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Syntheses, Crystal Structures and Quantum Chemistry of Tri(3,5-difluorobenzyl) tin
Chloride and Tetra(o-chlorobenzyl)tin

ZHANG Fu-Xing® TAO Jing TANG Dan-Dan LUO Jing TANG Peng KUANG Dai-Zhi
FENG Yong-Lan ZHU Xiao-Ming

(Department of Chemastry and Material Science, Hengyang Normal University, Key Laboratory of Functional Organometallic Materials
of Hengyang Normal University, College of Hunan Province, Hengyang, Hunan 421008, China)

Abstract: Tri(3,5-difluorobenzyl)tin chloride (1) and tetra(o-chlorobenzyl)tin(2) have been synthesized. The crystal
structures of the compounds were determined by X-ray diffraction. The crystal 1 belongs to monoclinic space
group C2/c with a=1.858 33(11) nm, b=1.140 98(7) nm, ¢=2.690 06 (16) nm, $=109.288(10)°,V=5.383 6(6)
nm®,7Z=8, D.=1.532 g-cm™,u(Mo Ka)=13.61 ecm™, F(000)=2 480,R,=0.085 1,wR,=0.168 1. The crystal 2 belongs
to monoclinic space group P2/m with a=0.585 54(5) nm,b=1.969 74(18) nm,c=0.857 86(8) nm,3=95.204 0(10)°,
V=0.985 34(15) nm*,Z=2,D.=1.805 g-cm~,u(Mo Ka)=14.91 em™, F(000)=524,R,=0.0540,wR,=0.163 9. The tin
atoms have a distorted tetrahedral geometry. The study on two compounds have been performed with quantum
chemistry calculation. The stabilities, some frontier molecular orbital energies and composition characteristics of
some frontier molecular orbital of the compound have been investigated. The thermal stability of the compounds
were tested. CCDC: 1533663, 1; 1533662, 2.
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Iz 2 AR —EH G R AT 240 H B A Y
HA 2RI Hop iR Sl i e S i fh sy e #
AL AT A R e i AR O — R = e |
CTREC RS ERER A Z S, Kb
BE T A B R IR I i A B O B T RN R UL, R
W Z Ah A DAL S0 AR AR T IO i i
SERII 2R RUMURE B SRR AR T — R ATIUR
TEBE YT, PRI LS MBS
T RO R 1 57 8 X0 BB R B8 T 1R 285 4 A )
A S M0 R S A SR PR R 45 SR 1 T
FB Sk TR kB R AR RN S A AR BT
AISEI AR SCE BT = (3,5- R ) S AL B (1) F g
(RBANE) ) (2), WAL ITCR T LLAMGIE X H A5
HEAT T RAE X 220 S A7 S0 E T ARG I
PRE5H X ILZE A 4T B A SR THER 3R T4k
BV FRRGEYE | T HUE R & LA — LT 4
T A BURIE, T T AL G W AR 1

1 SEWHES

11 iRXFA{LF

FRA R A2z gl RAEFT IR 88 A H AR
& HE IRPrestige-21 B £1 4P 6354 (4 000~400 em™,
KBr),PE-2400 (I) ! 5t % 43 #7 1L ,Bruker SMART
APEX IT B PR G A7 S, X4 BUVBCT B U8 A4 TGA
Q50 BYFE Zp R (=5 A, I E 2 20°C - min™!,
SR 20 mL-min™,40~800 °C).
1.2 ULEYHEK

&Y 1 A S BSCERM 7 150 mL 1) =
HRSHE P INA 16.26 (0.1 mol)3,5-F RIS, 10 g
(0.084 mol) ¥y A1 80 mL 1E T Fist, /Dl i 41 1 K
1 g B HMA, PEBEFEITR 6 h, 2 Hak R
SNE R 8 B, 8 VB I i R AR RIS W, TR A

PG 23 K2 R IE T B8 Ve A 20 > A
BUGHCE B ib B sk ol A R 25 A
T =3,5-ZF/ NE)AMLY 12.24 ¢, H 68.57%,
m.p. 177~179 °C, JCFR 53 M7 (CyH,5FCISn) : S B fE (1
T, %) . C 47.21 (47.06),H 2.81 (2.80), £L4MEiE &=
B (em™):3 030 (w),2 932(w),1 611(s),1 584
(s),1 479 (s),1 442 (m),556(w),519(w),438(m),

eEY 2 B4 B, 2 BRSCHR 7E = S0 i A
16.1 g(0.1 mol)*BEA R A, D HE AL 60 mL 1F 1% FEF
40 mL &P ZH 2R G FE T A A 100 g
(0.084 mol) 2 i fL AL PR B K3 FI 1.0 g B 5%, PR 4
FERIGE N 6 h, e Fa i A SO 00 85 8, D8 21
Add i R RIS WD, Fe it AR 2R oK
J2 TR 28 AR CE AT e A s
o3 8 AR D 8 T K SRR R P R
g A3 11.82g, I0H 76.16% ., 1 55 .89~
90 °C, JCE 7 M7 (CosHyuCly Sn): L EH (HFEME | %)
(C53.96 (54.11),H 3.84 (3.86), L4161 3= 220 i 1
(em™):3 049 (w),2 931(w), 1 585(m),1 470(s),1 438
(m),567(m),
1.3 BREEHEHH

A3 R /NS R 0.23 mmx0.21 mmx0.20 mm
1) &R 7€ Bruker SMART APEX 11 CCD 5.5 fi1 5
E, RHAZAEL AT Mo Ka 74k (A =
0.071 073 nm), T 296(2) K, LA o~ 14 77 2L 4 5L
i, AT LER AT ST 5500 3R 2149 A1 5034 N [1520(1)]
HF 858 BT fofs &, 28R 2 Lp TS5
WA A i A 2 A8 B A | R U - AR Al
I EEE 22 {H Fourier A MU REZLH & |, BRI N AL 45 H
SR FTE SR A O Ay, R SR T A bR B
& W SRS BT 2 M RN RIE B IR, 2
4589 3 M v 5 TR SR A SHELX-97 2 774 & 48 5%
B, AR TE LR 1,

CCDC:1533663,1;1533662,2,

x1 LEYHREFHIE
Table 1 Crystallographic data of the title compounds

1 2
Empirical formula CoHsCIFSn CasHLCLSn
Formula Weight 535.47 620.96
Crystal system Monoclinic Monoclinic

Space group C2/c

P2/m
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Continued Table 1

a/nm 1.858 33(11) 0.585 54(5)

b/ nm 1.140 98(7) 1.969 74(18)

¢/ nm 2.690 06 (16) 0.857 86(8)

B/ 109.288(10) 95.204 0(10)

V / 5.383 6(6) 0.985 34(15)

z 8 2

D./ (g-m) 1.532 1.805

(Mo Ka) / em™ 13.61 1491

F(000) 2 480 524

0 range for data collection / (%) 2.07~27.53 2.13~27.47

Index range —4<h<7 —15<h<24
—24<k<25 -12<k<14
-10<I<11 —34s<i<34

Reflections collected 5942 15 845

Reflections unique 2 308(R,,=0.017 1) 6 107(R,=0.017 7)

Goodness-of-fit on F? 1.141 1.043

Final R indices R\, wR; [[>20(])] 0.054 0, 0.163 9 0.058 1, 0.168 1
R indices(all data) 0.056 9,0.168 2 0.068 1,0.176 5
Largest diff. peak and hole / (e-nm™) 949 and -1 394 2 469 and -9 994

2 ZRE5E F 43 435 F4) T R 235 4 2 0mT
EEY 1 AR FR T, LB R
2.1 R4 DU A7 ) Y TR A AL R 5 B R LA 2 3 A
e Eam EERK MmN TR 23,46 WHIEBRMEE T, 5 F XK E 2 C1.Sn.C
G o AR UL 1 E 2, (8).C(9).C(12) fLA~JEF 1~F 1, %% i £ Cl(1)-Sn

x2 HLEYHEMIRK
Table 2 Selected bond lengths(nm) of the compounds

1
Sn(1)-C(1) 0.214 7(6) Sn(1)-C(8) 0.215 3(4) Sn(1)-CI(1) 0.238 4(2)
Sn(1)-C(1) 0.214 7(6)

2
Sn(1)-C(1) 0.217 8(5) Sn(1)-C(8) 0.217 0(6) Sn(1)-C(15) 0.218 4(6)
Sn(1)-C(22) 0.217 8(6)

Symmetry codes: ' x, —y+1/2, z for 1

3 HEYHHBITERCO)
Table 3 Selected bond angles(°) of the compounds

1
C(1)-Sn(1)-C(1) 117.20(4) C(1)-Sn(1)-C1(1) 102.02(19) C(1)-Sn(1)-C(8) 114.87(18)
C(1)-Sn(1)-CI(1) 102.02(19) C(1)-Sn(1)-C(8) 114.87(18) C(8)-Sn(1)-Cl(1) 102.60(14)
2
C(1)-Sn(1)-C(8) 110.02) C(1)-Sn(1)-C(22) 106.6(2) C(1)-Sn(1)-C(15) 111.9(2)
C(8)-Sn(1)-C(22) 110.1(2) C((8)-Sn(1)-C(15) 110.7(2) C(15)-Sn(1)- C(22) 107.4(3)

Symmetry codes: ' x, —y+1/2, z for 1
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Symmetry codes: ' x, —y+1/2, z

1 AbEW 1 RS TS50 (R A3 209%)
Fig.1 Molecular structure of compound 1 with the ellipsoids drawn at the 20% probability level

2 B 2 0o TSR I (R AR 20%)
Fig.2 Molecular structure of compound 2 with the ellipsoids drawn at the 20% probability level

(1)-C(8)-C(9)M 0°, 43T H Sn(1)-C(1) E#EFN Sn(1)-C(1)
SRR Y 0.214 7 nm Sn(1)-C(8)HESE K 0.215 3
nm, Sn-C1 ##5#K 4 0.238 4 nm, T 3,5- /K3
(23 RIS B, 75 57 R Atk 5 o 80 D7 ) 1Y)
FA T IE DU TSR A, 53 50 114.87°F1 117.20°;
T 58RI H 3k 55 Hp o0 B9 S 18] B A 35 /N T
IE DU TR A 2 500 102.02°1 102.60°, Bt 1k
B R TR S W A 1 DY T AR A TR

&YW 2 BT, HOBETS 4 41
FH R J57 - A% T 8 O T AR AS BB 4 > Sn-C BB
ASEASE P A 2 M58 0.217 8 nm, 73 2 1
35120 0.217 0 F10.218 4 nm, 5K K 0.217 75
nm , B S5 22 A 1 e S - 22 R) T R s 1 B £
KA TE 106.6°~111.9°Z [8] | 34 f &5 1 1F P4

Af, 537 Sn-C 8P 1 B 2 bE I (O6f 550 )
By Sn-C HEF 5 (0.217 5 nm) ORI K X AREL T
BORFETER IR LB, LAY 2 54 X
HR IS 5 3 A LA A TR) 18 43 465 K8 1 R L
— o an R S AR E 20 P2ym P2y e s —
J& Sn-C HER P ANE, 75k 0217 75 1
0.212 73 nm, #2% 0.005 02 nm,
32 EFUEMHR

FR i R 45 44 1) J 7 A A 32 ] Gaussian 03W
)7 A1 B3ylp/lanl2dz FE4H 7K, 11545 20011 8
Ae L MR 2 T B e &

A 1:E:=-774.702 636 4 a.u.,Eyon=—0.265 03
a.u., Eimo=—0.064 26 a.u.,AE monom0=0.200 77 a.u..
AW 2:E:=-1135.589 629 3 a.u.,Euom=-0.308 30
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a.u., Eyne=0.103 63 a.u., AEmonomo=0.411 93 a.u., M
{4 7 R 1 RN R VY B 0 RE R T 2 MR A B RE
WA ARERREIRAL, R 2 MG TE
FORRAE o Shermn 7 R 5 B IR o5 BT Y BE = R BR
AE BRI AT S5 B 1) £ 5 o0 BT | 1w
FH Mg E A, HAX S Ew 2 ka1
A5G R R A A

NIRRA VI BT 550 5 U R, kG
Yoy FRUE ST 0T, S 546 0% 288 FHE
F U - J7 R0k F R %5 43 76 4 1 EE i BTk
HLH—1k,

A 1A E VIR T8 6 #4578 R T
Sn; (b) AR F B JFL T C(1) ; () W H i J5 1 C(1) 5 (d) 5
JiF Cl; (e)BUR T F;(OVAJE T H, B & A HuE

ARG PUEAH S A IFREG R 4 K 3 R,

4 MK 3 BoRICEW 1 0 F 1 BUERAE . D
HIVE A o FRE T ORI A X 4 T BILEE 14 BT
K, 40.38% , IF HAE IR IZ R PLE h A 5 Rk
TUHR , U AR PR LA R G e s Bt AR e 1, @)
HIW b A FE T B R O Al i S
TX o FRE AR TR, 55318 24.63% |
18.84%F1 10.69% , W] Sn-C 5 Fil Sn-Cl 5 8 A
FE; QI HOMO 5 LUMO 4528 5+ 08 iy,
ATLE H, M HE T HOMO # 0k 2] LUMO $iE R,
TG W e SR G B A ) 2R R
R WMl Sn-C B AT Sn-Cl 5 58 B2 08055 b &9
P R PR AT

x4 LEVIBNSFTHEELANR

Table 4 Some calculated frontier molecular orbitals composition of compound 1

%
MO & / Hartree Sn c(l) eI cl F H
55 ~0.393 75 12.586 35 64.564 42 8.681 32 4.896 32 9.246 95 0.024 64
56 -0.370 83 6.489 56 63.226 37 20.568 43 2.662 27 6.836 84 0216 54
57 ~0.365 04 33.121 25 20.369 25 8.472 63 20.569 37 16.897 64 0.569 87
58 ~0.354 80 26.460 57 46.869 43 15.896 13 7.635 69 1.968 31 1.169 87
S9HO -0.265 03 24.634 36 40384 26 18.839 86 10.687 48 4577 30 0.876 74
60MO -0.064 26 18.269 42 58.369 54 8.698 63 6.369 85 7.256 98 1.035 58
61 ~0.019 09 38.623 16 40.598 83 15.521 63 2208 53 2235 16 0.812 6
62 0.082 28 4325 96 65.026 58 4.126 84 13.683 68 11.872 15 0.964 79
63 0.090 01 40524 55 25.174 14 15.307 24 7.930 02 10.082 02 0.982 03
64 0.108 74 30.259 16 15.851 23 38.633 45 6.13651 8333 13 0.786 52

HOMO

1

¥

4

K3 a1 T 2 T RE R R
Fig.3 Schematic diagram of frontier MO for compound 1

&Y 2. B FHHR 5 A (a) BIR
F Sn;(b) AR F Cl; () R IRBRIE T C(1); (d) T H ik
JEF CD; (e) &R F H, BUHT 5 A U AR 5 i
BHCS A EAR IR 5 K 4 PR,

%5 ME 4 SR 2 50 T 1 BGERRAE D

HOW A FHE T ORI R I X 5 U 4 BT
R, N 50.25% , F B AR 2 R BLE T A BRI
TUHR , 22 BRI LA R G i 0 s Bt AR e 1 L)
HIVE A 7 FHE Y, 87 AT a5 1 34
BRWTTHR, 0008 25.62%F1 22.21% , 2 W 4514 1
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Table 5 Some calculated frontier molecular orbitals composition of compound 2

MO & | Hartree Sn Cl c(1) cam H
108 -0.341 25 9.354 87 0.832 15 82.463 35 6.546 98 0.802 65
109 -0.334 20 4.112 42 2.124 51 84.321 26 8.231 63 1.210 18
110 -0.319 40 6.056 42 2382 34 84.036 95 5.815 34 1.708 95
111 -0.312 37 10.589 1 1.915 16 70.758 14 15.523 12 1.214 48

112MO -0.308 30 25.623 59 1.425 64 50.252 17 22214 36 0.484 24

113MO 0.103 63 0.563 21 3.742 44 80.015 53 14.128 40 1.550 42
114 0.107 32 3.584 30 4.985 47 84.405 63 5.810 28 1214 32
115 0.111 56 22.397 46 1.460 17 58254 16 16.264 68 1.623 53
116 0.114 32 12.568 24 4918 23 57.276 95 24360 15 0.876 42
117 0.117 48 16.028 24 0.413 67 79.972 16 279213 0.793 81

)
HOMO

K4 a2 i o5 P s

Fig.4  Schematic diagram of frontier MO for compound 2

Sn-C SEASREERCR 25 e . QI HOMO 5
LUMO M 28R FHEE Ry, nTRAEH, ST M
HOMO # & £ LUMO i i}, 2 &R+ i
e BURAL IR S SN A R AT i
FEPR R ASEE Sn-C BEM SRR TS, LA PR R e M
R

3.3 RBEMESH

FIH TG209F3 #3 HrAX , 7536 [ N %1k 5 ¥ i
TP A R E 5 iR,

A 1 BERLEE T R A R E S R
40~150 CZ i), fbEWILTFI&A K E,; £ 150~
380 CZIal Ak Ak H o B | HOK B T i ik 2
T 60% ,3X N iZ 25 P Sn-C BEM W2 520
KBTI FE 380~508 CZIH] AWk EAR T 22
15 I\ 508 CHf 2k B FR R IR | & 660 CH 2R
HIHATE IR BRI RS RETE 26.85%, MITR
W 73.15% 00 TG FRE 3 A 3,5- RN
FERVE BRI AT R E R Sn0,, 5 28.15% 1115
A G, BR85S RS D S e

804

60+
complex 1

Weight / %

404 complex 2—

204

160 260 360 4(30 560 6()IO 760 860
Temperature / ‘C
5 LA 12 B BT IR 2R
Fig.5 Thermogravimetric analysis curves of compounds
1 and 2

150 CZ Hi & il AR E AR 7RI

oG 2 BEREE B T R A TR DL . AE
40~175 °C Z M, BEAEWILFRAKRTE, 7 175~
355 CZIAl, BL A4 2k B o BRI 7F 355~570 CZ
], Bl A W)k AR 9% 7E 570 CLAJGE JLT A
MARHE, RIGRRVREEL 22.75%, BitKE
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