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The supramolecular framework [Cuy(TU)4-(TAA)y], (TU =thiourea; TAA =2-(2-imino-
4-0x0-5-thiazolidinylidene)acetic anion) has been synthesized by reaction of CuCl,-2H,0
with meso-2,3-dibromosuccinic acid and thiourea. The one-dimensional supramolecular
structure of the title complex is constructed through bridge-linkage of the S atoms on the
thioureas between adjacent Cu(II) atoms, forming an infinite chain with lots of positive
charges. Around the infinite chain, there are four groups of negatively charged hydrogen-bond
tubes constructed by four TAA anions. The hydrogen-bond and ionic interactions between
adjacent metal-organic polymeric chains and hydrogen-bond tubes form the three-dimensional
supramolecular structure of the complex. Supramolecular selectivity from isomers of
2-(2-imino-4-oxo-5-thiazolidinylidene)acetic anion (TAA) has been studied by quantum
calculation.

Keywords: Supramolecular selectivity; Crystal structure; Isomers; Polymers

1. Introduction

Metal-organic complexes with intriguing topologies have been studied for their versatile
chemical and physical properties and potential applications in functional materials
[1-11]. With the development of supramolecular chemistry, self-assembly has become
an effective approach to construct functional complexes. Hydrogen bonds and n—n
interactions provide for rational design of multidimensional metal-organic supra-
molecules [12-14] via self-assembly [15-20].

In this article, we synthesize a linear polymer of copper(Il) with unique structure.
Additionally, a very interesting property is its selectivity on the 2-(2-imino-4-0xo-5-
thiazolidinylidene)acetic anion (TAA) because of the weak intermolecular interactions.
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2. Experimental

2.1. General remarks

Elemental analysis was performed with an Eager-200 element analyzer and IR spectra
were obtained with a Shimadzu IR-470 spectrophotometer (4000-400cm™"). Density
was measured by using a pycnometer.

2.2. Preparation

About 0.55g (2mmol) of meso-2,3-dibromosuccinic acid (C4H4O4Br;) and 0.21g
(2mmol) Na,CO;5 were dissolved simultancously in 10mL of deionized water and
the solution was refluxed for Smin in order to complete the neutralization reaction.
Then 10mL of methanol solution containing about 0.31g (4mmol) thiourea was
added and refluxed for 30 min. After the mixed solution changes from achromatous
to yellow, 0.34 g (2 mmol) of CuCl, - 2H,0 deionized water solution was added into the
mixed solution and refluxed for 1 h. Finally, the resulting liquid was filtered and slowly
cooled to room temperature. After several days, well-formed, yellow, single crystals
were obtained. The density measured is 1.82gem™>; the theoretical density is
1.82gcm*3. CoH 4sNgS,04Cu (%): Caled C, 25.83, H, 2.53, N, 20.08; found:
C, 25.881, H, 2.42, N, 20.09. IR (KBr): v=3438, 3213, 1751, 1696, 1636, 1520, 981,
496cm™ .

2.3. Single-crystal structure determinations

Crystallographic data for the title complex were collected at 293(2) K with a Bruker
APEX area-detector diffractometer with Mo-Ka (A =0.71073 A). Usual Lp and
empirical adsorption corrections were applied [30]. The structures were solved by the
Patterson method followed by Fourier syntheses and refinement by full-matrix least-
squares against F~ (SHELXL-97) [31]. H atom on the imino group was located in a
difference Fourier map. All others were added by the theoretical method. The structure
of {Cu,y[CS(NH;),l4- (CsH3N,058)4},, is deposited as CCDC 256940 containing the
supplementary crystallographic data for this article.

Crystal data. C;oH14NgS406Cu,  Mw=558.08, tetragonal, P4 /n, a=b=
19.6106(11) A, ¢=5.2880(4) A, VV=2033.642)A°, Z=4, D.=1.82gcm >, F(000)=
1132, w(Mo-Ko) = 1.535mm ™", T=293(2)K, 6=1.5-27.5°.

Data collection. Absorption correction: multi-scan, R;,;=0.0273, 7Ty, =0.768,
Tnax =0.887, Oppax =27.5°, h=-21— 25 k=-25—25,1=—6— 6.

Refinement. Refinement on F°, R[F°>20(F’)]=0.047, wR(F’)=0.040, S=1.126,
2037 reflections [I>20(1)], (A/0)max=0.000, 141 parameters, Apmax=0.575¢ A3,

o

Apmin=—0.435¢ A7,
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3. Results and discussion

3.1. Description of crystal structure

The Cu(II) has tetrahedronal coordination (figure 1); the cell belongs to the tetragonal
crystal system (figure 2). Selected bond lengths and angles for the title complex are
presented in table 1.

Two sp’ hybrid orbitals of Cu(II) bond with two sp? hybrid orbitals of S atoms on the
thioureas to form the sp’~sp® o bonds, and the corresponding Cu-S bonds are
2.3644(7) A. The other two sp> hybrid orbitals of Cu(II) bond the p orbital of two other
S atoms on the thioureas to form p-sp’ o bonds, 2.3957(7) A. Thus, there are two
different thiourea molecules along each side of the c-axis because one group of thiourea
molecules bond to Cu(Il) from its lateral direction and the other group bond to Cu(II)
from its obverse direction.

The S atoms on each thiourea bond to two neighboring Cu(Il) ions with the p and
sp” orbital; two neighboring Cu(II) ions are bridge-linked by two S atoms. The distance

Figure 1. Linear chain structure of the title complex constructed through bridge-linkage of the S atoms
on the thioureas between adjacent Cu(Il) atoms.

Figure 2. Cell structure of the title complex showing hydrogen bond interactions between the TAAs
and thioureas.
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Table 1. Selected bond lengths (A) and angles (°) for the title complex.

Cu-S1 2.3957(7) Cu-S1° 2.3644(7)
S1*-Cu-S1 107.962(8) Cu-S1-Cu 67.479(17)
S1*-Cu-S1° 113.65(4) Cl1-S1-Cu¢ 115.50(10)
S1°-Cu-S1 111.39(4) C1-S1-Cu 101.35(11)

Symmetry code: a: 1/24y, 1 —x, 124z b: 1=y, x—=1/2, 1/2+4z; ¢ 3/2—x, 12—y, z; d: 1 =y,
x —1/2,z—1)2.

Figure 3. Structure of TAA anion in the title complex.

between neighboring Cu(Il) ions is short at 2.6440(2)&; this is the minimum
in all similar structures [21-29]. All the Cu(Il) ions along the c-axis are arranged
on a line to form a linear chain structure (figure 1), but a metal bond can’t exist in
the title complex because the Cu(II)-Cu(Il) length is out of the range for Cu-Cu
metal bonds.

Along the linear chain structure, each four-atom group (Cu,S,) forms an
approximate parallelogram and is vertical with the neighboring two Cu,S, groups.
The vertical structure elongates along the c-axis to form a linear polymer.

In order to keep the electric charge equilibrium, there are four columns of the
arrangement of TAA anions (figure 3) around the linear chain structure. The dihedral
angle between the mean plane of TAA anion and the mean plane of neighboring
thiourea molecules is 5.59(21)°; there also exist many hydrogen bonds between the TAA
anions and adjacent thiourea.

In summary, two TAA anions and two thiourea molecules at two linear chain
structures form a hydrogen bond ring with 16 atoms (figure 2); in the same way,
four TAA anions among four linear chain structures also form a hydrogen bond ring
with 16 atoms (figure 4). All hydrogen bond rings along the same direction can be
stacked into a hydrogen bond tube as shown in figure 5. The data of all hydrogen bonds
are shown in table 2.

3.2. Supramolecular selective recognition

During synthesis of the title complex, the thioureas and the meso-2,3-dibromosuccinic
acid can give two isomers of the 2-(2-imino-4-oxo-5-thiazolidinylidene)acetic anion
(TAA) at first. The synthesis of TAA is shown in scheme 1.
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Figure 5. Hydrogen bond interactions among the linear chain structures.

Table 2. H-bonds in the title complex (A, °).

Donor-H - - - acceptor D-H H-A D-A /D-H---A
NI-HI1A ---03* 0.86 1.98 2.835(5) 176
NI-HIB---01° 0.86 2.24 2.976(6) 144
N2-H2---N4° 0.86 2.05 2.911(5) 175
N3-H3A .- 02¢ 0.86 2.15 2.920(5) 150
N3-H3B---SI° 0.86 2.47 3.321(4) 171

Symmetry code: a: y, 1)2—x, 12—z, b: 1/2—x, 12—y, z; ¢: 12—y, x, 32—z

di =y, 124x,324ze =124y, 1 —x, 124z

2691
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Scheme 1. The synthesis mechanism of the TAA.

The Z and E isomers depend on the structure of the double bond C=N in TAA; both
Z and E isomers can isomerize into the third isomer X:

o]

The three isomers in the water have been examined theoretically on the PC computer
by using the chemical software Gaussian94 at the level of the density functional theory
(DFT): b3lyp/6-31 + G(d, p). The results show that the Self-Consistent Field (SCF)
energy of the E, Z and X isomers are —925.92725, —925.92919 and —925.93220 a.u,
respectively. The SCF energy of the Z isomer is 5.09 kJ mol~! lower than the E isomer
and the SCF energy of the X isomer is 7.90 kJ mol~' lower than that of the Z isomer.
Therefore the X isomer is the most stable, but the difference is so small that the three
isomers can interconvert during the synthesis. The three isomers are a group of
tautomers that interconvert at room temperature and couldn’t affect crystallization
because the interconversion is so fast.

The SCF energies of the TAA isomers don’t determine which isomer exists in the title
complex. Thus, the two kinds of hydrogen-bond ring structures making up the Z and
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Figure 6. Hydrogen-bond ring structure made up of four Z (left) and E (right) isomer anions.

E isomers are investigated by quantum chemistry (see figure 6). The hydrogen-bond
ring structure of the X isomer isn’t chosen to be calculated because there aren’t
hydrogen bonds in its structure which would be unstable in the title complex.

The results show that the energy of the hydrogen-bond ring structure of Z isomers
is 154.17kJ mol~! lower than that of the E isomer, indicating that the repulsion energy
between adjacent hydrogen atoms (H2 and H4b) is larger than the formation energy
of the hydrogen bond (N2-H2---N4a (y, 1/2—x, 3/2—z2)) in the E isomer. Therefore
the hydrogen-bond ring structure of Z isomers is stable in the title complex.

In addition, the above crystal analysis shows that the two N2—H bonds outside of the
thiazole ring in X isomers cannot form the H-bonds with other atoms, but the N1-H2
bond on the thiazole ring in Z or E isomers can form the H-bond with the N outside
of the thiazole ring on the neighboring TAA anion. Hence the Z isomer is the only
molecule in the complex. The existence of the isomer is chosen by the intermolecular
weak interaction and HF energy of its own; that is, there is Z isomer in the crystal
instead of E and X isomer.

The supramolecule has selected the isomer via its self-assembly.

Acknowledgements

This research is supported by the National Natural Science Foundation of China
(No. 50436030), the Shanghai Leading Academic Discipline Project (No. T0503 and
P0502), the Shanghai Natural Science Foundation (05ZR14088) and the Projects of
Shanghai Education Commission (05EZ21), as well as the Shanghai University for
Science and Technology (X544).

References

[1] M. Eddaoudi, D.B. Moler, H.L. Li, B.L. Chen, T. Reineke, M. O’Keeffe, O.M. Yaghi. Acc. Chem. Res.,
34, 319 (2001).

[2] R. Kitaura, S. Kitagawa, Y. Kubota, T.C. Kobayashi, K. Kindo, Y. Mita. Science, 298, 2358 (2002).

[3] J.S. Seo, D. Whang, H. Lee, S.I. Jun, J. Oh, Y.J. Jeon, K. Kim. Nature, 404, 982 (2000).



11: 03 23 January 2011

Downl oaded At:

2694 D.-X. Li et al.

[4] H.L. Li, A. Laine, M. O’Keeffe, O.M. Yaghi. Science, 283, 1145 (1999).
[5] S.S.-Y. Chui, SSM.-F. Lo, J.P.H. Charmant, A.G. Orpen, 1.D. Williams. Science, 283, 1148 (1999).
[6] M. Eddaoudi, J. Kim, M. Rosi, D. Vodak, J. Wachter, M. O’Keeffe, O.M. Yaghi. Science, 295,
469 (2002).
[7] M. Eddaoudi, J. Kim, M. O’Keeffe, O.M. Yaghi. J. Am. Chem. Soc., 124, 376 (2002).
[8] C. Livage, N. Guillou, J. Marrot, G. Ferey. Chem. Mater., 13, 4387 (2001).
[9] C. Serre, G. Ferey. J. Mater. Chem., 12, 3053 (2002).
[10] D.P. Cheng, M.A. Khan, R.P. Houser. Inorg. Chem., 40, 6858 (2001).
[11] G.F. Liu, B.H. Ye, Y.H. Ling, X.M. Chen. Chem. Commun., 1442 (2002).
[12] K.T. Holman, A.M. Pivovar, M.D. Ward. Science, 294, 1907 (2001).
[13] O. Félix, M.W. Hosseini, A. De Cian, J. Fischer. Chem. Commun., 281 (2000).
[14] R. Custelcean, M.D. Ward. Angew. Chem. Int. Ed., 41, 1724 (2002).
[15] J.C. MacDonald, P.C. Dorrestein, M.M. Pilley, M.M. Foote, J.L. Lundburg, R.W. Henning, A.J. Shultz,
J.L. Manson. J. Am. Chem. Soc., 122, 11692 (2000).
[16] J.C. Noveron, M.S. Lah, R.E. Del Sesto, A.M. Miller, J.S. Miller, P.J. Stang. J. Am. Chem. Soc., 124,
6613 (2002).
[17] Yong Cui, Helen L. Ngo, Peter S. White, Wenbin Lin. Inorg. Chem., 42, 652 (2003).
[18] J.-H. Luo, M.-C. Hong, R.-H. Wang, R. Cao, Q. Shi, J.-B. Weng. Eur. J. Inorg. Chem., 1778 (2003).
[19] Yong Cui, Helen L. Ngo, Peter S. White, Wen-Bin Lin. Chem. Commun., 994 (2003).
[20] X.-M. Zhang, M.-L. Tong, M.-L. Gong, X.-M. Chen. Eur. J. Inorg. Chem., 138 (2003).
[21] E.A. Vizzini, L.F. Taylor, E.L. Amma. Inorg. Chem., 7, 1351 (1968).
[22] R. Petrova, O. Angelova, J. Mcciek. Acta Crystallogr., Sect. C, 52, 1935 (1996).
[23] L. Cavalca, P. Domiano, G. Fava Gasparri, P. Boldrini. Acta Crystallogr., 22, 878 (1967).
[24] T. Tkhanmanivong, V.M. Akimov, A.l. Yanouski. Zh. Neorg. Khim., 29, 1033 (1984).
[25] G. Valle, U. Russo, S. Calogero. Trans. Met. Chem., S, 26 (1980).
[26] A.D. Burrows, S. Menzer, D.M.P. Mingos. J. Chem. Soc., Dalton Trans., 4237 (1997).
[27] L.F. Taylor Jnnior, M..S. Weiniger, E.L. Amma, A.J.P. White, D.J. Williams. Inorg. Chem., 13,2835 (1974).
[28] M.B. Ferrari, G.F. Gasparri. Cryst. Struct. Commun., 5, 935 (1976).
[29] E.B. Stocker, M.A. Troester, D. Britton. Inorg. Chem., 35, 3145 (1996).
[30] G.M. Sheldrick. SAINT V4 Software Reference Manual, Siemens Analytical X-ray Systems, Inc.,
Madisom WisPdnsin. USA (1996).
[31] G.M. Sheldrick. SHELXL-97, Program for Crystal Structure Refinement, Gottingen University,
Germany (1997).



