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carboxylate ligands

SHOUWEN JIN* and DAQI WANG?

tFaculty of Science, ZheJiang A & F University, Lin’An 311300, P.R. China
iDepartment of Chemistry, Liaocheng University, Liaocheng 252059, P.R. China

(Received 23 November 2010; in final form 24 March 2011)

Three new zinc(Il) complexes, Zn(Hdmpz),(L1), (1) (Hdmpz=3,5-dimethylpyrazole,
HLI1 = l-hydroxy-2-naphthoic acid), Zn,(Hdmpz)4(L2), (2) (HL2=maleic acid), and
Zn;(p-dmpz)4(Hdmpz),(L3) (3) (HL3 =phthalic acid), were prepared and structurally charac-
terized by elemental analysis, infrared spectra, thermogravimetric analysis, and single-crystal
X-ray diffraction analysis. X-ray crystallographic studies show that these complexes display
mononuclear to coordination polymer structures with a tetrahedral arrangement around each
zinc ion. Pyrazole is coordinated both in terminal and bridging in 3, whereas in 1 and 2 both are
coordinated only monodentate. In 1 the carboxylates are monodentate, while in 2 and 3 both
function as bridging bis-monodentate ligands. Rich intra- and inter-molecular weak interac-
tions such as classical hydrogen bonds, C-H.--O, CH;3---O, C-H.--7, and CHj3=x
interactions are analyzed.

Keywords: Zinc(Il);  3,5-Dimethylpyrazole; Carboxylate ligands; Crystal structure;
Non-bonding interaction

1. Introduction

Supramolecular crystal engineering is an area of intense research [1-3] due to
fundamental interest in selfassembly processes [4], supramolecular motifs [5], and
intriguing structure topologies. The structure depends on coordination geometry of the
metal centre, the metal-ligand stoichiometric ratio, the nature of counter ions, weak
interactions (hydrogen bonding, aromatic 7— stacking interactions as well as van der
Waals forces) [6-8], and various experimental conditions.

Coordination polymers possess functional properties, such as magnetism, catalysis,
optical, and sorption properties [9, 10]. A variety of metal ions or more complex
metal-containing fragments have been employed, and organic ligands containing O- or
N-donors have been widely used [11].

Zn*" is particularly suitable for the construction of coordination polymers, exhibiting
a variety of coordination numbers and geometries, tetrahedral, trigonal bipyramidal,
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Scheme 1. The ligands used in this article.

square pyramidal, and octahedral, sometimes with a severe distortion. Lability of Zn
complexes enables Zn ions and ligands to rearrange during assembly to form highly
ordered structures. Consequently, Zn can readily form all kinds of architectures ranging
from 1-D to 3-D structures.

Pyrazole and pyrazole derivatives have been widely employed in polypyrazolylbo-
rates to stabilize organometallic and coordination compounds [12, 13]. A variety of
complexes containing 3,5-dimethylpyrazole (Hdmpz) have been employed in coordi-
nation and organometallic chemistry [14-16]. Many complexes with pyrazole as
terminal or bridging ligands are also available [17-19]. Complexes with carboxylic acids
and pyrazole derivatives are not very common except some recently reported examples
[20, 21]. We have been working with coordination compounds with mixed carboxylate
and imidazole derivatives [22-24]. Pyrazole and carboxylate appear to possess similar
steric requirements and, to a certain extent, also similar bonding capabilities. In order
to get a better understanding of the influence of carboxylate in the formation of new
coordination polymers and investigate the role that weak non-covalent interactions play
in forming the final supramolecular frameworks, we studied the zinc—pyrazolate—
carboxylate system. Thus, we report the synthesis, structural characterization, and
thermal behavior of three Zn complexes bearing 3,5-dimethylpyrazole (Hdmpz) and
different carboxylates (scheme 1), Zn(Hdmpz),(L1), (1) (Hdmpz=3,5-dimethylpyr-
azole, L1 =1-hydroxy-2-naphthoate), Zn,(Hdmpz)4(L2), (2) (L2=maleate), and
Zn5(u-dmpz)4(Hdmpz),(L3) (3) (L3 =phthalate).

2. Experimental

2.1. Materials and physical measurements

Chemicals and solvents used in this work are of analytical grade, available commer-
cially and were used without purification. FT-IR spectra were recorded as KBr pellets
from 4000 to 400cm™' on a Mattson Alpha-Centauri spectrometer. Microanalytical
(C, H, N) data were obtained with a Perkin-Elmer Model 240011 elemental analyzer.
Thermogravimetric analyses (TGA) were studied on a Delta Series TA-SDT Q600
under N, between room temperature and 800°C (heating rate 10°Cmin~"') using Al
crucibles.
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2.2. Synthesis of complexes

2.2.1. Synthesis of Zn(Hdmpz),(L1); (1). A solution of Zn(CH;COO),-2H,0
(0.0220g, 0.1 mmol) in 5SmL of MeOH was added to a MecOH solution (8 mL)
containing Hdmpz (0.0192g, 0.2mmol) and I-hydroxy-2-naphthoic acid (HLI1)
(0.0760 g, 0.4mmol) under continuous stirring. The solution was stirred for 2h at
room temperature until a small amount of precipitate formed; then a few drops of
concentrated ammonia were added till the precipitate dissolved completely. The clear
red solution was filtered into a test tube and after several days red needle crystals
formed, were filtered off, washed with MeOH, and dried under vacuum to afford
0.0800 g of the product. Yield: 63.29% (based on Hdmpz). Elemental analysis
performed on crystals exposed to the atmosphere: Calcd for C3,H30N4OgZn (631.97)
(%): C, 60.76; H, 4.75; N, 8.86. Found (%): C, 60.72; H, 4.68; N, 8.79. Infrared (IR)
spectrum (KBr disk, cm_l): 3736w, 3444w, 3406w, 3298w, 3132m, 3035m, 2928 m,
2865m, 2778 W, 2639 W, 2360's, 2270 m, 1662 m, 1648 m, 16165, 1480, 14195, 1296 m,
1228, 1180 m, 1050 m, 1016 m, 967 m, 882 m, 804 m, 740 m, 688 m, 622 m.

2.2.2. Synthesis of Zny(Hdmpz)4(L2), (2). A solution of Zn(CH;COO),-2H,O
(0.0220g, 0.l mmol) in SmL of MeOH was added to a MeOH solution (10mL)
containing Hdmpz (0.0192 g, 0.2 mmol) and maleic acid (HL2) (0.0232 g, 0.2 mmol)
under continuous stirring. The solution was stirred for 2h at room temperature and
became turbid; then a few drops of conc. ammonia were added till the solution became
clear. The clear solution was filtered into a test tube and after several days colorless
block crystals formed, were filtered off, washed with MeOH, and dried under vacuum
to afford 0.0520 g of the product. Yield: 34.97% (based on Hdmpz). Elemental analysis
performed on crystals exposed to the atmosphere: Calcd for C,gH3,NgOgZn, (743.39)
(%): C, 45.20; H, 4.84; N, 15.06. Found (%): C, 45.15; H, 4.76; N, 15.02. IR spectrum
(KBr disk, em™"): 3568m, 3428 m, 3236w, 3142w, 3072w, 2974m, 2858 m, 2540,
2520m, 2320m, 1622s, 1598s, 1550 m, 1520, 1448 m, 1424, 1292 m, 1227 m, 1198 m,
1056 m, 1014 m, 940 m, 902 m, 828 m, 768(m), 692 m, 646 m, 612 m.

2.2.3. Synthesis of Znz(p-dmpz)s(Hdmpz),(L3) (3). A solution of Zn(CH;COO),-
2H,0 (0.0220 g, 0.1 mmol) in SmL of EtOH was added to an EtOH solution (8§ mL)
containing Hdmpz (0.0192 g, 0.2 mmol) and phthalic acid (HL3) (0.0322 g, 0.2 mmol)
under continuous stirring. The solution was stirred for 2h at room temperature and
became turbid. A few drops of conc. ammonia were added till the solution became
clear. The clear solution was filtered into the test tube, after several days colorless
crystals formed, were filtered off, washed with EtOH, and dried under vacuum to afford
0.0620g of the product. Yield: 33.22% (based on Hdmpz). Elemental analysis
performed on crystals exposed to the atmosphere: Caled for CsgHygN1,047n3
(932.99): C, 48.88; H, 5.14; N, 18.01. Found (%): C, 48.82; H, 5.04; N, 17.89. IR
spectrum (KBr disk, cm*l): 34425, 3321s, 3140 m, 3060m, 2990 m, 2949w, 2812m,
2720 m, 2540w, 2360 m, 2190 m, 1960w, 1840w, 1800w, 1775w, 1730m, 1670s, 15965,
1520s, 14605, 1402s, 1289 m, 1245m, 1153 m, 1102m, 1064m, 952m, 886 m, 832 m,
780m, 740 m, 680 m, 660 m, 657 m, 620 m.
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2.3. X-ray crystallography

Suitable crystals were mounted on a glass fiber on a Bruker SMART 1000 CCD
diffractometer operating at 50 kV and 40 mA using Mo-Ka radiation (0.71073 A). Data
collection and reduction were performed using SMART and SAINT software [25]. The
structures were solved by direct methods and non-hydrogen atoms were subjected to
anisotropic refinement by full-matrix least-squares on F° using SHELXTL [26].
Hydrogen positions for all of the structures were found in a difference map. Further
details of the structural analysis are summarized in table 1. Selected bond lengths and
angles for 1, 2, and 3 are listed in table 2 and relevant hydrogen bond parameters are
provided in table 3.

3. Results and discussion

3.1. Preparation and characterization

Complexes 1-3 were prepared in MeOH or EtOH at room temperature via combination
of zinc acetate, Hdmpz group, and the corresponding carboxylic acid. Crystals suitable
for X-ray crystallographic analysis were grown upon addition of a few drops of conc.
ammonia solution with yields of 33.22-63.29%.

During the process acetate is substituted by the corresponding carboxylate, and some
Hdmpzs retain NH groups, and some are deprotonated. These compounds are not
soluble in most common solvents. The IR spectra of 1-3 were fully consistent with their
formulations. IR spectra of 1, 2, and 3 display characteristic carboxylate bands at 1560—
1622cm™" for v,(CO,) and at 1400-1430cm™' for vy(CO,) [27]. The frequency
differences between v,s(CO,) and vy(CO,) are 197, 174, and 194cm™" for 1, 2, and 3,
respectively, suggesting unidentate coordination for carboxylate. Neutral coordinated
Hmdpz in all three compounds is confirmed by the presence of characteristic NH bands
at 3400-3000cm~' [28]. Weak absorptions observed at 2800-2600cm™' can be
attributed to aromatic C—H and CH of L2.

3.2. Crystal structure descriptions

3.2.1. Crystal and molecular structure of Zn(Hdmpz),(LL1), (1). Compound 1 prepared
by the reaction of Zn(CH;COO),-2H,0, 1-hydroxy-2-naphthoic acid (HL1), and
Hdmpz in MeOH with ratios of 1:2: 4 yields pure Zn(Hdmpz),(L1), upon addition of a
few drops of concentrated ammonia solution. The structure determination reveals that
Zn, L1, and Hdmpz are present in a 1:2:2 ratio; the asymmetric unit is shown in
figure 1. Complex 1 crystallizes in triclinic system with space group P1.

Each zinc is tetrahedrally coordinated by two oxygens of two monodentate L1 and
by two nitrogens, belonging to two monodentate pyrazoles (figure 1). The molecular
structure of 1 resembles [Zn(CH3COO),(ML),] monomers, in which ML is a
monodentate nitrogen ligand, such as imidazole [29] and pyridine [30].

The location of the H2 and H4 in 1, bound to nitrogen, and not to oxygen, is
consistent with the different acidic characters of pyrazole and 1-hydroxy-2-naphthoic
acid [20], and also confirmed by the difference electron density map which found
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Table 2. Selected bond lengths [A] and angles [°] for 1, 2, and 3.

1
Zn(1)-0(1) 1.935(2) Zn(1)-0(4) 1.948(2)
Zn(1)-N(1) 1.993(2) Zn(1)-NQ3) 2.002(2)
o(1)-C(11) 1.263(4) 0(2)-C(11) 1.269(4)
0(3)-C(12) 1.348(4) 0(4)-C(22) 1.266(4)
0(5)-C(22) 1.263(4) 0(6)-C(23) 1.340(3)
O(1)-Zn(1)-0(4) 102.68(10) O(1)-Zn(1)-N(1) 116.00(10)
O(4)-Zn(1)-N(1) 106.97(9) O(1)-Zn(1)-N(3) 102.40(10)
0(4)-Zn(1)-N(3) 110.71(10) N(1)-Zn(1)-N(3) 117.17(10)
O(1)-C(11)-0(2) 123.3(3) 0(5)-C(22)-0(4) 124.0(3)

2

Zn(1)-0(5) 1.893(5) Zn(1)-0(1) 1.937(5)
Zn(1)-N(3) 1.988(6) Zn(1)-N(1) 2.006(6)
Zn(2)-0(3) 1.907(5) Zn(2)-0(7) 1.936(5)
Zn(2)-N(5) 1.986(6) Zn(2)-N(7) 2.015(6)
o(1)-C(1) 1.239(8) 0(2)-C(1) 1.220(8)
0(3)-C(4) 1.259(8) 0(4)-C(4) 1.203(8)
0(5)-C(5) 1.263(8) 0(6)-C(5) 1.206(8)
O(7)-C(8) 1.243(8) 0(8)-C(8) 1.210(8)
O(5)-Zn(1)-0(1) 110.8(2) O(5)-Zn(1)-N(3) 118.3(2)
O(1)-Zn(1)-N(3) 115.2(2) O(5)-Zn(1)-N(1) 101.8(2)
O(1)-Zn(1)-N(1) 102.1(2) N3)-Zn(1)-N(1) 106.3(2)
0(3)-Zn(2)-0(7) 105.7(2) 0(3)-Zn(2)-N(5) 120.8(2)
O(7)-Zn(2)-N(5) 115.2(2) 0(3)-Zn(2)-N(7) 104.3(2)
O(7)-Zn(2)-N(7) 106.9(2) N(5)-Zn(2)-N(7) 102.5(2)

3

Zn(1)-0(1) 1.960(6) Zn(1)-N(1) 1.979(6)
Zn(1)-N(3) 1.980(6) Zn(1)-N(5) 2.026(7)
Zn(2)-N(2) 1.999(6) Zn(2)-N(4) 2.001(7)
O(1)-C(16) 1.241(11) 0(2)-C(16) 1.27(4)
0(2)-C(16) 1.24(5) O(1)-Zn(1)-N(1) 124.5(3)
O(1)-Zn(1)-N(3) 102.5(3) N(1)-Zn(1)-N(3) 110.0(2)
O(1)-Zn(1)-N(5) 101.3(3) N(1)-Zn(1)-N(5) 108.2(3)
N(3)-Zn(1)-N(5) 109.5(3) NQ)#1-Zn(2)-N(2) 109.3(4)
NQ)#1-Zn(2)-N(4) 106.4(3) N(2)-Zn(2)-N(4) 109.5(2)
N(4)-Zn(2)-N(@)#1 115.6(4)

Symmetry transformations used to generate equivalent atoms for 3: #1 —x+1, y, —z+ 1.

Table 3. Hydrogen bond distances and angles in 1, 2, and 3.

D-H---A d(D-H) [A] d(H---A) [A] d(D---A) [A] /(DHA) []
1

O(6)-H(6) - - - O(5) 0.82 1.82 2.551(3) 147.4
N(@4)-H(®) - --O(5) 0.86 1.97 2.724(3) 144.9
NQ)-H(Q2)---0(2) 0.86 1.93 2.718(3) 151.0
2

N(8)-H(8) - - - O(6)#2 0.86 1.97 2.795(8) 161.4
N(6)-H(6) - - - O(8) 0.86 1.91 2.669(8) 146.9
N@)-H(4)---0(2) 0.86 1.85 2.640(8) 152.2
N(@2)-H(2) --- O(4) 0.86 1.86 2.701(7) 167.5
3

N(6)-H(6) - - - O(2)#2 0.86 1.99 2.72(3) 141.4
N(6)-H(6) - - - O(2)#2 0.86 1.97 2.74(3) 148.1

Symmetry transformations used to generate equivalent atoms for 2: #2x+1, —y+1/2, z+1/2; for 3: #2 —x+2, y, —z+2.
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Figure 1. Molecular structure of 1 showing the atom numbering scheme at 30% ellipsoid probability level.

the hydrogens. ZnN,O, possesses coordination distances and angles in the ranges of
1.935(2)—2.002(2)1& and 102.40(10)-117.17(10)°, respectively; the overall coordination
geometry resembles that found in [Zn(Hpz),(MesNCH,CO,)|(ClOy4), [21] and
{[Zn(CH3COO),(Hpz),]- CH;COOH} (Hpz=pyrazole) [20a]. Although the distortion
in the ZnN,O, moiety is differently oriented in the latter two compounds, the angles
around zinc are 98.94(19)-117.30(18)° and 95.73(7)-118.34(8)°, respectively.
Compound 1 is not an ionic species consisting of monocationic zinc(II) complex and
carboxylate counterions. In 1, the non-bonded oxygens, far enough from zinc with
distances of 3.245 and 3.287 A, respectively, are involved in two intramolecular
hydrogen bonds (N(2)-H(2)---O(2) and N(4)-H(4)---O(5)) with the N-O distances
ranging from 2.718(3) to 2.724(3)/0% and H-O distances of 1.93-1.97 A. In addition to
the intramolecular N—H- - -O hydrogen bonds, there also exist intramolecular O-H- - -O
hydrogen bonds (table 3) between phenol OH and the non-bonded oxygen of L1 to
produce a S,'(6) loop motif according to Bernstein e al. [31], thus the non-bonded
oxygen forms two hydrogen bonds in bifurcate mode.

The root mean square (rms) deviations of the pyrazole rings containing N1 and N2;
and N3 and N4 are 0.0113 and 0.0038 A, respectively, making a dihedral angle of 52°.
The rms deviation of the naphthalene ring containing C(12)-C(21) is 0.0067 A, which
forms dihedral angles of 4.2° and 56° with the above two pyrazole rings, respectively,
indicating the co-planarity of the naphthalene ring bearing C(12)-C(21) and one
pyrazole. The rms deviation of the naphthalene ring bearing C(23)-C(32) is 0.0055 A,
which forms a dihedral angle of 68.8° with the naphthalene ring containing
C(12)-C(21). The interplane angles between the naphthalene ring containing
C(23)-C(32) and the two pyrazole rings bearing N1 and N2; and N3 and N4 are
72.9° and 124.7°, respectively.

The mononuclear units are connected through C—H- - - interaction (with the C—Cg
distance of ca 3.408 A) between 4-CH of the pyrazole and the pyrazole of the
neighboring mononuclear unit to form a 1-D chain running along the a-axis. The
Zn---Zn distance along the chain is 8.860 A, while the Zn- --Zn distance between two
adjacent chains is 8.339 A. Adjacent chains were further connected through CHj.--O
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Figure 3. Molecular structure of 2 showing the atom numbering scheme at 30% ellipsoid probability level.

(between the 3-CHj; of pyrazole and phenol OH with C-O distance of 3.409A)
interactions to form a 2-D double-chain structure, which is shown in figure 2. The
corresponding ligands on these two chains are antiparallel.

3.2.2. Crystal and molecular structure of Zn,(Hdmpz)4(L2), (2). Crystals of 2 contain
dinuclear [Zn,(Hdmpz)4(L2),] (figure 3). Compound 2 crystallizes as monoclinic
colorless blocks in the space group P2(1)/c, and there are four formula units in its cell.
Each zinc is tetrahedrally coordinated by two oxygens of two monodentate L2 and
by two nitrogens, belonging to two monodentate pyrazoles with ZnN,O,. The ZnN,O,
unit possesses coordination distances and angles in the ranges 1.893(5)—2.015(6)1& and
102.1(2)-120.8(2)°, respectively. The geometrical parameters of this species are similar
to 1; in 2 the Zn has the same coordination mode as that of 1 except that the
dicarboxylate L2 substitute the monocarboxylate L1 ligands present in 1.

The C(2)=C(3) and C(6) =C(7) bond distances (1.300(9) and 1.290(9) A) are for
a simple C = C double bond, due to the significant non-coplanarity of the carboxyl and
the olefinic groups. The C—O bond distances involving oxygen coordinated to Zn are
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Figure 4. Packing diagram of 2 showing the 2-D sheet structure viewed down the g-axis.

longer than C-O distances that did not coordinate with zinc although they form some
non-bonding interactions.

The rms deviations of the two pyrazole rings coordinated to Znl are 0.0044 and
0.0146 A, respectively. The rms deviations of the two pyrazole rings coordinated to Zn2
are 0.0039 and 0.0122 A, respectively. The pair of pyrazoles coordinated to the same
Zn have dihedral angles of 83.4° for Znl and 87.4° for Zn2, indicating an almost
perpendicular arrangement of the rings. The dihedral angles between pyrazole rings
coordinated to different Zn cations are 121.8°, 92.6°, 123.4°, and 38°.

The zinc ions do not have any bonding interaction with the “‘second” oxygen of each
dicarboxylate, which is found at a distance of 2.898-3.1 17A from Zn. In 2, the
non-bonded oxygens form four intramolecular N-H---O hydrogen bonds with N-O
and H--- O distances of 2.640(8)-2.795(8) and 1.85-1.97 A, respectively.

The maleates adopt one coordination mode in 2: two carboxyl groups of a maleic
acid ligand are both deprotonated and coordinated to adjacent Zn(II) ions in bridging
bis-monodentate mode. Thus, the neighboring Zn’s are bridged sequentially by
carboxylate of maleate forming 1-D infinite helical chained framework running along
the c-axis. In the chain adjacent Zn—Zn separations are 7.165 and 7.203 A. In the chain
there are some weak non-bonding interactions such as CHs;—n (between the 5-CH; of
one pyrazole and its adjacent pyrazole ring with C—Cg distance of 3.582 A) and CH;-O
interactions (between 3-CHj of the pyrazole and the non-bonded oxygen of L2 with
C-O distance of 3.190 A). There are also CH-O interactions between CH of the olefinic
group of L2 and the non-bonded oxygen of the same L2 with C—O distance of 2.310A.

Adjacent chains are connected by the interchain CH-O interaction between 4-CH of
the pyrazole and the non-bonded oxygen of the maleate to form a double chain
extending along the c-axis. Such double chains were further joined together by CHz;—x
interaction between 5-CHj of the pyrazole at one chain and the pyrazole ring of its
neighboring chain with C—Cg distance of ca 3.591 A to form a sheet extending on the bc
plane as shown in figure 4. In the sheet there are cavities formed by two adjacent chains
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Figure 5. Molecular structure of 3 showing the atom numbering scheme at 30% ellipsoid probability level.

through weak interactions. The sheets are stacked along the @-axis through two kinds of
CH-O interactions, one is between the 4-CH of the pyrazole and the non-bonded
oxygen of the maleate with C-O distance of 3.300A and the other is between the
olefinic CH of the maleate and the non-bonded oxygen with C-O distance of 3.356 A.
In this case the second sheet slipped some distance from the first sheet, and the third
sheet layer has the same projection on the bc plane as the first sheet. The stacking of 2
displays a 3-D layer network structure without channels.

3.2.3. Crystal and molecular structure of Zn3(u-dmpz)4(Hdmpz),(L3) (3). Trinuclear 3
crystallizes in the monoclinic system with space group C2. An asymmetric unit of
Zns(p-dmpz)4(Hdmpz),(L3) contains 1.5 four-coordinated Zn(II) ions, a half of L3
anion, one Hdmpz, and two dmpz anions (figure 5). The difference between 3, and 1
and 2 lies in the fact that in 1 and 2 there do not exist bridging pyrazolates; 1 and 2 only
have neutral nitrogen ligands.

In the trinuclear units of 3 the two terminal Zn ions are tetrahedral with one oxygen
of a monodentate L3 and three nitrogens from one monodentate pyrazole and to two
different bridging pyrazolates with ZnN3;O binding. The middle Zn is coordinated by
four bridging pyrazolates with ZnN,4 binding. The pyrazolates are N,N'-exobidentate,
keeping zinc ions at a non-bonding distance of 3.580 A, somewhat shorter than
the Zn-.--Zn separation of 3.62A in [{Zn(u-CoHsCOO)(u-pz*)(Hpz*)}»]  [32]
(Hpz* =4-acetyl-3-amino-5-methylpyrazole) and [{Zn(p-C,oHsCOO)(u-pz)(Hpz)},]
[21] (Hpz =pyrazole) comsplexes. Similar to 2, L3 also is bridging bis-monodentate
coordination. The ZnN;O unit possesses coordination distances and angles of
1.960(6)—2.026(7)1& and 101.3(3)-124.5(3)°, respectively. The ZnN, unit possesses
coordination distances and angles 1.999(6)—2.001(7)A and 106.4(3)-115.6(4)°,
respectively.

The zinc ions do not have any bonding interaction with the non-coordinated oxygen
of carboxylate, which is 3.262 A from Zn, shorter than the reported average distance of
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Figure 6. 1-D chain structure of 3 viewed from the c-axis.

Table 4. TGA data for 1-3.

Weight loss (%)
_— Probable composition of

Stage  Temperature range (°C) Obsd. Calcd. removed molecules Complexes
I 164.6-262.8 30.27 30.38 Two pyrazole molecules 1

I 285.0-402.0 58.86 58.92 Two L1 ligands

1 171.0-285.0 51.56 51.65 Four pyrazole molecules 2

I 298.0-418.0 30.61 30.69 Two L2 ligands

1 158.4-249.8 20.47 20.58 Two terminal pyrazole molecules 3

11 285.4-418.6 17.54 17.58 One L3 ligand

I 430.7-613.9 40.62 40.73 Two bridging pyrazolates

3.398 A by Singh et al. [20c]. In 3, the non-bonded oxygens form an intramolecular
hydrogen bond (N(6)-H(6)---O(2)#2) with N(6)-O(2) and H(6)-O(2) of distances
2.74(3) and 1.97 A, respectively.

The rms deviations of the pyrazole rings containing N5 and N6; and N1 and N2 are
0.0122 and 0.0130 A, respectively; the dihedral angle between the two rings is 79.3°. The
rms deviation of the pyrazolate ring containing N3 and N4 is 0.0201 A, forming
dihedral angles of 103.7° and 27° with the above two pyrazole rings. The carboxylates
deviate by 116.6° from the benzene ring plane of the phthalate.

Compound 3 consists of two planar six-membered [Zn(p-dmpz),Zn] cores with the
two six-membered rings spiro-fused together by the middle Zn. In the trinuclear unit
there are two inversion centers located about the center of each six-membered
[Zn(pu-dmpz)>Zn] ring (figure 6). The two six-membered [Zn(pu-dmpz),Zn] rings were
not coplanar with torsion angle of ca 130°. The trinuclear moieties are connected by the
CH5-O interaction between the 5-CHj of the terminal pyrazole and the non-bonded
oxygen of the adjacent trinuclear unit with C-O distance of 3.231 A, forming a 1-D
chain along the g-axis as shown in figure 6. The Zn-Zn separation between two
adjacent trinuclear moieties is 6.914 A, which is significantly larger than the Zn—Zn
distance in the same trinuclear aggregate.

3.3. Thermogravimetry

The thermal decomposition of 1-3 can be divided into two or three stages according to
the temperature range listed in table 4. Neutral pyrazoles were first removed between
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158.4°C and 285.0°C; the monodentate carboxylates were lost in the second stage from
285.0°C to 418.6°C. For 3, the bridging pyrazolates decomposed at 430.7-613.9°C.

4. Summary

Three zinc complexes with 3,5-dimethylpyrazole and different carboxylates have been
synthesized and characterized by X-ray diffraction analysis, IR, and thermal analysis.
Although synthesized by the same method they showed mononuclear to polymer
structures. The central metal ions are coordinated in N,O,, N3O, and N, fashions.
Crystallographic studies demonstrate that the zinc centers are coordinated only by
3,5-dimethylpyrazole or by both 3,5-dimethylpyrazole and its deprotonated anion;
every carboxylate is monodentate toward the metal. The strong structural propensity
toward tetracoordination seems to disfavor the formation of “‘paddlewheel” dimeric
complexes [30, 33]. In the three coordination compounds different Zn—Zn distances are
observed for alternate pairs of zinc ions in the corresponding aggregate. For example in
1, the Zn—Zn distance betweenc alternate pairs in the same chain is §.860 A. In 2, the
distances are 7.165 and 7.203 A, resQectively, between adjacent Zn ions of the same
chain. In 3, this distance is 3.580(1) A. The non-bonded oxygens of carboxylates are
involved in the formation of intramolecular hydrogen bonds with N-H of
3,5-dimethylpyrazole. Although 2 and 3 contain the dicarboxylate with almost the
same spacer length between carboxylates, the structure of the metal coordination
complexes are obviously different, one with dinuclear [Zn,(Hdmpz)4(L2),] and the
other with trinuclear [Znz(pu-dmpz)s(Hdmpz),(L3)]. Complexes 1-3 have abundant
intra- and inter-molecular weak interactions (including classical hydrogen bonds,
C-H.--0, CHs---0O, C-H- - -7, and CHs—x interactions) in their crystals, which stabilize
the final 1-D double chain, 3-D layer network, and 1-D chain structures.

Supplementary material

Crystallographic data for the structural analysis have been deposited with the
Cambridge Crystallographic Data Center, CCDC Nos 798934 for 1, 791862 for 2,
and 791863 for 3. Copies of this information may be obtained free of charge via Fax:
+44(1223)336-033 or Email:  deposit@ccdc.cam.ac.uk  or  www:  http://
www.ccdc.cam.ac.uk.
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