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Molecular tectonics: Homochiral 1D and 2D cadmium based coordination networks

Upon combining enantiomerically pure chiral organic tectons with cadmium nitrate, homochiral 1D and 2D coordination networks are obtained in the crystalline phase. The dimensionality of the latter as well as their packing in the crystal depend on the nature of the chiral side chains of tectons and on the crystallization solvents system used.
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Introduction

Since a few decades, a great deal of attention has been paid to the preparation of Coordination Polymers (CPs), 1 Metal-Organic Frameworks (MOFs) 2 or Coordination Newtorks (CN). 3 The interest in this class of solid state materials results from applications in separation 4 , luminescence 5 , storage 6 and catalysis 7 . For the design and synthesis of such infinite periodic architectures harvested in the crystalline phase, the concepts of molecular tectonics might be applied. 3,8 Indeed, upon combinations of properly designed organic tectons with metal cations or complexes (metallatecton), periodic architectures are obtained by self-assembly processes with translation of recognition motifs in one, two or three dimensions leading to 1-, 2-or 3-dimensional architectures. 9 Nowadays, the use of homochiral coordination networks for enantioselective separation and/or stereospecific transformations 10 is of prime interest since they may combine advantages of homogeneous and heterogeneous processes. Among different design possibilities to generate homochiral coordination networks, the one using enantio-pure organic tectons is probably the most widespread and reliable. In our previous works, we reported the synthesis of chiral organic tectons and homochiral coordination networks based on Zn(II), Hg(II), Cu(II) and Ni(II) cations. 11 Pursuing our efforts in discovering new homochiral coordination networks, we herein report on the preparation of six new Cd(II) homochiral networks based on enantiomerically pure tectons 1-3 (Fig. 1). 11a In this contribution, we show how the nature of the appended chiral side chains of the organic tecton and the crystallization media impacts the geometry adopted by the Cd 2+ cation, the dimensionality of the coordination networks and the packing of the latter within the crystals.

Tectons 1-3 are derived from 2,5-dibromohydroquinone. They bear two divergently oriented pyridyl units as coordinating sites and two chiral organic moieties (Fig. 1). Tectons 1(R,R) and 2(S,S) are equipped with two hydrophobic chiral alkyl chains of different length and handedness. In contrast, tecton 3(R,R) bears two hydrophilic chiral chains due to the presence of OH groups. By reacting tectons 1-3 with Cd(NO3)2 in two different solvents/non-solvents systems, 2D brick-wall and linear 1D homochiral coordination networks are obtained. Depending on the crystallization media, the geometry adopted by the metallic cation in the solid state and the packing within the crystals are modulated.

Experimental section

General

All reagents were purchased from commercial sources and used without further purification. Chiral tectons 1-3 were prepared following published procedures. 11a

Characterization techniques

Elemental analyses were performed on a Thermo Scientific Flash 2000 by the "Service Commun de Microanalyse" of the University of Strasbourg. 

Luminescence

Solid state luminescence spectra were acquired on a Perkin Elmer LS55 spectrometer, at ambient temperature under excitation at 350 nm. Crystalline powders were used as synthesized.

Optical microscope

Optical images were acquired on a Macroscope "MACRO ZOOM ZEISS V16".

Crystallization conditions

All crystallizations were performed at ca. 25 °C in a glass vial (height = 6.5 cm, diameter = 2 cm by vapour diffusion of Et2O into a solution containing the organic tecton and Cd(NO3)2.

1-Cd(NO3)2. Diffusion of Et2O vapours into a CHCl3/DMF/MeOH solution (3.5 mL, 1:1:1.5) of tecton 1 (15.0 mg, 1 eq) and Cd(NO3)2 (14.0 mg, 1eq) led after few days to the formation of crystalline material which was washed with Et2O and dried in air affording 16.6 mg of colourless crystals. Formula: Cd2C72H84N10O18.CHCl3. Anal. Calc.: C, 50.93; H, 4.98; N, 8.14; found C, 50.75%; H, 5.16%, N, 9.34%. 2-Cd(NO3)2. Diffusion of Et2O vapours into a CHCl3/DMF/MeOH solution (3.5 mL, 1:1:1.5) of tecton 2 (15.0 mg, 1 eq) and Cd(NO3)2 (11.5 mg, 1eq) led after few days to the formation of crystalline material which was washed with Et2O and dried in air affording 16.9 mg of colourless crystals. Formula: Cd2C78H96N10O18. Anal. Calc.: C, 55.55%; H, 5.74%; N, 8.31%; found: C, 55.54%; H, 5.63%, N, 8.47%.

3-Cd(NO3)2-DMF. Diffusion of Et2O vapours into a

CHCl3/DMF/MeOH solution (3.5 mL, 1:1:1.5) of tecton 3 (15.0 mg, 1 eq) and Cd(NO3)2 (12.2 mg, 1eq) led after few days to the formation of crystalline material which was washed with Et2O and dried in air affording 21.1 mg of yellowish crystals. Formula: CdC22H24N4O10.2(C3H7NO) Anal. Calc.: C, 44.07%; H, 5.02%; N, 11.01%; found C, 43.63%; H, 4.90%; N, 10.69%. 1-Cd(NO3)2-DMSO. Diffusion of Et2O vapours into a CHCl3/DMSO/MeOH solution (3.5 mL, 1:1:1.5) of tecton 1 (15.0 mg, 1 eq) and Cd(NO3)2 (14.0 mg, 1eq) led after few days to the formation of crystalline material which was washed with Et2O and dried in air affording 19.5 mg of colourless crystals. Formula: CdC24H28N4O8.2(C2H6OS) Anal. Calc.: C, 43.72%; H, 5.24%; N, 7.28%; found C, 43.31%; H, 5.23%; N, 7.19%.

2-Cd(NO3)2-DMSO. Diffusion of Et2O vapours into a

CHCl3/DMSO/MeOH solution (3.5 mL, 1:1:1.5) of tecton 2 (15.0 mg, 1 eq) and Cd(NO3)2 (11.5 mg, 1eq) led after few days to the formation of crystalline material which was washed with Et2O and dried in air affording 22.1mg of colourless crystals. Formula: CdC26H32N4O8.2(C2H6OS) Anal. Calc.: C, 45.20%; H, 5.56%; N, 7.03%; found C, 44.94%; H, 5.52%; N, 6.89%. 3-Cd(NO3)2-DMSO. Diffusion of Et2O vapours into a CHCl3/DMSO/MeOH solution (3.5 mL, 1:1:1.5) of tecton 3 (15.0 mg, 1 eq) and Cd(NO3)2 (12.2 mg, 1eq) led after few days to the formation of crystalline material which was washed with Et2O and dried in air affording 20.5 of colourless crystals. Formula: CdC22H24N4O10.2(C2H6OS) Anal. Calc.: C, 40.39%; H, 4.69%; N, 7.25%; found C, 39.72%; H, 4.62%; N, 7.14%. Within the crystal, consecutive networks pack in a parallel staggered fashion leading to a dense phase with no specific interactions between the networks and no apparent porosity.

Crystallographic

The bulk purity of the 3-Cd(NO3)2-DMF phase was confirmed by PXRD on microcrystalline powders which showed a good match between the simulated and observed patterns (Fig 8). Please do not adjust margins
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Conclusions

The combinations of chiral tectons 1-3 with Cd(NO3)2 lead to the formation of 2D-and 1D-homochiral coordination networks. Using two distinct crystallisation media, a series of six new coordination networks was obtained and fully characterized in the crystalline phase by both X-ray diffraction on single crystal and by PXRD. The use of chiral tectons 1 and 2 bearing two hydrophobic substituents produced 2D brick-wall type coordination networks when combined with Cd(NO3)2 in CHCl3/DMF/MeOH ternary mixture. In both cases, the Cd 2+ cation adopts a distorted pentagonal bipyramidal geometry and acts as a 3-conecting T-type node leading to the 2D periodic architectures 1-Cd(NO3)2 and 2-Cd(NO3)2. In contrast, the use of the chiral tecton 3 bearing two hydrophilic chiral substituents yielded under identical crystallization conditions a 1D network 3-Cd(NO3)2-DMF. In the latter case, each Cd 2+ cation adopts distorted pentagonal bipyramidal geometry and behaves as a linear 2-connecting node. The use of DMSO instead of DMF yielded exclusively 1D linear homochiral coordination networks (X-Cd(NO3)2-DMSO, X = 1-3) regardless of the nature of chiral side chains of the tecton (1-3). In all three cases, the metallic cation adopts a distorted octahedral coordination geometry and acts as a linear connector. Notably, whereas consecutive 1D chains pack in a parallel staggered fashion within the crystals of 1-Cd(NO3)2-DMSO and 2-Cd(NO3)2-DMSO, a different organization is observed for 3-Cd(NO3)2-DMSO. Here, sheets of parallelarranged 1D networks (ab plane) stack in a twisted fashion along the c axis yielding rhombus motifs along this axis.

Although the negligible porosity of all the crystals prevents their use in chiral separation, nevertheless, owing to the strong luminescence of the homochiral crystals observed under UV light, they may be of interest for Circularly Polarized Luminescence (CPL).

Fig 1 :

 1 Fig 1: Structure of chiral tectons 1-3 used for the synthesis of Cd(II) based homochiral coordination networks.

  data for 1-Cd(NO3)2. Cd2C72H84N10O18, 2(Et2O), M = 1750.53, Triclinic, space group P1, a = 12.1508(8) Å, b = 14.2530(8) Å, c = 14.6096(15), α = 109.838(2)°, β = 105.079(2)°,  = 105.393(2)°, V = 2116.6(3) Å 3 , T = 173(2) K, Z = 1, Dc = 1.373 Mg.m -3 , µ= 0.576 mm -1 , 149055 collected reflexions, 21360 [R(int) = 0.0409], GooF = 1.006, R1 = 0.0354, wR2 = 0.0804 for I > 2 and R1 = 0.0561, wR2 = 0.0887 for all data, absolute structure parameter = 0.043(14). Crystallographic data for 2-Cd(NO3)2. Cd2C78H96N10O18, 2(Et2O), M = 1834.69, Triclinic, space group P1, a = 12.4212(4) Å, b = 14.1095(5) Å, c = 15.4139(8), α = 105.001(2)°, β = 101.599(2)°,  = 111.5660(10)°, V = 2290.95(16) Å 3 , T = 173(2) K, Z = 1, Dc = 1.330 Mg.m -3 , µ= 0.535 mm -1 , 54139 collected reflexions, 20670 [R(int) = 0.0396], GooF = 0.994, R1 = 0.0522, wR2 = 0.1275 for I > 2 and R1 = 0.0724, wR2 = 0.1409 for all data, absolute structure parameter = 0.041(19). Crystallographic data for 3-Cd(NO3)2-DMF. CdC28H38N6O12, M = 763.04, Triclinic, space group P1, a = 9.58640(10) Å, b = 12.4322(2) Å, c = 15.9217(2), α = 69.2050(10)°, β = 72.4780(10)°,  = 73.2950(10)°, V = 1656.57(4) Å 3 , T = 173(2) K, Z = 2, Dc = 1.530 Mg.m -3 , µ= 0.728 mm -1 , 33438 collected reflexions, 15756 [R(int) = 0.0303], GooF = 1.079, R1 = 0.0467, wR2 = 0.1237 for I > 2 and R1 = 0.0533, wR2 = 0.1304 for all data, absolute structure parameter = 0.04(2). Crystallographic data for 1-Cd(NO3)2-DMSO. CdC28H40N4O10S2, M = 796.16, Triclinic, space group P1, a = 7.4499(3) Å, b = 9.9281(4) Å, c = 12.0888(5), α = 88.8060(10)°, β = 72.7240 (10)°,  = 84.9260(10)°, V = 850.43(6) Å 3 , T = 173(2) K, Z = 1, Dc = 1.502 Mg.m -3 ,µ= 0.822 mm -1 , 12095 collected reflexions, 7152 [R(int) = 0.0144], GooF = 1.091, R1 = 0.0231, wR2 = 0.0548 for I > 2 and R1 = 0.0239, wR2 = 0.0552 for all data, absolute structure parameter = 0.000(12). Crystallographic data for 2-Cd(NO3)2-DMSO. CdC30H44N4O10S2, M = 797.21, Triclinic, space group P1, a = 7.30280(10) Å, b = 9.9693(2) Å, c = 12.9323(2), α = 97.3740(10)°, β = 99.6980 (10)°,  = 92.8900(10)°, V = 917.89(3) Å 3 , T = 173(2) K, Z = 1, Dc = 1.442 Mg.m -3 , µ= 0.765 mm -1 , 21793 collected reflexions, 8350 [R(int) = 0.0231], GooF = 1.006, R1 = 0.0241, wR2 = 0.0585 for I > 2 and R1 = 0.0250, wR2 = 0.0591 for all data, absolute structure parameter = 0.003(10). Please do not adjust margins Please do not adjust margins Crystallographic data for 3-Cd(NO3)2-DMSO. CdC26H36N4O12S2, M = 773.11, Monoclinic, space group C2, a = 23.8880(6) Å, b = 14.0385(3) Å, c = 9.7174(3), α =  = 90°, β = 97.9270(10)°, V = 3227.61(15) Å 3 , T = 173(2) K, Z = 4, Dc = 1.591 Mg.m -3 , µ= 0.872 mm -1 , 16659 collected reflexions, 7258 [R(int) = 0.0242], GooF = 1.069, R1 = 0.0567, wR2 = 0.1532 for I > 2 and R1 = 0.0675, wR2 = 0.1634 for all data, absolute structure parameter = 0The combination of tecton 1 or 2 bearing two hydrophobic chiral substituents and Cd(NO3)2 leads to the formation of homochiral 2D brick-wall coordination networks 1-Cd(NO3)2 and 2-Cd(NO3)2. In both cases, the crystals (chiral space group P1) are composed of the organic tecton 1 or 2, Cd 2+ cation, and NO3 -anion. In addition, the lattices contain two Et2O solvent molecules with no noticeable interaction with the metalorganic network. In the structures, each Cd 2+ cation adopts distorted pentagonal bipyramidal geometry and behaves as a three-connecting Ttype node since four of its seven coordination sites are occupied by two NO3 -chelating units with O-Cd distances in the 2.31-2.51 Å range (Fig 2).

Fig 2 .

 2 Fig 2. Coordination sphere of Cd 2+ in 1-Cd(NO3)2 and 2-Cd(NO3)2. Each bis-monodentate chiral tecton 1 or 2 interconnects two metallic nodes via two N-Cd bonds (dN-Cd in the 2.27-2.36 Å range) leading, in both cases, to the 2D brick-wall type network with Cd-Cd distances of ca. 16 Å (Fig 3a and 4a).

Fig 3 .

 3 Fig 3. X-Ray structure of 1-Cd(NO3)2 showing the 2D brick-wall network (a) and the packing within the crystal (b). Within the crystals, consecutive 2D network pack in a parallel staggered fashion with the shortest distance between planes of ca. 3.8 Å (Fig 3b and Fig 4b). This close-packing mode results in crystals displaying low virtual porosity with calculated solvent accessible voids of 17% and 18% (Platon software) for desolvated 1-Cd(NO3)2 and 2-Cd(NO3)2 respectively.

Fig 4 .

 4 Fig 4. X-Ray structure of 2-Cd(NO3)2 showing the 2D brick-wall network (a) and the packing mode within the crystal (b).
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 56 Fig 5. Experimental (a) and simulated (b) PXRD patterns for 1-Cd(NO3)2 (top) and 2-Cd(NO3)2 (bottom).

Fig 7 .

 7 Fig 7. X-Ray structure of 3-Cd(NO3)2-DMF showing the 1D network (a) and the packing mode within the crystal (b).

Fig 8 .Fig 9 .

 89 Fig 8. Experimental (a) and simulated (b) PXRD patterns of 3-Cd(NO3)2-DMF. Discrepancies in intensities are due to preferential orientations of the microcrystalline powder.

Fig 10 .

 10 Fig 10. X-ray structure of 1-Cd(NO3)2-DMSO showing the linear 1D network (a) and the packing mode within the crystal (b).

Fig 11 .

 11 Fig 11. X-ray structure of 2-Cd(NO3)2-DMSO showing the linear 1D network (a) and the packing mode within the crystal (b). The purity of the 1-Cd(NO3)2-DMSO and 2-Cd(NO3)2-DMSO phases was established by PXRD on microcrystalline powders which revealed a good match between the simulated and observed patterns (Fig 12 and 13).

Fig 12 .

 12 Fig 12. Experimental (a) and simulated (b) PXRD patterns for 1-Cd(NO3)2-DMSO. Discrepancies in intensities are due to preferential orientations of the microcrystalline powder

Fig 15 .

 15 Fig 15. Experimental (a) and simulated (b) PXRD patterns for 3-Cd(NO3)2-DMSO. Discrepancies in intensities are due to preferential orientations of the microcrystalline powder.
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Abstract:

The combination of organic tectons bearing two enantiomerically pure side chains, with Cd(NO3)2, leads to a series of six new homochiral coordination networks displaying luminescence in the crystalline state. The dimensionality and crystal packing of the latter are modulated by both the nature of the chiral side chains and the crystallization solvents.