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Four d'° metal directed coordination frameworks, [Zn,(MT)s-
(IN)] (1; MT = 5-methyltetrazole, IN = isonicotinic acid),
[Zn(ET)(IN)] (2; ET = 5-ethyltetrazole), [Zn(PT),] (3; PT = 5-
propyltetrazole), and [Zn(IPT),] (4; IPT = 5-isopropyltetra-
zole), have been obtained by in situ tetrazole synthesis and
structurally characterized by elemental analyses, FTIR spec-
troscopy, and thermal studies, as well as by single-crystal and
powder X-ray diffraction analyses. Compound 1 exhibits a
two-fold diamondoid network constructed of two-dimen-
sional (2D) Zn-MT wheel layers and IN linkers. Compound

2 displays a similar two-fold diamondoid network con-
structed by interconnection of Zn-ET-IN honeycomb layers
and IN ligands. Compound 3 represents a 3D coordination
polymer constructed from numerous Zng(PT)s wheels with a
diamondoid net. Compound 4 is a 2D network constructed
by the self-assembly of Zn ions and IPT ligands with an sql
net. Furthermore, the solid-state properties of these crystal-
line materials, such as their thermal behavior and photolumi-
nescence properties, have also been investigated.

Introduction

Recently, there has been growing interest in the study of
metal-organic hybrid compounds, not only because of their
intriguing structural architectures and topologies but also
for their potential applications as functional materials in
the fields of molecular recognition, ion exchange, adsorp-
tion, fluorescence, catalysis, and magnetism.l'"# Self-as-
sembly processes regulated by metal-ligand ligation have
been widely exploited in the construction of metal-organic
frameworks (MOFs), which has witnessed rapid progress
over recent years. Up to now, considerable effort has been
directed towards the synthesis of distinctive coordination
polymers based upon carboxylate and/or pyridine-based li-
gands.’! There are also many examples based upon poly-
dentate aromatic nitrogen heterocyclic ligands or their de-
rivatives, such as pyrazoles, imidazoles, and triazoles.[!

Since the first tetrazole complex was discovered by Bla-
din,[ tetrazole functional groups have been extensively
used in coordination chemistry, medicinal chemistry, and
materials science. Owing to their multiple N-donor atoms
and various coordination modes, tetrazole and its deriva-
tives have potential importance as functional ligands in co-
ordination chemistry and crystal engineering. Since Demko
and Sharpless described a safe, convenient, and environ-
mentally friendly route to the synthesis of 5-substituted 1 H-
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tetrazole complexes with zinc salt as a catalyst in water,!®!
and especially since Xiong and co-workerst®) prepared a
series of S-substituted 1H-tetrazole complexes by an in situ
hydrothermal method, the number of tetrazole-based coor-
dination networks has grown dramatically. Although nu-
merous tetrazole-based coordination networks have been
extensively investigated,!'”) to the best of our knowledge few
entangled systems involving in situ tetrazole ligands have
been reported.!'!]

In our continuing studies of in situ ligand solvo/hydro-
thermal synthesis of metal tetrazolate complexes,['? in this
work we chose acetonitrile, propionitrile, butyronitrile, and
isobutyronitrile, sodium azide, and isonicotinic acid (IN)
with zinc salts as catalysts to synthesize metal-organic co-
ordination networks for several reasons. (1) The zinc ion is
not only able to support various coordination numbers, but
also shows luminescent properties when coordinated to
functional ligands.['3 (2) Tetrazole with its four nitrogen
atoms permits a range of versatile bridging modes and is
synthesized through an in situ route that is safe, convenient,
and environmentally friendly. (3) Substituents at the 5-posi-
tion of tetrazole play an important role in the growth of
coordination frameworks and their variation influences
the structural topologies of the resultant frameworks.['4
(4) The IN ligand, which possesses both a pyridyl nitrogen
atom and carboxy oxygen atoms, is a good potential spacer
for the construction of novel frameworks with large voids
or entanglement.!!”]

On the basis of these points, the aim of this research
was to synthesize in situ novel tetrazole-based coordination
polymers with interesting structural topologies and excel-
lent physicochemical properties. Recently, we embarked on
a systematic investigation of the effect of tetrazoles with
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different substituents at the 5-position on the construction
of coordination polymers.'>4 To extend the study of struc-
tural assemblies we used four different organic nitriles RCN
[R = CH3, CH3CH2, CH3CH2CH2, and (CHg)zCH] along
with a functional co-ligand of isonicotinic acid to construct
zinc coordination polymers through in situ tetrazole synthe-
sis. In addition, the thermal stability and solid-state photo-
fluorescent properties of these zinc coordination polymers
have also been explored.

Results and Discussion

Syntheses

The four zinc-tetrazole coordination frameworks 1-4
were obtained by the hydrothermal reaction of nitriles
(RCN), sodium azide, and the IN ligand with the aid of
zince salts (Scheme 1). In our synthesis, as expected, with the
help of the IN ligands, compounds 1 and 2 formed two-fold
interpenetrating coordination frameworks. However, com-
pounds 3 and 4 did not co-ligate with IN ligands, which
can be attributed to the large steric hindrance of the alkyl
chains in the PT and IPT ligands (details will be given in
the Crystal Structure Characterization section). Interest-
ingly, all the tetrazole groups in the four compounds exhib-
ited p,-bridging modes through two nitrogen atoms coordi-
nated to two metal ions (Scheme 2): (I) Coordination mode
observed in compounds 1-3 and (II) coordination mode
observed in compound 4.

—
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Scheme 1. In situ hydrothermal synthetic strategy for 1-4.
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Scheme 2. In situ hydrothermal syntheses of compounds and their

coordination modes. (I) Binding mode observed in compounds 1—
3 and (II) binding mode observed in compound 4.
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Crystal Structure Characterization

Crystal Structure of [ Zn,(MT)3(IN)] (1)

Compound 1 is a two-fold diamondoid network with two
self-penetrating nets constructed from two-dimensional
(2D) Zn—-MT honeycomb layers and IN linkers and crys-
tallizing in the monoclinic space group P2/c. As shown in
Figure la, the asymmetric unit of 1 contains two crystallo-
graphically independent Zn! ions, three MT ligands, and
one IN ligand. Both Zn"! ions exhibit tetrahedral coordina-
tion, the Znl center is coordinated by three nitrogen atoms
from three different MT ligands and one oxygen atom from
the carboxy group of the IN ligand, whereas the Zn2 center
is coordinated by four nitrogen atoms, three of them com-
ing from three MT ligands and the fourth coming from the
pyridine ring of the IN ligand. The Zn-N and Zn-O bond
lengths range from 1.949(2) to 2.011(3) A, and the N-Zn—
N and N-Zn-O bond angles fall between 99.57(1) and
119.84(1)°. All of the tetrazole groups coordinated to the
two Zn'! ions are involved in p,-N! N* bridging, whereas
the IN ligand is also involved in bridging coordination, the
nitrogen atom of the pyridine ring linking one Zn'" ion and
one oxygen atom of the carboxy group connecting another
Zn" jon.
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Figure 1. (a) View of the asymmetric unit of structure 1. (b) View
of the 2D Zn-MT honeycomb layer along the ab plane. (¢) View
of the single 3D net of compound 1. (d) View of the two-fold net-
work of complex 1. (e) View of the two-fold diamond net when
each Zn" ion is taken as a node. (All H atoms have been omitted
for clarity; N atoms are represented as blue spheres, C as gray, O
as red, and Zn as cyan.) Symmetry transformations: a: 2 — x, 0.5
+3,25-zb-1+x,p3,z¢1-x,-05+y 1.5-z
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Note that the structure of 1 contains a nanosized
ZngMTg honeycomb, which is constructed by the intercon-
nection of Zn' ions and MT ligands. The diameter of the
wheel is approximately 10.4 A. Each wheel is further linked
to adjacent wheels by sharing two neighboring Zn' ions
with a Zn-+Zn separation of around 6.1 A, leading to a
highly ordered (6,3) honeycomb-layered sheet (Figure 1b).
Moreover, these sheets form pillars through the interactions
of the rigid IN ligands, thereby forming a 3D framework
with dimensions of 9.6x10.4x12.0 A (Figure lc). The
single net of 1 possesses large channels that can be filled
with solvents or be penetrated by other nets to consolidate
the stability of the frameworks. In this case, two 3D
networks self-penetrate to furnish this two-fold inter-
penetration leaving nearly no residual accessible void (cal-
culated by the PLATON program;!'® Figure 1d). To better
understand the nature of the intricate framework, a topo-
logical approach to simplify the 3D structures can be ac-
complished by reducing them to simple nodes and links.
Thus, if the tetrahedral Zn'" centers are regarded as four-
connected nodes and the MT and IN ligands are simplified
to the links of a topological network, the 3D framework of
1 can be seen in a simplified way as a two-fold inter-
penetrating diamondoid net with Schlifli symbol (6°) (Fig-
ure le).

Crystal Structure of [Zn(ET)(IN)] (2)

Complex 2 has a very similar two-fold interpenetrating
network as complex 1 constructed by the interconnection
of numerous Zn-ET and Zn-IN chains. Compound 2 is
monoclinic with space group C2/c. As shown in Figure 2a,
the asymmetric unit contains one crystallographically inde-
pendent Zn'" ion, one ET ligand, and one IN ligand. Each
Zn" ion is coordinated by three nitrogen atoms from two
different ET ligands and one IN ligand and by one oxygen
atom from the carboxy group of the IN ligand in a slightly
distorted tetrahedron coordination environment. The Zn—
N bond lengths fall between 1.994(3) and 2.059(2) A, and
the N-Zn-N bond angles range from 103.19(1) to
111.54(1)°. The Zn—-O bond length is 1.940(2) A, and the
N-Zn-O bond angles range from 96.56(1) to 119.52(1)°. All
of the tetrazole groups are involved in p,-N!',N* bridging
with two nitrogen atoms coordinating to two Zn™ ions, and
the IN ligand is also involved in bridging coordination, with
the pyridyl nitrogen atom and one carboxy oxygen atom
coordinated to two Zn'! ions.

It is very interesting that the ET ligands bind to transi-
tion-metal Zn" ions, forming an infinite zigzag Zn-ET
chain running along the ¢ axis (Figure S1). The Zn-Zn sep-
aration in the chain is approximately 6.11 A. Such chains
are interconnected through linear IN bridges to complete a
2D Zn-ET-IN wheel layer (Figure 2). The adjacent layers
are connected to each other by IN linkers to form a 3D
network with dimensions of 8.8 X 10.2x 12.1 A (Figure 2c).
Similarly to compound 1, although the single net of 2 has
large channels, they are mainly filled by another equivalent
net (Figure 2d), leaving only small cavities [a total of
3448
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Figure 2. (a) View of the asymmetric unit of structure 2. (b) View
of the 2D Zn-ET-IN honeycomb layer along the bc plane. (c) View
of the single 3D net of compound 2. (d) View of the two-fold net-
work of compound 2. (e) View of the two-fold diamond net of com-
plex. (All H atoms have been omitted for clarity; N atoms are rep-
resented as blue spheres, C as gray, O as red, Zn as cyan, and Cd
as dark cyan.) Symmetry transformations: a: —0.5 + x, 0.5 —y, -0.5
+z;bix, 1, 05+z¢cx,-,05+2,d:05+x,05-y 05+ z

345.9 A3 (13.9% of the total cell volume calculated by the
PLATON program!!¢1)] in each unit cell without any solvent
molecule in the lattice. If the Zn'" ions are considered as
four-connected nodes and the ET and IN ligands both as
links, the whole structure of 2 can also be described as a
two-fold interpenetrating diamondoid net (Figure 2e).

Crystal Structure of [ Zn(PT),] (3)

Compound 3 is a 3D coordination polymer constructed
by the interconnection of Zn-PT subunits and charac-
terized by the tetragonal noncentrosymmetric space group
I42d with a Flack parameter of 0.04(2). The propyl group
of the PT ligand exhibits large disorder across a crystallo-
graphic mirror plane (see the Crystal Structure Determi-
nation section for details). As shown in Figure 3a, the
asymmetric unit of 3 contains a quarter of a Zn'" ion and
half a PT ligand. The Zn' ion is coordinated by four nitro-
gen atoms from four different PT ligands to furnish a tetra-
hedron coordination environment. Each PT ligand passes
across a two-fold axis and adopts the p,-N',N* bridging
mode to connect two Zn'! ions with a Zn—Zn separation of
approximately 6.08 A.
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Figure 3. (a) View of the asymmetric unit of structure 3. (b) View
of the Zn-BT six-membered honeycomb layer. (c) View of the 3D
network of 3. (d) View of the diamond-like net generated by inter-
connection of the zinc tetrahedron. (All H atoms have been omitted
for clarity; N atoms are represented as blue sphheres, C as gray,
and Zn as cyan.) Symmetry transformations: a: x, 0.5 — y, 0.25 —
z; bry, —x, —z; ¢ -y, x, —z; di —x, -, Z.

The most striking structural feature of 3 is the inter-
linking of six Zn'™ ions by six PT ligands to generate a
nanosized honeycomb similar to the Zn—MT honeycomb in
1 (Figure 3b). The diameter of the wheel is approximately
10.2 A. The adjacent honeycombs are connected to each
other by PT bridges to furnish a 3D network with dimen-
sions of 10.2 X 10.2 X 10.2 A (Figure 3c). However, the large
cavities are occupied by numerous disordered propyl
groups. Topologically, if each of the Zn ions can be consid-
ered as four-connected nodes and the PT ligands as linkers,
then the 3D network can be described as a diamond-like
topological net with Schlifli symbol (6°) (Figure 3d).

Crystal Structure of [ Zn(IPT),] (4)

Single-crystal X-ray diffraction analysis revealed that
structure 4 crystallizes in the orthorhombic space group
Pbca and represents a 2D coordination framework con-
structed from the self-assembly of Zn ions and IPT ligands.
As depicted in Figure 4a, the asymmetric unit of 4 contains
one crystallographically independent Zn'" ion and two IPT
ligands. Each Zn ion is coordinated by four nitrogen atoms
from four different IPT ligands in a tetrahedral coordina-
tion geometry. The Zn-N bond lengths fall between
1.982(2) and 2.002(2) A, and the N-Zn-N bond angles
range from 101.50(9) to 116.16(9)°. Two crystallographi-
cally independent IPT ligands in 4 coordinate to two Zn'!
ions through the p,-N',N? bridging mode.
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Figure 4. (a) View of the asymmetric unit of structure 4. (b) View
of the 2D Zn-IPT layer along the ab plane. (c) View of the Zn—
IPT wheel along the bc plane. (d) View of the sql net generated by
interconnection of the zinc tetrahedron. (All H atoms have been
omitted for clarity; N atoms are represented as blue spheres, C as
gray, and Zn as cyan.) Symmetry transformations: a: -0.5 + x, y,
0.5-zb:05-x,-05+yz

In the structure of 4, IPT ligands link Zn'! ions through
the p»,-N',N3 bridging mode, giving rise to a 2D-layered
network in the ab plane of the unit cell (Figure 4b). The 2D
net contains numerous Zny(IPT), wheels (Figure 4c). Topo-
logically, the 2D network can be seen in a simplified way as
an sql net with Schlifli symbol (4%, 62) if the four coordina-
tion Zn' ions are regarded as four-connected nodes and the
IPT ligands as links (Figure 4d).

Influence of the 5-Substituted Groups and the IN Ligands

The structures of 1 and 2 both contain 2D honeycomb
layers (see Figures 1b and 2b). The 2D layer in 1 is con-
structed of six Zn'" ions and six tetrazole-based MT ligands,
whereas the 2D layer in 2 is constructed of six Zn'! ions,
four tetrazole-based ET ligands, and two IN linkers. The
difference originates from the steric hindrance of the alkyl
chains between the terminal groups of the MT and ET li-
gands. For compound 1, the void in the layer comprised of
six Zn" ions and MT ligands is large enough to allow an
IN ligand to pass through vertically, whereas for compound
2 to form a large void that allows an IN ligand to pass
through, two tetrazole ligands are spontaneously replaced
by two IN ligands. To further tune the assembly of d'°
metal ions and the in situ synthesis of tetrazole ligands,
pore filling by appropriate solvents will be a solution to
prohibit self-penetration of the network to construct open
metal-organic frameworks. In addition, the open MOFs
with nitrogen-free sites will be a functional material for en-
hancing CO, sorption capability or ion-sensing.[4d:4¢:12b.12¢]
This experiment is currently underway in our laboratory.

Although the synthesis was performed under the same
reaction conditions, IN ligands were not observed in com-
pounds 3 and 4. It is plausible that the presence of the dif-
3449
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ferent electron-donating alkyl groups [CH;, CH,CHs,
(CH,),CH;, and CH(CHj;),] result in Zn'! centers with dif-
ferent Lewis acidity. Moreover, the 5-alkyl substituents have
different steric hindrances, in particular, the (CH,),CHj3
and CH(CHs), groups have large steric hindrance. Thus,
the structural diversity may be attributed to electronic and/
or steric effects of the ligands.'”! In the crystal structures
of 1 and 3 (see Figures 1b and 3b), similar 2D nets both
containing six Zn'!" ions and six tetrazole-based ligands are
observed. The long alkyl chains of the PT ligands point into
the channels, and, although leaving a total of 58.5 A3 void
in each unit cell (4.3% of the total cell volume calculated
by the PLATON program('®l), the void is not large enough
for the interpenetration of any networks.

Each grid in the 2D net of compound 4 contains only
four Zn'" ions and four tetrazole-based ligands. Its form is
distinct from those of compounds 1-3, which is probably a
result of electronic and/or steric effects of the IPT ligands.
The large steric hindrance of IPT leads to the formation of
a 2D layered network.

Thermal Analyses and Powder X-ray Diffraction
Measurements

Thermogravimetric analyses (TGA) of all four complexes
were undertaken in the temperature range 35-750 °C at a
heating rate of 10 °C/min in dry air to study their thermal
behavior. As shown in Figure S2 of the Supporting Infor-
mation, the TGA curves of the compounds reveal that they
are stable up to approximately 300 °C, whereas above these
temperatures their networks start to decompose. Simulated
and experimental powder X-ray diffraction (PXRD) pat-
terns of 1-4 are shown in Figures 5 and S3. All the peaks
presented in the recorded curves closely match those in the
simulated curves generated from single-crystal diffraction
data, which clearly confirms the phase purity of the as-pre-
pared products.

d)
) J_l.l_nl, h.nJ —n .
b) ” m JI TR

o Dl

0 10 20 30 40 50
2 theta (deg)

Figure 5. PXRD patterns: (a) simulated based on the X-ray single-
crystal diffraction date of 1, (b) of as-synthesized 1, (c) simulated
based on the X-ray single-crystal diffraction date of 2, and (d) of
as-synthesized 2.

Spectroscopic Studies

The absorption bands at 3100-3030 cm™! in the FTIR
spectra of compounds 1-4 can be ascribed to the C-H
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stretching vibrations of the pyridine ring, whereas the v
bands of —-CH; and —CH, appear in the region 2986-
2860 cm!. Although the emergence of peaks in the 1400—
1500 cm ™! region clearly confirms the formation of tetrazole
groups, the bands at 1634-1636 and 1560 cm™! for com-
pounds 1 and 2 are associated with asymmetric and sym-
metric COO- stretching, respectively.

Owing to the excellent luminescence properties of zinc
complexes, the luminescence of the complexes 1-4 was in-
vestigated in the solid state at room temperature (Figure 6).
Their emission spectra have broad peaks with maxima at
397, 443, 447, and 410 nm for complexes 1-4 with exci-
tation at 356, 331, 370, and 357 nm, respectively, and the
lifetimes of compounds 1-4 are 12.35, 10.43, 3.58, and
4.86 ns, respectively. From literature reports, the free tetra-
zole ligand presents a very weak photoluminescence emis-
sion centered at 325 nm at room temperature.!'8! Therefore,
the strong fluorescence emissions and distinct redshifts of
1-4 may be ascribed to the cooperative effects of intraligand
emission and ligand-to-metal charge transfer (LMCT).l!8-1]
The emission of compound 1 (397 nm) is blueshifted rela-
tive to the emissions of 2-4 (410-447 nm). In addition, its
lifetime is longer than those of compounds 2-4, which may
be due to their long flexible alkyl chains with stronger vi-
brations of the frameworks and more radiationless energy
decay. The variations in the photoluminescence of these
compounds and their lifetimes may be attributed to the dif-
ferent substituents at the 5-position of the tetrazole ligands
of zinc ions and/or their local coordination environments.
These emission bands in the blue region suggest that these
complexes may be potential candidates for blue-light-emit-
ting materials.

Intensity (a.u.)

360 380 400 420 440 460 480 500 520 540
Wavelength (nm)

Figure 6. Luminescence curves of compounds 1-4.

Conclusion

We have obtained four zinc—tetrazole-based coordination
complexes by in situ tetrazole synthesis under hydrothermal
conditions by employing zinc salts, organic nitriles, azide
anions, and isonicotinic acid ligands. Owing to the different
steric hindrances of the in situ formed tetrazole ligands, the
four compounds form diverse frameworks: Compounds 1
and 2 form similar two-fold diamondoid networks, com-
pound 3 is a noninterpenetrating diamondoid framework,
and compound 4 is a 2D sql net. In addition, all the syn-
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thetic crystalline materials have high thermal stability and
are potential candidates for photoactive materials. We be-
lieve that the synthetic strategies adopted in this work will
prevail in the preparation of other novel tetrazole-metal co-
ordination networks with interesting structural and func-
tional properties.

Experimental Section

Materials and Instruments: All the materials and reagents were ob-
tained commercially and used without further purification. Ele-
mental (C, H, N) analyses were performed with a Perkin—Elmer
2400 element analyzer. Infrared (IR) samples were prepared as KBr
pellets, and spectra were obtained in the 4000400 cm™' range by
using a Nicolet Avatar 360 FT-IR spectrophotometer. Thermograv-
imetric analyses (TGA) were carried out with a Perkin—-Elmer TGA
7 thermogravimetric analyzer at a heating rate of 10 °C/min from
35 to 750 °C under dry air. Powder XRD investigations were per-
formed with a Philips PW-1830 X-ray diffractometer with Cu-K,
radiation. Fluorescence spectra were recorded with an Edinburgh
FLS920 spectrophotometer analyzer.

Single-Crystal Structure Determination: Single-crystal X-ray dif-
fraction data collections of 1-4 were performed with a Bruker Apex
I1 CCD diffractometer operating at 50 kV and 30 mA by using Mo-
K, radiation (1 = 0.71073 A). Data collection and reduction were
performed by using the APEX 11 software.[***) Multi-scan absorp-
tion corrections were applied to all the data sets by using the APEX
II program.%l The structures were solved by direct methods and
refined by full-matrix least squares on F> by using the SHELXTL
program package.”°?! All non-hydrogen atoms were refined with
anisotropic displacement parameters. Hydrogen atoms attached to
carbon atoms were placed in geometrically idealized positions and
refined by using a riding model. Hydrogen atoms of water mole-
cules were located from difference Fourier maps and were also re-
fined by using a riding model. Each of the terminal propyl groups
of the highly symmetrical compound 3 is disordered; the disorder
was refined with a “part —1” order. Selected bond lengths and
angles are given in Table 1 and the crystallographic data for com-
plexes 1-4 are listed in Table 2. The lengths [A] and angles [°] of
the hydrogen bonds in complexes 1-4 are listed in Table S1 in the
Supporting Information. CCDC-793774 (for 1), -793775 (for 2),
-795095 (for 3), and -795096 (for 4) contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Synthesis of [Zn,(MT);(IN)] (1): An aqueous mixture (10.0 mL) of
CH;CN (2.0mL), ZnCl, (0.136g, 1.0mmol), IN (0.062g,
0.5 mmol), and NaNj; (0.065 g, 1.0 mmol) was placed in a 23.0 mL
Teflon-lined stainless-steel autoclave and heated at 150 °C for 3d
and then cooled to room temperature at 5 °C/h. Colorless prismatic
single crystals of 1 were obtained (yield: 0.100 g, 40% based on
Zn). IR (KBr): ¥ = 3094 (w), 3069 (w), 2986 (w), 2861 (w), 1634
(s), 1560 (m), 1500 (m), 1389 (s), 1107 (w), 1060 (m) cm'.
C,H 3N 30,Zn, (502.13): caled. C 28.70, H 2.61, N 36.26; found
C 28.65, H 2.70, N 36.32.

Synthesis of [Zn(ET)(IN)] (2): An aqueous mixture (10.0 mL) of
CH;CH,CN (2.0 mL), ZnCl, (0.136 g, 1.0 mmol), IN (0.062 g,
0.5 mmol), and NaN; (0.065 g, 1.0 mmol) was placed in a 23 mL
Teflon-lined stainless-steel autoclave and heated at 150 °C for 3 d
and then cooled to room temperature at 5 °C/h. Colorless, octahe-
dral single crystals of 2 were obtained (yield: 0.219 g, 77% based
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Table 1. Selected bond lengths [A] and angles [°] for complexes 1—
4. Symmetry transformations used to generate equivalent atoms are
given as footnotes.

Compound 1!

N(1)-Zn(1) 1.992(3)  O(2)-Zn(1)-N(1) 119.84(11)
N@)-Zn()#l  2.001(3) O(2)Zn(1) N(4)#4 109.10(11)
NG)-ZnQ#2  2011(3)  N(1)-Zn(1)-N(d)#4 113.57(12)
N(6)-Zn(1) 20233)  OQ)-Zn(1)-N(6) 99.57(11)
N(9)Zn(2) 2.001(3)  N(1)-Zn(1)-N(6) 104.52(11)
N(10)Zn(2) 1.987(3)  N(4)#4-Zn(1)-N(6) 108.67(11)
N(I3)-ZnQ#3  2.0003) N(10)-Zn(2)-N(13)#5 114.92(11)
0(2)-Zn(1) 1.9492)  N(10)-Zn(2)-N(9) 115.53(11)
Zn(1)-N@#4  2.0013)  N(13)#5-Zn(2)-N(9) 101.14(11)
ZnQ)N(I3)#5  2.0003) N(10)-Zn(2)-N(5)#6 106.76(11)
ZnQ)NG#H6  2.011(3) N(I3)#5-ZnQ)-NG#6  112.82(11)
C(3)-0Q)Zn(l) 109.02) NO)-ZnR)-N(5)#6 105.40(12)
Compound 2!
Zn(1)-OQ#!  1.9402) OQ#1-Zn(l)-N@#2  119.52(10)
Zn(1)N@#2  1.9943) OQ)#1-Zn(1)-N(1) 117.01(11)
Zn(1)-N(1) 20023) N@#2-Zn(1)-N(1) 111.54(11)
Zn(1)-N(5) 20592)  OQ)#1-Zn(1)-N(5) 96.56(10)
0Q)-Zn()#3  19402) N@#2-Zn(1)-N(5) 105.45(10)
N@)Zn()#4  1.9943) N(1)-Zn(1)-N(5) 103.19(10)
Compound 3¢
Zn()-N(D#L  1.9913(1) N(O)#1-Zn()-N()#2  111.594)
Zn(1)-N(1) 1.9913(1)  N(1)-Zn(1)-N(1)#2 105.32(8)
Zn()-N(D#2  1.9913(1) N(1)#1-Zn(1)-N(1)#3 105.32(8)
Zn()-N(D#3  1.9913(1) N(1)-Zn(1)-N(1}#3 111.59(4)
Compound 414!
Zn()-NG#L 19822 NQRW#I-Zn()-ND#2  112.6709)
Zn(-N()#2  1.9882) NQ3)#1-Zn(1)-N(5) 106.97(9)
Zn(1)-N(5) 1.99902)  N(7)#2-Zn(1)-N(5) 114.4709)
Zn(1)-N(1) 20022) NG)#1-Zn(1)-N(1) 116.16(9)
NG -Zn()#3  1.9822) N(#2-Zn(1)-N(1) 104.79(9)
N()-Zn()#4  1.9882) N(5-Zn(1)-N(1) 101.50(9)

[a] #1: —x + 2,y —1/2, z + 5/2; #2: x + 1, y, z; #3: —x + 1, y +
12, =z + 312, #4: —x + 2, y + 1/2, —z + 5/2; #5: x + 1, y — 1/2,
—z + 3/2; #6: x — 1, y, z. [b] #1: x — 172, =y + 1/2, z — 1/2; #2: x,
—y, z+ 12, #3: x + 1/2, -y + 112, z + 1/2; #4: x, -y, z — 1/2. [c]
#1: -y, x, —z; #2: —x, —y, z; #3: y, —x, —z. [d] #1: x - 1/2, y, =z +
12, #2: —x + 112, y — 172, z; #3: x + 1/2, y, —z + 1/2; #4: —x +
12, y + 1/2, z.

on Zn). IR (KBr): v = 3100 (w), 3052 (w), 2977 (m), 2880 (w),
1636 (s), 1560 (m), 1496 (m), 1425 (s), 1370 (s), 1077 (m) cm .
CoHyN50,Zn (284.60): caled. C 37.98, H 3.19, N 24.61; found C
37.91, H 3.23, N 24.55.

Synthesis of [Zn(PT),] (3): An aqueous mixture (10.0 mL) of
CH;CH,CH,CN (2.0mL), ZnSO, (0.161¢g, 1.0mmol), IN
(0.062 g, 0.5 mmol), and NaN; (0.065 g, 1.0 mmol) was placed in
a 23 mL Teflon-lined stainless-steel autoclave and heated at 150 °C
for 3 d and then cooled to room temperature at 5 °C/h. Colorless,
block single crystals of 4 were obtained (yield: 0.195 g, 68 % based
on Zn). IR (KBr): ¥ = 2969 (s), 2875 (m), 1493 (s), 1429 (s), 1282
(m), 1083 (m), 1064 (m), 1022 (w), 897 (w), 701 (w) cm.
CgH 4NgZn (287.66): caled. C 33.40, H 4.91, N 38.95; found C
33.46, H 4.98, N 38.84.

Synthesis of [Zn(IPT),] (4): An aqueous mixture (10.0 mL) of
(CH3),CHCN (2.0 mL), ZnSO, (0.161 g, 1.0 mmol), IN (0.062 g,
0.5 mmol), and NaN; (0.065 g, 1.0 mmol) was placed in a 23 mL
Teflon-lined stainless-steel autoclave and heated at 150 °C for 3 d
and then cooled to room temperature at 5 °C/h. Colorless, block
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Table 2. Crystal data for the structure determinations of complexes 1-4.
1 2 3 4
Empirical formula C12H13N13022n2 C9H9N502Zn C8H14Ngzn C8H14Ngzn
Formula mass 502.13 284.60 287.66 287.66
T [K] 296 296 296 296
Crystal system monoclinic monoclinic tetragonal orthorhombic
Space group P2/c C2le 1-42d Pbca
a[A] 12.396(2) 17.910(3) 9.3723(7) 9.9377(3)
b [A] 10.3373(17) 16.295(3) 9.3723(7) 10.6391(3)
¢ [A] 15.128(3) 10.2009(18) 15.518(2) 24.0171(8)
B 106.259(2) 123.401(2) 90 90
Vv [43] 1861.0(6) 2485.4(8) 1363.1(2) 2539.28(13)
Z 4 8 4 8
Pealed. [gem?] 1.792 1.521 1.402 1.505
4 [mm™] 2.619 1.974 1.795 1.927
F(000) 1008.0 1152.0 592.0 1184.0
GOF 1.007 1.045 1.051 1.060
Ry [I>20(D)l 0.0329 0.0317 0.0158 0.0316
WR, (all data)®! 0.0745 0.0848 0.0402 0.0737

[a] R1 = X|IFo| — |FIIZIF,|. [b] wR2 = [Zw(Fy* — F2IZw(Fo?))".

single crystals of 5 were obtained (yield: 0.155 g, 54% based on
Zn). IR (KBr): v = 2979 (s), 2936 (m), 2874 (w), 1493 (s), 1415
(m), 1291 (s), 1148 (s), 1111 (m), 1072 (s), 665 (m) cm .
CsgH4NgZn (287.66): caled. C 33.40, H 4.91, N 38.95; found C
33.48, H 4.97, N 38.89.

Supporting Information (see footnote on the first page of this arti-
cle): The Zn—ET chain of compound 2 (Figure S1), the TGA curves
of compounds 1-4 (Figure S2), the PXRD patterns of compounds
3 and 4 (Figure S3) and distances [A] and angles [°] of hydrogen
bonds for complexes 1-4 (Table S3).
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