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Syntheses and Crystal Structures of Co(I) and Cu(I) Complexes
Based on 3,5-Bis(3-pyridyl)-4-amino-1,2,4-triazole Ligand
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Abstract: Two new metal complexes of {{CoL (H,0),]SO, -H0}, (1) and [Cu (hfac),l,] (2, hfac =hexafluoroa-
cetylacetonate) based on 3,5-bis(3-pyridyl)-4-amino-1,2,4-triazole (L) have been synthesized and characterized by
infrared spectrum (IR), elemental analysis (EA), and X-ray single crystal diffraction. For 1, ligand L adopts a cis-
conformation and acts as a bidentate spacer to bind Co(ll) centers to form a one-dimensional (1D) sinusoidal
chain. These sinusoidal chains are linked with each other and give a three-dimensional (3D) framework through
O-H---0 and O—H---N hydrogen bonds of neighboring chains. H;0 guest molecules and SO,* anions are bound
on the framework through hydrogen bonding system. For 2, while the ligand L also adopts a cis-conformation, it

acts as a monodentate spacer to bind Cu(ll) centers to form a discrete mononuclear complex, which is also linked
into a three-dimensional (3D) framework through hydrogen bonds. CCDC: 1568579, 1; 1568580, 2.
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0 Introduction

Coordination polymers (CPs) are intriguing metal-
organic hybrid materials and have attracted enormous
attention owing to their potential applications in a
plethora of areas, including sensing, solar energy
harvesting, energy storage, etc!"”. In CPs, metal ions
or metal-containing clusters act as nodes, and organic
ligands act as spacers, both of which are linked via
coordination bonds to form one-, two- or three- dimen-
sional extended solids™. Meanwhile, the exquisite
control that can be achieved over the design of
coordination complexes via rational structural modifi-
cations to the component metal ions and ligands
provides unique prospects for designing structures and
elucidating fundamental structure-function relation-
shipF”. A wide variety of coordinational groups such
as carboxyl, pyridyl, cyan, amino, and N-oxidized
pyridine etc., have been used to synthesize multifun-
ctional CPs under different synthetic conditions,
giving rise to unprecedented structural diversity which
has been tailored for specific applications®™". Ligands

containing pyridyl functionalities are well-known to
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Scheme 1

1 Experimental

1.1 Materials and instruments
All reagents and solvents were obtained from
used without further

commercial sources and

purification.  Triazole-containing  bispyridine  rigid
crooked ligand L was prepared according to literature
method!"”. IR spectra were recorded in range of 400~
4000 cm™ on a Vector27 Bruker Spectrophotometer
with KBr pellets. C, H, N and S analyses were carried
out on a Perkin-Elmer 240C analyzer.
1.2 Synthesis of 1

A solution of L (4.76 mg, 0.020 mmol) in MeOH

(10 mL) was layered onto a solution of CoSO, -H,0

coordinate with metallic centers and produce intere-

[14-16]

sting  multifunctional materials The important

characteristics  of triazole-containing linkers are
rigidity, the number and orientation of binding sites
(coordination numbers and coordination geometries),
and the relative distance(s) between the coordinating
functionalities.

In this context, the triazole-containing bispyri-
dine rigid crooked ligand L (Scheme 1) was chosen to
construct CPs. Initially, the two pyridyl groups of the
L ligand can partially or completely coordinate with
the metal ions, giving rise to a range of coordination
structures. Furthermore, multiple configurations exist
when the L ligand coordinates with the metal ions.
Additionally, the N atoms of 1,2,4-triazole can serve
as potential binding sites and H-bond acceptors.
Meanwhile, the -NH, group of 4-amino-1,2,4-triazole
rings can serve as H-bond donors.

In this paper, the new one-dimensional complex
{[CoL.(H,0),JSO, - H,0}, (1)
[Cu(hfac),l,] (2, hfac=hexafluoroacetylacetonate) based
on 3,5-bis (3-pyridyl)-4-amino-1,2.4-triazole (L) have

been synthesized and characterized.

and discrete complex

—N
\ =N
4

(6.92 mg, 0.040 mmol) in H,O (10 mL). The resulting

solution were left for about 4 days at room tempera-

B 2=

Three Typical Possible Conformations of L

ture, and pale pink crystals were obtained. Yield:
71% (based on L). Anal. Calcd. for C;,HxCoSNgOo(%):
C, 29.82; H, 4.17; N, 17.39; S, 6.63. Found (%): C,
29.87; H, 4.21; N, 17.46; S, 6.70. IR (KBr, cm™):
3 476(w), 3 250(w), 1 620(m), 1 580(m), 1 474 (m),
1 423(w), 1 130(s), 983(s), 845(w), 700(w).
1.3 Synthesis of 2

Blue crystals of 2 were obtained according to a
similar procedure described for 1 with Cu(hfac),+2H,0
instead of CoSO,-H,0. Yield: 68% (based on L).
Anal. Caled. for CyH,CuFN,Ox: C, 42.80; H, 2.32;
N, 17.62. Found(%): C, 42.89; H, 2.26; N, 17.42.
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Selected IR data (KBr, em™): 3 470 (w), 3 325(w),
1 610(m), 1 575(m), 1 470(m), 1 420(w), 1 258(s),
1 215(s), 1 030(s), 819(w), 747(w).
1.4 Crystal structure determination

The crystal data was collected with Mo Ko
radiation (A=0.071 073 nm) on a CCD diffractometer.
The cell parameters were retrieved and refined by

using computer software (SMART and SAINT, respe-

ctively)'™. The SADABS™

absorption corrections.

program was applied for

Structures were solved by

direct methods using the program package SHELXL-

97,

All the non-hydrogen atoms were located in the

Fourier maps and refined with anisotropic parameters.

Crystallographic parameters are summarized in Table
1. Selected bond lengths (nm) and bond angles (°) are
listed in Table 2. Hydrogen bond lengths and bond
angles are in Table 3.

CCDC: 1568579, 1; 1568580, 2.

2 Results and discussion

2.1 Structure description of 1

Complex 1 crystallizes in the monoclinic space
group P2i/c. As shown in Fig.1, the asymmetric unit
contains one Co(Il) center, one L ligand, one SO2"
anion, and four coordinated and one free H,0 molecules.

The central cobalt (I) ion are six-coordinated in an

Table 1 Crystallographic parameters for 1 and 2

Complex 1 2
Formula C1,HxCoSN¢Oy CayHnCuF N0,
Formula weight 483.33 954.17
Crystal system Monoclinic Monoclinic
Space group P2/c P2/c
a/ nm 1.034 4(2) 1.231 1(2)
b/ nm 1.744 2(3) 0.960 08(19)
¢/ nm 1.150 5(2) 1.722 5(3)
B/ 114.185(2) 98.548(3)

vV / nm? 1.893 6(6) 2.013 2(7)
A 4 2

©/ mm™ 1.078 0.652
D./ (g-em™) 1.695 1.574
GOF on F? 1.027 1.039

Ry, wR, [I>20(])]

0.049 2, 0.121 9

0.074 5, 0211 2

Table 2 Selected bond lengths (nm) and bond angles (°) of the complexes 1 and 2

1

Co(1)-0(4) 0.203 3(3) Co(1)-0(3) 0.207 5(3) Co(1)-0(2) 0212 0(2)

Co(1)-0(1) 0212 2(3) Co(1)-N(6) 0.216 7(3) Co(1)-N(1) 0217 0(3)
0(4)-Co(1)-0(3) 86.80(12) 0(4)-Co(1)-0(2) 173.24(11) 0(3)-Co(1)-0(2) 87.09(11)
0(4)-Co(1)-0(1) 93.36(12) 0(3)-Co(1)-0(1) 178.37(11) 0(2)-Co(1)-0(1) 92.67(11)
0(4)-Co(1)-N(6) 91.26(11) 0(3)-Co(1)-N(6) 89.91(11) 0(2)-Co(1)-N(6) 85.84(9)
0(1)-Co(1)-N(6) 88.46(10) 0(4)-Co(1)-N(1) 92.89(11) 0(3)-Co(1)-N(1) 95.93(11)
0(2)-Co(1)-N(1) 90.62(9) N(6)-Co(1)-N(1) 173.01(10)

2

Cu(1)-0(1) 0.229 0(3) Cu(1)-0(2) 0.198 2(3) Cu(1)-N(1) 0.202 0(3)

0(2)-Cu(1)-0(1) 87.60(11) 0(2)-Cu(1)-N(1) 89.62(13) N(1)-Cu(1)-0(1) 89.75(13)

Symmetry codes: '—1+x, 1/2—y, —1/2+z for 1
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Table 3 Structural parameters of hydrogen bonds for complexes 1 and 2

D-H-A d(D-H) / nm d(H-+A) / nm d(D-++A) / nm ZDHA / ()
0(2)-H(2A) --N(3) 0.077(4) 0.202(4) 0.277 9(3) 168(4)
0(3)-H(3A)-+-N(2)" 0.078(5) 0.199(5) 0.276 2(4) 169(4)
0(3)-H(3B)-+-0(9) 0.077(5) 0.186(5) 0.262 3(4) 1715)
0(4)-H(A)---0(2)" 0.072(5) 0.204(5) 0.274 7(4) 165(5)
0(1)-H(1A)---O(6) 0.069(5) 0.244(5) 0.302 8(7) 145(5)
0(1)-H(1A)---O(8)" 0.069(5) ) 0.306 2(8) 159(5)
0(5)-H(5C)--0(9)" 0.078(5) 0.202(6) 0.278 8(5) 166(5)
0(5)-H(5D) - 0(7) 0.076(5) 0.213(5) 0.288 3(5) 170(5)
0(2)-H(2B)--0(6) 0.084(6) 0.175(6) 0.257 3(5) 171(5)
0(4)-H(4B)---0(5) 0.081(5) 0.185(5) 0.265 4(4) 169(4)
O(1)-H(1B)---0(7) 0.082(4) 0.193(5) 0.274 4(5) 178(4)
N(5)-H(5A)---O(8)" 0.080(5) 0.226(5) 0.304 6(6) 164(5)
N(5)-H(5B)---0(6) 0.086(5) 0.260(5) 0.342 2(7) 159(4)
N(3)-H(3A)---N(6) 0.077 8 02295 0.305 2 164.70
N(G3)-H(3B)--N(@)' 0.084 6 0.267 8 03522 176.03
N(3)-HB3B)--N(5)" 0.084 6 0232 1 0.305 1 144.81

Symmetry codes: '—1+x, 1/2—y, =1/2+z; "1-x, =1/2+y, 3/2-z; "x, 1/2—y, =1/2+4z; * =1+, y, —1+z for 1; "=x+2, —y+1, —z+1; "—x+2,

y=1/2, =z+1/2; " —x+2, y=1/2, —z+1/2 for 2.

approximately octahedral coordination environment,
which is defined by two nitrogen donors from two L
ligands and four oxygen donors from four coordinated
water molecules. The pyridyl nitrogen atoms of the
ligand occupy the axial positions with the shortest
Co1-N6 bond length of 0.216 7(3) nm. The Co-O bonds
range from 0.203 3(3) to 0.212 2(3) nm. L ligand adopts
a cis-conformation Il (Scheme 1). The two terminal
pyridyl groups and the bridging triazole heterocyclic
ring do not lie in the same plane with two torsion
angles of 4.7(4)° (C3-C4-C6-N2) and 29.6(5)° (C9-C8-
C7-N3)). The L ligand acts as 2-connected node to
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Probability of displacement ellipsoids: 30%; Symmetry codes:
"=14x, 12—y, =124z

Fig.1 Coordination environment of the Co(Il) ion in 1

link [Co(H,0),] units into a 1D sinusoidal chain (Fig.
1). The 1D chains link together to give a two-
(2D) network through hydrogen bonds
between coordinated water molecules (O(4)-H (4A)---
0(2), H---0 0.204 nm) (Fig.2). These networks stack

in an ABAB sequence to form a 3D framework

dimensional

through hydrogen bonds between coordinated water
molecules and the N atoms of the triazole rings (O(2)-
H(2A)---N(3), H---0 0.202 nm, and O(3)-H(3A)--
N(2), H---O 0.199 nm; Fig.3). Viewing the structure
along the crystallographic ¢ axis, rhombus-like channels

are observed. The solvent H,0 molecules and SO~

Fig.2 Hydrogen-bonded 2D network in 1
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anion locate in the channels and are connected to the

3D framework through ten sets of hydrogen bonds
(Fig.4).

Fig.3  Perspective view of the hydrogen-bonded 3D

network in 1

Fig.4 Hydrogen-bonds between free SO, H,0 and

framework of 1

2.2 Structure description of 2

For 2, the asymmetric unit consists of one Cu(ll)
ion, two L ligands, and two hfac anions. As shown in
Fig.5, Cu(ll) center also adopts a distorted octahedral
coordination geometry, which consists of four O atoms
from two bidentate hfac anions in the equatorial plane
and two N atoms from two L ligands in apical
positions. The Cul-O1 and Cul-O2 bond lengths are
0.229 0(3) and 0.198 2(3) nm, respectively. The Cul-
N1 bond length is 0.202 0(3) nm, which is shorter
than that of 1. It is worth pointing out that the L
ligand in 2 adopts the cis-conformation I (Scheme 1)

of the two terminal pyridyl rings to bind Cu(Il) atoms,

versus the conformation Il for complex 1. The two
terminal pyridyl groups and the bridging triazole
heterocyclic ring are also not coplanar with two torsion
angles of 53.5(5)° (C17-C13-C12-N5) and 22.7(6)°
(C10-C9-C11-N4). The coordination behavior of L is
different from that in 1. The ligand L herein acts as a
mono-dentate spacer instead of a bidentate spacer to
link [Cu(hfac),] units into a discrete complex (Fig.1).
As shown in Fig.6, an extensive H-bonding network
exists, connecting the discrete complex into a 3D
framework, in which the N atoms of amino serve as
H-bond donors and the N atoms of the triazole rings
as H-bond acceptors. The N---H distances are in the
range of 0.229 5~0.267 8 nm, with angles in the
range of 144.81°~176.03°.

N4 N5

N2

N6

Probability of displacement ellipsoids: 30%; Symmetry code:

T—x42, —y+1, —z+1

Fig.5 Coordination environment of the Cu(ll) ion in 2

Fig.6  Perspective view of the hydrogen-bonded 3D

network in 2

3 Conclusions

In this paper, one discrete Cu(Il) complex and

one 1D Co(Il) complex based on the bent triazole-
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containing ligand were synthesized and structurally
characterized. In complexes 1 and 2, the ligand L
adopts cis-conformation, while, the relative orientation
of the nitrogen donors on the pyridyl rings and the
five-membered triazole spacing leads to different
structure motifs. The ligand L acts as a bidentate
linker in 1 and a mono-dentate spacer in 2. Diverse
hydrogen bonding interactions are observed, which
of the

molecules of two complexes in the crystalline state.

contribute  significantly to the alignment

Further investigations on triazole-containing comp-
lexes with new structures and properties are ongoing

in our laboratory.
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