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29 Abstract: To make low-cost catalytic materials that mimic the activity of tyrosinase enzymes
30 (Catechol oxidase) is an exciting challenge of biochemical technology. Herein, we report the
31 synthesis of a series of acylhydrazone-pyrazoles based biomolecule materials (L1-L7) with superior
32 catecholase activity. These biomolecules were synthesized by a one pot chemical condensation

33 between 5-methyl-1H-pyrazole-3-carbohydrazide and benzaldehyde derivatives. The X-ray single
34 crystal diffraction (XRD) for two ligands L1 and L2 have been studied and the molecular structures
35 were optimized and confirmed using the density functional theory (DFT/B3LYP) method. Copper
36 (I) complexes of the biomolecules (L1-L7), generated in-situ, and were studied for their catalytic
37 activities towards the oxidation reaction of catechol to ortho-quinone according to two parameters:
38 the nature of the ligand and the nature of counter anion. The L7-CuSOs was found to have an
39 excellent catalytic activity (105.42 pmol-'""'min™') among the catalysts recently reported in the
40 existing literature.

41 Keywords: Acylhydrazone; Pyrazole; X-ray crystallography; DFT/B3LYP; Catecholase activity.
42

43 1. Introduction

44 Copper has been known as an essential bioelement; its biological role(s) has been renowned
45  only in the last decades due to: (i) the rapid evolution of bioinorganic chemistry, (ii) a succeed
46  interaction between model complexes and (iii) protein biochemistry [1-4]. Especially, copper
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47  containing metalloproteins have attracted a lot of attention in bioinorganic chemistry for their
48  Dbiological catalytic activity and their property of reversibly binding and activating dioxygen [5-8].
49 The oxidation of organic substrates with molecular oxygen under sweet conditions is of wide
50 interest for industrial and synthetic processes both from a biochemical, economical and
51  environmental point of view. The synthesis and investigation of functional model complexes for
52  metalloenzymes with catechol oxygenase or catechol oxidase activity is therefore of great promise
53  for the development of new and efficient catalysts for oxidation reactions [9]. Two major enzymes
94 play the key role in these reactions, catechol dioxygenases and catechol oxidases. Most functional
95 mimics of catechol oxidase are mono- or dinuclear Cu(Il) complexes [10-15].

56 Accordingly, aroyl hydrazones are rather interesting as they present a combination of donor
57  sites, such as a protonated/deprotonated amide oxygen atom, imine nitrogen atom of the hydrazone
58  moiety and an additional donor site (usually N or O) provided from the aldehyde or ketone forming
59  the Schiff base [16-19]. Nowadays, hydrazones form large variety of complexes with chemical,
60  structural, biological and industrial importance [20-24].

61 On the other hand, pyrazole derived metal ion complexes have been widely studied in recent
62  years owing to their high diversity of biological activity, ranging from antioxidant, antibacterial,
63 antitumoral, and antiamoebic activities [25-30]. Great interest is also shown in catechol oxidase
64  model complexes containing pyrazole ligands [31-35].

65 In continuation of our recent work in this field [36], we report herein the synthesis and the
66  characterization of more active biomolecules based on new acylhydrazone-pyrazole ligands. DRX
67  analysis, DFT calculations and catechol oxidase activity of the synthesized compounds were studied.
68  All parameters that can affect the catalytic activity were investigated.

69  2.Results and discussion

70 2.1. Synthesis and characterization

71 The hydrazones described here were facilely synthesized according to the procedures outlined
72 in Scheme 1. Commercially disposable aldehydes were refluxed in absolute ethanol with the
73 5-methyl-1H-pyrazole-3-carbohydrazide (2) during 2-5 h. The reaction was followed by TLC until
74 completion. The solution was then cooled to room temperature and the resulting precipitate was
75 collected by filtration to provide the corresponding hydrazones in excellent yield (Table 1).

76 The structures of all compounds were confirmed based on their spectroscopic data ("H-NMR,
77 BC-NMR, FT-IR, and ESI-MS).

O H
R1 R1
H3C H3C R H3C,
= — H ® — H
a R Y
N, 2B HI\?\_/>\WN\NH2 - . HN, A NN R2

N N b N
78 1 2 L1-L7
79 Scheme 1. The synthetic routes of compounds L1-L7, Reagents and conditions: (a) hydrazine

80  hydrate (80%), ethanol, reflux 5h; (b) ethanol, acetic acid, reflux, 2-5 h.

81 Table 1. Synthesis and characterization data of the compounds L1-L7.

Compounds Ri Re Rs Molecular formula Mr (g/mol) Yield (%) M.p (°C)

L1 H NO: H C12H11Ns0s 273.25 84 283-285
L2 Cl H H C12H10CIN«O 297.14 95 258-260
L3 H Br H C12H10BrN4O 307.15 80 300-302
L4 H d H C12H10CIN4O 262.69 64 301-303
L5 H F H C12H10FN4+O 246.24 75 310-312
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L6 OH H OCHs C12HuBrN4O2 323.15 63 254-256
L7 H CHs H CisHuaN4O 242.28 59 292-294
82  2.2. X-Ray Crystal Structure Description
83 The compounds L1 and L2 were analyzed by X-ray diffraction. Refinement parameters and

84  crystal data are listed in Table 2. Supplementary data are deposited at CCDC under deposition
85  numbers 1583324 and 1583326.

86 Figures 1 and 2 show the symmetric unit of L1 and L2, respectively. The selected bond lengths
87  and bond angles and hydrogen bonds are listed in Table S1 and S3 in the supplementary materials.
88  All the bind lengths and angles are in normal ranges. In the crystal structures, the pyrazole ring
89  (N1/N2/C2-C4) makes diheadral angle with the phenyl ring (C7-C12) 28.45° and 6.69° in L1 and L2,
90  respectively. The presence of the para nitro group in L1 makes the phenyl ring more out of the plane
91  of the pyrazole ring, in respect to the ortho chloro substitution in L2. In the crystal packing, L1
92  molecules are linked via two intermolecular hydrogen bonds between N1—HIN1--Oli and
93 C11—H11A--N2ii, Symmetry codes: (i) x, y-1, z; (ii) x-1, y+1, z (Table 52). On the other hand, the L2
94  molecules are arranged together by three hydrogen bonds between N3—HIN3--N2i,
95  N1—HIN1--Olii and C6—H6A--N2i, Symmetry codes: (i) -x+1, y, —z+3/2; (ii) x+1/2, —y+3/2, z+1/2
96 (Table S4).

N I
97 v o
98 Figure 1. Asymmetric unit of L1 (CCDC 1583324).

é \
99 o1
100 Figure 2. Asymmetric unit of L2 (CCDC 1583326).

101 Table 2. Refinement parameters and crystal data for L1 and L2.

CCDC Deposition Number L1: 1583324 L2: 1583326
Molecular Formula C12HuNsO3 C12H10CIN4O
Molecular Weight 273.26 262.70
Crystal System Triclinic Monoclinic

Space Group P1 C2/c
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a(A) 4.6957 (3) 12.6881 (14)
b (A) 7.2287 (4) 16.905 (2)
c(A) 9.8261 (7) 13.073 (2)
a () 104.084 (3) 90.0
B () 90.848 (3) 115.330 (4)
v (°) 107.980 (3) 90.0
V (A3 306.25 (3) 2534.6 (6)
zZ 1 8
Dealc (Mg-m™3) 1.482 1.377
Crystal Dimension (mm) 0.31x0.29 x0.14 0.55x0.14 x 0.13
K (mm) 0.11 0.30
Tmin/ Tmax 0.966, 0.984 0.855, 0.963
Measured Reflections 10086 27408
Indices Range (h, k, 1) -6/6, -9/9, -12/12 -16/16, -21/21, -16/16
0 Limit (°) 2.2-27.5 2.2-27.5
Unique Reflections 2795 2912
Parameters 190 172
Goodness of Fit on F2 1.04 1.02

Ri,wR: [I > 20(I)]

0.0572,0.124

0.0546, 0.141

2.3. Computational studies

The optimized geometry of compounds L1 and L2 were been obtained at B3LYP/6-31G* level.
Some optimized geometric parameters are also listed in Figure 3 and Tables 3, 4 and 5.

Figure 3. Optimized geometry of L1 and L2.

The actual and optimized bond lengths and bond angles obtained by X-ray crystallographic
study as well as by geometry optimization at B3LYP/6-31G level of theory of structure L1 and L2 are
reported in Table 4 and table 5 succefly.

In case of X-ray structure of compound L1, the observed bond lengths of N1-N2, N1-C2 and

N2-C4 bonds in five membered pyrazole ring are 1.340 (3) A, 1.338 (4) A and 1.327 (4) A respectively.
The calculated bond lengths, through DFT method, of same pyrazole ring, are 1.342A, 1.364A and
1.335A respectively, which are very close to the actual values. From Table 2, it is clear that actual C-C
and C-H bond lengths are also in close agreement with calculated values. The calculated bond
angles for N2N1C2, N4N3C5 and O1C5N3 bond angles of L1 are 114.34, 120.66and 123.16°
respectively, which are close to corresponding actual angles obtained from X-ray. The actual values
of above bond angles are 113.7 (2), 119.4 (2) and 123.3 (2) ° respectively.

In case of X-ray structure of compound L2, the observed bond lengths of CI1-C12, O1-C5 and
N2-C4 in the pyrazole derivative are 1.738 (3) A, 1.219 (3) A and 1.332 (3) A respectively. The
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119  calculated bond lengths, through DFT method, of same bond lengths, are 1.768A, 1.213A and 1.335A
120  respectively, which are very close to the actual values. The calculated bond angles for N2N1C2,
121  N1N2C4 and O1C5N3 bond angles of L2 are 114.31, 104.03 and 123.49° respectively, which are close
122 to corresponding actual angles obtained from X-ray. The actual values of above bond angles are
123 113.1(2), 103.9 (2) and 123.6 (2)° respectively (Table 4).

124 Table 3. Selected structural parameters by X-ray and theoretical calculations of L1.

Bond Experimental Calculated Bond Angle  Experimental Calculated
Length (A) Bond Lengths Bond Lengths © Bond Angles  Bond Angles
01-GC5 1.213 (3) 1.212 N2—N1—-C2 113.7 (2) 114.34
02—N5 1.213 (4) 1.231 N1—N2—C4 103.5 (2) 104.01
O3—Nb5 1.224 (4) 1.232 N4—N3—-C5 1194 (2) 120.66
N1—N2 1.340 (3) 1.342 N3—N4—C6 116.8 (2) 118.00
N1—C2 1.338 (4) 1.364 02—N5—03 123.9 (3) 124.56
N2—C4 1.327 (4) 1.335 N2—C4—C3 1122 (3) 111.35
N3—N4 1.360 (3) 1.346 N2—C4—-C5 120.8 (2) 119.04
N3—C5 1.360 (3) 1.401 N3—-C5—C4 115.2 (2) 112.12
N4—Cé6 1.275 (3) 1.285 0O1—C5—N3 123.3 (2) 123.16
N5—C10 1.471 (4) 1.468 01-C5—-C4 121.6 (2) 124.71

125 Table 4. Selected structural parameters by X-ray and theoretical calculations of L2.

Bond Experimental Calculated Bond Angle Experimental Calculated
Length (A) Bond Lengths = Bond Lengths ©) Bond Angles  Bond Angles
Cl1-C12 1.738 (3) 1.768 N2—N1-C2 113.1 (2) 114.31
01-C5 1.219 (3) 1.213 N1—-N2—-C4 103.9 (2) 104.03
N1—-N2 1.350 (3) 1.344 N4—N3—-C5 118.9 (2) 120.82
N1—-C2 1.348 (4) 1.364 N3—N4—C6 115.0 (2) 117.39
N2—-C4 1.332 (3) 1.335 N2—-C4—-C5 122.0 (2) 119.08
N3—N4 1.380 (3) 1.351 N3—-C5—-C4 115.3 (2) 112.11
N3—-C5 1.350 (3) 1.397 01—-C5—N3 123.6 (2) 123.49
N4—Co 1.275 (3) 1.285 01-C5—-C4 121.1 (2) 124.40
126
127 The total energy, energy of HOMO and energy of LUMO, as well as other parameters for

128  structures L1 and L2 are obtained theoretically and listed in Table 5. The HOMO and LUMO
129  electrons density distributions of L1 and L2 are given in (Figure 4 and 5). After the analysis of the
130  theoretical results obtained, we can say that the molecules L1 and L2 have a non-planar structure.

131 The analysis of the wave function indicates that the energy space between the molecular orbit
132 HOMO and LUMO determines the chemical stability and the electrical transport properties of the
133 molecule. The red and green colors of the molecular orbital ridge respectively represent the positive
134  and negative phases. The HOMO of L1 shows the charge density localized on the
135  4-nitrobenzaldehyde ring, but LUMO is characterized by a charge distribution on the hydrazone
136  function, indicating that this moiety can influence the electron transition. The HOMO of L2 has a
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137  localized charge density on the pyrazole and hydrazone function, but LUMO is characterized by a
138  charge distribution on the 2-chlorobenzaldehyde ring and the hydrazone function. The energy
139  difference between HOMO and LUMO of L1 and L2 is about 3.04 and 6.01 eV respectively. The
140  energy of the smaller band space increases the stability of the molecule. The molecular boundary
141  orbitals of L1 and L2 (HOMO-LUMO) are shown in Figures 4 and 5.

142 Table 5. Calculated energies of L1 and L2.
Molecular Energy(a.u) L1 L2
TE (eV) -26209.0 -33150.1
Enomo(eV) -6.5021 -6.2047
ELumo(eV) -3.4611 -0.1918
Gap AE(eV) 3.0410 6.0129
u(D) 11.2421 5.3366
143
144 We also studied the HOMO-LUMO gap of L1 and L2 to discover their reactivity towards the

145 catechol oxidation reaction. We found that the complex formed in-situ with L1 (3.04 eV) has a lower
146 HOMO-LUMO difference compared to the L2 complex (6.01 eV). It proves that the ligand L2 is more
147  reactive with respect to the oxidation of catechol with respect to the ligand L1. On the other hand,
148  the calculated HOMO energies are respectively -6.50, -6.20 eV for the ligand L1 and L2. It shows that
149  the HOMO orbital is strongly stabilized in L2 and ready to accept an electron, which facilitates the
150  catechol oxidation reaction. Thus, the oxidation tendency of catechol (L2>L1) is very consistent with
151  our experimental observation.
F) ELumo = -3.46eV
9 H ?
>

3'43

A
i AE=3.04eV

% |

9 ? i

’

I Enomo =-6.50eV
152 Figure 4. HOMO-LUMO energy diagram of L1.

153
154
155
156
157
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AE=6.01eV
Enomo =-6.20e.V
158 Figure 5. HOMO-LUMO energy diagram of L2.
159  2.4. Catecholase activity: spectrophotometric study
160 The catechol oxidation reaction catalysed by the different copper complexes is studied by

161  following the concentration of O-quinone produced using a UV-Vis spectrometer. This study is
162  performed by monitoring the high absorption peak of o-quinone resulting from the catalyzed
163  reaction (Scheme 2). The copper complex is obtained in situ [31] by mixing the copper salt and the
164  ligand just before the introduction of the catechol solution. All of these solutions are placed together
165  in the spectrophotometer cell at 25 ° C. Thus, the formation of o-quinone is followed by the increase
166  of the absorbance at 390 nm as a function of time (Figure 6).

120, H,0
o e
OH > O
RT
Catechol Ligand/Metal ortho-Quinone
167 (L1—L7)/Cu
168 Scheme 2. Catecholase reaction.

0,8 1

Abs. of o-quinone

06 -
8
&
£ oa;
3
<
02 Catechol
0 = = —_———
305 355 405 455 505 555
169 Wavelength (nm)
170 Figure 6. Increase of o-quinone band at 390 nm after addition of L3 and CuSOa.
171 The variation of the absorbance as a function of time for each ligand and with different copper

172 salts is presented in the curves of Figure 7.
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173 Figure 7. Plot of absorbance vs time for the oxidation of catechol catalyzed by copper complexes
174 formed with different ligands (L1-L7) and copper salts.
175 All cures exhibit an increasing absorbance in the time indicating that all of ligands are

176  catecholase activity. On the other hand, we can note that the curves are not exactly identical which
177  shows a difference in the catalytic activity.

178 The calculated catecholase activity of differentes ligands with different copper salts were
179  presented in Table 6.

180 Table 6. Catecholase activity of complexes in methanol (umol.L-*.min"!) with different copper salts.

Ligand / Metallic salt Cu(NO:3)2 CuCl2 Cu(CHsCOO): CuSO4
L1 23.96 9.59 9.59 62.29
L2 19.17 14.38 23.96 67.09
L3 4.79 43.13 47.92 100.63
L4 9.59 19.17 43.13 95.84
L5 33.54 52.71 67.09 100.63
L6 28.75 23.96 9.59 81.46
L7 19.17 76.67 4.79 105.42
181
182 From the results of the Table 6, we can note that all the ligands have a considerable catalytic

183  activity. Indeed, a maximum activity of about 100 + 5 umol.L-.min" is obtained for the L3[CuSOx4],
184  L4[CuSOs4], L5[CuSO4] and L7[CuSOs] complexes. Low activity values of 4.79 umol.L-1.min! are
185  obtained for the L3[Cu(NOs)2] and L7[Cu(CHsCOO):] complexes. The rate of oxidation appears to be
186  influenced by the ligand and copper salt parameters. The effect of ligand nature on oxidation rate is
187  less important for Cu(NOs): salt because mean absolute deviation is lower than 7.6. However, in the
188  cases of CuCl2 and Cu(CHsCOO),, the effect is more important because mean absolute deviation is
189  quite high than 19.9.

190 The effect of changing the copper salts on the oxidation rate is not the same for different
191  ligands. The salt which gives the highest reaction rate is CuSOs salt and the one which gives the
192 lowest rate is Cu(NOs)2. The effect of the copper salt can be explained by a difficulty in the formation
193  of the L[Cu] complex. Indeed, ions such as NOs and CHsOO- can form stronger bonds with Cu?*
194  which can prevent the formation of complexes.

195 The ligand L2 with a radical (Cl) in position (R1) ortho of the phenyl gives an activity lower
196  than the ligand L4 which has a radical (Cl) in position (R2) para of the phenyl. This result can be
197  explained by a steric hindrance effect of the radical in the position (R1) ortho and which can prevent
198  the formation of the copper complex. It is also possible that the formed complex has a geometry that
199  is not adapted to the substrate. We can notice the same observation for the ligand L6 which gives a
200  low rate reaction since it also has an (OH) radical in the ortho position of the phenyl.


http://dx.doi.org/10.20944/preprints201801.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 January 2018 d0i:10.20944/preprints201801.0260.v1

10 of 16

201 The L3, L4 and L5 ligands differ by the R2 radical, such as Cl, Br and F respectively. It is noted
202  that, with the exception of L5, the L3 and L4 ligands give similar activities. These activities remain
203  lower than those obtained by L5. This difference may be due to the electronegativity values of these
204  halogens. On the one hand for fluoride, the high electronegativity gives a better activity of the
205  complex. On the other hand, Cl and Br have neighboring electronegativities that give similar
206  activities. This is explained by the stability of the ligands by mesomeric effect in the case of
207  electronegative radicals.

208  2.5. Comparison with Alternative Catalysts

209 Table 7 attests the catalytic activity by recent catalysts reported in the literature. It is clear that
210 the acylhydrazone-pyrazole derivatives, in particular ligand L7, described in this work present
211  better values and higher activity for the effective aerobic oxidation of the catechol into o-quinone. To
212 our knowledge, the catalytic activity observed for ligand L7 (105.42 pmol.L-".min") is the most
213  important among the catalysts described in the literature. This best catalytic activity is probably due
214 to the stability of corresponding copper complex (catalyst) favored by the intense coordination
215  bonds of the Schiff base.

216 Table 7. Comparison of the catalytic activity of various catalysts toward oxidation of the
217 catechol into o-quinone, established in the same conditions, as given in previous literature.

Cu(II) Salt Oxidation Rate

Cu(I)-Ligands Used (umol-L-min-1) Ref.
Ligand L7 CuSOs 105.42 -
bipyrazolic tripode-3-hydroxypropyl CuCl2 4.378 [31]
bipyrazolic tripode-4-hydroxyphenyl CuCl 1.458 [32]
C,N-bipyrazole Cu(CHsCOO):2 4.440 [34]
(3,5-d1methyl-pyraz.ol-1'-y}methyl)—ammo]—p CuSOs 8.710 [35]
ropionitrile
N —(dlphenylmethylene)—5—ph?nyl-1H—pyraz CuSOs 79920 [36]
ole-3-carbohydrazide
bipyrazolic tripode-prop-2-ylacetate Cu(CHsCOO):2 11.825 [37]
bipyrazolic tripode-3-hydroxypropyl CuSOs 28.990 [38]
indole-3-chalcone Cu(CHsCOO)2 31.780 [39]
218 3. Conclusions
219 In this work, we report the synthesis of seven new acylhydrazone-pyrazoles based biomolecule

220  materials (L1-L7), with superior catecholase activity, in excellent yields. L1 and L2 structures were
221  investigated by X-ray single crystal diffraction (XRD). The theoretical calculations of L1 and L2
222 through the density functional theory (DFT/B3LYP) method well supported the experimental
223  findings. Ligands (L1-L7) and different Cu(Il) salts demonstrate an efficient activity to catalyze the
224 aerobic oxidation of the catechol into o-quinone compared to others recent catalysts described in the
225  literatures. Interestingly, ligand L7 exhibits an extremely high rate of oxidation, attaining 105.42
226  pmol.L-L.min?, which is, to our knowledge, the best catalytic activity among the reported catalysts.
227  Cu(ll) ligand complexes were generated in-situ and the results obtained show that the oxidation
228  depend highly on two parameters: the nature of the ligand and the nature of salts. The results
229  suggest that these new materials have potential for the oxidation of the catechol into o-quinone, thus
230  opening important perspectives.

231 4. Experimental Section

232 4.1. Materials and physical measurements
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233 Melting points were measured using a Biichi B-545 digital capillary melting point apparatus
234  and used without correction. Reactions were checked with TLC using aluminum sheets with silica
235  gel 60 F254 from Merck. UV-visible (UV-vis) absorption spectra were recorded using a Perkin Elmer
236  Lambda 35 ES UV/VIS spectrophotometer using quartz cuvettes of 1 cm pathlength. Spectra IR were
237  recorded on a Perkin-Elmer VERTEX 70 FT-IR spectrometer covering field 400-4,000 cm. The
238  spectra of ITH NMR and *C NMR were recorded in solution in DMSO-ds on a Bruker spectrometer
239 (300 MHz). The chemical shifts are expressed in parts per million (ppm) by using tetramethylsilane
240 (TMS) as internal reference. The multiplicities of the signals are indicated by the following
241 abbreviations: s, singlet; d, doublet; t, triplet; q, quadruplet; and m, multiplet, and coupling
242  constants are expressed in Hertz. Mass spectra were collected using an AB Sciex API 3200
243  LC/MS/MS system, equipped with an ESI source. The chemical reagents used in synthesis were
244 purchased from Fluka, Sigma and Aldrich.

245 4.2. Synthesis

246 The synthesis of the intermediate and target compounds was performed according to the
247  reactions outlined in Scheme 1. The new ligands (L1-L7) were synthesized and characterized
248  according to the reported literature method [36, 40, 41].

249 General procedure for the preparation of N'-[(aryl)methylene]-5-methyl-1H-pyrazole-4-carbohydrazides
250  (L1-L7): To a solution of 5-methyl-1H-pyrazole-3-carbohydrazide (2) (1 mmol) in 10 mL of ethanol
251  was added an equimolar amount of the appropriate benzaldehyde derivative in the presence of
252 acetic acid. The mixture was maintained under reflux for 2 h, until TLC indicated the end of reaction.
253  Then, the reaction mixture was poured in cold water, and the precipitate formed was filtered out
254  washed with ethanol and recrystallized from ethanol.

255  N'-(4-nitrobenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (L1): Yield 84% (solid), M.p. 283-285°C;
256 IR (ATR, v(cm?)) : 3320 (NH), 1681 (C=0), 1512 (N=CH) ; 'H-NMR (300 MHz, DMSO-ds, d(ppm)): d =
257  2.28 (s,3H, CHs), 6.44 (s, 1H, H-pyrazole), 7.90 (d, ] = 8.7 Hz, 2H, H-Ar), 8.27 (d, , ] = 8.7 Hz, 2H,
258  H-Ar), 858 (s, 1H, -CONH),11. 92 (s, 1H, N=CH), 13.13 (s, 1H, NH-pyrazole); *C NMR: (300MHz,
259  DMSO-ds, d (ppm)): 10.77 (CHs), 105.52 (CH, C4-pyrazole), 124.25 (CH, C3-Ar), 128.33 (CH, C2-Ar),
260  140.71 (C, C1-Ar), 141.40 (C, C3-pyrazole), 145.11 (CH, N=CH), 146.01 (C, C5-pyrazole), 148.14 (C,
261  C-NO»).;159.10 (C, C=0); MS: m/z = 274.1 (M+H)".

262  N'-(2-chlorobenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (L2): Yield 78%, M.p. 258-260°C; IR
263  (ATR, v(cm)) : 3182 (NH), 1665 (C=0), 1552 (N=CH) ; 'HNMR (300 MHz, DMSO-ds, d(ppm)): d =
264  2.27 (s, 3H, CHs), 6.49 (s, 1H, H-pyrazole), 7.39 - 7.99 (m, 4H, H-pyrazole), 8.90 (s, 1H, -N=CH), 11. 92
265 (s, 1H, -CONH), 13.09 (s, 1H, NH-pyrazole) ; 3C NMR: (300MHz, DMSO-ds, d (ppm)): 10.77 (CHa),
266  105.40 (CH, C4-pyrazole), 127.31 (CH, C5-Ar), 128.01 (CH, C6-Ar), 130.34 (C, C3-Ar), 131.70 (C,
267  C4-Ar), 13241 (C, C1-Ar), 133.57 (C, C2-Ar), 140.56 (C, C3-pyrazole), 143.65 (CH, N=CH), 146.16 (C,
268  C5-pyrazole), 159.05 (C, C=0); MS: m/z = 263.1 (M+H)*.

269  N'-(4-bromobenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (L3): Yield 80 %, M.p. 300-302 °C; IR
270  (ATR, v(ecm™?)) : 3296 (NH), 1677 (C=0), 1617 (N=CH); 'H-NMR (300 MHz, DMSO-ds, d(ppm)): d =
271 226 (s,3H, CHs), 6.49 (s, 1H, H-pyrazole), 7.42 (d, ] = 8.7 Hz, 2H, H-Ar), 7.61 (d, ] = 8.7 Hz, 2H,
272  H-Ar), 845 (s, 1H, CONH), 11.67 (s, 1H, N=CH) 13.09 (s, 1H, NH-pyrazole) ; 3C NMR: (300MHz,
273  DMSO-ds, d (ppm)): 10.76 (CHs), 105.36 (CH, C4-pyrazole), 123.48 (CH, C3-Ar), 129.28 (CH, C2-Ar),
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274 13228 (C, Cl-Ar), 134.32 (C, C4-Ar), 140.57 (C, C3-pyrazole), 146.27 (CH, N=CH), 146.36 (C,
275  C5-pyrazole), 158.91 (C, C=0). MS: m/z = 308.1 (M+H)".

276 N'-(4-chlorobenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (L4): Yield 64 %, M.p. 301-303 °C; IR
277 (ATR, v(cm?)) : 3397 (NH), 1677 (C=0), 1618 (N=CH); "H-NMR (300 MHz, DMSO-de, d(ppm)): d =
278 227 (s3H, CHs), 6.49 (s, 1H, H-pyrazole), 7.47 (d, J = 8.7 Hz, 2H, H-Ar), 7.68 (d, ] = 8.7 Hz, 2H,
279 H-Ar), 845 (s, 1H, CONH), 11.67 (s, 1H, N=CH) 13.09 (s, 1H, NH-pyrazole) ; *C NMR: (300MHz,
280  DMSO-ds, d (ppm)): 10.77 (CHs), 105.35 (CH, C4-pyrazole), 129.04 (CH, C3-Ar), 129.37 (CH, C2-Ar),
281 13398 (C, Cl-Ar), 13470 (C, C4-Ar), 14057 (C, C3-pyrazole), 146.27 (CH, N=CH), 147.23 (C,
282  C5-pyrazole), 158.91 (C, C=0). MS: m/z = 263.2 (M+H)*.

283  N'-(4-fluorobenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (L5): Yield 75 %, M.p. 310-312 °C; IR
284 (ATR, v(cm?)) : 3336 (NH), 1677 (C=0), 1619 (N=CH); "H-NMR (300 MHz, DMSO-ds, 8(ppm)): d =
285 227 (s,3H, CHs), 6.48 (s, 1H, H-pyrazole), 7.47 (d, ] = 8.7 Hz, 2H, H-Ar), 7.68 (d, ] = 8.7 Hz, 2H,
286  H-Ar), 8.46 (s, 1H, CONH), 11.59 (s, 1H, N=CH) 13.07 (s, 1H, NH-pyrazole) ; 3C NMR: (300MHz,
287  DMSO-ds, d (ppm)): 10.77 (CHs), 105.31 (CH, C4-pyrazole), 116.19 (CH, C3-Ar), 129.50 (CH, C2-Ar),
288  131.63 (C, C1-Ar), 140.55 (C, C3-pyrazole), 146.28 (CH, N=CH), 158.89 (C, C5-pyrazole), 161.80 (C,
289  C=0), 165.08 (C, C4-Ar). MS: m/z = 247.1 (M+H)".

290  N'-(4-hydroxy-3-methoxybenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (L6): Yield 65 %, M.p.
291  226-228°C; IR (ATR, v(cm)) : 3483 (OH), 3258 (NH), 1648 (C=0), 1590 (N=CH); "H-NMR (300 MHz,
292 DMSO-ds, d(ppm)): © = 2.26 (s,3H, CHs), 3.80 (5,3H, OCH:), 6.46 (s, 1H, H-pyrazole), 6.80 (d, J =
293 8.1 Hz, 1H, H-Ar), 7.00 (d, ] = 8.1 Hz, 1H, H-Ar), 7.26 sd, 1H, H-Ar), 8.33 (s, 1H, CONH), 9.51 (s, 1H,
294  OH), 11.38 (s, 1H, N=CH) 13.03 (s, 1H, NH-pyrazole) ; *C NMR: (300MHz, DMSO-ds, d (ppm)): 10.77
295  (CHs), 56.00 (OCHs), 105.20 (CH, C4-pyrazole), 109.20 (CH, C6-Ar), 115.86 (CH, C3-Ar), 122.43 (CH,
296  C2-Ar), 12642 (C, Cl-Ar), 148.20 (C, C3-pyrazole), 148.47 (CH, N=CH), 149.23 (C, C5-pyrazole),
297  149.85 (C, OCHz), 158.91 (C, OH), 158.91 (C, C=0). MS: m/z = 257.1 (M+H)".

298  5-methyl-N'-(4-methylbenzylidene)-1H-pyrazole-3-carbohydrazide (L7): Yield 59 %, M.p. 292-294 °C; IR
299 (ATR, v(cm?)) : 3224 (NH), 1654 (C=0), 1606 (N=CH); 'H-NMR (300 MHz, DMSO-de, d(ppm)): d =
300  2.26(s3H, CHs), 2.31 (s, 3H, CHs), 6.50 (s, 1H, H-pyrazole), 7.23 (d, ] = 8.1 Hz, 2H, H-Ar), 7.55 (d, ] =
301 8.1 Hz, 2H, H-Ar), 8.42 (s, 1H, -NH), 11.98 (s, 1H, N=CH) 13.10 (s, 1H, NH-pyrazole) ; 5C NMR:
302 (300MHz, DMSO-ds, o (ppm)): 11.06 (CHs), 21.48 (CHs), 105.27 (CH, C4-pyrazole), 127.42 (CH,
303 C2-Ar), 129.88 (CH, C3-Ar), 132.28 (C, C1-Ar), 140.13 (C, C1-Ar), 141.73 (C, C3-pyrazole), 146.95 (CH,
304  N=CH), 147.13 (C, C5-pyrazole), 158.80 (C, C=0). MS: m/z = 243.1 (M+H)".

305  4.3. X-ray Crystallographic Analysis

306 The compounds of L1 and L2 were obtained as single crystals by slow evaporation from ethanol
307  solution of the pure compound at room temperature. Data were collected on a Bruker APEX-II D8
308  Venture area diffractometer, equipped with graphite monochromatic Mo Ka radiation, A = 0.71073 A
309  at 296 (2) K, respectively. Cell refinement and data reduction were carried out by Bruker SAINT.
310  SHELXT was used to solve structure [42, 43]. The final refinement was carried out by full-matrix
311  least-squares techniques with anisotropic thermal data for no hydrogen atoms on F. CCDC 1583324
312  and 1583326 for L1 and L2, respectively. The supplementary crystallographic data for these
313  compounds can be obtained free of charge from the Cambridge Crystallographic Data Centre via

314 www.ccdc.cam.ac.uk/data request/cif.

315  4.4. DFT computational method
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316 The computational studies of compounds L1 and L2 were performed at the B3LYP/6-31G level
317  of theory using Gaussian 09 package programs [44, 45]. The optimizations geometries of L1 and L2

318  were performed using the Berny analytical gradient optimization method [46].

319  45. Catecholase activity measurement

320 Kinetic measurements were made spectrophotometrically on UV-Vis spectrometer, following
321  the appearance of o-quinone over time at 25 °C (390 nm absorbance maximum € = 1600 L.mol.cm!
322  in methanol [33]. The complexes were prepared in-situ by successively mixing 0.15 mL of a solution
323 (2 x10° M) of CuXz, nH20 (X = Cl;, NOs,, CHsCOO- or SOx), with 0.15 mL of a solution (2 x 10 M) of
324 ligand, then adding 2 mL of a solution of catechol at a concentration of 10 M.

325 Supplementary Materials: The following are available online at www.mdpi.com/link, Table S1: Selected
326 geometric parameters (A, °) for L1, Table S2: Hydrogen-bond geometry (A, °) for L1, Table S3: Selected
327 geometric parameters (A, °) for L2, Table S4: Hydrogen-bond geometry (A, °) For L2.
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