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Introduction

The non-covalent self-assembly of molecular building blocks toward complex supramolecular architectures is an exciting process. Their design gives access and investigation to interesting homo-and heteromolecular self-assembled "supramolecular architectures". [1] The main noncovalent forces connecting such organic supramolecular assemblies are hydrogen-bonds, [2]  donor - acceptor contacts, [3] hydrophobic interactions, [4] halogen bonds, [5] but in the large majority of the cases a plethora of contacts are synergistically contributing to the formation of supramolecular architectures. [6] Of special interest, the investigation of halogen bonds [START_REF]Series Editor for Structure and Bonding[END_REF] revealed several types of contacts involving halogen atoms and showed the important contribution of these interactions to stabilize supramolecular structures for which similar strength and directionality like of hydrogen bonds has been revealed. [5e] The X---N contacts (N belongs to a heteroaromatic ring; X is either I or Br) were investigated in finite structures (e.g. supramolecular cages or macrocycles, [8]) or in supramolecular polymers. [9] Difunctional halogen donors and difunctional halogen acceptors (e.g. compounds exhibiting two N heterocycles) prefer to form linear polymeric structures (catemers). [9] Many of these superstructures with unidimensional units were investigated in solid state using single crystal X-ray diffraction. The results of solid-state investigations of X---N contacts were supported by theoretical calculations. [10] Among halogens, iodine gives the strongest contacts and the electron withdrawing groups as F atoms (e.g. in tetrafluorodiiodobenzene isomers versus the non-fluorinated diiodobenzenes) increase significantly the halogen donating ability of the derivatives.

In this context, we considered of interest to investigate the access, structure and properties of supramolecular architectures obtained from dipyridylarenes (I) as halogen acceptors and diiodobenzene or diiodo-tetrafluorobenzene derivatives (II) as halogen donors (Chart 1) Chart 1. Selected building blocks for the access to halogen bonded supramolecular architectures

The ditopic halogen donors exhibit different binding geometries in correlation with the ortho-, metaor parapositions of the iodine substituents, [11,12] while the acceptor shows a quite linear disposition of the pyridine rings (Chart 2). Considering the geometries of the halogen donors and the ideal linear structure for the acceptor, the expected supramolecular assemblies formed by N---I contacts in the case of p-diiodobenzene ligands are linear polymers, while in the cases of metaand ortho-diiodo derivatives the formation of hexagons or triangles in one side or 1D-zigzag polymer chains in the other side are taken into account (Chart 3). Literature data reveal the higher preference of metaand ortho-diiodotetrafluorobenzene for zigzag polymers. [11][12][13] Chart 2. Binding geometries of the target halogen donors (linear or bent) and halogen acceptor [angular (determined from the single crystal X-ray diffraction structure of 2,7-dipyridyl-fluorene)] Chart 3. Expected supramolecular entities (1D linear, zigzag polymers or triangles and hexagons)

Results and discussion

The supramolecular catemers 6-9 were obtained by the mechano-chemical solvent-drop grinding method (SCD) [14] starting from equimolecular amounts (0.06 mmol) of 2,7-dipyridylfluorene-DPF (1) and p-diiodobenzene (2) and diiodotetrafluorobenzene isomers (3-5) (Scheme 1). Small amounts (50 μL) of chloroform were added as solvent. The formation of the self-assembled products was monitored by powder X-ray diffractometry.

Scheme 1

The self-assembly of 1 with meta-diiodobenzene and ortho-diiodobenzene did not lead to the formation of specific halogen bonds and no supramolecular catemers were obtained.

Samples of 1 and 6-9 were solved in CHCl3 and crystals suitable for single crystal X-ray diffraction were obtained (in each case) by slow evaporation (rt) of the solvent.

In order to verify the compatibility of the bulk X-ray fingerprint with the single crystal structures, bulk powders of 6-9 were investigated by X-ray powder diffraction and they showed the same identity with the separated crystals (see SI).

The structure determination of supramolecular catemers in solid state is confirmed by single crystal X-ray diffractometry and FTIR spectroscopy and these results are in accord with theoretical calculations. Complex NMR investigations were also carried out in order to reveal the formation of halogen bonds in solution.

Single crystal X ray diffraction structures and theoretical calculations for 1, 6-9

The main goal of theoretical calculations was to estimate the contribution of different fragments of the lattice to the stabilization of crystal structures. For these proposes different fragments were extracted from the lattice and their calculated energy was compared with the energy of the system exhibiting the same molecules in isolated behavior.

Intermolecular interaction energies between different crystal fragments were determined at the local second-order Møller-Plesset (LMP2) perturbation theory level [15] together with the density fitting technique [16] implemented in the Molpro quantum chemistry program suite [17,[START_REF] Werner | version 2012.1, a package of ab initio programs[END_REF]. The def2-TZVP [START_REF] Weigend | [END_REF] basis set for all atom cases together with the def2-ecp [20] effective core potential for the iodine atom were used for all calculations. In the framework of the LMP2 theory the effects of the basis set superposition error (BSSE) are substantially diminished [21], therefore their correction in the intermolecular interaction energy values were not taken into account. The theoretical calculations evaluate the diminishing of the energy in different crystal fragments (considered representative) compared to the energies of free molecules and they represent the global stabilization of the considered entities and it is not focused on the evaluation of the energetic stabilization brought individually by the different contacts observed in the lattice. The theoretical results are compared with experimental data and they are commented together with the discussion of X-ray diffraction structures. The details of the theoretical calculations are shown in SI.

The single crystal X ray diffraction structures for 1 and 6-9 reveal the formation of different catemeric structures either by N---H-C(2') for 1 or N---I contacts for 6-9. 2,7-DPF molecules are the halogen acceptors for 6-9 and they show slightly different structures, accordingly to their behavior in the lattice. In compounds 6, 7 and 9 different types of 2,7-DPF molecules were observed and they were denoted with A and B for 6, C and D for 7 and E, F and G for 9 and their characteristic data are shown in Table 1. were observed in the single crystal X-ray diffraction structures of other supramolecular polymers of 1,4-DITFB with some specific bidentated acceptors as trans-1,2-dipyridylethene, [22,23] 1-X,4-Y-cyclohexanes (X = Y or X  Y; X, Y = S, N, O) or DABCO [13,24]. The high ability of p-DITFB to form linear catemers is also observed in their cocrystals with some peculiar acceptors which can form bifurcated halogen bonds (e.g. 1,10-phenantroline-5,6-dione, [25], 2,2'bipyrimidyl derivatives [25] or some acetylacetonates [26] complexes).

In the case of catemer 8, the 2,7-DPF molecules exhibit planar fluorene moieties (Figure 6a) and slight torsions of pyridine rings (β, γ = 0.5 and 7.3°). Zigzag shaped chains (Figure 6b According to theoretical calculations, the contributions of N---I halogen bonds for 9 (-4.80 kcal/mol) are lower than for 7 and 8 (7: -7.01, 8: -5.69 kcal/mol) but the contacts observed in other molecular arrangements of the lattice (Figures 9a-e) participate to the stabilization of the structure.

The stacked and the T-shaped dimeric structures of 2,7-DPF molecules (Figure 9a Zigzag type catemers, similar to those of 8 and 9, were also reported in the cocrystals of 1,3and/or 1,2-DITFB with other halogen acceptors as [Cl -, [11,12], aromatic heterocycles with two nitrogen atoms (e.g. 1,4-diazine, 1,4-diazanaphthalene or 9,10-diazaanthracene) [13]. The zigzag shape of the catemers could be also induced by the structure of the halogen acceptors and in this case such structures are obtained even when linear 1,4-DITFB is used as halogen donor. Relevant examples of zigzag chains were reported for the crystals of 1,4-DITFB with 1,4-bis(pyridine-3'yl)-, 1,4-bis(quinoline-4'-yl)-and 1,4-bis(isoquinoline-4'-yl)-1,3-butandiyne, [22] and terpyridine (in trans-trans configuration) derivatives. [27] Tetraiodoethene and 2,3,5,6-tetrapyridylbenzene are leading to formally linear catemers by the formation of cyclic entities by N---I contacts. [28] Solid state FTIR and solution multinuclear NMR investigations

The FT-IR spectra of halogen acceptor 1 and donors (2, 3 and 5) were compared with the corresponding spectra of the co-crystals (6-9) in order to evaluate the presence of halogen bonding interactions. The observed shifts between the free and bound molecules, for some IR vibrational bands, are presented in Table 2 andFigure 10. Similar to the literature [29], there is a shift of the band corresponding to the C=N bond (around 1600 cm -1 ) of 1, but it is small for all investigated co-crystals. According to the literature [30], the band around 1300 cm -1 was assigned to symmetric ring contraction of the halogen bonding donors. We have observed small shifts of the IR bands only for the two para-positioned donors (2 and 3). Some changes were also measured for vibrational bands between 1400 -1500 cm -1 , previously [30] associated with the C-C stretch vibration. The formation of halogen bonding generated some other small shifts in the band at 802 cm -1 of the acceptor 1, while in case of donor 3 we noticed two bands moving after the cocrystalization with the acceptor. The characterization of N---I halogen bonding by solving the corresponding cocrystals in chloroform solutions was attempt using NMR experiments. Thus, 1 H-NMR, 19 F-NMR and 1 H, 15 N-HMBC spectra of ligand 1, of diiodotetrafluorobenzene isomers 3-5 and of cocrystals 7-9 were recorded in order to observe 1 H, 19 F and 15 N NMR chemical shift changes as result of the halogen bonding associations (spectra are presented in SI). For the measurements of the NMR behavior of the associated molecules, the investigated solutions were obtained the NMR solvent.

The comparison of the spectra of free ligands and cocrystals in both 1 H and 19 atom in ligand 1 could not be determined due to the low solubility of quinoline. However, the small changes in 15 N chemical shifts of pyridine nitrogen in the spectra of 7-9, together with the relevant shifting of the signals in 1 H and 19 F NMR spectra in cocrystals can be considered as evidences for the presence of I---N halogen bond associations in solution, too.

Conclusions

The 
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 124 Figure 1. Single crystal X-ray diffraction results for 1: molecular structure (a) and molecule
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 78 Figure 7. Results of theoretical calculations for 8 (G°)The repetitive unit of catemer 9 exhibits three types of 2,7-DPF and ortho-DITFB molecules

Figure 9 .

 9 Figure 9. Results of theoretical calculations for 9 (G°)
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 10 Figure 10. Comparison of FTIR spectra of 1, 3 and 7

  F NMR experiments showed relevant shifting of the signals. Thus, the signals of the protons at positions 2' (close to N atom of pyridine rings) and 3' exhibiting δ2' = 8.705 and δ3' = 7.698 ppm in 2,7-DPF (1) were shifted in the spectra of 7-9 at δ2' = 8.691, 8.694 and 8.693 ppm and δ3' = 7.601,

  single crystal X-ray diffractionstructuresof catemericsupramolecular architectures obtained by the cocrystalization of 2,7-dipyridylfluorene with the isomers of diiodotetrafluorobenzene and with para-diiodobenzene revealed the formation of catemeric structures via N---I halogen bondsand furtherorganization of the catemers into 3D networks reinforced by other contacts (C-H---aromatic, C-H---F, F---I). The theoretical calculations revealed the important role of the contacts between the aromatic units of 2,7-dipyridylfluorene molecules for the crystal cohesive energy. The shape of the structures is strongly correlated with para-, metaor orthoposition of the iodine atoms and the N---I halogen bondingare considerably stronger in the tetrafluoro derivatives as compared to the simple para-diiodobenzene as supported by observed bonding distances and confirmed by theoretical calculationsThe single crystal X-ray diffraction structures of supramolecular architectures obtained by the cocrystalization of 2,7-dipyridylfluorene with the isomers of diiodotetrafluorobenzene and with para-diiodobenzene revealed the formation, via N---I halogen bonds, of linear catemers in the cases of para-diiodobenzene compounds and zigzag catemers for metaand orthoisomers of DITFB. The N---I contacts are weaker for the non-fluorinated diiodobenzene halogen donor and considerably stronger for the diiodotetrafluorinated halogen donors, decreasing in the series para > meta > ortho as it can be deduced from bonding distances and theoretical calculations. The organization of the catemers into 3D networks is reinforced by other contacts (C-H---aromatic, C-H---F, F---I). The contacts in dimer 2,7-DPF entities, either in stacked (6, 7 and 8) or in T shaped (8 and 9) arrangements play an important role for the crystal cohesive energy, while the stacking among DITFB molecules has an important role for 9.

  

  

  

  

  

  

  

  

  

Table 1 .

 1 Structural characteristics of 2,7-DPF molecules encountered in the single crystal X-

	ray diffraction structures of 1 and 6-9			
	Compound symbols	α () #	β () #	γ () #	Drawings
	1	-	6	2.3	46	Nu cred ca are rost
	6	A	6.7	30.4	39.1	sa pun deseneleaici
		B	10.5	27.8	35.0	ca o sa para toate la fel
	7	C	0	22.2	24.9	Ce zici?????

Nu prea e clar ce e ecu A B C direct din tabel Dar formulele for fi mai complicat de pus

  

		D	0	20.9	23.2
	8	-	0	0.5	7.3
	9	E	0	16.2	24.2
		F	0	14.9	24.5
		G	0	24.1	27.5

Table 2 .

 2 Relevant data concerning the modification of IR bands in cocrystals 6-9 in comparison with the starting compounds 1-3 and 5

	Cmpd			IR vibration bands (cm -1 )	
		C=N		C-C strech	Ring	Other vibrations
					contraction	
	1	1590	1411		-	802
	2				1370	
	3			1467	1355	759 945
	5			1442	1493	
	6	1592	1409		1373	808
	7	1593	no shift	1455	1360	751 940
	8	1591	no shift			807
	9	1592	no shift	1438	1485	
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7.622 and 7.616 ppm. The shifting (upfield) of the signals (δ2') for the protons at positions 2' are -0.014 [START_REF]Series Editor for Structure and Bonding[END_REF], -0.011 (8) and -0.010 ppm (9), while for the signals belonging to the protons at positions 3' considerably higher shifts (upfield, δ3') were observed [0.097 (7), 0.076 (8) and0 Direct evidences for the formation of X---N halogen-bond in solution were obtained by observing the 15 N chemical shifts changes in the spectra of 7-9 and 1. 15 N-chemical shifts were indirectly determined from 1 H, 15 N HMBC spectra through the correlation between pyridine nitrogen and the proton located at the carbon in β-position. In order to increase the resolution and accuracy, 15 N was referenced to quinoline used as external standard, added in a closed capillary in the NMR tube (i.e. the chemical shift of quinoline nitrogen was determined at -68.18 ppm using nitromethane as internal standard), and the spectral window for 15 N spectrum was set to 60 ppm, following a previously reported protocol. [31] Small variations in the chemical shifts of 15 N for the cocrystals of 1 with ortho-, metaand para-diiodotetrafluorobenzene at δ(