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Syntheses, Crystal Structures, and Anti-tumor Activity of Tetra-nuclear Cluster
and 1D Chain Butyltin a-Naphthaleneacetic Carboxylates
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Abstract: The tetra-nuclear cluster dibutyltin a-naphthaleneacetic carboxylate {[n-Bu,Sn(0,CCH,C,H,)],0}, (1)
and the 1D chain tributyltin a-naphthaleneacetic carboxylate [n-Bu;Sn(0,CCH,C\oH5)], (2) were synthesized by the
reactions of a-naphthaleneacetic acid with dibutyltin oxide and bis (tributyltin) oxide under the same conditions,
respectively. Their structures were characterized by IR, 'H and "C NMR, elemental analysis and X-ray crystal
diffraction. The core structures of 1 are two Sn,0, four-membered rings which are constructed of Sn atoms with O
bridges, and the two Sn,O, units are dimerized to a Sn,0, cluster, so the center of central Sn,O, ring coincides
with the symmetry center of whole molecule. Due to the C-H---7r interactions, the adjacent molecules of complex
1 is linked to generate 1D ribbon structure. For complex 2, two Sn atoms are bridged by two O atoms of a
carboxylate ligand to form 1D infinite chain coordination polymer. Thermogravimetric analysis shows the
complexes were stable up to 250 or 175 °C, respectively. Moreover, the tests showed that both of them displayed

strong in vitro anti-tumor activity against five human tumor cell lines, Colo205, HepG2, MCF-7, Hela and NCI-
H460, but the activity order is 2>1. CCDC: 1026774, 1; 1026775, 2.
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1 SEIHES

1.1 {EFFnik

J5 AT X S E AR S O R A (bt 2
AR A FRA NI IR SR IE, C H &5
H PE-2400(IN7T 3 73 #r X (3 [ PE 22 ) E , £04b
1% H IR Prestige-21 214 6154 (H 4% Shimadzu
AH] L4 000~400 em ™) E , ZREIAR E0E kS
51 ] Bruker Avance 400 F1 Bruker Avance 500 #% #
LHRAL (Fi L Bruker A ] TMS i N AR )N & F4 T 7

TT IR AR B (X>47%) 1A B B PR AL T
ABRA T E AR (=T H8))(96%) W A 1 & 26 4=
TERHE I A R ) - 28 2R (T 24 40) 1 [ 11
KRGS, R (99%)., TAREDT (X,=
99.8%) M H A R FHE A BR A A, = H I
(DMSO)W [ K it i B2 R fb 2737 F R 1 v
R T R AL T A R R, HA R o i
afi | N2 W 9 40 i (Colo205) N i 28 M (HepG2) . A
FL MR A A0 L (MCF-7) B 35093 41 i (Hela) i 48 40
Jfl (NCI-H460) 4 g ik B 58 AR RS 35 0 S 47 P
(ATCC), & 10%i64- IfLiE ) RPMI-1640 15 57 316 H
K Gibico 2w, B F1 B (Trypsin) 6 L H R 46 %
A2 A BR A
1.2 BREVHEN

A RN N 1 7R B 1 mmol (0.186 g) a-%%
LR ,1 mmol (0.249 g) n-Bu,SnO ¢ 0.5 mmol (0.298

2)(n-BusSn),0 A E] 10 mL HEEH HEFHR G385,
SRIGHE R 2 25 mlL 27 5 U 98 & M A el A AN 45 4 e
NEZE T 120 CCF R 3 d, f54% 5 °C-h' {3
PR, BRAY 182,

BC& W 1. L U] a K 0.321 g, IR 75.5%
m.p. 100~102 °C, JCR I (CoH 0,n,), HIRMH
(%) :C 56.50,H 6.16; LM (%).C 56.48 ,H 6.17, IR
(KBr,cm™):3 042 (w),2 955(s),2 924(s),2 859 (m),
1 626(s),1 576(vs),1 510(w),1 460(w),1 422(w),1 393
(s),1 339(m), 1 325(m), 1 288(w),1 258(w), 1 234(w),
1 163(w),1 078(w),1 018(w),964(w),935(w),878(w),
779(s), 712(w) , 685(w) , 638(s) , 540(m) ,474(m) ,419(w).,
'H NMR (CDCl;,500MHz),6 7.31~8.03 (m,28H, Ar-
H),4.11 (s,8H,ArCH,C00),0.74 ~1.63 (m,72H, Bu-
H), “C NMR(CDCl;, 125 MHz),8 13.56(Me-C),26.62

¥ TG 209 F3 #HE L (FE [ Netzsch Al (SnCH,-),27.05 (SnCH,CH,CH,-),27.41(SnCH,CH,-),
AT 41.91(ArCH,C00),124.21,125.54,125.65,125.80,125.99,
e
o--"" SnBu /SnBu Bu
| /( Bu,SnO/MeOH (Bu,Sn),0/MeOH 3
J/ | <~ wcas4  RCOOH 120C,3d Sn —O\(O .
R SnBu Bu Sn‘

R
=0
R

1 AW B A RN

Fig.1  Preparation of the complexes
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127.58,127.88,128.62,132.40,133.89(Ar-C), 172.42,
177.38(-CO0).,

BeEY 2. 6033 WK 0.402 g, 1% 84.6%,
m.p. 72~73 °C, TG 5317 (CoH30,8n) , BB H (%) : C
60.65,H 7.64; S2I{E (%) . C 60.63,H 7.65, IR(KBr,
em™):3 051(w),2 955(s),2 920(m),2 853(m),1 583
(s),1 560(vs), 1 510(w),1 464(w),1 420(w),1 389(m),
1 290(w),1 258(w),1 180(w),1 157(w),1 076(w),1 018,
(w),964(w),939(w), 878(w),777(s), 745(w) ,696(w) , 675
(w),631(w),611(w),583(w), 544 (w),424(w), 'H NMR
(CDCly,500MHz),8 7.43~8.07 (m,7H,Ar-H),4.08(s,
2H, ArCH,C00),1.22~1.67(m,18H,-CH,CH,CH,-),,0.92
(t,J=7.2 Hz,9H,-CH;), "“C NMR(CDCl;, 100 MHz),6
13.57(Me-C),16.52(SnCH,-," J("*Sn-"C)=354 Hz,"J(""Sn
-3C) =338 Hz),26.94 (SnCH,CH,CH,-,*J ("*Sn-"C) =65
Hz,*J(""Sn-"C)=61 Hz),27.74(SnCH,CH,-,*J("*Sn-"C)
=21 Hz),40.13(ArCH,C00),124.28 ,125.50, 125.90,
127.51,127.74,128.57,132.37,133.90,140.37,149.69
(Ar-C),174.09(-CO0).,

1.3 BIEEHNE

PE R ST R 0.24 mmx0.18 mmx0.17 mm (1)
0.26 mmx0.17 mmx0.12 mm (2) 4, 7E Bruker
SMART APEX Il CCD s fiT A b R FH 2 41 A5 1
AR Mo Ka $746(A=0.071 073 nm), T 296(2) K, LA
o~ T AT A, 43 BITE 2.920~27.54°
(1)1 2.57°~27.46°(2)3 Bl N WCER AT 5 i, i B &8
Lp B TR Z B\ IE, A AZE ) i B
A EREAE SR AR AR AE 2218 Fourier & B Bl 22
JE AU R I AU A A M P L AR AR
X S R AR S 43 501 R 45 1] [R) 4 R 45 1] S
IMSHGAT R MR /N RIEE X 1 TR
REE O1 il i 8 Bl AR A TR B AL B % 2
HTEP I 3 AT 3, il BRI ARG C-C B A a)
B—A~ C 1 24 C BRI Ry E s e A B
W, JRERIE 1A T3 BRIP4 ¢ A AL
BT T A TR G AR A A o M A AR
KM SHELXTL FE/FR25E AL, T A9 10 df A 2= 50
T,

*1 BEYWI1HM2HWREEHIE

Table 1 Crystal data and structure refinements of complexes 1 and 2

Complex 1 2

Empirical formula CygoH 5010504 CyH30,5n

Formula weight 1 704.42 475.22

Crystal system Triclinic Monoclinic

Space group Pl P2//c

a/nm 1.199 45(4) 1.214 3(3)

b/ nm 1.312 42(4) 2.065 4(6)

¢/ nm 1.465 63(5) 1.024 8(3)

al (%) 68.950(2) 90

B/ 67.862(2) 101.965(3)

v 1 (°) 80.552(2) 90

VI nm? 1.993 36(11) 2.514 2(12)

Z 1 4

D./ (gem™) 1.420 1.255

Absorption coefficient / mm™ 1.292 1.030

F(000) 868 984

Limiting indices -15 < h < 15, -15<h <15,
-17 <k < 16, -26 < k < 26,
-19=</=<19 -B3=<l=<13

Reflections collected / unique
Data / restraints / parameters
Goodness of fit on F*

Final R indices (I>207(I))

Largest diff. peak and hole / (e-nm™)

24 404 /9 082 (R;,=0.024 2)
9082 /30/434

1.027

R=0.036 8, wR,=0.095 5
948 and -591

30 155 /5 704 (R;,=0.032 3)
57047209 /244

1.023

R=0.061 1, wR,=0.174 1
851 and -661
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CCDC:1026774,1;1026775,2.
2 ZR5iTi

2.1 EFRAE

Be &Y R 2L A 65 1(TE 2 955.2 924 .2 859
em™)Fl 2(7E 2 955.2 920.2 853 cm™) P Hi L T 1
FRIEM W, R T IR A7 1, -2 SRR R AL 4R &
WU (2 500~3 300 em™)TERC S W) iH 2k R UIR
LTS L AR o- 25 LFRTE 1 6941 221
em™ Ab 1 R BEASKE BR 5 6 R A 4 AR B, 7E B A 1
IR 43 591 ) AR ST A e A3 X AT S 1 0 R A X R
AiYR B ITE 16261 576 cm™, XFFRAH 4 Ik 3 1
BAE 13931 339 em™, H2E{H Av 535k 287 1
183 em™, UL 1 HAEFE DL B EUE 2R LS #7756
T 25 B I3 7 A 1Y) 2 Fp 2R A R L 5 A A
LRI T AR A R — B, 2 R B FR 5 R FR A
iR o BT 1 560 .1 389 em™, & Z % Av
MAT1 em™, FHRIEAR XS FR -5 X FR A0 48 3% 3 A 1f)
TBEIHE, RILRASLE AL, 5,17 638,
474 419 em™ H B Sn-0-Sn Sn-C Sn-O i 45 3§ 5
WU ,2 19 Sn-C .Sn-O i 2h W Ui 4 B8 78 583 424
cem™ 4B

BCE Y HY TH NMR 35, & g i B AR Z
b 55 10 1 4% 4 B B A W) & 01 7 7.31~8.03 Al
2 7F 7.43~8.07 Ju Bl 1Y 2 H g | IH & S 75 36 51l
WIS 1 7E 4.11 F1 2 7F 4.08 Kb Fbgg )8 Ry 5
5 FRAH A 31 FP L SRS TS5 WY BC NMR 35+
75 IR JE T BLTE 124.21~133.89 (1) F1 124.28~
149.69 (2)FE I , 1 7 172.42 F1 177.38 Ab 4% Hi 9 1
ZAGLR  RW 1 PRy 2 AL 520 AM s X
B AT G S 06 4 A B 2 PR LR S LA
174.09, 5 24k & W 1) SCHRAEIS 218250 — 3
22 EIEEN

BCEY 1.2 W00 F 458 50 i WK 2 3, 2 B4
KA 5 T 3R 2, INEC AW 0 546 w0 AH R
LS S5AE TN a-ZR SRS BuySnO | (BusSn),0 W,
=y S5 kA 2 0 22 5

Be AW 1 0% O 45 4 S 8D B 68 4 AR
) Sn,0, UICER (H1 03 .Snl .04 .Sn2 41)K), ¥4
A Sn-0 B K A% H i A £03-Sn1-04-Sn2 N
2.149(86)° , iZ ¥ A A FLI T P4 0E | 2 ik R
PUIT IR FH Sn-0 A A —FIE K Sn,0, Mk | v [E]
Sny0, PR HUC R A S T ARG 4 SRR

BRE oy 2 28— DL SR SO B 2 > Sn 1
=ML R 2 AR F LS EOE S Sn
SR RUEE, 7E 3 Sny0, WUITH I3 TE ) 2 A~ 75 T
ZIR 44 Sn JRFBE T 5 50 BRI 54> Sn i
B2 AT H, BT R B R S S R T
R B ASE B A 2 JE AL Snl Snli R
HEE A AR T = AR AUHE S5 84, Sn2 Sn2' b 7S BiE v AR
JENHEAR RS 55 Snl Snl' 439 5 05 .05 Z A1 47
EESAEM (Snl 5 05 Fl Snl' 55 05" 1Y #E & 4

ca

Symmetry code: ' 1-x, 2—y, 1-z; Hydrogen atoms and second

sites of disordered parts are omitted for clarity

L 2 WA 1 1940 45 PR (B2 590
Fig.2 Molecular structure of complex 1 with 5%
probability ellipsoids

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

atoms are omitted for clarity

3 EA2 15T 450 E (I ER R 5%)
Fig.3 Molecular structure of complex 2 with 5%
probability ellipsoids
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Table 2 Selected bond lengths (nm) and angles (°) for complexes 1 and 2

1
Sn1-01 0.224 2(13) Snl-Cl 0.209 9(5) Snl1-C5 0.208 7(6)
Sn1-03 0.202 3(2) Sn1-04 0.217 0(3) Snl---05 0.290 22(31)
Sn2-03 0.217 9(2) Sn2-04 0.277 35(21) S$n2-03' 0.204 0(2)
Sn2-02' 0.226 2(3) Sn2-C9 0.212 5(4) Sn2-C13 0.212 8(4)

04-Sn1-C1 94.87(19) 04-Sn1-03 80.06(9) 04-Sn1-C5 104.2(2)

01-Sn1-C1 94.1(15) 01-Sn1-C5 73.5(14) 01-Sn1-03 91.03)

C1-Sn1-C5 133.5(3) C1-Sn1-03 111.74(17) €5-Sn1-03 113.2(2)

01-Sn1-04 169.2(10) €9-Sn2-03 95.40(14) €9-Sn2-03' 107.85(13)

€9-Sn2-02' 88.39(16) €9-Sn2-04 79.046(121) C13-Sn2-03 95.95(14)

C13-8n2-03 109.52(13) C13-8n2-02 87.41(17) C13-8n2-04 73.872(130)

03-8n2-03' 76.29(9) 03i-5n2-02 92.34(11) 02-8n2-04 126.561(115)

04-8n2-03 64.727(84) €9-Sn2-C13 142.53(16)

2
Snl-01 0.215 8(4) Sn1-02 0.242 4(4) Snl-Cl 0.203 3(10)
Snl-CS 0.210 7(8) Snl-C9 0.210 6(10) Snl---02' 0.317 60(55)
01-Sn1-C1 97.5(3) 01-Sn1-C5 89.6(3) 01-Sn1-C9 96.3(3)
C1-Sn1-C5 115.2(4) C1-Sn1-C9 121.9(5) €5-Sn1-C9 121.0(5)
02-Sn1-C1 86.1(3) 02-Sn1-C5 84.3(3) 02-Sn1-C9 86.0(3)
01-5n1-02 173.80(15)

Symmetry codes: ' 1-x, 2-y, 1-z; " x, 1/2—y, —1/2+z.

0.290 22(31) nm), Kt Sn1 Sn1' 7] B 4 24 A 75 i

R AB J\ TR S5 48] 5 17 H ) PR Y Sn2  Sn2! (8] 34 A7 7E

& Sn--Sn fEH,Sn2 5 Sn2' BFE B H 0.331 92(3)
nm,

AN, e 1 E R 2 DMAHLBE A Y T

6], 8T H8C 5 U5 — 4R 4r F 1 05 R 2 1]

KM C=Heem (.. ,=0.296 T1(1) nm ,d

0.389 14(133) nm, £ C8-H8C---Cg'=161.971(928)°,

l"—;a \\

: } \\\\\.

C8--Cg

|
- \
\‘

Symmetry code: ' —=1+x, y, z; Some butyl groups and second sites
of disordered parts are omitted for clarity
B4 C-H--a 1E ISR G901 1 — 47 IR E5 4
Fig.4 1D ribbon structure of complex 1 by C-H---7

interactions

Symmetry code:' —1+x,y,z) MR FR | H 3 B 55 1F
FHA R I 34 4 il — He iy IR &5 4 (B 4), B 4 b Cg
(Centroid : —0.092 17,0.609 93,0.794 30)ft3% 1 &
(H C231~C28' I 2H i) Tt

B2 i, il Re TR F 3 AT Ak as
RN, A RETE B DU JCER | Sn J5 38 2 12 3 XL #7F
W R ZIE I — e RO R A I 5 fes
FLBIE TS 5 A EAE TR K | AR
[v) 17 20 B B AR T = OBUHE , SR H 2 MRER
F(01.,02) i 85 = 1 OSUHE 0 Bl 1) 47 &l A

N N\ s
1) e
Hydrogen atoms and some carbon atoms are omitted for clarity

K5 EaY 2 48R EE
Fig.5 1D chain structure of complex 2
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£.01-Sn1-02 K 173.80(15)°, H sl fi 25 180° £k Pk
1, X FTRE S 027 1 Snl [A] A7 7€ 1) 55 7E H (d
0.317 60(55) nm)f X,
23 MBEM

J TR R IR E I TE A AT (LA 20
C-min B FHER T 40~700 CH [ Pl 75 H #
R, K 6 Fras, B R BT 2 DA
P B T RO I B R AR L 17 250~375 C
WA, S ERBUR T 43.3%, %0 T 4 MR
45 2% (TH 5B R 43.6%) ; £ 375~695 °CH [l N 3
KR R 23.7% , WA Sn-C BERT S T B

1001

Snl--02'

Complex 1
/ =

Complex 2

0 100 200 300 400 500 600 700
Temperature / 'C

6 FECEY 1A 2 MR 4> AT ith 28

Fig.6  Thermogravimetric analysis curves of complexes

(F5AEH 26.9%); 4T = T 695 CHY , 5 B A
AL e E IR T 67.0%, 2 1E 175~345
CIEFEIWN B HE IR T 74.3% ., 802 587 61 A Al
53 5 SnO,, B B AE 4 9 N 35.5% (1) A 31.7%
2), T 5 M A Y & A 45 R R
G EATEBR IR AL A (7 1 f 2 7R
AT B R AR e T, 4 S AE 250,175 CRAR
A AR E AEAE  EATE R e 1k L i 22 e 5
SR 25 AR G,
24 PEEME

B A5 40 0 PR A1 B 98 3 v At 7 v R R 2 B )
M ARy 1 24 55 4 BRI 50 B 52 L, 5 SCRRPIm] — 7 2%
GRY TR 3, 1M 2 X S AL Colo205 \HepG2
MCF-7 Hela NCI-H460 3 58 3414 4 1 400 1 3% 14
1K) NG5 g g 200 JE 0 400 ) R dme &, HL T P 5 T I
PRASEFH 4 5 800 5 02 o AT 9 48 L R N 50 4
L 5 Xof N L S 4 L RN s 240 R %) 400 o4 FH B R
2 HOR M TR, BCA Y 2 6 A4 i A i i
T B 5 1 MY 6 AR 4 A i g 4
JL N PL R g A0 BN S A0 A 0 T A R
TS, (X 3 4 ol s 240 L ) 410 o) R AT O 2 s T G
B 1 MR, BCA YIRS T T R A2, R 3R
Wi, 1 R 2 B EA —E M A,

1 and 2
x3 BEEW 1.2 7K PRE R 30 =
Table 3 1ICs of complex 1, 2 and carboplatin on tumor cells
pmol - L™

Complex Colo205 HepG2 MCF-7 Hela NCI-H460

1 0.100 4 0.802 6 37.61 1.805 67.29

2 0.104 6 0.127 0.301 9 0.361 9 0.188

Carboplatin 0.531 4 0.613 9 26.83 24.78 62.13

3 & it

a-ZR RS T EEAE AN (=T A
FEAHF B SR OB, A BT 2 S HT  HLB) R
fig 1A 2, 1 #2730 57 250 175 CLA R A DL E
FEAE X A8 40 L Colo205 \HepG2 . MCF-7 .Hela
NCI-H460 358 ¥ G #am i m i /E R, B 2 093 4
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