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Syntheses, Crystal Structures and Biological Activities of Bis(tricyclohexyltin)dicarboxylates
with Macrocyclic Building 2D Network
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Abstract: Two bis (tricyclohexyltin)dicarboxylate (CH,),(CO,SnCys), [(n:6(1), 7(2)] have been synthesized by the
reaction of suberic acid and azelaic acid with tricyclohexyltin hydroxide, respectively. The structures of the products
were confirmed by IR, 'H and “C NMR, elemental analysis and X-ray diffraction. The complexes 1 and 2 belong to
monoclinic, space group P2i/n and P2i/c. A 2D network structure was formed by 30-membered or 32-membered
macrocyclic tetratin species, which has been alternately connected through the Sn-O covalent bond or the Sn-O
covalent bond and Sn...O weak interaction, respectively. The tests showed the two complexes displayed strong in vitro
anti-tumor activity against five human tumor cell lines, Colo205, HepG2, MCF-7, Hela and NCI-H460 and has
selective antibacterial property for S. Aureus, B. Subtilis, E. Coli and S. Typhi. CCDC: 1047100,1; 1047101, 2.
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1.1 5K

H 7% 5 3t IRPrestige-21 £L4M 151X (4 000~400
em ™, KBr) il & ,PE-2400 (I 7t & 43 #7 1L , Bruker
SMART APEX TT FfL i1 S A, X4 B H AR W 50
UM E AL Bruker Avance 400 G IEARAL(TMS
PR ,CDCL RIEF), # i TAE G (R b)),
1o R K TR B (L 2R A B T A B A7 BR AN /D, OF
=2 A A (BIOHIT) B WA (16 75 FRAX A A FR 23 7], L
TR (H A 5 B /) R 77 48 (R DU AR AL A
AT,

Brali, RE199%) ST (X,=99.8%) W H H 2
BHEA R ) NG5 198 41 (Colo205) A4 41 fifd
(HepG2). AFLARJE 4L (MCF-7), N 5519 4 Ml
(Hela) A Jii 46 20 B (NCI-H460) 2 M bk X [ 38 FE 8 X
WY ELEE (ATCC), & 10%M6 4 13 1) RPMI-
1640 K 2 W [ 3£ B Gibico 2 A, R & F §f
(Trypsin) & A H il @A el 25 G R A, 46
%) IR 1A (S, Aureus) M 525 fOAF 6 (B Subtilis) , K
WA R (E. Coli) MiFEFFTR(S. Typhi) L AT AR 25
B .

1.2 HLEYHEHN

¥ 4 mmol Cy:;SnOH Fl 2 mmol ¥ — g 5%
2 mmol T " FRMAZE] 20 mL HEEMN & EE T 1E
160 CF RN 4 d, 88 )5 M 2= i e 78 & b R
I REL ™ i FHAE Y 00 T2 o AR B 1R 2,

1. L 6a 1A, 1.618 g,7 % 89.0 %, m.p.: 94~95
°C, LR SEMHETHE , %) . C 58.26(58.17),H
8.59(8.65), IR(KBr,cm™):2 918(s),2 844(m),1 537
(s),1 414(m),1 173(m),1 088(w),1 042(w),993 (m),
881 (w),729 (m),660 (m), 600 (w),492 (w),419 (m), 'H
NMR (CDCl;,400 MHz),8:1.33~1.92(m,74H,Cy-H,C
(CH,),C), 2.30 (t,4H,CH,COOR), “C NMR (CDCl;,
100 MHz), &: 25.96,28.96,29.16 (-CH,-),26.96,
31.13,33.70,34.98(Cy), 171.87(CO0),,

2. oA K 1.578 ¢, 7 % 85.6 %, m.p.: 140~
142 °C, JLEHr . LWHE GHHEMHE,%).C 59.04
(58.59),H 8.71(8.74), IR(KBr,cm™):2 918(s),2 847
(m),1 643(s),1 445(s),1 298(m), 1 337(m), 1 254(w),
1 082(m),1 040(w),991 (m),907 (m), 841 (m),702 (w),
656(m),485(m),419(m), 'H NMR(CDCI;,400 MHz),5:
1.32~1.92 (m, 76H,Cy-H,C (CH,)sC), 2.29 (t,4H,
CH,COOR), "C NMR (CDCl;,100 MHz),5:26.00,
26.92,28.98,29.37 (-CH,),26.96,31.13,33.70,35.00
(Cy), 174.06(C0O0).,
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AP U 49 R 12 0 a5 W ) 40 R T R, B ]
4 FhANGA B bRy SEUR T, b 2 i o o 22 IR B PR 4
W, SO AIRE (S Aureus). Hi H#FFH (B
Subrilis);2 Bk 2% [C B PR A0 BR . KW 3% A 1R (E.
Coli) W FEFFH(S. Typhi), =R ALS W) HT B T v
i TE R T AT CE 4~6 05 A TR 245 9 0 D 4R
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(B A2(6.00.1) mm), 3 FH = F S GRAEOM BE P T0LT
36 CHEHE 24 h, bR~ RO & 22 3040 A 9 0940 B
B EAE, T7Fss Uk 2 Wk, BOLTF3(E
1.3.2 A& Y By AR v i

SR TG 200 3R 3 J5 i (MTTT 325l 22 A6 5 0 6 A
Jii 20 2 Colo205 .HepG2 ,MCF-7 .Hela ,NCI-H460 3
B AR M SRy R 25 Wi 5 2 (3 I AN [+
VRE AR DAY ) % 2B (B 5% % VR 24 B, AS o
T2V FIZS (L (MG SR, AN Jin 240 e Fninl 3 24, B
A 7 X6 A A T ek R A0 L, i A3 2 Y Trypsin TH
b, (G BEAN M B, I 109006 4 175 19 RPMI-
1640 ¥5 R WAL & 5%IRTR I 80)CO, 18RI FE 35 5%
FANT 37 CTFRFR, B 96 FLbk, B IX 25 (0.1
nmol - L7'~10 wmol - L) ¥ ¥ B2 #6 & 43 5l A 2 & fL
RSB 6 ASPATHL, T iR B IR A0 S0 T By
3% 72 h,SRJ5 BALIN MTT 40 wL(H D-Hanks 28 4P
BCA 4 mg-ml7), AR ZE 55 5% 4 h, B2 BIE W, BALm
DMSO 150 pL, 4% % 5 min, filf 845 & 78 0 5 i

FIH Ap22 Speedy 4 H 3l i 4 7 #t R GE7E 570 nm
DA AR AG I 25 AL B OC 5 HE L X R 24 Wy (R ) Y 135
iz BEAL A W 0 0 1 04X v 0 S S o B
Graph Pad Prism 5.0 Gt o0 4, A7 16 A
73 OB AR 1 245 e B2 g AR 2t MR 20 B (1 46
BLE) T S TR0 L0 92 (725 By Oy B 2 1050 £,
1.4 BRESHNE

3RO ST S IE 1 1 A 2 AndA, TS AR AT S
B, RS A EROHLK Mo Ka B2 (A=
0.071 073 nm), T 296(2) K, LA o~w i 77 I £E %L
i SRARGEAL B A AR IR SR T A AR T B
Ji WU 2218 Fourier A B H Rl 224 22 XFHHE SR 1
A bR Je HLA% 1] S PSS BT AR I fe /N ik B
WS SR B NS AR A A o iR T
YER H SHEXTL-97 B2 JFPIR G 5e ik, L34 1 /0 2
B f A2 RS T ZS AR B S8 T3 1

CCDC: 1047100,1;1047101,2,
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Table 1 Crystallographlic date of the compounds

Compound

1

Empirical formula

Formula weight

Crystal system

Space group

a/ nm

b / nm

¢/ nm

B1()

Volume / nm?

A

D./ (g-cm™)

Absorption coefficient / mm™
F(000)

Crystal size / mm

6 range for data collection / (°)
Limiting indices

Reflections collected / unique (R;,)
Completeness to 0 / %
Data/restraints / parameters
Goodness-of-fit on F?

Final R indices (I>20(1))

R indices(all data)

Largest diff. peak and hole / (e-nm™)

C»H30,5n

451.22

Monoclinic

P2i/n

0.998 31(5)

1.117 10(7)

2.033 81(11)

102.589(2)

2.213 6(2)

4

1.355

1.166

938

0.45%0.23x0.11
2.05~25.00

-10sh<11; -8<k=<13; -22=<[<24
11795 /3 882 (0.020 0)
99.7

3882 /26/227

0.892

R,=0.033 4, wR,=0.090 6
R,=0.037 6, wR,=0.095 4
1 345 and -920

CusHgyO4Sn,
922.47
Monoclinic
P2\/c

2.156 35(10)
1.161 24(5)
1.967 78(10)
108.999
4.659 0(4)

4

1.315

1.109

1928
0.31x0.21x0.15
2.02~25.05

-25<h<24; -13<k=<13; -23<[<23

24 328/ 8157 (0.028 9)
98.9

8 157/677/552

1.068

R=0.085 9, wR,=0.252 7
R=0.101 8, wR,=0.262 3
1 430 and -1 265
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JRARIA A5 . 4 IR AR G54 11 XL (— 20 & B B0) — Ju R I 109 & 1l 45 149 K A 3 2047

= A 45 4R B 0 2 25 e K A — B AE 200 em™
DL b (2028 JE 5 8 WU BE G, T3 e 247 i 3 A %
TAEE  Av AR/ (D ABFFEREEH , Av A T(D A Z
], —fE/NT 200 em™, FIEET UL FEE9 1 B Av 5
123 em™, FWE ZRBAR UG MERIERX 5
76 TR R 350 TP T A B R (=B AR ) ot
FR R A 25 AN TR B0 A6 4 2 0 B 20 JR B Y F
fEUE .2, (COO7) 1 6431 445 cm™ w,(COO7) 1 298,
1337 em™, PH4L Av {53904 345 F1 108 em™, & B
T RS B R AAAE(DF P F/E B, &
MIALLAMEIE SR 5 X AT 5 AR S5 /AW &

2.1 EFERIE

M1 T 2 B LEAM G AT DL B 2 A I B A R
ik, (1)2F W AT R 1 v(O-H) 4 4 2l W e g £
Prdfb &Y ik, B ml T 492 F1 485 em™ Hi B
T Sn-O A 45 P Sh W e gk B R R 25 T
TRE ARG AR T KB RAR LS
s, (2R BRAR S B A (D~3L 3 FiA [ 897 B
2, TELLAMEIE T B AT A AS X FR AR 45 % 3 v,,(COO")
FUXT FR A 46 8% 3 v (COO )M B A 22 57 B 2
25 Av(v—v) 52 F0 00 52 198 W A5 B =X B A7 0 BEHE 2 (1)

0—M O 0—M
R C/ R C/, \M R c”
_ —c —
\ N \.
\o [0) 0—M
I I 1

LGP 1.2 00 'H NMR 3%, HEBFiofbse Al 7o, 2) e+ 6§ T 25.96~34.98(1).,
188 & Al 43 R WIER 43 . (1) H] CH,.CO i T 19 6~2.30  26.00~35.00(2)7 [l
ST SEER Q) HE BT AR 8 1.33~1.92 &b 2.2 REEEEH
T E RN ZENE, &RFIERBRZ LS &0 T EE Y 1.2 195 G5 A0 0 4 IR AR 454 43
B2 A, 78 °C NMRigH k& 124 JGIWE 1 2 3 Fis, BEs K msmmng 2,
ATy PRS2 . (1) R Hefk 6 78 171.87(1).174.06(2) WE 1R, ARG 1 IR D EE R R 9 X A

2 HEYHEEEKOmMER(E)
Table 2 Selected of bond lengths(nm) and bond angles(°) of complexes 1 and 2

1
Sn1-C17 0.215 6(4) Sn1-C5 0.217 4(4) Sni-C11 0.217 5(4)
Sn1-01 0.222 6(3) Sn1-02 0.235 9(3)

C17-8n1-C5 118.88(19) C17-Snl-C11 118.43(19) C5-Snl-Cl1 122.69(15)

C17-8n1-01 83.64(17) €5-8n1-01 89.15(14) C11-Sn1-01 97.81(13)

C17-8n1-02 87.86(17) €5-Sn1-02 91.50(13) C11-Sn1-02 89.71(12)

01-Sn1-02 170.63(10)

2
Sn2-03 0.208 0(10) Sn2-C40 0.211 1(14) Sn2-C34 0.213 1(13)
Sn2-C28 0.216 9(14) Sn1-02 0.215 2(6) Sn1-C22 0.215 0(12)
Sn1-C10 0.214 5(10) Snl-C16 0.211 9(10) Sn1-0li 0.256 5

03-Sn2-C40 103.3(6) 03-Sn2-C34 94.2(5) C40-Sn2-C34 116.6(6)

03-Sn2-C28 100.8(5) C40-Sn2-C28 121.4(6) (€34-Sn2-C28 113.8(5)

02-Sn1-C22 89.5(4) 02-Sn1-C10 96.4(4) €22-8n1-C10 118.2(5)

02-Sn1-C16 96.5(4) €22-Sn1-C16 115.0(6) C10-Sn1-C16 125.1(5)

Symmetry codes: '1.5-x,0.5+y,1.5-z for 1;'1-x,-0.5+y,0.5—z for 2
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H atoms are omitted for clarity; Symmetry code: 1: '1.5-x,0.5+y,1.5-z;2: 1-x,-0.5+y,0.5-z

E 1 k&S T 45 E R 5%)
Fig.1 Molecular structure of the complexes with 5% probability ellipsoids

H atoms and cyclohexyl groups are omitted for clarity; Symmetry code: ' =0.5+x,0.5-y,0.54z;" 1-x,—y,2-2;" x,—1+y,z;" 1.5-x,-0.5+y, 1.5—=
B2 G 10 MR A
Fig.2 2D network of complex 1

H atoms and cyclohexyl groups are omitted for clarity; Symmetry code: ' —x,-0.5+y,-0.5-z;" 1-x,-0.5+y,0.5-z;" x,~1+y, z

K3 Abaw 2 i 4 MR g5 1
Fig.3 2D network of complex 2

S5k 2 MG IRF IR OB R KRS C-Snl-C Fl C-Sn2-C FH B Z [ ¥ AN HH 45 |
534 Cy 2 MRILERE FIE A ECAL = AWM B, e Sn RS DS TR TR R IR B
A 34 Cy Bk 1~ C5,C17 F C1L 2r il b4l =4 e 2 1 F7A7E 2 MBCAL BREE AN [R 9 Sn 1,
SUHE B AR TE A B R HRFIEN) 2 MR TF 01 M 02 F Sn 56 8 BBl A9 56 5 7 T Al s i B G | BN
W5l 7 B Snl1-01 2 0.222 6(3) nm, Snl1-02 %% ,Snl NASTE = 1 AUHEAS 7Y Sn2 Sy A% JE DU 1 14 44
9 0.235 9(3) nm, 5 Sn A1 O JE P s 2 F0 B

0.215 6 nm RFZIEPY 5 0B A % R 3 4> Sn-C HR 202, ey 1 M2 #Ed RS )
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BB TR I (5 L 45k B A i v 2049

VEFIE L 7RI, A9 1 LA B i
T B 30 STTHARALE Y, WE 2 s, B2
TR 2 MRS MERIEARE, Hrp—
RIS B Z A1 HE Sn2---04' (0.310 32(93) nm)
§9/EH, I Sn2---04' BEES /N Sn A1 O JE AR 12
Z M 0.368 nmP LG 2 i Sn-O Fl Sn---O $54F
H B K 32 76 4 R IF AR Z5 4 Wi 3 s, 78 1
12 4B 285 1 B A R IR AR A — A X R e X
N7 5[] A 3858 K g BB g i T ol << 25 B, T gk
S ELA REIR 3 0 BT R R
2.3 EWiEH
23.1 EETEME

L DMSO 75 [, 52 32 240 B 90 ] 76 FH %) 52 56 45
SRR DMSO XfiX 4 Fpai @ T HIER, k&Y
1.2 X2 XM R I R, e G
WePE 0.1 mg-mL" B | FUE 4 8 €8 3 4G 3K T B R4

2 50 22 [ B 200 T (< B0 R A BR R A AT ) A
LA A A0 35 1 5 (- R 2R ) N B B (V) —
A OTRIE AR L AR R0 (H 1 X 45 2 [C B 1 20

PR e A TR 2 R A 22 Eﬁi%@%%ﬁ@mﬁ
BA R0 e, X R fe S oy
JELF i e A 8 A
2.3.2 RSN I

PLREA T2, e A 1.2 dEAT RSNt

Pl AR TR 4, R, LG 1 A 2
XFIX 5 A 20 AR T 1Cs, B BT 2/ TR 40
M) 1Cs fE, B 1 F1 2 XF A9 41 il Hela MCF-7
HepG2 Colo205 NCI-H460 % 58 11 il 1% 14 15 9] 2 &
TG R MR, 5 =GR BRI H
TG PEAR 2023 ST A DL R IR IR B — & 12
FHHME . FeE 1 A0 2 X53X 5 R A 10, 18,2 1Y
mﬁﬁéﬁﬁﬁ?1MMﬁﬁﬁ XATREE 15 2

MBI HIAE e SN 1 mg-mL 1, S50 EAFAE—E 2 5 S EUERE AR ALY I
®3 UAYNINEER(UNEBERERT)
Table 3 Antibacterial activity of complex (diameter of antibacterial ring)
B. Subtilis S. Aureus E. Coli S. Typhi
¢ / (mg-mL™) 1 0.1 1 0.1 1 0.1 1 0.1
1 74 0 8.3 8.0 8.9 0 0 0
Diameter / mm
2 12.7 0 11.5 6.3 0 0 7.4 0
F4 LB YT 2 FR AR M 2 A A 2 4 )
Table 4 1Cs) of complexes 1, 2 and carboplatin on tumor cells
pmol - 1"
Complex Hela MCF-7 HepG2 Colo205 NCI-H460
1 5.068 5.409 3.465 0.859 2 1.483
2 0.821 8 3.232 1.469 0.154 5 0.596 6
Carboplatin 22.56 34.76 25.93 3.883 21.87
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