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Synthesis, Structure and Antitumor Activity of Two Tris(o-bromobenzyl)tin Carboxylates
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Abstract: Two organotin carboxylate compounds, tri(o-bromobenzyl)tin thiophene 2-carboxylate (1) and tri(o-bromo-

benzyl)tin cinnamate (2), have been synthesized. Compounds 1 and 2 were characterized by elemental analysis, IR

spectroscopy, NMR ('H, "C, and 'Sn), thermogravimetric analysis, and single-crystal X-ray diffraction. The study

on compounds 1 and 2 has been performed with quantum chemistry calculation and in vitro anticancer activity. The

results showed that the tin atoms in compounds 1 and 2 have distorted tetrahedral geometry. Compounds 1 and 2

had strong inhibitory activities against human breast cancer cells (MCF-7), human non-small cell cancer cells

(A549), and human lung cancer cell lines (H460). CCDC: 2109938, 1; 2109939, 2.

Keywords: tri(o-bromobenzyl)tin thiophene 2-carboxylate; tri(o-bromobenzyl)tin cinnamate; crystal structure; quantum chemistry;

in vitro antitumor activity
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1.1 UE5EH

B R B TECH A BLE K FR 4 (MicroSYNTLab-
station for Microwave assisted , & K H)) P58 il . £L4F
J6 1% H Shimadzu FTIR8700(KBr JE A, 400~4 000
em WEIEGNAE . TTER A ] PE-2400 BIIC 3R 40 Hr
A 52, 1 4R i Avance T HD 500 MHz 4% 7
b8 5 A% W8 2L PR 3% A (B -1 Bruker 22 ], TMS A
k)M A€ o 5 43 PE IS (HRMS) FH Waters Acquity
UPLC H-CLASS XEVO G2-XS Qtof K47} 1] 5 1 Wi
FEE AN %2 o 1 A0 2 #4544 45 44 FH BrukerSmart
Apex I CCD B SAATHHGINE . 1A 2 A9 s AL 52
%5 5 X-4 500 O S A o IR MR A T R
TG209F3 AT A AT , 128 S I B
20 °C -min™", SR 3 4 20 mL-min™, 7 40~800 °C
0 [N T LR 2 B AT A I L B A R S 4
Mraki .
1.2 EWHER

1649 1: HL0.708 g(1 mmol) = (45 V5 % 3E) R Ak
B .0.128 g(1 mmol)HE Wy 2-H FR 1 1 mmol = £ 1t ¥4
T40 mL FH s rp R TR 2 SR DU i s T8 S o
TR K E A A B B TR R A . R E
BANA B GIRE 120 C, RS N 2 he %
b U8 B 2 AN TR B R 7 7% 2 ok 23 i
0 CE AT A, A - B A A
TG 3% W 4K 0.516 g, 77 % 68.26%. 1 mi : 89~
91 °C., JCZEIHrHi CoH,, Br,0,88n Y1 (%) C,
41.27;H,2.78, SZAE (%): C,41.13; H,2.72, IR
(KBr,em™):3 082,3 053,2 979,2 932 »(C—H), 1 614
v, (CO0), 1 361 »,(COO); 538 »(Sn—C), 426 v(Sn—
0). 'H NMR (CDCl,,500 MHz):8 7.69(dd, J=3.5 Hz,J
=1.0 Hz, 1H), 7.53~7.46(m, 4H), 7.16~7.13(m, 3H),

7.10~7.07 (m, 4H), 6.96~6.93(m, 3H), 2.93(s, 6H).
BC NMR(CDCl,, 125 MHz): 8 191.85,139.21,135.29,
133.83,132.08,130.13,129.81,128.77, 127.56, 126.44,
123.58,28.92, "°Sn NMR(CDCI,, 186 MHz): 8 5.61.
HRMS(ESI) m/z C,H, Br,0,SSn [M+Na]* i1 & {H :
778.770 6, SLI{E : 778.770 8.

oG 2: 4 B R Tk, 11 0.148 g(1 mmol) (A
FER QR E My 2-H R, 45 T0 (835 I i AR = (SR IRR
)8 WAEFR TR 0.594 g, 77 % 76.54% 15 25 : 107~
108 °C, JCLZE 4 Hr$#% C, H,sBr,0,8n i3 (%) C,
46.39; H,3.22, SLM{E (%): C,46.67; H,3.28, IR
(KBr,em™):3 057,3 042,2 982,2 929 »(C—H), 1 643
v, (CO07), 1 337 v(COO"), 554 v(Sn—C), 434 v(Sn—
0), 'H NMR(CDCI,, 500 MHz): 8 7.60(d, J=16 Hz,
1H), 7.56~7.54(m, 2H), 7.50~7.48(m, 3H), 7.43~7.39
(m,3H),7.19~7.1(m, 3H), 7.12~7.08(s, 3H), 6.99~6.93
(s, 3H), 6.52(d, J=16 Hz, 1H),2.91(s, 6H), "“C NMR
(CDCl,, 125 MHz): 6 191.74, 144.68, 139.43, 134.78,
132.07,130.11,129.88,128.75,127.94, 127.51, 126.33,
123.56,119.17,28.78, "°Sn NMR(CDCl,, 186 MHz):
8 -3.30, HRMS(ESI) m/z C4,H,;Br,0,Sn [M+Na]" 1%
{E:798.829 8, SI{H : 798.827 5.
1.3 BELEHNE

A3 IR /N R 0.21 mmx0.20 mmx0.17 mm (1)
H10.23 mmx0.21 mmx0.20 mm (2) 1 §4 44 , 75 Bruker
SMART APEX Il CCD S fin it A% I, R FH 2 A1 55 5
AL Mo Ko $14%(1=0.071 073 nm), 7£ 296(2) K
L -0 FAHE 7 MR o T SR ATT S 5 85050 301k
4 67216 621[1>20° (D], T4k A FvkS & . 155
588 B 45 22 TR R SRS IE , AR 254 vh R
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P B L 3 PR 7R FH 4 B dpe /N 3R ARG & .
PRI I EGE 25 S A b A b B AL AR R R
Jir - R AR SR 4 R FH A5 1) (] 2 5 ) S P A
ZHORE | 2454 43 B TAEAE WINGX |8
SHELX-97 F2 /37 58 i . A6 40 1 Fl 2 1) 35 228 i A 2
s TR 1,

CCDC:2109938,1;2109939,2,
14 EWHEMTEFEENE

LR 40 L (MCF -7) N 3E 7N 40 il 98 440 At
(AS549)F1 N K 20 J Jii 93 200 B (HA60) Bt [ 56 [ 2 21 85
F2 & 10% 4 Jif 13 79 RPMI1640(GIBICO,
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Table 1 Crystallographic data of compounds 1 and 2
Parameter 1 2
Empirical formula CyH, Br,0,58n C1yH,sBr,0,5n
Formula weight 75591 775.92
Crystal system Monoclinic Triclinic
Space group C2/c Pl
a/nm 2.675 2(5) 0.982 77(12)
b/nm 1.189 0(2) 1.127 49(14)
¢/nm 2.011 8(6) 1.480 43(18)
al () 105.168 0(2)
B 123.644(2) 90.980(2)
Y1) 112.470 0(10)
V/nm? 5.327(2) 1.450 4(3)
A 8 2
D,/ (Mg-m™) 1.885 1.777
w(Mo Kat) / em™! 55.59 50.38
F(000) 2912 752
6 range for data collection / (°) 1.94-25.00 2.36-27.61
Index range -22<h<31,-12<k<14,-23<[<16 -12<h<12,-14<k<14,-19<[<19
Reflection collected 13130 17 574
Unique reflection (R,,) 4672 (0.0359) 6 621 (0.030 0)
Goodness-of-fit on F'? 1.042 1.059
Final R indices R,, wR, [I>20(I)| 0.057 8, 0.168 9 0.039 9, 0.091 7
R indices (all data) 0.0877,0.184 1 0.057 7, 0.098 9

Largest diff. peak and hole / (e-nm™) 2654 and -1 355

1582 and -1 498

Invitrogen) 35 75 W , 75 & R B350 5% 11 CO, 1Y 35 5%
FEN T 37 CCR 535, MTT 364600 4 it 389 5 546 K
PP L, ] S 4 A i E 570 nm 3R A5 1.3~
2.2 WM ERE AL W LA 2 IR 25901 nmol -
L'~10 pmol - L)1 & 6 4~ Me B, kb BRAH I 72 h, B4
W 2P T 3447 R 3 R B 42 525G, 1 FH Graph-
Pad Prism5.0 3458 1150 i 2 1C,1H

2 GRS

21 HEYRERMR

EIR P ALE W 17E 1 614 F11 362 em™ &b 3R
1) 2 B30 I WS U Ay 22 5 ) 2 R R 46 41 B3 (v, 00) FORT
FRAP 45 4R SIS (v o) » THAE B0 2 B9 Vo0 TV oo
O BIAE 1 643 F1 1 337 em™ , H: Av(Av=v,_o0=.c00)
o252 F1306 em™ , KT 200 em™ , RSP
FRILAH VTN SR A1 AE S
) 253 WIAE 427 #1434 em™ A0 HVER T W04, 2206 Ky
Sn—O §H 1) il 45 4 2 Wz W g, B4 S ) Th A Sn—
O HEAFAE S

76 'H NMR &, A6 &9 1R 2 53 e A4 %
7.69~6.93 F17.56~6.93 Z [a] i B £ 5 4 | X 1 by O
W BT, 58 A 0 W LS 8 43l 7E 2.93
F12.91; 1669 2 By 0 245 19 8 43 il 7
7.60 1 6.52 &b H BT OBUEE 06, HAH AR B R 16
Hz. 7E"C NMR g, {664 1A 2 B 5Lk i 8 43 5
FE191.85 F1 191.74 4k, 37 HH JE A5k 119 8 43 71| 7 28.92 Fll
28.78 &b s L & W 1 55 3R Lk A9 8 1 IR 7E 139.21~
123.85, fb & ¥ 2 35 5 b filk A 8 b Bk 19 S 7E
144.68~119.17 Z[f] . 1€ "°Sn NMR i, fL54 1A
253 7E S M 5.61 F1-3.30 &b BRI . Db 4T AR FIAZ
TS 25 5 XS A B A AT S 0 S ) ot A 45 ) AR
W6 -
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Table 2 Selected bond lengths (nm) and bond angles (°) of compounds 1 and 2

1
Snl—01 0.207 2(6) Snl—Cl15 0.2113(9) Sn1—C8 0.2129(8)
Snl—Cl1 0.216 2(7)
01—Sn1—C15 110.9(3) C15—Sn1—C8 116.1(3) C15—Sn1—Cl1 113.7(4)
01—Sn1—C8 101.7(3) 01—Sn1—C1 96.2(3) C8—Sn1—Cl 115.5(3)
2
Snl—02 0.206 0(3) Sn1—C24 0.214 7(4) Snl—C10 0.216 3(4)
Snl—C17 0.214 1(4)
02—Sn1—C17 104.29(15) C17—Sn1—C24 117.73(17) C17—Sn1—C10 114.48(18)
02—Sn1—C24 108.71(14) 02—Sn1—C10 96.57(14) €24—Sn1—C10 112.29(17)

BT AP RHERRE SR 159% 1953 T4t 1] 2 AE Y 2B MERIER 15% 1 53T 451
Fig.1 Molecular structure of compound 1 with ellipsoids Fig.2 Molecular structure of compound 2 with ellipsoids
drawn at 15% probability level drawn at 15% probability level

K3 a1 H) A HERR A 4 A2 m s iR E
Fig.3 Packing of compound 1 in a cell Fig.4 Packing of compound 2 in a cell
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8] T AR FHAE AL A 0 v 34 Sn—C Bl K B £
AN G2 SniF 52 MR EO0FEFZ
8] () #E 2 43 51 > 0.207 2.0.277 0 nm £1 0.206 0,
0.277 8 nm, # LA H AP —A/NF Sn i 15 0 i
T 242 2 F1(0.216 nm), 1M1 75— K T X 2
ANEF BB 22 /L U 2 e S R R
— BRI O JFEF 5 Sn AR Iy e, 1 ) — MR O
JRFARBES Sn i FaEE . UL, 2 MBS B R
SRR LRt T 205 B S O A, A A D A 1
e, SLLAMEIEMAR 25 R —8. &2
55 EL G Y = (SR S k) B R R TR B A ALY
A IARZER PR = AR R A B PTL(H
TR RIS F  FLA50N 2 RSO Y 22 51
fiff 75 H 0 B DR T 5 A DR T A R K R A A A
5t
23 EFUEHAR

R i AR 25 4 14 L7 AR 1 , 32 FH Gaussian 03W
P2 ¥ 76 B3LYP/lanl2dz K41 /K - 354530 1 F0 2
Moy FafemM o FEmRE. ka1 E=
-1 197.684 165 4 a.u., E,,,,=—0.311 07 a.u., E y,=
0.066 30 a.u., AE=E, \o~Eyono=0.377 37 a.u.. tL4&
Y1 2. E=—1341.572 632 4 a.u., Eyy,=—0.314 44 a.u,
E,140=0.066 94 a.u., AE=0.381 38 a.u.. MK ZAEH
FIHTVR B W RE SR A (R R BRI FIRTHT 5 A Pl
() BE B A%, R 1 M 20> T4 Ta E . e
7 4 P S AR UIE A RE R AE B8R,
WA 10 2 S50k 5% 2 oL T T S A o

FERRAL A Y U 2 (T 250 5 SRR AE
BALE N FUE AT 0T, IS S A G A

JE P8 2B O FOR 7RI o 18 4 T
R BTER , IS0 — 1k, ARk S Rk
T ACE Y 1z (a) B R T Sn; (b) B AR LR T
AR T Ly () R L0 H JE % C1 5 (d) B e my I hik
FBL M5 (e) “F 38 28 IRk IR T~ C2; (F) VR E T Br; (g) &
JiF Ho LG 2: () B )5+ Sns (b) BeAA R E bk i
FAE R A L (c) I H JE 8 C1 5 (d) BLAR AR 20
FEBRJFL T C2; (e) "R IR IR T C35 () IR T Br;
() AR+ Ho HIHy o5 A HUIE Rk 5 A B0 45 HS
A TREEE RN 3 4 FIE S 6 FTR .

F3FE 5 RS Y 1R ERE . AT 5 A
Sy FHE T X 43I TR R R R AR VR R IR
PRk JRL R H 3 s T, 4 B R 65.55% A
16.38% ; FL R 2 V5L I F5 I+, 43 il ok 8.06% Fil
431% ULH]: — B IF A B AT Ay 2L gk
e AR P s R R T 58 R T A S
U, 4y F i Sn—C AR E . [EE HOMO 5 LUMO
145 28 I - B0E iy, AT LVE 24 L HOMO
Wk B LUMO s i, o J5 b i f R4 )
BCARSE RS | B AR R L BE 2 B T A6 R O Rt 2 i
TFHERE BT A 32 AR AT B AAR (14 E Wy R U] L T 7S
() EEZAR

FAFE 6 BaRALAY) 2 (R EERAE BTV 5 A
Oy FRUIE X F 8 TR K B R AR TR SR
P m T R L B T, 4 g oA 59.72% Al
19.51% ; H R R FLAROR 206 30k D7 TR R 1 A8y
JEF, 09N 8.17% .5.32% M 4.21%., W] — &R
IR HA R A IS AR fFa e s =
LR 58 R 456 BRAF, 07 Sn—C 83
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Table 3 Calculated frontier molecular orbital composition of compound 1

Composition / %

MO &/ Hartree
Sn L M Cc2 Br H
108 -0.335 56 0.412 05 4.059 59 0.626 80 49.214 32 37.856 70 7.666 52 0.147 98
109 -0.33203 2.55117 0.962 92 2.967 11 0.774 89 72.247 61 19.913 69 0.572 59
110 -0.33123 0.496 62 0.168 51 1.360 09 0.092 44 76.247 44 21.372 32 0.255 01
111 -0.317 83 4.314 98 0.988 06 16.380 19 1.243 86 66.702 26 8.188 73 2.180 49
112HO -0.311 07 4.427 80 0.743 53 19.309 54 0.261 15 65.55173 8.055 14 1.643 39
113LU 0.066 30 3.188 77 15.218 23 2.163 56 75.321 01 3.282 39 0.057 80 0.762 05
114 0.105 19 18.881 76 1.61125 3.398 14 1.060 90 71.663 38 1.889 11 1.491 79
115 0.109 21 4.430 74 0.712 20 3.548 13 0.609 57 87.485 86 1.839 24 1.37142
116 0.114 17 1.084 39 0.078 63 2.261 61 0.064 88 92.122 18 2.145 09 2.236 02
117 0.116 76 2.851 16 0.708 32 2.768 33 0.957 61 87.566 15 2.389 38 2.756 05
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Table 4 Calculated frontier molecular orbital composition of compound 2

Composition / %

MO &/ Hartree
Sn L M c2 Br H
119 -0.33593 1.293 08 0.517 22 1.003 94 0.193 21 72.392 00 24.180 57 0.398 07
120 -0.332 04 1.540 07 0.536 42 1.675 61 0.103 80 7477178 20.988 66 0.373 45
121 -0.322 40 3.552 68 1.179 64 14.479 43 10.957 10 58.191 98 9.654 79 1.799 76
122 -0.317 13 1.363 07 3.684 39 6.228 53 69.393 36 15.918 63 1.617 95 0.610 20
123HO -0.314 44 421174 1.267 02 19.514 79 8.170 88 59.73171 5.323 48 1.649 29
124LU 0.066 94 2.403 19 12.816 97 1.675 56 77.121 38 2.216 66 0.042 72 0.554 53
125 0.108 28 23.586 14 1.360 97 5.558 20 0.616 48 66.394 73 1.52275 0.953 28
126 0.113 20 1.274 87 0.519 96 2.150 34 0.373 89 92.164 54 1.805 26 1.700 31
127 0.117 55 2.763 34 0.718 94 2.03528 0.528 81 88.833 75 2.644 95 2.466 74
128 0.119 59 0.858 90 0.220 26 2.266 89 0.218 45 93.143 16 1.625 04 1.657 97

4
HOMO LUMO

K5 L&Y 1R T HE R R
Fig.5 Schematic diagram of frontier molecular orbital for

compound 1

HOMO LUMO

Ko At 2 mymini T s 2R
Fig.6  Schematic diagram of frontier molecular orbital for

compound 2
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Fig.7 Thermogravimetric analysis curves of compounds
1and 2
2.5 FphEIEE
MHA T 6 &9 1 F1 2 % MCF-7 . A549 F1 H460 fiY
AR S5 R R 5. BIL G 112
=5 HEW1I2TEIM MBS/ IC,,

Table 5 IC,, of compounds 1 and 2 on tumor cells

in vitro
pwmol - L™
Compound MCF-7 A549 H460
1 0.56+0.34 0.26+0.09 0.70+0.38
2 0.21+0.03 0.19+0.00 0.42+0.21
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