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Reaction of 5,5'-(1,4-phenylene)bis(1H-tetrazole), which was pre- properties, and stabilities, we have now begun to systemati-
pared in two steps, with cadmium nitrate in DMF produced a three- cally synthesize 5-substituted tetrazolate-bridged coordination
dimensional framework with one-dimensional channels (35% void frameworks.

The 5-substituted tetrazolate group, isosteric with the
carboxylate group and having good coordination capacities,
however, has scarcely been explored in building coordination
frameworks, because no effective method for synthesizing

Coordination frameworks containing channels or pores S-Substituted tetrazoles in high yields was known before
have attracted much attention for the past decade becaus&harpless and Demko’s wofkn the past several years, they
of their advantageous applications in catalysisparatior, have developed a convenient route to synthesize 5-substituted
ion exchangé,and gas sorption and storatj€o this end, a  tetrazoles by addition of azide to organic nitriles catalyzed
strategy for the assembly into open frameworks of function- PY Zinc salts in water, and since then, studies on 5-substituted
alized organic ligands containing N and/or O donors with tetrazolate-bridged coordination frameworks have been slowly

metal or metal clusters is essenfialn addition, the  €merging Recently, Metzger and Fmeief reported that
reversible gas sorption. Although the shapes and properties toluene, and Pizzo and Amantifiteported the conversion
of channels and pores are mainly determined by the hostOf nitriles into 5-substituted tetrazolates by using anionic
through their interactions among themselves or with host tetrabutylammonium fluoride as the catalyst under solventless
strategy of synthesizing novel coordination frameworks and @nd characterization of 3;§1,4-phenylene)bis(1H-tetrazole)
elucidating the controlling factors in influencing their shapes, (2H-pbtz,1) and the pbtz-bridged coordination framework
[Cd3(pbtz(DMF)4(H20)] - (DMF)4(H20)a (2).
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volume), in which unprecedented hydrogen-bond-supported D,p,
tetrameric cyclic water clusters ranked.
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Scheme 1

NaN;/Et;NHCI 180°C, 60 hrs
NC—@—CN% Powder—ﬁ 2H-pbtze2H,0

Toluene, reflux

Cd(NO3),/DMF
2Hopbtze2H,0 o 09DV | 6 4. (pbtz) s DMF),(H,0), ]+ (DMF),(H,0),

of 1-2H,0 and Cd(NQ),-4H,0 in DMF at ambient temper-
ature (Scheme ££.The IR spectrum of-2H,O shows peaks
consistent with the formation of 2H-pbtz and the absence of
a cyano peak in the 2100 cfregion. In the spectrum &,
strong peaks at 1652 and 1434 dmepresent the presence
of deprotonated tetrazolate groups, and the broad band above
3000 cnt?! suggests that coordinated and guest water are _

Figure 1. Hydrogen-bond 2D network structure 2H,O showing two
prese_nt._ . . kinds of hydrogen-bond rings. Hydrogen atoms on carbons are omitted for

As indicated in Figure 13 each molecule of affordstwo  clarity.
hydrogen-bond donors (\NH) and four hydrogen-bond
acceptors (N), and each water molecule has one hydrogen-
bond acceptor and two hydrogen-bond donors. Thus, each
molecule ofl is involved in six hydrogen-bond rings, which
fall into two types, A and B. The NH---O1W bond distance
[2.67(1) A] is somewhat shorter than that of OH\M---N
[2.88(1) A], consistent with the statistical distances for these
two kinds of hydrogen bond4.It should be noted that, in
ring A, the R*(10)-hydrogen-bond moiety is composed of
four O—H donors and four N acceptors, whereas in the larger
ring B, the four hydrogen bonds are built from two-N
and two OG-H donors and two O and two N acceptors.

The structure o3 is the first tetrazolate-bridged three-
dimensional framework, to our knowledge, whose building
unit is a trinuclear cadmium cluster (Figure 2a). The Cdl
atom is located at an inversion center and in a slightly b
distorted octahedral coordination geometry formed by the
coordination of six bridging pbtz ligands. Four nitrogen

(12) Preparation ol-2H,0: A mixture of terephthalonitrile (10 mmol),
sodium azide (60 mmol), and triethylamine hydrochloride (60 mmol)
in dry toluene (70 mL) was heated under reflux for 3 days. The reaction
mixture was dissolved in NaOH solution (1 M, 100 mL) and filtered;
the filtrate was acidified (pH= 1) with concentrated HCI and filtered
to give the crude powder df, which was further purified by alternate
treatment wih 1 M NaOH aml 1 M HCI solutions. A mixture of the
purified powder ofl (0.500 g) and water (8 mL) was placed in a Parr
Teflon-lined stainless vessel and heated at i8(for 60 h to give
1-2H,0 as colorless parallelpiped crystalline product with only one
phase. The overall yield df-2H,O (1.25 g) was about 50% based on
terephthalonitrile. Anal. Calcd forgBl1gNgO- (%): C, 38.40; H, 4.03,; )
N, 44.78. Found (%): C, 38.30; H, 4.15; N, 44.65. IR (KBr,¢n . . . " .

3387 (br, s), 1590 (M), 1507 (w), 1452 (m), 1126 (m), 1086 (m), 993 Flgurg 2._ (a) Tetrazolate-bridged trinuclear unit afshowmg the Ioca_l _
(m), 911 (m), 735 (m), 709 (M), 527 (m), 481 (m). Preparatiof:of coordination geometry around the Cd centers (50% displacement ellipsoid
1-2H,0 (0.125 g, 0.50 mmol) and Cd(NR-4H,0 (0.154 g, 0.50 probability). Guest DMF and water molecules are omitted and phenylene
mmol) was dissolved in DMF (10 mL) with stirring at ambient  groups are simplified for clarity by linking tetrazolates directly. (b) Three-
temperature. After several days, a colorless irregularly shaped crystal- dimensional structure & showing rhombic channels viewed doarmxis.

line product with only one phase was filtered and dried in air. The Guest DMF and water molecules as well as hydrogen atoms are omitted
yield of 2 (0.22 g) was about 80% based d12H,O. Anal. Calcd. for for clarity.

CagHgoCkN32014 (%): C, 34.59; H, 4.84; N, 26.89. Found (%): C,

34.70; H, 4.67; N, 26.69. IR (KBr, cm}): 3407 (br, m), 1653 (s),

1434 (s), 1385 (m), 1108 (m), 1010 (m), 855 (m), 750 (m), 666 (m), atoms (N7, N7A, N10, and N10A) form a planar paral-

1) 4(1:85 (ml).d foL-2140: CabhagNOs, M — 250.24 inicp2y lelogram arrangement around the Cd1 center, and the other
rystal data fofl-2H>O: oNgU2, = .24, monoclinic H H
G a~=36982(3) Ab = 12_14327(10) Ac = 11.6718(9) A B 2 two_ _mtrogen atoms (N2 and N2A) occupy the apical
92.97(1y,V=535.93(7) B, Z=4,D. = 1.551 Mg n73, R; = 0.0402, positions. The two symmetry-related cadmium atoms (Cd2

‘(’jVaFiza:fOOré_l5gvTH: (1:3352) OK»P‘ " 0:-111%&”672 Siri:dilhfg-icg’sia' and Cd2A) are bridged through the six pbtz ligands bound
11.8400(6) Ab — 12.3247(6) Ac = 13.7362(6) Ao = 92.62(1), to Cd1, and then a trinuclear cluster is generated with solvent

B= 112-68(%7, y = 109.04(1), V = 1714.25(14) A, Z=1,D; = DMF and water molecules capped on both sides. It is obvious
1614 Mg m® R =0.0317WR, = 0.0823T=173(2) Kue = 1005 that the existence of capped solvent molecules restricts the
(14) Steiner, TAngew. Chem., Int. EQ002 41, 48. formation of a tetrazolate-bridged cadmium chain. The
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Figure 3. ORTEP plot showing that the water tetramer is supported by W0 B0 400 450 S0 S0 600
the framework tetrazolate rings (N5) and guest DMF molecules (0O3) via wavelength (nm)

hydrogen bonds. Covalent bonds are shown as solid lines, and hydrogen,:igure 4. Solid-state photoluminescent spectra bfand 2 at room
bonds are shown as dashed lines. The four water oxygen atoms areemperature.

completely coplanar and @), cluster isDa-symmetric.

equatorial plane of the octahedrally coordinated Cd2 atom framework tetrazolate rings. Because of the rigidity of the
is filled by two nitrogen atoms from two different pbtz ~framework, the water tetramer can be regarded as being
ligands (N3 and N6), one oxygen atom (O1) from a DMF Stabilized by the framework through the hydrogen bond
molecule, and one water (O1W) molecule, and the coordina- between O2W and N5 [3.033(4) A], and consequently, the
tion sphere is completed by one nitrogen atom (N11A) from Water tetramer stabilizes the guest DMF molecules [G3W

a pbtz ligand and one oxygen atom (O2) from the terminal H*+*O3= 2.848(4) A], with other guest DMF molecules (O4)
DMF molecule in the axial positions. being stabilized by coordinated water [O1\W---0O4 =

Each pbtz ligand ir2 is coordinated to four cadmium 2.844(3) A]. In the solid state2 exhibits a strong emission
atoms in aus-bridging mode, which is similar to the bridging Peak at 326 nm, whereas a broad emission peak at 473 nm
bis-bidentate coordination mode of terephthalate atfigihe is observed for the free ligand, which means that the
six pbtz ligands in the trinuclear building unit are oriented €mission peak o2 corresponds not to ligand donation but
in six different directions and link six adjacent trinuclear units t0 the formation of tetrazolate-bridged trinuclear cadmium
to form a three-dimensional framework with one-dimensional clusters and/or the occurrence of ligand-to-metal charge
channels (Figure 2b). transfer (LMCT)**

Although each trinuclear unit is capped by four DMF The TG curve o® indicates that the release of guest water
molecules and two water molecules, which occupy part of @hd DMF molecules occurs up to 130 and the framework
the space of the one-dimensional channels, there exists &€dins to decompose above 130 along with the release
largish void (35% per unit cell as calculated by Plafon ©f the coordinated water and DMF molecules.
software) that encapsulates solvent DMF and water mol- [N conclusion, we have synthesized a new tetrazolate-
ecules. It is noteworthy that, in each grid, four guest water Pridged framework that encapsulates unprecedeige
molecules form ®-symmetric cyclic (HO), cluster (Figure symmetric cyclic water tetramers. This host framework

3). Three kinds of cyclic (WD), clusters, namelyCs, S, contains a large void volume (35%) and might exhibit
and C; tetramers, have been studied both theoretically and interesting gas sorption and guest inclusion properties. The
experimentally? but noD,-symmetric cyclic (HO), cluster investigation of these properties and synthesis of other
has ever been reported. metal-pbtz frameworks are in progress.
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