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The reaction of 4-cyanopyridine with NaN3 in the presence of H,0
and a Lewis acid (CdCl,) affords a novel 3D pillared-layered
fluorescent and phosphorescent coordination polymer Cds(OH),-
Cly(4-PT2), (4-PTZ = 5-(4-pyridyl)tetrazolate) (1) while the direct
reaction of CdCl, with H-PTZ gives the simpler species Cd(4-
PTZ),(H;0),. The solid-state structure and nature of 1 provide an
indication of the type of materials that may be formed as
intermediates in the Sharpless—Demko reaction for the generation
of 5-substituted 1H-tetrazoles.

Sharpless and Demko have recently reported an environ
mentally friendly, relatively simple synthetic approach for
generating 5-substitutedHttetrazoles. In the general reac-
tion, the tetrazoles are prepared by the addition of azide to
nitriles in water with the aid of a Lewis acid such as?Zn
(Scheme 1). The mechanistic role of the zinc is unclear, but
it has been suggested that a solid intermediate from the
reaction of PhCN with ZnBrand NaN is (PhCN).Zn. A
structural investigation of such an intermediate would be
interesting because it may provide important clues to the role
of the Lewis acid in the synthesis. Furthermore, given the
potential of tetrazole to coordinate and bridge metal centers,
a structural investigation may also reveal a network structure
that may be of interest in its own right.

Due to the potential for producing unusual and possibly

useful materials, there has recently been intense interest in
the design, synthesis, characterization, and properties of

ordered coordination networks formed by using appropriately
functionalized organic molecules as bridges between metal
centers®* A major challenge associated with this particular

* Author to whom correspondence should be addressed. E-mail: xiongrg@
netra.nju.edu.cn. Fax:+86) 25 3314502 or86) 25 3317761.

T Nanjing University.

* Beijing University.

§ University of Melbourne.

I'University of Tennessee.

JThe University of Hong Kong.

6544 Inorganic Chemistry, Vol. 41, No. 25, 2002

Scheme 1

NaN3 / ZIIXZ

H,0, Reflux
Sealed Tube

HCl N~NH
R—CN Solids ——— R{/ |
N=N

area of synthesis is the generation of high-quality crystalline
material suitable for X-ray structural analysis. In our own
group we have found that single crystals of coordination
polymers can often be generated under hydrothermal condi-
tions® Given our experience in this area we have repeated
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the Demko-Sharpless reaction under such conditions in an
effort to produce crystals that may allow structural elucida-
tion of the solid intermediates in these particular reactions.

Accordingly, we have investigated the hydrothermal
reaction of CdCJ with 4-cyanopyridine and NajNn water
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(Scheme 2), a reaction which may be expected to generate

5-(4-pyridyl)tetrazole (4-H-PTZ) because Cds also Lewis
acid. In addition, it is expected that the composition of a
“Cd-intermediate” in this reaction should be different from
that of a “Zn-intermediate” since the ion radius of Cds
significantly larger than that of 2n. It is really identical

that tetrazole ligand can also be synthesized by the use of

Cd salt instead of Zn salt. For comparison, the direct reaction
product of CdC] with (4-H-PTZ) under hydrothermal

reaction conditions has also been undertaken. To our surprise,

the reaction products obtained in the in situ synthesis and
the direct synthesis are quite different. Herein we report their
solid-state structures and photoluminescent properties.

The reaction of CdGlwith 4-cyanopyridine in the presence
of NaN; and water under hydrothermal conditions yields
Cds(OH).Cly(4-PTZ) (1) while Cd(4-PTZ)(Hx0). (2) is
obtained by the treatment of 4-H-PTZ, CdGnd HO under
similar conditions. The different composition betwedrand
2 is probably due to different pH in their reaction solutions.
In the solution ofl the beginning pH is ca. 6.5 while the
ending pH of the solution ca. 5.8. However, in the solution
of 2 the beginning pH is ca. 4.0 while the ending pH of the
solution is ca. 3.5. The IR spectrum af shows peaks
consistent with the formation of 4-PTZ and the absence of
a cyano peak in the 2100 crhregion. In the IR spectrum
of 2 a peak over 3100 cm suggests that coordinated water
is present.

The chemical composition df is more complicated than
the type of Zn intermediate proposed by Sharpless and
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Figure 1. (a) Part of the structure df shows that the local coordination
geometry around two Cd centers is slightly octahedral (probability displace-
ment ellipsoids at 30%). (b) The “floor” of the pillared-layered structure of

1 composed of Cl, O, and Cd atomslirfprobability displacement ellipsoids

at 30%). (c) A polyhedral representation of the pillared-layered structure
of 1. The small spheres that are blue, pale-green, red, and black as well as
green represent N, H, O, and C as well as Cl atoms, respectively, while the
large pink sphere represents one of the Cd centers.

Demko. The structure incorporates not only the anticipated
PTZ which acts as a tridentate bridging ligand but also
hydroxide and chloride ions (Figure 1a, an ORTEP repre-
sentation ofl showing the local coordination environment
of octahedral Cd center$)here are two unigue Cd centers,
and their coordination geometries may be best described as
distorted octahedra. For each Cd, trans chloride and trans
hydroxide ions form an approximate square planar arrange-
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Figure 3. The solid-state fluorescent spectrumloat room temperature
in which an emission at 390 nm is fluorescent while the emission at 470

Figure 2. The 2D network structure & The slightly distorted octahedral nm may be tentatively assigned to phosphorescence.

environment of the Cd centers is represented by the octahedra. The small
spheres that are blue, pale-green, red, and black represent N, H, O, and Cpowderedl, which shows a strong emission peak at 390 nm
atoms respectively; the large pink sphere represents one of the Cd centers(l_ ~ 1.5 ns; ®oy ~ 0.31) that can be assigned to an
ment while the remaining trans positions are occupied by N intraligand fluorescent emission since a weak similar emis-
atoms from two 4-PTZ ligands. sion at 353 nm« ~ 1.1 ns;®em~ 0.10) is observed for the

Each hydroxide and chloride ion is bound to three Cd ligand (Figure 3). A relatively weak peak at 470 nm=¢
centers resulting in the formation of 2D sheets within the 2.0 s; ®.,, ~ 0.15) is also observed fdr. Because of the
network of composition [C4OH),Cl;]** (Figure 1b, a  longer emission lifetime ol at 470 nm, this peak may be
simplified “floor” representation oflL omitting for pillars tentatively assigned to phosphorescence. On the other hand,
ligands (4-PTZ)). Itis interesting to note that four-membered the Cd-OH—CI sheet of 1 may be responsible for the
Cd—OH—-Cd—Cl rings apparent within these sheets are also phosphorescent emission sin2eonly displays a strong
present in the layer structure of Cd(OH)CI. The 4-PTZ emission peak at 380 nm. The exact phosphorescent emission
ligands link parallel sheets together giving rise to a 3D mechanism fod is unclear. As far as we are aware, a metal
network which may be considered as a pillared-layered coordination polymer demonstrating both fluorescent and
structure with the [C{OH),Cl,]?" sheets forming the floors  phosphorescent emission is unknotithus 1, with its
and the 4-PTZ representing the pillars (Figure 1c, 3D network condensed 3D pillared-layered structure, high thermal stabil-
representation of in which “floor” and pillars are shown ity (stable up to 450C), and insolubility in common solvents
in octahedral polyhedron Cd layers and 4-PTZ ligands, such as ethanol, chloroform, ethyl acetate, acetone, aceto-
respectively). The sheets or “floors” of this structure are nitrile, benzene, and water, is an attractive candidate for use
separated by approximately 10.7 A. as a blue fluorescent and phosphorescent material.

As indicated earlier the compositidnis quite different Apart from affording insights into the nature of the solids
from that found for2 which is formed from the direct produced in the reaction by Sharpless and Demko, the work
reaction of H-PTZ with CdGl The coordination geometry  described here provides further indication of the usefulness
of each Cd center ir2 is a slightly distorted octahedron  of “one-pot” hydrothermal syntheses for forming coordina-
formed from the coordination of four bridging 4-PTZ ligands tion polymers involving bridging ligands produced in situ.
and two water molecule€sTwo trans pyridyl groups and two Acknowledgment. This work was funded by The Major
trans tetrazole groups provide nitrogen atoms that form a gi4te Basic Research Development Program (Grant No.
square planar arrangement around each Cd center. Thes5000077500), National Natural Science Foundation of
remaining trans sites are occupied by water molecules. Each-phina (Grant No. 20028101), and EYTP of MOE, P.R.C.
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ligands, producing a simple 2D network based on 4-Con- ggience Foundation of the U.S.A. (CHE-9904338). We are
necting centers (Figure 2). Adjacent layers in the network g atefy| to the referees for their excellent suggestions.

are linked together by strong H-bonds (between a water
molecule ad a N atom of a 4-PTZ ligand) and stack in an IR data, figures depicting a square network representati@aof]

ABAB Sequenc?- i i ABAB-type stacking of adjacent layers !y a fluorescent spectrum
Of particular interest is the photoluminescent SPectrum ot e jigand, and an X-ray CIF. This material is available free of
(a Pel’kln-E|mel’ LSSOB was Used fOF measurement) Of Charge Via the Internet at http://pubslacs_org.
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