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Syntheses, Crystal Structures and in Vitro Antitumor Activity of
Three Bis(organotin) Pyridine-2,3(5)-dicarboxylate
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(Key Laboratory of Functional Organometallic Materials of Hengyang Normal University, College of Hunan Province, College of
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Abstract: Three dinuclear bis(organotin) pyridine-2,3(5)-dicarboxylate, Py(CO),(SnR;),(MeOH), (R: Cy, n=1 (1), 2
(2); R: PhCMe,CH,, n=0 (3)), have been prepared by the microwave-assisted solvothermal reaction of tricyclohexyltin
hydroxide, bis(tri(2-methyl-2-phenyl)propyl)tin oxide with the pyridine-2,3(5)-dicarboxylic acid, respectively. The
compounds are characterized by elemental analysis, IR, (‘H, “C, "Sn) NMR spectra and X-ray crystallography
diffraction analyses. The distorted tetrahedral and trigonal bipyramid geometry is formed by the tin and ligand
atoms. Compound 1 has a 1D supramolecular chain and 2 has a 2D network with 34-membered macrocyclic
structure due to the coordinated methanol molecules via hydrogen bonds to the carbonyl oxygen atoms. The

antitumor activity shows that these compounds have higher activities than cisplatin in HT-29, HepG2, MCF-7, KB
and A549 cell line in vitro. CCDC: 838282, 1; 872952, 2; 886808, 3.
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UasL /O INCAR IR N E 2 AU N 3
MBI 55 AT DL PR IR R 1) 45 ) S JL AR W T v | AR SCHE
R FIISAE T , L =B RS A 8 5 5
WE-2,3- F R AL mE -2 | 5-— FF R s g, Ak WL (=
(2-HV 2 ) P AR )) ik e -2, 5- — H R s i, &
BT 3 ARG W, X Ak B P i 2 R 45 A
1T RAE, DI T A Y%t 25 1 9 (HT-29)
JFF 968 40 M (HepG2) , FL IR 988 (MCF-7) | £ W 98 (K B) 1 il
I 240 JEL (A 549) 55 (19 AR SMT b9 26 Wi v
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AN AE A LA R SE (MicroSYNT
Labstation for Microwave assisted, %ﬁ%”)%)ﬁo &
Y1 £1 40 6 3% A1 Shimadzu FTIR 8700 (KBr /& A,
400~4 000 cm™) JGIEALIE ;¢ H 1 N 241 BLH PE-
2400( I1)JT Z 43 AL & 5 'H A 5C NMR #% % 2 4ig
I 1% 7E Bruker Avance-400 1 500 M4% (TMS N #5,
CDCl; % 51) ."*Sn NMR H] Bruker Avance-500 )i
G 5E (Me,Sn PIAR) ; #F8 & P43 TA Q50 #A
SITAL, 7E N, AP LA 10 °C-min DA THIR 451
NI AP A AL A e XT-4 XCH R
RO RSO R (R BE TR R IE) A N A B
ali R alifb A,
1.2 HKEVWHEK

=3 RS AR (0.770 ¢,2 mmol) M BE -
2, 3-ZH Rk nE-2,5-— H f£(0.167 g, 1 mmol), %
F 20 mL RS, 8 T RGBS SR 7 RO A
LGRS 120 C TGRS RN 2 h, B ZE%E
Tk, A 8 Ul 78 R VR [ A R A 1 Bk 2,
FEIE Y W0 s i W, S IRICE | BOR 5 T 2
i T AR S5 R I 2

FH AR (= ((2-F 2228 J5) T 55) 89)(1.052 g,
2 mmol) U =IO A AL MhrE-2,5-— H R
(0.167 g,1 mmol), ¥ 2 Le 5 G 3,

TR 1, 77 5 :0.653 g(70.0%), m.p. 188~
189 «C, 'H NMR(500 MHz,CDCl,);8.64(dd,J=5,1.5
Hz,1H,6-Py-H),8.14(dd, J=8.1.5 Hz, 1H,4-Py-H),7.30
(dd,J=8,5 Hz,1H,5-Py-H),3.49(s,3H,CH;), 1.25~2.12

(m,66H,Cy-H), C NMR(125 MHz,CDCL,):27.06(5-
C),29.12(y-C,*J("*Sn-C)=64 Hz),31.23(8-C,*]("*Sn-
BC)=14 Hz),34.18(a-C,'J("*Sn-"C)=334 Hz,'J(""Sn-
C)=319 Hz),51.02(Me-C),123.27(5-Py-C),127.33(3-
Py-C),138.12 (4-Py-C), 150.86 (6-Py-C),154.60 (2-Py-
C),169.46,172.28 (CO0), '"°Sn (186.5 MHz,CDCl):
21.81, IR(cm™):3 443(b,vop); 1 665,1 614(s,veo0n) ;
1 400(m , vepo.) 3 586(W, Vs,c) ;428(wW, ¥s..0) o Anal. Caled.
For C4H;NOsSny(%):C,56.61;H,7.88;N,1.50, Found
(%):C,56.69;H,7.87;N,1.52.

TR 2, 77 5 .0.571 g(59.2%), m.p. 166~
167 °C, 'H NMR(400 MHz,CDCly):9.34(s, 1H, 6-Py-
H),8.38(d,/=8 Hz,1H,4-Py-H),8.14(d,/=8 Hz,1H,
3-Py-H),3.49 (s,6H,2 CH;),1.35~2.06 (m,66H,Cy-
H),“C NMR(100 MHz,CDCl,):27.05(5-C),29.07(y-C,
3J("Sn-"C) =63 Hz),31.31(8-C,%J("*Sn-"C) =14 Hz),
34.50(a-C , ' J("Sn-"C)=333 Hz,'J(""Sn-"C)=319 Hz),
50.96 (Me-C), 124.73 (3-Py-C), 130.14 (5-Py-C), 138.44
(4-Py-C),151.68(6-Py-C),152.62(2-Py-C),169.17,169.41
(CO0), "Sn(186.5 MHz,CDCl;):24.91, IR(cm™):3 439
(b,von);2 920,2 843 (m,vey);1 665,1 614(s, V0. ;
1 400(m , veoo.) ; S88(W , ¥s.c) ;422(W , Vsio) o Anal. Caled.
For C4sHyNOGSNy(%):C,55.98;H,8.04;N, 1.45  Found
(%):C,55.93;H,7.98;N, 1.44.

Tt ik 3,77 & .0.793 ¢(57.9%), m.p. 135~
136 °C, 'H NMR(400 MHz,CDCly):9.27(s, 1H, 6-Py-
H),8.26(d,J=7.6 Hz,1H,4-Py-H),7.92(d,J=7.6 Hz,
1H,3-Py-H),7.11~7.31(m,30H,Ph-H), 1.20~1.43 (m,
72H,-CH,-,Me-H), *C NMR(100 MHz,CDCl;):26.97
(-CMe,Ph,2J("*Sn-"C)=21 Hz),32.90(Me-C,*J("*Sn-"C)
=44 Hz),37.82(SnCH,,"J(""Sn-"C) =340 Hz) 124.16,
125.28,125.88,128.40,130.34,138.05,150.77,150.93,
151.46(Ar-C), 168.50(CO0), "*Sn(186.5 MHz,CDCLy):
102.35, IR(em™):1 638(s,¥00.); 1 333(m,vee0.) ;567
(W,75.0)3475(W,Vs0) o Anal. Caled. For CyoH,sNO,Sn,
(%):C,69.25;H,7.72;N,1.02, Found(%):C,69.23;
H,7.69;N,1.02.
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TE R /N4 312 0.23 mmx0.21 mmx0.20 mm
(1).0.25 mmx0.13 mmx0.11 mm (2)%1 0.31 mmx0.27
mmx0.23 mm (3) 1 & 4K , 7E Bruker Smart Apex I
CCD ST, RS A B0 1) Mo Ka
B2 (1=0.071 073 nm), T 296(2)K, LA ¢o~0 HHliT7
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Table 1 Crystallographic data of the compounds

Compound 1 2 3
Empirical formula Cu,H7»NOsSn, C4sH7NOeSn, CoH,0sNO,Sn,
Formula weight 933.41 965.46 1 370.02
Crystal system Monoclinic Monoclinic Triclinic
Space group P2//c P2//c Pl
a/ nm 1.018 90(15) 1.032 67(4) 1.111 35(6)
b/ nm 2.823 4(4) 1.698 27(6) 1.295 03(7)
¢/ nm 1.645 9(3) 1.431 72(6) 1.363 66(8)
al (%) 91.259(3)
B1(° 97.456(11) 107.465(3) 111.764(2)
y 1) 93.767(3)
V / nm? 4.694 7(13) 2.395 13(16) 1.816 51(17)
A 4 2 1
D./ (g-em™) 1.321 1.339 1.252
Absorption coefficient / mm™ 1.104 1.086 0.735
F(000) 1 936 1 004 718
Limiting indices (h, k, [) -12~12, -31~33, -17~19 -11~13, =22 ~20, —-18~18 -13 ~13, -15~15, -15~16
Reflection collected 26 548 16 111 19 157
Unique reflection (R;,) 8 620 (0.035 7) 5469 (0.029 5) 6391 (0.017 3)
Data with I>20(1) 5657 4 095 6 052
Data, restraint, parameter 8 620, 432, 544 5469, 0, 244 6 391, 60, 388
Goodness-of-fit on F 1.025 1.019 1.112
Completeness / % 98.6 99.7 99.8

R\, wR, [I>20(])]
R\, wR; (all data)

0.059 8, 0.164 9
0.091 8, 0.186 4

Largest diff. peak and hole / (e-nm™) 738 and -1 132

0.034 8, 0.078 4
0.053 6, 0.086 4
471 and -303

0.027 0, 0.078 7
0.029 1, 0.080 8
645 and -497
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HT-29,HEPG2 ,MCF-7,KB F1 A549 4 ii it A
FEBALREFRE, HE 10%4 6 175 1) RPMI1640
(GIBICO, Invitrogen) 35 7% & , £ & 5%(V/V)CO, 1 ¥4
FAAN T 37°C T 4555 FH MTT 3546 I 240 i 38 5% 5
ARG AL, A S0 Al A FE 570 nm 3R
13 1.3~2.2 BTG RE B LA P I 25 3(0.1 nmol -
L7'~10 pwmol - L) & 6 MU A FA AL 72 h, 7
MUSE R 3 A PATEI M 3 W EE SR, W]
GraphPad Prism 5.0 ARG M 1Cy, 18,

2 #R5iTie

2.1 BREgH

TR0 A A2 F DL T 1, B o R R A
W% 2, BESECM LRGSR KT L rE-2 3- iR
FIERE-2  5- " H R 5 = R ILB Al b & W S | ik
WE R IR IS 2 A8 LSRG VR L Bl A%
AP, ERE N TR 5 Sn BLf7 , BFE 02 F1 03
4305 Sn MEE B A 5K T 0.3 nm, 4011 /) 02---
Sn1:0.295 3 nm,03---Sn2:0.332 8 nm,2 % 02
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Thermal ellipsoid probability: 10%
K1 AbEmI T4
Fig.1 Molecular structure of the compounds
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Table 2 Selected bond lengths (nm) and angles (°)

Sn(1)-0(1) 0.207 3(5) Sn(1)-C(8) 0.210 8(7) Sn(1)-C(14) 0.212 4(7)

Sn(1)-C(20) 0.212 9(7) Sn(2)-0(4) 0212 2(5) Sn(2)-C(32) 0212 8(7)

Sn(2)-C(38) 0.215 5(7) Sn(2)-C(26) 0.216 0(8) Sn(2)-0(5) 0.260 7(4)
0(1)-Sn(1)-C(8) 110.5(2) 0(1)-Sn(1)-C(14) 104.2(2) C(8)-Sn(1)-C(14) 112.1(3)
0(1)-Sn(1)-C(20) 97.5(2) C(8)-Sn(1)-C(20) 113.5(3) C(14)-Sn(1)-C(20) 117.3(3)
0(#)-Sn(2)-C(32) 90.2(3) 0(4)-Sn(2)-C(38) 100.7(3) €(32)-Sn(2)-C(38) 114.103)
0(#)-Sn(2)-C(26) 97.6(3) €(32)-Sn(2)-C(26) 116.8(3) C(38)-Sn(2)-C(26) 125.4(3)
0(#)-Sn(2)-0(5) 172.24(17) ((32)-8n(2)-0(5) 82.2(2) C(38)-8n(2)-0(5) 83.902)
C(26)-Sn(2)-0(5) 84.6(3)

Sn(1)-0(1) 0215 7(2) Sn(1)-0(3) 0.267 9 Sn(1)-C(1) 0215 2(3)

Sn(1)-C(7) 0.215 3(3) Sn(1)-C(13) 0215 5(3)
C(1)-Sn(1)-0(1) 94.26(11) C(7)-Sn(1)-0(1) 95.37(11) C(13)-Sn(1)-0(1) 100.97(11)
0(3)-8n(1)-0(1) 173.92 C(1)-Sn(1)-0(3) 83.70 C(7)-Sn(1)-0(3) 80.62
C(13)-Sn(1)-0(3) 85.10 C(1)-Sn(1)-C(7) 117.81(13) C(1)-Sn(1)-C(13) 112.52(14)
C(7)-Sn(1)-C(13) 125.34(13)

Sn(1)-0(1) 0.207 50(17) Sn(1)-C(1) 0.214 8(3) Sn(1)-C(11) 0.214 9(3)

Sn(1)-C(21) 0215 1(3)
0(1)-Sn(1)-C(1) 103.16(10) 0(1)-Sn(1)-C(11) 106.11(9) 0(1)-Sn(1)-C(21) 93.26(9)
C(1)-Sn(1)-C(11) 115.38(11) C(1)-Sn(1)-C(21) 117.84(10) C(21)-Sn(1)-C(11) 116.41(10)
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Sn1:0.304 7 nm,3 % 02---Sn1:0.307 4 nm, P&
i Sn-0 AT EE RS LU EL O 5 Sn fEHITR S . &
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Hydrogen atoms and cyclohexyl groups are omitted for clarity; Symmetry codes: ' x, 0.5-y, 0.5+z for 1; ' 1-x, 1-y, 1z for 2
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Fig.2  One dimensional chain for 1 and 2D network for 2 constructed via the hydrogen bonds
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LAY 1~3 B9 IR A ('H.BC A1 "Sn)NMR i
PERT 73 30 5 W ARRE . (1) A LB R B IR AL &
LA R FEER 1, (CO0) 5 v (COO)LL ARG HE
(EUE 22 2% Aw [ i R B 5 8 VR 7 U2 7Efb &
Y 1~3, X —FFEEZ 22 Ay YJRT 200 em™, I,
TR EE G, WA A0S TE 586 (1).588
(2)F1 567 em™ H B »(Sn-C)1, 7£ 428 (1) 422 (2)Fl
475 e I p(Sn-O)IREIE I | i — 20 S HE T AL E
Y gkt 5 X P iR g sem g R —3k, (2)
F(>C=0)k 32 EH MM 3R 78 °C NMR 1% 191K

2.3

HIES .6 169.46,172.28 (1);5 169.17,169.41 (2);6
168.50 (3), BUNRHIEIEEL , (3) A VLB AW °Sn
NMR b2 0% |, 52 5 85 AR i 1 A 5 R TG A4 1 5%
Mol 7E A A1 35 43 501 3 30 1°Sn i%é;% :21.81 (1),24.91
(2)F1102.35 (3), (4) R&E H i FIEEAM G 'H
NMR 35 2% 8 7~9 FETEJF ¥ H 1) 2 W0 ) HHE (O-
H)BEF 8 3.49 (1 Fl 2) 0 REAE 1%
24 HEW2FIMNRBENE
K I AT, EAE AT, PL 20 °C -min™
(49 0 #RGH BE T 20 mlL - min™ S 7E 40~600 °C
T XA 2 A3 AT A I F 5T R
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FaEtk, S5 K& 2 18 242 CHi A WL G & i
Je B R T R AR SR E B 447 CH D
64.2%, LG 2 77 LR R Sn0, T,
PSR 31.2% (P K H 68.8%), L& 3 1k 2
WRRE, HF 203 CH IR K E ,293~453 CRH K
T4.5% , FAFRRW AT EAE R 22.0% (L K E
78.0%), 5 J B AH HA L,

2.5 HphEE M

DU B T A A 9 1~3 X fi g 440
N &5 W 9 (HT-29) AT 9 41 A (HepG2) . FL R 9 (MCF-
7) S MR s (KB ) R 7 98 410 B (A 549) ) 44 S A 40 ) 17
PE SR IR 3, R I G WXt B A i 2 s T
LI PR P9 L4710 5 OB 0 98 075 P | JCJE XS HT-29 1)
VR TS W, AT AR S ) iSO s e A G

x3 LA XS A RS 7R 48 B A 2 A0

Table 3 ICy, of title compounds and cisplatin on tumor cells in vitro

mol - L™
1Cso
Compound
HT-29 HepG2 MCF-7 KB A549
1 0.035 0.204 0.211 0.348 0.602
2 0.026 0.150 0.202 0.231 0.474
3 0.123 1.483 1.242 0.673 0.709
Cisplatin 58 65 88 2.65+0.33 1.51+£0.02
3 QE -L/l,: [6] Vadapali C, Viswanathan B, Alexander S, et al. Organome-

TERE R REE T W T 3 A BA W4
) (A HLBh) L EE-2,3(5)-— H Wi , K ML &9
PG (HT-29), MFE4EM (HepG2) ., FLARJE
(MCF-7) , 5 W 5 (K B) 1 fii s 2 B (A 549) 35 Wb 7 3 L
s A A FH B ML 30 e P AR SN 0% 1, T A g ) 3%
ERCRINE 7S A7/ N
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