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Syntheses, Structures, Anti-tumor Activity of Tri(n-butyl)tin
Carboxylates with Hydrogen-Bonded Network
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Abstract: Two tri(n-butyl)tin carboxylates (n-Bu);SnO,CR(H,0) (R: C(OH)Ph, (1), CsNH;Cl (2)) were synthesized
by the reactions of bis[tri(n-butyl)tin] oxide with benzilic acid and 2-chloronicotinic acid under microwave irradia-
tion, respectively. Their structures were characterized by IR, 'H and “C NMR, elemental analysis and X-ray
single crystal diffraction. Both of the complexes belong to orthorhombic system, but their space groups are
different. One is Pbca and the other is P2,2,2,. For each of them, the central tin atom is aberrant trigonal
bipyramid with five-coordination. In their crystal structures, there are multi-hydrogen bonds, resulting in the
formation of a 2D structure of 1 and a 3D supermolecular network of 2. The preliminary tests showed that both of
which displayed strong in vitro anti-tumor activity against five human tumor cell lines, Colo205, HepG2, MCF-7,
Hela and NCI-H460, and especially for the later three, the complexes were much stronger than carboplatin, but
the activity order was 1>2. CCDC: 1030063, 1; 1030062, 2.
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50 mL B T, A 0.5 mmol (0.298 g)(n-
BuySn),0,1 mmol (0.228 g) — 4 L FEMR 5L 1 mmol
(0.158 g) 2-F AR , L FEF A4S 10 mL, B FHR A 1Y
5] 9K B TR0 A B R BN TR R A PR 800
W, EE 90 °C,BFA] 30 min, SO 58 A A 2%
L, A8 IR EROR S B EA Y 182,

BCA W 1. B W] f K 0.268 ¢, 1% 50.1% .,
m.p. 36~37 °C, TG 5317 (CoeH,00.8n) , BB 1H (%) : C
58.34,H 7.53; 5K (%) . C 58.31,H 7.52, IR(KBr,
em™):3 059(w),3 028(w),2 955(s),2 922(m),2 855
(m),1 645(vs),1 593(m),1 491 (m),1 452(m),1 414
(w),1 377(m), 1 337(m), 1 315(s),1 167(m), 1 084(w),
1 053(m),964(w),939(w),908(w), 876 (w), 808 (w), 756
(s),698(vs),675(s) , 623(w),606(w), 525(w) ,459(w) , 430
(w), 'H NMR(CDCl;,400 MHz),6 7.28~7.51(m, 10H,
Ph-H),4.62(s,1H,Ph,C(OH)-),1.19~1.63(m,18H,-CH,-),
0.85(t,J=7.2 Hz,9H,Me-H) , *C NMR(CDCl;, 100 MHz),
8 13.58 (Me-C),17.03 (SnCH.-,'J (""Sn-"C) =344 Hz,
'] (""Sn-"C)=329 Hz),26.92 (SnCH,CH,CH,-,*J(""Sn-
3C)=63 Hz, *J (""Sn-"C)=61 Hz), 27.65(SnCH,CH,-,
2J("“Sn-"C) =22 Hz),81.22 (Ph,C (OH)-), 127.37 (3-Ph-
C),127.42 (4-Ph-C),127.75 (2-Ph-C), 143.48 (1-Ph-C),
178.33(-C00).,

Be&W 2. 03 WK 0.299 g, 1% 64.3%,
m.p. 69~71 °C, JTCHRITHT (CsHy,CINO,Sn), FRIB(H
(%):C 46.53,H 6.94,N 3.01; S (%):C 46.53,H
6.98,N 3.03, TR(KBr,cm™):2 953(s),2 924(s),2 855
(m),1 607 (vs),1 580(m),1 466(m),1 450(m),1 391
(s),1 267(w),1 196(w),1 169(m),1 124(w),1 078(m),
1 022(w),997(w),854(m),822(w), 777 (m), 737 (w) , 683
(m), 658 (w),617 (w),592 (w),484 (w),463 (w),407 ().,
'H NMR(CD;0D,500 MHz),6 8.37(dd, /=5,2 Hz,1H,
6-Py-H),8.01 (dd,J=7.5,2 Hz,1H,4-Py-H),7.41(dd,
J=7.5,5 Hz,1H,5-Py-H),1.27~1.73 (m, 18H,-CH,-),
0.92(t,J=7.2 Hz,9H,Me-H)."*C NMR(CDCl;,100 MHz),
8 13.61 (Me-C),16.94 (SnCH.-,'J (""Sn-"C) =348 Hz,
'] (""Sn-"C)=332 Hz),27.02 (SnCH,CH,CH,-,*J("*Sn-
3C)=63 Hz, *J (""Sn-"C)=61 Hz), 27.81(SnCH,CH,-,
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2] ("Sn-"C) =21 Hz),110.04,121.96,132.89,140.25,
150.80 (Py-C), 162.83(-C00),,
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Table 1 Crystal data and structure refinements of the complexes

Complex 1 2

Empirical formula CyHayO4sSn CisHxCINO;Sn
Formula weight 535.27 464.59
Crystal system Orthorhombic Orthorhombic
Space group Pbca P222,

a/ nm 1.961 0(6) 0.964 20(4)
b/ nm 1.951 0(6) 1.254 67(6)
¢/ nm 2.686 0(8) 1.865 85(9)
V /[ nm?® 10.276(5) 2.257 22(18)
A 16 4

D./ (g-em™) 1.384 1.367
Absorption coefficient / mm™ 1.022 1.264

F(000) 4 448 952

Limiting indices
Data / restraints / parameters
Goodness of fit on F*

Final R indices (I>20(I))

Largest diff. peak and hole / (e-nm™)

2dsh<s24-24<k<24-34<[<33
11 019 /229 /559

1.059

R=0.061 9, wR,=0.173 9

1 442 and -1 183

Osh=<s12-16<k=<16-24<1<20
5158/1/217

1.086

R=0.026 5, wR,=0.064 9

282 and -986
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Fig.1  Asymmetric unit of complex 1 with 15%
probability ellipsoids
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Fig.2 Molecular structure of complex 2 with 15%

probability ellipsoids
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Table 2 Selected bond lengths (nm) and angles (°) for the complexes

1

Snl-Cl 0.206 4(11) Sn1-C5 0.205 8(14) Sn1-C9 0.202 3(14)
Snl-01 0.212 4(5) Snl-04 0.235 5(6) Sn2-C13 0.205 7(10)
Sn2-C17 0.206 8(8) Sn2-C21 0.206 9(9) Sn2-05 0.212 3(4)
Sn2-08 0.242 8(5)
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B E)
C1-Sn1-C5 120.4(5) C1-Sn1-C9 120.3(6) C5-Sn1-C9 116.4(7)
01-Sn1-C1 96.0(4) 01-Sn1-C5 97.04) 01-Sn1-C9 93.9(5)
04-Sn1-C1 86.6(4) 04-Sn1-C5 83.7(4) 04-Sn1-C9 82.7(5)
01-Sn1-04 176.4(2) C13-Sn2-C17 123.4(5) C13-Sn2-C21 118.9(5)
C17-Sn2-C21 116.1(4) 05-Sn2-C13 95.5(3) 05-Sn2-C17 95.4(3)
05-Sn2-C21 91.1(3) 08-Sn2-C13 84.8(3) 08-Sn2-C17 84.8(3)
08-Sn2-C21 88.3(3) 05-Sn2-08 179.43(19)
2
Snl-Cl1 0.212 5(3) Snl-C5 0.212 2(3) Sn1-C9 0.214 2(3)
Snl-01 0.221 3(2) Snl1-03 0.238 0(2)
C1-Sn1-C5 127.51(14) €1-Sn1-C9 116.97(14) €5-Sn1-C9 114.89(14)
01-Sn1-C1 97.29(10) 01-Sn1-C5 92.83(11) 01-Sn1-C9 87.07(12)
03-Sn1-C1 86.29(10) 03-Sn1-C5 85.64(11) 03-Sn1-C9 90.54(13)
01-Sn1-03 176.32(9)
*3 HEYHNSEHIE
Table 3 Parameters of hydrogen bonding interactions in the complexes
Complex D-H--A d(D-H) / nm d(H-+-A) / nm d(D-+-A) / nm Z D-H-A /(%)
1 04-H4X---03' 0.084 85 0.194 16 0.267 75 144.412
04-H4Y---06" 0.084 71 0.198 01 0.260 90 130.27
O7'-H7X"-- 08" 0.085 02 0.232 32 0.280 83 116.558
O8"-H8X':--02 0.084 56 0.226 51 0.269 42 111.639
C45"~H45"---Cg 0.092 85 0.287 79 0.366 94 143.926
2 03-H3X:---02' 0.084 99 0.182 37 0.266 98 173.348
03-H3Y:--N1* 0.085 03 0.211 07 0.283 01 142.071

Symmetry codes: '3/2—x, —=1/2+y, z; " 1-x, =1-y, 1=z; " 1/24x, =12y, 1-z; ™ 1/24x, v, 3/2—z for 1; ' 1-x, =1/2+y, 3/2—z; " 1/2—x, 1-y,

1/2+z for 2.

a

|

o

3

Ve

/,
/

e

Some hydrogen atoms and some carbon atoms are omitted for
clarity
3 O-H--0 M C-H---7 fEA ST B A4 1 — 4
) R &5 4
Fig.3 2D network structure of complex 1 by O-H---O

and C—H---7r interactions
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Some hydrogen atoms and some carbon atoms are omitted for clarity
Kl 4 O-H---O Ml O-H---N VE M SR & 1 2 — 488 5 7451
Fig.4 3D supermolecular structure of complex 2 by O-H---O and O—-H---N interactions
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Table 4 ICy of complex 1, 2 and carboplatin on tumor cells

pmol - L™
Complex Colo205 HepG2 MCF-7 Hela NCI-H460
1 0.100 6 0.351 0.555 6 0.345 4 0.214 7
2 61.02 3.876 0.623 3 0.409 2 0.228 1
Carboplatin 0.531 4 0.613 9 26.83 24.78 62.13
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Fig.5 Thermogravimetric analysis curves of the complexes
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