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Abstract

The high yield synthesis, characterization anddgial trials of a family of compounds containirng t
pyrazole core K)-3,5-dimethyl-1-(4R-phenyl)-4-(phenyldiazenyl)-1H-pyrazoles (wifR= 4-CHO
(1), 4-CH; (2), 4-H (3), 4-F @), 4-Cl (), 4-CF; (6), 4-CN (7), 4-NG; (8), 3-Cl (9), 3-NG; (10), 2-Cl

(11) and -GFs (12)) are reported. Hammett correlations were found tfte experimental and



theoretical computed data, showing the dependeinak thhe obtained results on the donor or acceptor
nature of the R substituent. In this sense, th@rgbisn wavelength does decrease as the electron-
withdrawing character of the substituent increaBasthermore, the wavelength intensity does foleow
Hammett correlation with the sigma donor characaiérthe substituents. The compounds were
characterized using MP, EA, UV-vis, FT-IRH-NMR, *C-NMR including bidimensional NMR
experiments (HMBC and HMQC). The structuregtpb and8 were successfully elucidated by means
of X-Ray diffraction. Pyrazole based dyes are knamwpharmacological areas. Therefore, biological
activity of all these structures were tested adaiaacer cell lines over a wide library of cellds(60),
including leukemia, colon and brain cancer, showiingt the compounds have anticancer activity,
which expands the knowledge of this kind of dyestaagets for this critical application. Finally,
guantum calculations were carried out in orderit@ @ rational explanation to the observed UV-vis
absorption bands and FT-IR signals. As shown, oissible to tune the molecular/electronic struetur

of the synthesized dyes by means of changing theukRtituent in the structure.

Introduction

Pyrazole based dyes are fascinating compounds eg ltave biological activity and several
applications in coordination chemistry. These dges also pharmacological intermediates and the
dyestuff industry uses them[1-7]. It has been reubthat many pyrazoles show biological properties
such as anti-neoplastic, anti-microbial, anti-infraatory, anti-diabetic, among others[2—4,8].
Pyrazole derivatives, as biomolecules, have a#idaahore attention, as they have fascinating
pharmacological properties. In the pharmacology#tiy, the pyrazole ring can be found in a variety
of commonly used drugs, that belong to differertegaries and show diverse therapeutic properties.
[9]

Moreover, pyrazoles have much importance in coatthn chemistry as the pyrazolates conjugate

bases have the ability to generate a bond withlmgtalifferent modes and have the ability to gater



strong bridges [1-3]. For instance, complexes ¢oimg the pyrazolate ring have been reported as
starting material for chemical vapor depositiont foas application they have fascinating luminescen
properties[4—7]. The pyrazole ring is possible ® dbtained with a variety of previously reported
methods[2—4,8]. Those reported procedures are kmellvn and let the synthesis of the pyrazole ring
with substituent groups in different positions, afhinduces changes in their electronic structund, a
therefore in their absorption profile[10-12]. Ftimore, pyrazole ring and it pyrazolate form can be
considered as polydentate ligands[13—15]. On thigest, the polydentate complex most commonly
used in coordination chemistry are polypyrazolyd#tes[16,17]. The pyrazolium cation, which
corresponds to the protonated form of the pyramolg forms part of many salts and, in some cases,
their behavior plays an important role as supramée guest towards adequate hosts[18-20].
Complexes that have in their structure pyrazolaganids (one or more) might be synthetized by
reacting a pyrazolate anions with a suitable medéilor trying a mixture pyrazole/metallic salt ket
base[21-28].

In terms of acid-base, pyrazoles are amphoteristanbes as they can donate or accept protof)s (H
In fact, the free electron pair placed on the Nyat@n act as an acceptor in a hydrogen-bond, wiele
N-H group can act as a donor in a hydrogen-bonds pfoperty (acting as a hydrogen-bond donor)
explains the fact that pyrazoles are widely usesbpramolecular chemistry. In this context, it basn
shown aggregation in solid-state structures of gotess through the N-H group, which is influenced by
the character of the substitution in the pyrazivg[®,28].

Some pyrazole derivatives have interesting apptinatin the development of new materials, also of
new brightening agents. It has been also shown tiwatpyrazole containing compounds have
solvatochromic and electroluminescence properiaghermore, pyrazoles can act as semiconductors,
liquid crystals, and organic light-emitting diodés. more complex structure having pyrazole rings in
their structure are also of much interest, due Hheirtsynthetic utility as synthetic reagents in

multicomponent reactions, chiral auxiliaries anadmylating agents. [29]



In order to gain more insight on a pyrazole fanoiyyes, in the herein article we assess the gubsti
effect over the molecular, electronic and biolobjmaperties of new systems. We reported the study
on the synthesis, characterization, anticancevigctind theoretical calculations of a series oélive
(E)-3,5-dimethyl-1-(4R-phenyl)-4-(phenyldiazenyl)-1H-pyrazoles. The -Rougy has been modified
from electron-donor to electron-withdrawirigz 4-CHO (1), 4-CHs (2), 4-H 3), 4-F @), 4-Cl (5), 4-

CF; (6), 4-CN (7), 4-NG; (8), 3-Cl 9), 3-NG; (10), 2-Cl (11) and -GFs (12). While changing the -R
substituent group, Hammett correlations were fofardsome of the studied properties (experimental
and theoretical data). Those Hammett correlatioasdapendent on the capacity of the substituent to
act as an electron-donor or electron-acceptor enpihenylpyrazole ring. Specifically, the measured
main absorption band follows a Hammett correlafgcreasing its value as the electron-withdrawing
capacity of the substituent increases). Furthermtre wavelength intensity does also follow a
Hammett correlation with the sigma donor charactér the substituents. DFT and TDDFT
computations were carried out to get the compasitd the frontier molecular orbitals (FMO), to
compute the UV-Vis electron promotion and to asslggir character. It is shown that is possible to
tune the molecular/electronic structure of the kgtited dyes by means of changing the -R substituen

in the structure.

Methods and Experimental Procedures

Chemicals. All compounds (aniline, acetic acid, acetylacetosedium nitrite, sodium hydroxide,
sodium acetate, hydrochloric acid, and substitatgthydrazines, R-gHs-NH-NH, {R=4-CH;0 (1),
4-CHs (2), 4-H @), 4-F @), 4-Cl (5), 4-CF; (6), 4-CN (7), 4-NO, (8), 3-Cl 9), 3-NO, (10), 2-Cl (11)

and (Perfluorophenyl)hydrazine, NNH-CsFs (12)} and solvents (ethanol and CHCICDCL) were
obtained in the common commercial sources (Meragkhdf and T. J. Baker) and used without
purification. The precursor 3-(2-phenylhydrazingiet)pentane-2,4-dione was synthesized as was

previously reported [30,31] and its obtention wiasaked using FT-IR.



Physical measurements. Melting points were registered on Digital STUARIMB10 equipment.
Elemental analysis was performed on a Fisons EA ii@ro analyzer. The UV-Visible spectra were
recorded in the 1000-250 nm range in a 10 mm quaitz, using Perkin ElImer Lambda 35 equipment,
diluting a concentrated solution ~1.01Mol/L in CHCk at ~1.0x1G mol/L. The IR spectra in solid
state were obtained giTRJascqg PRO450-S, mounted onJascq FT/IR-4200 instrumentH-NMR,
3C-NMR and bidimensional experiments (HMBC and HMQ@Ye registered in a 5 mm glass tube at
298 K in CDC}4 solutions using the residual solvent as intertaidard, using conventional procedures

on a Bruker, AVANCE AM 400 equipment.

Data collection. Single crystals X-Ray diffraction data sets werletted at 293 K4 and5 and 298 K

8 in two different equipment. Compoundsand5 up a max26 of ca. 52°on a Enraf-Nonius CAD
diffractometer and compoun& up to max26 of ca. 61° on a Bruker-AXS Smart Apex Il
diffractometer, using monochromatic Makadiation,A= 0.71069 A and a 0.3° separation between
frames. Data integration was performed using Win@&gram in the diffractometer package[32].
Figures 1 exhibit an ORTEP df 5 and8, respectively. Table 1, in the “Description ofustiures”
section, shows selected bonds length and torsiglesnThe data collection and structural refinement
parameters for each compound are given in Tabl&@ s structures were solved by direct methods and
Fourier's difference, and refined by least squasesF? using the SIR-2004 program[33] and the
anisotropic displacement parameters for non-H atamgg the SIR-2004 program[33]. All
calculations to solve the structures to refinertiwgel proposed and to obtain results were carnigd o
with the computer programs SHELXL97[34]. Crystaliaghic data (excluding structure factors) for
the structures reported in this paper have beeosited with the Cambridge Crystallographic Data
Centre as supplementary publication, CCDC No. 29588 compound 4), CCDC No. 295834 for

compound %) and CCDC No. 295835 for compourtt).(Copies of this information may be obtained



free of charge from The Director, CCDC, 12 UnionaBoCambridge CB2 1EZ, UK. Fax: +44 1223

336 033. E-mail: data_request@ccdc.cam.ac.uk. Vigb:phttp://www.ccdc.cam.ac.uk.

Figure 1. ORTEP view of compound§ 5 and8 with a probability level of 50%.

Pyrazole Synthesis.

Procedure. In the round-bottomed flask were added 4.9 mmol.0 (1g) of 3-(2-
phenylhydrazinylidene)pentane-2,4-dione, 4.9 mmiblaoy arylhydrazine R-§H;-NHNH, {R= 4-
CH30 (1) 98%, 0.87 g; 4-CE{(2) 98 %, 0.79 g; 4-H3) 97 %,d= 1.099 g/mL, 0.50 mL; 4-F4}, 97 %
0.82 g; 4-Cl §) 98 %, 0.89 g; 4-CH®6), 96%, 0.90 g; 4-CN7), 97 %, 0.86 g; 4-N&(8), 97%, 0.77 g;
3-Cl (9), 97 %, 0.90 g; 3-N®(10), 98%, 0.95g; 2-ClI11), 97 %, 0.90 g and 4Es (12), 97%, 0.53 g},

5 mL of glacial acetic acid and 30 mL of ethandheTreaction mixture was stirred and heated during
36 h near the boiling point. Then, after cool aimotemperature, the yellow/orange solid was fillere
washed with water (300 mL) and dried under vacuan®2# h. All compounds can be recrystallized in
ethanol or ethanol/#0 mixtures of variable composition. Slow evapornatiof the ethanol from
solutions that contain compoundls and8 yielded suitable crystals for X-ray diffraction.
(E)-1-(4-methoxyphenyl)-3,5-dimethyl-4-(phenyl diazenyl)-1H-pyrazole ). Yield: 72%.
Recrystallized in EtOH/BO 9:1, final yield: 58%. MP (°C): 96-97. EA forgE1sN4O (Mt 306.36

g/mol), Calc.(%) C, 70.57; H, 5.92; N, 18.29; fo@tg C, 70.78; H, 6.03; N, 18.33. UV-Visible



spectrum, CHGI1.96x10° mol/L, Amax NM(log): A1: 429(3.59)A2: 339(4.72). IR spectrunv(cm™):
v(C-H, Ar.): 3051w, 3005wwv(C-H, Aliph.): 2961w, 2935w, 2921w, 2837w(C=N), v(C=C) or
v(N=N): 1609w, 1589w, 1552m, 1523¢N-N): 1416s*H NMR spectrum (400 MHz, CDg)I5 ppm:
7.82 (d,J = 7.9 Hz, 2H), 7.48 (t) = 7.5 Hz, 2H), 7.39 (t) = 7.5 Hz, 3H), 7.01 (dJ = 8.7 Hz, 2H),
3.86 (s, 3H), 2.61 (s, 3H), 2.60 (s, 3HJC NMR spectrum (101 MHz in CDgI§ ppm: 159.46,
153.75, 143.75, 139.10, 136.04, 132.27, 129.57,0B2926.54, 121.96, 114.48, 55.68, 14.11, 11.35.
(E)-3,5-dimethyl-4-(phenyldiazenyl)-1-p-tolyl-1H-pyrazole (2): Crude yield: 92%. Recrystallized in
EtOH, final yield 78%. MP (°C): 84-85. EA fori§1sN4 (Mt: 290.36 g/mol): Calc.(%): C, 74.46; H,
6.25; N, 19.30; found(%): C, 74.31; H, 6.30; N,4® UV-Visible spectrum, CHgI1.03x10° mol/L,
Amax, NM(loge): A1: 430(3.81)hp: 339(4.94). IR spectrunv({cm™): v(C-H, Ar.): 3060w, 3034wy (C-H,
Aliph.): 2965w, 2924w, 2857wy(C=N), v(N=N) or v(C=C): 1610w, 1587w, 1553m, 152Q¢N-N):
1410s.*H NMR spectrum (400 MHz, CD@)I5 ppm: 7.83 (dJ) = 7.8 Hz, 2H), 7.48 (] = 7.6 Hz, 2H),
7.43 -7.34 (m, 3H), 7.30 (d = 8.1 Hz, 2H), 2.64 (s, 3H), 2.61 (s, 3H), 2.43 8). 1°C NMR
spectrum (101 MHz, CD@)I 3 ppm: 153.76, 143.82, 139.11, 138.19, 136.76, 136.29.89, 129.59,
129.03, 124.89, 121.97, 21.25, 14.17, 11.43.
(E)-3,5-dimethyl-1-phenyl-4-(phenyldiazenyl)-1H-pyrazole (3): Crude yield: 97%. Recrystallized in
EtOH, final yield: 81%. MP(°C): 59-60. EA for;&16N4 (Mt: 276.34 g/mol): Calc.(%): C, 73.89; H,
5.84: N, 20.27; found(%):C, 74.02; H, 5.94; N, 20.0)V-Visible spectrum, CHGI1.00x10° mol/L,
Amae NM(IOG): A1 430(3.84) ), 337(4.99). IR spectrunv(cm™): v(C-H, Ar.): 3060w, 3035wy(C-H,
Aliph.): 2962w, 2918wy(C=N ), v(N=N) or v(C=C): 1599m, 1554m, 1509&N-N): 1411s*H NMR
spectrum (400 MHz, CDg)I 6 ppm: 7.83 (dJ = 7.8 Hz, 2H), 7.56-7.36 (m, 8H), 2.67 (s, 3HRQ(S,
3H). °C NMR spectrum (101 MHzCDCL) & ppm: 153.77, 144.04, 139.29, 139.22, 136.37, 129.7
129.38, 129.08, 128.21, 125.06, 122.03, 14.21,111.5

(E)-1-(4-fluorophenyl)-3,5-dimethyl-4-(phenyldiazenyl)-1H-pyrazole  (4): Crude vyield: 75%.



Recrystallized in EtOH, final yield 66.0%. MP(°Q)25-126. EA for GHisFN, (Mt: 294,33 g/mol):
Calc.(%): C, 69.37; H, 5.14; N, 19.04; found(%): €9,36; H, 5.43; N, 19.12. UV-Visible spectrum,
CHCl; 9.85¢10° mol/L, Amax NM(log): A1: 435(3.98):A2: 337 (5.02). IR spectruny(cm™): v(C-H,
Ar.): 3065w, 3034w;v(C-H, Aliph.): 2988w, 2967w, 2927w(C=N ), v(N=N) y/o v(C=C): 1604w,
1557w, 1542w, 1514s(N-N): 1409m.*H NMR (400 MHz, CDC}) § ppm: 7.82 (d,J = 7.9 Hz, 2H),
7.47 (t,J= 7.1 Hz, 4H), 7.39 ( = 7.2 Hz, 1H), 7.19 (] = 8.0 Hz, 2H), 2.62 (s, 3H), 2.58 (s, 3LiC
NMR (101 MHz, CDC}) & ppm: 162.18 (dJ = 248.4 Hz), 153.68 (s), 144.13 (s), 139.16 (85.28
(s), 135.38 (dJ = 3.0 Hz), 129.77 (s), 129.08 (s), 126.92)«,8.7 Hz), 122.03 (s), 116.32 @5 23.0
Hz), 14.13 (s), 11.38 (s).

(E)-1-(4-chlorophenyl)-3,5-dimethyl-4-(phenyldiazenyl)-1H-pyrazole  (5): Crude vyield: 60%.
Recrystallized in EtOH, final yield: 43%. MP(°C)41-142. EA for G7H15CINs (Mt: 310.78 g/mol),
Calc.(%): C, 65.70; H, 4.86; N, 18.03; found(%): 65,75; H, 4.89; N, 18.02. UV-Visible spectrum,
CHCl; 1.010° mol/L, Amax nm(log): A1: 435(3.84):: 336(4.93). IR spectrunv(cm): v(C-H, Ar):
3064w, 3033wy(C-H, Aliph.): 2988w, 2963w, 2926w, 2853w{C=N), v(N=N) y/o v(C=C):1594w,
1585w, 1556m, 1542w, 15044N-N): 14065 H NMR spectrum (400 MHz, CD@)Is ppm: 7.82 (dJ

= 7.5 Hz, 2H), 7.52-7.43 (m, 6H), 7.40 &= 7.3 Hz, 1H), 2.66 (s, 3H), 2.59 (s, 3HC NMR
spectrum (101 MHzCDCl;) 6 ppm: 153.67, 144.34, 139.19, 137.77, 136.49, B33.99.86, 129.57,
129.10, 126.11, 122.06, 14.18, 11.51.

(E)-3,5-dimethyl-4-(phenyldiazenyl)-1-(4-(trifluoromethyl) phenyl)-1H-pyrazole (6): crude yield:
90%. Recrystallized in EtOHAD 1:8, final yield: 73.5%. MP (°C): 109-110. EA fpara GgHisF3N4
(M7: 344,33 g/mol): Calc.(%): C, 62.79; H, 4.39; N,28 found(%): C, 62.72; H, 4.45; N, 16.63. UV-
Visible spectrum, CHGI9.8710° mol/L, Amax NM(log): A1: 430(3.80)A2: 335(4.92). IR spectrum,
v(em®): v(C-H, Ar.): 3083d, 3057dy(C-H, Aliph.): 2969w, 2926wy(C=N), v(N=N) y/o v(C=C):

1613m, 1593w, 1560m, 1523m(N-N): 1410s.*H NMR (400 MHz, CDCJ) 5 ppm: 7.84 (dJ = 7.5



Hz, 2H), 7.78 (dJ = 8.5 Hz, 2H), 7.67 (d] = 8.4 Hz, 2H), 7.49 () = 7.6 Hz, 2H), 7.41 () = 7.2 Hz,
1H), 2.72 (s, 3H), 2.61 (s, 3HYC NMR spectrum (101 MHz, CDg)I5 ppm: 153.60, 144.70, 142.11,
139.42, 136.82, 129.99, 129.11, 129.85)(¢,33.1 Hz), 126.58 (g} = 3.7 Hz), 124.64, 123.92 (4~
272.2 Hz), 122.10, 14.27, 11.63.

(E)-4-(3,5-dimethyl-4-(phenyldiazenyl)-1H-pyrazol-1-yl)benzonitrile (7). Crude vyield: 91%,
recrystallized in EtOH, final yield: 80.5%. MP(°C)97-198. EA for GHisNs (Mt: 301.35 g/mol):
Calc.(%): C, 71.74; H, 5.02; N, 23.24,; found(%): 1@,99; H, 4.98; N, 23.04. UV-Visible spectrum,
CHCl; 1.00x10° mol/L, Amaxy NM(l0g): A1 437(3.60):1,: 335(4.70). IR spectrumy(cm®): v(C-H,
Ar): 3081w, 3057w, 3031w (C-H, Aliph.): 2994w, 2963w, 2925w, 2854w; v(C=N): 2221m; v(C=N ),
v(N=N) or v(C=C): 1601m, 1580w, 1556m, 1541¢N-N): 1404s.'H NMR spectrum (400 MHz,
CDCl) & ppm: 7.82 (ddJ = 12.0, 8.1 Hz, 4H), 7.70 (d,= 8.1 Hz, 2H), 7.49 () = 7.5 Hz, 2H), 7.41
(dd,J = 16.6, 9.5 Hz, 1H), 2.75 (s, 3H), 2.59 (s, 38E NMR spectrum (101 MHz, CDgI$ ppm
153.52, 145.10, 142.83, 139.54, 137.12, 133.40,163029.13, 124.49, 122.13, 118.27, 111.22, 14.35,
11.80.

(E)-3,5-dimethyl-1-(4-nitrophenyl)-4-(phenyldiazenyl)-1H-pyrazole  (8): Crude vyield: 89%.
Recrystallized in EtOH, final yield 72.0%. MP (°@P6-197. EA for &H1sNsO, (Mt: 321,33 g/mol):
Calc.(%): C, 63.54; H, 4.71; N, 21.79; found(%):63,52 ; H, 4.81; N, 22.03. UV-Visible spectrum,
CHCl; 1.00<10° mol/L, Amaw NM(log): A1 431(3.86);1: 334(5.08). IR spectrumy(cm™): v(C-H,
Ar.): 3080w; v(C-H, Aliph.): 2967w, 2928w, 2844wy(C=N), v(N=N) y/o v(C=C): 1609w. 1595s,
1561s, 1522s, 15078(N-N): 1407s.*H NMR (400 MHz, CDCJ) & ppm: 8.34 (tJ = 10.8 Hz, 2H),
7.78 (dd,J = 29.1, 8.2 Hz, 4H), 7.44 (di,= 14.4, 7.4 Hz, 3H), 2.77 (s, 3H), 2.58 (s, 3t NMR
(101 MHz, CDC}) 6 ppm: 153.51, 146.39, 145.32, 144.38, 139.75, 137130.23, 129.15, 124.99,
124.17, 122.17, 14.40, 11.92.

(E)-1-(3-chlorophenyl)-3,5-dimethyl-4-(phenyldiazenyl)-1H-pyrazole  (9). Crude vyield: 77%.



Recrystallized in EtOH, final yield: 62%. MP(°C)4-85. EA for G7H1sCIN, (Mt: 310.78 g/mol):
Calc.(%): C, 65.70; H, 4.86; N, 18.03; found(%): 65.78; H, 4.82; N, 18.34. UV-visible spectrum,
CHClz 1.0x10° mol/L, Amax NM(log): A1: 430(3.28):A2: 336(4.49); 257sh. IR spectrun{cm™): v(C-

H, Ar.): 3079w, 3062w, 3033ww(C-H, Aliph.): 2986w, 2955w, 2924wj(C=N), v(N=N) /or v(C=C):
1596s, 1553s, 1497¢(N-N): 1403s."H NMR spectrum (400 MHz, CDg)I§ ppm: 7.83 (dJ = 7.9 Hz,
2H), 7.57 (s, 1H), 7.52-7.35 (m, 6H), 2.68 (s, 3HKO (s, 3H)*C NMR spectrum (101 MHZDCl)

d ppm: 153.60, 144.34, 140.28, 139.30, 136.52, 135130.26, 129.84, 129.05, 128.16, 125.07,
122.74, 122.04, 14.22, 11.50.

(E)-3,5-dimethyl-1-(3-nitrophenyl)-4-(phenyldiazenyl)-1H-pyrazole  (10): Crude vyield: 85%.
Recrystallized in EtOH, final yield: 72%. MP(°C@¥@-147. EA for G/H15Ns0, (Mt: 321,33 Calc.(%):
C, 63.54; H, 4.71; N, 21.79; found(%): C, 63.51;4490; N, 22.02. UV-Visible, CHGI1.00x10°
mMol/L, Amax NM(lOG): A1: 434(3.28):A2: 334(4.43). IR spectrunv(cm™): v(C-H, Ar.): 3109w, 3071w;
v(C-H, Alif.): 2986w, 2971w, 2925wy(C=N), v(N=N) y/o v(C=C): 1614w, 1559m, 15268(N-N):
1410m.*H NMR (400 MHz, CDC}) 5 ppm: 8.44 (s, 1H), 8.26 (d,= 8.2 Hz, 1H), 7.92 (d] = 8.0 Hz,
1H), 7.84 (dJ = 7.9 Hz, 2H), 7.70 () = 8.1 Hz, 1H), 7.49 ( = 7.5 Hz, 2H), 7.42 (] = 7.1 Hz, 1H),
2.76 (s, 3H), 2.60 (s, 3HYC NMR (101 MHz, CDGJ) § ppm: 153.55, 148.79, 145.01, 140.38, 139.47,
136.92, 130.35, 130.13, 130.04, 129.14, 122.41,1862219.37, 14.30, 11.65.
(E)-1-(2-chlorophenyl)-3,5-dimethyl-4-(phenyldiazenyl)-1H-pyrazole (11): Crude vyield: 93%.
Recrystallized in EtOH, final yield: 72%. MP(°C)8-79. EA for G7H1sCINs (Mt: 310.78 g/mol):
Calc.(%): C, 65.70; H, 4.86; N, 18.03; found(%): 65,81; H, 4.90; N, 18.05. UV-Visible spectrum,
CDCl51.00<10° mol/L, Amax NM(I0G): A1: 428(3.49):2: 333(4.73). IR spectruny(cm™): v(C-H, Ar):
3080w, 3066w, 3034wy(C-H, Aliph.): 2962dw, 2923w, 2853w{C=N), v(N=N) or v(C=C): 1590w,
1580w, 1552m, 15365, 15108{N-N): 1416s.*H NMR spectrum (400 MHz, CDg)Is ppm: 7.83 (d))

= 8.0 Hz, 2H), 7.62-7.33 (m, 7H), 2.61 (s, 3H),2(&, 3H)."°C NMR (101 MHz, CDG)) 5 ppm:
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153.72, 144.61, 140.70, 136.81, 135.59, 132.52,8630130.49, 129.87, 129.73, 129.06, 127.90,
122.03, 14.14, 10.72.

(E)-3,5-dimethyl-1-(perfluorophenyl)-4-(phenyldiazenyl)-1H-pyrazole (12): Crude vyield: 96%.
Recrystallized in EtOH, final yield 86%. MP(°C):-89. EA for G/H11FsN4 (Mt: 366.29. Calc.(%): C,
55.74; H, 3.03; N, 15.30; found(%): C, 55.65; H213.N,15.60. UV-Visible spectrum, CH{1.00x10

> mol/L, Amax NM(I0GE): A1: 432(3.46)2,: 327(4.53). IR spectruny(cmi®): v(C-H, Ar.): 3076w;v(C-H,
Alif.): 2967w, 2928w;v(C=N ), v(N=N) y/o v(C=C): 1562w, 1534s, 1512&N-N): 1411m.*H NMR
(400 MHz, CDC#) & ppm: 7.84 (dJ = 7.9 Hz, 2H), 7.49 () = 7.5 Hz, 2H), 7.42 (§ = 7.1 Hz, 1H),
2.60 (s, 3H), 2.53 (s, 3H}C NMR (101 MHz, CDG)) 5 ppm: 153.46 (s), 146.66 (s), 145.53-145.23
(m), 143.83-143.34 (m), 142.83 (ddb= 11.8, 7.8, 3.9 Hz), 141.54 (s), 141.21-140.8), (tB9.57 —
139.09 (m), 137.20-136.57 (m), 136.00 (s), 13095129.12 (s), 122.16 (s), 114.46 (ck 14.2, 4.2
Hz), 14.14 (s), 10.19 (s).

In vitro anti-tumor assays. The NCI's in vitro anti-tumor screening protocansists of 60 human
tumor cell lines against which compourid8 and12 were tested with 3-4,5-dimethylthiazol-2-yl-2,5-
diphenyl-tetrazolium bromide (MTT) assay (11). Cancells were treated with 1M of test
compounds. Dimethyl sulfoxide (DMSO) was used aslacle control and six wells were prepared for
each compound. After treatment, the supernatantoasesfully aspirated and 150 of DMSO was
added to each well. The absorbance was measus&d aim.

Computational details. All the computations were performed in Gaussiaf339, performing ground-
state geometry optimization with Becke's three-peter hybrid exchange functional and the Lee-
Yang-Parr nonlocal correlation functional includinige long-range interaction correction CAM-
B3LYP[36—40]. The basis set 6-31G* was used foNCQO, CI, Br, and H atoms[41]. The Hessian for
all compounds was also calculated to assure thdotabminimum (no imaginary values were found).
Time-dependent DFT (TDDFT) calculations were alsdfgrmed using the same theoretical level. The

first 60 singlet excited states were computed. @atmns by the first-principles method were used t
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obtain accurate excitation energies and oscillsti@ngths. The effect of the solvent was includéti w
the polarizable continuum model (PCM) using as exai\ethanol[42] for the optimization and TDDFT

calculations. See Figure S1 for all the FMO invdive the transitions.
Results and discussion

Synthesis. The compound 3-(2-phenylhydrazinylidene)pentadeddone, of formula €Hs-
NHN=C(COCH,),, reacts with substituted arylhydrazines, R4&NH-NH,, in 1:1 molar ratio, to give

in good yields a series of 1,3,4,5-tetrasubstitytg@zolesl-12 (See Scheme 1). These reactions were
carried out refluxing the reactants during 36 hEt©OH and glacial HOAc as catalyst. The crude
products were purified by recrystallization in Et@Hmixtures of EtOH/EO of variable composition,

under these conditions single crystals of three begmof this series were obtained.

A o0

\ H3

I N H N

HacﬁN R-CgH,-NHNH,, HOAC/EtOH HaG N k- < N
- y . y

Reflujo 36 hﬁ 7 7

0 CH, /\

H,0 le CH, ! 5—CHs

2 o )

N = AN

| o~ H | Hwr \H
AP f~F

H
CHy >
N 3 N
I - -
N / N (7 NF N\ =N
\ \
N H"+ H-0-H N “HIICHg
| = CH,4 | N
7 S~
I 7w ©

Scheme 1. Proposed reaction mechanisiR=@-CH;O (1), 4-CH; (2), 4-H (3), 4-F @), 4-CI (6), 4-CK
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(6), 4-CN (7), 4-NO, (8), 3-Cl 9), 3-NO; (10), 2-Cl (11) and (Perfluorophenyl)hydrazine, NRH-

CeFs (12)).

In concordance with Scheme 1, it is proposed that reaction produces thgdihydrazone as
intermediate that, in the course of the heatingadid medium, suffers an addition reaction folloviogd

displacement of one J@ molecule, yielding the respective pyrazoles[9jeTpure compounds were
characterized using analytical techniques (MP aAgd, Epectroscopic methods (UV-Visible, FT-IR

and NMR) and by X-ray diffraction methods the cajlste structures o4, 5 and8 were obtained.

Description of structures. Figure 1 shows the molecular views of compoudds and 8. In the
Supplementary Material, in Table S1 are providetir@ey of crystallographic and refinement data for
the three compounds. Moreover, Table 1 shows s@eeted bond distances, angles, torsion angles
and the DFT results for the geometry optimizatiofse discussion of the DFT data will be further
mentioned in the theoretical calculation section.

These structures have been well refined with fiRaindices with [>2 o(l)] of R1= 0.0752, WR2
=0.1202 4, R1= 0.0751,wR2= 0.13025 and R1=0.071, wR2=0.1565 8, see Table S1. Further
information concerning the resolution of these dtrites can be seen in the Supplementary Material.
Compoundst, 5 and8 are isostructural and the presence of the pyraaaeconfirms the cyclization
reaction proposed in the mechanism of Scheme ihé&unore, the azo bridge adofsonfiguration
(see Figure 1). The torsion angle measured betiveeplanes generated by each ring show that these
structures are not planar and therefore no electa@mmunication in the structure might be expected
The measured distances in the three compounds; bk, ldre consistent with the presence of a double
bond and the distances4; and N-Cg are consistent with single bonds, see Table th&wmore, the
proximity to 120° of the angles;@;-N; indicate that both nitrogen atoms; &hd N, have a marked

sp? character. In case of, a certain degree of disorder is observed. Sinplaviously reported
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structures were found in literature and a comparisetween the herein reported and the previously
reported results[43] are also shown in Table 1. Jite®ious reported structure showed a cyanide group
in the azophenyl ring. All other reported compoustew a good correlation between bond distances,
angles and the torsion angle involved in the mdéscuFinally, there are no conventional
intermolecular and intramolecular hydrogen bond$ ;iand8 and the whole supramolecular structure
is built by weak interactions. However, the nitt@gp plays a crucial role in the crystal packingBof
since two NQ groups of neighboring molecules are linkea a dipole-dipole interaction. This special
interaction involving to the nitro-group has beerscribed as type V interaction in the literaturé[44

Details on the supramolecular structure of eachpoamd are shown in the Sl.

Table 1. Geometrical parameters (in A) at DFT theoreticaélare reported for compoundsl2. For
4, 5 and 8, the experimental data obtained fronXHf&ay structures are labelled with (exp).

Distance -N1=N,- -Cg-No= =N;-C;- -N3-Ng- -N4-C1o- -C1-No=N;- -N>=N-Cg

1 1.252 1.422 1.386 1.365 1.421 114.8 115.8

2 1.252 1.422 1.386 1.366 1.420 114.8 115.8

3 1.252 1.422 1.386 1.366 1.420 114.8 1.4

4 1.252 1.422 1.387 1.366 1.419 114.8 115.7
dexp 1.077 1.667 1.675 1.386 1.426 91.9 90.4

5 1.252 1.422 1.387 1.366 1.418 114.9 115.7
Sexp 1.222 1.470 1.440 1.379 1.426 111.8 112.6

6 1.251 1.421 1.388 1.367 1.415 114.9 115.6

7 1.251 1.421 1.388 1.368 1.414 114.9 115.6

8 1.251 1.421 1.389 1.368 1.412 115.0 1155
8exp 1.250 1.432 1.404 1.381 1.423 113.0 114.8

9 1.252 1.422 1.387 1.366 1.417 114.9 115.7

10 1.251 1.421 1.388 1.367 1.414 114.9 115.5

11 1.252 1.422 1.387 1.366 1.418 114.8 115.7

12 1.251 1.422 1.389 1.368 1.405 114.9 115.5
[43]* 1.188 1.440 1.567 1.372 1.408 102.4 106.2

*(E)-4-(3,5-dimethyl-1-(perfluorophenyl)-1H-pyrazdtyl)diazenyl)benzonitrile

Spectroscopic studies. The UV-vis spectra of compoundsl2 exhibit two main absorption bands.

Both bands character was assigned using TDDFT ledilon (vide infrg. The most intensé, is
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located in the range 327-339 nm @o¢.43-5.08) and is attributed to the—x transition centered in
the group -C-N=N-C-, which is conjugated with thggzolyl and phenyl rings in each compound. On
the other hand, the absorption band placed at lewergy,\,, has lower intensity and it is centered in
the range 428-437 nm. In all compounds this absor@ppears as a shoulder besitesr has some
contribution of &, which increases the absorption coefficient dgf at values within the range
loge=3.28-3.98, see Figure 2 and the Sl. According withabove observation, it is proposed thds

a 1 —n transition that emerges from the azo group, -N9Mesent in each molecule. The UV-vis
spectra of each compound may be found in Figuiiéh2.absorption maxima are summarized in Table

2. Further discussion might be found in the thecaétalculation section.
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Figure 2. Experimental UV-vis absorption spectrum in CkICI
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Table 2. Hammett constant value), UV-Vis (exp) and TDDFT calculations (Th) for dle studied

compounds, oscillator strengtf), (nvolved molecular orbitals and contribution (%)

Comp. o Ay loge eV Ay f Transition %
1 -0.27 429 3.59 2.97 418 0.0001 HOMO - LUMO 85
HOMO-1 - LUMO 15

339 4.72 3.81 325 1.1464 HOMO-1 - LUMO 70

HOMO-4 - LUMO 13

2 -0.17 430 3.81 2.96 418 0.0000 HOMO - LUMO 96
339 494 3.82 324 1.1490 HOMO-3 - LUMO 80

HOMO -~ LUMO+3 12

3 0 430 3.84 296 419 0.0000 HOMO - LUMO 100
337 4.99 3.84 323 1.1253 HOMO-1 - LUMO 97

4 0.06 435 3.98 296 419 0.0000 HOMO - LUMO 100
337 4.89 3.85 322 1.1153 HOMO-1 - LUMO 97

5 0.23 435 3.84 296 419 0.0000 HOMO - LUMO 98
336 4.93 3.84 323 1.1891 HOMO-1 - LUMO 91

6 0.54 430 3.8 295 420 0.0001 HOMO - LUMO 100
335 4.92 3.85 322 1.1958 HOMO-1 - LUMO 94

7 0.66 437 3.6 295 420 0.0001 HOMO - LUMO 96
335 4.7 3.83 323 1.3382 HOMO-1 - LUMO 87

HOMO-1 -~ LUumMO+1 13

8 0.78 431 3.86 294 421 0.0002 HOMO -~ LUMO+1 52
HOMO - LUMO 42

334 5.08 3.77 329 1.4864 HOMO-1 -~ Lumo+1 87

HOMO-1 - LUMO 10

9 0.37 430 3.28 296 419 0.0003 HOMO - LUMO 100
336 4.49 3.85 322 1.1611 HOMO-1 - LUMO 98

10 0.71 434 3.28 295 420 0.0000 HOMO-1 - LUMO 96
334 4.43 386 321 1.1763 HOMO-2 - LUMO 98

11 428 3.49 2.97 417 0.0002 HOMO - LUMO 100
333 4.73 391 317 1.0561 HOMO-1 - LUMO 96

12 432 3.46 2.96 418 0.0000 HOMO - LUMO 100
327 4.53 395 314 1.0800 HOMO-1 - LUMO 97

The main characteristics of the IR spectrda-aP show the weak stretching mod€€-H), attributed to
the aromatic and aliphatic groups over and und@03tni', respectively. Besides, all compounds
display a set of absorptions of variable intensitthe range 1614-1497 chassigned to the stretching

modesv(C=N), v(N=N) or v(C=C). The absorptions located in the range 14181ehi' have been
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assigned to the singldN-N) of the pyrazole ring and compouidisplays the respective stretching
modev(C=N) at 2221 crit. All the set of IR spectra can be found in the Sl.

The *H-NMR and *C-NMR spectra of compounds12 were labeled using the numeration shown
according to Figure 3, the full summary of the ahed signals for each compound and each atom is
shown in the SI. Th&H-NMR spectra display the resonances in the rang#-8.01 ppm attributed to
the aromatic protons. All compounds display twagkts in the ranges 2.77-2.48 ppm and 2.61-2.58
ppm that reveal the presence of the protopamtl H assigned to Cigroups linked to the pyrazole
ring. Besides, compoundsand?2 show the typical resonances of the substituen4-RCH; and 4-
CHs; at 3.86 ppm and 2.43 ppm, respectively. Finalg telative area of these resonances shows a
good agreement with the total number of expectetops for each molecule. On the other hand, the
total number of carbon resonances observed it¥ReIMR spectra ofl-12 are consistent with the
expected number for each molecule and, the mogtrgkefeatures are associated with the pyrazole ring
and with the -R groups of the molecules. In fact, vave found that CC,, C;, C, and G are located

in ranges of chemical shift almost invariable au®.11-14.40 ppm, 143.75-146.66 ppm, 135.59-
137.30 ppm, 139.10-141.54 ppm y 10.19-11.92 ppspedtively. Also, the substituent -R bf 4-

OCHg, 2, 4-CH; and7, 4-C=N, are placed at 55.68 ppm, 21.25 ppm and 111.8%, pgspectively.
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R=4-CH;0 (1), 4-CHj (2) 4-H (3), 4-CL(6), 4-CN (7), 4-F (8), 4-CF; (9), 4-NO, (10)

'cH,

e
Cl 3
1 / N 7 ]
12 10 4 \\
N
6
9
s 5CH,4
13 7
14 8

2-C1(4) CFs (12)

z

Z—

Figure 3. Used label of hydrogen and carbon atoms for tegaments of théH-NMR and**C-NMR

signals of compounds-12.

C-F coupling was observed in the carbon resonaoicesmpoundsgl, 6 and12. In fact, in case of the
4-F-GsH4- group for4 the four expected resonance signals for carbagsGs, Ci; and Go, appear as
doublets in 162.18 ppm16}=248.4 Hz), 116.32 ppm J=23.0 Hz), 126.92 ppm {J~=8.7 Hz) and
135.38 ppm -=3.0 Hz), respectively. The 4-g&sH4- group of6 exhibits three quartet attributed to
CFRs-, Cizand Gz in 123.92 ppm @ks=272.2 Hz), 129.85 ppm (J=33.1 Hz) and 126.58 ppm;{J
=3.7 Hz), respectively. In this case the signaCgfremain as a singlet. Finally, theRg- ring of 12
displays a multiplet for ¢ at 114.33 ppm and, the resonances of the carbgn€ and Gs emerge
as a pair of symmetrical multiplets at 137.97 pgs268.7 Hz), 143.97 ppm (J=255.7 Hz) and 142.17
ppm (J=258.4 Hz), respectively. The.rJvalues observed between each pair of multiplets iar
concordance with the geminal C-F coupling; whilereenultiplet is produced by the C-F coupling at
two or more bonds. Figure 4 shows an approximasigd of the chemical shift of the signals

observed for the §s- group of12.
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Figure 4. Resonances of carbongo(Ci;, Ci2 and Gswith C-F coupling displayed by thesks- group

of 12.

Additional structural information of systenis12 has been obtained from the bidimensional NMR
experiments (HMQC and HBMC). All the HMBC spect@ande found in the Sl. In fact, all HMQC
and HMBC spectra show the same interaction patterrthe methyl protons with their neighbor
carbons located on the pyrazole rings. This pattermagreement with the complementary information
obtained from the HMQC spectra. To illustrate tlmenmon patterns observed in the bidimensional
spectra, Figures 5 shows the HMQC spectrumlfyrwhere it is possible to observe the main C-H

interactions observed in this studied compound.

19



Hs || Hy

F1o
F20
;30
40
:50
—*60
:70

f1 (ppm)

80

100
110

120

130

140
150
160

e B e B N T T T T T T T T T T T T T
85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0
f2 (ppm)

Figure5. HMQC spectrum of compouri®.

In vitro anti-tumor assays. Primary in vitro one dose anticancer assay wafopeed over the full
NCI 60 cell panel which include 6 leukemia, 8 melaa, 9 non-small lung cancer, 7 colon cancer, 6
brain cancer, 8 breast cancer, 6 ovarian candedrgy cancer and 2 prostate cancer cell linesth&l
experiments were performed in accordance with theopol of the NCI, USA. One-dose data of all the
compounds are reported as a mean graph of thenpepeavth of treated cells, see Figure 6, 7 and SI.
The value obtained for the One-dose assay is esfeas growth relative to the control (no-drug), and
relative to the time zero number of cells. Thi®ak detection of growth inhibition (values betweékn
and 100) and lethality (negative values). For eXamp value of 100 means no growth inhibition. A
value of 20 would mean 80% growth inhibition. A walof 0 means no net growth during the

experiment time. Finally, a value of -50 would mé&f86 lethality. A value of -100 means all cells are
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dead. The one-dose data of all the compounds éngivthe SI.
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Figure 6. Percentage of cell growth of NCI 60 cancer celed displayed by the compount$ and

12.

As can be observed in Figure 6, all compounds shemain degree of growth inhibition against
different cell lines. Furthermore, all compoundsoathow certain degree of lethality against diffiere
cell lines. In this sense, there is no correlabetween the activity and the substituent. It isantgnt to
notice that highly selective growth inhibition agty was observed against NCI-H522 (lung cancelr cel
line), UO-31 (kidney cancer cell line) and SR (leoia cell line) compared to the remaining cell dine
which suggested a certain degree of tumor-tisspe-{disease-oriented) selectivity. Previous reports

have shown that the mentioned cell lines (agaimmstiwthe studied compounds were active) commonly
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have an over-expression of growth factor kinaséSHE, HER2/Neu, PDGFR, VEGFR, in between
others).[45] On the other hand in terms of letlalitis observed a clear activity against SK-ME&-2
SK-MEL-28, NCI-H460, DU-145, SN12C, SF-295, SF53@ 4 OX IMVI. Although, in each of these
mentioned cell lines, every compound shows activityis only modest. Furthermore, there is no
connection of any metabolism in those cell linekjolw might be a target of activity of the studied

compounds.
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Figure 7. Percentage of cell growth of NCI 60 cancer cak$ displayed by the compourid8 and12

for each cell line.

Theoretical Calculations. To get further understanding of compourid$2, theoretical calculations
were performed. It is observed that the geometpeahmeters of the optimized molecular structures,
see Table 1, are in good agreement with the hetdday reported values. Moreover, the bond lengths
and angles of the azo group and pyrazole ring astlyjnunaffected by the modification of the -R
substituent. However, the distances between thayplsibstituted rings and the pyrazole ring get
shorter as the substituent over the phenyl ringstunore electron-attracting. This fact is observed
when the same substitution positions are compared.

The vibrational frequencies of the optimized stwetof each compound were calculated to probe that
the obtained structure correspond to an energynmuim. Only positive values were obtained and a
good agreement was observed among the experimemal theoretical FT-IR spectra. The

superposition of the experimental and theoretipglca can be found in the Sl in figures S2-S13.
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Furthermore, in the FT-IR is observed that theatibns positioned between 1595-1619cof the
experimental FT-IR are assigned to the bonds -GaN--N=N- of the chromophores.

To carry out a description of the UV-Vis absorptgpectra ofl-12, TDDFT simulations were done.
All the involved MOs of the calculated transitioage depicted in the Sl (Figure S1). The calculated
transition energies show a good agreement withetkgerimental results. In every case the first
calculated transitions located between 421 and mth7goes from the HOMO, which is an orbital
delocalized over the complete structure, towarésltiMO, which is an orbital located mainly over
one side of the molecule. Specifically, in mostha# cases, the LUMO is localized over the azo regio
of the molecule, however in case of the two nitnbstituted compounds3 (and 10), the LUMO is
localized over the phenyl ring that is connectethtopyrazole. The second and most intense cabcllat
transition located in the 329-314nm range, goes fitte HOMO-1, which is an orbital located over the
azo group, towards the LUMO.

On the other hand, the reactivity indexes are tepgoin Table 3 (electronic chemical potentig), (
chemical hardnesq)), and electrophilicity ©))[46—48]. n represents the resistance of a reagent to
modify its electronic structure[46]. It can be teld such as electronegativity, to the chemical
reactivity and stability of a system. In this fayndf compounds, the biggest value fprs observed for
12, which has the perfluorinated substituent (behmgmost electron-attracting substituent). While the
smallest value is observed farwhich has the most electron-donor substitugnis related to the
direction of the electronic flux during a chemigaieraction[46]. This index behaves opposite than t
tendency shown by. In this sense the highest value is showrd byhich has the most electron donor
substituent. On the other hand, the smallest vialobserved fo8, 10 and12, which are the three most
electron-attracting substituent. Electrophilicibdex, w, can be defined as the stabilization in energy
that an electron acceptor undergoes, when is swlemli by an electron bath at constant electronic

chemical potential. The observed valuesogfive information whereas in between two molecutes
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behaves as an electrophile (or nucleophile), indetdoy a higher (or lowerp value[47,48]. In this
case the highest value @fwas found for compountl, which has one of the most electron-attracting
substituent. The smallest value is shownlbyn this sense, low values af indicate an antioxidant

behavior, thus the antioxidant potential of thesmgounds increase as the donor capability ofRhe

substituent increases. Therefore, the best antokiould bel.

Table 3. HOMO and LUMO orbital energies, HOMO-LUMO gap (GABnd Reactivity indexes,

electronic chemical potentigl), chemical hardnesg) and electrophilicity @), all in eV

COmp. Oammert HOMO LUMO GAP 1 n
1 -027 -7.31 -101 6.30 -4.16 3.15 2.75

2 -0.17 -741 -103 6.38 -4.22 3.19 279
3 0 -7.47 -1.05 6.42 -426 3.21 2.82
4 0.06 -750 -1.07 6.43 -4.28 3.22 2.85
5 023 -751 -1.09 6.42 -430 3.21 2.88
6 0.54 -759 -1.15 6.44 -4.37 3.22 2.96
7 0.66 -7.62 -1.23 6.39 -4.42 3.20 3.06
8 0.7v8 -7.71 -1.25 6.46 -4.48 3.23 311
9 037 -754 -110 6.45 -4.32 3.22 2.90
10 071 -7.64 -1.24 6.39 -4.44 3.20 3.08
11 - -7.57 -1.01 6.56 -429 3.28 281
12 - -7.73 -1.14 6.59 -4.44 330 2.99

Hammett Correlations. To have a clearer description observed for theradvérends due to the
modification of the substituenR-on the UV-vis absorption wavelengths, geometrgatameters,
Enomo, ELumo, HL GAP and reactivity indexes, taking into accbuhe substituent electron
donor/accepting strength, Hammett constants cancdmesidered a numerical measure of this
strength[49]. Contrasts between the two sets ofpmamds (electron-withdrawing and electron-donor)
confirmed a correlation between Hammett parameted the Fovo and Euwo relative to R=H
(compound3). In case of the geometrical parameters, all nredswlistances show a Hammett

correlation, see Sl. As it can be observed, th&atran in the calculated geometrical parametersdbo
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distances and angles, is small (the variation $enked in the fourth decimal place), however tagult
shows that the geometrical parameters are onlweanfted to some extent due to the electron
donor/acceptor character of the substituent owvemptienyl ring in the pyrazole ring. This is shown b
the slope near to zero in each case. The smaditiars measured for the interatomic distancestsidua
several bonds away from th&® group, can be related to the fact that there isllselactronic
delocalization in the whole molecule.

In case of the energy of the system, as shown gar€i8 the Bovo and Euwo, as the electron-
acceptor character of tAR group increases, the value of the HL GAP decreageish is verified by

the confluent slopes of the trend lines.

\\
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Figure 8. Hammett correlation plot of HOMAR{=0.94) and LUMO R?=0.93) energies for
compoundd-12.

In case of the measured UV-vis spectra and TDDFTicat transitions, a Hammett correlation was
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shown in case of the lower wavelength excitatiohiclv has the highest extinction coefficient. It was
shown that, as the electron-withdrawing charactethe R substituent increase, the absorption
wavelength decreases, see Figure 9a. Interestittgtymolar extinction coefficient also follows a
Hammett correlation with the sigma donation chamaof the R substituent. As shown in Figure 9b, as
the sigma donation character of the -R substitdenteases, the molar extinction coefficient inaegsas

On the other hand, for the -R substituents witlcted®-withdrawing sigma donation, the molar
extinction coefficient does not follow any trendhdlly, the second observed transition involvesdow

energy MOs and no Hammett correlation was observed.
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Figure 9. a) Hammett correlation plot 6f, absorption wavelength {R0.95).b) Hammett correlation

plot of e (R*=0.97).

In terms of the reactivity indexes,andw show a Hammett correlation with similar trendspbserved

before. This shows that the general reactivityh$ type of compounds can be tuned, by means of
changing the peripheral substituent. See the Salfdhe mentioned trends. As shown by the Hammett
correlation results, as the electron donor/acceptbaracter of the substituent changes, the

molecular/electronic structure of the studied dglesnges, showing a linear tendency as the substitue
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is modified. This allows to tune the measured prioge in this family of dyes, by means of changing

the R peripheral substituent.

Conclusions

The synthesis of a new family of 12 non-previouslyorted pyrazoles dyes of the type 3,5-dimethyl-1-
(R-phenyl)-4-[(E)-2-phenyldiazen-1-yl]-1H-pyrazatereported, with high yields. The substituent over
the phenyl ring was modified from electron-withdragvto electron-donor. The nature and type of the
substituent induced changes in the geometricalnpetexrs and significant changes over the electronic
structure and the prominent reactivity that the pounds might show. These observed effects were
studied by means of Hammett correlations. Thosalteesllowed us to propose the tuning in the
properties depending on the donor/acceptor charattine R substituent, due to the observed linear
tendency as the substituent is modified.

The crystal and molecular structure of three comgsw4, 5 and8) were determined by single crystal
X-ray diffraction. In case of, disorder for the nitrogen atoms was observedthénftagment -C-N=N-
C-. This disorder is related to the vibrational gled mode of this group. The molecule shows a
deviation from planarity in the angle generatedhsy plane of each ring that constitutes the mo&cul
this fact might be a result of the lack of electcotielocalization. Variable degree of growth inkidm
against different cell lines was observed for evaygnpound. Also, all compounds also show certain
degree of lethality against different cell lines.

DFT calculations were performed over the studiethpounds, and a good correlation between the
experimental and theoretical geometrical parametsrs observed. Furthermore, no big variations
were observed between the studied compounds, vigiehated to the robustness of the system. Also,
the IR and the frequency calculations show a gaoscetation. Furthermore, TDDFT calculations were
performed to obtain the vertical transitions inveahvin the UV-Vis absorption spectra, showing that t

first calculated excitations have involved MOs that described ag* — 1T and the second calculated
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transition has ar* —n character in all the studied compounds. The amant potential of the herein

studied molecules increases as tRe substituent increase its donor character. Findlgmmett

correlations, which led assess the tendencieseofnffuence of the substituents over the pheny rin

and the whole molecule, were found in most of tleasured experimental and theoretical properties.
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Twelve (E)-3,5-dimethyl-1-(4-R-phenyl)-4-(phenyldiazenyl)-1H-pyrazoles were synthesized and
characterized by the spectroscopy of "H NMR, *C NMR, IR, UVVIS and EA.

The crystal structure of three of them was determined.

The synthesized compounds were evaluated their anticancer abilities against 60 cell lines.

DFT and TDDFT calculation were performed.



Synthesis, characterization and biologica trials of pyrazoles with general name (E)-3,5-
dimethyl-1-(4-R-phenyl)-4-(phenyldiazenyl)-1H-pyrazoles (with R= 4-CH30 (1), 4-CH; (2), 4-H
(3), 4-F (4), 4-Cl (5), 4-CF3 (6), 4-CN (7), 4-NO; (8), 3-Cl (9), 3-NO, (10), 2-Cl (11) and -CgFs
(12)). The structures of 4, 5 and 8 were reached by X-Ray diffraction. Also, molecular/electronic
structure was tuned by means of changing the -R substituent. Biological activity, specificaly
anticancer were observed against cancer cell lines (60), including leukemia, colon and brain

cancer.



