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Synthesis, Crystal Structures and Radical-scavenging Activities of Two Cu(Il)
Complexes with the Ligand Containing Pyridazine Derivatives

HAN Xin-Li LI Xiu-Rong YU Li ZHANG Zhi-Hui* JIANG Ping
(Department of Chemistry, Nankai University, Tianjin 300071)

Abstract: Two Cu(I) complexes, [Cu, (L)),CLJL; (1) and [Cu (Ly), (NOs), (H,0)] (2) (L, =3,6-bis-(benzotrizole-yl)
pyridazine, 1,=3-(1,2,4-triazole-yl)-6-chloro-pyridazine), have been synthesized and characterized. The complex 1
crystallizes in the triclinic system, P1 space group, the Cu(ll) ion is in five-coordinated square pyramidal coordinated
environment with two N from the ligand and three C1 atoms. Two Cu(ll) ions are bridging linked by two Cl atoms in u-
2 model, and there is an uncoordinated ligand molecule in the unit cell of the complex 1. The complex 2 crystallizes
in the monoclinic system, C2/c space group, the Cu(ll) ion is also in a five-coordinated square pyramidal environment
with two N atoms and three O,,. atoms. The configuration of 2 is extended to 1D chain and 2D networks by
hydrogen bonds, and then further extended to 3D topological framework via intermolecular 77-7 stacking action. The
radical-scavenging activities of the title compounds have been studied by using the pyrogallol autoxidation method,

the results indicate that the ligands present excellent radical-scavenging activities. CCDC: 641770, 1; 649291, 2.
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The chemistry of the poly-functional coordinated tion and crystal engineering with the development of the
polymer and multi -nuclear complexes has become a novel functional material. Moreover, the introduction
fascinating area of research in the molecular construc- of supramolecular interactions into specific polymeric
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systems can lead to materials combining interesting ar-
chitectures ™. Among them, the design and synthesis of
the function ligand is the most important factor for real-
izing the applications. Besides hydrogen-bonding which
in the crystal engineering has resulted in a rapid ex-
pansion of interest in the topic®, 77-77 stacking interac-
tions are of certain interest”. Pyridazine and triazole
and their derivatives are the important compounds in
synthesis of farm drugs'®, medicine, and neuromuscular
blocking activity” owing to the biological activities of
these compounds.

We have reported two complexes of the pyridazine
derivatives with a 3,5-dimethylpyrazole as a substitu-
tion group®. In the present work, two new pyridazine
licands contained substituted 1-H-1,2,4-triazole and
benzotriazole group, respectively, and their copper (I)
complexes have been synthesized, and the radical-
scavenging activities of the title compounds have been

studied.
1 Experimental

1.1 Materials and general methods

All of the starting materials were of analytical
grade and were used as received without further purifi-
cation. Solvents were purified according to the standard
methods prior to use. 1,2,4-triazole was synthesized by
the literature method™, FTIR. spectra were recorded on
a Shimadzu IR-408 infrared spectrophotometer in the
4 000~400 cm™ region. Elemental analyses of carbon,
hydrogen and nitrogen were carried out with a Perkin-
Elmer model 240 analyzer. Electronic spectra were
recorded on a Shimadzu-u.v.-2450 spectrophotometer
in the 200~800 nm range at room temperature.
1.2 Synthesis

1.2.1 3, 6-bis-(benzotrizole-yl)pyridazine (L)

The L, was prepared by modification literature
(2.28 g, 0.02
mol), PEG-400 (2.0 g), K,CO; (5 g) and KI (1 g) were
dissolved in 60 mL of acetone. In which, 3,6-di-
cholopyridazine (1.48 g, 0.01 mol) was added. The mix-

ture was refluxing for 6 h, and then it was rotational e-

method . A solution of benzotriazole

vaporated. The crude products were re-crystallized from
ethanol/water (V/V=1:1). A pale powder of L, was ob-

tained. (Yield: 66.5% and m.p. 200 C). IR (KBr pel-
lets, em™): 3 143 (w), 3 083(s), 1 572(s), 1 549(m), 1 461
(s), 1427(s), 1 390(s), 1 320(w), 1 289(s), 1 241(w), 1 180
(s), 1 054(s), 953(w), 844(s), 779(s), 653(w), 575(w). El-
(%): C, 61.05; H, 3.32; N,
35.59. CysHoNg, caled(%).: C, 61.14; H, 3.21; N, 35.65.
1.2.2 3-(1,2,4-triazole-yl)-6-chloro-pyridazine
(L)

The L, was prepared by modification literature
method!". 1-H-1,2,4-triazole4 (4.2 g, 0.061 mol) and
NaOH (2.44 ¢, 0.061 mol) were dissolved in ethanol (50
mL), and then 3,6-dicholopyridazine(9.10 g, 0.061 mol)

were added with stirring, the reaction was kept running

emental analyses: Found

for 4h.under reflux. The reaction solution was filtered,
rotation evaporated. The powders of L, were obtained by
re-crystallizing from chloroform. (Yield: 50.2% and m.
p- 180~182 °C). TIR. (KBr pellets, cm™): 3 104(m), 3 070
(m), 1 572(m), 1 513(s), 1 445(s), 1 372(m), 1 286 (m),
1 145(s), 1 032(m), 977(w), 860(m), 777(w), 674(m), 529
(w). Elemental analyses: Found (%): C, 39.55; H, 2.35;
N: 38.42. CsHLCINs caled  (%): C, 39.69; H, 2.22; N,
38.57.
1.2.3  [CuyL).CL]L,; (1)

(6 mL) of chloroform and
methanol (V/V=1:1) was carefully layered over the so-

A buffer solution

lution of L,; (0.05 mmol) in chloroform. Then a solution
of CuCl, (0.1 mmol) in methanol was layered over the
buffer layer. Purple-red crystals of 1 suitable for X-ray
analysis were obtained after ca. one month. Yield:
43.2%. TR (KBr pellets, cm™): 3 091(w), 3 046(w), 1 607
(m), 1555 (m), 1470 (s), 1438 (s),1295 (s),1241(w),
1205(w), 1 076(m), 1 063(m), 1 024(s), 852(m), 785(s),
742 (s), 578 (w). Elemental analyses: Found (% ): C,
50.29; H, 2.75; N, 29.30. C3,HxCl,CuNscaled. (%): C,
50.37; H, 2.64; N, 29.37.

124 [Cu(Lo)((NOs)(H0)] (2)

For 2, the same procedure was run as that of 1, ex-
cept L, was used instead of L;, and Cu(NOs), was used
instead of CuCl,, respectively. Blue single crystals of 2
suitable for X-ray analysis were obtained after ca. six
weeks. Yield: 48.6%. IR (KBr pellets, cm™): 3 143(m),
3076(br), 1 571(m), 1 525(m), 1 479(m), 1 454(s), 1 407
(s), 1382(vs), 1 290(m), 1 143(s), 1 041(m), 971(m), 837
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(m), 779 (w), 665 (m) cm™. Elemental analyses: Found
(%): C, 25.28; H, 1.85; N, 29.49. C,H,Cl,CuN,0; cal-
cd (%): C,25.34; H, 1.77; N, 29.55.
1.3 Crystal structure determination of complexes
(1) and (2)
The crystals with dimensions of 0.20 mm x 0.18
mm X 0.14 mm for complex 1 and 0.28 mm x 0.18 mm
x 0.14 mm for complex 2 were carefully selected for
structure determination. All the data were collected on
a Bruker Smart CCD diffractometer with graphite
monochromatized Mo Ka radiation (A=0.071 073 nm)at

room temperature using the w-260 scan technique. The
structure was solved by the direct method and subse-
quent difference Fourier syntheses and refined on F* by
a full-matrix least-squares method. The non-hydrogen
atoms were refined anisotropically and hydrogen atoms
were included in the structure factor calculation but not
refined. All the calculations were carried out with
SHELXS-97 and SHELXL-97 programs!?. The crystal
data and data collection details are summarized in
Table 1.
CCDC: 641770, 1; 649291, 2.

Table 1 Crystal data and structure refinement for complexes 1 and 2

Compound 1
Empirical formula CxHyCLCuN,e
Formula weight 763.08
Temperature / K 294(2)
System Triclinic
Space group Pl

a/ nm 0.815 3(3)
b/ nm 0.878 0(3)
¢/ nm 2.329 1(7)
al (%) 95.967(5)
B/ 93.330(6)
v /(%) 105.005(5)
V /o’ 1.595 3(8)
A 2

Crystal size / mm
D./ (g-em™) 1.589
(Mo Ka) / mm™ 0.906
F(000) 774

26 range / (°) 0.88~26.62
Reflections collected 8 301
Indep. refls. (Rint)
3 706

1.045

Observed reflections

GOF on F?

Data / restraints / parameters
Final R, and wR, [I>20(]))
R, and wR, |all data|

Largest diff. peak and hole / (e*nm™)

0.20x0.18x0.14

5621 (0.029 8)

5621/0/460
0.046 0, 0.106 5
0.086 7, 0.134 0
370 and -534

2
CHCLCuN;,0,
568.76

294(2)
Monoclinic

C2/c

2.848 9(4)
0.682 67(10)
1.1373 4(16)

113.224(2)

2.032 7(5)

4
0.28x0.18x0.14
1.858

1.406

1 140
3.08~26.40
5612

2 080 (0.024 4)
1789

1.08

2080/ 1/159
0.028 9, 0.074 8
0.036 4, 0.078 9
386 and -353

1.4 Radical-scavenging activities measurement
The radical-scavenging activities of the ligands
and complexes have been tested using the pyrogallol

autoxidation method ™. For the controlling test: The

Tris-HCI buffer (5 mL, pH=8.2) was mixed with double

distillated water (5 ml), and the mixture were kept at
25+0.2 °C for 20 min. Then 0.3 mL of pyrogallol solu-
tion (3 mmol -dm~) in HCI (0.1 mmol - dm~) was added
to the mixture with stirring, the solution was quickly

transferred to the cell for the absorption measurement at
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325 nm on a SHIMADZU UV-2450 spectrophotometer.
The plots of absorptions vs time (s) were obtained and
the slope of the line is the autoxidizing velocity of pyro-
gallol.

For the ligands and complexes: the solution of the
samples with different concentrations was kept at 25+
0.2 °C for 20 min, respectively. To every solution, 0.3
mL of pyrogallol solution (3 mmol - dm~) was added and
run using the same procedures as for pyrogallol sam-
ples. The plots on the absorption data of pyrogallol by
the action of the compounds with various concentrations
vs time (s) were made. The autoxidizing velocity of
pyrogallol after adding the compounds with various
concentrations can be obtained from the slopes of the

lines.
2 Result and discussion

2.1 Synthesis of the title compounds

For the ligand L;, a mixture of the symmetrical and
asymmetrical configurations has been obtained by the
methods mentioned above without further separation
(Chart 1), which leads to two coordinated models of the

benzotriazole group in the complex 1.

N N
N
\ =\
N > NH
// S /
N N

Chart 1 Molecular structure of the benzotriazole isomer

In the process of preparation of the metal com-
plexes, the precipitates of the metal complexes are easy
to generate due to the strong coordination ability of the
triazole groups on the ligands. Thus, the layered diffu-
sion method is used to synthesize the metal complexes

rather than the solvent evaporation method at room

2.1.1  Crystal structure of [Cuy(L,),CL]L; (1)

An OPTEP view of 1 is shown in Fig.1. Selected
bond distances and angles are given in Table 2. In the
compound 1, the copper atom is in a five-coordinated
square pyramidal environment. Take Cu(1) as an exam-
ple, CI(1) atom is located on the apical position with
an elongated Cu-Cl distance Cu(1)-CI(1) 0.268 02(13)
nm, and CI(1A), N(1), N(4), and CI(2) atoms define the
basal plane, among them, Cl(2) is a little depart from
the plane Cl(2)-Planeqqynang 0.055 8 nm. The bond
distance of Cu-Cl (1) 0.268 02 nm is slight longer than
that of Cu-Cl(1A) and Cu-Cl(2) [Cu-CI(1A) 0.225 09
nm, Cu-Cl(2) 0.222 7 nm|; the distance of Cu(1)-Niuee
[0.206 1 (3) nm] is slightly longer than that of Cu (1)-
Niyidwine [0.2046(3) nm], all of them are normal bonds.
Two Cu atoms and two Cl atoms construct a rectangle,
and two [Cu(L,)Cl] units are bridging linked by two Cl
atoms in u-2 model. It is noticed that there is an unco-
ordinated L, molecule in the unit cell of the complex 1.
The Cl atoms present two kinds of coordination modes,
one is a terminal mono-dentate coordinated mode, the
other is u-CIXCl bridge mode. A four-member ring
[Cu,Cly] with Cu---Cu separation 0.338 4 nm, namely a
second building unit (SUB)™., which is the basic unit to
extend the structure to 2D networks by H-bonds (Table

X
0 p
v &y

NI5 N16

Symmetry operate: 1—x, =y, =%

Fig.1  Perspective view of the coordination environment

temperature. of Cu(ll) in 1, H atoms are not shown for clarity
Table 2 Selected bonds lengths (nm) and angles (°) for 1
Cu(1)-N(1) 0.206 1(3) Cu(1)-Cl(1)#1 0.225 09(11) Cu(1)-N(4) 0.204 6(3)
Cu(1)-CL(1) 0.268 02(13) Cu(1)-C1(2) 0.222 70(12) Cl(1)-Cu(1)#1 0.225 08(11)
N(4)-Cu(1)-N(1) 78.36(12) N()-Cu(1)-C1(1) 89.65(9) N(4)-Cu(1)-C1(2) 92.49(10)
N(1)-Cu(1)-CI(1) 90.82(9) N(1)-Cu(1)-C1(2) 160.03(9) C1(2)-Cu(1)-CI(1) 107.00(4)
N()-Cu(1)-C1(1)#1 170.64(9) CI)#1-Cu(1)-C1(1) 93.80(4) N(1)-Cu(1)-CI(1#1 92.88(9)
Cu(1)#1-CI(1)-Cu(1) 86.20(4) Cl(2)-Cu(1)-CI(1)#1 94.82(5)

Symmetry transformations used to generate equivalent atoms: #1: —x+1, —y, —z.
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Table 3 H-bonding geometry for 1°

D-H---A D-H / nm H--A / nm D---A/ nm D-H---A /()
C(13)-H(13)---N(10)' 0.093 0 02737 0.344 0 115.93
C(8)-H(8)---Cl(2)" 0.093 0 0.268 8 0.340 2 134.12

* Symmetry code: ' x-1, y, z; " x, y—1, z.

3). The Cu---Cu separations are 0.878 0 nm and 0.485 2 through H-bond, the bond distance of O (4B)-O (2A) is
nm, respectively (Fig.2). 0.296 8 nm and the angle of O(4B)-H(4A)---O(2A) is
127.24°. The 1D chain crosses each other to develop
ﬁ_ - ﬁ— - ‘Q the repeat units to 2D networks (Fig.4) by hydrogen
! 1
| E \ ‘\
| E | i \ 5
All C, N atoms omitted for clarity

bond which data are summarized in Table 5.

Symmetry operate: —x, y, 3/2—z

Fig.3 ORTEP view of the complex 2, omitting H atoms

for clarity

Fig.2 2D networks of complex 1
2.1.2  Crystal structure of [Cu(L,),(NO3),(H,0)] (2)

The molecular structure of 2 is shown in Fig.3, and
the selected bond distances and the angles are summa-
rized in Table 4. It can be seen from Fig.3 that the
copper (Il) is in a five-coordinated square pyramidal
environment with two nitrogen atoms from [, and two
Oyimae and one Oer. The O (4) is located on the apical
position with a normal Cu-O distance 0.228 3 (3) nm,
and O(1), O(1A),N(1),N(1A) atoms defining the basal

plane are just constructed a rectangle with the angle of C atoms and part of N atoms omitted for clarity
N(1A)- O(1)-N(1) being 90.15° and the angle of O(1)- Fig4  Networks formed by H-bongs in 2
N(1)-O(1A) being 89.82°. The adjacent [Cu(L,),(NO) From the Fig.4, it can be seen that every two Cu(Il)
(H,0)] molecules are arranged to present an 1D chain  centers are linked to form a ten-member macrocycle by

Table 4 Selected bonds lengths (nm) and angles (°) for 2

Cu(1)-0(1)#1 0.198 93(15) Cu(1)-N(1) 0.199 52(16) Cu(1)-0(1) 0.198 93(15)
Cu(1)-0(4) 0.228 3(3) Cu(1)-N(1)#1 0.199 52(16)
O(1)#1-Cu(1)-0(1) 178.84(9) N(1)#1-Cu(1)-N(1) 178.67(10) O(1)#1-Cu(1)-N(1)#1 88.99(7)
O(1)#1-Cu(1)-0(4) 89.42(5) 0(1)-Cu(1)-N(1)#1 91.02(7) 0(1)-Cu(1)-0(4) 89.42(5)
O(1)#1-Cu(1)-N(1) 91.02(7) N(1)#1-Cu(1)-0(4) 90.67(5) 0(1)-Cu(1)-N(1) 88.99(7)
N(1)-Cu(1)-0(4) 90.67(5)

Symmetry transformations used to generate equivalent atoms: #1: —x, y, —z+3/2.
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Table 5 H-bonding geometry for 2°
D-H---A D-H / nm H---A / nm D---A/ nm D-H---A /(%)
04B)-H(4A)---O(2A)' 0.083 9 0.238 4 0.296 8 127.24
O(4B)-H(@4AA)- O2AA): 0.083 9 0.238 4 0.296 8 127.24
O@B)-H(4A)--O(3A)" 0.083 9 0.238 4 0.321 2 142.4
04B)-H(4A)---O(3AL)" 0.083 9 0.238 4 0.321 2 142.4
C(5A)-H(5A)---N(5T) 0.093 0 0.287 1 0.337 0 114.91
C(4A)-H(4A)---N(4AK)" 0.093 0 0.251 0 0.338 0 155.74
C4A)-H(@A)--N(AK) 0.093 0 0.252 4 03205 130.31
"Symmetry code: " x, y=1, z; T —x, y=1, z=1; " —x, —y, —z=1; " x g, 2.

hydrogen bond, and two copper(ll) centers are linked
through the water and the nitrate group to present a
eight-member ring structure. The 2D networks are de-
veloped to a 3D architecture through the intermolecular
(Fig.5) between

pyradizine-pyradizine rings with the centroid-centroid

- stacking weak interactions

separation of 0.371 1 nm and dihedral angle of 0°,

which further stabilize the structure of 2.

Fig.5 3D architecture linked by intermolecular 77-7

stacking interactions

In the comparison of the molecular structure of 1
with that of 2, it can be seen that two coordinated N
atoms come from benzotrizole and pyridazine in 1,
while in 2, only one N atom of triazole coordinates to
the metal centers. The corresponding bond lengths of
metal-Ny;,. in 1 are longer than those in 2, it might be
due to the stereo inhibition of benzotrizole molecule. It
is noticeable that there is an uncoordinated ligand, in
which two benzotrazoles are linked to pyridazine in
symmetric mode, while the coordinated L, is asymmet-
ric mode. The result indicates that the coordinated a-
bility of the asymmetric benzotriazole is stronger than
that of the symmetric one in L,.

2.2 Radical-scavenging activities of the title
compounds

The autoxidizing velocity of pyrogallol, ry, and the

autoxidation of pyrogallol after adding L. with various

concentrations are shown in Fig.6(a), 6(b), and 6(c), re-
spectively. The autoxidizing velocities of pyrogallol with
various concentrations of L, r;, are summarized in Table
6. It is found that the greater the concentration of L, the
lower the velocity of pyrogallol autoxidizing. The 1Cs,
value of L; and 1, is 29.53 pg-mL™" and 32.76 pg-
ml.~", respectively, which indicates that the L, and T,
have potential radical-scavenging activities. The inhi-
bition rate () is calculated by the formula: n=1-r;/r,.
The radical-scavenging activities of the metal complex
es 1 and 2 are not obvious, which might be due to the

0.40

0.35

= 119X 103
R=099631

0.30 1

025+
& 020
& 020
0.15-
0.10
0.05+
0.00 T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300
t/s
Fig.6(a) Velocity of self-oxidazing of pyrogallol
0.40 _
Concentration of L; / (ug - mL™1)
0354 —®—2 v
—e—4
030 TAS v
—v—12
——20
0254 T3
—»—40
& 0.20- —
< /:‘/>
0.15- ~
/./l
0.10+
0.05
000 T T T T T T T T T T
30 60 90 120 150 180 210 240 270 300
t/s
Fig.6(b) Plot s on the absorption (A) of pyrogallol by the

action of L; with concentrations vs time



690 Jd Hl fk

&
PN
gl

A

Table 6 Inhibition of L, and L, to the autoxidation of pyrogallol

L, concentration / (pg-mL™) r, /107 n/! % L, concentration / (pg-mL™) r,/ 107 n/l %
2 11.5 2.540 2 11.7 0.847

4 10.4 11.86 4 11.2 5.084

8 8.82 25.25 8 9.59 18.73

12 7.09 39.91 12 8.72 26.10

20 6.44 45.42 20 6.91 41.44

30 5.81 50.76 30 6.25 47.03

40 5.08 56.94 40 4.12 65.08

generation of some color species to interrupt the rule of

the pyrogallol autoxidation.

0.40
Concentration of L, / (ug * mL™)
0.35 2
—— 4
0.30 —A—3
—y— 12
0.25 —4— 20
- —— 30
@020 —¢—40
<
0.15
0.10 4
0.05
0.00 T T T

T T T T T T T
0 30 60 90 120 150 180 210 240 270 300
t/s

Fig.6(c) Plots on the absorption (A) of pyrogallol by

the action of L, with concentrations vs time

3 Conclusion

In this work, we have reported two copper (II)
complexes with the pyridazine derivatives ligands,
[Cu, (L)CLJL; (1) and [Cu (Ly), (NO3), (H,0)] (2). The
molecular structures of the copper (II) complexes are
different due to stereo influences of the substituted
groups on the pyridazine ring, and hydrogen bond and
-1 sticking action are important for the construction
of the coordinated polymers. The radical-scavenging
activities of the ligands and complexes have been
studied, and the results indicate that two ligands pre-

sent excellent radical-scavenging activities.
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