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Two Zinc Complexes Based on 1-Carboxymethyl-3,5-dimethyl-1H-pyrazole-4-carboxylic
Acid: Syntheses, Structures, and Luminescent Properties
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("School of Petrochemical Engineering and Jiangsu Key Laboratory of Advanced
Catalytic Materials and Technology, Changzhou University, Changzhou, Jiangsu 213164, China)
(State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093, China)

Abstract: One monomeric complex [Zn(4,4"-bpy)(Hemdpcea),(H,0);] -2H,0 (1) and one 1D coordination polymer
[Zn (4,4" -bpy) (Hemdpcea), (H,0)] -3H,0 (2) (H,emdpca =1-carboxymethyl-3,5-dimethyl-1H-pyrazole-4-carboxylic
acid, 4,4'-bpy=4,4'-bipyridine) have been synthesized and characterized by elemental analysis, IR spectra, single
crystal X-ray diffraction, thermogravimetric analysis. Complexes 1 and 2 all crystallize in the monoclinic system,
space group P2/c. In 1, Zn(Il) ion is located in distorted octahedral coordination geometry, discrete mononucleate
units and water molecules are assembled into a 3D network. In 2, each Zn(Il) ion is located in distorted square-
pyramid geometry. Each 4,4'-bpy ligand bridges two adjacent Zn(Il) ions, forming a 1D chain. These chains and
water molecules are connected by hydrogen bonds, forming a 3D supramolecular network. The thermal stability

and luminescent properties of the complexes are also investigated. CCDC: 963357, 1; 979480, 2.
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Supramolecular frameworks/coordination polymers
assembled by coordinate bond and hydrogen bond
have attracted increasing research interest not only
because of their appealing structural and topological
novelty but also owing to their tremendous potential
applications in gas storage!", separation!*’, magnetic

and optical materials®®, catalysis™!!

and lithium-ion
batteries!"™". Generally speaking, the structural diver-
sity of such crystalline materials is dependent on
many factors, such as the metal ion, the templating
agents, the metal-ligand ratio, the pH value, the
counteranion and the number of coordination sites
provided by organic ligands>'. Among the strategies,
the rational selection of organic ligands or coligands
according to their length, rigidity and functional
groups is important for the assembly of structural
controllable supramolecular frameworks, and a great
deal of significant works have been done by using this
strategy'”’. Pyrazole carboxylic acid type ligand, as a
multidentate ligand, not only can provide multi-
coordination sites involving nitrogen atoms on pyrazole
ring and carboxylate oxygen atoms!"®*!, but also act as
a donor and/or acceptor in hydrogen bond interac-
tions. They have proven to be considerable advanta-
geous ligands for the self-assembly of supramolecular

(326 Recently, we have synthesized some

frameworks
luminescent complexes containing pyrazole carboxylic
acids, such as 3,4-pyrazoledicarboxylic acid™®*, and

d® ete. In

5-methyl-1H-pyrazole-3-carboxylic  aci
order to expand the study in this field, we designed
and synthesized a new ligand 1-carboxymethyl-3,5-
dimethyl-1H-pyrazole-4-carboxylic acid (H,emdpca)
(Scheme 1), Compared to 3,5-dimethyl-1H-pyrazole-4-
carboxylic acid with rigid structure, due to the flexible

carboxymethyl group addition, H,emdpca has become
HOOC CH,

[\

HC v
N

CH,COOH
H,emdpca

Scheme 1 Molecular structure of Hyemdpca

a semi-rigid ligand and has more potential coordina-
tion sites. Besides, two carboxyl groups of H,cmdpca
can be partially or fully deprotonated to generate
Hemdpea™ and emdpea® at different pH values, which
is useful to synthesize new functional complexes. On
the other hand, 4,4’ -bipyridine (4,4’ -bpy) is a good
building  blocks.

coordination polymers based on 4,4’ -bpy have been

candidate for molecular Many
reported"™".  As the continuation of our research, and

motivated by our interest in functional metal

complexes, we carried out the reactions of Hyemdpca,
4,4'-bpy and Zn(NOs),-6H,0, and obtained two new

complexes with uncoordinated carbonyl groups,
namely, [Zn (4,4 -bpy) (Hemdpca), (H,0);] -2H,0 (1),
and [Zn(4.,4" -bpy) (Hemdpca), (H,0)] -3H,0 (2). More-
over, thermal stability and fluorescence properties of
the complexes have also been studied. To the best of
our knowledge, this is the first report on the metal

complexes based on Hyemdpca.
1 Experimental

1.1 Materials and instruments

All reagents and solvents were used as received
from the commercial source without further purifica-
tion. The ligand 1-carboxymethyl-3,5-dimethyl-1H-
pyrazole-4-carboxylic acid(H,emdpca) was prepared
according to similar method reported in literature .
The single-crystal X-ray determination measurement
of 1 and 2 was performed on a Bruker SMART CCD
diffractometer at 293(2) K. The elemental analysis (C,
H and N) was performed with a Perkin-Elmer 2400
Series Il element analyzer. FIIR spectra were recorded
on a Nicolet 460 spectrometer using KBr pellets in
the range of 4 000~400 cm™. The luminescent spectra
of the solid samples were recorded with a Varian Cary
Eclipse spectrometer. Thermogravimetric analysis (TGA)
experiments were carried out on a DuPont thermal
analyzer from room temperature to 800 °C under N,
atmosphere at a heating rate of 10 °C+-min™.
1.2 Synthesis
1.2.1 Synthesis of complex [Zn(4,4"-bpy)(Hemdpca),

(H,0)5]-2H,0 (1)
A solution of Zn(NO;),+6H,0 (0.1 mmol, 0.029 7 g)
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in distilled water (2 mL) was slowly added to a
solution of Hyemdpca (0.2 mmol, 0.039 6 g) and 4,4'-
bpy (0.05 mmol, 0.009 9 g) in DMF (4 mL) to obtain a
colorless solution. The resulting solution was allowed
to stand at ambient temperature for some days, giving
colorless crystals in 33.8% yield based on Zn. Anal.
Caled. For CyHyNqO;3Zn(%): C, 44.23; H, 5.14; N,
11.88. Found(%): C, 44.21; H, 5.13; N,11.85. IR (KBr
pellet, em™): 3395 (s), 3 156 (m), 2 674 (m), 2 592 (m),
1957 (w), 1637 (vs), 1 597 (w), 1 547 (w), 1497 (s), 1 430
(w), 1 388 (vs), 1310 (s), 1 289 (s), 1 127 (vs), 1 102 (w),
1070(s), 943 (m), 924 (w), 877 (m), 853 (w).
1.2.2  Synthesis of complex [Zn(4,4"-bpy)(Hemdpca),
(H0)]-3H,0 (2)
Synthesis of 2 was similar to that of 1, but the

molar ratio of n, >Ny dpe. Tagap 18 1:2:1. The result-

ing solution was allowed to stand at ambient tempera-
ture for some days, yielding colorless crystals in 24.67%
yield based on Zn. Anal. Caled. For CyH3,ZnNgO,5(%):
C, 45.35; H, 4.94; N, 12.21. Found (%): C, 45.38; H,
4.99; N, 12.20. TR (KBr pellet, cm™): 3 450 (m), 2 993
(s), 2782 (s), 2 423 (m), 1 667 (m), 1 571 (s), 1 386(vs),
1290 (w), 1 201 (m), 1 141 (m), 1 043 (m), 885 (w), 807
(s), 762(w).

1.3 X-ray analysis

Single-crystal X-ray diffraction measurements
were carried out with a Bruker Smart Apex CCD area
detector at 293(2) K. Intensity reflections were measured
adopting graphite-monochromatized Mo Ka radiation
(A =0.071 073 nm) with the ¢-w scan mode. The
structure were solved by direct methods and refined
by full-matrix least-squares methods on F* employing
the SHELXTL-97 program™. Anisotropic thermal
factors were assigned to all the non-hydrogen atoms,
H atoms attached to C were placed geometrically and
allowed to ride during subsequent refinement with an
isotropic displacement parameter fixed at 1.2 times
U, of the parent atoms. H atoms attached to O atoms
from the water molecules were first located in
difference Fourier maps and then placed in the
included in the refinement.

calculated sites and

Structure ~ crystallographic data and experimental

details for the two compounds are summarized in
Table 1. The selected bond lengths and bond angles
are given in Table 2, and the hydrogen bond distances
and angles are presented in Table 3.

CCDC: 963357, 1; 979480, 2.

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

Compound 1 2

Empirical formula CasHz6ZnNeO 13 CasH3ZnNeO 1,
Formula weight 705.98 687.96
Crystal system Monoclinic Monoclinic
Space group P2)/c P2,/c

a/ nm 1.743 5(7) 1.598 05(16)
b/ nm 0.768 1(3) 1.182 69(12)
¢/ nm 2.490 4(9) 2.220 26(16)
B/ 114.85(2) 133.585(4)

V [/ nm® 3.026(2) 3.039 6(5)

A 4 4

D,/ (g-em™) 1.549 1.503

u/ mm™ 0.890 0.890

F(000) 1572 1432
Crystal size / mm 026x%0.20x0.20 0.24%0.22x0.21
0 range for data collection / (°) 1.70~26.3 1.76~25.5

Index ranges (h, k, )
Reflections collected

Independent reflection (R;,)

2 <h<15-9<k<7,-30<[<30
17 702
6 059 (0.165 6)

-9shs8,-14<k<14-20<[<27
17 495
5901 (0.034 2)
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6 064 /3 /408 5901 /10 /407

Data / restraints / parameters

Goodness-of-fit on F?
Ry, wR, (I>20(]))
Ry, wR; (all data)

Largest diff. peak and hole / (e-nm™)

1.026
0.0752,0.183 2
0.159 1, 0.219 7
1 025 and -1 649

1.018

0.056 8, 0.162 8
0.066 7, 0.168 5
987 and -818

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

Complex 1
Zn1-011 0.210 8(4) 7Zn1-05 0.203 2(4) 7Zn1-09 0.214 2(6)
7Zn1-01 0.205 2(4) 7Zn1-N5 0.215 2(6) Zn1-010 0.209 6(5)
05-Zn1-N5 87.71(17) 05-Zn1-01 175.6(18) 01-Zn1-N5 89.64(17)
05-Zn1-010 93.09(18) 010-Zn1-N5 91.4(2) 01-Zn1-010 90.45(18)
011-Zn1-N5 179.8(2) 05-Zn1-011 92.23(16) 09-Zn1-N5 91.7(2)
01-Zn1-011 90.43(16) 011-Zn1-09 88.5(2) 010-Zn1-011 88.45(18)
010-Zn1-09 176.12(16) 05-Zn1-09 89.53(18) 01-Zn1-09 87.08(18)
Complex 2
Znl-N6' 0.230 0(4) N5-Znl 0.228 6(6) 05-Znl 0.231 2(46)
N6-Znl' 0.230 0(4) 09-Zn1 0.234 9(6) 01-Znl 0.230 1(7)
N5-Zn1-01 94.3(2) N6"-Zn1-05 88.55(16) N5-Zn1-N6' 165.38(18)
N5-Zn1-09 89.1(2) 01-Zn1-N6" 90.82(18) 01-Zn1-09 80.28(16)
N5-Zn1-05 91.1(2) N6"-Zn1-09 105.29(17) 01-Zn1-05 160.60(17)
05-Zn1-09 81.3(2)
Symmetry codes: ‘'x—1, —=y+1/2, z=1/2; "x+1, —=y+1/2, z+1/2
Table 3 Hydrogen bond distances (nm) and angles (°) for compounds 1 and 2
D-H---A d(D-H) d(H---A) d(D---A) /D-H--A
Complex 1
0(9)-H(9X)---0(12) 0.082 0.221 0.272 0(7) 120
0(11)-H(11X)---0 0.082 0.211 0.270 1(6) 129
O(11)-H(11Y)---0 0.082 0.211 0.268 2(6) 127
0(12)-H(12X)---N(3)' 0.082 0.210 0.291 7(7) 175
0(13)-H(13Y)---0 0.083 0.191 0.267 6(7) 154
C(1)-H(1B)---O4) 0.096 0.235 0.300 8(10) 126
C(9)-H(9A)---0(8) 0.096 0.252 0.329 3(9) 138
C(17)-H(17)---0(1) 0.093 0.244 0.303 2(11) 121
C21)-H(21)---0(5) 0.093 0.231 0.290 7(8) 122
Complex 2
0(7)-H(7)---0(10) 0.082 0.178 0.258 6(7) 161
0(9)-H(9X)---0(3) 0.082 0.243 0.273 1(15) 102
0(10)-H(10X)---0 0.082 0.220 0.277 6(10) 128
0(11)-H(11X)---O(10) 0.082 0.238 0.318 2(19) 169
0(11)=H(11X)---0 0.082 0.254 0.288 8(14) 107
O(11)-H(11Y)---0 0.082 0.219 0.288 8(14) 144
0(12)-H(12X)---0 0.082 0.206 0.278 3(13) 148
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Continued Table 1

0(4)-H()---N(3)' 0.082
C(1)=H(1B)--0(3) 0.096
C(6)-H(6B)---0(4) 0.096
C(9)-H(9B)---0(7) 0.096

0.188 0.267 0(8) 162
0.257 0.305 9(13) 112
0.241 0.300 9(9) 120
0.259 0.292 6(12) 101

Symmetry codes: 'x, —1+y, z; " x, 1+y, z; " =1+x, v, z for 1; ' x, 14y, z; " x, =14y, z for 2

2 Results and discussion

2.1 Syntheses and infrared spectra
Complex 1 can be obtained by slow evaporation
of a mixed solution of DMF and deionized water of Zn(II)

and ligands with molar ratio of 1:2:0.5  (n, >y cuapes*

Nay 1) When the molar ratio changed into 1:2:1,
complex 2 was obtained. This fact shows that the
outcome is molar-ratio-dependent. For complexes 1
and 2, they have similar IR spectra (see supporting
information, Fig.S1). The strong and broad peaks
around 3 000~3 500 cm™ are assigned to »(OH) of
the water molecules. The strong peaks at 1 637 ecm™ (1),
1 667 cm™ (2), and 1 388 em™ (1), 1 386 cm™ (2), are
assigned to the v,(OCO) and w (OCO) stretching
vibration of Hemdpea™ ™.  Those assignments are
supported by the X-ray crystal structure analysis.
2.2 Crystal structures of complexes 1 and 2
Complex 1 possesses mononuclear structure and
crystallizes in the monoclinic space group P2/c. As
shown in Fig.1, in 1, the coordination sphere is
(01, 05) from two
carboxyl groups of two Hemdpea = anions ligands,

(09, 010, O11) from three coor-

dinated water molecules respectively, and a nitrogen

defined by two oxygen atoms
three oxygen atoms
atom (N5) from one 4,4'-bpy, leading to a distorted
octahedron geometry. Four oxygen atoms (O1, 05, 09,
010) form the equatorial plane of the octahedron, one
nitrogen atom (N5) and one oxygen (O11) occupy the
apical position. The bond distances of Znl-O are in
the range of 0.205 2~0.214 8 nm and Znl-N bond
length is 0.215 2 nm (Table 2), which are close to
those observed in zinc complexes based pyrazole
derivative ligands™. The degree of distortion from the
ideal octahedral geometry is reflected in cisoid
(87.08(18)°~93.09(18)°) and transoid angles (175.6(18)°
~179.8(2)°).

Only hydrogen atoms on oxygen atoms are drawn, and others are

omitted for clarity

Fig.1 Molecular structure of the complex 1 with thermal

ellipsoid at 30% probability level

In addition, independent components [Zn (4,4’ -
bpy)(Hemdpca),(H,0);] and H,O are linked by three
kinds of hydrogen bonds (N-H---O, O-H---0, C-H
.- 0)

formation of a three dimensional supramolecular

(Table 3), as shown in Fig.2, resulting in the

architecture; while the intermolecular 77-7 interactions

between pyrazolyl rings and between 4.4’ -bpy
molecules (centroid-centroid distances are in the range
of 0.359 6~0.365 5 nm) further increase the stability
of the structure.

Complex 2 also crystallizes in monoclinic system
and space group P2/c. The asymmetric unit of 2
contains one Zn(Il) ion, two Hemdpea™ anion ligands,
one 4,4’ -bpy molecule, and one coordinated water
molecule. As shown in Fig.3, the Zn(Il) ion is five-
coordinated and surrounded by two oxygen atoms (01,
05) from two carboxylate groups of two Hemdpea -
atoms  (09)

coordinated water molecule, and two nitrogen atoms

anion ligands, one oxygen from a
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Only hydrogen atoms involved in the hydrogen bonds are shown;

dash lines represent hydrogen bonds

Fig.2 3D network of complex 1

Only hydrogen atoms on oxygen atoms are drawn, and others are

omitted for clarity; Symmetry code: "x+1, —y+1/2, z+1/2

Fig.3 A view of the coordination environment around the
Zn(ll) ions in 2 with thermal ellipsoid at 30%
probability level

(N5, N6 from two 4,4’ -bpy, leading to a distorted
square-pyramidal coordination geometry. Two nitrogen
(N6', N5, O1, and 05)

form the base plane of the square-pyramidal structure,

atoms and two oxygen atoms

one oxygen atom (09) occupy the apical position. N6,
N5, O1 and 05, and Zn(Il) deviate 0.033 1 and 0.004 84
nm from the the base plane, respectively. The bond
distances of Znl-O and Znl-N are in the range of
0.230 1~0.230 0 nm and 0.228 6~0.230 O nm respe-

ctively (Table 2), which are slight larger than the values
observed in the complex 1. The bond angles of NSA-
Zn1-N6, N6-Zn1-09, N5A-Znl-09 are 165.38(18)°,
105.29(17)° and 89.1(2)° respectively.

The adjacent Zn(Il) ions are linked together by
one 4.4"-bpy ligand to form a one-dimensional chain
structure, as shown in Fig.4. The distance between
two Zn(Il) ions is 1.160 4 nm. These 1D chains, free
water molecules are linked by multiple hydrogen
bonds (N-H---0, O-H---0, C—=H---O)(Table 3), as
shown in Fig.5, resulting in the formation of a three
dimensional ~ supramolecular  architecture  with
micropore. PLATON shows that the effective volume
for the inclusion is about 0.259 9 nm’ per unit cell,

comprising 8.6% of the crystal volume of 2.

Only hydrogen atoms on oxygen atoms are drawn, and others are
omitted for clarity; Symmetry code: 'x—1, —y+1/2, z=1/2; "x+1,
—y+1/2, z+1/2

Fig.4 1D chain structure of complex 2 along the « axis

Dash lines represent hydrogen bonds

Fig.5 3D network of complex 2

The considerable interesting observation is that
complex 2 contains uncoordinated carboxyl groups
(free carboxylic acids) and nitrogen atoms from
Hemdpea™, while 1 not only keeps uncoordinated
carboxyl groups but also uncoordinated nitrogen atoms
These

uncoordinated carboxyl groups/nitrogen atoms might

from 4,4"-bpy molecules and Hemdpea™.

serve as Lewis acid/base sites in catalytic and acid-
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s On the other hand, the metal

base reaction
complexes with uncoordinated carboxyl groups could
be further modified using a variety of organic and
inorganic reactions to afford new metal complexes
with different properties. The relative research is
under way in our group.
2.3 Thermal analysis

For detecting the thermal stabilities of complexes
1 and 2, thermal gravimetric (TG) analyses were carried
out from the room temperature to 850 °C in a nitrogen
atmosphere (see Fig.S2, supporting information). For
complex 1, the initial weight loss of 12.84% occurs
from 55 to 169 “C, corresponding to the loss of five
water molecules (Caled. 12.76%). Above 169 °C, the

remaining  material For

complex 2, the first weight loss of 12.84% which

decomposes  gradually.

occurred from 50 to 166 °C corresponds to the release
(10.46%). Above 166 C, the

remaining part begins to decompose gradually.

of five water molecules

2.4 Luminescent properties

Luminescent compounds are currently of great
interest because of their various applications in
chemical sensors, photochemistry, and electrolumine-
scent display. The photoluminescent behaviors of
complexes 1 and 2 as well as free ligand H,cmdpca
are studied in the solid state at room temperature. As
illustrated in Fig.6, the blue emission for H,emdpca
and complexes 1 and 2 can be observed, where their
maximum emission wavelengths are all at about 425
nm. Apparently, the main emission speaks of all of

the complexes 1 and 2 are similar to that of the ligand

Complex 1

H,cmdpca

Complex 2

500 550 600

Wavelength / nm

400 450
Fig.6  Solid-state emission spectra for compounds
Hyemdpea, 1 and 2 (excitation wavelength=

370 nm) at room temperature

Hyemdpea in terms of the position and the band
shape, indicating that the emission bands of 1 and 2

may be attributed to the emission of intraligand 7r-7*

transition' 3!,

3 Conclusions

In this work, two zinc complexes with

uncoordinated carbonyl groups have been successfully
synthesized by the self-assembly of Zn(NOs),-6H,0,
H,emdpea, and 4,4" -bpy in different molar ratio.
Complex 1 is a mononuclear structure, and 2 shows a
1D structure. The coordination modes of Hemdpea -
with metal atoms are the same in the two complexes.
The intermolecular weak interations play important
roles in the formation of three-dimension supramole-
cular architectures of 1 and 2. Complexes 1 and 2 all

display blue fluorescence in the solid state.

Supporting  Information: ~ Supporting  information s

available at http://www.wjhxxb.cn
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