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A hydro(solvo)thermal reaction between zinc perchlorate and ethyl The use of well-designed bridging ligands in combination
ester of a new pyridinecarboxylate bridging ligand of ~17.6 A in with metal centers of diverse geometries has led to the
length yields a unique coordination polymer which contains both construction of numerous coordination networks with a
interdigitated infinite 1D chains and interpenetrated 2D rhombo- ~ Variety of topologies such as ladders, brick walls, honey-
hedral grids [Zngs(L)a(us-OH)J-(H:0)s, 1, where L is 3-{[4-(4- combs, helices, and diamondoid netwotk&s the length

of organic spacers increase, interdigitation or/and interpen-
etration has been commonly adopted by nature in order to
. . . . avoid the formation of large open channels or cavitiés.
while the 2D grids have a Zn(L), formula and diagonal distances almost all the cases, mutually interpenetrated networks are
of 31.7 and 25.2 A. Crystal data for 1: monoclinic space group chemically and even crystallographically identiedl There
P2/c, a = 15.686(2) A, b = 12.6103(16) A, c = 38.999(5) A, 3 are few examples of coordination networks that contain
= 98.397(2)°, and Z = 4. chemically or crystallographically distinct, polymeric build-
ing motifs> Compoundl represents a unique example of a

There has been intense research effort on the Synthesiscoord|nat|on polymer in which an interdigitated infinite 1D

and characterization of coordination networks with novel chain and an interpenetrated 2D rhombohedral grid coexist.

topologies in recent yeatsA detailed understanding of the The ethyl ester of ${4-(4-pyridylethenyl)phenyljetheni
structures of such hybrid inorganiorganic systems repre-  Penzoatel.-Et, was synthesized in two steps in 40.4% overall
sents the first step toward the rational design of molecule- yield using commercially aval_lable_ starting mfe\tenals (Scheme
based network materials. Our group has particularly been 1)’ Compoundl was synthesized in 45.0% yield by a hydro-
interested in the crystal engineering of noncentrosymmetric (S0vo)thermal reaction between Zn(G)&6H,0 andL -Et
solids for second-order nonlinear optical applications via the N & 1:2 molar ratio in a mixture of pyridine, methanol, and
use of electronically asymmetric bridging ligarid§o this ~ Water at 130°C (Scheme 1). We have previously demon-
end, we have examined the solvo(hydro)thermal reaction
between zinc perchlorate and ethyl ester of a new pyridin- ((S; Batten, . R Robson, gggegﬁgg&égt-(gﬁggﬁnﬁ lagt.
ecarboxylate bridging ligand o~17.6 A in length and Hagrman, D.; Zubieta, JAngew. Chem., Int. i;dlggg,g38| 2638~

unexpectedly obtained a unique coordination polymer which 2684. (d) Munakata, M.; Wu, L. P.; Kuroda-Sowa, Adv. Inorg.
Chem 1999 46, 173-304. (e) Eddaoudi, M.; Moler, D. B.; Li, H.;

pyridylethenyl)phenyllethenyl} benzoate. The 1D chains contain us-
bridged hydroxy groups and have a [Zna(us-OH),(L)e] Stoichiometry,

contains both interdigitated infinite 1D chains and interpen- Chen, B.; Reineke, T. M.; O'Keeffe, M.. Yaghi, O. Mcc. Chem.
etrated 2D rhombohedral grids [ZL )a(us-OH)]-(H20)s, Res 2881 361, 319_;306 (f) Zaworotko, M. J.; Moulton, BChem.
; ; Rev. 2001, 101, 1629-1658.
1, where L is 3{[4-(4-pyridylethenyl)phenyl]etheny (4) (a) Jiang, Y.-C.; Lai, Y.-C.; Wang, S.-L.; Lii, K.-Hinorg. Chem.
benzoate. 2001, 40, 5320-5321. (b) Hirsch, K. A.; Wilson, S. R.; Moore, J. S.
Chem. Eur. J1997, 3, 765-771. (c) Real, J. A.; And= E.; Mufoz,
* Author to whom correspondence should be addressed. E-mail: wlin@ M. C.; Julve, M.; Granier, T.; Bousseksou, A.; VarretIeiencel 995
unc.edu. 268 265-2267.
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Am. Chem. So@001, 123 9224-9225. (d) Lee, E.; Heo, J.; Kim, K. (6) Spectroscopic data far-Et: *H NMR (CDClg) 6 8.59 (d, 2H3Ju—n
Angew. Chem., Int. EQ00Q 39, 2699-2701. = 4.9 Hz), 8.21 (s, 1H), 7.95 (d, 1HJ4_n = 7.8 Hz), 7.70 (d, 1H,
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strated the importance of in situ slow hydrolysis of ester or
cyano ligand precursors to generate their pyridinecarboxylic
acids in the growth of diffraction-quality metal pyridinecar-
boxylate coordination networksThe use of pyridine is also
essential in the present synthesislppresumably because
high pH value of the solution is needed for the bridging
hydroxide to be generated. The IR spectrumlagxhibits
bands characteristic of carboxylate groups at X5B%00
cm~L.78 Thermogravimetric analyses (TGA) show thhat
undergoes a gradual loss of 5.4% of total weight by 430
corresponding to the loss of five water molecules per formula
unit (expected 5.7%). The formulation dfis supported by
microanalysis results.

A single-crystal X-ray diffraction study performed a#
reveals a polymeric coordination network based on both 1D
chain and 2D grid structural motifd crystallizes in the
monoclinic space grou2/c. The asymmetric unit ol
contains three Zn(ll) centers with the Zn3 center lying on a
crystallographic 2-fold axis, four 8f4-(4-pyridylethenyl)-
phenyllethenyibenzoatel() groups, a«s-bridged hydroxyl
group, and five water guest molecules (Figure 1a). The
groups in1 adopt four different linkages: (a) an exo-
tridentate linkage with a coordinating pyridyl nitrogen (N1)
and up,n?-carboxylate bridgel.-N1; (b) an exo-tridentate
linkage with a coordinating pyridyl nitrogen (N4) and a
chelating carboxylate groug,-N4; (c) an exo-bidentate
linkage with a coordinating pyridyl nitrogen (N3) and a
monodendate carboxylate gropN3; (d) an endo-bidentate
linkage with a noncoordinating pyridyl nitrogen (N2) and a
uzm?-carboxylate bridgel -N2.

The Zn1 center is coordinated to two oxygen atoms (02
and O3) of two bridging carboxylate groups, one oxygen
atom (O5B) of a monodendate carboxylate group, two

(7) Mehrotra, R. C.; Bohra, RMetal CarboxylatesAcademic Press: New
York, 1983.

(8) The O-H stretches for the bridging hydroxyl group (expected around
3400 cnt?) have been obscured by those of included water molecules.

(9) Anal. Calcd for GgH7sN4O14Zn2 5 C, 67.1; H, 4.80; N, 3.55. Found:
C, 66.4; H, 4.03; N, 3.50.

(10) X-ray single-crystal diffraction data fdrwas collected on a Siemens
SMART CCD diffractometer. Crystal data far monoclinic, space
groupP2/c, a = 15.686(2) A,b = 12.610(2) A,c = 38.999(5) A 8
=98.397(2), V=7631.6(17) R, Z= 4, pcaica= 1.37 g cm3, u(Mo
Ka) = 0.781 mntl, Least-squares refinement based on 5265 reflec-
tions with | > 20(l) and 946 parameters led to convergence, with a
final R1= 0.103, wR2= 0.253, and GOF= 1.02. Relatively highR
values are probably a result of weakly diffracting naturel.of
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Figure 1. (a) Asymmetric unit ofL (except water guest molecules). Key
bond distances (A): ZntO5B, 2.022(8); Zn+ 07, 2.083(7); Zn+03,
2.105(7); ZnEN3, 2.140(9); Znt+O7A, 2.178(6); Znt+02, 2.181(7);
Zn2—04, 1.936(8); Zn20O7A, 1.952(6); Zn2N1C, 2.04(1); Zn2-01,
2.011(7); Zn3-N4C, 2.06(6); Zn3-08, 2.19(2); Zn3-09, 2.31(2). Sym-
metry codes: A-—x,3—-Vy,zB,-1—-x,4—-y,-zC,1+x,y—1,2

(b) Polyhedral presentation of the octahedral and tetrahedral coordination
environments for Znl and Zn2 centers, respectively.

Figure 2. The formation of a 1D chain based on thes@nes(us-OH)»
building unit.

Figure 3. (a) A view of the rhombohedral grid of Zhj, in 1. (b) A
space-filling model of 2-fold interpenetrated 2D grids of Zj}as viewed
down thec axis. (c) A view of the double helix.

oxygen atoms (O7 and O7A) of twa-OH groups, and one
pyridyl nitrogen atom (N3). The Zn1 center adopts a slightly
distorted octahedral geometry with cis angles ranging from
82.2 t0 95.6. The Zn2 center is coordinated to two oxygen
atoms (O1 and O4) of two bridging carboxylate groups, one
oxygen atom of @3-OH group, and a pyridyl nitrogen atom
(N1). The Zn2 center adopts a slightly distorted tetrahedral
geometry with the bond angles ranging from 94®123.4
(Figure 1b). The twais-OH groups bridge two Zn1 centers
to form two edge-sharing octahedra which also share
common vertexes with two tetrahedra formed by the two
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Figure 4. Stacking of 1D chains and 2D grids inas viewed down the
[110] axis. Interdigitation ofL ligands is clearly visible.

Zn2 centers to result in the 4 )s(us-OH), building unit
(Figure 1b). The Zn%Zn1 separation is 3.120(2) A, while
the Znt-Zn2 separation is 3.134(2) A. Interestingly, each
Znu(L)e(us-OH), building unit is linked by twoL-N1 and
two L-N3 ligands to two adjacent (L )s(us-OH), building
units to afford a 1D infinite chain lying along the 1]
direction (Figure 2). The pyridyl nitrogen atoms of theN2

ligands are noncoordinating and dangling along the 1D chain.

The Zn3 center is coordinated to four oxygen atoms and
two pyridyl atoms of two different -N4 ligands to result in
a highly distorted octahedral coordination geometry. Each
Zn3 center is thus linked to four adjacent Zn3 centers in the
ab plane to afford a 2D rhombohedral grid with (4,4)

are 102.4 and 77.8, respectively. Even after 2-fold inter-
penetration of two identical 2D grids, significant void space
still remains, which has diagonal distances 9.4 and 8.4 A
(Figure 3b). The bent configuration of the ligands has
allowed the two independent 2D grids to interwine and lead
to a double-strand helix along tleaxis (Figure 3c); adjacent
helix bundles are linked to each other to form the interpen-
etrated 2D network.

The 1D chains and 2D grids ih stack alternately along
thec axis. The bulk of bent -N4 ligands fill the void space
between the adjacent 1D chains (Figure 4). The dangling
L-N2 ligands from the 1D chains in turn fill up the cavities
left in the 2-fold interpenetrated 2D grids. Both interdigitation
and interpenetration are utilized yto pack the 1D chains
and 2D grids into a bulk solid. The remaining void space is
filled by five disordered water guest molecules. Compound
1 thus represents a rare example of a coordination network
that is built from two chemically and structurally distinct
polymeric building motifs.
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topology (Figure 3a). Each 2D grid has an enormous OpenThis material is available free of charge via the Internet at

cavity as measured by the diagonal Z¥h3 distances of
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31.7 and 25.2 A, respectively. The angles for the rhombus 1C025524+
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