) & 6 MW  AMHANNE 72 h, B4
W 20 34 PAT R 3 I S 525, )W GraphPad
Prism5.0 BAF G0 Wi 52 1C, 1,

%R 5T

ik

BC G W SR R o 8 TR 2. K 3,
BCE o> TA5 UL 1 K 2, o TS5 K R 2
FSHT A, BEAEY 1A B — AR T
WET 2SR, RS R84 AN W Y D8 %
FEIE S5 HFN 1 A1 BRIE A 2 DR
KRR 4 A (W SR 25 838 i w,-OH R EK Sn(1)
F1 Sn(2) ,u5-0 FFIK Sn(1).Sn(2)Fl Sn(27), H Sn,0, 14

2

2.1

F2 BMEYHEBSEKMOM)
Table 2 Selected bond lengths (nm) of the titled complexes

1
Sn(1)-0(5) 0.202 9(4) Sn(2)-0(4) 0.212 9(4) Sn(3)-0(107) 0.219 0(5)
Sn(1)-C(8) 0.212 0(7) Sn(2)-C(33) 0.213 4(7) Sn(4)-0(10) 0.210 7(5)
Sn(1)-C(17) 0.213 7(8) Sn(2)-C(25) 0.214 7(7) Sn(4)-C(64) 0.212 6(8)
Sn(1)-0(1) 0.217 8(5) Sn(3)-0(9) 0.202 0(5) Sn(4)-C(72) 0.213 1(8)
Sn(1)-0(4) 0.223 1(5) Sn(3)-C(56) 0.214 1(8) Sn(4)-0(9) 0.213 7(5)
Sn(2)-0(5) 0.203 9(4) Sn(3)-C(48) 0.213 9(8) Sn(4)-0(9) 0.204 8(4)
Sn(2)-0(5" 0.212 5(4) Sn(3)-0(6) 0.215 4(5)

2
Sn(1)-C(14) 0.213 4(4) Sn(1)-C(8) 0.215 6(3) Sn(1)-0(1) 0.221 45(17)
Sn(1)-0(8) 0.215 6(3) Sn(1)-0(1) 0.221 46(17)

Symmetry codes: ' —x, —y, —z; " —x+1, —y+1, —z+1; for 1; ' —x, —y, z for 2.
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Table 3 Selected bond angles (°) of the titled complexes

0(5)-Sn(1)-C(8) 113.5(3) 0(5%-Sn(2)-C(33) 97.7(3) C(56)-Sn(3)-0(10/) 93.2(3)
0(5)-Sn(1)-C(17) 106.6(2) 0(4)-Sn(2)-C(33) 98.6(3) C(48)-Sn(3)-0(10)) 90.0(3)
C(8)-Sn(1)-C(17) 138.6(3) 0(5)-Sn(2)-C(25) 120.5(3) 0(6)-Sn(3)-0(10) 152.7(2)
0(5)-Sn(1)-0(1) 81.37(17) 0(5"-Sn(2)-C(25) 98.6(2) 0(9) (4)-0(10) 73.46(19)
C(8)-Sn(1)-0(1) 96.3(3) 0(4)-Sn(2)-C(25) 98.0(2) 0(9)-Sn(4)-C(64) 122.73)
C(17)-Sn(1)-0(1) 99.5(3) C(33)-Sn(2)-C(25) 119.2(3) 0(10)-Sn(4)-C(64) 96.3(3)
0(5)-Sn(1)-0(4) 72.25(17) 0(9)-Sn(3)-C(56) 117.73) 0(9)-Sn(4)-C(72) 113.93)
C(8)-Sn(1)-0(4) 91.8(3) 0(9)-S () (48) 115.93) 0(10)-Sn(4)-C(72) 101.6(3)
C(17)-Sn(1)-0(4) 90.8(3) C(56)-Sn(3)-C(48) 124.5(4) C(64)-Sn(4)-C(72) 123.4(3)
0(1)-Sn(1)-0(4) 153.47(17) 0(9)-Sn(3)-0(6) 80.53(19) 0(9)-Sn(4)-0(9) 73.6(2)
0(5)-Sn(2)-0(5% 72.89(18) C(56)-Sn(3)-0(6) 98.6(3) 0(10)-Sn(4)-0(9) 146.82(18)
0(5)-Sn(2)-0(4) 74.25(17) C(48)-Sn(3)-0(6) 103.1(3) C(64)-Sn(4)-0(9) 97.9(3)
0(5%-Sn(2)-0(4) 147.13(17) 0(9)-Sn(3)-0(10) 72.24(19) C(72)-Sn(4)-0(9) 95.2(3)
0(5)-Sn(2)-C(33) 120.3(2)

C(14)-Sn(1)-C(8) 109.03(8) C(8)-Sn(1)-0(1)) 88.70(8) C(8)-Sn(1)-0(1) 92.21(9)
C(14)-Sn(1)-C(8)) 109.03(8) C(8i)-Sn(1)-0(1) 92.22(9) C(8)-Sn(1)-0(1) 88.70(8)
C(8)-Sn(1)-C(8)) 141.94(15) C(14)-Sn(1)-0(1) 88.60(6) O(19)-Sn(1)-0(1) 177.19(12)

C(14)-Sn(1)-0(1) 88.60(6)

Symmetry codes: ' —x, —y, —z;

Tx+l, —y+1, —z+1 for 1; '

JE 1A DU IC N ERRT 2 AN DU G AN IR R S, I 3E
0(5")-Sn(2)-0(5)-Sn(2) F HLFE £ 4 0.0°, 1hd B H & —
AT DU TCER | A G5 R = DL R rhl S RERR e

) 0 X R

45K, )55 Sn(1) ,Sn(2) 1Y BL AL FREE A

[ | {ELR JRUAR (] | 249 2 T 07 B9 = A XU 2L ) Hevp

O(1)F1 0(4).0
s 1 il e 4 & 2 0(1)-Sn(1)-

£.0(4)-Sn(2)-0(5%) 7 147.13(17)°;0(5) .C(8) .C

00).

@)F1 05" 43 5 5 5% Sn(1)F1 Sn(2) K
04 153.47(17)°,

(17) 1

C(25).C(33) 43 o5 4 A 38 o7 & 2 38 067 5 Y i
T 5 0B Sn(1) AT Sn(2) BB FA 2 F 4 I

R = p-chlorobenzyl

Symmetry codes: i —X, =Y, —Z;

a1, —y+1, —z+1

B 1 EAY 1057 45 B (R 10%)

Fig.1  Molecular structure of complex 1 with the

ellipsoids drawn at 10% probability level

-x, =y, z for 2.

358.7°F1 360°, & W O(5).C(8).C(17)F1 Sn(1)3LF- 1
PEREZE T O(5).C(25) .C(33)F1 Sn(1) M) 58 4= - 1fiy
R, ey 8 S5 3T BT O C 57 P M AR = R R
FNTHAA oA Sn(1) f e AR TR B T

BL A 2 J& LAl ST Sn(1) . C(14) AT C(17) =AM R
T LN ZER RS T, PO T S 3
ANTR B BT 2 A A [ X 5 35 2 Y R A A vl ) R

Symmetry codes: ' —x, -y, z

K2 FCEY 2 8900 T 454 B (W ERBER 10%)
Fig.2 Molecular structure of complex 2 with the
ellipsoids drawn at 10% probability level



602

xoH Ak

#o% 4R %35 %

FAFEFHGEM BT = AR AL 3 SRR
i 7 = OB AR T A 3 AN B2 N RRE T
VR e R USRI A= DS 7S oS L RN
AibF AR B 3 AR 22 ] e 22 RTR 3600,
Uk B &b F 2R T8 B Y 3 AR R T o 4 AP
I3 A F ol A8 1 2 A O JR 5 4bF AR 47 B
3ANE A TE 86.6°~92.22°02 1], 5 90°F
— R I 2 (FUD 25 AN R A Bl 1) A7 D ) A
Z£.0(1)-Sn(1)-0(1)H 177.19°, 5 180°4H 2 2.7°, H1 L
Ui, BCEY 2 OB R TN —E WA R Y =
FRUER B
22 EFUEHR

3 B AR 25 K ) JEF A AR 38 FH Gaussian 03W
FEFFAE B3lyp/lanl2dz 341K 11815 2] 47 1) . ik
AT THE e

BCEW 1:E:=-1291223794 3 au.,Eyou=0.123 90
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dUE M RE R RIP AE KF LG Y 2 10 AE K,

MEALIR GRS B A B BT, TR 2 Bk L
T A L, MBECAY 1/ AE /N, IUF 0.041 84
au., RUBCEY 1 255 0 o i dk 44k, DRk A
XITF B G 2 LA 1 A7 B 4 A AR 1 R o e
&R

R PRRBCE W BT S50 5 U R, X LA
Yoy FRLUEIAT 00T, S 56 MERIEFHLE
FEHY V- T5 F0 2K R BB 4 AE 4 T B v i DTk
&7 —1k o SRR S Rk 5 s B AW
1:(a) B JEF Snj(b) X SR IR 51 FI R T M;(c)
e A B S - AU Ly (d) BREUR T 05(e) &R T
H, BLE 2:(a) BT Sn;(b) AT C;(c) L
A R DR Rl i R AU M (d) TG R PR B il i 1
MEJET L;(e) AT H, WU 5 IEH0E 5 KL
KEEEE PR RME 4 TS5 ME 4 E S PR,

4 ME 3 BREAY 1 BEERE . BV &
Ao FHEE T BT > FRUE B ST R IR B] T
75.32% ; FH R B R T, 4 10.87% ; X 5K FEF8)
JEF X o FHE A — 2 Tk, 50 7.599% 1
5.47% ; YW 53+ Sn-C B Sn-O ¥ AR e | U HE
Be iR 58 A B A2 4 ki HOMO 5 LUMO
145 2 5 0E WA AT VA R S T N HOMO

x4 BEEY1IHITFHEAR

Table 4 Calculated some frontier molecular orbitals composition of complex 1

Composition / %

MO E [ a.u.
Sn M L 0 H
456HO -0.123 90 5.469 82 7.589 21 75.324 62 10.873 41 0.743 48
457MO -0.082 06 18.439 64 60.638 72 8.374 12 14.365 13 0.182 39

RS5 EAY2HITFHEAK

Table 5 Calculated some frontier molecular orbitals composition of complex 2

Composition / %

MO E | au.
Sn C M L H
95HO -0.083 92 22.532 81 62.438 62 3.332 79 11.135 47 0.560 31
96MO 0.143 90 1.962 14 2.863 74 67.746 38 26.589 23 0.838 51

K3 AW 1R T PE R R
Fig.3 Schematic diagram of frontier MO for complex 1
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Fig.4 Schematic diagram of frontier MO for complex 2

Wk F) LUMO B il | 32 B2 o R 51 B Y i 13
AR X AN B, B R TR
e e PRSI0 A 32 4k
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O HA —Em i, AN EYEE, W HOMO
5 LUMO M4 255 F 8B e s, /T LA 1, 1
M HOMO ¥ A& 2] LUMO $UiE B | 322802 28 38 F1 8 i
F b B R A ) B R
2.3 ARBRTEMST

FIH TG209F3 #4443 1%, 7625 [ 4, Iinfiv ek
FE 20 °C-min™, AW H A 20 mL-min™, 7E 40~
700 °C3 Bl P A5 P kAT G I3 L2 R K] 5
FiR, LAY 1 7E 90 CZHTJL-F-1% A 2k & ; 7F 90~
240 CZ 0], Bl & W18 K 8 78 240~420 CZ[A]
TC 5 0 V9 2 IR, 3K 2 A L A R 2 43 e i B 5 DA
420 CH IR R FEHE AL | & 605 CH K HIEA
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EHIEAYE

BG4 2 78 120 CZRIJLF A R E,; M 120
CH , Fe ISR 2 B AR 5 18 18 AR R R 2 0 T iX

AR RSB, 7E 618 CHY LT3 1k
KE, mIGRRYRETELD 2545%, BT KRE
74.55% , %R TR & 3 AR FEFIECAAR | 5% 4 4 T
B2 A Sn0,, 5 22.93% M HEAEIEAY & |
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5 BCATP BT il 2R
Fig.5 Thermogravimetric analysis curves of the

titled complexes
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DAMGUEFT Ay e B ST T 45 400 %o P e 4 L . N85
J¥ 98 (HT-29) T 9 41 Jfl (HepG2) . 3L R 988 (MCF-7) &
9095 240 ML (Heela) R0 95 20 2 (A.549) 14 442 &0 A= K 410 i)
TEPE S5 R 3R 6, K BUIC A W0t i F 90 i 240 B 4
A=Al N S B N O R R I (SR SRR =S
BC A4 2 B4R s B B B B 3 ml Ry

R 6 BL A AN N SH X A S B e 4 B Y S A ) 3R

Table 6 ICs) of the titled complexes and cisplatin to tumor cells in vitro

pmol - L7
HT-29 HepG2 MCF7 Hela A549
1 0.72 1.87 0.90 1.09 3.65
2 0.36 0.73 0.36 0.25 0.36
Cisplatin 58.06 65.32 88.17 — 1.510
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