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Indirectly In-Situ Hydrothermal Preparation of a Novel Ag Tetrazole Coordination Polymer

WANG Xi-Sen TANG Yun-Zhi XIONG Ren-Gen*
(Coordination Chemistry Institute, State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093)

Abstract: The reaction of Ag(3-cyanopyridine)NO; with NalN; in presence of water and ethanol affords an un-
precedented 2D layered tetrazole coordination polymer, [mono(5-(3-pyridyl) tetrazolato)Ag], [(3-PTZ)Ag] (1), which
is characterized by single crystal X-ray determination, IR and fluorescent spectrum. The local coordination geom-
etry around the Ag ion can be best described as a slightly distorted tetrahedron. The fluorescent emission spec-
trum of 1 at the solid-state at room temperature shows that maximal emission peak occurs in 495 and 521 nm,
respectively. Crystal data for 1, CsH,AgNs, triclinic, Pl, a=0.626 08(10) nm, 5=0.784 98(13) nm, ¢=0.805 84(12)
nm, a=75.171(4)°, B=76.653(3)°, y=68.332(3)°, V=0.351 67(10) nm*, Z=2. CCDC: 267340.
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0 Introduction Inspired by Sharpless’s pioneering work!", we have re-
peated the reactions reported by Demko and Sharpless

Sharpless and Demko have reported a safe, con- under such conditions and are very interested in the
venient, and environmentally friendly synthetic ap- metal coordination polymers because they have dis-
proach for generating 5-substituted 1H-tetrazoles in played many novel structure modes and functionalities
water!". Generally, 1H-tetrazole derivatives are pre- such as second harmonic generation, strong fluores-
pared by addition of azide to nitriles in the presence cent (or phosphorescent) emission and chirality. On
of Lewis acid (Zn*) as a catalyst (actually the prepara- the other hand, these metal complexes are easily pro-
tion reaction is a in-situ assembly metal coordination duced crystals in such reaction system that may allow
formation process, or catalyst is also a reactive agent) structural elucidation of the solid intermediates®®. To
through the decomposition of Lewis acid (Zn*) coordi- this end, all of metal Lewis acids are non-oxidative
nation polymer or (complex), as shown in Scheme 1. metal ions such as Zn** and Cd**P. As a continuation
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of the exploration of functional metal tetrazole coordi-
nation polymers, we followed the above-mentioned
method to directly try to get the same kind of complex
with copper(ll) and silver(I). Unfortunately, we failed
to get the expected product or it did not work because
both of copper(Il) and silver(I) are easily reduced in
the in-situ [2+3] tetrazole reaction system, as shown in
Scheme 2. Evidently, how to get such tetrazole coor-
dination polymer containing Ag* ion under hydrother-
mal (or solvothermal) treatment conditions remains a

great challenge. However, it is well known that the
coordination polymer containing Ag* can be applied to
decrease ils concentration to reach the low oxidation-
reducing potential to protect Ag* reduction. Conse-
quently, we use an Ag* coordination polymer to re-
place AgNO; as a Lewis acid to conduct the above-

[2+3]

tween cyano and azido groups in the presence of wa-

mentioned cycloaddition reaction in situ be-
ter. As expected, we successfully achieve such Ag te-
trazole coordination polymer as shown in Scheme 3,
Herein we report the synthesis, X-ray crystal struc-
tures and fluorescent property of [mono (5-(3-pyridyl)

tetrazolato)Ag|, [(3-PTZ)Ag] (1).
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1 Experimental

1.1 Synthesis of [mono(5-(3-pyridyl) tetrazolato)

Agl1

Complex 1 was prepared under hydrothermal re-
(Scheme 3) A heavy-walled Pyrex
tube containing a mixture of Ag(3-cyanopyridine)NOs
(0.274 ¢, 0.1 mmol), NaN; (0.065 g, 0.1 mmol), water

(0.5 mL) and ethanol (1.0 mL) was frozen and sealed

action condition.

under vacuum, then placed inside an oven at 140 °C.
The pale yellow block-like crystals were obtained after
24 hours of heating. Yield: 0.0663 g (72 %) on the
basis of 3-cyanopyridine. Calc. for 1: C 28.35, H 1.57,
N 27.56; Found for 1: C 27.56, H 1.50, N 27.12, IR
(KBr, em™) 3422(s), 2 924(w), 1 637(w), 1 603(w), 1 581
(w), 1458(w), 1422(m), 1 366(w), 1 123(m), 1 013(m),
818(w), 754(w), 700(m), 640(w), 459(w).
1.2 X-ray data collection and structure

determination of 1

A single crystal of 1 was prepared as described
above; a pale yellow block crystal with a dimension of
0.15 mm x 0.15 mm x 0.30 mm was employed for
structural analysis. Suitable single crystals of 1 were
selected under a polarizing microscope and fixed with
epoxy cement on fine glass fibres which were then
mounted on a Bruker P4 diffractomerter with graphite-

monochromated Mo Ko radiation (A=0.071 073 nm) for

Table 1 Crystal data and structure refinement for 1

Empirical formula CeHyNsAg

F, 254.01

T/K 296(2)

Wavelength / nm 0.071 073

Crystal system Triclinic

Space group Pl

a/nm 0.626 08(10)

b / nm 0.784 98(13)

¢/ nm 0.805 84(12)

al (%) 75.171(4)

B/ 76.653(3)

v /(% 68.332(3)

V/ nm? 0.351 67(10)

A 2

p(cald) / (g-cm™) 2.399

w(Mo Ka) / mm™ 2.803

F(000) 244

Crystal size / mm 0.15 x 0.15x 0.3

0 range for data collection /(°) 2.7~33.5

Index ranges -9<h<9,
-12<k <10,
-11=si<12

Reflections collected 3391

2 497 [R(int)=0.022]

Independent reflections
Refinement method Full-matrix least-squares on F

0.98
R=0.0528, wR,=0.1760

Goodness-of-fit on F*

Final R indices [I>20(])]
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cell determination and the subsequent data collection.
The crystal structures were solved using direct meth-
ods with the help of the SHELXS-97 program™. Sub-
sequent difference Fourier syntheses enabled all
heavier atoms to be located. After several cycles of
all hydrogen atoms were located from the
All non-hy-

drogen atoms were finally refined with anisotropic

refinement,

successive difference Fourier syntheses.

displacement parameters by full-matrix least-squares
techniques. The hydrogen atom positions were fixed
geometrically at calculated distances and allowed to
ride on the parent carbon atoms. Detailed information
about the crystal data and structure determination are
summarized in Table 1. Selected inter atomic dis-

tances and bond angles are given in Table 2

CCDC: 267340.

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

Ag(1)-N@)#1
Ag(1)-N(3)

0.223 6(4)
0.246 7(4)

Ag(1)-N(5)#2
N(G3)-N)

110.55(15) N(@)#1-Ag(1)-N
105.03(14) N(5)#2-Ag(1)-N(3)

NE#1-Ag(1)-N(#2 )

1-A ©)
125.9(3) N(4)-N(3)-

“

)

NE#1-Ag(1)-NG)

C(2)-N3)-Ag(l)

(9)-N(1)-Ag(1)#3
)-N

(0
N(5)-N(#)-N(@3)

117.6(3) N()-
109.2(4)

0.231 5(4) Ag(1)-N(1)3 0.235 3(5)
0.133 6(5)

133.62(17) N(5)#2-Ag(1)-N(1)#3 101.39(16)
121.28(16) N(1)3-Ag(1)-N(3) 84.71(15)
111.503) C(3)-N(1)-Ag(1)#3 120.2(4)
127.803) N(2)-N(5)-Ag(1)#4 122.003)
120.8(3) N(3)-N()-Ag(1)#1 129.7(3)

Symmetry transformations used to generate equivalent atoms: 1: —x, —y+1, —z+1; 2: x+1, y, 23 30 —x, —y+2, —z; 4: x—1, y, z.

2 Results and discussion

IR spectrum of 1 shows that typical peaks (~2 100
cm™) of the cyano group in the 3-cyanopyridine ligand
disappeared and the appearance of a peak (at ca. 1 600
cm™ associated with three peaks at 1 581(w), 1 458(w),
1422(m) cm™, respectively) suggests the formation of
the tetrazole group.

Crystallographic data of 1 indicates that [(3-PTZ)

(1) belongs to crystal system, triclinic, space
group Pl and Z=2. The local coordination geometry
(Fig.1) is a slightly dis-

torted tetrahedron defined four N atoms from three dif-

around each Ag center in 1

ferent tetrazole and one pyridyl group. Thus, each 3-
pyridyl tetrazole (3-PTZ) as a tetradentate ligand coor-
dinates to four different silver centers leads to the for-
mation of the 2D layered network. It is worth noting
that two silver atoms, four nitrogen atoms from two dif-
ferent tetrazole rings, for example, Agl, N3, N4, N4C,
N3C, AglB, consist of a stable six-membered ring as
shown in Fig.1 and each six-membered ring is con-
nected together through side-sharing to 1D infinite
chain in which each six-membered ring is not an e-
qual-sided hexagonal with two short side N-N and four
long sides Ag-N as shown in Fig.2b. Each such 1D
chain is connected by pyridyl group to result in the

formation of 2D network containing a six-membered

At the
the nearest pyridyl group of 3-PTZ ligand

ring as connecting node as shown in Fig.2c.
same time,
displays weak 77-7 stacking in ABAB sequence with a
distance of pyridine ring stacking of about 0.3797 nm
(X1A-X2B) (Fig.2a). Such 2-D layered structure stack
together with ABAB sequence to extend in three-di-
mension direction (Fig.3). The Ag-N bond distances
range from 0.223 6(4) to 0.246 7(4) nm, and the Ag-
Ntetrazole bond lengths are comparable to those fou-
nd in catena-( u-tetrazolat) ( us-tetrazolato)-di-silver(I)
(0.216 1~0.238 2 nm) and catena-bis-(u,-tetrazolato)-
tri-silver(I) nitrate  (0.219 7~0.2409 nm)*®, while the
bond distances of C-N, N-N, C-H are normal and un-
exceptional. To the best of our knowledge, compound
1 is the third crystallographically characterized Ag-te-

trazole coordination polymer”.

Fig.1 Asymmetry structure of compound 1
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Fig.2 A 2D square grid representation of 1 (a) X1A,
X2B is the centers of two different pyridine
ring; (b) 1 D chain form from side-sharing six-
membered rings (c) 2D layered structure, the

long line representation of pyridine ring

Fig.3 A crystal packing perspective view of 1 (along a

axis) in which the relationship between layers is

in ABAB staggered mode

Interestingly, the solid-state fluorescence spec-

trum (a Perkin-Elmer LS50B was used for measure-
ment) of powdered 1 at room temperature shows that
maximal emission peaks occur in 495 and 521 nm
(Fig.4),

material. 1 have a 2-D condensed polymeric structure;

suggesting 1 may be good blue-light emitted

this unique structure perhaps leads to significant en-
hancement of the fluorescent intensities, which are ap-
proximately two to three times larger than that of free
ligand. The enhancement are perhaps a result of coor-
dination of the ligand to Ag, which increases the con-
formational rigidity of ligand, thereby reducing the
non-radiative decay of the intraligand 1 (7-7") excited

state?0l,

i
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Fig.4 Solid state fluorescent emission spectrum of 1

at room temperature (A.,=309 nm)

In conclusion, apart from affording a new insight
into the nature of the solid formed in the Demko-
Sharpless reaction, the work described here demon-
strates the value of hydrothermal approaches in the
At the

same time, this work will enlighten how to synthesize

generation of novel coordination polymers.

indirectly the tetrazole complex with metals that are
easy to reduce or oxidize in synthesis process, and ex-
plore functional coordination polymers with novel

structure.
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