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HME. FEb A EAEE S Sk m2- P8 246- - FERFBRRN, ST 240 A0 587 & RRME
Cy:Sn0,CCH,0(1)F Cy:Sn0,CCeH,Mey(2)(Cy JFFC AL il TR 'H Al B NMRJD?%*T Ko XSRS AT S RAE S R 1 R 2 1
JERHR R AW 1 ZE BB P2, W 2 50.6=0.823 04(2) nm,b=1.111 19(3) nm,c=1.283 90(3) nm,B3=101.090(2)°,Z=2,V =
1.152 27(5) nm*,D.=1.381 g-em™,u(Mo Ka)=1.127 mm™, F(000)=496 ,R,=0.052 9,wR,=0.138 7, FL& W 2 %5 AIHE P2/c , ik S
$.a=0.999 62(2) nm,b=1.415 97(2) nm,c=1.973 59(3) nm,B3=94.042 0(10)°, Z=4,V=2.786 53(8) nm*,D,=1.266 g-cm™ ,u(Mo Ka)=
0.937 mm™, F(000)=1 112,R=0.0540 ,wR,=0.161 9, Wt & (1) F1(2) B9 048 S5 7~ 14 Shy W 25 I iy 4 Ay 84 5 sk 4 7 [ S0 |REAE D TE
BYQE R dE ARG XIS R AW 1R 2 B RAF AR E M M AR IR Colo205 . HepG2 MCF-7 Hela \NCI-H460
I Y4 A AR S A

R ORI ETRMIE, &0 MG YU
FEZES . 0614.4372 ERARIRED . A XEHS: 1001-4861(2014)06-1267-06
DOI: 10.11862/CJIC.2014.116

Synthesis, Crystal Structure, Thermal Stability and Anti-tumor Activity in vitro
of Two Tricyclohexyltin Aromatic Carboxylates

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

Abstract: Two tricyclohexyltin aromatic carboxylates Cy;Sn0,CC4H;0(1) and Cy;SnO,CCsH,Me;(2) were synthesized
by the reactions of 2-furancarboxylic acid and 2,4,6-trimethylbenzoic acid with tricyclohexyltin hydroxide, respec-
tively. The two complexes were characterized by IR, 'H and "C NMR, elemental analysis and X-ray crystal diffrac-
tion. The crystal of complex 1 belongs to monoclinic system, space group P2, @=0.823 04(2) nm, b=1.111 19(3) nm,
¢=1.283 90(3) nm, 8=101.090(2) °, Z=2, V=1.152 27(5) nn’, D,=1.381 g-cm™, w(Mo Ka)=1.127 mm™, F(000)=496,
R,=0.052 9, wR,=0.138 7. The crystal of complex 2 belongs to monoclinic system, space group P2,/c, a=0.999 62(2)
nm, b=1.415 97(2) nm, ¢=1.973 59(3) nm, 8=94.042 0(10)°, Z=4, V=2.786 53(8) nm*, D,=1.266 g-cm=, u(Mo Ka)=
0.937 mm™, F (000)=1 112, R,=0.054 0, wR,=0.161 9. The tin atoms of complex 1 and 2 are distorted tetrahedral
configuration, a 2D structure of complex 1 is formed by intermolecular hydrogen bonds. The tests showed the two

complexes displayed good thermal stability and strong in vitro anti-tumor activity against five human tumor cell lines,

Col0205, HepG2, MCF-7, Hela and NCI-H460. CCDC: 832549, 1; 809068, 2.
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1.1 EFFK

S 7NWE KR oK e o2 (W RS B PARE PR
YA FRAE], HRmg-2-H RN 2,4,6- = W LK H i
fezali ) W A E 258 E AL AR A R A A, R4
(99%) i AR Xp=99.8% 14 A & RS EHE A R
Al AR o A el — H R (DMSO) W H R
HETT AR R 2GR T, R R B A
FA TATBRA T NG5 1 9 20 (Colo205) A 4
il (HepG2) , A L B 968 44 M (MCF-7) A\ £ 3509 48 Jd
(Hela) , A i 6 20 FL (N CI-H460) 4t g ik 5 7 58 [5455 X
EFRYEAE (ATCC), & 10%M6 4 17 19 RPMI-
1640 35 32 B2 W [ 3£ E Gibico 28 ® |, JE & 1 i
(Trypsin) W H H 46 8% A A 25 BR A 7]

I75 5 F X4 B0 H PR 58 R0 o500 7 A (b 5t 2 e
1A BRA e R RLKIE, ¢ H &
PE-2400(IDJCZ 43 B (3 [ PE 28 "I | £05MG1E
JH IR Prestige-21 £LAMETEAL (H A Shimadza 23 7] ,4
000~400 cm™) W& , G 4R E08 | Ak 5 5 H
Bruker Avance 500 #1 Bruker Avance 400 #% ff 3 9%
X (Fi+ Bruker 23 H]  TMS A NAR)E , 4E 73047 T
TGA Q50 FAH 3 Hr AL (3£ [ TA (XA A F)) EitEAT,

1.2 HLEYHEK
50 mL [RJEBEE A 1 mmol W lRg-2-H 2 5%

R8I 20 mL, BEFE IR N 6 h, W 58 U
e 78 K B RV ) VAR AR FR L 101 2R - S B
MEL S, B EW 182,

(1) LB R 0305 g, 7% 63.7%, m.p.:
150~151 °C, JCE 53 1 (CxHy0:8n), HFLIE(H (%):
C57.64,H7.57 ; S M ME (%) :C57.61 ,H7.56,, IR (KBr,
em™):2 916 (s),2 845 (s),1 624 (m),1 578 (m),1 479
(m),1 445 (m),1 389 (w),1 337 (s),1 229 (w),1 188
(m),1 132 (w),1076 (w),1042 (w),991 (m),930 (w),
883 (w),841 (w),810 (m),777 (m),770 (m),665 (w),
645 (w),600 (w),581 (w),473 (w),419 (w), 'H NMR
(CDCls, 500MHz), 6 (ppm): 7.51 (d, J = 1.5 Hz, 1H,
5-Ar-H),7.08 (d, J=3.5 Hz, 1H, 3-Ar-H),6.45 (dd, J=
3.5, 1.5 Hz, 1H, 4-Ar-H),1.30~2.01 (m, 33H, Cy-H).,
BC NMR  (CDCls, 100 MHz), 8 (ppm): 26.92, 28.96,
31.13, 34.27 (Cy-C), 111.45 (4-Ar-C), 116.70 (3-Ar-
C), 145.25 (2-Ar-C), 146.82 (5-Ar-C), 163.26 (-CO0),

(2) LEBEW A 0330 g, 1% 62.1%, m.p.:
109~110 C, JT % 53 1 (CsH0,5n), B A (%) . C
63.29,H 8.35; LM {H (%) C 63.32,H 8.32. IR (KBr,
em™):2 916 (s),2 847 (s),1 636 (s),1 558 (w),1 506
(w),1 447 (m),1 319 (s),1 169 (w),1 101 (w),1 038
(w),991 (w),907 (w),880 (w),856 (w),829 (w),793
(w),733 (w),621 (w),571 (w),507 (w),444 (w),419
(w), 'H NMR (CDCl,, 500MHz), 6 (ppm): 6.83 (s, 2H,
3,5-Ar-H),2.36 (s, 6H, 2,6-Ar-CH3),2.35 (s, 3H, 4-
Ar-CH;),1.31~2.01 (m, 33H, Cy-H),"C NMR (CDCl,,
100 MHz), 8 (ppm): 20.49 (2,6-Ar-CH;), 21.04 (4-Ar-
CH), 26.99, 29.03, 31.32, 34.14 (Cy-C), 128.48,
133.05, 135.06, 138.06 (Ar-C), 175.00 (-COO),

1.3 BELEHNE

3BT 0.29 mmx0.25 mmx0.21 mm(1)
F10.23 mmx0.21 mmx0.15 mm(2)f A&, 7€ Bruker
SMART APEX II CCD @AY b SRS A S5
AL Mo Ka S 26(A=0.071 073 nm), T 296(2) K, LA
o-o TR AWER SRR, AW 178 2.44° <0<
27.42°75 Bl AR ICAE 10 219 AN fiThE A, Horpoh S A
SF 8 4 993 N(R,,=0.022 3), T 45 H K5 1& 1) il W 5%
O R 3 754 4 (1520 (I); BLEY 278 1.77°<0<
25.00°70 9 2054 20 805 AT ST A, Horhl ST AT
St 4 873 1N (R.,=0.022 1), F T 45 H A5 & 1)l W 5%
T3 8 3 805 N(I>20(1), TR EIE Lp N FFIZH
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Table 1 Crystal data of complex (1) and (2)

Complex 1 2

Empirical formula Cy3H3055n CyHuO0-Sn
Formula weight 479.21 531.32
Temperature / K 296(2) 296(2)
Crystal system Monoclinic Monoclinic
Space group P2, P2\/e

a/ nm 0.823 04(2) 0.999 62(2)
b / nm 1.111 19(3) 1.415 97(2)
¢/ nm 1.283 90(3) 1.973 59(3)
B/ 101.090(2) 94.042 0(10)
V/ nm® 1.152 27(5) 2.786 53(8)
A 2 4

D./ (g-cm™) 1.381 1.266
Absorption coefficient / mm™ 1.127 0.937

F(000) 496 1112

Crystal size / mm 0.29x0.25%0.21 0.23x0.21x0.15
6 range for data collection / (°) 2.44 10 27.42 1.77 to 25.00

Limiting indices

Reflections collected / unique
Data / restraints / parameters 4 993/167/286
Goodness of fit on F? 1.038

Final R indices [I>20(])]

Largest diff. peak and hole / (e*nm™) 875 and -443

-10<h<9; -l4<k<14; -16<[<16
10 219/4 993 (R;,=0.022 3)

R=0.052 9, wR,=0.138 7

-11<h<I1l; -16<k<16;-19<[<23
20 805/4 873 (R;,=0.022 1)

4 873/63/296

1.072

R=0.054 0, wR»=0.161 9

967 and -417

1.4 ERSMREE R

SR FH I 80 R 38 iR (MITT 325 ) I 2 152 45 0 6k
I 4 M Colo205 . HepG2 MCF-7 Hela NCI-H460 1
B AT P SE 5 43 S 25 i 5 2 (43 0 I AN [
VR BE AR IS 28 ) 0 R (N 5 SR VRORT A0 B S T
) A 2 (RO R, AN n 4 A A i 24, B
A 7 X6 A A BT A e R 400 L, A3 £ Y Trypsin
b, (IS BEAN L7, & 10986 4 1075 1 RPMI-
1640 BE 2 AE & 5%WR T 50)CO, 1R B BE 57
FENT 37 CHHiFR, H96 fLAk, Il 25301
nmol - L7'~10 wmol - L") #%& ¥ & 46 FZ 73 A 2= 45 £L
o RN 6 ASPATHL, TR G IR A0 &0 T By
7 72 h, R JE B AL MTT 40 wL (FH D-Hanks 25 ¥
WHCHE 4 mg-mL™), k235 5% 4 h B L LG, BAL

JT DMSO 150 L, #&%5 5 min, fff FHBESS & 5050 1 i
, FIH Ap22 Speedy 4= A sl %73 Hr R SGE7E 570 nm
P AR 2 LR RE W IR 259 (5 B B4 15
HETC 5 ) 00 39 P 0 T v U0 5 6 A i
Graph Pad Prism 5.0 GEiHAF 038 | il 2k 4735 0
PO AR T 25 W B2 R AR AR T e A (it 2k 40
4, A S B ki o (28 1) R 2 1Cs A,

2 GRS

21 BEEPHILEERR

P A 55 %5 W BE & 0 LA ST R AE B | ik
TE 2 500~3 300 em™ b YRR F2 BL 45 5 Wl g AE
BLAPrhiEk, RFBIL LTS8 R T & L i
fii, 17£2916.2 845 cm™ M1 2 £ 2 916.2 847 c¢m™
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#o% 4R %30 &

Aab ) 5 R AT 0 | VST S SRy B R 1 AR IR g g 2100
M-2-H R 7F 1686.1304 cm™ Hl 2,4,6- = H 3L 28 H g
TE 1 686.1 300 em™ Bk 3 R XF FR 5 XF B A 40 P
By, Be A9 40 ) T R R A X AT A 1 B
1624 1337 cm™ 4,2 L1 636.1 319 em™ 4b
PI#H 225 Av 8 287 em™ 1 F1 317 em™ 2, RHBL A&
Yy rh B B R PG B U8 1 7E 581 473 em™ il 2
TE 571 444 cm™ 530 3 Sn-C  Sn-O 58 1) {47 4 50
W it

BC G0 TH NMR g, #5210 i BV AR 2
Fb 5 A R B 45 2 R T30 LU IR AR W A W -2- R R
£ 12.36 Fl1 2,4,6-— 1 JL 2K H R 7F 12.25 Kb iy % Sk
U AR ELA Y R IE R 20 R 1 R 2 T
M, 17E 6.45~7.51 Z[H [} Z FHIEF 2 7F 6.83 1 H
WA VAR A S B I I A USRS 1) 1
Yy HERERE SR A Bl 7RO 0855, 05

I r A 2 BE S bR WA TR RS 9 L 1 7E 1.30~2.01 A1
2 7F 1.31~2.01 3 Bl P 1) 22 J IO, X i F 34 L 6 &
WIS LA I SC NMR S, R O S 2 I 4
G B 26.92~34.27 (1)F1 26.99~34.14 (2)Z
[ sl 55 R B F B TE 111.45~146.82 (1) Al
128.48~138.06 (2)3t Fil 4141,
22 mBELEHSH

AR WSS R AT B b XJCF i 3R O 2k
W BCE A H R R BT TR R, A A
fith b 43 550 B i AH 4 1Y) C-C B AR B — 4> ¢ JR
24 C IR Z B ey | 1 HAEA B A,
It i T8y 109 i %o B A AR (] B D 60 7% TR A T
Ktz

BC G W oy 25k WL 1, 3 2R R AR 4
T3 2, IWorF 450 IS5/ 28T 1 eG4 1 Fl
2 1L IR T B IO IR R PSS i

Second sites of disordered parts are omitted for clarity.

1 AR ST E
Fig.1 Molecular structures of complex 1 and 2 with 15% probability ellipsoids

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

Complex 2
Sn1-01 0.208 8(6) 0.206 5(4)
Sn---02 0.283 4 0.291 2
Snl-Cl1 0.222 9(8) 0.216 3(6)
Sn1-C7 0.218 0(6) 0.213 9(5)
Sn1-C13 0.215 9(8) 0.215 6(6)
01-Sn1-C1 90.4(3 97.3(2)
01-Snl-C7 102.7(3) 108.47(19)
01-Sn1-C13 118.0(3) 106.8(2)
C7-Sn1-C1 106.9(4) 111.8(3)
C13-Snl-C1 117.0(4) 116.8(3)
C13-Sn1-C7 117.7(5) 113.9(3)
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SR R E AT R S R B B 2 R
FLA4) 1 i 3 4 Sn-C #EK R 2210 0.007 nm,
M 2 19 31 Sn-C HEK R 22H 2 A 0.002 nm, % it
T HRECARE A MR B Sn(1)-0(1) 43718 0.208 8
nm (1)#1 0.206 5 nm (2), %/ T Sn-C HAK |, HEEA
LAY Sn-0 B JEP2 RIAFLA Y Sn(1)5 O
(DT [ BT Fae i BC s, WAL &4 vh |3 41Xt i
) £ C(n)-Sn(1)-O(1)Ff 22 5 55 A WY Sk 347 W A g 2

TEDUTE AR 109.5°, Ud B o 8 1 Sy e AR D T A R
BOH 12 BRERE

WE 2 Fis, AW 1Mk h FEERES
1) 2 AR FH (S H08 T 3R 3), — 40 W FH R 1) nk
MR ER H 540 48 Wk ieg Y R 43 F I R I 38 O 55 — M 4R
W R TR 0 T Bk 3L O 43 0B o S e, 40 ol — e
AREEH , PIAHARH IR H] | 2238 O3 H 5 53 8 Bt
O Z IR EE R — 20 R R — 2 IR
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Symmetry codes: ' 2—x, 1/2+y, —z; " 2—x, —=1/2+y, —z; " —1+«, v, z; Some cyclohexyl groups are omitted for clarity
2 AR AY 1 455
Fig.2 2D structure of complex 1 by hydrogen bonding interactions
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Table 3 Parameters of hydrogen bonding interactions in complex 1

D-H---A d(D---H) / nm dH---A) / nm d(D---A) / nm £DHA /(%)
C21-H21---03' 0.093 0 0.254 5 0.3469 3 172.51
(C23-H23---02° 0.093 0 0.248 8 0.3187 3 132.17

C16-H16B---02" 0.097 0 0.259 2 0.3532 9 163.56

Symmetry codes: ' 2—x, 1/2+y, —z; " 2—x, =1/2+y, —z; " —1+«, y, z

2.3 ARBRTEMS

H T W B A Y AR E T, FERAAT D
10 °C-min™ B THEH | T 50~400 Cw N #4752
55, AR RS 1 A 2 iR ATt & an & 3 s,
Bl I T PGS S T R B Y 2k

SR FLA Y 1 7E 190~295 °CIE P, o i ik
T 72.3%; AW 2 7E 220~340 Cya BP0 5 i i
KT T4.0% A2 BRI 1 853 & SnO,, #LE T
B4 91°h 31.4% (1) F1 28.4%(2) , S INAE 5 11 55 (8 5
AR —F IE N R A Y 1R 2 B R
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Fig.3 Thermogravimetric analysis curves of complex 1

and 2
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BC & A ST R TR 25 SRS T3k 4, 1
FHRBIEAT A B A 1R 2 X A AT Colo205 .
HepG2 MCF-7 Hela NCI-H460 34 5if ¥ A % = 1) 41
HiIRCR N W7/ DO NS IO KR €S 53 S
LY X N FL IR g 240 B A g A0 i, HLA L4
[Fi) 18 400 ) RS, %o 45 M i 00 L 0 o8 4 RS 55, X6
N3 40 B g A E MR IR . A 2 % N
gl INOE IR IR d S R/ SO DN bR D
i 2 FhE AN A I E YRR T 1, W T
PR FH 005 80 X B 20008 A0 P N 6 At L A L
I s 200 D T A0 T 9 AR U, XX 3 el s 20 B 1Y
TSR 1 55 ABATS I = TR A B S AR S
WP MAZE R R, BAY 1R 2 ATRe A —
125 A8

R4 BEYW 1.2 F-F503 B JE LA B B 30 6 2R

Table 4 1ICs (umol-mL™) of complex 1, 2 and carboplatin on tumor cells

Complex Colo205 HepG2 MCF-7 Hela NCI-H460
1 0.633 2 1.274 0.192 4 0.089 21 0.195 5
2 0.125 7 0.246 1.798 1.57 1.745
carboplatin 0.531 4 0.6139 26.83 24.78 62.13

SE WK .

[1] GONG Gen-Feo(32 ! &), SONG Ran(K 1), ZOU Ying-Bo
(4F513%), et al. Chinese J. Org. Chem.(H #L4¢ %), 2013,33
(4):803-807

[2] Salam M A, Affan M A, Arafat M A, et al. Heteroatom
Chemistry, 2013,24(1):43-52

[3] Hussain M, Rehman Z, Hanif M, et al. Appl. Organomet.
Chem., 2011,25:412-419

[4] Hong M, Yin H, Zhang X, et al. J. Organomet. Chem., 2013,
724:23-31

[5] Du D, Jiang Z, Liu C, et al. J. Organomet. Chem., 2011,696:
2549-2558

[6] Gajda T, Jancs6 A. Met. lons Life Sci., 2010,7:111-151

[7] Gielen M. Coordin. Chem. Rev., 1996,151:41-51

[8] Han G, Yang P. J. Inorg. Biochem., 2002,91:230-236

[9] Gielen M, Biesemans M, Vos D D, et al. J. Inorg. Biochem.,
2000,79:139-145

[10]ZHONG Gui-Yun(#H: =), LIU Qing-Fu(X¥4 ), SUN Li-
Juan(#hEN4R), et al. Chinese J. Org. Chem.(7 #LAL %),
2011,31(5):728-732

[11]LI Qing-Shan(%*% L), LI Ting-Fang(% & J5), YANG Hui-
Yuan(# & 7C), et al. Acta Pharmaceutica Sinica(25 % ¥ ),
2000,35(9):659-662

[12]Sun M L, Ruan B F, Zhang Q, et al. J. Organomet. Chem.,

2011,696:3180-3185

[13]JADAMA Moussa Sakho (FJ 3k ¥), DU Da-Feng (4t K 15 ),
ZHU Dong-Sheng (4 A& J1), et al. Chinese J. Inorg. Chem.
(AL F F 3R, 2011,27(1):107-113

[14]Sherman L R, Huber F. Appl. Organomet. Chem., 1988,2:
65-72

[15]Tian L, Qian B, Sun Y, et al. Appl. Organomet. Chem.,
2005,19:980-987

[16]CHEN Xiao-Ming (% /N B), CAI Ji-Wen (%% 4% 3C). Crystal
Structure Analysis: Principles and Practice: Second Edition

(3 b 25 5 AT R 5 5 3R). Beijing: Science Press, 2007:
212-222

[17Miiller P, Spek R H T A L, Schneider T R, et al. Crystal
Structure Refinement-A Crystallographer’s Guide to SHELXL.
New York: Oxford University Press, 2006:63-96

[18]LUO Ning(# 7°), SUN Li-Juan (#) W6 %8 ), LIU Zhi-Zhong
(R3A ), et al. Chinese J. Appl. Chem. (2 A 44 %), 2000,17
(2):154-158

[19]KE Yi-Kan (#7 LA fil), DONG Hui-Ru (# £ %4i). Analysis
Chemistry handbook: Vol.3(% #74¢ F F #: % = & #F).
Beijing: Chemical Industry Press, 1998:932-935

[20]Gomez-Ruiz S, Kaluderovic" G N, Prashar S, et al. J. Inorg.
Biochem., 2008,102:2087-2096

[21]Chandrasekhar V, Baskar V, Boomishankar R,
Organometallics, 2003,22:3710-3716

et al.





