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Abstract 24 

The crystal structure of the title compound C22H30N4O2·H2O (L), has been 25 

determined using X-ray diffraction at 293 K. The crystal of 1,2-bis[4-(3,5-dimethyl-1H-26 

pyrazol-1-yl)-2-oxobutyl]benzene is in triclinic crystal system with space group P(-1) (Z = 27 

2), lattice parameters a = 8.225(6) Å , b= 10.967(6) Å , c= 12.903(6) Å, V = 1119.1(11) Å 28 

3. Analyses of single crystals of L, crystallized from dichloromethane/diethyl ether (1:1), 29 

revealed that the molecules are arranged in couples, which adopt a pseudo chair 30 

conformation, by means of intermolecular O–H···N hydrogen bonding interactions. 31 

Moreover, the extended structure revealed a 1D chain caused by several C–H···N 32 

intermolecular interactions. 33 

 34 

 35 

 36 

 37 
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1. INTRODUCTION 39 

Since the first comprehensive review of pyrazole derived ligands appeared in 1972 40 

[1], the preparation and characterization of pyrazole and its derivatives have been developed 41 

vigorously over the last three decades [2–5]. Moreover, the recent period has evidenced an 42 

everincreasing interest in pyrazole-based hybrid ligands containing hard and soft donor 43 

atoms. This kind of ligands has been extensively used in coordination and organometallic 44 

chemistry due to their ability to provide an extensive variety of coordination geometries and 45 

significant structural nuclearity introducing different kinds of heteroatoms [6–8]. The 46 

combination of coordination chemistry with intermolecular interactions, provides a powerful 47 

method for creating supramolecular architectures from simple building blocks [9, 10]. 48 

In the last 10 years our research group has focused on the synthesis and 49 

characterization of the N-hydroxyalkylpyrazole, N-hydroxyalkyl-3,5-dimethylpyrazole and 50 

N-hydroxyalkylpyridylpyrazole ligands [11–15]. Recently, we have been interested in the 51 

design of new systems of N-pyrazolether and exploring their ability as potential host 52 

molecules for future industrial applications [16–20]. 53 

In this paper, we present the synthesis and the solid state structure analyses of 1,2-54 

bis[4-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxobutyl]benzene (L) (Scheme 1). The molecules 55 

in the crystal packing are arranged in couples, across inversion centres, by means of weak 56 

intermolecular O–H···N and C–H···N bonding interactions. 57 

 58 

 59 
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2. EXPERIMENTAL SECTION 66 

Materials and Measurements 67 

The reactions were carried out under nitrogen atmosphere using vacuum line and 68 

Schlenk techniques. All solvents were dried and distilled according to standard procedures 69 

and stored under nitrogen [21]. Crystals of title compound (L), suitable for X-ray diffraction, 70 

were obtained by slow evaporation of a solution in dichloromethane/diethyl ether (1:1) at 71 

293 K. The data were collected using a MAR345 diffractometer with a image plate detector. 72 

Unit-cell parameters were determined from 121 reflections (3 < θ < 31°) and refined by least-73 

squares method. Intensities were collected with graphite monochromatized Mo 74 

Kα radiation. 11,349 reflections were measured in the range 1.60 ≤ θ ≤ 32.29°, 6,119 of 75 

which were non-equivalent by symmetry (Rint(on I) = 0.030). 4,135 reflections were 76 

assumed as observed applying the condition I > 2σ(I). Lorentz-polarization but no absorption 77 

corrections were made. 78 

The structure was solved by Direct methods, using SHELXS97 computer program 79 

[22], and refined by fullmatrix least-squares method with SHELXL97 computer program 80 

[23] using 11,349 reflections, (very negative intensities were not assumed). The function 81 

minimized was ∑𝑤𝑤 FO2 - FC22 where x = [σ2(I) + (0.0934P)2]-1, and P = (FO2 82 

+ 2FC2)/3. 2 H atoms were located from a difference synthesis and were refined with an 83 

isotropic temperature factor and 30 H atoms were computed and refined, using a riding 84 

model, with an isotropic temperature factor equal to 1.2 time the equivalent temperature 85 

factor of the atom which are linked. Table 1 illustrates the crystal data and structure 86 

refinements of L. 87 

Melting point was measured on a Electro-thermal 1A8104 melting point apparatus. 88 

Elemental analyses (C, H, N) were carried out by the staff of Chemical Analyses Service of 89 

the Universitat Autònoma de Barcelona on a Carlo Erba CHNS EA-1108 instrument. 90 

Infrared spectra were run on a Perkin-Elmer FT spectrophotometer, series 2,000 cm-1 as KBr 91 

pellets or polyethylene films in the range 4,000–600 cm-1. 1H, 13C{1H}, and HMQC spectra 92 

were recorded on an NMR-FT Bruker AC-250 MHz spectrometer in [D]chloroform solution 93 

at room temperature. All chemical shifts values (δ) are given in ppm. Mass spectrum was 94 

obtained with an Esquire 3000 ion trap mass spectrometer from Bruker Daltonics. 95 
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Synthesis of C22H30N4O2·H2O (L) 96 

A solution of 2.80 g (0.020 mol) of 1-(2-hydroxyethyl)-3,5-dimethylpyrazole [24] in 97 

50 mL of tetrahydrofuran was slowly added to a suspension of 0.53 g (0.022 mol) of NaH in 98 

10 mL of tetrahydrofuran. The solution was stirred at 60 °C for 2 h. 2.75 g (0.010 mol) of 99 

α,α’-dibromo-o-xylene in 10 mL of tetrahydrofuran were the added dropwise and under 100 

vigorous stirring. The resulting mixture was allowed to stir for 12 h at 60 °C. After cooling 101 

to room temperature, 10 mL of water were added dropwise in order to destroy excess NaH. 102 

The solvents were then evaporated under reduced pressure. The residue was taken up in 103 

water (40 mL) and extracted with chloroform (3 x 50 mL). The chloroform layers were dried 104 

with anhydrous MgSO4 and evaporated. The crystals were obtained by the slow evaporation 105 

of a solution in dichloromethane/diethyl ether (1:1) at 293 K. 106 

Yield: 2.60 g (65%). Mp: 68.7–69.9 °C. (C22H30N4O2·H2O): Anal. Calc.: C, 65.98; 107 

H, 8.05; N, 13.99; Found: C, 65.72; H, 7.94; N, 13.67%. MS(ESI): m/z (%) = 383 (100) [L 108 

+ H]+. IR (KBr, cm-1): 3,454 ν (O–H), 3,129 ν (C–H)ar, 2,986, 2,865 ν (C–H)al, 1,623 d(O–109 

H), 1,556 (ν (C=C), ν(C=N))ar, 1,422 (δ(C=C), δ (C=N))ar, 1,104 ν (C–O–C), 754 δ (C–110 

H)oop. 1H NMR ([D]chloroform solution, 250 MHz) δ: 7.21 [4H, br, Ph], 5.81 [2H, s, 111 

CH(pz), 4.40 [4H, s, OCH2Ph], 4.15 [4H, t, 3J = 5.8 Hz, NpzCH2 CH2O], 3.68 [4H, t, 3J = 112 

5.8 Hz, NpzCH2CH2O], 2.28 [s, 12H, CH3(pz)] ppm. 13C{1H} NMR ([D]chloroform 113 

solution, 63 MHz,) δ: 147.5 (pz-C), 140.3 (pz-C), 136.9-128.5 (Ph), 105.9 (CH(pz)), 73.7 114 

(OCH2Ph), 69.1 (NpzCH2 CH2O), 49.2 (NpzCH2CH2O), 12.5 (CH3(pz)), 11.4 (CH3(pz)) 115 

ppm. 116 

 117 

 118 
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3. RESULT AND DISCUSSION 120 

The synthetic route for the preparation of the ligand 1,2-bis[4-(3,5-dimethyl-1H-121 

pyrazol-1-yl)-2-oxobutyl]benzene (L) consists of two steps (Scheme 1). The 1-(2-122 

hydroxyethyl)-3,5-dimethylpyrazole was reacted with NaH in dry tetrahydrofuran to give 123 

the sodium alkoxide. This sodium salt was converted to ligand L, by reacting it with α, α’-124 

dibromo-o-xylene in dry tetrahydrofuran. For L it has been possible to obtain colourless 125 

monocrystals suitable for X-ray analysis through crystallization from a 126 

dichloromethane/diethyl ether (1:1) mixture. 127 

The ligand has been fully characterized by melting point, elemental analysis, mass 128 

spectrometry, IR, 1H, 13C{1H} NMR spectroscopies and X-ray crystal structure. The NMR 129 

signals were assigned by reference to the literature [25] and from COSY and HMQC NMR 130 

experiments. Elemental analysis, mass spectrometry and all spectroscopic data are consistent 131 

with the proposed structure. The most characteristic bands in the IR spectra are those 132 

attributable to the ether (ν(C–O–C)) and pyrazolyl groups (ν (C=C), ν (C=N), δ (C–H)oop) 133 

[25]. A strong and welldefined band at 3,454 cm-1 it is also observed, which corresponds to 134 

ν (O–H) and it is generally associated to coordinated water molecules [26]. In the NMR, at 135 

room temperature, the signals attributable to CH group of the pyrazole ring appear at (δ (1H) 136 

= 5.81 and δ (13C{1H}) = 105.9 ppm). 137 

The ORTEP [27] view of compound L is shown in Fig. 1. Selected bond lengths and 138 

bond angles are presented in Table 2. The crystal structure, which lies on a crystallographic 139 

inversion centre, consists of one dimeric molecule formed by two ligands and two molecules 140 

of water (Fig. 2). The two potentially active H atoms (water molecules) are engaged in 141 

intermolecular bonds with the lone-pair of the N atom of the pyrazolyl group of L, which 142 

acts as a bidentate bridge ligand. Each pair of pyrazole rings of the molecule L are almost 143 

perpendicular to each other (interplanar angle of 77(9)°) and one of them coplanar to the 144 

benzene groups (interplanar angle of 4(1) °). The distance between two consecutive oxygen 145 

atoms (OW1) in the macrocycle is 14.483(4) Å . Moreover, the aromatic rings are parallel 146 

planar but do not overlap (their centroids are displaced by over 4 Å ), and therefore exhibit 147 

evidence of very slight intramolecular π–π interaction in the solid state. However, in this 148 
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system, the free ether moieties can be envisaged to be applied in host–guest chemistry 149 

because of the similarity with the hetero-crown ether [28, 29]. 150 

A detailed examination of the crystal packing (Fig. 3) revealed that each dimeric unit 151 

is linked to two neighbouring molecules, which all are in the same plane, via four C–H···N 152 

intermolecular bonding (2.721(2) Å  ). This intermolecular interaction leads to the formation 153 

of a one dimensional infinite chain, running approximately along the b axis. The X–H···N 154 

(X = C or O) intermolecular contacts can be considered as ‘‘weak’’ on the basis of the contact 155 

distances and angles reported by Steiner [30]. The details of the hydrogen bonding 156 

interactions are given in Table 3. 157 

 158 

 159 

 160 

 161 

  162 
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CONCLUSION 163 

In summary, we have synthesized the 1,2-bis[4-(3,5-dimethyl-1H-pyrazol-1-yl)-2-164 

oxobutyl]benzene (L) ligand. The X-ray analysis reveals that L adopts a pseudo chair 165 

conformation. The ligand is arranged in couples by means of intermolecular O–H···N 166 

hydrogen bonding interactions. The extended structure shows a 1D chain caused by several 167 

weak C–H···N intermolecular interactions. 168 

 169 

 170 

 171 
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Table 1 Crystal data and refinement parameters for the compound C22H30N4O2·H2O (L) 243 

 244 

 245 

  246 
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Table 2. Selected bond lengths (Å), bond angles (°) and torsion angles (°) for the compound 247 

C22H30N4O2·H2O (L) 248 

 249 

 250 

  251 
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 252 

Table 2. continued 253 

 254 

 255 

 256 
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Table 3. Distances (d, Å ) and angles (     , °) related to hydrogen bonding in the compound 258 

C22H30N4O2·H2O (L) 259 

 260 

 261 

 262 

 263 

 264 

 265 
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Figures Captions 267 

Scheme 1. Synthesis of the ligand (L) 268 

Figure 1. ORTEP diagram of ligand L showing atom labelling scheme. 50% probability 269 
amplitude displacement ellipsoids are shown. Hydrogen atoms are omitted for clarity. See 270 
Table 2 for selected bond lengths, bond angles and torsion angles 271 

Figure 2. View of the supramolecular architecture of the L units generated by intermolecular 272 
O–H N bonding interactions. The hydrogen atoms have been omitted for clarity. O–H N 273 
bonding interactions are indicated with dashed lines. See Table 3 for selected bond lengths 274 
and bond angles 275 

Figure 3. A vision of the threedimensional ordering of the L units. O–H···N bonding 276 
interactions are indicated with dashed lines 277 
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Scheme 1 279 
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Figure 1 285 
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Figure 2 291 
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Figure 3 296 
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