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Syntheses, Structures and in Vitro Antitumor Activity of Bis(tricyclohexyltin)
Pyridinedicarboxylate with Macrocyclic Supramolecular Structure
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Abstract: Four bis (tricyclohexyltin)pyridinedicarboxylates, {[(2,6-Hpydc)SnCy;] -MeOH}, (1), [(2,6-pydc)Sn,Cys
(H,0)]-PhH (2), [(3,5-pydc)Sn,Cys(MeOH)]-MeOH (3) and [(3,5-pydc)Sn,Cys(H,0)]- EtOH (4), have been prepared
by the microwave-assisted solvothermal reaction of tricyclohexyltin hydroxide with 2,6-H.pyde and 3,5-H,pyde
(H,pyde=pyridinedicarboxylic acid), respectively. Compounds 1~4 have been characterized by elemental, TR, (‘H,
BC and ""Sn) NMR and single crystal X-ray diffraction analyses. The distorted tetrahedral and trigonal bipyramid
geometry is formed by the tin and ligand atoms. These compounds has a 2D network with macrocyclic
supramolecular by the hydrogen bonding interaction of the neighboring molecule. The antitumor activity showed
that compounds 1 and 3 have higher activities than cisplatin in HT-29, HepG2, MCF-7, KB and A549 cell line
in vitro. CCDC: 818373, 1; 838280, 2; 838281, 3; 872955, 4.
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Labstation for Microwave assisted & KF)58 0, b5
Py £1 40 S 3% A1 Shimadzu FTIR 8700 (KBr /& A,
400~4 000 em™) JEIEAGNE ;C H 1 N 418 H PE-
2400(ID7C 2 73 M A P 5 5 'H A1 °C NMR R RE 3 ik ik
% 7£ Bruker Avance-400 Fl 500 Ml 7% (TMS WM #5 |
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T AR 1, 77 15 .0.407 g(72.0%), m.p. 123~
124 °C, 'H NMR(500 MHz,CDCI,):8 8.35(t,./=8 Hz,
2H,3,5-Py-H),8.06(t,J=8 Hz,1H,4-Py-H),3.51(s,3H,
CH,),1.25~2.10(m, 34H,Cy-H ,MeO-H),, °C NMR(125
MHz,CDCly):8 26.98 (5-C),28.78,29.04,29.30 (y-C,
3J("Sn-"C)=64 Hz),31.21,31.27,31.32( B-C,]("*Sn-
BC)=14 Hz),34.66(a-C,'J("*Sn-"C)=325 Hz,'J(""Sn-
C)=312 Hz),50.86(CH,0H),126.22,129.12,139.32,
146.60,148.93(Py-C),164.47,168.28(C0O0), “Sn(186.5
MHz,CDCLy):8 40.30, IR(cm™):3 441(b,voy);2 920,
2 843 (m,vep);l 661,1 626 (s,7,C00);1 398 (m,
v.00);586 (W,vs.0);426 (W,Vs0)0 “Sn (500 MHz,
CDCly):39.88, JCE /M HTHE CpHyNOsSn T3 (%)
C,55.14;H,7.30;N,2.47, LA (%):C,55.24;H,
7.15;N,2.43,

Toa bk 2,77 5 .0.579 ¢(58.0%), m.p. 146~
147 °C, 'H NMR (400 MHz,CDCl;):5 7.88~8.23(m,
3H,3,4,5-Py-H),7.37(s,6H,Ph-H),1.34~2.02(m,68H,
Cy-H,H-0-H), “C NMR(100 MHz,CDCl,):5 27.07(5-
C),28.81,29.13,29.45(y-C,*J("*Sn-"C)=65 Hz),31.36
(B-C,CeHg,2J("°Sn-"C)=14 Hz),34.55(c-C , ' J("*Sn-"C)
=332 Hz,'J (""Sn-"C) =317 Hz),127.57 (3,5-Py-C),
137.47(4-Py-C), 150.62(2,,6-Py-C), 169.28(CO0), "*Sn
(186.5 MHz,CDCL,):8 24.86, IR(cm™):3 377(b,von);
2 920,2 845(m,vey);1 632,1 578(s,».C00);1 352
(m,v.C00);482 (w,ve.);417 (W,vs.0)e JCRIFHTHE
CyoH,NOsSn, i+ 56 (%).C,59.00;H,7.78;5N,1.40,
SEMAE (%) : C,58.93;H,7.69;N,1.46,

Tt bk 3, 7 i1 .0.546 g(56.6%), m.p. 157~
158 °C., 'H NMR(400 MHz,CDCly):8 9.34(s,2H,2,6-
Py-H),8.86 (s,1H,4-Py-H),3.49 (s,6H,2CH;),0.96~
2.06 (m,68H,Cy-H,MeO-H), “C NMR (100 MHz,
CDCly):8 26.86(5-C),28.65,28.91,29.16(y-C,*J("*Sn-
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¥C)=64 Hz),31.06,31.11,31.17(B-C,%J("*Sn-"C) =14
Hz),34.20 (a-C,"J("*Sn-"C)=331 Hz,'J(""Sn-"C)=317
Hz),50.76 (CH,0H),127.99 (3,5-Py-C),139.07(4-Py-
C),153.97(2,6-Py-C), 169.22(CO0)., "*Sn(186.5 MHz,
CDCly):8 27.13, IR(cm™):3 447(b,vo1);2 920,2 845
(m,ve);1 661,1 612 (s,v,00);1 402 (m,r,CO0);
592 (W,Vs0) 3527 (W, V) ;424 (W, vs0) 0 JC 3R 53 BT %
CysHNOGSn, 11518 (%) . C,55.98;H,8.04;N,1.45,,
M (%) : C,56.02;H,8.07;N,1.47,

Tt Ak 4,77 5 .0.465 g(48.2%), m.p. 217~
218 °C. 'H NMR (400 MHz,CDCL,):8 7.83~8.25(m,
3H,2,4,6-Py-H),1.31~2.06(m,74H,Cy-H,CH;CH,OH,H-
0-H), C NMR(100 MHz,CDCL,):6 18.31(CH;CH,0H),
26.85 (6-C),28.65,28.90,29.16 (y-C,*] ("*Sn-"C) =65
Hz),31.05,31.11,31.16(8-C,2J("*Sn-"C)=14 Hz),34.18
(@-C,'J("*Sn-"C)=330 Hz),58.22(CH;CH,0H),127.98
(3,5-Py-C), 139.07 (4-Py-C),153.91(2,6-Py-C), 169.19
(CO0)., 'Sn(186.5 MHz,CDCly):8 27.14, IR(cm™):

3 395(b,von);2 920,2 845(m,vey);1 628(s,v,.L00);
1 377,1 329(m,»,CO0);565(w,vsc) ; 419(wW , vsn0) o JC
RO HTH% CisHrNOSN, 1518 (%) . C,55.98;H,8.04;
N,1.45, SZl{E (%) C,56.03;H,8.01;N,1.40,
1.3 X S&RETa

B /NG 38 1 S A e S S A S A B R
241 & B AL Mo Ka $746(1=0.071 073 nm), T
296(2) K, Lk @-o $A4 7 BT S OB, 7 595
RO 2 2 B AR ROORSE | S iR 5 e v R 4R
AR B B R AR R R TR S
FEAE AT S A b ki S B | X T A R SR A B
TG B DR 2R FH A o e/ R R 1%, R B
Ik 45 SR TR I T R B AR bR X SR T
A U573 1) 2R HH 4% 1) [] 14 DA% o) e 1k A 2 4
Fi1E , B4 73 B TAELE WINGX EiE 1] SHELX-
97 FE ¥ 58 2 AL W FEZ RSB TR 1,

CCDC:818373,1;838280,2;838281,3;872955.4,

x1 HEYHREFHE
Table 1 Crystallographic data of the compounds

Compound 1 2 3 4
Empirical formula CyHuNOsSn CyH7NOsSn, CusH7NOgSn, CusHzNOgSn,
Formula weight 566.29 997.50 965.46 965.46
Temperature / K 296(2) 296(2) 296(2) 293(2)
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2/c P2i/n P2//c P2i/n
a/nm 0.918 94(9) 1.528 71(4) 1.940 3(2) 1.065 523(6)
b/ nm 1.888 54(19) 1.452 24(4) 1.518 26(17) 3.130 44(19)
¢/ nm 1.583 95(15) 2.306 97(7) 1.843 0(2) 1.800 0(9)
B1(° 97.800(3) 101.508 0(10) 115.721(6) 90.850 0(10)
Volume / nm? 2.723 4(5) 5.018 6(2) 4.891 1(9) 4.934 7(10)
A 4 4 4 4
D./ (Mg-m™) 1.381 1.320 1.311 1.300
Absorption coefficient /mm™ 0.972 1.037 1.063 1.054
F(000) 1176 2072 2 008 2 008
Crystal size / mm 0.20x0.20%0.20 0.35x0.29x0.23 0.23%0.21x0.20 0.23%0.21x0.20
0 range / (°) 1.69~25.10 2.47~27.46 1.78~26.59 2.34~25.00
Limiting indices (b, k, [) -10~10, -19~19, —24~20, —12~12,
-20~22, -18~18, -17~19, -37~34,
-18~18 -29~29 -23~23 -17~15
Reflection collected 20 926 33 439 38 448 27 076

Unique reflection (R;,)
Completeness to 6 / %

Data, restraint, parameter

4839 (0.022 3)
100
4839, 0, 304

11 455 (0.021 1)
99.7
11 455, 56, 514

10 171(0.043 9)
99.4
10 171, 144, 494

8 680 (0.028 6)
99.8
8 680, 429, 512
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Goodness-of-fit on F?
Ry, wR, [I>20(1)]
R, wR, (all data)

1.018
0.028 7, 0.076 0
0.037 2, 0.080 6

Largest diff. peak and hole / (e*nm™) 432 and -341

1.026

0.040 4, 0.111 1
0.058 2, 0.126 6
1211 and -613

1.036

0.046 2, 0.134 9
0.067 2, 0.151 5
1237 and -1 133

1.061

0.065 5, 0.187 1
0.088 3, 0.198 8
760 and -1 155

LA M E

HT-29,HEPG2 ,MCF-7,KB #1 A549 4 8 Ht A
FEMALREFE, HE 10%4 it 75 1Y) RPMI1640
(GIBICO, Invitrogen) 5 #£ W , 7£ & 5%(V/V) CO, H ¥4
FEFN T 37 CCHE5FR, I MTT 46 00 48 3 5 5
ARG B0, S50 A B AR AR 570 nm 3R
13 1.3~2.2 BYWEOGEE KA A P K 25 (0.1 nmol -
L7'~10 pmol - L) & 6 DU EE AL FRANM 720, 4>
WEED3IANAFITM3IWELLE, WH
GraphPad Prism 5.0 BAG T M € 1C, 1

2 HRSUE

MR

G 1~4 B9 IR F1('H ., BC A "Sn)NMR i B
AW RARHIE A LR BRIGR 1R JE 7™ A= 1 i 45 41 2
ZLAMGIE R AR IE p, (CO0) v, (CO0)Z 25 Av I R T
200 em™, THLEY 1~4 RILAH LG 5
FERWI BEAk | £LAM 1A 280~600 cm™ 3 v(Sn-

1.4

2.1

C)MHIFE 410~430 cm™ H B »(Sn-0)"> 194k & 1 1) 55
FRAEUE | 3 — 2D E T X2 R AT S 52 3 AR A5 1Y
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AERMHLEFEM R EETRA 5C NMR 15215
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et WKW HEA) B T 1E %, HE B F 1A A
Bl o R AR T 805 BN IR LA &
22 kg

RGPy EZ B R A DL 3R 2, AR T
SER UL 1, RS ECM SR A5 R 2, 6-
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B 2R L B UG R C A 1 S T AN TR B 9 5/
O3 FOK P EEE OS2 58 N AR 25 | A5

F2 WA 14 HBHERKOmTEEC)
Table 2 Selected bond lengths (nm) and angles (°) for compounds 1~4

1

Sn1-01 0.213 35(19) Snl-C14 0.216 1(3) Snl-C20 0.215 3(3)

Snl-C8 0.215 3(3)
01-Sn1-C8 100.52(10) 04i-Sn1-C8 8451 €14-8n1-C20 120.97(13)
01-Sn1-C14 88.15(9) C8-Snl1-C14 108.24(12) 04i-Sn1-01 174.57
01-Sn1-C20 100.48(11) €8-Sn1-C20 126.60(12)

2

Snl1-01 0.208 3(3) Sn1-C20 0.215 9(6) Sn2-C26 0.215 4(4)

Sn1-C8 0.215 4(4) Sn2-04 0.218 4(2) Sn2-C32 0.216 2(4)

Snl-Cl4 0.214 9(5) Sn2-05 0.238 5(2) Sn2-C38 0.217 0(4)
01-Sn1-C8 108.82(14) 04-Sn2-05 166.77(9) 05-Sn2-C26 81.43(13)
01-Snl-C14 101.89(18) 04-Sn2-C26 88.50(14) 05-Sn2-C32 85.69(12)
01-Sn1-C20 95.0(2) 04-Sn2-C32 93.27(13) 05-n2-C38 90.74(11)
C8-Snl-Cl4 117.8(2) 04-Sn2-C38 101.52(13) €26-Sn2-C38 117.11(18)
€8-Sn1-C20 113.703) €26-Sn2-C32 125.31(18)
€14-8n1-C20 115.9(3) €32-8n2-C38 115.97(16)
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Snl1-01 0.212 6(3) Sn1-C14 0.212 6(6) Sn2-C26 0.215 6(5)
Sn1-05 0.257 6 Sn1-C20 0.216 0(6) Sn2-C32 0.216 3(5)
Snl-C8 0.216 5(7) Sn2-03 0.214 3(3) Sn2-C38 0.216 6(4)
01-Sn1-05 174.56 05-Sn1-C20 85.97 03-Sn2-C38 92.45(14)
01-Sn1-C8 98.03) C8-Sn1-C14 122.6(3) C26-5n2-C32 127.2(2)
01-Sn1-C14 99.1(3) C8-Sn1-C20 114.93) C26-5n2-C38 113.1(2)
01-Sn1-C20 88.7(2) C14-Sn1-C20 119.9(3) (C32-5n2-C38 114.37(18)
05-Sn1-C8 83.28 03-Sn2-C26 98.42(18)
05-Sn1-C14 84.52 03-Sn2-C32 101.17(17)
Sn1-01 0.216 7(5) Snl-Cl14 0213 1(8) Sn2-C26 0210 7(9)
Sn1-05 0.245 7(4) Sn1-C20 0213 2(7) Sn2-C32 0.214 5(10)
Snl-C8 0.213 2(4) Sn2-03 0.208 6(5) Sn2-C38 0.209 7(8)
01-Sn1-05 171.91(17) 05-Sn1-C20 82.5(3) 03-Sn2-C38 107.8(3)
01-Sn1-C8 97.07(19) C8-Sn1-C14 124.4(3) (26-5n2-C32 115.5(4)
01-Sn1-C14 96.3(3) (C8-Sn1-C20 116.03) (€26-Sn2-C38 115.03)
01-Sn1-C20 89.7(3) C14-Sn1-C20 117.8(4) (C32-Sn2-C38 110.4(4)
05-Sn1-C8 88.29(14) 03-Sn2-C26 111.0(3)
05-Sn1-C14 85.6(3) 03-Sn2-C32 95.2(3)

Symmetry codes: ' —2+x, 1.5-y, —=0.5+z for 1.

Thermal ellipsoid probability: 20%; Symmetry codes: ' =2+x, 1.5—y, =0.5+z; " x, 1.5-y, 0.5+z for 1
B 1 G s v 454

Molecular structure of the compounds

Fig.1
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Hydrogen atoms and cyclohexyl groups are omitted for clarity; Symmetry codes: ' —2—x, 1-y, —=1-z for 1; x, =14y, —1+z; " 0.5+x, 1.5-,

—1.5+z for 2; ' 1-x, 2—y, 1-z; " -, 2—y, 1-z;

14w, 2.5-y, =0.5+z; ¥ x, 2.5-y, 0.5+z for 3; ' 1+x, v, z; * 1+x, y, 14z for 4

B2 SRR SRAL S R 4R RS R
Fig.2 2D network for constructed via the hydrogen bonds
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Table 3 ICs of compounds 1, 3 and cisplatin on tumor cells in vitro

ICs0 / (pmol - L)

HT-29 HepG2 MCF-7 KB A549
1 0.090 0.237 0.315 0.698 0.756
3 0.025 0.191 0.113 0.188 0.266
1C(1)/IC(3) 3.6 12 28 3.7 28
Cisplatin 58 65 88 2.65+0.33 1.51+0.02
3 & i 111:25-32
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