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nm?,D,=1.386 g-cm™ ,u(Mo Ka)=1.108 mm™, F(000)=2 240, R,=0.043 7,wR,=0.138 0, L& ¥ 2,a=2.005 44(14) nm,b=1.355 58(10)
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Synthesis, Crystal Structure and Quantum Chemistry of Two
Tricyclohexyltin Pyridinecarboxylate Complexes
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Abstract: Two tricyclohexyltin heteroaromatic carboxylates [Cy;Sn(CIPyCOO)(H,0)] (1), [CysSn(PyCOO)(H,0)] (2)
(Cy =cyclohexyl) were synthesized by the reactions of 2-chloronicotinic acid (CIPyCOOH) and nicotinic acid
(PyCOOH) with tricyclohexyltin hydroxide, respectively. The structures have been characterized by IR, '"H NMR
spectra and elemental analysis. Theirs crystal structures have been determined by X-ray diffraction. The crystals
both belong to monoclinic system, space group C2/c. The crystallographic parameters of complex 1: a=2.018 97(5)
nm, b=1.36116(4) nm, ¢=1.957 58(5) nm, B=104.8150(10)°, Z=8, V=5.2009(2) nm®, D,=1.386 g-cm, u(Mo Ka)
=1.108 mm™, F(000)=2 240, R,=0.0437, wR,=0.138 0. The complex 2: a=2.00544(14) nm, b=1.35558(10) nm, c¢=
1.9113 8(14) nm, B=107.260(3), Z=8, V=4.9622(6) nm’, D.=1.361 g-cm™, w(Mo Ka)=1.052 mm™, F(000)=2 112,
R,=0.0352, wR,=0.112 5. The tin atoms of two complexes are five-coordinated trigonal bipyramid configuration.
The 2D network structures of two complexes are formed by the hydrogen bonds. The stabilities, the orbital

energies and composition characteristics of some frontier molecular orbitals of the complexes have been

investigated with the aid of GO98W software. CCDC: 809069, 1; 832584, 2.
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1.1 XEEFRFH

SO AR 2-FRIR I E-3-H R S 1k
240 IR (KBr) FHZR 5 H: FTIR-8700 £LAMG X
(4000~400 cm )& , TR 7347 H PE-2400()JC %K 43
PG &, RS54 H Bruker SMART APEX 11 CCD
BSR4 % 4R =% ) BRUKER-400
AVANCE-500 #% A0 2 |, 45 55 b5t ™ XT4
U R AU S R s 0 (S | B T AR L OE
1.2 REVHEN
121 BEY1HEK

50 mL BB, A 0.385 g(1 mmol) =3
CHEA A 0.158 ¢ (1 mmol)2-F LA 2,20 mL H
B, SN2 h, BCEBT 6 RIE 0327 g, SR
60.2% ., ¥& 1. 77~78 °C, JGE 73 H1(CoHxCINO,Sn) S
WHE T3, %) . C 53.07(53.11),H 7.09(7.06),N 2.54
(2.58), IR(cm™):3246.0(m,von),2920.0(s,vey), 1 612.4

(vs,v,.CO07), 1 382.9(s,».C00),590.2(w,vs.0), 484.1
(W,vsd)o 'H NMR (CDCl;,500 MHz),6y:7.27,8.15,
8.44(s,3H,Py-H),1.34~2.05(m,33H, cyclohexyl-H).,
122 BEY 2 MG

50 mL [ B, A 0.385 g(1 mmol) =¥
O RS A 0.123 g(1 mmol) itk BE-3-F iz |30 mL
A 30 mL oK ZEE, RN 6 h, JHCE BT TC A A R
0.311 g,/ %K 61.2%, 1 i 136~137 °C, LR /4T
(CoH3sNO5Sn) 52 M E (5518 , %) . C 56.69(56.71),H
7.74(7.73),N 2.78(2.76), IR (cm™):3230.5(m,vo), 2
922.0(s,vcy), 1 612.4(vs,,v,L007),1382.9(s,».L00"),
567.0(w,5.0),491.8(w,vs,) 'H NMR(CDC1;,400 MHz),
84:7.34,8.31,8.72,9.25 (s,4H, Py-H), 1.33 ~2.05 (m,
33H, cyclohexyl-H).,
1.3 BRI #HNE

g3 mEBE S Y 1 R/ 0.20 mmx0.20 mmx
0.20 mm AHLEY 2 K/hH 0.23 mmx0.21 mmx0.18
mm [ & | 7€ Bruker SMART APEX II CCD .
g b, RS A ERAATN Mo Ka ST\ =
0.071 073 nm), T 296(2) K, Lk @-w 3 77 2 A
SEE, Aea Y 1 B 23071 TGS AL, b
ST L5944 A FDILERAT I R (15207 (1) 4757 1
TS5 E, e 2 I 13965 MiTH AL,
AT AT S A 4371 A4, FDUEAT I AR (1>207(D))
3874 M TA K E , 2FERS 1p HF &R
WSS IE , fb AR S5 A8 T B2k i o | AR AR T
A BRFE 22 (H Fourier & MRl 2 e, AR T F B
T IEE 25 A AE TR (0 7 8 A A 6 SR AR
ST 43 50 SR A5 1o ] 1 45 1) S M A S 0 AT
S M /N IR B T A A M R TR
JH SHELX-97 B /¥ REL e, a7 5 ik 1,

CCDC:809069,1;832584,2,

x1 LEVHREFHIE
Table 1 Crystallographic data of the complexes

Complexes 1

Empirical formula CyuH3CINOsSn
Formula weight 542.69
Crystal system Monoclinic
Space group C2/e

a/ nm 2.018 97(5)

b / nm 1.361 16(4)
¢/ nm 1.957 58(5)

B/ 104.815 0(10)

2
CH3NO;Sn
508.25
Monoclinic
C2/e

2.005 44(14)
1.355 58(10)
1.911 38(14)
107.260(3)




%2 VL W1 30 2 450 1 5 90 0045 0L 45 T T2 21
gkl
Volume / nm? 5.200 9(2) 4.962 2(6)
A 8 8
D./ (g-cm™) 1.386 1.361
Absorption coefficient / mm™ 1.108 1.052
F(000) 2 240 2112
0 range / (°) 1.82 to 27.48 1.84 10 25.00

Limiting indices

Reflections collected / unique (R;,)
5944 / 185 / 265
Goodness-of-fit on F 1.248

Final R indices [I>20(])]

Data / restraints / parameters

R indices (all data)
Ap, / (€+nm™) 1709
Ap,in / (e+nm™) -529

260=sh=<206-1T<k<17,-24<[<25
23 071 /5 944 (0.020 5)

R=0.043 7, wR,=0.138 0
R=0.055 6, wR,=0.151 8

B<h<23,-16<k<13,-17<I<22
13 965 / 4 371 (0.027 7)

4371/ 185 / 270

1.133

R=0.035 2, wR:=0.112 5

R=0.039 7, wR:=0.118 9

690

~947

2 #R5iTie

2.1 EEYKEFEMER

CLAM TS RFAE W SR, BE AW 1R 2 1Y)
e e AN R BR 5 8 BR A 4 4 30 2 23 0 A 1 612.4 F1
13829 em™ &b, EAITH Av(v.—v)H 229.5 cm™,2 4>
B & W11 v, (COO) A B B KA X, v (COO") A BH
RS ) A X, R LG R XS 8 R T
P R AW 11 CLREFBUR TECA 9 2 (1
H R F 5 6 BB 0 20 AP IO LF- e | {H 2 | X
53 S AEAR U L IX. 560~590 cm™ Fl 480~492 cm™ i
B E) Sn-O Fl Sn-C HEIS1955 i Bh WG I I A 52 R | AE
AP CLEFMER, 18 vy, B M Ex
1M v, B IRAIX

Be & Y0 ) L BE IR 6 AZ R AR 3 1 35k L
HABAY 2 014 a-H 24080 N B F R 1
SRR 8o #11] 9.25 (I8 C1 I+ HUR L -
H J& , % H TERZREIEHRGE 1Ok meBE 3R 1 1 5

T 5 EA p-m S0 I b Hfar % EERG I A I 3
A H BT 8, TEAZRE LRG435 ) & G %
22 BB

BCA W E 2R A M 5 TR 2, 4> T4tk
W1,

G T AR RSO A S A Y 1 A 2 1
HL 8 R BR 4 3% 3 AN RS BB N 3 A C-Sn B
Hh 5 1A REEE R 1A KGR T4 SR
O-Sn P B A4 B A = M AUESS M, 3 3R 3
(8 S5 7 C(7).C13)F C(19) 53 31 o 96 = F XUAHE AR
TP A E 2 AU s T R AL b o
(1)-Sn(1)-0(3)#E f1 55 180°4 14 F AH 2288 /M1 3.60° .2
3.89°), HH T MLuE AR 1K 473X 2 AN c A A 7 BH
NG AL T 7 R EE AR 0(1) S A4 TR IE AL B
B P LBk LT C(7) .C(13).C(19) Y 3 N A1 34K
T 00°, i kb T 4 B O3)EF 5 €(7).C(13).
C(19) Y #E £ W B3 24/ T 900, 3 A F4 L F Al 25 Dtk 1z
HJrm, Soo8 T HEM 5 8 Sn(l)-

F2 WMEYHWEERKMER
Table 2 Selected of bond lengths (nm) and bond angles (°)

1 2 1 2
Sn(1)-C(7) 0.216 0(3) 0.215 4(4) C(13)-Sn(1)-C(7) 113.76(17) 115.77(16)
Sn(1)-C(13) 0.214 6(5) 0.215 0(4) €(19)-Sn(1)-C(7) 116.58(17) 113.95(15)
Sn(1)-C(19) 0.214 6(4) 0215 1(3) C(13)-Sn(1)-C(19) 127.2(2) 126.32(14)
Sn(1)-0(1) 0.218 5(3) 0.217 7(3) C(7)-Sn(1)-0(1) 90.40(11) 91.24(13)
Sn(1)-0(3) 0.244 5(3) 0.245 4(3) C(13)-Sn(1)-0(1) 98.43(18) 98.77(14)

0(1)-Sn(1)-0(3) 176.40(11) 176.11(11) €(19)-Sn(1)-0(1) 96.3(2) 99.14(13)

C(7)-Sn(1)-0(3) 86.83(10) 85.41(14) C(13)-Sn(1)-0(3) 84.80(17) 84.50(14)

€(19)-Sn(1)-0(3) 82.97(19) 80.47(13)




282 Jx Hl fk

528 B

F1 AW 12 85 T E IR

Fig.1 Molecular structure of complex 1 and 2
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Fig.3 2D network structure of complex 2

®3 BEVHNSEBE
Table 3 Hydrogen bonds for the complexes

Symmetry codes: ' 1+x, y, 1+4z; " 3/2—x, 1/2—y, 1—2
B2 LAY 1R o RR 45 A

Fig.2 2D network structure of complex 1

D-H---A d(D-H) / nm d(H--A) / nm d(D---A) / nm £ (DHA) / (%)
1
03-H3B---02 0.092 3 0.177 4 0.268 2 166.64
03-H3A--NI' 0.080 4 0.209 0 0.287 3 164.60
€20-H20B---Cl1" 0.097 0 0.289 3 03710 142.57
2
03-H3B---02’ 0.077 1 0.194 5 0270 0 166.02
03-H3A---NI 0.081 4 0.205 9 0.284 2 161.32

Symmetry codes: 1: ¥ 1+x, v, 1+z; 7 3/2—x, 1/2—y, 1-z; 2: " —x, y, 1/2—z; " =1/2+x, 1/2—y, 1/2+z.

MKV RS 1 RT3 RS E 43 (C HLO N,
Cl F1 Sn), FL &9 2 095553 86 43 (C JH O N Al

23 EFULEMR
FIH Gaussian98WIIEE ¥ | 1 B3lyp/Lanl2dz %
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Sn), #% SCHRPOTT 5 X FLA AT i AR Y
BCAY 1R 2 43 F 1 BB & 4351 -1 235.405 7
F1-1221.047 1 a.u.,Enoyo 38 FAE 1 F1 2 1 55 =
7 e BLE 5 R IR U Y AR R B AE =E -
Eyovo Y10 IEMH MR LT BB WERE .,
BeGY 1 F 2 (5 FRLE 2 5 A i BR
TR, DO IR FHEA RIETITE, WK 4
ME 4 /&N, EREYT, ¥LLC R HE X

HOMO il LUMO M 5T #k R & | 35 78%~81% , H: & Jit
TR AT 3 T HUIE 1 ST M2 R 209% , LA
Py v 45 5 Bz Ji 7 0 7E 41 HOMO AT LUMO B 28
o, HA5 O Al N B F 8038 X iV 407 38 A9 stk
—3, TERAY 1,N X HOMO 53k HA 0.02% , %t
LUMO TTHREIIE 14.91%, TERCE Y 2 1,0 JE+4
X T HUE W STRRZE LT 1P N R 9 TR
=,

x4 HIE S FHIEAR(%)(Lanl2DZ)

Table 4 Calculated some frontier molecular orbitals composition of complexes at Lanl.2DZ level

Comp. MO E/au. C H (0] N Sn Cl
1 11240m0 -0.218 69 80.45 6.38 1.23 0.02 11.85 0.07
1131000 -0.030 96 78.89 0.30 4.79 14.91 1.04 0.06
2 10910v0 -0.220 15 79.24 5.47 2.70 1.11 11.49
11010m0 -0.027 33 80.86 0.44 10.14 6.63 1.92
9
LA
J"‘\"J

LUMO

HOMO LUMO

[ ]

K4 TS PRI T HIE R A

Fig.4 Schematic diagram of frontier MO for the complexes
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