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Abstract: The urea-based pyridyl ligand L was synthesized from the reaction of 1,3-Benzenediamine with 3-
isocyanatopyridine in toluene heating to reflux. CdSO,-8H,0, Znl,, Hgl, and HgCl, reacted with L to give the
complexes {[Cd(L)(SO,)(H.0)s]-H;0}, (1), {[Zn(L)L,]-2C,HsOH}, (2), {[Hg(L)L]-2C,H;0H}, (3), [Hg(L)CL,]-H0 (4),
which were characterized by elemental analysis, FT-IR, single crystal X-ray diffraction and powder X-ray
diffraction. Complex 1 forms a one-dimensional helix chain structure, complex 2 and complex 3 show a one-
dimensional zigzag chain structure and complex 4 shows a 32-membered ring. CCDC: 1524736, 1; 1524737, 2;
1524738, 3; 1524739, 4.
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1) BRI 52 1 20 26 B AT R Bk 25 TR A AR 1Y 22 IR 2 32
A TZH 240 5 mOR NS B2 - B U, 6T 4 e i
AR A BB 72 ok Ul &R S AR AL Y
T WAL TR A a2 ds X4 8 B T
BHA 4 BFAS BA RS 540
A H R R e R R R B A5, M SR 24 22
FE AL A A W0 g R 1 0 U -8 H A 50
MR RE T, & T 5 b i 4 e B e A8 B s s
s ORGP R FRATHIRIZR 5 3-
b e S R i S 17 A5 1) 00 M i IR 2 e A 1L, SRS K
Bi 43 5 CdSO,- 8H,0 , Znl,, Hel,, HeCl, #E17 AL {7
B, A% 3] 4 AN A P {[C(L)(SO4) (H,0)5) - H,0), (1),
{[Zn (L)L] -2C,HsOH}, (2), {[Hg (L)L] -2CH;0H}, (3),
[Hg(L)CL]-H,O (4)

1 KBS

1.1 ik #

] 28 e, R, & A AN, CdSO, - 8H,0, Znl,,
Hgl,, HeCl, LA K it 00 £ e, FOR 45 35 Ry 43 dr 4
1.2 KSR

JEOL ECX 500 MHz #%#% 4% 1Y ; Bio-Rad A
SE M ZE ARG (4 000~400 em™); Vario EL 1A T
F UL (& ) ; Bruker Smart Apex H AT HHX
1.3 BEEYEK
1.3.1  BCARM & AL

e AR 1 4% SCHRUSY vk A, 7 % .60% , 'H
NMR(DMSO-ds, 400 MHz):6 8.88(s,2H,-NH-), 8.80(s,
2H,-NH-),8.64(m,2H,Pyridine H),8.22(m,2H, Pyridine
H),7.97 (m,2H,Pyridine H),7.72 (s,1H,Ar-H),7.35
(m,2H,Ar-H),7.22(m, 1H, Ar-H),7.13(m,2H, Pyridine
H), JCEIW (%, 1% CisHNO, T8 355 oA E
fH):C 61.95(62.06) ,H 4.66(4.63),N 24.16(24.12), IR
(KBr,em ™):3 441 (s),3 279(s),1 631 (s),1 573 (s),
1 475(w),1 418(w),1 278(w),1 074 (m),950 (w), 869
(w),622(m),

132 AW 1~4 5K

FREUEC A 1(0.67 g,1.93 mmol)# fi# T 30 mL &
B gy S A4 i CdSO, - 8H,0, Znl,, Hel,,
HgCl, 19 30 mL SFE W, EiEES 5,8 dF K
AR R, D BRIE R /NG A TR A XA SR Y
(NS I OB U S (AR SR/ G el 7/

{[CA(L)(SO,)(H,0)5]- H,0}, (1):0.668 g,/ %:55% .,

JCEIHN(% , 4% CisHuNSOCd T3 455 W AT
{H):C 34.34(34.38),H 3.90(3.85),N 13.40(13.36), IR
(KBr,em™):3 451(s),1 622(m),1 557 (w),1 450 (w),
1 401(w),1 260(w),1 048(w),942(w),852(w),713(w),
697(w),630(m), 524(m).,

{[Zn(L)L,]-2C,H;0H}, (2):0.733 g,/ % .50%., JC
EONT (%, 1 CrHuNOZnl, A, F5 W NIHE
{H).C 34.75(34.78),H 3.73(3.71),N 11.10(11.06), IR
(KBr,em™):3 442 (s),1 615 (s),1 549 (s),1 450(m),
1 410(m), 1 278(w),1 213(m),1 106(m), 1 048(m), 869
(w),770(w),697(m),557(m).,

{[Hg(L)I,]- C,H;0H}, (3):0.934 ¢, 7% .57%, JC
BT (%, 1 CoHNOsHgl, 115, 65 N iR
fE).C 28.35(28.30),H 2.65(2.61),N 9.85(9.90), IR
(KBr,em™):3 450(s),1 639(m),1 467 (w),1 410(w),
1 270(w),1 204(w),1 123(m),1 065 (m),991 (w),959
(w), 844(w),637(m),510(m),

[Hg(L)CL,]-H,0 (4):0.713 g,/ % .58%, JL& 4
BT (% , % CiHsNOsHeCl, 115 355 1 it B4E) . C
33.92(33.89),H 2.87(2.84),N 13.14(13.18), IR(KBr,
em™):3 440(s),1 615(s), 1 557(s),1 460(m),1 418(s),
1 278(m), 1 220(m), 1 057(m),934(w),860(w),710(m),
639(m), 524(m).,
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Table 1 Crystal data and structure refinement for the complexes 1~4

Complex 1 2 3 4
Empirical formula CsHoCdANO S CHal,N6O,Zn CH»HglaNeO5 CiH3CliHgN 1,06
Formula weight 628.89 759.67 848.83 1275.75
Temperature / K 293(2) 273(2) 293(2) 293(2)
Crystal system Monoclinic Monoclinic Orthorhombic Triclinic
Space group P2, P2//c Pben P1
a/ nm 0.661 56(5) 1.241 0(3) 1.983 22(19) 0.733 7(4)
b/ nm 1.959 32(16) 1.170 6(3) 0.936 66(8) 0.913 5(6)
¢/ nm 1.008 82(8) 2.317 5(6) 2.800 5(2) 1.759 7(11)
al(°) 90.00 90.00 90.00 98.582(15)
B/(° 97.075(2) 117.358(4) 90.00 90.971(16)
v/ (°) 90.00 90.00 90.00 103.529(15)
V/nm? 1.297 68(18) 2.990 1(13) 5.202 3(8) 1.132 2(12)
A 2 4 8 1
D./ (g-cm™) 1.609 1.688 2.168 1.871
Absorption coefficient / mm™ 0.983 2.921 8.322 7.064
F(000) 636 1 480 3152 612
Crystal size / mm 0.20x0.18%0.16 0.18x0.17x0.16 0.25x0.23x0.21 0.21x0.20x0.19
Reflections collected 8114 16 600 32 401 6 978
Independent reflections 4 505 5267 4768 3938
Observed reflections 4282 3121 2 900 2 447
Number of parameters 325 358 289 271
Goodness-of-fit on F 1.046 1.030 1.007 1.060

Final R indices (I>20(1))

R indices (all data)

R=0.034 9, wR,=0.089 0
R=0.036 9, wR,=0.090 5

R=0.055 6, wR,=0.160 3
R=0.100 1, wR,=0.190 5

R=0.041 5, wR,=0.081 9
R=0.088 3, wR»=0.100 7

R=0.129 7, wR,=0.296 3
R=0.173 0, wR,=0.320 3

(AD)ens (Ap)uin / (e-nm™) 842, —476 969, =792 1133, -853 7195, -3 272
x2 BREVI4NBIERKEER
Table 2 Selected bond lengths (nm) and angles (°) for the complexes 1~4
Complex 1
N1-Cdl 0.228 8(4) N6-Cdl 0.231 4(4) 01W-Cd1 0.234 3(3)
02W-Cd1 0.226 8(4) 03-Cdl 0.236 2(3) 03W-Cdl 0.232 1(5)
02W-Cd1-N1 174.1(2) 02W-Cd1-N6' 89.59(16) N1-Cd1-N6' 96.1(2)
02W-Cd1-03W 87.86(17) N1-Cd1-03W 86.6(2) N6-Cd1-03W! 175.40(18)
02W-Cd1-01W 86.30(13) N1-Cd1-01W 95.45(13) N6-Cd1-01W' 87.36(15)
03W-Cd1-01W 88.66(16) 02W-Cd1-03 85.95(12) N1-Cd1-03 92.50(13)
N6-Cd1-03' 90.19(15) 03W-Cd1-03 93.44(16) 01W-Cd1-03 171.89(13)
Complex 2
11-Znl 0.255(12) 12-Znl 0.253 29(12) N1-Znl 0.206 3(7)
N6-Zn' 0.205 5(7)
N6-Zn1-N1* 96.7(3) N6-Zn1-12% 109.7(2) N1-Znl-12 110.1(2)
N6-Zn1-11% 108.7(2) N1-Znl-11 107.2(2) 12-Znl-11 121.55(5)
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Complex 3
N1-Hgl 0.243 §(8) N4-Hgl 0.247 3(7) 11-Hgl 0.263 49(8)
12-Hgl 0.263 8(8)
N1-Hgl-N4 90.9(3) N1-Hgl-I1 100.51(18) N4-Hgl-I1 98.60(19)
N1-Hgl-12 100.8(18) N4-Hgl-12 97.76(19) 11-Hgl-12 152.80(3)
Complex 4
Hgl-N1 0.228(15) Hgl-CI2 0.237 3(4) Hgl-Cl1 0.240 3(6)
Hgl-N6" 0.240(12)
N1-Hgl-CI2 119.4(4) N1-Hgl-Cl1 102.6(4) Cl2-Hgl-Cl1 128.23(18)
N1-Hgl-N6™ 101.2(5) CI2-Hgl-N6" 97.2(3) Cl1-Hgl-N6" 103.2(4)

Symmetry codes: ' —x+3, y+1/2, —z+1 for 1; " x, —y+1/2, z+1/2 for 2; ™ —x+2, —y+2, —z+1 for 4.

B9 1 AR R LT E 1 BT 8 1 A,
14> Cd*, 14> SO, 1 AMMFES K 3 AN Bk, B
Yy 1 bt CA(DES 1 E A il /T 4R 1 A 4 78
SR A 2 B 2 AN iknE ZRE T, 1A SO
(4L JE TR 3 AR A T, AR BUILE I IR 2 i A
L 43 ) FH R o 174 i B 20D F 2 A4S Cd(I) B8 - B v
WK 1 — 2k SR e B bR 45 4 (1] 2), 76 — 4R i i e
AHAB 2 A CA(ID & F Z [ A BB Sl 1.856 2 nm, BRI
1.959 3 nm, 7E(010)J5 19, Jir A (5 CA(I) & ¥ 4k 7

Thermal ellipsoid probability at 30% level; Symmetry codes:
F—1-x, 0.5+y, 1-z

K1 FCEY 1A 0 FR BT R 4]

Fig.1 ~Asymmetric unit of complex 1

cdi
! ! b_‘

Symmetry codes: ' —1-x, 0.5+y, 1-z
K2 BCEY 1 — 4 SR 6 09 8 43 25 4

Fig.2 Section of the 1D helix chain structure of complex 1
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Fig.3  Pore structure of complex 1 in b axis direction
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Fig4 Hydrogen bonds based on ureido, SO/, free water

and coordination water in complex 1
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Table 3 Structural parameters of hydrogen bonds for complex 1~4

D-H---A d(D-H) / nm dH---A) / nm d(D---A) / nm £D-H---A/ (°)
Complex 1
N2-H2A---05' 0.086 0 0.217 9 0.299 2 157.67
N3-H3A---05' 0.086 0 0.227 2 0.306 8 153.98
N4-H4---04" 0.086 0 0.205 3 0.289 0 163.97
N5-H5A---06ii 0.086 0 0.209 1 0.292 6 163.71
O1W-HIWB---03" 0.085 8 0.214 2 0.288 3 144.42
O1W-HIWA---O1" 0.085 7 0.199 6 0.279 3 154.31
02W-H2WA---05" 0.096 0 0.185 1 0.270 4 146.52
02W-H2WB---04 0.096 0 0.200 6 0.264 7 122.34
03W-H3WA---02" 0.096 0 0.208 1 0.290 3 142.65
O03W-H3WB---04W 0.096 0 0214 1 0.288 0 132.73
04W-H4WB---02 0.096 0 0.207 4 0.303 4 179.40
04W-H4WA---06 0.096 0 02137 0.292 6 138.46
Complex 2
N2-H2---03a 0.086 0 0.199 5 0.283 1 163.79
N2-H2---03Ab 0.086 0 0.199 5 0.28 31 163.79
N3-H3A---03Ab 0.086 0 0.220 6 0.300 4 154.37
N3-H3A---03a 0.086 0 0.220 6 0.300 4 154.37
N4-H4A---04Ab 0.086 0 02139 0.293 8 154.49
N4-H4A---O4a 0.086 0 0213 9 0.293 8 154.49
N5-H5A---O4Ab 0.086 0 0.201 3 0.283 2 158.90
N5-H5A---O4a 0.086 0 0.201 3 0.283 2 158.90
03-H3WCa---02' 0.096 0 0.188 9 0.279 8 156.98
03A-H3WED---02' 0.109 5 0.172 2 0.279 8 166.17
04-H4WCa---01" 0.096 0 02125 0.285 4 131.60
04A-H4WAb---01" 0.087 4 0.210 6 0.285 4 143.28
Complex 3
O1W-HIW---02 0.082 00 0.201 49 0.281 7(11) 165.75
N2-H2AO1---W* 0.086 07 0.213 77 0.294 6(11) 156.17
N3-H3AO!1---W* 0.086 01 0.205 90 0.288 6(11) 161.13
N5-H5A---01" 0.086 01 0.213 38 0.298 4(9) 169.54
Complex 4
N2-H2A---CII’ 0.086 0 0.268 0 03459 151.26
N3-H3A---CII’ 0.086 0 02550 0.334 8 154.62
N4-H4---01W 0.086 0 0.226 2 0.307 0 156.70
N5-H5A---01W 0.086 0 02128 0.295 8 162.11
O1W-HIWD---N5 0.096 0 0.200 4 0.295 8 172.29
O1W-HIWD---N4 0.096 0 0.246 1 0.307 0 121.17
O1W-HIWB---01" 0.096 0 0.256 5 0.305 0 111.43

Symmetry codes: ' x, y, z+1; " x=1, y, z+1; " x+1, y, 23 ¥ —x, y+1/2, —z+1 for 1; '—x, -y, —z; ¥ —x, —=y+1, =z for 2; ' x, 1—y, —1/2+4z;
Y 1/2-x, 32—y, 1/24z; " x, 1-y, =1/2+z for 3; " x, y+1, z; " —a+2, —y+3, —z+1 for 4.
A U E IR S EC AR L 43 531 FH P B 1 b g R D (I 6), FE—4EEETHAHSE 2 A Zn()ES + Z [A] /9 1 55
2 A Zn(IDE - BC AL BRIE W — 4k« 2" FHE 4514 H1.656 nm, —4E“Z2 7 FEEE RS O BEZ AP
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Thermal ellipsoid probability at 30% level; Symmetry codes: ' x,
0.5-y, 0.5+z; " x, 0.5-y, —0.5+z

5 BLAW 2 BYARXFR S ICHE BRI

Fig.5 Asymmetric unit of complex 2

Znli

Symmetry codes:' x, 0.5-y, 0.5+z
6 BLAY 2 T — 25 i i 43 45 14

Fig.6  Section of the 1D chain structure of complex 2

Dashed lines represent the hydrogen bonds
K7 ECEY 2k S i 4454

Fig.7 Two dimensional supramolecular structures of

complex 2 through hydrogen bonds
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Thermal ellipsoid probability at 30% level; Symmetry codes:
1 1.5-x, 1.5-y, 0.5+z

K8 BEHY 3 A XKL R

Fig.8 Asymmetric unit of complex 3

Symmetry codes: ' 1.5-x, 1.5y, —=0.5+z
Ko FaY 30— 5 /it o 451

Fig.9 Section of the 1D chain structure of complex 3

Dashed lines represent the hydrogen bonds
10 EEY 3@ AT —4eah i

Fig.10  Two dimensional supramolecular structures of

complex 3 through hydrogen bonds
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Symmetry codes: ' 2—x, 2—y, 1-z
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Fig.11 A 32-membered macrocyclic structure of

complex 4
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Dashed lines represent the hydrogen bonds and 77+ 7r interactions

H 12 EAY 4S8 e M AERIE R
T YEEERY

Fig.12  Two dimensional supramolecular structures of

complex 4 through hydrogen bonds and 7 --- 7

interactions
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BCA W 2 AR, B S 2 ASIBERR b % AU 5 1] [
—

it e e e

13 PUASEE &P b TS A A 2= [ H

Fig.13  Spatial orientation of ligands in four complexes
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Fig.14  PXRD patterns of 1~4
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