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Syntheses, Crystal Structures, Thermal Stability and Biological Activities of Two
Bis[tri(2-methyl-2-phenyl)propyltin]dicarboxylates (CH,),[CO,Sn(CH,CMe,Ph);], (n=5,6)

ZHU Xiao-Ming' KUANG Dai-Zhi*' FENG Yong-Lan'
ZHANG Fu-Xing' YU Jiang-Xi' JIANG Wu-Jiu' ZHANG Zhi-Jian’
("Department of Chemistry and Material Science, Hengyang Normal University; Key Laboratory of Functional
Organometallic Materials of Hengyang Normal University, College of Hunan Province, Hengyang, Hunan 421008, China)
(*Department of Lifes Science, Hengyang Normal University, Hengyang, Hunan 421008, China)

Abstract: The two bis|tri(2-methyl-2-phenyl)propyltin]dicarboxylates (CH,),[CO,Sn(CH,CMe,Ph)], (n=5 (1), 6 (2))
have been synthesized by the reaction of pimelic acid and suberic acid with bis[tri(2-methyl-2-phenyl)propyltin]
oxide, respectively. IR, 'H and “C NMR, elemental analysis and X-ray diffraction for the title complexes were
presented. The two complexes belong to monoclinic, space group P2//c. The tin atoms have a distorted tetrahedral
geometry. A 1D chain structure of complex 1 is generated by intermolecular hydrogen bonds and a 2D network
structure of complex 2 is formed by C—H---O and C-H---7 interactions. The thermal gravimetric analysis has
showed that the complexes 1 and 2 are stable below 340 °C. The two complexes showed strong in vitro anti-tumor
activity against five human tumor cell lines, Colo205, HepG2, MCF-7, Hela and NCI-H460, and have
antibacterial activity. CCDC: 1047097, 1; 1047098, 2.
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IR T UFR L = (2-H B2 2R JE TN 36 ) 1 4 1k
Yy, BABAF (A piE v AT AR R — T s RO W 7
7 — S A M W B 2R Bl YA 1, 2R T B I it S A
A LR TT B HLA TG O AR S PR SR AT
KU, RTHEABKMN 2 WL, Wl b6
J T AR DS I8 — SR T B A A B AR
T PERIE S AR LRGBS 3T B R IR IR 1 & 5 4544
WEFE R WY MR 05 15 — ST RAE W RE L, 5 R T 8
FLIE T RUBEBR 2R T 4% —u i Bis , 45 M bR T %
BT B A (AL B A 3R 5 e R 9 g 17 B 1K
JEA G, T 8 5 R D7 % — It HO,C(CH,),COH
(n=0~4) I, — B K BE 1) 0, R T8 &
TRER TRT T RER R T B R ER MR T
ByC RRER Y G U T X — 25 B (D) SCikiE) R
TR ER T HRREEE WG S 45
AR SCH 2R T 8 00 B 45 BE R R = R L0, A3
T 2R R T B R BRI
[(PhMe,CCH,);Sn],0+HO,C(CH,),CO,H —
(CH,),[CO.Sn(CH,CMe,Ph)], n=5 (1);6 (2)
IR TE TG W NI 400 Colo205 \HepG2 |
MCF-7 Hela NCI-H460 3 58 it 41 1 4 F | e Xof 45 3%
8 % IR T (S. Aureus) A #0027 #FF T8 (B, Subtilis) |
K s W (E. Coli) M FEFF T (S. Typhi) W T 1%
‘Hfo

1 SEWHES

1.1 XA 5EE

W= (2-F R RN EL B 1Sk P R |
¥R WA (DMSO0) R IEC b, A
Pe 38 R B g, RE1(99%) A A5 (X =99.8%) 1
FH 2R A PR R NS 95 4 M (Colo205) A
JH 98 40 ML (HepG2) A FL IR g 48 AR (MCF-7) B 85U
0 (Hela) A il 98 41 A2 (NCI-H460) 20 i A% B 56
AR FRWEAFE (ATCC), & 10% /i 4 1 i 1)
RPMI-1640 55 7= H: 04 H 56 [ Gibico 28w, 4 H i
(Trypsin)ll FI H N & AT 4G RAR, S
A % BRI (S, Aureus) i 5 25 LR 18 (B, Subtilis) . R
WA W (E. Coli) MFEFF R (S. Typhi) AT~ AR 2457
Bi .

JT AL ES AT H A HE IR Prestige-21 2198 6%
1 (4 000~400 cm™,KBr), PE-2400(I) JC 2 4 #14% |

Bruker SMART APEX II CCD ¢ 17 51 4%, X-4 XU
H AR 500 500 52 1L, Bruker Avance 400 #% i 3
PRAL(TMS 2 AR ,CDC1; A7), TGA Q50 A H 7
BrA, B TAE & R ), i e K B s (L
FROB AR B 7 s B A7 BR 28 w1 1 i 3 R A (I
T AR A ED
1.2 HEWHERK

£ 100 mL BEHIE S, BIA 4 mmol [(PhMe,
CCH,);Sn},0 .2 mmol B¢ — R 8¢ 2 mmol ¥ — 2 ,50
mL 2R BERERIGE 11 h, ¥ 2008 | i 78 R &
Ve R i G e IE e TR B 9 T 45
(CE IS

1. LK 1,460 ¢, 7" % 61.1%, m.p.:114~
115 °C, JCRHr. SEWE (H5H1E,%).C 67.93
(67.35),H 7.48(7.42), IR(KBr,em™):2 959,2 920,2 862
(m,v(C-H)),1 659(s,v,.(CO0)),1 367 (m,r.(COO7)),
556(m,»(Sn-0)),457(m,»(Sn-C)),'H NMR(CDCl;, 400
MHz),8:7.09~7.30(m,30H,Ph-H),1.16(s, 12H, CH,Sn),
1.20(s,36H,CH3),2.24(t,4H,CH,CO0Sn), 1.63,1.37(s,
4H,s,2H,C(CH,),C), “C NMR(CDCl;,100 MHz),5:
29.25,25.68 (-CH»-),35.85(Ar-C),32.72(SnCH-),37.25 ,
37.73(-CH;).125.30.125.77 .128.29 .150.96(Ar),, 176.97
(COO0),

2. LA 1,786 ¢, 77 % 73.8 %, m.p.:99~
100 C., JTRHr. STE (HEAE,%).C 67.50
(67.56),H 7.55(7.50), IR(KBr,em™):2 957,2 9222 858
(m,v(C-H)),1 657(s,v,.(CO0)),1 381 (m,v,(COO)),
556(m ,»(Sn-0)),453(m,»(Sn-C)),'H NMR(CDCl;,400
MHz),8:7.08~7.26(m,30H,Ph-H),1.14(s, 12H, CH,Sn),
1.20(s,36H,CH3),2.24(1,4H,CH,CO0Sn), 1.57,1.36(s,
4H,s,4H,C(CH,),C), “C NMR(CDCls,100 MHz),5:
25.83,28.69 (-CH,-),35.93 (Ar-C),32.72 (SnCH,-),37.25,
37.73(-CH,),125.30,125.78 ,128.28 .150.96 (Ar) , 177.02
(CO0).
1.3 AEWiEtEnK
1.3.1 A& Wi A S0 i 1 3k

SR FH U 20 3 D 3 (MITT 325 ) 2 16 45 0k A
I 20 L Colo205 HepG2 MCF-7 Hela NCI-H460 4
B (R A0 3 S 5 43 S 24 0 e A (3 ) ACAS [
VRE (R 24 T HEZE (L 5 5 AR A L AN
B2 S 2R (R0 R, AN T 2 e A 5t 2
TEUAL ~F %o 50 A K 10 1 Pk 96 4 B, G H 9 Trypsin
AL, 00 RE 20 B B 9%, & 10% 4 iR T 1
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RPMI-1640 5 32 W AE & 5% 80 CO, . Ml AN
JEREFRAAN T 37 C R HEFR ., B 96 fLk , # It 24
(0.1 nmol - L"'~10 wmol - L~)F% ¥ & 46 JiZ 43 51 i A
HAL AW 6 FATAL, THTIR B FR 46 5%
PR SR 72 h, SR 5 BAL I MTT40 pL(H D-Hanks
GEMWEL N 4 mg-mL"), 4kZdEFE 4 h, BA LW
W, BEFLN DMSO 150 wL, #% 3% 5 min, fiff B 845 &
FEAT IR R Ap22 Speedy 4 H B 5 73 BT R 4t
£ 570 nm ARG A AL R B L X IRZG (R
BT A e R 0 3 I 9 I | S 4
i 1% F] Graph Pad Prism 5.0 & it5c44 534 il 2 47
I 221 43 LU RS AR X T 24 W ik B2 0 AR £k el 19 43
B Ze8h G, S JE 50t me Ry (28 42t) 7 B 2E 1Cs,
{H.,
1.3.2 kG i 4 T 3 4 3

F U8 A0 R Ak & W A TR P BT IR
Y% i S R 245 9 A B B0 S 06 TR Y B 8 R A
) ER T 02 3 1R 8 3 0 B0% S50 B A A R
VE T 52 Wi 4 T8 AR B0, AT IR B — 2 1 4 1A
PEl B AT MR A AR RO AR IR i R A T P R
JIN o AE— R (4 25 W e TR P, X 28R k(v ) 5 4
PRI P %) 3 TR B A% B I Bl AR B R A R /N 2
ZHYIPLE BE 1 BBRESIO Ve FH 4 b 40 T R B A SR
BRI, v 2 ol Ok 2% I BH M A0 R 4 00 A Bk
(S. Aureus) Mi B AT (B. Subtilis);2 F R 2% [
PEANTR . KGR A5 R (E. Coli) Wi FEFFI(S. Typhi), 3%

AL WU S I AR D B AR 4~6 4
WA I 24 9 ) B AR (L 4R2(6.0+0.1) mm), I JH
H I BB R S IILF 36 CIEE 24 b, AiES
RO A2 3 Ak B W i 100 TR P AR g S o
2 W B3
14 BRIEEHHNE

A3 HE O SE A 0.18 mmx0.23 mmx0.21 mm
(1) A1 0.30 mmx0.13 mmx0.12 mm (2) B 51K, 78
BRUKER SMART APEX II CCD 9 i g4 I %
& B PALT Mo Ka 28 (1=0.071 073 nm),
F296(2) K, Lk o~ FHE 7 MR S5, LA
P11 78 1.55°~25.00°3 [F L8R 46 260 4 1iT 3T
A, HR ST AT 5 10 949 N(R,,=0.024 9), HH T 45
FA A8 1Y A AT 5 22 8 303 N (120 (1)) BL 5 40 2
TE 1.60°~27.64°70 Fl I UC 4R 41 659 M i A, H:
Tl ST AT A 14 567 A (R,,=0.027 7), H T 45 K kG
& 1 W] WS AT BT 48 9 352 AN (I>20 (D), & FB 5 4
Lp HF MW IE SRSt B
TR A3 AE SR T A bR 7 B R B9 B0 28 Fourier & h
Rl S 5 e I AUk 45 Hh SR A I P A
EARRR R SR A AR A 1) R S B AT
AN IR BBIE  ATREE R AT TR T AR
FH SHEXTL-97 B JF MRG58 i, A9 1.2 By ik
EHARI TR 1,

CCDC:1047097,1;1047098,2,

x1 LEVREZBE
Table 1 Crystallographic data of the complexes

Compounds 1 2
Empirical formula CeHgsO.Sn, CesHaO4Sn,
Formula weight 1 194.75 1208.78
Crystal system Monoclinic Monoclinic
Space group P2/c P2/c
a/nm 1.811 10(6) 1.803 1(2)
b/ nm 1.840 43(6) 1.860 2(2)
¢/ nm 1.926 42(6) 1.953 5(2)
B/ 104.576 104.234(6)
Volume / nm? 6.214 5(3) 6.351 2(13)
Z 4 4

D./ (Mg-m?) 1.277 1.264
Absorption coefficient / mm™ 0.848 0.831
F(000) 2 488 2 520
Limiting indices 2lsh<19,21<k<21,-22<[<19 18 sh=<23,-24<k=<23-25<|<24
Completeness to 6 / % 99.9 98.4
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Goodness-of-fit on F? 1.015
Final R indices (I>20(I))
R indices (all data)

Largest diff. peak and hole / (e-nm™) 1 120 and -1 218

R=0.054 5, wR,=0.145 6
R=0.072 0, wR,=0.163 2

1.066

R=0.073 2, wR»=0.229 0
R=0.104 7, wR,=0.263 9
2 465 and -1 750

2 HR5iTE

R

F B 0 B R 1 25 T 8 e R R AL S 1 A 2,
UL ZE SRl RIAERE =ML W] 25 & A
IR 3 rf 58 0 98 i R JE 1Y O-HI2IZ 15014 (3 150~2 800
em TEAA RN AL G Wi g% | R WL C B T8
O-Sn S ¥R R KL (COO) i A X 5 il 45 4k 311 (v,) T
Xof Bk A 47 I Bl () FRAE 6 #E 1 AN 2 v 4y ) A
16591657 #1 13671381 ecm™ &b, H2Z{E Av(y,~
v) oA 292.0.276 em™, ¥ KT 200 em™, 3
HIALA b i BRI AR 2 LB B X S Sn B0 fk

2.1

€205
c17 CI8 y
=\ C13 C36

K1

Fig.1

x2

B W53 0 F AR BGA H I Sn-C  Sn-0 #1141 45
PN 7E 556 457 em™,2 #E 556,453 cm™)1
EPE) 'H NMR 3% H 5 B 57 I 7E 7.0~7.30
TWHIN, 2 B 224 40 (-CH,CO0Sn) |
A, JF R R T AE PC NMR % 1 BLE 125.30~
150.96 35 [l | 2 0k )5+ &% A3 22 4k, 43 i 7E 176.97
()AT 177.02(2).
22 BIkEEWH

AR R A T B B KBRS TR IR 1Y 2 A
RIS MU R IE X S8 456, ik 1, B 2
ALY T L5 A IR = [(2-FH JE-2- 3 I 3 )8 ) B
W IOURMERILE Y, ENMMESEINE 2 PR,

B W01 731 54 P (R % 5%)

Molecular structure of the complexes with 5% probability ellipsoids
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Table 2 Selected bond lengths (nm) and bond angles (°) of complexes

1

Sn1-01 0.208 4(6) Sn1-Cl 0.215 1(6) Sn2-C38 0.215 7(6)
Sn1-C21 0.214 9(7) Sn2-C48 0.214 9(6) 04-Sn2 0.204 3(6)
Sn1-C11 0.214 8(6) Sn2-C58 0.215 3(6)

01-Sn1-C21 104.5(3) €21-Sn1-C1 115.6(3) (€48-Sn2-C58 117.22)

01-Sn1-C11 91.2(3) C11-Sn1-C1 116.8(3) 04-Sn2-C38 90.8(3)

C21-Sn1-C11 115.8(3) 04-Sn2-C48 106.5(3) (C48-Sn2-C38 114.8(2)

01-Sn1-C1 108.7(3) 04-Sn2-C58 105.4(3) (€58-Sn2-C38 117.23)

2
Sn1-C11 0.213 9(4) Sn1-02 0.215 6(4) Sn2-C51 0.215 2(4)
Sn1-C21 0.214 3(3) Sn2-03 0.202 4(5) Sn2-C31 0.215 6(4)
Sn1-Cl 0.214 6(3) Sn2-C41 0.213 8(4)
C11-8n1-C21 115.98(14) €21-8n1-02 87.68(15) C41-8n2-C51 114.87(16)
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)
C11-Snl1-C1 116.27(14) C1-Sn1-02 103.80(14) 03-Sn2-C31 105.58(19)
C21-Sn1-C1 117.04(14) 03-Sn2-C41 106.02(18) C41-Sn2-C31 117.23(14)
C11-Sn1-02 111.11(18) 03-Sn2-C51 91.04(18) (51-Sn2-C31 117.20(16)

AP, Snl A1 Sn2 5 ik Bl S Y B K RN AR A
W25 WS Y 1,C-Snl-C 70 518 115.8(3)°,
115.6(3)°,116.8(3)°, K T MUK 5 £ ; 0-Sn1-C 53 5
}104.5(3)°,91.2(3)°, 108.7(3)° , /N T DU ThI 4 58 ffy | 75
Sn2 JEF 1 A BB A U S S5, X R T
AT B (2- HY 24 3 ) TR 38 A B 22 () £ 7 HE T AR
. B A Sl TR Sn2 JE 43 51 5 L 3
T B T DU TR R 5 SCRRAR T R T B R R
i 285 A6 AH BL 6T

A — 422 e B P A eSS e sk 3

FiR AW 1 5 IR0E 2 55 3 S5 48 4 - 1 Fk
FEE L C63-H63---02' ZSEAEH], M 4r FIH Y X
FAEFIE L T —dE 5 R0, i 2,459 2 4
TRIAUFTEAE Y 1 3 TR S #AEH B A a-
H 548850 F AW C-H---ar TEFH BT Z 4 W
AREEM, HP A R 7 T Y 55y 2R ER C3-C8 It
T, Cgl(Centroid :0.529 58,0.275 48,0.653 74)fL 3k
AR C3~C8 it 2 My Bt H - Cgt ] BE
0.299 3 nm, 41& 3 s,

®3 UAVHSEHE

Table 3 Parameters of hydrogen bonding interactions in complexes

Complex D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm ZD-H---A/(°)
1 C63-H63---02' 0.093 0 0.268 2 0.348 2 144.71
2 C36i-H36"--01 0.093 0 02553 0.330 0 137.60
C62-H62A---Cg' 0.096 9 0.299 3 03950 169.82

Symmetry code: for 1: '1-x, —=0.5+y, 0.5-z; for 2: '—x, —=0.5+y, 0.5-z; "x, 0.5y, 0.5+z

©H
©CH,CMe,Ph
Symmetry code: "1-x, —0.5+y, 0.5-z

B2 ftbEW1 m—4est ik g5

Fig.2 One-dimensional chain of complex 1

Symmetry code: '—x, —0.5+y, 0.5-z; "x, 0.5-y, 0.5+z
3 B2 M Rk S

Fig.3 Two-dimensional network of complex 2

23 LLEYHRREN

H T WESEAR S P AR E T, TER R
TG BE A 10 °C-min™, 7E 50~550 °Cil Bl Xk &
P12 #6477 SE8 ARGS9 1 A 2 AR S by
M aniE 4 Foos G 1 8 EORR R IXCH 340~
410 °C, R X IHJE T —[(2-H H-2- I8 58 N 56 Fil g
TORIEFLMNE X REFER 86.90% ;2 M KK
il X R 340~400 C, R H X IHJE T =[(2-H H-2-
RN TR A B L R E RN 81.02% .,

100+

Complex 2——
Complex 1

100 200 300 400 500
Temperature / 'C
B4 A5 WH TG-DTG MLk
Fig4 TG-DTG curves of the complexes
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15 22 5% A W6 IV 19 02 Sn0,, 1 A1 2 BS 518 4 )
N 25.23%F1 24.93% , LIME 51T EAEEA W) & | 45
R G 1.2 BA B e, 1E 340
CLA AR W] ARG EAFTE
24 EHWiEH
2.4.1 RSN T M

SHEEY 1.2 AT T RSN T It | &5
RN T3R 4, RPN LS 12 %
4l il Hela MCF-7 HepG2 .Colo205 .NCI-H460 3 51
P3A A v (R A A 3 M | O 1C, BB 3 B /N T A )
DL b 5 B N4 95 41 B Y 1o 20MEL, 3 156 WA 400 1 355 7
PIu s il R R0, BALE Y 14 5 R
ORI RR N NE | WA N 1RV T B NE ) R
Colo205 ., A Miid 4 e NCI-H460 , A FL AR J 41 i
MCF-7 £ 3509 40 )l Hela A 40 0 HepG2.,
fEGW) 2 XX 5 P 40 M i B0 T S KT 1,
TR G Y 2 X N 25 i 9 20 RE i 40 46 R0 B 4

ICso T4 0.818 6 pumol - L, W& % A T4 41 i A1
N il 98 20 B 1Cs, 1B 23 1 24 1.223 1 1.401 pumol -
L5 PRI % N 2L 60 240 BRI N 57 590 48 A L 1C,
B4 514 3.093 1 3.530 wmol - L', fb & xR 14t
FEIEE RIS R R B 1 M2 AR A —
E W25 HINE
242 ARG H

LA DMSO X 4 Fift 32 38 48 B (4 40 14 F Ry 45 1
S R DMSO XX 4 Ffr 200 A 14 410 1 Pl 1 1 A 2
00 mm, TCIHIVE T P RT 4 5 (0 2 B3k 1A |
MR 2F MM T R R A T A0 FEAT B R 20 A 41
TP, L0 00 05 P B 2 5 % e R ) 386 o g 4
w3 4 TR, YA AW EE R 1 mg-ml? B
PO Ui B S A S R (S E I N AP O T A )
R &8 EE AR KR A 0 JEFT B3
T Pk ek 9 A5 70 43 51 4 2(8.1 mm), 1(13.8 mm), 1
(7.4 mm),1(18.0 mm),

R4 WLEW 1.2 F-F5H XTI IE L AR B9 R4 H R

Table 4 1Cs of complexes 1, 2 and carboplatin on tumor cells

pmol - L™
Complex Hela MCF-7 HepG2 Colo205 NCI-H460
1 6.101 4.015 8.599 1.105 1.586
2 3.530 3.093 1.223 0.818 6 1.401
Carboplatin 22.56 34.76 25.93 3.883 21.87
x5 LAY NMEEEINTEREZRRT )
Table 5 Antibacterial activity of complexes indicated by ring of antibacterial diameter
mm
B. Subtilis S. Aureus E. Coli S. Typhi
I mg-mL™ 0.1 mg-mL" I mg-mL™ 0.1 mg-mL” 1 mg-mL™" 0.1 mg-mL™” 1 mg-mL”" 0.1 mg-mL™"
1 7.7 7.1 13.8 7.4 74 — 18.0 —
2 8.1 — 12.9 7.1 7.0 6.8 8.5 7.1
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