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JIT R 35 o A i i
1.2 IERE

#4 0. 497 g(2 mmol ) —1E T HAE AL H1 0. 626 g(4 mmol ) SEEA IR, B T Fa A oK rh 7840 A TR
Ha A 50 mL Y = B . = A be B T O SO s R R B T 3R 500 W, R IR
120 °C, R i 30 min, 4 5% I S 5 T /K & WOk A4 S5 v A, 3k 8 B 25 AN IR 9 45 0 (38 B I
W, HCEAT O AR 0. 542 g, 7738 68.4% 45 4, 148 ~ 151 C o FELLAMR I 47 :2 953 (m ) ,2 926
(m),1697(m),1638(m),1578(s),1541 (s),1508 (s),1456 (m),1389(m),1329(m),625(w),
540(m),459 (m) em ™', ﬁ%%ﬁﬂ‘ﬁ{ﬁ(cw Hg Cl, O, Sn,) (B H)/%:C 45.76 (45.89) ,H 6.23
(5.61),
1.3 SRELEHaNE

IR /A 0. 20 mm x0. 20 mm x 0. 20 mm {9 {4, 7650 A AT S L, FH A S8 B A6 i) MoKar 5145
(A =0.071073 nm) FFEJE, F296(2) K, DL ¢ ~ o 7 UCEAT I ETE . 76 1. 69° <6<25. 05° 75 [l
PWALIEE 56 364 AT ST A, Hrp il S AT 59 A 15 877 AR (int) =0.023 1], A MESAT T 44 12 942 4>
[1>20 (1) JATEEM T MZHIEIE . 23BEHE L Lp BIE RIS IE , ] SHELXS-97 #2 /¥ DL B 4% 7k
HEAT AR ARSEFIfEHT o RIS F SHELXL-97 2 /3 % 4k SR T e b S H A 1) S S B AT 2 R B e/ —
FePABIE . SR T B ARPRE S BIS I ST B LA . 2SR Z T R, =0.041 4,wR, =0.1349,

2 iR 50
2.1 REMHFEH

MG R =R R, P 1S BIBE, S K% S8 a = 1.17653(4) nm, b = 1.20672(4) nm,
¢=2.74090(9) nm,a =80.493(2)°, B =83.995(2)°,y =64.260(2)°,V =3.4547(2) nm’,Z =2,
D.=1.525 g/cm3 , (MoK, ) =16.34 cm™! ,F(000) =1592,R, =0. 0414 ,wR, =0. 1349, Bl-&Yn) 24
KA I T 1 M2, SIRZ L 1,

1 EREYHEEHEK(nm)
Table 1 Selected bond distances(nm) of the title complex

€(29)—Sn(3) 0.2104(6) ||C(53)—Sn(2) 0.2129(4) || 0(6)—Sn(2)  0.2258(3) | 0(12)—Sn(2)  0.2038(3)
€(33)—Sn(3) 0.2130(5) |C(57)—Sn(2) 0.2117(5) || O(8)—Sn(2)  0.2183(3) || 0(12)—Sn(1)  0.2047(3)
C(37)—Sn(4) 0.2140(8) | O(1)—Sn(4) 0.2186(3) | 0(10)—Sn(4)  0.2032(3) |[0(12)—Sn(1A) 0.2161(3)
C(41)—Sn(4) 0.2078(8) ||0(3)—Sn(4) 0.2282(4) || 0(10)—Sn(3)  0.2033(3) ||Sn(1)—O0(124) 0.2161(3)
C(45)—Sn(1) 0.2122(6) ||0(4)—Sn(3) 0.2275(4) ||0(10)—Sn(3A)  0.2160(3) ||Sn(3)—O0(10A) 0.2160(3)
C(49)—Sn(1) 0.2134(4) [[0(5)—Sn(1) 0.2287(3)

xR2 BEVHEERERFA(°)
Table 2 Selected bond angles(°) of the title complex

0(12)—Sn(1)—C(45) 104.7(2) C(57)—Sn(2)—0(8) 99.80(16) €(29)—Sn(3)—0(4) 89.1(3)
0(12)—Sn(1)—C(49) 112.95(15) || €(53)—Sn(2)—0(8) 95.49(15) €(33)—Sn(3)—0(4) 83.5(2)
C(45)—Sn(1)—C(49) 141.4(3) 0(12)—Sn(2)—0(6) 90.00(11) || O(10A)—Sn(3)—O0(4)  165.59(13)
0(12)—Sn(1)—0(124) 75.90(11) || €(57)—Sn(2)—0(6) 86.83(17) || 0(10)—Sn(4)—C(41)  110.6(3)
C(45)—Sn(1)—O0(12A)  100.7(3) C(53)—Sn(2)—0(6) 85.43(16) || 0(10)—Sn(4)—C(37)  111.7(2)
C(49)—Sn(1)—O0(124) 96.64(15) 0(8)—Sn(2)—0(6) 169.08(12) || C(41)—Sn(4)—C(37)  136.1(3)
0(12)—Sn(1)—0(5) 90.02(11) || 0(10)—Sn(3)—C(29)  109.7(2) 0(10)—Sn(4)—0(1) 80.01(11)
C(45)—Sn(1)—0(5) 90.1(3) 0(10)—Sn(3)—C(33)  109.87(18) C(41)—Sn(4)—0(1) 103.2(3)
C(49)—Sn(1)—0(5) 81.70(15) || C(29)—Sn(3)—C(33)  139.8(3) C(37)—Sn(4)—0(1) 94.9(3)
0(12A)—Sn(1)—0(5) 163.99(12) || 0(10)—Sn(3)—0(10A)  76.37(12) 0(10)—Sn(4)—0(3) 89.02(14)
0(12)—Sn(2)—C(57) 107.83(16) || C(29)—Sn(3)—O0(10A)  100.6(3) C(41)—Sn(4)—0(3) 85.1(4)
0(12)—Sn(2)—C(53) 115.11(15) || €(33)—Sn(3)—O0(10A)  95.6(2) C(37)—Sn(4)—0(3) 84.7(3)
C(57)—Sn(2)—C(53) 136.29(18) || 0(10)—Sn(3)—0(4) 90.36(13) 0(1)—Sn(4)—0(3) 168.02(15)
0(12)—Sn(2)—0(8) 79.74(10)
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Fig. 1  Crystal structure of the complex
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Fig.2 Molecular structure(a) of the complex Fig.3 Molecular structure(b) of the complex

HE 2 A1 3 AT, Bl A2 = 3R RO W FREE M o FE43 TP A AE 1 AN Sn, O, ¥ B F- 1
PUTC N IR IZ IR HC s 2 o F IR RR HRL o B TR B AY 2 S FR3R Sk i R FE T Sn—O0—Sn FITHY
7S TCER o R Sn 5 A0FF Sn () sy SXOAS [R] , {EA - ] 5 #4289, 33 Sk o E A7 A9 R A8 = F RUEE ) 28
AR Sn JFF5 2 DIE T I IE C AL 2 4~ Sn—C 8, 5 2 A~ O JRFIER T 2 4 Sn—0
BELIES 1TAAMRREE O JEFIE 1 4> Sn—0 8, MHEAFMA Sn 7 FIPERR S 2 AN IE T SRR H 3 C
JERL 2 4~ Sn—C BAh , 7550515 1 AR O Ji+ 1 DNIRAFRIE O F 1 DNIRINRIE O JERL T 3 DAY
Sn—O . FE4-TH 4 NRIELL 2 RO 7 20 S JEF RO : S — ORI N IR R I @ R
1) 1A O JiF LRI B LS SRR Sn A0 ; 58 20NN AR L, B 2 R IE O Dt DAAr X004 B
£ 97 30 915 1 ASIRER S F1 1 ASPIER Sn A IE

IR Sn A ECAL A2 -2 AN IE T 360 C JEF N EFREF O Ji 7 588 1 = f B 7R 8 7 17 1 Y
3 AME, TAMAREE O JFF 1AW O I+, W i 48 1327 i i it gl ) o7 8 o AT 2 38 o7
1) 3 A Z (8] A & £ 43 5 e (a) O (12)—Sn(1)—C(45) 104.7(2)°,0(12)—Sn(1)—C(49)
112.95(15)°,C (45)—Sn (1)—C (49) 141.4(3)°; (b) 0 (10)—Sn (3)—C (29) 109.7 (2)°,
0(10)—Sn(3)—C(33) 109.87 (18)°.C (29)—Sn (3)—C (33) 139.8 (3)°, H 3k 1 2 F1 4> 5l K
359. 05°F0 359. 37°, )5 360 — & (W 2= , WAL TR B A7 B 1Y 4 DR ASE e Fhm, AL Tl {7 E
12 A~ 0 i 54T AREA B R 3 DI F 1A 5358 : (a) 0(12)—Sn(1)—0(12A) 75.90(11)°,
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C(45)—Sn(1)—0(12A) 100.7(3)°.C(49)—Sn(1)—O0(12A) 96.64(15)° .0(12)—Sn(1)—0(5)
90.02 ( 11)°, C(45)—Sn(1)—0(5) 90.1 (3)°, C (49)—Sn (1)—0 (5) 81.70 (15)°;
(b)0O(10)—Sn(3)—O0(10A) 76.37(12)°, C(29)—Sn(3)—O0(10A) 100.6(3)° .,
C(33)—Sn(3)—O0(10A) 95.6(2)°.0(10)—Sn(3)—0(4) 90.36 (13)°.C(29)—Sn(3)—0(4)
89.1(3)°.C(33)—Sn(3)—0(4) 83.5(2)°, ¥f#5 1 90°, Horp i 22 fe K3k 14° 2 o Kb -l o7 5 1) Ji
FHEEA R (a) O(12A)—Sn(1)—O0(5) 163.99(12)°;(b)O(10A)—Sn(3)—0(4) 165.59(13)°,
5180 FHZE K o HILTE I, AL 51 vh PN ) i WA AR T B R I — R U 78
2.2 LISMRIESRAE

LIAMEIE T 459 om AL BRI R IAILA W R AEAE Sn—O 2 KRR SR 1 RNEER
B FRANGEIR BN (v ) 1697 em ™" BRISCHE RIS AR P8 IR 3N (v, ) WU 1389 em ™', 3 Z(H Av
308 em ™' 55— K 1577 em BRI A FRIPAEIR S (v ) W A 1456 em ™ SRR PZEIR Bl (veo)
WS e Aw R 121 em ™' o R WIEE— 2B AL 2 LA 205 Sn JEFRCAL, 55 8B 8 2 DAL
AL Sn JEFRCAL, 5 R ATE o BT 4 R — 3k
2.3 EEVMEHNELITE
2.3.1 BAYWsTHERSFWNE S THELKR HESY D TR TFIESRE 0B AR,
FH Gaussian 98W F£F 1 HF/lanl2dz FE2H K, 76 P4 1AL AT RE R T Bl iy . &
00 F BB A - 3140. 9734896 a. u, i (M PLIE REEE Y - 0.32371 a. u, A LA GE &
0.01608 a.u. . SLAE & FI 7 A PLIE B & B B8R, S IR PLIE 5 S AR AR 5 BUIE 1Y RE = B R
0.33979 a.u, KU THTEE . MHLRTEE RS EE, | epono R BERA AL HOMO | H B — 4> Ht, 7B IR
M, P A G PO R LT

T B P 450 5 UL, 40T T RS G4 OB U . TS 5 A FE R
KIFFUIE R BNV I A IH— R FRR LR 7843 9B Th B 5Tk RSP0 00 R 14028
(a)Sn J5F;(b)O J5iF;(c)ClJEF5 () REECC T ) JEF5(e) R CCIN) S5 (F) T2 CCI) ¥
(@) H JEF 7 25, Fri B FIR SR SUE A HCS A T REE Rk 3 Al 4 o,

x3 STFHEAM(%)

Table 3 The calculated molecular orbitals composition of the complex

MO E Sn 0 cl c(l) () c(Im) H
282 -0.34659  7.1657 10.542 6 0.150 3 12.702 3 5.589 4 57.653 6 6.196 1
283 -0.34091  2.8103 4.7756 0.887 1 14.0078  49.5120 23.299 1 4.708 1
284 -0.33980  5.6273 4.7367 3.743 1 11.5088  15.0104 49.896 9 9.476 8
285 -0.32757  0.0740 1.4233  19.695 13.5158  64.7694 0.4787 0.0439

HOMO0286 -0.32371  0.0735 2.0652  19.8085 13.0496  64.4403 0.4853 0.0776

LUMO0287 0.01608  55.4967 2.3811 0.0290 8.2080 7.005 4 25.460 5 1.4194
288 0.02106 53.0970 2.7450 0.045 2 9.3785 9.3020 23.460 6 1.9716
289 0.06917  5.4588 7.3634 1.3249 7.8269  68.6735 8.0775 1.2750
290 0.07612  5.989 1 7.606 2 1.040'5 8.7651  65.8597 9.354 1 1.3853
291 0.10182  0.5115 0.0680 1.6108 2.0369  91.8570 3.0000 0.9158

3 BRI 1 SRR AR DA - 1) BT o 46 20 BUE R RS C XN LIE A STROR T 64. 7%
HHAEBIRN 2 THGE P AR Z T =, BUURIE BT R r 3L B sl s O CL R R
C J R 23T B B 5TRR 3550 19. 70% F1 13, 52% o LI Cl 55 R EERR S5 R I B L HE A 5
2) T3k CRGZWAYHTHT o5 P HUE A BRI TTER, % HOMO #UE STEkAR /N, U 0. 48% , {HX] LUMO
PUBAT BRI DTkak 25. 46% , UL T 2R IR B K5 3) He A HOMO 5 LUMO H 45 28 i - BIL3E A
T AHER ), 24 1M HOMO #0431 LUMO B i, 202 A0SR L LAY AL 18] Sn Jii 7 FIIE T 5%
Fet% , o Sn i BER A TR RO IL i i sz i T 2R
2.3.2 T FvERTHEE A i1 Mulliken A7 & 73 Hr 5 BIZ5H) OGS JEF I HL AT 0 A 51 T3 4 (R
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HOMO LUMO
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Fig.4 The schematic diagram of frontier MO for the complex
JETE 5 o A RBIASIET AR A A U0 AL : 1) FRC T Sn R B L 11 23 B 1. 750 105 Fl
1.970 926 [WIEH, T4 H RT3 IEH, R 3E C 533 AR IR C ff B, e C R 731
H132) 5 Sn 7 EEEAH I A9 U1 TR AT B R P, 20 i)k B C(29) - 0.759 892,C(33) -0.839 357,
0(4) -0.705401.,0(10) -1.184638.C(37) -0.836306.C(41) -0.864327.0(1) -0.717 089,
0(3) -0.656810, £ Sn JF 13 Sn—C G Sn—O R AL 45 R5 5 C F1 O |, LR X s HAy
B pIE o I, Sn—C 1 Sn—O0 S EVEA —E IIBREE , B0 5y A A2 1580 53) R 3h L ) vt £ A3
Ji B AR 22 5 (A0 <y HL ) AT B EAS LA o AR AR S PEBOR Y CL BT /N, 5 CL R
TAHER C I s i 2, al RE Rt T LR 19 p LB SR IME R p-mr JLHEHE C1 L9106
LT 1) 2R ER S A5t , HOMO B4y Al Cl—C St 4 A nl e S X — HI W
4 EFHE
Table 4 The atom’s charge

c(1) 0.457018 C(9) 0.245715  C(31)  -0.305991 C(39) -0.336196  0(3) ~0.656 810
C(2) 0.252316  C(10) -0.276187  C(32)  -0.577270 C(40)  -0.628426  0O(4) ~0.705 401
C(3) -0.290267  C(11) =-0.281793  C(33)  -0.839357 C(41)  -0.864327 0O(10) -1.184638
C(4) -0.299551  C(12) =-0.193600  C(34) -0.277631 C(42)  -0.319295  Sn(3) 1.750 105
C(5) -0.183819  C(13) -0.229497  C(35) -0.271819 C(43)  -0.326854  Sn(4) 1.970 926
C(6) -0.262494  C(14) -0.314541  C(36) -0.594417 C(44)  -0.634713  CI(3)  -0.042423
C(7) -0.293715  C(29) -0.759892  C(37) -0.836306 O(1) -0.717089  Cl(4)  -0.045691
C(8) 0.567129  C(30) -0.301237  C(38) -0.323670  0(2) -0.505 136

2.4 EEYREIMNTEESE

DLZLR I A0 Mk (MCF-7) 1 L5 20 B ik (HL-60 ) Sy Xf 42, LA/ BRUSEF4E 4 M (3T3 ) Shy 1E 5 %t BE 4
Mo SR DL IR ER AR S5 (MTT 325 ) , WAL T e G R S 85 37 9 200 R X 41 ) 3% 1 20 AR I E 10%
/NI Y RPMIL640 132k, T 37 C \CO,BEFRA P % I 57, B R b 21X vk 2 8 40 mg/ T,
FHBFR] 24 h, 15275 O RR . 25 SR RS 03 2 A AL B T2 53803 301y 86. T% 1 74. 6% , T AT IE
YR BOBERAUN 21. 3% o FRBCAPIXT 2 Fhog 40 M35 — e Al s v, FL BR A B AR 0 T 1 A
ik — 2G5

3 45 i

TAET IR AL AR SR T AL Y R A R G 102, 3 o Rl T A A A B T IR T R B AR SR
FRRERIC Y o & X AT INEIE TSRS, e S W E =Rt &, B b — 45 H foo
T2 AESESCEAFMLL Sn, O, A4 LKV I VY ICER y FC 3R ZRARES I 731, B 144 O T
{37 (W78 = A OUHERG R o 0 FLAS A BEA T i A2 DRI SR T RC A W RAs e 1 2 T Ll e DL &
TR R > T BUE A A SRR AR . T MTT 350 1Ak & PPt N2 FLIRE (MFC-7) 40 g A 5 1
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(HL-60) A0 A5 1, SC R4 R R W, BE S W00 2 i 202 A — s A R T 1
2 % x M
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Microwave Assisted Solid-state Synthesis, Crystal

Structure, Quantum Chemistry Calculation and

in vitro Inhibition Activity to Cancer Cells of the
Di-n-Buyltin Di-o-chlorobenzoate

ZHANG Fuxing“, WANG Jiangiu, KUANG Daizhi, FFNG Yonglan, XU Zhifeng, YU Jiangxi
( Department of Chemistry and Material Science ,Hengyang Normal University ;
Key Laboratory of Functional Organometallic Materials of Hengyang Normal
University , College of Hunan Province, Hengyang 421008 , China)

Abstract Di-n-buyltin di-o-chlorobenzoate {[ n-Bu,Sn(0,CC,,H,) ],0}, was synthesized by a microwave
assisted solid-state synthesis. Its structure has been determined by X-ray single crystal diffraction. The crystal
belongs to the triclinic space group P 1 witha =1. 17653(4) nm, b =1.20672(4) nm, ¢ =2.74090(9) nm,
a=80.493(2)°,8 =83.995(2)°,y =64.260 (2)°,V =3.4547(2) nm’, Z =2,D, =1.525 g/cm’,
w(MoK,) =16.34 cm ™' ,F(000) =1 592,R, =0.0414,wR, =0. 1349. In the complex, the tin atoms are
five-coordinated in a distorted tigonal bipyram idalstructure, and the dimeric structure constitutes a Sn,O,
planar. Theoretical study on the title complex has been performed using a quantum chemistry calculation by
means of G98W package and taking LANL2DZ basis set. The stabilities of the complex, the orbital energies
and composition characteristics of some frontier molecular orbitals were presented.

Keywords microwave assisted solid-state synthesis, dialkyltin o-chlorobenzoate, crystal structure, ab initio

method



